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A study by several authors has shown that ratio of neutrophil/lymphocyte and neutrophil/platelet ratios
may indicate myocardial injury and increased mortality. While assessing the severity of COVID-19, the platelet/
lymphocyte ratio (PLR) at the peak of thrombocytosis has a predictive value.

That patients who have died from COVID-19 had the median of the minimum level of hemoglobin below normal.
An increased RBC distribution by volume (RDW > 14.5%) during hospitalization increases the risk of mortality.
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This review presents an analysis and synthesis of the world literature, forming an up-to-date vision of the func-
tional system of utilisation of end metabolites from the central nervous system, discussing impaired brain clearance
in some neurodegenerative nosologies, as well as in strokes and traumatic brain injury. The central nervous system,
lacking a classically conventional lymphatic system, requires alternative systems to clear the brain of potentially
toxic cellular metabolic products. Over the past decade, world scientific sources have highlighted a new system of
views, or the concept of the so-called glymphatic system, which makes it possible to drain the brain from extracel-
lular harmful substances dissolved in the interstitium. Water channels such as aquaporin-4 (AQP4) are an important
system component associated with neuropathologies such as Alzheimer's. The clearance of amyloid 8 (A8) and tau
(tau) proteins associated with Alzheimer's disease, for example, is reduced due to the impaired function of the glym-
phatic system in the absence of AQP. The detected changes in AQP4 expression associated with certain pathologies
make it possible to predict that this water channel could be a potentially interesting pharmacological target. Recent
studies in this context have also shown that biomarkers of traumatic brain injury are eliminated from the brain
through the glymphatic system. The degree of suppression of glymphatic function under these conditions may affect
the likely prognosis after traumatic brain injury. The obtained results predict the clinical value of pharmacological
manipulations of the glymphatic system after acute traumatic brain injury. It has also been shown that with ageing,
the processes of glymphatic drainage in the CNS decrease, which can contribute to the accumulation of misfolded
and hyperphosphorylated proteins and thus make the brain susceptible to the development of neurodegenerative
pathology. According to the experimental evidence presented in modern scientific sources, the concept of "acute
or chronic glymphatic insufficiency" should be distinguished, and the issue of finding criteria for their correct as-
sessment should be updated. It is known that the number of vasteosomes or starchy bodies can be considered a
marker of chronic glymphatic insufficiency. According to the researchers, this knowledge will facilitate the study of
glymphatic insufficiency and allow us to understand which moderating variables will critically impact the function-
ing or failure of this system. Moreover, the fact that they are markers of chronic glymphatic insufficiency gives them
promising clinical significance.
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Connection of the publication with planned re-
search works.

This work is a fragment of the research work “Study
of mechanisms of regulation of integrative systems of
the organism in conditions of normality, functional dis-
orders and determination of ways of their correction”,
state registration number 0121U100164.

Introduction.

The high intensity of metabolism in the brain and
the mechanisms of inter-neuronal synaptic transmission
are critical for controlling brain functions. It is obvious
that the metabolic process produces a large number of
potentially toxic proteins and biological metabolites.
Despite this, the central nervous system still lacks histo-
logically identifiable conventional lymphatic vessels and
thus has no discrete pathways for the clearance of sub-
stances dissolved in the interstitium. It has been shown
that protein clots or aggregates form in brain cells, and,
importantly, impaired elimination of these aggregates
can cause cognitive problems in neurodegenerative dis-
eases [1, 2, 3]. Moreover, these aggregates can interfere
with the transmission of electrical and chemical signals
in the brain, causing irreversible pathological changes
[4, 5]. In particular, Alzheimer’s and Parkinson’s disease,
as well as other neurodegenerative diseases [3, 5], and
the ageing process can be reproduced in experimental
models by overproducing these conglomerates.

The aim of the study.

To analyse and systematise the world’s scientific
sources over the past decade on the processes and
mechanisms of functioning and clinical perspectives on
assessing the glymphatic brain drainage system.

The main part.

Modern research has confirmed the existence of an
effective mechanism for the utilisation and clearing of
extracellular potentially toxic brain substances, soluble
proteins and metabolites, which uses a unique system of
perivascular channels formed by astroglial cells, the so-
called glymphatic system [1]. Studies have shown that
this system is most active during sleep [2, 6]. The ability
to remove toxic metabolites from the brain during sleep
will, in fact, contribute to an even deeper understanding
of the fundamental biological role of sleep and the con-
sequences of its disruption. In addition to the clearance
of substances dissolved in the interstitium, other glym-
phatic system functions have been identified. In particu-
lar, it has been shown that cerebrospinal fluid inflow is
a channel for glucose and other nutrients absorbed by
neurons and astrocytes [7]. In addition, apolipoprotein
E, essential for synaptic plasticity and cholesterol trans-
port, can also be transported by the cerebrospinal fluid
(CSF) into the brain interstitium [8].

As the concept of the glymphatic system is relatively
new, it is important to consider its main structural ele-
ments, organisation, regulation and functions.

Scientific research in international publications high-
lights the current understanding of the processes of in-
ternal cleansing of the brain from substances dissolved
in the interstitium [9, 10, 11]. Thus, the data showed
that CSF and interstitial fluid (ISF) are constantly ex-
changed. This exchange is facilitated by the convective
flow of cerebrospinal fluid along the periarterial space
[9]. The perivascular spaces are a kind of tunnels that
surround each vessel. The inner wall of each space is
formed by the surface of vessel cells, mostly endothelial

cells and smooth muscle cells. The outer wall, however,
is unique to the brain and spinal cord and is formed by
extensions extending from specialised cells called as-
trocytes. Astrocytes perform many functions in a highly
organised network of neurons. Astrocyte extensions - or
pedicles - surround the arteries, capillaries and veins of
the brain and spinal cord. The tube-like cavity that forms
between the pedicles and the vessels is virtually free of
obstacles, creating a channel that allows for rapid fluid
transport in the brain.

Thus, the CSF enters the Virchow-Robin space from
the subarachnoid space due to the interaction of several
factors - arterial pulsation, respiration, and CSF pressure
gradients, and the loose fibrous matrix of the perivascu-
lar space can be considered as a low-resistance conduit
for the inflow of cerebrospinal fluid. Further transport
of CSF into the complex brain parenchyma is facilitated
by aquaporins - AQP4, which are expressed in the astro-
cyte pedicles, characterising the polarised distribution
of these channels [10, 11]. This localisation allows AQP4
to contact the perivascular space adjacent to blood ves-
sels, facilitating the inflow of cerebrospinal fluid into the
brain parenchyma and its outflow in the opposite direc-
tion into the perivascular space [11]. The attention of
scientists was drawn to the diversity of astrocytic water
channels and their particular location facing the vascular
wall. Moreover, it was found that the endothelial cells
of the vessels bordering the perivascular space do not
have these channels. Thus, the fluid cannot be trans-
ported directly from the bloodstream to the brain tissue
but only through the perivascular space and through as-
trocytes, thus getting access to the brain tissue.

The movement of CSF into the parenchyma causes
convective flows of interstitial fluid within the tissue
to the perivenous spaces surrounding the large deep
veins. The CSF-ISF (cerebrospinal fluid-interstitial fluid)
then flows through the interstitium, draining through
the paravenous routes and through the still poorly un-
derstood meningeal lymphatic vessel (MLV) pathway to
reach the cervical lymphatic system. This specific move-
ment of fluid through the brain allows extracellular pro-
teins such as AB and tau to be eliminated from the inter-
stitium, which is particularly important in deeper brain
regions where substances dissolved in the interstitium
cannot directly reach the blood-brain barrier (BBB).

Returning to the important component of the astro-
cytic glymphatic system, astrocytic AQP4, it is the most
prevalent water channel in the brain, with a tetrameric
structure [10]. This protein functions as a selectively
permeable water channel, maintaining ionic and osmot-
ic homeostasis in the brain [10, 11]. Osmotic homeo-
stasis is important for neural activity, and modulation of
water transport changes the concentration of ions in the
extracellular fluid, affecting the diffusion of neuroac-
tive compounds to the brain. In addition, disruptions in
fluid transport mechanisms can cause cerebral oedema,
which accompanies certain neurological conditions such
as head injury, stroke, and brain cancer [12].

In addition, there is strong evidence that AQP4 is es-
sential for neurotransmission, astrocyte migration, syn-
aptic plasticity, and memory/learning performance [10].
In addition, experimental studies have shown that AQP4
induces the expression of inflammatory genes, suggest-
ing an important role in neuroinflammation [13]. These
notions are supported by the fact that changes in AQP4
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levels correlate with decreased levels of IL-1j, IL-6, and
TNF-alpha [13].

It is important to note that today, the terms “glym-
phatic system failure or dysfunction” are used to de-
scribe a disorder of the glymphatic system. In recent
publications, the concept of glymphatic insufficiency
is defined as the inability of the glymphatic system to
properly perform the function of cleansing the brain
[14]. It is believed that this failure can be acute or
chronic, depending on the duration of the process. The
question arises as to whether glymphatic dysfunction is
caused by the system’s insufficiency or by the excessive
formation of waste substances that exceed the cleans-
ing capacity of this system.

However, regardless of the above question, research-
ers believe that the result of glymphatic insufficiency is
the accumulation of waste substances in the brain pa-
renchyma, particularly in areas of the brain where glym-
phatic dysfunction is present [4, 7].

Data from modern experimental studies suggest
that an increase in vasteosomes or starch bodies in the
human brain may be a marker of chronic glymphatic in-
sufficiency [14]. Current publications indicate that age-
ing, chronic sleep disorders, and certain cardiovascular
diseases are the risk factors that significantly impact the
glymphatic system [7].

Vasteosomes are rarely detected in young people or
acute pathological conditions, so they slowly form struc-
tures. It suggests that there is a specific link between
vasteosomes and chronic glyphatic insufficiency. Thus,
the number of vasteosomes can be considered a marker
of chronic glymphatic insufficiency [14]. According to
the researchers, this knowledge will facilitate the study
of glymphatic insufficiency and allow us to understand
which variables will critically impact the functioning or
failure of this system. Moreover, the fact that they are
markers of chronic glymphatic insufficiency gives them
promising clinical significance.

Another interesting area of research is the experi-
mentally confirmed hypothesis that the activity of the
glymphatic system decreases dramatically with ageing
[15]. Reactive gliosis, defined by hypertrophy of astro-
cyte processes, progresses with ageing [15] and may
contribute to the age-related decline in glymphatic
function. However, the detailed mechanisms of this pro-
cess remain unclear. AQP4, which in young animals is
localised to the astrocyte tips, plays a central role in fa-
cilitating CSF-ISF exchange along periarterial flow path-
ways, as well as interstitial clearance of solutes through
perivascular drainage pathways [15, 16]. However, the
vascular polarisation of astrocytic AQP4 is partially lost
in reactive astrocytes of the ageing brain, i.e., the lo-
calisation of AQP4 is no longer restricted to astrocytic
pedicles present in the parenchymal processes of astro-
cytes. The results of studies showing that perivascular
polarisation of AQP4 is lost with ageing, in particular
along penetrating arterioles and that the presence of
cortical parenchymal AQP4 correlates with CSF-ISF ex-
change suggest that age-related decline in glymphatic
function may be partly due to dysregulation of astroglial
water transport. Other factors affecting the dynamics
of glymphatic drainage with ageing are a 66% decrease
in CSF production and a 27% decrease in CSF pressure
[15]. Ageing is also accompanied by stiffening the arte-
rial wall, which reduces arterial pulsatility, one of the

enhancers of glymphatic inflow [17]. Observations of
the age-related decline in glymphatic activity are impor-
tant because ageing is a critical risk factor for neurode-
generative diseases. Impaired functioning of the glym-
phatic system in ageing can lead to the accumulation of
misfolded and hyperphosphorylated proteins. Thus, the
brain becomes vulnerable to the development of neuro-
degenerative pathology or, possibly, the progression of
cognitive dysfunction [17].

It is known that neurodegenerative diseases are
characterised by the accumulation of aggregated pro-
teins [4, 5]. Numerous studies on protein degradation in
the CNS have mainly focused on intracellular processes,
i.e. proteasomal or lysosomal degradation. However,
it is now known that toxic protein monomers, oligo-
mers and aggregates are also present in the interstitial
fluid and CSF: misfolded B-amyloid and fibrillar tau ag-
gregates in Alzheimer’s disease, misfolded a-synuclein
in Parkinson’s disease, and misfolded superoxide dis-
mutase in experimental models of amyotrophic lateral
sclerosis [4, 5, 18]. B-amyloid deposits are found in
hippocampal synapses, which serve as a source of ex-
tracellular B-amyloid [19]. According to this, B-amyloid
production is maximal during wakefulness, when neu-
ronal activity is highest [20]. However, B-amyloid is not
only produced by neurons. In fact, all cells produce
B-amyloid, including oligodendrocytes and their pro-
genitor cells. The last one may at least partially explain
the changes in myelin structure observed in Alzheimer’s
disease. The concept of prion-like spreading of neuro-
toxic protein aggregates emphasises the importance
of the interstitial space concerning deposits of aggre-
gated protein, such as B-amyloid, in Alzheimer’s disease
[5,18]. In the human body, B-amyloid synthesis and me-
tabolism are highly intensive. In healthy young adults,
8.3% of the total B-amyloid is eliminated with the CSF
[4]. Perivascular drainage pathways function as a kind
of drain for interstitial B-amyloid in Alzheimer’s disease
[21]. Volumetric clearance by the glymphatic system, in
combination with transport across the blood-brain bar-
rier [1, 16], can provide the necessary and adequate
removal of extracellular B-amyloid until the end of the
reproductive period of life. The anatomical pathways of
interstitial flow in the perivascular space are consistent
with the sites of B-amyloid accumulation, although its
deposits are predominantly in the cerebral arteries. The
periarterial accumulation of B-amyloid reflects the re-
circulation of B-amyloid-rich cerebrospinal fluid, which
deposits aggregates after absorption by smooth muscle
cells [22], although the concept of cerebrospinal fluid
recirculation is controversial. In turn, vascular amyloido-
sis may reduce the flow of cerebrospinal fluid, and cere-
brospinal fluid stasis will accelerate the accumulation of
B-amyloid. In addition, monocytic uptake of B-amyloid
appears selectively in veins. Abnormal expansion of the
perivascular space is more common in Alzheimer’s dis-
ease compared to elderly control subjects, indicating a
possible deformation of the glymphatic pathways and a
subsequent decrease in protein clearance and develop-
ment of pathology [15, 17].

There is a hypothesis that sleep problems in demen-
tia may not only be a side effect of the disorder but also
contribute to the development of the disease itself.
Furthermore, suppose the glymphatic system clears
beta-amyloid during sleep at a higher rate than during
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wakefulness. In that case, it is possible that poor sleep
in patients with neurodegenerative disorders may cause
disease progression [23].

Many patients with Alzheimer’s disease experience
sleep disturbances long before their dementia becomes
apparent. In older people, sleep becomes more frag-
mented and superficial and has a shorter duration. Epi-
demiological studies have shown that patients with dys-
somniatic disorders in middle age had a higher risk of
developing cognitive impairment than control subjects
[23, 24, 25].

Even healthy people who have been deprived of
sleep experience symptoms more typical of neuro-
logical and mental illnesses, such as lack of concentra-
tion, memory lapses, fatigue, irritability and emotional
swings.

Deep sleep deprivation can lead to confusion and
hallucinations, potentially leading to epileptic seizures
and even death. The role of sleep in the clearance of
glymphatic fluid has been convincingly demonstrated.
Since the clearance rate is highest during sleep, the
glymphatic system simply cannot be studied without ex-
amining the basic aspects of sleep [15, 17, 23].

Experimental studies have shown that glymphatic
function is highly active both in anaesthetised mice and
in the natural sleep state, indicating that physiological
differences in the sleep regulate glymphatic activity and
wake states themselves rather than by fluctuations in
circadian rhythms. The main driver of awakening is the
neuromodulator norepinephrine [25, 26]. The literature
suggests that norepinephrine is also a key regulator of
glymphatic activity and may be a significant factor in sup-
pressing glymphatic activity during wakefulness. Topical
application of norepinephrine receptor antagonists in
awake mice increased CSF markers, almost at the same
concentration as during sleep or anaesthesia [23]. On
the contrary, using norepinephrine, which mimics the
waking state, significantly reduced the volume fraction
of the interstitium. Increasing the interstitial space vol-
ume during sleep reduces tissue resistance to convec-
tive flows, facilitating efficient CSF-ISF exchange. Thus,
releasing norepinephrine upon awakening increases the
cell volume fraction, reducing the interstitial space. In
turn, the resistance to convective CSF-ISF exchange in-
creases, inhibiting glymphatic flows during wakefulness
[20]. Norepinephrine also acts directly on the epithelial
cells of the vascular plexus and inhibits CSF production.
Conversely, blocking norepinephrine signals, which
mimics the sleep state, increases cerebrospinal fluid
production [24, 25]. Thus, norepinephrine affects both
fluid availability and convective flows through various
mechanisms to suppress glymphatic function. There-
fore, norepinephrine can be considered both a trigger
for switching sleep-wake cycles and a regulator of the
clearance of substances dissolved in the interstitium
from the brain.

Traumatic brain injury is also the subject of current
research to clarify the functioning of the glymphatic sys-
tem.

Traumatic brain injury is known to increase the risk
of premature dementia and Alzheimer’s disease [27].
Numerous studies have shown that repeated traumatic
events and even single cases of moderate to severe head
trauma can lead to progressive neurodegeneration.
Traumatic brain injury causes the release of B-amyloid

peptide and tau protein, a proteolytically cleaved prod-
uct of MAP-tau, an intracellular microtubule protein in
neuronal axons [27, 28]. C-tau is a biomarker of brain
damage, as it is produced in large quantities and di-
rectly correlates with the severity of traumatic brain
injury [27]. As a result, it has been hypothesised that
a significant increase in interstitial tau levels leads to
cellular uptake and the initiation of fibrillar aggregates,
which attracts additional tau, and this, in turn, leads to
the formation of neurofibrillary tangles and ultimately
causes a prion-like spread of pathology [29]. Traumatic
brain injury is associated with the formation of large as-
troglial scars and persistent activation of neuroinflam-
mation [27, 30]. Notably, in a model of repetitive mod-
erate traumatic brain injury, the decrease in glymphatic
function persisted at least until 28 days after the injury.
The prolonged decline in glymphatic function was asso-
ciated with glial scarring, characterised by hypertrophic
GFAP-positive (glial fibrillary acidic protein) processes
in the ipsilateral hemispheres. In addition, there was a
mislocalisation of AQP4 from the vessel pedicles to the
parenchymal processes, similar to the mislocalisation of
AQP4 observed in ageing [24]. Human tau accumulated
around large veins, and the amount of tau remaining
in the tissue correlated with a decrease in glymphatic
clearance [27, 30]. It suggests that eliminating tau
through glymphatic pathways is crucial for limiting sec-
ondary neuronal damage after traumatic brain injury.
Another study using magnetic resonance imaging (MRI)
to assess glymphatic function found additional evidence
that head trauma, such as subarachnoid haemorrhage,
severely impairs glymphatic function [28, 30, 31]. In this
“subarachnoid haemorrhage” model, using tissue plas-
minogen activator, which removes fibrin clots, improved
glymphatic perfusion. Embolic ischemic stroke caused
transient inhibition of lymphatic flow within an hour
after ischemia, but the function was spontaneously re-
stored 24 hours after transient ischemia. Lymphatic out-
flow plays a key role in transporting biomarkers of trau-
matic brain injury. Due to the difficulty of diagnosing the
severity of traumatic brain injury based on clinical ex-
amination alone, considerable effort has been directed
towards studying plasma biomarkers of brain injury. The
inhibition of glymphatic activity by researchers using
four mechanistically distinct manipulations, including
sleep deprivation, cisterna puncture, inhibition of CSF
production with acetazolamide, or genetic deletion of
AQP4, led to a marked decrease in astrocytic markers
such as GFAP (Glial fibrillary acidic protein) and glial pro-
tein S1008B in the brain after brain injury [32].

Thus, studies have shown that acute brain injury,
including craniocerebral trauma, subarachnoid haemor-
rhage, or stroke [33], dramatically alter the glymphatic
function and impair convective fluid flow. The inhibition
of CSF-ISF exchange has direct consequences for limiting
the diagnostic value of plasma biomarkers in traumatic
brain injury [34]. Most importantly, impaired glymphatic
function may further exacerbate the injury by accumu-
lating both normal metabolites and injury-induced accu-
mulation of neurotoxic compounds. Helen Benveniste’s
group has succeeded in developing a diagnostic MRI-
based glymphatic test. By injecting a contrast agent into
a large cistern, the movement of CSF could be tracked in
real-time throughout the brain [34].

Conclusions.
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The data obtained over the past decade indicate
that age-related decline in glymphatic drainage activity
largely causes the accumulation and pathological aggre-
gation of B-amyloid and tau proteins. The literature also
suggests that the concentration of B-amyloid in the CSF
changes during the sleep-wake cycle in humans. Future
studies focusing on the glymphatic system are expect-
ed to reveal other important functions of convective
cerebrospinal fluid flows, which, in addition to remov-
ing metabolic products, are involved in regulating lipid
and glucose metabolism, etc. It can be assumed that
the glymphatic system provides an important pathway
for distributing electrolytes, macromolecules and other
high molecular weight compounds that enter the brain
mainly with the CSF system. Similarly, the glymphatic
system can serve as a conduit for transporting and dis-
tributing targeted drugs, including anticancer drugs, in
the brain. An analysis of current scientific studies has
shown that intrathecal lumbar injections, routinely used
in clinical myelographic studies, provide a valid alterna-
tive way to assess the main parameters of glymphatic

Prospects for further research.

An expanded range of studies using contrast-en-
hanced MRI will form an experimental basis for assess-
ing the function of glymphatic flow in the human brain.
It will provide a future opportunity to evaluate whether
abnormalities in the brain lymphatic drainage system
contribute to the progression of neurodegenerative dis-
eases. Future translational efforts will require develop-
ing a safe and minimally invasive approach to imaging
glymphatic function. The first human glymphatic studies
are expected to be published in the near future, as in-
trathecal injection of contrast agents is approved for the
study of cerebrospinal fluid flow in patients undergoing
treatment for spontaneous intracranial hypotension,
etc.

The opportunity to assess glymphatic activity in
patients after traumatic brain injury will allow us to
identify patients with the most severe suppression of
glymphatic activity and thus predict the contingent of
patients at higher risk of developing chronic traumatic

function. encephalopathy.
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Y daHomy o02nAadi npedcmasneHuli aHAnMi3 ma y3aeanbHeHHSA C8imoeoi Aimepamypu, Wo hopmMyroms aKkmyasbHe
bayeHHA GhyHKUiIOHANbHOI cucmemMu ymunizayii KiHuesux memabosimie 3 yeHMpasnbHOI Hepsosoi cucmemu,
062080pEHHA MOPYWEHHA KAipeHCy MO3KYy 3a ymos OeAKux HelipodezeHepamusHUX HO30:0eill, a MAaKoX npu
iHCynbmax i mpasmamuyHoOMy YWKOOMEHHi Mo3ky. LIHC, He maro4u Kaacu4HO-KOHBEHUYiliHOI nimgamuyHoi
cucmemu, nompebye asbmMepHAMUBHUX CUCMEeM OYUUWEHHA MO3KY 8i0 MomeHUuiliHo MOKCUYHUX MpoOyKmie
KAimuHHo20 memaboniamy. Ceimosi HayKo8i Oxepena 3a OCMAHHE 0ecamupiyya euc8imsaomMeb HO8y cucmemy
rnoensdis, abo ¥ KOHYenyito icHy8aHHA MAK 38AHOI 21iMGamu4HOi cucmemu, AKA YMOM/UB/IOE OPEHYBAHHS MO3KY
8i0 po3YUHEHUX 8 iIHmepcmuyii No3aKkAIMUHHUX WKidAusux cybcmayiti. BoOHi KaHaau muny akeanopuHy-4 (AQP4)
€ 8aX/IUBOIO CKNAO0BOK Yiel cucmemu | nos'a3aHi 3 Heliponamonoeziamu, Ha Kwmanam xeopobu Anvyzelimepa.
KnipeHc acouiliosaHux, 0o npukaady, 3 xeopoboto Anvbyeelimepa, binkie aminoidy 8 (AB) i may (tau) 3HUMCyembCA
B8HACNIOOK MOpyweHHs GyHKYil enimgpamuyHoi cucmemu Yepe3 8iocymHicmoe, 30Kkpema AQP. BuseneHi 3miHu 8
ekcrnipecii AQP4, aki nog8’a3yroms 3 nesHUMU Namoso2iamu, 0arome MOXAUBICMb Npo2HO3ysamu, wo yel 800HuUl
KaHan Mmoxce 6ymu rnomeHyiliHo UiKagor hapmMakono2iYHo MilleHHIo. AKmyasbHi 00CAiOHEeHHS 8 KOHMeKCcmi
O0aHoi npobsemu Makox« NoKasasau, Wo biomapkepu YepernHO-MO3KO80I mpasmu eniMiHyromecs 3 MO3Ky Yepe3
animgpamuyHy cucmemy. CmyniHb MpPuUeHiYeHHA 2niMpamuyHoi yHKUii 30 OaHUX YyMO8 Moxce 8MAUHYmuU Ha
limosipHuli npoeHo3 nicna nepeHeceHoi YepernHoO-mMo3Ko80i mpasmu. OmpumaHi pesynbmamu MpPo2HO3yMmb
KAIHIYHY YiHHICMb hapmaKono2iyHUX MaHinyaayili 3 21im@amu4Horo cucCmemoto Mic/s 20Cmpo20 mpPasmamu4yHo20
YWKOOMEHHA MO3KY. TaKOXC MOKA3aHO, WO Mpu CMApPiHHIi 3HUXYIOMbCA Npoyecu 2aimpamuyHo20 OpeHaxry 8
LHC, wo moxe cnpusmu HAKOMUYEHHK HernpasusbHO 320pHymux i einepgocopunvosaHux binkie i, makum
YUHOM, MO30K CMAE 8pasnusum 00 po38UMKY Helipode2eHepamusHoi namosoeii. 32i0HO 3 eKcrepumMeHmMasnbHUMU
C8I0YEHHAMU, MPeOCMasAeHUMU Y CYYaCHUX HayKOBUX Oxcepenax, cid 8udinamu MoHAMMA «20Cmpoi YU XPOHIYHOI
2niMmgamuyHoi HeAocmamHoCMi», @ MAKOX aKmyanizyeamu rnumaxHsa nowyKy Kpumepiie ix KopeKmHoi oyiHKuU.
Bidomo, wjo KinbKicme sacmeocom abo KPOXMAs1bHUX Mifleyb MOM(e 88aXAMUCA MAPKEPOM XPOHIYHOI 2aiMgpbamuyHoi
HedocmamHocmi. Ha dymKy 00cniOHUKI8, yi 3HaOHHA nosea2wame 8UBYeHHs 2aiMgpamuyHoi HedocmamHocmi ma
00380/15Mb 3P03yMimu, AKi MoOepyroYi 3MiHHI MamumMyms Kpumu4yHull 8naue Ha hyHKYioHy8aHHA Yu 36ili y pobomi
uiei cucmemu. binbwe mozo, moli hakm, Wo BOHU € MAPKEPAMU XPOHIYHOI 2nimppamuyHoi HedocmamHocmi, Ha0ae
iM nepcrnekmueHo20 K/iHiYHO20 3HaYEHHH.

Knro4oei cnosa: enimgpamuyHa cucmema, HelipodezeHepamueHi 3aX80pH0BAHHS, akeanopuHu 4 (AQP-4).
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38’A30K ny6niKauii 3 n1aHOBMMWU HAayKOBO-A0C/IA-
HUMK poboTamu.

[aHa poboTta € ¢pparmeHTom HAP «BuBUEHHSA Mme-
XaHi3MiB perynauii iHTerpaTMBHMUX CUCTEM OpraHis-
My B YyMOBax HOpMM, O YHKLiOHanbHWX po3nagis Ta
3’AcyBaHHA WAAXIB iX KopeKLii» No aep*kaBHOT peecTpa-
uii: 0121U100164.

Bcryn.

Bucoka iHTEHCMBHICTb meTaboniamy B MO3KY, mexa-
Hi3MW MiXKHEMPOHHOI CMHANTUYHOI TPAHCMICIT € KPUTUNY-
HO BaXXK/MBUMU AN1A KepyBaHHA GYHKLiAMM MO3Ky. Mpu
LLbOMY OYEBWMAHO, WO Y Npoueci meTabonismy yTBOpto-
€TbCA BE/IMKA KiNbKICTb MOTEHLINHO TOKCUYHMX BiIKOBUX
Ta 6ionoriyHnx meTaboniTie. Monpwu Ue LeHTpaAbHa He-
pBOBa CMCTEMA BCE X No36aB/ieHa ricToNoriYHo ifeHTU-
®iKOBAHUX KOHBEHUiMHMX NiMPAaTUYHUX CYANH i, TAKUM
YMHOM, HE MAE ANCKPETHUX LUNAXIB A1A OUMLLEHHA PO3-
UMHEHUX B iHTEpPCTULIi peyoBuH. MoKasaHo, Wo 6inko-
Bi 3ryCTKM, YM arperaTu, AKi yTBOPHOKOTLCA B KAITUHAX
MO3KY i, L0 BaX/IMBO, NOPYLUEHHA Npouecy ix enimiHa-
Lii MOXyTb 6YTM NPUUYMHOIO KOTHITUBHMX Npobiem, Wwo
BUHWMKAOTb NPU HenpoaereHepaTUBHUX 3aXBOPHOBAH-
HAax [1, 2, 3]. Binbwe TOro, Ui arperatm MoXyTb nepe-
WKOAKATK nepesadi eNeKTPUYHUX | XiIMIYHUX CUTHaNiB
Yy MO3KY, 3aBAato4M HE3BOPOTHIX NATONOTMYHUX 3MiH [4,
5]. 3okpema, xBopoby Anbureiimepa Ta MapKiHCOHa, a
TaKOX iHWI HelipogereHepaTUBHI 3axBoptoBaHHSA [3, 5],
npouec CTapiHHA MOKHA BiATBOPUTU HA eKCnepuMeH-
TalbHUX MOLENAX LWNAXOM HALNNLLIKOBOI NPOAYKL,iT LInX
KOHIioMepariB.

MeTa gocnigeHHs.

MpoaHanizyBaTn Ta CMCTEMATMU3YBATM CBITOBI HayKoO-
Bi A)Kepesa 3a OCTAHHE AeCATUPIYYA WOoA0 NPOoLECiB Ta
MexaHi3miB YHKLIOHYBAHHA, @ TaKOX KAIHIYHUX nep-
CMEeKTUB OLHKM FiMdaTUYHOT cUCTEMU APEHAXKY MO3KY.

OCHOBHa YacTuHa.

CyyacHi pocnig)KeHHA nigTBEpAUAN  HAABHICTb
edeKTUBHOIO MexaHi3My yTUAi3auii Ta OYMLLEHHA MO-
3aKNITUHHUX MNOTEHLIMHO TOKCUYHUX CYBCTaHLLi MO3KY,
PO34YMHHUX BiNKiB i meTabonitiB, AKMIA BMKOPUCTOBYE
YHiKaNIbHY CMCTeMy NepuBaCcKyNAPHUX KaHanis, yTBope-
HUX acTpOrniafibHUMM KNITUHAMM, TaK 3BaHy, rimdaTny-
Hy cuctemy [1]. JocniaKeHHsA NoKasanu, Wo Lus cuctema
HaMbiNbLW aKTMBHA Nig Yac cHy [2, 6]. 3a4aTHICTb BUYYa-
TV MeTaboNiTU-TOKCMKAHTW 3 MO3KY BIaCHE Mig, Yac CHy,
HacnpasAi, CNnpuaTUMe We rMbLwomy po3ymiHHIO dyH-
OaMeHTaIbHOi BiosoriyHOi poni CHy Ta HacnigKieB Moro
nopyweHHA. OKpim KNipeHCy po3YMHEHUX B iHTEPCTULT
PEYOBUH, BUABAEHI 1 iHWI GYHKLiT riimbaTuyHOi cucrte-
MW. 30KpemMa, MOoKasaHo, WO NPUNINB CMTMHHOMO3KOBOI
PiAVHM € KaHANOM ANA [NIOKO3WU Ta iHLWMX MOMKMUBHUX
PEYOBUWH, AKI NOMMMHAOTLCA HEMPOHaMK Ta acTpouuTa-
mu [7]. Kpim Toro, anoninonpotein E, HeobxigHui ans
CMHANTUYHOI N1IACTUYHOCTI Ta TPAHCNOPTY XONECTEPUHY,
TaKOX MOKe TPaHCNOPTYBAaTUCb JIKBOPOM B iHTEPCTU-
Lin mo3sky [8].

OcCKifIbKM KOHUENUiA rmimpaTMYHOI cuMcTemMun € Bia-
HOCHO HOBOD, BaX/IMBO PO3IMAHYTU i OCHOBHI CTPYK-
TYPHi €/1eMeHTU, OpraHisaLito, peryntoBaHHA Ta QyHKLI.

HaykoBi pocnigKeHHA, npeacTaBieHi y CBITOBUX
BUAAHHAX, BUCBIT/IIOIOTb CyvyacHe PO3YMiHHA mpouecis
BHYTPILUHbOrO OYULLEHHA MO3KY Bif, PO3YMHEHUX B iH-
TepcTuuii peyosuH [9, 10, 11]. OT:Ke, AaHi Nokasanu, Wo
NiKBOp Ta iHTepcTULianbHa pianHa (ISF, interstitial fluid)
NocTinHO 06MiHIOTbCA. LiboMy 06MiHY CPUAE KOHBEK-

TUBHUIN NOTIK CMMHHOMO3KOBOT PiAMHM B340BX Nepuap-
TepianbHoro npoctopy [9]. MepmBackynapHi npoctopm
— LLe CBOEPIAHI TYHEeNI, AKi OTOYYIOTb KOXKHY CyauHY. BHY-
TPILWHSA CTIHKA KOXXHOro npoctopy GopMyeTbCA NoBepX-
Hel KNITUH cyauHu, 34e6inblioro eHAoTenianbHuX, i
KNITUH tnagkux m’asie. MpoTe 30BHIWHA CTiHKA € YHi-
KaJIbHOIO O/1A TOJIOBHOTO Ta CMMHHOIO MO3KY i yTBOpe-
Ha PO3LWMPEHHAMM, WO BiAXOAATb Bif, crneLianizoBaHnx
KNTUH — acTpoLMTIB. ACTPOLUNTH, AK BiZOMO, BUKOHYIOTb
6e3ni4 PyHKLiM Y BUCOKOOPraHi3oBaHilt Mepesi Helpo-
HiB. PO3LUMpPEHHSA aCcTPOLUTIB — abo XK HiXKKM — OTOUYYIOTb
apTepii, KaninApu Ta BEHM rONOBHOTO i CMUHHOTO MO3KY.
CxoXKa Ha TPYOKYy MOPOMKHWMHA, AKA YTBOPIOETHCA MiX
HiXKKamWn i cygmMHamm, € NPakTUYHO BiNIbHOK Big, nepe-
LWKOA, CTBOPIOKOYM KaHan, WO 3abesnedye WBUAKUN
TPAHCNOPT PiANHM B MO3KY.

OTKe, 3 cybapaxHoifanbHOro NPoCTopy NiKBOP Mo-
Tpanase B npocTip BipxoBa-PobiHa 3aBAAKM B3aemogii
KinbKOX $aKkTopiB — Ny/bcaLii apTepii, AMXaHHSA Ta rpa-
OIEHTIB TUCKY NiIKBOPY, a MyXKui GiOPO3HUI MaTpUKC
NepuvBacKyNIAPHOTO MPOCTOPY MOXHA po3riAgath AK
Marictpasib HU3bKOTrO OMOpy AAA MPUMAMBY CMWHHO-
MO3KO0BOI pianHn. lMoganswomy TpaHCNOPTY AiKBOpPY
B CK/JaZHY NapeHXiMmy MO3Ky CNpUAIOTb aKBaNnopuHU -
AQP4, aKi eKcnpecytoTbCA B HiXKKAX aCTPOLMTIB, LLO Xa-
paKTepmnsye NoNspM3oBaHuUIA po3noain uux kaHanis [10,
11]. Taka nokanisauis gossonse AQP4 KOHTaKTyBaTu 3
NepMBACKYIAPHUM NPOCTOPOM, NPUIEITUM A0 KPOBO-
HOCHWX CYAWH, NOAETLLYOYM NPUNANB CMTMHHOMO3KOBOI
pPiAVHM B MapeHXiMy MO3Ky Ta il BifiTiK Y 3BOPOTHOMY
HanpAMKY B nepuBackynapHuii npocTip [11]. YBary Bue-
HUX NPUBEPHYNA MHOXMWHHICTb aCTPOLMTAPHUX BOLHMUX
KaHaniB Ta ix ocobanse po3TawysaHHsA, obepHeHe B ik
CYAMHHOI CTiHKKU. Binblwe TOro, BUABAEHO, WO eHAoTe-
NianbHi KNITUHU CYAMH, WO MEXKYIOTb 3 NepuBacKynap-
HMM MPOCTOPOM, HE MatOTb LUUX KaHaNiB. TaKUM YMHOM,
piAvHa He MoKe TpaHcnopTyBaTUCb besnocepeaHbo 3
KPOBOMJIMHY B TKAHWHY MO3KY, @ /ivlle NepuBackynap-
HMM MPOCTOPOM i Yepes acTPOLUTU, OTPUMYIOUM TaKUM
YMHOM A0CTYN 10 TKAHWUHU MO3KY.

Pyx nikBOpy B MapeHXimy CNPUYMHAE KOHBEKTUBHI
NOTOKM IHTEPCTULiaNbHOI PiIAVHU BCEpenMHI TKaHMHMU
[0 NepUBEHO3HUX NPOCTOPIB, LLLO OTOYYIOTb KPYMHi K-
60Ki BeHW. [ani CSF-ISF (cerebrospinal fluid-interstitial
fluid; cnMHHOMO3KOBa piAWHA-IHTEPCTULINMHA pianHa)
NPOTIKAE KPi3b iHTEPCTULLIN, APEHYIOUYM NAPaBEHO3HMMMU
MaricTpanamu i Yepes, We MasoAoCNIAKEHUN, WAAX A0
MeHiHreanbHuUx nimeatuuHmnx cyauH (MLV), gocsaraoum
WWNRHUX NimbaTUYHMX WAaxie. Liei cneundivHmni pyx pi-
OVHM Yepes3 MO30K A03BO/IAE eNiMiHyBaTK NO3AKNITUHHI
6inKkn, Taki Ak AB i tau, 3 iHTepcTUUitO, WO € 0cobanBO
BaXNMBUM Yy Binbll rnMbBOKMX AinsHKaxX MO3KY, e po3-
YMHEHI B iHTEPCTULLii peYOBUHM He MOXKYTb Besnocepes-
HbO pgocartu MEB.

MoBepTatoUnCh A0 BaXKIMBOTO KOMMOHEHTY FiMmda-
TUYHOI cuctemmn actpoumTtapHoro AQP4, cnig ckasaTw,
WO L Hanbinbw NOWMNPEHUM BOAHWUA KaHaM y MO3KY,
WO Mae TeTpamepHy cTpyKTypy [10]. Llei 6inok ¢yHK-
LiOHYE AK CENEKTUBHO-MPOHUKHUI BOAHWIA KaHan, nia-
TPUMYOUM IOHHWUMA Ta OCMOTUYHUI TOMEOCTA3 MO3KY
[10, 11]. OcMOTUYHMI rOMeOCTa3 MaE BaXKaMBe 3HaYeH-
HA ANA HEeMPOHHOI aKTMBHOCTI, a MoAayAnALia BOAHOro
TPAHCMNOPTY 3MIHIOE KOHUEHTpaLil0 MOHIB y Mo3aKni-
TUHHIN pPiAWHI, WO, y CBOIO Yepry, BNANBaE Ha audysito
HEMpPOAKTUBHMX CMOMYK A0 MO3Ky. OKpim TOro, nopy-
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LWEeHHA MEXaHi3MiB TPaHCMOPTYBaHHA PiAVHU MOXKYTb
CNPUYUHUTI HABPAK MO3KY, LLLO CYNPOBOAKYE NEBHI He-
BPO/OTiYHI CTaHM, TaKi AK TPABMa ros1I0BM, iHCYAbT Ta paK
ro/IoBHOro Mo3ky [12].

Mo3a TMm, € nepeKoHAMBI AoKaswn Toro, wo AQP4
BaXK/IMBUI ONs HEMPO3BYyaAXKeHHs, mirpalii acTpouunTis,
CUHANTMYHOT NIaCTUYHOCTI Ta NPOAYKTUBHOCTI nam’aTi/
HaB4yaHHA [10]. Kpim TOro, B eKcnepMmeHTanbHUX A0-
CNigXeHHAX BCTaHOBAeHO, Wwo AQP4 iHAyKye ekcnpecito
3aManbHUX reHiB, WO CBiAYNTb MPO BAXKAMBY PONb iX Y
HenposananeHHi [13]. Ui yasneHHAa nigKpinatoroTbea
TakKUMM daKTamu, Wo 3miHK piBHA AQP4 KopentotoTb 3i
3HUKEHHAM piBHA IL-1B, IL-6 Ta TNF-anbda [13].

BakAMBO BiA3HAYMTK, LLLO HA CbOrOAHI AN O3HAYEH-
HA NopyLleHHA GYHKUIT rnimdaTUYHOT cMcTemm nocnyro-
BYIOTbCA TepMiHamu «36ili abo AncyHKUia rnimbaTmy-
HOI cuctemm». Y HewodaBHiIX NybaiKauiax KoHuenuin
rnimeaTMYHOI HeAOCTAaTHOCTI BM3HAYAETLCA AK He3aaT-
HIiCTb rNiMmdaTUYHOI CUCTEMMN HANEKHUM YUNHOM BUKOHY-
BaTM OYHKLIO o4mLeHHA MO3Ky [14]. BBaxkatoTb, WO UA
HeaoCTaTHICTb MoXKe ByTu roctpoto abo X XpPOHiyHOto,
3a/IeXXHO Bif, TPMBANOCTIi npouecy. BUHMKAE nNUTaHHA,
Yn gUCcHYHKUIA rimbaTUKM cnpUYMHEHa He0CTaTHICTIO
CamOi CUCTEMU, YM HALMIPHMM YTBOPEHHAM BignpaLbo-
BaHWX PEYOBWH, AKE NEPEBULLYE OYNCHY NOTYKHICTb LLiET
cucTemm.

MpoTe, He3aneXHOo Big, NOCTABAEHOrO BULLE NMUTAH-
HA, OOCNIAHWKW BBAXKaloTb, WO pe3ynbTaTom raimoa-
TUYHOT HE4OCTATHOCTI € HAKOMUYEHHA BignNpaLboBaHNX
pPEeYoBUH Yy NapeHXiMi MO3Ky, 30Kpema B TUX MOTro AinaH-
Kax, Ae € aucdyHkuia rnimdatukn [4, 7].

[aHi cy4acHMX eKcnepuMMeHTasibHUX AOCNiKeHb
CBiAYaTb NPO Te, O MapKepaMm XPOHiYHOI rimdaTny-
HOT HeZOCTaTHOCTI MoXKe B6yTn 36iNblEeHHA BacTeEOCOM
ab0 KpoxXmasnbHUX Tifeub y MO3Ky ntoguHu [14]. AkTy-
aNbHi BUAAHHA BKA3YylOTb Ha Te, WO CTAPIHHA, XPOHIYHi
NOPYLIEHHA CHY Ta AefAKi cepueBO-CYAMHHI 3axBOpto-
BaHHSA € GaKTOpPamM PU3UKY, AKi MatoTb HalbiNbLL Baro-
MWIA BNAUB Ha mimdaTnyHy cuctemy [7].

OueBMAHO, WO BacTEOCOMM 3piflKa BUABNAKOTLCA
y Mosiogux Ntogein abo K Npu rocTpux NaToNorvyHUX
CTaHax, OT)Ke, BOHM € CTPYKTypamu, wo ¢GopmyroTb-
CA NoBiNbHO. Lle HAlWTOBXYE Ha AYMKY, LLO iCHYE cne-
uMObIYHMIA 3B’A30K MiXK BAcCTEOCOMAMM Ta XPOHIYHOH
rNiMpaTUUYHOK HeAOCTaTHICTIO. TaKUM YMHOM, KiNbKicTb
BACTEOCOM MOXKE BBAXKAaTUCA MapPKEPOM XPOHIYHOI Fim-
¢daTmyHoi HegocTaTHOCTI [14]. Ha AymKy AocnigHWKIB, Ui
3HaHHA MO/erwaTh BUBYEHHA NiMmbaTUYHOI HepocTaT-
HOCTI Ta 403BO/ATb 3PO3YMIiTH, AKi 3MiHHI MaTUMYyTb
KPUTUYHUI BNAINUB Ha GYHKLIOHYBaHHA YM 36ilh y poboTi
Liei cuctemu. binblue Toro, Toi GaKT, WO BOHU € MapKe-
pamm XpoHi4yHOI rimdaTUYHOI HeAOCTATHOCTI, HaAaE im
NepcnekTUBHOIO KNiHIYHOIO 3HAYeHHA.

LUle oanH ULiKaBMA HANPAMOK AOCNIAMKEHHS — eKc-
NepMMeHTa/IbHO NiATBEPAMKEHA riNOTe3a, KA BKA3yeE Ha
Te, WO aKTUBHICTb MiM(aTUYHOT CUCTEMM PI3KO 3HUKY-
€TbCA Npu cTapiHHi [15]. PeakTMBHWI rNio3, WO BU3HaYa-
€TbCA rinepTpodi€eto BiAPOCTKIB acTPOLMTIB, NPOrpecye
3i cTapiHHAM [15] | MOXKe cnpusaTU BIKOBOMY 3HUMKEHHIO
rnimdaTnyHoi GyHKLi, Xoua AeTanbHi MexaHisMmun Lboro
npouecy 3a/MwWatoTbCcs He3po3yminnumu. AQP4, akuii y
MONOANX TBAPUH /IOKaNi30BaHUI Ha KiHLiBKax acTpo-
LMTIiB, BiAirpae LEeHTPabHy pPoJib Y NOJIErLeHHi 0bMmiHy
CSF-ISF B340BX WNAXiB nepuapTepiaibHOro NoOToKy, a
TaKOX IHTEPCTULLIAaNIbHOTO KNipeHCy PO34YMHEHOI peyo-

BMHW Yepes3 NepmBacKyNApPHI WASXM apeHaxy [15, 16].
OgHak cygMHHa nonapwusauia actpoumtapHoro AQP4
YaCTKOBO BTPAYAETbCA B PEAKTUBHUX acTpouMUTax CTa-
pitoyoro mo3Ky, Tob6To siokanisauia AQP4 6inble He
06MEXKYETbCA aCTPOLUTAPHUMM HiXKKAMM, AKI NPUCYTHI
y MapeHXiMaTo3HMX BiApPOCTKax acTpouuTis. Pesynbra-
TV AOCNIAXEHb, Y AKMX BCTAHOBEHO, WO 3i CTapiHHAM
BTPAYAETbCA NepuBackynApHa nonapusauia AQP4, 3o0-
Kpema B34,0BX NMPOHUKAOUYMX apTepion, i, Wo HaABHICTb
KOPTUKaNbHOro napeHximatosHoro AQP4 kopentoe 3
obmiHom CSF-ISF, cBig4aTb Ha KOpUCTb TOTO, WO BiKoBe
3HMXKEHHA miMmdaTUYHOT PYHKLIT MmoXKe ByTU YacTKOBO
NnoB’A3aHO 3 MOPYLIEHHAM perynsuii actTpornianbHoOro
BOZHOrO TpaHcNopTy. [HWUMK dakTopamu, AKi, MOXKAN-
BO, BM/INBAIOTb Ha AMHAMIKY riMbaTUYHOrO ApeHaxy 3i
CTapiHHAM, € 3HUXEHHA AK NPoAyKLii nikBopy Ha 66%,
TaK i Moro TMcKy Ha 27% [15]. CTapiHHA TaKoX cynpo-
BOZXKYETbCA XOPCTKICTIO apTepiasnbHOI CTIHKK, WO nNpu-
3BOAMTb A0 3HUMKEHHA Ny/ibcal,ii apTepil, Wo € OAHUM i3
niacuatoBadis rnimeatmyHoro nputoky [17]. Cnoctepe-
YKEHHA 32 BIKOBUM 3HUMKEHHAM aKTUBHOCTI rimbaTnKm
€ BAXK/IUBUMMU, OCKINIbKU KPUTUUHUM AKTOPOM PU3UKY
HelpoaereHepaTUBHUX 3aXBOPOBaHb € CTapiHHA. [o-
pyweHHA PYHKLUiOHYBaHHA rimdaTUYHOI cMCTEMM NpU
CTapPiHHI MOXKe CNPUYMHUTU HAKOMUYEHHA HEMNPaBW/Ib-
HO 3ropHYTUX i rineppocdopunnboBaHux Binkis i, TakMum
YMHOM, MO3OK CTAa€ BPA3/IMBUM [0 PO3BUTKY Helpose-
reHepaTtuBHOI natonorii abo, ¥ MMOBIpHOro, nporpecy-
BaHHSA KOTHITMBHOI gnchyHKLi [17].

Bigomo, Wo HelpoaereHepaTUBHI 3axBOpPHOBAHHA
XapaKTepPU3YoTbCA HAaKOMUYEHHAM arperoBaHux b6inkis
[4, 5]. YncneHHi gocnigeHHA 3 BUBYEHHS NMUTAHb Ae-
rpagauii 6inka B LLHC, ronoBHMM YMHOM, 30CcepeasKyBa-
IUCb Ha BHYTPILWHbOKNITUHHUX Npouecax, TobTo npo-
TEOCOMa/bHIN abo ni3ocomHil aerpagauii. OgHak Ha
CbOroAHi BifOMO, L0 TOKCUYHI BiNKOBI mMOHOMeEpU, ONi-
romepu Ta arperatv TaKOX MPUCYTHI B IHTEPCTULINHIN
piavHI Ta NiKBOpPI: HEMPaBWU/IbHO 3rOPHYTI B-aminoiaHi
Ta ¢ibpunapHi arperat Tay npu xsopobi Anbureime-
pa, HenpaBWUbHO 3ropHYTUIN O-CUHYKAETH Npu XBOpOOi
MapKiHCOHa Ta HENPABW/IbHO 3rOPHYTUN EH3UM — Cynep-
OKCMAAMCMYTa3a Ha eKcnepuMeHTanbHUX Mogensx 6iy-
Horo amiotTpodiyHoro ckneposy [4, 5, 18]. BigknagaH-
HA B-aminoigy BUABNAOTLCA B CMHANCaX rinokamny, AKi
CNYryloTb AKepenom nosaknitnHHoro B-aminoigy [19].
3rigHO 3 UMM, NpoayKuia B-aminoigy € MakcMManbHoO
niZ, Yac HeCnaHHA, KON aKTUBHICTb HEMPOHIB HaMBULLA
[20]. OgHak B-aminoig NPoAYKYETbCS He Nulle HEWpo-
Hamu. PaKTUYHO, BCi KNITUHM YyTBOPIOOTL B-aminoig i,
30Kpema, ONiroaeHApPoOUNTU Ta iXHi KAiTMHM-nonepe-
OHUKN. OCTaHHE, NPUHANMHI YaCTKOBO, MOXe MOACHU-
TW 3MiHW Y CTPYKTYPI MI€NiHY, O CNOCTEPIratoTbCA Npwm
xBopobi Anbureimepa. KoHuenuis npioHonoaibHoro
MOWMPEHHA arperaTiB HEMPOTOKCMYHMX BinkiB nia-
KPEC/IOE BaXK/IMUBICTb iIHTEPCTULLIMHOIO NPOCTOPY LLOAO0
[Eeno3unTiB arperoBaHoro 6inka, Takoro Ak B-aminoig,
npu xBopobi Anbureiimepa [5,18]. B opraHismi ntoanuHu
CMHTe3 Ta meTaboniam B-aminoigy BigdyBaeTbCA HaAiH-
TEHCMBHMMW Temnamu. Y 340pOBUX MOMOAMX Ntofei
8,3% 3aranbHoOro B-aminoigy enimiHyeTbca 3 NiKBOPOM
[4]. NMepuBackynapHi gpeHaxHi Wnaxu GYHKLiIOHYHOTb
AK CBOEPIAHMIA CTiIK Ans iHTepcTUUiMHoro B-aminoigy
npu 3axsoptoBaHHi Anburerimepa [21]. O6’emHUIA Kni-
peHc rimdpaTUYHOK CUCTEMOID B MOEAHAHHI 3 TpaH-
CNopTyBaHHAM 4epe3 rematoeHuedaniyHmii bap’ep [1,
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16] moxe 3abe3neunTn HeobxigHe Ta afleKBaTHE BU-
OANeHHs NO3aKiTUHHOro B-aminoigy A0 3aBepLIeHHA
pPenpoayKTUBHOrO nepioay UTTA. AHATOMIYHI WANAXM
iHTEPCTULINHOIO NOTOKY B NEPUBACKYNAPHOMY NPOCTO-
pi y3rogyKyrTbca 3 MiCLUAMKW HaKoNMYeHHA B-aminoiay,
X04Ya MOro Aeno3nTM € NepeBarkHO B LepebpanbHUx
apTepiax. MNepuapTepianbHe HaKoMUUYEHHA B-aminoigy
Bigobpaxkae peumpkynauio 6aratoro Ha B-aminoig,
NiKBOPY, AKWI BiAKNaZa€e arperatv nicns MNOrMMHaHHA
KNITUHAMW TNagKux m’asis [22], xoya KoHuenuia pe-
LMPKYNALiT CMMHHOMO3KOBOI pigMHu € cnipHoto. CBOE
4yeprow, CYAMHHUIN aMifoifo3 MOXKe 3HU3UTU NPUMNINB
rnimdaTMYHOro NiKBOpPYy, a 3acTili NiKBOpY MNpUWBKA-
WWTb HAaKoMMyeHHa B-aminoigy. Kpim Toro, BUABNAETbL-
cA, WO MOHOUMTapHe MorMHaHHA B-aminoigy Biaby-
BA€ETbCA BUOIPKOBO Yy BeHax. AHOMasibHE PO3LIMPEHHSA
NepuBacKyNIAPHOrO NPOCTOPY YacTille cnocTepiraeTbea
npu xBopobi AnbLrelrimepa NOPIBHAHO 3 KOHTPOSIbHUMMU
cy6’eKTammM NOXM/IOro BiKy, WO CBiAYNTb MPO MOXKIMBY
aedopmauito mimbaTMUHUX WAAXIB | NOAaNblue 3HU-
YKeHHA KnipeHcy 6inka Ta po3sBuTKy natonorii [15, 17].

IcHye rinoTesa, Wwo npobaemu 3i CHoM npu AeMeHLii
MOXYTb 6YTV He nuwe NnobiYyHUM epeKkTom posnaay, a i
CNPUATU PO3BUTKY CAMOrO 3aXBOPIOBaHHA. binbLie Toro,
AKLWO rimpaTMyHa cuctema oumliye beTta-aminoig nig,
Yyac CHy 3 6iNbLLOIO WBWUAKICTIO, HiXK Nif, Yac HecnaHHA,
MO/INBO, HE3AA0BINIbHNI COH Yy MALIEHTIB 3 Helipoae-
reHepaTMBHUMM pPO31aJaMU MOKE CMPUYMHATU MNpPO-
rpecyBaHHA 3axBOptoBaHHA [23].

barato nauieHTiB 3 XxBOpob6oto Anblrermepa Biavy-
BalOTb NOPYLUEHHA CHY 3a40Br0 40 TOrO, AK iX AeMeHL,if
CTae o4yeBMAHO. Y NiTHIX Ntogen coH ctae 6inbw dpar-
MEHTOBAHMM i MOBEPXHEBUM Ta MA€ MEHLLY TPUBANICTb.
Enigemionoriyni gocnigeHHA nokasanu, Wo NauieHTn
3 ANCCOMHIYHMMM PO31adaMn y cepegHboMy Billi, Maau
6iNbWNIA  PU3MK PO3BUTKY MOPYLUEHHA KOTHITUBHUX
dYHKLiN, HiX KOHTPO/bHI cy6’ekTH [23, 24, 25].

HaBiTb y 340p0oBUX Ntoaei, AKi BUMyLLEeHO byau no-
36aB/EeHi CHy, crnocTepiralTbca CUMMMNTOMM, Binbll TH-
nosi ANA HEBPONOTiYHUX Ta MCUXIYHMUX 3aXBOPHOBAHb —
HEeLOCTAaTHA KOHLEHTpALLsA, NpoBann B Nam’saTi, BTOMa,
OPaTiBNMBICTb Ta «eMoL,iiHi rongankmny. nboke Heno-
CMNAHHA MOXe MNPWU3BECTU A0 CNAYTAHOCTI CBIZOMOCTI
Ta TaNlOUMHALIN, WO MOTEHLIMHO MOXKE CMPUYUMHUTH
00 eninenTUYHUX Hanagis i HaBiTb cmepTi. Ponb CHy B
KnipeHci rimpaTuyHOI piaMHM 6yna nepekoHNMBO Npo-
OEMOHCTPOBAHA, | OCKIZIbKM IHTEHCUBHICTb KAIpEHCY €
HaMBULWOO Mif Yac CHY, rimdaTUUHY cUCTeMy NPOCTO
HEMONNBO A0CNIANTU 6e3 BUBYEHHA OCHOBHUX acnek-
TiB cHy [15, 17, 23].

EkcnepMmeHTanbHi  JOCNIOXKEHHA NOKasanu, LWo
rnimaTnyHa OYHKLIA € BUMCOKOAKTUBHOK fAK Yy aHec-
TE30BaHWX MULUEN, TAK i B CTaHi NPUPOAHOrO CHY, WO
BKA3y€E Ha Te, WO MimbaTUYHa aKTUBHICTb pPeryatoeTbCA
dizioNoriYyHMMM BiAMIHHOCTAMM CAMMX CTaHIB CHY Ta He-
CNAHHA, @ He KONMBAHHAMM £060BUX PUTMIB. OCHOBHUM
ApariBepom NpobyarKeHHA € HelpomMoaynAaTop Hopa-
ApeHanid [25, 26]. JaHi nitepaTypy CTBEPAMKYIOTb, LLO
HOpaApeHaniH TaKOXK € KAIOYOBUM PEryaaTOPOM [im-
baTUUYHOI aKTUBHOCTI | MOXKe ByTU rON0BHUM daKTopom
Yy MPUTHIYeHHi rimaTukmM nig yac HecnaHHa. Micuese
3aCTOCYBaHHA QHTArOHICTIB peLenTopiB HoOpaapeHaniHy
Yy MULLUEN, WO He CnAATb, NPU3BOAUAO A0 36inblueHHA
npunaney mapKkepis CSF, NpakTUYHO B TaKill KOHLEHTpa-
Lii, AKa cnocrtepiraeTbca nig yac cHy abo aHectesii [23].

Ha npoTuBary, 3aCTOCyBaHHA HOpAaZpeHaniHy, WO imi-
TYE CTaH HECMaHHA, 3HAYHO 3HUKYBaANO 06’EMHY YacTKy
iHTepcTuuito. 36inbweHHA 06’emy iHTepcTULianbHOrO
NPOCTOPY B CTaHi CHY 3MeHLUYE ONip TKAHWHU KOHBEK-
TUBHMM MOTOKaMm, cnpuaoum edekTMBHOMY O6MiHy
CSF-ISF. Takum 4mMHOM, BUAiINEHHA HOpaZpeHaniHy nig,
Yyac npobyarkeHHs 36inbwye 06’€MHY YacTKy KAITUHW,
3MEHLUYHYMN iIHTePCTULIMHMIA npocTip. Y cBOlO uepry,
NiABULLYETbCA OMip KOHBEKTUBHOMY 06MiHy CSF-ISF, wo
NPU3BOAMUTb A0 NPUrHIYEHHA MiMbAaTUYHMUX NOTOKIB Nif,
yac HecnaHHA [20]. HopaapeHaniH Takox aie 6esnoce-
peaHbo Ha enitenianbHi KNITUHW CYAUHHOTO CrNeTeHHA
i NpurHivye npoaykuito NikBopy. | HaBNakK, 610KyBaHHA
CUrHaNiB HoOpaApPeHaniHy, WO iMiTye CTaH CHY, NOCUAIOE
NPoAyKLUito CNUHHOMO3KOBOI piavHn [24, 25]. OTxe,
HOpagpeHaniH Yyepes pi3Hi MexaHi3MK BN/ANBAE AK Ha
OOCTYMNHICTb PiAWHM, TaK | HA KOHBEKTMBHI NOTOKWU AN
npurHiveHHa GyHKLUiT riimdaTuku. BiaTak, HopagpeHa-
JliH MOYKHa BBAXKaTU IK TPUTEPOM MEPEMUKAHHSA LMKAIB
CHY Ta HECNaHHA, TaK i Peryn1aToOpoOM OYULLIEHHA PO34un-
HEHWX B iIHTEPCTULLT PEYOBUH 3 MO3KY.

MpegmeToM CyvyacHUX AOCAigKeHb ANA 3'AcyBaHHA
ocobnunsocTelt GYHKLiOHYBAHHSA MiMmpaTUYHOT cucTemm
€ TAaKOX YepenHo-M0o3KoBa TpaBma.

Bigomo, WO TpaBMaTMUHe YLWKOAKEHHA MO3KY Nia-
BULLYE PU3MK BUHUKHEHHA MNepeaqacHoi aemeHuii Ta
XBopobu Anburerimepa [27]. YucneHHi gocnigykeHHA
NoKasa/in, WO NOBTOPHI TPaBMATUYHI ABMLLA | HABITb NO-
OAMHOKI BUNAAKM NOMIPHOI Ta BaXKKOi TPaBMMK ron08u
MOXYTb MPU3BECTU [0 NPOrpecyyoi HelpoaereHepa-
Lii. YepenHo-Mm0o3KOoBa TPaBMa CMPUYNHAE BUBINIbHEHHA
B-aminoigHoro nenTtuay Ta tau-6inKa, npoTeoNiTUYHO
posuwenseHoro npoayKty MAP-tau, SKMi € BHyTpiW-
HbOK/MITUHHUM BiIKOM MIKPOTPYOOUYOK B aKCOHax He-
MpoHiB [27, 28]. C-tau € GioMapKEpPOM YLUIKOAMKEHHS
MO3KY, OCKi/ZIbKM BiH NPOAYKYETbCA Y BEAMKIN KiNbKOCTI
i NPAMO KOpEentoe 3 TAXKKICTIO YepenHO-MO3KOBOi TpaBs-
MU [27]. B pe3synbTaTti BUHWKANA rinoTe3a, AKa Noniarae
B TOMY, LLO 3HA4YHEe 3POCTaHHA PiBHA iHTEPCTULIMHOIO
Tay NpU3BOANTb A0 KNITUHHOIO NOMMHAHHA Ta iHiLiaLil
yTBOpeHHA GibpunapHMX arperaTis, LLO 3a7y4aEe fAoaaT-
KOBMIA Tay, a Le y CBOK Yepry Npu3BoAmUTb A0 YTBOPEH-
HA HelpodibpunapHUX KNYBKIB i B KiIHLEBOMY MigCymKy
CNPUYMHAE NpioHOMNOAIbHe nowunpeHHs naTtonorii [29].
YepenHo-mo3KoBa TpaBMa MOB’A3aHA 3 YTBOPEHHAM
KPYMHMX acTporaianbHUX pybLiB i CTiIMKOK aKTMBaLiE
HeilposananeHHsa [27, 30]. Bparkatoue, Wwo B mogeni
NOBTOPOBAHOI CepefHbOI TAXKKOCTI YepenHo-MO3KOBOI
TPaBMU 3HUMKEHHA MiMmdpaTnyHOI PyHKLUiT 36epiranoca
LWoHaMMeHLWwe Ao 28 gHis nicnsa TpaBMu. TpuBane 3HU-
YeHHA rnimbaTtnuHoi GpyHKLiT 6yN0 Nos’sa3aHo 3 riianb-
HUMU pPybLAMM, LLO XapaKTepu3yoTbea rinepTpodidyHm-
mu GFAP-nosutusHumu (glial fibrillary acidic protein;
rnianbHUn GiBPUNAPHUIA KUCAMIA BiNoK) npouecamu B
incunatepanbHUX NiBKynsax. Kpim Toro, cnocrepiranaca
HenpaBwabHa nokanisauia AQP4 Big HiXKOK cyauH Ao
napeHXiMaTo3HUX BiAPOCTKIB, CXOXa A0 HenpasBUAbHOI
nokanisauii AQP4, wo cnocTepiraeTbca MNpu CTapiHHi
[24]. Mopacbkuit Tay HakoNMYyBaBCA HABKOMO BEIMKUX
BEH, i KINIbKICTb Tay, L0 3aAMLWMAACA B TKAHWHI, Kopento-
Basia 3i 3HMXEHHAM KnipeHcy rimdaTtnkm [27, 30]. Le
CBiAYMTb NPO Te, WO enimiHauia Tay yepes rimdaTUYHiI
LUNAXM MAE BMPIiLWasbHE 3HAYEHHS A8 0BMeXKeHHs BTO-
PVHHOTO MOLIKOAMEHHA HEMPOHIB NiciA YepenHo-mo3-
KOBOi TpaBMW. |HLWe [OCAIOKEHHA 3 BUKOPUCTAHHAM
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MarHiTHo-pe3oHaHcHoi Tomorpadii (MPT) ana ouiHKuK
rnimeaTMyHOI QYHKLIT BUABUAO A0AATKOBI O3HAKM TOTO,
O TpaBMa ro/0BM, Ha KLWTaAT cybapaxHoiganbHOro
KPOBOBUAUBY, CEPMO3HO Mopylye oOyHKLi0 mimda-
TMKM [28, 30, 31]. Y uit mogeni «cybapaxHoiganbHOro
KPOBOBUWINBY» 3aCTOCYBAHHA TKAaHMHHOIO aKTMBaTOpa
naasmiHoreHy, wWo Buaanse ¢ibpuHOBI 3rycTkn, Nokpa-
wuno rnimepatmyHy nepoysito. EM60NIMHUI iemivyHMi
iHCYNbT CMPUYMHMB TPAH3UTOPHE MPUTHiYeHHA nimda-
TMYHOTO MOTOKY BMPOAOBK rOAMHM MIiCAA iwemii, ogHaK
dYHKLiA CNOHTAHHO BigHOBAtOBanacs Yepes 24 roguHu
nicna TPAH3UTOPHOI iwemii. MimbaTnyHM BIiATIK Bigi-
rpPa€ KA4Y0BY PO/b Y TPAHCMOPTYBaHHI BiomapKepis ve-
penHoO-MO3KOBOi TpaBMu. Y 3B’A3Ky 3 TpyAHOWAMM Aia-
FHOCTMKM BaXKKOCTi YepernHO-MO3KOBOi TPaBMU NMLLE Ha
OCHOBI KAIHIYHOro orna4y, 3Ha4YHi 3ycunna cnpamoBaHi
Ha AOCNIAKEHHA N1a3MOBUX BioMapKepiB YLIKOAKEHHSA
MO3Ky. |HribyBaHHA AOCAIAHMKAMKM aKTUBHOCTI rnimda-
TUKM YOTUPMA MEXaHICTUYHO BiAMIHHMMW MaHinynaLia-
MM, BK/tOYAOUM NO36aBNEHHA CHY, NYHKLiIO LUCTEPHM,
NPUrHiYeHHA NPOAYKLii NiKBOPY 32 A4ONOMOroK aueTa-
3o0n1amigy abo reHeTuuHy aeneujto AQP4, npussoanio
[0 MOMITHOTO 3HWMMKEHHA aCTPOLMTapHUX MapKepiB -
GFAP (Glial fibrillary acidic protein), rnianbHoro 6inka
S100B ronoBHOro Mo3Ky Nic/iA TPaBMM roJI0BHOTO MO3KY
[32].

TaKMM YMHOM, [OCNIAMKEHHA MOKasanu, Wo rocrpe
YWKOAXKEHHA MO3KY, BK/HOYAOUM 4YepernHOo-MO3KOBY
TpaBmy, cybapaxHoiganbHUi KpoBOBUAMB abo iHCYNbT
[33], pi3ko 3miHIOOTb GyHKLitO rniMmdaTMKKM Ta NoripLy-
H0Tb KOHBEKTUBHMIM NOTIK PiaAnHN. MpUTHIYEHHA 0BMiHY
CSF-ISF mae 6e3nocepeaHi Hacnigkn Woao0 obmerkeHb
AiarHOCTUYHOI 3HAYMMOCTI N1Ia3MoBMX BiomapKepis npu
YepenHo-mo3KoBil Tpasmi [34]. HalBaxkausiwum € Te,
LLLO NopYLUEHHs rnimdaTUUHOT GYHKLIT MmoKe e binblie
NOCUANTU TPaBMYy Yepe3 HaKOMUYEHHA AK 3BUYANHUX
MeTaboniTiB, Tak i CIPUUMHEHOI TPaBMOI aKymynauii
HEeMpPOTOKCUYHUX cnonyK. Tpyna XeneH BeHseHicT go-
cArna ycnixy B po3pobui AiarHoCTMYHOro rimdaTUyHoro
TecTy Ha ocHoBi MPT. YBiBWWN KOHTPACTHY pPeyYoBUHY B
BE/INKY UMCTepHY, pyx CSF moxHa byno BiacTexkysaTu B
peXunmi peasibHOro Yacy y BCboMy MO3Ky [34].

BucHoBKM.

OTpMMaHi 33 OCTAaHHE AecATMpIYYA AaHi cBig4YaTb
npo Te, L0 BiKOBE 3HUMKEHHA aKTUBHOCTI rimdaTuyHoO-

ro ApeHaky 3HAYHOK MIpPOK CMPUYMHAE HAKOMUYEH-
HA Ta MmaTosioriyHy arperaujto 6inkis B-aminoigy i Tay.
[JaHi niTepaTypy TaKoXK CTBEPAKYIOTb, LLO KOHUEHTpa-
uia B-aminoigy B NikBOPi 3MIHIOETbCA Nig 4Yac UUKAY
COH-HecnaHHA y ntoaei. O4ikyeTbesa, Wo ManbyTHi go-
CnigXeHHA, 3ocepefeHi Ha mimdaTUYHIN cucTemi,
BUABAATL iHWI BaXK/MBI QYHKLT KOHBEKTUBHMX MOTOKIB
CMMHHOMO3KOBOI PiANHK, AKI N03a BUAYYEHHAM MNpoO-
AYKTiB MmeTaboniamy, 6epyTb y4acTb y peryntoBaHHi 06-
MiHYy ninigis, rOKo3n Towo. MoXHa NpUnycTuTH, LWO
rnimdpaTMyHa cuctema 3abesneyye BaXKAMBWUI  LUAX
ANA PO3NOAINY eNeKTPONITIB, MaKPOMOAEKY Ta iHLWNX
BMCOKOMOIEKYNIAPHUX CMOAYK, AKI HAaAXOAATb B MO30OK
nepeBaXKHO 3 CUCTeMOto NiKkBopy. AHanoriyHo, rimda-
TMYHA CMCTEMA MOXKe CAYryBaTy MaricTpanio gasa TpaH-
CNOPTYBaHHA Ta PO3MNOAINY B MO3KY TapreTHNX meguKa-
MEHTIB, 30Kpema NpPOTUNYXAMHHUX Npenapartis. AHani3
aKTya/ZIbHUX HAaYKOBUX AOCAiIAXKEHb NOKasasg, Lo iHTpa-
TeKaNbHi NonepeKosi iH’eKLji, AKi PyTUHHO BUKOPMUCTO-
BYIOTbCA B KNIHIYHUX MienorpadiyHnUx [O0CAIAKEHHSX,
3abe3neyvyloTb BanigHUM anbTePHATUBHUW LWAAX ANA
OLLIHKM OCHOBHMX NapameTpiB rimdaTUYHOi GYHKLT.

MepcnekTMBM NOAANBLUNX [OCNIAKEHD.

Po3wunpeHnii cnekTp [OCNiAMKEHb 3 BUKOPUCTaH-
HAM MPT i3 KOHTpacTyBaHHAM CcHOPMYIOTb eKcnepu-
MeHTa/IbHY OCHOBY A/A OUiHKM YHKUIT rnimbaTUyHNX
NMOTOKIB Y MO3KY /IIOAMHU Ta B ManbyTHbomy 3abes-
nevyatb MOMK/MBICTb OLHKKW, UM MOPYLUEHHA Yy CUCTEMI
nimpogpeHaxky MO3Ky CNpUATMME MNPOrpecyBaHHI0
HenpoaereHepaTUBHUX 3aXBOPHOBaHb. s MalbyTHiX
TPAHCAALIMHAUX 3yCUAb HeobxiaHa po3pobka besneyHo-
ro Ta MiHiManbHO iHBA3MBHOrO NigXxoAy 4O Bisyanisauii
rnimdaTnuHol dyHKUII. Y HalBAUXKUIN NepcneKkTmsi odi-
KytoTbCA nyb6nikauii nepwmnx pocnigrKeHo rimdaTnkm
Yy NOAMHW, OCKINbKW iHTpaTeKanbHe BBEAEHHA KOHTP-
aCTHUX PEeYOBMH CXBANEHO ANA AOCNIAXKEHHA MOTOKIB
CMMHHOMO3KOBOI PiAMHM Yy NALEHTIB, AKi NPOXOAATb
NiKyBaHHA 3 NPUBOAY CMOHTAHHOT BHYTPILHbOYEPENHOI
rinoTeHsii Ta iH.

MOXMBICTb OLIHKM aKTUBHOCTI FiMmbaTuKM y na-
LLIEHTIB NicNa 4YepenHo-MO3KOBOI TpPaBMWU A03BOANUTb
BMOKPEMUTU NALLIEHTIB 3 HAMBINbLI CEPAO3HMUM NPUTHI-
YeHHAM rnimdaTUYHOT aKTUBHOCTI i, TAKMM YMHOM, NPO-
rHO3YBaTM KOHTMHIEHT XBOPUX, AKI MatoTb BULLMIA PUSUK
PO3BUTKY XPOHIYHOI TpaBMaTUYHOI eHuedanonarTii.
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PO/b MNIM®ATUYHOI CUCTEMU Y NIATPUMAHHI LLEPEEPA/IBHOIO rOMEOCTA3Y 3A YMOB HOPMMU TA HE-
nponAronorii

Yynawko O. I., KoBanbuyk C. M., BaHiBcbkuit M. M.

Pe3stome. HesBaxkatoum Ha cknagHy uutoapxitektypy LUIHC, BUCOKY 4yTamBicTb | meTaboniuHy akTUBHICTb HENPO-
KNIiTUH, OOCi HE BUAB/IEHO creLiani3oBaHOl aHaTOMIYHOI CTPYKTYPU, fka 6 cnpusana epekTMBHOMY «nimbaTUYHOMY»
OUYULLEHHIO NO3aKNITUHHUX PO3YMHEHMX PEUYOBMH, NOTEHLINHO TOKCMYHMUX MeTaboniTie. CBITOBI HayKoBi AxKepena
BUCBITAIMAIM KOHLENLi0 iCHYBaHHA rMiM@aTUYHOI CUCTEMU, AKA YMOXKIMBIOE APEHYBAHHA MO3KY BiZ PO3YMHEHMUX
B iHTEPCTMLIT NO3aKNITUHHUX WKiAAMBUX cybcTaHuii. Mpu LboMy BOAHI KaHanu TUNy akBanopuHy-4 (AQP4) € Bax-
JIMBOIO CKNAZ0BOMO L€l cucTemu i nopyleHHn iX GyHKLii NoB’A3aHe 3 HU3KOM HellponaTtonorii. Monpu Te, WO BXKe
onucaHi noteHuiHi moaynsatopu AQP, icHye 6araTo 3acTepexeHb BUKOPUCTaHHSA iX K TepaneBTUYHOI MillleHi yepes
HU3bKY MEANKAMEHTO3HY YyTAMBICTb.

Bigomo, Wo KpUTUYHMM GaKTOPOM PU3MKY HEMpOoLereHepaTMBHUX 3aXBOPIOBAHb € CTapiHHA. TaKoX eKkcnepu-
MEHTA/IbHO LOBEAEHO, WO MPU CTAPiHHI 3HUKYETLCA aKTUBHICTb MiMdaTuKK. BianosigHo, Le moxe NpusBoguTn A0
HaKOMWYEHHA HeMpPaBUIbHO 3ropHYTUX i rineppocdopunboBaHmx BiNKiB i, TaKUM YUHOM, MO3OK CTA€ BPa3/IMBUM A0
PO3BUTKY HelpoaereHepaTUBHOI NaTosorii. AHOMasibHE PO3LUMPEHHA MEPUBACKYNIAPHOIO NPOCTOPY YacTile cro-
cTepiraeTbcA npu xBopobi AnbLreimepa y cyb’eKTiB NOXMAOTO BiKyY, WO CBIAYMTb MPO MOXAMBY AedopmaLiito mim-
baTUUHUX WNAXiB | NoganbLue 3HMKEHHA KAipeHcy binka.

CyyacHi gocnigxeHHsa GOKyCyOTbCA Y HaNPAMKY 3’ACYBaHHA 3MiH riMmbaTUYHOrO ApeHay MO3KY i 3a yMOB Moro
TPaBMaTUYHOTO YLWKOAKeHHA. Cy4acHi AOCNiAXKEHHA NOKa3a/u, WO rocTpe YLKOAXKEHHA MO3KY, BK/IIOYaouM yepen-
HO-MO3KOBY TpaBMy, cybapaxHoiganbHUM KPOBOBUAMB ab0o iHCYNbT, Pi3KO 3MIHIOE GYHKL,iIO rimbaTMKM Ta NoripLlye
KOHBEKTMBHMI NOTIK PiaAnMHU. TaKOX eKCnepuMeHTaNbHO NiATBEPAMKEHO, LLO YepenHO-MO3KOoBa TPaBMa cepeaHboil
TAXKKOCTI XapaKTepU3yTbCA TPUBAMM 3HUMKEHHAM TNiMbaTUUYHOT GYHKLT, Wo 36inbluye pU3MK PO3BUTKY XPOHIYHOT
TpaBMaTU4HOI eHuedanonarTii.

PO3yMiHHA NPUUYKMH Ta MexaHi3miB nopyweHHA GYHKLIOHYBAHHA riMpaTUUYHOI cucTeMn, CNPUATUME NPOTHO3Y-
BaHHIO, @ TAaKOX BiANpaLOBaHHIO METOAIB AiarHOCTUKM Ta NiKYBAaHHA BaXKNMBUX HeMpoaereHepaTMBHMX 3aXBOpIO-
BaHb | TPABMATUYHUX YLLUKOAKEHb MO3KY.

KntouoBsi cnoBa: rimaTtnyHa cuctema, HelipogereHepaTMBHI 3aXBOPIOBAHHA, akBanopuHu 4 (AQP-4).

THE ROLE OF THE GLYMPHATIC SYSTEM IN MAINTAINING CEREBRAL HOMEOSTASIS IN NORMAL AND
NEUROPATHOLOGICAL CONDITIONS
Chupashko O. 1., Kovalchuk S. M., Vanivskyi M. M.
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Abstract. Notwithstanding the complex cytoarchitecture of the CNS, high sensitivity and metabolic activity of
neuronal cells, no specialized anatomical structure has been identified that would facilitate effective «lymphatic»
clearance of extracellularly dissolved substances and potentially toxic metabolites. World scientific research has
highlighted the concept of a glymphatic system that enables the brain to draine the extracellular harmful substances
dissolved in the interstitium. At the same time, aquaporin-4 (AQP4) water channels are an important component of
this system, and their dysfunction is associated with a number of neuropathologies. Despite the fact that potential
AQP modulators have already been described, there are many concerns over their use as a therapeutic target due
to low drug sensitivity.

It is well known that aging is a critical risk factor for neurodegenerative diseases. It has also been experimentally
proven that glymphatic activity decreases with aging. Accordingly, this can lead to the accumulation of misfolded and
hyperphosphorylated proteins, and thus the brain becomes vulnerable to the development of neurodegenerative
pathology. Abnormal expansion of the perivascular space is more commonly observed in Alzheimer’s disease in
elderly subjects, indicating a possible deformation of the glymphatic pathways and a subsequent decrease in protein
clearance.

Current investigations are focused as well on clarifying changes in brain glymphatic drainage in the condition
of traumatic brain injury. Modern research has shown that acute brain injury, including traumatic brain injury,
subarachnoid hemorrhage, or stroke, dramatically alters glymphatic function and impairs convective fluid flow.
It has also been experimentally confirmed that moderate traumatic brain injury is characterized by a prolonged
decrease in glymphatic function, which increases the risk of developing chronic traumatic encephalopathy.

Comprehensive analysis of the causes and mechanisms of glymphatic system dysfunction will help to predict
and develop methods for diagnosing and treating serious neurodegenerative diseases and traumatic brain injuries.

Key words: glymphatic system, neurodegenerative diseases, aquaporins 4 (AQP-4).
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CORRECTION OF EXOCRINE PANCREATIC INSUFFICIENCY BY PLANT-DERIVED ENZYMES

(LITERATURE REVIEW)
Shupyk National Healthcare University of Ukraine (Kyiv, Ukraine)
2Bogomolets National Medical University (Kyiv, Ukraine)
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Exocrine pancreatic insufficiency is characterized by the pancreas' inability to secrete enzymes and/or bicarbon-
ates into the intestinal lumen in sufficient quantities, resulting in abnormal food digestion and malabsorption of
nutrients. Currently, there are many porcine-derived pancreatin preparations available that replace the patient's
pancreatic enzymes deficiency. However, these preparations are not recommended for long-term use, due to a feed-
back mechanism that suppresses the secretion of the body's own pancreatic enzymes. Therefore, the problem of an
alternative choice for temporary exocrine pancreatic insufficiency compensation arises, especially among certain
patient groups, with prospects for further development and implementation of a comprehensive plant-derived en-
zyme preparation.
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