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ABSTRACT

The hemostasis system of newborns is called “developmental hemostasis” and plays an important role in the adaptation of a newborn
child to the conditions of the extrauterine environment. Hemorrhages in newborns occur both when individual parts of the hemostasis
system (vessels, platelets, coagulation factors) are damaged, and when they are combined. The incidence of cutaneous hemorrhagic
syndrome of newborns ranges from 15.0 to 24.9% in neonatal departments of obstetric institutions. According to the type of hemostatic
disorders, cutaneous hemorrhagic syndrome is divided into microcirculatory, hematomic and mixed types. The etiopathogenetic
classification identifies platelet disorders (qualitative and quantitative) and blood clotting disorders that may be associated with the
formation of hematomas and bruises, a combination of these two factors is possible. Cutaneous hemorrhagic syndrome can occur as
an isolated one or be accompanied by other manifestations of hemorrhagic syndrome, such as gastrointestinal bleeding, intracranial
hemorrhages, retinal bleeding, adrenal hemorrhages, etc. When examining a child with a skin hemorrhage, it is necessary to conduct a
thorough examination, collect a hereditary and perinatal anamnesis, perform a general blood test and coagulogram, neurosonography
and ultrasound examination of the abdominal cavity, kidneys and adrenal glands to exclude internal bleeding, conduct an oculist
examination to exclude retinal hemorrhages. Local treatment of hemorrhages in the skin is not carried out, if disorders of the hemostasis
system are detected, then correction of these disorders is carried out, which led to the development of cutaneous hemorrhagic syndrome.

Keywords: skin hemorrhage, newborns, cutaneous hemorrhagic syndrome of newborns, disorders of the hemostasis system of new-
borns, petechiae
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KpOBOI/I3J1VIF|HVIe B KOXY Y HOBOPOXAEHHOIro

MPOEKT KNMHMYECKMX peKoMeHaauun ana oocyxaeHus
cneyuanuctTaMmyu HeoHaTonoramy u neguarpamu
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PE3IOME

CucTtema remocTasa HOBOPOXKAEHHbBIX HOCUT HAa3BaHWE «reMOCTa3 PasBuTIS» W UrpaeT BaXHYH poflb B afanTaLuy HOBOPOXAEHHOTO
pebeHka K ycroBusiM BHeyTPOOHOM cpefbl. KpoBON3NMSAHMS Y HOBOPOXAEHHbIX BO3HUKAKT Kak NpW MOBPEXAEHUM OTAEMbHBIX 3BEHLEB
CUCTEMBI reMocTasa (CocyoB, TPOMOOLMTOB, hakTOPOB KOArynsLym), Tak 1 Npu UX coveTaHuu. YactoTa KOXHOr0 reMopparm4eckoro
CMHLPOMa HOBOPOXAEHHBIX cocTaBnseT oT 15,0 4o 24,9% B 0TAENEHUsSX HOBOPOXKAEHHBIX POAOBCTIOMOraTenbHbIX yUpexaeHni. Kox-
HbIif reMOpparnyYeckuin CHAPOM MO TUMY HapYLLEHWIA reMOCTa3a NoAPa3aeNAeTCcs Ha MAKPOLMPKYNATOPHBIN, FeMaTOMHBIA U CMeLlaH-
HbIii TUMbI. ATHONATOreHeTUYECKas KnaccurkaLys BbIAENSET HAapYLLIEHIUS CO CTOPOHbI TPOMOOLMTOB (Ka4eCTBEHHbIE W KONTMYECTBEH-
HblE) M HapYLLEHNs CBEPTLIBAEMOCTM KPOBW, KOTOPbIE MOTYT ObiTh CBs3aHbl C 00pa3oBaHMeEM reMaToM W KPOBOMOLTEKOB, BOIMOXHO
coveTaHne 3TuX ABYX (hakTopoB. KOXHbIA remopparuyeckuii CUHOPOM MOXET NpoTekaThb Kak U30fMPOBaHHBIN MMM COMPOBOXAATHCS
APYIMMI NPOSIBNEHNAMI TEMOPPArNYECKOro CHAPOMA, TakKUMU Kak KESyA0YHO-KULIEYHbIE KDOBOTEUEHUS!, BHYTPUYEPENHbIE KPOBOW3-
NISIHUS, PETUHAIbHBIE KPOBOTEYEHMS!, KDOBOM3NUSIHWS B HAANOYEYHIKM 1 Ap. Mpyn o6cnenoBaHm pebeHka ¢ KPOBOW3NUSHUEM B KOXY
HeoOXxoaMMo NpOBECTU TLUATENbHbIA OCMOTP, cobpaTb HACNeACTBEHHbIA M NepUHaTamNbHbIA aHaMHe3bl, BbIMOMHUTL OBLWWIA aHanwu3
KPOBW 1 Koarynorpammy, HeMpoCOHOrpadinio M ynbTpasByKOBOE UCCNef0BaHNE OpraHoB OpHOLLHON MOMOCTY, MOYEK U HAANOYEYHWUKOB
ANS UCKIMIOYEHNS! BHYTPEHHUX KPOBOTEYEHWIA, MPOBECTM OCMOTP OKYNUCTa AJ151 UCKITIOYEHUS PETUHANBHBIX KPOBOW3NMSAHWIA. MecTHoe
neYyeHe KPOBOU3NMSIHWN B KOXKY He MPOBOANTCS. ECI BbISIBIEHbI pacCTpOCTBa CUCTEMBI TEeMOCTa3a, TO MPOBOANTCS KOPPEKLMS 3TUX
HapYyLLEHWI, KOTOPbIE NPWUBENN K PA3BUTUIO KOXHOTO rEMOPPariieckoro CUHapoma.

KntoueBble crnoBa: KpOBOM3NUSHIE B KOXY, HOBOPOXEHHbIE, KOXHbIA reMoppariieckiit CHLPOM HOBOPOXKAEHHBIX, HapyLIEHNS
CCTEMbI TeMOCTa3a HOBOPOKAEHHbIX, METEXUN
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DEFINITION

Hemorrhage in the skin of a newborn is a clinical
and hematological syndrome characterized by the oc-
currence of hemorrhages into the skin and subcutane-
ous tissue due to disorders in the hemostatic system.

ETIOLOGY AND PATHOGENESIS

The hemostatic system of newborns is referred to
as «developmental hemostasis» and plays a significant
role in the adaptation of the newborn infant to the condi-
tions of the extrauterine environment. Hemorrhages in
newborns occur both as a result of damage to individual
components of the hemostatic system (vessels, plate-
lets, coagulation factors) and in cases of their combined
disorders [1, 4, 5]. Damage to the vascular component
of hemostasis with the development of cutaneous hemor-
rhagic syndrome occurs during traumatic deliveries, when
the umbilical cord is wrapped around the neck (leading to
increased pressure in the veins of the scalp), and during
pressure fluctuations that occur during the passage of
the chest through the birth canal [15]. Disorders of the
cellular component of hemostasis lead to the develop-
ment of petechiae and ecchymoses on the skin and occur
with the development of thrombocytopenia and throm-
bocytopathy. Thrombocytopenia develops as a result of
increased platelet destruction or reduced platelet produc-
tion, and a combination of these two mechanisms is also
possible [20]. Thrombocytopathy (disorder of platelet
functional activity) is characteristic of all newborns du-
ring the first 10-14 days of life and may be exacerbated
by perinatal diseases and the use of medicinal products
with platelet-inhibiting properties. Thrombocytopenia and
thrombocytopathy can be either acquired or hereditary/
congenital. Disorders of coagulation hemostasis lead
to the development of superficial hematomas and pro-
nounced subcutaneous tissue ecchymoses, and may
accompany a number of perinatal conditions (asphyxia,
intrauterine infections, sepsis, vitamin K deficiency, etc.)
or be hereditary in nature (hemophilia A, hemophilia B,
von Willebrand disease, etc.). Involvement of all com-
ponents of the hemostasis system in the pathological
process occurs with the development of disseminated
intravascular coagulation (DIC) syndrome, resulting in the
simultaneous appearance of all morphological elements
of cutaneous bleeding [4, 5, 9, 12, 18].

EPIDEMIOLOGY

Cutaneous hemorrhagic syndrome is diagnosed
in 15.0-24.9% of infants managed in departments for
neonatal physiology and pathology, presenting pre-
dominantly as petechial rash on the face and upper
torso, which is considered a consequence of rapid or
prolonged labor [5, 6]. In neonatal intensive care units
(NICU), petechial rash is observed in 10.2-31.2% of

newborns and ecchymoses in 4.2-22.2% [2, 5]. Cu-
taneous hemorrhagic syndrome may occur in isola-
tion (45.5%) or be accompanied by other hemorrhagic
manifestations (54.5%) — including subaponeurotic
and intracranial hemorrhages, gastrointestinal bleed-
ing, retinal hemorrhages, and adrenal hemorrhages.
Isolated cutaneous hemorrhagic syndrome manifests
at birth in 48.5% of cases, during the early neonatal
period in 25.7%, and during the late neonatal period
in 25.7%. Cutaneous hemorrhagic syndrome combined
with other bleeding manifestations is diagnosed at
birth in 56.1% of cases, in the early neonatal period
in 24.3%, and in the late neonatal period in 19.6% [6].

FEATURES OF DISEASE CODING
ACCORDING TO THE INTERNATIONAL
STATISTICAL CLASSIFICATION

OF DISEASES AND RELATED HEALTH
PROBLEMS (ICD-10)

P54.0 Hemorrhage into the skin of the newborn.
This code is assigned when hemorrhagic elements in
the form of petechiae, ecchymoses, bruises, or superfi-
cial hematoma are present on the newborn’s skin, pro-
vided that diseases causing cutaneous hemorrhagic
syndrome have been excluded. Code P54.0 provides
for the registration of only four manifestations of cuta-
neous bleeding: petechiae, ecchymoses, bruises, and
superficial hematomas.

Comment. [f hemorrhage into the skin is part of
the symptom complex of a newborn disease that has its
own ICD-10 code (e.g., congenital or transient throm-
bocytopenia, hemophilia, DIC syndrome, hemorrhagic
disease of the newborn, birth trauma, congenital cyto-
megalovirus infection, sepsis), then hemorrhage into
the skin is not coded as a separate diagnosis. In such
cases, the type of hemorrhagic manifestations on the
skin and subcutaneous tissue and the degree of seve-
rity of the clinical manifestations of cutaneous hemor-
rhagic syndrome are specified when justifying the cor-
responding diagnosis.

CLASSIFICATION

Classification of cutaneous hemorrhagic
syndrome by type of hemostatic disorder

The microcirculatory (petechial-spotty / brui-
sing) type is characterized by painless, non-tense
superficial hemorrhages into the skin and mucous
membranes that do not compress surrounding tissues
or cause their destruction — presenting as petechiae
and bruises. Bleeding occurs with minimal trauma to
microvessels, for example, at sites of blood pressure
cuff application, sensor placement, or removal of ad-
hesive tape [1].




The hematoma type of bleeding is characterized
by massive, deep, tense, and typically painful intrader-
mal hemorrhages and hemorrhages into the subcutane-
ous tissue, including subgaleal hemorrhage with ecchy-
moses in the neck area. Spontaneous, post-traumatic,
and postoperative hemorrhages are observed, most of
which are distinctly delayed in nature, occurring several
hours after trauma, intramuscular injections, or other
skin punctures [1].

The mixed (microcirculatory-hematoma) type
is not merely a simple combination of features of the
microcirculatory and hematoma types of bleeding, but
rather a specific and interconnected aggregation of
them. The classic manifestation of this type of bleed-
ing is DIC syndrome [1].

Etiopathogenetic classification [10]

Platelet component disorders, specifically both
quantitative and qualitative platelet abnormalities, are
associated with bleeding manifestations, including pe-
techiae and ecchymoses.

Qualitative disorders (thrombocytopathies)
include Glanzmann thrombasthenia, Bernard-Sou-
lier syndrome, platelet storage pool defects, and other
platelet function deficiencies.

Quantitative disorders
(thrombocytopenias)

Quantitative disorders include the following.

A. Congenital thrombocytopenias with reduced
platelet production: amegakaryocytic thrombocytope-
nia, thrombocytopenia with absent radius (TAR) syn-
drome, amegakaryocytic thrombocytopenia without limb
anomalies, Wiskott—Aldrich syndrome, Chediak-Higashi
syndrome, May-Hegglin anomaly, Alport syndrome, and
Bernard-Soulier syndrome; infiltrative bone marrow
disorders, including congenital leukemia, congenital neu-
roblastoma, Letterer-Siwe disease, and osteopetrosis.

B. Increased platelet destruction: DIC associa-
ted with systemic infection or severe birth asphyxia;
localized thromboses (e.g., renal vein thrombosis);
necrotizing enterocolitis; maternal eclampsia; Kasa-
bach-Merritt syndrome; systemic infections (bacte-
rial, viral, fungal, and protozoal, both congenital and
acquired); immune-mediated thrombocytopenias
(neonatal alloimmune thrombocytopenia and neo-
natal autoimmune thrombocytopenia); and von Wil-
lebrand disease (type IIB).

C. Combined reduced production and increased
destruction of platelets: infection (congenital TORCH
syndrome or acquired bacterial sepsis) and erythro-
blastosis fetalis.

D. Other causes: exchange transfusion, extra-
corporeal membrane oxygenation, and polycythemia.

Coagulation disorders that may
be associated with the formation
of hematomas and ecchymoses

Coagulation disorders associated with the formation
of hematomas and ecchymoses include the following.

A. Hereditary coagulation factor deficiencies:
X-linked recessive disorders (hemophilia A and B);
autosomal dominant disorders (von Willebrand di-
sease); and autosomal recessive disorders (deficien-
cies of factors XI, VII, V, X, II, XIIl, and fibrinogen).

B. Acquired coagulation factor deficiencies: vi-
tamin K deficiency; sepsis/necrotizing enterocolitis; re-
nal vein thrombosis; severe liver disease; and maternal
use of medications (vitamin K antagonists, salicylic acid
and its derivatives, barbiturates and their derivatives,
and hydantoin derivatives).

Combined platelet and coagulation system disor-
ders — simultaneous presence of petechiae, ecchymo-
ses, bruises, and hematomas:

a) disseminated intravascular coagulation;

b) liver dysfunction.

CLINICAL
MANIFESTATIONS

Cutaneous hemorrhagic syndrome may be isolated
or combined, primary or secondary, factors that deter-
mine its clinical presentation.

In patients with cutaneous hemorrhages, the clinical
picture may consist of isolated cutaneous hemorrhagic
syndrome (petechiae, ecchymoses, bruises, and hema-
tomas) or may be accompanied by other hemorrhagic
manifestations involving the platelet or coagulation arms
of hemostasis. These manifestations do not always pre-
sent with clinical signs of internal organ involvement.
Non-massive, moderate hemorrhages at various sites
(intraventricular hemorrhage, retinal hemorrhage, adrenal
hemorrhage, subcapsular hepatic hematoma, among others)
may follow an asymptomatic course. When an infant pre-
sents solely with bleeding symptoms, the underlying cause
is most likely a hemostatic disorder or vitamin K deficiency
(primary hemorrhagic syndrome). Conversely, when the
infant exhibits “non-hemorrhagic” symptoms and signs of
neonatal conditions — such as birth trauma, intrauterine
infection, birth asphyxia, sepsis, severe hemolytic disease
of the newborn, among others — the hemorrhagic syn-
drome may represent a manifestation or complication of
an underlying neonatal disease (secondary hemorrhagic
syndrome), warranting individualized clinical evaluation [6].

During follow-up of an infant with cutaneous hemor-
rhages, jaundice may develop due to hemolysis of red
blood cells at the sites of hemorrhage, and hyperbiliru-
binemia may reach levels requiring phototherapy [6].

During follow-up, anemia may also develop; in such
cases, further evaluation is warranted to exclude inter-




nal bleeding, which may remain clinically silent for a
period of time (intraventricular hemorrhage, adrenal
hemorrhage, subcapsular hepatic hematoma, intestinal
bleeding, among others) [6].

DIAGNOSIS

Diagnostic criteria

Hemorrhages into the skin serve as a marker of he-
mostatic system impairment. Such infants require care-
ful examination and evaluation to determine whether
the manifestations of cutaneous bleeding represent a
compensatory adaptive response of the neonatal he-
mostatic system to extrauterine life in the setting of the
neonatal thrombophilic phenotype, whether they are the
initial presentation of an inherited hemostatic disorder,
or whether they reflect an underlying neonatal disease,
including immune-mediated thrombocytopenias.

History and presenting complaints

+ Obtaining a family and perinatal history is recom-
mended to identify possible hemostatic abnormali-
ties associated with the development of cutaneous
hemorrhagic syndrome [3-5, 7, 10, 11, 17, 21,
24]. Strength of recommendation: B (quality of
evidence: 3).

Comments.

Hereditary risk factors for hemostatic abnormali-
ties associated with the development of cutaneous
hemorrhagic syndrome include:

1. A family history of increased bleeding tendency,
manifested by easy bruising, epistaxis or gingival
bleeding, menorrhagia, or prolonged bleeding from
minor cuts.

2. The presence of relatives with confirmed hemo-
static disorders.

Prenatal risk factors for hemostatic abnormali-
ties associated with the development of cutaneous
hemorrhagic syndrome include:

1. Maternal factors — hypertensive disorders, eclamp-
sia, diabetes mellitus, medication use, infections,
production of autoimmune or alloimmune antiplatelet
antibodies, and HELLP syndrome.

2. Placental factors — placental abruption, chronic pla-
cental insufficiency, and placental vessel thrombosis.
Intrapartum risk factors for hemostatic abnor-

malities associated with the development of cuta-
neous hemorrhagic syndrome include: rapid or pre-
cipitous labor; labor abnormalities; malpresentation;
asynclitic head engagement; deflexed head positions;
low transverse station of the sagittal suture; forceps
delivery and vacuum extraction; improper execution
of obstetric maneuvers; induction/hyperstimulation of
labor; and breech presentation.

Neonatal risk factors for hemostatic abnormali-
ties associated with the development of cutaneous
hemorrhagic syndrome include: asphyxia, birth trauma,
small or large for gestational age, sepsis, necrotizing
enterocolitis, polycythemia, cold injury, severe hyper-
bilirubinemia, severe hemolytic disease of the newborn,
perinatal infections, renal vessel thrombosis and other
thrombotic conditions, and use of medications that cause
thrombocytopenia, thrombocytopathy, or hypocoagulation.

Physical examination
* In a newborn with signs of cutaneous bleeding, a

therapeutic visual examination is recommended [4,

5,9,21,22]. Strength of recommendation: B (qua-

lity of evidence: 3).

Comments. Therapeutic visual examination includes
assessment for bleeding manifestations of the microcir-
culatory and hematoma types: examination of the skin
to identify petechiae and ecchymoses, with attention
to the cervical and inguinal folds and axillary region;
examination of the neck and postauricular areas, where
ecchymoses associated with subgaleal hemorrhage
may be visualized; inspection of intramuscular injection
sites (vitamin K administration) and the hepatitis B vac-
cination site, with palpation for induration; comparative
measurement of thigh circumferences bilaterally, as
intermuscular hematomas may occur in hemophilia,
with blood gradually tracking into the subcutaneous
tissue and ecchymoses appearing on a delayed basis.
Examination of the mucous membranes — the conjunc-
tivae, oral mucosa, and vaginal vestibule — should be
performed to detect petechiae. Attention should be paid
to bloody discharge from the nose, umbilical stump, or
vagina, as well as blood-stained fluid obtained via gastric
tube or endotracheal tube, noting the color (pink, brown,
red) and amount of discharge. Neurological assess-
ment should focus on signs that may indirectly indicate
intracranial hemorrhage: separation of cranial sutures in
subarachnoid hemorrhage (SAH) and ocular findings in
SAH and intraventricular hemorrhage (IVH). Examina-
tion of the diaper contents should note the presence of
blood streaks or blood in the stool, as well as a pink tint
or blood clots in the urine.

During follow-up examination, attention should be
paid to the development of signs of posthemorrhagic
anemia, which may indicate that the cutaneous hemor-
rhagic syndrome is part of a combined presentation.
Jaundice may appear after 24—48 hours or later (as
hemorrhages resolve).

Laboratory diagnostic tests

* Inanewborn with cutaneous hemorrhages, a com-
plete blood count with platelet and reticulocyte
counts, with follow-up monitoring, is recommended




10

to detect thrombocytopenia, anemia due to blood
loss, and hematologic signs of infectious disease
[4, 5, 9, 16, 19, 25]. Strength of recommenda-
tion: B (quality of evidence: 3).

* In a newborn with pronounced cutaneous hemorrha-
ges, coagulation studies (a screening assessment of
the hemostatic system) are recommended if exami-
nation reveals one or more hematomas, one or more
ecchymoses, or multiple petechiae and ecchymoses
extending to the trunk and limbs beyond the presen-
ting part. Coagulation studies should include mea-
surement of fibrinogen levels, activated partial throm-
boplastin time, prothrombin time, and international
normalized ratio to rule out coagulation disorders,
including hemorrhagic disease of the newborn [4, 5,
9, 16, 19, 23, 25]. For differential diagnosis of hem-
orrhagic disease of the newborn, vitamin K1 (phyto-
menadione 1% emulsion) should be used. Strength
of recommendation: B (quality of evidence: 3).

Instrumental diagnostic tests

+ For all newborns with cutaneous hemorrhagic syn-
drome of any severity, neurosonography is recom-
mended to assess for intracranial hemorrhage
[4-6, 9, 10, 18, 21]. Strength of recommenda-
tion: B (quality of evidence: 3).

« For all newborns with multiple manifestations of
cutaneous hemorrhagic syndrome, comprehensive
abdominal ultrasound, including evaluation of the kid-
neys and adrenal glands, is recommended to rule out
internal bleeding [4-6, 9, 10, 18, 21, 23]. Strength
of recommendation: B (quality of evidence: 3).

+ For newborns with cutaneous hemorrhagic syn-
drome involving the face combined with hemor-
rhages on the conjunctiva or sclera, ophthalmology
consultation is recommended to rule out retinal
hemorrhages [4, 5, 8, 13, 14]. Strength of recom-
mendation: B (quality of evidence: 3).

TREATMENT

Treatment is required not for the cutaneous hemor-
rhages themselves, but for the hemostatic disorders
that led to the development of cutaneous hemorrhagic
syndrome. Therefore, treatment should be targeted ac-
cording to the nature of the hemostatic abnormalities.

PREVENTION AND FOLLOW-UP,
MEDICAL INDICATIONS AND
CONTRAINDICATIONS FOR THE USE

In cases of pronounced isolated cutaneous hemor-
rhagic syndrome of the petechial-bruising type with nor-
mal aPTT and PT, hematology consultation is indicated
to rule out thrombocytopathies. Assessment of platelet
functional activity is advisable after 2 weeks of age, as

a physiological reduction in platelet functional activity
is observed in newborns during the first 2 weeks of life.

ORGANIZATION OF MEDICAL CARE
Evaluation of newborns with cutaneous hemor-

rhagic syndrome is performed in an inpatient setting.
Indications for hospitalization include:

1) the presence of pronounced cutaneous hemorrhagic
syndrome (hematomas, ecchymoses, abundant pe-
techial-bruising rash on the non-presenting part);

2) severe thrombocytopenia regardless of the severity
of cutaneous hemorrhagic syndrome;

3) transfer to a higher-level facility (after stabilization
of the condition, if necessary) for further evaluation
and treatment when the facility where the infant was
born lacks the capacity to perform the necessary
diagnostic tests, consultations, and treatment.
Indications for discharge from the healthcare

facility include:

1) satisfactory condition;

2) stabilization of the infant’s condition with no pro-
gression of hemorrhagic elements on the skin;

3) no other contraindications to discharge.

CONCLUSION

Hemorrhage into the skin of the newborn is a common
condition of the neonatal period, affecting up to 25% of
newborns. Careful evaluation of cutaneous hemorrhagic
manifestations is essential, as they may arise either from
transient birth-related events or as a consequence of
severe congenital or hereditary diseases. Any manifesta-
tions of cutaneous hemorrhagic syndrome warrant a basic
coagulation workup. Based on the identified abnormali-
ties in the platelet or coagulation arms of hemostasis, a
diagnostic workup should be performed to identify the un-
derlying condition responsible for the cutaneous bleeding.
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pecoB, CBA3aHHbIX C ny6nvu<aume171 HaCTOSALLEN CTATbM.
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Respiratory distress in preterm newborns:
clinical featers and intensive care tactics
Yurii S. Aleksandrovich', Jamilya A. Temirova?, Dmitry O. Ivanov’, Dmitry A. Lebedev'

! Saint Petersburg State Pediatric Medical University, Saint Petersburg, Russia
2 Maternity Hospital No. 10, Saint Petersburg, Russia

ABSTRACT

Background. Respiratory disorders or respiratory distress are the most common cause of hospitalization of a newborn in the intensive
care unit, and this is typical for both full-term and premature infants.

Aim — to determine the priorities of intensive care tactics for respiratory distress in premature newborns of different gestational age by
studying the clinical and laboratory features of its course.

Materials and methods. A retrospective observational multicenter study was performed on 155 newborns, who were divided into
two conditional groups depending on the gestational age. Group | included 120 premature newborns with a gestational age of up to
34 weeks, and group Il included 35 late premature infants (gestational age — 34-36 (6/7) weeks).

Results. Group | showed lower Apgar scores both one minute and 5 minutes after birth. The median score on the Silverman—Andersen
scale in the group | was 5 points, which was statistically significantly higher than in the group Il (4 points). The severity of multiple
organ dysfunction on the nSOFA (Neonatal Sequential Organ Failure Assessment) scale was higher in patients of the | group (3 vs 2;
p=0.006). The median duration of mechanical ventilation in the | group of patients was significantly higher (263 vs 63 hours; p=0.006).
Arterial hypotension was registered in the first 24 hours of life in 19 (12.2%) premature infants: 18 (15%) patients in the group | and 1
(2.8%) child — in the group I, the differences were statistically significant (p=0.04). Median volume of volumetric load in the first
day of life in the group | was 89, and in the group Il — 70 mi/kg in day, which was statistically significant. No statistically significant
differences were obtained in terms of the level of hourly diuresis and hydrobalance. Diuresis was 3.6-3.1 mi/kg in hour and was within
the permissible values. Inotropic-vasopressor support was provided to 45 (29%) premature infants: 40 (33.3%) patients in group | and 5
(14.3%) in group . The differences were statistically significant (p=0.02). In group |, the median of the vasotropy-inotropic index was
11.2 [5; 12.5], in group Il — 8.6 [5; 10], the differences are statistically significant (p=0.03).

Conclusion. Early premature infants are a more vulnerable group of newborns who have a severe course of respiratory distress, which
requires longer respiratory and more intensive hemodynamic support.
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Oco0eHHOCTU TeYEHUS U TAKTUKU MHTEHCUBHOWN Tepanuu
pecnupaTopHOro gucTpecca y HeAOHOLEHHbIX
HOBOPOXAEHHbIX

10.C. Anekcanaposuy’, [I.A. Temuposa?, [.0. MeaHos', [.A. Nebenes’

! CankT-TNeTepByprekuit rocyAapCTBEHHbI NeANaTpUYECKuil MeauUmMHCKI yHuBepcuTeT, CakT-TMeTepBypr, Poccus
2 PoaunbHbIit fom Ne 10, Carkr-MetepGypr, Poccus

PE3IOME

AKTyanbHoCTb. [lbIXxaTenbHble paccTPONCTBA UMW PECTIMPATOPHBIN AUCTPECC ABASIOTCA Hanboree YacTon NPUYMHON roclnTanuaa-
LM HOBOPOXKAEHHOTO B OTAENEHUE PEaHUMALM 1 UHTEHCUBHOW Tepanuu, MpUYem 3T0 XapakTEepHO Kak [N1sl JOHOLUEHHBIX, TaK U
HE[OHOLLEHHbIX JeTel.

Llenb nccnepoBaHuss — onpeaenuTb NpPUOPUTETbI TaKTUKM WHTEHCUBHON Tepanuu pecnypaTopHOro AMCTPecca y HeOOHOLIEHHBIX
HOBOPOXAEHHbIX PA3MMYHOTO reCTaLMOHHOM0 BO3pacTa nyTeM U3y4YeHust KIMHUYECKNX 1 labopaTopHbIx 0COBEHHOCTEN ero TeYeHus.
Matepuansi n meTogbl. BbiNnonHEHO peTpocnekTMBHOE 06CEPBALMOHHOE MYyMbTULEHTPOBOE MccnefoBaHue 155 HOBOPOXAEHHBIX
[ETeN, KOTOpble B 3aBUCUMOCTH OT CpoKa recTaLym Obinu pasgesnieHsl Ha ABe YCrnoBHble rpynnbl. B | rpynny Bownm 120 HefoHOLWEH-
HbIX HOBOPOXAEHHBIX C reCTaLMOHHBIM BO3pacToM A0 34 Hedenb, BO Il rpynny — 35 no3gHMX HeLOHOLIEHHBIX JEeTel (CPoK rectauum —
34-36 (6/7) Hepenb).

PesynbTathbl. B rpynne | BbisiBneHb 6onee HA3KMe nokasaTenu no Lkane Anrap kak Yepes 0fHy MUHYTY, Tak U Yepes 5 MuHyT nocne
poxaenus. MeamaHa oueHkn no wkane CunbeepmaHa—AHLepceH B | rpynne coctaBuna 5 6annos, YTo 0ka3anoch CTaTUCTUYECK
3HauMMO BblLLE, YeM BO |l rpynne (4 6anna). OueHka CTeneHm BbIpaXXeHHOCTY NonMopraHHon ancdyHKLmu no wkane nSOFA (Neonatal
Sequential Organ Failure Assessment) 6bina Bbilwe y naumeHToB | rpynnbl (3 vs 2; p=0,006). MeaunaHa AnuTenbHOCTU NCKYCCTBEHHOM
BEHTUNSALMN Nerkux B | rpynne nauueHToB Obina 3Haummo Bbliwe (263 vs 63 vacos; p=0,006). ApTepuanbHas rMnoTeH3ns B nepable
CYTKM XM3HW 3apernctpuposaHa y 19 (12,2%) HegoHowenHbIx aeten: 18 (15%) naumentos B | rpynne u oguH (2,8%) pebeHok — BoO
[l rpynne, pasnuums Bbinu cTatuctudeckn Hauumbivm (p=0,04). MeguaHa obbema BONEMUYECKON HArpy3Ki B MEPBbIE CYTKM XM3HM
B | rpynne cocTasuna 89, a Bo Il — 70 MI/kr B CyTKM, YTO SBUMOCH CTATUCTMYECKN 3HAYMMbIM. 10 YPOBHIO MOYACOBOrO Anypesa W
rgpobanaHca CTaTUCTUYECKU 3HAYMMbIX Pasnnumidi He nomyyeHo. Auypes coctasun 3,6-3,1 MA/Kr B Yac 1 Haxogwmncs B npegenax
BOMYCTUMbIX 3HAYEHW.

/IHOTPONHO-Ba30MPECCOPHY0 noaaepkky npoBogur 45 (29%) HepoHowenHbiM getam: 40 (33,3%) maumentam | rpynnbl u 5
(14,3%) — Il, BbIABNEHHbIE pasnnuus ctatucTyeckn 3Hauumbl (p=0,02). B | rpynne megmaHa Ba3oTPOMHO-MHOTPOMHOTO WHAEKCA
coctaeuna 11,2 [5; 12,5], Bo Il — 8,6 [5; 10], pasnuuns ctatuctyeckn 3Hauumbl (p=0,03).

BbiBoA. PaHHWe HeJoHOLWEHHbIE AETY SBNSAOTCS Gonee ys3BMMON rpynnoil HOBOPOKAEHHBIX, Y KOTOPbIX OTMEYaETCs TSXEmNoe Teye-
HWe PecnmpaTopHOro AucTpecca, Yto TpebyeT Gonee AnNUTENBHON PECTMPATOPHOI 1 6OMnee NHTEHCUBHON reMOLMHAMUYECKON NOg-
BEPKKM.

KntoyeBble cnoBa: pecnnpaTopHbIi AUCTPECC, HOBOPOXAEHHbIE, HEAOHOLEHHbIE, PECTIMpaTOpHas NOAAEPKKa
Kak uutupoBatb
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INTRODUCTION

A key aspect of the newborn’s transition to extra-
uterine life is the adaptation of the respiratory system.
A broad range of pathological conditions involving the
respiratory, circulatory, and central nervous systems,
as well as metabolic disturbances and other factors,
can lead to the development and progression of respi-
ratory disorders. Respiratory disorders, or respiratory
distress, are the most common reason for neonatal ad-
mission to the intensive care unit, a finding that applies
to both term and preterm infants [9]. Approximately
15% of term newborns and 29% of preterm newborns
are admitted to intensive care units due to various con-
ditions associated with respiratory distress [7, 13].

Among all newborns, late preterm infants at 34-37
weeks’ gestation account for approximately 70-75%,
and their numbers have been steadily increasing in re-
cent years [4].

The clinical signs of respiratory distress include
tachypnea, nasal flaring, retractions, grunting, and
cyanosis [3].

The most common causes of respiratory distress
in newborns are respiratory distress syndrome (RDS),
sepsis, intra-amniotic infection, meconium aspiration
syndrome (MAS), transient tachypnea of the newborn
(TTN), neonatal pneumonia, and asphyxia [3, 15].

Although neonatal respiratory failure is treatable in
most cases, severe cases require a rational diagnostic
and therapeutic approach to optimize outcomes and
minimize morbidity.

Newborns with respiratory distress often require
prolonged intensive respiratory support, leading to lon-

Table 1. General characteristics of early and late preterm infants
Tabnuua 1. O6Las xapakTepucTika paHHUX 1 NO3AHUX HEAOHOLLEHHbIX

ger stays in both the intensive care unit and the hospi-
tal overall. This is associated with adverse short- and
long-term consequences that necessitate long-term
pediatric follow-up [5, 11].

To date, the clinical and laboratory characteristics
of preterm infants with respiratory failure across dif-
ferent gestational ages remain insufficiently studied.
Furthermore, no comprehensive intensive care ma-
nagement protocol has been established, hindering the
development of personalized treatment approaches for
these patients.

AIM

The aim of this study was to establish priorities
for intensive care strategies in managing respiratory
distress in preterm infants across different gestational
ages by analyzing the clinical and laboratory features
of its course.

MATERIALS AND METHODS

This retrospective observational multicenter study
was conducted at the neonatal intensive care units of
the Perinatal Centers of Leningrad Regional Clinical
Hospital and Voronezh Regional Clinical Hospital
No. 1.

Atotal of 155 newborns were enrolled and stratified
into two groups based on gestational age. Group | con-
sisted of 120 preterm infants with a gestational age of
less than 34 weeks, while Group Il included 35 late pre-
term infants with a gestational age of 34 to 36 weeks
and 6 days. The characteristics of the study population
are summarized in Table 1.

| rpynna / Il rpynna /
U-TecT MaHHa-YutHu) /
lMokasatenu / Parameters | group Il group Pl oy
(n=120) (n=35) (Mann-Whitney U test)
Macca Tena npu poxaeHuu, r/ Body mass at birth, g 1322 2155 0,00001
[900; 1680] [1870; 2390]
Pocr, cm / Height, cm 39 [35; 42] 46 [44; 47] 0,00001
OueHka no wkane Anrap Ha 1-it MuHyTe, 6annb / 5[4; 6] 6[57] 0,0003
Apgar score at 1 minute, points
OueHka no wkane Anrap Ha 5-1 MuHyTe, 6annbl / 6[6;7] 716; 8] 0,0004
Apgar score at 5" minutes, points
Cpok rectauum, Hegenm / Gestation period, weeks 30 [27; 32] 35[34; 35] 0,00001
OueHka no CunbeepmaHy-AHaepceH, bannbi / 5[3;7] 4[3; 5] 0,001
Silverman-Andersen score, points
OueHka no nSOFA, 6annbl / nSOFA score, points 310; 5] 210; 4] 0,006
[nuTenbHOCTb MCKYCCTBEHHOI BEHTUNALMM NETKIX, Yachkl / 263 [14; 338] 63 [2; 66] 0,006
Duration of mechanical ventilation, hours
OnnTenbHOCTb NEeYeHNs B OTAENEHUN peaHMMaLMn U MHTEHCUBHOM Tepanin 20 [6; 32] 8[4;9] 0,00001
HOBOPOXAEHHbIX, AHN /
Duration of treatment in the neonatal intensive care unit, days
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Inclusion criteria:
1) gestational age under 37 weeks;
2) presence of respiratory distress within the first

24 hours of life;

3) need for supplemental oxygen or mechanical ven-
tilation.

Exclusion criteria:

congenital central nervous system malformations;
confirmed genetic disorders;

diabetic fetopathy;

congenital anomalies requiring emergency surgical
intervention.

The study was approved by the local ethics commit-
tee of St. Petersburg State Pediatric Medical University,
Ministry of Health of the Russian Federation (Protocol
No. 1/3, January 21, 2019).

Initial stabilization in the delivery room was provided to
all newborns with respiratory disturbances presenting as
ineffective spontaneous breathing [2], in accordance with
the methodological letter of the Ministry of Health of the
Russian Federation No. 15-4/10/2-3204 (April 21, 2010)".

Noninvasive respiratory support was initiated when
the Silverman—Andersen score exceeded 4 points. If
pronounced oxygen dependence (FiO, >0.4) and signs
of respiratory failure persisted for 30 minutes after birth,
exogenous surfactant (Curosurf, Chiesi, Italy) was ad-
ministered endotracheally at a dose of 200 mg/kg.

While continuing noninvasive respiratory sup-
port with the Stephan Reanimator F120 Mobile device
(Stephan, Germany), the newborn was transported from
the delivery room to the neonatal intensive care unitin a
transport incubator (ITN-01, Ural Optical and Mechani-
cal Plant named after E.S. Yalamov Production Associa-
tion, Russia).

In the neonatal intensive care unit, noninvasive re-
spiratory support was continued. If oxygen dependence
(FiO, >0.4) was required to achieve target transcutane-
ous oxygen saturation (SpO,=90-94%), or if refractory
respiratory acidosis (pH <7.20) developed, the infant
was transitioned to mechanical ventilation. Syndromic
therapy was also provided.

Organ dysfunction severity was assessed using the
nSOFA (Neonatal Sequential Organ Failure Assess-
ment) score [19], with the worst values recorded during
the study period used for analysis.

To evaluate the invasiveness of fluid therapy and
hemodynamic support aimed at maintaining optimal car-
diac output, the total volume of fluid administered, fluid
balance, and the vasoactive-inotropic score were ana-
lyzed [8].

B OoN -
= = =

! Letter of the Ministry of Health and Social Development of the Russian
Federation No. 15 4/10/2 3204 dated April 21, 2010, “Primary and
Resuscitation Care for Newborn Infants.” Available at: https://docs.cntd.
ru/document/902232603 (accessed May 30, 2025). (In Russian.)

Based on data from the newborn’s developmental
history and inpatient medical records, 143 parameters
were analyzed, encompassing medical history, clinical,
laboratory, and instrumental findings, intensive care in-
terventions, and disease outcomes.

Statistical analysis. Normality of the data was as-
sessed using the Kolmogorov-Smirnov and Shapiro—
Wilk tests. As the distribution of the primary data devi-
ated from normal, quantitative variables are reported as
medians (Me) with interquartile ranges (LQ-HQ). Differ-
ences in ordinal and scaled values were evaluated using
the Wilcoxon test, with the Z-value reported. Spearman’s
rank correlation coefficient was used. The level of statis-
tical significance was set at p <0.05.

RESULTS

MComparison of Apgar scores revealed statistically
significant differences in median values between groups
both at 1 and 5 minutes, with higher scores observed
in Group Il (late preterm infants). An Apgar score of <3
at 5 minutes, indicative of severe intrapartum asphyxia,
was recorded in 3 (2.5%) infants in the early preterm
group. No such cases occurred in Group Il, though this
difference was not statistically significant.

The median Silverman—-Andersen score was
significantly higher in Group | than in Group Il (5 vs.
4 points). Similar findings were observed for multior-
gan dysfunction severity assessed by the nSOFA score
(3 vs. 2; p=0.006), reflecting more severe clinical status
in Group | patients.

The median duration of mechanical ventilation
was 263 hours in Group | compared with 63 hours
in Group Il (p <0.05). Mechanical ventilation lasting
=168 hours occurred in 48 cases, accounting for 31%
of all preterm newborns with respiratory distress.

Prolonged mechanical ventilation was observed
in 45 (37.5%) cases in Group | versus 3 (8.6%) in
Group Il (p=0.0005) (Table 2). Length of stay in the
neonatal intensive care unit was also significantly lon-
ger in Group | (20 vs. 8 days). Clinical and laboratory
characteristics of newborns during the first 24 hours of
NICU treatment are presented in Table 2.

SpO, and heart rate did not differ significantly be-
tween groups. Analysis of blood pressure showed that
systolic, diastolic, and mean arterial pressures were
significantly lower in Group | than in Group |I.

Arterial hypotension during the first 24 hours of life oc-
curred in 19 (12.2%) preterm infants: 18 (15%) in Group |
versus 1 (2.8%) in Group Il (p=0.04). No significant dif-
ferences were observed between groups in blood gas
parameters, acid-base status, hemoglobin, leukocyte or
platelet counts, C reactive protein, or procalcitonin.

Correlation analysis revealed no significant associa-
tions between lactate levels and nSOFA score, blood




pressure, or urine output. However, a negative correla-
tion was found between lactate levels and pH (R=-0.24;
p=0.007), as well as between lactate concentration and
umbilical cord blood bicarbonate (R=-0.35; p <0.001).
On the first day of NICU treatment, protein levels
were significantly lower in Group | than in Group 1.
Alanine aminotransferase (ALT) levels were signifi-
cantly lower in Group I. ALT above the reference range
(>31 U/L) occurred in 20 (16.6%) cases in Group | ver-
sus 7 (20%) in Group Il, a non significant difference.
Positive correlations were found between ALT le-
vels and nSOFA score (R=0.25; p=0.002), as well as be-
tween ALT concentration and lactate (R=0.3; p=0.001).
Negative correlations were identified between lactate
and bicarbonate (R=-0.3; p=0.007), and between the

degree of hyperlactatemia and urine output during the
first 24 hours (R=-0.17; p=0.02), confirming lactate’s
role as a marker of hypoperfusion.

No significant differences in aspartate aminotrans-
ferase levels were observed between groups; however,
values exceeding the upper reference limit (>75 U/L)
were noted in 6 (5%) patients in Group | and 3 (8.6%)
in Group Il (p=0.3).

The main intensive care interventions are summa-
rized in Table 3. Median fluid loading volume during the
first 24 hours of life was significantly higher in Group |
than in Group Il (89 vs. 70 mL/kg/day). No significant
differences were found in hourly urine output or fluid
balance. Urine output ranged from 3.6 to 3.1 mL/kg/h,
remaining within acceptable limits.

Table 2. Clinical and laboratory characteristics of newborns on the first day of intensive care unit treatment
Tabnuua 2. KnuHuko-nabopatopHble XapakTepuCcTUKi HOBOPOXKAEHHbIX B MEPBbIE CYTKW NEYEHNS B OTAENEHUM PeaHUMaLMM U UHTEHCUBHON Tepanuu

| rpynna / Il rpynna /
MapameTpsl / Parameters | group I group p
(n=120) (n=35)
SpO, B 1-7t aeHb xu3HM, % / SpO, on the 15t day of life, % 94 [92; 96] 95 [93; 98] 0,1
YacToTa cepaeyHbIX CoKpaLLeHni B 1-i1 feHb KU3HW, ya./MuH | 148 [137; 158] 142 [130; 152] 0,07
Heart rate on the 15t day of life, beats/min
Cucronnyeckoe aptepuarnbHoe faBneHue B 1-1 4eHb XW3HW, MM pT. CT. / 54 [48; 58] 59 [54; 64] 0,0003
Systolic blood pressure on the 1%t day of life, mmHg
[uacTonnyeckoe apTepnanbHOe AaBnieHne B 1-i IeHb XU3HW, MM pT. CT. / 29 [24; 33] 33 [28; 36] 0,006
Diastolic blood pressure on the 15 day of life, mmHg
CpepHee apTepuanbHoe faBneHue B 1-1 AeHb XKWU3HW, MM pT. CT. / 37 [32; 42] 411[37; 45] 0,005
Mean arterial pressure on the 15t day of life, mmHg
pH BeHo3HoM kpoBm B 1-i1 ieHb xwu3Hn / Venous blood pH on the 15t day of life 7,3417,31;7,39] 7,35[7,3; 7,4] 0,8
pO, BEHO3HOI KPOBU B 1-71 Ai€Hb XM3HM, MM pT. CT. / 56 [42; 59] 62 [43; 70] 0,2
Venous blood pO, on the 1%t day of life, mmHg
pCO, BEHO3HOM KPOBM B 1-71 fieHb XU3HU, MM pT. CT. / 32,2[27,8; 36,4] 31126; 37] 0,3
Venous blood pCO, on the 1% day of life, mmHg
HCO, BeHO3HO KpoBK B 1-/1 A€Hb XM3HM, MMOML/N / 19[17; 20] 18 [17; 20] 0,9
Venous blood HCO, on the 1%tday of life, mmol/l
BE BeHO3HOM KpoBM B 1-11 A€Hb XM3HW, MMOIb/ / 7,5[5,2;9,6] 6,9 [5,8; 8.6] 0,6
Venous blood base excess on the 1st day of life, mmol/l
JlakTaT BEHO3HO KpoBY B 1-7 IeHb XWU3HW, MMOMb/N / 34102,2;3,9] 3,7[2,4;5,2] 0,2
Venous blood lactate on the 15 day of life, mmol/l
lemorno6uH B 1-it aeHb, r/n / Hemoglobin on the 15t day of life, g/l 169 [146; 190] 173 [159; 201] 0,4
NeitkounTl B 1-it AeHb xu3nm, x10%n / Leukocytes on the 15 day of life, x10%/ 13,6 [8,6; 15,4] 13,5 [11; 16] 0,1
TpomboLmThl B 1-1 fieHb xu3Hn, x10%n / Platelets on the 1st day of life, x10%/1 244 [179; 289] 299 [201; 389] 0,02
C-peakTuBHbIN 6enok B 1-i AeHb XU3HW, Mr/n | 2,651[0,15; 3] 2,110,1; 2,73] 0,6
C-reactive protein on the 1% day of life, mg/l
[MpokanbLWTOHNHOBbI TECT B 1-11 A€Hb XU3HK, HI/Mn / 2,8[0,12;1,5] 16,8 [0,56; 33] 0,2
Procalcitonin test on the 15 day of life, ng/ml
O6Lwwit Genok B 1-7t aeHb xm3Hu, r/n / Total protein on the 1%t day of life, g/l 445 [38; 50] 52,6 [46; 58] 0,00003
AnaHnHamuHoTpaHcdepasa B 1-7 feHb xu3Hu, EL/n / 16,2 [5; 17,5] 2518; 28] 0,01
Alanine aminotransferase on the 15 day of life, U/l
AcnapTatamnHoTpaHcdepasa B 1-i AeHb xu3Hu, EL/n / 60 [33; 69] 67 [32; 87] 0,2
Aspartate aminotransferase on the 1%t day of life, U/l
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Inotropic-vasopressor support was administered
to 45 (29%) preterm infants: 40 (33.3%) in Group |
versus 5 (14.3%) in Group Il (p=0.02). The median
vasoactive-inotropic score was 11.2 [5; 12.5] in Group |
compared with 8.6 [5; 10] in Group Il (p=0.03). Positive
correlations were found between VIS and peak inspira-
tory pressure (R=0.2; p=0.02), and between VIS and
nSOFA score (R=0.53; p <0.001).

Median peak inspiratory pressure was 19 and
17 cm H,0 in Group | and Group Il, respectively, and
positive end expiratory pressure was 6.2 and 5.8 cm H,0,
with no significant differences between groups. The frac-
tion of inspired oxygen during the first 24 hours of therapy
was maintained at safe levels: a median of 0.3 in Group |
versus 0.28 in Group Il (p <0.05; Table 3).

The oxygenation index on the first day of life was
significantly lower in Group | than in Group Il (318 vs.
358), suggesting more severe respiratory distress;

however, no correlation was observed between the
oxygenation index and Silverman—Andersen score.

Table 4 presents the characteristics of respiratory
support in the delivery room. Noninvasive respiratory
support (NIPPV and CPAP) was used significantly
more frequently in Group | than in Group Il, as was in-
vasive respiratory support (p=0.03).

An analysis of respiratory support in the neonatal
intensive care unit is presented in Table 5.

No significant differences were found between the
groups in the use of various respiratory support mo-
dalities.

DISCUSSION

The results of this study demonstrate a relation-
ship between gestational age and the frequency and
severity of respiratory distress in newborns. The most
severe course of respiratory distress was observed in

Table 3. Intensive care measures in newborns on the first day of intensive care unit treatment
Tabnuua 3. MeponpusTus MHTEHCVBHOI TEpanu1 y HOBOPOXAEHHbIX B NEPBbIE CYTKV NEYEHNS B OTAENEHNM PeaHMaLi N NHTEHCUBHON Tepanii

[ rpynna [l rpynna
MNapameTpbl / Parameters M el ﬁ_gEBQ] M e”[Eg;UBQ] p
(n=120) (n=35)
WHTeHcuBHas Tepanus B 1-i feHb, mn/kr / Total fluid intake on day 1, mi/kg 89 [80; 98] 70 [60; 80] 0,0001
[Ouypes B 1-i geHb, ma/kr / Urine output on day 1, mi/kg 3,6[2,3; 4,5] 31[2;4,1] 0,11
I'mppobananc B 1-1 aeHb % / Fluid balance on day 1, % 611[13; 100] 65,7 [29; 100] 0,5
KatexonamuHosbIi uHaekc, 6annbi / Catecholamine index, points 11,2 [5; 12,5] 8,6 [5; 10] 0,05
FiO, B 1-11 fieHb xu3Hn, % / FiO, on the 1st day of life, % 0,3[0,25; 0,4] 0,28 [0,21; 0,3] 0,037
PIP B 1-# feHb xu3Hm, Mm pT. cT. / PIP on the 1st day of life, mmHg 19[18; 22] 17[12; 21] 0,11
PEEP B 1-it fieHb xu3Hu, Mm pT. cT. / PEEP on the 1st day of life, mmHg 6,2 [5,5; 6] 5,8 [6; 6] 0,6
[Hotauus aHepreTudeckux cybctpatos, kKKan / Energy substrate supplementation, kcal/kg/day 38 [28; 49] 42,4 [28; 51] 0,7
MHaekc okeureHauun B 1-1 geHb xu3Hu / Oxygenation index on the 1st day of life 318 [260; 368] 358 [300; 447] 0,02

Note: FiO, — fraction of inspired oxygen; PIP — positive inspiration pressure; PEEP — positive end-expiratory pressure.

Table 4. Respiratory support in the delivery room
Tabnuua 4. PecnupatopHas nogaepxka B pPOAUILHOM 3ane

| rpynna / Il rpynna / P-3ravetite
Bwng pecnupatopHoit noaaepxkm / | group Il group (TOYHBIN TECT Puwepa) /
Type of respiratory support > _ p-value
(n=120) (n=35) (Fisher’s exact test)
nCPAP / nCPAP 33 (27,5%) 14 (40%) 0,1
NIPPV / NIPPV 18 (15%) 1(2,8%) 0,04
CPAP/ CPAP 6 (5%) 7 (20%) 0,01
HewHBaavBHas pecnuparopHas nogaepxka, Bcero / 57 (47,5%) 22 (62,9%) 0,08
Non-invasive respiratory support, total
Assist Control 18 (15%) 4 (11,4%) 04
SIMV / SIMW 40 (33,3%) 6 (17,1%) 0,04
/HBa3uBHas pecnupatopHas NoAAepxKa, Bcero / 58 (48,3%) 10 (28,6%) 0,03
Invasive respiratory support, total

Note: nCPAP — nasal Continuous Positive Airway Pressure; nlPPV — Noninvasive Positive Pressure Ventilation;

CPAP — Continuous Positive Airway Pressure.




Table 5. Respiratory support in the neonatal intensive care unit

Tabnuua 5. PecnupatopHas nogaepxka B OTAENEHNN peaHUMaLMK 1 UHTEHCUBHOM Tepanii HOBOPOXAEHHbIX

Irpynna/ | Il rpynna/ P-3uatiehine
Bua pecnupatopHoil nopnepxkm / | arou Il grou (TouHbIN TecT Puwwepa) /
Type of respiratory support (ng=1 28) (r?=35§) p-value
(Fisher’s exact test)

NCPAP / NCPAP 7 1 0,4
NIPPV / NIPPV 25 10 0,3

CPAP / CPAP 10 6 0,1
HeunHBa3snBHas pecnupatopHas Nogaepxka, Bcero / 42 17 0,1
Non-invasive respiratory support, total

Assist Control 20 5 0,5

SIMV / SIMV 46 10 0,2
VHBa3uBHas pecnupatopHas noaaepxka, Bcero / Invasive respiratory support, total 66 15 0,14

Note: nCPAP — nasal Continuous Positive Airway Pressure; nlPPV — Noninvasive Positive Pressure Ventilation; CPAP — Continuous Positive Airway Pressure.

early preterm infants, as reflected by higher nSOFA
organ dysfunction scores; these infants also required
longer mechanical ventilation and NICU stays. These
findings support stratifying early preterm newborns
into the high risk group for severe disease. In contrast
to some researchers [14], we believe that focusing ex-
clusively on late preterm infants is insufficient.

Apgar scores were significantly lower in the early
preterm group than in late preterm infants. This aligns
with reports that low birth weight and low Apgar scores
at 1 and 5 minutes are most often associated with the
development of severe respiratory disorders [6].

Several clinical scales are used to assess the
severity of respiratory distress in newborns. The most
widely cited is the Silverman—Andersen score [18]. We
found that a high score (>4 points) is associated with
increased venous carbon dioxide tension, complica-
tions, and prolonged invasive respiratory support. Other
authors, like us, consider a score of 25 points a reliable
predictor of the need for respiratory support [10].

It has been shown that predictors of bronchopul-
monary dysplasia in newborns with respiratory di-
stress syndrome include not only low birth weight and
gestational age <32 weeks, but also a total duration of
oxygen therapy exceeding 10 days [17].

The need for respiratory support in term newborns
is also highly variable, depending on the frequency of
respiratory distress across different gestational ages.
The highest incidence was observed at 37 weeks’
gestation (1.7%), gradually decreasing to a minimum
at 39 weeks (0.6%), followed by a slight increase at
40 weeks (0.7%) and 41 weeks (0.8%) [12].

Venous carbon dioxide levels were extremely low
in all newborns, indicating excessive respiratory sup-
port in most cases, occurring alongside compensatory
tachypnea driven by base deficit and the unique meta-
bolic profile of preterm infants.

Low birth weight and low gestational age are the
main risk factors for adverse neonatal outcomes,
particularly in hospitals in low income countries with
limited staff training and resources. Preterm infants
with extremely low birth weight represent a particu-
larly high risk group, especially when complicated
by severe infections or sepsis. Respiratory distress
was most severe in the early preterm group, accom-
panied by arterial hypotension requiring pharmaco-
logical hemodynamic support. These infants also
required longer mechanical ventilation, which in turn
prolonged NICU stays [16]. In most cases, particu-
larly in term newborns, the disease had a favorable
course and, in the majority (47%), resulted in com-
plete recovery [1].

CONCLUSIONS

1. Early preterm newborns have a more severe
course of respiratory distress, reflected by higher
nSOFA scores, longer mechanical ventilation require-
ments, and higher NICU admission rates.

2. Despite comparable respiratory and nutritional
support strategies between the groups, early preterm
newborns are more prone to arterial hypotension re-
quiring pharmacological hemodynamic support.
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OONONHUTENIbBHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI BHECU CYLLECTBEH-
HbI BKNag B pa3paboTKy KOHLEeNLmMu, NpoBEAEHNe nc-
CrefoBaHNs W MOArOTOBKY CTaTbM, NPOYIu 1 0aobpu-
nn MHanbHyo Bepcuto nepeg nybnukawmen.
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The effect of exogenous ganglioside GM1 on the expression
of apoptotic genes in the hippocampus in a model
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ABSTRACT

Background. Ganglioside GM1 is of interest as a promising compound with nootropic properties for the correction of damage to the
central nervous system, particularly in neurodegenerative processes.

Aim. To study the effect of exogenous ganglioside GM1 on the expression of key apoptosis regulatory genes (caspase-1, caspase-3,
Bcl-2, BAX) in the hippocampus of mice under conditions of chronic alcohol intoxication, which acts as a catalyst for neurodegeneration.
Materials and methods. An experiment was conducted on 40 male BALB/c mice divided into 4 groups: intact control, a chronic alco-
hol intoxication model (intragastric administration of ethanol according to a stepwise schedule for 47 days), and two groups receiving
ethanol in combination with GM1 at doses of 10 and 30 mg/kg. The mRNA levels of target genes in the hippocampus were analyzed
using quantitative real-time reverse transcription polymerase chain reaction. Statistical data processing was performed using a two-way
ANOVA.

Results. Caspase-1 mRNA levels were non-significantly increased in all ethanol-treated groups. Caspase-3 mRNA levels were sig-
nificantly (p <0.05) increased only in the GM1 30 mg/kg group compared to the model group. BAX mRNA levels remained unchanged.
Bcl-2 gene expression in the control group was statistically significantly different from all experimental groups.

Conclusions. The expected effect of GM1 ganglioside at the transcriptional level, namely protection against neurodegeneration, was
not confirmed in this model. The key result was the identification of a potential pro-apoptotic effect of a high dose of GM1 (30 mg/kg),
manifested by a statistically significant increase in caspase-3 gene expression.

Keywords: alcohol intoxication, monosialotetrahexosylganglioside, alcohol-induced disorders, hippocampus, apoptosis, ganglioside
GM1, neuroprotection, quantitative real-time reverse transcription polymerase chain reaction, mRNA, caspase-1, caspase-3, BAX,
Bcl-2
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BnuaHue ak3oreHHoro raHrnuosuaa GM1 Ha akcnpeccuto
anonToTUYECKUX reHoB B runnokamMmne Ha moaenu
XPOHWUYECKOWN anKkorosibHOU UHTOKCUKaLUK

A.A. MaenuxaHoBa' 2, B.A. Kataes®, T.P. I'msatynnuu', B.H. Libiran?

' PecrybrinkaHckas knuHUYeckast ncuxvaTtpudeckas GonbHuLa, r. Ydpa, Poccus
2 BoeHHO-MeauumHeKast akafiemus umenn C.M. Kuposa, CankT-TMetepBypr, Poccus
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PE3IOME

AktyanbHocTb. [aHrnuoang GM1 npeacTaBnseT MHTEpEC kak NepenekTMBHOE COEANHEHNE C HOOTPOMHbLIMI CBOMCTBAMM ANS KOPPEK-
LW NOBPEXAEHWI LIEHTPANbHON HEPBHOW CUCTEMBI, B YACTHOCTY NPW HEMpOAEereHepaT BHbIX NpoLeccax.

Lenb. W3yunts BrusiHe 3k3oreHHoro raurmuosnga GM1 Ha SKCrpeccuio KIoueBbIX FeHOB-perynsTopos anonTosa (kacnasa-1,
kacnasa-3, Bcl-2, BAX) B runnokamne MbliLLeR B YCIIOBUSIX XPOHUYECKON ankorofbHOM WHTOKCHKALMW, BICTYNAIOLLEN B PONK KaTanu-
3aTopa HeipoaereHepaLmm.

MpoBeneH akcnepumeHT Ha 40 camuax mbiwweit BALB/c, pasgeneHHbix Ha YeTbipe rpynnbl: MHTAKTHBIA KOHTPOSb, MOAESNb XPOHWYe-
CKOW anKorornbHOM MHTOKCUKALWMK (BHYTPYXKENYAOUHOE BBEAEHWE STaHOMa MO CTYNeHYaTol Cxeme B TeueHue 47 gHen) u Ase rpynnbl,
nomyyasLuue aTaHon B codetaHun ¢ GM1 B gosax 10 u 30 mr/kr. YpoBeHb MPHK LieneBbIx reHoB B runnokamne aHanu3nposani MeTo-
AOM KONWUYECTBEHHOW NONMMEPA3HON LieNHOM peakumun ¢ 06paTHO TpaHeKpunUmen B peanbHoM BpemeHn. CtatucTinyeckyio obpabort-
Ky A@HHbIX NPOBOAWIMM C UCNONb30BaHNEM [BYX(AKTOPHOTO AMCNEPCUOHHOIO aHanuaa (two-way ANOVA).

PesynbTtatbl. YpoBeHb MPHK kacnasbl-1 cTaTUCTUYECKM HE3HAYMMO NOBBILLEH BO BCEX rpynnax, nomny4asLuyx aTaHon. YposeHs MPHK
kacnasbl-3 cTaTucTuyecky sHaummo (p <0,05) nosbiweH Tombko B rpynne GM1 30 mMr/kr no cpaBHEHMIO C MOLENbHOW rpynnoi. YpoBeHb
MPHK reHa BAX ocTaBancs 6e3 3HauMMbIX M3MEHEHWIA. KCNPECccus reHa Bcl-2 B KOHTPONBHON rpynmne CTaTUCTUYECKM 3HAYUMO OTMN-
yanacb OT BCEX OMbITHbIX rpynn.

BbiBoabI. B pamkax faHHOM Mofieny He NOATBEPKAEH Oxuaaembln achhekT ranrnmnosnga GM1 Ha TpaHCKpUNLUMOHHOM YpOBHE, 3a-
KMKOYaIOLLMICS B 3alLuTe OT HelipoaereHepaL. KntoyeBbIM pesynbTaToM CYKWUT BbISBIIEHE NOTEHLMANbHOMO NpoanonToTUYeCcKoro
AencTBus BbICokon fo3bl GM1 (30 Mr/kr), NPOSBNSIOLLErOCS B CTATUCTUYECKW 3HAUMMOM MOBbILLEHNW SKCMIPECCHM reHa kacnasbl-3.

KnioyeBble cnoBa: ankoronbHas MHTOKCUKALWSl, MOHOCMANOTETParekCo3UNraHrmmoans, ankoronb-MHAYLMPOBaHHbIE HapyLLEHs,
rMNnoKamn, anonTos, raHrmnosug GM1, HeliponpoTeKLMsl, KONMYECTBEHHAs NONMMepasHas LienHas peakums ¢ 0bpaTHOM TpaHcKpun-
Lumeit B peansHom BpemeHun, MPHK, kacnasa-1, kacnasa-3, BAX, Bcl-2
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INTRODUCTION

Exogenous monosialotetrahexosylganglioside
(hereinafter ganglioside GM1) represents a promising
neuroprotective compound of considerable interest. Be-
ing a naturally occurring and one of the most abundant
gangliosides in the neuronal membranes of the cen-
tral nervous system, it is obtained as a pharmaceutical
agent through extraction from animal brain tissue [1-3].
lts pharmacological value stems from a broad range
of neurotropic effects, chief among which is its neuro-
trophic action, reflected in the potentiation of signaling
cascades involving brain trophic factors [1, 4]. The es-
tablished neuroprotective potential has driven scientific
interest in its application for various neurodegenerative
conditions, including Parkinson’s and Alzheimer’s di-
seases [5-7]. Given its ability to protect neurons from
damage and support their function, ganglioside GM1
is considered in the present study a promising candi-
date for counteracting toxic injury to the hippocampus.
A model of chronic ethanol intoxication was used as a
well-characterized pathological insult that leads to per-
sistent cognitive impairment and neurodegeneration.
This model allows for the study of mechanisms under-
lying central nervous system damage, a key feature of
which is progressive decline in memory and learning
functions associated with degenerative changes in the
hippocampus.

Activation of programmed cell death is considered
a central event in the pathogenesis of ethanol-induced
neuronal injury [8, 9]. Accumulating evidence implicates
various forms of apoptosis and pyroptosis in hippocam-
pal degeneration [10-12]. However, the contribution of
specific molecular cascades, such as caspase-depen-
dent pathways and the system of mitochondrial apopto-
sis regulators (Bcl-2, BAX), requires further elucidation,
which is necessary for the development of targeted neu-
roprotective strategies [13-20].

As a natural constituent of neuronal membranes,
ganglioside GM1 plays a key role in maintaining neuro-
plasticity and cellular resistance to apoptosis. Existing
evidence supports its capacity to modulate trophic fac-
tors and suppress oxidative stress [4, 6]. However, the
mechanisms underlying its beneficial effects on apop-
totic markers and cognitive function under neurotoxic
conditions remain insufficiently understood.

AIM

The aim of the present study was to assess the
effect of ganglioside GM1 on the transcriptional activ-
ity of genes involved in regulating the mitochondrial
apoptotic pathway (BAX, Bcl-2) and on caspase activ-
ity (caspase-1, caspase-3). These parameters were
evaluated in the hippocampus under conditions of
ethanol-induced neurotoxicity.

MATERIALS AND METHODS
A total of 40 adult male BALB/c mice weighing

25-30 g were used in the experiment. The animals

were housed in a vivarium under standard condi-

tions, including a natural light cycle, a temperature of

20-24 °C, humidity of 50-60%, and free access to wa-

ter and food. All procedures were performed in accor-

dance with international guidelines and the European

Convention for the Protection of Vertebrate Animals

used for Experimental and Other Scientific Purposes,

and the study protocol was approved by the local ethics
committee prior to the initiation of the experiment.

After one week of acclimatization, the animals were
randomly assigned to four groups of 10 animals each:
1) the control (intact) group that received physiologi-

cal saline per os;

2) the model group that underwent chronic alcohol in-
toxication according to the protocol;

3) the GM1 10 mg/kg group (therapeutic, low dose)
that received ethanol according to the protocol plus
ganglioside GM1 at 10 mg/kg;

4) the GM1 30 mg/kg group (therapeutic, high dose)
that received ethanol according to the protocol plus
GM1 at 30 mg/kg.

Chronic alcohol intoxication was induced by daily
intragastric administration of ethanol (97%, Shanghai
Aladdin Reagent Company) using a stepwise regimen
over 47 days, with progressively increasing concentra-
tions from 5% to 45% (5% solution for 5 days, 15% for
5 days, 25% for 10 days, 35% for 10 days, and 45%
for 17 days). The volume of administered solution was
adjusted based on individual body weight.

The ganglioside GM1 preparation (Heilongjiang
Harbin Medical University Pharmaceutical Co., Ltd.)
was dissolved in physiological saline and administered
intraperitoneally at the specified doses throughout the
experimental period. The control group received equi-
valent volumes of physiological saline.

After 47 days, the experiment was terminated early
due to pronounced signs of deterioration in animals
from the model and GM1 10 mg/kg groups. Euthanasia
was performed in accordance with the recommenda-
tions of the Federation of European Laboratory Animal
Science Associations (FELASA). Following induction
of deep anesthesia by intraperitoneal administration
of 1% sodium pentobarbital, transcardiac perfusion
was performed. First, 20-25 mL of physiological saline
was injected through the left ventricle to remove blood,
which was drained through an incision in the right atri-
um. Second, perfusion with 4% paraformaldehyde was
performed to fix cerebral tissues.

Quantitative analysis of gene expression was per-
formed using reverse transcription quantitative real-time
polymerase chain reaction (hereinafter qRT-PCR). Total
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Table 1. Primer pairs for gRT-PCR
Tabnuua 1. Mapsl npaitvepos ans gRT-PCR

lMocnepnosatenbHocTb npaiivepa (5-3') /

Mpaiwep / Primer Primer sequence (5'-3')
Kacnasa-3 / Forward 5-CAGCCAACCTCAGAGAGACA 3
Caspase-3 Reverse 5-GCAGTAGTCGCCTCTGAAGA-3'
Kacnasa-1/ Forward 5-CTGGGACCCTCAAGTTTTGC-3
Caspase-1 Reverse 5-AGATCCTCCAGCAGCAACTT-3
B-kneTouHas numdoma-2 / Forward 5-CTTCAGGGATGGGGTGAACT-3'
B-cell lymphoma 2 Reverse 5-GCTGGGGCCATATAGTTCCA-Y
Bcl-2-accoumnmpoBaHHbin X 6enok / Forward 5-GAGACACCTGAGCTGACCTT-3'
Bl-2-associated X protein Reverse 5-CCCCAGTTGAAGTTGCCATC-3
muyepanbgerua-3-chocdatgernaporeHasa / Forward 5-AAGAAGGTGGTGAAGCAGGC-3
Glyceraldehyde-3-phosphate dehydrogenase Reverse 5.TCCACCACCCTGTTGCTGTA-3'

RNA was isolated from hippocampal tissue samples of
BALB/c mice using TRIzol® reagent (Invitrogen, USA)
according to the manufacturer’s protocol. cDNA was syn-
thesized using a high-efficiency reverse transcription kit for
gRT-PCR (ReverTra Ace® gPCR RT Kit, Toyobo, Japan).
Real-time PCR amplification was carried out on an
ABI 7500 Fast Real-Time PCR System (Applied Biosys-
tems, USA) using SYBR® Green Realtime PCR Master
Mix (Toyobo, Japan). The amplification protocol consisted
of initial denaturation at 95 °C for 5 minutes, followed by
40 amplification cycles of 95 °C for 15's, 65 °C for 30 s,
and 72 °C for 30 s, with subsequent melt curve analysis.
Quantitative analysis was performed using threshold
cycle (Ct) values determined by the system with auto-
matic baseline setting. Relative gene expression was
calculated using the comparative 2-22¢t method, with
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as
a reference gene. Primer sequences are listed in Table 1.
Statistical analysis was conducted using GraphPad
Prism version 6.0e for Macintosh (GraphPad Software,
USA). Intergroup differences were assessed using two-
way analysis of variance (two-way ANOVA) followed by
multiple comparisons. The following pairwise compari-
sons were made: the control group versus the model
group, and the GM1 10 mg/kg and GM1 30 mg/kg
groups versus the model group. Results are presented
as M+SEM, where M represents the mean and SEM
represents the standard error of the mean. Differences
were considered statistically significant at p <0.05.

RESULTS AND DISCUSSION

To assess the effects of ethanol exposure and the
potential protective effect of ganglioside GM1 on the
expression of genes associated with apoptosis and
inflammation in the hippocampus of BALB/c mice,
gRT-PCR analysis was performed (n=10 per group).
A trend toward an increase in caspase-1 mRNA ex-
pression was observed in all groups receiving intra-

gastric ethanol (the model, GM1 10 mg/kg, and GM1
30 mg/kg groups) compared with the control group; how-
ever, these differences did not reach statistical significance
(p >0.05) (Fig. 1a, Table 2). Caspase-3 expression was
significantly increased (p <0.05) only in the GM1 30 mg/kg
group compared with the model group, with no significant
changes observed in the other experimental groups
(Fig. 1b, Table 2). Pro-apoptotic BAX expression remained
relatively unchanged across all GM1-treated groups, and
no statistically significant intergroup differences were
observed (Fig. 1c, Table 2). An anomalous change in the
expression of the anti-apoptotic gene Bcl-2 was noted:
its level in the intact control group differed significantly
from that in all other groups exposed to ethanol and the
administered GM1 doses (Fig. 1c, Table 2).

Analysis of key gene expression in the mouse hip-
pocampus did not yield a clear picture of the molecular
and biochemical processes triggered by ethanol ad-
ministration and ganglioside GM1 treatment. The most
contradictory finding was the statistically significant in-
crease in caspase-3 mRNA levels specifically in the GM1
30 mg/kg group compared with the model group. Cas-
pase-3 is a central effector enzyme that initiates apoptosis.
These findings suggest that administration of a high dose
of ganglioside GM1 in the setting of chronic alcohol intoxi-
cation does not suppress but rather may potentiate apo-
ptotic signals in hippocampal neurons. This unexpected
effect requires further investigation, as it contradicts the
proposed neuroprotective role of gangliosides.

At the same time, the absence of significant chan-
ges in pro-apoptotic BAX expression across all groups,
together with the anomalous Bcl-2 expression in the
control group, underscores the complexity and nonli-
nearity of apoptotic pathway regulation in this experi-
mental model. The anomaly in the control group may
reflect stress from procedures unrelated to ethanol
administration, emphasizing the importance of rigorous
control group management.
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Fig. 1. Evaluation of the activation of apoptotic genes in the hippocampus following intraperitoneal administration of exogenous ganglioside GM1
at different concentrations in a model of long-term ethanol intoxication: a — the relative level of caspase-1 was increased in the Model, GM1 10 mg/kg,
and GM1 30 mg/kg groups; b — the relative expression level of caspase-3 was statistically significantly increased in the GM1 30 mg/kg group;
b — the relative expression level of BAX was not statistically significant; ¢ — the relative expression level of Bcl-2 was not statistically significant.
# p=0.0208 (Model vs. GM1 30 mg/kg)

Puc. 1. OueHka akTuBaLy anonToOTU4ECKUX FEHOB B rUnnokamne npu BHYTPMOPIOWHOM BBEAEHWW 3K30reHHOro ranrnuosnga GM1 B pasHbix
KOHLIEHTpaLMSIX Ha MOZENM ANUTENbHON MHTOKCHKALIMI 3TAHOMOM: @ — OTHOCUTENbHbI YyPOBEHb kacnasbl-1 NoBbIlLeH B rpannax «mogensy, GM1
10 mr/kr 1 GM1 30 mr/kr; 6 — OTHOCUTENbHBIA YPOBEHb 3KCMPECCHM Kacnasbl-3 Obin CTaTUCTUYECKN 3HAYMMO NoBbileH B rpynne GM1 30 mr/kr;
8 — OTHOCUTENbHbIN YPOBEHb 3Kcrpeccn BAX He nokasan CTaTUCTUYECKN 3HAUMMbIX AaHHbIX; 2 — OTHOCUTENbHbINA YPOBEHb aKcnpeccum Bel-2
He nokasan cTaTUCTUYeCku 3HaYnMbIx JaHHbIX. # p=0,0208 («mogenb» npots GM1 30 mr/kr)

Table 2. Intergroup differences in the results of apoptotic gene expression in the gqRT-PCR test
Tabnuua 2. Mexrpynnosble pasnuyus pe3ynbTaToB 9KCMPECcUm anonToTuyeckux reHos B TecTe qRT-PCR

pynnel / Groups M 95% [ 195% ClI p
Kacna3za-1/ Caspase-1
KoHtpons / Control -1,703 Ot 4,271 no 0,8644 0,2677
vs. Mogenb / Model From -4,271 to 0,8644
Mogenb / Model vs. GM1 10 mr/kr / GM1 10 mg/kg -0,05339 0O1-2,371 0o 2,264 0,9999
From -2,371 to 2,264
Mogenb / Model vs. GM1 30 mr/kr / GM1 30 mg/kg -0,6259 Ot -3,047 po 1,795 0,8796

From -3,047 to 1,795

Kacnasa-3 / Caspase-3

KoHtponb / Control 0,04697 O1-0,7098 10 0,8038 0,9979
vs. Mogens / Model From -0,7098 to 0,8038
Mogens / Model vs. GM1 10 mr/kr / GM1 10 mg/kg 0,4732 Ot -0,2100 po 1,156 0,2355
From -0,2100 to 1,156
Mogenb / Model vs. GM1 30 mr/kr / GM1 30 mg/kg -0,8247 O1-1,538 00 -0,1112 0,0208*
From -1,538 to -0,1112
Bcl-2
KoHtpons / Control 1,489 Ot -0,5065 no 3,484 0,1742
vs. Mogenb / Model From -0,5065 to 3,484
Mogenb / Model vs. GM1 10 mr/kr / GM1 10 mg/kg 0,5465 Ot -1,206 0o 2,299 0,7919
From -1,206 to 2,299
Mogens / Model vs. GM1 30 mr/kr / GM1 30 mg/kg -0,5757 01-2,423 0 1,272 0,7922

From -2,423 t0 1,272
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OkoHyaHue mabr. 2/ Ending of the Table 2

pynnel / Groups M 95% [N 195% ClI p
BAX
KoHtpons / Control 0,3300 01-0,9970 no 1,657/ 0,8911
vs. Mogenb / Model From -0.9970 to 1.657
Mogenb / Model vs. GM1 10 wmr/kr / GM1 10 mg/kg 0,5025 0O1-0,6953 no 1,700 / 0,6354
From -0.6953 to 1.700
Mogenb / Model vs. GM1 30 wmr/kr / GM1 30 mg/kg -0,4514 O1-1,702 0o 0,7997 / 0,7335
From -1.702 to 0.7997
Note: Cl — confidence interval; M — mean difference.
lpumeyarue: QI — poseputenbHbIin MHTEpBan; M — cpegHee apudMeTnyeckoe.
With regard to inflammatory markers, the modest in-  ADDITIONAL INFORMATION

crease in caspase-1 mRNA levels observed in all ethanol-
treated groups is consistent with evidence that alcohol
intoxication can activate the inflammasome and proin-
flammatory cascades. Nevertheless, the lack of statistical
significance suggests that either the effect is modest or a
larger sample size is required to detect it. Overall, these
findings reveal a complex and somewhat paradoxical ef-
fect of ethanol and GM1 on the expression of genes go-
verning apoptosis and inflammation in the hippocampus.
The key finding is the absence of a clear neuroprotective
effect of GM1 at the transcriptional level in this model,
along with a potential pro-apoptotic effect of the high GM1
dose, which warrants further investigation to elucidate the
underlying mechanisms. Additional experiments, includ-
ing assessment of not only mRNA levels but also active
forms of the proteins studied, as well as histological ana-
lysis, are needed to clarify the overall picture.

CONCLUSIONS

1. When evaluating the effect of ganglioside GM1 on
the transcriptional activity of key apoptosis-related genes
in the mouse hippocampus under conditions of ethanol-
induced neurotoxicity, the expected suppressive effect on
the expression of the studied markers was not observed.
mRNA levels of the pro-apoptotic gene BAX and the anti-
apoptotic gene Bcl-2 did not undergo significant changes.
Similarly, caspase-1 gene expression showed only a sta-
tistically non-significant trend toward an increase.

2.The key finding was the identification of a potential
pro-apoptotic effect of the high dose of ganglioside GM1
(30 mg/kg), which was manifested as a statistically signifi-
cantincrease in mRNA levels of caspase-3, a central effector
of apoptosis.
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ABSTRACT

Background. The severity of foot deformities in embryonic type dysplasia of the great veins of the lower extremities (Klippel-Trenaunay
syndrome) varies depending on the severity of vascular damage. Hypertrophy of the limbs or individual segments can range from
insignificant to extremely pronounced. Klippel-Trenaunay syndrome is often combined with orthopedic pathologies such as macro- and
microdactyly, syndactyly, flat feet, and contractures.

Aim — to analyze the variants of pathological changes in the feet in children with Klippel-Trenaunay syndrome of varying severity.
Materials and methods. The work is based on the results of examining 73 patients with embryonic type dysplasia of the great veins
(ETMGV) aged from 0 to 18 years, who were treated from 2014 to 2024. According to the severity of the pathology, four groups of pa-
tients were identified — with mild, moderate, severe and extremely severe degrees of ETMGV (Klippel-Trenaunay syndrome includes
only moderate, severe and extremely severe degrees of ETMGV).

Data processing was performed using the STATISTICA 6.0 and Excel2007 computer programs.

Results. Patterns of increase in the length and circumference of the feet in patients with Klippel-Trenaunay syndrome were deter-
mined. Statistical analysis of the average difference in foot lengths and the asymmetry coefficient was performed in groups of patients
compiled in accordance with the severity of the syndrome. An increase in the severity of foot length asymmetry was found with an
increase in the severity of Klippel-Trenaunay syndrome. As a result of examination of 73 children, equinus contracture of the feet of the
affected limb was detected by us in 5 patients (6.84%), of which 2 (2.7%) had a severe degree, and 3 (4.1%) had an extremely severe
degree. Split foot was detected in one patient (1.4%) with a severe degree. “Spherical’ foot shape was detected in 3 children (4.1%)
with an extremely severe degree of the syndrome.

Conclusions. Changes in the length and circumference of the foot of the affected lower limb in patients with Klippel-Trenaunay syn-
drome are directly dependent on the severity of the syndrome. Correlations were determined between the severity of the syndrome and
an increase in the size of the limbs (calf circumference, thigh length and overall limb length, foot length and circumference, calf length
and thigh circumference). Variants of changes in the feet were identified according to the degree of expression of cosmetic changes
and changes that impair their function.

Keywords: gigantism, Klippel-Trenaunay syndrome, multiple angiokeratomas, port wine spots, foot deformities
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BapuaHTbl naToNOrM4yecKux MU3MeHeHn cTon y aeTen
¢ cuHgpomom Knunnens-TpeHoHe
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A.T. Becenos', B.B. Habokos', O.H. Bacunbesa’, E.B. Tepexura', H.A. Becenoa?

1 CaHkT-TeTepGyprekuil rocyAapCTBEHHbIN NeauaTpudeckuii MeauumuHcki yHueepcuteT, CaxkT-MetepGypr, Poccus
2 KnuHuka «OHeprus 300poBbsi», CaHkT-MetepBypr, Poccus

PE3IOME

AKTyanbHOCTb. BbipaxeHHOCTb AedhopmaLuii CTON NPy AMCTIa3nui MarucTpanbHbIX BEH HIKHUX KOHEYHOCTEN 3MOPHOHaMNbHOrO TUNa
(cuHopom Knunnens—TpeHoHe) BapbipyeT B 3aBUCUMOCTY OT CTEMEHM TSHKECTU MOPAXEHNS COCYAO0B. [MnepTpodust KOHEYHOCTEN UK
OTZENbHBIX CErMEHTOB KONebrneTcs 0T He3HAUYNTENbHON A0 YPesBblYaliHO BbipaeHHON. CuHapom Knunnens—TpeHoHe Hepeako co-
YeTaeTcs C OPTONEANYECKON NaTONOMMEN: MakpO- 1 MUKPOLAKTUINEN, CUHAAKTUAEN, NNOCKOCTOMMEM W Pa3nNYHbIMU KOHTPaKTYpamu.
Llenb — npoaHanuanpoBaTb BapuaHTbl NATONOrMYECKUX U3MEHEHWA CTOM Y AETEN C CUHAPOMOM Knunnens—TpeHoHe pasfinyHomn
CTEMEHU TSHKECTW.

Matepuansi u meToabl. B pabote ncnonb3oBaHbl pesynbTaTsl 06cnefoBaHns 73 nauneHToB ¢ SMOPUOHamNbHBIM TUMOM AVCnnasu
MarucTpanbHbix BeH (QMBOIT) B Bospacte ot 0 go 18 neT, HaxoaMBLUMXCS Ha NleYeHnn B xupyprudeckon knvunke CI6ITIMY ¢ 2014
no 2024 rop. BoigeneHbl YeTbIpe rpynnbl NaLUEeHTOB MO CTEMEHN TSHKECTN — ferkas, CpeaHss, TSKenas 1 kpanHe Tskenas CTeneHb
OMBOT (cuHapom Knunnens—TpeHOHe BKIOYAET TOMbKO CPEAHION, TSXKENYHO U KpaliHe Tshkenyto ctenenn JMBIT).

[aHHble 0bpabaTbiBany ¢ MOMOLLbH KoMMboTepHbIx NporpamMm STATISTICA 6.0 n Excel 2007.

Pesynbtatbl. OnpefeneHbl 3aKOHOMEPHOCTW YBENUYEHNS AMIMHBI U OKPYXXHOCTW CTOM Y NauueHToB ¢ cuHgpomom Knunnens-Tpe-
HoHe. CTaTUCTUYeCKUIn aHam3 CpeaHen pasHuLbl AMH CTOM U KO3 drLMEHTa acMMETPIUN MPOBOAMICA B rpynnax nalmeHToB, co-
CTaBMeHHbIX B COOTBETCTBUN CO CTEMEHBIO TSHKECTW CMHAPOMA. BbISBMEHO YBENNYEHME BbIPAXKEHHOCTI aCUMMETPUM AMMH CTOM Npy
HapacTaHuM CTeneHn TsHkecTu cuiapoma Knunnens-TpeHoHe. B pesynbTaTe obcnenoBanmns 73 aeTen 3KBUHYCHAs KOHTPaKTypa CTon
MOpPaXeHHOM KOHEYHOCTI oTMevanack y 5 (6,84%) naumeHToB, U3 HUX NpK Tshkenon cTeneHn — y 2 (2,7%), v Npu KpaiHe Tsxenon
crenenn y 3 (4,1%) neten. PacwenneHHas ctona BbisiBiieHa y ogHoro nauyeHTa (1,4%) ¢ Tskenon creneHblo. «LLlapoobpasHasy
thopma ctonbl — y 3 (4,1%) 4eTen ¢ KpanHe TSHKENOW CTENeHb0 CUHAPOMA.

BriBoabl. OTMeyaeTcs npsimas 3aBUCKMOCTb M3MEHEHWNS ANMHBI 1 OKPYKHOCTM CTOMbI MOP&KEHHON HIKHEN KOHEYHOCTY Y MALMEHTOB
¢ cHapomoM Knmnnensi—-TpeHOHe OT CTeneHu TskeCTw cuHapoma. OnpeaeneHbl KOppensauumu yBenvYeHns pasmepa KOHEYHOCTeN
CO CTEMeHsIMU TSKECTW CMHAPOMA. BblgeneHsl BapuaHTbl U3MEHEHWI CTOM MO CTEMNEHN BbIPAXEHHOCTU KOCMETUYECKIX N3MEHEHWI U
U3MEHEHNIA, HApYLLAKOLMX UX DYHKLMIHO.

KnioueBble cnoBa: ruraHTam, cuHapom Knunnens-TpeHoHe, MHOXECTBEHHbIE aHMMOKepaTOMbI, «MOPTBe/HbIE» NATHA, AedopMa-
Lu cTon
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BACKGROUND

In 1900, the French neuropathologists M. Klippel and
R. Trenaunay first described the characteristic symptoms
that constitute the triad of this syndrome [1]. Based on
numerous studies published in the 20th century on dif-
ferent types of limb enlargement, in 1921, Gassel con-
ducted a review of 53 patients with hemihypertrophy [2].

The prevalence of Klippel-Trenaunay syndrome
ranges from one to five cases per 100,000 people, and
sex does not influence the likelihood of its development
[3]. Limb growth is proportional to the general growth
of the child, and vascular anomalies persist through-
out life [4]. These processes may be accompanied by
anomalies of the soft tissues, bones and changes in
limbs length [5, 6]. The main sign of the syndrome is a
triad of symptoms: vascular stains, abnormal varicose
veins, and hypertrophy of the soft tissues and bone
structures, with an increase in the length and volume of
the limb. This syndrome is a manifestation of embryo-
nic-type main vein dysplasia (ETMVD) [7]. According to
the classification by D. Kupatadze, ETMVD can be pre-
sented in mild, moderate, severe and extremely severe
forms [7]. The mild form of ETMVD does not include
all signs of Klippel-Trenaunay syndrome, since there
is no increase in the volume and length of the limb,
therefore, the syndrome includes ETMVD of moderate,
severe, and extremely severe degrees.

The severity of deformities in the syndrome va-
ries depending on the severity of the vascular lesions:
the more serious the vascular involvement, the more
pronounced the deformities. Hypertrophy of individual
limb segments can be either minor or very pronounced.
Since bone tissue is not involved in the pathological
process, only an increase in the limb circumference is
observed. Klippel-Trenaunay syndrome is often ac-
companied by orthopedic pathology, such as macro-
and microdactyly, syndactyly, and flatfoot [8].

According to literature sources [6, 9, 10, 11], the
lower limbs are affected most often: an increase in the
volume and length of the foot is noted, and less often,
lengthening of the entire limb. These changes may lead to
secondary deformities of the spine, pelvis, adjacent joints,
and symmetrical limbs, which disrupts biomechanics and
functions. It is clear that, in the absence of timely correc-
tion, a number of orthopedic complications may occur.

Despite a large number of studies on the treatment
of vascular malformations, orthopedic disorders are con-
sidered concomitant pathologies that receive insufficient
attention, especially regarding the possibility of their ortho-
pedic correction. Issues related to pathological changes
of the feet and the planning of the scope and stages of
surgical orthopedic therapy remain insufficiently covered.

Hypertrophy of the lower limbs occurs in 95% of ca-
ses [12-15] and manifests as an increase in their length

and/or circumference [13]. In the literature, descriptions
of foot deformities and enlargement are general in nature,
without detailed specification [16-18]. In patients with
moderate Klippel-Trenaunay syndrome, changes in foot
configuration are observed, accompanied by moderately
pronounced cosmetic imperfections. Consequently, there
were no indications for surgical orthopedic correction.

Changes in foot configuration in children

with severe Klippel-Trenaunay syndrome
Changes in foot configuration in children with se-

vere degree of the disease were divided by us into two

levels according to objective cosmetic criteria.

*  Moderately pronounced changes were defined as
those that do not create a significant cosmetic de-
fect and do not interfere with the choice and use of
footwear.

*  Pronounced changes were defined as foot configu-
rations that cause a significant cosmetic defect and
reduce the child’s quality of life.

In case of significant foot enlargement associated
with uneven load distribution on the lower limbs and im-
paired weight-bearing function of the affected limb, the
gait pattern changes. Over time, these changes may
cause scoliotic deformation and early development of
arthrosis in the lower limbs.

The most pronounced changes in foot configuration
were observed in children with extremely severe Klip-
pel-Trenaunay syndrome. In the region of the dorsal
and plantar surfaces of the feet, an excess volume of
soft tissues, including subcutaneous fat and vascular
malformations, was observed. The soft tissues were
distributed unevenly, giving the foot a spherical shape.
In three patients with an extremely severe degree of the
syndrome, a spherical shape of the foot on the affected
limb was observed. Dysplastic changes involved all soft
tissues of the foot, lower leg, and thigh. As a result, these
patients experienced constant pain syndrome, and in an
upright position they could remain for no more than three
minutes without the use of compression hosiery (Table 1).

MATERIALS AND METHODS

This study is based on data obtained from the ex-
amination and treatment of 73 patients with embryonic-
type main vein dysplasia (ETMVD) aged 0-18 years,
who were treated between 2014 and 2024 in the surgi-
cal departments of Pediatric University.

The severity of embryonic-type main vein dyspla-
sia was determined according to the classification of
D.D. Kupatadze. It should be noted that this classifi-
cation is aimed at systematizing vascular changes in
this pathology and is widely used by pediatric vascu-
lar surgeons for planning the correction of the vascu-
lar component. However, pathological changes in the
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Table 1. The frequency of cosmetic defects of the feet and the frequency of violations of the “support” of the feet, depending on the severity of vascular
pathology

Tabnuua 1. Yactota KOCMETUYECKMX AedeKToB CTON W YacToTa HapyLIEHWs «OMOPHOCTUY CTOM B 3aBUCUMOCTW OT CTEMEHN TSHKECTU COCYAUCTOM
naronoruu

Matonoruyeckue nameHenns cron / Pathological changes in the feet
CreneHb TSHXXECTV AUCNNa3vi MarucTpanbHbIx
BeH aMbpuoHansHoro Tvna / YacToTa KoCMeTUYeCKUX AedekToB / HapYLLEHNS! «OMOPHOCTI» CTOMbI /
Degree of severity embryonic type dysplasia frequency of cosmetic defects violations of the “support” of the foot
of the great veins , p
YMEPEHHO BbIpaxeHHbIE / BbIpaXeHHble / cpenHeil cTenenn / | Tskenow ctenenn /
moderate symptoms expressed medium degree severe degree
Jlerkas / Light 0 0 0 0
> CpepnHen TsxecTu / 9(12,3%) 0 3 (4,1%) 0
= Moderate severity
s 20
§[.|C—IL§ E Tsxenas / 5(6,2%) 17 (23,3%) 21(28,8%) 5(6,2%)
T =52 | Severe degree
cgg®
=< KpaitHe Tsxenas / 0 7(9,6%) 0 7(9,6%)
2 Extremely severe degree

Table 2. Severity of pathology in children with embryonic type of great vein dysplasia, depending on gender and clinical picture of Klippel-Trenaunay
syndrome

Tabnuua 2. CTeneHu TSHKECTU NOPaXEHUs Yy [eTelt ¢ IMOPUOHabHBIM TUMOM AUCIIA3UK MarucTpanbHbIX BEH, B 3aBUCUMOCTI OT NOMa U KNuHKYe-
CKOM KapTuHbl cuHapoma Knunnens—TpeHoHe

CB?;,:: ';(f)%i)gf:;: / KnuHnyeckas kapTuHa / Clinical picture G'l%ér
TNerkas / Light 1. « nagkue» cocyamcTble natHa. / “Smooth” vascular spots. M| X
2. ATUnu4Hble, 3M6pUOHanbHbIe BEHbI (B Npeaenax CErMeHToB KOHEYHOCTH). /
Atypical, embryonic veins (within the segments of the limb).
Cpephss, 3,4, 5,6 — 3. CUMMeTPNYHOE YBENUYEHNE OKPYXKHOCTU KOHEYHOCTH / 7| 4
JOMOMHUTENBHO K Npeablay- Symmetrical increase in limb circumference.
Wym cumntomam / 4. HecummeTpuuHas runeptpocons. / Asymmetrical hypertrophy.
Average 3,4, 5,6 — 5. Byrpuctble cocyaucTble naTHa. / Tuberous vascular spots.
in addition to the previous 6. MeCTHbI CMHAPOM AMCCEMUHUPOBAHHOMO BHYTPUCOCYANCTOrO CBEPTLIBAHMS. /
symptoms Local disseminated vascular coagulation syndrome.
Co0TBETCTBYET KNMHNYECKOI kapTuHe cuHapoMa Knunnensi—TpeHoHe /
Corresponds to the clinical picture of Klippel-Trenaunay syndrome
2 Tsxenas, 7, 8,9, 10, 11,12, | 7. TuraHtam cton, MakpokpogakTunus. / Foot gigantism, macrodactyly. 16 | 14
% o | 13,14 — pononHutensHo 8. «OnedaHTnasy. / “Elephantiaz”.
= 2 | knpegbiaywmm cumntomam /| 9. KontpakTypel. / Contractures.
é S | Severe7,8,9,10, 11, 12, 10. HapyLweHus yHKUuM koHeuHocTw. / Limb function disorders.
8 8 | 13, 14 — in addition to the 11. MNMopaxeHue TkaHei ABYX KOHEYHOCTeN n bonee. /
€< previous symptoms Damage to the tissues of two or more limbs.
% 2 12. OMOprOHanbHbIE BEHbI PACTPOCTPAHAKOTCS Ha BCHO KOHEYHOCT. /
3£ Embryonic veins spread to the entire limb.
:C::% (%, 13. MopaxeHune coCyA0B OpraHoB Marnoro Tasa. /
3 = Damage to the vessels of the pelvic organs.
e s 14. PacnpocTpaHeHHbI CUHAPOM [IMCCEMUHUPOBAHHOTO BHYTPUCOCYAMCTOrO CBEPThIBAHNS. /
E P A common disseminated vascular coagulation syndrome.
g e COOTBETCTBYET KMMHWYECKOI KapTuHe cuHapoMa Knunnensi—TpeHoHe /
§ Té_ Corresponds to the clinical picture of Klippel-Trenaunay syndrome
qg’ é‘ KpaiiHe Tsxenas, 15, 16, 15. Ypopytowwas runeptpodms koHeuHocTw. / Disfiguringlimb hypertrophy. 51 2
% 17, 18, 19 — pononHutensHo | 16. «BeHosHble coTbi» Ha roneHu. / “Venous honeycombs” on the lower leg.
x K npedbliayLym cumntomam /| 17. FonoBOKpYeHWE, KONnanTouaHble COCTOSHUS, NOTeps CO3HAHMS MOCMe KpaTKoBpe-
Extremely severe 15, 16, 17, MEHHON X0b0bl 63 anacTUYHbIX OUHTOB. /
18, 19 — in addition to the Dizziness, collaptoid states, loss of consciousness after short-term walking without
previous symptoms elastic bandages.
18. MeneHa u rematypus. / Melena and hematuria.
19. Knctbl n numdaHrnombl GpIoLLIHOI: NONOCTY 1 3aBpHOLUMHHOTO NPOCTPaHCTBa. /
Cysts and lymphangiomas of the abdominal cavity and retroperitoneal space.
Co0TBETCTBYET KNMHWNYECKO kapTuHe cuHapoMa Knunnens—TpeHoHe /
Corresponds to the clinical picture of Klippel-Trenaunay syndrome




limbs are described schematically in this classification
and are not fully characterized, which limits its use for
assessing orthopedic disorders.

Thus, in our study, a detailed analysis of foot pa-
thology was performed in patients with each degree of
disease severity to develop prospective plans for the
scope and stages of surgical orthopedic correction.

Of 73 patients, 11 children had mild ETMVD
(10.9+1.7 years), 25 children had moderate ETMVD
(13.0£0.65 years), 30 children had severe ETMVD
(10.2+0.7 years) and 7 children had extremely severe
ETMVD (8.9+2.4 years).

In Table 2, the patients are distributed accor-
ding to the D.D. Kupatadze classification depending
on the severity of EMTVD and sex. The severity levels
of EMTVD corresponding to the clinical presentation of
Klippel-Trenaunay syndrome are also highlighted.

The circumference of the forefoot was measured
using a tape at the level of the metatarsophalangeal
joints. Foot length was assessed using the Fridland
method: the foot was placed on a clean sheet of paper,
and its contours were outlined with a pencil in a vertical
position. Then, the foot length was measured along the
contour from the tip of the toes to the posterior end of
the heel using a ruler or measuring tape.

When analyzing the results, not only the difference
between the healthy and affected foot was considered,
but the asymmetry coefficient (AC) was also calculated:

AC = (L2-L1)-100/L1,

where L1 is the length of the affected foot (the larger
measurement); L2 is the length of the normal foot (the
smaller measurement). In addition to length measure-
ment, the contourgram made it possible to determine
the enlargement of individual rays and to draw conclu-
sions about the form of foot involvement. The height of
the longitudinal arch of the foot, defined as the vertical
distance from the floor to the highest point of the plan-
tar surface (area of the navicular bone), was used to
assess the condition of the arch. Then, the Friedland
podometric index (FPI) was calculated:

FPI = (foot height - 100) / foot length.

FPI interpretation:

* more than 31 — high arch;

from 31 to 29 — normal arch;

from 29 to 27 — lowered arch;

from 27 to 25 — flatfoot;

less than 25 — pronounced flatfoot.

These measurements were obtained in adolescents
with completed foot growth and without pronounced
excess soft tissue in the plantar area. In preschool- and
primary school-age children, normative data for arch
height do not exist. All measurements were performed

in the standing position with weight. The determination
of hindfoot pronation (heel pronation) was carried out as
follows: an axis was drawn along the posterior surface
of the leg through the midline of the Achilles tendon to
the middle of the calcaneal tuberosity. Deviation of the
axis outward from the vertical line indicated the angle
of pronation of the hindfoot, i.e., the heel. Under normal
conditions, the heel axis coincides with the plumb line
drawn through the middle of the Achilles tendon.

Instrumental methods of orthopedic examination

To diagnose foot pathology, different instrumental
methods were used. Radiography was performed us-
ing Philips CombiDiagnost R90 (Germany). By allowing
the assessment of the bone structures of the foot of the
affected limb, radiography helped to identify the pre-
sence of true hypertrophy. The study was conducted on
symmetrical areas of the both limbs in order to perform
a comparative analysis.

The vessels were examined using a GE Innova
3100 (USA). Phlebography was necessary for a com-
prehensive examination of the main veins in children.
Fig. 1 shows the pathological venous bed of the limb.

Ultrasound examination of the vessels and soft tis-
sues was performed using a Philips Affiniti 50 appara-
tus (Netherlands). An ultrasound image of the patho-
logical changes in the vein bed is presented in Fig. 2.

13619.2.167.32640.6441.62107.1453440422.15.13
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Fig. 1. Phlebography of the left lower limb of patient Ch., 1 year
8 months; Diagnosis: embryonic type dysplasia of the great veins of the
left lower extremity. The lateral embryonic vein is indicated by single ar-
rows; the hypoplasia of the popliteal segment of the deep femoral vein
is indicated by a double arrow

Puc. 1. ®neborpacdns neBoit HXHe KOHeYHOCTH nauuenTa Y., 1 rof
8 mecsues. [lnarHo3: Aucnnasuns MarucTparnbHbIx BeH 3MOPUOHaNbHOMO
TMNa NEBOI HUKHE! KOHeYHOCTW. JlaTepanbHas aMbproHanbHas BeHa
0603HaueHa OfWHapHbIMK CTPenKkamy; rUnonnasms MOAKONEHHOro
cermeHTa rnybokoil 6eapeHHol BeHbl 0603Ha4eHa JBONHON CTPENKOI
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Fig. 2. Ultrasound of the veins of the upper third of the lower leg, pa-
tient Ch., 10 years old. Diagnosis: embryonic type dysplasia of the
great veins of the left lower extremity. The lateral embryonic vein is
indicated by a single arrow; the dilated tributaries of the embryonic vein
are indicated by double arrows

Puc. 2. YnbTpa3sBykoBoe uccrefoBaHUe BEH BEPXHEN TPETU rONeHwu,
nayveHt Y., 10 net. Aucnnasns maructpanbHbIX BEH NEBON HBKHEN
KOHeYHocT ambpuoHanbHoro Tuna. flatepanbHas amOpuoHanbHas
BeHa 0603HayeHa OAWHAPHOW CTPENKOW; AUNaTMPOBaHHbIE MPUTOKM
9MOpKOHarnbHO BeHbl 0603Ha4€eHb! 4BOHBIMI CTPENkamm

Klippel-Trenaunay syndrome may be diagnosed
after birth according to phenotypic signs. To confirm the
diagnosis, patients underwent ultrasound examination
of the lower limb vessels and venography. The main
pathological changes in the surface veins were de-
termined during ultrasound examination, including an
excessively pronounced and tortuous venous network
with varicose changes and the presence of embryonic
lateral veins. In the deep veins, hypoplasia of the popli-
teal segment of the femoral vein of varying severity was
found; similar data are reported in the literature [11].

Phlebography of the affected limb was performed
in all patients. The main aim of this examination was to
confirm the diagnosis. Additionally, the deep veins were
assessed in order to plan potential surgical operations
involving the superficial veins, the lateral embryonic
vein and the deep veins. The literature also reports the
use of these methods for clarification and preoperative
planning [12-14].

Statistical analysis

The normality of the distribution of variables was
assessed using kurtosis and skewness indices, which
characterize the shape of the Gaussian distribution curve.
Parametric statistical methods, including the calculation of
Student’s t-test, were used to process the results, as the
distribution of values in the samples was close to normal.

For variables with a continuous distribution, the
arithmetic mean (M) and the standard error of the mean
(m) were calculated, whereas for variables with discrete
values, the frequency of occurrence was determined.

For correlation analysis, Pearson correlation coef-
ficient was used, taking into account its absolute value

ISSN 2079-7850 (Print)

and the level of statistical significance, which depends
on the sample size and allows the assessment of suf-
ficiently strong correlations.

Data processing was performed using STATISTICA 6.0
and Microsoft Excel 2007.

RESULTS AND DISCUSSION

During the study, pathological changes in the feet
of children with various degrees of EMTVD were ana-
lyzed: mild, moderate, severe, and extremely severe.

Foot changes in mild embryonic-type
main vein dysplasia

Eleven children with mild EMTVD were examined.
In 6 adolescents (13 years old — 1 individual, 14 years

Fig. 3. Patient A, 8 years old, diagnosis: in embryonic type dysplasia
of the great veins of the lower extremities moderate severity. Increase
in length and circumference of toes IlI, IV, and V

Puc. 3. MayweHt A., 8 net, ¢ AMarHo3om: AMCNnasus MarucTparnbHbIX
BEH 3MOPWOHANLHOMO TUNa CpefHEeN CTEMEHN TSXECTW. YBEnuyeHue
AnuHbl 1 okpyxHocTh L, IV 1 V nanbLes cTonbl

Fig. 4. Patient B., 4 years old. Diagnosis: in embryonic type dysplasia
of the great veins of the lower extremities moderate severity. In patients
with moderate severity, an increase in the forefoot was recorded with
an increase in the circumference and length of the fingers

Puc. 4. Mauvent b., 4 ropa. narHos: gucnnasns maructpanbHbIX
BEH HWKHEN KOHEYHOCTW 3MOPUOHAmNbHOTO TUNa, CpegHel cTeneHu
TAXECTH. Y naLneHTa co cpeaHeil CTeneHbio TAXECTH 3athUKCUpOBaHO
yBENUYeHne nepefHero oTgena CTOMbl, OKPYXHOCTM U ANWHbI
nanbLeB
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old — 2 individuals, 15 years old - 2 individuals, and
16 years old — 1 person), a decrease in the height of
the longitudinal arch of the foot was revealed. In the
remaining five cases, no foot pathology was observed.

Foot changes in moderate embryonic-type main

vein dysplasia (Klippel-Trenaunay syndrome)
Twenty-five children with moderate Klippel-Tre-

naunay syndrome were examined. Among them:

+ in 12 adolescents, a decrease in the height of the
longitudinal arch of the foot was revealed;

* in 4 patients, a valgus foot position was found;

*+ in 5 patients, an increase in the length and circum-
ference of one or more toes was noted (Fig. 3);

* in 3 patients, an enlargement of the forefoot with
an increase in the circumference and length of the
toes was recorded (Fig. 4);

* in one child, pachydermodactyly was registered —
an increase in skin thickness without a significant
change in the thickness of the subcutaneous fat.

Foot changes in severe embryonic-type main vein

dysplasia (Klippel-Trenaunay syndrome)

Thirty patients with severe Klippel-Trenaunay syn-
drome (severe ETMVD) were examined.

In children with severe Klippel-Trenaunay syn-
drome, pathological changes in the feet were more
pronounced:

+ adecrease in the height of the longitudinal arch of
the affected foot was found in 4 adolescents;

+ avalgus foot position was detected in 2 patients;

* in 7 children, an enlargement of the forefoot com-
bined with a uniform increase in the toe circumfe-
rence was observed (see Fig. 3);

* in 5 patients, an enlargement of individual rays of
the foot was recorded (Fig. 5);

B
Fig. 5. Patient A., 5 years old. Diagnosis: in embryonic type dysplasia

of the great veins of the lower extremities severe severity. Enlargement
of rays | and Il of the right foot

Puc. 5. Mauuent I., 5 net. [narHos: aucnnasus maructpanbHbIX
BEH HWKHE KOHEYHOCTM 3MOPUOHANBHOTO TUMA TSXENOW CTeneHu.
YBenuyerwe | 1 |l nyyeit npaBoi cTonbl
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Fig. 6. Patient G., 7 years old. Diagnosis: in embryonic type dysplasia of
the great veins of the lower extremities severe severity. Splitting the left foot

Puc. 6. Maument I, 7 net. [lnarHo3: gucnnasans MaructpanbHbiX
BEH HWKHEN KOHEYHOCTW 3MOPUOHAMbHOTO TUMa TXEnoi CTeneHu.
BapuaHT paclyennenus neeoii CTonbl

Fig. 7. Patient N., 11 years old. Diagnosis: in embryonic type dysplasia
of the great veins of the lower extremities severe severity. Increase
in the circumference of all parts of the right foot, with a slight increase
in length and circumference of the fingers

Puc. 7. MayueHt H., 11 net. [uarHo3: Aaucnnasus MaructparbHbIX
BEH HWKHEN KOHEYHOCTU 3SMOPMOHANBHOTO TWMA TSHKENON CTEMEHM.
YBenuueH1e OKPYXKHOCTW BCEX OTAENOB NPaBOW CTOMbI C HE3HAYNTENBHBIM
YBEMUYEHNEM JTMHbI 11 YBENNYEHNEM OKPYKHOCTYW NanbLeB

Fig. 8. Patient K., 13 years old. Diagnosis: in embryonic type dysplasia
of the great veins of the lower extremities severe severity. Equinus
contracture of the left foot

Puc. 8. Mauwvent K., 13 net. [narHo3: aucnnasus maructpanbHbIX
BEH HWXHEN KOHEYHOCTW 3MOPUOHAmNbHOMO TUMA TSIKENON CTeneHu.
OKBWHYCHas KOHTPaKTypa neBoii CTOMbI
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* in 4 patients, an increase in the toe circumference
was noted, mainly due to vascular malformations of
the soft tissues;

* in 2 children, an enlargement of individual rays of
the foot combined with clinodactyly was revealed;

+ in one patient, a deformity resembling a split-foot
type was found (Fig. 6);

« in 3 patients, an increase in the circumference of
all parts of the foot with a slight increase in length,
as well as an increase in the circumference of all or
several toes, was noted (Fig. 7);

« equinus contracture of the affected foot was de-
tected in 2 children (Fig. 8).

Foot changes in extremely severe

embryonic-type main vein dysplasia (Klippel-

Trenaunay syndrome)

Seven patients with extremely severe Klippel-Trenau-
nay syndrome (extremely severe EMTVD) were examined.
In this group, foot pathology was most pronounced:

* in the region of the dorsal and plantar surfaces of
the feet, an excessive volume of soft tissue was
observed, including subcutaneous fat and vascular
malformations; the soft tissues of the foot were dis-
tributed unevenly;

+ uneven enlargement of all parts of the foot com-
bined with total syndactyly of the Il, I, and IV toes
was found in 1 patient (Fig. 9);

« a«spherical» shape of the foot of the affected limb
was noted in 3 patients (Fig. 10);

* equinus contracture of the foot was detected in 3
patients, and the contracture was rigid in nature.
The frequency of identified foot changes in patients

with EMTVD is presented in Table 3.

Fig. 9. Patient S., 3 years old. Diagnosis: in embryonic type dysplasia
of the great veins of the lower extremities extremely severe severity.
Uneven enlargement of all parts of the right foot with a total form

Puc. 9. Mauwent C., 3 roga. [lnarHo3: aucnnasus maructpanbHbIX
BEH HVKHEN KOHEYHOCTM 3IMOPMOHANBHOTO TWUMa KpaiHe TsHKenow
cTeneHn. HepaBHOMEPHOE yBENUYEHNE BCEX OTAEMNOB NPaBOW CTOMbI
C TOTanbHoM hopmon

It was found that the circumference of the lower
leg, thigh lengh and total limb length showed statisti-
cally significant positive correlations with the severity
of Klippel-Trenaunay syndrome (p <0.001). Also, lower
leg length, thigh circumference, foot length and circum-
ference were positively correlated with disease severity
(p =0.01). No statistically significant association was
found between patient age and the severity of the syn-
drome (r=0.13, p >0.05).

CONCLUSION

1. Thirteen types of pathological foot changes were
identified;

2. Indications for surgical treatment were established
in children with severe (21) and extremely severe (7) Klip-
pel-Trenaunay syndrome.

3. Lower leg length, thigh circumference, and foot
length and circumference showed significant positive cor-
relations with disease severity (p < 0.01).

4. No statistically significant association was found be-
tween syndrome severity and patient age (r=0.13, p > 0.05).

5. The differentiation of pathological changes depen-
ding on the severity of cosmetic and functional changes in
the feet contributes to optimizing the choice of orthopedic
surgical correction in the future.

Our study revealed a diversity of pathological changes
in the feet of children with different severity levels of Klip-
pel-Trenaunay syndrome. Statistically significant correla-
tions were found between foot length and circumference,
as well as between lower leg length, thigh circumference,
lower leg circumference, thigh length, total limb length, and
syndrome severity.

Based on the obtained results, a classification of patho-
logical changes according to the severity of cosmetic and
functional foot disorders has been proposed. This approach
may serve as a guide for determining the indications and
surgical strategy for future orthopedic correction.

-
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Fig. 10. Patient S., 15 years old. Diagnosis: in embryonic type dyspla-
sia of the great veins of the lower extremities extremely severe severity.
“Ball-shaped” form of the right foot

Puc. 10. Maument T., 15 net. [lnarHo3: gucnnasus marmcTpanbHbIX
BEH HWKHEN KOHEYHOCTM 3MOPMOHANbHOTO TWNa KpaiHe TshKenom
crenehu. «LLapoobpasHasy dopma npasoi cTombl




Table 3. Frequency of pathological changes in the feet of children with dysplasia of the great veins of the lower extremities of varying severity

lippel-Trenone syndrome

Tabnuua 3. Yactota natonoruyeckmx M3MEHeHU cTon y AeTen ¢ aucnnasueil MarucTpanbHbIX BEH HUXHEN KOHEYHOCTH 3M6pVIOHaJ'IbHOI'O TMna

pa3nunyHon creneHn Taxect CuHgpom Knunnens—TpeHoHe

CreneHb TSHKECTW AUCTINasuen MarucTpanbHbIX BEH HINKHEN
KOHEYHOCTW aMOpHOHanbHoro Tna /
Severity of embryonic type dysplasia of the main veins
XapakTep 13meHeHnin / The nature of the changes of the lower extremity
nerkas / cpegHss/ | Takenas/ | kpawHe Tsxenas /
light average severe extremely severe
CHwxeHme BbICOTbI NPOLOMBHOTO CBOAA CTOMbI / 6(8,2%) | 12(16,4%) 4 (5,4%) *
Lowering the height of the longitudinal arch of the foot
BarnbrycHas yctaHoBka nopaxeHHoi ctonsl / Valgus of the affected foot 0 4 (5,4%) 2(2,7%) 0
YBENuYeHne ANnHbI U OKPYXKHOCTM OAHOTO I HECKOBKWX NnarnbLes / 0 5 (6,2%) 0 0
Increasing the length and circumference of one or more fingers
Maxuoepmopaktunus / Pachydermodactyly 0 1(1,4%) 0 0
YBenuuyeHve nepeHero 0Taena CTonbl ¢ YBENUYEHNEM OKPYXKHOCTEN NanbLeB / 0 3 (4,1%) 7(9,6%) 0
Enlargement of the forefoot with an increase in the circumference of the fingers
YBenuyeHue oTaenbHbIx nyyeir / Magnification of individual beams 0 0 5(6,2%) 0
YBenn4eHne OKpYHOCTY MarbLEB 3a CYET COCYANCTLIX ManbdopmaLui / 0 0 4 (5,4%) 0
Increased finger circumference due to vascular malformations
YBenuyeHue oTAeNbHbIX NyYen B COYETaHUN C KMHOAAKTUINEN / 0 0 2(2,7%) 0
Magnification of individual rays in combination with clinodactyly
PacuwennenHas crona / Split foot 0 0 1(1,4%) 0
YBenuuyeHne Bcex OTAESOB CTOMbl C HE3HAYUTENbHBIM YBENMYEHNEM ANWHbI 0 0 3 (4,1%) 0
11 OKPYXXHOCTW NarnbLes /
Enlargement of all parts of the foot with a slight increase in the length and cir-
cumference of the toes
OKBUHYCHas KOHTpakTypa / Equinus contracture 0 0 2(2,7%) 3 (4,1%)
HepaBHoMepHOe yBenuyeHe BCex OTAENOB CTOMbl C CUHAAKTUNMEN HECKOMbBKIX 0 0 0 1(1,4%)
nanbues /
Uneven enlargement of all parts of the foot with syndactyly of several fingers
«LLlapooBpasaHas» chopma cronbl / The «spherical» shape of the foot 0 0 0 3 (4,1%)

* It was not possible to evaluate the height of the longitudinal arches of the feet in patients with extremely severe vascular pathology due to the excess volume of soft

tissue in the plantar surface area.

* [MposecTtu OLEHKY BbICOTbI NPOAObHbIX CBOAOB CTON Y NALNEHTOB C kpaitHe TshKernoil CTeneHblo COCyﬂMCTOIﬁ naTonoruy He npeacTaBNANoCb BO3MOXHbLIM B CBA3M C

130bITOYHLIM 06BEMOM MSTKIX TKaHe! B 061acTv NOLOLIBEHHON NOBEPXHOCTH.
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OOMOJIHUTENNIbHAA UHOOPMALUA

Bknap aBTOpOB. BCe aBTOpPLI BHECAN CYLLECTBEH-
HbI BKNag B pa3paboTky KOHLEeNUun, NpoBeAeH e 1c-
CnefoBaHNs W MOLTOTOBKY CTaTbM, NPOYM 1 0fobpu-
nn 1HanbHy Bepcuto nepes nybnukaumen.

KoHdhnukT nHTepecoB. ABTOpbI 3asBNsOT 06 OT-
CYTCTBWW KOH(NNKTA MHTEPECOB.

WUcTouHuk dpuHaHcupoBaHus. VccnenosaHne He
MMEsIo CMOHCOPCKOM NOAAEPKKN.

dtnyeckas akcneptu3sa. [lpotokon obcnegosa-
HWA 1 neveHus aeten ogobpeH nokanbHbIM 3TUYECKUM
KOMUTETOM.

WHdopmupoBaHHOe cornacue Ha nyonuka-
umto. MonyyeHo cornacve NaLMeHTOB (MX NpeacTaBu-
Teneit) Ha 06paboTky v Nybnnkaymio nepcoHanbHbIX
AaHHbIX.
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Anti-addictive potential of the dual incretin receptor agonist
tirzepatide in a model of emotional overeating induced
by intracranial self-stimulation
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Andrey G. Vasiliev', Petr D. Shabanov', Dmitry A. LebedeV'
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ABSTRACT

Background. The incretin system (GLP-1 and GIP) plays a key role in the regulation of energy metabolism and feeding behavior.
Recent research has demonstrated that incretin receptor agonists can modulate not only metabolic processes but also neuronal
mechanisms of reward, highlighting their potential use in managing impulsive and addictive disorders.

Aim — to assess the effect of the dual incretin receptor agonist tirzepatide on operant and feeding behavior in rats in the intracranial
self-stimulation (ICSS) test.

Material and methods. The experiment involved 24 male Wistar rats. Tirzepatide was administered subcutaneously (s.c.) at doses
of 0.05, 0.10, and 0.30 mg/kg once daily for 7 days. Behavioral testing was performed 1 hour after injection, including the ICSS test
(number of lever presses per minute) and the feeding test (number of seeds eaten per minute). Statistical analysis was performed using
the Kruskal-Wallis test followed by Dunn'’s post hoc test (p <0.05).

Results. A single administration of tirzepatide produced no significant differences compared with control (H=3.5; p=0.38). On day 3,
a significant reduction in lever-pressing was observed at 0.30 mg/kg (approximately 15-20% below control; H=13.69; p <0.001; Dunn
p <0.01) along with a decrease in food intake (H=9.64; p <0.05; Dunn p <0.05). By day 7, a stable dose-dependent suppression of both
operant and feeding behavior was recorded (ICSS: H=13.13; p <0.01; feeding: H=14.16; p <0.01) with significant differences at 0.10
and 0.30 mg/kg.

Conclusion. Repeated administration of tirzepatide, a dual incretin receptor agonist, produces a pronounced dose- and time-dependent
reduction in motivational and feeding activity in rats.

Keywords: incretins, tirzepatide, GLP-1, GIP, brain self-stimulation, reward system, impulsive behavior, addictive behavior
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AHTUMAAAWKTUBHBLIW NOTEeHLMan ABOMHOIO aroHMCTa
UHKPETUHOBLIX PeLienTopoB TMp3enaTuaa B Tecte
Ha 3MOLMOHaNbHOEe nepeeaaHune, Bbi3BaHHOE
BHYTPUMO3roBOW CaMOCTUMYNSILMEN

H.C. fepanuwaunu’, C.C. Mopeees’ 2, A.A. Jlebener?,
A.l. Bacunwes', M.1. LLa6aHos', [1.A. le6enes’

1 CaHkT-MeTepOyprekuii rocyAapCcTBEHHbIN NeauaTpuieckinit MeanUmMHCKuiA yHuBepcuTeT, CaHkT-MeTepbypr, Poccust
2 HCTUTYT aKenepuMeHTanbHol MeauLnHbl, CaHkT-MeTepbypr, Poccus

PE3IOME

AkTyanbHocTb. /HkpeTnHOBas cuctema (GLP-1 1 GIP) urpaet KntodeByto ponb B perynsiLum 3HepreTuieckoro 0OMeHa v nnLLeBoro
noseaeHus. COBpeMeHHbIe UCCrefoBaHMs NOKa3blBaOT, YTO arOHWUCTbI MHKPETUHOBBIX PELENTOPOB CMOCOOHLI ONOCPefoBaHHO 13-
MEHSITb He TONMbKO MeTabonMYeckie NPOLECCHI, HO U HEMPOHANbHbLIE MEXaHU3Mbl BO3HArpaXaeHusl, YTo OTKpbIBAET NEPCNEeKTUBLI NX
NPUMEHEHNS MPY HAPYLLIEHWUSIX UMMYNBCUBHOTO U aAAMKTUBHOTO NMOBEAEHNS.

Llenb nccnepoBaHnst — OLEHUTb BAWSIHIE ABOMHOTO aroH1CTa MHKPETUHOBLIX PELIENTOPOB TUP3enaTuaa Ha NoKkasaTeny OnepaHTHO
W MWLLIEBOIN aKTUBHOCTY Y KPbIC B TECTE CAMOCTUMYNIALMMA MO3ra.

Matepuanki 1 MmeToAbl. B akcnepumeHTe ncnonb3oBaHbl 24 camua KpbIc iHUM BucTtap. Mpenapat BBOAWUW NOAKOXKHO (S.C.) B 403aX
0,05; 0,10 1 0,30 mr/kr oguH pa3 B CyTKuW B Te4eHue 7 gHelr. Yepes 1 yac nocne BBeEeHUS NPOBOAUNM TECT BHYTPUMO3roBOI CaMOCTH-
mynsigum (ICSS) n TeCT NULLEBOrO NOBEAEHNS (KONMYECTBO ChbeAEHHBIX CeMsH 3a 1 MUH). [Ins CTaTUCTUYECKOrO aHanmaa NpUMEHSN
HenapameTpuyeckuin kputepuin Kpackena—Yonnuca ¢ nocnegyoLmm nocT-xok Tectom [lanHa (p <0,05).

PesynbTathbl. [Mocrne ogHOKpATHOTO BBEAEHMS Tp3enatuaa pasnuuuii ¢ KOHTponieM He BbisieneHo (H=3,5; p=0,38). Ha 3-u cyTku
Habnoganock JOCTOBEPHOE CHUKEHME KOMMYECTBA HaxaTuii Ha neganb npu gose 0,30 mr/kr (Ha ~15-20% Hke koHTpons; H=13,69;
p <0,001; Dunn p <0,01) n ymeHbLweHne notpebnerus nuwm (H=9,64; p <0,05; Dunn p <0,05). Ha 7-e cyTku BbISIBNEHO CTOKOE
[0303aBMCYMOE CHWKEHWE KaK ONepaHTHOW, Tak 1 nueBoi aktueHocTu: ICSS (H=13,13; p <0,01) n nuwesoe nosegexme (H=14,16;
p <0,01), gocToBepHble pasnuuns npu gosax 0,10 1 0,30 mr/kr.

BbiBogA,. [10BTOpPHOE BBEAEHWE ABONHOMO AroH1CTa MHKPETUHOBBIX PELLENTOPOB TUP3enaTiaa Bbi3biBaET BblpaXXEHHOE 1030- U BpEMeE-
3aBMCUMOE CHIKEHWE MOTUBALMOHHOM 11 MALYEBONA aKTUBHOCTU Y KpbIC.

KntoueBble cnoBa: uHkpeTuHbl, TMp3enatua, GLP-1, GIP, camocTumynsiuMst moara, cucTemMa BO3HArpaxaeHusi, MMMysbCUBHOE
rnoBefeHve, afauKTMBHOE NOBefeHe
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BACKGROUND

Incretins are a group of hormonal peptides of the
gastrointestinal tract that are secreted in response to
food intake and enhance glucose-dependent insulin
secretion by pancreatic B-cells [1]. The main repre-
sentatives of the incretin system are glucagon-like
peptide-1 (GLP-1) and glucose-dependent insuli-
notropic polypeptide (GIP), which are synthesized by
enteroendocrine L- and K-cells of the small intestine,
respectively [2]. After being secreted into the blood-
stream, incretins provide fine regulation of energy and
carbohydrate metabolism by coordinating the interac-
tion between the gastrointestinal tract, pancreas, cen-
tral nervous system, and peripheral target organs [3].

Incretins increase insulin release in response to
oral glucose administration compared with intrave-
nous administration at the same blood glucose con-
centration. This effectis observed due to the combined
action of GLP-1 and GIP (Fig. 1), which enhances in-
sulin secretion and decreases glucagon production.
These effects contribute to the homeostatic control of
blood glucose levels [2].

Glucagon-like peptide-1 (GLP-1) is synthesized
by proteolytic cleavage of the precursor progluca-
gon (PPG), which is expressed in enteroendocrine
cells of the distal small intestine and the pancreas.
Glucose-dependent insulinotropic polypeptide (GIP)
is encoded by a separate gene and is synthesized in
the proximal intestine [2]. Both peptides belong to the
glucagon-like peptide family and act through specific
G protein-coupled receptors (GPCRs): GLP-1R and
GIPR (Fig. 2) [4].

[niokaroHono4o6HbIM nentna-1\
Glucogon-like peptide (GLP-1)

Activation of GLP-1R and GIPR triggers an in-
tracellular cascade that includes increased cAMP
levels and activation of protein kinase A (PKA) and
phosphoinositide 3-kinase (PI3K). In B-cells, these
processes lead to potentiation of insulin secretion [5].
At the same time, glucagon secretion by a-cells is in-
hibited, and hepatic glucose production is reduced.
As a result, postprandial glucose homeostasis is
maintained [5]. Additionally, GLP-1 has anorexigenic
and gastrointestinal effects: it slows gastric emptying,
reduces intestinal motility, and induces a feeling of
satiety. These effects underlie the therapeutic use of
GLP-1R agonists for weight reduction and the treat-
ment of obesity [6].

Receptors such as GLP-1R and GIPR are ex-
pressed in various tissues, reflecting the systemic
nature of incretin axis regulation (Fig. 2). Peripheral
expression of GLP-1R has been found in the pancrea-
tic islets (on B- and &-cells), in the heart, kidneys,
lungs, liver, adipose tissue, and gastrointestinal tract.
GIPRs are predominantly expressed in the pancreas,
adipose tissue, bones, and adrenal glands [3].

In addition to peripheral organs, GLP-1R s
widely represented in the central nervous system,
where it mediates the interaction between metabo-
lic and neurobiological processes. A high density of
receptors is observed in the nucleus of the solitary
tract (NTS) and the dorsal motor nucleus of the va-
gus nerve, which are key centers for visceral signal
integrations, as well as in structures that cross the
blood-brain barrier, such as the lateral septum, ven-
tral tegmental area (VTA), nucleus accumbens (NAc),

[nokaroHonogo6HbIN nentug-1\
Glucogo-dependent insulinotropic polypeptide (GIP)

Fig. 1. Structure of incretin peptides: glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP). Amino acid se-
quences of GLP-1 (left) and GIP (right) are shown, both representing key components of the incretin system that regulates insulin secretion and
energy homeostasis

Puc. 1. CTpykTypa MHKPETUHOBLIX NEeNTUAOB: rniokaroHonogobHoro nentuaa-1 (GLP-1) v rnoko303aBMCMMOro MHCYRMHOTPOMHOTO nonunenT1aa
(GIP). MokasaHbl amuHoKMUCNOTHbIE nocregoBaTensHoctM GLP-1 (cnesa) u GIP (cnpaBa), SIBRSKOLLMXCS OCHOBHbIMW MpeACTaBUTENSMU
NHKPETUHOBO CUCTEMbI, PErYNMNPYIOLLEN CEKPELIMI0 UHCYNINHA 1 SHEPreTUYECKUI ToMeocTas




Fig. 2. Three-dimensional structure of the glucagon-like peptide-1 re-
ceptor (GLP-1R). Spatial organization of GLP-1R, a G protein-cou-
pled receptor (GPCR) composed of seven transmembrane a-helices
that mediate ligand (GLP-1) binding and intracellular signal trans-
duction

Puc. 2. TpexmepHas CTpykTypa pelentopa rniokaroHonogo6Horo
nentuga-1 (GLP-1R). V/3obpaxeHa NpocTpaHCTBEHHas OpraHv3auus
GLP-1R — wmem6paHHoro peuenTtopa, OTHOCALLErocs K CemeicTBy
peLenTopoB, conpsikeHHbIX ¢ G-b6enkamu (GPCR). PewenTop cocTouT u3
cemn TpaHcMeMOpaHHbIX a-Criupaneil, 0becneymBaroLLmx CBA3bIBaHNe
nuranga (GLP-1) n nepepady curHana BHYTPb KneTku

hippocampus, amygdala, and bed nucleus of the stria
terminalis [4, 7].

Such a distribution of receptors indicates that
GLP-1 is involved not only in glycemic control but also
in the regulation of appetite, food motivation, reward,
cognitive function, and stress responses. Collectively,
the effects of incretins provide integration of metabo-
lic, behavioral, and cognitive processes, making the
incretin system a unique link between energy metabo-
lism and the central regulation of behavior [8].

The rapid enzymatic degradation of endogenous
GLP-1 by dipeptidyl peptidase-IV (DPP-IV) and neu-
tral endopeptidase 24.11 limits its bioavailability, so
that only a small fraction of the circulating peptide
reaches brain structures [8]. This fact has stimula-
ted the development of degradation-resistant GLP-1
analogues with prolonged action, such as exendin-4,
liraglutide, dulaglutide, and semaglutide, which are
administered subcutaneously at varying intervals. In
clinical practice, DPP-IV inhibitors (sitagliptin, lina-
gliptin) are also used, whereas the GLP-1 receptor
antagonist exendin-9-39 is mainly used in experimen-
tal studies [9, 10].

In recent years, considerable attention has been
paid to the role of the GLP-1 signalling pathway in
regulating neurobiological processes beyond metabo-
lism, including the development of addictive behavior.
The results of preclinical and clinical studies indicate
the involvement of the GLP-1 system in regulating

responses associated with alcohol consumption, allo-
wing it to be considered a potential therapeutic target
for disorders related to addictive behavior.

AIM

The aim of the study was to evaluate the effect of
the dual incretin receptor agonist tirzepatide on mea-
sures of operant and feeding activity in rats using the
brain self-stimulation test.

MATERIALS AND METHODS

Animal selection. A total of 24 male Wistar rats
(Rappolovo Laboratory Animal Nursery, Leningrad re-
gion) were used in the study. Animals were housed
in standard plastic cages with 8-10 animals per cage
with free access to water and food under inverted light
from 8:00 to 20:00 at a temperature of 22+2 °C. All
experiments were conducted during the autumn-winter
period.

Surgical procedure. When the rats reached a
body weight of 250 g, stereotaxic surgery was per-
formed. The rats were anesthetized with Zoletil 100
(tiletamine, zolazepam, Virbac, France) at a dose of
50 mg/kg. Bipolar stainless steel electrodes (0.2 mmin
diameter) were implanted under aseptic and antisep-
tic conditions using a stereotaxic apparatus (Harvard
Apparatus, USA). The electrodes were implanted into
the right VTA at the following coordinates relative to
bregma: AP=-5.3 mm, L=0.8 mm, V=8.2 mm.

Study of self-stimulation response. In a Skinner
box (29.2x30.5x24.1 c¢m), a lever (4.5x2.0 cm) was
positioned 3.0 cm above the floor. The chamber was
connected to a computer via an interface and con-
trolled by proprietary software (Institute of Experimen-
tal Medicine, Russia). Each lever press triggered a
train of rectangular pulses lasting 500 ms, with a pulse
frequency of 100 Hz and a pulse duration of 1 ms. The
animals were trained for 10 min daily over 5 days. Du-
ring these sessions, the current intensity was adjusted
to ensure the maximum rate of lever pressing for each
animal without impairing motor function or inducing
seizures. Animals that failed to press the lever more
than 50 times during the 10-minute sessions were ex-
cluded from the experiment. The remaining animals
were tested during 30-minute sessions for an addi-
tional 5 days to establish a stable baseline response
rate [11].

Competition between Self-Stimulation and
Eating Behaviour Test. After stabilization of the self-
stimulation parameters, a food deprivation regime
was introduced. Rats were trained to reach a feeder
containing a large number of shelled sunflower seeds
for 30 min daily for 5 days in a self-stimulation testing
chamber. The self-stimulation lever was deactivated.
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Subsequent experiments were conducted under choice
conditions between self-stimulation and food consump-
tion: a feeder was placed in the Skinner chamber, and
the pedal with a fixed current was activated. All animals
were maintained at a stable body weight.
Hypothalamic Stimulation-Induced Behavior
Test. After competition of the self-stimulation and eat-
ing behaviour tests, the animals were returned to ad
libitum access to standard pelleted chow and water.
Animals were placed in a special chamber for 5 min.
This chamber contained a feeder with sunflower seeds
and a small amount of wood shavings. At the end of
the habituation period, forced hypothalamic stimulation
was applied at the same intensity (10 periods of 30 s)
used during the competition test between self-stimula-
tion and feeding behavior. Stimulation-induced feeding
responses or chewing were recorded [11, 12].
Self-Stimulation-Induced Emotional Eating
Test. In the emotional overeating test conducted in
satiated rats, the threshold current intensity required
to maintain lever pressing during self-stimulation was
used. To determine the threshold, the current intensity
was adjusted in 5 pA increments. After determination
of the stimulation threshold, a feeder was placed in the
Skinner chamber and the self-stimulation pedal was
activated. The number of approaches to the feeder, the
number of seeds eaten, the number of pedal presses
at a fixed threshold current, and feeding behavior pa-

160

140
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120
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100

KonuyecTBo HaxaTuil Ha negans 3a 1 MuH (n)
Number of pedal presses per 1 min (n)

80

Korponb / 0.05 mgrkg 0.10 mg/kg 0.30 mglkg
Control

Tup3enaTua NoAKoXHO /

o Tirzepatide subcutaneously

rameters were recorded over a 10-minute period. On
subsequent days, the drugs were administered 20 min
before testing, after which the rats were placed in the
chamber to assess self-stimulation induced overeating
[13, 14].

Tirzepatide (PROMOMED PJSC, Russian Federa-
tion) was used in the study. Tirzepatide was adminis-
tered subcutaneously in the scruff at doses of 0.05, 0.1,
and 0.3 mg/kg body weight, in a volume of 1 ml/kg, cal-
culated individually according to body weight, for 7-day
course. A sterile 0.9% sodium chloride solution served
as a control solution, administered subcutaneously.

Rats were tested 20 minutes after the final admi-
nistration.

Statistical processing. Statistical significance
was assessed using GraphPad Prism 10. Data were
tested for normality using the Shapiro-Wilk test. As the
data were not normally distributed, the nonparametric
Kruskal-Wallis test was used, followed by Dunn’s post
hoc test and Holm’s correction. To analyze the dyna-
mics of the parameters over time, the Friedman test
was used, followed by pairwise comparisons using the
Wilcoxon—Holm test. Results are presented as the me-
dian [25th; 75th percentiles], and statistical significance
was set at p <0.05. Additionally, the effect size (¢2) and
Spearman’s correlation coefficient ( rs) were calculated
to assess the relationship between the number of lever
presses and the amount of food consumed.
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Fig. 3. Effect of tirzepatide on behavioral parameters in rats: a — number of pedal presses per 1 min during intracranial self-stimulation test;
b — number of seeds eaten per 1 min. Data presented as median with 25th and 75th percentiles. Kruskal-Wallis nonparametric test followed by

Dunn’s post hoc test (p >0.05)

Puc. 3. Bnuanne Tupsenatnaa Ha noBeeHYECKNE NOKa3aTENM Y KPbIC: @ — KOMMYECTBO HAaXaTuii Ha nepanb 3a 1 MUH Npu TeCTe CaMoCTUMYNSALK;
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RESULTS

The effects of tirzepatide on self-stimulation and
feeding activity parameters were assessed 1 hour after
a single subcutaneous administration of tirzepatide at
doses of 0.05, 0.1, and 0.3 mg/kg.

Administration of tirzepatide within the studied
dose range did not have a statistically significant ef-
fect on the number of pedal presses compared to the
control group (Fig. 3, a). The activity ranged from 120
to 140 presses per minute, with no significant dose de-
pendence.

Statistical analysis using the nonparametric Krus-
kal-Wallis test revealed no significant differences be-
tween groups (H=3.5, p=0.38). To clarify intergroup
differences, Dunn’s test was used as a post-hoc
comparison, which also revealed no statistically sig-
nificant differences (p>0.05 for all pairwise compari-
sons).

The effect of tirzepatide on the number of seeds
consumed per minute is presented. The median va-
luesranged from 4-7 seeds/min (Fig. 3b). A slight
increase in consumption was observed at a dose of
0.1 mg/kg. However, the differences compared with the
control group did not reach statistical significance. The
Kruskal-Wallis test also revealed no statistically sig-
nificant differences between groups (H=2.09, p=0.55).
Dunn’s post hoc test revealed no significant differences
between individual dose groups (p>0.05).
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Effects of tirzepatide on self-stimulation and
feeding behavior on day 3 of the experiment. Be-
havioral testing was conducted 1 h after drug adminis-
tration on day 3 of the experiment.

On day 3, a dose-dependent reduction in the num-
ber of pedal presses was observed. The most pro-
nounced effect was observed at a dose of 0.3 mg/kg,
where the median number of presses decreased by ap-
proximately 15-20% compared with the control group
(Fig. 4, a).

Statistical analysis using the nonparametric Krus-
kal-Wallis test revealed significant differences between
the groups (H=13.69; p <0.001). Dunn’s post hoc test
revealed that the 0.3 mg/kg tirzepatide group differed
significantly from the control group (p <0.01). Doses
of 0.05 and 0.1 mg/kg did not have a significant effect
(p>0.05).

On day 3, a decrease in feeding activity was also
observed following the administration of tirzepatide at
a dose of 0.3 mg/kg (Fig. 4, b). The median number
of seeds consumed per 1 min decreased compared
with the control group. According to the Kruskal-Wal-
lis test, the differences between groups were statisti-
cally significant (H=9.64; p <0.05). Dunn’s post hoc test
showed a significant decrease in feeding activity in the
0.3 mg/kg group compared with the control group
(p <0.05), whereas no significant differences were ob-
served at doses of 0.05 and 0.1 mg/kg (p >0.05).
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Fig. 4. Effect of tirzepatide on behavioral measures in rats on day 3 of the experiment: @ — number of lever presses per 1 min in the intracranial
self-stimulation (ICSS) test; b — number of seeds consumed per 1 min. Data are presented as the median and interquartile range (25"-75" per-
centiles). Kruskal-Wallis test with Dunn’s post hoc test for pairwise comparisons. ** — p <0.01
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Fig. 5. Effect of tirzepatide on behavioral measures in rats on day 7 of the experiment: a — number of lever presses per 1 min in the intracranial
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Puc. 5. Bnuanne tupsenaTtuga Ha noBefeHYecKUe Noka3aTenu y KPbIC Ha 7-M CyTKW 3KCMEPUMEHTA: @ — KOMMYECTBO HaxaTuii Ha neparnb 3a
1 MWH Npu TecTe camoCTUMYNALMK; 6 — KOMMYECTBO CbefeHHbIX CeMsH 3a 1 MuH. [laHHble npefcTaBneHbl B BUAE MeamnaHsbl, 25-ro n 75-ro
npoueHTunen. Kputepuit Kpackena—yonnuca ¢ nocT-xok TecTom [JaHHa Ans napHbIx cpaBHeHui. * — p <0,05; ** — p <0,01

Effect of tirzepatide on self-stimulation and feed-
ing behavior on day 7 of the experiment. Behavioral
testing was conducted 1 h after subcutaneous administra-
tion of tirzepatide at doses of 0.05, 0.1, and 0.30 mg/kg
on day 7 of the experiment. A significant dose-dependent
decrease in behavioral activity was observed.

Tirzepatide administration caused a gradual de-
crease in lever presses, reflecting a reduction in the
motivational component of behavior (Fig. 5, a). A mode-
rate decrease in activity was observed at a dose of
0.05 mg/kg, while the effect was more pronounced at
doses of 0.1 and 0.3 mg/kg. According to the nonpara-
metric Kruskal-Wallis test, the differences between
groups were statistically significant (H = 13.13; p <0.01).

Additional analysis using Dunn'’s post hoc test showed
a significant difference between the 0.1 mg/kg group
and the control (p <0.01) with the most pronounced
decrease in the number of presses at a dose of
0.3 mg/kg (p <0.01).

In parallel, the feeding behavior test also revealed
a significant dose-dependent reduction in the num-
ber of seeds consumed (Fig. 5b). At doses of 0.1 and
0.3 mg/kg, food intake was almost halved compared
to the control group. Statistical analysis using the
Kruskal-Wallis test confirmed significant differences
between groups (H=14.16; p <0.01), and subsequent
Dunn’s test showed a significant reduction in food in-
take at doses of 0.10 mg/kg (p <0.05) and 0.3 mg/kg
(p <0.05).

DISCUSSION

The study revealed that administration of tir-
zepatide induces pronounced dose-dependent and
time-dependent changes in behavioral activity of rats.
On day 1 after a single administration of the drug,
no statistically significant changes were observed in
the lever-pressing frequency or feeding activity, in-
dicating the absence of an immediate effect on the
reward system and food motivation. However, by day
3 of the experiment, a significant decrease in the
number of lever presses in the self-stimulation test,
along with the reduction in seed consumption, was
observed at the dose of 0.3 mg/kg. On day 7, a per-
sistent and pronounced dose-dependent decrease in
both motivational activity and feeding behavior was
observed, with significant differences found for the 0.1
and 0.3 mg/kg doses compared to the control group.
These results confirm the cumulative effect of tirzepa-
tide and its ability to gradually modulate behavioral
patterns associated with the reward system.

The obtained data reflect both the peripheral and
central action of the drug [15]. Tirzepatide is a dual
agonist of GLP-1R and GIPR, allowing it to simulta-
neously activate two incretin pathways. Peripherally,
tirzepatide slows gastric emptying, reduces intestinal
motility, and enhances satiety signals, leading to de-
creased food intake [16]. However, much more inte-
resting are the central effects mediated by GLP-1R
activation in brain structures involved in reward and




motivation regulation. GLP-1-producing neurons in the
nucleus tractus solitarius (NTS) are known to project
to the ventral tegmental area (VTA), nucleus accum-
bens (NAc), amygdala, and hippocampus — areas
involved in the regulation of dopaminergic reinforce-
ment [17, 18]. Activation of GLP-1R in these regions
suppresses dopaminergic activity, reducing the attrac-
tiveness of rewarding stimuli and diminishing motiva-
tionally driven behavior [19, 20]. These mechanisms
may explain the observed decrease in self-stimulation
frequency, which is a model for assessing dopaminer-
gic activity and positive reinforcement.

The observed anorexigenic effect of tirzepatide
is consistent with known data on the role of GLP-1
in the regulation of appetite and energy metabolism
[21]. Stimulation of GLP-1R in the hypothalamus and
brainstem has been shown to enhance satiety and re-
duce food cravings, as supported by data from both
experimental models and clinical observations [4].
Concurrent activation of GIPR can enhance or pro-
long these actions through synergistic effects on pan-
creatic B-cells and modulation of peripheral metabo-
lism. Thus, the combined activation of GLP-1R and
GIPR generates a more stable and potent regulatory
response at both the level of glucose homeostasis
and within the reward system [10].

The temporal profile of the drug’s action deserves
special attention. The absence of an effect after a
single administration and its gradual increase by days
3 and 7 indicate the cumulative nature of tirzepatide’s
action. This may be due to the pharmacokinetic pro-
perties of the drug, including a long half-life and a
gradual increase in concentration with repeated injec-
tions, as well as to the gradual restructuring of neuro-
nal circuits [22]. Repeated activation of GLP-1R can
induce plastic changes in dopaminergic synapses,
reducing the sensitivity of the mesolimbic system to
external reward stimuli [23]. From a functional point of
view, this is manifested as a decrease in motivational
activity, reflected by a reduced number of lever pres-
ses in the ICSS, as well as a decrease in spontane-
ous food intake, indicating suppression of behavioral
responses associated with positive reinforcement.

These data are consistent with the current under-
standing of the incretin system as a neurometabolic
regulator integrating energy balance and motivational
behavior [24]. A number of studies have shown that
GLP-1R agonists (liraglutide, semaglutide) reduce
both body weight and appetite and the desire to con-
sume psychoactive substances and alcohol, which
is explained by a common effect on the mesolimbic
dopaminergic system. In this context, tirzepatide,
which combines GLP-1R and GIPR activation, may
have similar but more pronounced effects, making it a

promising agent for treatment of obesity, diabetes, as
well as for the modulation of impulsive and addictive
behavior [15, 25, 26].

Thus, the results of this study demonstrate that
repeated administration of tirzepatide leads to a con-
sistent and statistically significant reduction in operant
behavior and food intake in rats. The effect is dose-
dependent and increases over time, reflecting both
the peripheral (metabolic) and central (neuromodula-
tory) mechanisms of the drug’s action.

The reduction in lever pressing and food intake
can be viewed as a behavioral equivalent of de-
creased reward motivation and appetite, consistent
with the known properties of incretin receptor ago-
nists. These data confirm the involvement of GLP-1/
GIP-dependent mechanisms in the regulation of the
reward system and open up the prospect of further
study of tirzepatide as a therapeutic agent for the
treatment of motivational and impulsive behavior dis-
orders.

CONCLUSION

Repeated administration of the dual incretin recep-
tor agonist tirzepatide induces a pronounced dose- and
time-dependent reduction in motivational and food-
directed activity in rats, indicating the involvement of
GLP-1/GIP-dependent neuromodulatory mechanisms
in the regulation of motivational-reinforcement pro-
cesses (reward system) and the control of feeding
behavior. This supports the potential of tirzepatide as
a therapeutic agent for the correction of disorders as-
sociated with impulsive and addictive behavior.
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AOONONMHUTENBHAA UHOOPMALIUA

Bknap aBTOpOB. BCe aBTOPLI BHECNN CYLLECTBEH-
HbI BKNag B pa3paboTky KOHLENLMu, MpOBEAEHNN UC-
CrnefoBaHNs W NOATOTOBKM CTaTb, NPOYNM 1 080bpu-
nn mHanbHyo Bepcuto nepeg nybnukawmen.

KoHnunKT uHTEepecoB. ABTOpbI AeknapupytoT OT-
CYTCTBWE SBHbIX U NOTEHLMANbHbIX KOHPINKTOB NHTE-
PecoB, CBA3aHHbIX C NybnukaLmein HaCTOSLEN CTaTb.

UcTtouyHnkn cmHaHcupoBaHua. lccnegoBaHue
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Calcium and fluoride hygiene products in remineralization
of teeth enamel of young and elderly people

Maxim I. Muzikin® 2, Andrey K. lordanishvili'

S.M. Kirov Military Medical Academy, Saint Petersburg, Russia
2 Saint Petersburg Scientific Research Institute of Ear, Throat, Nose and Speech, Saint Petersburg, Russia

ABSTRACT

Background. Based on the composition of toothpaste, dentists and dental hygienists provide recommendations to patients on the
choice of toothpaste, depending on the presence of dental pathology. At the same time, a comparative assessment of the use of calcium
and fluoride toothpastes in adults, taking into account their age, has not yet been studied.

The purpose of this study is to investigate the effectiveness of tooth enamel remineralization in young and elderly patients using cal-
cium and fluoride toothpaste.

Material and methods. The study involved 80 people, of which 40 were in the young age group (19-43 years old) and 40 were
in the elderly age group (61-74 years old). Based on the purpose of the study, three research groups were formed. After the initial
dental examination and professional oral hygiene, the subjects of the control group performed individual oral hygiene with their usual
toothpastes. The second and third groups (young and elderly people) performed individual oral hygiene using a calcium-containing
toothpaste with hydroxyapatite or a fluoride-containing toothpaste with a fluoride ion content of 1450 ppm. The functional resistance of
tooth enamel was assessed twice: at the initial visit to the dentist and 45 days after the initial examination. The enamel resistance test
(TER test) was used to determine the dynamics of tooth enamel resistance.

Results. It was found that patients of all groups had a high level of caries resistance during the clinical study. In young people, the ef-
fectiveness of using calcium-containing and fluoride-containing toothpaste in terms of remineralization was the same. For older people,
regular use of fluoride-containing toothpaste for 45 days was 14.27% more effective than calcium-containing toothpaste.

Conclusion. The use of calcium and fluoride toothpastes by young people increases enamel mineralization by 17.54 and 15.49%,
respectively, over a period of 45 days. In contrast, the use of calcium and fluoride toothpastes by older patients increases enamel min-
eralization by 7.24 and 21.52%, respectively, over the same period of time. For young people living in regions with low fluoride levels, it
is advisable to use calcium-containing toothpastes daily. For older people, fluoride-containing toothpastes are recommended.

Keywords: young people, elderly people, teeth, tooth enamel, tooth enamel resistance, oral hygiene, toothpaste, Saint Petersburg
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KanbuueBble u CbTOpVICTbIe cpeacTBa rMrueHbi
B peMuHepanu3auuu amanu 3y603 y MOnoAbiX
U NOXUNbIX Noaeun

M.M. Mysbikun'2, AK. MopaaHuwsuni’

' BoeHHo-MeauLmHckas akapemust um. C.M. Kuposa, CaHkT-Metepbypr, Poccus
2 CaHKT-eTepByprekuit HayYHO-MCCeoBaTENbCKMA MHCTUTYT yXa, ropnia, Hoca 1 peun, CaHkT-MetepGypr, Poccus

PE3IOME

AkTyanbHocTb. Bbibop 3y6HON nacTbl 06bI4HO NPOU3BOANTCS B 3aBUCUMOCTM OT HAMNYKS MAM OTCYTCTBIMS CTOMATONOMYECKON NaTo-
noruv. B T0 xe Bpems Jo cvx Nop He faHa CPaBHUTENbHAs OLeHKa MCMONb30BaHMNS KanbLMEBbIX M PTOPUCTLIX 3yOHbIX NacT y B3poc-
NbIX NIOAEN C y4eToM UX Bo3pacTa.

Llenb nccnenosaHma — u3yunTb 3pEKTUBHOCTb PEMUHEPanU3aLmm aManu 3y6oB y MOMOABIX 1 MOXWMbIX NALMEHTOB C NPUMEHEHU-
€M KanbLieBon 1 hTOPUCTON 3y6HbIX NacT.

Martepuansi n metoabl. B uccnegosanum npuHsno yyactue 80 nogei: 40 monoabix (19-43 roga) u 40 yenosek NoXuioro Bospacra
(61-74 ropa). VcnbiTyemble KOHTPONBHON TPYNMbl NOCAE NEPBUYHOrO CTOMATONOTMYECKOTO OCMOTPA M MPOMECCUOHANBHOM TUTEHDI
norocTy pTa OCyLLECTBAANM UHANBUAYANBHYIO TUMMEHY ¢ 0BbIYHBIMM AN HUX 3yBHBIMM NacTamu. BTopas v TpeTbs rpynnbl (Monogble
W NOXWIble MI0AM) NPOBOANMN WHAMBUAYANbHYIO TUTVEHY pTa C MOMOLLBIO KanbLmiicogepxalyen 3yGHoM nacTbl C rmapokcManaTutom
nnm iTOPUCTON NacTbl ¢ copepxannem dtopua-oHa 1450 ppm. OueHKy DYHKLMOHANBHOM PE3NCTEHTHOCTW 3Manu 3y60B NpOBOANIIH
ABaXAbl: MPW NEPBIYHOM 0BpaLLEHUM NALMEHTOB K CTOMATONOry, a Takke Yepe3 45 CyTok 0T nepauyHOro ocMoTpa. [ins onpegenequs
AVHAMUKN PE3NCTEHTHOCTW Manu 3y00oB NPUMEHSM TECT AManeBomn pesnucTeHTHocTn (TOP-TecT).

PesynbTathl. Y nauneHTOB BCEX rpynn Ha MPOTSHKEHUN KNMHUYECKOTO UCCref0BaHNs OTMEYEH BbICOKUI YPOBEHb KapUECOPE3NCTEHT-
HOCTW. Y MonogbIx ntogen 3 eKTMBHOCTb OT NPUMEHEHMUS B acnekTe peMUHepani3aLmm kanbLuicogepalien u pTopucTon 3ybHbIx
nact bbina oguHakosa. [1ns nogen NoXunoro BospacTa perynspHoe npuMeHeHne pToprucTon 3ybHoi nacTbl Ha NpOTshkeHU 45 cyTok
Bbino addpekTmBHEE KanbLUuitcoaepxaten Ha 14,27%.

BriBoael. MprMeHeHme KanbLeBoil 1 TOPUCTON 3yBHbIX MACT MOMOALIMM MIOALMM MOBLILLIAET MUHEpanu3aumio amanm 3a 45 cytok
COOTBETCTBEHHO Ha 17,54 1 15,49%, B TO BpeMS KaK y NOXUIbIX NaLMEHTOB KarbLmeBble 1 (hTOpUCTble 3y6Hble NacTbl NOBbILAKT MU-
Hepanu3aLmo SManum 3a aHanorMyHbIA NEPUOA BPEMEHN COOTBETCTBEHHO Ha 7,24 1 21,52%. [ins monogpIx niogei, NpoXu1BaroLWumX B
permoHax ¢ NOHWKEHHbIM COAepaHnem HTOPMA-MOHa, LienecoobpasHo exeaHEBHO NPUMEHSTL KarbLuicopepallye 3ybHble nacTbl,
a NAaM NOXWoro Bo3pacta — hTopucTble 3yGHbIe NacTbl.

KnioyeBble cnoBa: Monofble MW, NoxXunble Ny, 3yobl, aManb 3y6a, peancTeHTHOCTb amManu 3y6a, rurveHa NonocTy pTa, 3ybHas
nacra, r. CaHkT-leTepOypr

Kak uutupoBatb
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INTRODUCTION

Currently, a wide range of toothpastes is avai-
lable for adults of all ages, differing in composition
and various effects on the organs and tissues of the
oral cavity [1, 2]. Based on toothpaste composition,
dentists and dental hygienists provide patients with
recommendations for selecting toothpaste depending
on the presence of dental pathology: dental caries,
inflammatory periodontal diseases, dentin hypersen-
sitivity, dry mouth syndrome, etc. [3, 4]. Maintaining
and increasing the functional resistance of dental
enamel is important for adults of all ages [5-7]. At
the same time, a comparative assessment of the ef-
fectiveness of calcium-containing and fluoride tooth-
pastes in adults, taking age into account, has not yet
been conducted.

AIM

The aim of this study was to evaluate the effective-
ness of enamel remineralization in young and elderly
patients depending on the use of calcium- or fluoride-
containing toothpastes.

MATERIALS AND METHODS

The study involved 80 participants, of whom 40
belonged to the young age group (19-43 years) and
40 to the elderly age group (61-74 years). Three
study groups were formed. The first (control) group
was divided into two subgroups according to age.
Subgroup 1A consisted of young individuals, and sub-
group 1B consisted of elderly individuals. After an ini-
tial dental examination and professional oral hygiene

10 I

6 12
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procedures, these patients performed individual oral
care using their usual toothpaste.

The second group consisted of young people. Half
of this group (2A) was advised to perform individual
oral hygiene using a calcium-containing toothpaste
with hydroxyapatite, and the other half was advised
to use a fluoride toothpaste with a fluoride ion content
of 1450 ppm.

The third group consisted of elderly individuals.
Half of these individuals (Group 3A), as in the second
study group, were advised to perform individual oral
hygiene with a calcium-containing toothpaste with hy-
droxyapatite, while the other half were advised to use
a fluoride toothpaste containing 1450 ppm fluoride
ions. The distribution of patients by gender within the
groups is shown in Figure 1.

The groups included only patients with satisfacto-
ry oral hygiene, at least 20 natural teeth in both jaws
that were not covered by artificial crowns, and com-
pensated dental caries (DMFT index (Decayed, Miss-
ing, and Filled Teeth) did not exceed 5). All patients
included in the study were born in St. Petersburg,
reside there, and used tap water for drinking. All pa-
tients underwent professional oral hygiene before the
start of the study. Patients in the second and third
study groups were recommended exclusively domes-
tic calcium-containing and fluoride toothpastes, re-
spectively. The functional resistance of tooth enamel
was assessed twice: at the initial visit and again
45 days after the initial examination. The TER test
was used to evaluate changes in tooth enamel resis-
tance over time [8].

12
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3 2

1Arpynna/ 1B rpynna/ 2Arpynna/ 2brpynna/ 3Arpynna/ 3B rpynna/

group group group

B XeHuwmHbl / Women

group group group

Mysk4mHbl / Men

Fig. 1. Distribution of patients in the study groups by age, sex and toothpaste type
Puc. 1. PacnpepeneHue naumeHToB B rpynnax uccnefoBaHus ¢ y4eToM Bo3pacTa, nona 1 Tuna nacrbl




The study fully complied with the ethical stan-
dards of the Committee on Human Experimenta-
tion, the 1975 Helsinki Declaration and its 2000 revi-
sion.

Statistical analysis was performed using the stan-
dard software package STATISTICA for Windows,
version 7.0. The significance level for testing the null
hypothesis (absence of significant differences or fac-
tor effects) was set at p<0.05.

RESULTS AND DISCUSSION

Evaluation of tooth enamel resistance in the
control group showed that, at the baseline, the func-
tional enamel resistance in young and elderly people
was 2.09+0.19 and 2.20+0.18 conventional units
(p <0.05), respectively. After 45 days, there were
no statistically significant differences in the enamel
resistance indicators. In young and elderly people,
the functional enamel resistance was 2.10+0.17 and
2.19+0.19 conventional units (p <0.05), respective-
ly. Throughout the study, all patients in the control
group demonstrated a high level of caries resistance
(Fig. 2).

At the beginning of the study, the assessment
of tooth enamel resistance in patients of the second
group showed that, in young people, the functional
enamel resistance was 2.11+£0.18 conventional units
in subgroup 2A and 2.13+0.19 conventional units in
subgroup 2B (p <0.05). After 45 days, statistically
significant changes in the enamel resistance indices
were observed in both subgroups 2A and 2B. Thus,
in young people of subgroup 2A, the TER test value
was 1.74+0.18 conventional units, and in patients of
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group 2B it was 1.82+0.19 conventional units. This in-
dicates a positive trend in the degree of tooth enamel
mineralization (p <0.05).

In elderly patients of the third group, the indices
of functional resistance of enamel were 2.21+0.19
in subgroup 3A and 2.23+£0.17 conventional units in
subgroup 3B (p <0.05), respectively. After 45 days, a
significant positive improvement in functional enamel
resistance was registered only in subgroup 2B, where
elderly patients used fluoride toothpaste; the index was
1.75+0.17 (p <0.05). In elderly patients of subgroup 3A,
who used calcium-containing toothpaste, a positive
trend in enamel mineralization was also noted, since at
the end of the study, their TER test index was 2.05+0.18
(Fig. 2). It should be noted that patients in the second
and third study groups, as well as those in the first group,
demonstrated a high level of caries resistance throug-
hout the study, regardless of age.

The data obtained indicate that young and elderly
individuals with satisfactory oral hygiene demonstrated
high levels of caries resistance despite low fluoride con-
centrations in drinking water. In young adults, regular
use of hydroxyapatite and fluoride toothpastes resulted
in improved enamel mineralization. No significant dif-
ferences were found in the final TER test results, de-
monstrating the effectiveness of both calcium-containing
and fluoride toothpastes used for daily oral hygiene. For
elderly patients, fluoride toothpaste was more effective
in terms of tooth enamel mineralization: it remineralized
enamel 14.27% better (with an observed increase in
enamel mineralization of 21.52%) than calcium-contai-
ning toothpaste, which resulted in an increase in enamel
mineralization of 7.24%.

I II I

26 rpynna / 3A rpynna / 3B rpynna/
group group group

Hayano uccnepoanus / Start of the study

m CnycTa 45 cyTok OT Hauana uccneposanus / 45 days after the start

Fig. 2. Characteristics of the functional resistance of tooth enamel in patients during the study, points
Puc. 2. XapakrepucTtuka (yHKLMOHaNbHON Pe3NCTEHTHOCTI aMani 3y60B y NaLMEHTOB B XOA€E NPOBELEHHOIO 1CCrefoBaHus, banmbl
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CONCLUSION

1. In young adults, the use of calcium-containing
and fluoride toothpastes increased enamel mineraliza-
tion by 17.54% and 15.49%, respectively, over 45 days,
while in older adults, calcium-containing and fluoride
toothpastes increased enamel mineralization by 7.24%
and 21.52%, respectively, over the same period.

2. For young adults living in regions with low
fluoride levels in drinking water, daily use of calcium-
containing toothpastes is recommended, while fluoride
toothpaste is recommended for older adults. This ap-
proach may improve the caries resistance of natural
teeth and optimize dental health of adults of all ages.
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The influence of exercises with a temporal structure

of movements on the development of coordination abilities
in primary school children

Konstantin M. Komissarchik, Lyubov V. Mitenkova, Lilia |. Khalilova, Aleksey V. Shigabudinov

Saint Petersburg State Pediatric Medical University, Saint Petersburg, Russia

ABSTRACT

Background. During the period of primary school age, there is a peak in the development of coordination abilities. The development
and implementation of new exercise programs, the use of specialized devices and innovative methods is an urgent task for further
improvement of coordination.

Aim. The aim is to evaluate the impact of exercises with a temporal structure of movements on the components of coordination abilities
in primary school children.

Materials and methods. The participants of the experiment were children of primary school age (8-9 years old). The experiment
consisted of two stages: a four-week one (classes were conducted according to the standard curriculum) and a six-week one, where
participants performed a developed program of exercises with a time-based structure of movements on a coordination ladder.
The organization of the two stages of the study included classes lasting 30 minutes with a frequency of 3 times a week. Two-time
testing (T) was performed at the beginning (T1) and the end (T2) of the second stage. The following tests were used: “Shuttle running:
3x10 m”, “Tandem walking”, “Walking backwards”, “Sensitized Romberg test”. To determine the statistical significance of the differences
between the indicators, the Student’s t-test was chosen. The results were considered statistically significant at p <0.01.

Results. Positive dynamics was revealed in all tests. A general and differentiated assessment of the results was carried out.
The difference between the averages was: The test “Shuttle running: 3x10 m, s”, T1 — 11.840.5 and T2 — 10.1+0.1 amounted to
13.4%; “Tandem walking, cm/s”, T1 — 27.2+2.3 and T2 — 30.1+2.8 amounted to 9.6%, “Walking backwards, cm/s” T1 — 56.0+2.2 and
T2 63.944.9 was 12.3%, “Sensitized Romberg sample, s” T1 — 17.1£0.7 and T2 — 18.1+0.8 amounted to 5.5%.

Conclusions. The results of the study confirm that exercises with a temporal structure of movements have a positive effect on the
components of coordination abilities in children of primary school age. The differentiated effect of these exercises on dynamic and static
coordination parameters has been established.

Keywords: primary school age, coordination abilities, tempo-rhythmic structure of movements, agility ladder
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BnusHue ynpaXHeHMN C TeMNOPUTMOBON CTPYKTYPOU
OBUXKEHUIW Ha pa3BUTUE KOOPAUHALMOHHbLIX CNOCOOHOCTEN
y ,que|7| Miaawero WKoNbHOro Bo3pacta

K.M. Komuccapuwk, J1.B. MuteHkosa, J1.M. Xanunosa, A.B. LUnrabyamHos

CaHkT-MeTepbyprekuii rocyaapCTBEHHbIN NeanaTpuyeckuin MeauuynHekuin yrueepeuteT, CaHkT-MeTepbypr, Poccus

PE3IOME

AkTyanbHocTb. B nepvog mMnapLero WKonbHOro Bo3pacta HabmoaaeTcs MUK pasBnUTUS KOOPAWMHALMOHHBIX cnocobHocTen. Paspa-
foTka M BHepeHWe HOBbIX NPOrpamMm YNpaxHEHWIA, NCMOMNb30BaHUE CNEeLNan13npoBaHHbIX YCTPOACTB U MHHOBALMOHHbLIX METOLOB
NPeLCTABNSAETCS akTyanbHOW 3afadeil Ans fanbHEeNLIEero COBEPLUEHCTBOBAHIS KOOPAVMHALMN.

Llenb — npoBecTW OLEHKY BO3LENCTBUS YIPaXHEHWIA C TEMMOPUTMOBOWN CTPYKTYPOIA ABKEHUIA HA KOMMOHEHTI KOOPAMHALMOHHBIX
CNOCcOBHOCTEN Y ieTel MafLero WKOMbHOTo Bo3pacTa.

Matepuanbi n MeToabl. Y4aCTHUKM SKCNEpUMEHTa — AETW MITaALLEro LWKOMbHOrO Bo3pacta (8-9 net). SKkcnepuMeHT cocTosn 13
[ABYX 3TaroB: KOHTPOSbHBIN (4 HeZenu, CeHTAbPb) — 3aHATUS N0 CTaHAAPTHOM y4eBHOI MporpaMme; SKCepUMEHTarbHbIN (8 Hefenb,
OKTAOPb-HOSOPb) — MporpamMMa C UCMONb30BAHNEM YNPaKHEHUI C TEMMOPUTMOBOI CTPYKTYPOIA ABVWXEHWUA Ha KOOPAMHALMOHHOM
nectHuue. MNpoJomK1TeNbHOCTb 3aHATUS cocTaBnsAna 30 MUHYT, YacToTa — 3 pa3a B Heflento. TecTUpoBaHue NPOBOAUNOCH ABaXAbI:
Ha cTapTe (T1) u no 3aBeplueHuu (T2) BToporo aTana. cnomnb3oBaHbl TecTbl «YenHouHblit Ger 3x10 My», «TaHaemHas xogbba,
«Xopbba cnuHoit Brepeay, «MoanduumposaHHas npoba Pombepra». CTaTucTyeckas 3Ha4MMOCTb pasninyuiA OLiEHUBanach C Uc-
nonb3oBaHueM t-kputepust CTbrogeHTa Ans napHbIx BbIOOPOK Mpu ypoBHe 3HaummocTu p <0,01.

PesynbTathbl. o Bcem Tectam 3aduvKcpoBaHa NonoxuTensHas auHamuka. MposeaeHa obuwas v guddepeHUMpoBaHHas oLeHKa
pe3ynbTaToB. PasHnua Mexay cpesHUMM 3HadYeHuaMun: TecT «YenHouHbin 6er 3x10 m, c» T1 — 11,8+0,5 c m T2 —10,10,1 ¢, ynyuy-
weHue Ha 13,4%; «TaHaemHast xoabbay T1 — 27,2+2,3 cm/c n T2 — 30,1£2,8 cm/c, npupocT 9,6%; «Xoabba cnvHom Bnepes, cm/cy
T1 —56,0+2,2 cm/c u T2 — 63,9+4,9 cw/c, yBenuyerne Ha 12,3%; «MogndmumposanHas npoba Pombepray T1 — 17,1£0,7 cn T2
18,120,8 ¢ coctaBuna poct Ha 5,5%.

BbiBoAbI. Pe3ynbTathl MCCnefoBaHUs NOATBEPXKAAIOT, YTO YNPAKHEHNS C TEMNOPUTMOBON CTPYKTYPOWN JBUKEHUIA OKa3blBaOT MOMo-
XUTENbHOE BO3ENCTBME HA KOMMOHEHTbI KOOPAMHALMOHHBIX CMOCOOHOCTEN Y [ETel MIaALLEro LWKObHOMO Bo3pacTa. YCTaHOBMEHO
AnddepPeHLMpOBaHHOE BNUSHWE AaHHbIX YNPXKHEHWUA Ha ANHAMUYECKME W CTATUYECKVNE NAapaMeTPbl KOOPAUHALMM.

KntoueBble crnoBa: AeTv MNaALero WKOMbHOrO BO3pacTa, KOOpANHALMOHHbIE CMOCOGHOCTY, TEMNOPUTMOBAS CTPYKTYpa BVKEHWH,
KOOpAVHALMOHHas NeCTHULA
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BACKGROUND

In the context of modern education, school physical
education classes play a key role in the development of
motor abilities in primary school children [11].

Motor skills are fundamental elements of a child’s
physical development. They determine a child’s ability
to actively participate in a variety of activities and adapt
to changing environmental conditions [3, 14, 17, 23].

Insufficient development of fundamental motor
skills during childhood can lead to musculoskeletal
disorders. This is due to the immaturity of the central
nervous system, which is responsible for coordinating
muscle activity and movement patterns [1, 7, 10, 16].

Coordination is the process of achieving coordi-
nated muscle activity required to perform new motor
actions. It represents a complex of abilities comprising
three key components: precise control of the tempo-
ral, spatial, and dynamic parameters of movements;
maintenance of static and dynamic balance; and the
execution of motor actions with optimal muscular ten-
sion [19]. The sensitive period for the development
of coordination abilities is between the ages of 6 and
12 years [8, 18]. During this period, improvements in
the precision and expressiveness of children’s move-
ments are observed.

Research on the development of coordination in
primary school children within educational settings
shows that physical education teachers employ vari-
ous methods for selecting exercise programmes and
instructing their implementation [3, 9, 13]. The authors
emphasize the need to revise and optimize approaches
to coordination training, utilizing innovative methods
[2, 6, 15, 22].

Nevertheless, the level of coordination abilities
achieved through specialized methods has not been
sufficiently studied. An analysis of the literature indi-
cates that the use of agility ladder exercises and me-

thods incorporating musical accompaniment for move-
ments is rare in practice [4, 5, 12, 20, 21].

Addressing this gap, an exercise programme with
a tempo-rhythmic structure of movements was deve-
loped and tested within this study. A key element was
the use of agility ladder exercises combined with rhyth-
mic music, in which the beat tempo was progressively
increased.

AIM

The aim of this study was to evaluate the effects of
exercises with a tempo-rhythmic movement structure
on the components of coordination abilities in primary
school children.

MATERIALS AND METHODS

The study was conducted in a secondary school
in St. Petersburg equipped with a sports hall. In accor-
dance with the principles of confidentiality, the name of
the school and participants’ data were not disclosed.
During the preparatory phase, meetings were held with
parents and teachers to explain the aims, objectives,
and procedures of the study.

The effectiveness of the programme was evaluated
between September and December. The study involved
20 primary school children aged 8-9 years, including
10 boys and 10 girls. Participants were selected based
on anthropometric data (Table 1) and baseline physi-
cal fitness test results (Table 2). The tests included the
following exercises: sit-ups (number of repetitions per
minute) and squats (number of repetitions per minute).

Statistical analysis revealed no significant diffe-
rences between boys and girls in age, anthropometric
parameters (height, body weight, body mass index,
and foot length), or physical fitness indicators (less
than 1%). On this basis, a single sample was formed
without stratification by sex.

Table 1. Anthropometric indicators of the study participants based on testing results, M+m
Ta6nmua 1. AHTpONoMeTpUYECKNE NOKA3ATENN Y4ACTHUKOB UCCIIEA0BAHIS MO pe3ynbTaTtam TecTupoBaHus, M+m

Fovina / Grou Bospact, mec / Poct, cm/ Macca Tena, kr/ VHaekc maccsl Tena, kr/m?/ | [lnuHa cTonbl, ¢ /
Py P Age, mon Height, cm Weight, kg Body mass index, kg/m? Foot length, cm
Manbuukm / Boys 98,2442 129,743,7 27,8424 16,2+0,2 22,4+0,8
(n=10)
[eBouku / Girls 99,8+4,8 128,0+4,4 27,4+19 16,5+0,6 21,8+0,9
(n=10)

Table 2. Physical indicators of participants according to testing results, M+m
Tabnuua 2. duanyeckne nokasatenn y4acTHUKOB N0 pesynbTaTtam TecTuposanms, M+m

MogHumanme Tynosuwa 3a 30 ¢/ Mpncenanus 3a 1 MuH /
pynna / Group Sit-ups (30 s) Squats (1 min)
Manbunku / Boys (n=10) 13,3+0,5 30,8+0,7
[Jesoukn / Girls (n=10) 14,5+0,7 31,1+0,8




Table 3. Parameters of the organization and content of the control and experimental stages of the pedagogical experiment
Ta6nuua 3. MNapameTpbl opraHM3aLymm 1 CofepxaHnst KOHTPONBHOTO U 3KCMEPUMEHTASBHOTO 3TAN0B NEAAror1ieckoro akCnepuMeHTa

MapameTp / Parameter

KoHTponbHbii a1an / Control phase

OkcnepumeHTanbHblii 3Tan / Experimental phase

Mepwop / Period CeHTs6pb / September

OkTs6pb, Hos6pb / October, Novtmber

MpogomkutenbHocTs / Duration | 4 Hepenw / 4 weeks

8 Hepenb / 8 weeks

CopepaHve / Program content

CraHgapTHas nporpamma / Standard curriculum

YnpaxHeHus C TEMNOPUTMOBOW CTPYKTYPOIA ABMKEHWI /
Tempo-rhythmic exercises

ObopynosaHue / Equipment
Basic sports equipment

Ba3soBoe cnopTBHOE 06opyaoBaHHe /

KoopanHaumoHHas nectHuua / Agility ladder

The study was conducted in two stages (Tab-
le 3). During the first stage (4 weeks), the standard
physical education curriculum for second-grade
students was implemented1. This programme was
aimed at developing fundamental motor skills and
physical qualities, including coordination abilities.
The main directions for coordination development
were developing spatial orientation, improving
rhythm perception, training static and dynamic ba-
lance, and refining movement differentiation.

The study was conducted in two stages (Tab-
le 3). During the first stage (4 weeks), the stan-
dard physical education curriculum for second-
grade students was implemented’. This pro-
gramme was aimed at developing fundamental
motor skills and physical qualities, including co-
ordination abilities. The main directions for co-
ordination development were developing spatial
orientation, improving rhythm perception, training
static and dynamic balance, and refining move-
ment differentiation.

The second stage of the study, lasting 8 weeks,
involved the implementation of the developed exer-
cise programme. The methodology included exercises
using an agility ladder with the following dimensions:
length (L) — 4 m and width (W) — 50 cm.

Three main types of movements were performed
on the agility ladder: walking, running, and jumping.
The sessions were conducted to rhythmic music at a
tempo of 96-112 bpm. The tempo-rhythmic structure
of the exercises allowed for individual adjustments to
movement technique based on the participants’ abi-
lities.

The following standardised tests were used to as-
sess coordination abilities.

1. “Shuttle run 3x10 m”. This test assessed dy-
namic coordination. It involved repeated covering of
the distance with changes of direction; the results were
recorded in seconds.

" Work Programme for the Academic Subject «Physical Education» for
Grades 1-4 of Primary General Education for the 2023-2024 Academic
Year. Available at: https:/co8a.ru/wp-content/uploads/2023/08/1-1.pdf
(accessed: 08.02.2025).

2. “Tandem walking”. This test was used to assess
gait function with complex coordination. Participants
walked 5 m along a straight line, placing one foot in a
heel-to-toe position; the results were recorded in cm/s.

3. “Backward walking”. This test was used to as-
sess mobility and balance maintenance. Participants
walked backwards along a line while looking over the
right shoulder in the direction of movement; the results
were recorded in cm/s.

4. “Modified Romberg test”. This test is an indicator
of static coordination. Participants assumed a tandem
stance (heel-to-toe position) with their arms crossed
on the chest; the maximum time for maintaining the
position is recorded.

During the study, participants performed the tests.
Testing began with a practice attempt, followed by
repeated trials until a satisfactory (verifiable) result
was achieved. The dynamics of coordination ability
development were analysed and expressed as per-
centages. The results of the “Shuttle run 3x10 m” and
‘Modified Romberg test” were compared with nor-
mative reference values for children aged 6-7 years
based on monitoring data?. Statistical processing was
performed using SPSS 16.0. The paired-sample t-test
was used to assess the statistical significance of dif-
ferences. The level of statistical significance was set
atp <0.01.

RESULTS

A comparative analysis of the results was conduc-
ted to evaluate the effectiveness of training programme:
baseline measurements (T1) were compared with
those obtained after the 8-week course of sessions
(T2) (Table 4). The programme consisted of exercises
with a tempo-rhythmic movement structure performed
on an agility ladder and accompanied by music with a
progressively increasing tempo.

A comparative analysis of the control exercise
results revealed a statistically significant improve-
ment in the participants’ physical performance. In the

2 Educational Social Network. Normative Indicators for Monitoring.
Available  at: https://nsportal.ru/shkola/raznoe/library/2016/03/15/
normativy-pokazateley-monitoringa (accessed: 08.02.2025).
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Table 4. Dynamics parameters of physical fitness and coordination abilities in the subjects before (T1) and after (T2) the experiment, M+m
Tabnuua 4. [luHamuka nokasateneii puan4eckoit NOAroTOBNEHHOCTU U KOOPAMHALMOHHBIX cnocobHocTel y ucnbiTyeMbix 4o (T1) n nocne (T2)

aKcnepumeHTa, Mtm

Mokasatenw / Parameters T1 (n=20) | T2 (n=20)
YnpaxHeHus / Exercise
Mogbem Tynosuwa (pas/muH) / Sit-ups (count/min) 21,315 24241 ,1*
Mpucenanust (pas/imuH) / Squats (count/min) 35,8+2,8 38,5+1,9
Tectbl / Tests
YenHoyHblit 6er 3x10 m, ¢ / Shuttle run 3x10 m, s 11,8+0,5 10,1+0,1*
TaHaemHas xoabba, cv/c / Tandem walk, cm/s 272423 30,1+2,8*
Xopbba cnuHoi Bnepea, cm/c / Backward walk, cm/s 56,0+2,2 63,9+4,9*
Tect «MoaunduumposarHas npoba Pombepray, ¢ / Modified Romberg Test, s 17,1+£0,7 18,1+0,8*

* Differences are significant at the level of significance (p <0,001).
* Pa3nnuns gocToBepHb! Ha ypoBHE 3HaunmocTy (p <0,001).

“sit-ups” test, the mean number of repetitions increased
by 3 (+11.9%). Similar dynamics were observed in the
‘squats” exercise, where the number of repetitions in-
creased by a mean of 3 (+7.1%).

The results of the “shuttle run 3x10 m” test showed
a 13.4% improvement compared with baseline data.
This corresponded to a 1-point increase on a 3-to-4-
point scale.

Analysis of data from the “tandem walking”, “back-
ward walking®, and “modified Romberg test” revealed
positive dynamics across all results. The mean speed
in the “tandem walking” and “backward walking” tests
increased by 9.6 and 12.3%, respectively. The diffe-
rence between the results of the “modified Romberg
test” was 5.5%, which also corresponds to a 1-point
increase from 3 to 4.

A comparative analysis of the changes observed
across the four coordination ability tests revealed
specific patterns. The use of exercises with a tempo-
rhythmic movement structure using the agility ladder
had a pronounced effect on the development of dy-
namic coordination. This is supported by the greatest
improvements being observed in the “shuttle run” test
(a 1.7-second decrease in time) and the “backward
walking” test (a 2.9 cm/s increase in speed), indica-
ting a significant enhancement of motor adaptation
ability.

CONCLUSION

The results of the study confirm the effective-
ness of tempo-rhythmic exercises in the development
of coordination abilities in primary school children
(p <0.001). However, differential patterns of improve-
ment were observed depending on the type of motor
task.

The observed increase in the number of repeti-
tions in the sit-ups and squats exercises may be as-
sociated with the development of endurance under the

influence of the increasing tempo of the agility ladder
exercises. The greatest progress was observed in
tests assessing dynamic coordination and motor con-
trol (shuttle run 3x10 m and backward walking). This
result is presumably a consequence of synchronising
cyclic movements with the musical tempo. The im-
provement in the tandem walking and modified Rom-
berg test results was less pronounced, as the skills
assessed require a high level of precision and static
stability. These parameters of motor control, unlike
cyclic movements, develop more slowly and are less
responsive to musical rhythm.

Thus, exercises with a tempo-rhythmic movement
structure contribute to the development of coordina-
tion abilities by improving both complex coordinated
movements (reaction time and movement speed) and
static parameters (movement precision and postural
maintenance). This conclusion is supported by the
test results obtained from primary school children in
this study.
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AONONHUTENBbHAA UHOOPMALIUA
Bknap aBTopoB. Bce aBTOpbI BHECIMN CYLLECTBEH-
HbI BKNag B pa3paboTky KOHLEeNLuM, NpoBEAEHNE UC-




CrnefoBaHns 1 NOArOTOBKY CTaTby, NPOYnu 1 ogobpu-
N1 uHanbHyto Bepcuto nepeq nybnukame.

KoHdnukt wmHTepecoB. ABTOpbI AeknapupyroT

OTCYTCTBME SIBHbIX M MOTEHUWAmNbHLIX KOH(MMKTOB
WHTEPECOB, CBAA3aHHbIX C Nybnukauuen HacTosLien
cTaThu.

REFERENCES

1.

Ababkov V.A., Avakyan G.N., Avdyunina |.A. et al. Neurology: Na-
tional Guidelines. Moscow: GEOTAR-Media; 2018. 880 p.
Austere B.V. Development of coordination abilities in primary
school children during physical education based on the use of
water-based outdoor games. Theory and Practice of Physical Cul-
ture. 2018;(8):23. (In Russian).

Austere B.V. Development of coordination abilities in primary
school children based on a modular program using outdoor games.
Physical education: upbringing, education, training. 2017;(1):66-68.
(In Russian).

Berezovskaya |.N., Bloshchuk L.P., Tarhanova V.S. Musical
games as a means of developing movement coordination in
preschool children in educational institutions. Voprosy peda-
gogiki. 2021;10(2):62-66. (In Russian). EDN: RZRXPK.
Vvedensky V.N., Surina O.S. Methods of developing coordina-
tion abilities in primary school children through hip-hop dance.
Azimut nauchnykh issledovaniy: pedagogika and psikhologiya.
2019;8(2):236-239. (In Russian). https://doi.org/10.26140/anip-
2019-0802-0055.

Glukhova M.Yu., Mikhel O.l. Outdoor games as a means of developing
coordination abilities in primary school children. Uchenye zapiski
universiteta imeni PF. Lesgafta. 2022;(11):106-110. (In Russian).
Zhdanova L.A., Nuzhdina G.N., Matrenkina E.N. Differentiated
approach to medical-pedagogical support for children with mus-
culoskeletal disorders in preschool educational institutions. Prak-
ticheskaya meditsina. 2019;17(5):87-94. (In Russian).

Zavadich V.N. Assessment of coordination abilities development
level in primary school children. Vestnik Luganskogo gosudarst-
vennogo pedagogicheskogo universiteta. Seriya 2: Fizicheskoe
vospitanie i sport. 2021;61(2):49-53. (In Russian).

Zanina T.N., Tkachuk P.V., Savchenko M.B., Kibenko E.I. Gym-
nastic exercises as a means of developing motor coordination in
preschool children. Bulletin of the Taganrog Chekhov Institute.
2022;(2):18-26. (In Russian).

Glukhareva M.R., Vladimirova N.R. Physical development of chil-
dren aged 7-8 years. Prospects of science. 2023;(3):175-178.
(In Russian).

. Ivanova E.S., Suslina I.A., Bakaev V.V., Latysheva E.O. Dif-

ferentiation of physical qualities development level as a con-
dition for organizing physical education classes for school-
children. Physical Culture and Health. 2023;87(3):41-45.
(In Russian).

Kirsanova O.N., Fedotova G.A., Babaykina E.P. Development of
coordination abilities in 8-9 year old students through exercises

UcToyHuk chHaHcMpoBaHUA. ABTOPbI 3asBNSIOT

06 OTCYTCTBMU BHELLUHEro (prHaHCMpOBaHUS MpU Mpo-
BeAEHUN UCccnenoBaHuna.

WHdopmupoBaHHOe cornacue Ha ny6nukauuio.

ABTOpSI nony4vmnn nnuCbMeHHOE cornache 3akOHHbIX
npeacTasuTenein 06yqarou.|,v|x0ﬂ Ha ny6nv||<au,v|+o JaHHbIX.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

with elements of kobudo. Uchenye zapiski universiteta imeni
PF. Lesgafta. 2021;(11):187-192. (In Russian).

Katechkina I.V. Methods of developing coordination in primary
school children in choreography classes. URL: https://www.pedm.
ru/categories/4/articles/2199 (accessed: 05.10.2025). (In Rus-
sian).

Komissarova E.N., Rodichkin P.V., Shkut E.N., Pupkov P.V.
Application of preventive and health-improving measures
in preschool children by means of physical culture.
Business. Education. Law. 2024;(1(66)):412-417. (In Rus-
sian).

Komissarchik K.M. The use of rubber loops for self-study in dis-
tance learning. Uchenye zapiski universiteta imeni PF. Lesgafta.
2020;(12):93-95. (In Russian).

Komissarchik K.M., Plotnikova S.S., Gaydukova Yu.N. Forma-
tion of a healthy lifestyle culture through recreational activities
for children in the pool. Children’s Medicine of the North-West.
2021;9(3):92-93. (In Russian).

Kudryavtsev M.D. Methodology of teaching motor skills to primary
school children based on the theory of learning activity. Moscow:
APKIPRO. 2013. 123 p. (In Russian).

Lyakh V.I. Coordination abilities: diagnosis and development. Mo-
scow: TVT Divizion; 2006. 290 p. (In Russian).

Lyakh V.I. Coordination abilities of schoolchildren. Moscow:
Polymya; 1989. 160 p. (In Russian).

Semenov R.G. Use of coordination ladder for developing coordi-
nation abilities in primary school children. Modern Scientific Bul-
letin. 2017;2(4):52-53. (In Russian).

Smirnova Yu.V., Bakeshin K.P., Sergeeva A.G., Yarchikovs-
kaya L.V., Bulavchenko K.V. The effectiveness of rhythmic
gymnastics and step-aerobics in physical education classes on
motor abilities development in primary school children. Uchenye
zapiski universiteta imeni P.F. Lesgafta. 2021;(12):339-344.
(In Russian).

Surina O.S., Vvedensky V.N. Development of coordination in
primary school children during modern choreography classes.
Education and Science in Russia and Abroad. 2019;(1):64-67.
(In Russian). EDN: YTYOQX.

Filippova S.N., Alekseeva S.I., Chernogorov D.N., Matveev Yu.A.,
Melkadze O.V. Dynamics of indicators of physical development
and adaptation of younger schoolchildren in Moscow to aca-
demic loads and recreational physical activities culture. Issues of
balneology, physiotherapy and therapeutic physical education.
2021;98(6):39-47. (In Russian).

67



68

NINTEPATYPA

1.

Ababkos B.A., ABaksaH I".H., AsatoHuHa W.A. u ap. Heeponorus:
HaumoHanbHoe pykooacTeo. M.: FTOOTAP-Meaua; 2018. 880 c.
Ayctep B.B. PasBuTiie KOOpAMHALMOHHBIX CMOCOOHOCTEN OeTen
MnafLIero LWKOMBHOro Bo3pacTa B npoLiecce (mManyeckoro BoCnm-
TaHUS Ha OCHOBE VCMOMNb30BaHMs MOLBWKHbIX TP Ha BOAe. Teopusi
u npakmuka ¢husuyeckoll Kynbmypbi. 2018;(8):23. EDN: XUAVXF.
Ayctep B.B. Pa3Butue kooparHaLMOHHbIX COCOBHOCTEN Y AeTe
MIaLLEro LIKOMbLHOro BO3pacTa Ha OCHOBE MOAYMbLHOM Nporpam-
Mbl C CMONb30BaHNEM MOABIKHBIX Urp. Qu3auyeckas Kynbmypa:
gocnumarue, obpa3zogaHue, mpeHupogka. 2017;(1):66-68.
Bepesosckas W.H., Browyk J1.M., TapxaHosa B.C. My3bikanbHble
Wrpbl, Kak CPEACTBO PA3BUTUS KOOPAWHALMW OBUKEHUA Y feTel
cTapLuero JolkonsHoro Bo3dpacTa B ycrosusix JOY. Bonpocsi
nedazoauku. 2021;(10-2):62-66. EDN: RZRXPK.

BeepneHckuii B.H., Cypuna O.C. MeToauka passutus KoopanHaLMOH-
HbIX CNOCOBHOCTEN MNAALLMX LIKOMbHUKOB CPELCTBAMM XWM-XON TaH-
ua. Asumym HayuHbIx uccrnedosaHuli: nedagoauka U NCUXOoaus.
2019;8(2):236-239. https://doi.org/10.26140/anip-2019-0802-0055.
Inyxoea M.HO., Muxenb O.W. oaBmkHbIEe Mrpbl Kak CpeacTso
Pa3BUTUSI KOOPAMHALMOHHBIX CMOCOBHOCTEN Y AeTel MNaaLLEero
LUKOMbHOTO BO3pacTa. YyeHble 3anucku yHusepcumema UMEHU
M1.@. lleceagpma. 2022;(11):106-110.

Kpanosa J1.A., Hyxauna I.H., Matperkuna E.H. Ouddepenyp-
POBaHHbIN MOAXOA K MEAMKO-Nearorniyeckomy COnpoBOXAEHUIO
JeTell C naTonoruelt OMopHO-ABMUraTeNnbHOro annapata B Ao-
LUKOrbHOW 06pasoBaTenbHON opranusauuu. lpakmuyeckas me-
Ouyuna. 2019;17(5):87-94.

3asaguy B.H. Onpenenerune ypoBHs pa3BUTUS KOOPAMHALIMOHHBIX
CnocobHOCTeN [eTeil MnafLWero LWKOMbHOro Bo3pacta. BecmHuk
TlyaaHckoe0 2ocydapcmeeHH020 nedazo2uyeckoe0 yHugepcumema.
Cepus 2: ®usudeckoe socnumarue u cnopm. 2021,61(2):49-53.
3aHuHa T.H., Tkauyk M.B., CaBuenko M.B., Kubenko E.W. Tum-
HaCTUYeCKNe yNpaxHEHWS Kak CPELCTBO Pa3BUTUS ABUraTeNbHON
KoopaMHaLUuM AeTelt QOLWKONbHOTrO Bo3pacta. BecmHuk TazaH-
poeckozo uHcmumyma umeHu A.f. Yexosa. 2022;(2):18-26.
myxapesa M.P., Bnagumuposa H.P. ®usnyeckoe passutue pe-
Ten 7-8 net. epcnekmuss! Hayku. 2023;(3):175-178.

/BaHoBa E.C., CycnnHa U.A., Bakaes B.B., Jlatbiwesa E.O. ud-
hepeHupaums ypoBHs pasBuTUs HU3NYECKNX KaYeCTB Kak ycro-
BME OpraHM3aLum 3aHATUA N0 (r3NYECKOMY BOCTIUTAHMIO LUKOMb-
HukoB. Kynbmypa gpusuyeckas u 30oposbe. 2023;87(3):41-45.
KupcaHosa O.H., ®egotosa I'A., babaitkuna E.I1. Passutrie koop-
AVHALMOHHbIX CocobHoCTeN y obyyatoLumxcs 8-9 neT nocpeAcTBoM

AUTHORS’ INFO

* Konstantin M. Komissarchik, PhD, Head and Associate
Professor of the Department of Physical Education, Saint
Petersburg State Pediatric Medical University, Ministry of Health
of the Russian Federation; address: 2 Litovskaya str., Saint
Petersburg, 194100, Russia; ORCID: 0000-0003-4480-5110;
eLibrary SPIN: 2530-7612; e-mail: komisskon@mail.ru

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

ynpaXHeHWi ¢ anemMeHTamu KoByo. YyeHble 3anucku yHusepcume-
ma umeru [1.®. [leceagpma. 2021;(11):187-192.

KateukuHa /.B. MeToabl passuTs KoopauHauuv y LeTei MnagLe-
ro LUKOMbHOMO BO3pacTa Ha 3aHATusX xopeorpadmeir. [ledagoeu-
yeckoe Macmepcmeo; anekTpoH. xypHan. URL: https://www.pedm.
ru/categories/4/articles/2199 (nata obpaiuenus: 05.10.2025).
Komwuccaposa E.H., Poguykun M.B., WkyTt E.H., Mynkos M.B. Mpu-
MeHeHNe NpogUNaKTNYECKN-0300POBUTENBHBIX MEPONPUATUR Y
JeTeil JOLIKONBHOO BO3pacTa cpeacTBamMu (n3n4eckor KynbTy-
pbl. busHec. ObpasosaHue. [paso. 2024;(1):412-417.
Komuccapunk K.M. Vcnonb3oBaHue pesuHoBbIX NeTenb Ans camo-
CTOSTENbBHbIX 3aHATUN B YCIOBUSIX UCTAHLMOHHOIO 0ByYeHus. Yye-
Hble 3anucku yHugepcumema um. [1.0. Jleczapma. 2020;(12):93-95.
Komuccapuvk K.M., Mnothukoa C.C., Tainpykosa tO.H. ®op-
MWUpOBaHUe KynbTypbl 3[OPOBOro 0bpasa XM3HW NOcpeacTBOM
03[0POBUTENbHLIX 3aHATUIN Ans geTeit B GaccenHe. Childrens
Medicine of the North-West. 2021;9(3):92-93.

Kynpsisues M.O. MeToguka obyyeHwst MnapLuuX LIKOMbHUKOB
ABUraTenbHbIM AEACTBUSM HA OCHOBE Teopun y4ebHoit nesTenb-
HocTn. M.: AMKuMPO; 2013. 123 c.

Jlsx B.W. KoopanHauoHHbIe CNOCcOBHOCTK: AMarHoCTMKa U pas-
Butue. M.: TBT dusmanon; 2006. 290 c.

Jlsix B.W. KoopamHaunoHHble cnocoBHOCTM LWKOMbHUKOB. MUHCK:
Monbimst; 1989. 160 c.

CemeHos P.I". Mcrnionb3oBaHme KoopavHALMOHHOM NECTHULbI Ans pas-
BUTMS| KOOPAMHALMOHHbIX CIOCOBHOCTEN Y AETEN MNAALLEro LWKOMb-
Horo Bo3pacTa. CospemenHb Il HayuHbIi éecmHuk. 2017;2(4):52-53.
CmupHosa t0.B., bakewwuH K.I1., Cepreesa A.l., Apumkos-
ckas J1.B., Bynasyenko K.B. OhchekTMBHOCT BAMSHUS npuMe-
HEeHWs CPeAcTB PUTMWUYECKOM TUMHACTUKM U CTen-aspobuks B
ypoKax (hu3n4eCcKOM KynbTypbl HA pa3BUTHE [BUraTenbHbIX CMo-
cobHOCTeN MnafLWmX LKOMbHUKOB. Y4eHble 3anucku yHuUsepcu-
mema umenu 1.9. [leczacoma. 2021;(12):339-344.

Cypuna O.C., BeegeHckuin B.H. Passutue koopamHaumm y ge-
Tell MNajLLero LWKOMbHOMO BO3pacTa Ha 3aHATUSAX COBPEMEHHOM
xopeorpadueir. ObpasogaHue u Hayka 8 Poccuu u 3a pybexom.
2019;(1):64-67. EDN: YTYOQX.

®ununnosa C.H., Anekceesa C.W., YepHoropos [.H., Matge-
eB t0.A., Menkagse O.B. lJuHamnka nokasatenei puanyeckoro
pasBMTMS W ajanTayunm MnaaLmx WKoNbHUKOB MockBbl K y4eb-
HbIM Harpyskam UM O3[OPOBMTENbHbIM 3aHATUAM (PU3NYECKON
KynbTypow. Bonpocbi Kypopmonoauu, gusuomepanuu u ne4yeb-
Holl ghusuyeckoll Kynbmypebl. 2021;98(6):39-47.

OB ABTOPAX

* KoHcTaHTUH MuxainoBuy Komuccapuuk, kaHa. neq. Hayk,
3aBefytoLnin kacheapon, AOLEHT Kadheapbl PU3NYECKON Kyrb-
Typbl, PFBEOY BO «CaHkT-MNeTepOyprekuin rocyaapCTBEHHbIN
neanaTpuYeCcKuin MeauULMHCKIARA yHuBepcuTeT» MuH3gpasa
Poccuu; agpec: Poccus, 194100, CankT-TeTepbypr,

yn. Nlutosckas, 4. 2; ORCID: 0000-0003-4480-5110;

eLibrary SPIN: 2530-7612; e-mail: komisskon@mail.ru




AUTHORS’ INFO

Lyubov V. Mitenkova, PhD, Associate Professor of the Depart-
ment of Physical Education, Saint Petersburg State Pediatric
Medical University, Ministry of Health of the Russian Federa-
tion, Saint Petersburg, Russia; ORCID: 0000-0002-6239-8099;
eLibrary SPIN: 3789-9481; e-mail: Imitenkova@mail.ru

Lilia I. Khalilova, PhD, Associate Professor of the Department
of Physical Education, Saint Petersburg State Pediatric Medical
University, Ministry of Health of the Russian Federation, Saint
Petersburg, Russia; ORCID: 0000-0001-6944-4732;

eLibrary SPIN: 9587-5546; e-mail: irekovnal@mail.ru

Aleksey V. Shigabudinov, senior lecturer at the Department
of Physical Education, Saint Petersburg State Pediatric Medical
University, Ministry of Health of the Russian Federation,

Saint Petersburg, Russia; ORCID: 0000-0003-0768-7311;
eLibrary SPIN: 4345-9944;

e-mail: shigabudinovalexei@yandex.ru

Ob ABTOPAX

IMo6oBbL BsyecnaBoBHa MuTeHKOBA, kaHA. nef. HayK, AOLEHT
kadbeapbl uanyeckoit kynbTypbl, PTEOY BO «CaHkT-IeTep-
Oyprckuin rocyaapCTBEHHbIN NEANATPUYECKUIA MEANLIMHCKII
yHuBepcuteT» MuHagpasa Poccum, CarkT-MNetepbypr, Poccus;
ORCID: 0000-0002-6239-8099; eLibrary SPIN: 3789-9481;
e-mail: Imitenkova@mail.ru

INunua UpekoBHa Xanunosa, kaHa. ned. Hayk, AOLEHT kadea-
pbl usmnyeckoit kynbTypbl, PTEOY BO «CakT-eTepbyprckuii
rOCYAaPCTBEHHbI NeanaTpUiYeCKnini MEAULMHCKUIA YHUBEPCH-
TeT» Munagpasa Poccuu, CaHkT-TeTepbypr, Poccus;

ORCID: 0000-0001-6944-4732; eLibrary SPIN: 9587-5546;
e-mail: irekovnal@mail.ru

Anekceit BukropoBuy LLinrabyamHoB, cTapLuuii npenogasa-
Tenb kadeapsl gusnyeckoin kynbTypel, FEOY BO «CaHkT-Te-
TepOYprckuin rocynapCTBEHHbIA NEANATPUHECKUI MELULMHCKII
yHuBepcuTeT» Munagpasa Poccuu, CaHkT-TeTepbypr, Poccus;
ORCID: 0000-0003-0768-7311; eLibrary SPIN: 4345-9944,;
e-mail: shigabudinovalexei@yandex.ru

* ABTOp, OTBETCTBEHHbIN 3a nepenucky. / Corresponding author.

69



70

https://doi.org/10.56871/PED.2025.98.32.008 UDC 616.833-073.7+615.84+616.379-008.64+616.833

Electroneuromyography in pediatric practice
(literature review)
Pavel O. Liazhev, Maria Yu. Fomina

Saint Petersburg State Pediatric Medical University, Saint Petersburg, Russia

ABSTRACT

One of the most informative diagnostic methods for diseases of the spinal cord and peripheral nervous system is electromyography, a
diagnostic technique based on the registration and evaluation of electrical potentials that occur during muscle contraction or peripheral
nerve activation in response to electrical stimulation of the nerves. This method is characterized by high variability in the obtained
potential parameters: amplitude, latency, morphology, the ratio of these parameters between responses recorded at different stimulation
points, as well as conduction velocities along motor and sensory fibers of peripheral nerves. The performance of electromyography in
children is associated with several additional complicating factors, such as the high sensitivity of children to the procedures, the difficulty
in ensuring patient immobility, and the dependence of the obtained data on the age of the subject. This study involved a review of recent
domestic and international literature on the use of electromyography in pediatric practice. Currently, two main electrophysiological
methods are used: stimulation electromyography and needle electromyography. In the first case, the conduction of signals along
peripheral nerves is assessed, while in the second, the condition of individual muscle fibers is evaluated. During the examination,
diseases of the muscles, peripheral nervous system, and spinal cord can be identified; it is also possible to compare the obtained
results to assess inter-lateral asymmetry and track the dynamics of pathological processes over time. Electromyography is a highly
informative diagnostic tool for neuromuscular system diseases in children; however, when conducting the study, it is important to take
into account the age-related features of nervous system development and adapt the procedure according to the physiological and
behavioral characteristics of the subjects.
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AnekTpoHenpomuorpadms B neauaTpmyecKkon npakTuke
(0630p nuTepartypbl)
M.0. Nsxbes, M.KO. domuHa

CaHkr-Tetepbyprckuil rocyfapCTBeHHbIN NeAnaTpUyeckuin MeauumnHeknin yuneepeutet, CankT-Metepbypr, Poccus

PE3IOME

AKTyanbHOCTb M3y4eHUsi BOIMOXHOCTEN NPUMEHEHNS ANEeKTPOHEpoMmMorpacdum B neauaTpuyeckoil npakTuke 0bycroBneHa Wpokum
CMEKTPOM HEPBHO-MbILLEYHbIX 3a60MeBaHNiA, NPy KOTOPbIX AaHHAs METOAMKA SBASETCS BbICOKOCTEUM®MUYHON 1 MHAOPMATUBHON.
OnekTpoHenpoMuorpadnst — 310 OAUH U3 Hambonee MHAOPMATUBHBIX METOAOB AMArHOCTUKW 3aG0NeBaHWin CMHHOTO MO3ra U ne-
pudepuyeckon cuctembl. MeToz OCHOBAH Ha PErncTpaLm 1 OLEHKe SNEKTPUYECKMX MOTEHLMANOB, BO3HIKAIOLMX MPY COKPALLEHUN
MbILLUL{bI UITK aKTUBALIMN NEPUDEPUYECKOrO HEPBA B OTBET HA CTUMYMSILIAIO HEPBOB SNEKTPUYECKAMM UMY NbCAMI. DNEKTPOHENPOMUO-
rpacusi OTNMYaETCS BbICOKOW BapuabenbHOCTbIO NokasaTeneit MnoryYeHHbIX NOTEeHLUMANOoB: UX aMmUTyabl, NaTeHTHOCTH, Mopdo-
NOTUM, COOTHOLLEHMSI JaHHbIX MoKasaTenen Mexay 0TBeTaMu, NONyYeHHbIMI B Pa3fMYHbIX TOYKaX CTUMYTSLMM, @ Takke CKOpocTen
NPOBEAEHNS MO MOTOPHBIM M CEHCOPHbIM BOMOKHAM nepudepuyeckix HepaoB. MpoBeaeHNe anekTpoMuorpaci y AeTen CONpsKEHo
C PSiAOM AOMOMHUTENbHbBIX OCTOKHSIOLMX (hAKTOPOB, TakuX Kak BbICOKasi YyBCTBUTENBHOCTb AETEN K MPOM3BOAUMBIM MaHUMYNsLM-
IM, CMOXHOCTb 0BecneyeHns HEMOABIKHOCTY MaLMeHTa U 3aBUCMMOCTb MONyYeHHbIX AaHHbIX OT Bo3pacTa obcregyemoro. B xone
AaHHOrO MCCreaoBaHus Bbin MPOBEAEH aHanM3 OTEYECTBEHHOMN U 3apyBeXHON NuUTepaTypbl NOCNEAHNUX NET Ha TEMY BO3MOXKHOCTH
MCMOMb30BaHMs ANeKTpoMMorpadum B NeAMaTPUYECKO npakTike. B HacTosiliee BpeMsi UCMONb3YHTCS 4Ba OCHOBHbIX dMeKTpodu-
310MOrMYeckMX MeToAa WUCCredoBaHus: CTUMYNSALMOHHaS aNeKTpoHeipommorpadmst U uronbyaTas muorpadus. B nepsom criyyae
OL|eHMBAIOTCS NOKa3aTenu NpOBEAEHNS MO nepudiepuyeckomy HepBy, BO BTOPOM — COCTOSIHWE OTAENbHbIX MbILIEYHbIX BOJIOKOH.
Mpw NpoBEAEHNM UCCTIeA0BaHUS MOTYT ObITb BbISIBNEHbI 3a001EBaHNs MbiLLL, NepudeprUYecKoit HEPBHON CUCTEMbI, CTIMHHOMO MO3ra,
MWOTEHHbIE PAcCTPOACTBA; BOIMOXHO CPaBHEHMe MonyyaeMblX nokasaTtenei Anst OLUEHKM MEXCTOPOHHEN ackMMETPUN, AMHAMMKY
MaToNoMM4YecKoro NpoLecca Bo BpEMeHU. AreKTpoMuorpadvs SBRSIeTCs BbICOKOMHGOPMATIBHBIM METOLOM AMArHOCTUKM 3aboreBa-
HWI HEMPOMBILLEYHOW CUCTEMbI Y AETEN, TEM HE MEHEe Npy NMPOBeAEHI UCCIIEL0BAHNI HY)KHO YYMTbIBATb BO3PACTHbIE 0COBEHHOCTH
pasBUTUSI HEPBHOMN CUCTEMbI, afanTUPOBaTh NPOBEAEHNE METOAMKM C YYETOM (PU3MONMOrMYECKUX 1 MOBEOEHYECKUX XapaKTepPUCTUK
obcnepyembix.

KniouyeBble cnoBa: neauatpus, anekTpoHerpomuorpadms, uronbyatas anektpomuorpadusi, avabeTnyeckas nonvHenponaTtus,
CVHAPOM MbILIEYHOW TMNOTOHWM
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BACKGROUND

Electrophysiological tests, such as evoked elec-
troneuromyography (ENMG) and needle electromyo-
graphy (EMG), are used to diagnose a wide range of
disorders of the muscles, peripheral nervous system,
and spinal cord, including in pediatric practice. These
methods offer a number of advantages, including the
ability to obtain quantitative data that allow for an
objective assessment of the neuromuscular system,
comparison of results with age-specific norms, and
monitoring changes in parameters during follow-up
examinations.

In our work at the Clinical Hospital of St. Peters-
burg State Pediatric Medical University, we evaluated
the potential for using electrophysiological examination
methods in pediatric practice. An analysis of recent do-
mestic and international literature describes the possi-
bilities and limitations of using EMG in pediatric neuro-
logy for patients of various age groups [5, 6].

During the studies, a number of parameters can be
obtained: for example, during ENMG, one can record
the amplitude, duration, latency, and shape of motor
and sensory responses; calculate conduction veloci-
ties along peripheral nerves; and assess the stability
of late phenomena; during needle EMG, pathological
spontaneous activity of muscle fibers can be identified,
and the amplitude and duration of motor unit potentials,
the number of turns and phases in their structure can
be assessed, as well as an analysis of the interference
pattern and turn-amplitude analysis can be performed
at maximum contraction of the muscle under exami-
nation [3]. ENMG can be used to diagnose conditions
such as mono- and polyneuropathies, myasthenia gra-
vis, tunnel syndromes, plexopathies, neural amyotro-
phies, and radicular syndromes; needle EMG — for dia-
gnosing lesions of primary muscular and denervation
origin [9, 19, 27].

Despite the high diagnostic value and informative
nature of the EMG method, its application in pediatric
practice is associated with certain difficulties due to the
physiological, anatomical, and psychological characte-
ristics of childhood, including variability in normal va-
lues, difficulties in ensuring the child’s immobility during
the examination, as well as children’s increased sensi-
tivity to external manipulation.

Physiological characteristics include incomplete
myelination of peripheral nerves, active synapto-
genesis, and the growth, maturation, and branching
of axons. The presence of a myelin sheath covering
the axons of nerve fibers is necessary to achieve suf-
ficient nerve conduction velocity. Thus, incomplete
myelination accounts for the characteristics of pe-
ripheral nerve conduction velocity and the increase
in response latency. As a rule, a rapid increase in

conduction velocities is observed after birth; velocity
parameters reach values similar to those recorded
in adult patients by approximately 3-5 years of age,
while certain changes, such as bimodality (the pre-
sence of two negative peaks) in sensory responses,
continue to be observed until 15-16 years of age [16,
33]. When performing needle EMG, it should be noted
that in cases of primary muscle lesions, instead of the
interference pattern filled with low-amplitude poten-
tials typical in adult practice, motor unit potentials with
normal or increased amplitude and reduced duration
may be recorded. These changes may be associated
with hypertrophied muscle fibers. Broad, high-ampli-
tude, polyphasic potentials similar to those observed
in denervation lesions may also be recorded; in such
cases, attention should be paid to the presence of
both broad and narrow polyphasic potentials — this
feature is more characteristic of the primary muscle
pattern [37].

Another important factor to consider when conduc-
ting the study is the anatomical characteristics of the
patients. In studies of the adult population, the distan-
ces between the stimulation site and the recording site
are fixed and standardized in accordance with interna-
tional recommendations, ensuring high reproducibility
of results [17, 24, 26]. In children, especially younger
ones, these distances often vary due to anatomical
characteristics: smaller body size, lower muscle mass,
and body proportions that differ from those of adult
patients. This requires a flexible approach to selec-
ting stimulation and recording sites, as well as adjus-
ting measurements based on age and the size of the
area being examined. The lack of fixed standards for
children creates additional complexity in interpreting
results and requires the use of age-specific reference
data. Additionally, interelectrode distances may be re-
duced, as may the distance between the stimulating
and recording electrodes. Anatomical landmarks may
be used during the study [37, 40].

It should be noted that the examination may cause
pain and discomfort in the area of stimulation or needle
electrode insertion. Unlike adult patients, most of whom
tolerate EMG satisfactorily, unpleasant sensations may
cause anxiety and motor activity in the subjects, leading
to an increase in the number of recording artifacts, as
well as the inability to perform procedures that require
patient cooperation; furthermore, communication with
young children may be impossible. When conducting
the examination, it is recommended to establish rapport
with the child: for example, it may be helpful to engage
the child in the procedure by explaining that the sounds
recorded during EMG are “muscle sounds” captured by
a microphone. It is recommended to avoid terms like
‘needle” or “needle electrode” as they carry negative




connotations. Phrases such as “recording electrode”,
“microphone”, “antenna”, or others that will be per-
ceived more positively by the child should be used.
A higher quality of the examination can be achieved
if a staff member or parent present distracts the child
with videos, games, or books [31]. When examining pa-
tients of preschool and younger ages, parents may be
invited to be present during the procedure and hold the
child in their arms; however, it is necessary to explain
that the child may become anxious and cry during the
examination [37]. The possibility of sedating patients
should be considered, as a number of publications in-
dicate an improvement in data quality when sedation is
used [18, 25], while others show that electromyography
can be performed with sufficient accuracy without se-
dation [22].

Thus, the recording of electrophysiological pa-
rameters presents certain challenges, and a correct
interpretation of the data is essential for reaching a
reliable conclusion. A number of scientific studies de-
scribe conduction parameters recorded in a population
of healthy children [12, 18, 20, 38, 40], noting the high
variability of the data — each individual electrophysio-
logical laboratory is recommended to develop its own
reference tables or, at a minimum, cite the source ac-
cording to which the recorded values are interpreted
[14, 40, 44].

The use of evoked EMG and needle EMG tech-
niques is quite common in clinical practice. The most
common form of polyneuropathy in childhood is dia-
betic polyneuropathy. A significant number of articles
describe changes in electrophysiological parameters
in children with diabetes mellitus — a disease whose
prevalence is steadily increasing [8, 29]. During
evoked potential studies in this population, changes
such as reduced motor conduction velocities [2, 23,
30] and reduced amplitudes of motor and sensory re-
sponses [2, 7] were observed. There is a challenge in
determining the scope of the examination sufficient
to draw a reliable conclusion — the need to examine
both motor and sensory fibers of at least one lower
limb has been described, while the required number
of nerves examined and the necessity of assessing
nerve conduction parameters in the second lower
limb and upper limbs vary [10, 15]. The literature de-
scribes a correlation between increased variability in
blood glucose levels and a decrease in nerve con-
duction velocity [32, 41]. It has also been noted that,
regardless of the duration of the disease, significantly
pathological changes on ENMG are observed much
less frequently than during confocal microscopy with
assessment of corneal nerve fiber function. Conduc-
tion parameters in the population of children with
diabetes mellitus are predominantly within the normal

range but are reduced relative to those recorded in
the population of healthy children [34].

The use of ENMG is not limited to the examina-
tion of children with diabetes mellitus. The examination
of patients with hereditary neuromuscular diseases,
metabolic disorders, rheumatic diseases, and neuropa-
thies includes ENMG. A number of publications from
2020 and later are devoted to myographic parameters
in children who have had COVID-19 followed by the
development of Guillain-Barré syndrome. In a cross-
sectional study involving ENMG in 125 patients repor-
ting complaints of respiratory failure, paralysis of the
upper and/or lower extremities, and gait disturbances,
it was found that Guillain—Barré syndrome is charac-
terized by an electrophysiological pattern of axonal
damage to peripheral nerves, with a predominance of
reduced amplitude in motor and sensory responses.
Furthermore, the axonal type of lesion was associated
with a less favorable prognosis for recovery than the
demyelinating type [21]. Similar findings were reported
in descriptions of individual clinical cases: changes of
both the axonal [13] and demyelinating types [35] were
noted. In a number of cases, a multisystem inflammato-
ry syndrome associated with COVID-19 was identified
in children, in which, in addition to peripheral nervous
system involvement, central nervous system involve-
ment was noted, and psychoses and epileptic seizures
were described [39].

One of the most common reasons for performing
an electrophysiological examination on an infant under
one year of age is neonatal brachial plexus injury, which
results from overstretching of the brachial plexus nerve
fibers during childbirth. This condition may manifest as
either a temporary decrease in arm motor function or
the development of permanent complete paralysis of
the upper limb. Typically, the C; and Cq roots are af-
fected (in about 80% of cases), but in some patients
the C, root may also be involved, and rarely the C,-T,
roots (pamplexopathy) [28]. Depending on the extent of
brachial plexus involvement, changes may vary — from
minimal deviations in conduction parameters to a com-
plete absence of responses. A combined study using
both evoked EMG and needle EMG is recommended;
however, it should be noted that performing needle my-
ography is complicated by the inability to establish pro-
ductive contact with the patient. Furthermore, the pre-
dominance of unilateral lesions allows for a comparative
analysis of electrophysiological parameters between
the affected and healthy limbs, which, given the high
variability of conduction parameters in young children,
significantly improves the quality of the study [42, 43].

In the practice of a pediatric electrophysiologist, it
is common to encounter cases where a young child with
muscular hypotonia syndrome is referred for examination.
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It should be noted that the causes of this condition can
vary. Given the discomfort associated with the proce-
dure, which causes anxiety in the patient and reduces
the quality of the data obtained, it is recommended to
first employ other diagnostic methods (medical history
review, physical examination, imaging studies, genet-
ic/laboratory tests) followed by the development of a
strategy for performing myography [1, 4, 11, 36].

CONCLUSION

The use of EMG in pediatric practice is becoming
increasingly common: the quantitative data obtained
are objective and can be used to compare readings
between sides, assess changes over time, and moni-
tor the effectiveness of treatment. This method can be
used in children of any age. The examination allows for
the differential diagnosis of a wide range of muscular
and neurological disorders.
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ABSTRACT

Biotransformation and metabolism of immunotoxicants is a complex and multi-stage process. This part of the review is devoted to the
second and third stages of biotransformation of immunotoxicants, which are classified as ecotoxicants and are drugs. In second phase,
partially transformed xenobiotic molecules are conjugated with certain intracellular compounds, such as glutathione, and converted
into relatively safe hydrophilic metabolites of the original xenobiotic. The review describes in detail the enzyme systems that carry out
biotransformation reactions of second phase. The enzymes of this biotransformation phase ultimately allow for a significant increase
in the hydrophilicity of biotransformed metabolites for their subsequent excretion from the body and carry out the final detoxification of
xenobiotics, including those with immunotoxicity. The known data on the localization of various isoforms of enzymes and their substrate
specificity are summarized. Some reactive products of the second phase of xenobiotic biotransformation, which may be toxic to cells,
are presented.

The third phase of biotransformation is the active secretion of immunotoxicants and their metabolites into urine or bile, which is
carried out by proteins belonging to the superfamily of secondary membrane-bound MFS (Major Facilitator Superfamily) transporters.
Transporters of the third phase are present in many tissues, including the liver, intestines, kidneys and brain, where a barrier is provided
against the penetration of xenobiotics into the body. These biomolecules play an important role in regulating the absorption, distribution
and excretion of many drugs and immunotoxic xenobiotics, as well as participate in the removal of newly formed products of the second
phase of biotransformation from cells.
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PE3IOME

BuoTtpaHcdopmaLms 1 MeTabonmnam MMYHOTOKCUKAHTOB — COXHBIA 1 MHOrOCTaauiiHbIA npoLecc. [JaHHas yacTb o63opa noces-
LeHa BTOPOA M TpeTben CTagusiM GroTpaHcopMaLmy MMMYHOTOKCHKAHTOB, SBMSIOLLMXCS SKOTOKCHUKAHTAMM 1 JTeKapCTBEHHbLIMM
BeLlecTBamu. Bo BTOpOi (hase YacT4HO TpaHC(OPMUPOBaHHbLIE MOMEKYIbl KCEHOBMOTIKA KOHBIOTUPYIOTCS C HEKOTOPLIMU BHYTpU-
KNETOYHbIMM COEAMHEHUSIMM, TaKUMIW KaK TMyTaTUOH, 1 MPEBPaLLaloTCa B OTHOCUTENLHO Oe3onacHble rmapodmibHble MeTabonnThl
MCXOLHOro kceHobnoTuka. B 0630pe nogpobHO onncaHbl hepMeHTHbIE CUCTEMBI, OCYLLECTBNSIOLLME peaKLyv BTOPOr (hasbl buoTpaH-
cchopmanmu. GepmeHTbl 3TON hasbl GroTpaHchopMaLy B KOHEYHOM UTOre MO3BOMSIHOT 3HAYUTENBHO YBENUYUTL MAPOUIIBHOCTL
B1oTpaHcthopMMPOBaHHLIX METabOoNMMTOB A/151 UX AANbHELLEN IKCKPELMM 13 OpraHn3ma W OCYLLECTBSIOT OKOHYATENbHYH AeTOKCHKa-
LMK0 KCEHOOMOTHKOB, B TOM Yncne obnagatlimx MMMyHOTOKCUYHOCTbH. O600LLEHbI M3BECTHBIE AAHHBIE MO NOKANN3aLMN Pa3fnYHbIX
130hopM hepMEHTOB 1 X cybcTpaTHO cneuuduiHocTy. MpeacTaBneHbl HEKOTOPbIE PeaKTUBHbIE MPOAYKTLI BTOPOK hadbl GuoTpaH-
cchopmaLmm KCEHOBMOTHKOB, KOTOPbIE MOTYT ObITb TOKCUYHbI A4S KMETOK.

TpeTbst (hasa BruoTpaHcopmaLmm npeacTaBnseT cobor akTUBHYKO CEKpELMI0 UMMYHOTOKCUKAHTOB M UX MeTaboNNTOB B MOYY Wi
XENYb, KOTOPAs OCyLUECTBNSETCS Denkam, OTHOCALLMMMUCS K CynepceMencTBy BTOPUYHbIX MeMOpPaHOCBA3aHHbIX nepeHocumkos MFS
(Major Facilitator Superfamily). TpaHcnopTepbl TpeTbeil asbl MPUCYTCTBYIOT BO MHOTMX TKaHsIX, BKITOYash NEYEHb, KMLLEYHWK, MOYK U
Mo3r, rae obecneynBaeTcs Hanmume bapbepa NpOTHUB MPOHYKHOBEHWS B OPraHinaM KCEHOOMOTIKOB. DT BUOMONEKYMbI UrPAKOT BaXHYH
porb B perynsyum abcopbumm, pacnpeaenermns 1 3KCKpeL MHOTX NIEKApCTB 1 IMMYHOTOKCUYHBIX KCEHOOMOTHKOB, a Takke y4acTBy-
10T B BbIBEJIEHI 113 KITETOK BHOBb 00pa3oBaHHbIX MPOAYKTOB BTOPOM hasbl BroTpaHcopmaLmm.

KntoyeBble cnoBa: KCeHOBMOTUKM, IMMYHOTOKCHKaHTbI, BTOpas (hasa bruotpaHcdopmaLmum, Tpetbst hasa bruotpaHcopmawmm
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INTRODUCTION

After completion of phase | biotransformation of
chemical compounds, their metabolites that were not
included in the metabolic pathways of oxidation or bio-
synthesis may undergo phase Il biotransformation re-
actions and then excreted as conjugates into the GIT
and urine [9].

The mechanisms, chemical and enzymatic reac-
tions of phase Il xenobiotic biotransformation are asso-
ciated with the covalent binding of xenobiotic metabo-
lites formed during phase | biotransformation to endo-
genous molecules specialized for their elimination. The
result is a hydrophilic conjugate that is excreted from
the body. Phase Il reactions are called derivatization or
conjugation reactions.

Phase |l biotransformation of xenobiotics includes
glucuronidation, sulfation, acetylation, methylation, glu-
tathionylation, and binding with amino acids such as
glycine, taurine, glutamic acid, as well as the transfor-
mation of epoxides into dihydriols with the participation
of epoxide hydrolases. The cofactors involved in these
reactions are generated during phase | metabolism,
with the exception of methylation and acetylation reac-
tions. A general overview of phase Il reactions is pre-
sented in Table 1.

The main organ where the second phase of xenobi-
otic metabolism occurs (as in the first phase) is the liver,

but the levels of some enzymes involved in biotransfor-
mation are quite high in the GIT, gonads, lungs, brain,
and kidneys [10]. Phase Il reactions usually proceed
much faster than phase | reactions, so the total rate of
transformation and elimination of a xenobiotic depends
largely on the rate at which the phase | reaction proceeds.

ENZYMATIC SYSTEMS OF THE SECOND
PHASE OF BIOTRANSFORMATION OF
XENOBIOTICS AND THEIR FUNCTIONAL
SPECIALIZATION

Enzymes involved in the second phase of biotrans-
formation include: uridine diphosphate glucuronyltrans-
ferase (UGT), sulfotransferase, N-acetyltransferases,
glutathione-S-transferases, quinone reductases, cyste-
ine conjugating lyases, and other enzymes.

The enzymes of this phase of biotransformation
ultimately significantly increase the hydrophilicity of
biotransformed metabolites for their further excretion
from the body and carry out the final detoxification of
xenobiotics, including immunotoxicants [4]. Most of the
enzymes of the second phase of biotransformation are
localized in the cytosol of cells, except for UGT, which
is microsomal enzyme.

Table 2 presents the functional characteristics of
the main enzymes of the second phase of xenobiotic
biotransformation.

Table 1. Characteristics of the main conjugation reactions of xenobiotics [13]
Tabnuua 1. XapakTepncTika OCHOBHbIX peakLmii KOHborawuy KceHoomoTrkoB [13]

Peakuus / Reaction

MpucoeamHsemblii areHT /
Attachment agent

®yHKLMOHaMbHas rpynna
kceHobnoTuka /
Functional group of xenobiotic

A. Peakuuu, npoTekatoLLye npy y4acTun akTMBMPOBaHHbIX (POPM MPUCOEANHSIEMbIX areHTOB/
A. Reactions occurring with the participation of activated forms of attached agents

KoHbloravus ¢ rnokypoHoBOiA kncnoTon /
Conjugation with glucuronic acid

YpuaungudocdorntokypoHosas kucrnota/
Uridyl diphosphoglucuronic acid

OH; -COOH; NH,; -NR,;
-SH; -CH

KoHbtorauus ¢ rnoko3oi /
Conjugation with glucose

Ypuaunaudocdo-rnokosa /
Uridyl diphospho-glucose

—OH; —=SH; COOH; =NH

Cyanide detoxification

CynbtaTuposanue / Sulfation 3-thocdoaneHosnH-5-doc- hocynbdar (PAPC) /| —OH; -NH,; -SH
3'-phosphoadenosine-5'-phosphosulfate (PAPS)

MeTtunuposanue / Methylation S-ageHo3nnmeTnoHuH / S-adenosylmethionine -OH; -NH,

Auetunuposatme / Acetylation Auetun KoA / Acetyl CoA -OH; -NH,

[eTokcvkaums ynanuaa / CynboH-cynbdug / Sulfone sulfide -CN

B. Peakuuu, npoTekaroLLme npu y4acTum aktm
B. Reactions involving activated forms of xenobiotics

BMPOBaHHbIX HOPM KCEHOBMOTHKOB /

KoHbtorauus ¢ rnytaTnoHom /
Conjugation with glutathione

nytatuox / Glutathione

ApeHoKeuabl; anoKcuapl;
rasioreHMPoOBaHHbIe ankurbHble

1 apunbHble yrnesogoposs! /

Arene oxides; epoxides; halogenated alky!
and aryl hydrocarbons

KoHbtorauus ¢ amuHokucnoToi /
Conjugation with an amino acid

T TIALYH; TIYTaMUH; OPHUTUH; TaypuH; LMCTEWH /

Glycine; glutamine; ornithine; taurine; cysteine

—-COOH
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Table 2. Characteristics of the main enzymes of the second phase of xenobiotic biotransformation [11, 57]
Tabnuua 2. XapakTepncTika 0CHOBHbIX hepMeHTOB BTOpOit chasbl GruoTpaHctopmaLmm kceHobuoTukos [11, 57]

®epmeHT / Enzyme

Nokanuaaums / Localization

®yHkups / Function

YO®-rniokyporunTpaHcdepass /
UDP-glucuronyl transferases

Mwkpocombl renatouuTos /
Hepatocyte microsomes

['ntoKypoHupoBaHue bunupybuHa 1 kceHobroTnkos /
Glucuronidation of bilirubin and xenobiotics

[nyTaTnoH-S-TpaHcdepass! /
Glutathione-S-transferases

LInTo30r1b M MUKPOCOMbI renaToLuMToB /
Cytosol and microsomes of hepatocytes

KoHbtorauus ¢ rnytaTmoHoM /
Conjugation with glutathione

N-aueTtunTpaHccepasa /
N-acetyltransferase

LinTosonb renatoumtos / Hepatocyte cytosol

AueTtunupoBaHue kceHobroTukos / Acetylation of
xenobiotics

CynbhoHTpaHchepasbl /
Sulfone transferases

LinTosonk rematouutos / Hepatocyte cytosol

CynbhaTpoBaH1e ropMoHOB (TUPEOUAHbIE W CTEPOUA-
Hble FOPMOHbI, KaTeX0MaMuHbI) 1 KCeHOBMOTMKOB /
Sulfation of hormones (thyroid and steroid hormones,
catecholamines) and xenobiotics

ENZYMATIC GLUCURONIDATION
REACTIONS: FUNCTIONAL SPECIALIZATION
OF ENZYMES, INTERMEDIATE PRODUCTS
(METABOLITES) OF REACTIONS

AND THEIR ACTIVITY

The enzymatic reactions of glucuronidation are
carried out by a group of enzymes known as glucuro-
nyltransferases. Glucuronyltransferases catalyze the
conjugation of xenobiotics or their metabolites with
glucuronic acid via UDP-glucuronyltransferase (UGT)
[10, 30]. This is the main route of biotransformation of
xenobiotics in many mammalian species, with the ex-
ception of the cat family. Uridine diphosphoglucuronic
acid participates as a cofactor in this reaction. UGT
has been identified in the endoplasmic reticulum of
liver cells and other tissues (kidneys, small intestine,
spleen, skin, brain, etc.).

Glucuronidation typically occurs at electron-rich nu-
cleophilic atoms of oxygen, nitrogen, or sulfur. The sub-
strates for UGT are molecules of chemical compounds
that have carboxylic, alcohol, or phenolic functional
groups (the reaction produces the corresponding O-
glucuronic esters), primary or secondary amino groups
(N-glucuronides are formed) or a free sulfhydryl group
(S-glucuronides are formed). Glucuronic conjugates
are polar compounds that are soluble in water and are
readily excreted in urine or bile.

The glucuronidation of xenobiotics by liver micro-
somes can be stimulated by detergents, which disrupt
the lipid bilayer, allowing UGT greater access to uridine
diphosphate glucuronic acid. However, high detergent
concentrations may inhibit UGT activity by preventing
the enzyme from interacting with phospholipids.

UGT catalyzes the glucuronidation of various xe-
nobiotics, including immunotoxicants. Chemical com-
pounds that undergo glucuronidation include: simple
and complex esters; alcohols; substances containing
carboxyl, carbamoyl, thiol, carbonyl, and nitro groups.
The glucuronidation of toxicants in the body is usu-
ally a component of the metabolic transformations of

xenobiotics that ensure their detoxification. However,
endogenous compounds such as bilirubin, steroid and
thyroid hormones can also be substrates for UGT.

In rare cases, glucuronidation can increase the
toxicity of a xenobiotic. For example, aromatic amines
such as 2-aminonaphthalene and 4-aminobiphenyl un-
dergo N-hydroxylation in the liver, followed by N-glu-
curonidation of the N-hydroxy metabolite. N-glucuro-
nides pass through the renal filter into the bladder cavity
and are hydrolyzed to the corresponding carcinogenic
N-hydroxyarylamines at acidic urine pH values. In this
case, the increase in xenobiotic toxicity is secondary,
and the activation of the xenobiotic glucuronidation
reaction may contribute to the development of bladder
cancer [14].

Glucuronidation of certain chemical compounds
leads to the bioactivation of carcinogens. Glucuronides
with procarcinogenic properties include N-glucuronide
4-aminobiphenyl, N-glucuronide N-acetylbenzidine,
O-glucuronide-4-([hydroxymethyl]-nitrosamino)-1-(3-
pyridyl)-1-butanone. During the first phase of biotrans-
formation, oxidation occurs at the nitrogen atom, followed
by conversion to N-glucuronides. Once in the intestine
with bile, the conjugates are broken down by gluc-
uronidase in the microflora and ultimately converted into
highly reactive electrophiles — N-acetoxyarylamines.
These compounds are thought to play a significant role
in the development of colon cancer in humans [2].

FERMENTATIVE SULFATION REACTIONS:
FUNCTIONAL SPECIALIZATION OF ENZYMES,
INTERMEDIATE PRODUCTS (METABOLITES)
OF REACTIONS AND THEIR ACTIVITY

Along with glucuronidation reactions, the metabo-
lites of many xenobiotics undergo biotransformation
through sulfate conjugation [1]. Sulfotransferases are
responsible for this stage of biotransformation and
metabolism of xenobiotics. Enzymes of this group
have been identified in the cells of the liver, kidneys,
intestines, lungs, and brain. The cofactor for sulfate




conjugation reactions is the active form of sulfuric
acid, 3'-phosphoadenosine-5-phosphosulfate (PAPS),
which is synthesized in the body from adenosine tri-
phosphate (ATP) and inorganic sulfate. A deficiency of
PAPS due to a lack of sulfate or genetic defects leading
to insufficient activity of the enzymes that catalyze its
formation can disrupt the processes of detoxification of
both xenobiotics and the degradation of endogenous
compounds [15].

Sulfate conjugation involves the transfer of a sul-
fate group (SO*) from PAPS to a biotransformable xe-
nobiotic [1]. The substrates of this reaction are alcohols
and phenols, which are often the products of phase |
biotransformation and metabolism of xenobiotics and
drugs. Xenobiotics that do not require prior activation
by first-phase enzymes for their effective metabolism
include primary and secondary alcohols, bile acids, ca-
techols, and some aromatic amines (e.g., aniline and
2-aminonaphthalene). Such chemical compounds are
conjugated with PAPS to form the corresponding sul-
famates.

N-hydroxyarylamines are also substrates for sul-
fotransferases. In all cases, the reaction involves a
nucleophilic attack of oxygen or nitrogen atoms on the
sulfur atom in PAPS with cleavage of the phosphosul-
fate bond. Sulfate conjugates are highly water-soluble
esters of sulfuric acid, which are excreted mainly in the
urine. Metabolites excreted in bile can be hydrolyzed by
arylsulfatases present in the intestinal microflora, which
contributes to their enterohepatic circulation.

Sulfotransferases are divided into two large groups
depending on their localization: membrane-associated
and cytosolic. Membrane-associated sulfotransfe-
rases are present in both the endoplasmic reticulum
and lysosomes, where they are mainly involved in the
metabolism of endogenous peptides, proteins, glycos-
aminoglycans, and lipids, but are not involved in the
biotransformation of xenobiotics. Cytosolic sulfotrans-
ferases are involved in the metabolism of a large num-
ber of different xenobiotics, including drugs, as well as
endogenous substrates (steroid hormones, catecho-
lamines, eicosanoids, vitamins A and D, etc.). Some
sulfate conjugates undergo further biotransformation.
Sulfation promotes the catabolism of thyroxine and tri-
iodothyronine and may determine the rate of elimina-
tion of thyroid hormones. During intrauterine develop-
ment, sulfotransferases are one of the main pathways
of biotransformation, since UDP-glucuronyltransferase
is still inactive in the fetus until the 20" week [15].

In general, this biotransformation pathway is highly
specific but metabolically low-capacity. The relatively
low concentration of PAPS in the cell (about 75 uM,
compared to a concentration of UDP-glucuronic acid of
about 350 uM) limits the ability to sulfate xenobiotics.

Some xenobiotics are substrates for both sulfo-
transferases and UDP-glucuronosyltransferases. Sub-
strate concentration, cofactor availability, and certain
other conditions influence the choice of the preferred
metabolic pathway for a particular chemical compound.
For example, the relative content of paracetamol bio-
transformation products during its metabolism depends
on the dose of the administered drug: at low doses, sul-
fate conjugates predominate in the metabolic products,
and as the dose increases, this metabolic pathway be-
comes saturated and, possibly due to the inhibition of
sulfotransferase activity, the relative amount of sulfate
conjugates in the metabolic products decreases com-
pared to glucuronic conjugates [16].

Four families of sulfotransferases (SULT1, SULT2,
SULT4, and SULT6) and about 40 isoenzymes encoded
by 10 genes have been identified in the human body
[15]. Based on data on the homology of amino acid se-
quences of specific isoenzymes and their groups, the
sulfotransferase superfamily is divided into a number
of subfamilies: 1A, 1B, 1C, 1E, 2A, 2B, etc. (Table 3).

Taking into account substrate specificity, sulfotrans-
ferases are divided into the following classes:

+ arylsulfotransferases are capable of sulfating many
xenobiotics with a phenolic residue;

+ alcohol sulfotransferases are capable of metaboli-
zing primary and secondary alcohols, including
nonaromatic hydroxysteroids;

+ estrogen sulfotransferases are capable of metabo-
lizing aromatic hydroxysteroids;

+ tyrosine sulfotransferases are capable of metabo-
lizing tyrosine, methyl esters, and bile acids.

Three types of sulfotransferases have been found
in the cytosolic fraction of human hepatocytes: one ste-
roid/bile sulfotransferase, or dehydroepiandrosterone
sulfotransferase (DHEA-ST), and two isoenzymes of
phenolic sulfotransferase. Phenolic sulfotransferases
differ from each other in terms of thermostability — one
form of the enzyme is thermostable, while the other is
thermolabile. A study of the role of sulfotransferases
in the bioactivation of 4-aminobiphenyl showed that
N-OH-aminobipheny! sulfotransferase activity in liver
and intestinal cells correlated with the activity of the
thermostable form of sulfotransferase, but not with the
activity of the thermolabile DHEA-ST form [16].

The isoenzymes of the SULT1 subgroup play the
most important role in the sulfation of drugs and their
metabolites, with SULT1A1 and SULT1A3 being con-
sidered particularly important. The marker substrate for
isoenzymes belonging to the SULT1 subgroup is 4-ni-
trophenol.

Endogenous substrates of SULT1A1 include
17B-estradiol, while exogenous substrates include
drugs such as minoxidil, acetaminophen, morphine,
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Table 3. Isoforms of the sulfotransferase family and the drugs they metabolize [15]
Tabnuua 3. M3ocopmbl cemeiicTBa cynbdoTpaHchepas 1 MeTabonuanpyemble MU NekapcTBeHHbIe cpeacTsa [15]

XpomocomHas
CewmericTao / . nokanuaauus /
Family en/ Gene ®yHkyws / Function Chromosomal Cybctpatbl / Substrates
localization
SULT1 SULT1A1 CynbgmpoBaHue KaTexonamnHOB W Opyrux Hepo- 16p11.2 MapaueTamon, M1Hokeuaun /
TPaHCMUTTEPOB, (DEHOMOB, CMIMPTOB W aMUHOB / Paracetamol, minoxidil
Sulfation of catecholamines and other .
SULT1AZ neurotransmitters, phenols, alcohols and amines Mpemapu / Premarin
SULT1A3 MapaueTamon, MopcuH, TaneHTagorn,
Tpamagon /
Paracetamol, morphine, tapentadol,
tramadol
SULT1A4 MapaueTamon, MopdmH/
Paracetamol, morphine
SULT1B1 KoHbtormpoBaHye TMpeonaHbIX FTOPMOHOB, (PEHOIOB, 4q13.3 TwupokewH / Thyroxine
GeH3unoBbIX cnupToB /
Conjugation of thyroid hormones, phenols, benzyl
alcohols
SULT1C2 MeTabonuam cheHonos / Metabolism of phenols 2q12.3 MapaueTamon, MOpguH /
Paracetamol, morphine
SULT1C3 MeTtabonuam gochamuHa, gpyrix KaTexonammHoB AppeHanuH / Adrenaline
11 BMOTEHHBIX aMWHOB /
SULT1C4 Metabolism of dopamine, other catecholamines and Rouerakcen / Docetaxel
biogenic amines
SULT1E1 MeTabonuam actporeHos / Estrogen metabolism 4q13.3 Octpwon / Estriol
SULT2 SULT2A1 CynbdmpoBaHue CTeponaoB 1 KemYHbIX KNCMOT 19913.33 YpcocaH / Ursosan
B MEYEHN W HafnoYeyHukax /
Sulfation of steroids and bile acids in the liver
and adrenal glands
SULT2B1 KoHbrormpoBaHvie femapoanvangpoctepona (AF3A) / LnTopabuH, dnynapabuH, rem-
Conjugation of dehydroepiandrosterone (DHEA) Ty3ymab, o3oramuuuH, ngapyouuuH /
Cytorabine, fludarabine,
gemtuzumab, ozogamicin, idarubicin
SULT4 SULT4A1 Vi3odbopma, cnelmudHas Ans LeHTpanbHom 22q13.31 AnpeHanuH / Adrenaline
HEepBHON cucTeMbl, 0becneumBaeT MeTabonnam
HepoTpaHCMUTTEPOB/
The central nervous system specific isoform medi-
ates the metabolism of neurotransmitters
SULT6 SULT6B1 MeTabonuam TpokeuHa / Thyroxine metabolism 2p22.2 TwupokewH / Thyroxine

salicylamide, isadrine, and others. SULT1A3 catalyzes
the sulfation reactions of monoamines with phenolic
radicals: dopamine, serotonin, norepinephrine [17].

In general, sulfation as a biotransformation path-
way is usually effectively accompanied by a decrease
in the pharmacological activity and toxicity of xenobio-
tics. However, in some cases, when foreign compounds
are metabolized by enzymatic sulfation, the toxicity of
the metabolites exceeds that of the original xenobiotic,
since some sulfate conjugates are chemically unstable
and degrade, forming strong electrophilic derivatives
with high reactivity. Thus, sulfo-conjugation is a ne-
cessary step in the activation of many chemical com-
pounds that are procarcinogens (acetylaminofluorene,
arylamines, and other procarcinogens). The metabo-
lites of many N-hydroxyarylamines and hydroxamic

acids formed in the sulfo-conjugation reaction also
have a mutagenic effect [17].

ENZYMATIC ACETYLATION REACTIONS:
FUNCTIONAL SPECIALIZATION
OF ENZYMES, NTERMEDIATE PRODUCTS
(METABOLITES) OF REACTIONS
AND THEIR ACTIVITY

The acetylation reaction, or conjugation with acetic acid,
which is considered one of the most evolutionarily ancient
reactions of biotransformation of chemical compounds, is
catalyzed by the enzyme N-acetyltransferase. In addition
to N-acetyltransferase, coenzyme A also participates in the
enzymatic acetylation reactions of chemical compounds. In
the human body, the intensity of acetylation reactions is influ-
enced by biochemical processes involving pantothenic acid,




pyridoxine, thiamine, lipoic acid, as well as processes asso-
ciated with the activation of B,-adrenoreceptors. Acetylation
depends on the functional state of the liver and other organs
whose tissue cells contain N-acetyltransferase.

Two isoenzymes of N-acetyltransferase have been
identified and isolated — NAT1 and NAT2, which carry
out N- and O-acetylation of aromatic and heterocyclic
amines and hydrazines, including many carcinogens
[24, 57]. NAT1 and NAT2 are similar in structure (de-
pending on the species of the isoenzymes, 79-95%
homology of amino acids in the structure of the mo-
lecules of these isoenzymes has been found), but they
have substrate specificity and different levels of activity
in different tissues.

NAT isoenzymes are cytosolic enzymes found in
hepatocytes and cells of many other tissues in most
mammalian species (except for foxes and dogs, which
are incapable of N-acetylation of xenobiotics). NAT1 in
adults is found in the liver, gallbladder, GIT, blood cells,
placenta, skin, skeletal muscle, mammary gland, pros-
tate, and lungs. NAT2 is mainly present in the liver and
small intestine. In addition, NAT1 is found in newborns
in the lungs, liver, and adrenal glands, while NAT2 ac-
tivity only becomes apparent by the end of the first year
of life [13].

N-acetylation is the main route of biotransformation
of aromatic amines, including drugs containing a hyd-
razine group (R-N-NH,). In the N-acetylation reaction,
aromatic amines are converted to aromatic amides
(R-NH-COCHj,) or hydrazides (R-NH-NH-COCH,), re-
spectively [13]. Primary aliphatic amines rarely under-
go N-acetylation. An exception is the sequence of bio-
chemical transformations in which cysteine conjugates
are formed from glutathione conjugates, from which, in
turn, mercapturic acid is formed by N-acetylation in the
kidneys.

Many N-acetylated metabolites are less soluble in
water than the parent compounds. However, in some
cases, such as the metabolism of isoniazid, N-acetyla-
tion prior to excretion facilitates the elimination of iso-
niazid metabolites in the urine (Fig. 1).

More than 20 allelic variants of the NAT2 and NAT1
genes are known, which differ in activity by a factor of
ten. Mutations in the N-acetyltransferase loci result in
either a slow acetylation phenotype (decreased en-
zyme activity or stability) or a rapid acetylation pheno-
type (increased enzyme activity) [2].

Slow acetylators are characterized by an increase
in the toxic effect of xenobiotics metabolized with the
participation of the enzyme, in particular carcinogenic
substances contained in tobacco smoke, exhaust ga-
ses, etc., which can contribute to a varying predispo-
sition to malignant neoplasms. Inactivating mutations
in the NAT2 gene are associated with susceptibility

0 0
/ 0
CiNH—NHz CNHNH-C
= /O = CH3
|+ CHyC'SkoA —>[ | + HSKOA
SN Auetin-KoA / SN
M3oHunasug, / Acetyl-Koa N-aueTtun-u3oHuasng /

Isoniazid N-acetyl-isoniazid
Fig.1. Isoniazid acetylation scheme [15]

Puc. 1. Cxema auetunupoBaHns n3oHuasmaa [15]

to bladder cancer (the risk of developing it increases
3-fold). In rapid acetylators, occupational bladder can-
cer induced by 2-naphthylamine and benzidine deve-
lops significantly less frequently than in slow acety-
lators [15].

ENZYMATIC METHYLATION REACTIONS:
FUNCTIONAL SPECIALIZATION

OF ENZYMES, INTERMEDIATE
PRODUCTS (METABOLITES)

OF REACTIONS AND THEIR ACTIVITY

In the metabolism of xenobiotics, enzymatic me-
thylation reactions are mediated by the activity of me-
thyltransferases. Methyltransferases participate in the
methylation of chemical compounds whose molecules
contain hydroxyl, sulfhydryl, and amino groups [10, 18].
Thus, phenols, amines, sulfur-containing compounds,
thiol poisons (mercury, lead, arsenic, tin, etc.) and
some endogenous substances undergo methylation.
As a result of methylation, the corresponding O-, N- and
S-methyl conjugates are formed. S-adenosylmethio-
nine, which is formed by the interaction of methionine
with ATP and is a substrate for about 50 methyltransfe-
rases, acts as a methyl group donor.

Compounds containing phenolic groups under-
go O-methylation. Under the influence of enzymes
(O-methyltransferases), the methyl group attaches to
the oxygen atoms of phenolic hydroxyls. In addition
to the coenzyme, the presence of magnesium ions or
other divalent metals is required for the methylation re-
action of phenols. Compounds containing a single phe-
nolic group are not methylated, even in the presence of
these enzymes.

During N-methylation, under the influence of
N-methyltransferase, a methyl group attaches to the
nitrogen atoms of endogenous metabolites or metabo-
lites of foreign compounds. Some foreign compounds
containing thiol groups are also methylated in the body.
In this case, in the presence of enzymes (S-methyl-
transferases), the methyl group is transferred to sulfur
atoms undergoing biotransformation of metabolites,
with the formation of the corresponding S-methyl de-
rivatives of these compounds.

Methylation of xenobiotics, compared to other
conjugation reactions, has one feature, which is that
the addition of a methyl group does not result in the
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TvonypuHmeTunTpaHcdepasa /
Thiopurinemethyltransferase

T
SH SH
N
NZ | \> NF N\>
N N
H N H
6-meTunMepkanTonypuH /
6-methylmercaptopurine

6-mepkanTonypuH /
6-mercaptopurine

Ado-Met — S-apeHosnn-L-weTnoHuH / S-adenosyl-L-methionine
Ado-Hcy — S-apeHoaun-L-romoumctenH / S-adenosyl-L-homocysteine

Fig. 2. 6-Mercaptopurine methylation catalysis [15]
Puc. 2. Katanna metunupoBanus 6-mepkantonypuna [15]

formation of polar metabolites, but instead eliminates
the extremely reactive SH and NH groups of the pre-
ceding participants in biotransformation, which neu-
tralizes their high reactivity. Thus, thiopurine methyl-
transferase catalyzes S-methylation in the metabolism
of cytostatics (6-mercaptopurine, azathioprine, and
thioguanine) (Fig. 2), preventing the formation of ac-
tive metabolites — thioguanine nucleotides. Thiopurine
methyltransferase deficiency leads to an increase in
the concentration of these active metabolites, causing
life-threatening myelo- and immunosuppression, which
requires a several-fold reduction in the dose of these
cytostatics during chemotherapy [34].

Among endogenous substances, the following are
metabolized with the participation of the enzyme cate-
chol-O-methyltransferase: adrenaline, noradrenaline,
dopamine; phenol-O-methyltransferase — tyrosine,
and S-adenosyl-methyltransferase — histamine [15].

ENZYMATIC GLUTATHIONYLATION
REACTIONS: FUNCTIONAL SPECIALIZATION
OF ENZYMES, INTERMEDIATE PRODUCTS
(METABOLITES) OF REACTIONS

AND THEIR ACTIVITY

Glutathione S-transferases (GSTs) are involved in
glutathionylation enzymatic reactions. These enzymes
catalyze the conjugation of xenobiotics with glutathione
[5, 12]. Glutathione is a tripeptide consisting of glycine,
cysteine, and glutamic acid, which is linked to cysteine
via a y-carboxyl group (Fig. 3). As a result of an enzy-
matic reaction involving GST, a thioester of the com-
pounds participating in the reaction is formed.

There are three superfamilies of glutathione-
S-transferases: cytosolic, mitochondrial, and micro-
somal. Cytosolic glutathione-S-transferases are divided
into 13 classes (alpha, beta, delta, epsilon, zeta, theta,
mu, nu, pi, sigma, tau, phi, and omega). Mitochondrial
glutathione-S-transferases belong to the kappa class
(GSTK). Microsomal glutathione S-transferases are

a By
H,N-CH~-CH,~CH,~CO-NH-CH-CO-NH-CH,~COOH
COOH CH,-SH

Fig. 3. Structure of glutathione (picture from the Internet)
Puc. 3. CtpykTypa rnytatnoHa (pucyHok u3 ViHTepHeTa)

also known as MAPEG (membrane-associated pro-
teins of eicosanoid and glutathione metabolism). The
highest GST activity is observed in the liver, kidneys,
brain, heart, lungs, and GIT [7]. 95% of the total en-
zyme content is localized in the cytoplasm and about
5% in the endoplasmic reticulum of cells.

The substrates for GST are usually hydrophobic
compounds containing an electrophilic atom. Sub-
strates for glutathione conjugation can be divided into
two groups: 1) sufficiently electrophilic chemical com-
pounds that are capable of direct conjugation with glu-
tathione; 2) chemical compounds that require activation
before the conjugation reaction can begin. The second
group of compounds includes oxiarenes, alkene epo-
xides, nitronium ions, carbocation ions, and free radi-
cals [14].

Conformationally, all GSTs have a similar structure
and are dimers composed of a combination of two iden-
tical or non-identical subunits. GSTs form a superfamily
of multifunctional isoenzymes that contribute to detoxi-
fication processes. Various mechanisms are involved
in the detoxification process, including: 1) non-catalytic
binding of certain reactive xenobiotics to glutathione;
2) catalytic inactivation of a wide range of xenobiotics
through conjugation with reduced glutathione (GSH);
3) glutathione peroxidase activity, which restores lipid
and DNA hydroperoxides [17].

The most important for the metabolism of immu-
notoxincants are GST isoenzymes belonging to the
alpha, theta, mu, and pi classes (Table 4), encoded by
GST genes, among which the GSTM1 gene plays an
important role in the inactivation of carcinogens. All five
genes, GSTM1, GSTM2, GSTM3, GSTM4, and GSTMS
are located on 1p13.3 [15].

GST isoenzymes play an important role in the me-
tabolism of carcinogens, lipids, free radical oxidation
products, catecholestrogen metabolism, and detoxifi-
cation of aflatoxin B1-8,9-epoxide. Human liver GST
has catalytic activity toward the reactive metabolite of
benz(a)pyrene, benz(a)pyrene-4,5-oxide. In addition
to the metabolism of carcinogens and other xenobiot-
ics, GST isoenzymes are involved in the biosynthesis
of biologically active molecules, including leukotrienes
and prostaglandins, as well as in the binding and bio-
transformation of bilirubin and steroid hormones (in par-
ticular, in vivo, GST isoenzymes ensure the transport of
these endogenous compounds). GST isoenzymes in-
hibit the activity of lipid peroxidation (LPO) products and




Table 4. Isoforms of the glutathione-S-transferase family and the substrates they metabolize [15]
Tabnuua 4. N30copmbl cemeiicTBa rnyTaToH-S-TpaHcdepas n meTabonuaupyemble umm cybetpatbl [15]

XpomMocomHas
. nokanusauus /
len / Gene ®yHKus / Function Chromosomal Cyberpatbl / Substrates
localization
GSTA1 MeTab0on13m SHAOTEHHbIX NPO- 6p12.2 LincnnatuH, unknodocdamng, LOKCOpyOULMH, puTykcumat, BUHKPUCTYH,
BYKTOB OKUCIIUTENBHOrO CTPec- BucynbaH, NpeaHn30soH /
Ca 1 3K30reHHbIX COeUHEHUN, Cisplatin, cyclophosphamide, doxorubicin, rituximab, vincristine, bisulfan,
Bkntovast J1C, kaHLeporeHs!, prednisolone
GSTT1 ?gﬂK“;ﬁ:le?KCMKaHTH W Apyrme 22q11.23 KnosanuH, umatunmG, umcnnaTuH, M3oHuasma, atambyTon, nupasuHamug,
Metabolism of endogenous gTq)aM.”MH./ finib. cisplatin. isoniazid. ethambutol inamide. rifamoi
oxidative stress products ozapine, imatinib, cisplatin, isoniazid, ethambutol, pyrazinamide, rifampin
GSTM1 gnd exogenous compounds, 1p13.3 LincnnatuH, okcanunnatuH, 6r1eoM1LyuH, [OKCOPYOULIMH, BUHONACTUH,
!ncludlng dr_ugs, carcinogens, OucynbaH, HeBMUpanuH, cynbhaMeToKcason, TPUMETONPUM, KNo3ankH,
ImmunotOXIcantS and other aTambyTon, nupasnHamug, pudamnux /
toxins Cisplatin, oxaliplatin, bleomycin, doxorubicin, vinblastine, bisulfan, nevirapine,
sulfamethoxazole, trimethoprim, clozapine, ethambutol, pyrazinamide,
rifampin
GSTM3 OnaHsanuH, uicnnatuH, uuknogocdammg /
Olanzapine, cisplatin, cyclophosphamide
GSTP1 11g13.2 Linknodbocdamua, annpybuuyH, dhTopypaumn, okcanuniaTiH, LMCnnaTyH,
MeTOTpeKcaT, JOKCOPYOMLH, 6GreOMULIMH, 3TONO3WA, M3OHWUa3WA, pyucamnuH /
Cyclophosphamide, epirubicin, fluorouracil, oxaliplatin, cisplatin,
methotrexate, doxorubicin, bleomycin, etoposide, isoniazid, rifampin

also contribute to the resistance of proteins and nucleic
acids to the alkylating effects of the corresponding toxi-
cants [8]. However, the conjugation of phase | biotrans-
formation products with glutathione can also result in
the formation of metabolites with higher toxicity than
their precursors.

THIRD PHASE OF XENOBIOTICS
BIOTRANSFORMATION: MOLECULES-
BIOTRANSPORTERS, THEIR FUNCTIONAL
SPECIALIZATION

Currently, the third phase of biotransformation
is particularly emphasized — the active secretion
of xenobiotics and/or their metabolites into urine or
bile, which is carried out by proteins belonging to the
superfamily of secondary membrane-bound trans-
porters MFS (Major Facilitator Superfamily) [6, 36]
and the superfamily of ATP-binding cassette trans-
porters (ABC transporters) [19]. The MFS includes
solute carrier family (SLC) proteins (carriers) of the
SLC22 [20] and SLC21 (OATP) [21], which carry out
the transmembrane transport of “organic electro-
lytes” — structurally different compounds that have
a negative, positive, or both charges (zwitterions) at
physiological pH values. These include endogenous
substrates of physiological significance, as well as
pharmacologically and toxicologically significant xe-
nobiotics [49, 51]. In addition to organic anion trans-
porters (OAT), the SLC22 family includes organic
cation transporters (OCT) and carnitine/zwitterion
transporters (OCTN).

The ABC transporter superfamily currently compri-
ses approximately 300 eukaryotic proteins that trans-
port a wide variety of compounds [23]. These proteins
use ATP energy to move various substrates across the
cell membrane. Among ABC transporters, one can dis-
tinguish exporters, which transport toxins, drugs, and
lipids out of the cell, and importers, which transport nu-
trients and other molecules into the intracellular space
[19, 26, 35].

Phase Il transporters are present in many tissues,
including the liver, intestines, kidneys, and brain, where
they form a barrier against the entry of xenobiotics into
the body. These biomolecules play an important role
in regulating the absorption, distribution, and excretion
of many drugs and toxic xenobiotics, and are also in-
volved in the efflux from cells of newly formed products
of the second phase of biotransformation.

ORGANIC ANION TRANSPORTERS:
STRUCTURE, TISSUE LOCALIZATION,
AND MECHANISM OF TRANSPORT
FUNCTIONS

Organic anion transporters play a significant role
in the distribution and excretion of an exceptionally
wide range of compounds, including endogenous me-
tabolites (hormones, nutrients) and exogenous organic
anions. Large hydrophobic organic anions, including a
wide range of drugs, serve as OAT substrates. Trans-
membrane transport mediated by OAT occurs in nume-
rous organs, including the kidneys, liver, brain, retina,
adrenal glands, pancreas, intestines, and placenta [55].
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The localization, substrate specificity, and ligands of
the main OATs are presented in Table 5.

All members of the OAT family are characterized
by a similar structure, a high level of genetic se-
quence conservation, and transport a wide range of
weakly acidic drugs, such as loop and thiazide diure-
tics, nonsteroidal anti-inflammatory drugs (NSAIDs),
angiotensin-converting enzyme inhibitors, beta-lac-
tam antibiotics, sulfonamides, and antivirals.

The OAT polypeptide chain, consisting of 536-556
amino acid residues, penetrates the cell membrane
12 times and forms a pore. Characteristic of this protein
is the intracellular localization of the N- and C-terminal
regions of the molecule and two large connecting loops
between helices 1-2 and helices 6-7. Two domains con-
taining ATP binding sites are located in the intracellular
space of the cell.

The primary function of OAT is to transport one
organic anion into the cell in exchange for another or-
ganic anion out of the cell. Although most OATs are

Na-independent anion exchangers [49], their function
is indirectly linked to the Na+ gradient through tertiary
active transport, which involves Na,K-ATPase and Na-
dependent dicarboxylic acid transport [53]. The uptake
of organic anions into the cell occurs in exchange for
intracellular a-ketoglutarate, which is a metabolite of the
Krebs cycle and the preferred physiological counterion
exiting the cell. Na-dependent a-ketoglutarate transport
is maintained by the Na+ gradient created by NaK-
ATPase.

With broad substrate specificity, OATs can interact
with a wide variety of compounds and transport not only
small amphiphilic organic anions and uncharged mo-
lecules, but also xenobiotics and their metabolites, which
are ionized during metabolism.

OATs function in interaction with enzymes of the
first and second phases of biotransformation, actively
participating in the distribution and elimination of me-
tabolites [58]. OAT-3 is better adapted to the transfer of
glucuronidated and sulfated xenobiotics than unmodified

Table 5. Transporters of organic anions of the organic anion transporters (OAT) subfamily [48]
Tabnuua 5. TpaHcnopTepbl OpraHN4eCKMX aHNOHOB NOACEMENCTBA TPAHCMOPTEPOB OpraHnyeckux aHnoHoB (OAT) [48]

TpaHcnoptep / - Cy6cTpaTthl NekapcTBeHHbIX CpeacTs /
Transporter Fen/ Gene Tlokanwsau  localization Substrates-therapeutic agents
Moykm, cocyancToe cnneTexne AHTUINEPTEH3NBHbIE CPEACTBA, TWa3NaHbIE AUYPETUKN, CTaTUHbI,
Mo3ra, nnaueHTa / aHTMOVMOTHKM, NPOTUBOBUPYCHbIE CPELCTBA, HECTEPOUAHbIE
Kidneys, choroid plexus of the brain, | npoTuBoBocnanuTenbHble Npenaparbl, COEANHERNS PTYTH,
OAT-1 SLC22A6 placenta HU3KOMOSIEKYNSPHbIE KCEHOBMOTWKM, aHTArOHUCTbI FTMCTaMUHOBbIX
peLenTopoB /
Antihypertensives, thiazide diuretics, statins, antibiotics, antivirals,
nonsteroidal anti-inflammatory drugs, mercury compounds, low
molecular weight xenobiotics, histamine receptor antagonists
MeyeHb, noykw / Liver, kidneys AHTUOMOTIKM, ANYPETUKMA, QHTATOHWCTbI TMCTAMUHOBbIX PeLenTo-
pOB, NPOTUBOBMPYCHbIE CPELCTBA, HECTEPOUAHbIE NPOTUBOBOCNA-
OAT-2 SLC22A7 nuTenbHbIe NpenapaTsl, NPOTMBOONYXoMNEeBble CpeacTsa /
Antibiotics, diuretics, histamine receptor antagonists, antiviral
agents, nonsteroidal anti-inflammatory drugs, antineoplastic agents
MMouku, aHgoTenuii rematosHueda- | [uypeTukn, aHTOMOTIKM, NPOTUBOBUPYCHbIE CPEACTBA, aHTaroHU-
nmnyeckoro 6apbepa, cocyanctoe CTbl TUCTaMWUHOBbIX PELIENTOPOB, HECTEPOMAHbIE NPOTUBOBOCHA-
CMMeTeHNe Mo3ra, ceTyaTka rnasa, NMTENbHbIE CPEACTBA, HU3KOMOMEKYNAPHbIE KCEHOOMOTHKM /
OAT-3 SLC22A8 CEeMEHHUKN / Diuretics, antibiotics, antivirals, histamine receptor antagonists,
Kidneys, endothelium of the blood- nonsteroidal anti-inflammatory drugs, low molecular weight
brain barrier, choroid plexus of the xenobiotics
brain, retina, testes
lMoyky, NnaLeHTa, HaaNOYEYHUKN | [nypeTvkn, aHTMOMOTUKM, HECTEPOMAHBIE MPOTUBOBOCNANUTENb-
OAT-4 SLC22A11 Kidneys, placenta, adrenal glands Hble npenapats /
Diuretics, antibiotics, nonsteroidal anti-inflammatory drugs
HasanbHas cnusuctasl, ceMeHHukM, | OcTpoHa cynbdaT, ogopaHThl / Estrone sulfate, odorants
OAT-6 SLC22A20 neyeHsb /
Nasal mucosa, testes, liver
OAT-7 SLC22A9 MeyeHs / Liver OcTpoHa cynbhat, AermapoanuaHapocTepoHa cynbart /
Estrone sulfate, dehydroepiandrosterone sulfate
lMoyku, Mo3r, cepaLe, TOHkMA M Ton- | HukoTuH, ypatbl / Nicotine, urates
CTbIA KULLEYHMK /
OAT-10 SLC22A13 Kidneys, brain, heart, small and
large intestines




organic anions [48]. Thus, the interaction between OATs
and enzymes of the first and second phases of biotrans-
formation is aimed at the inactivation of xenobiotics, the
immunotoxicity of which may increase during their me-
tabolism. This interaction also ensures the maintenance
of homeostasis in terms of the formation and inactivation
of signaling molecules involved in long-distance commu-
nication between various tissues and organs.

POLYPEPTIDE TRANSPORTERS
OF ORGANIC ANIONS: STRUCTURE,
TISSUE LOCALIZATION, AND MECHANISM
OF TRANSPORT FUNCTIONS

Organic anion transporting polypeptides (OATPs)
are members of the Na-independent transport system
that transport numerous endogenous and exogenous
amphiphilic organic anions with molecular masses
greater than 350 Da across plasma membranes at
physiological pH values [50]. These transporters
transport bilirubin and various drugs (e.g., angioten-
sin-converting enzyme inhibitors, angiotensin recep-
tor blockers, statins, antihistamines, and antitumor
agents) [39]. In addition, they are key players in the

Table 6. Human organic anion transporter proteins (OATP) [39]

redistribution and elimination of various xenobiotics,
including immunotoxicants, from cells [52].

OATPs contain 643-722 amino acids. Depending
on the degree of glycosylation, the molecular mass va-
ries from 65 to 120 kDa [38]. The transport channel is
formed by a polypeptide chain that spans the cytoplas-
mic membrane 12 times and has six extracellular loops
[56]. Glycosylation occurs actively on loops 2 and 5,
where carbohydrate attachment sites are located [59].
Within the site, a pore-like space generates a posi-
tive charge due to the exposure of positively charged
amino acids to the interior, resulting in the binding and
transport of negatively charged molecules, which rep-
resent the bulk of OATP substrates, into the cell.

OATP is expressed in various epithelial cells (Tab-
le 6) [37]. In humans, OATP is divided into six families
(OATP1-OATP®6), which are further grouped into sub-
families based on the location of the gene encoding
the protein. The mechanism of transport of various
molecules by OATP has not yet been fully elucidated
[37]. Itis known that many OATPs are antiporters, i.e.,
they simultaneously transport anions across the mem-
brane in opposite directions. In the proposed models,

Tabnuua 6. Benku-TpaHcnopTepbl opraHnyeckux aHnoHoB (OATP) yenoseka [39]

CewmeiictBo/ | Mopacemeiictso / -
Family Subfamily Jlokanusauws / localization MepeHocumble cybeTpatsl / Transferable substrates
OATP-1 OATP1A2 Moar, noYku, neYeHb, Nerkne, CeMeHHIKM, Xonarbl, opraHnyeckue aHuoHbl / Cholates, organic anions
nnaveHta /
Brain, kidneys, liver, lungs, testes, placenta
OATP1B1 [Mevensb / Liver Xonartbl, bunupybuH / Cholates, bilirubin
OATP1B3 [NeyeHb, 3noka4ecTBEHHbIE OnyXonu / Xonatbl, BUAMPYBUH, rMyTaTUOH, NPOCTarnaHAMHbI, NEKoT-
Liver, malignant tumors PUEHbI, TPUAOATUPOHMH, TUPOKCUH /
Cholates, bilirubin, glutathione, prostaglandins, leukotrienes,
triodothyronine, thyroxine
OATP1C1 [nuaneHble KneTki runoTanamyca, cocyan- Xonatbl, TPUMOLTUPOHWH, TUPOKCUH, 3CTPOH-3-Cynbeat /
CTbl€ CMNIETEHMS reMaTo3HLehanyeckoro Cholates, triiodothyronine, thyroxine, estrone-3-sulfate
Gapbepa, knetku Jleiigura /
Hypothalamic glial cells, choroid plexuses
of the blood- brain barrier, Leydig cells
OATP-2 OATP2A1 Bo Bcex TkaHsx / In numerous tissues lMpocTarnaHauHbl, TPOMOOKCAH /
Prostaglandins, thromboxane
OATP2B1 TPHK HalimeHa Bo MHOrVX opraHax / BpomcynbthadTanenH / bromosulfophthalein
tRNA is found in many organs
OATP-3 OATP3A1 Bo Bcex TkaHsix / In numerous tissues OcTpoH-3-cynbaat, npocTarnaHanHs /
Estrone-3-sulfate, prostaglandins
OATP-4 OATP4A1 Bo Bcex TkaHsix / In numerous tissues Taypoxonart, TpuiofaTMpOHWH / taurocholate, triiodothyronine
OATP4C1 TNokanusauns HenssecTHa / TpuiogTvpoHuH / triiodothyronine
Unknown localization
OATP-5 OATP5A1 OnuUTenui NpoTOKOB MOMOYHON Xenesb! / Het pganHbix / No data
Epithelium of the mammary gland ducts
OATP-6 OATP6A1 CeMeHHMKH, Mo3r, nnaueHTa / Het naHHbIx / No data
Testicles, brain, placenta
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the largest pore diameter is observed on the cytoplas-
mic side. Conformational changes in the transporter
molecule can cause the pore to open toward the ex-
tracellular space. Intracellular ions can act as energy
sources for transporting other anions into the cell. It
is assumed that one of these intracellular substrates
is reduced glutathione (GSH), which can act as an
energy donor when OATPs perform their functions of
transporting substances into the cell [43]. The intracel-
lular concentration of GSH, which is 1000 times hig-
her than its content outside the cell, and its negative
charge at physiological pH values can provide energy
to OATP1 when performing its transport functions [27].
Moreover, it is the intracellular level of GSH, and not its
transmembrane gradient, that plays a decisive role in
implementing the OATP transport function [44].

OATPs play an active role in the functioning of the
xenobiotic biotransformation system. Due to their ex-
pression in most tissues, OATPs play a major role in the
transport of many endo- and exogenous compounds
into virtually all cell types and associated tissues and
organs [52].

A number of drug-drug interactions (DDlIs) disco-
vered in recent years have demonstrated the impossi-
bility of explaining the biotransformation of drugs solely
by the activity of phase | and phase Il enzymes of xeno-
biotic metabolism. It has been shown that the interac-
tion between cytochromes P450 (CYP) and transpor-
ters plays a key role in these processes [60], which can
be mediated through altered metabolic pathways due to
simultaneous changes in enzyme and transporter acti-
vity. Drugs targeting phase | and phase Il enzymes can
often be substrates or inhibitors of transporters. When
using OATP inhibitors, plasma drug concentrations may
increase and the risk of developing side effects such as
hepatotoxicity, nephrotoxicity, and immunotoxicity may
increase [47]. When both inhibitors are used concomi-
tantly, the CYP-OATP interaction may result in a syner-
gistic rather than additive effect. This interaction may
be determined through co-regulation of protein expres-
sion. The expression of both components is believed to
be regulated by a family of transcription factors known
as nuclear receptors, such as PXR (pregnane X re-
ceptor), CAR (constitutive androstane receptor), FXR
(farnesoid X receptor), and LXR (liver X receptor).

ORGANIC CATION TRANSPORT PROTEINS
(OCAT) AND CARNITINE/ZWITTER-
ION TRANSPORT PROTEINS (OCTN):
STRUCTURE, TISSUE LOCALIZATION,
AND MECHANISM OF TRANSPORT
FUNCTIONS

Organic cation transporters (OCT) and carnitine/
zwitterion transporters (OCTN) participate in the trans-

port of organic cations across the cell membrane exclu-
sively in the direction of their electrochemical gradient.
Their molecular diversity is significantly lower than that
of other transporters: three organic cation transporters
are known — OCT1, OCT2, OCT3 — and three carni-
tine/zwitterion transporters — OCTN1, OCTN2, OCT6
(49, 61].

OCT and OCTN are present in many tissues, which
indicates their active participation in tissue and organ
metabolism (Table 7). They are particularly abundant
in the liver, kidneys, brain, and intestines, where they
participate in the absorption, distribution, and excre-
tion of xenobiotics and endogenous metabolites. In the
proximal renal tubules, OCT transporters are involved
in the active secretion of hydrophilic endogenous and
exogenous compounds into the urine.

They are structurally similar to other proteins of the
MFS superfamily and consist of 543-557 amino acids
forming 12 transmembrane helices (domains). Three N-
glycosylation sites are located on a large extracellular
loop between the first and second transmembrane do-
mains, ensuring accurate folding and positioning in the
cell membrane [29]. Phosphorylation sites are located
on a large intracellular loop connecting the 6 and 7'
helices. Protein kinases A (PKA), C (PKC), G (PKG)
and calcium/calmodulin-dependent protein kinase |I
(CaMIl) are involved in phosphorylation reactions [31].
The N- and C-terminal halves of the transporter form
a cleft, and binding to ligands and substrate transport
presumably occurs through interaction with amino acid
residues facing the interior of the cleft [22].

The main substrates of these transporters are or-
ganic compounds of endogenous and exogenous ori-
gin, structurally unrelated to each other and carrying
a positive charge at physiological pH. For transmem-
brane transport of organic cations, transporters use
the negative charge existing on the inner surface of
cell membranes [40]. Passive diffusion of cations oc-
curs along the electrochemical gradient, causing the
corresponding substrates to accumulate inside the cell
in concentrations significantly higher (up to 10 times)
than outside [32]. The higher the degree of ionisa-
tion of the substrates, the higher their affinity for the
transporter and the rate of their transport as the pH
decreases [28].

ATP-BINDING CASSETTE TRANSPORTERS
OF THE ABC FAMILY: STRUCTURE, TISSUE
LOCALISATION, MECHANISM
OF TRANSPORT FUNCTIONS

ATP-binding cassette transporters (ABC) are
the largest class of membrane-bound proteins that
transport metabolic products across both the plasma
membrane and the intracellular membranes of various




Table 7. Tissue distribution and substrate specificity of OCT/OCTN transporters [41]
Tabnuua 7. TkaHeBoe pacnpeaenerue u cybetpatHas cneundmyHocTs TpaHcnoptepos OCT/OCTN [41]

TpaHcnoptep / TkaHeBoe pacnpegenexue / OCHOBH%'e SHHOF?HHb'e OcHOBHble 3K30reHHble cybeTpaThl /
Transporter Tissue distribution . cyverparbl Main exogenous substrates
Main endogenous substrates
OCT-1 [NeyeHb, NOYKM, TOHKAs KULLKA, NErkue, ckenet- [MyTpecuuH, ructugun-nponun- | MeTdopMuH, auuKnoBmp, NeHTamu-
Hasi MyckynaTypa, rofoBHOI MO3r, XMpoBast AMKETONMNEpasyH, canconu- OVH, hypaMuamH, okeunnaTtuH, adna-
TKaHb, UMMYHHbIe KneTku / Hon, armaTuH / TOKCUH B1, aTupnymbpomua u ap. /
Liver, small intestine, kidney, lung, skeletal Putrescine, hys-pro- Metformin, acyclovir, pentamidine,
muscle, brain, adipose tissue, immune cells diketopiperazine, salsolinol, furamidine, oxaliplatin, aflatoxin B1,
agmatine ethidiumbromide, etc.
OCT-2 [Mouku, TOHKas KuLLKa, nerkue, NnaleHTa, TMMyc, | ALETUNXONWH, AothaMuH, AMaHTUANH, UscnnaTH, adnaTokeuH
FONMOBHOIA MO3T, KNETKW BHYTPEHHErO yxa / 3MMHePUH, HOpPaNUHEPUH, B1, aTuamymbpomug, napakeart v gp. /
Kidney, small intestine, lung, placenta, thymus, CEpOTOHWH, rMcTamuH, nyTpec- | Amantadine, cisplatin, aflatoxin B1,
brain, inner ear cells LVH, XOMWH, canconuyon / ethidiumbromide, paraquat, etc.
Acetylcholine, dopamine,
epinephrine, norepinephrine,
serotonin, histamine,
putrescine, choline, salsolinol
OCT-3 Cepaue, ckeneTHas Myckynarypa, ronoBHom OnunHedpuH, HOPaNUHeDPWH, JngokanH, MeTOPMMH, OKCUMATHH,
MO3r, TOHKas KULLKa, NeYeHb, Nerkue, NoYKu, TUCTAMWH, arMaTuH, TMCTUANA- | KBUHWAWH, 3TUnadpuH v ap. /
MOYEBOM My3blpb, MOMOYHAS XeNe3a, KPOBEHOC- | MPONWI-AUKETONNNEPA3H, Lidocaine, metformin, oxaliplatin,
Hble cocy/ibl KOXu / canconuHon / quinidine, etilefrine, etc.
Heart, skeletal muscle, brain, small intestine, Epinephrine, norepinephrine,
liver, lung, kidney, urinary bladder, mammary histamine, agmatine, cyclo(His-
gland, skin blood vessels Pro), salsolinol
OCTN-1 [Mouku, KMLLEYHWK, Bpbhxelika, cepaLe, ckeneT- ALETUNXONWH, 3PrOTUOHEMH, KBWHMAWH, Bepanamun, unparponu-
Hasi MycKynaTypa, rofoBHOI MO3r, MOMOYHast ruynn-6eTanH, L-kapHuTuH / YM, MUTOKCAHTPOH, AOKCOPYOULH,
Xenesa, TUMYC, NpocTaTta, CEMEHHUKI, rnas, acetylcholine, ergothioneine, 6eToHMLMH 1 ap. /
cnepma, UMMYHHbIE KneTku / glycinebetaine, L-carnitine Quinidine, verapamil, ipratropium,
Kidney, intestine, mesentery, heart, skeletal mitoxantrone, doxorubicine,
muscle, brain, mammary gland, thymus, pros- betonicine, etc.
tate, testis, eye, sperm, immune cells
OCTN-2 CkeneTHas MyckynaTypa, noyku, npoctata, ner- | L-kapHUTUH, XOnuH / MungpoHart, uedanopuanH, SMeTuH,
Kue, neveHb, NogxxenygoyHas xenesa, cepaLe, L-carnitine, choline Bepanamusl, LWNUPOHOMAKTOH, OKCK-
TOHKas KULLKA, HAZAMOYEYHNKY, WUTOBUAHAS nnatuH u ap. /
xenesa / Mildronate, cephaloridine, emetine,
Skeletal muscle, kidney, prostate, lung, verapamil, spironolactone, oxaliplatin,
pancreas, heart, small intestine, adrenal gland, etc.
thyroid gland, liver
OCT-6 CeMmeHHuKN (kneTk CepTonu 1 ceMeHHOro L-kapHWTUH, cnepmMuauH / [JokcopybuumH, 6neommuunH A5 /
NpOTOKa), MOYKM, NENKOLMTBI, KOCTHBIA MO3T / L-carnitine, spermidine Doxorubicin, bleomycin A5
Testis (Sertoli cells and epididymal duct cells),
kidney, leukocytes, bone marrow

organelles: the endoplasmic reticulum, peroxisomes,
and mitochondria [33]. These proteins are named for
their use of ATP as an energy source to transport vari-
ous molecules. It has been found that ABC transpor-
ters are involved in many pathological processes: in the
development of multiple drug resistance, oncogenesis,
autoimmune reactions, and degenerative protein me-
tabolism pathology [19, 25].

ABC transporters differ in amino acid sequence,
structural and domain structure and are divided into
7 subfamilies: ABCA, ABCB, ABCC, ABCD, ABCE,
ABCF and ABCG. All ABC transporters can also be
divided into complete transporters, which have four
domains (2 transmembrane domains (TMD1, TMD2)
and 2 nucleotide-binding domains (NBD1, NBD2)) and

incomplete transporters, which have one TMD and
one NBD in their structure [3, 26]. Incomplete trans-
porters are located in the intracellular membranes of
organelles and usually assemble into hetero- or ho-
modimers. TMDs penetrate the membrane and have
ligand binding sites on their intracellular side. NBD
domains, located in the cytoplasm, have binding sites
for two ATP molecules and possess ATPase activity.
The energy of ATP hydrolysis is used to transport the
substrate [45].

ABC transporters are located in virtually all tis-
sues of internal organs, as well as in tumour cells. The
most important for the transport of drugs, xenobiotics,
including immunotropic substances, are represen-
tatives of the ABCB, ABCC and ABCG subfamilies
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Table 8. Tissue distribution and substrate specificity of human ABC transporters [54]
Tabnuua 8. TkaHeBoe pacnpeaenexune u cybetpatHas cneumrdmyiHocTs ABC-TpaHcnopTepbl Yenoseka [54]

Tpancnoptep /
Transporter

TkaHeBoe pacnpegeneHue /
Tissue distribution

OcHosHble cybetpathl / Main substrates

ABCB1 (Pgp)

'emaTtoaHLedannyeckmir bapbep,
neyeHb, KULLEYHUK, NOYKK, nna-
LieHTa, CTBOMOBbIE KIETKM /
Blood-brain barrier, liver, intes-
tine, kidney, placenta, stem cells

[MpoTuBOONYXONeEBble Npenapatsl (AOKCOPYOULIMH, BUHONACTMH, 3TONO3KE, NaknuTak-
cer, METOTpeKcar), aHanbreTukn (MopdmH), MHMbUTOpBLI NpoTteassl BAY (amnpeHa-
BUP, MHAWHABUP), UnToKMHbI (IL-2, IL-4), aHTuanapenHsie npenapatbl (nonepamug),
aHTUrenbMUHTUKN (MBEPMEKTIH, abaMeKTVH), IPOTUBOPBOTHbIE NpenapaTbl (AoMnepy-
[OH, OHACETPOH), CepAeyHbIe rNKO3nab! (BUIOKCUH), aHTUAENPecCcaHTbI (aMuTpun-
TUMUH, NaPOKCETWH), aHTUBMOTMKY (SPUTPOMULIMH, TETPALMKINHBI), CPEACTBa NPOTUB
noparpb! (KOMXWULWH, MMCTaMMUH), aHTaroHUCTbl Hy-pelientopa (LymetnauH), 6nokaropsl
kanbLi®eBbIX KaHanoB (Bepanamui), NpoTMBO3NMNEeNTUYeCkve npenapatbl (kapbamase-
MWH, NaMOTpUriH, eHobapbuTan, rabaneHTuH) /

Anticancer drugs (doxorubicine, vinblastine, etoposide, paclitaxel, methotrexate),
analgesics (morphine), HIV protease inhibitors (amprenavir, indinavir), cytokinese
(IL-2, IL-4), antidiarrheal agents (loperamide), anthelminthic agents (ivermectin,
abamectin), antiemetics (domperidone, ondansetron), cardiac glycosides (digoxin),
antidepressants (amitryptiline, paroxetine), antibiotics (erythromycin, tetracyclines),
anti-gout agents (colchicines, histamine), H,-receptor antagonists (cimetidine), calcium
channel blocker (verapamil), antiepileptic drugs (carbamazepine, lamotrigine, phenobar-
bital, gabapentin)

ABCC1 (MRP1)

Nerkue, ceMEHHKM, NOYKM, CKe-
NEeTHas 1 cepaeyHas Myckynary-
pa, nnaueHTa /

Lung, testes, kidney, skeletal and
cardiac muscle, placenta

lMpoTuBOONYXONEBLIE NPEnapaThl: 3TON03M, TEHUNO3U, BUHKPUCTMH, NEAKOTPUEHDI
C4 (LTC4), D4, E4, pa3nuyHble rnyTaToH-, IMIOKYPOHWA- U CynbhaT-KoHboraThl,

a TakKe HEKOHBIOTMPOBAHHbIE COeMVNHEHMS ((hyopecLiemnH) /

Anticancer drugs: etoposide, teniposide, vincristine, leukotriene C4 (LTC4), D4, E4,
various glutathione, glucuronide, and sulfate conjugates, but also unconjugated com-
pounds (fluorescein)

nnaweHTa, NeYeHb, KMLLEYHVK,
MOJIOYHas! Xerneaa, CTBOIOBbIe
KneTku /

Blood-brain barrier, placenta,
liver, intestine, breast, stem cells

ABCC2 (MRP2) 'emaToaHuedannyeckmii 6apbep, | MpoTBOOMYXONeBbIE NpenapaTbl: 3TON03K, TEHUNO3WE, BUHKPUCTIH, NEAKOTPUEHDI
MeYeHb, KULLEYHWK, NOYKK, nna- C4 (LTC4), D4, E4, pa3nuyHble rmyTaTUOH-, MIOKYPOHUA- U CyMbghaT-KOHboraThl,
LieHTa, nerkve / a TaKkKe HEKOHBIOTVPOBaHHbIE COeMNHEHMS ((hryopecLiemnH) /
Blood-brain barrier, liver, Anticancer drugs: etoposide, teniposide, vincristine, leukotriene C4 (LTC4), D4, E4,
intestine, kidney, placenta, lung various glutathione, glucuronide, and sulfate conjugates, but also unconjugated com-

pounds (fluorescein)

ABCC3 (MRP3) HagnoyeyHmky, KULWeYHWK, Noa- | TpaHCropTep OpraHuYeckuX aHNOHOB CO 3HAYNTENbHBIM CXOACTBOM CybCTpaTHON
KENMyLoYHas Kenesa, KenyHbln cneumdvkn ¢ MRP1 m MRP2 /
My3blpb, MALEHTA, NeYeHb, Organic anion transporter with considerable overlap in drug substrates with MRP1
noykw, npocrara / and MRP2
Adrenal gland, intestine, pan-
creas, gallbladder, placenta, liver,
kidney, prostate

ABCC4 (MRP4) ANYHUKN, CEMEHHUKM, MOYKK, IMpoTuBoONyXOneBble Npenapathbl, Takue kak METOTPEKCAT, 6-MepKanTonypyH, TUOTyaHuH /
nerkue, npocrata / Anticancer drugs such as methotrexate, 6-mercaptopurine, thioguanine
Ovary, testes, kidney, lung,
prostate

ABCC5 (MRP5) [NeyeHb, CEMEHHUKM, CKeneTHas BQ-123 (@HWOHHbII LiKIONeHTanenTua, aHTaroHUCT peLenTopa aHaoTenumHa) /
1 ceppeyHas myckynarypa, moar / | BQ-123 (an anionic cyclopentapeptide and endothelin receptor antagonist)
Liver, testes, skeletal and cardiac
muscle, brain

ABCG2/BCRP l'emaTo3HUedanmnyeckuir 6apbep, | MpoTMBOOMYXONEBbIE NPenapaThl, 3HauuTeNnbHOe CyoCTpaTHOE nepekpbiBanmne ¢ Pgp,

MRP1 1 MRP2, aHTpauuKnnHbl, MUTOKCAHTPOH, OUCAHTPEH, Npa3onuH /
Several anticancer drugs; considerable substrate overlap with Pgp, MRP1, and MRP2,
anthracyclines, mitoxantrone, bisantrene, prazolin

(Table 8). In addition to the drugs themselves, these
proteins transport their sulphated, glutathionylated
and glucuronidated metabolites. The most studied
representative of the ABC family in humans is the
ABCB1 transporter (P-glycoprotein, Pgp, MDR1).
This transporter is highly expressed in cells of the

blood-brain barrier, liver, intestine, kidneys, placenta,
and stem cells [19].

P-glycoprotein works as a transmembrane pump
that removes drugs and other xenobiotics from cells,
increasing the excretion of drugs or toxins in bile and
urine. The apical (or luminal) location of P-glycoprotein




in the epithelium of the intestinal mucosa leads to a
decrease in drug absorption from the gastrointestinal
tract. When the functioning of this mechanism of trans-
port of xenobiotic metabolites, which is provided by
P-glycoprotein, is disrupted under conditions of severe
oxidative stress, other metabolite elimination systems
become inadequate or insufficient. These metabolites
begin to accumulate in tissue structures, where they
exert their toxic effects.

The development of multidrug resistance (MDR)
is associated with high activity of the ABCC2 trans-
porter, which is involved in the transport of conju-
gated drugs and toxins into bile and urine [42]. By
removing anticancer drugs from cells and reducing
their intracellular concentration, ABC transporters
play a key role in the development of tumour MDR,
which negatively affects the effectiveness of chemo-
therapy.

Breast cancer resistance protein (BCRP, ABCG2)
is a semi-transporter and functions as a homodimer,
actively removing anthracyclines, DNA topoisomerase
[ inhibitors, and tyrosine kinases from tumour cells [46].

CONCLUSION

Phase Il biotransformation reactions are traditio-
nally regarded as detoxification processes. However,
there are examples of chemical compounds that, in
second-phase metabolism reactions, are converted
into active electrophilic metabolites capable of co-
valent interactions with macromolecules in the bodly,
including proteins, by binding to nucleophilic sites of
these macromolecules. As a result of such interactions,
reactive metabolites modify the antigenic specificity
of these macromolecules as autoantigens and induce
autosensitisation of the body, which can contribute to
the development of allergic and autoimmune diseases,
as well as increase the procarcinogenic activity of
chemical carcinogens.
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ABSTRACT

The posterior urethral valve is the most common cause of infravesical obstruction in newborn boys with a prevalence of about 1
in 3800. The etiology is multifactorial, associated with impaired embryogenesis in the 4th week of pregnancy with abnormal fusion
of the mesonephral ducts with the cloaca. The pathogenesis includes mechanical obstruction of the urethra, leading to increased
intravesical pressure, secondary changes in the bladder (detrusor hypertrophy, trabecularity), vesicoureteral reflux (up to 50% of cases)
and progressive kidney damage. Prenatal ultrasound can diagnose up to 47% of cases based on the following symptoms: bilateral
ureterohydronephrosis, megacystis, keyhole symptom, oligo-/anhydramnion. The basis of treatment is early endoscopic valve ablation in
the first months of life and the initiation of drug therapy with M-holinoblockers (oxybutynin), which improves urodynamics and prognosis.
If primary ablation is not possible, temporary urine withdrawal (catheterization, cystostomy) is used. Long-term complications include
the formation of a “valvular bladder” with neurogenic dysfunction, persistent vesicoureteral reflux, chronic kidney disease (develops in
30-50% of patients), which requires constant dynamic monitoring, urodynamic control, and in some cases, augmentation cytoplasty or
renal replacement therapy. Prenatal diagnosis and early minimally invasive intervention remain key to improving outcomes.
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PE3IOME

KnanaH 3agHeit ypeTpbl — Hanbonee yactas npuynHa MHdpaBeankanbHoi 06CTPYKLMM Y HOBOPOXAEHHBIX Marb4M1KOB C pacnpocTpa-
HeHHocTblo okono 1:3800. OTuonorus MynbTuUakTOpUarnsHa, CBsidaHa ¢ HapyLueHrem ambproreHesa Ha 4-i Hegene bepemMeHHOCTY
Mpy aHOMasbHOM CIIMSHAM Me30oHedpanbHbIX MPOTOKOB C KMOakoW. MaToreHes BKMIOYAET MeXaHUYECKy0 0OCTPYKLMIO YPeTpbI, npu-
BOASILLYIO K MOBBILIEHMIO BHYTPUMY3bIPHOTO AABMEHNS, BTOPUYHBIM U3MEHEHWSIM MOYEBOTO Ny3blpst (runepTpodms AeTpy3opa, Tpa-
BeKynspHOCTb), My3bIpHO-MOYETOUHUKOBOMY pedritokcy (8o 50% cryyaes) 1 nporpeccupytoLLemy nopaxeHmio noyek. MpeHaranbHoe
YNbTPa3ByKOBOE UCCIEel0BaHNE NO3BOMNSET AMarHoCTMpoBaTh 40 47% criyyaes no npusHakam: 4BYCTOPOHHUI YpeTeporuapoHedpos,
MerawucTC, CUMMTOM «3aMOYHOI CKBaXUHbI», ONUro-/aHrgpamHinoH. OCHOBOW NEYEHNs IBNSIETCA paHHAs 3HOOCKONMYeckast abns-
WS KnanaHa B nepBble MECSILbI XXU3HW 11 HAYarno MeaukaMeHTo3Ho! Tepanin M-xonnHobnokatopamu (OKCUBYTUHWH), YTO yny4LlaeT
YPOLMHAMUKY U NPOrHO3. I1py HEBO3MOXHOCTW NEPBUYHON abnsLmM NPUMEHSIETCS BPEMEHHOE OTBELIEHME MOYM (KaTeTepuaaLms, Lu-
ctocTomus). [lonrocpoyHble OCMOXHEHUS BKIHOYAOT (POPMUPOBAHME «KNanaHHOTO MOYEBOTO My3bipsi» C HEMPOreHHON ANCKHYHKLMEN,
NepCUCTUPYHOLLMIA My3bIPHO-MOYETOYHUKOBLIN PETIOKC, XPOHMYeECKyo 6oneaHb noyek (passueaetcs y 30-50% nawueHToB), 4To Tpe-
OyeT NOCTOSIHHOTO AMHAMMYECKOro HabMIAEeHs, YPOAMHAMUYECKOTO KOHTPOMS, @ B YacTy CrlyYaeB — ayrMeHTaLMOHHO LucTonna-
CTUKW UMK 3aMeCTUTENBHOI NoYeYHON Tepaniu. MpeHaTtanbHas AuarHocTuka U paHHee ManonHBa3VBHOE BMeELLATENbCTBO OCTaAOTCS
KMKOYEBLIMY ANS YYyYLIEHUS NCXOLOB.

KntoueBble crnoBa: kranaH 3afHeil ypeTpbl, NoYe4Hast HeOCTaTOMHOCTb, KrarnaHHbIA MOYEBON My3blpb, MYy3bIPHO-MOYETOUHVKOBbII
pechritoke, abrsauus KnanaHa, JeT!
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BACKGROUND

The research of infravesical obstruction caused by a
urethral valve spans more than 300 years. A congenital
posterior urethral valve was first described by Giovanni
Battista Morgagniin 1717 [39]. The earliest known men-
tion of posterior urethral valves as valve-like folds of the
mucous membrane in autopsy findings dates back to
1802. However, the researcher did not conclude that
these findings had any clinical significance [35]. Sub-
sequently, there were isolated reports describing these
structures as a result of autopsies [2]. In 1870, research
findings on semilunar valves of the urethra in children
were published, and in 1875, a comprehensive descrip-
tion of the valves as a pathological phenomenon was
provided, along with a hypothesis regarding their origin
[48]. The first cases of ante-mortem diagnosis of poste-
rior urethral valves and their successful treatment were
described in 1913. A classification of posterior urethral
valves in children, which remains relevant to this day,
was presented shortly thereafter [54].

ETIOLOGY, EMBRYOLOGY,
CLASSIFICATION, AND EPIDEMIOLOGY

The exact cause of posterior urethral valves is
unknown, but it is likely a multifactorial embryopathy.
Familial inheritance is rare, but such cases have been
described [12]. During embryogenesis, the most caudal
end of the Wolffian duct opens into the primitive cloaca
at the site of the future seminal hillock in the posterior
urethra. In healthy males, the residual structures are the
posterior urethral folds, known as plicae colliculi [41].
Histological examination shows that the posterior urethral
valve (PUV) forms around the 4th week of gestation,
when the Wolffian duct fuses with the developing cloaca.
If the confluence of the mesonephric ducts into the cloaca
is abnormal or occurs too distally, normal duct migra-
tion is disrupted, and they merge in front of the seminal
tubercle, leading to abnormal ridges or folds, which are
believed to be the source of 95% of PUVs [24]. This type
is called Type | PUV. Although Hugh Young described
Type Il PUV, most pediatric urologists believe that these
are not obstructive valves but simply hypertrophy of the
mucosal folds of the bladder neck. Type lll valves ac-
count for the remaining 5% and consist of a ring-shaped
membrane located distally to the seminal tubercle, with a
central perforation. Type IIl valves result from incomplete
resolution of the urogenital membrane [24].

H. Young’s classification of posterior urethral
valves [54] includes three types.

1. Type | valves. These are found in 90-95% of
patients as sail-like folds originating from the urethral
crest (crista urethralis urethrae masculinae — a longitu-
dinal fold on the posterior wall of the urethra extending
from the bladder neck through the prostatic urethra),

extend distally, curving around the seminal tubercle on
both sides, and merge in front of the membranous por-
tion of the urethra.

2. Type Il valves. These are natural folds of the
mucous membrane extending from the seminal tuber-
cle to the bladder neck. They are rarely detected. Since
they almost never affect the passage of urine through
the urethra, they are considered a variant of the ana-
tomical norm.

3. Type lll valves. Diagnosed in 5-10% of cases.
They consist of a solid diaphragm or a ring-shaped
membrane with a central opening, located at the level
of the seminal tubercle or slightly distally along the
urethra. They can significantly restrict urination [54].

Currently, it is debatable whether Young’s classifi-
cation is appropriate, since in some cases the valves
detected during cystoscopy cannot be classified under
any of Young’s valve types [3].

In congenital urinary tract obstruction (CUTO), there
are urinary system lesions of varying severity, which de-
pend on the degree of obstruction. The pathological pro-
cess is not limited to transient infravesical obstruction.
Congenital obstruction of the urinary tract at a critical
stage of organogenesis can have a significant impact on
kidney, ureter, and bladder function [11].

Appearance of the posterior urethral valve is the pri-
mary pathology causing mechanical obstruction of the
urethra, leading to subsequent secondary changes. The
severity of these changes depends on the degree and
timing of the primary obstruction [32].

From the 20" week of gestation, the fetal kidneys
produce 90% of the amniotic fluid. An adequate volume
of amniotic fluid is vital for lung and skeletal develop-
ment [49]. Severe oligohydramnios or anhydramnios,
caused by decreased urine output, leads to a reduced
uterine cavity. This results in compression of the fe-
tus, which impedes normal growth and expansion of
the fetal chest, in turn causing lung hypoplasia and
soft tissue deformities [19, 32]. The typical fetal phe-
notype associated with oligohydramnios/anhydramnios
includes low-set ears, wide-set eyes, micrognathia, limb
contractures, and clubfoot (Potter’s sequence) [16]. An
adequate volume of amniotic fluid (produced by the kid-
neys) is necessary for complete and proper branching
of the bronchial tree and the formation of alveoli. Blad-
der distension and urinary ascites increase the fetal
abdominal volume and disrupt the development of the
abdominal wall muscles, leading to a wrinkled abdo-
men. Spontaneous decompression of the upper urinary
tract can lead to urinary ascites, paraneural, or perineal
urinoma [5, 32]. Severe oligohydramnios, azotemia, and
severe pulmonary hypoplasia can result in fetal death.

Obstruction of the posterior urethra leads to in-
creased intravesical pressure, progressive thickening




of the muscles (hypertrophy and hyperplasia), tra-
beculation, the formation of diverticula, and, in severe
cases, paravesical or paraurethral urinoma. Some au-
thors believe that a large bladder diverticulum provides
some degree of protection for the upper urinary tract
due to a pressure-relief mechanism, which is associ-
ated with a good prognosis [8, 41]. However, there
are publications reporting that a bladder diverticulum
or urinoma did not subsequently result in incidence of
end-stage renal failure compared to a group in which
these complications did not occur [27]. A bladder with
pronounced trabeculation exhibits an increase in col-
lagen and connective tissue elements. This leads to
the following changes: high intravesical pressure,
increased residual urine volume, elevated pressure
during micturition, and bladder dysfunction even after

valve ablation [32].

Ureteral dilation may occur in PUV due to vesico-
ureteral reflux (VUR). It is present in 50% of patients
with PUV. VUR may occur either primarily due to pa-
thology of the ureterovesical segment or secondarily
due to high intravesical pressure [41]. A significant por-
tion of vesicoureteral reflux resolves after the obstruc-
tion is removed [17].

Renal pathology includes hydronephrosis and pro-
gressive renal damage. Hydronephrosis is caused by:
1) vesicoureteral reflux; 2) obstruction — high intravesi-
cal pressure transmitted to the ureter and kidney via
hydrostatic pressure; 3) abnormal development of the
ureteric bud, leading to renal dysplasia and dilatation of
the collecting system.

Renal damage is caused by the following two factors.
1) Renal dysplasia is likely caused by damage during

the early fetal period or abnormalities in embryo-
genesis. It manifests as microcysts, which are found
primarily in the peripheral cortical zone. Histologi-
cal findings include disorganization of the renal pa-
renchyma, the presence of embryonic tubules and
cysts, as well as the presence of mesenchymal con-
nective tissue. These changes are irreversible and
cause renal failure.

2) Obstructive uropathy is kidney damage caused by
infravesical obstruction, leading to dysfunction of
both the glomeruli and tubules, with a decrease in
glomerular filtration rate, reduced kidney function,
fibrosis and sclerosis of the renal parenchyma,
and tubular damage, which causes impaired urine
concentration and acidification. Consequently, di-
uresis increases, sodium loss rises, and electrolyte
imbalances occur. These changes are potentially
reversible [22].]

The incidence of PUV is approximately 1 in 3,800
live-born boys. PUV is the most common cause of infra-
vesical obstruction in newborn boys [13].

DIAGNOSIS

Early diagnosis of PUV has become possible with
advances in prenatal ultrasound (US) of the fetus. Cur-
rently, up to 46.9% of PUV cases are detected during
prenatal screening [37]. Suspected PUV before the 24
week of pregnancy is associated with an increased risk
of perinatal mortality and renal impairment [30]. Key ul-
trasound findings associated PUV include bilateral hydro-
nephrosis, megacystis with wall thickening (>3 mm), and
posterior urethral dilation (keyhole sign) [9, 15]. Oligo/
anhydramnios may be an important prognostic sign [14].

Postnatal diagnosis involves ultrasound, voiding
cystourethrography, and videocystoscopy, which re-
mains the “gold standard” for confirming the diagnosis.

TREATMENT

Prenatal treatment. Based on pathophysiological
considerations, fetal surgery and the vesicoamniotic
shunting technique were once viewed with great pro-
mise. However, a randomized international multicenter
study showed inconclusive results regarding actual
long-term improvement in renal function in patients
who received this treatment. Moreover, the complica-
tion rate ranged from 21% to 59% [40]. Two additional
intrauterine techniques have recently been proposed:
valve ablation via cystoscopy and vesicostomy via
open fetal surgery. However, both techniques are as-
sociated with high maternal and perinatal morbidity [31,
51]. Maternal complications include premature rupture
of the amniotic membranes, while fetal complications
include migration of the vesicoamniotic shunt, eversion
of the intestinal loop and omentum into the amniotic
cavity, urinoma, and intestinal perforation. In 50% of
cases, pregnancy was terminated due to fetal death
following fetal intervention [51].

At present, there are no clear parameters for pre-
dicting future renal function. Fetal surgery may be of-
fered in individual cases as an alternative treatment
option after detailed consultation with parents [24].

Postnatal treatment. The early stage of surgical
treatment for posterior urethral valves involved exten-
sive, traumatic open procedures on the urethra. Along
with the valve, the hypertrophied bladder neck was
sometimes removed, leading to total urinary inconti-
nence [42]. Kholzov’s perineal urethroplasty was per-
formed until the 1990s [2].

The modern era of surgical PUV treatment began
with video-endoscopic technologies in pediatric urology.
Today, newborns with suspected PUV are monitored
in specialized multidisciplinary centers during the pre-
natal period. In a smaller percentage of cases, PUV
is diagnosed at a later age due to the presence of
heterogeneous urinary symptoms, such as urinary tract
infections, urinary incontinence, a weak urine stream,
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and enuresis. It is believed that these patients may have
a better renal outcome [13]. However, researchers have
not found significant differences in long-term outcomes
between patients with early and late diagnosis of PUV.
The only real difference between the two groups con-
cerned urinary tract infections, which were more common
in the group with postnatal diagnosis [50]. In contrast,
data have been published indicating that patients with
late diagnosis of PUV have a worse prognosis due to
prolonged renal exposure to higher blood pressure [46].

A newborn with suspected PUV requires bladder
drainage via transurethral catheterization as the pri-
mary intervention at birth. Subsequently, voiding cys-
tourethrography should be performed to confirm the
diagnosis, provided that patient's condition permits
this examination. Once the patient’s condition has sta-
bilized (electrolyte, respiratory, and renal disorders)
video-cystoscopy can confirm the results of voiding
cystography and transition from a diagnostic procedure
to a therapeutic one. Endoscopic ablation or resection
of the valve should be performed [21]. Valve ablation in
the first few months of life yields better long-term out-
comes in terms of urodynamics, vesicoureteral reflux,
and improvement or elimination of ureterohydronephro-
sis [21, 34, 53]. Early valve ablation is not feasible in
some newborns due to small urethral caliber. In such
cases, gradual urethral dilation should be performed
by sequentially replacing urethral catheters with larger
ones [53]. Methods for PUV destroying include electro-
coagulation, a “cold” knife, or laser incision/fulguration.
After valve ablation, a urethral catheter of appropriate
diameter is placed in the bladder, and drug therapy with
M-cholinoblockers (oxybutynin) is initiated at a dose of
0.2 mg per kilogram three times daily [4, 7].

Urinary diversion. In some cases, primary valve
ablation is not possible. Under such circumstances,
urinary diversion must be performed using a urethral
catheter, suprapubic cystostomy, or temporary vesicos-
tomy. The choice of urinary diversion method remains a
matter of debate [34, 45]. Recent studies suggest that
vesicostomy does not improve the prognosis or reduce
the incidence of renal failure in patients with severe up-
per urinary tract dysfunction, high-grade vesicoureteral
reflux, or recurrent urinary tract infections [45].

Intermittent catheterization. In cases of persistent
voiding dysfunction, chronic urinary retention, recurrent
urinary tract infections, or persistent bladder-depen-
dent neurogenic bladder dysfunction, patients are rec-
ommended to undergo clean intermittent catheteriza-
tion of the bladder. Studies show that clean intermittent
catheterization reduces the frequency of complications
associated with neurogenic dysfunction of the valve
bladder and stabilizes renal function or delays the need
for renal replacement therapy [38].

Augmentation cystoplasty. Regardless of the
treatment administered, approximately one-third of pa-
tients with a posterior urethral valve develop chronic re-
nal failure [18]. The problem is exacerbated by polyuria
and the development of a high-pressure, low-capacity
valve bladder [36]. Augmentation cystoplasty allows to
create a low-pressure reservoir with sufficient capacity,
thereby relieving patients of urinary incontinence and
stabilizing or improving renal function, which, in turn,
allows to delay or prevent the need for kidney trans-
plantation in these children [10].

Treatment of VUR. Despite the significant preva-
lence of VUR in PUVs (48-66% [24]), spontaneous
resolution of reflux occurs in 27-79% of cases, ranging
from 2 weeks to more than one year after valve ablation
[26, 43]. The EAU-ESPU guidelines recommend pre-
ventive use of antibiotics in boys with severe VUR and
PUV [23]. Circumcision may have a beneficial effect on
reducing the number of febrile urinary tract infections
(UTls) [25]. When patients have persistent VUR after
PUV destruction and experience recurrent episodes of
febrile UTIs or progressive renal failure, surgical treat-
ment is indicated (endoscopic correction or ureteral
reimplantation) [6, 33]. Early creation of a continent
appendicovesicostomy using the Mitrofanov technique
may yield good results in patients with a congenital ure-
teral malformation who develop a manifest urinary tract
infection [44].

OUTCOMES

Valve bladder syndrome. The concept of the valve
bladder was formulated in the 1980s. It was described
as a thick-walled, poorly distensible bladder with high
resting pressure, leading to ureterohydronephrosis
and renal failure [44]. A series of urodynamic studies
in these patients identified three main urodynamic pat-
terns, which represent the progression of the same neu-
rogenic bladder dysfunction, changing with the patients’
age [20, 29]. In infants, there is a reduction in functional
bladder capacity and detrusor overactivity. Over the next
1-3 years, bladder capacity increases while detrusor
hyperactivity persists, and residual urine volume rises.
By ages 4-12, bladder capacity also increases, detrusor
hyperactivity resolves, detrusor contractility decreases,
and residual urine volume increases [47].

Renal failure. In children with VUR, there are two
main factors that trigger the development of chronic
kidney disease (CKD): impaired nephrogenesis and
neurogenic bladder dysfunction, which may persist
even after transurethral valve resection [1, 44]. Various
studies report that chronic kidney disease develops in
approximately 30-50% of patients with PUV. Recent
reports from multicenter cohort studies in the United
States, involving 274 [38] and 685 [28] patients, have




provided new data on chronic kidney disease (CKD) and
end-stage renal disease in children with PUV. By ages 1,
5, and 15 years, 7%, 12%, and 20% of children, respec-
tively, required renal replacement therapy. In another
study involving 35 infants, by age 10 years, 50% of chil-
dren had developed stage II-IV CKD, and 15% required
renal replacement therapy [18]. Another study covering
the period from 2002 to 2011 found that 11% of children
on renal replacement therapy in North America were dia-
gnosed with PUV, highlighting the high social and eco-
nomic burden of this disease [52]. Although figures vary
across different reports, the proportion of patients with
CKD (up to 50%) and end-stage renal disease (up to
20%) is sufficiently high to warrant ongoing monitoring
by a pediatric nephrologist, including urodynamic stu-
dies for all children with PUV. Adverse prognostic factors
for the development of CKD include: early onset of PUV,
serum creatinine levels exceeding 1 mg/dL, grade Ill or
higher VUR, recurrent febrile urinary tract infections, re-
nal dysplasia, and neurogenic bladder dysfunction [18].

CONCLUSION

Thus, posterior urethral valve is a serious con-
genital anomaly that can lead to progressive damage
involving the kidneys and bladder. Current treatment
strategies are based on early diagnosis using pre-
natal ultrasound and minimally invasive endoscopic
ablation of the valve during the first months of life.
Despite improved methods for this procedure, a sig-
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Hepatobiliary and pancreatic ascariasis. A clinical case
of recurrent pancreatitis of parasitic origin in a child
Svetlana N. Drozdova, Maria E. Balakina, Elena A. Kornienko, Ekaterina L. Moiseikova

Saint Petersburg State Pediatric Medical University, Saint Petersburg, Russia

ABSTRACT

Hepatobiliary and pancreatic ascariasis (HPA) is a rare complication of Ascaris lumbricoides infection, one of the most common
helminths worldwide. In the Russian Federation, ascariasis is the second most prevalent parasitic disease, and children are the primary
risk group. However, HPA as a cause of chronic pancreatitis in pediatrics is extremely rare, with the overall incidence of chronic
pancreatitis among children being only about 0.5-1 case per 100,000. This rarity creates significant diagnostic challenges and leads
to prolonged unsuccessful treatment. The article describes a clinical case of recurrent chronic pancreatitis in a 6-year-old girl. Over
several years, the patient was repeatedly hospitalized with acute biliary pancreatitis. The examination ruled out cholelithiasis, ductal
anomalies, and autoimmune or hereditary pancreatitis. During the diagnostic workup, an endoscopic ultrasound-guided fine-needle
aspiration biopsy of the pancreas was performed; cytological examination of the aspirate revealed findings consistent with possible
parasitic infestation. Despite negative serological tests for ascariasis, key findings included eosinophilia and an endosonographic
image of a cluster of cylindrical calcifications in the terminal part of the Wirsung'’s duct, interpreted as a result of calcification of a dead
helminth. This case underscores that in children with idiopathic recurrent pancreatitis, the possibility of a past parasitic infection must
be considered. A comprehensive diagnostic approach should include not only serology but also morphological examination and high-
resolution imaging of the ductal system.
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[enaToOunuapHbIN U NaHKpeaTU4eCKUA ackapuaos.
KnuHuyecknun cnyyan peuuanBupyoLlero naHkpeaTtura
napasuMTapHoOro NPOUCXoXaeHuA y pedbeHka

C.H. Opo3posa, M.E. BanakuHa, E.A. KopHueHko, E.JT. Mouceiikosa

CaHkr-TeTepbyprckuii rocynapCTBeHHbIN NeanaTprieckuin MeauumnHekiin yuneepeutet, CankT-MeTtepbypr, Poccus

PE3IOME

'enatobunuapHbIi 1 naHkpeaTyeckmit ackapugos (ITIA) — peakoe oCroxHeHue MHBaswum Ascaris lumbricoides, 0fHOTO M3 CaMbix
pacnpocTpaHeHHbIX reNbMUHTOB B Mupe. B Poccuiickoit ®efepaumm ackapugos SBnseTcs BTOPbIM M0 pacnpoCTpaHeHHOCTY napasu-
TapHbIM 3aboneBaHnem, a B rpynne pucka — aetu. OgHako MIA kak npuyMHa XpOHNYECKOrO MaHkpeaTnTa B NeguaTpum BCTpeYaeT-
csl KpaiHe pefko, a obLyast 3aboneBaeMoCTb XPOHUYECKM MaHKpeaTUTOM Cpean LeTel cocTaBnsieT Bcero okono 0,5-1 cnyyas Ha
100 ThiCAY, YTO CO30AET 3HAYUTENbBHBIE ANArHOCTUYECKME TPYAHOCTW N MPUBOANT K ANUTeNbHOMY Be3dycneluHoMy neyeHmto. B cTatbe
OMMCaH KMUHUYECKWA CRyYail PeLMaVNBIPYIOLLETO XPOHUYECKOTO NaHKpeaTuTa y AeBOYKM 6 neT. Ha MpoTsKeHU HECKOMbKMX NeT na-
LiMeHTKa HEOHOKPATHO rOCMMUTanNManpoBanachk C KapTHOI OCTPOro bunrapHo3aBncMMoro navkpeatuta. Mpu obcneoBaHnn Gbinm
WCKITKOYEHbI KeNYHOKamMeHHas 60reaHb, aHOManmMM pasBuTSt MPOTOKOB, ayTOMMMYHHBIA M HACMeACTBEHHbIA NaHkpeatuT. B xopme
AMArHoCTWKM Bbina BbINOMHEHA TOHKOUTONbHAs BUONCUS NOZKENYA0YHON Xeneabl Nog 3HA0COHOrpadmMyeckum KoHTponem. Liutono-
MMYECKoe MCCrefoBaHNE MyHKTaTa BbISBIMO KapTWHY, HE UCKITHOYaBLLY0 NapasuTapHoe nopaxeHue. HecMoTps Ha oTpuuaTenbHble
Ceporormyeckme TeCTbl Ha ackapnaos, KMKYEBbIMI HaXoaKaMK CTanmn 303MHOMUINS W 3HOOCOHOTpadmyeckast KapTuHa CKonmneHus
UMNMHOPNYECKNX KanbLHATOB B TEPMUHAIBHOM OTAENe BMPCYHIOBa NPOTOKA, MHTEPNPETUPOBAHHAs Kak pe3ynbTaT KanbLmudukaLmum
nornbLero renbMuHTa. [laHHoe HabnogeHne NoLYEPKMBAET, YTO NPU MAMONATUYECKOM PELMANBUPYIOLLEM NaHKpeaTuTe y AeTel He-
00X04MMO yuuTbIBaTb BEPOSTHOCTL NMEPEHECEHHON Napa3uTapHOW MHBa3nK. KOMMMEKCHbIA NOVUCK AOMMKEH BKIKOYaThb He TOMbKO cepo-
NOrMYecKoe, HO U MOPONOrMYECKOe UCCMeA0BaHIE, a Takke BbICOKOpa3peLLatLLe METOAb! BU3yanu3aLmmn NpOTOKOBO CUCTEMBI.

KntoueBble cnoBa: ackapuaos, renatobuniapHbIi u NaHKpeaTNYecknin ackapuaos, PeLUmanBMpYIOLWNA NaHKpeaTuT
Kak uutmpoBatb
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INTRODUCTION

According to the World Health Organization, more
than 1.4 billion people worldwide are infected with asca-
riasis. Preschool and school-age children make up the
majority of these cases. Each year, up to 20,000 people
die from ascariasis and its complications. In Russia,
ascariasis is the second most common helminthiasis
after enterobiasis. In the United States, approximately
4 million people are infected, with the majority of those
infected being immigrants from developing countries.
Ascariasis is widespread throughout the Indian subcon-
tinent, China, the African continent, and Latin America
[3, 6]. The highest prevalence of ascariasis is recorded
in developing countries with poor sanitary and epide-
miological conditions. The list of diseases that can be
caused by ascariasis is quite extensive. These include
protein-calorie malnutrition, total vitamin deficiency,
pneumonia, Leffler’s syndrome, toxic-allergic reactions,
sinusitis, frontal sinusitis, intussusception, appendicitis,
intestinal obstruction, meningism, and hepatobiliary and
pancreatic ascariasis (HPA) [4, 5]. Kashmir, India, and
Colombia, Saudi Arabia, Syria, the Philippines, and
South Africa are endemic for ascariasis, and in particular
for HPA. Sporadic cases of HPA have been reported in
Italy, Spain, Switzerland, and Lithuania [6, 10, 11, 14].
HPA is caused by the nematode Ascaris lumbricoide,
that is one of the most common intestinal parasites in
the world. Its clinical manifestations include biliary colic,
cholangitis, cholecystitis, acute pancreatitis, and, rarely,
liver abscess. Biliary peritonitis has also been reported
[6]. HPA is more common in adult patients and pregnant
women; it is significantly less common in children, due to
the smaller size of the ducts and the duodenal papilla [6].

Ascariasis has been reported among residents of
America, Asia, and Europe as a result of infection with
another species of nematode from the genus Ascaris —
A. suum. Since it is virtually impossible to distinguish
the eggs of these two species under a microscope, and
the adult worms are similar, the prevalence of A. suum
infection remains unknown. In the case of A. suum, hu-
man infection can occur from pigs when pig manure is
used as fertilizer [11].

The sole host of Ascaris lumbricoides is the human.
Immature eggs are excreted into the environment with
the feces of an infected person, and under favorable
conditions, larvae mature. Egg maturation occurs at
temperatures of at least 12 °C, soil moisture of at least
8%, and free access to oxygen. The mechanism of human
infection involves eggs entering the mouth along with soil
particles. Transmission factors: contaminated water, dirty
hands and food (unwashed berries, leafy vegetables, and
root vegetables). This explains the highest prevalence of
ascariasis among preschool-aged children, individuals
living in poor sanitary and epidemiological conditions,

and rural residents. A case of transplacental migration
of larvae from mother to fetus has been described [11].
Helminth eggs can survive in soil for up to 10 years and
in freshwater reservoirs for up to one year. In temperate
climates, ascarid eggs can withstand temperatures as
low as —25 °C, and the peak incidence period lasts from
April to October. In warm and humid climates, prevalence
remains high year-round. Swallowed ascaris eggs enter
the human small intestine, where larvae hatch and burrow
into the intestinal wall, penetrate the blood vessels, and
migrate through the liver into the inferior vena cava. Via
the right side of the heart, the larvae are carried by the
bloodstream into the pulmonary vessels and enter the
lung parenchyma. Eosinophilic infiltrates develop in the
lung tissue. Here they grow, molt, and after 14 days travel
along the epithelium of the alveoli and bronchioles, as
well as the small and large bronchi, up to the oropharynx,
where they are swallowed with saliva. Once back in the
small intestine, they grow for 70-75 days and develop
into males and females [2, 4, 14].

There are several key aspects to the pathogenesis
of ascariasis: mechanical damage to tissues and blood
vessels caused by larvae, activation of local inflammation,
sensitization to parasite’s metabolic byproducts, depletion
of host’s nutrients, and the development of hypovitamino-
sis, impaired digestion due to a reduced surface area for
food digestion, disrupted passage of the bolus, molting,
and the decomposition of dead worms. In the vast ma-
jority of cases, the immunity that develops is short-lived,
unstable, and does not prevent reinfection [2, 6].

Sexual dimorphism is characteristic for ascaris.
Males reach 15 cm in length and 4 mm in diameter;
the posterior end of their body is curved. Live worms
are pink; they turn milky-white when they die. Female
roundworms can reach 30 cm in length and 6 mm in
width. The lifespan of an adult roundworm is approxi-
mately one year. A mature female lays up to 200-245
thousand eggs per day [2, 3, 6].

HPA develops when an ascarid crawls through the
orifice of the major duodenal papilla into the common bile
duct, creating a mechanical obstruction for the outflow
of bile and pancreatic juice. Patients with HPA often un-
dergo a long journey from the onset of acute pancreatitis
to confirming the infection and eliminating the cause of
recurrent pancreatitis. Diagnosis is difficult because the
worm can migrate from the ductal system back into the
intestine and remain undetected by imaging for a long
time. An adult worm is capable of obstructing both the
common bile duct and the pancreatic duct. Additionally,
the worm’s movements cause severe spasm of the
sphincter of Oddi and impaired motility. When they enter
the bile duct and move upward, Ascaris worms cause
obstructive cholecystitis, cholangitis, and obstructive
jaundice. The worm can migrate into hepatic ducts, more
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often into the left ones. Cases of suppurative cholangitis
and liver abscess have been reported in such patients.
Roundworms penetrate pancreatic ducts significantly
less frequently. Researchers believe that the worm can
remain alive in the biliary tract for about 10 days. After
this period, the parasite should be considered dead. Dead
roundworms also pose a danger since they serve as a
substrate for stone formation. The development of local
inflammation and formation of stones are also facilitated
by intestinal microorganisms, which enter the bile ducts
along with the ascaris [6, 8].

Clinical forms of HPA include biliary colic, acute
cholangitis, non-calculous cholecystitis, liver abscess,
acute pancreatitis, and recurrent suppurative cholangitis
[6, 7, 10]. Patients may complain of nausea and vomiting,
pain in the right upper quadrant, and chills. Fever, jaun-
dice, hepatomegaly, hyperenzymemia (elevated alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), and gamma-glutamyl
transpeptidase), leukocytosis, and hyperbilirubinemia
may occur. When acute pancreatitis develops, girdle-
like pain radiating to the back and elevated levels of
amylase and lipase in the blood appear. Fatal cases of
necrotizing and hemorrhagic pancreatitis resulting from
Ascaris infestation have been reported. Most patients
with parasitic infestation exhibit eosinophilia. When taking
a medical history, attention should be paid to patients’
visits to endemic regions, consumption of unwashed
berries or vegetables, and the appearance of nonspecific
symptoms such as weight loss, weakness, rapid fatigue,
and bowel disturbances. In patients with concomitant
allergic conditions, parasitic infestation may trigger an
exacerbation of the underlying disease [3, 6, 10, 14].

Endoscopic ultrasound (EUS) is currently considered
the most informative method for diagnosing HPA [6].
However, this method also yields up to 30% false-negative
results. The ultrasonographic picture consists of single or
multiple linear hyperechoic structures without an acous-
tic shadow in the pancreatic duct or common bile duct,
with a central hypoechoic tube representing the worm’s
digestive tract. Worm movements within the duct, the
so-called “four-line phenomenon”, may also be observed.
An important aspect is that endoscopic ultrasonography
allows for immediate therapeutic measures to remove
the worms. According to a number of researchers, en-
doscopic retrograde cholangiopancreatography (ERCP)
lags behind EUS in terms of diagnostic accuracy when it
comes to invasion of the common bile duct, gallbladder,
and hepatic bile ducts. However, the opposite is true
when it comes to infestations of the pancreatic ducts. In
such cases, ERCP has a clear advantage, as the worm
is visualized as a smooth, long filling defect. Magnetic
resonance cholangiopancreatography (MRCP) is also
considered a highly accurate method, but it does not al-

low for immediate therapeutic intervention upon detection
of the parasite. For dynamic monitoring of patients and
assessment of treatment efficacy, ultrasound methods
are preferred [6, 12].

Treatment for HPA includes antiparasitic drugs,
antispasmodics, analgesics, and broad-spectrum an-
tibiotics. Albendazole is considered the drug of choice
among antiparasitic agents, and its efficacy is enhanced
when taken with fatty foods. Mebendazole and pyrantel
are also used. Mebendazole is metabolized in the liver
to an inactive metabolite and is insufficiently effective
against helminths in the gallbladder and ducts [3, 4, 8].
It remains controversial whether anthelmintic therapy can
be administered while the worm are the ducts. Attempts
have been described to manage patients conservatively
without antiparasitic therapy to prevent worms from dy-
ing in the ductal system [13]. The use of anthelmintic
drugs is ineffective against larvae as well. Even mild
cases of Ascaris infection should be treated to prevent
complications caused by parasite migration; however,
during active migration through the lungs, drug therapy
is not indicated due to the increased risk of pneumonitis.
Antiparasitic solutions should not be instilled into the
biliary tract to avoid worm disintegration and progres-
sion of inflammation [9]. There is no single standard of
care for patients with biliary ascariasis. Some authors
believe that endoscopic therapy for biliary ascariasis is
indicated if patients continue to experience symptoms
despite drug therapy or when worms do not exit the duct
lumen within three weeks or die within the ducts [6, 14].
Other authors believe that endoscopic therapy should
be performed immediately upon detection of helminths in
the gallbladder or ducts [8]. A number of authors suggest
a wait-and-see approach for 72 hours from the start of
conservative treatment. If clinical manifestations and the
ultrasonographic picture of HPA remain, ERCP should be
performed for therapeutic purposes. Sphincterotomy may
contribute to repeated migration of worms into the biliary
tract. For this reason, balloon dilation of the sphincter
of Oddi is preferred. The worms should be removed
completely, as residual fragments may lead to stone
formation. Removal of the worms is usually associated
with rapid relief of clinical symptoms [9]. If the endoscopic
method is ineffective, surgical treatment is indicated.

CLINICAL CASE

A 6-year-old girl with food allergies was admitted to
the hospital. She complained of severe abdominal pain,
nausea, and repeated vomiting. Laboratory tests revealed
elevated ALT levels (up to 658 U/L), AST levels (up to
760 U/L), total bilirubin (up to 33 pymol/L), and serum
amylase (up to 1566 U/L). A multi-slice computed tomo-
graphy (MSCT) scan of the abdominal organs revealed:
dilatation of the intrahepatic ducts and common bile duct




up to 9 mm, a calculus up to 8 mm at the junction of the
common bile duct and the pancreatic duct, dilatation of
the gallbladder and its walls, and enlargement of the
pancreas due to the head up to 35 mm. Magnetic reso-
nance cholangiopancreatography (MRCP) was performed.
It revealed signs of narrowing at the opening and dilation
of the common bile duct throughout its length. Diagnosis:
Acute biliary pancreatocholangitis, gallstone disease.
Treatment was conducted in a hospital setting and
included antibiotics, antispasmodics, and H2-histamine
blockers; infusion therapy was also administered. During
the outpatient phase of treatment, the patient received
enzyme preparations and ursodeoxycholic acid courses.
Elevated amylase levels persisted for a long time, rea-
ching 2-3 times normal levels.

Avyear later, a relapse occurred; the girl was admitted
with paroxysmal abdominal pain and repeated vomiting,
elevated serum amylase levels up to 5,000 U/L, and ALT
and AST levels up to 250 U/L. Bilirubin levels fluctu-
ated up to 180 umol/L. The results of a MSCT scan of
abdomen showed: enlargement of the pancreatic head,
dilation of the main pancreatic duct to 11 mm, dilation
of the lobular ducts to 7 mm, and cystic transformation
of the gallbladder. After treatment, no relapses were
observed for 2 years, and the patient remained under
follow-up. Laboratory tests showed periodic elevations in
serum amylase up to twice the normal level. The patient
followed a strict low-fat diet and received pancreatic
enzymes and ursodeoxycholic acid.

The third episode of pancreatitis occurred at age 9. The
girl was admitted with acute abdominal pain and elevated
amylase levels of 1186 U/L. MSCT revealed enlargement
and diffuse changes in the pancreatic head. Cholesterol
stones in the gallbladder (Fig. 1). It was decided to perform
surgical treatment. A common bile duct cyst was removed,
and a Roux-en-Y choledochojejunostomy was performed.
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In the postoperative period, signs of pancreatitis were
noted; otherwise, the course was uneventful. During a
follow-up examination in the late postoperative period,
dilation of the intrahepatic ducts was detected, although it
was less pronounced than before. Dilation of the Wirsung
and Santorini ducts was confirmed by MRCP.

One and a half years after the surgical procedure,
the patient was readmitted with an exacerbation of
pancreatitis. Elevated blood pancreatic amylase levels
reaching 2000 U/L were detected. Due to severe con-
dition, the patient was admitted to the intensive care
unit and received infusion therapy, octreotide, amika-
cin, metronidazole, antispasmodics, and analgesics,
following which amylase levels decreased. An increase

Fig. 1. Abdominal CT scan. Enlargement and diffuse changes of the
pancreatic head. Gallbladder cholesterolosis, cystic transformation of
the common bile duct

Puc. 1. MynbTucnupanbHas komnbloTepHasi Tomorpadus OopraHoB
OptoLLHON nonocTn. YeenuyeHne n AnddysHble M3MEHEHUS TONOBKM
NoAKEeNyA04YHON Xenesbl. XONecTepo3 XEeNYHOro My3bpsi, KMCTO3Has
TpaHcopmaLys xonegoxa

Fig. 2. Endosonographic signs of calculi in the terminal part of the Wirsung’s duct (hyperechoic inclusions measuring 5-7 mm extending for ap-
proximately 1.5 cm, with a distinct acoustic shadow) and pancreatic hypertension

Puc. 2. SHpocoHorpatuyeckne NprusHaki KOHKDEMEHTOB TEPMUHANBHOTO OTAEMNa BMPCYHIOBa NPOTOKa (TMNEPaXOreHHbIe BKMKYEHNs [0 5—7 MM
Ha NPOTSHKEHUM 0KONO 1,5 CM, C YETKON akyCTUYECKO TEHBIO), NAHKPeaTU4eCKon runepTeH3umn

15



116

in serum lipase to 886 U/L was also observed. Eosino-
philia was noted. A CT scan of the abdominal organs
revealed enlargement and calcification of the pancrea-
tic head, dilation of the bile ducts and pancreatic ducts,
and fluid accumulation in the abdominal cavity between
the loops of the small intestine. Endoscopic retrograde
cholangiopancreatography (ERCP) revealed dilation of
the Wirsung and Santorini ducts, as well as irregularity
in the diameter of the intrahepatic ducts. Endosonogra-
phy revealed calculi in the terminal portion of the Wir-
sung duct and pancreatic hypertension (Fig. 2). During
endoscopic ultrasonography, a fine-needle biopsy of
the pancreas was performed.

Cytohistological examination of the pancreatic tissue
aspirate showed that the material consisted primarily of
a dense proteinaceous substance, microcalcifications,
blood cells, and a small number of epithelial cells with
proliferation but no mitotic activity. No evidence of neo-
plastic lesions was found in the examined material. This
pattern did not rule out a parasitic infection. Enzyme-linked
immunosorbent assay (ELISA) of blood for antibodies to
Ascaris, Giardia, Anisakis, and Toxocara was negative.
An elevated level of IlgG4 in the blood was noted, which
required additional testing for differential diagnosis be-
tween obstructive and autoimmune pancreatitis.

Subsequent routine follow-up examinations were
performed. Endosonography revealed a cluster of cy-
lindrical calcifications with a distinct acoustic shadow
in the terminal portion of the Wirsung duct, obstructing
the duct (Fig. 3). An aspiration biopsy of the pancreatic
head tissue was performed, followed by immunohisto-
chemical examination of the specimen. No evidence of
atypia or active inflammation was found. No immuno-
histochemical signs of autoimmune pancreatitis were
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Fig. 3. Endosonographic signs of hyperechoic calculi with a distinct
acoustic shadow in the terminal part of the Wirsung’s duct, indicating
pancreatic hypertension

Puc. 3. SHRocoHOrpaduyeckie NpuaHaKi CKOMEHNs! TMNePaXoreHHbIX
KOHKPEMEHTOB C YETKOI aKyCTUUYECKON TEHBIO B TEPMUHANBHOM OTAENE
BMPCYHroBa NpOoTOKa, NaHKPeaTU4eCcKol rmnepTeH3nm

detected. Since obstruction and chronic pancreatitis
(gallstone disease, autoimmune pancreatitis, tumor)
were excluded, it was suggested, that the patient had
HPA complicated by the death of the helminth in the
duct and subsequent calcification, based on the clini-
cal and anamnestic data and the course of the disease
involving cylindrical calcifications in the Wirsung duct.

During subsequent follow-up over a three-year
period, no exacerbations of pancreatitis were observed.
The patient is continuously receiving pancreatic enzyme
therapy at a dose of 500 IU of lipase per kilogram
per day. According to the results of the most recent
hospitalization in September 2024, fecal elastase was
284.39 uglg, urine alpha-amylase was 253 U/L (nor-
mal range up to 321 U/L), and serum alpha-amylase
was 30.1 U/L (normal range up to 80 U/L). According
to abdominal CT scan data, changes in the pancreas
persist, including enlargement, structural heterogeneity
due to areas of calcification in the head region, dilation
of the Wirsung duct to 3 mm, and thickening of the
peripancreatic tissue. Over time, a slight decrease in
the size of the pancreas is noted. Further observation,
laboratory testing, and imaging studies are required to
monitor the patient’s condition.

CONCLUSION

This clinical case report presents a complex and
atypical case of chronic recurrent pancreatitis in a child,
which probably had parasitic origins. Its diagnostic
feature combines indirect signs of infestation with direct
morphological confirmation: against the background of
negative serological tests and the absence of live parasite
visualization, the cytological examination of the pancreatic
puncture, which revealed signs of parasitic involvement,
was of key importance. This finding, along with eosino-
philia and a unique endosonographic pattern of cylindrical
calcifications clustered in the Wirsung duct, allows us to
conclude that the process was caused by the death and
further calcification of an Ascaris worm. Subsequently,
it formed an obstructing calculus. This case clearly il-
lustrates that HPA can present as idiopathic pancreatitis
with a long-term, indolent course and recurrences even
after surgical correction of secondary complications. This
observation underscores the need for active investigation
of parasitic causes in children with recurrent pancreatitis
of unknown etiology. It also demonstrates the high diag-
nostic value of combining endosonography with targeted
morphological verification to identify both direct and indirect
consequences of invasion.
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Wilhelm Conrad Rentgen: the man who saw the invisible.
On the 180t anniversary of his birth

and the 130' anniversary of the discovery of X-rays

Inna P. Mavidi, Karina T. Abdulagaeva, Dmitriy |. Vasilevsky, Vadim M. Lazarev

Pavlov First Saint Petersburg State Medical University, Saint Petersburg, Russia

ABSTRACT

The article explores the life and scientific achievement of Wilhelm Conrad Rontgen (1845-1923), the outstanding experimental physicist
who discovered X-rays and transformed the course of modern science and medicine. It traces Réntgen’s path from his unjust expulsion
from school and the difficulties of his early education to his later leadership of major physics institutions in Germany, where he developed
into a scientist whose work shaped experimental physics for decades to come.

Particular attention is devoted to the circumstances of his November 1895 discovery of a new type of radiation capable of penetrating
opaque materials and revealing the internal structure of the human body without surgical intervention. The article highlights Rontgen’s
meticulous experimental approach, his long days and nights of isolated work, and his determination to investigate every hypothesis in
order to understand the nature of the mysterious rays that had no precedent in science.

Acentral theme is Rontgen’s principled decision to refuse a patent for his discovery. Believing that such knowledge must serve humanity,
he deliberately made the new radiation freely available, enabling its rapid adoption in medical diagnostics and ultimately saving millions
of lives.

The material presents Réntgen not only as a brilliant experimenter but also as a man of exceptional moral integrity, for whom scientific
truth and public good outweighed personal benefit. His legacy — an embodiment of talent, perseverance, and ethical conviction —
continues to define the development of physics and medicine to this day.
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Bunbrenom KoHpaa PeHTreH: YenoBek, KOTOpbIN yBUAEnN
HeBugumoe. K 180-neTtuio co gHA poxaeHus

n 130-neTnio OTKPbLITUA PEHTFEHOBCKUX Ny4en

.M. Maeugm, K.T. Abaynaraesa, [1./1. Bacunesckuit, B.M. Jlasapes

MepBblit CaHKT-MeTepbyprekuil rocyLapCTBEHHbIA MEAULMHCKWIA YHUBEPCUTET UMeHu akafemuka W.1. Masnosa, CaxkT-MeTepbypr, Poccus

PE3IOME

CraTbs NOCBSALLEHa XW3HU 1 Hay4YHOMY noasury Bunbrensma KoHpaga PenTreHa (1845-1923), BbigatoLuerocs uanka-akcnepumenTa-
TOpa 1 NepBOOTKPbIBaTENS X-Ny4el, KOTOpbIE CTan OLHUM U3 BENUYaLLINX JOCTXEHWI MPOBOI Hayku. B paboTe npocnexusaetcs
nyTb PeHTreHa — OT HecnpaBeAnv1BOro W3rHaHWs 13 LKOMbI U TPYAHOCTEl paHHero 06pa3oBaHMs O PYKOBOACTBA KpyMHEALUMMA
OU3NYECKUMM UHCTUTYTaMK [epMannm, roe oH chopMUpoBarcs Kak y4YeHblil, OnpeaenmBLUMA HanpaBneHue pa3BuTUS SKCNepUMeH-
TarnbHoW OU3NKN Ha AECATUNETUS BRepes.

Oco60oe BHUMaHMe yaeneHo 06CToATeNbCTBAM OTKPbITUS B HOsIGpe 1895 roga HOBOro TUna 13nyyeHus), cnocoBHOro NPOHMKATh CKBO3b
Henpo3payHble MaTepmarnb! 1 BNiepable B UICTOPUM NO3BOMNMBLLENO YBUAETb BHYTPEHHEE CTPOEHIE HENOBEYECKOro opraHn3ma 6e3 one-
pauuu. MoapobHO paccmMaTpuBatOTCS 3KCMEepUMEHTanbHbIe NONUCKM PeHTreHa, ero MHoOrogHeBHas paboTa B 130MsLuK, CTpemMneHue
NPOBEPUTH KaXayto MMMoTesy U YCTAHOBUTL NPUPOZY Nyyei, KOTOpble Ha TOT MOMEHT He UMENM aHamnoroB B HayKe.

OTMmevaeTcs NpuHLMNnanbHas nosuLmMs Y4EHoro, KaTeropuvecku OTKasaBLLEroCs NaTeHTOBATb CBOE OTKPLITUE, MOCKOMbKY OH cyuUTan,
4TO Nofo6HOE MU3MyYeHe JOMKHO CRYXUTb BCEMY YeNOBeYecTBy. Ero pelleHne OTKpbINO NyTb K CTPEMUTENBHOMY Pa3BUTUIO Meau-
LIMHCKOM ANArHOCTUKW 1 CNAco MUMIMOHBI XWU3HEN N0 BCEMY MUPY.

MaTepuan noseonseT yBuaeTb B PEHTTeHe He TOMbKO reHUanbHoro SKCepuUMEHTaTopa, HO U YenoBeKa BbICOYaMLLIMX MOparbHbIX
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Genius may be nothing more than a fleeting opportunity.
Only hard work and determination can bring it to life and turn it
into glory.

Albert Camus

Throughout history, some people have been born
with the ability to perceive the world differently. They
see it from a unique perspective, discern what remains
hidden from others, and shed light on what still lies in
darkness. These individuals are key contributors to
progress; thanks to them, humanity has evolved into a
civilization, and science continues to make new strides
every year. |t seems that fate itself guides such people:
every encounter, every event comes together to form a
path leading to a great discovery (Fig. 1).

It was precisely such a person who was born on
March 27, 1845, in the small town of Lennep to Friedrich
Conrad Rontgen and Charlotte Constance. The boy
was named Wilhelm Conrad. His mother came from the
ancient Frowein family, which lived in Holland, and his
father belonged to a respected merchant dynasty whose
roots stretched far back into the lands along the Rhine.

In 1848, the French Revolution erupted, its
echoes reaching as far as Prussia. Rontgen’s father
sold the family home and moved with his family to
the Netherlands. Thus, three-year-old Wilhelm unex-
pectedly became Dutch. Nevertheless, as he began a
new life in a foreign land, he forever kept the house
in Lennepe in his heart: he recalled every corner of
it with particular tenderness and sadness, where he
had spent the most carefree years of his childhood.

In 1850, the Rdontgen family settled in Apeldoorn,
in a house that came to symbolize their love and

Fig. 1. Portrait of Wilhelm Conrad Réntgen. 1900 (Photograph. Public
domain)

Puc. 1. Moptper Bunbrensma Kowpapa Pentrena. 1900 r. (®oto-
rpacpust. O6LLECTBEHHOE LOCTOSHME)

hopes. They engraved the name of their five-year-old
son, Wilhelm, on the south wall. This touching gesture
speaks volumes about parents’ feelings: they were
not simply furnishing a home, but creating a space
where their only and dearly beloved son could grow
up to be a decent person.

Wilhelm Rontgen spent fourteen years in this
house, while attending the school of Martinus Herma-
nus van Doorn. In 1862, the family moved to Utrecht.
At nearly eighteen years old, Wilhelm Conrad moved
in with Dr. Hanning, a Utrecht chemist who taught at
both the university and the technical school.

The Utrecht Technical School accepted boys aged
14 to 18, training them to become future managers of
factories and enterprises. At first, a quite predictable
path lay ahead for Rdntgen as well. He would continue
the family business and get involved in textile manu-
facturing. But fate had other plans. In early 1865, his
mentor, Dr. Jan Hanning, was appointed professor of
chemistry in Amsterdam. This was a turning point for
the young Wilhelm: he increasingly realized that he was
drawn to natural sciences.

Réntgen was a gifted student and easily mastered
most subjects, except for physics. It was taught by Ger
Patterson, a man who disliked Wilhelm from the very
beginning, and the feeling was mutual. The story ended
in a sad misunderstanding: one of his classmates drew
a caricature of the teacher on a piece of paper, but the
blame fell on Rontgen. He did not reveal the real culprit
and paid a high price for his silence — at the age of
seventeen, he was expelled from school [1].

Wilhelm Réntgen weathered this stroke of fate with
his characteristic nobility and fortitude, even though the
lack of a high school diploma hindered his admission to
university. His father supported his son: “It’s all right; three
generations of men in our family have been cloth manu-
facturers, and you will make an excellent cloth maker”.

But Rontgen decided not to give up; his innate te-
nacity and determination prevailed. He began prepa-
ring himself for exams to Utrecht University. However,
due to a cruel twist of fate, his math exam was proc-
tored by none other than Ger Patterson, who was filling
in for a professor who had unexpectedly fallen ill. And
he failed the exam.

It is no surprise that after such trials, Réntgen
viewed exams with a touch of irony for the rest of his
life. In 1920, he wrote to Mrs. Boveri, the daughter of
his friend, the biologist Theodor Boveri, whose ideas
anticipated modern mutation theory: “Student exams,
as a rule, do not reveal true aptitude for a subject. Un-
fortunately, they are a necessary evil. The true test of
aptitude for a profession comes only in adulthood”.

However, Wilhelm Rontgen did not give up this time
either. Four days after his failure, he enrolled in the

121



122

philosophy department, which accepted students wi-
thout strict high school diploma requirements. However,
philosophy alone was not enough. He was too drawn
to natural sciences. In 1865, by a stroke of good for-
tune, the Polytechnic Institute opened in Zurich, where
one could enroll without a high school diploma, sim-
ply by passing exams in mathematics, Ancient Greek,
and Latin. Rontgen was admitted, exempted from the
language exams as his exceptional knowledge of ma-
thematics impressed the examiners. Thus, the twenty-
year-old young man became a student at the institute
that would shape his scientific destiny.

During his student years, Rontgen and his friends
would gather in the evenings at the “Green Glass”
café. There he met Bertha Ludwig, the daughter of
the café’s owner. Seven years later, this meeting cul-
minated in their marriage.

His acquaintance with Professor August Kundt
proved no less significant. After hiring Rontgen as his
laboratory assistant, Kundt once asked him a ques-
tion that would prove fateful: “What do you really want
to do with your life?” This question compelled Ront-
gen to finally define his path in science.

Not receiving a precise answer, the professor
advised: “Start doing science — it's never too late”.
For Rontgen, Kundt was not merely a mentor, but
a true guide into the world of physics. He managed to
instill in the young researcher a love for experimenta-
tion, patience in his work, and the ability to build instru-
ments on his own. It was alongside Kundt that Rontgen
got a taste of genuine scientific inquiry and finally found
his calling to become an experimental physicist [2].

In 1870, August Kundt was appointed to the Uni-
versity of Wirzburg, and invited his loyal assistant,
the young Wilhelm Réntgen, to join him. There, Ront-
gen began work on his dissertation, but the university
dean rejected it for unknown reasons. These difficul-
ties were temporary: soon Kundt was transferred to
the Imperial University of Strasbourg, and Rontgen,
of course, followed him. There, in 1874, Rontgen was
appointed a private lecturer at the Institute of Physics.

The young scientist’s career continued to ad-
vance. Thanks to a recommendation from Heinrich
Weber, a former professor at the academy, Réntgen
was appointed professor of physics and mathematics
at the Agricultural Academy in Hohenheim. However,
as early as 1876, he returned to Strasbourg to take up
a position as a lecturer in physics. Although Rontgen
had to teach theoretical physics, it was his years in
Strasbourg that revealed his true calling. His research
at that time was distinguished by a clear formulation
of problems, the elegance of his experimental tech-
niques, and a rare ability to analyze results with clear-
headedness and depth.

From that point on, Wilhelm’s circle of acquain-
tances expanded; he met the biologist Georg Gafki,
an outstanding German physician and bacteriologist,
a close associate of Robert Koch, and the surgeon
Rudolf-Friedrich Krenelin, one of the pioneers of ap-
pendectomy in Europe and a surgeon who developed
and refined his own technique for gastric resection.
Getting to know such outstanding scientists signifi-
cantly broadened Réntgen’s scientific horizons and
had a beneficial influence on his work.

But Rdntgen never forgot about his family. Although
the couple had no children of their own, they adopted
Bertha’s niece, Josephine Ludwig. Wilhelm was a ca-
ring husband and became a true father to the girl [3].

While in Giessen, he wrote a number of papers, one of
which was titled “On the Electrodynamic Force Caused by
the Movement of a Dielectric in a Homogeneous Electric
Field”. Rontgen demonstrated that free charges located at
the interface of an electrically polarized dielectric, namely
on the surface of the insulator within a capacitor, also
generate an electric current during mechanical motion
and are surrounded by a magnetic field. For this purpose,
he caused the dielectric to rotate between the plates of
a charged capacitor and was thus able to experimentally
prove the validity of Maxwell’s first equation.

This work aroused particular interest among scien-
tists of the time. Ludwig Zender, a research associate at
the Massachusetts Institute of Technology, wrote: “This
discovery by Rontgen was valued by theoretical scien-
tists such as Lorentz, Sommerfeld, and others almost as
highly as his discovery of X-rays” [4].

On October 1, 1888, Rdntgen received an offer to
take up a professorship in Wirzburg, succeeding the
renowned physicist Friedrich Kohlrausch (1840-1910).
Thus, he returned to where his journey had once begun.
But now Rontgen was returning not as a student, but as
a recognized scientist and an outstanding experimenter.
He had reached this pinnacle through his own hard work
and talent. During this period, he began studying the ef-
fect of pressure on various properties of liquids. Based
on the anomaly of water (the presence of maximum
density at 4 °C), he concluded that water consists of
two different molecular structures: a more voluminous
ice structure and structures of smaller volume that are
formed only at higher temperatures.

Wilhelm Rontgen was a strict and demanding men-
tor, both to himself and to his students. He disliked for-
mal exams and preferred to assess his students’ genuine
depth of understanding. This approach often put those
who were accustomed to rote memorization, rather than
a true grasp of science, in a difficult position.

Despite his numerous responsibilities, Rontgen actively
pursued scientific research. From 1888 to 1894, he pub-
lished 50 papers on how pressure affects the properties




of liquids. At the same time, his attention was drawn to
cathode rays in gas discharge tubes. The scientist believed
that this phenomenon had not been sufficiently studied and
devoted a great deal of time to its investigation. By the end
of 1895, he was conducting experiments with a modified
gas-discharge tube located directly beneath his apartment
as he did not like to waste time. At that time, he did not yet
know that he was on the verge of his greatest discovery [5].

The history of science is full of examples where the
greatest discoveries arose from chance. Such was the
case with Wilhelm Rontgen. On the evening of November
8, 1895, he was about to have dinner with his family when,
after closing the curtains and covering the cathode tube with
cardboard, he absentmindedly failed to turn it off. Turning
around at the doorway, he noticed a strange glow: a sheet
of paper with barium salt was glowing green, even though
there was no light source nearby. The scientist instantly
realized — he was facing a phenomenon of unknown
nature. Rontgen returned to the laboratory and no longer
allowed anyone to enter; he instructed his wife to bring
food only and leave it outside the door. He decided to dig
up the truth, working day and night, resting only a couple
of hours a day. For 50 days, no one saw the scientist, and
he experimented with the rays, passing them through all
the objects in the laboratory (Fig. 2). “Having learned of an
entirely new type of rays, | naturally began to investigate
what they would do... Soon, the tests revealed that the rays
possessed a penetrating power of a previously unknown
degree”, wrote Wilhelm Rontgen [6].

Fig. 2. Artistic illustration: Wilhelm Conrad Réntgen in his laboratory at
the moment of discovering X-rays. Late XIX — early XX century (public
domain)

Puc. 2. XypoxecTtseHHas unmoctpaums: Bunbrenom KoHnpag PeHTreH
B nabopatopuu Bo Bpemsi OTKpbITUS X-nyyen. Korel XIX — Havano
XX Beka (06LeCcTBEHHOE JOCTOSIHIE)

Fig. 3. The first X-ray image — the hand of Anna Bertha Ludwig with
a ring on her ring finger. W.C. Rdntgen, 8 November 1895. Physical
Institute of the University of Wiirzburg (public domain)

Puc. 3. lNepBas peHtreHorpamma — kuctb AHHbI BepTbl Jliogsur ¢
konbLioM Ha 6e3bimaHHOM nanbLe. B.K. Pentren, 8 Hos6ps 1895 ropa.
dunandeckuin MHCTUTYT Blopubyprekoro yHuBepcuteTa (06LLECTBEHHOE
[0CTOsHNE)

The great immunologist Louis Pasteur said: to res-
train oneself and not announce a discovery until all
hypotheses have been tested is a difficult task. These
words describe Wilhelm Rontgen very accurately. Im-
mersed in the study of the mysterious rays, he worked
late into the night, sacrificing sleep and his health.

His wife was worried about her husband’s health, as
he hadn’t seen daylight for many days. “How long will this
go on?” she asked him. “As long as it takes”, Rontgen
replied. After seven weeks of experiments, he called his
wife into the laboratory and took an X-ray of her hand.
Seeing the image of her own bones on the plate, Bertha
cried out in horror: “I have seen my own death”. It was
the world’s first X-ray [7].

On January 5, 1896, a sensation shook the readers
of the Viennese newspaper Die Presse. The front page
reported that on November 8, 1895, a certain Professor
Rontgen had discovered a new type of radiation capable
of penetrating opaque materials and even allowing one to
see through the human body. But how did the story get into
the newspaper? During a discussion evening, Professor
Franz Exner (Rdntgen’s colleague and friend) brought a
special edition of Rdntgen’s work, as well as a photograph
of a human hand in which the bones, joints, and even a
ring on the ring finger were clearly visible (Fig. 3).

Soon, the whole world heard about Rontgen’s great
discovery. Everyone was stunned, except the scientist
himself, who was convinced that sensationalism was
merely a “pastime of vanity”, whereas true science
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Fig. 4. Artistic engraving: Wilhelm Conrad Réntgen demonstrating the
use of X-rays to examine a young boy. Late XIX century (public domain)

Puc. 4. XypoxectBeHHas rpasiopa: Bunbrensm KoHpag PentreH
LEMOHCTPUPYET NpuMeHeHne X-nyyen ans obcnesoBaHUs Manbyuka.
Koneu XIX Beka (06LLeCTBEHHOE AOCTOSHME)

requires modesty. He refused to patent the discovery,
declaring: “My discovery belongs to the people!” The
significance of X-rays proved to be enormous: for the first
time, medicine gained the ability to look inside the human
body without surgical intervention, and soon the first
radiology laboratories appeared, including in Russia [8].

Since ordinary people knew absolutely nothing about
the nature of the rays, a very funny incident occurred.
Once, Wilhelm Rdntgen received a letter from a sailor
who asked the scientist to send him some X-rays so
he could locate a bullet in his chest, to which Réntgen
replied: “Unfortunately, sending the rays would be dif-
ficult, but there is an easier way: send me your chest, |
will find the bullet and send it back to you” [9].

Rontgen categorically refused to allow the military
use of his discovery. When asked to use the rays for
military purposes, he replied to the Kaiser himself, Wil-
helm II: “It is impermissible and inhumane to use for mili-
tary purposes a means that is needed by sick people”.
Ironically, the Kaiser fell down the stairs and sprained
his leg; for this reason, he had to agree with Rdntgen’s
opinion and use the invention for medical purposes.

Wilhelm Rdntgen was a man of rare nobility and
humanity: he dedicated all his work to serving science
and people, believing that a scientist’s mission is “to
make the world a better place” (Fig. 4). He shunned
fame, disliked interviews, and rarely left his home, as
if ashamed of the public attention that had descended
upon him following his discovery. In 1900, Réntgen
moved to Munich, where he took up a professorship at

the university and headed the Munich Institute of Phy-
sics [10].

In 1901, Wilhelm Rontgen became the first recipient of
the Nobel Prize in Physics. However, being a modest man,
he declined to give a public speech and refused honorary
titles, so the prize was sent to him by mail. The Nobel Prize
Committee’s letter stated: “In recognition of his extraordi-
narily important contributions to science, manifested in the
discovery of the remarkable rays subsequently named in
his honor”.

He also declined an honorary position at the German
Academy of Sciences, and shortly thereafter, the noble
title “von”. Whenever someone addressed him as Dr. von
Rontgen, the scientist would correct them indignantly: “Since
| have not yet submitted a special application and do not
intend to do so, it is not proper for me to bear the prefix ‘von™.

Munich became the final stop in Wilhelm Conrad Ront-
gen’s life. In 1900, he became head of the physics depart-
ment at Ludwig Maximilian University. In 1903, a young
Russian scientist, Abram loffe, came to him for an intern-
ship; he soon became Rontgen’s assistant and one of his
few close friends. Their collaboration marked the beginning
of joint research and became an important chapter in the
lives of both scientists [11].

World War | had a severe impact on Rontgen’s life. He
donated all his savings, including his Nobel Prize money, to
his country, lived extremely modestly, and traveled by train
in third class. After his wife’s death, he was left completely
alone.

In 1923, the scientist fell ill. The doctor who ex-
amined him was struck by the modesty of the patient,
whose name was known throughout the world. The
irony of fate was that his diagnosis, colon cancer, was
made using his own discovery, X-rays.

Fig. 5. Wilhelm Conrad Réntgen. Photograph. University of Wiirzburg,
late XIX century (Wirzburg University Library Archives, public domain)
Puc. 5. Bunbrenom KoHpap PeHtreH. ®otorpacus. YHusepcuteT
Bropubypra, komey XIX Beka. (ApxuB OubnuoTekn yHueepcuteTa
Bropu6ypra, 06LjecTBeHHOE JOCTOsHIE)




On February 10, 1923, Wilhelm Conrad Réntgen
passed away, never once compromising his moral prin-
ciples. His will instructed that his scientific papers be
burned, which was carried out [12].

The world lost one of the most hardworking, bril-
liant, and humane scientists, whose name is forever
inscribed in history thanks to a discovery that changed
the course of medicine and the fate of humanity (Fig. 5).

Do not look back — look life in the face,

Do not give up.

Lift your head, pay no heed to groans.

Whoever strives for a goal — do not retreat,

Do not look at backs and the past.

Look into the eyes of the light that lies ahead.
Richard von Violkmann. Berlin, 1890
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W3AATEJIbCTBO NEAUATPUHECKOI0 YHUBEPCUTETA

NPEACTABNAET

OPTONEAWYECKAAA CTOMATONOIUA. NPOTE3UPOBAHUE
HECLEMHbIMWU KOHCTPYKLMAMMW 3YBHbIX NPOTE30B

CAHKT-
MEAVIATP

M. ®. Cyxapes,
C.b. ®uues,
M.T.

Poxxosa

OPTONEAMYECKAA CTOMATONOIUS.
NPOTE3NPOBAHUE HECHEMHbIMU
KOHCTPYKLMAMHU 3YBHbIX NPOTE30B

V4e6HVK AN MEAULIMHCKIX BY30B

.
| A | I,
0 ” ”’&

M. @. Cyxapes, C. b. Quwes, M. I'. Posckosa

Y4eOHHUK COOTBETCTBYET mporpamme MUHUCTEpCTBA 37paBo-
oxpanenust Poccuiickoii denepauuu mo opToneanueckoi croma-
TOJIOTHH, MIPEHA3HAYEH U OyIIET MOJIe3HBIM IS TIperoaBarenei
KYPCOB U CTOMATOJOTHYECKUX Kadeap, CTYEHTOB CTOMATOJIOTH-
4eCcKHUX (aKyabTeTOB, OPJIMHATOPOB, aCITUPAHTOB, Bpadyel-cToMa-
TOJIOTOB.

ABTOpBI OyIyT TIPU3HATEIBHBI 32 KPUTHYCCKUAC 3aMEYAHUS U
JIOTIOJTHEHMSA.

TBepablil eperuieT, IBETHbIE WILTIOCTpaln, 464 cTpaHUIIbL.

IIpnoOpectu u3naHue MOKHO B UHTEpHET-MarasuHe JIabupuHT:
https://www.labirint.ru/books/877708/

NATONIOTMYECKASI AHATOMMS. OBLLNA KYPC

P.A. Hacwipos, /1.0. Heanos, H.M. Anuukos, E.IO. Karununa

i P.A. HACBIPOB, [1.0. UBAHOB,
H.M. AHUYKOB, E.10. KATMHUHA

- NMATOJIOTUYECKAS
AHATOMUSA

OBLUNI KYPC

B obmeM kypce maronorndeckol aHaTOMUHW (KIMHHYECKOU
maToMOp(OJIOTHN) PacCMOTPEHBI BOMPOCH! OOIeil maroioruye-
CKOM aHAaTOMUH: METOAbI UCCIICAOBAHUA B HaTOMOp(bOHOFI/II/I, 110-
BpeXJCHHE U THOeNbh KJIETOK M TKaHEH, B TOM YHCIIe CTapeHue;
HapylIeHUs KPOBOOOpAIIeHNs ¥ MHBIX CPeJl OpraHu3Ma, Bocralie-
HUe, perapanus U pereHepanus, 3a)KiuBJIeHIe paH, IMMYHHas Ia-
TOJIOTHA, aJanTaIus, IaToJIOTHs pocTa KIETOK U uxX nuddepen-
LIMPOBKH, OMYXOJH, TeHETUYECKHE 3a00JeBaHuUs, YICHHE O JlHa-
THO3€ B NATOJIOTHYECKON aHATOMUH, ITATOJIOTHS U (DaKTOPBI OKPY-
JKAIOIIEeH Cpe/bl, MaTOJIOTHs, BEI3BAHHAS ITUTAHHEM, KOHCTATAIUs
CMEpTH | JIp.

Y4eOHHUK paccUWTaH Ha CTYIACHTOB-MEIMKOB BcexX (paxymbre-
TOB, a TaK)Xe Ha Bpauel, MHTEPECYIOMMXCS BOMPOCcaMHu oOmmel
[1aTOJIOFMYECKON aHaTOMUHU.

TBepplit TeperieT, BETHRIC WLTIOCTparnun, 280 cTpaHuIl.

[IpuoOpecTr u3gaHne MOKHO B MHTEpHET-MarasuHe JIaOupuHT:
https://www.labirint.ru/books/777658/




W3AATEJIbCTBO NEAUATPUHECKOI0 YHUBEPCUTETA
NPEACTABNAET

PykoBOICTBO N0 NefnaTpum.
OdTANIbMOJIOTUA AETCKOI0 BO3PACTA

Peoakyuonnas xonnecus moma: /1.0. Heanos, B.B. bpaceckuii

Tom 11 «PykoBoacTBa mo menuaTpum» OTPa)KaeT COBPEMEHHBIN
YPOBEHb pa3BUTHUS O(PTAIbMOJOTHUU JCTCKOro Bo3pacta. Kuura co-
JIEPKUT aKTyalbHYI0 MHPOPMALMIO O COBPEMEHHBIX METOJaxX Iua-
THOCTHKH | JISUCHHUS 3a001eBaHni ra3 y nereil. OTnenbHble pa3aessl
MOCBSILIEHBl KIMHUYECKUM PEKOMEHIAIMSIM MO OCHOBHBIM CHHJAPO-
MaM ¥ 3a00JIeBaHUSIM.

Wznanue npegHazHayeHo odranbMosoram, neanaTpaM u Npeacra-
BUTENSIM APYTUX MEAWLUMHCKUX IUCHUIUIMH, a TaKKe CTyIeHTaM
CTapIINX KypCOB MEIUIIUHCKUX BY30B.

Tom 11

OdTasbMoAOTrns
AeTcKoro Bo3pacTta

TBepaplii eperuier, BeTHbIE ILUTIOCTPALNU, 344 CTpaHUIIbI.

[TpuobpecTu u3naHue MOXKHO B MHTEpHET-Mara3une JIaOupuHr:
https://www.labirint.ru/books/877706/

PykoBofcTBO N0 nefuaTpum.
HEBPOJIOTNA U NCUXNATPUSA OETCKOIo BO3PACTA

Peoaxyuonnas xonnecus moma: /[.0. Heanos, B.U. I'y3zesa, C.B. I peuanwiii

Tom 9 «PykoBoncTBa 1Mo meauaTpum» OTPaKaeT COBPEMEHHBIN
YPOBEHb Pa3BUTHsI HEBPOJOTMU M IICUXUATPUM AETCKOIO BO3pACTa.
KHura comepkuT akTyanbHYI WH(POPMAIHIO O COBPEMEHHBIX METO-
JlaX AMArHOCTUKU M JIeYeHUs 3a00IeBaHU HEPBHOW CHCTEMBI U TICH-
XHMYECKUX paccTpoiricTBax. OTaenbHbIe pa3iebl MOCBANIEHB KIWHU-
YeCKUM PEKOMEHJIAllsAM 110 OCHOBHBIM CHHJIpOMaM U 3a00JIeBaHUSAM.

PykoBoznCTBO IpeHa3HAYEHO HEBpPOJIOraM, HEHpPOXUpypram, Icu-
XuarpaMm, ICHUXOTepaneBTaM M IPEACTaBUTENAM JAPYTMX MEIHUIMH-
CKHUX JUCLHUILINH, & TAK)KE CTYJCHTaM CTaplINX KypCOB MEAUIIMHCKUX
BY30B.

Tom 9

HeBpOAOFVIiI N NCnxmnaTpus
AETCKOro Bo3pacrta

Tsepapiii neperuter, 288 cTpaHul.

[Tpuobpectu U3naHne MOKHO B MUHTEpHET-MarasuHe JIabupuHr:
https://www.labirint.ru/books/877707/
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