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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

A comparative study of the morphological and functional state
of the microvasculature of the substantia nigra pars compacta
of the brain (SNc) and bone marrow of rats was carried out
using the rotenone model of Parkinson's disease (PD) and with
subsequent administration of bacterial melanin (BM). The
detection of microvasculature was carried out according to the
histoangiological method of Chilingaryan. Animal behavior was
studied using a cylinder test. An analysis of morphometric data
showed that, in comparison with control animals, experimental
animals with rotenone dysfunction showed an increase in
capillary diameters and a general reduction in the capillary link in
SNec. Behavioral tests have shown that the animals with rotenone
intoxication exhibit a form of behavior inherent in PD (freezing,
immobility, apathy). Under the influence of BM, the diameter of
the capillaries in the SNc approaches the norm, and the capillary
link is restored. Due to the protective effect of BM in rats with
rotenone intoxication, the trophism of the brain tissue increases
as a result of the approach of the lumen of the vessels to the
norm and the opening of new branches in the capillary network,
an increase in the density of capillaries, which ensures the safety
of nerve cells. Animal behavior indicators are close to normal. A
comprehensive analysis of cytogenetic data of rat bone marrow
was also carried out. In animals with PD, compared to controls,
there is a significant increase in the amount of polyploid
cells (PC) and a decrease in the level of mitotic index (MI),
which usually manifests itself in inflammatory processes and
is accompanied by inhibition of bone marrow hematopoiesis.
Under the influence of BM, a tendency towards normalization
of MI was noted and a significant decrease in the percentage of
PC was obtained, which possibly indicates its beneficial effect.
The data obtained suggest that BM can be used as a therapeutic
agent in the treatment of PD.

Key words. Capillaries, polyploid cells, mitotic index, cylinder
test, substantia nigra, bacterial melanin, Parkinson's disease.

Introduction.

Parkinson's disease (PD) is the second most common
neurodegenerative disorder, often occurring in middle-aged
and elderly individuals. PD is primarily characterized by the
progressive loss of dopaminergic neurons in the substantia nigra
pars compacta (SNc), which project into the striatum. Significant
loss of dopaminergic neurons in PD leads to dysfunction of
the basal ganglia and, consequently, corticostriatal imbalance,
resulting in hallmark features such as bradykinesia, muscle
rigidity, postural instability, gait disturbances, and hand tremors
[1]. Non-motor symptoms of PD include neuropsychiatric
symptoms, sleep disturbances, dysautonomia, depression,
cognitive changes, and autonomic dysfunction [2]. The slow
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death of SNc cells in PD is largely considered to be the result
of oxidative damage and neuroinflammatory processes induced
by environmental toxins, likely compounded by genetic
predisposition [3]. In addition to neurodegeneration, vascular
degeneration plays an important role in the development of
neurodegenerative conditions [4]. There is limited data on the
vascular changes associated with the brain regions affected by
neurodegeneration in PD. Some early studies have suggested
that abnormal blood flow to the SNc may trigger metabolic
cascades leading to PD. Normally, SNc neurons have a dense
capillary network, but in PD, there is a reduction in neuronal-
vascular density, and capillary-neuron contact is disrupted, with
capillaries becoming separated from neurons by gliosis. It is
possible that these microvascular problems may be the cause
of abnormal metabolism [5]. One study identified small vessel
disease as a primary subtype of cerebrovascular disorders and
found an association with PD development [6], while another
reported endothelial degeneration in cerebral capillaries in
PD patients [7]. Researchers noted that the severity of small
vessel disease correlates with motor impairments but not
with dementia in these patients [8]. Modifiable vascular risk
factors are more strongly associated with cognitive rather than
motor impairments in PD. This underscores the importance
of a comprehensive approach to PD treatment, including the
potential long-term cognitive benefits of early and aggressive
management of concomitant vascular conditions.

For a long time, the genetic component of PD was considered
unlikely, as most cases appeared sporadic [9]. However, the
notion that genetics plays a role in some forms of PD has been
supported by various observations [10]. An increased risk of
PD has been observed among first-degree relatives of patients,
especially when considering the results of positron emission
tomography in asymptomatic relatives, providing additional
evidence of a genetic component [11,12]. According to modern
views, approximately 10% of all PD cases have a monogenic
inheritance basis [13,14]. There is a range of predisposing genes
for PD, including genes involved in cellular detoxification and
antioxidant defense systems such as GSTT1, GSTM1, GSTP1,
dopamine transport and metabolism genes, and mitochondrial
genome, among others, carrying unfavorable allele variants
significantly increasing the risk of the disease [15,16]. The
results of these studies demonstrate a high variability in the
frequency of candidate gene polymorphism occurrence in PD
development among different populations.

Currently, there is no clear biomarker for the early detection of
PD, and the etiology of idiopathic Parkinson’s disease remains
unknown. In recent years, scientific research has focused on
identifying blood markers in patients with Parkinsonism, which
could serve as additional diagnostic tools [17]. Additionally,



studying the significance of therapeutic interventions in patients
with PD using various compounds is of interest, along with
the search for genetic markers in PD and the observation of
potential therapeutic interventions remain relevant.

Modern strategies for treating PD are mainly symptomatic
and can lead to motor disorders such as motor fluctuations
and dyskinesias. Alternative medicine may offer effective
treatments for PD. In this study, bacterial melanin (BM) was
used as a potential protector in PD. BM is an amorphous, high-
molecular-weight, water-soluble polymer of dark brown color,
containing quinol, phenolic, and amino acid components [18].
It facilitates transport across the blood-brain barrier, which may
contribute to the protective action of PD [19]. BM has high
biological activity and a biostimulating effect; it does not induce
microgliosis and has no side toxic effects [20]. Animal model
studies have demonstrated the neuroprotective effects of BM,
promoting motor restoration, intensive vascularization, gliosis
proliferation, and inhibition of inflammatory and scar processes
[21-23]. Therefore, there is a high likelihood of BM’s protective
influence on brain structures affected in the early stages of PD.

The aim of the study was to investigate changes in the
microcirculatory bed of the SNc in rats in the rotenone-induced
PD model and, in combination with BM administration,
to identify its possible angioprotective properties on brain
capillaries. Additionally, using a comprehensive analysis of
cytogenetic data, the study aimed to examine factors determining
the development or mitigation of PD.

Materials and Methods.

Several rodent studies have shown that the pesticide rotenone
can induce oxidative death of nigrostriatal cells, pathological
(alpha-synuclein-like) deposits, and motor changes similar to
those occurring in the idiopathic form of PD, reinforcing the role
of pesticides in its etiology [24]. Experiments were conducted
on a rotenone-induced rat model of PD, which is considered
most suitable, especially for up to 4 weeks of survival. The
experiments involved three groups of 15 albino rats (220-250
g):

1. Sham-operated (5 rats, control), received injections of
sterile distilled water combined with intraperitoneal injection of
isotonic NaCl solution.

2. PD group (5 rats) received unilaterally injections of
rotenone along with intraperitoneal injection of physiological
saline every other day for 4 weeks.

3. PD+BM group (5 rats) received unilaterally injections of
rotenone, similar to the PD group, combined with intraperitoneal
injection of BM (6 mg/ml, at a dose of 0.17 g/kg) twice for 4
weeks (5 rats, PD+BM).

BM was provided by the “Armbiotechnology” National
Academy of Sciences of Republic of Armenia. Rotenone
(Sigma-Aldrich, 557368) was administered under anesthesia
(pentobarbital, 40 mg/kg, intraperitoneally), at a dose of 12
pg in 0.5 pl of dimethyl sulfoxide at a rate of 1 pl/min, into
the medial forebrain bundle at stereotaxic atlas coordinates
(AP+0.2; L£1.8; DV+8 mm) [25]. After the rotenone injection,
the animals were kept under identical conditions until the acute
experiment at the of L.A. Orbeli Institute of Physiology’s
vivarium. The experiments were conducted between 09:00 and
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12:00 h during the light period of the light-dark cycle. The
animals were maintained at 25 + 2°C with a 12-hour light—dark
cycle (lights on at 07:00 h and off at 19:00 h), and they had ad
libitum access to food and water.

To study motor behavior, exploratory activity, and cognitive
abilities in rats with PD symptoms, the cylinder test was used
[26]. Intact adult rats underwent behavioral testing in the cylinder
before being unilaterally injected with rotenone and maintained
for 4 weeks. Some animals received BM solution injections
twice, while the rest served as the experimental PD model
group. The rats were placed in a transparent cylinder (diameter
19 cm, height 30 cm) and video-recorded for 5 minutes with an
assessment ranging from 0 (absence of function) to 20 (absence
of deficit). Since rotenone affects motor behavior bilaterally, the
number of paw touches on the cylinder wall during rearing was
recorded separately for the right and left paws. Spontaneous
behavior allowed for the evaluation of other features such as
dynamics and interest in the environment.

To study the microcirculatory bed of the rats, the
histoangiological method of Chilingaryan was used [27].
The animals were anesthetized with pentobarbital (40 mg/
kg, intraperitoneally) followed by brain removal, which was
fixed in a 5% neutral formalin solution for 24 hours at room
temperature. Frozen brain sections in the frontal plane, 90 um
thick, were prepared and transferred to freshly prepared mixtures
according to the method's requirements. Incubation was carried
out at room temperature for 1.5 hours in the incubation mixture
and lead mixture. Subsequently, the sections were washed in
distilled water, developed in a sodium sulfate solution, and
mounted in balsam. The diameter of brain capillaries in the SN¢
of rats was measured on prepared brain specimens using an
ocular micrometer under a light optical microscope (eyepiece
15x, objective 20x). The average diameter (d) of capillaries was
obtained from 100 measurements performed on brain sections
of each animal. Imaging of the specimens was performed using
an OPTON M-35 camera and an AmScope MUS00 camera
attachment through an OPTON microscope (West Germany).
Student’s t-test was used to evaluate the level of differences
in morphometric and behavioral data, utilizing the online
GraphPad tool.

Cytogenetic  analysis included Giemsa staining of
chromosomes. Cytogenetic parameters were studied using
the Ford-Vollum method, determining the mitotic index (MI),
chromosomal aberrations, and the percentage of polyploid
cells (PC) in bone marrow cells of the femur (counting in 1000
cells in each specimen), according to McGregor [28] under a
microscope at magnifications of 900—1400 times. The analysis
of cytogenetic data was conducted using several specialized
statistical packages: Statsoft and SPSS-10.0. Regression and
correlation analysis methods were employed [29].

Results and Discussion.

The microscopic examination revealed a continuous vascular
capillary network on thick sections: capillary, arteriole, and
venule fragments, by the brown lead phosphate sediment
deposited on the vessel endothelium. A dense capillary network
was observed in the SNc region of the brain of control animals
(Figure 1 A-B). Morphometric analysis showed that in control



rats, the average diameter of the main body of SNc capillaries
was d=3.3+0.08 um (Graph 1). In response to rotenone
administration, there was a 45% increase in capillary lumen
diameter (d=4.8 +0.12 pm) compared to the control, along with
a reduction in the capillary network (Figure 1B; Graph 1).
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Figure 1. Microphotographs of the capillary network of the
microcirculatory bed of the substantia nigra pars compacta in rats.
A - control; B - under rotenone intoxication conditions; C - under
rotenone intoxication conditions in combination with BM administration.
Magnification: 160 (4-C).

Mean SNc capillary diameters

45
L 4
Y]
- I35
£ |
. &
o
] 2
%‘ 15
T
0.5
0 E E E
Control PD PD+BM(6)

Graph 1. Changes in the lumen of capillaries in the substantia nigra
pars compacta of rats: Control - control rats;, PD - Parkinson's
disease model; PD+BM (6) — PD model in combination with BM at a
concentration of 6 mg/ml. p<0.0001.

In the control group, 10 fields of view were used to count 100
capillaries. However, after rotenone exposure, the number of
fields of view required for counting increased to 15, indicating
a decrease in the number of functioning capillaries. In PD
cases, fewer vessels were found, and they were shorter and
more fragmented (Figure 1B) compared to the control group
(Figure 1A). The number of vessels per mm? was measured in
the microscope field. Under the influence of BM treatment, the
diameter of capillaries in the SN¢ approached the norm (d=3.53
+0.08 um), and the density of the capillary network was much
higher than in PD (Figure 1C; Graph 1).

Under the action of BM in conditions of rotenone intoxication,
the capillary lumen in the SNc was dilated by only 7% compared
to control rats and constricted by 26% compared to the PD
model (Table 1). The application of BM led to the preservation
of capillary network density and the number of functioning
capillaries. The data were highly extremely statistically
significant (p<0.0001).

Table 1. Diameter of capillaries in the substantia nigra pars compacta
in control and experimental rats. Data are presented as mean £ standard
error of the mean (m+SEM). Significance of differences compared to
control and PD is p<0.0001 (Student’s t-test in the GraphPad online
program, https://'www.graphpad.com/quickcalcs/).

Groups Diameter+SEM

Control rats 3.3+0.08
4.8+0.12

. . <0.0001

Parkinson's disease model ES% dilation compared to the
control

Model of Parkinson's disease 3.53+0.08

in combination with the p=<0.0001

administration of bacterial 7% dilation compared to the control

melanin 26% contraction compared to PD

During behavioral testing, the number of spontaneous rears
performed by each animal during a 5-minute period in the
cylinder test was measured. In the PD group, rats exhibited
significantly fewer rears compared to control rats (7 £0.67; p <
0.0001) (Graph 2). Four weeks after rotenone injection, animals
demonstrated more rears compared to PD (number of rears with
paw touch: 17.33 £1.2; p < 0.0015). Animals receiving BM
after rotenone injection showed a lower number of spontaneous
rears compared to control animals (number of rears with paw
touch: 33 £0.33; p < 0.0001), but more rears than animals after
rotenone intoxication (Graph 2). In addition to counting the
number of rises with paws touching the walls of the cylinder,
the orientation and mobility of the animals were also observed
during the 5-minute experiment. Visually, animals in the PD
model exhibited reduced activity, freezing in one position,
apathy, and lack of interest in the surrounding space.

Analysis of cylinder test data
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Graph 2. The graph illustrates the number of rears with paws touching
the walls of the cylinder for different groups of animals: control animals
(Control); under rotenone intoxication PD), and under rotenone
intoxication in combination with BM administration (PD+BM (6)).
Data are presented as mean * standard error of the mean (m£SEM).
The significance of differences compared to control and PD is denoted
by (p<0.0001) and *(p<0.0015)**, respectively. Student’s t-test was
used in the online GraphPad program, https://'www.graphpad.com/
quickcalcs/.

The intracerebral infusion of rotenone into the medial forebrain
bundle resulted in persistent feeding behaviour disturbances
after 4 weeks compared to the control group and the group
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receiving BM. However, rats receiving BM showed behavioral
improvement after 4 weeks compared to the animals in the PD
group. These data indicate that rotenone significantly affects
certain aspects of motor behaviour, and that BM provides
protection and can reverse the degenerative effects of rotenone.

The results of cytogenetic analysis showed that PD animals,
compared to controls (PC=1.0 £ 0.16; MI=20.6 +2.8), had a
significant increase in the percentage of polyploid cells (1.5
+0.18) and a decrease in the mitotic index (13.5 +1.4), which
is typically indicative of inflammatory processes. Under the
influence of BM, a significant decrease in the percentage of
polyploid cells (1.0+ 0.14) was observed, possibly indicating
its beneficial effect. There was also a tendency towards
normalization of the mitotic index (18.2 +1.56) (Table 2).
Regarding chromosomal aberrations, the most frequently
encountered chromosomal aberrations were observed as single
and double fragments (Figure 2B,C).

Figure 2. Polyploid cell (4), chromosomal aberrations in the form of
a double fragment (B) and deletion (C). A - polyploid cell resulting
from cytokinesis blockage in bone marrow tissue; B - double fragment
formed from chromosome arm breakage,; C - deletion of chromosome
arm, pair I. Magnification: x390.

Table 2. Cytogenetic parameters of bone marrow cells in Parkinson's
disease (PD) rats and under the influence of bacterial melaninat
(PD+BM) a concentration of 6 mg/ml (BM (6)). Significance of
differences: * p<0.05; (p1-p2) — when comparing control animals and
animals with PD; (p2-p3) — when comparing animals with PD without
and under action of BM.

Indices Control PD PD+BM (6)
Mitotic Index 13,5+1,4

20,6+2,8 RSN 18,2+1,56
(%) (,-p,)
Chromosomal

+ + +

aberrations (%) 2,2+0,3 2,24+0,35 2,26+0,37
Polyploid cells 1,540,18 1,0+0,14

1,0£0,16 AR A
(%) (p1-p7) (p7-p1)

It is known that the risk of polyploidy development increases
when cells are exposed to physical or chemical factors that
damage the spindle apparatus. Research results indicate that
changes in chromosome set multiplicity suggest serious
disturbances in the central nervous system [30].

Karyotype analysis revealed significant differences in almost
all cytogenetic parameters between the experimental groups of
animals and the karyotype data of control individuals. Based
on these cytogenetic parameters, it can be noted that PD
significantly suppresses hematopoiesis in the bone marrow
(as evidenced by the reduced mitotic index) but does not have

a significant effect on chromosome aberrations (only slight
variability in the percentage of chromosomal aberrations was
observed). The most frequently encountered chromosomal
aberrations were observed in the form of fragments. There
is an inverse correlation between the mitotic index and the
number of polyploid cells. Cytogenetic abnormalities such as a
decreased mitotic index and increased the polyploid cells can be
considered genetic risk factors for PD development. Under the
influence of BM, there is a tendency towards the normalization
of mitotic index and a significant decrease in the percentage of
the polyploid cells, which may indicate its beneficial effect.

In our study, we observed capillary degeneration in the SNc of
PD rats. The degenerative morphology includes damage to the
capillary network, possibly due to capillary fragmentation and
loss of capillary connections. Compared to the control group,
the diameter of the capillaries was wider in PD cases. These
data suggest that vascular degeneration may be an important
additional factor contributing to PD progression and may even
play arole in the initial pathology leading to neuron degeneration.
We hypothesized that the modulatory effect of BM on the brain
of rats with rotenone dysfunction lies in the mechanism by
which it improves microcirculation. Under the influence of BM,
the diameter of the capillaries was similar to that of the control
group, indicating the angioprotective properties of BM.

The results of behavioral test showed that rats administered
rotenone exhibited significantly fewer rearing behaviors
compared to control rats, indicating motor deficits associated
with PD. Reduced activity, freezing, and lack of interest in the
surrounding environment in animals with PD confirm the validity
of the rotenone-induced PD model. In the group receiving BM
after rotenone injection, there was a significant increase in
the number of rearing behaviors compared to PD and fewer
rearing behaviors compared to control animals. This suggests
that BM partially restores motor function. As noted above, BM
has a saturable transport through the blood—brain barrier and
selectively affects some regions of the central nervous system.
It is excreted through the liver and kidneys [19]. Such transport
may contribute to the neuroprotective effects of BM due to its
modulatory effect on the brain of rats with rotenone dysfunction.

Conclusion.

The data obtained demonstrate that BM's protective effect
in rats with rotenone intoxication leads to increased trophism
in brain tissue. This is evident through the normalization of
blood vessel lumen size and the formation of new branches
in the capillary network, thereby ensuring the preservation of
nerve cell integrity. These findings highlight the angio- and
neuroprotective effects of BM on the brain capillaries of rats with
a PD model. Rats treated with BM also showed improvements
in motor behavior, such as hyperactivity and increased interest
in their environment. This suggests a potential therapeutic effect
of BM in alleviating motor deficits and cognitive impairments
associated with PD. Furthermore, under the influence of BM,
cytogenetic parameters approached normal levels, indicating its
positive impact on cellular function. In conclusion, BM emerges
as a potential biological therapeutic product for treating PD,
given its multifaceted beneficial effects on brain tissue trophism,
motor behavior, and cytogenetic parameters.
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Pe3rome

ITpoBeneno CpaBHHUTEIILHOE N3y4YeHHE
MOP(OGYHKIIMOHATEHOTO COCTOSIHUSI MUKPOIMPKYJISTOPHOTO
pycna KOMIIaKTHOW 4YacTH YepHOH CyOCTaHIMM Mo3ra
(SNc) wm  KocTHOrO MoO3ra KphIC Ha pPOTCHOHOBOH
monenu Oone3nn Ilapkuncona (BII) m ¢ mociemyrommm
BBeZieHHeM OakrepuanbHoro MenannHa (bBM). BrwisBnenue
MHUKPOLMPKYJISITOPHOTO ~ pycia  HPOBOAWIIOCH  COTJIACHO
THCTOAHTHOJIOTHYecKoMy Metony YwmimHrapsina. IToBeneHue
KMBOTHBIX HM3y4ajd C IOMOLIbIO IMJIMHAPHYECKOTO TECTa.
Ananu3 MoOp(OMETpHYECKHX JaHHBIX I[OKa3al, 4YTO B
CPaBHEHHHM C KOHTPOJBHBIMH J>KHBOTHBIMH Yy TIOJIONBITHBIX
KUBOTHBIX C POTCHOHOBOH JAWUCQYHKIMEH BBISBISETCS
yBEJIMYECHUE AUAMETPOB KalMJUISIPOB, PEIYKINS KalMILUIIPHOTO
3BeHa B SNc. [ToBegeHueckye TecThl OKa3aJld, YTO KUBOTHBIE
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Ioci€  POTEHOHOBOM  MHTOKCHKALUU  JEMOHCTPHUPYIOT
¢dopmy moBenenus, npucyiyio BII y xwuBoTHbBIX (ppu3mHT,
MaJlONOABIKHOCTE, amaTtus). Iloxg BnusHuem BM auametp
KamusipoB B SNc mpubimkaercss K HOpMe, KaIlMUIIpHOE
3BEHO BOCCTaHaBJIMBaeTCA. biaromaps 3amuTHOMY JEHCTBUIO
BM y KpeIC C pOTEHOHOBON HMHTOKCHKAIMEH IOBBIIIAETCS
TpodHKa TKaHU TOJOBHOTO MO3Ta B PE3yJIbTaTe NPUOIMKEHHS
IIPOCBETa COCYIOB K HOPME M OTKPBITHS HOBBIX BETBEH B
KaNUUISIPHON CeTH, yBEIUYEHHE MIOTHOCTH KAMUILISPOB, YTO
o0ecrieuynBaeT COXPAHHOCTb HEPBHBIX KIEeTOK. [lokaszarenun
TIOBEACHUSI KMBOTHBIX OJIM3KM K HOpPME. A TakKe MpPOBEJCH
KOMIUIEKCHBIN aHANNU3 IUTOT€HETHYECKHX NaHHBIX KOCTHOTO
MO3ra KpbIC. ¥ )kUBOTHBIX ¢ BI1 110 cpaBHEHMIO C KOHTPOIBHBIMU
HaOnroaeTcst  JOCTOBEPHOE  TIOBBIIICHHE  KOJIMYECTBA
MIOJIUTNIOUTHBIX KJIETOK U MOHMKEHUE YPOBHS MUTOTHUYECKOTO
WHJIEKCa, YTO OOBIYHO TPOSBISETCS IpPU BOCHAIMTEIBHBIX
mpoleccax M COMNPOBOXKJAETCA YTHETEHHEM TeMOoIoe3a
KOCTHOrO Mosra. [loHMXkeHHe MUTOTHUECKOTO HWHAEKca U
MOBBIIIEHUE KOJIMYECTBA MOJUIUIOUIHBIX KJIETOK MOXHO
paccMaTpuBaTh Kak (haKTOphl TEHETHYECKOTO PUCKa Pa3BHUTHS
BII. ITon BnustaueM BM oTMedeHa TeHIeHIIMA K HOpMaTH3aluu
MUTOTHUYECKOT0 UHJEKCA U TOIy4YE€HO AOCTOBEPHOE CHHKECHUE
MIPOLIEHTA MOJIUIJIOUAHBIX KIETOK, YTO BO3MOXHO, YKa3bIBaeT
Ha ero OmaroTrBopHoe aeictBue. IlomyuyeHHBIE NaHHBIC TArOT
OCHOBaHHME IpeAIoaraTs, 4o bM MoskeT OBbITh UCITOIB30BaH B
KauecTBe TEpaleBTUIECKOro areHTa npu gedenun bII.
KiroueBble cioBa: Kamwuispbl, MOJUIUIOMIHBIE KIIETKH,
MHUTOTHYECKUH MHACKC, TECT IMIMHAPY, YepHas CyOCTaHIHs,
OakTepuaibHBIA MeJTaHuH, 0oje3Hb [lapkuHCOHA
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