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CHAPTER - 1

A: GENERAL }NIRODUCTION

The cytoéfchitectonics of the cerebellar cortex and the development
of the Purkinje neuron in the intact animal are two of the'mosp thoroughly
investigated subjects in neuroanatohy. The mature cerebellar cortex is
organized in layers: these are mo?gcu1ar, Pufkinje cell and internal
granular layers. However,lsuch is not the case in the immature cerebellar
cortex, which in the beginning consists of an external granuiér layer,
a thin molecular iayer, several layers of Purkinje ceils, and a very
thin layer of internal granule cells. The transition of the cerebellum
from an unerganized immature state to a wg11 organized mature state )
occurs in 2 very orderly sequence. The ¢ytological phenomena which occur
include the maturation 0% Purkinje_neurons and interneurons, and the
development of their synaptic contacts. In this sequence of cerebellar
development, the maturatiom.of Purk!%je néurons-is pfobab]y the most
important single event.

The knowledge of the development of"the Purkinje neuron is based
upon evidenéé accﬁmulai:ed since 1897, in several species. At the r-‘
earliest stage, examination of the Golgi impregnated sections reveals h
that the Purkinjg neurong are small, approximately 8 - 10 ¢ in size:
They forma 3 = 4 deep unorganized layer between a thick external
granule cell layer and a thin internal granuTe cell layer (Dadoune 1966:
Altman 1972). Soon’they begin to aligh in a row and have many processes
emerging from the soma region. (Athias 1897: Cajal 1911: Purpura et al.,

1964: Meller and Glees 1969: Altman 1972: Kornguth and Scott 1972:
Zecevic and Rakic 1976).



These processes have been measured and some of them have been found

to be as long as 50 - 70 u in length, in human materiaﬁ (Zecevic and
Rakic 1976). During this period a small molecular layer also develops.
bgtween the external granule cell and the internal granule cell layer
(Altman 1972). The Purkinje neuron grows in size; an hypertrophied
apical cone develops, and from.it the main dendrite develops and grows
towards the external granular 1ayer‘(A]tman 1972). Primary, secondary
and tertiary dendritic brénches deQe]op from the main dendrite-(A]tman
1972).'Proce§ses emerging from the Purkinje soma disappear and the
surface becomes smooth, (Aﬁhias 1897: Cajal 1911: Purpura et al., 1964:
Meller and Glees 1969: Aitman 1972:.Korunquth and Scott 1972). The
developing &endritic §pines present on primary, secondary and tertiary
dendrites begin to receive synaptic contacts from an increasing number
of parallel fibers ih the lower half of the molecular 1aye£. Growth of
the dendritic tree continues, until the maturation of the Purkinje
neuron is complete. Durina this period, the external granular layer
totaily disappears and 2 tremendous increase in the molecular layer
gceurs.

On electronmicroscopic examination of the.deVeloping Purkinje
neuron, it has been found, ghat spine - Tike procésses - are present
on the'Purkinje soma (Larramendf énd Vjctor 1967: Larramendi 1969:
Meller and Glees 1969: Mugnaini 1969: Altman 1972: Korunqutﬁ and Scott
1972: Zecevic and Rakic 1976). It haé been generally be]ieyed that 1on§
processes observed in 1ight microscopy (LM) and spine - F?ke,processes
observed in eIectroqmicroscopy (EM) are similar, aﬁa\that they receive

only one type of afferent termingl - climbina fibers.
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However, this concept of similarity of proéesses (LM) and spines
(Eﬁf‘appears very doubtful. The long processes (LH).measuré 50 -70 ¢
(Zecevic and Rakic 1976), where as the spine like processes (EM) .
measure T -~ 2 y. Further, it is also generally believed that these
long processes and somatic spines disappeaf bj resorption during |
Purkinje neuron devé]opment. This concept of resorption was proposed
by Athias 1897, and since then it has remained as the main explanation
of the”changes in appearance (Purpura et al., 1964: Dadoune 1966:
Larramendi 1969: Mugnaini 1959: MeT]er~and‘GTees 1965: Altman 1972).
However, it seems rather difficult to accept thaﬁ processes of such
long lenath can be resorbed by Purkinje cells during thei? development.

A detailed review of‘the investigations of the development of the
Purkinje neuron will analyze the developmental sequence, reveal tﬁe
descrepancies reported, and expTo;e the theorie§ proposed to account

for these events.

P



‘B: DEVELOP&ENT OF THE PURKINJE NEURON IN ANIMAL.

In September 1837, J.E. Purkinje told the audience at a meeting
in Prague that in free hand cut sections of fresh cerebellum, there
were numerous fig-shaped corpuscles arraﬂged in a row, with their
rounded ends directed towards the white center of the folium; their
tail-Tike apical processes were directed towards thé surfaﬁe, and
disappeared in the grey matter. Since then, these fig-shaped corpuscles
of the cerebellar coétex have been known as'Purkinje neurons.

Johannes M11er reported Purkinje's discovery in almost identical
words in his annual review of anatomy and physiology for the vear 1836
(Miller, 1837). Purkinje‘s‘successors saw no more of this cell than
he did until 1890, ;hen stainipg with silver and Golgi methods came
into use. ’

From 1890 onwards,.many investigators took an interest_in‘studying
the morphology of Puréinje neurons. Prominent amona those were Lugaro
(1894) Schaper (1894) Popoff (1895, 1896) and Athias (1897).

In Nissi stained sections of the cerebe11ar"co;tex of the embryonic
pig, Takasu (1905) found that it was organized in lavers. In the
beginning there was a small cuter granular layer, which gradually got-
wider and later on seperated into 2 layers. Purkinje peﬁrons were -
found to be Tying in a row, between these two granular layers. In the
early stages of development, Purkinje neurons were small and 1ight in
color. As they grew bigger they began to have many fine processes
attached to the‘soma. At the same time, a small molecular laver also
developed, which later on became very wide.

Addison {1911) found that Purkinje neurons in albino rats develop

post-natally. In this study, the cerebellum was stained with (1) Carbol-

Thionine and acid fuchsin (2) Cox-Golgi method, (3) rapid Golgi method,

{1



and (4) Ramon Y Cajal's reduced silver nitrate ﬁethod. He was able to
1dent1fy, in the first post-natal day, Purkinie ce11s which measured

12 X 7 s and had a Tightly staining nucleus. These cells were found

in 2 - 3 irregular rows along the inner boundary of the molecular layer.
At 3 days, Purkinje cells were found in 1 - 2 irreaular rows and at 5

days in one continuous row. During this period, there was a great increase
in size of both nucleus and cytopnlasm also. The main bulk of the cytoplasm
was at the ecfa] pole and from it several fine processes radiated into
the molecular layer. At 8 days the cell increased in size and measured
18 X 12 u. Between 8 - 10 days, -there were definitive changes in form
by elongation of the cytoplasm of the ectal pole to form the majn
dendrite. At the same time, all the dendrites became arranged in one
plane, and this p1ane‘was parallel to sections directed across a folium.
Nissl granules appeared in the cytoplasm at 8 - 10 days.

Althouah the investigations of Addison were very informativé, he
apparently failed to observe prolongations emerging from the surface of
the Purkinje Soma. These prolongations were reported by Afhias for the.
first time in 1897. He investigated the development of Purkinje neurons
in cerebella obtained from cat, rabbit, dog and pig, s;ained with the
rapid Golai method. Thick and thin prolongations were found emerging
from ;}1 over the immature Purkinje soma, especially from the lateral
and superior surface area. Purkinje neurons at this stage were aligned
in a row {Fig. 1a). Later on the Purkinje neurzn matured and thege pro-
longations were not found on the soma (F1g ib). -x

The formation of these prolongations followedsby their d1sappearance
Ted Athias to_conc1ude that Zhe prolongapions disappear by resorption
from the soma during development of the Purkinje neuron (Page 382, Athias

1897)..



Figure Ta:

Figure 1b:

~—

2'embryonic Purkinje cells from the
cerebellum of newborn Rabbit. (Fig. 1

of Athias 1897).

Purkinje cell from an nearly mature

Rabbit. (Fig. V of Athias 1897).

¢
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In 1911, Ramon y Cajal gave a detailed description of the
development of the Purkinje neurons which was investigated in dog,
cai and human-iﬁfént'cerebe17a. Cajal impregnated cerebella by the
methods of Golgi and reduced silver nitrate, and divided the period
of Purkinje neuron development into three phases. (Ramon y Cajal 1911;
transtated by Guth 1960). |

1: Phase of the fusiform cells: In this phase, .he described
that the arrangement of Purkinje neurons waé in several_ﬁrregulér
strata. ‘NMuclei were voluminous and were surrounded by a relatively -
abundant protoplasm, especially towards the superficial pole. The
dendrons emerged from all sides of the soma.

2: Phase of stellate cells with disoriented dendrons: In this
phase he observed an increase in the number of dendrons. The dendrons
were located laterally on the soma. They were ascendina, dichotomizing
and terminating at diverse level® by means of conical points. The
longest of them reached to the zone of bipolar cei?s.

3: Phase of orientation and of flattenina of dendritic olume:

In this phase, -he observed that the dendrons have disappeared from the
tell body. The cell bodv became an elongated pyriform configuration.
The dendritic tuft became flat, and developed more of secondary and
terminal branches.

It appears that the thick and thin pro]ongétions of Athias are
the saﬁe proces;es that Cajal termed disoriented dendrons. Caja1'
agreed that these processes disappear auring development but expressed

| J
no opinion regarding the mechanism of this event.



Similar numerous short protoplasmic projections which looked
.like thin perisomatic dendritic ramiffcations were a1sé observed by
Purpura, Shofer, Housepian and Noback (1964). They found them
emerging from the irregular contour of the Purkinje soma of newborn
kitten. Within 4 - 5 davs after birth, Purpura et al., also found
that these perisomatic processes disappeared.

Dadoune's {(1966) iight microscopic investigations on the
development of the Purkinje neuron in rat teconfirmed the results
reported by earlier investigators. The presence of fine lateral
processes on the Purkinje soma, was also reported. .

Thus by the yeér of i966, it became well established that durihg
the development of Purkinje nreurons, there was a period during whiéh
cytoplasmic expansions emerged from the soma. These have been given
different names: thick and thin prolongations, Athias 1897; disoriented
dendrons, Cajal 1911; perisomatic dendritic ramifications, Purpura et
al., 1964; fine lateral processes, Dadoune 1966; Essentially all of
them refer to the same event. It" has also been noted that these
cytoplasmic expansions persist for a short period and that they are
not seen at later stages of development.

Further understanding of the morphological development of the
Purkinje neuron began to occur with the application of electron-
microscopic procedures by Larramendi and Victor 1967. They found
cytoplasmic expansions, which fit the description of spines, emerding
from the Purkinje soma of a 6 - 7 day old mouse. These spines were
synaptically in contact with axon terminals ideptified as climbing

fibers.

H
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Larramendi (1969) continued to investigate the maturatign of
Purkinje neurons e1ectronmicroscopically? He described 2 F;ﬁ;s of
cytoplasmic processes: (1) long cytoplasmic processes having the
characteristics of dendritic branchlets, and (2) spine-like g
cytoplasmic processes. ngera]ly, it seems that he believed both of
them to be the same type. The spine-like cytoplasmic processes
contained only extensions of granu{ar reticulum and sometimes bent
a short distance from the cell body. They were embraced by fusiform
axonal profiles, which contained many clear core round vesicles.
Asymmetrical synaptic adhesions were observed between these spines
and the axonal profiles. It was concluded that these axonal profiles
were the terminals of climbing fibers. In Larramendi's text and

' photographs, the synaptic contacts of climbing fibers are always
shown with the spine-Tike cytoplasmic extensionst_fhis author
assumed that both the longer dendritic branchlet and the spine Tike
cytoplasmic process receive similar synaptic contacts. Therefore
he did not investigate any other source of afferent terminal which
might contact the dendritic branches.

Investigations continued on the spine like. cytoplasmic extensions
on the Purkinje soma after day 7 of development< The location of spines
at day 10 was on the apical portion of the cehl body and main dendrite;
at day 14 they were found on the primary anQ/éecondary dendrites, and
rarely on the soma region..

&

Larramendi proposed a combination of |2 mechanisms to account for

s

j"‘\this developmental sequence of the spines:‘%QAQETans1ocation, and (b) «

resorption.

-
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He posfu]ated‘that translocation of existing spines from the
Purkinje cell body.upwards to its apical portion and main dendrite
occured due to the growth of cell surface, which was achieved by
adding patches of new membrane to the existing one. Therefore the
spines éhd their contacts are moved upwards from the soma to the
main dendrite.

In éhe second proposal he postulatéd that some of the Purkinje
cell somatic spines formed transient or temporary synapses and that
these spines were resorbed by the Purkinje cells. However, he never
observed any region of degenerating synapses or spines, but he noted
that somatic spines did shrink in size during development. Although
Larramendi could not resolve the actual mechanism of spine resorption, .
he ‘finally concluded that the synapses observed in adult animals were
remnants of synaptic contacts established earlier durina development.

Larramendi tied the development of the Purkinje neuron to that
of the ¢limbing fiber, as described by Ramon y Cajal (Ramon y Cajal
1911; translated by Guth 1960). Cajal classified the development into
. three successive stages: ;

a) Pericellular nest stage: In this stage ciimhing fibers made
their first contact with a Purkinje ce}l body by means of a rich plexus,
formed on the Tower part of the cell body. e

b) Capuchon stagei During this period, there was displacement of

the plexus towards the apical portion of the Purkinje cell body and the
L /‘\_

developing main dendrite. \\

. .
c) Dendritic stage: Climbing fibers spread upwards onto primary,

secondary and tertiary dendrites of Purkinje cells.

N
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Larramendi equated the climbing fiber development with the
morphogenesis of the Purkinje cell as seen in the Golgi preparations.
'He noted that the "pericellular nest" and "capuchon” stages corres-
ponded with the "phase of stellate cells with disoriented dendrons”,
and the "dendritic §t$ge“ corresponded to the “"phase of orientation
and qf flattening of dendritic plume". -

Results similar to Larramendi (1969) were presented by Meller
and Glees (1969), in the mouse. They found somatic spines synapticaTl&
in contact with climbing fibers. During the second week, somatic
spines began to.reéress from the basal pole, then from the apical pole,
and disappeared completely from the Purkinje soma by the end of the
secoﬁd week. From these observations, they alsc concluded that the
somatic spines disappear by resorption.

In Golgi impregnated sections of 1 week old cerebellum, Melier
and Gjees found dendritic protrusions eﬁergihq from the Purkinje soma,
which persisted for a period of only 2 - 3 days. (Fig. 2a). These
dendritic projections appear to be similar to those aescribed bv Athias
(1897) and Cajal (1911). Since the dendritic projections were not found
'on the mature Purkinje soma, therefore they also postulated that these
have regressed.

A photograph of a Golgi-stained Purkinje neuron (Fig. 2b) clearly
démonstrates small protrusions and long thick processes emerging from
the soma-at day 9. It appears that ;hese authors failed to note the
smaller protrusions and labelled the Tonger deﬁaritic - 1ike processes
as "somatic spines". They made no attempt to relate their Golgi

material to the electron microscopic results.
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Figure 2a’ Mous erebeﬂum 8 days. (Fig. € of
Mellpr and Glees '[96Q)

Tum 9 dam (Fm G of

ees 1969) \
\

F1gure 2b: Mouse cerebe
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In chicken, the development of the Purkinje neurons was investigated
electronmicroscopically by Mugnaini (1969). At embrvonic dav 15, he found
processes emerging from the soma. These proéesses had the characteristics
of dendrites and were synaptically in contact with parallel fibers
(Fig. 3). On further investigation, Mugnaini found that the number of
synaptic contacts between dendritic processes and parallel fibérs
increased with the matu;ation of Purkinje neurons. He did not investigate
further the fate of these dendri;ic processes emerging from the Purkinje

soma.

Mugnaini also found short cytoplasmic processes emergiﬁg from Q”//_k
the Purkinje soma, which he labelled pséudopodia: According to Mugnaini, i
pseudopodia never attazined the characteristics of dendrite;, they never
became populated by other organelles, and were synapti;a]Ty in contact
with c1imbing fibers.
It appears that Mugnaini successf;;:;Ldifferentiifed in electron-
microscopy two types of processes emerging from the developing Purkinje
soma, each receiving a different fiber system. This analysis is based
upon the cytological and synaptic similarity between Mugnaini's
pseudopédia and the somatic spines described b._v others. It is possible ‘
to assume.that both structures are equivalent. Similarly, Mugnaini's
dendritic processes appear similar to the disoriented dendrons observed
in Tight microscopic examination by earlier investigators. Nonetheless,
Mugnaini proposed that the pseudopodia (EM) were equivalent to the
disoriented dendrons (LM). Further he suggested that pseudopodia
retract during development, but did not propose any mechanism.
In 1972, Altman invesfigated extensively the growth and synaptic
maturation of Purkinje neurons of rat, using both Golai and electron-
microscopic téchniques. He divided the period of Purkinje cell maturation

into 5 Phases:
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Figure 3: Purkinje cell from an 15 day old embryonic

chicken. (Fig. 14, of Mugnaini 1969).
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Phase 1: Initially the Purkinje neurons were multilayered. By the 6th
day, they were found to be aligned in a row. Durina this.phase, Purkinje
cells had few or no synapses |

Phase 2: Between day 5 - 7, in the Golgi 6kep§?§%zons two transient
structures were found belonging to the Purkwngé/soma.

a) An hypertrophied apical cone compased of reticular cytoplasm.

b) Irregular long and thick cytop}asmic extensions which were termeg

. _“"Lateral perisomatic processes”.

In the electron-microscope, VETY early in development, ¢limbinag
fibers were seen forming'asymmetricaT synapses with the smooth portion
of the Purkinje soma, and Tater with spine-like processes. These
appear to be similar %o the spine-like processesnof Larramendi (1969)

and Me11er and Glees (1969). Altman termed these spine like processes -

""perisomatic processes” and fa1 ed to use a separate term to differentiate

these electron-microscopic protrusions.
Phase 3: (Between‘day 8 - 12). By the 10th day, the hypertrophied apical
cone attained its maximal enlargement, from which the outgrowth of the
primary dendrite occured. Asymmetrical synapses of climbing fibers with
"nerisomatic processes” began to decline, and symmetrical inconspicuous
basket cell synapses began to form on the smooth surface of the Purkinje
soma. Para11e1 fiper - dendritic synapses were rarely observed.

Phase 4. (Between 12 - 15 days) The purkinje soma became smooth, and
perisomatic processes were no longer present. The growth of the
dendritic system continued with an appreciable increase in the number

of parallel fiper-dendritic spine contacts in the Tower half of the

molecular layer.
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Phase 5: (Between 15 - 30 days) During-this phase, the external granular’

layer disappeared, and the Purkinje dendrites continued to grow in the

upper half of the molecular layer, where they were contacted by parallel
fibers. |
& .

Altman accepted the arguements of Mugnaini (1969) thatlthe
disoriented dendrons of Cajal were equivq]ent to pseudopodia as.seen
electronmicroscopically. He proposed that both types of perisomatic
processes observed in his studies are the equivalent of processes
observed in the Golgi stained material by early investigators. Altman
arqued that since pseudopodia never became populated by organe11es
(Mugnaini 1969), therefore disoriented dendrons were not true dendrites
and never deve]op into mature dendrites. He concTuded that the dendritic
tree grew from the apical cone; and that Qﬁe perisomatic processes
~ dissolve or transiocate Iater in deveiopment.

_ In the Golgi impregnated sections of the cerebellum of 125 days
old fetal macaque, Kornguth ana Scott (1972) found apical dendrites
and many long, thick somatic processes emerging from the Purkinje
coma. These cells were in a single lamina at this stage and the apical
dendrite was 6riented.towérds the pia. _ |

In the glectronmicroscope, Very éar]y in_@eve1opment (100 day
old fetal macaque), they found ¢limbing fibers synaptically 1in contact
with the smooth surface of the Purkinje soma, and small somatic processes.
These small somatic processes are similar to somatic spines, as described
by Larramendi (1969). Later on (125 days old fetaT macaque), similar

contacts were found on th1ck and long somatic Processes. These processes

have character1st1cs of large dendrites. Many of the climbing fiber

-
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boutons were found cappina the end of the somatic processes; the
dendritic or somatic processes often penetrated into the boutons.
No other terminals excepf presvnaptic termiﬁ%ls-qf climbina fibers
were identified around the Purkfnje soma a£ this stage.

Using stereo-electronmicroscopy, they found fibrillar components
in the presynaptic dense projections, in the synaptic cleft and in
the post-synaptic thitkgning. These were continuous with each other,
appeared to perforate Both neuronal membranes, and were similar to
the junctional plates described by Gray (1966). .

From these results, the authors concluded that the Purkinje cell
dendritic tree developed from the apical dendrite and somatic processes,
which developed under the influence of climbing fibers. In order to
emphasize'their conc1usioﬁ,:Kornguth and Scott stated: "In no species
can one find_a ?urkinje cell with a characteristically elaborate
dendritic tree in the absence af climbing fibers".

They proposed the following mechanics to account for their
observations and conclusions.

a) The interior pressure of the Purkinje soma is marginally |
higher than the exterior pressure. ‘

b) Thé fibrillar twisted component in the junctional complex
of climbing fibers and the Purkinje soma is contractile.

During the rapid growth of the Purkinje cell, the combined effect
of these factors produces an .evagination of the Purkinje cell membrane,
éesu1ting in the formation of a small somatic process: whigh later
_on becomes thicker and-Tonaer. Finally these processes develop into

dendrites.
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The investigations of Xornguth and Scott did add a new concept
‘which was very different from the concept of others, concerning the
development of the Purkinje neuron. However they failed to comment

on the 5r0b1em of the mechanism for the change of location of the
somatic processes from the immature soma to the mature dendritic
tree.

Zecevic and-Bakic (1976) investigated the differentiapion of
human Purkinje cells, by both Golgi and electronmicroscopic techniques.
In Golgi preparations, in 12 - 18 weeks o1d‘embryos, they found many
processes emerging from the Purkinje soma. Zecevic and Ra&ic classified
them in 2 cateadries:

1: Long voluminous processes, oriented predominently towards the
pia. These were class{;}ed as immature dendrites. Thev became longer
and wider in distribution, between 18 - 22 weeks. They continued to grow
and their fan-shaped distributioﬁ became quite apparent by the 28th
week.

2: Fine varicose cytoplasmic expansion which emanated laterally from
the Purkinje soma (Fig. 4a). Some of them were short, while others were
50 - 70 u long. Many of the latter héd enlargements at their tips,’
indicat{ve of growth cones. The number of cytoplasmic expansions emerging
from the Purkinje soma attained its peak by the 28th week. With further
maturation of the Purkinje neuron, both short and long lateral expansions
became 1ess numerous, but more massive; and finally by the 35th week, they
were absent completely from the Purkinje soma. At that time, the soma
became smooth.

In electronmicroscopic examination, in the 12 - 14 week old fetus,
they found a perisomatic plexus containing parallel fibers, basket cell

axons and immature climbing fibers around the Purkinje cell soma. Parallel

i



it

- 19 -

fibers formed the largest component of this plexus. Between 16 - 18 weeks,
synapses began to appear in the region of the perisomatic plexus,
predominantly at the level of or sTighply below the row ;f Purkinje cell
bodies. Asymmetrical synaptic contacts were seen between terminals
jdentified as ¢limbing fibers and cytoplasmic expansions emerging from

the Purkinje soma, cytoplasmic expansions emerging from immature dendrites
and wide protrusions of the primary depd?+t$c shaft. In 22 - 24 week old
fetus, the pericellular plexus was still present, although the round -
profiles of parallel fibers were fewer in number, particularly around the
basal pole of the Purkinje soma. At this stage, they observed electron-
microscopically a process, qlso called a cytoplasmic expansion emerging
from the Purkinje soma. These were approximately 1 - 2 u in size, finger-
1ike in shape, either straight or curved, usually containing agranuiar
‘endoplasmic reticulum and no other organe]]g (Fig. 4b). Many of the climbirg
fibers were found to be synapt%ca11y in contact with this type of cyteplasmic
expansion, and occasionally with dendritic spines.

Thus, these results concur generally with investigations in other
species, which has shown that c¢limbing fibers form contacts early in deve-
Topment with short cytoplasmic somatic expansions, i.e., somatic spines. ‘

Zecevic and Rakic believed that all the lateral cytoplasmic expansions
emerging from the Purkinje soma ( observed in Colgi.material) were similar
to somatic spines (Larramendi 1969} or pseudopodia (Mugnaini 1969). Thus,
they also failed to differentiate between the two txpes of cvtoplasmic
expansions. This could have been done on the basis of size alone i.e., Tong
cytoplasmic expansions 50 - 70 u long seen in Golgi {Fig. 4a) versus short
cytoplasmic expansions 1 - 2 u long seen in E.M, (Fig. 4b). i

/*\.

—



Figure da:

Figure 4b:

- 20 -

Purkinje cell 32 weeks old human fetus.

(Fig. 12-A of Zecevic and Rakic 1976).

Purkinje cell 24 weeks old human fetus

(Fig. 10 of Zecevic and Rakic 1976).
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From the review df the literature of the.development of the Purkinje
neuron in vivo, it is possible to assume that there are 2 separate type of
cytoplasmic expansions which emerge from the soma. These are:

1) Long, thick dendr%te-Tike expansibns. These have been observed both
in Golgi material and electronmicroscopically,

2) Short spine-like expansions. These have‘peen describedonly in the

electron microscope.

However, all 6?fzﬁ§‘recent authors, have used the electronmicroscope
for the{;§investigationsE\have generally believed that there are not two
but only one type of cytoplasmic expansions; and therefore they have used
terms interchangebly to describe them. This variation in the terminology
has created a confusion in the understanding of the dé:elopment of the
Purkinje neuron in vivo. Therefore in order to clarify the literature, it
became necessary to introduce a classification scheme dividing these
expansions into 2 types. This classification shall be used 1in this thesis
and is based upon the size and the ultrastructural characteristics of these
cytoplasmic expansions.

1)} Perisomatic dendrites: In Golgi preparations, their size is
between 5 - 70 L ey are long, thick and branching. Many have
enlargemehts a% their tips. Ultrastructurally, these have all the
characteristics of dendritic brancHTets and contain several organelies.

2) Perisomatic spines: These have not been described in Golgi
preparations. Ultrastructurally, these are 1 - 2 u long, straight or
curved_and contain extensions of agranular reticulum only.

This cTassiffcation has been illustrated further on the accompanying
chart, in order to demonstrate the variety of terms used and that it is
possible to place the ﬁfev{ous descriptive terminology of the teytoplasmic

e

expansions” emerging from the Purkinje soma into one of the two types.
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’F\\‘\t_i_,f—\\H‘
Type 1 Type 2 " Author ,/~\\_;
& thin prolongations'Ksoigi) ------------ Athias 1897
iented déndrons (Golgi) | = mmmmmmmemee- Cajal 1911
omatic dendritic
iications (Golgi) (mmmmmmmemees Purpura et al., 1964
i]ateral pro;esses (Go]gi) ------------ ) Dadoune 1966

femmmmmmmooomommmmees Cvtoplasmic expansions (EM) Larramendi & Victor 1967

%cytop]asmic processes (EM) Spine-1ike cytoplasmic
\ - expansions (EM) " | Larramendi 1969

pitic protrusions”TEngi) Somatic spines (EM) Meller and Glees (1969)
pites (EM) pseudopodia (EM) Mugnaini (1969)

ia1 perisomatic processes Spine-Tike perisomatic Altman (1972}
i) processes (EM) : "

-

Ethick somatic processes small somatic processes (EM) |Kornguth et al., 1972
i, EM)
Eytop1asmic expansions tShort cytoplasmic expansions | Zecevic & Rakic 1976

i) (EM)

omatic dendrites (Golgi) Perisomatic spines (Golgi) Agaerwal 1976

'
i
|
i
!
¥
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In view of the existing confu;ign in terminology and description of
the cytoplasmic expansions emergfnglf}om the soma, it seemed necessary
to repeat the Golgi séudy of»tée déve1opment of the Purkinje neuron Sn
vivo. One of the main aims would be to differentiate between the peri-
somatip dendrites and the perisomatic spines: The results would also
serve as a basis of comparison with the development of the Purkinje
neuron in tissue culture. |

It is generally believed that all of-the cytoplasmic expansions
receive.on1y one type of afferent contact i.e., climbina fibers. However,
climbing fibers have been demonstrated to be synaptically in contact
with the perisomatic spines only; and have ne een demonstrated to be
synaptically in contact with the perisomatic endrites. The electron-
microscopical investigations of Mugnaini (1969) demonstrate that dendrites
are synaptically in contact with parallel fibers. In the chart, this
author has classified dendrites of Mugnaini in the category of the
perisomat{c dendrites. Therefore, it is possible to postulate that the
perisomatic dendrites are contacted by parallel fibers and the perisomatic
spines by c¢limbing fibers.

A11 the authors reviewed agree that the immature Purkinje soma
demonstrates numerous cytoplasmic expansions and the mature Purkinje soma
shows a smooth contour. How does this morpholegical transition occur ?

In order to explain this phenomenon, it has been proposed that the cyto-
plasmic expansions, whether dendritic and/or spinous, either resorb or
translocate during déve1opment of the Purkinje neuron. Athias (1897} was
the first investigator who postulated that the cytoplasmic expansions
disappear by resorption: Since then, this concept has been generally

accepted. However, there is no evidence in the 1iterature to support the
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pbstu]ate of Athias. Moreover, it seems rather difficult to conceive that
50 - 70 u long perisomatic dendrites can be resorbed durina development
by the Purkinje neuron. Translocation of the spines from the scma on%o the
main dendrite was proposed by Larramendi {1969). In his postulate,
Larramendi dfd not take into account the presence of the perisomatic
dendrites. Kornguth and Scott (1972) reported that the cytoplasmic
expansions continue to-grow to become ultimately the dendrites. However,
these authors failed to explain the movement of the dendrites from the
soma. Therefore, to date, the mechanics of the movement of the perisomatic
dendrites §nd the perisomatic spines from the immature Purkinje soma are
not known. -;nxx

This discusgion Jeads into 2 general consideration of the factors
which may influence and mold the shape of the mature Purkinje neuron and
particularly, its dendritic tree. Assuming a precise knowledge- of the
development of a neuron such as the Purkinje cell, it is then possible
to study the factors which influence and direct its development. For
example, how much of the final pattern of a Purkinje cell is determined
by extracerebellar afferents (in particu1ér the climbing fibers), by
Tocal circuits (e.g., parallel fibers and basket cell axon;), and by ‘
intrinsic (genetic) factors. |

It is generally believed that the dendritic tree develops from the
apical cone. In 1972 Kornguth and Scott postulated that in addition to
the apical cone, the perisomatic dendrites also contribute in the formation
of the dendritic tree under the influence of the climbina fibers. However,
this postulate was neither documented with direct evidence, nor did it
take into account the influence of parailel fibers. Herndon, Margolis and
Kilham (1971) found that the degree of Purkinje cell alignement is dependent

upon the granule cell development. It is also possible that there may be
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L
enough intrinsic properties i.e., genetic, which enable the Purkinje

neuron to develop on its own, the mature characteristic shape. Thus the
factors which may influence the mature shapé of the Purkinje neuron are
also as yet unknown. .

In order to investigate these questions, it is necessary to have
a system where all or some of these factors can be manipulated experi-
mentally. Tissue culture of the cerebellum offers a system in which one
of the major proposed influence, the climbing fiber is lackina. It is
well known that organotypic cuthres of cerebellum have been reproduced
in several laboratories. Much attention has been focussed on the so-called
"mature" -cultures of ;erebe11um as prepared in the Maximow double coverslip
assembly. A review of the literature will indicate that much of the
information concerning these cultures is either still in dispute and
incomplete or that_other data concerninag these cultures is unavailable

because of technical Timitations.

~
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C: TISSUE CULTURE STUDIES OF THE CEREBELLUM.

Light microscopically, in 3 weeks old mouse cerebellar cultures,
Bornstein and Murray (1958) demonstrated; for the first time, myelin
formation around newly grown axis cylinders of the Purkinje cell.
Myelogenesis occurs at-a similar age in the intact animal. Since then it
is generally accepted that formation of myelin in cerebellar cultures
indicates maturation of its neuronal elements. The ultrastructural
similarity of myelin in cerebellar culture with myelin ir vivo was
established by Ross, Bornstein and Lehrer (1962}.

In 1968, Allerand and Murray found that by pairing contiguous
cerebellar explants, there was acceleratinn and increase in the formation
of myelin, when compared with single explants. From this observation,
they cong¢luded thap by pairing contiguous cerebellar explants, the™
potential of nedronal interaction could be increased; better neuronal
specificity and selective affinity was retained in g;?%b(e by this
method.

Regarding the gquestion of alignment of the Purkinje neurons in
culture, there are Qery many conflicting opinions. In 1964, Wolf found
that many Purkinje neurgns remained in their multilayered prganization
in culture. However in 1970, (Wolf 1970; Woif and Dubeis-daleq 1970)
argued strongly for the alignment of Purkinje neurons in culture. This
was indicated in their criticism of the observations of Seil and Herndon
(1970), who did not find cell stratification. Similarly, Hendelman (1967)
did not find cell stratification in his cerebeiTar cultures, but Kim
(1970) did. Allerand (1971) claimed that many Purkinje cell tend to
become oriented in a linear fashion, 1 - 2 cells thick, with increasing
age of the culture; while other Purkinje cells retain their multilayered

organization{ She believed that the organization of the cerebellum in

Q



- 27 -

vitro was dependent upon the position of the explant at explantation.
According to her, explants placed with their cut surface against the
coverslip were more likely tﬁ retain the organotypic cytoarchitectonics.

Seil (1972) reported from ﬁis éxperiments that the cortex was
stratified in a mature cerebellar culture. He found a range of lamination
‘varying from an essentially 2 layered st?ucture consisting of outer
granule and Purkinje cells, to 2 4 layered structure, composed of outer
and internal granular 1ayqr, a molecular layer and a layer of Purkinje
cells. He proposed that the Qaried range of lamination in culture could
occur due to.little or\partiai migration of granule cells. Wolf (1970)
proposed that the lamination in culture occured due to the process of
angular toppling of the cortex and subsequent compleif migration of
granule cells past Purkinje cells in both directions. Thus to-date, it is
stil1 not certain, how much lamination of cortical neurons occur in
cerebellar cultures, and which factors are respensible for this aspect
of organotypicity. It is also not known whether lamination is one of
+the essential characteristics necessary to judge the maturity of a ‘
cglture.
In 1971, Alierand reported the morphological characteristics of the
1iving Purkinje cells. She studied them in brightfield micrescopy. In the’
early days of the culture, she sdentified them by their prominent nucleus
which contained one or two spherical nucleoli. The cell body was oval and
the cytoplasmic portion became distinguishable only after several days.
The delineation of the cytoplasm was considered to be an index of differen-
tiation and maturation of the Purkinje neuron by Allerand. Within a month, _
she found, these neurons were flask-shaped in appearance. She measured and o
found them to be 20 - 30 u in size in the Tiving-state. Wolf (1964) measured
and found that the mature Purkinje soma was between 12 - 20 u. Seil (1972)

reported that their size was 15 u.
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The shape of the mature Purkinje neuron in culture was described by
Wolf (1964). With Holme's silver impregnation method, he found” that the-
ﬁeuroﬁ was flask shaped. A similar shape with the same method was repdrted
by Allerand (1971) also. |

However, Wolf was not satisfied with the resu1ts'obtained by the
Holme's silver impregnation technique, because it was not’providing him
with the detailed morphological characteristics of the mature Purkinje
neuron, in particular dendrites and spines. Therefore, he attempted tc
impregnate cerebellar cultures with a modification of the Golgi-Cox
method. By this method, in 1969, Wolf and Holden found that more than
one dendritic branch emerged from the Purkinje cell soma. This observation
was considered an abnormal finding by them. Similar results were reported
by Seil (1972) also, who impregnated his cultures with a modified Holme's

5_,///;;£hod Wolf and Holden (1969), and Wolf and Dubois-Dalcq (1970) did not

publish any pictures of their findings. A detailed examination of Seil's
(1972) photograph (Fig. 5) shows that the dendrites are originating from ‘
the apical portion of the Purkinje soma. The origin from the apical portion
is within normal limits. Therefore, it remains to be confirmed whether
many dendrites originate from the apical portion of the Purkinje soma or
from the peripheral portion.

How much dendritic deveTopment of the Purkinje neuron actually occuré
in culture is not known. Similarly, it is stf11 debatable at what stage
of the dendritic déve]opment the Purkinje.neuron is Eonsidered to be mature,
and whether an altered branchiqg pattern should be considered normal or
abnormal.

The presence of many spines on the dendrites is one of the several
identifying characteristics of the purkinje neuron in vivo. Using the Golgi-

Cox method, the presence of many spines on the Purkinje cell dendrite in
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culture was demonstrated by Wolf and Dubois-dalcq (1970). Although
their observat{on is acceptable, generally their pictures were |
unsatisfactory because of the formation of a precipitate. The cell

body was never clearly demonstrated in their material.
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Figure 5: Purkinje cell with dendritic branching.

28 DIV. X 670 (Fig. 8 of Seil 1972).




Figure 5
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The only study of the development of the Purkinje neuron in culture
is by Allerand (1971)}. In silver impregnated cerebellar explants, the
least differentiated néﬁrona] stage was identified by the presence of
prominent périnuclear accumulation of neurofibrils, which became continuous
with an intensely argentophillic axon and 2 number of weakly impregnated
ascending, basal and 1q;era1 dendritic projeétions which branched a few
times before fading out. In the stage of dendritic differentiation, she
found that there was increase in secondary and tertiary branching of the
increasingly prominent ascexdinag or apical processes and a disappearance
of the more basal and 1ateZ:T’ones. The classical flask shaped Purkinje
cell configuration with the rq]ative]y compiex two dimensional dendritic
branching was observed in cultures over one month of age. In addition,
in mature cultures she found that many. Purkinje neurons retained their
primitive shape. This observation was described earlier by Wolf and
Holden (1969); in thgir opinion, it was an abnormal developmental state.
Allerand did not agree with their opinion. instead, using the suggestions
of Lenhossek (1890) and Ramon y Cajal (1911), she proposed that the =
persistance of the primitive state of the Purkinje neuron in a mature
culture was due to the failure of the climbing and parallel fibers to
form synaptic contact with the neuron. Although this appears to be a
reasonable argument, however it remains to be clarified as to why only
a few Purkinje neurons receive adequate afferent contacts in culture ?
Efforts to jnvestigate electronmicroscopically, the development of
synapses in cerebellar culture were started by Perrier and De Harven in
1961. For fixation, osmium tetroxide alone was used. By this method,
they found that few synaptic structures were present in mature cerebellar
cuitures. Callas and Hild (1963) did a comparison of the synapses observed

in cerebellar cultures with synapses found in vivo. They concluded that

these were identical, in both situations. Thus by 1963, it became
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established that synapses develop in cultures, but the dgz;ona1 elements
contributing to thése synapses remained unknown. .

Many ultrastructural characteristics of the Purkinje cell and
development of synaptic contacts between the parallel fibers and Purkinje
dendritic spines were demonstrated by Hendelman (1967). For his studies,
he also used the same fixation method (osmium tetroxide). These results
were confirmed later by Wolf and Dubois-Dalcq (1970) and Seil and Herndon
(1970).

In addition to the parallel fiber synapse, Seil and Herndan (1970)
found many dendritic spines, from which the presynaptic terminal was
missing. Such spines were enveloped by a process of Bergman glia and they
retained their normal post-synaptic thickening. Seil and Herndon (1970)
explained that the presence of such spines was due to the reduced number
of granule cells in culture. This explanation appears much more reasonable,
because of the observations of Allerand (1971) and Hendelman et al., (1972).
They found that toxicity of the feed selectively destroyed many granule
cells in culture. However, this explanation was not accepted by Wolf and
Dubois-Daleg (1970). They argued that the deafferented spines (Seil and
Herndon: 1970) were extremely close to the vesicle laden swellings of
parallel fibers and might synapse with them in adjacent sections.

A11 of these electron microscopic studies do not describe the
presence of other synaptic contacts in culture, like basket/steliate
axons. It is possible to assume that the previous investigators failed to
jdentify these contacts because of the fixation method {osmium tetroxide
alone), other methods of fixation are needed to investigate these cultures
electronmicroscopically. The ;dvantage of using newer methods was demonstrated
by Hendelman (1972). He adjusted the buffer for the aldehyde and osmium

fixation to about 350 milliosmels at a ph of 7.3 - 7.4 . Using this method,
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he differentiated successfully, the bouton of parallel fiber from the
bouton of Purkinje axon collateral in culture.

The presence of spines on the Purkinje soma was also observed
electronmicroscopically by Wolf and Dubois-Dalcg (1970). They assumed
that the somatic spines in culture were similar to somatic spines develgped
by immature Purkinje cells in vivo; and since somatic spines “resorb"
during development of the Purkinje neuron, therefore they did not pursue
further the presence of Purkinje somatic spines in culture. However, it is
of importance to find out if the Purkinje somatic spines in culture receive
a%ferent terminals. During the development of tﬁe Purkinje neuron in vivo,
climbing fibers form specific synaptic contacts with the Purkinje somatic
spines. Climbing fibers originate from the inferior olivary neurons, which
have not been explanted in culture with the cerebellum. Therefore, it is
reasonable to assume that there are no extracerebellar climbing fibers
in culture. If afferent contacts with the Purkinje somatic spines in
culture are found, then it may be possible to consider one of the followina:
1) Some c¢limbing fibers¥originate within the cerebellum. Deep nuclear
neurons have bgen suggested as a source of climbing fibers by Carrea et al.,
(1947).
2) During development, some other terminal has the ability to take over
the post-synaptic site of fhe c1ﬁmbﬁng fibers.

Studiés of synaptogenesis may contribute to our understanding of the
degree of synaptic specificity in culture, and the plasticity of the

system during its development.

A\
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CHAPTER - 2
PROBLEM FORMULATION
A review of tﬁé development of the Purkinje neuron showed that there
was a gap in the knowledge of its development. Using the Golgi method,

. the formation of the perisomatic dendriteslhas been demonstrated, but their
synaptic connections have not been studied electronmicroscopically. It is
only an assumption (of this author) to consider the dendrites of Mugnaini
(1969) to be equivalent to the perisomatic dendrites; these were synapti-
cally in contact with parallel fibers. Perisomatic spines have been
demonstrated electronmicroscopically, but they_never have been demonstrated

in Golgi material. A clear understanding of both of them has been made

very difficult, due to the variable terminology used by the previous
authors. Therefore, it is not possible to be certain of the developmental
pattern of the Purkinje neuron in vivo, described previous1j. A basis of
comparison is not available, if one is to attempt to compare the development
of material from in vivo versus culture. In order to establish -this basic
foundation, it is necessary to reinvestigate the normal developmental
pattern in vivo, with the Golgi method.

A review of the morphological and synaptological characteristics of
the Purkinje neuron in the so-called "mature” cerebellar culture does not
reveal whether the Purkinje neuron attains its mature state, when compared
with the intact animal, or whether there is a failure of the Purkinje
neuron to organizé at some stage. The'question of lamination of the Purkinje
neuron is as yet undecided. It remains to be established if the lamination
is necessary for the formation of their mature flask shape; and if it should
be considered as a sign of maturation. More information is needed regarding
the dendrites: do these dendrites originate from the peripheral portion of
the Purkinje soma or do they originate in an increased number from the
apical portion of the cell ? Can the presence of spines indicate that the

dendrites are mature ?
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Electronmicroscopically, it has been established that the paraliel
fibers form synaptic contacts with dendritic spines. There is no
information regardina the synaptic contacts of basket/stellate cells with -
the Purkinje neuron. Further it is not known whether Purkinje soﬁatic
spines in culture resorb or receive afferent terminals. A1l of these
questions indicate that more accurate studies of the morphology and
synaptology of the Purkinje neuron in culture are needed, in order to
understand and compare them with their equivalents in vivo. Theﬁe studies
need to be déne with improved and newer methods of impregnation and
fixation.

It is known that in a cereEeTTar culture, Purkinje dendrites have
many spines and Granule cells are reduced in number. In this situation,
during development, is the system able to organize itself ? Would there
be numerous spines without contacts, or is it possible that granule ce1]
axons (parallel fibers) compensate by forming hypertrophfc mu]tip]E‘_,//
contacts. This would represent a form of plasticity which could be seen
in the electronmicroscope.

Similarly, it is possible to study the extent of this plasticity,
by examining Purkinje somatic spines, which are known to receive specific ‘
afferent contacts of climbing fibers: It is assumed that there are no
climbing fibers in a cerebellar culture; therefore is it possible for the
parallel fibers to take over the post-synaptic site (Purkinje somatic
spines) of the climbing fibers ? If so, what would be the
influence—of this interchange on the post-synaptic site, i.e., the shape
of the perisomatic spines. This could be known by examining electronmicros-
copically, in culture, the Purkinje perisomatic spines, and could demonstrate

the extent of plasticity of a terminal during its development.
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On the basis of the detailed investigations of the development and
synaptic patterns, it is possible to formulate a theory concerning the

deve1opmeht, and to describe the factors which are needed for the normal

development of the Purkinje neuron. .
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. CHAPTER - 3
MATERIALS AND METHODS:

The mice used in these experiments were from a colony of Paris
R III strain.
1) Golgi Cox method: Intact animal

Mice were sacrificed after ether anaesthesia from the time of birth
up to 30 days of age, at daily intervals. The cerebellum was removed
without delay. It was fixed by immersing in a glutaraldehyde solution
. for 3 hours.

The solution of glutaraldehyde was a mixture of:

1: 252 glutaraldehyde (Sigma Grade IV).......ooieereniunnnnnnnnnne. 25 ml.
2: 0.8 gm Sodium hydroxide dissolved in 100 m11fﬁi§ti]1ed water....... 19 mi.
3: 2.72 gm Potassium dihydro phosphate dissoTvéd in 100 m1. D.W....... 25 ml.

4: Distilled Waler «oveverreoeenasnceaecsoasesnsasascecsssncosaanaeces 31 ml.

The ingredients were mixed rapidly in a magnetic stirrer in the order
specified above to avoid precipitation. The ph of the glutaraldehyde
solution was adjusted to 7.2. During fixation in the glutaraldehyde
solution, the cerebellum was cut in blocks of 3 - 4 mm size. The specimens
were labelled as to their origin-vermis, paravermis, peduncile, fip reg%on.

After fixation, blocks were rinsed twice in 0.9% Sodium chloride, and ‘
+ransferred to the Golgi-Cox solution.

The contents of the Golgi-Cox solution were:

a) 5% Potassium diChTOMALE. ....orevmuasrrmenemmmmnaneneermmnreercnnnes 1 Part
b) 5% Mercuric chloride.........coeuven. DI 1 Part
C) 4% POtasSTUM CHPOMALE. . evnuursemmnnesneneeronnnenssrrerrmnnesscoes . 1 Part

d) Distilled WAatEr..ouu.ererenuerermrnasrennsrarnenuaeesmsnnarreroses 2 Parts
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Mercuric chloride was dissolved in poilinq water. In the boiling
solution, potassium dichromate (completely dissoived) was added. The
combinat{on was further boiled for 8 - 10 minutes. Additional distilled
water was added to account for evaporation. Boi1in§ was stopped at this
point and potassium chromate (completely dissolved) along with distilled
water was added. The solution was allowed to cool for hour. 1 Block of
cerebellum was.pTaced in a stender dish containing 25 ml. of Golgi-Cox
solution. The stender dishes were kept in the dark for 18 - 22 days;
b1ocﬁs from newborn to 5 day old mice were kept for 30 - 35 days. After
the required number of dajs, blocks were rinsed thoroughly in distilled
water, until the rinse solution was totally clear (at least 20 rinses).

At this stage, blocks wgre.embeqded in celleidin, and.parasagittal
75 - 100 u thick sections were prepared. ”

The sections were blackened for 12 minutes in a freshly prepared
solution of 5% potassium sulfite with 8 ml. of 5% oxalic acid per 100 ml.
of potassium sulfite. .

The sections were then rinsed twice in distilled water. Half of the
sections were counterstained in cresyl echt violet for 2 - 3 minutes.

Following this, sections were rinsed in distilled water, rapidly
dehydrated by using ascending serjes of alcohols, cleared in xylene an&ﬁ
mounted with permount.

2) Tissue culture studies.
A. Cultures of cerebellum:

Newborn mice were sacrificed after ether anaesthesia. Parasagittal
sections of the cerebellum containing cortex, deep nuclear neurons and at
times few brain <tem neurons {due to their location near the peduncles)

were explanted first on the collagen-coated coverslips, and then into the

Maximow double coverslip system (Fig. 6).
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Figure 6: Plan of dissection of the newborn mouse

cerebeilum.
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Standarg techniques for the maintainance of cerebellar cultures
(Wolf 1964: A11eraﬁﬁ 1971) were followed afterwards. The cultures were
kept in the incﬁbator set at 35.5 degree Centigrade. They were washed in
B.S.S. (Balanced Sait Solution) and fed twice weekly. The nutrient medium
consisted of 25% chick embryo extract, 25% human cor& serum and 50%
Fagles minimum essential medium. It was supplemented with glucose %o
produce a final concentration of 1000 mgm o No antibiotics were employed.

Living cultures were examined regularly in the Tight microscope.
Well myelinated cultures with cortical and deep nuclear neurons were
selected and mapped. Some cultures also contained brain stem neurons.

8. Golgi-Cox method: Cerebellar culture

1 - 50 days old cultures were impregnated at daily intervg1s.by the
came Golgi-Cox method as was used for the in vivo study. Fmbedding in
celloidin and sectioning of the explants was omitted. Cultures were
mounted in permount as whole explants.

C. Electronmicroscopy of cerebellar cultures.

Mature cerebellar cultures from day 18 - 30 were washed in phosphate
buffer 3 times and fixed in the glutaraldehyde fixative for 30 minutes.
At an interval of 15 minutes the g1utara1dehyde fixative was changed.

Cultures were then washed in the phosphate buffer 5 - 6 times, in ‘
order to remove the glutaraldehyde fixative completely.

The tissue was post-fixed in 19 osmium tetroxide for 1 hour at room
temperature. The cultures were washed again 5 - & times in the nhosphate

buffer and were then dehydrated.
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SOLUTIONS: - | e T

a) The phosphate buffer:

1: 2.26% Sodium phosphate mOnObasTC..eeeeererenearnnruaeosennns, PR 83 ml.
2: 2.52% SOATUM hydrOXTde. ..veeseneennenrennrnneasenneanns e .. 17 mb.
Total * 100 ml

1.2 gms. of D-Glucose and 1 m1; of 1% Calcium chloride were added to
each 100 ml. of the solution. The ph of the phosphate buffer was adjusted
to-7.35. The osmolarity of the solution was measured to be 350 - 360 |
~milliosmols.

b) The glutaraldehyde fixative:

In a beaker, to 17 ml. of 2.52% Soaium hydfoxide, 1 gm. of Parafor-
maidehyde was added. The so1utipn was heated to 40 - 60 degrees cerntigrade,
because at this temperature the paraforma1dehyde dissolves compietely,
without polymerizing. The beaker was removed from the hot watér bath and
following was édded to the solution: ‘
1: 83 mi. of 2.26% Sod%ﬁm phosphate monobasic.

2: 1.2 gmg,of D-Glucose. |
3: 1 ml. of 1% Calcium chloride. .
4: 1.5 ml. of 70% glutaraldehyde (Ladd.)
The ph of the glutaraldehyde fixative was adjusted to 7.35.
c) The osmium tetroxide fixative: )

To the 100 m1. of Phosphate buffer solution, 1 gm. of osmium tg;foxide
was added. Just before the start of the fixation,-l.Z gm. of D-Glucose and
1 ml. of 1% Qafz?um chloride was also added.

/
‘For dehydration and~em$edding, following procedure was done:
,-—/-/

-y
¥

r
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.
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Cultures were kept in pure Epon overnight. The next day cultures
were encapsulated in gelatin capsules. The epon. was polymerized for

2 days at 35.5 degree. centigrade, followed by 3 days at

M ~ o

9:

10

Propylene oxide and epon were changed midway at 1 hour int

- 42 - -

-

- Wash in 60% Ethyly alcohol ....covvennnveenn. 3 times.

. Keep in 60% Ethyl alcohol ..e.eeeneeraracans 5 minutes.
:.Change to 70%lEthy1,a1coho1 Cedevasssaaracae 5 minutes.
:'Cﬁénge to 95% Ethyl alcohol ciieciivnnananen 5 minutes.
. Change to 100% Ethyl alcohol ..............- 5 minutes.
: Aﬁother change of Tgb%'Ethy1 alcohol for ... 5 minutes.
: Anotﬁer change of 100% Ethyl alcohol ....... 5 minutes.
: Change to Propylene Nxide ........ceeeecenns 10 minutes.
Change to Propylene Oxide ......cvveeecennns 10 minutes.

Propylene Oxide and Epon {(equal parts) ..... 2 hours.

centigrade.

carefuily from the blocks. 1 u thick sections were cut with a glass
knife on 2 Reichert 0.m

+oludine blue and examine

cortical area.
were placed on Carbon co

(saturated in alcohol) and Lead citrate. Fo

For semithin sections, the glass coverslip was removed very

For thin sectioning, blocks were further t

r

the Zeiss electron microscope 9A was used.

o

60 degree

-U3 microtome. The sections were stained with

d, until the appropriate area was identified.
rimmed for the se1e;ted
These were sectioned with a Diamond knife. The sections
ated grids and were stained with Uranyl acetate.

r the study of thin sections

N
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CHAPTER - 4
RESULTS
A: Golgi study of the‘devé1opment of the Purkinje neuron in vivo.

The postnatal development of the Purkinje neuron has been divided -
into deistinct.phases. In fact, the maturation is a continuous procéss
and the phases overlap each other. Thus, ét anv given timé, a Purkinje
neuron can be found that is either Tess mature or more advanced than
the average cell of thgt particu]ar Staqe. Variatiqns in development
do not exceed 1 - 2 days on either side of the average.

Thq 5 phases are divided as follows:

. 1: The immature cell (0 - 3 days).

2: The phase of the perisomatic dendrites (4 - 6 days).

3: The phase of the perisomatic spines (7 - 10 dayg).

4: The phase of the main dendrite (11 - 14 davs).

5: The mature neuron {over 15 days).

1: The immature cell {0 - 3 days). .
At birth and in the first few days after, the Purkinje neuron is

present as an immature cell which rarely stains wﬁth the Golgi method.

The cells have 1ittle or no dendritic plume. They form a 2one, 3 - 5

cells wide. They measure 8 - 10 u in size and are pear shaped. A lightly

staining, relatively large nucleus alngt“fills the Purkinje soma (Fig. 7a).

The axon ofteh stains and even at this early stage, axon collaterals -
have been seen (Fig. 7b). The early perisomatic dendrites seen at day 1

grow longer and become more numerous by day 2 (Fig. 7c).



Figure 7a:

Figure 7b:

Figure 7c:

P

Purkinje neuron from a new born mouse cerebellum. Note
that the nucleus is unstained and the axon is emerging

from the basal pole of the cell. Bar 20 y.

Purkinje neuron from a 1- day old mouse cerebellum. Hypertrophi]

apical cone_is well deve]oped: Bar 20 yu.

a

Purkinje heurdn from a 2 day 01d mouse cerebellum. Note the

presence of many perisomatic dendrites, emergina from the

soma. Bar 20 y.
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2: The phase of the perisomatic. dendrites (4 - 6 days).

Starting in the previous phase, but increasingly apparent at about
4 days, the neuronal perikarya is characterized by laterally extending
perisomatic dendrites (Fig. 8a). The perisomatic dendrites continue to
grow longer and th1cker they have been measured 1o be 20 - 60 u long.
These dendrites dramatically alter the appearance of the cell, so much
so that by the sixth day the Purkinje neuron resembles a hairy bush,
totally ldcking in orientation (Fig. 8b)., Occasionally, growth cones at
. thg tips of the perisomatic dendrites are also impregnated (Fia. 8b -
arrow). Many of the perisomatic dendrites branch and occasionally spines
have been seen (Fig. 8b}. Durina this perio§ the Purkinje néurons grow
in size, and become aligned in 2 row. This is the beginning of lamination
of the Cerebellar cortex. The Tocation of the Purkinjé cells is between
the fofminq internal granular and mo]eéd]ar layers. The per%sométic
dendrites extend laterally into this mo]ecu]ar layer (F1g 8a). Towards
the later part of this phase, the dendrites are seen near the apical
region of the neuron, radiating laterally and towards the pia (Fig. 8c).
The basal portion of the.soma has comparatively fewer processés {compare

Figs. 8a, b and c).

3: The phase of the perisomatic spines (7 - 10 days)- ' I
The perisomatic dendrites. are no longer present on the soma (Figs.
9a, b, ¢, d and e}. The neuron has acquired an apparent orientation with

a very short main dendrite at its apical portion (Fig. ga). From the main

dendrite, many dendritic branches radiate laterally and towards Egg/p1a,

. e
/
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Figure 8a: Purkinje neuron from a 4 day old mouse cerebellum. eqgl-

external granular layer, mol-molecular layer, igl-interna]

granular layer. Bar 20 u.

Fiqure 8b: Purkinje neuron from a 6 day old mouse cerebellum. Arrow

is pointing to growth cone. Note the Presence of few spines

on the perisomatic dendrite. Bar 20 L.

Figure 8c: Purkinje neuron from a 6 day old mouse cerebelTum. Although

it is from the same aged animal, It is sTightly more mature

than in Fig. 8b. Bar 20 ..
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into the molecular layer (Figs. 9a and e). The reaion of the soma is

now characterized by the presence of small, irregular surface projections

- the per1somat1c spipes (Figs. 9b, c and d). These are present all

.over the soma and{are seen clearly between 8 - 10 days of age. Towards

the later par .thié phase, the perisomatic spines are present mostly
near the apical portion of the ce]l, and very few are present on the
basa1 portion of the cell which appears relatively smooth (compare

Figs. 9b, c, d and e).

4: The phase of the main dendrite (1 - i& days)-

The main characteristic of this phase is the development of a stout,
Tong, single main dendrite which is oriented towards the pia (Figs. f, g
and h). This main dendrite separates the soma from the spine-Taden
dendritic branches which are directed either laterally or towards the
pia. The Purkinje somatic spines become fewer, in a basal-apical gradation
and by day 13, the soma js almost devoid of spines (Fio. Sh). The spines
_are now seen along the main dendrite; and in all subsequent phases of the
development, the main dendrite wi11 continue to have them. At day 13,
the main dendrite is mLch Jonger that at day 11 (compare Figs. 9f, g and h).
The dendritic spines are present mostly on the spiny branchlets, and there
are more dendritic spines and spiny branchlets in the lower part than 1n
the upper part of the dendritic-tree (Fig. 9g). The dendritic tuft continues

to grow towards the pial surface and the molecular layer increases,

while the external granular layer decreases.



Fiqure

Figure

Figure

Figure

Figure

Figure

Figure

9a:

9b

9c

Qe:

af.

9qg:
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Purkinje neuron from a 10 day old mduse cerebellum. Bar 20 y.

: Purkinje neuron from a 9 day old mouse cerebellum. Note the

presence of manv peérisomatic spines on the soma. Bar 20 u.

and d: Purkinje neuron from 8 day old mouse cerebellum. Many

perisomatic spines are present on the soma.
Purkinje neuron from a 10 day ¢ld mouse cerebellum. Bar 20 p.

Purkinje neuron from a 11 dav old mouse cerebellum. Arrow is

pointing to spines, present on the main dendrite. Bar 20 y.

Purkinje neuron from a 11 day old mouse cerebellum. M-main
dendrite. 1-primary,dendrite; 2-secondary dendrite, 3-tertiar
dendrite, 4-spiny branchlets. Several spiny branchlets loaded

with spines are present in the iower half of the molecular 1z

Bar 20 y. . /jih

: Purkinje neuron from a 13 day old mouse cerebellum. The lone

main dendrite is loaded with spines. Bar 20 y.
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5: The ﬁature neuron (over 15 davs).

A mature neuron is characterized by a soma which is coﬁpletely
smooth in contour, and it measures 18 - 20 u in size (Figs. 10a and b).
The long main dendrite has some spines and'many 1atera1ly oriented -
primary dendritic branches, which divide further into secondary and
tertiary dendrites (Fig. 10a). Many small brafiches studded with spines
and known as spiny branchlets (labelle n Figs. 9g and 10a) emerge
from the tertiéry dendrites. In additidn some of them o;iginate from
secondary and primary dendrites also (Fié. 10a). When this elaborate
dendritic tree reaches the pial surface, the Purkinje neuron is
considered to be fully mature, and at this t%me the external granular

-

layer is no longer present.



Figure 10a: Purkinje neuron from a 15 day old mouse cerebellum. Arrows
indicate spines on the main and primary dendrite.M-Main
dendrite, 1-Primary dendrite, 2-Secondary dendrite, 3-Tertiar:

dendrite, 4 and S—Spfny branchiets. Bar 20 u.

Figure 10b: Purkinje neuron from a 26 day old mouse cerebellum. M-Main

" dendrite. Bar 20 yu.
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B: Purkinje neurons in culture’ : ' - o

(1) Living culture: :

In unstained living preparations, it is very difficult to-identify
cortical areas in a cereballar explant until 12 - 14 days in vitro.
Between day 13 - 15, myelin begins to appear (Fﬁg. 11a). From day 18

. - SR

onwards, the cortical area containing Purkinje neurons, interneurons

N
and neuropil s visible (Figs.-11b, ¢ and d). Purkinje neurons are

usually not a11gned in the cortical area, -but are dnstributed in a
~

random manner. Thev measure B - 20 u in size and are round or oval

_1n shape A promxnent nuc1eus, measuring 8 - 10 ¢ in s:ze, is surrounded
by cytopTasm which'is faintly granular (Figs. 11b, ¢ and d). One or
'; two spher1cal nucleoli are also d1scern1b1e in the nucleus The neuropi)
wh1ch surrounds these neurons has a dist1nct mottied appearance (F1cs

11b, ¢ and d). . _

(2) Goqgi study of the development of the Purkinje neuron in vitro.

The ana1ysis'of'thé cultures “in Golgi pfeparations was.complicated :
by the fact that there was apparent1y a failure of the cortical elements
to laminate (F1g 12a). Th1s was more of a problem in the ear11er days ‘
of the culture, because the cells were less typical in appearance "In i ‘
many cultures of 20 days or more, 1t was poss1b1e to identify a cortical

area and a deep. nuc1ear reg1on (Fias. 12b an . The cort1ca1 area

—

- was characterized by the presence of Purkinje neur 0ss Go1g1 cells,
granule cells and ste]]ate neurons. All of the neuronaT elements in the N

cortical area were tidentified, us1ng some of the morphological characteristics



-

Figure 1ta: Myelinated axons in a unstained 1iv¥nq préparation._.

22 DIV.

Figure 11b: Cortical area in a culture. Arrow points towards a \

Purkinje neuroh. 18 DIV.

Figure 1lc: Cortical_area in a culture. Arrow points towards a %

Purkinje Aeuron. 18 DIV.

Figure 11d: Corfical area*in 2 culture. Arrow points towards a
Purkinje neuron. Note the mottled appearance of the

neuropil. -«

Bar. 20 p and is applicabls \to Figs. 1la, b, ¢ and d.
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descrit in the adult animal (Palay and Chan-Palay 1974). Although a
quantﬁtatiye analysis has not been made,. the Purkinje neurons were
apparently impregnated more fréquent1y in tompar%son to the other .

+ >
neuronal elements. The perikaryal measurements were found to correspond -

)

with the Purkinje neurons of the intact animal, and with the measurements

cited in the literature (Addison 1911).

The deve1opmentai period of the Purkinje néurbns in v{%ro'cou1d on1g
be divided in & phases, because the 5th phaée of the develepment of the.
Purkinjé neuron could not be delineated froéq;he ath phase. Therefore, -
the 4th and the 5th phase haveggﬁgn«described'tagether.

r

1: The immature cell (0 - 3 days)
‘ .
2: The phase of the perisomatic dendrites (4 - 6 days)
. .4
3: The phase of the perisomatic spines (7 - 10 days)

4: The phase of the main dendrite, and the mature neuron {over 11 days)

.

1: The immature cell (0 - 3 da%g)
In this phase, the appearance and size of the Purkinje cell match
precisely with their counterparts in vivo (Fig. 13a). The axon'in 1its

usual mannex emerges from the "basal® poJle of the cell (Fig. 13b). A ‘

few perisomatic dendrites emerging from the purkinje soma are also

discernible (F%é. 13b).

2: The phase of the perisomatic dendrites (4 - 6 days)

In this phase, the Purkinje soma is characterized by the presence

of long perisomatic dendrites (Fig. 13c), which emerge in all directions
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Figure 12a: Low magnificationlof the cortex region of a cerebellar
culture. 18 DIV. Numbered neurons are the G61gi impreanated
_Purkinje cells. Note the absence of the cortical lamination,
and thé absence of the alignement of the:Purkinje neurons.

Bar 20 .

Figure 12b: Low power view of a Golgi impregnated explant of cerebellum.

cor-cortical region, DN-deep nuclear region. 18 DIV.

Fiqure 12¢: Low power view of a Golgi impregnated explant of cerebellum.

cor-cortical region, DN-deep nuclear region. 21 DIV. Bar 500

is applicable to Fig. 12 b also.
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from the perikaryal region. They continue td:grow thicker .and longer

(Fig. 13d}. Although, in this phase, the individual neuronal morphology
s

is similar to its counterpart in vivo, there is generally an absence

of layer formation in culture (Fig.\TZa). This feature is in a sharp

contrast to the development in vivo.

3: The phase of the perisomatic spines (7 - 10 days)}

In culture, the perisomatic déndri;gg remain attached to the soma in
" this phase (Fig. 14a). In addition, the'perisomatic'spines begin to
emerge from the soma (Fig. 14b). There is an increase in size of the

perikaryon also, which now measures 12 - 16 u..

4: The phase of the mafn dendrite and the mature neuron {over 11 days) -
In thfs phase, all Purkinje neurons from day 13 - 41 have been

érouﬁed”together (Figs. 14c, dr e, 152, b, ¢ and d). The 4th phase

cannot be éeperated from ;he 5th phase, since the Purkinje neuron in~™

culture usually fails to develop.a stout, long main'dendrite (Fios. l4c,

d, e,-Téa, b, ¢ and d). However, sometimes a very short main dendrite

can be found (Fig. 14c). The perikgryon increases further in size and

is now between 18 - 20 u. It 1s characterized by the presence of many

perisomatic spines and perisomatic dendrites. The dendrites continue to

increase in length and thickness, branch one or twe times, and become

loaded with sping& (Figs. l4c, d, e, 152, b, ¢ and d). Generally,.in

culture the dgpdritfc tree is much smaller, because of the underdevelopment

of tertiary déndrites and spiny branchlets. Since there is no pial surface,

there is no single time when maturation is considered complete.

R¥i



.- 5 -

Although in culture, all Purkinje neurons from day 13 - 41 look
very different from their counterparts in vivo, essentially all of
them have 5 characteristics in common.

These are:
1) The presence of the perisomatic spines on the soma.
2) The presence of the perisomatic dendrites on the somg.

3) The branching of and the presehce of the spines on the

perisomatic dendrites.

4) The absence of a stout, Tong, single main dendrite.

5) The perikaryal size which is between 18 - 20 u.

-'T“ -
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Figure 13a: Purkinje cell. 1 DIV. The axon is emerging froﬁ the basal

pole of the cell. Bar 20 u.

Figure 13b: Purkinje cell. 2 DIV. The hypertrophic apical cone is well

developed. Bar 20 u.

. Figure 13c: Purkinje cell. 4 DIV. Many perisomatic dendrites are emerging

" from. the soma. Bar 20 -yu.

Figure 13d: Purkinje cell. 7 DIV. Bar 20 u.

il &
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Figure

14a:

14b:

Tdc:

14d:

14e:
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Purkinje cell. 9 DIV. Many perisomatic dendrites are st{l7

present on the soma. Bar 20 y.

Purkinje cell. 9 DIV. Note the presence of many perisomatic

spineslon the soma. Bar 20 yu.

Purkinje cé]]. 21 DIV. Many spines are present on the soma

and dendrites, ax-axon. Bar 20 y.

Purk{nje cell. 13 DIV. Note the presence of many spines on

the perisomatic dendrites. Bar 20 s

Purkinje cell.. 18 DIV. Note branching of the perisomatic

’dendrites which are loaded with spines. Bar 20 E.
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Figure 14 ’




Figure 15a:

Figure 15b:

Figure 15¢:

Figure 15d:
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Purkinje cell. 23 DIV. In the inset, note the presence of

some perisomatic spines, seen in another plane of focus.

Bar 20 u. ‘ L v

Purkinje cell. Arrows are pointin

’

!

35 DIV. Bar 20 y. ¥

to perisomatic spines.

Purkinje cell. Note the depdrites which are loaded with

spines. 35 DIV. Bar 20 .

Purkinje cell which has many dendrites. Other dendrites
emerging from the soma are out of focus in this piane.

41 DIV. Bar 20 y.
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C: A cofiparison of the development of the Purkinje neurdn in culture

ith in vivoz - . o

1

“

<

as f011ows The\ﬁeve1opmenta1 sequence, of the Purkinje neuron 1;@$1v0
- f

\

has~been taced in the upper ‘row and that in cu}xure in the 1ower row

( gs. 16 17, 18 and”TQ) A compar1§hn demonstrates .that the individual

neuronaT morphology of the Purk1nJe neuron in cuIture deve1ops at the
same speed w1th which it develops in vivo-up to 4 -days (phase 2). The
apical cone and many. per1somat1c dendrites emerging from the soma c¢an -
be observed' (compare Figs. 160 aﬁﬁ?d) Towards the 1ater part of phase

2 in culture, the Purk1nje neuron fails to reorqanxze its per1somat1c

dendrites towards the apical cone (compare F1gs 17F and e); and the\\

- the per1somat1c dendrites, between day 8 -9, th

Tong and thick per1somat1c dendr1tes continue to be p:/sent on the | {

"basa1“ port1on of the soma. In phase 3, there 1s//9ﬁt1nued fa®lure of -«

the Purkinje neuron to reorgan1ze and the per1somat1c)£%ndr1tes remain

attached to the soma (compare Figs. 176G, H and f). In\ét1ture, amwdst

beg1n to emerge from the soma (Fig. \179) GeneraTQy, ivo the

In order to compare the ‘developmental progress, the photographs of '

4
the Purk1n3e neuroqhef the same age, in culture and in v1vo were arranded

.
T

’perisomat1c sp1ﬁes begin to emerge from the soma, oal- after tﬁ“‘%acat1on

S

of the per1spmat1c dendr1tes has changed (Figs. 176 G1, G2 and H) The

format1on of the per1somat1c spwnes in culture 1nd1cates that the maturafioﬁ ,

\

process of the Purkinje neuron has cbnttpued to‘prggress, in spite of the

faiTure of the Purk1n3e neuron to reorgan1ze. In phase "4 in vivo, the

»

. -purkinje neuron acquires a 1onq ma1n ndrite (Figs. 18J, k, and Klj,

4

-

B - ‘\'l\
ro. . L : . ’
. ‘¢ :

..whereas in cu1ture, the Purkinje neuron fails to acquire,a stout 1on€z{;\\.

q
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\ nﬁm dendrite “(Figs. 17h, 181, i, %, 191 aw) Occasionally, a very
* " short main dendrite many form {Fia. 18j).
In culture, phase 4 could.not ‘be delineated frbm.ph se 5, becaus}’_"ﬁ

9fquhrkinje neurons from day 13 - 41 had sim{lar charagteristics
(Figs. 17h, 181, j, k, 191, m and n). In phase 4 plus S‘Jthere is further
increase in the per1karya1 size, g;gpgat1on and brancbwnc of the N\
perisomatic dendrites and formation of dendritic spines, 1nd1cat1ng
Ehét the maturation of the Purkinje neuron has cantinued to proaress iﬁﬁ
culture. Generally, in vivo a matufe Purkinje neuron has a main dendrite,
prwmary,»secondary and, tert1ary branches, and spiny branchlets (Figs. 18k
and 19L)." The spines are present mostly on the spiny branchiets, and few
are present on the tertiary, secondary and primary dendrites. In culture,
all of the Purkinje dendritéé and their branches are Toaded.with spines

and there is 2 reduction in the number of tertiary dendrites and spiny

branchlet$ (compare Figs. 18K, 19L and 17h, 181, 4, k, 191, m and n). Thus,

ey

L)

in culture the qenAritic tree of the Pu;kinje neﬁron is not as elaborate ¢
as it is'iﬁ~vivo, it QOes not‘haée a long, stout main dendrite, and all
its branches are loaded with spines.
| "
Since in culture, the Purkinje soma attains jts mature size of
© 18 - 20 u, develops the perisomatic.spines, and tbe perisomatic dendrites
which in turn, branch and have spines therefore it 1is possible to conclude
-thif‘xiqis mature. However, in culture the Purkinje neuron has not t%erganized.
itrreta'ns its perisomatic épines and perisomatic de;drites on the sema, and
%t'f;?1s to deve1op an apical majn dendrite. There?o;; the mature shape

appears very dﬁfferent,and modified from its counterpart in vivo.

Vi

A
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D: Study of the semithin sections of the cortical area of'the mature
cerebellar culture. . -

Light microscopically in semithin sections, the cortical area 1;
recognized by the presence of small granule cells which are grouped in
clusters of 3 -5 (Figs. 20a and b). Scattered among these are the
Purkinje neurons. They are jdentified on the basis of their large size
(Figs. 20a and b). In-majority of the cultures, the trilaminar pattern
of the cerebellar cortex has'not been seen. However, rarely in a
culture, a small area which gives +he appearance of a trilaminar pattern.

may be found. Similar to the rqsu]ts of Golai material in culture many
dendrites emerge from the Purk1n3e soma {Figs. 14c, d, e, 15a, b, c and
d) and they radiate in all directions; in a given plane of a semithin
section, 2 dendrifes can be seen emerging from the Purkinje soma
(1abeiled Pu. in Fig. 20b). ‘The Purkinje neurons measure 18 - 20 uy
in size and contain a-lightly staining pale nucleus which is surrounded
by a moderately basoph11]1c Fim of‘cytop1asm The nucleoli present-
within the nucleus are 1ntense1y basoph1111c Amongst the smaller group
of cells, there are Tew ste11ate neurons, and in the larger group there
are a few Golgi neurons and glia. A1l of the neurons and glia are sur- ¢

rounded by neuropil which gives a mottled appearance to the cortical

e

area in a living preparation. . . ‘

bl

o
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Figure 20 a: 1 u section of the cortical area of a culture.

21 DIV. Bar 20 yu.

Figure 20 b: High magnification of the same area, seen in
Fig. 20 a. Pu-Purkinje cell, Gr-clumps of granulée

cells. Bar 20 y.
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E: Electron microséopical study of the Purkinje neuron in culture.

1) Ultrastructure of the Purkinje soma:

hJ

In electronmicroscopic examination, Purkinje neurons were found .
“to be large (éigé. 21 and 22). The nuclear chromatin was homogenous 1y _'
and thinly dispersed throughout the karyoplasm. The nucleus contained
1 - 2 spherical nucleoli which were occasionally Tocated near the
nuclear envelope. The nucIear cap cpns1st1ng of a wrinkled nuclear
Cananbréne and Nissl substance was also present. In the cytoplasm of the ; ~
Purkinje cell, the NissT substance consisting of ranular “endoplasmic -
ret1cu1um and ribosomes was highly diffuse. The agranular endoplasmig,
ret1cu1um formed a Ioose-mesh network throughou S~At the per1phery of S
the cell, the agranular reticulum was spread into broad d1scont1nuous
cisternae which ]ay parallel and beneath the p]asmalemmg These have
been ca11ed hypoiemmal cisternae, and have been cons1dered a spec1f1c
characteristic-of the Purkinje neuron._They were first reported in d"'/
the Rurkinje cell of the mormyrid fish (Kéfsénnan-Abrabe and Palay : “
1969). Other srganelles, such as‘hitochondria,‘Go1gi apgaratu§ anq . -

-

Tysosomes were also present in the cytoplasm. ' -

r '
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Figure 21: Electron micrograph of a Purkinje neuron.

38 DIV. Bar 1 yu.
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Figure 22: Electron micrograph of a Purkinje neuron.

38 DIV. Bar 1 p.

N
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2) Electron m1croscop1c stud&*of the

Many perwsomat1c sp1nes were pre
~soma {(Figs. 21, 22 23a, b, ¢, 28a, b,
had a rounded head, and were either s
hook. Somet{mes, they occured. alone,
clusters of 2 - 5, and typically cont
retiﬁu]um. A1l of the periscmatic spi
types. The clagsification is based up

synaptic terminal or glia, and the pr

a) Perisomatic spine without a sheath

pre-synéptic terminal (Fig. 23a).

b) Per1somat1c spine surrounded by a

» Synaptic web and a pre-synaptic te

c) Perisomatic spine with a post-syna
of glia (Fig. 23c). The intersynap

synaptic density ;s clearly visibl

d) Perisomatic spines surrounded by a

surface of the Purkinje soma.

cent on the surface of the Purkinje
c, d and e). These were lona and

traight or slightly curved like a

but generally they were found in

ained extensions of aﬁ}anu1ar

nes have been classified into 4

on the presenge of either a pre-

esence of the post:synaptic web,

of alia, post-synaptic’wéb or a .

!

cheath of glia, but without post-

rminal (Fig. 23b).

ptic web and surrounded by a sheath
tic cleft is w1de and the post-

e.

b

pre-synapiic terminal and with a

post-synaptic web (Figs. 21, 22, 24a, b, c, d and e). This type of

perisomatic spine was seen most fr
contained mitochondria and were fi
aggregated near the pre-synaptic m
was wide with 2 prominent post-svn
type of synaptic contact has been

(Colonnier 1968). Generally, the p

equently.'The pre-synaptic terminals
1led with round vesicles, which
embrane. The synaptic cleft

aptic web (Fia. 24b- arrow). This
classified as the asymmetric type
re-synaptic terminal sgfrounded a

es. At times 2 pre synaptic terminals

’/‘ETuQEZL of 2 to 5 perjsomatic spines. i -
were seen syhaptica11y in contact with 2 clusters of perisomatic
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Figure 23a: Electron micrograph of a Purkinje perisomatic spine which
is without a sheath of glia, post-synaptic web or a pr-e—

synaptic terminal. 21 DIV. Bar 1 y.

Figure 23b: Electron micrograph of a Purkinje perisomatic spine ghich
is surrounded by a sheath of glia, but is without a post-

synaptic),web and pre-synaptic terminal. 38 DIV. Bar 1 u--

Figure 23c: ETectmnWraph of a Purkinje perisomatic spine which

' is enveloped—n a sheath of glia. Note the presence of the

'in'ter—s_ynaptic cleft and the post-synaptic density, indicated

by arrow. 38 DIV. Bar 1 y.
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™~
Electron micrograph of 2 clusters of Purkinje perisomatic
spines. They are receiving synaptic contact from pre-s}ﬂaptic

terminals. 38 DOIV. Bar 1 u. -

Electron micrograph of tﬁo pre-synaptic terminais which are
s

contacting two clusters of perisomatic spines.

ne of the sp}ne

Ry . N . TS
is attached to the soma in this plane of section

/ ,

’
pointing towards asymmetrical-type synapse. 38 DIMi
. . | \
Electron micrograph of a cTusggr of Purkinje perisoﬁ§tic spine
; ,

Arrow is

H.

.

seen in Fig. .22. A pre-synaptic terminal is fonninq/synaptic .
<

contacts with them. 38 DIV. Bar 1 pu.

Electron micrograph of a cluster of Purkinje perisomatic spine

seen in Fig. 24a (Tower cluster). 38 DIV. Bar 1 yu.

Electron micrograph of a long { rkinje perisomatic spine which

is receiving an afferent fiber. 21 DIV. Bar 1 p.
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§p1nes, often adjacent to each other (Fig. 24 b). A long perisomatic

I'd
gﬁ*ne was also seen, which was synaptaca]Ty in contact wit