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i               The two major research accomplishment of this laboratory in the past

year have been the completion of a large-scale ultrastructural study of
the postnatal development of the cerebellar cortex in the normal rat.

4          This was followed by an ultrastructural examination of the effects of
%

           selective exposure of the cerebellum to different schedules of low-level
X-ray. We continued with the behavioral assessment of the motor deficits

*9          produced in the irradiated animals, and comparisons were made with other
1          treatments that lead to the retardation of cerebellar and motor development.
9
*          1.  ULTRASTRUCTURAL EXAMINATION OF THE NORMAL DEVELOPMENT OF THE CEREBELLAR

3

1                                           CORTEX

                In the cerebellar cortex of rats aged 0, 3, 5, 7, 10, 12, 15, 21 and

0          30 days the different morphological events leading to the organization of
           the adult pattern were studied with histological, histochemical,
B          autoradiographic and electron microscopic techniques.

(a)  The following sequence of events were noted in the external germinal

&          layer (1).  Between 0-9 days the proliferative zone has a constant depthIC
b·         of 4-5 cells; the bipolar cells in the underlying premigratory zone increase
            in depth during this period from 0-6 cells. Thereafter there is a decline

in the cell depth of both zones. In the premigratory zone there is a'*
*.

j          gradient in the length of the extruded processes of the bipolar cells.

4          (concentration of such profiles), the future parallel fibers.  Presumably
M
6          when the latter reach their final length, the cell body migrates downward
*           and the parallel fiber becomes part of the upper zone of the molecular layer.
           Thus parallel fibers are progressively formed on the surface of others from
"          the bottom upward by a stacking process and the external germinal layer, as

4          a consequence, is continually pushed upward.  This design makes possible
l

5 the assembly  of a matrix  of  very  long,   thin and straight beams  o f horizontally
-M

  oriented parallel fibers which pile up vertically according to their age.

           When synaptogenesis starts during the second week in the molecular layer the
enlarging junctional processes produce a spurt in the growth of this layer.

Basket cells which are formed in the pyramis on days 6-7 are arrested in
2          the formative molecular layer because their processes are oriented at a
6          right angle to the underlying bed of parallel fibers.  Therefore, there is
5          also a stacking of the cells of the molecular layer from the bottom upward

as a function of time of onset of their differentiation. Parallel fiber
synapses may be seen on differentiating basket cells as early as the 7thI.

t

day, forming connections with these inhibitory interneurons before they
synapse with spines of Purkinje cells.

9          (b)  In the growth of Purkinje cells five phases were distinguished (2).
           During the first phase, Purkinje cells become dispersed and aligned in a

monolayer but as yet few or no synapses are formed.  Next, two transient

f

W          1.  J. Altman. 1972.  Postnatal development of the cerebellar cortex in the
..               rat:  I.  The external germinal layer and the transitional molecular
B                          layer.   J. Comp. Neurol., (in press).

2.  J. Altman. 1972.  Postnatal development of the cerebellar cortex in the
1               rat:  II.  Phases in the maturation of Purkinje cells and of the

molecular layer.  J. Comp. Neurol., (in press).4                                                                                   -
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structures appear: a hypertrophied apicAl cone composed of "reticular"
A          cytoplasm, and lateral perisomatic'processes which establish conspicuous

asymmetrical synapses with climbing fibers.  During the third phase the
.i perisomatic processes disappear; the "reticular" cytoplasm streams upward
'          into the growing dendrites; the soma is invaded by permanent inconspicuous,
.

*.2 symmetrical synapses of basket cells; and, finally, it is surrounded by
.

&          glial processes, which marks the end of the synaptic maturation of the
6          soma.  During the fourth phase parallel fibers form synapses with dendritic

spines in the lower half of the molecular layer.  During the fifth phase,
;j          which occurs after the disappearance of the external germinal layer,

parallel fibers establish synapses with dendritic spines in the upper*

  molecular layer. The "march" of synaptogenesis   in the molecular layer
A          from the bottom upward is characterized by three successive events: an
9          initial gradient in the appearance and disappearance of coated vesicles,

heralding synaptogenesis; a similar subsequent trend in the formation of
synapses; and finally, the interposition in the same sequence of glial

           processes between Purkinje cell dendrites and parallel fibers, marking the
t          cessation of synaptogenesis.
3
4          (c) The following were the salient events in the maturation of the granular
t.          layer (3).  The bulk of the granule cells are formed during the second week,

           with a peak at 10-11 days. But due to the time required for their migration
..                        and   the  lag   in the formation of dendrites, few glomerular synapses  with

mossy fibers are formed before the beginning of the third week and the
           process is still in progress at 30 days, long after the dissolution of the

J          external germinal layer. The maturation of Golgi cells is a protracted
:          process.  Evidence was obtained that mossy fibers form synapses with the

dendrites of Golgi cells and that Golgi cell axons synapse with granule cell
f          dendrites as soon as the glomeruli begin to mature.  Towards the end of the
1. second week the Lugaro cells are formed. They are situated in the vicinity
f          of the soma of Purkinje cells and synapses appear on their soma during the

third. week.  Among these synapses, those of the recurrent collaterals of
C          Purkinje cell axons were identified and it was postulated that the Lugaro
*„          cells may be the primary targets of the infra- and supraganglionic plexuses

formed by these collaterals. In conclusion it was suggested that there are

0          two major, successive stages in the neurogenesis of the cerebellar cortex,
4          the morphogenic and the synaptogenic.  Differentiating nerve cells do not
t          form synapses until their axons are formed and their cell bodies reach their
1           final destination. However, in complex cells, as the Purkinje cell, the
3          synaptic maturation of one region (the soma) may begin before the morpho-
4 genic maturation of the entire cell (the dendrites) is completed.

2. ULTRASTRUCTURAL EXAMINATION  OF THE DEVELOPMENT  OF THE CEREBELLAR CORTEX
.Y

S
"                  FOLLOWING EXPOSURE TO DIFFERENT SCHEDULES OF LOW-LEVEL X-RAY.

                Several schedules of perinatal and postnatal irradiation of the cerebellumwere used for the examination of alteration produced by the elimination of
5          different classes of interneurons which are derived from the postnatally
5          multiplying cells of the external germinal layer.

4
f
1'

k
3.  J. Altman. 1972.  Postnatal development of the cerebellar cortex in the

                rat:  III.  Maturation of the components of the granular layer.
r.

f,
J.  Comp.  Neurol.,  (in press) .
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4           (a)  In the first study of this series (4) the heads of Long-Evans rats

were irradiated from birth with a schedule of repeated doses of low-level
X-ray which prevented the acquisition of the postnatally-forming basket,
stellate and granule cells. The absence of these microneurons led to
several changes in the organization of the cerebellar cortex, studied at

30 days of age with light and electron microscopy.  The somata of Purkinje
cells were not strung out in a monolayer.  The primary dendrites were
randomly oriented and arborized differently depending on the position of
their somata in the depth of the cortex.  Many Purkinje cell perisomatic

processes, normally seen only in infants, were retained.  Climbing and
mossy fibers formed inconspicuous, symetrical synapses with the somata
and conspicuous, asmmetrical synapses with the perisomatic processes and
dendritic thorns of Purkinje cells.  Massive Purkinje cell dendrites with

           innumerable thorns made up much of the neuropil of the cortex.  The dendritic
thorns, in addition to forming true synapses, also established pseudosynapses
with glial processes and synapses devoid of vesicles with the surface or
the interior of Purkinje cell dendrites.  The latter type of contact
apparently led to autolysis of part of the dendrite, which was the only clear
pathological phenomenon observed. These results indicated considerable
autonomy in the growth of Purkinje cell dendrites which arborized richly
and sprouted innumerable small processes in the absence of parallel fibers,
and formed postsynaptic dense membranes where contiguous with inappropriate
processes, such as those of Purkinje cells or astrocytes.

(b)  In the second study of this series (5) the heads of Long-Evans rats
were irradiated from the 4th day after birth with a schedule of repeated
doses of low-level X-ray which essentially prevented the formation of
basket, stellate and granule cells in all except the earliest-forming
lobules (nodulus and uvula).  The morphogenic and synaptogenic effects of

           this treatment were examined with light and electron microscopy in 30 day

old animals, with particular attention paid to the pyramis.  Although at
the time of the commencement of irradiation the Purkinje cells formed a

monolayer and had upward oriented apical poles, they became scattered
later and had randomly oriented dendrites.  This secondary disorientation
was attributed to insufficient space available in the arrested cerebellum
for the rapidly expanding Purkinje cells.  Due to the scarcity of basket
cell terminals, basket cell-like terminals were formed on the soma of
Purkinje cells apparently by recurrent axon collaterals of these cells.
The most common synapses with the thorns of Purkinje dndrites were formed

by climbing fibers but also other elements, including glial processes, were
in contact with postsynaptic loci on the thorns.  Many mossy fiber terminals

           reached the surface.  Where parallel fibers were present they were often
thicker than in unirradiated animals and contained neurofilaments. There
were no pathological changes seen in these cerebella, with the possible
exception of excessive lobulation of the nuclei of many Purkinje cells.

4
4.  J. Altman, W. J. Anderson. 1972. Experimental reorganization of the

cerebellar cortex:  I.  Morphological effects of elimination of all
microneurons with prolonged X-irradiation started at birth.     1.   Comp.
Neurol., (in press).

 
cortex. II.  Effects of elimination of most microneurons with prolonged

5.  J. Altman, W. J. Anderson. 1972. Experimental reorganization of cerebellar

X-irradiation started at  four days.   1. Comp. Neurol., (submitted) .

8
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(c)  In the third study (6) a different effect of early X-irradiation was
investigated.  The heads of Long-Evans hooded rats were irradiated daily
from day 3, 4 or 6 onward with schedules of low-level X-ray which
differentially delayed the regeneration of the subtotally eradicated

           external germinal layer or prevented its regeneration altogether.  Most
           schedules that made regeneration possible led to the arrest of many granule

           cells in the molecular layer where they formed an ectopic zone.  Thedendrites of ectopic granule cells had synapses with mossy fibers located

           in their vicinity in the molecular layer.  The position of the ectopiczone varied in different lobules  as a function of  the  time of the commencement
t          of regeneration and the estimated date of the descent of granule cells,

           and as a function of regional differences in cortical maturation and in

<          the estimated upward growth of mossy fibers.  Within the same lobule, thelonger regeneration was delayed the higher in the molecular layer the

          differentiating

and descending granule cells were "captured" by the
apparently autonomously ascending mossy fibers. If regeneration started

granular layer (early irradiation) or if regeneration of granule cells

too early and allowed the descent of granule cells into the presumptive

was prevented altogether (late irradiation) an ectopic zone was not formed.
The technique was used for estimating the normal growth pattern of mossy
fibers in the different lobules.

(d)  In the fourth study (7) attention was paid to the observation that
in the regenerated molecular layer the parallel fibers were often
reoriented. In some cerebella this was restricted to a single lobule,

           frequently several lobules were affected, rarely almost the entire vermis.It was postulated that the reorientation of parallel fibers was determined
S          by the invasion route of multiplying cells from spared foci of the external

germinal layer. Where parallel fibers were rotated transversely, the axons
of basket cells and the arborizing dendrites of Purkinje cells became

2           oriented longitudinally. This, and other considerations indicated that
9          parallel fibers exert a guiding influence on the pattern of growth of the

spiny branchlets of Purkinje cells.

                These studies have indicated profound alterations in the morphological
2          organization of the cerebellar cortex following irradiation. The changes
           were drastic when the schedule of irradiation was such that the regeneration
<          of the external germinal layer was prevented.  But many changes affecting
„          granule cells, parallel fibers and Purkinje cells were noted when the

           external germinal layer regenerated after irradiation. In the animals in

           which regeneration did not take place, the behavioral deficits (tremor,ataxia, etc.) were so severe that they were not suitable for behavioral
           testing.  The motor tests were generally applied to groups of animals

in which retardation of cerebellar development was less severe.

;4       6. J. Altman. 1972. Experimental reorganization of cerebellar cortex.
III.  Regeneration of the external germinal layer and granule cell

4                       ectopia.   1. Comp. Neurol., (submitted) .
1          7.  J. Altman. 1972. Experimental reorganization of the cerebellar cortex.

Iv.  Parallel fiber reorientation following regeneration of the
external germinal layer.   1. Comp. Neurol., (submitted) .
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3.  BEHAVIORAL EFFECTS OF X-IRRADIATION OF THE CEREBELLUM DURING INFANCY.a

(a)  The irradiation schedule used in the first study of this series (8)
irradiation started on the day of birth. In previous studies we established

           that focal irradiation of the cerebellum of rats from birth onward with

increasing number of successive daily doses of 200 r hard X-ray leads to
a proportional reduction of the area of the cerebellum.  This reduction

1          was attributed to a proportional decrease in the areas occupied by the

           molecular and internal granular layers and in the estimated number ofgranule, basket and stellate cells. The destructive effect was restricted

           to these postnatally forming microneurons, the prenatally-formed Purkinje
cells were not harmed in the sense that they were not reduced in number
nor were their perikarya pathological in appearance in Nissl-stained

 
sections. In general terms, our earlier studies with 20Or X-ray indicated
that there is moderate· disorganization in the lobular and laminar organization

           of the cerebellar cortex in the low irradiation

groups. In these groups the
reduction in the population of cerebellar interneurons was small because
of the regeneration of the germinal matrix (the external granular layer) in
the time elapsing between the cessation of radiation and the natural termination
of cerebellar neurogenesis at 21 days. In the intermediate radiation group
the reduction of the interneurons was quite extensive, and in many of the
high irradiation group animals, in which there was no regeneration, the

cerebellum was essentially composed of Purkinje cells with few or practically
no interneurons present.

The intent of the present study was to examine the behavioral consequences
            of the graduated reduction of cerebellar interneurons on the development of

motor capacity in young rats. General and random motor activity, as assessed
by the frequency of time spent in ambulation was higher in most of the
irradiated animals than in the controls for some time after the irradiations.
But the effective·locomotion of the irradiated animals, judged by the
number of squares traversed by crawling or walking, was not higher in the
irradiated animals, indeed it was reduced in the high irradiation groups.
These results suggest that cerebellar irradiation did not diminish the

animals' readiness for ambulation but it retarded slightly, at least in
J

the more severely affected animals, its effectiveness. Profound deficits
were seen in the irradiated animals in the abandoning of infantile locomotor
patterns (pivoting and descending on a rope backward) and in the display
of emerging more complex ones. In some of these observations only the high
irradiation groups (that is, those with maximal cerebellar damage) were
affected, in others the intermediate group was also handicapped, and only

in one (standing on hindlegs without forelimb support) were even the low

i

irradiation animals retarded. Comparable results were obtained in the tests
in which the animals were called upon to display their skills in climbing
up a rod to a platform to avoid falling into the water or climbing down a
rope to reach the ground. General observation indicated that one of the
most pronounced deficits of the irradiated animals was an incoordination

            of th
e hindlimbs.

8.  J. Altman, W. J. Anderson, M. Strop. 1971. Retardation of cerebellar
and motor development by focal X-irradiation during infancy.  Physiol.

Behav., 7:143-150
.

i
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In a subsequent study (9) we pxamined the behavioral deficits of rats
in which irradiation was started on the 4th day after birth.  At four days
of age in the rat, the Purkinje cells are beginning to form a monolayer and

i

are orienting their apical pole perpendicular to the surface, although at
this age few of the granule cells have begun to be formed.  These observations
Suggested that by starting irradiation at four days of age, a cerebellum

i may be obtained which lacks postnatally acquired neurons but has well-

I

oriented Purkinje cells and no lobular malformation. Because our attempt
in this area has been to determine the role of the postnatally acquired
interneurons of the cerebellar cortex in the development of motor skills,

           it seemed wothwhile to attempt to produce animals in which the interneuronsare greatly reduced or eliminated without concomitant lobular malformations.
The animals in this study showed various motor deficits, but they were in

&          many respects less severely affected than the animals in our previous studies
f          with the same number of exposures started from birth.  For instance, the

           high dose animals whose irradiation started at birth showed increased
incoordinated locomotion due to hyperactivity but reduced effective locomotion,

4          whereas in this study, the high dose animals showed an increase in effective
locomotion. This indicated less of a deficit in coordination when irradiation

r..0.·        was started at four days, But these animals did display deficiencies in"

*.         coordination as shown in their inability to stand on their hindlegs with or
w          without support, frequent falling, inability in climbing a vertical rod to
%          a landing platform or performing the complex task of turning on a vertical

*          rope and descending head down. It was, therefore, concluded that when the
interneurons are subtotally eliminated without serious malformation of.the
cerebellar cortex, that the resulting motor deficits are different and

           less severe than when irradiation produces malformation.
1               In still another study (10) we made a first attempt to assess the
1          effects of infantile irradiation of the cerebellum on motor performance
           during the aging process. We recently noted that in many of our aged
k         animals (2-2 1/2 years old) some of the gross motor deficits that were
           present but had then disappeared (save for the 8 and 10 X 200 R subjects)
. had reappeared again. In some instances animals that had earlier been
" :

Y indistinguishable from nonirradiated controls insofar as gross observations
-          were concerned suddenly became ataxic, tremor reappeared, gait deteriorated,2

*. and activity level decreased. It appeared to us that there was an interaction
h          between senescence and the irradiation treatment.  Accordingly we decided
ir

           to replicate the earlier qualitative observations on as many of the animalsas were still available and to compare the earlier material with the present
data. The semi-quantitative data confirmed these observations and a

           treatment-senescence interaction was suggested. In the absence of histological
1          data little can be said at present about the causes of the increase in

           general motor activity and emotionality, and in motor abnormalities, in the

           aged irradiated animals.
*.

K

9.  W. J. Anderson, J. Altman. 1972. Retardation of cerebellar and motor

j               development in rats by focal X-irradiation beginning at four days.
4               Physiol. Behav., 8:57-67.
4          10. R. B. Wallace, C. E. Daniels, J. Altman. 1972. Behavioral effects
:

i

of neonatal irradiation of the cerebellum.  Develop. Psychobiol.,
5:35-41.
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4.  COMPARISON OF THE EFFECTS OF X-IRRADIATION WITH OTHER TREATMENTS

PRODUCING NEURAL AND BEHAVIORAL RETARDATION

                In addition to its radiation-sensitivity, the postnatally-developingcerebellar cortex is harmed by a variety of environmental variables and

           and hyperthyroidism, and undernutrition with the effects of focal irradiation

we have the opportunity to compare the effects of such treatments as hypo-

E          of the cerebellum (this research is supported by a grant from the National

           Institute of Mental Health).
f          (a)  Both hypo- and hyperthyroidism cause a reduction in the number of

synapses in the molecular layer of the cerebellar cortex (11) but for

41.
different reasons.  One of the effects of thyroid treatment is on cell

4          proliferation (12), the other on cell differentiation (13).  Hyperthyroidism
4         led to decreased body, brain, and cerebellar weight; early termination ofr

           cell proliferation in the external germinal layer accompanied by early4          disappearance of this layer; early cell differentiation in the molecular
K         and internal granular layers; and  terminal decrease in granule cells, basket

           cells, and astrocytes.  Hypothyroidism caused  decreased body, brain, and
6          cerebellar weights; prolonged cell proliferation in the external granular
:,        layer and retarded disappearance of this layer; retarded cell differentiation

in the molecular and internal granular layers; and terminal increase in
i          granule cells and astrocytes, and decrease in basket cells.
4

4 With regards  to cell differentiation hypothyroidism caused a transient
·          developmental retardation in the width and area of the molecular layer, with
1· normal levels being approached by 30 days; a slight, but not significant,
p          increase in packing density of granule cells, probably reflecting a reduction
Ae          in glomeruli or synaptogenesis in the internal granular layer, as well as
D          crowding produced by increased numbers of granule cells; retardation of
*          synaptogenesis in the molecular layer, especially in the outer half, as late

j          as 55 days. This retardation was manifested by a decrease in the synaptic
           content of the Purkinje cell dendritic domain, and decreased size of the
O          parallel fiber synaptic domain, resulting (along with the increase in granule

3          cells) in a greater packing density of parallel fibers in the molecular layer.
           In contrast, hyperthyroidism caused  an accelerated increase in width of the
6          molecular layer from day 10 on, such that by 30 days the molecular layer was
2 wider than in controls. This was accompanied by only a small, transient«.'

:          increase in the area of the molecular layer and a sharp leveling off by 15

           This was interpreted to mean that the length of the molecular layer was

days such that the area was greatly decreased by 30 days compared to controls.

'6

r· 11. J. Nicholson, J. Altman. 1972. Synaptogenesis in the rat cerebellum:
"                Effects of early hypo- and hyper- thyroidism. Science, 176:530-532..,

3 12. J. Nicholson, J. Altman. 1972. The effects of early hypo- and hyper-•1
0                thyroidism on the development of rat cerebellar cortex: I.  Cell
                proliferation and differentiation. Brain Res., (in press).

13. J. Nicholson, J. Altman. 1972.  The effects of early hypo- and hyper-
/               thyroidism on the development of rat cerebellar cortex: II. Synapto-
D               genesis in the molecular layer.  Brain Res., (in press).
1€
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4          decreased in the sagittal plane, nesulting in taller and narrower Purkinjee

cell dendritic trees.  Hyperthyroidism also caused  a significant decrease
in packing density of granule cells, probably reflecting both the decrease
in the number of granule cells and an accelerated development of glomeruli;
and an acceleration of synaptogenesis in the inner and outer halves of the

           molecular layer and an increase in the number of synaptic profiles/cell at30 days.  This probably is the result of accelerated growth of the Purkinje
cell dendritic tree and the deficit in granule cells and basket cells described
previously.  Total synaptic profiles were decreased, however, due to the
decreased sagittal length and area of the molecular layer.  Thus it was
shown that early hypo- and hyperthyroidism both cause a terminal deficit in

           total synaptic profiles in the rat cerebellar cortex, but for different
reasons.

The deficits produced by hypo- and hyperthyroidism are much milder than

           those produced by X-irradiation, but this study has provided us with amethodology which we hope to employ in the examination of the effects of

           very low doses of single X-ray exposure.
(b) The effects of mild and severe postnatal undernutrition were recently
examined on the morphological development of the cerebellar cortex on the

light microscopic level (14).  Rats were nursed from birth by mothers that
had free access to food during lactation or were fed during that period 40

           or 20% of the average ad lib diet. Little or no retardation was observed

           external germinal layer) at 11 days.  At 17-21 days there was a substantial
in the development of the cerebellum except in its germinal matrix (the

           reduction in the migratory cells (precursors of granule neurons)  and
<

stationary cells (precursors of basket and stellate neurons) of the

i
molecular layer, and in the differentiating granule cells of the granular
layer.  Associated with these reductions in cerebellar microneurons there

           was a significant decrease in the area occupied by the molecular and granularlayers, the magnitude of which was a function of the severity of undernutrition.

           Between 30-60 days a total areal recovery was observed in the molecular and
granular layers in the mildly undernourished rats and substantial compensation

4          in the severely undernourished rats. This areal recovery was not due to a

           replacement of the lost cells but to an apparent compensatory increase of
the  "neuropil. "    This  line of research is pursued  with NIMH support  and  is

           referred to because of the benefit derived from it in the assessment of

morphological alterations produced by treatments which are appreciably
milder than those produced by X-irradiation.

5.  STUDENT IN TRAINING:  PROFESIONAL AFFILIATES, 1971-72
4
9               Two graduate students received their Ph.D. in the Spring, 1972.

Jean L. Nicholson (now staff scientist at St. Elizabeth Hospital, Washington, D.C.)·

           Howard 0. Nornes (appointed Assistant Professor at Colorado State University,Fort Collins).

4
14. J. Altman, B. McCrady. 1972. The influence of nutrition of neural

                and behavioral development. IV. Effects of infantile undernutrition

                 on the growth of the cerebellum.  Develop. Psychobiol., (in press).

D                                                                                                            I
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           The following..ark  Ph:D.. Candidates'.

Shirley A. Bayer
Rodney Hine

9          Christine Moffett
         Nancy Sievers.'                          '·                 ·'  'r

Kiran Sudarshan .                                -                                                  ·=.  .·1 .2
                 The following are candidates for M.SC·..  or M.A.·:
j          David Barnes

Fatosh Bulut
9          Patrick McAllister

Edward Sheehy.

          Dr.
Robert Brunner joined the laboratory in September 1971 as a research.

associate and has been doing intensive behavioral research with the              · 

4
irradiated rats. Dr. Donald Woodward of the Medical.School, University ·
of. Rochester is carrying out electrophysiological research on. the cerebellum

E.

.          Ins·titute of Mental Health is doing pharmacological:.research. on the· irradiated-  .: '· '·
of the ·irradiated rats. Dr. Barry Hoffer of St. Elizabeth Hospital, National  ,

 3. animals prepared by us.
1t                               t.

4

.

i-

i

' 

4
'4

t

4
C                                                            ./   ....=.
.'..



2
10

A                                      ,· .                                       B

·11

46. BIBLIOGRABHY, 1971-72

1971

,

          Altman, J., W. J. Anderson and M. Strop. 1971. Retardation of cerebellar
A
...
,,

t and motor development by focal x-irradiation during infancy.  Physiol.
Behav., 7:143-150.                                          3

Altman, J., and W. J. Anderson. 1971. Irradiation of the cerebellum in             ...
1               infant rats with low-level X-ray:  Histological and cytological effects S.1,

1 during infancy and adulthood. Exp. Neurol., 30:492-509.                        '·
Altman, J., and J. L. Nicholson. 1971. Cell pyknosis in the cerebellar               46.

A
-               cortex of infant rats following low-level x-irradiation. Rad. Res.,
4                                                                                                                                                                                                                                     --                                                    i.:46:476-489.t

Altman J. 1971. Coated vesicles and synaptogenesis.  A developmental
*.4

study in the cerebellar cortex of the rat. Brain Res., 30:311-322.
1         Altman, J. 1971. Environmental influences on the development of the                  d
5               cerebellum and motor performance in rats.  In Integrated Development:
8 Relationship Between Motor and Emotional Domains.  J. M. Cooper and                ..3
4                                                                       -A. H. Ismail (eds.), Indianapolis, State Board of Health, 1971.
'          Altman, J. 1971. Nutritional deprivation and neural

development.  In                 
",

M. B. S terman, D. J. McGinty, and A. Adinolfi (eds.), Neural Ontogeny
and Behavior. New York, Academic Press.4                                          .-

           Das G. D., and J. Altman.  1971.  Postnatal neurogenesis in the cerebellum
0                     of the cat and tritiated thymidine autoradiography. Brain Res.,  30:

323-330.
i          Altman J., G. D. Das, K. Sudarshan, and J. B. Anderson. 1971. The                 W
2               influence of nutrition on neural and behavioral development. II.                  *

8               Growth of body and brain in infant rats using different techniques
e

1*                                                                                                                                                                                                                                                                                                                                                                 4

of undernutrition.  Develop. Psychohiol., 4:55-70                                   K

           Altman, J., K. Sudarshan, G. D. Das, N. McCormick, and D. Barnes. 1971.  The           
S               influence of nutrition on neural and behavioral development. III.

*              Development of some motor, particularly locomotor patterns during                  
r                infancy.  Develop. Psychobiol., 4:97-114.

Das, G. D., and J. Altman. 1971. Transplanted preeursors of nerve cells:
1               their fate in the cerebellums of young rats. Science, 173: 637-638.
r                                                                                                                                                                                                             W

1972

4          Anderson, W. J., and J. Altman. 1972. Retardation of cerebellar and
motor development in rats by focal x-irradiation beginning at four
days. Physiol. Behav., 8:57-67.

Wallace, R. B., C. E. Daniels, and J. Altman. 1972. Behavioral effects
of neonatal irradiation of the cerebellum. III. .Qualitative observations
in aged rats. Devel. Psychobiol., 5:35-41.

Das, G. D., and J. Altman. 1972. Studies on the transplantation of
developing neural tissue  in the mammalian brain. I. Transplantation                            z

r

of cerebellar slabs into the cerebellum of neonate rats. Brain. Res.,
38:233-249.                                                                           t

Altman, J. 1972.  Postnatal development of the cerebellar cortex in the
rat:  I.  The external germinal layer and the transitional molecular              6
layer.  1. Comp. Neurol., (in press) .                                              3

Altman, J. 1972. Postnatal development of the cerebellar cortex in the                
"

1'*·
rat: II.  Phases in the maturation of Purkinje cells and of the                  M
molecular layer.  1. .g.9812. Neural., (in press) .

..3



4  ' ' '                                                                                11
f'1

6                          ''4

9        Altman, J. 1972. Postnatal development of the cerebellar cortex in · the              :

6               rat:  III.  Maturation of the components of the granular layer.
3 J. Comp. Neurol., (in press).
'                                                                                                                                                                                                                                                                                  b
g.          Altman, J., and W. J.

Anderson. 1972. Experimental reorganization of
r               cerebellar cortex. II. Effects of elimination of most microneurons             r
I.                                                                                                                *
1               with prolonged x-irradiation started at four days.  J. Comp. Neurol.,
06                                                                                                                                                                                                                                                                                         -

(submitted).

4
Altman, J. 1972. Experimental reorganization of cerebellar cortex.

i               III.  Regeneration of the external germinal layer and granule cell
ectopia.   J. Comp. Neurol., (submitted) .

i
Altman, J. 1972. Experimental reorganization of the cerebellar cortex.

IV.  Parallel fiber reorientation following regeneration of the external          F
/%

1
germinal layer. J. Comp. Neurol., (submitted).                            n

Altman, J. 1972.  Autoradiographic examination of behaviorally induced                #"

i
changes in the protein and nucleic acid metabolism of the brain, pp.
305-334. In, J. Gaito (ed.), Macromolecules and Behavior.  New                f c

A.

York, Appleton-Century-Crofts. Second edition.
Altman, J., and B. McCrady. 1972. The influence of nutrition of

                neural and behavioral development. IV. Effects of infantile
·               undernutrition on the growth of the cerebellum. Develop. Psychobiol.,
1                (in press).

t          Nicholson, J., and J. Altman. 1972. Synaptogenesis in the rat cerebellum:
Effects of early hypo- and hyper- thyroidism. Science, 176:530-532.

Nicholson, J., and J. Altman. 1972. The effects of early hypo- and hyper-
i               thyroidism on the development of rat cerebellar cortex: I.  Cell

proliferation and differentiation.  Brain Res., (in press).
Nicholson, J., and J. Altman. 1972.  The effects of early hypo- and hyper-t thyroidism on the development of rat cerebellar cortex: II. Synapto-

genesis in the molecular layer.  Brain Res., (in press).

.. ,
2.

1

f


