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Background. The basal magnocellular nucleus (BMN) is a brain structure that provides cholinergic
innervation of the neocortex. Disruption of BMN functional activity is observed in many neurodegenerative
diseases. One of the key regulatory systems of neuronal activity in the brain is the nitric oxide (NO) system,
however, the interactions among NO system components during neurodestruction have not yet been fully
elucidated. Objective. The aim of the study was to determine L-arginine, nitrites, nitrotyrosine levels, iNOS,
and nNOS expression in the rat BMN in a model of colchicine-induced neurodestruction. Methods. The study
involved 30 male Wistar rats divided into three groups: intact, sham-operated with intracerebroventricular
(ICV) administration of 3 ul of NaCl, and colchicine group with ICV injection of colchicine (15 ug/3 ul NaCl).
ICV injections were carried out using a digital stereotaxic apparatus. Two weeks after colchicine adminis-
tration, the animals developed cognitive deficits evidenced by behavioral testing. Following euthanasia, the
brain tissue was rapidly removed for further processing. iNOS and nNOS expression was assessed via im-
munofluorescence microscopy, nitric oxide metabolites were measured using the Griess method, L-arginine
concentration via HPLC-MS, and nitrotyrosine level via ELISA. Results. Intracerebroventricular administra-
tion of colchicine was followed by a decrease in L-arginine level accompanied by a significant increase in
NO metabolites and nitrotyrosine levels in the BMN of rats. Immunofluorescent analysis revealed increased
density of iINOS-positive and a progressive reduction of nNOS-positive cells in the BMN cell population of
colchicine-injected rats. Correlation analysis confirmed that NO-system imbalance plays a significant role
in neurodestruction. Conclusions. Colchicine-induced neurodestruction in the rat BMN is associated with
imbalance of the nitric oxide system characterized by decreased L-arginine levels, increased NO metabolites
and nitrotyrosine content, elevated iNOS expression, and reduced nNOS-positive cell density. These altera-
tions may contribute to neurodegenerative processes in the BMN.
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T he basal magnocellular nucleus (BMN) is
a brain structure (Ch4 group) that provides
cholinergic innervation of the neocortex and
plays a key role in cortical activation, attention, and
memory formation. Disruption of its structural in-
tegrity and functional activity is observed in many
neurodegenerative diseases, including Alzheimer’s
and Parkinson’s diseases [1]. One of the key regula-
tory systems of neuronal activity and intercellular
communication in the brain is the nitric oxide (NO)
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system. The substrate for NO synthesis is the amino
acid L-arginine, which, under the action of different
nitric oxide synthase (NOS) isoforms — neuronal
(NNOS), inducible (iNOS), and endothelial (eNOS) —
is converted to citrulline with the formation of ni-
tric oxide. This gaseous neurotransmitter performs
important physiological functions related to neuro-
modulation, maintenance of vascular tone, synaptic
plasticity, and metabolic adaptation of nervous tissue
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However, the physiological effects of NO
largely depend on its concentration and redox envi-
ronment. Under conditions of oxidative stress, this
gasotransmitter becomes one of the major contribu-
tors to nitrosative cellular damage, including dama-
ge to brain structures. Excessive NO production
may occur following nNOS activation in response
to NMDA receptor-mediated Ca?* influx, which
represents one of the mechanisms of cell death in
glutamate excitotoxicity. In addition, activation of
iNOS leads to excessive nitric oxide production and
sustains prolonged nitrosative imbalance, thereby
promoting the progression of neurodegeneration.
One of the principal mechanisms of NO-associated
neurodestruction is the formation of reactive nitro-
gen species (RNS), primarily peroxynitrite, which is
generated through the interaction of NO with the su-
peroxide anion. Peroxynitrite is capable of nitrating
amino acid residues, including tyrosine, resulting
in the formation of nitrotyrosine — a stable marker
of nitrosative stress. Protein nitration disrupts their
functional properties, damages cytoskeletal struc-
tures, induces mitochondrial dysfunction, and acti-
vates apoptotic cascades [3].

Thus, the balance between physiological and
pathological concentrations of NO in brain structures
involved in cognitive functions, including the BMN,
determines the direction of the neuronal response —
from adaptive changes to irreversible damage mani-
fested as cognitive impairments of varying severity.
Therefore, experimental modeling of neurodegen-
erative conditions represents a modern and effective
approach to expanding our understanding of the role
of the nitric oxide system in the pathogenesis and
progression of neurodegeneration. One of the most
widely used agents for this purpose is colchicine,
which, when administered intracerebroventricularly
(ICV), inhibits microtubule polymerization, leading
to impaired axonal transport, neuronal death, and
activation of glial cells. The colchicine model repro-
duces key features of neurodegenerative pathology,
including disturbances of cytoskeletal dynamics,
oxidative-nitrosative stress, alterations in neuro-
transmitter systems, and impairment of long-term
potentiation (LTP) mechanisms [4, 5].

To date, changes in the levels of individual
components of the NO system in the BMN following
ICV colchicine administration have been described
[6]; however, studies providing a comprehensive as-
sessment of the substrate, enzymes, and reaction
products of this system remain scarce. Consequently,

the complex nature of interactions among the com-
ponents of the NO system during neurodestruction
has not yet been fully elucidated.

The aim of this study was to determine the spe-
cific alterations in the components of the nitric oxide
system (L-arginine, nitrites, nitrotyrosine, and the
expression of iINOS and nNOS) in the basal magno-
cellular nucleus of the rat brain under conditions of
established colchicine-induced neurodegeneration.

Materials and Methods

The study involved 30 male Wistar rats aged
10-11 months and weighing 250-350 g. Animals
were housed under standard vivarium conditions at
the Educational and Scientific Medical Laboratory
Center of Zaporizhzhia State Medical and Pharma-
ceutical University (ZSMPhU). All experimental
procedures involving animals were conducted in ac-
cordance with internationally recognized bioethical
standards and principles of the European Convention
for the Protection of Vertebrate Animals used for
Experimental and other Scientific Purposes (Stras-
bourg, 1986), and after approval by the Bioethics
Committee of ZSMPhU (Protocol No 2, March 15,
2023) and in accordance with the national General
Ethical Principles for Experiments on Animals
(Ukraine, 2001), which comply with EU Directive
2010/63/EU of September 22, 2010 on the protection
of animals used for scientific purposes.

Experimental groups. Rats were randomly
assigned to three experimental groups (n = 10 per
group). Group 1 consisted of intact animals that were
not subjected to any interventions. Group 2 included
sham-operated rats that received ICV administration
of 3 ul of warm (37°C) physiological saline (NaCl).
Group 3 comprised rats that received an ICV injec-
tion of colchicine (15 pg/3 ul NaCl, 37°C).

ICV injection procedure. All surgical pro-
cedures were performed in the operating room of
the Educational and Scientific Medical Laboratory
Center ZSMPhU under aseptic conditions. Anesthe-
sia was induced by intraperitoneal administration of
Telazol (a combination of tiletamine hydrochloride
and zolazepam hydrochloride, 250 mg per vial) at a
dose of 0.1 ml per 100 g of body weight.

ICV injections were carried out using a digital
stereotaxic apparatus (World Precision Instruments,
USA). Either physiological saline or colchicine solu-
tion (depending on the experimental group) was in-
jected into the lateral ventricle of the brain using the
following stereotaxic coordinates: 9.5 mm anterior
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to the interaural line; 1.5 mm lateral to the midline
(right); 6.0 mm ventral depth.

The precise injection site was determined using
a stereotaxic orientation system based on external
cranial landmarks and their correspondence with a
rat brain stereotaxic atlas [7]. No mortality was ob-
served among the experimental animals following
the procedure, as the toxin dosage was low, the
intervention was minimally invasive, and the pro-
cedure was conducted over a short duration under
adequate anesthetic support. Consequently, the ani-
mals developed cognitive deficits after two weeks, as
evidenced by behavioral testing in the 8-arm radial
maze and the “Open Field” test. These findings indi-
cate that the neurodegeneration followed an Alzhei-
mer’s disease-like pattern [8].

Preparation of brain tissue for immunofiuo-
rescence analysis. Following euthanasia, the brains
were rapidly removed. The obtained tissue was
subjected to standard histological processing, in-
cluding fixation, stepwise dehydration in a graded
series of ethanol solutions, subsequent treatment in
mixtures of absolute ethanol and chloroform at ratios
of 2:1, 1.1, and 1:2, as well as in pure chloroform
and a chloroform-paraplast medium. Thereafter,
samples were infiltrated and embedded in paraplast
(McCormick, USA). Serial brain sections 7 um thick
were cut from paraffin blocks using a Microm-325
microtome (Microm Corp., Germany). Anatomical
localization of sections corresponding to the basal
magnocellular nucleus was determined using a rat
brain stereotaxic atlas [7].

Preparation of brain homogenates and
differential centrifugation. Brain tissue was rinsed
with physiological saline and homogenized in buffer
(pH 7.4) containing (in mmol/l): sucrose 250, Tris-
HCI 20, and EDTA 1 (at +4°C). Following homoge-
nization, large cellular debris was removed by pri-
mary centrifugation in a refrigerated Eppendorf
5804 R centrifuge (Germany) at +4°C for 7 min at
1000xg. The resulting supernatant was carefully col-
lected and subjected to secondary centrifugation un-
der identical temperature conditions using a Sigma
3-30K centrifuge (Germany) for 20 min at 17,000xg.
The final supernatant was separated and stored at
-80°C until analysis.

Immunofluorescence analysis of iINOS and
NNOS expression. Expression of INOS and nNOS in
BMN neurons was assessed by immunofluorescence
microscopy. Histological sections were deparaffi-
nized, rehydrated, and subjected to antigen retrieval
using a PT module (Thermo Scientific, USA) with
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citrate buffer (pH 6.0; Thermo Scientific, USA).
Sections were then incubated with specific mouse
monoclonal antibodies conjugated with FITC (Santa
Cruz Biotechnology, USA) according to the manu-
facturer’s recommendations [9].

Immunofluorescent visualization was per-
formed in the ultraviolet range using a 38HE high-
emission filter on an Axio Imager M2 microscope
(Carl Zeiss, Germany) equipped with an AxioCam
ERc 5s camera (Carl Zeiss, Germany). Digital mi-
crographs were analyzed using ImageJ software to
determine the following parameters:

— corrected total cell fluorescence (CTCF), re-
flecting the amount of immunoreactive material per
cell. Values were expressed in arbitrary immuno-
fluorescence units (AIFU) and calculated using the
formula: CTCF = ID, — (S x ID,), where 1D, is the
integrated density of the immunopositive cell signal
(automatically determined), S is the cell area exhibi-
ting fluorescence, and ID,, is the integrated density
of background fluorescence (cells without specific
signal).

—Density of immunopositive cells (cells/mm?),
calculated as the number of immunopositive cells
per unit area of the image field (mm?).

Determination of nitric oxide metabolites
(NOx). NOx levels in the cytosolic fraction of brain
homogenates were measured spectrophotometrically
using the Griess reaction with a Libra S32 spectro-
photometer (Biochrom Ltd., USA) at a wavelength of
540 nm. Quantification was performed using a linear
calibration curve constructed over a sodium nitrate
concentration range of 0—50 pmol/l. NOx concentra-
tions in tissue samples were expressed in pmol/l and
subsequently recalculated as nmol/mg protein.

Protein concentration assay. Protein content in
the cytoplasmic fraction of brain homogenates was
determined using the biuret reaction. Optical density
was measured at 546 nm using a Libra S32 spectro-
photometer (Biochrom Ltd., USA).

Determination of L-arginine concentration.
Larginine levels in the cytoplasmic fraction of brain
tissue were measured by high-performance liquid
chromatography coupled with mass spectrometric
detection (HPLC-MS) using an Agilent 1260 system
equipped with a single quadrupole mass spectrome-
ter (G6120B Single Quad LC/MS; Agilent Technolo-
gies, Singapore) with electrospray ionization (ESI).
The HPLC system included a G4225A vacuum de-
gasser, G1312B binary pump, G1329B autosampler,
G1316C column thermostat, and G4212B diode-ar-
ray detector (all Agilent Technologies). Nitrogen was
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supplied by a NiGen LCMS 40-1 generator (Claind,
Italy). Chromatographic separation was performed
on a Zorbax SB-C18 column (30 mm x 4.6 mm,
1.8 um) under isocratic conditions at a column tem-
perature of 40°C. The mobile phase consisted of
phase A (water with 0.1% trifluoroacetic acid) and
phase B (acetonitrile with 0.1% formic acid) in a 95:5
(v/v) ratio at a flow rate of 0.4 ml/min. Detection was
carried out using a diode-array detector at 200 nm.
The total analysis time was 5 min, and the injection
volume was 1 pl. Prior to injection, samples were
filtered through a 0.22 pm nylon filter. Quantifica-
tion was performed by comparison with calibration
curves constructed from standard samples prepared
in intact rat plasma.

Determination of nitrotyrosine levels. Nitro-
tyrosine concentration in blood serum was deter-
mined using a commercial enzyme-linked immuno-
sorbent assay kit (Hycult Biotech, The Netherlands)
according to the manufacturer’s instructions. Ab-
sorbance was measured using a Sirio S spectropho-
tometer (Seac, Italy), and results were expressed
in nM/ml and subsequently recalculated per mg of
protein.

Statistical analysis. All experimental data were
processed using STATISTICA software (license No.
JPZ8041382130ARCN10-J) and Microsoft Excel 10.0
(Microsoft Corp., USA). Normality of data distribu-
tion was assessed using the Shapiro-Wilk test. Sta-
tistical significance of differences between experi-
mental groups was evaluated using Student’s t-test
for normally distributed data or the Mann-Whitney
U test for non-normally distributed data. Relation-
ships between parameters were analyzed using cor-
relation analysis with the calculation of Kendall’s
correlation coefficient.

Results

The conducted study made it possible to iden-
tify alterations in the parameters of the NO system
in the BMN of rats following ICV administration
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Fig. 1. Corrected total cell fluorescence (CTCF) of
iNOS* cells in the BMN of rats from experimental
groups (Uif). *Statistically significant difference
compared with the intact group (P, <0.05). *Statisti-
cally significant difference compared with the sham-
operated group (P, <0.05)

of colchicine. Specifically, in brain homogenates of
animals from group 3, the L-arginine content was
significantly lower compared to rats from groups 1
and 2, by 55.5 and 58.1%, respectively. At the same
time, this experimental group exhibited markedly
elevated levels of NO metabolites (NOx) and nitro-
tyrosine (Table 1).

Evaluation of the fluorescence intensity of im-
munopositive cells (CTCF) demonstrated that INOS*
cells in the BMN of rats subjected to ICV colchicine
administration exhibited 22.7% significantly higher
fluorescence compared to intact animals and 45.3%
greater fluorescence intensity compared to iNOS*
cells in sham-operated rats (P < 0.05) (Fig. 1).

At the same time, CTCF in nNOS* cells of the
BMN in colchicine-treated rats was 40.5% signifi-
cantly lower than in the corresponding structure of
intact rats and 51.3% lower than in sham-operated
rats (Fig. 2).

Table 1. Parameters of the nitric oxide system in brain homogenates of experimental rats (M + m)

Experimental group nnlg;iglgrlgtee,in NOXx, nm/mg protein r:\lnl]t/rr?q;y;?zltr;?a
Intact rats 40.7£3.8 0.40 £ 0.03 0.0030 + 0.0003
Sham-operated rats 43.2 £ 3.7 08+0.2 0.005 + 0.001
ICV colchicine 18.1 £ 2.5'2 4.70 £ 0.83"2 0.010 + 0.001*2

Note. *Statistically significant difference (P, < 0.05) compared with the intact group. *Statistically significant difference

(P, < 0.05) compared with the sham-operated group

47



ISSN 2409-4943. Ukr. Biochem. J., 2026, Vol. 98, N 3

8000

7000

6000 I

5000 I

4000 #
3000

2000
10000

CTCF

Intact Sham-operated ICV colchicine

rats rats

Fig. 2. Corrected total cell fluorescence (CTCF) of
nNOS* cells in the BMN of rats from experimental
groups (Uif). *Statistically significant difference
compared with the intact group (P, < 0.05). *Sta-
tistically significant difference compared with the
sham-operated group (P, < 0.05)

The density of immunopositive cells for both
nNNOS and iNOS in the BMN of rats treated with
ICV colchicine differed from that in intact and sham-
operated animals. Notably, ICV administration of
colchicine caused a pronounced reorganization of
NOS-expressing cell populations in the BMN, spe-
cifically: 53% decrease in nNOS* cell density and
85% increase in INOS" cell density relative to intact
animals. Compared with sham-operated rats, nNOS*
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cell density in colchicine-treated animals decreased
by approximately 41%, whereas the density of iINOS*
cells increased by nearly 127% (Fig. 3).

In turn, Kendall’s correlation analysis revealed
a number of statistically significant associations be-
tween NO metabolism parameters and the activity of
the corresponding enzymes.

Relationships between L-arginine and en-
zymatic systems. The analysis demonstrated that
L-arginine levels exhibit a strong positive correla-
tion with indicators of the neuronal isoform of ni-
tric oxide synthase: CTCF of nNOS (tr = 0.63) and
the density of nNOS* cells (t = 0.60). At the same
time, an inverse relationship was observed between
arginine and markers of nitrosative stress as well as
the inducible isoform of the enzyme: moderate nega-
tive correlations were found with CTCF of iNOS
(t = -0.48), iNOS* cell density (t = -0.50), and NO
metabolites (NOx) levels (t = -0.50), with the strong-
est negative correlation observed with nitrotyrosine
content (t = -0.61).

Correlations among nitrosative stress markers.
Parameters characterizing pathological activation of
the NO system showed a tight positive interrelation-
ship. In particular, iNOS* cell density in the BMN
positively correlated with NOx levels (t = 0.73) and
nitrotyrosine content (t = 0.67) and negatively with
CTCF of nNOS* cell (tr = -0.41). A high degree of

* #

iINOS nNOS INOS

ICV colchicine

Fig. 3. Parameters of nNOS" and iINOS* cell density in the BMN of rats from experimental groups (cells/mm?).
*Statistically significant difference compared with the intact group (P < 0.05). *Statistically significant dif-
ference compared with the sham-operated group (P, < 0.05)

48



M. V. Danukalo, D. L. Usenko, A. H. Kaplaushenko, Yu. M. Kolesnyk

positive correlation was also found between nitrite
levels and nitrotyrosine (t = 0.73).

Notably, nNOS* cell density exhibited statis-
tically significant negative correlations with mark-
ers of nitrosative stress. Specifically, negative cor-
relations were observed with iNOS* cell density
(t=-0.51), NOx concentration (t = -0.63), and nitro-
tyrosine content (t = -0.67) (Fig. 4).

Discussion

It is currently established that the intensity of
NO production by specific NOS isoforms is deter-
mined by substrate availability, the presence of co-
factors, and multilevel regulation of enzyme expres-
sion (including transcriptional, post-transcriptional,
translational, and post-translational mechanisms).
Under conditions of adequate cofactor supply, the
key limiting factor becomes the concentration of L-
arginine and its bioavailability. The latter depends
directly on the rate of transmembrane amino acid
transport into the cell and on the activity of com-

peting metabolic pathways, particularly the arginase
reaction within the urea cycle [10].

The results obtained indicate that intracereb-
roventricular administration of colchicine leads to
the development of substrate deficiency. The strong
positive correlation identified between L-arginine
levels and nNOS expression suggests that, in this
model, arginine deficiency acts as a limiting factor
for this isoform, ultimately contributing to impaired
neuronal plasticity and synaptic transmission. These
findings are consistent with the results reported by
Kan et al., who demonstrated that a murine model of
Alzheimer’s disease (CVN-AD) is characterized by
increased arginine utilization and reduced bioavaila-
bility in the brain [11].

A possible mechanism underlying this
phenomenon is the lower Michaelis constant (K ) of
iNOS compared to nNOS, reflecting a higher sub-
strate affinity of the inducible isoform and its abili-
ty to produce large amounts of NO autonomously,
without the requirement for Ca?*" ions [12]. Our

Heatmap Kendall correlation
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nNOS + cell density -0.134
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.8
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Fig. 4. Kendall’s correlation coefficients between the investigated parameters of the NO system in the BMN

of experimental rats
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data regarding the negative correlation between the
density of iNOS-positive cells and the fluorescence
intensity (CTCF) of nNOS in BMN neurons may
indicate a profound disorganization of the nitric oxi-
de system under conditions of colchicine-induced
neurodegeneration. Increased iNOS expression
against the background of neuroinflammation leads
to excessive NO production, which, in combination
with colchicine-initiated oxidative stress, creates
conditions for nNOS uncoupling. The mechanism
of uncoupling involves the disruption of electron
transfer within the enzyme (likely due to L-arginine
deficiency or oxidation or impaired availability of
the cofactor tetrahydrobiopterin — BH4), resulting in
nNNOS switching from NO production to the genera-
tion of superoxide anion (O,). Under conditions of
oxidative destruction, a non-enzymatic interaction
occurs between the superoxide and the excess NO
generated by iNOS. The rate of this reaction is ex-
tremely high and leads to the formation of peroxy-
nitrite (ONOO") — a potent oxidizing and nitrating
agent. Thus, the described biochemical properties of
iNOS and the process of enzyme uncoupling provide

a mechanistic basis for the shift from physiological
neurosignaling to nitrosative damage of BMN struc-
tures [13-17].

In turn, excessive iINOS expression in the brain
following ICV colchicine administration has been
repeatedly demonstrated by several investigators and
has been associated with elevated levels of inflam-
matory mediators, including COX-2, TNF-a, IL-1p,
IL-6, as well as increased nitrite content and reactive
oxygen species production [18-20]. It should be noted
that among proinflammatory mediators, nuclear fac-
tor kappa B (NF-kB) acts as a transcriptional acti-
vator of genes responsible for iNOS synthesis [21].
Therefore, even in the absence of direct cytotoxic
effects, colchicine exerts a distant destructive impact
and, through mechanisms of secondary alteration in-
volving reactive oxygen and nitrogen species, con-
tributes to damage of BMN neurons.

Another important finding of the present study
is the identification of a pathogenetic cascade of ni-
trosative stress. Specifically, an increase in the densi-
ty of INOS" cells and their fluorescence intensity was
accompanied by the accumulation of NO metabolites

Colchicine
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5 e 7 TNF-a
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Fig. 5. Hypothetical mechanism of nitrosative stress development in the BMN 14 days after ICV colchicine
administration. IL-1 — interleukin 1; IL-6 — interleukin 6, COX-2 — cyclooxygenase 2; TNF-o — tumor necrosis
factor a; NF-kB — nuclear factor kB; L-arg — L-arginine; NTZ — nitrotyrosine; NOx — NO metabolites; RNS —
reactive nitrogen species, ROS — reactive oxygen species;, iNOS — inducible nitric oxide synthase isoform;

NNOS — neuronal nitric oxide synthase isoform
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and nitrotyrosine. A strong direct relationship be-
tween iNOS* cell density, NOx levels, and nitroty-
rosine concentration forms a stable pathological axis:

— excessive iNOS expression leads to uncon-
trolled NO production;

— elevated NO levels under oxidative stress
conditions are converted into peroxynitrite;

— the final marker of this process is nitrotyrosi-
ne, indicating irreversible protein nitration and cel-
lular destruction (Fig. 5).

The presence of nitrosative stress under con-
ditions of experimental neurodegeneration has also
been demonstrated in the studies of Sil et al. [6].

On the other hand, the present study revealed
evidence of functional antagonism and isoform
switching. The negative correlation between L-ar-
ginine levels and markers of nitrosative stress indi-
cates that substrate depletion may occur in parallel
with the progression of colchicine-induced toxic ef-
fects. Of particular interest is the inverse relationship
between the density of NNOS* cells and the density
of iINOS* cells/NOx levels. These findings suggest
that the loss of nNOS* neurons and the decline in
their functional activity occur simultaneously with
compensatory (or pathological) hyperactivation of
the INOS system. Thus, a state of “nitrosative de-
compensation” develops in the BMN, in which the
physiological role of NO is overridden by its cyto-
toxic effects.

Limitations. This study has several limita-
tions. First, the sample size was relatively small,
and the evaluation was restricted to male Wistar rats
within a specific age range, potentially excluding the
influence of biological sex, hormonal variation, or
different genetic backgrounds on the observed ef-
fects. Second, the study was conducted using an ani-
mal model and may not fully reflect human physio-
logical conditions. Third, only selected parameters
were evaluated, and specifically, the endothelial iso-
form of nitric oxide synthase (eNOS) was omitted
from the analysis, leaving out its potential contribu-
tion to the overall pool of nitric oxide metabolites
and vascular tone during neurodegeneration. These
limitations should be considered when interpreting
the results.

Conclusions.

1. Intracerebroventricular administration of
colchicine induces profound destabilization of the
nitric oxide system in the brain, characterized by a
decrease in L-arginine concentration accompanied
by a significant increase in NO metabolites (NOx)
and nitrotyrosine levels.

2. The development of experimental neurode-
generation is associated with differential alterations
in NOS isoform activity within the basal magno-
cellular nucleus, including a marked increase in
corrected total fluorescence in iNOS-positive cells
alongside a simultaneous decrease of this parameter
in NNOS-positive neurons.

3. Colchicine administration results in an inver-
sion of the cellular composition of the basal magno-
cellular nucleus, manifested by an increased density
of iINOS-positive cells and a progressive reduction in
the population of nNOS-positive neurons.

4. Correlation analysis confirmed the patho-
genetic significance of NOS isoform imbalance fol-
lowing colchicine administration. A strong positive
association was identified between L-arginine con-
tent and nNOS expression, as well as between NOXx
levels, nitrotyrosine concentration, and the density of
INOS" cells. At the same time, strong negative cor-
relations were observed between arginine concentra-
tion and iNOS expression, and between markers of
nitrosative stress (NOXx, nitrotyrosine) and the den-
sity of nNOS* structures.
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IHHOKA3HUKHU CUCTEMMUA
OKCHUAY A30TY B BA3AJIBHOMY
MATHOIEJKJAPHOMY

AAPI T'OJIOBHOI'O MO3KY
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2Kageapa (isnaHOi, KOJOIIHOT Ta aHATITHIHOT XiMil,
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Beryn. baszanbHe MarHouenrossipHe  sIApO
(BMN) € cTpyKTypolo TOJOBHOTO MO3KY, IIIO
3a0e3reyye XONiHEPTidYHY iHHEPBAIlil0 HEOKOPTEK-
cy. [lopymenns ¢pyHkiionanpHoi akTuBHOCTI BMN
CriocTepiraeThes il Yac 0aratbox HelpojereHepa-
THUBHUX 3aXBOPIOBaHHAX. OIHIEIO 3 KJIIOUOBUX pery-
JATOPHUX CUCTEM HEHPOHAIBbHOI aKTUBHOCTI B MO3-
Ky € cucreMa okcuay azory (NO), mpore B3aemomist
MK KOMHOHeHTaMu cuctemu NO B yMmoBax
HeHpoaecTpyKuii A0CI 3aIMINAETHCS HEIOCTATHBO
3’sicoBaHoro. MeTa. MeToto 1ocitiiskeHHs OyI10 BU3-
Ha4HTH piBHI L-apriHiHy, HITPUTIB, HITPOTHPO3HHY,
a Takok ekcmpecito iNOS Ta nNOS y BMN
IIypiB 32 MOJENIOBAaHHS KOJXIiIWH-1HAYKOBAaHOT
HelipopecTpykmii. MeToau. Y mocmipkeHHI Oyiio
3amistHo 30 camItiB nrypiB niHi1 Bictap, po3miieHnx
Ha TpU TPYNH: IHTAKTHY, XWUOHOONEPOBAaHY 3
BHyTpinmHbonLTyHOUKOBUM (ICV) BBemeHH M 3 MK
NaCl Ta xonxinmuHOBY 3 ICV iH’€KITi€l0 KOMXIIUHY
(15 mxr/3 mxa NaCl). ICV ir’exnii nmpoBoaunu 3a
JIONIOMOT' 010 ITU(POBOro CTEPEOTAKCUUHOIO anapa-
Ty. Uepes nBa THIKHI MICs BBEACHHS KOJXIIUHY
y TBapuH pPO3BUHYBCS KOTHITUBHUN JEeQIIUT,
MiITBePPKEHUN TIOBENiHKOBUMH TecTamu. llicms
eBTaHa3il TKAHWHY MO3KY IIBHUIKO BHIIyYasM s
Mo TBINKX ociiKeHb. Excripeciro iNOS TanNOS
OIIIHIOBAJIM 32 JIOTIOMOTOI0 IMYHO(]IIyOpeCcIeHTHOT
Mikpockorii, metabomitn NO BuMmiptoBamm Me-
tomoM ['picca, xkoHmeHTparito L-aprininy — me-
tonom HPLC-MS, a piBeHb HITPOTHPO3HHY —
METO/IOM  iMyHOeH3uMHoro aHamizy ELISA.
Pesyasratu. ICV BBemeHHsS KONXIIIUHY CYIIpO-
BOJDKYBAJIOCS 3HIDKEHHSIM piBHsL L-aprininy, mo
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MOEJIHYBAJIOCS 31 3HAYHUM IIiJIBUIICHHSM PIiBHIB
mertaboniTiB NO Tta HiTpoTHposuHy B BMN
mypiB. IMyHO(IyopecleHTHUH aHai3 BHUSBUB
30inbIneHHs mibHOCTI iINOS-ITO3UTUBHUX 1 TIPO-
rpecytode 3MeHIeHHS NNOS-TTO3UTHBHUX KIIITHH
y momyssiii kiaituH BMN mrypi, sSikuMm BBOIU-
T KonxinuH. KopensamiiHui aHami3 MiaTBEPIHB,
mo paucbamanc cucremu NO Bijgirpae 3Ha4HY
ponb y HeliponecTpykiii. BuchoBku. Konxinua-
iHIyKOBaHa HeHpoaecTpykmis B BMN miypis
MoB’3aHa 3 JUCOATaHCOM CHCTEMH OKCHAY a30-
Ty, IO XapaKTepU3YeTbCS 3HUKEHHSIM pIBHS
L-aprininy, nigBuineHHsM BMicTy MeTabomiTiB NO
Ta HITPOTUPO3HUHY, MiABUIIEHHIM ekcrpecii iINOS i
3HUKEHHAM 11JIbHOCTI NNOS-N03UTUBHUX KJIITHH.
Li 3MiHH MOXXYTb CHPUSATH HEHpOAereHepaTHBHUM
npouecam y BMN.

Kno4oBi cioBa: cucrema OKCHIy a30Ty,
L-apriuin, "itpuTtH, HiTpoTHpo3uH, INOS, nNOS,
KOJIXILIMH, HeHpoJlereHepalrlisi, FOJIOBHUH MO30K.
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