
13|  a r c h i v  e u r o m e d i c a  |  2 0 1 9  |  v o l .  9  |  n u m .  3  |

struCtural transformations of piriform neurons 
in different areas of the human Cerebellar Cortex 
from birth to 6 years 

A B S T R A C T  — The article is devoted to the study of age-
related changes in the size of piriform neurons (Purkinje 
cells) of the human cerebellum. Histological material has 
been obtained from 36 males aged from birth to 6 years 
who died as a result of injuries without brain damage. The 
material was grouped in annual intervals. Measurements 
of the area of piriform neurons were made in the posterior 
part of the anterior quadrangular lobule (H V), posterior 
quadrangular lobule (H VI) and paramedian lobule 
(H VII B). For this purpose, we used virtual images of 
sagittal paraffin sections of the cerebellar cortex 10 microns 
thick, stained with cresyl violet on Nissl. Average value, 
standard error and confidence interval were calculated for 
measurable indicators of different age groups. It has been 
established that in the course of postnatal ontogenesis an 
intensive increase in the size of piriform neurons is observed 
in the period from birth to 2–3 years, as well as in the 
anterior lobe of the cerebellum to 5 years, in the posterior 
lobe of cerebellum - mainly to 6 years. Left-hand asymmetry 
of mean group sizes of piriform neurons is observed in 
children aged from 1 to 5 years, including in the lateral zone 
H V — during the 1st and 2nd years of life, H VI — during 
the 1st and 5th years of life, H VII B — during the period 
from 2 to 4 years.
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i n t r o d u C t i o n
The cerebellar cortex is an important compo-

nent of distributed neural networks that control the 
most complex forms of behavior [5]. The problem 
of obtaining objective data on the terms and rates of 
postnatal structural transformations occurring in the 
cerebellar cortex, as well as on the stages of growth 
and asymmetry of the microstructural organization of 
the cortex in the right and left hemispheres of cerebel-
lum is relevant [12]. Of particular interest are data on 
the lobule of H V, the damage to which is associated 
with cerebellar motor syndrome [10], as well as H VI 

of the posterior lobe of cerebellum, which is related 
to bimanual coordination control [2], planning, and 
preparation of arbitrary movements [1]. In addition, 
the structural and functional features of H VI and 
H.VII B lobules are currently being actively studied in 
connection with data on their activation in perform-
ing cognitive tasks and implementing a wide range of 
non-motor functions [11].

o b j e C t i v e 
The aim of this work was to study age-related 

changes and interhemispheric asymmetry of piriform 
neurons (Purkinje cells) in functionally different areas 
of cerebellar cortex in children.

m a t e r i a l s  a n d  m e t h o d s
A total of 36 male cerebellums of people aged 

from birth to 6 years who died from injuries unrelated 
to brain damage were studied. Collection of sectional 
material was authorized by the Ethical Commission 
of the Institute of Developmental Physiology of the 
Russian Academy of Education (Protocol No. 3 of 
23.05.1996) and was carried out in the forensic mor-
tuaries of Moscow and Moscow region. The material 
was grouped in annual intervals. Pieces of cerebel-
lar cortex were taken for histological research from 
the posterior part of anterior quadrangular lobule 
(H V), posterior quadrangular lobule (H VI) and 
paramedian lobule (H VII B), recorded in 10% neu-
tral formalin, dehydrated in ascending alcohols and 
poured into paraffin. On sagittal slices of 10 microns 
thick, painted with cresyl violet (Nissl`s staining), by 
computer morphometry using Image Tools technol-
ogy (National Institutes of Health, USA) and the 
ImageExpert™ Gauge (NEXSYS, Russia) geometric 
measurement programs measured the area of piriform 
neurons' profile fields (APN) in the histological cut 
plane at the apex and lateral wall of the folium of 
cerebellum. The sample size for each section was not 
less than 10, for each histological preparation — not 
less than 40, for each age — not less than 120 meas-
urements. For indicators of different age groups, the 
mean value, the error of the mean and confidence 
intervals [9] with the level of significance P=95% 
(p<0.05) were calculated.
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r e s u l t s
In newborns, APN was 63.8±2.2 µm2 in the 

anterior quadrangular lobule on the right (H VR) on 
average, and 40.1±0.7 µm2 in the same lobule on the 
left (H.VL). By the time of birth, significant differences 
in the individual mean group sizes of piriform neurons 
in the anterior lobe of the cerebellum on our material 
were observed in 75% of cases. At the same time, the 
size of piriform neurons on the right was 1.5–1.7 times 
larger on average than on the left. APN in the anterior 
quadrangular lobule of both right and left increased by 
the end of the first year of life, by 2 and 5 years (Fig. 1). 
In the H VR area, the size of piriform neurons was 1.8 
times larger at 1 year, 2.1 times larger at 2 years and 
3.0 times larger at 5 years compared to newborns. The 
growth rate of piriform neurons in the H VL area from 
birth to 6 years was higher than that of H VR. In the 
H VL region, the area of piriform neurons on the slice 
was 3.5 times larger et 1 year, 4.0 times larger at 2 years 
and 4.6 times larger at 5 years compared to newborns. 
Right-sided APN asymmetry, which was observed in 
the anterior lobe of neonatal cerebellum, was replaced 
by marked left-sided asymmetry in children aged 1-2 
years. At this age range, the piriform neurons on the 
left were 1.2 larger than on the right. After 2 years, 
no asymmetry was observed in the anterior quad-
rangular lobule of piriform neurons in terms of both 
mean group and individual dimensional parameters. 
By the age of 6 years, the area of piriform neurons in 
the anterior quadrangular lobule of the cerebellum 
was 182.2±6.1 µm2 on the average on the right, and 
175.3±4.7 µm2 on the left.

In the posterior quadrangular lobule of new-
borns, APN was 59.8±0.5 µm2 on the average right 
(H VIR) and 39.8±1.0 µm2 on the left (H VIL).As 
in the anterior cerebellar lobe, 75% of newborns had 
piriform neurons in the posterior quadrangular lobule 
of the right cerebellar hemisphere, on average, 1.5 
times larger than in the left hemisphere. The area of 
piriform neurons in the posterior quadrangular lobule 
on the right increased to 1, 2 and 6 years, and on the 
left — to 1, 2 and 5 years (Fig. 2). In the area of H VIR, 
the size of piriform neurons was 1.9 times larger at 1 
year, 2.6 times larger at 2 years and 3.1 times larger at 6 
years compared to newborns. In the region of H VIL, 
the area of piriform neurons was 3.4 times larger by 
1 year, 4.0 times larger by 2 years and 4.6 times larger 
by 5 years than that of newborns. During the first and 
fifth years of life, left-sided asymmetry of mean group 
and individual piriform neuronal dimensions in the 
posterior quadrangular lobule was observed: APN 
on the left was 1.2 times greater than on the right. By 
6 years of age, no interhemispheric differences in the 
dimensions of piriform neurons in the posterior quad-

rangular lobule were observed. APN was on average 
185.4±5.4 µm2 in the H VIR region and 186.1±4.6 µm2 
in H VIL.

In the paramedian lobule in newborns, APN was 
41.3±1.5 µm2 on the right side average (H VII BR) and 
40.5±0.9 µm2 on the left side (H VII BL). APN in the 
paramedian lobule on the right increased to 1, 2 and 6 
years, on the left to 1, 2, 3 and 6 years (Fig. 3). In the H 
VII BR region, piriform neurons were 2.7 times larger 
than newborns by 1 year, 3.3 times larger than newborns 
by 2 years and 4.6 times larger than newborns by 6 years. 
In the H VII BL region, APN was 3.1 times bigger by 
the end of 1 year, 3.9 times bigger by the end of 2 years, 
4.3 times bigger by the end of 3 years, and 4.6 times big-
ger by the end of 6 years compared to newborns. At the 
age of 2 to 4 years in the paramedian lobule cortex, the 
piriform neurons on the left were 1.2 larger than on the 
right. After 4 years, no asymmetry was observed in the 
paramedian lobule of piriform neurons in terms of both 
mean group and individual dimensional parameters. By 
6 years of age, APN in the paramedian lobule cortex of 
children was 189.9±3.9 µm2 on the average on the right 
and 188.1±4.2 µm2 on the left.

d i s C u s s i o n
The conducted research allowed to establish 

that during postnatal ontogenesis intensive growth of 
piriform neurons in the cerebellar cortex of children is 
observed in the period from birth to 2–3 years, as well 
as in the anterior lobe of the cerebellum to 5 years, in 
the posterior lobe - mainly to 6 years. Newborns have 
lateral right-sided asymmetry in the middle group and 
individual dimensional parameters of piriform neurons 
in the anterior and posterior quadrangular lobules of 
the cerebellum. Later, left-handed APN asymmetry 
is observed in children aged 1–5 years, including in 
the anterior quadrangular lobule - during the 1st and 
2nd years of life, in the posterior quadrangular lobule 
— during the 1st and 5th years of life, in the parame-
dian lobule — during the period from 2 to 4 years. It 
is interesting that the data on left-hand asymmetry 
of morphometric parameters of piriform neurons in 
H VI are consistent with the data on the functional 
dominance of this lobule in both men and women 
obtained during the study of neural networks with the 
participation of the cerebellum [8]. In our opinion, 
the interhemispheric asymmetry of piriform neuro-
nal parameters of the cerebellum is a consequence of 
uneven rates of their development. The heterochronic 
and heterodynamic character of growth and develop-
ment of effector neurons of the cerebellar cortex is to 
a certain extent genetically programmed, and is also 
conditioned by a complex of direct and indirect inter-
actions with other nerve centers, primarily with the 
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cortex of large hemispheres, reticular nuclei of pons, 
basal nuclei, and subtalamic nuclei [3, 4, 6, 7]. The data 
we have obtained also suggest that ascending ontogen-
esis increases the role of H VI and H VII B cerebellar 
lobules in functional neural networks associated with 
cognitive activity and emotional control when plan-
ning complex motor tasks and behavior in general.

C o n C l u s i o n
The results of the study suggest that postnatal 

growth of piriform neurons is heterochronous in func-
tionally different areas of the cerebellar cortex. The 
analysis of the revealed age dynamics of dimensional 
parameters also allows to assume that at the early 
stages of postnatal development the growth and differ-
entiation of piriform neurons in the left hemispheric 
lateral areas of lobules H.V, H VI and H VII B of the 
cerebellar cortex has a leading character in comparison 
with their counterlateral right hemispheric zones.
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Fig. 1.  Changes in the area of piriform neurons in the 
posterior part of anterior quadrangular lobule (H V) of 
the cerebellum in children from birth to 6 years of age

Here and on Fig. 2 and 3:  on the x-axis — age in years, 
newb — newborns; on the y-axis — piriform neuron area 
in µm2. The lines of approximation of average values are pre-
sented: right — right hemisphere, left — left hemisphere. 
R2 indicates the level of significance of approximation. Light 
bars — increase of parameters on the left, dark bars — on 
the right. The vertical segments represent the error of the 
mean. * — significant interhemispheric differences, + 
— significant difference from the previous significant age 
indicator.

Fig. 2.  Changes in the area of piriform neurons in the 
posterior quadrangular lobule (H VI) of the cerebellum 
in children from birth to 6 years of age

Here and on Fig. 3:  +L — significant difference from the 
previous significant age indicator of the left hemisphere, +R 
— the same for the right hemisphere.

Fig. 3.  Changes in the area of piriform neurons in 
the paramedian lobule (H VII B) of the cerebellum in 
children from birth to 6 years of age
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