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Corresponding author: ~ ABSTRACT. The literature review compares native kisspeptin (KP) and its synthetic analogues,

Tatiana S. Kleimenova including modifications that improve its stability in the human body, and characterizes the possibility

E-mail: of their therapeutic use in the correction of reproductive disorders. KP is a key neuropeptide that

kleimenovats@gmail.com  regulates reproductive function through activation of the KISSTR receptor and stimulation of
gonadotropin-releasing hormone (GnRH) secretion. It was found that kisspeptin-10 and kisspeptin-54
have different pharmacokinetics, but KP-10 activates the KISSTR receptor no less effectively.
The mechanism of action of CP is associated with the activation of the Gg/11 protein cascade,
leading to an increase in intracellular calcium and activation of phospholipase C. Modifications of
kisspeptins that improve their stability are described, including the replacement of amino acids, the
addition of protective groups that slow down degradation and can significantly increase the half-life
of the peptide in the blood. The main areas of application of kisspeptins in clinical practice, including
in the treatment of reproductive disorders and oncology, are considered. Synthetic analogues of
kisspeptin, especially those modified to improve stability, are of significant interest for the development
of new therapeutic strategies in the field of reproductive medicine. Synthetic analogs of KP that are
resistant to degradation by matrix metalloproteinases (MMP-2/9) are being developed. Phosphine
analogs that inhibit MMP and prolong the half-life are promising.

Keywords: kisspeptins, kisspeptin receptor agonist, synthetic analogues, G-protein coupled
receptors, impairment of reproductive function
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KuccnenTtumHbl U UX CUHTETUYECKME aHaNoru:
CTpoeHue, MéXaHU3M AeﬁCTBMH N nepcneKTuBbl
K/IMHUYEeCKOoro npyuMeHeHun

AnHa OnerosHa [lpo6uHuesa', TatbsHa CepreesHa Kneitmerosa', EneHa MpuropbesHa Boromonosa?,
Masen MakcumoBud Koneiikut?

" CaHkT-MeTepByprekuii rocynapcTBEHHbIN NeAMaTPUYECKMii MeauUMHCKUIA yHuBepeuTeT, 194100, r. CankT-TMeTepGypr, yn. JInToBckas, 4. 2,
Poccuiickas ®epepauus
2000 «AiiKbtoKemnkany, 196158, 1. CakT-MeTepbypr, MockoBckoe wocce, A. 50, nutep A, Poccuitckas deaepauyst

Ans yumupoearus: JpobuHuesa A.O., Kneitmerosa T.C., boromonosa E.I, KonefikuH .M. KuccnenTuHbl n nx CUHTETUYECKME aHaNOTK:
CTPOEHME, MEXaHN3M AeNCTBUS 1 MEPCNEKTMBLI KIIMHUYECKOTO NpumMeHeHust. Pocculickue buomeduyuHckue uccnedosarusi. 2025;10(4):7-17.
https://doi.org/10.56871/RBR.2025.16.99.001.

Moctynuna: 01.09.2025 OpoGpeHa: 13.10.2025 MpuHsTa Kk nevatu: 15.12.2025
ABTop PE3IOME. B nutepaTypHom 0630pe npoBeeHO CpaBHeHWe HaTuBHOro kuccnentuHa (KIM) u ero
ANs KOPPECMOHAGHLUMM:  CUHTETUYECKMX aHANOroB, B TOM YUCIE C MOAMMUKALMAMM, YIyYaLLUMK ero CTabunbHOCTb B
TambsHa CepzeesHa opraHu3Me 4eroBeka, ¥ 0xapakTeprn3oBaHbl BO3MOXHOCTM UX TepaneBTUYeCKOro NpuMeHeHNs
Knedmeriosa B KOPPEKLWN HapyLWeHUA penpoaykTuBHOM dyHkumum. KM npeactaBnset cobom KNo4eBoii Heil-
E-mail: POMENTUA, PETYNMNPYIOLLMIA PENPOAYKTUBHYI yHKLMIO Yepes akTuBauuio peuentopa KISSTR u

Kleimenovats@gmail.com  crymynsumio cexpeLui roHaaoTPOMMH-PUAN3MHT ropMoHa (THPT). YCTaHOBMEHO, YTO KUCCTEn-
TH-10 1 KncenentuH-54 obnapatoT pasnuyHomn hapmakokuHeTkon, ogHako KM-10 He meHee
achdekTmBHO akTuBmpyeT peuentop KISSTR. Mexanuam genctsus KI cBsisaH ¢ akTueawmeit
Gq/11-6enkoBoro kackaaa, NpUBOASLLEN K MOBbILIEHWK BHYTPUKIIETOYHOTO KanbLmus 1 akTUBaLum
hochonmnasbl C. OnucaHbl MoANMKALIMM KUCCENTMHOB, yNyYatoLLme nx cTabunbHOCTb, B TOM
yucre 3aMeHa aMUHOKUCIIOT, foDaBneHne 3aluTHbIX TPy, KOTOPbIE 3aMeANAT AerpagaLmio
W CMOTYT 3HAYUTENBHO YBENUYUTL NEPUOA NOMYXKU3HU NenTuaa B KpOBU. PaccMOTpeHbl OCHOB-
Hble 061aCTW NPUMEHEHNS KUCCNENTUHOB B KIIMHWYECKOW NPaKTUKe, B TOM YUCHe B NIEYEHNN
HapyLUEeHWA PenpOAYKTUBHOM (OYHKLIMK: NPU FMNOTOHALOTPONHOM rMnoroHaauamMe, becnnoguu,
3aJepxKe NOMOBOro CO3PEBAHUS, TOPMOHO3ABUCUMbIX OMYXOMAX U OHKONOrnu. CUHTETUYECKME
aHanoru KuccnenTtuHa, 0COOEHHO Te, YTO MOAM(ULMPOBaHbI ANS YNyYLleHUs CTabunbHOCTK,
NPeACTaBNSOT 3HAYUTENbBHBIA NHTEPEC AN pa3paboTKM HOBbIX TEPaNeBTUYECKUX CTpaTerui B
obrnacTti penpofyKTMBHON MeanumHbl. PaspabaTbiBatoTcs cuHTeTnyeckne aHanory KIl, yctonuneble
K AerpagaLum MaTpukcHoIMu MeTannonpotenHasamu (MMP-2/9). MNepcnekTuBHbl OCHUHOBBIE
aHanorw, narnbupytowwne MMP 1 npoanesatoLLe NePUOS NOMNyBbIBEAEHUS.

KntoueBble cnoBa: KUCCNENTUHbI, aTOHUCT PELIENTOPA K KUCCNENTUHAM, CUHTETUYECKME aHanoru,
peLenTopbl, CONpsiKeHHbIe ¢ G-Benkom, HapyLleHne penpoayKTUBHON (PYHKLMM

UcTouHuk (bVIHaHCVIPOBaHVIﬂ. ABTOpr 3aaBnsT 06 OTCYTCTBMM BHELUHEro CbVIHaHCMpOBaHVIﬂ
© Konnektus aBTopos, 2025 NPV NPOBEAEHUN UCCreoBaHmns.
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KISS1R receptor and kisspeptin signaling

Kisspeptin (KP) was first discovered in 1996 [1]. pathway

mRNA was isolated from the tissue of non-metastatic
melanoma, although it was not found in the tissue of The kisspeptin receptor (formerly known as GPR54,
metastatic tumors. This discovery highlighted kiss-  AXOR12,orhOT7T175) has a structure typical of Gg/11
peptin's ability to inhibit metastasis, which led to its  proteins, and its activation triggers a signaling cascade
original name, metastin [2]. via the phospholipase pathway [16]. Phospholipase

During the study of the KISST gene, it was found  C (PLC), activated by the Gaq subunit, catalyzes the
that its transcript encodes a hydrophobic protein con-  conversion of phosphatidylinositol diphosphate (PIP2)
sisting of 145 amino acids. This protein undergoes into two second messengers: diacylglycerol (DAG)
proteolytic cleavage, resulting in peptides with a lower  and inositol triphosphate (IP3) [17]. DAG activates
molecular weight, known as kisspeptins-54, -14, -13,  protein kinase C (PKC), which in turn phosphorylates
-10, which have biological activity. The main role of  proteins in a downstream effector cascade. In addition,
kisspeptins is to control reproductive function in both  IP3 binds to IP3 receptors, many of which function as
sexes, and they have been shown to influence the  calcium channels (calmodulin), causing an increase in
pulsatile release of gonadotropin-releasing hormone intracellular calcium levels and activation of various
(GnRH) in the hypothalamus [3]. In addition, many re-  calcium-dependent processes in the cell [18].

searchers have established the inhibitory property of This mechanism of the KP signaling cascade is

KP on cell motility, proliferation, invasion, chemotaxis,  primarily involved in triggering action potentials and

and metastasis of tumor cells [4]. regulating the secretion of gonadotropic hormones in
Kisspeptin peptides are characterized by variabi-  the small cell nuclei of the hypothalamus [19].

lity in different species, but the C-terminus, consisting Kisspeptins also initiate postsynaptic excitation of

of 10 amino acids and responsible for binding to the  neurons in the dentate gyrus of the hippocampus in
kisspeptin receptor, KISS1R (GPR54 in animals), is  rats, indicating their significant role in learning and
conserved in both vertebrates and invertebrates [5].  neurogenesis, according to studies by X. Liu et al.
Kisspeptin-10 (KP-10) is a C-terminal fragment with  [20]. It is assumed that a similar mechanism underlies
amino acids 45 to 54: Tyr-Asn-Trp-Asn-Ser-Phe-Gly-  the vasoconstrictive properties of kisspeptins [16, 21],
Leu-Arg-Phe-NH,, and it is the shortest fragment capa-  as well as their ability to increase the strength of heart
ble of binding to the kisspeptin receptor with activation  contractions [22].

of the latter. The action of the 10-amino acid fragment One of the mechanisms of deactivation of G pro-
in vitro is comparable to the action of the full-length  tein-coupled receptors (GPRs) involves the coordina-
54-member polypeptide [6, 7]. ted actions of GPR kinases (GRKs) and B-arrestins-1

Kisspeptin is mainly produced in the hypothala-  and -2. The interaction of the agonist with the KISS1R
mus [8]. KP is synthesized in peripheral organs as  receptor triggers a process in which the heterotrimeric
well. These include the gonads, brain, pancreas, liver, G protein breaks down into GBy and Ga-GTP subunits.
small intestine, aorta, coronary arteries, and umbilical ~ For most GPRs, such as a-adrenergic receptors, the
cord veins [9, 10]. release of GBy subunits not only activates ion chan-

It has been established that the KISS7T and nels but also causes phosphorylation of the receptor
KISS1R genes play a role in the processes of aging, by GPK2 kinase. Then, B-arrestins and elements of
menopause, adipocyte function, and the molecular  the ERK signaling pathway bind to the phosphory-
link between metabolic and reproductive processes, lated receptor via its second intracellular loop and C-
and may act as targets for estrogen [11, 12]. terminal region, forming a complex that assembles in

It has been found that the expression of the KISS1  a clathrin-lined pit and transforms into an endosome
gene inhibits the activity of matrix metalloproteinases,  [23]. It is important to note that for KISS1R, receptor
which is a key mechanism through which KISS1 pre-  desensitization also occurs in the presence of GRK2,
vents tumor metastasis. This process may also play  but without phosphorylation [24]. Studies on the HEK
an important role in trophoblast invasion, placental 293 cell line (human embryonic kidney) have shown
development, and perhaps gestosis [13-15]. that most endosomes containing KISS1R return the
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receptor back to the membrane rather than directing it
for degradation [25].

Thus, the dynamic pool of KISS1R indicates that
even temporary inactivation of these receptors does
not prevent KP-10 from providing sustained stimula-
tion of the cell. This assumption was confirmed in ex-
periments on HEK 293 cells, where it was shown that
exposure to kisspeptin-10 leads to prolonged activa-
tion of phospholipase C and protein kinase PLK en-
zymes, as well as an increase in intracellular calcium
(Ca?) levels [24]. Moreover, H. Kroll et al. showed
that kisspeptin is capable of mobilizing Ca?* from in-
tracellular depots not only during direct exposure to
the peptide, but also after its removal from the culture
medium [26, 27].

NATIVE AND SYNTHETIC KISSPEPTINS

Identification of key amino acids
in the kisspeptin molecule that activate
the receptor

Research in biochemistry and molecular bio-
logy has deepened our understanding of interaction
between kisspeptins and their receptors. Determi-
ning the amino acid sequence that is necessary and
enough to activate the kisspeptin receptor is one of
the key aspects. In particular, it has been found that
activation of the receptor by kisspeptin-10 depends
on the C-terminal amino acid sequence -Phe6-Gly7-
Leu8-Arg9-Phe10 [28].

A lot of data has been accumulated on synthetic
agonists of the kisspeptin receptor (KISS1R), showing
that certain modifications in the structure of peptides
can significantly affect their ability to activate the re-
ceptor and cause biological effects, such as mobiliza-
tion of intracellular calcium (Ca®*). One such example
is a pentapeptide with a 4-fluorinated benzene ring at
Phe6, which has been shown to activate KISS1R and
induce Ca?* mobilization in CHO cells (Chinese ham-
ster ovary epithelial cells), as demonstrated in studies
[29, 30].

Studies have revealed that the amino acid resi-
dues Ser5 and Leu8 also play an important role in the
activation of the KISS1R receptor [31]. It was found
that changes in these positions can significantly af-
fect the affinity of pentapeptides for the receptor, with
the affinity of 5-amino acid peptides being significantly

2025;10(4):7-17
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lower than their 10-amino acid counterparts. These re-
sults highlight the importance of the precise structural
configuration of peptides for their ability to interact
with and activate the KISS1R receptor, which is im-
portant for the development of new therapeutic agents
targeting this receptor pathway.

Experiments replacing individual amino acids in
this sequence showed that replacing Phe6, Leu8, and
Phe10 with alanine (Ala) and with dextrorotatory en-
antiomers results in a loss of affinity for the receptor.
These findings indicate that the specific interaction of
kisspeptin and the receptor greatly depends on steric
factors, such as amino acid side chain orientation and
overall peptide flexibility [32, 33].

Kp-13 appeared to have a helical structure with
Asn7 to Phe13, and the receptor binding site is formed
by Phe9, Arg12, and Phe13 [34].

A synthetic decapeptide with a dextrorotatory
enantiomer Phe1 ([dY]1 NWNSFGLRF-NH2) also
showed lower affinity for the receptor in vitro, contrary
to the previously mentioned study [33]. Differences
between the two studies can be explained by various
experimental methods. In the first case, a model of
yeast transfected with the KISSTR gene and analysis
of the activity of the lacZ reporter gene were used,
which allows assessing the functional activity of the
receptor under conditions close to natural ones. In
the second case, a method of hybridization of a ra-
dioactively labeled peptide with membrane proteins
of KISS1R-transformed CHO cells was used, which
provides information about the direct interaction of the
peptide with the receptor, but may not fully reflect its
biological activity in vivo.

Despite differences in affinity, intraperitoneal ad-
ministration of this analogue in a nanomolar dose to
C57BI/6 mice led to a significant increase in plasma
testosterone levels. This indicates that when the af-
finity for the receptor is reduced in vitro, the analogue
can be effective in stimulating the secretion of go-
nadotropic hormones in vivo, which emphasizes the
importance of conducting studies on living organisms
to evaluate the pharmacological activity of substan-
ces [32].

In order to evaluate the contribution of each side
functional group of KP-10 to the agonistic activity of
the molecule in relation to KISS1R and its interac-
tion with the plasma membrane, a series of structural
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analyses were performed, along with functional analy-  protein sequence. As a result, three amino acids are
sis, using alanine scanning (sequential replacement of  cleaved from the N-terminus of the peptide, leading to
each of the peptide amino acids with alanine). For this  the inactivation of KP-54, i.e., it can no longer perform
purpose, Gg/11-linked protein kinase C and a specific  its biological functions [40].
reporter system (c-fos-luc) were used in the functional The half-life of KP-10 in humans is approximately
analysis. Analogues with alanine substitutions at Tyr1, 4 minutes [41]. This means that KP-10 is rapidly me-
Trp3, or Ser5 showed similar activity to native kisspep-  tabolized and eliminated, which may limit its therapeu-
tin-10, whereas alanine substitutions at Asn2, Asn4, tic use without repeated or continuous administration.
Phe6, Gly7, Leu8, or Arg9 caused a clear decrease in Unlike KP-10, KP-54, consisting of 54 amino acids,
agonist activity [31]. In particular, two analogues, F10A  is characterized by a longer half-life (approximately
and the non-amidated form (NH2:OH), did not exhibit 28 minutes) [42]. The increased stability of KP-54 en-
GPR54 signaling activity. Similarly, it has been previ-  hances its potential for clinical use, since it provides
ously reported that the C-terminal quintet and amide  prolonged action with a single administration.
group of kisspeptin-10 are important for specific binding These differences in the pharmacokinetics of KP-10
to GPR54 and potent agonistic activity [35]. and KP-54 may influence their selection in research
Thus, these results emphasize the importance of  and potential therapeutic applications, especially in
precise amino acid sequence and spatial configura-  the context of regulating reproductive function and
tion for the binding of kisspeptin to its receptor, which  other physiological processes involving kisspeptins.
may be particularly important for the development of  The pharmacokinetic properties of KP-54 make it more
new drugs aimed at regulating reproductive function  suitable for bolus administration than KP-10. A bolus

and other processes controlled by kisspeptins. of KP-54 causes a moderate increase in gonadotropin

levels in healthy women in the follicular phase of the

Comparison of kispepitin-10 menstrual cycle, whereas a similar administration of
and kispepitin-54 KP-10 does not produce the same effect [41].

KP-10 and KP-54 are the two most commonly used However, when KP-10 and KP-54 are adminis-

forms of kisspeptin in research. It has been found that  tered continuously intravenously in equimolar doses
KP-10 undergoes rapid metabolism in mouse serum,  to healthy men, they cause a similar increase in go-
with more than 50% of the peptide metabolized within ~ nadotropin levels, indicating their effectiveness with
the first minute after administration. This rapid break-  this method of administration [43]. At the same time,
down of KP-10 may be associated with the presence  gonadotropin levels (luteinizing hormone (LH) and
of metabolically sensitive amino acid residues such as  follicle-stimulating hormone (FSH)) after administra-
tyrosine (Tyr) and arginine (Arg) in its structure. These  tion of these kisspeptins are lower than after admi-
amino acids may make the peptide particularly vulne- nistration of gonadotropin-releasing hormone (GnRH),
rable to the action of peptidases, enzymes that break  which may reflect differences in their mechanisms of
down peptide bonds [36]. action. Kisspeptins act at the level of the hypothala-
Native (natural) KP is metabolically unstable in  mus, stimulating the release of GnRH, while GnRH
blood and is hydrolyzed by various serum proteases  directly stimulates the pituitary gland to secrete go-
and metalloproteinases, such as MMP-2 and MMP-9  nadotropins.
[37]. The matrix metalloproteinase family is a group Competitive binding experiments have shown that
of structurally related zinc-containing endopeptidases ~ KP-54 and KP-10 have the same affinity for human and
that break down basement membranes and the ex-  rat kisspeptin receptors, as confirmed by Ki (1.45-2.33
tracellular matrix under physiological and pathological  nM) and EC50 (4.13-5.47 nM) values [6]. However,
conditions [38, 39]. A number of studies have shown  another study showed that KP-10 and KP-15 are five
that the activity of type 2 or type 9 matrix metallo-  times more effective than KP-54, while KP-9 was
proteinases is suppressed by the protein kisspeptin.  less active [8]. The effectiveness of these kisspeptins
It is important to note that active MMPs can cleave  was also proven by using the FLIPR (FLuorometric
the peptide bond between Gly 51-Leu 52 in the KP-54  Imaging Plate Reader) method. This method allows
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recording rapid changes in intracellular calcium (Ca*)
concentration as an indicator of receptor activation.
The study revealed a clear dose-dependent activity:
at a concentration of KP 10-"* M, there was no signifi-
cant release of Ca?*, while in the range of 10-°-10-8
M, maximum activation of KISS1R was observed [36].

Short KP analogues have a potential therapeutic
effect, however, like many other peptide hormones,
they are subject to rapid enzymatic degradation, which
limits their use, since high doses and/or frequent ad-
ministration are required to achieve a therapeutic ef-
fect, which may be inconvenient for patients and may
increase the risk of side effects.

Thus, the development of KP analogues that acti-
vate the kisspeptin receptor and are resistant to or in-
hibit the activity of matrix metalloproteinases may open
up prospects for creating new antitumor drugs or repla-
cing hormone therapy with already known hormones.

Modifications of kisspeptin that Improve

its stability in vivo
To improve the metabolic stability of KP in vivo, re-

searchers can use various approaches, including:

+ modification of the amino acid sequence. Changing
certain amino acids in the peptide can make it less
vulnerable to protein-cleaving enzymes.

* introducing chemical modifications. This inclu-
des incorporating phosphonic acids into the
composition of KP or using synthetic amino acids
that can increase its stability.

* reducing the length of the amino acid sequence.
Shortening the amino acid sequence by removing
sections that are easily cleaved by proteases (e.qg.,
Tyr and Arg residues) can increase the peptide's
resistance to metabolic breakdown in the blood
and tissues.

Most research has focused on modifying the clea-
vage site.

It is known that peptides containing Arg are good
substrates for trypsin-like proteases. Kisspeptin ana-
logues in which Arg is replaced by neutral L-amino
acids such as alanine (Ala), leucine (Leu), norleucine
(Nle), and citrulline (Cit), which were supposed to
prevent recognition and cleavage by trypsin, critically
affected the activity of the molecule, reducing it by 21-
110 times [44]. Thus, it is not advisable to replace Arg
at position 53, as the basic amino acid at this position

2025;10(4):7-17
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appears to be necessary for the biological activity of
the peptide.

Replacing an L-amino acid with the corresponding
D-amino acid sometimes leads to an improvement in
the biological activity of the peptide, as it changes the
conformational properties of the peptide and increa-
ses its resistance to enzyme degradation [45], where-
as no such effect has been observed with Arg.

Arg53 was modified in one study by methylating
the guanidino group of arginine Arg (Me). During sub-
sequent evaluation of its properties, it was found that
the Nx-methylarginine analogue has stronger agonis-
tic activity than KP-10 and is resistant to trypsin clea-
vage between positions 53 and 54 [46].

Phosphinic kisspeptin

Based on the primary structure of KP-10, two pen-
tapeptides were developed and synthesized to improve
the stability of the peptide [47]. The peptide bond bet-
ween Gly-Leu was replaced with a phosphinic acid
fragment -PO,-CH,. Synthetic peptides containing a
phosphinic acid fragment substitution for the peptide
bond are called KP-phosphinic peptides.

To verify the functional properties of the new syn-
thetic peptides, their ability to bind and activate the
kisspeptin receptor was evaluated. Human kidney cell
culture HEK293 was selected as a model object for tes-
ting. This choice was due to the fact that HEK293 cells
express the receptor for kisspeptins, which is important
for embryonic kidney morphogenesis and glomerular
development [48]. They also have low basal ERK1/2
phosphorylation activity (extracellularly regulated ki-
nases 1 and 2, which are part of the MAPK cascade
that plays an important role in transmitting signals from
receptors on the cell surface to the nucleus).

The agonistic activity of KP phosphinic peptides
against the kisspeptin receptor was evaluated by
measuring the stimulation of ERK1/2 phosphorylation.
The results showed that the phosphinic kisspeptin
R-isomer (PKPR) is capable of binding with and acti-
vating the KISS1R receptor, as confirmed by a reliable
calcium response at a concentration of 10 M.

Phosphine peptides are known as potent and se-
lective inhibitors of various proteases, such as MMP
[49, 50], since their chemical structure mimics the in-
termediate transition state formed during peptide hy-
drolysis by proteases. It has been shown that PKPR

POCCUINCKUE BUOMEANLMHCKUE NCCNELOBAHUA

RUSSIAN BIOMEDICAL RESEARCH



NMATOPU3NOJIOTNA — MEAULIUHE 13
PATHOPHYSIOLOGY — MEDICINE

at a final concentration of 10 uM inhibited MMP-2 acti- Premature puberty: In theory, kisspeptin antago-

vity by 36%, while none of the synthesized phosphine  nists may be used to control or delay premature pu-

peptides inhibited MMP-9 activity. berty, although this area requires further research [59].
4. Research in oncology

Clinical application of synthetic kisspeptins Tumor metastasis: Based on the role of the KISS1

in treating reproductive disorders gene in suppressing tumor metastasis, kisspeptins

and oncology may be investigated as potential agents for preventing

Synthetic kisspeptins, which are peptides derived  the spread of cancer cells [4, 60].
from the natural hormone kisspeptin, are used in clini- Kisspeptins, particularly KP-10, are the subject
cal practice as potential therapeutic agents for treating  of intensive clinical trials, reflecting their significant
various conditions associated with the reproductive  therapeutic potential. According to the clinicaltrials.
and endocrine systems. The main areas of clinical ap-  gov registry in July 2025, 19 studies were completed
plication of kisspeptins are listed below. to investigate the use of these peptides for treating

1. Treatment of reproductive disorders such conditions as infertility, hypogonadotropic hypo-

Hypogonadotropic hypogonadism: Kisspeptins can  gonadism, and diabetes mellitus’. The results confirm
be used to stimulate GnRH release, which in turn ac-  the potential of kisspeptins as therapeutic agents ca-
tivates the production of gonadotropins (LH and FSH)  pable of modulating key physiological and pathologi-
and helps normalize sex hormone levels. This may be  cal processes.

particularly useful for treating patients with hypogo- Currently, 12 other projects are actively ongoing,
nadotropic hypogonadism, including conditions such  with a particular focus on the role of kisspeptins in car-
as Kallmann syndrome [13, 51].]. cinogenesis. These findings reflect the broadening of

2. Treatment of menstrual disorders and infertility  scientific interests and indicate their potential applica-
Induction of ovulation: Kisspeptins can be used to in-  tion in oncology. In-depth study of the modes of action
duce ovulation in women with ovulatory disorders, which  and therapeutic potential of these peptides may open
may help in treating certain forms of infertility and may be ~ up new perspectives in treating various diseases, in-
used in in vitro fertilization (IVF) programs [52, 53]. cluding those currently considered intractable.
Vitrification of ovarian tissue: Kisspeptins can be To date, only two groups of researchers have ta-
used as an agent to improve the quality of the cryo-  ken steps in medical chemistry to develop kisspeptin
preservation environment by improving follicle matu-  receptor agonists with an improved pharmacological
ration and increasing their viability after thawing [54]. profile in vivo compared to native KP. The first group
Hyperprolactinemia: Administration of kisspeptin  produced a series of decapeptide analogues of KP-10,
leads to an increase in LH levels in patients with both  in which one amino acid was replaced by an enantio-
normal (in the case of hypothalamic amenorrhea) and ~ mer or another amino acid, and the best analogue
elevated prolactin levels [55]. C.N. Jyasena et al. re-  was tested in vivo for its ability to stimulate the go-
ported a tenfold increase in LH levels and a 2.5-fold  nadotropic axis [61].
increase in FSH levels after subcutaneous administra- The second group performed several modifications
tion of kisspeptin-54 at a dose of 6.4 nmol/kg in wo-  of the KP-10 sequence, resulting in several degrada-
men with amenorrhea against a background of hyper-  tion-resistant analogues. The aim of this study was to
prolactinemia [56]. The number of studies confirming  reduce GnRH secretion by desensitizing KISS1R with
this relationship continues to grow. Thus, a positive ef-  an extremely long-acting agonist and, consequently,
fect was demonstrated after the administration of kiss-  to reduce circulating gonadotropins and testosterone
peptin-54 to patients with hypothalamic amenorrhea,  to castration levels, which is relevant for hormone-de-
manifested at the onset of preovulatory LH levels [57].  pendent cancer therapy [62, 63]. However, depending
3. Regulation of puberty on the dosage regimen, an analogue of this type can
Delayed puberty: The administration of kisspeptins  also be used to stimulate the reproductive system.
can stimulate the onset of puberty in children with de-
layed puberty [58] Ts://clinicaltriaIs.gov/search?cond=kisspeptin.
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Thus, native kisspeptin is a natural ligand for ~ADDITIONAL INFORMATION
the GPR54 (or KISS1R) receptor, which plays a key
role in activating gonadotropin-releasing hormone
(GnRH), which in turn stimulates gonadotropin se-
cretion and regulates reproductive function. Native
kisspeptin is effective in initiating this cascade, but
its use is limited due to rapid degradation and low
bioavailability. Synthetic kisspeptin analogues, in-
cluding those with modifications to improve stabi-
lity, have been developed to overcome these limita-
tions. Modifications may include amino acid substi-
tutions, the addition of protective groups that slow
degradation, or changes to the molecular structure
to improve receptor binding. These changes can
significantly increase the half-life of the peptide in
the blood, improve its ability to cross biological barri-
ers, and enhance overall efficacy. Kisspeptin-based
therapy may be productive in the treatment of ma-
lignant tumors, diseases associated with metabolic
disorders, delayed puberty, and infertility. However,
a short half-life limits the therapeutic potential of this
molecule. Further research is needed to determine
optimal dosages, administration regimens, and dura-
tion of therapy with kisspeptins, as well as to fully
understand their potential side effects and interac-
tions with other drugs.
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children aged 5-19 years decreased from 40-60% to 14-25%. The prevalence of malnutrition over
the same period among children of the same age group decreased from 11-25% to 6—-9%. Anemia
for 2001-2024 also decreased from an average of 20-45% to 9-20% in school-age children, 30-35%
in younger children, in newborns from 84-90% to 12-20%, in women of reproductive age from 40
to 20-25%. Regardless of the observation period, up to 60% of women of reproductive age and
younger children and 11-40% of schoolchildren and adult men suffer from vitamin D deficiency.
The prevalence of vitamin A deficiency in 2005-2024 was 6-14% in school-age children and
15-20% in newborns and women of reproductive age. Deficiency of microelements (zinc, selenium,
magnesium, calcium) is registered in 50-60% of schoolchildren. Vitamin B,, deficiency has been
diagnosed in 3-15% of non-pregnant women and 8-12% of school-age children. The main factors
of malnutrition, stunting, micronutrient and vitamin deficiencies are: anthropometric deficiency
caused by malnutrition in parents, their low level of culture and education, inadequate breastfeeding,
economic reasons for refusing to eat enough meat and vegetables, especially among residents
of ethnic poor rural and mountainous regions, food shortages, as well as parasitic diseases and
intestinal infections. Vitamin D deficiency is associated with traditional Vietnamese ideas about the
physical attractiveness of a person with white skin.

Keywords: Vietnam, stunting, malnutrition, anemia, micronutrient deficiency

© 2025 by the authors Funding. This study was not supported by any external sources of funding.

POCCUINCKUE BUOMEANLMHCKUE NCCNELOBAHUA
RUSSIAN BIOMEDICAL RESEARCH

2025;10(4):18-48



NMATOPU3NOJIOTNA — MEAULIUHE 19
PATHOPHYSIOLOGY — MEDICINE

0630p

https://doi.org/10.56871/RBR.2025.22.44.002

3agepxKa pocTa, AePULUMT NUTAHUA U MUKPOD/ZIEMEHTHaA
HeAO0CTAaTOYHOCTb BO BbeTHame. YacTb 2. (/lutepatypHbii
0630p uccnegoBaHuit Bo BbeTHame)

Banepuit Onerosuy Epkynos, Buktopus ButanbesHa [aiiBopoHckas,
Huna BaneHtnHoBHa Ckpebuosa, Ceprent CtenaHoBuy Poroaun

CaHkT-MeTepbyprcknil rocyaapCTBEHHBIN neguaTpuieckuin MeguumnHckuin yrusepentet, 194100, r. CaHkT-MeTepbypr, yn. JlutoBckas, 4. 2,

Poccuinckas ®egepauus

Ansa yumupoeanus: Epkynos B.O., lainBopoHckas B.B., Ckpebuosa H.B., Porosux C.C. 3amepxka pocTa, aeduuut nutaHus
1 MUKPOSMEMEHTHAst HeJOCTaTOMHOCTb BO BbeTHame. YacTb 2. ([lutepatypHbliii 0630p uccneposannin Bo BoeTHame). Pocculickue
6uomeduyuHckue uccnedoganus. 2025;10(4):18—48. https://doi.org/10.56871/RBR.2025.22.44.002.

Moctynuna: 25.08.2025

OpoGpeHa: 06.11.2025 MpuHsaTa k nevatu: 15.12.2025

ABTOp

ANs KoppecnoHAeHUUN:
Baneputi Onezosuy
Epkydos

E-mail:
verkudov@gmail.com

PE3KOME. Bo BTopom 0630pe, NOCBSALLEHHOM aHanu3y UCCrnefoBaHunii HENOMHOLEHHOMO NUTaHMs
B0 BbeTHame, Npon3BoamMTCS cucTeMaTi3aLms CyLECTBYOLLMX B TEYEHWE NOYTY TPMALATUNIETHEro
nepuoaa npeAcTaBneHUn 0 PacnpOCTPAHEHHOCTM, NPUYMHAX U METOAAX KOPPEKLMN 3aAepXKKM
pocTa, HepgoenaHus, oeduumnTa BUTAMMHOB, MUKPOSNIEMEHTOB 1 aHEMWW. AHANM3 NPUBEAEHHbIX
MCTOYHWKOB Nnokasan, 4to 3a 2003-2024 rr. y BbeTHaMckux AeTei B Bospacte 5-19 net umeet MecTo
CHUXEHME pacnpoCTPaHEHHOCTM Huskopocnocth ¢ 40-60% o 14-25%. PacnpocTpaHeHHOCTb
HeAoeAaHus 3a 3TOT XKe Mepuog y AeTel TOM e BO3pacTHOM rpynnbl cHusunack ¢ 11-25% ao
6-9%. AHemus 3a 2001-2024 rT. Takxe yMeHbLIKUNACch CO cpeaHux 3HayeHun 20-45% o 9-20%
y feTel WwkonbHoro Bospacta, 30-35% y mnagwmx geTen, y HoBopoxaeHHbix ¢ 84-90% po
12-20%, y XeHLMH penpoaykTuBHOro Bospacta ¢ 40 no 20-25%. BHe 3aBucuMMoCTyM OT nepuoga
HabntoaeHns 8o 60% KeHLWMH penpoayKTUBHOTO Bo3pacTa 1 MnaaLmnx geten n 11-40% WwkonbHN-
KOB 1 B3pOCHbIX MYX4NH CTPaAatoT 0T aecmumta ButamuHa D. PacnpocTpaHeHHOCTb ageguumTa
BuTamuHa A 3a 2005-2024 rr. umenace y 6-14% peten wkonbHoro Bo3pacTa u'y 15-20% HoBso-
POXAEHHbIX 1 XEHLMH penpoayKTUBHOro Bo3pacTa. [eduuynt MUKPOINeMeHTOB (LMHKa, ceneHa,
MarHus, kanbuus) sapeructpuposaH y 50-60% LikonbHUKOB. HegoctaTtouHOCTb BUTaMuHa By,
Bbina guarHoctuposaHa y 3-15% HebepeMeHHbIX KeHWuH 1 8—12% AeTeln WKONbLHOro Bo3pacTa.
OCHOBHbIMM (hakTOpamMu HeaoedaHNs, HU3KOPOCOCTH, AedULMUTa MUKPOINEMEHTOB 1 BUTAMUHOB
SBNSIOTCS: aHTPONOMETPUYECKUIA AeDULMT, BbI3BAHHbIA HEAOEAAHWNEM Y POAUTENEN, HU3KNIA
YPOBEHb WX KynbTypbl U 06pa3oBaHns, HEMOMHOLEHHOE rPYAHOE BCKapMIBaHue, SKOHOMMYe-
CKue NPpUYMHbBI 0TKa3a oT ynoTpebneHns 4oCTaTouHOro KOIMYECTBa Msica U OBOLLel, 0CO6EHHO
CPEAM KUTENER 3THNYECKUX OeIHbIX CENTbCKNX U FOPHbIX PETMOHOB, AeMUUMT NPOLOBONLCTBMS,
a Takxxe napasuTtapHble 3aboneBaHus 1 K1LeYHble MHdeKkUMK. HepoctaTok BuTammHa D cBsizaH
C TPAAMLMOHHBIMM NPeaCTaBNeHNSIMI BbETHAMLIEB O (DM3NYECKOI NPUBNEKATENBHOCTI YENOBEKa
c Benon koxen.

KnioueBble cnoBa: BoeTHaM, HU3KOPOCNOCTb, HefjoeaHue, aHeMus, AeULUT MAKPOSNEMEHTOB
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INTRODUCTION

A previous review' reported that Vietnam, like
many developing countries, is characterized by a dou-
ble burden of malnutrition. This is a combination of
high prevalence of undernutrition and obesity among
people in the same area [1]. The main reasons for this
situation in society are poverty in economically vulne-
rable regions and rapid urbanization in others, as well
as changes in diet towards more calorie-dense, micro-
nutrient-poor processed foods [2]. The second review
discusses the prevalence and causes of stunting,
underweight, and micronutrient deficiencies among
the population of Vietnam, and presents the country's
government strategy for preventing and treating these
deficiencies.

AIM

The aim is to systematize existing knowledge ac-
cumulated over a period of almost thirty years regar-
ding prevalence, causes, and methods of correction of
stunting, malnutrition, vitamin and micronutrient defi-
ciencies, and anemia in Vietnam.

ANALYSIS OF PREVALENCE
AND CAUSES OF STUNTING IN VIETNAM

As shown in Table 1, from 1997 to 2003, more
than 60% of children under the age of 10 were af-
fected by stunting. Then, from 2005 to 2008, this fi-
gure decreased to an average of 38%. These data are
consistent with those in the literature: L.M. Do et al.
(2017) noted a decrease in the prevalence of stunting
from 56.5% in 1990 to 30.7% in 2004. [3]. N.C. Khan
et al. (2007), as a result of a repeat cross-sectional
study from 1990 to 2005, also reported a significant
decrease in the prevalence of stunting — from 45%
in 1990 to 26.6% in 2004. [4]. In the following decade
(2008-2017), there was a further decrease in the
prevalence of stunting, which averaged 22% (ranging
from 19% to 24%), with high values of this indicator

! This article is a continuation of the article “The double burden of
malnutrition in developing countries as a global problem. Part 1. (Lite-
rature review of studies in Vietnam)”. (Russian Biomedical Research.
2025; 10(3):44-54. https://doi.org/10.56871/RBR.2025.80.56.005).
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observed among rural children. The results presented
in Table 1 also correspond to published data: accor-
ding to the Vietnam National Nutrition Survey conduc-
ted by the National Institute of Nutrition in 2010, stun-
ting in children aged 5-19 years amounted to 23.4%,
and in 2015, it was 25%.

The data on the prevalence of short stature from
2018 to 2024, presented in Table 1, show some in-
consistency. Most studies report that the indicator
analyzed during this period does not exceed 14%
and averages 8%, which is consistent with the results
of the 2019-2020 Vietnam National Nutrition Survey
conducted by the National Institute of Nutrition in chil-
dren aged 5-19 (14.8%) and the data of S.K. Wake
et al. (10 to 15%) [5]. However, other authors have
not been able to confirm a decrease in the prevalence
of stunting after 2019. For example, D.V. Chuc et al.
(2019) reported stunting in 24% of rural children [6].
J. Gausman et al. (2019) reported that this indicator
occurs in 20-25% of children under the age of 15,
and decreases to 12% only in adolescents [7]. These
results contradict the studies by J.A. Robinson et al.
(2023), who found a prevalence of growth retarda-
tion in 60% of one-year-olds and 12-year-olds [8],
and X. Tan et al. (2024), who found short stature in
26% of children aged 16 to 18 years [9]. However,
T. Beal et al. (2019), T.T. Le et al. (2019), P.Y. Tan
et al. (2024), and C. Mondon et al. (2024) report a
prevalence of stunting in children under 5 years of age
ranging from 20% to 44%, especially in ethnically di-
verse groups [2, 10-12]. It should also be noted that
currently (2023-2024), rural children lag behind urban
children in growth by a factor of 2-3 (Table 1). Accor-
ding to D.L. Minh et al. (2018), the incidence of growth
retardation increased among urban girls (from 23.1%
in 2013 to 42.3% in 2016) and rural boys (from 11.4%
in 2013 to 18.0% in 2016) [13]. All of these discrepan-
cies are most likely due to the heterogeneity of the
study sample.

According to Table 1, the prevalence of short sta-
ture in children under one year of age did not change
over time and averaged 12-14% (ranging from 3% to
23%) over the entire observation period (2005 to 2024).
Some Vietnamese researchers associate growth retar-
dation at 6 months of age with high levels of late gesta-
tional ferritin, a marker of oxidative stress, risk of intrau-
terine infection, and impaired uteroplacental blood flow
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Table 1
Prevalence of stunting in Vietnam according to various authors
Tabnuua 1
PacnpocTpaHeHHOCTb HU3KOPOCNOCTH BO BbeTHamMe No AaHHLIM pa3nnyHbIX aBTOPOB
ABTOp KoHTWHreHT Bospact PacnpocTtpaHeHHOCTb
Author Contingent Age Prevalence
Hop et al., 1997 [24] 14-neTHee NoHruUTIOAHOE HabnoaeHue, 212 neten 0-10 net 3 —59,4%
(1981-1994 rr.) 0-10 years Q@ —58,3%
14-year longitudinal follow-up of 212 children
(1981-1994)
Thang et al., 2003 [45] CmeluaHHas Bbibopka, 4367 peteit’ 2-5 net 58,8%
Mixed sample of 4367 children' 2-5 years
6-11 net 64,8%
6-11 years
Smuts et al., 2005 [46] CmelLaHHas Bblbopka, 257 feTeit 6-11 mec 8%
Mixed sample of 257 children 6-11 months
Watanabe et al., 2005 [47] | CmelaHHas Bbibopka, 313 geTel 13 NPOBMHLMM 6,5-8,5 net 37,6%
TxaHbxoa 6.5-8.5 years
Mixed sample of 313 children from Thanh Hoa province
Kulkarni et al., 2012 [48] CmeluaHHas Bbibopka, 240 feTeit U3 cenbCckoi 5 mec — 2 ropga 34,2%
MECTHOCTH 5 months — 2 years
Mixed sample of 240 children from rural areas
Hien & Kam, 2008 [49] CwmelwaHHas Bbibopka, 650 feteit 13 npoBuHummM Hrean | 0-5 net 44,3%
Mixed sample of 650 children from Nghe An province 0-5 years
Nhien et al., 2008 [25] CwmelwanHas Bblbopka, 243 pebeHka 1-6 net 36,2%
Mixed sample of 243 children 1-6 years
van Lierop et al., 2008 [50] | CmeLuaHHas Bbibopka, 2613 AeTelt U3 NPOBUHLNM 6-10 net lopoackne — 17,3%
BuHbTXyaH 6-10 years City —17.3%

A mixed sample of 2613 children from Binh Thuan Province

Cenbckne — 23,8%
Rural — 23.8%
Obwas — 21,4%
Total — 21.4%

Petrou & Kupek, 2010 [51] | CmewwaHHas Bbibopka, 2000 geteit 6 mec — 1,5roga 10-23,6%
A mixed sample of 2000 children 6 month — 1.5 years

Vaktskjold et al., 2010 [33] | 237 peTeit U3 NpoBUHLIMM KxaHbxoa? HoBopoxaeHHble 18%
Mixed sample 237 children from Khanh Hoa province? Newborns

Nakamori et al., 2010 [26] | CmewaHHas Bbibopka, 188 geTelt u3 cenbckux panoHoB | 6 mec — 1,5 roga 23,4%
Mixed sample of 188 children from rural areas 6 months — 1.5 years

Le Nguyen et al., 2013 [52] | CmewaHHas Bbibopka, 2872 pebeHka 0,2-11,9 roga 4% (<5 ner)
Mixed sample of 2872 children 0.2-11.9 years (<5 years)

Ali etal., 2013 [53] CwmelwaHHas Bbibopka, 3075 feten 6 mec — 5 net Nerkas — 23,2%
Mixed sample of 3075 children 6 months — 5 years Mild — 23.2%

CpepHsis — 27,8%
Average — 27.8%
Taxenas — 25,6%
Severe — 25.6%

Lundeen et al., 2014 [54]

JloHrMTIOAHOE McCnefoBaHKe B TeYeHue oT 1 1o 8 net
Longitudinal study over 1 to 8 years

1rog 21%

1 year

5 net 24%

5 years

8 ner 19,2%
8 years
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Continuation of the Table 1/ [podomkeHue mabn. 1

ABTOp KOHTWHreHT Bospact PacnpocTpaHeHHOCTb
Author Contingent Age Prevalence
Hanieh et al., 2015 [14] CwmewwaHHas Bbibopka, 1046 fetei npoBuHLMM XaHam 0-12 mec 6,4%
Mixed sample of 1046 children from Hanam province 0-12 months
Dearden et al., 2017 [35] CwmewaHHas Bbibopka, 1905 fetent 1 rog 19,7%
Mixed sample of 1905 children 1 year
5 net 24,3%
5 years
8 net 19%
8 years
Georgiadis et al., 2017 [30] | CmewaHHas Bbibopka, 2000 geTeit, NOHMUTIOAHOE 100 6%
nceneaoBaHne 1 year
Mixed sample of 2000 children longitudinal study 5 net 4%
5 years
8 net 3%
8 years
Dat et al., 2018 [55] CmeluaHHas Bbibopka, 6514 aeTelt M3 NPOBUHLK 6-10 net 6,16%
BuHbAWHBL 6-10 years
Mixed sample 6514 children from Binh Dinh province
Hoang et al., 2018 [56] CwmelaHHas Bbibopka, 2334 feteit u3 r. XandoH 6-9 net 51%,
Mixed sample of 2334 children from Hai Phong City 6-9 years
Chuc et al., 2019 [6] CwmelaHHas Bbibopka, 327 peteit 3 Kum [loHra, 1-3 roga 23,5%
CenbCKOro okpyra NpOBUHLMM XbIHTieH 1-3 years
A mixed sample of 327 children from Kimdong, a rural
district in Heungyeong Province
Gausman et al., 2019 [7] CwmeluanHas Bblbopka, 1833 pebeHka 1 rog 20,8%
Mixed sample of 1833 children 1 year
5 net 25,4%
5 years
8 net 20,2%
8 years
12 net 19,4%
12 years
15 net 12,3%
15 years
Giao et al., 2019 [57] CwmelwaHHas Bbibopka, 768 geten 3 r. XowmmuH 1-2 ropa 8,2%
Mixed sample of 768 children from Ho Chi Minh City 1-2 years
Huynh et al., 2019 [22] CwmelaHHas Bbibopka, 225 geTeit 13 6onbHULbI 6 mec — 5 net 22%
r. XOLWNMUH 6 months — 5 years
Mixed sample of 225 children from Ho Chi Minh City Hospital.
Beal et al., 2019 [10] CwmeluanHas Bbibopka, 30 771 pebeHok 6 mec — 2 roga 17,5%
Mixed sample of 30,771 children 6 months — 2 years
Beal et al., 2020 [58] CwmewaHHas Bbibopka, 55 161 pebeHok 2-5 net 21,4%
mixed sample of 55,161 children 2-5 years
Le etal., 2019 [11] CwmeluaHHas Bbibopka, 16 177 aeTei 3 ropHbix 2-5 net 29-43,9%
panoHOB, pa3Hble 3THUYECKME rpyNMbl 1-5 years
Mixed sample of 16,177 children from mountainous areas,
different ethnic groups
Mai et al., 2020 [1] CwmeluanHas Bbibopka, 10 949 neTeit u3 r. XaHoit 6-18 net 3,8%
Mixed sample of 10,949 children from Hanoi 6-18 years
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Continuation of the Table 1/ [podomxeHue mab. 1

ABTOp KoHTuHreHT Bospact PacnpocTtpaHeHHOCTb
Author Contingent Age Prevalence
Mai et al., 2020 [59] CwmelwaHHas Bbibopka, 10 949 peteit 6-18 net Mnagwwve 2%
r. XoWwnMuH Juniors
Mi)fed.sample of 10,949 children aged 6-18 Ho Crapuwve 8%
Chi Minh City Senior
Quyen et al., 2020 [60] 240 peten po 2 net okpyra Kamkxe npoBuHuum ®y Txo | 6 mec 8,2%
240 children under 2 years old in Kam Khe district of Phu 6 months
Tho province 1o 1,7%
1 years
1,5 ropa 14,8%
1.5 years
2 ropa 12,4%
2 years
Truong et al., 2022 [61] CwmeLwaHHas Bblbopka, 1556 geten cpefHuii Bospact 12 net | 14,4%
Mixed sample of 1556 children average age 12 years
Nguyen et al., 2023 [18] 340 peteit u3 HaumoHanbHoM 6onbHULbI akylwepcTea 0-12 mec 14,1%
1 TMHEKONOT K T. XaHoi 0-12 months
340 children from the National Hospital of Obstetrics
and Gynecology in Hanoi
Robinson et al., 2023 [8] CwmeluaHHas Bbibopka, 1726 feten 1rog 58%
Mixed sample of 1726 children 1 years
8 net 18,3%
8 years
12 net 56,8%
12 years
15 net 38,2%
15 years
Wake et al., 2023 [5] CmeluaHHas Bblbopka, 9710 getei, NoHrUTIOAHOE B 2002 ropy YmepeHHo — 15,1%
uccnefoBaHue In 2002 Moderat — 15.1%
Mixed sample of 9710 children, longitudinal study 3HauuTensHo — 5,7%
Significant — 5.7%
B 2006 rogy YmepeHHo — 20,4%
In 2006 Moderat — 20.4%
3HauutensHo — 4,9%
Significant — 4.9%
B 2009 rogy YmepenHo — 16,9%
In 2009 Moderat — 16.9%
3HauntensHo — 3,2%
Significant — 3.2%
B 2013 rogy YmepeHHo — 15,2%
In 2013 Moderat — 15.2%
3HauntensHo — 4,4%
Significant — 4.4%
B 2016 ropy YmeperHo — 10,2%
In 2016 Moderat — 10.2%

3HauutenbHo — 2%
Significant — 2%

Tan et al., 2024 [9]

CmeluaHHas Bbibopka, 2039 geteit
Mixed sample of 2039 children

6 mec — 2 roga
6 months — 2 years

3 —14%
Q—77%
Obwee 10,9%
Total 10.9%
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Ending of the Table 1/ OkoH4yaHue mabn. 1

AgTop KOHTWHreHT Bospact PacnpocTpaHeHHOCTb
Author Contingent Age Prevalence
Mondon et al., 2024 [2] CwmelwaHHas Bbibopka (0630p) 5ner 22,4%
Mixed sample (review) 5 years
Thuy Tran et al., 2024 [34] | CmewaHHas Bbibopka, 4001 pebeHok B Bo3pacTe 0,5-0,9 ropa lopoackne — 3%
ot 0,5 8o 11,9 net 13 pasHbIX pernoHoB 0.5-0.9 years City — 3%
Mixed sample of 4001 children aged 0.5 to 11.9 years from Cenbckne — 10,2%
different regions Rural — 10.2%
1,0-3,9 roga lopoackne — 8,2%
1.0-3.9 years City — 8.2%
Cenbckue 14,5%
Rural 14.5%
4,0-6,9 ropa lopoackue 1,8%
4.0-6.9 years City — 1.8%
cenbckue 11,3%
Rural — 11.3%
7,0-11,9 roga lopoackne — 3,5%

7.0-11.9 years City — 3.5%
Cenbckne — 12,1%

Rural — 12.1%

Tan et al., 2024 [62] 1471 nesouka® 10-12 net 12,4%
1471 girls? 10-12 years
13-15 net 13,1%
13-15 years
16-18 net 26,8%
16-18 years
Tan, Chan et al., 2024 [12] | CmeluaHHas BbiGopka® <5 net 19,6%
Mixed sample* <5 years
5-18 net 3,7%
5-18 years

Note: 'ages 2-11 years in 1992-1993 as part of the Vietnam Living Standards Measurement Surveys; 2 born from one fetus between May and July 2005 in three
main maternity hospitals; in 10-18 year old female participants in the 2020 Vietnam Nationally Representative Survey on General Nutrition; 4 data on overall
prevalence and prevalence stratified by sex and region were obtained from WHO/UNICEF/World Bank Group databases and national nutrition surveys (2018-2020) .

Mpumeyanne: 'Bospact o1 2 4o 11 net B 1992-1993 rT. B pamkax ViccrnenoBaHIs ypOBHS XIU3HU HaceneHns BbeTHama; 2 poauBLIMXCS OT OAHOI MaTepu B nepuos
¢ masi no uionb 2005 rofia B TPeX OCHOBHBIX POANUMBHBIX KMMHIKAX; ° y4acTHULbI 0BLLEHaLMOHANBHOTO PENPE3EHTATUBHOTO UccrefoBaHs BoeTHaMa no obLyemy
nutanuto 2020 roaa B BospacTe 10-18 ner; “ aaHHble 06 06LLel pacrnpoCTpaHEHHOCTH 1 PacNpPOCTPAHEHHOCTU, CTPATU(ULMPOBAHHOI MO NONY 1 PErMOHY, Bbinu
nonyyeHbl 13 6a3 AaHHbIx BO3/KOHNCE®/T pynnbl BcemmupHoro 6aHka 1 HalmoHanbHbix obcnegoBaHuii nutaHns (2018-2020 rr.).

[14], as well as low levels of vitamin D [14]. According
to other authors, the main cause of early onset of fe-
tal and neonatal growth retardation is protein-energy
malnutrition among pregnant women in rural areas of
Vietnam [15], since other factors (heredity, environ-
mental factors, etc.) can explain only 2-3% of intrau-
terine body length variation [16]. A mother's height of
less than 145 cm and/or a body mass index (BMI) of
<18.5 kg/m2 in early pregnancy is a generally accep-
ted criterion for high risk of giving birth to a baby with
low weight in relation to gestational age [17], which is
typical for Vietnam [10, 18]. M.F. Young et al. (2018)
found these extremely low physical development indi-
cators in 30% of women in Vietnam [19]. T. Beal et al.
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(2019) reported that maternal height of 145-149 cm
increases the risk of short stature in children by 49—
62%, and less than 145 cm by 82% [10]. According to
studies by M.F. Young et al. (2018) and P.H. Nguyen
et al. (2021), short stature in children born to mothers
with growth and weight deficits cannot be compensa-
ted for by the age of 2-7 years [19, 20].

Additional risk factors for low birth weight in Viet-
nam, according to the researchers, are maternal age
over 35 years, serum albumin deficiency (an indica-
tor of malnutrition), a history of anemia and premature
birth [18], as well as birth weight <2500 g, maternal
age <20 years, >2 children in the family [10, 21], child
diarrhea, three or more children in the family [22], and

POCCUINCKUE BUOMEANLMHCKUE NCCNELOBAHUA

RUSSIAN BIOMEDICAL RESEARCH



NMATOPU3NOJIOTNA — MEAULIUHE 25
PATHOPHYSIOLOGY — MEDICINE

heavy physical work during pregnancy [23]. Some  studies that linked household well-being to the ab-
studies have shown that the growth of Vietnamese  sence of stunting in children in developing countries,
infants began to lag behind the Western control popu- including Vietnam [32].
lation from the age of 4-5 months due to inadequate It has also been shown that the prevalence of short
introduction of complementary foods [24, 25]. stature is higher among children from minority groups
Traditional beliefs can influence breastfeeding living in rural areas [10, 33, 34]. The risk of stunting
practices. Currently, the prevalence of breastfeeding  among those surveyed living in the northeast of the
among children aged 0 to 6 months is no more than  country was twice as high as in the southeast, 72-83%
20% [26]. Some Vietnamese mothers perceive co-  higher than in the northwest, and 62-75% higher than
lostrum as a “dirty” product with no nutritional value, in the central northern region and the Central Highlands
which leads to lower rates of initiation of breastfeeding  [10]. This geographic pattern clearly reflects differences
[27]. Families, especially older members (mothers-in-  in social and economic status, the proportion of ethnic
law and grandmothers), friends, and neighbors play a  minorities, and access to food, health services, and
significant role in shaping mothers' beliefs and practi-  clean water [35]. Such factors as small landholdings,
ces regarding breastfeeding in infancy and adolescent  the capacity of agricultural systems to provide suffi-
nutrition [27, 28]. Physical and emotional support from  cient food quality, and the level of government support
husbands and families, as well as mothers' education,  pose a challenge to social and economic development
increase mothers' knowledge, beliefs, and confidence  in these regions [36]. Regional differences in risk fac-
in following optimal breastfeeding practices [28]. In  tors for stunting suggest that regional policies should
addition, the marketing of infant formula can nega-  be adapted to address stunting, with priority given to
tively affect feeding practices in the first year of life by  ethnic minorities in the Central Highlands, as well as
distorting information about dangers of breastfeeding  low birth weight children from low-educated families in
[29]. It is therefore important to consider social and  the Southeast and mountain communities in the North-
cultural traditions in future research aimed at impro-  west [10]. Living in a poor community was associated
ving child nutrition, especially in the context of limited  with an increased risk of stunting due to low social and
resources and cultural diversity in Vietnam. economic status, both at the community level and at
It is well known that social and economic factors  the level of individual households [37]. Studies show
such as the level of education, ethnic diversity, poverty,  that children from ethnic minorities, poor families, pre-
living in economically disadvantaged rural areas, and ~ dominantly rural and living in mountainous areas, do
lack of access to health care facilities increase the risk  not have access to foods rich in nutrients such as meat,
of stunted growth [10, 30]. For example, children of  dairy products, eggs, fruits, and vegetables rich in vita-
mothers with no education or only primary education  min A[12]. Social minority groups in Vietnam are much
were 77% more likely to experience stunted growth ~ more likely to live in conditions of moderate or severe
than their peers born to mothers with higher education ~ food insecurity and have less access to health services,
[10]. According to R.E. Black et al. (2013), about 15%  improved sanitation, and water supplies available in
of Vietnamese mothers do not have a sufficient level  urban areas [38]. For this reason, they have a higher
of education, which highlights the need to improve ac-  prevalence of parasitic infections and diarrhea, leading
cess to education for women [17]. It has been shown  to stunted growth in children under 5 years of age [39].
that parents with sufficient education are more respon- The US military launched a military campaign called
sive to specialists' recommendations regarding breast- ~ “Operation Ranch Hand” during the Vietham War to
feeding practices [31]. The close relationship between  destroy the vegetation used by North Vietnamese
low maternal height and stunted growth in children in  troops for camouflage, during which herbicides were
Vietnam indicates the importance of nutritional correc-  repeatedly sprayed in South Vietnam. It is estimated
tion before and during pregnancy [17]. that between 1961 and 1971, ~77 million liters of her-
Tan et al. (2024) found that the well-being index  bicides, including 49.3 million liters of Agent Orange
was higher among adolescents who did not suffer  containing more than 360 kg of dioxin-contaminated
from stunting [12], which is consistent with previous  defoliants, were sprayed several times over an area of
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2.6 million acres [40]. In Vietnam, the number of people
exposed or potentially exposed to Agent Orange was
estimated at 4.8 million [40]. Studies from 1966 to 2002,
summarized in reviews by J.E. Michalek et al. (1998)
and A.D. Ngo et al. (2006), reported on the effects of
Agent Orange and its dioxin (2,3,7,8-tetrachlorodiben-
zo-p-dioxin) used during the Vietnam War, on males
and its relationship to short stature in their children [41,
42). It is well known that organochlorine pesticides dis-
rupt cell differentiation processes and endocrine regu-
lation of growth and development [43], and their ef-
fects are transmitted across generations [44].

Thus, an analysis of growth retardation prevalence
among children of all age groups over a period of more
than 20 years showed a decrease in the percentage
of short children in the Vietnamese population. Ante-
natal and infant growth retardation is usually the result
of anthropometric deficiency in the mother caused by
malnutrition and other factors related to her health, as
well as her willingness to follow breastfeeding recom-
mendations. Short stature in school-age and adoles-
cent children is associated with social and economic
factors: living in poor, rural mountainous areas and
belonging to ethnic minorities.

ANALYSIS OF INCIDENCE AND CAUSES
OF UNDERWEIGHT IN VIETNAM

The main trends in the incidence of underweight
among children of different ages are shown in Ta-
ble 2. The data show that until 2000, approximately
60-70% of school-age children were malnourished.
Subsequently, the rate declined: from 2003 to 2013,
malnutrition was recorded on average in 18% (from 11
to 25%) of children under the age of 12. However, the
authors of two studies conducted in 2008 did not note
a decrease in body mass deficiency during this period:
N.N. Hien and S. Kam found malnutrition in 45-50%
of younger children, while N. van Nhien et al. found it
in older children (Table 2). From 2013 to 2017, there
was a decrease in the percentage of malnourished chil-
dren, and in 2018-2024, this indicator averaged 6%
(3-9%) among children of this age. These facts are par-
tially consistent with the literature data. A repeat cross-
sectional study from 1992 to 2002 in children aged 2
to 17 years showed an increase in underweight from
32.1% to 33.5% [63].
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There were differences between urban and rural
children throughout the observation period. At the
same time, according to studies conducted between
2008 and 2013, the prevalence of malnutrition among
rural children was 6-15% higher than among their
peers in large cities [13, 45, 50], while recent studies
report that this difference is approximately 3-5% [1, 9,
34]. As noted, the causes of nutritional deficiencies,
especially in rural areas, are: low economic status [2,
45, 49], insufficient access to food among rural resi-
dents [64, 65], inadequate diets in preschool institu-
tions [66], a deficiency of macro- and micronutrients
necessary for growth (protein, iron, zinc, vitamin D)
[2, 9, 12], poor hygiene and contamination of drinking
water sources [35], floods, droughts, or other natural
disasters [2, 49], inadequate maternal nutrition [2],
unsafe childbirth, and high infant morbidity rates [67].
It has been established that almost 60% of children
aged 0.5-0.9 years and almost 90% of children aged
7-11.9 years did not follow the recommendations for
energy, protein, calcium, iron, and vitamins A, C, and
D intake [34]. The average measured total energy
intake for Vietnamese residents was 2,196 kcal/day
[28]. According to 2024 estimates, approximately 80%
of children did not consume the amount of energy ap-
propriate for their age [34]. Carbohydrates account for
65.6% of energy requirements, while fats and proteins
account for 19.5% and 14.8%, respectively [28]. Ap-
proximately 55% of Vietnamese people have a low-
fat diet, and the same percentage exceed the recom-
mended level of carbohydrate consumption [28]. Only
5.2% of women of reproductive age achieved ade-
quate consumption of n-3 and n-6 long-chain polyun-
saturated fatty acids [28]. The main source of energy
was rice and other starchy foods (62.6%), followed by
meat and meat products (9.2%), and legumes/nuts/
seeds and fruits (5% each). Animal products (meat,
fish, eggs, and dairy products), excluding lard, ac-
counted for 12.7% of total energy intake. Daily intake
of protein, fat, and carbohydrates was 82 g, 49 g, and
356 g, respectively. Rice and other products were the
main source of protein (30 g/day), followed by meat
and meat products (17.7 g/day), as well as legumes,
nuts, and seeds (7.9 g/day). The main sources of fat
consumption in the diet were meat and meat products
(14.0 g/day); oils, lard, and butter (8.6 g/day); and le-
gumes, nuts, and seeds (6.1 g/day) [68]. Most of the
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Table 2
Prevalence of malnutrition in Vietnam according to various authors
Tabnuua 2
PacnpocTpaHeHHoCTb AedhuumMTa Macchl Tena Bo BoeTHaMe no AaHHbIM pa3nuyHbIX aBTOPOB
ABTOp KOHTWHreHT Bospact HepocTatok Beca | McToueHune
Author Contingent Age Underweight Starvation
Giay & Khoi, 1994 [96] CwmeluaHHas BbIGOpKa B3pOCbIX 26-40 net 40%
Mixed sample of adults 26-40 years
Thang et al., 2003 [45] CmeluaHHas Bblbopka, 4367 geten 2-11 net 2-5 net 57%
B 1992-1993 ropax’ 2-5 years
Mixed samﬁ)le of 4367 children aged 2-11 years in 6-11 net 71.4%
1992-1993 6-11 years
Smuts et al., 2005 [46] CmellaHHas BblOopka, 257 neTeit 6-11 mec 12,7% 3%
Mixed sample of 257 children 6-11 month
Kulkarni et al., 2012 [48] 240 neTe n3 cenbcko MECTHOCTU 5 mec — 2 ropa 15,8%
240 children from rural areas 5 month — 2 years
Cuong et al., 2007 [97] CwmeluaHHas Bbibopka, 1488 B3pocnbix 20-60 net 20,4%
13 . XOLUMMMH 20-60 years
Mixed sample of 1488 adults from Ho Chi Minh City
Watanabe et al., 2005 [47] | CmewaHHas Bbibopka, 313 getent n3 r. TxaHbxoa | 6,5-8,5 net 11,4%
Mixed sample of 313 children from Thanh Hoa city 6.5-8.5 years
Tang et al., 2007 [98] 1504 nogpocTka 13 r. XoWwnMIH (paBHoe Cpepfuii Bospact 13,1%
Konnyectso & 1 Q) 13,1 roga
1504 adolescents from Ho Chi Minh City Average age
(equal of & and Q) 13.1 years
Hien & Kam, 2008 [49] CmeluaHHas Bbibopka, 650 aeTeit 13 NPOBUHLMM 0-5 net 44.3% 11,9%
Hrean 0-5 years
Mixed sample of 650 children from Nghe An province
van Nhien et al., 2008 [25] | CmewaHHas Bbibopka, 243 pebeHka 1-6 net 50,2% 14,4%
Mixed sample of 243 children 1-6 years
van Lierop et al., 2008 [50] | CmeluaHHas Bbibopka, 2613 feteit u3 nposuHumu | 6-10 net lopoackne — 16,7 %
BuHbTXyaH 6-10 years City — 16.7%
Mixed sample of 2613 children from Binh Thuan Cenbckune — 22,6%
province Rural — 22.6%
Obwas — 20,4%
Total — 20.4%
Walls et al., 2009 [99] CwmelwaHHas Bblbopka, 4846 B3pocnbix 13 r. XaHon | 25-74 roga 13,3%
Mixed sample of 4846 adults from Hanoi 25-74 years
Dieu et al., 2009 [100] [ToBTOpHOE NoMnepeyHoe uccneaoBaHue 4-5 net 7,5%
2002-2005 rr., 1162 pebeHka 4-5 years
Repeated cross-sectional study 2002-2005
1162 children
Vaktskjold et al., 2010 [33] | 237 geTten 13 npoBuHLMYM KxaHbxoa HoBopoxaeHHble 19,8%
237 children from Khanh Hoa province Newborns
Dang et al., 2010 [101] Viccneposanue peten B Bospacte 6-15 net ¢ 1992 | Mopopackue 25,7%
no 2000 rr. B rOpOACKNX M CENbCKUX pernoHax City
2
C Y4ETOM WX 3KOHOMUYECKOTO NONOKEHNS Cenbckve 34.8%
A study of children aged 6-15 years from 1992 to Rural
2000 in urban and rural areas, taking into account .
their economic status? bearble 35,2%
Poor
Boratble 23,5%
Rich
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Continuation of the Table 2 / [podomxeHue mabr. 2

AgTop KoHTUHreHT Bospact Hepoctatok Beca | UcToueHune
Author Contingent Age Underweight Starvation
Petrou & Kupek, 2010 [51] | CmeluaHHas Bbibopka, 2000 geteint 6 mec — 1,5 ropa 11,2-16,8% 7,6%
Mixed sample of 2000 children 6 month — 1.5 years
Nakamori et al., 2010 [26] | CmeluaHHas BbiGopka, 188 getei u3 cenbckux 6 mec — 1,5 ropa 19,7% 5,3%
panoHoB 6 month — 1.5 years
Mixed sample of 188 children from rural areas

Nguyen, Eriksson et al., CmeluaHHas Bblbopka, 1495 geteit n3 r. XaHoi HoBopoxaeHHble Fopoackue &' — 2,3%
2012 [102] Mixed sample of 1495 children from Hanoi Newborns City & —2.3%
Cenbckue & —4,1%
Rural & —4.1%
lopogckue 9-4,2%
City 9-4.2%
Cenbckne @ —4,9%
Rural @ —4.9%
Alietal., 2013 [53] CwmewwaHHas Bbibopka, 3075 fetent 6 mec — 5 net 19,7% 57%
Mixed sample of 3075 children 6 month — 5 years
Ly etal., 2013 [103] CwmeluanHas Bbibopka, 1713 B3pocHbIX XuTenen 235 net 12,4%
u3 r. Jananr =35 years
Mixed sample of 1713 adults from Da Nang City®
Nguyen et al., 2013 [68] 4983 HebepeMeHHbIe KeHLLMHbI T. Txait HryeH 31,71%
4983 non-pregnant women in Thai Nguyen City
Le Nguyen et al., 2013 CwmeluanHas Bblbopka, 2872 pebenka 0,2-11,9 <5 ner 8,6% 4,4%
[52] ner* <5 years
i i _ 4
Mixed sample of 2872 children aged 0.2-11.9 years 5-11.9 rona 222%
5-11.9 years
Dearden et al., 2017 [35] | CmelwaHHas Bbi6opka, 1905 geten 1 rog 3,8%
Mixed sample of 1905 children 1 year
5 net 3,9%
5 year
8 net 11,7%
8 year
Dat et al., 2018 [55] CwmelaHHas Bbibopka, 6514 neteit n3 npouHuun | 6-10 net 11,19% 10,79%
BuHbaUHb 6-10 years
Mixed sample of 6514 children from Binh Dinh
Province
Hoang et al., 2018 [56] CwmewaHHas Bbibopka, 2334 pebeHka 13 r. XaindoH | 6-9 net 8% 5,3%
Mixed sample of 2334 children from Hai Phong City 6-9 years
Minh et al., 2018 [13] 1955 peteit B Bo3pacte 5,5-6,5 roga pasHoro nona | B 2013 rogy O6wee — 9,2%
1 BO3pacTa, FopOACKUE U Cenbekue In 2013 Total — 9.2%
1955 children aged 5.5-6.5 years of different sexes Fopopckue &' — 4,4%
and ages, urban and rural City & — 4.4%
Cenbckue & — 17,5%
Rural & — 17.5%
loponckve @ — 3,4%
City @ — 3.4%
Cenbckue @ — 16,7%
Rural @ —16.7%
B 2014 ropy Obwee — 6,9%
In 2014 Total — 6.9%

Topogckme 3 — 12.3%
City & — 12.3%
Cenbckue — 12,3%
Rural & — 12.3%
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Continuation of the Table 2 / [podomkxeHue mabn. 2

AgTop KoHTuHrent Bo3spact Hepoctatok Beca | UcTowenne
Author Contingent Age Underweight Starvation
lopoackue @ — 2,5%
City @ —2.5%
Cenbckne — 12,3%
Rural @ —12.3%
B 2016 ropy Obuwee —4,9%
In 2016 Total — 4.9%
Fopogckune & — 3,0%
City & —3.0%
Cenbckue & — 4,0%
Rural & —4.0 %
Fopoackue @ — 3,6%
City @ — 3.6%
Cenbckne @ — 9,3%
Rural @ —9.3%
Chuc et al., 2019 [6] CmeluaHHas Bblbopka, 327 getei r. XbIHbeH 1-3ropa 7,6% 6,7%
Mixed sample of 327 children from Heungyeong City | 1-3 year
Huynh et al., 2019 [22] CmeluaHHas Bblbopka, 225 aeteit 13 6onbHULpI B | 6 Mec — 5 neT 19% 10%
r. XOWWMuH 6 month — 5 years
A mixed sample of 225 children from a hospital
in Ho Chi Minh City
Pham et al., 2019 [104] CMeLuaHHas BbiGopka, 821 peGeHok 13 r. XaHost® 11-12 net 4.1%
Mixed sample of 821 children from Hanoi® 11-12 years
Mai et al., 2020 [59] CmeluaHHas Bbibopka, 10 949 neteit 6-18 net Mnagwme (ropog) 2-9%
13 1. XOLUMMUH Junior (city)
Mixed .sarlnple gf 10,949 children aged 6-18 Crapume (ropog) 6-18%
Ho Chi Minh City Senior (city)
Cenbckue 4,6%
Rural
Quyen et al., 2020 [60] 240 peteit po 2 net 13 okpyra Kamkxe nposuHUMM | HoBOpOXAEHHbIE 15,6%
®y Txo Newborns
240 children gnder 2 years old from Kam Khe district, 6 Mec 3,9% 3%
Phu Tho province 6 month
1rog 3,9% 1,3%
1 year
1,5ropa 1,3% 1%
1.5 years
2roga 7,3% 2,3%
2 years
Truong et al., 2022 [61] CwmeluaHHas Bbibopka, 1556 peten CpepnHuin Bospact 54%
Mixed sample of 1556 children 12 net
Average age 12 years
Nguyen et al., 2023 [18] CMelwaHHas Bbibopka, 340 aetei’® 0-12 mec 12,4%
Mixed sample of 340 children® 0-12 month
Tan et al., 2024 [9] 1471 neBouka 10-12 net 9,4%
1471 girls 10-12 years
13-15 net 5%
13-15 years
16-18 net 2,7%
16-18 years
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Ending of the Table 2 / OkoHyaHue mabn. 2

AgTop KoHTUHreHT Bospact Hepoctatok Beca | UcToweHune
Author Contingent Age Underweight Starvation
Tan et al., 2024b [12] CmeluaHHas Bblbopka, 2039 geteit 6 mec — 2 net 3—=72% 3 —3,6%
Mixed sample of 2039 children 6 month — 2 years Q@ —3,9% Q@ —3,2%
O6wee — 5,6% Obwee —
Total — 5.6% 3,4%
Total — 3.4%
Pham et al., 2024 [95] 108 MYXXYMH M KEHLMH 13 T. XOLMMUHT lMoxwnoin Bospact 72,2%
108 men and women from Ho Chi Minh City’ Old age
Mondon et al., 2024 [2] CwmelaHHas Bbibopka feten <5 net 12,2% 5,2%
Mixed sample of children <5 years
Thuy Tran et al., 2024 [34] | CmewaHHas Bbibopka, 4001 pebeHok B Bospacte | 0,5-0,9 net Fopoackue — 5,1%
ot 0,5 go 11,9 net 0.5-0.9 years City — 5.1%
Mixed sample of 4001 children aged 0.5 Cenbckue — 5,1%
to 11.9 years Rural —5.1%
1,0-3,9 net Fopoackue — 3,2%
1.0-3.9 years City — 3.2%
Cenbckne — 2,8%
Rural — 2.8%
4,0-6,9 net Fopoackue — 6,6%
4.0-6.9 years City — 6.6%
Cenbckue — 2,5%
Rural — 2.5%
7,0-11,9 net Fopoackue — 2,2%
7.0-11.9 years City — 2.2%
Cenbckne — 7,5%
Rural — 7.5%

Notes: 'Vietnam Living Standards Measurement Surveys; 2 Vietnam Living Standard Survey (1992-1993), General Nutrition Survey (2000); 3900 households in
6 of 56 urban, rural and mixed urban-rural communities in Da Nang; “the South East Asian Nutrition Surveys (SEANUTS); ° National Hospital of Obstetrics and
Gynecology in Hanoi; ® Vietnam Nationally Representative Nutrition Survey 2020 (girls 10-18 years); "hospital patients at the University Medical Center.

Mpumeyanus: ' Viccrieosanme ypoBHS Xn3HU HaceneHs BoetHama; 2 ccrieqosanme ypoBHst xnaHu Bo BoetHame (1992-1993), OBiiee nuccrefosaHme CoCTOSHIS
nutanus (2000); 3900 AoMOX03ANCTB B 6 13 56 rOPOACKMX, CENMbCKMX 1 CMELLaHHBIX TOPOACKUX-CenbCkUX 0BLIMH B [laHaHre; 4 npoekt O6cnea0BaHUs NUTaHNS B
tOro-BoctouHoit Asun (SEANUTS); ® HaumoHanbHas GombHuLa akyliepcTsa v ruHekonorun B 1. XaHoit; © OBlueHaLMoHanbHoe penpeseHTaTMBHoe UCCreaoBaHie
BbeTHama no nutauto 2020 r. (aesouku 10-18 net); 7 cTaumoHapHble NauueHTbl B YHUBEPCUTETCKOM MEAULMHCKOM LIEHTPE.

protein requirement is met by low-calorie foods such
as fish, crustaceans (shrimp, lobsters), mollusks (mus-
sels), amphibians (frogs, snakes), and insects [69].
Data show a significant increase in the share of animal-
based food consumption — from 12% in 1985 to 21%
in 2010 [70]. Average per capita consumption of meat
and poultry per day increased from 11 g in 1985 to 84 g
in 2010. [70], oils and fats increased by 500% between
1985 and 2010, while vegetables decreased from 214 g
per capita per day in 1985 to 190 g per capita per day in
2010 [70]. A large number of vegetables are a compo-
nent of the diet mainly for residents of northern regions
[71]. Children in Vietnam tend to have low consumption
of nutrient-rich foods [72]. It was found that they con-
sumed only 2.81 out of 7 groups of essential foods [72].
Only 39% of children consume dairy products [73], and

2025;10(4):18-48

they prefer ultra-pasteurized (84%) and flavored (34%)
milk, which has less nutritional value than natural milk
[74]. Fast food consumption is also on the rise [70, 75,
76], while meat consumption is declining [77]. It is re-
ported that whole grains, lean meat, fish, low-fat dairy
products, and fresh vegetables and fruits are consumed
more by groups with high social and economic status,
while refined grains and added fats are associated with
lower living standards [78].

A cross-sectional study conducted from October
2018 to April 2019 in the Three Tons District, Anxiang
Province, found a high prevalence of low (21.4%) and
moderate (70.4%) dietary diversity scores [38]. Dietary
diversity was higher in households headed by men with
sufficient education and income, as well as those ex-
posed to media promoting proper nutrition and health,
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with a high frequency of meals [38]. Low dietary diversity
among Vietnamese people was directly correlated with
sensory preferences regarding the appearance, smell,
texture, and taste of food [79]. A monotonous diet is as-
sociated with slower linear growth in weight gain among
Vietnamese children in their first two years of life [80].

Ethnic minorities living in mountainous areas are
also at risk due to insufficient food supplies [2, 4, 45,
81] and a starchy, carbohydrate-rich diet [61, 82].
Truong et al. (2022) conducted studies in 2019-2020
and found that 14% of these children are underweight
and 5.4% are severely malnourished [61]. A survey
of children belonging to ethnic minorities found that
12.7-14% of participants regularly skipped breakfast
and did not adhere to a healthy diet [61].

These regions experience food shortages for se-
veral months of the year between harvests [81], as well
as seasonal fluctuations in the availability of protein and
iron sources such as meat, fish, eggs, and seafood due
to the inaccessibility of markets during the rainy season
[83]. In addition, children in mountainous areas were
less likely to consume foods such as fish, shrimp, crab,
eel, snails, and mussels, as their mothers were simply
unaware of the nutritional value and safe cooking me-
thods for these seafood products [83].

Children from poor ethnic regions do not comply
with hygiene requirements: washing their hands before
eating and after using the toilet, undergoing dewor-
ming every 6 months [35, 61]. Poor sanitation is one
of the main causes of high rates of stunted growth in
mountainous areas [11, 84], as it can cause diarrhea
and other digestive diseases [85]. Wastewater disposal
measures [86] that improve sanitary conditions reduce
the prevalence of diarrhea [87] and helminth infections
[88] and decrease the prevalence of stunting [89].

Women from poor regions of Vietnam are more
prone to mental illness, the prevalence of which is as-
sociated with stunted growth in their children [90].

A study by Upadhyay et al. (2021) reports a link
between the use of solid fuels in economically disad-
vantaged households in Vietnam and the weight gain of
children living there [91].

The prevalence of malnutrition among newborns and
infants in their first year of life remained virtually unchanged
during the observation period from 2005 to 2019, avera-
ging 14% (ranging from 4% to 20%, Table 2). Only after
2020 did a downward trend to 4-7% emerge. Whether
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this decline is a pattern rather than a random statistical
fact will be determined by further observations, since the
2024 study notes that the nutrition of 80.1% of children
did not meet their calculated energy requirements [34].

Factors associated with malnutrition, as well as
growth deficiency, in newborns may include: the level
of education of mothers [28, 34, 56], refusal to breast-
feed [12, 26] and its insufficient quality [92], infectious
diseases [12, 26], low birth weight [26], large families
[93] father's insufficient involvement in family life [94],
and single-parent families [12].

Based on the assessment of 13 indicators of optimal
feeding practices for newborns and infants in their first
year of life recommended by WHO/UNICEF, only 36.7%
of children achieved the minimum dietary diversity, and
only 29% achieved the minimally acceptable diet [62].

The highest percentage of malnutrition among the
adult population was recorded in 1994 (40%) and in 2024
when observing individuals with pathologies. From 2006
to 2013, this indicator remained virtually unchanged,
hovering between 13% and 20% (see Table 2). Thus,
malnutrition is common among elderly patients and can
lead to prolonged treatment, disability, and increased
mortality among elderly residents of the country [84,
95]. Vietnam is one of the countries with a rapidly aging
population. According to the 2019 statistical forecast, the
number of elderly people is 11.41 million (11.86% of the
total population), and it will double by 2038 [95].

Thus, more than 30 years of experience in moni-
toring the quantitative characteristics of malnutrition
in Vietnam shows an approximately 5-fold decrease
in malnourished school-age children. At the same
time, the prevalence of underweight adults and new-
borns has remained virtually unchanged since 2008.
The main causes of underweight are: traditionally high
carbohydrate intake, low levels of education, lack of
knowledge about healthy eating, increased consump-
tion of fast food, poverty, especially in ethnic mountain
areas, limited food security, environmental pollution,
intestinal infections, and parasitic diseases.

ANALYSIS OF VITAMIN
AND MICRONUTRIENT DEFICIENCY
PREVALENCE AND ITS CAUSES IN VIETNAM

Table 3 shows that the prevalence of anemia among
school-age children in 2001-2008 ranged from 20% to
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45%. However, a single study conducted in 2001 failed
to confirm these data [105]. Since 2010, there has been
a decline in the number of anemic children, and in
2013-2024, this indicator averaged 13% (ranging from
9% to 20%). Anemia in younger children (aged 1 to
5 years) is an exception: according to some authors, its
prevalence in 2019-2024 amounted to 30-35% [6, 12].

According to the data presented in Table 3, the
prevalence of anemia in newborns also decreased
from 84-90% in 2001-2005 to 38-40% in 2005-2019
and 12-20% in 2019-2024.

There was also a decrease in the number of ane-
mic women of reproductive age and pregnant women
(Table 3). While before 2013 this pathology was regis-
tered in more than 40% of those examined, in 2013-
2022 anemia was diagnosed in 20-25% of women
(according to some data, up to 35%).

These data are partially consistent with those found
in the literature. A national study of nutritional risk fac-
tors in 1995 reported a high prevalence of anemia.
Approximately 40-50% of young children and women
were affected, but this figure fell after 2000 to 34%
and 25%, respectively [106]. At the same time, iron
deficiency anemia (IDA) was diagnosed in only 6%,
while thalassemia accounted for 7.3% with a genetic
predisposition of 26% of those examined, and 42.9%
suffered from anemia for unknown reasons [107]. Ado-
lescence is positively associated with anemia preva-
lence [9]. The low prevalence of IDA is confirmed by
other authors. According to Casey et al. (2010), it oc-
curs in 14% of non-pregnant women, Nguyen & Young
et al. (2016) found it in 1.5% of pregnant women, and
Le Nguyen Bao K. et al. (2016) observed it in 0.4% of
children aged 6 to 11 years [20, 108, 109]. However,
these data are inconsistent with the results of the
2010 National Nutrition Survey and the 2020 General
Nutrition Survey in Vietnam. [110], which showed that
about 37% of pregnant women suffer from IDA [111].
These results were reproduced by Phu et al. (2010),
who showed that the prevalence of IDA remains quite
high in children in their first year of life, at 21.7% [112].

At the same time, the prevalence of iron deficiency
did not undergo significant fluctuations and corre-
sponded to 11-13% (in some cases up to 40-50%)
in school-age children, 10-12% in newborns, and 20—
25% (in late stages 38-40%) in pregnant women and
women of reproductive age.
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The main causes of micronutrient and vitamin defi-
ciencies are: the traditional preference of Vietnamese
people for carbohydrate-starchy foods [28, 61, 82],
modern trends towards an increase in the proportion
of fast food in their diet [75, 76], and low consumption
of fruits, vegetables, and meat due to their financial in-
accessibility to residents of poor regions [38, 77]. Ac-
cording to studies by Bhutta et al. (2013), Hoang et al.
(2019), Tan et al. (2024), poor nutritional status during
pregnancy and in the neonatal period, maternal ane-
mia, childhood stunting, and intestinal parasitic infec-
tions (giardiasis or ascariasis) were significant predic-
tors of anemia in school-age children, while adequate
consumption of iron-rich foods (meat, fruits, and ve-
getables) was a protective factor [9, 12]. Special stu-
dies have revealed low iron concentrations in the milk
of women in Vietnam [113]. However, deficiencies in
hemoglobin, ferritin, zinc, and vitamin A were not diag-
nosed in overweight individuals [114, 115]. Some stu-
dies have reported that iron deficiency is associated
with malaria in ethnic minorities [116]. Anemia caused
by parasites, especially hookworms, is a consequence
of chronic blood loss [107]. Hookworm infection was the
strongest factor associated with anemia, accounting for
22% of anemia cases [15]. Hookworm infections were
significantly associated with hemoglobin levels [15]. In
other studies, hookworm infection was not associated
with anemia [117]. The most common parasites in Viet-
nam are Ascaris lumbricoides (roundworm), Trichuris
trichiura (whipworm), and hookworms (Necator ameri-
canus and Ancylostoma duodenale) [118]. Based on
data from the Department of Parasitology and Malaria
Control, Thua Thien Hue Health Service, the incidence
of hookworm and malaria infection is quite low, with an
average prevalence of 6.4% and <0.1%, respectively.

In 1985-1988, there was a high prevalence of clini-
cal complications of vitamin A deficiency. Clinical as-
sessment of vitamin A deficiency and xerophthalmia in
more than 30,000 young children showed the presence
of nyctalopia in 0.37% (WHO criterion no more than
1%), Bitot's spots in 0.16% (WHO criterion no more
than 0.5%), corneal ulcers and keratomalacia in 0.07%
(WHO criterion: no more than 0.01%), and corneal
scarring in 0.12% (WHO criterion: no more than 0.05%)
[119]. The prevalence of vitamin A deficiency remained
relatively stable during the 2005-2024 observation pe-
riod (Table 3): it was lowest among school-age child-
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ren, ranging from 6 to 14% . Newborns and women of  lem in Vietham [122]. This phenomenon is explained by
reproductive age accounted for 15-20% (in some ca-  cultural traditions. Vietnamese people prefer wear closed
ses up to 50% or more). At the same time, itis reported  clothing, use sun umbrellas, and have low outdoor activi-
that vitamin A deficiency among children <5 years of ty, which limits their exposure to the sun [122], combined
age living in the Central Highlands and Northern Moun-  with low consumption of foods containing this vitamin,
tainous Regions is significantly higher than in other  especially in children aged 6 months to 2 years [123].
regions of the country (19-20%) [4, 120]. In the Red  Following rapid economic growth and increased cultural
River Delta region, dark green leafy vegetables (ave- influence from Western countries, white skin has become
rage consumption 162 g/person per day) are the main  part of the modern “concept of beauty,” which is particu-
source of plant carotenoids, while fruit consumption is  larly attractive to the younger generation of women [124].
quite low (52 g/person per day) [4]. In addition, the effectiveness of sun exposure may be re-
The main risk factors for low serum retinol levels  duced by air pollution, haze, and altitude [124]. It should
are a diet low in vitamin A sources (eggs, fruits, and  be noted that significant predictors of vitamin D deficiency
vegetables), poor nutrition, and high levels of infec-  in women were urban residence and age under 30. The
tions, particularly measles and diarrheal diseases  winter season was a significant predictor in men [124].
[52], which are typical of low-income households [4]. The analysis of micronutrient deficiencies is also
Table 3 shows that, regardless of the observation  presented in Table 3. Zinc deficiency varied depen-
period in Vietnam, up to 60% of women of reproductive ~ ding on the gender, age, and place of residence.
age and young children (in some cases up to 90%) and ~ The highest values were found among rural children,
11-40% of schoolchildren and adult men suffer from vita- ~ pregnant women, and women of reproductive age
min D deficiency. Tuyen le D et al. (2016) found that the ~ (75-90%). Zinc deficiency among infants and older
prevalence of vitamin D deficiency in adults increased  children did not exceed 60%. Selenium, magnesium,
from 7% (19% in pregnant women) in 2009 to 30% in  and calcium deficiency in all Vietnamese residents,
2012 and to 57% (36% in pregnant women) in 2013  regardless of sample type, ranged from 50 to 60%.
among women living in Northern Vietnam. Deficiency of ~ Zinc and selenium deficiency was positively associa-
vitamin D varies greatly among different ethnic groups,  ted with stunted growth and malnutrition in school-
they ranged from 0.9% to 96.4% in studies of Oktaria et age children and adolescents [9, 115, 125].
al. (2022) and up to 58% in studies conducted by Stevens Vitamin B,, deficiency was diagnosed in 3-15% of
et al. (2022). Meanwhile, according to the authors [121],  non-pregnant women [114, 126] and 8-12% of school-
vitamin D deficiency is approximately twice less common  age children, regardless of gender and place of resi-
in men than in women, which is consistent with the data ~ dence [125], due to insufficient consumption of meat
presented in Table 3. Vitamin D deficiency increased from  and eggs [90]. However, there are no studies in Vietnam
22.8% in 2012 to 61.3% in 2015 among children under  reporting the prevalence of macrocytic anemia [115].
6 months of age and from 66.7% in 2012 to 70.5% in A number of publications on iodine deficiency in
2014. among children aged 6 to 11 years in northern re- ~ Vietnam are limited. A 1983 study reported that iodine
gions [121]. The SEANUTSII" (2021) [62] study showed a  deficiency was found in 28-45% of adults, a 2011
decrease in vitamin D deficiency compared to SEANUTS  study found it in 83% of pregnant women and wo-
| (2011) [52]: 41.3% versus 52.7% for urban children and ~ men of reproductive age, and a 2019 study found it in
23.3% versus 48.1% for rural children, respectively. The ~ 5-8% of schoolchildren (Table 3).
percentage of children suffering from vitamin D deficiency Therefore, 20 years of observations on anemia
was higher in rural areas than in urban areas [71, 121].  show a two- to threefold decrease in its prevalence
Despite sufficient insolation (more than 100 sunny days ~ among school-age children, pregnant women, and
per year?), vitamin D deficiency is a public health prob- ~ women of reproductive age. It is noteworthy that iron
deficiency is not the leading cause of anemia among

' Southeast Asian Nutrition Surveys the Vietnamese population. Researchers attribute it to
2 https://www.statista.com/statistics/1089265/vietnam-annual-  general protein-energy malnutrition and the spread of
sunshine-duration-in-by-city/ intestinal bleeding due to helminthic infestations. They
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also highlight nutritional causes in the spread of vita-
min A and D deficiency due to the low consumption
of eggs, meat, vegetables, and fruits among residents
of poor rural areas. In addition, the cultural traditions
of the Vietnamese people involve wearing closed clo-
thing, which interferes with vitamin D synthesis in the
skin. Subclinical deficiency of vitamin B,,, zinc, sele-
nium, copper, and iodine should also be noted as a
public health problem affecting the population.

KEY APPROACHES FOR PREVENTING
AND TREATING DEFICIENCY DISEASES
IN VIETNAM

Since the 1990s, starting with the First Internatio-
nal Conference on Nutrition in 1992, Southeast Asian
countries have adopted national nutrition strategies
and action plans in order to eliminate the double bur-
den of malnutrition (Food and Agriculture Organiza-
tion of the United Nations),1992; World Health Organi-
zation (2018a)). The WHO conducted Global Nutrition
Policy Reviews in 2009-2010 and 2016-2017 (World
Health Organization (2013), World Health Organiza-
tion (2018a)). The Report on Food Security in ASEAN
(Association of Southeast Asian Nations) prepared by
European Union, UNICEF & World Health Organiza-
tion in 2016, presented nutrition-related issues co-
vered by national strategies in Southeast Asian coun-
tries. The national nutrition strategy sets out goals for
improving nutrition and measures aimed at supporting
vulnerable groups such as women and children be-
longing to ethnic minorities and living in poor areas
[141], and implements a set of measures to reduce
poverty, provide financial support to the population,
provide credit, develop agriculture, and improve health
care [2, 142]. Improving the nutritional status and diet
of children has been a priority for the Viethamese go-
vernment since 2000. (National Nutrition Strategy for
2001-2010) [143]. Rapid economic development has
helped to improve the nutritional status of the popula-
tion, along with specific nutrition efforts by the Viet-
namese government [141].

The National Nutrition Strategy for 2011-2020 with
a vision for 2030" is a multi-sectoral policy document
aimed at improving the quantity and quality of the

! https://www.fao.org/faolex/results/details/en/c/LEX-
FAOC142707/
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Vietnamese diet, reducing child undernutrition, and
managing obesity and overweight. The vision for 2030
is to reduce child malnutrition below the level of public
health significance and to increase the average height
of adults. In addition, awareness of proper nutrition
and behavioral change should be promoted among
the general population to prevent nutrition-related
chronic diseases, and food safety should be ensured.

The main objective of the current National Nutrition
Strategy (Decision No. 02/QD-TTg 2022) for 2021-
2030 and the Vision for the period up to 2045 is? to
promote proper nutrition for improving the nutritional
status of each individual, location, region, and ethnic
group, which will contribute to reduced morbidity and
improved physical constitution, endurance, and intel-
ligence among the Vietnamese people.

From 1993 to 2005, the Vietnamese government
established a national target program to control io-
dine deficiency through widespread salt iodization.
lodized salt coverage increased to 95% of house-
holds, reducing the prevalence of goiter from 22%
to 4% in children and increasing the average urinary
iodine content from 32 pg/L to 130 pg/L in children
aged 8 to 10 years [144]. Only 73.6% of respondents
reported using iodized salt in any form in their house-
holds, while the target was 90% [135]. In recent years,
Vietnam has achieved a significant reduction in child
malnutrition thanks to positive effects of maternal and
child health programs [145].

Clinically significant deficiencies are as fol-
lows: iron and zinc in children aged 6-8 months;
iron only in children aged 9-11 months; vitamin B,
calcium, iron, and folate in pregnant women; vita-
mins B,, Bg, calcium, and folate in lactating women
and adolescent girls; calcium and iron in non-preg-
nant women [146].

One measure to combat micronutrient deficiencies
is to fortify foods with vitamins and micronutrients, for
example, milk, vegetable oil, fish sauces, powdered
flavorings, soy sauces, and wheat flour [137], infant
formula and complementary foods [71], nutrient-dense
complementary foods [147], rice®, instant noodles
[148], cookies [149], and locally produced peanut bars

2 https:/www.fao.org/faclex/results/details/en/c/LEX-FAOC213441/

3 Nguyen T.T.L., 2024 Joseph M., Beesabathuni K., Matthias D.
Enhancing the iron content of milled rice with path’s ultra-rice® tech-
nology. http://www.path.org/publications/files/TS_ur_enh_iron_pos.pdf.
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[150]. Fish sauce was identified as the most suitable
food product for iron enrichment, as it is consumed
by more than 80% of the population [144, 151] and
has been effective in controlling iron deficiency ane-
mia [144]. In 2011, the Vietnam Food Administration
developed and issued national technical regulations
on food enrichment, which further contributed to the
creation of favorable conditions for food enrichment
[144]. To support fish sauce fortification, the Global Al-
liance for Improved Nutrition awarded a grant to the
National Institute of Nutrition for 2006-2009. This pro-
gram achieved the production of fortified fish sauce
in ten factories, reaching more than 575,000 people.
The effectiveness of fish sauce fortification in impro-
ving iron status among women of reproductive age in
Vietnam has led to a reduction in the prevalence of
iron deficiency from 22.3% to 4.0% and anemia from
24.7% t0 8.5% [151]. The average consumption of fish
sauce in villages was 13-18 ml/person per day [151].
At this level of consumption, fortifying it with 7 mmol
of iron/L would increase the added value of the sauce
by 8%, which would amount to US$0.11 per person
per year [151].

In addition to fish sauce, vegetable oil, flavorings,
and soy sauce are also target products for fortification,
as they are consumed by 60-90% of the population
[144]. Other measures include promoting breastfee-
ding, developing government-supported school fee-
ding programs, and deworming to prevent iron defi-
ciency [2, 71, 92, 106, 108].

Fortification of milk and biscuits with iron, zinc,
iodine, and vitamin A, as well as increasing the calorie
content of these products by an average of 300 kcal,
contributed to accelerated growth and weight gain in
children aged 1.5-2 years 5 months to 2 years after
the start of consumption of fortified products [2, 149].
Enriching biscuits with several micronutrients is an ef-
fective strategy for improving the micronutrient status
of Vietnamese schoolchildren and increases the effec-
tiveness of deworming [148].

Adequate nutrition counseling programs that in-
clude information about the dangers of micronutrient
deficiencies and social support, the creation of a fle-
xible supplement intake scheme, and the involvement
of community leaders in the promotion and marketing
of dietary supplements and their free provision are
positively perceived by the population [152].
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Additional intake of dietary supplements containing
micronutrients and vitamins is another way to correct
deficiencies [2]. For example, prescribing supple-
ments containing iron and folic acid before conception
improved linear growth and fine motor skills in child-
ren aged 2 years [75]. Taking combined supplements
containing zinc, iron, and vitamin A increased plasma
retinol by 15% and reduced the prevalence of zinc de-
ficiency by 17.3% [153]. The prescription of vitamin A
capsules in 1988 reduced the prevalence of xeroph-
thalmia [119]. Combined supplements containing zinc,
iron, and folic acid, proteins, fats, and B vitamins,
consumed by pregnant and lactating women, as well
as children, in combination with dietary counseling,
contributed to an increase in hemoglobin (decrease in
the prevalence of anemia), ferritin, iron, zinc, plasma
retinol, and urinary iodine in children and women [18,
60, 129, 138, 149]. Adding small amounts of locally
produced fortified foods to the diets of Vietnamese
women of reproductive age increased levels of iron,
zinc, vitamin A, and vitamin B, [154].

Recent national dietary recommendations for preg-
nant women suggest adding fatty acids from the 16th
week of pregnancy [155] to prevent congenital anoma-
lies [156, 157]. Vietnam's National Nutrition Strategy for
2011-2020 does not mention encouraging the addition
of fatty acids, as a result of which Viethamese women
may not be aware of their importance [155]. Congeni-
tal malformations that can be prevented with nutrient
supplements remain one of the three leading causes
of neonatal mortality in Vietnam [158]. The prevalence
of anencephaly was estimated at 3.6 per 10,000 live
births in Vietnam in 2010, which is higher than the cor-
responding figures in the United States (1.9-2.3 per
10,000 live births in 1995-2011) and Thailand (0.8 per
10,000 live births in 2001-2012) [158].

Vietnam has programs that focus on developing
agriculture and small-scale animal husbandry. Both
are seen as promising and culturally important ways
to improve food security for the population [120]. Rai-
sing awareness about fruit and vegetable growing in
home gardens and community gardens could reduce
the financial burden of purchasing essential foods
[159]. Promoting livestock farming at the household
level could improve the supply of animal-based foods,
which are rich sources of iron, zinc, and vitamin By,.
For example, the production of chicken liver (a source
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of iron, zinc, and B vitamins), due to its affordability
[146], will, according to some authors, help reduce
malnutrition [146]. High consumption of dairy products
has been associated with significantly higher concen-
trations of vitamin B,, calcium, vitamins D and B,, A,
fat, protein, zinc, iodine, and bifidobacteria [160]. In
order to implement agricultural development programs
at the family level, the country has a Training and Im-
plementation Center that promotes the improvement
of veterinary services and animal breeding — Vuon Ao
Chuong (“Garden Pond, Barnyard”) [159].

vitamin deficiencies are: anthropometric deficiencies
caused by parental malnutrition, low levels of culture
and education, inadequate breastfeeding, economic
reasons for not eating enough meat and vegetables,
especially among residents of poor rural and moun-
tainous regions, food shortages, as well as parasitic
diseases and intestinal infections.
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CONCLUSION

To sum up, it should be noted that over a period of
almost 30 years, the Vietnamese government, thanks
to the adoption of the National Nutrition Strategy, has
managed to reduce the number of school-age children
suffering from stunted growth and underweight by ap-
proximately 2-3 times. Measures introduced to enrich
foods with vitamins and micronutrients have also led
to a reduction in the number of children and adults
suffering from anemia, iron deficiency, and vitamin A
deficiency. However, vitamin D deficiency remains a
public health problem, which is linked to traditional
Vietnamese beliefs about the physical attractiveness
of people with white skin. The main factors contri-
buting to malnutrition, stunting, and micronutrient and

AONOJHUTE/IbHAA UH®OPMALINA

Bknap aBTOpOB. BCe aBTOpPLI BHECNN CYLLECTBEH-
HbI BKNag B pa3paboTKy KOHLenuuu, npoBefeHue
nccnegoBaHUs M NOArOTOBKY CTaTby, NPOYnN M 0g06-
pun ouHanbHyto Bepcuto nepep nydnukamen.

KoHdpnukt uHtepecoB. ABTOpbI AeKnapupyioT OT-
CYTCTBME SBHbIX U NOTEHLMANbHbIX KOH(IIKTOB MHTE-
pecoB, CBA3aHHbIX C NybrukaLmen HacTosLeN CTaTbMm.
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their significance. When studying approaches to assessing the impact of industrial toxicants on the
body of employees, the current and generally accepted method in the Russian Federation is the
calculation method of “stay dose load”, which serves to substantiate the connection between the
violation of the health status of workers and the accumulation of xenobiotics in the body. In order
to prevent the accumulation of toxicants and organize measures to prevent occupational diseases,
periodic medical and preventive examinations of employees are used, which are prescribed based
on the results of a special assessment of working conditions, for workplaces with a recorded fact
of exceeding the maximum permissible concentration in the air of the working area of harmful
substances, typical for production. Today, in large enterprises where there is a chemical factor, the
activities of industrial sanitary laboratories are aimed at registering the presence of chemicals in
the air of the work area. Depending on the hazard class of the substance and the specifics of the
technological process, the frequency of sampling and analysis is established. However, in order to
implement measures aimed at preventing occupational diseases of workers, it is necessary to review
approaches to the implementation of preventive monitoring. The purpose of the work is to prevent
the negative effects of toxic substances on the body of workers and to take measures to organize a
biomonitoring system at enterprises with potentially dangerous harmful substances. Materials and
methods. A systematic analysis of modern literary sources and regulatory documentation in the field
of occupational hygiene has been carried out. By the method of comparative analysis, domestic and
foreign principles and practice of using approaches to assess the negative impact on the body of
toxicant workers are compared. Conclusions. In order to organize preventive monitoring of the body
condition of workers in contact with chemicals, it is necessary to supplement existing procedures
for monitoring the working environment, such as special assessment of working conditions and
production control, with a biomonitoring system to obtain a complete understanding of the impact
of toxicants on the human body and subsequently assess the health risk.
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060CHOBaHUS CBA3W HapYLLEHUS COCTOSAHUS 300pOBbs PABOTHUKOB C HAKOMMEHWEM B OpraHu3me
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INTRODUCTION

Publicly available online data provides indirect in-
sight into the development of new technologies aimed
at meeting Russia's economic needs in various fields,
such as instrument engineering, the IT industry, and
other related sectors.

The intensification of production technology deve-
lopment is also driven by the national needs for import
substitution of raw materials, supplies, components,
assemblies, machine parts, and equipment required
for the aforementioned branches of the economy.
Equipment and production technologies imported into
Russia do not always comply with safety standards,
including the equipment's potential to emit harmful
substances into the environment.

Numerous workers are exposed to various pol-
lutants at their workplaces, such as chemicals in the
form of vapors, aerosols, and dust, which under cer-
tain conditions can adversely affect their health. In
assessing the impact of toxicants entering the work-
place air, it is customary to consider only the inhala-
tion pathways of xenobiotic exposure. However, some
of these substances can pose a greater health risk
through dermal absorption. Therefore, an approach
focused on comprehensive health screening and the
implementation of biological monitoring for workers is
warranted.

Inadequate control of occupational exposure to pol-
lutants can lead to health deterioration. Some diseases
caused by workplace hazardous substances (occupa-
tional diseases) may only manifest after a considerable
latency period following initial exposure. Consequently,
even the most effective treatment of an occupational
disease will not prevent similar cases among other
workers unless the sources of harmful exposure are
eliminated. Hence, the risk of recurrence will remain
persistently high. This underscores the critical impor-
tance of proactive strategies to protect the health of
personnel handling hazardous substances, as well as
others who may be indirectly affected by these work
activities.

AIM

The aim of this study is to develop a framework for
a preventive health biomonitoring system for chemi-
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cal industry workers, utilizing the Maximum Inactive
Concentration (MIC) as an analogue to the Biological
Exposure Indices (BEI).

MATERIALS AND METHODS

Currently, two principal approaches are employed
to control the levels of hazardous substances in work-
place air: 1) the Special Assessment of Working Con-
ditions (SAWC) procedure', and 2) the implementa-
tion of Production Control.

The existing SAWC procedure, as currently prac-
ticed, is designed to document the factors of the work
environment and labor process at specific workplaces
based essentially on the data provided by the em-
ployer commissioning the assessment. It is an open
secret that violations of this procedure occur, leading
to the recording of all environmental factor levels at
or below established regulatory limits. Consequently,
unscrupulous employers reduce costs by avoiding
supplementary payments and compensations for ha-
zardous working conditions, justifying this by claiming
to protect workers' health through the provision of per-
sonal protective equipment. The inevitable result of
such practices is an increase in occupational disease
rates in the Russian Federation.

To monitor the content of harmful substances in
workplace air, accredited measurement methods list-
ed in the register of the accreditation body (the State
Information Fund for Ensuring Measurement Unifor-
mity, SIF UMI)? are used. This can create a discre-
pancy, as the assessment of a chemical compound's
concentration in the air may be impossible if no certi-
fied measurement method for it exists or has been
developed.

' Federal Law No. 426-FZ of December 28, 2013 "On the Spe-
cial Assessment of Working Conditions". Available at: https://www.
consultant.ru/document/cons_doc_LAW_156555/ (accessed: June 8,
2024).

2 Federal Law No. 52-FZ of March 30, 1999 "On the Sanitary and
Epidemiological Welfare of the Population”. Available at: https://www.
consultant.ru/document/cons_doc_LAW_22481/ (accessed: June 8,
2024).

3 The official website of the "State Information Fund for Ensuring
Measurement Uniformity — SIF UMI". Available at: https://oei.by/mvi/
index (accessed: June 8, 2024)..
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Another significant factor compromising the ob-
jectivity of workplace assessment regarding chemi-
cal hazards is the sampling frequency and the spe-
cific time interval chosen for evaluation. According to
SAWC guidelines, measurements must be conducted
during the most intensive work shift, at peak equip-
ment productivity and during the most demanding
associated technological operations. In practice, this
requirement is often disregarded during SAWC pro-
cedures, which calls into question the reliability of the
obtained results.

RESULTS

Therefore, it can be concluded that the outcomes of
a Special Assessment of Working Conditions (SAWC)
may not accurately reflect the true state of the air qua-
lity in the workplace. Consequently, workers exposed
to hazardous substances may be referred for manda-
tory periodic medical examinations. However, the pre-
ventive value of these examinations is compromised
because the employer officially reports the absence of
a chemical hazard.

A solution could be the implementation of a tar-
geted biomonitoring program within the framework of
enhanced occupational health examinations, using
approaches analogous to Biological Exposure Indices
(BEI). BEI represent guideline values for interpreting
biomonitoring results. They serve as an additional tool
for assessing the adverse effects of toxicants on wor-
kers and are instrumental in confirming exposure to a
specific chemical agent'.

A substantial array of methods for detecting xeno-
biotics in the human body exists and is employed in
evidence-based medical practice in Russia. To estab-
lish regular monitoring of industrial toxicants and their
metabolites in biological samples from workers, it is
imperative to create a dedicated subsidiary structure
within current specialized medical institutions for occu-
pational disease research. This structure should have
a sector-specific focus on existing enterprises and be
based on biomonitoring. Concurrently, it is necessary
to develop an algorithm for implementing approaches

' International Labour Organization. Encyclopedia. Available at:

https://www.iloencyclopaedia.org/ru/part-iv-66769/biological-monitor-
ing-65407 (accessed: June 16, 2024)..
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that enable the early identification of health deviations
in workers exposed to industrial toxicants.

The potential application of an analogue to BEI for
organizing preventive health surveillance of workers
with a confirmed chemical hazard at their workplaces
is of significant interest.

One feasible approach to implementing xenobiotic
detection can be illustrated using exposure to sele-
nium compounds as an example.

Selenium finds wide application across numerous
industrial sectors, both in the form of various salts and
as a metallic powder. It is used in semiconductor tech-
nology, the production of high-quality alloys, pharma-
ceuticals, and the paint, varnish, and glass industries.
The primary industrial uses of selenium are summa-
rized in Figure 1.

Current estimates indicate a slight upward trend
in global selenium consumption, including for the pro-
duction of vitamin supplements and other goods [1].

The leading global selenium producers are Japan
(accounting for 30-50% of world output), Canada
(16-20%), Belgium (10-14%), and Germany (7%).
Russia's share in global selenium production does not
exceed 7% [2, 3].

At present, selenium production in the Russian
Federation is carried out by three metallurgical com-
panies: Norilsk Nickel (Nornickel), the Ural Mining and
Metallurgical Company (UMMC), and the Kyshtym
Copper Smelting Plant [4, 5].

Selenium production technologies remained virtu-
ally unchanged until the end of the 20th century. The
dominant method was the roasting-selenide process,
introduced in the 1970s at the Norilsk and Almalyk
Mining and Metallurgical Combines and at the Ural
Electrolytic Copper Plant (UralElectroMed). Copper

W CrekonbHas NpOMbILLNEHHOCTb
Glass industry
MeTtannyprudeckas NpOMbILLAEHHOCTb
Metallurgic industry

B Xvmnyeckas NPOMbILLNEHHOCTb
Chemical industry

M MnrmenTbl
Pigments

M OnekTpoHuka
Electronics

W CenbcKoe X0341ACTBO; MeauLnHa
Arriculture; Medicine

Fig. 1.
Puc. 1.

Differentiation of industrial spheres of selenium application

Pacnpenenenne obnacrteit NPOMBILNEHHOCTN MO NPUMEHE-
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slimes generated during the electrolytic refining of  setting its MAC (in vapor form) at 0.2 mg/m® and as-
copper anodes were the primary industrial source of  signing it to hazard category 1, was examined in a
selenium. study by O.V. Gorbunova et al. [7].

Modern hydrometallurgical copper processing Toxicological research on the effects of selenium
technologies implemented at metallurgical plants, hexafluoride in white outbred rats also led to the de-
primarily the SX-EW (Solvent Extraction — Electro-  velopment of a bioindication method for selenium in
winning) process, developed in the 1980s by compa-  biological matrices, specifically in the blood and urine
nies such as Phelps Dodge Corp. and Placer Dome,  of the test animals. This method was designed to es-
prevent the formation of anode slimes. These slimes  tablish an exposure test and for subsequent use in oc-
were the traditional source of selenium [4, 6]. Current  cupational hygiene control (biomonitoring) for workers
best practices focus on recovering selenium from vari-  handling the hazardous compound SeF;[7].
ous industrial process solutions and electrolytes. According to research data [8], selenium is excre-

During selenium extraction and refining, workplace  ted from the body via the kidneys. This finding sup-
air may become contaminated with various chemical  ports the hypothesis that inhaled selenium hexafluo-
compounds, including heavy metals and acid vapors.  ride, after undergoing metabolic transformations, is
Workers directly involved in selenium production are at  also partially eliminated in urine as various selenium
risk of exposure to these hazardous substances, which  compounds.
are released into the air from industrial equipment. It is also established that selenium is present in

Consequently, a critical component of industrial ~ the blood, including within the selenoenzyme glu-
hygiene is the systematic monitoring of airborne ha-  tathione peroxidase (GPx). GPx is detectable in vir-
zardous substances, coupled with health surveillance  tually all human and animal tissues and biological
for employees exposed to such chemicals during their  fluids. Its enzymatic activity is significantly higher in
work" 2, blood plasma than in erythrocytes [9].

The time-weighted average Maximum Allowable These considerations, together with the fact that
Concentration (MAC) for selenium aerosol in work-  blood and urine are the most accessible and conveni-
place air is 2 mg/m?, classifying it as a hazard cate-  ent biological matrices for analysis, provided the ra-
gory 3 substance. For selenium dioxide aerosol, the  tionale for selecting them as media for determining
maximum one-time exposure MAC is 0.3 mg/m?, while  bodily selenium levels [10].
its time-weighted average MAC is 0.1 mg/m?, placing Dose- and time-response relationships for SeF-
it in hazard category 12. exposure — specifically, time-effect and concentration-

A method for detecting selenium hexafluoride  effect curves — were established. Analysis of these re-
(SeFg) in workplace air, along with the rationale for  lationships enabled an assessment of the compound's

general toxic effect using a parameter S (following the

" Federal Law No. 426-FZ of December 28, 2013 “On the Spe-  methodology described in the source study [11]), which
cial Assessment of Working Conditions”. Available at: https://www.  quantifies the deviation in the physiological state
consultant.ru/document/cons_doc_LAW_156555/ (accessed: June 8,  Of exposed animals from that of controls. From this
2024). analysis, the Maximum Inactive Concentration (MIC)

2 Federal Law No. 52-FZ of March 30, 1999 “On the Sanitary and  for chronic selenium hexafluoride exposure was deter-
Epidemiological Welfare of the Population”. Available at: https:/www. ~ mined to be 0.12 mg/m?. This MIC value can serve as
consultant.ru/document/cons_doc_LAW 22481/ (accessed: June 8, @ basis for designing biological monitoring programs
2024).). for workers in hazardous occupations, as demonstra-

3 Decree of the Chief State Sanitary Physician of the Russian  ted for this specific xenobiotic in the doctoral thesis of
Federation No. 2 of January 28, 2021 “On the Approval of Sanitary ~ O.V. Gorbunova [10].

Rules and Norms SanPiN 1.2.3685-21 ‘Hygienic Standards and Re- In practice, however, such bioindication methods
quirements for Ensuring the Safety and (or) Harmlessness of Environ-  for harmful substances are employed merely as an-
mental Factors for Humans”. Available at: https://docs.cntd.ru/docu-  Cillary tools in evidence-based medical assessments
ment/573500115 (accessed: June 16, 2024). and are not used to establish causality in occupational
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disease or poisoning cases. Consequently, bicindica-

tion methods are not widely adopted for health scree-

ning of workers exposed to chemical hazards. This
limited uptake can be attributed primarily to the need for

a complex infrastructure involving specialized medical

institutions tailored to specific industrial sectors. Fur-

thermore, numerous logistical and regulatory barriers
hinder the implementation of such monitoring systems.

An urgent need to revise current occupational
health monitoring frameworks was identified. The key
challenges for implementing biomonitoring in Russia
include:

+ the necessity to establish and accredit a large
number of specialized sector-specific analytical
laboratories for personnel health screening;

+ the development and validation of modern
biomonitoring methodologies;

+ the study of toxicokinetics of hazardous substances
upon entry into the human body;

« the rationale for selecting specific biological
matrices for analysis.

Corresponding required measures at the enter-
prise level consist of:

+ the timely identification of worker exposure to
industrial toxicants and the implementation of
protective measures;

* ensuring comprehensive coverage of at-risk worker
groups for examination;

+ the application of methods for ongoing control
that enable the tracking of indicators related to
the deposition of harmful substances in the body
during work activities.

At the same time, global experience with Biological
Exposure Indices (BEI) indicates their substantial be-
nefits. This approach, focused on the early detection of
health disorders among workers handling hazardous
substances, delivers these benefits by reducing the
incidence of occupational diseases related to chemi-
cal exposure [12]. However, studies demonstrate that
occupational exposure limits enforced in the Russian
Federation are more restrictive [3]. The numerical
values of established Maximum Allowable Concentra-
tions (MACs) for workplace air and Approximate Safe
Exposure Levels (ASELs) differ significantly from cor-
responding BEI [8].

Nevertheless, BEI represent biomarkers that re-
flect the human body's response to chemicals ab-

2025;10(4):49-57
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sorbed via any route (e.g., inhalation, dermal, or oral).
In some instances, BEI correspond to Threshold Limit
Values (TLVs), defined as a “safe” level presumed
not to induce adverse health effects. In others, they
may represent the upper 95" percentile of biologi-
cal response levels observed in a general population
sample. Furthermore, certain BEI are non-numerical
and provide only a qualitative indication of exposure.
These indices are valuable for confirming that expo-
sure to a specific chemical agent has occurred [13].

The data suggest that the Maximum Inactive
Concentration (MIC), derived from continuous toxi-
cological studies, could be considered an analogue
to BEI [11]. An approach based on determining the
MIC for different xenobiotics forms the basis for a
risk-oriented concept in occupational risk assess-
ment aimed at preventing toxicity-related occupa-
tional illnesses [14-16].

DISCUSSION

This study has evaluated the applicability of me-
thodologies for assessing the adverse health effects
of occupational chemical hazards. The conventional
occupational hygiene assessment model in the Rus-
sian Federation relies on the Special Assessment of
Working Conditions (SAWC) and routine production
control. However, this model has been found inade-
quate for establishing an effective system for preven-
tive health monitoring and the prophylaxis of occupa-
tional disease.

Consequently, instituting preventive health surveil-
lance for workers in settings with chemical hazards
requires the adoption of strategies centered on the
early detection of substances to which exposure oc-
curs during work activities.

This analysis has focused on two principal indica-
tors for assessing chemical-related health impacts:
the Biological Exposure Indices (BEI), standard in
European and American practice, and the Maximum
Inactive Concentration (MIC), utilized in the Russian
context to validate exposure tests. The utilization of
MIC holds potential for enabling the early identification
of health impairments in workers and for mitigating the
occupational risk associated with chemical factors.

A comparative analysis of the methodologies un-
derpinning BEI and MIC application reveals that Bio-
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logical Exposure Indices are not readily adaptable to
the current occupational hygiene control framework in
Russia. In contrast, the Maximum Inactive Concentra-
tion (MIC) presents a viable marker for the preventive
diagnosis of health impairments in workers exposed
to chemicals during the initial phases of exposure.

Therefore, within the current framework of the Rus-
sian Federation, a feasible preventive strategy can be
implemented. This strategy involves assessing the ad-
verse health effects on workers by applying analogues
of the Biological Exposure Indices (BEI), such as the
Maximum Inactive Concentration (MIC).

Currently, evaluating the adverse health effects of
chemicals on workers relies on data from the Special
Assessment of Working Conditions (SAWC), routine
production control, occupational risk assessments,
and periodic occupational health examinations.

This situation underscores the critical importance of
ensuring safe and harmless working conditions for per-
sonnel at newly established or modernized workplaces.
Furthermore, the current landscape of industrial ad-
vancement necessitates a revision of the methodologies
used to assess workplace environmental factors that af-
fect employee health.

implement preventive health monitoring for workers
at industrial facilities where chemical hazards are
present. This analysis highlights the significant pro-
mise of further research focused on developing sys-
tematic preventive monitoring and health assessment
strategies for workers exposed to diverse industrial
toxicants [17-21].
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AOMNO/IHUTE/IbBHAA UHOOPMALIUA

Bknap aBTOpOB. BCe aBTOPLI BHECAN CYLLECTBEH-
HbI BKNaj B pa3paboTKy KOHLEeNuuu, npoBefeHue
nccnegoBaHUs M NOArOTOBKY CTaTby, NPOYnN 1 0gob-
puv uHanbHy Bepcuto nepeg nybnukavmen.

KoHdnukt uHTEepecoB. ABTOpbI [eknapupytoTt
OTCYTCTBME SIBHbIX W MOTEHUMaNbHbIX KOH(MKTOB
WHTEPECOB, CBA3aHHbIX C Mybnukauuein HacTosLyel
cTaTbMm.

CONCLUSIONS

Consequently, within the existing framework of le-
gally mandated procedures, there is a clear need to
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and the advantages and possible limitations that must be taken into account when planning a study
to select a suitable model. The hypothalamic-pituitary-adrenal axis is a complex neuroendocrine
system involved in responding to a stressor through multilevel interactions. The body needs to go
through several critical periods of development in order to ensure the proper functioning of the
hypothalamic-pituitary-adrenal axis and appropriate behavioral and physiological responses to stress
in adulthood. The activity of the hypothalamic-pituitary-adrenal axis fluctuates throughout the day,
these changes are ensured by the driver of the circadian rhythm and the suprachiasmatic nucleus,
which regulate the circadian rhythms of glucocorticoids production. The heterodimeric CLOCK/
BMALT genes together with other transcription factors are responsible for circadian fluctuations in
gene expression under the control of the biological clock system. The ultradian change in secretion
depends on the pulsating release of corticosterone and adrenocorticotropic hormone (ACTH) in
response to different duration of stimulus and feedback signals within the hypothalamic-pituitary-
adrenal axis. Glucocorticoids affect cells through genomic and non-genomic mechanisms. The
non-genomic pathway is provided by interaction with plasma membrane-associated isoforms of
glucocorticoid and mineralcorticoid receptors. The presence of these isoforms is confirmed in the
limbic system, hippocampus, dendritic spines, pre- and postsynaptic membranes. The following
models are considered as the most accessible and frequently used models for studying the stress
response: zebrafish, rats and mice. The key points of the evolutionary development of these spe-
cies, the features of the glucocorticoid axis formation (the structure of the glucocorticoid receptor,
the course of the stress-hyporeactive period, the features of the main stress signaling molecule),
which must be taken into account when choosing a model, as well as the possible limitations of
each model, are formulated.
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PE3IOME. Ha ocHoBaHW/ aHanusa nutepaTtypbl B JaHHOM 0630pe aBTOpbI CUCTEMATU3NPOBANH
CBEJEHMS O peakLny opraHMamMa Ha CTPECC, OCHOBHbIX CTPYKTYpax, y4acTBYOLMX B 3TOM Npo-
Liecce, Ux noatanHom (popmMMpOBaHNK, Pa3BUTUN 1 B3AUMOCBS3SIX, 0DecneunBaroLLx perynsaumo
0TBETA Ha CTpeccoBoe Bo3aelicTane. OTAENbHO packpbITa PoSib NPUMEHEHUS TPAHCTISLIMOHHbIX
MOAENEN KMBOTHbIX B U3YYEHUM Pa3BUTUS TMNOTanamo-runoduaapHo-Hagno4eYHUKOBO ocH,
NMPenMyLLeCTBa 1 BO3MOXHbIE OrpaHUYeHIs], KOTOPbIE HEOBXOANMO YYNTBLIBATbL NP NAHMPOBAHUM
nccnefoBaHus Ans Bbibopa noaxoasilei mogenu. fiunotanamo-runousapHo-Haanove HKkoBas
0Cb — CNOXHast HeMPO3HIOKPUHHAS CUCTEMA, Y4acTBYHOLLAs B peanu3aumm 0TBETa Ha BO3AENCTBUE
cTpeccopa NocpeacTBOM MHOTOYPOBHEBbIX B3auMogeincTBuin. OpraHnamy Heob6xo4umo nponTy
Yepes HeCKOIbKO KpUTMYECKMX NEPUOAOB Pa3BuTMs, YTOObI 06ecneynTb NpaBnnbHOe YHKLMOHW-
POBaHWe runoTanamo-rnogu3apHo-HaAno4eYHMKOBOM OCY M COOTBETCTBYIOLLME NOBEAEHYECKNE
1 M3noNorMyeckne peakLmm Ha CTpece Bo B3pOCIOM Bo3pacTe. AKTMBHOCTb MNoTanamo-rvno-
(hM3apHO-HaaNo4EYHNKOBOI OCK KonebneTcs B TeYeHUe CYTOK, 3T M3MEHEHNS 0becneynBarTCs
BOAWTENEM LMPKAAHOrO pUTMa 1 CynpaxmasmaTuyeckum SapoM, PErynmpyrLLMM CyTOYHbIE PUTMbI
BbIPAbOTKM IMHOKOKOPTUKOMAOB. [eTepoaumepHblie reHbl CLOCK/BMALT B COBOKYMHOCTM C ApYTrMMU
TPaHCKPUMNLMOHHLIMM (hakTopaMu OTBEYAKOT 3a LiMpKaaHble konebaHus aKCnpeccum reHoB nog
KOHTPONEM CUCTEMbI BUONOrMYECKMX YaCOoB. YNbTpaanaHHoe U3MEHEHNE CEKPELNN 3aBUCUT OT
NynbCUPYHOLLEro BbICBODOXAEHMS KOPTUKOCTEPOHA U aPEHOKOPTUKOTPOMHOMO FOPMOHA B OTBET
Ha pa3nnM4yHoe BpeMst AeNCTBUS CTUMYNa U CUrHanoB obpaTHO CBS3M B Npeaenax runotanamo-
runogr3apHo-Haano4eYHNKOBOM OCK. [TIIOKOKOPTUKOMALI BO3AENCTBYIOT Ha KNETKM NOCPeACTBOM
FEHOMHBIX 1 HErEHOMHBIX MeXaH13MOoB. HereHoMHbIN nyTb 0becneynBaeTcs B3anMOAENCTBIEM
C acCOLMMUPOBaHHbIMI C MiasMaTuyeckoit MembpaHoin nsohopMami rIKOKOPTUKOUAHOMO 1
MUHEPanKopTUKOUAHOTO peLenTopoB. Hanuuue aTux n3oopm noaTBepxaaeTcs B IMMOUYecKon
cucTeMe, TMnnokamne, AeHAPUTHBIX WWNKUKaX, Npe- U NOCTCUMHANTMYeCKMX MembpaHax. B kave-
cTBe Hanbonee JOCTYMHbIX M YaCcTO UCNOMb3YeMbIX MOJeNei NS N3y4eHns CTPeCCOBOro 0TBETa
noapobHO paccMOTpeHbI creaytoLe Moaenu: poibbl [laHno-pepuo, KpbiCbl 1 Mbllwn. B gaHHom
cTaTbe BrepBble NPOBEAEH CPAaBHUTENbHBIN aHanu3 pbi6 [JaHNo-pepuo, KpbIC N MbilLei C TOUKK
3peHUst TPaHCNALMOHHON HerMpobronorK, paccMOTPEHbI acnekTbl POPMUPOBAHUS UX rUnoTana-
MO-rMnogu3apHo-Haano4eYHNKOBO OCK (CTPOEHME FMHOKOKOPTUKOMAHOTO peLenTopa, TeueHune
CTPecc-rnopeakTUBHOrO Nepuoaa, 0COBEHHOCTU OCHOBHOI CTPECCOBO CUTHAMBHON MOMEKYIbI),
AOCTYMHOCTb, CNELMMUYHOCTb W Apyriie XapaKkTepuUCTUKK, KOTOPbIE HEOOXOANMO YUMTbIBATL NpK
BbIGOPE 3KCMEPUMEHTANBHON MOAENN.

KnioueBble cnoBa: runotanamo-runousapHo-HaanoyeYHukoBas o0Cb, TPAHCNALNOHHbIE
Moaenu, [JaHno-pepuo, HOpHbIE rPbI3YHbI, CTPECC, FMIOKOKOPTUKOUbI

© KonnekTus aBTopos, 2025

POCCUMNCKUE BUOMEANLMHCKUE UCCNEAOBAHUA

MUcTouHMK (bVIHaHCMpOBaHMFI. ABTOpr 3asBnsoT 06 OTCYTCTBMM BHELLHEro (*)I/IHHHCI/IpOBaHMFI
npw nposegeHnn nccrnenoBaHus.

2025;10(4):58-83

RUSSIAN BIOMEDICAL RESEARCH



INTRODUCTION

Stress response is the body’s reaction to internal
or external factors. The hypothalamic-pituitary-adrenal
(HPA) axis is a complex neuroendocrine system of di-
rect and feedback pathways that function to maintain
homeostasis. The HPA axis is involved in the response
to stressors through multilevel interactions [1]. Abnor-
mal development of the HPA axis in the long term can
lead to changes in the synthesis of neuropeptides and
neurotransmitters in the central nervous system, as
well as the synthesis of glucocorticoid hormones in the
periphery [2]. In combination, this can cause disorders
of neuroendocrine, behavioral, autonomic, and meta-
bolic functions in adulthood [2, 3].

The body must go through several critical deve-
lopmental periods to ensure the proper functioning of
the HPA axis and appropriate behavioral and physio-
logical responses to stress in adulthood. The HPA
axis begins to form already during intrauterine deve-
lopment and under the influence of hormones during
puberty, it acquires sexual dimorphism [4, 5].

During stress, neurosecretory neurons in the para-
ventricular nucleus of the hypothalamus secrete corti-
cotropin-releasing hormone (CRH). It induces secretion
of adrenocorticotropic hormone (ACTH) from the anteri-
or pituitary gland into the general circulatory system [6].

In the paraventricular nucleus of the hypothalamus,
there are three types of functional neurons acting as
central regulators of the stress response: magnocellular,
parvocellular neurons, and long-projecting neurons [7].

Parvocellular neurons can regulate the secretion
of releasing hormones into the hypothalamic-pituitary
vascular network by connecting via their axons with the
median eminence and thereby controlling the secretion
of the corresponding hormones from the anterior pitui-
tary gland. Magnocellular neurons project to the neuro-
hypophysis, where they are involved in regulating the
release of oxytocin and vasopressin into the systemic
circulation. Long-projecting neurons send their axons to
regions of the brainstem and spinal cord, where they
control autonomic and somatosensory functions [8, 9].

The pituitary gland responds primarily to the release
of releasing factors from the hypothalamus. The ade-
nohypophysis accounts for 80% of the pituitary gland
and contains special hormone-producing cells. These
cells can synthesize and release hormones such as
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growth hormone, thyroid-stimulating hormone, follicle-
stimulating hormone, luteinizing hormone, adrenocorti-
cotropic hormone, and prolactin [10, 11].

The adrenal glands are divided into the cortex and
medulla. The medulla consists of chromaffin cells that
secrete adrenaline and norepinephrine. Under the influ-
ence of the sympathetic nervous system, medulla cells
actively respond to stress factors and release adrena-
line and norepinephrine. As a result, changes in heart
rate, blood pressure, and metabolism are observed
[12]. Histologically, the adrenal cortex is divided into
three zones. The outer zona glomerulosa produces al-
dosterone, which is involved in water and mineral ba-
lance. The intermediate zona fasciculata, the thickest
region of the adrenal cortex, synthesizes glucocorti-
coids (GCs) (cortisol in humans and corticosterone in
most rodents) and androgens [13, 14]. The zona reticu-
laris also synthesizes adrenal androgens. It should be
noted that dehydroepiandrosterone (DHEA) is the most
abundant circulating adrenal androgen in adult humans,
whereas its level is very low in adult rats and mice.

This work aims to study the structure and deve-
lopment of the HPA axis, as well as its role in regu-
lating the stress response. Additionally, translational
animal models used to study the development of the
HPA axis and the impact of stress on the body are
also presented and analyzed. Their advantages and
disadvantages, which are important to consider when
planning a study, are discussed.

ALTERATIONS IN THE ACTIVITY RHYTHM OF THE
HYPOTHALAMIC-PITUITARY-ADRENAL AXIS

The levels of cortisol, the major glucocorticoid in
humans, and its precursors vary in a predictable man-
ner depending on time and on circadian, and ultradian
patterns of secretion and excretion [15-17].

The daily activity rhythm of the HPA axis is deter-
mined by the circadian pacemaker, the suprachias-
matic nucleus. It plays an important role in regulating
the activity of the the paraventricular nucleus of the
hypothalamus and the daily rhythms of GC production
[18, 19]. Ultradian changes in GC secretion depend on
the pulsatile release of corticosterone and ACTH, which
occurs in response to variations in the timing of stimuli
and feedback signals within the HPA axis. The ultra-
dian rhythm, compared to the circadian rhythm, is not

POCCUINCKUE BUOMEANLMHCKUE NCCNELOBAHUA

RUSSIAN BIOMEDICAL RESEARCH



NMATOPU3NOJIOTNA — MEAULIUHE 61
PATHOPHYSIOLOGY — MEDICINE

under the influence of central regulation by the supra-  of circulating cortisol, enabling the body to preserve
chiasmatic nucleus but is probably generated by a direct  homeostasis in response to stress or illness.
pituitary-adrenal interaction during the constant adminis-

tration of CRH [16, 20, 21]. Moreover, it has been shown ~ GENES REGULATING CIRCADIAN RHYTHMS
that administration of high levels of corticotropin-releas-  (THE CLOCK/BMAL1 HETERODIMER SYSTEM)
ing hormone leads to disruption of the ultradian pattern,

with reduced fluctuations in corticosterone level. These The CLOCK/BMAL1 heterodimers along with other

repeatedly demonstrated the dose-dependent effect of  transcription factors are responsible for circadian fluc-

CRH on patterns of GC secretion [17, 22, 23]. tuations in gene expression under the control of the
The HPA axis consists of stimulating signals and  biological clock system [17, 26, 27].

negative feedback mechanisms. Stress activates The biological clock system consists of a central clock

the HPA axis. CRH release in the hypothalamus  and many peripherals. The central clock is located in the
triggers ACTH release from the pituitary and, ulti-  suprachiasmatic nuclei of the hypothalamus, whereas
mately, cortisol secretion from the adrenal glands.  peripheral clocks are ubiquitously expressed in all tissues
Cortisol, in addition to mediating subsequent  [16, 28]. The central clock receives light/dark signals from
physiological effects, also provides negative feed-  the eyes via the retinohypothalamic tract and interacts
back to the HPA axis by suppressing the release of  with peripheral clocks, thereby synchronizing activity.
CRH and ACTH, thereby regulating its own activity ~ Additionally, central and peripheral clocks use the same
[24, 25]. This negative feedback mechanism is es-  transcription factors, including CLOCK and BMAL1, to
sential for maintaining normal physiological levels  generate circadian rhythms of gene expression [29, 30].
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Fig. 1. Intracellular circulation of glucocorticoid receptors. The circulation of glucocorticoid receptors between the cytoplasm and
the nucleus and the regulation of transcription of genes sensitive to glucocorticoids. Glucocorticoid receptors are further
translocated into mitochondria or lysosomes [36]. HSPs — heat shock proteins; GCRa — glucocorticoid receptor a; GREs —
glucocorticoid response elements, TF — transcription factor, TFREs — transcription factor response elements (adapted from [162])

Puc. 1.  BHyTpukneTouHas LMpKYNaLmMs rMiOKOKOPTUKOMOHOTO pelentopa. Lipkynsauus riiokokopTMKOMAHOMO peLentopa Mexay LnUTonnasmoi
W SAPOM U PETYNALMS TPAHCKPUMLM TEHOB, YYBCTBUTEMbHBIX K FMIOKOKOPTUKOMAAM. [MIOKOKOPTUKOUAHbIV peLenTop Aanee TpaHcnoLu-
pyeTcs B MUTOXOHAPUN Unn in3ocombl [36]. BTLL — 6enkv Tennosoro woka; M’KPa — rrtokokopTukouaHblil peuentop anbda; NKO3 —
FMIOKOKOPTUKOMA-0TBEYakLWme anemeHTbl; ®T — daktop TpaHckpunumu; S0PT/@TOS — snemeHTbl oTBETa (OTKNMKA) haKTOPOB
TpaHcKpUnLmMu / hakTop TpaHCKpUNLMU-0TBEYAIOLLME SNEMEHTBI (aganTupoBaHo 13 [162])
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GCs are substances that can enter the cell mem-
brane and influence cells by interacting with two types
of cytoplasmic receptors: the low-affinity glucocorti-
coid receptor (GR) NR3C1 and the high-affinity mine-
ralocorticoid receptor (MR) NR3C2 [30, 31]. MRs can
also can bind to another ligand, aldosterone. GR and
MR are present in the cell cytoplasm as protein com-
plexes with additional chaperone proteins. The re-
leased complexes translocate into the cell nucleus,
where they suppress or enhance gene expression by
binding to GC response elements in DNA [24, 32, 33].

Response elements are short DNA sequences
within the promoter region of a gene that are capable
of binding specific transcription factors and thereby
regulating gene transcription. In case of stress, tran-
scription activator proteins bind to response element
and stimulate transcription (Fig. 1) [26, 34, 35].

GLUCOCORTICOID-DEPENDENT
EPIGENETIC CHANGES

GCs are the main effectors of the stress response. The
aberrant GC signaling is associated with an increased risk
of mental and affective disorders, including schizophrenia,
posttraumatic stress disorder, and depression [1, 31, 37].

Recent data report that chronic stress may modu-
late epigenetic “landscape” and influence function of
genes, regulating stress response. Epigenetic modi-
fications caused by stressors persist over time. This
leads to increased susceptibility to various disorders
associated with chronic or extreme stress [38, 39].
The interaction of GCs and receptors may exert epi-
genetic effects by altering the methylation state of
specific regions of genomic DNA. This mode of GC
action appears to underlie the long-term consequenc-
es of stress or contribute to cumulative stress [11, 40].

GCs have been shown to shape the epigenome
through four main mechanisms, primarily involving glu-
cocorticoid receptor signaling. Specifically, GCs can pro-
mote rapid demethylation of cytosine-guanine dinucleo-
tides within glucocorticoid response elements [9, 41, 42].

In the study by H. Thomassin et al., it was found
that GCs regulate DNA demethylation through a key
enhancer of the rat liver-specific tyrosine aminotrans-
ferase (Taf) gene [42]. Demethylation is observed
within 2-3 days after rapid (<1 h) chromatin remodeling
and recruitment of the first transcription factor, HNF-3.
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NMATO®U3NOJI0IrMA — MEAUNLUHE

PATHOPHYSIOLOGY — MEDICINE

Since a stronger subsequent GC response is ob-
served, demethylation appears to provide a memory of
the initial stimulation. Demethylation occurs prenatally,
at a stage when the Tat gene cannot yet be induced,
allowing the enhancer to be prepared for subsequent
stimulation by hypoglycemia at birth [42].

The mechanism underlying this effect involves GC-
dependent activation of the transcription of enzymes
that catalyze active demethylation (e.g., the TET family
of 5-methylcytosine dioxygenases), as well as a reduc-
tionin the activity of DNA methyltransferases (e.g., DNA
methyltransferase 1, DNMT1) [9, 43, 44]. Although GR
signaling during stress is typically associated with de-
methylation processes, GR action has also been linked
to methylation of a number of genes. GCs can induce
histone modification, e.g., methylation and acetylation
of histone proteins, either through direct binding of GR
or through interaction with other transcription factors
that recruit histone acetyltransferases [1, 45, 46]. GCs
can regulate expression of several microRNAs, such
as miR-218, miR-124, and miR-29a, possibly through
interaction with GR, given that the genes encoding the
altered microRNAs are enriched in sites predicted to
be glucocorticoid response elements [38, 47].

GCs may affect chromatin remodeling through GR
activation, altering the accessibility of genomic regions
to transferases. Epigenetic changes induced by GCs
can manifest both at specific loci and at the whole-
genome level. For example, prenatal exposure to ma-
ternal depression was associated with lower levels of
DNA demethylation throughout the genome [1, 48].

In the context of stress reactions or stress-asso-
ciated disorders, the most widely studied epigenetic
changes involve the genes FKBP5 (506-binding pro-
tein 5), NR3C1 (glucocorticoid receptor gene, nuclear
receptor subfamily 3 group C member1), BDNF (brain-
derived neurotrophic factor), SLC6A4 (also known as
SERT: 5-HTT; 5-HTTLPR, encodes a sodium-depend-
ent transmembrane transporter, a reuptake protein of
the neurotransmitter serotonin) and OXTR (Oxytocin
receptor, the gene encoding the oxytocin receptor) [49].

MECHANISMS OF GLUCOCORTICOID
INFLUENCE AT THE GENOMIC LEVEL

Phase 1 — basal phase. Under non-stress con-
ditions, intracellular MRs are occupied by low basal

POCCUINCKUE BUOMEANLMHCKUE NCCNELOBAHUA

RUSSIAN BIOMEDICAL RESEARCH



NMATOPU3NOJIOTNA — MEAULIUHE
PATHOPHYSIOLOGY — MEDICINE

concentrations of GCs due to the high binding affi-
nity. Under stress conditions, GC secretion promotes
an increase in GC binding to receptors having lower
affinity. Thus, an increase in GCs concentration leads
to a rapid increase in the number of active receptors.
As a result, the threshold for triggering the stress
response is regulated by GC binding to MRs, while
short-term activation of GRs ensures rapid adaptabi-
lity to respond to acute changes in GC levels [50].

Phase 2 — initial phase. When a stress response
that threatens homeostasis is triggered, CRH secre-
ted by the hypothalamus stimulates secretion of GC
from the adrenal cortex. To rapidly enhance attention
and recognize threats, membrane-bound mineralo-
corticoid receptors (mMRs) undergo a series of non-
genomic changes.

mMR-induced neuronal excitability ensures the
retrieval of memory regarding previous stress-coping
strategies, while in the amygdala region, the fight-or-
flight response is activated.

The choice of strategy for coping with stress is de-
termined specifically by limbic MR activation: minor
stressful stimuli trigger a “thinking” strategy rather than
an “action” strategy, the latter of which enhances amyg-
dala activity [38, 51].

Phase 3 — terminal phase. As GC levels rise,
activation of low-affinity GRs suppresses the stress
response through negative feedback.

Transcription-independent and transcription-de-
pendent GR mechanisms sequentially mediate nega-
tive feedback:

1) fast, at the hypothalamic level through inhibition
of chrysin (CRH) and the pituitary level through
inhibition of ACTH (<10 min);

2) intermediate, due to the effect on the paraven-
tricular nucleus (30 min - 2 hours);

3) slow and prolonged, which is achieved through
the suppression of proopiomelanocortin expres-
sion (>3 hours).

At the same time, due to transcription regulation
mechanisms, GR promotes the mobilization of the
body's energy resources to return to the basal state.

Phase 4 — priming. GR mediate the retention of
stress-related memory in the hippocampus and the
strategies used to overcome stress. In the case of re-
peated stressful impacts, MR activation contributes to
the consolidation of this experience in memory [52].

POCCUMNCKUE BUOMEANLMHCKUE UCCNEAOBAHUA
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During the priming stage, GRs induce activation of
the NF-xB/NLRP3 inflammasome pathway, which can
potentiate the neuroinflammatory response to a sub-
sequent pro-inflammatory stimulus. This mechanism
has been proposed to explain the paradoxical pro-
inflammatory effects of GCs, which are traditionally
regarded as anti-inflammatory agents [38].

It was demonstrated that an immobilization stress-
induced increase in serum GC concentration does not
change the density of IL-1 receptors in the hippocam-
pus of mice at rest and after peripheral injection of li-
popolysaccharides [34, 53]. Importantly, IL-1 and IL-6
also did not affect the expression of glucocorticoid and
mineralocorticoid receptors. In contrast, hippocampal
GR expression was significantly reduced following
TNFa injection. Thus, IL-1 receptor levels in the hip-
pocampus are relatively resistant to modulation by cir-
culating GCs, whereas TNFa significantly influences
the HPA axis activity during immune or inflammatory
processes [30, 54, 53].

Moreover, GCs show non-genomic effects on cell
functions independent of gene transcription and protein
synthesis through interaction with plasma membrane-
associated isoforms of GRs and MRs. The presence
of such isoforms of GRs and MRs was confirmed in
the limbic system, particularly in the hippocampus,
dendritic spines, pre- and postsynaptic membranes.
Such localization of GR and MR isoforms suggests
that GCs have a direct effect on synaptic transmission
and dendritic spines formation [50, 56, 57].

Thus, under physiological conditions, GCs are the
main stress regulators that promote adaptation of the
body. However, repeated or severe stress can disrupt
the glucocorticoid-regulated response mechanism,
leading to a loss of the body's ability to withstand inter-
nal and external stressors, thereby increasing vulne-
rability to disease and aggravating existing pathologies.

PHYSIOLOGY AND EMBRYONIC DEVELOPMENT

OF THE HYPOTHALAMIC-PITUITARY-ADRENAL
AXIS IN DIFFERENT ORGANISMS

Features of the hypothalamic-pituitary-
adrenal axis in zebrafish

It is known that the evolution of vertebrates has
been greatly influenced by whole-genome duplication.

2025;10(4):58-83

RUSSIAN BIOMEDICAL RESEARCH




Moreover, the first two duplications occurred during
period of vertebrate evolution approximately 560 and
530 million years ago, and the third occurred specifi-
cally in ancient fish about 320-350 million years ago
[58]. The third whole-genome duplication resulted in
the emergence of number gene duplicates. Current-
ly, these genes are observed exclusively in teleosts.
This means that the genome of these fish contains
two genes encoding the GR [59]. These isoforms are
called GR1 and GR2. Both GRs are functional recep-
tors. However, it is assumed that they are activated at
different cortisol concentrations in vivo [58, 60].

After whole-genome duplication, most duplicate
genes are lost due to nonfunctional mutations lead
to pseudogenes formation. However, in some cases,
duplicated genes are retained and undergo subfunc-
tionalization, in which both genes retain parts of the
original gene function, or neofunctionalization, in which
one copy acquires a new function [61]. Duplicate genes
may also be retained to provide genetic stability [62].

However, unlike most teleosts, zebrafish possess
only a single copy of the GR gene. In this species,
two splice variants of the gene, GRa and GRp, were
identified [61]. GRa binds cortisol with high affinity and
is transcriptionally active, whereas GRB does not bind
cortisol and lacks the same transactivation properties.
GRB has also been shown to inhibit the activity of ze-
brafish GRa, a feature that distinguishes them from
other teleosts and makes this species an excellent
model for studying GCs in the regulation of the stress
response [63].

Zebrafish are the only known teleosts with a single
GR gene. This suggests that GR signaling is critical
for HPA axis activation after hatching. Genomic corti-
sol signaling may play a key role in the organization
of metabolism and energy redistribution at the critical
stage of first feeding and growth of zebrafish, as well
as in overcoming stress. This assumption is supported
by the higher tissue metabolic capacity and enhanced
glucose metabolism in response to genomic cortisol
signaling in teleosts, as well as by the lack of cortisol
stress response before hatching [64].

In fish, cortisol secretion is regulated by stress
axis, as in mammals (Fig. 2). However, there are ana-
tomical differences in fish and mammals. The adre-
nal gland in mammals is homologous to the interrenal
gland in fish, a structure embedded in the anterior part
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of the kidney. The hypothalamus and pituitary gland
during the larval stages are formed along an anterior/
posterior axis, in contrast to similar structures in mam-
mals, which are formed along a dorsal/ventral axis.

Additionally, the pituitary gland of zebrafish is lo-
cated closer to the hypothalamus than the pituitary
gland of mammals.

When stress occurs, the hypothalamus initiates the
stress response by secreting CRH. In zebrafish em-
bryos, using whole-mount in situ hybridization, CRH-
positive cells were first detected 24 h post-fertilization
in the preoptic area (zebrafish hatch at approximately
48 hours post-fertilization). There is limited evidence re-
garding an increase in CRH mRNA content between 1
and 5 days post-fertilization using reverse transcription
polymerase chain reaction (PCR), suggesting the de-
velopment of stress perception mechanisms leading to
HPA axis activation during this period in zebrafish [65].

However, it remains to be determined whether
this possible regulation of CRH transcripts reflects
increased sensitivity to stressor exposure during this
developmental period.

In fish, CRH-secreting hypothalamic neurons ter-
minate in the anterior pituitary gland, specifically in
the corticotropic and melanotropic cell regions. In
response to CRH stimulation, corticotrophs release
ACTH into the bloodstream (Fig. 2).

ACTH is formed by post-translational cleavage
of the protein encoded by the proopiomelanocortin
(POMC) gene [66]. POMC s first detected in the pi-
tuitary primordium at 24 hours post-fertilization and
reaches peak concentration between the anterior and
posterior domains at 48-64 hours post-fertilization [63,
67]. It is currently unknown whether corticotropic cell
development depends on hypothalamic and CRH sig-
naling. Since CRH, POMC, and ACTH transcripts are
present at 48 hours post-fertilization, the hypothalamus
and pituitary gland appear prepared to control interre-
nal cortisol production immediately after hatching and
even to initiate a stress response if necessary [68].

One of the earliest markers of interrenal tissue de-
velopment in zebrafish embryos is the expression of
ff1b at 22 hours post-fertilization. This gene encodes
a nuclear transcription factor and is a homolog of the
mammalian steroidogenic factor 1 (SF1). The ligands
of SF1 include sphingolipids and phospholipids. Inter-
renal differentiation requires ff1b, and this transcription
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factor directly stimulates the expression of cytochrome
P450 side-chain cleavage enzyme (P450scc), which
is the rate-limiting factor in steroidogenesis [65, 69].
Zebrafish eggs contain cortisol of maternal origin.
This type of cortisol has also been observed in se-
veral other teleost species. A certain level of cortisol is
believed to be necessary for embryonic development,
as its de novo synthesis begins around the time of
hatching [70]. However, the exact functions of corti-
sol during embryonic and early development have not
been fully studied in any vertebrate. Although larvae
are capable of synthesizing cortisol immediately after
hatching, acute stress exposure does not cause an in-
crease in cortisol levels during this period [64, 69, 71].
Since CRH is expressed in the preoptic area as early
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as 24 hours after birth, the hypothalamus is capable
of responding to stress signals early in development
[70, 71].

It is not fully understood whether the period of
stress hyporesponsiveness during embryogenesis
and post-hatching is critical for development, espe-
cially given that cortisol has been shown to influence
cranial development and somitogenesis in zebrafish
[70, 72].

GC biosynthesis in zebrafish is fully functional
at hatching [73]. More specifically, cortisol levels do
not increase following exposure to a stressor at 25,
49, or 73 hours post-fertilization. The stress-induced
cortisol reaction was first observed at 97 hours post-
fertilization and 2 days after hatching. The absence
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of a stressor-mediated response may not be due to
the absence of MC2R, as transcripts of this receptor
are elevated between 25 and 49 hours [65, 69, 74].
This suggests that insufficient signaling from higher
centers (the pituitary gland and hypothalamus) may
limit the activation of the cortisol stress axis during
development in teleost fish. The presence of ACTH
in the pituitary gland immediately after hatching sug-
gests that the limiting factors may be located at the
hypothalamic level.

Since CRH is also expressed in the preoptic area
as early as 24 hours post-fertilization, the hypothala-
mus may be capable of responding to stress signals
early in development. These observations suggest
that the development of sensory gating in the hypo-
thalamus, which is critical for stress perception and
CRH release, may represent a temporally limiting
factor in the delayed activation of the cortisol stress
response during zebrafish development. However, it
remains unclear whether this period is hyposensitive
to stress during embryogenesis and critical for further
development after hatching [64, 74].

In summary, the corticosteroid biosynthesis pathway
becomes fully functional around the time of hatching in
zebrafish. Furthermore, stress-related signals from the
hypothalamus and pituitary gland (CRH and ACTH) can
be detected at 48 hours post-fertilization [75, 76].

It cannot be concluded that the HPA axis is func-
tionally mature at hatching, as the stress-mediated
cortisol axis is not activated in vivo until two days later
(97 hours after fertilization) [70, 77].

During embryonic development, GR transcript
levels decreased between 1.5 and 25 hours post-
fertilization, suggesting that GR signaling may not
be critical during this period [72, 78]. However, from
49 hours post-fertilization onward, GR transcript le-
vels recovered and stabilized. The increase in GR
correlated with a greater capacity for cortisol synthe-
sis during this period, suggesting that GR signaling
may be critical for activation of the HPA axis after
hatching [72, 73, 79].

Thus, genomic cortisol signaling plays a key role
in metabolic organization and energy redistribution
during the critical period of first feeding and growth
in zebrafish development, as well as in stress regula-
tion [74, 80]. This notion is supported by the increased
tissue metabolic capacity and enhanced glucose me-
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tabolism in response to genomic cortisol signaling in
teleosts, as well as by the absence of a cortisol stress
response before hatching [76, 77, 81].

In contrast to GR, MR transcript levels increased
rapidly between 1.5 and 25 hours post-fertilization
and continued to rise until 97 hours post-fertilization,
suggesting that MR signaling is important for em-
bryogenesis [78, 82]. Cortisol is a high-affinity ligand
for MR, and for MR to be able to bind other ligands.
It is co-expressed with 113-HSD2, an enzyme that
metabolizes into cortisone. However, between 1.5
and 25 hours post-fertilization, very few 113-HSD2
transcripts are present in the embryo, indicating an
inability of embryos to inactivate cortisol. Thus, ma-
ternal cortisol binding to MR may provide key signa-
ling for zebrafish development, including the regula-
tion of GR expression after hatching [64, 74, 80, 83].

Features of the hypothalamic-pituitary-
adrenal axis in burrowing rodents

In humans, the main GC is cortisol. In burrowing
rodents such as rats and mice, the principal GC is
corticosterone, whereas, in humans, corticosterone
is produced in minor quantities and human GRs
have low affinity for it (Fig. 3). A similar pattern is ob-
served in small mammals, in which corticosterone is
the primary GC, and cortisol is present only in minor
amounts [89, 90].

In mammals, glucocorticoid levels increase before
the active phase of the circadian cycle. In humans,
GC levels typically rise in the morning before awake-
ning. In contrast, in nocturnal animals, GC levels in-
crease in the evening, immediately before the onset
of their nocturnal activity period. The increase in GC
levels promotes the mobilization of the body's energy
resources, required to sustain activity [91, 92].

In the body, corticosteroids are secreted in discrete
pulses, forming an ultradian rhythm. Activation and in-
hibition of the HPA axis in rats regulate an approxi-
mately hourly cycle of corticosterone release. Signal
transduction in response to corticosterone surges
depends on dynamic interactions with GR and MR.
It is generally accepted that the effects of low basal
concentrations of endogenous GCs are mediated by
MR due to their higher affinity. Low-affinity GRs play
a key role at high concentrations of endogenous GCs
(during stress or daily peaks of release) [28, 91]. It is
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likely that optimal GC function is realized at their ave- FK506-binding protein 5 (FKBPS5) alters receptor
rage concentrations, while hyper- and hyposecretion  conformation and reduces the sensitivity of NR3C1 to
lead to negative consequences [30, 92, 93]. corticosterone, thereby weakening negative feedback

The HPA axis in rats operates through feedback  on the HPA axis. Oxytocin (OXT) slows the release of
regulatory interactions between the hypothalamus, pi-  ACTH and corticosterone [94, 95].
tuitary gland, and adrenal glands (Fig. 4). Through the The stress-hyporesponsive period (SHRP) is
interaction of hypothalamic CRH and arginine-vaso-  a distinctive feature of ontogenesis of the stress re-
pressin (AVP), and the action of CRH on the CRH  sponse in rats and mice. It is characterized by adre-
receptor (CRHR1), the production of pituitary ACTH  nal insensitivity to the trophic hormone ACTH and a
is stimulated. ACTH, which is cleaved from POMC, sti-  reduced response to stressful stimuli, resulting in low
mulates the adrenal glands to produce corticosterone.  and stable corticosterone levels. In mice, this period
Corticosterone binds to the glucocorticoid receptor  spans from 1 to 12 days, and in rats, from 4 to 14 days
(NR3C1) in the brain and suppresses the release of  [96, 97].

CRH through a negative feedback mechanism. This relative inactivity of the adrenocortical axis
o o can be considered adaptive, as it limits catabolic pro-

OH OH cesses initiated by circulating glucocorticoids and pro-

HO, OH HO motes the predominance of anabolic processes during

neurodevelopment. Mothers begin to wean their pups
at approximately 3 weeks of age, when the pup has

0 0 fully emerged from the SHRP. At this time, pups ex-
ala b/6 hibit a new, unique stress response: they are unable
Fig. 3.  Biochemical structure of cortisol (a) and corticosterone  to rapidly terminate glucocorticoid secretion, resulting
(b) (drawing by the authors) in high and sustained levels of circulating GCs and

Puc. 3. Buoxumnyeckas cxema koptusona (a) u kopTvkoctepoHa  AGTH [40, 91, 98].
(6) (pucyHok aBTOpOB) I,

KPI v ABI
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Fig. 4.  Scheme of hypothalamic-pituitary-adrenal axis regulation in rats. AVP — corticotropin releasing hormone and arginine vasopres-
sin; ACTH — adrenocorticotropin hormone; CRH — corticotropin releasing hormone; OXT — oxytocin; POMC — proopiomelano-
cortin; CRHR1 — CRH receptor; NR3C1 — nuclear glucocorticoid receptor; FKBP5-FK506 Binding Protein 5 (adapted from [96])

Puc. 4. Cxema perynsuun runotanamo-runodusapHo-HaanoveyHUKoBo ocu y kpbic. ABM — aprunnn-BasonpeccuH; AKTI — agpeHokopTuko-
TpOMHbIA ropMoH; KPI — kopTukoTponuH-punnauHr ropmoH; OTLL — okentoumH; MOMK — npoonvomenaHokoptut; PKPIM1 — peuen-
TOP K KOPTUKOTPONUH-penuanHr ropmoHy 1; AP3-C1 — apepHbiit peuentop 3 rpynnbl C1; FK506-CB5 — FK506-cBsa3biBatowuit 6enok
5 (apanTupoBaHo 13 [96])

POCCUMNCKUE BUOMEANLMHCKUE UCCNEAOBAHUA

2025;10(4):58-83
RUSSIAN BIOMEDICAL RESEARCH




Events occurring during the SHRP can be either
adaptive, leading to appropriate activation and rapid
termination of the stress response, or maladaptive,
resulting in long-term physiological changes that in-
crease stress sensitivity and impair the ability to ef-
fectively terminate the stress response [96, 99].

Specific maternal behaviors regulate the stress
response, e.g., breastfeeding suppresses corticos-
terone levels, while anogenital licking suppresses the
ACTH stress response. Thus, in both rats and mice,
maternal deprivation during the SHRP increases the
stress reaction [44, 100, 101]. An increase in basal
and stress-induced corticosterone levels is observed
after 8 hours of separation, reaching the highest levels
by 24 hours in both rats and mice [102]. For example,
three 8-hour separations do not have a cumulative
effect on corticosterone levels, as reunion with the
mother restores them to control levels. After maternal
deprivation, corticosterone and adrenocorticotropic
hormone levels remain elevated for at least 2 hours
after a saline injection [8, 102, 103].

It is important to understand that in rats and
mice, maternal presence is important not only for
nutrition and thermoregulation. Certain maternal
behaviors stimulate physiological processes in
pups, such as heart rate, locomotor activity, the
sleep-wake cycle, and growth hormone release,
while inhibiting others, including the adrenocortical
stress response [102, 104].

Understanding the mechanisms underlying the
formation of a normal postnatal (limbic-)hypotha-
lamic-pituitary-adrenal axis is essential for further
studying stress-related disorders in early childhood,
such as failure to thrive, weight loss, or depression
[31, 105, 106].

When selecting a translational model, the sex of
rats or mice should also be taken into consideration.
Sex-dependent differences in GC action have been
investigated by assessing the effect of GCs on genes
expressed in the rat liver [107]. As a result, distinct
sets of GC-regulated genes were identified, with spe-
cificity noted for females and males. Some genes were
induced to a greater extent in males than in females,
and vice versa. Analysis of the pathways regulating
these genes showed that the anti-inflammatory effects
of glucocorticoids were more pronounced in males.
This difference was attributed to suppression of GC-
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mediated anti-inflammatory signaling by ovarian hor-
mones. Although these data relate specifically to sex
differences in GC-mediated regulation of liver genes,
similar mechanisms may also occur in other tissues
and organs [108, 109].

TRANSLATIONAL ANIMAL MODELS
FOR STUDYING STRESS RESPONSE REGULATION

Zebrafish as a translational model
for stress research

Zebrafish have become a popular species in re-
search laboratories for a number of reasons. These
fish are asynchronous spawners, allowing them to be
bred throughout the year and ensuring a constant sup-
ply of fertilized eggs. The zebrafish genome has been
sequenced and is readily accessible. Several forward
and reverse genetic approaches have been success-
fuly proven in zebrafish, including transgenesis, gene
silencing, and chemically induced mutagenesis.

Zebrafish also offer several advantages for stu-
dying the glucocorticoid stress axis. One large-scale
study described zebrafish mutants that lack pituitary
corticotroph cells and are therefore unable to synthe-
size ACTH [73, 77, 83, 84]. These mutants provide
an excellent opportunity to study the role of ACTH in
the stress response and the ability of fish to cope with
stressors.

Although genome duplication specific to teleost
fish provides opportunities to study evolution and
compare different species, duplicated genes can
also pose challenges for other areas of research. For
example, when conducting gene silencing studies
using morpholino oligonucleotides, it is important to
consider that duplicated genes may require simulta-
neous silencing of both copies to fully suppress gene
function [79, 85].

The use of zebrafish to study the effects of corti-
coids circumvents this problem, as zebrafish are cur-
rently the only fish known to possess single genes for
all three components of the HPA axis, including CRH,
ACTH, GR [64, 78, 84, 86].

The evolution of duplicated HPA axis components
in zebrafish (a return to single-gene systems) endows
zebrafish with a stress signaling cascade analogous
to that of other vertebrates, including humans [74].
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Zebrafish are widely used as a model organism for For example, in modeling stress during early on-
studying numerous human diseases and for drug  togenesis, differential effects of maternal depriva-
research [75, 87]. For example, Barrett et al. (2006)  tion on anxiety and depressive behavior have been
used zebrafish as a model to investigate glucocorti-  demonstrated in different mouse strains. The C57BI/6

coid-induced osteoporosis [76, 84]. strain appears to be more resilient to stress than other
Furthermore, Schaaf et al. (2008) describe an-  strains, such as the Balb/c strain [112, 113].
other striking similarity between the corticoid systems Thus, rats and mice are widely used as experi-

of humans and zebrafish. Humans have two splice  mental animals in stress modeling and for improving
variants, GRa and GRp [77, 85, 88]. GRpP does not  our understanding of the biochemical and genetic
bind classical agonists such as cortisol or dexame-  mechanisms of many mental disorders: anxiety, de-
thasone, acts as a negative inhibitor of GRa, and is  pression, mood disorders, and addictions [114, 115].
involved in various immune-related responses. The  These studies make a significant contribution to the
GRp variant has not been detected in animal model investigation of treatment for these diseases. Ho-
species to date, such as rats and mice. However, a  wever, when selecting rats and mice as models, se-
GRp variant has been identified in zebrafish that has  veral factors should be considered. These include, for
a similar structure, function, and expression pattern  example, the specifics of the ultradian rhythm of cor-
in adult tissues and during development [77, 80, 88].  ticosterone secretion, the timing of the GC rise, and
These findings may represent an example of conver-  the understanding of the necessity of maternal pres-
gent evolution. ence and its influence on the formation of the HPA

This discovery further confirms the advantage of  axis. When selecting a species or strain, its sensitivity
zebrafish as a model for understanding the role of cor-  and susceptibility to a specific stressor should be con-
tisol signaling in human diseases and stress-related  sidered, and the sex of the animal is also an important

disorders. factor [116].
Burrowing rodents as a translational model Principles for validation of translational
for studying the effects of stress models of zebrafish and burrowing rodents

Different stress characteristics, such as the dura-  [©F stress research

tion, intensity, mode of exposure, and predictability, _ _ o
explain the spectrum of different responses to stress. ~ Biochemical criteria

Ultimately, the threshold at which the stress response Different models are used to study cortisol levels
shifts from physiological to pathological also depends  under stress in zebrafish and burrowing rodents.
on neuroendocrine, neurochemical, and genetic fac- Cortisol levels in zebrafish are studied in models of

tors that determine individual differences in stress per-  acute stress using both physical methods and chemi-
ception and the response. Given this, it seems logical ~ cal stressors, both of which lead to an increase in
that stress-modeling protocols should be adapted to  cortisol levels. However, physiological differences be-
the animal species and even the specific strain used  tween physical and psychological stress in zebrafish
when employing animal models [108, 110]. remain incompletely understood [117, 118].

Although rats are widely used for modelling de- In one model of acute stress in zebrafish, group 1
pression and other stress-associated disorders, mice ~ was subjected to physical stress — net chasing for
have advantages. These include the availability of 2 minutes, followed by a 15-minute waiting period be-
numerous genetically modified strains, such as trans-  fore tissue collection; group 2 was subjected to space
genic and knockout mice, as well as lower mainte-  restriction in a specialized tube for 15 minutes; group 3
nance costs compared with rats. In addition, suscep-  served as the control group. After 15 minutes of expo-
tibility to stress varies depending on the mouse strain  sure to each stressor, the fish were decapitated, the
and the type of genetic modification, which should be  brain tissue was removed, and the samples were im-
considered when using rats and mice as translational ~ mediately frozen in liquid nitrogen and stored at -80 °C
models [110, 111]. until cortisol extraction [119, 120].
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In another model of chemical stress, the blood of
conspecifics was used as the stressor in group 1 (5 ml
per 10-liter aquarium with exposure for 15 minutes).
The alarm pheromone of conspecifics was used in
group 2 (1 ml per 10-liter aquarium for 15 minutes).
The fish were then also decapitated and frozen until
cortisol was extracted [118, 121-123].

When comparing physical and chemical stress
groups, it was found that physical stress (net pursuit
test, space restriction test) caused a more significant
increase in cortisol levels than chemical stress. After
the net pursuit test, cortisol levels increased fourfold
compared to the chemical test [118].

To study serum cortisol levels in burrowing rodents,
the following models are used [124].

In the study, male Wistar rats were divided into
groups of 6 animals: group 1 — Porsolt forced swim
test (FST); group 2 — restraint test (RT); group 3 —
control group. All animals were of approximately the
same weight. Differences in cortisol levels depending
on the stress model were investigated. The experi-
ment lasted 2 months, with tests conducted between
1:00 PM and 4:00 PM on weekdays.

In the FST group, a 15-cm-high Plexiglas cylin-
der filled with water at 25 °C was used, into which
the animal was placed. Immobility was defined as
the animal floating in the water in a slightly vertical
position, making no movements other than those
necessary to keep its head above the water surface.
In the RT group, the animal was isolated for 3 hours
in a transparent restraining tube measuring 21x7 cm
[125]. Blood samples for determination of cortisol
levels were collected from the animals during a fixed
time interval before and after the procedure. As a
result, following the FST, cortisol levels increased
from a baseline of 76.22+21.05 ng/mL to 121.64+
+25.85 ng/mL; after the RT, serum cortisol levels
were 133.85 + 20.83 ng/mL. A significant increase in
cortisol levels was observed after both tests. Similar
results were observed in cases when FST was con-
ducted until complete exhaustion in order to deter-
mine when stress acts as a stimulator and when, con-
versely, it leads to a decrease in physical endurance
[124, 126, 127].

In the case of the RT, similar results were also ob-
tained in other studies, for example, in a study where
restraint lasted for 90 minutes [128].
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However, when studying cortisol levels, one should
also keep in mind the timing of blood collection and
test administration. In the evening and at night, the ac-
tivity period of burrowing rodents begins, during which
basal cortisol levels are higher.

Physiological criteria

Stress reactions differ depending on the type of
stressors applied (physical or psychological). In mam-
mals, psychological stress (e.g., aversive environmen-
tal stimuli or predator-related cues), as well as physi-
cal stress (e.g., bleeding and infection) interacts with
different neuronal and cellular structures in the brain.
Under the influence of stressors, the sympathoadrenal
system ensures rapid behavior adaptation, promoting
alertness, vigilance, and behavior aimed at assessing
the situation [129-134]. The HPA axis is activated la-
ter via the brainstem, with the paraventricular nucleus
(PVN) of the hypothalamus activating or suppressing
this axis [133].

Physical stressors also activate other brain struc-
tures that regulate autonomic responses to stress, in-
cluding the nucleus of the solitary tract (NTS) and the
dorsomedial hypothalamus (DMH) [135].

Like other vertebrates, various fish species ex-
hibit robust physiological and behavioral responses
to stress, the neurochemical and neuroendocrine me-
chanisms of which are similar to those in mammals
[136, 137].

While zebrafish exposed to severe acute stress
(e.g., 1-minute exposure to air) exhibit unchanged
brain gene expression of interleukins (ILs) (IL-18
and IL-6), brain-derived neurotrophic factor (BDNF),
gamma interferon (IFN-y), and tumor necrosis fac-
tor-alpha (TNFa), more severe acute stress (e.g.,
90-minute exposure to cold water, bright light, vor-
tex, shallow water, and restraint) enhances brain
mRNA expression of all these genes [138]. Thus,
these results show that stress reactions in fish and
mammals are physiologically similar, especially be-
cause they are directly (and similarly) influenced by
the type, intensity, frequency and duration of stress
exposure.

In addition to GC synthesis, stress also causes the
release of catecholamines from fish chromaffin cells,
resulting in a rapid increase in blood glucose levels,
as well as adrenaline and noradrenaline [137].
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Stressors may also indirectly affect brain neurome-  vior, differentially affects the limbic system, increasing
diators, such as serotonin, dopamine and their me-  CRH mRNA expression in the paraventricular nucleus
tabolites, since in zebrafish subjected to acute isola- in rats and decreasing it in zebrafish [148, 149]. Simi-
tion for 24 hours, an increase in serotonin levels and  larly, lesions of the anterior cingulate cortex and medi-
a decrease in the levels of its metabolite, 5-hydroxy-  al prefrontal cortex in rodents (structures that are ab-
indoleacetic acid, as well as dopamine and its me-  sent in zebrafish) enhance ACTH and corticosterone
tabolite, 3,4-dihydroxyphenylacetic acid, are observed  secretion after restraint stress. Such effects cannot

[137, 138]. occur in zebrafish due to the absence of the prefrontal
In addition to changes in the monoaminergic sys-  cortex [150].

tem, fish chromaffin cells also respond less to cho- Taken together, this suggests that neuromorpho-

linergic stimulation after prolonged physical stress logical differences between fish and mammals con-

[139]. tribute to some distinct physiological and behavioral

Along with the physiological similarities dis-  responses to stress.
cussed above, there are also some interesting dif-
ferences in the neurobiological responses of ze-  Behavioral criteria
brafish to stress compared to mammals. For exam- A number of physiological and behavioral stress
ple, exposure to chronic stress in zebrafish leads  reactions in fish and mammals also differ, e.g., in
to an increase in BDNF levels, which typically de-  models based on early weaning [151]. While early ma-
crease (in most, but not all, brain regions) in re-  ternal weaning stress increases anxiety-like behavior,
sponse to chronic stress in rodents and humans, as  hypothalamic CRH mRNA, and adult corticosterone
well as in patients with affective disorders such as levels in rodents, early social deprivation does not ap-
post-traumatic stress disorder, anxiety disorder, and  pear to affect baseline cortisol levels in adult zebrafish
depression [140-144]. In contrast, overexpression  [152, 153]. Furthermore, maternal stress (4 days of
of BDNF in the brain produces anxiolytic and antide- ~ maternal starvation) reduces cell proliferation in the
pressant effects in rodents, with similar therapeutic ~ forebrain of larval offspring at 5 days post-fertilization
effects observed after increasing the dose of BDNF  (DPF), and cortisol levels are elevated in 10-DPF em-
clinically [145]. bryos born to fasted mothers, indicating that maternal
The latter difference may result from the higher  starvation stress induces changes in neurodevelop-
neuroprotective potential of the central nervous sys-  ment in zebrafish.

tem (CNS) of fish (compared to the potentially more In zebrafish, acute exposure to both physical and
“fragile” CNS of mammals), which may also play arole ~ chemical stressors increases cortisol levels, indu-
during stress. cing anxiety-like behavior. The presumed physiologi-

In zebrafish and humans, cortisol is produced in  cal differences between physical and psychological
the adrenal glands during stress by 17-a hydroxylase,  stressors remain poorly understood. Since these
CYP17, an enzyme which is absent in rodents [146].  two types of stressors may activate different brain
Some species differences in stress neuroendocrino-  regions and various groups of GR/MR receptors,
logy may play a role in how fish and rodents respond  this could potentially lead to different behavioral and

to acute and chronic stressors. physiological responses depending on the stressor
type [118, 154]. In mammals, behavioral responses
Anatomical criteria to acute stress exposure are often described as the

Certain anatomical differences in brain morpho-  3-F triad (fight, freeze, or flee), regulated by a cas-
logy, particularly in the limbic system of mammals  cade of stress responses involving limbic regions of
and fish, may also contribute to some differences in  the HPA axis.
physiological and behavioral responses to stress in It was proposed that the stress response in ro-
these species [147]. dents may also induce characteristic grooming be-

For example, acute restraint stress, a common  havior as part of the “fight, freeze, flight, or groom”
stress protocol used to induce stress-related beha-  behavioral tetrad [155]. While the important role of
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grooming in rodents and its development in stressful ~ mice), several other common aspects of stress re-
situations is widely recognized and likely represents  sponses will be further analyzed and compared across
an evolutionarily conserved trait across many spe-  the three species (Fig. 5) [161].

cies, fish appear to lack a clear analogous behavior The major zebrafish genes associated with the
[156]. stress response and their human and mouse orthologs

Facial expression phenotypes in rodents have are presented by the National Center for Biotechno-
been linked to social activity, aggression, pain, well-  logy Information (NCBI) based on genetic testing, with

being, and stress, suggesting that rodent facial ex-  the percentage of homology calculated on the basis of
pressions are also a potentially useful and sensitive  protein identification.

biomarker of stress in mammals [157-159]. However,

while mammals possess complex facial muscles, litle ~ COMPARATIVE ANALYSIS OF TRANSLATIONAL
is known about fish facial responses to stress, which  MODELS OF ZEBRAFISH AND BURROWING
requires further translational research [160]. RODENTS: ADVANTAGES AND LIMITATIONS

Genetic criteria Table 1 presents a comparative analysis of the

Since fish exhibit a high genetic homology of  parameters of zebrafish and burrowing rodents that
stress-related genes with their human and rodent  should be considered when selecting an optimal
counterparts (it is estimated that genetic sequence  translational model for stress response research.
homology is 62-64% among zebrafish, humans, and  Specifically, the characteristics of ontogenesis, HPA

Yenosek
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[ FunoTtanamyc (3) / Hypothalamus (3)

MunpanesugHoe Teno (4) / Amygdala (4)

unnokamn (5) / Hippocampus (5)

MozsroBoii cTBon (6) / Brainstem (6)
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Fig. 5. Comparison of stress status in humans, burrowing rodents and zebrafish: a — comparison of the location of the main structures
of the brain; b — changes in cortisol levels in response to stress depending on gender; ¢ — evaluation of behavioral effectiveness
(adapted from [163])

Puc. 5. CpaBHeHne peakumu Ha CTPecC y YenoBeka, HOPHBIX rPbI3YHOB 1 [laHno-pepno: @ — CpaBHEeHUe PacnofioXEHNs OCHOBHbIX CTPYKTYP
FONOBHOro Mo3ra, 6 — n3mMeHeHwve YPOBHA KOPTM30Na B OTBET Ha CTpeCC B 3aBUCMMOCTKU OT nona; 6 — BNnaH1e n3onauun Ha nosene-
HWe (aganTupoBaHo 13 [163])
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axis development, accessibility, and anatomical, func-
tional, and genetic aspects are discussed.

CONCLUSION

The study of the hypothalamic-pituitary-adrenal
axis and the stress response, as well as the mecha-
nisms of regulation, remains an important area of re-
search. Reproducing such complex biochemical reac-
tions and pathophysiological processes is impossible
without the use of living organisms.

The approach to selecting a model depends on
the aim of the study and the process that needs to be

73

recreated in the experiment. Thus, the selected orga-
nism should possess parameters and characteristics
as similar as possible to those that need to be studied
in humans.

When constructing a translational model, it is neces-
sary to consider the biological, physiological, beha-
vioral, and evolutionary features of the selected organ-
ism. An unjustified choice of model, without taking the
above-mentioned features into account, leads to dis-
torted results and subsequent difficulties in interpreting
the obtained data. Such an approach to conducting
research entails irrational financial and time costs, as
well as the unjustified use of living resources.

Table 1

Key differences in the hypothalamic-pituitary-adrenal axis and stress response in zebrafish, rats, and mice

(compiled by the authors)

Tabnuua 1

OcHOBHble pas3nnyua B FI/II'IOTal'laMO-FI/II'IO(*)I/I3apHO-HaAI‘IO"Ie"IHVIKOBOﬁ OCWU U peakLuun Ha cTpecc y ﬂaumo-pepmo, KpbIC U MbliLen

(cocTaBneHo aBTOpamm)

Kputepun Pbi6bI laHno-pepuo HopHbie rpbI3yHbI (KPbIChI U MbILLK)

Criterion Danio rerio fish Burrowing rodents (rats and mice)
OcobeHHOCTH * B otnmume ot apyrvx pbib 06naparoT nuib 0AHOM * Pasnuuns B 4€MCTBUM MIIOKOKOPTUKOMAOB B
OHTOreHesa KOMMWEN reHa rioKOKOPTUKOMAHOMO peLenTopa, 4To 3aBWCUMOCTM OT Mofia: 06HapYXeHbl YHUKANbHbIE

Features of ontogenesis

MO3BONSET M30MMPOBAHHO M3y4aTb €ro PYHKLMIO

1 peakLyio Ha cTpeccop.

Unlike other fish, zebrafish possess only a single copy
of the glucocorticoid receptor gene, allowing for the
isolated study of its function and response to stressors.
[laHno-pepno — eanHCTBEHHAs MOAENb
KMBOTHbIX, 06najatoLLas BapuaHToM CrnaicuHra
TTIOKOKOPTUKOWMAHOTO peLjenTopa B co CXOXNUMM
CTPYKTYPOIA M NAaTTEPHOM 3KCMPECCUM, NPUCYLLMA
Yesl0BEYECKOMY OpraHu3my.

Zebrafish are the only animal model possessing a
glucocorticoid receptor B splice variant with a similar
structure and expression pattern to the human body

HabopbI reHOB, PErynupyemblIX rMOKOKOPTUKONAaMI,
npu 3TOM OTMeYanack CneLndUIHOCTb 411 CaMOK

11 CamLi0B — OAHW reHbl Obinv B GombLueii cTenerm
MHAYLMPOBaHbI y CaMLOB, YeM Y CaMOK, 1 Haob0poT.
Sex-specific differences in glucocorticoid action: unique
sets of glucocorticoid-regulated genes were identi-

fied, with specificity observed for females and males,
with some genes being more induced in males than

in females and vice versa

[MepBIYHbIN CTPECCOBbIN
rOPMOH
Primary stress hormone

Koptuson
Cortisol

KopTtukocTepoH
Corticosterone

OcobeHHocTy
thopmmpoBaHus
runortanamo-
rnocuaapHo-
HaNOYeYHMKOBOI OCK
Features of the formation
of the hypothalamic-
pituitary-adrenal axis

+ CekpeLys KOpTHU30Ma perynupyeTcs ocbio cTpecca,
aHanorMYHON TakoBOW Y MIIEKOMUTAIOLLMX.

+ Cortisol secretion is regulated by a stress axis similar
to that found in mammals.

+ CBA3bIBaHME MaTEPUHCKOro KopTh3ona
C MUHEPanoKoPTUKONAHbLIM PeLienTopom
obecneynBaeT curHanusaumio 4ns passnutus Janno-
pepwo, BKIYas Perynsaumio rmokoKOPTUKOUAHOTO
pevenTtopa nocne BbinynneHus.

* Maternal cortisol binding to the mineralocorticoid
receptor provides signaling for zebrafish development,
including regulation of the glucocorticoid receptor after
hatching

* B opraHname rntoKoKopTUKOMALI CEKPETUPYIOTCS
OTAeNbHbIMK Nkamu, OpMUPYS YNbTPaanaHHBbIN
puTM. AKTMBaLMS U MHIMBMPOBaHME rMnoTanamo-
rMnour3apHo-HaANOYEYHNKOBOI OCU Y KpbIC
perynupyeT npubnnanTenbHO YacoBO LMK
BbIOpOCa KOPTUKOCTEPOHA.

In the body, glucocorticoids are secreted in discrete peaks,
forming an ultradian rhythm. Activation and inhibition of
the hypothalamic-pituitary-adrenal axis in rats regulates
a roughly hourly cycle of corticosterone release.
CurHanbHas TpaHCAyKUmMS B OTBET Ha Nk Bbibpoca
KOPTUKOCTEPOHa 3aBUCUT OT AMHAMUYECKOro
B3a/MOZENCTBIS MMIOKOKOPTUKOMAHOTO peLienTopa
1 MUHepanokopTukougHoro petentopa [114]
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Continuation of the Table 1/ MpodomxeHue mabn. 1

Kputepui Pi6bI1 [laHno-pepno HopHble rpbI3yHbI (KPbIChI M MbIWM)
Criterion Danio rerio fish Burrowing rodents (rats and mice)

+ Signal transduction in response to peaks in corticos-
terone release depends on the dynamic interaction of
the glucocorticoid receptor and the mineralocorticoid
receptor [114]

l'eH Hanuune eguHCTBEHHOM KOnuM reHa B reHome mnekonuTatoLLmMxX NpUCyTCTBYET OAMH reH
TTIOKOKOPTUKOMAHOTO TTIOKOKOPTUKOMAHOIO peLientopa nMeeT peLuatllee TTIOKOKOPTUKONAHOTO peyenTopa. OfHako anbTepHa-
peuenTopa 3HayveHue 4NN akTUBaLmMM rmnoTanamo-runou3apHo- | TUBHbIN CMIANCUHT AaeT U30(hOpMbI MIIOKOKOPTUKOWA-

Features of the formation
of the hypothalamic-
pituitary-adrenal axis

HaZMNOYEYHMKOBON OCU NOCHE BbINYNNEHMS.

The presence of a single copy of the glucocorticoid
receptor gene is critical for the activation of the
hypothalamic-pituitary-adrenal axis after hatching.

Horo peuentopa I'Pa (knaccuueckuin) n TP, MPy.

The mammalian genome contains a single glucocorticoid
receptor gene. However, alternative splicing produces
glucocorticoid receptor isoforms GRa (classical) and GRB, GRy.

Bpemst passutus
(pyHKLMOHAMNBHO
3perno runoTtanamo-
rMnogu3sapHo-
HaANOYeYHNKOBO OCK
Time of development
of a functionally mature
hypothalamic-pituitary-
adrenal axis

Pa3BuTre MexaHW3MOB BOCMpUSATIS cTpecca

C AanbHenwen akTuBaLyein runotanamo-
rMnogu3apHo-HaanoYeYHNKOBO OCK MPONCXOANT
mexgy 1-M 1 5-M JHAMM nocne onroA0TBOPEHUS.
The development of stress perception mechanisms
with further activation of the hypothalamic-pituitary-
adrenal axis occurs between the 1st and 5th days after
fertilization

+ Okenpeccus [P HaunHaeTcs ¢ paHHero
ambpuoreHesa. Y kpbic akcnpeccus [P

HauMHaeTcs ¢ paHHero ambpuoreHesa (¢ 12-ro

[JHst aM6puoreHesa) BO MHOrMX 0bracTsix Moara.
MuHepanokopTUKOUAHbIE PELENTOPbI HAYMHAKT
3KCMpeccMpoBaThbeCs B KOHLE GepeMeHHOCTM —

3a 3 oHs Bo poaoB B 06nacTi rynnokamna,
runoTanamyca, YeTBepoxonmus, HokoBoi
neperopoAku, cTeona, runogusa.

GH expression begins early in embryogenesis. In rats,
GH expression begins early in embryogenesis (from
day 12 of embryogenesis) in many brain regions.
Mineralocorticoid receptors expression begins at the
end of pregnancy — 3 days before parturition — in the
hippocampus, hypothalamus, corpora quadrigemina,
lateral septum, brainstem, and pituitary gland.

Y kpbic KPT gocTuraet B3pocnoro ypoBHs
3KCMPeCccum K KOHLY NOCTHaTamnbHOro aHs 7.

B runotanamyce mbliwn akcnpeccus KPI
nepBoHayanbHO obHapyxwuBaeTcs Ha 13- aeHb
9MOpUOHa W, aHaMOTMYHO KpbiCaM, CHUXaeTcs
nepes MOMEHTOM POXAeHUs (AMOPNOHaNbHbIN AeHb
17-18 y MbiLweR), nocne Yero creayet yBenn4eHme
3KCMpeccun ropMoHa A0 B3pOCIOr0 YPOBHS.

In rats, CRH reaches adult levels of expression by the
end of postnatal day 7. In the mouse hypothalamus,
CRH expression is initially detected on embryonic day
13 and, similarly to rats, declines just before birth (em-
bryonic days 17-18 in mice), followed by an increase in
hormone expression to adult levels

OcobeHHocTH
opmM1poBaHus CTpecc-
TMnopeaxkTMBHOIO
nepuoga

Features of the formation
of the stress-hyporeactive
period

JIn4mHKM cnocobHbI CMHTE3MpOBaTL KOPTU30S Cpady
nocre BbINyMeHNs, HO 0CTPOe BO3AENCTBUE CTpecca
He BbI30BET MOBbILLIEHWE YPOBHSA KOPTU30Na B 3TOT
nepros 1, No HEKOTOPbIM AaHHbIM, aKTUBMPYETCA

in vivo B TEYEHUE ABYX AHEMN.

Larvae are capable of synthesizing cortisol immediately
after hatching, but acute stress exposure will not cause
an increase in cortisol levels during this period and,
according to some data, is activated in vivo within two
days

XapakTepuayeTcst He4yBCTBUTENbHOCTbHI0
HapnoyeyHukoB kK AKTT v Bonee HU3KoWM peakunen
Ha CTPECCOBble Pa3apaxMTeniu, YTo NPUBOAUT K
HWU3KOMY W CTabUMBHOMY YPOBHIO KOPTUKOCTEPOHA.
Characterized by adrenal insensitivity to ACTH and a
reduced response to stressful stimuli, resulting in low
and stable corticosterone levels.

Y MblLeit 3TOT nepuog oxsaTteiBaeT 0T 1 40

12 oHeit, a y kpbic — OT 4 [0 14 gHen.

In mice, this period lasts from 1 to 12 days, and in rats,
from 4 to 14 days.

lMocne oKOHYaHMs CTPECC-TUMOPEAKTUBHOTO
nepuoga (MOMEHT Hayana OTly4eHuUs OT rpyau)
[EMOHCTPUPYETCA YHUKanbHas peakuus Ha cTpecc:

2025;10(4):58-83
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Continuation of the Table 1/ lMpodomxeHue mabi. 1

Kputepun
Criterion

Pb16b1 [laHno-pepuo
Danio rerio fish

HopHble rpbI3yHbI (KPbIChI U MbILLK)
Burrowing rodents (rats and mice)

OpraHuam He cnocobeH BbICTPO NpekpaTuTh ce-
kpeuuto 'K, HabniogakTcs BbICOKME U YCTONYNBLIE
ypoBHM Lnpkynupytowwmx MK n AKTT.

After the end of the stress-hyporesponsive period

(the onset of weaning), a unique stress response is
demonstrated: the body is unable to quickly cease
glucocorticosteroid secretion, and high and stable levels
of circulating corticosteroids and ACTH are observed.

AHaTomo-
(DYHKLMOHANbHbIE
0cobeHHOCTM Moaenu
Anatomical and functional
features of the model

* HagnoyeyHuK y MnekonuTatoLLux roMonornyeH
VHTEpPeHanbHo xenese y pblb

The adrenal gland in mammals is homologous to the
interrenal gland in fish.

Funotanamyc v runoua Ha NMYNHOYHBIX

CTapusix ChopmMmpoBaHbl BLOMb NepeaHei/

3a/iHelt OCW B OTMIYME OT aHarnoruYHbIX CTPYKTYP

Y MIEKOMUTAKLLMX, KOTOPbIe CPOPMUPOBAHbBI BAOMb
AopcarnbHO/BEHTPaNbHON OCH.

The hypothalamus and pituitary gland in the larval
stages are formed along an anterior/posterior axis,
unlike their mammalian counterparts, which are formed
along a dorsal/ventral axis.

M'mnocua [laHno-pepro pacnonoxeH 6ruxe

K runoTanamycy no cpaBHEHUIo € rMnogu3om
MMNEeKOM1TaloLLmX.

The zebrafish pituitary gland is located closer to the
hypothalamus than the mammalian pituitary gland.
HelpoHbl runotanamyca, cekpeTupyoLme
KOPTUKOTPOMUH-PUIM3NHI-TOPMOH, 3aKaH4YMBaKOTCS B
nepegHen gone runogu3aa, B 4aCTHOCTU B 06nacTsx
KOPTUKOTPOMHbIX 1 MENAHOTPOMHbIX KNETOK.

The hypothalamic neurons that secrete corticotropin-
releasing hormone terminate in the anterior pituitary
gland, specifically in the corticotropin and melanotropin
cell regions

lMapaBeHTpuKynsipHble sapa y 0onbLIMHCTBA
MIIEKOMUTAIOLMX TPYAHO AnddepeHLmpyoTes

Ha OTAelbHbIE LUMTOaPXMTEKTOHNYECKIE
komnapTMeHTbl. OHaKO Y KpbIC BO3MOXHO
BblgenuTL NpubnuantensHo 10 oTAeNbHBIX rpynn
NepUBEHTPUKYNAPHBIX saep. M3 Hux gopcanbHas
yacTb MeananbHOM NapBULENIoNAPHOI YacTu
copepxut KPT HeipOSHAOKPUHHBIE HEAPOHBI.

In most mammals, the paraventricular nuclei are difficult
to differentiate into distinct cytoarchitectonic compart-
ments. However, in rats, approximately 10 distinct
groups of periventricular nuclei can be identified.

Of these, the dorsal portion of the medial parvicellular
portion contains CRH neuroendocrine neurons.

JoctynHocTb * ACVHXPOHHbIe HEPECTHWKM (BT Pa3BOAAT B TeyeHne | ¢ CyluecTByeT MHOXECTBO reHETUYECKM
Availability BCEro roAa ¢ nopaepXaHuem nocTogHHoro yucna MOANULMPOBAHHBIX LUTAMMOB, TaKMX Kak
ONNOLOTBOPEHHbIX SNL). TPAHCTEHHbIE N HOKAYTHbIE MbILLIK.
+ Asynchronous spawners (the species breeds year-round, | * There are many genetically modified strains, such as
maintaining a constant number of fertilized eggs). transgenic mice and knockout mice.
+ [eHOM CeKBEHMPOBaH, XOPOLLO M3y4eH, AOCTYNEH + Bonee Hu3KMe 3aTpaThl Ha cogepxaHue Mbillen
OIS TEHETUYECKUX MOANDUKALIAI. Mo CPaBHEHMIO C KpbICaMU.
+ The genome has been sequenced, is well-studied, and | « Mice are less expensive to maintain than rats.
is accessible for genetic modification * B 3aBUCUMOCTH OT LWITaMMa/Buaa MblLLER,
OTNNYaETCH UX BOCMPUUMHMBOCTb K CTPECCOBbLIM
BO3AENCTBUAM.
+ Depending on the strain/species of mice, their suscepti-
bility to stress varies
CneumnduyHOCTb + Bo3MOXHO nonyyeHne MyTaHTOB AMNS N3yYeHus + [Mogbem ypoBHS TOKOKOPTUKOMAOB NPOUCXOANT
Specificity MexaHu3MoB paboTbl rMnoTanamo-runoguaapHo- BEYepOoM, HenocpeaCcTBEHHO Nepes Hayanom

HaANoYe4HNKOBOMN OCH (pbIBbI-MyTaHTbI, Y KOTOPbIX
OTCYTCTBYIOT rMNOdn3apHbIe KOPTUKOTPOMHbIE
KneTku, cnegoBatenbHo, otcytcTeyeT AKTT)

neproza HoYHOM akTMBHOCTY (411 YenoBeka
MOLEM IIOKOKOPTUKOMIOB XapakTEPEH YTPOM,
[0 NpobyxaeHus)
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Ending of the Table 1/ OkoH4yaHue mabn. 1

Kputepui
Criterion

Pb16b1 laHuo-pepuo
Danio rerio fish

HopHble rpbI3yHbI (KpbICk] U MbILLK)
Burrowing rodents (rats and mice)

and the glucocorticoid receptor

* Itis possible to create mutants to study the mechanisms
of the hypothalamic-pituitary-adrenal axis (mutant fish that
lack pituitary corticotropic cells and therefore lack ACTH).

* EAMHCTBEHHAn B HAcTOsLLEE BpeMs U3BECTHas
pbiba, obnagatoLlas ogHUM reHoM Ans BCEX
TPEX KOMMOHEHTOB rMNOTanamo-r1nogr3apHo-
HaANOYEYHNKOBOM OCU — KOPTUKOTPOMUH-PUIU3UHT-
ropmoHa, AKTT, rmoKOKOPTUKOMAHOTO peLenTopa.

* The only currently known fish possessing a single gene
for all three components of the hypothalamic-pituitary-
adrenal axis — corticotropin-releasing hormone, ACTH,

* Glucocorticoid levels rise in the evening, immediately be-
fore the onset of nocturnal activity (in humans, glucocorti-
coid levels typically rise in the morning, before waking).

+ Cneundunyeckoe MaTepUHCKOE NOBEAEHNE
perynupyeT peakuuio Ha cTpecc (Hanpumep,
KOpMIIeH1e rpyabto nogasnseT ypoBeHb
KOpTUKOCTEpOHa).

+ Specific maternal behaviors regulate the stress
response (for example, breastfeeding suppresses
corticosterone levels)

Note: ACTH — adrenocorticotropic hormone; GR — glucocorticoid receptor; CRH — corticotropin-releasing hormone.
lMpumeyarue: AKTI — afpeHOKOPTUKOTPONHbI FopMOH; [P — rrtokokopTukonaHbIn peentop; KPIm — KopTUKOTPOMUH-PUITA3NHT-TOPMOH.
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ABSTRACT. Introduction. The development of novel highly effective analgesics represents a
critical objective due to the high prevalence of pain syndrome as a component of various pathological
conditions, which significantly impairs patients’ quality of life. Aim. The study aimed to investigate
the duration of action of two novel opioid analgesics, determine their median lethal (LD5;) and
median effective (ED5,) doses, and calculate their therapeutic indices. Materials and methods.
The analgesic activity was assessed using the Tail Flick test. The EDso was determined based
on the results of an additional Tail Flick assay. To estimate the LD, the test compounds were
administered at doses exceeding the previously determined EDg, by more than 100-fold. The
therapeutic index was calculated as the ratio of LDy, to ED,. Results. For compound BIF-70,
the ED, was 0.7854 mg/kg, the LD4, was 304.3 mg/kg, and the therapeutic index was 387.45. For
BIF-72, the EDsowas 0.5852 mg/kg, the LDso was 331.4 mg/kg, and the therapeutic index was 566.3.
The duration of analgesic action for both compounds was at least 150 minutes at doses ranging
from 1 to 10 mg/kg. Discussion. The duration of action of the studied compounds was comparable
to that of classical opioid analgesics. The LD5, values for both substances were consistent with
those of conventional opioids. Notably, the therapeutic indices of BIF-70 and BIF-72 significantly
exceeded that of morphine, though they remained lower than that of butorphanol. Conclusions.
Both compounds demonstrate promising pharmacological profiles as potential opioid analgesics
and warrant further preclinical investigation.

Keywords: benzimidazole derivatives, opioid analgesics, behavioral tests, analgesic activity,
pharmacokinetic parameters, therapeutic index
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PE3IOME. BeedeHue. Co3faHue HOBbIX BbICOKOIDMEKTUBHBIX aHaNbreTUKOB NpeAcTaBnseTcs
Ba)XHOW 3aja4en B CBA3N C pacnpOCTPaHEHHOCTbI 60NEBOro CUHAPOMA Kak KOMMOHEHTA Pa3nnyHbIX
NaTONOMMM, 3HAYNTENBHO YXYALWAKLEr0 Ka4eCTBO XU3HW naumeHToB. Lenb. 3yunts anutens-
HOCTb AENCTBMS [BYX HOBbIX ONMMOMAHbIX aHANbrETUKOB, ONPEAENUTb 3HAaYeHNs UX NonyneTanb-
Hol (LDs,) v nonyadpdektnsHon (ED5y), 403 @ Takxe yCTaHOBUTL YCIIOBHbIA TepaneBTUYeCKui
nHoexkc. Mamepuansi u Memodsl. ViccrieoBaHus aHanbreTyeckoi akTMBHOCTY NPOBOANANCH
Ha yctaHoske Tail Flick. OnpegeneHue 3HavyeHus nonyahekTMBHON A03bl NPOBOANIIOCH Ha
OCHOBaHUM pe3ynbTaToB AononHuTensHoro Tecta Tail Flick. [Jns pacyeta nonyneTtanbHoOM 403bl
nccneayemble BewecTBa BBOAMANCH B 403aX, MPEBLIWAKLLMX paCCYUTaHHY0 Ha npeablayLlem
ware nonyagdektnaHyto 6onee yem B 100 pas. Ha ocHOBaHWM faHHbIX NoKasaTenen paccuu-
TbIBANCS UHTErPanbHbIil TepaneBTUYECKU HAeke. Pesynbmamsl. ns coegnHenns BIF-70
nonyadektneHas gosa coctasuna 0,7854 mr/kr, nonynetansHas — 304,3 Mr/kr, yCnoBHbIN
TepaneBTuieckuit uiaekc — 387,45. [ins BIF-72 nonyaddektueHas gosa coctasuna 0,5852 mrikr,
nonynetansHas — 331,4 mr/kr, yCroBHbIi TepaneBTUYECKNA NHAEKC — 566,3. [nuTensHOCTb
AENCTBUS U3YYEHHbIX COEANHEHNI cocTaBnsaeT He MeHee 150 MUHYT Npn Jo3mpoBkax oT 1 4o
10 mr/kr. O6cyxdeHue. INUTENbHOCTL AEACTBNAS HE3HAUNTENIBHO OTIMYAETCS OT KNMaCCUYeCKuX
OMNMONAHbIX aHanbreTko. BennunHa nonynetanbHom 0o3bl 060MX COEAUHEHMIA B LIEIOM COOT-
BETCTBYET KNacCUYECKUM aHanbretTnkam. 3HaueHue TepaneBTNYeCKoro nHaekca kak BIF-70, Tak
1 BIF-72 3amMeTHO NpeBOCXOAMT aHaNOrMYHbIA NapamMmeTp MopduHa, Ho ycTynaet GyTopdaHony.
Bbieodbi. Oba coeiMHEHNst MOXHO paccMaTpuBaTh B Ka4€CTBE NEPCMNeKTUBHbIX KaHAMAATOB
OMMONAHbBIX aHaNbreTKoB N PEKOMEHAOBATb UX K AamNbHENLLIEMY AOKIIMHNYECKOMY N3YUEHNIO.

KnioueBble cnoBa: Npon3BoaHble 6eH3MIIA30Ma, ONUOUAHBIE aHAMNbreTUKK, NOBELEHYECKME
TECThI, aHaNbreTUyeckas akTUBHOCTb, (hapMaKkoKUHETUYECKUE NoKasaTenn, TepaneBTUYECKNil
WHOEKC
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INTRODUCTION potentially high kappa-receptor selectivity. Moreover,
the kappa-agonist properties of derivatives in this class

The development of new safe and effective anal-  largely depend on the nature of the substituent at the
gesics is a priority for experimental pharmacology [1]  key nitrogen atom in position 9 and the structure of
due to the large number of conditions accompanied by ~ the moiety at the second position of the heterocyclic
pain, as well as the sharp rise in opioid abuse and the  core. In the latter case, the presence of a phenyl ring
increase in associated overdose deaths, which have  at the C? position of the tricyclic system is decisive,
led to the opioid crisis [2]. It is precisely the threat of  while the introduction of halogen atoms, particularly
the continued escalation of the opioid epidemic that  fluorine, into the phenyl ring statistically significantly
makes it urgent to change the strategy and substantial-  increases the efficacy of the studied compounds [8].
ly revise the structure of medical use of potent opioid ~ The most promising compound — a fluorophenyl de-
analgesics, such as morphine. These agents are chara-  rivative of [1,2-a]-imidazobenzimidazole [9] — exhibits
cterized by unfavorable pharmacokinetic properties  pronounced analgesic activity (superior to butorphanol
and a low therapeutic index, necessitating significantly ~ and morphine in in vivo experiments), and docking
higher therapeutic doses (relative to their high affinity  analysis revealed that its binding energy to the cata-
for CNS opioid receptors), exhibit abuse liability, and  Iytic domain of p38-MAPK is high and comparable to
lead to pronounced adverse effects, including those  that of the reference p38-MAPK inhibitor SB203580.
life-threatening and detrimental to patient health [3]. The ability of this compound to inhibit p38-MAPK was

To overcome the challenge of abuse liability in  assessed in a conditioned place avoidance test follo-
new analgesics, the search among selective opioid  wing systemic administration [10].
receptor agonists, in particular kappa-agonists — The fact that selective p38-MAPK inhibitors belong
long recognized as analgesics with low abuse po-  to the class of fluorophenyl derivatives of imidazole sys-
tential — appears promising [4]. However, their use  tems[11, 12] provides a rationale for incorporating these
may be associated with the development of serious  moieties into new molecules in order to develop struc-
kappa-mediated psychotropic adverse effects, inclu-  turally novel kappa-receptor agonists with p38-MAPK
ding dysphoria, anhedonia, and hallucinations. The inhibitory properties. These findings prompted further
mechanism underlying these effects involves signal  search for compounds with a specified pharmacologi-
transduction via the B-arrestin-2 intracellular signaling  cal activity profile, which led to the identification [13] of
cascade with activation of mitogen-activated protein  two lead compounds exhibiting the most pronounced
kinase — p38-MAPK, as opposed to analgesia medi-  analgesic effects and selected for evaluation of certain
ated by Ga,, protein activation [5]. This fact suggests  pharmacokinetic and toxicological parameters.
the therapeutic potential of G protein-biased kappa-
opioid receptor ligands as analgesics devoid of dys-  AIM
phoric side effects.

Previous studies conducted at the Department of The aim of this study was to assess the duration of
Pharmacology and Bioinformatics of Volgograd State  action of the novel opioid analgesics with laboratory
Medical University (VolgSMU) included targeted in vitro  codes BIF-70 and BIF-72, to determine their median
screening of benzimidazole-based polycyclic deriva-  lethal (LDy,) and median effective (ED;,) doses, and
tives synthesized at the Research Institute of Physical ~ to determine their therapeutic index (TI).
and Organic Chemistry of Southern Federal University
(RIPOC SFU, Rostov-on-Don) [6]. These efforts iden- ~ MATERIALS AND METHODS
tified a number of compounds with high selectivity for
kappa-opioid receptors [7]. Analysis of the core scaf- The study was performed on adult non-inbred male
folds of the experimentally tested substances demon-  mice weighing 23-28 g, obtained from the Rappolovo
strated that 2,9-disubstituted imidazo[1,2-a]benzimi-  Laboratory Animal Breeding Facility of the Russian
dazoles represent a promising class of compounds for ~ Academy of Medical Sciences (Saint Petersburg, Rus-
the discovery of structurally novel kappa-agonists with  sia). During the experimental period, mice were housed
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in groups of 10 with unrestricted access to water and  into 4 groups according to the dose of the test com-
food, under a regulated light/dark cycle (12/12 h, lights ~ pound. Measurements were taken 30 minutes after
on at 8:00 AM) and at a temperature of 20-22 °C. Al substance administration and then repeated every
animal procedures were carried out in compliance with 30 minutes over a 3-hour period for each animal. For
national and international legal and ethical regulations.  each animal, the mean latency + standard error of the
National requirements were met in accordance with  mean (SEM) was calculated.

Decree No. 51 of August 29, 2014, approving Sanitary To construct time-effect curves, the relative
Regulations and Standards SP 2.2.1.3218-14 “Sani-  change in response (A%) was calculated. The mag-
tary and Epidemiological Requirements for the Design,  nitude of the effect was assessed by comparing the
Equipment, and Maintenance of Experimental Biological ~ absolute response time of animals before substance
Clinics (Vivariums)”. International standards were fol-  administration and during the plateau phase, which
lowed as specified in Directive 2010/63/EU of the Euro-  was determined based on the preceding calculations.
pean Parliament and of the Council of September 22, To determine the EDs, an additional Tail Flick test
2010, on the protection of animals used for scientific pur- ~ was performed using the same protocol in a group of
poses. The experiments were approved by the Regional 40 male mice divided into 4 subgroups according to
Research Ethics Committee of Volgograd Region (regis-  the dose of the administered compound. The magni-
tration number IRB 00005839, IORG 0004900 (OHRP);  tude of the effect was again assessed during the pla-
protocol No. 2077-2018 dated October 30, 2018). teau phase, as defined previously.

The compounds BIF-70 and BIF-72 are 2-(2'-fluoro- To calculate the LDy, of each compound, 40 animals
[1,1"-biphenyl]-4-y1)-3-methyl-9-(2-(pyrrolidin-1-yl)ethyl)-  were randomized into four groups and received the test
9H-benzo[d]imidazo[1,2-aJimidazole and 4-(2-(2-(2-fluoro- ~ compounds at doses of 100, 250, 350, and 500 mg/kg.
[1,1'-biphenyl]-4-yl)-3-methyl-9H-benzo[d]imidazo  Mortality was assessed 24 hours after administration.
[1,2-a]imidazol-9-yl)ethyl)morpholine, respectively. They The therapeutic index was calculated based on
were used as bulk substances synthesized at the Re-  these parameters using the following formula:
search Institute of Physical and Organic Chemistry of LD
Southern Federal University, Rostov-on-Don. Therapeutic index = WSO :

Analgesic activity was assessed using a Tail Flick %0
apparatus (Ugo Basile S.r.l., Varese, ltaly) at 55 % Data were analyzed using two-way ANOVA fol-
irradiation intensity in male mice. Group sizes and  lowed by Fisher's least significant difference (LSD)
allocation were determined according to the experi-  test. Graph plotting and statistical calculations, inclu-
mental conditions. Animals were randomly assigned  ding EDg, and LDs, estimation, were performed using
to groups; baseline values were recorded for each  GraphPad Prism 8 software with its built-in tools.
animal prior to substance administration.

Analgesic activity was assessed based on the in-  RESULTS
crease in nociceptive response latency to a painful
stimulus (infrared irradiation) [14]. Animals were placed The study of effect duration demonstrated that a pro-
in a restraining tube for habituation to the novel envi-  nounced analgesic effect developed within 30 min, forming
ronment 5 minutes prior to testing. The nociceptive re-  a plateau that persisted on average from the 60th to the
sponse was defined as tail withdrawal from the stimulus ~ 90th minute, followed by a steady decline in analgesic ac-
source. The painful stimulus was applied four times per tivity. Figures 1 and 2 show individual time-effect curves for
animal. Response latency was recorded using the buil-  the tested compounds. Figure 3 presents the distribution of
t-in software of the apparatus. The maximum exposure individual effect values during the plateau phase.

time to infrared irradiation was 15 s [15]. A statistically significant difference from the control
The compounds were dissolved in distilled water ~ group was maintained:

and administered intraperitoneally. + for BIF-70 at 1 mg/kg — until the end of the obser-
To study the duration of action of the compounds, vation period,;

the experiment was performed on 40 animals divided + for BIF-70 at 10 mg/kg — until the 150th minute;
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Time-dependent changes in the effect intensity of BIF-70 (1 and 10 mg/kg, intraperitoneal) (drawing by the authors)
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Fig.2. Time-dependent changes in the effect intensity of BIF-72 (1 and 10 mg/kg, intraperitoneal) (drawing by the authors)
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Fig. 3. Comparison of the effect magnltude of the studied compounds at dlfferent concentrations during the plateau phase (60—
90 min post-administration) (drawing by the authors)
Puc. 3. CpaBHeHwe BbipaxeHHOCTH athhekTa M3yyaeMbix COEANHEHN B Pa3NNyHbIX KOHLEHTpaumsx B hase «nnatoy» (60-90 mMuHyT OT BBEAE-

HWS) (PUCYHOK aBTOPOB)

+ for BIF-72 at 1 mg/kg — until the 150th minute;
+ for BIF-72 at 10 mg/kg — until the 150th minute.
The analgesic activity of the studied compounds at
different doses was then assessed during the plateau
phase. The results are shown in Figure 3 (left).
It should be noted that the differences between
BIF-70 (1 and 10 mg/kg) and BIF-72 (1 mg/kg) were

not statistically significant. At the same time, BIF-72
(10 mg/kg) showed a modest but statistically significant
superiority over the other groups..

Thus, the prolongation of reaction time during the
plateau phase for these doses was as follows:
+ for BIF-70 at 1 mg/kg — 162+38.58%;
+ for BIF-70 at 10 mg/kg — 153.75+27.69%;
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Fig. 4. Dose-response curves for compounds BIF-70 (left; ED50=0.7854 mg/kg, 95% CI 0.4544-1.383, R?=0.64) and BIF-72 (right;
ED50=0.5852 mg/kg, 95% Cl 0.3793-0.8878, R?=0.77): Cl — Confidence interval; ED,, — median effective dose; R? — coefficient
of determination (drawing by the authors)
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Fig.5. Dose-response toxicity curves for compounds BIF-70 (LD;=304.3 mg/kg, R*=0.86, TI=387.45) and BIF-72 (LD,,=331.4 mg/kg,
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TepaneBTU4eckuii MHaekc, LDs, — nonyneTanbHas [o3a; R? — koathduLMeHT AeTepMUHALIM (PUCYHOK aBTOPOB)

+ for BIF-72 at 1 mg/kg — 159.45+23.8%;
+ for BIF-72 at 10 mg/kg — 206.02+16.67%.

Regarding the activity of BIF-70 and BIF-72 at
lower doses (0.1 and 0.5 mg/kg), no statistically sig-
nificant differences were observed between any of the
groups, including the control group (Fig. 3, right).

Based on the obtained data, dose-response
curves were plotted (Fig. 4), and the ED,, values were
calculated.

Subsequently, the LD, and therapeutic index were
determined for the compounds. The results are pre-
sented in Figure 5. None of the doses used resulted
in complete lethality in any experimental group; ho-

POCCUMCKUE BUOMEANLIMHCKUE UCCNIELOBAHUA

wever, an LDs, was achieved, which was interpreted
as a satisfactory level of lethality.

DISCUSSION

The present study demonstrated that the dura-
tion of action of the tested compounds is ap-
proximately 150 min at doses ranging from 1 to
10 mg/kg. In comparison, butorphanol at similar
doses exhibits its most pronounced effect within
60 to 120 min [16]. This time frame closely corre-
sponds to the plateau phase observed for BIF-70
and BIF-72. The magnitude of the analgesic effect
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is not discussed here, as it was the subject of a  their metabolism and chronic (including organ-specific)
separate publication [13]. toxicity to enable a more refined safety assessment.
Regarding median effective and median lethal With regard to further investigation of analgesic
doses, previous studies have reported LD, values for  properties per se, the most promising direction in-
classical analgesics in mice after intraperitoneal ad-  volves studies assessing the effects of the compounds
ministration. For butorphanol, the LD, is 192 mg/kg  on somatic pain — a modality for which effective relief
(therapeutic index 192,000 in the tail-flick test) [17].  is characteristic of opioidergic agents. Additionally, as
For morphine, the LDy, is 400 mg/kg [18] (therapeutic  noted in a previous report [13], BIF-72 exerted a pro-
index 100) [19]. nounced effect during the second phase of the forma-
Thus, the median lethal dose of both compoundsis  lin-induced pain model, which may be interpreted as
generally comparable to that of classical analgesics.  evidence of anti-inflammatory activity; however, this
However, their therapeutic index is considerably lower  finding requires more detailed investigation and inde-
than that of butorphanol, which may raise concerns  pendent confirmation.
regarding their further clinical prospects. Neverthe-
less, it should be noted that the therapeutic index of ~ ADDITIONAL INFO
the studied compounds is 4-5 times higher than that
of morphine — a drug that remains clinically relevant. Authors' contribution. All authors made a sub-
Furthermore, previously reported findings [13] indi-  stantial contribution to the conception of the study, ac-
cate that the analgesic activity of BIF-70 and BIF-72 in  quisition, analysis, interpretation of data for the work,
various experimental models is comparable to that of bu-  drafting and revising the article, final approval of the
torphanol, with BIF-72 exhibiting neither reinforcing nor  version to be published and agree to be accountable
dysphoric effects. Moreover, this compound markedly  for all aspects of the study.

suppressed inflammatory pain responses in specific tests. Competing interests. The authors declare that
The differences in the properties of the studied com-  they have no competing interests.
pounds, as well as in their analgesic activity levels, may Animal manipulations were carried out in com-

result from distinct degrees of affinity for kappa-opioid  pliance with legal and ethical standards (Resolution
receptors and possible differences in their effects on  of 29.08.2014 No. 51 “On approval of SP 2.2.1.3218-14
post-receptor signaling pathways. Indeed, BIF-72 has ~ “Sanitary and epidemiological requirements for the
previously been shown to exhibit more pronounced  design, equipment and maintenance of experimental
agonistic activity at kappa-opioid receptors, which was  biological clinics (vivariums)”; Directive of the Euro-
abolished by a specific antagonist [20]. This mechanism  pean Parliament and of the Council of the European
of action may presumably be related to the presence of ~ Union 2010/63/EU of 22 September 2010 “On the pro-
a hydrogenated six-membered heterocycle linked to the  tection of animals used for scientific purposes”).

N® atom in the compound structure. In the above-cited

publication, researchers from the Research Institute of ~ JOMOJIHUTENBbHAA NH®OPMALIUA

Physical and Organic Chemistry of Southern Federal

University proposed further investigation of the prop- Bknap aBTopoB. Bce aBTOpbI BHECIM CYLLECTBEH-
erties of 2-arylimidazo[1,2-a]benzimidazoles, with the ~ HbI1 Bknag B pa3paboTKy KOHLenuuu, npoBefeHue
ultimate goal of developing more effective analgesics. nccnegoBaHus v NOAroTOBKY CTaTbit, POy 1 ogob-
puUnn puHanbHy BepCcuio nepea nybnukaumen.
CONCLUSIONS KoHdpnukT nHtepecoB. ABTOpbI AeKnapupyoT OT-

CYTCTBME SIBHbIX 1 MOTEHLMANbHBIX KOH(IIKTOB MHTE-

In summary, the obtained data collectively suggest  pecos, cBs3aHHbIX C Ny6nnKaLmMen HacTosLeN CTaTby.
that BIF-70 and BIF-72 represent promising opioid anal- MaHunynauum Hap XWMBOTHbLIMW MPOBOAUNN C
gesics and warrant further preclinical evaluation. Such  cobnioaeHnem npaBoBbIX 1 3TUYeckux Hopm (locTa-
studies should include docking analysis to elucidate  HoBnenue ot 29.08.2014 r. Ne 51 «O6 yTBepxaeHum
their mechanism of action, as well as investigation of ~ CIT 2.2.1.3218-14 “CaHuTapHo-anuaeMnonornyeckme
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TpeboBaHus K ycTpoicTBy, obopyaoBaHuio n cogep- Ta u Coeeta EBponeiickoro Cotosa 2010/63/EC ot
KaHWMIO  aKcnepuMeHTanbHo-6monornyeckux  knuHnk 22 ceHtabps 2010 r. «O 3awuTe XMBOTHbIX, UCMOSb-
(BuBapveB)’»; anpekTua EBponeickoro napnameH-  3yloWWXCA ANS HAyYHbIX Lienemny).
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Corresponding author: ~ ABSTRACT. Introduction. Among the orexigenic peptides that mediate the emotional effects of
Sarng S. Pyurveev psychoactive substances, the peptide hormone ghrelin attracts attention. It was shown that the
E-mail: ghrelin receptor antagonist agrelax, synthesized at the Institute of Experimental Medicine, reduced

dr.purveev@gmail.com the manifestations of compulsive overeating and impulsivity in a model of gambling addiction. Aim.
To study the effect of agrelax on the conditioned place preference of ethanol and compulsive behavior
against the background of its withdrawal in male rats. Materials and methods. A conditioned place
preference of ethanol was developed in male rats in a two-chamber setup, over a period of eight days,
for two hours per day. In the first hour, the rats were placed in the first chamber and administered saline
solution. Then, ethanol (0.5 g/kg) was administered intraperitoneally and the rats were placed in the
second compartment of the setup for 1 hour. On the 9th day, the doors between the compartments were
opened, and the rat test groups were administered either agrelax (10ug in 20uL) intranasally, naloxone
(1mg/kg) intraperitoneally, or simple saline, and the animal was placed in the setup for 10 min. Then,
place preference extinction was carried out for seven days, which consisted of daily testing without the
introduction of alcohol and other drugs. On the 11th day of the experiment, compulsive behavior was
recorded by burying marbles in the marble test after the introduction of each of the substances. On
the 18th day of the experiment, ethanol was administered and the resumption of the conditioned place
preference reaction was recorded. Some animals were administered agrelax or naloxone 5 minutes
before the introduction of ethanol to determine the effect on the resumption of the conditioned place
preference reaction. Results. After the introduction of saline on the 8th day of the experiment, the
animals spent 71% of the time in the chamber associated with the introduction of ethanol. In rats given
agrelax or naloxone, a decrease in staying in the chamber associated with ethanol was observed,
respectively, to 45% (p <0.05) and 39% (p <0.01). Naloxone caused a blockade of the renewal of
preference for the ethanol chamber, which was manifested by a 26% decrease in the time spent in the
preferred chamber associated with the introduction of ethanol. The ghrelin receptor antagonist agrelax
(10ug in 20pl, intranasally) did not cause a decrease in the reproduction of the conditioned reaction of
preference for the ethanol chamber. On the 10th day of the experiment, after the introduction of saline,
the animals buried 17.2+2.3 marbles in the marble test. Agrelax and naloxone reduced the number of
buried marbles against the background of ethanol withdrawal to 13+3.5 (p <0.05) and 11£2.4 (p <0.05),
respectively. Conclusion. Agrelax reduces the manifestation of the conditioned reaction of ethanol
place preference and compulsive behavior in rats against the background of its withdrawal, which
is comparable to the effect of naloxone. At the same time, unlike naloxone, agrelax did not cause a
decrease in the resumption of ethanol place preference. Thus, we demonstrate the important role of the
ghrelin system in the mechanisms of the reinforcing effect of alcohol, which invites further investigation
into the use of new ghrelin antagonists in the correction of pathological craving.

Keywords: ghrelin, agrelax, conditioned reaction of place preference, alcohol, compulsivity
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PE3IOME. BeedeHue. Cpeft OpekCUreHHbIX NenTuaoB, ONOCPeyoLMX SMOLMOHANbHBIE 3¢-
(hEKTbI MCUX0AKTUBHBIX BELLECTB, NPUBEKAET BHUMAHWE NENTUAHbLIA TOPMOH rpeniH. MokasaHo,
YTO @HTAroHWCT peLenTopa rpenuHa arpenakc, cuHTeanpoBaHHblid B ®BIHY «MHcTuTyT akcnepu-
MeHTanbHOM MeAMULMHbI», CHUXanN NPOSIBMIEHUS KOMNYTNbCUBHOTO NepeefaHus U UMMYNbCUBHOCTH
B MOZENM UrpoBoit 3aBUCUMOCTU. Ljesib. N3yunTb BnMsiHWe arpenakca Ha yCroBHY0 peakLuio
NpeanoYTeHNs MecTa BBEEHUS 3TaHONa 1 KOMNYNbCUBHOE NOBEAEHME Ha POHE Ero OTMEHbI Y
camLUoB kpbic. Mamepuanbl u Memodbl. Y CaMLUOB KpbIC BbipabaTbiBanym yCNOBHYH peakLuo
NpeAnoYTEHNS MeCTa BBEAEHNS dTaHoNa B AByXKamMepHoil ycTaHoBke. B TeyeHune 8 gHen BBO-
Annn M3NoNorMYecknin pacTBop 1 NOMELLANM XMBOTHOE B OTCEK YCTaHOBKM Ha 1 4. Yepes 2 4
BBOAMNY 3TaHon (0,5 r/kr BHYTPUBPIOLLMHHO) U NPOM3BOAMMAM NOCAAKY B APYrOM OTCEK YCTAHOBKM
Ha 1 4. Ha 9-11 feHb OTKpbIBanu ABepLbl MEXay OTCeKkaMi, BBOAWUM BeLLeCTBO (arpenakc 10 Mkr
B 20 MK MHTPaHa3anbHO UM BELLECTBO CPABHEHMS HAMTOKCOH 1 MI/Kr BHYTPUOPHOLUMHHO) nn u-
3M0NIOrNYECKUi pacTBOP U NOMELLANK XUBOTHOE B YCTaHOBKY Ha 10 MMH. 3aTem npou3BoaMnH
yraweHue npeanoyTeHns MecTa B TeYeHne 7 AHEN, KOTOPOe 3aKnoyanoch B eXXeAHEBHOM €ro
TecTupoBaHuu 6e3 BBEAEHNS ankorons 1 WHbIX npenapatos. Ha 11-1 4eHb aKkcnepuMeHTa peru-
CTpUpOBanu KOMMYNbCUBHOE NOBEAEHUE MO 3akanbIBaHMIo LIAPUKOB NOCE BBEAEHUS BELLECTB.
Ha 18-11 feHb akcnepuMeHTa Npou3BOAMIM BBEEHUE 3TaHONa U PErMCTPUMpOBani BO30OHOBNEHME
YCNOBHOI peakLun NpeanoyTeHNs MecTa. YacTu XKMBOTHBIX BBOAMMN arpenakc uiu HanokCoH
3a 5 MWH [0 BBeEHUS 3TaHOMa ANs ONpefeneHus BIUSHUS Ha BO30OHOBMEHWE YCITOBHOM pe-
aKuum npegnoyteHus mecta. Pesynbmamoi. [ocne BBeeHNs (hM3NONOrNYeCcKoro pacTeopa
B 8- IeHb 3KCNEPKUMEHTA KMBOTHbIE MPOBOAMMN B aCCOLMMPOBAHHON C BBEAEHWEM 3TaHONa
kamepe 71% BpemeHu. Y KpbiC, NONy4YaBLUMX arpenakc Unn HanoKCoH, Habmohanu CHUXeHne
BpeMeHu NpebblBaHuUs B kamepe, acCoLMMPOBaHHOM ¢ aTaHonoM, Ao 45% (p <0,05) n 39% (p <0,01)
COOTBETCTBEHHO. HanoKCcoH Bbi3biBan 6rnokagy BO306HOBNEHMS NPEANOYTEHNS MECTA BBEAEHMS
9TaHoMa, YTO NPOABNANOCH YMEHbLUEHNEM Ha 26% BPEMEHU HaXOXAeHUs B NpeanoynMTaeMon
kamepe, acCOLMMPOBaHHON C BBeEHMEM 3TaHoNa. AHTAroHUCT PeLenToOpOB rpefinHa arpenakc
(10 mkr B 20 MKN, MHTPaHa3abHO) HE Bbi3blBaN CHKEHUS BOCMPOU3BEAEHNS YCIOBHON peakLmm
npeanoyTeHUs Mecta BBeAeHus ataHona. Ha 10-i1 AeHb akcnepuMeHTa nocne BBeAEHUs Prano-
NOrMYECKOro pacTBopa XMBOTHbIE 3akanbiBanu 17,2+2,3 wapuka B marble-tecte. Arpenakc u
HaANOKCOH CHUXanM Y1CNO 3aKOMaHHbIX LUApPUKOB Ha hoHe 0TMeHbI aTaHona Ao 13+3,5 (p <0,05)
n 11£2,4 (p <0,05) cooTBETCTBEHHO. 3aksroyeHue. Arpenakc CHUXaeT NposiBNEHNE YCNOBHOM
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peakynn npeano4vTeHna mecTta BBeAeHUA 3TaHolia 1 KOMNynbCUBHOE NOBEAEHNE KPbIC Ha ¢)0He
€ro OTMEHbl, 4YTO CPaBHMUMO C LeCTBUEM HanokcoHa. B To xe BpemM4A B OT/IM4ME OT HANOKCOHa
arpenakc He BbI3bIBA€T CHUXEHNA BO30OHOBNEHMS npeano4vTeHna Mmecta BBEAEHUA 3TaHOoNa.
Takum o6pa30|v|, NnokKa3aHa BaXxHad poJib CUCTEMbI rpenHa B MeXaHn3Max nogKkpennarLero
[ENCTBMS ankorons n nepcnekTmMBa NCnoJyib30BaHNA HOBbIX aHTAroHNCTOB rpefinHa B KoppeKLnn
naTosiornyeckoro Brie4eHns.

KnioueBble cnosa: FPENUH, arpenakc, ycrosHasa peakyma npeanovyTeHna mecra, ankorosb,
KOMMYnNbCUBHOCTb

WcTouHuk duHaHcpoBaHus. Viccnenosanie BhINONHEHO B paMkax rocyAapCTBEHHOTO 3afaHuns
OIBHY «MHeTUTYT aKcnepumeHTanbHoi meamumHbly FGWG-2025-0020 «Mouck MonekynspHbIX
MULEeHen Ans papMakornorMyeckoro BO3AEMCTBUS NpU afAUKTUBHBIX U HENPOSHAOKPUHHBIX
HapyLUEHNSX C LIeNbio CO3AaHUs HOBbIX (hapMakonoryeckm akTUBHbBIX BELLECTB, AENCTBYHOLLMX
Ha peuenTopbl LIHC».
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INTRODUCTION AIM

Among the neuropeptides mediating the emotional The aim of this study was to investigate the invol-
effects of psychoactive substances [1], the peptide  vement of ghrelin and its receptor antagonist [D-Lys3]-
hormone ghrelin, discovered in the late XX century, ~ GHRP-6 in the mechanisms of conditioned reinforce-
has attracted considerable attention [2]. Ghrelin is  ment in rats with long-term ethanol consumption.
produced in the gastric mucosa, consists of 28 amino
acids, and exists in three isoforms: acylated ghrelin, MATERIALS AND METHODS
unacylated (desacyl-ghrelin), and obestatin [3, 4].

The ghrelin receptor has two molecular forms; ho- Animals. A total of 46 male Wistar rats obtained
wever, biological activity is attributed exclusively to the ~ from the Rappolovo laboratory animal nursery (Le-
first form, GHSR1A. The ghrelin receptor is localized  ningrad Region) were used in the study. The animals
in the pancreas, adrenal glands, thyroid gland, myo-  were housed in standard plastic cages, 8-10 indivi-
cardium, as well as in brain structures including the  duals per cage, with free access to food and water
anterior pituitary, arcuate nucleus of the hypothala-  under an inverted light cycle from 8:00 to 20:00 at a
mus, hippocampus, substantia nigra, and ventral teg-  temperature of 22+2 °C. All experiments were con-
mental area [5]. Ghrelin has been shown to increase  ducted during the autumn—winter period.

food intake via its action on the hypothalamus, which Conditioned place preference pest. To estab-
has led to its designation as a “hunger hormone” [6].  lish conditioned place preference (CPP) for ethanol
Furthermore, ghrelin stimulates appetite, thereby par-  administration in rats, a two-compartment apparatus
ticipating in the regulation of food motivation [7, 8]. with distinct floor textures (smooth vs. grid) was used.

In recent years, ghrelin has also been demonstra-  During CPP acquisition, animals were sequentially
ted to participate in the reinforcement mechanisms  placed into two compartments separated by a parti-
underlying the development of alcohol and drug de-  tion for 30 min each, with a 2 h interval between ses-
pendence [7]. Thus, following ghrelin administration,  sions, over 8 consecutive days. During the 1 h inter-
ethanol intake in alcohol-experienced rats increased  val between sessions, rats were kept in their home
extracellular dopamine levels in the ventral tegmental  cages. Prior to placement into the first compartment,
area [9]. Food restriction, which elevates ghrelin levels  rats received an intraperitoneal injection of 0.9% so-
[10], has also been shown to increase amphetamine-  dium chloride solution (saline); prior to placement into
and cocaine-induced locomotor activity, enhance the second compartment, animals were injected intra-
cocaine-seeking behavior, and elevate cocaine and  peritoneally with ethanol at a dose of 0.5 g/kg. The
amphetamine self-administration in rats [11]. Intrace-  control group received saline intraperitoneally in the
rebroventricular and intra-VTA administration of ghre-  second compartment. To control for potential effects
lin increased alcohol consumption in mice [12, 13]. of floor texture on the acquisition of ethanol-induced

Ghrelin is involved in stress mechanisms, as cortico- ~ CPP, experimental animals were divided into two sub-
tropin-releasing hormone (CRH) is considered one of the  groups. Rats in the first subgroup were initially placed
potential targets of ghrelin in the stress response. Ghrelin  into the compartment with a grid floor, and those in
has been shown to activate CRH neurons in mice [14].  the second subgroup — into the compartment with
Extrahypothalamic targets directly affected by ghrelin  a smooth floor. To assess the acquisition of ethanol-
include the extended amygdala circuitry — a stress-  induced CPP, on day 9 of the experiment, the time
responsive brain system that mediates reinforcement  spent in compartments with different floor textures
and addiction mechanisms [15]. Ghrelin administration ~ was recorded over 15 min under conditions of free
has been demonstrated to activate CRH neurons and,  movement within the two-compartment apparatus.
consequently, the hypothalamic-pituitary-adrenal (HPA) ~ The data were expressed as the percentage of time
axis [16]. Activation of this axis is essential when ghrelin  spent in the ethanol-paired compartment relative to
exerts a protective role against the development of de-  the total test duration. In subsequent experiments,
pressive symptoms under chronic stress [17]. only animals that spent more than 60% of the time
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in the alcohol-paired compartment (chamber prefe-  was used to compare the control and experimental
rence criterion) were used. Such animals constituted  groups. The nonparametric Kruskal-Wallis test was
approximately half of all rats in which CPP acquisi-  applied for group comparisons. Differences were con-
tion was attempted. On day 9 of the experiment, these  sidered statistically significant at p < 0.05. Data are pre-
animals received a single intranasal administration of ~ sented as mean * standard error of the mean (SEM).
the ghrelin receptor antagonist Agrelax at a dose of

10 pg in 20 pL, or intraperitoneal naloxone at a dose ~ RESULTS

of 1 mg/kg, without ethanol administration, to evaluate

the effects of these substances on CPP expression. A total of 52 rats from the same delivery were in-
Control animals under the same experimental condi-  cluded in the experiment. Eight animals comprised the
tions received an equivalent dose of saline intranasal-  control group, which received 0.9% sodium chloride
ly or intraperitoneally. Place preference extinction was  solution instead of ethanol during CPP acquisition.
then conducted over 7 days, which consisted of daily ~ Animals with established ethanol-induced CPP were
testing without ethanol or any drug administration. On  divided into three groups: 8 animals received intrana-
day 11 of the experiment, compulsive behavior was  sal administration of 20 uL of 0.9% sodium chloride
assessed using the marble-burying test following drug  solution during testing, 8 animals received naloxone
administration. By day 7 of extinction, CPP was no (1 mg/kg) as a reference drug, and 8 animals re-
longer observed, i.e., animals spent approximately  ceived intranasal administration of Agrelax solution at
equal time in both compartments. On day 18 of the  a dose of 20 pg in 20 pL. The data presented below
experiment, ethanol was administered and reinstate-  are from animals used to assess the anti-alcohol ef-
ment of conditioned place preference was assessed.  fects of ghrelin peptides and the reference compound
Ethanol (0.5 g/kg) was administered intraperitoneally, ~ naloxone. Control animals receiving intranasal 20 uL
the animal was placed into the apparatus for 10 min,  of saline spent 81.5+5.7% of the total time in the CPP
and CPP reinstatement (spending more than 60% of  chamber (p < 0.05 vs. control). The opioid receptor an-
time in the ethanol-paired compartment) was recor-  tagonist naloxone reduced the time spent in the CPP
ded. Some animals received Agrelax or naloxone  chamber (to 55.846.9% of the total time), while the
5 min prior to ethanol administration to determine their  ghrelin receptor antagonist Agrelax reduced the time
effects on the reinstatement of conditioned place pre-  spent in the CPP chamber (to 63.8+4.7% of the total
ference. A subset of animals (9 rats) received a single  time) (Fig. 1). Thus, naloxone significantly affected
additional intranasal administration of the ghrelin re-

ceptor antagonist Agrelax (10 pg) 5 min prior to etha- - 1007 ;
nol administration, another subset (10 rats) received 2 = gl
. . s = #
intraperitoneal naloxone (1 mg/kg), and another sub- .9 #
set (9 rats) received 20 pL of saline, to assess their gy %01
. D DO "‘g
effects on CPP reinstatement. EE S 40
Pharmacological substances. The ghrelin receptor = 5
. . . . £ 204
antagonist Agrelax, synthesized at the Institute of Experi- & F
mental Medicine, was used in the study. It was dissolved 0 - T
in distilled water at a concentration of 0.5 mg/mL and ad- ‘\«Qo‘f &.Q': Qo@"@, Qé\* N
L . . Q § S Q'
ministered intranasally at a dose of 10 g in 20 L (10 uL O Tt N g
per _n(_JStnl)' Naloxone (TO.CI’.IS, Eng!and) w.as dissolved Fig. 1. Expression of conditioned place preference response
in distilled water and administered intraperitoneally at a (CPPR) of ethanol. * — p <0.05 in relation to the control;
dose of 1 mg/kg. Control animals received an equivalent #— p <0.05 in relation to the group with the production

volume (20 L) of 0.9% sodium chloride solution. of CPPR with ethanol (drawing by the authors)
Puc. 1. 3Kcnpeccusi YCMOBHOM peakuuu NpeanoyTeHns Mecta

Statistical significance was assessed using SPSS i
. : (YPIM) BBepeHus ataHona. * — p <0,05 no oTHOLLEHMIO K
Slgmastat 30 and Graphpad Prlsm 6 SOftWaI'e by one- KOHTPO0; #— p <0’05 MO OTHOLLEHWIO K Fpynne C Bblpa-
way analysis of variance (ANOVA). One-way ANOVA 6oTkoit YPIM BaeaeHus aTaHona (pUcyHOK aBTopos)
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Fig.2. Reinstatement conditioned place preference response
(CPPR) with ethanol. * — p <0.05 in relation to the
control; # — p <0.05 in relation to the group with the
production of CPPR with ethanol (drawing by the
authors)
Puc.2. Bo3o6HoBNEHME YCNOBHON peakuyun npeanoyTeHns Mecta

(YPIM) BBegeHus ataHona. * — p <0,05 no OTHOLLEHMIO K
koHTponto; # — p <0,05 no oTHOLLEHMIO K rpynne C Bbipa-
Botkon YPIM BBegeHus ataHona (pUCYHOK aBTOPOB)

CPP expression, while the ghrelin antagonist Agrelax
blocked the expression of the response, manifested
as a decrease in the time spent in the preferred cham-
ber associated with ethanol administration.

The ethanol CPP extinction test revealed that
animals spent 55.1+4.2% of the total time in the
ethanol-paired chamber, indicating that CPP was not
expressed and did not reach the 60% preference cri-
terion. Following ethanol administration (priming),
rats demonstrated reinstatement of CPP, spending on
average 72.1+5.7% of the total time in the alcohol-
paired chamber (p < 0.05). The ghrelin receptor an-
tagonist Agrelax (10 ug in 20 pL, intranasally) did not
reduce the reinstatement of ethanol-induced CPP fol-
lowing ethanol challenge. Naloxone blocked the rein-
statement of ethanol-induced place preference, mani-
fested as a decrease in the time spent in the preferred
ethanol-paired chamber to 52.9+11.2% (Fig. 2).

In the marble-burying test on day 10 of the experiment,
following saline administration, animals buried 16.6+
+1.3 marbles. Naloxone and Agrelax reduced the number
of marbles buried during ethanol withdrawal to 12.2+1.2
(p <0.05) and 12.7£1.4 (p < 0.05), respectively (Fig. 3).

DISCUSSION

The present study demonstrated that intranasal
administration of the peptide ghrelin antagonist Agre-
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Fig. 3. Number of buried marbles in marble test after ethanol

withdrawal. * — p <0.05 in relation to the control; # —
p <0.05 in relation to the group with the production of
conditioned place preference responsewith ethanol
(drawing by the authors)

Puc. 3. Yucno 3akonaHHbix Wwapukos B marble-Tecte Ha hoHe OT-

MeHbl aTaHona. * — p <0,05 No OTHOLIEHWIO K KOHTPOSHO;
# — p <0,05 no oTHOLEHNIO K rpynne ¢ BblpaboTKoM yCnoB-
HOWN peakLumn NpeanoyYTeHns MecTa BBeeH!s aTaHona (pu-
CYHOK aBTOpOB)

lax delayed the acquisition of ethanol-induced CPP
in rats. However, expression of ethanol-induced CPP
following extinction was not reduced by Agrelax ad-
ministration. A similar effect was previously shown
by our group following administration of the ghrelin
receptor antagonist [D Lys3]-GHRP-6 on ethanol-in-
duced place preference in intact rats. However, unlike
Agrelax, [D Lys3]-GHRP-6 reduced CPP expression
and its reinstatement after extinction [17]. Agrelax re-
duced the expression of ethanol-induced conditioned
place preference and compulsive behavior during
ethanol withdrawal, an effect comparable to that of
naloxone. However, unlike naloxone, Agrelax did not
reduce the reinstatement of ethanol-induced place
preference. These findings are generally consistent
with the literature regarding the potential involvement
of the ghrelin system in reinforcement mechanisms
[18]. In particular, several studies have shown that
the central ghrelin system is important for intracranial
reinforcement processes activated by addictive sub-
stances [19,20]. For example, administration of the
ghrelin receptor antagonist [D Lys3]-GHRP-6 signifi-
cantly reduced the reinforcing properties of ampheta-
mine as well as the psychomotor stimulant cocaine.
Of interest are our previously reported data [17] demon-
strating that intraperitoneal administration of ethanol at
doses of 0.5, 0.75, and 1.5 g/kg may possess both
reinforcing and aversive properties, and that the re-
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inforcing effects do not always increase with increasing  rats only marginally increased alcohol intake [13,23].
ethanol dose. Low doses of ethanol (0.5-0.75 g/kg)  Thus, ghrelin and its GHSR1A receptors may regulate
typically exhibit a clear reinforcing effect, in this case  the level of consumption and seeking of addictive sub-
associated with the preferred CPP chamber. This ap-  stances. This suggests that treatment of patients with
pears to be related to individual differences among ani-  alcohol dependence using pharmacological agents
mals within the heterogeneous study population. targeting the ghrelin system may represent a promi-

The present study demonstrates the involvement  sing direction in modern psychopharmacology and
of the central ghrelin system in the mechanisms of  biological addiction medicine.
pathological alcohol craving and the potential utility
of ghrelin receptor antagonists for reducing reinforce- CONCLUSION
ment activated by this system. Studies on the ghrelin
system reported in the scientific literature have pri- Thus, the novel ghrelin receptor antagonist Agrelax
marily focused on the regulation of feeding behavior  reduced the expression of ethanol-induced conditioned
[21]. In particular, it has been shown that food restric-  place preference and compulsive behavior in rats during
tion, which elevates ghrelin levels [22], also increases  ethanol withdrawal, an effect comparable to that of nalo-
amphetamine- or cocaine-induced locomotor activity, ~ xone. However, unlike naloxone, Agrelax did not reduce
enhances cocaine-seeking behavior, and elevates co-  the reinstatement of ethanol-induced place preference.
caine and amphetamine self-administration in rats [13].  This study demonstrates the important role of the ghrelin

Our findings are also consistent with other ex-  system in the mechanisms underlying the reinforcing ef-
periments using the ghrelin receptor antagonist  fects of alcohol and the potential of novel ghrelin receptor
[D Lys3]-GHRP-6, which is structurally a fragment of  antagonists for the correction of pathological craving.
substance P, the main representative of the neuro-
kinins involved in the regulation of alcohol and psy- ADDITIONAL INFORMATION
choactive substance consumption.

A significant reduction in the reinforcing properties Authors' contribution. All authors made a sub-
of ethanol has been demonstrated, as measured by stantial contribution to the conception of the study, ac-
dopamine levels in the nucleus accumbens and beha-  quisition, analysis, interpretation of data for the work,
vioral parameters (locomotor activity and conditioned  drafting and revising the article, final approval of the
place preference). The study of the physiological role  version to be published and agree to be accountable
of ghrelin and its receptors in the mechanisms of rein-  for all aspects of the study.

forcement and dependence on psychoactive substan- Competing interests. The authors declare that
ces, as well as the effects of ghrelin ligands on emo-  they have no competing interests.
tional, exploratory, and motor activity during alcohol Experiments with animals were carried out in ac-

exposure and stress, represents a relevant problem for  cordance with international rules (Directive 2010/63/
both physiology and neuropharmacology. Indeed, the  EU of the European Parliament and of the Council of
ghrelin system is increasingly considered a target for ~ the European Union of September 22, 2010 on the
pharmacological intervention [13]. However, no studies  protection of animals used for scientific purposes).
have been conducted to date examining the regula-
tion of emotional, exploratory, and motor activity during ~ 4OMOJIHNTE/IbHAA MH®OPMALMA
chronic alcohol exposure by ghrelin or components of
its system (desacyl-ghrelin, obestatin). Bknap aBTopoB. Bce aBTOpbI BHECNM CYLLECTBEH-
In contrast, intracerebroventricular or local ad-  Hbin Bknag B pa3paboTky KOHUenuuu, NpoBeAeHue
ministration of ghrelin into the ventral tegmental area  nccnegoBaHus v NOATOTOBKY CTaTb, NPOYIN U 0400-
increased alcohol consumption in mice [13]. Further-  punu duHanbHyto Bepcuto nepeg nybnukavmen.
more, the effect of ghrelin was shown to be most KoHdnukT uHTepecoB. ABTOpPbI AeKnapupyrT OT-
pronounced in rodents with prior alcohol experience,  CyTCTBUe SIBHbIX ¥ NOTEHLMAMNbHBIX KOH(IUKTOB MHTE-
as peripheral ghrelin administration to alcohol-naive  pecoB, cBfidaHHbIX C nybrvkaLuein HacTosLLEen CTaTbi.
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HbIX Liensix).
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ABSTRACT. The article reviews current evidence on the neuroprotective properties of metformin
in central nervous system disorders, focusing on its mechanisms of action mediated by 5’AMP-
activated protein kinase (AMPK) activation, which regulates energy metabolism, autophagy,
neuroinflammation, and oxidative stress. Preclinical studies demonstrate reduced a-synuclein
pathology in Parkinson’s disease, decreased 3-amyloid accumulation in Alzheimer’s disease, and
immunomodulatory effects in multiple sclerosis. Clinical data reveal conflicting evidence: some
studies report improvements in cognitive/motor functions, while others show no significant benefits.
The authors emphasize the necessity of large-scale randomized trials to evaluate metformin’s
efficacy as an adjuvant therapy, given dose-dependent effects, treatment duration variability, and
population-specific responses.
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AgTop PE3KOME. B ctatbe 0600LLeHbI COBPEMEHHbIE AaHHBIE O HEMPONPOTEKTOPHBIX CBOMCTBAX MET-
ANs KOPpeCnoHAeHUMU:  chopMiHa Npu 3ab0NeBaHNAX LEHTPaNbHON HEPBHOM cucTeMbl. OCHOBHOE BHUMaHWe YAeneHo
3amupa MazomedosHa  \iexaHnamam [eiicTBUS Yepes akTuBaLmio SAM®-akTuBupyemoi npotenHkuHassl (AMPK), mo-
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zarqlra.muruzheva@ Qa-CUHyKneuHa npn 6onesHn MapkuHCOHa, yMeHbLUeHWe HakonneHus B-amunonsa npy GonesHu
mail.ru

AnbureiMepa v UMMYHOMOZYNSALMIO NPW pacCesHHOM cknepose. KnuHnyeckue AaHHble AeMOH-
CTPUPYIOT NPOTMBOPEYMBLIE PE3YNbTaThl — YacTb PaboT yka3biBa€eT Ha YyYLIEHNE KOTHUTUBHBIX/
ABUraTenbHbIX YHKUMIA, Apyrie He NoATBepXKAAKT 3HaYMMbIX apdekToB. [ogyepkmBaeTcs
HeoOX0AMMOCTb MacLUTabHbIX paHAOMU3MPOBAHHbIX UCCNIEA0BaHWUA ANst OLEHKM Ponn MeTdop-
MUHa KaK agbtoBaHTHOM Tepanuu, y4nTbiBas 3aBUCMMOCTb 3(PGEKTOB OT 403bl, AJIMTENBHOCTM
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INTRODUCTION

Metformin is a biguanide that has become one of
the most commonly used hypoglycemic agents due to
its affordability, high safety profile, and effectiveness.
The mechanisms of metformin's antidiabetic action
are primarily associated with the inhibition of gluco-
neogenesis in the liver, increased glucose utilization
by muscles, increased tissue sensitivity to insulin, and
reduced insulin inactivation [1, 2]. A new wave of in-
terest in the drug has been sparked by recent data
showing that metformin crosses the blood-brain bar-
rier (BBB) and can therefore directly affect cells in the
central nervous system (CNS) [3, 4]. This hypothesis
is confirmed by the results of a number of studies on
animal models of various diseases of the nervous sys-
tem, including multiple sclerosis, Alzheimer's disease,
Parkinson's disease, epilepsy, stroke, etc. [5-8].

AIM

The aim of this review is to summarize the results
of studies on the mechanism of action and efficacy of
metformin in the treatment of CNS diseases.

METFORMIN
AND PARKINSON'S DISEASE

Parkinson's disease (PD) is a progressive neuro-
degenerative disorder that develops as a result of the
death of dopaminergic neurons in the substantia ni-
gra and striatum and is characterized by the develop-
ment of rigidity, bradykinesia, resting tremor, postural
instability, and a wide range of non-motor symptoms
[9, 10]. PD remains an incurable disease; all cur-
rently available therapeutic approaches are aimed at
symptomatic correction and do not prevent the pro-
gression of the disease, which is why the search for
new treatments that alter the course of the disease is
one of the main tasks. Current data confirm a direct
link between type 2 diabetes mellitus (T2DM) and an
increased likelihood of developing PD, suggesting
common molecular mechanisms underlying these
diseases [11-13]. In this regard, metformin has been
proposed as a promising drug for the treatment of
PD. Studies in animal models of PD have shown that
the neuroprotective effect of metformin is achieved
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through a complex effect on energy metabolism, oxi-
dative stress, inflammation, and autophagy. The most
studied mechanisms of metformin's action are medi-
ated by the activation of 5'AMP-activated protein
kinase (AMPK), which is an ubiquitously expressed
kinase that is considered a “sensor” of cellular meta-
bolic status. AMPK has been shown to coordinate key
cellular processes such as autophagy, cell growth,
and mitochondrial quality control [14]. In a study using
a PD model (administration of rotenone to rats), it was
shown that an 18-day course of metformin activates
the AMPK-FOXO3 pathway (transcription factor)
pathway, reduces vascular endothelial growth factor
production, caspase-3/9 activation, and cytoplasmic
cytochrome C levels [15]. Young-Kyoung Ryu et al.
(2020) studied the effect of metformin on motor func-
tion in a mouse model of PD induced by 6-hydroxydo-
pamine (6-OHDA). The authors showed that oral admi-
nistration of metformin at a dose of 100-200 mg/kg
for 4 weeks activates AMPK signaling pathways,
stimulates the production of the neurotrophic factor
BDNF, suppresses microglial activation, and signifi-
cantly improves motor function in mice with 6-OHDA-
induced PD [16]. In another study investigating the
neuroprotective potential and main mechanisms of
action of metformin in a rotenone-induced mouse
model of PD, it was shown that 10 days of metformin
administration (300 mg/kg per day, intraperitoneally)
attenuated the loss of dopaminergic neurons by sup-
pressing lipid peroxidation and significantly reduced
the rotenone-induced increase in cleaved caspase-3
and a-synuclein accumulation in the substantia ni-
gra [17]. N. Katila et al. (2017) also demonstrated
that metformin administration led to a decrease in
the level of serine 129 phosphorylated a-synuclein
(a-synuclein pSer129) through the activation of pro-
tein phosphatase 2A (PP2A), which is known to medi-
ate the dephosphorylation of a-synuclein. According
to the authors, the activation of PP2A by metformin
can occur through both AMPK-dependent and AMPK-
independent pathways [18]. Similar results were ob-
tained when metformin (at a dose of 200 mg/kg per
day) was administered to mice in a 1-methyl-4-phe-
nyl-1,2,3,6-tetrahydropyridine (MPTP) model of PD:
a significant decrease in a-synuclein pSer129 levels
was observed, due to PP2A activation. In this study,
the metformin-mediated decrease in pathological
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a-synuclein levels, together with autophagy activa-  metformin, sulfonylureas, glucagon-like peptide-1
tion, increased production of neurotrophic factors  (GLP-1) receptor agonists, and glitazones with the
(BDNF, GDNF), and regulation of downstream signa-  risk of developing PD [26].

ling pathways (Akt, Erk1/2) contributed to the restora- It is noteworthy that a recent randomized, double-
tion of dopamine content in the striatum and improve-  blind, placebo-controlled clinical trial showed that ex-
ment of motor functions in mice [19]. In addition, met-  enatide, a GLP-1 receptor agonist, improves motor func-
formin attenuates lipopolysaccharide (LPS)-induced  tion in patients with PD [27]. These data suggest that in-
neuroinflammation, which may be due to the drug's  creasing GLP-1 with metformin may be another potential
inhibitory effect on the translocation of the transcrip-  molecular mechanism contributing to its neuroprotective
tion factor NF- kB (nuclear factor kappa B) to the nu-  effect in PD [28]. Furthermore, it is interesting to note
cleus and suppression of proinflammatory cytokine  that metformin does not affect the pharmacotherapeutic
production in various cell types [20, 21]. This is an  effects of levodopa, suggesting that the combination of
important fact, since there is a model of PD in which  both drugs may be useful in the treatment of levodopa-
a number of links in the pathogenesis of PD are mo-  induced dyskinesias in PD without compromising the
deled by administering high doses of LPS to labora-  efficacy of levodopa [29]. These data support the need
tory animals [22]. However, despite the impressive  for further study of metformin as a drug that potentiates
number of studies demonstrating the positive effects  the action of antiparkinsonian agents.

of metformin in PD, there are studies showing the

opposite results. For example, a 2016 study showed =~ METFORMIN AND ALZHEIMER'S DISEASE
that metformin exacerbated damage to dopaminer-

gic neurons in mice with an MFTP model of PD [23]. Alzheimer's disease (AD) is a neurodegenerative
The clinical data currently available on the effect of  disease characterized by a gradual, subtle onset in
metformin on the course of PD are also ambiguous.  presenile or senile age, steady progression of memory
According to a study by M.L. Wahlqvist et al. (2012),  and higher brain function disorders leading to demen-
patients with T2DM had a twofold increase in the risk  tia with the formation of a characteristic complex of
of developing PD, which decreased to 1.3 with the  neuropathological, neuroimaging, and biochemical
use of hypoglycemic drugs; the confidence interval  features. The main histopathological feature of AD is
(Cl) for the odds ratio (OR) was 0.77-2.19. However,  the deposition of B-amyloid (AB) in the brain parenchy-
the use of metformin as monotherapy did not reduce  ma and in the walls of blood vessels (with the forma-
the risk of developing PD, while the combined use of  tion of senile plaques), which has neurotoxic proper-
metformin and sulfonylurea reduced the risk of deve- ties, leading to damage and death of neurons. There
loping PD to 0.78 (0.61-1.01) [13]. A2019 US analy-  is ample evidence that the molecular mechanisms of
sis of a 5-year follow-up of 5,528 patients with T2DM ~ T2DM and AD have points of contact, and one of the
(mean age 63.2£10.9 years) showed that long-term  common features linking the two diseases is insulin
metformin therapy (more than 4 years) significantly  resistance. In particular, it has been shown that insulin
reduced the risk of developing PD among patients  resistance in brain cells (especially in the hippocam-
with T2DM (OR 0.19; 95% CI 0.12-0.31) [24]. Con-  pus and cortex) is associated with the accumulation
versely, according to a systematic review published  of A and tau pathology [30]. Insulin signaling in the
in 2020, which analyzed 19 studies involving more  brain, which is crucial for neuronal function, involves
than 250,000 people, no positive effects associated  the activation of insulin receptors (IR) and IGF-1R,
with the use of metformin for the treatment of PD  leading to the phosphorylation of IRS protein and sub-
were identified. Moreover, the review showed that  sequent activation of PI3K/ Akt and MAPK pathways,
metformin use may even increase the risk of develo-  which regulates glucose metabolism, synaptic plas-
ping PD [25]. At the same time, a meta-analysis pub- ticity, and cell survival. In insulin resistance, this cas-
lished in 2023 covering 15 studies involving a total  cade is disrupted due to increased phosphorylation of
of 2,910,405 patients with T2DM found no significant  serine/threonine in IRS proteins, decreased tyrosine
association between hypoglycemic drugs, including  phosphorylation, and reduced activation of this path-
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way [31, 32]. In this regard, one of the main areas of  bolism [39]. However, at high doses, metformin can
research into the mechanisms of metformin action in inhibit complex | of the respiratory chain, increasing
AD is the analysis of its effect on insulin resistance  oxidative stress (a paradoxical effect) [40].
and insulin signaling in the brain. In addition to preclinical studies, there are currently
Metformin has been shown to increase insulin sen- ~ many studies demonstrating the effectiveness of met-
sitivity in the CNS by activating AMPK and enhancing  formin in clinical practice for AD. A study by Tseng Chin-
the insulin/IGF-1 signaling pathway [33]. In a study  Hsiao (2019) showed that metformin stops or slows the
by K.A. DiTacchio (2015) on transgenic ABPP mice  onset of dementia in adult patients with T2DM [41].
showed that administration of metformin (at a dose of ~ From 2008 to 2012, Columbia University (New York)
350 mg/kg per day) for 14-16 months increases insu-  conducted a pilot study of 80 patients with amnestic
lin sensitivity in males, increases lifespan, and slows  mild cognitive impairment. The participants were over-
down the degradation of the estrous cycle in females  weight, but none of them had diabetes. Patients re-
[34]. Metformin also improved cognitive function in  ceived either metformin at a daily dose of 2000 mg or a
APP/PS1 transgenic mice (an animal model of AD)  placebo for one year. Cognitive function was assessed
and contributed to a reduction in the deposition of  using the Systemic Reasoning Test (SRT) and the cog-
pathological AB and tau proteins in the hippocampus  nitive subscale of the Alzheimer's Disease Assessment
and cerebral cortex [35]. S.A. Farr et al. showed that ~ Scale (ADAS-Cog). Secondary endpoints were glucose
metformin reduces the expression of APPc99 and p-  uptake by 18F-fluorodeoxyglucose (18F-FDG) positron
tau proteins in SAMP8 mice (animals characterized  emission tomography (PET) in the posterior cingulate
by accelerated aging; they spontaneously develop  cortex and plasma levels of AB42, the most toxic form
signs of aging as early as 6-8 months instead of 18—  of the AR peptide. The metformin group showed slightly
24 months in normal mice, making them a convenient  higher SRT scores than the placebo group (9.7+£8.5
model for research). Thus, the use of metformin in  vs. 5.318.5; p=0.02). No differences in ADAS-Cog
SAMP8 mice significantly reduced the hyperphos-  scores, glucose uptake, or plasma AB42 levels were
phorylation of tau and APPc99 proteins, which led to ~ found between the groups [42]. A.M. Koenig etal.
improved learning and memory processes [36]. (2017) conducted a similar study, but in addition to
The mechanisms by which metformin reduces the ~ assessing cognitive function and neuroimaging in pa-
accumulation of A and tau protein are associated tients, they measured the concentration of metformin
with the activation of AMPK, which in turn activates  in cerebrospinal fluid (CSF). The results of the study
MARK1 kinase, which regulates the processing of  showed that metformin use improves executive func-
amyloid precursor protein (APP). In addition, AMPK tion, learning, and attention. The researchers also no-
enhances autophagy by inhibiting mTOR, promoting  ted that metformin was safe, well tolerated, and mea-
AB clearance [37]. However, in some studies, long-  surable in CSF at a mean steady-state concentration of
term use of metformin increased AR levels due to the  95.6 ng/mL [43]. An interesting study was conducted
suppression of insulin degradase (IDE), which is in-  based on data from the Alzheimer's Disease Neuroima-
volved in the destruction of AB [38]. ging Initiative (ADNI") in 2022. In addition to cognitive
Another mechanism of metformin's neuroprotec-  functions, the assessment included levels of AB, tau,
tive action in AD is mediated by its anti-inflammatory  and phosphorylated tau in CSF, as well as neuroimaging
effects. It is known that in AD, as in PD, activated  data (hippocampal volume and cortical thickness were
microglia intensify the process of neuroinflammation  assessed). It turned out that patients with T2DM who
by secreting pro-inflammatory cytokines. Metformin  received metformin treatment in the early stages of AD
inhibits NF-kB activation via AMPK, reducing cyto-  had better cognitive performance and lower levels of tau
kine production. Thus, in rodent models, metformin  and phosphorylated tau in the CSF than patients who
reduced microglial activation and astrogliosis, impro-  did not receive metformin. Patients receiving metformin
ving neuronal survival [37]. In addition, metformin has  also had less severe atrophy in the hippocampus and
been shown to activate AMPK/PGC-1a-dependent
mitochondrial biogenesis, increasing energy meta- ! Available at: https://adni.loni.usc.edu/ (accessed: 10.09.2025).
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cortex according to neuroimaging data [44]. However, inflammatory and neurodegenerative processes lea-
despite numerous studies demonstrating the positive  ding to multiple focal and diffuse lesions of the central
effects of metformin on cognitive function, there are  nervous system, resulting in disability and a significant
studies that cast doubt on the available results. Thus,  reduction in quality of life.
a recent meta-analysis found no significant associa- The role of the immune system and neuroinflamma-
tion between metformin use and the risk of developing  tion in the development of this disease is now beyond
AD (OR 1.17; 95% CI 0.88-1.56; p=0.291). Moreover,  doubt and is confirmed by the high efficacy of modern
subgroup analysis showed that among Asians, the risk ~ immunomodulatory drugs used to treat MS. However,
of developing AD was significantly higher in patients  despite the effectiveness of the drugs used, the di-
taking metformin than in those who did not take it  sease steadily progresses, transitioning to a secon-
(OR 1.71; 95% Cl 1.24-2.37; p=0.001) [45]. dary progressive form that develops as a result of the
A randomized controlled trial (MET-FINGER, phase  inevitable degeneration of neurons, which requires the
Ib) is currently underway to evaluate a new multimodal  search for new pharmacological agents that affect not
approach to the prevention of cognitive impairmentand  only the inflammatory but also the neurodegenerative
disability, combining lifestyle modification (diet, physical ~ process in MS. Metformin has become a promising
activity, cognitive training, monitoring of cardiovascular/  candidate for the treatment of MS due to its diverse
metabolic risk factors, social interaction) with metformin ~ mechanisms of action and well-established safety pro-
in older adults at increased risk of dementia who do file. Recent studies have shown that metformin affects
not have diabetes. The study is expected to provide  key immunopathological mechanisms underlying the
decisive evidence for the implementation of innovative  development of systemic autoimmune diseases, such
combined strategies for the prevention of AD [46]. as the balance between T helper 17 (Th17) and regu-
Since 2021, a multicenter randomized controlled  latory T lymphocytes (Tregs), autoantibody production,
trial of metformin in the prevention of dementia in AB,  macrophage polarization, and cytokine synthesis [48].
phase 2/3 (MAP), has been underway. This study in-  Thus, W. Duan et al. (2019) showed that metformin,
volves 326 people aged 55 to 90 who are overweight or  through AMPK activation, suppresses T-cell prolifera-
obese, without diabetes, and with early or late mild cog-  tion and Th17 cell differentiation, while promoting Treg
nitive impairment. Study participants receive 2000 mg  development in vitro. The authors demonstrated that
of extended-release metformin per day or placebo (1:1).  administration of metformin to NOD mice (mice with
In addition to neuropsychological testing, the study as-  spontaneously developing type 1 autoimmune dia-
sesses changes in hippocampal volume and white mat-  betes) at a dose of 200 mg/kg alleviates the course
ter hyperintensity in the brain based on neuroimaging  of autoimmune insulin syndrome and significantly re-
data, changes in the standardized uptake value ratio  duces the amount of interferon-y (IFN-y) and CD4 (+)
(SUVR) AB, changes in SUVR tau in the medial and interleukin-17 (IL-17) (+) T cells [49]. N. Nath et al.
inferior lateral temporal cortex, as well as changes in ~ (2010) showed that metformin (20-100 mg/kg) suc-
plasma AD biomarkers. The study is expected to con-  cessfully slowed disease progression, reduced im-
tinue until 2027 [47]. mune cell infiltration, and decreased the expression
Thus, metformin demonstrates the potential to mo-  of proinflammatory cytokines (IFN-y, TNFa, IL-1B, IL-6,
dulate key mechanisms of AD (AR and tau pathology, and IL-17) and proinflammatory mediators such as
neuroinflammation, insulin resistance), but its effects  matrix metalloproteinase 9 (MMP-9) and chemokine
depend on dose, age, duration of use, and time of ini-  RANTES/CCL5 in the CNS of animals with experi-
tiation of therapy. Further preclinical studies are needed ~ mental autoimmune encephalitis (EAE). The authors

to optimize treatment regimens and clarify risks. demonstrated that metformin activated AMPK in mac-
rophages, thereby inhibiting the biosynthesis of phos-
METFORMIN AND MULTIPLE SCLEROSIS pholipids and neutral lipids, as well as suppressing

the expression of proinflammatory cytokines induced
Multiple sclerosis (MS) is a chronic demyelinating by endotoxin (LPS) and their mediators (iNOS and cy-
disease characterized by a complex of autoimmune  clooxygenase) [50].
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The effects of metformin on B cells include modu-  (EDSS) at baseline and after 6 months. The study
lation of activation and differentiation processes,  showed that adding metformin to IFNB-1a contributed
reduction of antibody production, and influence on  to a decrease in the oxidative stress marker malondi-
B cell-mediated inflammation, which plays a key aldehyde, but no statistically significant effect on im-
role in the pathogenesis of MS [51]. The effect of  munological, neuroimaging, and clinical parameters
metformin on the mTOR pathway contributes to a  was found [55].
reduction in the proliferation of inflammatory cells Several clinical trials (Phase | and lIla) are cur-
and regulated differentiation of immune cells. In  rently underway to study the efficacy of metformin
addition, this modulation affects myelin regenera- in MS. These studies are investigating the effect of
tion processes and neuronal survival mechanisms.  metformin on remyelination processes, modulation of
In a recent study, N. Sanadgol et al. (2020) showed  immune responses, and the impact on neurodegen-
that metformin (50 mg/kg body weight per day) in-  eration in various subtypes of MS. The results of the
duces remyelination in mice with cuprizone-induced  studies have not yet been published, which does not
demyelination through direct activation of AMPK and  allow conclusions to be drawn about the success of
indirect regulation of the AMPK/Nrf2/mTOR pathway  the clinical trials.
in oligodendrocytes. Metformin also reduced brain Thus, the available data support the efficacy of
apoptosis markers (cleaved caspase-3/a-tubulin  metformin in MS, but larger clinical trials are needed
and Bax/Bcl-2 ratios) and improved motor activity in  to definitively establish the therapeutic value of met-
mice in the Open Field test [52]. Another study inves-  formin, particularly its potential to improve existing MS
tigated the effect of metformin on remyelination in  treatments and provide a neuroprotective effect.
the “acute” and “delayed” periods of EAE. Metformin
contributed to a reduction in demyelination and im- CONCLUSION
provement in motor function in mice with EAE in the
“acute” period, but did not show its effectiveness in In neurology, drug repurposing programs include
the “delayed” period [53]. the search for drugs with neuroprotective activity or

Unlike the many promising fundamental studies  those that potentiate the action of neuroprotectors
of metformin's effects on animal models of MS-EAE,  among known and widely used drugs. The basis for
the number of studies investigating the effects of met-  searching for neuroprotective properties in drugs
formin on patients with MS is limited. A cohort study intended for other purposes is the fact that signa-
conducted by L. Negrotto et al. on MS patients recei-  ling pathways in cells are characterized by a large
ving metformin (850-1500 mg/day) demonstrated a  number of cross-interactions, and some of them may
significant reduction in the total number of new T2 le-  be involved in the process of stimulating/intensify-
sions and contrast-enhancing lesions in the brain and  ing neuron survival. Finding such intersections is
spinal cord according to neuroimaging data. The effect ~ possible thanks to advances in genomics, proteo-
was observed after 6 months of therapy and persisted  mics, bioinformatics, and the emergence of powerful
for up to 24 months. In addition, the study showed analytical systems. Analysis of the current literature
increased AMPK expression, decreased IFN-y and  has shown that hypoglycemic agents, in particular
IL-17 production, and an increased percentage of  metformin, have high neuroprotective potential. Cur-
Tregs in MS patients receiving metformin [54]. In  rently, the preventive and therapeutic significance
2024, the results of a prospective, open-label, rando-  of metformin in diseases of the nervous system has
mized controlled trial were published, which aimed to  been widely studied. According to the literature,
study the efficacy and safety of metformin as an adju-  metformin can modify the process of autophagy,
vant therapy to interferon beta 1a (IFNB-1a) in patients ~ prevent mitochondrial dysfunction, reduce neuro-
with relapsing-remitting multiple sclerosis (RRMS). inflammation, and have a neuroprotective effect.
Patients were assessed for IL-17, IL-22, malondial-  However, there are studies that have not identified
dehyde (MDA), T2 lesions on magnetic resonance the neuroprotective effects of metformin. This may
imaging (MRI), and expanded disability status scale  be due to differences in animal models and varying
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Table 1
Effects of metformin in diseases of the central nervous system (compiled by the authors)
Tabnuua 1
AdhekTbl MeThopMMHa Npy 3a6oneBaHNUsAX LEHTPanbHOW HEPBHOW CUCTEMbI (COCTaBNEHO aBTOPaMM)
XXuBoTHas Mmogenb
AN KRS ECKIE [o3a npenapara / CcbInku Ha
3aboneBaHue cnoco6 BBegeHus MexaHuambl, ahekTbl nuteparypy
. UCNbITaHUA .
Disease . Dosage of the drug / Mechanisms, effects References
Animal model L . :
.. . route of administration to literature
or clinical trials
BonesHb Mbium, 200 wmr/kr, * YNyYlleHne gBuratenbHbIX yHKLNR; [19]
[MapkuHCoHa M®TIM-moaens BHYTPUOPHOLINHHO « improvement of motor functions;
Parkinson's Mice, 200 mg/kg, * MOBbILLEHWE YPOBHS AOdaMMHa B NONOCATOM Tere;
disease MPTP model intraperitoneally * increased dopamine levels in the striatum;
* CHWXeHMeE kacnasbl-3 1 MHIMBUpOBaHWe anonTosa;
+ decreased levels of caspase-3 and inhibition of apoptosis;
* CHUXeHWe akTuBaLuy acTpornum;
« attenuation of astroglial activation;
+ aktuauus AMPK 1 niruéuposatne mTOR;
* AMPK activation and mTOR inhibition;
* akTmBauus PP2A u cHmkeHmne a-cuH pSer129;
+ activation of PP2A and reduction of pS129-a-syn;
* MOBLILLEHNE YPOBHS HEMPOTPOPUYECKUX (HAKTOPOB
(BDNF, GDNF) 1 aKTuBaLms HUCXOL4ALLMX
curHanbHbix nyTei (Akt, Erk1/2);
* increased levels of neurotrophic factors (BDNF, GDNF)
and activation of downstream signaling pathways (Akt,
Erk1/2)
Mbliwwm, poteHoHoBast | 300 mr/kr, * NpefoTBpaLLeHe gereHepaLmum [17]
mofenb BHYTPUOPIOLIMHHO A0(aMUHEPTUYECKIX HENPOHOB B YEPHOI
Mice, rotenone model | 300 mg/kg, cybcTaHumm;
intraperitoneally « prevention of degeneration of dopaminergic neurons
in the substantia nigra;
* CHWXeHMe anonTo3a, ONoCPEA0BaHHOI0 kacnasomn-3;
+ attenuation of caspase-3-mediated apoptosis;
* CHIXXEHUE HaKOMMEeHUs -CUHYKNENHa;
+ decreased a-synuclein accumulation;
* CHIXEHWE YPOBHSI NPOAYKTOB NEPEKNCHOMO
okucnenus nunugos (4-HNE, MDA);
+ decreased levels of lipid peroxidation products
(4-HNE, MDA)
Mbiwm, mogenb 100-200 mr/kr, * yNyYLWeHNe ABUraTeNbHbIX (yHKLNIA; [16]
6-rnopoKcMaoTaMmMHa | nepopasnsHo + improvement of motor functions;
(6-OHDA) 100-200 mg/kg, orally | * akTuBaums curHanbHbix nyTein AMPK, ctumynsigms
Mice, 6-hydroxydo- npoayKuun Heinpotpoduyeckoro dakropa BDNF;
tamine (6-OHDA) + activation of AMPK signaling pathway, stimulation of
model BDNF production;
* NMOAAaBNEHNE aKTUBALMM MUKPOTIUK;
* suppression of microglial activation
Kpbicbl, NMNC- 150 mr/kr 2 pasa * YMEHbLUEHWE KONMYeCTBa akTUBMPOBAHHbIX [56]
VHAYLMpOBaHHas B [ieHb, NepopansHo MUKPOrNNanbHbIX KNETOK;
MoAenb 150 mg/kg 2 times + decreased number of activated microglial cells;

Rats, LPS-induced
model

a day, orally

* CHIXXeHUe YPOBHS NPOBOCNANNTENbHbIX LIMTOKUHOB
(®PHO, UN-1B, UN-6) n MuKpornuansHbIX
npoBocnanuTenbHbIX eHOTUMOB;

+ decreased levels of proinflammatory cytokines (TNF,
IL-1B, IL-6) and microglial proinflammatory phenotypes;

* CHUXeHue BblpaboTKN akTUBHBIX (hOpM
Kucnopoaa;

+ decreased production of reactive oxygen species
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Continuation of the Table 1/ [podomkeHue mabs. 1

XXuBoTHas mopgenb

[o3a npenapara / CcbInku Ha
WU KNUHNYeCcKune
3aboneBaHue cnocob BBegeHUs MexaHu3ambl, adpchekTbl nuteparypy
. UcnbITaHUs .
Disease . Dosage of the drug / Mechanisms, effects References
Animal model . . .
.. . route of administration to literature
or clinical trials
bonesHb TpaHcreHHble Mbiwy | 350 Mr/kr, nepopanbHO | ¢ NOBbILIEHUE YYBCTBUTENBHOCTY K MHCYTMHY [34]
AnbLreiivepa ABPP 350 mglkg, orally y CaMmLoB;
Alzheimer's ABPP transgenic mice + increased insulin sensitivity in males;
disease * YBeNNYEHe NPOSOMKUTENBHOCTY XM3HU Y CaMOK;
+ extended lifespan in females
Mbiwn SAMP8 20-200 mr/kr, o ynyylweHe obyyeHns v namsTy; [36]
SAMP8 mice NMOJAKOXHO * improvement of learning and memory;
20-200 mglkg, * CHWKeHue rvnepdoctopunmpoBanns benkos Tay
subcutaneously 1 APPc99;
+ reduction of hyperphosphorylation of tau and APPc99
proteins
Kpbicbl, ckononamuu- | 50, 100-200 mr/kr, * ynyyweHune obyyeHns n namsTu; [39]
VHOYLUMPOBAHHbIE yepes 30H[ + improvement of learning and memory;
KOTHUTWBHbIE 50, 100-200 mg/kg, * NOBbILLEHWE YPOBHSs docchopunuposaHHoin AMPK;
HapyLueHus via tube * increased levels of phosphorylated AMPK;
Rats, scopolamine- * CHUXeHWe YpOBHS ManoHoBoro auansaernaa (MDA);
induced cognitive + decreased levels of malondialdehyde (MDA);
impairment * NMOBbILLEHWE aKTUBHOCTU CynepoKcuaancmyTassl
(SOD) B rMnnokamne;
* increased superoxide dismutase (SOD) activity
in the hippocampus
TpaHCreHHble Mbiwy | 4 Mr/Mn B NUTLEBON + cnocobcTBoBaHve daroumTtody benkos AR u Tay [35]
APP/PS1 Boge 3a CyYeT yCuneHus cnocobHOCTU MUKPOrAManbHOM
APP/PS1 transgenic 4 mg/ml in drinking ayTocharum
mice water + promotion of the phagocytosis of AR and tau proteins
due to enhanced microglial autophagy capability
KnunHuueckue 2000 mr/aeHb * CHWKEHWE pUCKka pasBuTUS eMeHLUN Y nauueHTos | [42-44]
[aHHble 2000 mg/day C caxapHbIM anabeTom 2-ro TUna;
Clinical data + reduced risk of developing dementia in patients with
type 2 diabetes mellitus;
* yryyLleHne pesynbTaToB CENeKTUBHOIO TecTa Ha
namsaThb y NALWEHTOB C NErkuMN KOTHUTUBHBIMM
HapyLweHusammu 6e3 auaberta;
* iimproved selective reminding test performance in
patients with mild cognitive impairment without diabetes;
* CHIWKEeHMe ypoBHeN Tay M hoC(OpUNMPOBaHHOTO
Tay B CMX;
+ decreased levels of tau and phosphorylated tau in CSF
PaccesiHHbINn MbiLum 20-100 mr/kr, yepes * 3aMeAneHne NporpeccupoBanmns 3abonesaxus; [50]
cKnepos C57BL/6 1 SJL, 30H4 + attenuation of the disease progression;
Multiple sclerosis | akcnepumeHTanbHbli | 20-100 mg/kg, via tube | * orpaHnyeHne MHUNbTPaLUM MOHOHYKNEapHbIX
aYTOUMMYHHbIi knetok B LIHC;
3HUedanommenut + restriction of mononuclear cell infiltration into the
C57BL/6 and SJL central nervous system;
mice, experimental * CHVKEHME SKCPECCUM MPOBOCNANUTENbHBIX LUTO-
autoimmune kuHoB (UI1-1B, UN-6, UN-17, NdH-y n ®HO-a) B LIHC;

encephalomyelitis

+ down-regulation of the expression of proinflammatory
cytokines (IL-1B, IL-6, IL-17, IFN-y and TNF-a) in the
central nervous system;

* NOAABIEHNE AKCNPECCUM MATPUKCHOM
meTannonpoTenHasbl 9 u xemoknHa (RANTES);

* suppression of matrix metalloproteinase 9 and chemo-
kine (RANTES) expression
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Ending of the Table 1/ OkonyaHue mabn. 1

XuBoTHas mogenb

[lo3a npenapara / CcbInkmn Ha
3aGonesanme | M KIMHUHECKuE cnoco6 BBeAeHUs MexaHu3mbl, adphekTb! nutepartypy
Disease Mc.nb”a“"ﬂ Dosage of the drug / Mechanisms, effects References
Animal model .. . .
L. . route of administration to literature
or clinical trials
Mbiwn C57BL/6, 100 mr/kr, Yepes 30Ha | * cHkeHue ypoBHs Th17 1 cnocobecTBoBaHME (48]
akcnepumeHTanbHbIn | 100 mg/kg, via tube npormdepauun Tregs;
ayTOUMMYHHbI + decreased Th17 levels and promotion of Tregs
3HUedanomuenut proliferation;
C57BL/6 mice, * MOBbILLEHVE YPOBHEN NPOTUBOBOCTANNTENBHBIX
experimental LMTOKWHOB, TpaHcopMUpyioLLero akTopa pocTa-f
autoimmune (TGF-B) n UN1-10;
encephalomyelitis * increased levels of anti-inflammatory cytokines, trans-
forming growth factor-p (TGF-g) and IL-10;
* NMOAABNEHNe aKTUBaLMKM NYTU MULIEHN panaMuLmHa
y mnekonutarowux (mTOR);
* suppression of activation of the mammalian target of
rapamycin (mTOR) pathway
Kpeblicbl, 150 mr/kr, Yepe3 30HA | ¢ ocnabnexne KNMHNYECKUX CUMMTOMOB; [57, 58]
aKcnepumeHTanbHbIn | 150 mg/kg, via tube + alleviation of clinical symptoms;
ayTOUMMYHHbI * MOBbILLEHWE YPOBHEN Tregs 1 CHUXEHWE YPOBHEN
3HUedanomuennt Th1 1 Th17 B nepuchepnyeckon HepBHOI cucTeme
Rats, experimental (MHC) n LUHC;
autoimmune + increased levels of Tregs and decreased levels of Th1
encephalomyelitis and Th17 in the peripheral nervous system (PNS) and
CNS;
* CHUXeHWEe feMUennHu3aLmm u noTepyu akCoHOB;
+ attenuation of demyelination and axonal loss;
* ocrnabneHne BocmannuTenbHbIX peakuuii u
NOBbILLEHME 3KCMPECCUN HENPOTPOUUECKIX
takTopos, nocpeacteom aktueauu AMPK;
+ attenuation of inflammatory responses and increased
expression of neurotrophic factors via AMPK activa-
tion;
* NOAABNEHNE OKUCIIMTENBHOrO CTPECCa;
* suppression of oxidative stress
MauueHTsl ¢ 850-1500 mr/geHb * CHWXeHMe 06LLEro KonnyecTsa HoBbIX T2-04aros [54]
PEMUTTUPYIOLLUM 850-1500 mg/day 11 04aroB, HaKanJMBaKLLWX KOHTPACT, B FOSIOBHOM
PC, koropTHoe ¥ CMIMHHOM MO3T€;
ncenegoBaHue + decrease in the total number of new T2 lesions and
Patients with contrast-enhancing lesions in the brain and spinal
relapsing-remitting cord;
MS, cohort study * no.blleHue akcnpeccun MPHK AMPK;
* increased AMPK mRNA expression;
* CHUXeHue BbipaboTkn NOH-y n UN-17 n
noBbILLEHKE NpoLeHTa Tregs;
+ decreased production of IFN-y and IL-17 and an
increase in the percentage of Tregs
lMaumneHTsl ¢ 2000 mr/peHb * CHUXeHME ypoBHS MamnoHosoro auansaeruga (MDA) | [55]
PEMUTTUPYIOLLUM 2000 mg/day + decreased levels of malondialdehyde (MDA)
PC, knuHnyeckoe
uccnenosaque

Patients with
relapsing-remitting
MS, clinical trial
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doses of the drug. Clinical studies of metformin in
the treatment of nervous system diseases are pro-
gressing slowly, with most of them being prospec-
tive or retrospective clinical studies; there is still a
lack of large multicenter randomized controlled trials.
The data are summarized in Table 1.

Thus, this literature review confirms that metformin
can be considered a potential drug for the preven-
tion and treatment of CNS diseases, but large-scale
randomized controlled clinical trials are needed to pro-
vide more adequate clinical evidence.
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AONONHUTENIbHAA UH®OPMALLUNA

Bknap aBTopoB. Bce aBTOpbI BHECIM CYLLECTBEH-
HbIN BKNag B pa3paboTKy KOHLUenuuu, npoBeaeHue
“ccneaoBaHUs W MOArOTOBKY CTaTbM, MPOYAM U 0fO-
Bpunu puHanbHyo BepCUto nepes nybnukauuen.

KoHdpnukT uHTepecoB. ABTOpbI JeknapupyioT oT-
CYTCTBWE SIBHbIX M NOTEHLMANbHbIX KOH(IMKTOB UHTE-
PeCcoB, CBA3aHHbIX C NybnuKaLmei HacTosLLE CTaTby.
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yandex.ru 3D-ckaHnpoBaHe — 06eCneymnBaloT BbICOKYH TOYHOCTb, 0GbEKTUBHOCTb M BO3MOXHOCTb AMHA-

MMYECKOro aHanmaa. Mx coyeTaHme noBbILAeT AMarHoCTUYECKYH MHOPMATUBHOCTb, NO3BONAET
BbISIBIIATb HAPYLUEHNs GOMEXaHKM, MPOEKTMPOBATL MHAVMBUAYANbHbIE OPTONEANYECcKe M3AENNS
1 hOpMMUPOBATL CTAHAAPTU3MPOBaHHbIE 6a3bl JaHHbIX. AHANN3 NUTepaTypbl NOATBEPKAAET, YTO
CUHEPrist METOIOB, JOMOMNHEHHAS YbTPA3BYKOBbIMI UCCTEA0BAHNAMIA 11 MarHUTHO-PE30HAHCHOIA
TOMOrpadueit Ans OLEHKN MSTKUX TKaHeW, SBNSeTCS ONTUMArbHON CTpaTernen gUarHoCTUKM.
NHTerpaums LndpoBbIX TEXHONOTUIA C UHCTPYMEHTaMN UCKYCCTBEHHOTO MHTENNEKTa OTKpbIBaET
nepcnekTUBbI NPOrHO3MPOBaHUS fethopMaLuii U NepCoOHanN3aLmmu neveHus.

KnioueBble cnoBa: ctona, noanaTpus, nnaHtorpadus, peHTreHorpadus, KOMnboTepHas
nnaHtorpacdwms, 3D-ckaHupoBaHue, MophoMeTpus

WcTouHuk mHaHcupoBaHus. ABTOp 3asBNSeT 06 OTCYTCTBUM BHELUHErO PUHAHCUPOBAHNS MpK
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The study of the morphofunctional characteristics  reflects mainly static anatomical parameters and is
of the foot, both normal and pathological, remains  subject to measurement errors [11].
one of the key tasks of modern medicine [1]. Podiatry, Podometry, which involves the use of a podo-
which specializes in congenital, acquired, and post-  scope or caliper to determine linear, angular, and
traumatic changes in the foot and ankle joint, covers  volumetric characteristics, expands the capabilities of
a wide range of clinical issues — from prevention and ~ morphometric analysis. It allows for the detection of
selection of orthopedic footwear to the development of  early stages of flat feet and the assessment of foot
surgical treatment algorithms [2]. Despite the variety ~ symmetry and shape [2]. However, like morphometry,
of existing methods (visual examination, podometry,  podometry does not provide information about the
plantography, radiography, etc.), none of them can  functional state of the foot and remains dependent on
provide a comprehensive picture of the anatomicaland  subjective interpretation of measurements.
functional state of the foot [3, 4]. This circumstance Plantography, a method of recording impressions of
necessitates a critical analysis of the capabilities of  the plantar surface of the foot, has become an important
individual approaches and their rational combination. step towards objectivity and effectiveness in assessing
Clinical examination is used at the stage of primary  the condition of the foot. Analysis of plantograms (visual
diagnosis and provides a general idea of the morpho-  and calculated) using the Clark angle, Weissflog index,
logy and function of the foot. It includes a question-  Chippaux—Smirak index, and other indicators allows for
naire (complaints, medical history, footwear/load cha- a comprehensive characterization of the condition of
racteristics) and a direct examination of the patient [5,  the foot arches and is a recognized method for detec-
6]. The examination is carried out both without load ina  ting flat feet [2, 11-13]. The advantages of the method
sitting position and under physiological load; the shape  remain its accessibility and simplicity of measurement.
of the foot, the condition of the skin, the axis of the limb ~ However, the quality of the impressions obtained de-
are assessed, and local structural changes in different ~ pends on many factors (technique, material, foot posi-
regions of the foot are identified [2, 6, 7]. For functional  tion), and low resolution and manual data processing
assessment of the arches of the foot, tests are used (le-  reduce the accuracy and reproducibility of the results
ver test of the first toe, active plantar flexion test of the  [14, 15]. Attempts at automation, such as devices like
toes, Stritter's test, “peeking toes” symptom, etc.) [8, 9].  the Foot Imprinter (Orlin M.N., 2000), simplified the pro-
Despite the importance of clinical assessment, its  cess but did not eliminate methodological limitations [16].
results largely depend on subjective factors — the pa- The transition to digital technologies has led to the
tient's sensations and the doctor's interpretation [4,  emergence of a new field — computer plantography,
6]. In order to improve data reproducibility, structured  which is an automated system for recording, analy-
examination protocols have been proposed to improve  zing, and storing data on the plantar surface of the foot
data reproducibility (Papaliodis D.N. et al., 2014), in-  [17]. Unlike traditional methods, computer plantogra-
cluding sequential assessment of the skin, structural  phy provides high measurement accuracy, eliminating
abnormalities and deformities, foot sensitivity, the range  the influence of subjective factors [3, 7, 18, 19]. A key
of active and passive movements in the foot joints, and  advantage is the ability to quantitatively assess the
comprehensive palpation analysis [10]. However, even  distribution of load on the feet, which is particularly im-
standardized schemes do not allow for an objective  portant in the diagnosis of musculoskeletal disorders
quantitative assessment of load parameters and func-  (e.g., flat feet) and the selection of individual ortho-
tional dynamics, which makes it necessary to confirm  pedic devices. An additional advantage is the ability
clinical observations with instrumental methods. to repeat measurements multiple times, which allows
One of the most common traditional approaches  tracking changes over time, for example, during reha-
remains the morphometric method, based on direct  bilitation or correction of flat feet in children [20, 21].
measurements (length, width, height of the foot, cal- The development of the method is accompanied
culation of indices) using a tape measure, podoscope, by the creation of specialized hardware and software
and compass. Its simplicity, accessibility, and speed  complexes. For example, a computerized plantar
make it convenient in clinical practice, but the method ~ complex developed in Volgograd in 2005, based on a
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flatbed scanner and specialized software, automated  the metatarsophalangeal joints (Lisfranc joint), and the
the calculation of morphometric parameters (length,  phalanges of the toes [28]. A direct plantar projection is
width, angles of deviation of the first and fifth toes,  used to determine angular characteristics and interos-
Weisflog index, etc.) and provided a qualitative as-  seous relationships [29, 30]. The lateral projection al-
sessment of the foot's support surface, including dy-  lows measurement of the navicular angle, heel angle,
namic functional tests [22]. height of the longitudinal arch, and angle of inclination
The “DiaSled” (footprint) complex allows for both  of the forefoot, displaying the tarsal bones, calcaneus,
static and dynamic analysis of the foot, assessing the  and joints of the first toe [29, 30]. The oblique internal
duration and force of pressure on different parts of the  projection supplements the data, detailing the anatomy
foot, step parameters, and visualizing the results in  of the tarsus and metatarsus [29, 30]. Thus, radiogra-
the form of podograms, which makes it a sought-after ~ phy remains the main method of morphometric analy-
tool for clinical assessment [23]. sis of the skeletal skeleton of the foot, necessary for
Modern automated podometry and plantography  the diagnosis of deformities and evaluation of the ef-
systems cover a wide range of devices, from domestic ~ fectiveness of surgical treatment [31, 32].
plantoscopes (GREENFOOT, PODOSKAN-MBN) [24], However, the methodological limitations of radio-
which record only the plantar surface, to multifunctional ~ graphy — two-dimensionality and static images — do
complexes such as BODYTRONIC 600 (Germany) [25]  not allow for a complete analysis of spatial and func-
and domestic DiaSled-Scan and Scan [26], which allow  tional characteristics. These shortcomings are par-
additional visualization of the rear and lateral surfaces tially compensated for by X-ray computed tomography
of the foot. Such an expansion of the diagnostic field  (XCT), including weight-bearing computed tomogra-
increases the accuracy of the assessment of deformi-  phy (WBCT), which has been in use since 2012 [27,
ties and asymmetries. An important practical advantage ~ 33]. WBCT provides three-dimensional reconstruction
of all digital systems is the high speed of examination,  and layer-by-layer imaging of bone structures under
which makes them particularly useful for mass scree-  physiological load, which significantly increases the
ning and in conditions of intensive clinical flow. accuracy of spatial measurements. The method is
Thus, despite the relatively high cost of equipment  indispensable for assessing complex multiplanar de-
and software, computer plantography has taken a firm  formities, but, like radiography, it remains static and is
place in modern foot diagnostics. Its main advanta-  accompanied by exposure to ionizing radiation, which
ges — objectivity, high accuracy, and the ability to  limits its use, especially in dynamic observation [33].
dynamically analyze load distribution — make the me- Magnetic resonance imaging (MRI) is preferred for
thod optimal for specialized centers and, in the future,  studying soft tissue components. It provides high spatial
the basis for integrated digital systems for assessing  resolution in the visualization of tendons, ligaments, fas-
the condition of the musculoskeletal system [3, 12]. ciae, vessels, and nerves, and allows for the diagnosis
Verification of foot pathologies and the choice of treat-  of inflammatory and degenerative changes without ra-
ment tactics in many cases rely on radiological diagnos-  diation exposure. MRl is especially valuable in cases of
tic methods. Among them, the most common is flat X-ray ~ combined injuries and chronic pain syndromes. The main
imaging, which still retains its status as the “gold stan- limitations of the method are its high cost, the duration of
dard” for visualizing bone structures. It allows for a de-  the examination, and the presence of contraindications
tailed assessment of the anatomical structures of the foot ~ (metal implants, claustrophobia, etc.) [34, 35].

both without load and under physiological load, which is Ultrasound examination (US) plays an important
especially important when analyzing biomechanics and  role in functional foot diagnostics due to its non-in-
planning the correction of deformities [26, 27]. vasive nature, the possibility of dynamic scanning in

A standard X-ray examination of the foot is per-  real time, and the ability to perform interventional pro-
formed in several projections. Direct and lateral X-rays  cedures. The method is informative in assessing the
in a standing position (with and without load) are used  condition of soft tissue structures — tendons, fascia,
to assess the configuration of the tarsal and metatar-  and ligaments. Its main limitation is its high operator
sal bones, the transverse tarsal joint (Chopart joint),  dependence, i.e., the subjectivity of interpretation,

POCCUNCKUE BUOMEANUMNHCKUE UCCNELOBAHUA

2025;10(4):116-124
RUSSIAN BIOMEDICAL RESEARCH




120 HOBbIE TEXHOJIOTUN B MEANLNHE
NEW TECHNOLOGIES IN MEDICINE

which directly depends on the specialist's qualifica-  of foot morphometric data not only in comparison with
tions, reducing the reproducibility and objectivity of  the method using a digital caliper, but also with digital
the results. It is a factor that stimulates the develop-  and ink footprint methods [45]. Recent studies con-
ment of automated imaging systems and the search  tinue to demonstrate the reliability of the technology
for more standardized alternatives [36-38]. even in complex cases. A study by J. Mueller et al.
Against this backdrop, non-contact digital technolo-  (2023), focused on pediatric practice (277 children),
gies are actively developing, in particular 3D scanning,  confirmed the higher accuracy of 3D scanning for as-
which is considered an accurate and reproducible me-  sessing anatomical parameters of the foot compared
thod for obtaining morphometric data on the foot. Unlike  to 2D scanning and manual measurements, empha-
traditional contact methods, 3D scanning allows the foot  sizing its validity for clinical application [46].
to be examined both statically and dynamically, providing The analysis of modern foot examination methods al-
a three-dimensional representation of shape, volume,  lows us to draw the following conclusions, which are of
and load distribution [39, 40]. The debate in the scientific  significant importance for science and clinical practice.
community about its advantages over classical methods 1. Synergy of methods. No single method provides
has stimulated a number of comparative studies. comprehensive diagnostic information. The future of
The work of C.P. Witana et al. (2006) demonstrated  diagnostics lies in the strategic combination of traditional
statistically significant discrepancies between the re-  and digital technologies. Clinical examination remains
sults of manual measurements and 3D scanning: diffe-  the starting point, but requires further structuring to re-
rences in 8 out of 18 spatial parameters of the foot indi-  duce subjectivity. X-ray imaging retains a key role in the
cated the greater accuracy of digital technologies [41].  assessment of bone pathology, but should be supple-
A study by J. Zhao and S. Xiong (2008), focused ~ mented by CT for complex cases and 3D reconstruction.
on applied footwear design tasks, revealed minimal  Functional assessment increasingly relies on compute-
discrepancies (<5 mm) between 3D scanning and tra-  rized plantography and 3D scanning. MRI and ultrasound
ditional methods, which became important evidence  are the methods of choice for soft tissue pathology.
of the practical applicability of the technology in mass 2. Advantages of digitization. Computer planto-
footwear production [42]. graphy and 3D scanning provide unprecedented ac-
By 2010, the accumulated data set allowed a group  curacy, objectivity, and speed in obtaining morpho-
of foreign researchers to conduct a review assessingthe  metric and functional data, minimizing the human
potential of 3D foot scanning for use in orthopedics, the  factor. They form the basis for the creation of exten-
footwear industry, and other ergonomic purposes. Based  sive standardized databases necessary for scientific
on a meta-analysis of 38 scientific articles, it was found  research and the development of standards.
that 3D scanning provides more accurate and rapid mor- 3. Personalization. 3D technology opens up new
phometric data on the foot compared to traditional me-  horizons in personalized medicine, making it economi-
thods, and also allows for the study of dynamic changes  cally and technically feasible to manufacture individu-
in the shape of the foot under load. The researchers also  al orthoses, insoles, and shoes that precisely match
noted the practical effectiveness of 3D scanning for the  the anatomy and biomechanics of a specific patient.
personalized manufacture of footwear and orthopedic ~ This directly increases the effectiveness of conserva-
products, which reduces production times [43]. Further tive treatment and rehabilitation.
studies have reinforced these conclusions. 4. Prospects. The integration of data from various
For example, L.K. Noldner and H.J.H. Edgar  methods (e.g., combining load data from computer plan-
(2013), comparing 2D scanning, 3D scanning, and  tography with 3D scanning or WBCT) using artificial intel-
manual measurements, clearly identified 3D scanning  ligence technologies for analysis is the most promising
as the method that minimizes measurement error and  direction. This will not only improve diagnosis, but also
provides the highest accuracy in studying foot mor-  predict the development of pathologies and optimize
phology [44]. The work of Yu-Chi Lee et al. (2014)  treatment strategies. Reducing the cost and increasing
expanded on this conclusion, proving that 3D scan-  the accessibility of digital systems is a key task for their
ning provides the most complete and informative set  widespread implementation in routine clinical practice.
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Thus, the future of foot diagnostics is determined
not by replacement, but by the synergy of traditional
and digital methods within a unified diagnostic eco-
system. This approach provides a comprehensive, ob-
jective, and personalized assessment of the condition
of the foot, contributing to the effectiveness of preven-
tion, treatment, and rehabilitation of patients.
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ABSTRACT. The clinician must first understand the natural history of obliterative atherosclerosis
and chronic limb threatening ischemia before making a decision regarding therapeutic or surgical
treatment options. Clearly, mild ischemia as evidenced by claudication does not place the patient
at significant risk for limb loss. The analysis of the literature shows that at the present time hybrid
and endovascular approaches are applied more often, being an alternative to traditional surgeries.
Most researchers have proved that while performing ‘hybrid’ and endovascular surgeries there is
a very low incidence of cardiovascular issues and infectious complications, and in most cases,
it is possible to save the limb. However, the principle and importance of the effectiveness of a
particular method or approach of treatment of multilevel obliterative atherosclerotic lesions of lower
limb arteries depends on the degree of limb ischemia as well as on the anatomical level of the
lesion where revascularization is performed. We have already published many articles regarding
the concept, advantages, comparisons of hybrid approach in Russian Highly Attested Commission
Journals. This review article analyses and summarizes the possibilities of “hybrid” and endovascular
approaches in the treatment of patients with multilevel obliterative atherosclerotic lesions, stenosis
and chronic limb threatening ischemia.

Keywords: atherosclerosis, chronic limb threatening ischemia, hybrid operations, endovascular
approach, limb salvage
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Tenen Aokasanu, YTo NPy BbINOSTHEHUM «TMOPUAHBIX» 1 SHAOBACKYNSIPHBIX ONEpaLil 04eHb HU3Ka
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INTRODUCTION conceptually consistent combination of open surgical
reconstruction with endovascular techniques performed
In recent years, with increasing life expectancy, the  simultaneously [22-25, 39, 40, 44, 45, 60, 61]. At pre-
number of patients with occlusive vascular diseases has  sent, the number of surgical interventions with hybrid
increased significantly [1-4], among which atheroscle-  approach in the treatment of patients with limb ischemia
rotic lesions occupy the major share and are registered s significantly increasing, which is also reflected in the
in 14% of the population aged over 50 years [5-7]. number of publications devoted to various aspects of
To date, unsatisfaction with the results of treatment its application [22, 23]. Thus, P.S. Aho and M. Venermo
of patients with chronic limb threatening ischemia (CLTI)  in 2012 [8], demonstrated that in the vascular surgery
has led to the development and use of various methods  department of Helsinki University Central Hospital, the
of treatment of such group of patients [8, 9]. In particu-  number of hybrid procedures increased from 4 in 2004
lar, at the end of the XX century, gene therapy methods  to 73 in 2011.
using stem cells, transposition of various tissues to the However, the indications for hybrid surgeries re-
limb region [3, 4] were widely used, which, unfortunately, ~ main controversial with no clear international guidelines.
did not allow to fully achieve an adequate revasculariza-  Based on the cooperation of two surgical centers in the
tion of the limb. Czech Republic and Sweden P. Balaz et al. in 2012 [24]
For a long time, bypass surgeries were the gold  believe that hybrid operations should be performed: (1) in
standard in the treatment of patients with lower limb ar-  patients with chronic limb threatening ischemia (2) acute
terial lesions [6, 7, 10-12]. At the same time, if bypass  limb ischemia and (3) in occlusions of previously applied
surgeries had a significant and lasting effect in proximal ~ shunts (Fig. 1). Hybrid (simultaneous open surgical and
arterial lesions (category C and D according to TASC  endovascular) procedures require an operating room
Il classification), multilevel reconstructions with the use  equipped with advanced imaging capability, such as digi-
of several shunts were required in multistage arterial le-  tal subtraction angiography. On the patient’s right side
sions [6-13]. As a rule, such operations were accompa-  (R), open femoral endarterectomy with patch angioplasty
nied by the development of severe infectious complica-  is combined with retrograde placement of a balloon-
tions in the postoperative period, both early and late. In  expandable covered stent in the common iliac artery to
the mid-90s of the last century, methods of endovascular  treat severe combined common femoral artery and com-
treatment of patients with arterial lesions of various ba-  mon iliac artery disease. On the patient’s left side (L),
sins were actively introduced into practical angio-surgery.  external iliac artery stenosis and long-segment occlusion
One of the first widely used methods was balloon an-  of the superficial femoral artery are treated by placement
gioplasty. However, its widespread use and hopes were  of a self-expanding stent in the external iliac artery and a
replaced by a certain pessimism due to the low long-term  femoral-to-popliteal bypass graft [70].

efficacy of the method [14]. At the same time, the best The multistage lesions of the lower limb arteries are
results were achieved when angioplasty was supple-  one of the indications for hybrid operations, as they are
mented with stenting [15]. accompanied by shorter hospitalization duration, sig-

At the same time, the multiple nature of vascular le-  nificantly lower number of postoperative complications
sions, the severe condition of patients did not allow to  and mortality rate, and similar results compared to open
perform in some cases only open or endovascular revas- interventions [11, 16, 17, 21, 26, 39, 40-45, 59-61]. At
cularization of the ischemic limb in isolation, which led  the same time, high surgical risk is considered to be the
to the emergence of a new trend in vascular surgery —  main factor in the choice of indications. At the same time,
hybrid operations, which are now widely spread in Rus-  as the authors rightly point out, the presence of critical/
sian Federation and whole world [16-21]. Currently,  chronic ischemia, diabetes, renal failure can compro-
most specialists note that endovascular interventions are  mise the results of hybrid surgery. The high efficacy of
the “first line” of therapy in patients with CLTI [18-21].  hybrid technology was also demonstrated by the study
The world’s first hybrid operation was performed in 1973 of A.A. Kuchay, A.N. Lipin et al. in 2023 and 2024, Jin
by Porter and Dotter, who performed angioplasty of the ~ Hyun Joh et al. in 2014 [7, 21, 28, 40], in which the com-
iliac arteries followed by femoral-popliteal bypass. From  parison of primary patency in patients with hybrid and
2014-year hybrid operations are performed every often  open surgery was 100 and 90.9%, respectively. However,
in St. Petersburg City Limb Salvage Center, City hospi-  the study and comparison of the results of using hybrid
tal No. 14 and many more hospitals and Limb Salvage  surgery and open operative tactics, according to the pub-
Centers in the Russian Federation. “Hybrid intervention”  lished study by Peter Balaz et al. in 2013 [27], did not
is a combination of various methods used in different  allow us to unequivocally judge the effectiveness of one
sub-specialties. In particular, with regard to cardiovas-  or the other method, since in many respects the treat-
cular surgery, hybrid operations are understood as a  ment results depend on both the degree of limb ischemia
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Balloon-expandable
covered stent

Femoral endarterec-
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Fig.1. Hybrid approaches for simultaneous, multilevel
revascularization of advanced peripheral artery disease
[70]
Puc.1. TwbpuaHble nogxoasl Ans OOHOBPEMEHHOW MHOMOYpPOBHE-

BOW peBackynspuaauum nporpeccupyollero 3abonesanus
nepucepnyecknx aptepun [70]

and the anatomical level of the lesion where endovascu-
lar recanalization was performed. In order to establish
indications for a particular method of surgery, a combina-
tion of diagnostic invasive and non-invasive methods of
investigation is currently used: duplex and triplex sono-
graphy, computed tomography (CT) angiography, mag-
netic resonance (MR) angiography. Nowadays magnetic
resonance angiography (MRA) takes the main place in
diagnostics of the level and degree of arterial channel
lesions, the sensitivity and specificity of which reaches
99.5% and 98.8% respectively. At the same time, con-
trast angiography is the main method of investigation and
confirmation of the operation result in almost all cases.
However, computed tomography angiography (CTA) with
3D reconstruction allows to obtain the most complete in-
formation about the state of atherosclerotic lesion of the
aorto-iliac segment, as well as to choose the diameter
and length of the balloon, stent and catheter. The prob-
lem of performing one-stage combined operations is
mainly of an organizational nature, as it requires a hybrid
operating room, simultaneous presence of endovascular
surgeon and a vascular surgeon in the operating room,
or a vascular surgeon who is skilled in the technique of
endovascular interventions. According to modern con-
cepts, a hybrid operating theatre should be equipped
with a high-quality angiographic system with high resolu-
tion and the ability to create high-quality images during
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surgery. It should be noted that the hybrid approach in
the treatment of patients with occlusive and stenotic le-
sions of the lower limb arteries should include coopera-
tion of endovascular surgeons with angio-surgeons, as
well as specially trained nursing staff.

HYBRID AND ENDOVASCULAR
APPROACHES

The hybrid approach in critical or chronic ischemia
surgery is highly controversial. It should be noted that
there are different interpretations of hybrid surgery in the
literature. Thus, D.P. Slovut in 2007 [32], published a “hy-
brid” approach in the treatment of patients with critical
or chronic limb ischemia in whom it was impossible to
use the patient’s autovenous vein due to its insufficient
length. Consequently, the author performed atherectomy
with the Silverhawk device and femoral-popliteal bypass
in 4 observations. However, this approach in the treat-
ment of critical ischemia patients is debatable, especially
under the terminology of “hybrid”. For example, the hy-
brid approach is possible in patients with short arterial
lesions [4]. In addition, in some cases it is hecessary to
perform angioplasty of arteries that are outflow pathways.
Thus, M. Piazza et al in 2011 [35], A.A. Kuchay, A.N. Li-
pin etal. in 2019, 2021, 2022-2024 [7, 16, 17, 20, 21, 40,
44,45, 59, 60, 69] showed that using a hybrid approach
compared to open surgery significantly reduces the dura-
tion of the patient’s stay in the intensive care unit, in ad-
dition, the immediate and long-term results of operations
are comparable. I.G. Uchkin in 2013 [37], A.A. Kuchay
et al [44] highlights a number of advantages of hybrid
operations: a lower degree of invasiveness; reduction in
the length of implants used; the ability to overcome pro-
longed lesions (Table 1, Fig. 2).

R.W. Chang et al. in 2008 [36] in their study convin-
cingly showed that the hybrid approach in the treatment
of patients with occlusive diseases of lower limb arteries
can be an alternative to open surgery. Thus, based on
the analysis of treatment results of 171 patients who un-
derwent endarterectomy from the common femoral artery
and stenting of the iliac artery, they demonstrated that
30-day postoperative mortality was 2.3% and five-year
survival rate was 60%. At the same time five-year pri-
mary patency rate of the reconstructed vessels reached
60% and secondary patency 98%. A similar opinion was
demonstrated by D.P. Slovut et al. in 2009 [31], who no-
ted that hybrid approach in the treatment of patients with
occlusive diseases of lower limb arteries allows not only
to reduce the incidence of complications, but also to im-
prove the results of treatment, besides, as the authors
note, the technical success of the procedure is very high.
Thus, according to M. Matsagkas et al. in 2011 [38], the
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Table 1

Important clinical, angiographic, and treatment outcomes to be considered in trials and registries. Evaluating endovascular
devices for peripheral arterial disease and critical limb threatening ischemia

Tabnuua 1

BaxHble knMHUYeckune, aHruorpaduyeckme u neyebHble pesynbTaTbl, KOTOPble HEOOXOANMO YYUTLIBAThL B MCCIIEA0BAHUAX U peecTpax.
OueHka 93HAOBaCKYNAPHbIX YCTPOWUCTB ANA neveHns 3aboneBaHnin nepudepuyeckux apTepun n KPUTMHECKOIH ULLIEMUM KOHEYHOCTEH

Clinical characteristics

Angiographic characteristics

Outcomes

Demographics (age, sex, socioeconomic class)

Lesion location, length

Patency (primary, assisted primary,

secondary)

Diabetes mellitus Calcification Clinically driven target lesion
revascularization

Chronic kidney disease Number of runoff 6-minute walk test

Rutherford class

Stenosis versus occlusion

Quality of life metrics

Ankle brachial index

De novo verses restenosis

Amputation free survival

Toe brachial index

- Major adverse limb events

Comorbid coronary, cerebrovascular conditions

- Time to wound healing

Wound location, size, and depth

- Time to ambulation

Soft tissue/bone infection

- Hospital length of stay

- Readmission

- Total medical expense

technical success of the procedure reached 98% in the
authors’ study, with primary and secondary patency at
24 months being 93.2% and 95.5%, respectively. Ho-
wever, factors such as the presence of diabetes mellitus
and dyslipidemia may influence the decreased efficacy of
treatment with the hybrid approach, as shown by G.A. An-
toniou et al. in 2009 [30]. At the same time, V.I. Rusin
et al. in 2014 [33], thanks to the use of hybrid technolo-
gies, preserved the limb in 85.7% of patients with critical
ischemia during one year of follow-up. However, in a
large single-center study published in 2014, M. Taurino
et al. [34] stated that hybrid technologies are most effec-
tive in the treatment of patients with TASC Il category C
and D. According to the Russian guidelines for the ma-
nagement of patients with lower limb arterial diseases
published in 2013, it is recommended to perform hybrid
operations in multilevel lesions of lower limb arteries. It is
believed that hybrid technologies can make a significant
contribution to solving the problem of lower limb amputa-
tions, as by improving blood circulation, in some cases
small amputations or necrectomy can be limited. At the
same time, very compromising data of the hybrid ap-
proach are presented by Japanese authors M. Naka-
yama and F. Sakamoto in 2013 [29], whose study pre-
sented a group of 11 patients with occlusion of the super-
ficial femoral artery, including the ostium, who underwent
endovascular revascularization and endarterectomy from
the ostium. In spite of the fact that all patients achieved
improvement of the limb condition (pain reduction and
wound healing), 9 of them died during the follow-up pe-
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riod of 23.9+14.7 months. At the same time, as the
authors note, this was due to the initially severe condition
of the patients. The work of V.V. Franz et al. in 2011 [41],
who applied a hybrid technique — femoral-popliteal by-
pass with stenting of the deep femoral artery with titani-
um nickelide TH-10 construction, can be considered as
very original research in the study of hybrid revasculari-
zation. The technique applied by the authors improved
the blood supply to the limb by 31% in terms of clinical
parameters compared to the control group. Up to the pre-
sent time in the literature concerning the problem of sur-
gical treatment of patients with lower limb ischemia there
is no unambiguous answer concerning the first-priority
choice of the method of limb revascularization. This is
primarily determined by the type of lower limb arterial
channel lesion, the level of occlusion or stenosis, the
presence of severe comorbid status, surgeon’s experi-
ence and technical equipment of clinics. Open revascu-
larization of the limb even in high-risk patients is of great
importance. This is primarily due to well-developed
techniques and indications for various types of surgeries,
as well as the results of their application, especially
femoral-popliteal [42], aorto-femoral and femoral-tibial
bypass [16, 17, 20, 21, 40, 43, 44], as well as revascu-
larization using complex non-standard methods of sur-
gery, including lumbar sympathectomy, spinal cord stimu-
lation and gene therapy [66]. However, there are factors
that account for the ambiguity of results and are inde-
pendent of the severity of ischemia and anatomic locali-
zation. Another aspect is that one of the debated issues
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Fig. 2.

Puc. 2. BepaeHue nauneHToB ¢ NepemMexaroLencs XpomoTon [68]

in open surgery is the choice of graft for limb revascu-
larization. Despite the indisputable advantages of auto-
venous grafting, alternative shunts are still being
searched for. The main disadvantage of open surgeries,
according to the majority of studies, is their high trau-
matic nature and duration, possibility of wound and pros-
thesis infection, thrombosis of vascular prostheses in the
distant period, development of restenosis, false aneu-
rysms of anastomoses, etc. In many respects, these
disadvantages of open operations led to the search and
development of endovascular technologies [46], which

Management of patients with intermittent claudication [68]

are also not without disadvantages and are accompa-
nied by the development of such complications as stent
restenosis [49, 67]. Despite the wide introduction of
endovascular technologies and quite a significant num-
ber of publications comparing advantages and disadvan-
tages of both endovascular and open interventions, the
question of which technology is more effective is still
open, even in spite of rather stable recommendations on
the choice of revascularization method published in the
TASC Il consensus document in 2007. In spite of the fact
that this document can be considered outdated to a
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greater extent, despite the fact that it is practically funda-
mental for the choice of the method of limb revasculari-
zation, it still requires revision in the light of the develop-
ment and achievement of new results of endovascular
interventions in chronic limb ischemia. In this regard, on
the pages of the European Journal of Vascular Surgery
the president of the European Society of Vascular and
Endovascular Surgeons spoke about significant disa-
greements on the drafting of a new consensus document
by the world’s leading specialists and societies of vascu-
lar surgeons of the USA and Europe, which also does not
make corrections in the definition of both promising direc-
tions in the development of vascular surgery of critical
limb ischemia and in the choice of the method of its treat-
ment [48]. The increase in the frequency of endovascular
interventions for peripheral arterial diseases was con-
vincingly demonstrated by D.L. Cull et al. in 2010 [47].
Thus, according to their data, the frequency of endovas-
cular revascularization of the lower limbs increased by
33% from 1995 to 2005, which is also indicated by other
authors. The most studied aspect of treatment of patients
with limb ischemia is the comparison of angioplasty and
stenting results, when comparing which significantly bet-
ter results were obtained using the stenting technique.
However, this method is also not without disadvantages,
which is associated with the development of stent reoc-
clusions or restenosis in the medium and long term. In
addition, ambiguous results are obtained when perfor-
ming angioplasty and stenting of outflow arteries, in par-
ticular, the arteries of the lower leg, especially in the
presence of atypical anatomy and diabetes mellitus. At
the same time, as A.A. Kuchay, A.N. Lipin et al in 2019
and D.V. Ovcharenko et al. in 2009 [45, 64] note, subinti-
mal angioplasty is a valuable tool in the arsenal of an
endovascular surgeon, as it allows to restore patency of
extended chronic occlusions with minimal costs. N. Fer-
nandez et al. in 2010 [65], A.A. Kuchay, A.N. Lipin et al in
2019, 2024 [44, 45] also demonstrated that after endo-
vascular interventions on the lower leg arteries there is a
high frequency of repeated re-interventional operations.
As noted by N.U. Saqib in 2013 [56], endovascular inter-
ventions on the lower leg arteries in some cases are the
only possible treatment method to save the limb from
amputation. A number of authors have shown that endo-
vascular interventions for critical ischemia of the lower
limbs in patients with diabetic foot syndrome are effective
and justified, allowing to perform economical resection
interventions on the foot and to stop the phenomena of
critical ischemia [55]. The number of works on this issue
increases every year. In a meta-analysis published by
G.A. Antoniou et al. in 2013 [50] comparing the results of
endovascular versus open surgeries in occlusive stenotic
lesions of the femoral-popliteal arterial segment, it was
shown that the choice in favor of endovascular interven-
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tions should be preferred in patients with severe comor-
bid status, as endovascular surgeries are less traumatic,
which is also indicated by a number of other authors.
Thus, to date, the choice of treatment technology in the
lesion of the popliteal artery with involvement of the fe-
moral artery or tibial arteries is debatable. As noted by
M.B. Malas et al. in 2014 [54], bypass surgeries for le-
sions of the femoral-popliteal segment are performed in
patients with more severe and multilevel lesions of athe-
rosclerosis, which largely determines in some cases
worse results of conventional surgical treatment in com-
parison with endovascular revascularization of the limb.
T. Kudo et al. in 2006 [51] when comparing the results of
treatment of patients with critical ischemia concluded that
in recent years arterial angioplasty has been used more
often than open revascularization, besides, the authors
made a very controversial conclusion about the expe-
diency of primary endovascular interventions compared
to open operations. At the same time, the latter are as-
signed such indications for application as impossibility of
endovascular revascularization or high probability of ab-
sence of clinically significant results. It should be noted
that the results of endovascular interventions are still
ambiguous. Thus, D.T. Baril et al. in 2010 [57] noted that
the use of endovascular technologies in TASC Il type C
lesions require further study of the long-term results of
treatment. According to one of the large studies BASIL
(Bypass versus Angioplasty in Severe Ischemia of the
Leg), which compared the results of endovascular treat-
ment methods and bypass surgeries, summarized by
M.S. Conte in 2010 [53], it is shown that, to date, the re-
sults of surgeries with the use of autovenous surgeries
are superior to endovascular surgeries. It is now recog-
nized that endovascular techniques are most effective
when applied to stenoses or occlusions of the aorto-iliac
segment [52, 58]. However, according to the systematic
review by V. Jongkind et al. in 2010 [58], primary arterial
patency after endovascular interventions is inferior to
open surgical revascularization, although secondary pa-
tency almost reaches the same level as after open sur-
gery.

At the same time, according to R. Pulli et al. in
2011 [63], the rate of reinterventions after endovascu-
lar surgeries for iliac arterial segment lesions varies
from 2.5 to 12.5% within 2 to 60 months and depends
on the severity of the condition, type of arterial lesion
and its level. In turn, B.L. Chen in 2011 [62] believes
that angioplasty of the iliac arteries can be the first line
of choice for surgical treatment of such patients. In re-
cent years, in endovascular treatment of patients with
critical ischemia or intermittent claudication, drug-elu-
ting or cutting-coated balloons, new generation stents
and stent grafts: biodegradable, drug-eluting stents
and others have been increasingly used, which allows
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Fig. 3.  Management of patients with chronic limb threatening ischemia [68]
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to significantly improve the results of treatment of this  ADDITIONAL INFORMATION
group of patients (Fig. 3).
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CONCLUSION

Hybrid technique in obliterative atherosclerosis in lo-
wer limb arteries having multilevel lesions is most effec-
tive than open and endovascular techniques. It has shorter
duration of surgical intervention with very low blood loss,
short time in intensive care unit, very low complications
rate. Hybrid interventions make it possible in all cases to
eliminate ischemia symptoms and save the patients limb,
while reducing complication rate and lethality, which is es-
pecially important in patients with high surgical risk due to
severe concomitant pathology. In conclusion, it should be
noted that the final conclusions about the feasibility and
efficacy of a particular method of revascularization can
be made only on the basis of the principles of evidence-
based medicine after several randomized trials.

AOMNO/IHUTE/ZIbBHAA UHO®OPMAL A

Bknapg aBTopoB. Bce aBTOPbI BHECN CYLLECTBEH-
Hblil BKNag B pa3paboTky koHUenuun, npoBeaeHue uc-
CrnefoBaHNs 1 NOATOTOBKY CTaTbi, MPOYAN U 0f06pu-
nn uHanbHy Bepcuio nepes nybnukavmei.

KoHdnukT nHTepecoB. ABTOpbI AEKnapupylT OT-
CYTCTBUE SABHbIX M NOTEHLMANbHbIX KOH(PNNKTOB NHTEpE-
COB, CBS3aHHbIX C NyBAMKaLMEN HACTOALLEN CTaTbM.
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Corresponding author: ~ ABSTRACT. The patency achieved by conventional peripheral interventions for atherosclerotic

Nikita N. Gruzdev lesions in the common femoral artery (CFA), called the "no stenting zone", is not superior to that

E-mail: achieved by surgical endarterectomy due to calcified plaque occupying the area. Plaque modifi-

nikitag733@gmail.com cation strategies to obtain acute gain in CFA patency provide the better clinical outcomes than
standard balloon angioplasty. Atherectomy devices, which focus on the modification of superficial
calcifications, contribute to the improvement of clinical outcomes. However, deep calcifications resist
vessel expansion such that luminal gain is not easily achieved. This case report demonstrates the
successful application of the “Fracking” technique (hydraulic plaque disruption) for recanalizing a
heavily calcified chronic occlusion of the common femoral artery (CFA) in a 61-year-old male patient
presenting with critical limb ischemia (CLI) of the left lower extremity and a trophic ulcer at the Limb
Salvage Center (St. Petersburg State Healthcare Institution "City Hospital No. 14"). Conventional
antegrade and retrograde endovascular recanalization attempts failed. Under fluoroscopic gui-
dance, direct percutaneous puncture of the occluded CFA segment was performed using an 18G
needle connected to an inflation device. Controlled injection of contrast medium at low pressure
(2-3 atm) created dissection planes within the calcified plaque, establishing a channel. Subsequent
antegrade balloon angioplasty of the CFA and stenting of the external iliac artery restored flow,
resolving rest pain and enabling healing of the trophic ulcer. This technique represents a viable
endovascular salvage option for calcified occlusions resistant to standard methods and can serve
as an alternative to open surgery when contraindicated.

Keywords: atherosclerosis, critical ischemia, endovascular surgery, calcification
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PE3IOME. lNpoxogumocTs, focTUraemas npu TpagnumMoHHbIX nepudepuyecknx BMeLLaTenbCTBax
no NoBOAY aTepoCKNepoTUYeckmnx nopaxeHuit B obuien 6eapenHon aptepun (OBA), HasbiBaemas
«30HOM 6€3 CTEHTMPOBaHNSAY, HE MPEBOCXOANT NPOXOAUMOCTb, JOCTUraeMyH NpK XMPYpPritveckoi
SHOAPTEPIKTOMMM, U3-3a HANUYKUS KanbLMHUPOBaHHbIX bNslwek B 3Ton obnacTtu. CtpaTeruu
Moaudukaumum bnsawek 4ns AOCTUXEHUS ynyyleHus npoxogumoctt OBA obecneunBarT nyy-
LIne KIMHWYECKNe pesynbTaThl, YeM CTaHAapTHas 6annoHHas aHrmonnacTuka. YCTpoincTea Ans
aTepaKTOMUM, KOTOPble POKYCMPYIOTCSH Ha MOANMDMKALMM NOBEPXHOCTHBIX KanbLndukauuin,
CnocoBCTBYIOT YNyYLLEHMIO KNUHUYeCKuX pe3ynbTatoB. OgHako rnybokue kanbuudukaLmm npe-
NATCTBYIOT PacLUMPEHUIO COCyAa, MO3TOMY YBENUYEHNe NPOCBETa COCyaa AOCTUIraeTcs C TPYAOM.
B aHHOM KNMHUYECKOM Cryyae NpOAEMOHCTPUPOBAHO YCNELIHOE NMPUMEHEHNE METOANKN «dpe-
KuHra» (TMapaBnmMyeckoe paspylueHue GnswkM) Ans pekaHanusauum CUbHO KamnbLUUHUPOBAHHOM
XpoHnyeckoi okknto3nun OBA y 61-neTHEr0 MyXUnHbI C KPUTUYECKON ULWEMMUEN KOHEYHOCTY NIEBOI
HWXHEW KOHEYHOCTN M Tpodhmyeckon s13Boi B LieHTpe cnaceHns koHeuHocTen (CM6 MBY3 «lo-
poackas 6onbHLa Ne 14»). TpaguLMOHHbIE aHTerpagHble 1 peTporpagHble SHL0BACKYNSPHbIE
MONbITKM pekaHanu13aLmm okasanucb HeyaayuHbiMu. og (roopockonuieckum KoHTponem Gbina
BbINOMHEHA NpAMas YPECKOKHANA NYHKLMS OKKNH3UpoBaHHOro cermeHta OBA ¢ Ucnonb3oBaHnem
urnbl 18G, COEANHEHHON C YCTPOCTBOM 4151 HAarHeTaHUst KOHTPACTHOro BelecTBa. KoHTponnpy-
€MOe BBe[eHINE KOHTPACTHOTO BELLECTBA NOA HA3KMM JaBrieHneM (2—3 aTm) co34ano niockocTu
pacCcnoeHns BHYyTPU KanbLUHMPOBaHHON 6n14LwkmM, cchopMnpoBas kaHan. MNocnegytowas aH-
TerpagHas 6annonHas anruonnactuka OBA 1 CTEHTUPOBaHUE HapyXHOW NOAB3AO0LLHON apTepum
BOCCTaHOBUIIM KPOBOTOK, YCTPaHUIM 6011 B NoKoe 1 NO3BONUNN 3aXMUBUTb TPOPUYECKYHO A3BY.
[aHHas meToamka npeacTaBnseT co60M XM3HECNOCOOHBIN BapuaHT 3HAOBACKYNSPHOIO NeveHns
KanbLWHUPOBaHHbIX OKKITO3WIA, YCTOAYMBLIX K CTAHAAPTHLIM METOLAM, U MOXET CIYXWUTb anstep-
HaTMBOMN OTKPbITON XMPYPru4ecKoil onepauumn npyu Hanuuuy NpoTUBONOKa3aHN.

KnioueBble cnoBa: aTepocknepos, Kputieckas ULEMMUs, 3HA0BACKYNSPHAs XMPYPrus, kanbLMHO3
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INTRODUCTION AIM

Atherosclerotic peripheral artery disease (PAD), The aim is to present a clinical case demonstra-
especially when it manifests as critical limb ischemia  ting the successful application and technical details of
(CLI), is still t remains a major cause of major limb  the hydraulic fracturing (Fracking) for recanalization of
amputation and disability in patients. Patients with  calcified chronic total occlusion of the common femo-
CLI often have multilevel arterial disease, including  ral artery in a patient with critical lower limb ischemia,
severely calcified areas [1-10]. Endovascular in-  when standard endovascular approaches were ineffec-
terventions are the preferred first-line treatment for  tive, emphasizing the role of Fracking as a limb-saving
limb revascularization. However, chronic total oc-  procedure and an alternative to open surgery.
clusions (CTOs), especially in the common femoral
artery (CFA), with severe calcification pose a seri- MATERIALS AND METHODS
ous technical challenge. Standard antegrade and
retrograde recanalization techniques often prove in- A case report describing the treatment of a patient
effective for passing through rigid calcified plaques  with obliterating atherosclerosis of the lower extremi-
[11-13]. Open common femoral artery endarterec- ties with critical ischemia of the left lower extremity
tomy is a highly effective method of treating lesions  and a trophic ulcer of the left lower leg.
in this location, but it is associated with a higher risk
of complications and may be contraindicated in pa-  CLINICAL CASE PRESENTATION
tients with severe concomitant pathology. This ne-
cessitates the search for alternative endovascular Based on the patient’s medical history, clinical fin-
strategies for calcified occlusions of the CFA. The  dings, and medical records, the following results were
Fracking technique (hydraulic plaque fracturing) has  obtained.
been described as a potential solution in such com- A 61-year-old patient K., was admitted to the emer-
plex situations [14, 15]. gency room of St. Petersburg City Hospital No. 14 on

ala b/6 c/8

Fig. 1.  Multislice spiral computed tomography angiography (a) and multi-planar analysis of the iliac-femoral (b) and femoral-popliteal
segments (c) (from the personal archive of the REDL doctor N.N. Gruzdev)

Puc. 1. MynbTucnupanbHas KOMMblOTEPHasH aHrorpadus (@) U MynbTUNAAHaPHbIA aHanu3 NoAB3AoLLHO-BeapeHHoro (6)  BeapeHo-noaKo-
NEHHOr0 CEerMeHTOB (8) (M3 Nu4Horo apxvea Bpaya POLJ1 Mpysaesa H.H.)
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April 24, 2025, complaining of pain at rest in his left lo-
wer limb and a chronic non-healing trophic ulcer on his
left lower leg. Medical history: long-standing obliterating
atherosclerosis of the lower extremities (OASLE), no
previous medical care, no surgeries. In the fall of 2024,
his condition worsened with increased pain and the ap-
pearance of trophic disorders on the left lower leg. He
was hospitalized on an emergency basis.

Primary clinical diagnosis: obliterating athero-
sclerosis of the lower extremity arteries. Critical ische-
mia of the left lower extremity. Stage IV chronic arte-
rial insufficiency (CAl). Trophic ulcer of the left lower
leg. Lymphangitis.

Concomitant pathology. Ischemic heart disease.
Atherosclerosis of the coronary and cerebral vessels.
Stage Il hypertension, risk of cardiovascular complica-
tions (CCO) — 4, chronic heart failure (CHF) — func-
tional class (FC) II. Cerebrovascular disease. Grade Il
mixed-origin discirculatory encephalopathy (DE).

Examined, the following data obtained.

Complete blood count: leukocytes — 7.7x10%L,
erythrocytes — 5.05x10"?/L, hemoglobin — 159 gL,
platelets — 284x10°/L. Leukocyte formula: stab neu-
trophils — 3%, segmented neutrophils — 64%, lym-
phocytes — 25%, monocytes — 8%.

Serum biochemistry revealed elevated creatinine
levels — 127.33 umol/L.

ABI (ankle-brachial index): left — 0.37.

MSCT angiography: left — common iliac artery
(CIA) — no significant stenosis, external iliac artery
(EIA), common femoral artery — occluded, deep femo-
ral artery (DFA) — no significant stenosis, superficial
femoral artery (SFA) — short occlusion in the distal
third, popliteal artery (PA), anterior tibial artery (ATA),
tibiofibular trunk (TFT), fibular artery (FA), posterior
tibial artery (PTA) — no significant stenosis (Fig. 1).

Considering the clinical and angiographic findings,
a decision was made to perform revascularization of
the arteries of the left lower extremity.

Retrograde left brachial arterial access was ob-
tained, and a 5F introducer was inserted. The abdomi-
nal aorta was catheterized, and selective angiography
was performed (Figs. 2, 3).

A 6.7F guide introducer was inserted and positioned
in the left CIA. Using a 0.035" hydrophilic, rigid guide-
wire supported by a 6.0 mm balloon catheter, recanali-
zation of the EIA was performed, with exit into the true

POCCUMNCKUE BUOMEANLMHCKUE NCCNEAOBAHUA

Fig. 2.

Puc. 2.

Fig. 3.

Puc. 3.

Selective angiography. Occlusion of the external iliac
artery, common femoral artery on the left (yellow
oval) (from the personal archive of the REDL doctor
N.N. Gruzdev)

CenextusHas aHrmorpadms. OKKNIO3NS HapyKHOW NOAB3AOLL-
HOM apTepuy, obLen GedpeHHO apTepun crieBa (KenTblii
oBar) (13 nuuHoro apxuea Bpayda PO Mpyanesa H.H.)

Selective angiography. Recanalization of the external iliac
artery was performed, selective angiography through a bal-
loon catheter, calcified occlusion of the common femoral
artery, deep femoral artery and superficial femoral artery
are filled due to collaterals from the proximal third (from
the personal archive of the REDL doctor N.N. Gruzdev)

CenekTnBHas aHruorpadms. BoinonHeHa pekaHanusaums
HapYXHON NOAB3AOLLHOV apTepuu, CenekTUBHas aHrmorpa-
thvs Yepe3s BanmnoH-kaTeTep, kanbLMHNPOBAHHAS OKKMIO3S
obuieit 6eapeHHoit aptepuu, rnybokas GenpeHHas apTepust
W noBepxHocTHast BeApeHHas apTepusi 3amonHsioTCs 3a
CYeT Konnatepanei 0T NPOKCUMAnbHOM TPETU (M3 FIMYHOTO
apxuea Bpaya PO[J1 M'pysgesa H.H.)
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lumen in the distal third of the EIA. Attempts at ante-
grade recanalization of the CFA were unsuccessful.
Retrograde puncture of the DFA was performed in the
proximal third using a 0.014" nitinol guidewire and a sup-
port catheter, and an attempt was made to perform retro-

e, . i

Fig. 4.

Puc. 4.

Fig. 6.

Puc. 6.

2025;10(4):140-148

Instruments in the deep femoral artery (from the per-
sonal archive of the REDL doctor N.N. Gruzdev)

VHcTpymeHTbI B rmybokor GegpeHHon apTepum (13 TMYHOMO
apxvea Bpaya PO[J1 Mpysnesa H.H.)

[MyHKTMpHas
urna
Dotted needle

Hydraulic fracturing method Fracking: DFA — deep
femoral artery; CFA — common femoral artery; SFA —
superficial femoral artery (scheme by N.N. Gruzdev)

Metoaumka rugpasnnyeckoro paspbia Fracking: MBA —
rnybokas 6eapeHHas aptepus OBA — obuwjas begpeHHas
aptepusi; MBA — noBepxHocTHas GeapeHHas apTepus
(cxema I'py3pesa H.H.)

HOBbIE TEXHOJIOTUN B MEANLNHE
NEW TECHNOLOGIES IN MEDICINE

grade recanalization of the distal occlusion of the CIA, but
it was unsuccessful (Figs. 4, 5). A decision was made to
perform hydraulic fracturing of the calcified CIA occlusion.

Method: Under fluoroscopic guidance, an 18G
needle connected to a syringe deflator with contrast

Fig. 5.

Puc. 5.

Fig. 7.

Puc. 7.

Retrograde recanalization of the common femoral artery,
dropping of instruments into the deep femoral artery (from
the personal archive of the REDL doctor N.N. Gruzdev)

PeTporpagHas pekaHanusauus oblueit GegpeHHoit aptepum,
«CBan1BaHNE» MHCTPYMEHTOB B MOBEPXHOCTHOI GempeHHON
apTepun (13 myHoro apxvea Bpava POLJT Mpysgesa H.H.)

Puncture of the common femoral artery with an 18G needle
(from the personal archive of the REDL doctor N.N. Gruzdev)
MyHkuns obwieit GegpeHHon aptepun urnoit 18G (13 nuy-
Horo apxvea Bpaya P3[J1 Mpysaesa H.H.)

POCCUMNCKUE BUOMEAMNLMHCKUE NCCNELOBAHUA
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medium was used to puncture the atherosclerotic
plaque (ASP) in the CFA, with gradual injection of con-
trast under a pressure of 2-3 atm until the pressure in
the deflator syringe dropped, indicating delamination
of the atherosclerotic plaque (Fig. 6).

The procedure was repeated along the course of
the CFA occlusion (Figs. 7, 8). Figure 8 shows the
channel formed in the CFA.

Subsequently, antegrade instrument insertion
was performed through the formed channel in the
DFA and balloon angioplasty of the CFA and DFA
with a 5.0 mm balloon, with removal of instruments
from the DFA with endovascular hemostasis of retro-
grade puncture of the DFA (Fig. 9).

Balloon angioplasty of the CFA and external iliac
artery (EIA) was performed with stenting of the EIA
using a 7.0-100.0 mm nitinol self-expanding stent, with
balloon post-dilatation using a 7.0 mm balloon. During
follow-up angiography: patent blood flow through the
CIA, EIA, CFA, DFA (no extravasation). The EIA was
diffusely stenosed throughout its entire length, up to
subocclusion in the distal third, PA, ATA, TFT, FA —
without significant stenosis (Fig. 10).

Taking into account the data of the control angiogra-
phy, clinical picture, and local status, an intraoperative
decision was made to complete the surgical interven-
tion without balloon angioplasty of the EIA. Dynamic

Fig. 8.  Channel formed in the common femoral artery (from the
personal archive of the REDL doctor N.N. Gruzdev)
Puc.8. CdopmuposaH kaHan B obweit GegpeHHoit apTepum

(n3 nuuHoro apxusa Bpaya PIMJ1 M'pysgesa H.H.)
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monitoring of the patient's condition and the dynamics
of the local wound process was recommended.

In the postoperative period, the patient demon-
strated an improvement in his condition: pain at rest
was relieved, and there were positive dynamics in the
wound process. Ultrasound Dopplerography of the ar-
teries of the lower extremities was performed. CFA,
DFA — main altered blood flow (Fig. 11). Local sta-
tus: the wound has cleared, inflammation has been
relieved, and active granulation is occurring (Fig. 12).
The patient was discharged for outpatient treatment.

CONCLUSION

A clinical case study demonstrates the success-
ful application of hydraulic fracturing to treat chronic
calcified occlusion when other methods have failed.
The technique may serve as a valuable alternative to
open reconstruction when the latter is not feasible.
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Fig.9. Antegrade placement of instruments through the
formed channel (from the personal archive of the REDL
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Fig. 10  Control angiograms (a—e) (from the personal archive of the REDL doctor N.N. Gruzdev)
Puc. 10. KoHTponbHble aHrnorpammsl (a—-0) (13 nuuHoro apxuea Bpaya PO[I 'pysnesa H.H.)

SV. Box Position Box Size

Fig. 11. Blood flow according in common femoral artery (from

the personal archive of the REDL doctor N.N. Gruzdev)

Puc. 11. KposoTok no o6wwein 6egpeHHo apTepum (13 IMYHOTO ap-
xuBa Bpava PO py3nesa H.H.)
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Bknap aBTOpoB. Bce aBTOpbI BHECNMN CYLECT-
BEeHHbIV BKNajg B pa3paboTky KoHUenuuu, nposefe-

Fig. 12. Local status (from the personal archive of the REDL
doctor N.N. Gruzdev)

Puc. 12. MecTHblIi cTaTyc (13 NuyHoro apxusa Bpaya PO Mpyape-
Ba H.H.)

HUE UCcCcrnegoBaHUs U NOArOTOBKY CTaTbW, MPOYNK
1 opobpunu uHanbHy Bepcuo nepep nybnuka-
umen.

KoHdnuKT uHTepecoB. ABTOpbI [eknapupytot
OTCYTCTBME SIBHbIX W MOTEHLWANbHbIX KOH(IIMKTOB
WHTEPEeCoB, CBA3aHHbIX C Mybnukauuen HacTosLien
cTaTbMm.

WUHchopmmupoBaHHOe cornacue Ha nybnukaumio.
ABTOpbI MOMY4YMNN NUCbMEHHOE COrfacue nauueHTa
Ha NyBrmkaumio MeaULMHCKNX OaHHbIX.
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ABSTRACT. The article is devoted to the life and creative path of the outstanding Russian
ophthalmologist-pathologist, scientist, educator, organizer and founder of the national histology and
pathological anatomy of the organ of vision, Doctor of Medicine, Professor Alexander Vladimirovich
Ivanov, who was born in 1836 in Kursk and came from the bourgeoisie of the Tauride province. In
1859, he graduated from the Medical Faculty of the Imperial Moscow University. During his studies,
he was diagnosed with pulmonary tuberculosis, which accompanied him throughout his life, despite
the fact that he repeatedly traveled to France for treatment. From 1859 to 1867, A.V. Ivanov was
fortunate to work in various laboratories of famous professors in Wiirzburg, Heidelberg, Wiesbaden,
Vienna and Berlin, where he improved his knowledge in ophthalmology. Over these years of hard
work, he became an excellent pathologist widely known in Europe. In 1867, at the St. Petersburg
Medical and Surgical Academy, with the support of Professor E.A. Yunge, A.V. Ivanov successfully
defended his doctoral dissertation on the topic “Materials on the normal and pathological anatomy
of the lens”. From 1869 to 1876, the scientist worked at the Department of Ophthalmology as an
extraordinary and ordinary professor at the Kiev University of St. Vladimir and at the same time
became the first head of the eye department at the Kiev Military University. Professor Ivanov’s scientific
interests during his short but bright life focused mainly on the normal and pathological anatomy of
the eye, and he made significant achievements in this area. In 1876, due to an exacerbation of the
tuberculosis process in the lungs, the scientist went to France for treatment. A.V. Ivanov died on
October 27, 1880 in Menton (France) at the age of 44 from pulmonary tuberculosis complicated by
pulmonary hemorrhage. He was buried in the Russian Orthodox cemetery “Old Castle” in Menton.

Keywords: Alexander Vladimirovich lvanov, ophthalmologist-pathologist, educator, organizer,
founder of the national histology and pathological anatomy of the organ of vision, Professor,
scientist, Doctor of Medicine
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AnekcaHgp Bnagumuposuny IBaHos —
BblaloWnmuca pycckum opranbmonor-naronor

Anekcanap Hukonaesuy 3y6puukunin
EBponeiickoe o6wecTtBo natonoruu, Mockea, Poccuiickas deaepaums

Ana yumupoeaHrus: 3y6puuknit A.H. Anekcanap Bnagumuposuy VIBaHOB — BbigatoLmiica pycckuin odptansmonor-natonor. Poccutickue
buomeduyuHckue uccnedogarus. 2025;10(4):149-154. https://doi.org/10.56871/RBR.2025.56.95.011.

Moctynuna: 15.09.2025 OpoGpeHa: 17.11.2025 MpuHsTa k nevatu: 15.12.2025

AsTop PE3IOME. CtaTbs nocBsiieHa XU3HEHHOMY 1 TBOPYECKOMY NYTW BbILAKOLIErOCS POCCUACKOrO

ANA KOppecnoHAeHUUN:  ohTanbMonora-naTosiora, y4eHoro, negarora, opraHusaTopa u OCHOBOMOSIOXKHIMKA OTEYECTBEH-

AnexcaHOp Hukonaesuy  poii rucTONOrAM ¥ NATOMOrMYECKOI aHATOMUIN OpraHa 3peHns, AoKTOpa MeANLMHLI, Npodeccopa

3y5pguxuﬁ Anekcanzipa Bnagumnposuya ViBaHoBa, poamsiuerocs B 1836 rogy B Kypcke u npoucxoamsLuero

E-mail: 13 MeLLaHcKol ceMbk TaBpuyeckoit rybepHum. B 1859 rogy oH OKOHUMN MeanUMHCKUI dakynbTeT

zubr.alex2012@yandex.u  yinepatopckoro MockoBCKoro yHuBepeuTeTa. Bo Bpemst yuebbi y Hero Gbin AMarHoCTUpoBaH
Ty6epkynes nerkux, KOTOpbIA CONPOBOXAAN ero Ha NPOTSKEHUN BCEMN KU3HW, HECMOTPS Ha TO
4TO OH HEOQHOKPATHO e3aun Ha neyeHue Bo Ppaxuymo. C 1859 no 1867 rogbl A.B. ViBaHoBy no-
cYacTnMBUNOCH paboTaTh B pa3nuyHbix nabopaTopusix U3BecTHbIX Npodeccopos B Biopubypre,
lenpensbepre, Bucbanere, BeHe n bepnuHe, roe oH CoBepLIEHCTBOBAN CBOM 3HAHWS B 06nacTu
oranbmonoruun. 3a aTu rogbl HanpsHKEHHON PaboThl OH CTan OTIIMYHbIM NATONIOr0aHaTOMOM,
LUMPOKO M3BeCTHbIM B EBpone. B 1867 roay B CaHkT-lMeTepOyprckon Megmnko-xupypruyeckoi
akagemuu npu nogaepxke npogpeccopa E.A. FOHre A.B. MiBaHOB ycneLuHO 3aLuTin 4OKTOPCKYH0
AnccepTaumio Ha Temy «MaTepumansl No HopManbHOW 1 NAaTONOrMYECKON aHaTOMMK XpyCTanmKay.
C 1869 no 1876 rogbl y4eHbIn paboTan Ha kadeape ohTanbMONOrMK B Ka4ecTBe 3KCTPAOpPAK-
HapHOro 1 opauHapHoro npogeccopa Kuesckoro yHnsepcuteta CBATOro Bnagmmmpa u ogHoB-
PEMEHHO CTan nepBbIM 3aBeAYLMM O TanbMonornyeckoi kadeapor Knesckoro BOEHHOT0
yHuBepcuTeTa. HayuHble nHTepeckl npodeccopa ViBaHoBa B Te4YEHWE ero KOPOTKOM, HO SIPKOIA
KM3HM BbINK COCPeSoTOYEHbI B OCHOBHOM Ha HOPMarbHOM U NaTomnornyeckol aHaToMuy rnasa,
1 OH gobuncs 3HaYMTENbHLIX Yenexos B aTon obnactu. B 1876 roay B cBsi3an ¢ o6ocTpeHnem
Tybepkyne3Horo npoLecca B NETKMUX y4YeHblil 0TNpaBuUncs Ha nevexne 8o ®paHumio. A.B. ViBaHoB
ckoHuancs 27 okTabps 1880 roga B MeHToHe (®paHuus) B Bo3pacTe 44 net oT Tybepkynesa ner-
K1X, OCNIOKHEHHOTO NTEr04HbIM KpoBOTEYeHWEeM. OH 6bin NOXOPOHEH Ha PYCCKOM NMPaBOC/IaBHOM
knaabuie «Ctapblii 3amok» B MeHTOHe.

KnoueBble cnoBa: AnekcaHap Bnagumuposuy iBaHoB, odhTanbMonor-natonor, negaror,
OpraHn3aTop, OCHOBOMOMOXHWK HALMOHANbHON rMCTONOMM U NaTONOrYeCKO aHaTOMUM OpraHa
3peHusi, npodeccop, yYeHblil, JOKTOP MEANLMHBI.

UcToyHmk (*)MHaHCMpOBaHMFI. ABTOp 3asBnseT 00 OTCYTCTBMM BHELLHETO (*)I/IHQHCVIpOBaHMFI npu
© AH. 3ybpuukuir, 2025 npoBeAeHnn nccneaoBaHus.
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Fig. 1. Ivanov Alexander Vladimirovich (14.09.1836-27.10.1880)

October 27, 2025 marks the 145" anniversary of the
death of the outstanding Russian ophthalmologist-patho-
logist, scientist, educator and organizer, Doctor of Medi-
cine, Professor Alexander Vladimirovich Ivanov, a stu-
dent of the German anatomist Heinrich Mdller (Fig. 1) [1].

A.V. lvanov was born on September 14 (new style),
1836 in the city of Kursk, who came from the bourgeoi-
sie of the Taurida province. He graduated from the Kursk
Gymnasium and in 1859 from the Medical Faculty of the
Imperial Moscow University (Fig. 2)" [2].

In connection with the diagnosis of pulmonary tu-
berculosis during his student years, he decided to go
abroad for treatment to the city of Montpellier with its
Mediterranean climate, which is known to have a be-
neficial effect on the respiratory and cardiovascular
systems, and at the same time continued to practice
ophthalmology there?.

In Montpellier, Alexander Vladimirovich met Friedrich
Alexander Hermann Pagenstecher, a prominent oph-
thalmologist, eye surgeon, medical writer and founder
of the ophthalmological clinic in Wiesbaden, who had a
serious influence on his choice of specialty [3]. In fact,
from 1859 to 1867, this was his first trip abroad, during
which A.V. Ivanov improved in ophthalmology, namely:
he studied the normal and pathological anatomy of the

' Ivanov Alexander Vladimirovich (ophthalmologist). Wikipe-
dia. Available at: https://ru.wikipedia.org/wiki//iBaHoB, _AnekcaHap_
Bnagumuposuy_(odransmonor) (accessed 07/19/2025).

2 |vanov Alexander Vladimirovich. Wikisource. Available at:
https://ru.wikisource.org/wiki/PBC/BT/BaHoB,_Anekcanap_Bnagu-
MupoBuy (accessed 07/21/2025).
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eye in the laboratory of Heinrich Miller in Wirzburg,
whom he considered his teacher, worked in the clinics of
such famous professors as Jacob Hermann Knapp (Hei-
delberg), Friedrich Alexander Hermann Pagenstecher
(Wiesbaden), Carl Ferdinand von Arlt (Vienna), Albrecht
Friedrich Wilhelm Ernst von Grafe (Berlin), where he
practiced ophthalmology®. Over the years of his work in
these prestigious laboratories, A.V. lvanov has become
an excellent pathomorphologist, widely known in Europe.

In 1867, after returning to Russia, A.V. Ivanov arrived at
the Ophthalmology Department of the St. Petersburg Medi-
cal and Surgical Academy, headed by Eduard Andreevich
Junge (Fig. 3). Professor Junge provided the necessary
assistance in a short period of time, and with his support,
A.V. Ivanov successfully defended his doctoral dissertation
on the topic of “Materials for the normal and pathological
anatomy of the lens” and was awarded the academic de-
gree of Doctor of Medicine in the same year [4, 5].

Immediately after defending his dissertation, A.V. Iva-
nov was sent on a second foreign mission, where for
two years he continued to improve his knowledge of the
pathological anatomy of the eye and, as a result of his
persistent work, gained worldwide fame.

After completing of his second trip abroad, on Septem-
ber 15, 1869, A.V. Ivanov was elected an extraordinary,
and in 1875 — ordinary professor at the Ophthalmology
Department of the Kiev University of St. Vladimir and at
the same time became the head of the Eye Department
of the Kiev Military University (Fig. 4). While working at
Kiev University, Professor A.V. Ivanov, as the first head
of the Eye Diseases Department, established himself as
a brilliant lecturer, ophthalmic surgeon and follower of the
traditions of the E.A. Junge scientific school. At that time,
eye diseases were taught in the 3 and 4" courses, lec-
tures on ophthalmology were given for 3 hours a week in
a specially adapted room.

The clinic had an outpatient clinic and a 10-bed inpa-
tient department. Despite the rather difficult conditions,
the treatment work was carried out in a well-coordinated
manner. So, during the years of Professor A.V. Ivanov’s
tenure as head, 20,120 patients were admitted to the
outpatient clinic (an average of 2,560 patients per year),
and 1,259 patients passed through the hospital, 90% of
whom were operated on.

Professor Ivanov’s scientific interests throughout his
relatively short but vibrant life have focused mainly on
the normal and pathological anatomy of the eye, and his
scientific and practical activities have been marked by
the following achievements [6]: his unique pathoanatomi-
cal studies concern all membranes and tissues of the eye

3 Alexander Vladimirovich Ivanov. People’s History. Available at:

https://biografie.narod.ru/medicine/ophthalmologist/ivanov/index.htm
(accessed 07/19/2025).
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Medical Faculty of the Imperial Moscow University. A.V. Ivanov’s education from 1854 to 1859

Fig. 3. Naval and Land Clinical Hospital of the St. Petersburg Medical and Surgical Academy (1867)

(conjunctiva, cornea, iris, ciliary body, lens, choroid, optic
nerve, retina, vitreous body); the pathological anatomy of
trachoma and the pathohistological structure of phlycte-
nas developing on the mucous membrane of the eye and
cornea in tuberculous-allergic keratoconjunctivitis have
been thoroughly studied, and it has been proven that the
main element characteristic of this disease is a nodule

2025;10(4):149-154

consisting of a round-cell lymphocytic infiltrate with an
admixture of epithelioid and plasma-type cells, while a
structure similar to a tuberculous tubercle is detected,
but without caseous decay and the presence of the
pathogen; the anatomical picture of the iris, the angle of
the anterior chamber in humans, birds and a number of
animals was studied in detail in the historical aspect; the
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structural features of the ciliary muscle (“lvanov’'s mus-
cle”) were described depending on its function with diffe-
rent refraction of the eye, cystic changes in the retina in
the area of the serratus muscle on the extreme periphery
of the fundus, which is currently of great importance for
explaining the pathogenesis of the development of retinal
detachment in people suffering from myopia, the network
of nerve plexuses with nodes of nerve cells in the cho-
roid, which are still important for explaining neurohumo-
ral disorders and the pathogenesis of glaucoma, a case
of glioma endophitum, etc. [7].

Otto Becker, a well-known eye pathologist and Professor
at Heidelberg University, once highly praised the work of
A.V. Ivanov and noted in his lectures that A.V. Ivanov alone
had done more for the pathological anatomy of the eye than all
other researchers combined. The high authority of A.V. lvanov
among German ophthalmologists is also evidenced by the
fact that the famous German ophthalmologist Duke Karl-
Theodor in Bavaria worked under his leadership [8].

The scientist was distinguished by his love for his
specialty, rare diligence, a brilliant expert in the patho-
logical anatomy of the eye, an experienced teacher and
an excellent practical physician [9].

A.V. lvanov is the author of 24 scientific works pub-
lished mainly in the foreign press in German, including three
manuals “Practical Ophthalmology” (1879), “Manual of Oph-
thalmology” (1880) and “Course of eye operations” (1881),
written and published with the participation of A.V. Khodi'.
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Kiev University of St. Vladimir. A.V. lvanov worked there from 1869 to 1876

In 1876, due to the exacerbation of the pulmonary tu-
berculosis process, the scientist went to France for treat-
ment.

Four years later, Alexander Vladimirovich lvanov,
the founder of the national histology and pathological
anatomy of the vision organ, died on October 27, 1880 in
Menton (France) at the age of 44 from pulmonary tuber-
culosis complicated by pulmonary hemorrhage. He was
buried at the Russian Orthodox cemetery “Old Castle” in
Menton.
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NMPABUNA ANA ABTOPOB

Yme. npuka3om u.o. pekmopa
@rb0Y BO Cri6r TiMy Munsdpasa Poccuu om 05.04.24

HACTOSLLME NPABUNA AN ABTOPOB
ABNATCA U3OATENBCKUM JIOrOBOPOM

Ycnoeus Hactoswero [lorosopa (panee «[orosop») siB-
nawTcs nybnuyHo odepToil B COOTBETCTBMM C M. 2 CT. 437
[paxpaHckoro Kogekca Poccuiickoin ®epepaunn. [aHHbIA
[loroBop onpefenser B3aWMOOTHOLUEHWNS Mexay pefakuuen
xypHana «Russian Biomedical Research» (ganee no Ttekc-
Ty «KypHany), 3apernctpupoBaHHoro ®efepanbHoi cnyx6omn
no Hagsopy B cdepe CBA3M, NHPOPMALMOHHBIX TEXHOMOTNIA 1
maccoBblx kommyHukaunit (POCKOMHALSOP), cBngeTtenscTBo:
M Ne ®C77-74228 ot 02 Hosibps 2018 r. (paHee TN Ne TY78-
01869 ot 17 masa 2016 r.), uMeHyemon B JanbHenwem «Pepak-
ums» 1 SBnsowencs CTpYKTYpHbIM nogpasgeneHuem ®rooy
BO CN6IMMY Munagpasa Poccuu, 1 aBTOPOM /W aBTOPCKUM
KONNEKTMBOM (U1 MHbIM NpaBoobnagatenem), UMEHyeMbIM B
panbHenwem «ABTOpP», NPUHABLLMM NyBnnYHOE NpeanoxeHue
(obepTy) 0 3akntoyeHun [lorosopa.

ABTOp nepegaeT Pefakuuu Ans u3gaHns aBTOPCKWiA opu-
TMHan MW PyKOMWCb. YKasaHHbI aBTOPCKWA OpuriHan Aon-
XEH COOTBETCTBOBATb TpebOBaHMAM, yKasaHHbIM B pa3genax
«[MpepacTtaBnexue pykonucy B xypHany, «Odopmnexne pykonu-
cvy». Tpn paccMOTPEHUM NOMyYeHHbIX aBTOPCKUX MaTepuanos
ypHan pykoBogcTeyeTcs «EAuHbIMM TpeboBaHNUAMM K pyKOMK-
caM, NpeacTaBnsemMbiM B BromenuLmnHckne xypHanbi» (Intern.
committee of medical journal editors. Uniform requirements for
manuscripts submitted to biomedical journals. Ann Intern Med.
1997,126:36-47).

B XypHane nevatatotcs paHee He onybnnkoBaHHbIE paboThl
no npodunio Xyprana.

)KypHan He paccmatpuBaeT paboTbl, pe3ynbraThl KOTOPbIX
no 6onbluen YacTn yxe 6binu onybnmMKkoBaHbl MW ONUCaHbI B
cTaTbsAX, NPEACTaBNEHHbIX UMW NPUHATBIX ANng nybnvkayui B
ApYyrue nevatHble MNW 3MEKTPOHHbIE CPeacTBa MaCcCOBOM MH-
copmaumu. MpenctaBnsas cTaTtblo, aBTOp BCerga JOMXeH CTa-
BWTb PeAaKLMI0 B M3BECTHOCTb 000 BCEX HanpaBreHUsX 3Toil
cTaTby B neyaTb ¥ O Npeablgylnx nybaukaumusx, koTopble Mo-
ryT paccMaTpuBaTbCs Kak MHOXECTBEHHbIE Unu gybnupytowme
ny6aukaLmm Toit e camoi unn oveHb 6nmnakon paboTel. ABTOp
[OMKeH YBEAOMUTb PEAAKLMIO O TOM, COAEPXKUT N CTaTbsl yxKe
onybnukoBaHHble MaTepuansl, M NpegocTaBUTb CCbINKK Ha npe-
Abloyllyto, 4ToObl AaTb pefakunv BO3MOXHOCTb MPUHSATL pe-
LieHWe, Kak NOCTYNUTb B JaHHOW cuTyauun. He npuHumatoTcs
K neyaTu cTaTbM, NpefcTaBnsiolmMe coboi oTAenbHbIEe 3Tambl
He3aBepLLUEHHbIX UCCNEefoBaHNi, a Takxe CTaTbu C HapyLLeHu-
em «[lpaBun n Hopm rymaHHoro obpalyenns ¢ 6uoobbekTamm
nccneaoBaHuiny.

PasmeLyeHne ny6nukaLmil BO3MOXHO TOMBKO NOcne nonyye-
HWS NONOXWUTENBHON PEeLieH3NN.

Bce ctaTbu, B TOM yncne ctaTby acnMpaHTOB U JOKTO-
paHTOB, Ny6nukytoTcs 6ecnnatHo.

POCCUNCKUE BUOMEANUMNHCKUE UCCNELOBAHUA

Mopaya cTaTei B xypHan «Russian Biomedical Research»
OCyLLeCTBNAETCA N0 afpecy dNeKTPOHHO NoYThl avas7@mail.ru
c nomeTkon «ans Russian Biomedical Research» unu yepes
canT https://ojs3.gpmu.org/index.php/biomedical-research.

TpeboBaHus Kk oTnpaBke cTaTei

Mepen 3anonHEHEM aHKETbI aBTOPaM PEKOMEHYETCS Nof-
rOTOBUTb BCe HEOOXOAWMbIE ANs BBOAA [aHHbIE, @ Takke Bbl-
OpaTb aBTOpa (B CrNyyae Konnektuea aBTopos cTaThbn), OTBET-
CTBEHHOIO 3A MEPEMWCKY. [ins ycnewHoro 3anosiHeHus
aHKeTbl HE0OX0ANMO UMETb BCHO YKa3aHHYK WHGOPMALMIo U Ha
PYCCKOM, 11 Ha aHrMNACKOM S3bIKax.

Bce HasBaHWs Ha aHIMUIACKOM A3bIKe, BKITHOYAs Ha3BaHus
cTaTbM, Ha3BaHUs yYpexAeHun, ux noppasmeneHuin LOmKHb
npuBoaUTLCA € MponucHbix 6ykB (Hanpumep: Sex Differences
In Aging, Life Span And Spontaneous Tumorigenesis; Bulletin
of Experimental Biology and Medicine; Saint Petersburg State
Pediatric Medical University) n HenpemMeHHO B COOTBETCTBUM C
ouynanbHbBIMKM HanMeHoBaHUAMK 63 CaMoeATENBHOCTH.

AHkeTHble JaHHble Bcex aBTopoB — Mmsa OtyecTBo damu-
nus (NONHOCTBIO), y4YeHas CTeneHb, 3BaHNe, AOMKHOCTb, MECTO
paboTbl (kadespa, OTAENEHNE), Ha3BaHWe YYpexaeHus, agpec
yupexpaenus, e-mail, ORCID, SPIN-kog, TenedoH, PO aBTopa,
OTBETCTBEHHOTO 3@ Nepenucky, W T.A. — 3amnofHsTC B COOT-
BETCTBYHOLLUMX Nonsx popMbl 3asBku. Pestome, kntoueBsble CoBa
1 Ha3BaHWe CTaTby TaKXKe 3arnomHSAITCH OHNaWH.

CtaTbst JOMXHA COOTBETCTBOBATH NpaBunam 0opMneHus
cTaTten Kk nybnukauum (Cm. Huxe).

K kaxpgon ctaTbe npunaraetcs ann AKCNEPTHOro 3akio-
yeHus (33). Ans astopos CI6IMMIMY 33 moxeT TONbKO noga-
nucblBaThCs aBTOpaMu CTaTby, nevatb HeobszatenbHa. [ins
aBTOPOB ApYrux yupexaeHuin 33 ocdopmnsetcs obssaTtenb-
HO MOMHOCTBIO, C NeYaTaMM (Kpyrnas nevaTb YYpexaeHus) v
NOANUCAMU PYKOBOAWUTENEN N KOMUCCUN LaHHOIO yypexae-
HUSA. 3anoNHEHHbIN, NOANMCAHHBIA U «OneYaTaHHbly BnaHk
33 ans oTNpaBKN OHNANH NPEABAPUTENBHO CKAHUPYeTCS UK
doTorpacmpyetcs. Obpasel 33 MmoxHo ckavatb (https://gpmu.
org/science/pediatricsmagazine/Russian_Biomedical_Research,
BrnaHk akcnepTHOro 3akntoyeHus).

OTnpaBneHHble aHKeTHble aHHble aBTOPOB, cTaTbs, O3 no-
CTynawT Ha E-mail aBTopy-0TNpaBuTento (4N NOATBEPXKAEHNS 1
npoBepKy 0TnpaBkm) 1 Ha E-mail pegakyun screenter@mail.ru Tex-
HU4YeCcKOMY pefakTopy XypHana «Russian Biomedical Researchy,
C KOTOpbIM OCYLUECTBASAETCS BCA AanbHenwwas paboTa no nogro-
TOBKe CTaTbM B NeyaTb. Bce BOMpoCk! No 0Tnpaske CTaTeln MOXHO
afpecoBaTb Ha 3MEKTPOHHbIN afpec screcenter@mail.ru TexHu-
4eckoMy pefakTopy XypHana «Russian Biomedical Research»
Mapuu AnekcangposHe [laxoMmoBoit.
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Pykonuch cuutaetcs noctynulueir B Peaakumio, ecnu oHa
npeacTaBneHa KOMNIekTHO W oopmneHa B COOTBETCTBUM C
onucaHHbiMu TpeboBaHuamK. penBapuTenbHOE paccmoTpe-
HUE PYKOMKCH, He 3aka3aHHOM Pefakumnen, He aBnseTtcs akTom
3aKNIYEHNS MEXAY CTOPOHaMK u3gaTtensckoro [lorosopa.

lMpn npeactasneHnn pykonucn B XKypHan ABTOpbI HeCyT OT-
BETCTBEHHOCTb 32 PACKPbITUE CBOWMX (DUHAHCOBbLIX W ApYrux
KOHGIUKTHBIX UHTEPECOB, CMOCODOHbLIX OKa3aTb BMWUSIHUME Ha UX
paboty. B pykonucu gomxkHbl 6bTb YNOMSHYTHI BCE NuLa 1 Op-
raHusaumu, okasaslume MHAHCOBYIO NOALEPXKY (B BUAE rpaH-
TOB, 060pYA0BaHNS, NEKAPCTB MUK BCErO 3TOr0 BMECTE), a Takxe
Apyroe MHaHCOBOE MW NINYHOE Y4acTye.

B koHue kaxpoit cTaTbi 06513aTeNbHO YKa3biBaKTCS BKNaj
aBTOPOB B HanucaHWe CTaTbW, MCTOYHWKW (DUHAHCUPOBAHUS
(ecnu nmetoTcs), OTCYTCTBME KOH(NMKTA MHTEPECOB, Hanuuue
cornacus Ha nybnukaLmio co CTOPOHbI NaLUeHTOB.

MpaBuna ochopmnenus ctaten k nyéonukauum

CraTbA NnpepocTaBnsaeTCcA B ANEKTPOHHOM hopme (hain
MS Word Bepcun He cTapwe 2003, T.e. ¢ pacumpernem doc),
wpnt — 14, nHTEpPBAN — NONYTOPHBIN.

®ain cTtaTtbi HasbiBaeTcs no ®amunuu nepeoro aBTopa,
Hanpumep, MBanos.doc unu Petrov.doc. Hukakux Apyrux cros B
Ha3BaHWW He AOMKHO BbITb!

OpueHTMpPOBOYHbIE pa3Mepbl CTaTbi, BKIOYas ykasaTtenb
nutepatypbl, Tabnuybl u pestome, — 10-12 cTpaHuy TekcTa
yepes nontopa uHTepsana uam 20-25 ThiCAY 3HAKOB C Npo-
6enamu. Pekomengyembiii pasmep o63opa — 18-20 ctpanuy
«MaLLIMHOMUCHOrO» TekcTa unu 35-40 ThicAY 3HAKOB C Mpo-
Oenamu. MpuMepHOE YNCNO NUTEPATYPHBIX CChINOK s 3KC-
nepumeHTanbHoi ctatbn — 20, Ans 0630poB M Npo6IEMHbIX
cratei — 50.

®daiin ctaTbyn JOMKEH COAepKaTh

HA PYCCKOM U AHTTTMACKOM A3bIKAX:

+ 3arnasue (Title) nomxHo 6bITb kpaTkuM (He Gonee 120 3Ha-
KOB), TOYHO OTpaxXarloLwyuM Coaep)aHue cTaTbu.

« CsegeHns ob aBTopax (nybnukyrotes). [ns Kaxgoro aBTopa
YKa3blBalOTCA: (haMunus, UM U OTYECTBO, MeCTO paboThl,
noyToBbIN agpec Mecta pabotsl, e-mail, ORCID, SPIN-koz.
damunuu aBTOPOB PEKOMEHAYETCS TpaHCNUTepupoBaTh Tak
Xe, KaK B mpeablayLumx nybnukauusx, unm no cucteme BGN
(Board of Geographic Names), cm. cauT http://www.translit.ru.

*  Pestome (Abstract) (1500-2000 3HakoB, unu 200-250 cnos)

NOMELLAlOT nepen TekcTom ctaTtbi. Pestome He Tpebyetcs
npu nybnukaynn peLieHanin, 0T4ETOB O KOH(EPEHLMSX, WH-
(hOPMaLMOHHbIX MUCEM.
ABTOpCKOE pe3toMe K CTaTbe SBMSETCH OCHOBHLIM UCTOYHU-
KOM MH(OpMaLMKM B 0TEYECTBEHHbIX W 3apyBexHbIX WHGOP-
MaLMOHHbIX cucTeMax W 6a3ax AaHHbIX, WHAEKCUPYHOLLMX
XypHan. Pesiome pocTynHo Ha caite xypHana «Russian
Biomedical Research» 1 nHgekcupyeTcs ceTeBbIMIA MOUCKO-
BbIMU cucTeMamu. V13 aHHoTaLmu gormkHa BbITb NOHATHA CYThb
MCCNeAoBaHMsl, HyXHO N 06paLyaThCs K NOTHOMY TEKCTY CTa-
Tb¥ Ans nonyyenHns 6onee nogpobHON, WHTepeCytoLe ero
MH(opmaLn. Pe3toMe 4OIMKHO M3naratb TOMbKO CyLUECTBEH-
Hble (hakTbl paboThl.
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PekomeHayemas CTpyKTypa Kak aHHOTaumu, Tak U camoi cTa-
o IMRAD (ans opurvHanbHbIX MCCNeLoBaHWUi CTPYKTypa
obsi3atenbHa): Beegerue (Introduction), matepuansl 1 meTo-
abl (Materials and methods), pesynbtathl (Results), o6cyx-
peHve (Discussion), BbiBogbl (Conclusion). Mpeamert, Temy,
Lienb paboTbl HYXHO YKa3blBaTb, €CMN OHU HE SCHbI U3 3arna-
BMS CTaTbW; METOA Mnu MEeTOZOMOorMi0 NpoBedeHns paboTbl
LienecoobpasHo OnMCbIBaTb, ECIN OHWU OTINYAIOTCS HOBU3HOM
WNW NPeaCTaBNAOT MHTEPEC C TOYKN 3pEHNS JaHHOM paboThl.
06beM TekcTa aBTOPCKOro pe3toMe onpeaensercs cogep-
XaHuem nybnukauun (06beMoM CBEAEHWUNA, UX HayYHON LieH-
HOCTbO W/MMK NPaKTUYECKUM 3HAYEHWEM) U AOIKeH ObiTh B
npegenax 200-250 cnos (1500-2000 3HakoB).

+  Kniouesble cnosa (Keywords) ot 3 o 10 kntoyeBbIX CroB Unm
CMoBOCOYETaHNA U3 2-4 cno., koTopble OyayT cnocobeTBo-
BaTb NPaBUIbHOMY NEPEKPECTHOMY MHAEKCMPOBAHMIO CTaTbH,
nomeLLalnTcs NoA pesloMe C MOA3aronoBkoM «Kmioyesble
cnosay. Mcnonb3yiTe TEpMUHbI M3 CMMCKA MEAMLIMHCKUX
npeameTHbIx 3aronoekos (Medical Subject Headings), npuse-
AeHHoro B Index Medicus (ecnu B 3TOM CnMcke elye OTCYT-
CTBYIOT MoAxoAsLne 0003HaueHNs A1 HeJaBHO BBELEHHbIX
TepMuHOB, noabepute Hambonee 6nn3kMe U3 UMEIOLMXCS).
KntoueBble cnoBa pasgensoTcs 3ansTon.

+  TekcT cTatbi MOXET ObITb HamMcaH nubo Ha pycckom, nnbo
Ha aHIMUIACKOM $3bIKE, TaKke BO3MOXHA Nybnukauus ctaTbu
C MONHbIM NEepeBoAoM. Ha pycckoM W aHrIMIACKOM SA3blkax
HeoDbXoAMMO MpefocTaBUTh BCE PUCYHKM W Tabmuupl (3aro-
NOBKW, BCE HAAMUCK, a Takke TEeKCT Tabnuy AOMKHbI UMETb
nepesog).

B pasgene «MeToguka» 06si3aTenbHO ykasbiBalTCS CBede-
HWS O CTaTUCTUYecKol 0BpaboTke JKCNepUMEHTamnbHOro Unm
KNWHUYeckoro matepuana. EOWHMLbI M3mMepeHus aanTtcs B
cootBeTCTBMM ¢ MexayHapogHon cuctemon eguHny — CU.
damunun MHOCTPaHHbIX aBTOPOB, LUTUPYEMble B TEKCTE py-
KOnMcK, NPUBOLAATCS B OPUTMHANBHON TPAHCKPUNLMN.
Tabnuubl W pUCYHKN NPUBOASATCS HEMOCPEACTBEHHO B Tene
CTaTb, Kaxablil W3 KOTOPbIX MMEET HOMEp W Ha3BaHue C
00s3aTenNbHbIMK CChINKamMu Ha HUX B TEKCTE CTaTbll — B KOH-
TEKCTe MPEANOXEHNs (HanpuMep: «...Kak MoKas3aHo Ha pu-
CYHKe 1...») UAN B KOHLE NPEeanoXeHus B Kpyribix ckobkax
(Hanpumep: «...BbISIBNIEHA NONOXMTENbHAS KOPPENALMOHHAs
cBA3b ymepeHHon cTenenu (r=0,41) mexay yposHem TTI ma-
TEPU N HOBOPOXAEHHOTO (puC. 2)»; Npocbba yunTbIBaTh, YTO
B MEYaTHOM BEPCUM KypHanma puCyHku OyayT BOCMpOW3BO-
[VUTbCS B YepHO-DEnom BapuaHTe.

+  Cnucok nutepatypbl 0653aTenbHO NPUBOAUTCS B NOPSAKE YNo-
MUHaHMS.

TekcT cTaTby JOMKEH ObITb MOLFOTOBMEH B CTPOTOM CO-
OTBETCTBMM C HACTOSALMMM NPABUIAMMW U TLLATENBHO BbIBEPEH
aBTOpPOM. B crnyyae oOHapyXeHUst 3HAYUTENBHOTO KONUYecTBa
oneyvaTok, HebpexHOCTEN, MYHKTYaLMOHHbIX U opdorpadmnye-
CKMX OWMNDOK, HepacluMdpoBaHHbIX COKPALLEHUIA, OTCYTCTBUS
OCHOBHbIX KOMMOHEHTOB, NEPEBOAOB 3arofloBKOB Tabnny, nog-
PUCYHOYHbBIX MOANMCEN, HALNUCEN Ha pUCYHKaX, TeKCTa Tabnuy
W Opyrux TEXHUYEecknx AedekToB ohopMieHus ctatel pegak-
UMs BO3BpALLaeT cTaTblo aBTOPY AnNs AopaboTku. Hebonblune
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MorpeLLHOCTN pefakuus MOXET 1cnpaBuTb cama 6e3 cormaco-
BaHMA C aBTOpoM. Pefakuus ocTaBnseT 3a coboit npaBo ocy-
LYeCTBNEHNS INTEPATYPHOTO U TEXHUYECKOrO peakTUpOBaHNs
craTen.

CokpalleHuin, kpome obuieynoTpebuTenbHbIX, cnegyer us-
BeraTb. CokpalyeHus B Ha3BaHMM CTaTbi, Ha3BaHUsX Tabnuy n
PUCYHKOB, B BblBOfAx HegonycTumbl. Ecnu abbpesnatypbl uc-
NONb3yHTCS, TO BCE OHW AOMKHbI ObITb HENPEMEHHO pacLuMdpo-
BaHbl MOSTHOCTHIO NPY NEPBOM WX YNOMUHAHNN B TEKCTE (Hanpm-
mep: «Hapsgy ¢ gaHHbIMu 0 POH (pe3nayanbHo-opraHnyeckon
HegocTaToyHocTH), obycnosnuBatowen passutue FKC (runep-
KMHETMYECKOro CMHAPOMA), pacLUMpeH Anana3oH ccnefoBaHui
Mo 3HAOTEHHON NPUPOLE AaHHOTO CUHAPOMAY.

Bce untupoBaHus nponssoasaTcs cregytowmum obpasom:

®WO aBTopa, rog u3gaxns 1 npoyas MHpopmaLmus He ynomu-
HaloTCs B TekcTe. BMeCTo 3TOro ykasblBaeTcs cCbifika Ha UCTOY-
HWK NUTepaTypbl B BUAE HOMEPa B KBagpaTHbIX Ckobkax (mpumep:
«Psg uccnepoBaTtenert 0TMeYaeT pa3fnuyHble HapyLUeHus peve-
BbIX (OYHKLMIA NpU 3nunencun B eTckom Bo3pacte [17, 21, 22].),
KOTOpbIA BKITIOYEH B PACcCTaBfIEHHbIN B MOPSAKE YNOMWUHAHUS
(1,2, 3 T.4.) CIMCOK MCTOYHMKOB B KOHLIE CTaThbM.

Bce cCbinku JOMKHbI MMETb COOTBETCTBYIOLMNA UCTOYHMK
B CMUCKe, a Kax/Ablil UCTOYHUK B CMIUCKE — CCbINKY B TEKCTE.

B Bnge ncknioyeHus B Tekcte MoryT npusoautbes U0 koH-
KpeTHbIX aBTopoB B opmate /.0. damunus, rog u faxe Hassa-
HWe NCTOYHMKA, HO MpW 3TOM BCe paBHO 0Dsi3aTenbHa CCbinka
(8 KBagpaTHbIX CkoBKax B KOHLE NPearioKeHNs) Ha UCTOYHMK,
BKITIOYEHHbBINA B CNUCOK nuTepatypbl. (Hanpumep: «B 1892 rogy
BeNMKMA ApacT faMuUIbTOHCKNIA onucan B cBoeM 6eccMepTHOM
TpyAe «O6 OTKpbITUM TPETLETO yXa Y YenoBekay TpeTbe (Henap-
Hoe) yxo» [34].)

Jlutepatypa (References)

YuutbiBas TpeboBaHUA MEXAYHAPOAHbLIX CUCTEM LWTUPO-
BaHWS, CIMCOK NUTEPaTypbl NPUBOANTCS He TOMbKO B ODbIYHOM
BUAe, HO TaKxXe U JONOMHUTENbHO B NepeBeAEHHOM Ha aHrui-
ckuin a3blk (References).

B ctaTbe npuBoAATCS CCbINKM Ha BCE YIOMUHAEMbIE B TeK-
CTe UCTOYHUKM.

®amunuu M MHULManbI aBTOPOB B MPUCTATEHOM CMMUCKe
NPWUBOAATCS B NOPSAKE YNOMUHAHNS.

B onucaHuu yka3biBatoTcs Bce aBTOpbI Ny6nukauuu.

Bubnuorpacuyeckme CCbinku B TeKCTe CTaTbW AalOTCs B
KBaapaTHbIX ckobKax.

Ccbinku Ha Heony6nukoBaHHble paboTbl He JOMYCKaTCS.

Cnucok nutepaTtypbl KOMNNIEKTYETCA B cregyowWwem no-
paake:

HopmamugHble akmel

Mpukasbl, HOPMATUBHbIE aKTbl, METOAWYECKWe nUCbMa
W Npoune 3aKkOHHble akTbl, NATEHTbI, NONE3Hble MOAENN He
BHOCATCS B CMWUCOK NuUTepaTypbl, 0OPMASIOTCS B BUAE CHO-
cok. CHocka — npuMeYaHue, NOMeLaemMoe BHU3Y CTPaHULb
(nocTpaHnyHas cHocka). 3HaK CHOCKM CTaBaT Ludpon nocne
hparMeHTa OCHOBHOrO TEKCTa, rae eCTb ynoMuHaHue o6 atux
NCTOYHMKaX. PekoMeHayeTcs CkBO3HAs HyMepaLus CHOCOK No
TEKCTY.

POCCUNCKUE BUOMEANUMNHCKUE UCCNELOBAHUA

WHmepHem-pecypc

1. IHTepHeT-pecypc, rae ectb Ha3BaHWe UCTOYHMKA, aBTop,
BHOCWTCS B CMIMCOK TUTEpaTypbl (B nopsake andasuTa) ¢ ykasa-
HUeM aTbl 0bpaLLeHus (CM. HKEe NpuMep ohopMneHns).

2. Ecnn ecTb TONbKO CCbifika Ha calT, odopmnseTcs nog-
CTPOYHOE NpHMeyaHme (CHocKa), ¢ ykasaHneM AaTbl 0bpalyeHus.

LLlernos W. Hackonbko Bennka ponb MUKpodniopbl B 6uosno-
rMM BuAa-xo3snHa? XXneble CUCTEMbI: HAYYHbIA 3MEKTPOHHBIN
xypHan. [HoctyneH no: http://www.biorf.ru/catalog.aspx?cat_
id=396&d_no=3576 (gata obpaweHus: 02.07.2012).

Kealy M. A., Small R. E., Liamputtong P. Recovery after caesar-
ean birth: a qualitative study of women'’s accounts in Victoria, Austra-
lia. BMC Pregnancy and Childbirth. 2010. Available at: http://www.
biomedcentral. com/1471-2393/10/47/ (accessed: 11.09.2013).

Mpumepbl ochopmneHus nutepaTypsbl

KHuea:

tOpbes B.K., Mounceesa K.E., Mnywiexko B.A. OcHoBbl 06LLecT-
BEHHOTO 340POBbsI M 3paBooxpaHeHus. YuebHuk. Cr16.: CneuJluT,
2019.

Hukudpopos O.H., pea. Cankr-leTepbypr B 2021 roay. CI16.:
MeTpocTar; 2022.

Brandenburg J.H., Ponti G.S., Worring A.F. eds. Vocal cord
injection with autogenous fat. 3 rd ed. NY:Mosby; 1998.

Domeika M. Diagnosis of genital chlamydial infection in
humans as well as in cattle. Uppsala; 1994.

[nasa u3 kHuau:

Tytenbsn B.A., Hukutiok [.6., WapadeTanHos X.X. 3goposoe
nuUTaHWe — 0CHOBA 3,0POBOro 06pa3a KU3HW 1 NPOUNAKTHKM XPO-
HWUYECKMX HEMHEKLMOHHBIX 3aboneBaHuit. B kH.: 340poBbE MOMO-
[IeXN: HOBble BbI30BbI M nepcnektubl. T. 3. M.; 2019: 203-227.

Cmambs u3 XypHana:

Kapcatos A.M., Monynua H.B., Mornyaes T.K. BesonacHocTb
nauueHToB B Xupyprn. Yactb 2: [lporpamma MeHemxMeHTa
kayecTBa XMpypruyeckoro nedeHns. MeguumHckne TexHoro-
run. OueHka u Bbibop. 2019;1(35):56-65. DOI: 10.31556/2219-
0678.2019.35.1.056-065.

Brandenburg J.H., Ponti G.S., Worring A.F. Vocal cord
injection with autogenous fat: a long-term magnetic resona.
Laryngoscope. 1996;106(2,pt 1):174-80.

Deb S., Campbell B.K., Pincott-Allen C. et al. Quantifying
effect of combined oral contraceptive pill on functional ova-
rian reserve as measured by serum anti-Mdullerian hormone
and small antral follicle count using three-dimensional ultra-
sound. Ultrasound Obstet Gynecol. 2012;39(5):574-580.

Tesucbl 0oknados, Mamepuarsbi Hay4YHbIX KOHbepeH uU:

Mapkosckas W.H., 3aBbsnoea A.H., KysHeyosa 0.B. Mu-
KpOBHbII Nei3ax nauueHTa Nepeoro rofa XusHu ¢ gucdarven,
anutenbHo Haxopsweroca B OPUT. XXX KoHrpecc getckux
racTpoaHTeponoros Poccum u ctpan CHI: Tes. gokn. M.; 2023:
29-31.

Canos W.A., MapuHywkuH [I.H. Akywepckas TakTuka npw
BHYTpUyTpoOHOM rmbenun nnopa. B kH.: Matepuansl |V Poccuin-
ckoro chopyma «Martb v gutax. Y. 1. M.; 2000; 516-519.

Asmopeghepambi:

Aswunos A.1O. [leBnaLm nonoponesomn NaeHTUYHOCTY MYXUUH
C YMCTBEHHOM OTCTanoCTbK B YCMOBUSX NCUXOHEBPONOMMYECKOrO
WHTepHaTa. ABTOped. Auc. ... kaHa. ncuxon. Hayk. Cl6.; 2021.
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OnucaHue uHmepHem-pecypca: S13bIYHOTO XKypHana CnefyeT ykasaTb N1bo TpaHCIMTEpPUPOBaHHOE
EcrecTBeHHoe faBuxeHne HaceneHus. Mockea: Pocctat. lo-  HasBaHue xypHana, nubo nepesopHoe. epeBoaHoe HasBaHwe
cTyneH no: https://rosstat.gov.ru/folder/12781 (nata obpalleHus: XYpHana MOXHO B3siTb 60 € oduLManbHOro caiiTa xypHana (Mnu
23.10.2023). MCMONb30BaTh AaHHbIE O MPABUIbHOM HAMWUCAHUM aHTMONA3bIYHOTO
World Health Organization. Prevalence and incidence of  Ha3BaHus M3 UMTMpyeMOW cTaTby), NMMBO NPOBEPUTHL €r0 Hamu-
selected sexually transmitted infections — 2008. Geneva: World une B 6ase faHHbIX, Hanpumep B CAS Source Index, 6ubnmoteke
Health Organization; 2012. Available at: https://aefsg.ch/wp-con-  WorldCat unu katanore Web of Science (ISl), katanore HasgaHui
tent/uploads/who-9789241503839_eng.pdf (accessed: 11.04.2024) 6as3bl gaHHbIX MedLine (NLM Catalog). B cnyyae, koraa y xypHana
MepeBog u TpaHcnuTepaums HeT onLManbHOro Ha3BaHUs Ha aHTTMIACKOM si3bike, B References
B 3aBucumocTy oT cuTyauun cnegyeT nubo NPOBOAUTL TPAHC-  HYXHO MPUBOAUTL TpaHCnMTepaumio no cucteme BSI. He cnepyet
nuTepaunio (Mcatb UCXOAHbIE HeaHrnos3blYHble CroBa OykBamu — CaMOCTOSITENBHO NEPEBOANTL HA3BaHUS XypHAIOB.
pomaHckoro andaeuTa), Mbo ykasbiBaTb NepeBOd HeaHrNoN3bIY- MecTo n3paHus. Mecto u3ganms B Ccbinkax Bcerga cnegyet
HOW1 MHEpopMaLMK O NepBoMCTONHUKaX B References. yKa3blBaTb Ha aHIMMIACKOM S3bIKE 1 MOMHOCTbI0 — HE B TpaHCMuTe-
Ecnu umtupyemas ctathsi HanucaHa Ha naTuHuLe (Ha aHrui-  pauum u 6es cokpalleHnit. To ectb Moscow, a He «Moskvay n He
CKOM, HEMELIKOM, UCMAHCKOM, UTamnbsSHCKOM, OMHCKOM, AAaTCKOM U «M.:», Saint Petersburg, a He «Sankt Peterburg» u He «SPb».

OPYrVX si3blKax, MCTIONb3YIOLLMX POMAHCKMA andasuT), CCbINKY Ha Hassanue nsgatensctea/usgarens. B otnuume oT MecTa us-
Hee crieflyeT MPUBECTU Ha OPUTMHAmNbLHOM fi3blke OMyGRMKOBaHWS.  [aHus, Ha3BaHWe U3faTensCTBa s Cobinok B References cneayet
Mpumep (CTaTbsi B HOPBEKCKOM XypHane Ha HOPBEXCKOM SI3bIKE): TOMbKO TPAHCIUTEPMPOBATH (38 UCKMKOYEHNEM KpaliHe peaKux Criy-

Ellingsen A.E., Wilhelmsen I. Sykdomsangst blant medisinog  4aeB Hanuuus y u3gatens napannenbHOro oULUManbHOTO aHrmos-
jusstudenter. Tidsskr Nor Laegeforen. 2002;122(8):785-787. (In 3bI4HOrO Ha3BaHWs).

Norwegian). Mpumepbl nepeBoAa pyccKoA3bIYHbIX UCTOYHUKOB JIU-
Ecnu cTatbs HanucaHa He Ha naTMHULE (Ha KpunnuLe, BTOM  TepaTypbl ANS aHrNOA3bIYHOro GNnoka cTaTby
4nCIe Ha PYCCKOM), Hy>XHO MPUBECTM O(ULManbHbI NePeBo unu KHuea:
BbINOMHUTbL TPAHCMINTEPALMI0 B POMAHCKIIA andaBuT. [ns KHWT He- Yuriev V.K., Moiseeva K.E., Glushchenko V.A. Fundamentals
00X0AMMO B 3TOM Cnyyae NpWUBECTM TpaHciuTepaumio Ha natuHu-  of public health and healthcare. Textbook. Saint Petersburg:
Ly. B koHUe onuncaHus B ckobkax ykasaTb S3blK N3aaHus. SpetsLit; 2019. (In Russian).
Ccbinka Ha ncTouHuk nutepaTtypbl B References moxet cocto- Nikiforov O.N., ed. Saint Petersburg in 2021. Saint Petersburg:
ATb OAHOBPEMEHHO M U3 TPAHCMMTEPUPOBAHHBIX 3NemMeHToB (Ha-  Petrostat; 2022. (In Russian).
npumep, OO aBTOPOB, Ha3BaHUA KypHAmOB), U U3 NEpPeBOAHbIX Inasa u3 KHu2u:
(Ha3BaHue nybnmkamm). Tutelyan V.A., Nikityuk D.B., Sharafetdinov Kh.Kh. Healthy

CrangapT TpaHcnutepauuu. [py TpaHcnMTEpPaLmn pekoMeH- nutrition is the basis of a healthy lifestyle and the prevention of chronic
[Jyetcs ucnonb3osath ctaHgapt BSI (British Standard Institute, UK). non-communicable diseases. In: Youth health: new challenges and
[nsa TpaHcnuTepaummn TekcTa B COOTBETCTBUM CO CTaHAapToM BSI prospects. T. 3. Moscow; 2019: 203-227. (In Russian).

MOXHO BOCMOMNb30BaThbCs ceblnkon http://ru.translit.ru/?account=bsi. Cmames u3 xypHana:

®UNO aBTopoB, peaakTopoB. Pamunun W MHULMANLI BCEX Karsanov A.M., Polunina N.V., Gogichaev T.K. Patient safety in
aBTOPOB Ha NlaTMHWLE CriedyeT NPUBOAUTL B CChIMKe Tak, Kak oMW surgery. Part 2: Quality management program for surgical treatment.
[aHbl B opuruHancHoi nybnvkaumm. Ecnu B opurvHaneHon nybnu- — Medical technologies. Evaluation and selection. 2019;1(35):56-65.
kauuu yxe 6binu npuseaeHs! Ha natuHule PUO asTopos, B cebinke  DOI: 10.31556/2219-0678.2019.35.1.056-065. (In Russian).

Ha CTaTbio CiedyeT yka3blBaTb MMEHHO 3TOT BapWaHT (He3aBUCUMO Tesucsi doknados, Mamepuaribl Hay4HbIX KOHGepeHyul:

OT MCNOMb30BAHHOM CUCTEMbI TPAHCAMTEPALMM B MEPBONCTOUHN- Markovskaya I.N., Zavyalova A.N., Kuznetsova Yu.V. Microbial
ke). Ecnu B opmumanbHbIx MCTOYHMKAX (Ha calTe XypHana, B 6asax  landscape of a patient in the first year of life with dysphagia who
[JaHHblX, B ToM umncne B eLIBRARY) ®O aBtopos Ha natnHuue He  has been in the ICU for a long time. XXX Congress of pediatric
npuBeaeHbI, CreayeT TpaHCITEPUPOBaTL UX CaMOCTOSTENBHO MO gastroenterologists of Russia and the CIS countries: abstract.
cTanpapty BSI. report. Moscow; 2023: 29-31.

HassaHue ny6nukauuu. Ecrv y untupyemoit Bamu paboTbl Salov I.A., Marinushkin D.N. Obstetric tactics in intrauterine
cylecTsyeT oduuManbHbIi NepeBoq Ha anrnuiickuii s3blk unm - fetal death. In: Materialy IV Rossiyskogo foruma “Mat’ i ditya”. Part
aHIMOoA3bIYHBIA BapUaHT Ha3BaHus (ero cnedyeT uckatb Ha camte 1 Moscow; 2000; 516-519. (In Russian).

XypHana, B 6asax AaHHblx, B ToM uncne B eLIBRARY), cneayet Asmopepepamel:
yKa3aTb MMEHHO ero. Ecnn B oduymanbHbIX MCTOYHWKAX Ha3BaHwe Avilov A.Yu. Deviations of gender role identity of men with
nyérvkaumm Ha naTuHWLE He MpuBefeHo, criedyeT BbiMonmHMTL  mental retardation in a psychoneurological boarding school. PhD
TpaHCnUTepaLmio B pOMaHckuin andasuT no ctaHgapty BSI. thesis. Saint Petersburg; 2021. (In Russian).

HasBaHue uspgaHus (xkypHana). Hekotopble He aHrnos3bly- OnucaHue uHmepHem-pecypca:
Hble HayyHble M3AaHWs (KypHanbl) UMEKT Kpome HasBaHWs Ha Natural population movement. Moscow: Rosstat. Available

POZHOM si3blke OduuManbHoe «mapannenbHoe» Ha3BaHue Ha aH-  at: https://rosstat.gov.ru/folder/12781 (accessed: 10/23/2023). (In
rmuiAckom (Hanpumep, y xypHana «CaxapHbin auabeT» ectb opu-  Russian).

LuarnbHoe aHrnossbiuHoe HasBaHue «Diabetes Mellitusy). Takum Kealy M.A., Small R.E., Liamputtong P. Recovery after caesa-
obpasom, Ans cnucka References B CCbinike Ha CTaTbi 13 PycCKo- rean birth: a qualitative study of women’s accounts in Victoria,
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Australia. BMC Pregnancy and Childbirth. 2010. Available at: http:/
www.biomedcentral.com/1471-2393/10/47/ (accessed: 11.09.2013).

Mpumep cnucka nutepatypsbl (References):

JIUTEPATYPA

1.

KpmsopyyeHko B.K. Xectokoe obpaijenne ¢ pebeHkom.
lMposiBneHne n Mepbl NpefoTBpalleHuns. HpopMaLMOHHbIN
rymMmaHuTapHblil noptan 3HaHue. [oHumanue. Ymenue. 2012;
3. [octynex no: hitp://www.zpu-journal.ru/e-zpu/2012/3/Kriv-
oruchenko_Child-Abuse (gata o6patenus: 27.12.2023).
Jacobi G., Dettmeyer R., Banaschak S., BrosigB.,
Herrmann B. Child abuse and neglect: diagnosis and
management. Dtsch Arztebl Int. 2010;107(13):231-239.
DOI: 10.3238/arztebl.2010.0231.

REFERENCES

1.

Krivoruchenko V.K. Child abuse. Manifestation and prevention
measures. Informatsionnyy gumanitarnyy portal Znaniye.
Ponimaniye. Umeniye. 2012; 3. Available at: http://www.
zpu-journal.ru/e-zpu/2012/3/Krivoruchenko_Child-Abuse
(accessed: 27.12.2023) (In Russian).

Jacobi G., Dettmeyer R., Banaschak S., BrosigB.,
Herrmann B. Child abuse and neglect: diagnosis and
management. Dtsch Arztebl Int. 2010;107(13):231-239.
DOI: 10.3238/arztebl.2010.0231.

[nsa ecex cmameli Heo6xodumo yka3bieamb uHdekc DO/

8 KOHye bubnuozpaghuyeckozo onucaHusi, a makxe EDN npu
€20 Ha/uyuu.

Mpumepbl:
Cattapos A.3., KapennHa H.P. OcobeHHOCTM poCcTOBLIX Mpo-

LLleCCOB Y MarbyiKoB 1 IOHOLIEN PasnMyYHbIX NpOnopuui U Teno-
CMOXEHNS, MPOXMBALOLLMX B KOXHOM YacTu Keiprbiactana. Megumatp.
2018;9(5):47-52. DOI: 10.17816/PED9547-52. EDN: YRAEPZ.

Voropaeva E.E., Khaidukova Yu.V., Kazachkova E.A., etal. Perina-

tal outcomes and morphological examination of placentas in pregnant
women with critical lung lesions in new COVID-19 coronavirus infec-
tion. Ural Medical Journal. 2023;22(2):109-121. DOI: 10.52420/2071-
5943-2023-22-2-109-121. EDN: CXRCMN. (In Russian).

OTBETCTBEHHOCTb 3A MPABUINIBHOCTb BWBIUO-

PAOGUYECKUX OAHHbBIX HECET ABTOP.

ABTOPCKOE MPABO

Pepakuns otbupaet, rotoBut Kk nybnukauum u nybnukyet

nepegaHHble ABTopamn MaTepuansl. ABTOPCKOe NpaBO Ha KOH-
KPETHYH CTaTbio NPUHAANEXUT aBTOPaM CTaTbu. ABTOPCKUN r0-
Hopap 3a nybnukayun ctatei B XXypHane He BbinnaynBaeTcs.
ABTOp nepepfaert, a Pegakuns npuHumMaeT aBTopckue martepua-
bl Ha CReayoLWMX yCnoBusx:

1) Pepakuuu nepegaetcs npaBo Ha ochopmIeHue, U3aaHue, ne-

pegadvy XypHana ¢ onybnukoBaHHbIM MaTepuanom ABTopa
Ans uenei peepupoBaHns ctaten 13 Hero B PechepaTnBHOM
xypHane BUHWUTW, PHWL n 6asax gaHHbIX, pacnpocTpaHe-
Hue XypHana/aBTopckux MaTepuanoB B neyaTHbIX U 3nek-
TPOHHBIX W3[aHMsIX, BKIOYAs pasMeLieHne Ha BblOpaHHbIX
nnbo co3ganHbIx Pepakumen caintax B ceTh MHTepHeT B Le-
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nsX AocTyna K nybnukaLmm B MUHTEPaAKTUBHOM pexiuMe Ntoboro
3aMHTEPECOBAHHOIO LA 13 Mtoboro MecTa 1 B Ntoboe Bpems,
a Takxe Ha pacnpocTpaHeHne XypHana ¢ onyOn1koBaHHbIM
MaTepuanom ABTopa no NOANKUCKE;

TEPPUTOPMS, HA KOTOPOi paspeLLaeTcs UCnonb30BaTh aBTop-
ckui maTepuan, — Poccuiickas ®egepaums u ceTb MHTEpHET;
cpok penctaus [loroBopa — 5 ner. o ucteveHnn ykasaH-
Horo cpoka Pepakuusi octaBnsieT 3a coboit, a ABTop noa-
TBEPXAAET HeccpoyHoe npaBo Pefakumu Ha NpogoskeHne
pa3melLeHnst aBTOPCKOro MaTepuana B cetit IHTepHeT;
Pepakuns Bnpase no cBOeMy ycMOTpeHuto 6e3 kakux-nubo
cornacoBaHuii ¢ ABTOpPOM 3aknto4aTh [JOr0BOPbI 1 cornalle-
HWUS C TPETbUMU NULLAMK, HanpaBrieHHble Ha AONOMHUTENb-
Hble Mepbl MO 3alLLuTe aBTOPCKUX U N3LATENbCKUX NpaB;
ABTOp rapaHTWpyeT, YTO uUcnonb3oBaHue Pepakumen npe-
[OCTaBMIEHHOTO UM MO HacTosiwemy [1oroBopy aBTOPCKOro
MaTepuana He HapyLwWwuT npaB TPeTbUX NuL;

ABTOp OocTaBnsET 3a COBOI NPaBoO UCMOMb30BaTh NPEAOCTaB-
NEHHbIA No HacTosiemMy [loroBopy aBTOpCKMIA MaTepumarn ca-
MOCTOSITENLHO, NepeaaBaTh Npasa Ha Hero No J0roBopy TpeTb-
1M NTMLaM, eCIW 3TO He NPOTMBOPEYMT HacTosLeMy [loroopy;
Pepakuns npegoctaBnsieT ABTOPY BO3MOXHOCTb 6e3B03-
Me3HOro MONyYeHUs CnpaBku C NEKTPOHHLIMM agpecamm
ero ocuumanbHoit nybnukaummn B cetn VIHTEpHET,;

npu nepeneyaTke cTaTby UMM €€ YacTW CChiNka Ha NepByto
ny6nukaumio B XXypHane obs3artensHa.

NOPANOK 3AKITIOYEHUA AOTOBOPA

3akntoyeHnem ,Elorosopa CO CTOpPOHbI PeﬂaKLlI/IVI ABNAeTcAa

ony6nukoBaHue pykonucy aaHHoro ABTopa B XypHane «Russian
Biomedical Research» n pasmelLeHmne ero Tekcta B CETU VIHTEpHET.
3akntoyeHnem [lorosopa co CTOPOHbI ABTOPA, T.€. MOMHbLIM 1 Be3-
OroBOPOYHbIM NPUHATUEM ABTOPOM ycnosuil JoroBopa, sBnsetcs
nepegaya ABTOPOM PyKOMMCY 1 SKCMEPTHOTO 3aKITHOYEHMS.
PELEH3MPOBAHUE

Cratby, NOCTyNuBLUINE B peAakLmio, 0653aTeNbHO peLieH3m-

pytoTcsi. Ecnu y peLieH3eHTa BO3HWKAIOT BOMPOCHI, TO CTaThsl C
KOMMEHTapusIMK peLieH3eHTa Bo3BpalLaeTcs ATopy. [latoit no-
CTYNNEHNs CTaTby CYNTaETCA AaTa nonyyeHus Pefakumeit okoH-
yaTenbHOro BapuaHTa cTaTbi. Pegakuus octaBnsieT 3a coboil
NpaBo BHECEHNS PEAAKTOPCKUX M3MEHEHWIA B TEKCT, He UCKaxalo-
LYMX CMbICra CTaTby (TUTepaTypHas 1 TeXHoNormyeckas npaekay).
ABTOPCKWUE 3K3EMMNAPLI XXYPHANA

Pepakumns obs3yetcs Boigate ABTOpy 1 ak3emnnsp XKypHana

Ha Kaxgyt OnybrMKOBaHHYK CTaTbld BHE 3aBUCUMOCTW OT
uncna aBTOpoB. ABTOpbI, NpoxuBatoline B CaHkT-MeTepbypre,
nonyyalT aBTOPCKWA 3k3emnnsp XKypHana HenocpefcTBeHHO
B Pepakuynn. WMHoropogHum ABTOpam aBTOPCKUIA 3K3eMnnsp
JKypHana BbICbINaeTcs Ha afpec aBTopa Mo 3anpocy OT aBTopa.
OK3eMnAspbl CneLBbinyckoB He OTNPaBAKTCS aBTOpaMm.

AOPEC PEOAKLIUK

194100, CankT-leTepbypr, NinToBckas yn., 2
e-mail: scrcenter@mail.ru
Canitbl xypHana: http://www.gpmu.org/science/pediatrics-

magazine/Russian_Biomedical_Research, https://ojs3.gpmu.org/
index.php/biomedical-research
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W3AATENIbCTBO NEAWATPUYECKOI0 YHUBEPCUTETA

NPEACTABINSET

OPTONEAWYECKAAA CTOMATONOIUA. NPOTE3UPOBAHUE
HECLEMHbIMW KOHCTPYKLUAMMW 3YBHbIX NPOTE30B

M. ®. Cyxapes,
C.5. Guwes,
Mm.r.

Poxxosa

OPTONEAMYECKASA CTOMATONOIUA.
NPOTE3NPOBAHWE HECHEMHbIMK
KOHCTPYKLUMAMYU 3YBHbIX NPOTE30B

Y4eGHUK ANs MeAULIMHCKIX BY30B

M. @. Cyxapes, C. b. Quwes, M. I Poxckosa

Y4eOHUK COOTBETCTBYET MporpaMme MHUHHUCTEPCTBA 37paBo-
oxpaHeHus Pocculickoit denepanuu 1o oproneauveckoil croma-
TOJIOTHH, TPEeHA3HAYEH U OyIeT MOJIE3HBIM JIJIsl IperoaBaresei
KypCOB M CTOMATOJIOTHYECKHUX Kadelp, CTYACHTOB CTOMATOIOIH-
YeCKUX (aKyIbTeTOB, OPAMHATOPOB, aCIIUPAHTOB, Bpauek-cTomMa-
TOJIOTOB.

ABTOpBI OylyT MpHU3HATENIbHBI 32 KPUTHYECKHE 3aMEUaHUs U
JOTIOJTHEHHUSL.

TBepbIii eperuieT, IBeTHbIE NILTIOCTPalud, 464 CTpaHUIIbL.

[TprnoOpecTu U3aHNEe MOKHO B MHTEpHET-Marasuue JIabupuHT:
https://www.labirint.ru/books/877708/

MATONOrUYECKAS AHATOMMS. OBLUWIA KYPC

P A. Hacwipos, /].0. Heanos, H M. Anuuxos, E.FO. Kanununa

P.A. HACbIPOB, i.0. NBAHOB,
H.M. AHWYKOB, E.l0. KAJIMHUHA

NATOJIOTUYECKAS
; AHATOMMUS

“ OBLUWMI KYPC

B oOmem kypce marosorndyeckoil aHaTOMHUM (KJIMHHYECKON
naToMopdoIorun) paccMOTPEHBI BOMPOCH OOIIEH MaTrosoruye-
CKOW aHaTOMHUH: METOABI MCCIEIOBAHUS B MaTOMOP(OIOTHH, TO-
BPEXKJCHHE U THOEIb KICTOK M TKaHEH, B TOM YUCIIE CTapCHHUE;
HapylIeHUs KPOBOOOPAIIECHHUS M HHBIX CpeJll OpraHnu3Ma, Bocrae-
HUe, pernapanus 1 pereHepanus, 3aKuBJIeHUEe PaH, UMMYHHas 1a-
TOJIOTHSI, aJanTanus, HaToJoTusl PocTa KIeTOK U ux auddepen-
LUPOBKH, OIyXOJH, TEHETHUECKHUE 3a00/IeBaHMs, YICHUE O AHa-
THO3€ B MIATOJIOTUYECKON aHATOMUH, MATONIOTH U (aKTOPBI OKPY-
JKarollel cpe/bl, HaToJOTUsl, BBI3BAHHAS MMTAaHUEM, KOHCTATaIHs
CMEpTH U JIp.

Y4eOHUK paccyUTaH Ha CTYACHTOB-MEIUKOB BceX (haKynbTe-
TOB, a TaK)Xe€ Ha Bpaueci, MHTEPECYIOIIMUXCA BONpOcamMH 0OmIei
NaTOJIOTHYECKON aHATOMUH.

TBepablil neperer, UBeTHbIE WutocTpauuu, 280 cTpaHul.

[TpuobpecTu n3naHue MOKHO B MUHTEpHET-MarasnHe JIaOupuHT:
https://www.labirint.ru/books/777658/
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