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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.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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ASSESSMENT OF RAT BRAIN MORPHOFUNCTIONAL STATE IN A PARKINSON'S
MODEL: INFLUENCE OF THERAPEUTIC AGENTS OF ANIMAL AND SYNTHETIC
ORIGINS
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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,
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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 inrats, 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 pg in 0.5 pl dimethyl
sulfoxide at a rate of 1 pl/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 Ca**-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)
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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 um, were transferred to freshly
prepared incubation mixtures designed to detect the activity of
Ca?*-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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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 Ca**-dependent AP
activity. Magnification: x25(a); x160 (4, D, G, J); x400(B, E, H, K); <1000 (C, F, I, L).

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
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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).



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
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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 Ca?*-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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Figure 2. Microphotographs of cellular structures of the NRM in intact (A-B, Norm) and experimental (G-M) rats (D-F - under conditions
of rotenone intoxication (PD); G-I - under conditions of rotenone intoxication in combination with bacterial melanin (PD+BM); J-L - under
conditions of rotenone intoxication in combination with simultaneous administration of bacterial melanin and synoestrol (PD+BM+syn); G-F -
disruption of shape and sizes, cytoplasm clarification, nucleus ectopia, and thickening of processes, G-1, J-L - preservation of structural properties
of neurons, high AP activity in the cytoplasm and processes, nuclei centrally located (black arrow - chromatolysis; white arrow - eccentrically
located nucleus). Detection of Ca**-dependent AP activity. Magnification: x160 (4, D, G, J); x400 (B, E, H, K); <1000 (C, F, I, L).

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
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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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YacTO BOBJIEKAIOTCSl AaHTHHOLMIIENITHBHBIE IIEHTPBI, YTO
MIPUBOJUT K CTOHKOH OONIM, HE TOAJAIOUICHCS JICUSHHIO
HapKOTHYECKMMH BelIecTBAaMH. B  3TOM  HccienoBaHUH
M3yYaIuCh OKOJIOBOJOMpPOBOMHOE cepoe BemiectBo (PAG)
n 6onbioe siapo mBa (NRM), KoTopble SIBISIIOTCS YacTsIMU
AQHTUHOLMIETITUBHOM  CHCTEeMbl ~ Mo3ra. B ycioBusx
POTEHOHOBOM WMHTOKCHKAIMKM (IKCIIEpUMEHTAlIbHAs MOJIEb
BII) B veitponax PAG u NRM nabmonanics Mopgooruueckue
N3MEHEHHS BHYTPHKIIETOYHBIX CTPYKTYP, CBUIETEILCTBYOIIHE
0 MeTaDOJMYECKUX HapyIIeHHsX, XapakTepHbIXx st BII
(u3MeHeHust GOPMBI U Pa3MEpOB TNl U OTPOCTKOB HEHPOHOB,
HapylIeHHe aKTHUBHOCTH KHCIOH (ocdaTaspl B mUTOIIa3Ma
HelipoHa). I[lox BimsHMEM OaKTepHAILHOTO MeENaHWHA M B
COYETAaHWH C CHHICTPOJOM OTMEYAJHCh OJOKUTEIbHBIE
U3MEHEHHs CTPYKTYpHBIX CBOMCTB B HelipoHax PAG u NRM
10 CPaBHEHHUIO C POTeHOHOBOM Monenbio BII. Habmromamock
COXpaHeHHe MOP(OIOTHIECKIX XapaKTEPUCTHK, THUIHYHBIX
JUISL 9THX o0JjacTeld Mo3ra, IpH 3TOM KIETKH UMenu (GopMmy 1
pa3mepsl, Om3Kkne K HopMaJIbHBIM. Kpome Toro, noj BIUsIHHEM
9THX TEpaneBTHYECKUX CPEJCTB BBIBISUIOCH IIOBBIIICHHE
aKTHBHOCTH KHCJIOH Qocdara3sl B IUTOIIIa3Me KIETOK, YTO
CBHJIETEIECTBYET 00 YCKOPEHHH METa0OINYECKUX IPOLECCOB
(MeTabonnyeckol axKTHBAIMU), KOTOpble OBUIM HapyIIEeHBI
IIPU POTCHOHOBOW WHTOKCHKanuei. [lomydyeHHbIE naHHBIE
TO3BOJISIIOT  MIPEATIONOXKNATh, YTO OaKTepHaJIbHBIH MENaHHH
W CHHACTPOJI MOTYT BBICTYNaTh B KayeCTBE ITOTEHIIMAIBHBIX
HEHpONPOTEKTOPOB B OTHOUIEHUHM HEUPOHOB TOJOBHOTO
Mo3ra kpeic PAG u NRM B poreHonoBoit mozemu BIIL
HeoOxoaumbl nanpHelIIMe WCCIENOBAaHMS JUIS BBIICHEHHMS
MEXaHH3MOB JEHCTBHUS TEPANEBTHUECKHUX 7103 M HPEIOKEHHS
WX MCTOJIb30BaHus IpH JieueHnn bI1 kak B M301MpoBaHHOM, Tak
1 B KOMOMHHUPOBAaHHOH Teparuy.
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