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Abstract. Introduction. Mental disorders associated with the consequences of stressors represent a serious
healthcare problem. Neurosteroids, including progesterone and its metabolite allopregnanolone, play an important
role in regulating emotions and stress responses. This suggests their therapeutic potential in correcting post-stress
anxiety and depressive disorders. The aim of this study was to investigate the stress-protective effects of progesterone
in an animal model of post-traumatic stress disorder (PTSD) induced by predator exposure. Materials and methods.
Forty male rats were randomly divided into four groups: control, predator stress, predator stress + progesterone, and
predator stress + sulpiride (an antipsychotic). The animals’ behavior was tested using a battery of behavioral tests
including the elevated plus maze, the open field test, and the forced swim test. Results. The results demonstrated
that the administration of progesterone significantly reduced anxiety and depressive-like behavior compared to the
group exposed to predator stress. Rats treated with progesterone showed increased locomotor and exploratory
activity in the open field test, spent more time in the open arms of the elevated plus maze, and exhibited decreased
immobility time in the forced swim test. These effects were comparable to those observed with sulpiride, highlighting
the anxiolytic and antidepressant properties of progesterone. Conclusion. The results confirm the potential use
of progesterone as a therapeutic agent in the treatment of stress-related disorders and emphasize its modulatory
influence on the brain’s GABAergic system. Further research is necessary to elucidate the underlying mechanisms
and to optimize treatment protocols.

Keywords: post-traumatic stress disorder, progesterone, neurosteroids
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Pe3stome. BeedeHue. [cuxuyeckne paccTponcTBa, CBA3aHHbIe C NOCNEACTBMSIMU CTPECCOPOB, NPeACcTaBNsioT Cobon
cepbesHyto npobnemy Ans 3gpaBooxpaHeHus. Helpoctepouasl, B TOM YiACE NPOrecTepoH 1 ero MeTabonuT anso-
NPEerHaHomNoH, UrpatoT BaXHYo porb B perynaLum aMOLUi 1 CTPECCOBBIX peakLuii, YTO NO3BONSAET NPEANONoXUTb
VX TepaneBTUYECKNIA NOTEHLMAN B KOPPEKLM NOCTCTPECCOBbLIX TPEBOXHbIX 1 AENPECCUBHBLIX PACCTPONCTB. Lenbto
JAHHOro uccnefoBaHus Bbino u3yyeHne CTPeCC-NPOTEKTOPHOTO AEACTBUSA NPOrecTepoHa B KMBOTHON MOZENK
nocTTpaBMaTnyeckoro cTpeccosoro pacctponctaa ([1TCP), BbI3BaHHOrO BO3AeNCTBUEM XULHUKa. Mamepuanbi
u memodsl. COpoK KpblC-camuoB Bblnun cnyvaiHbiM 06pa3oM pa3geneHsl Ha YeTbipe rpynnbl: KOHTPOIb, CTPecc
OT XULLYHMKA, CTPECC OT XMULLHMKA + NPOreCTEPOH 1 CTPECC OT XULLHKUKA + CYNbNUpUA (QHTUNCUXOTKK). MNoBeaeHue
XMBOTHbIX TECTMPOBANOCh B batapee NoBeAEHYECKIX TECTOB C UCMOMb30BAHWEM «MPUMNOQHATOrO KPECTO0Bpa3Horo
nabupuHTay, Tecta «OTKPLITOE MOMe» U TecTa Ha NPUHYAUTENLHOE NnaBaHue. Pe3ynbmamabi nokasanu, YTo Bee-
[eHNe NporecTepoHa 3Ha4YMTENbHO CHUXKANO TPEBOXHOCTL M AENPECCMBHO-NOA0OHOE NOBEAEHWE NO CPABHEHUIO C
PYNNON NEPEXMBLLMX CTPECC NPeabsBAEHUs XULLHMKA. XKUBOTHbIE, NOMTyYaBLUMe NPOrecTEPOH, LEMOHCTPUPOBAM
MOBbILIEHHY TOKOMOLMIO W UCCReoBaTeNlbCkOe NOBEAEHNE B TECTE «OTKPbITOE Noney, Bornbluee BpeMs HaXOXKAeH!s
B OTKPbITbIX PyKax B «MPUNOAHATOM KpecToobpasHOM NabupuHTe» 1 yMEHbLUEHWEe BPEMEHW HEMOABUMKHOCTM B TECTE
Ha NPUHYAWUTENbHOE NnaBaHue. AT ahdekTbl ObiNN CONOCTaBUMbI C TEMU, YTO HABNLANUCH NPU UCMOMNb30BaHUM
cynbnupuaa, Yto NogyepkuBaeT aHKCMONUTUYECKIUE N aHTUAENPECCUBHBIE CBOCTBA NPOrecTepoHa. 3akirdeHue.
lMonyyeHHble pesynbTaThl NOLTBEPXAAIOT BO3MOXHOCTb UCMOMb30BaHUS NPOrecTepoHa B kayecTse TepaneBTUYECKOr0
CpefcTBa ANs NeYeHns pacCTPONCTB, CBA3AHHbLIX CO CTPECCOM, U MOAYEPKMUBAIOT €r0 MOAYNMpYLoLLee BO3LENCTBME
Ha FTAMK-apruyeckyto cuctemy mosra. Heob6xoanmbl fanbHenwmne UccneaoBaHmns 4ns BbISCHEHUS OCHOBHbIX Mexa-
HM3MOB 1 ONTUMMU3ALMM MPOTOKONOB NEYEHMS.

KnioueBble cnosa: NocTTpaBMaTUYECKOE CTPECCOBOE PacCTPOICTBO, MPOrecTepoH, HepPOCTEPOU b
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INTRODUCTION

Psychogenic disorders, widespread in modern society, prove
to become a significant burden on healthcare system, especially
if people are present in dangerous zones of war action, local con-
flicts, natural and manmade disasters [1]. Meanwhile health con-
ditions associated with psychological trauma, stress and anxiety
are included in the number of the most prevalent mental disorders
which result in a significant economic burden for the system of
healthcare. WHO-sponsored studies have demonstrated that the
spread of mood disorders has dramatically increased over the
past decade: patients diagnosed with depression and anxiety
account for 4.4% and 3.6% of the adult population [2]. Modemn
therapeutic approaches, including medication, are effective in
relieving the symptoms of anxiety disorders and manifestations
of post-traumatic stress disorder (PTSD) in a large proportion of
patients [2]. However, the main problem of modern pharmaco-
logical correction of these disorders, alongside a significant num-
ber of side effects, is a marked reduce of the severity of special
individual symptoms and of the clinical picture of a disease in
general, but not the elimination of the cause of the disease [3].
With the awareness of the multidimensional and comorbid nature
of mental illness it becomes evident that anxiety-phobic spectrum
disorders are phenomena that exceed modern diagnostic poten-
tial and known pathophysiological mechanisms [4].

Sex steroid hormones play a basic role not only in rep-
roductive biology, but also participate in maintaining the
homeostasis of the nervous system, while many steroid
hormones are also synthesized de novo in the central and
peripheral nervous system out of cholesterol molecules by
means of neuronal cells [5]. In the central nervous system,
neurosteroids perform various functions: regulation and me-
tabolism of GABA, glutamate and other mediators, certain
stages of neurogenesis such as neuronal growth, formation
and growth of dendrites, myelination, synapse formation
and neurones survival. Thus, sex steroids are involved not
only in the coordination of reproductive health, but also in
the regulation of emotions, mood and social behavior [6].

Progesterone and its neuroactive metabolite allopregnanolo-
ne ((3a,5a)-3-hydroxypregnan-20-one or 3a,5a-THP) play a key
role in the response to stress action [7]. Several studies have
demonstrated that depressive and anxious behavior is associ-
ated with changes in progesterone and/or allopregnanolone le-
vels, with stated normalization of these neurosteroid levels when
treated with anxiolytics or antidepressants [8]. The data obtained
serve as the pathogenetic basis for the use of progesterone and
its metabolites in the treatment of anxiety spectrum disorders. For
example, brexanolone, being an analogue of endogenous allo-
pregnanolone, was approved by the FDAin 2019 as a medication
for the treatment of severe post-partum depression. However, it
is suggested that the use of progesterone and its neuroactive
metabolites has therapeutic potential and may be effective in the
treatment of other mental disorders, regardless of gender [9].

THE AIM OF THE STUDY

To analyze the stress-protective properties of progeste-
rone in an animal model of post-traumatic stress disorder.

MATERIALS AND METHODS

General experimental design

An experimental investigation was conducted to study
the stress-protective effect of progesterone. To simulate a
traumatic event, the classical method of imaging a preda-
tor was implemented. In our study, the tiger python (Python
molurus) was used as a predator (stressor). Based on be-
havioral tests, a pronounced change in behavioral patterns
was recorded in rats of each group: freezing, huddling, pro-
longed and altered grooming.

Maintenance of animals, formation
of experimental groups and randomization

40 white mongrel male rats weighing 240-250 grams, from
the Rappolovo laboratory animal nursery (Leningrad Region)
were taken for the study. The animals were kept under standard

Table 1

Description of experimental groups

Group name Group Description Number_of laboratory Study drug/placebo
animals, n
Con Group of animals receiving intraperitoneal 10 0.9% NaCl
injection of solvent
PS Group of animals exposed to vital stress 10 0.9% NaCl
PS+P Group of animals exposed to vital stress 10 progesterone
receiving progesterone
PS+S Group of animals exposed to vital stress 10 sulpiride
receiving an antipsychotic drug
@ POCCHIICKUE BHOMEIMIITHCKUE UCCAETOBAHHA TOM 10 Mol 2025 ISSN 2658-6576 ( Online )
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Table 2

Pharmacological agents used in the study

INN T(r;daenzfaargtedrgssjoguenicr);)m Method of administration, dose
Progesterone Prolutex, oil solution Subcutaneously, 8 mg/kg Within 10 days before the day
(Angelini, Switzerland) of stress exposure
Sulpiride Egnonyl, solution for injection Intraperitoneal, 10 mg/kg Once every 30 minutes.
(Sanofi-Aventis, France) before stress
Table 3
Behavior of animals in the “Open field” test after exposure to vital stress
Index Con PS PS+P PS+S
Locomotion n 20.5£3.5 16.4044.2 * 21.243.24 12.5+1.3#
Sniffing n 2.4+1.67 6.9+0.59* 3.310.9# 21409
Movement in place n 4.8+1.2 2.20+0.6* 3.4+1.2 2.6+1.2*
Grooming n 2.9+15 5.5+1.9% 6.43+2.8* 1.9+0.9%#
Vertical racks n 1.51+0.77 1.71£0.87 1.8+0.8 0.5+0.1°#
Racks With emphasis n 7.0010.7 6.2+1.87 8.1+1.5# 4.441.2°%
Mink research n 7.60+1.45 16.40+1.3" 15.2+2.1"# 23+15%#

Note. * p <0.05 — significant differences compared to the control group; # p <0.05 — significant differences compared to animals that experienced a traumatic event;

n — number of acts, M+m.

vivarium conditions, 5 animals were placed in plastic cages with
free access to water and granulated food. After a 14-day qua-
rantine, the experimental animals were divided using a random num-
ber generator into 4 equal experimental equal groups (Table 1, 2):

Model of vital stress

Modeling of the stress effect was carried out by placing a
group of rodents (n=10) into a transparent plastic container
with a perforated cover this container was placed opposite the
terrarium in which a food object (rat) was placed next to the
tiger python; the process of the attack and consumption of the
food object was observed by rats from the plastic container [1].

Behavioral tests

To record changes in emotional-motor patterns of the
control and experimental groups, a battery of behavioral
tests was used.

The “Elevated Crucified Maze” installation is designed to
study the behavior of rodents under the conditions of vari-
able stress (with a free choice of comfortable conditions)
and allows to assess the level of anxiety of the animal (by
preference for darkness/light, fear of highness, severity and
dynamics of “peeking out” behavior).

Open field test. The technique makes it possible to re-
cord a whole range of behavioral components: the motor
activity of rodents, level of anxiety, the degree of expression
of indicative and exploratory behavior.

Forced swimming (behavioural despair, Porsolt test) is a
universally recognized test for assessing depressive behavior
in rodents. Mice or rats are used as experimental animals. Each
animal, one at a time, is placed in a cylinder with water, with a
diameter of 18 to 38 cm, 40 cm high, i.e. large enough for rats
or mice to swim freely in it. The water temperature is maintained
within 22-23 °C. The time during which the animal hangs mo-
tionless in the water, i.e., demonstrates symptoms of depres-
sion, the duration of the first episode of active swimming, the
total swimming time, and the number of dives are recorded. The
longer time of immobility, the shorter the total swimming time and
the duration of the first episode of active swimming, the higher
the level of depression, and vice versa. Testing time is 6 minutes.

Ethical rules and regulations

The work was carried out in accordance with the ethical
principles established by the Basel Declaration (signed in
Basel on November 30, 2010), the European Convention for
the Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (adopted in Strasbourg on
March 18, 1986 and confirmed in Strasbourg on June 15,
2006), and approved by the Local ethical committee.

Statistical data processing

Descriptive statistics methods for quantitative characte-
ristics included estimation of the mean (x), standard error
of the mean (SE) and root mean square error (m), median
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Table 4

Behavior of animals in the elevated plus maze test and the Porsolt test after exposure to vital stress

Index Experimental group
Con PS PS+P PS+S
Behavior of animals in the elevated plus maze test after exposure to vital stress
Time is up your sleeve t 87.86+3.12 10.14+0.93* 26.57+0.71 % 22.57+1.28*%
Time on your sleeve t 202.3+3.04 286.7+0.86 * 268.4+0.71 % 273.6+1.67*
Behavior of animals in the Porsolt test after exposure to vital stress
Active swimming t 242.846.21 201.3+9.39* 25154593 # 190.846.70
Passive swimming t 72.334£0.98 91.83+1.74* 76.17£2.78 * 64.17£1.40 %
Immobilization t 44.33+5.64 67.00+8.72* 36.67+5.36 # 105.046.39 #

Note. * p <0.05 — significant differences compared to the control group; # p <0.05 — significant differences compared to animals that experienced a traumatic event;

t — time of act (seconds); M+m.

(Me), and confidence interval boundaries. Data are presented
as arithmetic mean + standard error of the mean or me-
dian with confidence interval boundaries. The distribution of
the trait in the group was performed based on Monte Carlo
methods. To compare the control and experimental groups
with a regular distribution, the student’s test was used. The
statistical significance of differences was assessed using the
GraphPad Prism 8.0 software package. Of the nonparametric
tests, the Kruskal-Wallis’s test was also used to compare the
groups. The critical level of significance of the null statistical
hypothesis (about the absence of significant differences or
factor influences) was taken equal to 0.05.

RESULTS

Our study was carried out in two stages: at the first
stage, changes in emotional and exploratory behavior were
recorded between intact control (n=10) and animals that
were exposed to vital stress; at the second stage, the influ-
ence of pharmacological agents on emotional — explorato-
ry behavior and on animals that had experienced the effects
of vital stress was analysed.

After exposure to vital stress, a number of patterns of
emotional, exploratory and motor behavior was recorded in
the Open Field test. The behavior of the studied animals
was characterized by a significant (p <0.05) decrease in
the number of sniffs in animals that had experienced vital
stress, which is assessed as a manifestation of exploratory
behavior and a decrease in the negative emotionality of the
‘novelty” of the open field (Table 3). In animals of the experi-
mental group, the “Open Field” test recorded a significant
decrease in locomotion time (p <0.05) relative to the cont-
rol group of animals, which was assessed as a decrease
in locomotor behavior. However, in animals that survived
the effect of a vital stress, a significant increase of acts of

grooming and exploration of minks, which characterizes an
increase of exploratory behavior was observed.

Important data were obtained after administering progeste-
rone and sulpiride to animals that had survived a traumatic
event. Intraperitoneal administration of sulpiride significantly
reduced the following behavioral acts: locomotion and move-
ment on a place, as well as the number of acts of grooming and
exploration of minks, both in the control group and in the group
of animals that survived exposure to vital stress (p <0.05).
Changes in behavioral patterns were also observed after int-
raperitoneal administration of progesterone to animals that had
experienced a traumatic event. A positive effect on the “emo-
tionality” zone was characterized by a significant increase in
sniffing (p <0.05), an increase in locomotor activity was also
observed (p <0.05). Also attracts attention that a simultaneous
increase in the reaction of exploration of minks, both relative to
the control and relative to animals that experienced a traumatic
event, and a decrease in acts of grooming, may indicate the
controversial effect of intraperitoneal administration of proges-
terone on the areas of “exploratory” behavior.

When analyzing the influence of a traumatic event in the
“Elevated Cruciform Maze” test, experimental animals showed
a significant increase (p <0.05) in the time spent in the closed
arm of the device, which indicates an increase in the level of
anxiety in comparison with the control group of animals.

Intraperitoneal administration of the studied pharmaco-
logical agents demonstrated the tranquilizing (anxiolytic) ef-
fect of both the oil solution of progesterone and the reference
drug, sulpiride. The tranquilizing effect consisted of reducing
the time the experimental animals spent in the closed arm of
the installation and, accordingly, increasing the time the ani-
mals spent in the open arm, which may indicate a decrease
in the level of anxiety (Table 4).

When analyzing the influence of a traumatic event by the
Porsolt test, experimental animals showed increased depres-
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sion compared to animals in the control group. In animals that
survived an encounter with a predator, there was a statistically
significant increase in the time of immobilization (p <0.05)
compared to the control group.

THE DISCUSSION OF THE RESULTS

The antidepressant effect of progesterone is to normalize
the time of behavioral patterns in animals that have expe-
rienced stressors, while the use of the drug compared has
shown its more pronounced tranquilizing effect, since the
time of immobilization, i.e., immobility of animals increased
2 times relative to intact control and 1.5 times relative to
animals that experienced stress (p <0.05). The introduction
of progesterone had a milder effect (Table 4).

Progesterone and its metabolites act on target cells
through 2 signaling pathways: classical (canonical, genomic
pathway) and non-classical (non-canonical, non-genomic
pathway). In the classical signaling pathway, both proges-
terone and 5a-dihydroprogesterone (5a-DHP) bind with int-
racellular progesterone receptors (PR), which dimerize and
translocate to the nucleus, where they regulate the expres-
sion of certain genes [10]. Non-genomic pathway regulation
involves activation of membrane progesterone, G protein-
coupled receptors (mPR) and membrane progesterone re-
ceptor component 1 (PGRMC1), which leads to activation of
the MAPK signaling pathway, protein kinase C (PKC) path-
way and PI3K/Akt. Unlike other progesterone metabolites, al-
lopregnanolone is a positive modulator of y-aminobutyric acid
type A (GABAA) receptors and is also a ligand for mPR [11].

Due to its small size and lipid solubility, circulating pro-
gesterone easily crosses the blood-brain barrier (BBB) by
free transmembrane transport and diffuses throughout the
nervous tissue. The work of Pardridge W.M., Mietus L.J.
demonstrated that 83% of 3 h — labeled progesterone was
found in the ipsilateral hemisphere of the rat brain 15 seconds
after its administration in an aqueous solution into the com-
mon carotid artery. These data serve as justification for the
intraperitoneal method of administering progesterone [12].

Progesterone is a neurosteroid because it can be synthesized
locally in the nervous system by almost all types of neuronal cells
[13]. Also, progesterone received from the systemic circulation
can be sequentially metabolized into its neuroactive 5a-reduced
metabolites: Sa-reductase metabolizes to 5a-dihydroprogesterone
(50-DHPROG), 3a-hydroxysteroid dehydrogenase (3a-HSD) to
30-5a-THPROG. Thus, the pool of progesterone and its metabo-
lites in the central nervous system depends on (1) its peripheral
synthesis, absorption and accumulation in the brain; (2) its local
synthesis; and (3) metabolic features [5].

Depending on its level of concentration in the brain, pro-
gesterone can differently activate certain receptors: higher

doses of progesterone can saturate nuclear receptors (PRs)
while activating membrane mPRs. However, high doses
may also cause receptor desensitization or decrease in their
expression, saturation of pathways leading to neuroactive
metabolites, or induction of inactivating metabolic pathways.

Progesterone and its metabolites are involved in neurohu-
moral regulation during the body's response to acute stress.
Droogleever Fortuyn et al demonstrated that in situations of acute
stress the adrenal glands secrete much more allopregnanolone,
while its synthesis in brain structures also increases [14].

Currently, accurate data on the mechanism of the neu-
roprotective action of progestogens are at the stage of ac-
cumulating scientific knowledge. Data on the systemic anti-
inflammatory effect of progestogens, for example, in patients
with rheumatoid arthritis have been accumulated. It has been
stated that long-term administration of progesterone leads
to activation of the expression of some tissue-specific anti-
inflammatory genes. An increase in BDNF expression in the
hippocampus in response to allopregnanolone administra-
tion has also been described. However, most likely the main
contribution to the neuro- and stress-protective effects of pro-
gestogens is realized through non-genomic mediated actions
[10]. Neurosteroids affect the excitability of nerve cells by in-
creasing the permeability of ion channels through membrane
ionotropic receptors such as GABA , and NMDA receptors,
and the stereoselectivity of steroids plays a decisive role in
binding with both receptors [15].

Thus, progestogens primarily exert proGABAergic effects
with insignificant involvement in the metabolic process of other
neurotransmitters and demonstrate sedative, hypnotic, anes-
thetic, anxiolytic and anticonvulsant properties [3]. We obtained
similar pharmacological effects in the results of our work in
the model of acute stress of predator presentation. The neu-
roprotective effects of progesterone have also been studied in
models of traumatic brain injury, the therapeutic effects being
a reduction in cerebral edema, neuroinflammation and BBB
dysfunction, which promoted neuronal survival and functional
recovery [16]. An effective cerebroprotective dose of progeste-
rone (8 mg/kg) used in rodent models of both traumatic brain
injury and stroke results in plasma progesterone concentra-
tions of 150 nM, a similar dose that we have used in our work
[17]. In experimental models of stroke, progesterone levels
in brain structures reached 100 nM 2 hours after the last ad-
ministration of progesterone; these levels are compatible with
the activation of progesterone receptors. In our future work,
we also plan to determine the levels of progesterone and its
metabolites in brain structures (Kd=1 nM) [18, 19].

The neuroprotective effects of progesterone and its deriva-
tives have been studied in various experimental models of neu-
rodegenerative diseases. Brinton laboratory et al Researchers
from Briton laboratory treated ovariectomized female 3xTg-AD
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mice (a model of Alzheimer’s disease) with progesterone alone
or in combination with estradiol for 3 months, which specifically
attenuated Tau hyperphosphorylation [20-22]. Researchers
have demonstrated that neuroactive progesterone derivatives
enhance neurogenesis, improve cognitive functions and me-
mory, reduce neuroinflammation and levels of beta-amyloid
accumulation in 3xTgAD mice. However, an increasing num-
ber of publications demonstrate great importance of allopreg-
nanolone in the processes of neurogenesis [23]. At the cellular
level, allopregnanolone reduced the severity of NMDA-mediated
excitotoxicity and, in general, reduced presynaptic glutamate
release and Ca?* influx through activation of GABA receptors
in response to activating stimuli. At the tissue level, this pro-
gesterone metabolite activated the induction of proliferation of
neural progenitor cells, increasing the survival of newly formed
neurons; decreased amyloid generation and microglial activation,
increased oligodendrogenesis [24].

Thus, our data confirm that despite the evidence for the
neuroprotective effects of allopregnanolone, our experimen-
tal findings support the possibility of using progesterone as
a stress-preventive drug. Subsequent clinical tasks include
specifying the indications, determining the dose, duration
and timing of progesterone administration.

CONCLUSIONS

1. Long-term introduction of progesterone (8 mg/kg) for
10 days before exposure to stressor has pronounced anxio-
lytic, antidepressant effects according to the results of a series
of behavioral tests in the predator presentation stress model.

2. These effects appear to be associated with the ac-
tion of progesterone and its neuroactive metabolites on the
GABA system of brain of the experimental animals.

3. Progesterone and its metabolites may provide an al-
ternative direction of research to explore potential methods
of treatments of anxiety and depression in patients who had
experienced psychotraumatic events.
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Abstract. Introduction. Determination of somatotype opens up the possibility of creating approaches to personalized
monitoring of health status of various population groups. The aim of this work is a comparative analysis and determination
of prevalence of ecto-, meso- and endomorphic somatotypes in residents of regions of Tajikistan with different
environmental conditions. Materials and methods. The study involved 701 male volunteers aged 19 to 22 years,
400 subjects lived in Dushanbe, 301 students — in Gorno-Badakhshan Autonomous Oblast (GBAO). Somatotyping
was carried out using the Heath—Carter method. All volunteers were determined by body length and weight, knee and
elbow breadth, shoulder and calf circumference, triceps, subscapular, suprailiac, calf skinfolds were measured. Based
on the measured anthropometric parameters, the ecto-, meso- and endomorphic components of the somatotype were
calculated using a Heath—Carter formula. The obtained data were compared using the Mann-Whitney U-test and
the Pearson x? test. Results. Young men who have lived in Dushanbe since birth surpass their peers from GBAO in
having greater body length and weight, massive bones determined by the breadth of large joints, and the thickness
of the skinfat folds. 72% of the capital’s residents had a high contribution of endomorphic and a low contribution of
meso- (4%) and ectomorphic (2%) components of the somatotype. Subjects from GBAO were distinguished by a high
contribution of meso- (36%), ectomorphic (15%), and endomorphic (16%) body types. Overweight was determined in
35% of volunteers from Dushanbe and only 2% of subjects from GBAO. Underweight was detected in only 11% of
volunteers from Dushanbe and 61% of subjects from GBAQ. Conclusions. The anthropometric profile and constitutional
diversity of young male residents of the Republic of Tajikistan depends on the region of their permanent residence and
environmental conditions.

Keywords: anthropometric profile, somatotype, Heath—Carter, Tajikistan, Dushanbe, Gorno-Badakhshan Autonomous
Oblast
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Pestome. BeedeHue. Onpeaenexne Tuna TeNOCMOXEHUS OTKPbIBAET BOSMOXHOCTb CO3JaHNs NOAXOAO0B K Nepco-
HUULMPOBAHHOMY MOHUTOPUHTY COCTOSIHWS 3[0POBbS Pa3NNYHbIX rpynn HaceneHus. Llesns pabombl — npoBecTu
CpaBHUTENbHbIN aHanW3 1 ONpeaennuTb PacnPOCTPaHEHHOCTb 3K30-, ME30- 1 SHOOMOPMHBIX COMATOTUMNOB Y XUTENEN
pernoHoB TafXMKMCTaHa C pa3nuyHbIMU YCIOBUSIMI OKpYKatoLen cpeabl. Mamepuanbi u Memodsl. B nccnegosaHum
npuHsanu yyactue 701 myxunHa-gobposoneu B Bospacte oT 19 go 22 net, 400 cybbekToB npoxusany B T. [ywaH6e,
301 cTygeHT — B lopHo-bagaxwaHckon asToHOMHoM obnactu (FTBAQ). [ins onpegeneHus comatoTuna no MeToay
Xut-KapTep Bcem fobpoBonbLam U3Mepsanu AfnHY 1 Maccy Tena, LWWPUHY KONeHa 1 NOKTS, OKPYXHOCTb nneya u
FONEHN N KOXHO-KMPOBbIE CKNAAKW Ha nineye, CruHe, XMBOTE, rofieHn. Ha 0OCHOBaHWUN 3TUX aHTPOMOMETPUYECKUX
napameTpoB NPOU3BOANNN PacyeT 3KTO-, Me30- 1 3HAOMOP(MHOro KOMNOHEHTa COMATOTINA, UCMONb3ys 0bLyen3BecT-
Hyto hopmyny. [Insi CpaBHEHNS MOMyYeHHbIX JaHHbIX Ucnonb3oBany U-kputepuit MaHHa—YuTHu v TecT X2 MupcoHa.
Pesynbsmamsi1. Monogble MyX4uHbl, C pOXAeHNUs npoxusatoLue B . flywaH6e, npeBOoCXoAAT CBOMX CBEPCTHUKOB
13 FBAO, umetoT 6onbLLYH ANKMHY M MAcCy Tena, MacCUBHOCTb KOCTEN, ONpeaensemyio No LWMPKUHE KPYMHBIX cycTa-
BOB, TOJLUMHY KOXHO-XMPOBOM Cknagku. Y 72% xutenen CTONNLbI UMEN MECTO BbICOKWIA BKNaZ 3HAOMOPEHOro 1
HU3KNIA — Me30- (4%) 1 akTomopdhHOro (2%) KoMnoHeHToB comaToTuna. CyobekTbl 3 FBAO oTnnyanuchb BLICOKUM
BKNagoM Me30- (36%), akTo- (15%) n aHgomopdHoro (16%) Tunos Tenocnoxerns. Y 35% gobposonbues 13 [ywan-
6e n Bcero y 2% ucnbiTyembix 13 FBAO onpefeneH n3bbiTok macesl Tena. [leduumnt macchl Tena BbISIBIEH BCEro
y 11% pobposonbues 13 fywanbe ny 61% ucnoityembix 3 F'6AO. Bbieodbl. AHTpONOMETPUYECKNA NPOdUb U
KOHCTUTYLMOHaNbHOE pa3Hoobpasne Monoabix MyX4nH — xutenen Pecnybnuku TagXuKMCTaH 3aBUCKUT OT pernoHa
WX NOCTOSIHHOTO MPOXMBAHUS 1 YCNOBWIA OKPYXatoLLen cpeabl.

KnioueBble cnoBa: aHTponomeTpuyeckuit npocunb, comatotun, Xut-Kaptep, TagxukuctaH, Qywan6e, fopHo-
BapaxwaHckas aBToHOMHas 0bnacTb
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INTRODUCTION

Body type is a stable anthropometric indicator in adults
associated with muscle strength and endurance [1-4], mo-
tor skills [5, 6], and athletic performance [7, 8] in both ath-
letes of various specializations and non-athletes. Assess-
ment of somatotypes is used in the complex evaluation of
anthropometric features, their connection with motor skills
and muscle work in children [9, 10]. A candidate’s belonging
to the “dominant” somatotype in a given sport increases
the chance of being selected for elite teams [4, 11]. Body
type may be a predictor both of insufficient weight [12, 13]
and obesity [14-19], and also outcome of different diseases
[20-23]. Moreover, body type can be related to some mor-
phological and functional features of the body, for example,
to the size of organs [12, 15], blood cell content [24-26], ve-
getative status [27, 28]. Information about the constitutional
characteristics of patients helps in the implementation of ap-
proaches to organizing proper nutrition [29] and prescribing
adaptive physical education programs [30].

Due to the above, including differentiation of body types
in objective examination of healthy athletes, children and
adults, and also sick people gives up the possibility of imp-
lementing approaches to personalized monitoring of their
health. The scientific literature has documented population

Hywan6e / Dushanbe

Fig. 1.
settlements of Gorno-Badakhshan Autonomous Oblast

Puc. 1.

Banu / Vanj
u

studies to determine the prevalence of somatotypes in Rus-
sian [15, 31-33], Polish [34], Portuguese [35], Chinese [18,
36], Korean [37], Japanese [19], and Chilean [38] cohorts.
At the same time, there is a lack of studies involving su-
bjects from Central Asia. There is a limited number of pub-
lications describing the constitutional characteristics of resi-
dents of Uzbekistan [39-41], Kazakhstan [42], Kyrgyzstan
[43, 44], and Tajikistan [45-47].

AIM

The aim of the study is to conduct a comparative analy-
sis and determine the prevalence of exo-, meso- and en-
domorphic somatotypes determined by the Heath—Carter
method in residents of two regions of Tajikistan with diffe-
rent environmental conditions: Dushanbe and the Gorno-
Badakhshan Autonomous Region (GBAO). This work is
necessary to expand our understanding of the constitutional
characteristics of residents of Central Asia.

MATERIALS AND METHODS

The study included data on 701 healthy men aged
19-22 years. All of them were students of the Tajik State
Medical University named after Abu Ali Ibni Sino. Of these,

Mypraé /. Murghob

Ilyuran / Shighnan

n
Xopor / Khoro,
3 Xop g
Pouﬁrmal Roshtgal'a

HNwmxawnm / Ishkoshim

Study area. QO — capital of the Republic of Tajikistan; [] — administrative center of Gorno-Badakhshan Autonomous Oblast; ll —

O6nacte nccnegosanus. O — ctronuua Pecny6nukn TagxukucTan; [ — agMUHMCTPaTUBHBIN LeHTp MopHo-BagaxwaHcKoii aBTo-

HoMHow o6nactu; [ll — HaceneHHble NyHKTbI FopHO-BapaxwaHckon aBTOHOMHOI 06nacTu
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400 subjects lived in Dushanbe, the capital of the republic,
from birth, and 301 students lived in the Gorno-Badakh-
shan Autonomous Region (GBAO): the villages of Vanch,
Ishkashim, Roshtkala, Shugnan, Murghab, and the city of
Khorog (Fig. 1). To assess somatotype due to the Heath—
Carter method, the subjects had their apical body length
(ABL) measured using a medical stadiometer MP-01/S
(Moscow Weighing Plant MIDL), and their body mass (BM)
measured using medical scales VMEN-150-50/100-I-D1-A
(JSC Tulinovsky Instrument-Making Plant TVES). Also, the
knee width (KW) and elbow width (EW) were measured
using a sliding caliper (‘KAFA”, Russia). A non-elastic er-
gonomic tape measure (SECA 203, Germany) was used
to measure the upper arm circumference (UA) and lower
leg circumference (LLC) with an accuracy of 0.01 cm. The
thickness of the skin-fat folds (SFF) was measured using
a professional caliper ET MEASURE model SK-101 (Chi-
na), with a spring calibrated to create the same pressure
(0.01 kg/mm?) on both sides of the fold, the measurement
accuracy was 0.2 mm. SFF was measured in four places: on
the back of the shoulder in the triceps area (SFF triceps), on
the back in the scapula area (SFF back), on the abdomen
above the iliac crest (SFF supraspinatus) and on the back of
the shin (SFF shin). All anthropometric measurements were
made according to modern recommendations [48].

In 1960, Barbara Heath and Lindsay Carter proposed an
approach based on a series of equations requiring the above
measurements of anthropometric parameters, which allows
calculating the degree of expression of the ectomorphic (ECTO
(1)), mesomorphic (MESO (2)) and endomorphic (ENDO (3))
components in the somatotype of a particular subject [49].

ECTO (BL/BM, body length/body weight ratio) =
BL, sm

3/BM, kg ’ U
If BL/BM 240,75, so ECTO = 0,732 - BL/BM - 28,58.
If BL/BM 38,25 to 40,75, so ECTO =
= 0,463 - BL/BM - 17,63
If BL/BM <38,25, so ECTO = 0,5.

MESO = (0,858 - EW, cm + 0,601 - KW, cm + 0,188 - (UA, cm -
_ SFF triceps, mm +0,161 - (CC, cm SFF shin, mm )

0 _0131-BLcm)+45 1O (2)

ENDO =-0,7182 +0,1451 - X-0,00068 - X2 +0,0000014 - X. (3)

X = (SFF triceps, mm + SFF back, mm +
170,18)

L, sm

+ SFF supraspinatus, mm) - (

Assessment of each component was done due to recom-
mendations published by J.E.L. Carter, B.H. Heath [49]. The

ECTO, MESO and ENDO values from 0.5 to 2.5 were consi-
dered as low contribution; from 2.6 to 5.5 as moderate, from
5.6 to 7 as high, 7.1 and above as very high contribution.

Body mass index was calculated using Kettle formula (4).
Body weight deviations were assessed taking into account
the 1995 World Health Organization (WHO) recommenda-
tion for the Asian cohort of subjects [50]: BMI <18.5 — un-
derweight; BMI 18.6 to 22.9 — normal body weight; BMI
23.0 to 27.4 — overweight; >27.5 — obesity.

_BM, kg
T BLZm @

Comparison of anthropometric parameters and quantita-
tive contribution of ecto-, meso- and endomorphic body type
in residents of Dushanbe and GBAO was performed using
the Mann-Whitney U-test. The decision to use a nonpara-
metric test was made after checking the data using the Sha-
piro-Wilk test, which indicated a deviation from the normal
distribution. Categorical variables, the numerical ratio of the
distribution of the contribution of various components of so-
matotypes and body weight deviations were analyzed using
the Pearson ¥? test for 4x2 conjugation tables.

Calculations were performed using the statistical soft-
ware Past version 2.17, Norway, Oslo (2012), the statisti-
cal algorithm StatXact-8 with the Cytel Studio software
package version 8.0.0. Results were considered significant
at p <0.05. All continuous data are presented as arithmetic
means and 95% confidence intervals (Cl). Categorical data
are presented as proportions with 95% Cl.

BMI

RESULTS

As shown in Table 1, residents of Dushanbe, compared
to their peers from GBAO, had statistically significantly hig-
her values of body length and weight, width of large joints,
sizes of all skin-fat pads and endomorphy in combination
with lower values of meso- and ectomorphy. The values of
shin and shoulder circumferences were not statistically sig-
nificant (Table 1).

Data analysis showed that the distribution of contribu-
tions of ecto-, meso- and endomorphism of varying degrees
(low, moderate, high, very high) is heterogeneous and sta-
tistically significantly differs in volunteers from Dushanbe
and GBAO (Table 2, Fig. 2). Consequently, the degree of
ecto-, meso- and endomorphism depends on the region of
residence.

The distribution of weight deviations determined by BMI
is heterogeneous and statistically significantly different in
young men living in Dushanbe and GBAO (Table 3). Thus,
the presence of underweight, normal or overweight, and
obesity depends on the region of residence.
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Table 1

Comparison of anthropometric parameters and ecto-, endo- and mesomorphic somatotype components contributions
in young men living in different regions of the Republic of Tajikistan

Tabnuua 1

ConocraBneHne aHTPONOMETPUYECKMX NapaMeTPOB M BKNaAa 3KTO-, 3HAO0- U Me30OMOP(HOro KOMMOHEHTa comMaToTMna
Y MonofbIX MYXYMH, TPOXMUBAIOLWMX B Pa3NiMUHbIX pernoHax Pecny6nuku TagkukmcTaH

MapameTp / Parameter [ywanbe / Dushanbe A0 / GBAO p-3HayeHus / p-value

[nuna Tena, cm / Height, cm 171,18 (170,32; 172,04) | 156,45 (155,31; 157,60) 1,19x10-6!
Macca Tena, kr / Body mass, kg 64,88 (63,75; 65,97) 44,23 (43,45; 45,02) 1,87x10-%
WHaekc maccsl Tena, kr/m? / Body mass index, kg/m? 22,08 (21,76; 22,39) 18,04 (17,80; 18,28) 1,47x107%
LUnpuHa konewa, cm / Knee breadth, cm 6,38 (6,32; 6,45) 7,04 (6,91;7,16) 3,27x107"5
LUnpuHa nokts, cm / Elbow breadth, cm 5,44 (5,40; 5,48) 5,74 (5,67; 5,82) 1,10x10-8

OkpysHocTb ronenu, cm / Calf circumference, cm 36,88 (36,46; 37,30) 37,16 (36,67; 37,66) 0,409

OkpyxHocTb nneva, cM / Upper arm circumference, cm 32,40 (31,94; 32,87) 31,92 (31,40; 32,44) 0,1868
KoxHo-xupoBas cknagka nneyo, cM / Upper arm skinfold, cm 3,09 (2,99; 3,18) 1,28 (1,23; 1,33) 3,49x10-%°
KoxHo-xupoBas cknagka nog nonaTkoi, cm / 2,55 (2,44; 2,69) 1,72 (1,66; 1,78) 1,71x10-1

Subscapular skinfold, cm
KoxHo-upoBas cknagxa ronexu, cm / Calf skinfold, cm 0,67 (0,65; 0,68) 0,16 (0,16; 0,16) 5,54x10-14
KoxHo-xupoBas cknagka HagocTtHasi, cM / Suprailiac skinfold, cm 1,87 (1,76; 1,98) 1,41 (1,35; 1,47) 1,51x10°6
Okromopchus, yen. ed. / Ectomorphy, conv. units 2,76 (2,61; 2,91) 3,91 (3,74; 4,08) 7,64x107"9
Me3somopdus, yen. eq / Mesomorphy, conv. units 1,92 (1,75; 2,10) 4,88 (4,64; 5,11) 1,86x10-%8
OHpomopdus, yen. eq / Endomorphy, conv. units 6,69 (6,51; 6,85) 4,42 (4,31;4,54) 3,06%10-6
Table 2
Prevalence of various components of somatotypes contributions in young men living in Dushanbe
and Gorno-Badakhshan Autonomous Oblast
Tabnuua 2

PacnpeneneHue BknagoB pa3nnyHbIX KOMIOHEHTOB COMATOTMNOB Y MOMOAbLIX MYXYMH,
npoxuBatowmx B r. [lywaH6e u FopHo-BaaaxwaHckon aBTOHOMHOM o6nacTy

Bknag / Contribution |

[ywanbe / Dushanbe

I'BAO / GBAO

Oktomopchus / Ectomorphy*

Hwakuit / Low

0,42 (0,36; 0,48)

0,23 (0,17: 0,29)

YmepeHHbint / Moderate

0,56 (0,50; 0,62)

0,62 (0,55; 0,69)

Boicokui / High

0,02 (0,01; 0,04)

0,14 (0,10; 0,20)

OueHb Bbicokuit / Very high 0(0; 0,01) 0,01 (0,002; 0,03)
Me3somopdcpus / Mesomorphy**

Huakmii / Low 0,65 (0,59; 0,71) 0,13 (0,09; 0,18)

YmepeHHbiit / Moderate 0,32 (0,26; 0,38) 0,52 (0,44; 0,59)

Beicokuit / High 0,03 (0,01; 0,05) 0,23 (0,17; 0,29)

OueHb Bbicokuit / Very high 0,01 (0,0004; 0,02) 0,13 (0,09; 0,18)

OHpomopdus / Endomorphy***

Huskuin / Low

0(0;0,01)

0,01 (0,002; 0,03)

YmepeHHbin / Moderate

0,29 (0,23; 0,35)

0,83 (0,77; 0,88)

Bbicokuii / High

0,15 (0,10; 0,21)

OvueHb Bbicokuit / Very high

(
0,31(0,25; 0,37)
0,41 (0,34; 0,47)

0,01 (0,001; 0,03)

Note: / MpumeyaHue: *p=3,69x107%; *p=1,13x10-%; **p=2,76x10-"4,
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Table 3
Distribution of body weight deviations in young men living in Dushanbe and Gorno-Badakhshan Autonomous Oblast
Tabnuua 3
PacnpepeneHue OTKIIOHEHWIA MAacChl TeNa y MOnoAbIX MYXYuH,
npoxwuBatowmx B r. [lywan6e u NopHo-BagaxwaHckon aBTOHOMHOW obnacTu
Bknap / Contribution [ywanb6e / Dushanbe BAO / GBAO
Deduuynt maccel Tena / Underweight 0,11 (0,07; 0,15) 0,61 (0,54; 0,68)
HopmansHas macca Tena / Normal body weight 0,55 (0,48; 0,61) 0,37 (0,30; 0,44)
M3bbiTouHas macca Tena / Overweight 0,28 (0,22; 0,34) 0,02 (0,01; 0,05)
Oxwpenue / Obesity 0,07 (0,04; 0,10) 0,00 (0,00; 0,02)
Note: / llpumeyaHue: p=1,607x10-°.
16 16
Mesomopd / Mesomorph i Mesomopdy / Mesomorph "
12
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o]
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L2
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Fig. 2.  Distribution of somatotype profiles in young men living in Dushanbe (a) and Gorno-Badakhshan Autonomous Oblast (b)

Puc. 2.
How obnacTu (6)

DISCUSSION

To our knowledge, this is the first study to compare consti-
tutional and anthropometric characteristics of young men living
in Dushanbe and GBAOQ. The other studies with the similar aim
were conducted in children, young women and did not take
into account the territorial distribution of subjects [45, 47, 51].
Persons from Dushanbe surpassed their peers from GBAO
in almost all anthropometric parameters: they are tall, heavy,
with a large amount of subcutaneous fat and high bone mass
(Table 1). Also, 72% of the capital’s residents demonstrate a
high and very high contribution of the endomorphic component
of somatotype (Table 2, Fig. 2). In 35% of them, overweight and
obesity were identified (Table 3). At the same time, subjects
from GBAO were distinguished by a high and very high contri-
bution of the mesomorphic (36%) component of somatotype in
combination with underweight in 61% of subjects. For residents
of Dushanbe, these indicators were recorded at the level of 4,

PacnpegeneHne npodunsi COMaTOTUNOB Y MOMOABIX MYX4UH, NPOXMBaloWmX B r. flywaH6e (a) u FopHo-BaaaxiwaHcKoi aBTOHOM-

2 and 11%, respectively (Tables 2, 3, Fig. 2). The high and very
high contribution of the ecto- and endomorphic somatotype
among residents of GBAO was approximately equivalent —
15 and 16%, respectively.

In recent studies, examining more than 1000 subjects of
different sexes and ages, it was found that the prevalence
of overweight and obesity among residents of the capital of
Tajikistan is 20-25% [52, 53]. This generally corresponds
to the 35% prevalence of these disorders obtained in our
work and the results of other studies involving adults [54]
and children [55].

It is noted that the main reason for the increase in meta-
bolic disorders is the formation of incorrect eating patterns
and motor behavior in the population [51]. Recent surveys
have shown an increase in the total volume of food con-
sumed in combination with a decrease in physical activity in
urban residents of Tajikistan [51, 53, 54]. More than 95% of
respondents regularly consumed flour products, up to 30%
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of respondents indicated a preference for fast food and its
regular consumption 1-2 times a week [51, 53], while 63%
of respondents did not eat enough vegetables and fruits
[56]. Only 8% of 1000 participants said about regular physi-
cal activity in their life [51]. It is also assumed that leptin
resistance [57] and insulin resistance [58, 59] play a signifi-
cant role in the development of metabolic disorders in resi-
dents of Tajikistan. Despite the innate determination of body
types [60], environmental factors and lifestyle can influence
the expression of one or another component of the somato-
type [40, 61]. For example, endomorphic body type shows
a strong positive correlation with the thickness of skin and
fat folds [62]. Thus, the endomorphization of body type in
Dushanbe residents can be explained by the prevalence
of excess body weight, which is also shown in this work.
Dushanbe is the largest city, the capital of Tajikistan, with a
widespread network of public catering establishments pro-
viding high-calorie food with fast service and a developed
network of public transport, eliminating the need for walking
long distances [63]. GBAO, on the contrary, is a rural region,
the economy of households of which is based exclusively
on the agricultural sector, which forces more than 70% of
its residents to work daily on their own plots, consuming
large amounts of energy [53]. Fast food establishments
are not widespread in this region, and the socioeconomic
conditions of the population are also low [63]. In this work
we identified underweight in 60% of examined men living in
GBAO. Thus, we assume that intensive physical activity in
combination with a negative energy balance in the majority
of GBAO residents may be the reason for the increase in
ecto- and mesomorphic components of body type (Table 2,
Fig. 2). It should be noted, that the obtained results partially
contradict the literature, which reports that the prevalence
of overweight among residents of GBAO is high. According
to our data, only 2% of men from GBAO had overweight
(Table 3), and at the same time 16% of them had endomor-
phic body type (Table 2). This can most likely be explained
by the wide range of ages of the subjects and the limited
scope of observations [56]. Our results partially coincide
with the data published on the results of studies conducted
in 2000-2008 involving newborn children from GBAO [64].
It should be emphasized that the age of participants in this
study suggests that they were born in 2000-2002.

The article compared anthropometric parameters of
residents of flat areas from the city of Dushanbe (706 m
above sea level) and volunteers who have lived in high-alti-
tude conditions since birth — the urban-type settlements of
Vanch (1722 m above sea level), Roshtkala (2696 m above
sea level), Ishkashim (3037 m above sea level), Shugnan
(2287 m above sea level), Murghab (3618 m above sea le-
vel), the city of Khorog (2123 m), located in GBAO. Nume-

rous studies have documented the impact of high altitude
living conditions on the physical development of adults and
children. Andrade et al. (2023) reported a dominant meso-
morphic body type in prepubertal children living in high
altitude areas of Argentina [65], which is consistent with
the results of the survey of GBAO residents in this work.
Observational studies conducted with the participation of
Nepalese [66], Ethiopian [67], Tibetan [68], Sri Lankan [69],
Peruvian [70, 71], Colombian [72, 78], Indian [36] cohorts
revealed a deficit in linear growth in children living in high
altitude conditions. In our study, residents of high-mountain
regions also lagged behind their peers from Dushanbe in
terms of apical body length (Table 1). Some authors believe
that intrauterine hypoxia can cause growth retardation in
fetuses and newborns from high-mountain regions [73]. An-
thropometric deficiency and small lung size [74], as well as
genetic polymorphism of cell cycle regulators and signalling
molecules involved in the transduction of the key mecha-
nism of bone lengthening [75], insulin-like growth factor 1
[76], are likely to be mechanisms limiting the rate of “catch-
up” growth during the pubertal spurt [72, 77] in children with
short stature due to the influence of high altitude. According
to J.I. Martinez et al. (2021), maternal short stature caused
by high altitude and hypoxia can be transmitted to the next
generations [78]. It should also be noted that ectomorphic
body type is positively associated with the polymorphism of
the adrenoreceptor gene ADRB3 rs4994 genotype Trp64Arg
[79], the alpha-actinin-3 gene ACTN3 RX [80], the brain-de-
rived neurotrophic factor BONF variant rs925946, neurexin-
3-alpha NRXN3 variant rs10146997, the obesity-associated
gene FTO variant rs9939609 and the protein kinase gene
MAP2K5 rs4776970 [17]. Mesomorphic type is associated
with NRXN3 variant rs10146997, FTO variant rs9939609
[17]. Endomorphic type is associated with ADRB3 rs4994
genotype Trp64Trp [79], KLF14 polymorphism [81], BDNF
variant rs925946, NRXN3 variant rs10146997 [17]. Identifi-
cation of genetic determination of body shape and its influ-
ence on motor functions and endurance in GBAO residents
may become the subject of future research.

The high prevalence of underweight combined with
meso- and ectomorphic components in residents of high-
altitude regions of Tajikistan identified in the article also
corresponds to literature data. Several independent studies
have confirmed a reduced risk of overweight and obesity in
residents of highland regions of Nepal [81], Tibet [82], and
the United States [83].

The high prevalence of underweight in combination with
meso- and ectomorphic components in high-altitude popula-
tions revealed in the article is a strong point of this work is
the attempt to create a prognostic model of a personalized
approach to monitoring the health status of residents of the
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Republic of Tajikistan in connection with the territory of their
residence and environmental features. Thus, the endomorphic
somatotype revealed in men from Dushanbe, in case of their
failure to comply with the principles of healthy nutrition and
lifestyle, can be a predictor of metabolic disorders and asso-
ciated functional disorders. In patients from Tajikistan suffering
from obesity, a high levels of oxidative stress [84], insulin re-
sistance [58, 59], and thyroid dysfunction [85] were revealed.

Ecto- and mesomorphic body types, found in residents of
mountainous regions of the republic, can explain the develop-
ment of underweight with improper nutrition and gastrointes-
tinal tract disorders. Malnutrition and growth retardation are
risk factors for the development of cognitive impairment [86,
87], decreased motor functions [88], micronutrient deficiency
[89], and increased susceptibility to infectious diseases due
to decreased immunity [90, 91]. However, the literature does
not report the prevalence of diseases associated with growth
retardation and low weight in residents of GBAO. Based on
this, it can be assumed that young men have a compensated
form of body weight deficiency. The prevalence of meso- and
ectomophic body types has a “positive” side. As mentioned
earlier, these somatotype variants are positively associated
with the development of motor skills and endurance in ath-
letes [9, 10, 92, 93]. Thus, healthy male athletes from GBAO
may gain a biological advantage to achieve maximum ef-
ficiency of sports training and the likelihood of selection into
professional teams [4, 11, 94].

The described patterns are the result of the imple-
mentation of a pilot project, so this study has a number of
limitations. Firstly, the work did not involve determining the
functional, hematological, genetic, biochemical characteris-
tics of residents of Tajikistan and their correlation with the
somatotype. Secondly, these results require reproducibility
in other comparison groups (women, children). Thirdly, it is
necessary to examine a sample from other areas, focusing
on the influence of environmental factors, highlands, living
in rural and urban regions of Tajikistan on the anthropomet-
ric characteristics of residents of the republic.

CONCLUSION

1. The anthropometric profile and constitutional diversity
of young male residents of the Republic of Tajikistan de-
pend on the region of their permanent residence.

2. The city of Dushanbe, the capital of the republic, is
characterized by high urbanization, which has led to the
creation of conditions that have affected the level of physi-
cal activity and nutrition of young people. Subjects from Du-
shanbe are distinguished by tall stature, high thickness of
subcutaneous fat, massive bones, endomorphic body type,
as well as the prevalence of overweight and obesity.

3. Their peers from GBAO, a region with an agrarian
economy of households requiring energy-intensive ma-
nual work, were characterized by anthropometric deficits
in linear growth, weight, bone mass, subcutaneous fat
thickness in combination with a predominantly mesomor-
phic somatotype and a high prevalence of nutritional de-
ficiencies.

The obtained results open up the possibility of introdu-
cing elements of a personalized approach to monitoring the
health of residents of Tajikistan, expressed in the creation of
prognostic models of nutritional status disorders and related
pathologies. They can also be useful for the implementation
of sports selection programs based on the analysis of physi-
cal development.
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AOMONHUTENBbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI BHECMN CYLLECTBEHHbIN
BKNag B pa3paboTKy KOHLENuuW, NpoBeAeHne uccneaoa-
HWS! 1 NOATOTOBKY CTaTby, NPOYNK 1 0806pnUnN uHaNbHYO
Bepcuto nepea nybnukaumen.

KoHdnukT mHTepecoB. ABTOpPbI LEKNApUpYT OTCYT-
CTBME SBHbIX W MOTEHUMaNbHbIX KOH(IIMKTOB WHTEPECOB,
CBSA3aHHbIX C NybnukaLuen HacTosLen cTaTby.

WUcTouHnk cpuHaHcupoBaHus. ABTOpbI 3asBnsoT 06
OTCYTCTBUM BHELUHEr0 (PUHAHCUMPOBAHUSA MPU NPOBELEHUN
nccneaoBaHus.

MHdopmupoBaHHOe cornacue Ha ny6nukaumio. As-
TOpbI MOMYYUNK NUCbMEHHOE cornacue nauueHToB Ha ny-
Brkaumio MeANLMHCKNX LaHHbIX.
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Abstract. Introduction. Esophagitis of various etiologies, metaplasia (Barrett’s disease) and cancer are a serious
problem at the current stage of medical development. Understanding the regulation of esophageal epithelial proliferation
and differentiation is crucial for developing effective therapeutic strategies. The aim of the study was to conduct a
comparative analysis of the effects of the peptide morphogen hydra and the cytostatic drug cyclophosphamide on the
morphometric and histochemical parameters of the esophageal epithelium in mice, with special attention to changes
in tissue organization characterized as heteromorphism. For the first time, a comprehensive approach combining
morphometric, histochemical, and immunohistochemical methods is presented to assess the effect of these drugs
on epithelial cell proliferation and metabolism. Materials and methods. 45 white mongrel mice were used in the
experiment. Groups of animals were injected intraperitoneally with the peptide morphogen hydra (PMG) (100 mcg/kg)
or cyclophosphamide (CF) (400 mg/kg) for 5 days, the control group received saline solution. Histological analysis,
morphometry, histochemistry (NADH-diaphorase and succinate dehydrogenase activity), and immunohistochemistry
(detection of nuclear antigen of proliferating PCNA cells) were performed 24 hours after the last injection. The results
showed that the peptide morphogen of hydra induces epithelial hyperplasia, mainly due to the spiny layer, and increases
the activity of NADH-diaphorase and succinate dehydrogenase, as well as the proliferative index. Cyclophosphamide
causes hyperkeratosis, impaired differentiation, and decreased enzyme activity, with a paradoxical initial increase and
then decrease in proliferative activity. Conclusions. The peptide morphogen of hydra and cyclophosphamide cause
opposite changes in the epithelium of the esophagus, enhancing its heteromorphism. The data obtained are important
for understanding the pathogenesis of chemotherapy complications and developing new strategies for the treatment
of esophageal diseases.

Keywords: esophageal epithelium, heteromorphy, cyclophosphamide, morphogen

& POCCHIICKHE BHOMETHIMHCKIE UCCTEIOBAHMA  TOM 10 Nl 2023 ISSN 2658-6576 (Online)




32 ORIGINAL PAPERS

DOI: 10.56871/RBR.2025.36.39.003

BINUAHWE NENTWAOIrO MOP®OIeEHA rmapPbl U LUKNOD®OCPAHA
HA MOP®OMETPUYECKME N TMCTOXUMUYECKUE NAPAMETPbI
AMUTENUA NULLEBOAA MbILLEW

© BuonetTa BanepbesHa Kynaesa', EneHa AHaTonbesHa Mceesa', VpuHa BanepbesHa JleoHTbeBa!,
Haranbs PacbannosHa Kapenuna?, lunapa KOpbesuy ApTiox?

"Mepsbiit CaHKT-MeTepOyprekuii rocyAapcTBEHHbIA MEAULIMHCKUIA YHUBEPCUTET UM. akaa. V.M. Masnosa.

197022, r. Cankt-MNeTepbypr, yn. flba Tonctoro, a. 68, Poccuiickas Pegepauys

2 CaHkT-MeTepbyprekuii Meanko-coUuanbHblil MHCTUTYT. 195272, 1. CaHkT-MeTepBypr, KoHapaTtbesckuii np., A. 72A,
Poccuinckas ®egepauus

3Topoackas MapunHckas GonbHuua. 191014, r. CankT-MeTepBypr, NiuTeiHbiit np., 4. 56, Poccuiickas ®eaepaums

KontaktHas nHdopmaumsa: Vipuna BanepbesHa JleoHTbeBa — K.M.H., AOLIEHT kadeapbl TMCTONOMN, LIUTONOMN 1 aMBpuronoruu.
E-mail: liv1706@mail.ru ORCID: https://orcid.org/0000-0002-5273-6859 SPIN: 8377-1491

[Ansa yumupoeanus: Kynaesa B.B., Viceea E.A., JleonTbeBa W.B., Kapenuna H.P., ApTiox J1.KO. Briusiue nentugoro mopcoreHa rugpei
1 umknodgocaHa Ha MOpHOMETPUYECKNE M TMCTOXMMUYECKUE NAapaMeTpbl ANUTENUs NULLeBoAa Mbllelt. Poccuiickue B1oMeanLmMHeK1e
nccnegosanus. 2025;10(1):31-37. DOI: https://doi.org/10.56871/RBR.2025.36.39.003

Moctynuna: 03.02.2025 OpoGpeHa: 06.03.2025 MpuHaTa k nevaru: 09.04.2025

Pestome. BeedeHue. 330aruTbl pa3nuyHoii aTnonorum, Mmetannasus (bonesHs bappetra) u pak npeactaBnsioT
cepbesHyto Npobnemy Ha COBPEMEHHOM 3Tane pasBUTUS MeauLMHbL. NoHMaHue perynauuu nponudgepayum u
AN epeHLMpPOBKU ANUTENNS NMULLEBOAA KPUTUYECKU BaXHO 4Ns pa3paboTkn apdeKTUBHbIX TepaneBTUYeCKNX
ctpaternit. Ljenb uccnedoeaHusi — NpPOBECTW CPABHUTENbHbI aHanu3 BO3AENCTBUS NENTUAHOTO MopdoreHa
rMapbl U LMTOCTATMYECKOro npenapara uuknopocgarHa Ha MOpOMETPUYECKNE 1 TMCTOXUMUYECKUe NnapameTpebl
3MUTENNS NULLEBOAA Y MbIEN, C 0COObIM BHUMAHUEM K U3MEHEHWUSIM TKaHEBOW OpraHu3auumn, xapakTepuayo-
Wumcs kak rerepomopdusi. Bnepsble npeacTaBneH KOMMMEKCHbI noaxod, 06beanHALWNA MOpoMeTpUYECKMe,
TMCTOXUMUYECKUE U UMMYHOTUCTOXMMWUYECKNE METOLb! A5 OLeHKM BIIMSAHWS 3TUX NpenapaToB Ha nponngepawuio
n MeTabonuam anuTenuanbHbix knetok. Mamepuansi u MemoOdsbl. B akcnepumeHTe ucnons3osanu 45 6enbix 6ec-
NOPOAHbIX MblLLEN. [pynnam XMBOTHbIX BBOAWNN BHYTPUBPIOWKMHHO NenTuAHbI MopdoreH ruapbl (MMI) (100 mkr/kr)
unu yuknodocana (Lid) (400 mr/kr) B TeueHne 5 gHeRn, KOHTpONbHas rpynna, nonyyana gusnonornieckuin pactaop.
fucTonornyecknin aHanums, MopgomeTpus, ructoxummus (aktsHocts HAJH-anadopassl 1 CykyuHaTaernaporeHass!)
W UMMYHOTUCTOXUMMS (BbISIBNIEHWE SAEPHOT0 aHTUreHa nponudepupyrowmnx knetok PCNA) npoogunuck vepes
24 yaca nocrne nocnegHen UHbEKLMK. Pe3ynbmambl noka3anu, YTo NenTUAHbIA MOPQOreH ruapbl UHAYLMPYET ru-
nepnnasuio ANUTENNUS, NPEUMYLLECTBEHHO 3a CYET LUIMNOBATOrO C0S, U NOBbIWaeT akTuBHoCT HAJH-gnadopassl 1
CyKLMHATOEerngporeHassl, a Takxe nponudepaTtuBHbii MHAeKC. LinknoocdaH Bbi3blBaeT runepkeparos, HapyLeHue
AN epeHLIMPOBKU U CHUXEHWE aKTUBHOCTM (PEPMEHTOB C NapafoKcarbHbIM HayalbHbIM YBeIMYeHNeM, a 3aTem
CHUXEHUEM NponndepaTBHON akTUBHOCTU. Bb18odhbI. MenTuaHbIn MOPgOreH rnapbl 1 LKMo ocdaH Bbi3biBatoT
NPOTMBOMONOXHbIE U3MEHEHUS B ANUTENUW NULLEBOAA, YCUNUBas ero rerepomopguio. MNonyyeHHble AaHHbIe BaXHb
AN NOHUMaHWS NaToreHe3a OCNOXHEHWA XUMMoTepanuu 1 pa3paboTku HOBbIX CTpaTerui neyenns 3abonesaHuni
nuesoga.

KnioyeBble cnoBa: anutenui nuiLesoaa, rerepomopus, LuknogocdaH, nenTuaHbln MopgoreH ruapbl
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INTRODUCTION

Diseases of the esophagus, including esophagitis of
various etiologies, metaplasia (Barrett's disease) and can-
cer, represent a serious medical problem [7, 9, 14]. Under-
standing the regulation of esophageal epithelial proliferation
and differentiation is critical for the development of effective
therapeutic strategies [10, 11, 15]. In this study, we com-
pared the influence of two agents with opposite mecha-
nisms of action on esophageal epithelium: peptide morpho-
gen hydra (PMG), known for its regenerative properties,
and cyclophosphamide (CPh), a cytostatic drug widely used
in oncology. The study hypothesis was that these agents
would induce opposite changes in epithelial morphometry
and histochemistry.

AIM

The aim of the study is to conduct a comparative experi-
mental investigation of changes in the histological structure
of the esophageal mucosal epithelium, its proliferative and
metabolic activity under the influence of a cytostatic agent
and a morphogen, taking into account the heteromorphism
of this tissue

MATERIALS AND METHODS

The experiment was conducted on 45 adult outbred
white male mice (23-25 g), randomly divided into three
groups of 15 animals each: control (intraperitoneal admi-
nistration of physiological NaCl solution), PMG group (in-
traperitoneal administration of PMG at a dose of 100 ug/kg
body weight), CPh group (intraperitoneal administration of
CPh, LENS-Pharm, Russia, 400 mg/kg body weight). Daily
intraperitoneal administration of the drugs was carried out
for 5 days. 24 hours after the last injection, the animals
were euthanized [2]. Esophageal samples were fixed in
Carnoy’s fluid, histological sections were prepared, and he-
matoxylin and eosin staining was performed. Morphometric
analysis (thickness of the epithelial layer and its parts) was
performed using an ocular micrometer (x280). Proliferative
activity was assessed by counting mitoses in the basal layer
(23000 cells per animal, x900). NADH diaphorase (NADH-d)
and succinate dehydrogenase (SDH) activities were de-
termined histochemically on cryostat sections (tetrazolium
method) with quantitative assessment on a spectrophoto-
meter (x280, A=545 nm) [6]. Imnmunohistochemical detection
of the nuclear antigen of proliferating cells PCNA (DAKO
A/S, Denmark, dilution 1:100) was performed on paraffin
sections. Statistical data processing was performed using
Student’s t-test (Statistica for Windows v.6.0). The signifi-

cance of differences was accepted at p <0.05. The work
was carried out in accordance with the ethical principles
established by the European Convention for the Protection
of Vertebrate Animals used for Experimental and other Sci-
entific Purposes (adopted in Strasbourg on 18.03.1986 and
confirmed in Strasbourg on 15.06.2006) and approved by
the Local Ethics Committee.

RESULTS

In the control group, the stratified squamous non-kerati-
nizing epithelium of the esophagus demonstrated typical
architecture: clear stratification into basal, spinous, granular
and horny layers, as well as characteristic vertical cellular
polarization. Basal cells had a cuboidal or low prismatic
shape, basophilic cytoplasm, and an approximately equal
ratio of eu- and heterochromatin in the nuclei. Mitotic activity
was predominantly localized in the basal layer, appearing as
individual foci. The spinous layer was formed by 2—-4 rows
of polygonal cells with predominance of euchromatin in the
nuclei and intense basophilic colour of the cytoplasm. The
granular layer consisted of 1-2 rows of flattened cells with
pronounced heterochromatin in the nuclei and a large num-
ber of basophilic keratohyaline granules in the cytoplasm.
The stratum corneum was represented by densely packed
horny scales with acidophilic cytoplasm.

Peptide morphogen hydra group

Histological study. In animals receiving PMG, the gene-
ral structure of the esophageal epithelium was preserved,
but statistically significant hyperplasia was observed
(p <0.001), mainly due to an increase in the thickness of the
spinous layer. The morphology of cells in different layers,
including the size of nuclei and the distribution of chromatin,
did not visually differ from the control group. At the same
time, an increase in the number of mitoses in the basal layer
was noted.

Morphometric study. Quantitative morphometric analysis
showed an increase in the total thickness of the epithelial
layer by 1.4 times (p <0.001) compared to the control group.
This increase was mainly due to an increase in the thick-
ness of the spinous layer (1.7 times, p <0.001) and, to a
lesser extent, the basal layer (1.3 times, (p <0.05)). The
thickness of the stratum corneum did not differ statistically
significantly from the controls. Mitotic activity in the basal
layer increased by 1.4 times (p <0.01) compared to the
controls (Fig. 1). The proliferative index also demonstrated
a reliable increase (p <0.05).

Histochemical study. In the control group, NADH-d acti-
vity was recorded in all layers of the epithelium, except for
the stratum corneum, with uniform distribution of the reaction
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Mitotic activity in the basal layer of the esophageal
epithelium after administration of morphogen (M) and
cyclophosphamide (CPh). Ordinate axis: mitotic activity
(in %o). Abscissa axis here and in Figs. 2 — index values:
C — control group, 2, 5, 6 — days of the experiment.
* Difference from control is significant (p <0,05)

MuTtoTuyeckas aKTUBHOCTb B 6a3anbHOM Croe anuTenus
nuweBoga nNpu BBeAeHUM NenTUAHOTO MopchoreHa ruapbl
(MMI) u uuknodocana (LP). Mo ocu opauHaT: MUTOTU-
Yyeckas aKTMBHOCTb (B %o). Mo ocu abcumcc 3pechb M Ha
puc. 2 — 3HayeHua nokasatens: K — KoHTponbHas rpyn-
na, 2, 5, 6 — cyTku akcnepumeHTa. * OTNUYMe OT KOHTpONS
3Haymmo (p <0,05)

fmr OnbIT L®K / OnbIT
K/MC MMr/ CPh C Uo/
Experiment Experiment
M CPh

product in the cell cytoplasm. Enzyme activity was higher in
the basal layer than in the spinous layer. The introduction of
PMG did not change the localization of enzymatic activity,
but an increase in the reaction in the basal and spinous
layers was visually observed. No significant changes were
detected in the stratum corneum and granular layers. Quan-
titative assessment showed a 1.6-fold increase in NADH-d
activity in the basal layer and 1.3-fold in the spinous layer
(p <0.01) (Fig. 2). SDH activity also increased significantly
(p <0.01) — 1.4 times in the basal layer and 1.5 times in the
spinous layer.

Cyclophosphamide group

Histological study. Short-term exposure to high doses
of CPh resulted in significant thickening of the epithelial
layer already by the second day of the experiment, accom-
panied by uneven thickening and looseness of the stratum
corneum. The overall thickening of the epithelium was sta-
tistically significant (p <0.001) and was primarily due to hy-
perkeratosis. Impaired stratification and differentiation of
epithelial cells were observed, with dyskeratosis. Altered
relief of the epithelial surface and interstitial edema were
observed. Basal cells were randomly located, forming a
multi-row layer with variability of basophilic cytoplasm.
An increase in the number of cell rows and the volume
of epit helial cell cytoplasm were observed in the spinous
layer. The size of keratohyaline granules increased in the
cells of the granular layer.

fmr OnbIT L®K / OnbiT
K/MC [IMr/ CPhC Uo/
Experiment Experiment
M CPh

Activity of NADH diaphorase in the basal (I) and spinous (ll) layers of the esophageal epithelium after administration of morphogen
(M) and cyclophosphamide (CPh). Ordinate axis: enzyme activity (relative units)

AxtuBHocTb HA[IH-anacbopa3bi B 6asansHom (1) n wunosatom (ll) cnosx anutenus nuieBoga npyu BBeAEHUM NenTuaHoro Mmopgo-
reHa rugpbl (MMI) u uuknodocdana (L®P). Mo ocn opanHaT: akTMBHOCTL (hepMeHTa (OTH. ef.)
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Morphometric study. The maximum increase in the
thickness of the epithelial layer (by 1.7 times) and the
thickness of the stratum corneum (by 2.3 times) (Fig. 1)
was recorded on the 6th day of the experiment. Mitotic
activity after the first injection of CPh increased by 3 times,
but by the 8th day it decreased by 1.3 times relative to the
control (Fig. 1). The proliferative index showed paradoxi-
cal dynamics: the initial increase was replaced by a sig-
nificant decrease by the end of the experiment (p <0.05).

Histochemical study. NADH-d activity remained rela-
tively stable at the beginning of the experiment, but by
the 6th day it decreased by 1.2 times in the basal and
spinous layers (p <0.01) (Fig. 2). Similarly, SDH activity
in the cytoplasm of spinous cells decreased on average
by 1.5 times (p <0.01), which correlates with the suppres-
sion of mitochondrial activity under the influence of CPh.
Immunohistochemical study. Detection of PCNA showed
an initial decrease in the number of PCNA-positive cells
by 27% relative to the control, followed by an increase of
23% in the basal layer and 99% in the spinous layer on
the 6th day.

DISCUSSION

The results demonstrate the antagonistic effect of PMG
and CPh on the esophageal epithelium. Since PMG belongs
to the class of regulatory neuropeptides [1, 13], it can be as-
sumed that, like other representatives of this class, it is one of
the elements of a complex neuropeptide regulatory system that
controls various functions of esophageal epithelial cells — pro-
liferation, differentiation, functional activity. This study confirms
that PMG induces stimulation of proliferation and metabolism,
leading to hyperplasia predominantly in the spinous layer.

The increase in NADH-d activity in the esophageal epithe-
lium after the administration of PMG and the early identified
stimulating effect of PMG on SDH activity [3] corresponds to an
increase in oxidative metabolism of the tissue.

In general, histological, morphometric and quantitative
histochemical data provide grounds to speak about the sti-
mulating effect of PMG on the esophageal epithelium, which
is manifested by increased proliferation, general thickening,
an increase in the pool of differentiating cells and metabolic
activation.

With short-term administration of high doses of CPh,
pronounced disturbances in the processes of differentiation
and keratinization are observed in the esophageal mucosal
epithelium: thickening of the epithelial layer, especially
pronounced in the stratum corneum, hyperkeratosis, dis-
turbance of vertical anisomorphism and cytoarchitectonics,
such as multi-row arrangement of cells in the basal layer,
an increase in the number of rows of epithelial cells in the

spinous layer, the appearance of cells with atypical nuclei,
an increase in the size of keratohyalin granules in the epi-
thelial cells of the granular layer, loosening of the stratum
corneum and its disintegration into complexes of scales,
widening of intercellular spaces and interstitial edema.
Similar changes have been described in various forms of
esophagitis, as well as in foci of esophageal epithelial dys-
plasia [11, 15]. Morphological changes are accompanied by
a decrease in the activity of mitochondrial enzymes NADH-d
and SDH, which is consistent with information on the sup-
pression of mitochondrial enzyme activity by cytostatics and
the damaging effect of CPh on mitochondria [3-5].

Since CPh is a cytostatic, it could be assumed that its
administration would inhibit cell proliferation. However,
after the first injection, we, on the contrary, observed a
sharp increase in mitotic activity, which can probably be
explained by the synchronous completion of mitoses by
cells that had already entered the G1 period before the ad-
ministration of CPh. Perhaps this was also a consequence
of the long-term delay of epithelial cells in the S-phase,
associated with the alkylating effect of CPh, as well as the
processes of reparation of DNA damaged by the cytosta-
tic. This can also explain the decrease in the proportion of
PCNA*+ cells during this period, since PCNA marks cells in
the early S phase and is also a marker of neoplastic trans-
formation of the esophageal epithelium [12]. Decrease of
mitotic activity is led by DNA damage of epithelial cells.
CPh has cytostatic influence, characterised by hyperkera-
tosis, impaired differentiation and decreased metabolic
activity [8], probably due to mitochondrial dysfunction. The
biphasic change in the proliferative response to CPh may
be associated with cell cycle synchronization and subse-
quent cell death.

The obtained results confirm opposite influence of PMG
and CPh on epithelial cells of the esophagus. PMG increa-
ses proliferation and metabolic function of epithelial cells
leading to hyperplasia, predominantly in the spinous layer.
This effect is due to the data about regenerative function of
PMG. In contrast, CPh causes cytotoxic action, accompa-
nied by hyperkeratosis, differentiation impairment and sup-
pression of metabolic activity, which is probably associated
with mitochondrial dysfunction. The initial increase in the
proliferative index in the CPh group may be associated with
cell cycle synchronization and subsequent cell death.

CONCLUSION

1. The obtained data indicate the opposite effect of
PMG and CPh on the morphofunctional characteristics
of the esophageal epithelium: PMG stimulates regenera-
tion, while CPh causes damage.
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2. The effect of PMG and CPh leads to a pronounced in-
crease in the heteromorphism of the esophageal epithelium.
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AONONMHUTENBHAA NHOOPMALINA

Bknap aBTopoB. Bce aBTOpbI BHECU CYLUECTBEHHbIN
BKNapj B pa3paboTky KOHLEeNuuu, NpoBeAeHne uccnenosa-
HWS 1 MOAFOTOBKY CTaTbM, NPOYNN U 040BpUIv PrUHANBHY
Bepcuto nepeq nybnvkavuen.

KoHdnukt mHTepecoB. ABTOpbI AeKNapupytT OTCyT-
CTBME SIBHbIX W MOTEHUMANbHbIX KOH(IMKTOB MHTEPECOB,
CBSI3aHHbIX C Nybnukauyeit HacTosLen cTaTb.

WUcTouHuk chmHaHcupoBaHMA. ABTOpbI 3asBRAOT 00
OTCYTCTBUM BHELUHEro PUHAHCUPOBAHUS NPU NPOBELEHWM
“ccneaoBaHms.

JKcnepuMeHTbI ¢ XMBOTHbIMK. PaboTa npoBeaeHa B
COOTBETCTBUM C 3TUHECKAMM NPUHLMNAMU, YCTAHOBMEHHbI-
My EBponeickoin KOHBEHLMEN NO 3aLLMUTE NO3BOHOUHbIX XN-
BOTHbIX, MCMOMb3YEMbIX AJ1 3KCNEPUMEHTAIbHbIX 1 APYTUX
HayuHbIX Lenen (npuHston B Ctpacbypre 18.03.1986 r. un
nogTeepxaéHHomn B Ctpacbypre 15.06.2006 r.) n ogobpeHa
TokanbHbIM 3TUYECKUM KOMUTETOM.
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Abstract. Introduction. Cytostatic drugs used in oncological practice have a systemic effect on the body, including
on the mucous membranes of the gastrointestinal tract, the side effects of which are stomatitis and mucositis, which
complicate treatment. Objective — experimental study of the damaging effect of cytostatic drugs on the glandular
epithelium of the oral mucosa and assessment of the reversibility of these changes. Materials and methods. The
epithelium of the minor salivary glands of the tongue was studied on 20 mature white outbred mice after intraperitoneal
administration of the cytostatic drug cyclophosphamide at a dose of 400 mg/kg body weight for 5 days. Animals in
the control group (20 mice) were injected with isotonic sodium chloride solution at the same frequency. The material
was obtained 24 hours and 20 days after the last injection of the drug. Histological and histochemical methods were
used. Histochemical studies revealed the activity of the enzyme succinate dehydrogenase in the epithelial cells of
the secretory portions of the minor salivary glands, the content of total proteins in serocytes, and the content of
glycoproteins and glucosaminoglycans in mucocytes. Results. Exposure to cyclophosphamide led to a decrease
in the activity of cyclophosphamide in serocytes and mucocytes, a decrease in the concentration of proteins in
serocytes, and inhibition of the synthesis of glycoproteins and glucosaminoglycans in mucocytes. The changes were
reversible. Conclusions. Cytostatic therapy causes damage to the glandular epithelium of the oral mucosa, which is
expressed in the suppression of metabolic and synthetic processes. Serocytes are more sensitive to cytotoxic action
than mucocytes. There was a high degree of regeneration of the glandular epithelium of the oral mucosa after the
withdrawal of the cytostatic drug.

Keywords: oral cavity, mucous membrane, glandular epithelium, minor salivary glands, cyclophosphamide
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Pestome. BeedeHue. Lintoctatuyeckue npenapatbl, IPUMEHSIEMbIE B OHKONOMMYECKOM NPaKTHKe, OKa3blBaKT CUCTEM-
HOe BO3JeNCTBIE Ha OPraH13M, B TOM YUCHe U Ha CAM3NCTbIE 060MOYKN KeNYA0YHO-KULIEYHOTO TpaKTa, NobOYHbIMM
apdekTamm KOTOPbIX ABASIOTCS CTOMATUT U MYKO3UT, 3aTPYAHSIOLMNe NpoBeaeHune nevenus. Llesb uccnedosaHus —
aKcnepuMeHTansLHoe U3yyeHne NoBpexjaroLlero AencTBMa LMTOCTaTUYECKUX NPenaparoB Ha XenesuncTblid anUTenui
CnmM3ncTon 060M0YKM NONOCTM pTa U OLeHKa 06paTUMOCTH 3TUX N3MeHeHUn. Mamepuanbl u Memodbl. IANUTENUNA
ManbIX CIHOHHbIX Xenes a3blka ncenegosanu y 20 nonoso3penbix 6enbiX Mbllleit nocne BHYTPUOPHOLLMHHOIO BBe-
[EeHUs LMTocTaTMyeckoro npenapata umknodocdara B ose 400 mr/kr maccbl Tena TeyeHne 5 gHei. XKnBOTHLIM
KOHTPOMbHOM rpynnbl (20 XMBOTHBIX) YEPE3 T€ Xe NPOMEXYTKM BpeMeH BBOAWIN W30TOHUYECKUI pacTBOP HATpUS
xnopuaa. Matepwan nonyyanu Yepes 24 yaca nocne nocnegHero BBEAEHUS npenapara, a Takke € Lenblo U3yyeHns
obpatumocTy usmeHeHuit, yepes 20 cyTok. MpUMEHSAN TMCTONOTMYECKII U TUCTOXUMUYECKNIA MeTOAbI. [MCTOXMMNYe-
CKue uccnefoBaHus BbISBASNN akTUBHOCTb (hepMeHTa cykumHaTtaeruaporeHasbl (CAlN) B anutennoumuTax KOHLEBbIX
OTAEN0B MarblX CAIOHHbIX Xenes, cogepxaHue CyMMapHbIx B6erkoB B cepouuTax, a Takxe COaepxaHue rmmukonpoTem-
HOB W IMIOKO3aMUHOIIMKAHOB B MykoLUuTax. Pesynbmamal. Bo3fenctsue LuknogocgaHa npuBoauno K CHUKEHMIO
aktueHocTu CLII" B cepoumTtax n MykouuTax, yMeHbLUEHWIO KOHLEeHTpaLmuu 6enkoB B CepoLmTax, yrTHeTEHUI0 CUHTEe3a
FFIMKONPOTEWNHOB U FI0KO3aMUHOTTIMKAHOB B MyKoLuTax. HapylweHnus 6binn obpatuMbiMi, U nokasatenyt BEpHYIUCH
K KOHTPOMNbHbIM 3HAYEHMSM B KOHLE SKCNepUMeHTa. Bbigodbl. Tepanus LMTOCTAaTUKaMM BbI3biBAET NOBPEXAEHNE
KENesncToro anNUTenNns Crm3ncTon 060104KK NONOCTU pTa, KOTOPOE BbIPAXaeTCs B YTHETEHUN MeTabonNnyeckux n
CUHTETUYEeCKUX npoueccos. CepouuTbl Bonee YyBCTBUTENbHbI K LUTOTOKCMYECKOMY AENCTBUIO, YEM MyKOLMTBI. Ha
(hoHe npekpaLleHns Tepanuu Habnoganack BbICOKas CTeneHb pereHepaLnn XenesncToro anuTenms Cam3ncTon
060noykn nonocTy pra.

KntoueBble cnoBa: nonocTb pra, cnuauctas 060noyka, XenesuncTblil ANUTENNIA, Manble CIOHHbIE Xenesbl,
uuknogocaH
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INTRODUCTION

Cytostatic drugs used in oncological practice [1, 2] exert a
systemic effect on the body, including the mucous membranes
of the gastrointestinal tract [3-5]. Side effects such as stomati-
tis and mucositis are common complications of chemotherapy,
significantly impairing patients’ quality of life and complicating
treatment regimens. Damage to the oral mucosa leads to xe-
rostomia, which causes significant physical discomfort and
compromises the suprapepithelial protective mechanisms of
the oral mucosa (OM), thereby predisposing patients to infec-
tious complications. The minor salivary glands of the oral cavity
are primarily located in the submucosa. They are classified into
three types: serous, mucous, and mixed. The secretory end
pieces of serous glands consist of serous cells (serocytes),
those of mucous glands are composed of mucous cells (mu-
cocytes), while mixed glands contain both cell types [6].

AIM

The aim of this study was to experimentally investigate
the damaging effect of cytostatic drugs on the glandular
epithelium of the oral mucosa (OM) and assess the rever-
sibility of these changes.

MATERIALS AND METHODS

were assessed by Student's t-test, with p <0.05 considered statisti-
cally significant. The study complied with the European Convention
for the Protection of Vertebrate Animals used for Experimental and
Other Scientific Purposes (Strasbourg, March 18, 1986; revised
June 15, 2006) and was approved by the Local Ethics Committee.

RESULTS

Histological analysis demonstrated a reduction in the
volume of secretory end pieces in both serous and mucous
glands of the tongue, along with decreased size of their constit-
uent serocytes and mucocytes. These findings were supported
by quantitative histochemical data, which revealed: a reduction
in total protein content within serous cells (from 0.32+0.02 to
0.21+0.03 relative units, RU; Fig. 1), along with suppressed
glycoprotein synthesis (Fig. 2) and decreased glycosaminogly-
can levels in mucous cells (from 0.55+0.05 to 0.42 + 0.02 RU
and from 0.30£0.02 to 0.22+0.02 RU, respectively). SDH acti-
vity decreased from 0.32+0.02 to 0.21+0.02 RU in serocytes
(Fig. 3) and from 0.41£0.02 to 0.36+0.01 RU in mucocytes.

By day 20 after treatment cessation, total protein con-
centration, glycoprotein and glycosaminoglycan levels, and
SDH activity in both serous and mucous cells had returned
to baseline control values.

DISCUSSION

The study utilized 40 female outbred white mice weighing
23-25 g. Animals in the experimental group (n=20) received
intraperitoneal injections of the alkylating cytostatic agent cyc-
lophosphamide (CF, LENS-Pharm, Russia) at a dose of 400 mg/kg
body weight every 48 hours for 5 days. Control group animals
(n=20) were administered isotonic sodium chloride solution fol-
lowing the same schedule. The investigation focused on the
minor salivary glands of the tongue. Tissue samples (tongue)
were collected 24 hours after the third CF injection. To assess
the reversibility of CF-induced changes, additional samples were
obtained 20 days following the final drug administration.

The study targeted the ventral tongue mucosa. Conventional
histological analysis was carried out on transverse sections stained
with hematoxylin and eosin. Histochemical and cytophotometric
analyses included the detection of total proteins using tetrazo-
lium reactions for histidine, tyrosine, and tryptophan (Burstone’s
method), glycosaminoglycans with Alcian blue (pH 2.7), and
glycoproteins via the periodic acid-Schiff (PAS) reaction in paraffin-
embedded sections. Succinate dehydrogenase (SDH) activity was
determined in cryostat sections using Lloyd’s tetrazolium method.
Quantitative cytophotometric analysis of histochemical reactions
was performed using a plug-in spectrophotometer, with results
expressed as relative optical density units. Statistical analysis was
conducted using Statistica for Windows v6.0. Intergroup differences

Structural changes in the minor salivary gland epithelium ac-
companied by suppressed synthetic and metabolic activity were
observed, indicating high susceptibility to cytotoxic damage
from chemotherapeutic agents. These findings correlated with
reported data on major salivary gland damage during cyto-
static therapy [7, 8]. The resulting xerostomia compromises
the protective mechanisms of the OM. Our data revealed more
pronounced structural and functional impairment in serocytes
than in mucocytes, consistent with the previously reported
preferential damage to serous cells in major salivary glands
during chemotherapy [8]. Comparative analysis of metabolic
and synthetic process disturbances in glandular epithelium
versus previously identified disturbances in the surface epithe-
lium of the OM [9] demonstrated that changes in the surface
epithelium were less pronounced than in glandular epithelium.

The post-treatment recovery period showed normaliza-
tion of morphofunctional parameters in the glandular epithe-
lium of the OM, indicating its high regenerative capacity.

CONCLUSION

1. Our findings demonstrate that cytostatic therapy indu-
ces damage to the glandular epithelium of the OM, manifes-
ting as suppression of both metabolic and synthetic processes.
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Fig. 1.

Puc. 1.

Fig. 2.

Puc. 2.

Fig. 3.

Puc. 3.

6/b

Secretory portions of protein salivary glands of the tongue: a — control group; b — after three injections of cyclophosphamide.
Reduction of protein content in serocytes. Histochemical detection of total proteins, x400

KoHueBble oTAenbl 6eNKOBbIX CIOHHbIX Xene3 f3blka: a — KOHTpONbHaA rpynna; 6 — nocne Tpex MHBEKLUIA I.IMKHO(*)OC(*)HHa.
CHuxeHue cofepxaHua 6enkoB B cepoyuTax. FmcToxumuyeckoe BbisiBNEHUE CYyMMapHbIX 6enkoB, x400

6/b

Secretory portions of mucous salivary glands of the tongue: a — control group; b — after three injections of cyclophosphamide.
Reduction in the content of glycoproteins in mucocytes. PAS reaction, x400

KoHueBble oTAenbI CNU3UCTLIX 060M04EK CNIOHHbIX Xene3 A3blka: @8 — KOHTPONbHasA rpynna; 6 — nocne Tpex MHbLEKLMUIA LKNo-
¢ocdhana. CHMKeHne copepxaHmnsa rnukonpoTemHoB B MykouuTax. LUNK-peakums, x400

aa o ' 6/b

Secretory portions of protein salivary glands of the tongue: a — control group; b — after three injections of cyclophosphamide.
Decreased cyclophosphamide activity in serocytes. Histochemical detection of cyclophosphamide, x400

KoHueBble oTaenbl 6eNKoBbIX CIHOHHBIX XKenes fA3blka: a8 — KOHTPOJSIbHAA rpynna; 6 — nocne Tpex WHbeKuuiA umknodocdana.
CHMXeHUe aKTUBHOCTM CyKLMHaTAEerMaporeHasbl B cepouuTax. FMCToXUMMYeckoe BbIsIBNEHWE CyKUMHATAeruaporeHasol, x400

2. Serous cells show significantly greater sensitivity to  AOMOJIHUTENIbHAA UHOOPMALINA

cytotoxic effects compared to mucous cells.
3. There was a high degree of regeneration of the glan-
dular epithelium of the OM after the withdrawal of the cyto-

Bknapg aBTOpoB. Bce aBTOpbI BHECNN CYLLECTBEHHBIN
BKNaz B pa3paboTky KOHLENUMM, NPoBeAEeHWe uccnenoBa-
HUS ¥ NOATOTOBKY CTaTbU, NPOYNN 1 0806pUAN DUHATBHYIO

static drug. Bepcuio nepeg nybnukauuen.
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KoHnukt mHTepecoB. ABTOpbI EKNapupytT OTCyT-
CTBME SBHbIX W MOTEHUManbHbIX KOH(IMKTOB MHTEPECOB,
CBSI3aHHbIX C Nybnukauyein HacTosLen cTaTbi.

WUcTouHMK ¢hmHaHCcMpoBaHuA. ABTOpbI 3asBRsOT 00
OTCYTCTBWWN BHELLHEr0 (hUHAHCUPOBAHWS NPU NPOBELEHWM
“ccnegoBaHus.

JKcnepuUMeHTbI ¢ XMBOTHbIMU. PaboTa npoBeaeHa B
COOTBETCTBUN C 3TUYECKAMW NPUHLMNAMM, YCTAHOBMNEHHbI-
MU EBpONeNckoin KOHBEHLMEN NO 3aLLMTE NO3BOHOYHbIX XKK-
BOTHbIX, UCMONb3YEeMbIX AN 3KCNepUMEHTaNbHbIX U ApYTiX
HayuHbIX Uenen (npuHsaToin B Ctpactypre 18.03.1986 r. u
noateepxaénHon B Ctpacbypre 15.06.2006 r.) n ogobpeHa
JlokanbHbIM 3TUYECKUM KOMUTETOM.
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FETOMETRY PARAMETERS
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Abstract. Introduction. Current research supports the efficacy and safety of in vitro fertilization (IVF), but questions
about pregnancy and fetal development after their use continue to be relevant. Early sources claim that there is a
relationship between IVF and low birth weight, premature birth, placental abruption, congenital malformations, and
perinatal mortality. More recent data show that the incidence of perinatal complications is higher in women after IVF.
The aim of the study was to evaluate fetometric parameters in pregnancies resulting from in vitro fertilization in
the Orenburg region. Material and method. Retrospectively we studied 1333 ultrasound protocols at 11-14, 20-22,
30-34 weeks in 462 pregnant women of the first (343) and second (119) gestational periods after IVF. When analyzing
screening at 11-14 weeks, we compared the crown-rump length (CRL) and nuchal translucency (NT) of fetuses in
women of two age groups. The second and third screens looked at averages the mean biparietal diameter (BPD),
occipitofrontal diameter (OFD), head circumference (HC) and abdominal circumference (AC) and femur length (FL) in
fetuses from women of the two age periods and according to sex were compared, as well as the growth intensity of
the above parameters depending on the sex of the fetus and the age period of the mother. Results. The study showed
that at the first screening, the mean CRL of the fetus was not statistically significantly different between the two groups,
while the mean value of the nuchal NT was significantly higher in fetuses of second gestational age women. When
comparing the fetometric parameters obtained at the second screening, there was a significant difference in OFD in
fetuses of women of the two age periods. When comparing the studied fetometric parameters depending on the sex
of the fetus, significant differences were found in a greater direction for male fetuses. Conclusion. Thus, fetometry
revealed uneven growth of the studied parameters from the intermediate to late fetal period, including depending on
the sex of the fetus and the age of the mother.

Keywords: fetus, fetometry, in vitro fertilization, growth intensity
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Pestome. BeedeHue. CoBpeMeHHble NCCNeA0BaHNs NOATBEPXKAAT 3PDeKTUBHOCTL M 6€30MacHOCTb JKCTpa-
kopnopanbHoro onnogoteopeHus (3KO), oagHaKo NpoAoKaT 0CTaBaTbCA akTyasbHbIMU BONPOCH! O TEYEHWUN
BepeMeHHOCTHN 1 pa3BUTUM NNOAA NOCNE UX NPUMEHEHUS. PaHHWE UCTOYHUKM YTBEPXAAKOT O CYLLEeCTBOBaHUM
B3auMocCBA3n Mexay npoueaypor OKO v HU3KMM BECOM NpU POXAEHUW, NPEXAEBPEMEHHBIMI poLaMu, OTCMNONKON
NNaLeHTbl, BPOXAEHHbIMA aHOMANUAMU Pa3BUTUS, NEPUHATANIbHON CMEPTHOCTLI. [103aHNE faHHble NOKa3blBaKT,
4YTO YacToTa NepuHaTanbHbIX OCNOXHEHMN Bbilwe Yy xeHwnH nocne IKO. Lenb uccnedogaHusi — AaTb OLIEHKY
(heToOMeTpUYECKUM NokazaTensam npu 6epeMeHHOCTH, HaCcTyNUBLLEN B pe3ynbTaTe 9KCTpakopnopanbHoro onnogo-
TBOpEHUS, B OpeHbyprckor obnactn. Mamepuanbi u Memodsi. PeTpocnekTneHo Obinu n3yyersl 1333 npotokona
yNbTPa3ByKOBOro nccnefoBanms B cpokn 11-14, 20-22, 30-34 Hegenn y 462 6epemeHHbix nepsoro (343) v BTOporo
(119) nepnopoB 3penoro Bo3pacTa nocne npUMeHeHUs BCNoMoraTenbHbIX PenpoayKTUBHbIX TexHonorun (BPT). Mpu
aHanuse ckpuHuHra B 11-14 Hegenb cpaBHMBanNK kKonunko-tTemeHHon pasmep (KTP) 1 TonLMHY BOPOTHUKOBOIO Npo-
cTpaHcTaa (TBI) N10A0B Y XeHLUMH ABYX BO3PACTHbIX rpynn. Bo BTOPOM ¥ TpeTbeM CKPUHWHIE CPaBHUMW CpeHue
3HayeHus GunapuetansHoro (BIMP), no6Ho-3atbinoyHoro paamepos (J13P), okpyxHocTu ronossl (OF) u xuneoTa (OX)
1 anuHbl 6egpa ([B) y NNoAoB OT XeHLWWH 4BYX BO3PACTHbIX NepyuoaOoB W B 3aBUCUMOCTH OT NONa, a TakKe WHTEH-
CWBHOCTb POCTa BbILLENEPEYNCNEHHbIX TApaMeTPOB B 3aBUCUMOCTM OT NoNa Nnoja 1 BO3pacTHOro nepuoaa MaTepu.
Pe3ynbmamel. iccnefoBaHue nokasano, YTo npu NepBoM CKpUHUHTe cpeaHee 3HaveHue KTP nnoga He nmeno
CTaTUCTUYECKM 3HAYMMBIX Pa3UYUI Y KEHLLWH ABYX rpynn, a cpeaHee 3HaveHne TBIy nnoaoB XeHLWUH BTOPOro
nepuoga 3penoro Bospacta 6bino 3Haummo GonbLue. [pu cpaBHEHUM (ETOMETPUYECKIX NOKa3aTenemn, NonyYeHHbIX
npu BTOPOM CKPUHUHTE, BbISBMIEHO 3HaunMoe pasnnyune JI3P y nnofoB XeHLWH ABYX BO3PACTHbIX Nepuoaos. Mpu
CpaBHEHUW uccnegyemblx eTOMETPUYECKNX NapaMeTpoB B 3aBUCMMOCTM OT Nona NioAa BbiBNEHbl 3HA4YMMbIe
pasnuyus B BonbLUYo CTOPOHY ANS MMOA0B MYXCKOro nona. 3akmoyeHue. Takum o6pasom, (heToMeTpus BbisBUIa
HepaBHOMEPHbI POCT UCCReLyeMblX NapaMeTpoB OT MPOMEXYTOYHOTO K NO3LHEMY NIIOAHOMY Nepuoay, B TOM Yucne
B 3aBMCMMOCTM OT nofia nnoga v Bo3pacta maTepw.

KnioueBble cnoBa: nnoga, dDeTOMeTpI/IFI, QKCTpakopnopanbHoe onnogoTBOpeHNE, NHTEHCUBHOCTb POCTa
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INTRODUCTION

Since the first in vitro fertilization (IVF) procedure was per-
formed, extensive experience has been accumulated in the use
of assisted reproductive technologies (ART). Numerous ran-
domized controlled trials have demonstrated the efficacy and
safety of ART [1]. However, the study of pregnancy outcomes
following IVF, including fetal development, remains relevant.
The fundamental question remains unresolved: whether to con-
sider IVF-conceived pregnancy as physiological (i.e., identical
to spontaneous conception) or to regard it as a pregnancy with
an inherently higher risk of perinatal complications [2].

On one hand, IVF success is conventionally determined
by ultrasound-confirmed intrauterine pregnancy.

On the other hand, current practice places greater im-
portance on evaluating outcomes through the birth of a
healthy term infant with preserved maternal health.

Early studies suggested an association between IVF
procedures and adverse perinatal outcomes, including low
birth weight, preterm delivery, placental abruption, congeni-
tal anomalies, and perinatal mortality [3]. More recent data
indicate that women who conceive through IVF experience
higher rates of perinatal complications compared to the
general population [4]. Currently, IVF is increasingly being
utilized by women of advanced maternal age.

Consequently, a critical priority for obstetric-gynecologic
care is to enhance the quality and efficacy of medical ma-
nagement during pregnancy, delivery, and the postpartum
period [3], as well as to optimize prenatal fetal diagnos-
tics — particularly standard ultrasound fetal biometry [5].

Fetal ultrasound screening holds a pivotal position in pre-
natal diagnostics [6]. Standard screening examinations were
traditionally performed at 11-14, 18-21, and 30-34 gestatio-
nal weeks. Retrospective analysis demonstrates the feasibility
of fetal assessment in women with IVF-conceived pregnancies
during intermediate and late fetal development stages.

AIM

The aim of the study was to evaluate fetometric para-
meters in pregnancies resulting from in vitro fertilization in
the Orenburg region.

MATERIALS AND METHODS

The study sample comprised 462 electronic pregnancy
and delivery records following IVF between 2016-2022. All
cases were stratified by maternal age: first period of ma-
ture age (FPA, 20-34 years) and second period of mature
age (SPA, 35-45 years) — 343 and 119 cases, respec-
tively. For the second and third trimester screenings, the

sample was equally divided by fetal sex (50% male and
50% female). Inclusion criteria were: women with singleton
IVF pregnancies, term deliveries, and without severe extra-
genital pathology.

Using retrospective analysis of electronic pregnancy
and delivery records, we analyzed standardized fetal bio-
metry data obtained during routine ultrasound screenings
at 11-14, 18-22, and 30-34 gestational weeks'. It should
be noted that the third (mandatory) screening was discon-
tinued as of January 1, 20212,

We analyzed 1,333 ultrasound examination protocols
across different pregnancy trimesters. For first-trimester scre-
ening (450 scans), we measured crown-rump length (CRL)
and nuchal translucency (NT). Second-trimester screening
(456 scans) included assessment of biparietal diameter (BPD),
occipitofrontal diameter (OFD), head circumference (HC), ab-
dominal circumference (AC), and femur length (FL). The same
parameters as the second trimester (BPD, OFD, HC, AC, FL)
were evaluated in third-trimester scans (427 examinations).

All ultrasounds were performed using Voluson S10
systems with RAB6-RS transducers alongside Samsung
HS70(A) machines equipped with 5-9 MHz microconvex
transducers.

The study was conducted at the Medical-Genetic Coun-
seling Center of Orenburg Regional Clinical Hospital No. 2
and the Department of Human Anatomy, Orenburg State
Medical University (Ministry of Health of Russian Federation.
The research protocol was approved by the Local Ethics
Committee of Orenburg State Medical University (Protocol
No. 308, dated November 28, 2022).

For Groups 1 and 2, as well as for male and female
fetuses, growth intensity rates for the aforementioned feto-
metric parameters were calculated from intermediate to late
fetal periods using the formula (Sokolov V.V. et al., 2005):

. (0,-D)
0’5 ’ (D1 + D2)

where D, represents the parameter value in the late fetal
period and D, and epresents the value in the intermediate
fetal period.

All morphometric data underwent variation-statistical
processing using MS Excel and IBM SPSS Statistics soft-

Gl - 100%.

! Prikaz Ministerstva zdravookhraneniya Rossiyskoy Federatsii
ot 28 dekabrya 2000 goda Ne 457 “O sovershenstvovanii prenatal’noy
diagnostiki v profilaktike nasledstvennykh i vrozhdennykh zabolevaniy
u detey”. Available at: https://base.garant.ru/4177325/ (accessed:
16.03.2025).

2 Prikaz Ministerstva zdravookhraneniya Rossiyskoy Federatsii
ot 20 oktyabrya 2020 goda Ne 1130n “Ob utverzhdenii Poryadka
okazaniya meditsinskoy pomoshchi po profilyu «akusherstvo i
ginekologiya»”.Available at: https://base.garant.ru/74840123/
(accessed: 16.03.2025).
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ware, version 20.0. We determined the mean value (X),
standard deviation (Sx), minimum (min) and maximum
(max) values. The significance of differences between com-
pared parameters was assessed using Student's t-test, with
the statistical significance level (p) set at 0.05 as the critical
threshold in our study.

RESULTS

Ultrasound scanning provides detailed images of nearly
all fetal structures and enables their qualitative and quanti-
tative assessment. Ultrasound fetometry serves as a prena-
tal diagnostic method that forms the basis for establishing
regional standards of fetal growth evaluation.

Fetometry data at different gestational timepoints in IVF-
conceived pregnancies are presented in Table 1.

During first-trimester screening, analysis of women in
first and second mature age periods revealed mean CRL
values of 63.6+6.6 mm (FPA group) and 64.7£7.8 mm (SPA

group). These measurements showed no statistically signifi-
cant intergroup difference (p=0.246).

Mean NT measurements were 1.6+£0.3 mm in the FPA
group compared to 1.7+£0.3 mm in the SPA group, demon-
strating statistically significant differences (p=0.045), with
higher values observed in women of SPA.

During second-trimester screening (without accounting
for fetal sex), women in first and second mature age pe-
riods following IVF demonstrated the following mean fetal
biometry values in the intermediate fetal period. For pregnant
women of FPA biparietal diameter, occipitofrontal diameter,
head circumference, abdominal circumference, and femur
length measured 48.7+£3.5 mm, 64.1£3.9 mm, 181.9£10 mm,
156.2+9.6 mm, and 33.7+£2.5 mm, respectively. For preg-
nant women of SPA, these parameters were 48.8+2.8 mm,
65.1£3.8 mm, 183.749.2 mm, 157.4+10.5 mm, and
34.1£3.1 mm, respectively.

Comparative analysis revealed no significant diffe-
rences in BPD, HC, AC, or FL between age groups, while

Table 1
Fetal parameters in pregnancy after in vitro fertilization
Tabnuua 1
®eToMeTpUyeCKMe NapameTpbl Npu GepeMeHHOCTM Nocrie 3KCTPaKopNopanbLHOro onnoAoTBOPeHMs
MMepsbiit ckpuHuHr / First screening (n=450)

Mapametp / Parameter X+Sx min max

KTP, mm / CRL, mm 63,946,9 48 83

TBM, mm / NT, mm 1,610,3 08 32

Cpok 6epemeHHoCTH, Heaenb / Gestational age, weeks 12,6+0,5 11 14

Bropoit ckpuHuHr / Second screening (n=456)

BIP, Mm / BPD, mm 49+33 43 54

N3P, mm / OFD, mm 65+3,9 56 73

Or, mm/HC, mm 183,319,9 160 205

OX, mm / AC, mm 158,119,9 134 178

[B, mm / FL, mm 34126 30 41
Cpok 6epemenHocTH, Heaenb / Gestational age, weeks 20,7+0,8 19,1 22,6

TpeTuit ckpuhmHr / Third screening (n=427)

BMP, Mm / BPD, mm 80,2+3,7 74 89

N3P, mm / OFD, mm 99,8+4,8 87 M

Or, mm/HC, mm 287+12,3 256 315

OX, mm / AC, mm 272+14,3 228 296

OB, mm / FL, mm 60,5+4 53 66
Cpok bepemeHHocTY, Hepenb / Gestational age, weeks 31,3+1,1 29 33,6

Note: BPD — biparietal diameter of the head; FL — femur length; CRL — coccygeal-parietal size; NT — nuchal translucency thickness; OFD — occipitofrontal diameter;

HC — head circumference; AC — abdominal circumference.

Mpumeyanue: BIMP — 6unapueTanbhbiil pasmep ronosbl; 6 — annHa 6eppenHoit koct; KTP — konunko-TemeHHon pasmep; TBI — TonwymHa BOPOTHUKOBOTO

npocTpaHcTaa; JI3P — no6Ho-3aTbinoYHbIi pasmep; OF — OKPYXHOCTb ronoBbl; OX — OKPYXHOCTb X1BOTA.
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OFD showed statistically significant greater values in the
advanced maternal age cohort.

Evaluation of biparietal diameter, occipitofrontal diameter,
head circumference, abdominal circumference, and femur
length during third-trimester screening in the late fetal pe-
riod revealed the following mean values for women of FPA:
79.4+3.7 mm, 100.2+4.8 mm, 287.3+12.3 mm, 270.1+14.3

mm, and 59.4+4 mm, respectively. For women of SPA,
the corresponding fetal parameters were 79.2+3.7 mm,
100.6+4.8 mm, 287.2+12 mm, 270.2+14.9 mm, and
59.7+2.8 mm, respectively.

The results of screening examinations performed at es-
tablished gestational timepoints, showing fetal size varia-
tions by maternal age and fetal sex, are presented in Table 2.

Table 2

Size of male and female fetuses

Tabnuua 2

Pa3mepbI Nf1040B MYXCKOTO U XXEHCKOro nona

— el | a1 | o wemtaeniggy | St pasi
Parameter Gestational age, di%ferences b
weeks X£Sx X+Sx '
18-22 vepenu / 18-22 weeks
MN3B / FPA, n=343
BIMP, mm / BPD, mm 20,8+0,8 49,743,7 47,73 <0,001
N3P, mm / OFD, mm 65,244 63+3,5 <0,001
Or, mm/HC, mm 185,110, 1 178,848,9 <0,001
OX, mm / AC, mm 15949 153,549,3 <0,001
OB, Mm / FL, mm 34,2426 33,3+2,2 0,002
BM3B / SPA, n=119
BIMP, vm / BPD, mm 20,6+0,8 48,8+3,2 48,9424 0,945
N3P, mm / OFD, mm 65,9+4,5 64,2+2,8 0,02
Or, mm/HC, mm 185,1+10,5 182,247,2 0,099
OX, mm / AC, mm 158,9+11,7 155,648,5 0,09
OB, mm / FL, mm 3443 34,2431 0,72
30-34 Hepgenu [ 30-34 weeks
MN3B / FPA, n=343
BIMP, vm / BPD, mm 31,641 80,3%3,7 78,4£3,5 <0,001
N3P, mm / OFD, mm 100,6+5 99,8+4,5 0,172
Or, mm/HC, mm 289,8+12,7 284,9+11,4 0,001
OX, mm / AC, mm 272414 4 268,3+14 0,02
OB, Mm / FL, mm 59,5+4,3 59,243,6 0,55
BM3B / SPA, n=119
BIMP, mm / BPD, mm 31,1+1,2 79,843,9 78,543,1 0,05
N3P, mm / OFD, mm 101,444,9 99,7447 0,07
Or, mm/HC, mm 290+12,5 283,9+10,6 0,009
OX, mm /AC, mm 271,8+14,5 268,2+15,4 0,2
OB, mm / FL, mm 59,743 59,8+2,6 0,79

Note: BPD — biparietal diameter of the head; SPA — second period of mature age; FL — femur length; OFD — occipitofrontal diameter; HC — head circumference;

AC — abdominal circumference; FPA — first period of adulthood.

MpumeyaHue: BINP — 6GunapuetanbHbiii pa3mep ronosbl; BM13B — BTopoit nepuog 3penoro Bospacta; b — anuHa 6eapenHoit kocTu; T3P — no6HO-3aTbINoYHbINA
pa3mep; O — okpyxHocTb ronosbl; OX — okpyxHoCTb xuBoTa; MMN3B — nep.bIit nepuog 3penoro BospacTa.
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Table 2 demonstrates that during 18-22-week screening,
women of FPA showed significantly greater mean values for
all measured parameters in male fetuses compared to female
fetuses. In contrast, at 30-34-week screening during the late
fetal period, no statistically significant differences were ob-
served in mean BPD, OFD, HC, AC, or FL values between
male and female fetuses across both maternal age groups.

Growth intensity analysis of fetal biometric parameters
was conducted between the second and third trimester
screenings.

The study revealed non-uniform changes in fetal bio-
metric parameters during transition from intermediate to late
fetal periods. Growth rates varied significantly across mea-
sured parameters, between the two maternal age groups
undergoing IVF, and between fetal sexes.

The highest growth intensity was observed in FL and
AC, while the lowest rates occurred in OFD and HC, with an
11.8% difference between maximum and minimum values.
These findings indicate that during the intermediate fetal
period, the most pronounced growth occurs in lower body
segments and free lower extremities (thighs).

Growth rates (BPD, OFD, HC, AC, FL) in both maternal
age groups were as follows: FPA — 48.2%, 43.4%, 44.5%,
53.4%, 55.2% and SPA — 47.7%, 43.0%, 44.0%, 52.6%,
54.7%, respectively. Comparative analysis revealed con-
sistently higher growth intensity across all parameters in

60,0

women of FPA, with the most pronounced difference ob-
served in biparietal diameter and the smallest difference in
occipitofrontal diameter.

Growth rates for BPD, OFD, HC, AC, and FL from inter-
mediate to late fetal periods in male fetuses of women of
FPA were 47.1%, 42.7%, 44.1%, 52.4%, and 54.0%, respec-
tively (Figure 1). The highest growth intensity was recorded
for femur length and abdominal circumference, while the
lowest rates were observed for occipitofrontal diameter. The
difference between the highest and lowest values values
was 11.3%.

Growth rates for BPD, OFD, HC, AC, and FL from inter-
mediate to late fetal periods in female fetuses of women
of FPA were 48.7%, 45.2%, 45.8%, 54.4%, and 56.0%,
respectively. The highest growth intensity was observed
in femur length, while the lowest rates were recorded for
occipitofrontal diameter. The difference between maximum
and minimum values was 10.8%.

Comparative analysis between male and female fetuses
of women of FPA revealed consistently higher growth rates
across all parameters in female fetuses.

Growth rates for BPD, OFD, HC, AC, and FL from in-
termediate to late fetal periods in male fetuses of women
of SPA were 48.2%, 42.4%, 44.2%, 52.4%, and 54.9%,
respectively. The highest growth intensity was observed
in femur length, while the lowest rates were recorded for
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BITP BS
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JI3P JOFD

Fig. 1.

or McC

OX AC J1B /JFL

Growth intensity of the main fetal parameters in first period of adulthood (FPA) and second period of mature age (SPA) women

depending on the sex of the fetus (%). BPD — biparietal diameter; FL — femur length; OFD — occipitofrontal diameter; HC — head

circumference; AC — abdominal circumference
Puc. 1.

WNHTEHCMBHOCTL POCTa OCHOBHLIX MapaMeTPOB NoAa Y XeHIWH nepBoro nepuoaa spenoro Bospacta (MMN3B) n BToporo nepuoaa

3penoro Bo3pacta (BM3B) B 3aBucumoctu ot nona nnoaa (%). MNP — 6unapuetanbHbIi pasmep ronobl; I — anvHa 6eapeHHom
kocTu; JI3P — no6HO-3aTbINOYHBbIN pa3mep; O — okpyxkHOCTb ronoBbl; O — OKpYXHOCTb XMBOTa
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occipitofrontal diameter. The difference between the highest
and lowest values was 12.5%.

Growth rates for BPD, OFD, HC, AC, and FL from interme-
diate to late fetal periods in female fetuses of women of SPA
were 46.5%, 43.3%, 43.6%, 53.1%, and 54.5%, respectively.
The highest growth intensity was observed in femur length,
while the lowest rates were recorded for occipitofrontal dia-
meter. The difference between maximum and minimum values
was 11.2%.

DISCUSSION

This study demonstrated no significant differences in
crown-rump length between fetuses of the two maternal
age groups, with all mean values falling within the normal
reference range at 12.6£0.5 weeks of gestation [7]. In con-
trast, nuchal translucency measurements showed statisti-
cally significant differences between first and second mature
age period groups, being greater in the latter, though still
remaining within normal physiological ranges [7, 8].

Analysis of fetal biometric parameters at 18-22 and 30-34
weeks of gestation revealed no significant differences in mean
values of biparietal diameter, occipitofrontal diameter, head
circumference, abdominal circumference, and femur length
when compared to regional fetal growth standards [9, 10].
These findings underscore the importance of using region-
specific reference norms for ultrasound assessment of fetal
growth [11, 12]. Sex-based comparison demonstrated signifi-
cantly larger mean biometric measurements in male fetuses,
consistent with data from the population-based prospective
birth cohort study (2016), which confirmed that from the se-
cond trimester onward, head circumference and abdominal
circumference were consistently greater in male fetuses than
in female [13].

The highest growth rates were observed for femur length
and abdominal circumference, while the lowest rates were re-
corded for occipitofrontal diameter and head circumference.
The difference between the highest and lowest values was
11.8%. These findings support our data demonstrating that
“...the segments of the free lower extremity (thigh and shin)
show maximal longitudinal growth during the intermediate
fetal period” [14]. Growth patterns also differed significantly
between sexes, corroborating findings by Z.A. Broere-Brown
et al. that in singleton pregnancies, male fetuses exhibit dis-
tinct growth dynamics compared to females [13].

CONCLUSION

1. During first-trimester screening, crown-rump length
and nuchal translucency measurements in IVF-conceived
fetuses were within normal reference ranges.

2. Second- and third-trimester evaluations demonstra-
ted that biparietal diameter, occipitofrontal diameter, head
circumference, abdominal circumference, and femur length
in IVF pregnancies conformed to both standard norms and
regional nomograms. Sex-based comparisons revealed
systematically larger biometric values in male fetuses.

3. Fetal biometry revealed non-uniform growth across all
studied parameters from intermediate to late fetal periods,
with sex-specific growth rate variations characteristic of
IVF-conceived fetuses.
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AONONHUTENBbHAA NHOOPMALINA

Bknap aBTopoB. Bce aBTOpbI BHECNN CYLLECTBEHHbIN
BKNag B pa3paboTKy KOHLenuuW, NpoBeaeHne uccneaosa-
HWS ¥ NOATOTOBKY CTaTby, NPOYNN 1 0806pNUNN PUHaNBHYO
Bepcuto nepeg nybnnkaymen.

KoHdnukT uHTepecoB. ABTOpbI JeKnapupyloT OTCyT-
CTBME SBHbIX W MOTEHUMaNbHbIX KOH(IIMKTOB WHTEPECOB,
CBSI3aHHbIX C NybnvkaLmen HacTosLLen cTaTbiy.

WUcToyHuk cpuHaHcupoBaHusa. ABTOpbI 3asBNsOT 06
OTCYTCTBUM BHELIHEr0 (PUHAHCMPOBAHUS MPU NPOBELEHUM
nccnenoBaHus.

UHdopmupoBaHHoe cornacue Ha nybnukauumio. As-
TOPbI MOMYYUNN NUCbMEHHOE COrnacue NauueHTOB Ha ny-
Brivkaumio MeAMLMHCKNX LaHHbIX.
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ASSESSMENT OF HEMODYNAMIC STATUS IN ANIMALS
WITH BURN SHOCK AND PROLONGED TISSUE COMPRESSION SYNDROME
AGAINST THE BACKGROUND OF ANTIHYPOXANT APPLICATION
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Abstract. Introduction. Burn disease and compartment syndrome, despite differences in etiological factors, have
similar pathogenesis links that determine the severity of the patient’s condition and high mortality rates. In this regard,
the study of their mutual aggravation and possible ways to correct developing disorders is relevant. Purpose of the
study — to study the functional state of the cardiovascular system in animals with burn disease and compartment
syndrome against the background of the use of antihnypoxants. Materials and methods of the study. The study
included 180 small laboratory animals (rats), which modeled extensive deep skin burns and compartment syndrome.
All rodents were divided into three equal groups taking into account the composition of infusion therapy: saline
(0.9% NaCl), antihypoxants mufasol and polyoxyfumarin. In the course of the work, stroke volume and minute blood
volume, as well as the effectiveness of succinate dehydrogenase, were studied. Statistical data processing was
performed using generally accepted methods of variation statistics. The alternative hypothesis was accepted at
p <0.05. Research results and discussion. It was found that when using polyoxyfumarin, the stroke volume and
minute blood volume were higher by 25% (p <0.05) and 21.4% (p <0.05) relative to the use of mufasol and by 67%
(p <0.05) and 40% (p <0.05) relative to the introduction of sodium chloride. The use of the Parkland formula + 40%
made it possible to increase the overall effectiveness of infusion therapy by 39% regardless of its composition. The
effect of polyoxyfumarin and mufasol on the activity of succinate dehydrogenase was established. On the second
day after the injury, the analyzed indicator was 32.1 and 34.2, respectively, which is 54.7% (p <0.05) and 71.4%
(p <0.05) relative to the introduction of sodium chloride. Conclusion. The use of antihypoxants as part of anti-shock
infusion therapy for extensive burns and prolonged tissue compression syndrome improves the condition of the

cardiovascular system and myocardium.

Keywords: skin burn, deep burns, burn disease, prolonged tissue compression syndrome, crush syndrome, antihypoxants,

infusion therapy, hemodynamics
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Pestome. BeedeHue. OxoroBas 601€3Hb U CUHAPOM ANNTENBHOTO CAABIEHNS TKaHel, HECMOTPS Ha pasnnyns
B aTMOMNOrnyeckux aktopax, obnagaloT CXOXMMN 3BEHbSMI NaToOreHe3a, onpeaensowmMn TSHXeCTb COCTOSHNS
naumeHTa 1 BbICOKME Noka3aTenu netanbHoOCTH. B CBA3M C YeM M3yyeHne BONPOCOB UX B3aUMHOIO OTATOLEHNS U
BO3MOXHbIX NMyTEl KOPPEKLMM Pa3BUBAOLLMXCS HAPYLLEHMUI SBNSETCSA akTyanbHbiM. Ljesb uccnedosaHusi — 13yuuTb
(OYHKLMOHANbHOE COCTOSHME CepaEYHO-COCYANCTON CUCTEMBI Y XUBOTHBIX C OXOr0BOW BONE3HbI0 N CUHAPOMOM
ANUTENbHOTO CAABNEHNS TKaHe! Ha (hOHe NPUMEHeHUs aHTUrunokcaHToB. Mamepuanbl u Memodsbi uccnedo-
eaHus. B nccnegosaHue BknyeHo 180 menkux nabopaTopHbIX XUBOTHbIX (KPbIC), KOTOPLIM MOAENNPOBANUCH
06LWMpHbIe rnyboKMNe OXOrn KOXW N CUHAPOM LNNTENbHOTO caaBneHns TkaHel. Bee rpbi3yHbl Obinn pasaeneHs!
Ha TpW paBHbIe rPynmbl C y4eTOM coCTaBa UHGY3MOHHON Tepanum: dnamonornyeckuin pacteop (0,9% NaCl), aH-
TUTMNOKCAHTLI Mydacon u nonuokcudymapuH. B xoge pabotebl n3yyanuchb yaapHbii 06bEM U MUHYTHBIA 06bEM
KpOBM, a Takxe 3hPEKTUBHOCTL CyKUMHaTAErMaporeHasbl. Ctatuctuyeckas o6paboTka faHHbIX OCYLecTBASNach
06LEeNpUHATEIMY METOLaMM BapuaLMOHHON CTaTUCTUKN. AnbTepHaTMBHAs runotesa npuHumanacs npu p <0,05.
Pe3ynbmamsbi uccnedoeaHusi u 06¢cyxdeHus. YCTaHOBIEHO, YTO NPU UCNONb30BaHMW NONMOKCUDYMapuHa
nokasartenu yaapHoro o6bema n MUHyTHOro ob6bema KpoBu okasanuch Belwe Ha 25% (p <0,05) u 21,4% (p <0,05)
OTHOCUTENBHO NpUMeHeHMs Mydacona u Ha 67% (p <0,05) 1 40% (p <0,05) oTHOCUTENBHO BBEAEHUS HATPUS XNO-
puga. cnonb3osaHue opmynbl MapknaHaa + 40% no3sonuno ysenuyutb 061y 9 PeKTUBHOCTb MHGY3NOHHON
Tepanumn Ha 39% He3aBWCUMO OT ee cocTaBa. KOHCTaTMpOBaHO BMMSHME NONNOKCUGYMapuHa 1 Mydacona Ha
aKTMBHOCTb CYKLMHATAernaporeHassl. Ha BTopble CyTku Nocne TpaBMbl aHanM3mpyeMblii nokasatens CoCcTaBun,
COOTBETCTBEHHO, 32,1 1 34,2, 4T0 Ha 54,7% (p <0,05) n 71,4% (p <0,05) Gonblue OTHOCUTENBHO BBEAEHUS HATPUS
xnopuga. 3aksryeHue. HazHayeHne aHTUIMNOKCAHTOB B COCTaBe NPOTUBOLIOKOBON MHDY3NOHHOW Tepanuu npu
OBLUMPHBIX OXOrax 1 CMHAPOME ANMTENBHOrO CAABMNEHNS TKAHel ynyyliaeT COCTOSHUE CepaeYHO-CoCyanCToN
cUCTeMbl M MUOKapZa.

KntoueBble crnoBa: 0Xor KOXu, rny60|<|/|e oXoru, oxorosas 60nesHb, CMHAPOM ONUTENBbHOIO CAaBNeHnA TKaHew,
Kpaw-CUHAPOM, aHTUTUNOKCAHTHI, VIH(*)y3I/IOHHaFI Tepanua, remognHamMmumnka
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INTRODUCTION

Burn injuries represent a major medical, social, and eco-
nomic challenge [1]. This is evidenced by their high incidence
in domestic, occupational, and military settings. Globally, over
180,000 fatal burn injury cases are reported annually [2].

Extensive high-temperature injuries are accompanied
by disturbances in the homeostasis system. A complex set
of interrelated pathophysiological changes occurring in the
body leads to the development of burn disease, which is
characterized by severe hypovolemia, endotoxemia and
exotoxemia, progressing to sepsis [3].

Modern combat trauma is characterized by a high fre-
quency of not only thermal but also mechanical injuries.
The destruction of fortifications and damage to equipment
often lead to compression of distal limb segments with sub-
sequent development of crush syndrome, tissue ischemia,
and severe endotoxicosis. The latter ultimately determines
the high mortality rate in this type of injury [4].

The simultaneous development of burn disease and
crush syndrome contributes to the formation of intersecting
vicious cycles of pathogenesis, significantly increasing the
likelihood of an unfavorable treatment outcome for the victim
[5]. Disruption of respiratory chains has the most profound
effect on energy-dependent tissues of the body, particu-
larly the myocardium. Maintaining the contractile function
of the heart muscle is impossible without adequate supply
of metabolites and oxygen. Changes in their concentrations
contribute to the development of not only functional but also
structural disorders [6]. Meanwhile, existing intensive care
protocols fail to account for the developing syndrome of mu-
tual aggravation of mechanical and burn shock, as well as
pronounced processes of tissue hypoxia and ischemia.

Currently, specialists have access to various metabolic
drugs that optimize respiratory chain function. However,
despite their high efficacy demonstrated in certain studies,
these groups of medications have not gained widespread
clinical use due to insufficient evidence base [7]. Conse-
quently, the present study holds significant relevance and
importance for the healthcare system.

AIM

The aim of this study was to assess the functional state
of the cardiovascular system in animals with burn disease
and crush syndrome during administration of antihypoxants..

MATERIALS AND METHODS

The experimental study was conducted at the Department
of Pathological Physiology (Head — Professor V.N. Tsygan),

the Clinic of Experimental and Biological Models, and the
Research Laboratory of Military Surgery at the Research
Center (Director — Professor K.P. Golovko) of the S.M. Ki-
rov Military Medical Academy. The study included 180 small
adult white outbred rats of both sexes weighing 240-250 g.
All animals were divided into three equal groups according
to the composition of infusion therapy: sodium chloride, and
the antihypoxants mufasol and polyoxufumarin. All animal
experiments were performed in strict compliance with Di-
rective 2010/63/EU of the European Parliament and of the
Council (22 September 2010) on the protection of animals
used for scientific purposes and Federal Law No. 498-FZ of
the Russian Federation (27 December 2018, as amended
27 December 2019) “On Responsible Treatment of Animals
and Amendments to Certain Legislative Acts.”

For analgesia prior to inducing extensive burns and
crush syndrome, animals received a 2% xylazine solution at
a dose of 20 mg/kg. Crush syndrome in rats was reproduced
by compressing the soft tissues of either right or left thigh for
4 hours using specialized metal clamps applying 8-10 kg/cm?
pressure over a 5 cm? area. Dorsal skin burns were modeled
using thermal radiation from a KDB-22 light lamp (500 W
power output). The lamp was positioned 2.5 cm from the
body surface with an exposure duration of 20 seconds.

Shock therapy was administered through infusion of
sodium chloride, mufasol, and polyoxufumarin. The needle
was inserted intraperitoneally via a parenteral access in
the thigh region. Fluid volumes were calculated using the
Parkland formula:

V (inf) (mL) =4 - M - %,

where M — animal body weight (kg); % — burn surface
area (absolute units).

The effectiveness of treatment methods was analyzed
using the following parameters: stroke volume and mi-
nute blood volume, along with succinate dehydrogenase
enzyme activity efficiency. Database processing followed
conventional methods of variation statistics in three sta-
ges: research model development and study design, imp-
lementation and data collection, and statistical processing
using MS Excel and SPSS Statistics 17.0 software. Quan-
titative parameters were assessed using the nonparamet-
ric Mann-Whitney U-test. The alternative hypothesis was
accepted at a significance level of p <0.05.

RESULTS AND DISCUSSION

The results of hemodynamic parameter studies in small
laboratory animals with burn disease and crush syndrome,
receiving Parkland formula-calculated infusion therapy, are
presented in Table 1.
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As shownin Table 1, no statistically significant differences
in the analyzed parameter were observed between different
treatment groups at 15 minutes post-infusion initiation. After
one hour of observation, the polyoxufumarin-treated animal
group maintained a stroke volume of 0.05+0.003 mL, rep-
resenting a 25% (p <0.05) increase compared to mufasol
treatment and a 66% (p <0.05) increase versus normal sa-
line administration.

The study of minute blood volume revealed no statisti-
cally significant differences between the analyzed groups
after 15 minutes of infusion therapy. Extending the treat-
ment duration to 60 minutes demonstrated the greatest ef-
ficacy of polyoxufumarin infusion. In this animal group, the
minute blood volume reached 81.5£6.9 mL/kg/min, which
was 21.4% greater (p <0.05) compared to mufasol and
37.9% higher (p <0.05) than normal saline infusion.

At the second stage, we evaluated the efficacy of shock
therapy using different pharmacological agents, with infu-
sion volumes calculated according to the Parkland formu-
la + 40% (Table 2).

The results presented in Table 2 indicate that stroke
volume during high-volume infusion therapy showed no
statistically significant differences between study groups
during the first 15 minutes post-trauma. However, one-hour
administration of polyoxufumarin maintained this parameter
at 0.08+0.003 mL. In animals receiving mufasol and sodi-

um chloride, stroke volume was 37.5% (p <0.05) and 50%
(p <0.05) lower, respectively.

Evaluation of minute blood volume revealed comparable
findings. During the first 15 minutes of infusion therapy, no
statistically significant differences were observed among the
study groups. After 60 minutes of observation, the highest
minute blood volume (81.6+6.8 mL/kg/min) was recorded in
the polyoxufumarin group — representing an 18% (p <0.05)
increase compared to mufasol and a 29.3% (p <0.05)
increase compared to sodium chloride administration.

Analysis of succinate dehydrogenase activity in cardio-
myocytes of rats with burn disease and crush syndrome
receiving Parkland formula +40% calculated infusion the-
rapy is presented in Table 3.

Data from Table 3 demonstrate that during the first
24 hours post-resuscitation for burn shock and crush syn-
drome, polyoxufumarin administration achieved the highest
succinate dehydrogenase activity in rat cardiomyocytes
(38.7£3.2 U/mg). This corresponded to a 6% increase
over mufasol (p >0.05) and a 71.2% elevation compared
to sodium chloride (p <0.05). At the 48-hour post-adminis-
tration timepoint, the observed trend persisted. The highest
enzyme activity was recorded with polyoxufumarin admi-
nistration (34.2+4.2 U/mg), representing a 6.5% increase
compared to mufasol (p >0.05). Sodium chloride infusion
showed the lowest values (12.6+1.2 U/mg).

Table 1

Hemodynamic parameters in animals with burn disease and crush syndrome depending on the composition
of infusion therapy, calculated using the Parkland formula

Tabnuua 1

MapameTpbl reMOAWHAMMKM Y KMBOTHBIX C 0XXOTOBOIM 6ONE3HbI0 ¥ CUHAPOMOM ANUTENTLHOTO CAABIEHMSA
B 3aBMCMMOCTM OT COCTaBa MH()Y3MOHHON Tepanuu, paccyuTaHHom no gopmyne MapknaHaa

[ocne TpaBmbl, Nepeq lMocne Havyana uHdy3nm, Yepes /
AHanuaupyemble napameTpbl / Ipynnbl Habnogerus / Hayanom uHgyaum / After the start of the infusion, after
Analyzed parameters Observation groups After injury, before starting ]
infusion 15 MuHyT / 15 min 1y4ac/ 1 hour
YnapHblit 06bem, mn / Hatpus xnopua / 0,06+0,01 0,06+0,01 0,03+0,006
Stroke volume, ml Sodium chloride
Madpycon / Mafusol 0,06+0,01 0,06+0,01 ' 0,04+0,005
MonuokcudymapuH / 0,07+0,01 0,05+0,01 0,05+0,003" 2
Polyoxyfumarin
MwHYTHbIA 06bEM KpOBY, Hatpus xnopug / 114,249,1 93,6+7,2 59,146,3
mn/kr/muH / Minutes volume, Sodium chloride
ml/kg/min
Madpycon / Mafusol 107,1+6,9 92,2+8,8 67,1£71
Monuokcudymapu / 106,1+8,3 100,5+6,2 81,546,9 2
Polyoxyfumarin

Note. Mann-Whitney U-test: ' — p <0.05 compared to the group receiving sodium chloride solution; 2 — p <0.05 compared to the group receiving mufasol.
Mpumeyanue. U-kputepuit ManHa-Yutiu: ' — p <0,05 no cpaBHeHWio ¢ rpynnoit, nonyyaslueit pacTeop HaTpus xnopuga; 2 — p <0,05 no cpasHEHWIO ¢ rpynmoi,

nonyyasLueit Mycacon.
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Table 2
Hemodynamic parameters in animals with burn disease and crush syndrome depending on the composition
of infusion therapy, calculated using the Parkland formula + 40%
Tabnuua 2

napameprl reMoguHaMUKN Y XXUBOTHbIX C 0XXOroBou 60ne3HbI0 U CUHAPOMOM ONUTeNIbHOro caaBJieHUsA
B 3aBMCMMOCTM OT COCTaBa MH(PY3MOHHON Tepanuu, paccumtaHHomn no gopmyne Mapknanaa + 40%

[Mocne TpaBmbl, Mocne Hauyana uHdyann, yepes /
Ananusupyemble napameTpsl / pynnbl HabmopeHns / neper Hayanom uHdyaunm / After the start of the infusion, after
Analyzed parameters Observation groups After injury, before starting ]
infusion 15 MuHyT /15 min | 14ac/ 1 hour
YnapHblii 06bem, mi / Hatpus xnopug / 0,07+0,01 0,06+0,01 0,040,004
Stroke volume, ml Sodium chloride
Madbycon / Mafusol 0,06£0,01 0,06£0,01 0,05£0,006
MonuokcudymapuH / 0,07+0,01 0,06+0,01 0,08+0,003"2
Polyoxyfumarin
MwHYTHBIR 06BEM KpOBMY, Hatpus xnopug / 114,148,2 94,5479 63,145,8
mn/kr/muH / Minutes volume, Sodium chloride
ml/kg/min
Madycon / Mafusol 108,3+7,1 101,8+8,4 69,1+6,3
MonuokcudymapuH / 107,2+7,9 90,349,1 81,6+6,8"2
Polyoxyfumarin

Note. Mann-Whitney U-test: ' — p <0.05 compared to the group receiving sodium chloride solution; 2— p <0.05 compared to the group receiving mufasol.
Mpumeyanue. U-kputepuit ManHa-Yutiu: ' — p <0,05 no cpaBHeHWio ¢ rpynnoit, nonyyasluei pacTeop HaTpus xnopuaa; 2 — p <0,05 no cpasHEHWo ¢ rpynmoil,

nonyJasLueil Mydacon.

Table 3

Activity of the enzyme succinate dehydrogenase in animals with burn disease and crush syndrome depending
on the composition of infusion therapy, calculated using the Parkland formula + 40%

Tabnuua 3

AKTUBHOCTb (pepMeHTa CyKLMHATAEIMAPOreHasbl y XUBOTHBIX C 0XOrOBOI 60NE3HbI U CUHAPOMOM ANUTENbLHOTO CAABNEHUS
B 3aBMCMMOCTM OT COCTaBa MH(Y3MOHHON Tepanuu, paccuutaHHom no gopmyne Mapknanaa + 40%

Mocne TpaBMbl, yac /

AkTuBHOCTb (hepmerTa (M+m) nocne BBeaeHusi / Enzyme activity (M+m) after injection

After the injury, an hour | yarpus xnopuaa / sodium chloride

madpycona / mufasol nonvokcudymapuna / polyoxyfumarin

24 22,6424

36,5+4,4 1 38,7432

48 12,6+1,2

32,1521 34,2442

Note. Mann-Whitney U-test: ' — p <0.05 compared to the group receiving sodium chloride solution.
Mpumeyanue. U-kputepuit ManHa-Yuthu: ' — p <0,05 no cpaBHEHMIO C rpynnoit, nosyyasLueil pacTBOp HATPKUS XIOpUAA.

CONCLUSION

1. Incorporation of antihypoxants into shock infusion
therapy for burn shock and crush syndrome helps maintain
systemic hemodynamic parameters.

2. The conventional Parkland formula-calculated volume
of antihypoxant infusion for burn shock and crush syndrome
proves insufficient to compensate for systemic pathophy-
siological disturbances.

Our findings demonstrate the therapeutic potential of
including antihypoxants in intensive care protocols for pa-
tients with mechano-thermal shock. However, despite their

proven efficacy, this therapeutic approach requires further
in-depth investigation.
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AONONMHUTENBHAA UHOOPMALINA

Bknag aBTOpOB. Bce aBTOpbI BHECN CYLLECTBEHHbI
Bkag B paspaboTky KOHLUENUMM, NpoBeaeHne uccnenosa-
HWS M MOATOTOBKY CTaTby, MPOYAM 1 0400punN rUHaNLHY
Bepcuto nepep nybnukauuei.

KoHchnukt mHTepecoB. ABTOpbI JeKnapupyloT OTCyT-
CTBME SIBHbIX W MOTEHLMANbHbIX KOH(IMKTOB MHTEPECOB,
CBSI3aHHbIX C Nybnukauyeit HacTosLen cTaTb.

WUcTouHuk chmHaHcupoBaHMA. ABTOpbI 3asBNAOT 00
OTCYTCTBUM BHELUHEro (PUHAHCUPOBAHUS NPU NPOBEAEHWM
“ccneaoBaHms.

JKCNEePUMEHTbI Haf XMBOTHbIMU. JKCNepUMeHTalb-
Hble UCCNefOBaHWS Hafd KMBOTHbIMU MPOBOAMIIUCH B CO-
oTBeTCTBAN C [upekTvBoi EBponenckoro napnameHTa u
Coseta Eeponerickoro Cotosa 2010/63/EC ot 22 ceHTs-
Bps 2010 r. 0 3aWMTE XMBOTHbIX, UCMOMb3YIOWMUXCA ANS
HayuHbIX Lenen, ®efepanbHelM 3akoHOM oT 27.12.2018 T.
Ne498-®3 (pepn. ot 27.12.2019 r.) «O6 0TBETCTBEHHOM 06-
PaLLEHNN C KUBOTHBIMMU U O BHECEHUN U3MEHEHWI B OTAENb-
Hble 3akoHoAaTenbHbIe akThl Poccuiickoin degepauumy.
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Abstract. Despite their rare occurrence, spinal tumors pose a serious problem for public health due to the difficulty
of their diagnosis and treatment. Neoplasms of the spine are divided into primary and secondary tumors (metastases)
by origin. Osteosarcoma is of great interest among primary tumors. Osteosarcoma is a malignant osteogenic tumor
consisting of neoplastic cells that produce osteoid. Osteosarcoma of the spine develops quite rarely, however, it is
characterized by a high degree of malignancy, local aggressiveness, a tendency to metastasis, as well as a long
asymptomatic course. The prognosis for osteosarcoma of the spine remains extremely unfavorable. All this indicates
the need to develop new methods and treatment regimens for osteosarcoma. One of the promising areas is the
development of drugs that affect the intracellular signaling pathway mTOR. mTOR is a serine/threonine protein kinase
that forms a catalytic subunit of two different protein complexes: mTORC1 and mTORC2. It has been established
that this signaling pathway regulates the processes of vital activity of the cell and the entire organism at the deepest
level. Its hyperactivation plays an important role in carcinogenesis, including in the pathogenesis of osteosarcoma. In
this regard, it was proposed to use drugs that affect the mTOR signaling pathway for its therapy. Such drugs include:
rapamycin, everolimus, temsirolimus, catalytic inhibitors of mTOR (MLN0128 and PP242), micro-RNA (miR-223
and miR-101), oleanolic acid, spautin-1, metformin and so on. It is proposed to combine these drugs with classical
chemotherapy to achieve better results in the treatment of osteosarcoma. At the moment, it is necessary to select
rational combinations and dosages of drugs.

Keywords: osteosarcoma of the spine, mTOR signaling pathway, mTORC1, mTORC2, rapamycin, autophagy inhibitors,
metformin, catalytic inhibitors of mTOR, PP242, classification of spinal neoplasms
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Pe3tome. HecMoTps Ha peakyto BCTpe4aemMoCTb, ONyXou NO3BOHOYHMKA NPEeACTaBNAT Cepbe3Hyo npobnemy 4ns
3[paBOOXPaHEHNs N0 NPUUMHE CAIOXHOCTM UX ANArHOCTUKM U neveHus. HoBoobpa3oBaHWs NO3BOHOYHOrO cTonba B
3aBNCUMOCTM OT NPOVUCXOXKAEHMS NOAPA3LENAOTCA HA NEPBUYHBIE U BTOPUYHbLIE ONYXONM, Unn Mmetactasbl. Cpeau
nepBrYHbIX Onyxonen GONbLLON MHTEPEC BbI3biBAET 0CTEOCAPKOMA, KOTOpas NpeAcTaBnseT coboi 3110KaYeCTBEHHYHO
OCTEOreHHY0 ONyX0Slb, COCTOALLYH0 U3 HEOMNACTUYECKUX KNETOK, KOTOpbIe NPOAyLMpyioT ocTeons. OcTeocapkoma
NO3BOHOYHMKA pa3BMBAETCS JOBOMNbHO PEAKO, OAHAKO XapaKTePU3yeTCs BbICOKOW CTENEHbI0 3MOKaYE€CTBEHHOCTH,
MECTHOM arpeCCMBHOCTLIO, CKITOHHOCTBIO K METACTa3WPOBaHNIO, a Takxe ANUTENbHbIM aCUMNTOMHbIM TEYEHUEM.
[MporHo3 npu ocTeocapkome NO3BOHOYHMKA OCTAETCA KparHe HebrnaronpusTHbIM. Bee 370 roBopuT 0 HEO6X0AMMOCTH
pa3paboTku HOBbIX METOZOB M CXeM Tepanuu ocTeocapkomMbl. OQHUM 13 NEPCNEKTUBHBIX HAaNPaBMNEHUN ABNSETCS
pa3paboTka npenapaToB, BO3AENCTBYIOLWMX HA BHYTPUKNETOYHbIA curHanbHbii nyTb mTOR. mTOR npefcraenset
coboi cepuH / TPEOHWHOBYIO NPOTENHKMHA3Y, KOTopas 0bpasyeT kaTanuTuyeckyto cybbeanHuLy ABYX pasnuyHbix
6enkoBbix komnnekcos: mMTORC1T n mTORC2. YcTtaHOBNEHO, YTO AaHHbIA CUTHANBHbIA NyTb perynnpyeT npoueccsl
KN3HEEATENbHOCTM KNETKM 1 BCEro opraHuama Ha rnyboyaniiem yposHe. Ero runepaktusayus urpaet 60nbLuyio
pOJib B KaHLEporeHese, B TOM YMCIe B NaTOreHe3e 0CTeocapkoMel. B ¢BA3M ¢ 3aTuM BbIno npesnoxeHo Mcnonb3oBathb
npenaparbl, BAMSAKLLME Ha curHanbHbln nyTe MTOR, ans ee Tepanuu. K Takum npenapaTtam OTHOCATCS: panamuuyH,
3BEPONUMYC, TEMCUPONUMYC, kKaTanuTuyeckne nHrnbutopsl mTOR (MLN0128 n PP242), mukpo-PHK (miR-223 n miR-
101), oneaHonoBas kucnota, cnaytuH-1, metdopmuH 1 T.4. MNpeanaraetca KOMOMHNPOBATL JaHHbIE Npenapartsl ¢
Knaccu4eckon XummuoTepanuen Ans GOCTUXKEHNS NTyYLIMX pe3ynbTaToB B NEYeHU 0CcTeocapkombl. B HacTosALwmum
MOMEHT HeobxoanmM nogbop pauynoHanbHbIX COMETaHW U 4O3MPOBOK NPEnapaTtos.

KnioueBble cnoBa: octeocapkomMa N03BOHOYHMKA, curHanbHbin nyTe mTOR, mTORC1, mTORC2, panamuumH,
WHrMBMTOPLI ayTotarum, MeTopMmH, katanutudeckne nHrndutopsl mTOR, PP242, knaccudukaums HoBoo6pa3oBaHuii
NO3BOHOYHMKA
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BACKGROUND

Spinal tumors remain a serious problem for public
health care, which, despite their rare occurrence, are cha-
racterized by extreme complexity of their diagnosis and
treatment. Thus, vertebral column neoplasms are diag-
nosed annually in 2.5-8.5 cases per 100,000 population,
which is naturally much less frequent than degenerative-
dystrophic diseases and traumas [1, 2]. In this regard, spe-
cialists often do not consider them as a possible reason for
a patient’s treatment. This lack of oncological caution may
lead to delayed correct diagnosis and, consequently, to a
later start of therapy [1].

The main method of treatment of spinal neoplasms re-
mains surgical intervention, supplemented with chemothe-
rapy and radiation therapy if the malignancy of the tumor is
confirmed [3, 4]. The complex anatomical structure of this
region requires the surgeon to have knowledge not only in
traumatology and orthopedics, but also in neurosurgery,
neurology, oncology, etc. A related issue is spinal cord tu-
mors [5].

All the above-mentioned points to the significance and re-
levance of this problem, as well as the need to search for new
methods of therapy of spinal neoplasms.

CLASSIFICATION

Spinal neoplasms are subdivided by origin into prima-
ry and metastatic (secondary neoplasms). Primary non-
lymphoproliferative neoplasms of the spine account for
about 5% of all bone tumors (excluding hemangiomas) [4,
6], and in turn are subdivided into benign and malignant
neoplasms.

Benign neoplasms of the spine include enostosis,
osteoid osteoma, osteoblastoma, aneurysmal bone cyst,
osteochondroma, giant cell tumor (osteoblastoclastoma),
vertebral hemangioma, notochord cell tumor, pneumato-
cyst, and Schmorl’s cystic nodule [1, 7].

Enneking staging characterizes the activity of benign
neoplasms. Stage 1 — latent, stage 2 — active and stage
3 — aggressive [8].

Malignant neoplasms of the spine are divided into
nonmyeloproliferative — chondrosarcoma (7-12% of the
total number of malignant neoplasms of the spine), Ewing
sarcoma (8%), osteosarcoma (3-14%), chordoma (20%),
and myeloproliferative — multiple myeloma, solitary plas-
macytoma, lymphoma [4, 9].

The degree of malignancy, spread and presence of
metastases determines the stage of malignant neoplasms
according to Enneking. According to the stage, the type
and volume of treatment are chosen [1, 8].

Secondary neoplasms account for about 96% of the
total number of spinal tumors. The incidence of metastatic
lesions of the spine in disseminated malignant neoplasms
is very high. For breast cancer it is 68-74%, for prostate
cancer it is 60-68%, for lung cancer it is 40-50%, for thy-
roid cancer it is 36-42%, for kidney cancer it is 35%, for
salivary glands and ENT organs it is 12-22%, for bladder
cancer it is 16%, for esophagus and stomach cancer it is
13%, for pancreas cancer it is 6-12%, for colon cancer it
is 9%, for cervix and uterine body cancer it is 9%. Mela-
nomas, lymphomas, and sarcomas metastasize to the
spine less frequently [10, 11].

Classification of spinal neoplasms by origin and their
Enneking staging are presented in Figure 1.

The localization and degree of tumor spread are de-
scribed by the “Weinstein-Boriani-Biagini surgical staging
system” [12], as well as the “surgical classification of spinal
tumor lesions according to K. Tomita” [13] (Fig. 2).

Spinal cord tumors deserve special attention. In relation
to the spinal cord and its membranes, tumors are divided
into three groups:

* intradural intramedullary - those located in the thickness
of the spinal cord;

* intradural extramedullary tumors, which lie outside the
spinal cord and inside the dura mater;

 extradural tumors located outside the dura ma-

ter [14].

Sometimes tumors growing from vertebral column mas-
ses or surrounding tissues, when they penetrate the spinal
canal and compress the spinal cord, are also referred to as
extradural spinal cord tumors [5].

In relation to the length of the spinal cord, neoplasms of
the cervical, thoracic, lumbar, and sacrococcygeal sections
are distinguished. Craniospinal tumors and cauda equina
tumors are distinguished separately [5] (Fig. 3).

PRIMARY NEOPLASMS
OF THE SPINE

Primary neoplasms of the spine have different histoge-
nesis. There are tumors of bone, fat, fibrous, nervous tissue,
nerve sheaths, adjacent paravertebral soft tissues, and lym-
phatic vessels [4, 15].

As mentioned above, primary spinal neoplasms are quite
rare compared to secondary neoplasms and account for only
4% of the total number of spinal tumors, but benign primary
tumors are often asymptomatic, so their true prevalence is
unknown. Malignant primary neoplasms are characterized by
high local aggressiveness and have the potential to metasta-
size, which further emphasizes the relevance of the problem
[1, 4,10, 11].
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HoBsoo6pa3oBaHuA N03BOHOYHMKA N0 npoucxoxaeHuio / Neoplasms of the spine by origin
= o BropuuHble (MeTactasbl B NO3BOHOYHMK) /
0,
MepeuyHble / Primary (4 °) Secondary (metastases to the spine)(96%)
i ’ MeTacTazbl npu pake / Metastases in
Do6pokauecTBeHHble / Benign 3n0KauectBeHHble / Malignant o i
+ + e Mono4Hol xenesbl / Breast CA (68-
5 £ g 74%);
HocTo3 / Enostosis; . HemuenonponndepatmusHble /| |* TMpeacrarensront . / Prostate CA (60-
Octeoung-octeoma /  Osteoid- Nerimuelo o cliferaine 68%);
osteoma; yEon : e Jlerkoro / Lung CA (40-50%);
e OcTeobnactoma/ Osteoblastoma; | |® XOHApocapkoma A . LWuTosuaHoit . / Thyroid CA (36-
o AHeBpM3MaTHueCKas KOCTHas Chondrosarcoma (7-12%); 42%);
kucta / Aneurysmal bone cyst; e Capkoma lOuHra / Ewing's||® 20‘“‘” / Kidney CA (35%3 /
. JIOHHbIX Kene3 u JIOP-opraHos
e OcteoxoHapoma %):
Oy 'u'(;) : / sarcoma (8%); Cancer of the salivary glands and ENT
I'S Sl il e Ocreocapkoma / organs (12-22%);
s MICLEONCTON Lad onny)nb Osteosarcoma (3-14%); e Mouesoro ny3bips / Bladder CA
(ocTeobnacroknactoma) / Giant o SR @ e (T (16%);
cell tumor (osteoblastoclastoma); : e Muwesoga u xenyaka / Esophageal
o Beprebpanbhan remamruoma /| | Muenonponndepatustbie  / and stomach CA (13%);
Vertebral hemangioma; Myeloproliferative diseases: e TomKenynouHoit x. / Pancreatic CA
e HoToXopAHO-KeTouHas e MHoXecTBeHHaa muenoma / (6-12%);

0/ ).
onyxonb / Notochordal cell Multiple myeloma; 5 Tonfmro Sine colp FA B3
T e llenkn u Tena matkm / cervical and
nHeBN'aTOFMCTa / Pneumatocyst; Solitary plasmacytoma; A TaK¥Xe npu menaHome, AUMbOMax,
KMCTO3H'bIM Ysen LWmopna / o Jlumdoma J Lymphoma capkomax / As well as for melanoma,
Schmorl's cystic node. lymphomas, sarcomas.

CragupoBaHue no Enneking / CraguposaHue no Enneking / Staging by Enneking:
inelb e e IA cr. / Stage |IA — Hu3KasA CTeneHb 3/710Ka4YECTBEHHOCTU, HOBOOOPa3oBaHWE He BbIXOAWT 3a
Stagmg y Enneking: npeaensl nopaxkeHHom koctu / low degree of malignancy, the neoplasm does not extend beyond
e 1-acrt. /Stage 1 — nateHTHas /| | the affected bone;
latent: * IB c1. / Stage IB — H/3KaA CTeneH b 3/I0Ka4 eCTBEHHOCTM, HOBOOBPa30BaHME BbIXOAWT 3a Npesenbl
¢ nopaseHHoM koctu / low degree of malignancy, the neoplasm extends beyond the affected bone;
® 2ac / Stage 2 — aKTMBHaA / e IIA cr. / Stage IIA — BbicOKas cTeneHb 3/10Ka4eCTBEHHOCTU, HOBOOBPa3oBaHME He BbIXOAUT 3a
active; npeAenbl NopaxeHHOM KocTu 6e3 mertactasos / a high degree of malignancy, the neoplasm does
e 3-3 cT / Stage 3 _| | notgo beyond the affected bone without metastases;
5 e |IB ct. / Stage IIB — BbICOKas CTenmeHb 3/10KAaYeCTBEHHOCTM, HOBOOOPA3OBaHWE BLIXOAMUT 3a
arpeccuBHas / aggressive. npeaenbl NMopaxeHHoM KocTu 6e3 metacta3os / a high degree of malignancy, the neoplasm
extends beyond the affected bone without metastases;
e lll ct. / Stage Ill — HOBOOGpa3oBaHMe KocTM ¢ meTacTasamu / bone neoplasm with metastases.

Fig. 1.
Puc. 1.

Classification of spinal neoplasms by origin. CA — cancer
Knaccudmkauus HoBooGpa3oBaHUit NO3BOHOYHMKA MO NPONCXOXAEHUIO

Nevertheless, the improvement of imaging techniques and OSTEOSARCOMA
the development of surgical technologies have made it pos-
sible to achieve significant progress in their diagnosis and
treatment [16, 17]. In particular, surgical interventions on the
spine, whether radical tumor removal or palliative surgeries,
reliably reduce the severity of pain syndrome and neurological
deficit caused by compression of the spinal cord and spinal
nerve roots, which significantly improves the quality of life of
patients. In addition, the mandatory task of surgeons is to
restore the stability of the affected spinal-motor segments [18].

Osteosarcoma is a malignant osteogenic tumor consis-
ting of neoplastic cells that produce osteoid or a substance
histologically indistinguishable from it in at least one field of
view [19].

The morphologic classification of osteosarcomas ac-
cording to the “International Classification of Diseases —
Oncology (WHO, 2017)" is quite complex and is presented
in Table 1 [20].
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Cuctema xupypruyeckoro craguposaHua no Weinstein-Boriani-Biagini / Weinstein-Boriani-
Biagini Surgical Staging System

Mo3BOHOK, pasaeneH Ha 12 30H N0 YacOBOW CTPesiKe B aKCManbHOM npoekuun /

The vertebra is divided into 12 zones clockwise in the axial projection.

Bblaensercsa 5 ypoBHeit BOBNeUEHUs OKPY»Katowmx TkaHewn / There are 5 levels

of involvement of surrounding tissues:

A — BHEKOCTHbI MATKOTKaHHbI KOMMOHEHT / extraosseous soft tissue;

B — BHYTPUKOCTHbIM (NOBEPXHOCTHLIN) / intraosseous (superficial);

C — BHYTPUKOCTHbIi (rny6okuit) / intraosseous (deep);

D — BHEKOCTHbIN (3KCTpaaypanbHbiit) / extraosseous (extradural);

E — BHEKOCTHbII (MHTpaaypanbHblit) / extraosseous (intradural).

MpoaonbHOE pacnpocTpaHeHWe onyxonesoro npouecca 0603HayaeTcs YUCIOM

BOBNeueHHbIX No3BoHKOB / The longitudinal spread of the tumor process is

indicated by the number of vertebrae involved.

Xupypruueckaa Knaccudpukauma onyxonesbix NOpayKeHuii No3BoHOYHMKa no K. Tomita /
Surgical classification of tumor lesions of the spine according to K. Tomita
MuomecTaeHHO®
nopamenue U skip-
metacrasst / multiple

ecTpacccansHoe Nopamenus [
Extra-compartmental

HMHTpacccanbHoe nopameHne [
Intra-compartmental

Tun 4,
InmaypansHoe

pacnpoct panedie |
Type 4. Epddusral
extension.

Tun 7 f Type 7

Tun 1. Teno nnw gyra
nozsonua f Type 1.
Vertebral body or arch.

Tun 2.

PacnpocTpaHeHe Ha
HOMKY NOIBOHKE /
Type 2. Pedicle
extension.

Tan 5.

Napageprefpansuoe .
pacnpocTpaseqne | |
Type 5. Paravertebra

eighboring

sEgments.

extension,
Tun 2. Nopamenne —
TENA, HORKM, gy [ PACNPOCTPaNEHIE B
Tfpﬂ 3. Lesion of the COCEAHWE (.fué.ﬁuj
body, pedicle, arches, Type & Extension 1o

Fig. 2.
Puc. 2.

In accordance with the International Classification of
Diseases — Oncology (ICD-Q), each neoplasm is also as-
signed a topographic index, and two indices are used for
osteosarcomas: C40 - bones and articular cartilage of limbs
and C41 — bone and articular cartilage of other and un-
specified sites. For example, a neoplasm of the tibia cor-
responds to the index C40.2.

More convenient for clinicians is the classification given
in his works by Dr. E.R. Musaev, corresponding member of
the Russian Academy of Sciences. According to this clas-
sification, the following subvariants of osteosarcomas are
distinguished: by the degree of malignancy — high and low;
by localization — central, para-osteal and periosteal; by cell

Classification of spinal neoplasms by localization and degree of spread
Knaccudmkaums HoBooGpa3oBaHUi NO3BOHOYHMKA MO JIOKANM3aLWUK U CTENEeHU pacnpocTpaHeHus

type — osteoblastic, chondroblastic, fibroblastic and so on;
by etiology, radioinduced osteo-sarcomas, osteosarcomas
on the background of Paget’s disease, as well as osteosar-
comas of unidentified etiology are distinguished [4] (Fig. 4).

Osteosarcoma is characterized by a high degree of ma-
lignancy and unfavorable prognosis, but it develops quite
rarely. In the structure of all malignant neoplasms develop-
ing in the population, osteosarcoma of any localization ac-
counts for less than 0.001% [19, 21]. Osteosarcoma of the
spine, in turn, accounts for about 2% of all osteosarcomas
and from 3 to 14% of malignant tumors of the spine [1, 4].

More often this tumor localizes in the lumbosacral region
and involves the vertebral body in 90% [22]. Osteosarcoma
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HoBoo6pa3oBaHMA CMMHHOrO MO3ra U NO3BOHOYHMKA NO NoKanusauum /
Neoplasms of the spinal cord and spine by localization

Mo OTHOLW eHWIO K CMMHHOMY MO3Ty U ero o6o104Kkam /
In relation to the spinal cord and its membranes

MO OTHOLEHWNIO K ANMHHMKY CMIMHHOTO Mo3ra /
In relation to the length of the spinal cord

onyxons / Intradural
extramedullary tumor

onyxonb / Intradural
intramedullary tumor

WHTpasypanbHas UHTpagypanbHan KcTpagypanbHas %k
WHTpameaynnapHas 3KCTpameaynapHas onyxonb / An

extradural tumor

Onyxonu / Tumors:

1- KpaHuocnuHanbHblie / Craniospinal;

2- lLleitHoro otaena / Cervical spine;
3-I'pyaHoro otaena / Thoracic spine;

4- MoAacHuyHoro oTaena / Lumbar spine;

5- KpecTuLoBO-KOMYMKOBOro oTaena (Mo3rosoro
KoHyca) / Sacrococcygeal spine (cerebral cone);
6- KoHckoro xsocTa / Cauda equina.

Fig. 3.
Puc. 3.

generally has a bimodal age distribution. The first peak is
seen in the age group of 10-14 years and the second peak
is seen above the age of 40 years [19]. However, unlike
osteosarcoma of the extremities, osteosarcoma of the spine
occurs at older ages [4].

Due to the high degree of malignancy, the generally ac-
cepted standard of surgical treatment of osteosarcoma is
considered to be its radical removal en bloc, which provides
significantly better local control compared to intratumoral
removal [23].

Preoperative chemotherapy is a mandatory component of
treatment [24]. Osteosarcoma is considered a tumor conditio-
nally sensitive to chemotherapy [25]. Radiosensitivity of the tu-
mor is low, but radiation therapy may be administered in case
of incomplete removal or lump removal of the tumor [4, 23].

The prognosis of osteosarcoma depends on a large
number of factors, including the patient's age and gender,

Classification of tumors of the spinal cord and spine by their localization
Knaccudmkauma HoBooGpa3oBaHUi CMMHHOTO MO3ra U NO3BOHOYHKKA MO MX JIOKanu3auum

tumor size, presence of metastases, radicality of surgery,
stage, levels of alkaline phosphatase and lactate dehydro-
genase enzymes, tumor response to preoperative chemo-
therapy, etc. [19, 24].

To a large extent, the prognosis depends on the localiza-
tion of the tumor; thus, while in localized distal lesions of long
tubular bones in combination with radical resection the 5-year
survival rate is more than 80% [19], in osteosarcoma of the
spine the prognosis remains extremely negative due to the
complexity of radical intervention. According to some data,
in a group of 22 patients with osteosarcoma of the spine, the
median survival rate was only 23 months [4, 19, 24].

Therefore, there is a need to develop new drugs and
treatment regimens for osteosarcoma that would improve
the prognosis and increase the survival rate of patients.
One of the promising directions is the development of drugs
that affect the intracellular mTOR signaling pathway.
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Table 1
Morphological variants of ostesarkom in accordance with the International Classification of Diseases —
Oncology (WHO, 2017) [20]
Tabnuua 1

Mopdhonornyeckue BapuaHTbl ocTecapkoM B cooTBeTCTBUM C MexayHapoaHoii knaccudmkauum 6onesHen —
oHkonorus (BO3, 2017) [20]

HoBoobpasosaHue / Neoplasm MOp(bOJ‘IOrI/I‘-Ie(.)KI/IVI. uperc/
Morphological index
Ocrteocapkoma, B[1Y / Osteosarcoma, NOS 9180/3
OcteoreHHas capkoma, bIY / Osteogenic sarcoma, NOS
Octeobnactuyeckas capkoma / Osteoblastic sarcoma
OcteoxoHapocapkoma / Osteochondrosarcoma
XoHgpobnacTuyeckas octeocapkoma / Chondroblastic osteosarcoma 9181/3
dubpobnactmueckas octeocapkoma / Fibroblastic osteosarcoma 9182/3
Octeochmbpocapkoma / Osteofibrosarcoma
Teneanrnaktatuyeckas ocreocapkoma / Telangiectatic osteosarcoma 9183/3
Octeocapkoma npu 6onestu Megxeta kocTent / 9184/3
Osteosarcoma in Paget's disease of bones
MenkokneTtoyHas octeocapkoma / Small cell osteosarcoma 9185/3
KpyrnokneTouHas octeocapkoma / Round-cell osteosarcoma
LleHTpanbHas octeocapkoma / Central osteosarcoma 9186/3
O0blyHas LeHTpanbHas octeocapkoma / Common central osteosarcoma
MegnynnsipHas octeocapkoma / Medullary osteosarcoma
BHyTpukocTHas BbicokoanddepeHLMpoBaHHas ocTeocapkoma / 9187/3
Intraosseous highly differentiated osteosarcoma
BHyTpuKoCTHas ocTeocapkoma H3KOW CTEeNeHu 31oKka4yeCcTBEHHOCTH /
Low grade intraosseous osteosarcoma
MapocTanbHas octeocapkoma / Parosteal osteosarcoma 9192/3
tOkcTakopTuKanbHas octeocapkoma / Juxtacortical osteosarcoma
MepuoctanbHas octeocapkoma / Periosteal osteosarcoma 9193/3
MoBepxHOCTHas ocTeocapKkoMa BbICOKOW CTENEeHU 3110Ka4eCcTBEHHOCTH / 9194/3
Superficial osteosarcoma of high malignancy
WUHTpakopTukanbHasa octeocapkoma / Intracortical osteosarcoma 9195/3

Note: NOS — not otherwise specified.
MpumeyaHue: BOY — 6€3 AONONHUTENBHBIX YTOYHEHWIA.

mTOR SIGNALING PATHWAY

mTOR (Mechanistic, formerly mammalian, target of ra-
pamycin), as the name suggests, is the direct target of ra-
pamycin action. Rapamycin (sirolimus) is a substance first
obtained from the culture of bacteria of the Streptomyces
hygroscopicus species found on Easter Island (Rapa Nui).
Rapamycin, by inhibiting the mTOR signaling pathway, was
found to exhibit unique anti-fungal, immunosuppressive and
antitumor properties [26-28].

mTOR is a serine / threonine protein kinase of the
PI3K-related kinase family that forms the catalytic subunit
of two different protein complexes: mTORC1 and mTORC2
[26, 28].

It has been found that mTORC1 plays a central role in
controlling the balance between anabolism and catabolism in
response to environmental conditions, regulates the relation-
ship between nutrition and cell growth, and mTORC2 in turn
is responsible for cell survival and tissue proliferation. Thus,
it is obvious that mTOR regulates the processes of cell and
whole organism life activity at the deepest level [26, 29, 30].

Researchers have suggested that hyperactivation of this
signaling pathway may lead to the development of a large
number of aging-associated diseases, including stimulation
of carcinogenesis. This hypothesis was confirmed experi-
mentally [26, 31, 32].

Let us elaborate on the relationship between mTOR hy-
peractivation and the pathogenesis of osteoarcoma.
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MopaBapuaHTbl octeocapkom / Subvariants of osteosarcoma: I
Mo cTenenu | Mo nokanusauum / | Mo KneTouHOMy | Mo stnonorum /
By localization: Tmny / By cell type: i :
| 3710Ka4yecTBEHHOCTH / y y /By yp By etiology:
According t'o the R LleHTpanbHble / R OcTeobnacTuyeckan PagmonHayumposaHHas
degree of malignancy: Central / Osteoblastic / Radio-induced
n T HbI Ha ¢poHe 6onesmu Negkera /
) BbicoKas / High Ly llapaocTanbHble | Ly XOHApOGﬂaCTMHe(':KaH L3 Against the background of
/ Paraosteal / Chondroblastic Paget's disease
MepunocTanbHble dubpobracTuieckas n HeycranosnenHoit
- Hwu3kas / Low — R — ; - L3 stuonorum / Unidentified
/ / Periosteal 1.4. / Fibroblastic, etc. etiology
Fig.4. Subtypes of osteosarcomas (according to Musaev E.R.)
Puc. 4. Moatunkl octeocapkom (no Mycaesy 3.P.)

ROLE OF mTOR SIGNALING PATHWAY
IN THE PATHOGENESIS OF OSTEOSARCOMA

It has been found that mTORC1 activates the enzyme
S6K (ribosomal protein kinase), which in turn phosphorylates
and activates several substrates that promote mRNA trans-
lation, including elF4B (a positive regulator of 5’cap com-
plex binding). S6K also enhances the translation efficiency
of spliced mRNA (EJK) through its interaction with SKAR
(a component of exon-junction complexes) [33]. In addition,
S6K suppresses the action of programmed cell death protein
(PDCD4 — elF4B inhibitor) [34]. On top of that, mTORCA1
itself inhibits the action of the 4EBP complex (eukaryotic
translation initiation factor elF4E binding protein) [35]. All of
the above induces protein synthesis and tumor cell growth.

In addition, mTORC1 suppresses the action of MGMT
methyltransferase and NDRG1 regulatory protein, which
promotes the accumulation of errors in the genome and
also contributes to carcinogenesis [36].

Autophagy is a physiological process by which cyto-
plasmic material is delivered to the lysosome to provide
energy and nutrients to the cell. It is a strategic cell survival
mechanism that allows cells to reuse energy and nutrients
under extreme conditions. In addition, the process of au-
tophagy recycles damaged organelles and proteins. This
enables the cells of the whole organism in general and
bone tissue cells in particular to cope with oxidative stress,
which has an anticarcinogenic effect [37, 38].

mTORC1 blocks this process. It suppresses the action of
such important activators of autophagy as ULK1 (kinase) and
ATG14L complex [37], as well as the transcription factor of
lysosomal hydrolases and membrane proteins (TFEB) [38].

Thus, drugs inhibiting mTORC1 in this respect have a
complex dose-dependent effect. Under physiological condi-
tions, autophagy activation prevents carcinogenesis, but it

can also improve the survival of osteosarcoma cells under
conditions of nutrient deficiency and chemotherapy with other
cytostatics. This phenomenon can be leveled by combining
rapalogs with autophagy inhibitors, which will be mentioned
later [28, 30, 31].

At the same time, hyperactivated mTORC2 complex
promotes carcinogenesis. It activates SGK (kinase), a
FoxO1/3a substrate inhibitor, which prevents apoptosis
of osteosarcoma cells [39-41]. Along with this, mTORC2
activates Akt (a key effector of insulin signaling), which
further inhibits FoxO1/3a substrate and also stimulates
proliferation [39, 41, 42]. In addition, mnTORC2 promotes
the secretion of interleukin-1 (IL-1), which activates an-
giogenesis in growing tumors [39, 41, 43]. Hyperactivation
of mTOR may also indirectly contribute to osteosarcoma
metastasis [39, 41].

It should be noted that mTORC1 and mTORC2 are in a
complex inter-regulatory relationship. Thus, mTORC1 phos-
phorylates S6K, which suppresses mTORC2 activity, while
mTORC2 in turn stimulates mTORC1 via the Akt-TSC-Rheb
pathway [28, 30].

All the above-mentioned interrelationships are clearly
represented in the summarizing scheme (Fig. 5).

DRUGS AFFECTING THE mTOR SIGNALING
PATHWAY IN THE THERAPY OF OSTEOSARCOMA

The use of rapamycin and its derivatives, such as everoli-
mus and temsirolimus, for the treatment of tumors, including
osteosarcoma, has been proposed for quite some time. Ho-
wever, despite good in vitro results, no significant improve-
ment in patient survival has been achieved. As mentioned
above, this is largely due to the fact that rapalogs, by acti-
vating autophagy in tumor cells, increase their survival under
extreme conditions. In addition, this group of drugs has been
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The role of hyperactivation of the mTOR signaling pathway in the development of osteosarcoma: mTORC1 — mammalian target
of rapamycin complex 1; mMTORC2 — mammalian target of rapamycin complex 2; S6K — ribosomal S6 Kinase; 4EBP — eukaryotic
translation initiation factor 4E binding protein; SKAR — a component of exon-junction complexes; PDCD4 — programmed cell
death protein 4; elF4B — eukaryotic translation initiation factor 4B; elF4E — eukaryotic translation initiation factor 4E; ATG14L —
autophagy related 14; ULK1 — unc-51 like autophagy activating kinase 1; TFEB — transcription factor EB; MGMT — O6-alkylguanine
DNA alkyltransferase; NDRG1 — N-myc downstream regulated 1; p53 — transformation-related protein 53; TSC — tuberous
sclerosis complex; Rheb — Ras homolog enriched in brain; IL-1 — interleukin-1; SGK — serum/glucocorticoid regulated kinase;
Akt — RAC-alpha serine/threonine-protein kinase; Fox01/3a — forkhead box protein O1/3a

Ponb runepaktuBaumm curiansHoro nyty mTOR B npouecce pa3Butua octeocapkombli: MTORC1 — muileHb panamMuumHa mne-
konuTawwmx komnnekc 1; mTORC2 — muweHb panamuumHa MnekonuTalwWwmx komnnekc 2; S6K — pubocomanbHas S6-kuHa3a;
4EBP — Genok, cBsi3biBaloWmit hakTop MHULMaLUM TpaHenauum aykapuoT 4E; SKAR — KOMNOHEHT 3K30H-NepexoAHbIX KOMNIeK-
coB; PDCD4 — Genok nporpaMmupyemMoii knetouHon rubenu 4; elF4B — caktop nHMUMaumm TpaHcnsaumm aykapuwot 4B; elF4E —
thakTop MHMUMauuM TpaHcnauum aykapuot 4E; ATG14L — cBsizaHHbIN ¢ ayTodharveit komnnekc 14; ULK1 — unc-51-nogo6GHas
KWHa3a, akTuBupytowwas aytodparuio 1; TFEB — cpaktop TpaHckpunuumu EB; MGMT — O6-ankunryanuHoBas OHK-ankuntpaHcde-
pa3a; NDRG1 — N-myc, perynupyembiii Huxke no TeyeHnio 1; p53 — cBA3aHHbIN ¢ TpaHcdopmaumeir 6enok 53; TSC — komnnekc
Ty6epo3Horo ckneposa; Rheb — romonor Ras, o6oraweHHbIii B Mo3re; IL-1 — uHTepneikun-1; SGK — kuHasa, perynupyemas

cbiBopoTkomn/rnokokopTukongamm; Akt — RAC-anba cepun/TpeoHuH-npoTenHknHasa; Fox01/3a — pa3gBoeHHbIn 6nok 01/3a

shown to inhibit the mTORC1 complex but not mTORC2,
which also limits their therapeutic effect [28, 31, 39, 41].

Therefore, new drugs inhibiting both complexes have
been developed. These include catalytic inhibitors of mTOR,
such as MLN0128 [44] and PP242 [45], an ATP-competitive
inhibitor of mTOR kinase; microRNAs (miR-101 [46] and
miR-223 [47]), a promising class of drugs that affect the ge-
netic apparatus of the cell and inhibit mTOR protein expres-
sion, and several others. Activity against both complexes
was also shown for oleanolic acid [48].

These drugs, in turn, were proposed to be combined with au-
tophagy inhibitors such as spautin-1. This combination was able
to significantly enhance apoptosis of osteosarcoma cells [49].

In addition, metformin, which activates TSC, the most
important inhibitor of mMTORC1, has been proposed for the
treatment and prevention of malignant neoplasms, inclu-

ding osteosarcoma [50]. The drug is economically advanta-
geous; moreover, its ability to overcome the negative effect
of high glucose concentration on osteogenesis is of great
interest [51].

The points of action of the described drugs are presented
in the summarizing scheme (Fig. 6).

It should be noted that most of these drugs are an ad-
dition to classical chemotherapy. They are proposed to be
combined, in particular, with doxorubicin, cisplatin, adriamycin,
high doses of methotrexate with leucovorin, etc. [39, 41]

Such combinations as temsirolimus and cisplatin; tem-
sirolimus and bevacizumab; mTOR catalytic inhibitors
(PP242 or microRNA) in combination with cisplatin; cucur-
bitacin B (ERK, Akt and mTOR inhibitor) in combination with
low doses of methotrexate have already demonstrated their
efficacy in osteosarcoma models [39, 41].

@ POCCHIICKIE BHOMETHIHCKHE HCCTETOBAHIA  TOM 10

Nl 2025 ISSN 2658-6576 ( Online )




66 REVIEWS
NHrMbuTopsl Katanutuyeckue nHrnbmutopol mTOR
ayTodarum PanamunuyH / Rapamycin; (MLN0128; PP242) / Catalytic inhibitors of
(cnaytuH-1) / 3sepoaunmyc / Everolimus; MeTtpopmuH / mTOR (MLN0128; PP242);
Autophagy Temcupoanmyc / Metformin Mukpo-PHK (miR-223; miR-101) / micro-RNA
inhibitors Temsirolimus, etc. (miR-223; miR-101);
(spautin-1) OneaHonoBas kucnora / Oleanolic acid
4 ! 1
«— Rheb H— T1sC H- Akt |
mTORC1 mTORC2
|| S6K II }
| I |
Aytodarus / Poct knetkm / MertacrasunposaHue / MNponudepauusa /| | AHrnoreHes / Anontos /
Autophagy Cell growth Metastasis Proliferation Angiogenesis Apoptosis

Octeocapkoma / Osteosarcoma |

O6o03HaueHus /
symbols:

npamas csasb /

enhance or increase

B e I

obpartHas cBf3b /
inhibit or decrease

WHble cBA3N /

— . ;
other interactions

_—

Fig. 6.

Drugs affecting the mTOR signaling pathway in the treatment of osteosarcoma: mTORC1 — mammalian target of rapamycin

complex 1; mTORC2 — mammalian target of rapamycin complex 2; Rheb — Ras homolog enriched in brain; TSC — tuberous
sclerosis complex; Akt — RAC-alpha serine/threonine-protein kinase; S6K — ribosomal S6 Kinase; PP242 — selective mTORC2

inhibitor
Puc. 6.

Mpenapatbl, BNUsAOWMe Ha cUrHanbHbI NyTb MTOR, B Tepanuu octeocapkoMbl: mMTORC1 — muweHb panaMuuuHa MnekonuTato-

wmx komnnekc 1; mTORC2 — muwweHb panamuumHa MAeKonuTarwWwmx komnneke 2; Rheb — romonor Ras, o6oralleHHbIH B MO3re;
TSC — komnnekc Ty6epo3Horo cknepo3a; Akt — RAC-anbca cepuH/TpeoHNH-NpoTenHKkMHa3a; S6K — pubocomanbHas S6-kuHasa;
PP242 - cenektuBHbIi MHrM6UTOp MTORC2

CONCLUSION

AOMNONMHUTENBHAA UHOOPMALINA

Thus, despite the significant development of surgical and
conservative treatment methods, osteosarcoma, and in par-
ticular osteosarcoma of the spine, remains a threatening no-
sology with an unfavorable prognosis. Studies of the mTOR
signaling pathway not only shed light on aspects of the patho-
genesis of this disease, but also contribute to the develop-
ment of completely new therapeutic regimens. It is possible
that in the near future any of the drug combinations described
above will be approved for the treatment of patients with os-

teosarcoma.

ADDITIONAL INFORMATION

Bknap aBTopoB. Bce aBTOpbI BHECIN CYLLECTBEHHDIN
BKNag B pa3paboTky KOHLEeNnuuu, npoBeAeHne uccneoa-
HWS 1 MOAFOTOBKY CTaTbM, NPOYNN M 0400PUIM PUHANBHYHO
Bepcuto nepeg nybnvkaumen.

KoHnukT uHTepecoB. ABTOpbI [eKnapupytT OTCyT-
CTBUE SIBHbIX W MOTEHLMANbHbIX KOH(IMKTOB WHTEPECOB,
CBSA3AHHbIX C Nybnukauyein HacTosLen CTaTbMm.

WUcTouHuk cpuHaHcmpoBaHusa. ABTOpbI 3asBNsOT 06
OTCYTCTBUM BHELIHET0 PUHAHCMPOBAHUS NP MPOBELEHUM

NCCNeaoBaHms.
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Abstract. Living organisms have a unique ability to adapt to constantly changing environmental conditions. There are
critical periods, also called time windows, when different areas of the brain become most sensitive to the effects of
environmental factors that affect the formation of strong bonds. Mammalian neurogenesis is a lifelong process limited
to certain areas of the brain, namely the subgranular zone, part of the dentate gyrus of the hippocampus, and the
subventricular zone. Also, an important role in neurogenesis in primates and rodents is played by “neurogenic niches”,
which are microenvironments for neuronal precursor cells and their descendants. Depending on the area of the brain,
the process of neurogenesis is carried out through different mechanisms, for example, the main molecular factors of
neurogenesis are the Notch and Sonic hedgehog pathways, extracellular signaling molecule and bone morphogenetic
protein. The functioning of the blood-brain barrier maintains a certain chemical homeostasis and level of metabolic
activity of brain tissues, which are necessary for neurogenesis. However, a number of brain structures, known as
circumventricular organs, are characterized by the absence of a blood-brain barrier and a unique composition of the
microenvironment, in particular the presence of chronically activated microglia in the environment, which probably
affects neuro- and angiogenesis. The study of the effects of stress on the body during critical periods of neurogenesis,
depending on gender, age and type of organism, duration of stress exposure, will expand the understanding of the
formation of the nervous system during early ontogenesis and pathogenetic mechanisms of the development of
mental disorders. In turn, the information obtained will increase the possibilities of prevention and treatment of this
group of diseases.
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Pestome. XXnBble opraHnambl 06nagatoT yYHUKanbHON CNOCOBHOCTBLIO aAanTUpPoOBaThCs K MOCTOSHHO M3MEHSOLLNMCS
ycnosuaMm okpyxatowen cpefbl. CyLLecTBYIOT KpUTUYECKUE NEPUOAbI, TO ECTb BPEMEHHbIE OKHA, KOraa pasfiunyHble
obnacTtn mo3ra cTaHOBATCA Hauboree YyBCTBUTENbHLIMW K BO3AENCTBUIO OKPYXatoLWmMX (PakTopoB, BANSIOLLNX
Ha popMUpOBaHME NMPOYHBIX CBA3eN. HenporeHes mrekonuTarLwmx — npoLecc, npoTekaloLwnin Ha NPOTSKEHUM
BCEM XKM3HU, OrpaHNYEHHbIN ONPeaeneHHbIMA 30HaMM MO3ra, @ UMEHHO: CybrpaHynspHOM 30HON, YacTbio 3y6ya-
TOW U3BUMMWHBI TUMNOKaMna 1 CyGBEHTPUKYNSAPHON 30HOW. BaxHyto ponb B HEMPOreHe3e y NpUMaToB U rPbI3yHOB
BbINOMHAOT TaKXe «HEMPOreHHbIe HUWWY, NpeacTaBnsLne cobon MUKpocpeabl ANs KNETOK-NpeALLecTBEHHNKOB
HEepOHOB M X NOTOMKOB. B 3aBncuMocTM OT 0b6nacTu ronoBHOro Mo3ra NpoLecc HeiporeHesa ocyLlecTBnseTcs
3a CYeT pasHblX MexaHM3MoB. Tak, OCHOBHbLIMW MOEKYNAPHbIMU hakTopamu HerporeHnesa asnstTca nyt Notch
u Sonic hedgehog, BHekNeTOUHAs curHanbHas Mofiekyna u KOCTHbIN MopdoreHeTudecknin 6enok. bnarogaps
(DYHKLMOHMPOBAHMIO remaToaHLedannyeckoro bapbepa NoaLepXNBaOTCS ONpeaeneHHbl XMMUYECKUA roMeo-
CTa3 M ypoBeHb aKTUBHOCTW MeTabonnama TkaHei roNoOBHOrO Mo3ra, Heobxoanmble Ans Hermporenesa. OgHako
AN pafa CTPYKTYp rofIOBHOTO MO3ra, U3BEeCTHbIX Kak LIMPKYMBEHTPUKYNAPHbLIE OpraHbl, XapakTepHbl OTCYTCTBUE
remaToaHuedanunyeckoro 6apbepa 1 yHUKanbHbI COCTaB MAKPOOKPYXEHUS, B YHACTHOCTW Hanuyue B OKPYXeHuu
XPOHUYECKM aKTUBUPOBAHHOWN MUKPOTNUK, KOTOPAs, BEPOATHO, BNUSET HA HEMPO- 1 aHruoreHes. syyeHue BnusHus
CTpecca Ha opraHu3M B KpUTUYECKWe Nepuoabl Heporenesa B 3aBUCUMOCTM OT nosa, BO3pacTa W BMAa OpraHusma,
NPOAOIIKUTENILHOCTW CTPECCOBOr0 BO3eNCTBIUSA NO3BONUT PaCcLUNPUTL NPeACTaBlieHne 0 (HOPMUPOBAHNN HEPBHOK
CUCTEMbI B NEPUOA PAHHErO OHTOTeHEe3a W NaToreHeTUYECKNX MexaHu3Max pasBnuTusa NCUXMYECKUX paccTpONCTB.
B cBot oyepefb, NoNyyYeHHble CBELEHNS yBENUYaT BOZMOXHOCTU NPOMUNAKTUKL U NIeYEHWUS [aHHOW Tpynnbl
3abonesaHui.

KntoueBkle cnoBa: HeﬁpOI'IJ'IaCTW‘IHOCTb, HeﬁporeHes, nnmbuyeckas cucTema, Kputnyeckmne nepunoabl
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INTRODUCTION

Living organisms have a unique ability to adapt to con-
stantly changing environmental conditions. There are critical
periods, time windows, when different brain regions become
the most sensitive to the influence of environmental factors
affecting the formation of strong connections [1].

Maternal deprivation as a model of acute stress in early on-
togenesis was used as an example to demonstrate its effect on
biochemical parameters in cerebral structures [2]. As a result,
there was a decrease in dopamine and dopamine D-1 receptor
mRNA expression levels in the prefrontal cortex and amygdala,
and a decrease in neuropeptide Y (NPY) levels in the basola-
teral amygdala and dorsal part of the hippocampus [3, 4].

Studying stress during critical periods of neurogenesis in
relation to sex, age and type of the organism, as well as dura-
tion of stress exposure will allow us to expand our understan-
ding of nervous system formation during early ontogenesis
and pathogenetic mechanisms of mental disorders [5]. In turn,
the obtained information will increase opportunities for preven-
tion and treatment of this group of diseases [6].

Our review focuses on critical periods of neurogenesis, as
well as on the factors that influence the development of diffe-
rent brain structures, including different time periods. The role
of the blood-brain barrier and microglia in neurogenesis is also
described. The main objective of this review is to combine and
systematize data on the structures involved in neurogenesis
and the factors regulating this complex process.

MECHANISMS OF REGULATION
OF NEUROGENESIS IN THE POSTNATAL PERIOD

Neurogenesis is one of the key and most important and
complex processes, consisting of many sequential steps,
responsible for brain adaptation and repair. Local cell micro-
environment, which determines further formation of neuronal
networks, is considered to play a key role in the molecular
mechanism controlling neurogenesis [7]. The local microen-
vironment triggers many processes in the so-called neuro-
genic niches, where successive processes of neural stem
cells (NSCs) and neural progenitor cells (NPCs) transforma-
tion, migration, selection and differentiation take place.

Neurogenesis in mammals is a process that exceeds
the limits of embryonic period of development. It continues
throughout life but is restricted to specific brain areas such
as the subgranular zone, part of the gyrus dentatus of the
hippocampus and the subventricular zone located in the la-
teral ventricles of the brain [8].

When discussing neurogenesis and mechanisms of its
regulation, it is necessary to dwell separately on the area of
the infundibular recess located in the lower part of the third

brain ventricle. Lining of the infundibular recess is formed
by tanycytes, highly specialized bipolar cells with a long ba-
sal outgrowth [9].

Tanicites with basal outgrowths passing through the
neural tissue and ending at blood vessels are represented
by a specialized population of glial cells [10, 11].

Extended ends of basal outgrowths of tanycytes also
end on the portal system of the pituitary gland with fenes-
trated capillaries, thus participating in the formation of he-
matoliquor and liquor-encephalic barriers [12].

Tanycytes are able to differentiate into neurons and glia
and participate in the regulation of the ventromedial and
arcuate nuclei. In total, four types of tanycytes are distin-
guished, which are different in structure, cytochemical and
functional features and their location in the infundibular re-
cess (a1-, a2-, B1- and B2-) [11, 13, 14].

Neurogenesis in adult primates and rodents is active in the
olfactory bulb, where there are special areas called “neuro-
genic niches”. These niches are microenvironments that con-
tain neuronal progenitor cells and their progeny. Astrocytes,
oligodendrocytes, ependymal cells, capillary endothelial cells
and already mature neurons surround these cells [15].

The subventricular zone (SVZ) is another brain region
where neurogenesis occurs in adult animals. This zone con-
sists of several layers (2 to 5), each containing different cell
types, labeled A, B, C, and E.

Type A cells are immature neurons, neuroblasts, ca-
pable of migration. They move along the SVZ, contacting
astrocytes and forming clusters near the surface of the
ventricle. These cells have a specific marker, PSA-NCAM
(Polysialylated-neural cell adhesion molecule), which is in-
volved in cell adhesion, and a membrane marker, double-
cortin (DCX, doublecortin).

Type B cells contain many intermediate filaments in their
structure and contact the ventricular ependyma.

Type E cells (ependymal cells) are localized in the cavity
of lateral ventricles, express vimentin, CD-24 (cluster defini-
tion) and S-100 protein. Due to their ability to differentiate,
they are considered neuronal progenitor cells.

Type C cells are transitional cells, a transitional stage
between types A and B. They have similarities with both
types, making them difficult to recognize. Closely related
to type A cells, however, they do not have the PSA-NCAM
marker peculiar to neuroblasts, they express the transcrip-
tion factor DIx2 (Distal-Less Homeo Box 2), EGFR (epider-
mal growth factor receptor), Mash1 (mammalian achaete —
scute homologue) [16, 17].

Three main types of cells involved in neurogenesis are
distinguished in the hippocampus:

+ type | cells (neuronal progenitor cells) are descendants of
radial glia cells, which explains that they share common
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markers such as nestin, aromatase B, Sox 1, Sox 2, BLBP

(brain lipid binding protein), GLAST (glutamate/aspartate

transporter), and are pluripotent (multipotent), capable of

proliferation into astro- and oligodendrocytes [18];

« type Il cells (intermediates) are capable of neuronal
differentiation and are divided into subtypes lla and
[Ib, have specific markers of neuronal differentiation —
DCX, PSA-NCAM;

« type lll cells (neuroblasts) become mature granular cells
after migration into the gyrus dentatus; the differentiation
process takes 4-7 weeks; the outgrowths of granular
cells are located in the molecular layer (dendrites) and
in the CA3 zone of the hippocampus (axons).
Neuroblasts migrate in chains along glial tubes, which

are located along blood vessels. The endothelium of blood

vessels synthesizes signaling molecules, such as BDNF

(brain-derived neurotrophic factor), which stimulate migra-

tion [19].

The existence of newly differentiated cells is maintained
by previously formed connections. In order to maintain a
constant number of neuronal cells in the olfactory bulb,
there is a mechanism for screening new cells.

The process of neurogenesis includes proliferation, dif-
ferentiation, migration, and other stages regulated by multi-
ple factors: hormones, cytokines, growth factors, and elec-
trophysiological activity [20].

The persistence of newly formed neurons depends on
the animal species and brain area. In adult Wistar line rats,
neurogenesis occurs in the fascia dentata, CA1-CA4 fields
of the hippocampus, cerebellar worm, and various cortical
areas, but proliferation, apoptosis, and differentiation of new
neurons differ in these areas. Although there is evidence of
incorporation of new neurons into existing networks, their
functionality is not yet fully understood [21].

FACTORS AFFECTING NEUROGENESIS IN RATS

Winstar rats demonstrated that the intensity of neuroge-
nesis varied depending on brain areas. Certain areas, such
as different parts of the cerebral cortex, cerebellar worm and
CA1-CA4 fields of the hippocampus, show more active proli-
feration, differentiation and apoptosis of new neurons, while
in other areas these processes are less pronounced [22].

At the same time, there are significant differences regar-
ding degree and magnitude of neurogenesis between rat and
human brains. Neurogenesis is essential in the gyrus denta-
tus of humans, as well as in the subventricular zone, where
neural stem cells (progenitor cells) retain their neurogenic
potential, generating a subset of interneurons of the striatum.
This pathway of neurogenesis is absent in the subventricular
zone in rats [23].

Rats also have a neurogenic niche formed by the NSC
and its microenvironment formed by various cells: oligo- and
astrocytes, capillary endothelial cells.

The process of further transformation of progenitor cells
is controlled by humoral and biochemical compounds. It has
been shown that administration of nitric oxide synthase inhibi-
tor leading to inhibition of nitric oxide synthesis in the olfac-
tory bulb, SVZ zone, and rostral migratory pathway leads to
an increase in cell proliferation in these zones.

The microcirculatory system plays an important role in the
paracrine regulation of neurogenesis, acting as a conductor
for signaling molecules. As the brain blood vessel network
ages and shrinks, the level of VEGF (vascular endothelial
growth factor) decreases, which may have a negative impact
ON neurogenesis.

Another biochemical factor that stimulates cell prolifera-
tion and differentiation in the hippocampus is insulin growth
factor (IGF-I). It is expressed in the postnatal period with a
further decrease in its level during aging [24].

Thus, three main factors of age-related neurogenesis can
be identified: reduction of VEGF, impaired angiogenesis, and
further reduction of blood flow in cerebral vessels [22].

One of the key roles in aging process is assigned to mi-
croglia as a structure that supports apoptotic processes in the
neurogenic niche as it contains factors that activate oxidase
damage. Proinflammatory cytokines, in particular IL-1f and
TNFa (tumor necrosis factor a), activate microglial cells, which
has a negative effect on neurogenesis [22]. At the same time,
microglia cells are both sources of IGF-1 and BDNF, which pro-
mote neurogenesis; their decreased activity leads to dysregula-
tion of progenitor cell transformation in the hippocampus [25].

Hippocampus

The dentate gyrus of the hippocampus is one of the brain
regions responsible for the process of neurogenesis. With the
development of astrocytes followed by oligodendrocytes in the
brain, neuronal activation becomes a critical factor determin-
ing synaptogenesis. Synaptic connections formed between
cells can either stabilize (with sequential stimulation) or com-
pletely disappear (in the absence of stimuli).

Specifically, neurons in rodents develop from neural epi-
thelial cells, which are considered early neural stem cells
(SCs) at approximately day 9-9.5 of embryonic development
and are finally formed by 15-17.5 weeks of age. The dentate
gyrus of the hippocampus develops from a distinct source of
progenitor cells (dentate neuroepithelium), which may have
important consequences in the postnatal period [26, 27].

Hippocampal neurons develop from dentate neuro-epithe-
lium at 13.5-17.5 weeks with the formation of the hippocampal
fissure. Subsequently, the dentate progenitor cells, accumu-
lating within the fissure, will form the future neural stem cell
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Fig.1.  Stages of hippocampal neurogenesis. Stem cells, radial glia-like (type 1; blue) maintain their pool through self-renewal and give rise
to progenitor cells expressing markers with different morphologies (type 2 (A and B); green), which undergo rapid proliferation and
begin to express markers necessary for subsequent cells. Type 2 cells differentiate into neuroblasts (type 3; yellow). Neuroblasts
enter the early survival stage (orange cells) and extend their processes into the molecular layer. At the late stage of survival,
only those neurons remain that have formed functional connections and matured morphologically (red cells). Granule neurons
somata is represented in purple. The color bar at the top illustrates the gradual transition of marker expression as cells progress
through different stages of neurogenesis. The gray gradient bar at the bottom indicates the switching of neurons from GABA-
ergic to glutamatergic signals [26]. Note: M-layer — molecular layer; GC-layer — granule cell layer; SG-zone — subgranular zone;
GFAP — glial fibrillary acidic protein; Sox2 — gene Sox2; BLBP — brain lipid-binding protein; NeuroD — gene NeuroD (Neurogenic
differentiation 1); DCX — doublecortin; PSA-NCAM — Polysialylated-neural cell adhesion molecule; NeuN — neuronal nuclei;
Prox1 — Prospero homeobox protein 1
Puc.1. Craguu runnokamnanbHoro HeiliporeHe3a. CTBONOBbIe KNeTku, NoAo6Hble paguanbHOM rnuu (Tun 1; cUHMI), NoAAEPXUBaOT CBOW

nyn nocpeacTBOM CaMOOGHOBNEHMS M AAIOT Hayano KneTkam-npeawecTBeHHUKaM, IKCNPeCcCUpYOLWMUM MapKepbl pa3nuyHoi Mop-
¢onorueit (Tun 2 (A n B); 3eneHblii), koTopble NoABepratoTcs GbICTPON NponudepaLun U HauYMHaKT IKCNPECCMPOBaTbL MapKepsbl,
HeoGxoauMble Ans nocnegywowmx knetok. Knetku 2-ro Tuna gudpdpepeHumpytotcs B HeiipobnacTbl (Tvn 3; xenTbii). HeilpobnacTbi
nepexoAsT Ha PaHHIOK CTaaNio BbDKUBAHUA (OpaHXeBbIe KNETKMU) M pacnpoCTPaHAOT CBOM OTPOCTKM B MONEKYNAPHbLIA cnoi. Ha
No3AHeN CTaAnUN BbKUBAHWUA OCTalOTCA TONBKO T HEMPOHLI, KOTOpbIe ChopMMpoBanu (yHKUUOHaNbHbIE CBA3W 1 CO3penu Mop-
thonoruyecku (kpacHble knetku). Tena rpaHynspHbIX HEPOHOB NpeAcTaBrneHbl puoneToBbIM LBeTOM. LiBeTHas nonoca cBepxy
UNNIOCTPUPYET NOCTENEHHbIA NEepPexos IKCNPeCCU MapKkepoB No Mepe NPOXOXAEHUS KNeTKaMi pa3fiMyHbIX CTaAui HelporeHesa.
Cepas rpagveHTHas nonoca CHU3Yy yKasblBaeT Ha nepekntoyeHue HempoHoB ¢ FAMK-apruyeckux (FTAMK — ramma-amuHomacnsHas
KMcnoTa) Ha rnytamarepruyeckue curianoi [26]. [pumeyaHue: M-cnon — mMonekynspHbii cnon; cnont K — cnoi rpaHynapHbIx
kneTtok; Cl-30Ha — cy6rpaHynsipHas 3oHa; GFAP — rnuanbHbIi hmbpunnspHbii kucnbiin 6enok (glial fibrillary acidic protein);
nestin — HecTuH; Sox2 — reH Sox2; BLBP— xupocBasbiBatowuii 6enok moara (brain lipid-binding protein); NeuroD — rex NeuroD
(Neurogenic differentiation 1); DCX — aa6nkoptuH (doublecortin); PSA-NCAM — monekyna agre3auv nonucuanupoBaHHbIX Heil-
poHHbIx kneTok (polysialylated-neural cell adhesion molecule); NeuN —HelipoHHble sigpa (neuronal nuclei); Prox1 — romeo6okc-
Hblii 6enok 1 Mpocnepo (Prospero homeobox protein 1); calretinin — kanbpeTuHuH; calbindin — kanbGUHAMH
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layer of the adult subgranular zone or become neurons that
will form the granular cell layer (Fig. 1) [28]. It is assumed
that hippocampal neurogenesis can continue its development
throughout life due to its increased plasticity [29, 30].

The structure of the hippocampus is heterogeneous. The
dorsal hippocampus (DH) is connected to the neocortex and is
mainly involved in cognitive processes, memory and learning,
whereas the ventral hippocampus (VH) is connected to the
amygdala and hypothalamus, playing an important role in the
emotional and stress response of the organism. Inflammation in
hippocampal structures can affect the functional state of neurons
by modulating their synaptic plasticity. Inflammation in the struc-
tures of the central nervous system (CNS) develops faster in the
DH, whereas corticosterone accumulation progresses faster in
the VH and neocortex, and the DH is affected functionally (by
the state of synaptic plasticity in the phenomenon of prolonged
potentialization in vivo), and then the disorder spreads to the
VH[31, 32].

There is strong evidence that neurogenesis in the adult
hippocampus plays an important role in regulating memory

and mood. Alterations in hippocampal neurogenesis are asso-
ciated with a variety of neurological and psychiatric disorders
[33, 34]. It has been shown that the period in which neurons
were exposed to environmental factors (e.g., stress) will deter-
mine their further vulnerability and risk of disease [35].

Neurogenesis in the cerebral cortex

Radial glial cell (RGC) division in the cerebral cortex is
regulated by the intracellular distribution of cell polarity de-
terminants of PAR (protease-activated receptors; PAR3 and
PARG) family proteins and their regulator CDC42, which are
localized at the ventricular ends of the cell pedicles.

However, these cells mainly undergo asymmetric divi-
sions to generate a differentiated daughter cell while simul-
taneously renewing their pool. This process is considered as
direct neurogenesis. RGCs in the forebrain undergo changes
by a more complex mechanism by generating intermediate
progenitor cells called basal progenitor cells (BPCs) [36].
These cells subsequently differentiate into postmitotic cells.
This process is referred to as indirect neurogenesis.
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Fig. 2.

The process of neurogenesis in the postnatal period in rodents. During the newborn period, neurogenesis, myelination, apoptosis

occur, as well as the processes of synaptogenesis and synaptic pruning. All these mechanisms are targets for further epigenetic
modifications and the influence of environmental factors on the formation of the central nervous system [39]

Puc. 2.

Mpouecc HeliporeHe3a B NOCTHaTaNbHbIA NEPUOA Y FPLI3YHOB. Ha NpoTskeHnn neproaa HOBOPOXAEHHOCTH NPOUCXOAAT Henpore-

He3, MMeNUHM3aLus, anonTo3, PaBHO KaKk U NPOLIECChbl CUHaNTOreHe3a u cUHanTuyeckoi obpesku. Bee aTn MmexaHmambl ABnAOTCA
MULLEHAMMW ANA AanbHEWWNX INMreHeTHYecKux moaudukaumi, BNusHMA ¢akTopoB OKpYxXatoLei cpeabl Ha hOPMUPOBAHUE LIEHT-

panbHoii HepBHOWN cucTeMbl [39]
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Neurogenesis in the brain proceeds through several sta-
ges generating different neurons. Disturbances at any stages
of neurogenesis and neuronal migration can lead to impaired
brain development (Figure 2). Premature transition of proli-
ferative divisions of RGCs to the neurogenic stage can lead
to their insufficient number and heterogeneity of neurons in
the brain leading to microcephaly, and impaired neuronal mi-
gration can further condition lissencephaly [37, 38].

The main molecular factors of neurogenesis include:

1. Notch pathway, premature activation of which will lead to an
increase in RG cell markers in the forebrain. Notch signaling
promotes proliferative signaling during neurogenesis,
facilitating nerve differentiation.

2. Sonic hedgehog (Shh) pathway. Shh promotes generation
of oligodendrocytes and GABAergic interneurons in the
ventral terminal medulla, which later infiltrate into the
cortical lamina. In contrast to the ventral terminal brain,
the developing cortex undergoes limited Shh signaling,
the physiological role of which remains poorly understood.
Reduced Shh signaling transmission in RGCs impairs
their proliferation and ability to generate intermediate
progenitor cells, outer RGCs, and, consequently, projec-
tion neurons. This impairment of Shh signaling causes
a reduction in neuronal output, which is responsible for
reducing the size of the dorsal endbrain, which may
contribute to microcephaly [40].

3. Another extracellular signaling molecule, WNT, promotes
the proliferative capacity of RGCs in the developing
cortex. WNT has also been shown to induce neuronal
differentiation of basal precursor cells, thereby providing
a dual level of neurogenesis regulation.

4. Inaddition to WNT, bone morphogenetic protein also regulates
brain cytogenesis at early stages of cortical development
(12th—13th weeks of embryogenesis) and astrocytogenesis
do so in later periods (14th week and afterwards) [41, 42).

Amygdala

The amygdala is part of the limbic system, responsible
for expressing aggression, fear, and defensive behavior. It
plays an important role in forming and retrieving emotional
memories. The neural network of the amygdala is closely
interconnected with other cortical areas and receives input
from the thalamus, hypothalamus, and hippocampus.

The prefrontal cortex, hippocampus, amygdala, and an-
terior cingulate gyrus influence fear formation and are key
in the development of anxiety-associated disorders. Studies
show increased amygdala volume in children (age group
7-9 years) with generalized anxiety disorders, which aggra-
vated the clinical picture [43, 44].

It has been shown that the amygdala plays the most sig-
nificant role in forming emotional and social behavior in the

early postnatal period. The sensitive period for the amyg-
dala begins on postnatal day 21 and continues through
childhood [45, 46].

The critical period for amygdala activity is 20-30 minutes
immediately after psychotrauma, during the same period
the formation of emotional memory takes place. The central
region of the amygdala can inhibit GABAergic neurons, in-
directly affecting the activity of the hypothalamic-pituitary-
adrenal axis (HPA axis) [47, 48].

Studies by M.M. Sidor et al. showed that proinflammato-
ry stress at an early age leads to impaired functioning of the
serotonin system in young rats. It is manifested by changes
in the expression of serotonin receptors and enzymes in-
volved in its synthesis and metabolism in the neocortex,
amygdala and hippocampus [49].

The amygdala, the brain region responsible for emotion
processing, is also the site of corticoliberin (CL) synthesis.
Corticosteroids have been found to stimulate CL production
in the central nucleus of the amygdala, thus participating in
regulating the effects of stress on memory [50].

Neurons of the amygdala expressing CL participate in rea-
lization of the stress response. Activation of these neurons in
the central nucleus of the amygdala increases anxiety and
simultaneously decreases the number of hippocampus-depen-
dent behaviors [51]. However, a model of anhedonia induced
by early stress resulted in a decrease in CL expression in the
central nucleus of the amygdala by RNA interference leading to
increased sucrose consumption. Thus, we can suggest a pos-
sible role for CL in the regulation of mood and motivation [5].

In summary, most anxiety disorders develop during
childhood and adolescence, which is an important deve-
lopmental period. They are often characterized by dynamic
changes in the frontolimbic nervous system. The frontolim-
bic system plays a vital role in fear learning and understan-
ding the neurobiological mechanisms associated with anxi-
ety disorders throughout development [52, 53].

Maturation of the blood-brain barrier
and its role in neurogenesis

The blood-brain barrier (BBB) is a structural and functio-
nal element of the neurovascular unit (NVU), which includes
neuronal, glial, and endothelial cells. The main tasks of NVU
functioning include maintaining the control of metabolism and
chemical homeostasis in brain tissue, ensuring adequate
blood flow in active regions, regulation of neuroplasticity
processes. These tasks are reflected in a complex set of
intercellular interactions in norm, stress, neurodegeneration,
neuroinfection, and brain development disorders [54, 55].

The BBB development in rodents starts by E10-17, con-
trolled permeability is formed by E21, but the development
of dense contacts continues in the postnatal period as well.
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Human BBB markers appear at the 8th week of embryoge-
nesis, and intensive angiogenesis in brain tissue continues
until 2-3 weeks of postnatal development [56].

It is noteworthy that the formation of barrier structures
begins only after the formation of the NSC/NPC (neural stem
cells/neural progenitor cells) pool and always proceeds in pa-
rallel with synaptogenesis and induction of synaptic activity in
brain tissue. The formation of barrier structures also occurs
in the adult brain. An integral part of this process is the for-
mation of new microvessels with actively proliferating and dif-
ferentiating endothelial progenitor cells, as well as effects of
various regulatory molecules and components of cell signaling
pathways (Notch, FOX (forkhead box protein), HIF-1, GSK-3
(glycogen synthase kinase 3)). In general, the association be-
tween neurogenesis and angiogenesis has been sufficiently
characterized, and its disorders are recognized as a probable
cause of neurogenesis suppression in the aging brain [57].

Contribution of controlled and selective permeability of the
BBB in order to maintain local microenvironment in neurogenic
niches is not fully understood. Currently, the effect of paracrine
effector molecules produced by BBB cells on NSCs/NPCs (neu-
ral stem cells/neural progenitor cells) has been proved. Such
factors include vascular endothelial growth factor (VEGF),
epidermal growth factor (EGF), basic fibroblast growth factor
(FGF2, Fibroblast growth factor 2), brain-derived neurotrophic
factor (BDNF), and pigment epithelium-derived factor (PEDF) [7].

The permeability of the BBB, including those in mi-
crovessels of neurogenic niches, is determined by the fol-
lowing factors:

1) expression of intercellular contact proteins;

2) expression of transporter and channel proteins;

3) metabolism of cerebral endotheliocytes and other

NVU cells;

4) signal transduction and intercellular communication;

5) the state of the basal membrane;

6) the degree of maturity of the BBB.

In most brain regions, the BBB is formed by endothelio-
cytes, pericytes, and astrocytes.

Endotheliocytes are an important structure of the brain
NVU and form the basis of the BBB [58]. Endothelial cells in
brain microvessels are controlled by perivascular astroglia,
provide selective transport of substances, sequester pro-
thrombogenic factors and control blood rheological properties,
as well as implement mechanisms of microcirculation control,
and participate in the regulation of neurogenesis. They also
interact with leukocytes and microglia, participating in local
immune response and inflammation, and are capable of pro-
ducing cytokines, metabolites, and growth factors [25, 59].

Endotheliocytes, which are part of the BBB, form barrier
structures in the early period of development and participate
in restoring the barrier after damage.

The features of cerebral endothelial cells are:

1) low fenestration and reduced pinocytosis;

2) high expression of intercellular contact proteins (tight

junctions, adherence junctions);

3) relatively high content of mitochondria in cells;

4) close interaction with pericytes and perivascular astro-

glia;

5) expression of transferrin receptors, insulin receptors,

and a large spectrum of transporter proteins.

All these properties provide high selectivity of the BBB,
which is important for chemical homeostasis in the central
nervous system. These properties help to maintain the level
of glucose and other energy substrates, excretion of meta-
bolic products, regulation of cytokine and growth factor con-
centrations, etc. [60, 61].

In addition to endothelial cells, neurogenesis is also con-
trolled by perivascular astrocytes. Astrocytes also affect brain
microvascular cells, for example, by causing vasodilation and
stimulating angiogenesis through calcium-induced glycolysis
and lactate production or generation of arachidonic acid meta-
bolites, while astrocyte-expressed thrombospondin-1 downre-
gulates the angiogenic potential of endothelial progenitor cells
[62]. In addition, the formation of astroglial network connected
via connexin channels forms a local microenvironment favora-
ble for proliferative processes in neurogenic niches (Fig. 3).

Astrocytes in the SGZ of the hippocampus are tightly
surrounded by the endothelial layer of cells, so the local mi-
croenvironment is formed mainly due to the local secretion
of neuro- and gliotransmitters and growth factors, whereas
in the SVZ astrocytes are loosely adjoined to the layer of
endothelium and pericytes, which ensures the entry of regu-
latory molecules from the blood into the niche [63, 64].

Brain cell death activates the process of reparative neu-
rogenesis in SVZ with subsequent migration of new neuro-
blasts to the area of damage [65].

Studies of cortical ischemia in mice have shown that this
stress effect causes changes in cell proliferation in the SVZ,
in which three stages can be distinguished. The first stage
is an acute decrease in proliferation during the first day af-
ter cortical ischemia, then, in the second stage, the proli-
feration level starts to recover with reaching a maximum by
day 14. The third stage is a decrease in cell proliferation
by day 28 after ischemia, reaching a minimum on day 1 af-
ter ischemia. Probably, each peak in proliferation, due to
increased cell division and neurogenesis, is followed by a
decrease in these parameters as a result of depletion of the
neurogenic niche. The decrease in cell proliferation at the
first stage is probably due to increased cell migration from
the SVZ to the olfactory bulb region [66].

These same events are accompanied by activation of cere-
bral angiogenesis, probably as a compensatory mechanism in
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Scheme of neuron-glial coupling and interaction of astrocytes with other cells of the blood-brain barrier under normal conditions
(a) and during activation of astrocytes (b). Brown arrows show the influence of astrocytes on other types of cells, the black arrow
shows the influence of endothelial cells on astrocytes [7]. Note: EC — endothelial cells; MCT — monocarboxylate transporter;
VEGF — vascular endothelial growth factor; LIF — leukemia inhibitory factor; Cx43 — connexin 43; CD38 —claster definition 38;
GPR81 — hydroxycarboxylic acid receptor 1 (HCA1), G protein-coupled receptor 81; THBS1 — thrombospondin 1; NSC/NPC —
Neural stem / neural progenitor cell; PCNA — proliferating cell nuclear antigen; NeuroD1 — neurogenic differentiation 1; NAD+ —
nicotinamide adenine dinucleotide

Cxema HepOH-rNManbLHOro CONpsiKeHUs U B3aMMOAeNCTBUA acTPOLIMTOB C APYTUMU KNneTkamn remaToaHuedanunyeckoro 6apbepa
B 00bIYHbIX YCNOBMAX (a) M Npu akTUBaLUMK acTpouuToB (6). KopnyHeBbIle cTpenkn oToGpaxarT BNUSAHME acTPOLIMTOB Ha Apyrue
BUAbI KNETOK, YepHas CTpenka nokasbiBaeT BNUAHUE IHAOTENNOLUTOB Ha acTpoumThl [7]. lMpumeyaHue: EC — anpoTennanbHbie
kneTku (endothelial cells); MCT — moHokap6okcunaTtHbIi TpaHcnopTep (monocarboxylate transporter); VEGF — cocyancTo-3H-
poTenuanbHbIi daktop pocta (vascular endothelial growth factor); LIF — neitkemus-uHrnbupytowmii dpakrop (leukemia inhibitory
factor); Cx43 — koHHekcuH 43; CD38 — knactep auddepeHumpoBku 38 (claster definition 38); GPR81 — peuentop nakrarta 81,
peuenTop, cBA3aHHbIN ¢ G-6enkom 81 (hydroxycarboxylic acid receptor 1 (HCA1), G protein-coupled receptor 81); THBS1 — Tpom-
6ocnoHauH 1 (thrombospondin 1); NSC/NPC — HopmanbHble NPOMEXYTOYHbIE KNeTKM/HOPManbHbIe CTBONOBbIE KNeTku (neural
stem/neural progenitor cell); PCNA — mapkep nponudepupytowmx knetok (proliferating cell nuclear antigen); NeuroD1 — dak-
TOp HeliporeHHon anddepeHuupoBku-1 (neurogenic differentiation 1); NAD+ — HukoTUHamMupageHUHAUHYkneotua (nicotinamide
adenine dinucleotide)

response to tissue damage and reduced perfusion, for exam-
ple, after ischemic brain injury or in slowly progressive dege-
nerative diseases of the nervous system. The permeability of
new vessels is increased in these situations and this is probably
related to both neuroinflammation and the need to create new
areas of neurogenesis in the damaged brain. The Notch signa-
ling pathway conversion is one of the mechanisms, whereby
endothelium and pericytes of cerebral microvessels are able to
express the Notch receptor ligand Delta-like ligand-4 (DLL4) in
response to high local production of VEGF [67]. This mecha-
nism stimulates Notch proliferation and initiates the formation
of additional neurogenic niches in the brain ventricular walls.

It is interesting to note that a number of brain structures are
characterized by the absence of the BBB. These areas, known

as circumventricular organs, contain highly permeable fenestra-
ted capillaries. Circumventricular organs include the medial emi-
nence, subfornical organ, vascular plexus, etc. For some circum-
ventricular organs, the presence of neural stem cell niches has
been suggested [15]. From this point of view, it seems important
to note some features of the microenvironment characteristic
of circumventricular organs that may influence the process of
neurogenesis. One of such features is the presence of chroni-
cally activated microglia in circumventricular organs. Thus, it has
been demonstrated that microglia of the medial eminence are
characterized by morphological signs of activation throughout
postnatal ontogenesis, despite the absence of pathology [17].
The presence of highly activated microglia in circumventricu-
lar organs in the mouse has been demonstrated under physiologi-
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cal conditions [68]. It is important to note that microglia express
high levels of CD16/32, CD86 — markers of M1 phenotype of
macrophages responsible for proinflammatory response, endo-
toxicity and activation of phagocytosis, as well as CD206 — mar-
kers of M2 phenotype of macrophages regulating the phases of
resolution of inflammation and repair of damaged tissues.

Reasons for this state of microglia are not fully under-
stood, but studies performed on adult mice emphasize the
importance of these markers for neurogenesis: microglia
activated by endotoxins block neuro- and oligodendrocy-
togenesis, while microglia activated by such cytokines as
interleukin-4 and interferon-y stimulate neurogenesis, further
emphasizing the influence of microglial phenotype on NSC/
NPC renewal [68].

In this case, microglia activation is represented by the
fact that the total length and number of outgrowths of mi-
croglial cells are significantly shorter than in other brain re-
gions, and on the contrary, the expression level of activation
marker molecules is elevated. Presumably, this is due to
specific features of the structural and functional organiza-
tion of these organs. In particular, this is due to the con-
stant contact of microglia in circumventricular organs with
molecules circulating in blood [36]. A probable function of
microglia may be phagocytosis of neurotoxic molecules
coming from the bloodstream in order to maintain a normal
microenvironment in circumventricular organs.

Another possible function of activated microglia is regu-
lating blood vessel permeability and angiogenesis [68, 69].
Intensive angiogenesis accompanied by constant proliferation
and apoptosis of endothelial cells in blood vessels is carried
out in circumventricular organs. In turn, the ability to regulate
the proliferative activity of endothelium, as well as to partici-
pate in the removal of apoptotic cells remaining from dead en-
dothelial cells has been indicated for activated microglia [58].

Finally, microglia can be involved in neurogenesis and ac-
quire an activated morphotype [70-73]. Thus, it allows us to
suggest a possible contribution of activated microglia to form
neurogenic niches in this organ. This was previously observed
in subventricular zone of the lateral ventricles and subgranular
zone of the dentate gyrus of the hippocampus [74].

CONCLUSION

Mechanisms of neurogenesis in the postnatal period, as
well as the processes of neuronal differentiation and migra-
tion are extremely important. The features of neurogenesis
processes in different brain regions, using the hippocampus,
cerebral cortex, and amygdala as examples, are interesting
during critical periods of neurogenesis, the so-called time
windows, both in intrauterine and postnatal periods. There
is no doubt that the blood-brain barrier and microglia cells

play a special role in forming microenvironment as well as
influence neurogenesis in future.

Studying stress effect during critical periods of neu-
rogenesis is promising both in theoretical and applied
direction in order to develop methods of prevention and
therapy of mental diseases, including neurodegenerative
diseases.

ADDITIONAL INFORMATION

Author contribution. Thereby, all authors made a sub-
stantial contribution to the conception of the study, acquisi-
tion, analysis, interpretation of data for the work, drafting
and revising the article, final approval of the version to be
published and agree to be accountable for all aspects of
the study.

Competing interests. The authors declare that they
have no competing interests.

Funding source. This study was not supported by any
external sources of funding.

AOMNONHUTENBbHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOpbl BHECNMN CYLLECTBEHHbIN
BKNag B pa3paboTky KOHLenuuW, npoBeaeHne uccneaosa-
HWS 1 NOArOTOBKY CTaTby, MPOYNN 1 0J06pUNN PUHANBHYIO
Bepcuto nepeq nybnukaumen.

KoHdonukr uHTepecoB. ABTOpbI AeKnapupylT OTCyT-
CTBME SBHbIX W MOTEHLWaNbHbLIX KOH(IIMKTOB WHTEPECOB,
CBSA3aHHbIX C NyOnmMKaunein HacTosLLEN CTaTbi.

WUcTouHuk cpuHaHcMpoBaHua. ABTOpbI 3asBNsOT 00
OTCYTCTBUM BHELIHEr0 (PUHAHCUMPOBAHUSA MPU NPOBeLEHUN
nceneoBaHus.
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Abstract. Peripheral artery disease (PAD) is common and associated with significant morbidity and mortality. PAD
occurs in about 18 percent of persons over 70 years of age. Usually, patients who have PAD present with intermittent
claudication with pain in the calf, thigh or buttock that is elicited by exertion and relieved with a few minutes of rest. The
disease may also present in a subacute or acute fashion. Symptoms of ischemic rest pain, ulceration or gangrene may
be present at the most advanced stage of the disease. In caring for these patients, the primary care physician should
focus on evaluation, risk factor modification and exercise. Optimal primary medical management of PAD is required
for each patient, irrespective of the decision regarding lower extremity revascularization. The goals include reducing
cardiovascular morbidity and mortality and improving quality of life. The approach should consist of aggressive and
individualized risk factor modification including smoking cessation, antiplatelet therapy, a statin, and an angiotensin-
converting enzyme inhibitor. Exercise is critical for cardiovascular health and highly effective for improving claudication
symptoms. Cilostazol may be considered for symptomatic treatment in certain patients. Arterial occlusive diseases,
such as coronary artery disease, cerebrovascular disease and peripheral arterial disease (PAD), are common in the
primary care setting. These diseases often coexist in the same patient. Treatment of these diseases, which typically
affect older adults, will consume a greater percentage of health care costs as the elderly population in the Russian
Federation increases.

Keywords: peripheral arterial disease, atherosclerosis, claudication, primary management
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Pestome. 3abonesaHus nepuchepuueckux aptepuii (3MA) Wrpoko pacnpocTpaHeHbl U CBA3aHbI CO 3HAYUTENBHON
3abonesaeMocTbio 1 cMepTHOCTbH0. 3[1A BcTpeyaeTcs npumepHo y 18% nuy ctapie 70 net. O6bI4HO Y NayneHToB ¢
3MNA oTMevaeTcs nepemexaroLiasica xpomota ¢ 6onblo B Ukpe, b6egpe unu aroguuie, KOTopas BOHUKAET Npu Harpyske
W NPOXOAMT Yepes HECKOMbKO MUHYT OTAbIXa. 3aboneBaHne MOXeT NpoTekaTh kak NOAOCTPO, Tak 1 0CTPO. CUMNTOMBI
nwemudeckorn 60nu B MOKOE, S3Bbl U FAHTPEHbI MOTYT NPOSBAATLCSA HA CaMoi NO3AHeN ctaguu 3abonesanus. Mpu
yXOAe 3a TaKuMu NaLmMeHTaMn Bpay nepBUYHOro 3BEHa JOSKEH COCPEJOTOUNTLCS Ha OLEHKE, N3MEHEHU (PaKTOPOB
pucka u usnyeckux ynpaxHenunsx. OnTumanbHoe nepeuyHoe MeauumHckoe BeaeHne 3MMA Heobxoaumo 4ns Kax-
[0r0 NauyyeHTa, He3aB1CUMO OT PELLEHUS O PeBACKYNAPU3aLIMN HUKHUX KOHEYHOCTEN. Lienu BKNYaT CHUXeHe
cepheyHo-cocyancTon 3aboneBaeMocT 1 CMEPTHOCTU U YIyYLIEHNE KavyecTBa XM3HN. [104X04 AOMKEH BKIKOYaTb
arpeccuBHYI0 W MHOMBUAYaNbHYI MOAUMDUKALMIO (haKTOPOB pUCKa, B TOM YUCHe 0TKa3 OT KypeHus, aHTUTpombo-
LMUTapHYI0 Tepanuio, CTaTUHbI U MHIMBUTOPBI aHTMOTEH3NH-NPpeBpaLLaLLero pepmeHTa. dusnyeckne ynpaxHeHus
UMEIT peLliatoLLiee 3HayYeHre 4N 300p0Bbs CepaeYHO-COCYANCTON CUCTEMbI M BEICOKOI(MEKTUBHBI AN YNyULLIEHUS
CUMNTOMOB XPOMOTHI. Linnoctason moxet 6bITb paccCMOTPEH AN1S CUMMTOMATUYECKOrO fleYEHUs Yy HEKOTOPbIX NaLu-
eHToB. OKKMI3NOHHbIE 3aboneBaHns apTepui, Takne Kak uwemuyeckas 6onesHb cepaua, uepebpoBackynsapHble
3abonesanus 1 3MA, 4acTo BCTpPeYaKTCA B NEPBUYHOM 3BEHE MEANLMHCKON nomoLu. Tn 3abonesaHns 4acto
COCYLLECTBYIOT Y OQHOTO 1 TOTO Xe nauueHTa. JledeHne aTux sabonesaHni, KOTopble 0BbIYHO MOPaXaKT NOXUMbIX
nogen, byaet 3aHMMaThb BCe BOrMbLUY0 AOMI0 PACXOA0B 34paBOOXPAHEHUS NO Mepe YBENIMYEHUS YACIEHHOCTI NOo-
Xunoro HaceneHus B Poccuitickoin ®enepavuu.

KnioueBble cnosa: 3abonesaHus nepmd)epmqecmx apTepMVl, aTtepockKriepos, XxpomoTta, nepBn4HoOE BeJeHNE
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INTRODUCTION

Peripheral artery disease (PAD) is a common manifesta-
tion of the progressive stenosis of peripheral arteries (Fig. 4).
More than 200 million people have PAD worldwide, and the
prevalence of PAD is =220% in individuals over the age of
80 years [1]. Approximately 30% of patients with PAD experi-
ence intermittent claudication, a walking-induced muscle pain
primarily affecting the calves that is relieved only by rest [2].
Patients experiencing claudication generally have sedentary
lifestyles and poor health-related quality of life [2, 3]. PAD
negatively affects the quality and length of life among those
affected. The prognosis of the diseased extremity is generally
favorable. Without specific therapy, the distance that affected
persons are able to walk generally remains stable, worsening
in 26 percent of persons and improving in 27 percent [4,
5]. Over five years, approximately 4 to 8 percent of affected
persons require arterial reconstruction, and 2 to 4 percent
require amputation [4, 6, 7]. The goals of the primary medical
management of PAD focus on two areas: helping patients
“live longer” by reducing cardiovascular morbidity and morta-
lity and helping patients “feel better” by improving quality of
life. However, patients with PAD are at risk for other athero-
sclerotic diseases. Up to 20 percent of asymptomatic patients
may have carotid artery stenosis greater than 50 percent, and
12 to 17 percent have stenosis greater than 75 percent [8,
9]. The cornerstones of the primary medical management
of PAD include risk factor modification, medications, such
as statins and antiplatelet therapy, and exercise. PAD is
associated with a significant increase in mortality [10-14];
a major contributor to this is cardiac death. In the Bypass
Angioplasty Revascularization Investigation Trial [13, 14],
the five-year survival rate was 77 percent in patients with
coronary artery disease and PAD, compared with 90 per-
cent in patients who had isolated coronary disease. Other
studies have demonstrated a cumulative mortality of ap-
proximately 30 percent at five years and 47 to 61 percent
at 10 years [10, 11, 14]. Given these associated risks, it
would seem reasonable for asymptomatic patients with PAD
to be screened for coronary artery disease and carotid artery
stenosis; however, the most appropriate and cost-effective

course of action remains unclear. In addition, cilostazol may
be considered for treatment of claudication symptoms, al-
though adverse side effects can be limiting.

EVALUATION

It is important to take a complete history that identifies
symptoms of and risk factors for systemic atherosclerosis.
Patients usually inform physicians of the signs and symp-
toms of coronary artery disease or cerebrovascular disease,
but the presentation of PAD may be subtle, particularly in
sedentary patients. The most common complaint is inter-
mittent claudication with pain of the calf, thigh or buttock
occurring with exertion and relieved after several minutes
of rest. Other conditions that may need to be distinguished
from PAD are listed in Table I.

Examination of the patient with PAD may reveal bruits
over the abdominal aorta, iliac, femoral, carotid or subclavian
arteries, and absent or decreased peripheral pulses. Physi-
cal findings that further support the diagnosis of PAD include
decreased skin temperature, shiny, hairless skin over the
lower extremities, dystrophic toenails, pallor on elevation of
the extremity and rubor when the limb is dependent (Fig. 1).

PAD is classified by using the A.V. Pokrovsky, Fontaine
Staging System and Rutherford category system (Table 2).
The initial claudication distance (distance at which the patient
first experiences pain with exertion) and the absolute claudi-
cation distance (distance at which the patient can no longer
ambulate) are usually constant. With advancing disease or
acute ischemia, patients may complain of a sudden decrease
in the initial claudication distance, disabling claudication, or
rest pain, or on examination may be found to have ulceration
or tissue loss. Any of these complaints or findings warrants
immediate referral to a vascular subspecialist.

The ankle-brachial index is an effective screening tool.
The tools required to obtain an ankle-brachial index in-
clude a blood pressure cuff and a continuous wave Dop-
pler. Blood pressure is measured in both upper extremi-
ties, and the highest systolic reading — the first return of
Doppler sound as the cuff is deflated — is recorded. The
ankle systolic pressure is similarly measured using the

Table 1

Differential diagnosis of lower extremity pain

Tabnuua 1

ﬂud)d)epeHuuaanaﬂ ANarHoCTUKa 00NN B HUXXKHMX KOHEYHOCTAX

Neurologic

Musculoskeletal

Vascular

+ Lumbar canal stenosis (pseudoclaudication).
+ Radiculopathy/plexopathy.
* Peripheral neuropathy

+ Baker's cyst.
* Muscle strain.
+ Ligament/tendon injury.
« Arthritis/connective tissue disorder

« Intermittent claudication/ischemia.
+ Arterial thromboembolism.
+ Cholesterol embolism.
+ Deep venous thrombosis, vasculitis
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ala 6/b
Fig. 1.

of the different patient’s right and left foot
Puc. 1.

e/c

Shiny, hairless skin (a), dystrophic nail changes (b) and dependent rubor associated (c) with peripheral arterial occlusive disease

Cwustowasn, 6e3Bonocas koxa (a), AucTpodmyeckue M3MeHeHUs Horteli (6) U 3aBUCUMBIN py6eLl (8), CBA3aHHbIE C OKKIMIO3UOHHbIM

3aboneBaHneM nepudiepuyeckux apTepuii NpaBoi 1 NeBOIi CTOMbI Y Pa3HbIX NaLNUEHTOB

Table 2

A.V. Pokrovsky, Fontaine and Rutherford peripheral artery disease classification

Tabnuya 2

Knaccudmkauus 3abonesanuin nepudepuyecknx aprepuii no A.B. Mokposckomy, ®oHTeiHy u Pytepdopay

A.V. Pokrovsky classification

Fontaine classification

+ Stage | — Asymptomatic or pain in calf muscles (>1 km).
+ Stage IIA— Intermittent claudication (>200 meters).
+ Stage IIB — Intermittent claudication (<200 meters).
« Stage Il — Intermittent claudication, rest pain.
+ Stage IV — Ulceration or gangrene

+ Stage | — Asymptomatic, decreased pulses, ABI <0.9.
« Stage Il — Intermittent claudication.
+ Stage lll — Daily rest pain.
+ Stage IV — Focal tissue necrosis

Rutherford classification

+ Category 0 — Asymptomatic.
+ Category 1 — Mild claudication (completes treadmill test/ankle pressures >50 mm Hg post treadmill test.
+ Category 2 — Moderate claudication (between category 1 and 3).
+ Category 3 — Severe claudication (unable to complete treadmill test/ankle pressures <50 mmHg post treadmill test).
+ Category 4 — Ischemia rest pain.
+ Category 5 — Minor tissue loss.
+ Category 6 — Major tissue loss

dorsalis pedis or posterior tibial arteries. The ankle-bra-
chial index is calculated by dividing the ankle pressure
(the higher of the posterior tibial artery pressures) by the
brachial systolic pressure (the higher of the two arm pres-
sures). An ankle-brachial index below 0.95 at rest or fol-
lowing exercise is considered abnormal. An ankle-brachial
index between 0.8 and 0.5 is consistent with intermittent
claudication, and an index of less than 0.5 indicates severe
disease [15]. In patients with an abnormal ankle-brachial in-
dex, testing with segmental arterial pressures and a pulse

volume recording before and after exercising to the point of
absolute claudication are indicated.

Pulse volume recording demonstrating bilateral seg-
mental pressure decrease across the superficial femoral
arteries, significantly worse on the left side than on the
right side (Fig. 2). Note the mild dampening of the arte-
rial wave form on the left, compared with the right. The
ABI is consistent with mild disease on the right and mode-
rate to severe disease on the left. Note the significant de-
crease following exercise. The resting ABI is calculated
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as 171/191=0.90 (right) and 112/191=0.59 (left). All cal-
culations are based on the higher brachial systolic rea-
ding, which in this case is 191. The ankle systolic reading
is based on the higher of the posterior tibial and dorsa-
lis pedis systolic readings. (ABl=ankle-brachial index;
PT=posterior tibial; DP=dorsalis pedis.)

Management. Patients with intermittent claudication
should receive conservative treatment. Aggressive risk factor
modification, smoking cessation, antiplatelet therapy and a
walking program are essential. In addition, medical treatment
of the symptoms of claudication may benefit some patients.

RISK FACTOR MODIFICATION

The aim of risk factor modification in patients with PAD
are the same as those in patients with coronary artery di-
sease. Unfortunately, many patients with PAD are under-
treated [16, 17]. All classes of antihypertensive agents
are suitable in the treatment of PAD; the type of therapy is
influenced by coexisting disease. Vasodilators provide no
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symptomatic relief and are not indicated over other agents.
Historically, beta blockers have been avoided; however, the
literature does not support worsening of symptoms with their
use [18]. Many patients may have underlying coronary artery
disease and could benefit from treatment with beta blockers.

Lipid abnormalities must be recognized and treated. High
levels of low-density lipoprotein (LDL) cholesterol, low levels
of high-density lipoprotein (HDL) cholesterol and high levels
of triglycerides are associated with the development and
progression of atherosclerosis. Patients should be treated
in accordance with the guidelines of the National Cholesterol
Education Program [19], which recommend a target LDL
cholesterol level of less than 100 mg per dL (2.60 mmol
per L) in patients with symptomatic vascular disease.

Tobacco is directly toxic to the vascular endothelium
and is implicated in initiating and perpetuating athero-
sclerosis [20]. All patients must be strongly encouraged
to abstain from tobacco use.

Smoking cessation. The effect of smoking in PAD is enor-
mous, both in scope and effect. Up to 80% of patients with PAD
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Table 3

Approach to smoking cessation: The 5 A’s?

Tabnuua 3

Mopaxon Kk oTkasy ot KypeHusi: 5 A’s?

The 5 A’s Explanation Example

Ask Ask every patient at every single visit if he or she uses any tobacco Do you smoke?
products (including electronic cigarettes or smokeless tobacco). Do you use smokeless tobacco like snuff or chew?
Implement a system in the office for universal identification. Do you use electronic cigarettes (vaping)?
Advise Advise every patient to quit at every visit. Use clear, strong, and You need to quit smoking as soon as possible to
personalized advice help keep your leg arteries open.
Assess Assess the patient’s willingness to quit. Do you want to quit? Are you ready to quit?
Assist Assist the patient by helping to set a quit date and providing medication | What quit date would work for you? (Suggest an
and counseling and resources. For patients who have recently quit, upcoming holiday or birthday or anniversary).
discuss any challenges and the importance of preventing relapse. Prescribe varenicline. Provide hotline information
such as 1-800 QUIT NOW and the Smoking
Cessation Patient Page from Vascular
Medicine [23].
Arrange Arrange for follow-up contact (office visit or phone call or email), ideally | Call the patient to check in. Set a delayed message
within the first week after the quit date. in MyChart reminding the patient of the quit date.

aThe entire office staff or treatment team can be engaged to help support the smoking cessation efforts [26].

are current or former smokers [21]. The risk of death, myocar-
dial infarction (MI), and amputation is reported to be higher with
continued smoking. Smoking cessation in PAD patients may re-
duce disease progression and may increase walking distance.
Smoking after lower extremity bypass increases the risk of graft
failure by at least threefold; however, smoking cessation may
restore the patency rates to the level of nonsmokers [22]. The
patient with claudication is often uniquely motivated to quit smo-
king after learning that (1) the leg symptoms could improve with
smoking cessation, and (2) the disease will worsen with conti-
nued smoking. If the symptoms can improve with simply quitting
smoking without any further medical or surgical intervention, then
smoking cessation should always be the first step [23].
Varenicline is the most effective medication on the market
for smoking cessation. It is a partial agonist (it both agonizes
and blocks) a-4-B-2 nicotinic acetylcholine receptors, and by
doing so, relieves withdrawal symptoms and simultaneously
prevents further nicotine binding, which then partially blocks the
reinforcing effects of nicotine [24]. Varenicline is more effective
than bupropion and more effective than nicotine replacement
therapy. Originally, practitioners would tend not to prescribe
varenicline until patients were “ready to quit,” partly because
the medication is to be started ~1 week before the patient’s pro-
posed quit date. More recent evidence suggests that perhaps
patients should be prescribed varenicline even if they are not
immediately ready to quit because it will still increase smoking
cessation rates [25]. Table 3 offers a basic approach to smoking
cessation in the vascular patient [26]. The five “A's” of smoking
cessation are Ask, Advise, Assess, Assist, and Arrange. For

providers who prefer not to provide pharmacologic treatment
or counseling, another approach is Ask, Advise, and Refer.
Partnerships between vascular surgery and vascular medicine
can help to achieve this goal. The most important message is
that the benefits of smoking cessation greatly exceed any risks
associated with pharmacologic treatment [26].

Hypertension. Hypertension should be treated according
to current published guidelines to lower the risk of cardiovas-
cular events. Guidelines from the Eighth Joint National Com-
mittee advised a target blood pressure of <140/90 mm Hg if
the patient has diabetes or chronic kidney disease or is aged
<60 years [27]. Otherwise, the target from the Eighth Joint
National Committee was <150/90 mm Hg. The more recent
SPRINT (Systolic Blood Pressure Intervention Trial) study has
led to a more aggressive approach to blood pressure lowering
[28]. SPRINT compared the benefit of treatment of systolic
blood pressure to a target of <120 mm Hg with treatment of
<140 mm Hg among patients at high risk for cardiovascu-
lar events but without diabetes. The lower target resulted in
lower rates of major cardiovascular events and death from
any cause, although with an increased risk of adverse events
[28]. The ideal target blood pressure for patients with athe-
rosclerotic vascular disease remains an active topic of debate.

Angiotensin-converting enzyme (ACE) inhibitors are an
excellent choice for the treatment of hypertension in the set-
ting of PAD and reduce cardiovascular risk beyond simply
lowering blood pressure. The current guidelines support the
use of ACE inhibitors or ARBs to reduce the risk of cardio-
vascular events in patients with lower extremity PAD.
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Of note, b-blockers are not contraindicated in PAD pa-
tients. A meta-analysis of 11 randomized trials showed that
B-blockers do not adversely affect walking capacity or clau-
dication symptoms [29]. However, B-blockers are not first-
line for treatment of hypertension but are commonly used
for other indications such as heart failure, atrial fibrillation,
or secondary prevention after MI.

Diabetes. Diabetes is a major risk factor for PAD and
increases the risk of poor outcomes among PAD patients [30].
Patients with diabetes and PAD require a comprehensive and
multidisciplinary care plan to include nutrition, weight manage-
ment, podiatry, ophthalmology, endocrinology, and medica-
tions for glycemic control. For many years, the accepted target
hemoglobin A, was <7%. Recently, the trend has shifted to a
more individualized approach to glycemic control. For exam-
ple, a more relaxed goal may be safer in older patients on
insulin. Glycemic control has more effect on microvascular
complications than on macrovascular complications and is
particularly vital among patients with critical limb ischemia.

Body mass index. Body mass index (BMI) is calculated
as weight in kilograms divided by the square of the height
in meters (kg/m?). The BMI should be calculated at each
visit. Being overweight or obese is associated with increased
all-cause mortality; all-cause mortality is lowest with a BMI
of 20.0 to 24.9 kg/m? [31]. The association of obesity as a
risk factor for PAD is controversial. However, among patients
who already have PAD, weight loss can potentially improve
claudication symptoms by reducing workload on the lower
extremities. One study found that obesity decreased the time
to claudication and delayed postexercise hemodynamic reco-
very [32]. PAD patients should be encouraged to lose weight
if overweight or obese, with the goals of reducing mortality,
reducing the risk of developing diabetes and metabolic syn-
drome, and, potentially, improving claudication symptoms.

MEDICATION

Statin therapy. All patients with PAD should be taking
a statin, regardless of cholesterol levels. This recommenda-
tion is based on the Heart Protection Study (n 1/4 20,536, of
whom 6748 had PAD), which demonstrated a 22% relative
risk reduction in the first major vascular event among PAD
patients randomized to simvastatin (40 mg) vs placebo [33].
Patients with PAD qualify for high-intensity statin treatment
based on current cholesterol guidelines, which means that
the goal is lowering the low-density lipoprotein cholesterol
(LDL-C) by at least 50% [34]. To achieve this degree of
LDL-C lowering, the best options based on clinical trial data
are atorvastatin (40 mg or 80 mg) or rosuvastatin (20 mg or
40 mg). Atorvastatin and rosuvastatin are similar. One study
found that rosuvastatin (40 mg) had a more favorable effect

on the lipid profile (with lower LDL-C and higher high-den-
sity lipoprotein cholesterol levels) compared with atorvas-
tatin (80 mg), but a similar degree of regression of percent
atheroma volume was seen in the coronary arteries [35].
Atorvastatin and rosuvastatin are generic; however, the cost
to the patient may differ by formulary or prescription plan. Of
note, the maximum daily dose of rosuvastatin is 10 mg if the
creatinine clearance is <30 mL/min.

Moderate-intensity statin treatment (lowering the LDL-C by
~30% to <50%) can be considered for patients who are aged
>75 years (eg, atorvastatin at 10 mg or 20 mg; rosuvastatin at
5 mg or 10 mg) [34, 35]. Simvastatin (20-40 mg) is another
moderate-intensity option, but the FDA has issued restrictions.
Simvastatin at 80 mg should be avoided altogether due to the
risk of myopathy. Furthermore, the maximum daily dose of sim-
vastatin is 20 mg when combined with amiodarone or with am-
lodipine, which is commonly prescribed for hypertension. In ad-
dition to reducing cardiovascular risk, a few small studies have
reported that statins may also improve claudication symptoms.
In one study (n 1/4 69), simvastatin (40 mg) increased pain-
free treadmill walking time at 6 and 12 months compared with
placebo [36]. In a larger study (n 1/4 354), atorvastatin (80 mg)
also improved pain-free walking time at 12 months compared
with placebo [37]. Statins also improve outcomes in patients
with critical limb ischemia [38]. Statins receive considerable at-
tention in the media, with various reports of increased risk of
diabetes, muscle issues, and liver toxicity. Much of the current
controversy surrounds the use of statins in primary prevention,
which is not relevant to PAD patients. Patients with PAD are
high risk and have established atherosclerotic vascular disease,
in which case there is no debate about the statin benefits, which
are enormous regardless of the cholesterol levels.

Given that PAD patients usually already have leg pain,
the question of myalgias or statin-induced myopathy often
arises among PAD patients. Adverse effects of statins are
typically mild and reversible. Efficacy and adverse effects
vary among all statins because of their different pharma-
cokinetic and pharmacodynamics properties [39]. Thus, if a
patient reports muscle pains from one statin, then a lower
dose of the same statin or an alternative statin should be
prescribed. The cardiovascular benefits of statins greatly
outweigh any risks in the PAD population.

Antiplatelet therapy. Three antiplatelet agents are
available for use in patients with vascular disease. Aspirin
should be considered for use in any patient with coronary
artery disease, cerebrovascular disease or PAD. In the Phy-
sicians’ Health Study [40], patients who were randomized
to receive aspirin therapy had a relative risk of 0.54 for pe-
ripheral arterial surgery when compared with patients who
received placebo [40]. The Antiplatelet Trialists’ Collabora-
tion Study [41] demonstrated that patients with intermittent
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claudication who were treated with antiplatelet therapy had
a 17.8 percent relative reduction in the incidence of myocar-
dial infarction, stroke and vascular death.

Treatment with ticlopidine (Ticlid) or clopidogrel (Plavix)
should be considered in patients who are intolerant of as-
pirin therapy. In the Swedish Ticlopidine Multicentre Study
[42], the group treated with ticlopidine had an incidence of
myocardial infarction, stroke and transient ischemic attack
of 13.8 percent versus an incidence of 22.4 percent in the
group taking placebo. A lower rate of mortality from all cau-
ses was also demonstrated — 18.7 percent of the ticlopidine
group compared with 26.1 percent of the placebo group.

The mechanism of action of clopidogrel is similar to that of
ticlopidine, with fewer hematologic side effects. In the Clopi-
dogrel versus Aspirin in Patients at Risk of Ischemic Events
(CAPRIE) trial [43], patients with recent ischemic stroke,
recent myocardial infarction or symptomatic PAD were eva-
luated. Patients who were treated with clopidogrel for the com-
bined end points of ischemic stroke, myocardial infarction and
vascular death demonstrated an overall relative risk reduction
of 8.7 percent compared with patients who were treated with
aspirin without a significant reduction in overall mortality. In
the subgroup analysis, patients with PAD had a relative risk
reduction of 23.8 percent for the combined end points.

Aspirin (typically 81 mg/d; range, 75-325 mg/d) is recom-
mended for the reduction of the risk of MI, ischemic stroke,
and vascular death among patients with symptomatic PAD (Ta-
ble 4). The data supporting this recommendation are derived
from the Antiplatelet Trialists’ Collaboration, a meta-analysis of
287 studies of 135,000 patients with cardiovascular disease,
including 9214 patients with PAD [44]. In the PAD subgroup,
there was a 23% odds reduction for serious vascular events.
Subsequent studies have suggested that the benefits of anti-
platelet therapy are greater among patients with symptomatic

PAD and are somewhat controversial among patients with
asymptomatic PAD. In general, aspirin is under prescribed in
PAD patients compared with patients with coronary artery di-
sease (CAD). Clopidogrel (75 mg/d) is an alternative to aspirin.
It may be marginally more effective than aspirin based on the
CAPRIE (Clopidogrel versus Aspirin in Patients at Risk of Is-
chemic Events) trial, although it is more costly [45].

CAPRIE randomized 19,185 patients with recent MI,
ischemic stroke, or symptomatic PAD to clopidogrel vs aspirin
(325 mg). In the PAD subgroup (n 1/4 6452), a 23.8% relative
risk reduction for vascular events was seen with clopidogrel
compared with those treated with aspirin; however, the abso-
lute risk reduction was small (1.15%). Dual antiplatelet the-
rapy (aspirin plus clopidogrel) is generally not needed in PAD
patients, although it may be considered in patients who are
extremely high risk [46]. For example, dual antiplatelet the-
rapy may be reasonable for a high-risk patient with diabetes
who smokes and has PAD with concomitant CAD, particularly
for as long as the patient continues to smoke. Ticagrelor is
an oral, reversible inhibitor of P2Y12 with faster onset/offset
than clopidogrel and more predictable inhibition of adenosine
50-diphosphate-induced platelet aggregation. The recent
EUCLID (A Study Comparing Cardiovascular Effects of Tica-
grelor and Clopidogrel in Patients With Peripheral Artery Di-
sease) trial found that ticagrelor (90 mg twice daily) was not
superior to clopidogrel for the reduction of cardiovascular
events among patients with symptomatic PAD and that ma-
jor bleeding rates were similar [47]. In the WAVE (Warfarin
Antiplatelet Vascular Evaluation) trial, the combination of an-
ticoagulation with warfarin plus antiplatelet therapy was not
more effective than antiplatelet therapy alone in preventing
cardiovascular events; the combination was associated with
an increase in life threatening bleeding [48]. Thus, there is
no role for anticoagulation for PAD.

Table 4

Quick reference to assess optimal medical management in patients with peripheral artery disease?

Tabnuua 4

KpaTkue pexomeHAaLum No oLeHKe ONTUManNbHOrO MeAULIMHCKOTO BeAeHUs NaLMeHToB
¢ 3aboneBaHMAMM nepudepuyecknx apTepmii

Question to ask Possible next steps

Is the patient on antiplatelet therapy?

Add aspirin, 81mg daily

Is the patient on a statin?

Add atorvastatin, 40 mg daily (or 10-20 mg if aged >75)

Is the patient currently smoking?

Consider varenicline

Is the blood pressure above goal?

Add ramipril

Is the hemoglobin A, >7%?

Refer to primary care, nutrition, comprehensive diabetes center, and/or endocrinology

Is BMI >25 kg/m2?

Set appropriate weight loss goals

BMI — Body mass index.
aConsider referral to vascular medicine if any of the goals are not met.
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EXERCISE

Exercise plays a fundamental role in the treatment of
PAD. It has been shown since the 1960s to be an effective
treatment for claudication, leading to improvement in both
pain-free and maximal walking distance. The CLEVER (Clau-
dication: Exercise Vs Endoluminal Revascularization) trial
found that a supervised exercise program improved tread-
mill walking performance more than endovascular revascu-
larization for patients with aortoiliac disease [49]. A detailed
discussion of exercise for PAD is provided in this supplement.

Current guidelines indicate that all patients should
achieve 30 minutes of brisk exercise daily for overall cardio-
vascular health. This recommendation is especially impor-
tant for PAD patients. Generally, patients should walk until
they have moderate pain or discomfort (4 on a scale of 1 to
5), stop and rest until the pain subsides, and then start wal-
king again [49]. Patients should aim to reach this moderate
level of pain within the first 5 to 7 minutes of walking. Over
time, they will need to walk uphill or more quickly, or both,
to bring on the pain within this timeframe. These intermittent
bouts of rest and exercise are thought to improve oxygen
extraction by the muscles; claudication symptoms improve
through a variety of mechanisms [50]. Exercise has tremen-
dous benefits that extend far beyond the improvement in
claudication symptoms and functional capacity and include
improving endothelial function, blood pressure, cholesterol,
glycemic control, and systemic cardiovascular health [50].

Walking improves the symptoms of claudication in several
ways. The muscle can better adapt to anaerobic metabolism with
repeated exposure to an ischemic environment. Oxidative metabo-
lism and the overall number of available mitochondria increase.
A meta-analysis [51] showed an increase of 179 percent in
the initial claudication distance and 122 percent in the abso-
lute claudication distance in patients who followed a walking
program. Five components of a successful program were also
identified. Walking is the preferred mode of exercise. Patients
should walk at least three times per week for at least 30 minutes
at each session. Near-maximal claudication pain (absolute clau-
dication distance) should be the resting point, and the patients
should follow the program for at least six months [51]. A super-
vised program is superior to a home-based exercise program
[52]. A walking program can increase the objective distance that
the patient with claudication can ambulate. This may result in
subjective improvement and lead to an enhanced quality of life.

PHARMACOLOGIC TREATMENT
OF CLAUDICATION SYMPTOMS

Options are limited in the medications directed at ameliora-
ting claudication symptoms. The first such medication was

Pentoxifylline (Trental) (400 mg thrice daily with meals),
which was approved by the FDA in 1984 based on small stu-
dies. Pentoxifylline is thought to reduce viscosity and improve
erythrocyte flexibility; unfortunately, subsequent studies have
shown that it is no different from placebo in treating claudica-
tion [53]. While the overall efficacy of pentoxifylline has been
questioned [54], a recent meta-analysis [55] of patients treated
with pentoxifylline demonstrated small improvements in the
initial claudication distance and absolute claudication distance.
Pentoxifylline is thus not recommended for PAD patients.

The newest agent for treating intermittent claudication is
cilostazol. Cilostazol is a phosphodiesterase Il inhibitor that
suppresses platelet aggregation and acts as a direct arte-
rial vasodilator [56-58], inhibitor and is more effective than
pentoxifylline. In one study [58], the patients who received
cilostazol had a 35 percent increase in the distance they could
walk before claudication and a 41 percent increase in abso-
lute claudication distance when compared with the subjects
who received placebo. One half of the patients treated with
cilostazol judged their walking to be “better” or “much better”;
84 percent of patients taking placebo felt that their symptoms
were unchanged or worse [58]. Other patients taking cilostazol
documented improvement in the absolute claudication dis-
tance and ankle-brachial index, along with similar subjective
improvements in quality of life and walking ability [59].

A Cochrane review of 15 double-blind, randomized con-
trolled trials (n 1/4 3718) concluded that cilostazol improves
walking distance among patients with claudication. Cilostazol
is a vasodilator that inhibits vascular smooth muscle cell pro-
liferation and prevents platelet aggregation. Its mechanism for
improving claudication symptoms is not clear and is probably
multifactorial. The dose is 100 mg twice daily and should be
taken at least 30 minutes before or 2 hours after breakfast
and dinner. Adverse effects can be limiting and include hea-
dache, palpitations, dizziness, and gastrointestinal complaints.
Cilostazol is contraindicated in heart failure. The dose should
be reduced to 50 mg twice daily in patients with hepatic dys-
function or when given with cytochrome P450 enzyme inhibi-
tors, such as azole antifungals, macrolide antibiotics, or proton
pump inhibitors; grapefruit juice should be avoided. The dose
may also be reduced if adverse effects are an issue.

In clinical practice, patients with PAD are often taking
many medications. For example, a typical ideal regimen
may include aspirin (81 mg/d), atorvastatin (40 mg/d), and
ramipril (10 mg/d). These three medications are aimed at
reducing cardiovascular morbidity and mortality, or to achieve
the “live longer” goal. Given the high prevalence of diabetes
and hypertension, the same PAD patient may also take other
medications such as metformin, gabapentin, amlodipine, or
hydrochlorothiazide. With this extensive medication list, the
patient and the practitioner may be hesitant to add cilostazol
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Fig. 3.  Critical limb ischemia: a — elevation pallor; b — dependent rubor
Puc.3. Kputnyeckas nwemusi KOHe4yHoCTeN: a — 6NegHOCTL NpU NoAbeMe; 6 — 3aBUCUMBIN py6eLl

Fig.4. Angiograms of atherosclerosis in lower limb arteries (peripheral artery disease)
Puc. 4. AHrvMorpammbl aTepocknepo3sa apTepuii HUKHUX KOHeYHOCTel (3aboneBaHus nepudepuyeckux apTepun)

considering its adverse effect profile and suboptimal effica- Clinical Presentation. Intermittent claudication is
cy. A 3-month course of medical management, including an  the hallmark of PAD and is defined as fatigue, discomfort,
exercise program, is a reasonable approach before adding cramping, or pain of vascular origin in the calf muscles of
cilostazol, which can be seen as an intermediate step before  the lower extremities that is consistently induced by exercise
endovascular or surgical revascularization. and consistently relieved within 10 minutes by rest. In the
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general population, only about 10% of persons with known
PAD have the classic symptom of intermittent claudication.
Approximately 40% do not complain of leg symptoms at all,
and 50% have a variety of leg symptoms different from classic
claudication, such as exertional pain that does not stop the in-
dividual from walking, does not involve the calves, or does not
resolve within 10 minutes of rest [60-71]. The 2016 American
Heart Association/American College of Cardiology (AHA/ACC)
guideline on the management of patients with lower extremity
PAD recommends patients at increased risk of PAD should be
assessed for exertional leg symptoms, ischemic rest pain, and
nonhealing wounds. Other common lower extremity findings
include hair loss, shiny skin, and muscle atrophy. Arterial ul-
cerations are characterized by well-demarcated, “punched-
out” lesions. Dependent rubor and elevation pallor may be
present in advanced disease and result from impaired au-
toregulation in the dermal arterioles and capillaries (Fig. 3, 4).

CONCLUSIONS

The primary medical management of PAD clearly de-
monstrates the benefits of cholesterol lowering statin ther-
apy, smoking cessation, antiplatelet therapy and physical
exercises, safely producing highly significant reductions in
cardiovascular morbidity and mortality. The medical ma-
nagement is aimed at the two goals of feeling better and
living longer. For the “live longer” goal, compulsory medica-
tions include antiplatelet therapy, a statin, and an ACE in-
hibitor, as summarized in Table 4. For the “feel better” goal,
the main pharmacologic treatment is cilostazol. Fortunately,
smoking cessation, exercise are safe and low-cost treat-
ment option’s that achieves both aims.
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AONONMHUTENBHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOpbI BHECNM CYLLECTBEHHbIN
BKnag B pa3paboTky KOHLenuuW, npoBeAeHWe 1 NOAroToB-
Ky cTaTby, NpoYnu 1 0fobpunu huHanbHy BEpCUio nepes
nybnukavuen.

KoHdnukt mHTepecoB. ABTOpbI eKNapupytT OTCyT-
CTBME SBHbIX W MOTEHUManbHbIX KOH(IMKTOB MHTEPECOB,
CBSA3aHHbIX C NybnuKkaLyein HacTosLen cTaTbi.

WUcTouHuk dmHaHcmpoBaHusa. ABTOpbI 3asBnsoT 00
OTCYTCTBUM BHELWHero (QMHaHCMPOBAHWA NpU MPOBEAEHUM
paboTbl.
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Abstract. Allergen-specific immunotherapy (ASIT) is the only disease-modifying method of allergy treatment that
allows the development of long-term tolerance to an allergen. The therapy is that after confirmation of IgE-dependent
sensitization to a particular allergen, the patient can receive treatment with a preparation of this allergen. The most
common and effective ASIT for respiratory forms of allergy — rhinitis and bronchial asthma — is allergen therapy
with pollen and house dust mite allergens. There is still insufficient data on the effectiveness of animal allergens. For
vital indications, ASIT is performed with allergenic venoms of webworms and, in some countries, with food allergens.
The duration of therapy is from 3 to 5 years, except for therapy with insect venoms and food allergens, when it is
recommended to take the allergen for life to maintain tolerance. Tolerance itself is formed after 4—6 months from the
start of treatment and is maintained for years. The safest in terms of anaphylactic reactions is sublingual allergen-
specific immunotherapy (SLIT). However, cases of eosinophilic esophagitis (EoE), a rare complication of SLIT, have
been described. The present case report describes the development of EOE in a 27-year-old man 4 weeks after starting
SLIT with a tablet preparation of meadow grass allergens. The symptoms of EOE resolved rapidly within a few days
of SLIT withdrawal. Possible options for continuing ASIT in the development of EoE and specifically in this patient are
described.

Keywords: allergen immunotherapy (AIT), eosinophilic esophagitis (EoE), sublingual immunotherapy (SLIT), pollinosis
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Pe3tome. AnnepreH-cneunduyeckas ummyHotepanus (ACUT) — eguHCTBEHHbIN 60ne3Hb-MOoaNMULMPY LA
METOA NeYeHUs annepruu, KOTopbI N03BONSET BblpaboTaTh AONTOCPOYHYIO TONEPAHTHOCTL K anneprery. Tepanus
3aKIyaeTcs B TOM, YTO nocne NoATBepxaeHns IgE-3aBucumon ceHcnbunuaaLmm K KOHKPETHOMY anneprexy na-
LMEHT MOXET Nonyyathb fieyeHne npenapaTom 3Toro anneprexa. Tepanus MOXeT NPOBOANTLCA Npenapatamu 4ns
cybnuHrBanbHoro NpUMeHeHns Nbo NOAKOXHLIMM UHbeKLuaMu. Hanbonee pacnpoctpaneHa u apdektusHa ACUT
Npw pecnmpaTopHbIX hopmax anneprim — puHuTe M BPoHXMansLHOM acTMe annepreHamu nbinblbl U Knewyein Aomald-
Heit nbinn. OB 3pHeKTUBHOCTY NPUMEHEHUS anNNepPreHoB XMBOTHBIX JaHHbIX MOKa HEAOCTATOYHO. 10 XU3HEHHbIM
nokasaHusm nposoautcs ACUT saamn nepenoHYaToKpbInbIX, M B HEKOTOPbIX CTPaHax — NULLEBbIMY annepreHamu.
[nuTenbHOCTb Tepanun — oT 3 40 5 neT, 3a UCKIIYeHNEM Tepanuu S4amMmu HaCeKOMbIX W anfiepreHamu UL, Kor-
Aa annepreH pekoMeHAyeTCs NPUHUMaTh NOXU3HEHHO ANA NOALEPXaHNUs TonepaHTHOCTU. Cama ToNepaHTHOCTb
hopmmpyeTcs yxe Yepes 4—6 MecsaLeB 0T Hayana neyeHus u coxpansetcs rogamu. Hambonee 6esonacHas B nnaHe
pasBUTUS aHaUNaKTUYECKNX peakLmin — cybrnuHreanbHas anneprex-cneyndudeckas ummyHotepanus (CIIAT). Tem
He MeHee onucaHbl criyyan pa3suTus pegkoro ocnoxHeHnns CIIUT — 303uHodunbHOro 33odaruta (303). B gaHHOM
KIIMHUYECKOM CnyyYae NpuBOANTCA Npumep passutus 03 y 27-neTHero MyxyuHbl yepes 4 Hegenu ot ctapta CIIAT
TabneTnpoBaHHLIM NpenapaTom annepreHoB nyroebix Tpae. CumnToMbl 303 BLICTPO paspeLnnnch B TeYeHne
Heckonbknx aHeit nocne otMmeHbl CITIUT. Onncaxbl BO3MOXHbIE BapuaHTbl npogormkenns ACUT npu passuTum 303
1 KOHKPETHO Yy 3TOro nauueHTa.

KntoueBble cnosa: anneprex-cneyududeckas ummyHorepanus (ACUT), 303uHOPUNBHbLIA 330¢arut (303),
cybnuHreansHas ummyHotepanus (CNNT), nonnnHo3
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INTRODUCTION

Allergen-specific immunotherapy (ASIT) is the only disease-
modifying method of allergy treatment that allows the deve-
lopment of long-term tolerance to an allergen. The essence of
therapy is that after confirmation of IgE-dependent sensitization to
a particular allergen, the patient can be treated with a preparation
of this allergen. The formation of tolerance is based on the induc-
tion of allergen-specific T-regulatory cells (T-reg), which, with the
help of suppressor cytokines, modulate the specific T- and B-cell
response [1]. This leads to increased production of specific 1gG4,
blocking the action of IgE, functional restriction of mast cells, ba-
sophils and eosinophils and the formation of long-term tolerance
to the allergen. Therapy can be carried out with sublingual drugs
or subcutaneous injections. Each method has its own advan-
tages and disadvantages. The most common and effective ASIT
for respiratory forms of allergy — rhinitis and bronchial asthma
caused by pollen and house dust mite allergens. There is still
insufficient data on the effectiveness of animal allergens. For vital
indications, ASIT is performed with venoms of webworms and, in
some countries, with food allergens. The duration of therapy is 3
to 5 years, with the exception of insect venom and food allergen
therapy, where it is recommended to take the allergen for life to
maintain tolerance. Tolerance is formed in 4-6 months from the
beginning of treatment and lasts for years. The method is more
than 100 years old, its founders — Leonard Noon and John Free-
man — first published the results of their work — therapy of hay
fever by subcutaneous injections of aqueous pollen extracts — in
The Lancet in 1911 [2]. Over the years, the ASIT methodology
has been improved, and effective and standardized preparations
with a high safety profile have appeared.

(CNSublingual allergen-specific immunotherapy (SLIT)
is the safest in terms of systemic allergic reactions (there
is no cases requiring epinephrine administration have been
reported) and is often the method of choice [3]. However,
cases of eosinophilic esophagitis (EoE), a rare complication
of SLIT, have been described [4-6].

Typical adverse reactions when using SLIT are localized
(burning under the tongue) and moderate aggravation of al-
lergic rhinoconjunctivitis at the beginning of therapy. These
phenomena are successfully controlled with antihistamines
and, if necessary, topical steroids without discontinuation of
ASIT. These symptoms usually disappear within 2—-4 weeks.

Eosinophilic esophagitis is a rare (less than 1% of cases
according to the ASIT product instructions) complication of sub-
lingual allergen-specific immunotherapy. EoE is a chronic, im-
mune/antigen-mediated esophageal disease clinically charac-
terized by symptoms associated with esophageal dysfunction
and histologically by eosinophil-dominated inflammation [7-13].

The pathogenesis is based on genetically determined
disruption of esophageal epithelial function, which leads to

failure of its barrier function and development of Th2 inflam-
mation. The triggers are mainly food allergens. Much less
frequent are cases of provocation by aeroallergens — sea-
sonal exacerbations of EoE in patients with allergic rhinitis
against the background of flowering of significant plants.
SLIT with pollen allergens can also be a trigger and, as a
rule, it is a contraindication for continuing SLIT [3, 4].

EoE was previously classified as an allergic disease with
a mixed mechanism: type |, IlgE-dependent, and type 1V, de-
layed-type hypersensitivity. Modern classification categorizes
EoE as type IVb allergic reactions, which are based on Th2
inflammation. Th2 produce a variety of cytokines — interleu-
kin-4 (IL-4), IL-5, IL-9, IL-13, IL-31 and eotaxins I-IIl. IL-4 and
IL-13 play a key role in inducing a switch of B-lymphocytes to
synthesize IgE. IL-13 is also responsible for tissue remodeling
involved in chronic inflammation. IL-5 ensures the recruitment
of eosinophils from the bone marrow and their persistence in
the focus of inflammation. Degranulation of eosinophils and
release of their endogenous proteases contributes to further
tissue damage, inflammation chronization, and aggravation of
the defect in the barrier function of the epithelium [14].

EoE was previously considered a rare disease. Ho-
wever, nowadays, there is an increasing number of publica-
tions and a growing incidence, which is probably due to the
introduction of knowledge into practice and continued study
of this pathology.

The first publications on esophageal eosinophilia ap-
peared in the 70s of the XX century. In the Russian Federa-
tion, recommendations on the diagnosis and treatment of
EoE were first published in 2013 [9].

CLINICAL CASE

A 27-year-old male patient with seasonal allergic rhini-
tis and conjunctivitis, sensitization to meadow grasses. His
complaints have been present for several years, with clini-
cal manifestations increasing in dynamics. Sensitization to
meadow grasses was confirmed by prick tests.

The first course of SLIT was started in February 2022.
According to the drug instructions, the patient swallowed sa-
liva after dissolving the tablet. In the first week of therapy, a
moderate local reaction (burning of the mucous membrane
under the tongue) was noted, which is common with SLIT
and expected at the initial stages of therapy. Against the
background of antihistamines, these symptoms decreased
and later did not bother even without medication support.

Approximately one month after the start of therapy, the pa-
tient first developed symptoms of dysphagia, which he did not
pay attention to and did not connect with SLIT. The patient did
not report his symptoms until 2 weeks later, as they became
daily and there was a very intense pain when swallowing,
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according to the patient, “to the point of tears”. There were
also complaints of intermittent nasopharyngeal discomfort, a
feeling of shortness of breath, and an intractable cough lasting
up to several minutes after meals, mostly during the day.

EoE was clinically suspected, and immediately after
the patient reported the side effect of the drug SLIT was
interrupted, leading to a rapid resolution of the clinical pic-
ture. The patient was examined by an otorhinolaryngologist
(ENT), no pathology from the ENT organs was found.

In the next few days, an endoscopic examination (esopha-
gogastroduodenoscopy — EGDS) was performed. Due to the
short time of SLIT administration, the macroscopic picture
was not convincing and was regarded only as a suspicion of
EoE. Histologic examination of six biopsy specimens of esop-
hageal mucosa revealed up to 50 eosinophils in the field of
view at x400 magnification with acceptable values for eso-
phagus up to 15, which confirmed the diagnosis of EoE.

Since after the drug withdrawal the symptoms of dyspha-
gia completely resolved within 1-2 days, drug therapy for
esophagitis was not prescribed. On re-endoscopy performed
10 months later, a normal mucosal picture was observed. The
biopsy showed no evidence of esophagitis.

Despite the development of a serious complication of SLIT, the
patient was determined to continue ASIT in the next season (each
season SLIT with pollen allergens begins 4 months before the onset
of flowering and lasts until the end of flowering), because the symp-
toms of pollinosis severely impaired the quality of life. The possibility
of continuing SLIT against the background of standard therapy of
EoE (proton pump inhibitors (PPIs), budesonide or fluticasone) was
considered, which would not exclude a possible exacerbation. The
possibility of continuing SLIT “under cover” with Dupilumab for the
treatment of EOE was considered. However, given the normal results
of repeat endoscopy with biopsy, receipt of this therapy within the
framework of compulsory medical insurance was excluded. Swit-
ching to subcutaneous immunotherapy (SCIT) was also undesirable
due to the lack of standardized drugs for SCIT.

There are studies confirming the possibility of continuing SLIT
if saliva is spit out after sublingual exposure to the drug [5]. Before
resuming SLIT, the patient underwent endoscopic examination with
biopsy, which showed the absence of eosinophilic inflammation
in the esophagus. Therapy was continued. With this method of
SLIT, the patient in 2023 successfully completed the entire first pre-
seasonal-seasonal course of therapy without side effects and with
positive results in the form of reduction of pollinosis symptoms. The
treatment is currently ongoing (the 2nd course out of the required
three), indicating that continuation of SLIT is possible and effective.

CONCLUSION

This example demonstrates that in case of EoE develop-
ment on the background of SLIT, continuation of SLIT with

the causative allergen is possible. For successful continua-
tion of therapy, certain conditions must be met: achievement
of complete remission of EoE before returning to SLIT, sa-
liva spitting after sublingual exposure to the allergen.

In our case, the continuation of SLIT was carried out after
a year, which was dictated by the peculiarities of SLIT with
pollen allergens — a preseasonal-seasonal protocol, when
treatment begins 4 months before flowering and continues
throughout the flowering period. This long interval ensured
complete remission of EoE in the patient. A repeat endoscopy
with biopsy was performed immediately before the planned
continuation of SLIT.

In case of using SLIT with year-round protocol it is ne-
cessary to be guided by the terms of standard remission
of EoE. In most cases, repeated esophageal endoscopy
with biopsy after 2 months of elimination of the causative
allergen reveals complete resolution of esophageal eosino-
philia [8].
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AOMNONMHUTENBHAA UHOOPMALINA

Bknag aBTopoB. Bce aBTOPbl BHECNU CYLLECTBEHHDI
BKNapg B pa3paboTky KOHLeNnuuu, npoBeAeHue uccneosa-
HWS 1 MOAFOTOBKY CTaTbM, NPOYNN U 040BpUIV PUHANBHYO
Bepcuto nepeg nybnmkauymei.

KoHhnukT mHTepecoB. ABTOPbI AeKnapupyloT OTCyT-
CTBME SIBHbIX W MOTEHUMANbHBIX KOH(IMKTOB MHTEPECOB,
CBSI3aHHbIX C NyOnuKkaLyeit HacTosWen cTaTbi.

WUcTouHuk douHaHcMpoBaHusa. ABTOpbI 3asBNSOT 00
OTCYTCTBUM BHELIHEr0 PUHAHCMPOBAHUS NpU NPOBeLeHUM
1CcCneaoBaHms.

WUHhopmupoBaHHOe cornacue Ha ny6nukaumio. As-
TOPbI MOSYYMNN NUCbMEHHOE corfacve nauueHTa Ha nyb-
NNKaLMI0 MeaULMHCKNX AaHHBIX.
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KomnaHum-npomsBoanTenio 0 BO3HUKLLEM OCTOXHEHUM
Obino coobuyeHo.
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INFORMATION

MPABUIA O ABTOPOB

Yme. npuka3om u.o. pekmopa
@rb0Y BO Cri6rfiMy Munsdpasa Poccuu om 05.04.24

HACTOALUME NMPABUNA ANnA ABTOPOB
ABNAIOTCA U3OATENBCKUM OTOBOPOM

Yenosus Hactoswero [florosopa (ganee «[loroBop») sBnsioTcs
nybnnyHon odepton B COOTBETCTBMM C n. 2 CT. 437 [paxgaHcko-
ro kogekca Poccuitickon ®epepauun. [anHbiin [loroBop onpege-
nseT B3aWMOOTHOLLEHMS MEXAy pepakuuen xypHana «Russian
Biomedical Research» (ganee no Ttekcty «KypHany), 3aperu-
cTpupoBaHHoro ®epepanbHoii cryx6oi no Hag3opy B cdepe CBs-
31, MH(OPMALMOHHBIX TEXHOMOTU W MaccoBbIX KOMMYHWKaLMiA
(POCKOMHA3OP), ceugetensctso: M Ne ®C77-74228 ot 02 Hos-
6ps 2018 1. (paHee M Ne TY78-01869 ot 17 mas 2016 r.), umeHyemon
B AanbHeiwem «Pefakuns» 1 ABMAIOWENACS CTPYKTYPHBIM Nogpas-
penenvem ®rboy BO CMN6IMMY Munsgpasa Poccun, 1 aBTopom
W/Mnm aBTOPCKNM KONMEKTMBOM (M MHBIM MpaBoobnagatenem), uve-
HyeMbIM B AanbHelLeM «ABTOPY, MPUHABLLMM Ny6nyHOe npeanoxe-
Hue (ocbepTy) 0 3akntoyeHuu [lorosopa.

AsTop nepepaet Pefakuun Ans usgaHns aBTopckuin opuruHan
WA PyKOMUCh. YKa3aHHbIA aBTOPCKNIA OpUrMHan AOMKeH COOTBeT-
cTBoBaTb TpeboBaHUAM, ykasaHHbIM B pa3genax «[lpefcraBnexue
pykonucu B xypHam», «Odopmnenue pykonucuy. Mpu paccmo-
TPEHUM NOMyYeHHbIX aBTOPCKWX MaTepuanoB XKypHan pykoBoAa-
ctByeTcs «EAnHBIMK TpeboBaHUAMK K pykonucsM, npeacTaBnse-
MbIM B GrnomeamunHckne xypHanbl» (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 onybnukoBaHHble paboThl N0
npocunio XypHana.

JKypHan He paccmatpuBaeT paboTbl, pesynbTarhl KOTOPbIX MO
Bonblueit yactn yxe Bbinn onybnMKoBaHbl UNK ONUCaHbI B CTa-
TbSIX, NPEACTABNAEHHbIX UMY NPUHATLIX ANS ny6nukauuv B gpyrne
neyaTHble UNU 3MeKTPOHHblIE CPefcTBa MaccoBOW WHGOPMALMK.
lMpeacTaBnss cTaThio, aBTOP BCErfa JOMMKEH CTaBUTb PEAAKLMIO B
N3BECTHOCTb 060 BCEX HampaBfEHWsX 3TOW CTaTbu B Meyatb U 0
npegplayLmnx nybnukaLuusx, KoTopble MOryT paccMaTpuBaThCs Kak
MHOXECTBEHHblE unn aybnupytowme nybaukalmm TOM xe camon
Unu oveHb 6nnakon pabotbl. ABTOP AOMKEH YBEAOMUTL pegakLmio
0 TOM, COLEPXMNT N CTaThba yxe onybrukoBaHHbIE MaTepuansl, u
npefocTaBUTb CCbIfIKM Ha NpeablayLylo, 4Tobbl AaTh peaakLmu
BO3MOXHOCTb NPUHATH peLleHne, kak nocTynuTb B AaHHOW CuTya-
Uuu. He npuHumaloTes K nevatu ctatbi, NpeacTaBnsioLne cobomn
oTAenbHble 3Tanbl He3aBepLUeHHbIX UCCNeAoBaHuiA, a Takxe cTa-
TbY C HapyLleHeM «paBun 1 HOpM rymaHHoro obpatenuns ¢ 6uo-
obbekTamu uccnefoBaHuiy.

PasmeLyeHne ny6numkaLmil BO3MOXHO TOMbKO NOCE NONyYeHUs
NONOXNUTENbHON PeLieH3ny.

Bce cTtatbu, B TOM Yy1cne cTaTbu acnMpaHTOB U AOKTOPaH-
TOB, Ny6nukytoTca 6ecnnaTHo.

Mogaya crtaten B xypHan «Russian Biomedical Research»
OCyLLEeCTBASAETCSA NO agpecy NEKTPOHHON NouTbl avas?@mail.ru ¢
nomeTkon «ana Russian Biomedical Research» nnv yepes cant
https://ojs3.gpmu.org/index.php/biomedical-research.

TpeboBaHus k oTnpaBke cTaTei

Mepen 3anonHeHMEM aHKeTbl aBTOpaM PEKOMEHAYeTCs NOAro-
TOBUTb BCe HeobXoauMble AMns BBOAA AaHHbIE, a Takxke BblOpaTh
aBTopa (B crnyyae konnekTuea asTopos ctateun), OTBETCTBEHHO-
rO 3A MNEPEMWCKY. [ina ycnewHoro 3anonHeHns aHkeTbl Heob-
XOAMMO UMETb BCK YKa3aHHYK MHOPMALMK U HA PYCCKOM, M Ha
aHrMUIACKOM f3bIKax.

Bce Ha3BaHMs Ha aHrMWIACKOM s3blke, BKMOYas HA3BaHWS
CTaTbM, HA3BaHWS YYPEXAEHUN, UX MOAPA3[ENeHNt JOTKHbI
npuBOAMTLCS € nponucHbix 6yks (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 COOTBETCTBUMU C
ouymanbHBIMKU HaMEHoBaHUMK, Be3 camMofesTeNbHOCTU.

AHKeTHble faHHble BCcex aBTopoB — Vmsa OtyecTBo damunus
(nonHOCTbI0), yYeHas CTeneHb, 3BaHNe, JOMKHOCTb, MeCTO paboThl
(kacbeppa, OTAENeHuWe), Ha3BaHWe YYpeXAeHUs, afpec yupexzae-
Husi, e-mail, ORCID, SPIN-kog, TenedoH, ®/O aBTopa, oTBeTCT-
BEHHOTO 3a NEPENUCKY, U T.4. — 3an0NHSKTCSA B COOTBETCTBYOLNX
nonsix oopMbl 3asiBku. Pe3tome, KIo4eBble CNOBa U Ha3BaHMe CTa-
TbY TaKXe 3anofHsoTCS OHNAMH.

CraTbs LOMKHA COOTBETCTBOBATb NpaBMUnam opopmieHus cTa-
Ten k nybnukauum (CM. Huxe).

K kaxgon ctaTbe npunaraetcs gann OKCNepTHOro 3aknio-
yeHns (33). Onsa astopos CMGIMMIMY 33 moxeT Tonbko noa-
nUcbIBaTbCS aBTOpamu cTaTbW, neyaTb Heobs3aTenbHa. [ns
aBTOPOB Apyrux yypexgenuit 33 odopmnsdetcs obs3aTenbHO
MONMHOCTbIO, C NeyaTaMu (Kpyrnas nevaTb yUpexAeHns) u nog-
MACAMW PYKOBOAMUTENEN M KOMWUCCUA [aHHOTO Y4YpexAeHus.
3anoNHEHHbIN, NOANUCAHHBIA U «oneYaTaHHbI» 6naHk 33 ans
OTNpaBKM OHMaWH NpeABapUTENbHO CKaHWpyeTcs unn oTo-
rpacupyetcd. Obpasey 33 moxHo ckavatb (https:/gpmu.org/
science/pediatricsmagazine/Russian_Biomedical_Research, BnaHk
3KCMEPTHOTO 3aKN0YEHMS).

OTnpaBneHHble aHKeTHbIE JaHHble aBTOPOB, CTaTbs, I3 nocTy-
natoT Ha E-mail aBTopy-0oTnpaBuTento (4ns NoaTBepXAEHNS W npo-
Bepky 0TnpaBkm) 1 Ha E-mail pegakumum scrcenter@mail.ru TexHnyeckomy
pegakTopy xypHana «Russian Biomedical Researchy, ¢ koTopbim ocy-
LLeCTBNsIeTCS BCA JanbHelilas pabota no NOAroToBKe CTaTby B NeYaTh.
Bce Bonpock! Mo oTnpaBke cTaTel MOXHO aipecoBaTh Ha AMEKTPOHHbII
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agpec screenter@mail.ru TexHu4eckoMy pefakTopy xypHana «Russian
Biomedical Research» Mapun AnekcaHgposHe axoMoBoiA.

Pykonuch cuntaeTcs noctynueluen B Pepakuuio, ecnu oHa
npeAcTaBneHa KOMMMEKTHO U 0hopMIeHa B COOTBETCTBUM C OMU-
caHHbIMK TpeboBaHusmu. MpeBapuTENbHOE PACCMOTPEHNE PYKO-
nucK, He 3akasaHHoOW Pefakuumen, He sBnseTCH (hakToOM 3akiioye-
HWsI MEXAY CTOpOHaMu nagatenbckoro [lorosopa.

Mpw npeacTaBneHnm pykonucu B XXypHan ABTOpbI HECYT OTBET-
CTBEHHOCTb 3a PacKpbITUE CBOMX (DMHAHCOBbIX U APYrNX KOH(NKT-
HbIX MIHTEPECOB, CNOCOOHbLIX 0Ka3aTh BNMsHUE Ha ux paboTty. B py-
KOnMCKM JOMKHbI ObITb YNOMSHYTbI BCE NMULA W OpraHu3aLuu, oka-
3aBLUMe (hMHAHCOBYIO NOLAEPXKY (B BULE rpaHTOB, 060pyAOBaHNS,
nekapcTB UMK BCEro 3TOro BMECTE), a Takxe Apyroe gmHaHCcOBOe
WUNW NNYHOE yyacTue.

B koHue kaxpoi ctaTbn 00s3aTenbHO ykasblBalOTCS BKNapg
aBTOPOB B HanMcaHue cTaTbil, UCTOYHWKM (DUHAHCMPOBAHUS (ECnn
NMELOTCS), OTCYTCTBIE KOH(NMKTA MHTEPECOB, HAanuune cornacus
Ha NyBnuKaLmio co CTOPOHbI NALUEHTOB.

MpaBuna ocopmneHus ctaten k nyonukauum

CraTbs npegocTaBnseTca B aNeKTPOHHOM hopme (hain MS
Word Bepcuu He cTaplue 2003, T.e. ¢ paciumpennem doc), Wpndt —
14, HTEpBaN — NONYTOPHbINA.

®ain ctatbi HasbiBaeTca no ®amunuu nepeoro aBTopa, Ha-
npumep, MeaHos.doc unu Petrov.doc. Hukakux apyrux cnos B Ha-
3BaHUM HE JOMKHO ObITh!

OpveHTMpOBOYHbIE pa3Mepbl CTaTby, BKMKOYaAs ykasaTenb nu-
Tepatypbl, Tabnuubl 1 pestome, — 10-12 cTpaHuL TekcTa 4yepes
nontopa uHTepsana unu 20-25 Teicay 3HakoB ¢ npobenamu. Peko-
MeHayeMbln pasmep ob3opa — 18-20 cTpaHuL «MaLIMHOMUCHOrO»
TekcTa unu 35-40 Thicay 3HakoB ¢ npobenamu. MpumepHoe yncno
nMTEpaTYpHbIX CCbINOK ANs 3KcnepumeHTanbHom ctatb — 20, Ans
0630poB 1 npobnemHbIx ctateit — 50.

®daiin cTaTbyi AONKEH coaepxaTb

HA PYCCKOM U AHTTTMACKOM A3bIKAX:

+ 3arnasue (Title) momkHo 6bITh kpaTkum (He Gonee 120 3HakoB),
TOYHO OTpaXatoLLMM CofepxaHne cTaTby.

« Ceepenns o6 asTopax (mybrnukyiotcs). [Ans kaxgoro aeTopa
yKa3blBaloTCs: hamunus, UMs 1 OTYECTBO, MECTO paboTbl, Mo-
4TOBbI agpec mecTa paboTbl, e-mail, ORCID, SPIN-kog. ®amu-
NUM aBTOPOB PEKOMEHAYETCS TPaHCMUTEPUPOBATH TaK ke, Kak
B npeablaylumx nybnukauusx, unm no cucteme BGN (Board of
Geographic Names), cm. cait http://www.translit.ru.

+ Pestome (Abstract) (1500-2000 3Hakos, unu 200-250 cnos)
MOMELLAOT nepes TekcTom ctaTtbi. Pestome He TpebyeTcs npu
nybnnkaLmn peLieHanit, OTYETOB O KOHGEePEHLMsIX, MHGopMaLy-
OHHBIX MUCEM.

ABTOpCKOE pe3toMe K CTaTbe SBMSETCH OCHOBHbIM UCTOYHMKOM
WHOpMaLUN B OTEYECTBEHHbIX 1 3apybexHbIXx MHGOpMaLy-
OHHbIX cuCTeMax W 6as3ax AaHHbIX, MHAEKCUPYIOLLMX XypHar.
Pestome poctynHo Ha caiTe xypHana «Russian Biomedical
Research» n nHgekcupyeTcs ceTEBbIMIW NOWCKOBBLIMW CUCTEMA-
MW. W3 aHHOTaLMW OMmKHA ObITb MOHSATHA CYTb UCCNEAOBaHUS,
HYXHO N 0BpaLLaTbCs K NONHOMY TEKCTY CTaTbM ANs NONy4YeHNs

6onee nogpobHoit, MHTepecytowei ero nHcdopmaumn. Pestome
[OIMKHO M3naraTb TOMbKO CyLIECTBEHHbIE (hakTbl paboThl.
PekomeHgyemas CTpykTypa Kak aHHOTaLuW, Tak W camoii cTa-
o IMRAD (ans opwruHanmbHbIX WUCCNESOBaHWA  CTPYKTypa
obs3aTencHa): BBeaeHue (Introduction), maTtepuansl u MeToAbI
(Materials and methods), pesynbTathl (Results), obcyxaeHve
(Discussion), BbiBogsl (Conclusion). MpeameT, Temy, uenb pabo-
Thl HYXHO yKa3blBaTb, ECIIM OHW He CHbI W3 3arnaBus CTaTbi;
MeTOL N MeTOZONOrMio NpoBesieHus paboTsl LienecoobpasHo
OMMUCbIBaTb, ECIIN OHY OTNIMYAKTCS HOBU3HOWN MM NPEACTABASIHOT
WHTEpeC C TOYKM 3peHns JaHHoM paboTbl. O6bem TekcTa aB-
TOPCKOro pe3ioMe OMpefensieTcs cofepxaHuem nybnukauum
(oBbeMOM CBEAEHUI, UX HAYYHOM LIEHHOCTBIO M/MAM NpaKTuye-
CKMM 3Ha4eHuWeMm) un JormkeH ObiTb B npegenax 200-250 cnos
(1500-2000 3HakoB).

+  Kniouesble cnosa (Keywords) ot 3 go 10 kntoyeBbIx CoB unm
CrnoBoCcoYeTaHun u3 2—4 cnos., kotopble byayT cnocobcTBOBaTH
NpaBuUIbHOMY NMEPEKPECTHOMY WHAEKCUPOBAHWMKO CTaTbi, MoMe-
LatTca nog pestomMe C nogsaronokoM «KntoueBble C€rioBay.
VcnonbayiiTe TEpMUHbI W3 CIMCKA MEAMLMHCKMX MPEAMETHbIX
3aronoskoB (Medical Subject Headings), npuseaeHHoro B Index
Medicus (ecnu B 3TOM CnMCKe elie OTCYTCTBYHT MOAXoZsLe
0b03HauYeHMs s HejaBHO BBEAEHHBIX TEPMUHOB, noabepute
Hanbonee 6nu3kue 13 umetoLmxcs). Knioyesble criosa pasgens-
t0TCS 3ansATON.

+ Tekcr cTatbi MOXeT BbITb HanucaH nubo Ha pycckom, nnbo
Ha aHIMUIACKOM fi3blke, Takxe BO3MOXHA Mybnukauws cTatbi C
MomnHbIM NEPeBOAOM. Ha pycckoM W aHIMUIACKOM si3blkax Heob-
XOAMMO NPeAOoCTaBUTb BCE PUCYHKW U TabnuLbl (3aronoBku, Bce
Haanucy, a Takke TeKCT Tabnuw, AOMKHbI UMETb NepeBof).

B paspene «Metoaukay» 06s3aTeNbHO yKka3biBalOTCs CBELEHUS O
cTaTucTUyeckor 06paboTke 3KCNepUMEHTANbHOTO UMK KNUHUYE-
cKkoro Matepuana. EQnHuLbl U3amepeHns AaioTcst B COOTBETCTBUM
¢ MexgyHapogHoi cuctemont eguhny — CW. ®amunum uHo-
CTpaHHbIX aBTOPOB, LIUTUPYEMbIE B TEKCTE PYKOMUCH, NPUBOAAT-
Cs1 B OPUrMHANBHON TPaHCKPUMLK.

Tabnuubl M PUCYHKM NPUBOASTCS HEMOCPEACTBEHHO B Tene
CcTaTby, KaXablii U3 KOTOPbIX UMEET HOMEP M Ha3BaHue ¢ 0bs-
3aTeNbHbIMM CCbINKaMM Ha HUX B TEKCTE CTaTbW — B KOHTEKCTE
NPeAnoXeHus (Hanpumep: «...kak MokasaHo Ha pucyHke 1...»)
WNW B KOHLE NpPeafioXeHUs B KPyrmbix ckobkax (Hanpumep:
«...BbISIBNEHA MOMNOXWTENbHAs KOPPENALMOHHAs CBS3b yMe-
peHHoit ctenenn (r=0,41) mexay ypoeHem TTI matepn n Ho-
BOPOXZAEHHOTO (puC. 2)»; Npocbba yunTbIBaTh, 4TO B NeYaTHOM
BEPCUM XypHana pucyHkn OyayT BOCMPOW3BOAUTLCS B YEpHO-
6enom BapuaHTe.

+ Cnucok nutepatypbl 06513aTENLHO NPUBOAMTCS B MOPSIZKE YNOMM-
HaHus.

TeKcT cTaTby JOMKeH ObITb NOATOTOBMEH B CTPOTOM COOTBETCTBUM
C HaCTOSILLMMM NpaBMUNamu 1 TLiaTENbHO BbIBEPEH aBTOPOM. B cnyyae
0BHapyXeHWst 3HAYUTENBHOMO KOMMYECTBA OneyaTok, HebpexHocTeNn,
NYHKTYaLMOHHbIX 1 opchorpacuyeckix owmbok, HepaclndpoBaHHbIX
COKpALLEHWIA, OTCYTCTBUSI OCHOBHbIX KOMMOHEHTOB, NEPEBOJOB 3aro-
NOBKOB TabnuLl, NOAPUCYHOUHBIX MOANMUCEN, HALMUCEN Ha PUCYHKaX,
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TekcTa Tabnuu n gpyrux TeXHMYeCcknx edekTo 0popmMneHus cratei
pefakuus BO3BpallaeT cTaTbio aBTopy Ans gopabotku. Hebonbluve
MOrpeLLHOCTY pefakLmus MOXeT UCTpaBuUTb cama be3 cornacoBanus ¢
aBTopoM. Pefjakuyst ocTaBnsieT 3a coboii NpaBo OCYLLECTBREHUS Nu-
TEPaTYPHOTO 1 TEXHNYECKOTO PeAaKTUPOBAHMS CTaTE.

CokpalueHuin, kpome obieynoTpebutenbHblx, cnegyet usbe-
ratb. COKpalLieHusi B Ha3BaHWM CTaTbl, Ha3BaHUsX TabNUL, 1 pUCYH-
KOB, B BbIBOZAX HefonycTumbl. Ecnu abbpesuatypbl ncnonbayioT-
Csl, TO BCE OHM JOMXHbI ObITb HEMPEMEHHO pacLundpoBaHbl NOMHO-
CTbI0 NPY NEPBOM MX YNOMUHAHWM B TeKcTe (Hanpumep: «Hapsgy ¢
AaHHbIMK 0 POH (peanayanbHO-0praHnyeckon HegocTaTouHOCTH),
obycnosnusatowen passutne NKC (runepknHeTMYeCcKoro CUHApPO-
Ma), pacLUMpeH AuanasoH UCCNEeAoBaHMIA No 3HAOMEHHON NPUPoAe
[aHHOrO CUHAPOMAY.

Bce umMtupoBaHus npom3soasATCs cnegytowmum obpasom:

OO aBTOpa, rog usgaxusa u npoyas MHGopMaLms He ynomu-
HalTCs B TekcTe. BMecTo aTOro ykasblBaeTcsl CCbinka Ha UCTOY-
HWK NUTEpaTypbl B BUE HOMEpa B KBaApaTHbIX ckobkax (mpumep:
«Psig uccnepoBatenei 0TMeYaET pasniyHble HapyLIEHNS PeYeBbIX
(yHKLMI Npu anunencum B geTckom Bospacte [17, 21, 22].»), Ko-
TOPbIN BKMNIOYEH B paccTaBfEHHbINA B nopsake ynomuHawus (1, 2, 3
W T.0.) CMUCOK UCTOYHMKOB B KOHLIE CTaTbU.

Bce ccbinku JOMmKHbI IMeTb COOTBETCTBYIOLLMIA UCTOUHMK B CMK-
CKe, @ KaxX[ibll UCTOYHMK B CMIMCKE — CChINKY B TEKCTE.

B Buae ucknioyeHus B Tekcte moryT npusogutbes GUO KoH-
KpeTHbIx aBTopoB B hopmate M.0. ®amunus, rog n gaxe Hasga-
HWe WCTOYHMKA, HO MPK 3TOM BCE paBHO 0Dsi3aTenbHa Ccbinka (B
KBappaTHbIX CKOOKaX B KOHLE NPeAnioXeHUs) Ha UCTOYHUK, BKMHO-
YeHHbI B cnucok nutepatypsl. (Hanpumep: «B 1892 rogy Benukui
Opact lamunbToHCcKWi onucan B cBoem 6eccmeptHom Tpyae «O6
OTKPbITUM TPETLETO YXa Y YeroBekay» TpeTbe (HemapHoe) yxo» [34].)

INutepatypa (References)

YuutbiBas TpeboBaHUs MexZyHapoAHbIX CUCTEM LMTUPOBa-
HWsl, CMMCOK NUTEpaTypbl NPUBOANUTCS HE TOMBKO B 0OBbIYHOM BUSE,
HO Take 1 JONONHUTENbHO B NEPEBEEHHOM Ha aHIMMACKNIA A3bIK
(References).

B cTaTbe NpuBOAATCS CCINKKM HA BCe YNOMUHAEMbIE B TEKCTE
NCTOYHMKM.

damunuu n HULMans aBTopoB B NPUCTaTENHOM CNCKE NPUBO-
LSATCS B NOPSKe YNOMUHAHUS.

B onucaHum yka3sbiBatoTCs BCe aBTOPbI Nybnukawmm.

Bubnuorpacuyeckue CCbinkn B TEKCTe CTaTbM JAKTCS B KBAA-
paTHbIX CkobKax.

CcbInku Ha HeonyBrnukoBaHHbIe paboTbl He JonyckatoTes.

Cnucok nuTepaTypbl KOMNAEKTYETCA B CreaytolleM nopsigke:

HopmamugHbie akmel

Mpukasbl, HOpMATUBHbIE akTbl, METOAUYECKNE NUCbMA W MPO-
Yne 3aKOHHbIE aKTbl, MATEHTbI, NONE3HbIE MOLENN HE BHOCSATCS B
CMUCOK NUTEPATYpbI, 0POPMASIOTCS B BUAe CHocok. CHOCka — npu-
MeyaHue, NoOMeLLaeMoe BHU3Y CTpaHWLbl (MoCTpaHN4YHas CHocka).
3Hak CHOCKM CTaBsT Lndpon nocne parmeHTa OCHOBHOTO TEKCTA,
roe ecTb ynoMuHaHue o6 aTux UCTOYHMKaX. PekoMeHayeTcs CKBO3-
Hasi HyMepaLusi CHOCOK MO TEKCTY.

WHmepHem-pecypc

1. HTepHeT-pecypc, rae ecTb Ha3BaHWE WCTOYHWKA, aBTop,
BHOCWTCS B CMIMCOK NUTEpaTyphl (B nopsike andasunTa) ¢ ykasanu-
eM faTbl 0bpaLLeHus (CM. HuKe npumep 0popmieHns).

2. Ecnv eCTb TONBKO CChIfIKa Ha calT, 0hOpMASETCS NOLCTPOY-
HOe NpuMeYaHue (CHocka), C ykasaHueM aTbl obpalueHus.

Lernos /. Hackonbko Benuka ponb MUKpodnopsl B Guonorum
Buaa-xo3anHa? Xusble CUCTEMbI: HAYYHbIN SNIEKTPOHHbINA XypHA.
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BMC Pregnancy and Childbirth. 2010. Available at: http://www.
biomedcentral. com/1471-2393/10/47/ (accessed: 11.09.2013).

Mpumepkl ohopMneHns nuTepaTypbl

Kruea:

tOpbes B.K., Monceesa K.E., Iyuwerko B.A. OcHoBbl 06LecTBeH-
HOro 300poBbA U 3apaBooxpaHerus. Yuebruk. Cr6.: CneuJlut; 2019.
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MetpocTar; 2022.
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injection with autogenous fat. 3 rd ed. NY:Mosby; 1998.
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[naea u3 kHueu:
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NUTaHWe — OCHOBA 3[,0POBOro 0Bpa3a XM3HW 1 NPOUNAKTUKM XPO-
HWYECKNX HEWHEKUMOHHbIX 3aboneBaHuin. B kH.: 3gopoBbe Mono-
JEXM: HOBble BbI30BbI U nepcnektusbl. T. 3. M.; 2019: 203-227.

Cmambs u3 XypHana:

Kapcanos A.M., MonynnHa H.B., ornyaes T.K. BesonacHocTtb
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small antral follicle count using three-dimensional ultrasound.
Ultrasound Obstet Gynecol. 2012;39(5):574—580.
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Mapkosckas W.H., 3aBbsnosa A.H., KysHeuosa K0.B. MukpobHbiit
nei3ax nauueHTa MepBoro rofa XwsHu ¢ aucdarveit, LnuTenbHO
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Asmopegepamel;
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OnucaHue uHmepHem-pecypca:

EcrectBeHHoe ABwxeHue Hacenewns. Mocksa: Poccrat. [o-
ctyneH no: https://rosstat.gov.ru/folder/12781 (gata obpalienus:
23.10.2023).

World Health Organization. Prevalence and incidence of selected
sexually transmitted infections — 2008. Geneva: World Health
Organization; 2012. Available at: https://aefsg.ch/wp-content/uploads/
who-9789241503839_eng.pdf (accessed” 11.04.2024)

MNepeBop 1 TpaHcnUTepaums

B 3aBucumocTvt 0T cuTyauun cnepyet nubo NpoBOAMTL TpaHCIU-
Tepawyio (M1caTb UCXOAHbIE HEaHTNOsA3bIYHbIE CoBa HykBaMW poMaH-
ckoro andaswTa), b0 yka3blBaTb NEPEBOA HEAHTIIONA3bIYHOM MHGOP-
MaLim 0 nepBoMCTOuHMKaxX B References.

Ecnu untupyemas ctaTbst HanucaHa Ha NaTUHUUE (Ha aHmuit-
CKOM, HEMELIKOM, MCMaHCKOM, MTamnbsiHCKOM, (DUHCKOM, [ATCKOM W
OPYrUX si3blkax, MCMONb3YHOLLMX POMaHCKMiA andasuT), CChINKY Ha Hee
cregyeT NpUBECTU HA OPUTMHANBHOM s3bike onybnukoBaHus. Mpumep
(cTaTbsi B HOPBEXCKOM XYpHarne Ha HOPBEXCKOM SI3bIKe):

Ellingsen A.E., Wilhelmsen I. Sykdomsangst blant medisinog
jusstudenter. Tidsskr Nor Laegeforen. 2002;122(8):785-787. (In Nor-
wegian).

Ecnu cratbs HanucaHa He Ha naTuHUUe (Ha KMpUnnuUe, B TOM
yMcre Ha PYCCKOM), HYXHO MpUBECTU OWLMAmNbHBI NepeBos Unu
BbINOMHWTL TPAHCMUTEPALMIO B POMaHCKui andasuT. [ns kHUr He-
06x0A1MO B 3TOM Cry4ae NPUBECTY TPAHCIUTEPALMIO Ha NaTUHWLY.
B KkoHLe onmcaHus B ckobkax yka3aTb S3blK U3faHus.

Ccbinka Ha UCTOMHKMK NuTepaTyphbl B References Moxet coctosiTb op-
HOBPEMEHHO 1 W3 TPAHCITEPMPOBAHHbIX 3neMeHToB (Hanpumep, OO
aBTOPOB, HA3BaHWS XyPHAIOB), 1 U3 NEPEBOAHbIX (Ha3BaHue MybnvkaLmm).

CraHpapt TpaHcnuTepaumu. [py TpaHCUTepaLmun pekoMeHay-
eTcs ucnonb3oBath cTaHaapT BSI (British Standard Institute, UK). 1ns
TPaHCNMUTEPaLKM TEKCTa B COOTBETCTBUM CO CTaHZapToM BSI moxHo
BOCMOb30BaThCA ceblnkom hitp://ru.translit.ru/?account=bsi.

®WNO aBTopoB, peaakTopoB. Pamunnn 1 MHULMANLI BCEX aBTo-
POB Ha NaTWHWLE CnepyeT NPUBOAUTHL B CChINKE Tak, Kak OHW AaHbl B
opuriHanbHom nybnukaumn. Ecnn B opuriHanbHoM nybnukauun yxe
Bbinv npuBeaeHsbl Ha natuHuLe ®UNO aBTOPOB, B CCbINKE Ha CTaTbio
crnenyeT ykasbiBaTb MMEHHO 3TOT BapWaHT (HE3aBUCMMO OT UCMOMb30-
BaHHOW CUCTEMbI TPAHCAMTEPALMM B NEPBOMCTOYHMKE). Ecnn B odm-
LmanbHbIX UCTOYHWUKAX (Ha caiiTe xypHana, B 6a3ax [aHHbIX, B TOM Yu-
cne B eLIBRARY) ®M10 aBTopoB Ha naTiHuLEe He NpuBeaeHb!, cneayet
TPaHCIUTEPMPOBATL UX CAMOCTOSTENBHO MO cTaHaapTy BSI.

Hassanue ny6nukauuun. Ecnn y untnpyemonn Bamm pabotel cy-
LecTByeT oduumanbHblii NEPEBOA HA AHMIMACKMIA A3bIK UK aHrmo-
A3bIYHbIA BapUaHT Ha3BaHUs (€ro criefyeT uckaTb Ha caiTe XypHana,
B 6a3ax gaHHbIX, B Tom uucne B eLIBRARY), cneayert ykasaTb MMEHHO
ero. Ecnn B odmumanbHbIX UCTOYHWKAX Ha3BaHWe nybnmukauum Ha na-
TUHULE He NMPWBEAEHO, creayeT BbiNOMHUTL TPaHCIUTEPALMIO B Po-
MaHckmin andpaeuT no ctaHgapty BSI.

Ha3BaHue usgaHus (xypHana). Hekotopble He aHrnos3blyHble
Hay4Hble M3aHUs (XypHambl) UMEKT KPOME Ha3BaHWs Ha POLHOM
A3blke OULManbHOe «napannenbHoe» Has3BaHWe Ha aHriuCKoM
(Hanpumep, y xypHana «CaxapHbli guabeT» ectb oduumanbHoe
aHrnossblyHoe HassaHue «Diabetes Mellitus»). Takum obpasom, ans
cnucka References B ccbinke Ha CTaTbio U3 PyCCKOS3bIYHOMO XypHana

cnepyeT ykasaTb NM60 TpaHCIUTEPUPOBAHHOE Ha3BaHWe XypHana,
nubo nepesogHoe. epeBofHOE Ha3BaHWe XypHana MOXHO B3siTb
nnbo ¢ orumManbHOro canTa xypHana (Unm MCnonb30BaTh JaHHbIE
0 NPaBUMbHOM HanMCaHUM aHrNos3bIYHOTO HAa3BaHWs U3 LIUTUPYEMON
cTatby), MO0 NPOBEPUTL €ro Hannue B Base LaHHbIX, HanpuMep
B CAS Source Index, oubnuoteke WorldCat unn katanore Web of
Science (ISl), katanore HaseaHwit 6a3bl AaHHbIX MedLine (NLM
Catalog). B cnyyae, koraa y xypHana HeT ouuuanbHOro HaseaHus
Ha aHrmuickoM si3bike, B References HyHO NpuBOaMTL TpaHcnuTe-
pauuto no cucteme BSI. He cnegyet camocTosiTensHO NepeBoanTb
Ha3BaHWs XypHarnos.

MecTto nsganus. Mecto usgaHus B cCbinkax Bcerga cnegyer yka-
3bIBaTb Ha AHIMMUIACKOM $I3bIKE M MONHOCTBIO — HE B TpaHCIUTEpPaLMK
1 6e3 cokpavyenuir. To ectb Moscow, a He «Moskvay u He «M.:», Saint
Petersburg, a He «Sankt Peterburg» un He «SPby.

HasBaHue uspatenscrBa/mspatens. B otnuuve ot mecta usga-
HUS, Ha3BaHWe 3aaTenbCTBa Ans Cebirok B References cneayeT Tonbko
TPaHCMMTEPMPOBAT (3a UCKITOYEHEM KpaITHE PEAKUX CIYYaeB HanMums
y u3gartens napannensHoro ouLManbHOrO aHros3bIYHOrO HasBaHwsl).

Mpumepbl nepeBoAa pyccKoA3bIYHbIX UCTOYHUKOB NUTE-
paTypbl ANS aHrNOA3bIYHOro 6noka cTaTby

Knuea:

Yuriev V.K., Moiseeva K.E., Glushchenko V.A. Fundamentals of
public health and healthcare. Textbook. Saint Petersburg: SpetsLit;
2019. (In Russian).

Nikiforov O.N., ed. Saint Petersburg in 2021. Saint Petersburg:
Petrostat; 2022. (In Russian).

[nasa u3 kHueu:

Tutelyan V.A., Nikityuk D.B., Sharafetdinov Kh.Kh. Healthy
nutrition is the basis of a healthy lifestyle and the prevention of chronic
non-communicable diseases. In: Youth health: new challenges and
prospects. T. 3. Moscow; 2019: 203-227. (In Russian).

Cmames u3 xypHana:

Karsanov A.M., Polunina N.V., Gogichaev T.K. Patient safety in
surgery. Part 2: Quality management program for surgical treatment.
Medical technologies. Evaluation and selection. 2019;1(35):56-65.
DOI: 10.31556/2219-0678.2019.35.1.056-065. (In Russian).

Tesuckl Qoknados, Mamepuasbi Hay4HbIX KOHGepeHyul:

Markovskaya I.N., Zavyalova A.N., Kuznetsova Yu.V. Microbial
landscape of a patient in the first year of life with dysphagia who
has been in the ICU for a long time. XXX Congress of pediatric
gastroenterologists of Russia and the CIS countries: abstract. report.
Moscow; 2023: 29-31.

Salov I.A., Marinushkin D.N. Obstetric tactics in intrauterine fetal
death. In; Materialy IV Rossiyskogo foruma “Mat’ i ditya”. Part 1:
Moscow; 2000; 516-519. (In Russian).

Asmopecpepamel:

Avilov A.Yu. Deviations of gender role identity of men with mental
retardation in a psychoneurological boarding school. PhD thesis.
Saint Petersburg; 2021. (In Russian).

OnucaHue uHmepHem-pecypca:

Natural population movement. Moscow: Rosstat. Available at:
https://rosstat.gov.ru/folder/12781 (accessed: 10/23/2023). (In Russian).

Kealy M.A,,  Small RE., Liamputtong P. Recovery after
caesarean 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):

NUTEPATYPA

1. Kpusopyuerko B.K. Xectokoe obpatyenne ¢ pebeHkom. MMposiene-
HWe 1 Mepbl NpenoTBpaLLeHns. IHPOPMALMOHHBIN ryMaHUTapHbIi
noptan 3anue. MoHnmanne. Ymenme. 2012; 3. JoctyneH no: http://
www.zpu-journal.ru/e-zpu/2012/3/Krivoruchenko_Child-Abuse
(naTa obpavyenus: 27.12.2023).

2. Jacobi G., Dettmeyer R., Banaschak S., Brosig B., Herrmann B.
Child abuse and neglect: diagnosis and management. Dtsch Arztebl
Int. 2010;107(13):231-239. DOI: 10.3238/arztebl.2010.0231.
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measures. Informatsionnyy gumanitarnyy portal Znaniye.
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Ana ecex cmamell Heo6xodumo yka3bieamb uHdekc DOI
8 KOHYe bubnuozpaghuyecko2o onucaHusi, a makxe EDN npu
€20 Hanuyuu.

Mpumepbl:

CatrapoB A.J., Kapenuna H.P. OcobeHHOCTH poCTOBbIX MpO-
L4eCCOB Yy MamnbyMKOB W HOHOWEN pasnuyHbIX NMPOnopLuit u Temno-
CMOXeHWs!, MPOXMBAIOLLMX B t0XXHOM YacTh KbiprbiactaHa. lMeaguartp.
2018;9(5):47-52. DOI: 10.17816/PED9547-52. EDN: YRAEPZ.

Voropaeva E.E., Khaidukova Yu.V., Kazachkova E.A., et al.
Perinatal outcomes and morphological examination of placentas
in pregnant women with critical lung lesions in new COVID-19
coronavirus infection. Ural Medical Journal. 2023;22(2):109-121.
DOI: 10.52420/2071-5943-2023-22-2-109-121. EDN: CXRCMN. (In
Russian).

OTBETCTBEHHOCTb 3A MPABWUINbHOCTb BUBIUOIPA-
OUYECKUX OAHHBIX HECET ABTOP.

ABTOPCKOE NPABO
Pepakuuns otbupaer, rotouT k nybnukayumn n nybnukyert nepe-

[aHHble ABTOpamu MaTepuanbl. ABTOPCKOE NPaBO Ha KOHKPETHYIO

CTaTbio NPUHAANEXUT aBTOPaM cTaTbi. ABTOPCKMIA rOHOpap 3a ny-

6nukayum ctaten B XKypHane He BbinnayuBaeTcs. ABTOp nepeaa-

eT, a Pepakuus npuHMMaeT aBTopckue MaTepuanbl Ha CreayrLmux

YCIOBUSX:

1) Pepakuuu nepegaetcs npaBo Ha odopmieHne, U3gaHue, nepe-
pady XypHana ¢ onybnukoBaHHbIM MaTepuanom AeTopa Ans Lie-
nen pedepupoBaHus cTateit U3 Hero B PechepaTBHOM XypHane
BUHWUTW, PHUL, n 6a3ax gaHHbIX, pacnpoctpaHenue XypHana/
aBTOPCKWX MaTEpWanoB B MeYaTHbIX W 3NEKTPOHHBIX U3[aHUSX,
BKMIOYAs pa3MelLieHne Ha BblbpaHHbIX Nbo co3paHHbIX Peaak-

LUnen cantax B ceTU WHTepHET B Lensx gocTtyna kK nybnvkauum
B MHTEPAKTMBHOM PEXWUME NoBOro 3anHTEpecoBaHHOM nuua 13
noboro Mecta v B nioboe Bpems, a Takke Ha pacnpocTpaHeHne
YKypHana ¢ onybnukoBaHHbIM MaTepuanom ABTopa No NOANMCKE;

2) TeppuTOpKs, Ha KOTOPOMN paspeLLaeTcs Cnonb3oBaTb aBTOPCKMIA
maTtepuan, — Poccuiickas ®egepaums u cetb VIHTEpHET;

3) cpok gevctaus floroopa — 5 net. Mo ncteveHnn ykazaHHoro
cpoka Pefakumsa octaBnset 3a cobon, a ABTOp nogTBEPKAAET
BeccpoyHoe npaBo Pepakuun Ha NpopomxeHne pasMeLyeHus
aBTOPCKOro MaTepuana B cetu HTepHeT;

4) Pepakuns BnpaBe no CBOEMY YCMOTPeHUIo 6e3 kaknx-nnbo co-
rmacoBaHuii ¢ ABTOPOM 3akIoyaTh [JOrOBOPbI M COrNalleHus ¢
TPETbUMU NNLAMM, HANPaBMNEHHbIE Ha LOMOMHUTENbHbIE MEPbI
no 3aLynTe aBTOPCKUX 1 M3AATENbCKUX NPaB;

5) ABTop rapaHTMpyeT, YTo ucnonb3oBaHue Pepakuuen npego-
CTaBMNEHHOro UM No HacTosilemy [loroBopy aBTOPCKOrO MaTte-
puana He HapyLWT NpaB TPETbUX NAL;

6) ABTop ocTaBnsieT 3a coboi NpaBo MCMoMNb30BaTh NPeAOCTaBEH-
Hblil N0 HacTosLemMy [loroBopy aBTOpCKMiA MaTepuan camocTost-
TeNbHO, NepesiaBaTh NpaBa Ha Hero Mo 10roBopy TPETbUM NuLam,
€CIN1 3TO He NPOTUBOPEYMT HacTosLemy [loroBopy;

7) Pepgakumsa npegoctaBnseT ABTOpY BO3MOXHOCTb 6€3B03Me3a-
HOro MONyYeHMst CNPaBKM C ANEKTPOHHbBIMU afpecamu ero ogu-
ymansHom nybnukauum B cetn UHTepHeT;

8) npw nepeneyatke cTaTby UMK €€ YaCTW CCbiNka Ha NepBYyto ny-
Bnukauuio B XXypHane obs3atenbHa.

NOPANOK 3AKITIOYEHUA OOrOBOPA
3akmioueHvem [loroBopa co cTOpoHbl Pepakuum sBnsieTcs

onybnukoBaHue pykonucu AaHHoro ABTopa B xypHane «Russian

Biomedical Research» n pasamelieHue ero Tekcta B cetn MHTepHeT.

3akntoyeHuem [loroBopa co cTopoHbl ABTOPa, T.e. NOfHbIM U 6e30ro-

BOPOYHbIM NpuHATUEM ABTOPOM YCroBuil [loroBopa, SBnsieTcs nepe-

Aava ABTOPOM PYKOMUCK U SKCMIEPTHOTO 3aKIIOYEHMS.

PELIEH3WPOBAHUE
CraTbM, NOCTYNMBLUME B pefakumio, 0653aTenbHO peLeH3mnpy-

totcs. Ecnu y peLieH3eHTa BO3HMKaOT BONPOCHI, TO CTaTbsi C KOMMEH-

TapusMu peLieH3eHTa Bo3BpallaeTcs ABTopy. [laTtoil noctynneHus

cTaTbW cuuTaeTcs Aata nonydveHus Pefakuuel OKOHYaTemnbHOro

BapuaHTa cTaTbi. Pefakuus octaBnsieT 3a coboi NpaBo BHECEHNS

penakTOPCKMX U3MEHEHNI B TEKCT, HE UCKaXatoLLMX CMbICTa CTaTby

(NuTepaTypHas u TexHomnoruyeckas npaska).

ABTOPCKUE 3K3EMNNAPbLI XYPHANA
Pepakuus obssyetcs Boigate ABTopy 1 ak3emnnsp XypHana Ha

kaxzyto onybnukoBaHHYK CTaTbio BHE 3aBUCMMOCTM OT YnCna aBTo-

pos. AsTopbl, npoxusatowme B CaHkT-Metepbypre, nonmyyatT as-

TOpCKM 3k3emnnsap YKypHana HenocpefcTBeHHO B Pegakuum. MHo-

ropogHUM ABTOpaMm aBTOpCKUiA ak3emnnsip XKXypHana BbICbINaeTcs Ha

afpec aBTopa Mo 3anpocy OT aBTopa. OK3eMMNsipbl CMeLBbINyCKOB

He 0TNPaBNAKTCS aBTOPaM.

AQPEC PEQAKLUN
194100, Cankt-Metepbypr, Jlutosckas yn., 2
e-mail: scrcenter@mail.ru
Cantbl xypHana: http://lwww.gpmu.org/science/pediatrics-

magazine/Russian_Biomedical_Research, https://ojs3.gpmu.org/

index.php/biomedical-research
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