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Уважаемые коллеги!
Предлагаемый Вашему вниманию четвертый, необычный, номер журнала за 2016 год. Он
посвящен 10-летней годовщине объединения двух Институтов – Института неврологии
РАМН и Института мозга РАМН – в единый научный центр. Таким путем 10 лет назад
был сделан важный шаг к интеграции в рамках общей тематики фундаментальных,
экспериментальных и клинических исследований. Созданный объединенный коллектив
специалистов оказался эффективным и творчески активным в разных областях нейронаук,
в том числе в рамках изучения проблем, рассматриваемых на прошедшей в декабре 2016
года в Научном центре неврологии конференции «Фундаментальные и прикладные
проблемы
нейронаук:
функциональная
асимметрия,
нейропластичность
и
нейродегенерация». В этой конференции наряду с учеными из других учреждений России
и стран СНГ активное участие принимали и сотрудники Научного центра неврологии.
Собранные в этом выпуске работы представлены публикациями сотрудников Центра в
рамках тематики, заявленной на прошедшей конференции. В целях доступности этих
работ для англоязычных исследователей, они переведены на английский язык.
Надеемся, что эти работы будут интересны читателям журнала «Асимметрия».
Заместитель директора по научной работе
ФГБНУ «Научный центр неврологии»
член-корреспондент РАН

С.Н. Иллариошкин,

Главный редактор журнала «Асимметрия»
профессор

В.Ф. Фокин
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THE EXPERIENCE OF AMANTADINE PHARMACOKINETIC MONITORING FOR
INDIVIDUALIZING THE PHARMACOTHERAPY OF EXTRAPYRAMIDAL
DISORDERS
D.A. Abaimov, V.V. Poleshchuk, L.A. Chigaleychik, E.Yu. Fedotova, S.L. Timerbaeva
Research Center of Neurology, Moscow
abaidenis@yandex.ru

Amantadine is the most known
drug from the group of adamantanes. It
has antiviral and, at the same time, antiParkinsonian activity (Illarioshkin,
2009). Mechanism of amantadine
antiparkinsonian therapeutic action may
be explained by stimulation of neuronal
dopamine release and antagonism
against NMDA-glutamate receptor, as
well as by inhibition of pulses
generation in motoneurons in the CNS.
In neurology, amantadine is mainly
used in the pharmacotherapy of
Parkinson's disease (PD). Main clinical
effects of amantadine are moderate
reduction of major motor symptoms and
levodopa-induced
dyskinesia.
Unfortunately, besides of all important
positive properties, amantadine has
quite a large number of side effects
(especially in the elderly), the
minimization of which requires the use
of more sensitive therapeutic drug
monitoring (TDM) technologies with
the evaluation of the drug concentration
in the blood of patients. The standard
dose of amantadine is 200 mg per day;
amantadine
steady-state
blood
concentration is being reached during 47 days. Individual concentration values
in the blood of the patients may be
varied within the therapeutic range from
200 to 900 ng/ml (Pacifici et al., 1976).
There is a proven correlation between
5

blood levels of amantadine and its
effect on extrapyramidal symptoms.
This drug may interact with other
substances, with both positive and
negative clinical effects. For example,
amantadine enhances the suppression of
viral activity of interferon, potentiates
anty-dyskinetic effects of levetiracetam
in patients with PD, and may cause
intense and recurrent paramnestic
disturbances (such as déjà vu) while the
use of phenylpropanolamine in the
treatment of influenza. Amantadine side
effects (such as nausea, dizziness and
insomnia) occur quite frequently in
patients (5-15%), especially in chronic
amantadine administration (more than 6
weeks). Side effects of amantadine also
include
amphetamine-like
effects:
increased neuro-reflex excitability
syndrome, anxiety, nightmares, etc.
Amantadine concentration in the blood
exceeding 1600 pg / mL is considered
toxic (Arndt et al., 2005).
Treatment with high doses of
amantadine is the cause of serious side
effects such as heart attacks, suicide
attempts,
impotence,
confusion,
dysphonia,
and
alopecia.
Drug
interactions are directly dependent on
serum concentrations of amantadine.
Management of these effects requires
the use of an adequate method of
amantadine
quantitative
analysis.
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Existing analytic methods, such as gas
chromatography/mass spectrometry, are
quite complex. Therefore, routine
analysis of amantadine is rarely used in
a clinical laboratories, and TDM of
amantadine is not widely accepted.
Creating a new method of amantadine
analysis based on tandem liquid
chromatography-mass
spectrometry
may
allow
simplifying
sample
preparation, reducing duration and cost
of the analysis of single sample, as well
as improving the selectivity and
specificity of the method. In this regard,
we have developed HPLC-mass
spectrometric method for the analysis of
blood plasma for pharmacokinetic
maintenance of amantadine in PD
patients. Our main task was to
implement this method into clinical
practice and to evaluate its usefulness in
the selection of dose regimen in patients
with extrapyramidal disorders.
MATERIALS AND METHODS
The study included 20 patients
(12 female, 8 male) aged 56 to 70 years
old (62 ± 6,1 years) suffering from PD
and receiving amantadine. Selection of
venous blood in heparinized tubes was
carried out once at the maximum
concentration selected [3], 3 hours after
taking the drug; the tubes were
centrifuged for 15 minutes at a speed of
3500 r.p.m to obtain blood plasma.
Plasma samples were stored at the
temperature -70°C in the hematology
freezer until analysis. Prior to blood
sampling procedure, patients signed
informed consent to participate in the
study.
Amantadine concentration in
plasma was determined by liquid
chromatography of the original
copyright mass-spectrometric method.
Amantadine was extracted from plasma
6

by liquid extraction with diethyl ether.
The concentration of drug in blood
plasma was determined by liquid
chromatography-mass
spectrometry
instrument Finnigan Surveyor LC Pump
Plus in combination with mass
spectrometry detector «LCQ Fleet MS»
(quadrupole ion trap); Analytical
Column - XTerra MS C18 firm Waters,
USA (4,6 × 150 mm, 5 micron). The
mobile phase consisted of two
solutions: 10 mM ammonium acetate
(solution A) and acetonitrile with 10%
10 mM ammonium acetate v/v (solution
B). Solutions A and B were taken as a
ratio of 60A: 40B. The work was
conducted in isocratic elution mode.
Total time of chromatography was 11
min. Mobile phase flow rate, 0.7
ml/min. Mass spectrometric detection
was carried out by amantadine
fragment-ion with m/z 134.9, which is
formed as a result of the fragmentation
of the parent molecular amantadine ion
with m/z 152.2 by normalized collision
energy of 20 eV. Ionization method was
the electrospray in a positive ion mode.
A more detailed description of the
method can be provided by the authors
upon request.
RESULTS AND DISCUSSION
In the studied group of patients
with PD, mean concentration of
amantadine was 388,5 ± 184,3 ng/ml.
Concentration values ranged from 164.1
ng/mL to 758.3 ng/ml (348.68 [238.0;
540.7] ng/ml). Thus, most values were
within the recommended therapeutic
range of concentrations, which,
according to the literature, is in the
range from 200 to 600 ng/ml (Regenthal
et al., 1999). Among the patients, we
observed a small group (5 persons) at
the initial stage of dose titration, whose
concentration values of amantadine
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were at the low range of the ‘therapeutic
corridor’ and ranged from 164,1ng / mL
to 252.8 ng / mL (241.94 [169 8, 252.2]
ng / ml). The group of patients in the
stationary
state
pharmacokinetics
(amantadine taking over seven days
required to reach the equilibrium
concentration in the blood) was quite
uniform. It has been found that patients

taking amantadine 200 mg/day in their
concentration values (515.6 [504.6;
524.4] ng/ml) did not significantly
differ from the group of patients treated
with amantadine 300 mg per day (540.7
[238.0, 568.9] ng/mL). This suggests in
favor of the possibility of achieving the
desired therapeutic effect at lower doses
of amantadine (Fig. 1).

"Var1"; LS Means
Current effect: F(2, 12)=7,0351, p=,00951
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
700

Amantadine concentration, ng/mL

600

500

400

300

200

100

0
Titration of dose

200 mg/day

300 mg/day

Group of patients

Figure 1. Concentration values of amantadine in patients with different dosing regimens.

CONCLUSIONS
1. We developed a metrologically
validated
LC-mass-spectrometric
method
for
the
quantitative
determination of amantadine in
human blood plasma.
2. With the use of this method, the
amantadine blood concentrations was
measured in the plasma samples from
20 patients with PD.
3. We demonstrated the usefulness of
the method in individualizing the
7

dosing and pharmacokinetic support
of patients receiving amantadine both
in mono- and polytherapy of PD.
4. Based
on
the
individual
pharmacokinetic parameters, we
made some corrections of drug
therapy in a number of patients.
REFERENCES
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CHANGES IN THE DENSITY OF NEURONS AND GLIA OF THE AREA 7 BRAIN
CORTEX IN MEN IN THE PROCESS OF AGING
P.А. Agapov, I.N. Bogolepova, L.I. Malofeeva
Research Center of Neurology, Moscow
pavelscn@yandex.ru

In the field of neurosciences,
there are many new lifetime
morphological findings obtained due to
the development of modern methods of
neuroimaging in the past two decades
[4, 6, 12]. Magnetic resonance
tomography revealed in vivo the
decrease in total brain mass as well as
involution of its individual structures
which occurs due to atrophy of the gray
and white matter of the brain. After 30
years of age, there has been a gradual
decrease in the human brain by 2.5%
every 10 years on average [2]. Linear
characteristics of the brain also change:
there is decreasing of them in most of
cases, but various brain structures
behave differently. Median length and
height of the hemispheres and size of
many subcortical nuclei is reduced, the
volume of the lateral ventricles in the
brain increases with age [19], the width
of the thalamus also increases in men
[9].
In addition to volume changes in
the brain there are qualitative and
quantitative changes in the nervous
tissue in its structural elements [3].
Along with the decrease of brain mass
reduction in the number of neurons
occurs throughout life, glia/neuron ratio
undergo a change; the number of glial
cells increases with age in contrast to
9

the number of neurons which is often
associated with compensatory processes
involving glial cells [7]. We haven’t
found articles devoted to age-related
changes of the associative cortex of the
superior parietal area thus the aim of
our work was to investigate age-related
changes of cytoarchitectonic area 7 of
superior parietal cortex area in brain of
men. Area 7 is located near the junction
of the frontal and occipital structures
and participates in the integration of the
motor and visual information. A variety
of communication of superior parietal
region combine cortical and subcortical
structures without having direct
connections with primary sensory areas.
It is expected that the superior parietal
region is involved in the integrative
activity of the brain by influencing the
structures involved in cognitive
processing of information, without the
direct analysis of external stimuli which
are processed mainly by the primary
and secondary sensory cortical fields.
Important functions of the
superior parietal region include
switching and maintaining of the
attention and participation in spatial
perception, neural networks of the area
7 capture the visual image, control and
tracking of the hand movements [14,
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15]. We studied the superior parietal
region that is also involved in the
control of movement and processing of
visual information, retrieving of visual
images from memories [20].

characteristics were determined using
the Mann - Whitney U-test, the
differences were considered significant
at a significance level of p ≤ 0,05.

MATERIALS AND METHODS

We
found
hemispheric
asymmetry in sizes of the profile area of
pyramidal neurons of the III3 layer in
the group of men of mature age, so that
its average value in the left hemisphere
was 220.8 μm2, while the right
hemisphere 240.6 μm2 [1]. Value of the
III3 layer was 216.5 μm2 in the left
hemisphere, while the right hemisphere
was demonstrating 235.6 μm2 in a
group of elderly men. Comparing the
average size of the profile areas
between two groups of men, it is
possible to note a slight smaller value of
neuron’s area in the second group, but
these differences are not statistically
significant so they can be neglected.
Analysis of the average values of
the profile area of pyramidal neurons of
the layer III3 in senile group showed a
significant decrease in the size of
neurons in comparison with groups of
men younger age (mature and elderly) in the left hemisphere the average value
of the profile area of neurons – 193.0
μm2, and the right – 187.9 μm2. The
value of the profile areas of pyramidal
neurons in the layer V of the group of
elderly men is reduced significantly
compared to men of mature group. Its
value was in the left hemisphere – 235
μm2, in the right hemisphere – 238.7
μm2, and a group of elderly men of
similar value indexes were lower –

Study of area 7 of brain cortex in
men carried on a continuous series of
frontal paraffin sections of left and right
hemispheres of the brains of 15 men
from three age groups (mature group from 19 to 59 years, elderly group from 61 to 74 years, senile group - from
75 to 90 years). Staining of
micropreparates was made by Nissl
method. Thickness of sections was 20
microns. We studied brains of men who
do not suffered from mental or
neurological disorders. The most typical
section of the cortex of the area 7 at the
center of the medial surface of the
superior parietal region was segregated
in accordance to the cytoarchitectonic
characteristic. Our attention was drown
to
the
following
morphometric
3
parameters in layers III and V of cortex
area 7: the profile area of pyramidal
neurons, the density of pyramidal
neurons, the density of pyramidal
neurons surrounded by the satellite glia,
the density of the satellite glia and the
density of the total glia. The studies
were performed with the system of
electro-optical analysis "DiaMorph".
Only undamaged neurons with nucleus
and nucleolus were measured and
counted. Statistical data processing was
performed in the program Statistica 8.0.
Differences between the observed
10

RESULTS
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214.0 μm2 in the left hemisphere and
221.9 μm2 in the right hemisphere.
There is a significant reduction in
the profile area of pyramidal neurons by

26% and 30% on the left and right
respectively of 172.6 μm2 and 166.8
μm2 in the group of senile men (Figure
1).

300

250

240,6
220,8

235

235,6
216,5

238,7

*
* 221,9

214

**

193 187,9

200

**

μm2

172,6 166,8

150
Left
Right

100

50

0

Mature
Зрелая

Elderly
Senile
Пожилая
Старческая
Layer III

Mature
Зрелая

Elderly Старческая
Senile
Пожилая
Layer V

* - age differences at p ≤ 0.05
Fig.1 The profile area of pyramidal neurons in V and III3 layers of the area 7
in male brain cortex (μm2).
Density of neurons in 0.001 mm3 of brain in the group of mature men was at 27.2
neurons in the left hemisphere and 27.8 neurons in the right hemisphere in layer
III3 of brain cortex. There is a statistically significant decreasing in the number of
neurons in the left hemisphere till 25 to 0.001 mm3 neurons in the brain matter and
in the right hemisphere is at approximately the same level in the group of elderly
men (26.5 neurons in 0.001 mm3 of brain). Neuronal density decreases by 21% and
22% and is about to 21.3 neurons in the left and 21.6 in the right in the brain
substance 0.001 mm3 in the senile group.
Gradual decrease in the density of
neurons is observed with aging in the
layer V of cortex area 7. The density of
layer V neurons in 0,001 mm3 of brain
matter is 27.3 in the left hemisphere and
29.2 in the right hemisphere. The
density of neurons is reduced by 14%
11

and is 23.6 and 24.9 of neurons
respectively in 0.001 mm3 of brain in
the elderly group. In the senile group
density decreases by 10%, reaching a
value of 20.7 in the left hemisphere and
21.6 neurons in the right hemisphere in
0.001 mm3 of brain.
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There is a downward trend for the
density of neurons surrounded by the
satellite glia in III3 layer in each age
group, but revealed differences are not
statistically significant. The most
significant changes in the density of
neurons surrounded by the satellite glia
occur in men of senile age, where it is
reduced in comparison with a group of
mature men to 20-21%, amounting to
9.9 in the left hemisphere and 10.1 in
the right hemisphere in 0,001 mm3 of
brain. The density was 13.2 neurons
surrounded by the satellite glia in the
left hemisphere and 12.9 neurons
surrounded by the satellite glia in the
right hemisphere in 0,001 mm3 of the
brain, and in a group of elderly men,
respectively 11.9 and 12.3 neurons
surrounded by the satellite glia in 0.001
mm3 of the brain. The density of
neurons surrounded by the satellite glia
in layer V significantly reduced in
senile group - 23% which result in 8.9
neurons on the right and 9.8 on the left
in 0.001 mm3 of brain. Their density in
the group of mature men is 11.6 (left)
and 12.8 (right), in elderly age,
respectively, 10.8 and 12.8 of neurons
surrounded by the satellite glia in 0.001
mm3 of the brain.

12

We
observed
a
dramatic
reduction in the density of the satellite
glia in the senile group: 11 satellite glial
cells in 0.001 mm3 of brain in the left
hemisphere (a decrease of 33%) and
11.8 of satellite glial cells in 0.001 mm3
of brain in the right hemisphere of the
brain (26%).
The density of the total glia
increases with the aging unlike other
brain cortex parameters of the area 7.
Density of the layer III3 is 59.1 glial
cells in 0.001 mm3 of the brain in the
left hemisphere and 53.8 glial cells in
the right hemisphere. There is a
significant increase of 12% in the left
and right hemisphere in the elderly
group, reaching a value of 66.4 and 60.3
glial cells in 0.001 mm3 of the brain.
Density remains approximately at the
same level in the senile age group,
increasing slightly in the right
hemisphere: 67.4 glial cells on the left,
65.3 glial cells on the right in 0.001
mm3 of brain.
There are same changes in the
density of total glia in the layer V of the
cortex of the brain of the area 7 as in
III3 layer (Fig. 2).

Журнал «Асимметрия꜡»

Том10 №4 2016

80

*

66,4

70
60

*

67,4

*

68,6

65,3

*

61,5

60,3

59,1

*

66,7 68,2

55 55

53,8

50
40
Left

30

Right

20
10
0

Mature
Зрелая

Elderly
Пожилая

Senile
Старческая

Mature
Зрелая

Layer III

Elderly
Пожилая

Senile
Старческая

Layer V

* - age differences at p ≤ 0.05
Fig. 2. The density of the total glia in V and III3 layers of the area 7 in male
brain cortex.
DISCUSSION
There is reduction in the density
of neurons in the process of brain aging
in layers III and V of the area 7 of the
brain cortex in men which is most
expressed in senile age. The observed
reduction in the number of neurons is
consistent with other studies thus show
that the number of neurons in the brain
is reduced from 10% to 30% in total in
the end of life [17]. The density of
neurons surrounded by the satellite glia
also decreased in both cytoarchitectonic
layers, but approximately by the same
value in each age group in contrast to
density of neurons. Number of satellite
glia decreased in the same principle as
the number of neurons surrounded by
satellite glial cells - that is a gradual
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decrease in the number of them in the
aging process.
The observed decrease in the
values of the density of neurons and
glial satellite is consistent with other
work studying age-related changes of
cytoarchitectonics in the human brain
[5]. Some authors attribute the death of
neurons from neural tissue hypoxia
caused by the degradation of brain
microvascular system [18]. We describe
the uneven rate of decline in the number
of neurons found in the works of other
authors.
For
example,
N.S.
Orzhekhovskaya also revealed a higher
rate of reduction in the number of
neurons in senile age and more stable
satellite glia in the aging process [8],
which is probably due to compensatory
mechanisms involving glial cells.
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Furthermore glial cells have a higher
RNA synthesis activity and higher
resilience as compared with neurons,
according to the other studies [11].
There is involving in the process
of aging of all body systems and
especially hormonal system that affects
the physiological state of the nervous
system. For example, the level of
testosterone that in elderly men
decreases in two or more times,
according to Janowsky J.S. and others,
influences on the behavior organization
[16], in particular on the activity of
interaction with the environment that is
directly related to the functional
significance of the superior parietal
region and cytoarchitectonic area 7.
There is only one morphometric
parameter of area 7 whose value
increased with aging – the density of
total glia. We found a significant
increase in its density in the elderly
group by 25%, however, in the next age
group, the density of total glia remains
approximately at the same level. This
trend is described in many articles
devoted to age-related changes of
cytoarchitectonic structure of the brain
[10, 13].
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AGE-RELATED CHANGES IN THE CYTOARCHITECTONICS OF BRODMANN
AREA 44 IN THE ELDERLY AND SENILE AGE WOMEN
I.N. Bogolepova, L.I. Malofeeva, P.A. Agapov, I.G. Malofeeva, I.A. Korshunov
Research Centre of Neurology, Moscow
bogolepovaira@gmail.com

Studies of the aging human brain
is the priority field of modern biology
and medicine. In recent decades,
different types of neuroimaging
techniques have been developed. They
allow studying the human brain in
health and disease in vivo [3, 4, 8, 11,
13]. Nowdays, the number of works
about age-related changes of gray and
white matter volume, thickness and
surface of the cortex, ventricular
volumes, and intrasulcular space both in
whole human brain and in individual
regions has increased dramatically [1517, 19, 22, 23].
The
involution
of
verbal
functions occurs later other functions of
the human brain [1]. Over the last
decade fMRI-models of the functional
anatomy of speech are developed. It has
been established that the tasks
associated with expressive (motor)
speech activate opercular part of
inferior frontal gyrus (Brodmann area
44, BA 44) and other brain structures
[10,
18].
The
results
of
cytoarchitectonic research have a great
importance to resolve the problem of
structural changes in the aging brain in
women. However they are very
fragmentary and limited in the literature
17

[6, 7, 12, 20].
In this work we present data of
cytoarchitectonic study of speech motor
cortex (BA 44) women in the mature,
elderly and senile age.
Material and methods
The cytoarchitectonics of BA 44
in women was studied on the series
front total sections of the left and right
hemispheres. We divided women in
three age groups: group 1 - mature age
(19-33 years), group 2 - elderly age (62
-73 years), group 3 - senile age (80-87
years). As a result 30 hemispheres of
the brain, 10 in each group were
studied. Sections 20 mkm thick were
stained with cresyl violet by the Nissl
method in modification of laboratory of
anatomy and architectonics of the brain.
All the tested persons did not have
psychiatric and neurological disorders.
We used modern morphometric
methods.
The
following
cytoarchitectonic characteristics of BA
44 were studied: thickness of the cortex,
area of profile field neurons of the
layers III and V, their class
composition, the density of neurons and
whole glia, density of satellite glial cells
and neurons surrounded by them. Glial
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index was calculated.
The thickness of the cortex BA
44 was measured by ocular micrometer
on a microscope MBS-9 (8x4). The
measurement was taken at the top of
gyrus in 30 fields of view. The area of
profile fields neurons was studied using
the system of optical-electronic input
and image analysis "DiaMorph"
(Russia). In the layers III and V was
measured at 100 neurons, which clearly
the nucleus and nucleolus were
identified.
The density of neurons, whole
glia, density of satellite glial cells and
neurons surrounded by them were
calculated in 0.001 mm3 of brain
substance. The study was conducted on
a microscope «Axcioskop» (Germany)
with the adjustment at Abercrombie [2].
In each layer at 30 fields of view were
studied. In the role of satellite gliocytes
were considered the cells that were
located at the distance diameter of
gliocytes core from the bodies of
neurons or the primary divisions of the
dendrites.
Processing of quantitative data
was performed using Student's t-test in
the program Statistica 8. Differences
were considered significant as P<0.05
Results and discussion
Cytoarchitectonic
study

of
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inferior frontal gyrus of the brain cortex
in women showed that in all the cases
BA 44 takes opercular part of this
gyrus. The variability and features in
macroscopic and cytoarchitectonic
structure of speech motor cortex in
mature age women in detail were
describe in our previous works [5].
Investigation
of
age-related
changes of inferior frontal gyrus
showed that elderly women don't have
signs of atrophic process at the
macroscopic level in all the cases.
Gyrus have convex form and densely
adjoin to each other. In women at senile
age the expanding of the inferior
frontal, precentral and lateral grooves
were observed in some cases. It is more
shown in the left cerebral hemisphere,
which leads on the speech function (Fig.
1).
BA 44 well differentiates among
the other structures of the frontal area in
mature, elderly and senile age women.
The most typical cytoarchitectonic signs
are poor development and blurriness of
borders of the granular layers II and IV,
weak expression of the horizontal
stratification and well defined vertical
striation of the cortex, clear separation
of layer III in three sublayer, presence
in sublayer III large number of the large
pyramids .
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Mature age (38 years)

Elderly age (67 years)

Senile age (87 years)
Left hemisphere

Right hemisphere

Fig. 1. The macroscopic structure of speech motor cortex in mature, elderly
and senile age women (speech motor cortex marked with a square).
Cytoarchitectonics of BA 44 in
women cortex in all groups is
sufficiently similar at a visual level and
generally changes only in senile age. At
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this age cortex of BA 44 in women
becomes more finer and sparse, small
foci of devastation cell are observed
(Fig. 2).
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Fig. 2. Cytoarchitectonics of BA 44 in mature (A), elderly (Б) and senile (B)
age women. Staining with cresyl violet by the Nissl method.
The destructive changes of individual
neurons at elderly and senile women in
BA 44 are observed: deformation of the
body,
core,
total
tigrolysis,
accumulation of lipofuscin in neurons.
The number of cells-shadows and glial
nodules increases with age in all layers
of the cortex, particularly in the lower
layers (V and VI).
The thickness of the cortex of BA
44 at senile women very slightly
decreases for 1.4% compared with
mature age in the left hemisphere of the
brain, and for 2.5% in the right (P>
0,05). More significant decrease of
thickness of the cortex of BA 44 is
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observed at senile age women in both
hemispheres – for 6.9% and 7.5%. Its
value significantly differs from this at
mature age (P> 0,05) (Fig. 3).
Age-related changes were also
identified in our study of area of profile
field neurons in layers III and V of BA
44. It is reduced in the layer III in left
and right hemispheres at elderly age
women compared with mature age on
average for 6.5% and 9.5%, at senile
age for 21.4% and 16.8% (P <0,05).
Age-related reduction of neurons sizes
in the layer V of BA 44 is less
significant – for 2.1% and 7.8% at the
elderly age, 11.9% and 15.7% at senile
age (Fig. 4).
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Fig. 3. The thickness of the cortex of BA 44 in mature, elderly and senile age women (mm).
* - age-related differences of group 3 from group 1 at the P <0.05.
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50
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Fig. 4. The area of profile field neurons in layers III of BA 44 in mature, elderly and senile
age women (mkm2). * - age-related differences of groups 2 and 3 from group 1 at the P
<0.05.

Neuron-glia relationships in the
speech motor cortex change during
women aging. The density of neurons in
the associative layer III significantly
decreased in senile age – for 10.2% and
12.4% (P <0,05). These changes are
less significant in the projection layer V
and amount to only 4.5% in the left
21

hemisphere of the brain and 5.6% in the
right (P> 0,05). At senile age in the
cortex of Broca's area number of cellsshadows, glial nodules and foci of
devastation cells increase that indicates
neuronal death. Density of neurons in
0,001mm3 of the brain is dramatically
reduced not only in layer III (22.2% and
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22.4%), but even more in the layer V
(30.8% and 33.8%) in the left and right
hemisphere of the brain.
Age-related changes the value of
this parameter at senile age women

density of neurons in 0,001 mm3

18
16
14

16,7

*
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compared to mature age in both layers
of the cortex of BA 44 are statistically
significant (P <0.05) (Fig. 5).

16,1

*13

*

14,1

*

12,5

12
10

Mature age

8

Elderly age

6

Senile age

4
2
0
Left hemisphere

Right hemisphere

Fig. 5. Density of neurons in the layer III of BA 44 in mature, elderly and senile age women
(in 0,001mm3). * - age-related differences of groups 2 and 3 from group 1 at the P <0.05.

The results of our research
showed that change in the density of
glial cells in layers III and V of BA 44
is observed in women with aging. In
recent years much attention is paid to
study of glia functions. It is found that
neuroglia not only supports nervous
tissue
homeostasis,
the
normal
functioning of neurons and also
participates in the nervous impulse.
Satellite gliocytes play an important
role in maintaining the functional
activity of neurons.
We have found that density of all
glial cells in the layer III slight increase
22

at elderly age women compared to
mature age – for 2.4% in the left and
4.7% in the right brain hemisphere (P>
0.05). This parameter dramatically
increases at senile age women – for
16.0% and 19.5%. The difference
density of whole glia between the first
and third age group is statistically
significant (P <0.05). Increase density
of whole glia in the layer V of BA 44 is
less significant than in the layer III in
groups of elderly and senile age women.
Reducing density of neurons and
increase density of glial cells lead to a
change of the glial index in aging. It
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shows how many glial cells in fall on a
one neuron. Thus, it was in the layer III
of BA 44 in the left hemisphere 3.4 at
mature age, at elderly age – 3.9. Its
value was very large at senile age – 5.1.
The glial index in the right hemisphere
was 3.3, 3.9, 5.0 accordingly to age
groups.
Notably that increase of density
of all glial cells occurs by increasing the
number of free glia, while the density of
the satellite glial cells is significantly
reduce at the elderly and senile age. In
the associative layer III of BA 44 it is
reduced for 21.1% and 25.6% at the
elderly age women, for 34.1% and
25.0% at senile age women in the left
and right hemisphere of the brain. At
the same time density of neurons
surrounded by satellite glial cells is
reduced for 21.1% and 21.0% in the
elderly age, and for 33.9% and 30.0%
in senile age. Age-related changes of
these parameters in the layer V of BA
44 are less pronounced than in the layer
III.
Thus, our data suggest that area
of speech motor cortex of the women
brain is characterized by a slower rate
of age-related changes of macroscopic,
cytoarchitectonic and morphometric
characteristics of its structure. Signs of
cortical atrophy BA 44 found only at
the group of senile age women.
Interestingly that the greatest changes of
the morphometric characteristics of BA
44 are expressed in the associative layer
III at senile age women. A significant
reduction in the density of neurons in
23

this layer, reducing the number of large
neurons may show about impairment of
interhemispheric and intrahemispheric
interactions of structures, wich provide
different aspects of speech function.
The literature data suggest that
structural changes in the human brain
are connected not only with the aging.
They are also due to the influence of
other endogenous and exogenous
factors [21]. The number of chronic
diseases increases in elderly and senile
age. Stress and decreased levels of sex
hormones have a great influence on the
state of the brain tissue. Hypertension
and cardiac failure are common diseases
in old age. Significant changes in the
structural elements of the brain and
neurons are revealed during severe
hypoxia and cerebral ischemia [9, 14].
We believe that we have identified agerelated changes cytoarchitectonics
speech motor cortex in women is result
not only of the aging process, but also
the influence of other factors.
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MODELING OF FOCAL INJURY IN THE LEFT HEMISPHERE OF RAT BRAIN AND
FUNCTIONAL ASSESSMENT DEPENDING ON THE SEVERITY OF DAMAGE IN THE
POSTTRAUMATIC PERIOD
Е.Е. Genrikhs *, Е.V. Stelmashuk *, М.R. Kapkaeva *, А.V. Stavrovskaya *,
N.G. Yamshchikova *, А.S. Ol’shansky *, А.S. Gushchina*, N.К. Isaev *,**
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Research Center of Neurology, Moscow;
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Traumatic brain injury (TBI) is one
of the major causes of disability and
high mortality of the population,
especially in young people, and
important health and social problem in
view of the weight of the health, social
and economic consequences. The
consequence of TBI is often damage to
the blood vessels of the brain, skull,
which is accompanied by the
deterioration of cerebral blood flow and
metabolism, decrease in oxygen
consumption of brain cells. Vascular
changes can be extremely variable in
characteristics and severity [2].
Diagnosis and the provision of skilled
care at TBI is the leading problem of
modern neuroscience with such a high
prevalence of this disease. It is
important to study in vivo models of
mechanisms of the pathogenesis of
brain injury, particularly in comparing
the severity of the harmful effects and
development of neurological deficit
using advanced behavioral tests. This
study is based on these principles of
modeling and assessing.
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MATERIALS AND METHODS

We used the previously proposed
[6] and the modified model of focal
open head injury in rats [7]. The study
was performed on male Wistar rats
weighing 160 to 220 g. Animals were
anesthetized by introducing 3% solution
of chloral hydrate at a dose of 330 mg /
kg intraperitoneally before surgery. We
placed a teflon movable piston diameter
of 4 mm and a stroke of 2.5 mm in a
hole drilled in the skull over the
sensorimotor cortex area. 50 gram
weight hit this piston with an free fall
acceleration from different heights (5,
10 and 15 cm) to simulate traumatic
damage to the left hemisphere. The
localization of the sensorimotor cortex
was determined from the data presented
in the literature [8, 10].
Animals were divided into 3
groups:
1) injured with weight falling
from a height of 5 cm (11 animals);
2) from a height of 10 cm (13
animals);

Журнал «Асимметрия꜡»

Том10 №4 2016

3) with a height of 15 cm (18
animals).
Behavioral tests with limb
stimulation were carried out on the day
prior to surgery and then at 1, 3 and 7
days after application of the TBI. We
used our [15] 12-point scale [5] in
modification Jolkkonen et al [9] to
assess the neurological disorders caused
by head injury.
Installation for test "tapered
track" is raised above the floor to a
height of 90 cm horizontal rail (track)
165 cm long, 6 cm tapering at the
beginning and to 1.5 cm at the end. The
ending of track is the dark
compartment, which is attached to a
narrow end path. Throughout the track 2
cm below the level, the 2 cm tabs are
located on both side which allows the
animal to put weakened front or hind
leg, so as not to fall off the track. At the
beginning of the test animal are always
placed in the dark compartment for 1
min. Before baseline recording animal
training required to properly perform
the test. The testing procedure is to rat
ran the entire length of the converging
paths and hid in the dark compartment.
We recorded video with high resolution
on two sides a track limbs to assess
function on both sides for further
analysis. We assessed these parameters:
the passage of the race before entering
the dark compartment; the distance at
which the first indent from the track has
been committed; number of misses
(stumbles),
committed
both
27

contralateral and ipsilateral to damage
limb. Control study and confirmation of
the presence in the desired area lesion
was performed on the seventh day after
the injury. Animal brains were fixed by
immersion in a mixture of formalinethanol-acetic acid in the ratio 2: 7: 1
for 24 hours, then transferred to 70% in
ethanol for one day and photographed.
Treatment of animals and experimental
procedures
were
performed
in
accordance with the directives of the
European Community Council of
86/609 / EEC on the use of animals for
experimental research. All experimental
protocols were approved by the Ethics
Committee of Research Center of
Neurology (protocol 2-5 / 16).
RESULTS AND DISCUSSION

The used model of TBI allowed
us to get a standard size and localization
of cortical lesion, which is accompanied
by
severe
neurological
deficit
corresponding clinical manifestations of
brain injury as was previously shown
[1, 7].
Compared with the rats of the
first and second groups, third group of
animals throughout the postoperative
week visual inspection had exhausted
appearance: they were more sluggish,
slow, some of animals refused from
food. At the same time, the rats of the
first and second group on the next day
after surgery were active and mobile,
actively foraged. It is worth noting that
on the third day after modeling TBI rats
traumatized with weight falling from 15
cm, had labored breathing (some
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hissing and wheezing), sat hunched,
their hair was ruffled, contaminated
under the tail, there was discharge from
the eyes and nose (porphyrin), many of
them were uncoordinated, some
collapsed on its side, did not hold the
pose.
Before modeling TBI intact
healthy rats performed the test with
stimulation of the limbs without
deviations or minor deviations and
gained the maximum possible number
of points for both the left (11,9 ± 0,03, n
= 42, n - number of animals) and right
limbs (11,98 ± 0,01, n = 42, n - number
of animals). The very next day after the
injury in the left hemisphere in the
sensorimotor cortex area function of the
right limbs, subordinate to this
hemisphere, had a noticeable functional
impairment in all groups of animals.
However, by day 7 there is a slight
spontaneous improvement in function
of the right limbs. In the first group for
the first day after the injury test result
on the right side was an average of 9.22
± 0.29 points, for the third - 9.31 ± 0.37,
for the seventh - 9,77 ± 0,22 (n = 11, n number of animals). In the second
group for the first day test result was an
average of 6,53 ± 0,3 points, the third 7,3 ± 0,29, the seventh - 7,57 ± 0,29 (n
= 13, n - number of animals). In the
third group on the first day test result
was of an average of 5,22 ± 0,19 points,
the third - 7,01 ± 0,26, the seventh 5,97 ± 0,29 (n = 18, n - number of
animals). Fig. 1a shows the average
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number of points scored by the right
side of the rats from different groups,
on the seventh day after the head injury
simulation, showing a clear correlation
between dysfunction of contralateral
limb and the height of dropping weight
(5, 10, 15 cm), reflecting the severity of
the damage.
A similar assessment of left limb
function,
independent
from the
damaged hemisphere, identified in the
first and second groups 30% of the
animals with a minimum functional
deviations from normal results. On
average, these animals on the seventh
day after the injury in the test gained
11.77 ± 0.1 points (the first group of
animals, n = 11, n - number of animals)
and 11.81 ± 0.07 points (the second
group, n = 13, n - number of animals).
At the same time only 12% of the
animals of the third group have shown
no dysfunction of the left limb - on the
seventh day with left side testing they
gained 11,06 ± 0,1 (n = 18, n - number
of animals) (Figure 1b). There is a clear
dependence of the severity of
dysfunction of the left limbs on the
degree of damage of the right ones. We
can assume that the left hemisphere is
dominant in rats with disabilities of
both right and left limbs, since it is
known that damage of the premotor
cortex in humans manifests in the
contralateral hand, and in case of
damage of the left (dominant)
hemisphere - in work of both arms [3,
4].
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Fig.1 Dysfunction of the right (a) and left (b) limb in simulation traumatic injury in the
area of the sensorimotor cortex of the left hemisphere.
* p <0,01 as compared to the intact animals prior to surgery (the first white column).

The amount of stumbles

Animals adapt to life with a
weakened or paralyzed limb with onesided brain injury [11]. In order to
detect possible changes, not identified
in the previous test we used the test of
"tapered track", providing an increase in

the complexity of the task [12]. Outs
method are the need of training the rats
before surgery and the inability to
eliminate all environmental factors that
distract the rat from purposeful moving
forward along the path.

BL

FL

BR

FR

BL

FL

BR

FR

b
b

Fig. 2. The amount of stumbles of each limb in the test "tapered track" compared to intact
animals (white bar).
BL - the back left, FL - the front left, BR - the back right and FR – the front right. a) the first
group of animals, injured when the weight drops from a height of 5 cm; b) the second group of
animals, injured when the weight drops from a height of 10 cm. * p <0,01 as compared to the
intact animals (white column for the same limbs).

There
was
no
significant
difference in propagation time paths 7
days after TBI simulation. Rats from the
first group made larger number of
stumbles with back right limb which is
contralateral to the lesion (Fig. 2a),
whereas in the second group with more
severe disorders number of stumbles
30

was significantly higher in both the
front and back limbs (Fig. 2b) compared
to the baseline (before surgery, intact
animals). At the same time, the path to
the first stumble significantly decreased
in both the first and second groups on
the right side limbs, which were
contralateral to the damage. Way
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without stumbles decreased for front
limb from 143,6 ± 12,67 cm to 95 ±
21.31 cm and from 113,8 ± 13,53 cm to
68,46 ± 16,64 cm, for the back limb from 139, 5 ± 13,42 cm to 54.09 ±
14.81 cm and from 124.2 ± 13.17 cm to
70 cm ± 16,48 to the first and second
groups, respectively (Fig. 3 a, b). Thus,
if the damage is not so significant, this
test is more sensitive to detect hidden
dysfunction of the back limb only,
which is consistent with the literature

cm

BL

FL

BR

[13]. In addition, the more pronounced
decrease limb motor function in
modeling TBI, the topical application of
this test to evaluate the function
performance, not only back, but also the
front legs. The more reduced motor
function of limbs in modeling TBI, the
more relevant the use of this test to
evaluate the function of not only back
but the front limbs also.

FR

b
b

BL

FL

BR

FR

Fig. 3. Changing of the distance to the first stumble from a track on the 7th day after TBI
simulation.
a) The first group of animals that received damage from 5 cm; b) the second group of animals
received a damage from 10 cm. * p <0,01 as compared to the intact animals (white column for
the same limbs).

We revealed a direct correlation of the
function of the right limb with the left
limb, especially for the transfer of body
weight while moving, hold the posture
31

and adequate motor behavior. While the
main role in the formation of motor
asymmetry belongs to the limbs which
are contralateral to the lesion,
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increasing attention is paid to processes
in the intact hemisphere, especially in
the homotopic to each other or
associated areas of the cortex which are
responsible for the control of
undamaged intact limbs, due to which
most of the behavioral work is produced
in cases of significant motor disorders.
Thus motor task is much more
complicated for the ipsilateral paw as
well as for contralateral to the brain
damage limb. Perhaps, changes may
occur in the intact hemisphere in order
for the animal to use the appropriate
limb most effectively, allowing with an
expending of more time more efficient
use of the affected limb with intact in
the complex movements. We have
shown that the percentage of rats with
significant functional damage not only
the right but also left paw increases
depending on the severity of damage in
the left-side focal injury of the
sensorimotor area of the cerebral cortex.
This model can be used to test new
substances and study the stages of
pathogenesis of the focal cortical
damage.
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AGE-RELATED HEMISPHERIC DIFFERENCES IN THE SPINE DENSITY OF
NEURON DENDRITES IN MALES
M.V. Ivanov
Research Center of Neurology, Moscow
Putamen@list.ru

Disturbance
of
the
motor
corticostriatal circuit functions plays an
important role in motor functioning
decline both in normal and pathological
aging [11]. Putamen ia an important
part of the motor corticostriatal circuit
and refers to the basal ganglia. Together
with the caudate nucleus and the
nucleus accumbens, putamen forms the
striatum. MRI studies indicate an
assymetrical age-related reduction of
the putamen volume: the shrinkage
degree is higher in the right hemisphere
compared to the left one in initially
rightward asymmetry of putamen [1, 3].
The morphometric study of the putamen
nucleus in subjects aged from 62 to 90
years revealed no significant differences
in the small-cell density with aging [8].
However, age-related volume decrease
of different brain structures is related to
neuronal loss, but is also to neuronal
shrinkage, decreased number of spines
and synapses [2]. Therefore, the
phenomena shown on MRI could be
explained by studyind age-related
structural changes in the ‘receptive
apparatus’ of putamen neurons, in
particular, dendritic spines in different
hemispheres of the brain [1, 3]. The aim
of this study was to distinguish the
34

density of different types of dendritic
spines of putamen neurons in brain
hemispheres in mature and old males.
Materials and methods
The autopsy findings of brain
hemispheres of mature (33 and 54 years
old) and old (80 and 90 years old)
males, died neither from neurological
nor
psychiatric
disorders,
were
studied. The autopsy material was
obtained within 5-11 hours after death.
5 mm-thick brain blocks that contained
putamen were impregnated with silver
by the Golgi method [6]. Then blocks
were dehydrated in ascending ethanol
concentrations (60-100%; 30 minutes
each), plunged into 10% celloidin and
cut into 120-150 µm-thick coronal
sections with Sannomiya microtome.
The sections were placed on a large
cover glass and in balm then. 5 slices of
each case were taken for further
investigation. Then 30 precise sketches
of spiny neuron dendrites were made
with a microscope «ORTHOLUX II»
(Leitz Wetzlar, Germany), equipped
with a drawing device, with immersion
magnification (x1000). The structure
and the number of spines were analyzed
in the 100-µm area of each dendrite. All
the spines were classified into four
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types based on their morphology
(presence of the neck and the head
size): stubby, thin, mushroom and
branched [4, 9, 10]. The Mann-Whitney
test was used to compare the number of
spines in the 100-µm area of dendrite in
groups of mature and old males, right
and left hemisphere.

in the right and left hemisphere of
mature and old males (Table 1).
Statistically significant hemispheric
differences, with predominance of the
left hemisphere, were detected in the
density of stubby and mushroom spines,
an overall density of spines in the
mature male group and the density of
mushroom spines in the old male group
(Table 2).

Results and discussion
The overall spine density of
dendrites in the putamen was obtained

Table 1. The overall spine density of dendrites in the putamen in the right and left
hemisphere of mature and old males.
Right hemisphere
Age

Mature
Old

Left hemisphere

S

M

Т

O

S

M

Т

O

13,15±
0,47
11,71±
0,63

24,72±
1,13
14,0±
0,69

28,71±
1,70
19,16±
1,1

68,26±
2,80
45,91±
1,83

15,37±
0,70
13,36±
0,69

31,13±
1,42
19,52±
0,9

32,89±
2,15
16,88±
1,0

81,28±
3,15
50,44±
1,94

Abbreviations: S – density of stubby spines, M – density of mushroom spines, Т – density of thin
spines, О – overall spine density. Mean ± SEM.

There were no hemispheric differences
in the density of thin spines in both
groups. We didn’t compare the density
of branched spines because of their

small number: in all groups
the average number of spines in the
100-µm area of dendrite didn’t not
exceed 1-2.

Table 2. The difference in the spine density of spine neuron dendrites of the putamen in
brain hemispheres in mature and old male groups.
Age

Stubby

Mushroom

Thin

Overall spine density

Mature

L>R by 14%

L>R by 21%

–

L>R by 16%

Old

–

L>R by 28%

–

–

Abbreviations: R – spine density in the right hemisphere, L – spine density in the left
hemisphere. The dash line indicates the absence of statistically significant difference in right and
left hemispheres.
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It was detected that density of all
types of spines and the overall spine
density were lower in both
hemispheres in the old male group
compared to the mature male group
(Table 3). Thin and branched spines

are more prone to age-related atrophy.
Age-related decline of the dendritic
spine density in the striatum was
previously shown in animals only [5,
7].

Table 3. The difference in the spine density of spine neuron dendrites of the putamen
between mature and old male groups in right and left hemisphere.
Hemisphere

Stubby

Mushroom

Thin

Overall spine density

Right

M>O by 11% M>O by 43% M>O by 33%

M>O by 33%

Left

M>O by 13% M>O by 37% M>O by 49%

M>O by 38%

Abbreviations: M – mature male group, O – old male group.

According to our data, decline of
the overall spine density in the left
hemisphere was more significant (by
38% in the old male group compared to
the mature group) due to almost double
reduction of the thin spine density and a
significant reduction of the mushroom
spine density. In the right hemisphere
mushroom and thin spines undergone
more pronounced atrophy, respectively,
by 43% and 33%.
Results of this study show a leftsided asymmetry of the spine density in
mature males and an asymmetric
atrophy of dendritic spines in the
putamen with aging. In mature males,
the spine density is higher in the left
hemisphere, but the atrophy rate is also
higher in the left hemisphere with
aging, therefore in old males the spine
density is the same in both hemispheres.
References
1. Abedelahi A., Hasanzadeh H.,
Hadizadeh H., and Joghataie M.T.
36

Morphometric and volumetric study
of caudate and putamen nuclei in
normal individuals by MRI: Effect
of normal aging, gender and
hemispheric differences // Pol J
Radiol. 2013. V. 78(3). P. 7–14.
2. Fjell
A.M.,
Walhovd
K.B.
Structural brain changes in aging:
courses, causes and cognitive
consequences // Rev Neurosci.
2010. V. 21(3). P. 187-221.
3. Gunning-Dixon F.M., Head D.,
McQuain J., Acker J.D., Raz N.
Differential aging of the human
striatum: a prospective MR imaging
study // AJNR Am J Neuroradiol.
1998. V. 19(8). P. 1501-1507.
4. Harris K.M, Jensen F.E., Tsao B.
Three-dimensional structure of
dendritic spines and synapses in rat
hippocampus (CA1) at postnatal day
15 and adult ages: implications for
the
maturation
of
synaptic
physiology
and
long-term

Журнал «Асимметрия꜡»

Том10 №4 2016

potentiation // J Neurosci. 1992. V.
12(7). P. 2685-2705.
5. Itzev D., Lolova I., Lolov S.,
Usunoff K.G. Age-related changes
in the synapses of the rat’s
neostriatum // Arch Physiol
Biochem. 2001. V. 109. P. 80–89.
6. Leontovich T.A., Fedorov A.A.,
Mukhina J.K. et al. Neuron species
and neuron categories of human
striatum. M.: Publishing House
«Sputnik +», 2015.
7. Levine M.S., Adinolfi A.M., Fisher
R.S. et al. Quantitative morphology
of medium-sized caudate spiny
neurons
in
aged
cats
//
Neurobiology of aging. 1986. V.
7(4). P. 277-286.

37

8. Pesce C., Reale A. Aging and the
nerve cell population of the
putamen: a morphometric study //
Clin Neuropathol. 1987. V. 6(1). P.
16-18.
9. Peters, A., Kaiserman-Abramof, I.
R. The small pyramidal neuron of
the rat cerebral cortex. The
perikaryon, dendrites and spines //
Am. J. Anat. 1970. V. 127. P. 321356.
10. Pickel V.M., Segal M. The Synapse:
Structure and Function. Elsevier,
2013.
11. Salthouse T.A. Neuroanatomical
Substrates
of
Age-Related
Cognitive Decline // Psychological
Bulletin. 2011, Vol. 137(5). P. 753–
784.

Журнал «Асимметрия꜡»

Том10 №4 2016

BRAIN ATROPHY IN MILD VASCULAR AND DEGENERATIVE COGNITIVE
IMPAIRMENT
A.S. Kadykov, R.N. Konovalov, A.I. Damulina, N.V. Shakhparonova
Research Center of Neurology, Moscow
krn_74@mail.ru

According to the WHO, the total
number of people with dementia
worldwide in 2010 is estimated at 35.6
million and is projected to nearly
double every 20 years, so it will be 65.7
million in 2030 [1, 2].
Therefore, there is particular
interest in studying predementia
syndrome called Mild Cognitive
Impairment (MCI) because it is possible
to slow the progression of the disease
by
means
of
medication,
psychological intervention
and rehabilitation training [3, 4, 8].
According to the International
Statistical Classification of Diseases
and Related Health Problems (ICD-10),
MCI is a syndrome that leads to
memory decline and other cognitive
function deterioration in elderly people,
exceeds normal age-related cognitive
decline, but doesn’t lead to social and
labor disadaptation [1, 3, 4, 6, 8]. The
vast majority of patients (55-65%) with
MCI will transform to dementia of the
Alzheimer's type within 5 years [1, 3, 4,
6].
The
improvement
of
neuropsychological methods enables
early diagnostic of MCI. And voxelbased morphometry (VBM) is one of
38

the methods that can reveal certain
brain regions atrophy in cases where
conventional MRI and CT don’t show
any brain changes [2, 5, 7]. The aim of
our study was to exam the
neuropsychological changes in white
and gray matter of the brain in patients
with MCI using VBM.
Materials and methods
A total of 58 patients (28 men
and 30 women, mean age 70) with MCI
were included in this study. The
clinical diagnosis of MCI was based on
the criteria proposed by R. Petersen [8].
All
patients
underwent
neuropsychological evaluation,
including the Montreal Cognitive
Assessment
(MoCA),
a
verbal
associative test/verbal fluency test,
frontal assessment battery and others.
The MoCA score was from 18 to 24.
The MRI brain scanning was performed
on a 1.5 Tesla scanner with evaluation
of
leukoaraiosis,
lacunes
and
subarachnoid space enlargement. Brain
atrophy was measured by means of
VBM. We examined patients with
cerebral small vessel disease and MCI
suspected of the Alzheimer's type.
Subjects with other central nervous
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system diseases were excluded from
this study.
Results and discussion
All the patients were divided into
3
groups
according
to
the
neuropsychological and neuroimaging
examination:
1) 37 patients with cerebral small
vessel disease, with prevalence of
mental neurodynamic problems than
memory decline. Brain MRI changes
included leukoaraiosis, multiple white
matter T2 hyperintense lesions and mild
ventricles and subarachnoid space
enlargement.
2) 13 patients with MCI
suspected of the Alzheimer's type with
prevalence
memory
problems
(especially short-term memory decline).
Some of the patients had subarachnoid
space enlargement predominantly in
temporal lobes other patients didn’t
experience that.
3) 8 patients with MCI of mixed
type (vascular and degenerative). Brain
MRI revealed subarachnoid space
enlargement, leukoaraiosis and few
white matter T2 hyperintense lesions.
All the patients had hypertension as
well as the subjects from the 1st group.
Neuropsychological study revealed a
combination of frontal dysfunction,
short-term memory decline and visualspatial sphere disturbances.
VBM showed different brain
regions atrophy in all the groups,
nevertheless there was no statistically
significant difference in the whole gray
matter. Patients with cerebral small
39

vessel disease showed cortical grey
matter loss in frontal lobes, inferior
parietal lobules and thalamus atrophy
besides white matter changes.
Patients with MCI suspected of
the
Alzheimer's
type
showed
hippocampal, amygdala atrophy and
other parts of temporal lobes. Patients
with MCI of mixed type showed grey
matter loss in frontal and temporal
lobes.
Thus, all groups of patients
experienced different brain regions
atrophy measured by VBM. It is
possible to suggest the etiology of MCI
according to the atrophy pattern,
different neuropsychological features
and MRI data that plays an important
role in adequate treatment.
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NIEMANN-PICK TYPE C DISEASE AS AN EXAMPLE OF NEURODEGENERATIVE
LYSOSOMAL STORAGE DISORDER
S.A. Klyushnikov
Research Center of Neurology, Moscow

Lysosomes are one of the key
components of all eukaryotic cells.
They are made as spherical vesicles that
contain hydrolytic enzymes for
breaking down biomolecules inside the
cell. During second half of twentieth
century and in the beginning of the new
age lysosomes have been continuing to
attract attention of cell biologists all
over the world. Scientists’ efforts have
lead to establishment of cell autophagy
phenomenon – typical intracellular
process based on lysosomal selfdegradation, which plays a critical role
in maintaining cell homeostasis [5].
This process was discovered and
studied by Yoshinori Ohsumi and his
group. He received the 2016 Nobel
Prize in Physiology or Medicine for his
discoveries
of
mechanisms
for
autophagy [18].
Lysosomal
storage
diseases
(LSDs) are severe conditions that occur
as a result of impairment of genes
coding lysosomal enzymes or some
other proteins crucial for lysosome
functioning. Fifty different subtypes of
LSDs are described according to types
of metabolites – lipid storage disorders
(first of all, glycosphingolypidoses),
mucopolysaccharidoses, glycoprotein
storage
disorders,
mucolipidoses,
neuronal ceroid lipofuscinoses, etc. [6].
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So-called glycogen storage disease type
II (Pompe disease) was described first
in the LSDs group. The deficit of acid
α-1, 4-glucosidase primarily in muscles
and myocardium underlies the Pompe
disease. All LSDs belong to orphan
diseases.
Genetics and pathophysiology
Niemann-Pick type C disease
refers to glycosphingolypidoses but it
has different pathophysiology relative
to other forms. It affects all age groups,
and the prevalence is the highest among
children and young adults. It steadily
progresses and leads to severe disability
and early death. Not an acid lysosomal
hydrolase deficite but abnormal
intracellular cholesterol transport results
in unetherefied cholesterol fraction,
sphyngomyeline
and
other
glycosphyngolypides accumulation in
the
central
nervous
system,
reticuloendothelial system (liver and
spleen) and lungs [2,22,26]. NPC is
named after German doctor Albert
Niemann and pathologist Ludwig Pick
who described the group of LSDs in the
first half of the XX century. In 1961
A.Crocker
divided
Niemann-Pick
disease into four types A, B, C, D in
respect of variable age of onset and
clinical picture [11]. And now term
Niemann-Pick disease includes two
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essentially different groups of LSDs –
with deficit of acid sphingomyelinase
caused by SMPD1 gene mutation in
11p15.4-p15.1 locus (types A and B)
and type C with endocellular cholesterol
transport impairment. NPC is caused by
NPC1 (locus 18q11.2) or NPC2 ( locus
14q24.3) gene mutations. Type D,
described in patients originated from
New Scotland, part of Canada, is
thought of as a subtype of NPC.
In NPC primary molecular defect
has been identified in two separate
genes responsible for development of
the same pathological phenotype [9,20].
NPC1 gene mutation occurs in 95% of
families. NPC2 gene mutation is less
frequent (4% cases), and 1% of cases
assume mutations that are not yet
identified. NPC1 gene product is an
integrated membrane protein localized
in the “late” endosomes; this protein is
considered to be critically important for
modulation
of
cholesterol
and
glycosphingolipid redistribution. NPC2
gene encodes soluble cholesterol
transporter. Both proteins work closely
with
each
other
coordinating
intracellular
sterol
metabolism
indirectly via oxysterols [14, 25, 27].
Gene mutations mentioned above lead
to cholesterol etherification impairment,
abnormal
intracellular
cholesterol
transport and apoptotic cascade
activation, lysosomal storage of big
amount of different lipids, secondary
sphyngolipid metabolism disfunction
with cell death in target organs
[16,19,22,24]. NPC is lysosomal
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neurodegenerative disorder, which
affects virtually all parts of the central
nervous system. NPC refers to the
group of orphan diseases – minimally
estimated prevalence is limited to
1:120000 liveborn infants [29], the
prevalence in population is estimated as
1:1,25 million. There are reasonable
grounds to believe that the prevalence
of NPC in population is underestimated
because of significant underdiagnosis.
Classification, clinical features and
diagnosis
There are neonatal, infantile
(early and late), juvenile and adult
forms of NPC according to the age of
onset of the disease [29]. Juvenile onset
is most common (60% of all cases), first
signs develop at 6 to 12 years old. The
NPC is characterized by visceral
involvement
(liver,
spleen,
and
sometimes lung), neurologic and
psychiatric manifestations [17] (table).
Visceral symptoms are most prominent
in neonatal and early infantile onset
forms. Neurologic and psychiatric
symptoms prevail with increase in age.
Most severe cases include neonatal and
early infantile onsets of NPC,
characterized by fetal ascites, prolonged
jaundice or neonatal cholestasis,
hepatosplenomegaly,
pulmonal
infiltrates, seizures, diffuse muscle
hypotonia. In late infant form there is
hepatosplenomegaly
or
isolated
splenomegaly, revealed on ultrasound
sonography, psychomotor and speech
retardation, progressive neurologic
signs in children of 2-6 years old. 30-
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50% of patients develop partial or
generalized seizures, half of affected
children reveal gelastic cataplexy –
paroxysmal generalized muscle atonia
that lead to falls without conscious loss,
usually provoked by positive emotional
reactions. Typical primary features are
clumsiness and progressive decrease in
school performance. Later on motor
disturbances and ataxia develop, then
focal or generalized dystonias occur,
choreoathetoid
hyperkinetic
movements,
myoclonias,
thremor,
bradikynesia, motor and spatial apraxia
may develop, bulbar and pseudobulbar
paralysis appear, progredient cognitive
decline is usually seen. Vertical
supranuclear gaze palsy (VSGP) is

almost invariably present and often the
initial sign in 90% cases. Classic motor
triade is always suspicious for NPC –
VSGP with ataxia and dystonia in
young adults [17]. Adolescent and adult
neurologic onset after 12 years old is
characterized by slow progression until
the age 50-60 years old. Specific feature
of adult onset form is the presence of
psychiatric
symptoms
including
affective
disorders,
obsessivecompulsive
disorder,
and
schizophrenia-like
disorder
with
deliriation, hallucinations, paranoid
delusions, and aggressive behavior.
Spectrum of neurologic symptoms is
almost the same in juvenile and adult
onset forms.

Table. Classification of signs and symptoms in NPC.
Visceral
Isolated unexplained splenomegaly
Hepatomegaly/Splenomegaly
Prolonged neonatal cholestatic jaundice
Hydrops foetalis or foetal ascites
Pneumopathologies (aspiration pneumonia, alveolar lipidosis, interstitial
lung involvement)
Mild thrombocytopenia
Neurological
Vertical supranuclear gaze palsy
Gelastic cataplexy
Ataxia
Dystonia
Dysarthria
Dysphagia
Hypotonia
43
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Clumsiness
Delayed developmental milestones
Seizures
Hearing loss
Psychiatric
Developmental delay and pre-senile cognitive decline
Organic psychosis
Disruptive/aggressive behavior
Progressive development of treatment-resistant psychiatric symptoms

Clinical evaluation allows to
reveal
key
symptoms,
perform
differential diagnosis for exclusion of
other
possible
causes
of
neurodegenerative
and
visceral
symptoms. The Suspicion Index tool
developed by scientific expert group [1,
4, 21, 30] is a screening tool that can
help identify patients who may warrant
further investigation for NP-C. Data on
levels of cholesterol oxidation products
(oxysterols) in animals and humans
with NPC1 mutations have recently
been reported, indicating that they are
sensitive and specific markers for NP-C
screening [7, 8, 15, 21]. Direct
sequencing of all NPC1 and NPC2
exons is a gold standard of NPC
diagnostic methods [21]. Moleculargenetic testing is essential for
evaluating subjects from risk group in
affected family. It is performed only
after gene mutation has been identified
among family members. Healthy gene
carriers are heterozygotes and have no
risk of disease in the future. DNA
analysis is usually performed as
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prenatal diagnosis in women from risk
group aiming family planning [1].
Substrate reduction therapy, own
experience
Pathogenetic therapy has been
developed for NPC. There is only one
approved medication for treatment of
neurologic symptoms in children and
adults, it is called miglustat and
designed for life-long intake as a
substrate reduction therapy. The other
indication for miglustat is Gaushe
disease type I. Miglustat has been
registered in Russia since 2009 with the
brand name Zaveska. It is an Nalkylated iminosugar that inhibits
glycosilceramide sintase catalyzing first
stage synthesis of glycosphingolipids
that leads to less intracellular storage
(pic.1).
To
prevent
the
disease
progression treatment with miglustat
should be initiated when neurological
symptoms occur [21]. If there is no
neurologic symptoms miglustat is not
indicated. The drug is available in
capsules 100 mg, is taken orally without
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regard to food in the dose 200 mg 3
times a day (adults and children older
than 12 years old). Rated dose for
children younger than 12 years old is
calculated according to the total body
area. Miglustat cross the blood-brain
barrier and decreases cholesterol and
glykosphingolipid storage in neuron
lysosomes, thus reduces neurological
symptoms progression and makes the
survival rate higher according to
preclinical data. It also regulates
intracellular
calcium
homeostasis
connected to sphyngosine storage that
assumed as launch factor in NPC

patogenesis
by
changing
glucosilceramid
concentration.
Miglustat
improves
oculomotor
functions,
cognition,
swallowing,
decreases motor impairment, psychotic
symptoms [10, 12, 13]. It doesn't affect
visceral symptoms. Typical side effects
include body weight loss observed in
60% of patients during first year of
treatment, diarrhea and other dispeptic
complaints related to concurent
inhibition
of
dysacharidase
in
gastrointestinal traсt.

Fig.1. Miglustat (N-butyl-deoxynojirimycin).

We have two NPC patients
receiving miglustat – 29-year old
woman (onset at 6 years) and 21-year
old man (onset at 9 years) with typical
clinical features – VSNGP, dystonia,
ataxia, dementia, splenomegaly, diffuse
brain atrophy on MRI (pic.2). While
continuous miglustat intake 600 mg a
day (woman – 3,5 years, man – 3 years)
we observe stabilization of disease
progression, decrease in ataxia severity
45

and other motor symptoms according to
clinical scales. Increase in quality of life
and social adaptation was observed.
Drug tolerance is good in general. The
female patient had 10-12% weigth loss
during first year of therapy, and then it
changed back. Patients don’t have any
dyspeptic symptoms. Three more
patients with juvenile onset form have
started to take miglustat. Response to
treatment will be measured later.
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Conclusion
NPC is an outstanding example
of
progressive
lysosomal
neurodegenerative
disorder
with
established substrate reduction therapy.
We are looking forward to see the new
convincing treatment options for this
condition. There is study ongoing with
cholesterol-binding
compound,
cyclodextrin (CYCLO) for the removal
of unesterified cholesterol from late

endosomes/lysosomes [28], and also
histone deacetylase inhibitors (HDAC),
which act by increasing expression of
the low transport activity NPC1 mutant
protein and significantly reduce
neuronal death [23]. The level of
modern molecular neurobiology gives
hope to the development of diseasemodifying therapy for other severe
neurodegenerative
disorders.

Fig.2. MRI. Diffuse brain atrophy in 21-year old NPC patient.
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AGE-RELATED MORPHOMETRIC ASSYMETRY OF THE RIGHT AND LEFT
PUTAMEN IN HUMAN
K.A. Kutukova
Research Center of Neurology, Moscow
Putamen@list.ru

Scientific literature contains
numerous evidence of hemispheric
asymmetry in the structural-functional
organization of different brain regions
[1, 11-13]. Putamen, which is a part of
the striatum and related to the basal
ganglia, is also an asymmetric structure.
Right-handed people, regardless of
gender and age, have a trend to
rightward asymmetry of putamen
volume [9].
Aging is accompanied by a
deterioration in motor performance [5].
Therefore, it is very important to study
the mechanism of age-related changes
in the basal ganglia, which refers to socalled motor circuit, to understand these
functional changes [3]. MRI studies
show age-related shrinkage of the
putamen in healthy individuals [2, 4, 7,
10]. Shrinkage of the putamen is more
pronounced in the right hemisphere
compared to the left one in initially
rightward asymmetry of the putamen [2,
6]. Age-related volume decrease of
different brain structures is connected
with neuronal loss, but is probably also
with neuronal shrinkage, decreased
number of spines and synapses [5].
Therefore, the phenomena shown
on MRI could be explained by studyind
50

age-related asymmetrical structural
changes in the putamen.
Nowedays,
there
is
no
information in the literature about
structural lateralization and age-related
morphologic changes of medium spiny
neurons that are the main putamen
neurons.
Thus, the aim of this study was to
determine the hemispheric asymmetry
in the structure of the ‘receptive
apparatus’ of spiny putamen neurons in
individuals (males) of different age.
Materials and methods
The autopsy findings of brain
hemispheres of 6 males (30, 33, 54, 71,
80 and 90 years old), died neither from
neurological nor psychiatric disorders,
were studied. The autopsy material was
obtained within 5-11 hours after death.
5 mm-thick brain blocks that
contained
the
putamen
were impregnated with silver by the
Golgi method [8]. Then blocks were
dehydrated in ascending ethanol
concentrations (60-100%; 30 minutes
each), plunged into 10% celloidin and
cut into 120-150 µm-thick coronal
sections with Sannomiya microtome.
The sections were placed on a large
cover glass and in balm then. 5 slices of
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each case were taken for further
investigation. Then 30 precise sketches
of spiny neuron dendrites of each
putamen were made with a microscope
«ORTHOLUX II» (Leitz Wetzlar,
Germany), equipped with a drawing
device, with magnification of x400 and
x630. Morphometric study of the
somatodendritic structure of spiny
neurons included the measurement of
drawn neurons on the digitizer (D-Scan,
Model No. DT-3600, Japan.), connected
to the computer (software was
developed in the laboratory). 7
parameters were estimated: area of the
neuronal soma (Scl), the number of
dendrites (d), the number of free
branches of dendrites (Bd), the largest
radius of the dendritic field (R), the
total length of dendrites (Ld), space of
dendritic area (Sda) and actual density

of spines on dendrites (Nds) [8]. The
Mann-Whitney test was used to
compare all the parameters.
Results and discussion
Seven morphometric parameters
of the spiny neurons of the putamen in
both hemispheres were obtained in each
case. Neurons of the right and left
putamen were compared by 7
parameters to detect a hemispheric
asymmetry.
Statistically
significant
hemispheric differences were obtained
only in few parameters in 3 cases of 54,
71 and 80 years old (Table). At the
same time there were no hemispheric
differences in the youngest (30 and 33
years) and the oldest (90 year) male.
There was no linear regression of any
parameter with age (30, 33, 54, 71, 80
and 90 years) in males (Fig.).

Table. Hemispheric differences in morphometric parameters of putamen dendrites in all
the cases.
Case №
1
2
3

Age
30
33
54

4

71

Scl
–
–
17%
L>R
–

5

80

–

d
–
–
20%
L>R
–

12%
R>L
6
90
–
–
Abbreviations: R – right hemispere, L –
statistically significant difference in
differences showed in percentage.

Bd
–
–
–

R
–
–
–

–

10%
L>R
–

Ld
–
–
–

Sda
–
–
–

Nds
–
–
–

11%
–
L>R
–
18%
10%
L>R
R>L
–
–
–
–
–
left hemisphere. The dash line indicates the absence of
right and left hemisphere. Statistically significant

Thus, 6 cases of 30, 33, 54, 71, 80
and 90 years old males were studied.
Hemispheric differences of
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16%
L>R
–

somatodendritic structure of putamen
spiny neurons were found in 3 cases
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(54, 71 and 80). Two men (54 and 71
years old) showed leftward asymmetry
in the number of dendrites and soma
size (case №3, 54 years old), in the
radius of the dendritic field, total length
of dendrites and space of dendritic area
(case №4, 71 years old). Peterson et al.
(1993) suppose that neostriatum
asymmetry
is
associated
with
handedness: right and left. The use of
dominant hand leads to volume increase
of the contralateral striatum compared
to the ipsilateral one [9].

Results of our study showed mild
hemispheric
asymmetry
of
somatodendritic structure of putamen
spiny neurons with the use of various
parameters in men of different age in 3
cases: 54, 71 and 80 years old.
Therefore, our results may represent the
individual variability of parameters and
we can not say about hemispheric
differences in the structure of
somatodendritic structure in human
(males) in general.
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Figure. Age-related hemispheric differences in morphometric parameters of putamen spiny
neurons in males.
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The group of polyamines (PA)
comprises
putrescine
[NН2(CH2)4NH2],
spermidine
[NН2(CH2)4NH(CH2)3NH2]
and
spermine
[NН2(CH2)3NH(CH2)4NH(CH2)3NH
2], and their derivatives. PA are present
in all tissues of eukaryotes; they are
essential for the processes of cell
proliferation, growth and development.
Since their primary and secondary
amino groups are connected with the
N* at physiological pH, PA interacts
electrostatically with negatively charged
molecules, primarily such as DNA and
RNA, as well as protein’s complexes
[9]. In living organisms, PA are
presented in the free (protonated) and
related forms. The interaction of PA
with nucleic acids and acidic
macromolecules are more stable than
with inorganic cations Mg2+ and Ca2+.
The metabolism of PA in
mammals. PA can mutually transform
each other in their biosynthesis and
breakdown [1, 2]. Putrescine is
synthesized from ornithine in the
formation of which involved the
enzyme arginase. The rate limiting
enzyme in the biosynthesis of PA is
ornitine decarboxilase (ОDC) [23].
Spermidine synthase is an enzyme that
55

carries out the transfer of NH2(CH2)3fragment from S-adenosylmethionine to
the
amino
group
of
\
putrescine, which leads to the formation
spermidine. The spermine is formed by
adding
NH2(CH2)3-fragment
to
spermidine with the participation of the
enzyme sperimine sintetase. The
spermine and spermidine converted
back to putrescine as a result of the
catabolism of the enzymes of
polyaminoacids, spermine oxidase
(SMO), acetyl polyamine oxidase
(AcPAO). SMO carries out the
oxidative transition of spermine in
spermidine [24].
Acetylated
spermine
and
spermidine subsequently subjected to
oxidative cleavage between C3 and N4
with the formation of more low
molecular weight polyamines. Products
of the oxidation of PA are low
molecular weight PA, H2O2, 3aminopropanal
(3-AP)
and
3acetylaminophenol. These aldehydes
are unstable and spontaneously pass in
acrolein after deamination. Acrolein, an
unsaturated aldehyde, easily reacts with
lysine residues of proteins with the
formation
of
protein-conjugated
acrolein (PCAcrolein) [22] (Fig. 1).
Acrolein, a highly toxic compound,
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when interacting with proteins, lipids,
and nucleic acids, exerts systemic

damage that leads to cell death.

Fig. 1. Polyamine catabolism (cited by Park M.H., Igarashi K., 2013).

Metabolic control of the PA. The
activity of enzymes of biosynthesis and
disintegration of the PA (ODC,
SAMDC and SSAT1) is regulated by
changes in the concentrations of PA, as
well as by a variety of compounds:
growth factors, hormones and others
[23, 24]. At high concentrations of
spermidine and spermine in the cells,
the activity of enzymes of PA synthesis
(ODC and SAMDC) is suppressed,
while the activity of enzymes of decay
(SSAT1) is increased. Conversely,
when the cellular content of PA is
reduced, ODC and SAMDC are
positively regulated and SSAT1 is
56

suppressed. Regulation of synthesis and
decay of the PA occurs at the level of
transcription and translation of the
biosynthesis of these enzymes [12].
With increasing content of PA inside
the cell, the activity of ODC is inhibited
by induction of protein, antienzyme,
that forms a complex with ODC
monomer leading to inactivation of its
enzyme activity [2]. Degradation of this
complex occurs in the 26S proteasomes.
More complex regulation of ODC
activity is represented by a protein
inhibitor antienzyme [23]. Products of
the oxidation of PA represent low
molecular weight PA, H2O2, 3-
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aminopropanal
(3-AP)
and
3acetylaminophenol. These aldehydes
are unstable and spontaneously pass in
the
acrolein
after
deamination.
Acrolein, an unsaturated aldehyde,
easily reacts with lysine residues of
proteins with the formation of proteinconjugated acrolein (PCAcrolein) [22]
(see Fig. 1). Acrolein, a highly toxic
compound, when interacting with
proteins, lipids and nucleic acids, exerts
systemic damage that leads to cell
death.
Normal homeostasis of PA is
supported by a complex multiple
feedback mechanisms at the level of
biosynthesis, decomposition, absorption
and release from cells [2, 8].
Considering the role of polyamines in
the pathogenesis of certain diseases,
many authors stick to the term "system
of polyamines", which means the
diversity of derivatives of polyamines
(acetylpytrescine,
acetylspirmidine,
acetylspirmine, cadaverine and its
derivatives), enzymes for their synthesis
and degradation, as well as their
transmembrane transporters.
General patterns of physiological
and pathophysiological effects of the
PA. It is shown that manifestations of
excessive accumulation of PA in the
cell
are
associated
with
the
transformation of tissues and/or
apoptosis, while a decrease leads to
inhibition of cell growth, migration, or
blocking
the
development
of
biosynthesis of nucleic acids and
proteins. A sharp increase in the content
57

of PA and activation of enzymes of
their synthesis (ODC and SAMDC)
associated with hyperproliferative and
development of oncologic process is
observed [19]. Activation of the
collapse of the PA causes oxidative
stress (OS) in all body tissues of
animals that makes a significant
contribution in molecular mechanisms
of aging and pathogenesis of diseases
associated with the development of OS
[1, 2, 19] (Fig. 2).
PAS are involved in such
processes as the increase of life
expectancy, regulation of the activity of
receptors and ion channels; they have a
positive impact on behavior, learning
and memory [2, 8]. Discoveries that the
content spermidine and putrescine
decreases with aging of all living
organisms, combined with a decrease in
the ability to memorize, provided the
molecular basis for the role of the PA in
autophagy of cells [17].
The introduction of the PA
experimental animals to the area of the
hippocampus significantly increases
their ability to learn, while the
introduction of inhibitors of the binding
of polyamines with the NR2B subunit
of NMDA receptors (arkain, ifenprodil
and traxoprodil) causes the violation of
the processes of memorization and
reproduction of the conditioned reflex
in animals [20]. Negative modulators of
NMDA receptors disrupt cognitive
activity, and positive (such as glycine,
spermidine
and
spermine)
may
compensate dysfunction of cholinergic
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and glutamatergic transmission, repair
the impaired memory and learning [13].
On the model of focal cerebral ischemia
in rats it was shown that under ischemia
caused by disorders of memory and

learning (deterioration of the formation
and reproduction of conditioned
reflexes)
glycine
facilitates
the
formation, but does not improve the
preservation of acquired skill [5].

Fig. 2 Summary of the cellular metabolism of action of polyamines (cited by Minois N.,
Carmona-Gutierrez D., Madeo F. Polyamines in aging and disease. AGING. 2011. V. 3. N 8. Р.
1-17.).

For PA, antioxidant, antiinflammatory,
neuroprotective,
antidepressant, and anticonvulsant
effects were shown [1, 2, 8]. In the
structures of the mammalian brain, the
contents of the PA is different. The
uneven distribution of PA between glia
and neurons in large concentrations they
was found in glial cells. ODC
expression in glia is observed in the
functional activation caused by
58

neuronal transplantation and chemical
hypoxia [17]. Adding a PA can have a
toxic effect on the culture of neurons. It
was shown that incubation of a pure
neuronal culture with 50 µm spermine
led to cell death, whereas in the holistic
structure of slices of the brain,
consisting of neurons and glia
(astrocytes), this concentration of
spermine did not cause their death [8].
The fact that PAS are synthesized in

Журнал «Асимметрия꜡»

Том10 №4 2016

neurons and accumulates in glia
allowed Skachkova et al. [8] to suggest
a hypothesis about the role of the PA as
gliotransmitters that performs a
regulatory function in relation to the
neurons. With receipt PA glia to
neurons in certain cases, is carried out
through a PA system and endothelium
of
brain
capillaries.
Especially
important is the study of the role of
gliotransmitters-PA in the pathogenesis
of ischemic stroke [8, 30].
Polyamine system in ischemia:
neurotoxicity and neuroprotection. PA
may participate in the development of
the OS, inducing, first, the increase of
reactive oxygen species (ROS),
superoxide anion radical, H2O2 and
hydroxyl radical (OH*) and, second, the
formation of unsaturated aldehydes
such as 3-AP and acrolein [25, 30]. The
addition of spermine and spermidine in
cell cultures containing serum causes an
inhibition of proliferation of any cell
types due to the formation of oxidation
products of PA, H2O2 and acrolein
[15]. In neuronal cell culture complete
growth inhibition of the cells is
achieved by incubation with 10 µm of
acrolein, 100 µm 20 µm H2O2 and
OH* [25]. The acrolein is more toxic to
the brain tissue than the ROS. On
different models of cerebral ischemia in
rats it was shown that the introduction
of
neuroprotective
agents
(acetylcysteine, carnosine) results in
neutralization of acrolein, 3-AP and
H2O2 [2, 8].

59

Introduction to neuronal culture
containing toxic doses of spermine of
the aldehyde dehydrogenase enzyme
prevented cell death [25]. In the model
of ischemia caused by glucotoxicity
deprivation, M. Nakamura et al. found
that Ca2+ was a factor inducing the
toxicity of PA in neurons [24], and that
Ca2+ triggered the release of PA from
the ribosome. One of the main pathways
for Ca2+ entry into neurons are the
channels of the AMPA and NMDA
receptors. In animal experiments it was
shown that the introduction of N1, N4,
N8-tribenzylspermidine channel blocker
of NMDA receptors leads to a decrease
in the content of Ca2+ and PCAcrolein
in neurons [21]. It is established that PA
glia is able to protect neurons from
ischemic death by adjusting the data
receptor channels of neurons [8]. It is
shown that the neuroprotective effect of
the drug diazoxide, which is known as
an activator of potassium channels and
is able to reduce the flow of calcium
ions,
in
experimental
ischemia/reperfusion in rats is inhibited
with the introduction of spermine [12],
which confirms the different effects of
PA in cerebral ischemia.
In models of global cerebral
ischemia it was shown that in the
hippocampus the activity of the enzyme
of synthesis of PA is increased 16-fold,
while the content of putrescine 4-fold
[30]. At the same time, in these
conditions there is activation of
enzymes of the collapse of the PA with
the formation of various cytotoxical
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aldehydes 3-AP, acrolein and H2O2
[28].
The introduction of inhibitors of
ODC prevents the development of
ischemic brain damage, indicating a
critical role of the accumulation of PA
[30]. Similar results were obtained in an
experimental model of ischemic stroke
caused by 24 h photochemicallyinduced thrombosis in mice, which
showed the increase in the content of
PCAcrolein 28-fold in the ischemic
lesion accompanied by a decrease in the
content spermidine and spermine and an
increase in the activity of enzymes of
the collapse of the PA - SMO and
AcPAO in the outbreak [25]. Later it
was found a higher degree of
correlation between the size of brain
infarction in mice with contents
PCAcrolein than with H2O2 [16].
Neuroprotective effects of PA in
cerebral ischemia is indicated for
prophylactic introduction of the PAS
(putrescine, spermine and spermidine)
at a dose of 10 mg/ kg body weight of
the experimental animals [11, 18, 30].
The mechanism of the protective effect
of PA is explained by the fact that they
function as traps of free radicals upon
the induction of lipid peroxidation in
homogenates of the brain by different
Pro-oxidants [10]. Enzyme inhibition
the collapse of the PA polyaminoacids
as a specific inhibitor 72527 and
nonspecific provides neuroprotection in
models of occlusion of the middle
cerebral artery in rats [24].
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On the model of focal cerebral
ischemia in rats with spontaneous
hypertension by MRI it was shown that
administration of spermine contributes
to the reduction of neurological deficit
and the size of the zone of the hearth
ischemic stroke [8, 26].
Uemura et al. showed that young
animals are more resistant to cerebral
ischemia than the old ones, that
correlated with PA levels in the brain
[29]. These data are consistent with the
work performed in our laboratory on
SAM (senescence accelerated mice),
with two sublineage mice: susceptible
to accelerated rate of aging SAMP
(prone) and stable – SAMR (resistant).
In the brain rapidly aging mice
characterized by increased sensitivity to
hypoxia, the content of PA was
significantly lower than in the controls
[6]. Hypoxic episode caused more
significant changes in the content of PA
in rapidly aging mice than in the brain
of the control group animals. So, in the
brain of SAMP mice, the content of
putrescine was increased by 126%
compared
to
control,
with
a
simultaneous decrease in the content
spermidine and spermine by 42 and 45
%; in the brain of the control line
SAMR, hypoxia causes an increase in
the putrescine content of 35% and a
reduction spermidine and spermine for
30 and 20 % compared to normoxia
(Fig.3)
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Fig. 3 Changes of polyamines in the brain tissue of the mice of line SAMP with acute hypoxic hypoxia,
compared with SAMR mice (p≤0, 05 compared with normoxia %)

Participation of PA in ischemic
pathochemical cascade is shown in the
very early stages of cerebral ischemia,
while an increase in the metabolism of
PA with induction of both enzymes for
their synthesis and decay [30].
Putrescine and 3-AP accumulated in the
zone of ischemic penumbra within 2 h
after cerebral ischemia in rats, thus
supporting a sharp increase in the
activity of metabolic pathways for the
interconversion of PA [25, 30]. The
accumulation of 3-AP and acrolein in
the lysosomes within 3-4 h after
ischemia causes the release of
proteolytic enzymes, leading to
disruption of mitochondrial integrity
[30]. There is a time dependence in the
quantitative change of PA in the brain
during ischemia: the contents of
spermine and spermidine reduced after
6 h and 24 h after occlusion of the
61

middle
cerebral
artery
in
ishemizirovanna cerebral hemisphere
[30]. However, 5 days after occlusion of
the middle cerebral artery in rats, the
content of acetyl derivatives of
spermine and spermidine in the brain
tissue increases [27]. The tests on
animals made it possible to develop
markers of ischemic stroke for clinical
trials. The diagnostical significance of
the determination of the content of the
PA, their degradation products, and
enzymes of the metabolism was
confirmed during examination of
patients with lacunar stroke [25, 31].
In clinical and biochemical
studies patients with stroke it was
shown the increase of the content of
degradation products of PA 3-AP,
acrolein, PCAcrolein in the blood and in
the CSF [15, 16, 28, 31], and activation
of the enzyme of their degradation [25].
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In our laboratory, it was shown
that in the first 48 hours after stroke the
content of free polyamines increased,
and associated PA forms decreased in
blood plasma and in erythrocytes of
patients, which indicates the transition
of polyamine from the associated with
nucleic acids form into the form of
polyamines. In the blood plasma of
patients, there were an increase in the
content of free polyamines and the
decrease of the content related in
comparison with donors. So, a free form
of putrescine was increased by 96%,
spermidine by 131%, and spermine by
32%, while the bound forms were
decreased (Fig.4). In the early stages of
ischemic stroke in plasma and
erythrocytes of patients there was an

increased content of free-polyamines
compared to control. The content of
bound forms of polyamines in plasma
and erythrocytes of the patients ia
shown on Fig. 4.
Therefore, cerebral ischemia
triggered the pathogenetic mechanisms
of formation of toxic breakdown
products of the PA in neurons, glia and
overall body. Treatment of stroke at
different stages should be aimed at
breaking the links of the ischemic
cascade [3, 4, 7]. Experimental and
clinical-biochemical studies show that
cerebral ischemia PA plays a dual role:
it participates in the launch of the
ischemic cascade and production of
toxic aldehydes and ROS and, on the
other hand, has neuroprotective effect.

Fig. 4. The contents of polyamines in plasma of patients with stroke (percentage of control
taken as 100%).
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AGE-RELATED STRUCTURAL CHANGES IN THE COMPACT PART OF THE
SUBSTANTIA NIGRA IN HUMAN BRAIN
V.N. Salkov, R.M. Khudoerkov, D.N. Voronkov, V.B. Sobolev, N.S. Noss
Research Center of Neurology, Moscow
vla-salkov@yandex.ru

The study of various structural
and functional changes in human brain
caused by normal aging and natural
environmental
factors
(infectious
diseases, toxic agrochemicals, increased
background radiation, etc.) is an actual
task
of
developmental
biology.
Environmental
factors
have
a
significant influence on the age
involution. Their combination with
genetic factors may contribute to the
pathology that occurs in the elderly [2].
One of the most common diseases
associated with old age is Parkinson's
disease (PD) [1]. Structural changes in
the brain during aging and PD are
similar in many aspects because in both
cases there is a death of dopamine
neurons. Nerve cells reduction in PD
occurs primary in the ventral region of
compact part of substantia nigra (SNc)
and reachs up to 98% [4]. Neuronal
death in the substantia nigra by
physiological aging is not exactly
localized and its scale is not fully
elucidated: according to some authors
the number of nerve cells decreases
about 10% [7], according to other [5] 33%.
Objective: To study age-related
morphometric properties of neurons in
66

the compact part of the substantia nigra
in human brain during physiological
aging.
Methods
Brain autopsy of neurologically
healthy patients (12 cases) who died of
intercurrent disease in age 52 -87 years.
Brain autopsy material was grouped on
age factor (mature age - 3 men and 1
woman, older - 2 men and 2 women,
and old age - 2 males and 2 females).
Study samples of the brain were
subjected to standard histological
processing and enclosed in paraffin
blocks and were laid on SNc level in 10
microns thickness frontal sections. For
morphological control the sections were
stained with cresyl violet, tyrosine
hydroxylase (a marker for dopamine
neurons)
revealed
by
immunohistochemical reaction (ABC
method) using reagents «SigmaAldrich» (Germany) following the
recommendations of the manufacturer.
The specimens were studied on a
microscope «Leica» (model «DMLB»,
Germany) equipped with a digital video
camera and a computer video analysis
system «Leica QWin».
The overall density of neuronal
structures in SNc was determined by
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counting the number of nerve cells in
microscope field of view (X40, X10).
Then the number was calculated on 0.01
mm2. Dopamine neuronal density was
determined similar. There were
examined at least 25 fields of view in
each case.
The area of neurons bodies and
nuclei were measured in a microscope
field of view, which was displayed on a
monitor. In each case we examined at
least 100 cells.
Neurons
morphometry
was
performed in selected segments (nerve
cells clusters) in ventral and dorsal SNc
regions in accordance with histological
nuclei topography [5]. The ventral
region was divided into medial (VM),
intermediate (I) and lateral (VL)
segment and in the dorsal - into medial
(DM), lateral (DL) segments and lateral
subregion (LS). Due to the fact that the
intermediate and lateral ventral
segments of SNc were not clearly
divided one from each other the
calculations were performed like into
one segment (VL+ I).
For statistical analysis of the data
was used «SigmaPlot-12.0» application.
Comparison of neurons quantitative
parameters considering the age factor
was performed by ANOVA, the
Fischer-Snedecor test was used. To

clarify the differences between the
studied parameters in the age groups
were used the Student's t-test and
Bonferroni test. The correlation
between age and neurons quantitative
parameters changes was characterized
by matching between the studied age
groups rank Spearman correlation
coefficients (r) of the nerve cells in a
similar performance SNc segments.
Results and Discussion
Comparison
revealed
SNc
neurons morphometric characteristics in
elderly and maturity ages has shown
that in old age the overall density of the
location of the nerve cells decreases in
VM and LS segments and density of the
location of the dopamine neurons - in
VM and (VL+ I) segments (table A 1).
At the same age area of increased nerve
cell bodies in the VM and DM segments
and area of neurons nuclei was not
significant changed (except segments
VL+I, where they were reduced by
14%). The most significant cell
parameters changes in the elderly
compared to the maturity age were
identified in the segment VM: total
neuronal density decreased by 34%,
dopamine neuronal density - 20% and
the area of nerve cell bodies was
increased to 16%.

Table 1. Quantitative parameters of neurons in the in maturity, elderly and senile human brain 1.
Main
neurons
parameters

segments of compact part of the substantia nigra
VM

VL+I

DM

DL

PL

13,1±1,32
7,1±0,54

15,9±1,54
8,4±0,39

maturity age
Mneur
Mneur TH+

20,0±1,3
12,8±0,64

17,7±0,92
12,6±0,68

10,8±0,86
6,6±0,31
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Sneur, mcm2
Snu, mcm2

480,2±15,6
222,8±6,75

Mneur
Mneur TH+
Sneur, mcm2
Snu, mcm2

13,2±0,76*
10,2±0,26*
558,2±14,57*
228,8±6,51

Mneur
Mneur TH+
Sneur, mcm2
Snu, mcm2

13,4±1,17*
9,2±0,38*
603,1±17,97*
185,5±6,92*#
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472,6±22,81 399,6±22,62
240,5±6,29
168,3±8,23
Elderly age
15,5±0,75
10,6±0,63
*
9,9±0,2
6,6±0,25
500,6±19,77 491,7±22,74*
207,6±5,87* 159,2±6,34
senile age
13,6±1,07*
7,1±0,9*#
*
9,6±0,27
6±0,34
522±22,28
501,6±23,57*
*
204,8±4,63
155,7±7,53

448,6±21,35
190,7±5,29

472,6±22,81
186,2±5,9

12,6±0,52
6,6±0,29
514,6±17,97
195,9±7,0

10,7±0,75*
7,5±0,22
500,6±19,77
187,6±8,12

11,9±0,75
6,3±0,27
543,8±17,08*
163,1±8,05*#

9,3±0,59*
7,4±0,24
522±22,28
160,1±5,89*#

Note: 1 – there paired two-sample Student t-test was used: M - the average value, m - the average
error. * - P <0.05 for parameters in maturity and old age compared with mature age; # - P <0.05 for
parameters in senile age compared with elderly age. Here and in the Table. 2 : VM - medial segment,
VL + I - lateral and intermediate segments of the ventral region; DM - medial, DL - lateral, LS - lateral
subregion in the dorsal region of SNc. Mneur- density of neurons, Mneur TH+ - density of tyrosine
hydroxylase contained neurons, Sneur - area of neurons bodies, Snu - area of neuronal nuclei.

Comparison
of
the
main
parameters of SNc neurons in senile and
maturity patients revealed that in senile
age
general nerve cell density
decreases in all segments (except for the
DL segment), while the location density
of dopamine neurons - only VM and the
VL+I segments ( Table. 1). By senile
age (compared with the maturity age)
area of neuron body in the VM, DM and
DL segments increases and the area of
their nuclei decreases in all segments
(except for the segment DM). Also area
of neuron nuclei decreases in senile age
not only compared to the mature age,
but also in comparison with elderly age
(in VM, DL, PL segments).

The most
significant cell
parameters changes in senile age, as
compared to the mature, were found in
the ventral region, VM and VL+ I
segments of SNc. Overall neurons
density decreases with the aging of 33%
in VM segment and in VL+I segments of 23%. Dopamine neurons density in
these segments reduces by 28% and
24% respectively. At the same time in
VM segment the area of neurons bodies
in senile age increased by 26%, but
there is no significantly differences in
VL+I segments. Area of neurons nuclei
decreases by 17% in VM and by 15% in
VL+I segments.

Table 2. Сorrelation coefficients сomparison of quantitative parameters of neurons in the
compact part of the substantia nigra in the in maturity, elderly and senile human brain 1.
Main
neurons
parameters

VM

segments of compact part of the substantia nigra
VL+I
DL
VM
maturity age / elderly age
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VM
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Mneur
Mneur TH+
Sneur, mcm2
Snu, mcm2

- 0,614*
- 0,131
0,148
0,105

Mneur
Mneur TH+
Sneur, mcm2
Snu, mcm2

- 0,461*
- 0,024
0,086
0,048

Mneur
Mneur TH+
Sneur, mcm2
Snu, mcm2

0,683*
- 0,165
0,263*
0,149
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- 0,316
- 0,054
- 0,292
- 0,028
0,065
0,314*
0,286*
0,141
maturity age / senile age
- 0,061
- 0,067
- 0,148
- 0,095
0,059
0,275*
0,044
0,053
elderly age / senile age
- 0,17
- 0,233
- 0,099
- 0,45*
0,213*
0,032
- 0,021
0,009

- 0,735*
- 0,072
0,054
0,19

- 0,469
- 0,248
0,027
0,179*

- 0,002
- 0,043
0,09
0,214*

- 0,192
- 0,096
0,351
- 0,127

- 0,153
- 0,06
0,092
- 0,006

- 0,143
- 0,315
0,025
- 0,122

Note: 1 – there Spearman (r) rank correlation coefficient was used. * - P <0.05 for values of r by
comparing the respective age groups.

By comparison between study age
groups
morphometric
neurons
parameters correlation coefficients in
similar SNc segments was found that
there is a correlation between age and
neuronal density change particularly in
VM segment in elderly and senile age
as compared to the mature. This
correlation is reversed - aging leads to
nerve cells density decrease. (Table. 2).
Furthermore, in the same segment (VM)
is found (Table. 2) a direct correlation
between age and the area of the nerve
cells. A similar correlation is found
between these parameters in the DM
segment by comparing the elderly and
senile with the mature age.
The study demonstrated the
dynamics of age morphometric
parameters
changes
of
cellular
structures in SNc caused by age-related
involution: total neuronal density,
dopamine neurons density, areas of
neuronal bodies and nuclei. Involutory
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changes were primarily associated with
reduction of total neuronal density (in
all segments except DL) and a decrease
in size of their nuclei (in all segments
except DM). The general density
reduction of nerve cells was correlated
with patients age increasing. That have
been shown by other authors who
studied morphometric parameters of
SNc cellular structures in aging [9].
Furthermore, as it was shown in our
research, there is a reduction in area of
cells nuclei in most SNc segments
during aging. The nucleus is the central
element of cellular metabolism and its
size reflect the functional and metabolic
activity in the nerve cell. Therefore, it
can be supposed that the reduction in
nuclei size is determined by decreased
functional activity of neurons during
aging and may indicate the development
of atrophic process, which is one of the
components in age involution.
Age differences in SNc neurons
basic parameters were more expressed
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in VM and VL+I segments in the
ventral region. As well as total neurons
reduction, dopaminergic cells number
reduction during aging in these
segments indicates that the age
involution proceeds more rapidly than
in other segments of SNc. At the same
time, the senile loss of dopamine
neurons in the VM and VL+I segments
is comparable to the total loss of nerve
cells in these segments. That
characterizes the natural aging process
and allows us to differentiate it from the
neurodegenerative process in which the
number of dopamine neurons is reduced
more rapidly than the total number of
nerve cells [6]. Increase in the size of
neurons that we found in the elderly
may be caused by neuromelanin
accumulation [3], which has a natural
neuroprotective properties [8].
Our SNc morphometric structures
study revealed specifics changes in
quantitative parameters of neurons
associated with the natural aging (total
neurons reducing, neurons enlargement
and size reduction of the cell nuclei). It
was demonstrated that the involutive
process occurs more rapidly in VM and
VL+I segments of the ventral region
than in other segments of the substantia
nigra in human brain.
Age-related structural changes in
the compact part of the substantia nigra
in human brain should be considered for
an objective estimation of involution in
this structure and discriminated from
neurodegenerative
process
in
Parkinson's disease.
70
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CLINICAL POLYMORPHISM OF FUNCTIONAL URINATION IN PATIENTS WITH
NEURODEGENERATIVE DISEASES: MULTIPLE SYSTEM ATROPHY
P.G. Schwartz, S.L. Timerbaeva, M.Yu. Krasnov, E.N. Yudina
Research Center of Neurology, Moscow

Introduction. O'Sullivan S.S. et
al. (2008) convincingly demonstrated in
a large sample of patients with multiple
system atrophy (MSA) the leading role
of early autonomic nervous system
disorders in the prognosis for MSA [8].
Koellensperger M. et al. (2010)
analyzed 437 cases of MSA and
revealed autonomic nervous system
dysfunction in 99% of patients.
Urination disorders manifested in 83%,
erectile function disorders in 84%,
orthostatic hypotension in 75%, chronic
constipation in 33% of patients [7].
Kirchhof K. et al. (2003) points
out that the emergence of lower urinary
tract symptoms (LUTS) precede the
development of orthostatic hypotension
in 76% of patients with the Shy-Drager
syndrome. The authors reveal sphincter
disorders
according
electroneuromyographic pelvic floor in
91% [6].
Benarroch E.E. et al. (2001,
2010) showed that in the early stages of
MSA a degeneration of Barrington's
nucleus cells occurs. Barrington's
nucleus is located in the rostral pons in
the brainstem and is sensitive to
corticotropin releasing factor hormone.
72

Сorticoliberin is produced in the
hypothalamus paraventricular nucleus
and is the major mediator of the pontine
micturition center. Next to Barrington's
nucleus the degeneration begins in the
periaqueductal gray matter which
perfors the role of "manager" of
descending impulses from the cortex
and subcortical structures to the nuclei
in the brainstem. Subsequent pathogenic
mechanisms lead to desynchronization
of spinal and peripheral autonomic
ganglia with subcortical structures [1, 3,
4].
Sakakibara R. et al. (2000)
described in detail the phenomenology
and the percentage of neurogenic
voiding dysfunction in Shy-Drager
syndrome. MSA symptoms according to
the authors are presented by urinary
difficulty (79%), frequent nocturnal
urination (74%), micturition urgency
episodes (63%), daily pollakiuria
(45%), enuresis (19 %) and chronic
urinary incontinence (8%). This paper
presents only the summary data of all
patients without regard to individual
symptoms occurring combinations [10].
In our opinion, every clinical
manifestation can be individualy
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convincingly explained the defeat of the
specific nuclei of the brainstem and
basal ganglia responsible for the
implementation of the normal urination.
Formation stages of various lower
urinary tract symptoms (LUTS) are also
not
shown.
Such approach would indirectly recreate
the sequence of targets involvement in
the neurodegenerative process [2].
Especially because according to
Sakakibara R. et al. (2000) 100% of
patients wits MSA suffer from LUTS
[10].
Urodynamic
study
methods
allowed Wheeler J.S. Jr. et al. (1985),
Salinas J.M. et al. (1986), Kirby R. et
al. (1986) independently of each other
to objectify patients complaints and to
describe the three forms of disturbance
in micturition in MSA A [3, 11, 13].
The first form - dehiscence of the
bladder neck because of the weakness
of the urethral sphincter contractile
activity (smooth and striated muscle).
The reason for this disturbance is
secondary degeneration of Onuf’s
nucleus that occurs in 90% of patients
with MSA. (Salinas J.M. et al. 1986,
Kirby R. et al. 1986; Pramstaller P.P. et
al. (1995) [5, 9, 11]. The second form is
detrusor areflexia - occurs in 2/3 of
patients. The cause of this disorder is a
degeneration of the Barrington’s
nucleus and nuclei in the medulla
oblongata, parasympathetic neurons in
the sacral center of urination and a
significant reduction in neuronal
density, containing acetylcholinesterase
73

(Salinas J.M. et al., 1986). [11]. The
third form is detrusor overactivity occurs in one third of patients. The
mechanism of this form is presumably
associated with the loss of inhibitory
effects from corpus striatum substantia
nigra on the bladder (Salinas J.M. et al.,
1986) [11].
Objective: To extract groups of
urinary disorders symptoms which are
specific to various clinical forms of
MSA (Shy-Drager syndrome – MSA A,
olivopontocerebellar atrophy – MSA C,
striatonigral degeneration – MSA P), to
analyze
the dynamics
of the
degeneration of the nuclei in the pons,
cerebellum and basal ganglia based on
the dynamics of LUTS development.
Methods
The study involved 38 patients
with an established diagnosis of MSA
(MSA A – 13; MSA C – 8; MSA P – 17
patients) with severe LUTS (27 women,
11 men, mean age - 54,5 ± 14 years).
Research Center for Neurology
questionnaire was used for symptoms
detection. Diseases of the genitourinary
system were excluded using ultrasound
and microbiological methods.
Results and discussion
85% of patients with MSA A had
imperative urinary incontinence (IUI),
by 43% of them this symptoms were a
preliminary to neurological symptoms
and appeared in an average of 6 ± 1.5
months before the development of
orthostatic hypotension. In 64% of
patients with MCA C were diagnosed
disturbances in pelvic floor muscles
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control (initiating micturition disorders)
and
positional
disorders
most
pronounced in men (inability to urinate
standing). In 87% of patients these
symptoms were combined with
cerebellar symptoms and developed
simultaneously. In 76% of patients with
MSA P was noted nocturia which was
combined with parkinsonism in 100%
MSA type

(n)

micturition disorders onset relative to
neurological symptoms onset

years

frequency of
occurrence, %
43

of cases. Symptoms developed after an
average of 6 months after the
development of other neurological
symptoms.
Phenomenology and dynamics of
micturition
disorders
relative
"neurological"
MSA
symptoms
depending on the form of the disease is
presented in Table 1.
Most typically occurring
micturition disorders

symptoms

degeneration
zone
(Accumulation
of
alpha
synuclein)

frequency of
occurrence, %
85

MSA А¹

13

-1

MSA С

8

1

87

pseudodysynergia

64

MSA P

17

+3

100

nocturia

76

Differential diagnosis of MSA
and its clinical forms is extremely
complicated.
The
definitive diagnosis is often established
only in the later stages of this rapidly
progressive neurodegenerative disease.
Including neurourological tests in
diagnostic procedures of MSA can help
provisionally diagnose in a short time
MSA. It can help to rule out other wellknown diseases such as Parkinson’s
disease (micturition disturbances 5-6
years after disease onset), stress urinary
incontinence (absence of orthostatic
hypotension),
amyotrophic
lateral
sclerosis (no electroneuromyographic
signs of Onuf's nucleus damage, no
74

urgency urinary
incontinence

Barrington's
nucleus (Мregion); Locus
coeruleus
vermis
Paraventrilar
nucleus of the
hypothalamus

sphincter
dysfunction),
vascular
parkinsonism
(MRI),
idiopathic
hyperactive bladder syndrome (no
neurological symptoms) [2].
There are two drug therapy
components in urination disorders
treatment by MSA. Competitive
muscarinic receptor antagonists (tartrate
tolterodine, oxybutynin hydrochloride,
trospium
chloride,
solifenacin
succinate) compensate cerebral effects
on spinal micturition center (by
neurogenic
detrusor
overactivity).
Acetylcholinesterase
inhibitors
(pyridostigmine bromide, distigmine
bromide) by detrusor hypotonia and
non-selective
adrenergic
agonists
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(midodrine), selective noradrenaline
and serotonin reuptake inhibitors
(duloxetine)
by
stress
urinary
incontinence
directly affect
the
peripheral mechanisms of regulation of
micturition.
Conclusions
Analysis of the results suggests
the
involvement
in
the
neurodegenerative
process
certain
regulating urination areas ("nuclei"). In
the case of MSA A – Barrington's
nucleus which regulates the detrusor
contractility activity, in MSA C – the
cerebellum vermis which determines
the position during urination and
indirectly, Onuf's nucleus which is
responsible for the contractile activity
of the pelvic floor. Isolated symptom of
nocturia by MSA P points to
hypothalamus paraventricular nucleus
damage that regulates daily rhythms of
urination and urine output. Analysis of
symptoms allows indirectly suggest
zones in the brain involved in the
process of degeneration and make easier
the differential diagnosis of MSA types.
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TREATMENT OF HISTOLOGICAL MATERIAL FOR THE DETECTION
PHOSPHORYLATED AND UNPHOSPHORYLATED ALPHA-SYNUCLEIN
V.B. Sobolev, D.N. Voronkov, R.M. Khudoerkov
Research Centre of Neurology, Moscow
vsobolev@outlook.com

Parkinsonism is one of the most
common human neurodegenerative
disorder [20]. During recent years,
progress has been made in the
differentiation of parkinsonism based
on genetic susceptibility to Parkinson's
disease (PD) [2], with consideration of
influence of various environmental
factors [2, 8].
Alpha-synuclein (a-Syn) is the
most likely candidate, influencing the
course of the pathological process and
its distribution. Identification of alphasynuclein is widely studied with
genetic, immunohistochemistry and
other techniques.
Alpha-synuclein is a member of
the synuclein family – small proteins
are made of 120-140 amino acids.
Synuclein family includes alpha-, beta-,
gamma-synuclein
and
synoretin
(detected in the retina).
Alphasynuclein is widespread in nervous
system and making up to 1% of all
cytoplasmic proteins of the nervous
tissue of human brain [5]. Alphasynuclein is most studied in detail due
to his discovery in Lewy bodies abnormal aggregates of protein in
neurons are detected in PD [10] and
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other neurodegenerative disorder. This
disorder are called synucleinopathies
[8]. Mutation in the α-Syn gene
associated with one of hereditary forms
of PD [14]. In addition, α-Syn is a part
of the amyloid plaques in Alzheimer's
disease [15]. Important role in the
pathology
of
neurodegenerative
disorder is associated with a tendency to
form insoluble aggregates [13] that
leads to disfunction of neurons. It is
assumed that they are formed by a
prion-like mechanism [15], when a
protein molecule with incorrect
conformation promotes to appearance
and spread of such molecules from
neuron to neuron, which confirmed in
vitro and in vivo studies [9] .
Pathological and clinical data suggest
that the formation of Lewy bodies and
neurodegeneration
in
Parkinson's
disease begins with the structures of the
peripheral nervous system and then
spreads to the overlying parts of the
CNS and affects eventually the
substantia nigra and basal nuclei [7].
Despite more than 20 years
history of α-Syn study [16, 13] there is
not enough data about its normal
intracellular localization and functions.
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The nuclear and synaptic localization of
α-Syn is shown and also found the
soluble cytoplasmic and membranebound forms, including mitochondrial
localization [12]. It is assumed
involvement of α-Syn in synaptic
transmission [16]. Alpha-synuclein has
multiple splice variants that differ in
length C-end of the molecule, and is
present in various phosphorylated
forms, which have big importance in the
formation of aggregated forms of the
protein [4]. Probably due to the
presence of different forms of the
protein and its tendency to form
insoluble
aggregates
[4],
immunohistochemical
data
about
localization of α-Syn in the nervous
system dependent on the antibodies that
are used for recognition different
epitopes. For example, researchers
distinguish in one case predominantly
nuclear, in the other case the synaptic
localization of α-Syn when they use
different antibodies [19]. There are few
studies that are generally describe
normal distribution of α-Syn in different
structures of the human [2,3,6] and
laboratory animals nervous system,
moreover is shown possible interstrain
and species differences [17].
In the literature information on
the localization of a-Syn in different
structures of the nervous tissue is
presented not enough due to properties
of the preparation materials to the
immunohistochemical
and
immunofluorescence reactions (the
ways of fixing of material, preliminary
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treatment of the sections etc.) and
conducting reactions. In connection
with the above in our work the
following goal was set.
Objective: to work out the
optimal
protocol
for
immunohistochemistry
and
immunofluorescence reactions to detect
phosphorylated alpha-synuclein in the
human salivary glands biopsies.
Material and methods
The object of the study were the
nerve fibers in the human salivary
glands biopsies which were fixed in 4%
neutral-buffered formalin, rinsed with
tap water. Then one part of the samples
was conducted through 15% and 30%
sucrose solution and impregnated with
medium O.C.T. (Tissue Tek), after that
they were frozen and cut in the frozen
state with a freezing microtome (Sakura
Tissue Tek). Another part of the fixed
samples were dehydrated and prepared
for filling in paraffin, comparing the
two variants of conduits - through
chloroform and isopropanol [1].
Paraffin sections from 10 to 40 mkm
thick were prepared with sliding
microtome Leica SR2000.
In our work, we tested mouse
monoclonal
antibodies
to
phosphorylated alpha-synuclein (α-Synp129) from two different manufacturers
Wako and Biolegend. As secondary
antibodies we used antibodies labeled
with fluorochromes from Sigma
company:
sab4600060
(CF555),
sab4600045 (CF488). During the work
we compared the polymeric detection
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system MultiVision TL-012-MARH
(Thermofisher) and peroxidase method
using EXTRA 3 kit (Sigma).
For disclosure of epitope was
performed pretreatment, using different
methods of treatment sections: heating
in a microwave oven (600W, 10 min),
with an acidic and an alkaline buffer
solution (citrate buffer, pH 6.0 and trisEDTA buffer, pH 9.0-9.2) and
concentrated formic acid.
Results
In association to the hypothesis of
peripheral onset Parkinson's disease [7]
in the human salivary glands biopsies
we estimated specificity of antibodies
from different manufacturers to identify
a-Syn in peripheral nerves innervating
salivary glands and efficiency of
different methods of unmasking antigen
contained in the crosslinks of proteins
after fixation.
We found that unphosphorylated
and phosphorylated a-Syn had a similar
localization and detected in salivary
gland tissue both in large bundles of
nerve fibers and in individual fibers.
However, expression of phosphorylated
α-Syn (α-Syn-p129) was significantly
lower and usually detected in large
bundles of nerve fibers both along the
course of the whole fiber and in the
form of clumps or clusters of dots. In
patients with PD were found α-Synpositive fibers in 5 cases out of 8, along
with that α-Syn-p129-immunopositive
nerve fibers found in 6 cases out of 8
[3].
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When we worked with fixed
material during preparation samples for
filling in paraffin the best results have
been shown with the use of isopropyl
alcohol than chloroform (see Table 1).
In comparing paraffin and frozen
sections we preffered the first, because
in frozen section a hight level of nonspecific staining of the salivary gland
by using antibodies conjugated to
alkaline phosphatase (MultiVision TL012-MARH, Thermofisher) is observed.
In comparing sets of detection TL-012MARH (Thermofisher) and EXTRA 3
kit (Sigma) it was found that the
polymer set shows greater sensitivity
and reproducibility.
Condidtions
of
antigen's
pretreatment significantly influenced on
the binding of antibodies manufactured
by
Wako,
while
antibodies
manufactured by Biolegend was less
sensitive to the pretreatment methods
for material. If antigen's pretreatment is
not performed the antibodies both
manufacturers
showed
weak
immunoreactivity.
In
comparing
sections were treated with citrate buffer
(pH = 6.0) and Tris-EDTA buffer (pH =
9.0-9.2) we found that antigen's
pretreatment in acidic medium was
more effective than the alkaline, and
antibodies manufactured by Wako
showed the best results.
Treatment of sections with formic
acid showed that it is a potent
solubilizing agent and enhances
detection of α-Syn, it enhances
detection of amyloid and prion protein
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according to the literature [11, 18].
Short time treatment with formic acid
(1-2 minutes) showed the result was
similar to another which observed after
heat treatment. In comparing the time of
treatment with formic acid we observed
minimal differences for antibodies
manufactured by Biolegend, and for
antibodies manufactured by Wako

optimal time was at least 10 minutes
and the results were significantly better
(Fig. 1) than in the treatment with
citrate buffer. Important to note, after
treatment with formic acid sections
must be rinsed with tap water during 20
minutes, disregard of these conditions
leads to the formation crystals in the
sections.

Figure 1. Nerve fiber in the human salivary glands biopsies.
Image is inverted. It was obtained by immunofluorescence method. The length 10 mkm.

When working with the system of
detection MultiVision TL-012-MARH,
it is better to perform a joint detection
in one section α-Syn-p129 and neuronal
enzyme, in our case neuronal enzyme
was tyrosine hydroxylase. It is
necessary for reliable detection of
phosphorylated alpha-synuclein in
nerve fibers and exclude nonspecific

staining associated with the endogenous
alkaline phosphatase activity (served as
an enzyme label for the secondary
antibodies). Co-localization α-Syn-p129
and tyrosine hydroxylase is an
indication of the accumulation of αsynuclein in the adrenergic nerve fibers.

Table 1. Original immunohistochemistry methods to identify alpha-synuclein in paraffin
sections of the human salivary gland biopsies.
Antibodies

Pansynuclein
(Sigma)

Variant of
histological
conduit

Restoration of the
antigen
Citrate buffer
pH=6.0

Chloroform
Formic acid
~5 min
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Detection
system
IF
EXTRA-3
MultiVision
IF
EXTRA-3
MultiVision

Primary
antibodies
dilution
1:200
1:200
1:200
1:200
1:200
1:200

Evaluation
of results
+
+
+
+
++
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Citrate buffer
pH=6.0
Tris-EDTA
pH=9.2
Formic acid
1 min

Isopropyl
alcohol

Formic acid
5 min

Formic acid
10 min
Formic acid
20 min
Citrate buffer
pH=6.0
Tris-EDTA
pH=9.2
Formic acid
1 min
Isopropyl
alcohol
α-synuclein
S-129
(Biolegend)

Formic acid 5
min

Formic acid
10 min

Formic acid
20 min

α-synuclein
S-129
(Wako)

Chloroform

Citrate buffer
pH=6.0
Tris-EDTA
pH=9.2
Formic acid
10 min

Isopropyl
alcohol

Citrate buffer
pH=6.0
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IF
EXTRA-3
MultiVision
IF
EXTRA-3
MultiVision
IF
EXTRA-3
MultiVision
IF
EXTRA-3
TL-012MARH
IF
EXTRA-3
MultiVision
IF
EXTRA-3
MultiVision
IF
EXTRA-3
MultiVision
IF
EXTRA-3
MultiVision
IF
EXTRA-3
MultiVision
IF
EXTRA-3
MultiVision
IF
EXTRA-3
MultiVision
IF
EXTRA-3
MultiVision
IF
EXTRA-3
MultiVision
EXTRA-3
MultiVision
EXTRA-3
MultiVision
EXTRA-3
MultiVision
IF
EXTRA-3
MultiVision

1:200
1:200
1:200
1:200
1:200
1:200
1:200
1:200
1:200
1:200
1:200
1:400
1:200
1:400
1:200
1:200
1:200
1:200
1:200
1:200
1:500
1:500
1:500
1:500
1:500
1:500
1:500
1:500
1:500
1:500
1:500
1:500
1:500
1:500
1:500
1:1000
1:1000
1:1000
1:500
1:500
1:500
1:500
1:500
1:500
1:500
1:500
1:500
1:1000
1:1000
1:1000

+
+
+
+
+
++
++
++
++
+++
+++
+++
+++
+++
+++
+++
+++
+
+
+
++
+
++
+++
++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+
+++
+++
+
+
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Tris-EDTA
pH=9.2
Formic acid
1 min
Formic acid
5 min

Formic acid
10 min

Formic acid
20 min

Chloroform

Citrate buffer
pH=6.0
Tris-EDTA
pH=9.2
Formic acid
10 min

IF
EXTRA-3
MultiVision
IF
EXTRA-3
MultiVision
IF
EXTRA-3
MultiVision
IF
EXTRA-3
MultiVision
IF
EXTRA-3
MultiVision
IF
EXTRA-3
MultiVision
EXTRA-3
MultiVision
EXTRA-3
MultiVision
EXTRA-3
MultiVision

1:1000
1:1000
1:1000
1:1000
1:1000
1:1000
1:1000
1:1000
1:1000
1:1000
1:1000
1:1000
1:1000
1:2000
1:2000
1:1000
1:1000
1:1000
1:1000
1:1000
1:1000
1:1000
1:1000
1:1000

+
+
++
++
++
+++
+++
+++
+++
+++
++
+++
+++
+++
+++
+
+++
+++

Comments: Pan-synuclein – unphosphorylated form of alpha-synuclein; α-synuclein S-129 –
phosphorylated form of alpha-synuclein at S-129; MultiVision – MultiVision Polymer Detection
System TL-012-MARH (Thermofisher); EXTRA-3 – EXTRA-3 KIT (Sigma); + pale staining,
antigen located in cluster of large blood vessels predominantly; ++ medium staining, antigen
located in bundle of nerve fibers innervating blood vessels of different caliber; +++ intense
staining, bundles of nerve fibers of different caliber identified.

Thus, the unphosphorylated and
phosphorylated α-Syn had a similar
localization and detected in salivary
gland tissue in large bundle of nerve
fibers and in separate fibers. However,
expression of phosphorylated α-Syn
was significantly lower and usually
detected in large bundle of nerve fibers
both along the course of the whole fiber
and in the form of clumps or clusters of
dots.
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NEUROMODULATION OF THE CENTRAL NERVOUS SYSTEM: EXPERIENCE IN
SURGICAL TREATMENT OF TOURETTE'S SYNDROME AND PARKINSON'S
DISEASE
V.M. Tyurnikov, D.M. Nizametdinova, I.I. Fedorenko, A.O. Gushcha
Research Center of Neurology, Moscow
agou@endospine.ru

Introduction.
Neuromodulation is the therapeutic
process by which the activity of the
central, peripheral or autonomic
nervous system is regulated by means
of electrical or pharmacological effects
with the use of implantable devices.
According to modern concepts, deep
brain stimulation (DBS) produces
electrical
impulses
that
modify
neurotransmission. This leads to
suppression or exciting of neural groups
activity (networks) and thus provides
the therapeutic effect [7].
Tourette Syndrome (TS) is a
progressive extrapyramidal system
disease which is characterized by motor
and vocal tics and behavior disorders
varied by course and duration.
Prevalence rate in the Moscow region is
1: 1000 [1]. The first case of DBS for
TS was reported by Vandewalle in 1999
[10]. He used thalamic target point
which was previously used by Hassler
[6]. The number of DBS in TS
performed by 11 years in 19
neurosurgical centers in 10 countries
reached 55.
The
modulation
effect
is
confirmed by applying the DBS on the
85

same subcortical structures of the brain
(the internal segment of globus pallidus,
GPi) at two diseases opposite in the
pathogenesis - TS [9] and Parkinson's
(PD) [5]. The most popular hypothesis
now is the dopaminergic hypothesis of
the pathogenesis of TS by which the
cause of vocal and motor hyperkinesis
is either an excess of a dopamine
(presynaptic dysfunction) or increased
sensitivity of dopamine receptors
(postsynaptic dysfunction) caused by
both increased number of receptors and
their affinity ligand [4]. Dopaminergic
hypothesis of the TS is confirmed by
the
positive
effect
of
drug
administration that blocks the synthesis
of dopamine. This leads to motor and
vocal tics suppression in TS while on
the contrary a prescription of drugs
increasing a production of dopamine or
dopaminergic
activity
(such
as
amphetamines)
leads
to
the
hyperkinesis augmentation.
While in the PD pathogenesis, the
dopamine in effectory areas of the brain
decreases as a result of neuronal
progressive degeneration in the compact
part of the substantia nigra in the
midbrain. Therefore, the regression of
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PD symptoms is reached by increasing
in functional activity of dopaminergic
synapse compromised in PD [2, 3].
Methods
14 operations of electrodes implantation

in the GPi area on both sides for chronic
DBS in patients with akinetic-rigid PD
were performed in Research Center of
Neurology in the 2010-2015 period
(Figure 1).

Figure 1. Location of the electrode in the GPi.

The average age of patients was
64 years. The average duration of the
disease - 6.8 years. Patients were
evaluated in OFF- and ON-states in 6
86

months after a surgery. All the patients
underwent a complete neurological
examination that included estimation by
UPDRS (part II-III), the Parkinson's
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disease questionnaire
(PDQ-39),
the Hoehn and Yahr and Schwab and
England scales.
In TS, an implantation of DBS
electrodes in the GPi was performed in
one patient.
Case report
The 18-year old patient was
admitted to the hospital with complaints
on massive motor and vocal tics. Motor
tics were characterized by short fast
repetitive stereotyped actions (sniff,
tongue protruding, shoulders twitching,
hand twitching, head jerking and a
sudden and quick head lag, kicking,
body bending in prone position). In
addition, the echopraixa was observed
(another type of complex motor tics imitation of gestures and movements of
other people). Tics were uncontrolled
and thus accompanied by psychological
discomfort. The patient masked
involuntary nature of ticks by adding a
voluntary movement. Vocal tics were
presented by senseless sounds and
noises such as loud snort and
inarticulate cries. Sometimes complex
vocal tics were performed as phrases
and sentences that had some meaning.
Also vocal disturbances manifested as
speech rituals (repeating the same
phrase several times), echolalia
(repetition of sounds, words, parts of
words pronounced by others). Motor
and vocal tics were combined with
obsessive-compulsive
syndrome
presented by touching objects multiple
times until the patient gets satisfied.
Sometimes the patient was able to
87

briefly slow down tics, especially in the
presence of new people or during a visit
to the doctor. But after a few minutes
ticks became the "avalanche" character.
The onset of the disease was at
the age of 6-7 years. The first symptoms
were simple motor tics: shoulders
twitching, sniff, quick head lag later.
Vocal tics appeared during the first year
of the disease: snort, incomprehensible
sounds. The intensity and frequency of
motor and vocal tics were increasing
gradually. By the way, the patient’s
mother suffered in a childhood and
adolescence
by
ticks
like
blepharospasm. At maternal aunt was
diagnosed TS, at the second aunt motor tics. During the past 12 years, the
patient was under the care of
neurologists. He took benzodiazepines
(clonazepam), neuroleptics (pimozide,
haloperidol - 10 mg 3 times a day,
rispolept). During the last year of
midication taking the weakness,
memory loss, irritability, insomnia
appeared. Nonetheless the drugs had no
significant effect on tics.
Due to ineffective of medical
treatment the patient underwent surgery
- implantation of DBS electrodes in the
medial segment of the globus pallidus
on both sides (posterioventral GPi).
Stimulation parameters were: current
strength of 3,5 V, pulse width of 90 ms,
the frequency of 180 Hz.
Results
After the surgery, the patient's
condition
improved
significantly:
frequency and severity of motor tics

Журнал «Асимметрия꜡»

Том10 №4 2016

decreased,
the
patient
became
increasingly control of them, vocal tics
stopped. The patient continued to
receive 2 mg rispolept per day.
Six months after the surgery the
stimulation effect remains: motor tics
are rare and mild, the patient can
control the tics. There are no vocal tics.
He continues to receive rispolept (2 mg
per day). In assessing on a scale
reduction in ticks reaches 85%.
Twenty months after the surgery
the stimulation effect remains. 12
months after the surgery the patient
enrolled at a university at the faculty of
Mathematics and Physics. Successfully
passed the first session. Motor tics are
rare. There are no vocal tics.
4 years after surgery the stimulation
effect remains. The patient continues to
receive rispolept 2 mg per day,
irregularly. He successfully completed
the 4th study-year. In case of fatigue or
agitation mild single vocal tics are
observed, which the patient cleverly
disguises.
At all patients with PD in 6 months
after the DBS surgery (implantation of
electrodes in posteroventral GPi) we
observed a positive effect: rigidity in
the OFF-period reduced by 62.6%,
hypokinesia - by 36%. Also all 14
patients had a decrease in the severity of
drug-dyskinesias - an average of 64.4%.
Levodopa dose reduction was also
reached - an average of 30.4%, quality
of life improving - by 26,2% (PDQ-39).
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Conclusion
GPi neurostimulation leads to
regression of symptoms both in TS and
in the akinetic-rigid form of PD. A
similar effect can be achieved in
dystonia and some other movement
disorders [8]. That demonstrates the
universal functional effect of the central
nervous system modulation in various
pathological conditions.
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Parkinson’s disease (PD) is one
of the commonest neurodegenerative
disorders worldwide. This agedependent condition usually occurs in
1–2% of people over 65 years, but
sometimes first symptoms can manifest
before 50 years of age. PD is a
multifactorial disorder for which many
causative genes have been identified
[9]. At present, the most frequent
molecular defect leading to PD are
mutations in the LRRK2 (leucine-rich
repeat kinase 2) gene on chromosome
12p, and genetic form of the disease
was designated as PARK8 [2, 3].
Patients with PARK8 are thought
to have abnormal kinase activity of
respective mutated protein (called
“dardarin”), as it was shown for the
most prevalent mutation G2019S
located in the protein kinase domain –
the finding suggesting “gain-offunction” hypothesis [4, 5, 12].
Mutation G2019S (6055G>A) was
found in patients from different ethnic
groups having both familial and
sporadic PD [7, 13]. However, exact
molecular mechanisms underlying this
molecular form remain to be elucidated,
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and no cure for LRRK2-G2019S carriers
has been proposed so far.
One of the most attractive model
for studying pathogenesis of PD on
cellular level are induced pluripotent
stem cells (iPSC). They represent cells
obtained from differentiated somatic
cells (for instance, from fibroblasts) and
capable of generating all types and
populations of human cells [10]. iPCSbased models of neurodegenerative
disorders, apart from their use in the
search
for
new neuroprotective
compounds, may help to overcome
difficulties in studying mechanisms of
neurodegenerative process that are
connected, in part, with limited access
to human neurons. On neurons obtained
by iPSC technologies from PD patients
carrying LRRK2-G2019S mutation Liu
et al. (2012) observed defects of
neuronal membranes and nuclear
architecture, that ultimately leads to
neuronal damage and loss of
dopaminergic potential [6]. These
abnormalities may be reversed either by
inhibiting dardarin pathological kinase
activity or by targeted correction of the
mutant gene. Last years it has been
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shown that LRRK2 may participate in
immune response. Moreover, kinase
dysfunction resulting from LRRK2
mutations in PD patients may influence
on such cellular processes as apoptosis,
autophagia, and cytoskeletal dynamics
[9].
A growing role in modern
neurobiology is attributed to targeted
genome editing with the use of artificial
nuclease systems (CRISP/Cas9, etc), a
“hot” technology that makes it possible
to finely correct genetic defects cell
cultures [8]. Taking into account the
development of new ways in
neurotransplantation, genome editing
seems especially promising for the
application on specialized neurons and
iPCS derived by genetic reprogramming
from patients with hereditary forms of
neurodegeneration [11].
In this work, we performed
correction of mutation G2019S in the
LRRK2 gene on iPSC culture obtained
from fibroblasts of a patients with
autosomal dominant PD.
Material and methods
Construction
of
plasmids
expressing components of CRISP/Cas9
system. To increase specificity of our
CRISP/Cas9 system, we used the
following bioinformatic resources and
programs:
www.gemomeengineering.org,
www.dna20.com/ecommerse/cas9/input
, and www.e-crisp.org. Selected twostrand DNA spacers were cloned into
vector pgRNA-dCas(D10A)-Neo using
restriction at the Bbs I site as decribed
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[1]. E. coli cells were then transformed
by 10 µl ligase mix with the standard
protocol. On further analysis, grown
colonies (10 for each two-chain spacers)
were checked for the presence and the
size of insertions using PCR of bacterial
colonies, without extraction of plasmid
DNA. The following primers were
used:
1)
U6
Forw:
GAGGGCCTATTTCCCATGATTCC
and
Scaffold
Rev:
GCACCGACTCGGTGCCACT;
2)
U6
Forw:
GAGGGCCTATTTCCCATGATTCC
and one of the internal primers for each
guide, respectively (primers are
available on request).
PCR products were analyzed on
1.5% agarose gel. As the result, 34
colonies (from 50 clones analyzed)
contained insertion of necessary length.
For the correction of mutation in
LRRK2 we used 120 bp single-strand
oligonucleotides (Evrogen, Russia,
available on request).
Cell culturing and transfection.
iPSCs from a patient with PARK8 form
of PD were cultured on a medium for
feeder-free culturing of embryonic stem
cells mTESRI (Stem Cell Technologies,
Canada). Cells were passed every 5–7
days using 1 mg/ml dispase (Invitrogen,
USA). Lipophilic transfection with
Turbofect (Fermentas) was used for
introducing genetic constructs (plasmids
and
single-strand
donor
DNA
molecules) into iPSC.
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PCR of target regions of LRRK2
and Sanger sequencing. Genomic DNA
was extracted with Wizard genomic
DNA purification kit (Promega) or KSorb-100 (Syntol, Russia). PCR and
real-time PCR reactions were carried
out on genetic amplifier Verity (Applied
Biosystems, USA). Analysis of
nucleotide sequence in the LRRK2
target regions and of RNA guide
spacers was carried out on automated
Genetic Analyzer 3130 (Applied
Biosystems,
США).
Below are
provided primers and probes used in
this work.
LRRK2
Forw:
GATTTCCTGTGCATTTTCTGGCAG
;
LRRK2
Reverse:
CTCACATCTGAGGTCAGTGGTTAT
C;
wild
WT:
5’-(FAM)TTGCTGACTACGGCATTGCT(BHQ1)-3’;
mutant:
5’-(R6G)CTGACTACAGCATTGCTCAGTAC(BHQ2)-3’.
Results and discussion
We obtained culture of iPSC,
IPSPDL2.15L, from a patient with
PARK8 form of PD carrying mutation
LRRK2-G2019S. The presence of
mutation was confirmed by direct
sequencing (fig. 1). For the correction
of this mutations, the IPSPDL2.15L
cells were transfected with different
variants of combinations of plasmid
pgRNA-dCas(D10A)-Ne and singlestrand probe as a donor (fig. 2).
92

In 48 hours after transfection,
selective antibiotics G-418 was added to
the cells in working concentration 75
µg/ml. Selection was carried out during
10 days, and then the survived clones
were grown up on Petri plates. Genomic
DNA was extracted from a part of the
cells, and PCR-amplified targets were
directly sequenced. The analysis of a
part of LRRK2 nucleotide sequence
showed that A to G change at site 6055
restoring normal genotype was achieved
with the use of guide pairs # 18/17 and
18/23, with simultaneous addition of a
single-strand probe acting as a wildtype donor fragment for homologous
region of exon; however, the
populations of cells were heterogeneous
(fig. 3). On the other side, correction of
mutation with the use of guides # 5/21
turned out to be completely noneffective.
To select clones with corrected
mutation, we dispersed the cell edited
with guide pairs # 18/17 and 18/23 on a
24-hole plate and let grow during one
week. The grown clones were then
reseeded on a second (doubling) 24hole plate. Ranked cells from the first
plate were removed with the use of
trypsin and washed with PBS, and
genomic DNA was extracted on a KSorb-100 column. With the use of highaffinity
Pfu
DNA
polymerase
(Fermentas) and respective pairs of
primers and probes we analyzed target
genome-edited regions on real-time
PCR regimen. We found one clone (out
of 21 clones analyzed) carrying wild
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(normal) nucleotide sequence, while
other clones were heterogeneous and
contained both mutated and normal
sequences. Sanger sequencing of PCR
fragment of the above-mentioned clone
confirmed effective correction of the
G2019S mutation (fig. 4).
To conclude, we successfully
edited genomic mutation on iPSCs
obtained from fibroblasts of a patient
with LRRK2-associated PD. On the next
step of our studies, “normalized” iPSCs
will be differentiated into dopaminergic
neurons, with detailed comparisons of
morpho-functional characteristics of
neuronal cultures carrying mutant and
wild genotypes. Such comparisons will
allow
clarifying
fine
molecular
mechanisms of parkinsonism associated
with common mutation G2019S.
Targeted correction of genotype with
getting mutation-free dopaminergic
neurons is of great importance for the
development of neurotransplantation in
PD. The iPSC-based approach expands
possibilities of personalized neurology
and improves outcomes of treatment in
patients with genetic forms of PD.
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Figures

Figure 1. Mutation G2019S in the LRRK2 gene (arrow) on iPSC line IPSPDL2.15L obtained
from fibroblasts of a patient with PARK8.
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Figure 2. Placing of spacers for RNA guides relative to G2019S mutation on the LRRK2
sequence.
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Figure 3. Sequences of different genome-edited clones.
А – Normal donor (fibroblasts). B – iPSC line IPSPDL2.15L after CRISPR/Cas 9 genome
editing with the use of RNA guide pair # 18/17. C – iPSC line IPSPDL2.15L after CRISPR/Cas
9 genome editing with the use of RNA guide pair # 18/23. On figures 3B and 3C one can see
heterogeneous populations of cells with both mutant and wild-type sequences. The target site is
indicated by an arrow.

Figure 4. Result of genome editing on a selected clone.
A – Mutant sequence on iPCS line IPSPDL2.15L obtained from a patient with PARK8. B –
Normal sequence on the same line after genome editing. The target site is indicated by an arrow.
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