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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.
In neurodegenerative diseases, particularly in Parkinson's 

disease (PD), antinociceptive centers are often implicated in 
neurodegeneration, leading to persistent pain unresponsive to 
narcotic substances. This study investigated the periaqueductal 
gray matter (PAG) and the nucleus raphe magnus (NRM), 
components of the brain's antinociceptive system. In conditions 
of rotenone intoxication (an experimental PD model), 
morphological changes in intracellular structures were observed 
in PAG and NRM neurons, indicating metabolic disorders 
characteristic of PD (alterations in the shape and size of 
neuronal bodies and processes, disruption of acid phosphatase 
activity in neuron cytoplasm). Under the influence of bacterial 
melanin and in combination with synoestrol, positive changes 
in structural properties were observed in PAG and NRM 
neurons compared to the rotenone model of PD. This included 
the preservation of the morphological characteristics typical of 
these brain regions, with cells exhibiting shapes and sizes close 
to normal. Furthermore, under the influence of these therapeutic 
agents, an increase in phosphatase activity in cell cytoplasm 
was detected, indicating an acceleration of metabolic processes 
(metabolic activation) disrupted by rotenone intoxication. The 
data obtained suggests that bacterial melanin and synoestrol may 
act as potential neuroprotective agents against PAG and NRM 
neurons in the rat brain in the rotenone model of PD. Further 
research is needed to elucidate the mechanisms of action of 
therapeutic doses and propose their use in the treatment of PD, 
either in isolation or combination therapy.

Key words. Periaqueductal gray matter, nucleus raphe 
magnus, Parkinson's disease, bacterial melanin, synoestrol.
Introduction.

Neurodegenerative diseases arise from the progressive 
degeneration and death of neurons within specific structures of 
the central nervous system (CNS). This leads to the disruption 
of connections between CNS regions, an imbalance in the 
synthesis and release of corresponding neurotransmitters, and 
consequently, impairment of memory, movement disorders, 
and cognitive abilities in humans. Parkinson's disease (PD) is 
a chronic progressive neurodegenerative disorder of the CNS 
caused by the ongoing destruction and death of neurons in the 
substantia nigra and other CNS regions that utilize dopamine 
as a neurotransmitter. Clinically, PD manifests as impairments 
in voluntary movements. In addition to classical motor 
disturbances, PD is characterized by a broad spectrum of non-
motor symptoms, including psychological, autonomic, sensory 
symptoms, and disruptions in sleep and wakefulness. Apart 
from the typical motor impairments, PD exhibits a wide range of 
non-motor manifestations, including psychological, autonomic, 

sensory symptoms, and sleep-wake cycle disturbances [1]. 
Dopamine deficiency contributes to emotional and other 
psychological disorders. Pain is one of the most debilitating 
non-motor symptoms of PD. The frequency of pain in PD 
patients, according to various authors [2,3], ranges from 40 to 
80%, exceeding that in the general population (10-40%). Pain 
is often overlooked by physicians managing PD patients, yet it 
frequently becomes a primary symptom adversely affecting the 
patient's quality of life [4]. Despite the high frequency of pain, its 
causes, association with the disease itself, and approaches to its 
correction remain poorly understood. The therapeutic strategy is 
limited to non-opioid analgesics, opioids, antidepressants, and/
or anticonvulsant medications [5].

Neuropsychiatric symptoms and pain are among the most 
common nonmotor symptoms of PD [6]. While nociceptive 
pain occurs in patients with a normal somatosensory nervous 
system, the origin of neuropathic pain is associated with the 
neurodegeneration of structures involved in pain modulation. 
The complex mechanisms of pain in PD are linked to pathological 
changes in brain structures involved in nociceptive mechanisms 
and are influenced by various factors such as age, gender, 
depression, and the severity or duration of the disease. Early 
involvement of structures like the nucleus raphe magnus (NRM) 
neurons is noted in PD [7]. One of the mechanisms of pain in 
PD is the loss of noradrenergic and serotonergic neurons in the 
locus coeruleus and raphe nucleus. These formations, together 
with PAG, play a pivotal role in modulating spinal nociceptive 
transmission pathways by inhibiting nociceptive stimuli from 
dorsal horn neurons [8]. As an important part of the endogenous 
pain inhibition system, the NRM receives projections from the 
PAG [9]. Damage to these areas of the brain can lead to increased 
pain intensity [10]. The study investigates bacterial melanin 
(BM) as a potential neuroprotective agent in PD. BM, obtained 
through biotechnological methods using Bacillus thuringiensis, 
demonstrates high biological activity and a biostimulating 
effect. Low concentrations of BM (4.5–6 mg/ml) do not induce 
microgliosis and have no toxic side effects [11]. BM is known 
for its protective and anti-inflammatory properties, suggesting 
a potential protective and reparative impact on early-stage PD-
affected brain structures [12,13]. It is demonstrated that BM and 
synoestrol successfully counteract excitotoxicity (an indicator 
of neurodegeneration) observed in NRM and PAG in the 
rotenone-induced PD model in rats [14,15]. Given the above, 
the research aims to investigate the morphofunctional changes 
in NRM and periaqueductal gray matter (PAG) neurons in the 
rat brain in the rotenone model of PD under the influence of BM 
and synoestrol. The goal is to identify their potential protective 
effects individually and in combination on the aforementioned 
brain structures selectively affected in PD. 
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Materials and Methods.
Animals: 

The work was performed using albino rats (mean weight 250 
± 30 g) from the vivarium of L.A. Orbeli Institute of Physiology 
NAS RA, which were kept under standard vivarium conditions.
Histochemistry study:

Morphofunctional studies were conducted on the rotenone 
model of PD in rats, considered the most suitable for investigating 
neuron damage mechanisms and assessing neurochemical, 
behavioral, and cognitive manifestations, especially up to 4 
weeks of survival [16].

The experiments were carried out in 4 series on 20 Albino 
rats (220-250g): 1) sham-operated (5 rats, control), injected 
with sterile distilled water in combination with intravenous 
administration of isotonic NaCl solution; 2) unilaterally 
injected with rotenone (5 rats) with intravenous injection of 
physiological saline every other day for 4 weeks; 3) unilaterally 
injected with rotenone, similar to group (2), in combination 
with intravenous injection of bacterial melanin (6 mg/ml) twice 
over 4 weeks (5 rats); 4) unilaterally injected with rotenone, 
similar to group (2), in combination with intravenous injection 
of BM (6 mg/ml) twice over 4 weeks (5 rats) and intravenous 
injections of synoestrol (2% solution, 14 injections every other 
day at doses of 1 mg/kg). Rotenone (Sigma-Aldrich, 557368) 
was administered under anesthesia (pentobarbital, 40 mg/kg, 40 
mg/kg, intraperitoneal) at a dose of 12 µg in 0.5 µl dimethyl 
sulfoxide at a rate of 1 µl/min, into the medial forebrain 
bundle at coordinates (AP+0.2; L±1.8; DV+8 mm) according 
to stereotaxic atlas [17]. The volume of the injected solution 
was calculated based on the optimally tolerated dose (0.17 g 
per kilogram of body weight) at the time of introducing the BM 
solution. The experiments were performed at the same time 
period of the day (09:00–12:00 h) and 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). Food and water were provided ad libitum.

To investigate the morphofunctional state of cellular structures 
in the PAG and NRM of rats, a histochemical method for 
detecting the activity of Ca2+-dependent acid phosphatase (AP) 
was employed [18,19]. In living organisms, enzymes serve as 
biocatalysts that facilitate the progression of metabolic reactions 
due to the presence of active centers that convert a substrate 
specific to each enzyme [20]. The applied method adheres to all 
requirements of this principle. This methodological approach is 
based on the detection of intracellular phosphorus-containing 
compounds that play key roles in the energetic processes 
aimed at preserving and reproducing vital systems. When AP 
activity is tested, the phosphate ions released under the action 
of the enzyme can freely move in the mixture and react with 
different structures, regardless of their spatial arrangement, and 
after incubation in the solution of sodium sulfide it turns into a 
visible dark brown precipitate of lead sulfide. The resulting image 
is adequate, highly informative, and allows judgments to be made 
about specific links in the metabolism of the examined structures.

To obtain the brains for histochemical analysis, the animals 
were anesthetized with pentobarbital (40 mg/kg, intraperitoneal) 

followed by brain extraction. The extracted brains were fixed in 
a 5% solution of neutral formalin prepared in 0.1 M phosphate 
buffer (PBS, pH=7.4) for 48 hours at +4°C. Sections of the 
relevant brain regions were prepared in the frontal plane. Frozen 
sections, with a thickness of 50-60 µm, were transferred to freshly 
prepared incubation mixtures designed to detect the activity of 
Ca2+-dependent AP. Incubation was carried out in a thermostat 
at 37°C for 1.5 hours. Subsequently, the sections were washed 
in distilled water, developed in a sodium sulfate solution, rinsed 
again, and mounted in balsam, followed by the description of 
the preparations under a light microscope. Subsequent images 
of the obtained preparations were captured using the OPTON 
M-35 camera and the AmScope MU800 camera attachment 
through the OPTON microscope (West Germany).
Results and Discussion.

PAG is one of the primary centers for descending regulation 
of pain sensitivity, representing a major component of the 
antinociceptive system. PAG surrounds the cerebral aqueduct 
of Sylvius in the midbrain and is composed of scattered 
neurons producing enkephalins, which reduce the perception 
of ascending pain impulses from the spinal cord. It contains a 
very delicate network of axial cylinders, with numerous small 
cells, primarily of triangular shape, and thin dendrites extending 
from their acute angles (Figure 1A). PAG also consists of large 
multipolar neurons, large triangular neurons, and large fusiform 
neurons (Figure 1A-B). The staining intensity of these cells is 
moderate, indicating a moderate metabolism in the rat PAG 
neurons. The nuclei are light, and nucleoli are visible (Figure 
1B).

Data analysis revealed that under rotenone intoxication, there 
is a disturbance in the morphological structure of the PAG 
compared to the norm (Figure 1D-F). Neuronal damage occurs 
to varying degrees, with segmental or perinuclear chromatolysis 
of the basophilic substance in the cytoplasm (Figure 1D,E). 
Lysis of chromophilic substance granules in the nerve cell 
cytoplasm is observed, leading to its clarification. These 
neurons exhibit a noticeable decrease in AP activity, gradual 
disappearance of granular sediment in the cell perikaryon, 
resulting in a sharp clarification of the cytoplasm (Figure 1F). 
In some damaged cell bodies, the lead phosphate sediment is 
homogeneously distributed. In other affected neurons, the dark-
stained coarse-granular lead phosphate sediment is unevenly 
distributed throughout the cell body, indicating possible 
complete breakdown, with thickened and shortened dendrites 
(Figure 1E,F). Due to the coarse-granular intracytoplasmic 
granulation, these neurons appear intensely stained. The 
characteristic shape of PAG cells is disrupted, and there is no 
clear distinction between cell groups. Some cells lose their 
characteristic shape; acquire a spherical shape due to swelling 
of the bodies and loss of processes (Figure 1F). Neurons of 
elongated or triangular shapes are encountered, but the contours 
of the cells are irregular, unclear, and the boundary between 
the body and the processes is not visible. They react with long 
processes, in which the lead phosphate deposit is dusty. The 
nucleus is swollen, occupies an eccentric position, and against 
its light background, a dark nucleolus is revealed (Figure 1E,F). 

Thus, with rotenone intoxication of the brain, metabolic and 
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morphological disturbances are observed in PAG neurons, 
accompanied by morphological changes in intracellular 
structures. With the damage to nerve cells, a disturbance in 
the morphological picture is noted. Neurons with clarified 
cytoplasm are found, indicating a reduced level of metabolic 
processes. In the cytoplasm of some PAG neurons, high 
phosphatase activity is detected, indicating the activation of 
metabolic processes aimed at maintaining the homeostasis of 
the body disrupted by rotenone intoxication. In other words, 
the cells are seeking optimal conditions for cell survival. The 

increase in metabolism apparently reflects the mobilization of 
the cell's defensive capabilities and the initiation of adaptive-
compensatory mechanisms. 

In animals that received rotenone injection in combination 
with BM injections, the characteristic shapes of PAG cells 
are more often preserved, and the sizes are close to the norm. 
For most neurons, against a moderately stained cytoplasm, 
centrally located nuclei are visible, and thin, long processes 
are observed, indicating the preservation of their connections 
with neighboring cells and other brain areas (Figure 1G-I). 

Figure 1. Microphotographs of cellular structures in the PAG of intact (A-B, Norm) and experimental (D-L) rats (D-F - under rotenone intoxication 
(PD); G-I - under rotenone intoxication in combination with bacterial melanin (PD+BM); J-L - under rotenone intoxication in combination with 
simultaneous administration of bacterial melanin and synoestrol (PD+BM+syn); D-F - deformation of shape, degenerated cells with unclear 
contours, clarified cytoplasm; G-L - preservation of the morphological picture of neurons, high AP activity in the cytoplasm and processes, clear 
contours, centrally located nuclei (black arrow - chromatolysis; white arrow - eccentrically located nucleus). Detection of Ca2+-dependent AP 
activity. Magnification: ×25(a); ×160 (A, D, G, J); ×400(B, E, H, K); ×1000 (С, F, I, L).
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Intracellular granulation is fine-grained (Figure 1H, I). Among 
the cells that have preserved their shape and sizes, occasionally, 
damaged neurons are revealed, with weak phosphatase activity, 
unclear contours, and no processes, but with noticeable nuclei 
with a dark nucleolus (Figure 1H).

In animals that received rotenone injection in combination 
with simultaneous injections of BM and synoestrol, the 
shapes of PAG cells are preserved, and there is a tendency to 
preserve the characteristic sizes of neurons (Figure 1J-L). The 
cytoplasm is intensely stained, and a centrally located nucleus 
is visible. The lead phosphate deposit in the cytoplasm of cells 
is either fine-grained or coarse-grained. Neurons have thin, 
long processes (Figure 1K,L). In PAG, along with cells that 
have preserved their shape and sizes, occasionally, damaged 
neurons are revealed, with weak phosphatase activity, distorted 
contours, no processes, but with centrally located nuclei (Figure 
1K,L). Thus, under the influence of BM and synoestrol, a 
morphological picture of PAG neurons close to normal is 
observed. Occasionally, damaged neurons can be encountered. 
Compared to the effect of BM alone, the intensity of cytoplasm 
staining in the bodies and processes of PAG neurons is higher 
with the simultaneous administration of BM and synoestrol, 
indicating an increased level of metabolic processes and the 
preservation of contacts between PAG neurons and other brain 
regions with which they are anatomically connected. 

The nucleus raphe magnus (NRM) is a cluster of neurons 
located in the midline of the medulla oblongata. NRM is a 
serotonergic nucleus located in the rostroventromedial part of 
the brainstem. The axons of NRM project to the spinal cord, 
predominantly ending in the spinal cord's dorsal horn. They 
regulate the release of enkephalins that suppress pain sensations 
[21].

Mostly, NRM neurons are triangular or somewhat elongated 
(Figure 2A-B). In the cytoplasm of these neurons, chromophilic 
substance is diffusely distributed, granulation is observed in the 
cytoplasm and processes of neurons, while the nuclei appear 
light (Figure 2B,C). All cells have long axons and several 
moderately or weakly branching dendrites. The lead phosphate 
deposit in the form of granules is clearly visible in the processes 
(Figure 2B,C).

Analysis of data of rotenone-intoxicated rats showed damage 
to nervous tissue in NRM, primarily affecting nerve cells and 
their processes (Figure 2D-F). The shape and sizes of neurons 
are disrupted. Elongated spindle-shaped cells with clarified 
cytoplasm are observed. Some cells undergo karyocytolysis, 
and neurons are in a state of severe alteration. Individual 
neurons shrink, reducing in size and acquiring an elongated 
curved shape. Processes thin out and shorten (Figure 2E). In 
the cytoplasm of most NRM neurons, there is dispersion of 
tigroid substance – lightening of the cytoplasm compared to the 
norm. The level of AP metabolism is reduced in the cytoplasm, 
and fine sparse granular sediment is visible in the perikaryons 
(Figure 2E,F). Many neurons exhibit long processes, but the 
phosphatase activity in them is greatly reduced. Among neurons 
undergoing chromatolysis, there are also neurons with activation 
of AP in the cytoplasm and nucleus. In such damaged neurons, 
the darkly stained coarse-grained sediment of lead phosphate 

is unevenly distributed throughout the cell body, obscuring the 
boundary between the body and the processes. Neurons lack 
clear contours, their processes are shortened, and the nucleus 
is ectopic and deformed (Figure 2F). The observed intranuclear 
granules are new structures induced by rotenone, providing 
evidence that, under rotenone intoxication conditions, the 
nucleus of nerve cells undergoes dynamic reorganization [22]. 
Thus, under conditions of rotenone intoxication, damage to most 
neurons in NRM is accompanied by lysing of chromophilic 
substance in the cytoplasm and processes, a decrease in the level 
of metabolism. Various types of cellular atrophy are revealed, 
and neurodegenerative changes characteristic of PD develop in 
NRM.

The morphological integrity of NRM cells is significantly 
maintained, and their sizes closely resemble the normal state in 
rats injected with rotenone and administered BM (Figure 2G-I). 
In neurons that preserved their shape and sizes, centrally located 
light-colored nuclei are observed, distinctly contrasting with the 
moderately stained cytoplasm. The lead phosphate deposit in 
the cell cytoplasm is fine-grained, localized evenly, and there 
is a slight decrease in phosphatase activity compared to the 
norm. Thin, long processes with high AP activity are identified, 
indicating the preservation of connections with neighboring 
cells and other brain regions. Among the neurons with preserved 
shape and sizes, there are instances where AP activity is very 
weak in the cytoplasm and processes, but the shape and sizes 
are preserved, and the nuclei are centrally located (Figure 2H, 
I). Occasionally, light-colored affected degenerated neurons are 
identified, losing shape and sizes, with no apparent processes 
(Figure 2I). Thus, under the influence of BM, the morphological 
picture of NRM neurons is close to normal, the level of 
metabolic processes is slightly reduced compared to the norm, 
and neurons with low AP activity can be found in some places.

In conditions of rotenone intoxication with simultaneous 
administration of BM and synoestrol in NRM, neurons with 
preserved shape and sizes, characteristic of this brain area, 
are observed (Figure 2J-L). For most of them, against the 
hyperchromic cytoplasm, centrally located light-colored nuclei 
appear, and long processes with high AP activity are identified, 
which is typical for the norm. The lead phosphate deposit is 
present inside the cytoplasm in the form of coarse-grained 
formations (Figure 2L), indicating an increased level of AP 
activity compared to intact animals.

Thus, in the rotenone model of PD, changes in PAG and 
NRM neurons are characterized by morphological changes 
in intracellular structures, indicating metabolic disorders. 
Neurodegenerative damage to important antinociceptive 
structures of NRM and PAG contributes to the development 
of persistent chronic pain in PD. Under the protection of 
BM in the PD model, positive data were obtained on the 
enhancement of metabolism, preservation and normalization 
of structures, the strengthening of Ca2+-dependent AP, which 
characterizes cell survival and prevents neurodegeneration. The 
therapeutic effect of BM is likely associated with its favorable 
modulation of the secondary inflammatory process, microglial 
inhibition, and improvement of brain tissue trophism [23]. 
The biological compensatory action of BM, along with its 
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immunomodulatory effect, allows alleviating the manifestations 
of neurodegenerative disorders. Pharmacokinetic studies 
confirmed the ability of BM to cross the blood-brain barrier 
[24]. Moreover, BM is excreted through the liver and kidneys, 
indicating a favorable pharmacokinetic profile for its use as a 
therapeutic and neuroprotective agent.
Conclusion.

Thus, with the simultaneous administration of BM and 
synoestrol, a more effective neuroprotective effect is noted, 
probably due to the enhanced protective properties of both 

components when administered together, activating the 
mechanisms of their therapeutic doses' action on the structures 
affected in PD. The obtained data provide a basis to consider 
BM and synoestrol as neuroprotective agents, suggesting the 
possibility of recommending them for the therapy of PD either 
individually or in combination.
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Резюме
При нейродегенеративных заболеваниях, особенно 

при болезни Паркинсона (БП), в нейродегенерацию 
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часто вовлекаются антиноцицептивные центры, что 
приводит к стойкой боли, не поддающейся лечению 
наркотическими веществами. В этом исследовании 
изучались околоводопроводное серое вещество (PAG) 
и большое ядро ​​шва (NRM), которые являются частями 
антиноцицептивной системы мозга. В условиях 
ротеноновой интоксикации (экспериментальная модель 
БП) в нейронах PAG и NRM наблюдались морфологические 
изменения внутриклеточных структур, свидетельствующие 
о метаболических нарушениях, характерных для БП 
(изменения формы и размеров тел и отростков нейронов, 
нарушение активности кислой фосфатазы в цитоплазма 
нейрона). Под влиянием бактериального меланина и в 
сочетании с синэстролом отмечались положительные 
изменения структурных свойств в нейронах PAG и NRM 
по сравнению с ротеноновой моделью БП. Наблюдалось 
сохранение морфологических характеристик, типичных 
для этих областей мозга, при этом клетки имели форму и 
размеры, близкие к нормальным. Кроме того, под влиянием 
этих терапевтических средств выявлялось повышение 
активности кислой фосфатазы в цитоплазме клеток, что 
свидетельствует об ускорении метаболических процессов 
(метаболической активации), которые были нарушены 
при ротеноновой интоксикацией. Полученные данные 
позволяют предположить, что бактериальный меланин 
и синэстрол могут выступать в качестве потенциальных 
нейропротекторов в отношении нейронов головного 
мозга крыс PAG и NRM в ротеноновой модели БП. 
Необходимы дальнейшие исследования для выяснения 
механизмов действия терапевтических доз и предложения 
их использования при лечении БП как в изолированной, так 
и в комбинированной терапии.

Ключевые слова: околоводопроводное серое вещество, 
большое ядро ​​шва, болезнь Паркинсона, бактериальный 
меланин, синэстрол
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