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FERGUSON, S. A. Neuroanatomical and functional alterations resulting from early postnatal cerebellar insults in rodents. 
PHARMACOL BIOCHEM BEHAV 55(4) 663-671,1996.-This review examines neuroanatomical and functional alterations 
in rodents resulting from postnatal insults during cerebellar development. Treatments such as irradiation and methylazoxy- 
methanol (MAM) administration produced near birth (< postnatal day 8 for irradiation treatment and < postnatal day 4 
for MAM administration) result in more severe cerebellar damage than do similar treatments administered several days 
after birth. Prominent among the more severe alterations are foliation abnormalities, misalignment of Purkinje cells and 
continued multiple innervation of climbing fibers; few or none of these occur as a result of later treatments (> postnatal 
day 8 for irradiation treatment and > postnatal day 4 for MAM treatment). The functional alterations also differ: insults 
produced near birth result in hypoactivity, ataxia, tremor and accompanying learning deficits, whereas those produced later 
result in hyperactivity and few learning deficits. This hyperactivity may have relevance to human disorders. Brief discussions 
of cerebellar and functional alterations (e.g., hyperactivity) resulting from neonatal infection with the Borna disease virus 
and induction of hypo- and hyperthyroidism during the preweaning period are also presented. Copyright 0 19% Elsevier 
Science Inc. 
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Borna disease virus 

Irradiation Methylazoxymethanol Hypothyroidism Hyperthyroidism 

WITHIN nemobehavioral teratology, rodent studies of dis- 
ruptions in cerebellar development have focused on those 
toxicants or insults with the widest clinical relevance (e.g., 
alcohol exposure). However, there is extensive literature de- 
scribing neuroanatomical and/or functional effects of cerebel- 
lar developmental disruptions that is not often reviewed within 
the field. These studies described age-dependent principles of 
cerebellar disruption that might serve to guide future terato- 
logical studies. Reviewed here is evidence from acute irradia- 
tion and methylazoxymethanol (MAM) treatment studies that 
suggest developmental stage specificity in severity and type 
of cerebellar and functional effects. Those insults in the devel- 
oping rodent produce neuroanatomical and functional conse- 
quences that are strikingly different depending on when the 
insult is produced. Also included in this review are the effects 
of alterations in thyroid hormone levels during the preweaning 
period and of neonatal infection with the Borna disease virus. 
With the exception of focused irradiation, these last three 
insults also have extracerebellar effects that may contribute 
to the functional alterations. Not included is a discussion of 

the genetic mutations in mice (e.g., weaver and staggerer) that 
can drastically alter cerebellar development because several 
excellent reviews of this field are available (107,108). 

CEREBELLAR DEVELOPMENT IN RODENTS 

Cerebellar development in rodents has been thoroughly 
described (2-5,19,62). The brief review presented here high- 
lights only the neurogenesis and maturation of the different 
cell populations. Regional differences in developmental rate 
are well documented in the cerebellum (3,17,19) as are struc- 
tural/molecular compartmentation differences in the adult cer- 
ebellum (63). In general, however, cell types that arise from 
the ventricular germinal layer originate prenatally, whereas 
those cell types arising from the external germinal layer are 
produced postnatally. As development proceeds, the cerebel- 
lar cortex acquires three distinctive layers (Fig. 1): (1) the 
outer molecular layer containing the basket and stellate cells, 
parallel fibers (axons) of the granule cells and Purkinje cell 
dendritic trees, (2) the Purkinje cell layer and (3) the inner 
granule cell body layer (which also contains Golgi cell bodies). 
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FIG;. I, The layers of :~n adult ccrchcllum illustrating 1111: dillcrcnt cell tylxs lrcprinted with permission from (3): C;hcz. 
C‘.: Fahn. S. The ccrehellum. In: Kandcl. E. K.: Schwa-ty. 1. H.. cd\. Principles of neural science. 2nd ed. New York: 
Appleton & Lange (copyright holder): IYX5:502-522) 

The Purkinje cells and most of the Golgi cells XC produced 
prenatally in the rodent (16.69.96). However. there is substan- 
tial maturation of these cell populations during the postnatal 
period. Purkinje cells form their characteristic monolayzt 
alignment by postnatal day (PND) 4-8 (where day of birth = 
PND 0’) (3.19.64.97). and their dendritic width and height 
do not reach adult dimensions until sometime after PND IS 
(26,64,97). Synaptogenesis with the parallel fibers of the go-an- 
ule cells is also prolonged, lasting well into the third postnatal 
week in the rat (3). A temporary innervation of climbing lihcl 
axons from single neurons in the inferior olive onto multiple 
Purkinje cells occurs. which is maximal at PND 5. and then 
gradually decreases to the mature innervation of one Purkinje 
cell by one inferior olive neuron by PND 13-1.5 (38,94). 

The cortical interneurons in the cerebellum include the 
granule. stellate and basket cell populations, which are pro- 
duced postnatally in the proliferative zone of the transient 
external germinal layer. Granule cells greatly outnumber other 
cerebellar cell types (e.g.. -419:l ratio of granule to Purkinjc 
cells) (77) and their neurogenesis is especially protracted. MI- 
totic activity of granule cell precursors begins late (PND 24) 
(4,92) and lasts well into the third postnatal week (4,96), with 
peak levels between PND S-15 (4,SO). Further maturation 
includes bifurcation of the granule cell axon. which extends 
longitudinally, becoming the parallel fibers (2,70). Granule 
cell bodies migrate inward, guided by Bergmann glial fibers 
[(105); but see (59) for novel forms of cerebellar granule cell 
migration] to their final positions in the internal granule cell 
layer. This migration begins by PND 7 (S9,76). Neurogenesis 
of basket cells occurs mainly on PND 6-7. whereas stellate 

cells originate later on PND 8-l 1 (2,16). These cells remain in 
the molecular layer. developing synapses onto Purkinje cells. 

Imrtlirrriott 

Mitotic cells in the external germinal layer of the cerebel- 
lum arc very sensitive to ionizing radiation (14.60,71). which 
causes cell death via increased apoptosis (45,60,119). At least 
100 R is necessary to induce cerebellar damage (68), and 
even a single close can cause permanent cerebellar alterations 
(43.4’)). despite the regenerative capabilities of the external 
germinal layer (IS). Cerebellar-focused irradiation represents 
one class of insults in which there is a temporal division in 
the type of neuroanatomical and functional effects. 

NeltrounNtonliccll and Functioned Alterations after Early 
Nromtul lrradiatim 

Kats irradiated during the first postnatal week (before PND 
8) show multiple cerebellar abnormalities. Depending on the 
number of days and intensity of irradiation. these can include 
decreased size of molecular and granule cell layers (8,12,30,42), 
decreased numbers of granule and basket cells (8,12,30, 
49,93,119), ectopic granule cells in the molecular layer (6, 
8,30,93), misorientation of parallel fibers (7,8). severe folia- 
tion/lobular malformations (8,12,57,93) and decreased overall 
size, area or weight of the cerebellum (8,12,42,57). which is 
most pronounced in the cortical region (43). Although the 
overall number of Purkinje cells is not affected (12) they do 
not align in a monolayer (8,12,42,57,93), and their somata can 
be ectopically located in the granule cell layer or the white 

t For the sake of consistency, references cited have been standardized so that day of birth = PND 0. 



DEVELOPMENTAL CEREBELLAR INSULTS IN RODENTS 665 

matter (12,30). In addition, their dendritic trees exhibit abnor- 
mal arborization and orientation (6,8,15,30,42,57). Further- 
more, the normally transient hyperinnervation by climbing 
fibers onto single Purkinje cells remains permanent (41,93). 

Many of the functional alterations exhibited after irradia- 
tion during the first postnatal week are those classically as- 
cribed to cerebellar damage. For example, tremor and ataxia 
are common (42,57,93,115,117). In addition, there is strong 
evidence for irradiation-induced hypoactivity. Open field ses- 
sions (l-3 min each) have indicated decreased activity and 
rearing frequencies from preweaning through PND 70 in male 
rats irradiated during the first postnatal week (13JO2.115). 
Later open field activity (PND 180-184 and 2-2.5 years of 
age) was comparable to control levels; however, rearing fre- 
quencies remained decreased (102,117). Running wheel as- 
sessments indicated a similar hypoactivity (116) that dissipated 
somewhat with age (102). Alterations in strength did not ap- 
pear to cause or interact with the hypoactivity because weight- 
pulling ability (up to 300 g) was normal (116). 

Development of vertical rope climbing abilities was im- 
paired in young rats and remained poor in adult rats irradiated 
during the first week postpartum (13,116). Treadmill perfor- 
mance of PND 30 rats was unimpaired; however, maximum 
jump distance was decreased in adults (31). Rotorod perfor- 
mance, especially at higher speeds concurrent with a smooth 
surface, and vertical rod climbing were also impaired in adult 
rats irradiated during the first week postpartum (31,102). Con- 
trary to the performance impairments exhibited in these as- 
sessments, swimming ability is normal in male rats irradiated 
during the first postnatal week (31,102). Irradiation during the 
first postnatal week also produced cognitive deficits. In double 
alternation swim mazes, male rats exhibited increased errors 
and number of trials to criterion (102). 

Irradiation schedules that begin during the first postnatal 
week and extend through PND 15 or 16 also produce hypoac- 
tivity, ataxia and tremor and impaired rotorod performance 
(25,31,56,102). Those effects appear to result from damage 
produced by the irradiation treatment occurring during the 
first week because irradiation that begins on PND 8 (and ends 
on PND 15-16) produces very different effects. In addition, 
rats irradiated between PND 2-15 and 4-15 show learning 
deficits in the form of poor acquisition and reversal of position 
discrimination tasks, impaired spontaneous alteration and 
poor performance on complex swim mazes, although swim- 
ming ability is normal (18,102). 

Neuroanatomical and Functional Alterations after Later 
Neonatal Irradiation 

If irradiation is delayed until after the first postnatal week 
(e.g., PND 9-16, PND 13-16), the characteristic monolayer 
arrangement of Purkinje cells remains intact (9,lO). Overall 
numbers of basket and Purkinje cells are normal (9,102) and 
there are only mild abnormalities in Purkinje cell orientation 
(9). Irradiation schedules beginning after the first postnatal 
week produce decreased size of molecular and granule cell 
layers (10,102), with few or no effects on cerebellar foliation 
(9,10), although overall size can be moderately reduced 
(9,10,102) (Fig. 2A,B). Irradiation during the second postnatal 
week, however, severely depletes the granule cell population 
(up to 78%) (9,102). The continued hyperinnervation by 
climbing fibers, although still present, is substantially less in 
rats irradiated during the second postnatal week (41). 

Irradiation that begins after the first postnatal week (e.g., 
PND 8-15, PND 12-15) results in a syndrome of effects that 
is distinct from that produced by early irradiation. Strikingly 

different is the hyperactivity produced by these later irradia- 
tion paradigms. This effect was described in an elegant series 
of seven experiments by Pellegrino and Altman (102). Specifi- 
cally, male rats irradiated later after birth (PND 8-15 or 12-15) 
were hyperactive and exhibited increased rearing frequencies 
during the preweaning period (PND 19-21) in 5-min open field 
sessions. This hyperactivity was still evident at PND 7&72, but 
activity levels were comparable to control at PND 180-182. 
Habituation of locomotion in the open field was normal at all 
ages. Similar patterns were evident at PND 60-90 in running 
wheel assessments in which rats irradiated at PND 8-15 or 
PND 12-15 were significantly more active than were controls. 
Similar to the results from open field assessments, running 
wheel activity was indistinguishable from control activity at 
later ages (PND 180-210). Rotorod performance at PND 70 
and swimming ability at PND 60 were normal. 

Irradiation after the first postnatal week generally spares 
learning performance. For example, male rats irradiated on 
PND 8-15 performed normally in single and double alterna- 
tion swim mazes at PND 60; however, rats irradiated on PND 
12-15 were impaired on the double, but not single, alternation 
swim maze (102). Spontaneous alternation in a T-maze at 
PND 60-70 was unaffected by irradiation after the first postna- 
tal week (102). 

MAM Treatment 

MAM is a potent antimitotic compound found in the seeds 
of the cycad plant (110). Its antimitotic effect lasts only 2-24 h 
after administration (72); thus, it is typically used to produce 
hypoplasia in specific neural regions without significantly af- 
fecting others. It appears selectively toxic to neuronal cells 
and exerts its most potent effects on those cells undergoing 
their final mitosis (33). Unlike irradiation, MAM treatment 
eliminates cerebellar granule cells via a mechanism other than 
apoptosis (119). However, both MAM treatment and irradia- 
tion exhibit a similar temporal division in type of neuroana- 
tomical and functional effects. 

Neuroanatomical and Functional Alterations after Early 
MAM Treatment 

A single MAM injection on the day of birth or a series of 
injections beginning on that day (but ending on or before PND 
4) produces “granuloprival cerebellar hypoplasia” (74,114). 
Granuloprival cerebellar hypoplasia is characterized by a se- 
vere decimation of the granule cell population, reflected in 
decreased size of the granule cell layer and cell numbers and 
fewer parallel fibers (35,61,66,91,109,119). In addition, cere- 
bellar cytoarchitecture is disrupted. Although there is little 
change in the number of Purkinje cells, they fail to orient in 
a monolayer and are found scattered throughout the molecular 
and granule cell layers (30,35,61,88). These cells are often 
misoriented or inverted, and their dendrites grow into the 
white matter, with numerous unattached postsynaptic thick- 
enings and abnormal spine formations (29,35,40,73,88,120). 
The multiple innervation by climbing fibers remains present 
at adulthood (30). Abnormal foliation and alterations in Berg- 
mann glia are common (24,34,35,61,89,103,119). 

Several studies have reported ataxia and/or tremors follow- 
ing MAM-induced granuloprival hypoplasia (34,55,58,66,67); 
quantitative behavioral measures, however, were assessed in 
two studies. Rats injected on the day of birth were hypoactive 
in 30-min open field sessions on PND 11-15 but later exhibited 
normal levels of activity on PND 17-28 (75). Injection of MAM 
on the first 4 postnatal days resulted in extreme hypoactivity in 
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FIG. 2. Midsagittal ccrebellar xction from R PND 30 control rat (A) and a PND 30 ral Irl-adiated on PND X-IS (B) [reprinted with 
permission from (I I)]. Parasagittal ccrebellar section from a PND 13 conlrol rat (C‘) and a PND 3.3 rat treated with MAM on PND 4 
and PND 7 (D) [reprinted with permission from (4711. Note similarities in hypoplasia. 

10.min open field assessments on PND 43-46 (7X). In both 
studies, MAM-treated rats displayed approximately 4-day dc- 
lays in fur growth. Development of the righting reflex and 
pigmentation were also delayed (78). Rotorod performance 
at slower speeds (8 rpm) was not impaired: however. at 22 
rpm performance of rats treated with MAM on the day 01’ 
birth was only one-sixth that of controls (75). Because the 
animals probably had retinal dysplasia as a result of MAM 
treatment (80). it is unknown whether visual impairments may 
have been interacted with the results of behavioral as- 
sessments. 

Neuromatomicul and Functional Altercrtims ufter Later 
MAM Treatment 

A more moderate lesion (“hypogranular” cerebellum) is 
produced by MAM treatment. which begins after PND 4 

(52.1 I1 ). This lesion also results in granule cell depletion with 
an accompanying decrease in cerebellar weight, but the effects 
are relatively less severe (Fig. 2C,D). These effects are re- 
stricted to the cerebellum (47.103). which has normal foliation 
(23.5 I ,52.65). relatively minor alterations in Purkinje ccl1 de- 
velopment (65,103) and normal cytoarchitecture (39). The 
molecular and granule cell layers are reduced in thickness and 
area (23.47). and there may be ectopic granule cells in the 
molecular layer (47). There are few or no retinal alterations 
after this later-treatment paradigm (80). 

Two studies have examined functional alterations after 
MAM-induced hypogranular cerebellum (44,47). Rats treated 
with MAM on PND 4-7 were mildly hyperactive in 9-min 
open field assessments on PND 33-36, and this hyperactivity 
was particularly pronounced in male rats (44). In that study, 
residential running wheel assessments beginning at PND SO 



indicated mild hyperactivity in male, but not female, rats. 
There were no deficits apparent in adult performance of a 24- 
arm complex maze or in operant assessments of progressive 
ratio or temporal response differentiation (44). Similarly, rats 
treated on PND 4 and 7 with MAM exhibited normal perfor- 
mance of a T-maze delayed alternation on PND 26-27 (47). 
In that study, conditioned suppression of drinking behavior 
was normal in PND 26 rats, suggesting unimpaired learning 
of a conditioned stimulus-unconditioned stimulus association 
(47). In contrast, associative eyeblink conditioning (using the 
same conditioned stimulus as that used in conditioned suppres- 
sion of drinking) was severely impaired in rats with hypogranu- 
lar cerebellum. This effect was present across different ages 
(PND 17-32) in which MAM-treated rats did not approach 
control performance even after 600 conditioning trials (47). 
The unconditioned eyeblink response, however, was normal. 

the second test session indicated a similar lack of habituation in 
adult rats of both sexes that were hypothyroid PND O-30 
(106). Hole board assessments indicated hyperactivity and a 
lack of habituation in rearing and head-dip activity in PND 
42-50 male and female rats made hypothyroid on PND O-24 
(112,113). The habituation deficit appeared to normalize with 
increasing age; however, increased locomotor activity in a hole 
board apparatus was still apparent in PND 90-100 rehabili- 
tated male rats (113). Elevated running wheel activity concur- 
rent with normal circadian rhythms in activity were apparent 
in rehabilitated male rats made hypothyroid on PND O-24 
and tested at PND 42-50 or PND 9GlOO (113). 

Rehabilitated male rats (hypothyroidism on PND O-19) 
show learning deficits reflected in increased latency to reach 
the goal and increased errors in a Biel water maze (1). Those 
deficits were unrelated to swimming difficulties because there 
were no differences in swimming time on a straight course. 

Hypo- and Hyperthyroidism In that study, the rehabilitated rats also exhibited extremely 

Alterations of thyroid hormone levels during the postnatal 
poor performance on a radial arm maze. During the training 

period can have severe consequences for cerebellar develop- 
period for that task, many of the previously hypothyroid rats 

ment. Many studies typically treat rats from birth to weaning, 
did not consume the food pellets placed at the end of maze 

and some then allow for a rehabilitation or recovery period.+ 
arms. After training, rehabilitated rats made many working 

In general, hypothyroidism retards development, whereas 
errors in the radial maze, revisiting previously visited arms 

hyperthyroidism accelerates it. For example, hypothyroidism 
(no reference memory measure was available because all arms 

slows the migration rate of granule cells from the external 
were baited) (1). Similarly, hyperthyroidism during the pre- 

germinal layer to the internal granule cell layer and delays 
weaning period resulted in increased working memory errors 

the disappearance of the external germinal layer, whereas 
in adult male rats in a radial-arm maze; reference memory, 

hyperthyroidism accelerates both these processes (81,83,84). 
however, was unimpaired (101). Performance of a differential 

Hypo- or hyperthyroidism results in reduced whole brain and 
reinforcement of low rate (DRL) operant schedule was not 

cerebellar weights (measured concurrently with the hypo- or 
statistically different between previously hypothyroid (in- 

hyperthyroidism) (54,85,98) and a reduced molecular layer 
duced on PND O-30) adult rats of both sexes and controls; 

(100,106). Parallel fiber development is also disrupted. During 
however, rehabilitated rats improved somewhat slower across 

hyperthyroidism, the parallel fibers are longer, with increased 
sessions (106). The latter effect might indicate a mild failure 

synaptic capacity; during hypothyroidism, they are shorter and 
to withhold responses that would be consistent with a hyperac- 

have decreased synaptic capacity (82). Those effects may be 
tivity syndrome. Passive avoidance learning appears unim- 

permanent because rehabilitated hypothyroid rats have only 
paired in previously hypothyroid male and female rats (in- 

60% of the cerebellar synapses relative to controls (106). Hy- 
duced on PND O-24) (112,113). In that study, active avoidance 

pothyroidism causes an increase in the overall number of 
learning in which the conditioned response was to jump onto 

granule cells and astrocytes, whereas hyperthyroidism results 
a platform was also unimpaired in rehabilitated female rats, 

in fewer granule and basket cells; neither treatment, however, 
although they performed the conditioned response more fre- 

seems to alter the number of Purkinje cells (98,99). The regres- 
quently during the intertrial intervals, possibly indicating a 

sion of multiple innervation of Purkinje cells by climbing fibers 
form of hyperactivity (112). However, active avoidance learn- 

is delayed about 2 days by hypothyroidism (38). Cerebellar 
ing was impaired in previously hypothyroid (induced on PND 

foliation is altered in hypothyroid rats as shown by the in- 
O-30) rats of both sexes, such that the rehabilitated rats learned 

creased numbers of fissures (84). Overall cerebellar cortical 
the avoidance response (a lever press) much more slowly than 

area is reduced, and there is a decreased number of fissures 
did controls (106). In the same study, learning to escape shock 

in hyperthyroidism (84). 
in a T-maze was also impaired. Because the escape paradigm 

Behavioral effects resulting from hypothyroidism have 
was part of a reversal series in which the first shock presented 

been studied more extensively than those resulting from hy- 
required escape in the nonpreferred direction, it was not clear 

perthyroidism, perhaps due to the clinical relevance of iodine 
if the deficit reflected impaired spatial or escape learning. 

deficiency and cretinism (27,90). In both cases, however, alter- 
ing thyroid hormone levels during the preweaning period fol- 

Borna Disease Viral Infection 

lowed by recovery results in hyperactivity. For example, hy- Viral infection can cause alterations in neural development. 
perthyroidism induced on PND l-30 or 1-35 resulted in Of relevance to humans, the presence of antibodies to Borna 
increased locomotor activity and tremors in rats, although it disease virus has been associated with depression and schizo- 
was not clear whether the animals were assessed concurrently phrenia (48,118). Rats infected with Borna disease virus as 
or during a recovery period (85,104). Male rats made hypothy- adults typically develop the neurologic signs of the disease 
roid during PND O-19 exhibited increased activity and little such as encephalitis; however, if infection occurs within 48 h 
or no habituation across sessions in an open field at PND 42 of birth, no neurologic signs of Borna disease become apparent 
(1). Increased activity in an open field or an exploration box on (21,22,32). Cerebellar alterations in the “persistant, tolerant 

$Not included in this review are studies in which the thyroid hormone alteration treatment began prenatally (e.g., Goldey et al.. 1995; Albee 
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infection-newborn rat” include hypoplasia. decreased folia- 
tion, decreased size of the internal granule cell layer and pre- 
mature loss of the external granular layer (21,32). Coordim- 
tion and motor skills appeared unimpaired (32). However. 
PND 32 and PND 115 infected male and female rats were 
hyperactive in a 26-h open field session. with the greatest 
increase in activity occurring during the first 2-h period (22). 
Salt taste preferences were altered in PND 60 infected male 
and female rats; the rats exhibited an increased preference 
for a saline solution when it was paired with either water. 
saccharin or quinine solutions (22). 

SUMMARY 

Results from studies in which cerebellar development was 

disrupted via irradiation or MAM treatment reveal a temporal 

division in the severity of neuroanatomical alterations and 
type of functional alterations. Insults produced near birth (dur- 
ing the first week postpartum for irradiation and before PND 
4 for MAM treatment) result in the misalignment of Purkinje 
cells and continued multiple innervation by climbing fibers 
and by those behaviors typically described as cerebellar in 
nature such as ataxia. tremors, hypoactivity and learning deti- 
tits. Later developmental insults result in milder cerebellar 
effects (i.e., normal foliation. minor alterations in Purkinje 
cell development). However. these later insults product a 
syndrome of hyperactivity with few learning deficits. The hy- 
peractivity resulting from later irradiation or MAM treatment 
is similar to that produced by neonatal infection with the 
Borna disease virus or alterations of thyroid hormone levels 
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during the preweaning period. However, the learning deficits 
resulting from early irradiation or MAM treatment may be 
similar to those produced by alterations of thyroid hormone 
levels during the preweaning period. Thus, alterations of thy- 
roid hormone levels and, to a lesser extent, infection with the 
Borna disease virus, produce behavioral alterations that cross 
the temporal division as described for irradiation and 
MAM treatment. 

This review should serve to emphasize the exquisite sensi- 
tivity of the developing cerebellum. This fact alone should 
direct increased attention to this structure particularly because 
so much of this development occurs postnatally in the rodent. 
Insults during this period are easily produced, and further 
research might clarify the neuroanatomical and/or neurochem- 
ical substrates underlying the striking differences in behav- 
ioral alterations. 

The studies reviewed here are particularly relevant in light 
of the accumulating evidence indicating cerebellar involve- 
mcnt in higher cognitive functioning (28,46,86), emotion [re- 
viewed in (79)] and language [reviewed by (87)]. In addition, 
there is intriguing evidence suggesting that cerebellar alter- 
ations might play a role in such human disorders as autism 
(20.36,37) and schizophrenia [reviewed in (95)]. Certainly, the 
cerebellum is more than simply a structure involved in motor 
sequences and coordination. 
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