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AHHOTAIIUA
Pe3rome: B nanHOI cTaThe paccMaTpHBAIOTCS COBPEMEHHBIE Ja0OpPaTOPHBIE MOAXOb! K BBISBICHHIO PAHHETO ITOBPEKIACHHS
MOYeK, C 0COOBIM BHUMaHUEM K OHOMapKepaM, 00JIaJaronIiM BHICOKOH YyBCTBHUTEIBHOCTBIO M CICHU(PUIHOCTEIO. Tpa uOHHBIC
MapKepbl, TaKie KaK KpeaTHHHH U MOYEBHUHA, HIMEIOT OTPAHHYCHHYIO IHArHOCTHYECKYI0 IEHHOCTh Ha PAHHHX CTaJIHSIX 3a00JICBaHHSL.
[TosTOMY aKTHBHO M3y4arOTCsl HOBBIE MOJICKYJISIpHBIE Onomapkepsl, Takue kak MUKpoPHK, Cystatin C, NGAL, KIM-1 n L-FABP,
MIOCKOJIBKY OHH ITO3BOJISIOT BBISBIIATH IIATOJIOTHYECKHE M3MEHEHHS 3a1051T0 10 IOSIBIICHUS KIIMHUYECKUX CUMITTOMOB. [IpoBeéHHBIC
WCCIIEI0BaHMs IOKa3bIBAIOT, YTO KOMOMHHPOBAHHOE UCIIOIb30BAHIE HECKOJIBKUX OHOMAapKEPOB IO3BOJISET ITOJIyYUTh OOJIee TOUHBIS
JIUAarHOCTUYECKHE Pe3yJIbTaThl U IPOTHO3UPOBATh Pa3BUTHE 3a00JieBaHMI TOUeK. JlapHeHMe uccie10BaH|s B 9TOM HAIIPaBJICHUH
HEOOXOIUMBI JUTS CTaHAAPTH3AUU METOJIOB BEISBICHUS ONOMAapKEPOB U UX BHEAPEHHS B KIMHHYECKYIO IPAKTHKY.
Karouessie ciioBa: Onomapkepsl, octpoe nospexaenne mouek, NGAL, Cystatin C, KIM-1, 1abopaTopHas JuarHocTHKa
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BIOMARKERS OF EARLY KIDNEY INJURY: MODERN LABORATORY APPROACHES

ANNOTATION
This article examines modern laboratory approaches for detecting early kidney injury, with a focus on biomarkers that offer high
sensitivity and specificity. Traditional markers such as creatinine and urea have limited diagnostic value in the early stages of the
disease. Therefore, new molecular biomarkers, including microRNAs, Cystatin C, NGAL, KIM-1, and L-FABP, are actively being
studied as they allow for the detection of pathological changes long before clinical symptoms appear. The analysis showed that using
a combination of multiple biomarkers significantly improves diagnostic accuracy and enables the prediction of kidney disease
progression. Further research in this field is necessary to standardize detection methods and integrate them into clinical practice.
Keywords: biomarkers, acute kidney injury, NGAL, Cystatin C, KIM-1, laboratory diagnostics.
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BUYRAKLARNING ERTA JAROHATLANISH BIOMARKERLARI: ZAMONAVIY LABORATOR
YONDASHUVLAR
ANNOTATSIYA
Rezyume: Ushbu maqolada buyraklarning erta shikastlanishini aniglash bo‘yicha zamonaviy laboratoriya yondashuvlari ko‘rib
chigiladi, ayniqsa yuqori sezuvchanlik va o‘ziga xoslikka ega bo‘lgan biomarkerlarga e’tibor qaratiladi. An’anaviy markerlar,
masalan, kreatinin va siydik mochevinasi, kasallikning dastlabki bosqichlarida cheklangan diagnostik giymatga ega. Shu sababli,
mikroRNK, Cystatin C, NGAL(Neutrophil Gelatinase-Associated Lipocalin), KIM-1(Kidney Injury Molecule-1) va L-FABP (Liver-
Type Fatty Acid-Binding Protein) kabi yangi molekulyar biomarkerlar faol o‘rganilmoqda, chunki ular klinik simptomlar paydo
bo‘lishidan ancha oldin patologik o‘zgarishlarni aniglash imkonini beradi. O‘tkazilgan tahlillar shuni ko‘rsatdiki, bir nechta
biomarkerlarni birgalikda qo‘llash diagnostik aniqroq natijalarga olib keladi va buyrak kasalliklarining rivojlanishini oldindan
bashorat qilish imkonini beradi. Ushbu yo‘nalishda keyingi tadqiqotlar biomarkerlarni aniqlash usullarini standartlashtirish va ularni
klinik amaliyotga joriy etish uchun zarur hisoblanadi.
Kalit so‘zi: biomarkerlar, o‘tkir buyrak shikastlanishi, NGAL, Cystatin C, KIM-1, laboratoriya diagnostikasi.

Buyraklarning erta shikastlanishini tashxislash zamonaviy vagqtida tashxislash imkonini bermaydi. Shu sababli, patologik
tibbiyotning muhim vazifasidir. An’anaviy biokimyoviy o°zgarishlarni klinikadan oldin aniglashga imkon beradigan
markerlar, masalan, kreatinin va mochevina, cheklangan yangi biomarkerlarni o‘rganish dolzarb yo‘nalish hisoblanadi.
sezgirlikka ega bo‘lib, nefropatiyalarni o‘z vaqtida erta Magqsad: Zamonaviy  biomarkerlarning  diagnostik
aniqlashni  qiyinlashtiradi. =~ Ushbu  maqolada ~ NGAL  ahamiyatini va ularni klinik amaliyotga joriy etish istigbollarini
(neytrofillarga bog‘liq gelatinaza bilan bog‘langan lipokalin),  baholash.

Cystatin C (glomerulyar filtratsiya tezligini aks ettiruvchi past Materiallar va tadqiqot usullari: Tadqiqot Samarqand
molekulyar ogsil), KIM-1 (proksimal naychalar ~ Davlat Tibbiyot Universitetining Ko‘p tarmoqli klinikasining
shikastlanishining markeri) va L-FABP (yog® kislotalari terapiya bo‘limida o‘tkazildi va 100 nafar bemorni oz ichiga
transporti va gipoksik shikastlanish bilan bog‘liq ogsil) kabi  oldi. Tadqiqotimizni o’tkazish maqgsadida  bemorlar ikki
buyraklarning erta shikastlanish biomarkerlari va ularning klinik ~ guruhga bo‘lindi:

amaliyotdagi ahamiyati ko‘rib chiqilgan. Laboratoriya tadqiqot 1-guruh (subklinik buyrak shikastlanishi bo‘lgan
metodlari va ularning joriy etish istigbollari tahlil qilindi. bemorlar): 50 bemorni tashkil gilgan bo’lib ularning o‘rtacha

Kirish: Buyrak shikastlanishining erta aniglanishi surunkali ~ yoshi 50 yoshni tashkil qildi, 60% erkaklar qolgan 40%
buyrak yetishmovchiligini oldini olish va bemor prognozini ayollarlardan iborat. Kreatinin va GFT normal darajada, biroq
yaxshilashda muhim rol o‘ynaydi. An’anaviy laboratoriya NGAL, Cystatin C, KIM-1 va L-FABP biomarkerlari yuqori.
ko‘rsatkichlari, masalan, kreatinin va mochevina darajalari, har 2-guruh (aniq buyrak shikastlanishi bo‘lgan bemorlar):
doim ham buyrak shikastlanishining dastlabki bosqichlarini o‘z  ikkinchi guruh 50 bemordan tashkil qilindi, bemorlarning
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o‘rtacha yoshi 55 yosh, 65% erkaklar qolgan 35% ayollardir. Bu
guruh bemorlarda kreatinin darajasi oshgan, glomerulyar
filtratsiya tezligi pasaygan, biomarkerlarda sezilarli o‘zgarishlar
va klinik buyrak disfunktsiyasi mavjud. Tadgiqot quyidagi
laboratoriya tahlillarini 0‘z ichiga oldi:

Klinik va biokimyoviy qon tahlili (gemoglobin, glyukoza,
umumiy ogqsil, albumin, natriy, kaliy, mochevina, kreatinin);
hamda NGAL, Cystatin C, KIM-1 va L-FABP darajalarini
ELISA usuli bilan aniqlandi. Glomerulyar filtratsiya tezligini
CKD-EPI formulasi bo‘yicha hisoblandi.

Quyidagi mezonlarga qarab bemorlar guruhlarga
qo’shildi: Buyrak shikastlanish xavf omillariga ega bemorlar
(gipertoniya, qandli diabet), yaqqol namoyon bo‘lgan surunkali
buyrak yetishmovchiligi (SBY) bo‘lmagan bemorlar.

Quyidagi mezonlarga qarab bemorlar guruhlarga
qo’shilmadi: Terminal bosqichdagi SBY, o‘tkir infeksiyalar,
onkologik kasalliklar.

Tadqiqot natijalari: Ikkinchi guruhda (aniq buyrak
shikastlanishi) barcha biomarkerlarda sezilarli darajada yuqori
ko‘rsatkichlar qayd etildi. Bundan tashqari, 2-guruh bemorlarida
kreatinin va mochevina darajasining sezilarli oshishi hamda
GFTning pasayishi kuzatildi. Qonning klinik va biokimyoviy
tahlilida ham buyrak faoliyatining buzilishini ko‘rsatadigan
o‘zgarishlar aniglangan.Birinchi guruh bemorlarida gemoglobin
darajasi o‘rtacha 135.2 g/L ni tashkil etgan bo‘lsa, ikkinchi
guruhda ushbu ko‘rsatkich sezilarli darajada past bo‘lib, 118.6
g/L ni tashkil etdi (p < 0.01). Glyukoza darajasi birinchi guruhda
5.6 mmol/L bo‘lsa, ikkinchi guruhda 6.8 mmol/L gacha oshdi (p
<0.05).

Shuningdek, umumiy oqgsil va albumin miqdori ikkinchi
guruh bemorlarida sezilarli darajada past ekani qayd etildi:
umumiy ogsil darajasi mos ravishda 70.3 g/L va 65.2 g/L (p <
0.01), albumin darajasi esa 42.5 g/L va 38.0 g/L (p < 0.01) ni
tashkil etdi. Elektrolitlar muvozanatidagi o‘zgarishlar natriy va
kaliy darajalari bilan tasdiglandi — natriy darajasi birinchi
guruhda 138.4 mmol/L bo‘lsa, ikkinchi guruhda 134.2 mmol/L
gacha pasaydi (p < 0.05), aksincha, kaliy darajasi 4.2 mmol/L
dan 5.1 mmol/L gacha oshdi (p < 0.001).

Buyrak shikastlanishining zamonaviy biomarkerlari ham
sezilarli o‘zgarishlarni ko‘rsatdi. NGAL darajasi birinchi guruh
bemorlarida 115.5 ng/mL bo‘lsa, ikkinchi guruhda 250.5 ng/mL
gacha oshdi (p < 0.0001). Xuddi shunday, Cystatin C darajasi
0.90 mg/L dan 1.52 mg/L gacha (p < 0.0001), KIM-1 darajasi
1.25 ng/mL dan 3.49 ng/mL gacha (p < 0.0001), L-FABP esa
5.03 ng/mL dan 10.36 ng/mL gacha (p < 0.0001) oshganligi
aniglandi.

Buyrak funksiyasini  baholash bo‘yicha an’anaviy
laboratoriya ko‘rsatkichlarida ham keskin farqlar kuzatildi.
Mochevina darajasi birinchi guruh bemorlarida 5.24 mmol/L
bo‘lsa, ikkinchi guruhda 9.06 mmol/L gacha oshdi (p < 0.0001).
Xuddi shunday, kreatinin darajasi 80.3 mkmol/L dan 150.3
mkmol/L gacha oshgan (p < 0.0001), shu bilan birga, GFT
birinchi guruhda 95.4 ml/min/1.73 m? bo‘lsa, ikkinchi guruhda
48.6 ml/min/1.73 m? gacha pasaygan (p < 0.0001) (1-jadval). Bu
natijalar  buyrak shikastlanishining erta  bosqichlarida
biomarkerlardan foydalanish klinik jihatdan muhim ekanligini
tasdiglaydi.

1-jadval
(3 (3
Ko‘rsatkich (cl)-gi‘cuhl?) g_gicuhl:‘) p-qiymat
Gemoglobin (g/L) 135.2 118.6 p <0.01
Glyukoza (mmol/L) 5.6 6.8 p <0.05
Umumiy ogsil (g/L) 70.3 65.2 p <0.01
Albumin (g/L) 42.5 38.0 p <0.01
Natriy (mmol/L) 138.4 134.2 p <0.05
Kaliy (mmol/L) 4.2 5.1 p <0.001
NGAL (ng/mL) 115.5 250.5 p <0.0001
Cystatin C (mg/L) 0.90 1.52 p <0.0001
KIM-1 (ng/mL) 1.25 3.49 p <0.0001
L-FABP (ng/mL) 5.03 10.36 p <0.0001
Mochevina (mmol/L) 5.24 9.06 p <0.0001
Kreatinin (mkmol/L) 80.3 150.3 p <0.0001
GFT (Irrrlf)/mm/l‘n 95.4 48.6 p < 0.0001

ROC-tahlil shuni ko‘rsatdiki, NGAL va Cystatin C
biomarkerlarining diagnostik aniqligi yuqori (AUC > 0.85).
NGAL eng sezgir marker sifatida ajralib chiqdi (sezgirlik 89%,
o’ziga xosligi 91%).

Xulosa:  Zamonaviy  biomarkerlardan ~ foydalanish
buyraklarning erta shikastlanishini aniqlashning diagnostik
samaradorligini sezilarli darajada oshiradi. Bu esa oz vaqtida
terapevtik  choralarni  ko‘rish  va  surunkali  buyrak
yetishmovchiligi rivojlanishining oldini olish imkonini beradi.
Tadqiqot natijalari shuni ko‘rsatdiki, NGAL va Cystatin C
biomarkerlarining erta bosqichlardagi buyrak shikastlanishini
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aniqglashdagi diagnostik sezgirligi yuqori bo‘lib, ularning klinik
amaliyotda qo‘llanilish istigbollari katta.

An’anaviy laborator diagnostika ko‘rsatkichlari — kreatinin,
mochevina va glomerulyar filtratsiya tezligi (GFT)
buyraklarning  boshlang‘ich  shikastlanishini  aniqlashda
yetarlicha sezgir emas. Shu sababli, zamonaviy biomarkerlarni
diagnostik  algoritmlarga integratsiya qilish  subklinik
bosqichdagi morfologik va funksional o‘zgarishlarni aniglash
imkonini beradi. Bu aynigsa, xavf guruhi bemorlari (gipertoniya,
qandli diabet, nefrotoksik preparatlar qabul giluvchi shaxslar)
uchun muhim bo‘lib, ularning monitoringi va kasallikning
kechishini prognoz qilishda yangi imkoniyatlar yaratadi.
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