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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 
SNc. 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 

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, 
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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 
μg in 0.5 μl of dimethyl sulfoxide at a rate of 1 μl/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 

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 µm 
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 SNc 
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 MU800 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 
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rats, the average diameter of the main body of SNc capillaries 
was d=3.3±0.08 μm (Graph 1). In response to rotenone 
administration, there was a 45% increase in capillary lumen 
diameter (d=4.8 ±0.12 μm) compared to the control, along with 
a reduction in the capillary network (Figure 1B; Graph 1).

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 mm² was measured in 
the microscope field. Under the influence of BM treatment, the 
diameter of capillaries in the SNc approached the norm (d=3.53 
±0.08 μm), 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).

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.

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 

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 (A-C).

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.

Groups Diameter±SEM
Control rats 3.3±0.08

Parkinson's disease model

4.8±0.12
p≤0.0001
45% dilation compared to the 
control

Model of Parkinson's disease 
in combination with the 
administration of bacterial 
melanin

3.53±0.08
p≤0.0001
7% dilation compared to the control
26% contraction compared to PD

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/).

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/.

https://www.graphpad.com/quickcalcs/
https://www.graphpad.com/quickcalcs/
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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).

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 
(%) 20,6±2,8 13,5±1,4

* (p1-p2)
18,2±1,56

Chromosomal 
aberrations (%) 2,2±0,3 2,2±0,35 2,26±0,37

Polyploid cells 
(%) 1,0±0,16 1,5±0,18

* (p1-p2)
1,0±0,14
* (p2-p3)

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 a role 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.

Figure 2. Polyploid cell (A), 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: ×390.
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Морфологический и поведенческий анализ 
протекторного действия бактериального меланина на 
модели болезни Паркинсона у крыс

Даниелян M.A1*, Карапетян К.В1, Аветисян З.А1, 
Овсепян А.С2, 

Карапетян A.Г1, Даллакян A.M1, Небогова К.А1

1Институт физиологии им. Л.А. Орбели НАН РА, 0028, 
Ереван, Армения

2Научно-производственный центр «Армбиотехнологии», 
0056, Ереван, Армения

Резюме  
Проведено сравнительное изучение 

морфофункционального состояния микроциркуляторного 
русла компактной части черной субстанции мозга 
(SNc) и костного мозга крыс на ротеноновой 
модели болезни Паркинсона (БП) и с последующим 
введением бактериального меланина (БМ). Выявление 
микроциркуляторного русла проводилось согласно 
гистоангиологическому методу Чилингаряна. Поведение 
животных изучали с помощью цилиндрического теста. 
Анализ морфометрических данных показал, что в 
сравнении с контрольными животными у подопытных 
животных с ротеноновой дисфункцией выявляется 
увеличение диаметров капилляров, редукция капиллярного 
звена в SNc. Поведенческие тесты показали, что животные 

после ротеноновой интоксикации демонстрируют 
форму поведения, присущую БП у животных (фризинг, 
малоподвижность, апатия). Под влиянием БМ диаметр 
капилляров в SNc приближается к норме, капиллярное 
звено восстанавливается. Благодаря защитному действию 
БМ у крыс с ротеноновой интоксикацией повышается 
трофика ткани головного мозга в результате приближения 
просвета сосудов к норме и открытия новых ветвей в 
капиллярной сети, увеличение плотности капилляров, что 
обеспечивает сохранность нервных клеток. Показатели 
поведения животных близки к норме. А также проведен 
комплексный анализ цитогенетических данных костного 
мозга крыс. У животных с БП по сравнению с контрольными 
наблюдается достоверное повышение количества 
полиплоидных клеток и понижение уровня митотического 
индекса, что обычно проявляется при воспалительных 
процессах и сопровождается угнетением гемопоеза 
костного мозга. Понижение митотического индекса и 
повышение количества полиплоидных клеток можно 
рассматривать как факторы генетического риска развития 
БП.  Под влиянием БМ отмечена тенденция к нормализации 
митотического индекса и получено достоверное снижение 
процента полиплоидных клеток, что возможно, указывает 
на его благотворное действие. Полученные данные дают 
основание предполагать, что БМ может быть использован в 
качестве терапевтического агента при лечении БП. 

Ключевые слова: капилляры, полиплоидные клетки, 
митотический индекс, тест «цилиндр», черная субстанция, 
бактериальный меланин, болезнь Паркинсона
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