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The paper highlights the scientific foundations that link the two-way pathophysiological mechanisms of the de-
velopment of depression with the worsening of type 2 diabetes and coronary heart disease, congestive heart failure,
and an increase in cardiovascular risk. The term "vascular depression" is defined as associated with organic changes
in the brain characteristic of cerebrovascular diseases and type 2 diabetes; according to magnetic resonance imag-
ing, they are identified as hyperintensity of the white matter of the brain. The development of white matter hyperin-
tensity is facilitated by vascular dysregulation, transient ischemia, inflammation, and ischemic damage. Disturbanc-
es in the regulation of vascular tone that occur during the development of depressive states and their connection
with somatic pathology, a decrease in cerebral blood flow, and the appearance of affective and cognitive symptoms
are described. The importance of increased arterial stiffness and endothelial dysfunction in the development of
depression is highlighted. The regulatory mechanisms of the influence of glucose, nitric oxide, pro-inflammatory cy-
tokines, arachidonic acid, and eicosanoids on vascular regulation and their disturbances in patients with depression
and type 2 diabetes are described. The features of astrocytic and neuronal homeostasis of the brain, the neurotoxic-
ity of carbohydrate metabolism disorders and glutamate metabolism, their importance in the violation of vasoac-
tive reactions, and the depression development in patients with type 2 diabetes are indicated. The mechanisms of
neuro-endocrine, metabolic and enzymatic vascular regulation, their features in patients with type 2 diabetes and
depression, their influence on the course, the prognosis of the disease and cardiovascular risk are considered.
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Connection of the publication with planned re-
search works.

The work was performed at the Department of In-
ternal Medicine Ne 2 and is a fragment of the depart-
ment’s research topic: “Study of the assessment of the
combined effect of cardiovascular risk factors on the co-
morbid course of arterial hypertension, coronary heart
disease and chronic kidney disease, features of pre-
vention and rehabilitation.” State registration number
0119U102851.

Introduction.

According to data published on the WHO website,
approximately 280 million people worldwide suffer
from depression [1]. Depression is the world’s leading
cause of disability and a significant contributor to the
global burden of disease [2]. It has acted as an indepen-
dent risk factor for developing cardiovascular, cerebro-
vascular, and neurodegenerative diseases in the last ten
years. On the other hand, vascular and neurodegenera-
tive diseases of the brain can cause depression [3].

“Vascular depression” as a concept was first men-
tioned in the works of G.S. Alexopoulos and co-authors
in 1997 [4]. Their hypothesis suggested that “..cere-
brovascular disease may cause, accelerate, or maintain
some depressive syndromes.” The authors proposed a
working definition based on the presence of vascular
risk factors. The clinical picture of “vascular depres-
sion”, according to this definition, was characterized
by cognitive deficits, psychomotor retardation, lack of
understanding and disability, which was disproportion-
ate to the severity of the depressive disorder [5]. Also
confirmed is the fact that depression is a chronic mood
disorder widespread in the vascular pathology of the

brain; its severe course is more common in people with
vascular lesions than in those suffering from Alzheimer’s
disease [6].

Depression and anxiety are two common mood
changes among patients with cardiovascular disease
associated with poor prognosis and increased cardio-
vascular risk [7]. Depressive disorder is increasingly
recognized as an independent risk factor for developing
and associated with a worse course of coronary heart
disease (CHD). Numerous studies have demonstrated a
direct relationship between depression and increased
mortality or non-fatal cardiovascular events by more
than two times in this group of patients. Furthermore, it
was established that mild depression and its moderate
and severe forms could be risk factors for re-hospitaliza-
tion for vascular and non-vascular reasons [8, 9, 10, 11].
At the same time, the prevalence of depression, defined
as major depressive disorder or an exacerbation of its
symptoms based on questionnaires, is almost twice as
high among adults with diabetes compared with those
without this chronic metabolic condition. Type 2 diabe-
tes mellitus (T2DM) is a pathology that causes significant
morbidity and mortality and is associated with consider-
able treatment costs [12]. Analysis of the bidirectional
relationship between depression and macrovascular
and microvascular complications of diabetes revealed
that depression increases the risk of myocardial in-
farction, coronary heart disease, and congestive heart
failure associated with T2DM [13]. A cohort study of
192,685 patients with and without diabetes and depres-
sion showed that the risk of macrovascular complica-
tions, such as acute coronary syndrome and stroke, was
1.35 times higher in patients with diabetes and depres-
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sion than in nondepressed patients [14 ]. T2DM with co-
morbid depression increases the risk of cardiovascular
diseases and the probability of fatal events. Depression
is a common disorder among asymptomatic elderly pa-
tients with T2DM. In a study of 274 patients with asymp-
tomatic T2DM, comorbid depression increased the risk
of heart failure by 2.5 times [15]. In addition, depression
can affect overall mortality in patients with prediabetes,
significantly increasing its probability [16]. Since depres-
sion is an adverse factor influencing the course of T2DM
and CHD, its impact on the combined course of these
diseases remains to be determined in the future.

The aim of the study.

Summarize existing scientific data characterizing the
impact of depression on the course of type 2 diabetes,
coronary heart disease, and vascular endothelial dys-
function.

Object and research methods.

Analysis of modern scientific experimental and clini-
cal research.

Research results and their discussion.

A distinctive feature of vascular depression deter-
mined by magnetic resonance imaging (MRI) is the
presence of lesions of the brain’s white matter, identi-
fied as its hyperintensity. White matter hyperintensities
(WMHI) are particularly associated with cerebrovascu-
lar risk factors, including diabetes, heart disease, and
hypertension [17, 18, 19]. WMHI is more significant in
volume in patients with type 2 diabetes and is associat-
ed with pronounced cognitive impairment and depres-
sive states [20]. Vascular dysregulation contributes to
the development of WMHI, as it is susceptible to tran-
sient ischemia, and many of the described cases are of
ischemic origin [21, 22]. In addition, it was noted that
pathological processes accompanied by arterial hyper-
tension and changes in blood pressure are directly asso-
ciated with depressive states [23, 24] and also contrib-
ute to the development of WMHI [25], especially when
there is a violation of cerebral vasomotor reactivity and
a change in the processes of the tone autoregulation of
cerebral vessels [26, 27]. “Vascular depression” as a po-
tential diagnostic entity may not be limited to patients
of older age groups. Individuals with an early onset of
this pathological condition have an increased vascular
risk, as it is associated with the development of vasopa-
thies and stroke [28].

Neuroimaging and neuropathological studies dem-
onstrate that WMHI reflects a comprehensive process
range, including perivascular demyelination, arterio-
sclerosis, ischemia, gliosis, or partial loss of myelin and
axons by nerve cells [22], and deep WMHI directly cor-
relates with ischemic processes in the brain [29].

Processes associated with various diseases contribute
to developing pro-inflammatory conditions in the human
body [30]. It was found that the activation of the immune
system can be a characteristic feature of depressive disor-
ders [31] and accelerate the development and manifesta-
tions of depressive symptoms [32]. Therefore, there is an
assumption that immune dysregulation can contribute to
the development of affective disorders and the appear-
ance of cognitive disorders in depression. Even without
the manifestation of diseases, patients with depression
have an increased level of pro-inflammatory [33] and a
decreased level of anti-inflammatory cytokines [34]. Pro-
inflammatory processes also contribute to accelerated

neurodegeneration. An increase in peripheral markers
of inflammation is associated with an increased risk of
dementia, and increased cytokine levels are associated
with depressive symptoms in humans, with elevated IL-6
most likely, but also IL-1B, IL-8, and TNFa [ 35]. Chronic,
low-intensity inflammation is a common feature of CHD
and diabetes. In both conditions, activation of the release
of neutrophil extracellular traps is observed, which will
induce macrophages to release cytokines IL-1p and IL-18,
and this process is enhanced in chronic aseptic inflamma-
tion [36].

Dysregulation of vascular tone is common in depres-
sive disorders [37]. Decreased blood flow in the brain
can disrupt its regional functions, contributing to affec-
tive and cognitive symptoms. Regional cerebral meta-
bolic activity is closely correlated with blood flow, which
is regulated by local interactions between neurons, glia,
and the vasculature. In addition, cerebral blood flow is
influenced by systemic hemodynamics and cerebrovas-
cular autoregulation when cerebral arteries contract or
dilate in response to changes in pressure. These pro-
cesses interact to maintain stable perfusion, but they
are disturbed in the context of the development of vas-
cular diseases: hypertension, diabetes, and atheroscle-
rosis lead to intimal proliferation, hypertrophy of the
vascular wall, a decrease in the diameter of the arteries
lumen, a reduction in their distensibility and dysfunc-
tion of endothelial cells.

Vascular intima growth, increased arterial stiffness,
and endothelial dysfunction are changes expressed in
depression [38]. Vascular pathology decreases the vol-
umetric velocity of blood flow and vasomotor reactiv-
ity, [39] negatively affecting cerebral blood flow. A mild
reduction in cerebral circulation can impair cognitive
and affective processes, whereas a more considerable
decrease in the context of autoregulatory deficits can
cause ischemic damage. The subcortical white matter
is susceptible to these changes because terminal arte-
rioles supply it with limited collateral blood flow [40].

To understand the possible mechanisms of vascular
depression in patients with coronary heart disease and
diabetes, it is necessary to remember that the brain is
one of the most active metabolic organs of the human
body. The oxygen demand of the brain tissue is more than
20% of the total body. Thus, adequate cerebral circula-
tion must meet the oxygen demand of the brain tissue.
Regulation of cerebral circulation is based on the complex
interaction of cardiovascular, respiratory and nervous
physiology. Typically, these systems maintain adequate
cerebral circulation by modulating hydrodynamic param-
eters (cerebral vascular resistance, arterial, intracranial,
and venous pressure) [41]. Vasoactive agents released
from the brain’s parenchyma can affect cells located in
the vascular system, causing an appropriate vascular
response. Different types of cells are found at different
levels of the vascular tree. Smooth muscle cells of the
vascular wall are susceptible to the action of vasoac-
tive substances: both vasoconstrictors and vasodilators.
Synaptic transmission is essential to neurovascular com-
munication by producing vasoactive metabolites such as
arachidonic acid derivatives, lactate, adenosine, and ni-
tric oxide. The site of synthesis of these metabolites is the
neuron, astrocyte, and smooth muscle cells. Neurons and
astrocytes are located near the neuronal synapse, where
the signal is initiated, and the smooth muscle cells of the
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microcirculatory regulatory system ensure neurovascular
connection [42]. Regardless of the place of formation,
the point of the activity is the smooth muscle fibres sur-
rounding arterioles and capillaries [43].

Nitric oxide (NO) is the primary mediator regulating
the vascular brain tone [42, 44]. Nitric oxide synthase
(NOS) has several isoforms. Endothelial NOS (eNQS) is
an isoform found in the brain’s blood vessels, particu-
larly in the endothelium [45]. Neuronal NOS (nNOS) is
the isoform found in neurons. A third isoform, inducible
NOS (iNOS), has been found in brain tissue. Blockade of
nNOS caused the most significant reduction (by 64%)
in the neurovascular response. Recent human studies
using a non-selective inhibitor of nitric oxide synthase
confirmed the importance of its release for the realiza-
tion of the phenomenon of functional hyperemia [46].

Nitric oxide is a vasodilator that exerts its effect
through cGMP-dependent hyperpolarization of vascular
smooth muscles due to the opening of potassium chan-
nels. Although it increases cGMP in vascular smooth
muscle cells, this role is not observed in pericytes. Dur-
ing the activation of neurons, the relaxation of pericytes
surrounding the capillaries is considered to cause a
significant increase in blood flow [47]. In capillary peri-
cytes, nitric oxide has an indirect vasodilatory effect by
suppressing the production of the metabolite of arachi-
donic acid — 20-hydroxyeicosatetraenoic acid, which is
synthesized through cytochrome P450 (CYP450), which
inhibits calcium-activated potassium channels; this pro-
cess leads to depolarization and vasoconstriction [48].
In patients with diabetes, there is a constant signifi-
cant activation of protein kinase C under the influence
of substantial concentrations of glucose in the blood,
which leads to a decrease in the synthesis of nitric oxide
in vascular smooth muscle cells [49] and suppresses the
expression of endothelial nitric oxide synthase stimu-
lated by insulin, [50] and also induces the expression
of endothelial growth factor in vascular smooth muscle
cells. In addition, the reduced activity of nitric oxide in
patients with diabetes may be caused by a violation of
its production due to impaired signal transmission, a
deficiency of NO-synthase substrate, or a decrease in
the availability of cofactors necessary for the optimal
functioning of this enzyme. Furthermore, the activation
of peroxidation in diabetes initiates the rapid inactiva-
tion of nitric oxide by reactive oxygen species with the
formation of peroxynitrite, which has a toxic, damaging
effect on biological molecules [51].

The brain is enriched with polyunsaturated fatty
acids, especially arachidonic acid [52]. Three central en-
zyme systems involved in metabolism have been iden-
tified: cyclooxygenase (COX), lipoxygenase (LOX) and
epoxygenase (EPOX). Arachidonic acid is a substrate for
the enzyme mentioned above systems [53]. Different
concentrations of enzymes and their isoforms in dif-
ferent places determine the overall effect on cerebral
blood flow. Of the many metabolites produced by COX,
the vasodilators prostacyclin (PGI2) and prostaglandin
E2 (PGE2) and epoxyeicosatrienoic acids (EET) predomi-
nate in normal endothelium.

Eicosanoids are a group of vasoactive derivatives
of arachidonic acid. They are endothelial hyperpolariz-
ing factors that protect against ischemic tissue damage
and have an anti-inflammatory effect [54]. Vasodilation
in response to EET activity has been observed in sev-

eral organs, including the heart, brain, kidney, skeletal
muscle, and intestine [55]. All active substances of the
cyclooxygenase pathway (prostaglandin H2 and its fol-
lowers’ prostaglandin F2a and thromboxane A2) are es-
sential in developing pathological processes. PGE2 affects
capillary pericytes through the EP4 receptor [47, 56]. A
biphasic, dose-dependent action via EP4 and EP1 recep-
tors is observed at low and high concentrations. Binding
to EP1 occurs in high concentrations and causes vaso-
spasm. EETs can also function inside the cell by binding
to ion channels and activating them by signalling proteins
or transcription factors. Experimental data confirm the
intracellular mechanism of action, which consists in the
fact that EETs are embedded in phospholipids of the cell
membrane, bind to fatty acid-binding proteins, and per-
oxisome proliferator-activated receptor (PPAR) y [57].

EETs have been shown to promote blood circulation
at the capillary level and act on the EP4 receptor. Two
regioisomeric EETs produced by endothelial cells dilate
blood vessels by exciting large conductance calcium-
activated K+ (K-Ca) channels on vascular smooth mus-
cle cells, [58] leading to K+ efflux from smooth muscle
cells and subsequent membrane hyperpolarization. In
addition, there is evidence that EETs reduce inflamma-
tion. The anti-inflammatory effects of EET include the
reduction of human polymorphonuclear leukocyte ag-
gregation and leukocyte adhesion to endothelial cells
[59] and attenuating IL-1B-induced fever. While free (re-
leased) EETs can be substrates for partial -oxidation or
chain elongation, their main catabolic pathway is rapid
hydrolysis to the corresponding dihydryl forms (DHET)
by soluble epoxide hydrolase (sEH), a cytosolic enzyme.
sEH is mainly expressed in astrocytes [60], and stud-
ies suggest that polyunsaturated fatty acid metabolism
may be involved in the pathophysiology of depressive
disorders [61, 62]. The conversion of EET epoxides to
the corresponding diols by soluble epoxide hydrolases
is responsible for the reduction of EET levels and thus
reduces their protective properties [63]. Therefore, in-
hibition of this enzyme may be a target for treating car-
diovascular diseases and brain disorders, which would
prevent the conversion of EET to DHET and improve dila-
tor activity in human blood vessels [64].

EET and soluble epoxide hydrolase blockers (sEHIs)
counteract the vasoconstrictor activity of the prohyper-
tensive hormones endothelin-1 and angiotensin Il [65].
A recent clinical study found higher concentrations of
sEH-related oxylipins in individuals with white matter
hyperintensities on MRI, which were also associated
with impaired executive function [66]. Subsequently, it
was established that sEH metabolites were specifically
related to the speed of psychomotor information pro-
cessing [67]. Overall, these results suggest that elevated
SEH activity may be a marker and factor in cerebral small
vessel disease.

Dysfunction of the CYP450-sEH pathway has been
reported in clinical trials of seasonal depression, major
depression without T2DM, and significant depression
with T2DM [68, 69, 70]. Higher levels of sEH activity
were found in depressed patients with type 2 diabetes
compared to non-depressed T2DM patients matched
for glycated haemoglobin (HbA1lc), age, and body mass
index, whereas epoxides were generally lower. A large
amount of literature has linked depression to inflam-
matory cytokine concentrations in individuals with and
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without type 2 DM [71]; however, these relationships
are highly heterogeneous. In carefully selected patients
with type 2 DM, serum IL-6, a classical marker of inflam-
mation, did not differ between depressed and non-de-
pressed patients and was not associated with depressive
symptoms, whereas CYP450-sEH metabolites showed a
robust association that suggests that systemic depres-
sion may be related to a poor pro-soluble lipid response
rather than inflammation per se [70, 72]. In animal
experiments, chronic stress increased the expression
of sEH in the liver of mice and caused depressive phe-
notypes. In contrast, genetic deletion of hepatic Ephx2
(which encodes the sEH enzyme) resulted in resistance
to developing depressive symptoms [73]. Elevated sEH
protein levels have also been reported in studies of
postmortem brain and liver samples from depressed
patients, where quantitative brain and liver sEH values
are positively correlated, suggesting a possible disrup-
tion of communication between these organs as a result
of metabolic changes in type 2 diabetes [74].
Astrocytes support almost all aspects of brain func-
tion, including ion and neurotransmitter homeostasis,
neural circuit formation, synaptic plasticity and function,
and neurovascular communication [75]. Available data
confirm that the dysfunction of astrocytes in frontolimbic
regions is involved in the pathophysiology of depressive
disorders [76]. In addition, astrocytes release adenos-
ine ATP, specifically adenosine, d-serine, and glutamate,
which are vital for the induction of depressive symptoms
and the strength of antidepressant responses [77].
Increasing evidence suggests that the frontolimbic
zone is an affected region in the pathophysiology of de-
pression [78]. A sustained increase in the excitability of
this brain region is sufficient to induce anhedonia, the
main symptom of depression [79]. The frontolimbic
area is essential for behavioural adaptation in response
to stress. Based on previous studies and data, it was hy-
pothesized that EET signalling in astrocytes of this region
might play an important role in behavioural adaptation
in response to stress. Glutamatergic neurotransmission
occurs mainly within the tripartite synapse, including as-
trocyte processes, presynaptic axon terminals, and post-
synaptic elements [80]. Acute exposure to stress rapidly
increases extracellular glutamate, which stimulates the
release of ATP from astrocytes. This extracellular ATP is
rapidly cleaved to adenosine, which activates presynap-
tic A1 or P2Y receptors to inhibit neuronal activity [81].
Such feedback regulation probably provides behavioural
adaptation, which leads to a correct response to chang-
es in the surrounding environment. There is evidence
that acute stress transiently increases glutamate release
before ATP release [82], and data showing that Al re-
ceptors mediate the antidepressant effect of sleep de-
privation [83]. Chronic stress has been shown to induce
higher levels of sEH oligomerization, which disrupts EET
signalling. It thus decreases ATP release from astrocytes
in response, ultimately leading to increased excitability
of the frontolimbic region, which may cause anhedonia
in depression [79, 84]. Hyperglycemia in diabetes can
dramatically increase the glucose level in brain cells,
leading to their damage, a phenomenon called glucose
neurotoxicity [85]. Astrocytes respond to all forms of
CNS injury by a process commonly referred to as reactive
astrogliosis. It is not a simple “all-or-nothing” phenom-
enon but rather a finely graded continuum of changes

that occur depending on the context and are regulated
by certain signalling events. These changes range from
reversible changes in gene expression and cell hyper-
trophy with preservation of cellular domains and tissue
structure to long-term scarring with the remodelling of
tissue structure [86]. They can also be the reason for the
development of diabetic cerebral neuropathy. High glu-
cose increases the production of reactive oxygen spe-
cies, the expression of inflammatory cytokines, and cell
apoptosis in primary astrocytes [87]. Anatomically, glu-
cose can be transported mainly in the astrocyte, asitis a
component of the blood-brain barrier (BBB) [88]. Astro-
cytes have processes that, on the one hand, are in con-
tact with blood vessels, and on the other, with neuronal
axons (in nodes of Ranvier) and synapses, aptly located
to absorb glucose from blood vessels and supply energy
with metabolites to various nerve cells. The utilization of
astrocytic glycogen can support neuronal activity during
hypoglycemia and periods of high activity [89]. Astro-
cytes have a higher glucose metabolism than neurons,
and activation of the somatosensory cortex increases
its absorption mainly by astrocytes [90]. High glucose ir-
reversibly suppresses astrocyte proliferation, an essen-
tial component of reactive gliosis in response to various
brain injuries [91], while diabetes suppresses activation
of the somatosensory cortex after perfusion [92]. Inhibi-
tion of astrogliosis in diabetes can be explained by the
inhibitory effect of high glucose on astrocytic prolifera-
tion. High glucose increases glycolysis and increases lac-
tate production and ATP content in astrocytes. Recent
studies have shown that the astrocyte-neuron lactate
pathway supplies substrate for the latter’s metabolism
[93]. Lactate can be an essential source of energy for
neurons; at the same time, its excessive level can cause
their damage [94].

The exact mechanism by which depression increases
the risk of cardiovascular disease in type 2 diabetes is
currently unknown. It has been suggested that it is re-
lated to several pathways, such as neuroendocrine dis-
orders and the inflammatory response of the vascular
endothelium [95]. Depression leads to overstimulation
of the hypothalamic-pituitary-adrenal circuit, which
causes an increase in cortisol secretion, which increases
damage to the vascular endothelium and contributes to
insulin resistance. It is also known that depression, dia-
betes, and cardiovascular disease may share several po-
tential pleiotropic genes, thus affecting multiple signal-
ling pathways, such as corticotropin-releasing hormone,
adenosine monophosphate-activated protein kinase,
and 5-hydroxytryptamine [96].

Conclusions.

The above materials emphasize the hypothesis that
vascular depression can be a manifestation of more se-
vere, profound, structural and functional changes in the
body, associated with a more severe course and higher
mortality from type 2 diabetes, coronary heart disease
and other cardiovascular diseases.

Prospects for further research.

Further study of the mechanisms and connections
between depressive disorders, diabetes and coronary
heart disease would allow the development of pharma-
cological and non-pharmacological technologies to in-
fluence these processes and reduce aggravating chains,
improve the prognosis of diseases, and improve the
quality of life of patients.
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CYAUHHA AENPECIA TA CEPLEBO-CYAUHHI YCKNAAQHEHHA
LYKPOBOIO AIABETY 2 TUNY

MonTaBcbKuUi gepaBHU meauuHuii yHisepcuteT (m. MonTaea, YKpaiHa)
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B pobomi sucsimneHi Haykosi nidrpyHms, AKi nos’a3yrome 080CMOPOHHI namogizionoziyHi mexaHiamu
po3sumky denpecii 3 nozipweHHAM nepebiey yykposozo diabemy 2 muny ma iwemiyHoi xeopobu cepud, 3acmiliHoi
cepuesoi HedocmamHocmi ma 36inbWeHHAM KapOio8ACKYAAPHO20 PU3UKY. BudHayaemoca mepmiH «CyOUHHA
Oenpecia», acoyiliosaHa 3 OpeaHiYHUMU 3MIHAMU 20/108HO20 MO3KY XApaKmMepHUMU 05 yepebpo-8acKyAAPHUX
AK e2inepiHmeHcusHicms 6inoi pe4osuHU 20/108H020 MO3KY. Po3sumky 2inepiHmeHcusHocmi 6inoi pe4yosuHu
Ccrpusome CyoOUHHa Oucpeaynauis, mpaH3uUMopHa iwemis, 3anasneHHA ma iwemiyHe rMouwKoOMceHHA. OnucaHi
nopyweHHA peaynauii cyouHHo20 MOHYcYy, AKi 8i0bysaromeca rnpu po3sumeky 0enpecusHUXx CmMaHie ma ix 38'A30K
3 COMAMUYHOIO aMOsI02iEl0, 3HUMEHHAM KPOBOMOKY 20/108H020 MO3KY Md MOABOI AheKMUBHUX i KO2HIMUBHUX
cumnmomis. Bucgimaroemoca 3HaYeHHA NidsuweHHa apmepiansbHoi yoopcmrkocmi ma eHoomeniansHoi uChyHKUT
y po3sumky Oenpecii. OnucaHi pe2ynamopHi MexaHi3amu 8rausy 2a1K03U, OKCUOY a30my, Npo3ananbHux YUMOoKIiHis,
apaxidoHosoi Kucnomu, eliko3aHoidie Ha CyOUHHY peaynAauilo ma ix rnopyweHHa y nayieHmis 3 denpeciero ma
uykposum diabemom 2 muny. Ocobaugsocmi acmpoyumapHo20, HelipOHHO20 20Meocmasy 20/108HO20 MO3KY,
HelipomoKcu4Hicme rnopyweHs 8y2neso0Ho20 obMiHy ma memabonizmy 2aymamamy, iX 3HaYeHHA Y MopyweHHI
80300KMUBHUX peakyili, pozsumky denpecii'y nayieHmis 3 LI/] 2 muny. Po3eaaHymi mexaHizamu Helipo-eHOOKPUHHOI,
memaboniyHoi ma hepmeHmamusHoi cyOUHHOI pe2ynauii, ix ocobausocmi 'y xeopux 3 yyKkposum diabemom 2 murny

ma Oenpecieto, 8rsaus Ha nepebiz, NPo2HO3 3aX80PHOBAHHA MA cepye8o-CyOUHHUU PU3UK.

Knw4oei cnoea: Oenpecia, uykposuli Odiabem,
30X80PHOBAHHSA, 80300KMUBHI PEYOBUHU.

38’A30K ny6niKauii 3 n1aHOBMMMU HayKOBO-A0CAIA-
HUMU poboTamu.

PoboTa BMKOHaHa Ha Kadeapi BHYTPiWHbOI meau-
uMHK N2 2 Ta € pparMeHTOM HayKOBO-A0CAIAHOT TeMM
Kadegpu: «JocnigxKeHHA OLiHKM MOEAHAHOro BMN/UBY
baKTOpiB KAapAiOBACKYNAPHOTO PU3MKY Ha KOMOPBIAHWI
nepebir apTepianbHoi rinepTteHsii, iLwemiyHoi xBopobu
cepus i XpOHiYHOT XBOpPOHU HMPOK, 0cobAnBOCTI Npoodi-
NAKTUKKM Ta peabinitauii». [epKaBHUN peecTpauiiHnit
Ne 0119U102851.

Bctyn.

3a gaHumu, onybnikoBaHMMK Ha canTi BOO3, npwm-
6m13HO 280 MmiNbMOHIB Ntofel y CBITi CTpaXKaaoTb Ha
aenpecito [1]. Jenpecia € OCHOBHOI CBITOBOK MpUYK-
HOO iHBaNIAHOCTI Ta rO/I0BHUM (HAKTOPOM 3aranbHOro
rnobanbHOro TArapsA 3axBoptoBaHb [2]. B ocTaHHi fecATb
POKiB, BOHa BUCTYNA€E He3aNEXHUM PaKTOPOM PU3IMKY
PO3BUTKY CEPLEBO-CYAUHHMX, LLepebpoBacKyNAPHUX, a
TAKOX HelpopereHepaTUBHUX 3aXBOPIOBAHb, 3 iHLWOro
6OKy, CYAMHHI Ta HelpoaereHepaTUBHI 3aXBOPIOBAHHSA
roIOBHOIO MO3KY 34aTHi CNPUYMHUTM PO3BUTOK Aenpe-
cii [3].

“CyavHHa penpecia”, sk NOHATTA, BNepLle 3raayerb-
ca B poboTtax G.S. Alexopoulos Ta cnisasTopiB B 1997
poui [4]. Ix rinoTesa npunyckana, Wo «...uepebpoBacky-
NAPHA XBOpoba MoKe CNPUYUHATH, NPUCKOPIOBATK abo
nigTPMMYBaTH LeAKi AenpecuBHi cuHgpommu». ABTopu
3anponoHyBann poboye BU3HAYEHHSA, 3aCHOBAHE Ha Ha-
ABHOCTI CyAMHHUX aKTopiB pU3MKY. KniHiuHa KapTuHa
«CYAMHHOI Aenpecii» 3a UMM BU3HAYEHHAM XapaKTepu-
3yBasiacA KOTHITMUBHMM AediunMTom, MCMXOMOTOPHOO
BiZICTA/NICTIO, BiACYTHICTIO PO3yMiHHA Ta iHBanign3aLi-
€10, Lo By1a HENPONOPLINHOK TAMKKOCTI AENPECUBHOTO
po3nagy [5]. TakoxK nigTBepAKeHMM € aKT Wo aenpe-
cia ABnAe coboto XPOHIYHUI PO3/1aj, HAaCTPOK LUMPOKO

CyOUHHA eHoomenianbHa pe2ynayis,

cepyeso-cyOuHHi

NOLWMPEHNI NPU CYAMHHIN NATONOrIT FTONOBHOTO MO3KY,
il TAXKKUIA nepebir yacTiwe 3ycTpiyaeTbecs y Aoaen i3
YPaXKEHHAM CYAMH, HiXK Y TUX, XTO CTPAXKAAE Ha XBOPOOY
Anbureimepa [6].

[lenpecia Ta TpuBora € 4BOMa YaCTUMM 3MiHaMM Ha-
CTPOIO cepep, NaLEHTIB i3 cepueBOo-CyAUHHMMM 3aXBO-
PIOBAHHAMM LLLO NOB’A3aHI 3 NOFipWEHHAM NPOrHo3y Ta
36iNblUEHHAM KapaioBackynsapHoro pusuky [7]. denpe-
CUBHUI po3nag, Bce GiNblue BM3HAETLCA HE3aNEKHUM
$aKTOPOM PU3UKY PO3BUTKY Ta aCOLLIKOETHCA 3 MipLIUM
nepebirom iwemivyHoi xBopobu cepusa (IXC). Yucnen-
HUMW [OCNIAKEHHAMU MPOAEMOHCTPOBAHUIN NPAMMIA
3B’A30K MiX Jenpecielo Ta NigBULLEHHAM CMEpPTHOCTI
abo Bunaakis HedaTaNbHUX KapAiOBACKYNAPHUX MOAIN
y 6inblie Hix 2 pa3u B Uil rpyni nauieHTis. byno BcTa-
HOBJ/IEHO, LLLO AK IETKa Aenpecia, Tak i NOMipHa Ta BaXKKa
il dopmu, mMoxKyTb 6yTM dakTopamu puU3MKy Aaa no-
BTOPHOI rocnitanisauii 3 CyguHHUX TaK i 3 He CYyAUHHUX
npuyumH [8, 9, 10, 11]. B To Ke yac, NOWMpPEHICTb Ae-
npecii, BU3HaYeHOI AK BE/NKUI AEeNpPecuBHUI po3naj,
abo nocuneHHa il CMMNTOMIB Ha OCHOBI OMUTYBa/bHU-
KiB, Mali’ke BABIYI BMLLA cepes [OPOCAUX i3 AiabeTom
NOPIBHAHO 3 TUMW, XTO HE MA€E LIbOrO XPOHIYHOro me-
TaboniyHoro crtaHy. Lykposuit giabet 2 tuny (U42) €
NaToONOri€l0, AKA BUK/IMKAE 3HAYHY 3aXBOPKOBAHICTb i
CMEePTHICTb, @ TAaKOX NOB’A3aHa 3i 3HAYHMMM BUTPATaMM
Ha NikyBaHHA [12]. AHani3 ABOCTOPOHHbLOTO 3B'A3KY MiXK
Aenpecieto Ta MAKPOCYAUHHUMMU 1 MIKPOCYAUHHUMMU
YCKNagHeHHAMM giabeTy, BUABWO, WO Aenpecia nig-
BULLYE PU3MK iHPAPKTY MioKapay, iluemiyHoi XBopobu
cepus, 3acTiMHOI cepueBOi HeAOCTaTHOCTI, NOB’'A3aHMX
i3 U2 [13]. KoropTHe gocniaskeHHs 3a yyacTtio 192685
nauieHTiB 3 AiabeToM Ta Aenpecieto a TakoxK 6e3 Hei no-
Ka3aso, WO PU3MK MAKPOCYAUHHUX YCKNALHEHb, TaKUX
AK FOCTPUIA KOPOHAPHWI CUHAPOM Ta iHCynbT, 6yB Yy 1,35
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pasa BULLMM Y NaLieHTIB i3 giabeTom Ta Aenpecieto, Hix
y naujeHTiB 6e3 genpecii [14]. L2 3 kKomopbigHoto ae-
npecieto NigBULLYE PU3MK CepLEBO-CYAMHHUX 3aXBOPHO-
BaHb Ta BiporigHicTb ¢paTanbHMX noaiii. Jenpecia € no-
LWMPEHMM PO3/1aA0M cepes, 6e3cCMMNTOMHMX NaLieHTIB
niTHboro Biky 3 UA2. Mpu gocnigxeHHi 274 nauieHTis
3 6escumntomHum L2, KomopbigHa agenpecia nig-
BULLYBaNa PU3UK cepLeBoi HeaocTaTHoCTI y 2,5 pasu
[15]. Kpim Toro, genpecia moxe BNAMBATWM Ha 3arasib-
HY CMepTHiCTb Yy MaLieHTiB i3 nepeaaiabetom, icTOTHO
niasuwyroun ii BiporigHicte [16]. Ockinbku genpecis €
HecnpuATAMBUM GaKTOPOM, LLO BR/IMBAE AK Ha Nepebir
LA2 Tak i Ha IXC, ii BnAnB npu noegHaHHOMY nepebiry
LMX 3aXBOPHOBaAHDb iLLLe MatoTb 6YTM BM3HAUYEHi B MalibyT-
HbOMY.

MerTta gocnigeHHs.

Y3aranbHUTK iCHYIOYi HAYKOBI AaHi, AKi XapakTepu-
3yloTb BM/MB Aenpecii Ha nepebir Luykposoro aiabety 2
TMNY, iWemiyHoi XBOpobu cepua Ta CYAUHHOI eHAaoTeNi-
anbHOI ANCHYHKLI.

O6’eKT i meTOAU AOCNIAXKEHHA.

AHani3 cy4yaCHMX HAYKOBMX EKCMEPUMEHTA/IbHUX Ta
KNIHIYHMUX goCNigKeHb.

Pe3ynbTatv fOCniXKAEHHA Ta iX 06roBopeHHs.

BigMiHHOI O3HaAKOW CyAMHHOI Aenpecii, BU3Have-
HOT 33 AOMNOMOrot MarHUTHO-Pe30HaHCHOT Tomorpadii
(MPT), € HaABHICTb yparkeHb 6in0T pe4oBUHN FONOBHOIO
MO3KY, iAeHTMdIKoBaHUX AK Ti rinepiHTeHCcMBHICTb. line-
piHTEHCUBHICTb 6inoi peyoBmHU (TBP) Nnos’s3aHa 30Kpe-
Ma 3 LuepebpoBackynspHUMK GaKTopamm PU3UKY, BKAIO-
yatoun giabert, cepleBi 3aXBOPIOBaHHA Ta apTepianbHy
rineptensito [17, 18, 19]. TBP € 6inbwoto 3a 06’emom
y xBopux Ha UJ 2 Tuny Ta nos’A3aHa 3 BUPAKEHUMMU
KOTHITUBHUMMW MOPYLUEHHAMU 1 AeNpPecMBHUMM CTaHa-
mu [20]. CyauHHa ancperynsuis cnpuse po3suTky 6P,
OCKIi/IbKM BOHa HaZ3BMYaMHO YyT/IMBa 40 TPAH3UTOPHOI
ilwemii, a 6araTo onMcaHMX BMMaAKiB MaloTb iliemiyHe
noxoarkeHHs [21, 22]. OKpim Toro 6yno 3asHayeHo, Wo
NaToNOriYHi npouecu, AKi CynpoBOAKYHOTbLCA apTepi-
ANbHOIO riNepTEH3IED Ta 3MIHOK apTepiaNbHOro TUCKY
6e3nocepefHbO acoLioOBaHi 3 AENPeCcMBHUMU CTaHa-
Mu [23, 24] i TakoxK cnpustoTb po3BuTky 6P [25], oco-
61MBO KO/ CMOCTEPiraeTbCA NOpyLLEHHS LepebpanbHoi
BAa30MOTOPHOI PeaKTMBHOCTI Ta 3MiHa Mpouecis ayTo-
perynauii ToHycy MO3KoBuX cyauH [26, 27]. «CyanHHa
Aenpeciay», AK NoTeHLiMHa A4iarHOCTMYHA CYTHICTb MOXKe
He 0bMeyBaTUCA MaLliEHTaMM CTapLUMX BIKOBUX rpyn.
Ocobu 3 paHHIM NMOYaTKOM LbOrO MATONONYHOrO CTaHy,
MaloTb MNiABULLEHUA CYAUHHWUA PU3KK, OCKINbKM BIiH
noB’A3aHKI 3 PO3BMTKOM Ba3onarTili Ta iHcynbTy [28].

HeliposisyanizauiliHi Ta HeBponaToNoriyHi Aochi-
OXKEHHA OeMOHCTPYIoTb, Wo [BP Big3epkantoe nepebir
LUMPOKOrO CMEeKTPy NPOLECiB, B TOMY YMCAI NEepPUBACKY-
NAPHY AeMIeNiHi3auito, apTepiocknepos, iwemito, rnios
abo yacTKoBYy BTpaTy Mi€NiHy Ta aKCOHIB HEPBOBMMMU
KnitTuHamu [22], a rnboka BP, HanpAmy Kopenoe 3
iemiyHMMK NpoLecamm B roIOBHOMY MO3Ky [29].

MpouecK, acoL,iioBaHi 3 PisHOMaHITHMMM 3aXBOPIO-
BaHHAMM, CNPUAIOTb PO3BUTKY NpO3anasibHUX CTaHIB B
opraHismi nogen [30]. Byno BusBAEHO, WO aKTMBaLLA
iIMYHHOI cncTeMn, MoxKe BYyTUM XapaKTEPHOH O3HAKOH
AenpecuBHUX po3nagis [31], npuckopoBaTM PO3BUTOK
Ta NPOABU AENPECUBHUX cMMNTOMIB [32]. IcHye npu-
NyLWeHHA, WO iMyHHA AMCPErynsaLia mo¥Ke CnpuaTtu
pO3BUTKY adEeKTUBHUX PO3NafiB, Ta NOABI KOTHITUBHUX

nopylueHb npu genpecii. HasiTb 6€3 NposABy 3axBopto-
BaHb, Y MALEHTIB 3 Aenpecielo cnocTepiraeTbca nigsu-
LeHM piBeHb Npo3ananbHuX [33] i 3HUMKEHUI piBeHb
npoTusananbHUX LMTOKIHIB [34]. Mpo3ananbHi npouecu
TAKOX CNpUAIOTb BipakeHill HelpogereHepadii. 3poc-
TaHHA NepudepuyHMX MapKepiB 3ananeHHs nos’asaHe
3 MiABULLEHMM PUSMKOM AeMeHLUji, a 36inblieHi piBHi
LMTOKIHIB — 3 AenpecuBHUMW CUMNTOMaMU Yy NtOAeN,
npuyomy Hanbinbw BipOriAHUM € BWABNEHHA NigBU-
LLeHoro piBHto IL-6, afie TaKoXK B LLel NpoLec 3a1y4eHo
IL-1PB, IL-8 i TNFa [35]. XpoHiyHe 3ananeHHA HU3bKOT iH-
TEHCUBHOCTI € CNiNbHO 03HaKot ana IXC Ta LyKposoro
niabety. MNpu 060x cTaHax CNoCTepiraeTbCA aKTMBaL,A
BMBI/IbHEHHA HEUTPODINbHUX MO3aKNITUHHUX MACTOK,
AKi ByQyTb CNOHYKaTU MaKkpodarm Ana BUXoay LMTOKIHIB
IL-1B Ta IL-18, a uelt npouec NOCUAIOETLCA NPU XPOHiU-
HOMY acenTUYHOMY 3ananeHHi [36].

MopyweHHA perynauii CygMHHOro TOHYCYy € MnoLuu-
peHUM npu AenpecuBHUX posnagax [37]. 3HUMKeHHA
KPOBOTOKY B FO/IOBHOMY MO3KY MOXe NOpYyLWUTU MOoro
perioHanbHi yHKLiT, cnpualouM noAsi adpeKTUBHUX i
KOTHITUBHUX CMMMTOMIB. PerioHanbHa uepebpanbHa
MeTaboniyHa aKTUBHICTb TICHO KOPENIOE 3 KPOBOTOKOM,
AKUIN PEryntoeTbCA NOKasIbHUMM B3AEMOLIAMMN MiXK He-
MpOHamMU, TNiEl Ta CyaMHHOK cucTemoto. Ha Mo3KoBui
KPOBOTIK BN/IMBAIOTb CUCTEMHA reMOZMHaMIKa Ta Lepe-
b6poBackynapHa ayToperynauisa, Konn uepebpanbHi ap-
Tepii CKopouytTbCA ab0 PO3LIMPIOIOTLCA pearyym Ha
3MiHW TUCKY. LIi npouecn B3aemogaioTb, ANA NiATPUMKM
cTabinbHOI Nnepdysii, NpoTe BOHM NOPYLUIYIOTLCA B KOH-
TEKCTi PO3BUTKY CYAMHHUX 3aXBOPHOBAHb: FiNepTOHisA,
niabet i atepocknepos npu3BoaATb A0 nponidepauii
iHTIMM, rinepTpodii CyAUHHOI CTIHKW, 3MEeHLIEeHHA Aia-
MeTpa MPOCBITY apTepili, 3HUKEHHA X PO3TAKHOCTI Ta
AMCOYHKUIT eHaoTenianbHUX KNITUH.

Po3pocTaHHA iHTUMW CyaMH, NIABULLEHHA apTepi-
a/IbHOI YKOPCTKOCTI i eHAOTeNiaNbHA ANCOYHKLIA € 3Mi-
Hamu, WO BUpaxKeHi npu genpecii [38]. CyauHHa nato-
Noris NPU3BOANTb A0 3HUMNKEHHA 06’€MHOI WBMAKOCTI
KPOBOTOKY Ta Ba3OMOTOPHOI peakTuBHOCTi, [39] Hera-
TMBHO BMMBAOYM Ha MO3KOBMI KPOBOTIK. Jlerke 3Hu-
YKEHHA MO3KOBOI LIMPKYNALLT MOXe NOPYLUNTN KOTHITWB-
Hi Ta adeKTUBHI nNpouecu, Toai AK binble ii 3HUKEHHA
Y KOHTeKCTi gediunty aytToperynauii moxe cnpuynHUTH
iwemiyHe nowkoaKeHHA. MMigkipkoBa 6ina pevyoBMHa
0cobAMBO YyTAMBA A0 LMX 3MiH, OCKifIbKM BOHA nocTa-
YaETbCA TEPMiHANIbHUMKM apTepionamu 3 obmexkeHUM
KonaTepasibHUM KpoBoToKkom [40].

Ona poO3yMiHHA MOXKAMBUX MeEXaHi3MiB pPO3BU-
TKY CYyAMHHOI aenpecii y xBopux 3 IXC Ta 3 LyKpoBUM
niabetom, HeobxiaHO 3ragaTu, WO rONOBHUIA MO3OK €
OAHUM 3 HalbiNbll aKTUMBHUX MeTabosiyHUX opraHis
NOACHKOTO opraHiamy. Motpeba TKAHMHM MO3KY B KUCHI
CTaHOBUTb NoHag, 20% BCbOrO TiNa, TAaKUM YNHOM, aZEK-
BaTHUI LepebpanbHU KPOBOOBIr MA€e 3340BObHUTU
KMUCHeBY MoTpeby MO3KOBOI TKaHWHW. Perynauia mos-
KOBOTO KPOBOODIry 'pyHTYETbCA Ha CKAAAHIV B3aeEMog,i
CepLeBO-CYAMHHOI, ANXaNnbHOI Ta HepBOBOI ¢isionorii. Y
HOPMI, Ui cucTtemun AitoTb ANA NIATPMMKM a4eKBAaTHOro
uepebpanbHOro KpoBoobiry Wasaxom moaynsuii rigpo-
OMHaMIYHMX NapameTpis (onip CyAnH rofIOBHOTO MO3KY,
apTepiasibHUI, BHYTPILLHbOYEPENHUIA | BEHO3HWUI TUCK)
[41]. Ba30aKTUBHI areHTu, WO BUBINbHAIOTLCA 3 NAPEH-
XiMW FTONOBHOFO MO3KY, MOXYTb BMJMBATU HA KAITUHY,
AKi 3HAXOAATLCA B CYAMHHIN CUCTEMI, BUKAMKAOUM Bif-
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NnoBiAHY peakKuito cyamH. Ha pi3sHMX piBHAX CyaMHHOro
OepeBa po3TalloBaHi pi3Hi TMNK KNiTUH. Thagkom’A30Bi
KNITUHU CYAMHHOI CTIHKM HaZ3BWYAWHO 4yTauBi [0 Aji
BA30aKTUBHUX PEYOBUH: AK BA3OKOHCTPUKTOPIB TaK i
Basoaunatatopis. CMHaNTMYHa nepefayva € BaXK/JAUBUM
CTUMYIOM HEpPBOBO-CYAMHHOrO 3B’A3KY Yepe3 BUPOL-
HULTBO Ba30aKTMBHUX MeTaboniTiB, TaKUX SAIK MOXiAHi
apaxifLoOHOBOI KUCNOTU, NAKTaT, aA4EHO3MH | OKCUA, a30Ty.
Micuem cuHTesy umx metaboniTiB € HEMpPOH, acTpouuT
i cami rnagkom’asoBi KNiTUHW. HelipoHu i acTpoumTu
po3TalwoBaHi B H6esnocepeaHii 6AM3bKOCTI AK 40 He-
MPOHANbHOIO CUHANCY, Ae iHILiOETbCA CUrHan, TakK | Ao
rNafKoM A30BUX KNITUH PEryntooyoi MiKpoLMpKynaTop-
HoOi cuctemn ana 3abesneyvyeHHA HEPBOBO-CYLAUHHOMO
38’A3Ky [42]. HesanexHo Big, micusa yTBOpPEHHS, iX Tou-
KO aKTMBHOCTI € I1agKOM A308Bi BOSIOKHA, WO OTOYYIOTb
apTtepionu i kaninapwm [43].

Okcug, asoTy (NO) € ocHOBHMM MegiaTopom peryns-
uii cygMHHOro ToHycy mosky [42, 44]. CuHTasa okcuay
asoty (NOS), mae Kinbka isodopm. EHaoTenianbHa NOS
(eNOS) — ue i30dopma, LLLO MICTUTLCA B KPOBOHOCHMX CY-
OMHAX rofIOBHOTO MO3KY, 30Kpema B eHgoTenii [45]. He-
mpoHanbHa NOS (NNOS) — ue i3odopma, WO MICTUTbCA
B HellpoHax. TpeTa isodpopma, iHaykoBaHa NOS (iNOS),
Oyna BuABNEHA B MO3KOBIM TKaHWHi. Bnokaga nNOS
CNPUYMNHAE HalibiNblue 3HUKEHHA (Ha 64%) HepBOBO-CY-
OVHHOI peakuii. OCTaHHI AOCNiAMKEHHA Ha NoaAX i3 3a-
CTOCYBAHHAM HECeNeKTUBHOrO iHribiTopa CMHTa3M OKCK-
A4y a30Ty NiATBEPAMAN BaXKAMBICTb MOrO BUBINbHEHHA
ONa peanisauii ABMWa PyHKLIOHaNbHOI rinepemii [46].

Okcng, a3oTy € Ba3oAUNATAaTOPOM, WO peanisye
CBi BN/AMB 4yepe3 3anexHy Big ulfM® rinepnonsapu-
3aUil0 rMagKkuMx M'A3iB CyauH BHACNiQOK BiAKPUTTA Ka-
NieBMX KaHaniB. Xoya BiH Aji€ Ha nigsuweHHs ufM® vy
TNafKoM’A30BUX KNITUHAX CYAMH, LA MOro posib B nepu-
LMTax He cnocTepiraeTbes. Mig yac akTmBaL,ii HelMpoHis,
po3cnabsieHHs NepULUTIB, LLO OTOYYIOTb Kaninapu, BBa-
YKAETbCA MPUYMHOLO 3HAYHOTO 36iNbLUEHHA NOTOKY KPOBI
[47]. B KaninapHMX nepuumTax oKcug a3oTy Ma€ Henps-
MWIA Ba30AMIATATOPHUIN e(deKT LWAAXOM MPUTHIYEeHHS
npoAaykKuii metabonity apaxigoHoBoi kucnotmn — 20-ria-
POKcielKo3aTeTpaeHOBOI KUC/IOTU, fIKa CUHTE3YETbCA
yepes umtoxpom P450 (CYP450), wo iHribye akTMBOBa-
Hi KafibLjem Kaniesi KaHanu; Uen npouec NpPUsBOAUTbL
00 Aenonspusauii Ta BasoKOHCTpUKLUIT [48]. Y xBopux
Ha LyKpoBuI AiabeT cnocTepiraeTbca MocCTiiHa 3HaYHa
aKTMBaLiA npoTeiHkiHa3su C nig BNAMBOM 3HAYHUX KOH-
LLeHTPALiM r1IOKO3M B KPOBI, LLO NPU3BOAUTb L0 3HU-
YKEHHA CUHTE3y OKCUAy a30Ty B MALKOM A30BUX KAITK-
Hax cyauH [49] i npurHiyye ekcnpecito eHaoTenianbHoi
CMHTa3n OKcuAy asoTy, CTUMY/bOBAHY iHcyniHOM, [50]
a TaKOX IHAYKYE eKcnpecito GaKTopy pocTy eHAoTenito
Yy rNagKkomM’A30BMX KAiTMHaX cyAnH. OKpiM LbOro, 3Hu-
YKEHA aKTUBHICTb OKCMAY a30Ty Y XBOPUX Ha LLYKPOBUMA
aiabet moxe 6yTV cnpuYMHEHa NOpyLEHHAM AOro BU-
pobHMLTBA BHACNIAOK MOriplWeHHA nepegadi curHany,
nediunty cybetpaty NO-cuMHTasn abo 3HUMKEHHAM A0-
CTYNHOCTI KodaKTopiB, HEOOXiAHMX ANA ONTUMANbHOTO
byHKLUiOHYBaHHA Uboro depmeHTy. AKTMBaLia nepe-
KWCHOTO OKWCHEHHA NpW LyKpoBomy pAiabeTi iHiujitoe
WBMAKY iIHAKTUBALLIO OKCUAY a30Ty aKTUBHMMMK PopMma-
MW KUCHIO 3 YTBOPEHHAM NEPOKCUHITPUTY, AKUI YUHUTD
TOKCUMYHY YLIKOAMKYHOUY Aito Ha 6ionoriyHi monekynm
[51].

Mo3ok 36ara4eHui NoNiHEHACUYEHUMU KUPHUMU
KMCNoTaMu, 0cobanBO apaxigoHoBOK Kucaototo [52].
BuaBneHo Tpu OCHOBHI bepmeHTHI cuctemu, Wwo bepyTtb
y4yacTb B meTabosniami: umknookcureHasy (LLOI), ninok-
cureHasy (/10l) i enokcureHasy (EPOX). ApaxigoHoBa
KMCNOTa € cybcTpaTom ANna BULWEe3ragaHnx GepmeHTHUX
cuctem [53]. Pi3Hi KoHUeHTpauii ¢pepmeHTiB Ta ix i30-
dopm y pi3HUX MicuAX BM3HAYaOTb 3arajibHUN BNAUB
Ha uepebpanbHUN KPOBOTIK. 3 HaraTbox meTtaboniTis,
wo npogyKytoTtbea LIOT, Bazogmnatatopm NpocTaLmKiIiH
(PGI2) i npocTarnaHamH E2 (PGE2), a TaKoX enoKcielKo-
3aTpieHoBi KucnoTu (EEK) nepesaatoTb y HOpMaibHO-
My eHAoTenii.

EliKko3aHoian — ue rpyna Ba30aKTMBHMX MOXiAHUX
apaxifAoHOBOI KUCNOTU. BOHW € eHpoTenianbHUMU Ti-
nepnonapusyouYMMmmn GakTopamu, WO 3axXuUWAoTb Big,
iLleEMIYHOrO MOLWIKOAMKEHHA TKAaHMHM Ta MatoTb MPOTU-
3ananbHy Aito [54]. BasoaunaTtauia y Bignosigb Ha ak-
TMBHIicTb EEK cnocTepiraeTbca B pAa4i opraHie, BKAKOYA0-
YM cepue, MO30K, HUPKU, CKeNIeTHI M'A3M Ta KMLWEYHWUK
[55]. Yci aKTUBHI PEUOBUHM LIMK/IOOKCUIEHA3HOro Waaxy
(npocTarnaHanH H2 i Woro NocniLOBHWKKM NpoCTaraaH-
ANH F2a i TpomboKcaH A2) MatoTb HaA3BUYAMHO BaXKAU-
Be 3HAaYEHHA B PO3BUTKY MaToNOriYHUX npouecis. PGE2
BM/IMBAE HA KaninapHi nepuyuty, Yyepes peuentop EP4
[47, 56]. CnocTepiraeTbca aBodasHa, A0303aNeXKHa Aid
yepes peuentopun EP4 1a EP1 y HU3bKMX Ta BUCOKMX KOH-
LeHTpauiax BignosigHo. 38’a3yBaHHsA 3 EP1 BigbyBaeTh-
CA Y BMCOKMX KOHLEHTPALLAX Ta BMK/IMKAE Ba3oCMasM.
EET TaKkoXX MOXKYTb QYHKLIOHYBATM BCepeaMHi KNITUHN,
3’€HYIOUMCh i3 IOHHMMM KaHa/lamMu Ta aKTUMBYHUM iX
CUrHanbHUMK Binkamum abo dakTopamu TpaHCKpUNLl.
EkcnepMmeHTanbHi gaHi NiaTBEPAMKYHOTb BHYTPILLHbO-
KNITUHHUA MexaHi3Mm aji, AKMI nonarae B Tomy, wo EEK
BbygosytoTbca y docdoninian KAiTMHHOI membpaHm,
cnonyyatoTbes 3 6ilKamu, Wo 3B’A3YIOTb KUPHI KUC/0-
T, | peuenTopom, akTMBOBAHUM nponidepaTtopamu ne-
pokcucom (PPAR) y [57]. MokasaHo, wo EEK cnpwuatoTb
KpoBoObGiry Ha KaninspHOMy piBHi, Ta TaKOX Ait0Tb Ha
peuentop EP4. [Ba perioisomepHux EEK, wo npoay-
KYIOTbCA eHAOTeNiaNbHUMM KNITUHAMK, PO3LUMPIOOTL
KPOBOHOCHI CYAMHU LIAAXOM 30YAKEHHA aKTMBOBAHMX
Kanbuiem K* (K-Ca) KaHanis 3 Be/IMKOK NPOBiIAHICTIO Ha
CYAMHHUX TNagKoM’A30BUX KAiTUHaX, [58] wo npusBso-
OUTb A0 BUTOKY K* 3 rnagikom’a30BUX KAITUH i noganb-
woi rinepnonapusauii membpaHu. € goKasu Toro, Lo
EEK 3meHwytoTb 3ananeHHAa. [poTusananbHi edKTy,
AKi UMHATb EEK, BKAOYaOTb 3HMMKEHHA arperawii noni-
MopdHOAAEPHUX NENKOUUTIB NOANHM Ta agresii nemn-
KOLMTIB 40 eHAoTeniaNbHUX KNiThH, [59] a Takox ocna-
6/1eHHA IMXOMaHKMK, cnpuymHeHoi  IL-1fB. Y Toi yac ak
Bi/fIbHi (BUBINbHEHI) EEK MOXKYTb BYyTK cybcTpaTtamu ans
YacTKoBOro P-oKkucieHHA abo MOAOBMKEHHA NaHUutora,
OCHOBHMM iX KaTabONIYHUM LIAAXOM € WBUAKWUW Fig-
poni3 ao BignosiaHux aurigpuabHux ¢opm (DHET) 3a
O0MOMOro PO34YMHHOI enoKkeuAarigponasu (sEH), wo e
LMTO301bHMM hepmeHTOM. SEH B OCHOBHOMY eKcnpecy-
€TbCA B acTpoumTax [60], a LoCnigKeHHA MOKA3yHOTh, WO
MeTaboni3M NONIHEHACUUYEHUX KUPHUX KUCNOT MOMKe
6yTn 3any4yeHuit o natodisionorii 4enpecuBHUX posna-
ais [61, 62]. MepeTBopeHHna EEK enokcuais y BianosigHi
AioNn 32 4OMOMOroK PO3YMHHUX ENOKCUMATIAPONA3S Bif-
NnoBiAA€ 3a 3HMXKEHHA piBHA EEK i, TaKUM YMHOM, 3MmeH-
LIye X NPOTEKTUBHI BAacTuBocTi, [63] Tomy iHribyBaHHA
Lboro GepmeHTy MoXKe ByTU MilLeHHIO ANA NiKyBaHHA
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CepLeBO-CYAMHHMX 3axBOPIOBAaHb Ta MO3KOBMX MOpPY-
WeHb, WO nepelwkKogrKatume nepertsopeHHio EEK Ha
DHET Ta nokpawyBaTMme AMNaTaTOPHY aKTUBHICTb B
KPOBOHOCHUX CyauHax ntoguHu [64].

EEK Ta 6/10KaTOpM PO3UYMHHUX enoKcuarigponas
(sEHIS) npoTMAiloTb Ba3OKOHCTPUKTOPHIA aKTUBHOC-
Ti NporinepTeH3nBHMUX FOPMOHIB eHaoTeniHy-1 Ta aH-
rioteH3uHy Il [65]. HewopaBHi KniHiYHI gocnigxeH-
HA BMABWMAM BiNbll BUCOKI KOHUEHTpaLii OKCUAiNiHiB,
nos’asaHux i3 sEH, y ntogei i3 rinepiHTeHcuBHicTio 6inoi
peyoBMHM Ha MPT, wo 6yn0 TakoX MOB’A3aHO 3 Norip-
LUEeHHAM BUKOHABYMX OYHKLiM [66]. 3romom 6yno BcTa-
HOBNEHO, Wo meTabonitn sEH 6ynu nos’asaHi came 3i
LUBUAKICTIO NMCUXOMOTOPHOI 06p0obKK iHpopmauii [67].
3aranom uj pesyabTaTu CBig4aTb NPO Te, WO nigBuLLeHa
aKTMBHicTb SEH Moxe 6yTM MapKepom Ta ¢paKkTopom 3a-
XBOPIOBAHHA APiOHUX CYANH FOJIOBHOTO MO3KY.

Y KNiHIYHMX JocCnigxeHHAX Ce30HHOI aenpecii, Be-
nunkoi genpecii 6e3 L2 i Beaunkoi genpecii 3 LLA2 no-
BigoMnAnocA Npo nopyleHHA GYHKLIOHYBAaHHA LIAAXY
CYP450-sEH [68, 69, 70]. binblw BUCOKI piBHi aKTUBHOCTI
sEH, 6ynun BuABAEHi y NALEHTIB 3 Aenpecieto Ta LyKpo-
BMM giabeTom 2 TMMy, NOPiBHAHO 3 nauieHTamu 3 L2
6e3 penpecii, cniBCTaBHUMM 33 FNiIKOBAaHUM FemMOro-
6iHom (HbA1lc), Bikom Ta iHAEKCOM macu Tifa, ToAi AK
enoKcnam 6ynu 3araiom HUNKYMMU. Benumka KinbkicTb
NiTepaTypun nos’aA3ye Aenpecito i3 3ananbHUMMN KOHLLEH-
TpaLuiaMM UMTOKIHIB AK y ntogei i3 U 2 Tuny, Tak i 6e3
Hboro [71]; ogHaK Ui BiAHOCUHM ay»Ke HeoAHOopiaHI. Y
peTenbHo nigibpaHux nauieHTis i3 L/ 2 Tuny cuposat-
KOBWI I/1-6, KNaCMYHUI MapKep 3anajieHHs, He Biapis-
HABCA MiX MauieHTamu 3 aenpecieto Ta 6e3 genpecii,
a TAKOX He ByB MOB’AI3aHWI i3 cMMNTOMamMK Aenpecii,
HaTomicTb MeTabonitn CYP450-sEH aemoHcTpyBanu
CTiiKMIA 3B’A30K, WO CBiAYUTbL NPO Te, WO CUCTEMHO Ae-
npecia moxe 6yTn nos’asaHa 3 HEAOCTAaTHLOK MPOPO3-
YMHHOO NiNiAHO BiANOBIAAMD, @ HE i3 3anaNeHHAM AK
Takum [70, 72]. B ekcnepumeHTax Ha TBapMHax, XPOHiy-
HUI cTpec 36inbluyBaB eKkcnpecito SEH y neviHui muwe
Ta BUK/WKAB AenpecusHi GeHOTUNU, ToAi AK reHeTu4-
Ha geneuia nediHkoBoro Ephx2 (skuit Koagye depmeHT
sEH) npusBena 4o CTiMKOCTI A0 PO3BUTKY AEeNPecUBHMUX
cumnTtomis [73]. Mpo niasuLLeHi piBHiB 6inka SEH Takox
noBigOMAANOCA MPU BMBYEHHI MOCMEPTHMX 3pa3KiB
MO3KY Ta MeYiHKM MaLiEHTIB 3 AeNnpecieto, Ae KiNbKiCHI
3HayeHHA SEH y MO3Ky Ta neviHui MatoTb NO3UTUBHY
KOpenAujlo, Wo CBiAYUTb NPO MOXKAUBICTb MOPYLIEHHA
3B’A3KY MK LMMW OpraHamu AK pesynbtat meTtaboniu-
HUX 3MiH NpuK LyKpoBoMmy AiabeTi 2 Tuny [74].

ACTpOLMTU MatoTb BE/IMKE 3HAYEHHA ANA NiATPUM-
KM MalirKe BCiX acnekTiB QyHKLiA MO3KY, BK/IOYaOUM
romeoctas ioHiB i HelipomegiaTopiB, G¢opMyBaHHA He-
MPOHHUX NaHLLIOTIB, CAHANTUYHY NAACTUYHICTb | YHKL,
a TAKOXX HepBOBO-CYAUHHUI 3B’A30K [75]. HaaBHi aaHi
nigTBEePAXKYIOTb, WO AUCPYHKLIA acTpouuTiB y GppoH-
TONIMBiIYHMX obnactax bepe y4yacTb y natodisionorii
[EenpecuBHUX po3nagis [76]. ACTpOLMTU BUBINbHAKOTb
ageHo3nH AT, BnacHe ageHo3uH, d-cepuH i ryTamar,
AKi € KWTTEBO BAaXKNMBUMW ANA iHAYKLUiT AeNPecuBHUX
CMMMTOMIB i CU/IM @aHTUAENPECUBHUX peakuin [77].

Bce 6inbwe poKasis cBigyatb Npo Te, Wo GpoHTO-
NimbiyHa 30Ha € ypaxkeHot obnacTio B natodisionorii
nenpecii [78]. CTabinbHe niasuweHHA 36yaanMBOCTI L€l
LiNAHKWM MO3KY € LOCTAaTHIM ANA iHAYKLiT aHre40Hii, OCHO-
BHOro cumntomy genpecii [79]. ®poHTONIMbBIYHA 30Ha

MQ€E BaK/IMBe 3HAYeHHA A1A NOBEAIHKOBOI aganTauii y
BignoBiAb Ha cTpec. Ha ocHOBI nonepeHix 4ocnigKeHb
i JaHWX, Byno 3pobneHe NPUNYLLEHHS, WO nepesaya
curHanis EEK B acTpounTax Ui€i ginAHKN moxKe Bigirpa-
BaTW BaXK/IMBY PO/b Y afanTalii NOBeAiHKM y BiANOBIAb
Ha cTpec. [nyTamaTtepriyHa HeWpoTpaHcmicia Biabysa-
€TbCA MEPEBAXXHO B MEMaX TPUCTOPOHHbLOTO CUMHAMCy,
BKJIIOYAIOYM BiPOCTKM aCTPOUMTIB, NPECUHANTUYHI 3a-
KiHYEHHSA aKCOHa Ta NOCTCUHANTMYHI enemeHTU [80]. lo-
CTPUIN BNAMB CTpeCy WBUAKO 36inbluye NO3aKNITUHHUI
rNyTamart, SKUN CTUMYNHOE BUBIIbHEHHA AT® 3 acTpoum-
TiB. Llei no3aknitTuHHMIA AT® WBNAKO PO3LLENIIOETLCA
Ha aZleHO3WH, AKUIN, aKTUBYE NPECUHANTUYHI peLenTopu
Al abo P2Y ons npurHiyeHHA akTMBHOCTI HelpoHis [81].
Taka perynsuis 3B0poTHOro 3B’A3Ky, BiporigHo, 3abes-
neyvye NOBeAiHKOBY aZanTaL,ito, WO NPU3BOAUTb 40 Npa-
BWJIbHOI peaKLii Ha 3MiHN B OTOYYIOHOMY CepesoBULL.
ICHYIOTb AaHi, WO rocTpuii CTpec TMMYacoBO NOCWIIIOE
BMBIZIbHEHHA [lyTaMaTy nepep, BUBiibHEHHAM ATD [82]
i AaHi, AKi NOKasyloTb, Wo peuentopmn Al onocepearo-
BYIOTb aHTMAENpPecaHTHUN edeKT aenpuBauii cHy [83].
Byno nokasaHo, WO XPOHIYHWMIA CTpec iHAYKYE BULLMUIA
piBeHb oniromepmsau,ii SEH, wo nopywye nepegayy cur-
Hanis EEK i, TakKMM YMHOM, 3MmeHLWYE BMUBINbHEHHA ATO 3
aACTPOLMUTIB Y BIANOBIAb, WO B KiHLEBOMY NiACYMKY NpuU-
3BOAUTbL A0 NigsuLLeHol 36yanansocti GpoHToNIMBIYHOI
LiNAHKK, WO MOXKe BMKAMKATM aHref0Hito npu genpecii
[79, 84]. Tineprnikemis npu aiabeti moxe pi3Kko nigsu-
LLyBaTU piBEHb [IHOKO3WM B KAITMHAX MO3KY, WO Npu-
3BOAMTb [0 iX MOLWKOAMKEHHSA, ABULLE, AKe HA3UBAKOTb
HENPOTOKCUYHICTIO rtoKo3n [85]. AcTpoumuTu Bianosi-
[atoTb Ha BCi popmm ypaxkeHHA LUHC npouecom, skuit
3a3BMYai HA3UBAKOTb PEAKTUBHMM acTPOrNio30M. BiH He
€ NPOCTUM ABMLLEM «BCe abo Hiyoro», a ABAAe coboto
TOHKO rpaZloBaHWM KOHTMHYYM 3MiH, AKi BigbyBatoTbeA
3a/1EXKHO BifZL KOHTEKCTY Ta PEryatoTbCA NEBHUMU CUT-
HaNbHUMMK nogisimu. Lli 3miHu BapitotoTb Big, 060pOTHMX
3MiH y eKcnpecii reHis i rineptpodii KAiTUH i3 36epe-
KEHHAM KNITUHHUX AOMEHIB i CTPYKTYPU TKaHWUHWU [0
YTBOPEHHA TpMBaAaoro pybus 3 nepebygoBoto CTPYKTY-
pu TKaHWHW [86]. BOHM TaKOoX MOXYTb ByTU NpUUYMHOIO
PO3BUTKY AiabeTnyHoi LepebpanbHoi HeliponarTii. Buco-
KU piBEHb MNHOKO3M 36inbluye BUPOOHULTBO aKTUBHUX
$OpPM KUCHIO, EKCMpecito 3ananbHUX UUTOKIHIB i KNiTUH-
HUI anonTo3 y NepBUHHUX acTpouuTax [87]. AHaToMmiu-
HO [/1I0KO3a MOXe TPaHCMOopTyBaTUCA B OCHOBHOMY B
aCTPOLMT, OCKiNbKM BiH € KOMNOHEHTOM remaToeHLeda-
niyHoro 6ap’epy (F'EB) [88]. AcTpouuTn matoTb Bigpoc-
TKM, 5IKi, 3 04HOro BOKY, KOHTAKTYIOTb 3 KPOBOHOCHWMMU
CyAMHaMK, a 3 iHWOrOo, 3 HEMPOHaAbHUMUK aKCOHaMM (y
By3/1ax PaHB’€) i cMHancamu, BAYYHO po3TalloBaHi Ans
NOM/IMHAHHA [NTIOKO3M 3 KPOBOHOCHUX CYAMH i NOCTaYaH-
HA eHeprii meTaboniTamn 0 Pi3HUX HEPBOBUX KAITUH.
YTUni3auia acTpoUUTApPHOrO MiKOreHy MOXe MigTpumy-
BaTW aKTUBHICTb HEMPOHIB NiA Yac rinornikemii Ta B ne-
pioau ix BUCOKOT aKTUBHOCTI [89]. ACTPOLUT Ma€E BULLNIA
MeTaboniam r/1loKO3M MOPIBHAHO 3 HEMPOHAMM i aKTU-
BaLLiA COMATOCEHCOPHOI KOpW NiaBULLYE il MOFMHAHHA
nepesaKHo actpoumTom [90]. BUCOKMIA piBEHDb [NHOKO3U
HeobopOTHO NPUrHiYye Nponidepalio acTpouuTiB, AKa
€ BaXX/IMBMM KOMMOHEHTOM PEaKTMBHOIO Nio3y y Bia-
noBiab Ha pi3Hi yWKoaKeHHA Mo3Ky [91], Toai aK aia-
6eT NpurHivye akTMBALLil0O COMATOCEHCOPHOI Kopu nicns
NnopyLLeHHs KposonocTadaHHA [92]. IHribyBaHHsA acTpo-
rnio3y npu LykpoBomy AiabeTi MOXKHa NOACHUTY iHTribi-
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TOPHOIO Ai€l0 BUCOKOrO PiBHA [IIOKO3M Ha acTpoumTap-
Hy nponidepauito. BUCOKUIN BMICT rOKO3M NOCUIIOE
rnikoni3 i 36inblwye BUPOOHULTBO NaKTaTy Ta BMicT ATD
B acTpounTax. JocniaKeHHA OCTaHHIX POKiB MOKasanu,
LLLO NAKTaTHUM WAAX acTPOUUT-HEWPOH 3abe3neyye no-
CTayaHHs cybctpaTy ana meTtabonisamy ocTaHHix [93].
J1aKTaT MOXKe BMKOPUCTOBYBATUCA AK BaXK/IMBe AxKepe-
J10 eHeprii ANA HEMPOHIB, B TOW e Yac, HagMipHUIA Moro
piBEHb MOXe CNPUYUHUTM X NOLLKOAKEHHS [94].
YiTKMIM MexaHi3Mm, 33 AKMM Aenpecia NiaABULLYE PU3KK
cepueBO-CYAMHHMX 3axBoptoBaHb npu LLA2 tuny Hapasi
HeBigOMWI. € NPUNYLLEHHSA, LLO BiH NOB’A3aHWUN 3 KiNb-
KOMa LUNAXaMU, TAaKUMU SIK HEMPOEHA0KPUHHI po31aam
Ta 3anasbHa BignoBigb eHgoTenito cyauH [95]. Oenpe-
CiA NPM3BOAUTb A0 HAaAMIPHOI CTUMYAALLI rinoTanamo-
rinodisapHoO-HaAHUPHMKOBOIO /IaHLIOrA, WO BUK/IMKAE
NigBULLLEHHA CeKpeLii KOPTU30AY, AKe MOCUIIOE MOLIKO-
O)KEHHA eHJOoTenito CyamH i CNPUAE iHCYNiHOPE3UCTEHT-
HoCTi. Bigomo TaKkoxX, Wo aenpecis, giaber i cepueso-
CYAMHHI 3aXBOPIOBAHHA MOXYTb MaTK KiNbKa CMiZIbHUX

NOTEHLINHUX NAENOTPONHUX FreHiB, TAKMM YUHOM BMN-
BalOUM Ha YNC/IEHHI CUTHANbHI WAAXM, TaKi AK KOPTUKO-
TPONiH-PUNI3UHI-TOPMOH, MPOTEIHKIHA3a, aKTMBOBaHa
ageHosnHmoHodocdaTom, i 5-rigpokeuTpunTamin [96].

BucHoBKM.

BuKnageHi BuLe maTepiann nNigKpecatooTb rinote-
3y, WO CyAaMHHa genpecia moxe 6yTn nposBom bBinbLu
TAXKMX, TIMBOKMX, CTPYKTYPHUX Ta OYHKLiOHaNbHUX
3MiH B OpraHiami, acouinoBaHUMM 3 BarKunMM nepebirom
Ta BULLOI CMEPTHICTIO Big, Lykposoro aiabety 2 tuny,
iemiyHOT XBOpO6M cepua Ta iHWKX CepPLEBO-CYANHHUX
3aXBOPIOBAHb.

MepcnekTMBM NOAANBLUNX JOCNIAMKEHD.

Mopanblie BUBYEHHA MeXaHi3MiB Ta 3B’A3KIB MiX
AEenpecuBHMMM po3nafiamu, LYKpoBum naiabetom W
ilwemiuHoto xBopoboto cepud, A4o3BoANAN 6 PO3POBUTU
dapmakronorivyHi Ta He GapmaKoNorivHi TexHoorii BNAN-
BY Ha Lj npoLecy Ta 3MEHLWMUTU OBTAXKYIOUI NaHUoMM,
NOKpPALMTX MPOrHO3 3aXBOPHOBaHb, NiABULMUTA AKICTb
YKUTTA NaLLIEHTIB.
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CYOUHHA OENPECIA TA CEPLUEBO-CYAUHHI YCKNAOHEHHA LLYKPOBOTIO AIABETY 2 TUNY

Koctpikosa 0. A., M’akiHbkoBa J1. O., MyctosoiT I. /1., ipmona T. I.

Pe3tome. B ocTaHHi pOKKM 3HAYHO 3pOCNa PO3MNOBCIOAMKEHICTb Aenpecii y cBiTi. enpecia € He3anexXHUM pakTo-
POM PU3MKY PO3BUTKY CEPLLEBO-CYAUHHUX, LiepebpoBacKyIApHUX, HeMpoaereHepaTUBHMX 3axXBOptoBaHb. Jenpecis
LUMPOKO MNOLUMpPEeHa Npu CyAMHHI NaToNOrii FON0BHOrO MO3KY, AiabeTi Ta ilemivHilt xBopobi cepusn. MeTtoto poboTu
6yN0 y3arafibHEHHA iICHYOUMX HAayKOBUX AaHMX, AKi BUCBITAIOOTL BNAUB Aenpecii Ha nepebir Lykposoro aiabety 2
MMy, iwemivyHoi xBopobu cepuA Ta CyANHHOI eHaoTeNnianbHOI ANCPYHKLT.

AHani3 A4BOCTOPOHHbLOIO 3B'A3KY MiXK AeNPECIEI0 Ta MAaKPOCYAUHHUMM i MIKPOCYAMHHUMMW YCKAALHEHHAMM Aia-
6eTy, BUABWO, LLO Aenpecia NiaBULLYE PU3MNK iHPAPKTY MioKapay, iemiyHOT xBopobu cepus, 3acTiHOI cepLeBoi
HeaoCTaTHOCTI, NoB’A3aHmMX i3 L/ 2 TMny. BigmiHHOK 03HaKo CcyaMHHOI Aenpecii, BU3HayeHoi 3a JONOMOrot mar-
HUTHO-PE30HaAHCHOI ToMorpadii, € HasBHICTb yparkeHb 6iN0i PeYOBUHU TONIOBHOTO MO3KY, iAeHTU]IKOBaHMX AK ii
rinepiHTeHCcMBHICTb. MinepiHTEHCMBHICTb 6iNOT peyoBUHM NOB’A3aHa 30Kpema 3 LepebpoBacKyNAPHMMU GpaKTopamu
PU3KKY, BKIOYaouKM aiabeT, cepLeBi 3aXBOPIOBAHHA Ta apTepia/ibHY rinepTeHsito, Ta acoLilioBaHa 3 KOrHITUBHUMMU
NOPYLUEHHAMW 1 AenpecMBHUMM CTaHamMK. PO3BUTKY rinepiHTEHCMBHOCTI 6in0i pe4oBMHM CNPUAIOTL CYAUHHA AMUC-
perynauia, TPaH3UTOPHA iWemid, iemiyHe NOWKOAMXKEHHA Ta NATONOrIYHI NPOoLLEeCH, AKI CynpoBOAKYHOTLCA apTepi-
a/IbHOIO TinepTeHsiEto.

Mpw fenpecnBHUX pPo3naZax BUPANKEHO NOPYLLEHHA perynaLii CyAMHHOIo TOHyCY. 3HUMKEHHA KPOBOTOKY 0108~
HOrO MO3KY MOKe NPU3BECTM A0 NOPYLIEHHA MOro perioHanbHUX GYHKLM, CNpuAYM NoABi apeKTUBHMUX | KOTHITUB-
HUX CUMNTOMIB.

Po3pocTaHHA iIHTUMK CyanH, NiABULLEHHA apTepiaibHOT }KOPCTKOCTI | eHAOTeNiaIbHA ANCHYHKL,iIA € 3MIHAMMK, LLLO
BMpakeHi npu genpecii. CyaMHHa NaToNoriA NPU3BOAMUTb A0 3HUKEHHA 06'EMHOI LWBMAKOCTI KPOBOTOKY Ta Ba30OMO-
TOPHOI PeaKTUBHOCTI. Ba30aKTMBHI areHTu, LLLO BUBINIbHAOTLCA 3 MAapeHXiMW FONOBHOIO MO3KY, MOXYTb BNAMBATU Ha
KNITUHU, AIKi 3HAaX0AATbCA B CYAMHHIM CUCTEMI, BUKIMKAOYM BiANOBIAHY peaKL,ito CyauH.

OnucaHi perynaTopHi MexaHiamu BNAUBY IMOKO3M, OKCKAY a30Ty, Npo3anaibHUX LUMTOKIHIB, apaxiLo0HOBOI KMC-
10T, eMKO3aHOIAiIB Ha CyAUHHY PEryaL,ito Ta IX NOpYLLIEHHS Y NaLLEHTIB 3 AeNpPecieto Ta LyKPoBUM giabeTom 2 Tmny.
0Oco611BOCTi acTPOLUTAaPHOrO, HEMPOHHOIO FOMEOCTasy roIOBHOTO MO3KY, HEMPOTOKCUYHICTb MOPYLLUEHb BYI1€BOA-
Horo obmiHy Ta meTaboniamy rnyTamarty, iX 3HaYeHHs y PO3BUTKY Aenpecii, NopyLIeHHi Ba30aKTUBHUX peakLill y
nauienTis 3 U/ 2 TMny Ta cepLeBoO-CYyANHHOMY PU3UKY.

Kntouosi cnosa: genpecis, LyKpoBuit giabet, cyanHHa eHpoTeniasbHa perynsuis, cepueBo-CyAnHHI 3aXBopto-
BaHHA, BAa30aKTUBHI PEYOBUHM.

VASCULAR DEPRESSION AND CARDIOVASCULAR COMPLICATIONS OF TYPE 2 DIABETES

Kostrikova U. A., Myakinkova L. O., Pustovoit G. L., Yarmola T. I.

Abstract. In recent years, the prevalence of depression in the world has increased significantly. Depression is an
independent risk factor for the development of cardiovascular, cerebrovascular, and neurodegenerative diseases.
Depression is widespread in vascular pathology of the brain, diabetes and coronary heart disease. The aim of the
work was to generalize existing scientific data, which highlight the impact of depression on the course of type 2
diabetes, coronary heart disease and vascular endothelial dysfunction.
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Analysis of the bidirectional relationship between depression and macrovascular and microvascular complications
of diabetes found that depression increases the risk of myocardial infarction, coronary heart disease, and congestive
heart failure associated with type 2 diabetes. A distinctive feature of vascular depression determined by magnetic
resonance imaging is the presence of lesions of the white matter of the brain, identified as its hyperintensity. White
matter hyperintensities are particularly associated with cerebrovascular risk factors, including diabetes, heart
disease, and hypertension, and are associated with cognitive impairment and depression. The development of white
matter hyperintensity is facilitated by vascular dysregulation, transient ischemia, ischemic damage, and pathological
processes that are accompanied by arterial hypertension.

In depressive disorders, a violation of the regulation of vascular tone is expressed. Decreased cerebral blood flow
can lead to impairment of its regional functions, contributing to affective and cognitive symptoms.

Vascular intima growth, increased arterial stiffness, and endothelial dysfunction are changes expressed in
depression. Vascular pathology leads to a decrease in the volumetric velocity of blood flow and vasomotor
reactivity. Vasoactive agents released from the parenchyma of the brain can affect cells located in the vascular
system, causing an appropriate vascular response. The regulatory mechanisms of the influence of glucose, nitric
oxide, pro-inflammatory cytokines, arachidonic acid, eicosanoids on vascular regulation and their disturbances in
patients with depression and type 2 diabetes are described. Features of astrocytic and neuronal homeostasis of the
brain, neurotoxicity of disorders of carbohydrate metabolism and glutamate metabolism, their importance in the
development of depression, violation of vasoactive reactions in patients with type 2 diabetes and cardiovascular
risk.

Key words: depression, diabetes, vascular endothelial regulation, cardiovascular diseases, vasoactive substances.
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