
Experimental Reorganization of the Cerebellar Cortex 
VI1I. EFFECTS OF LATE X-IRRADIATION SCHEDULES THAT INTERFERE WITH 

CELL ACQUISITION AFTER STELLATE CELLS ARE FORMED 

ABSTRACT In Long-Evans rats the area of the cerebellum was irradiated 
with multiple doses oflow-level X-ray beginning on day 12 after the bulk ofstellate 
cells were acquired. The treatment spared basket, stellate and early-forming gran- 
ule cells but led to a substantial reduction in  the total granule cell population and 
a correlated miniaturization of the cerebellar cortex. Nevertheless most Purkinje 
cells had normally shaped planar dendritic arbors, with an upward directed stem 
dendrite, several smooth branches and a multitude of spiny branchlets. The fre- 
quent piling up of spiny branchlets near the surface was attributed to the trunca- 
tion of the bed of parallel fibers by this radiation schedule. 

In this last paper of the series the accumulated results are summarized and 
evaluated. The hypothesis is offered that while the growth of the Purkinje cell 
perikaryon is an autonomous process, the oriented perpendicular growth of a single 
stem dendrite depends on the presence of basket cell axons, the outgrowth of 
smooth branches on the presence of stellate cell axons, and the proliferation of 
spiny branchlets on interaction with parallel fibers. The parallel fibers are respon- 
sible for the orthogonal, planar growth of the dendritic arbor and a hypothesis is 
offered about the mechanisms involved. 

Evidence was obtained in the previous 
study (Altman, ’76b) that the perpendicular 
growth of the Purkinje cell stem dendrite 
to the surface of the cerebellar cortex is de- 
pendent on the presence of basket cells. In 
animals irradiated from day 8 on, which 
does not interfere with the acquisition and 
differentiation of basket cells, the Purkinje 
cell stem dendrites had a pronounced verti- 
cal orientation. Indeed, unlike Purkinje 
cells in normal animals, the stem dendrites 
were singularly straight due to the paucity 
01” absence of smooth branches. In an at- 
tempt to account for the latter phenomenon 
it was postulated that the outgrowth of 
lateral smooth branches is dependent on 
the presence of stellate cells. Most of the 
stellate cells are formed in the vermis about 
days 8-11 (Altman, ’72a) and it was as- 
sumed that their acquisition was partially 
or completely aborted by the irradiation 
schedules started on day 8. Accordingly in 
this study we examined the effects of irradi- 
ation schedules started on day 12, after the 
acquisition of the majority of stellate cells. 

MATERIALS AND METHODS 

As in the previous studies of this series, 
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laboratory-bred, Long-Evans rats were used. 
The radiation procedure was described in 
detail before (Altman and Anderson, ’72). 
Two groups were used with minor differ- 
ences in irradiation schedule: in one group 
the cerebellar area was irradiated with four 
successive daily doses of 200 r on days 12, 
13, 14 and 15; in the other group 200 r was 
delivered on days 12 and 13 and a supple- 
mentary dose of 150 r was given on day 15. 
Because no differences could be detected in 
the effects of these schedules the two groups 
were evaluated together. According to our 
convention, they will be referred to as 12- 
15 X animals. All the animals were killed at 
30 days and 14 cerebella were stained 
with cresyl violet, hematoxylin-eosin and 
Bodian’s protargol-S method, and seven 
cerebella were impregnated with the Golgi- 
Cox method. Control cerebella of 12- and 
30-day-old animals came from our collection 
of normative material. 

RESULTS 

In normal 12-day-old rats the Purkinje 
cell perikarya appear mature even in the 
late-developing folium and tuber. The per- 
ikarya that are sectioned parallel to their 
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long axis tend to be pear-shaped with an  
upward directed apical pole. The stem den- 
drite is either slender, upright and un- 
branching or has a few secondary branch- 
es. The stained robust dendrites reach to 
about the middle of the molecular layer. In 
most lobules there is a large concentration 
of differentiated cells in the molecular lay- 
er, presumably representing both basket 
and stellate cells, but these are fewer in the 
folium and tuber. Translocating granule 
cells are seen in abundance throughout the 
vermis and the concentration of granule 
cells has increased in the granular layer. 
In some lobules there are indications of the 
onset of alignment of glial palisades (Alt- 
man, '75). In material prepared with the 
Bodian technique the parallel fibers are 
stained throughout the molecular layer in 
all lobules. However, impregnated basket 
axons and brush endings around Purkinje 
cell perikarya are not seen, except very 
faintly in the nodulus and ventral uvula. 

In the two groups of 12-15 X rats the 
foliation and general appearance of the 
vermis was normal. There was, with respect 
to controls, an  overall size decrease which 
could be attributed to areal reductions in 
the molecular and granular layers. Corre- 
spondingly, Purkinje cells were tightly 
spaced. The shape of Purkinje cell dendrites, 
as visualized by the Bodian technique, dif- 
fered in the various lobules. In late matur- 
ing lobules the stem dendrites tended to be 
upright and unbranching, bending to the 
side or downward above the lower half of 
the molecular layer. That is, they resem- 
bled the Purkinje cells of early-maturing 
lobules seen in the 8-15 X group, as pre- 
viously described (Altman, '76b). In early 
maturing and intermediate lobules, where 
the molecular layer was thicker, branches 
issued from the stem dendrite, starting at  
the lower one-third or one-half of the molec- 
ular layer. 

The following additional observations 
were made in the Bodian-material. Where 
the molecular layer was thin (representing 
late-maturing lobules in which there was 
no recovery after irradiation) the entire 
layer was criss-crossed by impregnated 
basket cell axons (fig. 1A). In this basket- 
cell axon domain the Purkinje cell stem 
dendrites were upright and unbranching 
and contiguous with descending basket cell 
axons. Frequently, even the deflecting stem 
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dendrite near the surface was apposed to 
horizontally oriented basket cell axons. In 
late-maturing and intermediate lobules 
in which the molecular layer was thicker 
(often with evidence of a zone of recovered, 
rotated parallel fibers) two types of Purkinje 
cells were frequently seen. The first of these 
was the kind previously described, with un- 
branching, then deflecting stem dendrite 
restricted to that portion of the molecular 
layer which was traversed by many impreg- 
nated basket cell axons (fig. 1B). In the 
second type the stem dendrite began to 
branch above the domain of basket cell ax- 
ons (figs. lC,  2). Finally, in early maturing 
regions, such as the nodulus, parts of ven- 
tral uvula and depth of fissura prima, the 
bulk of basket cell axons in the minimally 
truncated molecular layer was confined to 
the lower one-third of the molecular layer 
and the Purkinje cell arborizing pattern was 
essentially normal (fig. 1D). In these re- 
gions vertically aligned glial palisades were 
occasionally seen (fig. 3).  

Corroborative and supplementary obser- 
vations were made in Golgi material. In all 
lobules basket cells were impregnated in 
abundance. In lobules with a thin molecu- 
lar layer basket cells with horizontal and de- 
scending axons were impregnated through- 
out; in lobules with a thicker molecular 
layer the impregnated cells near the sur- 
face lacked horizontal processes and were 
assumed to be stellate cells. The types of 
Purkinje cells that were identified in Bodian 
material had the following characteristics 
in Golgi preparations. The cell with upright 
stem dendrite approximating the surface 
of the truncated molecular layer had spiny 
branchlets issuing in abundance directly 

Fig. 1 A. Purkinje cells with undividing, 
straight stem dendrites in the thin molecular layer 
of a late-maturing lobule. The entire layer repre- 
sents the basket cell domain (note impregnated bas- 
ket cell axons) and there are presumably few stel- 
late cells present. B. Similar Purkinje cells in an  
intermediate lobule. There is no evidence of smooth 
branches here in  the upper molecular layer. C.  
Purkinje cell (arrow) with dividing smooth branches 
above the domain of impregnated basket cell axons 
in the upper half of the molecular layer. Note the 
upper zone of rotated parallel fibers. D. Purkinje 
cell with dividing branches (arrow) in the lower 
one-third to one-fourth of the molecular layer. The 
latter, early maturing region is difficult to distin- 
guish from unirradiated material except that there 
are some impregnated basket axons in  the middle 
of the molecular layer. Thirty-day-old, 12-15 X rat. 
Bodian, x 648. 
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from the deflected portion of the stem den- cell type had an  upright stem dendrite 
drite. Similar cell types embedded in thicker reaching as far as the middle of the molec- 
molecular layer often had spiny branchlets ular layer a t  which point secondary branch- 
issuing from the deflected stem dendrite es issued, usually in all directions; from 
both in upward and downward direction. these, in turn, arose haphazardly oriented 
Perhaps the most frequently encountered spiny branchlets. As another characteristic, 

the spiny branchlets of many Purkinje cells 
showed an extremely high concentration 
near the surface giving the impression of 
damming (fig. 4). Finally, a fair proportion 
of Purkinje cells were indistinguishable 
from normals. 

DISCUSSION 

In all lobules of the normal vermis of 12- 
day-old rats, with the exception of the late- 
maturing (Altman, '69) folium and tuber, 
the molecular layer contains an appreci- 
able concentration of differentiating cells. 
A previous autoradiographic study (Altman, 
'72a) showed that a large proportion of the 
cells that occupy the upper parts of the 
molecular layer in adults, which are as- 
sumed to include stellate cells, are acquired 
between days 8-11. Hence the schedules 
of X-irradiation started on day 12 should 
not interfere with the acquisition and dif- 
ferentiation of a large proportion of stel- 
late cells. Corroborating the hypothesis that 
stellate cells induce the outgrowth of Pur- 
kinje cell smooth branches, the latter were 
frequent in the vermis of 12-15 X animals, 
with the exception of the folium and tuber. 
In these late-maturing lobules the thin mo- 
lecular layer contained relatively few cells 
(presumably mostly basket cells) in 12-day- 
old rats, the layer itself remained relatively 
thin in the 12-15 X groups at  30 days, and 
the Purkinje cells had unbranching straight 
stem dendrites embedded in  a matrix of 
basket cell axons. 

In the early-maturing and intermediate 
lobules several types of Purkinje cell arbors 
were recognized. One of them was almost in- 
distinguishable from normals, with smooth 
branches issuing from the stem dendrite 
not far from the perikaryon, except for 
one characteristic: the damming of spiny 
branchlets near the surface of the molecu- 
lar layer as if arrested in their growth. This 
effect can be attributed to the truncation of 
the bed of parallel fibers in the 12-15X ani- 

Fig. 2 A type of Purkinje cell frequently seen 
in  12-15 X rats. The branching of the stem dendrite 
starts above the domain of basket cells. Bodian, 
oil immersion, X 1,260. 
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Fig. 3 
x 234.8. 

Glial palisades (Altman, '75) in a n  early-maturing lobule (uvula) of a 12-15 X rat. Bodian, 

Fig. 4 A, B and  C. Purkinje cells from a 30-day-old, 12-15 X rat .  Note the apparent damming of spiny 
brainchlets near the truncated surface of the molecular layer. Golgi-Cox, X 220.6. 
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mals. Over 50 percent of the granule cells 
are acquired after day 13 (Altman, '69); 
thus the upper half of the normal comple- 
ment of parallel fibers should be missing 
in these cerebella. The other Purkinje cells 
resembled a class of cells seen in the 8-11 
X animals (Altman, '76b). These cells had a 
stem dendrite straight up to about midway 
in the molecular layer with smooth branch- 
es issuing from it at that point (fig. 2). The 
only hypothesis we can offer is that basket 
and stellate cell axons compete with one 
another in controlling the growth of Purkin- 
je cells and that the reduction produced in 
stellate cells by the 12-15 X schedule led to 
a dominance by and greater expansion of 
basket cells in the lower molecular layer. 
Indeed it is interesting to speculate that 
there are stellate cells in the lower half of 
the molecular layer and that they are form- 
ing quite late as suggested by a second 
hump in the curve of cell acquisition in the 
lower molecular layer at 14-15 days (Alt- 
man, '72a: fig. 6A). 

We will summarize in this final paper of 
the series the accumulated results (fig. 5) 
and offer an interpretation of what they 
contribute to our understanding of the mor- 
phogenesis of the cerebellar cortex. The 
purpose of these experiments was to exam- 
ine the role played by autochthonous and 
interactive forces in the morphogenesis of 
different cell types (particularly the Purkin- 
je cells) and in the establishment of their 
unusually precise geometric relations with 
each other. The rationale for using post- 
natal low-level X-irradiation for this pur- 
pose (varying the timing and duration of ex- 
posures) was described and summarized in 
a diagram in the first paper of this series 
(Altman and Anderson, '72a: fig. 1). Advan- 
tage was taken in this series of experiments 
of three circumstances: (1) basket and 
stellate cells are acquired sequentially and 
a large proportion of the granule cells are 
formed last (Altman, '69, '72a); (2) low- 
level (150-200 r) X-ray destroys selectively 
the primitive precursors of cerebellar micro- 
neurons leaving differentiating and mature 
cells visibly unharmed (Altman et al., '67; 
Altman and Anderson, '71, '72); and (3) 
the precursor cells constituting the external 
germinal layer (EGL) can recover after a 
brief series of daily exposures (Altman et 
al., '69; Altman and Anderson, '71) pro- 
vided that there is opportunity for recovery 
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before day 21 when cerebellar postnatal 
neurogenesis stops. 

Figure 5, row 1 summarizes the major 
phases in the postnatal development of the 
cerebellar cortex in normal rats, with em- 
phasis placed on the stages of Purkinje cell 
maturation. The chronology is based on pre- 
viously published observations (Altman, 
'72a,b,c) which were confirmed since in 
additional normative material. The ages 
shown in the diagram were selected with 
reference to the timing of the irradiation 
schedules, and the chronology best approx- 
imates what can be observed in lobules of 
the vermis that are intermediate in rate of 
maturation (Altman, '69). At birth an EGL 
is present; the primitive perikarya of Pur- 
kinje cells are piled up beneath the EGL; 
other cell types are virtually absent. By day 
4 the Purkinje cell perikarya have pro- 
nounced apical cones and are aligned in 
a monolayer; a few granule cells are pres- 
ent in the granular layer. At day 8 many 
Purkinje cells have recognizable upward 
oriented single stem dendrites and basket 
cells are differentiating. By day 12 many 
of the stellate cells have formed and sec- 
ondary branches begin to emerge from the 
Purkinje cell stem dendrites. Associated 
with the deepening molecular layer, the 
granular layer is increasing in size. By day 
15 spiny branchlets are present in large 
numbers in the lower aspect of the molecu- 
lar layer where synapses are formed with 
parallel fibers. Cytogenesis comes to an 
end by day 21, and by day 30 the concen- 
tration of synapses in the molecular layer 
approximates adult levels. 

The effects of repeated X-irradiation of 
the cerebellum from day 0 to day 13 (0-13 
X) are summarized in figure 5, row 2. The 
data are based on light and electron micro- 
scopic observations made earlier (Altman 
and Anderson, '71, '72) in 30-day-old rats. 

Fig. 5 Schematic illustration of the stages and 
time course of Purkinje cell development in normal 
rats (row 1)  and in rats irradiated with different 
schedules (rows 2-9) as specified in  the legend col- 
umn on the left. Arrows indicate X-irradiation; frag- 
mented EGL symbolizes its destruction by irradia- 
tion; absence of EGL indicates its failure to recover 
after irradiation or its natural dissolution; corru- 
gated EGL symbolizes its recovery after irradiation. 
For further details and the evidence for the conclu- 
sions see text. Abbrrui~i t ions:  ba, basket cell axons; 
bc, basket cell bodies: egl, external germinal layer: 
exp., exposure; gc, granule cells; Pc, Purkinje cells; 
pf, parallel fibers; sc, stellate cells. 
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This schedule prevents the recovery of the 
EGL and the formation of basket, stellate 
and granule cells, and it results in a failure 
of dispersion of Purkinje cells in a mono- 
layer. The Purkinje cells develop disorient- 
ed and twisted, single or multiple stem den- 
drites which lack spiny branchlets but are 
richly studded with “thorns” (see below). 
(The illustrated hypothetical stages in the 
development of Purkinje cells between 4-1 5 
days are supported by observations made 
in Nissl material but have not been con- 
firmed in Golgi specimens.) These observa- 
tions suggest that while the perikaryal de- 
velopment of Purkinje cells proceeds in the 
absence of basket, stellate and granule 
cells, the oriented outgrowth of a single 
stem dendrite and the proliferation of 
smooth branches and spiny branchlets is 
aborted if the cerebellar microneurons are 
missing with which these cellular processes 
establish synaptic contacts. Interestingly, 
postsynaptic membrane specializations are 
nevertheless present in abundance in the 
haphazardly growing Purkinje cells proc- 
esses. This is in agreement with observa- 
tions made by others (Herndon et  al., ’71; 
Hirano et al., ’72; Llinas et al., ’73; Rakic 
and Sidman, ’73) in “degranulated” cere- 
bella produced by agents other than X-irra- 
diation. 

The development of normal Purkinje cell 
processes is aborted even if irradiation is 
started on day 4, after the alignment of 
Purkinje cells in a monolayer. This is illus- 
trated in figure 5, rows 3 and 4, based on 
previous observations with prolonged (Alt- 
man and Anderson, ’73) and shorter (Alt- 
man, ’76a) exposure schedules. The 4-15 
X schedule prevents the acquisition of mi- 
croneurons to nearly the same extent as 
does the 0-13 X schedule; similarly the 
Purkinje cells grow single or multiple dis- 
oriented stem dendrites and few smooth 
branches and spiny branchlets are formed. 
Perhaps because of their disoriented growth, 
the perikarya of Purkinje cells become mis- 
aligned again (Altman and Anderson, ’73). 
This misalignment does not occur with the 
4-7 X schedule which allows the recov- 
ery of the EGL in about four days (Altman 
et al., ’69) and the formation of stellate 
and granule cells though not basket cells 
(fig. 5 :  row 4). Those Purkinje cell stem 
dendrites that reach the molecular layer 
have smooth branches and spiny branchlets. 

However, the oriented growth of the stem 
dendrite is not assured even though the 
monocellular alignment of the Purkinje cell 
perikarya is preserved. This led to the hy- 
pothesis that the perpendicular growth of a 
single stem dendrite depends on the pres- 
ence of basket cells. 

Support for this hypothesis was obtained 
in the study of the effects of X-irradiation 
started on day 8 (Altman, ’76b) after the 
acquisition of basket cells (fig. 5: rows 5- 
7). The schedule (8-15 X) which prevents 
the formation of stellate cells and the fur- 
ther procurement of granule cells produces 
supernormally upright Purkinje cell stem 
dendrites. The stem dendrite lacks smooth 
branches (or has few of them) but may be 
rich in spiny branchlets which are directed 
downward and form synapses with the 
early-forming parallel fibers (Altman, ’72a) 
above the zone of the Purkinje cell gangli- 
onic layer. Added support for the involve- 
ment of basket cells in the guidance of stem 
dendrite was the observation in Bodian 
material of a contiguity of the stem dendrite 
with descending basket cell axons. In order 
to explain the formation of a singularly 
erect stem dendrite and the absence or pau- 
city of smooth branches we then postulated 
that the outgrowth of the latter is induced 
by stellate cells whose acquisition was pre- 
vented by the 8-15 X irradiation schedule. 

The schedule started on day 8 which al- 
lows recovery of large proportion of gran- 
ule cells (8-1 1 X) likewise led to the growth 
of an erect Purkinje cell stem dendrite. 
However, spiny branchlets were distributed 
both downward and upward in the molecu- 
lar layer. Evidently, the upward directed 
branchlets are related to parallel fibers 
formed after recovery of the EGL. The as- 
cending spiny branchlets arose either from 
the deflected stem dendrite (fig. 5: row 6) 
or from smooth branches restricted to the 
upper part of the molecular layer (fig. 5: 
row 7). It is conceivable that in some cases 
or regions the 8-11 X schedule prevents 
the formation of stellate cells while in oth- 
ers some may be acquired, and only if stel- 
late cells are present will smooth branches 
be formed. This hypothesis is supported 
by the results described in this paper (fig. 
5: row 8). If irradiation is started after the 
acquisition of a large proportion of stellate 
cells (12-15 X), the Purkinje cells tend to 
develop short stem dendrites, many smooth 
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branches and spiny branchlets. The latter 
are often piled up near the surface, evident- 
ly because of the truncation effect produced 
by preventing the acquisition of over half 
of the granule cells (Altman, ’69). Interest- 
ingly some of the Purkinje cells in this group 
(fig. 2) were similar to those illustrated in 
figure 5, row 7. Perhaps there is a competi- 
tion between basket and stellate cells and 
the 12-15 X schedule, which reduces the 
stellate cells, allows expansion of the basket 
cell domain. 

Figure 5 ,  row 9 illustrates the effects of 
a single dose of X-ray delivered at birth 
(Altman, ’76a). Because the EGL does not 
recover until a few days after day 4 there is 
a delay in the alignment of Purkinje cells 
in a monolayer. But the EGL does recover 
by the time basket cells differentiate in con- 
siderable numbers, and the morphogenesis 
of Purkinje cells proceeds in a normal fash- 
ion. 

There is a large literature relating to the 
question to what extent the structural fea- 
tures of a given type of neuron are expres- 
sions of specifications contained within the 
cell and to what extent, if at all, they are 
dependent on inductive influences ema- 
nating from other cellular elements, in par- 
ticular nerve processes with which direct 
relationships are established during devel- 
opment. It is likely that the admixture of 
intimellular and intercellular de termina- 
tion varies from one type of cell to another, 
and any generalization from observations 
made on Purkinje cells, which seem to de- 
pend so much on intercellular induction, 
would be unwarranted. Indeed, it is pos- 
sible that the intercellular influences exert- 
ed on Purkinje cell morphogenesis are more 
widespread than the present experiments 
indicate. Purkinje cells do develop perikar- 
ya of normal size (with a substantial mass 
of dendrites and postsynaptic thickenings) 
in the absence of cerebello-cortical inter- 
neurons but the possible inductive role of 
climbing fibers, which contact Purkinje 
cellls quite early during development (Larra- 
mendi, ’69) has not been examined in these 
studies. 

However, we cannot support Hamori’s 
(‘73) conclusion that Purkinje cell spine 
formation is induced by climbing fibers. 
All investigators agree that in “degran- 
ulated” cerebella the Purkinje cell dendrites 
are richly covered with spine-like processes 

(Herndon et al., ’71; Hirano et al., ’72; 
Llinas et al., ’73; Rakic and Sidman, ’73).  It 
is the use of the term “spine” in this con- 
text which is questionable, as it should be 
reserved for a small process that issues pref- 
erentially from tertiary branchlets and es- 
tablishes synaptic contact with parallel fi- 
bers (both of which are absent in these 
cerebella). True spines of spiny branchlets 
do not synapse with climbing fibers and it 
is therefore difficult to imagine that their 
formation is induced by climbing fibers. It 
is for this reason that we referred to these 
processes as thorns (Altman and Anderson, 
’72). These thorns may represent unguided 
dendritic sprouting sites whose formation 
may be initiated, as Hamori’s experiments 
suggest, by inductive influences of climbing 
fibers. 

Our hypothesis of a sequential and target- 
specific induction exerted by basket, stellate 
and granule cell axons on the dendritic sys- 
tem of Purkinje cells has an important im- 
plication. It suggests that satellite nerve 
cells tend to have inductive effects on their 
master cells at the specific sites where their 
physiological effects are later exercised. As 
it is presently understood (Eccles et al., ’67), 
parallel fiber excitatory influences are ex- 
erted exclusively on the spines of spiny 
branchlets; since stellate cell axons are dis- 
tributed in the upper aspect of the molec- 
ular layer, where the smooth branches are 
the only dendritic elements (besides the 
spiny branchlets), the smooth branches 
must be the targets of the inhibitory influ- 
ences of stellate cell axons; finally, al- 
though the major target of the powerful in- 
hibitory action of basket cell axons is the 
soma, their physiological effects may also 
be mediated by the initial portion of the 
stem dendrite where basket cell synapses 
are quite frequent. 

What remains to be dealt with is the on- 
togeny of two additional characteristics of 
Purkinje cells, the alignment of the per- 
ikarya in a monolayer and the growth of 
Purkinje cell arbors in a single plane. An 
explanation of the former will be offered 
elsewhere (Altman and Winfree, ’76, in 
preparation), a hypothesis of the forces re- 
sponsible for the planar orientation of Pur- 
kinje cell arbors is presented here. A previ- 
ous study (Altman, ’73b) indicated that 
the orientation of parallel fibers determines 
the planar orientation of the Purkinje cell 
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AGE IN DAYS 
Fig. 6 Schematic illustration of the major steps in  the postnatal morphogenesis of rat  Pur- 

kinje cells and of the proposal for the growth of spiny branchlets in a single plane and at  a right 
angle to the pile of parallel fibers. An “exclusion principle,” which allows a single contact be- 
tween a given Purkinje cell and a parallel fiber, confines outgrowth in the coronal plane (C) 
to the vicinity of the stem dendrite. This principle does not affect growth in the sagittal plane 
(S)  a s  contacts can be established with other parallel fibers. Abbrrviirtiorzs: ba, basket cell axons; 
bc, basket cells; pf, parallel fibers; pfs, parallel fiber synapses; sa, stellate cell axons; sb, spiny 
branchlets; sc, stellate cells 

arbors; where parallel fibers of the regener- 
ating EGL become disoriented the Purkin- 
je cell planar arbor is rotated orthogo- 
nally. In turn, the disorientation of parallel 
fibers was attributed to the reorientation 
of bipolar cells which, under normal condi- 
tions, are oriented from birth parallel to 
the long axis of the folium (Altman, ’75). 
Before the onset of synaptogenesis the par- 
allel fibers are tightly packed in the transi- 
tional molecular layer in straight horizon- 
tally and longitudinally oriented stacks 
(e.g., Altman, ’72b: fig. 45). When the 
upward growing Purkinje cell stem den- 
drite or smooth branches invade the pile 
of parallel fibers an interaction begins 
between these two elements. An aspect 
of this is that coated vesicles of the Pur- 
kinje cell cytoplasm open up opposite par- 
allel fibers (Altman, ’72b: fig. 29) and 

parallel fiber material is “sucked” into 
the Purkinje cell (Altman, ’72b: figs. 33- 
36). We suggested earlier that this strange 
interaction heralds synaptogenesis. We 
now offer the hypothesis that the apparent 
material exchange between a parallel fiber 
and a Purkinje cell has the additional func- 
tion of inhibiting further structural link- 
ages between the same elements. The con- 
sequence of this “exclusion principle” 
is that spiny branchlets will not be induced 
to expand in the coronal plane after the 
first contact has been made near the 
straight stem dendrite. However, the ex- 
pansion of spiny branchlets in the sagit- 
tal plane will be fostered as in this direc- 
tion there is opportunity for contact with 
more and more parallel fibers (fig. 6). This 
hypothesis does not directly explain why 
the lateral smooth branches are likewise 
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planar in orientation and the possibility 
must be entertained that in some way stel- 
late cell influences on the latter are mod- 
ulated by the orientation of parallel fibers. 
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