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EMBRION RIVOJLANISHI: GURUHLI KULTIVATSIYANING INDIVIDUAL TIME-LAPSE TIZIMIGA NISBATAN

USTUNLIGI

Annotatsiya

In vitro sharoitida embrion rivojlanishining samaradorligi avvalo mikro-muhitning bargarorligi, muhit hajmi, metabolik yuklanish
darajasi va embrionlar o‘rtasidagi parakrin signallarning mavjudligi bilan belgilanadi. Guruhli kultivatsiya embrionlar o‘rtasida
biologik alogalarning saglanishiga imkon berib, metabolik stressni kamaytiradi va rivojlanish kompetentligini oshiradi[1,8].
Individual time-lapse kultivatsiyasi doimiy kuzatuv imkoniyatini bersa-da, kichik hajmdagi muhit va parakrin ta’sir yo‘qligi uning
biologik samaradorligini cheklashi mumkin[3,10]. 436 ta IVF sikli tahlili shuni ko‘rsatdiki, 5-kunda yaxshi sifatli blastosista ulushi
guruhli kultivatsiyada 40,8% bo‘lib, individual time-lapse sharoitidagidan (35,4%) yuqoridir[1,2]; urug‘lanish ko‘rsatkichlari va 6
- 7-kun blastulyatsiyasi esa o‘xshash bo‘ldi. Ushbu natijalar embrion rivojlanishi monitoring texnologiyasidan ko‘ra ko‘proq
mikro-muhitning biologik va metabolik xususiyatlari bilan belgilanayotganini tasdiglaydi. Shu bois guruhli kultivatsiya ko‘plab
laboratoriya sharoitlarida afzal yondashuv sifatida garalishi mumkin.
Kalit so‘zlar: guruhli embrion kultivatsiyasi, individual embrion Kultivatsiyasi, time-lapse texnologiyasi, blastosista sifati,
yordamchi reproduktiv texnologiyalar.

PA3BUTHE OMBPHOHOB: IPEUMYIECTBO I'PYIIIIOBOI'O KYJIbTUBUPOBAHUSA HA
HUHIUBUIYJIBHOM TIME-LAPSE CACTEMOMN
AnHOTanuA
KauecTBo sMOproHanbpHOTO pa3BuTus B nporpammax BPT Bo MHOrOM onpenessercs: XxapakTepuCTHKaMUA MUKPOCPE/IbI, B KOTOPO
NPOXOJAUT KyNbTHBHpOBaHHe. Hawmboree CyllecTBEHHOE BIMSHHE OKa3bIBAIOT O0BEM KyIbTypajbHOW Cpefbl, CTEHNEeHb e€
MeTaboIn4ecKkoil CTabMIBHOCTH M BO3MOMKHOCTh COXPaHEHHs MapaKpUHHBIX B3aHMMOJICHCTBHH MEXAY Ppa3BHBAIOLIMMUCS
sMOproHamu. ['pynmnoBoe KyJIbTUBHPOBAHUE, 00ECTICUNBAsl €CTECTBEHHOE OMOJIOTMUECKOe B3aNMOCHCTBHE U OoJiee CTaONIIbHbIe
(hU3UKO-XUMHYECKHE YCIOBUS, CIIOCOOCTBYET (POPMUPOBAHUIO OJIArOTIPHATHOTO META00IMIECKOT0 PO U 60jee BEICOKOMY
MOTEHINAy Pa3sBUTHS IO CTaauH OnacTomucTsl. VIHAMBHAyanbHOE KyIbTUBHPOBAHHE B CHCTeMax time-lapse mpegoctaBisieT
[[EHHbIE JAUArHOCTHYIECKHE JAHHBIC, OJJHAKO Maiblii 00BEM CpeAbl M OTCYTCTBHE MEKX3MOPHOHAIBHOW KOMMYHHUKAIMH MOTYT
OTpaHNYUBATE €€ ONOJIOTHYECKYIO (P PEKTUBHOCTD.
Anamn3 436 KIMHAYECKHMX LUKIOB MPOJIEMOHCTPUPOBAJ, YTO YacToTa (OPMUPOBAHUS OJACTOMUCT OTIMYHOTO M XOPOULIETO
KayecTBa Ha 5-¢ CyTkd ObLia BbILIE NPU TPYNNOBOM KyibTHBHpoBaHMH (40,8%), yeM mpu HHIMBHAyanbHOM time-lapse
KyapTuBHpoBaHUU (35,4%), pU 3TOM MOKa3aTeld OIUIOJJOTBOPEHUS M BBIXOJ OJACTOLMCT MO3AHUX CYTOK (6—7-€ CyTKH)
CYIIECTBEHHO HE pa3inyanuch. [lomydyeHHbIe JaHHbIC TTOATBEPKIAIOT, YTO PEIIAOMNM (aKTOPOM YCIEIIHOro SMOPHOHATIBHOTO
pa3BUTHsI SIBISIETCSI HE CTOJBKO METOJ BH3YaJbHOTO MOHHUTOPHHIA, CKOJBKO KayeCTBO MHKPOCDPE/bI, O0OeCIeuuBaroIIei
(U3HONIOTHYECKYIO TOJIEPKKY Ha pPAaHHMX »JTamax pasBUTHA. TakuM 00pa3oM, TPYNIOBOE KyJIbTUBHPOBAHHE MOXET
paccMaTpuBaThCs Kak 6ojree OMOIOTHYECKN M KIIMHNYECKN 3((EKTUBHBIHN MOIX0M B YCIOBHAX COBPEMEHHBIX SMOPHOIOTHIECKUX
nabopaTopuii.
KioueBble cj10Ba: IpyNnoBoe KyJIbTHBHPOBaHME 3MOPHOHOB, WHAMBHAYyalbHOE KyJIbTHBHpOBaHHe, time-lapse, kauectBo
6HaCTOLU/ICT, BCIIOMOTI'aTEJIbHBIC PEIIPOAYKTUBHBIC TEXHOJIOTUH.

EMBRYO DEVELOPMENT: THE ADVANTAGE OF GROUP CULTURE OVER INDIVIDUAL TIME-LAPSE
SYSTEMS
Annotation
The efficiency of embryo development in vitro is strongly influenced by the characteristics of the culture microenvironment,
particularly medium volume, metabolic stability, and the presence of paracrine signaling between embryos. Group embryo culture
provides a more physiologically supportive environment by preserving inter-embryonic communication and reducing metabolic
stress, thereby enhancing developmental competence. In contrast, individual culture within time-lapse systems, despite offering
continuous morphokinetic monitoring, is limited by small medium volume and the absence of paracrine interaction, which may
restrict developmental potential. Analysis of 436 IVF cycles demonstrated that the proportion of good-quality Day-5 blastocysts
was higher in group culture (40.8%) compared with individual time-lapse culture (35.4%), while fertilization rates and late

-182 -



mailto:kamolakhon1997@gmail.com

0O¢‘zMU xabarlari Becrnuxk HYY3 ACTA NUUz BIOLOGIYA 3/1 2026

blastocyst formation on Days 6—7 were comparable. These findings indicate that embryo development is determined primarily by
the biological and metabolic properties of the microenvironment rather than imaging technology alone, positioning group culture
as a more biologically advantageous approach in many laboratory settings.

Keywords: group embryo culture, individual embryo culture, time-lapse, blastocyst quality, assisted reproductive technologies.

Mavzu dolzarbligi. Embrionlarni laboratoriya sharoitida ofstirish jarayonini optimallashtirish zamonaviy
embriologiyaning eng muhim vazifalaridan biridir, chunki aynan kultivatsiya muhiti blastosista sifati va yordamchi reproduktiv
texnologiyalar (YRT) samaradorligini belgilovchi asosiy omillardandir. Time-lapse tizimlari morfokinetik jarayonlarni uzluksiz
kuzatish imkoniyatini bersa-da, individual kultivatsiyaning kichik hajmli muhitda olib borilishi metabolik bargarorlikning
pasayishiga va embrionlar o‘rtasidagi parakrin signallarning to‘liq yo‘qolishiga olib keladi[3]. Bu esa rivojlanish
ko‘rsatkichlarining doimo kutilgan darajada oshmasligiga sabab bo‘ladi[ 10].

So‘nggi ilmiy manbalar embrion rivojlanishida tabiiy biologik alogalar, muhitning bargaror pH darajasi va yetarli hajmdagi
kultura muhiti muhim o‘rin tutishini ko‘rsatmoqda[1,8,]. Aynan guruhli kultivatsiya ushbu omillarni ta’'minlab, metabolik stressni
kamaytiradi va rivojlanish kompetentligini oshiradi. Shu sababli guruhli va individual time-lapse kultivatsiya usullarining
samaradorligini taqgoslash ilmiy-amaliy jihatdan dolzarb masaladir.

Mavzuning aktualligi embrion rivojlanishini maksimal darajada qo‘llab-quvvatlaydigan laboratoriya standartlarini
aniglash, turli kultivatsiya strategiyalarining biologik ustunliklarini baholash va YRT samaradorligini oshiruvchi optimal
protokollarni ishlab chigish zarurati bilan belgilanadi.

Tadgiqot magsadi. Embrionlarning guruhli kultivatsiyasi va individual time-lapse kultivatsiyasi samaradorligini
taqqoslab, ularning blastosista bosqichigacha rivojlanish sifatiga ta’sirini aniqlash hamda yuqori embrion kompetentligini
ta’minlaydigan mikro-muhit omillarini baholash.

Materiallar va usullar. Tadgiqot klinik embriologiya amaliyoti asosida olib borilib, 2022 yil oktabrdan 2023 vyil
dekabrgacha bo‘lgan davrda amalga oshirilgan 436 ta YRT (IVF/ICSI) siklining prospektiv tahlilini oz ichiga oldi. Bemorlar
yoshi, ovaryal zaxirasi va asosiy klinik-biologik ko‘rsatkichlari bo‘yicha o‘zaro moslashtirildi. Tadgiqotga fagat kamida ikki dona
yetilgan oosit (MII) olingan sikllar kiritildi. Bemorlar embrionlarni kultivatsiya strategiyasiga ko‘ra ikki guruhga ajratildi.

* Guruhli kultivatsiya (asosiy guruh) (1-rasm)

Kultivatsiya xususiyatlariga keladigan bo‘lsak: Quruqg planshet inkubatorida CO./N./O2 nisbatining bargaror nazorati
ostida olib borildi. Kultivatsiya jarayonida 4-bo‘limli idish qo‘llanilib, har bir b 500 pL bir bosgichli muhit hamda uning ustiga
600 pL mineral yog® quyildi. Har bir bo‘limida 5-6 ta embrion joylashtirilib, ularning o‘zaro parakrin signal almashinuvi uchun
fiziologik jihatdan qulay sharoit yaratildi. Embrionlar birinchi kundan boshlab beshinchi kungacha muhit almashtirilmasdan,
bargaror kimyoviy va gaz muhitida rivojlantirildi; blastulyatsiya kechikkan holatlarda esa kultivatsiya beshinchi kundan yettinchi
kungacha ham ayni parametrlar o‘zgartirilmasdan davom ettirildi. Bunday yondashuv embrionlar uchun optimal mikro-muhitni
shakllantirib, metabolik stressni kamaytiradi va ularning rivojlanish kompetentligini sezilarli darajada oshiradi.

1-rasm. Guruhli kultivatsiya uchun 4- bo‘limli idish: 5-6 embrionning umumiy mikro-muhitda rivojlanishi uchun muhit va
kultural yog‘ning bir xil tagsimlanishi.
Guruhli kultivatsiyada embrionlar umumiy mikro-muhitda rivojlandi va ular o‘rtasida parakrin signal almashinuvi saqlab
golindi.
*Individual time-lapse kultivatsiyasi (2-rasm)
Individual kultivatsiyada har bir embrion izolyatsiya gilingan holda, alohida tomchida rivojlantirildi. Monitoring tizimi
doimiy suratga olish orqali embrion rivojlanishining to‘liq morfokinetik tarixini ta’minladi.

2-rasm. Time-lapse tizimida individual kultivatsiya uchun ishlatiladigan maxsus idish: har bir embrionni alohida bo‘lib
joylashtirish va morfokinetik monitoringni barqaror ta’minlash imkonini beruvchi kameralar

Kultivatsiya xususiyatlari (TL-inkubator sharoitida)

Embrionlar TL-inkubatorda individual ravishda 20 pL hajmdagi alohida muhit tomchilarida kultivatsiya qgilindi. Har bir
embrionning alohida joylashtirilishi parakrin signal almashinuvi yo‘qligini ta’minladi, bu esa rivojlanish jarayonini faqat
embrionning o‘z metabolik resurslariga bog‘liq qiladi. Time-lapse tizimi harorat, CO- va O» muvozanatini avtomatik ravishda
barqaror ushlab turib, embrionni inkubatordan chiqarishga ehtiyojni yo‘q qiladi va fiziologik stressni kamaytiradi. Ushbu
yondashuv embrionlarning morfokinetik monitoringi va rivojlanish dinamikasini yanada aniq baholash imkonini beradi.

Tadgiqgot natijalari.
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O‘rtacha har bir bemorda 7,2 ta normal urug‘langan oosit qayd etildi va ushbu ko‘rsatkich bo‘yicha guruhlar orasida
statistik ahamiyatli farq kuzatilmadi. Sifatli blastotsistlarning shakllanish darajasi guruhli kultivatsiyada 40,8%, time-lapse (TL)
kultivatsiya guruhida esa 35,4%ni tashkil gildi. 6-7-kunlarda rivojlangan blastotsistlar ulushi ikki guruhda ham bir xil darajada
bo‘ldi (1-diagramma).

Diagramma 1.

Grafikda embrionlarning 5-kunda yaxshi sifatli blastotsistaga aylanish ko‘rsatkichlari ikki xil kultivatsiya sharoitida
solishtirilgan. Natijalar shuni ko‘rsatadiki, guruhli kultivatsiya (timelapse qo‘llanilmagan) sharoitida sifatli blastotsistalar ulushi
individual kultivatsiya (timelapse bilan) usuliga nisbatan biroz yuqoriroq gayd etilgan.

Umuman olganda, guruhli kultivatsiyada 5-kun sifatli blastotsistalar ulushi TL tizimiga nisbatan 5,4% yuqori ekanligi
aniglandi[1,2]. TL inkubatorlari uzluksiz tasvir asosida embrionlarni aniqroq tanlash imkonini bersa-da, bizning tadgigotimizda bu
ustunlik muhim omil bo‘lmadi, chunki PGT-A barcha bemorlar uchun muntazam qo‘llanilgan va embrion tanlovi aynan genetik
skrining asosida standartlashtirilgan.

Ushbu natijalar bitta reproduktiv markazning ikki xil inkubator modeli bilan ishlash tajribasiga asoslangan bo‘lib,
blastotsistlar rivojlanishidagi farglarga laboratoriya jarayonlari, muhit tarkibi va uskunalarning texnik xususiyatlari kabi boshqga
omillar ham ta’sir ko‘rsatgan bo‘lishi mumkin.

Xulosalar. Quyida tagdim etilgan xulosalar guruhli va time-lapse (TL) kultivatsiya sharoitlarida embrionlarning rivojlanish
dinamikasi va blastotsista sifatini tagqoslash asosida shakllantirildi. Tadqgiqot PGT-A qo‘llaniladigan klinik amaliyotda kultivatsiya
usulining ta’sirini baholab, amaliy laboratoriya qarorlariga oid muhim ma’lumotlarni taqdim etdi:

1.Guruhli kultivatsiya 5-kun sifatli blastotsistlar ulushi bo‘yicha TL tizimiga nisbatan 5,4% yuqori natija ko‘rsatdi.

2. 6-7-kun blastotsistlarining rivojlanish darajasi ikkala usulda ham deyarli bir xil bo‘lib, kech blastulyatsiya salohiyati
o‘xshash ekanligi aniglandi.

3. TL inkubatorlarining uzluksiz monitoring afzalligi ushbu tadqiqotda hal qiluvchi omil bo‘lmadi, chunki embrion tanlovi
PGT-A yordamida standartlashtirilgan edi.

4.0lingan natijalar bitta markaz texnikasi va ish jarayonlariga asoslanganligi sababli, inkubator modeli, muhit parametrlari
va laboratoriya protokollari ham kuzatilgan farqlarga ta’sir qilgan bo‘lishi mumkin.

ADABIYOTLAR
1. Ebner, T., Moser, M., Sommergruber, M., & Tews, G. (2010). Group culture of human zygotes is superior to individual

culture in terms of blastocyst development and implantation: a randomized controlled trial. Fertility and Sterility, 94(2), 678—

681.

doi:10.1016/j.fertnstert.2009.04.007

3. Fancsovits, P., Pribenszky, C., Murber, A., Kaszas, Z., & Urbancsek, J. (2022). Prospective-randomized study comparing
clinical outcomes of IVF treatments where embryos were cultured individually or in a microwell group-culture dish. Journal
of Assisted Reproduction and Genetics.

4. doi:10.1007/s10815-022-02600-w

5. Ciray, H. N., Campbell, A., Aguilar, J., et al. (2014). Proposed guidelines on the nomenclature and annotation of dynamic

human embryo monitoring using time-lapse imaging. Human Reproduction, 29(12), 2650-2660.

doi:10.1093/humrep/deu278

7. Vajta, G., & Rienzi, L. (2020). Time-lapse culture: methodological considerations and clinical impact. Reproductive

Biomedicine Online, 41(4), 663-675.

d0i:10.1016/j.romo.2020.06.006

9. Lane, M., & Gardner, D. K. (2000). Regulation of embryonic development by amino acids. Human Reproduction Update,
6(4), 447-453.

10. doi:10.1093/humupd/6.4.447

11. Gardner, D. K., & Lane, M. (1997). Culture and selection of viable blastocysts: a feasible proposition for human 1VVF? Human
Reproduction Update, 3(4), 367-382.

12. doi:10.1093/humupd/3.4.367

13. Morbeck, D. E., Paczkowski, M., et al. (2014). Composition of protein supplements used for human embryo culture. Journal
of Assisted Reproduction and Genetics, 31, 1703-1711.

14. doi:10.1007/s10815-014-0335-7

15. Rijnders, P. M., & Jansen, C. A. (1998). Paracrine interactions between embryos: role in embryo development. Human
Reproduction, 13(4), 1036-1042.

16. doi:10.1093/humrep/13.4.1036

17. Swain, J. E. (2014). Optimizing the culture environment in the I\VVF laboratory: impact of pH, osmolality, and oxygen tension.
Reproductive Biomedicine Online, 28(4), 476-486.

18. doi:10.1016/j.rbmo.2013.12.005

19. Ciray, H. N., Karagenc, L., et al. (2012). Time-lapse embryo imaging improves embryo selection but may be limited by
culture conditions. Fertility and Sterility, 98(4), 863-870.

20. doi:10.1016/j.fertnstert.2012.06.046

N

o

o

- 184 -



