© 2025 K0A4€KTHUB aBTOPOB. © 2025 by the authors.

Pabora HaXOAUTCSI 1104, AUIEH3EN This work is licensed under
Creative Commons Attribution 4.0 International License BY Creative Commons Attribution 4.0 International License
OPUTMHAABHOE MCCAEAOBAHME ORIGINAL RESEARCH
ITeanaTpus Pediatrics

doi: 10.25005/2074-0581-2025-27-2-340-349

COCTOSTHUE ITEPEKMICHOT'O OKMCAEHUSI AUTINAOB 1 AHTUOKCUAAHTHOM
CCTEMbI OPTAHN3MA 1IPU HACAEACTBEHHBIX TEMOANTUYECKIX
AHEMUSIX'Y AETEN
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Lienb uccnepoBaHmMs: U3yymnTb NMOKa3aTeNM COCTOAHWA NEPEKUCHOTO okucaeHus annugos (MO) u aHTMoKeuaaHTHOM cuctembl (AOC) y aeTeit ¢ Ha-
CNeACTBEHHbIMU FeMOAUTUYECKUMU aHemMmaMM (HTTA).

Matepuan n meTtoapbl: B yC/I0BUAX JAETCKOrO reMaToI0rMYeCcKoro oTaeneHna HauMoHanbHOro MeanLMHCKOro LeHTpa Pecnybamkm TagxukuctaH «LLn-
dobaxww» obcnesosaHo 60 60nbHbIX ¢ HIA. C yuétom Taxectv HIA, naumeHTbl BbiM pacnpeseneHbl Ha COOTBETCTBYIOLME TPYNMbI: 1ErKas cTeneHb —
20 (33%) neteit, cpegHeTakénan — 23 (39%) u Taxénas creneHb — 17 (28%) 60nbHbIX. 30,0p0BbIE AETU UAEHTUYHOTO C UCCAEAYEMbBIMM FPYNNamu nona
1 BO3pacTa B Konnyectse 20 Yes0BeK COCTaBUAM TPYNMy KOHTpoAA. MiccnenoBaHue nokasateneii MO n AOC opraHMsma NpoBOAWIUCL BCEM LETAM.
M3yueHbl Takme 6MOMapPKEPDI, Kak ManoHoBbIN Ananbaerns (MAA), cynepokenaamcmytasa (CO) u ackopburosas kucaota (AK).

Pe3ynbratbl: Npu conoctasneHnu yposHeit MIA y aeteit u3 rpynnbl kKoHTpons (0,58 [0,48; 0,69] MKMO/b/N1) € McCnesyeMbiMu rpynnamu B 3aBUCMMO-
CTM OT BbipasKeHHOCTV aHemuu nérkoi 1,62 [1,35; 1,78] Mkmonb/n, cpeaHeTaxénoi 2,14 [2,10; 2,19] mkmonb/n n taxénoi 3,10 [2,95; 3,12] MKmonb/n
cTeneHel NoslydeHa CTaTUCTMYECKM 3HauMmasn pasHuua (p<0,001). Mpwv cpaBHeHUM 3HaYeHuM nokasateneit AOC (CO u AK) y aeTelt c aHemueli cpes-
Hel cteneHn Taxectn (COA 9,6 [9,0; 9,8] Ea/mn, AK 45,1 [43,3; 47,2] mmonb/n) n Taskénoit ctenenn (COA 7,4 (7,2; 7,7] Ea/mn, AK 39,5 [39,2; 39,8]
MMonb/n) ¢ aHemuen nérkoi ctenenn (COZ 15,4 [15,1; 15,7] Ea/mn, AK 54,6 [52,3; 58,4] mmonb/n) u KoHTpoabHo rpynnoit (COZ, 14,4 [14,2; 14,9]
En/mn, AK 72,8 [70,0; 74,6] MMOAb/N) TaKkKe NOMyYeHbl CTaTUCTUYECKM 3HaYMMble pasanuma (p<0,001).

3aKnoYeHne: aHaNK3 pesy/bTaToB UCCIeA0BaHMA NOKasa CyLLeCTBEHHbIE U3MeHeHWA nokasatenel NMOJ1 n AOC B 3aBUCUMOCTU OT TAXKECTU aHEMUU,
4TO CNOCcoHCTBOBANO YXYALEHUIO COCTOAHMA HONbHBIX.

KntoueBble cnoBa: HacnedcmeeHHAsA 2eMOAUMUYECKas aHeMUs, MepeKUucHoe OKUC/AeHue AUnueos, AHMUOKCUOAHMHAA cucmema, OKCUuOamueHbIl
cmpecc, MasnoHo8bIl duansieaud, CynepoKkudOUCMymasa, ackopbuHos8as Kucaoma.

Ana umutuposaHua: Mcmounos KK, Xycenosa MC, Cabyposa AM, HacbipaxoHoBa XP. COCTOAHME NePEKUCHOTO OKUCAEHUA IMMUAOB U aHTUOKCUAAHTHOM
CUCTEMbI OpraHM3Ma Npu HaCNEACTBEHHbIX TEMOIMTUYECKUX aHEMUAX Y AeTelt. BecmHuk AsuuyeHHsl. 2025;27(2):340-9. https://doi.org/10.25005/2074-0581-
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Objective: To examine the parameters of lipid peroxidation (LPO) and antioxidant system (AQS) in children with hereditary hemolytic anemia (HHA).
Methods: A study was conducted in the Pediatric Hematology Department of the National Medical Center "Shifobakhsh" in Dushanbe, Tajikistan,
involving 60 patients diagnosed with HHA. Based on the severity of HHA, the patients were divided into three groups: 20 children (33%) with mild
HHA, 23 children (39%) with moderate HHA, and 17 children (28%) with severe HHA. A control group was established, comprising 20 healthy children
matched by gender and age to the study groups. For all participants, the study measured the parameters of LPO and AOS. Specific biomarkers evaluated
included malonic dialdehyde (MDA), superoxide dismutase (SOD), and ascorbic acid (AA).

Results: When comparing MDA levels in children from the control group (0.58 [0.48; 0.69] umol/l) to those in study groups based on the severity
of anemia, significant differences were observed. The MDA levels were as follows: mild anemia had levels of 1.62 [1.35; 1.78] umol/I, moderate
anemia had levels of 2.14 [2.10; 2.19] umol/l, and severe anemia had levels of 3.10 [2.95; 3.12] umol/l, with a statistically significant difference noted
(p<0.001). Furthermore, significant differences were observed when evaluating the indicators of AOS, specifically SOD and AA levels. In patients with
moderate anemia, the SOD was 9.6 [9.0; 9.8] U/ml, and AA levels were 45.1 [43.3; 47.2] mmol/l. In patients with severe anemia, SOD levels were lower
at 7.4 [7.2; 7.7 U/ml, and AA levels were 39.5 [39.2; 39.8] mmol/I. In comparison, patients with mild anemia had SOD levels of 15.4 [15.1; 15.7] U/
ml and AA levels of 54.6 [52.3; 58.4] mmol/l. The control group had SOD levels of 14.4 [14.2; 14.9] U/ml and AA levels of 72.8 [70.0; 74.6] mmol/I. All
comparisons showed statistically significant differences (p<0.001).

Conclusion: The analysis of the study results revealed significant changes in LPO and AOS parameters, which were correlated with the severity of
anemia, resulting in a worsening of the patients' condition.

Keywords: Hereditary hemolytic anemia, lipid peroxidation, antioxidant system, oxidative stress, malonic dialdehyde, superoxide dismutase, ascorbic
acid.
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BBEOEHUE

Ha coBpemeHHOM 3Tane MHorve BONpOCbl Pa3BUTHA PA3INYHbIX
3ab0neBaHUN PACcCCMATPUBAIOTCA B acrekte MembpaHHbIX Hapylle-
HWIA, MO3TOMY M3y4YeHWe NPOLLecCoB CBOBOAHO-PAANKANBHOMO OKMC-
NeHUA ABNAETCA 3HAYMMbIM aCMEKTOM, MOCKO/bKY, KOHEYHbIe MPOAYK-
Tbl NEPEKMUCHOTO OKMcAeHUA iMnnuaos (MOJ1) npuBoAAT K ANCHYHKLMM
KNETOYHbIX MEMOpaH U ABAAKOTCA MOLLHbIM CTUMY/JIOM, KOTOPbINA B
JanbHenWweM MOXKeT MPUBECTU K AEeCTPyKUMM KaeTok. Bbiwenepe-
YMCNeHHble NPOLIECChl, NPUBOAAT K aKTUBALMM aHTUOKCMAAHTHON Cu-
ctembl (AOC) B opraHu3me, KoTopas npeactaBneHa GepmeHTHbIMU U
HedbepMEeHTHbIMM aHTUOKCHAaHTamu [1, 2].

B HOpManbHbIX GU3NONOTUYECKMUX YCIOBMAX B OpraHn3me mno-
CTOAHHO MpoTeKatoT peakuumn MOJ1 B onpefenéHHON CTeneHu, U no
NPUHLMNY 06paTHON cBA3M cbanaHcMpoBaHo dyHKUMOHKpYeT 1 AOC,
L1 noAaepKaHuA onTMManbHoro metabonnsma B knetkax. Mpouec-
Cbl cCBOOOAHOPAAMKANBHOTO OKUCNEHWUA IMNUAOB U 6E/IKOB NpeaCcTaB-
NAOT cO60W 3HAYMMBIN MEXaHM3M B PErynaLym 0BMeHHbIX peakLuii
YINIEBOLOB, HYKNEMHOBbIX KMUC/IOT, BE/IKOB U KMPOB, KOTOpble obecne-
UMBaIOT NpoLecchbl NponudepaLmm U cHabKeHUA SHEPTUE KIETOK, a
TaK¥Ke BCero opraHM3ma A1a HOPManbHOro ero GyHKLMOHMPOBAHMA.
BaKHO OTMETUTb, 4TO MPY YPE3MEPHOI aKTUBALMM peaKLMin CUCTEMbI
JIMMONEPOKCMAALMN BUOXMMUYECKUM M3MEHEHUAM, B NEPBYIO OYe-
pesb, NOABEPratoTCA NMMNUAHBIE C/IOU KNETOYHbIX MemMbpaH [3-5].

MpexaeBpeMeHHOe pa3pyLUeHVEe U YKOPOUeHUe 4/IMTENbHOCTU
YKM3HM KpPacHbIX KPOBAHbIX KNeTok (MeHee 100-120 agHelt) cunTaetca
obbeanHAOLWEN YePTON HAC/IEACTBEHHbIX FEMOAUTUYECKUX aHEMMIA
(HTA). KntouyeBbIMM 3TMONATOrEHETUMECKUMMU YCIOBUAMM, GOPMUPY-
IOLLMMM TEMONIN3 KPACHBIX KNETOK KPOBM, CUMTAIOTCA MOBPEXAEHUE
6uonornyecko membpaHbl 3PUTPOLIMTOB, HapyleHne obmeHa 3H-
3MMOB B KPaCHbIX KPOBAHbIX TeNbLAX U HapyLUeHWe CUHTe3a Lenen
remorsiobuHa, KoTopble OnpeaenstoT pasHoBUAHOCTL HIA (remorno-
6MHONaTUK, SH3MMONATUK, MembpaHonaThm) [6-8].

*eneso — 3HauMmaa YacTb remornobuHa, Tak Kak ABnAeTcA
KNtOYeBbIM KOMMOHEHTOM B COCTaBe MHOMMX 6e1KOB U 3H3MMOB, yya-
CTBYHOLLYX B *KM3HEHHO HEODXOAMMBIX OBMEHHDBIX NpOLLeccax (CUHTE3
[OHK, TpaHcnopT Kncnopoga u aNeKTpoHoB AnA aHeproobecneyeHns
KNETOK, a TaKXKe B OKUC/NUTENIbHO-BOCCTAHOBMUTE/IbHbIX PeaKLuAx op-
raHW3ma). B COOTBETCTBUM C LaHHBIMM HEKOTOPbIX aBTOPOB, HapyLUe-
HMe MeTabo113Mma Kenesa CBA3aHO C LLUTOTOKCMYeCKUMU SbderTamm,
KOoTopble AeTepMUHMPOBAHbI CIOCOBHOCTLIO AaHHOO MeTanna obpa-
TUMO OKUCAATLCA M BOCCTaHaBAMBaTbeA [9, 10].

CornacHo HEKOTOPbIM AaHHbIM, OAHOMN W3 MPUYMH aKTUBALMK
npoueccos MO/ ABAAETCA IMMNOKCKA, KOTOPAA NIEKUT B OCHOBE MeM-
6paHOAECTPYKTUBHbIX MpoLLeccos B KneTkax [11, 12]. CTouT oTMeTUTb,
4TO MpY AAHHOW NATONOTMMN B pe3y/ibTaTe reMosiM3a KPacHbIX KNETOK
KPOBM HabnogaeTca reMmuyeckas rMNoKCUA M U3bbITOYHOE Kosuye-
CTBO Ke/e3a, YTO MOXKET NoBAMATb Ha cocToAaHue MO/ n AOC opra-
HM3Ma U onpeaenseT 3HaUMMOCTb NPOBEAEHUA 3TOTO UCCe0BAHMA.

LLENb NCCNEQOBAHUA

M3yunTb nokasatenu coctosHma MO/ n AOCy geteii ¢ HIA.

INTRODUCTION

Currently, numerous issues related to the development of
various diseases are being examined from the perspective of
membrane disorders. Therefore, studying free-radical oxidation
processes is crucial, as the final products of lipid peroxidation
(LPO) can cause dysfunction in cell membranes and act as power-
ful stimuli that may lead to cell destruction. These processes trig-
ger the body's antioxidant system (AQS), which comprises both
enzymatic and non-enzymatic antioxidants [1, 2].

LPO reactions occur to some extent in the body continuous-
ly. The AOS is well-balanced and regulated by a feedback loop,
maintaining optimal cellular metabolism. The free radical oxida-
tion of lipids and proteins is a significant mechanism that helps
regulate the metabolic processes of carbohydrates, nucleic ac-
ids, proteins, and fats. This regulation ensures the proliferation
of cells and provides energy for the body's overall functioning. It
is essential to note that excessive activation of the lipid peroxi-
dation system can result in biochemical changes, primarily in the
phospholipid bilayer [3-5].

Premature destruction and a shortened lifespan of RBCs,
typically less than 100-120 days, are key characteristics of hered-
itary hemolytic anemias (HHA). The main underlying factors that
lead to RBC hemolysis include damage to the erythrocyte plasma
membranes, disruption of enzyme metabolism within the RBCs,
and interference with the synthesis of hemoglobin chains. These
factors determine the specific type of HHA, which can include he-
moglobinopathies, enzymopathies, and membranopathies [6-8].

Iron plays a crucial role in hemoglobin, as it is an essential
component of many proteins and enzymes that are involved in
vital metabolic processes. These processes include DNA synthe-
sis, oxygen transport, electron transport for cellular energy sup-
ply, and oxidation-reduction reactions within the body. Some re-
searchers suggest that disorders related to iron metabolism can
lead to cytotoxic effects, which arise from the metal's ability to
undergo reversible oxidation and reduction [9, 10].

Some data suggest that hypoxia activates LPO processes,
leading to cellular membrane damage [11, 12]. It's essential to
note that this mechanism leads to the hemolysis of RBCs, causing
hemolytic anemia and an excessive accumulation of iron in the
body. These factors can influence the status of LPO and the AQS,
highlighting the significance of this study.

PURPOSE OF THE STUDY

To examine the indicators of LPO and AOS status in children
with HHA.

METHODS

The study involved 60 children diagnosed with HHA, aged
3 to 15 years. This group consisted of 25 girls (42%) and 35 boys
(58%), all of whom were hospitalized in the Pediatric Hematolo-
gy Department of the National Medical Center “Shifobakhsh” in
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MATEPUAN U METOAbI

B nccnepoBaHmu yuacteosanu 60 geteit ¢ auarHosom HIA B Bo3-
pacte ot 3 go 15 neT, cpeaun Kotopbix 6bino 25 (42%) pesoyek u 35
(58%) ManbuMKOB, rOCMUTaNM3UPOBAHHbIX B AETCKOE remaTosnornye-
CKoe oTzeneHve HaunoHasbHOro MeAMLMHCKOTo LeHTpa Pecnybiu-
Kn TagpkmkmcTaH «LLUndobaxw». YunTbiBas, 4To BO3PACT M MO MOryT
B/IMATb Ha YPOBHM UCCAEAYEMbIX MapKEPOB, A/18 N0A60pa y4aCTHUKOB
MCMONB30BA/IUCL CTPOFME KPUTEPUM COMOCTABMMOCTM MO 3TUM Napa-
MeTpam. Kputepmamm BKAOYEHNUA B OCHOBHYIO rpynny 6biau:

° NOATBEPKAEHHBIN AnarHos HIA;

®  OTCYTCTBME OCTPbIX MHDEKLMOHHDBIX 3a60/1€BaHNI;

®  OTCYTCTBME XPOHWUYECKMX MATONOMUIA MEYEHM, NMOYEK M IH-

[OKPUHHOM CUCTEMDI.

KoHTposibHas rpynna bbina nogobpaHa ¢ y4ETOM MAEHTUYHbIX C
OCHOBHOW Tpynmnoi BO3PaCTHbIX U FreHAEPHbIX XapPaKTEPUCTUK. B KOH-
TPONbHYIO FPYNny BOLAM 340poBble aeTv 6e3 HIA, noaTBepKAEHHOM
KNMHMKO-N1ab0paTOPHbIMM LaHHbIMM, @ TaKMKe C OTCYTCTBMEM COMYyT-
CTBYHOLLMX 3a60/71€BaHNI, KOTOPbIE MOIM Bbl MOBAUATL Ha BUOXMMU-
YecKue NoKasaTenn.

YunTbIBaAs YPOBHU reMOrMO6UHA U 3PUTPOLIUTOB KPOBM, NaLMeH-
Tl BbIAM pacnpeseneHsbl cneayowmm obpasom: 20 (33%) BonbHbIX €
aHemuel nérkoi crenenu, 23 (38%) pebEHKa — co cpeaHETANKENON 1
17 (28%) — ¢ TAxkEnoit aHeMMelt COOTBETCTBEHHO (puc. 1).

Wccneposanue MO u AOC nposoamauck Ha Kadeape 6uoxu-
MUK TaZXKMKCKOTO rOCYAaPCTBEHHOMO MEAMUMHCKOIO YHUBEpPCUTETA
um. Abyanu néHu CrHo. MaTtepuanom Ans aHanavsa CAyKuna CbiBo-
POTKa BEHO3HOM KPOBM, B3ATas HATOLLAK M B CMOKOMHOM COCTOAHUMN.
MorpelHOCTb NabopaTopHbIX METOA0B ObiNa onpeaeneHa M cocTas-
nana £3% pna MOA, £5% ana COA4 n £6% ana AK.

M3mepenne MIA: onpegeneHve yposHa MIA nposogunocb
metogom M.A. CTanbHOM ¢ npumeHeHVem 2-TMobapbuTypoBoi Kuc-
NOTbl, KOTOpPas NpM BbICOKOW TemnepaType pearvpyeT ¢ MIA, obpa-
3yA OKPALUEHHbIVi TPUMETMHOBbIN KOMMAEKC, UMEIOLLMIA MaKCUMYM
NOMNOLLEHNA NPU AANHE BOAHbI 532 HM. Pe3ynbtaThbl BbipaXanuch B
MUKPOMOIAX Ha INTP (MKMOJIb/N).

M3mepeHune COA: yposeHb CO/ onpeaensnca no cnocobHoctv
depmeHTa MHMMOMPOBATL BOCCTAHOBNEHME TETPA3O/AMEBLIX CONEN B
NPUCYTCTBUM CYNEPOKCUAHOTO aHWOH-pasmKana. PesynbtaTbl Bbipa-
aNNUCb B 8AMHMLAX aKTUBHOCTU Ha Muanuautp (Ea/mn).
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Dushanbe, Tajikistan. To ensure comparability in terms of age and
gender, strict criteria were applied when selecting participants.

The inclusion criteria for the main group were as follows:

e confirmed diagnosis of HHA;

e no acute infectious diseases;

e no chronic conditions affecting the liver, kidneys, or en-

docrine system.

The control group was selected to match the age and gen-
der characteristics of the main group. This group consisted of
healthy children without HHA, confirmed through clinical and lab-
oratory data, and who had no comorbidities that could influence
biochemical parameters.

Based on hemoglobin levels and RBC counts, the patients
were categorized as follows: 20 (33%) with mild anemia, 23 (38%)
with moderate anemia, and 17 (28%) with severe anemia (Fig. 1).

LPO and AOS evaluation was conducted at the Department
of Biochemistry of Avicenna Tajik State Medical University, Du-
shanbe, Tajikistan. The material for analysis consisted of venous
blood plasma collected from participants after fasting and while
in a resting state. The error margins for laboratory methods
were determined to be +3% for MDA, +5% for SOD, and 6%
for AA.

MDA measurement: MDA levels were measured using the
I.D. Stalnaya method, which employs 2-thiobarbituric acid. This
acid reacts with MDA at elevated temperatures to form a colored
trimethine complex with an absorption maximum of 532 nm. Re-
sults were expressed in micromoles per liter (umol/I).

SOD measurement: SOD levels were determined based on
the enzyme's ability to inhibit the reduction of tetrazolium salts
in the presence of the superoxide anion radical. Results were re-
ported as activity units per milliliter (U/ml).

AA measurement: AA levels were assessed through titration
using the 2,6-dichlorophenolindophenol (2,6-DCPI) indicator. Re-
sults were expressed in millimoles per liter (mmol/I).

The study received approval from the Ethics Committee of
the Avicenna Tajik State Medical University (protocol No. 59, dat-
ed December 27, 2021).

The study's results were analyzed using Statistica 12 soft-
ware (StatSoft Inc., Tulsa, OK, USA). The Shapiro-Wilk test was
used to verify the normal distribution of the variation series. In

Puc. 1 PazdenieHue nayueHmMos no cme-
neHu maxecmu aHemuu

Fig. 1 Distribution of patients categorized
by severity of anemia
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M3mepeHune AK: KoHUeHTpauua AK onpegenanacb MeTogom Tu-
TPOBaHMA C UICNONb30BaHNEM UHAMKATOPA 2,6-anxnopdeHonnHaode-
Hona (2,6-OX®U). PesynbTaThl BbIpaXKaAnCb B MUAAMMONAX HA IUTP
(mmonb/n).

WccneposaHue 6bi10 0g0bpeHo Komuccmelt no aTuke TagsKuK-
CKOTO TOCYyAapCTBEHHOTO MEAMLMHCKOTO YHUBEpCUTETa MM. Abyanu
MBHM CuHO (npoTokon Ne 59 ot 27 aekabps 2021 r.).

PesynbTathl MccnepoBaHua obpaboTaHbl B MPUKIAAHON CTa-
TUCTMYECKOW nporpamme Statistica 12 (StatSoft Inc., Tulsa, OK, USA).
C nomoubto Kputepus LLlannpo-Yunka BapuaupoHHble pagbl Obiiu
npoBepeHbl Ha HOPMabHOCTb pacnpeseneHus. B gaHHom vccneno-
BaHUM B BO/bLIMHCTBE PALOB [aHHble CTAaTUCTMYECKM 3HAYMMO He
COOTBETCTBOBAM [ayccOBOW KPUBOM, T.€. HOPMANIbHOCTb pacnpeaene-
HWA OTCyTCTBOBanNa. [103TOMy Aanee CTaTUCTUYECKUIA aHaAM3 NPOBO-
[AUnca HenapameTpuyeckMmm metogamu. [ns abcontoTHbIX 3HaUeHUI
ObINM BbIYMCIEHBI MeMAHDBI C HUKHUM U BEPXHUM KBapTUaamu (Me
[Q1; Q3]). MHOxecTBEeHHble CpaBHEHWSA NPOBOAMUCH MO KPUTEPULD
Kpyckana-Yonnwvca, npu cTaTUCTUYECKOM 3HAYMMOCTU KOTOPOro, Aa-
nee nposoauncs post-hoc aHanus no kputeputo [aHHa. Pasnuuns
CYMTANNCH CTATUCTUYECKM 3HaUMMbIMK npn p<0,05.

PE3Y/IbTATDI

Bo Bcex uccneayemblx Tpynnax anobbl, npeabaBasemble
60nbHbIMK, T1aBHbIM 06pa3om, 6blan CBA3aHbI C NOCNEACTBUAMM M-
NoKcuu. Tak, y 60NbHbIX B UCCAeAyeMOl Tpynmne ¢ NErkoi CTeneHbo
aHeMM1K, OTMEYANMCh ¥anobbl Ha cNaboCTb U BbICTPOTEUHYIO YTOMAA-
€MOCTb NPU BbINOJIHEHUM GU3NYECKMX HArpy30oK. A [eTU CO cpesHe-
TAXENON CTENEHbIO aHEMWUU NPEABABAAAMN ¥KaNobbl Ha YacTble rono-
BOKPYEHUS, CHUMKEHWE anneTuTa, BblpaxkeHHoe beccunme, a Takke
Ha HasMume ofbIWKN Npy HEOONbLUMX Harpy3Kax. Y AeTen ¢ TAXKENnon
CTeneHbio aHEMUM OTMEYA/IUCh OZbILLIKA 1 beccuame B CIOKOMHOM CO-
CTOAHWM, TaXMKaPAMA, HAIMYME LWYMA B YLUIAX M MEe/IbKaHbe «MyLLEeK»
nepes, rnasamu.

CnepyeT OTMETUTb, YTO B rpynne HI'A TAXKENoi cTeneHn B OCHOB-
HOM 6blaIM 6ONIbHBIE C TOMO3UTOTHOM B-Tanaccemueld, a B rpynne HIA
Nérkovt popmbl — ¢ AeduumuTom MHOKO3bI-6-pochasernapareHasb.
lpynny co cpeaHeTAKENOo cTeneHbio aHeMuK coctTaBunm 57% 6onb-
HbIX C FOMO3MroTHOM B-Tanaccemuert un 43% ¢ feduUNUTOM T/HOKO-
3bl-6-pochasernapareHasbi.

Y peteit ¢ roMO3UrOTHOW B-Tanaccemuen u3 rpynmbl TAXKENON
cTeneHn 06bEKTUBHO OTMEYEHbI NPUCYLLUE A8 TEMOSIUTUYECKUX aHe-
MWW HaCNeCTBEHHOTO NPOUCXOXAEHMA cneunduyeckme YepTbl AKL,

Tabauya 1 YposeHs MA y ocHosHOU U KOHMPOsbHOU 2pynnel,
Me [Q1; Q3]

KoHTponbHasa rpynna
Control group

(n=20) Nérkan cTeneHb
Mild HHA
(n=20)
MOA 0.58 1.62
(MKmonb/n) [0.48; 0.69] [1.35; 1.78]
MDA p,=0.039
(umol/1)

this analysis, most data sets did not significantly conform to a
Gaussian distribution, indicating a lack of normality. Consequent-
ly, further statistical analysis was conducted using nonparamet-
ric methods. For absolute values, medians along with lower and
upper quartiles (Me [Q1; Q3]) were calculated. Multiple compar-
isons were performed using the Kruskal-Wallis test, and when
statistical significance was found, post-hoc analysis was carried
out using Dunn's test. Differences were considered statistically
significant at p<0.05.

RESULTS

In all the study groups, the complaints presented by patients
were primarily related to the effects of hypoxia. In patients with
mild anemia, weakness, and rapid fatigue were reported during
physical activity. Patients with moderate anemia experienced fre-
quent dizziness, loss of appetite, severe weakness, and shortness
of breath during low-intensity activities. Those in the severe ane-
mia group had shortness of breath and weakness even at rest,
along with tachycardia, tinnitus, and the sensation of "flies" flick-
ering before their eyes.

It is essential to note that the severe anemia group primarily
consisted of patients with homozygous B-thalassemia, whereas
the mild anemia group included patients with glucose-6-phos-
phate dehydrogenase (G6PD) deficiency. The moderate anemia
group was comprised of 57% of patients with homozygous B-thal-
assemia and 43% with G6PD deficiency.

Children with homozygous B-thalassemia in the severe ane-
mia group exhibited specific facial features, including turriceph-
aly, a depressed nasal bridge, prominent cheekbones, ocular hy-
pertelorism with a Mongoloid slant, as well as protrusion of the
upper jaw with a high-arched palate and dental crowding. They
also displayed pale yellowish skin coloration and icteric mucous
membranes. Upon palpation, pronounced hepatosplenomegaly
was detected. In the moderate anemia group, children with ho-
mozygous B-thalassemia presented some of the aforementioned
features, such as a depressed nasal bridge and ocular hyper-
telorism with a Mongoloid slant.

Conversely, patients with G6PD deficiency in the moderate
anemia group did not exhibit the typical signs associated with he-
reditary hemolytic anemia, but upon examination, their skin ap-
peared pale and yellowish. Moderate hepatosplenomegaly was
noted upon palpation. In patients with mild anemia, the skin and

Table 1 Level of plasma MDA in HHA patients and healthy controls,

Me [Q1,; Q3]
OcHoBHas rpynna (HrA)
Main group
CpepHeTaKénasa cteneHb Ta)kénana creneHb ( dfp= 3)
Moderate HHA Severe HHA
(n=23) (n=17)
2.14 3.10 <0.001
[2.10; 2.19] [2.95; 3.12]
p,<0.001 p,<0.001
p,=0.014 p,<0.001
p,= 0.045

NpumeyaHws: p — cTaTUCTUYECKas 3HAUUMOCTb Pa3NUUMIA MeXaY BCemu rpynnamu (no kputeputo Kpyckana-Yonnuca); post-hoc: pr— craTucTuieckas 3Ha4MmocTb pasnnunii
M0 CPABHEHUIO C LAaHHBIMU KOHTPO/IBHOM FPYMMbl; P2 — CTAaTUCTUYECKAA 3HAUYMMOCTb PasINUMiA N0 CPaBHEHMIO C AAaHHBIMM AeTeit ¢ HTA Nérkoii cTeneHu; ps — cTaTucTyeckasn
3HAYMMOCTb Pa3/IMYMIA MO CPABHEHMIO C aHHbIMK aeTelt ¢ HTA cpeaHeit TaxecTu (post-hoc — no Kputeputo JaHHa)

Notes: p —the statistical significance of differences between all groups (according to the Kruskal-Wallis test); post-hoc: p:—the statistical significance of differences compared
with the control group data; p. — the statistical significance of differences compared with the data of children with mild HHA; ps — the statistical significance of differences
compared with the data of children with moderate HHA (post-hoc — according to the Dunn test)
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Puc 2 YposeHb M/IA y demeli ¢ HIA u KoHMpPosbHOU 2pynnebl
Fig. 2 MDA level in children with HHA and the control group

60o/1bLIOK Yepen B popme ballHK, pasrnakmMBaHMe NepeHoCULbl, Bbl-
MUPaHUE CKY/, OTZANIEHHOE PACMONONKEHWNE TNA3HUL, U MOHIONOUA-
HbIl pa3pes Ma3, gedopmaLiMa BEPXHeW YeNtoCTh C BbICOKMM apKo-
06pa3HbIM HEGOM, M3MeNbYeHMe 3y60B, a TakKe bneHO-KeNTyLHas
OKpacKa KOXM U ¥KeNTyLHble CAn3NCTble 060104KK. MpKn nanbnauum
BbIABNANACL BbIPaXKeHHaA renatocnieHomeranua. Y geteit ¢ romo-
3UroTHOM B-Tanaccemueit, Boweawmx B rpynny HFA cpegHeTaxénoin
CTENeHu M3 BbilUenepeyYncneHHbIX CTUMM, Obinn BbIBIEHbI YNAOLLE-
HWE NepeHOCHLbI, OTAANEHNE FNA3HWL, U MOHFONIONAHBIV pa3pes r/1as.

Y naupeHToB ¢ gedpuuptom -6-P/1, KoTopble COCTaBUAM rpynny
HIA cpefHeTAKENOM cTeneHu, CTUrm, npucyLmx ans HIA, ob6beKTmBs-
HO He BbIAB/IEHO, HO NMPWU OCMOTPE KOXKHble MOKPOBbI bblN BeaHO-
BaTO-KeNTYLWHOro ugeta. pu nanbnaumum oTmevanacb ymepeHHas
renatocnieHomeranus. Y 60/1bHbIX C aHemMuen NErkoi cTeneHn umena
MeCTOo 61eHOCTb KOMXKHbIX MOKPOBOB M BUAMMbIX CAM3UCTLIX 06010~
YeK, pasmepbl NeYeHu 1 ceneséHkm bbian B npesenax Hopmbl.

B Tabn. 1 1 puc. 2 npescTaBieHbl AaHHble No yposHio MUA B
nccaesyembIx rpynnax.

Kak BuaHo 13 Tabn. 1 v puc. 2, BbIABJIEHO CyLLECTBEHHOE YBENN-
YyeHue yposHa MA y aeteit ¢ HIA no cpaBHEHMIO C aHaNIOTUYHbIM NO-
KasaTenem y 340poBbix geTel (p<0,001). Kpome Toro, B uccnemsyembix
rpynnax no mepe HapacTaHWA aHeMWUM OTMEYEHO 3HaYUTEeNbHOEe Mo-
BblleHNne KoHueHTpauum MA. MNoBbiweHve cofepKaHna 3Toro map-
Képa moxeT y feteit ¢ HTA moxKeT roBopuTb 06 aKkTMBaLMM NpoLec-
CoB CBOOOAHOPAAMKAZIBHOTO OKUCIEHUA U Pa3BUTUM OKCMAATUBHOIO
cTpecca. Ho npwv aTom Hanbosee BbipaxKeHHOE YCKOPEeHME NPOLLECCOB
MON oTmMeYeHO y 6OMbHBIX C aHEMUEN CPELHETAKENON U TAXKENOW
CTeneHell, YTo, BEPOATHEE BCErO, CBA3AHO C ObICTPbIM UCTOLLEHWUEM
KOMMEHCATOPHbIX MEXaHM3MOB Ha GOHE A/ IMTENbHOW FrEMUYECKOM TU-
MOKCMM 1 YaCTbIX FEMOAUTUHECKMUX KPU30B.

OnvtenbHan aktvBaumsa MO/ Bbile ONTUMA/bHbIX 3HAYEHUM,
YTO XapaKTepHo ana aeteit ¢ HIA, NpUBOAUT K UCTOLLEHMIO pe3epBOB
AOC, 0 Yém CBMAETENbCTBYIOT pe3ynbTaThl NPOBEAEHHBIX UCCNe[0Ba-
HWii (Tabn. 2, puc. 3, 4).

Kak BuaHo u3 Tabn. 2 u puc. 3, 4, 0bHapyKeHO CTaTUCTUYECKM
3Haunmoe cHmkenne CO[, AK B nccnegyembix rpynnax no cpasHe-
HUIO C COOTBETCTBYIOLLMMM NOKa3aTeNsamm 340p0BbIx aeTent (p<0,001).
CornacHo faHHow Tabauue npu HIA cpefHeTAKENon v Taxkenom cre-
neHein 0TMeYaeTca 3HaumTeNbHoe cHukeHne COL u AK, ceupetens-
cTBytoLLee 06 uctoweHnn pecypcos AOC opraHuama y aTux 60NbHbIX,
4TO, BEPOATHEE BCErO, TaKXKe CBA3AHO C YaCTbIMU FeMOIMTUYECKUMM
KP13aMK 1 reMUYecKon runokcmei. HeobxoamMmo oTMETUTb, YTO Y Ae-
Teli B rpynne ¢ aHemmew Nérkoii ctenenmn yposeHb COJ, 6bin B Npeae-
Nax pedepeHCHbIX 3HAYEHWUM, OAHAKO KOHLEHTpauus AK yxe HauuHa-
Na CHUKATbCA, 3TO CBUAETENLCTBYET O TOM, YTO NEPBLIMM BCTYNAIOT B
PeaKLMIo MHAKTUBALMM CBOOOAHbIX PaAMKaNoB HU3KOMONEKYAPHbIE
AHTUOKCUIAHTbI.

Taknum 06pa3om, BbifBAEHbl CTAaTUCTUYECKM 3HAUYMMble M3Me-
HeHuA nokasatenen MIA, COL n AK y aeteir ¢ HIA no cpaBHeHWIO
C KOHTPO/IbHOM rpynnoi. Ha OCHOBaHUM aHaNM3a 3TUX AaHHbIX OblIn
onpeaeneHbl CnefytoLLye Noporosble 3HaYEHUS, KOTOPbIe MOTYT BbITb
MCMONb30BaHbI A11A OLEHKU YPOBHA OKCMAATMBHOIO CTpecca W BO3-
MOKHOW KOppeKLmm Tepanum y naumeHTos ¢ HIA:

MAA:

e YMmepeHHbIit OKCMAATMBHbIN cTpecc: 1,35-1,78 MKMonb/n

. BbICOKMI4 OKCMAATUBHBIN cTpecc: >2,19 MKMOoAb/n

. Moka3satenu Bbiwwe 3,12 MKMO/b/N CBUAETE/LCTBYIOT O He-

06X0AMMOCTH YCUNEHHON aHTUOKCUAAHTHOM Tepanuu.
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visible mucous membranes were pale, while the liver and spleen
were of normal size.

As shown in Table 1 and Fig. 2, children with HHA exhib-
ited a significant increase in MDA levels compared to healthy
children (p<0.001). Furthermore, within the study groups, a no-
table rise in MDA levels was observed as the severity of anemia
increased. This elevation in MDA levels among children with
HHA may indicate an activation of free radical oxidation pro-
cesses and the onset of oxidative stress. The most significant
acceleration of LPO was seen in patients with moderate to se-
vere anemia, likely due to the rapid depletion of compensatory
mechanisms in the context of prolonged anemic hypoxia and re-
current hemolytic crises.

Prolonged activation of LPO beyond optimal levels, which is
characteristic of children with HHA, leads to the depletion of AOS
reserves, as indicated by the results shown in Table 2 and Figs. 3
and 4.

Based on the data presented in Table 2 and Figs 3 and 4,
a statistically significant decrease in SOD and AA levels was
observed in the study groups compared to healthy children
(p<0.001). The data indicate that, in cases of moderate and se-
vere HHA, there is a notable decline in SOD and AA levels. This
finding suggests a depletion of the body's AOS resources in these
patients, likely associated with frequent hemolytic crises and
anemic hypoxia. It is essential to note that children with mild ane-
mia exhibited SOD levels within the reference range, yet their AA
levels had already begun to decline. This observation implies that
low-molecular-weight antioxidants are the first to engage in the
reaction to inactivate free radicals.

Overall, statistically significant changes in MDA, SOD, and
AA levels were identified in children with HHA compared to the
control group. From this analysis, the following threshold values
can be established to assess oxidative stress levels and guide po-
tential therapeutic interventions in HHA patients:

MDA:

e Moderate oxidative stress: 1.35-1.78 umol/I

e High oxidative stress: >2.19 umol/I

e Levels above 3.12 umol/l indicate a need for enhanced

antioxidant therapy.

SOD:

e Moderate decrease in antioxidant protection: 15.1-

15.7 U/ml
e  Marked decrease in activity: <9.0 U/ml
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Tabauya 2 Nokazamenu AOC, Me [Q1; Q3]

Table 2 Level of plasma SOD and AA in HHA patients and healthy controls, Me [Q1; Q3]

OcHoBHas rpynna (HrA)
Main group
Nérkan cteneHb CpegHeTakénas cteneHb  Taxkénas creneHb ( dfp= 3)
Mild HHA Moderate HHA Severe HHA
(n=20) (n=23) (n=17)
CO, 7.4
(E,a,/lﬁn) 144 15.4 0 3_'3 g] [7.2;7.7]
SOD : [15.1; 15.7] ek p:<0.001 <0.001
[14.2; 14.9] p:=0.007
(U/ml) p:>0.05 <0.001 p2<0.001
pa<. ps=0.043
(MMﬁ;(b/n) 54.6 451 [39 ?;9359 8]
AA [70 2234 6] [52.3;58.4] [4:;36 3(7)'12] p:<0.001 <0.001
(mmol/I) e p:=0.039 _0'015 p2<0.001
P2=0. ps=0.043

NpumeyaHws: p — cTaTUCTUYECKas 3HAUUMOCTb Pa3NNUMIA MeXKaY BCemu rpynnamu (no kputeputo Kpyckana-Yonnuca); post-hoc: pr— craTucTudeckas 3Ha4MmocTb pasnnuuii
M0 CPABHEHUIO C LAHHBIMU KOHTPO/IBHOM PYMMbl; P2 — CTAaTUCTUYECKAA 3HAUYMMOCTb Pas/INYMiA N0 CPaBHEHMIO C AAaHHBIMM AeTelt ¢ HTA NErkoii cTeneHu; ps — cTaTucTyeckasn
3HAYMMOCTb Pa3/IMYUIA MO CPABHEHWMIO C aHHbIMM AeTelt ¢ HIA cpeaHeit TaxecTu (post-hoc — no Kputeputo JaHHa)

Notes: p —the statistical significance of differences between all groups (according to the Kruskal-Wallis test); post-hoc: p:—the statistical significance of differences compared
with the control group data; p2 — the statistical significance of differences compared with the data of children with mild HHA; ps — the statistical significance of differences

compared with the data of children with moderate HHA (post-hoc — according to the Dunn test)

CoA:

*  YMepeHHOe CHWXEHWE AHTUOKCUZAHTHOW 3awmTbl: 15,1-
15,7 Ea/mn

e BblpasKeHHOe CHUKeHMe akTuBHOCTU: <9,0 Ea/mn

e 3HayeHusa HWKe 7,2 EA/MA yKasblBalOT Ha HEAOCTATOUHYIO
AHTUOKCUAAHTHYHO 33Ty, YTO TPebyeT NPOBEAEHMA Kop-
pUrvpytoLLei Tepanum.

e YmepeHHOe CHuKeHue: 52,3-58,4 mmosb/n

e [ledunuut AK: <43,3 mmonb/n

. Mokaszatenu Huke 39,2 mr/n TpebyroT LOMOSHWUTENLHOM

aHTUOKCUAAHTHON NOAAEPHKKM.

Kpome TOro, no mepe CHWXEHWA YPOBHSA remMornobuHa 1 Ha-
pacTaHMA reMUYECKOM TMMOKCUM KAMHWYECKas MaHUdecTauuma remo-
NUTUYECKOM aHEMUW Yy LAHHOM KaTeropum 60/bHbIX ycyrybnsnace.
Tak, y fieTeit ¢ BbiIcOKMM ypoHemM MA u cHuxkeHnem COZ n AK ycTa-
NocTb 6bina 6onee BbIpaKeHHOM, KPOME TOTO, OTMEYAINCh OAbILLKA,
TONIOBOKPYKEHME U TaxuKapama. ITM pesynbTaTbl NOAYEPKMBAIOT

Puc 3 YposeHb CO/l y demeli ¢ HIA
Fig. 3 SOD levels in children with HHA

YposeHb CO[1 / SOD level

e Levels below 7.2 U/ml signify insufficient antioxidant
protection, necessitating corrective therapy.

e Moderate decrease: 52.3-58.4 mmol/I

e AAdeficiency: <43.3 mmol/I

e Levels below 39.2 mg/l require additional antioxidant

support.

Furthermore, as hemoglobin levels decreased and anemic hy-
poxia intensified, the clinical manifestations of hemolytic anemia
worsened in this patient group. Children with elevated MDA levels
and reduced SOD and AA experienced more pronounced fatigue.
They also exhibited symptoms such as dyspnea, dizziness, and
tachycardia. These findings underscore the relationship between
biochemical changes and the clinical manifestations of anemia.

DiscusSION

Hemoglobin is responsible for binding oxygen in the capillar-
ies of the lungs, which supply the body's cells and tissues with the

Puc. 4 YposeHb AK y demeli ¢ HIA
Fig. 4 AA levels in children with HHA

YpoBeHb ackopbuHoBoW kucnotel / Ascorbic acid level
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CBA3b mexxay BUOXMMMUYECKMMM U3MEHEHWUAMM U KNMHUYECKUMM npo-
ABNEHUAMMU aHEMUN.

OBCYXOEHUE

Kak 13BecTHO, remornobuH coeiMHAET KUCI0POA, B Kanuanapax
NErkux, BCneacTeue Yero obecneymsaeT KNETKU U TKAHWU OpraHW3ma
KWUCNOPOAOM, B HEOBXOAMMOM A1 HOPMaNbHOMO MeTabonnsma Ko-
nvyectse. py reMoUTUYECKMX aHEMMUAX HACNeACTBEHHOTO NpPouc-
XOXAEHWUA HecBOEBPEMEHHOE pa3pylleHue KpacHbIX KAEeTOK KpOoBM
NPWMBOAUT K HapyLIEHWIO JOCTAaBKM KMCNOPOAA OpraHam U TKaHAM,
TEM CaMbIM, COLEWCTBYA PA3BUTUIO FreMUYECKOI rumnokeum [1, 5, 6].

M3BecTHO, yto COA, ABNAACL SH3MMHbIM AHTUOKCUAAHTOM He-
NOCPEACTBEHHO WHAKTUBMPYET NPOAYKTbl CBOBOAHOPAAMKANLHOMO
OKMCNEHMA, TEM CaMbIM, 3aLLMLLIAA KNETKU OpraHn3ma OT paspyLuato-
LLLero BAUAHMA aKTUBHbIX Gopm Kucnopoza [1, 2].

AK fBnsieTcA HEIH3UMHbBIM MAPOGUIBbHBIM AHTUOKCUMAAHTOM,
TaK KaKk cnocobHa «10BUTb» M MHAKTMBMPOBATb CBOBOAHbIE padyKa-
Jbl, KPOMeE TOro, UMeeT BaXKHOe 3HaueHue B MeTabonusme xenesa,
BOCCTaHaB/IMBasA TPEXBaNEHTHOE ene3o B AByXBaneHTHoe. CTouT OT-
METUTb, YTO TPEXBANEHTHOE E/Ne30 HEe YCBAMBAETCA OPraHM3MOM U
MOXKeT crnpoBoLmpoBaThb 3anyck MO/ [1, 2].

B du3nonornyecknx ycnosuax 3alumta spuTpoLMTa OT OKUCIK-
Tenel NPOUCXOAUT MPU Y4aCTUM BOCCTAHOBEHHbIX GOPM ryTaTMOHA
n AK, B pesynbtate nepexoga HAA® 8 HAPH B npouecce okucne-
HWA TIOKO3bl B MeHTO30pochaTHOM NyTU Mpu yyacTum depmeHTa
rnoKo3bl-6-pocdomernaporeHassl [13, 14]. Heobxoanmo OTMETUTD,
YTO U3MEHEHWE CTPOEeHUA MeMBpPaHbl IPUTPOLUTOB, HapyLleHUe 06-
MeHa GepMEHTOB B KPaCHbIX KPOBAHbIX TENbLIAX, @ TAKXKe HapyLueHue
CMHTE3a Lenert remMornobuHa, Bbi3biBaloT 3anyck MOJ1 KNeTOYHbIX
MeMBpaH, cnocobCTBYIOLLMIA MOBPEXAEHMIO IMNUAHOTO CN0A, U3Me-
HEHWI0 NOBEPXHOCTHOTO 3apAAa M NPOHULIAEMOCTU MemMbpaH, Hapy-
LWEHWI0 aKTUBHOCTU GEPMEHTHbBIX CUCTEM OPraHU3MA, a TaKKe dHep-
reTM4yeckoro obmeHa, YTo BeAET K Pa3BUTUIO OKCUAATMBHOIO CTpecca
B Knetkax [1, 2, 5].

MonyyeHHble AaHHble COMNACyTCA C PAAOM UCCNeA0BaHWM,
NOATBEPHKAAIOLLMX CBA3b MENKY NOBbILIEHWEM OKCUAATUBHOTO CTPeC-
Ca M CHUKEeHWEeM aHTMOKCMAAHTHOrO CTaTyca y NaLMeHTOB C Pasany-
HbIMM dopMammn aHeMUit. TaK, y 6ONbHBIX C TanacceMmelt BbisiB/IEHDI
3HauuUTeNbHOE yBenuyeHue yposHa MIA 1 nonoxkutenbHaa Koppensa-
LA C CbIBOPOTOUHBIM KEN1€30M, KPOME TOro, OTMEYEHO, YTO YPOBEHb
MZA sBnseTcs XopoLnM MapKEPOM OKUCAUTENbHOTO cTpecca [15]. B
ZPYrOM McCefoBaHUM OTMEYEHO noBbiweHue yposHa MIA y 60/1b-
HbIX ¢ Aepuumtom M-6-OAT [16]. B oaHOM U3 cTaTel MOKa3aHo, YTo y
naumeHToB ¢ beTa-TasacceMueit U CeproBUAHOKNETOYHON aHEMMU-
el HabnogatoTca BbiCOKMe YPoBHU MUA U CHUXKEHHble MoKasaTtenw
CO/, uTo yKa3bIBaET Ha MPOrpPeccUpyroLLee KNETOUHOE NOBPEXAEHME
BC/NIEACTBME OKCUAATUBHOTO cTpecca [17].

B cBOEM uccnenoBaHUM, NPOBEAEHHOM Ha AETAX C Xenesone-
GVUMTHOI aHemMel, aBTOPbI BbIABUAM NOBbILWEHHbIE YpoBHW MIA 1
CHV}KEHWE aHTUOKCUAAHTHON aKTUBHOCTU (BKtovas COJ, v AK), nog-
YepKMBaA BaXKHOCTb aHTUOKCUAAHTHOW 3almTbl ANA NpeAoTBpalle-
HUA ocNnoXHeHui [18]. AHanornyHo, B paboTe, aHan3npytoLLein map-
Képbl MOJ1 npu HIA, NoATBEPKAEHO, YTO Y TaKMX NALMEHTOB UMEIOT
MeCTO NoBblweHHble YpoBHU MIA v cHukeHHasa aktusHocTb CO/l, ae-
Nas 3TMX 6OIBbHBIX YA3BUMbBIMM K OKCUAATUBHOMY noBpexaeHuto [19].

[onrocpoyHoe nuccnefoBaHMe Ha NaLMEHTax C CEPNOBUAHOKE-
TOYHOM aHEMMEN TaKKe NPOAEMOHCTPMPOBA/IO MOBbILIEHWE YPOBHEW
MJA B nepuozbl 060cTpeHUs 3a601eBaHNSA, NPU STOM aHTUOKCUAAHT-
Hble MapKepbl, Takne kak COL un AK, octaBanncb Ha HU3KOM YPOBHE,
noA4Y€pKMBan HeObX0AMMOCTb NOCTOAHHOIO MOHUTOPUHTa [20].
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oxygen needed for normal metabolic processes. In HHAs, prema-
ture RBC destruction affects the delivery of oxygen to the organs
and tissues. This disruption can lead to a condition known as ane-
mic hypoxia [1, 5, 6].

SOD, an enzymatic antioxidant, directly neutralizes free rad-
ical oxidation products, thereby protecting the body’s cells from
the harmful effects of reactive oxygen species [1, 2].

AA is a non-enzymatic hydrophilic antioxidant, which means
it can "capture" and neutralize free radicals. Additionally, it plays
a crucial role in iron metabolism by converting trivalent iron into
divalent iron. It's important to note that the body does not ab-
sorb trivalent iron and can initiate LPO [1, 2].

Under physiological conditions, RBCs are protected from ox-
idants by reduced forms of glutathione and AA. This protection
occurs through the conversion of NADP to NADPH during the ox-
idation of glucose in the pentose phosphate pathway, a process
facilitated by the enzyme glucose-6-phosphate dehydrogenase.
[13, 14]. Changes in the structure of the erythrocyte membrane,
disruptions in enzyme metabolism within RBCs, and disturbances
in the synthesis of hemoglobin chains can trigger LPO in cellular
membranes. This process damages the membrane lipids, alters
the surface charge and permeability of the membranes, and dis-
rupts the activity of the body's enzymatic systems and energy
metabolism. Consequently, these changes can lead to oxidative
stress in cells [1, 2, 5].

The data obtained are consistent with several studies that
confirm the relationship between increased oxidative stress and
decreased antioxidant status in patients with different forms of
anemia. For instance, in patients with thalassemia, there was
a significant increase in MDA levels, and a positive correlation
was found with serum iron. Furthermore, it was observed that
MDA levels serve as a reliable marker of oxidative stress [15]. A
different study observed that patients with G6PD deficiency had
elevated levels of MDA [16]. Research has indicated that patients
with beta-thalassemia and sickle cell anemia exhibit elevated lev-
els of MDA and decreased SOD levels, suggesting ongoing cellular
damage due to oxidative stress [17].

In their study on children with iron deficiency anemia, the
authors found elevated levels of MDA and decreased activity of
antioxidants, including SOD and AA levels. These findings empha-
size the importance of antioxidant protection in preventing com-
plications [18]. In a study analyzing lipid peroxidation markers in
HHA, it was confirmed that patients have elevated levels of MDA
and decreased SOD levels, which makes them vulnerable to oxi-
dative damage [19].

A long-term study of patients with sickle cell disease revealed
increased MDA levels during disease exacerbations, while antiox-
idant markers, such as SOD and AA levels, remained low. These
findings underscore the importance of ongoing monitoring [20].

These data confirm that oxidative stress plays a crucial role
in the development of HHA and other types of anemia. Our find-
ings, consistent with previous studies, enhance the current scien-
tific understanding of this issue and underscore the importance
of monitoring oxidative stress markers and antioxidant activity for
better management of anemia patients.

The practical significance of this research lies in its potential
to utilize the levels of MDA, SOD, and AA for monitoring oxidative
stress and adjusting therapy accordingly. The established thresh-
old values will enable physicians to assess antioxidant deficien-
cies promptly and prescribe suitable treatments, ultimately im-
proving the quality of care for patients with HHA.
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3TV AaHHble NOATBEPKAAIOT, YTO OKCUAATUBHBIV CTPeCcC Urpaet
K/NHOYEBYIO posib B naTtoreHese HIA u apyrux ¢opm aHemwuid. Hawwm
pesynbTaTthbl, COBNaJaloLWmMe C 3TUMU UCCNeA0BAHWUAMM, LOMNONHAOT
CYLLECTBYIOLLYIO HAY4HYIO KapTUHY W NOATBEPXKAAIOT BaXKHOCTb MO-
HUTOPUHIA MapKEPOB OKCUAATUBHOMO CTPECCA M aHTUOKCUAAHTHOM
aKTMBHOCTU 1A Bonee 3ddEKTUBHOMO yNpaBaeHWs COCTOAHMEM Na-
LIMEHTOB C aHEMMEN.

MpakTu4eckoe 3Ha4YeHWe PaboTbl 3aK/IHOYAETCA B BO3MOKHOCTU
ncnonb3osaHusa yposHeit MAA, COL n AK ans MOHUTOPWHIA OKCK-
[JaTUBHOTO CTpecca M KoppeKuuu Tepanuu. YCTaHOBNEHHble MOPO-
rosble 3Ha4YeHWA NOMOryT BpayaM CBOEBPEMEHHO OLIEHWUTb CTeneHb
QHTUOKCUAAHTHOW HEeJ0CTaTOYHOCTU U Ha3HAYWUTb COOTBETCTBYHOLLYHO
Tepanuio, 4TO YNY4LIMUT Ka4ecTBO MeAMULIMHCKOrO CONPOBOXKAEHMA Na-
umeHTos ¢ HIA.

OrpaH1yeHunsa uccnepoBaHua. B cBA3mM ¢ Tem, YTO NCMXOIMOLM-
OHa/IbHOEe COCTOAHME MOXKET NOBAUATbL Ha cocToaHue [10/1, noatomy,
YYMTbIBAA BO3PACT HALUMX BOMbHbIX, CYLLECTBYET BEPOATHOCTb TOTO,
4TO 3TOT PaKTOP MOT Obl NOBANATL HA BUOXMMMYECKME NOKA3aTe/N.

3AK/NIOYEHUE

[onyyeHHble pe3ynbTaTbl CBUAETENLCTBYIOT O TOM, YTO NaLMeH-
Tbl ¢ HFA MMeIOT NOBbILLEHHbIV YPOBEHb OKCUAATUBHOIO CTPECCa, YTO
NPOABAAETCA B YBEMYEHUMN YPOBHA MIA M CHUKEHUM NOKasaTenemn
CO/A v AK. laHHble U3MeHeHMA NOAYEPKMBAKOT 3HAYMMOCTb MOHUTO-
PUHra 3TMX BMOMApPKEPOB A1 OLEHKM COCTOAHMA NaLMeHTa, a TaK-
Ke MO3BONAT Bpayam OLEHMBATb CTeneHb OKCMAATMBHOMO cTpecca U
NMPUHUMATb 06OCHOBAHHbIE PELLEHMA MO KOPPEKLMM Tepanun. Janb-
HelilLne nccneaoBaHMa MOTyT BbITb HanpaBaeHbl Ha Pa3paboTky cTpa-
TErMii Tepanuu, HanpPaB/iEHHbIX Ha YAy4YLWEHUe aHTUOKCUAAHTHOTO
CTaTyCa, ¥ Ha MPOBEPKY NPEA/IOKEHHbIX MOPOroB Ha 6onee WUPOKoi
BbIOOPKe A4/19 NOBbILLEHMA UX KIMHUYECKOM NPUMEHUMOCTH.

Limitations of the study. Considering that the psycho-emo-
tional state can influence LPO and considering the age of our pa-
tients, this factor may affect the biochemical parameters.

CONCLUSION

The results indicate that patients with HHA exhibit increased
oxidative stress, evidenced by elevated levels of MDA and re-
duced levels of SOD and AA. These findings highlight the impor-
tance of monitoring these biomarkers to assess the patient's con-
dition. This monitoring will also enable physicians to evaluate the
degree of oxidative stress and make informed decisions regarding
therapy adjustments. Future studies could focus on developing
therapeutic strategies to improve antioxidant status, as well as
testing these proposed thresholds on larger sample sizes to en-
hance their clinical applicability.
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