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CyHrru nnnapaa XaBo U(IOCTaHUIIM Ba TAMAKK YSKHII OMIaH OOFIHMK KacaJUTMKJIAPHUHT KYHaluIm THOOu-
€T onmuaa TypraH 3HT 10J13ap0 MyaMMoJap/aH Oupura aiaHMOKIa. XaBo U(hI0CIOBYM KATTHK Ba a3po30J1 Oynakya-
nap (PM), xycycan PM 2,5 HUHT a’3poIMHAMUK JHAMETPH 2,5 MKM JaH KU4uK 0Yau0, Hadac onuin iyau Owian Oupra
OBKAT Xa3M KWJIWII TH3UMHUTA XaM KHPHUIITH MyMKHH. Ma3kyp makonaga PM 2,5 Ba TaMaku TYTYHHHHHT MaHOalapH,
OpTraHW3MTIa KUPHUII HYIIapy, IIyHAHTIEK YIapHUHT MHTHYKA mdakka O0ornuk mumdonn tykuma (GALT), xymmagan
[etiep O6namkanapuHUHT MOP()ODYHKINOHAT X0IaTUTa TAbCUPH F03aCHIaH CYHITH HIDIapaari HiIMHA MabIyMOTIap
acocua yMyMHi MyXoKama KeITHPUIITaH.

SATPASHSIIOIIUE BO3YX YACTUIIBI PM 2,5 U TABAYHBIN JIbIM:
HCTOYHUKH, IIYTU HOCTYILJIEHUA B OPTAHU3M U HTATOJIOI'MYECKOE
BO3JEUCTBHUE HA IMM®OUJHBIE CTPYKTYPbl TOHKOU KHIIKHU
M. A. A6ay.uiaeBa, 7K. b. Hemarto
Byxapckuii rocyjapcTBEeHHBIH MEAUITMHCKHIN HHCTUTYT, byxapa, Y30ekucran
B nmocnennue roms! poct 3a00seBaHMM, CBSI3aHHBIX C 3arpA3HEHHEM BO3AyXa M TaOaKOKypeHHEM, CTAHOBUTCS
OJTHOI M3 HamOoJiee aKTyalbHBIX MpPOOJieM MeOUUUHBL. TBEpPJbIE M a’dpO30JbHbIE YACTHILIBI, 3arps3HSIOLINE BO3IYX
(PM), B wactHOCTH PM 2,5 € a3poIHAMHUYECKHUM AUAMETPOM MeHee 2,5 MKM, MOTYT MOCTYNaTh HE TOJIBKO yepes3 Jbl-
XaTeNbHBIE ITyTH, HO ¥ B MHUIIEBApUTEIbHYIO CUCTEMY. B TaHHOH cTaThe Ha OCHOBE HAYYHBIX JAHHBIX TIOCIEAHUX JIET
Npe/ICTaBIeHO odIee 00CyXIeHne NCTOYHUKOB PM 2,5 1 tabadHoro npiMa, IMyTel WX MOCTYIUICHHSI B OPTaHU3M, a
TaKKe MX BIUSHHUSA Ha MOP(HO(DYHKIMOHATIBHOE COCTOSHHE JMM(OUIHON TKaHH, aCCOIMUPOBAHHON C KHIICYHUKOM
(GALT), B 9acTHOCTH IIEHEPOBBIX OJIAIICK TOHKON KUIIKH.

AIR-POLLUTING PM 2.5 PARTICLES AND TOBACCO SMOKE:
SOURCES, ROUTES OF ENTRY INTO THE BODY AND PATHOLOGICAL EFFECTS
ON THE LYMPHOID STRUCTURES OF THE SMALL INTESTINE
M. A. Abdullaeva, J. B. Nematov
Bukhara state medical institute, Bukhara, Uzbekistan
In recent years, the increase in diseases associated with air pollution and tobacco smoking has become one of

the most pressing problems in medicine. Airborne particulate matter (PM), in particular PM 2.5 with an aerodynamic
diameter of less than 2.5 pm, can enter the body not only through the respiratory tract but also through the digestive
system. This article presents a general discussion, based on scientific data from recent years, of the sources of PM 2.5
and tobacco smoke, their routes of entry into the body, and their effects on the morphofunctional state of gut-
associated lymphoid tissue (GALT), in particular the Peyer's patches of the small intestine.

XaBo uduocaaHuy — ByTyH %axoH COFJIMKHM CakJall TalllKUJIOTH TOMOHM/IAH jKaMoaT ca-
JIOMATJIUTHUTa TaXJIUJl COJYBUM aCOCHH AKOJIOTHK OMHJUIapAaH Oupu cudaruaa 3bTUPOd STHITAH.
XaBoJa TYIUIaHaUraH KaTTUK Ba a’po3oi O6ynakyanap (Particulate Matter, PM) asponunamuk yi-
gamwura kypa PM10 (muamerpu 10 mxm gan kuuuk), PM 2.5 (2,5 MKM 1aH KMYUK) Ba yTa Maiiga
3appauvanapra (ultrafine particles, 100 umM nan kuuuk) 6ynunaau. PM 2,5 3appavanapu y3 ymuamu
KyJa KUUMK Oynranu cababiau Hadac WYIITapUHUHT HT YyKyp KHUcMilapurada et Oopuiy, nry-
HUHTJIEK KOH-TOMHUp Ba JuMda TU3UMH OpKaiud OOIIKa ab3ojapra TapKaJIUIId MYMKHH. XYyJIH
UIYHUHT/IEK, TaMakd TYTyHH TapkuOuaa xaMm Maiina aucrnepc KaTTHK 3appadaniap, MOTHIMKINK
apOMaTHK YTIIEBOAOPOAJIAp Ba OOIIIKa 3axapiid MOJAaIap MaBxXy OYau0, yinap xaM 3 TabCHp Me-
XaHU3MHU )kuxatuaad PM rypyxura ssKuH Typajiu.

Opranusmra kupuil WyHanumura kypa PM 2.5 Ba Tamaku TyTyHW acocaH 3 My opKaiu
TabCUP KypcaTaau:

1. Hadac omumm iynu opkanm (OupiaMuu, acOCHM iyn);
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2. MykomwiMap KIMPEHC Ba IOTHII OpPKAJIM OIIKO30H-WYaK TPaKTUra TN Hyau
(MKKMIamMuu Hyin);

3. Udnocnanran 03uK-0BKaT Ba CyB UCTEbMOJIHM OPKaJ MYaKka O€BOCHTA TYIIUII HYIIH.

Hadac onum #iynu 6unan opraausmra Tymrad Hupukpok PM 3appauanapu OpoHxHai mui-
JUK KaBaTiard Makpodarimap TOMOHMZAaH (arouuto3 KUIMHHO, MYKOIWIMAP KIMPEHC OpKaIU
OFM3-XAJIKyMIa KaiiTa KyTapuiaay Ba OeMXTUEP IOTHINII OPKAJIM OIIKO30H-UYaK HYaura Tylaiu.
bynnan tamkapu, atmMocdepana tyninanrad PM 3appauanapu Tynpok, CyB Ba O3UK-OBKAaT Maxcy-
JOTJIAPUHU XaM H(IIOCIaHTUPHILH, HATUXKa/a yiaap OeBOCHTa MCTEbMOJI OPKAIM XaM MYaKKa KH-
pumu mymkuH (Liao R. et al., 2025).

PM 2,5 HuHr TOOOpa KEHI' TApKAIMIIM YHUHI OPraHU3MIa, )KyMJaJaH OLIKO30H-UYaK Tpak-
TUI'a TAbCUPHUHU YYKYPPOK Ypranuira TypTku 0yamoxzaa. CYHITH TaJKUKOTIapa KOHLIEHTpalus-
nanraH atpod-myxut PM 2,5 (CAPM) 3appadanapuHUHT CypyHKAIU TaAbCUPH OCTHIA MYAK TYCHK
¢byaxkumsicuan TabMuHIoBuH Occludin Ba ZO-1/Tjpl okcrimmapu SKCIIPECCUsICH ce3UIapiIu macam-
uy, mwyHuHraek TLR2/5-MyD88-NLRP3 sunmurnanum WYITUHUHT (GaosuiallyBU OpKadd HWYaK
MUKpOOMOMACHHMHT U3JaH YMKHIIY (IncOouno3) anukiaanrad (Ran Z. et al., 2024). Kaco-2 xyxaiipa
JTUHUACHAA YTKa3wiraHn taxpubanapaa PM 2,5 tabcupuaa okcuananui crpeccu Ba PI3K/AKT
CUTHAJ HYIMHWHT (haoIallyBU OPKATM MYAK SMUTSIMHCHHUHT YTKa3yBuaHiuru (permeability)
OpTraHu, -KaTeHWH dKCIpeccuscy nacairanu kypcatwiras (Liao R. et al., 2025).

Nuakka Oormuk mumdonn tykuma (Gut-Associated Lymphoid Tissue, GALT) opranusm-
HUHT MYKO3aJI UMMYHUTETHHU TabMHHJIOBYM MapKa3uil TH3UM OYIHO, YHHUHT acOCHH CTPYKTypa-
(GbyHKIMOHAN OMpIUTH MHTHYKa wyak jesopunard [leiiep Omsmkamapunup. CYHITH Hwiniapaara
YMYMIJIAIITUPYBYH TaJIKUKOTIIAp IIyHH Kypcarauku, PM tascupuna [lefiep Omstmkanapumga CD4+
T-mamponurnap Ba B220+CD69+ B-mumdonunTiap COHM KaMalHIIK, aKCUHYA SUUTHFIIAHUII OJITH
uutokuHn ®HO-anbda cexpenusicu omud, akcuHYa akcapuil Xxoulapaa suuiuFIaumra kapumu [L-
10 UMTOKMHU CeKpeluscu Macaliuilii aHUKJIaHraH, Oy 3ca Uyak-yuka y3apo Tabcup yku (gut-lung
axis) noupacuaa 'AJIT TU3MMUHUHT peakTUB-aJaNTUB y3rapuiuaad nanonar oepaau (Frontiers
in Immunology, 2025). Kanamymnapaa yTkazuiaran Oomka Taxprdana KUCKa MyJJATiad Liaxap
PM 2,5 tapcupuja MHIMYKa MYaK IIWIIMK KaBaTUIa SJUIMFIAHMII Ba TMCTONATOJIOTHUK y3rapu-
nuap, my skymianad [L1B napaxacuHUHT y3rapuiy Kaia STHITaH, y30K MyAJaTid TabCUpAa 3ca
WYaKHUHT 9KOJIOTMK OMUJIIapra MociaiyB xoaucacu Kysatuiarad (Ohlsson L. et al., 2022).

Tamakn TyTyHMHHMHI W4aK JTUMQOMI TU3MMHUTa TabCUPH OOpacuia XaM CYHITH Wuiiapaa
KaTop MyXUM MabiyMoTiap oiduHrad. CypyHkanu ooctpyktuB ynka kacamumra (COYK) Ba Kpon
KAaCAJTMTMHUHT TaMaKy YeKHII OMJIaH OOFMUKIMIMHM YpraHUIl Joupacuia YTKa3uiaraH Taxpuoa-
JapAa TaMaku TYTYHU TabCHPHJIA AUCTANl MHIMYKA MYakja [gA unuad ynkapyB4d HMMYH TapMOK
¢daomnamrany, ¢ekan sIgA napaxacu omranu Ba Ileiiep Onsimkanapy XaXKMUHUHT KaTTalalldml
teHaeHumsicu kyzatwirad (Wang L. et al., 2022). DnexkTpoH Ba aHbaHAaBUN TaMaKH TYTYHUHHHT
CYpYHKaJIM TabCUPUHM KUECTAraH TaJKMKOTAA MJIEYM COXAacHJa BOPCHUHKA/KpHUIITa HUCOATHHHUHT
ce3WIapii OpTHUILH, XyXaipa mponudepannod Mapkepu IUKIMH D1 sKkcnpeccusiCHHUHT Kydaiu-
1M aHUKJIaHTaH, Oy 3ca SMUTeNnal IHTUJIaHUI )Kapa€HUHUHT W3/1aH YMKUIIUJIAH dajoyaT 6epaau
(Djouina M. et al., 2024). lllynunraek, TaMaku TyTyHH Tabcupuia [leiiep Onsdikanapuau Kormiab
TypyBuH ¢osukynra 6ornmuk snutenuiiaa (follicle-associated epithelium) ayrodarus Ba anontos
KapaCHIIApUHUHT Ky49aluImm, JeHApUT Xyxkahpanap xamma CD4+/CD8+ T-numdonuriapHUHT
TYIUTaHUIIM OUp KaTop MyaJiiudap TOMOHHIaH TaKpOPHUIl TaCTUKIIaHTaH.

PM 2,5 Ba Tamaky TYTYHUHUHT OMprajvkaari (KOMOMHAIMOH) TabCUPH aJIOXK/Ia aXaMUsATra
3ra, YyHKM amajijia aXxOJIMHUHT KaTTa KMCMH, allHHKCa CAaHOAT MapKasjlapy Ba HMPHK IIaxaprap/a
SIIOBYM YEKYyBUHIIAP, Xap UKKK OMMJITa OUp BaKTIa qy4dop Oynaau. YTNka-udak y3apo Tabcup YKu
(gut-lung axis) mowpacuaarud CYHITH yMyMIIAIITUPYBYM TAAKUKOTIapAa TabKUUIAHUIINYA, aTMO-
cbhepa 3appadanapy Ba TaMaKd TYTYHH KaOW MHTAJISAIIMOH OMIULIAp MyKo3an fo3amap (Ymka Ba
WYaK MWUIMK KaBaTH) Opaculiardi yMyMHUH HMMYHOJIOTUK MEXaHU3MJap OpKalu y3apo KydanTu-
pYBUM (CHHEPrHK) TabCUpP KYpCATHUINM, HAaTHXKa/la WYaK MHUKpOOMOMAcH, TYCUK (QYHKIUSCH Ba
GALT Ty3unMmanapyHHUHT pEaKTUBIIUIH SHAJa KyWIMPOK Y3rapuIld MyMKHUH.

XaBo UQIIOCTAHUIIN Ba TAMAaKU YEKUII KYpPCATKHUWIAPMHHUHT WM calluH omub Oopuiim —
yi0y MyaMMOHHHT J0J3apOUTUHU siHa Oup Oop Tacmukinaiau. XKaxon COFITMKHU cakjail Tarll-
KUJIOTUHHMHT CYHITH MabJIyMOTIIApUra Kypa, IyHE axOJIMCUHUHT Aedpiu 6apuacu BO3 Tomonugan
TaBCHUs ATWITAaH XaBO CHU(aTH MEebEPHUIAH IOKOPHU napaxkagaru PM 2,5 KOHIEHTpaUsICH MaBkKYy/l
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XyAyajdapaa smaiau, Oy sca kenrycuaa ymoly WyHanuImgard TaaKUKOTIap, )KymiiaJaH WHIHYKa
n4aK JTUMGOH Ty3WIMAIAPHHUHT MOP(OJIOTHK Ba MOP(GOMETPUK Y3TapHIUIAPHHU YyKYyp Ypra-
HUIITHH STHAJA T0J13ap0 KUIMOK/IA.

Xyaoca: XaBo upaocinoun PM 2,5 3appadanapu Ba TaMaky TYTYHU Hadac oyum wynu 6u-
JaH Oup KaTopla OIIKO30H-MYaK TPAKTUIa XaM KUpHUO, MHTMYKAa MYaK HIMJUIMK KaBaTH TYCHK
¢dbyakumsicuau Ba yHra 0orauk muMdounn tykuma (GALT), xycycan Ilefiep OnsmkaiapuHAHT MOP-
bodyHKIIMOHAT XONATHHH Ce3rIapiu y3raprupanu. CYHITH HHIDIapaard TalkKUKOTIap Oy HMKKH
OMUJIHHMHT SIKKa XamJia KOMOWHAIIMOH TabCHUPHHUA MOP(OJIOTHK, UMMYHOTUCTOKUMEBUI Ba MoOJIe-
KyJSIp apaxazaa 4yKyp YpraHuil 3apypaThHU KYpcaTMoKja, Oy 3ca IKOJOTUK OOFIMK racTpOWH-
TECTHHAJ Ba UMMYH TH3UM TIaTOJIOTHUSUTAPUHUHT OJITUHH OJIAII XaMJia dpTa TallXUCIIAall CTPATer -
STTAPUHY U0 YUKHUINTA XU3MaT KAJIaIu.
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