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Annotatsiya. Mazkur maqolada prenatal stress omillarining bosh miyaning asosiy komissural
strukturasi hisoblangan gadogsimon tananing (corpus callosum) postnatal ontogenez davomida
yuzaga keladigan morfologik va morfometrik o ‘zgarishlariga ta’siri o ‘rganilgan. Tadgigot uchun
tajriba hayvonlari sifatida kalamushlar tanlanib, ularning homilador urg‘ochilari maxsus stress
holatlari (immobilizatsiya, shovqin va yorug ‘lik o zgarishlari)ga duchor gilingan. Natijada yuzaga
kelgan prenatal stress omillarining avlodlarida gadogsimon tananing postnatal rivojlanish
dinamikasiga ta’siri turli yosh bosqichlarida (1-, 7-, 14-, 21- va 30-kunlarda) morfologik va
morfometrik usullar orgali tahlil gilindi.

Olingan natijalar prenatal stress qadogsimon tana rivojlanishiga sezilarli ta’sir ko ‘rsatishini
ko ‘rsatdi. Xususan, bu strukturada miya yarimsharlari orasidagi nerv tolalari miqdorining
kamayishi, aksonlarning ingichkalashuvi, mielin gavatining noyetukligi va neyroglial hujayralarning
giperaktivligi bilan ifodalangan o ‘zgarishlar aniqlangan. Morfometrik ko ‘rsatkichlarda esa
gadogsimon tananing qalinligi, uzunligi va transversal kesimidagi yuzasi stressga uchragan
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guruhlarda nazorat guruhiga nisbatan ancha kichik bo ‘Igan. Ushbu o ‘zgarishlar markaziy asab
tizimining funksional integratsiyasiga va kognitiv faoliyatlarga salbiy ta’sir ko ‘rsatishi mumkin.

Mazkur tadgiqot prenatal davrdagi stressning miyaning muhim strukturaviy birliklaridan biri
bo ‘Igan gadogsimon tanaga rivojlanish bosqichlarida qanday ta’sir gilishini aniqlashga garatilgan
bo‘lib, perinatal stressning neyroanatomik oqibatlarini tushunishda muhim ilmiy asos vazifasini
bajaradi. Tadgigot natijalari stress bilan bog ‘liq neyro-rivojlanish buzilishlari, aynigsa autizm
spektri va diggat yetishmovchiligi sindromlari kabi holatlarning kelib chigish mexanizmlarini
chuqurroq anglash uchun asos bo ‘la oladi.

Kalit so‘zlar: prenatal stress, oq kalamushlar, bosh miya qadogsimon tanasi, postnatal
ontogenez.

MPEHATAJIBHBIN CTPECC 1 MOP®O.J10TO-MOP®OMETPUYECKHE
N3MEHEHUA MO3OJUCTOTI'O TEJIA TOJTOBHOI'O MO3I'A B IMHAMMKE
INOCTHATAJIBHOT'O OHTOI'EHE3A Y IIOTOMCTBA, PO KAEHHOI'O B YCJIOBUAX
CTPECCA

IToaBonoB I'aiipat KypOon6oeBr4 — caMOCTOSATENIbHBIN COMCKATeNb Kadeapbl aHATOMUN
yesoBeka 1 OXTA YpreHuckoro rocy1apcTBEHHOTO MEAMIIMHCKOI'O HHCTUTYTa
Amnabdexosa Auiopom baxtuspoBHa — npodeccop kadeapsl anatomun yenoeka 1 OXTA
TanKkeHTCKOro rocy1apCTBEHHOIO MEAUIMHCKOTO0 YHUBEPCUTETA, JOKTOP MEIULIUHCKIX HAYK
Ha3zapoBa MaJjioxat bepaudaeBHa- ctapimii npemnogoBareib KageIpbl rocnuTalIbHON NeIuaTpuu
1 BBICIIEE CECTPUHCKOE JIE€J0 YPIreHUYCKOrO rOCYapCTBEHHOTO MENUIIMHCKOTO HHCTUTYTA

AHHOTaUUsA. B oannoii cmamee paccmampusaemcs élusHuUe NPEeHAMATbHbIX CMPecco8biX
@axkmopoe Ha mopghonrocuieckue u mMopgomempuieckue UMEeHeHUss MO3OAUCO20 mena (Corpus
callosum) — ocrnosHOU KOMUCCYPANBHOU CMPYKMYPbL  20I06HO20 MO324 — 6 Npoyecce
NOCMHAMANbHO20 OHMO2eHe3d. B kauecmee 5KCNEpUMEHMANbHLIX HCUBOMHBIX UCNOIL30BAIUCH
Oenvle Kpblcbl, bepemeHHble CAMKU KOMOPBIX NOOBEP2aniuch 6030€UCMBUI0 CMPeCCO8bIX PaKkmopos
(ummobunU3aYUsA, WYyM U USMEHeHUe oceeujenus). Bauanue npenamanvno2o cmpecca Ha OUHAMUKY
PA38UmMUs MO3OIUCIO20 Mead ) NOMOMCMEA U3Y4aloCh HA PAIUYHBIX 803pacmHublx cmaousx (1, 7,
14, 21 u 30 cymxu) c ucnonvzo8anuem Mopghonocuieckux u Mopghomempuieckux memooos.

Tlonyuennvle pe3ynbmamsl NOKA3AAU, YMO NPEHAMANbHBIN CMPECC 0KA3bl8Aen 3HAYUMENbHOE
6IUAHUE HA PA3BUMUE MO30IUCIO20 mend. B uacmnocmu, 6viiu 8vlasienbl maKue usMeHeHus, KaxK
VMeHbUEHUe KOIUYeCmea HePEHbIX BONOKOH Medcoy NONYWAPUAMU, UCMOHYEHUe aKCOHO8,
He3penocms — MUENUHOBOU  000NOYKU U CUNEPAKMUBHOCHb — HEUPOTUATbHBIX — KIEmOK.
Mopgomempuueckue noxazamenu (MOMYUHA, OIUHA U NIOWAOL NONEPEUHO20 CedeHus
MO30IUCMO20 mena) y Cmpecc-2pynnbl OKA3GAUCL 3HAYUMENbHO HUXMCe NO CPABHEHUI0 C
KOHMPONbHOU. Omu  U3MeHeHUsi MO2ym OMmpUYamenbHo CKA3bl8AMbCe HA QYHKYUOHATLHOU
uHmezpayuy YeHmpaibHOU HePEHOL CUCEMbL U KOCHUMUBHOU AKMUBHOCHIU.

Hacmoswee uccnedosanue Hanpagneno Ha GvlACHEHUE GIUAHUSL CMPECCOB8bIX (akmopos
NPEeHamanbHOM Nepuooe Ha pas’eumue OOHOU U3 BANCHEUUWUX CIPYKMYD M032a — MO30IUCHO20
mena, u CIYHCUM BANCHOU HAYHUHOU OCHOBOU Ol NOHUMAHUSL HEUPOAHAMOMUYECKUX NOCIe0CMBUlL
nepunamanvho2o cmpecca. Ilonyuennvie 0annvie Mo2ym Oblims nNOLE3HbL 015 OANbHEUUe20 U3YYeHUs
MEXaHu3mMo8  pa3eumus  HeUupopassUMUUHbLIX — HAPYWEHUU, MAaKux Kak  paccmpoucmea
Aymucmu4ecko2o cnekmpa u CUHOpom Oeuyuma HUMAHUSA C 2UNEPAKMUBHOCBIO.

KualoueBble cioBa: npewamanvHulii cmpecc, 0Oelvle KpbiCbl, MO30IUCTOE Meo,
NOCMHAMANLHBIU OHMO2EHE3.
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Abstract. This article investigates the effects of prenatal stress factors on the morphological
and morphometric changes in the corpus callosum — the main commissural structure of the brain —
during postnatal ontogenesis. White rats were used as experimental animals, and pregnant females
were subjected to specific stress conditions (immobilization, noise, and light alterations). The
influence of prenatal stress on the postnatal development dynamics of the corpus callosum in the
offspring was analyzed using morphological and morphometric methods at various postnatal stages
(days 1, 7, 14, 21, and 30).

The results revealed that prenatal stress significantly affects the development of the corpus
callosum. Notably, the number of nerve fibers between the cerebral hemispheres decreased, axons
became thinner, the myelin sheath showed signs of immaturity, and hyperactivity of neuroglial cells
was observed. Morphometric parameters such as the thickness, length, and cross-sectional area of the
corpus callosum were significantly lower in the stress-exposed groups compared to the control group.
These changes may negatively influence the functional integration of the central nervous system and
cognitive functions.

This study aims to clarify how prenatal stress impacts the development of one of the brain’s
crucial structural units — the corpus callosum — during different stages of ontogenesis. It serves as
an important scientific basis for understanding the neuroanatomical consequences of perinatal stress.
The findings may contribute to a deeper understanding of the pathogenesis of neurodevelopmental
disorders associated with stress, particularly autism spectrum disorders and attention deficit
hyperactivity disorder (ADHD).

Keywords: prenatal stress, white rats, corpus callosum, postnatal ontogenesis.

Mavzuning dolzarbligi. Homiladorlik davrida ona organizmiga noqulay omillarning ta’siri
natijasida yuzaga keladigan prenatal stresslar avlodning asab tizimi rivojlanishidagi buzilishlarning
asosiy sabablaridan biridir. Qadogsimon tana miyaning eng yirik komissural trakti sifatida kognitiv,
hissiy va harakat funksiyalarini muvofiglashtirishni ta’minlab, yarim sharlararo alogalarni
birlashtirishda markaziy rol o‘ynaydi [1,3,7]. Prenatal stress bilan bog‘liq uning shakllanishining
buzilishi jiddiy neyroanatomik va psixiatrik oqibatlarga, jumladan, autizm spektrining buzilishi,
shizofreniya va depressiv holatlarga olib kelishi mumkin [2,4,5,8]. Xususan, homiladorlik davridagi
stress omillari (psixologik, fizikaviy, kimyoviy va biologik stressorlar) nafagat markaziy asab
tizimining, balki boshqa a’zolar va tizimlarning ham rivojlanishiga chuqur ta’sir ko‘rsatadi.
Tadqiqotlar shuni ko‘rsatmoqdaki, prenatal stress ta’sirida hayvonlar va insonlarda postnatal
ontogenez — ya’ni tug‘ilgandan keyingi rivojlanish jarayonida sezilarli morfologik va morfometrik
o‘zgarishlar kuzatiladi. Bugungi kunda qadoqgsimon tananing prenatal stress sharoitida qanday
rivojlanishini, postnatal ontogenez davomida qanday o‘zgarishlar yuz berishini morfologik va
morfometrik mezonlar asosida o‘rganish — nafagat eksperimental tibbiyot uchun, balki prenatal va
pediatriya ham katta ahamiyat kasb etadi. Bu kabi tadqiqotlar stress bilan bog‘liq neyroendokrin
kasalliklarning oldini olish va davolash strategiyalarini ishlab chigishda ilmiy asos bo‘lib xizmat
qiladi [6,9].
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Tadqgigot magsadi. Ona organizmining prenatal stressi sharoitida avlod bosh miyasi
gadogsimon tanasining postnatal morfogenezini o‘rganish va baholash, shuningdek, neyroanatomik
va psixiatrik ogibatlarni aniglash.

Material va metodlar. Tadgigotning ob’ekti sifatida postnatal rivojlanishning 3, 7, 14, 21 va
30-kunlarida tekshirilgan 180 ta oq laborator kalamushlar va ularning avlodlari olingan. Prenatal
stress urg‘ochi kalamushlarga stress 14 kun davomida (homiladorlikning 7-kunidan 20-kunigacha)
stress omillarini har kuni almashtirishni o‘z ichiga olgan protokol yordamida modellashtirildi.
Zo‘rigtiruvchi omillar:

* Harakatni cheklash (maxsus konteynerlarda kuniga 2 soat);

* Shovqin ta’siri (80 dB, kuniga 1 soat);

* sovuq stress (4°S, kuniga 30 daqiqa);

* Ozig-ovqat va suvdan foydalanishni cheklash (12 soat, 3 kunda 1 marta).

Nazorat guruhi stress ta’sirlarsiz standart sharoitda saqlandi. Avlodlar miyasi postnatal
rivojlanishning 3, 7, 14, 21 va 30-kunlarida evtanaziyadan so‘ng (narkoz ostida etil efirini qo‘llash
bilan) olingan. Namunalar 10% li neytral formalinda fiksatsiyalandi, konsentratsiyasi ortib boruvchi
spirtlarda suvsizlantirildi va parafinga quyildi. Qalinligi 5 mkm bo‘lgan kesmalar gematoksilin va
eozin bilan umumiy morfologik baholash uchun, shuningdek, neyronlarni aniglash uchun Nissl usuli
bo‘yicha bo‘yaldi.

Morfometrik o‘lchovlar quyidagilarni oz ichiga oladi:

- tizza va splenum sohasidagi qadogsimon tana qalinligi (mkm da);

- Miyelin tolalarining zichligi (1 mm?2 da);

-Glial hujayralar soni (1 mm2 da).

Tadgigotda gadogsimon tananing postnatal morfogenezini kompleks baholash uchun
umummorfologik, morfometrik, immunogistokimyoviy va statistik usullardan foydalanilgan.
Immbnogistokimiyoviy tadqiqotlarda proliferativ faollikni va dasturlashtirilgan hujayra o‘limi
(apoptoz) darajasini baholashga imkon beradigan markerlardan foydalanildi, bu gadogsimon tananing
strukturaviy buzilishlari patogenezini tushunish uchun muhim ahamiyatga ega.

Hujayra proliferatsiyasi darajasini aniqlash uchun hujayra siklining GO dan tashqari barcha
fazalarida hujayra yadrolarida ekspressiyalanadigan Ki-67 ogsili qo‘llanildi. Ushbu marker faol
bo‘linuvchi hujayralarni, shu jumladan glial populyatsiyada va qadogsimon tananing miyelinizatsiya
jarayonlarida ishtirok etuvchi oligodendrotsitar gqator hujayralarini aniglash imkonini beradi [86; 140-
145]. Ki-67 ning yuqori ekspressiyasi kompensator regeneratsiyadan dalolat beradi, uning pasayishi
esa tiklanish jarayonlarining susayishini ko‘rsatishi mumkin.

Apoptozni aniglash uchun Caspase-3 markeri qo‘llanildi, u hujayralarning dasturlashtirilgan
o‘limi kaskadida faollashadigan asosiy fermentdir. Faollashgan Caspase-3 shakli yadro materiali va
sitoskelet degradatsiyasida hal giluvchi rol o‘ynaydi va uning ko‘payishi va uning oshishi neyronlar
va oligodendrotsitlarning, aynigsa qadoqgsimon tana shakllanishi buzilishida zaif bo‘lgan
neyronlarning patologik o‘limini ko‘rsatishi mumkin.

Olingan natijalar va tahlil. O‘tkazilgan morfologik va morfometrik tadqgiqotlar prenatal
stress ta’siriga uchragan kalamushlar avlodlarida bosh miyaning qadoqgsimon tanasi tuzilishida
yaqqol o‘zgarishlarni aniqladi. Postnatal rivojlanishning dastlabki bosqichlaridayoq stress-guruhning
gadogsimon tana to‘qimalarida shakllanishning kechikishi va strukturaviy dezorganizatsiyaning
ishonchli belgilari aniglandi, bu barcha o‘rganilgan muddatlar davomida - hayotning 3-kunidan 30-
kungacha bo‘lgan dinamikada kuzatildi.

Stress guruhining gadogsimon tanasida 3-kuni perivaskulyar bo‘shliglarning shishishi,
neyropilning  vakuolizatsiyasi, miyeloarxitektonikaning bo‘shashishi, shuningdek, glial
hujayralarning tartibsiz tagsimlanishi kuzatildi. Qadogsimon tananing tuzilishi yosh me’yoriga mos
kelgan nazorat guruhi bilan tagqoslaganda - aksonal tolalarning tartibli tutamlari aniq kuzatilgan -
stress guruhida tolalarning zichligi va yo‘nalishining notekisligi, shuningdek, gipoplaziya belgilari,

135



TOSHKENT TIBBIYOT AKADEMIYASI URGANCH FILIALI
JANUBIY OROLBO‘YI TIBBIYOT JURNALI

1-TOM, 3-SON. 2025
14.00.00 - TIBBIYOT FANLARI ISSN: 3093-8740

aynigsa, gadogsimon tananing tizza gismida yaqgol namoyon bo‘lgan. Morfometrik jihatdan bu
sohada qadogsimon tananing o‘rtacha qalinligi 210 = 15 mkm, nazorat guruhida esa 280 + 18 mkm
(p<0,01), splenum sohasida esa mos ravishda 190 + 12 mkm va 260 = 17 mkm (p<0,01) ni tashkil
etdi.

Stress va nazorat guruhlari gadogsimon tana galinligining taggoslanishi

B Mazoral gurubi
BN Stress guruhi

250+

200

150

1001

Qadogsimon tana galinligi (mkm}

DQadogsimon tana (tizza qismil Qadagsimon tana (splenum)

1-rasm. Postnatal rivojlanishning 3-kunida avlod bosh miyasidagi gadogsimon tana
galinligini ko‘rsatuvchi gistogramma.

Izoh: Gistogramma nazorat va stress guruhidagi hayvonlarning gadogsimon tanasi tizza gismi
va talogning galinligini (mkm da) tagqoslaydi. Prenatal stressga uchragan hayvonlarda gadogsimon
tananing qalinligi ancha past bo‘lib, bu rivojlanishning kechikishini ko‘rsatadi.

Postnatal ontogenezning 7-kuniga kelib, stress guruhining gadogsimon tanasida buzilgan
morfogenez belgilari saglanib goldi. Aksonlar degeneratsiyasi sohalari, bazofil bo‘yalishning kuchsiz
intensivligi, yirik o‘lchamli neyronlar sonining kamayishi, shuningdek, mikrogliya
proliferatsiyasining kuchayishi kuzatildi, bu neyron yallig‘lanish javob reaksiyasining faollashuvini
ko‘rsatadi. Nazorat guruhidagi hayvonlarda qadogsimon tananing tuzilishi qalinligining oshishi,
tolalar bog‘lamlarining konsolidatsiyasi, yetuk miyelinlashgan aksonlarning paydo bo‘lishini
ko‘rsatdi. Shu bilan birga, stress guruhida gadogsimon tananing tizza sohasidagi miyelin tolalarining
zichligi nazorat guruhiga nisbatan 30% ga past bo‘lgan, bu morfometrik tahlil bilan ishonchli
tasdiglangan (p<0,01).

Immunogistokimyoviy tekshiruv hujayra proliferatsiyasi darajasining pasayishi va apoptoz
faolligining oshishini anigladi. Ki-67-musbat hujayralar soni 7-kuni stress guruhida 125+9
hujayra/mm? ni tashkil etgan bo‘lsa, nazorat guruhida 190+12 hujayra/mm? (p<0,01), Caspase-3-
musbat hujayralar soni stress guruhida 85+7 hujayra/mm? ni tashkil etgan bo‘lsa, nazorat guruhida
48+5 hujayra/mm? (p<0,01).
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Stress va nazorat guruhlari morfometrik va immunogistokimyoviy ko'rsatkichlari (7-kun)

B Nazoral guruhi
E Stress guruh
175
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@ 125}
E
=
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5 100t
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Ki-6 F-rushat hujayralar Caspase-3-musbat hujayralar Mivelin tolalar zichligi
(hujayraimm?) {hujayralmm?) [Cizza qismil

2-rasm. Postnatal rivojlanishning 7-kunidagi gadogsimon tanada Ki-67 va Caspase-3
ekspressiyasini ko‘rsatuvchi gistogramma.

Izoh: Gistogrammada nazorat va stress guruhidagi avlodlarda gadogsimon tanada Ki-67- va
Caspase-3-musbat hujayralarning nisbiy miqdori ko‘rsatilgan. Stress proliferativ faollikning
pasayishini va apoptozning kuchayishini keltirib chigaradi.

Postnatal rivojlanishning 14 sutkaga kelib, stress guruhidagi hayvonlarda gadogsimon
tananing oq moddasining yaqqol ifodalangan dezorganizatsiyasi kuzatildi. Strukturaning ko‘ndalang
kesim yuzasi kamaygan, miyelin tolalarining zichligi me’yoriy qiymatlarga yetmagan. Gistologik
preparatlarda giposellyulyarlik, tolalararo bo‘shligning kengayishi va Lyuks-Fast usulida bo‘yalish
intensivligining pasayishi bilan ko‘p sonli zonalar aniqlandi. Glial elementlar miqdori yuqoriligicha
goldi, bu ilgari aniglangan mikrogliyaning neyrotoksik sharoitlarga reaksiyasi sifatida faollashuviga
mos keladi. Ba’zi namunalarda astrotsitar shish va peritsellyulyar shish belgilari kuzatildi.
Kesmalarning vizual tahlili stress guruhidagi hayvonlarda tizza va qadogsimon tana tanasi o‘rtasidagi
chegaraning aniq emasligini ko‘rsatdi, bu esa komissural tizimning strukturaviy chegaralarining
yetilmaganligini qo‘shimcha ravishda tasdiglaydi.

21-kunda nazorat va stress guruhlari o‘rtasidagi farqlar bir gator ko‘rsatkichlar bo‘yicha
o‘zining eng yuqori cho‘qqisiga yetdi. Qadogsimon tananing tizza sohasining o‘rtacha qalinligi
nazorat guruhida 400 £ 22 mkm, stress guruhida 295 + 19 mkm (p<0,001), miyelin tolalarining
zichligi mos ravishda 5600 = 320 vol./mm?va 4100 = 280 vol./mm? ni tashkil etdi (p<0,001). Ki-67
darajasi stress guruhida 110 + 10 hujayra/mm? gacha kamaydi (nazoratda - 170 + 13), Caspase-3
ekspressiyasi esa nazoratdagi 55 + 6 ga nisbatan 105 + 9 hujayra/mm? ga yetdi.
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1-jadval.
Postnatal ontogenezning 21-kunida qadoqsimon tananing morfometrik ko‘rsatkichlari.
Ko‘rsatkichlar Nazorat guruhi Stress guruhi
Qalinligi (mkm) 400 £ 22 295+ 19
Miyelin zichligi vol./mm? 5600 + 320 4100 + 280
Ki-67 (hujayra/mm?) 170 + 13 11010
Caspase-3 (hujayra/mm?) 55+6 105+9

Postnatal ontogenezning 30-kunida nazorat guruhidagi hayvonlarda gadogsimon tananing
strukturaviy tuzilishining tugallanishi kuzatildi: aniq gatlamlanish, miyelinlashgan aksonlarning
yuqori zichligi, tolalar yo‘nalishining tartibliligi va bir xil glial tayanch. To‘qimalarda barqaror
miyelinlashtiruvchi faollikdan dalolat beruvchi yetuk oligodendrotsitlar aniglandi. Shu bilan birga,
stress guruhidagi hayvonlarda morfologik yetilmaganlik belgilari saglanib qoldi: bo‘yashning optik
zichligi pasaygan joylar, tolalarning uzilishi, tolalararo bo‘shligning kengayishi saqlanib qolganligi,
shuningdek, o‘rtacha vakuolizatsiya aniqlandi.

Alohida namunalarda mikrogliya elementlari bilan diffuz infiltratsiya saglanib goldi, bu
surunkali stressli yallig‘lanish ta’siri natijasi sifatida talgin gilinadi. Buning fonida stress-guruhning
qadogsimon tanasida reaktiv glioz belgilari bilan o‘choqli astrotsitar o‘zgarishlar ham aniqlandi, bu
gliyaning kompensator-himoya faollashuvidan dalolat beradi. Bundan tashqari, gadogsimon tana
tanasining splenumga o‘tish zonasida lyuksol usulida rang intensivligining pasayishi bilan
tasdiglangan miyelin zichligining keskin pasayishi bilan mahalliy zonalar aniglandi.

Xulosa. Shunday qilib, olingan ma’lumotlar prenatal stress bosh miya gadogsimon tana
tuzilmasi morfogeneziga uzoq muddatli ingibirlovchi ta’sir ko‘rsatishini tasdiqlaydi, bu uning
strukturaviy yetilishining sekinlashishi, miyelinizatsiya zichligining pasayishi, apoptozning
faollashishi va proliferatsiyaning bostirilishi bilan birga keladi. Ushbu jarayonlar birgalikda kognitiv,
hissiy va psixiatrik buzilishlarning keyingi shakllanishi uchun shart-sharoit yaratadi.
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