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ABSTRACT

Maternal diet affects the development and health of future offspring. Recent studies indicate that excess fat in the female’s diet can influence
the structure and function of the brain of her pups. An important role in the maturation of the central nervous system (CNS) and the
maintenance of its functioning is assigned to brain-derived neurotrophic factor (BDNF). Changes in BDNF concentration in the brain are
associated with the occurrence of various neurobehavioral and mental disorders. In this work, we studied the behavioral reactions and the level
of serum BDNF in male Wistar rats whose mothers before, during pregnancy and during lactation consumed food with excess fat in the form
of margarine (20% of the total daily calorie content) and in the offspring of females who consumed a standard vivarium diet. As a result, an
impairment of spatial learning and memory was revealed, as well as increased anxiety in the Morris Water maze, Elevated Plus maze and Open
Field maze in pups whose mothers consumed margarine. These disorders were combined with a reduced level of BDNF in the peripheral
blood. The data obtained indicate that consumption of excess fat in the form of margarine by dams before pregnancy, during prenatal and
early postnatal period contributes to the formation of neurobehavioral disorders in offspring, which is probably associated with reduced BDNF
levels in peripheral blood and, consequently, in the brain.

AHHOTaIuMsA

XapakTep NMTaHMA MaTepy OKA3hIBaeT BIMAHNME HA Pa3BUTHE VM COCTOAHME 3[0POBbA ee OYHylero IIOTOMCTBA. Pe3ynbTaThl HeJaBHUX
VICCTIeIOBaHNIT YKa3bIBAIOT HA TO, YTO M3OBITOYHOE KOMMYECTBO XKIPOB B PAL[VIOHE CAMKI CIIOCOOHO OKasbIBaTh BO3JENICTBIE HA CTPYKTYpPY U
GbYHKUMOHMpOBaHME MO3ra ee [eTeHbIllell. BakHasd pomb B CO3peBaHMM LIEHTPAIbHON HEPBHON CHUCTEMbl U TOffiepXKaHUU ee
GYHKIMOHMPOBAHMA OTBOAMTCA MO3TOBOMY HelipoTpodudeckoMy ¢daktopy (BDNF). VsMeHeHMe €ro COfep>KaHMSA B MO3Te CBA3BIBAIOT C
BO3HVMKHOBEHMEM Pa3/INYHBIX HENPOIOBeleHIECKNX HAPYIIEHWIT ¥ IICUXMYECKUX PacCTpoiicTB. B fmaHHOI paboTe ObUIM MCCIeHOBaHBI
0COOEHHOCTH TOBEIeHUeCKMX peakuii u cofep>xanne BDNF B CbIBOpOTKe KPOBM CaMLIOB KPbIC TMHUM Bucrap, 4by MaTepu 70, BO BpeMs
GepeMeHHOCT U B NIepMOJ, JIAKTALIMY TTOTPeO/ISA/IN ML ¢ M30BITOYHBIM COJlep>KaHMeM >KMPOB B Bujie Maprapusa (20% ot o61weit CyToqHOI
KaJIOPUITHOCTM) M y TOTOMCTBAa CaMOK, NOTPeO/ABLUIMX CTaHAAPTHBIA palMOH BMBapusA. B pesynbraTe OBIIO BBIABICHO HapylleHUe
HIPOCTPAHCTBEHHOTO OOyYeHNMs] M MaMATH, a TakKe IIOBbILICHVE YPOBHSA TPEBOXKHOCTM B TecTax «BomHblil mabupumHt Moppucar,
«ITpunopHATHI KpecTooOpasHblil TabupMHT» M «OTKPBITOE IOJIe» Y JleTeHBINIeN, YbyM MaTepy NMOTPeO/IsI MaprapuH. DT HapylleHus
COYeTaINCh Y HUX CO CHIDKeHHBIM ypoBHeM BDNF B mepudepndeckoir KpoBu. IlomydeHHble faHHBIe YKasbIBAalOT Ha TO, YTO IOTpebIeHMe
caMKaMl M30OBITOYHOTO KOMMYECTBA KMPOB B BUJle MaprapuHa 0 OepeMeHHOCTH, B IPEeHATa/IbHBI ¥ PaHHMII [TOCTHATATBHBIN MEPUOL,
crioco6cTByeT (GOpMMPOBAaHMIO y ee IOTOMCTBA HEPOIOBENEHYECKMX HApyIIeHWiI, YTO BEPOATHO CBA3aHO cOo cHIKeHneM BDNF B
nepudepnIecKoit KpoBH, a, CTIeOBATeIbHO, Y YPOBHS €0 3KCIPECCUN B TOIOBHOM MO3Te.
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1. Introduction

Currently, a large amount of data has been compiled,
which show a significant role of a mother’s ration in the
development and health status of the future generation.
Excessive fat intake before pregnancy, during prenatal and/
or early postnatal period increases a risk of the offspring’s
obesity, metabolic syndrome and diabetes mellitus [1]. In
addition, recent studies have demonstrated that except
metabolic and endocrine effects, mother’s ration influences
the formation and functioning of a future child’s nervous
system, and, consequently, can contribute to the
development of mental and behavioral disorders [2, 3]. So,
experiments on animals revealed that offspring of female
rats which received food with surplus contents of fat before
and  after  pregnancy had  sensory-motor  and
neurobehavioural disorders, and was also prone to
depressive and aggressive behavior [4]. Studies on mice
models demonstrated that adult offspring had neurogenesis
disturbance, changes in the morphology of neurons in the
hippocampus and amygdala, which play a significant role in
memory, emotional and cognitive processes [5].
Experiments on non-human primates have shown that the
offspring of high-fat diet females exhibits a disorder in the
functioning of neurotransmitter systems (serotonin and
GABA-ergic). As a result there was an impairment of
signaling through synapses in the fetus during its
development and an increase in the risk of neuropsychiatric
and neurobehavioral disorders [6]. The mechanisms of such
deviations remain to be insufficiently explored up to date.
Currently, there are several ways to explain the effect of
maternal high-fat diet on offspring neurodevelopment:
neuroinflammation; increased oxidative stress, dysregulated
insulin, glucose, and leptin signaling; impaired serotonergic
and dopaminergic signaling; and perturbations in synaptic
plasticity [7].

Neurotrophins play a significant role in synapsis
functioning and brain development, BDNF being one of the
key and most studied of them. In the brain, BDNF is active
in the hippocampus, amygdala and cerebral cortex - areas,
which are responsible for learning and memory. BDNF plays
an important role in the development of the nervous system,
neurogenesis, neurons survival and synaptic plasticity,
which determines its role in the mechanisms leading to
different mental and neurological diseases [8]. Results of
some researches show the influence of a high-fat diet on
BDNF level and cognitive functions of adults [9, 10, 11, 12,
13]. So, Molteni et al. [11] in experiments on rats consuming
excessive saturated fatty acids and refined carbohydrates
revealed a decrease in the efficiency of spatial learning,
neurogenesis suppression and reduced BDNF level in
hippocampus. There was also revealed a decline in synapsin
1 and CREB proteins that are involved in the formation of
neuronal plasticity and synaptic transmission, levels of
which are controlled by BDNF. Similar results were obtained
in the works of Wu et al. [12] who found that a diet high in

saturated fat decreases the level of BDNF and proteins
regulated by it. This was shown to due to oxidative stress
arising under such conditions. Modeling the “western” diet
rich in fats and carbohydrates on rats, Stranahan et al. [13]
revealed cognitive deterioration, decreased synaptic
plasticity and dendritic spines density as well as reduced
level of BDNF in the hippocampus. Therefore, it can be
assumed that high-fat diet causes synapsis function disorder
through the mechanism which includes decreased BDNF
level and dendritic spines atrophy.

However, the data regarding the effects of maternal diet
on the offspring’s brain, neurotrophins levels and cognitive
functions are more limited and mixed. Page et al. [14] have
shown that consumption of food with high fat content by
female rats deteriorates spatial memory of their pups in
Morris Water maze test. At the same time, Bilbo and Tsang
[15] obtained opposite results. They found improvement of
spatial memory of rats, when their mothers’ ration
contained excessive saturated or trans-fats. Tozuka et al. [16]
studied the effect of maternal high-fat diet induced obesity
in female mice on the presence of cognitive impairment and
the production of BDNF in the hippocampus of their
offspring. As a result, spatial memory deterioration was
revealed as well as neurogenesis alteration and BDNF level
decrease in the hippocampus of pups during the early
postnatal period. However, such changes were not observed
in the adult offspring of these mice. On the contrary, Rincel
et al. [17] described protective effects of a mother’s high-fat
diet on the nervous system of the offspring. Thus, it was
found that excess fat in the female’s diet before, during
pregnancy and during lactation helps to reduce the effects of
early postnatal stress (prolonged separation from the
mother) in pups. Offspring revealed normalization of some
proteins involved in the development of the nervous system
including BDNF as well as reduced anxiety, improved spatial
memory and social behavior. In addition, this research did
not find changes of BDNF level in the brain of unstressed
offspring of mothers consuming high-fat diet. The authors
explain this finding by the fact that mother’s obesity, rather
than a high-fat diet, has an adverse effect on the offspring’s
brain structure and function.

So, the question about the influence of a mother’s diet on
the BDNF level and behavioral reactions of its offspring has
not been studied completely and requires further research.
The literature describes a number of models of high-fat diets
with various sources of fat (lard, vegetable oils, margarine)
and varying fat percentages from daily calories (from 20 to
60 %) [18, 19, 20]. In the Republic of Belarus, margarine is
widely used both in the food industry (baking, confectionery
and culinary production) and home cooking. In this regard,
the diet with the addition of fat in the form of margarine (20
% of the total daily calories) was used as a model of a high-
fat diet for our experiment [19]. Margarine of the selected
composition is most widely represented on the Belarusian
market.

The aim of this work was to study the effect of maternal
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high-fat diet using margarine on behavioral reactions and
serum BDNF in male offspring of Wistar rats.

2. Material and Methods
2.1. Animals and diets

All experiments were conducted and approved by the
Institute of Physiology of the National Academy of Sciences
of Belarus and were in accordance with the guidelines set
forth by the European Convention for the Protection of
Vertebrate Animals.

The study was conducted on 20 immature female Wistar
rats at the age of 1,5 months. The animals were divided into
two groups and kept under 12/12-h light-darkness cycle at a
temperature of 22 + 2 °C with free access to water and food
(at libitum). The first group (SD, n=10) received a standard
vivarium diet. The second group (HFD, n=10) consumed a
high-fat diet rich in fats in the form of margarine (20 % of
the total daily calories) for 8 weeks. The margarine used in
the experiment had the following composition: refined
deodorized vegetable oils in natural and modified form
(sunflower oil, rapeseed oil, palm oil), water, edible salt, dry
whey, sugar, emulsifier: mono- and diglycerides of fatty
acids, preservative, dye (beta-carotene) and flavoring. Mass
fraction of fat was 82%.

After 8 weeks, female rats in the estrus phase mated with
males. Pregnancy was confirmed by the presence of sperm in
vaginal smears. During pregnancy and lactation, females
from SD group continued to consume the standard diet of
vivarium, and HFD females — food with excess fat content.
On the 30th day of life, offsprings were separated from their
mothers into another cages and divided into two groups
depending on the female’s diet. The first group (offspring
SD, n=19) were males whose mothers were kept on a
standard vivarium diet, and the second (offspring HFD,
n=27) were males whose mothers consumed a high-fat diet.
In the present study, only male offspring were used. Till the
end of the experiment, the pups were kept under normal
conditions, being on the standard diet of the vivarium, and
were removed from the experiment at the age of 3 months
by decapitation with prior anesthesia .

2.2. Determination of Visceral Fat Mass

One day after weaning, the female rats were weighed and
removed from the experiment by decapitation with prior
anesthesia. Visceral fat mass was assessed by weighing the
total perirenal and inguinal adipose tissues after dissection.

2.3. Morris Water maze

The Morris Water maze (MWM) consists of a round tank
60 cm in diameter and 40 cm deep, filled with water. The
water temperature was 24 + 2 °C. The tank was divided into
four sectors with four equidistant from each other points,

marked as North (N), East (E), South (S) and West (W). A
circular platform (10 cm in diameter) was submerged in the
center of the target sector (South-West sector). The platform
remained in the same sector throughout the experiment.
High contrast visual signals were placed on the pool wall in
each quadrant.

Using the Morris Water maze spatial learning and
memory in male offspring of 51-56 days old were tested. The
experiment lasted two days [21]. On the first day, the
animals were trained using a visible platform. The platform
had a bright color and rose 2-3 cm above the surface of
water. Each animal was subjected to four tests with an
interval of 30 + 10 min. The rat was carefully placed in the
pool water at points N or E between sectors equidistant from
the platform (the start of the rat alternated first from point
N, then E, then again N and E). The test time was 180 sec to
find the visible platform. Animals that could not cope with
the task in this period of time were sent to the platform
manually. The rats remained on the platform for 10 sec
before being removed. The animals were dried with towels
and placed in cages. On the second day, a series consisting of
three trials was conducted to find the hidden platform. The
platform was placed 2 cm below the water surface in the
same sector as on the first day of testing. As before, the
interval between tests was 30 + 10 min. The rat was launched
from point N, then E, then again N.

In each test, the time from the animal's immersion in
water to finding a hidden platform was measured (escape
latency time) to assess the development of spatial memory.

2.4. Open Field maze

Open Field maze is a circular arena with a diameter of 120
cm and a wall height of 55 cm, divided into 12 peripheral
and 7 central quadrants. In the Open Field test, we studied
explorative and motor activity, as well as the level of anxiety
in male offspring of 57-62 days old. The test time was 3 min.
Before placing the rat, the maze was each time cleaned with
70 % ethanol. The rat was placed in the center of the arena.
The latent period of the animal’s exit from the center was
recorded, the number of line crossings in the periphery and
in the center, the quantity of rearings, acts of grooming and
droppings (boluses) were counted.

2.5. Elevated Plus maze

Elevated Plus maze is a cross-shaped labyrinth located at a
height of 60 cm from the floor. It consists of four opposite
sleeves, two open (50 cm x 10 cm) and two closed (50 cm x
10 cm). Closed sleeves are surrounded by walls 40 cm high,
open sleeves have no walls. Using this test, we studied
explorative and motor activity, as well as the level of anxiety
in male offspring of 63-69 days old. Before each rat was
placed in the labyrinth, all sleeves were cleaned with 70 %
ethanol. The rat was placed in the center of the maze facing
the open sleeves. The test duration was 5 min. The results
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Figure 1 | Serum BDNF in offspring. Values are Median [25%; 75%].
* p < 0,05 offspring HFD versus offspring SD. (Mann-Whitney U
test). Yposenb ceiBopoToyHoro BJJH® y moromcrBa. 3HaueHms
HpeCcTaBIeHbl B BUje Meayansl [25%; 75%]. * p < 0,05 jocToBepHble
ormmunA rpynnsl «IToromctBo BXKM» ot rpymmer «IToromctBo Cll».
(U xpurepnit MaHHa-YUTHM).

were recorded using a Logitech Webcam 905 camera
(Logitech, China). Data processing was carried out using the
program ANY-Maze (Stoelting Ing., USA).

2.6. BDNF protein level determination

For serum preparation, the blood was collected into
sampling tubes and left to coagulate for 1 h. Then it was
centrifuged at 2500 g for 10 min to obtain serum. Sera were
divided into aliquots and stored at —80°C until BDNF
measurements. BDNF were measured by ELISA (FineTest,
China) in accordance with the manufacturer's instructions.

2.7. Statistical analysis

Statistical analysis was performed using Statistica 7.0.
Normality was defined by the Shapiro-Wilk test. Parametric
variables were expressed as means * standard error, and
analyzed by independent t-test. The non-parametric
variables were expressed as median, 25 and 75 percentile and
analyzed by Mann-Whitney U test. For all statistical tests
p=<0,05 was considered significant.

3. Results

The weight of mothers who consumed high-fat diet
(margarine) did not differ from the weight of mothers on a
standard diet of vivarium (230 + 10 g and 253 + 5 g,
respectively). The results of weighing visceral adipose tissue
(VAT) of female rats from two groups also did not reveal
significant differences. So, VAT mass in the HFD group was
3,03 [2,69; 6,67] g, and in the SD group - 2,65 [1,80; 3,20] g.
Thus, the diet used didn’t lead to the development of obesity
in female rats.

According to the results of the experiment in the Morris

Water maze, the HFD offspring showed a significant (p <
0,05) increase in the escape latency time in the first two trials
(T1, T2) on the second day of the test (24 hours after
training using the visible platform). So, the time to reach the
platform hidden under water in the T1 test was 10 sec, in the
T2 test — 5 sec, and in the control group (offspring SD) - 5
and 4 sec, respectively (Table 1). The data obtained indicate
impairment of the spatial learning and memory in offspring
HFD.

The Open Field test is designed to assess the behavioral
reactions in rodents under stressful conditions that occur in
response to placing an animal in open space with intense
lighting. The results of our experiment showed an increased
anxiety and motor activity in offspring HFD, which revealed
a significant (p < 0,05) increase in the number of line
crossings in the center and quantity of rearings, as well as a
decrease in the number of grooming acts (Table 2).

An increased anxiety in HFD offspring was also confirmed
by the Elevated Plus maze test. The method is based on the
fact that rodents by their nature stay in secluded places
(closed zone) and avoid open spaces. In the conditions of
our experiment, HFD offspring showed a passive behavior in
the “safe” closed zone: increase in inactivity time, decrease in
activity time, decrease in the number of grooming acts and
its duration (Table 3).

Concerning the level of serum BDNF, its significant (p <
0,05) decrease compared to control (offspring SD) was found
in the offspring of rats whose mothers consumed margarine
before and during pregnancy, as well as during lactation
(Fig. 1). So, the level of BDNF in the offspring HFD was
1208 [1042; 1489] pg/ml, and in the offspring SD — 1778
[1631; 1887] pg/ml.

4. Discussion

In this study, it was found that the consumption of excess
fat in the form of margarine the above-mentioned
composition by female Wistar rats before and during
pregnancy, and also during the lactation period facilitates
the formation of its offsprings’s neurobehavioural disorders.

Table 1 | Effect of maternal high-fat diet on offspring’s spatial learn-
ing and memory in Morris Water maze. Values are Median [25%;
75%]. * p < 0,05 offspring HFD versus offspring SD (Mann-Whitney
U test). T1, T2, T3 - series hidden platform trials.

BinsHMe BBICOKOXKMPOBOJ [VIeTBI MaTepy Ha HPOCTPAHCTBEHHOE
o0ydeHMe M MHaMATh y IIOTOMCTBa B TecTe «BOXHBIN TabMPUHT
Moppuca».3HaueHns MpeCTaB/IeHbl B BUfie MeaAMaHbl [25%; 75%]. *
p < 0,05 pocrosepHble oTamuuaA rpymmsl «IloromctBo BXKI]» ot
rpynnsl «IToromcrso CII» (U xpurepnit Manna-Yuran). T1, T2, T3
— CepyM UCIIBITAaHWIL CO CKPBITOI IIaTHOPMOIL.

Escape latency time (s)

Groups
T1 T2 T3
offspring SD 5[3;12] 4[2;6] 4(2;9]
offspring HFD 10 [5; 21]* 5 [4; 8]* 4(3; 8]
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So, in the tests Morris Water maze, Elevated Plus maze and
Open Field maze an impairment of spatial learning and
memory was revealed, as well as an anxiety level increase in
rats pups, whose mothers had excessive fat in their diet.
These tests are in line with the results obtained by Page et al.
[14] and contradict with the data of Bilbo and Tsang [15],
which, on the contrary, gave evidence of more successful test
performance by pups in the Morris Water maze. It could be
due to the fact that Bilbo and Tsang [15] used in their
experiment sexually mature female animals which were on a
high-fat diet during a shorter period of time (4 weeks before
impregnation). Improved spatial memory and a decreased
anxiety level in pups of female animals, which were on a
high-fat diet, were also observed in the experiments of
Rincel et al [17]. But these authors started to use such a
ration only from the first day of gestation. Consequently, it
can be assumed that not only excessive fat in the ration but
also duration of its consumption by a mother before
pregnancy influences cognitive functions of its offspring.

As for BDNF level, we revealed its significant decrease in
the peripheral blood of the offspring of female rats which
consumed a high-fat diet. Today, there are few researches
concerning the influence of mother’s nutrition on the BDNF
level of its young ones and they mainly concern BDNF
content in the brain tissues. Concentration of serum BDNF
is known to be positively correlated with its content in the
brain [8]. Consequently, the results obtained by us can
reflect the changes of this neurotrophin in the central
nervous system. Our results are in line with the data of
Tozuka et al. [16] who revealed a decrease of BDNF in the
hippocampus of pups from female rats with obesity
provoked by a high-fat diet. At the same time, Rincel et al.
[17] did not reveal such changes in their works. They
explained it by the fact that a mother’s obesity (rather than
excessive content of fats in its ration) causes a disturbance of
this neurotrophin expression. According to the results of our
research, obesity did not develop in female rats.
Consequently, a conclusion can be drawn that in our case, a
change in the BDNF level is related to the excessive content
of fat in a mother’s ration. Since this neurotrophin plays an
important role in maturation of the central nervous system
and maintaining of its functioning, neurobehavioural
disorders observed in this experiment can be explained by

Table 2 | Effect Effect of maternal high-fat diet on offspring’s behav-
ioural reactions in Open Field maze. Values are Median [25%; 75%].
* p<0,05 offspring HFD versus offspring SD (Mann-Whitney U test).
BiusAHue BBICOKOKMPOBOJ [MeTBI MaTepy Ha IOBeleHYecKnue
peakumm y moToMcTBa B TecTe «OTKpbITOe IO/Ie». 3HAueHUs
IIpefICTaB/IeHbl B BUJe MefMaHsl [25%; 75%]. * p < 0,05 gocToBepHbIe
ormmuna rpynnbl  «IloromctBo BIXKI]» or rpymmer «IloTomMcTBO
Cll» (U xpurepuit MaHHa-YuUTHM).

Line crossing: Grooming
Groups Rearing (act)
center square (act)
offspring SD 4[1;6] 9 [6; 14] 4[3;7]
offspring HFD 6 [2; 13]* 16 [9; 23]* 1[1;2]*

Table 3 | Effect of maternal high-fat diet on offspring’s behavioral
reactions in Elevated Plus maze. Values are Median [25%; 75%]. * p <
0,05 offspring HFD versus offspring SD. (Mann-Whitney U test).
BnmsAHMe BBICOKOXKMPOBOJ [MeTBl Marepy Ha IIOBefleHYecKye
peakumy y HOTOMCTBa B TecTe «IIpUMIOSHATBIN KpecTOOOpasHbIi
MabupUHT». 3HaYeHNs IpeCTaBIeHbl B BUle MeUAHBI [25%; 75%]. *
p < 0,05 mocrosepubie orTnmumA rpymmbl «Iloromcrso BIKI» or
rpynnsl «IToromcrBo Cll». (U xputepuit ManHa-YutHnm).

Time Time Grooming Time
Groups
active (s) inactive (s) (act) grooming
190 110 7 46
offspring SD
[141; 208] [92;159] [5; 13] [21;80]
offspring 21
146 154 4
HFD [7;35]*
BDNF level decrease.

5. Concluding Remarks

Thus, based on the data obtained, it can be concluded that
neurobehavioral disorders (increased anxiety level, impared
spatial learning and memory) are observed in male Wistar
rats whose mothers consumed excessive fat in the form of
margarine before, during pregnancy and during lactation.
One of the mechanisms of the formation of such disorders
can be related to decreased levels of BDNF protein. In
addition, taking into account the results presented in this
work, as well as the data of other authors [14, 15, 16, 17], it
can be assumed that the duration of a high-fat diet
consumed by a mother before pregnancy is also of great
importance for the emergence of the nervous system
functioning disorders in its offspring.

3akmroueHne

Takum 06pasoM, MCXOs U3 TOMyYeHHBIX JAHHBIX MOXKHO
CHeNnaTh BBIBOJ, YTO Y KPBIC MY>KCKOTO II071a MuHUM Brucrap,
MaTepy KOTOPBIX MHOTPeO/simi M3OBITOYHOE KOIMYECTBO
XIPOB B BUJie MaprapiHa Jio, BO BpeMs OepeMeHHOCT! I B
Iepyoy, JaKTaluM, HaOIIOMAIOTCA HePOIIOBefleHYecKie
HapyLIeHNA (oBbLILIEHME ~ YPOBHA  TPEBOXKHOCTH,
yXy[lleHue MPOCTPAHCTBEHHONM MaMATU M CHOCOOHOCTH K
o6y4yenmio). OTHNM U3 MeXaHN3MOB (POPMUPOBAHNA TaKMX
HapyLIeHWI MOXeT OBITb CHIDKeHMe ypoBHA Oenka BIJHO.
Kpome TOro, y4mrbiBasg pe3y/nbTaThl, IpeNCTaBIeHHbBIC B
3TOI paboTe, a TakXKe JJaHHBIE IPYIMX aBTOpOB [14, 15, 16,

17], MOXHO MPENIOIOXUTD, 4TO IJIUTE/IbHOCTD
NPUMEHEHNA  BBICOKOXXMPOBOJ  [METbl  MaTepbl [0
OepeMEHHOCTM TakXXe MMeeT Ba)XHOe 3HayeHNUe B

BO3HVMKHOBEHNM HapylleHn! QYHKIMOHNMPOBAHUA HEPBHOM
CHCTEMBI y €€ TIOTOMCTBA.
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