
EXPERIMENTAL NEUROLOGY 30, 492-509 (1971) 

irradiation of the Cerebellum in Infant Rats with Low-Level 

X-Ray: Histological and Cytological Effects 

During Infancy and Adulthood 

JOSEPH ALTI\IAN~ AND WILLIAM J. ANDERSON 

Laboratory of Devrlopmcl~tal Neurobiology, 
Department of Biological Scicttcrs. 

Purdue University, Lafa+ttc, Ilzdiaua 41907 

Recciwd Nomvzber 9. 1970 

We examined the morphological consequences of focal irradiation of the 
cerebellum with successive daily doses of low-level X-ray in lo-, 30-, and 90-day- 

old rats. The subtotally eliminated external granular layer was reconstituted by 

10 days in animals exposed to l-2 X 200 r and there was little or no reduction 
in the total area of the cerebellar cortex and its various layers at 30 and 90 days. 

With higher number of successive daily doses there was (in the affected lobes) 

decreasingly less regeneration of the external granular layer at 10 days, and there 
was a proportional reduction in the areas occupied by the molecular and internal 

granular layers at 30 and 90 days. The reduction in the population of granule 
cells in adult rats was also proportional to the number of daily exposures during 

infancy. These lasting effects were attributed not to greater damage done to the 

germinal layer by the higher number of daily exposures but to a postponement 
of recovery and hence reduction in the time left for regeneration when cerebellar 

neurogenesis comes to an end (about 21 days). Even with the highest number of 
exposures, the number of Purkinje cells was not affected. In the animals exposed 
to more than two doses of ZOO r, lasting morphological and cytological changes 

were produced. The abnormalities could be traced to events associated with the 
time course of cell death and regeneration in the external granular layer and to 

the autonomous but disoriented growth of the Purkinje cells. 

Introduction 

In an earlier study using gross morphological measurements, we estah- 
lished (4) that irradiation of the cerebellum on the day of birth with a 
single dose of 200 r hard X-rays led to an appreciable reduction in the 
length of the cerebellum at 10 days of age. This developmental retarda- 
tion was attributed to the decimation of the cells of the external granular 
layer (3, 5, 6). We also found that in rats that received such a dose, or 
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even two successive daily doses of 200 r, the reduction of cerebellar length 
was no longer evident at 30 and 90 days of age. This recovery we could 
ascribe to the regeneration of the external granular layer after irradiation 
(6,7). However, with higher number of successive daily irradiations per- 
manent growth retardation was produced, the magnitude of which was a 
function of the number of exposures. In rats that received 4-5 X 200 r, 
cerebellar length at 30 and 90 days was comparable to that of control 
animals 10 days of age, and after irradiation with 10 X 200 r the length 
of the adult cerebellum was comparable to that of normal neonates. 

This developmental retardation was expected to occur on the basis of 
two known facts: that the precursor cells of the granule, basket, and 
stellate cells in the cerebellar cortex, constituting the transient external 
granular layer, are multiplying and migrating after birth ( 1, 2, 8, 10, 11, 
14) ; and that multiplying (9) and migrating cells (12) are extremely 
radiosensitive. That, indeed, the cells of the external granular layer are 
destroyed by low and intermediate doses of X-ray is established (3, 5-7, 
10, 12, 15, 16), though its consequences are complicated by the observation 
referred to that the external granular layer can recover after irradiation 
(6, 7, 15, 16). 

One of the objectives of our efforts in this area has been the experi- 
mental production of rats with cerebellar cortices in which the postnatally 
formed interneurons are decimated or eliminated without directly affecting 
the prenatally formed Purkinje cells. If production of such selective cellu- 
lar lesions becomes practicable, the role of these interneurons in the 
morphogenesis, physiology, and behavioral functions of the cerebellar 
cortex could be examined with appropriate experimental techniques (18, 
19). In this paper we have evaluated Golgi-impregnated and Nissl-stained 
sections of cerebella from animals that were irradiated with different doses 
of X-ray (l-10 X 200 r) and were killed at 10. 30, and 90 days of age. 
We paid attention to qualitative changes in the histology of the cerebellar 
cortex and to the cytology of surviving elements, particularly the Purkinje 
cells. The quantitative studies were aimed at establishing a correlation 
between radiation schedules and histological alterations, particularly area1 
reductions of the different cortical layers, reduction in the population of 
granule cells, and consequent changes in granule cell/Purkinje cell ratios. 

Materials and Methods 

Long-Evans hooded rats, bred in our laboratory for several years, were 
used. The breeding and maintenance of the animals, radiation procedure, 
dosimetry, positioning of the heads of the animals for irradiation, post- 
irradiation mortality, body and brain growth were described in detail 
earlier (4). Briefly, from the day of birth (called 0 day) the skull over- 
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lying the cerebellum was irradiated with a 6-mm wide X-ray beam. The 
source was a 2 Mev, Van de Graaff generator, and 200 r X-ray was 
delivered daily, at a rate of about 50 r/min, from l-10 occasions (O-9 
days of age j. The early effects of irradiation (from a few minutes to 
several days j were published (5-7) ; this paper is concerned with the 
evaluation of 150 cerebella from irradiated animals that were killed at 10, 
30, and 90 days of age. Of these (Table 1)) 116 brains were from rats 
that were perfused transcardially with 10% neutral formalin. These brains 
were dehydrated, embedded in Parap!ast. and cut sagittally at 6 or 12 p 
and stained with cresyl violet for cells or Weil’s stain for myelinated fibers. 
Thirty-four brains were impregnated, according to the Golgi-Cos pro- 
cedure. 

For quantitative work, cresyl violet-stained, matched sections were 
used that were cut parasagittally in a plane corresponding to the lateral 
coordinate of 950 p in Kiinig and Kippel’s (13) atlas of the rat brain. 
With a modified Leitz projection apparatus, the cerebella of IO-day-old 
animals were magnified 65 X, those of 30- and go-day-old animals 40 X, 
and the outlines of the cerebellum and the boundaries of the different 
layers were drawn on paper. These outlines were then traced with an Ott 
compensating planimeter to obtain an estimate of the total area of the 
cerebellar section. and of the areas occupied by the external granular, 
molecular, internal granular, and medullary layers (Fig. 1). 

An estimate of the number of Purkinje cells in these parasagittal sec- 
tions was obtained by counting at 450 X magnification under oil-immer- 
sion all the Purkinje cells that had a clearly defined nucleolus. The total 
number of granule cells was estimated by a sampling technique. The 

TABLE 1 

ANIMALS AND RADIATION EMPLOYED a 

Age of animals when killed (days) 

Radiation dose 

(r) 

10 30 90 

Nissl Golgi Nissl Golgi Nissl Golgi 

0 
1 x 200 

2 x 200 
3 x 200 
4 x 200 
5 x 200 
8 x 200 

10 x 200 

3 3 

5 
4 2 

6 
4 

3 10 
3 3 
4 3 

7 2 
7 

2 4 2 
10 

7 
2 6 2 
2 3 1 
2 3 2 

a Number of specimens by technique employed: Nissl = 116, Golgi = 34. 
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2x200r 

FIG. 1. Tracings of parasagittal sections of the cerebellum. For illustrative purposes 

the internal granular layer was blackened. Hatched region, internal granular layer 
consisting almost exclusively of Purkinje cells. 

number of granule cells was determined in square areas 230 X 230 p in an 
anterior, dorsal, and posterior lobe. The lobes selected were II (centralis 
ventralis), V (culmen dorsalis), and IX (uvula). In each section, cells 
were counted at 450 X magnification in 12 sample areas, and from these 
the average granule cell population per square millimeter, the number of 
granule cells per specific lobe, and the total granule cell population of the 
entire parasagittal section were calculated. For the latter purpose, in which 
we utilized the planimetric estimates of the area occupied by the internal 
granular layer, it was necessary to obtain an estimate of the total area 
occupied by the Purkinje cells. (This was particularly necessary in the 
irradiated cerebella in which the Purkinje cells were dispersed within the 
internal granular layer.) 

The area occupied by Purkinje cells was estimated by determining the 
mean area occupied by each Purkinje cell. A Vickers image-splitting eye- 
piece was used and, at 1500 X magnification, the short and long axis of 
10 Purkinje cells in each lobe was established. The area of Purkinje cells 
was calculated by the following formula: A = l/2 1D X l/2 SD X rIT. 
Because only Purkinje cells with nucleoli were counted, this gave a low 
estimate of the total area occupied by Purkinje cells in any single section. 
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(Counting only Purkinje cells with nucleoli eliminated the necessity of 
making a correction for the differential sizes of Purkinje and granule cells 
in making estimates of granule cell/Purkinje cell ratios). 

Results 

Observations in the N&l-Stained Material 

Rats 10 Days Old. In animals that were irradiated with a single dose 
of 200 r on day 0 and killed 6-24 hr later, the cell population of the exter- 
nal granular layer was drastically reduced; after exposure to two successive 
doses (days O-l) this proliferative layer was subtotally eliminated, with 
only occasional radioresistant cells surviving (6,7). In rats that were ir- 
radiated with l-2 X 200 r and survived to 10 days of age, the external 
granular layer was entirely reconstituted. However, the development of 
the molecular and internal granular layers was retarded, especially in the 
more strongly affected anterior vermis. After exposure to 3-4 X 200 r the 
external granular layer was only partially restored at 10 days. It was 
thinner than in normal animals and, particularly in the anterior vermis, 
it was corrugated in appearance. The development of the molecular and 
internal granular layers was greatly retarded, particularly in the anterior 
vermis. In the latter region the size of the Purkinje cells was normal for 
the age but they were massed together rather than strung out in a single 
row, and their apical cones were oriented randomly rather than toward 
the surface of the cortex as in normal animals. 

In the animals that received 5 X 200 r the external granular layer was 
present over the entire vermis, but it was bizarre in appearance (corru- 
gated cells in the migratory zone oriented in all directions and penetrating 
along capillaries into the depth of the cerebellum), especially in the anterior 
vermis. Except in the uvula and pyramis, the differentiation of the pre- 
sumably recently reconstituted cells of the external granular layer has not 
begun, that is, there were few signs of the incipient development of the 

internal granular and molecular layers. 
In the animals that received S-10 X 200 r there was great variability 

among different animals. In some, the external granular layer was absent 
over the entire vermis. In others, there was a bizarre external granular 
layer over the less affected posterior vermis, but this layer was not re- 
constituted in the anterior vermis. In these rats, the molecular and internal 
granular layers were absent or ill-developed throughout. In still others, 
there was a semi-normal external granular layer over the uvula and pyra- 
mis, with maturing molecular and internal granular layers. Wherever the 
external granular layer was absent or abnormal in appearance, the Purkinje 
cells, although of normal size, were massed together and were haphazardly 
oriented with respect to the surface of the cerebellum. 
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Rats 30 and 90 Days Old. Little difference was seen within treatment 
conditions between 30- and go-day-old animals; the observations are there- 
fore presented together. The cerebellum of rats that received a single dose 
of 200 r on the day of birth was indistinguishable from that of normal 
animals on the histological or cytological level. Likewise, in the majority 
of rats that received an additional dose of 200 r on the next day (2 X 200 r) 
the cerebellum appeared entirely normal (only one abnormal cerebellum 
was seen), The cerebellum of one of the rats that received 3 X 200 r was 
normal, in the other that received 3-4 X 200 r, several abnormalities were 
noted. In general, the anterior vermis was affected more strongly and more 
consistently than the posterior vermis. In the former region the folial pat- 
tern was abnormal; the molecular layer was thin and had a reduced con- 
centration of cells; the internal granular layer had an irregular shape and 
was occasionally studded with cell-sparse streaks and islands; the Purkinje 
cells were scattered throughout the depth of the internal granular layer 
(Fig. 2) ; an occasional Purkinje cell had a misshapen nucleus ; and 
the relative concentration of Purkinje cells was extremely high. These 
effects were less pronounced in some lobules of the posterior vermis and 
in some animals these were essentially normal in appearance. 

Similar observations were made in the animals that received 5 X 200 r, 
but the abnormalities noted were more pronounced and more common. 
Thus, there was a greater reduction in the concentration of granule cells, 
there were more streaks and islands in the internal granular layer, and a 
greater frequency of Purkinje cells with twisted nuclei (Fig. 2). In the 
animals that were exposed to &lO X 200 r the molecular layer was essen- 
tially obliterated over the surface of the anterior lobes (Fig. 1) indicating 
that the formation of basket and stellate cells was prevented. Few granule 
cells were present in the internal granular layer, as the latter was composed 
almost entirely of Purkinje cells, which in some regions were concentrated, 
three to six cells deep. The Purkinje cells were of normal size but in many 
regions, particularly where the folia were folded abnormally, the nuclei of 
many Purkinje cells were twisted (Fig. 2). In some animals these abnor- 
malities were seen throughout the vermis, but in many animals some of 
the posterior lobes were spared to varying degrees. Even in the most 
affected cerebellum (in which the molecular and internal granular layers 
were essentially absent) no abnormalities could be detected in the neurons 
of the deep cerebellar nuclei. 

Quantitative Data 

The area of matched paramedian sagittal sections of the cerebellum as a 
function of radiation schedule was determined in the 10, 30, and 90 day- 
old animals (Fig. 3). There was approximately 40% area1 reduction in 
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FIG. 2. i\. Islands of the molecular layer in the internal granular layer in the 

cerebellum of a 90-day-old rat that was irradiated with five successive daily doses of 
200 r after birth. Cresyl violet, X101. B. Same at higher magnification, X256. C, D, 
E. Purkinje cells with twisted nuclei from the same animal, X610. 
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FIG. 3. Mean area of matched parasagittal sections of the cerebellar vermis as a 
function of age and radiation schedule. 

the l&day-old animals that received l-2 X 200 r, more than 60% reduc- 
tion in those that received 3-10 X 200 r. The relatively lower reduction in 
the former group was due to recovery of the external granular layer and 
commencement of differentiation of these cells; the uniformly greater re- 
duction in all the others reflects the absence of appreciable recovery by 
10 days of age. In the 30- to 90-day-old rats there was minimal (if any) 
area1 reduction in those exposed to 1 X 200 r indicating total recovery, 
but ambiguous results were obtained in the two age groups in the animals 
that received 2 X 200 r. In general, there was a gradual area1 reduction 
as a function of number of irradiations, but this was more consistent in the 
30-day- than the 90-day-old animals. 

There was considerable variability in the total number of Purkinje cells 
with nucleoli in the scanned sections (Fig. 4A) but there were no system- 
atic differences attributable either to age or radiation treatment. It may be 
concluded, therefore, that the number of the prenatally formed Purkinje 
cells was not reduced by radiation up to 10 X 200 r. The average area of 
the perikarya of single Purkinje cells with nucleoli increased from 10 to 
30-90 days (Fig. 4B), reflecting normal growth. In the IO- and go-day-old 
animals there was no difference in the size of the Purkinje cell perikarya 
in the different treatment groups. In the 30-day-old rats the Purkinje cell 
perikarya were larger in the normal and low-irradiation groups (l-2 X 
200 r) than in 90-day-old rats, this was not seen in rats that received 
higher treatments. Because there was no change in the number of Purkinje 
cells due to radiation and, with the exception noted, no change in the size 
of their perikarya, the reduction in the total area of the cerebellum must 
be attributed to changes in other components of the cerebellum. 

Determination of the area occupied by the internal granular layer and 
the sampling of the packing density of granule cells provided an estimate 
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FIG. 4. .4. Mean number of Purkinje cells with nucleoli as a function of age and 
radiation schedule, B. Estimated mean area of the Purkinje cell. In each animal 30 

Purkinje cells were measured. 

of the changes in the granule cell population of the sampled sections (Fig. 
SA). Changes in total number of granule cells, and the granule/Purkinje 
cell ratios (Fig. 5B) paralleled closely the reduction in the total area of 
the sections. Comparable changes were seen in the area occupied by the 
molecular layer. The relation between total area1 changes and laminar 
differences is illustrated in Fig. 6 for the 30-day-old animals. There were 
no effects on Purkinje cell perikarya (as previously noted) and on the 
medullary layer, and the area1 reduction is clearly correlated with retarded 
development of the molecular and internal granular layers. (The apparent 
greater retardation of the molecular layer than the internal granular layer 
in the higher radiation groups (S-10 X 200 r) may be related to the 
greater prevalence of cortical malformation with streaks and islands of 
the molecular layer, which could not always be included in the p!animetric 
measurements.) 

Ohs~vz~atiom in the Golgi Matwial 

Rats 10 Dap Old. In unirradiated cerebella there was considerable varia- 
bility in the appearance of Purkinje cells in different lobules and also 
within the same lobule. Immature Purkinje cells were seen that nere cov- 
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FIG. 5. A. Estimate of total number of granule cells in the sampled sections. B. 

Calculated granule cell/Purkinje cell ratios. 
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ered with many perisomatic processes, and were lacking in clearly recog- 
nizable primary or secondary dendrites (Fig. 7A). More frequent were 
maturing Purkinje cells that no longer had perisomatic processes and had 
secondary and some tertiary dendrites which reached to the border of the 
external granular layer and were moderately covered with spines (Fig. 
7B). Also in the irradiated cerebella, Purkinje cells were seen that fell 
within the range of those from normal cerebella. But in the animals that 
received two or a higher number of daily doses of 200 r, many Purkinje 
cells showed clear signs of abnormality. Common among these abnormal- 
ities was the disorientation of the primary dendrites which were oriented 
obliquely or parallel to the cerebellar surface (Figs. 7C. D). Often these 
dendrites had long straight or tortuous shafts and were devoid of branches. 
Dendritic branches that penetrate the external granular layer were seldom 
seen in normal animals, in the irradiated animals Purkinje cells with thick 
branches were observed that penetrated deep into the external granular 
layer (Fig. 7C-F). These branches had no spiny branchlets whereas those 
that reached the molecular layer had branchlets and spines. 

Rats 30 afzd 90 Days Old. In the animals that received 2 X 200 r many 
normally oriented Purkinje cells were seen with a rich dendritic plexus in 
the molecular layer. But many were also seen, particularly in regions where 
the molecular layer was thin or abnormally folded, which had extremely 

I  

EGL 

FIG. 7. Drawings (not to scale) of Purkinje cells from Golgi-Cox impregnated 

sections from IO-day-old rats. EGL = external granular layer. 
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long and bare primary dendrites embedded in the internal granular layer. 
Such Purkinje cells tended to be oriented obliquely or parallel to the sur- 
face and had tufts of branchlets and spines at points where the molecular 
layer was reached (Fig. 8B, C) . 

FIG. 8. A. Contiguous folia of the cerebellum from a normal 30-day-old rat. B. 
Abnormally folded folia with misshapen Purkinje cell from a 30-day-old rat that was 
irradiated. C. Purkinje cell with bare dendrite in internal granular layer and spiny 

branchlets in molecular layer. 
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lNorma1 Purkinje cells were less frequently seen in the animals that re- 
ceived 5 X 200 r and perhaps few, if any, in those that received S-10 X 
200 r. The following distortions were noted in Purkinje cells. ;1 long, 
slender. and bare primary dendrite oriented either obliquely or parallel to 
the surface of the molecular layer (Fig. 9D, E). This was frequent in 
Purkinje cells whose soma was deeply embedded in the internal granular 
layer. In many cells several primary dendrites were seen, apparently abor- 
tive ones without any branching terminals and others terminating in tufts 
with dendritic branchlets and spines. These multiple main dendrites were 
often oriented in different directions and planes (Fig. 9 B-D). In other 
instances the main dendrites lay at the interface of the internal granular 
layer and molecular layer with branches absent in the former and rich in 
the latter (Fig. SC). 

The radial streaks or circular islands of cell-sparse areas that were seen 
in N&l-stained material in the cerebellum of animals that received 5-10 
X 200 r were identified in Golgi material as parts of the molecular layer 
in which the Purkinje cell dendrites were located. Their branchlets often 
followed the tortuous outlines of the streaks (Fig. 9C, D) or islands, with 
occasional semicircular dendrites (Fig. 9A. F). Purkinje cell branchlets 

FIG. 9. Drawings of Purkinje cells from Golgi-Cox sections from 90-day-old rats. 
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with spines were seldom seen within the internal granular layer. Frequently 
the Purkinje cell dendrites were less planar in orientation than normal 
Purkinje cells, and neighboring Purkinje cells were sometimes oriented in 
different planes. The crisscrossing of the primary dendrites of several 
Purkinje cells was seen but their spiny branchlets were typically separated 
in space. In general, the total area of the arborizing branchlets of these 
abnormal Purkinje cells was far below that of typical normal Purkinje 
cells. Occasionally, bare primary dendrites were seen in 30-day-old animals, 
but this was much less common than in the lo-day-old rats. A comparison 
of the Purkinje cells in the 30- and 90-day-old rats suggested a much 
higher concentration of tertiary branches with spines in the latter. 

Corresponding to the abnormal orientation of the Purkinje cells, dis- 
oriented climbing fibers (e.g., parallel to the surface) were seen. Parallel 
fibers of granule cells were seen in almost all the animals, and practically 
all the other cell types of the cerebellar cortex could be identified, but this 
was made difficult or questionable in the higher-dose animals because of 
their disorientation and haphazard location. Golgi cells tended to have 
reduced dendritic and axonal arborizations. Occasionally cells were seen 
that differed altogether from the normal cell types of the cerebellar cortex. 
This included cells with dendritic arborization in the medullary layer (Fig. 
10A) or one branch in the molecular layer, the other in the medullary 
layer (Fig. 10B). 

FIG. 10. Unidentified, presumably abnormal cells in the irradiated cerebellar cortex. 
Note dendrites of several cells in the medullary layer (A) and an apparent Purkinje 
cell with termination in both the molecular and medullary layers. 

Discussion 

Qualitative evaluation of Nissl-stained sections of the vermis indicated 
that with irradiation restricted to the first days after birth (l-2 X 200 r) 
the external granular layer recovered and appeared normal by day 10. 
and only the maturation of the molecular and internal granular layers 
was retarded. With increasing number of successive daily irradiations 
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(3-5 X 200 r) the reconstituted external granular la!-er became more ab- 
normal in appearance and its cells, as judged by the absence of molecular 
and internal granular layers, were not yet differentiating. With maximal 
number of irradiations (S-10 X 200 r) the recovery of the external granu- 
lar layer was prevented altogether in the affected regions. These effects 
are easily understood in terms of what we alrady know about the imme- 
diate consequences of irradiation and of the time course of the subsequent 
regeneration. Irradiation with one or more daily doses of 200 r drastically 
reduces or subtotally eliminates the multiplying cells of the external 
granular layer (5) but enough radioresistant cells remain and these begin 
to repopulate the external granular layer (to a greater or lesser degree as 
a function of the number of irradiations) by day 4 after irradiation (6, 
7). The presence of a normal external granular layer in the rats that 
received l-2 X 200 r is due to the circumstance that more than a week 
elapses between the cessation of irradiation and removal of the cerebellum 
to permit the total reconstitution of this germinal layer. The retardation 
in the development of the internal granular and molecular layers reflects 
the delay produced in the differentiation of the cells of the external granu- 
lar layer while regeneration is in progress. 

The abnormalities observed in the morphogenesis of the cerebellum in 
animals exposed to a higher number of daily doses of 200 r may he 
attributed to the following factors. With increasing number of daily 
irradiations the time available for recovery is reduced hetween the last 
day of exposure and when the animals are killed (with only 24 hr elapsing 
in the 10 X 200 r group). Therefore, the absence of the external granular 
layer in the S-10 X 200 r groups at 10 days of age need not mean that no 
recovery can occur, but merely that there was not enough time for it to 
take place. However, the circumstance that with increasing number of 
daily irradiations recovery is delayed does have an important consequence. 
From day 5 onward there is a rapid increase in the Tolume of the cere- 
bellar cortex in normal animals (2). This growth is clue primarily to the 
onset of the differentiation of the cells of the external granular layer and 
is manifested in the progressive area1 increase of the molecular and in- 
ternal granular layers. Since the recovery of the external granular layer 
takes more than 4 days, and several days are needed for the migration 
(1) and differentiation of its cells, the overail growth of the cerebellum 
is greatly retarded in the animals exposed to three or more doses of 200 r 
(7). Therefore, when the external granular layer does recover entirely and 
a presumably normal complement of external granule cells has to be 
accomodated over a greatly reduced cerebellar surface. the cell thickness 
of the germinal layer has to be increased and the surface area of the 
cerebellar cortex has to be enlarged through additional folding. These are 
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manifested in the bizarre and corrugated appearance of the external 
granular layer in the S- and lo-day-old animals (7, Figs. 3, 6, 8) and this 
persists in adults as abnormal foliation. 

The growing Purkinje cells may also contribute to the abnormal mor- 
phogenesis of the cerebellar cortex in the rats exposed to 3-10 X 200 r. 
We established in this study that the Purkinje cells are not destroyed by 
single or multiple doses of 200 r and that their perikarya grow normally 
in terms of size. (The observation that the perikarya of Purkinje cells is 
larger at 30 than 90 days in the normal and low irradiation groups but 
not in the high irradiation group is an interesting exception.) However, 
the direction of growth of their apical cone, which gives rise to the dend- 
rites, is affected (6, 7). In normal cerebella the apical cones of the 
Purkinje cells are oriented at a right angle to the surface, but when the 
external granular layer is destroyed, they are oriented randomly. This 
was also observed in hamsters in which the external granular layer was 
destroyed by administration of methylazoxymethanol ( 17). This random 
orientation of the outgrowing Purkinje cell primary dendrite (as seen in 
the Golgi material) might be due to the removal of some guiding influence 
emanating from the cells of the external granular layer or the parallel 
fibers that they form before descending. But a simpler explanation is 
that because of the retarded growth of the irradiated cerebella, the Pur- 
kinje cells cannot all distribute themselves over the surface (which occurs 
at about 3-5 days) and therefore there is no room for the apical cones to 
grow in the preferred direction. In any case the crowded Purkinje cells 
grow apical cones and primary dendrites in all directions and the molecu- 
lar layer, which is the junctional region of Purkinje cell dendrites and 
parallel fibers, assumes an abnormally folded. streaky appearance as dif- 
f erentiation proceeds. 

The changes that are seen in the cytological differentiation of the 
Purkinje cells are, accordingly, secondary effects of the morphological 
abnormalities produced by the destruction of the multiplying precursors 
of the cerebellar interneurons. These changes included some of the follow- 
ing : Bare Purkinje cell primary dendrites were seen penetrating into the 
external granular layer in the lo-day-old animals. This, which is never 
seen in normal animals, could have been due to the growth of Purkinje 
cell processes toward the surface during the period antedating the recovery 
of the external granular layer. Since such bare dendrites were seldom seen 
in the 30-day-old animals without spiny tufts, and possibly never in the 
90-day-old animals, it is likely that the Purkinje cell dendrites located in 
inappropriate regions are resorbed. The twister1 nuclei of Purkinje cells 
(which is occasionally seen in normal animals) probably reflects the 
abnormal twisting of Purkinje cell primary dendrites seen in the Golgi 
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material. This was particularly frequent in regions where the folial pat- 
terns were distorted and the primary dendrites twisted before reaching 
and forming spiny tufts in streaks or islands of the molecular layer. There 
was also a reduction in the dendritic branching and spines of Purkinje 
cells in the 5, 8, and 10 X 200 r cerebella but this is natural in view of the 
great reduction in the granule, basket and stellate cells in these animals. 

The available evidence indicates that the progressive reduction seen in 
the total volume of the cerebellar cortex with increasing number of daily 
irradiations is not due to greater direct damage done to the external 
granular layer. Rather the supplementary daily doses (after the initial 
ones on the first and second days after birth) prevent the reconstitution 
of the external granular layer and postpone the production of the germinal 
cells and their differentiation. Since cerebellar neurogenesis comes to an 
end at about 21 days of age in normal as well as irradiated animals (un- 
published observations), the longer cellular reproduction and differentiation 
are delayed. the less ultimate regeneration can take place. 

In general, the experiment is considered successful in showing the 
feasibility of producing graded reduction in the population of the post- 
natally forming cerebellar interneurons by X-irradiation without directly 
harming the Purkinje cells and, thus, interfering with the climbing fiber 
input to, and the Purkinje cell output from the cerebellar cortex. It is 
unfortunate that the irradiation procedure in this study was not effective 
in producing uniform destruction over the entire cerebellum, presumably 
because with the narrow X-ray beam we failed to affect adequately the 
posterior vermis. If this can be remedied it should be possible to study the 
functional role of cerebellar interneurons with physiological and behavioral 
techniques. 
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