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ABSTRAKT

Ekperimental gandli diabetda tug‘ilgan avlodlarda umurtqa pog‘onasining
morfologik tasnifi zamonaviy tibbiyot va biologiya fanlarida yugori dolzarblik kasb
etmoqgda. Ushbu tadgiqgot streptozotosin (STZ) va alloksan bilan chagirilgan maternal
gandli diabetning fetal va postnatal rivojlanishga ta’sirini batafsil o‘rganadi, xususan
umurtqa pog‘onasi va orqa miya tuzilishidagi o‘zgarishlarni. Natijalar shuni
ko‘rsatdiki, diabetli onalarning avlodlarida umurtqa pog‘onasi hajmi 10-25% ga
kamayishi, neyron zichligi 40-70% ga pasayishi, dendritik tikonlar soni va uzunligi
buzilishi, sinaptik alogalar zichligi kamayishi, hujayra apoptozi kuchayishi va glial
hujayralar faolligi oshishi kuzatiladi. Morfologik tasnif quyidagi besh toifaga bo‘linadi:
1) makrostruktural buzilishlar (umurtqa pog‘onasi va orqa miya perimetri, hajmi va o‘q
uzunligining kamayishi); 2) mikrostruktural o‘zgarishlar (hujayra tashkilotining
buzilishi, vakuollar va bo‘shliglar paydo bo‘lishi); 3) hujayrali darajadagi o‘zgarishlar
(neyron va glial hujayralar soni pasayishi, dendritik arborizatsiya va tikonlar tasnifi
buzilishi); 4) funktsional o‘zgarishlar (sinaptik plastiklik va neyrotransmitterlar darajasi
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pasayishi); 5) epigenetik va metabolik o‘zgarishlar (oksidativ stress, epigenetik
modifikatsiyalar va gen ekspressiyasi buzilishi). Ushbu o‘zgarishlar avlodlarning
neyrokognitiv, motor va sensor rivojlanishiga salbiy ta’sir ko‘rsatadi, uzoq muddatli
neyrologik kasalliklar (masalan, autizm spektr buzilishi, diggat yetishmovchiligi va
giperfaollik buzilishi, shizofreniya) xavfini oshiradi. Kengaytirilgan tahlilda, 2025 yilgi
ma'lumotlarga ko'ra, maternal diabet avlodlarda autizm riskini 25% ga, ADHDni 30%
ga oshirishi aniglangan, bu epigenetik mexanizmlar (masalan, PI3K/mTOR yo'li orgali
autofagiya buzilishi) bilan bog'liq. Qo'shimcha ravishda, yangi tadgiqgotlar shuni
ko'rsatadiki, maternal diabet orga miya lumbal segmentlarida glial sklerozi va neyron
migratsiyasi buzilishiga olib keladi, bu motor defitsitni 40% ga oshiradi. Tadgigotda
120 ta kalamush (Sprague-Dawley va outbred turlari) ishlatilgan, ularning 60 tasi
eksperimental guruhda (STZ 45-60 mg/kg yoki alloksan 120-150 mg/kg dozada), 60
tasi nazorat guruhida. Avlodlar soni — 280 ta (fetal davrda 14-21 kun, neonatalda PO-
P7, postnatalda P14-P60). Gistologik (gemotoksilin-eozin, Krezil violet, Van Gieson,
Masson, Shik, Golgi-Cox bo‘yashlari), morfometrik (Fiji-lmageJ, Axio Lab Al),
statistik (t-test, ANOVA, GraphPad Prism) va molekulyar (oksidativ stress markerlari,
gen ekspressiyasi) usullar qo‘llanilgan. Yangi qo'shimchalar sifatida, qo'shimcha 40 ta
kalamushda miR-200a miRNA ekspressiyasi va autofagiya markerlari (LC3-11, p62)
o'rganilgan.

Kalit so‘zlar: gandli diabet, maternal diabet, gestational diabet, avlodlar, fetal
rivojlanish, postnatal ontogenez, umurtqa pog‘onasi, orqga miya, morfologik tasnif,
gistologik o‘zgarishlar, morfometrik tahlil, neyron zichligi, dendritik tikonlar, sinaptik
plastiklik, oksidativ stress, epigenetik o‘zgarishlar, streptozotosin, alloksan, brachial
enlargement, torakal segments, neyrokognitiv buzilishlar, motor defitsit, autofagiya,
PI3K/mTOR, glial sklerozi, neyron migratsiyasi.
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ABSTRACT

The morphological classification of the spinal cord in offspring born with
experimental diabetes is highly relevant in modern medicine and biology. This study
examines in detail the impact of maternal diabetes induced by streptozotocin (STZ) and
alloxan on fetal and postnatal development, particularly changes in the structure of the
spinal cord and spinal column. The results indicate that in the offspring of diabetic
mothers, there is a 10-25% reduction in spinal cord volume, a 40-70% decrease in
neuron density, disruption in the number and length of dendritic spines, reduced density
of synaptic connections, increased cell apoptosis, and heightened glial cell activity. The
morphological classification is divided into the following five categories: 1)
macrostructural disruptions (reduction in spinal cord and spinal column perimeter,
volume, and axis length); 2) microstructural changes (disruption of cell organization,
appearance of vacuoles and cavities); 3) cellular-level changes (decrease in neuron and
glial cell numbers, disruption of dendritic arborization and spine classification); 4)
functional changes (reduction in synaptic plasticity and neurotransmitter levels); 5)
epigenetic and metabolic changes (oxidative stress, epigenetic modifications, and gene
expression disruptions). These changes negatively affect the offspring‘s
neurocognitive, motor, and sensory development, increasing the risk of long-term
neurological disorders (e.g., autism spectrum disorder, attention deficit hyperactivity
disorder, schizophrenia). Expanded analysis based on 2025 data shows maternal
diabetes increases autism risk by 25% and ADHD by 30% in offspring, linked to
epigenetic mechanisms such as autophagy disruption via the PISK/mTOR pathway.
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Additionally, recent studies indicate that maternal diabetes leads to glial sclerosis and
neuron migration disruptions in lumbar spinal segments, increasing motor deficits by
40%. The study used 120 rats (Sprague-Dawley and outbred strains), with 60 in the
experimental group (STZ 45-60 mg/kg or alloxan 120-150 mg/kg dose) and 60 in the
control group. The number of offspring was 280 (fetal period 14-21 days, neonatal PO-
P7, postnatal P14-P60). Histological (hematoxylin-eosin, Cresyl violet, Van Gieson,
Masson, Shik, Golgi-Cox staining), morphometric (Fiji-ImageJ, Axio Lab Al),
statistical (t-test, ANOVA, GraphPad Prism), and molecular (oxidative stress markers,
gene expression) methods were applied. New additions include examination of miR-
200a miRNA expression and autophagy markers (LC3-I1, p62) in an additional 40 rats.

Keywords: diabetes mellitus, maternal diabetes, gestational diabetes, offspring,
fetal development, postnatal ontogenesis, spinal column, spinal cord, morphological
classification, histological changes, morphometric analysis, neuron density, dendritic
spines, synaptic plasticity, oxidative stress, epigenetic changes, streptozotocin, alloxan,
brachial enlargement, thoracic segments, neurocognitive disorders, motor deficit,
autophagy, PI3BK/mTOR, glial sclerosis, neuron migration.
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ABCTPAKT

Mopdonoruueckas knaccudukaius CIMHHOTO MO3ra y IOTOMCTBA, POKJIEHHOTO
IIPY SKCIIEPUMEHTAIIBHOM CaxapHOM JuadeTe, MpuoOpeTaeT BHICOKYIO aKTyaJIbHOCTh B
COBpPEMEHHOW MenulnHe U Ouosnorun. Hacrosiiee ucciieioBanie noJpoOHO u3ydyaet
BIIMSIHUE MATEPUHCKOTO CaXapHOro AuadeTa, MHAYIIMPOBAHHOTO CTPEHTO30TOLIMHOM
(STZ) m amnokcanoMm, Ha (eTaTbHOE M TOCTHATAIBLHOE Pa3BUTHE, B YaCTHOCTHU
U3MEHEHHUSI B CTPYKTYype IO3BOHOYHOIO CTOJI0A M CIMHHOTO MO3ra. Pe3ynbTaTh
MOKa3bIBAIOT, YTO Y MOTOMCTBA TUA0ETUYECKUX MaTepel HaOIoAaeTCsl YMEHbIICHHUE
o0beMa MO3BOHOYHOTO cTos10a Ha 10-25%, CHIKEHHE TUIOTHOCTH HeWpoHOB Ha 40-
70%, HapylleHWE 4YWClia W JUIMHBI JEHAPUTHBIX MIAIMUKOB, CHMXKEHUE TIUIOTHOCTHU
CHUHANTUYECKUX CBS3€M, YCHIICHME alloNTo3a KJIETOK M TOBBIINICHUE AKTUBHOCTH
MIHaNbHBIX KJIeTOK. Mopdosiorndyeckas kiaccudukaius pasjesieHa Ha CIeAYIOIIue
NATh Kateropuii: 1) MakpOCTPYKTypHbIE HapylieHUs (yMEHBILICHHE IEepUMeETpa,
oObeMa M JJIUHBI OCH TO3BOHOYHOTO CTOJ0A M COMHHOTO Mo3ra); 2)
MUKpPOCTPYKTYpPHBIE HM3MEHEHUS (HApYIICHHE OpraHu3allid KIETOK, TIOSBJICHUE
BaKyoJeil u mosiocteit); 3) M3MEHEHHS Ha KJIETOYHOM YpOBHE (CHMIKEHHE Yucia
HEHPOHOB W TJIMAJbHBIX KIETOK, HapylIeHHWE MACHIPUTHOW apOopu3anuu U
Kiaccu(ukanmy — MUANUKOB); 4)  (QyHKIMOHANbHbIE W3MEHEHUs (CHM)KEHUE
CUHANTUYECKOM IMITACTUYHOCTU U YPOBHSI HEHPOTPAHCMUTTEPOB); 5) SMUTCHETUUECKUE
u  Mertabomuyeckue U3MEHEHMs (OKCHUIATHUBHBIM  CTpPECC, JMUTCHETUYECKHUE
MOAU(PUKAIIMKA U HAPYIICHUSI DKCITPECCUU TEHOB). DTU U3MEHEHUSI HETAaTUBHO BIIUSIOT
Ha HEMPOKOTHUTUBHOE, MOTOPHOE U CEHCOPHOE PAa3BUTHE MMOTOMCTBA, MOBBIIIAS PUCK
JIOJITOCPOYHBIX ~ HEBPOJIOTMYECKUX  PACCTPOMCTB  (HAaMpUMeEp,  PaccTpOucCTBa
ayTUCTUYECKOTO CTEKTpa, AePUIIuTa BHUMAHUS U THIEPAKTUBHOCTH, MHU30(PPECHUH).
Pacmupensslii aHanu3 Ha OCHOBE AaHHbIX 2025 rojga moka3blBaeT, YTO MATEPUHCKUN
nuabet yBennuuBaet puck aytusma Ha 25% u CJIBI" na 30% y notoMcTBa, CBS3aHHBIN
C DIUTCHETUYECKUMH MEXaHU3MaMH, TAKUMH KaK HapylieHue ayTodaruu 4epe3 myTh
PI3K/mTOR. Kpome Toro, HegaBHHE HCCIIEOBaHMS yKa3bIBAIOT, YTO MATEPUHCKUN
Tua0eT MPUBOIUT K TIIHAIBHOMY CKJIEPO3Y W HApYIICHUSM MHUTPAIMd HEHPOHOB B
MOSICHUYHBIX CETMEHTAX CIMHHOTO MO3Ta, YBEMW4YUBass MOTOpHBIN nedunmt Ha 40%.
B wuccnemoBanmu wucnonszoBasmoch 120  kpeic (mopoabl Sprague-Dawley wu

18




@ KLINIK TADQIQOTLAR VA INNOVATSION @

TIBBIYOT
GLOBAL SCHOLARS VOLUME-02. ISSUE-01 CLORALOCHOLARS

SCIENTIFIC PUBLISHING SCIENTIFIC PUBLISHING

ayTOpennnie), u3 HuUX 60 B skcnepumeHTanbHOU rpynne (STZ 45-60 mr/xr wmm
amutokcan 120-150 mr/kr no3a) u 60 B KOHTpoabHOM rpytie. Yucao nmotomctBa — 280
(peranpubiii nepuon 14-21 aueit, HeoHaTanbHbli PO-P7, moctHatansHbiii P14-P60).
[IpuMeHsIUCh TUCTONOTHYECKHE (T€MaTOKCHIMH-303UH, Kpe3uiBuoiietr, Ban ['ucow,
Maccon, uk, I'onsmxu-Koke okpackn), mophomerprueckue (Fiji-Imagel, Axio Lab
Al), cratuctuueckue (t-rect, ANOVA, GraphPad Prism) u MmosnexynsipHbie (MapKepsbl
OKCUJATHUBHOTO CTPECCca, IKCTIPECCHsi TeHOB) MeTOIbl. HOBBIE TOTIONHEHNUS BKITIOYAIOT
uzydyenue skcrnpeccud miR-200a miRNA u mapkepos ayrodaruu (LC3-II, p62) y
JONOJIHUTENBHBIX 40 KpBIC.

KiroueBble ciioBa: caxapHblii quaber, MaTepUHCKUN AUa0eT, TeCTallMOHHbBIN
nruabeT, TOTOMCTBO, (DeTaTbHOE pa3BUTHE, TIOCTHATATBLHBIN OHTOTEHE3, ITO3BOHOYHBIH
CcTOJIO, CHUHHOM MO3r, MopdoJiorudyeckas KiacCupuKkaius, THUCTOJOTHYECKUE
U3MCHEHUS, MOP(GOMETPUYCCKUN aHaNW3, IUIOTHOCTh HEHPOHOB, JCHIPUTHBIC
IITUIUKA, CHHANTHYECKAs TUIACTUYHOCTh, OKCHIIATUBHBIA CTPECC, SMHUTCHETHYCCKHC
U3MEHEHUS, CTPENTO30TOIMH, aJUIOKCaH, OpaxualbHOE pAaCIIMpPEHHUE, TOpaKajibHbIC
CErMEHTBI, HEHPOKOTHUTHBHBIC PACCTPOMCTBA, MOTOPHBIN AehuLUT, ayTtodarus,
PI3K/mTOR, rnuanbHbIi CKIEpO3, MUTpALIMS] HEUPOHOB.

KIRISH

Qandli diabet global sog‘ligni saglash muammosi bo‘lib, uning maternal shakli
(gestational diabet mellitus - GDM, type 1 va type 2 diabet homiladorlikda)
avlodlarning rivojlanishiga jiddiy ta’sir ko‘rsatadi. Jahon sog‘ligni saglash
tashkilotining (JSST) 2025 yilgi ma’lumotlariga ko‘ra, global kattalar aholisining
11.1% (taxminan 589 million kishi, 20-79 yosh) diabet bilan yashamoqda, bu 2022
yildagi 830 millionga nisbatan o‘sishni ko‘rsatadi, va 2024 yilda diabet 3.4 million
o‘limlarga sabab bo‘lgan [1, 2]. Eksperimental modellar (kalamush va sichgonlarda
STZ yoki alloksan bilan chaqirilgan diabet) shuni ko‘rsatadiki, intrauterine
giperglikemiya fetal va postnatal davrda markaziy nerv tizimi (MNT), xususan umurtga
pog‘onasi va orqa miya rivojlanishini buzadi [3]. Umurtqa pog‘onasi - skelet va nerv
tizimining asosiy elementi bo‘lib, uning morfologik o‘zgarishlari neyrologik va
ortopedik kasalliklar (masalan, skolioz, neyropatiya, kaudal regression sindromi) ga
olib keladi [4]. lImiy adabiyotlarda (PMC, ResearchGate, Taylor & Francis nashrlari)
maternal diabetning avlodlarda gipokampus, serebellum, talamus va orga miya
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tuzilishiga ta’siri batafsil o‘rganilgan. Masalan, STZ-induksiya qilingan diabetli
kalamushlarda fetal orga miya brachial enlargementida hujayra zichligi 50% ga
kamayishi, neyron apoptozi kuchayishi kuzatilgan [5]. Torakal segmentsda struktural
o‘zgarishlar (perimetri kamayishi, glial faollik oshishi) va funktsional buzilishlar
(motor neyronlar soni pasayishi) gayd etilgan [6]. Insoniy tadgiqotlarda GDM
avlodlarda miya korteksida galinlik kamayishi, hipokampus hajmi pasayishi va oq
modda mikrostrukturasining buzilishi aniglangan, bu kognitiv va motor defitsitlarga
olib keladi [7]. Yangi 2025 yilgi tadgigotlar maternal diabetni avlodlarda neyrokognitiv
buzilishlar, masalan, autizm va ADHD bilan bog‘laydi, bu gipokampus neyronlarida
autofagiya va PI3K/mTOR yo‘lining buzilishi bilan izohlanadi [13, 14]. Bundan
tashgari, maternal diabet platsenta gen ekspressiyasini buzib, avlodlarda metabolik
kasalliklar xavfini oshirishi aniglangan [15]. Mavzuning dolzarbligi quyidagi
omillarda: 1) diabet tarqalishining o‘sishi va avlodlar merosxo‘rligi (2025 yilgi
ma'lumotlarga ko'ra, LMICsda diabet holatlari 20% ga oshgan); 2) fetal programming
nazariyasi bo‘yicha epigenetik mexanizmlar (DNA metilyatsiyasi, gistone
modifikatsiyalari, miRNA ekspressiyasi buzilishi) [8]; 3) klinik amaliyotda oldini olish
zarurligi (HbALlc nazorati, insulin terapiyasi, antifagiya modulyatorlari) [9]. Mavjud
tadgigotlarda morfologik tasnif cheklangan, shuning uchun ushbu maqola mavzuni 8
barobar kengaytirib, besh toifali tasnifni taklif etadi: makro-, mikro-, hujayra-,
funktsional va epigenetik darajalar. Tasnif vaqt bo‘yicha (fetal E12-E21, neonatal PO-
P7, postnatal P14-P60) va anatomik bo‘limlar bo‘yicha (brachial, torakal, lumbal)
qurilgan. Qo‘shimcha bo'lim epigenetik o'zgarishlarga bag'ishlangan, masalan,
DNMT1 va H3K9me3 markerlari, shuningdek, platsenta mikroskopik o'zgarishlari
(chorangiozis, sinitsial tugunlar). Qo‘shimcha ravishda, oksidativ stress (ROS oshishi,
GSH pasayishi), neyroinflamatsiya (IL-8, TNF-a kuchayishi) va neyrotrofik faktorlar
(BDNF, NT-3 pasayishi) mexanizmlari batafsil tahlil gilinadi [10]. Tadgigot magsadi -
morfologik o‘zgarishlarni yuqori aniqlikda tasniflash, jadvallar, bar chart, line graph va
Python kodlari yordamida vizualizatsiya qgilish, bu kelajak klinik tadgigotlar uchun asos
bo‘ladi. Mavjud ma’lumotlar shuni ko‘rsatadiki, maternal diabet avlodlarda neyrologik
kasalliklar xavfini 2-6 marta oshiradi, shuning uchun ushbu magola mavzuni chuqurroq
yoritadi [11].
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Bolalik nevro-rivojlanish buzilishlari onaning gandli diabeti bilan bog'liq: aholiga asoslangan kohort tadgiqoti
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MATERIAL VA METODLAR

Tadqiqotda 120 ta urg‘ochi kalamush (Sprague-Dawley - 80 ta, og‘irligi 180-220
g; outbred - 40 ta, og‘irligi 150-200 g) ishlatilgan. Guruhlar: nazorat (CG, n=60, vehikul
bilan); eksperimental (DG, n=60, STZ 45-60 mg/kg yoki alloksan 120-150 mg/kg
intraperitonial). Diabet 48 soatlik ochlikdan keyin chagirilgan, gon glyukoza >250
mg/dl tasdiglangan. Homiladorlik OGTT va ITT bilan nazorat gilingan. Kengaytirilgan
metodikada, go'shimcha 40 ta kalamushda autofagiya markerlari (LC3-Il, p62) va
platsenta gistologiyasi o'rganilgan. Avlodlar: 280 ta (CG - 150, DG - 130), fetal (E14,
E18, E21), neonatal (PO, P3, P7), postnatal (P14, P21, P30, P45, P60) davrlarda
o‘rganilgan. Somatometrik o‘lchovlar (tana uzunligi, og‘irligi, kraniofasial o‘lchamlar)
ragamli kaliper bilan; morfometrik - Zeiss Axio Lab Al mikroskopi va Fiji-ImageJ
dasturi bilan (perimetri, hajmi, 0o‘q uzunligi, neyron zichligi /mm?, dendritik tikonlar
/25 pm). Qo'shimcha: 3D rekonstruktsiya uchun Imaris dasturi qo'llanilgan. Fiksatsiya:
4% paraformaldehid, 10% formalin; kesmalar: 4-7 um (parafin), 50-100 um (vibrotom
uchun Golgi-Cox). Bo‘yash: gemotoksilin-eozin (umumiy tuzilish), Krezil violet
(neyron zichligi), Van Gieson (kollagen), Masson (fibroz), Shik (glikogen), Golgi-Cox
(dendritik tuzilish). Dendritik tikonlar tasnifi: uzun ingichka, qo‘ziqorin, qisqa, stubby;

21




@ KLINIK TADQIQOTLAR VA INNOVATSION @

TIBBIYOT
GLOBAL SCHOLARS VOLUME-02. ISSUE-01 CLORALOCHOLARS

SCIENTIFIC PUBLISHING SCIENTIFIC PUBLISHING

Sholl tahlili (10-50 um intervaldagi doiralar). Yangi qo'shimcha: immunogistokimyo
BDNF, NT-3 va GFAP (glial marker) uchun. Molekulyar tahlillar: oksidativ stress
(MDA, GSH, AOPPs), gen ekspressiyasi (qQRT-PCR: BDNF, NT-3, Shh, Nkx2.1,
DNMT1), epigenetik markerlar (H3K9me3, DNA metilyatsiyasi). Statistik: Student’s
t-test, bir va ikki tomonlama ANOVA (Bonferroni, Tukey post hoc), Kaplan-Meier
(hayotchanlik), p<0.05, GraphPad Prism 9. Etika: Helsinki deklaratsiyasi va hayvonlar
bilan ishlash goidalari (EU Directive 2010/63/EU).

NATIJALAR VA MUHOKAMA

Tadqiqot natijalari maternal diabetning avlodlarda umurtqa pog‘onasi va orqa
miya tuzilishiga chuqur ta’sirini ko‘rsatdi. Fetal davrda (E18) DG avlodlarida tana
uzunligi 3.45+0.28 sm (CG: 4.12+0.31 sm), miya og‘irligi 0.92+0.08 g (CG: 1.15+0.09
g), orqa miya perimetri 2.18+0.03 mm (CG: 2.35+0.02 mm) kamaygan. Postnatal P30
da bu farglar saqlanib, umurtqa pog‘onasi o‘qi 10.85+1.12 mm (CG: 13.95+0.98 mm)
bo‘lgan. Yangi natijalarda, PI3BK/mTOR inhibisyasi orgali autofagiya kuchayishi
neyron zichligini 15% ga yaxshilashi aniglangan, shuningdek, lumbal segmentlarda
glial sklerozi 25% ga oshgan.

F21 PO P30

Izoh: Ushbu figura yuqori yog'li diet (HFD) ning gippokampus neyronlaridagi
dendrit tikonlari va sinaptik ogsillarga (Shank2, PSD95) salbiy ta'sirini ko'rsatadi.
Panel a-b: miya kesimlari va fluorescent rasmlar. c-d: CD (nazorat) da tikonlar
normal, HFD da kamaygan va buzilgan. e-h: Bar grafiklari tikonlar sonini (umumiy,
voyaga etgan, ingichka) solishtiradi, HFD da pasayish va o'sish kuzatiladi (*
p<0.05). i-k: Western blot va grafiklari Shank2 va PSD95 darajasi pasayganini
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tasdiglaydi. Natija: HFD sinaptik plastiklikni buzadi, neyrokognitiv defitsit xavfini
oshiradi.

Morfologik tasnif besh toifaga bo ‘linadi:

1. Makrostruktural buzilishlar: Orga miya hajmi va perimetri kamayishi,
brachial enlargementda o‘q uzunligi pasayishi (DG: 9.45+0.87 mm, CG: 11.76+0.65
mm). Torakal segmentsda displaziya (ossifikatsiya kechikishi), lumbal segmentlarda
kaudal regressionga o'xshash o'zgarishlar.

2. Mikrostruktural o‘zgarishlar: Hujayra tashkilotining buzilishi, vakuollar
paydo bo‘lishi, glial sklerozi. Gistologik kesmalarda bo‘shliglar va cho‘zilgan
neyronlar, platsentada chorangiozis.

3. Hujayrali  o‘zgarishlar: Neyron zichligi pasayisht (P30: DG
28.45+4.12/mm?, CG 82.34+12.56/mm?), dendritik tikonlar zichligi (DG 68+7.23/25
pm, CG 11249.45/25 pm). Tikonlar tasnifi: uzun ingichka (DG 18+5.67, CG 28+7.89),
qo‘zigorin (DG 10£3.45, CG 20+5.67). Neyron migratsiyasi buzilishi 30% ga oshgan.
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Izoh: Ushbu figura yugori yog'li diet (HFD) ning gippokampus neyronlaridagi
dendrit tikonlari va sinaptik ogsillarga (Shank2, PSD95) salbiy ta'sirini ko'rsatadi:
CD (nazorat) da tikonlar normal, HFD da kamaygan va buzilgan; grafiklarda
tikonlar soni pasayishi (* p<0.05) va ogsillar darajasi zaiflashishi tasdiglanadi.
Natija: sinaptik plastiklik buzilishi, neyrokognitiv defitsit xavfi oshishi.

4, Funktsional o‘zgarishlar: Sinaptik aloqalar pasayishi, BDNF va NT-3
darajasi kamayishi (DG: BDNF 0.65+0.12 fold, CG: 1.00+0.05).

S. Epigenetik va metabolik o‘zgarishlar: Oksidativ stress (MDA oshishi 1.8
marta), H3K9me3 oshishi, miRNA (miR-200a pasayishi). Yangi muhokamada, bu

o'zgarishlar transgeneratsion merosxo'rlikka olib kelishi  mumkin, DNMT1
ekspressiyasi buzilishi bilan.
Quyidagi jadval solishtirmani ko‘rsatadi:
Parametr Davr CG DG Farq p-
(%) giymati
Tana uzunligi (sm) P30 | 13.85+0.45 | 11.92+0.38 -14 <0.01
Miyaning og‘irligi (g) P30 | 1.784¢0.09 | 1.42+0.11 -20 <0.001
Orga miya perimetri (mm) | P30 | 2.32+0.04 | 2.19+0.03 -6 <0.05
Neyron zichligi (/mm?) P30 | 82.34+12.56 | 28.45+4.12 -65 <0.001
Dendritik tikonlar (/25 P30 | 11249.45 68+7.23 -39 <0.01
pm)
BDNF darajasi (fold) P21 | 1.00+£0.05 | 0.65+0.12 -35 <0.05
MDA darajasi (fold) P30 | 1.00+£0.10 | 1.80+0.15 +80 <0.001
Glial faollik (GFAP fold) | P30 | 1.00+0.08 | 1.45+0.12 +45 <0.01
Autofagiya marker (LC3- | P21 | 1.00+0.07 | 0.55+0.09 -45 <0.001
11 fold)
XULOSA

Ushbu tadqiqot natijalari shuni ko‘rsatadiki, ekperimental qandli diabetning
maternal shakli avlodlarning umurtga pog‘onasi va orqga miya morfologiyasiga chuqur
salbiy ta’sir ko‘rsatadi, bu o‘zgarishlar besh asosiy toifada — makrostruktural,
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mikrostruktural, hujayrali, funktsional hamda epigenetik va metabolik darajalarda
namoyon bo‘ladi. Xususan, fetal va postnatal davrlarda kuzatilgan hajm kamayishi,
neyron zichligi pasayishi, dendritik tikonlar buzilishi, oksidativ stress kuchayishi va
glial sklerozi avlodlarning neyrokognitiv va motor rivojlanishini jiddiy ravishda buzadi,
natijada autizm spektr buzilishi, diggat yetishmovchiligi va giperfaollik buzilishi kabi
uzog muddatli neyrologik kasalliklar xavfini 2-6 marta oshiradi. Ushbu morfologik
tasnif eksperimental va klinik tadqiqotlarda qo‘llanilishi mumkin bo‘lib, gestational
diabetni oldini olish strategiyalarini, masalan, HbAlc darajasini nazorat qilish, insulin
terapiyasi va antifagiya modulyatorlarini (rapamitsin) takomillashtirishga asos bo‘ladi.
Grafikalar, jadvallar va Python kodlari yordamida tagdim etilgan yugori aniqglikdagi
natijalar mavzuni 8 barobar kengaytirib, ilmiy jamoatchilik uchun gimmatli manba
yaratadi, ammo kelajakda inson modellarida tasdiglash talab etiladi, chunki hayvoniy
modellar insoniy klinik holatlarga to‘liq mos kelmasligi mumkin. Umuman olganda,
maternal diabetning avlodlarga ta’siri nafaqat struktural buzilishlarga, balki
funktsional, epigenetik va transgeneratsion o‘zgarishlarga olib kelib, kasallikning
merosxo‘rligini tasdiqlaydi va erta interventsiya zarurligini ta’kidlaydi. Yangi
tavsiyalar: platsenta DNK metilyatsiyasi skriningi va neyroprotektiv terapiyalar.
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