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ABSTRACT In Long-Evans rats the area of the cerebellum was X-irradiated 
with two schedules beginning on day 8 by which time the bulk of basket cells 
were formed. The shorter schedule of four successive daily doses of 200 r be- 
tween 8-11 days was designed to allow some cell recovery, the longer schedule 
between 8-15 days was expected to prevent it. Neither of the schedules inter- 
fered with the differentiation of basket cells. Purkinje cells remained aligned in 
a monocellular layer and formed singularly long, upright stem dendrites which 
were surrounded by the descending collaterals of basket cell axons. This sup- 
ported the hypothesis that the directed growth of Purkinje cell stem dendrite is 
promoted by morphogenic interaction with basket cells. The upright stem den- 
drites had few or no smooth branches where cell recovery was prevented or had 
few such branches where recovery occurred. It was postulated that the out- 
growth of smooth branches is dependent on interaction with stellate cells which 
form after the acquisition of basket cells. The absence or scarcity of smooth 
branches did not prevent the formation of spiny branchlets which grew down- 
ward to establish synaptic contacts with the spared parallel fibers of granule 
cells formed before the start of irradiation. In the group with some granule cell 
recovery, spiny branchlets grew to a limited extent upward into the pile of 
parallel fibers formed after the irradiation. 

The preceding study (Altman, '76a) 
showed that if the rat cerebellum is irradi- 
ated from birth with one or two doses of 
200 r X-ray, which results in decimation 
of the external germinal layer (EGL) fol- 
lowed by its recovery and the differentia- 
tion of all cortical cell types, that the nor- 
mal growth of Purkinje cell dendrites is 
not interfered with. But longer schedules 
of X-irradiation started at birth or four 
days of age, which disturb the alignment 
of Purkinje cell perikarya in a monolayer 
and prevent selectively the acquisition of 
basket cells, results in the growth of ab- 
normally oriented and shaped Purkinje cell 
dendrites. It was hypothesized that the 
presence of basket cells is necessary to 
ensure the outgrowth of vertically-oriented 
stem dendrites. Accordingly, in this study 
we examined the effects of X-irradiation 
started on day 8, after the acquisition of 
the bulk of basket cells (Altman, '72a). 
Two schedules were used, one that pre- 
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vented and another that allowed some cell 
acquisition after the irradiations. 

MATERIALS A N D  METHODS 

As in the previous studies of this series, 
laboratory-bred Long-Evans rats were used. 
The maintenance of the animals and the 
radiation procedures were described in de- 
tail before (Altman and Anderson, '72). In 
the first experimental group, the area of 
the cerebellum was irradiated with 200 r ,  
beginning on day 8, on four successive days 
(8-11 X). In the second group 200 r was 
delivered on days 8 and 9, and supplemen- 
tary doses of 150 r were given on days 11, 
13 and 15 to prevent recovery of the EGL 
(8-15 X). All rats were killed at 30 days. 
In the first, limited irradiation group four 
brains were stained with cresyl violet, 
hematoxylin-eosin and Bodian's protargol-S 
method and eight brains were impregnated 
with the Golgi-Cox technique. In the sec- 
ond, prolonged irradiation group eight 
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brains were stained with the previous pro- 
cedures, two brains were impregnated wirh 
the Golgi-Cox technique and four brains 
were used for electron microscopy. Control 
cerebella were used from our normal de- 
velopmental collection. 

RESULTS 

A. X-irradiation schedule that prevents 
cell acquisition after basket 

cells are formed 
The stage of morphological development 

of the cerebellar vermis in 8-day-old rats 
was described earlier (Altman, ’76a). Brief- 
ly, the EGL is 8-12 cells deep; Purkinje 
cells are aligned in a monolayer (except in 
portions of the latest maturing folium and 
tuber); the molecular layer contains dif- 
ferentiating, presumed basket cells in grow- 
ing numbers; the molecular layer also 
contains vertically oriented, translocating 
granule cells and perpendicularly oriented 
stem dendrites of Purkinje cells; finally, a 
granular layer of variable thickness is 
present throughout the vermis. If X-irradi- 
ation is started on day 8 and sustained un- 
til day 15 to prevent regeneration (8-15 X) 

the cerebellum at 30 days is normally 
laminated and Purkinje cells (with the ex- 
ceptions noted) remain aligned in a mono- 
layer. As there is minimal increase in the 
area of the molecular and granular layers, 
the cerebellum appears normal in shape 
but is miniature in size. 

However, at higher magnification sev- 
eral peculiarities become apparent. The 
first of these is the shape of the stem den- 
drites of the tightly packed Purkinje cell 
perikarya; they tend to be unusually 
straight and are lacking in secondary 
branches. This was most striking in ma- 
terial stained with Bodian’s technique (figs. 
1, 12-15). The paucity of smooth branches 
was confirmed in the comparison of Golgi- 
impregnated Purkinje cells in normal (figs. 
2A-C) and 8-15 X rats (figs. 2D-I). In the 
experimental group the vertical stem den- 
drite bends or branches near the surface 
of the cortex and numerous spiny branch- 
lets issue from it either directly or from the 
few smooth branches which tend to follow 
a downward course and may reach as far 
as the depth of the molecular layer. The 
Purkinje cells assume, as a result, the 

Fig. 1 Pyramis and tuber in a 30-day-old, 8-15 X rat. Note the presence of horizontally 
oriented impregnated basket cell axons through the entire width of the thin molecular layer. 
Bodian’s protargol-S, X 244.8. 
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Fig. 2 A,B,C.  Drawings of Purkinje cells in the cerebellum of i 30-day-old normal rat. In 
spite of great variability in dendritic patterns, all cells have one (and rarely more than two) 
stem dendrite, several smooth branches, and a variable number of spiny branchlets. D-I. 
Purkinje cells in the cerebellum of a 30-day-old, EL15 X rat. Most cells have a tal l  stem den- 
drite which bifurcates midway or near the surface of the molecular layer. There are few smooth 
branches instead the spiny branchlets issue directly from the stem dendrite and tend to fol- 
low a downward course. Compare with figure 11. Golgi-Cox. 
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shape of weeping willows. In this material 
Bergmann glial palisades (Altman, '75) 
were not seen. 

Purkinje cells with upright stem den- 
drites were frequently encountered with 
electron microscopy (fig. 3) .  Inconspicuous, 

Fig. 3 Low-power electron micrograph of the 
soma and stem dendrite of a Purkinje cell in a 30- 
day-old, 8-15 X rat. X 4,788. 

symmetrical synapses, typical of basket 
cells were seen on the perikarya of Pur- 
kinje cells (fig. 4A) on the initial portions 
of their stem dendrites and along the slen- 
der stem dendrites (fig. 4B). Intermediate 
type of conspicuous, asymmetrical synapses 
were also associated with the stem den- 
drite (fig. 4C), presumably representing 
the contacts made by climbing fibers, while 
conspicuous, asymmetrical synapses of the 
parallel fiber type made contacts with 
spines issuing from the stem dendrites (fig. 
5). Throughout the depth of the molecular 
layer parallel fiber synapses were present 
(fig. 6 )  presumably with the downward 
oriented spiny branchlets of Purkinje cells. 
The paucity of glial processes was noted 
in the molecular layer and glial endfeet 
at the surface were scarce. 

With respect to basket cells, the mate- 
rial prepared with the Bodian technique 
showed that basket cell axons are impreg- 
nated virtually throughout the entire mo- 
lecular layer (fig. 1). This contrasts with 
the distribution of basket cell axons in 
normal cerebella, where they are restricted 
to the lower one-third to one-fourth of the 
thick molecular layer (Altman and Ander- 
son, '72: fig. 7). Evidently the thin molec- 
ular layer in the 8-15 X rats represents 
the domain of the early-forming basket 
cells (Altman, '72b). Examination of the 
Bodian material also revealed that as a 
rule the upright and long Purkinje cell 
stem dendrites were contiguous with sev- 
eral descending branches of the impreg- 
nated basket cell axons (figs. 7, 12-15). 
The intimate relationship between the two 
is further attested by the observation that 
where the Purkinje cell stem dendrite 
bends, usually near the truncated surface 
of the molecular layer, the associated bas- 
ket cell axons follow the same course 

In Golgi material basket cells were seen 
in abundance throughout the molecular 
layer. The dendrites often reached the sur- 
face while the axon terminals formed bas- 
kets around the perikarya of Purkinje cells. 
Some basket cell axons were seen apposed 
to straight stem dendrites of Purkinje cells 
with apparent contacts. In material pre- 
pared for electron microscopy, the perikarya 
of basket cells (fig. 9A) had both symmet- 
rical (fig. QD) and asymmetrical synapses 
(fig. 9B); typical parallel fiber synapses 

(fig. 8). 
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Fig. 4 A. Perikaryoii of a Purkinje  cell (bottom) a n d  boutons o n  it with inconspicuous, 
symmetr ical  synapses  (arrows) tha t  a r e  typical of basket cells. B. Bouton with similar synapses  
(arrows) on  the  s t ra ight  s tem dendrite. C. Intermediate  type of conspicuous, asymmetr ical  
synapse (arrow) on  a s tem dendrite, possibly belonging to a c l imbing fiber. Thirty-day-old, 
8-15 X ra t .  X 22,572. 

were frequent on their dendrites (fig. 9C). 
Mossy fiber rosettes were seen in large 
numbers in the granular layer but they 
tended to have few synapses (fig. 10A) pre- 
sumably because of the paucity of granule 
cells. Single claw endings of granule cell 
dendrites made multiple contacts with 
mossy fiber rosettes (fig. 10B). Perhaps 
because of the low concentration of gran- 
u1.e cells, terminals that were believed to 
be those of mossy fibers penetrated the 
molecular layer as far as its surface. Ec- 

topic granule cells were not seen in  these 
cerebella in which recovery of the EGL 
was prevented by the extended radiation 
schedule. 

B. X-irradiation schedule that allows 
cell acquisition after basket 

cells are formed 
This group consisted of rats in which 

the cerebellum was irradiated with four 
successive daily doses of 200 r from day 8 
(8-11 X) with the expectation that due to 
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recovery of the EGL by about day 15 cells 
would be acquired until day 21. The effects 
of this irradiation schedule were evaluated 
at 30 days in four cerebella stained with 
Nissl and Bodian techniques and in eight 
cerebella impregnated with the Golgi-Cox 
technique . 

There was no lobular malformation in 
the 8-11 X group but the miniaturization 
was less pronounced than in the previous 
group. Purkinje cells were aligned in a 
monolayer including the late-maturing 
folium and tuber. Mild granule cell ectopia 
was seen in a few lobules in some animals 
but, in general, the recovered cells followed 
a normal course of differentiation, evi- 
dently enlarging the cell population and 
territory of the molecular and granular 
layers. 

In Bodian-stained sections the regularly 
aligned, straight and upright Purkinje cells 
were prominent in many lobules. But some 
of them seemed to have thick branches in 

the upper one-third to one-fourth of the 
molecular layer. Impregnated basket axons 
were distributed in most regions through- 
out the molecular layer and basket end- 

Fig. 5 Large dendrite with spines and con- 
spicuous, asymmetrical synapses typical of those 
with parallel fibers. Thirty-day-old, 8-15 X rat .  
X 12,141. 

Fig. 6 Upper aspect of the molecular layer 
with parallel fiber profiles and many conspicuous 
asymmetrical synapses. Thirty-day-old, 8-15 X 
rat. X 7.752. 
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Fig. 8 Purkinje cell stem dendrite which bends 
in the upper part of the truncated molecular layer 
with intimately apposed basket cell axon (arrows). 
Thirty-day-old, 8-15 X rat. Bodian, oil immersion. 
X 1.350. 

the type so frequent in the previous group 
but generally with longer stem dendrites. 
Others had, in addition to the downward 
directed spiny branchlets, upward directed 
branchlets occupying the upper one-fourth 
to one-fifth of the molecular layer (figs. 

Fin. 7 Strainht Purkinie cell stem dendrite llC.D). Still others had numerous smooth 
withintimately 'apposed, impregnated, descending 
basket axon collaterals. Note also the rich basket 
plexus. Thirty-day-old, 8-15 X rat. Bodian, oil 
immersion. X 1,350. 

branches issuing from the upper portion of 
the stem dendrite (figs. IIE,F) and occa- 
sionally from other regions of the Purkinje 
cell. 

DISCUSSION ings were regularly seen around the peri- 
k.arya of Purkinje cells. In Golgi material 
basket cells and Purkinje cells were im- 
pregnated in large numbers. Many of the 
latter resembled weeping willows (fig. 11A) 

The morphogenic effects produced by 
four daily successive doses of 200 r deliv- 
ered from day 8 on (8-1 1 X) contrast sharp- 
ly with similar treatments (Altman, '76a) 
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Fig. 9 A. Basket cell soma and dendrite (upper right) with boutons and synapses (enlarged in B-D). 
x 5,426.4. B. Conspicuous asymmetrical synapses (arrows) on the soma and C, similar synapses on the 
dendrite. These are probably parallel fiber synapses. D. Boutons of a different type with inconspicuous, 
symmetrical synapses on the soma. Thirty-day-old, 8-15 X rat. B-D, X 17,556. 
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Fig. 10 Mossy fiber rosette in the granular layer. The unusually low concentration of 
synapses must he due to the scarcity of granule cells (right). B. This mossy rosette has a higher 
concentration of synapses hut most of them are with a single claw ending (arrows) of a gran- 
ule cell dendrite. Thirty-day-old, g 1 5  X rat. X 22,572. 
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B C 

D' E F 
Fig. 11  Purkinje cells with different dendritic patterns in 30-day-old, 8-11 X rats. Some (A) are the 

wceping willow type, others (C and D) also have upward directed spiny branchlets, still others (E and 
F) have a few smooth branches issuing from the initial straight stem dendrite some distance from the 
soma. Golgi-Cox. 

started at birth (0-3 X) or four days (4-7 
X). Unlike in the 4-7 X group, the disturb- 
ance of monocellular alignment of Purkinje 
cell perikarya is not seen in this or the 
8-15 X group, except in the late-maturing 
folium and tuber where basket cells are 
still not present at eight days. This preser- 
vation of monocellular alignment could be 
due to a number of factors, among them 
the directed vertical growth of Purkinje 
cell stem dendrites which, according to our 
hypothesis, is assured by the presence of 
basket cells. Interestingly the results of 
this study show that the presence of basket 
cells does not only ensure the vertical 
growth of Purkinje cell stem dendrites but 
that if X-irradiation is started after acqui- 
sition of basket cells, the stem dendrites 

become singularly erect and tend to have 
few or no secondary branches. The struc- 
tural association between Purkinje cell 
stem dendrites and basket cells was best 
seen in Bodian material. As a rule, the 
upright stem dendrite was surrounded by 
descending branches of basket cell axons 
and where the stem dendrite became de- 
flected, usually near the surface, it ap- 
peared to be associated with horizontal 
branches of basket cell axons. 

Since Purkinje cell stem dendrites do 
not have a strong intrinsic disposition to 
grow perpendicularly to the surface (Alt- 
man and Anderson, '72, '73; Altman, '76a) 
we will assume tentatively that the 
branches of the horizontal axons of basket 
cells do have such a tendency, at least in 
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the presence of Purkinje cell dendrites be- 
neath them. According to previous studies, 
the downward growth of basket cell axon 
collaterals begins about ten days (Altman, 
'72a: fig. 5) coinciding with the outgrowth 
of the Purkinje cell stem dendrite (Altman, 
'72a: fig. 11; Altman, '72b: fig. 5). Pre- 
sumably, the interaction of the two is re- 
sponsible for the directed perpendicular 
growth of the latter. The nature of this 
interaction is not known but it is not likely 
to be a synaptic one since synapse forma- 
tion of basket cell axons with Purkinje cell 
stem dendrite and soma does not start 
until day 12 (Altman, '72b: figs. 28, 37). 

The question raised by this study is why, 
after the upward growth of the Purkinje 
cell stem dendrite is induced by the pres- 
ence of descending basket cell axons, the 
stem dendrite becomes supernormally erect. 
This unbranched pattern is rarely seen in 
normal animals in which the stem dendrite 
begins to divide a short distance from the 
perikaryon. Since this branching must oc- 
cur some time about ten days, we offer the 
hypotheses that the presence of a cell type 
formed after day 8 is responsible for the 
production of secondary smooth branches. 
That granule cells are not likely to be 
these cells is suggested by the observation 
that the stem dendrites remain unbranched 
not only in the 8-15 X group, which has 
spared granule cells, but also in the 8-11 
X group, at least in the lower half of the 
molecular layer, which also has recovered 
granule cells. The cells that might be re- 
sponsible are the stellate cells which form 
between G 1 5  days with a peak either be- 
tween 9-10 or 8-11 days (Altman, '72a: 
fig. 6). The acquisition of stellate cells is 
near-totally prevented by the 8-15 X sched- 
ule. Branching of Purkinje cell smooth den- 
drites in the upper molecular layer was 
seen in the 8-11 X group, which might be 
attributed to some recovered stellate cells. 
The hypothesis of the role of stellate cells 
in the formation of Purkinje cell smooth 
branches will be considered in the next 
paper of the series where we examine the 
effects of irradiation schedules started on 
clay 12, after the acquisition of stellate 
cells (Altman, '76b). 

A previous study (Altman, '73) indicated 
that the outgrowth of Purkinje cell spiny 
branchlets is induced by parallel fibers, 
which determine their orientation in one 

plane at a right angle to the direction of 
parallel fibers. Two observations made in 
this study reinforce the hypothesized role 
of parallel fibers. The first is that after the 
stem dendrite reaches the surface spiny 
branchlets issue from it in great abundance, 
taking a downward direction where the 
spared parallel fibers (those formed up to 
day 8) are located. The resulting weeping 
willow type of Purkinje cells were observed 
previously (Shofer et al., '64; Hamori, '69) 
after X-irradiation. The electron micro- 
scopic evidence is that there is rich syn- 
aptic relation between these spiny branch- 
lets and parallel fibers. Synaptogenesis 
presumably starts at the same time (about 
day 15) in the irradiated animals as i t  does 
in normals (Altman, '72b); it seems com- 
pleted by day 30 (fig. 6). The second ob- 
servation is that in the 8-11 X animals, 
in which there is recovery of granule cells, 
there are also upward directed spiny 
branchlets, probably establishing relation- 
ship with parallel fibers of recovered gran- 
ule cells. These observations strengthen 
the hypothesis that Purkinje cell spiny 
branchlet formation is induced by parallel 
fibers. Finally, it is worth noting that the 
low-level X-irradiation used in these experi- 
ments, which destroy a large proportion of 
the undifferentiated cells of the external 
germinal layer, have no obvious deleterious 
effect on synapse formation with the just- 
differentiated basket cells and the matur- 
ing Purkinje cells. 
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