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DEPUTY EDITOR-IN-CHIEF’S PREFACE

Lyubov V. Rychkova

Dr. Sc. (Med.), Professor,
Corresponding Member
of the RAS

Dear colleagues!

What is a scientific article? It is not only a logically complete, structured
authorial work devoted to a specific scientific problem, phenomenon, research
method, etc. It is a means of conveying scientific knowledge, experience, and
the efforts of entire groups of scientists, presented in a concise form and in-
tended for familiarization, critical analysis, and application in further work
by the scientific community and practicing specialists. The summer issue of the
journal Acta Biomedica Scientifica includes experimental studies to which
we would particularly like to draw the readers’ attention.

Two papers are devoted to tuberculosis research, a pressing problem for
many regions. A team of authors from Moscow (Reshetnikov M.N. et al.) pre-
sented a new perspective on the alimentary route of tuberculosis infection us-
ing a rabbit model. The second study, also conducted by a team from Moscow
(Zaitseva A.S. et al.), performed a comparative analysis of the characteristics
of macrophage interactions with antigens of tuberculous and non-tuberculosis
mycobacteria in vitro. More detailed results can be found in the relevant section
of the journal.

Emotional overeating has long been considered one of the foremost prob-
lems of the 215t century. However, some neurohormonal mechanisms in the
pathogenesis of this pathological process remain obscure. Authors from Saint
Petersburg (Dedanishvili N.S. et al.) investigated the dose- and time-dependent
effects of the dual GIP/GLP-1 receptor agonist Tirzepatide on emotional overeat-
ing in a rat model of intracranial self-stimulation. The study demonstrated that
the drug exerted an effect upon repeated administration, manifesting as a reduc-
tion in food intake on days 3 and 7 of the experiment.

The pediatrics section proved to be equally interesting. A team of authors
from Novosibirsk (Izyumov A.O. et al.) analyzed the course of chronic adenoid-
itis in children aged 3-6 years who received probiotic support. Probiotics demon-
strated efficacy in alleviating breathing difficulties and sleep disturbances.

In Voronezh (Bavykina I.A. et al.), the dynamics of intestinal fatty acid-bind-
ing protein (I-FABP) and Claudin-2 in the blood serum of children during the
first 24 months of life were studied. According to the results, the interpretation
of these markers requires consideration of age and gestational age.

A team of researchers from Irkutsk (Gomellya M.V. et al.) presented an in-
teresting clinical case of hereditary hypofibrinogenemia in a pediatric outpa-
tient setting. The case highlights the importance of more thorough investigation
into inherited coagulopathies in patients with abnormal coagulation tests, even
when there are no clinical symptoms present.

Fields such as oncology and COVID-19 continue to enrich the medical knowl-
edge base with new methods and data. The authors from Irkutsk (Shcherbatykh
A.V. et al.) investigated the use of low-intensity photodynamic therapy for stage
| basal cell carcinoma. This development not only improves the efficacy of can-
cer treatment, but also significantly reduces healthcare costs for certain types
of cancer.

The impact of the COVID-19 pandemic on the dynamics of pediatric hospi-
talizations for acute intestinal infections, including rotavirus infection, in Chita,
was studied by a team from the Trans-Baikal Territory (Andreeva E.V. et al.), and
the prediction of risk of post-COVID disorder using NLRP3 and GSDMD markers
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in patients with bronchial asthma who recovered from COVID-19, was present-
ed by authors from Vladivostok (Lobova T.G. et al.). Both studies are of interest
to a wide readership.

We would like to highlight two particularly significant studies. The first study
was conducted in cooperation between several leading educational institutions
in Penza, Grozny, Astrakhan, and Palermo, Italy (Zenin O.K. et al.), who compared
the outcomes of predicting the diameters of daughter segments of coronary ar-
tery bifurcations under normal conditions using graph neural networks and well-
known numerical modeling methods. The second study was conducted by three
prominent research institutions in Yakutsk and Moscow (Prokopyev E.S. et al.)
with regard to implementing a two-component model for the clinical and radio-
logical screening of pulmonary tuberculosis in the thinly populated area of the
Republic of Sakha (Yakutia). Both studies will contribute significantly to the qual-
ity and efficiency of data processing, even in remote areas.

Another significant event occurred during the preparation of this issue of the
journal. On May 31, Professor Oleg L. Lakhman, a Corresponding Member of the
Russian Academy of Sciences, Doctor of Medical Sciences, Professor, and Director
of the East Siberian Institute of Medical and Environmental Research, turned 60 years
old! On behalf of all colleagues and the editorial board, we would like to extend our
heartfelt congratulations to Oleg Leonidovich on this milestone occasion. We wish
him excellent health and continued success in all his professional pursuits.

For citation: Rychkova L.V. Deputy editor-in-chief’s preface to Issue 3, 2026. Acta bio-
medica scientifica. 2026; 11(3): 5-8. doi: 10.29413/ABS.2026-11.3.1



PbiukoBa
Jllo60Bb BnagumupoBHa

A.M.H., npodeccop,
uneH-kKoppecnoHgeHt PAH

YBakaemble konneru!

YTto Takoe HayyHasa cTaTbA? OTO He TOJIbKO NOrNYECKN 3aKOHUYEHHOE, CTPYK-
TYpPUpPOBaHHOE aBTOPCKOE Npon3BefeHne, NoCBAWEHHOEe KOHKPETHOWN Hayu-
HOW nNpobneme, ABNEHMUIO, METOAY NCCNEAOBAHNA 1 T.4. DTO cnocob nepegauu
HayYHbIX 3HaHWI, OMbITa, YCUAWIA LefblX FPYMNMN YUYEHbIX, N3NTOKEHHbIX B CXa-
To dopMe 1 NpefHa3HAYEHHbIX 4JiA O3HAKOMIIEHWA, OCMBIC/IEHUS U NpUMe-
HeHMA B JaNibHelnwWmx paboTax HayuyHbIM COOOLIECTBOM U MPaKTUKYHOLWUMU
cneyuvanucTamun. B netHun Beinyck xypHana “Acta Biomedica Scientifica” Bownm
JKCMNepUMEHTaNbHbIe NCCNIeAOBaHUS, HA KOTOPble 0COOEHHO XOTENoCb Obl 06-
paTuTb BHMMaHMe YnTaTenem.

3710 ABe paboTbl MO UCCefoBaHMIO TybepKynesa — akTyanbHOW npobne-
Me 4nA MHOTMX pernoHoB. Konnektue aBTopoB 13 Mocksbl (PewneTHukos M.H.
1 CcoaBT.) NPeACTaBU/I HOBbIN B3rNAL Ha alMMEHTaPHbIV NYTb 3apaXkeHud Ty-
6epKyNie30oM C KCMOoJsIb30BaHMEM Kponnubel mogenu. Bropoe nccnegosaHme
TakXe npepctaBun konnektns 13 Mockebl (3anueBa A.C n coaBT.), NpoBegA
CPaBHUTENbHbIN aHaNM3 OCOOEHHOCTEN B3aMMOAENCTBMA MaKpodaroB C aH-
TUreHamu Ty6epKynesHbiX 1 HeTybepKynesHbix M1KobakTepun in vitro. bonee
noApo6HO ¢ pe3yfbTaTaMyi MOXXHO 0O3HAKOMUTbCA B COOTBETCTBYIOLLEM pPa3ge-
ne XypHana.

SMoUMOoHanbHOe nepeefaHmne yxe AaBHO CYMTAeTCA OAHOWN 13 nepBoCTe-
neHHbIX Npobnem XX| Beka. Ho HeKoTopble HEMPOropMOHaJibHble MeXaHN3Mbl
B MaToreHese JaHHOrO MaTosIONMYeCcKoro npolecca ocTalTca B TeHWU. ABTOPbI
n3 CaHkT-lNeTepbypra (Aepaannwsunu H.C. n coaBT.) BbIACHAAN JO30- 1 Bpe-
MA3aBMCUMOE BAUAHME ABOWHOro aroHncta peuentopos GIP/GLP-1 Tup3sena-
TUAa Ha SMOLMOHAaNIbHOE NnepeefaHne B MOAENN SNEKTPUYECKON CaMOCTUMY-
nAauyum mo3ra y Kpbic. B pesynbraTte nccnefoBaHmna npenapaT okasan BAvAHME
npu NOBTOPHOM BBEEHUM, NPOABNAIOLEMCS CHUKEHMEM NOTPEeOSIeHNs NULu
Ha 3-U 1 7-e CYyTKN 3KCMeprMeHTa.

He meHee nHTepecHbIM nonyynnca pasgen neguatpumn. Konnektnsom aBTo-
poB 13 HoBocubupcka (Usromos A.O. 1 COABT.) NPOaHANM3MPOBAHO TeYEeHMne
XPOHMYECKOrO afjleHoMAauTa y aeTen 3-6 neT Ha ¢poHe nNpobmoTuueckom noa-
nepxku. MpenapaT nokasan cBot 3¢ HEKTVBHOCTb B YacTu obneryeHns 3aTpya-
HEHHOCTU AblXaHWA U HapYyLLUEeHUA CHa.

B BopoHexe (baBbikuHa U.A. n coaBT.) U3yunnu gMHaAMUKY MHTECTUHAMb-
HOro 6esika, CBA3bIBAIOLLETO XNPHbIE KNCNOTbl 1 KnayanH-2 B CbIBOPOTKE KPOBU
y OeTen B nepsble 24 mecAua xmn3HU. CornacHo pesynbTaTam, MHTepnpeTauns
MapKepoB TpebyeT yueTa BO3pacTa U CpOKa rectauuu.

A BOT KONNeKTMBOM aBTOpPOB u3 VipkyTcka (fomenna M.B. n coaBT.) npeg-
CTaBJIEH VHTEPECHbIV KIIVHUYECKWIA Clyyall HacneACcTBEHHON rmMnodubpuHo-
reHemny B ambynaToOpHO-MONUKIMHUYECKON MpaKTuKe Bpava-neguatpa. Kak
rokasas OMuCaHHbIN cyiyyar, TpebyeTca 6oree TuaTenbHOe U3yyeHne Hacnea-
CTBEHHbIX KoarynonaTui y nauMeHTOB C U3MEHEHUAMWN KOarynorpaMmbl axe
NPV OTCYTCTBUY KITMHUYECKON CUMMATOMATUKMN.

Takue HanpaBneHusa Kak oHkosioruss 1 COVID-19 cTabunbHO NMOMONHAT
6a3y MeNLIMHCKNX HapaboTOK HOBbIMY METOAAMW U faHHbIMK. ABTOpPbI 13 Up-
KyTcka (Lllep6aTbix A.B. 1 coaBT.) U3yyanu NpPUMeHeHVe cNocoba HU3KOUH-
TEHCUBHOW PpOoTOAMHAMMYECKON Tepanun npy 6a3anbHOKIETOUHOM PaKe KOXN
| ctapun. [JaHHana pa3paboTKa He TONbKO NoBbIWAET 3PPEKTMBHOCTD NeYeHns



paKoBbIX 3ab0neBaHui, HO 11 3HAUUTENIbHO COKPALLAEeT Pacxofbl Ha leueHue He-
KOTOPbIX ero BUAOB.

Bnnanuve nangemum COVID-19 Ha AnHaMKKy rocnvTanusaumi getem B Yute
C OCTPbIMW KULIEUYHbIMU UHPEKLMAMY, B TOM YMCSie C POTaBUPYCHOW MHbeEK-
uuen, nlyyan KonnekTie aBTopoB 3 3abarkanbsa (AHgpeeBa E.B. n coaBrT.),
a MPOrHO3 puCKa Pa3BUTUA MOCTKOBUAHbIX HAPYLEHWIA C MCMOJIb30BaHUEM
mapkepoB NLRP3 I GSDMD y nauumeHTOB ¢ 6pOHXManbHOM acTMOM, NepeHec-
wux COVID-19, npeactaBunu aBTopsl 13 Bnagnsoctoka (Jlo6osa T.I. n coaBT.).
O6a uccnefoBaHus 6yayT MHTEPECHBI LUIMPOKOMY KPYry umTaTesen.

OToenbHO XOTenocb Obl OTMETUTb [iBa HEMAJSIOBAXKHbIX WCCIefOBaHNS.
MepBoe NpoBefeHo B Konabopauum HeCKONbKMX KPYMHbIX 06pa3oBaTesibHbIX
yupexgeHuii . MNensbl, I[po3Hbin, AcTpaxaHu u Manepmo (UtanusA) (3eHnH O.K.
M COaBT.), y4eHbIe KOTOPbIX CPABHUN Pe3yfbTaTbl MPOrHO3UPOBAHUA AMaMe-
TPOB [OYEPHMX CEFMEHTOB OMdypKaLUA BEHEYHbIX apTepuin B HOpMe, nosy-
UEHHBIX C MCNOJIb30BaHMEM rPadoBbIX HEMPOHHbIX CETEN N N3BECTHbIX METO-
[10B YMCJIEHHOIO MOAENUPOBAHNKA. A BTOPOE NPOoBefeHO TPeMsA KpynHeNnwmmm
HayuHbIMK yupexpaeHnamn Akytcka n Mocksbl (MpokonbeB E.C. n coaBT.)
O BHEApPEHUN B NMPAKTUKY OBYXKOMMOHEHTHOW MOAENN KIUHUKO-PEHTIEHONO-
rMYecKoro CKpUHUHra TybepKynesa nerkux B yCoB/AX MaslOHaceIeHHON Tep-
putopun Pecny6nuku Caxa (Akytus). Oba nccnenoBaHna BHECYT 3HAUUTENb-
HbIl BKNaJ B KauecTBO U CKOPOCTb 06pabOTKM AaHHbIX Aake B OTAANIEeHHbIX
pervoHax.

Ewe 00HO 3HaAmMeHamesibHoe cobbimue npou3owJsio 3a hepuod N0020MOBKU
0aHHO20 HoMepa XypHana — 31 mas npogeccopy PAH, 0okmopy mMeouyuHCKUx
Hayk, npogeccopy, oupekmopy OIbHY «Bocmoy4Ho-Cubupckuli uHcmumym me-
OUKO-3KOo/1I02UYeCcKUX ucciiedosaHuli» One2y JleoHudosuyy JlaxmaHy ucnosiHu-
J10ck 60 nem! Om nuya ecex KoJisiez U pedakyuu XypHasnd euje pas no3opassem
Oneza JleoHuOosu4a ¢ amoti 3HameHamesibHol 0amou U Xejsiaem Kpenkozo 300-
p0o8bs U 0asibHelWUX ycnexos 8 e20 NpogeccuoHaabHoU deamesnbHocmu!

Ana ynTuposaHuna: Poiukosa J1.B. lpegncnosne 3amectuTtens rnaBHoro pegakropa k N2 3
(2026). Acta biomedica scientifica. 2026; 11(3): 5-8. doi: 10.29413/ABS.2026-11.3.1
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INFECTIOUS DISEASES

ABSTRACT

Background. One of the key factors in triggering the hyperinflammation cascade
in patients with bronchial asthma and COVID-19 is the activation of NLRP3 cytoso-
lic complexes and the GSDMD proteins by SARS-CoV-2, which are effector molecules
for the lytic and inflammatory forms of pyroptosis.

Aim. To determine prognostic criteria for worsening of mild bronchial asthma follow-
ing an infectious disease caused by SARS-CoV-2.

Materials and Methods. In patients with mild, partially controlled bronchial asthma
(n = 86), who were divided into 2 groups: asthma without COVID-19 (n = 34) and asth-
ma following mild COVID-19 (n = 52), peripheral blood inflammatory markers were
evaluated. The patients were examined immediately after recovery and confirmation
of a negative SARS-COV-2 test result, and six months post-infection. The control group
included conditionally healthy volunteers (n = 15) with no history of COVID-19. Pul-
monary function was monitored by measuring FVCL, OFV1, and OFV1/FVCL. NLRP3
and gasdermin D inflammasomes were measured by enzyme-linked immunosorbent
assay.

Results. The study revealed that in a number of patients with mild asthma, who had
post-COVID conditions 6 months after COVID 19, there were elevated levels of NLRP3
inflammasome and gasdermin D (GSDMD), as well as a decreased pulmonary func-
tion, indicating a hyperinflammatory process. A predictive model for worsening of mild
asthma after COVID-19 was developed: concurrent elevation of NLRP3 > 0.04 ng/ml
and GSDMD > 0.38 ng/ml levels during the convalescence period serves as a marker
of a high risk of post-COVID complications.

Conclusion. The role of NLRP3 and GSDMD in exacerbating the course of asthma after
COVID-19 has been established, and predictive threshold values of biomarkers in this
patient population have been identified.

Keywords: bronchial asthma, post-COVID syndrome, inflammatory markers, NLRP3,
gasdermin D

For citation: LobovaT.G., Vitkina T.I. Risk prediction of post-COVID conditions using NLRP3
and GSDMD markers in patients with bronchial asthma after COVID-19. Acta biomedica
scientifica. 2026; 11(3): 12-18. doi: 10.29413/ABS.2026-11.3.2
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PE3IOME

O6ocHosaHue. OOHUM U3 KJ1I04e8bIX (haKmopos 3anycKa Kackaoa 2unepe8ocnaneHus
npu coyemanuu 6poHxuasnbHol acmmel u COVID-19 npednonazaemcsa akmusauus
supycom SARS-CoV-2 yumo3sonsHeix komnsekcos NLRP3 u 6eska GSDMD, sgnaouux-
cA 3¢hpekmopHeiMU MoneKynamu 0718 tumuyeckoli u eocnaaumesnoHol opmel Nu-
ponmosa.

Llens. OnpedesnieHue npozHOCMUYeCKUX Kpumepues ymsxesaeHus medyeHus nezkol
6poHxuansHol acmmel (bA) Ha hoHe nepeHecéHHO20 UHPEKUUOHHO20 3a60/1e8aHUS,
8b138aHH020 SARS-CoV-2.

Mamepuansl u memoodsl. Y nayueHmos C Jsie2kol, YdCmMUYHO KOHMpoJsupye-
Mol 6poHxuaneHol acmmoti (n = 86), komopele bbinu paszdesieHel HA 2 2pynnbi:
BA 6e3 COVID-19 (n = 34) u bA nocne nezkoli popmbl mederus COVID-19 (n = 52) npo-
8e0eHa oUyeHKa Mapkepos gocnasneHus 8 nepugepudeckol kposu. [layueHmesl bbiau
006¢/1e008aHbI CpaAsy nocsie 8bi300PO8JIeHUA U Nodmeepx0eHUs ompuyamesnbHo20
pesynemama mecma Ha SARS-COV-2, u yepe3 wecme mecayes nocsie 3apaxkeHus.
B KOHMPOobHYI0 2pynny 80WIIU YC/T08HO 300p08ble 006p08osIbYbLI (N = 15), KOmopsie
He 6onenu COVID-19. [pogodusca MOHUMOpPUH2 (hyHKYUU 8HewHe20 ObixaHusa OXKEJ],
O®B1, OOBI1/OXKEJI. Unpnammacomsl NLRP3, 2azdepmuH D onpedensnu memooom
UMMYHOGepMeHMHO20 aHanu3d.

Pesynemamel. VicciedosaHue 8bi8Us10, YMO y pAda nayueHmos ¢ nezkoli acmmod,
y Komopelx cnycms 6 mecayes nocie COVID-19 coxpaHaomca nocmKosuoHble Hapy-
wieHus, ommMeyeHo nosbluweHue yposHel uHgnammacomel NLRP3 u eazdepmuHa D
(GSDMD), a makxe cHuxeHue (yHKYUU 8HeWwHe20 ObIXaHUA, 4YMo yKasbieaem Ha 2u-
nepsocnanumesneHbil npoyecc. PaspabomaH cnocob npozHo3a ymsxeneHus nézkoli
acmml nocnie COVID-19: oOHospemeHHoe npesbiuieHue yposHel NLRP3 > 0,04 ng/ml
u GSDMD > 0,38 ng/ml 8 nepuode pekoH8anecyeHyuu Cay>xum MapKepom 8bICOKO20
pUCKa NOCMKOBUOHbIX OC/IOXHEHUU.

3aknrodenue. YcmaHosneHa posib NLRP3, GSDMD e ymsaxeneHuu medyeHus bA nocre
COVID-19, gbidenieHbl NpO2HO3HbIe NOPO208ble 3HAYeHUsA buoMapkepos y O0aHHO20
KOHMUH2eHma nayueHmoe.

Knioyeewle cnosa: 6poHxuanbHAs acmma, NOCMKOBUOHbIE HAPYWeHUS, MapKepsl
socnaneHus, NLRP3, zaz0epmuH D

Ana untnposaHua: Jlo6osa T.I., ButkuHa T.M. MporHo3 pucka pa3BmTuA NOCTKOBUAHbIX
HapyLleHu ¢ ucnonb3osaHrem mapkepos NLRP3 n GSDMD y naumeHToB ¢ 6poHxuanb-
Hol acTmol, nepeHecwmx COVID-19. Acta biomedica scientifica. 2026; 11(3): 12-18. doi:
10.29413/ABS.2026-11.3.2
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INTRODUCTION

Although COVID-19 is no longer classified as a pan-
demic, it remains a significant clinical problem. The conse-
guences of the infection are particularly serious, especially
in immunocompromised individuals, who include pa-
tients with asthma [1-3]. According to the WHO, CENTRAL,
and Rub Med electronic databases, the overall prevalence
of asthma among COVID-19 patients was 8% between De-
cember 1, 2019 and July 2021, [4]. In Russia, the propor-
tion of asthma patients who have had COVID-19 reaches
up to 15%, depending on the region. This group of patients
experiences prolonged recovery [3, 4]. The systematic re-
view “Post-COVID-19 Symptoms in Adults with Asthma”
reported post-COVID-19 disorders in asthmatic individu-
als, including shortness of breath during exercise (75.4%)
and at a rest (34.4%), cough (2.1%), and increased fatigue
(21.2-65.6%). According to some data, asthmatics have
a 1.5-2 times higher risk of these disorders than people
without asthma [5].

A pressing issue remains the search for key links
in the pathogenesis of persistent systemic inflammation
in people with respiratory diseases in the post-COVID pe-
riod. Current evidence suggests that SARS-CoV-2 directly
or indirectly activates polyprotein complexes (inflam-
masomes) in the intracellular space. NOD-like receptors
(NLRs) are a family of intracellular sensors that initiate
the assembly of multi-protein complexes (inflammasomes)
in response to tissue damage or pathogenic invasion.
These structures act as a molecular platform for the acti-
vation of caspase-1, a cysteine protease that processes
and secretes the active forms of the proinflammatory cy-
tokines IL-1 and IL-18 [6]. NLRP3, an inflammasome, is in-
volved in the recognition of a wide range of viral, bacterial,
and fungal agents, as well as endogenous danger signals,
and has been characterized in great detail. The high lev-
el of NLRP3 expression in the respiratory tract epithelium
and immunocompetent cells (monocytes, neutrophils,
T-lymphocytes) determines its key role in modulating
the respiratory immune response [7]. This mechanism trig-
gers the pyroptotic pathway of inflammation, which may
contribute to the formation of post-COVID disorders in pa-
tients with asthma [7, 8]. However, currently, there is limit-
ed information on the effect of an inflammasome-mediat-
ed inflammatory response on the long-term consequences
of COVID-19 in people with asthma.

AIM

To determine prognostic criteria for worsening of mild
bronchial asthma following an infectious disease caused
by SARS-CoV-2.

MATERIALS AND METHODS

A total of 101 subjects were enrolled after provid-
ing written informed consent. Of these, 52 individuals
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had mild persistent, partially controlled asthma and had
experienced mild COVID-19 confirmed by PCR testing.
Thirty-four patients had mild partially controlled asthma
and had not been infected with SARS-CoV-2. The control
group consisted of 15 individuals without asthma, chron-
ic bronchopulmonary disease, and a history of COVID-19,
as confirmed by PCR and ELISA tests at the time of sample
collection. The study groups were comparable in terms
of sex and age. 62% of them were women and 38% were
men. The average age of the subjects was 42.0 £+ 5.3 years.
The diagnosis of bronchial asthma was verified based
on the criteria of the Global Strategy for the Treatment
and Prevention of Bronchial Asthma (GINA), Federal Clin-
ical Guidelines, and in accordance with the International
Classification of Diseases 10t Revision (ICD-10).

The ACQ-5 (Asthma Control Questionnaire) test was
used to determine the level of disease control. A score
from 0.75 to 1.5 indicates partially controlled bronchial
asthma, and less than 0.75 indicates good asthma con-
trol [GINA 2024]. The study was conducted in accordance
with the Declaration of Helsinki (1978, revised in 2024)
and approved by the Ethics Committee of the Vladivostok
branch of the Far Eastern Scientific Center for Physiology
and Pathology of Respiration (Protocol No. 9, dated No-
vember 24, 2021).

Inclusion criteria were: mild partially controlled asth-
ma. Before enrollment, patients with a confirmed diagnosis
of mild asthma had been underregularfollow-upfor atleast
1 year and were regularly receiving maintenance therapy
with inhaled formoterol + budesonide (6+160 mcg/dose,
1-2 doses twice daily and as needed).

Exclusion criteria included acute infectious diseases,
chronic internal organ diseases in the acute phase, decom-
pensated chronic heart failure, and uncontrolled asthma.

Patients were enrolled in the first half of 2021 and ex-
amined at two time points: early (after recovery and con-
firmation of a negative SARS-CoV-2 test) and at 6 months.
At the time of inclusion in the study and throughout
the entire observation period, all subjects underwent
PCR testing for SARS-CoV-2 and ELISA testing for immu-
noglobulins of class G (IgG) to SARS-CoV-2. Participants
completed questionnaires on the course and condition
of asthma, underwent ACQ testing, and providing infor-
mation on the timing of COVID-19 infection, symptoms,
prescribed medications, and allergic reactions. Post-COVID
disorders included asthenic syndrome (increased fatigue,
weakness, shortness of breath or palpitations, a feeling
of air hunger, sweating; during significant, accelerated
or particularly prolonged exertion (effort); impaired con-
centration, memory loss, sleep disorders, and anxiety).
The state of the external pulmonary function (EPF) was
assessed using a SPIROLAB Il device, with measurement
of forced vital lung capacity (FVC), forced expiratory vol-
ume in 1 second (FEV1), and the FEV1/FVC ratio. Values
were recorded as absolute values and as percentages
of predicted values. Disease control was assessed using
the ACQ test.

Venous blood was collected in the morning
on an empty stomach into tubes with a clot activator



for determination of the inflammatory markers NLRP3
and gasdermin D. Blood samples was centrifuged
and serum was collected and frozen at -20 °C, then stored
at -80 °C. ELISA was performed using a BEP 2000 analyz-
er (Siemens, Germany) with commercially available kits
for NOD-like receptor protein 3 (NLRP3) (BIOMATIK ELISA
Kit, Israel) and gasdermin D (GSDMD) (Human GSDMR
Simple Step ELISA Kit Abcam, Great Britain) according
to the manufacturers’ instructions. The study of SARS-
CoV-2 was conducted by quantitative ELISA method us-
ing Vector-Best JSC (Russia) on an ALISEl analyzer (ltaly).

SARS-CoV-2 viral RNA was detected using the PCR
and the SARS-CoV-2 AmpliTest test system. The DTprime
detection amplifier (NPO DNA Technology LLC, Russia)
and Rotor-Gene Q (Qiagen, Germany) were used. The study
for the presence of antibodies to SARS-CoV-2 was car-
ried out using the quantitative ELISA method, following
the instructions for the reagent kits (Vector-Best JSC, Rus-
sia) on an ALISEl analyzer (Italy).

Statistical processing was performed using Statistica
10. Data was presented as medians and quartiles. Sta-
tistical significance was set at p < 0.05. Between-group
differences were assessed using the Mann - Whitney
and Kruskal - Wallis tests. The Bonferroni correction was
used to solve the problem of multiple comparisons. Asth-
ma patient values were compared with corresponding
values from healthy individuals (control group), taken
as 100 %.

ROC analysis was used to determine the cutoff thresh-
olds for the investigated biomarkers. The ROC curve
is a graphical representation that allows for the evaluation
of the quality of a diagnostic test. It reflects the ratio be-
tween the proportion of true-positive test results [sensi-
tivity of the test] and the proportion of false-positive test
results [test specificity] with varying separation thresh-
olds. The quantitative interpretation of the ROC curve

is provided by the AUC indicator. The higher the AUC val-
ue, the better the classifier. A value of 0.5 indicates the un-
suitability of the chosen classification method [9].

RESULTS

Based on six-month follow-up results, the main group
was divided into 2 subgroups of patients based on their
clinical and laboratory status. In the subgroup with pos-
itive outcomes (n = 34, 67 %; no post-COVID disorders),
normalization of clinical and functional parameters
and a decrease in hyperinflammatory rates were observed
during this period, reaching values comparable to those
in the asthma group without SARS-CoV-2.

The following dynamics of inflammatory markers were
observed in patients with a positive outcome: normaliza-
tion of clinical and functional parameters and a decrease
in hyperinflammation indicators to values comparable
to those found in the group of individuals with A, who did
not have SARS-CoV-2.

High levels of hyperinflammation markers (Fig. 1) were
detected in the subgroup with negative outcomes (n =18,
33 %; post-COVID disorders) at 6 months after COVID-19.
These patients had symptoms indicative of persistent
post-COVID disorders (asthenic syndrome with increased
fatigue, weakness, shortness of breath or palpitations,
a feeling of air hunger, sweating during significant, ac-
celerated or particularly prolonged exertion; impaired
concentration, memory loss, sleep disorders, and anx-
iety). In patients with a negative outcome, the following
marker dynamics were observed: at the initial stage, they
were significantly (nearly twice) higher than in the com-
parison group. At the late stage, there is a decrease in both
indicators (NLRP3 by 82 % (p < 0.001), and gasdermin D
by 384 % (p < 0.001)) relative to the initial values. However,
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Note. Hyperinflammation markers are expressed as a percentage relative to the control group. * - significant difference compared to the control group; # - significant
difference between favorable and unfavorable outcome subgroups. *** — p < 0.001, ### - p < 0.001.

FIG. 1.

NLRP3 and gasdermin D levels in patients with asthma following COVID-19, stratified by clinical outcome (positive and negative outcome)



NLRP3 levels is 41 % (p < 0.01) and gasdermin D is 537 %
(p <0.001) higher than the values of the comparison group.
This contributes to prolonged recovery and, in some cases,
to the development of post-COVID syndrome.

In the negative outcome group in the late period,
asthma exacerbations were recorded 1.5-2 times more
frequently than in the positive outcome group during
the same period (Table). Pulmonary function parameters
also differed between the groups. At an early stage, FVC
was reduced by 8.8 %, and by 4.7 % at a late stage com-
pared to the positive outcome group. FEV1 was 76.1 %
at an early stage and 82.6 % at a late stage. The FEV1/FVC
ratio was 60.4 % at an early stage and 65.5 % at a late stage
suggesting mild obstruction (Table).

Based on the data obtained, cutoff values for hyper-
inflammation markers associated with adverse outcomes
were determined for gasdermin D and NLRP3.

The threshold determination algorithm comprised
three stages. First, an association between marker lev-
els and post-COVID complication risk was assessed.
The analysis showed statistically significant differences
(p < 0.05) between NLRP3 levels in the positive outcome
group and in the COVID-19 negative outcome group
(p < 0.001). Statistically significant differences (p < 0.05)
were found between gasdermin D levels in the COVID-19
positive outcome group compared to the negative out-
come group (p = 0.002). Second, ROC analysis was used
to determine the separating threshold for gasdermin D
and NLRP3, and performance characteristics of the di-
agnostic test were evaluated. The optimal threshold val-
ue for gasdermin D was 0.38 ng/ml, with a sensitivity
(Se) of 85 % and specificity (Sp) of 91 %. The area un-
der the curve (AUC) was 0.89, indicating good quality
for the diagnostic model (Fig. 2).
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FIG. 2.

ROC-curve analysis of gasdermin D for predicting adverse out-
comes in asthma patients after COVID-19

For NLRP3, the cutoff value was determined
at 0.04 ng/ml (Se = 82%, Sp = 87%, AUC = 0.858) (Fig. 3),
also indicating good prognostic value of this marker.

DISCUSSION

The obtained data indicate the key pathogenetic role
of the NLRP3 inflammasome in the initiation and main-
tenance of hyperinflammatory cascades in patients
with asthma following COVID-19.This interaction is of par-
ticular interest, as it combines the chronic inflammatory
processes characteristic of asthma and the virus-induced

COMPARATIVE CLINICAL AND FUNCTIONAL CHARACTERISTICS OF THE STUDIED GROUPS AT DIFFERENT

STAGES OF CONVALESCENCE

Group with mild partially con-
trolled asthma, positive outcome

Group with mild partially controlled

Group with partially

asthma, negative outcome after controlled mild asth-

Parameter after COVID-19 (n=34) COVID-19 (n=18) ma (n=34)
Late stage Late stage
LT EEE (after 6 months) Early stage (after 6 months)
Number of asthma No more than 1 1-2 timesin 6 No more than 1 time
exacerbations time in 6 months months in 6 months
HELEEES, PEITS (1.05-1.34) (0.97-1.14) (1.38-1.45) (1.36-1.49) (0.91-1.06)
EPF parameters, % of predicted
® f h 94'2*** 95'4*** ***85'4*** ***90.7*** ***95.9***
B (01.3-96.7) (92.7-97.6) (82.2-89.7) (86.4-94.9) (93.8-99.2)
o 88.6*** 90'2*** ***76." *X* ***82.6*** ***92.2***
N (545-925) (85.2-96.1) (70.2-79.5) (76.8-86.2) (87.5-96.3)
7‘] .8*** 75‘2*** ***60‘4*** ***65.5 *Ke¥ ***77.9***
0
ARARIESS (65.9-75.8) (70.4-79.6) (55.7-67.1) (61.3-67.6) (71.5-84.1)

Note. Right* indicates statistical significance compared to the control group; left* indicates differences between the subgroups with positive and negative outcomes.

*** — p <0.001.

16



1
1/'1
0’8 — zx” ‘
- 0,6 rd ‘
b= ] 4
= 04 _ L
C ,/’
q) ’l’ ‘
v 0,2 | - ¥ ‘
o [ AUC=0,858 |
ol N N N N 1
0,2 0,4 0,6 0,8 1
Specificity
FIG. 3.

ROC-curve for NLRP3 in asthma patients with a history of COVID-19

inflammatory response in COVID-19. The combination
of these factors creates a unique pathogenetic setting
that predisposes to prolonged inflammation and the de-
velopment of post-COVID disorders [1-3].

Inflammasomes, in particular the NLRP3 complex,
are an important element of the innate immune defense,
providing recognition of pathogens and triggering inflam-
matory cascades. NLRP3 refers to receptors that activate
intracellular signaling pathways in response to patho-
gen-induced damage [5, 6].

The inflammatory response arising in this context
in patients with asthma and COVID-19 becomes cyclical:
virus-induced NLRP3 activation triggers excessive cyto-
kine release, leading to epithelial damage of the respira-
tory tract, vascular endothelium injury, increased tissue
sensitization, and NLRP3 reactivation [7]. Prolonged acti-
vation of NLRP3 and GSDMD can lead to persistent hyper-
inflammation and disruption of tissue repair mechanisms.
The present study demonstrates that even six months
after COVID-19, patients with bronchial asthma continue
to have elevated NLRP3 and GSDMD levels, accompanied
by asthenic syndrome, decreased pulmonary function,
and impaired asthma control. These findings are consis-
tent with previous studies reporting prolonged activation
of proinflammatory pathways after COVID-19 in individu-
als with chronic bronchopulmonary disease [8-10].

The persistence of elevated concentrations of NLRP3
and GSDMD in patients with asthma after COVID-19 may
explain the presence of clinical signs such as increased fa-
tigue, shortness of breath, decreased exercise tolerance,
and frequent asthma exacerbations. Hyperactivation
of inflammasomes may not only contribute to the per-
sistence of inflammation but also reduce the efficacy
of maintenance therapy by decreasing sensitivity to in-
haled glucocorticoids [11, 12]. In this study, ROC anal-
ysis demonstrated that NLRP3 and GSDMD levels have
high diagnostic accuracy for predicting negative out-
comes. These markers may serve as potential biomarkers
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for the risk of post-COVID disorders and worsening
of asthma control.

CONCLUSION

The results confirm the involvement of the NLRP3
and GSDMD in the formation of the hyperinflammation
phenotype in patients with asthma in the post-COVID
period. The developed prognosis method demonstrates
that a concurrent elevation of NLRP3 above 0.04 ng/
ml and GSDMD above 0.38 ng/ml indicates a high
risk of worsening of the underlying disease, as well
as the need for personalized therapy and long-term
follow-up of this patient category. These findings open
up prospects for further research aimed at developing
new diagnostic and prognostic criteria for post-COVID
disorders, as well as the identification of therapeutic
strategies capable of modulating the activity of inflam-
masome-mediated inflammatory pathways in mild asth-
ma following COVID-19.
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ABSTRACT

Background. COVID-19 is associated with systemic inflammation, endothelial dys-
function, and coagulopathy, significantly increasing the risk of thrombotic compli-
cations—including acute myocardial infarction (AMI) - including in young patients.
The role of the monocyte—-macrophage system in the pathogenesis of these complica-
tions remains insufficiently studied.

Aim. To investigate the phenotypic composition of peripheral blood monocytes
in young patients with COVID-19 alone and in those with concomitant COVID-19
and AMI.

Methods. A comparative cross-sectional study included 223 male patients aged 36.4
(31.2; 41.6) years: 15 with moderate COVID-19 and AMI (main group), 179 with mod-
erate COVID-19 without AMI (comparison group), and 29 healthy individuals (control
group). Expression levels of CD14, HLA-DR, CD11b, CD206, CD32, TNFR1, TNFR2, CD68,
TRAIL, and TGF31 on monocytes were assessed by flow cytometry.

Results. In patients with COVID-19, monocyte expression of CD14 and HLA-DR was
significantly reduced compared to controls, while expression of TNFR2, TRAIL, TGFS1,
CD206, CD68, CD32, and CD11b was elevated. These alterations were more pro-
nounced in patients with both COVID-19 and AMI, including increased TNFR1 expres-
sion relative to controls. Comparative analysis revealed significantly higher expression
levels of TNFR1, TNFR2, TGF31, CD206, and TRAIL in the main group versus the com-
parison group. Significant correlations were found between monocyte marker expres-
sion (CD14, HLA-DR, CD206, TNFR1, TNFR2, TRAIL, TGF31) and the development of AMI
in patients with COVID-19. ROC analysis confirmed the prognostic value of HLA-DR,
CD206, TRAIL, and TGFB1 as markers of high AMI risk in this population.

Conclusion. COVID-19 induces a phenotypic shift in monocytes toward an immu-
nosuppressive, pro-inflammatory, and pro-fibrotic profile, thereby increasing the risk
of AMI.

Keywords: COVID-19, acute myocardial infarction, monocytes, peripheral blood, phe-
notypic composition

For citation: Andrievskaya I.A., Shulga A.S., Lyazgiyan K.S. Phenotypic composition of pe-
ripheral blood monocytes in young patients with COVID-19 and its association with the
risk of acute myocardial infarction. Acta biomedica scientifica. 2026; 11(3): 19-26. doi:
10.29413/ABS.2026-11.3.3

19



AHpgpueBcKkasa U.A.",
Wynbra A.C."?,
Nasrmnax K.C.'

" OTBHY «[lanbHeBOCTOUHbIN HaYUHbIN
LeHTp dr3nonorum 1 naTonornm
IbixaHua» (675000, r. bnaroBelyeHck,

yn. KanuHwnHa, 22, Poccna)

2 OrbOY BO «AMypcKas rocyaapcTBeHHas
MefULUHCKasn akagemunsa» MuHuctepctaa
3apaBooxpaHeHna Poccuiickom
®epepaumn (675000, r. bnaroBeLyeHcK,
yn. fopbkoro, 95, Poccus)

ABTOP, OTBETCTBEHHbIN 3a Nepenmncky:

AnppueBckaa UpuHa
AHaTonbeBHa
e-mail: irina-andrievskaja@rambler.ru

Cratba noctynuna: 08.05.2026
Cratba npuHaTa: 19.06.2026
Cratba ony6nukosana: 23.07.2026

PE3IOME

O6ocHoeaHue. COVID-19 accoyuuposaH ¢ pasgumuem CUCMEMHO20 80CNAJIeHUS,
3HOOMenuaneHou oucgyHkyuel U Kodzysonamueu, Ymo 3HA4umesibHO NOB8bILIG-
em puck mpombomuYeckux OC/1I0XHeHUU, 8K0HYas ocmpblll UHGApKmM Muokapod
(OUIM), 8 mom qucne y nayueHmMos Mos100020 803pacma. Posb MOHOUUMApPHO-MAK-
pogazanbHo20 38eHA 8 MeXaHU3MAax pa3sumus 0dHHbIX OC/IOXHeHUl ocmaemcs He-
00CMamoyHo u3yy4eHHou.

Ueno. Viccnedosams gheHomunuyeckuli cocmas MOHOUUMO8 hepughepudeckoli Kpo-
8U y nayueHmMo8 Mos00020 8o3pacma ¢ COVID-19 u covemaruem COVID-19 u OUM.
Memooel. [TposedeHo cpasHUMesbHOe 0OHOMOMEHMHOE UCCe008aHuUe C y4acmu-
em 223 nayueHmos MyXcKo2o nosa e eospacme 36,4 (31,2; 41,6) nem, u3 Hux 15 na-
yueHmos co cpedHemsxéneim medeHuem COVID-19 u OMIM (ocHosHaa epynna); 179
nayueHmos ¢ COVID-19 cpedHeli cmeneHu maxecmu 6e3 OVIM (epynna cpasHeHus);
29 300posbix UY (KOHMPOSLHAA 2pyNNA). YposeHs 3kchpeccuu moHoyumamu CD14,
HLA-DR, CD11b, CD206, CD32, TNFR1, TNFR2, CD68, TRAIL u TGFB31 oyeHusanu memo-
dom npomouHoU yumomempuu.

Pesynemamel. Y nayueHmos ¢ COVID-19 8biagneHo 00cmosepHoe CHUXeHue KC-
npeccuu moHoyumamu CD14 u HLA-DR omHocumesnsHO KoHmMposeHou epynnel. O0-
HospeMeHHO ommeyeHo nosgbiweHue yposHel TNFR2, TRAIL, TGFB1, CD206, CD6S,
CD32 u CD11b. lpu coyemaruu COVID-19 u OVIM u3meHeHus 6biau 6osiee 8bipa-
XKeHHbIMU, 8K/I04YaA yeeaudyeHue skcnpeccuu TNFRT no cpasHeHuto ¢ KOHMpPObHOU
2pynnod. CpasHumesbHbIl aHaau3 nokasas, ymo y nayueHmos ¢ COVID-19 u OUM
ypoeHu 3kcnpeccuu TNFR1, TNFR2, TGF31, CD206 u TRAIL 6bi1u 3Ha4umo 8viwie, 4em
y nayueHmos ¢ COVID-19. lpu oyeHKe 83aUMOCBA3U USMEHEHUA ndpamempos8 Mo-
HoyumapHoz2o omeema ¢ pazgumuem OUM y nayueHmos ¢ COVID-19 6bisiu 8bids-
JleHbl 3Ha4umeie koppenayuu ¢ CD14, HLA-DR, CD206, TNFR1, TNFR2, TRAIL u TGFf31.
ROC-aHnanu3z nodmeepoun npozHocmuyeckyto 3Ha4umocme HLA-DR, CD206, TRAIL
u TGFB1 kak mapkepos 8bicokozo pucka OM y nayueHmos ¢ COVID-19.
3aknroyenue. COVID-19 uHuyuupyem usmeHeHue heHomuna MOHOYUmMos, Npusoos
K hopMUPOBAHUIO Cybnonynayuu ¢ UMMYHOCYNPeCccUsHbIMU, NPOBOCNAIUMETbHbIMU
U npogubpomuyeckumu cgolicmeamu, Ymo nossitudem puck pazsumus OVIM.

Kniouesoie cnoea: COVID-19, ocmpebili UHhapKkm muokapoa, MOHouumel, nepugepu-
yeckas Kpose, heHomunudeckuli cocmas

Ona untupoBanua: AHgpuesckaa W.A. Wynbra A.C., Nasrnan K.C. ®eHoTmnuuecknin
COCTaB MOHOLIMTOB KPOBU Y MaumeHToB monogoro so3pacta ¢ COVID-19 u couetaHuem
COVID-19 1 ocTpbIM MHpapKTOM MmoKapaa. Acta biomedica scientifica. 2026; 11(3): 19-26.
doi: 10.29413/ABS.2026-11.3.3
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BACKGROUND

The novel coronavirus disease, COVID-19, caused
by SARS-CoV-2, is recognized not only as a respiratory
illness but also as a systemic disorder affecting multiple
organs and systems, including the cardiovascular sys-
tem [1]. Although the respiratory tract remains the main
target of the virus, cardiovascular complications are in-
creasingly being reported and contribute significantly
to both morbidity and mortality, especially among pa-
tients with severe disease [2].

Myocardial injury in COVID-19 may arise through
direct viral cytopathic effects or indirectly, via immune
system hyperactivation, dysregulation of the renin-an-
giotensin system (RAS), endothelial dysfunction,
and microvascular thrombosis [3]. SARS-CoV-2 enters
cells, including cardiomyocytes and myocardial vascu-
lar cells, through the angiotensin-converting enzyme
2 (ACE2) receptor [4]. Following intracellular entry,
the virus induces ACE2 internalization, leading to im-
paired regulatory function of ACE2 and a predomi-
nance of pro-oxidant, pro-inflammatory, and vasocon-
strictive effects mediated by angiotensin Il via the AT1
receptor [5].

A central role in the pathogenesis of cardiac com-
plications is attributed to the systemic inflamma-
tory response, characterized by excessive secretion
of pro-inflammatory cytokines, including tumor ne-
crosis factor-a (TNF-a), interleukin-2 (IL-2), IL-6, IL-7,
and other inflammatory mediators [6]. This immune hy-
perreactivity initiates a cascade of pathological events,
including cardiomyocyte apoptosis, microcirculatory
dysfunction, and activation of the coagulation cascade.
In this process, activated macrophages and monocytes
release additional cytokines and procoagulant factors,
contributing to atherosclerotic plaque destabilization,
atherothrombosis, and ultimately acute myocardial
infarction (AMI) [7]. In a significant subset of patients,
AMI develops due to an imbalance between myocardial
oxygen supply and demand, which can be precipitat-
ed by hypoxia, tachycardia, hypotension, or sepsis [8].
Meta-analyses indicate that signs of myocardial injury
are detectable in 20-28 % of hospitalized COVID-19 pa-
tients and are associated with a significantly increased
risk of mortality [9, 10].

Monocytes constitute a heterogeneous population
of immune cells capable of polarization in response
to the local microenvironment: pro-inflammatory M1
macrophages drive the inflammatory response, where-
as anti-inflammatory M2 macrophages promote tissue
remodeling and resolution of inflammation [11]. In se-
vere COVID-19, a shift from M1 to M2 macrophage po-
larization has been observed [12], potentially leading
to immune dysregulation and contributing to the de-
velopment of cardiovascular complications.

The rising incidence of AMI among young adults
aged 18-45 years [13] poses a serious clinical challenge
and points to a prominent role played by pathogenet-
ic mechanisms that are directly linked to viral-induced
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inflammation and coagulation in COVID-19. Investi-
gation of the phenotypic composition of circulating
monocytes has particular scientific and clinical rele-
vance in this context. Alterations in immune cell po-
larization underlie both pro-inflammatory and pro-fi-
brotic immune responses. Therefore, phenotypic
analysis of peripheral blood monocytes in young pa-
tients with COVID-19, as well as in those with concom-
itant AMI, may not only deepen our understanding
of the pathogenesis of cardiovascular complications
but also identify potential targets for immunomodula-
tory therapeutic strategies.

AIM

To investigate the phenotypic composition of periph-
eral blood monocytes in young patients with COVID-19
alone and in those with concomitant COVID-19 and AMI.

MATERIALS AND METHODS

Study design and setting

A comparative cross-sectional case-control study
was conducted involving 223 male patients, with a me-
dian age of 36.4 (31.2; 41.6) years. The main group con-
sisted of 15 patients with moderate COVID-19 who de-
veloped AMI during hospitalization. The comparison
group included 179 patients with moderate COVID-19
and no AMI, while the control group comprised 29
healthy individuals with no cardiovascular disease
and with a negative PCR test for SARS-CoV-2.

Inclusion criteria were: age < 45 years, laborato-
ry-confirmed COVID-19 (positive PCR for SARS-CoV-2
RNA), moderate disease severity, and newly diagnosed
cardiovascular pathology during hospitalization.

Exclusion criteria were: history of coronary artery
disease, prior AMI, coronary artery stents, chronic heart
failure (NYHA functional class 1I-1V), malignancies, HIV
infection, and severe COVID-19.

In addition, aretrospective review of medical records
(Form No. 003/u) and inpatient charts was conducted.
Laboratory analyses were performed at the research
facilities of the Far Eastern Scientific Center of Physi-
ology and Pathology of Respiration using equipment
from the Shared Resource Center.

Ethical approval

The study was conducted in accordance
with the Helsinki Declaration (World Medical Associ-
ation, 2013) and it was approved by the local ethics
committee of the Far Eastern Scientific Center of Phys-
iology and Pathology of Respiration (Protocol No. 5,
dated October 20, 2021). All participants provided
written informed consent before participating in this
study.

Study duration and methods

Sample collection was performed between 2021
and 2023 at the Infectious Diseases Department



of the Blagoveshchensk City Clinical Hospital (Bla-
goveshchensk, Amur Region). Peripheral venous blood
was collected in the morning after an overnight fast
within the first 72 hours of hospitalization into vac-
uum tubes containing EDTA (China). Mononuclear
cells were isolated by density gradient centrifugation
on Ficoll-Paque medium (density 1.077 g/mL; Cytiva,
Sweden). Monocyte surface marker expression was
assessed by flow cytometry using a BD FACS Can-
to Il cytometer (Becton Dickinson, USA) with fluoro-
chrome-conjugated monoclonal antibodies (BiolLeg-
end, USA) against CD14, HLA-DR, CD11b, CD206, CD68,
CD32, TNFR1, TNFR2, TRAIL, and TGFP1. Data were ana-
lyzed using BD FACSDiva™ v8.0 software (Becton Dick-
inson, USA).

Statistical analysis

Statistical processing was performed using IBM SPSS
Statistics v.23.0 (IBM Corp., USA). Quantitative variables
are expressed as median (Me) and interquartile range
(Q1; Q3). Normality was assessed using the Kolmogo-
rov — Smirnov and Shapiro - Wilk tests. Between-group
comparisons of non-normally distributed continuous

TABLE 1

variables were performed using the Mann - Whitney
U test. A p-value < 0.05 was considered statistically
significant.

RESULTS

Phenotypic analysis of peripheral blood monocytes
in young patients with moderate COVID-19 revealed
statistically significant alterations in cell surface antigen
expression, associated both with SARS-CoV-2 infection
itself and with the development of AMI in the context
of infection (Table 1).

In the COVID-19 group, compared to the control
group, there was a decrease in the number of mono-
cytes expressing CD14 - by 1.25 times (p < 0.001)
and HLA-DR antigen - by 1.18 times (p < 0.001). TNFR2
expression levels increased by 3.03 times (p < 0.001),
TRAIL - by 3.96 times (p < 0.001), and TGF31 - by 3.08
times (p < 0.001). At the same time, an increase in CD206
expression by 1.80 times (p < 0.01), CD68 - by 2.29
times (p < 0.001), CD32 - by 1.04 times (p < 0.05),

PHENOTYPIC COMPOSITION OF PERIPHERAL BLOOD MONOCYTES IN THE STUDY GROUPS (%)

COVID-19

COVID-19 + AMI

Control group

Parameters n=179 n=15 n=29 p
CD14 75.2(73.9;76.4) 76.7 (74.3;79.9) 93.9(91.5; 94.6) P, ;<0.001
p,>0.05
HLA-DR 79.0 (76.0; 83.7) 80.6 (77.0; 83.1) 93.4(90.9; 96.6) P, ;<0.001
p,>0.05
CD11b 80.4 (72.4; 82.0) 82.3(73.3;83.5) 75.9(73.6;77.9) p,<0.001
p, ;<0.05
CD206 79(7.1;8.7) 10.7 (10.0; 11.5) 4.4 (4.1;5.5) p, ,<0.001
p. ,<0.05
CD32 93.6 (92.4; 94.5) 94.4(93.8;95.1) 89.8 (89.2;90.7) 1.2
p,>0.05
TNFR2 41.8(37.0;45.7) 65.8 (61.7;69.3) 13.8(10.5; 15.1) p, ,<0.001
p,>0.05
TNFR1 62.3 (56.0; 64.2) 78.6 (74.7;84.1) 62.3 (56.7; 64.9) L
p, ;<0.001
CD68 50.4 (46.8; 64.6) 48.7 (46.0; 52.4) 22.0 (18.0; 24.4) p;,,<0.001
p,>0.05
TRAIL 55.5(53.2;57.3) 59.0(57.8;61.9) 14.0 (11.7; 14.6) P, ;<0.001
p,<0.05
TGFpB1 11.4(9.3;12.6) 17.9(14.8; 19.8) 3.7(3.0;5.2) p, ,<0.001

Notes. p, - statistical significance of differences between the COVID-19 group and the control group; p, - statistical significance of differences between the

COVID-19 + AMI group and the control group; p, - statistical significance of differences between the COVID-19 group and the COVID-19 + AMI group.
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and CD11b - by 1.06 times (p < 0.05) was noted. TNFR1
expression levels in the COVID-19 group did not differ
significantly from those in the control group (p > 0.05).

In patients with COVID-19 and AMI, compared
to the control group, there was a decrease in CD14
expression — by 1.22 times (p < 0.001) and HLA-DR -
by 1.16 times (p < 0.001). TNFR1 expression levels in-
creased by 1.26 times (p < 0.001), TNFR2 - by 4.77
times (p < 0.001), TRAIL — by 4.21 times (p < 0.001),
TGFB1 - by 4.84 times (p < 0.001), CD206 - by 2.43 times
(p < 0.001), CD68 - by 2.21 times (p < 0.001), CD32 -
by 1.05 times (p < 0.05), and CD11b - by 1.08 times
(p < 0.05).

Further comparative analysis showed that TNFR1
expression levels in the COVID-19 + AMI group were
higher than in the COVID-19 group, differing by 1.26
times (p < 0.001), TNFR2 - by 1.57 times (p < 0.001),
TGFB1 - by 1.57 times (p < 0.001), CD206 - by 1.35
times (p < 0.001), and TRAIL - by 1.06 times (p < 0.05).
No significant differences in CD14, HLA-DR, CD32,
or CD68 expression were found between these groups
(p > 0.05).

When assessing the correlation between changes
in monocyte response parameters and AMI develop-
ment in COVID-19 patients, correlations were identi-
fied with CD14 (p = -0.43, p < 0.05), HLA-DR (p = -0.71,
p < 0.01), CD206 (p = 0.74, p < 0.01), TNFR1 (p = 0.34,
p < 0.05), TNFR2 (p = 0.43, p < 0.05), TRAIL (p = 0.75,
p <0.01),and TGFB1 (p =0.77, p < 0.01).

In a further integrated assessment of the contri-
bution of monocyte CD markers to AMI development
in COVID-19 patients, ROC analysis was performed (Fig.).
Decreased monocyte HLA-DR expression (AUC = 0.713,
p =0.002) and increased CD206 (AUC =0.849, p < 0.001),
TRAIL (AUC =0.752, p < 0.001), and TGF(31 (AUC = 0.836,
p < 0.001) levels are prognostically significant risk fac-
tors for AMI in COVID-19 patients (Table 2).

DISCUSSION

The identified changes in the phenotypic com-
position of peripheral blood monocytes in young
patients with COVID-19 and with the combination
of COVID-19 and AMI reflect complex immune re-
sponse processes, where phases of hyperinflamma-
tion, functional “exhaustion” of immune cells, and tis-
sue remodeling alternate sequentially. The decreased
monocyte expression of CD14 and HLA-DR observed
in patients with COVID-19 and COVID-19 + AMI com-
pared to the control group may indicate the forma-
tion of a functionally “exhausted” cell pool - CD14*
HLA-DR"e9ov, previously described in sepsis and can-
cer [13], and in later studies - in severe SARS-CoV-2
infection [14]. Moreover, in the COVID-19 + AMI
group, the decrease in HLA-DR expression was more
pronounced than in the COVID-19 group. Our results
are consistent with those of Fraccarollo D. et al., who
reported an increase in CD14*HLA-DR"9°* monocyte
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FIG.

Roc curve illustrates the discriminatory ability of monocyte re-
sponse parameters in predicting the risk of AMI in patients with
COVID-19

TABLE 2

ROC CURVE PARAMETERS IN THE GROUP
OF PATIENTS WITH COVID-19 AND AMI

Parameters AUC 95% CI p
CD14 0.634 0.567-0.701 0.038
HLA-DR 0.713 0.624-0.802 0.002
CD11b 0.406 0.259-0.553 0.051
CD206 0.849 0.794-0.904 <0.001
CD32 0.549 0.469-0.630 0.467
TNFR2 0.365 0.289-0.441 0.047
TNFR1 0.505 0.411-0.600 0.038
CD68 0.392 0.302-0.481 0.111
TRAIL 0.752 0.670-0.833 <0.001
TGFB1 0.836 0.766-0.906 <0.001

expression in the blood of patients with AMI was re-
ported [15]. HLA-DR is one of three class Il major histo-
compatibility complex (MHC) glycoproteins expressed
on antigen-presenting cells, functioning to present
antigens internalized by the cell to T-cell receptors
(TCR), leading to T-cell activation. Decreased HLA-DR
expression on CD14" cells may indicate a suppression
of monocyte antigen-presenting capacity to T cells



[11]. In vitro studies have shown that culturing mono-
cytes with cytokines such as TGFP1 leads to decreased
HLA-DR surface expression [16]. Similar changes,
involving alveolar macrophages, were described
by Bihling F. et al. [17]. The authors demonstrated
an inverse correlation between high TGFf31 concentra-
tion and HLA-DR expression, and a direct correlation
with CD11b levels in alveolar macrophages of patients
with pneumonia. CD11b is one of the a-chains of 2
integrins and is a receptor for iC3b, ICAM-1,2,4, fibrin-
ogen, and CD14. It plays an important role in mac-
rophage interaction with endothelial cells or extra-
cellular matrix proteins [17]. The study suggested
that microbial antigens are the primary regulators
of CD11b expression. We found that CD11b levels
in patients with COVID-19 and COVID-19 + AMI were
elevated compared to the control group but did not
differ between the groups, which further supports
the influence of infection on antigen expression. Sim-
ilar changes were observed in other CD markers, such
as CD32 and CD68.

It should be noted that monocytes
with reduced HLA-DR levels in patients with COVID-19
and COVID-19 + AMI do not exhibit pronounced
immunosuppressive activity. This is confirmed
by increased monocyte expression of immunoreg-
ulatory molecules and inflammatory markers, such
as CD206, TNFR1, TNFR2, TRAIL, and TGFB1, which
are most pronounced in the COVID-19 + AMI group
compared to the COVID-19 group. These results may
support the role of monocytes with low HLA-DR lev-
els in the mechanisms of AMI development. In vitro
experiments have shown that macrophages derived
from CD14*HLA-DR"¢** monocytes from AMI pa-
tients, upon IFN-y stimulation, produce large amounts
of inflammatory cytokines TNF-q, IL-6, and IL-13 com-
pared to macrophages with high HLA-DR expression
[15]. Increased cellular expression of TNFR1, TNFR2,
and TRAIL is a marker for systemic inflammation
and endothelial dysfunction [18]. The authors demon-
strated that activation of the TNF-a/TNFR1 complex
induces the release of extracellular vesicles from en-
dothelial cells, which are involved in vascular injury
and promote apoptosis, and inflammatory damage
to endothelial cells. TNFR2 initiates the recruitment
of TRAF2 and TRAF5 proteins, activating the NF-kB
and MAPK signaling pathways to sustain inflamma-
tion and lead to the production of pro-inflammato-
ry cytokines (IL-6 and IL-8) [2]. In recent years, there
has been a significant increase in interest in the role
of TRAIL in the pathogenesis of cardiovascular pathol-
ogy. According to Goncalves I. et al., TRAIL induces
the apoptosis of macrophages, vascular smooth mus-
cle cells, and endothelial cells, and maintains the in-
flammatory activity of atherosclerotic plaques, leading
to their instability and increasing the risk of thrombo-
sis and AMI development [19]. Alonso-Herranz L. et al.
showed that TGFB1 hyperactivation in macrophages
after ischemic myocardial injury promotes local
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endothelial-to-mesenchymal transition of cells and for-
mation of myofibroblasts involved in cardiac fibrosis
and remodeling [20]. A review by Budnevsky A.V. et al.
confirmed the role of post-COVID syndrome in TGFB1
overexpression, leading to prolonged immunosup-
pression and fibrosis [21].

The above literature data are supported by our stud-
ies, in which ROC analysis demonstrated that chang-
es in monocyte expression of HLA-DR, CD206, TRAIL,
and TGFB1 can serve as biomarkers for high AMI risk
in patients with COVID-19.

This study has several limitations. First, the sample
size was relatively small, which may reduce the sta-
tistical power of the analysis and limit the generaliz-
ability of the results to a broader population. Second,
the study design was single-center, potentially intro-
ducing bias related to patient selection and treatment
protocols specific to a single institution. Third, the ab-
sence of longitudinal patient follow-up precludes as-
sessment of long-term cardiovascular outcomes
and dynamics of monocyte phenotypic composition
in the post-hospital period. Despite these limitations,
the data obtained are valuable for understanding
the early immunopathogenetic mechanisms of cardio-
vascular complications in patients who have recovered
from COVID-19.

CONCLUSION

COVID-19 induces changes in monocyte phe-
notype, leading to the formation of a subpopula-
tion with immunosuppressive, pro-inflammatory,
and pro-fibrotic characteristics, which increases
the risk of AMI development.

Funding

The study was funded by the federal budget as part
of a state assignment for fundamental scientific research
(State Registration No. 122021800166-9).

Conflict of interest
The authors declare no conflict of interest.

REFERENCES

1. Del Prete A, Conway F, Della Rocca DG, Bion-
di-Zoccai G, De Felice F, Musto C, et al. COVID-19, acute
myocardial injury, and infarction. Card Electrophysiol
Clin.2022;14(1):29-39.doi: 10.1016/j.ccep.2021.10.004

2. Long B, Brady WJ, Koyfman A, Gottlieb M.
Cardiovascular complications in COVID-19. Am.
J. Emerg. Med. 2020; 38(7): 1504-1507. doi: 10.1016/j.
ajem.2020.04.048

3. Babapoor-FarrokhranS, Gill D, Walker J, RasekhiRT,
Bozorgnia B. Myocardial injury and COVID-19: possible
mechanisms. Life Sci. 2020; 253: 117723. doi: 10.1016/j.
1fs.2020.117723



4. Chen L, Li X, Chen M, Liu Y, Wang H, Zhao Y, et al.
The ACE2 expression in human heart indicates new po-
tential mechanism of heart injury among patients in-
fected with SARS-CoV-2. Cardiovasc Res. 2020; 116(6):
1097-100. doi: 10.1093/cvr/cvaa078

5. Liu PP, Blet A, Smyth D, Li H. The science under-
lying COVID-19: implications for the cardiovascular sys-
tem. Circulation. 2020; 142(1): 68-78. doi: 10.1161/CIR-
CULATIONAHA.120.047549

6. Mehta P, McAuley DF, Brown M, Sanchez E, Tat-
tersall RS, Manson JJ. COVID-19: consider cytokine
storm syndromes and immunosuppression. Lancet.
2020; 395(10229): 1033-1034. doi: 10.1016/50140-
6736(20)30628-0

7. Sheth AR, Grewal US, Patel HP, Desai N, Goyal T,
Shah SJ. Possible mechanisms responsible for acute cor-
onary events in COVID-19. Med. Hypotheses. 2020; 143:
110125. doi: 10.1016/j.mehy.2020.110125

8. Giustino G, Croft LB, Stefanini GG, Brandler ES,
Sharma S, Minutello RM, et al. Characterization
of myocardial injury in patients with COVID-19. J. Am.
Coll. Cardiol. 2020; 76(18): 2043-55. doi: 10.1016/j.
jacc.2020.08.069

9. ShiS,Qin M, Shen B, CaiY, LiuT, Yang F, et al. Asso-
ciation of cardiac injury with mortality in hospitalized
patients with COVID-19 in Wuhan, China. JAMA Cardiol.
2020; 5(7): 802-10. doi: 10.1001/jamacardio.2020.0950

10. Lala A, Johnson KW, Januzzi JL, Bagiella E, Bivo-
na MB, Chang CY, et al. Prevalence and impact of myo-
cardial injury in patients hospitalized with COVID-19
infection. J. Am. Coll. Cardiol. 2020; 76(5): 533-46. doi:
10.1016/j.jacc.2020.06.007

11. Mengos AE, Gastineau DA, Gustafson MP.
The CD14* HLA-DRM9 monocyte: an immunosup-
pressive phenotype that restrains responses to cancer
immunotherapy. Front. Immunol. 2019; 10: 1147. doi:
10.3389/fimmu.2019.01147

12. Kakareko K, Rydzewska-Rosotowska A, Zbroch E,
Hryszko T. TRAIL and cardiovascular disease — a risk fac-
tor or risk marker: a systematic review. J. Clin. Med. 2021;
10(6): 1252. doi: 10.3390/jcm 10061252

13. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR,
Bax JJ, Morrow DA, et al. Fourth universal definition
of myocardial infarction. J. Am. Coll. Cardiol. 2018; 72(18):
2231-64. doi: 10.1016/j.jacc.2018.08.1038

14. Silvin A, Chapuis N, Dunsmore G, Goubet AG,
Dubuisson A, Derosa L, et al. Elevated Calprotectin
and Abnormal Myeloid Cell Subsets Discriminate Severe

Information about the authors

from Mild COVID-19. Cell. 2020; 182(6): 1401-1418.e18.
doi: 10.1016/j.cell.2020.08.002

15. Fraccarollo D, Neuser J, Méller J, Riehle C, Ga-
luppo P, Bauersachs J. Expansion of CD10neg neutro-
phils and CD14+HLA-DRneg/low monocytes driving
proinflammatory responses in patients with acute myo-
cardial infarction. Elife. 2021; 10: e66808. doi: 10.7554/
elLife.66808

16. Gonzalez-Junca A, Driscoll KE, Pellicciotta I,
Du S, Lo CH, Roy R, et al. Autocrine TGF Is a Survival
Factor for Monocytes and Drives Immunosuppressive
Lineage Commitment. Cancer Immunol Res. 2019; 7(2):
306-320. doi: 10.1158/2326-6066.CIR-18-0310

17. Buhling F, Ittenson A, Kaiser D, Tholert G, Hoff-
mann B, Reinhold D, et al. MRP8/MRP 14, CD11b and HLA-
DR expression of alveolar macrophages in pneumonia.
Immunol Lett. 2000; 71(3): 185-90. doi: 10.1016/s0165-
2478(00)00164-4

18. Siegbahn A, Lindback J, Hijazi Z, et al. Multiplex
protein screening of biomarkers associated with ma-
jor bleeding in patients with atrial fibrillation treated
with oral anticoagulation. J Thromb Haemost. 2021;
19(11): 2726-2737. doi: 10.1111/jth.15498

19. Goncalves |, Pan M, Singh P, Wang W, Zhao J,
Dib L, et al. Spatial transcriptomics reveals a key role
of fibroblast-like vascular smooth muscle cells in human
atherosclerotic cell crosstalk and stability. Eur Heart
J.2026; ehaf1091. doi: 10.1093/eurheartj/ehaf1091

20. Alonso-Herranz L, Sahun-Espafol A, Paredes A,
Gonzalo P, Gkontra P, Nunez V, et al. Macrophages pro-
mote endothelial-to-mesenchymal transition via MT1-
MMP/TGFf1 after myocardial infarction. Elife. 2020; 9:
€57920. doi: 10.7554/eLife.57920

21. Budnevsky AV, Avdeev SN, Ovsyannikov ES,
Shishkina VV, Alekseeva NG, Perveeva IM, et al. Role
of Transforming Growth Factor-f in Pathogenesis of Pul-
monary Fibrosis in COVID-19, Post-COVID Syndrome,
Oncological and Chronic Inflammatory Lung Diseases.
I.P. Pavlov Russian Medical Biological Herald. 2024; 32(3):
499-510 (In Russ.). [bynHeBckun A.B., ABgees C.H., Os-
caHHukos E.C., WUnwkuHa B.B., Anekceea H.I., MNepge-
esa V.M., n gp. Ponb TpaHchopmupyiouwero daktopa
pocTa B B naToreHese ¢pnbpo3sa nerkoro npu COVID-19,
NMOCTKOBUAHOM CUMHAPOME, OHKONIOTUYECKUX U XPOHU-
yecKnx BOoCManuTenbHbIX 3aboneBaHnn nerkux. Poccud-
CKUli MeouKo-6uo02uYeckuli BeCMHUK UMeHU akademu-
ka W.I. NMasnosa. 2024; 32(2): 499-510.]. doi: 10.17816/
PAVLOVJ625007

Irina A. Andrievskaya - Dr. Sc. (Biol.), Head of the Laboratory of mechanisms of etiopathogenesis and recovery processes of the respiratory system in nonspecific
lung diseases, Far Eastern Scientific Centre of Physiology and Pathology of Respiration; e-mail: irina-andrievskaja@rambler.ru, https://orcid.org/0000-0003-0212-

0201

Andrey S. Shulga -cardiovascular surgeon of Cardiac Surgery Clinic, Amur State Medical Academy; applicant for the degree of Candidate of Science, Laboratory
of Mechanisms of Etiopathogenesis and Recovery Processes of the Respiratory System at Non-Specific Lung Diseases, Far Eastern Scientific Center of Physiology
and Pathology of Respiration; e-mail: mig2994@mail.ru, https://orcid.org/0000-0003-0854-2990



Karen S. Lyazgyan -junior research officer at the Laboratory of Mechanisms of Etiopathogenesis and Recovery Processes of the Respiratory System in Nonspecific
Lung Diseases, Far Eastern Scientific Centre of Physiology and Pathology of Respiration; e-mail: lyazgiyankaren@mail.ru, https://orcid.org/0000-0002-8329-3237

26



Dolmatova S.E."?,
Dyleva Yu.A.",
Gorbatovskaya E.E."?,
Sotnikov A.V.',
Nishonov A.B.",
Fanaskova E.V.',
Gruzdeva O.V."2

' Research Institute for Complex Issues

of Cardiovascular Diseases (Academician
L.S. Barbarash Boulevard, Building 6,
Kemerovo 650000, Russian Federation)

2 Kemerovo State Medical University

of the Ministry of Health of the Russian
Federation (Voroshilov St., 22a, Kemerovo
650056, Russian Federation)

Corresponding author:
Sofia E. Dolmatova
e-mail: soniad_30_09@mail.ru

Received: 14.08.2025
Accepted: 05.06.2026
Published: 23.07.2026

CARDIOLOGY

ABSTRACT

Background. Coronary artery disease (CAD) is associated with complex molecular
changes in adipose tissue (AT) that go beyond simple energy storage. Current studies in-
dicate the active participation of AT in metabolic regulation and secretion of bioactive
lipid mediators, including ceramides, the role of which in CAD pathogenesis remains
poorly understood, particularly with regard to age and sex differences.

Aim. To characterize the ceramide profile in subcutaneous, epicardial and perivascular
AT (SAT, EAT, PVAT) in patients with CAD, with regard to age and sex differences.
Materials and Methods. A lipidomic study of the ceramide profile was conducted
in SAT, EAT, PVAT samples obtained from 58 patients with CAD who underwent coro-
nary artery bypass grafting (single-center prospective clinical study). The ceramide
composition was analyzed by high-performance liquid chromatography with tandem
mass spectrometric detection.

Results. Age- and sex-related differences in the AT ceramide profile were identi-
fied. In men, the concentrations of cardionegative ceramides (Cer d18:1/14:0, Cer
d18:1/18:0, Cer d18:1/20:0, Cer d18:1/22:0) and Cer d18:1/24:1 were higher (p < 0.05).
In PVAT of men, the levels of Cer 14:0, 16:0 and 22:4 were increased (p < 0.001). In EAT
and PVAT of women, increased levels of Cer 18:0 and 23:0 were noted (p < 0.05). In EAT
and PAT of women, the concentrations of Cer 20:0, 22:0 and 24:1 were higher (p < 0.05).
The highest levels of cardionegative ceramides were observed in PVAT of patients aged
over 75 years. The ratio of cardionegative to cardioprotective ceramides was higher
in EAT in individuals aged 60-74 years and in PVAT in those aged over 75 years.
Conclusion. Significant sex- and age-related differences in the AT ceramide profile
of patients with CAD were identified, emphasizing the need to consider these factors
when assessing cardiovascular risk. The data obtained may contribute to the de-
velopment of new therapeutic strategies aimed at modulating the ceramide profile
of AT to reduce cardiovascular risk.

Keywords: ceramides, age, sex, epicardial adipose tissue, perivascular adipose tissue,
risk factors, coronary artery disease
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nov A.B., Fanaskova E.V., Gruzdeva O.V. Association of sex and age with the ceramide pro-
file of adipose tissue in patients with coronary artery disease. Acta biomedica scientifica.
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PE3IOME

AkmyanbHocme. Mwemuyeckas 6one3Hs cepoya (MbC) cea3aHa ¢ KoMniaeKkCHbIMU
MOJIeKyIAPHBIMU U3MEHEHUAMU 8 Xuposol mKaHu (XKT), 8bIx00aWumMu 3a pamku npo-
CMo20 XxpaHeHus 3Hepauu. CospemMeHHble UCC1e008aHUSA YKA3bIB8AOM HA AKMUBHOE
yuacmue KT 8 Memabonudeckol pe2ynayuu u cekpeyuu 6uoakmusHbIX JUNUOHbLIX
Meduamopos, 8KJ1I04asA Uepamuodbl, posib KOmopblx 8 namozeHese 6C ocmaemcs He-
00CMAamoyYHo U3y4eHHoU, 0COOEHHO C y4emOoM NOSI0803PACMHbIX XAPAKMEPUCMUK.
Leno. Oxapakmepuzosams yepamuoHblli npogusie 8 NOOKOXHOU, SnuKapouadnbHou
u nepusackynapHot XT (IXKT, 3XKT, [1BXT) y nayuenmos ¢ MbC ¢ yyemom nos0803-
pacmHsix ocobeHHocmell.

Mamepuansl u Memooel. [TposedeHo 1UNUGOMUYECKOe UCC/Ie008dHUE UepaMUOHO-
20 npogpuss 8 obpasyax MXKT, IXKT, [1BXT, nonyyeHHsix om 58 nayueHmos ¢ UbC, ko-
MOPbIM 8bINOJIHAIOCL KOPOHAPHOE WYHMUPOBAHUEe (00HOUeHmMpog8oe NpocneKkmus-
Hoe K/IUHUYecKoe ucciie0o8aHue). AHaU3 yepamudHo20 cocmasa ocyu,ecmsesiaica
MemoOoOM 8bICOKOIPPeKmMuUBHOU XUOKOCMHOU xpomamozpdguu ¢ MAaHOeMHbIM
Macc-cnekmpomMempuyeckum 0emeKkmupo8aHuem.

Pesynemamel. BviAgneHbl N010803pdcmHele pdsaudusa 8 yepamudHoM npogusne
XT. Y My>X4uH KoHUeHmpayuu kapouoHezamusHsix yepamudos (Cer d18:1/14:0, Cer
d18:1/18:0, Cer d18:1/20:0, Cer d18:1/22:0) u Cer d18:1/24:1 6binu sbiwe (p < 0,05).
B MBXT myxuyuH yposHu Cer 14:0, 16:0 u 22:4 6binu nossiweHs! (p < 0,001). B KT
u MBXT xeHWuH ommeyasnoce nosviuieHue yposHel Cer 18:0 u 23:0 (p < 0,05). B IXKT
u IMXT xeHwuH koHUeHmpauuu Cer 20:0, 22:0 u 24:1 6bi1u sbiwe (p < 0,05). Haubonb-
wue yposHU KapOuoHe2amusHbIx yepamudos Habmwodanuce 8 MBXT nayueHmos
cmapuwe 75 nem. CoomHouweHue KapoOUuoHe2amuBHbIX U KapOuonpomeKmueHsix ye-
pamudos 6bis10 sbiwe 8 KT y nuy 60-74 nem, a 8 [1BXKT - cmapuwie 75 nem.
3aknoyeHue. BbisgieHsl 3HaAYUMbIe NOJI08ble U 803pdCMHbIE PA3iuyus 8 yepamuo-
Hom npogusne XT y nayueHmos ¢ bC, ymo nodyepkusaem Heob6xo0uMocms yuema
3mux ¢akmopos npu oueHke pucka cepOeyHO-CoCyOUCMbIX OCoXHeHuU. [lony-
YeHHble OaHHble MO2ym cnocobcmeosams paspabomke HOBbIX MepanesmuyeckKux
cmpameaudi, HanpagaeHHbIX Ha MOOYSIAYUI YyepamuoHo20 npoguna XT 0515 CHUXe-
HUA cepOe4HO-coCyouCMOo20 PUCKa.

Knioueaole cnoea: uepamuodbl, 803pdcm, noJji, 3nUKAapoudsibHAs XUposadsi MKAHb,
nepusackyIApHaAs Xupoeas MKaHb, hakmopel pUcKd, utiemudeckas 6os1e3Hs cepoya

Ona untnpoBanusa: [lonmvartoea C.E., [binesa l0.A., TopbatoBckas E.E., CotHukoB A.B.,
HuwoHos A.b., ®aHackoBa E.B., Ipy3neBa O.B. Accounauma nona n Bo3pacTa ¢ Lepamua-
HbIM NPOdUIEM XMPOBOW TKaHN MaLMEHTOB C MIeMMUYecKoi GonesHbio cepaua. Acta
biomedica scientifica. 2026; 11(3): 27-36. doi: 10.29413/ABS.2026-11.3.4
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INTRODUCTION

Complex molecular changes in adipose tissue (AT)
play a crucial role in the pathogenesis of coronary artery
disease (CAD). Adipose tissue is no longer seen as mere-
ly a passive energy store, but rather as an active partic-
ipant in metabolic regulation. It has been shown to se-
crete bioactive lipid mediators, such as ceramides [1].

Ceramides (Cer) are aclass of sphingolipids with both
structural and signaling functions. They act as sec-
ondary messengers, influencing various cellular pro-
cesses, including growth, proliferation, differentiation,
and apoptosis [2]. Given their importance in regulating
cellular functions under both normal and pathological
conditions, the impact of ceramides on the cardiovascu-
lar system (CVS) and the development of cardiovascular
diseases (CVD) have been actively investigated in recent
decades.

Under conditions of metabolic stress, the accumu-
lation of lipid metabolites in tissues poses a significant
threat. Lipidomics studies have demonstrated that cera-
mides exhibit pronounced toxic effects, leading to lipo-
toxicity, which, in turn, results in mitochondrial dysfunc-
tion and cellular hypoxia. This process serves as a crucial
mechanism in the development of various cardiometa-
bolic disorders [3].

Although there is interest in investigating plasma
ceramide levels as biomarkers of cardiovascular risk,
information on the characteristics of ceramide profiles
in different AT depots in patients with CAD remains lim-
ited, particularly regarding age- and sex-related differ-
ences [4].

A comprehensive analysis of the composition of ce-
ramides in AT can help identify specific lipid biomark-
ers associated with different stages of disease progres-
sion and develop novel diagnostic and therapeutic
approaches aimed at regulating ceramide metabolism
and reducing cardiovascular risks.

AIM

To characterize the ceramide profile in subcutane-
ous, epicardial and perivascular AT (SAT, EAT, PVAT) in pa-
tients with CAD, with regard to age and sex differences.

MATERIALS AND METHODS

A lipidomic study of the ceramide profile was per-
formed in subcutaneous, epicardial, and perivascu-
lar adipose tissues (SAT, EAT, and PVAT) from patients
with coronary artery disease (CAD) who required sur-
gical myocardial revascularization through coronary
artery bypass grafting (CABG). The study was approved
by the local ethics committee of the Research Institute
for Complex Issues of Cardiovascular Diseases (Pro-
tocol No. 12, dated March 20, 2023) and it adhered
to the principles outlined in the Declaration of Helsinki
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of the World Medical Association (as amended in 2013)
and the “Clinical Practice Guidelines of the Russian
Federation”.

The study included 58 participants, with a majority
of male patients (58 %). The mean age of participants was
64.9 (47.8; 78.5) years, and the median body mass index
was 26.4 (22.5; 30.2) kg/m?2. A significant number of partic-
ipants had comorbid conditions, including arterial hyper-
tension (56.9 %), dyslipidemia (43.1 %), diabetes mellitus
(24.1 %), and chronic kidney disease (10.3 %). A history
of myocardial infarction was present in 70.7 % of patients.
Among women (41.4 % of total), postmenopausal status
was confirmed in 87.5 %, indicating a high proportion
of postmenopausal women in this group. Patients pre-
dominantly had angina pectoris classes Il (46.6 %) and llI
(50.0 %), as well as chronic heart failure classes | (39.7 %)
and Il (13.8 %). Extensive coronary artery (CA) athero-
sclerosis was also observed, with 81 % of patients having
three or more affected coronary arteries. The median left
ventricular ejection fraction was 53.6 (46.3; 58.9) %. Pa-
tients had elevated levels of total cholesterol (5.89 (4.12;
8.25) mmol/L), LDL cholesterol (3.31 (2.95; 5.65) mmol/L),
and triglycerides (1.75 (1.52; 2.83) mmol/L), as well
as an atherogenic index above the normal range (3.38
(2.75; 4.33)). Most patients received standard pharmaco-
logical treatment, including aspirin (93.1 %), beta-block-
ers (89.7 %), ACE inhibitors (77.6 %), and statins (100 %).

Collection and Storage of Adipose Tissue
Samples

During elective CABG surgery, AT samples
were collected: SAT from the subcutaneous fat
of the lower angle of the median sternotomy incision;
EAT from the right heart chambers (atrium and ventri-
cle); and PVAT from the region around the left main cor-
onary artery. To preserve the lipid content, the samples
were immediately placed in liquid nitrogen for freezing
and then stored at -150°C.

Lipid Extraction

A modified Folch method (1957) was employed
to extract lipid components from homogenized AT sam-
ples. Approximately 100 mg of tissue was homogenized
in a 2:1 (v/v) chloroform/methanol mixture. The sam-
ples were then subjected to sonication for 10 min-
utes to enhance extraction efficiency. Purified water
was added, and the mixture was vigorously vortexed
and centrifuged to separate the organic and aqueous
layers. The organic layer was collected, re-extracted
with a fresh aliquot of chloroform/methanol solu-
tion, and both organic phases were combined and al-
lowed to evaporate to dryness under a nitrogen stream
at room temperature. The resulting dried residue was
reconstituted with a solution of isopropanol and ace-
tonitrile (50:50, v/v) and further centrifuged to remove
any insoluble impurities.

Ceramide Profile Analysis

High-performance liquid chromatography coupled
with tandem mass spectrometry (HPLC-MS/MS) was
used to determine ceramide composition. The method-
ology for ceramide profile analysis by mass spectrometry



has been thoroughly described previously [5], ensuring
the reproducibility and comparability of the results
obtained.

The quantification of ceramides (ng/mlL)
in AT samples was performed using the Cer d18:1/17:0
standard (17:0 Ceramide N-heptadecanoyl-D-eryth-
ro-sphingosine, >99%, Avanti). For the preparation
of the Cer d18:1/17:0 stock solutions, 5 mg of the Cer
d18:1/17:0 standard was placed into a 15 mL screw-cap
vial, dissolved in 2.5 mL of solvent, and an additional
2.5 mL of the same solvent was added, and the mixture
was vortexed. The concentration of the resulting solu-
tion was 1 mg/mL, calculated as Cerd18:1/17:0.The solu-
tion was stored at -70°C. The work was conducted using
the equipment provided by the Shared Research Facility
“Clinical Mass Spectrometry” of the National Medical
Research Center for Obstetrics, Gynecology and Perina-
tology named after Academician V.l. Kulakov, Ministry
of Health of the Russian Federation.

Statistical Analysis

Statistical analysis was conducted using GraphPad
Prism 8 software (GraphPad Software). Quantitative
data are presented as the median with an interquar-
tile range (25" and 75™ percentiles). A non-parametric
Kruskal — Wallis test was used to compare the three in-
dependent groups, followed by a pairwise comparison
using the Mann - Whitney U test. Categorical variables
were analyzed using either the x? test or Fisher’s exact
test. Differences were considered statistically significant
at p < 0.05.

RESULTS

Ceramides (N-acylsphingosines) are a subgroup
of sphingolipids that have the structural backbone
of the alcohol sphingosine. Sphingosine has 18 carbon
atoms and contains one trans-double bond between
C4 and C5. This fragment, designated as d18:1, is bond-
ed to a fatty acid (FA) residue through an amide bond,
forming the ceramide molecule. Ceramides may con-
tain various FAs, including saturated fatty acids such
as C14:0 (myristic), C15:0 (pentadecanoic), C16:0 (pal-
mitic), C17:0 (margaric), C18:0 (stearic), C19:0 (nonade-
canoic), C20:0 (arachidic), C21:0 (heneicosanoic), C22:0
(behenic), C23:0 (tricosanoic), C24:0 (lignoceric), C25:0
pentacosanoic), C26:0 (cerotic)) and unsaturated FAs
C18:1 (oleic), C22:1 (erucic), C24:1 (nervonic), C22:2
docosadienoic), C22:4 (docosatetraenoic), and C22:5
docosapentaenoic).

A wide range of ceramides was identified in the PVAT,
EAT, and SAT from CAD patients. All ceramides detected
contained the C18 sphingoid base, also known as sphin-
gosine (d18:1). In the AT samples analyzed, ceramides
containing both saturated FAs (Cer d18:1/14:0, Cer
d18:1/15:0,Cerd18:1/16:0,Cerd18:1/17:0, Cerd18:1/18:0,
Cer di18:1/19:0, Cer d18:1/20:0, Cer d18:1/21:0, Cer
d18:1/22:0,Cerd18:1/23:0,Cer d18:1/24:0, Cer d18:1/25:0,
Cer d18:1/26:0) and unsaturated FAs (Cer d18:1/18:1, Cer
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d18:1/22:1,Cerd18:1/24:1,Cerd18:1/22:2, Cer d18:1/22:4,
Cer d18:1/22:5) were identified.

Given the known cardiovascular effects of various
ceramides, the identified compounds were divided into
groups associated with cardionegative (Cer d18:1/14:0,
Cer di18:1/16:0, Cer d18:1/18:0, Cer d18:1/20:0, Cer
d18:1/24:1) and cardioprotective (Cer d18:1/23:0, Cer
d18:1/24:0, Cer d18:1/25:0, Cer d18:1/26:0) properties [2].

Analysis of ceramide concentrations in AT samples,
considering patient sex, revealed statistically significant
differences in the levels of individual ceramide species
within AT in men, regardless of location. In particular,
the concentrations of Cer d18:1/14:0, Cer d18:1/18:0,
Cer d18:1/20:0, and Cer d18:1/22:0, containing satu-
rated FAs and associated with cardionegative effects
that were significantly higher in male AT. Furthermore,
increased levels of Cer d18:1/24:1, containing a mono-
unsaturated FA and exhibiting potential pathological
effects on the cardiovascular system, including proath-
erogenic action, were observed [2]. Notably, a concur-
rent increase in the concentration of Cer d18:1/23:0,
which has cardioprotective properties, was also noted
(Fig. 1).

Considering the sex and anatomical location
of the patients, it was found that PVAT of males had
elevated levels of certain ceramides compared to that
of females: Cer 14:0 (1.7-fold, p = 0.000017), Cer 16:0
(1.4-fold, p =0.0005), and Cer 22:4 (1.4-fold, p = 0.00002).
At the same time, in EAT of females, an increase
in Cer d18:1/17:2 concentration was observed (1.5-fold,
p = 0.006). In EAT and PVAT of females, levels of Cer 18:0
(1.6-fold, p = 0.0005 and 1.4-fold, p = 0.045, respectively)
and Cer 23:0 (1.2-fold, p = 0.045 and 1.7-fold, p = 0.0005,
respectively) were higher compared to that of males.
In EAT and SAT of females, concentrations of certain ce-
ramides were higher than in the male group: Cer 20:0
(1.2-fold, p = 0.004 and 1.7-fold, p = 0.045, respectively),
Cer 22:0 (1.8-fold, p = 0.007 and 1.5-fold, p = 0.00001, re-
spectively), and Cer 24:1 (1.7-fold, p = 0.006 and 1.5-fold,
p = 0.00001, respectively). In SAT of females, elevated
levels of Cer d18:1/22:2 (1.6-fold, p = 0.0005), Cer 22:4
(1.2-fold, p = 0.046), and Cer 22:5 (1.4-fold, p = 0.000017)
were found compared to that of males.

Patients with CAD were then divided into three
age groups: < 60 years, 60-74 years, and > 75 years.
Based on this stratification, it was found that the high-
est levels of ceramides with adverse cardiovascular ef-
fects were seen in PVAT of patients aged 75 and over:
Cer d18:1/14:0, Cer 16:0, and Cer 22:0 compared to pa-
tients under the age of 60 and those aged 60-74 years
(p < 0.005).

The level of Cer d18:1/14:0 in EAT of individuals
aged 60-74 years was statistically significantly higher
compared to the group under the age of 60 and showed
a trend towards an increase compared to the group over
the age of 75. The highest levels of Cer d18:1/18:0 in EAT
and PVAT were found in the group aged over the age
of 75. Cer d18:1/20:0 was higher in EAT of patients aged
60-74 years and in PVAT of the group aged over 75 years.



FIG. 1.

Concentration of ceramides in adipose tissue of patients with CAD, ng/ml|

Levels of Cer d18:1/24:1 in cardiac AT of patients aged
60-74 and over the age of 75 exceeded those in patients
under the age of 60 (Fig. 2).

The concentration of the cardioprotective ceramide
Cer d18:1/23:0 in PVAT of patients aged 60-74 years
and those older than 75 years was higher compared
to the group younger under the age of 60. Levels of Cer
d18:1/24:0 in EAT and PVAT in the 60-74 and = 75 age
groups exceeded those in patients younger than 60.
The lowest concentrations of Cer d18:1/26:0 in both
EAT and PVAT were observed in the 60-74 age group
compared to those older than 75 and younger than 60
(Fig. 3).

The highest levels of ceramides with uncertain
effects on the cardiovascular system (CVS) were ob-
served in the following: Cer d18:1/15:0 was elevat-
ed in SAT (p = 0.018) and PVAT (p = 0.024) of patients
over the age of 75; Cer d18:1/18:1 was elevated in SAT
of patients aged 60-74 compared to those over 75
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(p = 0.031); Cer d18:1/19:0 was elevated in SAT of pa-
tients over 75 (p = 0.015) and in PVAT of patients aged
60-74 (p = 0.028). In contrast, the concentration of Cer
d18:1/17:0 in AT did not significantly differ according
to age among CAD patients (p > 0.05).

When calculating the ratios of Cer 16:0/24:0, Cer
18:0/24:0, Cer 18:1/24:0, and Cer 24:1/24:0, the Cer
16:0/24:0 ratio was significantly higher in EAT of pa-
tients under the age of 60 (p = 0.023) and those aged
60-74 (p = 0.011) than in patients older than 75 years,
with no differences observed between the first two
groups. The highest Cer 18:0/24:0 ratio was found in SAT
(p = 0.012) and PVAT (p = 0.017) of patients aged over
75 years and in EAT of patients under the age of 60
(p = 0.039). The Cer 18:1/24:0 ratio was highest in EAT
of patients aged 60-74 years (p = 0.0004) compared
to those older than 75 years. The Cer 24:1/24:0 ratio was
highest in EAT (p = 0.027) and PVAT (p = 0.013) among
the 60-74 age group.



Note. PVAT - perivascular adipose tissue; SAT — subcutaneous adipose tissue; EAT — epicardial adipose tissue; Cer — ceramides.

FIG. 2.
Concentration of ceramides with adverse cardiovascular effects in tissue lipid extracts of local fat depots of patients with CAD depend-

ing on age, ng/ml

Note. PVAT - perivascular adipose tissue; SAT — subcutaneous adipose tissue; EAT - epicardial adipose tissue; Cer — ceramides.

FIG. 3.
Concentration of ceramides with cardioprotective properties in lipid extracts of tissues of local fat depots of patients with CAD depend-

ing on age, ng/ml
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DISCUSSION

Regardless of AT location, a consistent increase in Cer
d18:1 with saturated fatty acid residues (C14:0, C18:0,
C20:0, C22:0, and C23:0) and monounsaturated fatty
acid (C24:1) was observed in men with CAD. These find-
ings are consistent with the data from Blachnio-Zabiels-
ka A.U. et al., who demonstrated that men exhibit prefer-
ential accumulation of Cer (d18:1/18:0), Cer (d18:1/20:0),
and Cer (d18:1/22:0) in AT. Moreover, the total ceramide
content (pg/adipocyte) was also higher in men com-
pared to women (34 % vs. 31 %) [6]. However, in our
study, Cer C24:1 levels were higher in male AT, which
contradicts the results of these authors, who found that
the concentration of this ceramide was higher in female
AT. This discrepancy may be explained by differences
in the AT location used for analysis. Specifically, Blach-
nio—Zabielska A.U. et al. exclusively focused on SAT col-
lected laterally to the umbilicus through needle liposuc-
tion. Our study involves the analysis of visceral depots,
EAT and PVAT, allowing us to assess their contribution
to the pathogenesis of cardiometabolic diseases [7].
Considering that women exhibit an increase in superfi-
cial SAT precisely in the lateral area around the umbilicus
[8], Cer C24:1 concentration in their SAT might be un-
derestimated when analyzing other depots. The con-
centration of Cer (d18:1/16:0) in female AT was found
to be significantly higher than that in males, which con-
firms the results of Brusatori M. et al. [7], who identified
a specific accumulation of this ceramide in the visceral
AT of women.

In our study, PVAT of men was characterized
by elevated levels of Cer 14:0, 16:0, and 22:4 compared
to women. At the same time, EAT of women showed
an increase in Cer d18:1/17:2 concentrations. Addition-
ally, both EAT and PVAT showed an increase in Cer 18:0
and 23:0 compared to men. In EAT and SAT of women,
the concentrations of the following ceramides were
higher than in the male group: Cer 20:0, 22:0, and 24:1.
In SAT of women, elevated levels of Cer d18:1/22:2, 22:4,
and 22:5 were found compared to men.

The identified differences in AT ceramide profiles
may be due to differences in dietary habits between
men and women. It is known that men on average con-
sume more saturated fats than women, which stimulates
the activity of ceramide synthase (CERS), enzymes that
catalyze ceramide synthesis [9]. This leads to increased
concentrations of ceramides containing saturated FAs,
such as C16:0 and C18:0, in the AT. Therefore, increased
saturated fat intake may contribute to the accumula-
tion of cardionegative saturated FA ceramides in male
AT and, consequently, to the development of metabolic
dysfunction [10].

The influence of sex hormones on ceramide syn-
thesis and degradation should also be considered.
Androgens, such as testosterone, can inhibit ceramide
synthesis enzymes, e.g., CERS6. Six different CERS
(CERS1-6) have been identified in mammals, with each
having a specific fatty acid specificity. CERS6 plays
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a primary role in the synthesis of ceramides containing
palmitic and stearic FAs, which have been associated
with adverse effects on the CVS [11]. The inhibition
of CERS6 by testosterone observed in mouse experi-
ments explains the lower levels of Cer C16:0 and C18:0
in the liver of males compared to females [12]. Howev-
er, data suggest that sphingolipids and their metabo-
lites can modulate steroid hormone secretion by reg-
ulating both their release and homeostasis [13]. This
creates a feedback loop in which changes in the cer-
amide profile may affect hormonal status and in turn
influence ceramide synthesis. Therefore, the ability
of sex hormones to affect ceramide synthesis enzymes
in human AT requires further study. The identified sex
differences in AT ceramide profiles among CAD pa-
tients may be of prognostic significance, as elevated
concentrations of certain ceramides, particularly those
containing saturated FAs, are associated with increased
cardiovascular risk [14].

Previous studies have convincingly demonstrat-
ed the relationship between circulating long-chain
ceramides and age [15]. Age has also been shown
to be closely associated with the prevalence of CAD
[16]. Although there is a well-established association
between blood long-chain ceramide levels and age
[17], data on ceramide content in AT, especially in cardi-
ac and vascular depots, and its age-related changes are
extremely limited.

In this study, we identified a wide range
of ceramides in AT, including those with both saturat-
ed and unsaturated acyl chains. Our data indicate that
AT, especially EAT and PVAT, which are localized close
to atherosclerotic lesion sites, may serve as a source
of ceramides that can have both favorable and adverse
effects [18].

We determined the characteristics of ceramide
content in AT of different locations, depending on age,
in CAD patients. The highest levels of cardionega-
tive ceramides Cer d18:1/14:0, 16:0, 18:0, and 22:0
were observed in EAT of individuals aged 60-74 years,
and in PVAT of patients older than 75 years. The lowest
concentrations of the cardioprotective ceramide Cer
d18:1/26:0 in cardiac AT were found in the 60-74 age’s
group, which may be an unfavorable indicator for in-
dividuals of this age group. It is possible that cardiac
AT undergoes more significant remodeling with age.

Bonzdon-Kulichenko E. et al. [19] showed increased
levels of Cer 18:0, 20:0, 22:0, and 24:1 in brown adipose
tissue (BAT) and increased levels of Cer 18:1 and 20:0
in white adipose tissue (WAT) of 15-month-old male
rats when compared to 2-month-old males. Moreover,
in 24-month-old male rats, there were increased levels
of Cer 16:0 and 20:0, and decreased levels of Cer 24:1
in WAT when compared to 3-month-old animals [20].
These findings suggest that the age-associated chang-
es in the AT ceramide profile may vary depending
on AT type and ceramide acyl chain length.

In addition to the acyl chain length, the presence
of double bonds in the FA residues of ceramides must



be considered. Unsaturated FAs in ceramides are more
prone to oxidation, which may lead to the formation
of reactive oxygen species (ROS) and increased oxida-
tive stress. Notably, in older patients with CAD, increased
levels of ceramides containing double bonds have been
observed [20]. This finding is consistent with the data
on the differential effects of saturated and unsaturated
ceramides on the CVS: for example, Cer 24:0 has a pro-
tective effect, while Cer 24:1 does not [21]. These dif-
ferences may be due to the dysregulation of ceramide
metabolism in CVD.

We then calculated the ratio of cardionegative
to cardioprotective ceramides in AT for each age group
of CAD patients. The highest EAT ceramide ratios were
observed in CAD patients aged 60-74 years, which
may indicate an increased risk of adverse cardiovascu-
lar events and mortality from these diseases in this age
group. This is consistent with the findings of Akawi N.
et al. [22], who showed that elevated Cer d18:1/16:0 lev-
els in EAT were associated with an increased risk of heart
failure among elderly patients. Age-associated chang-
es in the EAT phenotype, such as increased secretion
of pro-inflammatory adipokines, are likely to contribute
to the development of cardiomyopathy and myocardial
fibrosis [23].

CONCLUSION

Significant sex- and age-related differenc-
es in the AT ceramide profile have been identified
in patients with CAD. Our data suggest that there
is an age-related modulation of ceramide synthesis,
while sex-specific differences in the ceramide profile in-
dicate a possible influence of hormonal factors on this
process. When analyzing the AT ceramide profile and its
impact on cardiovascular risk, it is important to con-
sider sex. With age, the cardiac and vascular AT under-
go significant remodeling. The observed age-related
shift in lipid balance, manifested by an increased ratio
of cardionegative to cardioprotective ceramides in EAT
in patients aged 60-74 years and in PVAT in patients
older than 75 years, suggests a potential increase
in cardiovascular risk in these age subgroups. Modify-
ing the ceramide profile of EAT and PVAT in these age
groups represents a promising therapeutic approach
to reducing cardiovascular risk and requires further
prospective study.
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ABSTRACT

Background. Restrictions on the use of gadolinium-containing radiocontrast agents
due to therisk of acute and long-term complications are stimulating the search for new,
safer, and more effective gadolinium-based nanoparticle formulations.

Aim. Comparative assessment of the magnetic contrast properties of a gadolinium
nanocomposite and a gadolinium-based contrast agent.

Methods. The dynamics of substance accumulation and visual MRI patterns were
studied in 5 healthy female Wistar rats using a Siemens Avanto device with a magnet-
ic field of 1.5 T. Anesthetized animals were placed ventrally within the head coil, after
which a preliminary MRI scan was performed. A gadolinium nanocomposite solution
and a reference sulution (Omniscan®) were injected at equivalent gadolinium doses
into the lateral tail vein or into the abdominal cavity, followed by repeat MRI scans
with image acquisition every 2-3 minutes. The primary imaging areas were the abdom-
inal cavity and retroperitoneal space, including the thoracic cavity.

Results. Comparative analysis showed that gadolinium nanoparticles stabilized
with arabinogalactan exhibit magnetocontrast properties, as evidenced by T1-weight-
ed image enhancement of the liver parenchyma after intravenous administration
and ofthe abdominal cavity afterintraperitoneal administration. The magnetic contrast
image of the kidneys and bladder was higher after Omniscan® administration than
after gadolinium nanocomposite administration. However, the maximum contrast
coefficient of the gadolinium nanocomposite in the liver parenchyma increased
by 20 % compared to baseline. Omniscan® administration resulted in a 13 % increase
in T1-weighted image intensity of the liver parenchyma.

Keywords: gadolinium, nanocomposite, nanoparticles, magnetic contrast properties,
white rats
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va T.V,, Sukhov B.G. Comparative evaluation of the magnetic resonance contrast proper-
ties of gadolinium-based contrast agents. Acta biomedica scientifica. 2026; 11(3): 37-46.
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PE3IOME

O6ocHosaHue. OzpaHuyeHUs NpuMeHeHUs 2d00/UHUlCOOePXAaWUX pPeHM2eHo-
KOHMpAcmHbIx 8elyecms, o6yc/ios/ieHHble pazgumuen oCmpbix U 0mOdsieHHbIX OC-
JIOXHeHUU, CmUMyJsIupyom nouck Ho8blx, 60/1ee 6e30NdcHbIX U 3¢hhekmuBHbIx hopm
HA 0CHo8e HAHO4YAacmuy 2a00/IUHUS.

Leno pabomel. CpasHumesnibHAs oUeHKa MazHUMOKOHMPACMHbIX C80UCME HAHO-
KoMno3uma 2ado/IuHUA U cooepaujez2o 2a0o/IUHUl OUazHOCMUYeckoz2o npenapamad.
Memooel. [JuHaMuKa op2aHHO20 HakonseHusa u eusyasnsHol MPT-kapmuHel usyye-
Hbl Ha 5-mu 300p0o8bix 6enbix Kpbicax-camkax nuHuu Wistar Ha annapame Siemens
Avanto ¢ mazHumHsIm nosem 1,5 Tn. ina nposedeHus MPT aHecme3upo8aHHbIX Xu-
B0OMHbIX YKIAOLIBAIU 8 8EHMPA/ILHOM NOJIOXKEHUU 8 KAMYUWKY, NPeOHAa3HAaYeHHYIo
019 20/108bl, NPOBOOUSIU npedsapumersibHoe uccredosaHue Ha MPT-momoepadpe,
3amem 8 J1amMepasibHyI0 X80CMOBYIO 8eHy UJIU 8 GPIOWHYI0 NOIOCMb C NOMOW|bIO Ka-
memepa 8800UIU pAdCMBOP HAHOKOMNO3UMA 2a00IUHUSA UU npenapama cpagHe-
Hus (OMHUCKaH®) 8 3K8UBAIEHMHbIX NO 2a00/IUHUK 003aX U NPOB8OOUIU NOBMOPHOE
MPT-uccnedosaHue, Oenas CHUMKU Yyepe3 Kaxoble 2—3 MuHymel. Llehmpom obnacmu
uccned0o8aHus boblsiu 6pIOWHAS NOIOCMb U 3dOPIOWUHHOE NPOCMPAHCMBO C 3aX8d-
mowm 8 noJsie 3peHus 2pyoOHoU Kiemku.

Pesynemamel. BbinonHeHHbIl cpasHUMesIbHbIU AHAAU3 NOKA3dJ, YMO HAHOYd-
cmuusl 2d00/IUHUS, CMABUIU3UPOBAHHbIE apabuHO2aIAKMaHoM, obsadarom maz-
HUMOKOHMPAcmHeIMu cgolicmeamu, 00KA3amesibCmeom YemMy ABUIOCh ycusleHue
T1-838eWeHH020 U306PAXeHUs 8 NapeHXUMe neYeHuU npu 8HymMpuBeHHOM 88e0eHUU
U 6prowHol nolocmu npu 8HympubproWUHHOM 88edeHuU. MazHUMOKOHMpAcmHoe
u306paxxeHue no4ek, MOYe8020 Ny3bips Npu 88edeHuU npenapama OMHUCKAH® sblwe,
uem npu 8eedeHUU HaHOKOMNO3uma 2adosuHus. OOHAKO MAKCUMAJIbHAS 8e/IUYUHA
KO3¢ghhuyueHma KOHMPAacMupoe8aHuUs HAHOKOMNO3UMaA 2a00/IUHUS 8 NdpeHXuUMe ne-
UeHU 803pAcmasa no CpAagHeHUIo € UCXOOHbIM cocmosiHuemM Ha 20 %, npu 8gedeHuU
OMHuckaHa® Habndanoce ycuneHue uHmMeHcugHocmu T1-838ewieHHO20 U306paxe-
HUA hapeHxumsl nedyeHu Ha 13 %.

3aknroyeHue. Vicnonb308aHue HAHOKOMNO3UMaA 2a00/IUHUSA A8J19emcs nepcnekmus-
HbIM 018 MPT-OuazHocmuku. Ha 0aHHOM 3mdne noka npexoespemMeHHO 2080pUMb
0 803MOXHOCMAX NPUMEHeHUs UCC1edyemMo20 HaAHOKOMNO3UMa 2a00/IUHUS 8 KIlu-
Huyeckol npakmuke, mpebyemcs 6onee 0emasnbHOe paccMompeHue e20 8/IUAHUSA
Ha npoyeccol pesiakcayuu Kak 8 HOPMAasibHbIX, MAK U 8 NAMOJI02UYeCKU U3MeHeHHbIX
MKAHSX.

Knioueevie cnoea: 2adosiuHuli, HAHOKOMNO3UM, HAHOYACMUUbI, MAZHUMOKOH-
mpacmHsle cgolicmaa, besivie Kpbicol

Ona yntuposaHuna: Cocepnosa J1.M., BoknHa B.A., HoBrkos M.A.,, Tutos E.A., MaHkoBa A.A.,
KoHnbkoBa T.B., CyxoB B.I. CpaBHUTeIbHAA XapaKTepUCTUKa MarHUTOKOHTPACTHbIX CBOWCTB
rafjonvHuncodepxawumx npenapatos gna MPT-guarHoctuku. Acta biomedica scientifica.
2026; 11(3): 37-46. doi: 10.29413/ABS.2026-11.3.5
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BACKGROUND

Extensive data on the development of acute
and long-term consequences of gadolinium-based
contrast agents used in MRI diagnostics have been
collected in clinical practice. The most severe of these
is nephrogenic systemic fibrosis (NSF). It has been es-
tablished that free gadolinium Gd3** is highly toxic
to tissues and accumulates in the liver, brain, and bones
after administration [1-4]. At the same time, clinical
manifestations of this accumulation may not manifest
immediately or in every case. Given that the ionic ra-
dius of Gd3* is almost similar to that of Ca**, gadolini-
um functions as an inorganic blocker of voltage-gated
calcium channels, suppressing physiological processes
dependent on the inward Ca?" current (in particular,
contraction of smooth, striated muscle and myocardi-
um) and the activity of certain enzymes (in particular,
a number of dehydrogenases and kinases) [5-7]. Fur-
thermore, calcium-sensing receptors on hepatocytes,
renal cells, fibroblasts, and certain other cells may
be activated by gadolinium. The most significant acute
toxic effects of free gadolinium occur in the liver, caus-
ing hepatocyte necrosis [8]. Most of the gadolinium
is excreted by the kidneys, but traces of the substance
may remain in the body over an extended period.
The risk of gadolinium retention is increased in preg-
nant women, children, and patients with impaired renal
excretory function. Among the risk factors for adverse
effects associated with contrast agents, the prima-
ry one is the dose of administered contrast agent.
In MRI diagnostics, administration of up to 2-3 doses
(0.2-0.3 mmol/kg body weight) of gadodiamide is per-
mitted. Although NSF may develop even after admin-
istration of a single dose, the risk of this disease is in-
creased with a single administration of a higher dose,
as well as after repeated injections [9]. Since historical
data on the contrast agents used and their doses are
often unavailable, information on the possible cumu-
lative effect of repeated contrast agent administration
is very limited. The stability of the chelate complex
of gadolinium-based agents is also of great importance
for the development of adverse effects. The greatest
caution is required when using agents with low stabil-
ity (Omniscan® or Optimark®), which include non-ion-
ic linear substances. After administration of the latter,
there is always a high probability of gadolinium deposi-
tion in the patient’s body. At the same time, in the opin-
ion of clinicians, the benefits of the studies continue
to outweigh the risks.

In light of the above, there has been an increas-
ing focus in recent years on the development of safe
gadolinium nanoparticles. This work has emphasized
the need to minimize drug toxicity and the generation
of artifacts in resulting images. Recently, nanoparticles
based on cerium, gadolinium, and gadolinium ortho-
ferrites have been developed for magnetic resonance
contrast enhancement. The creation of contrast agents
in nanoform can significantly improve diagnostic
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accuracy and, most importantly, reduce the risk of ad-
verse consequences for patients. Nanoparticles offer
a number of advantages: increased relaxivity, the possi-
bility of targeted delivery [10, 11], the ability to be elim-
inated more rapidly from the body, and, importantly,
a fundamentally different route of excretion, often
not associated with renal filtration. There is a second
pathway of Gd3* excretion, which is through the liv-
er. The presence of this pathway significantly reduces
the risk of adverse processes associated with gadolin-
ium accumulation. Overall, gadolinium nanoparticles
may become the basis for a new generation of MRI con-
trast agents. This would make diagnostic procedures
more informative and safe.

In addition to the lack of toxicity and high mag-
netic contrast properties, increasing the bioavailability
of gadolinium nanoparticles is essential. For effective
delivery of nanoparticles to body structures, a natural
polysaccharide derived from Siberian larch (arabino-
galactan) is used. In our studies, an innovative nano-
composite consisting of gadolinium nanoparticles
encapsulated in a matrix of the natural polymer arab-
inogalactan, which allows the creation of stable solu-
tions suitable for use in biological media, was used
for the first time. The properties of arabinogalactan
(water solubility, the presence of functional groups
for modification, low immunogenicity) make it an ideal
basis for the creation of nanoconjugates with Gd** ions
[12, 13]. The use of gadolinium nanoparticles encapsu-
lated in an arabinogalactan matrix for magnetic reso-
nance contrast diagnostics, in our opinion, will allow
a reduction in the administered dose of the contrast
agent while maintaining effectiveness, which will sig-
nificantly reduce the toxic load on the body.

AIM

Comparative assessment of the magnetic contrast
properties of a gadolinium nanocomposite and a gado-
linium-based contrast agent.

MATERIALS AND METHODS

As the test material for MRI, we used a prepara-
tion containing gadolinium nanoparticles stabilized
with arabinogalactan (Gd-AG), which was produced
at the V.V. Voevodsky Institute of Chemical Kinetics
and Combustion of the Siberian Branch of the Rus-
sian Academy of Sciences. Arabinogalactan is a natural
nanostabilizing polysaccharide, which is a water-solu-
ble white or cream powder, tasteless and odorless, con-
sisting of two monosaccharides: galactose and arabi-
nose.The nanocomposite consists of chelate complexes
of bioflavonoids and Gd** gadolinium nanoparticles
encapsulated in water-soluble arabinogalactan macro-
molecules. The gadolinium content (4.8 %) was deter-
mined using a TM 3000 scanning microscope (Hitachi,



Japan) with an X-ray energy-dispersive microanaly-
sis attachment. Electron microscopy for particle size
distribution was performed on a Leo 906 E transmis-
sion electron microscope (Zeiss, Germany); the sizes
of the metal-complex nanoparticles ranged from 1
to 72 nm, with an average size of 12-15 nm. The shape
of the nanoparticles and the nanocomposite macro-
molecules was spherical. As a reference preparation
for MRI studies, we used the commercially available
preparation Gadodiamide (brand name - Omniscan®),
a paramagnetic contrast agent based on a monomo-
lecular gadolinium chelate complex. It is used for in-
travenous administration in MRI, with a concentration
of 0.5 mmol/mL. The active ingredient in Gadodiamide
is gadodiamide, and the solution contains 0.5 mmol
(287 mg) of gadodiamide per milliliter of solu-
tion. Gadodiamide is a positive MRI contrast agent
and a clinically safe gadolinium-chelate complex.
Itisadministered as a parenteral solution of gadolinium,
and its chemical structure is represented by the formu-
la [5,8-bis(carboxymethyl)-11-[2-(methylamino)-2-ox-
oethyl]-3-o0x0-2,5,8,11-tetraazatridecan-13-oato(3-)]
gadolinium (C16stGdNSOS).

The study of the magnetic resonance contrast prop-
erties of the gadolinium nanocomposite and the ref-
erence preparation (Omniscan®), administered intra-
venously to Wistar rats, was conducted using an MRI
system at the Best Veterinary Clinic in Novosibirsk, Rus-
sia. The MRI system used in the study was a Siemens
Avanto (SIEMENS) scanner with a 1.5-T magnetic field.
A T1-weighted imaging protocol was employed, which
included fat suppression (T1vibe_fs): TR (repetition
time) - 5.5 ms; TE = 2.7 ms, FOV = 160, slice thickness -
2.5 mm. Images were obtained using a 256 x 256 pixel
matrix.

At the first stage, a pilot study was conducted to in-
vestigate the intensity of T1-weighted images of phan-
toms that contained a solution of the gadolinium nano-
composite and the reference preparation (Omniscan®)
with equivalent concentrations of gadolinium. The gad-
olinium nanocomposite solution was prepared by ad-
justing the amount of gadolinium to match the thera-
peutic dose of Omniscan® (0.1 mmol/kg). Both phantom
studies and in vivo experiments used this gadolinium
solution. Equal volumes (1.5 mL) of the prepared solu-
tions contained 5.5 mg/mL of gadolinium in ionic form
and in nanoform. A control tube contained only 1.5 mL
physiological saline.

At the second stage, the effect of the gadolinium
nanocomposite on the intensity and quality of MRl im-
ages upon administration of gadolinium-containing
agents to healthy female white rats was evaluated. To as-
sessthe contrast properties of the gadolinium nanocom-
posite, 5 rats underwent MRI before and after receiving
a gadolinium-containing agent (intravenous injection,
n = 2; intraperitoneal injection, n = 1) and Omniscan®

1 https://povidar.ru/posts/2025/03/31/vidar-dicom-viewer-3-4-2.html
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(intravenously, n = 2). The MRI procedure was per-
formed under anesthesia using ketamine injections
through a peripheral 29G catheter according to the fol-
lowing scheme: an initial anesthetic dose of 100 mg/
kg ketamine for anesthesia induction, followed by two
subsequent injections of 50 mg/kg. Anesthetized ani-
mals were placed on a feedback-controlled heating pad
at 37°C to maintain body temperature. Adequate anes-
thesia was confirmed by the absence of the righting re-
flex and response to tail pinch. The next dose (50 mg/
mL) was administered when the animals regained re-
sponse to tail pressure stimuli. The average anesthetic
duration was 2.5 hours. Anesthetized animals received
intravenous injections of the following doses of test
agents: Omniscan® - 0.2 mL/kg (0.025 mmol/kg equiv-
alent to 14.3 mg/kg gadolinium) and gadolinium nano-
composite - 0.346 mg/kg in 1.5 mL physiological saline
(equivalent to 3.5-4.13 mg gadolinium depending
on body weight). For MRI, the animals were positioned
in a ventral position within a head coil. A preliminary
MRI scan was performed, followed by the administra-
tion of either the gadolinium nanocomposite or the ref-
erence preparation via a catheter inserted into the lat-
eral tail vein. A second MRI scan was then performed,
with images acquired every 2-3 minutes.

The center of the scanning area was
the abdominal cavity and the retroperitoneal space,
with the chest being included in the field of view.
During the image processing using the region-of-inter-
est tools on the T1-weighted MRI images of the white
rats, various regions were selected, including muscles,
the heart, urinary bladder, renal cortex and medulla,
as well as liver parenchyma.

The contrast effect of the nanocomposite
and the reference preparation was assessed us-
ing the contrast coefficient (CC). This was calculat-
ed as the ratio of the mean intensity value obtained
from five measurements of internal organs (liver pa-
renchyma, myocardium, renal cortex, renal medulla,
and urinary bladder) in rats, to the mean intensity val-
ue from five measurements in the lower limb muscle
region of the experimental animals.

Image processing was performed using the Vidar
Dicom Viewer software package (version 3.4.2)".

Statistical analysis of the study results was conduct-
ed using Statistica 6.1 (StatSoft). The Shapiro — Wilk
W-test was employed to determine the distribution
type. For comparing groups (before and after contrast
agent administration), Student’s t-test for paired sam-
ples was used. Null hypotheses regarding no differenc-
es between the groups were rejected if the significance
level was p < 0.05.

Experimental studies were conducted at the vi-
var-iumoftheEast-SiberianInstituteof Medicaland Eco-
logical Research (ESIMER) using sexually mature white
Wistar rats weighing 180-230 g. The animals were



kept in a controlled environment with a 12-hour light/
dark cycle and regulated temperature (22 + 3°C).
The humidity was maintained at 60 %, with free ac-
cess to clean drinking and food that contained all
necessary vitamins and trace elements. The vivarium
of the ESIMER has received a Certificate from the An-
garsk Animal Disease Control Station, (April 21, 2023),
confirming that it meets all veterinary and sanitary
requirements for housing, handling, and conducting
experiments on laboratory animals, as well as ensur-
ing the safety of laboratory animals in terms of veteri-
nary and sanitary standards. The work was conducted
in compliance with the principles of humane treat-
ment of animals, as outlined in the Helsinki Declara-
tion on the Humane Treatment of Animals adopted
by the World Medical Association (revised in Octo-
ber 2008) and the European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental
and other Scientific Purposes, signed in Strasbourg
on March 18, 1986, as well as the “Rules of Laboratory
Practice”, issued by the Ministry of Health and Social
Development on August 23, 2010 (Order No. 708n).
Prior to initiating the study, approval was obtained
from the local eth-ics committee of the ESIMER, which
confirmed that the procedures for handling animals
were in accor-dance with ethical standards (Protocol
No. 5, November 27, 2024).

RESULTS

The study of the intensity of T1-weighted images
of phantoms containing a solution of a gadolinium
nanocomposite and a reference preparation (Omnis-
can®) at equivalent concentrations (in terms of gadoli-
nium) showed that both agents significantly enhanced
T1-weighted image contrast at this concentration.
Equal volumes (1.5 mL of physiological saline) of pre-
pared solutions containing 5.5 mg/mL of gadolinium
in ionic form and in nanoform, were used. The control
tube contained only 1.5 mL of physiological saline.
It was found that the MR relaxation parameters for Om-
niscan® and Gd-AG in aqueous solution were 507 * 40
arbitrary units and 356 + 27 arbitrary units, respective-
ly, which exceeded the signal from physiological saline
by 7-8 times (Fig. 1).

Therefore, the results of the study on phantoms
demonstrated that the gadolinium nanocomposite ex-
hibits imaging properties that make it a potential diag-
nostic magnetic contrast agent.

Figures 2 and 3 show T1-weighted images of a white
rat’s urinary bladder and kidneys at the levels of max-
imum long-axis projection and maximum cross-sec-
tional area, respectively, illustrating the dynamics
of Omniscan® accumulation over 20 minutes after ad-
ministration. In the kidneys of white rats, gadodiamide
was visualized as early as 3 minutes (p = 0.01) after in-
travenous administration (Fig. 3), while in the urinary
bladder, it was seen from 5 minutes (from 7 minutes,
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FIG. 1.
T1-weighted image of phantoms containing Omniscan® (A), Gd-
AG (B), and saline (C) (TR =4.6 ms; TE=2.1 ms)

FIG. 2.

T1-weighted image showing the dynamics of Omniscan® accumu-
lation in the rat urinary bladder before (A) and at 3 (B), 5 (c), 10 (D),
15 (E), and 20 (F) minutes after intravenous administration

p = 0.0001, Fig. 2). The contrast coefficient increased
1.4-2.2-fold in the kidneys and 6.5-fold in the urinary
bladder. The intensity of T1-weighted images of the rat
myocardium did not change over time after Omniscan®
administration.

Figure 4 presents T1-weighted images of the body
of a white rat before and after the administration
of the gadolinium nanocomposite solution. After the in-
travenous injection of the gadolinium nanocompos-
ite, there was no noticeable increase in the intensity
of the images in any of the organs or tissues, including
the kidneys, heart, muscle, subcutaneous fat, and intes-
tinal structures, over the course of 30 minutes.



The absence of a contrast effect of the gado-
linium nanocomposite in the kidneys may be due
to the branched structure and high molecular weight
(approximately 20 kDa) of the arabinogalactan macro-
molecule that serves as a matrix for stabilizing the gad-
olinium nanoparticles. It is worth noting that the com-
parative characteristics of the renal barrier in different
animal species demonstrate significant differences
in glomerular membrane permeability. In humans,
the barrier is impermeable to molecules larger than
15,000 Daltons, while in rats it is impermeable to mol-
ecules exceeding 2,000 Daltons [14]. Given the larger
molecular weight exceeding the glomerular filtration
threshold and the negative charge of the studied gad-
olinium nanocompound, it is likely that these factors
hinder their penetration into the filtrate.

At the same time, after administration
of the gadolinium nanocomposite, there was an in-
crease in the T1-weighted signal in the liver parenchy-
ma of white rats, which reached statistical significance
(p =0.015) at 26 minutes compared to the pre-adminis-
tration level (Fig. 5). In the liver parenchyma, the max-
imum contrast coefficient CC, which is the ratio of im-
age intensities of internal organs to that of the muscles
in the rat’s hind limb, increased by 13 % compared
to baseline values (Table). Following the administra-
tion of Omniscan® a significant (p = 0.032) increase
in the intensity of the T1-weighted image of the liver
parenchyma was observed only once, at 2.5 minutes af-
ter administration (Fig. 5).

The obtained results indicate that the studied gad-
olinium nanocomposite accumulated in the liver pa-
renchyma and enhanced its image contrast.

Additionally, the imaging characteristics were
evaluated following intraperitoneal administration
of the gadolinium nanocomposite into white rats
at doses similar to those used for intravenous admin-
istration. Figure 6 shows frontal T1-weighted MRI sec-
tions of the body of a white rat after intraperitoneal in-
fusion of the gadolinium nanocomposite solution.

As can be seen from Figure 6, when Gd-AG was ad-
ministered intraperitoneally to rats, it was clearly vis-
ible in the abdominal cavity, confirming its potential
for enhancing contrast.

DISCUSSION

As a result of the study, the contrast properties
of the gadolinium nanocomposite were evaluated
in laboratory animals. The unequivocal presence of con-
trast properties in the gadolinium nanocomposite was
confirmed through phantom studies, which demon-
strated its imaging capabilities, as evidenced by sig-
nificant enhancement of T1-weighted images similar
to those produced by the reference agent Omniscan®.
Additionally, potential magnetic contrast properties
were also established upon intraperitoneal admin-
istration of the gadolinium nanocomposite in rats,
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with clear visualization in the abdominal cavity using
MRI. In this case, the studied nanocomposite remained
in the abdominal cavity in an almost undiluted state,

FIG. 3.

T1-weighted images showing the dynamics of Omniscan® accu-
mulation in the rat kidneys before (A) and at 3 (B), 5 (C), 10 (D),
15 (E), and 20 (F) minutes after intravenous administration

FIG. 4.

T1-weighted images showing the dynamics of gadolinium nano-
composite accumulation in the rat heart and liver parenchyma be-
fore (A) and at 8 (B), 16 (C), 22 (D), 26 (E), and 30 (F) minutes after
intravenous administration
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FIG. 5.

Changes in T1-weighted image intensity in rat internal organs after intravenous administration of the gadolinium nanocomposite

and Omniscan®

as there is typically a small amount of serous fluid pres-
ent between abdominal organs. Since the circulating
blood volume in white rats averages 50-70 mL/kg [15],
upon intravenous administration, the studied contrast
agents were diluted in 9-16.8 mL of blood. At the same
time, the concentration levels of these agents were
9-11 times lower than those at which image intensity
enhancement was recorded in phantom studies. It can
be assumed that the concentration of the nanocom-
posite after intravenous administration was insufficient
for its contrast properties to manifest, and further stud-
ies are required to evaluate the effective dose of this
agent.

However, the pharmacodynamics properties
of gadolinium nanoparticles encapsulated within arab-
inogalactan in terms of their localization, organ accu-
mulation, and the magnitude and duration of magnetic
resonance contrast effects, differed from the gadolin-
ium chelate contained in the commercial preparation
Omniscan®. The studied compounds had significant
differences in the degree of renal and urinary bladder
enhancement. Contrast enhancement of the kidneys
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and urinary bladder with Omniscan® was pronounced
and observed as early as the second minute after ad-
ministration. Upon administration of the gadolinium

FIG. 6.

T1-weighted images showing Gd-AG accumulation in the rat ab-
dominal cavity before (A) and at 20 (B) minutes after intraperito-
neal administration

Clinical laboratory diagnostics



TABLE

MAXIMUM CONTRAST COEFFICIENTS ON T1-WEIGHTED IMAGES IN RAT ORGANS AFTER ADMINISTRATION
OF THE GADOLINIUM NANOCOMPOSITE AND OMNISCAN®

Agent Liver parenchyma Myocardium
Gd-AG 1.77 0.76
Omniscan® 1.57 0.87

nanocomposite at a dose equivalent to one diagnostic
dose of Omniscan® (in terms of gadolinium), gadolini-
um was not visualized in the kidneys or urinary bladder
for 40-50 minutes after intravenous administration.
In our opinion, this is due to the large molecular weight
and the negative charge of the molecule of the studied
gadolinium nanocomposite, which impede its penetra-
tion into the renal filtrate.

At the same time, the maximum contrast coeffi-
cient of the gadolinium nanocomposite within the liv-
er parenchyma was higher than with Omniscan® ad-
ministration. Gadolinium nanoparticles encapsulated
in arabinogalactan accumulated in the liver 26 min-
utes after intravenous administration, with the max-
imum contrast coefficient of the gadolinium nano-
composite increasing by 20 % compared to baseline.
Whereas with Omniscan® administration, an increase
in the intensity of the T1-weighted image of the liver
parenchyma was observed only by 13 %. It is known
that arabinogalactan has a high affinity for asialogly-
coprotein receptors, the greatest number of which are
found on hepatocytes, and belongs to polysaccharides
that enter the cell via receptor-mediated endocytosis
[16]. Available literature data on the pharmacokinet-
ics and biodistribution of arabinogalactan indicate
that upon intravenous administration, arabinoga-
lactan is distributed mainly in the liver, accounting
for up to 52 % of the administered dose [17]. The sub-
stance also accumulates in the liver for an extended pe-
riod, lasting more than 5 days.

It should be noted that the studies conducted were
performed on healthy experimental animals with no
pathology or lesions. Pathological tissues metaboli-
cally differ from healthy tissues, and therefore capture
contrast agents more effectively, leading to more con-
trast-rich MRI images. In this context, the evaluation
of the contrast properties of the studied gadolinium
nanocomposite under conditions of experimental
modeling of liver pathology, including both oncologi-
cal and non-oncological diseases, becomes particularly
important. A more in-depth examination of its effects
on relaxation processes in both normal and pathologi-
cal tissues is necessary.

Study limitations

The studies were limited to the analysis
of the MRI contrast properties of gadolinium nanopar-
ticles in healthy white rats, without any pathological

Renal cortex Renal medulla Urinary bladder
1.16 0.97 0.65
1.37 2.24 263

processes in the tissues that could potentially affect
the final imaging contrast enhancement outcomes.

CONCLUSION

Overall, the use of gadolinium nanocomposite
for MRI diagnostics is promising. However, at pres-
ent, it is premature to discuss the clinical application
of the studied gadolinium nanocomposite. Further
research is needed to fully understand their effects
on relaxation processesin normal and abnormal tissues.
At the same time, the use of arabinogalactan molecules
as a stabilizing ligand in the nanocomposite, which has
a hepatocellular targeting effect, expands the poten-
tial uses of this nanocomposite for receptor-mediated
delivery of gadolinium nanoparticles to parenchymal
liver cells when visualizing pathological changes in liv-
er tissue. Safety and efficacy of gadolinium nanopar-
ticle-arabinogalactan conjugates will be confirmed
through further animal studies and clinical trials.
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ABSTRACT

Background. Avian paramyxoviruses (subfamily Avulavirinae) are widespread avian
pathogens that constantly circulate in wild and domestic animal populations. The sub-
family Avulavirinae is divided into 3 genera, comprising 22 species. Epizootic surveil-
lance of avulaviruses is conducted worldwide and is of critical importance due to their
rapid spread via bird migrations. Avian viruses can cause significant economic damage
to the poultry industry both in developing countries and in regions with sustainable
economic development. Their infectious potential is of great interest and remains poor-
ly understood.

The majority of intercontinental flyways of migratory birds pass through the territory
of continental Eurasia, where large numbers of migratory birds congregate in confined
areas during stopovers, nesting and wintering. This creates favorable conditions for vi-
rus transmission and the emergence of new genetic variants.

Aim. To analyze the species distribution of paramyxoviruses in wild birds across conti-
nental Eurasia.

Materials and Methodes. As a result of long-term studies of viruses in wild bird popula-
tions across continental Eurasia, avian avulavirus isolates were obtained.

Results. Avian avulavirus isolates of APMV -1, -3, -4, -6, -8, -9, -11, -12, -13, -16,
-20, and -21 were obtained. APMV-1 and APMV-4 were detected throughout Eur-
asia, most frequently in Anseriformes. APMV-3, -6, -9, -11, and -12 were recorded
in the European part of Eurasia, APMV-8, -13, and -20 in its central part, and APMV-6,
-16, and -21 in the Asian part, in Anseriformes, Passeriformes, Charadriiformes, Ciconii-
formes, and Psittaciformes.

Keywords: bird paramyxoviruses, avulaviruses, metaavulaviruses, orthoavulaviruses,
paraavulaviruses, continental Eurasia, Newcastle disease virus, wild birds
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PE3IOME

Llenb HacmosAuweii pa6omel 3ax/1104aemcs 8 AHasu3e 8U00B8020 PAcNPOCMpPAHeHUs
NapamuKcosupycos OUKUX NMUY Ha meppumopuu KOHMuHeHmassHou Espasuu.
Mapamukcosupycsl nmuy (nodcemelicmgo Agynasupycel) — WUPOKO pacnpo-
CMpaHeHHble NAMOozeHbl NMUL, NOCMOAHHO YUPKY/IUpyloujue 8 nonynayusx ou-
Kux u 0oMawHux xusomueix. [loocemelicmeo Asynasupycwl pasdeseHo Ha 3 pood,
sKoyarouwux 22 sudd. 3nuzomoosiozudeckuli Ha030p 3a asy1dsupycamu 8edemcs
no 8cemMy MUpPY U OYeHb BAXeEH U3-3a UX 6bICMpP0o20 pachpocmpaHeHus 6iazooaps
Muzpayuam nmuy. Bupycel nmuy cnocobHsl HaHecmu 3Ha4umesibHbIl 3KOHOMUYe-
ckull yujep6 ompacsiu nmuyesoocmaad. Mx uHgekyuoHHeIl nomeHyuan npedcmas-
n1sem cobou 6onbwoli UHMepec U A8/1Aemcs MAou3yyeHHbIM.

Yepe3s meppumopuro KOHmMuHeHmaneHol Espasuu npoxooum OCHOBHAA 4dCMb
MeXKOHMUHeHMAslbHbIX nepesiemHbix nymel Muzpupylouux nmuy, 20e Ha ozpd-
HUYEHHOU MeCmHOCMU KOHUeHMpupyemcsa 02pOMHOe KO/U4ecmaeo nepesiemHbix
nmuy 80 8peMs CMosAHOK, 2He3008dHUS U 3UMOBOK, Ymo co30dem 6/1d2onpusimHsie
ycso8us 018 pacnpocmpaHeHUs 8UPYCco8 U 803HUKHOBEHUSA HOBbIX 2eHemuyecKux
8dpudHmos.

B pe3ynsmame MHO20/1eMHUX UCC/I008AHUL 8UPYCO8 8 NONYAAYUAX OUKUX MUy
Ha meppumopuu KOoHmMuHeHmManeHoU Egpasuu 6biau 8bideneHb 06pasysl agynasu-
pycose nmuy APMV-1,-3,-4,-6,-8,-9,-11,-12,-13,-16, -20, -21. 1o eceti meppumopuu
Eepasuu 6sinu seiasneHst APMV-1 u APMV-4, naubonee 4yacmo — y 2yceobpasHsbix.
Budei APMV-3, -6, -9, -11, -12 6b171u omMmeyeHbl 8 eaponelickoli yacmu Eepazuu, 8udbl
APMV-8, -13, -20 8 ee yeHmpanoHol Y4acmu, sudsel APMV-6, -16, -21 8 asuamckoli
yacmu y 2yceobpasHwix, 80poObUHO0OPA3HbIX, PXXAHKOOOPA3HbBIX, AUCMOOOPA3HbIX,
nonyzaesbix.

Knroyeesie cnioea: napamukcosupycbl nmuu, agyiasupycel, Memaagynasupycol, op-
moasynasupycel, Napadsynasupycel, KOHMuUHeHmManeHas Eepasus, eupyc 6onesHu
Hetokacna, dukue nmuupl

Ona untunposaHua: ConomatnHa M.B. Kasaukosa E.A. Llapwos K.A. MyuweHko A.B,
Lectonanos A.M. SKkonormnyeckme acnekTbl LMPKYIALMM MapaMUKCOBMPYCOB B NOMynA-
LMAX AMKUX NTUAL, Ha TEPPUTOPUN KOHTUHEHTanbHol EBpasun. Acta biomedica scientifica.
2026; 11(3): 47-56. doi: 10.29413/ABS.2026-11.3.6
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INTRODUCTION

Viral pathogens are widespread and continuously
circulate in human, animal, and bird populations, posing
a major threat to health. Viruses of the family Paramyxovi-
ridae have a broad host range and are isolated from fish,
reptiles, birds, animals, and humans worldwide [1]. Avian
viruses (subfamily Avulavirinae) - avulaviruses, particu-
larly the Newcastle disease virus (NDV), receive special
attention due to their ability to spread rapidly across
the globe through bird migrations. Avulaviruses can also
cause significant economic damage to the poultry indus-
try, both in developing countries and in regions with sus-
tainable economic development. Many of the known avi-
an paramyxovirus species have been identified through
international epidemiological surveillance programs
for influenza viruses.

To analyze the species distribution of avulaviruses
across continental Eurasia, information was retrieved
from the elibrary.ru, CyberLeninka, Sciencelournals,
Scopus, Web of Science, ScienceDirect, SpringerLink,
and PubMed databases for the past 10 years.

Avulaviruses cause viral infections in various species
of domestic and wild birds [2]. Numerous cases of infec-
tion in synanthropic bird species have also been reported
[3], which constitute a distinct reservoir where viruses can
concentrate, persist, and undergo genetic changes. Syn-
anthropic birds, having been infected with avulaviruses
from wild birds, can transmit the infection to domestic
poultry. For instance, transmission of Newcastle disease
virus from pigeons to chickens has been described [4].

Newcastle disease virus in poultry, which belongs
to the genus Avian orthoavulavirus, is highly pathogenic
and capable of causing massive epizootics among wild
and domestic birds. This fact is particularly significant
as it poses a major economic threat to poultry indus-
tries worldwide. For example, the Advisory Committee
of the Eurasian Economic Commission on Dangerous
Pathogens has classified NDV as a biosafety level 2 patho-
gen in the United Kingdom [5].

The infectious potential of other avian paramyxo-
virus species (hereinafter APMV) remains poorly under-
stood. However, in recent years, these viruses have been
increasingly isolated from wild and domestic birds world-
wide and represent a potential health threat, as infection
of birds with certain virus species (avian paramyxoviruses
-2,-3)is associated with respiratory tract lesions, decreased
egg production, and neurological symptoms [5]. There
is also a possibility of infection in non-avian species. It has
been shown that avian paramyxoviruses 1-9, except avian
paramyxovirus -5, can replicate in mice and hamsters upon
intranasal infection, with avian paramyxoviruses -1, -2, -6,
-7, -9 causing broncho-interstitial pneumonia of varying
severity and significant weight loss [6].

Classification

Avian paramyxoviruses belong to the subfamily Avu-
lavirinae, which is part of the family Paramyxoviridae.
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Species division is based on hemagglutination inhibi-
tion and neuraminidase inhibition assays. According
to the latest taxonomic data, the order Mononegavirales,
subfamily Avulavirinae comprises three genera [7]:

Genus Metaavulavirus (14 species, including Avian
metaavulavirus -2, -6; Avian paramyxovirus -2, -5-8,-10,-11,
-14,-15,-20,-22);

Genus Orthoavulavirus (11 species, including Ortho-
avulavirus sp. Virus, Antarctic penguin virus A, B, C, APMV -1,
-9,-12,-13,-16,-21, ACAV -12);

Genus Paraavulavirus (including species Paraavulavi-
rus -3, -4).

Viruses APMV -1, -9, APMV -2, -5-8, and species APAV
-3, -4 were isolated and characterized before 1980, while
APMV -10, -11, APMV -12, -13 were identified between
2005 and 2013. APMV -14, isolated from a duck in Japan
in 2011 [8], AMAV-15, isolated from a sandpiper (Bona-
parte’s sandpiper, family Scolopacidae) in Brazil in 2012
[9], and APMV -16, isolated from a wild duck in South
Korea in 2014 [10], were included in the subfamily
Avulavirinage in 2018 [11]. Antarctic penguin viruses A,
B, C were isolated from Antarctic penguins (Chinstrap
penguin, Adelie penguin) in 2017 [12]. Also, in 2013
and 2014, AMAV-20 (GenBank: MH844489.1) was isolat-
ed from gulls in Kazakhstan [13]. APMV-21 was isolated
from wild birds in South Korea in 2017 [14]. APMV-22
was isolated from samples collected from red turtle
doves in Taiwan [15].

Ecological Aspects of Avulavirus Circulation in Wild
Bird Populations of Continental Eurasia

Continental Eurasia is a vast territory through
which most intercontinental migratory flyways of birds
pass: the East Asian-Australasian, Central Asian, West
Asian-East African, Mediterranean-Black Sea, and At-
lantic flyways [16], where large numbers of migratory
birds concentrate in confined areas during stopovers,
nesting, and wintering. Currently, there are about 250
species of wild birds that are natural carriers of NDV
and other avulaviruses. Thus, favorable conditions
are created for the further spread of various avula-
virus types among birds and infection of healthy in-
dividuals. In this regard, monitoring of viral diseases
in birds and characterization of obtained virus isolates
are of great importance. Surveillance of avulavirus-
es in natural environments, as well as in high-risk ar-
eas for virus transmission between domestic and wild
birds, will provide information on the ecology, epizoot-
iology, and genetic relationships of viruses. These data
can offer insight into currently circulating virus types
and contribute to risk assessment of epizootics in do-
mestic and wild bird populations.

Ecological Aspects of Avian Avulavirus-1 Circulation
in Wild Bird Populations

Avian Avulavirus-1 is currently the most studied,
as it includes all strains of NDV, which is economically



significant for poultry production due to the high conta-
giousness of the disease it causes in commercial and do-
mestic poultry. Infection with viruses of this species can
vary in severity — from asymptomatic or mild carriage
to severe disease, accompanied by fever, respiratory
tract lesions, pneumonia, multiple hemorrhagic lesions
of internal organs, CNS involvement, encephalitis, lead-
ing to death [5]. Based on pathogenicity, these strains
are classified as velogenic, mesogenic, and lentogenic
types. The varying levels of pathogenicity are determined
by the amino acid sequence composition of the protease
cleavage site of the F,[17].NDV strains cause viral diseas-
es in wild and domestic birds. A separate group includes
avulavirus-1 strains infecting wild and domestic pigeons,
which are also contagious to other bird species, posing
a primary threat to domestic and commercial poultry
populations [17].

NDV is endemic to developing countries in Afri-
ca, Asia (India, Pakistan, Iran), and Central America
with predominantly agricultural economies, where
poultry production plays a significant role. Despite vac-
cination programs, periodic outbreaks are also record-
ed in developed countries such as the USA, Australia,
and the EU. NDV was first characterized in 1926 in In-
donesia and the United Kingdom, then in 1928 in India,
and in the 1920s-1950s caused the first panzootic wave
of Newcastle disease. The virus subsequently spread
to eastern regions of Eurasia, causing a second wave
of epizootics in Middle Eastern and European countries
in the 1960s. Phylogenetic analysis has shown related-
ness between isolates collected in Denmark, Sweden,
Switzerland, and Austria and Middle Eastern isolates
from the 1960s, whereas isolates from Germany, Bel-
gium, the Netherlands, Italy, and Spain had a more
recent origin and were novel to the European region,
being genetically similar to isolates from the Far East
[18]. In the 1980s, no major NDV outbreaks were ob-
served in European countries, but since the early
1990s, the number of registered NDV cases has been
steadily increasing. In 1996, NDV caused outbreaks
in Scandinavian countries, and a genetically related
NDV strain was isolated from birds in Germany in 1993-
1996, then in Finland and Denmark in 2001 [19], as well
as in Sweden and Denmark in 2002-2004. In the period
2000-2009 and in 2016, pigeon NDV infections were
regularly reported in Europe. In Switzerland in 1996,
antibodies to APMV-1 were found in 10 % of wild
birds during serological surveys. Individual NDV epi-
zootic outbreaks were recorded in Italy from 1990
onward, and then almost annually from 2000 to 2009
in wild mallard populations. In 2005, PPMV-1 strains
were isolated from various bird species: mallards (or-
der Anseriformes) and robins (order Passeriformes);
similar isolates were also identified in northern Ita-
ly from pigeons. NDV cases were reported in Austria
in 2004 and in France in 2006 in Columbidae birds
[19]. Virological screening of samples from wild water-
fowl in Finland in 2006-2010 detected 39 NDV strains.
Positive NDV samples were most frequently found
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in Eurasian teal and mallards. The highest NDV preva-
lence among wild birds was recorded in 2010 at 11.8 %.
Phylogenetic analysis of these samples revealed their
close relatedness to strains from wild and domestic
birds in China [20]. In 2010, a study of NDV prevalence
among wild mallard populations captured in Sweden
during the autumn migration found that 1 % of birds
were infected with NDV. Phylogenetic analysis showed
close relatedness to strains from central and northern
Europe, as well as to a small group of strains isolated
from birds in southeastern China [20]. NDV strains de-
tected in 2006-2008 in wild waterfowl populations
in Luxembourg were genetically close to viruses found
in birds in Finland. These data suggest the potential
spread of NDV by migratory birds [21]. In Serbia, NDV
was detected in wild birds (mallard, Eurasian sparrow-
hawk, collared dove, feral pigeon) in 2007, phyloge-
netically close to strains from China. However, it was
noted that the strain isolated in Serbia was genetically
similar to samples most commonly isolated in Europe
at that time from domestic poultry, suggesting that
domestic birds could have been the source of infection
for wild birds [19]. From 2010 to 2016, 35 fatal cases
among wild birds caused by NDV were detected in Cat-
alonia (northern Spain), with the number of infections
increasing over this period. Most cases were recorded
from September to February, which the authors at-
tribute to favorable conditions for virus persistence
in the environment (in water) during this period, as NDV
is transmitted via the fecal-oral route [22]. During viral
infection surveillance in Romania from 2010 to 2016,
antibodies to NDV were detected in 5.4 % of the wild
bird population, the first such detection in this territo-
ry [23]. These data indicate active circulation of NDV
strains among wild waterfowl and Columbidae, as well
as further spread of NDV across continental Europe
[24]. In Russia, in 2001, NDV isolates were obtained
from wild birds in the Astrakhan region (Volga River ba-
sin): little tern, great cormorant, coot, whiskered tern,
and common redshank. In 2001, an NDV strain was iso-
lated during virological monitoring of wild bird popu-
lations in Primorye. In 2004, an NDV strain was isolated
from teal, which exhibited greater pathogenic prop-
erties compared to the 2001 isolate [25]. NDV isolates
were also obtained from wild ducks in Adygea in 2008
and from a pigeon in Altai in 2010 [26]. In 2011, NDV
was isolated from a wild mallard in Yakutia, phyloge-
netically close to strains from China, Japan, and South
Korea [27]. From 1998 to 2005, periodic NDV outbreaks
were observed in domestic poultry in Kazakhstan
and Kyrgyzstan [28]. During virological surveillance
in 2011 and 2014, APMV-1 viruses were detected in wild
birds from 17 families across nine regions of Kazakh-
stan [28]. Nine NDV isolates were obtained from vi-
rological analysis of wild birds in South Korea during
2007-2010, and their similarity to isolates from live
bird markets in Korea and China was noted, confirm-
ing the role of wild migratory birds in NDV spread [29].
Regular NDV outbreaks have been reported in China



since 1996. Genetic analysis of NDV isolates has shown
that NDV can actively mutate, generating unique vari-
ants with novel properties and pathogenic potential
capable of causing a panzootic in the Asian region
in the future [30]. In India in 2012, cases of NDV infec-
tion in wild peafowl were reported, with strains genet-
ically related to those from Western Europe, Israel, In-
donesia, Taiwan, and India [31]. A large number of NDV
outbreaks were recorded in Pakistan during 2010-2012,
including among captive wild birds [17]. The presented
data show that NDV is persistently present and con-
tinuously circulates in the European and Asian parts
of Eurasia, periodically causing epizootics among wild
and domestic birds. A case of mixed infection of a wild
mallard with NDV and Avian Avulavirus-4 was noted
in Israel in 1997. The fact of mixed infection of a sin-
gle individual with different paramyxovirus species
is of great importance for epizootiology, as it may alter
the clinical presentation of diseases, enhancing or at-
tenuating their severity [32].

According to reports on avian paramyxovirus de-
tection in the European Union in 2016, 12 countries
reported no paramyxovirus isolates on their territo-
ry (Croatia, Estonia, Finland, Hungary, Northern Ire-
land, Latvia, Lithuania, Luxembourg, Norway, Poland,
Greece), while 19 countries reported detection of avi-
an paramyxoviruses. Among these, 11 EU countries re-
corded avulavirus cases in wild birds: Austria — Avian
Avulavirus-1 in feral pigeons; Belgium - Avian Avulavi-
rus-1in pigeons, Avian Avulavirus-3 in captive Psittaci-
formes, Avian Avulavirus-6 in mallards. In Cyprus,
positive samples of Avian Avulavirus-1 were found
in urban pigeons; in the Czech Republic - Avian Avu-
lavirus-1 in collared doves; in Denmark — Avian Avu-
lavirus-1, -4 in wild mallards and Avian Avulavirus-9
in farmed mallards. In France - Avian Avulavirus-1
in doves and pigeons; in Italy - in doves and spar-
rowhawks; in the Netherlands - in wild and urban
ducks; in Portugal - in common and collared doves;
in Slovakia — in pigeons and common doves; in Spain -
in doves, Eurasian tawny owls, and pigeons. The final
report on avian paramyxovirus detection noted that
in 2016, three NDV epizootics were recorded in EU
countries compared to two in 2015, indicating a per-
sistent and increasing threat of new epizootics. The re-
port also noted a large number of infections in pigeons
and Columbidae, which may contribute to virus spread
in commercial and domestic poultry populations.
It also emphasized the particular importance of mon-
itoring not only Avian Avulavirus-1 but also other avi-
an avulavirus species [33]. Surveillance of other Avian
Avulavirus species has shown their constant presence
in wild bird populations of continental Eurasia. Thus,
serological surveys of 18 wild bird species in Andalu-
sia (southern Spain) in 1990-1992 detected antibod-
ies to all Avian Avulavirus-1-9 species except Avian
Avulavirus-5. Among waterfowl, Avian Avulavirus-8
(43 %) and Avian Avulavirus-6 (21 %) predominated,
mainly in Anseriformes, while among non-aquatic
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bird species, Avian Avulavirus-2 (60 %) in sparrows
constituted the largest proportion. It was also noted
that the highest antibody levels to avulaviruses were
recorded from May to September, during the period
of maximum juvenile density in bird flocks [3].

Ecological Aspects of Avian Avulavirus-3 Circulation
in Wild Bird Populations

Isolation of an Avian Avulavirus-3 strain was report-
ed only once - from Psittaciformes in Belgium in 2016.
Avian Avulavirus-3 infection caused encephalitis in birds
of this family. Avian Avulavirus-3 can also infect chickens
and turkeys, causing respiratory tract lesions of varying
severity, pancreatitis, and CNS involvement in passerine
birds [5, 33].

Ecological Aspects of Avian Avulavirus-4 Circulation
in Wild Bird Populations

Avian Avulavirus-4 has become widespread across
continental Eurasia. It is typically isolated from wild
waterfowl. It was first isolated from a duck in Hong
Kong in 1975, and subsequently from mallards, grey
ducks, teals, and geese during surveillance pro-
grams in the USA and China. In Eurasia, Avian Avula-
virus-4 was isolated in Italy from mallards and ducks,
and in Belgium from mallards in 2006 and 2007, respec-
tively [34]. In 2016, it was isolated from wild mallards
in Denmark [33]. In Ukraine, Avian Avulavirus-4 isola-
tion cases were reported in 2010 from mallards, teals,
and starlings; in 2011-2013 from mallards, and in 2014
from teals [35]. In Russia, Avian Avulavirus-4 was iso-
lated from teals in 2017 and 2018, and from a mallard
in 2019 [25]. In Kazakhstan - from wild Anseriformes
on Lake Alakol and from a curlew on the Caspian Sea
coast in 2003 and 2009 [36]. In Mongolia - from mal-
lards in 2012 [37]. In China, Avian Avulavirus-4 iso-
lates were obtained during 2012-2016 from wild wa-
terfowl (mallard, swan, greater white-fronted goose,
and grey duck) [38]. In South Korea, Avian Avulavi-
rus-4 samples were isolated in 2006, 2007, 2009-2014,
2016, and 2017 from wild waterfowl (mallard, grey
duck) [39]. The pathogenic potential of Avian Avula-
virus-4 is poorly understood. Experimental infection
of chickens caused moderate pneumonia and catarrhal
tracheitis.

Ecological Aspects of Avian Avulavirus-6 Circulation
in Wild Bird Populations

Avian Avulavirus-6 is also most frequently isolated
from wild waterfowl. This serotype was first isolated
in 1977 in Hong Kong from a duck. In 2007, an isolate
from a teal in Italy was characterized as Avian Avulavi-
rus-6 [5]. It was also isolated in 2007 and 2016 in Bel-
gium [33]. In 2003, it was isolated in Russia in Primor-
ye from grey herons [3], and in 2009 from a teal [40].
In Kazakhstan - from a red-crested pochard in 2013



[41]. In China, Avian Avulavirus-6 samples were iso-
lated from wild mallards in 2001, 2011, and 2015 [41].
In South Korea - from wild ducks in 2010, 2011, 2013,
and 2014 [42]. The infectious properties of Avian Avu-
lavirus-6 are poorly understood. It is known that Avian
Avulavirus-6 is avirulent for chickens, but causes mod-
erate respiratory disease and reduced egg production
in turkeys.

Ecological Aspects of Avian Avulavirus-8 Circulation
in Wild Bird Populations

Avian Avulavirus-8 was first isolated from a Can-
ada goose in 1976 among waterfowl of the Atlan-
tic flyway, and then from a wild pintail duck in 1978
in Japan. In Eurasia, Avian Avulavirus-8 isolates were
obtained in Mongolia from wild waterfowl in 2012
[37] and in Kazakhstan from wild waterfowl (waders,
whooper swans, greater white-fronted geese) in 2013
[36]. Avian Avulavirus-8 isolates are most frequently
found in waterfowl, but a case of antibodies to Avian
Avulavirus-8 in chickens has been noted, as well as its
ability to replicate in mammals (hamsters, mice, rhesus
macaques).

Ecological Aspects of Avian Avulavirus-9 Circulation
in Wild Bird Populations

Avian Avulavirus-9 isolation cases were reported in It-
aly in 2004, 2007, and 2008 in wild waterfow! of the Anati-
dae family (pintail, mallard, wigeon) [5]. In Denmark
in 2016, an Avian Avulavirus-9 infection case was noted
in farmed mallards. Avian Avulavirus-9 can infect other an-
imal species (mice, hamsters, macaques) with clinical signs
of disease.

Ecological Aspects of Avian Avulavirus-11 Circulation
in Wild Bird Populations

In 2010, an Avian Avulavirus-11 isolate was obtained
from a snipe in France. The habitat of these birds includes
muddy shores and wetlands. Phylogenetically, its closest
relative is Avian Avulavirus-2. The Avian Avulavirus-11
sample was obtained from a bird without clinical signs.
Its pathogenic potential and virulence properties have
not yet been studied [5].

Ecological Aspects of Avian Avulavirus-12 Circulation
in Wild Bird Populations

In Italy in 2005, as part of an influenza virus sur-
veillance program, an Avian Avulavirus isolate was
obtained from cloacal swabs of wigeons (order An-
seriformes) and was characterized as a new species,
Avian Avulavirus-12. Serological testing with Avian
Avulavirus-1-9 antisera showed genetic relatedness
of the Avian Avulavirus-12 isolate to Avian Avulavi-
rus-1, and to a lesser extent to Avian Avulavirus-9.
Virulence tests on day-old chicks demonstrated low
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virulence of Avian Avulavirus-12 for chickens (ICPI
0.45) [5].

Ecological Aspects of Avian Avulavirus-13 Circulation
in Wild Bird Populations

Avian Avulavirus-13 was isolated during annual vi-
ral surveillance of wild bird populations in Kazakhstan
in 2013 from a greater white-fronted goose. Phyloge-
netically, Avian Avulavirus-13 is closest to Avian Avulavi-
rus-12, as well as to Avian Avulavirus-1 and Avian Avula-
virus-9 [43].

Ecological Aspects of Avian Avulavirus-16 Circulation
in Wild Bird Populations

In 2014, as part of an avian influenza surveil-
lance program in southeastern South Korea, a nov-
el paramyxovirus sample was isolated from the feces
of wild birds inhabiting wetlands. Morphologically,
viral particles exhibited pleomorphic shapes typical
of paramyxoviruses, with characteristic surface glyco-
protein arrangements. Serological tests identified this
paramyxovirus sample as a novel species, Avian Avu-
lavirus-16. Phylogenetically, it is most closely related
to Avian Avulavirus-1, followed by Avian Avulavirus-9,
-12, and to a lesser extent -13. Serological testing
of samples from various wild bird species showed that
Avian Avulavirus-16 was found only in Anseriformes
(Eurasian teal, Eurasian wigeon, mallard, and spot-
billed duck) [10].

Ecological Aspects of Avian Avulavirus-20 Circulation
in Wild Bird Populations

In Kazakhstan in 2013 and 2014, a novel avian
paramyxovirus was isolated from nasopharyngeal
and cloacal swabs of wild black-headed gulls (order
Charadriiformes) and characterized as Avian Avulavi-
rus-20. Morphological examination showed that virions
had the structure typical of paramyxoviruses. Virologi-
cal studies demonstrated the absence of pathogenic
properties of Avian Avulavirus-20 in infected chickens.
It is important to note that Avian Avulavirus-20 was
isolated only from Laridae, whereas most avulavirus
species are characteristic of Anatidae. It can be hypoth-
esized that Charadriiformes may have greater suscepti-
bility to Avian Avulavirus-20 [13].

Ecological Aspects of Avian Avulavirus-21 Circulation
in Wild Bird Populations

In 2015, a novel avian paramyxovirus, Avian Avu-
lavirus-21, was isolated from the feces of wild mi-
gratory birds in South Korea (Cheonsu Bay, western
region of South Korea). Among the wild birds found
in this area are numerous waterfowl such as the great-
er white-fronted goose, bean goose, black crane, ruddy
shelduck, white-tailed sandpiper, common sandpiper,



wood sandpiper, yellow-billed egret, Eurasian spoon-
bill, as well as the Japanese buzzard, Eurasian hobby,
grey-headed bunting, and Japanese shrike [14].

Vaccination Challenges

Currently, low-pathogenicity strains such as LaSo-
ta are used for NDV vaccination of domestic and com-
mercial poultry. However, their ability to provide
sufficiently effective immune responses against new
wild strains phylogenetically distant from vaccine
strains remains questionable [19, 44]. Another cur-
rent issue in poultry vaccination is the interspecies
transmission of vaccine virus strains from domes-
tic poultry to wild birds. Various outbreaks caused
by vaccine strains in wild birds have been identified
in Mexico, Japan, and Finland [44, 45]. In light of this
situation, the strategy and criteria for vaccine strain
selection need to be reconsidered. Continuous mon-
itoring of wild and synanthropic bird species for viral
infections is also essential.

Practical Applications of Avulaviruses

An oncolytic effect has been discovered in some
paramyxoviruses (NDV), allowing their use in the devel-
opment of antitumor therapies [46].

The replication characteristics and conserved
genomic properties make them suitable and safe
for the development of vector vaccines. Currently, there
is an urgent need for effective vaccines against highly
virulent NDV strains. Naturally occurring low-virulence
NDV strains are currently used as live attenuated vac-
cines against NDV. However, as a result of routine vac-
cination, domestic poultry in some cases becomes less
sensitive to currently used vaccines. Avulavirus species
that do not cause clinical signs of disease could serve
as material for the development of recombinant NDV
vaccines [47].

CONCLUSION

From the data presented, it is evident that the pri-
mary carriers of avulaviruses among wild birds are wa-
terfowl. The most widespread and best studied is Avian
Avulavirus-1, known as Newcastle disease virus. Its res-
ervoir and vectors in the wild are most frequently birds
of the orders Anseriformes and Columbiformes. Cases
of Avian Avulavirus-1 detection have also been recorded
in birds of the orders Passeriformes, Galliformes, Gavii-
formes, Strigiformes, and Accipitriformes, indicating
a wide diversity of potential hosts and vectors for this
virus. The particular attention to this avulavirus variant
is explained by the fact that it causes massive epizootics
among domestic poultry, primarily chickens.

Avian Avulavirus-3 has been isolated only once (Bel-
gium) from captive Psittaciformes in the European part
of continental Eurasia.
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Avian Avulavirus-4 has most frequently been re-
corded in the Asian part of Eurasia (China, South Korea).
Avian Avulavirus-4 has been isolated from waterfowl
of the order Anseriformes, but also from Passeriformes
and Charadriiformes.

Avian Avulavirus-6 has been recorded across the en-
tire territory of Eurasia in birds of the orders Anseriformes
and Ciconiiformes.

Avian Avulavirus-8 has been isolated in central Eur-
asia (Kazakhstan and Mongolia) from birds of the orders
Anseriformes and Passeriformes.

Avian Avulavirus-9 has been recorded only in the Eu-
ropean part of Eurasia, in Anseriformes.

Avian Avulavirus-11 has been isolated only once -
in France from a snipe (order Charadriiformes).

Avian Avulavirus-12 was isolated from Anatidae
in the European part of Eurasia (Italy). Avian Avulavi-
rus-13 (from Anseriformes) and Avian Avulavirus-20
(from Charadriiformes) were isolated in central Eur-
asia (Kazakhstan). Avian Avulavirus-16 was isolated
from Anatidae in South Korea (Asian part of continental
Eurasia). Avian Avulavirus-21 was isolated from wild mi-
gratory birds in South Korea.

The analysis of available literature data indicates
that avulaviruses are widely distributed in wild bird
populations across the entire territory of Eurasia.
The epidemic and epizootic potential of these viruses,
with the exception of Avian Avulavirus-1 (Newcastle
disease virus), remains poorly understood, and these
viruses may pose a potential threat to humans and, par-
ticularly, to poultry production, underscoring the need
for their surveillance in the wild.
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ABSTRACT

Background. The accurate determination of human coronary artery (HCA) diameters
plays a pivotal role in the diagnosis, risk assessment, and treatment planning of isch-
emic heart disease. Given that vascular networks possess a fractal structure and consist
of arterial bifurcations (AB), a critical task is the prediction of the diameters of daughter
(distal) arterial segments (AS) based on the known diameter of the mother (proximal)
AS. Existing numerical modeling methods (ENMM) for predicting arterial diameters rely
on approximate analytical dependencies derived empirically.

Aim. To conduct a comparative analysis of the results of predicting diameters of daugh-
ter segments (bifurcation components) obtained using Graph Neural Networks
and known numerical modeling methods based on morphometric data of real healthy
human coronary arteries.

Methods. To achieve this objective, various GNN architectures were implement-
ed and tested: GCN, GraphSAGE, GAT, and TransformerConv. Additionally, ENMM
and a Multilayer Perceptron (MLP) were evaluated. A comparative statistical analysis
ofthe results was conducted. The study utilized previously obtained morphometric data
on the internal diameters of AS comprising 30 corrosion cast graphs of healthy HCAs.
Results. This study proposes the use of GNNs for this specific task for the first time.
Comparative analysis demonstrated that all GNN models surpassed both ENMM
and the Multilayer Perceptron in accuracy when predicting the diameters of small-
er-caliber daughter AS. The TransformerConv architecture demonstrated the best
performance, achieving a coefficient of determination R?> = 0.96 and RMSE = 0.199
for predicting the larger daughter segment diameter, and R?> = 0.76 and RMSE = 0.221
for the smaller segment.

Conclusion. The developed models may serve as the foundation for creating clinical
decision support systems, enabling more precise assessments of the structural status
of human coronary arteries.

Keywords: human heart, coronary arteries, graph neural networks, diameter predic-
tion, arterial bifurcation, medical diagnostics
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PE3IOME

O6ocHoeaHue. TouHoe onpedesieHUe duaMmempos 8eHeqHbix dpmepuli cepoya vesno-
seka (BACY) uepaem knroyesyro posib 8 OUAZHOCMUKe, OUeHKe pUCKO8 U NJIaHUpo8d-
HUU neyeHus uwemuyeckol 6ose3HU cepoyd. [TocKobKy cocyoucmsle cemu umerom
pakmansHylo cmpykmypy u cocmoam u3 apmepudnbHsix 6ugypkayuli (Ab), sax-
HoU 3adadvell A8/19emcs npo2HO3UPOBaHUe Ouamempos8 00YepHUX (OUCMAsbHbIX)
apmepuanbHbix ceemeHmos (AC) Ha ocHoge u3gecmHoU 8esluYdUHbl duamempa ma-
mepuHCcKo20 (npokcumanbHozo) AC. Mi3gecmHbie Memoobl YUCIEHHO020 MOOenUpo8d-
HUA — Npo2HO3UpOBAHUA Ouamempos apmepuli UCNO/Ib3ylom NPUBIUXeHHbIe aHasIuU-
muyeckue 3a8UcUMOCMU, NOJTyYeHHbIE SMNUPUYECKU.

Lens. [lposecmu cpagHumerbHbil AHANU3 pe3ysibmamos NPozHO3Upo8aHusa ouame-
mpog 0oyepHUX cezmeHmMo8 (cocmasHseix yacmeli 6ugypkayuu), Nosy4eHHbIX ¢ Uc-
nosb3osaHuem 2pagosbix HelpoHHbIX cemell U U3BECMHbIX Memo0o8 YUC/IeHHO20
moOdenuposarus (MMYM), ocHoB8AHHbIX HG OAHHbIX MOPHOMeMpPUU peadsibHbIX 8eHey-
HbiIx apmepuli cepoya 4Yes08eKa 8 Hopme.

Memoodel. []nis 0ocmuxeHUs hocmassieHHoU yesu 6biiu peaau3oeaHsl U npomecmu-
posaHsl paznuyHsie apxumexkmypel GNN: GCN, GraphSAGE, GAT u TransformerConv.
A makxe UMYM u mHozocnoliHeil nepcenmpoH. lposedeH cpdsHUMENbHbIU cma-
mucmuyeckull aHanus pesysabmamos. Vicnone3osanu paHee nosydeHHole OdHHbIe
Mopgomempuu 8esu4UH 8HympeHHUx ouamempos AC, cocmasnsiouux 30 epagos
KOppO3UOHHbIx npenapamos BACY e Hopme.

Pesynemamel. Bnepsbie npednoxeHo ucnonszoseame GNN 0n1a peweHus 0aHHoU
3adayqu. CpasHumesnbHbIl AHANU3 pe3ynbmamos nokasas, ymo ace GNN-modenu
npes3owisiu no moyHocmu UMYM u mMHO20C/10UHBIU hepcenmpoH, 8 NPO2HO3UpPO8d-
Huu eenu4uH duamempos dodepHux AC meHbwez0 Kaaubpa. Hauny4wue pesynbsma-
mesl npodemoHcmpupoesana TransformerConv, 0ocmueHys Ko3gpguuueHma demep-
muHayuu R? = 0,96 u RMSE = 0,199 dna npozHo3a 6osbuwezo douepHezo duamempa
U R?=0,76 u RMSE = 0,221— 0518 MeHbLUe20.

3akmoyeHnue. PaspabomaHHble MOOeu Mo2ym cmame OCHOB0U 0718 CO30aHUSA K/U-
HUYeCKUx cucmem noodoepXKu NpUHAMuUSA peweHul, no3gossouux 6o1ee moyHo
oyeHUBamMe cocmosaHue cmpykmypel BACHY.

Knioyeewlie cnoea: cepoye 4esioseka, seHeyHble dpmepuu, 2pagosvie HelipoHHble
cemu, npozHO3Upo8aHue duamempos, apmepuadnbHas bugypkayus, MeOUYUHCKas
ouazHocmuka

Ana untuposanus: 3eHuH O.K., fopbaueHko B.W., pnbkos O.H., Muntunaguc U., Kada-
pos 3.C., lanpabekosa ®.P. CpaBHWUTENbHbIN aHanU3 pe3ynbTaToB NPOrHO3MPOBaHUA
ANaMeTPOB [OYEPHUX CErMEHTOB OMdypKaunin BEHEYHbIX apTepuii B HOpMe, Mony-
UEHHBIX C UCNONb30BaHMEM rPadOBbIX HEMPOHHbIX CETEN U W3BECTHbIX METOLOB YMC-
neHHoro mopenupoBaHusa. Acta biomedica scientifica. 2026; 11(3): 57-63. doi: 10.29413/
ABS.2026-11.3.7
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BACKGROUND

The importance of predicting diameters of human
coronary arteries (HCA) in modern cardiology is immense.
The accurate determination of these parameters is crucial
for the diagnosis, prevention, and treatment of ischemic
heart disease. This includes the detection of stenosis, as-
sessment of hemodynamic risk, and planning for revascu-
larization procedures.

From a morphological perspective, intraorgan arterial
networks can be considered as fractal systems [1, 2]. Their
primary structural component is the arterial bifurcation
(AB), which consists of a parent (proximal) arterial seg-
ment (AS) with diameter D and two daughter (distal) ASs
with diametersd _and d__.These daughter segments dif-
fer in their internal diameter. Therefore, it is of practical in-
terest to predict the diameter of these daughter segments
based on the diameter of the parent segment. To address
this challenge, existing numerical modelling methods
have been proposed [3, 4]. However, modern machine
learning techniques, such as neural networks, have not yet
been applied in this field.

The vascular network structure can be represented
as a graph, specifically a binary tree. A specialized class
of algorithms, Graph Neural Networks (GNNs), has been
developed to process data with this structure [5]. Typical
GNN applications include classification and link predic-
tion, but this study proposes using GNNs for regression,
specifically predicting the diameter of daughter ASs based
on the parent AS diameter.

AIM

To conduct a comparative analysis of the results
of predicting diameters of daughter segments (bifur-
cation components) obtained using graph neural net-
works and known numerical modeling methods based
on morphometric data from real healthy human coronary
arteries.

METHODS

Study Design. The study was based on the results
of a morphometric analysis of 30 human coronary ar-
teries, obtained through corrosion casting [6]. The ini-
tial data were provided in Excel format. From the entire
set of features, the following variables were selected
for model training and validation: parent AS diameter (D,
mm); sex (1 — male, 2 — female); age group (1 - second
period of mature age (males 36-60 years, females 36-55
years); 2 — elderly age (males 61-75 years, females 56-75
years) (Classification of the Academy of Medical Scienc-
es of the USSR, 1965); and branching level - the newly
formed AB series, ranging from 1 to 20. The target vari-
ables to be predicted were the diameters of the two
daughter ASs: dmax (mm) - diameter of the larger AS,
and dmm (mm) - diameter of the smaller AS. The sample
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size included 30 specimens, each containing more than
100 measured ASs. The data were structured as 30 graphs.
Branching level and all diameter values were considered
as numerical variables, whereas sex and age were consid-
ered categorical. A preliminary statistical analysis using
the Pandas and NumPy libraries revealed that the distri-
bution of AS diameters deviated from normal and con-
tained outliers.

Data Preprocessing and Graph Construction. The Py-
Torch Geometric (PyG) framework was used to implement
GNNs [7]. Tabular data from Excel were preprocessed us-
ing the Pandas library and converted to PyTorch tensors.
Anatomical connections (for constructing the graph data
structure) between ASs were determined using the Net-
workX library [8]. To avoid data leakage, the split into
training and test sets was performed at the level of entire
HCA trees (graphs). The training set consisted of 22 HCA
trees (graphs) (73 %), and the test set contained 8 (27 %).
This approach ensures that the model does not use infor-
mation about the structure of trees (graphs) from the test
set during training. Training data were normalized us-
ing RobustScaler from the scikit-learn library [9], which
is robust to outliers. Normalization parameters were
saved for subsequent application to test data and during
inference.

GNN Architectures. Four key GNN architectures were
implemented: GCN (Graph Convolutional Network),
GraphSAGE (Sample and Aggregate), GAT (Graph Atten-
tion Network), and TransformerConv (Graph Transform-
er). To compare the effectiveness of the GNN approach,
a Multilayer Perceptron (MLP) trained on the same input
features but without considering the graph structure,
as well as the results of ENMM, were also used.

Hardware and Training Process. All experiments were
conducted using a PC with Windows 11 and WSL2 sub-
system and Ubuntu 24.04 distribution. Hardware con-
figuration: Intel Core i7-14700KF processor, 64 GB RAM,
Nvidia GPU with 32 GB video memory. Library versions
used: PyTorch 2.7.0+cu128 and PyTorch Geometric 2.6.1.
The AdamW optimizer [10] with L2 regularization (weight
decay) was used to train the models to prevent overfitting;
the Huber loss function [11] was employed, which com-
bines the advantages of MSE (for small errors) and MAE
(for large errors), making it robust to outliers. Dropout
technique and early stopping (with noimprovementin loss
for 50 epochs) were used for regularization. Automated
hyperparameter search was performed using the Optuna
library [12] over 200 trials. All experiments were logged
in the MLflow environment.

ENMM - Baseline Models for Comparison. To verify
the results of neural network predictions, ENMM were
used [3, 4]. The model based on [3] utilizes the relationship
between the parent AS diameter (D), the larger and small-
er daughter AS diameters (dmax and dmm), and the asymme-
try ratio (ratio):
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where D is the parent AS diameter, dmax is the diam-
eter of the larger daughter AS, and d__ is the diame-
ter of the smaller daughter AS. The authors also express
branching asymmetry as the ratio of daughter diameters:

in

. d
ratio = ——
max (2)
From (1) and (2), the diameters of the daughter ASs
can be calculated:

1

dmax =D- ( 7 ’
(1+rati03>

dmin = ratio-d__.

(4)

where ratio=0.625

The model based on [4] relates the diameters
of the daughter ASs (dmaxand dmm) to the parent AS diame-
ter (D) and the asymmetry parameters (q, B):

d_=aD.d . =pD.
(5)

where a = 0.9, = 0.6.

Comparative analysis of the modeling results. Two
metrics were used to assess prediction accuracy: R? (co-
efficient of determination) and RMSE (root mean square
error). Prediction quality was evaluated on the test set
using the coefficient of determination (R2). This metric
determines what proportion of the variance in the de-
pendent variable is explained by the regression model.
The coefficient of determination (R?) was calculated using
the formula presented below:

whlere y is the actual value, Vs the model prediction,
g nz‘y is the mean value, and n is the number
of samples in the test set. The closer R?is to 1, the better
the model performance. A negative value indicates that
the model performs worse than simply predicting
the mean value. The Root Mean Squared Error (RMSE)
was also used as a metric - a standard error measure
in regression tasks. It preserves the same units
as the original data (mm), making it convenient for

interpretation:
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RMSE = |=>"(y,—5,)

iz ).
The closer the RMSE is to 0, the better. Five state-of-

the-art GNN architectures were compared, along with two
classical analytical models from the scientific literature.

RESULTS

Preliminary analysis of the results (Table 1) shows
that predicting d . is significantly more challenging
than predicting d_ . The calculated R*> and RMSE val-
ues for various MLP and GNN architectures, as well
as for the numerical modeling methods described
in the literature [3, 4], indicate that for all models except
TransformerConv, the R? value for the smaller daugh-
ter AS is substantially lower, while the RMSE is higher.
This is logical, as the diameter of the smaller daughter
AS may be more strongly influenced by hemodynamic
and topological factors.

The results of predicting two key parameters of HCA
ASs are presented:d__ is the diameter of the larger daugh-
ter AS of the AB, and dmm is the diameter of the smaller
daughter AS of the AB. The Multilayer Perceptron (MLP)
demonstrates satisfactory results, particularly for pre-
dicting d__ . This performance is notably better than that
of GCN and GraphSAGE, suggesting that even without
explicitly accounting for the graph structure, the network
is able to capture the underlying patterns.

However, its inferiority to the best GNN models con-
firms the importance of considering structural connec-
tions. The results obtained using GCN and GraphSAGE
showed moderate, rather modest results for dmaX.Their sim-
ple mechanisms for aggregating information from neigh-
boring nodes seem insufficient for accurately modeling
the HCA structure. It should be noted that GraphSAGE per-
forms slightly better at predicting d_. than MLP and GCN
architectures.

GAT (Graph Attention Network) demonstrates selec-
tivity. For d__, it ranks second in accuracy after Transfor-
merConv (R? = 0.71), while for dmm it shows the highest
RMSE among the networks studied. It is possible that
the attention mechanism of GAT helps to identify key “par-
ent” features for the larger daughter AS (dmax), but proves
less effective for the smaller AS (dmm)

TransformerConv demonstrates exceptional accuracy
for both parameters: R? values close to ideal (0.95 and 0.76),
and RMSE values minimal (0.199 mm and 0.221 mm).
This indicates that the attention mechanism underlying
this GNN architecture is ideally suited for capturing com-
plex, non-local dependencies in HCA structure. All GNN
architectures showed positive and significant R? values.
The numerical modeling methods [3, 4], based on phys-
ical principles, showed unsatisfactory or even extremely
poor results, particularly for (R?=-0.79 and -0.51). This in-
dicates that real HCA bifurcations are more complex than



TABLE 1

R? AND RMSE VALUES FOR VARIOUS MLP AND GNN ARCHITECTURES, AS WELL AS ENMM, DESCRIBED IN THE

LITERATUREY

Model

MLP

GCN

GraphSAGE

GAT

TransformerConv

Model by Olufsen M.S. et al. [12]

Model by Huo Y. & Kassab G. [3]
Note. d

max

Prediction results

9 A
R? RMSE (mm) R? RMSE (mm)
0.59 0.566 037 0.359
0.51 0.625 0.37 0.359
0.53 0.612 0.43 0.341
0.71 0.479 0.28 0.385
0.95 0.199 0.76 0.221
0.42 0.675 -0.79 0.609
0.46 0.653 -0.51 0.559

- diameter of the larger daughter arterial segment (AS); d .- diameter of the smaller daughter AS; R? - coefficient of determination; RMSE - root mean

square error; MLP — Multilayer Perceptron; GCN (Graph Convolutional Network) — graph convolutional network; GraphSAGE (Sample and Aggregate) — graph sam-
pling and aggregation network; GAT (Graph Attention Network) — graph attention network; TransformerConv (Graph Transformer) — graph transformer.

described by the analytical laws traditionally used for this
purpose.

DISCUSSION

Unlike traditional neural networks designed for pro-
cessing isolated objects such as tables or images, GNNs
operate on structured systems composed of interconnect-
ed graph nodes. These networks extract information not
only from the individual components (nodes), but also
from the topology (connections) between them (edges).
The operating principle of GNNs is based on the mes-
sage-passing mechanism. Each node collects features
from its nearest neighbors. The collected messages are
then aggregated using a permutation-invariant function
(e.g., sum, mean, max). The aggregated information is then
combined with the node’s current features to update its
state. This multi-layer architecture allows nodes to incor-
porate information from nodes that are increasingly dis-
tant from it.

In this study, key GNN architectures were implement-
ed. GCN (Graph Convolutional Network) [5] aggregates
the features of neighboring nodes, taking into account
the degree (number of connections). This architecture
is highly efficient, but it does not differentiate between
the importance of each neighbor. GraphSAGE (Sample
and Aggregate) [13] uses fixed-size sampling method
instead of considering all neighbors, making it scalable
for large graphs. GAT (Graph Attention Network) [14] as-
signs a weighting coefficient to each neighboring node,
determining its relevance to the central node using an at-
tention mechanism. TransformerConv (Graph Transformer)
[15] employs an advanced attention mechanism inspired
by the transformer architecture [16], allowing it to capture
more complex global dependencies in the graph. Its supe-
riority is explained by global attention. Unlike GAT, which

only looks at nearest neighbors, the transformer can eval-
uate the importance of any node in the graph. This allows
the model to take into account the complex influence
of remote regions of the vascular network on the local AB
geometry, resulting in high accuracy.

A comparison of model performance has estab-
lished a clear correlation between modeling outcomes
and AS diameter. Numerical modeling techniques [3, 4] ex-
hibit limited accuracy in forecasting the parameter for ASs
with greater diameters. This suggests that the models es-
tablish an explicit link between the daughter AS diameter
and the parent AS diameter. At the same time, all neural
network architectures show clear superiority over numeri-
cal modeling methods [3, 4].

For smaller-diameter daughter ASs, this trend con-
tinues: all investigated neural networks outperform nu-
merical modeling methods. This advantage is explained
by the ability of neural networks to identify complex,
non-obvious connections between the values of stud-
ied parameters, while numerical modeling methods [3,
4], based on simplified mathematical formulations, does
not account for the individual phenotypic characteristics
of HCAs.

For smaller-diameter daughter ASs, the situation
is similar: all investigated neural networks outperform
numerical modeling methods. This advantage is ex-
plained by the ability of neural networks to identify com-
plex and non-obvious relationships between the values
of the studied parameters, whereas numerical modeling
methods [3, 4], based on simplified mathematical repre-
sentations, do not take into account the individual pheno-
typic characteristics of HCAs.

Interestingly, despite the natural structure of blood
flow, only one graph network, the transformer (Trans-
formerConv), was able to extract sufficient informa-
tion from this structure to exceed the 70 % R? threshold
for predicting the diameter of the smaller daughter AS.
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This achievement is due to the attention mechanism,
which takes into account both local and global connec-
tions within the HCA network. Analysis of the prediction
results of the numerical modeling methods [3, 4] shows
that they perform poorly in predicting d__ , with a negative
R? indicating that their predictions are not only inaccurate,
but also systematically biased. This raises questions about
the universality of underlying physical principles, such
as minimum energy or shear stress laws. Their relatively
better performance (though still poor) in predicting d__
may indicates that the larger daughter AS diameter may
follow some generally accepted empirical rules.

The significant superiority of neural network models,
especially graph neural networks, compared to numerical
modeling methods in predicting the diameters of small-
er daughter ASs confirms their potential for addressing
theoretical and practical (clinical) biomedical challenges.
The high R? values for all models studied in the context
of the larger daughter AS indicates a strong correlation be-
tween the diameters of this daughter branch and the par-
ent AS, which is also confirmed by the high accuracy of hy-
drodynamic models.

CONCLUSION

Neural network models have shown promising re-
sults in predicting the diameters of daughter arterial seg-
ments within coronary artery bifurcations. This indicates
the potential of the proposed approach. GNNs, especially
TransformerConvy, are a powerful tool for predicting bifur-
cation geometry and significantly outperform convention-
al numerical modeling methods. However, these models
should not be applied to predict the diameter of the small-
er daughter AS (dmm) in the studied dataset as their use may
lead to significant errors. The prediction of d__is a more
challenging task that requires the use of advanced archi-
tectures such as TransformerConv or the development
of novel specialized approaches.

The primary limitation of this research is the relative-
ly small size of the training dataset, which has a nega-
tive impact on prediction accuracy. In order to enhance
model performance, it would be beneficial to enlarge
and refine the training data set, minimizing the occur-
rence of outliers.

For practical applications, such as medical modeling
or surgical planning, graph transformers (Transformer-
Conv) are recommended, as they demonstrate maximum
accuracy and reliability.

Researchers in the field of hemodynamics are advised
to reconsider or significantly supplement the existing
branching laws based on data collected through machine
learning methods. Further research in this area should fo-
cus on expanding model functionality by simultaneously
predicting not only the diameters but also the lengths
of daughter Ass and bifurcation angles. This would signifi-
cantly improve the accuracy of HCA models and greatly
enhance their potential for widespread use in theoretical
and practical medical applications.
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ABSTRACT

The method of laser doppler flowmetry is one of the relevant and informative ways
to study the state of the microcirculation.

The aim of the work was to conduct a comparative analysis of the microcirculatory
system of boys and girls according to laser Doppler flowmetry (LDF).

Materials and methods. The study involved 128 second-year students of the Medical
Institute of the North-Eastern Federal University named after M.K. Ammosov. All indi-
viduals were of Yakut ethnicity. The boys’ group consisted of 44 people, the girls’ group
consisted of 84 people. The state of microcirculation and the functioning of its regulato-
ry mechanisms were assessed by laser Doppler flowmetry (LDF) using two identical sin-
gle-channel portable LASMA PF analyzers (SPE “LAZMA’, Moscow). The measurement
was carried out on the lower third of the right and left forearms for 5 minutes.

Results. Significant intergroup differences in microcirculatory parameters between
the examined boys and girls were established. The results showed significant sex dif-
ferences in the state of the microcirculatory system: the boys recorded higher values
of shunt blood flow (1.71 + 0.13) and a large amplitude of fluctuations due to vascu-
lar endothelial activity (0.04 + 0.01). The girls had significantly lower shunt blood flow
(1.34 £ 0.07) and endothelial activity (0.01 £ 0.01). At the same time, the levels of nutri-
tional blood flow, as well as the activity of neurogenic and myogenic regulatory mech-
anisms, were similar in both sexes. A group of people with a low level of respiratory fluc-
tuations in blood flow prevailed among the subjects (68.2 % of boys and 73.8 % of girls).
And the indicators of cardiac fluctuations in blood flow were at a normal or reduced
level and also did not depend on gender.

Conclusion. The study highlights the need to take into account the age and gender
characteristics of the microcirculatory system in the diagnosis and monitoring of dis-
eases of the cardiovascular system, especially in young people living in the extreme cli-
matic conditions of Yakutia.

Keywords: microcirculation, LDF, boys, girls, Yakutia

For citation: Guryeva A.B., Alekseeva V.A., Borisova N.V. Characteristics of microcirculatory
parameters of boys and girls according to laser Doppler flowmetry (LDF). Acta biomedica
scientifica. 2026; 11(3): 64-71. doi: 10.29413/ABS.2026-11.3.8
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PE3IOME

Memo0 naszepHoti donnsieposckol hsroymempuu A8/19emcsa 0OOHUM U3 aKMYyaslbHbIX
U UHOpMAMUBHbIX CNOCOB08 U3yHeHUs COCMOAHUSA MUKPOYUPKY/IAMOPHO20 pyc/d.
Lenvio pabomel A8uUs0Cb nposedeHuUe CpasHUMesbHOU XapakmepucmuKku NoKa-
3amesieli MUKPOUUPKYIAMOPHO20 pyc/a roHowel U 0esyluek No OaHHbIM Jida3epHou
donnneposckoti proymempuu (JI4D).

Mamepuanel u memoodbl uccsedo8aHus: B uccinedosaHuu npuHanu yyacmue 128
cmyodeHmos 8mopo2o Kypca MeduyuHckozo uHcmumyma Cesepo-BocmouHozo ¢he-
OepanbHo20 yHusepcumema um. M.K. AMmocosa. Bce ob6ciedo8aHHble bbiaiu AKym-
cKoU HayuoHasneHocmu. [pynna roHowel cocmosna us 44 yesosek, 2pynna oesyuwiexk
u3 84 yenosek. CocmosHUe MUKPOUUPKYIAUUU U (hyHKUUOHUPOBAHUE ee pezysiimop-
HbIX MEeXaHU3MO08 ouyeHUsdasu MemoOom JiazepHol donnseposckol groymempuu
(/1J®) c nomowbio 08yx 0OOUHAKOBLIX OOHOKAHAbHBIX NOPMAMUBHBIX AHAIU3AMO-
pos «JIASMA I1®» (000 HIIM «JIA3MA», Mocksa). amepeHue nposedeHo Ha HUXHel
mpemu npasozo u s1e8020 npednseyuti, 3anuce 8eadcb 8 meyeHue 5 MUHYm.
Pe3ynemamel. YcmaHos/ieHbl 00CMOBEPHbIE Mexzpynnossie pasiuyus 8 nokasd-
menifax MUKPOYUPKY/IAMOPHO20 pycsia Mexoy 06C/1e008aHHbIMU IOHOWAMU U Oesy-
kamu. lNonyyeHHsble pe3ybmamsi NOKA3aau 3Ha4yuMble N0JI08ble paziuyus 8 COCMo-
AHUU MUKPOUUPKYNIAMOPHO20 pyc/ia: y toHowel 3aguKkcuposaHsl bosee 8bicoKUe
3HAYeHUs WyHMo8o20 Kpogomoka (1,71 + 0,13) u 6onbwas amnaumyoa konebaHud,
06yc/108/1eHHbIX AKMUBHOCMbIO S3HOOMesnuA cocyoos (0,04 + 0,01). ¥ desywek xe om-
Meyanuce 00CMOoBePHO MeHbLUE NOKA3amesiu WyHMo8o20 Kposomoka (1,34 + 0,07)
u akmusHocmu 3H0omenusA (0,01 £+ 0,01). [lpu 3mMom yposHU HyMpUMU8HO20 KPOBO-
MOKd, a MAakxe akmMueHOCMb HelpO2eHHbIX U MUOEHHbBIX MEXAHU3MO8 pezynayuu
6b171u cXO0HbI y npedcmasumerneti o6oux nosos. Cpedu obciedyemeix npeobnadana
2pynna uy, ¢ HU3KUM yposHeM ObixamesibHbIx KonebaHuli kposomoka (68,2 % toHo-
wel u 73,8 % Oesyuwiek). A nokazamenu cepoeqHbix KonebaHuli KpoO8OMoKa Haxoou-
JIUCb 8 HOPMAJILHOM UJIU CHUXEHHOM YPOBHE U MAKXe He 3asucesiu om NoJa.
3aknryenue. ViccnedosaHue noduyepkusaem HeObOXOOUMOCMb yuyumsiedme B803-
pacmHeie U noJsiogble 0CO6EHHOCMU Nokasamesnel MUKPOUUPKYIAMOPHO20 pyc/a
npu OUGzHOCMUKe U MOHUMOPUH2e 3abosiegaHuli cepdeyHo-cocyoucmol cucmemsl,
0C06eHHO y MOJ100bIX JIt00ell, NPOXUBAIOUUX 8 SKCMPEMAsTbHbIX KTUMAmu4ecKux yc-
nosuAax AIkymuu.

Knioyeewie cnosa: mukpoyupkynayus, JI®, ioHowu, Oesywku, AKymus

Ona untuposanmsa: lypbesa A.b., Anekceesa B.A., bopncosa H.B. XapaktepucTtuka no-
KasaTene MUKPOLMPKYIATOPHOrO pycsia HOWeN U AeBylIeK MO AaHHbIM Jla3epHOM
ponnneposckol dnoymetpun (JIAD). Acta biomedica scientifica. 2026; 11(3): 64-71. doi:
10.29413/ABS.2026-11.3.8
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INTRODUCTION

One of the key aspects of cardiovascular system func-
tion is microcirculation. Disturbances at the level of the mi-
crocirculatory bed play a crucial role in the pathogenesis
of a wide range of diseases, from arterial hypertension
and diabetes mellitus to chronic heart failure and autoim-
mune vasculitides.

One of the most informative and modern approaches
for assessing microcirculation is laser Doppler flowmetry
(LDF) [1-3].This method is based on recording the intensity
of light scattering reflected by moving erythrocytes, which
allows determination of blood flow velocity and volume
in the smallest blood vessels [4]. In studies utilizing LDF
various parameters are recorded that characterize blood
circulation at the microcirculatory level, such as the micro-
circulation index, reactivity indices, flow velocity, and sig-
nal variability [5, 6]. By obtaining objective quantitative
data, a comprehensive analysis of the functional status
of microcirculation can be conducted, including assess-
ment of its response to external stimuli and identification
of potential abnormalities.

Interpretation of microcirculatory parameters re-
quires consideration of various individual and population
factors, primarily sex and age, as well as climatic and geo-
graphic conditions of residence [7-9]. Extreme continen-
tal climate of Yakutia, characterized by prolonged periods
of low temperatures, sharp fluctuations in atmospheric
pressure, and specific light conditions, creates specific
requirements on cardiovascular function, particularly
the microcirculation. Establishing differences in sex-spe-
cific microcirculatory parameters can lead to the person-
alization of strategies for early diagnosis, prevention,
and management of cardiovascular disease. To date, no
studies on the microvascular bed using LDF in young in-
dividuals have been conducted in the Republic of Sakha
(Yakutia). This highlights the significance and originality
of this research.

AIM

To conduct a comparative analysis of microcirculatory
parameters in young males and females using laser Dop-
pler flowmetry (LDF).

MATERIALS AND METHODS

The study was conducted at the Medical Institute
of M.K. Ammosov North-Eastern Federal University (NEFU)
in April and May 2025. A total of 128 second-year students,
who were of Yakut ethnic origin, participated in the study,
including 44 males and 84 females. All participants met
the following inclusion criteria: absence of chronic car-
diovascular and autoimmune diseases, as well as acute
pathological conditions at the time of the examination.
Participation in the study was voluntary, and it was car-
ried out only after obtaining written informed consent
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from each participant. The study received approval
from the local ethics committee of the Medical Institute
of M.K. Ammosov (Protocol No. 5, dated February 14,
2024).

The status of microcirculation and the functioning
of its regulatory mechanisms were evaluated using laser
Doppler flowmetry (LDF), employing two identical sin-
gle-channel portable LASMA PF analyzers (SPE LAZMA,
Moscow), in accordance with the requirements of Ros-
zdravnadzor (Resolution No. 660/2018). To assess micro-
circulatory parameters, sensors were attached to the low-
er third of the right and left forearms of the subjects.
During the recording of blood perfusion, the subjects
were in a state of physical and psychological rest. The arms
were placed at heart level, and the study was conducted
at least 2 hours following meals and physical activity. Each
measurement lasted 5 minutes, and the temperature
in the testing environment was maintained at 23 + 2°C.

The processing of the acquired LDF signals was carried
out using specialized software. Based on the acquired data,
quantitative parameters were calculated. The following pa-
rameters were recorded: the integrated perfusion index (M,
perfusion units, p.u.) and the coefficient of variation (CV, %)
that characterize microcirculatory variability. The compo-
nent level of microcirculation was determined by the pa-
rameters of nutritional (Mnutr) and shunt (Mshunt) blood
flow. Wavelet analysis was used to evaluate the ampli-
tude-frequency spectrum of microcirculation oscillations
and calculate the amplitude characteristics of the main
rhythms of microvascular blood flow regulation: endothe-
lial (Ae), neurogenic (An), myogenic (Am), respiratory (Ar),
and cardiac (Ac). After measurement completion, the soft-
ware of the instrument automatically generated a report
indicating perfusion, variability, and regulatory parame-
ters. In the forearm area, the following parameters were
considered within the normal range: M - 3.5 to 9.5 p.u,,
Mshunt - 2.0 to 6.0 p.u., Mnutr - 1.5 to 3.5 p.u., KV - 6.0
to 11.0 %, Ae - 0.1 to 0.2 p.u., An - 0.12 to 0.35 p.u.,, Am -
0.2t0 0.35 p.u., Ar-0.15t0 0.25 p.u., Ac- 0.15 t0 0.35 p.u.

During the study, the LASMA PF device simultane-
ously recorded local skin temperature in the forearm area.
This allowed the thermal component to be taken into ac-
count when interpreting microcirculatory parameters [10].
The data obtained provided a comprehensive assessment
of the baseline state of the microvascular bed and the func-
tional activity of the neurohumoral and metabolic regula-
tory systems.

Statistical analysis was conducted using SPSS-22 soft-
ware. Mean (M), standard deviation (SD), median (Me),
and interquartile range [Q,.; Q,] were calculated. The nor-
mality of the distribution was assessed using the Kolmogo-
rov-Smirnov test. Depending on the distribution type,
parametric (Student’s t-test) and non-parametric (Mann-
Whitney U-test) methods were employed for intergroup
comparison. The significance of differences between
relative parameters was determined using Pearson’s
chi-square (x?) test. Differences were considered statisti-
cally significant at p < 0.05.



RESULTS

The results of microcirculatory parameters in young
males and females obtained using LDF were analyzed.
The parameters recorded by the LASMA-PF device are pre-
sented in Table 1.

A significant intergroup difference was observed
in shunt blood flow values. The mean shunt blood flow
was significantly higher in males (p = 0.034). The ampli-
tude of blood flow oscillations, determined by the endo-
thelial mechanism of vascular tone regulation, was also
significantly higher in males (p = 0.039).

Analysis of microcirculation level distribution showed
that in males, normal microcirculation was recorded
in 52.3 % of cases, while reduced microcirculation was
observed in 47.7 %, although this difference was not sta-
tistically significant. Similar distribution patterns were ob-
served in females, with normal microcirculation occurring
in 42.9 % and reduced level in 57.1 % of cases. The mean
local skin temperature of the forearm was 32.22 + 1.65°C
in males and 32.09 + 1.56°C in females.

TABLE 1

Levels of nutritional and shunt blood flow are present-
ed in Table 2.

Table 3 presents data on the amplitude of blood flow
oscillations, as determined by endothelial, neurogenic,
and myogenic mechanisms of vascular tone regulation,
in young males and females.

During the study, differences in the amplitude of blood
flow oscillations that are determined by endothelial, neu-
rogenic, and myogenic mechanisms of vascular tone reg-
ulation were recorded in young males and females of Ya-
kut ethnicity. The levels of respiratory and cardiac blood
flow oscillation amplitudes for both groups are presented
in Table 4.

DISCUSSION

The level of the microcirculatory bed showed no sex
differences. A comparison of our data with the results
of Parshakova V.E. et al. (2024) [11] revealed that the ab-
solute index of microcirculation (M) was lower in both

INDICATORS OF MICROCIRCULATION OF THE FOREARM OF BOYS AND GIRLS OF YAKUT ETHNICITY

Males (n=44) Females (n=84)
Parameter
MxSD Me[Q,;;Q,] MxSD Me[Q,.;Q,.]
M, p.u. 3.67+1.23 3.37 [2.86; 4.16] 3.73+£2.24 3.41[2.79;4.15] p=0.630
Mnutr, p.u. 2.15%£1.12 1.80[1.33; 2.50] 2.37+£291 1.87[1.32; 2.68] p=0.972
Mshunt, p.u. 1.68+0.85 1.50[1.02; 2.0] 1.41x1.27 1.39[0.91; 1.87] p=0.034
Sigma 0.55+0.39 0.41[0.29; 0.69] 0.48+0.33 0.38[0.28; 0.55] p=0.298
CV, % 14.72+9.05 11.85[9.51; 17.66] 12.92+5.77 11.13[9.19; 15.09] p=0.278
Ae, p.u. 0.04+0.07 0.02[0.01; 0.36] 0.002+0.04 0.001 [0.0; 0.30] p=0.039
An, p.u. 0.17+0.16 0.12[0.07; 0.22] 0.17+0.15 0.13[0.08; 0.20] p=0.819
Am, p.u. 0.23+0.21 0.16[0.11;0.27] 0.21£0.15 0.17[0.11; 0.29] p=0.843
Ar, p.u. 0.17+0.18 0.11[0.08; 0.18] 0.13+0.11 0.09[0.07; 0.15] p=0.090
Ac, p.u. 0.20+0.12 0.18[0.12; 0.21] 0.18+0.11 0.15[0.11; 0.21] p=0.390
T.C 31.85£1.65 32.14[30.31; 33.23] 31.96+1.56 31.86 [30.95; 33.10] p=0.580
TABLE 2

DISTRIBUTION OF BOYS AND GIRLS BY LEVELS OF NUTRITIONAL AND SHUNT BLOOD FLOW

Parameter Level
Normal
Nutritional blood flow Increased
Reduced
Normal
Shunt blood flow
Reduced

Males (n=44) Females (n=84)
23(52.3) 48 (57.1)
8(18.2) 8(9.6)
13 (29.5) 28 (33.3)
13 (29.5) 15(17.9)
31(70.5) 69 (82.1)
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groups groups (3.67 + 1.23 and 3.73 + 2.24 p.u. vs.
5.2 + 1.0 p.u.). Neither study found any significant differ-
ence in this parameter between males and females.

Analysis of microcirculatory components revealed
that the mean shunt blood flow was significantly higher
in males (p = 0.034) compared to females. Furthermore,
the amplitude of endothelium-dependent blood flow os-
cillations was also significantly higher in males (p = 0.039).
These findings can be attributed to a combination of struc-
tural and physiological features: males typically have high-
er anthropometric measurements (height, weight, muscle
mass, etc.), a faster metabolic rate, and a more extensive
network of arteriovenous anastomoses. These features
lead to increased shunt blood flow. It is known that de-
creased testosterone levels are associated with impaired
vascular endothelial function [12].

Skin temperature was measured using an integrat-
ed thermosensor within the flowmeter measuring head
and recorded simultaneously with the LDF signal. The lo-
cal skin temperature on the forearm showed no significant
difference between males (32.22 + 1.65°C) and females
(32.09 £+ 1.56°C). Simultaneous temperature recording

TABLE 3

improves the reliability of the data, as local skin tempera-
ture directly affects microvascular tone and consequently
perfusion levels. Minor temperature fluctuations can influ-
ence vasomotor activity and potentially affect the accura-
cy of regulatory mechanism assessments.

A heterogeneous pattern was observed in terms of nu-
tritional blood flow levels. A significant proportion of both
males and females (52.3 % and 57.1 %, respectively) exhib-
ited normal nutritional blood flow (x> = 5.454, p = 0.020;
X°=22.134, p < 0.001). However, individuals with reduced
and increased nutritional blood flow values were also pres-
ent. A significantly larger proportion of males (x> = 5.002,
p =0.026) and females (x* = 24.257, p = 0.001) had reduced
shunt blood flow (70.5 % and 82.1 %, respectively). This
can be explained by the structural characteristics of fore-
arm skin, where arteriolovenular anastomoses are rare
in this area and located in deeper skin layers inaccessible
to laser probe analysis. Consequently, forearm skin perfu-
sion primarily reflects the nutritional aspect of microcircu-
lation [13-15].

Both males and females exhibited a predominance
of reduced blood flow oscillation amplitudes associated

AMPLITUDE LEVELS OF BLOOD FLOW FLUCTUATIONS CAUSED BY DIFFERENT MECHANISMS OF VASCULAR

TONE REGULATION IN BOYS AND GIRLS

Blood flow oscillation amplitude Level
Normal
Endothelial mechanism Increased
Reduced
Normal
Neurogenic mechanism Increased
Reduced
Normal
Myogenic mechanism Increased

Reduced

TABLE 4

Males (n=44) Females (n=84) Pearson'’s x’test; p
- 1(1.2) x2=0.522; p=0.471
6(13.6) 1(1.2) X?=7.502; p=0.007
38(86.4) 82(97.6) Xx2=0.205; p=0.651
19 (43.2) 35(41.7) x2=0.011; p=0.917

7 (15.9) 12(14.3) Xx>=0.044; p=0.834

18 (40.9) 37 (44.0) Xx?=0.047; p=0.830
9(20.5) 23(27.4) Xx?=0.451; p=0.502
9(20.5) 14 (16.7) Xx>=0.194; p=0.660

26 (59.1) 47 (56.0) ¥2=0.032; p=0.859

AMPLITUDE LEVELS OF RESPIRATORY AND CARDIAC FLUCTUATIONS IN BLOOD FLOW IN BOYS AND GIRLS

Blood flow oscillation amplitude Level
Normal
Respiratory Increased
Reduced
Normal
Cardiac Increased

Reduced

Males (n=44) Females (n=84) Pearson'’s y’test; p
8(18.2%) 11(13.1%) Xx2=0.432; p=0.511
6 (13.6%) 11 (13.1%) Xx2=0.006; p=0.941
30 (68.2%) 62 (73.8%) Xx>=0.075; p=0.785
23 (52.3%) 38 (45.2%) Xx>=0.200; p=0.655
7 (15.9%) 6(7.1%) x2=1.938; p=0.164
14 (31.8%) 40 (47.6%) X2=1.249; p=0.264
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with the endothelium (86.4 % and 97.6 %, respectively).
A higher amplitude of blood flow oscillations mediated
by the endothelial mechanism of vascular tone regulation
was more common in males (x> =7.502; p = 0.007). We sug-
gest that the increased amplitude of endothelium-de-
pendent blood flow oscillations in males may be due
to a higher baseline vascular tone under the influence
of androgens, requiring a stronger reactive release of nitric
oxide for vasodilation in response to stimuli [16].

Assessment of blood flow oscillation amplitude, medi-
ated by the neurogenic mechanism of vascular tone regu-
lation, in Yakut males showed an approximately equal dis-
tribution between normal (43.2 %) and reduced (40.9 %)
levels. A similar distribution was observed in the female
group (41.7 % and 44.0 %, respectively). An increased level
was seen in a significantly lower proportion of both males
(x> = 4.323; p = 0.038) and females (x> = 8.897; p = 0.003).
There were no statistically significant differences in the dis-
tribution of neurogenicregulation levels between the stud-
ied groups. This indicates a low level of sympathetic ner-
vous system involvement in microcirculation regulation
for both males and females. The myogenic mechanism also
showed no significant sex differences, with reduced activ-
ity seen in the majority of males and females. Our study
found that different regulatory mechanisms were equally
involved, indicating a balanced and adaptable organiza-
tion of vasomotor control in the group of young partici-
pants. Each mechanism made a comparable and balanced
contribution to the regulation of microcirculation.

In the examined groups of males and females, a pre-
dominance of reduced respiratory blood flow oscillation
amplitude was observed (68.2 % and 73.8 %, respective-
ly). The amplitude of respiratory blood flow oscillations
is an important indicator of venous outflow and over-
all autonomic regulation of the cardiovascular system.
Cardiac blood flow oscillations reflect the transmission
of the pulse wave from the large arteries to the microcircu-
latory bed and depend on several factors, including blood
pressure, arterial wall stiffness, peripheral vascular resis-
tance, and the state of capillary beds and tissue drainage
[17]. Analysis of cardiac blood flow oscillation amplitude
revealed that, in the majority of subjects, it was within
normal or reduced ranges and did not statistically differ
between males and females (p > 0.05). Increased levels
were only observed in a small percentage of participants.
This finding indicates that, despite known physiological
differences between males and females (e.g., lower blood
pressure and lower muscle mass in females), the trans-
mission of pulse waves to the microcirculation is com-
parable between the two sexes. On the one hand, this
could be seen as an indication of preserved arterial wall
elasticity and appropriate peripheral resistance. However,
on the other hand, the decreased amplitude, particularly
in almost half of the female participants (47.6 %), could
suggest more effective pulse wave attenuation in periph-
eral vessels. This is often associated with the vasodilative
effect of estrogens. To verify this hypothesis, a study in-
volving direct measurement of hormone levels would
be required.
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Numerous studies have demonstrated significant sex
differences in microvascular perfusion parameters. Wom-
en generally exhibit higher perfusion indices and larger
amplitudes of neurogenic oscillations than men, which
can be attributed to the effects of estrogen on vasodila-
tion, endothelial-dependent relaxation, and overall vas-
cular reactivity. These findings are supported by studies
in the literature [18, 19]. At the same time, studies have
shown that men often exhibit signs of reduced microvas-
cular reserve even at a younger age, which may explain
their earlier manifestation of atherosclerotic and hyper-
tensive complications compared to women.

CONCLUSION

Therefore, significant  intergroup  differences
in microcirculatory parameters were observed between
the examined males and females. Males exhibited high-
er mean shunt blood flow values and a greater ampli-
tude of blood flow oscillations associated with vascu-
lar endothelial activity. Nevertheless, the distribution
of nutritional blood flow levels and the levels of neuro-
genic and myogenic mechanisms for vascular tone reg-
ulation did not show significant differences between
the sexes. Both males and females exhibited a predom-
inance of decreased respiratory component parameters.
Cardiac flow oscillation parameters fell within the normal
or decreased range and were not dependent on sex.

These results highlight the importance of consider-
ing age and sex characteristics when assessing the state
of the cardiovascular system and the microcirculatory bed,
particularly in young people living in the extreme climatic
conditions of Yakutia.
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ABSTRACT

Background. Maintaining cognitive health and preventing dementia are priorities
in modern medicine and science. Nootropics play an important role in neuroprotection.
Multicomponent herbal remedies containing medicinal plant extracts hold promise
as phytopharmacological regulatory systems for maintaining and restoring cognitive
health.

Aim. To analyze the psychophysiological characteristics of cognitive functions in mid-
dle-aged and older adults and to assess the effect of a phytoconstituent with nootropic
properties on these characteristics.

Materials and methods. Before and after a course of treatment with the phytoconstit-
uent, participants underwent a comprehensive examination that included electrocar-
diography with heart rate variability assessment; evaluation of short-term and long-
term memory using the “10-Word Memorization” test by A.R. Luria; and assessment
of logical thinking using the “Complex Analogies” test.

Results. The study identified two groups of participants: those with moderate and those
with high levels of working memory and logical thinking. Group 1 was characterized
by low parasympathetic nervous system markers and reduced heart rate variability.
Group 2 demonstrated higher heart rate variability and elevated parasympathetic
markers. After administration of the phytoconstituent, parasympathetic activity mark-
ers (RMSSD, HFmc?, HF%) increased in Cluster 1 and decreased in Cluster 2. Following
the course of the phytoconstituent, Group 1 exhibited a more pronounced improve-
ment in memory indices and logical reasoning abilities.

Conclusion. An association was found between high levels of working memory
and logical thinking and a predominance of parasympathetic influences on heart
rhythm. Administration of the herbal preparation with nootropic properties resulted
in improved cognitive function and a balanced autonomic nervous system.

Key words: cognitive functions, nootropic agents, heart rate variability, autonomic
nervous system
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in middle-aged and older adults and the effect of phytoconstituents with nootropic prop-
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PE3IOME

AkmyanbHocmoe. CoxpaHeHUe KO2HUMUBHO20 300p08bA U NPOPUIAKMUKA OeMeH-
yuu — npuopumemeHsle 3a0a4u cospemMeHHOU MeOUUUHbI U HayKu. Hoomponel 3aHu-
marom eaxHoe Mecmo 8 Heliponpomekyuu. MHo20KkoMnoHeHMHeble pumocpedcmsa
C SKCMPAKMAmu JieKapCcmeeHHsIx pacmeHuli nepcnekmueHel Kak ¢pumogapmako-
Jio2udecKue pe2yssimopHsle cucmemsl 0719 N000epXaHUS U 80CCMAHOB/EHUS KO2HU-
mueHO020 300p08bH.

Llenv uccnedosaHus. lpogecmu aHanu3 ncuxogpusuosoaudeckux ocobeHHocmel
Ko2HUMUBHbIX hyHKYUU y npedcmasumenet 3pesio20 U NOXU/1020 803pacma u oye-
HUMb 8/1UsHUe Ha Hux goumokomno3suyuu (DK) c HoomponHeiMu c8olicmeamul.
Mamepuansi u Memodel. [Jo u nocne Kypcogozo npuema humoKoMNOo3UyuU Ucnbi-
myemMbiM npoBoOUsSIU KOMNJIeKCHOe 06C/1e008aHUe, 8KOYaoujee 31ekmpokapouo-
2paduto ¢ oyeHkol sapuabesnbHOCMuU pumma cepoud, OUeHKY yHKYUU Kpamkospe-
MeHHOU U 00s1208peMeHHOU namamu ¢ nomowbio mecma «3ayqugaHue 10 c/io8»
A.P. Jlypus, nozuyeckoe MblwisieHUe oYeHU8aau ¢ homowbio mecma «CroxHele aHa-
Ji02uu».

Pe3synemamel. ViccnedosaHue 8biA8UsI0 08e 2pynnbl UCNbIMYEMbIX: CO CPeOHUM
U 8bICOKUM ypOBHeM pazsumus paboyeli namMamu U J102U4eCcKo20 MbiiieHus. llep-
84as 2pynna xapakmepu3osandacs HUKUMU 3HAYeHUAMU MapKepos napacumnamu-
yeckol HepsHOU cucmemsbl U HU3KOU eapuabenibHOCMblo pumma cepoya. Bmopas
2pynna omuy4andace 8bICOKUM yposHeM 8apuabesibHOCMU cepOevyHo020 pummd,
8bICOKUMU 3HAYEHUAMU MApKepos napacumnamud4eckou HepsHou cucmemel. [lo-
cne npuema OK sesuduHbl Mapkepos napacumnamuydeckoli akmusHocmu RMSSD,
HFmc? u HF% so3pacmarnu y 4neHo8 nepsozo K/iacmepa U CHUXA/IUCk Y Y4ieHO8 8Mmo-
pozo knacmepa. [locne npuema OK 8 nepeoli epynne 8 6onbwieli cmeneHu yay4ud-
JIUCb NoKazamesiu NAMAMU U CNOCOBHOCMU K J1I02UYECKOMY MbllUIeHUIO.
3akmoyeHnue. [TokazaHa c8A3b MeX0y 8bICOKUMU nokasamenamu paboyel nams-
mu u J102u4ecko20 MblWJ/IeHUs U npeobaaddaHueM napacumnamuyeckux 8/uaHuli
Ha pumm cepoya. lpuem pumMoKoOMNO3UUUU C HOOMPONHbLIMU C8OLICMBAMU B8bi3bI-
84J1 y/lyqywieHuUe KoeHUMUBHbIX pyHKUUU U 8bipasHUsaHue 6anaHca sezemamusHoli
HepsHOU cucmemsl.

Knroueswble cnoea: kocHUMUBHble d)yHKuUU, HOOMPONHble cpeacmea, eapua6enb-
HOoCmb pumma cepaua, de8MmOHOMHaAA HepeHaA cucmema

Ana unTuposBanua: Ounatosa O.B., Mambiwes A.1., Pomawko E.N., BoporunHa W.10., Lnw-
KuHa H.A., Kyuesa E.B., XanumoB PW. Mcnxodursnonormyeckme 0cCo6eHHOCTM KOTHUTUBHbIX
bYHKUMI Yy NpefcTaBATENEN 3Pesioro 1 NOXUI0ro BO3pacTa U BAUAHME Ha HUX GUTOKOM-
no3numMmn C HOOTPOMHbBIMU CBOMCTBaMU. Acta biomedica scientifica. 2026; 11(3): 72-78. doi:
10.29413/ABS.2026-11.3.9
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INTRODUCTION

A review of the literature revealed a limited num-
ber of studies comprehensively investigating the rela-
tionships between cognitive functions and autonomic
regulatory mechanisms of cardiac activity, particularly
in middle-aged and older adults [1].

Maintaining cognitive health and preventing de-
mentia are priorities in modern medicine and science
[2]. Nootropics play an important role in neuroprotec-
tion and can improve memory, performance, and adap-
tive capabilities of the brain in older adults [3, 4]. Epide-
miological data indicate the need for the development
of affordable domestic nootropics. Multicomponent
herbal preparations containing medicinal plant extracts
have the potential to be used as phytopharmacological
regulatory systems for maintaining and restoring cogni-
tive health [5, 6].

In 2023, a research team from the Institute of Bio-
medicine at Altai State University, as part of the project
“Development of functional products for restoring body
functions during age-related changes and evaluation
of their effectiveness” under the Priority-2030 program,
developed a phytoconstituents (PC) with nootropic
properties. ldentifying the mechanisms by which this
PC influences human cognitive functions is of current
relevance.

AIM

To analyze the psychophysiological characteristics
of cognitive functions in middle-aged and older adults
and to assess the effect of a phytoconstituents with noo-
tropic properties on these characteristics.

MATERIALS AND METHODS

Study Population

The group receiving the PC (n = 35) consisted
of conditionally healthy volunteers over 45 years of age,
who were recruited from various occupations. A total
of 35 women aged 45-65 years (mean age 52.3 + 0.94
years) were examined. The sample size was determined
based on the small sample criterion (sample size may
not exceed 30 units plus 25 % to account for potential
outliers).

All participants provided informed consent prior
to participating in the study. Inclusion criteria: volun-
tary informed consent. Exclusion criteria: chronic dis-
eases, hypertension, blood clotting disorders, alcohol
abuse, regular smoking, hypersensitivity to PC compo-
nents, recurrent gastrointestinal problems, and blood
pressure above 130/80 mmHg.

Psychophysiological Research Methods

Before and after the course of PC administration,
participants underwent a comprehensive examination
that included:
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electrocardiography with the assessment
of heart rate variability (HRV) using a Poly-Spectr-8/EX
device (lvanovo, Russian Federation);
assessment of short-term and long-term mem-
ory using the “10-Word Memorization” test developed
by A.R. Luria;
assessment of logical thinking through
the “Complex Analogies” test developed by E.A. Ko-
robkova, which evaluates logical reasoning based
on the ability to find logical connections between 20
word pairs (classification, antonyms, cause-effect, syn-
onyms, structural connections, group membership), us-
ing an online testing service [7].

Pharmacological Substances

The PCincluded components with significant noot-
ropic, adaptogenic, antioxidant, and antihypoxic prop-
erties: astragalus membranaceus extract (20 mg), finely
ground boswellia serrata resin (20 mg), Hericium erina-
ceus fruiting bodies (159 mg) - to stimulate cognitive
functions, Ginkgo biloba extract (20 mg) and polypre-
nols (5 mg) - to improve blood supply, as well as a vita-
min complex (vitamins A, C, D, E, K, group B, and vita-
min D3). Volunteers were administered one PC capsule
twice daily for a period of two weeks.

Ethical Approval

The study was approved by the local ethics com-
mittee of Altai State University (Protocol No. 9 dated
April 5,2024).

Statistical Analysis

Statistical data processing was performed using
the SPSS 21.0 software package. To check for the nor-
mality of the distribution, the Shapiro — Wilk test was
employed (significance level p > 0.05). For quantitative
data that did not follow a normal distribution, the me-
dian (Me) and interquartile range (Q,,-Q,,) were used.
The non-parametric Kruskal - Wallis test was used
for intergroup comparisons. For normally distributed
data, quantitative variables were presented as mean
(M) £ standard error (SE). For intergroup comparisons
in cases of normally distributed data, the paramet-
ric Student’s t-test for independent samples was em-
ployed. The Wilcoxon test for paired samples was used
to evaluate dynamic changes. Differences were consid-
ered statistically significant at p < 0.05. Cluster analysis
was used to form groups with similar characteristics.

RESULTS

Cluster analysis identified two groups with shared
characteristics (Cluster 1, n = 21; Cluster 2, n = 14). There
was no significant difference in age between the clusters
(Cluster 1: 51.8 £ 1.25 years; Cluster 2: 52.9 + 1.47 years;
p = 0.550). A comparative analysis revealed statistically
significant differences in several psychophysiological
parameters between the study groups. Using psycho-
physiological measures, statistically significant inter-
group differences were observed in first recall (Cluster 1:
6.3 £ 0.09; Cluster 2: 8.8 £ 0.17; p < 0.001), second recall



(Cluster 1: 8.5 £ 0.13; Cluster 2: 9.1 £ 0.12; p < 0.001), de-
layed recall (Cluster 1: 8.8 £ 0.16; Cluster 2: 10.0 £ 0.03;
p < 0.001), and recall after 24 hours (Cluster 1: 8.8 + 0.16;
Cluster 2: 9.6 £ 0.08; p < 0.001). Analysis of the results
from the “Complex Analogies” test revealed that partic-
ipants in Cluster 2 (9.2 + 0.52, p = 0.046) demonstrated
a significantly greater capacity for establishing logical
connections between pairs of words compared to those
in Cluster 1 (7.1 £ 0.61), i.e., subjects in Cluster 2 exhibit-
ed a higher level of cognitive functioning.

Statistically significant differences were also ob-
served between the study groups in terms of heart
rate variability parameters. To assess parasympathetic
regulation, the following HRV markers were used [8]:
the root mean square of successive RR interval differ-
ences (RMSSD) (Fig. 1), as well as the absolute and rel-
ative high-frequency power (HF) (Fig. 2). These param-
eters were significantly lower in subjects of Cluster 1,
indicating reduced activity of the parasympathetic divi-
sion of the autonomic nervous system.

After administration of the PC, parasympathetic
activity markers increased in Cluster 1 and decreased
approximately 2-fold in Cluster 2. Specifically: In Clus-
ter 1, RMSSD increased by 50 % [before PC: Me 20.0,
Q25-75 11.0-43.0; after PC: Me 30.0, Q25-75 16.0-64.0;
p = 0.008]; HF (ms?) increased 3-fold [before PC: Me
125.0, Q25-75 25.0-450.0; after PC: Me 375.0, Q25-75
75.0-1350.0; p = 0.008]; HF% increased by 50 % [before
PC: Me 16.0, Q25-75 8.0-46.0; after PC: Me 24.0, Q25-
75 8.0-69.0; p = 0.008]. In Cluster 2, RMSSD decreased
approximately 2-fold [before PC: Me 42.0, Q25-75

11.0-89.0; after PC: Me 21.0, Q25-75 8.0-45.0; p = 0.008];
HF (ms?) decreased approximately 2—fold [before PC: Me
375.0, Q25-75 30.0-2250.0; after PC: Me 187.0, Q25-75
15.0-1125.0; p = 0.008]; HF% decreased by 50 % [before

Note. Cluster 1 - individuals with a moderate level of working memory and logical
thinking; Cluster 2 - individuals with a high level of working memory and logical
thinking; Significant differences between groups: ** - p < 0.01.

FIG. 1.
Time-domain heart rate variability parameters (RMSSD) (data are
presented as medians and interquartile ranges (Me, Q,,-Q,,)

Note. Clusters are the same as in Fig. 1. Significant differences between groups: *** - p < 0.001.

FIG. 2.

High-frequency spectral parameters of heart rate variability: A - HF (mc?) and B - HF (%) (data are presented as medians and interquartile

ranges (Me, QZ5—Q75)

75



FIG. 3.
Correlation between the first recall delta and the number of words
recalled. The figure shows the regression equation

PC: Me 31.0, Q25-75 8.0-61.0; after PC: Me 15.5, Q25-75
5.0-30.0; p = 0.008].

Administration of the PC led to a statistically sig-
nificant increase in memory performance. First re-
call in Cluster 1 increased by 8 % (from 6.3 + 0.09
to 6.8 £ 0.17, p < 0.001), while in Cluster 2 it increased
by 1 % (from 8.8 +0.17 t0 8.9 + 0.17, p = 0.317). Delayed
recall in Cluster 1 increased by 7 % (from 8.8 £ 0.16
to 9.4 + 0.17, p < 0.001) and in Cluster 2 by 2 %
(from 10.0 £ 0.03 to 10.0 = 0.03, p = 1.00). Recall after
24 hours increased by 6 % in Cluster 1 (from 8.8 + 0.16
to 93 = 0.17, p < 0.001) and by 1 % in Cluster 2
(from 9.6 £ 0.08 t0 9.7 + 0.08, p = 0.157).

Following PC administration, there was a statistical-
ly significant increase in scores on the “Complex Anal-
ogies” test, reflecting an improvement in logical-an-
alytical abilities. Specifically, a statistically significant
improvement was observed compared to baseline, pre-
dominantly in subjects from Cluster 1 (by 39 %) and Clus-
ter 2 (by 23 %). For Cluster 1, the mean score increased
from 7.1 £ 0.85 to 9.9 = 0.61, p = 0.004. For Cluster 2,
the mean score increased from 9.2 + 0.52 to 11.3 + 0.64,
p =0.002.

The effectiveness of the PC is likely to be large-
ly determined by the baseline level of brain function.
The most pronounced effect of the preparation was ob-
served among individuals with lower baseline memory
performance. Specifically, the delta (difference between
pre- and post-PC values) in first word recall was nega-
tively dependent on the baseline number of words re-
called (Fig. 3). Correlation analysis revealed a moderate
negative correlation between these variables (r =-0.470,
p = 0.005).

Similar results were obtained for the delta values
of second recall, delayed recall, and 24-hour recall. This
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indicates that the effect of the PC is more pronounced
in individuals with more substantially reduced cognitive
function at baseline.

DISCUSSION

Comparison of our results with data from other
researchers also showed that high heart rate variabil-
ity is associated with better cognitive characteristics
and effective adaptive abilities [1, 9, 10]. The results
obtained in the current study confirm data previously
reported in a study conducted with officers of the Royal
Norwegian Navy [9].

It is known that reduced heart rate variability may
be associated with decreased cognitive efficiency, par-
ticularly reduced working memory and attention func-
tion, as well as prolonged sensorimotor reaction time
[11]. Moreover, low HRV values are considered a po-
tential predictor of an increased risk of cardiovascular
diseases, cognitive dysfunction, and neurodegenerative
processes, especially in older adults [12]. Our results in-
dicate the importance of parasympathetic regulation
in ensuring cognitive performance efficiency.

A comparison of the results from the phytoconstit-
uents study with data on Ginkgo biloba extract [13]
revealed a similarity in the findings: in older women
and individuals with initially reduced cognitive abilities,
the impact on cognitive processes was more significant.

Based on the study conducted, it can be conclud-
ed that the phytoconstituents have a beneficial effect
on cognitive functions, including memory and thought
processes. Given the increasing interest in plant-based
agents with neuroprotective properties, the develop-
ment of novel phytopreparations is becoming highly
relevant. The creation and implementation of the phy-
toconstituents may contribute to expanding the do-
mestic range of agents with proven efficacy in the field
of cognitive neuroprotection.

CONCLUSION

The study identified two groups of participants:
those with moderate and those with high levels of work-
ing memory and logical thinking. The first group had
reduced parameters of the parasympathetic nervous
system activity. The second group, in contrast, demon-
strated increased values of the parameters reflecting
the function of the parasympathetic system. After ad-
ministration of the phytoconstituents, the participants
in the first group exhibited a more significant improve-
ment in cognitive functions, accompanied by a shift
in autonomic nervous system balance.
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ABSTRACT

Restless legs syndrome (RLS) is a common sensorimotor neurological disorder that sig-
nificantly disrupts sleep and is associated with an increased risk of chronic noncom-
municable diseases. RLS is considered a common movement disorder, occurring ap-
proximately 50 % more frequently in women and in individuals of European descent.
The etiology of the disease remains unknown. The pathophysiology of RLS is also not
fully understood. Dopaminergic dysfunction is a key feature of RLS. Since its discovery,
the role of iron deficiency has been emphasized, not iron levels in the peripheral blood,
but rather its concentration in the central nervous system. The hyperdopaminergic
state in RLS can lead to decreased endogenous opioid levels, which may contribute
to impaired sensory processing. Overexpression of the estrogen signaling pathway
has been confirmed in patients with RLS. RLS is characterized by an uncontrollable
and distressing urge to move the legs and other body parts, often accompanied by un-
pleasant and irritating sensations. Symptoms often appear or worsen in the evening
and at night and are relieved by voluntary movement. Currently, the diagnosis of RLS
is based on the clinical picture, and therefore criteria have been developed for a more
objective diagnosis. Non-pharmacological treatments include sleep hygiene, moder-
ate-intensity exercise, yoga, leg massage, progressive compression devices for the lower
extremity muscles, and avoiding factors that aggravate RLS. The development of new
medications for the treatment of RLS has been somewhat delayed due to a limited
understanding of its pathophysiology. Dopaminergic agonists, a26 calcium channel
ligands, and opioids are used in the treatment of RLS. The disorder is under-recognized
by physicians and often remains undiagnosed. RLS is a treatable disease, but the risk
of augmentation during drug therapy makes it necessary to develop effective non-drug
treatment methods.

Keywords: restless legs syndrome, dopamine, a26 calcium channel ligands, iron

For citation: Madaeva |.M., Pytkina A.A. Restless legs syndrome: a literature review. Acta
biomedica scientifica. 2026; 11(3): 79-87. doi: 10.29413/ABS.2026-11.3.10

79



MapaeBa .M.,
MboiTknHa A.A.

OIBHY «HayuHbIn LeHTp npobnem
3[10pPOBbA CEMbW 1 penpoayKLun
yenoseka» (664003, r. pkyTck,
yn. Tumnpsnsesa, 16, Poccun)

ABTOp, OTBETCTBEHHbI 33 NepPenucKy:
MbiTknHa AnéHa AHapeeBHa
e-mail: alena.orlova.200@mail.ru

Cratba noctynuna: 30.03.2026
Cratba npuHaTa: 05.06.2026
Cratba onybaukoBaHa: 23.07.2026

PE3IOME

CuHOpom 6ecnokoliHbix Hoe (CBH) — pacnpocmpaHeHHoe ceHCOMOMOPHOe Hespo-
J102uyecKoe pdccmpolicmeo, Komopoe 3Ha4umesibHO Hapyuidem COH U C8A3aH C NO-
8bIUIEHHbIM PUCKOM XPOHUYECKUX HeUHMeKYUOHHbIX 3abonesaHul. CbH caumaemcsa
pacnpocmpaHeHHbIM 08U2aMesbHbIM PaccmpolcmaoM, scmpeddemcs NpUMepHO
Ha 50 % yauje y XeHWUH, a Makxe y Juy esponelickozo NPoUCXoX0eHUs. Smuoso2us
3abonegaHus 00 cux nop He ycmaHoseHa. [lamogusuonozus CbH makxe 0o KoHYa
He u3yyeHa. [JopamuHepaudeckas OUCYHKUYUA A8/19emca K/lo4esbiM NPU3HAKOM
CBH. C camozo omkpeimusa 3a6onegaHus ocobo 8bidenanu posib deuyuma xenesa,
HO He e20 co0epxdaHue 8 hepugepudeckol Kposu, a UMeHHO KoHUeHmpayus e LJHC.
Mpu CBH mMo2ym cHUXambcsA ypO8HU 3HOO2EHHbIX ONUOUO08, YMO MOoXem cnocob-
CMeosame HapyuieHut obpabomku CeHCOpHbIX cmumynos. ¥ nayueHmos ¢ CbH
noomeepounu u3bblIMOYHYI 3KCNPeccuro CUzHAIbHo20 nymu 3cmpoeeHd. CbH xa-
pakmepusyemca HeKOHMPOJIUPYeMbIM U My4YUmesibHbIM XesaHuem 08u2dme HO-
2aMu u Opy2umMu 4acmsaMU meJsid, U OHO 4dcmo conposoxo0demcs HenpusmHbiMu
U pasopaxarouumu owyweHuamu. Cumnmomel Yauwje nosenawomcsa 1ubo ycunusea-
I0OMCcs 8 8eyepHee U HOYHOe 8peMs, U yMeHbWAdomcs npu NPoU380J1bHbIX 08UXKEHUSIX.
B Hacmosuwee spems duazHocmuka CbH ocHogblisaemcs Ha KUHUYeCKoU KapmuHe,
8 C8A3U YeM bblu pazpabomaHsl Kpumepuu 071 6oiee 06veKMUBHOU NOCMAHOBKU
OouazHo3a. K HemeOuKameHMO3HbIM MemooaMm JiedeHUs OmHoCcAMCA: gusuyeckue
YNpaxHeHus ymepeHHOU UHMeHCcUsHOoCMU, (ioed, MACCaX My, Hoe, ycmpolicmea
0219 nocsiedosamesibHOU KOMNpeccuu Mbll HUXHUX KOHeYHocmel, u3bezaHue
npuduH, ycyeybnsawouwux CbH, 2ueueHa cHa. Pazpabomka HOBbIX JeKapCmMeeHHbIX
npenapamoe 0514 nedeHus CbH HEB803MOXHA U3-3a 02pAHUYEHHO20 NOHUMAHUS €20
namogpusuonoauu. B neueHuu C5H ucnons3yromcs dopamuHepeuyeckue azoHUCMel,
Nu2aHobl a26 Kanbyuesbix KAHAI08 U onNUOUOdbl. Bpayu HedocmamoyHo oceedomJie-
Hbl 0 OHHOM 3a60/1e8aHUU, OHO Yacmo ocmaemcs He duazHocmupyemeim. CHH sg-
igemca KypabesibHbIM 3a60/1e8aHUeM, HO pUCK pd3sumus dyeMeHmayuu Ha ¢hoHe
JekapcmeeHHol mepanuu 0esiaem Heobxo0uMoU paspabomky 3¢hgheKmusHbIx Heme-
OUKAMEHMO3HbIX MeMOo008 JieyeHUs.

Knrouesole cnoea: cuHOpom 6ecnokoliHbix Ho2, 00GaMUH, TU2aHObl A28 Kasbyuesbix
KAHAn08, Xee3o, 2eHemukKa

Ana yntuposaHua: Magaesa U.M., MbiTkuHa A.A. CUHLPOM 6€CNOKOMHbIX HOT: 0630p Nn-
Tepatypbl. Acta biomedica scientifica. 2026; 11(3): 79-87. doi: 10.29413/ABS.2026-11.3.10
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INTRODUCTION

Restless legs syndrome (RLS) is a common sensorim-
otor neurological disorder characterized by discomfort
in the lower extremities, occurring especially at night.
People with RLS often experience an uncontrollable
and distressing urge to move their legs in order to re-
lieve the unpleasant sensation [1, 2].

It is a well-known fact that sleep disturbances are
linked to an increased risk of cardiovascular diseases,
diabetes mellitus, acute cerebrovascular accident, de-
pression, and anxiety. The experience from the Irkutsk
Sleep Medicine Center and the Laboratory of Som-
nology and Neurophysiology at the Scientific Center
for Family Health and Human Reproduction Problems
has convincingly shown that various sleep disorders
significantly reduce quality of life and can lead to pre-
mature aging [3-5]. However, among all sleep disor-
ders, RLS remains the least studied pathology, requir-
ing close attention from sleep specialists, neurologists,
and geriatricians.

Therefore, RLS constitutes a significant clinical con-
cern and a public health challenge that necessitates
enhanced awareness, improved diagnostic approach-
es, and more effective and accessible treatment mo-
dalities to mitigate its widespread impact on patients
and the healthcare system.

AIM

To systematize the current data on the pathophys-
iology and treatment of RLS published over the past 5
years.

We conducted a review of contemporary Russian
and international literature on restless legs syndrome.
The following databases were used: eLibrary.ru, Scopus,
PubMed, and Google Scholar. A search was performed
using the keywords: restless legs syndrome, sleep, fer-
ritin, and dopamine. Selection criteria included publi-
cation dates (2021-2026) and relevance to the subject
matter of the literature review. Following a thorough
verification of source credibility, 33 articles were cho-
sen for citation in this study. Two additional articles
from 2015 and 2018 were incorporated due to their
practical significance in terms of treatment methods
described therein.

This syndrome was first described by English physi-
cian Thomas Willis in 1685, but it was not until 1945 that
Karl Ekbom defined the clinical characteristics of RLS
and established it as a distinct nosological entity [6].

Epidemiology

RLS is considered the most common movement dis-
order, affecting up to 10 % of older adults (60-74 years
old according to the World Health Organization’s clas-
sification) and 20 % of those aged 80 years and over.
It can also occur in children, although diagnosis in this
age group can be challenging and reliable prevalence
estimates cannot be reliably estimated. In adults, RLS
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occurs approximately 50 % more frequently in women
and in individuals of European descent [7].

Etiology

The etiology of the disease remains unknown [8].
Traditionally, RLS has been divided into primary (idio-
pathic) and secondary (comorbid) forms [9]. Howev-
er, recent genetic data have challenged the concept
of these two distinct conditions, as RLS may be inde-
pendent or associated with other medical conditions.
RLS may occur independently, most often at a young
age, or in combination with comorbid conditions such
as cardiovascular diseases, diabetes, or arterial hyper-
tension, making accurate diagnosis challenging [10].

Genetic factors play a significant role in RLS. Twin
studies and family aggregation analyses have estimated
the heritability of RLS to range between 54 % and 69.4 %.
Genome-wide association studies have identified risk
alleles for RLS in five specific genomic regions, includ-
ing MEIS1, BTBD9, PTPRD, MAP2k/SKOR1, and TOX3/
BC034767, as well as in an intergenic region on chro-
mosome 2 (rs6747972) [11]. The non-coding region
of MEIS1 represents one of the strongest genetic asso-
ciations, and it is part of a regulatory network involved
in iron metabolism. The precise function of this protein
in the biological pathway of RLS is yet to be established.
This gene is highly expressed in dopaminergic neurons
of the substantia nigra, which suggests a role in move-
ment. However, its exact function in dopaminergic cells
remains unknown [1].

The most common comorbid conditions that are
associated with RLS include uremia, anxiety-depressive
disorders, iron deficiency anemia, vitamin B12 and folic
acid deficiencies, Parkinson’s disease, polyneuropathy,
thyroid disorders, rheumatoid arthritis, fibromyalgia,
chronic venous insufficiency, and multiple sclerosis [9].
A high prevalence of RLS has been reported in patients
with migraines. Pregnancy, particularly during the third
trimester, is a physiological condition that is distinctly
associated with the development of RLS [11]. A number
of antidepressant and antipsychotic medications may
potentially induce or exacerbate RLS symptom:s.

Pathogenesis

The pathophysiology of RLS is not fully under-
stood. However, several theories have been proposed.
Dopaminergic dysfunction is a key feature of RLS,
but it is not simply a lack of dopaminergic substanc-
es in the central nervous system (CNS) [12]. Dopamine
levels in the cerebrospinal fluid (CSF) of RLS patients
do not differ from those of a control group. However,
a decrease in the activity of tyrosine hydroxylase, which
is involved in dopamine synthesis, and its metabolites
orthomethyldopamine and homovanillic acid has been
observed.

Dysfunction of the locus coeruleus is associated
with RLS, where hyperactivity of the noradrenergic
system may contribute to motor restlessness. Stress-in-
duced increased activity of the locus coeruleus may con-
tribute to sleep disturbances. Furthermore, increased
noradrenergic activity originating from the locus



coeruleus may exert a regulatory effect on the function-
al activity of dopaminergic neurons.

Single nucleotide polymorphisms in the gene that
encodes dopamine-f3-hydroxylase may contribute
to the development of RLS by altering enzyme activity.
This enzyme limits dopamine production by converting
it into norepinephrine. It is expressed in noradrenergic
cells in the locus coeruleus, postganglionic sympathetic
fibers, chromaffin cells in the adrenal medulla, and epi-
nephrine neurons. Dopamine-f-hydroxylase is a critical
enzyme in the biosynthesis of catecholamines, which
are important for neurotransmission in the adrenergic
sympathetic nervous system. As a result of single nucle-
otide polymorphisms in the dopamine-B-hydroxylase
gene, enzyme activity is altered, leading to reduced do-
pamine concentrations in the brain [13].

Since the discovery of the disease, particular em-
phasis has been placed on the significance of iron defi-
ciency, not only in peripheral blood, but also in the CNS.
It is known that iron is a co-factor for enzymes involved
in the synthesis of dopamine and glutamate, and plays
a role in regulating their receptors. Impaired iron trans-
port to critical neurons can lead to subsequent local hy-
poxia and myelin loss [9]. Brain iron deficiency has been
identified in neuropathological samples and on magnet-
ic resonance imaging (MRI), primarily affecting the sub-
stantia nigra and to a lesser extent the putamen, cau-
date nucleus, and thalamus. Patients with normal serum
ferritin levels have been found to have decreased ferri-
tin levels in CSF [11]. In the cerebral vessels of RLS pa-
tients, elevated levels of hypoxia-inducible factor-1a
in neurons of the substantia nigra have been observed,
as well as increased levels of hypoxia-inducible fac-
tor-1a and vascular endothelial growth factor [12].
It is believed that the hypoxic pathway caused by iron
deficiency in the brain disrupts dopamine metabolism
activating an enzymatic cascade, with possible involve-
ment of nitric oxide and adenosine. This, in turn, induc-
es transcriptional processes that lead to increased do-
pamine synthesis [11].

Patients with RLS exhibit a reduction in the overall
volume of the thalamus and specific thalamic nuclei,
such as the inferior pulvinar, ventral posterolateral,
and medial ventral nuclei. There have also been changes
in the intrinsic network of the thalamus. These thalamic
alterations were observed in patients who had not been
treated with medication. In patients who were receiv-
ing medication, the overall thalamic volume, thalamic
nuclei volumes, and intrinsic thalamic network did not
differ from healthy individuals. These changes could
be related to the pathophysiology of RLS, but a direct
causal relationship has not yet been established.

Serum vitamin D levels were significantly lower
in RLS patients compared to the control group, both
in primary and secondary RLS, and were positively cor-
related with disease severity. However, vitamin D admin-
istration did not improve the condition of RLS patients.
Expression of the vitamin D3 receptor protein has been
demonstrated in midbrain dopamine neurons and their
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target striatal neurons. Vitamin D enhances the expres-
sion of tyrosine hydroxylase, a rate-limiting enzyme
for dopamine synthesis in brain tissue. This enzyme
converts tyrosine into dopamine. The involvement of in-
creased expression of this enzyme in RLS pathogenesis
has been previously noted [14].

Although opioids have demonstrated efficacy
in treating RLS, the role of the endogenous opioid sys-
tem in RLS pathophysiology remains understudied [15].
Reduced levels of the endogenous opioid B-endorphin
in post-mortem brain tissue from RLS patients, as well
as in recent CSF studies, may provide support for the ra-
tionale behind using opioids in the treatment of RLS [16].

Excessive estrogen levels also affect dopamine
and glutamate signaling. Elevated expression of the es-
trogen signaling pathway has been observed in patients
with RLS. During the third trimester of pregnancy, estro-
gen levels reach their peak in the plasma, which may
contribute to RLS, though the precise underlying mech-
anisms remain unclear [11].

Since RLS symptoms are most prominent
in the evening and nighttime, the relationship between
RLS and circadian rhythms has been extensively re-
searched. Melatonin levels have been linked to worsen-
ing RLS symptoms [12]. The onset of melatonin secretion
coincides with the nocturnal worsening of symptoms
in RLS patients, and salivary melatonin levels peak ap-
proximately 2 hours prior to the peak intensity of sen-
sory or motor symptoms. Furthermore, melatonin fa-
cilitates peripheral vasodilation, leading to a decrease
in body temperature, which also correlates with the on-
set of RLS. However, the administration of exogenous
melatonin significantly worsens motor symptoms
in RLS patients [17]. Shift work is considered a risk fac-
tor for RLS due to forced disruption of natural circadian
rhythms [15].

Reduced activity of circadian genes may lead to ex-
cessive expression of ferroptosis, causing intracellular
dysregulation of iron metabolism, neuronal damage,
and dopaminergic dysfunction.

These mechanisms are not independent of each
other and may act synergistically: iron deficiency leads
to altered dopamine synthesis and oxidative stress,
which is further exacerbated by excitatory neurotrans-
mission and immune system activation.

Clinical Features

RLS is characterized by an uncontrollable and dis-
tressing urge to move the legs and other body parts,
often accompanied by uncomfortable and irritating
sensations. These symptoms typically occur or worsen
during the evening and night, and are relieved by vol-
untary movement [18]. Patients typically describe these
sensations as itchiness, tightness, tension, twitches,
burning, spasms, pulling, or pulsing, and less frequently
as pain [8].

Although RLS primarily affects the lower extrem-
ities, it has also been reported in other body regions,
such as the mouth, neck, upper limbs, face, abdomen,
and genitals [12].



Patients with RLS exhibit shortened sleep, increased
sleep fragmentation, and more pronounced respiratory
disturbances and limb movements during sleep, com-
pared to healthy individuals.

Pain and sleep arousal symptoms are more prev-
alent in women, while motor symptoms (both self-re-
ported and detected as periodic limb movements
on polysomnography) are more common among men.
In contrast, women with RLS tend to experience more
severe sleep disturbances and depressive moods,
while men with RLS are at a higher risk for comorbid
conditions such as hypertension and cardiovascular
disease [19].

RLS is more prevalent in patients with other condi-
tions, such as irritable bowel syndrome, chronic fatigue,
and chronic pain in the muscles and back. Patients
with RLS exhibit increased sensitivity to physical sensa-
tions and often experience high levels of anger and anx-
iety. Individuals with moderate to severe RLS may also
experience suicidal thoughts and attempts, which
is a factor that should be considered when determining
the treatment plan for RLS. These factors, influencing
the course of the disease, are often overlooked [20].

Sleep disturbances associated with RLS can lead
to daytime consequences, such as low mood, irritability,
forgetfulness, difficulty concentrating and also increase
the risk of chronic non-communicable diseases [18].

The frequency and severity of RLS symptoms have
direct clinical significance for treatment selection.
Based on these factors, RLS can be classified into: inter-
mittent RLS - symptoms that are bothersome enough
to warrant treatment, but occur less than twice a week
on average; chronic RLS - moderately or severely both-
ersome symptoms that occur at least twice a week
and require daily treatment; refractory RLS - symptoms
that do not respond to first-line monotherapy due
to incomplete or reduced efficacy, intolerable adverse
effects, or development of augmentation [12]. Aug-
mentation refers to an iatrogenic worsening of RLS
symptoms, characterized by earlier onset in the after-
noon compared to before treatment, spread to the up-
perlimbs, and shorter latency to symptom onset during
rest periods.

Diagnosis

Diagnosis of RLS is typically made in primary care
settings, but the variability of symptoms and their se-
verity, including at the time of treatment initiation,
make RLS a challenging condition to diagnose and treat.
This can lead to under- or over-diagnosis, as some
of the symptoms are nonspecific and may be indicative
of other conditions.

Currently, the diagnosis of RLS is based on the clin-
ical presentation. Therefore, in 1995, diagnostic criteria
were developed to provide a more objective basis for di-
agnosis. These criteria were revised in 2003 and again
in 2012 to improve diagnostic specificity. The most re-
cent update, from 2012, includes the following diagnos-
tic criteria for RLS established by the International RLS
Study Group (IRLSSG) [21]:

83

- An urge to move the legs, which is usually accom-
panied by unpleasant sensations, although this is not
always the case.

- Symptoms that begin or become worse during
periods of rest or inactivity, such as when lying down
or sitting.

- Symptoms that are partially or totally relieved
by movement, such as walking or stretching, at least
as long as the activity continues.

- Symptoms that occur or worsen only in the eve-
ning or at night compared to daytime.

The presence of these symptoms cannot be ex-
plained solely by other medical or behavioral conditions
(e.g., myalgia, venous stasis, leg edema, arthritis, leg
cramps, discomfort in certain positions, habitual foot
tapping).

The diagnosis of RLS can be challenging in certain
age groups, particularly children and the elderly. In chil-
dren, itis essential to rely on the child’s own description,
as they often use expressions such as “want to move”
or “need to kick” to describe their urge to move their
legs [11].

Imaging techniques are essential tools for diagnos-
ing and comprehending RLS. Brain MRI has revealed
a reduction in white matter volume within the cor-
pus callosum, anterior cingulate gyrus, and precentral
gyrus, suggesting structural changes such as myelin
sheath degradation. MRI data also allow for the quan-
tification of non-heme iron accumulation in the brain
using sequences that are sensitive to tissue magnetic
susceptibility. These data indicate decreased iron levels
in the midbrain, which correlate with RLS severity [9].

Functional MRI has revealed abnormal activation
in various areas of the sensorimotor and limbic sys-
tems, suggesting that these regions may play a role
in the pathogenesis of RLS [22].

Polysomnography (PSG) is the gold standard
for the objective assessment of sleep quantity
and quality. It provides quantitative sleep parameters
that allow clinicians to differentiate between sleep
phases and stages. It is not mandatory for RLS diagnosis
but can be useful, since detection of increased periodic
limb movements during sleep is a supportive criterion
for RLS. PSG can also identify significant objective sleep
abnormalities, such as prolonged sleep onset latency
and an increased arousal index [23]. In women with RLS,
there is significantly less N1 sleep and more N3 sleep
compared to men. Men are thought to have higher rates
of periodic limb movements during sleep, and subse-
quent microarousals, followed by N1 sleep, while wom-
en have more N3 sleep. However, although women had
more N3 sleep, they were less satisfied with their sleep
than men, indicating that women perceive RLS symp-
toms as more distressing than men [24].

Laboratory tests to confirm the diagnosis of RLS are
even less specific and provide insufficient information.
Extensive research is ongoing to identify effective bio-
markers for RLS. Twenty-four potential N-glycan bio-
markers have been identified, which show significant



differences from a control group [21]. RLS and N-glycans
are closely related to immunology and inflammation,
but currently there is not enough evidence to support
the use of N-glycans for clinical diagnosis of RLS.

Treatment

Pharmacological Methods

The development of novel drugs for RLS treatment
has been slightly delayed due to a lack of complete un-
derstanding of its pathophysiology. Nevertheless, sev-
eral groups of drugs with distinct modes of action have
shown efficacy [16].

RLS treatment should be initiated daily when symp-
toms become significant, i.e.,, when they significant-
ly affect quality of life. This is particularly important
in chronic cases. For intermittent RLS, treatment may
be given episodically [11].

Dopamine agonists have long been considered
the first-line treatment for RLS, but their use is limited
by adverse effects.

One of the most significant challenges in manag-
ing RLS with dopamine agonist therapy is the occur-
rence of a paradoxical worsening of symptoms. Pa-
tients initially respond well to dopamine agonists,
but as treatment progresses, symptoms may worsen.
This phenomenon, known as augmentation, was first
reported by R. Allen and C. Earley in 1996 among pa-
tients treated with levodopa. Augmentation manifests
itself as an increase in the severity of clinical symptoms,
an earlier onset of symptoms (either during the day
or in the early evening), involvement of additional body
parts, and a reduction in the duration of effect of do-
pamine agonist medications. Augmentation may also
occur with drugs from other classes, although it is less
common [9]. The pathophysiology of augmentation
is unclear and complex. However, it is believed that
overstimulation of dopamine receptors leading to neu-
roplastic changes is a major contributing factor. Risk
factors for augmentation therapy include long duration
of disease, a history of smoking, current smoking, high
levels of smoking, alexithymia, higher scores on the RLS
severity scale, symptoms of impulse control disorders,
and higher doses of dopamine agonist medications
[25]. Despite the development of augmentation, dopa-
mine agonist medication has been shown to be effec-
tive in managing the increases in heart rate and blood
pressure that are associated with periodic limb move-
ment disorder during sleep, a condition that can lead
to cardiovascular disease. Additionally, women may ex-
perience a more acute response to dopamine agonist
therapy than men, possibly due to differences in the ex-
pression of dopamine receptor genes in the CNS.

However, in order to prevent the development
of this undesirable effect (augmentation), it has recent-
ly been recommended that pharmacological treatment
should begin with the use of a26 calcium channel li-
gands, such as pregabalin, gabapentin, and gabapentin
enacarbil. These agents are considered to be as effec-
tive as dopamine agonists, but they have a significantly
lower risk of causing augmentation [6]. The mechanism
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of their action is believed to involve reducing glutamate
release. a26 calcium channel ligands have shown prom-
ising results in reducing hyperexcitability, hyperactivity,
and improving deep sleep in RLS patients. There is ev-
idence suggesting that the rate of visits to emergency
departments or hospitalizations due to mental health
issues was higher among patients who started treat-
ment with gabapentinoids compared to those who be-
gan treatment with dopaminergic medications; howev-
er, there was no statistically significant increase in risk
associated with the use of gabapentinoids [26].

Opioid analgesics can be effective in treating RLS,
but they should be used with caution due to their po-
tential risk of dependency. It is recommended to start
with opioid drugs with lower potency and then gradu-
ally increase the dosage if necessary [23].

In the case of refractory RLS, a sequential mono-
therapy approach using different drug classes (e.g., 026
calcium channel ligands, dopaminergic agents, opioids,
etc.) should be considered. In cases where augmenta-
tion is required, it may be beneficial to reduce the dose
and/or completely withdraw dopaminergic medica-
tions, although this may be difficult to achieve without
the addition of “rescue” or transitional therapies using
drugs from other classes, such as a26 calcium channel
ligands or opioids.

Non-Pharmacological Methods

Non-pharmacological treatment methods in-
clude: moderate-intensity physical activity, yoga, low-
er limb muscle massage, sequential compression de-
vices for the lower limb muscles, peripheral peroneal
nerve stimulation, transcranial magnetic stimulation,
and transcranial direct current stimulation. Additionally,
itis recommended to avoid factors that may exacerbate
RLS, such as alcohol, caffeine, nicotine, and certain an-
tidepressants. Sleep hygiene should also be maintained
[27-30].

Physical exercise is a promising non-pharmacolog-
ical treatment for RLS, but high-intensity exercise may
in some cases worsen the condition. There is variability
in the individual response to exercise, with some people
experiencing symptom improvement and others expe-
riencing worsening after exercise. In studies conducted,
participants noted that morning exercise generally al-
leviated symptoms, whereas evening physical activity
tended to exacerbate them. In mild cases of RLS, people
with secondary forms and those with a lower body mass
index appear to find physical exercise more effective
for relief [2].

Over the years, several non-invasive devices have
been developed, including those that provide vibra-
tional or compressive stimulation to the legs. However,
none of these devices have yet been proven effective
in a randomized, placebo-controlled trial [31].

Peripheral peroneal nerve stimulation is a non-phar-
macological treatment for moderate-to-severe RLS that
does not respond to drug therapy. It involves the use
of a bilateral wearable device that applies high-fre-
quency electrical stimulation to the peroneal nerve.



This stimulation activates a therapeutic mechanism,
reducing discomfort during sleep and improving sleep
quality. This treatment method has been shown to re-
duce RLS symptoms as an adjunct to other treatments
or as a monotherapy [28].

Transcranial magnetic stimulation is a technique
that alters cortical excitability and has been suggested
as an effective treatment for conditions related to hy-
per- or hypo-excitability in the brain. This technique can
significantly alleviate motor symptoms, sleep distur-
bances, and anxiety in patients with RLS [29].

Superficial application of heat and cold involves
exposing the skin and underlying tissues to different
temperatures in order to alter their temperature. This
therapeutic method is based on superficial techniques
that use conduction or convection mechanisms. The ap-
plication of heat improves blood circulation by promot-
ing the delivery of nutrients and oxygen to cells. Con-
versely, cold application enhances the production
of white blood cells, reduces the levels of histamine,
and strengthens the body’s immune response. There
is some evidence to suggest that this technique also has
antioxidant effects and influences plasma norepineph-
rine levels, which may lead to increased neurotransmit-
ter activity [32].

Massage has been shown to be beneficial for pa-
tients’ well-being, both physically and psychological-
ly. On the one hand, it can relieve tension in the skin
and muscles, improving blood circulation and boosting
the immune system. This, in turn, can lead to a sense
of relaxation and contentment. However, despite
the common use of massage therapy in patients
with RLS, its effectiveness in treating this condition re-
mains a topic of debate [33].

Patients with RLS may require iron replacement ther-
apy, either through increased intake of iron-rich foods
or initiation of oral or intravenous iron therapy, if blood
ferritin levels are below 75 ng/mL or transferrin satura-
tion is < 20 %. Moreover, studies conducted on RLS pa-
tients have shown that intravenous iron therapy is ef-
fective for RLS patients who do not have iron overload,
with serum ferritin levels ranging from 100-300 ug/L.
These data challenge current recommendations and sug-
gest that intravenous iron administration could be con-
sidered for a wider range of RLS patients [15].

Several treatment strategies may need to be imple-
mented simultaneously, including pharmacogenomic
testing, strategies to improve treatment adherence, op-
timization of drug therapy, cognitive-behavioral thera-
py for insomnia, and management of concurrent chron-
ic conditions [12].

CONCLUSION

Restless legs syndrome is a common neurolog-
ical disorder that significantly affects quality of life
and is a complex condition that remains inadequately
understood from a therapeutic standpoint.
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The significance of timely diagnosis and effective
management is emphasized by studies examining
the associations between RLS and somatic and psycho-
logical disorders.

At present, there are no established laboratory
or instrumental diagnostic methods that can confirm
a diagnosis of RLS. Diagnosis is currently based solely
on clinical criteria, such as patient complaints and med-
ical history, which may be insufficient, especially when
dealing with pediatric and geriatric patients.

Due to the contraindications of most RLS medica-
tions during pregnancy and breastfeeding, further re-
search into non-pharmacological treatments is needed.

Available pharmacological treatment options for RLS
appear to be insufficient, and there is a need for further
research into the pathophysiology of RLS in order to de-
velop more effective therapies. Additionally, increased
public awareness about RLS is also necessary.

Reducing RLS symptoms through medication
and creating a calm sleeping environment meets psy-
chological needs. Controlling RLS symptoms, engaging
in activities, having trust in treatment, and receiving so-
cial support contribute to a high quality of life. A holis-
tic and patient-centered approach that addresses phys-
iological, psychological, and social aspects can help
healthcare professionals provide comprehensive care
for patients with RLS.

Analysis of the literature over recent years suggests
that RLS is a manageable condition, but the risk of aug-
mentation during drug therapy necessitates the devel-
opment of effective non-pharmacological treatment
methods.
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ABSTRACT

Background. The paper describes a method of low intensity photodynamic thera-
py (LIPDT) for the treatment of superficial basal cell skin cancer (SBCSC) stage I using
topical application of the photosensitizer Photoditazine gel® or intravenous Photodi-
tazine® solution. LIPDT is the treatment of choice in medical organizations lacking laser
equipment, specialized facilities, or for remote use (in distant areas). It can also be used
as an adjunct to other treatment methods.

Aim. To provide a theoretical rationale for the use of a LIPDT device with Photoditazine®
and Photoditazine gel® for the treatment of SBCSC.

Materials and methods. The developed device consists of the following elements:
a battery, a control board, a DC-DC voltage converter, a microcontroller, a driver,
and an LED matrix. The mechanism of the device is based on the classical PDT meth-
od but has several key differences: automatic mode (eliminating the need for manual
adjustment), low output radiation power (which prevents oxygen depletion in tumor
tissue), and the ability to function under conditions unsuitable for standard PDT.
Conclusion. The proposed LIPDT method for treating stage | SBCSC will reduce treat-
ment costs while maintaining the effectiveness of the existing standard PDT method.

Key words: basal cell skin cancer (BCSC), low-intensity phototherapy therapy (LIPDT),
photosensitizer (PS), Photoditazine®, Photoditazine-gel®
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PE3IOME

O6ocHoeaHue. B pabome npedcmasieHo onucaHue MemooOuKu NnposedeHUs HU3-
KouHmeHcusHol omoduHamuydeckol mepanuu (HOAT). lpu nevyeHuu nosgepx-
HOCMHO20 6a3a1bHOKIEMOYHO020 paka kKoxu (BKPK) | cmaduu no cucmeme AJCC 8-20
nepecmompa (2017 2.) oyeHeH pe3ysbmam HAPYXHO20 NpuMeHeHUs npenapama
«@omoodumasuH-2ene»® unu pacmeopa «PomooumasuH»® 0718 8HymMpuUBeHHO20 88e-
OeHuA. HOAT asnaemca 8bi60pom Memood siedeHus 8 ycao8usax MeoUuyUHCKUX opad-
Hu3ayul, He UMeWUX J1a3epHO20 OCHAWeHUS, cneyuanu3uposaHHo20 noMeweHuUs
UJIU 803MOXHOCMU OUCMAHYUOHHO20 KOHMPOJIA JledeHUs (Ha omOoasneHHbIX meppu-
mopusx). Moxem 6bimb npumMeHeH 8 00NOJIHeHUe K Opy2UuM cnocobam siedeHus.
Lens. Teopemuyecku obocHosams npumeHeHue annapama HOLAT ¢ npenapamamu
«@omodumasur»® u «PomooumasuH-2eneb»® 019 1eyeHus NosepxHocmMHozo bKPK.
Mamepuanel u MemoO0sl. PazpabomarHbili annapam cocmoum u3 c/1edyrowux 3Jie-
MeHMOo8: akKymyamop, nnama koHmposs, DC-DC npeobpaszosamesib HaANPAXEHUS,
MUKpOKOHmMposnep, opatieep u caemooduooHas mampuuad. MexaHu3m pabomel anna-
pama 6a3upyemcs Ha kaccuyeckom memoode pomoouHamuyeckoti mepanuu (OAT),
umes npu 3mom KJlro4esble OmJIuYyus: asmomamuyeckuli pexum (6e3 Heobxo0umo-
cmu pyyHol HacmpoUiKu), HU3KYI 8bIXOOHAA MOWHOCMb U3JlyyeHus (6nazodaps
yemy He npoucxo0um ucmoujeHue KUciopood 8 0nyxos1e8oli MKAHU), B03MOXHOCMb
pabomel 8 ycs108USAX, He NPUCNOCOB/IeHHbIX 0118 cmaHoapmHouU OAT.

3aknroyenue. Cnocob nevyeHus HOAT no3eosum cHU3UMb CMOUMOCMb JleYeHus
nosepxHocmHo20 bKPK | cmaduu, coxpaHug npu 3mom 3¢gekmusHocme yxe cyuje-
cmaytouje2o cmaHoapmuo2o memoda QOT.

Kniouesole cnoea: 6a3anbHokiemoyHelli pak kKoxu (bKPK), HuUskouHmeHcusHas ¢o-
moouHamuyeckas mepanus (HOAT), pomocerHcubunuzamop (OC), npenapamei «Do-
mooumasun»®, «PomodumasuH-een»®

Ana untnposanua: Lepbatbix A.B., BenoHoros A.B., Tonmaués K.B. O6ocHoBaHue npw-
MeHeHUA Ccnocoba HU3KOVHTEHCUBHOM poToanHamMmnyeckol Tepanun npu 6asanbHoke-
TOYHOM pake Koxu | ctapuw. Acta biomedica scientifica. 2026; 11(3): 88-96. doi: 10.29413/
ABS.2026-11.3.11
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INTRODUCTION

In 2023, a total of 76,081 patients with skin malignan-
cies (excluding melanoma) were registered in the Russian
Federation with a first-ever diagnosis of a malignant neo-
plasm, thereby ranking first in cancer detectability. Ma-
lignant neoplasms of the breast ranked second (74,008
patients). Between 2013 and 2023, the prevalence of skin
malignancies increased by 18.3 % [1]. Photodynamic ther-
apy (PDT) is successfully used to treat various precancer-
ous conditions and malignant neoplasms [2-4].

However, research continues to identify the optimal
treatment modality to achieve complete tumor eradica-
tion. Reducing treatment intensity is also of great impor-
tance, given that pain remains the most common adverse
effect [5].

AIM

To provide a theoretical rationale for the use of a LIPDT
device with the photosensitizer“Photoditazine”® and“Pho-
toditazine-gel”® for the treatment of superficial basal cell
skin carcinoma (SBCSC), which will reduce treatment costs,
simplify the procedure, while maintaining the effective-
ness of photodynamic therapy.

MATERIALS AND METHODS

The developed device consists of the following com-
ponents: a battery, a control board, a DC-DC voltage
converter, a microcontroller, a driver, and an LED matrix.
The operating principle of the device is based on the clas-
sical PDT method but has several key differences: an auto-
matic mode (eliminating the need for manual adjustment),
low output radiation power (which prevents oxygen de-
pletion in tumor tissue), and the ability to function under
conditions unsuitable for standard PDT.

The difference between LIPDT and conventional laser
PDT lies in the fact that LIPDT uses an LED emitter based
on asingle LED or an LED matrix consisting of several LEDs,
powered autonomously by a lithium-ion battery (power
bank).

The LIPDT method for patients with malignant neo-
plasms is performed by applying “Photoditazine-gel”®
or by intravenous administration of “Photoditazine”®,
followed by exposure of the tumor growth zone
to light radiation at a wavelength within the photo-
sensitizer absorption range, with an energy fluence
of 300 to 600 J/cm?. The irradiated field area is select-
ed to match the tumor area, extending 0.5 mm beyond
the clinically evident tumor margin.

In practice, “Photoditazine-gel”®, a light penetrator,
was used at a concentration of 0.5 % and a volume of 1 mL.
This preparation is intended to enhance the penetrating
effect of the light energy source used in phototherapy, in-
cluding photodynamic therapy, under various light expo-
sure conditions. The gel was applied topically to the skin
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topically 30 minutes prior to light exposure, using 1 mL
of gel for every 3-5 cm? of the treated surface. After 30
minutes, the applied gel was removed with a cotton swab
moistened with distilled water, followed by light exposure.

The irradiation session is performed using LED emit-
ters that provide a light flux in the 650 nm wavelength
range.

LIPDT is performed using an LED emitter with a ra-
diation wavelength of 650 nm, powered autonomously
by a portable power bank. The size of the LED emitter
is selected according to the irradiated field area, match-
ing the tumor area circumferentially, extending 5 mm be-
yond the clinically evident tumor margin. The LED emit-
ter (matrix) is fixed to the tumor surface using standard
fixation methods (adhesive tape, securing bandage), al-
lowing the patient to move freely and perform self-care
during the session.

RESULTS AND DISCUSSION

The developed LIPDT method is based on the photo-
dynamic effect on malignant cells following the topical
application or systemic administration of photosensitiz-
ers (PS), which are substances that increase the sensitivity
of tumor tissues to light. The LIPDT procedure can be divid-
ed into the following stages: administration of the PS into
the body; preferential accumulation of the PS in the tumor
area; excitation of the PS at the target area by LIPDT, result-
ing in the formation of reactive compounds; cell death; tis-
sue destruction; elimination of the PS; and wound healing.
The preferentialaccumulation of the PSinthetumorisaspe-
cific property of the photosensitizers used and is based
on differences in oxidative processes between cancer
cells and healthy tissues. Excitation of the PS occurs when
the tumor area containing the accumulated PS is irradiat-
ed with light at a wavelength corresponding to the optical
absorption band of the PS. The excitation energy of the PS
is transferred to oxygen molecules present in the tumor
cells, converting them from the ground triplet quantum
state to the singlet state, resulting in the formation of re-
active oxygen species (ROS). Singlet oxygen ('0,) is highly
reactive and oxidizes cell molecules, leading to cell death
and necrosis of tumor tissue. This constitutes the essence
of both PDT and LIPDT. The photodynamic therapy process
can be described by the following reaction:

T1+3597(02) —S0+14g(02),

where T7 - PS in the excited triplet state, into which
it transitions as a result of light exposure within the ab-
sorption band; 3Zg'(02) - molecular oxygen in the ground
triplet state in the cells of the tumor tissue; SO - PS
in the ground singlet state, into which it transitions af-
ter interacting with oxygen; 7Ag(OZ) - molecular oxy-
gen in the excited active singlet state after interacting
with the PS.

Singlet oxygen 1Ag(OZ), having paired electrons
on one orbital and a vacant second orbital, readily interacts



with electron-rich molecules [6]. The photosensitizer itself
causes damage to specific parts of cells, inducing apop-
tosis, necroptosis, autophagy, and paraptosis, which can
occur as a result of damage to mitochondria, lysosomes,
and the endoplasmic reticulum [7]. An important factor
for overall treatment effectiveness is the balance between
these processes [8].

Under intense light irradiation, the primary PDT effect
occurs at the onset of laser exposure, when the maximum
number of oxygen molecules participates in the genera-
tion of singlet states. Subsequently, both the intensive
consumption of oxygen in its active forms and the slow
diffusion of free oxygen into the photoactive zone inevi-
tably lead to a decrease in oxygen concentration around
the photosensitizing molecules. This diminishes the pho-
todynamic effect and, consequently, reduces treatment
effectiveness. Studies conducted in several works, such
as [4], have confirmed that singlet oxygen generation
during PDT can deplete photochemical oxygen within
the tumor, resulting in local hypoxia and reduced treat-
ment effectiveness.

The rate of oxygen supply to the tissue after its con-
sumption during the photodynamic reaction is relatively
low. In practice, the time constant for tissue reoxygenation
varies across different tissues, ranging approximately
from two to eight seconds [9].

In this regard, solving the problem of tissue deoxy-
genation within the irradiated area is possible through
reducing the power density (irradiance) of the light expo-
sure, while simultaneously extending the exposure time
to achieve the required total energy fluence. Addressing
the issue of tissue deoxygenation during PDT in the irradi-
ated area may be achieved at deliberately low light inten-
sity levels, at which the replenishment of the tissue oxygen
content is maintained at an adequate level due to the low
rate of its conversion and the extended time required
for its transition to the active singlet state.

The LIPDT method simplifies the PDT procedure,
reduces the risk of thermal injury to the treated area,
and eliminates the risk of damage to the optical fiber
cable used for laser PDT. Ongoing physician monitoring
of the current state of the treated area allows the therapy
to be administered on an outpatient basis using a porta-
ble power supply, as well as remote monitoring. Unlike
PDT using laser radiation sources, this method does not
require specialized rooms (with special wall coverings
to prevent light reflection) or eyewear with optical filters
for protection.

Due to the low radiation intensity of LEDs compared
to lasers, LIPDT requires a longer treatment interval fol-
lowing photosensitizer application. However, the use
of LIPDT reduces the risk of thermal injury to surrounding
tissues.

The rate and extent of preferential PS accumulation
in tumors compared to surrounding tissues can be 3-10
times higher, depending on the tumor type and the PS
employed.

Second-generation photosensitizers, commonly used
in medicine, such as “Photoditazine”® for intravenous
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administration and “Photoditazine-gel”® for topical ap-
plication, developed by Russian companies, belong
to the chlorin family. “Photoditazine”® is the di-N-methyl-
glucamine salt of chlorin E6 and a derivative of chloro-
phyll a [10]. “Photoditazine”® is produced from the bio-
mass of the microalgae Spirulina platensis, which is used
to extract chlorin E6.

“Photoditazine”® exhibits high photodynamic ac-
tivity for singlet oxygen generation and has several ad-
vantages compared to other second-generation photo-
sensitizers. These advantages make it a preferred choice
for PDT, as they help to minimize damaging effects
on healthy tissues and organs, as well as skin damage
caused by light exposure [11].

The LED emitter power and irradiation time are set
to provide a total energy fluence of 300-600 J/cm?, de-
pending on the specific requirements. Figure 1 shows
the spectral correlation between the LED emission
and “Photoditazine”®.

A key parameter for calculating the light dose
is the energy fluence, which is the total light energy
delivered to a unit area of irradiated pathological tissue
in the tumor area.

The irradiation dose is calculated using the follow-
ing formula:

E=P+t, (1)

where E - total irradiation energy (J), P - output pow-

er of the LED emitter (W), t - irradiation time (exposure),
seconds.

To calculate the energy fluence (Q), the total irradi-
ation energy must be divided by the area (S) of the light
spot on the irradiated surface

Q=E/S=P*t/S. (2)

Accordingly, the following formula can be used to cal-

culate the irradiation time (t in seconds):

t=Q*S/P, 3)

where Q - energy fluence (dose), J/cm? S - area

of the light spot on the irradiated surface, cm? P — output
power of the LED emitter, W.

Table 1 shows the correlation between the irradiation
dose of light, the irradiation time, and the emitter pow-
er, assuming that the light spot area matches the tumor
area.To determine the key parameter, the energy fluence,
the total irradiation energy (E in J) from the table must
be divided by the surface area of the irradiated tissue
in the tumor area.

If the size of the light spot does not match the tumor
size, two scenarios are possible: the tumor is smaller than
the light spot size, or the tumor is larger than the light
spot size.

When the tumor size is smaller than the light spot
size, the irradiation dose delivered to the tumor must
be calculated using the following formula:



E

= *
tumor Etotal slight/ Stumo/

(4)

where E, - irradiation dose received by a particular
area of the tumor, Etm, — total irradiation dose from the ta-
ble, S”gm— light spot area, Sm.. —tumor area.

In this case, the energy ﬂolrjence (dose density) Q can
be calculated using the following formula:

Q=E_ /S (5)

tumor’ = tumo’

or:

Q=Etol‘a/ slight (6)

If the light spot size is smaller than the tumor size,
the dose can only be calculated for the part of the tumor
that has been irradiated, using Formula 6. The light spot
can be moved across the tumor for subsequent irradiation
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Example 1. For atumor size of upto 1 cm (E=200J/
cm?) and an LED power of 0.05 W, the power density (P)
is calculated as follows:

0.05W/0.78 cm?=0.064 W/cm?

W/cm?2= 3125 sec. or 52 min.

Calculation of the LIPDT procedure time (t) as a func-
tion of the diameter (D) and area () of the light spot
at a given energy fluence (Q) and an LED power of 0.07 W
(Table 2).

The active ingredient in “Photoditazine”® (chlorin
E6 dimeglumine) has a selective accumulation in tumor
cells. When the tumor area is subsequently irradiated
with monochromatic light at a wavelength of 650-670 nm,

"Photoditazine"®absorption spectrum
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FIG. 1.

Spectral correlation between the LED emission spectrum and the “Photoditazine”™ absorption spectrum

TABLE 1

DEPENDENCE OF THE IRRADIATION DOSE ON EXPOSURE TIME AND EMITTER POWER WHEN THE LIGHT SPOT

AREA MATCHES THE TUMOR AREA

Power, mW — 5 10 20 30
t, sec. | t, min.

60 1 0.3 0.6 1.2 1.8
300 5 1.5 3 6 9
600 10 3 6 12 18
900 15 4.5 9 18 27
1200 20 6 12 24 36
1500 25 7.5 15 30 45
1800 30 9 18 36 54
2100 35 10.5 21 42 63
2400 40 12 24 48 72
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40 50 60 70 80 20 100
Irradiation dose, J
24 3 3.6 4.2 4.8 54 6
12 15 18 21 24 27 30
24 30 36 42 48 54 60
36 45 54 63 72 81 90
48 60 72 84 96 108 120
60 75 90 105 120 135 150
72 920 108 126 144 162 180
84 105 126 147 168 189 210
96 120 144 168 192 216 240



a photosensitization effect occurs. This effect involves
the generation of reactive oxygen species in the tumor
tissue, including singlet oxygen and other free radicals.
These species cause structural and functional changes
to tumor cells, ultimately leading to their death.

The duration of the treatment after the application
of the photosensitizer is determined by the calculated
dose (Table 2).

The light-emitting device based on an LED ma-
trix and power supply is schematically illustrated
in Figure 2. A lithium-ion battery (1) is used to pow-
er the device. A battery charge/discharge controller
(2) is used for charging and monitoring the battery.
A DC-DCvoltage converter (3) increases and maintains
the voltage from the battery at a constant level. A mi-
crocontroller (4) generates a PWM signal, which is sent
to a driver (5) to regulate the operation of the emit-
ter (LED matrix) (8). The emitter operating mode is set
using control buttons (7) and the status is displayed
on the display (6).

The light-emitting matrix, comprising at least four
LEDs, is mounted on a heat sink and enclosed within
a plastic casing (Fig. 3). The casing has lugs for secur-
ing the emitter to the patient’s body via elastic straps

TABLE 2
CALCULATION OF THE LIPDT PROCEDURE TIME (t)

Energy fluence, J/cm? 100 200
Light spot diameter, cm

0.5 7 13
0.6 9 19
0.7 13 26
0.8 17 33
0.9 21 42
1.0 26 52
1.1 32 63
1.2 38 75
1.3 44 88
1.4 51 103
1.5 59 118
1.6 67 134
1.7 76 151
1.8 85 170
1.9 94 189
2.0 105 209
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or adhesive tape. On the external side of the casing,
there are openings for heat dissipation from the heat sink
and an opening for the LED power cable.

The light-emitting matrix is connected to a power
supply and control unit through a flexible cable. The ex-
ternal view of the unit is shown in Figure 4. The driv-
er stabilizes the current through the LEDs and, under
control of the microcontroller, delivers current pulses
to the LEDs at a specified frequency. The microcontrol-
ler controls the LED emission modes by sending con-
trol signals to the driver using pulse-width modulation
(PWM), enabling the LEDs to emit in a pulsed mode
with adjustable frequency. This allows treatment pro-
cedures to be performed in an optimal mode, reducing
the thermal load on the irradiated area and allowing
the selection of irradiation frequency and power for af-
fected areas according to the most effective therapeutic
protocol.

The power supply unit has control buttons for setting
the emission mode, and parameters displayed on an inte-
grated screen (Fig. 4).

Therefore, the proposed device allows for the treat-
ment of skin neoplasms using the LIPDT method, result-
ing in good cosmetic outcomes.

300 400 500 600
Irradiation time, min.
20 26 33 39
28 38 47 57
38 51 64 77
50 67 84 100
64 85 106 127
79 105 131 157
95 127 158 190
113 151 188 226
133 177 221 265
154 205 256 308
177 236 294 353
201 268 335 402
227 302 378 454
254 339 424 509
283 378 472 567
314 419 523 628



FIG. 2.
Block diagram of a light-emitting device based on an LED matrix
and a power supply

FIG. 3.
Light-emitting matrix based on LEDs for LIPDT
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CONCLUSION

The developed new treatment method (LIPDT) will re-
duce the cost of treatment for patients with stage | BCSC
by simplifying the procedure while maintaining compara-
ble effectiveness to conventional methods. This method
does not require the use of specialized rooms or reflec-
tive-coated walls.

In medical organizations that lack laser equipment,
LIPDT can serve as the treatment of choice. It can also
be used in conjunction with PDT for cases of multiple pri-
mary tumors, as well as for remote monitoring in hospice
settings. Simultaneous application of multiple LEDs can
be utilized with this method.
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ABSTRACT

Background. Maturation of the intestinal epithelial barrier in early life is accompanied
by variability in biomarkers of enterocyte injury and permeability. However, longitu-
dinal serum profiles of I-FABP and claudin-2 in seemingly healthy children, including
those born preterm, remain insufficiently studied.

Aim. To assess the dynamics of serum I-FABP and claudin-2 concentrations in children
born at 34-41 weeks’ gestation during the first 24 months of life, with consideration
of gestational age.

Methods. This prospective observational cohort study included three time points:
up to 7 days; 1-1.5 months/postmenstrual age (PMA) 40-41 weeks; and 18-24 months.
At time points 1-2, 98 newborns were enrolled; by time point 3, follow-up was complet-
ed in 88 children: preterm (34-36 weeks, n = 30) and term (37-41 weeks, n = 58). Loss
to follow-up was 10.2 % (n = 10). I-FABP and claudin-2 were measured by ELISA.
Results. I-FABP remained stable during the first 1-1.5 months and increased by the sec-
ond year of life: in preterm children 1.12[1.07; 1.30] - 1.30[0.97; 1.87] - 6.09 [3.18; 6.65]
ng/mL (p < 0.001), and in term children 1.10 [0.80; 1.95] — 1.21 [0.92; 1.73] - 3.89 [2.33;
6.10] ng/mL (p < 0.001); no between-group differences were observed at the respec-
tive time points (p = 0.738;0.610; 0.131). In preterm children, claudin-2 did not change
significantly: 6.76 [3.00; 9.14] - 7.59 [5.20; 10.96] - 7.77 [6.33; 9.20] ng/mL (p = 0.497).
In term children, claudin-2 increased: 1.85 [1.02; 5.22] - 5.10 [3.47; 8.31] — 7.95 [6.32;
11.28] ng/mL (p < 0.001). At time points 1-2, claudin-2 values were higher in preterm
than in term children (p = 0.006; p = 0.009), whereas at time point 3 they were compa-
rable (p = 0.326).

Conclusions. Within the 34-41-week gestational range, gestational age does not de-
termine I-FABP levels, whereas claudin-2 is gestational age-dependent. Interpretation
of these biomarkers requires consideration of both chronological age and gestational
age.

Keywords: intestinal permeability, preterm infants, I-FABP, claudin-2, intestinal epithe-
lial barrier, early childhood

For citation: Bavykina |.A., Perceva M.V, Zvyagin A.A., Kubyshkina A.V., Antakova L.N., Ba-
rannikov S. V., Ledneva V.S. Longitudinal changes in serum intestinal fatty acid-binding
protein and claudin-2 levels in children during the first 24 months of life: a prospective
observational cohort study. Acta biomedica scientifica. 2026; 11(3): 97-107. doi: 10.29413/
ABS.2026-11.3.12
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PE3IOME

O6ocHoeaHue. Co3pesaHue KUWEYHO20 3nUmMesuanbHo20 6apvepd 8 paHHeM 803-
pacme conpogoxdaemcs 8apuabesibHOCMbIO MAapKepos nogpexoeHus U NpoHUYae-
MOCMU 3HMepPoYUmMos; npodosibHble Npoghusiu cblsopomouHsix I-FABP (Intestinal fat-
ty acid-binding protein) u knayouH-2 y ycnosHo 300posbix 0emel, 8K104AA NO3OHUX
HEOOHOWEHHBIX, U3y4eHbl HEOOCMAMOYHO.

Lens. OyeHume ouHamuky KoHUeHmpayudli I-FABP u knayouH-2 8 cbisopomke Kposu
y 0emell, pox0EHHbIX Ha cpoke 34-41 Hedenu 2ecmayuu, 8 nepeele 24 Mecayd XusHu
C y4émom 2ecmayuoHHO20 803pdcma.

Memoodel. [lpocnekmusHoe 0bcepsayuoHHoe Ko2opmHoe ucciedosaHue (3 amana:
0o 7 cymok; 1-1,5 mecaya/lTMB 40-41 He0.; 18—-24 mecaya). Ha 1-2 smanax 8kno4eHo
98 HOBOPOXOEHHbIX; K 3 3many 3asepwiusiu HabmooeHue 88 demel: HEOOHOWEHHbIE
34-36 Hed. (n = 30) u 0oHoweHHble 37-41 Heo. (n = 58); nomepu 10,2 % (n = 10). I-FABP
U Kn1ayouH-2 onpedensnu memodom NDA.

Pesynemamel. |-FABP 6bin1 cmabuneHbiM 8 nepssie 1-1,5 mecaya u ysenuyusan-
CA Ko 2-My 200y XU3HU: y HeOoHoweHHwbIx 1,12 [1,07;1,30] — 1,30 [0,97;1,87] — 6,09
[3,18;6,65] He/mMn (p < 0,001), y doHoweHHbIx 1,10 [0,80;1,95] - 1,21 [0,92,;1,73] - 3,89
[2,33;6,10] Ha/mn (p < 0,001); Mexepynnossix passiuyull He 8visigaeHo (p = 0,738; 0,610;
0,131). [ina knayOuH-2 y HeOOHOWEHHbIX U3MeHeHUl He ommeyeHo: 6,76 [3,00;9,14] -
7,59 [5,20;10,96] - 7,77 [6,33;9,20] He/mn (p = 0,497). ¥ O0HOWeEHHbIX K/1ayOUH-2 803-
pacman: 1,85 [1,02;5,22] - 5,10 [3,47;8,31] — 7,95 [6,32;11,28] He/mn (p < 0,001); Ha 1-2
3manax 3HadeHus 6blIu 8blwie y HeOOHOWeHHbIX (p = 0,006; p = 0,0009), Ha 3-U — co-
nocmasumbol (p = 0,326).

3aknoyeHue. B duanasoHe 34-41 Hedenu eecmauuu 2eCMAyuoHHbIl 803pacm
He onpedesnisem ypoaeHsb I-FABF, moz0a kak knayouH-2 3asucum om 2ecmayuoHHO20
803pacma; uHmepnpemMayus Mapkepos mpebyem yyéma 8o3pacma u cpoka 2ecma-
yuu.

Knioyeeole cnosa: kuwe4Has npoHUyaemMocmse, HeOOHoweHHsle, I-FABP, knayouH-2,
KuweyYHbll snumesnuasnbHeil 6apbep, paHHUl 803pacm

Ona yntupoBaHua: basbikuHa W.A., Mepuesa M.B., 3earuH A.A., Ky6biwknHa A.B., AHTa-
koBa J1.H., bapaHHukos C.B., JlegHeBa B.C. InHamrKa UHTECTMHANbHOIO 6eska, CBA3blBa-
IOLLIero »KMpPHble KUCNOTbl U KNayAnH-2 B CbIBOPOTKE KPOBU Yy feTel B nepBble 24 meca-
La XKM3HKU: NPOCNEKTUBHOE 06CEepBaLMOHHOE KOropTHOE uccnegoBaHne Acta biomedica
scientifica. 2026; 11(3): 97-107. doi: 10.29413/ABS.2026-11.3.12
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BACKGROUND

The maturation of the intestinal wall determines
the formation of a barrier function and intestinal per-
meability, which are key factors for efficient nutrient
absorption, immune defense, and, consequently, re-
sistance to infections in children during the first years
of life. Results from modern cohort studies provide
compelling evidence for an association between im-
paired intestinal barrier function in infancy and reduced
growth rates [1], systemic inflammatory response [2, 3],
and subsequent health outcomes in later childhood,
with the severity of pathological processes depending
on age, feeding type, antigenic load, and disease fre-
quency [2-4].

Intestinal fatty acid-binding protein (I-FABP)
is a cytosolic protein of small intestinal epithelial cells
that is detected in biological fluids (blood and urine)
only upon enterocyte damage [5, 6]. Consequently,
in the current literature, I-FABP is considered primari-
ly as a marker of intestinal epithelial cell injury rather
than a direct indicator of intestinal permeability [5, 7].
In contrast, Claudin-2, a tight junction protein responsi-
ble for paracellular transport of water and cations, is re-
garded as a non-invasive marker of intestinal permea-
bility [8, 9].

The high diagnostic and prognostic value of I-FABP
for early detection and prediction of conditions asso-
ciated with enterocyte death in neonatal and pediat-
ric practice has been convincingly demonstrated [5,
8, 10]. For example, Prikhodchenko N.G. et al. demon-
strated the diagnostic significance of I-FABP in children
with protein-induced enteropathy [11] and gastrointes-
tinal forms of food allergy [12]. The prognostic and di-
agnostic potential of I-FABP in necrotizing enterocoli-
tis has been confirmed not only in original studies [7],
but also in a meta-analysis [13]. The specificity of I-FABP
as a marker of intestinal injury is clearly illustrated
by the results of a study assessing intestinal permeabil-
ity via serum biomarkers upon early introduction of al-
lergens, particularly peanuts, into the diet: no changes
in I-FABP concentration were detected in cases of pre-
dominant skin involvement without clinically signifi-
cant gastrointestinal symptoms [14].

The diagnostic potential of Claudin-2 is currently
less well studied. However, publications are emerging
that demonstrate alterations in tight junction protein
expression, particularly Claudin-2, in children with con-
ditions associated with increased intestinal permeabili-
ty [15, 16].

Although the first studies on intestinal permeabil-
ity in children were published more than 30 years ago
[17], a significant knowledge gap remains regarding
age-related variability of biomarkers of intestinal inju-
ry and permeability in apparently healthy infants. Most
studies on I-FABP and Claudin-2 concentrations in bio-
logical fluids have been conducted in high-risk groups,
such as NEC [7, 13], are experimental in nature [16],
or are limited to specific disease entities [11, 12, 14].
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At the same time, it has been established that intestinal
barrier function indices in early life undergo dynamic
changes depending on nutrition, infectious diseases,
and social factors [2-4, 18, 19]. However, longitudinal
profiles of I-FABP and Claudin-2 concentrations during
the first 24 months of life in apparently healthy chil-
dren, including preterm infants, remain insufficiently
characterized.

The gestational age range of 34-41 weeks includes
late preterm, early term, and full-term infants. These
groups exhibit significant differences in morphofunc-
tional maturity of the intestinal barrier, postnatal ad-
aptation characteristics, and nutritional requirements.
The absence of age-specific reference values and longi-
tudinal profiles of I-FABP and Claudin-2 concentrations
complicates the differentiation of physiological variabil-
ity from changes in permeability and enterocyte death
in pathological conditions accompanied by biomarker
elevation, thereby limiting the clinical interpretation
of results.

AIM

To determine the levels of I-FABP and Claudin-2
in apparently healthy children during the first 2 years
of life in a longitudinal manner.

METHODS

Study Design

To achieve the aim, a prospective observational co-
hort study with longitudinal follow-up of patients was
conducted. A flowchart of the study design is presented
in Figure 1.

Eligibility Criteria: gestational age 34-41 weeks;
postnatal age less than 7 days at the first assessment;
at the second assessment: for Group 1 patients — post-
menstrual age (PMA) 40-41 weeks; for Group 2 - post-
natal age 1-1.5 months; at the third assessment - less
than 24 months; written informed consent for par-
ticipation in the study provided by the child’s legal
representative.

Exclusion Criteria: surgical pathology and/
or congenital gastrointestinal malformations; clini-
cal manifestations of perinatal infection; concomi-
tant genetic syndromes, chromosomal abnormalities,
metabolic disorders; severe congenital malformations
of other organs and systems requiring surgical inter-
vention in the neonatal period; established diagnosis
of disaccharidase deficiency or other enteropathies;
need for total parenteral nutrition; loss of contact
with the family or refusal of the legal representative
to continue participation; development during fol-
low-up of a severe disease or condition potentially af-
fecting gastrointestinal function and/or prescription
of long-term specific therapy potentially affecting in-
testinal permeability markers.



Study Setting

Patient enrollment and subsequent follow-up were
conducted at the Voronezh Regional Children’s Clinical
Hospital No. 1. Laboratory analyses were performed
at the Research Institute of Experimental Biology
and Medicine of the Burdenko Voronezh State Medical
University, Voronezh, Russia.

Study Duration

The initial study cohort was formed from March
2023 to May 2024. Children were examined at three
time points: within the first 7 days of life; upon reaching
postmenstrual age 40-41 weeks in Group 1, and at age

1-1.5 months in Group 2; and at age 18-24 months.
The third follow-up was conducted from March 2025
to January 2026.

Description of Medical Intervention

Blood sampling was performed by peripheral ve-
nipuncture by a trained nurse using standard tech-
nique. Blood was collected in the morning, on an empty
stomach.

Study Outcomes

Primary Outcome: dynamics of serum [|-FABP
and Claudin-2 levels during the first 24 months of life
in children depending on gestational age.

Potentially eligible cases, n =98

Assessed for eligibility criteria, n =98

Lost to follow-up, n=0

Assessed for exclusion criteria, n = 98

Lost to follow-up, n=0

Data available for analysis
Sex (n =98)
Gestational age (n=98)
Postnatal age (n=98)
Feeding type (n=98)

Group 1,n=35
GA 34-36 weeks

Group 2,n=63
GA 37-41 weeks

\

Stage 1: Early neonatal period
Serum |-FABP and Claudin-2 measurement (n = 98)
Feeding type assessment (n = 98)

\

Group 1
Completed Stage 1 (n=35)
Lost to follow-up (n=0)

Group 2
Completed Stage 1 (n=63)
Lost to follow-up (n=0)

[

\

Stage 2: Group 1 - PMA 40-41 weeks; Group 2 - postnatal age 1-1.5 months
I-FABP and Claudin-2 measurement (n = 98)
Feeding type assessment (n = 98)

|

Group 1
Completed Stage 2 (n=35)
Lost to follow-up (n=0)

Group 2
Completed Stage 2 (n=63)
Lost to follow-up (n=0)

|

Stage 3: 18-24 months
I-FABP and Claudin-2 measurement (n = 88)
Parental questionnaire, FGID assessment (n = 88)

|

Group 1
Completed Stage 3 (n=30)
Lost to follow-up (n=5)

Group 2
Completed Stage 3 (n=58)
Lost to follow-up (n=5)

[

Group 1
Completed the study (n =30)
Lost before study completion (n=5)

Group 2
Completed the study (n =58)
Lost before study completion (n=5)

FIG. 1.
Study design
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Secondary Outcomes: type of feeding, frequency
of functional gastrointestinal disorders in infants.

Subgroup Analysis

Subgroups were formed based on gestational age
and feeding type.

Outcome Registration Methods

I-FABP levels were measured using the Human
IFABP/FABP2 (Intestinal Fatty Acid Binding Pro-
tein) ELISA Kit, and Claudin-2 levels using the Hu-
man CLDN2 (Claudin-2) ELISA Kit on a Multiskan Go
microplate reader (Thermo Fisher Scientific, Finland),
with a Wellwash microplate washer (Thermo Fisher Sci-
entific, Finland) and a PST-60HL-4 thermoshaker (Bio-
san, Latvia). Serum was obtained by standard centrifu-
gation (3000 rpm, 10 minutes).

To identify children who developed functional
gastrointestinal disorders during the first 24 months
of life, parents completed a questionnaire for detect-
ing functional gastrointestinal disorders in children
aged 0 months to 3 years 11 months prior to the third
assessment [20, 21]. The questionnaire consists of two
sections: the first for parents of children under one
year, and the second for parents of children over one
year, and enables diagnosis of the following functional
gastrointestinal disorders: regurgitation, dyschezia, in-
fantile colic, constipation and diarrhea, cyclic vomiting
syndrome, and rumination. The questionnaire items are
presented as questions with multiple-choice answers.
Interpretation is performed using a pre-established key.
For each functional gastrointestinal disorder, diagnos-
tic criteria are considered met if all key-specified an-
swers are obtained, except for functional constipation,
which requires the presence of 2 or more criteria. “Red
flags” requiring additional examination are separately
indicated.

Stool consistency was assessed using the Amster-
dam Stool Scale (Bekkali scale) for infants. The scale
evaluates stool frequency, consistency, and color.

Feeding type and dietary characteristics at each
follow-up stage were ascertained from parents during
history taking.

Ethical Approval

The study was approved by the local ethics commit-
tee of the Burdenko Voronezh State Medical University
(Protocol No. 4, dated September 21, 2020).

Statistical Analysis

Sample Size Calculation Principles. Sample size
was not calculated a priori.

Statistical analysis was performed using Stat-
Tech v. 4.11.1 (Stattech LLC, Russia). Effect size calcu-
lations were performed using the Python program-
ming language in the Jupyter Notebooks environment
with pandas and numpy libraries. Normality of quan-
titative variable distributions was assessed using ap-
propriate tests (Kolmogorov — Smirnov for n > 50, Sha-
piro — Wilk for n < 50). For normally distributed data,
quantitative variables are presented as arithmetic means
(M) and standard deviations (SD), with 95 % confidence
intervals (95% Cl). For non-normally distributed data,
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medians (Me) with lower and upper quartiles (Q1-Q3)
were used. Categorical data are presented as absolute
numbers and percentages. Comparison of two inde-
pendent groups for quantitative variables with normal
distribution and equal variances was performed using
Student’s t-test; with non-normal distribution and equal
variances — the Mann - Whitney U test; with unequal
variances - the Brunner - Munzel test. Analysis of 2x2
contingency tables was performed using Pearson’s chi-
square test (when expected frequency >10) or Fisher'’s
exact test (when expected frequency <10); for larger ta-
bles — Pearson’s chi-square test.

Comparison of three or more dependent groups
with non-normal distribution was performed using
the Friedman test, with post-hoc comparisons using
the Conover - Iman test with Holm correction. Differenc-
es were considered statistically significant at p < 0.05.

To assess the practical and clinical significance
of identified differences, effect sizes were additionally
calculated. For non-parametric tests of independent
groups, the effect size was used. For the Friedman
test (multiple related comparisons), Kendall’s coeffi-
cient of concordance W was calculated. Interpretation
of r and W values followed Cohen’s criteria: 0.1 — small,
0.3 - medium, =0.5 - large effect.

RESULTS

Study Participants

The initial cohort included 98 newborns with ges-
tational age (GA) 34-41 weeks, median GA 38.0 [36.0-
39.0] weeks, of whom 62 (63.3 %) were male and 36
(36.7 %) female. All children completed the second
follow-up. The third study stage represented contin-
ued follow-up of the formed cohort up to 24 months
of age (median 21.0 [20.0-23.0]). The final stage was
completed by 88 children, including 30 preterm and 58
full-term infants. Loss to follow-up was 10.2 % (n = 10),
due to withdrawal of consent by legal representa-
tives or loss of contact with the family. Thus, the fi-
nal study sample comprised 88 children, divided into
two clinical groups: Group 1 - newborns with gesta-
tional age 34-36 weeks (n = 30), Group 2 — newborns
with gestational age 37-41 weeks (n = 58). Age at en-
rollment was 3 [3; 6] days in Group 1 and 4 [2; 6] days
in Group 2 (p =0.157), and at the end of follow-up - 20
[19; 22] months and 21 [20; 23] months, respectively
(p = 0.268).

To assess the risk of selection bias due to loss
to long-term follow-up, a comparative analysis of pa-
tients who completed the study and those lost before
the third follow-up was performed. Due to significant
heterogeneity of the overall cohort, the analysis was
stratified by preterm and full-term groups. Results are
presented in Tables 1 and 2.

In Group 1, the proportion of girls among those
lost before the third stage was higher compared
to those who completed the study. Notably, sex is not



a primary exposure in this study and has a limited in-
fluence on the main outcome - serum I-FABP and Clau-
din-2 concentrations.

In the full-term group, no statistically significant
differences in baseline characteristics were found be-
tween children who completed follow-up and those
lost to follow-up. Thus, differences between children
who completed the study and those lost before the end
of follow-up have limited impact on the results and are
unlikely to introduce selection bias.

Primary Outcomes

Dynamics of I-FABP in the study groups are pre-
sented in Table 3. Notably, serum I-FABP concentration
increased significantly at the third time point, while re-
maining relatively stable during the first 1-1.5 months
of life (first and second time points) (Table 3). At the third
follow-up, median serum I-FABP levels in preterm in-
fants increased 4.7-fold compared to levels at PMA 40-
41 weeks, and in full-term infants - 3.2-fold compared
to the median concentration at 1-1.5 months of age.
Notably, the longitudinal profile of I-FABP in preterm
infants during the first 24 months corresponds to that
of full-term infants: no statistically significant differenc-
es in biomarker concentration between groups were
observed at any follow-up stage.

Dynamics of Claudin-2 in the study groups are pre-
sented in Table 4. Notable differences in longitudinal

TABLE 1

profiles of Claudin-2 between groups were observed:
for preterm infants, no significant fluctuations in bio-
marker concentration were noted during the first 24
months. In contrast, for full-term infants, Claudin-2 in-
creased with growth — median levels at the second time
point increased 2.7-fold and at the third time point 4.3-
fold compared to the early neonatal period.

Comparative analysis of biomarker concentrations
between groups showed that at the first two time
points, serum Claudin-2 concentration was significantly
higher in preterm infants compared to full-term infants;
at the third time point, biomarker levels were compara-
ble between groups.

Secondary Outcomes

All children included in the study tolerated en-
teral feeding. None required total parenteral nutri-
tion. During the follow-up period, no child developed
a severe disease or condition potentially affecting
gastrointestinal function and/or requiring long-term
specific therapy potentially affecting intestinal perme-
ability markers. Stool consistency, frequency, and color
assessed by the Bekkali scale were within normative val-
ues for each age group.

At the first I-FABP and Claudin-2 assessment,
the proportion of exclusively breastfed children
in Group 1was 16.7 % (n =5) vs. 20.7 % (n = 12) in Group
2 (p = 0.881); at the second assessment — 26.7 % (n = 8)

COMPARISON OF BASELINE CHARACTERISTICS BETWEEN PRETERM CHILDREN WHO COMPLETED THE THIRD

FOLLOW-UP VISIT AND THOSE LOST TO FOLLOW-UP

Parameter Lost to follow-up, n=5 Completed the study, n=30 p
Female, abs. (%) 4 (80.0) 6(20.0)
0.017*
Male, abs. (%) 1(20.0) 24 (80.0)
Neonatal antibiotic exposure, abs. (%) 1(20.0) 19 (63.3)
0.141
No neonatal antibiotics, abs. (%) 4 (80.0) 11 (36.7)
Vaginal delivery, abs. (%) 4 (80.0) 17 (56.7)
0.627
Cesarean delivery, abs. (%) 1(20.0) 13 (43.3)
Gestational age, weeks, Me [IQR] 35.0[35; 35] 35.0 [34; 36] 0.689
Apgar score at 1 min, points, Me [IQR] 7.0[7.0;7.0] 7.0[6.0;7.0] 0.575
Apgar score at 5 min, points, Me [IQR] 8.0[8.0; 8.0] 8.0[8.0; 8.0] 0.533
. . 2528.0+£3433 2595.8 +584.2
0
Birth weight, g, M+ 5D 9% Cl 2102.1-2953.9 2377.7-2813.9 0804
488+ 1.6 49.1+£35
i [0)
Birth length, cm, M £ SD 95% Cl 46.8-50.8 47.7-50.4 0.869
Head circumference at birth, cm, Me [IQR] 33.0[33.0; 34.0] 32.0[30.25; 33.0] 0.050
258+5.6 304+5.7
0
Maternal age, years, M + SD 95% Cl 18.9-32.7 28.3-325 0.103

Note. * — differences between groups are statistically significant (p < 0.05).
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and 39.7 % (n = 23), respectively (p = 0.289). Median du-
ration of breastfeeding in Group 1 was 8 [1; 18] months,
in Group 2 - 4 [1; 15] months (p = 0.465). At the third
biomarker assessment, all children were receiving sol-
id foods. No statistically significant differences in se-
rum I-FABP and Claudin-2 concentrations were found
in groups stratified by feeding type during the first
months of life.

According to parental questionnaire results, no child
was diagnosed with functional gastrointestinal disor-
ders. No respondent reported complaints of recurrent

TABLE 2

vomiting, regurgitation, straining during defecation,
hard stools, or pathological impurities in stool. Most
respondents reported regular bowel movements: 1-3
times/day in 63.6 % (n = 56), 3-6 times/week in 36.4 %
(n=32).Regarding stool consistency, most parents chose
“not very hard, but not soft”"-96.6 % (n =85); 3.4 % (n =3)
reported inconsistent stool consistency (“different each
time"). Diagnostic criteria for functional gastrointestinal
disorders were met in none of the questionnaires.

Adverse Events

No adverse events were recorded during follow-up.

COMPARISON OF BASELINE CHARACTERISTICS BETWEEN TERM CHILDREN WHO COMPLETED THE THIRD

FOLLOW-UP VISIT AND THOSE LOST TO FOLLOW-UP

Parameter Lost to follow-up, n=5 Completed the study, n=58 p

Female, abs. (%) 2 (40.0) 24 (41.4) 100
Male, abs. (%) 3(60.0) 34 (58.6)

Neonatal antibiotic exposure, abs. (%) 1(20.0) 17 (29.3) 100
No neonatal antibiotics, abs. (%) 4 (80.0) 41(70.7)

Vaginal delivery, abs. (%) 2 (40.0) 41 (70.7) 0315
Cesarean delivery, abs. (%) 3(60.0) 17 (29.3)

Gestational age, weeks, Me [IQR] 39.0[38; 40] 39.0[38; 40] 0.831
Apgar score at 1 min, points, Me [IQR] 7.0[7.0;7.0] 7.0[7.0; 8.0] 0.308
Apgar score at 5 min, points, Me [IQR] 8.0 [8.0;9.0] 9.0 [8.0; 9.0] 0.084
Birth weight, g, M = SD 95% C| el ST 0327
Birth length, cm, M £+ SD 95% Cl 53.0[53.0; 54.0] 53.0[52.0; 55.0] 0.969
Head circumference at birth, cm, Me [IQR] 34.0[33.5;36.0] 35.0[34.0; 36.0] 0.633
Maternal age, years, M £ SD 95% ClI gg?_i?j? gzggig?g 0.066

TABLE 3

I-FABP DYNAMICS IN CHILDREN BORN AT 34-41 WEEKS OF GESTATION DURING THE FIRST 24 MONTHS OF LIFE

I-FABP, 1+

Group / measurement, ng/mL
Gestational age
Me [Q;; Q;]
1.12
Group 1 .
(34-36 weeks) [ ((,).,7_'3150]
1.10
Group 2 .
(37-41 weeks) [0'3,%5155]
p 0.738
r 0.036

I-FABP, 2"

I-FABP, 3"

measurement, ng/mL  measurement, ng/mL

Me [Q;; Q;]

1.30
[0.97;1.87]
(n=30)

1.21
[0.92; 1.73]
(n=58)

0.610

0.055

Note. * — differences between groups are statistically significant (p < 0.05).
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Me [Q;; Qs]
6.09 <0.001*
[3.18; 6.65] Py
(n=30) Pos
3.89 <0.001*
[2.33;6.10] Pus
(n=58) Pos)
0.131
0.161

0.573

0.544



TABLE 4

CLAUDIN-2 DYNAMICS IN CHILDREN BORN AT 34-41 WEEKS OF GESTATION DURING THE FIRST 24 MONTHS

OF LIFE
Claudin-2 1+ Claudin-2 2 Claudin-2 3
Group / measurement, ng/mL measurement, ng/mL  measurement, ng/mL p w
Gestational age
Me [Q;; Q;] Me [Q;; Q;] Me [Q;; Q;]
Groun 1 6.76 7.59 7.77
3 4—3p6 weeks) [3.00-9.14] [5.20-10.96] [6.33-9.20] 0.497 0.023
(n=30) (n=30) (n=30)
*
Croun 2 1.85 5.10 7.95 <°'_°81007
(37— 4p1 weeks) [1.02-5.22] [3.47-8.31] [6.32-11.28] Z “-2: 0'001 0.251
(n=58) (n=58) (n=58) a3 S Y
Py =0.017
p 0.006* 0.009* 0.326 -
r 0.296 0.277 0.105 - -

Note. * — differences between groups are statistically significant (p < 0.05).

DISCUSSION

Summary of Primary Outcomes

This study examined the dynamics of serum |-FABP
and Claudin-2 levels in children with gestational age 34—
41 weeks during the first 24 months of life. The results
demonstrate that I-FABP concentration remains stable
during the first 1-1.5 months of life, is independent
of gestational age, and increases by 24 months of age
in both full-term and preterm infants.

Dynamics of serum Claudin-2 levels differ between
children with varying gestational age within the 34-41
week range: late preterm infants exhibit stable bio-
marker concentrations during the first 24 months, while
full-term infants show an increase in serum Claudin-2
with postnatal growth. Thus, gestational age within
the 34-41 week range is not a determinant of I-FABP
levels during the first 24 months of life. For Claudin-2,
variability depending on the degree of gestational ma-
turity is characteristic.

Discussion of Primary Outcomes

Our data complement the findings of interna-
tional studies emphasizing the need for age-specific
interpretation of I-FABP and longitudinal monitoring
to enhance diagnostic value [10]. Shores D.R. et al. pro-
posed normative I-FABP values considering gestation-
al age, noting significant variability even in clinically
stable children and an increase in I-FABP with post-
natal growth, which the authors attribute to changes
in intestinal epithelial load and enterocyte vulnerabili-
ty to external agents [10].

An age-dependent trend in intestinal barrier
and permeability markers was also demonstrated
in another cohort study [4] and is generally consistent
with our findings: from 12 to 24 months of age, a trend
toward increased markers of intestinal epithelial injury
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and permeability was observed, which may be related
to active dietary changes, microbiome shifts, and in-
creased antigenic load in children of this age [4]. Thus,
the increase in |-FABP concentration we observed
may reflect these processes. Hasan M.M. et al. showed
that I-FABP levels in young children are associated
with markers of environmental enteropathy and stunt-
ing. The authors emphasize that I-FABP elevation is not
always accompanied by clinically significant gastroin-
testinal symptoms and may reflect chronic and/or recur-
rent subclinical enterocyte injury, suggesting that this
marker may indicate increased intestinal epithelial load
rather than overt injury [1].

Therefore, elevation of intestinal wall markers, in-
cluding I-FABP, may be interpreted as reflecting the load
on the intestinal epithelium during periods of active di-
etary and microbiota changes occurring during the first
24 months of life.

It is important to emphasize that in the present
study, I-FABP elevation at 24 months of age was not ac-
companied by clinical signs of gastrointestinal pathol-
ogy. Thus, it is reasonable to assume that the observed
dynamics reflect a physiological response of the intes-
tinal epithelium to changes in diet, feeding patterns,
and increased antigenic load occurring during the sec-
ond year of life.

Several studies have demonstrated I-FABP eleva-
tion in enteropathies and gastrointestinal forms of food
allergy [11, 12], whereas in allergy cohorts without
clinically significant gastrointestinal involvement, no
differences in I-FABP levels were detected [14]. The re-
sults of the present study complement the knowledge
on |-FABP variability across different clinical groups
with data on age-related variability of the marker. Thus,
I-FABP levels should be interpreted considering the pa-
tient’s clinical status and age.



Claudin-2 dynamics differ significantly between
groups and likely reflect morphofunctional differences
in the intestinal wall of preterm versus full-term infants.
Claudin-2, a tight junction protein capable of increas-
ing intestinal permeability to water and cations, may
be considered an adaptive mechanism in the context
of increased nutritional demands in preterm infants.
On the other hand, this characteristic, in the presence
of risk factors such as intestinal hypoxia/ischemia, ICU
hospitalization, hemodynamic instability, and coloniza-
tion with hospital flora, may serve as a substrate for pro-
gression of necrotizing enterocolitis or reduced enteral
feeding tolerance. Based on the obtained results, it can
be concluded that interpretation of Claudin-2 concen-
trations during the first 24 months should consider
the child’s gestational and postnatal age.

The changes in biomarkers observed during the first
24 months of life should not be interpreted as evidence
of pathological intestinal permeability or impaired in-
testinal barrier integrity due to enterocyte damage.
In our view, this represents age-related variability
of these markers.

Study Limitations

The limitations of this study are, on the one hand,
related to the absence of direct intestinal permeabili-
ty assessment using gold-standard methods (e.g., lac-
tulose/mannitol test), which precludes comparison
of I-FABP and Claudin-2 levels with direct permeability
measurements. Additionally, data on the intestinal mi-
crobiome of the children, which may have influenced
I-FABP and Claudin-2 levels, were not available. Inves-
tigation of these parameters was not within the scope
of the study, but is noted as a limitation and potential
direction for future research.

On the other hand, the study was subject to loss
to follow-up and involved a relatively small number
of patients, which may have affected the statistical pow-
er of the analysis.

CONCLUSION

In children born at 34-41 weeks of gestation,
the age-related dynamics of I-FABP during the first 24
months of life are characterized by anincrease by the sec-
ond year of life, with comparable longitudinal I-FABP
concentration profiles in preterm and full-term children.
Gestational age within the 34-41 week range does not
independently influence I-FABP levels.

In preterm infants born at late gestational ages, lon-
gitudinal Claudin-2 profiles are characterized by the ab-
sence of significant fluctuations in concentration during
the first 24 months. In full-term infants, conversely,
Claudin-2 increases with postnatal growth.

Accumulation of data on I-FABP and Claudin-2 dy-
namics allows for more accurate interpretation of bio-
marker values and facilitates differentiation between
physiological age-related changes and pathological in-
testinal epithelial injury in early childhood.
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ABSTRACT

Background. The prevalence of chronic tonsil diseases is constantly increasing among
children of different ages. To date, the treatment of pediatric patients with chronic dis-
eases of the upper respiratory tract remains controversial and requires new therapeutic
approaches.

Aim. To study the clinical and anamnestic characteristics of chronic adenoiditis in chil-
dren aged 3-6 years and to evaluate the effectiveness of including a probiotic drug
in postoperative rehabilitation.

Methods. A total of 100 children aged 3-6 years with chronic inflammatory process-
es of the nasopharynx were examined. The patients were divided into 2 comparable
groups, depending on the treatment and rehabilitation measures received. A parent
survey was conducted to assess the severity of clinical symptoms before treatment
and 30 days after adenotomy.

Results. The frequency and duration of viral infections in children with chronic ade-
noiditis were assessed. Before surgery, 62 % of children had acute respiratory infections
(ARIs) once every 2 months or more, and 62 % had ARl episodes lasting more than 7 days.
According to the survey results, after treatment there was a statistically significant de-
crease in the frequency of the following symptoms in children in both study groups: dif-
ficulty in nasal breathing, snoring, cough, and bad breath. In the main group, there was
a marked decrease in the intensity of nasal breathing difficulty (by 84 %) and in the fre-
quency of sleep disorders (by 58 %) after probiotic treatment.

Conclusion. The post-treatment survey data demonstrate regression of clinical symp-
toms in both groups. However, with respect to symptoms such as decreased intensity
of nasal breathing and reduced frequency of sleep disorders, higher therapeutic effica-
cy was observed when a probiotic was used as an adjunct to adenotomy.

Keywords: chronic adenoiditis, adenotomy, probiotics, Bifidobacterium longum
MC-42, clinical manifestations
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hova 0.0, Kartseva T.V.,, Selyatitskaya V.G. Clinical characteristics of chronic adenoiditis
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PE3IOME

O6o0cHoeaHue. PacnpocmpdaHeHHOCMb XpOHUYeCcKUX 3a6ose8aHuli MUHOAIUH No-
CMOosHHO ysesnuyusdemcs cpeou Oemeli pas/iuYHbIX 803pdcmos. Ha ce2o0HAWHUL
0eHb 80NPOCHI JleYeHUs hayueHmMo8s 0emck020 803pdcma C XpOHUYecKUMU 3abosiesa-
HUSAMU 8epXHUX OblxamesbHblX nymeli ocmaromcsa OuckymabesibHeIMu U mpebyiom
HOBbIX N0OX0008 K mepanuu.

Llene uccnedosanus. Vi3yuums KIUHUKO-GHAMHeCMUYecKue Xxapakmepucmuku me-
UeHUs XpOHUYeCKUX 8ocnasaumesibHolx 3abonesaHuli adeHoudos y 0demeli 3—6 sem
C oyeHKoU 3¢hgheKmUBHOCMU BKJTIOYEHUS 8 NPO2PAMMY NOC/IE0NepayuoHHOU peabu-
Jiumayuu npobuomuyeckozo cpedcmaa.

Memoodesi1. O6cnedosaro 100 demeli 8 8o3pacme 3—6 siem ¢ XpPOHUYECKUMU 80CNaAsIU-
mesibHbIMU npoyeccamu Hocoziomku. lauueHmos pazdenusiu Ha 2 conocmasumele
2pynnel 8 3d8UCUMOCMU OM NPOBOOUMBbIX JledebHbIX U pedbuiumayuoHHbIX Mepo-
npuamud. lposedeHo aHkemuposaHue podumeseli 0719 onpeodesieHuUs cmeneHu 8bi-
PAXeHHOCMU KIUHUYeCKUX CUMNmMomMo8 00 sledeHus u yepes 30 OHeli nocsie npoee-
OeHHoU adeHomomuu.

Pe3synemamel. OyeHuBaaace 4acmoma 803HUKHOBEHUSA U 0/1UmMeslbHOCMb meyeHus
BUPYCHbIX UHGeKkyul y 0emell ¢ XpOHUYeCKUM ddeHoudumom, Komopesle 00 onepa-
yuu: 80 % nepeHocusiu ocmpesle pecnupamopHsie uHgexkyuu (OPY) 1 pa3 8 2 mecaya
u yawle, 62 % sbiz0opassusanu bonee yem 3a 7 OHel. 1o pe3yssmamam aHkemupo-
8aHUS NoC/le fiedeHuUs Hab100a/1u CMamucmuyecku 3Ha4umoe CHUXeHuUe 4acmomsl
scmpedaemocmu ciedyrowux cumMnmomos y demel 8 UcciedyeMblx 2pynnax: 3am-
pyOHeHHOe HOCoBoe ObixaHue, Xpan, Kaweslb, HenpusamHsil 3anax u3o pma. B ocHos-
Holi epynne Habnwdaemca 8blpaxxeHHoe CHUXeHUe UHMeHCUBHOCMU 3ampyOHeHUs
ObIXaHUsA Yepe3 HOC (Ha 84 %) u yacmomel BCmpeyaemMocmu HapyuwieHul cHa (Ha 58 %)
nocsie neyeHus NPO6UOMUKOM.

3aknryenue. [laHHble aHKeMUpoBAHUA NocJie siedeHus 0eMOHCMpuUpytom 3ggex-
mueHOCMb 8 acnekme pezpeccd KJIUHUYeCKoU CUMNMOMAamuKu 8 obeux 2pynnax.
OOHAako Nno makum cuMnNMOMAm, KAk CHUXeHUe UHMeHCUBHOCMU 3ampyOHeHUs Obl-
XAHU#A Yyepe3 HOC U Yyacmoma ecmpeydeMmocmu HapyweHuli cHa, onpedenieHa 6osee
8bICOKAA NleyebHas 3¢hhekmusHOCMb NpUMEHEHUS NPobUuoMuUYecKko2o npendpamad
Ha ¢hoHe adeHOMoMUU.

Knrouesole cnoea: xpoHuydeckuli adeHoudum, adeHomomus, npobuomudyeckue npe-
napamei, Bifidobacterium longum MC-42, knuHuyeckue nposesieHuUA
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O6yxoBa 0.0., KapueBa T.B., Cenatuukas B.I. KnuHnyeckasa xapakTepucTuka TeyeHus
XPOHUYECKOro afieHouamnTa y aetein 3-6 fieT Ha GoHe NpobroTuueckon nogaepxku. Acta
biomedica scientifica. 2026; 11(3): 108-116. doi: 10.29413/ABS.2026-11.3.13
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BACKGROUND

Adenoids (pharyngeal tonsil) and tonsils (palatine,
tubal, and lingual) are accumulations of lymphoid tissue
that form the Pirogov — Waldeyer ring. These structures
play a crucial role in screening microorganisms that en-
ter the human body through the upper respiratory tract,
as well as in eliminating local pathogens by activating im-
mune system effector cells and memory cells [1]. Howev-
er, these anatomical structures can also act as reservoirs
for pathogenic and opportunistic bacteria. This can lead
to the development of recurrent and chronic respirato-
ry tract infections, through the formation of persistent
bacterial biofilms. In this process, microorganisms attach
to the tonsillar surfaces and create a matrix that protects
them from the host immune response and makes them re-
sistant to antibiotics [2].

The prevalence of both allergic and chronic inflam-
matory tonsil diseases is increasing in most countries, af-
fecting adult patients and children from all age groups [3].
Chronic diseases of the nasal and oropharyngeal regions
are a result of persistent infections in the tonsils. This may
be due to either high virulence of the respiratory tract
microbiome, or to a combination of sensitization (or sen-
sitization alone), primary ciliary dyskinesia, or congenital
immune system defects. To date, there is a lack of reliable
statistical data on the actual prevalence of chronic inflam-
matory conditions involving the palatine tonsils and ade-
noids in the Russian Federation.

Particular attention is given to the issue of chil-
dren with frequent and prolonged recurring infections,
which is particularly relevant for preschool and early
school-age children (up to the age of 10) [4]. The high
incidence of acute respiratory infections (ARIs) at this
age is due to the anatomical features of the upper respi-
ratory tract (in particular, the narrowness of the lumen)
and the excessive hypertrophy of lymphoid tissue asso-
ciated with the development of the immune system [5].
It has been shown that the presence of chronic inflamma-
tory processes in the nasal cavity of children is also linked
to changes in the composition of the local microbiota.
Local inflammation limits the range of microbial species
capable of colonizing the nasopharynx, and a dysbiotic
environment may promote the adhesion and proliferation
of new specific bacterial groups [6]. It is known that oppor-
tunistic bacteria may be transiently or persistently present
on the mucosal surfaces of various parts of the pharyngeal
region even in healthy children. These microorganisms in-
clude representatives of the following genera and species:
Neisseria, Streptococcus pyogenes, Haemophilus influenzae,
Staphylococcus aureus, Actinomyces, Bacteroides, Prevotella,
and others [2].

Chronic inflammatory diseases in children often man-
ifest as recurrent sore throat, difficulty swallowing, snor-
ing, mouth breathing, and sleep disturbances. The most
severe manifestation of these conditions is obstructive
sleep apnea. As children grow older, these symptoms are
accompanied by persistent bad breath, changes in voice,
and difficulty swallowing [2]. These clinical manifestations
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significantly reduce the quality of life for children, nega-
tively affecting their social development and ability to par-
ticipate in school activities. This justifies the need for more
effective treatment methods.

To date, the diagnosis and management of pediatric
patients with chronic tonsil diseases remains a controver-
sial area and requires innovative therapeutic approaches.
Traditional treatment of children with persistent infections
associated with tonsil hypertrophy often involves surgical
intervention, although this is not always successful [5].
Accumulated knowledge of the composition and phys-
iological characteristics of the indigenous microbiota
of the oropharyngeal region supports the use of drugs
that maintain the balance of the upper airway microbio-
cenosis. These drugs can not only alleviate or eliminate
symptoms of the disease, but also stimulate and main-
tain local reparative processes and prevent recurrence
of the underlying condition [7]. Previous studies have
demonstrated the positive impact of probiotics, in par-
ticular S. salivarius, on the clinical symptoms of children
with tonsillitis [8]. This led to the search for other probiotic
agents that could influence the dynamics of the clinical
course of inflammatory diseases of the upper respirato-
ry tract. The effectiveness of the Bifidobacterium longum
MC-42 strain has been shown in the practice of otolaryn-
gologists and is included in the methodological recom-
mendations for physicians and otolaryngologists “Chronic
Pharyngeal Infection Foci and Associated Somatic Pathol-
ogy"”[9]. However, the authors have not found any studies
in the Russian or international literature on the use of this
Bifidobacterium strain in the postoperative period as part
of complex therapy for children with chronic upper re-
spiratory tract inflammation, which confirms the novelty
of this study.

AIM

To study the clinical and anamnestic characteris-
tics of chronic adenoiditis in children aged 3-6 years
and to evaluate the effectiveness of including a probiotic
drug in the postoperative rehabilitation program.

METHODS

Study Conditions

The study involved 100 children aged 3 to 6 years
(57 % male, 43 % female) with chronic inflammato-
ry processes of the nasopharynx (ICD-10 code: J35.9
Chronic disease of tonsils and adenoids). The diagnosis
was confirmed by otorhinolaryngology specialists. All
100 participants received surgical treatment at the City
Children's Emergency Clinical Hospital in the Novosi-
birsk region.

Group Characteristics

Prior to treatment, patients were randomly assigned
into two groups using a computer-generated randomiza-
tion process. The two groups were equal in size (1:1 ratio).



Group 1 (the control group) consisted of patients
who underwent adenoidectomy surgery under general
anesthesia.

Group 2 (the main group) included patients who un-
derwent adenoidectomy surgery under general anesthe-
sia and received postoperative nasopharyngeal irrigation
with a probiotic solution for a period of 30 days after sur-
gery. This irrigation was administered for 14 days transna-
sally and orally and for 16 days only orally.

Description of the Medical Intervention

To provide probiotic support, patients were adminis-
tered a liquid dietary supplement (food additive) contain-
ing Bifidobacterium longum MC-42, which is recommend-
ed for use in infants and children (SGR RU.77.99.88.003.
E00157304.16dated April 12,2016, producedinaccordance
with TU 9224-010-70517093-2015). The number of active
bifidobacteria B. longum MC-42 in 1 cm?® of the product
at the end of its shelf life is 5 x 108 CFU/g in the natural en-
vironment of their metabolites (volatile short-chain fatty
acids, etc.). The product was stored at 4 £ 2°C. The probi-
otic was administered to patients per os and intranasally
at a dose appropriate for pediatric use. The dose corre-
sponded to the recommended daily intake of the probiotic
supplement for children aged 3 to 6 years, ranging from 4
to 6 mL per day. The use of the dietary supplement was
conducted in accordance with Methodological Recom-
mendations approved by the Coordination and Methodol-
ogy Council for Postgraduate Education of the Novosibirsk
State Medical University on April 6, 2018 (Protocol No. 98)
[9]. According to the results of laboratory tests, the dietary
supplement meets the standards of the Voluntary Certifi-
cation System for Food Products and Dietary Supplements
established by the GOST R Certification System under
the Federal Agency for Technical Regulation and Metrol-
ogy. The product is intended to normalize the microbiota
and improve the barrier function of the human mucous
membrane.

Survey Administration

Parental interviews were conducted, complaints
and medical histories were collected, and the children
were clinically examined by an otorhinolaryngologist.
A parental survey was conducted to determine the sever-
ity of clinical symptoms prior to treatment and 30 days af-
ter rehabilitation measures to clarify the medical history.
The survey included the following parameters: difficulty
in nasal breathing, coughing, hearing loss, runny nose,
nasal voice, sleep disturbances, snoring, and bad breath.
Each proposed criterion was rated by the parents before
and after treatment on a scale of 0 to 10, with 0 indicat-
ing absence and 10 indicating a pronounced symptom.
In addition, the frequency and average duration of acute
respiratory infections among children of all study groups
was analyzed.

Eligibility Criteria

Inclusion Criteria:

Age 3 to 6 years;

Previously diagnosed with chronic inflammatory
disease of the tonsils and adenoids, with grades 2 and 3
hypertrophy (ICD 10 code: J35.9).
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Non-inclusion Criteria:

Presence of allergic rhinitis, bronchial asthma,
acute viral infections, primary ciliary dyskinesia, congen-
ital immune response defects, systemic and oncological
diseases, or severe somatic conditions in the acute phase.

Study Outcome Measures

Primary Outcome Measure

Anamnestic  and  clinical-functional  features
of the course of chronic inflammatory diseases of the pala-
tine tonsils and adenoids in children.

Statistical Procedures

Sample Size Calculation

A preliminary calculation of the required sample size
was not performed.

Statistical Methods

Statistical analysis was conducted using the STATIS-
TICA v.10 software (StatSoft Inc, USA). Descriptive sta-
tistics included the number of individuals and the per-
centage of the sample (%). Differences between groups
were analyzed using the two-tailed Fisher’s exact test,
with multiple comparisons adjusted for the Bonferroni
correction. Repeated observations before and after
treatment were analyzed using the two-tailed z-test
for related samples. The significance level was set at 5 %
(p < 0.05), with the minimum probability of the null hy-
pothesis being true.

Ethical Review

All patient information was anonymized and access
to the original data was limited. The study was conducted
as part of a thesis and was approved by the Local Ethics
Committee of the Novosibirsk State Medical University
(Protocol No. 111, dated November 29, 2018).

RESULTS

Study Sample Formation

The study involved 100 children aged 3 to 6 years
with chronic tonsil and adenoid diseases, verified by oto-
laryngologists. The groups were comparable in terms of sex
and age. In Group 1 (the main group), 58 % of the par-
ticipants were male and 42 % were female, with a mean
age of 5.42 years. In Group 2 (the control group), 56 %
of the participants were male and 44 % female, with a mean
age of 5.2 years.

The indications for surgical treatment were deter-
mined by attending physicians based on the following
criteria: persistent difficulty in nasal breathing for more
than 3 months, despite conservative treatment; snoring
with apnea (respiratory arrest against the background
of snoring with continued attempts at chest excursion
followed by a noisy inhalation) as reported by legal
representatives; and prolonged exudative otitis media
lasting more than 3 months, also despite conservative
treatment.

Main Results of the Study

The frequency and duration of acute respiratory infec-
tions (ARIs) in children with chronic inflammatory conditions
of the tonsils and adenoids



All legal representatives reported difficulty at-
tending organized children’s groups due to recurrent
diseases.

Prior to treatment and rehabilitation measures,
there was no statistically significant difference in the fre-
qguency of viral infections of the upper respiratory tract
among patients in all groups (p > 0.05): 80 % of patients
experienced ARIs once every 2 months or more fre-
quently (Table 1).

The duration of acute respiratory infections (ARls)
in the children of all examined groups varied from 3-4
days to 14 days or more: in 62 % of cases, the recovery
from respiratory tract infections required more than 7
days (Table 2).

Clinical Symptoms and Their Severity

Before treatment, 98 % of the individuals includ-
ed in the study reported nasal breathing difficulty,
with no significant difference in the severity of this
symptom between the compared groups (p > 0.05).
Of these, 18 % rated the severity at 7-8 points and 7 %
rated it at 9-10 points. After treatment, there was a sig-
nificant increase in the number of participants report-
ing complete absence of nasal breathing difficulty (0
points): 52 % in Group 1 (p < 0.0001) and 84 % in Group
2 (p < 0.0001), respectively (Fig. 1). Ratings of 7-10
for this symptom were not observed after treatment.
The most significant reduction in the severity of nasal
breathing difficulty after treatment was seen in Group
2 (p,,=0.0027).

Before treatment, snoring was observedin 81 % of all
patients. A high severity of snoring (9-10 on the scale)
was reported by 7 % of study participants, and 17 %
reported a moderate severity (7-8). After surgical inter-
vention, there was a significant reduction in snoring se-
verity in both groups. After treatment, 78 % of patients
in Group 1 reported the absence of snoring, compared
to 4 % prior to treatment (p < 0.0001), and 66 % of pa-
tients in Group 2 reported no snoring after treatment,
compared to 8 % before treatment (p < 0.0001). None
of the patients reported a severity of 7-10 for snoring
after the treatment.

Before any treatment, 80 % of the examined children
exhibited nasal voice. After therapy, there was a signifi-
cant increase in the number of respondents who report-
ed the absence of this symptom in each group. In Group
1, this number increased from 14 % prior to treatment
to 76 % 30 days following the intervention (p < 0.0001).
In Group 2, it increased from 18 % to 86 % (p < 0.0001).
Before treatment, 48 % of respondents reported nasal
voice severity of 4 or higher. After treatment, only 3 %
of participants provided such a rating.

Before treatment, sleep disturbances were present
in 75 % of all patients. This number decreased signifi-
cantly after therapy, with a distribution as follows. Be-
fore interventions, this symptom was observed in 14 %
of patients in Group 1 and in 20 % of patients in Group
2. After treatment, these figures were 78 % (p < 0.0001)
and 98 % (p < 0.0001), respectively (Fig. 2). The severity
of sleep disturbances was low: before treatment, 45 %

112

TABLE 1

FREQUENCY OF ACUTE RESPIRATORY VIRAL
INFECTIONS IN PRESCHOOL CHILDREN WITH
CHRONIC INFLAMMATORY DISEASES OF THE

TONSILS AND ADENOIDS
Group Group 1 Group 2
(n=50) [1] (n=50) [2]
Frequency
of ARIs n (%) n (%)
once every 2 weeks 6 (12%) 10 (20%)
once a month 14 (28%) 19 (38%)
once every 2 months 20 (40%) 11 (22%)
once every 3 months 7 (14%) 4 (8%)
once every 6 months 2 (4%) 5(10%)
once a year 0 (0%) 1 (2%)
TABLE 2

DURATION OF ARI IN PRESCHOOL CHILDREN
WITH CHRONIC INFLAMMATORY DISEASES OF THE
TONSILS AND ADENOIDS

Growp oI 0} 2]
Duration
of ARIs n (%) n (%)
3-4 days 1(2%) 4 (8%)
5-7 days 12 (24%) 21 (42%)
7-10 days 16 (32%) 14 (28%)
10-14 days 12 (24%) 9 (18%)
> 14 days 9 (18%) 2 (4%)

of all respondents reported scores between 1 and 3 in-
clusive. After treatment, only 1 participant (0.67 %) rat-
ed sleep disturbance severity as 4 or higher. The most
significant improvements were observed in Group 2
(p,,=0.0114).

Before any medical and/or surgical intervention,
63 % of all individuals examined had a prolonged runny
nose (74 % in Group 1 and 52 % in Group 2). There were
no significant differences in the severity of the clinical
manifestations between the groups (p > 0.05). After
treatment, there was a significant change in the propor-
tion of patients with a score of 0 for rhinorrhea in Group
1, from 26 % before treatment to 82 % after treatment
(p < 0.0001).

Before hospitalization and treatment, coughing was
observed as a symptom in 51 % of all individuals exam-
ined. It was most frequently rated by patients as 1-3
points in 26 % of Group 1 and 34 % of Group 2. The num-
ber of patients who reported complete absence of this
symptom (score of 0) significantly increased after surgi-
cal intervention in both groups. In Group 1, it increased




from 60 % to 92 % (p = 0.0002). In Group 2, it increased
from 56 % to 92 % (p < 0.0001).

In addition to the above-mentioned symptoms, pri-
or to treatment initiation, 35 % of all patients exhibited
bad breath, and 28 % reported hearing loss. After 30
days of treatment, the number of patients experiencing
bad breath significantly decreased by 30 % in Group 1
(p = 0.0001) and by 36 % in Group 2 (p < 0.0001), while
the number of patients reporting hearing loss significant-
ly decreased by 24 % in Group 1 (p = 0.0005) and by 28 %
in Group 2 (p =0.0003).

DISCUSSION

Summary of the Main Results

The study examined the most prevalent clini-
cal symptoms of chronic inflammatory conditions
of the palatine tonsils and adenoids, observed in more
than 3 of cases, including nasal breathing difficul-
ty, snoring, nasal voice, and sleep disturbances. More
than half of the patients experienced prolonged runny
nose and coughing. The most severe manifestations,
rated 9-10 points on a severity scale, included snoring
and nasal breathing difficulty. Almost all children who
underwent removal of hypertrophied pharyngeal ton-
sils showed improvement in their clinical condition.
However, when it comes to symptoms such as decreased
severity of nasal breathing difficulties and frequency
of sleep disturbances, higher therapeutic effectiveness
was observed when the Bifidobacterium longum MC-42
strain was included in the diet after adenotomy.

Discussion of the Main Result

The data from the survey conducted after the med-
ical procedures support the effectiveness of adenoto-
my in reducing clinical symptoms, both in the absence
of probiotic correction to the nasopharyngeal microbi-
ome (Group 1) and in the presence of nasopharyngeal
irrigation with a probiotic solution during the postoper-
ative period (Group 2). Based on our findings, the most

Nasal breathing difficulty.
Symptom score of 0 points.

50 p<0,0001

45 43

p<0,0001
m before treatment
27

20 after rehabilitation

The number of patients with
a symptom score of 0
w
(=]

Group 2

FIG. 1.

Assessment of nasal breathing difficulty by 0 points before and af-
ter the treatment. p is the reliability of the differences between the
analyzed parameters before and after treatment

efficient treatment and rehabilitation approach for re-
storing nasal breathing and sleep quality was the ad-
ministration of the probiotic agent after adenotomy
(Group 2).

It has been established that surgical treatment
of adenoidal hypertrophy, when performed accord-
ing to appropriate indications, has a positive impact
on the quality of life for children [10]. The literature
on improving the management of chronic adenoidal
inflammation indicates that adenotomy is the most
commonly performed surgical procedure in children
at otorhinolaryngological departments [11]. In certain
clinical cases, partial adenotomy may be necessary,
as adenoidal tissue plays an important role in inducing
mucosal and systemic immune responses [10]. Further-
more, an analysis of 22 randomized controlled trials that
compared the effectiveness of complete versus partial
removal of the palatine tonsils and adenoidal tissues
in children revealed that tonsillotomy results in faster
recovery within 4 days and a reduction in postopera-
tive complications that require medical intervention
within the first week after surgery [12]. Due to the lack
of clear criteria for defining adenoid and palatine tonsil
regrowth (recurrence), it is impossible to assess its prev-
alence in the general population. However, up to 25.7 %
and up to 11.9 % of operated children undergo repeat
adenotomy or tonsillotomy / tonsillectomy, respec-
tively [13]. This emphasizes the importance of mon-
itoring clinical symptoms and providing long-term
follow-up for children after surgical intervention. Addi-
tionally, it suggests the need for further research into
optimal methods of postoperative rehabilitation.

Conservative treatment methods for adenoiditis,
such as irrigation therapy and topical antimicrobial
agents, have been proven to be effective and are in-
cluded in Russian clinical guidelines with a level of evi-
dence A [14]. The use of bacterial lysates, immunomod-
ulators, and naturopathic and homeopathic agents has
been discussed in the medical community [15]. In this
study, we analyzed the effectiveness of probiotic agents

Sleep disturbances.
Symptom score of 0 points.
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FIG. 2.

Assessment of sleep disorders by 0 points before and after the
treatment. p is the reliability of the differences between the ana-
lyzed parameters before and after treatment
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in correcting the microecological state of the nasopha-
rynx. The results obtained reliably confirm a reduction
in the severity of clinical manifestations after nasopha-
ryngeal irrigation with a probiotic solution, whether
used in conjunction with standard medication or after
surgical intervention. Oral commensals have a positive
effect on recurrent tonsillitis, in particular S. salivarius,
has previously been shown to be effective when com-
bined with traditional conservative treatment and oral
probiotics. In such cases, examined children exhibited
faster positive dynamics in both objective local and gen-
eral manifestations of the disease, as well as subjective
complaints such as a foreign body sensation and throat
pain. The mechanism of action of this bacterium is based
on its ability to produce salivaricin A, a bacteriocin that
inhibits the most significant pathogen of recurrent ton-
sillitis, S. pyogenes [8]. There is also evidence to sup-
port the effectiveness of probiotic agents for respira-
tory infections, which are more common in patients
with chronic inflammatory conditions of the nasophar-
ynx. For example, a study involving 70 children who took
probiotics containing Bifidobacterium and Lactobacillus
acidophilus for 2 weeks showed a reduction in recurrent
episodes of infectious rhinitis, otitis media, and bron-
chiolitis [16]. Maya-Barrios A. et al. (2021) [17] demon-
strated that the use of Limosilactobacillus reuteri strains
is also effective in reducing the symptoms of pharyngi-
tis or tonsillitis in children. A study conducted in Rus-
sia reported that the administration of a probiotic con-
taining Bifidobacterium bifidum reduces the frequency
of respiratory diseases and alleviates their course [18].
The use of oral probiotics for chronic tonsil and adenoid
diseases is justified due to the fact that viral infections
can trigger exacerbations of these conditions. Based
on this information, it can be concluded that probiotic
supplementation in conjunction with surgical interven-
tion can significantly improve the quality of life for pa-
tients with chronic upper respiratory tract diseases, not
only by alleviating clinical symptoms but also by reduc-
ing the severity of respiratory infections.

Limitations

The limitations of the study include the small num-
ber of patients and the short observation period (1
month) after surgical and therapeutic interventions.

CONCLUSION

Therefore, the results of the study suggest that
the applied treatment methods have a beneficial ef-
fect on the dynamics of clinical symptoms, confirming
their high effectiveness. Furthermore, a more signif-
icant positive impact on the alleviation of difficulty
in nasal breathing and sleep disturbances was observed
when the probiotic treatment was administered after
adenotomy.
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ABSTRACT

Introduction. Hypofibrinogenemia is a rare coagulation disorder characterized by re-
duced plasma fibrinogen levels and an increased risk of hemorrhagic complications.
Inherited forms, caused by mutations in the FGA, FGB, or FGG genes, have an estimat-
ed prevalence of 1:500,000 and often remain undiagnosed due to an asymptomatic
course.

Aim. To present a rare clinical case of hereditary hypofibrinogenemia with a pau-
cisymptomatic course in a child, in order to address challenges in diagnosis, long-term
follow-up, and determining indications for prophylactic therapy to prevent hemorrhag-
ic complications.

Materials and Methods. We report a clinical case of hereditary hypofibrinogenemia
in an 8-year-old child. The diagnosis was suspected incidentally during a routine pedi-
atric examination. The diagnosis was subsequently confirmed by a hematologist based
on persistently low fibrinogen levels, a positive family history (maternal hereditary
hypofibrinogenemia), and genetic testing. Differential diagnosis with acquired forms
of hypofibrinogenemia was performed based on clinical and laboratory evaluation,
including complete blood count, coagulogram, aggregatogram, biochemical param-
eters, and instrumental studies.

Results. The key feature of this case was the mild clinical presentation, which included
a neonatal cephalohematoma, a single episode of blood in stool, and rare epistaxis.
This aligns with literature data on the highly variable phenotypic expressivity of hypofi-
brinogenemia. The importance of a detailed family history and genetic testing in diag-
nosing inherited coagulopathies, even in the absence of overt bleeding, is emphasized.
Conclusion. This case highlights the need for physician vigilance regarding inher-
ited coagulation disorders in patients with abnormal coagulation test results, even
in the absence of significant clinical symptoms. The development and implementation
of strategies for long-term patient monitoring and the prevention of potential hemo-
stasis-related risks are of paramount importance.

Keywords: hereditary hypofibrinogenemia, coagulopathy, hemostasis, fibrinogen,
children
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Hereditary hypofibrinogenemia in primary care pediatrics: a case report. Acta biomedica
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PE3IOME

BeedeHue. [unogubpuHozeHeMus A8/19emcs 00CMamoyHo pedkol koazysionamued,
Xapakmepusyloujelics CHUXeHUeM ypoBHs (hubpUHO2eHd U NoBbILIEHUEM pUcKa 2e-
Moppazuyeckux ocsioxHeHul. HacnedcmeeHHvie hopMebl, 06yC/108/1€HHbIE Mymayus-
mu 8 2eHax FGA, FGB, FGG, scmpeyatomcsa c yacmomot 1:500 000 u yacmo ocmaromca
HeOUAazHOCMUpPOBAHHbBIMU U3-3a 6eCCUMNMOMHO020 MeYeHUs.

Lene uccnedosaHus. [lpedcmasume pedkul KauHUYecKul ciayqal Manocum-
NMOMHO020 meyeHUsA HAc1e0cmaeHHOoU 2unogubpuHozeHeMuu y pebéHKa 014 ocee-
WeHuUa 8onpocos 0UAzHOCMUKU, OUHAMUYeCK020 Hab1o0eHuUsA U onpedesieHus no-
kazaHul Kk npoghunakmuueckoli mepanuu 0715 npedomepaujeHus 2eMoppazudecKux
OC/I0XKHEeHUU.

Mamepuansi u memodel. B cmamee npedcmassieH KiauHu4Yeckul csiyyali Hacneo-
cmeeHHoU 2unogubpuHozeHemuu y pebeHka 8 nem. [JuazHo3s 6bis1 3an0003peH CI1y-
yaliHo npu ni1aHo8om o6cedo8aHuUu y neduampa, a 3amem npu y2sy6aeHHoM 06-
€/1e008aHUU y 26MAMOJ102d YCMAHOBJIEH HA OCHOBAHUU CMOUKO20 CHUXeHUS YpOBHSA
ubpuHO2eHd, NOOMeePXOEHHO20 2eHeas1euyecko2o0 dHamHesd (HacnedcmeeHHas
2unogubpuHo2eHeMuUs y Mamepu, 2eHemu4eckozo ucciedosaHus). [iposeder dugge-
peHYuUanbHbili OudzHo3 C NpuobpemeHHbIMU (hopMamu 2unogdubpuHo2eHeMUU HA OC-
HOBAHUU KJIUHUKO-1a60pamopHoz0 06c/1e008aHUA: 06uje20 aHAIU3a Kposu, Koazy-
J102paMMbl, a2pe2amozpamMmbl, GUOXUMUYECKUX NoKazamesell, UHCMPYMeHMAsnbHbIX
uccnedosaHud.

Pesynemamel. Kniouegas xapakmepucmuka OdHHO20 K/TUHUYECKo20 HabodeHus
3ak4Yaemcs 8 MajaocuUMNMOMHOM meyYeHuU 3a60/1e8dHUs, NPOABIAIOUEMCs Heo-
HamaneHoU KeganozeMmamomoti, eOUHUYHbIM 3NU3000M Kpo8U 8 cmysie U peoKu-
MU HOCOBbIMU KpOBOMeYeHUsMU, 4mo coomeemcmayem OdHHbIM Jlumepamypel
0 8apuabesibHOCMU cmeneHU MaXecmu K/UHUYeCKOU KapmuHsl npu 2unogubpu-
HozeHeMuu. BaxeH mujamenbHeili c6op cemeliH020 aHaMHe3a 8 OUAzHOCMUKe Ha-
c1edcmeeHHbIx kodzynonamudi, HeCMOMPSA Ha OMCYMCMaUe BbIPaXXeHHbIX 2eMoppa-
2uyeckKux nposesieHull, a Makxe zeHemuyveckoe Ucc1e008aHuUe.

3akmoyenue. [pedcmaseHHbIl KNUHUYecKul cydati 0eMoHCMpupyem Heobxoou-
MOCMb HACMOPOXEHHOCMU 8payeli 8 OMHOWeHUU HAc/1e0CmBeHHbIX Koazysionamud
y NAayueHmMo8 ¢ UsMeHeHUAMU KOazy102paMMbl 0dxe npu 0omcymcmaeuu KiuHuU4Yeckou
cumnmomamuku. Ocoboe 3HayeHue npuobpemarom paspabomka u peanuzayus
nooxo008 K 0asbHeliwemy Hab0eHUI0 3a NAYUEHMAMU, a makxe npogusiaKkmuke
NOMeHYUAIbHbIX pUCKOB, CBA3AHHbIX C HAPYWeEHUAMU CUCMeMbl 2eMOCmadsd.

Knioueaole cnoea: HacriedcmeeHHAs 2unopubpuHozeHeMUs, 8POXOeHHbIe Koazysio-
namuu, 2emocmas, pubpuHozeH, demu

Ona yntnposanua: lomenna M.B., Kpynckaa T.C., benbkosa T.lO., Bopxxesa A.H., Mupo-
HoBa A.B. HacnepctBeHHas runodubpuHoreHeMns B ambynaTopHO-MOANKINHUYECKON
npaKTrKe Bpaya-negvaTpa (KNMHMYeckuin cnyvai). Acta biomedica scientifica. 2026; 11(3):
117-123. doi: 10.29413/ABS.2026-11.3.14
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INTRODUCTION

Hypofibrinogenemia is a coagulation disorder
characterized by a reduced plasma fibrinogen concen-
tration [1, 2]. According to the World Federation of He-
mophilia and national registries, fibrinogen deficiency
accounts for approximately 8.0 % of all rare coagulop-
athies [3]. The prevalence of this condition is approxi-
mately 1 case per 500,000 population [4]. Despite its
low prevalence, timely detection of hypofibrinogene-
mia is critically important for the prevention of poten-
tial hemorrhagic complications.

According to the classification of hypofibrinogen-
emias, hereditary (congenital) and acquired forms
are distinguished [1]. Hereditary hypofibrinogenemia
often remains unnoticed, but may have clinical con-
sequences, including bleeding and an increased risk
of thrombosis [3, 5]. In contrast to acquired forms,
which are often caused by liver disease or disseminat-
ed intravascular coagulation (DIC), hereditary hypo-
fibrinogenemia is characterized by a persistently low
fibrinogen level throughout life and can be confirmed
by a positive family history [1].

Historically, hereditary forms of fibrinogen de-
ficiency were first described in the early 20™ centu-
ry, and in 1999, mutations in the genes responsible
for its synthesis were identified [6]. Hereditary hypo-
fibrinogenemia, associated with the genes encoding
the fibrinogen chains (FGA, FGB, FGG), can lead to he-
mostatic abnormalities [7, 8]. Fibrinogen plays a key
role in the blood coagulation process, being convert-
ed to fibrin by thrombin and forming a fibrin clot [1,
3,9l

In clinical practice, two types are distinguished:
hypofibrinogenemia and afibrinogenemia, in which
plasma fibrinogen levels are below 1.8 g/L and 0.1 g/L,
respectively [10]. In most cases, patients have an as-
ymptomatic course or minimal bleeding from mucous
membranes, with bleeding after trauma or surgical in-
terventions usually of the microcirculatory type [3].

Diagnostic evaluation of hereditary hypofibrin-
ogenemia is based on plasma fibrinogen levels, oth-
er baseline coagulogram parameters, and molecular
genetic analysis to identify mutations in the relevant
genes [11, 12]. In severe fibrinogen deficiency, pro-
longation of activated partial thromboplastin time
(APTT), prothrombin time (PT), and thrombin time (TT)
is observed, which is due to the absence of the neces-
sary substrate for the conversion of fibrinogen to fibrin
by thrombin [3].

Diagnosis of the hereditary form requires high
accuracy and reliability, which underscores the need
for timely detection and differential diagnosis with ac-
quired forms of hypofibrinogenemia [13]. Early di-
agnosis (particularly of severe hypofibrinogenemia
and afibrinogenemia) facilitates preventive measures
and the prescription of replacement therapy when
necessary to reduce the risk of complications associ-
ated with hemostatic abnormalities.

119

This clinical case of a child with hereditary
hypofibrinogenemia illustrates the importance
of a timely comprehensive approach to diagnosis
and follow-up of patients. The study protocol was
approved by the Ethics Committee of the lvano-
Matreninskaya City Children’s Clinical Hospital (Pro-
tocol No. 10 dated February 10, 2025) and complied
with the principles of the Declaration of Helsinki.

AIM

To present a rare clinical case of hereditary hy-
pofibrinogenemia with a paucisymptomatic course
in a child, in order to address challenges in diagno-
sis, long-term follow-up, and determining indications
for prophylactic therapy to prevent hemorrhagic
complications.

MATERIALS AND METHODS

History

An 8-year-old female patient, accompanied by her
mother, presented to a hematologist at the outpa-
tient department of the lvano-Matreninskaya City
Children’s Clinical Hospital in February 2025 regard-
ing abnormal coagulogram findings from January 15,
2024: decreased fibrinogen to 1.17 g/L, prolonged
APTT to 44 sec, prolonged TT to 29 sec, and de-
creased PT to 61.0 %. The examination was performed
while the patient was in full clinical health and had
no complaints.

The child was born from the first pregnancy, 1%
delivery. According to the mother, the pregnancy was
uncomplicated. Delivery was spontaneous at term (38
weeks). Birth weight was 3850 g; length 54 cm. Apgar
score was 7-9. The infant cried immediately and was
breastfed immediately after birth. Breastfeeding con-
tinued until 9 months of age. Growth and develop-
ment were age-appropriate. Vaccinations were ad-
ministered according to the national immunization
schedule.

During collection of a detailed bleeding history,
afamily history was revealed: the mother had been ob-
served for several years to have decreased fibrinogen
to an average of 0.87 g/L, prolonged APTT to 44 sec,
prolonged TT to 29 sec, prothrombin time to 13.2 sec,
and decreased PT to 57.9 %, based on which a hema-
tologist had diagnosed hypofibrinogenemia, and she
was under dispensary follow-up. Genetic analysis
confirmed the presence of a heterozygous mutation
in the FGB G455A gene in the mother. Further family
history did not reveal any other cases of significant
bleeding or established coagulopathies in close ma-
ternal relatives (grandmother, grandfather).

From the medical history, it is known that the child
suffered from a cephalohematoma at birth. In 2016,
at the second week of their life, blood was found



in their stool, prompting the child to be examined
at the Irkutsk Regional Infectious Diseases Clinical Hos-
pital, the Irkutsk Regional Children’s Clinical Hospital,
and the Ivano-Matreninskaya City Children’s Clinical
Hospital, with a diagnosis of diarrhea of unspecified
etiology. At 8 months old, the patient was diagnosed
with hemangioma on the left side of the trunk and un-
derwent surgical treatment. Rare episodes of epistaxis
have also been noted. However, previous monitoring
of complete blood count and coagulation tests were
not performed.

Physical examination

General condition was satisfactory. Well-be-
ing was not affected. Position was active. Axillary
body temperature was 36.2°C. Blood pressure was
106/68 mmHg. Respiratory rate was 22/min. Heart
rate was 85/min. Height was 130 cm; body weight
was 33 kg. SDS BMI = 1.65. Skin was of normal color
and clear. Visible mucous membranes were of nor-
mal color and clear. Subcutaneous adipose tissue was
moderately developed. Peripheral lymph nodes were
not palpable. Musculoskeletal system showed no de-
formities, joint mobility was full, and palpation was
painless. The chest was of normal shape and size, sym-
metrical, painless on palpation, with clear pulmonary
sound on percussion. Auscultation revealed vesicu-
lar breathing, conducted to all areas, no wheezing.
The borders of relative and absolute cardiac dullness
were within age-related norms. On auscultation, heart
sounds were clear, rhythmic, with no murmur. The ab-
domen was of normal shape and size on inspection,
soft and painless on palpation. The liver and spleen
were not palpable. Intoxication, anemic, hemorrhagic,
lymphoproliferative, hyperplastic, and ossalgic syn-
dromes were absent.

Results of laboratory and instrumental studies

Complete blood count (January 14, 2025): he-
moglobin - 139.0 g/L, erythrocytes — 5.07 x 10'%/L,
reticulocytes - 1.0 %, hematocrit - 41.8 %, plate-
lets — 272.0 x 10°/L, leukocytes - 8.84 x 10°%L,
segmented neutrophils - 56.0 %, monocytes -
5.9 %, lymphocytes - 36.1 %, eosinophils — 2.0 %,
and ESR - 2 mm/h.

Biochemical blood test (January 14, 2025): total
bilirubin — 10.2 umol/L, indirect bilirubin - 4.7 umol/L,
direct bilirubin - 5.5 umol/L, ALT - 16.0 U/L, AST -
22.0 U/L, cholesterol - 3.1 mmol/L, total protein -
62.0 g/L, albumin - 41.0 g/L, urea - 3.2 mmol/L, creati-
nine — 53.0 umol/L, GFR - 124 mL/min/1.73m?2, alkaline
phosphatase - 125.0 U/L, LDH - 223.0 U/L, glucose -
4.3 mmol/L, CRP -3 mg/L, RF - 1.2 lU/mL, ASO - 120 1U/
mL, ferritin — 52.0 ng/mL, serum iron - 15.0 pmol/L,
transferrin saturation - 34.0 %, total iron-binding
capacity - 73.2 ymol/L, vitamin B12 - 250.0 pg/mL,
and folic acid - 15 ng/mL.

Coagulogram (three measurements):

January 15, 2024: APTT - 44 sec, PT - 61 %,
INR - 1.1, TT - 29 sec, fibrinogen - 1.17 g/L,
and D-dimer - 0.2 ug/mL.
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February 14, 2025: APTT - 43.3 sec, PT - 61.5 %,
INR-1.12,TT-22.9 sec, fibrinogen - 1.2 g/L, and D-di-
mer - 0.1 ug/mL.

February 28, 2025: APTT - 44.5 sec, PT - 59.2 %,
INR - 1.1, TT - 23.8 seg, fibrinogen - 1.1 g/L, and D-di-
mer - 0.2 pg/mL.

Fibrinogen concentration was determined us-
ing the Clauss clotting method. Activated APTT, PT,
TT, and other coagulogram parameters were mea-
sured on an automated analyzer. Platelet aggregation
was studied using standard inducers (ADP, epineph-
rine, collagen, ristocetin, arachidonic acid) on a laser
aggregometer.

Platelet aggregation with inducers (January
15, 2024): ADP - 71.4 %, epinephrine - 40.4 %, col-
lagen - 77.1 %, ristocetin — 76.3 %, and arachidonic
acid - 75 %.

Dysfibrinogenemia testing (March 20, 2025): ancis-
trodon test — 19 sec (normal 16-22 sec).

Antinuclear antibodies (February 14, 2025): less
than 1:40.

Anti-dsDNA antibodies (February 14, 2025): 15 U/
mL - negative.

Anti-cardiolipin IgM and IgG antibodies (February
14, 2025): negative.

Lupus anticoagulant (February 14, 2025): not
detected.

Urinalysis (January 14, 2025): light yellow, clear,
pH 5.0, density 1020, glucose — not detected, ketones -
not detected, bilirubin — not detected, squamous epi-
thelium - 1 cell/uL, leukocytes — 1-2 cells/uL, erythro-
cytes — 1 cell/pL, protein - not detected, bacteria - not
detected, mucus - trace, and salts — not detected.

24-hour proteinuria (January 15, 2025): 0.05 g/day.

Zimnitsky test (January 20, 2025): 6.00-9.00 - spe-
cific gravity 1018, 9.00-12.00 - 1022, 12.00-15.00 -
1020, 15.00-18.00 1019, 18.00-21.00 1017,
21.00-24.00 - 1019, 24.00-03.00 - no urine, 03.00-
06.00 - 1010; 24-hour diuresis - 1350 mL, and day/
night diuresis ratio - 3:1.

ELISA for helminths (January 21, 2025): anti-Toxo-
cara canis - negative, Opisthorchis felineus - negative,
Echinococcus spp. - negative, Trichinella spiralis - neg-
ative, and Ascaris lumbricoides - negative.

ELISA for TORCH infections (January 21, 2025):
anti-CMV IgM, IgG - negative, anti-Toxo IgM, 1gG -
negative, anti-HSV %2 IgM, IgG - negative, an-
ti-Rubella IgM, IgG - negative, anti-Herpes IgM,
and IgG - negative.

ELISA for Epstein-Barr virus (January 21, 2025): an-
ti-Epstein Barr IgM, 1gG - negative.

ELISA for hepatitis (January 14, 2025): HBsAg, an-
ti-HBcore - not detected, anti-HCV - not detected,
and anti-HAV IgM - not detected.

ELISA for HIV (January 14, 2025): negative.

Mantoux test with 2 TU (May 14, 2024): negative.

ENT (January 14, 2025): nasal breathing free, naso-
pharyngeal mucosa pink, clear; palatine tonsils of nor-
mal size, no plaques, diagnosis - healthy.



Throat and nasopharyngeal swab for flora (January
14, 2025): no growth of pathogenic microflora, single
colonies of Streptococcus viridans 103 CFU/mL.

Dentist (January 14, 2025): superficial
of tooth 3.5.

Gynecologist (January 15, 2025): healthy.

Electrocardiography (January 15, 2024): sinus
rhythm, HR 94-103/min, electrical axis of the heart
in vertical position.

Comprehensive ultrasound of the abdominal or-
gans, retroperitoneal space, peripheral lymph nodes,
pelvis, and thyroid gland (January 15, 2024): no pathol-
ogy detected.

Genetic testing of fibrinogen genes FGB and FGG
(Sanger sequencing) (April 15, 2025): a heterozygous
mutation FGB: -455G>A was identified in the FGB
gene.

caries

DISCUSSION

The presented case of hereditary hypofibrinogene-
mia in an 8-year-old child demonstrates the typical fea-
tures of the medical history (biological, genealogical),
clinical, laboratory and instrumental diagnosis of he-
mostatic disorders, as well as the search for acquired
causes that may lead to this condition, and the treat-
ment of this rare inherited coagulation disorder.

The use of a comprehensive range of clinical
and laboratory-instrumental studies in our patient
made it possible to exclude pathology that could
cause acquired secondary hypofibrinogenemia, such
as infectious diseases, liver pathology, DIC, drug ef-
fects, hemolysis, kidney disease, hematological malig-
nancies, etc.

Based on the data, including the family history
(a lifelong persistent hypofibrinogenemia in the child’s
mother), the paucisymptomatic course of the disease
(minimal hemorrhagic manifestations during the 8-year
period of the child’s life), stable hypofibrinogene-
mia confirmed by three hemostasis tests, prolonged
thrombin time, exclusion of secondary causes of hy-
pofibrinogenemia, and genetic analysis of fibrinogen
genes, the patient was diagnosed with hereditary
hypofibrinogenemia.

Hereditary hypofibrinogenemia is a well-known
condition. In previous reports, there was not always
a clear distinction made between hereditary and ac-
quired forms of factor | deficiency [8]. This distinction
is crucial for diagnosis and management.

Considering the prevalence of this pathology,
it should be noted that the epidemiological charac-
teristics of hypofibrinogenemia have now been ad-
equately studied. Specifically, in a study conducted
by Paraboschi E.M. et al. (2017), it was demonstrated
that among 342 registered cases of congenital fibrin-
ogen disorders, 58 % were hypofibrinogenemias, 28 %
were dysfibrinogenemias, and only 14 % were afibrino-
genemias. Additionally, the authors noted significant
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variation in clinical manifestations based on the type
of mutation [4].

In a study conducted by Yakovleva E.V. et al. (2022),
data from 47 patients with hereditary fibrinogen dis-
orders were analyzed. The study found that 38 %
of the patients exhibited an asymptomatic course
[10]. The authors emphasize that, even in the absence
of clinical symptoms, these patients remain at a high
risk of hemorrhagic complications during invasive pro-
cedures [10].

Of particular interest are the findings of Neer-
man-Arbez M. et al. (2016) that hereditary hypofibrin-
ogenemia often presents in childhood and is frequent-
ly detected incidentally during routine examinations,
as presented in our clinical case. In some instances,
a family history may not be available due to the vari-
able nature of the mutations [11].

The severity of hemorrhagic manifestations
in patients with hereditary hypofibrinogenemia di-
rectly correlates with the degree of decrease in plasma
fibrinogen levels [8]. Patients with severe hypofibrin-
ogenemia (0.2-0.3 g/L) may experience spontaneous
bleeding, whereas those with milder forms (1.0-
1.5 g/L) usually only bleed or develop hematomas after
trauma or invasive procedures [3, 8]. Our patient has
a paucisymptomatic course, with a mean fibrinogen
level of 1.1-1.2 g/L, omparable to those of her mother,
who also has a mean fibrinogen level of 0.87-0.97 g/L.

Despite the typical laboratory signs, genetic test-
ing is a method used to diagnose hereditary hypofi-
brinogenemia [6, 11, 12].

Long-term follow-up is recommended for the child,
including monitoring of the coagulogram profile
and other diagnostic tests, due to their hereditary
nature and the child’s female sex. If necessary, con-
sideration may be given to replacement therapy, par-
ticularly in cases involving surgery or other invasive
procedures [13].

CONCLUSION

All physicians should be aware that hereditary
hypofibrinogenemia may present with a frequent-
ly latent or paucisymptomatic course, and may not
be accompanied by bleeding for many years, or may
present with rare bleeding, usually of the microcircula-
tory type. It is also important to identify this pathology
in patients with a positive family history, as early diag-
nosis and adequate follow-up can help to implement
preventive measures and reduce the risk of hemor-
rhagic complications in such cases.
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ABSTRACT

Background. Hereditary Tyrosinemia Type 1 (HT1) is an orphan disease belonging
to the group of amino acid metabolism disorders, with an autosomal recessive pattern
of inheritance. It is caused by a mutation in the FAH gene, which encodes the enzyme
fumarylacetoacetate hydrolase. The clinical presentation is polymorphic. Diagnosis
is based on the detection of specific metabolites in biological samples and molecular
genetic testing. Early diagnosis determines the effectiveness of therapy and the prog-
nosis of the disease.

Clinical case description. We present a clinical case of early detection of HTT in a fe-
male newborn through expanded neonatal screening. The clinical picture was charac-
terized by hepatomegaly, coagulopathy, and specific biomarkers, including elevated
levels of succinylacetone in the blood. This finding served as the basis for immediate
initiation of nitisinone therapy and an individually calculated low protein diet sup-
plemented with a specialized amino acid mixture. Molecular genetic testing con-
firmed the diagnosis: a previously described pathogenic nucleotide sequence variant,
chr15:80181069G>C in the FAH gene in a homo/hemizygous state, was identified. This
variant leads to a missense substitution ¢.1090G>C, p.(Glu364GlIn). During the follow
up period, the patient has shown a favorable course of the disease.

Conclusion. Early diagnosis of HT1 based on specific succinylacetone screening
and timely initiation of pathogenetic therapy combined with dietary management en-
sure a favorable prognosis for the disease.

Keywords: hereditary tyrosinemia type 1 (HT1), newborn infants, inherited metabolic
disorders, clinical case
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PE3IOME

HacnedcmeeHnHaa muposuHemus 1 muna (HTI) — opgpaHHoe 3a6os1esaHue us 2pyn-
nbl HApyweHUl Memaboau3ma aMuHOKUC/IOmM ¢ dymoCOMHO-peyeccusHblM Munom
HacnedosaHus, obycnosneHHas mymayueti 8 2eHe FAH, komopebil kooupyem ¢hep-
MeHm ¢pymapunayemoayemameudponasy. KnuHuyeckas KapmuHa noaumMopgHa.
JuazHocmuka 3a60/1e8aHUS OCHOBbIBAEMCSA HA 8bIABIEHUU CNeyu@duyecKux mema-
60/1uMo8 8 bUOI02UYECKOM Mamepuasie U MOJIEKY/IApHO-2eHemu4ecKoM Ucciedo-
8aHUU. PaHHAs dudeHocmuka onpedesisem 3¢gekmusHOCMb mepanuu U NPo2HO3
3a60s1e8aHuUS.

OnucaHue KnUHU4YecKoz0 cay4as. [lpedcmassneH KauHU4Yeckul cyyal paHHezo
sbisigneHus HTl y 0esouku 8 paMkax paculupeHHO020 HEOHAMA/IbHO20 CKPUHUH2d,
K/IUHUYeCcKas KapmuHa Xxapakmepu3o8dsaacs 2enamomeednuel, Koazysonamu-
ell U cneyuguyecKUMU MApKepamu — NosbilieHUe CyKUUHUIaUemoHda 8 Kposu,
4Umo NOCAYXUJI0 OCHOBAHUEM OJ/1A HAYasa mepanuu HUMU3UHOHOM U UHOUBUOY-
anbHO paccHumanHol Hu3kobesnkosol ouembl CO Cneyuanu3upo8aHHol aMUuHo-
Kuciomuol cmecoro. MonekynapHo-zeHemuydeckoe ucciiedosaHue noomeepousio
O0uazHo3: 8blsiBIeH ONUCAHHbIU paHee KaK NAMO2eHHbIl 8apuaHmM HyK1eomuoHoU
nocnedosamesnibHocmu chr15:80181069G>C 6 2eHe FAH 8 20M0-/2eMU3U20MHOM CO-
cmoAHuU, NnpusoOAUUU K MucceHc-3ameHe ¢.1090G>C, p.(Glu364Glin). 3a epema Ha-
6/1100eHus 3a hayueHMom ommeddemcs 671a2onpusmHoe medyeHue 3a601e8aHUS.
3akmoyenue. PaHHasa duazHocmuka HTI Ha ocHoge cneyuhuyecko2o CKpUHUH2A CYK-
UUHUIAUeMmoHa u ceoespeMeHHoe Hayasao namozeHemuyeckol mepanuu 8 coyema-
HUU ¢ duemomepanueti obecnequgarom 6,1d20NPUAMHbIG NPO2HO3 3a60/1e8aHUS.

Knioueewle cnoea: HacnedcmeeHHAs mMupo3uHemMus 1 muna, HOBOPOXOeHHble
O0emu, HaciedcmeeHHble 60/1e3HU 06MeHa seujecms, KIuHUYeckul ciyyad

Ana yntupoBaHma: Actaxosa T.A,, bamposa T.A., benbckux A.B., HemunHosa H.B., LLeHe-
maH E.A., Poiukosa J1.B., ByryH O.B. Tnpo3nHemusa 1 Tvna: onvMcaHmne KAMHNYECKOro cnyyas.
Acta biomedica scientifica. 2026; 11(3): 124-130. doi: 10.29413/ABS.2026-11.3.15
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Hereditary tyrosinemia type 1, also known as hepato-
renal tyrosinemia (HT1) (OMIM 276700), is an orphan dis-
ease belonging to the group of amino acid metabolic dis-
orders with an autosomal recessive mode of inheritance.
Its prevalence averages 1 per 100,000-200,000 live births,
with significant variability reflecting demographic history
and population genetics. The highest prevalence world-
wide is observed in Quebec, Canada (1:1,846 live births).
In Russia, marked regional heterogeneity has been iden-
tified with the highest incidence in the Chechen Repub-
lic (1:16,020) [1]. Meanwhile, the epidemiological profile
of East Asia remains poorly characterized in literature.

The FAH gene responsible for the development
of this disorder is mapped to the chromosomal locus
15923-g25. Its genomic organization spans a region
of 30-35 kb and includes 14 coding exons. To date, more
than 100 pathogenic variants of the FAH gene associated
with HT1 have been described [2]. The global literature
shows a clear geographical distribution of key pathogenic
alleles. The splicing variant ¢.1062+5G>A is predominant
in Northern Europe and the US, while c.554-1G>T mutation
is characteristic of Central and Eastern Europe [3]. In East
Asia, variants ¢.1100G>A and ¢.192G>T are more common.
Studies on the Russian cohort revealed pronounced ethnic
stratification of pathogenic variants. The c.1025C>T allele
is prevalent among Chechen patients, while missense sub-
stitution c.1090G>C (p.E364Q) is frequent in Buryats, Ne-
nets, and Yakuts [4, 5].

The pathogenesis of the diseaseis based on a deficien-
cy of the enzyme fumarylacetoacetate hydrolase (FAH),
encoded by the FAH gene (15g25.1), leading to the ac-
cumulation of the abnormal metabolite succinylacetone
in the body [6]. FAH deficiency causes accumulation
of maleylacetoacetate, which with preserved maleylac-
etoacetate isomerase activity undergoes non-enzymatic

FIG.
Tyrosine metabolism disorders observed in tyrosinemia type | [7]
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reduction to succinylacetone, exhibiting pronounced
hepatotoxicity and nephrotoxicity. The key mechanism
for its pathological action is potent inhibition of 6-ami-
nolevulinate dehydratase, leading to the accumulation
of 6-aminolevulinic acid, causing porphyria-like crises,
manifested clinically as neurological disorders and jaun-
dice. At the same time, intracellular transport is disrupted
and the activity of tyrosine catabolic enzymes is modu-
lated, exacerbating multi-organ involvement (Figure).

HT1 is characterized by high mortality in the ab-
sence of timely therapy: without treatment, up to 90 %
of patients with the acute form die before the age of 10
from liver failure or hepatocellular carcinoma. There are
two forms of the disease: acute and chronic. They dif-
fer in onset age and rate of progression. Acute form
is the most common (75 %) and presents in neonatal pe-
riod or first months of life with constellation of symptoms
including hepatopathy (jaundice, hepatomegaly, coagu-
lopathy), metabolic decompensation (vomiting, dehy-
dration, failure to thrive), neurological disorders (hypoto-
nia), and a characteristic (cabbage-like) odor. Intercurrent
infections increase risk of acute hepatic crisis with ascites
and bleeding. Without treatment prognosis is fatal due
to liver cirrhosis or hepatocelluar carcinoma before 1 year
age. The chronic form is characterized by a delayed onset,
an indolent course, and the predominance of neurolog-
ical (polyneuropathy) and cardiac (hypertrophic cardio-
myopathy) manifestations. The onset occurs in older chil-
dren and adolescents [8].

The gold standard for early diagnosis of hereditary ty-
rosinemia type 1 is the measurement of succinylacetone
indriedbloodspotsusingtandemmass spectrometry (TMS/
MS-MS). Succinylacetone is a highly specific and pathog-
nomonic metabolite absent in healthy newborns. It accu-
mulates exclusively in patients with fumarylacetoacetate



hydrolase deficiency. Its detection in blood collected
on days 3-5 of life provides diagnostic sensitivity and spec-
ificity exceeding 95 %. This allows verification of the diag-
nosis before the development of clinical manifestations
of hepatic and renal involvement [9, 10].

The mainstay of treatment is dietary therapy, with re-
striction of tyrosine and phenylalanine intake. Currently,
nitisinone (Nitisinon (Orfadin®)) (NTBC, 2-(2-nitro-4-triflu-
oromethylbenzoyl)-1,3-cyclohexanedione) is used to treat
the disease. It can prevent acute hyperbilirubinemic crises
and slow down the progression of liver cirrhosis and Fan-
coni syndrome.

In domestic literature, the main focus is on diagnostic
algorithms and clinical markers for suspicion of hereditary
tyrosinemia type 1 during the disease manifestation stage
[1, 11]. The implementation of expanded newborn screen-
ing has changed the clinical paradigm fundamentally:
in most cases, diagnosis is verified before symptoms ap-
pear. Issues related to when to start pathogenetic therapy
and its long-term effect on prognosis have become more
important. The question about whether preventive treat-
ment modifies clinical outcomes and the dynamics of bio-
chemical markers compared to therapy initiated during
a metabolic crisis remains unanswered.

AIM

To describe the clinical and laboratory presentation
of a patient with hereditary tyrosinemia type 1, detected
at an early stage.

Informed consent. Written informed consent was
obtained from the legal representative of the patient
for the use of their medical data for scientific purposes.

RESULTS

Patient D., a female, was born on February 6, 2024,
at the age of two years, as a result of the fourth pregnan-
cy, which was not remarkable. The first pregnancy end-
ed in delivery, and the sibling was healthy. The second
and third pregnancies resulted in medical abortions.
The parents were of Buryat ethnicity and were not con-
sanguineous. They were somatically healthy, and their
delivery was spontaneous, unassisted, and took place
at 38 weeks. The birth weight was 4170 g, the length was
53 c¢m, and Apgar scores were 7/8. At birth, the condi-
tion was satisfactory, and the infant cried immediately
after birth. Breastfeeding began on day 1 and the in-
fant actively fed. On day 2, a sample was taken for new-
born screening. On day five, the infant was discharged
with a diagnosis of cerebral ischemia, grade 1 patent
foramen ovale, patent ductus arteriosus, and congenital
anomaly of the urinary system (left-sided pyeloectasia).

As part of the expanded newborn screening program,
tandem mass spectrometry was performed at Compe-
tence Laboratory lll Ain Irkutsk. This revealed an elevated
concentration of succinylacetone (SA) in the dried blood
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spot — 3.5 uM/mL, which is above the normal range
of 0-2 uM/mL. A presumptive diagnosis of tyrosinemia
type 1 was made. To confirm the diagnosis, biological ma-
terial was sent for DNA testing to the Bochkov Medical
Genetics Research Center.

Prior to receiving the results of DNA testing, the infant
was admitted to hospital on day 6 after birth. On admis-
sion, the objective findings were: weight — 3890 g (-280 g
from birth weight), condition of moderate severity, skin
clear and pink. On pulmonary auscultation, vesicular
breathing; heart sounds rhythmic; abdomen distended;
liver +1.5 cm below the costal margin, the edge smooth
and elastic; spleen not palpable. Neurological status: mus-
cle hypotonia with symmetrical and decreased reflexes,
no pathological reflexes. Hemodynamics stable: heart rate
158 bpm, and saturation 99 %.

Laboratory findings on admission: the hemogram
showed leukocytosis (39.7 x 10°L; normal range 9.0-
25.0 x 10%/L) without a pronounced left shift.

Biochemical analysis on admission revealed hyperbili-
rubinemia with a predominance of direct fraction (total bili-
rubin - 180.3 umol/L; normal range 0-17.0 pmol/L, direct -
11.7 umol/L; normal range 0-5.1 umol/L) and cholestasis
syndrome: alkaline phosphatase — 2110.0 U/L (normal
range 0-1076.0 U/L); CRP - 1.4 mg/L (normal range 0.2-
9.0 mg/L); coagulogram showed prolongation of pro-
thrombin time (PT - 14.5 sec; normal range 9.9-11.8 sec),
decreased prothrombin index (PTI - 45.0 %; normal range
70-130 %), prolongation of activated partial thrombo-
plastin time (APTT - 32.8 sec; normal range 22.1-28.1 sec),
and elevated international normalized ratio (INR - 1.51;
normal range 0.85-1.15).

Alpha-fetoprotein level - 56,000 ng/mL (normal
for children aged 0 to 3 months: less than 1,000 ng/mL).

Tandem mass spectrometry: tyrosine — 307.4 umol/L
(normal range 10-300 umol/L); urinary succinylacetone
measured by high-performance liquid chromatography
with tandem mass spectrometry - 5.04 mM/mol creatinine
(normal range 0-2.2 mM/mol creatinine).

In view of the identified laboratory abnormalities,
the child was prescribed antibacterial therapy - am-
picillin + sulbactam at a dose of 150 mg/kg/day; ur-
sodeoxycholic acid - 30 mg/kg/day; vitamin K (1 mg
intramuscularly, once); dietary therapy - a low-protein
diet using a specialized amino acid formula without
tyrosine and phenylalanine (Anamix Infant®) + breast
milk, with a protein intake of 1.8 g/kg. The energy value
of the diet is 95-145 kcal/kg/day. Pathogenetic thera-
py with nitisinone (NTBC, 2-(2-nitro-4-trifluoromethyl-
benzoyl)-1,3-cyclohexanedione) was started at a dose
of 2 mg/kg/day until normalization of urine and blood
succinylacetone levels, with subsequent dose adjust-
ment based on expected body weight.

Sequencing performed at the Bochkov Medical Genet-
ic Research Center identified a previously described patho-
genic variant (HGMD_ID CM1619683) in exon 13 of the FAH
gene (NM_000137.3). The nucleotide sequence variant
chr15:80181069G>C in the FAH gene in a homo/hemizy-
gous state leads to a missense substitution ¢.1090G>C,



p.(Glu364GIn), which is consistent with the diagnosis
of hereditary tyrosinemia type 1 (ICD-10 code: E70.2).

During treatment, the child showed positive laborato-
ry dynamics. The normalization of hemogram parameters
was observed: leukocytes — 8.1 x 10°/L (normal range 6.6-
11.2 x 10%L). Biochemical analysis showed mild residual
hyperbilirubinemia with predominance of direct fraction
(total bilirubin — 18.4 umol/L; normal range 0-17.0 umol/L,
direct — 9.8 ymol/L; normal range 0-5.1 umol/L), alkaline
phosphatase - 819.0 U/L (normal range 0-1076.0 U/L). Co-
agulogram: PT - 9.9 sec (normal range 9.9-11.8 sec), PTI -
112.0 % (normal range 70-130 %), APTT - 31.1 sec (normal
range 22.1-28.1 sec), INR - 0.96 (normal range 0.85-1.15).
Tandem mass spectrometry: tyrosine — 193.4 umol/L
(normal range 10-300 umol/L), SA - 0.5 pmol/L (normal
range 0-2 pmol/L); urinary succinylacetone measured
by high-performance liquid chromatography with tan-
dem mass spectrometry — 0.6 mM/mol creatinine (normal
range 0-2.2 mM/mol creatinine).

The child was discharged from the hospital at the age
of 1.5 months for outpatient follow-up. The weight gain
at discharge was +1720 g, and the length increased
by 11 cm. Following normalization of succinylacetone
levels, the nitisinone dose was adjusted to 1 mg/kg/day,
with recalculation based on the expected body weight.

During outpatient follow-ups, blood tyrosine
and succinylethane concentrations are monitored every
3 months according to clinical guidelines. Succinylac-
etone remains within reference values, while tyrosine
shows moderate elevation (362-465 pmol/L; normal
range: 10-300 umol/L).

Currently, the child is 2 years old, weight — 14,260 g,
height - 92 cm. The child’s growth and development are
appropriate for their age. Somatic and neurological status
is unremarkable. The blood succinylacetone concentration
is 0.2 umol/L, urinary succinylacetone is 0.44 mM/mol cre-
atinine, alpha-fetoprotein is 2.3 IlU/mL (less than 10.0 IU/
mL), and liver function tests are within reference ranges.
Ultrasound of liver and kidneys - no pathology. Serum ni-
tisinone concentration — 17.547 pug/mL (therapeutic range
13.17-19.73 pg/mL). Currently, the child is receiving nitis-
inone (NTBC, 2-(2-nitro-4-trifluoromethylbenzoyl)-1,3-cy-
clohexanedione) at a dose of 1 mg/kg/day. Dietary ther-
apy — a low-protein elimination diet based on amino
acid formula without tyrosine and phenylalanine (Nutri-
gen®20). Phenylalanine + tyrosine - 60 mg/kg/day. Energy
value of the diet — 900-1800 kcal/day.

DISCUSSION

The presented case demonstrates a classic manifesta-
tion of the acute form of HT1 in the neonatal period. Key
diagnostic “red flags” included:

- elevated succinylacetone levels in blood and urine;

- a combination of unconjugated and conjugated hy-
perbilirubinemia, with coagulopathy;

- a significant elevation of alpha-fetoprotein levels, ex-
ceeding the normal range.
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Early detection of succinylacetone, a specific marker
of HT1, allowed verification of the diagnosis before the de-
velopment of irreversible liver changes and the timely ini-
tiation of nitisinone therapy, in accordance with clinical
guidelines, which recommend that nitisinone initiation
should not be delayed pending genetic confirmation
when the clinical and biochemical picture is consistent
with a positive succinylacetone test.

Dietary therapy remains an essential component
of comprehensive management of HT1 patients, act-
ing synergistically with pathogenetic nitisinone therapy.
Current international and Russian clinical guidelines rec-
ommend individualized calculated restriction of natural
protein intake to 20-30 % of the age-specific norm, sup-
plemented with essential amino acids, vitamins, and trace
elements using specialized formulas that do not contain
phenylalanine and tyrosine [1, 7]. The key principle is not
complete protein exclusion, but rather precise dosing
of the “natural” protein intake, followed by supplemen-
tation with amino acid formulations. Regular monitoring
every 3 months, depending on age and stability of param-
eters, allows for timely dietary adjustments, preventing
both metabolic decompensations and iatrogenic pro-
tein-energy malnutrition. Restriction of traditional sourc-
es of complete protein increases the risk of deficiencies
in calcium, iron, zinc, and vitamins B12 and D, necessitat-
ing mandatory nutraceutical support, regular monitoring
of biochemical markers, and the involvement of a clinical
dietician.

In the pathogenetic therapy of HT1, nitisinone
(trade name Orfadin®) plays a key role. It was registered
in the Russian Federation in 2009 (registration number
LSR-007750/09). The pharmacological action of the drug
is based on the inhibition of an enzyme involved in tyro-
sine catabolism, thereby blocking the formation and ac-
cumulation of toxic metabolites that damage hepatocytes
and nephrons.

Clinical observations demonstrate that the initia-
tion of nitisinone therapy at early stages of the disease
prevents liver failure, reduces the incidence of renal in-
volvement, and significantly decreases the risk of hepa-
tocellular carcinoma [12-14]. International experience
with nitisinone (NTBC, 2-(2-nitro-4-trifluoromethylben-
zoyl)-1,3-cyclohexanedione) demonstrates a high pro-
phylactic efficacy against hepatocellular carcinoma in pa-
tients with hereditary tyrosinemia type 1. When therapy
is started before 2 months of age, a marked reduction
in complications is observed, from 40 % in later initiation
to 5 % in early initiation [15].

The prognosis for life with HT1 depends on sever-
al factors, including the timeliness of therapy initiation
at the preclinical stage and adherence to treatment. This
is achievable either through population-based new-
born screening or through prenatal diagnosis in families
with a positive history.

It is important to understand that metabolic decom-
pensation can occur even during compliant treatment,
triggered by respiratory or bacterial infections, stress, sur-
gical interventions, fasting, or excessive physical exertion.



Therefore, caregivers should be informed about the risk
of acute crises, precipitating factors, and symptoms of im-
pending metabolic decompensation [1]. The management
of HT1 patients requires a multidisciplinary approach in-
volving pediatricians, geneticists, dietitians, and hepatolo-
gists, as well as lifelong monitoring of biochemical and in-
strumental parameters.

CONCLUSION

The implementation of preventive therapy
from the first days of life is made possible by identify-
ing of specific laboratory markers of the disease before
the development of clinical symptoms. This is ensured
by a newborn screening program. In this regard, fur-
ther refinement of management algorithms for patients
with hereditary tyrosinemia type 1, including valida-
tion of target biochemical parameter ranges to monitor
pathogenetic treatment effectiveness and long-term sur-
veillance, is required.
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ABSTRACT

Men over the age of 45 are a socially significant group, most of whom have reached
professional maturity and make a significant contribution to the country’s econo-
my and their families. In the Arkhangelsk Region, the health status of 40-45-year-old
men (57 %) is characterized by cardiovascular pathology, 14.7 % - by gastrointestinal
pathology, 47.4 % - by bronchopulmonary pathology, and 17.0 % - by musculoskele-
tal disorders. Male specialists from the Hydrographic Service in Arkhangelsk carry
out planned and special hydrographic works during the navigation period on a rota-
tional basis, making short-term frequent trips of 16 days in the Northern Seas.

The aim. To analyze the features of leukocyte content and phagocytosis in hydrogra-
phers of the Arkhangelsk region of the Hydrographic Service of the Russian Federation,
taking into account their age and work experience in the northern seas.

Materials and methods. Thirty-six men working in the hydrographic service
of the Federation Council of the Russian Federation were examined with short 16-day
shifts: 15 men aged 30-40 with 10 years of work experience and 21 men aged 50-65
with 20 years of work experience. The leukocytes count and phagocytosis in peripheral
venous blood were determined, taking into account age and work experience. For sta-
tistical processing, Microsoft Excel 2010 and SPSS 20.0 for Windows were used as soft-
ware packages.

Results. It has been established that hydrographers of the younger age group
with 10 years of work experience have a 1.5-2 times higher incidence of leukocyte,
lymphocyte, and monocyte deficiency, which is associated with low phagocytosis ac-
tivity. In the older age group of individuals with 20 years of work experience, leukocy-
tosis, lymphocytosis, and monocytosis are recorded 1.5 times more frequently against
the background of increased phagocytosis activity.

Conclusion. The phagocytic activity of neutrophils is higher in the older age group
with 20 years of experience in extreme conditions.

Keywords: leukocytes, lymphocytes, phagocytosis, hydrographic service, subarctic
region
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sis in men of extreme professions in the subarctic region. Acta biomedica scientifica. 2026;
11(3): 131-137. doi: 10.29413/ABS.2026-11.3.16
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PE3IOME

MyxxquHbl cmapuwie 45 nem asna10mca coyuansHo 3Ha4yuMou epynnoli, 601bUIUHCMBO
U3 Komopewlx 00CmMu2/io nNpogeccUOHAIbHOU 3penocmu, 8HOCUM 3HAYUMEbHbIU
8KJ1A0 8 SKOHOMUKY CmpdHsl, ceoeli cembu. B ApxaHeesnbckoli obacmu cocmosHue
300p0o8bsa 40-45-nemuux myxyuH (57 %) xapakmepusyemca cepoe4Ho-cocyoucmodu
namonoeued, 14,7 % — namosozauell esy00YHO-KUWEYH020 mpakmd, 47,4 % — 6poH-
xone2o4Hol namosnoeuel u 17,0 % — 3abonesaHusMuU 0NOpHO-08U2aMebHO20 anna-
pama. Cneyuanucmel 2udpozpagpudeckoli cyiyx6sl 2. ApxaHzelbCKa MyXCK020 nosa
8bINOJIHAIOM NJIAHOBbIE U CneyuasbHsle 2udpozpaguyeckue pabomsi 8axmossimM
MemoOoM 8 meYeHuUe HagUu2ayuoHHO20 nepuodd, cosepias KpamxogpemMeHHble 4yac-
meie pelicbl 0n1umesnibHocmeoto 16 cymok 8 CegepHbix MOPAX.

Lenwb uccnedosanus. [[poaHanuzupo8ams 0cobeHHOCMU co0epXaHus nelikoyumos
u hazoyumosa y 2udpozpagos ApxaHzenbcko2o patioHa 2udpozpaguydeckoli Ciyx6ol
COPD c yyuemom 803pacma u cmaxa pabomel 8 ycs108Usx cegepHblx Moped.
Mamepuansel u memodebl. O6¢/1e008aHO 36 MyX4UH, pabomarowux 8 2udpozpagu-
yeckol cnyx6e CO PO, kopomkumu saxmamu no 16 cymok: 15 yenosek 8 so3pacme
30-40 1em co cmaxem pabomel 10 7em u 21 yenosek 8 8o3pacme 50-65 nem co cma-
XXem pabomel 20 nem. Onpedenisnu cooepxaHue nelikoyumos u ghazoyumos 8 nepu-
¢hepuyeckoli BeHO3HOU KposuU € yd4emom 803pdcma u cmaxa pabomel. lna cmamuc-
muueckol 06pabomku npumeHeH nakem npukidaoHsix npozpamm Microsoft Excel
2010 u SPSS 20.0 onsa Windows.

Pe3ynemamel. YcmaHosneHo, Ymo y 2udpoepagos maaowetli 803pacmHoli pynnei
co cmaxem pabomel 10 1iem 8 1,5-2 pasa yauwje scmpedaemca degpuyum netikoyu-
mos, numM@oyuMmos U MOHOYUMOo8, 83UMOCBA3AHHbIU C HU3KOU akmusHOCMbIo (ha-
2oyumosa. Y cmapuweti 8o3pacmHot epynnsl iUy co cmaxem pabomel 20 nem neu-
Koyumo3, TumMgoyumo3s U MOHOUUMOo3 peaucmpupytomcs 8 1,5 paza yawje Ha poHe
nosbiWeHHOU akmugHOCMU Npoyeccos (hazoyumo3sd.

3aknoyeHue. PazoyumapHas akmusHoCMb Helimpogusioe eeiuie y cmapuleli 803-
pacmou epynnel co cmaxem pabomel 20 iem 8 3KCMPEeMasnbHbIX YC108USAX.

Kniouyeevle cnoea: nelikoyumel, numpoyumei, ¢azoyumos, 2udpozpagpuyeckas
cnyx6a, cybapkmudeckuli pe2uoH

Ana uyntupoBaHusa: Cepreesa T.b., Wawkosa E.1O., LLléronesa J1.C. CopeprkaHne nenko-
LUUTOB 1 GarounTos y My>XUMH SKCTPeManbHbIx Npodeccuii B yCoBUAX CybapKTUYecKoro
pervoHa. Acta biomedica scientifica. 2026; 11(3): 131-137. doi: 10.29413/ABS.2026-11.3.16
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INTRODUCTION

The Arkhangelsk region is located in a variety of cli-
matic and geographic zones, including arctic, subarctic,
and temperate regions. Approximately 40 % of the region
lies beyond the Arctic Circle and within the permafrost
zone, where it is influenced by moist air masses from the At-
lantic Ocean and the cold waters of the White Sea and Arc-
tic Ocean. This combination of factors results in unfavor-
able climate and geographical conditions, characterized
by low air temperatures, high humidity, increased air mass
mobility, dramatic seasonal photoperiodicity, significant
barometric pressure fluctuations, and elevated geomag-
netic activity [1-3].

In the Arkhangelsk region, mortality among work-
ing-age individuals remains high, despite an annual
decline. For example, in 2014 the proportion of deaths
among the working-age population was 27.3 % of all
deaths (32.0 % in 2010). The mortality rate for men is high-
er than for women in all age groups, especially during
the working age period. It has been noted that men over
the age of 45 form a socially significant group, as the ma-
jority have reached professional maturity and contribute
significantly to the national economy and their families
[4-6]. In the Arkhangelsk region, the health of 40-year-old
men is characterized by cardiovascular pathology (57 %),
gastrointestinal pathology (14.7 %), bronchopulmonary
pathology (47.4 %), and musculoskeletal disorders (17.0 %)
[4,5,7].

The Hydrographic Service of Russia is a structural unit
within the Ministry of Defense of the Russian Federation.
Its main functions include providing navigational, hydro-
graphic, hydrometeorological, topographical, geodetic
and marine navigation support to Russian maritime activ-
ities in accordance with international obligations related
to the safety of life at sea in the inland waters within the ju-
risdiction of the Russian Federation.

As a rule, the personnel are male employees of work-
ing age who are physically fit for duty and undergo an an-
nual medical examination in accordance with Regulation
No. 302-N at the facility of the 1t branch of the Federal
State Institution “1469 Naval Clinical Hospital of the North-
ern Fleet” Male specialists from the Hydrographic Service
based in Arkhangelsk perform both planned and special-
ized hydrographic work throughout the entire navigation-
al period, undertaking short, frequent voyages of up to 16
days, as well as voyages lasting 265 days, to maintain light-
houses. It was of interest to study the leukocyte count
and phagocytosis in the immune response of individuals
who work short 16-day shifts in the Northern seas.

It is known that neutrophils constitute the most
abundant population of peripheral blood cells, account-
ing for up to 70 % of total leukocyte count. However,
in a routine analysis, only approximately 50 % of leuko-
cytes, the circulating pool, can be assessed. These cells do
not have a specialized function and can differentiate into
antigen-presenting cells depending on the microenviron-
ment. The remaining 50 % are marginated neutrophils
that are ready to leave the blood vessels and enter tissues
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to perform phagocytosis [8]. According to a study conduct-
ed by the Institute of Environmental Physiology of the Ural
Branch of the Russian Academy of Sciences in Arkhan-
gelsk among practically healthy residents aged 20-77
years with non-extreme occupations during the period
2014-2024 [9], neutrophil apoptosis was accompanied
by an increase in the number of band neutrophils, with-
out affecting their phagocytic activity. The level of necro-
sis in northern populations is significantly lower than that
of programmed neutrophil death, which helps to maintain
cellular homeostasis without the need for an inflammatory
response [10, 11].

The relevance of this study is supported by its scientific
originality, as it represents the first in-depth investigation
of the association between leukocyte count and phago-
cytosis in the immune responses of working-age adults,
considering work experience, age, and shift duration in ex-
treme climatic and occupational conditions of the Arctic
seas. A correlation between leukocyte count and various
immuneimbalances has been identified. The data obtained
during the study on the collaboration of immunocompe-
tent cells enhance our current comprehension of the phys-
iological processes underlying adaptive immune respons-
es in individuals who work on a shift schedule in the Arctic
regions. These results will contribute to developing strate-
giesfor preventing secondaryimmunodeficiency disorders
associated with environmental factors and occupational
activities in the Arctic area of the European North of Rus-
sia. The results enhance our comprehension of individual
resilience and contribute significantly to the field of envi-
ronmental physiology. The identified correlations between
innate and acquired immune responses will enable future
investigations to elucidate the mechanisms of activation
at each phase of the acquired immune response, which
can be utilized for health prediction and to justify reme-
dial measures for workers operating in the Arctic coastal
region.

AIM

To analyze the features of leukocyte count and phago-
cytosis in hydrographers employed by the Arkhangelsk
branch of the Hydrographic Service of the Russian Fed-
eration, considering their age and experience working
in the Northern seas.

MATERIALS AND METHODS

The study was conducted at the Laboratory of Im-
mune Cell Physiology, Institute of Environmental Physi-
ology, N. Laverov Federal Center for Integrated Arctic Re-
search, Ural Branch of the Russian Academy of Sciences
in Arkhangelsk, Russia.

A total of 36 male participants working in the Arkhan-
gelsk branch of the Hydrographic Service of the Northern
Fleet of the Russian Federation on short-term shifts (16-
day shifts) were examined. Of these participants, 15 were



aged 30-40 years and had 10 years of work experience,
while 21 were aged 50-65 years and had 20 years of work
experience.

The study was conducted in accordance with the eth-
ical principles outlined in the Helsinki Declaration, as re-
vised and amended in 2013 by the World Medical Asso-
ciation. Approval for the study was granted by the Ethics
Committee of N. Laverov Federal Center for Integrated
Arctic Research (Protocol No. 001-20/01 dated January 20,
2025), under state assignment No. 125021902582-1 “Phys-
iological significance of the features of adaptive and in-
nate immune responses in the development of immune
homeostasis reserves among Arctic residents, taking into
account age, sex, and occupational status”.

The immunological examination of the subjects in-
volved the assessment of peripheral blood leukocytes,
lymphocytes, monocytes, eosinophils, and neutrophils,
as well as the neutrophil phagocytic activity. The determi-
nation of neutrophil and lymphocyte counts in the periph-
eral blood was performed using a Pentra 60 ABX hema-
tology analyzer (absolute values). The phagocytic activity
and cell counts were determined by incubating the blood
with latex particles for 30 minutes at 37°C, followed by Ro-
manowsky-Giemsa staining. The cell counting was per-
formed using an immersion microscope (Nikon Eclipse
50i). Statistical analysis was performed using Microsoft
Excel 2010 and SPSS 20.0 for Windows. The differences
between the compared parameters were assessed using
Student’s t-test (for normal distribution) and considered
significant at p < 0.05-0.01.

RESULTS AND DISCUSSION

The study conducted by Boscolo P. et al. demon-
strated that the type of professional activity affects
the activity of T-lymphocytes (CD5*) and natural killer
(NK) cells. It was shown that high levels of work-relat-
ed stress in factory and construction workers are cor-
related with decreased activity of NK lymphocytes and T
cells (CD5%), whereas office workers and artists have in-
creased NK cell activity due to lower levels of stress [12,
13]. Long-term studies on the immune status of north-
ern populations conducted by Balashova S.N. et al. found
that activation of granulocytes with the CD95* antigen-
ic determinant in individuals with non-extreme work-
ing conditions is strongly correlated with an increase
in the concentration of band forms of leukocytes and,
simultaneously, with a significant decrease in the num-
ber of mature differentiated cells. It has been suggested
that neutrophil apoptosis may not affect phagocytic re-
sponse. However, it has been noted that a decrease in its
intensity is associated with a lower phagocytic activity
[14, 15].

The unique working conditions associated with shift-
based employment in the Northern seas of the subarc-
tic region can lead to physiological stress due to pro-
fessional activity, lifestyle, and shift duration. This stress
can affect the health of hydrographic professionals

by disrupting various bodily systems, including the im-
mune system [1]. The prolonged exposure to extreme
occupational and environmental factors can contrib-
ute to a decrease in immune homeostasis, leading
to the development of secondary immunodeficiencies
that are dependent on environmental factors. These de-
ficiencies can manifest as a tendency towards chronic
pathology [16].

Professional activity in the challenging conditions
of the northern region, including military service, hydro-
graphic work, outdoor activities, and others, requires in-
tense physical energy expenditure. Prolonged exposure
to extreme environmental conditions further weakens
the immune system [17-19].

It should be noted that the total leukocyte count
in the peripheral blood of the examined individuals
was within the generally accepted physiological range.
However, it is worth noting that the levels of neutro-
phils, eosinophils, and monocytes were slightly elevat-
ed (Table 1).

It was found that the total leukocyte count
among men with 10 years of work experience was
6.63 £ 0.50 x 10° cells/L, and among men with 20 years
of work experience it was 7.02 + 0.54 x 10° cells/L. Leu-
kopenia was not observed in either group. Leukocytosis
was noted in 6.7 % and 14.3 % of cases, respectively.

The mean lymphocyte count in the study groups
was 2.27 £0.23 x 10° cells/L and 2.88 + 0.32 x 10° cells/L,
respectively. Analysis of the frequency of abnormali-
ties revealed that lymphopenia was present in 13.3 %
and 4.8 % of cases, whereas elevated lymphocyte levels
were seen in 6.7 % and 14.3 % of the examined individ-
uals, respectively.

The total monocyte count was
0.44 + 0.06 x 10° cells/L and 0.43 + 0.05 x 10° cells/L,
respectively. No significant decrease in this parameter
was recorded among men with 10 years of work experi-
ence, whereas in the group of men with 20 years of ex-
perience, a deficiency of this parameter was observed
in 4.8 % of cases (Table 2). Conversely, elevated mono-
cyte levels were more frequent in the group with 20-
year work experience (6.7 % and 14.3 %, respectively).

The total eosinophil count for both groups was
0.20 + 0.03 x 10° cells/L. Elevated values were observed
in 20 % and 19 % of cases, respectively, without signifi-
cant difference based on age or work experience.

The total neutrophil count among men with 10
years of work experience was 3.73 + 0.36 x 10° cells/L,
and among men with 20 years of work experience it was
3.52 + 0.36 x 10° cells/L. A slight neutrophil deficiency
was observed twice as frequently in the older group.

Based on our data, the phagocytic index was
6.04 + 0.13 among men with 10 years of work ex-
perience and 7.11 £ 0.50 among men with 20 years
of work experience. The percentage of active phago-
cytes was 67.57 + 2.84 % and 65.75 + 2.32 %, respec-
tively, without a significant difference by age or work
experience. The mean level of neutrophil phagocytic ac-
tivity in the peripheral blood of hydrographers working
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TABLE 1

THE AVERAGE LEUKOCYTE COUNT IN THE PERIPHERAL BLOOD OF MALE HYDROGRAPHERS IN THE
ARKHANGELSK REGION OF THE HYDROGRAPHIC SERVICE OF THE FEDERATION COUNCIL OF THE RUSSIAN
FEDERATION (M=+/-M, OF THE PHAGOCYTIC NUMBER AND PERCENTAGE OF ACTIVE PHAGOCYTES (%))

Sample size,
n=15

Parameter 10 years of work

experience,
age 30-40 years

Total leukocyte count, x10° cells/L 6.63+0.50
Total lymphocyte count, x10° cells/L 2.27+0.23
Total monocyte count, x10° cells/L 0.44+0.06
Total eosinophil count, x10° cells/L 0.20+0.04
Total neutrophil count, x10° cells/L 3.7320.36
Phagocytic number 6.04+0.38
Active phagocytes, % 67.57+2.84

TABLE 2

Sample size,

n=21
Reference Student’s
20 years of work range t-test
experience,
age 50-65 years
7.02+0.54 4-8.8 0.526
2.88+0.32 1.5-3.5 0.080
0.43+0.05 0.09-0.6 0.898
0.20+0.03 0.02-0.3 0.950
3.52+0.36 1.5-5.5 0.664
7.11£0.50 4-9 0.067
65.75+£2.32 >50 0.592

FREQUENCY OF OCCURRENCE OF IMMUNE IMBALANCES IN MALE HYDROGRAPHERS OF THE ARKHANGELSK
DISTRICT OF THE HYDROGRAPHIC SERVICE OF THE FEDERATION COUNCIL OF THE RUSSIAN FEDERATION, (%)

Sample size,

n=15

Parameter

10 years of work experience,
age 30-40 years

Leukocytes, x10° cells/L, <4.0 no
Leukocytes, x10° cells/L, >8.8 6.7
Lymphocytes, x10° cells/L, <1.5 133
Lymphocytes, x10° cells/L, >3.5 6.7
Monocytes, x10° cells/L, <0.09 no
Monocytes, x10° cells/L, >0.6 6.7
Eosinophils, x10° cells/L, >0.3 20.0
Neutrophils, x10° cells/L, <1.5 6.7
Neutrophils, x10° cells/L, >5.5 6.7
Phagocytic number >9 6.7
Decreased active phagocytes, % 6.7

in extreme professional conditions in the northern seas
is near the upper limit of the physiological reference
range.

Based on the results from long-term studies
on the immune status of individuals engaged in ex-
treme professions, such as hydrographers, in the Arctic
regions, we strongly suggest including an assessment
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Sample size,
n=21

20 years of work experience,
age 50-65 years

no
14.3
4.8
14.3
4.8
14.3
19.0
14.3
4.8
38.1
4.8

of cellular and humoral immunity as part of the stan-
dard medical examination for shift workers. This would
allow for the timely identification of immune imbal-
ances and the correction of the immune system status.
Based on these data, preventive measures can be imple-
mented to prevent the development of environmental-
ly-induced secondary immunodeficiency.



CONCLUSION

Therefore, in younger men who have worked
in the harsh conditions in the Northern seas (the Barents
and the White Seas) in the Arkhangelsk branch of the Hy-
drographic Service of the Northern Fleet of the Russian
Federation, deficiencies in leukocytes, lymphocytes,
and monocytes, associated with low phagocytic activity,
occur 1.5-2 times more often than in older workers with 20
years of work experience, who have leukocytosis, lympho-
cytosis, and monocytosis occuring 1.5 times more often,
along with increased phagocytic activity. The neutrophil
phagocytic activity is slightly higher in the older age group
with 20 years of work experience in extreme conditions
(p < 0.05).
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ABSTRACT

Background. Currently, the main groups of anti-inflammatory drugs used in medical
practice are steroidal (glucocorticoids) and non-steroidal agents. However, despite
their widespread use, these groups of anti-inflammatory drugs have a fairly wide range
of negative side effects, which makes the search for low-toxic substances with anti-in-
flammatory effects currently relevant.

The aim. To study anti-inflammatory, antinociceptive activity and acute toxicity of in-
dividual representatives of indenopyrroles and indenopyridazines.

Methods. The acute toxicity of the studied compounds was studied using the method
of Prozorovsky VB. Anti-inflammatory activity was assessed in a carrageenan-induced
rat paw edema model. The production of active oxygen radicals by leukocytes was
evaluated using luminol-dependent chemiluminescence. The antinociceptive activity
of the compounds was assessed using the “writhing” and “hot plate” tests in mice.
Results. The obtained results allowed the studied compounds to be classified
as “practically nontoxic” (LD50 > 1000 mg/kg). Compounds 18 of the indenopyrrole
series and indenopyridazines 2a-e were found to exhibit anti-inflammatory activity,
reducing the severity of exudative inflammation. Compound 2a exhibited the great-
est antiexudative activity, reducing edema by more than 60 % (p < 0.01). Compounds
2a-8 and compound 18 reduced the production of reactive oxygen species by more
than 40 % (p < 0.05) compared to the control. In the “hot plate” test, the studied com-
pounds 1a, 18, 2a-e exhibited an antinociceptive effect comparable to nimesulide;
in the “acetic acid-induced writhing” test, the effect of compounds 1a, 26, 28 was
comparable to nimesulide, and the effect of compound 2a exceeded the comparison
drug by 32.96 % (p < 0.05).

Conclusion. The studied compounds of the indenopyrrole series and their indenopy-
ridazine derivatives are virtually non-toxic compounds, exhibit an anti-inflammatory
effect and reduce the severity of pain associated with inflammation.

Key words: indenopyrroles, indenopyridazines, anti-inflammatory activity, production
of reactive oxygen species, analgesic activity, acute toxicity, mice, rats
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and antinociceptive activity of indenopyrroles and indenopyridazines in the experiment.
Acta biomedica scientifica. 2026; 11(3): 138-145. doi: 10.29413/ABS.2026-11.3.17

138



FerH O.H.3,
HocoBa H.B.,
Yuxosa E.I.2,
lFenin B.C.%,
Fenn BJ1."

' ®rbOY BO lMepmcKas rocyfapcTeeHHas
dapmaueBTNUECKan akagemms
MwuH3gpasa Poccun (614990, r. MNepmb,

yn. MoneBas 2, PoccnA)

2 N\HCTWTYT SKOMOTMUM Y TEHETUKM
MWKPOOPraHn3moB — dunvan

®rbYH Nepmckoro depepanbHoOro
nccnefoBaTesbCckoro LeHTpa Ypanbckoro
oTaeneHna Poccuiickon akagemmnn Hayk
(614990, r. MNepmb, yn. lonesa 13, PoccnA)

* OrbOY BO MNepMcKui rocyAapCTBEHHbIN
MeANLNHCKUIA yHuBepCuTeT

M. akag. E.A. BarHepa MuH3gpasa Poccumn
(614990, r. NMepmb, yn. MNeTponasnosckas 26,
Poccun)

4 OrAQY BO lMepMcKuit rocyfapCTBeHHbIN
HaLMOHanbHbIV NCCNeAoBaTeNbCKU
yHuBepcuteT (614068, r. Mepmb,

yn. bykupesa 15, Poccus)

ABTOp, OTBETCTBEHHbI 33 NEPENUCKY:
lFenH OkcaHa HukonaeBHa
e-mail: heinon77@mail.ru

Cratba noctynuna: 16.11.2025
Cratba npuHaTa: 01.06.2026
Cratba ony6aukosana: 23.07.2026

PE3IOME

O6ocHosaHue. B Hacmosuwjee spema 8 MeOUYUHCKOU Npakmuke 8 Kayecmee oc-
HOBHbIX 2pynn npomusosocnasumesbHeix cpedcms npumeHsiomcs cpedcmed
CmepoudHoU (2/1I0KOKOpMUKOUObI) U HecmepouodHol npupodsl. OOHAKO, He CMOo-
MpsA HA ux WUpoKoe NpUMeHeHUe, YKa3dHHble 2pynnbl NPOMUBOB8OCNAIUMEbHbIX
cpedcmeg 0bnaoarom 00CMAMOYHO WUPOKUM CNeKMpPOM He2amueHbiX NOOOYHbBIX
3hpekmos, ymo desiaem NOUCK MAIOMOKCUYHbIX CybcmaHyud, obnadarowux npo-
mueosocnanaumesnbHbIM Oelicmauem, 8 HaCMosAujee 8pemMs aKmyasibHbIM.

Llens uccnedoeanus. V13yyerHue npomugosocnanumesoHol, aHmuHoyuyenmueHou
aKmusHOCMU U ocmpol MOKCUYHOCMU omoesibHbix npedcmasumereli UHOeHoNup-
p0os108 U UHOeHONUPUOA3UHOS8.

Memoodbi. Ocmpyo MOKCUYHOCMBb UCCe0yemMbix coeOUHeHUU U3y4yanu no Memooy
Mpo3oposckozo B.b. [[pomusosocnanumeneHyo akmueHOCMb OUeHU8dnu 8 Mooesu
KappazeHUH08020 omeka siansl Kpbicbl. C NOMOWbIO JIIOMUHOI3A8UCUMOU XeMUsIto-
MUHUCYEHYUU oUyeHUBau npooyKyuto akmueHbIX KUC/IOpPOOHbIX padukanos seliko-
yumamu. AHMUHOYUUeNmMuUeHylo dkmugsHOCMb Ucc1edyeMblx coeQUHeHUU usyqanu
8 mecme «kopuyeli» U 8 mecme «20pa4ds NadcmuHa» Ha MblUAXx.

Pesynemamel. [lonydeHHble pe3ysbmamesl NO380/AUIU OMHecmu ucciaedyemeoie
COeOUHeHUA K «npakmuyecku HemokcuyHsim» (JI450 > 1000 me/ke). YcmaHoeneHo,
4Umo coeouHeHue 18 psa0a UHOeHONUPPOII08 U UHOeHONUPUOA3UHbl 2a-8 NPOS8I[om
NpomueosocNanuMesibHyl0 akmugHOCMb, YMeHbUWIASA BbIPAXeHHOCMb 3KCCy0amus-
HO20 8ocnaneHus. Haubosbwyto aHmMu3KCCyOamugHyo akmugHOCMb NPOABUJIO coe-
OuHeHue 2a, ymeHblas omek 6osiee, yem Ha 60 % (p < 0,01). CoeduHeHusa 2a-8 u coe-
OuHeHue 18 yMeHbWanu NpoOyKUUI0 AKMUBHbIX hopM Kucsiopooa bosee yem Ha 40 %
(p < 0,05) no cpasHeHuto ¢ KOHMpPoeM. B mecme «2opa4as naacmuHa» ucciedyemole
coeduHeHusA 1a, 18, 2a-8 NpossBasIU dHMUHoUyUuYenmusHbili 3¢hchekm conocmasu-
Mbll € HUMecyluGoM; 8 mecme «yKCyCHble Kopyu» 3¢hpekm coeduHeHudl 1d, 26, 28 bbin
conocmasum ¢ HUMecy1udoM, a 3¢hghekm coeOUHeHUs 2a npesocxodus1 npenapam
cpasHeHusA Ha 32,96 % (p < 0,05).

3aknoyeHue. Vicciedyemblie coeOUHeHUS pA0a UHOeHONUPPOI08 U UX NPOU3BOOHbIe
UHOEeHONUPpUOAd3UHbI A8JIAIOMCA NPAKMUYECKU HeMOKCUYHbIMU COeOUHEHUSMU, NPo-
AB/IAI0M NPOMUBOBOCNAIUMETbHOU 3¢hheKm U yMeHbWaom 8blpaxeHHOCMsb 601U,
c8A3aHHOU C 80CNAsIeHUEeM.

Knioueeaole cnoea: uHOeHONUPPOSIbl, UHOEHONUPUOA3UHbI, NPOMUBOBOCNAAUMESlb-
HAA akMuBHOCMb, NPOOYKYUA dKMUBHbIX (hOpM KUC/IOpOOd, aHA/IbeemuyecKas ax-
MUuBHOCMb, 0CMPAs MOKCUYHOCMb, MbIUIU, KPbICbI

Ana untnposanma: leiiH O.H., Hocosa H.B., Ynxosa E.I,, leiiH B.C., Teiin B.J1. Mpotumso-
BOCManuTesIbHaA M aHTUHOLMLENTMBHAA aKTUBHOCTb MHAEHOMMPPOIOB Y MHAEHONUPU-
[a3nHOB B 3KcnepumeHTe Acta biomedica scientifica. 2026; 11(3): 138-145. doi: 10.29413/
ABS.2026-11.3.17
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INTRODUCTION

Inflammation, as a protective-adaptive reaction
of the body, on the one hand, provides a non-specif-
ic defense against various pathogens and participates
in the elimination of damaged host cells. On the other
hand, it can accompany various pathological conditions
such as trauma, infections, and autoimmune diseases. Un-
der these circumstances, the endogenous mechanisms
aimed at containing the local inflammatory process are of-
ten insufficient, leading to generalization of inflammation
with the release of inflammatory mediators and pro-in-
flammatory cytokines into the systemic circulation [1].
Therefore, it is important for potential medications to ef-
fectively influence the course of inflammation at all stag-
es of its development. This may be achieved through
the multi-component mechanism of their anti-inflamma-
tory action.

Currently, two main groups of anti-inflammatory med-
ications are used in medical practice: steroid and non-ste-
roidal drugs. However, despite their widespread use, these
groups of anti-inflammatory drugs have a relatively broad
range of adverse effects, making the search for low-toxic
substances with anti-inflammatory activity highly signifi-
cant [2, 3].

Indenopyrrolesand theirindenopyridazine derivatives,
due to their high reactivity, show promise for the synthesis
of a wide range of compounds, including those with bio-
logical activity. The indenopyrrole and indenopyridazine
compounds studied here incorporate nitrogen-containing
heterocyclic rings such as pyrrole and pyridazine into their
structures. Previously, substances with anti-inflamma-
tory activity have been identified within the class of pyr-
role-containing compounds and their derivatives [4]. How-
ever, the impact of indenopyrroles and indenopyridazines
on inflammatory processes has not yet been investigated.

AIM

To study anti-inflammatory, antinociceptive activity
and acute toxicity of selected representatives of indeno-
pyrroles and indenopyridazines.

MATERIALS AND METHODS

In vivo experiments were conducted using sexually
mature white Wistar rats weighing 180-220 g and sexually
mature white outbred CD-1 mice weighing 22-25 g.

All research procedures involving laboratory animals
were performed in accordance with generally accepted
ethical standards for animal care, as outlined in the Euro-
pean Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes [5]
and recommendations from the Board of the Eurasian
Economic Commission dated November 14, 2023 No. 33
“On the Guidelines for the Care and Use of Laborato-
ry (Experimental) Animals in Preclinical (Non-clinical)

Studies” [6]. These studies were approved by the Bioeth-
ics Committee of the Perm State Pharmaceutical Academy
of the Ministry of Health of the Russian Federation (Proto-
col No. 2-H-x, dated January 16, 2024, Perm, Russia).

The compounds selected for this study were repre-
sentatives of the indenopyrrole series (1a-c) and their in-
denopyridazine derivatives (2a-c), which differ in terms
of the presence of various substituents within their
molecular structures (Fig. 1). These compounds were
synthesized at the Department of General and Organ-
ic Chemistry of the Perm State Pharmaceutical Acad-
emy of the Ministry of Health of the Russian Federa-
tion. The structure and purity of these indenopyrroles
and indenopyridazines were confirmed through IR,
'H NMR, and "C NMR spectroscopy [7].

The acute toxicity of the studied compounds was as-
sessed using the method proposed by Prozorovsky V.B. [8].
The substances were administered via intraperitoneal in-
jection in a 2 % starch mucilage at increasing doses of 500,
631, 794 and 1000 mg/kg. Based on the data obtained,
the toxicity classification of the compounds was deter-
mined using the classification system proposed by Sidor-
ov K.K. [9].

Acute inflammation was induced by administering
0.1 mL of a 1 % carrageenan solution to the plantar sur-
face of the rat hind paw. Paw volume was measured us-
ing an oncometer before carrageenan injection (control)
and then at 3 and 5 hours after carrageenan administra-
tion. The tested compounds were administered intraper-
itoneally at a dose of 50 mg/kg in a 2 % starch mucilage
30 minutes prior to carrageenan injection. The anti-inflam-
matory effect was assessed based on the reduction in paw
edema[10].

Reactive oxygen species production was assessed
using a luminol-dependent chemiluminescence (LDCL)
assay. The reaction was carried out in 96-well flat-bot-
tom plates (Greiner, Germany). Each well contained
10° cells (peritoneal leukocytes from mice) in 100 pL
of Hank’s solution. Opsonized zymosan at a concentra-
tion of 150 ug/mL was used as the LDCL inducer. Lumi-
nol at a concentration of 10° M was used as a marker
of the LDCL reaction intensity [9]. Results were recorded
over 1 hour at 5-minute intervals using a luminometer
(Tecan Trading AG, Switzerland).

The analgesic activity of the tested compounds was
evaluated using the acetic acid-induced writhing test

o N—N
OH 7\
H,N—NH,
/ ~OH _
N o}
HO ] o O HN
R R
1a-c 2a-c

FIG. 1.
Structural formulas of the studied compounds
R=2-CIC6H4 (1a, 2a), R=H (1b, 2b), R=2-CH30C6H4 (1¢, 2c)
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and the hot plate test in mice [10]. The tested compounds
were administered intraperitoneally at a dose of 50 mg/kg
in a 2 % starch mucilage. The control group of animals re-
ceived an equal volume of a 2 % starch mucilage. Writhing
was induced by intraperitoneal injection of a 0.75 % acetic
acid solution (0.1 mL per 10 g of body weight) 30 minutes
after administration of the tested compounds. The num-
ber of abdominal contractions (writhing episodes) was re-
corded for each animal over a 20-minute period following
acetic acid administration. The criterion for analgesic ac-
tivity was defined as a decrease in the number of writhing
episodes relative to the control group.

In the hot plate test, animals were placed on a metal
plate that was heated to 52°C for 60 minutes after admin-
istration of the tested compounds. The analgesic effect
was assessed based on the latency time until a behavior-
al response to a thermal stimulus, which was manifested
as licking, shaking of the hind paws, or jumping. The laten-
cy time was measured in seconds.

Nimesulide substance (Sigma-Aldrich) was adminis-
tered intraperitoneally at a dose of 50 mg/kg in a 2 % starch
mucilage and served as the reference drug in the study.

The data obtained were tested for normal distribu-
tion using the Kolmogorov-Smirnov test. The p-value
from the Kolmogorov-Smirnov test was > 0.05, supporting
the null hypothesis that the distribution is close to normal.
Subsequently, the data were analyzed using an unpaired
Student'’s t-test. Differences between groups were consid-
ered statistically significant at p < 0.05.

RESULTS

As a result of the acute toxicity study following a sin-
gle intraperitoneal administration of the indenopyrroles

TABLE 1

and their indenopyridazine derivatives, the tested organic
compounds were classified as belonging to class 5, “practi-
cally non-toxic compounds’, according to the classification
of Sidorov K.K. [9].

All tested compounds, except for compound 1b,
demonstrated a reduction in the severity of the inflam-
matory response when compared to the control group
of animals, both at 3 hours and 5 hours after carrageenan
administration. Compound 2a exhibited an effect that was
comparable to that of the reference drug (Table 1).

The course of an inflammatory reaction is often accom-
panied by pain caused by irritation of nociceptors by in-
flammatory mediators such as exudates, including prosta-
glandins, kinins,and others.This has led to the investigation
of the antinociceptive effects of certain compounds.

It was found that the studied indenopyridazines (2a-c)
and indenopyrrole 1a reduced the number of involuntary
contractions of abdominal muscles (writhing) when inject-
ed intraperitoneally with acetic acid (Table 2). An antinoci-
ceptive effect exceeding that of nimesulide was observed
only for compound 2a.

In the hot plate test, which evaluates the effect
of the studied compounds on the central mechanisms
of pain perception, nearly all of the studied indenopyrroles
and their indenopyridazine derivatives, with the exception
of compound 1b, prolonged the time that animals spent
on a heated plate (Table 3). The observation of antinoci-
ceptive activity in the hot plate assay suggests a potential
impact on supraspinal mechanisms of pain regulation [10].

As is known, neutrophils, monocytes, and macro-
phages are the main players in the inflammatory response,
as they are able to secrete not only inflammatory medi-
ators, but also reactive oxygen species (ROS). These ROS
can not only help eliminate pathogens, but also sustain
the inflammatory response. In this context, the effect

THE EFFECT OF INDENOPYRROLES (1A-C) AND INDENOPYRIDAZINES (2A-C) ON THE SEVERITY OF EXUDATIVE
INFLAMMATION INDUCED BY CARRAGEENAN IN RATS

Compound Increase in paw

Inhibition of paw

Increase in paw Inhibition of paw

volume, % edema, % volume, % edema, %
at3h at5h

Control (n=8) 42.89 +6.83 - 30.96 +4.18 -
Nimesulide (n=8) 11.39 £ 2.88* 73.42+6.72 5.77 £ 1.64* 81.36 £5.29
1a (n=7) 19.47 £2.21* 5459 +5.15 13.68 = 1.70* 55.79+5.50
1b (n=6) 25.02 £3.79 41.67 £8.85 15.99 £ 4.04 48.36 £ 13.05
1c (n=7) 24.40 £ 3.44* 43.09 +£8.02 16.56 = 3.37* 46.49 +£10.88
2a (n=7) 15.26 £ 2.37% 64.43 £ 5.54 9.35 + 2.06* 69.81 £ 6.64
2b (n=7) 20.86 + 3.53* 51.35+8.23 17.66 + 3.03* 42.95+9.79
2c (n=7) 16.24 + 2.49* 62.12 +5.83 11.79 £ 2.57* 61.90 + 8.31

Note. Data are presented as mean and standard error of the mean (M = m). * - p < 0.05 compared to the control group (Student’s t-test). # — p < 0.05 compared

to nimesulide (Student’s t-test). n - number of animals per group.
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of the studied compounds on ROS production by perito-
neal leukocytes was evaluated using the LDCL assay.

As shown in Figure 2, indenopyrroles (1a-c) did not
affect the spontaneous production of ROS by leukocytes
in the LDCL assay. In the stimulated version of the assay,
these compounds exhibited diverse effects on ROS pro-
duction: compounds 1a and 1b enhanced ROS produc-
tion, while compound 1c reduced ROS production from 5
to 30 minutes of observation (Fig. 2).

The effect of indenopyridazines (2a-c) on ROS pro-
duction in the LDCL assay showed a similar trend in both
the unstimulated and stimulated versions (Fig. 3). In un-
stimulated leukocytes, ROS production after treatment

TABLE 2

with compounds 2aand 2b was lower compared to the con-
trol at 10-20 minutes after treatment, and at 35 minutes,
a decrease in ROS production was seen for compounds
2a-c (Fig. 3A). In the stimulated version of the assay, ROS
production following administration of compounds 2a-c
decreased during the first 10 minutes but did not differ
significantly from control values thereafter (Fig. 3B).

DISCUSSION

The development of carrageenan-induced paw ede-
ma in rats at the evaluated time points (3 and 5 hours after

ANTINOCICEPTIVE ACTIVITY OF INDENOPYRROLES (1A-C) AND INDENOPYRIDAZINES (2A-C) IN THE VINEGAR

WRITHE TEST IN MICE

Compound
0-5 min 5-10 min

Control (n=7) 9.28 +2.13 18.57 £2.21

Nimesulide (n=7) 5.14+£1.08 1243 +0.61*%
1a (n=6) 4.0+1.15 13.33+£1.76
1b (n=7) 8.71£1.59 15.14+0.96
1c (n=7) 8.14+1.64 1843 £3.55
2a (n=6) 4.67 £1.48 11.67 £ 1.47%
2b (n=7) 6.29+1.76 15.14+1.89
2c (n=7) 8.00+1.93 1271 £1.96

Number of writhes

Observation period

Total number

10-15 min 15-20 min
17.86 £2.30 10.71 £0.52 56.43 £4.73
11.57 £1.02 8.14 £ 0.70*% 37.29 + 1.87*
11.83£1.64 10.0 = 1.86 39.17 £ 4.78*
13.14+0.59 7.29 £0.47* 4429 £1.96
13.00 +£2.32 10.0 = 1.90 49.57 £ 8.55
5.33+£0.92*1 333+ 1.17* 25.0 £ 3.25%
12.00+1.29 8.14+1.39 41.57 = 3.06*
9.57 +1.21* 7.71+£1.25 38.00 £5.17*

Note. Data are presented as mean and standard error of the mean (M = m). n — number of animals per group. * - p < 0.05 compared to the control group (Stu-

dent’s t-test). H - p < 0.05 compared to nimesulide (Student'’s t-test).

TABLE 3

ANTINOCICEPTIVE ACTIVITY OF INDENOPYRROLES (1A-C) AND INDENOPYRIDAZINES (2A-C) IN MICE IN THE

HOT PLATE TEST

No. Compound
1 Control (n=7)

2 Nimesulide (n=8)

3 1a (n=8)
4 1b (n=8)
5 1c (n=7)
6 2a (n=8)
7 2b (n=8)
8 2¢ (n=8)

Latency time, s

p vs. control

13.46 £0.75 -

17.52+1.02 <0.02
19.58 £1.53 <0.01
13.79+1.58 > 0.05
18.72+1.14 <0.01
20.93 £2.05 <0.02
19.76 £ 1.24 <0.01
20.32+2.10 <0.02

Note. Data are presented as mean and standard error of the mean (M £ m). H - p < 0.05 compared to the reference drug nimesulide (Student’s t-test). n - number

of animals per group.
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phlogogen administration) is associated with the active
infiltration of the inflammatory focus by leukocytes, pre-
dominantly neutrophils and macrophages, which secrete
pro-inflammatory cytokines as well as inflammatory me-
diators. Carrageenan can directly activate the migratory
and secretory activity of macrophages through Toll-like
receptor 4 (TLR-4). The stimulation of macrophage secre-
tion leads to an increase in the synthesis of mediators,
such as prostaglandins, leukotrienes, and pro-inflam-
matory cytokines (IL-1, IL-6, TNF-a), which contribute
to the development and maintenance of the inflamma-
tory response [11]. Therefore, based on the results of our
study, it can be hypothesized that the anti-inflammatory
activity of the tested compounds is mediated by inhibi-
tion of leukocyte migration, the synthesis of pro-inflam-
matory cytokines and mediators, and also through an ef-
fect on TLR-4.

Involuntary contractions of the abdominal muscles
during the acetic acid-induced writhing test are caused
by the stimulation of nociceptors in serous membranes
through acetic acid injection. This stimulation is also
thought to lead to the release of biologically active sub-
stances, such as bradykinins, prostaglandins, and leukot-
rienes, during the early stage of primary hyperalgesia. Pros-
taglandins and leukotrienes are products of arachidonic
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acid metabolism through the cyclooxygenase pathway.
Previous studies have demonstrated the ability of com-
pounds with a pyrrole ring structure to inhibit the expres-
sion and activity of COX-2 during inflammation [12]. This
suggests that these compounds may also inhibit the ex-
pression or activity of the COX enzyme, thereby reducing
the synthesis of prostaglandin E2, a primary sensitizer
for nociceptors.

The results of the study on leukocyte-derived reac-
tive radical production in the LDCL assay indicate that
the mechanism by which indenopyridazine compounds
exert their anti-inflammatory effects may be due to their
inhibitory effect on radical production.

CONCLUSION

Our data suggest that certain indenopyrrole and inde-
nopyridazine derivatives exhibit anti-inflammatory and an-
tinociceptive activity combined with low toxicity.

In the carrageenan-induced rat paw edema model,
the studied indenopyridazines showed comparable an-
ti-inflammatory effects to the reference drug, nimesulide.
Additionally, they significantly reduced reactive oxygen
species production in the LDCL assay by more than 40 %

900

& 800
% 700 // \X
£ 600 *
£ 500 / N -
£ 400 / N .
2 300 / o~ - .
£ 200 / I
€ 100
0 -

Time, min

B

500

RIVSSREN

Relative luminescence units

T T T T T T T !
20 25 30 35 40 45 50 55 60
Time, min

0 5 10 15

D

The effect of indenopyrroles on spontaneous (A, C) and stimulated (B, D) production of reactive oxygen species by mouse leukocytes

«—control, A - compound 1a, ¢ - compound 1b, m — compound 1¢;

*— p < 0.05 compared to control, number of animals in each group n=9.
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(p < 0.01) compared to the control group. Furthermore,
compound 2a exceeded the reference drug by 32.96 %
in the acetic acid-induced writhing assay, compared
to the reference compound (p < 0.05).

These results suggest that indenopyrroles and their
derivatives may be promising candidates for further devel-
opment as potential anti-inflammatory agents with anal-
gesic properties.
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SURGERY

ABSTRACT

Backgorund. Numerous surgical techniques have been proposed for the treatment
of patients with persistent elbow contractures that cause significant functional impair-
ment. However, the treatment results are not always satisfactory for surgeons and pa-
tients due to the invasive nature of the procedure and the risk of contracture recurrence.
Aim. To demonstrate the feasibility of using hydraulic mobilization for the manage-
ment of the soft tissue component of contracture to improve elbow function.
Methods. During the first stage of surgical treatment, hydraulic mobilization of the el-
bow joint and collateral ligaments was performed to increase the angle of extension. Sa-
line solution was used to dilate the joint cavity, stretch the capsule, and release any scar-
ring from the ligaments. Tunneling of the proximal metadiaphysis of the ulna and distal
metadiaphysis of the humerus was also performed to improve blood flow to the bone
and reduce intraosseous pressure. At the second stage of treatment (6 months after
the first stage of surgery), arthrotomy of the left elbow joint, osteotomy of the mal-
united fragment of the humeral capitellum, its resection, and plaster inmobilization
of the left upper limb were performed.

Results. After the first stage of treatment, the elbow extension angle was increased
to full extension. After the second stage, elbow flexion function improved. The patient’s
quality of life improved, and they are now able to use their arm fully. No significant pain
was reported.

Conclusions. In this case, the presented treatment strategy is justified and optimal,
as it adheres to the principles of gentle tissue handling during surgery, early initia-
tion of active motion, and avoidance of passive redressing manipulations that cause
pain and microtrauma to the elbow joint and accelerate mesenchymal tissue matu-
ration. Hydraulic mobilization requires no additional surgical approaches or special
equipment, causes virtually no trauma to surrounding tissues, reduces surgical time,
and eliminates the risks of open surgical techniques.

Keywords: elbow joint, contracture, hydraulic mobilization, osteotomy, results

For citation: Soldatov Yu.P, Al Sameay A.N., Gordeev A.V. Two-stage surgical treatment
of a patient with flexion-extension contracture of the elbow joint using hydraulic mobi-
lization. Acta biomedica scientifica. 2026; 11(3): 146-153. doi: 10.29413/ABS.2026-11.3.18
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PE3IOME

O6ocHosaHue. []n1a eyeHuUs 60sIbHbIX CO CMOUKUMU KOHMPAKmMypamu J10Kkmegozo
CyCcmasa co 3Ha4YUMesbHbIMU hyHKUUOHAbHLIMU HAPYWeEeHUAMU NPedIOXeHO MHO-
XKecmeo xupypaudeckux memoouk. OOHAKO He 8ce20d pe3yibmamsl jiedeHus ycmpa-
usaiom xupypzo8 U NayueHmos 8 C8sA3U C MpasMamu4yHOCMbio onepayuu u peyuou-
80M KOHMPAKMypel.

Lens. [podeMoHCMpUpo8ames 803MOXHOCMb NpUMeHeHUs 2udpdssiuyeckoli Mo-
6uU3aYUU HA 3Mane yCMpPAaHeHUs MAKOMKAHHO20 KOMNOHEHMA KOHMpPAakmypbl
0717 yyyweHUs (yHKYUU JIOKMeBo20 CyCmaad.

MemoOdel. Ha nepgom smane onepamugHo20 ieueHus 015 ygeudeHus yead paseuba-
HUS npou3eedeHbl 2uOpasUHecKas MobuIU3ayUs JJ0OKMego20 Cycmasd u Kossiame-
PasibHBIX CBA30K C NpUMeHeHUeM u3U0I02U4eCcKo20 pacmaeopd ¢ Yesbio Ouramayuu
nosiocmu cycmagd, pacmsiKeHusl e20 KancyJsibl, 0C8060XO0eHUS C8530K OM 803MOX-
HbIX py6yo08. Takxe 6bl1a 8bINOHEHA MYHHeIU3ayus NPOKCUMAIbHO20 Memaouagu-
3a lokmegoUl Kocmu u OUCManabHO20 Memaoudgusa nyieyesoli 0515 yayywieHUs Kpo-
8006paujeHuUs 8 KOCMU U CHUXXeHUs BHYMPUKOCMHO020 0aseHus. Ha emopom smane
JleqeHus (4epe3 6 Mecaues nocsie Nepso2o 3mand) npoussedeHsbl ApmMpPomMomus Je-
8020 JIOKMEBO20 Cycmasd, 0CMeomoMUs HenpAasuIbHO CPOCUWE20CA hpazmeHma 20-
J1084AMO20 8038bIlLIEHUSA NJle4esoli KOCMU, e20 pe3eKyus, 2uncosds UMMOBUTIU3auUs
Jiesol 8epxHel KOHeYHOCMU.

Pe3synemamel. [locsie nepso2zo smana neyeHus y20 paseubarus ysenuyeH 0o nos-
Hoeo. [ocie 8Mop0o20 3mana — caubamesnibHAs PYHKUYUS JIOKMEB020 CyCmasa ysyu-
weHa. lNoseicunocy Ka4ecmaeo Xu3HU nayueHma, obcyxusaem pykol cebs nosiHo-
CcMbto. bos1egoli CUHOPOM He 8bIpaXKeH.

3aknroyenue. B 0aHHOM cilyyae npedcmassieHHAs MAKMUKA JsiedeHus sgssem-
¢ onpasdaHHol u onmumasnbHol, Mak Kak cobao0aromcs npuHyunol bepexxHo2o
OMHOWeEeHUS K MKAHAM 80 8peMs onepayuu, pdHHe20 Ha4aad akmueHbIX 08uXe-
Hul, omKasz om pedpeccupylowux NACCUBHbIX MAHUNYIAYUU, 8bi3bi8alowWux 6016
U MUKpOmMpasmbl JIOKMeB0o20 CYCmMaed, YCKOPAIOUUX CO3pe8aHue Me3eHXUMAabHOU
mkaHu. [pu eudpasnudeckol mMobunusayuu He mpebyemca 0ONOHUMEbHbIX One-
pamusHblx 00Cmynos, cneyuasabHo20 060py008aAHUS, NPAKMUYECKU He mMpasmupy-
Iomcs oKpyXaroujue mKaHu, CoOKpawaemcs epemMs onepayuu, UcKaoYarmcs pucku
OMKPbLIMbIX 0NEPAMUBHbLIX MEMOOUK.

Knroueswble cnoea: nokmesol cycmas, KOoHmpakmypa, zuapaenuqecm,q mobusu3a-
yusa, ocmeomomus, pesysiemamel

Ona yntnposanua: Congartos tO.M1., Al Sameay A.N., Topnees A.B. [1ByxatanHoe xmpyp-
rmyeckoe neyeHrie 60NbHON CO CrmbaTenbHO-Pa3rmbaTeNnbHON KOHTPaAKTYPOI TOKTEBOTO
CyCTaBa C NpYMEHEHUEM FapaBnyeckon mobunmsaumu. Acta biomedica scientifica. 2026;
11(3): 146-153. doi: 10.29413/ABS.2026-11.3.18
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BACKGROUND

According to the scientific literature, 30 % to 60 %
of patients following elbow injuries require various
functional reconstructive procedures for persistent con-
tractures and associated deformities [1, 2].

The management of patients with extra-articu-
lar elbow contractures (according to the classification
of B.F. Morrey, 2000 [3]), i.e., those without bony ob-
struction to articular surface motion, often presents
considerable challenges. As reported in an analytical
review of the relevant literature [1], approximately
half of the patients experience a substantial reduction
in the range of motion in the operated elbow joint.

A wide array of surgical interventions has been
proposed for the correction of severe elbow contrac-
tures with pronounced functional impairment, in-
cluding redressation under anesthesia, arthroscopic
debridement, arthrotomy with capsulectomy, among
others [1, 3]. The application of a hinged external fix-
ator in open arthrolysis has also been described.
However, this technique may only yield a transient in-
crease in the flexion-extension arc [4]. In cases where
the range of motion deficit persists following surgery,
mini-lateral and mini-medial incisions are employed [5].
Nevertheless, the outcomes are not consistently satis-
factory for either surgeons or patients, owing to the in-
vasiveness of the procedure and the risk of contracture
recurrence.

AIM

To demonstrate the feasibility of using hydraulic
mobilization for the management of the soft tissue com-
ponent of contracture to improve elbow joint function.

The patient provided written informed consent
for the data publication for scientific purposes.

MATERIALS AND METHODS

This study presents a case of minimally invasive
surgical treatment in a patient with flexion-exten-
sion contracture of the elbow joint, utilizing hydrau-
lic mobilization to address the soft tissue component
at the first stage and resection of a malunited fragment
of the humeral capitellum at the second stage. In view
of concomitant osteoarthritis, the patient additional-
ly underwent tunneling of the proximal metaphysis
of the ulna and the distal metaphysis of the humerus.
This approach is based on studies of tissue blood supply
dynamics and intraosseous pressure, as reported by var-
ious researchers [6].

A working-age patient with post-traumatic com-
bined flexion-extension contracture of the left elbow
joint(age45,dominantleftupperextremity) was addmit-
ted for surgical intervention. Due to the impaired hand
function, self-care was compromised and occupational

activity was limited (range of motion deficit of 100°, cor-
responding to severe contracture). Pain in the left elbow
joint was elicited by sudden movements, and the inju-
ry occurred one year ago as a result of a fall, causing
a fracture of the humeral capitellum, which was treated
conservatively by immobilizing the left upper limb us-
ing a plaster cast.

Upon admission, the elbow flexion angle was 100°
and the extension was 140°. Hand function was assessed
by measuring the flexion angle (starting from 0°, with 40°
considered the physiological norm) and the extension
angle (maximum extension corresponding to 180°).
Radiographs were taken in the following projections:
anteroposterior in maximum possible extension,
and lateral in maximum possible flexion and extension.
The radiographic findings included evidence of osteoar-
thritis, a malunited fracture of the capitellum of the hu-
meral condyle with anterior displacement of the frag-
ment, abnormal bone density consistent with a chronic
injury, and bone impingement during forearm flexion.
The articular surface was centered. The olecranon fossa
did not show any deformities (Fig. 1). The impairment
of extension was attributed to desmogenic contracture
caused by capsular remodeling and possible involve-
ment of collateral ligaments.

At the first stage of surgical treatment, to increase
the extension angle, hydraulic mobilization of the left
elbow joint and collateral ligaments was performed,
with the aim of dilating the joint cavity, stretching
the capsule, and releasing the ligaments from poten-
tial adhesions. To treat osteoarthritis, further tunneling
of the proximal metaphysis of the ulna and distal me-
taphysis of the humerus was performed. Subsequent-
ly, a plaster cast was applied to the patient’s left upper
limb, in a position of maximum extension.

The procedure involved the stepwise insertion
of puncture needles into the ventrolateral (radiocapitel-
lar joint) and dorsal (olecranon fossa) aspects of the el-
bow joint. Through these needles, the joint cavity was
filled under syringe pressure with physiological saline
(until tight filling, in this case 20 mL). The arm was then
flexed and extended with moderate force 15 times.
The joint cavity was lavaged with 100 mL of physiolog-
ical saline.

Tunneling was performed by creating horizontal,
end-to-end channels in the humerus and ulna bones
(4 fan-shaped canals per bone). A sharpened 1.5 mm
diameter K-wire for transosseous osteosynthesis was
utilized.

During the inpatient stay (10 days) and outpatient
follow-up (30 days), the patient completed elbow flex-
ion and extension exercises twice daily, both actively
and passively. During sleep and after exercise sessions,
the patient’s arm was immobilized using an anterior
plaster splint in the maximum extension.

Full elbow extension was achieved 7 days after sur-
gery (Fig. 2).

The second stage of surgery was performed 6
months after hydraulic mobilization. CT of the left
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elbow joint (Fig. 3) revealed a malunited intra-articu-
lar fracture of the capitellum of the humeral condyle
with anterior and proximal displacement of a bony frag-
ment, creating a “hood-like” configuration.

An anterolateral arthrotomy of the left elbow
joint, osteotomy of the malunited fragment of the hu-
meral capitellum, its resection, and temporary plaster

FIG. 1.

splint immobilization of the left upper limb were
performed.

A 6-centimeter skin incision was made along
the anterolateral aspect of the lower third of the pa-
tient’s arm to perform arthrotomy on the elbow joint.
The humeral condyle was exposed through blunt
and sharp dissection, and the trochlea was identified

Preoperative radiographs of the left elbow joint in a 45-year-old female patient Z. with flexion-extension contracture before treatment:
A — anteroposterior projection; B - lateral projection in maximum extension; C - lateral projection in maximum flexion

FIG. 2.

crnbaxue

Postoperative radiographs of the left elbow joint in a 45-year-old female patient Z. with flexion-extension contracture, obtained 7 days
after the first stage of surgery: A — anteroposterior projection; B - lateral projection in maximum extension; C - lateral projection in max-
imum flexion
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FIG. 3.

3D CT reconstruction images of the left elbow joint in a 45-year-old female patient Z. with flexion-extension contracture, obtained before
the second stage of surgical treatment: A - ventral view; B - dorsal view; C - posterolateral view; D — medial view; E — lateral view

using a periosteal elevator. Osteotomy of the mal-
united fragment of the capitellum and its resection
were performed with an osteotome. The flexion an-
gle in the elbow joint was increased to 55°, while
extension reached 180°. The wound cavity was

FIG. 4.

Postoperative radiograph of the left elbow joint showing maxi-
mum flexion in a 45-year-old female patient Z. with flexion-exten-
sion contracture, taken 7 days following the second stage of surgi-
cal treatment
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irrigated with betadine solution. The wound was
closed in layers, and dressings were applied. Hemo-
stasis was maintained throughout the procedure us-
ing electrocautery.

During the first postoperative week, the patient
performed elbow joint exercises at the hospital. To pre-
vent the formation of heterotopic ossification, the pa-
tient was administered Mydocalm® 50 mg three times
daily orally for 15 days. Additionally, indomethacin was
prescribed in an increasing and then decreasing dose
(25 mg daily on days 1-3, 50 mg in two doses on days
4-6, and 75 mg in three doses on days 7-9), followed
by a three-day tapering regimen. Microwave therapy
(150 GHz terahertz electromagnetic waves) was also
administered.

RESULTS

The treatment outcome was assessed as favorable.
The flexion angle reached 70° (Fig. 4). Complete exten-
sion was achieved at the elbow joint.

At both short-term and long-term follow-up (one
year after the second procedure), the patient’s quality
of life has substantially improved. The patient’s ability
to care for themselves has been restored, and the pain
intensity has decreased markedly (from a score of 7 to 1
on the VAS scale). Additionally, the flexion-extension
deficit has been reduced by half (Fig. 5).

DISCUSSION

To improve blood circulation in the tissues
of the elbow joint and reduce intraosseous pres-
sure, subchondral tunneling of the metaphyses



of the humerus and ulna was additionally performed
on this patient. The clinical efficacy of tunneling
the bones comprising the elbow joint has been previ-
ously demonstrated [7].

According to the fundamental works of B.F. Morrey,
a limitation of extension by 30° or more significantly
compromises upper extremity function, and this lim-
itation is even less well tolerated by patients involved
in gymnastics or throwing sports. In the present case,
the patient reported significant functional limita-
tions in daily activities due to a 40° extension defi-
cit and a 60° flexion deficit. Therapeutic success was
achieved through the use of a minimally invasive hy-
draulic mobilization technique at the first stage, which
is indicated for treating desmogenic contractures.
The chosen treatment strategy was appropriate and op-
timal, as it followed the principles of avoiding trauma
to tissues, early functional loading, and avoiding forced
manipulations that can cause pain and micro-trauma
to joint tissues [2]. This approach helped prevent the de-
velopment of arthrofibrosis, recurrence of contractures,
and progression of osteoarthritis.

In contrast to arthroscopy [8, 9], hydraulic mo-
bilization did not require any additional surgical ap-
proaches or specialized equipment. It caused minimal
trauma to surrounding tissues, reduced operative time,
and eliminated the risks associated with open surgical
techniques.

The results achieved after the first stage (hy-
draulic mobilization) were found to be long-lasting.
However, some researchers have reported that, de-
spite comprehensive postoperative rehabilitation,
the range of motion may decrease by up to 25 % over
time [10]. The literature on the postoperative reha-
bilitation of the elbow joint is still limited, and most
clinical studies do not fully describe rehabilitation
protocols [11].

The second stage of the surgical treatment with ar-
throtomy was performed 6 months after the first pro-
cedure, in line with the principle of the “cooling-off pe-
riod” and adequate postoperative rehabilitation [12].
Additionally, it has been suggested that conservative
treatment should continue for at least 6 months prior
to reconstructive surgery to prevent heterotopic ossifi-
cation [13].

The resection of the malunited fragment of the hu-
meral capitellum was justified based on its intra-ar-
ticular location, as well as the presence of structural
and morphological changes to the fragment, which
were attributed to the chronic nature of the injury. Ad-
ditionally, the existing elbow contracture and the pos-
sibility of a minimally invasive surgical approach were
taken into consideration. Histomorphological studies
[14] have demonstrated that two months or more fol-
lowing a fracture of the humeral capitellum, the hya-
line cartilage on the articular surface demonstrates
dystrophic changes and partial necrobiosis, while
the cancellous bone in the distal fragment shows
pronounced signs of avascular necrosis. As a result,
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FIG. 5.

Treatment outcome diagram showing quality of life, self-care abili-
ty, pain severity (VAS), and range of motion deficit before and after
treatment: 1 - quality of life impairment; 2 - limited self-care abil-
ity; 3 - pain severity (VAS); 4 — range of motion deficit (10 points —
140°deficit, 0 points — no deficit)

attempts at osteosynthesis at this stage may lead
to unfavorable outcomes.

In the postoperative period, preventive measures
were taken to reduce the risk of heterotopic ossifica-
tion, including joint exercise with gradually increasing
intensity, physiotherapy using various techniques such
as magnetotherapy, terahertz electromagnetic waves,
laser therapy, and phototherapy, and the use of phar-
macological agents to enhance bone tissue microcircu-
lation. Despite ongoing research into heterotopic ossi-
fication and its treatment, monitoring for this potential
complication remains an essential part of patient man-
agement [15].

CONCLUSION

This clinical observation demonstrates that com-
plex reconstructive techniques are not always neces-
sary for restoring elbow function. The development
of less invasive, pathogenetically sound surgical ap-
proaches constitutes a promising area of research,
and further study into their efficacy and refinement
is justified. To determine the suitability of this ap-
proach for desmogenic and combined contractures,
larger samples and more extensive statistical analyses
are needed.
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ABSTRACT

Background. Ischemic stroke (IS) remains one of the leading causes of death and dis-
ability worldwide. Due to the limitations of oral and parenteral routes of neuropro-
tectant administration in post-stroke patients, the use of rectal suppositories with mel-
atonin (MT) is a promising direction for neuroprotective therapy.

Aim. To evaluate the effect of rectal suppositories containing MT on the dynamics
of neurological status and products of oxidative protein modification in experimental
acute cerebral ischemia (EACI).

Materials and methods. Male Wistar rats (n = 30) were divided into 3 groups: | -
sham-operated animals; Il - animals with EACI according to the method of Chen S.T.
et al.; lll - animals with EACI that received rectal suppositories weighing 100 mg,
containing 2.5 mg of MT. Neurological status was assessed on days 3 and 7 using
the Garcia J.N. scale, the paw placement test, and the Bederson test. In the ischemic
focus of the brain (IFB), the content of early and late products of protein oxidative
modification (POM) was evaluated.

Results. In rats with EACI, neurological deficits developed on the corresponding day
(decreased scores on the Garcia J.N. scale and the paw placement test, increased scores
on the Bederson test) and an increase in the content of POM products in the IFB. Admin-
istration of MT suppositories contributed to the regression of these disorders: by day 7,
there was an improvement in all neurological tests, and a decrease in POM products
in the IFB.

Conclusions. The results obtained suggest that the neuroprotective effect of MT
in the form of rectal suppositories in EACI is mediated through an antioxidant mech-
anism of action.

Key words: oxidative stress, melatonin, rectal suppositories, ischemic stroke

For citation: Osikov M.V,, Shelomentsev A.V.,, Shishkova Yu.S., Fedosov A.A. Effect of mel-
atonin on neurological status and oxidative modification of proteins in experimental ce-
rebral ischemia. Acta biomedica scientifica. 2026; 11(3): 154-161. doi: 10.29413/ABS.2026-
11.3.19
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PE3IOME

O6ocHosaHue. Viwemuyeckuli uHcynem (M) ocmaemcs 00HoU u3 8edyujux NpuHuH
CMepmHOCMU U UHBA/IUOU3AYUU HacesleHUA 8 Mmupe. B c8A3u ¢ o2paHu4eHUaMU ne-
pOpAsIbHO20 U NAapeHMepanbHo20 Nymu egedeHUs HeliponpomeKmopos y NOCMuH-
CYJIbMHbIX NAUUEHMO8, NpuMeHeHUe pPeKmMa’sbHblX Cynno3umopues ¢ MesiamoHUHOM
(MT) npedcmaensem coboli hepcnekmusHoe HanpasseHue HeliponpomekmueHoU
mepanuu.

Lens. OyeHums 8030elicmeue peKmasbHbIX cynnosumopues, codepxawjux MT,
Ha OUHAMUKY U3MeHeHUl HespoJsio2u4ecko20 cmamyca u hpooyKmos oKuc/umeso-
Hol MoouguKkayuu 6e1K08 npu 3KkcnepumMeHmManbHol ocmpol uepebpasnbHol ulle-
muu (30UN).

Mamepuanel u memoosl. Kpoic-camyos nuHuu Wistar (30 ocobeli) pazdenunu Ha 3
2pynnei: | — noxHoonepuposaHHsle xusomHsie; Il - 30X no memody Chen S.T. et al.;
Il - xxusomHsie ¢ S0UH, nonyyaswue pekmasnesHele cynnosumopuu maccod 100 me,
codepxaujue 2,5 me MT. Hegponozudeckuti cmamyc usy4anu Ha 3-u 7-e Cymku no wka-
ne [apcua Jx.H., mecmy c nocmaHogkou nanku, Bederson test; 8 o4aze yepebpasneHou
uwemuu (OYM) oyeHusanu codepxarue npodykmos oKucumesnbHol Moougukayuu
6en1k08 (OMBb) (paHHUX U NO30HUX).

Pe3synemamel. Y kpoic c 20L{/1 Ha coomeemcmaeyroujue cymxu pa3eueasics Hegposio-
2uyeckul degpuyum (ymeHswieHue 6as1108 no lapcua [Jx.H. u mecmy ¢ nocmaHoskoU
nanku, pocm — no Bederson test) u nosbiweHue codepxxaHua npodykmos OMb e OL/.
Bgederue cynnozumopues ¢ MT cnocobcmeosasio pezpeccy YKa3aHHbIX HapyweHUU:
K 7 Cymkam ¢ukcuposasnoce ysydwieHue nokazamersnel 8cex Heg8posio2u4eckux me-
€Mo8 U cHUXeHue npodykmos OMb g OL/.

BoiasneHa ompuyameneHaa KoppeaayuoHHAA 3a8UCUMOCMb MeX0y nokasamenamu
no wkane [apcua [x.H., mecmy ¢ nocmaHoskoU nanku, Bederson test u npodykmamu
OMb s ON.

3aknoyeHue. [o/1yyeHHble pe3yibmamel NO380J1AI0M NPeONosIoXUMb, YMO Helipo-
npomekmusHoe delicmaue MT 8 cocmase pekmarnwsHeix cynno3umopues npu S0UM
peanusyemcs 4epe3 AHMUOKCUOAHMHbIU MexaHu3m 0elicmeus.

Knroyeeole cnoea: okuciumesnsHsil cmpecc, MeJIdmOHUH, peKkmalibHble Cynno3u-
mopuu, uwemudeckut UHCYyJTem

IAna yntnposanua: Ocukos M.B., LLienomeHues A.B., LUnwkosa 10.C., ®egocos A.A. Bnus-
HVie MeNaTOHMHA Ha HEBPONOrMYECKNIA CTaTyC U OKUCIUTENbHYI0 MoanduKauuo 6enkos
npw 3KCneprMeHTanbHom LepebpanbHoit nwemun. Acta biomedica scientifica. 2026; 11(3):
154-161. doi: 10.29413/ABS.2026-11.3.19
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INTRODUCTION

Ischemic stroke (IS) is a significant medical and social
challenge in healthcare, with 12 million cases registered
globally each year [1]. In Russia, this number reaches
500,000 per year, placing a significant socioeconomic bur-
den on the healthcare system due to high disability rates
and prolonged rehabilitation [2]. The key pathogenetic
mechanisms leading to neuronal death in ischemic brain
lesions during IS include neuroinflammation, glutama-
tergic excitotoxicity, and oxidative stress. These mecha-
nisms interact to determine the size of the ischemic lesion
and the severity of neurological deficits [3]. Current ther-
apeutic strategies for IS have limited efficacy and safety,
owing to a narrow therapeutic window, high risk of hem-
orrhagic transformation, poor permeability of the blood-
brain barrier (BBB) to neuroprotective agents, limited
knowledge of pharmacokinetics, and frequent adverse ef-
fects. These limitations emphasize the need for the devel-
opment of novel therapeutic approaches focused on neu-
roprotection [4, 5].

Recent studies have confirmed the significant neu-
roprotective potential of melatonin (MT) in IS, attribut-
ed to its pleiotropic effects. One such effect is its strong
antioxidant activity, which is exerted both by directly
scavenging reactive oxygen species (ROS) and reactive
nitrogen species (RNS) and by activating endogenous
antioxidant systems, such as superoxide dismutase, cata-
lase, and glutathione peroxidase. In addition to its potent
antioxidant activity, MT also has other neuroprotective
mechanisms. These include anti-inflammatory effects,
such as inhibition of the NF-kB pathway and reduction
in the synthesis of pro-inflammatory cytokines TNF-a,
IL-1B, and IL-6. It also has anti-apoptotic properties, such
as caspase-3 suppression and stabilization of mitochon-
drial membranes. Furthermore, melatonin can reduce
cerebral edema by regulating aquaporin-4 expression
[6, 7, 8]. However, the clinical use of melatonin is limited
by several factors. Oral formulations may not be suitable
for patients with dysphagia, and parenteral administra-
tion has a short half-life (20-40 min), requiring frequent
injections and potentially leading to local post-injection
complications [9, 10].

In our previous study, we demonstrated the beneficial
effects of melatonin incorporated into rectal suppositories
on the neurological status, microcirculation, morphology,
and morphometry of the ischemic brain lesion, as well
as on lipid peroxidation parameters in ischemic brain
tissue [11, 12]. This current study continues our research
by comprehensively assessing the relationship between
the neurological status and oxidative stress markers using
melatonin-loaded rectal suppositories in experimental ce-
rebral ischemia.

AIM

To assess the effect of melatonin-containing rec-
tal suppositories on the severity of neurological deficits
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and protein oxidative modification products in experi-
mental acute cerebral ischemia.

MATERIALS AND METHODS

The study was conducted at the Department of Patho-
physiology, Experimental Biological Clinic of South Ural
State Medical University (SUSMU). A total of 32 adult Wis-
tar male rats weighing 240 + 20 g were used in the study.
The animals were housed in standard conditions in indi-
vidual polypropylene cages (Velaz, type 3, Czech Republic)
with corncob bedding and free access to food and water.
They were fed a balanced complete feed (LBK) accord-
ing to GOST R 50258-92. The facility maintained a day/
night cycle, an air temperature of 20 + 2°C, and relative
humidity of 60-80 %. The study was conducted in com-
pliance with the guidelines of the European Convention
on the Protection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes, and was approved
by the Ethics Committee of SUSMU (Protocol No. 5, dated
June 10, 2024).

The animals were randomly assigned to three groups:
Group | (n = 10) was a sham-operated group; Group Il
(n = 12) consisted of animals with experimental acute ce-
rebral ischemia (EACI); and Group Il (n = 12) was treated
with an original rectal suppositories (100 mg) containing
2.5 mg of melatonin administered every 24 hours for 7 days
[13]. The observation period lasted 7 days. Two animals
(one in Group Il and one in Group lll) died within the first
6 hours after surgery and were excluded from the analysis.
Consequently, the final sample sizes were: Group | (n =10),
Group Il (n=11),and Group lll (n=11).

EACI was induced using a modified method developed
by Chen S.T. et al., under combined Zoletil-xylazine anes-
thesia, in accordance with current guidelines for modeling
cerebral ischemic stroke [14]. For Groups Il and lll, a 2-cm
skin incision was made between the left ear and left eye.
Soft tissues were dissected to the skull bones, and a 5-mm
burr hole was drilled under continuous irrigation and cool-
ing using a high-speed drill. Under a x10 operating mi-
croscope, selective diathermocoagulation of cortical pial
vessels was performed in the middle cerebral artery rep-
resentation zone. Group | animals underwent the same
surgical procedures, except for the selective diathermoco-
agulation of pial vessels.

On days 3 and 7 of the experiment, the neurological
status of all animal groups was assessed using the Gar-
ciaJ.H. scale, the Placing test, and the Bederson test. The re-
sults were expressed as scores [15, 16].

For the preparation of a 10 % cerebral ischemic lesion
homogenate, animals were euthanized by decapitation,
the brain was extracted, and the ischemic zones were
identified based through visual inspection and anatomic
landmarks [17, 18]. Collected ischemic brain tissue was
then placed in ice-cold 0.1 M phosphate buffer (pH 7.4).
Subsequently, approximately 100 mg of this tissue was
then homogenized at a ratio of 1:10 (w/v) for 3 minutes
at 4°C, yielding 1 mL of the homogenate.



Protein oxidative modification (POM) products
in the cerebral ischemic lesion homogenate were deter-
mined by measuring the reactivity of protein carbonyl
derivatives with 2,4-dinitrophenylhydrazine, both spon-
taneously and under metal-induced conditions. Subse-
quently, aldehyde dinitrophenylhydrazones (ADNPH)
and ketone dinitrophenylhydrazones (KDNPH) were re-
corded using a spectrophotometer in the ultraviolet (UV)
and visible spectral regions. Results were reported as op-
tical density units per mg of protein (arbitrary units/mg),
and the reserve-adaptive potential (RAP, %) was calculated
as the ratio of spontaneously formed oxidation products
to those formed under induced conditions [19, 20].

Statistical analysis was conducted using IBM SPSS
Statistics 19 (SPSS: An IBM Company, USA). The normality
of distribution was assessed using the Shapiro — Wilk test.
As most parameters did not follow a normal distribution,
the data are presented as median (Me) and interquar-
tile range [Q1; Q3]. Non-parametric methods were used
to analyze the differences between groups, including Kru-
skal — Wallis, Mann — Whitney, and Wald - Wolfowitz tests.
Correlations between parameters were assessed using
Spearman’s rank correlation coefficient (R). Differences
were considered statistically significant at p < 0.05.

RESULTS

Modeling of experimental acute cerebral ischemia
(EACI) resulted in the development of right-sided hemi-
paresis and impaired statolocomotor function in rats.
On days 3 and 7, animals in Group Il showed a significant
decrease in scores on the Garcia J.H. scale and the Placing
test, as well as an increase in scores on the Bederson test,
compared to animals in Group |. On day 7, when compared
to day 3, there was a decrease in scores on the Garcia J.H.
scale (p = 0.042) and the Placing test (p = 0.041) and an in-
crease on the Bederson test (p = 0.039) (Table 1).

In animals of Group Il, compared to Group |, there were
increased levels of total protein oxidation modification

(POM) products in the homogenates from cerebral isch-
emic lesions on days 3 and 7 of the study under both
spontaneous and induced conditions (p < 0.001 for all
comparisons at the respective time points). When analyz-
ing the dynamics of spontaneous parameters in animals
with EACI, a significant decrease in total POM products
was observed by day 7 compared to day 3 (p = 0.042). Sim-
ilarly, the early (p = 0.041) and late (p = 0.045) POM frac-
tions also showed a significant decrease. Under induced
conditions, on days 3 and 7, Groups Il also demonstrated
higher levels of total POM products, as well as the early
and late fractions, when compared to Group | (p < 0.001).
Furthermore, the dynamics from days 3 to 7 in EACI ani-
mals showed a statistically significant decrease in total
POM (p = 0.038), as well as in the early (p = 0.035) and late
(p =0.043) fractions.

The overall reserve-adaptive potential (RAP) of ani-
mals in Group Il was significantly lower compared to that
of Group |, both on day 3 (p = 0.003) and day 7 (p = 0.002).
Within Group |l, there was no significant difference
in the overall RAP between days 3 and 7 (p = 0.287)
(Table 2).

The use of rectal suppositories containing MT contrib-
uted to a decrease in the severity of neurological deficits,
as assessed on days 3 and 7. Compared to Group I, ani-
mals of Group lll showed a significant increase in scores
on the Garcia J.H. scale (day 3: p = 0.021; day 7: p = 0.008)
and the Placing test (day 3: p = 0.015; day 7: p = 0.009),
as well as a significant decrease on the Bederson test (day
3:p=0.018; day 7: p = 0.006).

In the homogenates of cerebral ischemic lesions, ani-
mals in Group Ill compared to Group Il showed a statistical-
ly significant decrease in the levels of total POM products
on days 3 and 7, both under spontaneous and induced
conditions. This reduction was observed in both the early
and late fractions. On day 3, the differences were: for to-
tal POM products p = 0.012, for early fractions p = 0.015,
for late fractions p = 0.018; on day 7: p = 0.006, p = 0.008,
and p = 0.009, respectively. Analysis of the dynamics with-
in Group lll from days 3 to 7 revealed a significant decrease

TABLE 1
ASSESSMENT OF THE IMPACT OF MT THERAPY ON THE SEVERITY OF NEUROLOGICAL DEFICIT IN EACI
(ME[Q1;Q3])
Group | Group Group lll
Parameter Day 3 Day 7 Day 3 Day 7 Day 3 Day 7
(n=5) (n=5) (n=6) (n=5) (n=6) (n=5)
Garcia J.H. scale, 18.00 18.00 7.50 4.50 11.50 15.00
scores [18.00; 18.00] [18.00; 18.00] [7.00; 8.001* [3.00; 6.00]** [10.00; 13.00]**  [14.00; 16.00]**
Bederson test, 0.00 0.00 2.00 4.00 1.00 0.00
scores [0.00; 0.00] [0.00; 0.00] [2.00; 3.001* [4.00; 4.00]** [1.00; 2.00]** [0.00; 1.007*#&
Placing test, 9.50 9.50 4.00 2.00 6.00 8.50
scores [9.00; 10.00] [9.00; 10.00] [3.00; 4.001* [1.00; 2.00]*& [6.00; 7.00]** [8.00; 9.00]*#&

Note. Significant differences according to the Mann — Whitney U-test are indicated as follows: * - compared with Group I; # - compared with Group II; & - significant

differences between day 3 and day 7 within the corresponding group (p < 0.05).
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in the concentrations of total POM products (p = 0.024),
total early (p = 0.021) and total late (p = 0.027) POM prod-
ucts. The overall RAP in rats from Group Ill was higher than
in Group Il on both day 3 (p = 0.031) and day 7 (p = 0.017)
(Table 2).

A comparative study of the neurological status of ani-
mals in Group lll compared to Group | showed a decrease
in scores on the Garcia J.H. scale (day 3: p = 0.034; day 7:
p = 0.042) and the Placing test (day 3: p = 0.027; day 7:
p =0.038), as well as an increase on the Bederson test (day
3:p=0.029; day 7: p = 0.031) (Table 1).

When assessing POM products in the homogenates
of cerebral ischemic lesions in animals of Group Il com-
pared with Group | on days 3 and 7, both under spon-
taneous and induced conditions, there was a statisti-
cally significant increase in total POM products as well

as early and late POM fractions (p < 0.001 for all param-
eters at the respective time points). Overall RAP in ani-
mals from Group Il compared to Group | was significantly
reduced on days 3 and 7 (p = 0.034 on day 3; p = 0.022
on day 7) (Table 2).

Correlation analysis conducted on days 3 and 7 re-
vealed a negative correlation between scores on the Gar-
cia J.H. scale and the Placing test and lipid peroxidation
(LPO) product levels in the ischemic lesion homogenate.
Additionally, a correlation was observed between scores
on the Garcia J.H. scale and the Placing test, and POM
product levels in the ischemic lesion homogenate. The re-
duction in neurological deficit among animals with EACI
treated with MT-containing rectal suppositories was asso-
ciated with a decrease in both LPO and POM product lev-
els in the ischemic lesion (Table 3).

TABLE 2

THE EFFECT OF MT ON THE CONTENT OF POM IN THE SITE OF CEREBRAL ISCHEMIA IN EACI (ME [Q1; Q3])

Group | Group
Parameter
Day 3 Day 7 Day 3 Day 7
(n=5) (n=5) (n=6) (n=5)
(Ts°tg'nf;)n'\gopurgd“m 65.0 65.0 220.0 200.0
ponta : [62.0; 68.0] [62.0; 68.0] [210; 230]* [190; 210]*
arb. units/mg
éDgl:tHaneous) 55.0 55.0 190.0 175.0
ponta b [52.0; 58.0] [52.0; 58.0] [180; 200]* [165; 185]*
arb. units/mg
é[;g:g heous) 11.0 11.0 25.0 22,0
’ . . . * . *&
ot UnitS/me [10.0; 12.0] [10.0; 12.0] [23.0; 27.0] [20.0; 24.0]
gvéft;tr:‘;’;us) 0.018 0.018 42,0 38.0
ponta ' [0.016:0.020]  [0.016;0.020]  [40.0;440]*  [36.00;40.00]*
arb. units/mg
22'5"')"['1‘:;;1‘;5’;; 0.030 0.030 32 28
ponta b [0.028;0.032]  [0.028;0.032] 13.0; 3.4]* [2.6; 3.0]%*
arb. units/mg
g‘r’fjlcpgj'\)" products 70.0 70.0 4200 380.0
=), [67.0; 73.0] [67.0;73.0]  [400.0;440.0]*  [360.0; 400.0]*
arb. units/mg
ADNPH (induced), 20.0 20.0 250.0 220.0
arb. units/mg [18.0; 22.0] [18.0;22.0]  [240.0;260.01*  [210.0; 230.0]*
KDNPH (induced), 15.0 15.0 120.0 100.0
arb. units/mg [14.0; 16.0] [14.0;160]  [115.0;12501*  [95.0; 105.0]*
(L:rYJLicetc'i‘)’” 10.0 10.0 30.0 25.0
’ . . . * . *&
arb, units/mg [9.0; 11.0] [9.0; 11.0] [28.0; 31.0] [23.0; 27.0]
X:f('j'ﬂce:é?“'on 25.0 25.0 20.0 35.0
’ . . . * . *&
arb, units/mg [23.0; 27.0] [23.0:27.0]  [19.0;21.50] (33.0;37.0]
o 92.9 929 524 526
[89.7; 96.0] [89.7; 96.0] (50.0; 54.8]* [50.0; 55.3]*
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Group Il
Day 3 Day 7
(n=5) (n=5)
170.0 150.0

[160; 180]*

150.0
[140; 160]*

20.0
[18.0; 22.0]**

30.0
[28.0; 32.0]*

2.2
[2.0; 2.4]*

300.0
[280.0; 320.0]**

180.0
[170.0; 190.0]**

80.0
[75.0; 84.01**

20.0
[18.0; 22.0]**

20.0
[18.0; 22.0]*

56.7
[53.3; 60.0]**

[140; 160]**

130.0
[120; 140]**

18.0
[16.0; 20.0]**

25.0
[23.0; 27.0]**

1.8
[1.6; 2.0]**

240.0
[220.0; 260.0]**

150.0
[140.0; 160.0]**

60.0
[55.0; 60.0]*#

15.0
[14.0; 16.0]*#*

15.0
[14.0; 16.0]**

62.5
[58.3; 66.7]*#



TABLE 3

CORRELATIONS BETWEEN INDICATORS OF FREE RADICAL OXIDATION IN BRAIN TISSUE AND NEUROLOGICAL
STATUS DURING MT THERAPY (RECTAL SUPPOSITORIES) IN EXPERIMENTAL CEREBRAL ISCHEMIA

Total POM products (spontaneous),

Total POM products (induced),

Parameter arb. units/mg arb. units/mg
: R=-0.76 R=-0.81
Garcia J.H. scale, scores 071 -0.79
Placing test, scores R=-066 R=0ze
9 1 -0.62 -0.74

Note. R - Spearman’s rank correlation coefficient; numerator — day 3, denominator - day 7.

DISCUSSION

We hypothesize that simultaneous diathermocoagu-
lation, damaging pial vessels, induced cerebral hypoper-
fusion. This reduction in cerebral blood flow, in turn,
provoked mitochondrial respiratory chain dysfunction, ac-
companied by electron leakage and formation of reactive
oxygen species (ROS), such as hydroxyl radical and per-
oxynitrite. These ROS exerted damaging effects on neu-
ronal cell proteins and lipids [21]. Proteins in neuronal
membranes and cytoskeletons are primary targets for ROS
due to their presence of highly reactive amino acids, such
as lysine, arginine, proline, cysteine, and methionine, lead-
ing to formation of carbonyl derivatives (ADNPH/KDNPH)
[22]. These carbonyl derivatives, interacting with neu-
ronal cytoskeletal proteins, such as 3-actin and tubulin,
disrupt axonal transport, cause loss of neuritic processes,
and ultimately lead to cytoskeletal disintegration. Oxida-
tion of cysteine residues in the active sites of ion-trans-
porting proteins disrupts ion homeostasis, leading
to membrane depolarization and increased intracellular
Ca*" concentration in neurons. This can activate excito-
toxicity and lead to neuronal death [23]. Several previous
studies have demonstrated that the stability of carbonyl
derivatives, as opposed to rapidly metabolized LPO prod-
ucts, makes POM a reliable marker of oxidative damage
in nervous tissue [24, 25].

The use of melatonin-containing rectal suppositories
in animals with EACI has resulted in a partial reduction
in neurological deficits, as measured by increased scores
on the Garcia J.H. scale and the Placing test and de-
creased scores on the Bederson test. This may be due
to the pleiotropic effects of melatonin, which is incorpo-
rated into rectal suppositories and has lipophilic prop-
erties that ensure its unhindered penetration through
the intestinal mucosa and into the bloodstream [26].
The antioxidant effect of melatonin is achieved through
its direct neutralization of ROS, forming non-toxic me-
tabolites. By activating nuclear transcription factors that
encode heme oxygenase-1 and thioredoxin-1, mela-
tonin enhances the synthesis of antioxidant enzymes,
such as heme oxygenase-1, quinone oxidoreductase-1,
glutamate-cysteine ligase, superoxide dismutase,
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and glutathione peroxidase. Furthermore, the primary
melatonin metabolite, cyclic 3-hydroxymelatonin, ex-
hibits a pronounced antioxidant activity that is superior
to that of ascorbate and a-tocopherol. The final metab-
olite, N1-acetyl-5-methoxykynuramine, is also a potent
ROS scavenger and a cyclooxygenase inhibitor, further
enhancing the antioxidant effects of melatonin [27].
Melatonin prevents programmed cell death in the pen-
umbra via mitochondria-mediated and receptor-depen-
dent mechanisms. It induces tyrosine kinase-dependent
phosphorylation of STAT3, which dimerizes and translo-
cates to the nucleus, enhancing transcription of the Bcl-
2 family of genes (Bcl-2 and Bcl-xL), thereby inhibiting
mitochondrial permeability, release of cytochrome c,
and activation of caspase-9 and caspase-3, suppressing
the intrinsic apoptotic pathway. Melatonin suppresses
the expression of death receptors (Fas/CD95) on cell sur-
faces and reduces the sensitivity of neurons to the Fas
ligand, thereby inhibiting the apoptotic pathway depen-
dent on these receptors [28].

CONCLUSION

The results of the study demonstrated the develop-
ment of a marked neurological deficit in rats with EACI
on days 3 and 7. This was objectively recorded using
the Garcia J.H. scale, the Placing test, and the Bederson
test. At the same time, a significant increase in the levels
of all studied fractions of POM products (early and late)
was observed in the cerebral ischemic lesion homogenate
under both spontaneous and induced conditions in both
groups of animals.

The use of melatonin-containing rectal suppositories
contributed to a significant improvement in neurological
function, as demonstrated by improved scores on all neu-
rological tests. At the same time, a statistically significant
reduction in the concentration of POM products was ob-
served in the area of cerebral ischemia, although levels still
did not reach those seen in the sham-operated group. Cor-
relation analysis confirmed a strong relationship between
the reduction in neurological deficit and the decrease
in POM product levels in the cerebral ischemic lesion.
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ABSTRACT

Background. Despite the increasing prevalence of emotional overeating and obesity,
the specific neurohormonal mechanisms involved in the pathogenesis of these patho-
logical processes remain poorly understood. The incretin system may serve as an im-
portant therapeutic target for the correction of these eating disorders.

Aim. To study the effects of the dual GIP/GLP-1 receptor agonist tirzepatide on feeding
behavior parameters in a rat model of emotional overeating induced by intracranial
self-stimulation (ICSS).

Methods. Experiments were performed on male Wistar rats with electrodes implanted
in the ventral tegmental area. Tirzepatide was administered subcutaneously at doses
of 0.05, 0.10, and 0.30 mg/kg for 7 days. Food intake (number of seeds consumed) was
assessed at 1 minute, 30 minutes, and on days 3 and 7 after administration.

Results. No statistically significant changes in feeding activity were observed 30 min-
utes after tirzepatide administration. On the third day, a decrease in food intake was
observed only at the maximum dose (0.30 mg/kg). On the seventh day, a significant
anorexigenic effect was observed at doses of 0.10 and 0.30 mg/kg, indicating a dose-
and time-dependent effect.

Conclusion. Tirzepatide does not exert a significant acute effect on feeding activity
in the emotional overeating model at 30 minutes after administration. Repeated ad-
ministration of the drug revealed a dose- and time-dependent anorexigenic effect,
manifested by a decrease in food intake on days 3 and 7 of the experiment. The most
pronounced decrease in feeding activity was observed at doses of 0.10 and 0.30 mg/kg
onday?7.

Keywords: tirzepatide, incretin, GLP-1, GIF, emotional overeating, brain stimulation,
VTA, feeding behavior

For citation: Dedanishvili N.S., Pyurveev S.S., Brus T.V.,, Vasiliev A.G. Dose- and time-de-
pendent effects of the dual GIP/GLP-1 receptor agonist tirzepatide on emotional overeat-
ing in a rat model of intracranial self-stimulation. Acta biomedica scientifica. 2026; 11(3):
162-170. doi: 10.29413/ABS.2026-11.3.20
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PE3IOME

O6ocHosaHue. Hecmomps Ha pacmyuwyto pacnpocmpaHeHHOCMb IMOUUOHAIbHO-
20 nepeedaHusA U OXXUpPeHUs, ocmaiomca HedOCMAamoYHO U3y4eHHbIMU KOHKpemHele
Helipo2OpMOHAsIbHbIe MeXAHU3Mbl 8 namozeHe3e OaHHbIX NAMoJI02u4ecKux npoyec-
cos. MIHkpemuHo8aA cucmema Moxem CyXUumb 8aXHOU mepanesmuyeckol Mulue-
Hbl0 0718 KOppeKyuu 3mux paccmpoulicme nuuego2o hogedeHus.

Leno uccnedoeaHus. Vizyqume enusHue 080LIHO20 azoHUcma peyenmoposg GIP
u GLP-1 mup3enamuda Ha nokasamesiu NUWEe8o20 NOsedeHUs NpuU 3KCnepuMeH-
MasnabHOM MOOesIuUpOBAHUU SMOUUOHAIbHO20 nepeeddHUs, 8bI38GHHO20 ekmpuye-
cKoU camocmumynayuel Mo32d y Kpbic.

MemoOdesl. SKcnepumeHMel 8bINOJIHEHbI HA KPbICAX-CaMUax AUHUU Bucmap c umnnas-
MUPOBAHHBIMU 3/IEKMPOOAMU 8 8eHMPAsIbHYIO 06/1aCmb NOKPbIWKU. Tup3enamud
8800u/1U NOOKOXHO 8 003ax 0,05; 0,10 u 0,30 me/ke Kypcom 8 meyerue 7 cymok. Oye-
HUBAJIU KOIUYECMB0 ceMAH, NOMpebIEHHbIX XUBOMHbIMU 3a 1 MuHymy, 30 MuHym,
a makxe Ha 3-u u 7-e Cymku nocsie 8gedeHus npenapama.

Pesynemamel. [lokaszaHo, Ymo Ha 30-U MuHyme nocsie 8eedeHuUs mup3enamuod
cmamucmuydecKu 3HA4YUMbIX U3MeHeHUU nuwesoli akmueHOCMU He 8blABIAI0Ch.
Ha mpembu cymku cHuxeHUe hompebsieHUA NUWU OMMmMeyanoce MmoJsibKo NpU MAakcu-
mansHot 0o3e (0,30 me/ke). Ha cedbmble cymku 0ocmosepHoe aHopekcuzeHHoe oeli-
cmesue Habidanoce npu 0o3ax 0,10 u 0,30 me/ke, ymo caudemesibcmayem o 0030-
U 8pemMA3asucuUMOoM xapakmepe 3¢hgekma.

3akmoyenue. Tup3enamuo He OKA3bi8AeM 8bIPAXXEHHO20 0CMPO20 8/IUAHUA HA NU-
wesyro akmugHoOCMob 8 MOOEIU SMOYUOHAIbHO20 nepeedaHus Ha 30-U MuHyme no-
cne 8gedeHus. [pu NOBMOPHOM 88e0eHUU Npenapama 8blfgagemcs 0030- U 8pems-
3asucumblli aHopeKcuzeHHbIU 3¢hhekm, npoAsAAIOUULCA CHUXeHUEM nompebrieHus
nuwu Ha 3-u u 7-e Cymku 3kcnepumeHma. Haubosee 8bipaxkeHHoOe CHUXeHUe nulye-
sol akmusHocmu Habsirodaemcsa npu 0o3ax 0,10 u 0,30 me/k2 Ha 7-e CYmKU 88e0eHUA.

Kniouesoie cnosa: mupsenamuod, uHkpemuH, GLP-1, GIP, smoyuoHansHoe nepeeda-
Hue, camocmumynayus mo3sed, VTA, nuwesoe nosedeHue

Ona untuposBanunsa: depannwsunun H.C, Mopsees C.C., bpyc T.B., Bacunbes A.l. Jo3o-
N BPEMA3aBUCMMOE BAHME ABOWHOro aroHucta peuentopos GIP/GLP-1 tup3enatu-
Aa Ha SMOLMOHasNbHOe nepeefaHne B MOAENM SNeKTPUYECKON CaMOCTUMYNALMM MO3ra
y Kpbic. Acta biomedica scientifica. 2026; 11(3): 162-170. doi: 10.29413/ABS.2026-11.3.20
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BACKGROUND

Pharmacological intervention strategies involving
simultaneous targeting of multiple regulatory signal-
ing pathways are being extensively explored in modern
medicine for the treatment of polyetiological chron-
ic diseases, including metabolic disorders, obesity,
and type 2 diabetes mellitus. The concept of polyphar-
macology involves the development of agents that act
on multiple biological targets to enhance therapeutic
efficacy and broaden the spectrum of action compared
to monotargeted drugs [1, 2].

The underlying rationale of such approaches
is to improve treatment outcomes through synergy aris-
ing from the concurrent activation of complementary
mechanisms. Traditionally, this has been achieved via
polypharmacotherapy, where patients receive a combi-
nation of several drugs [2]. However, advances in pep-
tide engineering have enabled the transition to the cre-
ation of “multifunctional” molecules capable of acting
on multiple pharmacological targets simultaneously
within a single compound [2].

Most such hybrid peptides target G protein-coupled
receptors (GPCRs). In recent years, a number of multi-re-
ceptor agonists have entered clinical trials as potential
therapies for type 2 diabetes, obesity, and non-alcohol-
ic steatohepatitis. The most advanced representative
of this class to date is the dual GIP and GLP-1 receptor
agonist - tirzepatide [3].

Initial clinical trials of tirzepatide have demonstrat-
ed unprecedented efficacy in lowering blood glucose
levels and body weight in patients with type 2 diabe-
tes [4]. Approximately one-third of patients receiving
the maximum dose (15 mg) achieved normoglycemia,
and about 25 % of participants lost at least 15 % of their
baseline body weight within 26 weeks of therapy [5, 6].
Additionally, a marked reduction in fasting triglycer-
ide levels was observed, and analysis of the insulin re-
sistance index (HOMAZ2-IR) indicated improved tissue
insulin sensitivity, which was only partially explained
by weight loss [7, 8].

Such comprehensive metabolic improvement
is consistent with the hypothesis that adding GIP ac-
tivity to classical GLP-1 agonist therapy enhances gly-
cemic control through several mechanisms: stimulation
of insulin secretion by pancreatic 3-cells, normalization
of white adipose tissue function, and a pronounced
anorexigenic effect mediated through integration
of signals from both receptors at the level of the central
nervous system [6, 8]. It is hypothesized that the high
clinical efficacy of tirzepatide is largely determined by its
specific pharmacological properties at each receptor.

The incretin system plays a key role in the regu-
lation of energy homeostasis and feeding behavior.
The major incretin hormones are glucagon-like pep-
tide-1 (GLP-1) and glucose-dependent insulinotropic
polypeptide (GIP), secreted by enteroendocrine cells
of the intestine in response to food intake. GLP-1 recep-
tors have been shown to be expressed in brain centers
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regulating behavior and reward, including the ventral
tegmental area and the nucleus accumbens, which may
influence motivation for food and other rewards [4]. Ac-
tivation of GLP-1R in these structures leads to reduced
food intake and modulation of dopaminergic transmis-
sion, indicating the involvement of the incretin system
in the regulation of the hedonic component of feeding
[5]. GIP receptors are also expressed in the CNS, and their
co-activation with GLP-1R is considered a promising
mechanism for enhancing metabolic and behavioral
effects [8]. GLP-1 receptor agonists have been shown
to reduce engagement of reward systems, decreasing
addictive-like behavior in models of nicotine use disor-
ders [5].

However, experimental data on the effects of dual
GIP/GLP-1 agonists, such as tirzepatide, on behavior un-
der conditions of hyperactivation of the reward system
remain extremely limited. Tirzepatide has been shown
to attenuate dopaminergic signals associated with al-
cohol and reduce reward-related behavioral manifes-
tations, indicating an impact on central reward mech-
anisms [5].

Therefore, the relevance of this study lies
in the experimental evaluation of the effects of tirze-
patide on emotional overeating in a model induced
by brain self-stimulation. Since this disorder is charac-
terized by combined dysregulation of reward systems,
food motivation, and energy homeostasis, it is funda-
mentally sensitive to drugs with a multimodal mecha-
nism of action.

AIM

To investigate the effects of the dual GIP/GLP-1 re-
ceptor agonist tirzepatide on feeding behavior parame-
ters in an experimental model of emotional overeating
induced by electrical self-stimulation of the brain in rats.

METHODS

The study was conducted in accordance with the re-
quirements of the European Convention for the care,
maintenance, and euthanasia of laboratory animals
and was approved by the local ethics committee of Saint
Petersburg State Pediatric Medical University (Protocol
No. 58/03, dated September 25, 2025).

Animals. A total of 24 male Wistar rats obtained
from the Rappolovo laboratory animal breeding facility
(Leningrad Region) were used in the study. Animals were
housed in standard plastic cages, 5 per cage, with free
access to water and food, under an inverted light cycle
(8:00 AM - 8:00 PM) at a temperature of 22 + 2°C. All
experiments were conducted during the autumn-winter
period.

Surgery. Upon reaching a body weight of 250 g,
rats underwent stereotaxic surgery. Rats were anes-
thetized with Zoletil® 100 at a dose of 50 mg/kg



(tiletamine, zolazepam; Virbac, France). Bipolar stainless
steel electrodes (0.2 mm diameter) were implanted us-
ing a stereotaxic apparatus (Harvard Apparatus, USA)
under aseptic conditions. Electrodes were implanted
into the right ventral tegmental area (VTA) at the fol-
lowing coordinates relative to Bregma: AP = -5.3 mm,
L=0.8mm,H=82mm.

Self-stimulation response study. In a Skinner box
(29.2 x 30.5 x 24.1 cm), a lever (4.5 x 2.0 cm) was posi-
tioned 3.0 cm above the floor. The chamber was con-
nected to a computer via an interface and controlled
by software (Institute of Experimental Medicine). Each
lever press delivered a train of rectangular pulses
(500 ms duration, 100 Hz pulse frequency, 1 ms pulse
duration). Animals were trained for 10 minutes daily
over 5 days. During these sessions, current intensity
was adjusted to achieve maximum lever-pressing rates
without impairing motor function or inducing seizures.
Animals that failed to press the lever more than 50 times
during 10-minute sessions were excluded from the ex-
periment. The remaining animals were tested during
30-minute sessions over 5 additional days to establish
a stable baseline response rate [9].

Self-stimulation and feeding behavior competi-
tion test. After stable self-stimulation parameters were
established, animals were placed on a food deprivation
schedule. Rats were trained for 30 minutes daily to ac-
cess a feeder containing abundant shelled sunflower
seeds over 5 days in the self-stimulation testing cham-
ber. The self-stimulation lever was disabled during this
phase. Subsequent experiments were conducted under
choice conditions between self-stimulation and food
consumption: a feeder was placed in the Skinner box,
and the lever was activated with a fixed current inten-
sity. All animals were required to maintain stable body
weight [9].

Hypothalamic stimulation-induced behavior
test. Following the competition test, animals were re-
turned to ad libitum access to standard pelleted chow
and water. Each animal was placed in a specialized cham-
ber for 5 minutes containing a feeder with sunflower
seeds and several wooden chips. At the end of this ha-
bituation period, forced hypothalamic stimulation (10
periods of 30 seconds each) was applied at the current
intensity used during the competition test. Food-direct-
ed responses or chewing induced by stimulation were
recorded [10].

Self-stimulation-induced emotional overeating
test. In the emotional overeating test in satiated rats,
the threshold current intensity required for lever press-
es during self-stimulation was used. Threshold deter-
mination was performed by varying current intensity
in 5 yA increments. Following threshold determination,
afeeder was placed in the Skinner box and the self-stim-
ulation lever was activated. The number of approach-
es to the feeder, number of seeds consumed, number
of lever presses at fixed threshold current intensity,
and feeding behavior parameters were recorded over 10
minutes. On subsequent days, drugs were administered
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20 minutes prior to testing, and then the rat was placed
in the chamber to assess self-stimulation-induced over-
eating [10].

Initially, 28 animals were included in the study. Fol-
lowing postoperative recovery and the self-stimulation
training phase, 4 animals failed to develop a stable be-
havioral response (did not press the lever) and were
consequently excluded from further experimentation.
Thus, 24 rats were included in the final analysis.

Randomization was performed using simple ran-
dom sampling with a random number generator. Prior
to group allocation, animals were stratified by body
weight (250 g) to ensure group comparability at base-
line. Each animal was then assigned an individual num-
ber, and group allocation was performed by an indepen-
dentinvestigator not involved in subsequent behavioral
testing.

Drugs. Tirzepatide, a synthetic peptide, an unbal-
anced dual agonist of the glucose-dependent insulino-
tropic polypeptide (GIPR) and glucagon-like peptide-1
(GLP-1R) receptors, was used in the study. Tirzepatide
(PROMOMED JSC, Russian Federation) was administered
subcutaneously in the scruff region at doses of 0.05,
0.1, and 0.3 mg/kg body weight in a volume of 1 mL/kg,
calculated individually based on animal weight, over
a 7-day course. A 0.9 % sterile sodium chloride solu-
tion was used as a control solution administered sub-
cutaneously. Rats were tested 20 minutes after the last
administration.

A schematic representation of the experimental de-
sign is provided in Figure 1.

Statistical analysis. Statistical significance was
assessed using GraphPad Prism 10. Data were tested
for normality (Shapiro — Wilk test). As distributions de-
viated from normality, the non-parametric Kruskal -
Wallis test was used with subsequent Dunn'’s post-hoc
test. For analysis of parameter dynamics over time,
the Friedman test with Wilcoxon - Holm pairwise com-
parisons was applied. The significance level was set
at p < 0.05.

RESULTS

According to the Kruskal - Wallis test, differences
between the four groups were non-significant at 30
minutes post-administration (H = 2.097, p = 0.5525), in-
dicating no overall dose effect on the number of seeds
consumed. Dunn’s post-hoc analysis also revealed
no significant differences between the control group
and the groups receiving the compound at 0.05, 0.10,
and 0.30 mg/kg (p > 0.05) (Fig. 2).

The Kruskal - Wallis test revealed an overall dose ef-
fect on day 3 of administration (H = 9.641, p = 0.0219),
indicating significant variability in median values
between groups. Dunn's post-hoc analysis showed
a significant difference only between the control group
and the group receiving the compound at 0.30 mg/
kg (p = 0.0265). No significant differences were found



FIG. 1.
Study design scheme

between the control and the 0.05 mg/kg and 0.10 mg/kg
groups (Fig. 3).

The Kruskal — Wallis test revealed an overall dose ef-
fect on day 7 of administration (H = 14.16, p = 0.0027),
indicating significant variability in median values
between groups. Dunn's post-hoc analysis showed
significant differences between the control group
and the groups receiving the compound at 0.10 mg/kg
and 0.30 mg/kg (p = 0.0442). No differences were found
between the control and the 0.05 mg/kg group (Fig. 4).

Analysis of body weight dynamics revealed dif-
ferential changes depending on the tirzepatide dose.
In the control group, physiological weight gain was ob-
served throughout the observation period. In the group
receiving tirzepatide at 0.05 mg/kg, weight gain was
slower compared to controls. In the 0.10 mg/kg group,
a trend toward gradual weight loss was observed, while
at 0.30 mg/kg, pronounced weight loss was registered
from day 2-3 of the experiment (Fig. 5A).

By day 7, intergroup differences in body weight were
statistically significant. The Kruskal - Wallis test revealed
an overall dose effect (H=13.19,p < 0.01). Post-hoc com-
parison showed significant weight loss in the tirzepati-
de 0.30 mg/kg group compared to controls (p < 0.01).
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FIG. 2.

Feeding activity, defined as the number of seeds consumed per
minute, in the control group and in groups receiving the test com-
pound at various doses, assessed at 30 minutes post-administra-
tion. Each dot represents an individual animal



FIG. 3.

Feeding activity, defined as the number of seeds consumed per
minute, in the control group and in groups treated with the
test compound at various doses on day 3 post-administration
(Mean + SD). Each dot represents an individual animal. *p < 0.05
(Kruskal-Wallis test followed by Dunn’s post-hoc test)

The 0.10 mg/kg group also showed a statistically sig-
nificant difference relative to controls (p < 0.05), while
the 0.05 mg/kg dose did not differ from controls (Fig. 5b).

Thus, tirzepatide administration was associated
with dose-dependent weight loss, most pronounced
at 0.30 mg/kg, confirming the pharmacological ac-
tivity of the drug under repeated administration
conditions.

DISCUSSION

The present study demonstrated that tirzepatide
exerts dose- and time-dependent effects on feeding
behavior in a model of emotional overeating induced
by electrical self-stimulation of the brain. The observed
gradual development of the anorexigenic effect con-
firms that the influence of dual GIP/GLP-1 receptor
activation on behavioral parameters requires repeat-
ed administration and is not immediate. This profile
is consistent with clinical data on the gradual reduc-
tion of appetite and body weight during tirzepatide
therapy [11, 12].

The absence of a statistically significant effect 30
minutes after a single drug administration may indicate
that short-term incretin receptor activation does not
lead to immediate behavioral changes under conditions
of an activated reward system. This aligns with data
showing that central GLP-1 receptor effects develop
gradually and are associated with changes in hypo-
thalamic and mesolimbic neuronal activity [13]. It has
been shown that blockade of endogenous GLP-1R sig-
naling in the ventral tegmental area (VTA) and nucleus
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FIG. 4.

Feeding activity, defined as the number of seeds consumed per
minute, in the control group and in groups treated with the
test compound at various doses on day 7 post-administration
(Mean + SD). Each dot represents an individual animal. *p < 0.05
(Kruskal — Wallis test followed by Dunn’s post-hoc test)

accumbens (NAc) led to a significant increase in food in-
take, establishing the physiological significance of GLP-
1 signaling in the mesolimbic reward system [14]. Our
hypothesis is supported by functional magnetic reso-
nance imaging studies in patients receiving GLP-1 ag-
onists, demonstrating reduced reward center reactivity
to food stimuli after several weeks of therapy, but not
in the first days of treatment [15-17].

The reduction in food intake observed on day 3 only
atthe maximum dose indicates the existence of a thresh-
old level of receptor activation required to achieve
the behavioral effect. Similar data on dose-dependency
of incretin effects have been demonstrated in preclin-
ical models for GLP-1R agonists. Activation of central
GLP-1Rs has been shown to suppress reward and moti-
vation for food intake, interacting with the mesolimbic
system [17]. Concurrent activation of GIPR and GLP-1R
has been shown to enhance metabolic and behavioral
effects compared to isolated stimulation of a single re-
ceptor, supporting the concept of synergy of dual ago-
nists [18].

The most pronounced reduction in feeding activity
by day 7 of drug administration indicates the establish-
ment of a stable pharmacological effect. Clinical studies
demonstrate a similar dynamic of gradual intensifica-
tion of tirzepatide’s anorexigenic action during the first
weeks of therapy [11, 12]. In patients with type 2 dia-
betes mellitus, tirzepatide was non-inferior to semaglu-
tide and superior in terms of mean change in glycated
hemoglobin and body weight from baseline at 40 weeks
[19]. Furthermore, changes in eating behavior patterns
in patients during long-term drug administration have
been demonstrated [20].



FIG. 5.

Dynamics of body weight changes in rats during 7 days of tirzepatide administration

A - Body weight changes (Mean + SD) in the control group and in groups treated with tirzepatide at doses of 0.05, 0.10, and 0.30 mg/kg.
B - Individual body weight values on day 7 of the experiment, with the group mean indicated by a horizontal line. Each dot represents
an individual animal. **p < 0.01 (Kruskal — Wallis test followed by Dunn’s post-hoc test).

From a neurobiological perspective, it is well estab-
lished that GLP-1 receptors are expressed in structures
involved in the regulation of both homeostatic and he-
donic feeding, including the hypothalamic arcuate nu-
cleus, ventral tegmental area, and nucleus accumbens
[13, 14]. GLP-1R activation in the VTA reduces dopami-
nergic activity and diminishes the motivational salience
of food stimuli. Central delivery of the GLP-1R agonist
exendin-4 has been shown to suppress phasic dopa-
mine release induced by intravenous cocaine adminis-
tration. This effect was selective for dopamine signaling
in the NAc [21].

The influence of GIP receptors on central mech-
anisms has been studied less extensively. However,
it has been shown that their co-activation may enhance
GLP-1 effects through alterations in intracellular signal-
ing and potentiation of metabolic responses [18, 22].
The hypothesis that dual GIP/GLP-1 activation leads
to more pronounced modulation of mesolimbic circuits
compared to selective GLP-1R stimulation appears bi-
ologically plausible but requires direct neurochemical
confirmation.

The present study demonstrates the effect
of tirzepatide on feeding behavior in a model of ar-
tificial hyperactivation of the reward system. In con-
trast to most preclinical studies evaluating hyperpha-
gia in diet-induced obesity models, this model allows
investigation of the hedonic component of feeding
associated with activation of the mesolimbic do-
paminergic system. Therefore, this work expands
the mechanistic understanding of the clinical effects
of tirzepatide.

The data obtained suggest that tirzepatide may
be considered a potential tool for correcting not only
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metabolic disorders but also conditions characterized
by pathologically enhanced food motivation. Clinical
data indicate the presence of a pronounced hedon-
ic component of feeding and elements of compulsive
behavior in a subset of patients with obesity [23-25].
If the hypothesis of central modulation of the reward
system is confirmed, this may expand the therapeutic
potential of dual incretin agonists in patients with emo-
tional overeating and comorbid impulse control disor-
ders [26].

Therefore, the present study confirms the dose-
and time-dependent nature of tirzepatide's anorexigen-
ic effect in an experimental model of emotional overeat-
ing, demonstrates the potential involvement of central
mechanisms of motivational regulation, and establishes
a foundation for further translational research.

CONCLUSION

The obtained data confirm that tirzepatide, upon
repeated administration, reduces feeding activity
in a model of emotional overeating and exhibits a dose-
and time-dependent effect. However, to demonstrate
a primarily central (motivational) mechanism of action,
additional studies with control of locomotion/somatic
status and an extended panel of behavioral and neuro-
biological markers of the reward system are required.
The potential role of dual incretin activation in the cor-
rection of feeding behavior relevant to clinical forms
of obesity with a pronounced hedonic component
is substantiated, while simultaneously indicating
the limitations of interpretation necessary for clinical
translation.
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ABSTRACT

Background. The increase in the number of cases of generalized tuberculosis infection
with intestinal damage, especially in HIV-positive patients, underscores the need for fur-
ther study of this problem. Tuberculosis is transmitted by airborne droplets; however,
there are known cases of intestinal tuberculosis in which infection occurred through
the alimentary route. Since such cases are extremely rare, there are likely specific im-
munological and epidemiological conditions that allow Mycobacterium tuberculosis
to penetrate the intestinal wall and develop primary inflammation.

The aim. To study the possibility of an alimentary route of tuberculosis infection in im-
munocompetent and immunocompromised individuals using a reproducible rabbit
model.

Materials and Methods. The experiment involved rabbits, divided into three groups.
Animals were orally administered a suspension of a standard laboratory isolate My-
cobacterium tuberculosis H37Rv. The first group included immunocompetent rabbits
immunosuppressed with infliximab, the second group had animals reinfected against
the background ofimmunodeficiency, and the third group included rabbits with a com-
bination of drug-induced immunosuppression and chemically induced enterocolitis.
To assess the results of infection, clinical observation, detection of MTB DNA in feces,
skin test with ATR, pathoanatomical, histological and molecular genetic examination
of organs were used.

Results. Despite the temporary shedding of MTB DNA in feces (60-70 %), no signs
of tuberculous inflammation in the organs were present in animals in groups 1 and 2.
In group 3, macro- and microscopic signs of tuberculosis were detected in the lungs
of 83.3 % of the animals and in the mesenteric/intrathoracic lymph nodes of 58.3 %.
At the same time, no specific granulomatous intestinal lesions were found in any
of the groups.

Conclusion. The development of tuberculous enterocolitis in rabbits following oral in-
fection is unlikely. The alimentary route of infection can lead to generalized tuberculo-
sis only when two key predisposing factors are present: systemic immunosuppression
and previous damage to the intestinal barrier.

Keywords: experimental tuberculosis, alimentary route of infection, animal model,
rabbit, model of tuberculous enterocolitis, erosions and ulcers of the intestine, dis-
semination
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va D.A., Zuban O.N., Yablonsky PK. A new look at the alimentary route of tuberculosis
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PE3IOME

O6ocHosaHue. YsenuyeHue Huc/ia Cry4des 2eHepasnau3o8aHHol mybéepkynesHol
UHbeKyuu ¢ nopaxeHuem KUWeYHUKd, 0cobeHHo y BUY-no3umusHeix nayueHmos
oukmyem Heobxo0uMocmb OdasbHeliwe20 usyyeHusa 0aHHoU npobnemsl. Tybepkyne3
nepedaemcs 8030yWHO-KanesibHbIM Nymem, 00HAKO U38eCmHbI C/Iy4au mybepkysesa
KUWeYHUKd, NpU KOMOpbIX UHGUUUPOBAHUE NPOU3OWJIO dIUMEHMApHbIM Nymem.
[Mockonbky makue ciyuau KpatliHe pedKu, 8epOSMHO, Cywecmayrom ocobeie UMMY-
HoJsl02u4ecKue U 3nudemuosioeuyeckue ycao8us 019 npoHUKHogeHua Mycobacterium
tuberculosis 8 cmeHKy KUWKU U pa3sumus 8 Heli Nnep8uYHO20 80CNAJIEHUS.

Lleneto Hacmoswe2o uccie008aHUs A8/19eMCA U3yyeHue 803MOXHOCMU a/lUMEH-
MApHoz0 Nymu 3apaxeHus mybepkyne3Hol uHgpexyuel y UMMYyHOKOMNEemeHMHbIX
U UMMYHOKOMNPOMeMUpPOBAHHbIX 0cobell Ha 80CNpouU3800UMOU Kposiuybeli Modesu.
Mamepuanel u memoOdel. B 3kcnepumerme 6bi/1U UCNO/16308AHbI KPOJIUKU, pacnpe-
OesieHHble Ha Mpu 2pynnbl. XUBOMHbIM NepopdsibHO 8B0OUJTU CYyCNeH3UIO Ky1bmypbl
cmardapmHozo iabopamopHozo wmamma Mycobacterium tuberculosis H37Rv. lNep-
8as 2pynna eKYana UMMyHOKOMNEMEHMHbIX U UMMYHOCYNPeCCUpOBaHHbIX UH-
hukcumabom KposIUKO8, BMopds — KUBOMHbIX C NOBMOPHbLIM 3apaxeHUeM Ha hoHe
uMMyHoOeguyuma, mpemos — KpOJIUKO8 C KOMOUHAYuel MeouKaMmeHmMo3HoU UMMY-
HoCynpeccuu U Xumuyvecku UHOYYUpOBAHHO20 3HMepoKoIuma. [Jis oyeHKku pesysb-
mamoe 3apaeHus Ucnosb308asu KIUHU4Yeckoe HabmooeHue, demekyuto JHK MBT
8 Karse, KoxHyto npoby ¢ ATP, namo1020aHaMoMuyecKkoe, 2ucmosioeudeckoe U MoJsie-
Ky/IApHO-2eHemuyecKoe ucc/iedo8aHue op2aHos.

Pesynemamel. Y xusomHuix 1-0 u 2-U 2pynn, HeCMOmMps HA 8peMeHHOe 8bioesieHue
JHK MBT ¢ kanom (60-70 %), npusHaku mybepKysie3Ho20 80CNasieHUs 8 0p2aHAx om-
cymcmeosanu. B 3-U epynne Makpo- u Mukpockonuveckue npusHaku my6epkysnesa
8bisig/ieHbl 8 JleeKux ¥ 83,3 % XUBOMHbLIX U 8 Me3eHMepUasbHbIX/8HYMpuU2pyOHbIX
numgamuyeckux y3nax y 58,3 %. lpu smom cneyuguyeckozo 2pdHynemMmamo3Ho20
nopaxeHus KUWEYHUKA He 06Hapy»xeHo HU 8 00HOU U3 2pynn.

3aknryenue. Pazgsumue mybepKyie3Ho20 3HMepPOoKoaUMd y KposIukos npu nepo-
PpasIbHOM 3APaXxeHUU Maao8eposmHo. AluMeHmMapHsil nyme UHGUUUPOBAHUS MO-
XXem npugooUMb K 2eHepanu308aHHOMY my6epKysie3y mosibKo npu coyemaHuu 08yx
K/lo4esbix npedpdcnosazarouux pakmopos: cucmemHol UMMYHOCYnpeccuu u npeo-
wecmeayroujezo nospex0eHus Kuwe4yHozo bapbepa.

Knioyeesie cnoea: sxcnepumeHmarsHoil mybepkynes, aaumeHmapHsit nyme 3apd-
JKeHUS, XXUBOMHAs MOOesIb, KpOJIUK, MOOesb mybepKy/1e3H020 SHMepPoKoaUMd, 3po-
3UU U A38bl KUWEYHUKA, QucCeMUHauus

Ana yntnposaHuaA: PewetHmkos M.H., MnoTtkun [.B., BuHorpagosa T.W., [loroHaase M.3,,
MeaHoBa [.A., 3yb6aHb O.H., A6noHckuit M.K. HoBbli B3rnag Ha anvMMeHTapHbI NyTb 3a-
paxkeHna Ty6epKynesom C MCMosb30BaHMEM Kponuubel Mogenu (3KcnepumeHTanbHoe
nccnegosaHue). Acta biomedica scientifica. 2026; 11(3): 171-181. doi: 10.29413/ABS.2026-
11.3.21
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INTRODUCTION

Despite significant progress in the fight against tuber-
culosis (TB), it continues to be a global infectious threat
to the world’s population. The HIV pandemic, the use
of genetically engineered biological drugs (interleukin
inhibitors) and glucocorticoids, as well as comorbid con-
ditions such as diabetes mellitus, autoimmune and onco-
logical diseases have created a significant number of im-
munocompromised patients. In these individuals, there
have been an increasing number of cases of generalized
and extrapulmonary TB, including abdominal involve-
ment [1]. Among all forms of abdominal TB, enterocolitis
is the most severe and can lead to complications such
as perforation, bleeding, and intestinal obstruction [2].
Animal models can be used to study the routes of in-
fection, disease pathogenesis, and test new therapeutic
approaches.

Over the past several decades, extensive research has
demonstrated that rabbits can be used as a suitable model
to study pathological processes caused by Mycobacterium
tuberculosis (MTB). This includes active TB and latent TB in-
fection. The outcome of infection in rabbits is determined
by the nature of the MTB strain that infects them, the in-
oculum dose, and any prior vaccination. Rabbits are also
an excellent model to study extrapulmonary TB, as their
clinical signs, disease progression patterns, and immuno-
pathological reactions are similar to those seen in humans
[3, 4]. Outbred rabbits have been shown to be relatively
resistant to intravenous and aerosol infection with MTB
cultures, and usually recover from infection within 4-6
months. After experimental aerosol infection, rabbits de-
velop pulmonary granulomas and, in some cases, cavities
that resemble those seen in humans [5].

In most cases, TB is transmitted via the airborne route.
After the development of the primary focus in the lungs
or mediastinal lymph nodes, the disease spreads to other
organs and tissues through lymphohematogenous dis-
semination, when the immune system is weakened [6, 7].
However, there have been reports of cases of intestinal tu-
berculosis where infection occurred through the alimen-
tary route, either through consumption of contaminated
milk or ingestion of sputum [7]. These cases are extreme-
ly rare and specific immunological and epidemiological
factors likely allow MTB to penetrate the intestinal wall
and cause primary inflammation.

AIM
To study the possibility of an alimentary transmission

of tuberculosis in immunocompetent and immunocom-
promised individuals using a reproducible rabbit model.

MATERIALS AND METHODS

The experimental study was conducted on 32 male
Soviet Chinchilla rabbits, weighing 2540-3110 g [8]. All
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animals were sourced from the Rappolovo Laborato-
ry Animal Nursery at the Kurchatov Institute Research
Center and were free from any visible signs of dis-
ease. Prior to the study, they underwent a two-week
quarantine period at a certified animal facility located
at the St. Petersburg Research Institute of Phthisiopul-
monology under the Ministry of Health of the Russian
Federation.

Rabbits were maintained underidentical conditions,
receiving a standard diet and water supply. All proce-
dures involving animals were carried out in accordance
with ethical principles outlined in the European Con-
vention for the Protection of Vertebrate Animals used
for Experimental and other Scientific Purposes (CETS
No. 170) and in compliance with GOST 33216-2014
Guidelines for Handling Laboratory Rodents and Rab-
bits [9]. The study was approved by the independent
ethics committee of the St. Petersburg Research Insti-
tute of Phthisiopulmonology (Protocol No. 80.3, dat-
ed June 23, 2021), and fully complied with the decree
of the chief sanitary physician of the Russian Federation,
No. 4, dated January 28, 2021, which approved the san-
itary regulations, SanPiN 3.3686-21, on Sanitary and Ep-
idemiological Requirements for the Prevention of Infec-
tious Diseases.

A suspension of the standard international viru-
lent test strain Mycobacterium tuberculosis H37Rv was
used as the infectious agent. This strain was obtained
on August 7, 2013 from the Scientific Center for Ex-
pert Evaluation of Medicinal Products of the Ministry
of Health of the Russian Federation. The inoculum
dose used was 10° colony-forming units (CFU), which
corresponds to 0.1 mg/0.5 mL in 2 mL of saline solu-
tion for rabbits. This mycobacterial suspension was
administered orally using two enteric-coated gela-
tin capsules via a tablet dispenser (Neoterica Vetpro,
Russia).

Depending on the experimental infection condi-
tions, all animals were randomly divided into three
groups. Group 1 consisted of 10 rabbits, which were di-
vided into two subgroups: subgroup 1a (n = 5) receiving
oral infection without prior immunosuppressive treat-
ment, and subgroup 1b (n = 5) with prior drug-induced
immunosuppression. Group 2 (n = 10) consisted of rab-
bits with secondary drug-induced immunodeficiency,
who received oral infection twice with a 30-day interval.
Group 3 (n = 12) included rabbits with both drug-in-
duced immunodeficiency and chemical enterocolitis
induction, before receiving MTB-containing capsules
(Table 1).

To model drug-induced immunodeficiency, the lev-
els of tumor necrosis factor-alpha (TNF-a) were reduced
by administering the TNF-a inhibitor infliximab intra-
venously into the marginal ear vein. Infliximab is a chi-
meric murine-human monoclonal antibody produced
by BIOCAD, a Russian company, and was administered
at a dose of 16 mg/kg of body weight [10, 11].

Infliximab was selected as the immunosup-
pressive agent due to its ability to exhibit sufficient



cross-reactivity and neutralization of rabbit TNF-a in vivo
despite differences in amino acid sequences between
human and rabbit TNF-a. This has been confirmed
in studies using animal models of various immune-me-
diated inflammatory diseases [12, 13].

To induce non-specific colitis, 0.1 % and 0.5 % dex-
tran sulfate sodium solutions (DSS) (TdB Labs, Sweden,
CAS No. 9011-18-1, molecular weight 40,000 Mw) were
used, based on their safer concentrations and ability
to induce catarrhal and erosive-ulcerative inflammation
[14,15]. The rabbits were given water containing the DSS
solution via drinking bottles for 6 days (up to 1350 mL
on average). Six animals received 0.1 % DSS solution,
and the other six received 0.5 % DSS solution mixed
with fennel tea to mask the unpleasant taste and odor
of the solution.

During the course of the experimental study, an-
imals were monitored on a daily basis. Body weights
were recorded on days 20, 60 and 90 of the study.
On day 10, samples of rabbit feces were analyzed
for the presence of Mycobacterium tuberculosis DNA.
On day 35, a skin test using recombinant tuberculo-
sis allergen (RTA) was performed (Diaskintest, Rus-
sia). The test results were assessed 72 hours after
the test.

Euthanasia was carried out on day 90 after infection
by anesthetic overdose: propofol 70 mg and rocuroni-
um bromide 30 mg were administered intravenously.
During the necropsy, samples were collected for mor-
phological and bacterial examination from the great-
er omentum, small and large intestinal fragments,
mesenteric lymph nodes, heart, liver, spleen, kidneys,

TABLE 1

and lungs. Samples were also taken from the intes-
tines, lungs, lymph nodes, and omentum for molecular
genetic analysis.

Biological material was labeled and fixed in a 10 %
neutral buffered formalin solution. Microscopic analysis
was performed using a Nikon Ci-S microscope (Nikon
Corporation, Japan), with video-digital image process-
ing to archive and analyze the material. Histological sec-
tions were stained using hematoxylin and eosin as well
as the Ziehl-Neelsen technique. MTB DNA in the tissues
was detected using polymerase chain reaction (PCR),
employing the Amplitub-RV reagent kit from Syntol LLC
(Russia).

Data collection, correction, systematization,
and visualization were performed using Microsoft
Office Excel 2016. Statistical analysis was carried
out using Python v. 3.12 from the Python Software
Foundation’.

Qualitative data are presented in the form of ab-
solute numbers with percentages (%). Nominal data
were compared between groups using Pearson’s x? test
or Fisher’s exact test (when expected values were <10).
Quantitative data (body weight) are presented
as an arithmetic mean (M) * standard deviation (SD).
The Shapiro - Wilk test was used to assess the nor-
mality of the distribution. To evaluate body weight
dynamics within Group 3 (comparing paired samples
on days 2 and 10), a paired Student’s t-test was used
since the data distribution did not deviate from nor-
mality. Differences were considered statistically signif-
icant at p < 0.05 and a two-tailed significance level was
employed.

DISTRIBUTION OF ANIMALS INTO GROUPS AND TIMEFRAMES OF VARIOUS STAGES OF THE EXPERIMENT

Groups

Subgroup 1a (n=5)

Subgroup 1b (n=5)

Group 2 (n=10)

Group 3 (n=12)

1 https://www.python.org/

DSS

from day 1 to day 6

Infliximab MTB Euthanasia
- onday 1 on day 90
onday 1 on day 2 on day 90
ondays 1 and 29 on days 2 and 30 on day 90
onday9 onday 10 on day 90
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RESULTS

During the entire observation period, no differenc-
es or distinctive behavioral features were noted in rab-
bits from Groups 1 and 2. Both groups exhibited active
feeding and drinking behavior, and their average body
weight increased by 142 + 13.5 g every 30 days. In con-
trast, all 12 animals in Group 3 showed behavioral
changes from day 2 onwards. They exhibited lethargy,
apathy, hypodynamia, and decreased appetite. These
symptoms completely resolved by day 16 of the exper-
iment. Additionally, 9 out of 12 rabbits in Group 3 de-
veloped digestive disturbances (frequent loose stools)
on days 2-5 due to DSS administration, accompanied
by a transient body weight loss averaging 151 + 9.3 g
(p < 0.01, paired Student’s t-test). By the end of the first
month of the experiment, animals in Group 3 had be-
gun to gain weight actively, and by day 30 their ac-
tivity and feeding behavior did not differ from those
in Groups 1 and 2. Detection of MTB DNA in fecal sam-
ples on days 7-10 showed similar positive test rates
across groups: 6 out of 10 rabbits (60 %) in Group 1,
7 out of 10 (70 %) in Group 2, and 9 out of 12 (75 %)
in Group 3 (p = 0.74). Assessment of the skin test us-
ing recombinant tuberculosis allergen (RTA) showed
erythema and papule formation only in 8 rabbits
from Group 3 (66.7 %).

At the time of autopsy, there were no signs
of tuberculous inflammation in the major or-
gans and tissues of the animals in Groups 1 and 2.
In the myocardium of most rabbits, there was moder-
ate hydropic degeneration of cardiomyocytes, stromal
edema, and venous congestion. In the liver, the most
common findings (75 %) were moderate venous con-
gestion, hepatocyte degeneration, mild focal lym-
phoid infiltration of individual portal tracts, or mild
fibrosis. No pathological changes were observed
in the kidneys. The serous membranes of the tho-
racic and abdominal cavities remained unchanged

FIG. 1.

in all animals. Signs of non-specific mild to moderate
enteritis were present in four animals (20 %). Nota-
bly, rabbits that received the TNF-a inhibitor showed
indirect signs of immunosuppression (in the spleen
and lymph nodes), such as reduced follicle size, indis-
tinct follicle borders, a weak macrophage response,
and congestion in the splenic red pulp. In the lungs
of 13 animals (65 %), signs of non-specific bronchitis,
pneumonia, or lung abscess were observed (Fig. 1).
Bacterioscopic and molecular genetic methods did
not detect acid-fast bacilli (AFB) or MTB DNA in any
of the examined organs and tissues of the animals
in Groups 1 and 2, while specific signs of tuberculous
inflammation were detected in the rabbits in Group 3.

The autopsy of rabbits from Group 3 showed
macroscopic signs of complete tuberculous infection
in the lungs in 10 animals (83.3 %), as well as enlarge-
ment of mesenteric and intrathoracic lymph nodes in 7
animals (58.3 %). The examination of small and large
intestine loops revealed signs of serous edema, tran-
sient areas of visceral peritoneal hyperemia, and ero-
sion or shallow ulceration on the mucous membrane
in 75 % of cases (n = 9).

The histological examination of intestinal tissue did
not reveal any specific granulomatous reaction in any
of the animals. Instead, the observed changes were
consistent with a non-specific enterocolitis, character-
ized by submucosal edema, leukocytic infiltration, vil-
lous atrophy, and the presence of erosions (Fig. 2). AFB
were not detected in the intestinal tissues using Ziehl -
Neelsen staining, and MTB DNA was not detected in any
of the samples analyzed using PCR.

In individual mediastinal and mesenteric lymph
nodes (n = 7; 58.3 %), disruption of the lymphoid tissue
architecture was observed, due to the formation of ep-
ithelioid cell granulomas with caseous central mass-
es. The lymphoid tissue was preserved in subcapsular
regions. The granulomatous inflammation consisted
primarily of activated macrophages with abundant

A - gross specimen: rabbit lungs with signs of pneumonia; B - lung tissue with signs of nonspecific acute purulent endobronchitis,
hematoxylin and eosin staining, scale bar 50 um; C — acute abscess in rabbit lung tissue; hematoxylin and eosin staining, scale bar

100 um
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cytoplasm, epithelioid cells, and occasionally Langhans
giant cells. Sections stained with the Ziehl - Neelson
method revealed numerous microcolonies of acid-fast
bacilli (Fig. 3).

Detection of MTB DNA in lymph node tissue sam-
ples yielded positive results for 5 samples (41.7 %).
The granulomatous inflammation was detected
in the spleens of 3 rabbits (25 %) (Fig. 4).

Examination of lung tissue from 10 animals (83.3 %)
in Group 3 revealed tuberculous inflammation of vary-
ing severity. There was a predominance of destructive

FIG. 2.

forms and the formation of small cavities. Numerous
dystelectases, as well as productive and alterative ep-
ithelioid cell granulomas with central caseous necrosis,
were observed in the alveolar pattern (Fig. 5). There
was also moderate interstitial inflammation with an ex-
udative component in the surrounding tissues. Single
AFB was detected in sections stained with the Ziehl -
Neelsen method. The kidneys, liver, and myocardium
of these rabbits also showed moderate signs of intox-
ication, including venous congestion, hemorrhage, de-
generative changes, and stromal edema in the internal

A - gross specimen: rabbit intestine (view of mucosa) with signs of enteritis; B — eroded intestinal mucosa with signs of active chronic
inflammation; hematoxylin and eosin staining, scale bar 100 um; C - intestinal mucosa with signs of chronic inflammation, superficial
microerosions with translocation of microbial flora under the epithelium of the extrusion zone; hematoxylin and eosin staining, scale

bar 100 um

FIG. 3.

A - gross specimen: enlarged mesenteric lymph nodes of the rabbit small intestine; B - tuberculous mesanteric adenitis with subtotal
involvement, formation of an extensive caseous-necrotic focus surrounded by an epithelioid cell wall with occasional Langhans-type
multinucleated giant cells, stained with hematoxylin and eosin, scale bar 200 um; C — acid-fast mycobacteria in the cytoplasm of epi-
thelioid cells and freely present in necrotic masses of the affected lymph node, Ziehl - Neelsen staining, scale bar 10 um
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organs. Reactive changes and blurred follicular struc-
tures were noted in the immune system organs (spleen
and other lymph nodes).

Therefore, in rabbits from Groups 1 and 2, even un-
der conditions of immunosuppression and repeated
oral exposure, no signs of tuberculous inflammation
were detected. In contrast, the vast majority of animals
in Group 3 exhibited pulmonary and lymph node foci
of tuberculosis, with no granulomatous involvement
of the intestines.

DISCUSSION

The alimentary route of tuberculosis transmission
is considered in the literature as an additional route
of infection [16, 17]. Additionally, the development
of tuberculous enterocolitis has also been associated
with the consumption of contaminated dairy prod-
ucts or the ingestion of infected sputum in the pres-
ence of a primary pulmonary tuberculosis focus [18].
Experimental evidence supporting these assertions
was obtained over a century ago and was primarily
descriptive. For instance, in 1868, J.A. Villemin added
sputum from tuberculosis patients to the diet of sever-
al guinea pigs and euthanized the animals after three
months. Upon autopsy, erosive changes were observed
in the small intestine and cecum, although histological
or culture confirmation of tuberculosis infection was
not provided in this study [19]. Later, in 1933, M. Mc-
Conkey and D.T. Smith conducted a series of similar
experiments. Seventy-two adult guinea pigs were fed
a diet mixed with infected sputum on a daily basis
for four months. Half of the animals were maintained
on a diet that was partially deficient in ascorbic acid.

FIG. 5.

Of these, 26 guinea pigs developed ulcerative intes-
tinal tuberculosis. Among the remaining 35 animals,
whose diet was supplemented with adequate vitamin
C, only two were found to have intestinal tuberculosis
with ulcers [20].

Commenting on the results of these experi-
ments, one can note an undeniable methodological
error in the choice of model animal. Guinea pigs are
well known to be extremely sensitive and susceptible

FIG. 4.

Tuberculous inflammation in the spleen tissue with the forma-
tion of irregularly shaped productive epithelioid-cell granulomas
containing occasional Langhans-type multinucleated giant cells,
stained with hematoxylin and eosin, scale bar 50 um

A - gross specimen: lungs of a rabbit with caseous pneumonia. B, C - Tuberculous inflammation in lung tissues: subpleural aci-
nous-nodular confluent productive epithelioid-cell granulomas (B) with Langhans-type giant multinucleated cells and caseous-ne-
crotic foci (C), stained with hematoxylin and eosin, scale bar 100 um (B), 50 um (C)
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to Mycobacterium tuberculosis infection through any
route of transmission, including the alimentary route
[21]. The digestive tract of guinea pigs does not con-
stitute a significant barrier to mycobacteria, but in ad-
dition to the intestine, the lungs and immune system
organs are likely to be affected as well [22].

The most reliable information regarding the al-
imentary route of infection in guinea pigs was ob-
tained from an experiment conducted by J. Gao et al.
in 2018 [23]. In the experimental group, animals were
administered 100 mL of drinking water containing
2 x 107 CFU of the standard MTB strain H37Rv via drink-
ing bottles for 8 hours. Euthanasia was performed
atthe end of the 4-month experiment. Granulomatous
lesions were found in the lungs, spleen, and lymph
nodes of the animals, and culture of homogenates
from these tissues demonstrated the growth of MTB
colonies on solid media after 1.5 months. At the same
time, no specific changes indicative of tuberculous
enterocolitis were detected in histological sections
from various intestinal segments. It should be noted
that the experimental animals were fed commercial
feed that contained sufficient ascorbic acid. This may
represent one of the factors in the immune defense
and enteroprotective effects that prevent the devel-
opment of inflammation in the intestinal wall [23].

Using the PubMed and Scopus databases, no
publications were found on the alimentary infec-
tion of rabbits with MTB or on the modeling tuber-
culous enterocolitis in this species. The only excep-
tion is the study conducted by V.G. Shtefko (1941),
who administered adrenaline intraperitoneally
to rats and rabbits followed by intravenous infec-
tion with M. tuberculosis emulsion [24]. According
to the author, this combination led to the develop-
ment of ulcerative intestinal tuberculosis in 70-80 %
of the surviving animals. However, most of the rabbits
and rats died due to adrenaline shock. It is import-
ant to note that the reliability of these data is ques-
tionable, as the study lacks evidence that the ulcers
were of a tuberculous origin. It is more likely that
“stress-induced” adrenal ulcers of the intestine were
described [25].

In the current study, we were also unable to repli-
cate either infiltrative or erosively-ulcerative tubercu-
lar enterocolitis. However, we obtain reliable evidence
of alimentary infection in laboratory animals, result-
ing in the development of generalized forms of tuber-
culosis. Despite the vulnerability of the rabbit’s intes-
tine (due to its weak motility and physiological stasis),
the immune system of these animals adequately re-
sponds to the presence of MTB in the food bolus [26,
27]. According to our observations, when immuno-
competent rabbits are orally infected with mycobac-
terial suspensions, tuberculous inflammation does
not develop due to the natural immune barrier pro-
vided by intestinal epithelial cells, immunocompe-
tent agranulocytes, and immune proteins prevents it.
Most likely, the majority of the pathogen is destroyed
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in the intestine and undergoes temporary migration
through the gastrointestinal tract, as seen in rabbits
from Groups 1 and 2, where positive MTB DNA was
detected in fecal samples. Drug-induced immunosup-
pression and repeated exposure to MTB suspension
did not significantly contribute to the development
of localized or systemic tuberculous inflammation
in rabbits in Groups 1 and 2, as demonstrated by skin
testing with RTA and post-mortem examination.

In contrast, data obtained from the autopsy of rab-
bits in Group 3 indicate that under conditions of sys-
temic immunosuppression and disruption of the in-
testinal immune barrier (DSS-induced enterocolitis),
MTB penetrates the intestinal wall. However, specific
inflammation in the mucosal and submucosal layers
does not develop, or it is abortive. Nevertheless, in-
volvement of the mesenteric lymph nodes in approx-
imately half of the cases (58 %; p = 0.001) may indi-
rectly indicate MTB penetration from the intestine
to these nodes, with formation of a so-called primary
tuberculous complex, and subsequent persistence
of MTB in the lymphoid tissue. This conclusion is sup-
ported by a positive RTA skin testing in 76 % of cases.
The autopsy findings of rabbits in Group 3 suggest
that, against the background of immunodeficiency,
generalization of the infection occurs with lympho-
hematogenous involvement of the spleen (25 %;
p = 0.063) and lungs (83 %; p < 0.001). Therefore,
it is only when two predisposing factors are present
in combination (immunosuppression and inflamma-
tion-induced damage) that favorable conditions are
created for the entry of Mycobacterium tuberculosis
into the intestinal wall and subsequent circulation,
contributing to the development of tuberculous
lymphadenitis, splenitis, and pulmonary tuberculosis,
without typical intestinal involvement.

RESUME

Oral administration of M. tuberculosis to immu-
nocompetent rabbits does not lead to the develop-
ment of tuberculous enterocolitis or generalized tu-
berculosis, despite the temporary shedding of MTB
DNA in the feces. This indicates a transient presence
of mycobacteria in the intestine. Neither drug-induced
immunosuppression nor repeated oral challenges are
sufficient to overcome the intestinal barrier and cause
specific tuberculous inflammation in the intestines
or other organs.

The combined effect of immunosuppression
and chemical damage to the intestinal mucosa
(DSS-induced enterocolitis) creates conditions for MTB
to penetrate into the systemic circulation, leading
to the subsequent development of tuberculous lymph-
adenitis (58.3 %) and destructive pulmonary tuberculo-
sis (83.3 %).

The absence of granulomatous inflammation
in the intestine following alimentary infection,



in conjunction with lesions in the lungs and lymphat-
ic system, suggests that the intestine acts as a barrier
that is overcome by mycobacteria only when its pro-
tective properties are severely compromised, with sub-
sequent infection progressing via lymphohematoge-
nous dissemination.

The rabbit is an adequate model for studying
the alimentary route of tuberculosis infection, particu-
larly for analyzing the conditions that promote systemic
dissemination of the infection without the formation
of a primary intestinal focus.

Detection of MTB DNA or AFB in feces does not
serve as reliable evidence of either tuberculous entero-
colitis or tuberculosis infection in general.

CONCLUSION

The present study demonstrates that the alimen-
tary route of tuberculosis infection requires not only
the presence of the pathogen in the intestinal lumen,
but also a significant disruption of local and system-
ic immune defense mechanisms. These findings are
significant for comprehending the pathogenesis
of rare cases of abdominal tuberculosis in humans,
and they confirm the role of the intestine as a po-
tential route of entry for the infection under specific
circumstances.
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ABSTRACT

Background. In more than 30 % of cases, infertility is attributed to male factors. The di-
agnosis of male infertility is based on semen analysis. The assessed semen parameters
include sperm concentration, motility, and morphology. Laboratory animal mod-
els enable the study of various biological processes, including the effects of external
and internal factors on reproduction processes. However, to date, there is no simple,
safe, non-terminal method for sperm collection in animals.

Aim. To develop a non-terminal sperm collection technique using optimal electrical
stimulation parameters in Wistar rats to study the influence of environmental factors
on the reproductive function.

Materials and methods. The study was performed on 30 male Wistar rats weighing
280-300 g. For sperm collection, a rectal electrical stimulator was used to obtain ejac-
ulate. A hemocytometer and two types of microscopes were used for sperm analysis
and counting: a Micromed P-1 LED (Russia) and a Levenhuk D90L LCD digital micro-
scope (China).

Results. All animals were divided into 6 groups of five individuals each, according
to the electrical stimulation protocol. All stimulation protocols resulted in erection
in all groups of animals. However, the safest and most cell-saving method was found
to be rectal electrical stimulation of the seminal colliculus of rats at settings of 60 Hz
and4V.

Conclusion. A method for sperm collection in Wistar rats with an optimized electrical
stimulation protocol has been developed, enabling the study of various factors affect-
ing male fertility.

Keywords: non-terminal ejaculate collection, rectal electrostimulator, optimal elec-
trical stimulation parameters, sperm count and morphology, environmental factors,
reproduction

For citation: Khasanshina Z.R., Bogacheva N.V. Development of a non-terminal technique
for sperm collection in Wistar rats to study the influence of environmental factors on repro-
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PE3IOME

bonee uem 8 30 % cny4yaes npobnema hepmusibHOCMU 06YC108/1eHA MYXXCKUMU (haK-
mopamu 6ecniodus. [JuazHocmuka MyXcko20 6ecniodus OCHOBAHA HA AHAU3E SAKY-
n1ama (cnepmsi). K ucciiedyemsim napamempam cnepmsl OMHOCIMCA: KOHUeHmMpayus
U N00BUXHOCMb CNepMamo3oudos, a makxe ux mopghonoaus. Modenu nabopamop-
HbIX XXUBOMHbIX NO3BOAOM U3y4yams paszjiuyHble 6UOI02UYECKUE NPOYECChbl, 8KIIHO-
yas eo3delicmaue 8HeWHUX U 8HYMpPeHHUX hakmopos Ha npoyeccsl penpodyKyuu.
O0Hako 0o HacMosAwez20 speMeHU omcymcmeayem npocmod, 6e30ndcHsIl Kiemoy-
Hocbepezatowjuli cnocob noslyyeHUs CnepmMamo3oudo08 y XUBOMHbIX.

Lens. Pazpabomams MemoOouKy NpUXXU3HEHHO20 NOJIyYeHUsA cCnepmMamo30udo8 C Uc-
NoJsib308aHUEM ONMUMAJIbHLIX NApAMempos dekmpocmumynayuu y kpeic Wistar
0717 U3y4eHusA 8/IUAHUA paKkmopos sHewHell cpedbl Ha penpodyKMUBHY cnocob-
HOCMb XXUBOMHbIX.

Mamepuansi u MemoOoel. ViccnedosaHue 8vinosiHeHo Ha 30 Kpwicax-camyax Wistar
maccoti 280-300 a.

Jna nonydeHus cnepmamo3oud08 Ucnosb308aU peKmasbHell 3/1eKmpocmumysis-
mop 0/1 NOJTyHeHUs 3AKYIAMa y XusomHdelx. [lnsa aHanusa u noocyema cnepmamo-
30U008 UCnosb308asU Kamepy [opaesa u MUKpockonsl 2 8udos: «<Mukpomed P-1 LED»,
Poccus; yugposol mukpockon «Levenhuk D9OL LCD», Kumadi.

Pe3ynemamel. Bce xxugomHeie 6b171u nodesieHbl HA 6 2pynn no nams ocobeli 8 Kaxool
8 3aBUCUMOCMU OM pexumd 3/eKmpocmumynayuu. Bce ucnonesyemeie pexumsl
3/1eKMpOoCMUMynAYUU NO380/A/IU 006UMbBCA 3peKyUU 80 8CEX 2PYNNAX XUBOMHbIX.
O0Hako 6b1710 ycmaHo8/1eHo, YUMo Hauboee 6e30NACHbIM U KlemoYyHocbepezaroujum
CNOCOBOM NOoJTyYeHUsA CNepMamo3oudos A8/19emcs peKmasabHAs 3/1eKmpocmumysis-
Yus ceMeHHbIX 6y20pKO08 KpbIC Npu NOKA3amesisx 3/ieKmpudecko2o moka 60 [y u 4 B.
Bb1800. Pazpaboma+ memo0 nosy4deHus cnepmamo3soudos y kpwic Wistar ¢ o6ocHo-
BAHHBIM PEXUMOM 31eKmpPOoCMUMYIAYUU, NO38OIAWUM U3y4ame 8/1UAHUE pa3/iuy-
HbIX hakmopos Ha MyxcKol (hakmop pepmusieHocmu.

Knioueable cnoea: npuxxusHeHHOE NoslyyeHUe 3AKYAmd, peKmasbHbil 371ekmpo-
CMUMYIAMOpP, ONMUMAJIbHbIE NAPAMeMPbI 3EKMPOCMUMYIAUUU XUBOMHbIX, KOJU-
yecmeo u Mophosio2us cnepMamo3ou008, hakmopsl 8HewHel cpedbl, penpodyKyus

Ona umtmpoBaHmAa: XacaHwwuHa 3.P, BoraueBa H.B. Pa3paboTka MeTOAMKM MPUXKN3-
HEeHHOro MosyyeHns crnepmaTto3onaoB y Kpbic Wistar ana nsyyeHma BaMAaHUA GakTopoB
BHeLWUHeN cpeapbl Ha penpogykuuio. Acta biomedica scientifica. 2026; 11(3): 182-191. doi:
10.29413/ABS.2026-11.3.22
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INTRODUCTION

Currently, the problem of fertility impairment is a ma-
jor medical and social issue that is prevalent in society.
According to the latest statistics from the World Health
Organization, 50 to 80 million people worldwide suffer
from infertility [1, 2].

Infertility is defined as a reproductive system disor-
der characterized by the inability to achieve clinical preg-
nancy after 12 or more months of regular unprotected
sexual intercourse [3]. It has been established that one
in six individuals worldwide is affected by infertility [4].
Fertility problems are attributed to female factors in 50 %
of cases, to male factors in more than 30 %, and to com-
bined disorders in both partners in approximately 20 %
of cases [5, 6].

Among the causes of male infertility, the most im-
portant include urogenital and endocrine disorders,
immunological and genetic defects, lifestyle factors
(smoking, alcohol and drug use), as well as adverse envi-
ronmental factors [7-10].

The diagnosis of male infertility is based on ejaculate
(semen) analysis. The assessed semen parameters include
sperm concentration, motility, and morphology [11, 12].
Laboratory animal models enable the study of various
biological processes, the reproduction of specific patho-
logical conditions, the assessment of the safety of phar-
maceutical agents on quantitative and qualitative sperm
parameters, as well as the efficacy of novel drugs devel-
oped to enhance reproductive function [13].

Among the existing methods for obtaining ejaculate
in animals, the following are used: testicular tissue disso-
ciation [14], sperm retrieval from the cauda epididymi-
dis [15], and sperm extraction from testicular tissue [16].
The aforementioned techniques are applicable only to de-
ceased animals or following euthanasia. These methods
are not suitable for the non-terminal collection of germ
cells and cannot be used to evaluate ejaculate parameters
dynamically in response to environmental factors.

Among the promising methods for experimental ani-
mal studies when natural semen collection is not feasible,
electroejaculation should be considered [17]. The advan-
tages of electroejaculation include the collection of max-
imum ejaculate volume with minimal cell damage. Fur-
thermore, this technique allows the study of the effects
of various agents on the male reproductive system in rats
dynamically, without the need for euthanasia. Despite
the existence of numerous modifications of the seminal
tubercle electrostimulation method [18, 19], to date, no
standardized stimulation protocol (frequency, voltage,
current intensity, and duration of exposure) has been
developed, which justifies the relevance of developing
a step-by-step method for sperm collection in male rats.

AIM

To develop a non-terminal sperm collection tech-
nique using optimal electrical stimulation parameters

in Wistar rats to study the influence of environmental
factors on the reproductive function.

MATERIALS AND METHODS

The study was performed on 30 male Wistar rats
weighing 280-300 g. All experiments were conducted
in accordance with the Interstate Standard GOST 33215-
2014 “Guidelines for the Care and Maintenance of Labo-
ratory Animals. Rules for Equipping Premises and Orga-
nizing Procedures” and GOST 33216-2014 “Guidelines
for the Care and Maintenance of Laboratory Animals.
Rules for Conducting Procedures Using Animals”. All an-
imals were housed at the Medical and Biological Center
for Biomodeling of the Kirov State Medical University
under identical standard conditions, in cages measur-
ing 25 X 19 x 40 cm, one animal per cage, with free ac-
cess to food and water, on a 12-hour light cycle (light
on from 8:00 AM to 8:00 PM, and off from 8:00 PM to 8:00
AM). All rats underwent a two-week adaptation period
prior to the experiment. Experimental manipulations
were performed at the same time each day, at 9:00 AM.
The experiment was approved by the local ethics com-
mittee of the Kirov State Medical University (Protocol
No. 16/2022 dated October 24, 2022).

For sperm collection, a rectal electrical stimulator
for animal ejaculate collection was used [20]. Male rats
were divided into six groups of five animals each. Group
allocation was based on the electrical stimulation pa-
rameters (frequency, current intensity, and voltage).

Prior to the procedure, animals were anesthetized
by inhalation anesthesia using medical ether (Kuzbas-
sorgkhim LLC, Russia). The animal was placed under
a 3-L glass jar containing cotton wool soaked in ether
and kept there until immobilization was achieved.
The onset of anesthesia was determined by the loss
of motor activity and decreased muscle tone. To confirm
the absence of pain sensitivity and distress during elec-
trical stimulation, light pressure was applied to the paws
and skin: muscle relaxation, absence of protective reflex-
es, and lack of resistance indicated the animal was ready
for the procedure. Following anesthesia, the animal was
placed in the supine position and secured in a restrain-
er for safe manipulation. Fixation ensured a stable body
position, prevented injury, and allowed accurate inser-
tion of the rectal electrical stimulator. Next, the rectum
was emptied by palpation. The anal orifice and the rec-
tal probe were lubricated with vaseline oil and inserted
into the rectum to a depth of 2.5-3 cm (Fig. 1).

After confirming that the probe was fully inserted
into the animal’s anal orifice, the electrical stimulator,
pre-set to the required parameters, was switched on.
Erection served as evidence of stimulation of the semi-
nal colliculus. In its absence, the rectal probe was moved
within the rectum, pressing against its anterior wall un-
til erection was achieved. Electrical stimulation of male
rats was continued until erection and ejaculate were
obtained. The following parameters were recorded:
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duration of electrical stimulation required to obtain
ejaculate, severity of erection and muscle contraction,
and the presence or absence of ejaculation.

The following visual criteria were used to assess
erection quality: “+" — weak erection: partial filling
of the corpora cavernosa, an increase in penile volume
without pronounced rigidity or extrusion from the pre-
puce.“++" - moderate erection: characterized by full pe-
nile rigidity and extrusion from the preputial sac; how-
ever, the elevation angle relative to the animal’s body
axis is less than 90°. “+++" — pronounced erection: max-
imum rigidity, complete penile extrusion accompanied
by characteristic color changes and a specific position
facilitating ejaculate collection.

The degree of muscle response to electrical stim-
ulation was assessed by the involvement of muscle
groups: “+" — moderate contraction: localized muscle
response limited to the pelvic girdle and hind limbs.
“++" — pronounced contraction: generalized muscle
response involving the back and forelimb muscles,
with pronounced trunk arching requiring additional
animal fixation to maintain the rectal probe in the cor-
rect position.

The obtained ejaculate was collected using a sin-
gle-channel variable-volume pipette with 200 pL plas-
tic tips (Thermo Scientific, USA) and mixed with Sil-Se-
lect Plus Sperm Washing medium (FertiPro, Belgium)
in Eppendorf tubes. Microscopy of the obtained
samples was then performed to assess sperm count
and morphology.

FIG. 1.
Animal preparation for transrectal electrical stimulation
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Sperm concentration was counted using a Goryaev
counting chamber. A 10-fold diluted ejaculate sample
(10 pL) was introduced with a pipette into the chamber
at the edge of the coverslip so that the ejaculate filled
the entire chamber. Subsequently, at X200 magnifica-
tion (Micromed P-1 LED, Russia), cells were counted in 50
large squares of the chamber, while noting the presence
or absence of sperm motility.

The following formula was used to calculate sperm
concentration [21]:

_ ax250x10
"~ 50%1000

million/mL,

where

a - total number of cells counted in 50 large squares
of the Goryaev chamber;

250 - volume of one large square of the Goryaev
chamber;

10 - dilution factor of the original ejaculate;

1000 - conversion factor from 1 uL to 1 mL;

50 - number of large squares in which sperm were
counted.

For sperm morphology assessment, microscopy was
performed using a digital microscope with a x40 objec-
tive (Levenhuk D90OL LCD, China).

Sperm motility was evaluated in accordance
with WHO guidelines, with three categories distin-
guished: progressively motile (PR) — actively moving
linearly or in large circles; non-progressively motile
(NP) — movement in place; and immotile (IM) - complete
absence of movement.

Statistical analysis was performed using non-para-
metric methods. Quantitative data (sperm concen-
tration) are presented as median and interquartile
range — Me (25%-75%). Motility data are presented
as mean = standard error (M = m). The Kruskal - Wal-
lis test was used to detect differences between groups.
Differences were considered statistically significant
at p < 0.05.

RESULTS

The current parameters used to obtain ejaculate
samples from rats by transrectal electrical stimulation
of the seminal tubercles are presented in Table 1.

During the study, erection was observed in all six
experimental animal groups upon electrical stimula-
tion, manifesting as an increase in penile volume and,
in some cases, cyanosis due to blood engorgement
(Fig. 2).

As a result of transrectal electrical stimulation
of the seminal colliculus, ejaculate was obtained
from animals in experimental groups No. 2, 3,4, 5, and 6.
In group No. 1, ejaculation did not occur even after 3
minutes of electrical stimulation (Table 2).



The data presented in Table 2 indicate that all stimu-
lation protocols resulted in erection in all animal groups.
The minimum stimulation time required to obtain ejac-
ulate was observed in groups No. 3-6: up to 1 minute.
In these same groups (No. 3-6), pronounced erection
was observed. However, in groups No. 5 and 6, a more
active response in the form of generalized muscle con-
tractions of the entire body was observed at a frequen-
cy of 70 Hz, which was considered a negative factor.
Despite the rigidity of the rectal probe (a metal probe
was used for stimulation), intense muscle contractions
caused physical displacement of the probe relative
to the projection of the rectal nerve plexuses, making
it difficult to maintain stable stimulation even with con-
stant manual control of its position. At a frequency
of 60 Hz, no excessive motor activity or generalized
muscle contractions were observed, indicating ade-
quate anesthetic depth and absence of pain sensitivi-
ty. This protocol ensured a stable neuromuscular status
in the animals during the experiment, providing a phys-
iological background for transrectal stimulation under
anesthesia.

Ejaculate samples from animal groups No. 3-6 were
collected for analysis. The results of sperm concentra-
tion and motility assessment are presented in Table 3.

Based on the obtained data, the highest mean
sperm concentration was observed in experimental
groups No. 3 and 4 - 8.70 (8.10; 9.40) million cells/mL
and 7.45 (6.90; 8.15) million cells/mL, respectively. Mo-
tility analysis revealed that in group No. 3, progressively
motile sperm predominated (PR=62.4 + 5.1 %). In group
No. 4, a decrease in the proportion of progressively mo-
tile sperm to 34.8 + 4.4 % was observed, accompanied
by an increase in the number of non-progressively mo-
tile sperm. In groups No. 5 and 6, no motile cells were
detected. To exclude the influence of external factors
(temperature shock, waiting time), sample collection
was performed according to a uniform protocol: anal-
ysis was performed no later than 5 minutes after ejac-
ulate collection, and tubes were kept in a thermostat
at 37°C. Given the presence of motile sperm in groups
No. 3 and 4, the absence of activity in groups No. 5 and 6
is directly related to excessive high-frequency current

TABLE 1

exposure (70 Hz) to the rat seminal colliculus tissue
at the time of ejaculation.

In groups No. 5 and 6, the sperm counts were low-
er than in groups No. 3 and 4 - 6.05 (5.50; 6.70) million
cells/mL and 4.90 (4.45; 5.40) million cells/mL, respec-
tively. Morphological assessment of cells in these animal
groups revealed morphological abnormalities, mani-
fested as detachment of the sperm head from the tail
(Fig. 3).

FIG. 2.
Erection induced in a male rat

ELECTRICAL STIMULATION PARAMETERS FOR TRANSRECTAL EJACULATE COLLECTION FROM THE SEMINAL

COLLICULUS IN RATS

Characteristics
of electroejaculation parameters

Animal group

1 (n=5) 2 (n=5) 3 (n=5) 4 (n=5) 5 (n=5) 6 (n=5)
Frequency, Hz 50 60 70
Voltage, V 4 9 4 9 4 9
Current intensity, A <8
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TABLE 2
OUTCOMES OF TRANSRECTAL ELECTRICAL STIMULATION OF THE SEMINAL COLLICULUS IN MALE RATS

Parameters Characteristics of electroejaculation parameters
Animal group 1 (n=5) 2 (n=5) 3 (n=5) 4 (n=5) 5 (n=5) 6 (n=5)
Frequency, Hz 50 60 70
Voltage, V 4 9 4 9 4 9
Current intensity, A <8

Duration of electrical stimulation

to obtain ejaculate Up to 3 min Upto2min Uptolmin Uptolmin Uptolmin Upto1min

Median time to ejaculation No ejaculate 1.7 0.5 0.6 0.7 0.6

(Me (25%-75%), min) obtained (1.5;2.1) (0.4;0.6) (0.4;0.7) (0.5;0.8) (0.4;0.7)

Muscle response severity + + + + ++ ++

Erection quality + ++ +++ +++ +++ +++

Ejaculation achieved - + + + + +

Sperm present - + + + + +
Notes.

1.In group No. 1, no ejaculate was obtained within 10 minutes of stimulation.

2. Muscle contraction: “+” - moderate (local contractions of the pelvic girdle); “++" - pronounced (generalized contractions of the trunk musculature).

3. Erection: “+" - weak (partial filling of the corpora cavernosa); “++" - moderate (complete rigidity and extrusion from the prepuce); “+++" - pronounced (maximum
rigidity with hyperemia).

TABLE 3
ASSESSMENT OF SPERM CONCENTRATION, MOTILITY, AND MORPHOLOGY IN EJACULATE SAMPLES

Parameters Characteristics of electroejaculation parameters
Animal group 3 (n=5) 4 (n=5) 5 (n=5) 6 (n=5)
Frequency, Hz 60 70
Voltage, V 4 9 4 9
Current intensity, A <8
8.70 7.45 6.05 4.90
. AT -
Median sperm count (Me (25%-75%), million/mL) (8.10: 9.40) (6.90: 8.15) (5.50: 6.70) (4.45: 5.40)
PliS el il 62.4+5.1 34.8+4.4 0 0
(PR)
Sperm motility, % nonjprogresslve|y 15.242.4 28.6+3.2 0 0
motile (NP)
immotile (IM) 224448 36.6+5.4 100 100
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The analysis revealed statistically significant differ-
ences between the study groups in both sperm con-
centration (p < 0.05) and motility parameters (p < 0.01).
The mean sperm concentration in group No. 3 (8.70 mil-
lion cells/mL) was significantly higher than in groups
No. 4, 5, and 6. Analysis of cell motility in these groups
also revealed significant differences. Thus, in group
No. 3, progressively motile sperm significantly pre-
dominated (PR = 62.4 + 5.1 %), which was significantly
higher than in group No. 4 (PR =34.8 + 4.4 %) (p < 0.05)
and groups No. 5 and 6, where motile cells were com-
pletely absent (p < 0.01). In group No. 4, a statistically
significant increase in the proportion of non-progres-
sively motile sperm was observed compared to group
No.3:28.6 +3.2 % vs. 15.2 + 2.4 %.

The low sperm concentration in groups No. 5
and 6 is explained by the fact that only intact cells are
counted. Sperm destruction at 70 Hz results in a sig-
nificant portion of the biological material being con-
verted into cellular debris, which cannot be quanti-
fied. The presence of morphological abnormalities
in cells indicates the traumatic effect of the 70 Hz
stimulation protocol at both voltage settings. Giv-
en this fact, these electrical stimulation parameters
should not be used for sperm collection to avoid
compromising sperm morphology.

DISCUSSION

The electrostimulation method is the most prom-
ising for obtaining sperm from male animals when
studying their fertility level and analyzing the role
of the male factor in reproduction. Its key advantage
lies in the ability to obtain native ejaculate rather than
epididymal suspension. Unlike work with suspension,
ejaculate collection allows assessment of the function-
al status of cells in the presence of accessory sex gland
secretions, ensuring maximum accuracy of semen pa-
rameters close to physiological norms. Furthermore,
the use of this method complies with international
bioethical principles. Non-terminal sample collection
eliminates the need for animal euthanasia, enabling
studies on the same individuals and increasing the hu-
man nature of the experiment. The ability to select
male animals with equal sperm cell potential for ex-
perimental work allows the exclusion of the male in-
fertility factor and assessment of the role of the female
organism in reproduction under the influence of vari-
ous external and internal factors.

Literature analysis revealed that various stimula-
tion protocols have been used in experimental studies
on transrectal electrical stimulation of the seminal col-
liculus (Table 4).

The identification of numerous modifications
of the seminal colliculus electrostimulation method
and the absence of a standardized stimulation protocol
(frequency, voltage, current intensity, duration) justified
the need to develop a step-by-step method for sperm
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FIG. 3.
Sperm head in the Goryaev chamber, at x400 magnification

collection in male rats. To determine the most favor-
able stimulation protocol, based on the results of pre-
vious studies, two frequency settings (60 Hz and 70 Hz)
and two voltage settings (4 V and 9 V) were applied
at one current intensity level. The criteria for selecting
the optimal stimulation protocol were minimal time
required to obtain ejaculate. Compared to previously
published methods, the proposed protocol significantly
reduces the stimulation time required to induce erec-
tion and successfully collect material to 1 minute. This
not only increases experimental productivity but also
minimizes stress exposure to the animal, prevents mus-
cle contractions, and preserves sperm morphological
integrity.

The study established that the safest and most
cell-sparing method for obtaining active, morpholog-
ically intact sperm is transrectal electrical stimulation
of the rat seminal colliculus at 60 Hz and 4 V. Conversely,
exceeding the frequency threshold above 60 Hz triggers
a cascade of irreversible destructive processes in the cell
structure. It is known that at 70 Hz, high-frequency mi-
crovibrations resonate with elements of the sperm cy-
toskeleton. Due to the inertial mass difference between
the head and tail, excessive mechanical stress is gener-
ated in the vulnerable neck region, leading to massive
decapitation of cells [22]. In addition to mechanical
rupture, the intense electric field induces membrane
electroporation and oxidative stress, disrupting ionic
homeostasis and leading to rapid loss of motility [23].
An additional negative factor is local tissue heating,
causing denaturation of axonemal proteins and the tail
motor apparatus [24].

The use of optimal parameters of 60 Hz and 4 V
allows the collection of a greater number of cells (8.7
(8.10; 9.40) million cells/mL) within 1 minute, not only
compared to other stimulation protocols within this ex-
perimental study but also compared to previously pub-
lished studies using various current parameters.



TABLE 4

COMPARATIVE EVALUATION OF TRANSRECTAL ELECTRICAL STIMULATION METHODS FOR THE RAT SEMINAL

COLLICULUS [17, 18, 19]

Electrical stimulation

protocol Frequency, Hz Voltage, V
! 60 8.1
2 60 5.8
3 60 7.4
4 60 3
5 No information available 2-10
CONCLUSIONS

A non-terminal sperm collection technique has
been developed for Wistar rats, with the key advantage
being the optimization of electrical parameters — 60 Hz
and 4 V. The selection of these parameters allowed
a significant reduction in the duration of the procedure,
which favorably distinguishes the proposed method
from existing analogues and minimizes stress exposure
to laboratory animals.

The scientifically validated stimulation protocol en-
sures the collection of morphologically intact and func-
tionally active sperm, opening broad opportunities
for the application of the obtained results: in studying
the etiology and pathogenesis of various forms of male
infertility; for analyzing the efficacy and safety of nov-
el immunobiological agents aimed at improving male
fertility; for developing and refining in vitro fertilization
protocols in laboratory animals; and for investigating
the effects of complex environmental and internal fac-
tors on reproductive potential.

The developed technique represents a reliable tool
for standardizing andrological research, ensuring high
reproducibility of results while strictly adhering to bio-
ethical principles.
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ABSTRACT

Background. Ongoing research is investigating the interaction between mycobacteria
and macrophages. Upon infection with mycobacteria, macrophages release cytokines.
These include IFNy, TNF, IL-1, IL-6, and IL-12p40, among others. These substances play
a critical role in the host response to tuberculosis and other mycobacterial infections.
Aim. To investigate and compare the cytokine patterns produced by human macro-
phages in response to interaction with antigens from both pathogenic and condition-
ally pathogenic mycobacterial strains in vitro.

Methods. Blood monocytes were cultured for five days in the presence of 10 % active
human serum. The resulting macrophages were then cultured with mycobacterial an-
tigens from Mycobacterium tuberculosis, Mycobacterium avium, and Mycobacterium
kansasii for 24 hours. Changes in macrophage gene expression profiles and the pro-
duction of pro-inflammatory and anti-inflammatory cytokines were then assessed.
A control group of “naive” macrophages cultured without any mycobacterial antigen
was also used.

Results. Stimulation of human macrophages with antigens from different mycobac-
terial species resulted in the formation of distinct cell phenotypes: protective (M. tu-
berculosis), characterized by the expression of IL6, IFNG, and TNF; pro-inflammatory
(M. kansasii), with active expression of IL6, IL1B, and TNF; and pro-inflammatory
(M. avium), expressing IL6 and IL12. The cytokine production findings were fully consis-
tent with the gene expression data.

Conclusion. These findings on macrophage-mycobacterial antigen interactions pro-
vide insight into the mechanisms by which both tuberculous and nontuberculous my-
cobacterial infections establish chronic macrophage infection.

Keywords: macrophages, cytokines, chemokines, M. tuberculosis, M. avium, M. kansa-
sii, in vitro research
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PE3IOME

O6ocHosaHue. B Hacmosujee spema akmusHO NPOOOIIXKAIOMCA UCCIe008aHUS, C8A-
3aHHbIe € u3y4eHuUeM 83aumooelicmaus Mukobakmeputi u UHGUYUPOBAHHbIX UMU Ma-
Kpohazoe Yesioseka U XugomHelx. Bomeem Ha uHpekyuro makpogpazu npou3gooam
cheyuduyeckue MosieKy ibl, U38eCMHbIE KK UUMOKUHbI, Cpedu KOmopbix 8bi0esIsiom-
ca IFNy, TNF, IL-1, IL-6, IL-12p40 u IL-12p70. Smu 8ewecmeaa ueparom KJo4esyto posib
8 namozeHe3e mybepKynésa u opyaux 3abonesaHutl, 8bI38aHHbIX MUKOBAKMepuaMU.
B 3moli cea3u, yenoio Haweli pabomel 661710 CpaBHUMeENbHOE UCCe008aHUe nam-
MmepHoO8 YUMOKUHO8, 8bipadbameiedeMbiX MAKpPOpA2aMu yesiogeka 8 pesysbmame
83aumooelicmeus ¢ dHMU2eHAMU NAmMo2eHHbIX U C/1a6onamozeHHbIX MUKOBakme-
put in vitro.

Memooel. V13 MOHOUUMOB KpoBU 300p08bIX 00OP0OBOIbYES NOJIYYAIU KySlbmypy Md-
Kpoghazos. Makpogazu Kynemusuposanu ¢ MUKObAKmepuanbHeIMU aHMu2eHamu
Mycobacterium tuberculosis, Mycobacterium avium u Mycobacterium kansasii. Yepe3
24 yaca npoeoousiu uccedosaHue UsmeHeHUs NPOGUJIS SKCNpeccuU 2eHo8 MAkpogpa-
208 (3KCNPECCUOHHBIU aHAnU3) u NpodyKYUU 3MUMU K1emKamu npo- U Npomusosoc-
nasaumesnbHoIX hakmopos. B kasecmee ompuuyamesnibHo20 KOHMPOJI[ UCNO/b308dIIU
Kynlbmypy Makpogaz08, Kysibmugupyembix 6€3 aHmuz2eHo8 Mukobakmepud.
Pesynemamel. [lokazaHo Ymo, cmumyiayus MAakpogazo8 aHMu2eHamu pasHbIX
MuKobakmeputi npusooum K (popMupPOBAHUIO PA3/IUYHbIX heHOMUNO8 KIiemok: Npo-
mexkmueHozo (M. tuberculosis) — ¢ akcnpeccueti 2eHos IL6, IFNI" u TNF; nposocnanu-
menbHoezo (M. kansasii) - ¢ akmusHoU skcnpeccueli 2eHos IL6, IL18 u TNF u ambusa-
neHmHozo (M. avium) — ¢ 3kcnpeccueli eeHo8 IL6, IL12. Pe3ynsmamesi uccie0os8aHus
NpooyKYUU YUMOKUHOB8 MAkpogpazamu yesio8eka 8 omeem HA AHMU2eHbl Pa3/IUYHbIX
MuKobakmepuli NosTHOCMbl0 No0Maeepousiu OdHHbIe, NOJTyHYeHHbIe C NOMOU|bIO IKC-
npeccuoHHO20 aHasu3d.

3aknmoyeHue. BuvissneHHbie 8 pabome 0CobeHHOCMU peakyuu MAkpogazoe HA aH-
mueeHbl paznuydHelx 8U008 MUuKobakmepuli no3eos1stom 6osiee 0emasibHO OXapakme-
pu308ame MexaHu3Msl NnepcucmMeHyuU my6GepKyIe3HbIX U Hemy6epKyaE3HbIX MUKO-
6akmepuli 8 Makpogazax.

Knrouesole cnoea: makpogazu, YumokuHsl, xeMoKuHbl, M. tuberculosis, M. avium,
M. kansasii, uccnedosaHue in vitro

Ana yntuposaHus: 3anuesa A.C,, YebaHiok E.N., Asanenko B.I., Epemees B.B., LLlenenbko-
Ba I.C. CpaBHWTENbHbIN aHann3 0CO6eHHOCTE B3aMMOAENCTBMA Makpodaros C aHTUreHa-
MU Ty6epKynesHbIX 1 HeTy6epKye3HbIx MKobaKTepuii in vitro. Acta biomedica scientifica.
2026; 11(3): 192-200. doi: 10.29413/ABS.2026-11.3.23
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INTRODUCTION

Although Mycobacterium tuberculosis is often re-
garded as a classical bacterial pathogen, a deeper
understanding of its biology requires a more compre-
hensive investigation of its adaptation to its primary
host - humans. Furthermore, it is important to consider
that in the majority of individuals, M. tuberculosis in-
fection may be asymptomatic, which may contribute
to its transmission, including in regions with a high
tuberculosis burden [1]. Upon reaching the alveoli,
airborne bacteria are phagocytosed by macrophages,
which become their primary niche. Mycobacteria can
survive and replicate within these cells, thereby evad-
ing the immune system and migrating through the ep-
ithelium into the lung interstitium [2, 3]. The precise
mechanisms underlying these processes remain hy-
pothetical. However, observations in animal models
and experiments using ex vivo systems suggest that
early proliferation of M. tuberculosis-infected macro-
phages leads to the formation of cellular aggregates.
These aggregates recruit monocytes and neutrophils,
creating new cellular targets for M. tuberculosis dissem-
ination [4].

Nontuberculous mycobacteria (NTM) are environ-
mentally widespread pathogens that can cause severe
disease, particularly in immunocompromised individu-
als, but also pose a threat to immunocompetent hosts
[5]. The most common NTM species are the Mycobacte-
rium avium complex (MACQ) [6, 7]. The global incidence
of NTM-associated diseases is rapidly increasing. Fol-
lowing inhalation or aspiration of NTM into the lower
respiratory tract, the first cells to encounter them are
airway epithelial cells, macrophages, and dendritic cells.
All three cell types are capable of presenting bacterial
antigens on major histocompatibility complex class Il
(MHC II) molecules and activating adaptive immune re-
sponses [8]. The immunopathogenesis of MAC involves
a complex interplay between the bacteria and the hu-
man immune system. MAC survive and replicate with-
in macrophages by preventing phagosome-lysosome
fusion. Through their enzymatic machinery, mycobac-
teria are able to neutralize reactive oxygen and nitro-
gen species produced by macrophages. Furthermore,
MAC modulate cytokine production, enabling them
to suppress or regulate the host immune response [9,
10]. The second most common cause of NTM infections
is Mycobacterium kansasii. Diseases caused by M. kan-
sasii are frequently observed in immunocompromised
individuals, such as HIV-infected patients [11]. Phylo-
genetic analysis places M. kansasii within the group
of mycobacteria most closely related to M. tuberculosis
[12]. However, M. kansasii is considered an opportunis-
tic pathogen.

It is hypothesized that compared to NTM, M. tuber-
culosis exhibits higher virulence due to its enhanced
ability to suppress the host immune response. Howev-
er, the characterization of M. tuberculosis in the context
of macrophage infection and the analysis of its effector

functions in comparison with various NTM species re-
main incomplete.

Currently, the complex interactions between myco-
bacteria and macrophages, characterized by the induc-
tion and production of various cytokines such as IFN-y,
TNF, IL-1, IL-6, IL-12p40, and IL-12p70, remain insuffi-
ciently studied. It has been well established that cyto-
kines exert a significant influence on the pathogenesis
and protective immunity to tuberculosis and mycobac-
teriosis [13, 14].

AIM

To investigate and compare the cytokine patterns
produced by human macrophages in response to anti-
gens of pathogenic and weakly pathogenic mycobac-
teria in vitro.

MATERIALS AND METHODS

Generation of Human Macrophage Cultures

Human macrophages were differentiated from pe-
ripheral blood mononuclear cells (PBMCs) obtained
from healthy donors, as previously described [15].
Briefly, PBMCs were isolated from whole venous blood
of healthy donors by density gradient centrifugation
on Ficoll (density 1.077 g/mL, PanEco, Russia). Cells
were then washed and incubated for 3 hours in DMEM
medium at 37°C and 5 % CO, (PanEco, Russia). Adher-
ent monocytes were differentiated into macrophages
in the presence of 10 % “active” human serum. Serum
was obtained either from the same donors or from do-
nors with identical ABO and Rh blood groups. Mac-
rophage enrichment was assessed by expression
of the macrophage marker CD163.

Healthy donors included in the study provided
written informed consent for participation in the sci-
entific study prior to its initiation. All studies involving
human biological material complied with the Decla-
ration of Helsinki [16] and were approved by the lo-
cal ethics committee of the Central Research Institute
of Tuberculosis (Protocol No. 1/2 dated January 17,
2025). Biological material (whole venous blood) was
obtained from healthy donors after January 2025.

Mycobacterial Antigens

Culture filtrate (CF) proteins of M. tuberculosis
H37Rv, M. avium, and M. kansasii from the collection
of the Central Research Institute of Tuberculosis were
used as antigens in this study, prepared as previously
described [17].

CF proteins of M. tuberculosis, M. avium, and M. kan-
sasii were used as mycobacterial antigens in in vitro ex-
periments at a dose of 10 ug/mL.

Macrophage Culture

Activation of macrophages in response to mycobac-
terial antigens of M. tuberculosis, M. avium, and M. kan-
sasiiwas compared using aninvitrohuman macrophage
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model. Blood monocyte cultures were maintained
for 5 days in the presence of 10 % active human serum.
The resulting MO macrophages were then cultured
with mycobacterial antigens. After 24 hours of culture,
changes in the gene expression profile of MO macro-
phages and the production of pro- and anti-inflamma-
tory factors by these cells were examined. Untreated
macrophages cultured without mycobacterial antigens
served as the negative control.

RNA Isolation and cDNA Synthesis

Total RNA was extracted from human macrophage
cultures using TRIzol (Thermo Fisher Scientific (Invit-
rogen), USA) according to the manufacturer’s instruc-
tions, without modifications. Complementary DNA
(cDNA) was synthesized using the SuperScript™ Ill Re-
verse Transcriptase kit (Thermo Fisher Scientific, USA)
according to the manufacturer’s recommendations.
One microgram of total RNA was used as a template
for reverse transcription.

Gene expression levels were determined
by semi-quantitative real-time PCR (TagMan®) using
TagMan™ Gene Expression Assay kits (Thermo Fisher
Scientific (ABI), USA). GAPDH was used as a housekeep-
ing gene.

Protein Concentration Determination

Cytokine and chemokine concentrations in cell cul-
ture supernatants were measured by enzyme-linked
immunosorbent assay (ELISA) using Human DuoSet
ELISA kits (R&D Systems, USA) according to the manu-
facturer’s instructions, without modifications.

Statistical Analysis

Statistical analysis was performed using GraphPad
Prism 8.4.3 (GraphPad Software, USA) with multiple

FIG. 1.

t-tests (Student’s t-test) corrected for multiple compari-
sons using the Holm-Sidak method. Normality of distri-
bution was assessed using the Shapiro — Wilk test.

RESULTS

It was demonstrated that stimulation of macro-
phages with M. tuberculosis antigens significantly up-
regulated the expression of the cytokine genes IL6, TNF,
and IFNG (Fig. 1A, D and Fig. 2A). M. avium antigens
induced increased expression of IL6, NF-IL6, and IL12
((Fig. 1A, B and (Fig. 2B). For IL12, expression was sig-
nificantly higher than upon macrophage exposure
to M. tuberculosis antigens (Fig. 2B). The effect of M.
kansasii antigens on the macrophage expression pro-
file was characterized by upregulation of /L6, NF-IL6,
IL1B, TNF, and IL12 (Fig. 1 and Fig. 2B).

Notably, in the case of macrophage interaction
with M. kansasii antigens, expression of IL6 and IL1B was
significantly higher than with M. avium and M. tubercu-
losis (Fig. 1A, C). Expression of NF-IL6 was significantly
higher with M. avium and M. kansasii compared to M. tu-
berculosis, with no difference between the two (Fig. 1B).
The highest TNF expression was stimulated by M. kansa-
sii and M. tuberculosis antigens (Fig. 1D).

Thus, stimulation of macrophages with antigens
from different mycobacterial species leads to the for-
mation of distinct cellular phenotypes:

protective (M. tuberculosis),
by expression of IL6, IFNG, and TNF;

pro-inflammatory (M. kansasii), with active ex-
pression of IL6, IL1B, and TNF;

characterized

Changes in expression of IL6 (A), NF-IL6 (B), IL1B (C), and TNF (D) in macrophages upon stimulation with M. tuberculosis, M. avium, and

M. kansasii antigens

Data are presented as mean + SEM (n = 3 biological replicates per group). * - significant difference from the control group (macrophages
cultured without mycobacterial antigens): * — p < 0.05; ** — p < 0.01; *** — p < 0.001; # — significant differences between groups: # —

p < 0.05; ##—p < 0.01; ### - p < 0.001.
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« ambivalent (M. avium), expressing IL6 and IL12.
The findings from the study of cytokine production
by human macrophagesinresponsetoantigens of various

FIG. 2.

Changes in expression of IFNG (A) and IL12 (B) in macrophages
upon stimulation with M. tuberculosis, M. avium, and M. kansasii
antigens

Data are presented as mean + SEM (n = 3 biological replicates per
group). * - significant difference from the control group (macro-
phages cultured without mycobacterial antigens): * - p < 0.05. # -
significant differences between groups: # — p < 0.05.

FIG. 3.

mycobacterial species were consistent with the expres-
sion profile data. It was demonstrated that macrophages
cultured with M. tuberculosis antigens were characterized
by production of IL-6, IL-1B, TNF, IFN-y, and both forms
of IL-12 (IL-12p70 and IL-12p40) (Fig. 3 and 4).

Macrophages cultured with M. avium antigens pro-
duced IL-6, IL-1(3, TNF, IFN-y, and IL-12p40, with IFN-y
production being significantly higher upon culture
of macrophages with M. tuberculosis culture filtrate
compared to the other groups (Fig. 3 and 4).

Cells cultured with M. kansasii antigens were char-
acterized by production of IL-6, IL-1(3, IFN-y, and IL-
12p40 (Fig. 3 and 4). Notably, macrophages stimulated
with M. kansasii culture filtrate secreted significant-
ly higher levels of IL-6, IL-1B, and IL-12p40 compared
to the other experimental groups (Fig. 3, 4).

DISCUSSION

Understanding the distinct responses of macro-
phages to antigens of different mycobacterial species
may aid in the identification of novel therapeutic tar-
gets. In our study, we compared the response of mac-
rophages to complex antigens of M. tuberculosis H37Rv
and two NTM species in terms of their ability to pro-
duce a panel of key cytokines in vitro. The results re-
vealed an interesting pattern of differential cytokine
expression and secretion by macrophages in response
to stimulation with antigens of virulent and weakly vir-
ulent mycobacteria (Fig. 1-4). Stimulation with M. tu-
berculosis antigens resulted predominantly in IFN-y
and TNF production, whereas NTM antigens prefer-
entially induced IL-1, IL-6, and IL-12. Importantly, this

Changes in production of IL-6 (A), IL-1 (B), and TNF (C) in macrophages upon stimulation with M. tuberculosis, M. avium, and M. kansasii

antigens

Data are presented as mean + SEM (n = 3 biological replicates per group). * - significant difference from the control group (macrophages
cultured without mycobacterial antigens): * — p < 0.05; ** — p < 0.01; *** — p < 0.001. # - significant differences between groups: # —

p < 0.05; ##-p < 0.01.
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FIG. 4.

Changes in production of IFN-y (A), IL-12p70 (B), and IL-12p40 (C) in macrophages upon stimulation with M. tuberculosis, M. avium, and

M. kansasii antigens

Data are presented as mean + SEM (n = 3 biological replicates per group). * - significant difference from the control group (macrophages
cultured without mycobacterial antigens): * - p < 0.05; ** - p < 0.01; *** — p < 0.001. # - significant differences between groups: # —

p <0.05 ##-p <0.01.

pattern was consistent at both the transcriptional level
and the protein level.

Other researchers have also compared various
NTM species with M. tuberculosis in macrophage in-
fection models [18-20]. Although, in contrast to our
study, the majority of these investigations employed
live mycobacterial infection models and quantitative
assessment of mycobacterial burden, the consider-
able differences in observation duration and data
analysis still allow for meaningful comparison with our
findings.

Mononuclear cells, such as monocytes and macro-
phages, are professional phagocytes with high efficien-
cy in defending the host against various pathogens,
including tuberculous and NTM mycobacteria. Advanc-
es in the classification of mononuclear cell subsets,
the study of their phenotypic and functional properties,
and their modulation in various diseases have prompt-
ed research aimed at identifying monocyte-derived
biomarkers that could be used for diagnostic and ther-
apeutic purposes.

Host defense against NTM is regulated by macro-
phages through direct killing of mycobacteria and pro-
duction of IL-12, which activates natural killer cells or T
cells to secrete IFN-y. IL-12 and IFN-y mediate cross-
talk between innate and adaptive immunity against
NTM. Effective Th1 immunity, mediated by IL-12, IFN-y,
and TNF, is essential for the elimination or containment
of intracellular NTM infection.

Beltan E. et al. (2000) conducted a study in which
human monocyte-derived macrophages were infected
with various pathogenic mycobacteria (M. tuberculosis,
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M. avium, M. kansasii or M. xenopi) and non-pathogenic
mycobacteria (M. smegmatis, M. phlei), followed by mea-
surement of cytokine induction levels. The study found
that non-pathogenic mycobacteria induced higher lev-
els of TNF and GM-CSF, and, to a lesser extent, more IL-
6, compared to pathogenic mycobacteria [18].

In a study conducted by Song C.H. et al. (2003),
IL-8 levels were measured in human monocytes. It was
found that M. smegmatis induced significantly higher
IL-8 levels compared to cells infected with M. tubercu-
losis H37Rv [19].

Using the THP-1 macrophage cell line, Feng Z.
et al. (2020) demonstrated an interesting pattern
of differential cytokine and chemokine production
in macrophages infected with various mycobacterial
species: rapid growers, slow growers, and M. tuber-
culosis. Overall, M. smegmatis stimulated higher pro-
duction of pro-inflammatory cytokines (IL-18, IL-6,
IL-12, and TNF) as well as IL-10 compared to M. ab-
scessus. However, these two rapid-growing species
induced comparable amounts of chemokines (IL-8,
MCP-1, and MIP-1a). When comparing M. tuberculo-
sis and slow-growing M. avium, the latter stimulated
higher production of IL-18, IL-6, IL-12p70, TNF, and IL-
10. At the same time, all three NTM species induced
similar levels of IL-8, MCP-1, and MIP-1a [20].

Zhao S. et al. (2024) investigated plasma cytokine
levels in patients with NTM-associated lung disease
as markers of pathogenesis and treatment response.
Analysis of combinations of various plasma cytokines,
particularly IL-1(3, IL-6, and IL-10, revealed their po-
tential utility in the differential diagnosis of patients



with different mycobacterial burdens. IL-6 and IL-10
emerged as promising biomarkers of early treatment
response. The combination of IL-6 and IL-13 demon-
strated high discriminatory capacity between patient
groups with and without a positive response to anti-
bacterial chemotherapy, as well as between patients
with NTM infection and those with TB [13].

Using digital spatial profiling of lung tissue
from patients with mycobacterial lung disease, Koh J.
et al. (2024) demonstrated unique gene expression pat-
terns in T cells and macrophages. Gene set enrichment
analysis revealed that pathways related to antigen pre-
sentation and processing were predominantly activated
in lung macrophages of these patients. Affected lung
tissues showed increased numbers of macrophages
with elevated expression of M1-associated genes (CD40
and CD80), whereas T cell activation markers remained
unchanged [21].

Therefore, the results of our study, together
with the findings reviewed here, indicate that macro-
phages may serve as therapeutic targets for focusing
antibacterial immunity. Novel therapeutic strategies
for TB, leprosy, and NTM infections that target specific
cell types are currently being explored.

CONCLUSION

The present study identified distinct patterns
of macrophage responses to antigens of different
mycobacterial species. This provided a more compre-
hensive characterization of the mechanisms through
which tuberculous and NTM mycobacteria establish
persistent macrophage infection. Further investigation
of host-mycobacterium interactions in macrophages
and other cell types may lead to the discovery of nov-
el therapeutic targets for combating difficult-to-treat
infections.
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ABSTRACT

Background. The challenges of organizing tuberculosis detection in sparsely popu-
lated areas are primarily associated with poor transportation access and a shortage
of medical personnel. Under these conditions, the implementation of modern informa-
tion technologies in clinical and radiological screening for the disease becomes highly
relevant.

Aim. To optimize methods for the detection and diagnosis of pulmonary tuberculo-
sis using information technologies in the sparsely populated territory of the Republic
of Sakha (Yakutia).

Methods. A pilot study was conducted in seven medical organizations of the Republic
of Sakha (Yakutia) to test a two-component organizational model for clinical and ra-
diological tuberculosis screening utilizing information technologies: a central medical
image archive and telemedicine for remote diagnosis, as well as artificial intelligence
for double reading of fluorograms. Effectiveness was assessed by monthly monitoring
of population coverage with fluorographic examinations, measuring the time spent
on double reading of fluorograms, and assessing the time to tuberculosis diagnosis.
Results. The pilot implementation of the two-component organizational model
for clinical and radiological tuberculosis screening, employing information technolo-
gies and artificial intelligence in medical organizations, led to increased fluorographic
examination coverage of the general population and individuals at risk for tubercu-
losis. This implementation also reduced the time required for double reading of fluo-
rograms and shortened tuberculosis diagnostic timelines, both in the general medi-
cal network and at the specialized tuberculosis service level. Considering the specific
characteristics of tuberculosis detection organization across different socio-territorial
zones of the Far North, a model for clinical and radiological screening of pulmonary
tuberculosis was developed. This model comprises two organizational variants tailored
for use in the Arctic and industrial zones. The model consists of three stages (radiolog-
ical, clinical, and specialized) implemented at the level of the central district hospital
departments.

Conclusion. The proposed model for tuberculosis screening using information tech-
nologies is recommended for implementation in sparsely populated districts of the Far
North.

Keywords: pulmonary tuberculosis, mass screening, diagnosis, information technolo-
gy, telemedicine, artificial intelligence

For citation: Prokopev E.S., Yakovleva L.P, Zorina S.P, Nikiforova N.A., Parolina L.E., Vi-
nokurova M.K. Two-component organizational model for clinical and radiological screen-
ing for pulmonary tuberculosis in a sparsely populated territory of the Sakha Republic
(Yakutia). Acta biomedica scientifica. 2026; 11(3): 201-211. doi: 10.29413/ABS.2026-11.3.24
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PE3IOME

O6ocHosaHue. C/I0XHOCMU Op2aHU3ayuUU 8blsigieHUs mybepKynesa 8 mMasaoHace-
JIeHHbIX MeppuUMOopUsX CB853AHbI 8 NepayIo o4epedb C HU3KUM YpO8HeM MpPaHcnopm-
Holi docmynHocmu u 0ehuyumom MedUYUHCKUX Kaopos. B amux ycriosusx aenaemcsa
aKmyanbHbiM 8HEOpeHUE COBpeMeHHbIX UHGBOPMAYUOHHbIX mexHosaoz2ul (UT) e npo-
yeccol KITUHUKO-peHM2eH0102U4eCK020 CKPpUHUH2d 3a60/1e8aHUS.

Llens uccnedosanus. Onmumusayus Memo0oos 8bias/eHus U OudeHOCMUKU mybep-
KyJ1e3a se2kux ¢ ucnoss3zosaHuem UIT 8 yciaosusax masioHdcesleHHOU meppumopuu
Pecny6nuku Caxa (Akymus).

MemoOdel. B 7 nunomHeix MeOUYUHCKUX opaaHu3ayusax Pecnybauku Caxa (Akymus)
npogedeHa anpobayus Op2aHu3ayuoHHoOU 08YXKOMNOHeHMHoU MoOenu K/IUHU-
KO-peHMeeHo102u4ecK020 CKpUHUH2a mybepKyne3a ¢ npumeHeHuem UT: yeHmpars-
HO20 apxuea MeOUUUHCKUX Uu306paxeHull u menemeduyuHsl 018 OUCMAHYUOHHOU
NnocmaHosKu 0udzHO3d, a MAkxe UCKYyCCM8eHH020 UHMesiiekma 0718 080LUH020 Yme-
HuA ¢oopozpamm. OyeHKa 3ghheKmusHOCMU NPOBOOUSIACb NyMeM exeMeCcI4H020
KOHMpPOJIA 0X8ama HacesieHUs (iopopapuyeckum oCMOmpoM, y4ema epemMeH-
HblX 3ampam Ha 08oliHoe YmeHue 1l00po2paMm U CPOKO8 YCMAHO8/1eHUs dudeHo3d
my6epkynesa.

Pesynemamel. Anpobayus 8 numomHbix MeOUUYUHCKUX opeaHusayusx OpzaHu3a-
YUOHHOU 08YXKOMNOHEHMHOU MOOesU KIUHUKO-PeHM2eHO0/I02U4ecko20 CKpUHUH2a
my6epkyne3a ¢ npumeHeHuem UT u UCKYCCMBEHHO20 UHMesIeKMa npugeso K no-
8bILIEHUIO 0X8AMA HACENIeHUA U JIUY, U3 2pynn pucka no mybepkynesy ¢oopozpa-
hudecKuUMU 0OCMOMpPAMu, a MAKXe K COKpawjeHuto 8peMeHHbIX 3ampam Ha 080liHoe
umeHue IIOPOPAMM U CPOKO8 OUAZHOCMUKU myb6epKysie3a Ha yposHe obujel
neyebHol cemu u npomusomybepkyne3Hol cyx6sl. C y4emom Haau4us ocobeH-
Hocmeli 8 Op2aHU3AYUU 8blAB/IEHUA MmybepKyse3d 8 pas/iuyHbIX COUUaIbHO-mep-
pumopuansHelx 30Hax peauoHa KpaliHezo Cesepa paspabomaHa mooesb KaUHU-
KO-peHMeeHos102Uu4ecKo20 CKpUHUH2a myb6epKysie3a Jezkux, cocmoAawas u3 08yx
0p2aHU3AUUOHHbIX 8apUAHMOB 0718 UCNO/Ib308AHUA 8 ycrosusx Apkmudeckol u l1po-
MblwsieHHoU 30H. Modesib cocmoum U3 mpex 3manos: peHM2eH0102U4eCcKo20, Ku-
HUYeCKoz0 U cneyuaiu3upo8aHHO20, OCyujecmesiseMeix Ha yposHe nodpaszoeneHuli
ueHmpaneHoU patioHHoU 60/1bHUUbI.

3aknroyeHnue. [pednoxeHHAs MoOesb CKPUHUH208020 06C/1e008aHUA HA mybep-
Kynes ¢ ucnose3osaHuem UT pekoMeHO08aHA 019 NpUMEHEHUs 8 MAIOHACe1eHHbIX
patioHax KpatiHezo Cesepa.

Knioueavie cnosa: mybepkysies jsieekux, CKpUHUHe, 8bisigrieHue, OUd2HOCMUKG, UH-
(hopMayUoHHbIe MexHOI02Ul, mesieMedUYUHd, UCKYCCMBeHHbIU UHmessiekm

Ana uyntnposanuma: MNpokonbes E.C., Akosnesa J1.M., 3opuHa C.IM., Hukndoposa H.A,,
MaponuHa J1.E., BuHokypoBa M.K. OpraHn3aunoHHas ABYXKOMMNOHEHTHaA Mofesb KINNHN-
KO-PEHTIreHONOMNMYeCKOro CKpMHMHIa TybepKynesa Nerkrx B yC/oBUAX ManoHacereHHOM
TeppuTtopumn Pecnybnukn Caxa (AkyTus). Acta biomedica scientifica. 2026; 11(3): 201-211.
doi: 10.29413/ABS.2026-11.3.24
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BACKGROUND

The organization of early tuberculosis detection
among the population is a crucial component of tuber-
culosis control efforts, as delayed or late diagnosis neg-
atively affects the epidemiological situation [1, 2]. This
is due to the fact that late detection of pulmonary tuber-
culosis results in prolonged massive bacterial shedding,
creating a significant epidemiological risk for the sur-
rounding population, while the morphological chang-
es that develop are often irreversible or only partially
reversible, leading to low treatment efficacy [3].

According to current regulatory documents, flu-
orography (FLG) is the screening method of choice
for mass radiographic examination aimed at early de-
tection of pulmonary tuberculosis among the adult
population in the Russian Federation. When pulmo-
nary tuberculosis is suspected following FLG screen-
ing at a primary healthcare facility (PHC), a diagnostic
workup is performed, including medical history col-
lection, physical examination, complete blood count,
three-fold microscopic examination of biological ma-
terial (sputum) for acid-fast bacilli (AFB), and chest
X-ray. The patient is then referred to a tuberculosis
facility, where additional diagnostic methods are
employed: two-fold sputum microscopy for AFB,
culture and molecular genetic testing for etiologi-
cal diagnosis and drug susceptibility testing (DST),
and immunodiagnostics.

The diagnosis of tuberculosis is confirmed by a med-
ical commission of the tuberculosis medical organiza-
tion (TB dispensary, hospital, center, or clinic), which
makes decisions regarding hospitalization, treatment,
and follow-up care. TB dispensaries (departments, of-
fices) submit medical documentation and radiological
findings to the commission for review. In complex diag-
nostic cases, an in-person consultation with the patient
is arranged.

As is well known, the key challenges of healthcare
delivery in the Arctic zone and the Far North, which are
sparsely populated territories, include limited trans-
port accessibility and a shortage of medical personnel
[4-6]. In this study, we analyzed the standard algorithm
for tuberculosis detection and diagnosis in the Republic
of Sakha (Yakutia) for 2017-2019 and identified the fol-
lowing issues that negatively impact the effectiveness
and timeliness of detection and diagnosis:

- Staffing shortages, including radiologists: 7
out of 13 (53.8 %) Arctic districts lack radiologists,
and in 5 out of 34 (14.7 %) districts, their numbers fall
below the required levels;

—The shortage of radiologists in the districts creates
difficulties in organizing mandatory double reading
of fluorograms during screening, resulting in missed
pulmonary pathologies;

- Poorly developed transport infrastructure, espe-
cially in Arctic districts with seasonal accessibility to re-
mote settlements, leads to prolonged delays in the de-
livery of diagnostic material for culture and molecular
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genetic testing, as well as patient medical documenta-
tion, to the main TB facility of the republic, extending
the time to diagnosis to one month or more.

Numerous studies have addressed the optimiza-
tion of pulmonary tuberculosis detection and diagno-
sis, including through the use of modern information
technologies (IT), in various regions of the Russian
Federation. However, no studies addressing this is-
sue in the context of sparsely populated territories
of the Far North were found in the available literature.
Most studies focus on the use of computer programs
for recording and monitoring tuberculosis foci [7, 8]
and intelligent systems for detecting pulmonary pa-
thology based on medical images [9-11]. The combined
use of IT, including telemedicine and artificial intelli-
gence, to improve tuberculosis detection and diagnosis
has not been investigated. Issues related to the iden-
tification of pathology during screening fluorographic
examination, from both clinical and organizational per-
spectives, remain insufficiently studied.

The above confirms the relevance of developing
measures for the implementation of modern infor-
mation and digital technologies to improve methods
for tuberculosis detection and diagnosis in the Far
North region with low population density.

AIM

To optimize methods for the detection and diagno-
sis of pulmonary tuberculosis using information tech-
nologies in the sparsely populated territory of the Re-
public of Sakha (Yakutia).

MATERIALS AND METHODS

This study employed a zoning scheme of the Re-
public of Sakha (Yakutia) divided into five socio-ter-
ritorial zones according to the method of M.A. Tyryl-
gina [12], modified in accordance with Presidential
Decree No. 296 of May 2, 2014 “On the Land Territories
of the Arctic Zone of the Russian Federation”:

I.  Yakutsk City, the capital of the Republic
of Sakha (Yakutia).

Il.  Arctic Zone, comprising 13 polar and subpolar
districts with extensive territory accounting for 45 %
of the republic’s area. The lowest population densi-
ty in the region is 0.04 persons/km?, which is 8 times
lower than the republic average (0.32 persons/km?).
The proportion of indigenous small-numbered peo-
ples of the North is 24 % of the population, significant-
ly higher than in other zones. The main economic ac-
tivities are reindeer herding, hunting, and fishing.

lll. Industrial Zone, comprising 5 districts
with developed mining industries (diamond, coal,
oil, gas). In this zone, the urban population accounts
for 92.6 %, and the non-indigenous population ac-
counts for 92.4 %.



IV. Rural (Agricultural) Zone, consisting of 11 dis-
tricts of Central Yakutia with stall-based animal hus-
bandry and herd horse breeding, as well as risky agri-
culture. Here, the rural population accounts for 87.7 %,
and the indigenous population accounts for 94.8 %.

V. Mixed Zone, comprising 5 scattered districts
with stall-based animal husbandry, herd horse breed-
ing, reindeer herding, risky agriculture, and a small
share of mining industry. In the mixed zone, the urban
population accounts for 49.4 %, rural - 50.6 %, and in-
digenous - 53.7 %.

All districts of the Republic of Sakha (Yakutia) are
included in the list of territories with low population
density, except for 5 districts of the Rural (Agricultural)
Zone. Indigenous (native) peoples included the Yakuts
(Sakha) and the small-numbered peoples of the North
(Even, Evenki, Yukaghir, Chukchi, Dolgan). All other pop-
ulation groups were considered non-indigenous [13].

Starting from 2020, the Scientific and Practical
Center “Phthisiology” began developing an algo-
rithm for tuberculosis detection and diagnosis among
the adult population using information technolo-
gies (IT). Monthly monitoring of population coverage
with fluorographic (FLG) examinations was introduced.
Telemedicine consultations (TMC) were organized be-
tween district primary healthcare physicians and TB
specialists at TB dispensary departments of central dis-
trict hospitals (CDHs) and Yakutsk through the “Cloud
Polyclinic” application for diagnostic clarification
and registration for follow-up. The telemedicine ser-
vice “Cloud Polyclinic”, launched in the Republic
of Sakha (Yakutia) in 2020, is designed for remote pa-
tient-specialist interaction and physician-to-physician
consultations.

To evaluate the effectiveness of IT implementation
in the TB service, two periods were compared: Period
1(2014-2016) - traditional methods (pre-IT implemen-
tation); Period 2 (2020-2023) - widespread IT imple-
mentation (“Cloud Polyclinic”, ArchiMed system, TMC,
and “Predict” software).

From 2022, work was conducted jointly
with the Faculty of Computational Mathematics
and Cybernetics of Lomonosov Moscow State University
to process the FLG image database using a prototype in-
teractive tool for radiographic image annotation to train
diagnostic deep neural networks. The effectiveness
of primary and secondary reading of digital fluorograms
with a clinical decision support system in radiological
screening for pulmonary tuberculosis was compared
using expert evaluation, with accuracy, sensitivity,
and specificity calculated [14]. As a result, a neural net-
work diagnostic model for tuberculosis, the “Predict”
software, was developed and included in the algorithm.

In 2022, the Ministry of Health of the Republic
of Sakha (Yakutia) approved a pilot project for the im-
plementation and testing of new information tech-
nologies to improve the effectiveness of tubercu-
losis detection and diagnosis among the republic’s
population.

Seven pilot healthcare facilities were select-
ed from each socio-territorial zone for algorithm
implementation:

- Yakutsk City (Yakutsk City Hospital No. 2, Yakutsk
City Hospital No. 3);

— Arctic Zone (Bulunskaya Central District Hospital);

- Industrial Zone (Aldanskaya Central District
Hospital);

— Rural (Agricultural) Zone (Verkhnevilyuyskaya
Central District Hospital; Megino-Kangalasskaya Cen-
tral District Hospital);

- Mixed Zone (Khangalasskaya Central District
Hospital).

As shown in Figure 1, within the pilot healthcare fa-
cilities, at the first (radiological) stage of the algorithm
for pulmonary tuberculosis detection and diagnosis
during FLG screening of the adult population, the ra-
diologist at the FLG unit uploads digital fluorograms
to the Central Archive of Medical Images (ArchiMed sys-
tem). For primary reading of fluorograms, the “Predict”
software is used to prioritize images for radiologist re-
view, highlighting radiological syndromes as a clinical
decision support system. This is followed by secondary
reading by a radiologist. The list of cases that have been
identified as having pathological changes in their chest
organs (referred to as “FLG-positive”) is transmitted
by the authorized facility’s official to the primary care
physicians, with the results of any further examinations
being returned to the FLG unit. An electronic record
of the subsequent follow-up for these cases is main-
tained within the FLG department.

At the second (clinical) stage, the district primary
care physician at the healthcare facility performs a fol-
low-up examination of “FLG-positive” individuals. When
symptoms suggestive of tuberculosis are identified,
the patient is referred to a phthisiatrician (TB specialist)
at the TB Dispensary Department of the Central District
Hospital or the Yakutsk City TB Dispensary Department.

At the third (specialized) stage, following comple-
tion of the patient’s diagnostic workup, the phthisi-
atrician conducts a telemedicine consultation (TMC)
with the Scientific and Practical Center for Phthisiology
via the Cloud Polyclinic platform to confirm the diag-
nosis of tuberculosis and to enroll the patient in dis-
pensary follow-up. The results of the follow-up exam-
ination are transmitted back to the district primary care
physician.

The effectiveness of algorithm implementation
was assessed through monthly monitoring of the fol-
lowing parameters: population coverage with fluoro-
graphic (FLG) screening; proportion of “FLG-positive”
individuals who completed follow-up examination;
coverage of preventive screenings among tuberculo-
sis risk groups; time intervals to tuberculosis diagno-
sis, measured from both the date of initial presentation
to the primary healthcare facility and the date of refer-
ral to the phthisiatrician.

For statistical analysis, descriptive statistics meth-
ods were employed, including calculation of means
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Algorithm for detection and diagnosis of respiratory tuberculosis during FLG screening of the adult population
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FIG. 1.

Enroliment in dispensary
follow-up at the TB Dispensary

Algorithm for the detection and diagnosis of pulmonary tuberculosis during mass X-ray screening of the adult population in pilot health-

care facilities

(M), standard errors (m), and proportions (%), allowing
assessment of preventive screening coverage, diag-
nostic timeframes, and other indicators. To compare
algorithm effectiveness before and after information
technology implementation, Student’s t-test was used,
confirming the statistical significance of differences
(p < 0.05). Diagnostic accuracy of the methodology was
evaluated through calculation of sensitivity, specificity,
and overall accuracy, as well as by expert assessment
during validation of primary and secondary fluorogram
readings.

RESULTS

To evaluate the effectiveness of the algorithm for tu-
berculosis detection and diagnosis among the adult
population using information technologies, the Scien-
tific and Practical Center for Phthisiology conducted
monthly monitoring of the following parameters: flu-
orography (FLG) screening coverage of the catchment
population; timeframes and proportion of FLG-posi-
tive individuals who completed follow-up examina-
tion; and monthly monitoring of preventive screening
coverage for tuberculosis among risk groups in pilot
healthcare facilities, compared with other healthcare
facilities in the republic.

In healthcare facilities not included in the pilot
project, the coverage of preventive screening for tu-
berculosis by FLG during the period 2017-2019 ranged
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from 85.0 % to 87.9 %, averaging 2.0 % higher than
in the pilot facilities. Following the launch of the project,
the coverage rate in pilot facilities increased, reaching
82.6-88.7 % over the period 2020-2023, which exceed-
ed the corresponding rate in the remaining healthcare
facilities by an average of 3.2 %.

Analysis of preventive screening coverage among
tuberculosis risk groups in pilot versus non-pilot
healthcare facilities in 2022-2023 demonstrated that
coverage of both medical and social risk groups was
higher in pilot facilities. In 2022, preventive screening
coverage of medical risk groups in pilot Central Dis-
trict Hospitals (CDHs) was 92.3 %, increasing to 95.2 %
in 2023, thereby reaching the target indicator of 95 %.
In the remaining CDHs, the corresponding rates were
88.0 % and 88.3 %, respectively. In pilot healthcare fa-
cilities of Yakutsk City, coverage decreased from 99.8 %
in 2022 to 95.9 % in 2023, remaining above the target
threshold. In non-pilot facilities, the indicator remained
below the required level (90.8 % in 2022 and 84.0 %
in 2023).

Coverage of preventive screening among social
risk groups in pilot CDHs increased from 80.9 % in 2022
to 86.9 % in 2023, though it did not reach the target
indicator. In non-pilot CDHs, the indicator was insuf-
ficient, although it increased from 79.9 % to 84.3 %.
In pilot healthcare facilities of Yakutsk City, screening
coverage for social risk groups during the study peri-
od ranged from 96.6 % to 100 %, compared with 90.6-
97.6 % in non-pilot facilities.

Economics and management in public health service



Analysis of the proportion of FLG-positive indi-
viduals who did not complete follow-up examination
in pilot versus non-pilot healthcare facilities in 2022
and 2023 revealed that, in facilities not currently includ-
ed in the project, the proportion of individuals with FLG
changes who were not fully examined decreased in both
CDHs (1.4-1.6 % vs. 2.1-2.2 %) and Yakutsk City health-
care facilities (3.1-6.8 % vs. 12.8-14.6 %).

The implementation of information technol-
ogies in pilot healthcare facilities enabled mini-
mization of missed pathology during FLG screen-
ing of the population for tuberculosis and reduced
the timeframes for diagnosis and enrollment of pa-
tients in dispensary follow-up. As shown in Table 1, fol-
lowing IT implementation in pilot CDHs, the mean time
interval from initial presentation at primary healthcare
facilities to referral to a phthisiatrician was reduced
by 22.7 days, and the mean time interval from presen-
tation at the CDH TB Dispensary Department to confir-
mation of tuberculosis diagnosis was reduced by 32.9
days. Both differences were statistically significant
(p =0.001292; p = 0.001925, respectively).

Thus, the pilot implementation of the developed al-
gorithmfor clinical and radiological tuberculosis screen-
ing using information technologies in pilot healthcare
facilities has led to positive changesin pulmonary tuber-
culosis detection through the organization of second-
ary reading of FLG images in the Central Archive of Med-
ical Images by radiologists from the core institution,
monthly monitoring of population coverage with FLG
screening, preventive screening coverage of medi-
cal and social risk groups, and follow-up examination
of FLG-positive individuals, as well as a significant re-
duction in tuberculosis diagnostic timeframes through
the transmission of patient medical documentation via
the Cloud Polyclinic platform and the conduct of tele-
medicine consultations for diagnosis confirmation.

To test the “Predict” software in 2023-2024,
double reading of digital fluorograms using artifi-
cial intelligence (Al) was organized and conducted
at primary healthcare facilities. The Al performed

TABLE 1

the primary reading of all FLG images, while the ra-
diologist at the primary healthcare facility performed
the secondary reading of the same images, taking
into account the Al results. During the testing phase,
radiologists from the Scientific and Practical Center
for Phthisiology performed quality control of the pri-
mary and secondary reading reports for 16,427 FLG im-
ages included in the study. Based on the results of dou-
ble reading (Al + radiologist), 468 cases of pathology
were suspected, of which clinical and laboratory exam-
ination confirmed pulmonary tuberculosis in 135 pa-
tients. The diagnosis in all patients was verified through
comprehensive examination, including medical history
collection, analysis of clinical and laboratory data, chest
radiography, and chest computed tomography.

In the current version of the “Predict” software,
the system calculates the percentage probability
of the presence of pulmonary abnormalities. The high-
est concordance rate between radiologist and Al read-
ings was observed in the pathology probability
range of 0 % to 25 % (93.3-99.7 %). In the 26-60 %
range, the concordance rate was 61.9-82.4 %. When
the Al-predicted pathology probability exceeded 61 %,
radiologists most frequently identified pulmonary ab-
normalities, including fibrotic changes, inflammatory
changes, postoperative changes, sequelae of trauma,
as well as congenital pathology of the pulmonary, car-
diovascular, and musculoskeletal systems.

ROC analysis of Al performance at the primary FLG
screening stage revealed high performance metrics:
sensitivity for pathology probability detection was
82 %, and specificity was 81 %.

Following the pilot testing of the algorithm
for pulmonary tuberculosis detection and diagnosis
in pilot healthcare facilities, in 2024 an Organization-
al Two-Component Model of Clinical and Radiological
Screening for Pulmonary Tuberculosis was developed
(hereinafter referred to as the “Model”). The Model
is based on the comprehensive application of infor-
mation and digital technologies to improve pulmo-
nary tuberculosis detection and diagnosis in sparsely

TIMEFRAME FOR TUBERCULOSIS DIAGNOSIS IN PILOT CENTRAL DISTRICT HOSPITALS BEFORE AND AFTER

IMPLEMENTATION OF IT-SOLUTIONS

Follow-up groups

Pilot CDH before IT implementation,

Time from presentation at HCF to referral
to TBDD (CDH), days (M+m)

Time from presentation at TBDD (CDH)
to diagnosis confirmation, days (M+m)

2014-2016 (n=55) 31.346.1 45.745.0
Pilot CDH after IT implementation,

2020-2023 (n=31) 8.6+2.9 12.843.9
Student’s t-test 333 32

p 0.001292 0.001925

206



populated territories. It comprises two Algorithms
designed for use in the Arctic and Industrial zones
of the Far North. The Organizational Two-Component
Model was developed taking into account the exist-
ing differences in tuberculosis detection organization
across the socio-territorial zones of the region, par-
ticularly with the predominantly mobile (outreach)
mode of healthcare delivery, including FLG screening
of the population in the districts of the Arctic zone.

The developed Algorithms of the Model include
three stages: Radiological Stage at the Radiology De-
partment of the Central District Hospital (hereinafter
referred to as the First Stage); Clinical Stage at the Out-
patient Department of the Central District Hospital
(hereinafter referred to as the Second Stage); and Spe-
cialized Stage at the level of the phthisiatrician of the TB
Dispensary Department of the Central District Hospital
(hereinafter referred to as the Third Stage).

In the schematic representation of the Model Algo-
rithms, asterisks with numbers indicate new organiza-
tional forms introduced in the work of Central District
Hospitals for tuberculosis detection during population
FLG screening.

The algorithm for the Arctic Zone (Fig. 2) has sev-
eral distinctions due to infrastructure characteristics.
At the first stage, screening FLG examination of the en-
tire population is conducted by a mobile fluorography
team, which provides the FLG Unit of the Central District
Hospital with the completed FLG images on a digital
storage medium.The radiologist uploads the FLGimage
database to the ArchiMed Central Archive of Medical

Images and simultaneously to the Predict software
for primary reading. Following the receipt of fluorogram
reading results from the Predict software, the radiol-
ogist performs secondary reading, prioritizing those
images identified with a pathology probability of 1 %
or higher. After reviewing all fluorographic images,
the radiologist prepares a list of FLG-positive individu-
als and transmits it to the second stage of the Model -
the Head of the Polyclinic Department of the Central
District Hospital.

At the second stage of the Algorithm, the Head
of the Polyclinic Department of the CDH transmits
the lists of FLG-positive individuals to a mobile medical
team, which specifically travels to populated areas to ex-
amine patients with pathology detected during FLG
screening. The mobile medical team completes Block 1
of the insert in the outpatient medical record - “Clinical
and Radiological Examination of FLG-positive Patient”
(hereinafter referred to as the “insert”) and issues a re-
ferral for further examination. The insert with complet-
ed Block 1 is handed over by the mobile medical team
physician to the Head of the Polyclinic Department,
who then forwards it to the district primary care physi-
cian. The district primary care physician recalls and per-
forms a follow-up examination of the FLG-positive pa-
tient within 10 working days and completes Block 2
of the insert. When signs suggestive of tuberculosis are
identified, the patient is referred to the third stage -
the TB Dispensary Department of the CDH.

At this stage, a new documentation form is intro-
duced - the insert in the outpatient medical record

Source of
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FIG. 2.

Algorithm for clinical and radiological screening of pulmonary tuberculosis based on the integrated use of information technology to im-

prove detection and diagnosis in the Arctic zone of the Far North
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“Clinical and Radiological Examination of FLG-positive
Patient”, divided into two blocks: for the mobile med-
ical team physician and for the district primary care
physician. The insert for the mobile medical team in-
cludes patient identification information: demographic
data, brief medical history, and the date of the most re-
cent examination as reported by the patient. The insert
for the primary care physician includes follow-up exam-
ination results and the final diagnosis.

At the third stage, individuals with suspected tuber-
culosis are referred for follow-up examination to the TB
Dispensary Department of the CDH. The phthisiatrician
at the TBDD transmits all patient examination results
to the Scientific and Practical Center for Phthisiology
via the secure ViPNet network for review by the Cen-
tral Medical Commission using telemedicine technolo-
gies. When the diagnosis of tuberculosis is confirmed,
the Central Medical Commission enrolls the patient
in dispensary follow-up. Oversight of patient rout-
ing and compliance with the third stage procedures
is the responsibility of the Head of the TB Dispensary
Department of the CDH.

The Industrial Zone is characterized by more stable
internet connectivity and better transport accessibility.
Therefore, the Algorithm for this zone does not include
the deployment of mobile teams (Fig. 3).

At the first stage, screening FLG examination
of the entire population is conducted at the FLG Units
of the Central District Hospitals. The radiologist up-
loads the FLG image database to the ArchiMed Cen-
tral Archive of Medical Images and simultaneously

to the Predict software for primary reading. Following
the receipt of fluorogram reading results from the Pre-
dict software, the radiologist performs secondary read-
ing, prioritizing those images identified with a pa-
thology probability of 1 % or higher. After completing
secondary reading of all FLG images, the radiologist
generates a list of FLG-positive individuals and trans-
mits it to the second stage of the Model - the Deputy
Chief Physician for Outpatient Care / Head of the Poly-
clinic Department of the CDH.

At the second stage of the Algorithm for the In-
dustrial Zone, the Head of the Polyclinic Department
of the CDH transmits the lists of FLG-positive individ-
uals to the district primary care physicians, who per-
form a follow-up examination of the patient within 10
working days and complete the insert in the outpatient
medical record - “Clinical and Radiological Examina-
tion of FLG-positive Patient”. When signs suggestive
of tuberculosis are identified, the patient is referred
to the third stage - the TB Dispensary Department
of the CDH for follow-up examination.

At the third stage, the phthisiatrician transmits all
patient examination results to the Scientific and Prac-
tical Center for Phthisiology via the secure ViPNet net-
work for review by the Central Medical Commission
(CMCQ) using telemedicine technologies. When the di-
agnosis of tuberculosis is confirmed, the CMC enrolls
the patient in dispensary follow-up. Oversight of pa-
tient routing and compliance with the third stage pro-
cedures is the responsibility of the Head of the TB Dis-
pensary Department of the CDH.

Source
of Pathological

Changes
° PREDICT
Radiological Stage S Radiologist — primary S .
Q at the Radiolo N FLG UnitoftheCDH,City | » reading of all images | Radiologist(FLG unit) o 20
T 8y s Hospital (Predict software) gaacinol(Breciclacoraisii)
o Department of CDH 2
sd vy
= ArchiMed system (Central List of FLG-positive individuals
Archive) Transfer to Clinical Stage ;
Deputy Chief Physician for Outpatient Care / . List of 1 N N
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2 ! individuals |
;EE, ”””””” ~ Follow-up examination to be completed within 10 working days;
o Clinical stage £ - C ion of the CRO FLG-positive patient insert
I -
a (Outpatient Department, g
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| Transmission of medical 3
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S ! i Central Medical C ‘
- ; | } \
Specialized Stage 2 Phthisiatrician foflow-up at [ E— System with the E.N. Andreev Scientific and Practical Center for
2 Phthisiatrician at the TBDD, E . Phthisiology
@ CDH 2 ¥ ‘ Quality control by Head of TBDD
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FIG. 3.

Algorithm for clinical and radiological screening of pulmonary tuberculosis based on the integrated use of information technology to im-

prove detection and diagnosis in the Industrial zone of the Far North
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At present, the Predict software continues to under-
go pilot testing and refinement of artificial intelligence
parameters to improve sensitivity and specificity.

Radiological images obtained during mass screen-
ing examinations are routinely reviewed by two radiol-
ogists to reduce the risk of missed pathology. Primary
reading of the radiological image is performed immedi-
ately after the examination, taking 5-7 minutes per im-
age. Secondary reading is performed either by a differ-
entradiologist or by the same radiologist after 24 hours.
This system improves the detection rate of pathological
changes to up to 99 %, but is time-consuming.

The use of Al eliminates the need for primary read-
ing by a radiologist, reducing reading time to 1-2
seconds per image and increasing detection efficien-
cy to 99.6 %. The radiologist performs only secondary
reading of radiological images, and with Al assistance,
reading efficiency increases to up to 100 %.

As a result of implementing the Organizational
Two-Component Model with Al integration, the follow-
ing objectives of the healthcare digitalization program
are achieved: improved quality of pulmonary tubercu-
losis diagnosis; reduced examination time per patient;
reduced workload on radiologists; and increased acces-
sibility of medical care to the population.

DISCUSSION

The key achievement of this work is the develop-
ment of a comprehensive Organizational Two-Com-
ponent Model, in which digital tools perform strictly
defined functions within the overall tuberculosis care
system. The main process improvement has been
achieved through clear regulation of stages and data
flows. Automated primary triage through the upload
of fluorograms to the Predict software replaces the la-
bor-intensive primary reading by a physician, instant-
ly identifying images with low pathology probability
and prioritizing those requiring specialist attention.
This represents not diagnosis, but an efficient triage
system that optimizes specialist workload.

An important element of the Model Algo-
rithms is centralization of expert review, which pro-
vides for mandatory secondary reading of images
from risk groups by a radiologist at the core institu-
tion via the Central Archive of Medical Images. This
approach successfully addresses the shortage of local
personnel and standardizes evaluation criteria. End-to-
end electronic routing ensures the generation of a dig-
ital list of FLG-positive individuals and its automatic
transmission via secure network from the radiologist
to the Head of the Polyclinic Department and then
to the district primary care physician, eliminating data
loss and delays inherent in paper-based document
management.

Of particular note is the development of differenti-
ated processes for different settings. The creation of two
separate algorithms for the Arctic and Industrial Zones
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demonstrates a systematic approach to problem-solv-
ing. For the Arctic Zone, the algorithm is supplemented
by the deployment of mobile teams and a new docu-
mentation form, compensating for the lack of direct
access to healthcare facilities. For the Industrial Zone
with developed infrastructure, the algorithm operates
in a more direct and rapid mode. Thus, the Predict
software functions not as an independent diagnos-
tic tool, but as a critical filter-accelerator at the entry
point of the established clinical process. The reduction
in diagnostic timeframes should be considered a con-
sequence of comprehensive process optimization rath-
er than merely the use of technological solutions.

Study Limitations

The presented algorithms have several limitations
related to implementation stages and generalizability.
Reliable operation critically depends on the uninter-
rupted functioning of all technological components,
including the Central Archive of Medical Images, secure
networks, and stable Internet connectivity. In the Arc-
tic Zone, failure at any of these stages may paralyze
the entire process. There is also a risk of operational
errors, as the workload increases on the central hub -
the radiologists at the core institution and healthcare
organizers responsible for coordinating data flows.

The study documents improvement in performance
indicators; however, to assess the ultimate effective-
ness of the Organizational Two-Component Model,
long-term data on epidemiological outcomes are re-
quired, which may only become apparent after several
years of observation.

CONCLUSION

The conducted research confirms that early tuber-
culosis detection in sparsely populated territories re-
mains a challenging task due to low population density
and limited accessibility of traditional screening meth-
ods. The implementation of telemedicine technologies
and digital tools may improve diagnostic coverage;
however, their application in the Arctic and Industrial
Zones requires adaptation to the specific characteris-
tics of the territories and approaches to healthcare ser-
vice organization.

Key unresolved aspects include optimization of pa-
tient routing, reduction of time to diagnosis, and im-
provement of radiological data interpretation accuracy,
particularly under conditions of specialist shortages.

In this study, an Organizational Two-Component
Model for tuberculosis detection using information
technologies, including Al-based Predict software,
was developed and piloted. The implementation
of the Model resulted in a 3.2 % increase in fluorograph-
ic screening coverage, a reduction in diagnostic time-
frames by 22.7-32.9 days, and a 2-4 times reduction
in the number of patients without follow-up completed.

The use of artificial intelligence in fluorogram
analysis provides high accuracy (up to 99.6 %),



while minimizing missed pathology and reducing
the workload on radiologists. The developed Algo-
rithms for the Arctic and Industrial Zones have demon-
strated their effectiveness through the combination
of telemedicine consultations, automated image analy-
sis, and optimized patient routing.

The obtained results have significant clinical im-
plications, as they improve the accessibility and qual-
ity of tuberculosis diagnosis in hard-to-reach regions
and reduce the time from detection to treatment.
The scientific value of this work lies in substantiat-
ing an approach that combines digital technologies
with adapted organizational solutions for different
socio-territorial zones. For further research, it would
be beneficial to extend the pilot implementation
of the Model to other regions with similar conditions,
refine Al algorithms to improve specificity in differential
diagnosis, and study the long-term impact of the im-
plemented methods on tuberculosis epidemiological
indicators.
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EPIDEMIOLOGY

ABSTRACT

Background. The COVID-19 pandemic and the associated non-pharmaceutical inter-
ventions (NPIs) significantly altered the global epidemiology of various infectious dis-
eases. Studying the dynamics of hospitalizations for acute intestinal infections in a spe-
cific region during different periods of the pandemic allows for assessment of the effect
ofthese measures and identification of patterns in the recovery of the epidemic process.
Aim. To evaluate the impact of the COVID-19 pandemic on the dynamics and structure
of hospitalizations of children with acute intestinal infections (All), including rotavirus
infection (RVI), in Chita over the period 2014-2023.

Materials and Methods. A retrospective analysis of statistical reporting data
from the Regional Clinical Infectious Diseases Hospital in Chita was conducted. A to-
tal of 11,520 hospitalization cases of children aged 0-17 years with All over a 10-year
period were analyzed. Descriptive and non-parametric statistical methods were used,
including time series analysis, the x? test, the @-coefficient, and Spearman’s correlation
analysis. Data processing was performed using IBM SPSS Statistics 26.

Results. During the peak pandemic period (2020-2021), the number of hospitaliza-
tions for All decreased 1.6-fold (x* = 9.680; p = 0.002), and for RVI - 1.4-fold (x* = 23.955;
p <0.001) compared to the pre-pandemic period. The etiological structure of All did not
change significantly: the proportion of RVI among all cases was 24.48 % (pre-pandem-
ic), 23.68 % (peak pandemic), and 22.87 % (post-pandemic) (p > 0.05). A strong positive
correlation was found between the total number of All hospitalizations and RVI cases
(r=0.789; p = 0.008). In the post-restriction period (2022-2023), an increase in hospi-
talizations was observed.

Conclusions. The anti-epidemic measures during the COVID-19 pandemic led to a sig-
nificant reduction in hospitalizations for All and RVI without affecting their etiological
structure. The subsequent increase in incidence following the lifting of restrictions con-
firms the restoration of the epidemic process, which underscores the need for ongoing
epidemiological surveillance and the expansion of vaccination programs.

Keywords: acute intestinal infections, rotavirus infection, COVID-19 pandemic, chil-
dren, hospitalization, epidemiology, Zabaykalsky Krai, retrospective study, SARS-CoV-2
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on pediatric hospitalization dynamics for acute intestinal infections (including rotavirus)
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PE3IOME

O6ocHosaHue. [TaHoemusa COVID-19 u conymcmeyrowue npomusosanudemuyeckue
Mepbl 0KA3a1u 27106a/1bHOe 8UAHUE HA YUPKYIAUUI0 pecnupdmopHbIX U KUWEYHbIX
8uUpyco8. M3yyeHue OUHAMUKU 20cnumanu3ayuti c oCmpsiMu KUEeYHbIMU UHGPeKyus-
mu (OKU) 8 KOHKpemHoM pe2uoHe 8 pasHble nepuods NnaHOemMuu N0380J1iem oyeHUMb
3ghchekm smux mMep U 8bIS8UMb 0CObEHHOCMU 8OCCMAHO8/1eHUS 3nudnpouyecca.
Lens. OyeHume enuaHue naHoemuu COVID-19 Ha OUHAMUKY U cmpyKkmypy 20cnu-
manuzayuti demeli ¢ OKM, 8 mom yucne c pomasupycHoli uHgekyueti (PBY), 8 YHume
3a2014-2023 22.

Memooel. [posedéH pempocnekmusHbili aHAnu3 OaHHbLIX cmamucmuyeckol om-
uémHocmu Kpaesoli knuHuveckol UH(eKyuoHHoU 6osbHUYbI 2. Yumel. [poarHanu-
3uposaHsl 11520 cnyyaes 2ocnumanusayuu 0emeti 0—-17 nem ¢ OKU 3a 10-nemHudi
nepuod. Micnonb3osanuce MemoOsbl onucamesibHoU U Henapamempuyeckoli cmamu-
CMUKU, aHAsu3 dUHAMUYECKUX pA00s, Kpumepud X2 Ko3ghguuueHm @, KoppesnayuoH-
HbIl aHanu3 CnupmeHa. O6pabomka 0aHHbIx 8binosiHeHa 8 IBM SPSS Statistics 26.
Pesynemamel. B nepuod paszapa naHoemuu (2020-2021 22.) 4ucsio 20cnumanusa-
yuti c OKM cHuzunoce 8 1,6 pasa (x> = 9,680; p = 0,002), c PBUN — 6 1,4 paza (x* = 23,955;
p < 0,001) omHocumeneHo donaHoemuliHo2o nepuodd. Cmpykmypa OKU 3Hauyumo
He usmeHusace: 0ona PBU om ecex cnyyaes cocmasuna 24,48 % (00), 23,68 % (pas-
2ap) u 22,87 % (nocne) (p > 0,05). BoiseneHa npamas mecHas c8a3b Mexoy obujum
yucsom eocnumanusayuti c OKW u PBU (r=0,789; p = 0,008). locne ommeHbl 02paHu-
yeHul 8 2022-2023 22. Ha61100asCca pocm 2ocnumanusayudi.

3aknroyenue. [[pomusosnudemuyeckue mepsl 8 nepuod naHoemuu COVID-19 npuge-
J1U K 3HAYUMOMY CHUXeHUIo Yucsd 2cocnumanu3ayut ¢ OKU u PBU, He nosnuss Ha ux
amuosnoauydeckyto cmpykmypy. llocnedytowuti pocm 3abonesaemocmu nocsie om-
MeHbl 02paHuyeHuli nodmeepxoaem 80CCMAaHossieHUe 3nudemuyecKko2o npoyeccd,
Umo nodyepkusaem HeobXxo0UMOCMb NOCMOAHHO20 3NUOEeMUOI02UYECKO20 MOHU-
mopuHaa u paclupeHus NPopamm 8aKyUHONPOGBUIAKMUKU.

Knioyeeolie cnosa: ocmpesie KuieyHble UHpeKyuU, pomasupycHas UHpeKyus, NaH-
demua COVID-19, demu, 2ocnumasnusayus, snudemuosnoaus, 3abatikansckul kpad,
pempocnekmugHoe ucciedosaHue, SARS-CoV-2

Ana untnposaHuna: AHgpeesa E.B., MupomaHnosa H.A., bpbinésa J1.U. Bnuanne naHgemun
COVID-19 Ha AnHaMMKy rocnutanmsaumin geten B Yute ¢ OCTPbIMU KULIEYHBIMU NHpEK-
LMAMK, B TOM YMCie C poTaBupycHol nHdekumein. Acta biomedica scientifica. 2026; 11(3):
212-221.doi: 10.29413/ABS.2026-11.3.25
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BACKGROUND

Acuteintestinal infections (All), particularly rotavirus
infection (RVI), despite significant advances in vaccine
prophylaxis and the improvement of epidemiological
surveillance methods, remain one of the leading caus-
es of morbidity and hospitalization in children world-
wide [1, 2]. According to the World Health Organization
(WHO, 2023), rotaviruses occupy a leading position
among the etiological agents of severe gastroenteritis
in young children, accounting for a substantial propor-
tion of hospitalizations and deaths, especially in low-in-
come and middle-income countries. Global estimates
indicate that vaccination programs are being actively
implemented worldwide, with coverage of the tar-
get cohort who completed vaccination reaching 59 %
in 2024 [3], leading to a reduction in mortality and hos-
pitalizations. However, the incidence of RVI remains
high, and the economic burden associated with rotavi-
rus diarrhea in Russia in 2024 ranks fifth among infec-
tious diseases according to the State Report (2025).

In recent years, the COVID-19 pandemic has had
a significant impact on the epidemiology of rotavi-
rus infection worldwide [4, 5]. The introduction of re-
strictive measures, closure of educational institutions,
and enhanced sanitary requirements led to a sharp de-
cline in hospitalizations for All, including rotavirus-in-
duced gastroenteritis [6, 7]. However, in the post-
COVID period, following the lifting of strict restrictive
measures, a recovery and even an increase in rotavirus
infection incidence to pre-pandemic levels has been
observed, as confirmed by both international and Rus-
sian data [8, 9].

In the Russian Federation, RVl occupies a leading
position in the structure of acute intestinal infections
of established etiology in children, accounting for 33.3-
78.8 % [10, 11]. However, the actual number of cases
may be significantly higher due to insufficient labora-
tory confirmation, registration peculiarities, and labora-
tory diagnostic capabilities. The introduction of routine
rotavirus vaccination with high coverage of the target
cohort in several regions of Russia (State Report, 2025),
such as Sakhalin Oblast (coverage 88.3 %), Yamalo-Ne-
nets Autonomous Okrug (82.0 %), and the Republic
of Buryatia (69.1 %), has made it possible to reduce
the incidence and severity of infection. However, vacci-
nation coverage across the Russian Federation remains
low, amounting to 15.09 % in 2024.

Of particular importance are the epidemiological
features of rotavirus infection in the Far East, where
the structure and dynamics of incidence differ from na-
tional averages due to geographical, climatic, and de-
mographic factors [12]. According to regional studies,
rotavirus infection in Chita, the capital of the Trans-Bai-
kal Territory, occupies a leading position among viral
All in children, with RVI accounting for 60-70 % of viral
diarrheas [13]. In Chita, rotavirus vaccination is admin-
istered only for epidemic indications or on a commer-
cial basis, with extremely low coverage, which does not

allow for the formation of herd immunity and contrib-
utes to the persistence of high incidence rates.

Over the past decade, significant variability
in the structure of morbidity has been observed, which
is associated both with changes in virus circulation,
the organization of laboratory diagnostics, and the coro-
navirus pandemic. The dynamics of COVID-19 spread
in Russia included four distinct epidemic waves. Fol-
lowing the identification of the first cases on Janu-
ary 31, 2020, the country experienced an initial surge
by May of the same year, peaking at 11,656 infections
per day. However, the autumn wave of the same year
demonstrated a more intensive increase, exceed-
ing the spring peaks. A third wave followed, peaking
in July 2021, and by the autumn of that year, a fourth
wave began. The final step in the easing of anti-COVID
policies was the lifting of some restrictive measures,
officially announced on July 2, 2022 [14]. Analysis
of the structure and dynamics of All hospitalizations,
as well as the patterns of rotavirus-induced gastroenteri-
tis spread during different epidemiological periods,
including the pre-pandemic, pandemic, and post-pan-
demic stages, allows not only the identification of re-
gional epidemiological features but also the assessment
of the effectiveness of anti-epidemic measures, as well
as highlighting the relevance of introducing and ex-
panding vaccination programs.

AIM

To evaluate the impact of the COVID-19 pandemic
and associated anti-epidemic measures on the dynamics
and structure of hospitalizations of children with acute
intestinal infections (All), including rotavirus infection
(RVI), in a large infectious disease hospital in Chita over
a 10-year period (2014-2023).

MATERIALS AND METHODS

A retrospective cohort study was conducted based
on the analysis of inpatient records (Fig. 1).

Inclusion criteria. All hospitalization cases of pa-
tients aged 0 to 17 years with a confirmed diagnosis
of acute intestinal infection (regardless of etiology)
at the Regional Clinical Infectious Diseases Hospital
(RCH) in Chita between January 1, 2014, and December
31,2023.

Non-inclusion criteria. Absence of data required
for analysis (age, diagnosis, date of hospitalization)
in the statistical records.

Exclusion criteria. Duplicate records of hospitaliza-
tion for the same patient within a single disease episode.

Study setting. The study was conducted at the Re-
gional Clinical Infectious Diseases Hospital (RCH) in Chi-
ta, which is a specialized inpatient facility for the hos-
pitalization of children with All within the city district.
The low rotavirus vaccination coverage in the region
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Initial cohort (All All hospitalizations, 2014-2023, n=11,520)

N

Analysis: primary and secondary outcomes

A4

Comparison between subgroups by period: Pre-pandemic (2014-2019),
Pandemic (2020-2021), and Post-pandemic (2022-2023)

FIG. 1.
Study design

may limit the generalizability of the findings to popula-
tions with high vaccine coverage.

Study duration. The enrollment period for the study
was 10 years (from January 1, 2014, to December 31,
2023). The observation period covered the entire dura-
tion of each patient’s hospitalization. The analysis was
performed across three time periods: pre-pandemic
(2014-2019), pandemicpeak (2020-2021),and post-pan-
demic (2022-2023). No shifts in the planned time inter-
vals occurred.

Description of the medical intervention. No medical
intervention was planned or applied within the frame-
work of this observational study. The “exposure” under
investigation was the introduction and subsequent lift-
ing of state-imposed anti-epidemic measures during
the COVID-19 pandemic (isolation measures, clo-
sure of educational institutions, and mandatory mask
wearing).

Study outcomes. Primary outcome: dynamics
of the absolute number of hospitalizations of children
with All and RVI during different periods of the COVID-19
pandemic. Secondary outcomes: 1) etiological structure
of All (viral, bacterial, rotaviral, unspecified); 2) statistical
strength of association between the pandemic period
and hospitalization indicators; 3) correlation between
the number of hospitalizations for RVI and the total
number of All hospitalizations.

Subgroup analysis. Additional analysis was per-
formed in subgroups defined by COVID-19 pan-
demic periods: pre-pandemic, pandemic peak,
and post-pandemic.

Outcome registration methods. Outcomes were
recorded through a retrospective analysis of aggregat-
ed data from official inpatient records (Form No. 14).
Laboratory diagnosis of All etiology was performed
using standard methods (ELISA and PCR) as specified
for the facility.

Ethical approval. Due to the retrospective nature
of the study and the use of anonymized data, informed
consent from patients was not required.

Statistical analysis. The sample size was not calcu-
lated a priori. The entire population of hospitalization
cases for the specified period was analyzed (n = 11,520).
Analysis was performed using IBM SPSS Statistics 26.
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Quantitative data are presented as absolute num-
bers and percentages. The x? test was used to compare
proportions between subgroups. The strength of asso-
ciation was assessed using the ¢ coefficient. For time
series analysis, chain and baseline absolute increases,
growth rates, and growth increments were calculated.
Spearman’s rank correlation coefficient (r) was used
to assess correlations. Statistical significance was set
at p < 0.05.

RESULTS

Theretrospective analysis included data from 11,520
hospitalization cases of children aged 0 to 17 years
with a diagnosis of acute intestinal infection at the Re-
gional Clinical Infectious Diseases Hospital (RCH) in Chi-
ta from 2014 to 2023. All cases meeting the inclusion
criteria were analyzed. No subsampling was performed.
The baseline characteristic of the study objects was ag-
gregated inpatient record data.

Figure 2 shows the dynamics of hospitalizations
relative to the multi-year average (MYA) (1,152, 100 %).
In 2023, compared to 2022, hospitalizations increased
by 45 cases (4.5 %). The maximum increase was ob-
served in 2017 (234 patients, 18.22 %), while the min-
imum increase was recorded in 2020 (-439 children,
-34.98 %). The overall trend was increasing, indicating
arise in hospitalizations by 2023.

On average, the growth rate decreased by 0.7 %
annually. The mean annual number of hospitalizations
declined by 7.78 cases, reaching nearly 2014 levels
by 2023.

Over the 10-year observation period (Fig. 3), among
confirmed acute intestinal infections, viral infections
ranked first, accounting for an average of 35 %; rotavi-
rus infection accounted for 24 % of all All cases, while
a substantial proportion (59 %) was attributed to acute
intestinal infections of unspecified etiology (AIUE).

Previously, in the pre-pandemic period, we con-
ducted a study of the long-term dynamics of hos-
pitalizations of children aged 0-17 years at the RCH
for All from 2014 to 2019 [13]. Analysis showed that
the MYA of hospitalizations of children aged 0-17 years



with acute diarrhea during this period was 1,306 cases.
On average, the number of hospitalizations of children
with All in the pre-pandemic period increased by 2.3 %
annually (Fig. 4). A one-year forecast was made using
the absolute increase indicator, yielding a predict-
ed number of 1,282.4 hospitalizations in 2020. How-
ever, the COVID-19 pandemic resulted in a deviation
from the forecasted values.

The growth rate of RVI in the pre-pandemic period
shows that the number of hospitalizations increased
annually by an average of 11.7 % (Fig. 4). A one-year
forecast using the absolute increase indicator predicted
365.6 cases. Hospitalizations for All and rotavirus infec-
tion demonstrated steady growth, with viral diarrheas
accounting for the majority, of which RVI constituted
the main part.

Inthe periodfrom 2014t0 2019, the structure ofacute
diarrheal diseases was dominated by acute intestinal in-
fections of unspecified etiology (AIUE) - 59.07 + 7.44 %;

viral diarrheas ranked second - 33.92 + 9.78 %; and bac-
terial All were recorded less frequently - 6.9 + 3.01 %.
RVI accounted for 24.47 + 5.33 % of all All cases.

During the pandemic peak period from 2020
to 2021 (Table 1), the lowest hospitalization rates
for children with All were recorded in 2020 and 2021.
These were 29 % below the multi-year average (Fig. 2).

In 2020 and 2021, compared to 2014, hospitaliza-
tions decreased by 27 %. The mean growth rate during
the pandemic peak period was low (17.61 %).

On average, during the pandemic peak years,
the percentage of hospitalizations for All decreased
1.6-fold relative to the pre-pandemic period (x> = 9.680;
p = 0.002). To assess the strength of association be-
tween the pandemic factor and the mean All hospi-
talization rate, the ¢ coefficient and Pearson’s contin-
gency coefficient (C) were used. The calculated values
indicated a moderate strength of association (¢ = 0.220;
C=0.215). The results are presented in Table 2.

140%
120%
100%
80%
0
60% 71% 71%
40%
20%
0%
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
—— MYA of All hospitalizations, % (2014-2023) === All hospitalizations, %
FIG. 2.
Dynamics of hospitalizations for acute intestinal infections among children aged 0-17 years, 2014-2023
1,2
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FIG. 3.

Etiological structure of acute intestinal infections (All) in hospitalized children aged 0-17 years, 2014-2023
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In 2020 compared to 2014, hospitalizations de-
creased by 7 %. Notably, 2014 was the lowest pre-pan-
demic value. In 2021 compared to 2020, an increase
of 14.4 % was observed. The maximum increase during
this period was in 2021 (26 cases), while the mini-
mum (-157 cases) was recorded in 2020. On average,
the rate of increase declined by 16.07 % annually during
2020-2021.

On average (Fig. 5), during the pandemic peak
years, the percentage of hospitalizations for RVI

150,0% 128,4%
0
100,0% 94,3%
54,1%
46,49 '
9 % 35,8%
50,0%
18,7% 14,9% 19,6%
0,0%
-50,0%

2015 2016 2017 2018

decreased 1.4-fold relative to the pre-pandemic peri-
od (x> = 23.955; p < 0.001). To assess the strength of as-
sociation between the pandemic factor and the mean
RVI hospitalization rate, the ¢ coefficient and Pearson'’s
contingency coefficient (C) were used. According to Rea
and Parker’s recommendations, the strength of associa-
tion was moderate (¢ = 0.346; C = 0.327).

The introduction of strict anti-epidemic mea-
sures (isolation, closure of schools and kindergartens,
and mandatory mask wearing) led to a sharp decline

Z3,7%
41,8%

12,3% 5 20 6,2%
“7,2%

2770%

103% 0%

-27,2%
-6,3%

2019 2020

2021

2022 2023

Rate of increase in RVI hospitalizations, % - ===Rate of increase in All hospitalizations, % -

FIG. 4.

Rate of change in hospitalizations for acute intestinal infections and rotavirus infection among children aged 0-17 years, 2014-2023

TABLE 1

HOSPITALIZATION DYNAMICS INDICATORS FOR CHILDREN WITH ACUTE INTESTINAL INFECTIONS, 2019-2021

Number of All hospi- Absolute increase

Year . ..
talizations, abs. ehain Baseline
2019 1255 -82 137
2020 816 -439 -302
2021 814 -2 -304
TABLE 2

Growth rate Rate of increase Absolute
value of 1%
chain baseline chain baseline increase
93.87 112.25 -6.13 12.25 13.37
65.02 72.99 -34.98 -27.01 12.55
99.75 72.81 -0.25 -27.19 8.16

HOSPITALIZATION DYNAMICS INDICATORS FOR CHILDREN WITH ROTAVIRUS INFECTION, 2019-2021

Number of RVI hos- Absolute increase

Year e P F

pitalizations, abs. Shain baseline
2019 337 -106 143
2020 180 -157 -14
2021 206 26 12

Growth rate Rate of increase Absolute
value of 1%
chain baseline chain baseline increase
76.07 173.71 -23.93 73.71 443
53.41 92.78 -46.59 -7.22 3.37
114.44 106.19 14.44 6.19 1.8
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in hospitalizations below the multi-year average for All
by 29 % (Fig. 2) and for RVI by 35 % (Fig. 5).

During this period, the etiological structure of All
showed no significant differences compared to the previ-
ous period: AIUE accounted for 57.91 % + 0.45 (x*=0.021;
p > 0.05), viral diarrheas — 37.36 % + 0.67 (x> = 0.197;
p > 0.05), bacterial - 4.72 % + 1.12 (x> = 0.355; p > 0.05),
and rotavirus diarrhea among all All - 23.68 % (x*=0.027;
p > 0.05).

Subgroup analysis stratified by pandemic peri-
ods did not reveal statistically significant differenc-
es in the proportion of bacterial All or in the ratios
of other etiological forms. During the pandemic peak
period, a tendency toward a decrease in the propor-
tion of bacterial All to 4.7 % was observed compared
to 6.6 % in the pre-pandemic period. However, the dif-
ferences did not reach statistical significance (x> = 0.355;
p = 0.552), with a negligible strength of association
(¢ = 0.042). The prevalence of RVI in the structure
of All also showed no statistically significant differences
(x> = 0.559; p = 0.212), with a negligible strength of as-
sociation (¢ = 0.027).

In the post-pandemic period, the following chang-
es were observed (Table 3).

180,0%
160,0%
140,0%

120,0% 101,8% 135,1%

=107,2%,

In 2022-2023, following the lifting of strict anti-epi-
demic restrictions, the number of reported All cases in-
creased significantly worldwide.

Compared to 2021, the number of hospitaliza-
tions of children with All increased in 2022-2023,
with the largest increase recorded in 2022. The mean
annual number of hospitalizations increased by 117 cas-
es, although the growth rate in 2023 compared to 2014
was low at 6.26 %. Similar changes were observed for ro-
tavirus infection (Table 4).

The number of hospitalizations increased by 41.75 %
in 2022 compared to 2014, and by 52.3 % compared
to 2020.

On average, in the post-pandemic period,
the period of lifting restrictive measures, the percent-
age of hospitalizations for RVl increased 1.3-fold relative
to the pandemic period (x> = 10.125; p = 0.002). To as-
sess the strength of association between the pandemic
factor and the mean RVI hospitalization rate, the ¢ coef-
ficient was used. According to Rea and Parker’s recom-
mendations, the strength of association was moderate
(@ =0.225; C=0.220).

Correlation analysis revealed a strong direct correla-
tion between the total number of All hospitalizations

158,8%

120,8%

100,0% ® -0
80,0%
60,0%
40,0%
20,0%
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69,5%
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RVI hospitalizations, %

FIG. 5.
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Dynamics of hospitalizations for rotavirus infection among children aged 0-17 years, 2014-2023

HOSPITALIZATION DYNAMICS INDICATORS FOR CHILDREN AGED 0-17 WITH ACUTE INTESTINAL INFECTIONS,

TABLE 3
2021-2023
Number of All hos- Absolute increase
Year S
pitalizations, abs. chain baseline
2021 814 -2 -304
2022 1003 189 -115
2023 1048 45 -70

Growth rate Rate of increase Absolute
value of 1%
chain baseline chain baseline increase
99.75 72.81 -0.25 -27.19 8.16
123.22 89.71 23.22 -10.29 8.14
104.49 93.74 449 -6.26 10.03
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TABLE 4

HOSPITALIZATION DYNAMICS INDICATORS FOR CHILDREN AGED 0-17 WITH ROTAVIRUS INFECTION, 2021-2023

Number of RVI hos- Absolute increase

Year pitalizations, abs. chain baseline
2021 206 26 12
2022 275 69 81
2023 192 -83 -2

and the number of RVI hospitalizations (r = 0.789;
p =0.008).

This study demonstrates that the introduction of an-
ti-epidemic measures during the COVID-19 pandemic
led to a statistically significant reduction in hospitaliza-
tions of children with All and RVI in Chita. At the same
time, the etiological structure of All remained stable
across all three analyzed periods. In the post-pandem-
ic period, a marked increase in hospitalizations was
recorded, indicating restoration of the epidemic pro-
cess. AIUE accounted for 62.33 % + 8.2, viral diarrheas -
34.76 % + 8.93, bacterial - 2.91 % + 0.74, and RVI among
all All - 22.87 % =+ 6.43. No statistically significant differ-
ences in pathogen detection were found across the dif-
ferent periods (p < 0.05).

Comparing the rates of confirmed All across differ-
ent pandemic periods, it was noted that the level of lab-
oratory diagnostics of diseases did not change over
the 10-year period. According to the Clinical Infectious
Diseases Hospital, no decline in the level of laboratory
diagnostics was recorded, which is likely due to the fact
that the priorities of laboratory diagnostics at this facility
did not change during the pandemic. This fact excludes
the influence of diagnostic shifts on the structure of de-
tected infections. This consistent approach of the RCH
allows the use of data from this facility for objective
long-term monitoring of All pathogens. Intestinal in-
fections of unspecified etiology were recorded at their
lowest levels in 2018-2019, parallel to the maximum in-
crease in viral infections. As viral diarrhea incidence de-
creased, the number of unspecified diarrheas increased,
reaching 2015 levels by 2023, with viral diarrhea rates
similarly declining to 2015 levels.

Among All cases of established etiology, as in many
other regions of Russia, viruses predominate (rota-,
noro-, and astroviruses), with rotaviruses being the lead-
ing cause [15].

DISCUSSION

The data obtained on the sharp decline in hospi-
talizations for All and RVI in 2020-2021 are fully con-
sistent with the results of studies conducted in other
regions of Russia and worldwide [6, 16]. This supports

Growth rate Rate of increase Absolute
value of 1%
chain baseline chain baseline increase
114.44 106.19 14.44 6.19 1.8
1335 141.75 335 41.75 2.06
69.82 98.97 -30.18 -1.03 2.75

the hypothesis that non-pharmaceutical interventions
(social distancing, mask wearing, and closure of schools
and kindergartens) effectively limit the transmission not
only of SARS-CoV-2, but also of other respiratory and en-
teric pathogens transmitted via the contact-household
and fecal-oral routes.

A key finding of our study is the stability of the eti-
ological structure of All. Despite a significant reduction
in absolute numbers, the proportion of RVl among all
All hospitalizations did not undergo statistically sig-
nificant changes and retains its leading role. This sug-
gests that the anti-epidemic measures had a universal,
non-specific effect on the entire group of All, propor-
tionally reducing the circulation of all pathogens rath-
er than selectively suppressing rotavirus transmission.
The strong positive correlation (r = 0.789; p = 0.008)
between the dynamics of All and RVI hospitalizations
further supports this conclusion, indicating their shared
dependence on environmental factors and population
behavior.

The subsequent increase in hospitalizations
in the post-pandemic period, particularly pronounced
in 2022, is consistent with the concept of epidemic re-
bound. The accumulation of a cohort of susceptible chil-
dren who had no contact with the virus during the pe-
riod of restrictions naturally led to a surge in incidence
following the resumption of social activity, which has
also been observed in other studies [8, 17].

Study limitations. This study has several limitations.
First, its retrospective design and the use of aggregated
data from official records do not allow for in-depth anal-
ysis of individual cases, such as disease severity, pres-
ence of comorbidities, or vaccination status. Second,
the substantial proportion of cases classified as AIUE
may have influenced the accuracy of the All structure
assessment, although the stable level of laborato-
ry diagnostics at the facility minimizes this risk. Third,
the study was conducted at a single hospital in a spe-
cific region with unique climatic, geographical, and so-
cio-demographic conditions, as well as extremely low
rotavirus vaccination coverage, which limits the gener-
alizability of the findings to populations with different
characteristics. Finally, other unaccounted factors, such
as changes in healthcare-seeking behavior, may have
also influenced hospitalization dynamics.
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The conducted study demonstrates that the intro-
duction of anti-epidemic measures during the COVID-19
pandemic led to a statistically significant reduction
in hospitalizations of children with All and RVI in Chi-
ta. At the same time, the etiological structure of All
remained stable across all three analyzed periods. Fol-
lowing the lifting of restrictions, a marked increase
in hospitalizations was recorded, indicating restoration
of the epidemic process.

CONCLUSION

Based on a decade-long monitoring study conduct-
ed at a large infectious disease hospital in the Trans-Bai-
kal Territory, this research deepens our understanding
of the regional consequences of the COVID-19 pandem-
ic.It documents not only the marked but transient nature
of the reduction in hospital burden associated with All
and rotavirus infection during the period of restrictions,
but also reveals a key feature: the persistent preserva-
tion of the established etiological structure, in which ro-
tavirus gastroenteritis maintains its dominant position
despite fluctuations in absolute indicators. In the con-
text of persistently low rotavirus vaccination coverage,
the data obtained convincingly demonstrate that long-
term control of RVl in the region requires a combination
of continuous epidemiological surveillance and the im-
plementation of specific prophylaxis.
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HISTORY OF MEDICINE AND ANNIVERSARIES

On May 31, Oleg L. Lakhman, Professor of the Russian Academy of Sciences, Doctor of Medical Sciences, Professor,
and Director of the East Siberian Institute of Medical and Environmental Research, celebrates his 60th birthday.

The life and professional journey of Oleg Leonidovich is an example of rare devotion to his work and to his home
institute, where he came in 1991 after graduating from the Faculty of General Medicine of the Irkutsk State Medical Insti-
tute and completing his clinical residency in the specialty “Nervous Diseases”. Oleg Leonidovich progressed through all
stages of professional growth, from Junior Researcher to the position of Chief Physician of the clinic, where he worked
for 22 years. In 2017, he was elected by the institute’s staff to the position of Director.

In 1997, Oleg Leonidovich defended his Candidate of Sciences dissertation on “Clinical, electrophysiological, hor-
monal and immunological characteristics of vibration disease and its differentiated therapy”, and in 2004 - his Doctor-
al dissertation on “Long-term consequences of occupational neurointoxication (mechanisms of development, clinical
presentation, diagnosis, treatment)”. In 2008, he was awarded the academic title of Professor, and in 2016 - the title
of Professor of the Russian Academy of Sciences. He holds the highest qualification category in the specialty “Neurology”
and is accredited in the specialties of neurology and occupational pathology.

Oleg L. Lakhman is a recognized scientist in the field of preventive medicine and occupational medicine in Russia. His
scientific work is aimed at developing the theory of formation of the leading forms of occupational neurological pathol-
ogy and addresses issues of their diagnosis, clinical presentation, and treatment. He has established an original scientific
school of occupational pathologists in Siberia, focused on studying and substantiating the development of occupational
diseases in workers exposed to chemical and physical occupational factors.

Oleg Leonidovich has developed a methodology for the etiological and differential diagnosis of long-term mani-
festations of occupational neurointoxications, substantiated the concept of the pathogenesis of toxic encephalopathy,
and developed and implemented new medical technologies for the diagnosis of toxic encephalopathy in occupational
neurotoxicoses. Lakhman O.L. was the first to substantiate the classification criteria for the severity of cognitive im-
pairment in chronic mercury poisoning and developed neuropsychological criteria for the diagnosis of cognitive im-
pairment in various occupational intoxications. With the participation of Oleg Leonidovich, the pathogenesis of a new
form of occupational disease under chronic mercury exposure, ophthalmomercurialism, was studied and scientifically
substantiated.

Under the leadership of Oleg Leonidovich, neurointoxications in firefighters have been studied for many years.
As a result of the research, the clinical manifestations in the acute and long-term periods of intoxication with a com-
plex of neurotropic toxic substances were systematized, and diagnostic criteria for occupational neurointoxication
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in firefighters were established. This made it possible to establish occupational diseases in 102 firefighters who suffered
during the suppression of a highest-category-complexity fire.

One of the scientific directions of O.L. Lakhman'’s activities is the identification of mechanisms underlying the devel-
opment of occupational diseases of the peripheral nervous system under the influence of physical occupational factors.
The peculiarities of changes in the sensory systems of the body under the influence of local and general vibration have
been established. Under the guidance of Lakhman O.L., the modern clinical manifestations of vibration disease have
been defined and its classification has been improved.

With his direct participation, original technologies for the diagnosis and treatment of polyneuropathy, vibration
disease, fluorosis, and sensorineural hearing loss have been developed and implemented into practice, protected by pat-
ents. These developments make it possible to reduce the risk of occupational diseases and, when their initial manifes-
tations are detected, to avoid the development of pathological processes and their progression with continued worker
exposure to harmful occupational factors.

In recent years, the scope of O.L. Lakhman's scientific interests has included the study of the mechanisms of de-
velopment of occupational stress caused by high neuropsychiatric loads and physical factors, and the substantiation
of the possibility of establishing an occupational disease in the form of burnout syndrome in healthcare workers. With his
direct participation, research is being conducted to identify post-traumatic stress disorder in participants of military con-
flicts and to implement therapeutic and rehabilitation measures.

Oleg L. Lakhman makes a significant contribution to the organization and improvement of occupational health ser-
vices for the working population of the Irkutsk Region. He is the initiator, organizer, and executor of a number of region-
al targeted programs for environmental protection and public health preservation. The most important of these are
“Medical and social measures to eliminate the consequences of the fire at Irkutskkabel OJSC” (2000-2002), “Improve-
ment of working conditions for workers in the Irkutsk Region for 2003-2005, 2006-2010" Under his leadership, work
was organized to provide medical support for the cleanup of accumulated environmental damage at the industrial site
of Usolyekhimprom LLC in accordance with the Action Plan for the elimination of environmental pollution on the terri-
tory of Usolyekhimprom LLC (Order of the Government of the Russian Federation No. 3136-r dated November 27, 2020).

During O.L. Lakhman’s tenure as Chief Physician of the clinic and Director of the institute, activities were organized
within the compulsory health insurance system; new departments of radiology, physical and rehabilitation medicine,
and an occupational pathology department were opened; the institute’s material and technical base was significantly
strengthened; and the modernization of medical and scientific activities of the institute’s clinic was implemented.

Despite his enormous administrative workload, Oleg Leonidovich remains a practicing physician and mentor. Un-
der his supervision, 14 Candidate of Sciences dissertations and 1 Doctoral dissertation have been defended. Currently,
2 Doctoral and 3 Candidate dissertations are being completed, and residents and postgraduate students are undergoing
training. Oleg Leonidovich is a member of the Dissertation Councils D 001.058.01 at the East Siberian Institute of Medical
and Environmental Research in the specialties “Occupational Medicine” (medical sciences) and “Hygiene” (medical sci-
ences), and since January 2026, he has been its Chairman, as well as a member of D 999.184.02 at the Ural State Medical
University and the Yekaterinburg Medical Research Center for Prophylaxis and Health Protection of Industrial Workers.

Since 2011, Oleg Leonidovich has been the Head of the Department of Occupational Pathology and Hygiene at the Ir-
kutsk State Medical Academy of Postgraduate Education, a branch of the Russian Medical Academy of Continuous Pro-
fessional Education, as well as the Head of the Occupational Pathology Course at the Educational Center of the East
Siberian Institute of Medical and Environmental Research.

Oleg Leonidovich annually organizes and actively participates in seminars for physicians of the Irkutsk Region on cur-
rent issues of occupational pathology.

Lakhman O.L. has 459 publications in leading journals indexed in Russian and international databases, including 12
monographs. With the participation of Oleg Leonidovich Lakhman, 33 regulatory and methodological documents have
been developed, prepared, and approved at the federal and regional levels, including 8 new medical technologies, 7
teaching aids approved by the Educational and Methodological Association, and 41 patents for inventions have been
obtained.

Oleg L. Lakhman is a member of the Editorial Boards of the journals “Medicine in Kuzbass", “Transbaikal Medical Bul-
letin” and “Baikal Medical Journal”.

Oleg L. Lakhman is actively involved in public service. He is an expert of the Russian Academy of Sciences, the Chief
External Specialist in Occupational Pathology of the Ministry of Health of the Irkutsk Region, and a member of the Profile
Commission on Occupational Pathology of the Ministry of Health of the Russian Federation. He is a member of the Cen-
tral Attestation Commission for the Siberian Federal District and the Attestation Commission of the Ministry of Health
of the Irkutsk Region, a member of the Interdepartmental Regional Commission on Occupational Safety, a member
of the Presidium of the Russian Association of Physicians and Specialists in Occupational Medicine, the Medical Coun-
cil under the Governor of the Irkutsk Region, the Coordination Council under the Government of the Irkutsk Region
on the prevention of non-communicable diseases and the promotion of a healthy lifestyle among citizens in the Ir-
kutsk Region, and the Environmental Council of the Irkutsk Region. During O.L. Lakhman’s tenure as the Chief External
Specialist in Occupational Pathology of the Ministry of Health of the Irkutsk Region, a clearly functioning occupational
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pathology service was established in the region and its structure was proposed. Currently, all tasks facing specialists are
being fulfilled, and extensive work is being carried out on the early detection of occupational diseases, their prevention,
and treatment.

Oleg L. Lakhman has been awarded the badge of “Excellence in Healthcare’, the Academician M.A. Lavrentiev Com-
memorative Medal for his achievements in science and effective leadership of the institute; he has been awarded the hon-
orary titles of “Honorary Worker of Science and High Technologies of the Russian Federation” and “Honored Scientist
of the Siberian Branch of the Russian Academy of Sciences” with the award of the “Golden Sigma” badge, and “Honored
Veteran of the Siberian Branch of the Russian Academy of Sciences”. For the development and implementation of various
diagnostic and therapeutic-rehabilitation methods for occupational diseases in Eastern Siberia, Oleg Leonidovich has
three times become a laureate of the regional competition in the field of science and technology. He has been awarded
the Honorary Badge of the Russian Academy of Natural Sciences “For Services to the Development of Science and Econ-
omy of Russia” and the Prize “For Achievements in the Preservation and Promotion of Health of the Working Population
of Russia” of the All-Russian Congress “Profession and Health”, as well as awards from the Irkutsk Region and the city
of Angarsk.

Dear Oleg Leonidovich!

The staff of the East Siberian Institute of Medical and Environmental Research congratulates you on your 60th anni-
versary! Your jubilee marks a period of flourishing, when immense experience combines with inexhaustible energy
for new accomplishments. We wish you robust health, scientific inspiration, and well-being. May every new project

bring satisfaction, and may your scientific school continue to enhance the prestige of Russian science!
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