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O 2ZMU huzuridagi Biofizika va va Biokimyo institute laboratoriyasi mudiri DSc, N.Ergashev taqrizi asosida

EFFECT OF ASTAXANTHIN COMPLEX ON POSTENTERAL HYPERGLYCEMIA IN EXPERIMENTAL
ALLOXAN DIABETES
Annotation

Disruption of carbohydrate metabolism is one of the key pathogenetic factors in diabetes mellitus. Oxidative stress occurring under
conditions of hyperglycemia leads to changes in the functional state of the intestinal epithelium and an increase in glucose transport.
Therefore, utilizing safe supplements with potent antioxidant properties to prevent inflammation-induced complications represents
a promising approach for correcting metabolic disorders in diabetes. This article investigates the effect of correcting experimental
diabetes using a combination of astaxanthin and the trace element selenium on intestinal glucose absorption. In experimental
diabetes, astaxanthin therapy in rats did not significantly reduce postenteral hyperglycemia. However, the combination of
astaxanthin and selenium was more effective in reducing blood glucose levels in diseased animals than monotherapy. The obtained
results confirm that the astaxanthin-selenium complex can be used as an effective supplementary tool in the correction of diabetes
mellitus.

Keywords: diabetes mellitus, astaxanthin, selenium, glucose absorption, small intestine, alloxan, hyperglycemia.

BJIMSAHUE KOMIIJIEKCA ACTAKCAHTHUHA HA ITIOCTOHTEPAJIBHYIO T'NIIEPTJINKEMUIO
MNPUSKCIHEPUMEHTAJBHOM AJIJIOKCAHOBOM JIUABETE
AHHOTanUs

Hapymenue yrieBogHOro oOMeHa sIBISETCS OJHUM H3 KIIIOYEBBIX IAaTOTCHETHUECKHX (JaKTOPOB IPH caxapHOM auadere.
OKCHAATHBHBIA CTpecC, BO3HUKAIONIMN B YCIOBHUSAX TMIEPIIIMKEMUH, MPUBOAUT K M3MEHEHUSIM (PYHKIHOHAIEHOTO COCTOSHHMS
KHUIIEYHOTO 3MHUTENUs ¥ YCHICHUIO TPAHCIOPTA TIIIOKO3bL. B CBSI3U € 3THM HCIOJb30BaHUE OE30MaCHBIX JOOABOK C MOIIHBIMU
AQHTMOKCHIAQHTHBIMHM CBOWCTBAMH [UIsl TIPENOTBPAILCHHS OCJIOXHEHUH, BBI3BAaHHBIX BOCIAJICHHEM, IPEACTABIsCT coOoi
HEPCIIEKTUBHOE HAIPABICHHE B KOPPEKIMH METabOJIMYeCKUX HapyLICHWH mpu auabere. B maHHOIl craThbe M3y4eHO BIMSHHUE
KOPPEKIHMH IKCIEPUMEHTAIBHOTO JrabeTa KOMOMHALMEi acTaKCaHTHHA M MHKpPOAJIEMEHTa CelieHa Ha BCachIBAHHME TIIFOKO3bBI B
KunieyHruke. [Ipu SKCIEepHMEHTANbHOM auabeTe Tepamus KpbIC aCTaKCAaHTHHOM HE INpUBENa K 3HAYUTEIbHOMY CHIKCHHIO
MOCTIHTEPaTIBHON runeprimkeMun. OHaKO KOMOMHALMS aCTaKCaHTHHA M CeleHa oka3ajach Ooyiee 3(h(HEKTUBHOM B CHIKEHUU
YPOBHSI TJIIOKO3bI B KPOBH Y OOJIBHBIX JKHBOTHBIX, YeM MOHOTepanus. [loydeHHbIe pe3yabTaThl MOATBEPKIAIOT, YTO KOMILIEKC
aCTaKCaHTHHA C CEJICHOM MOXKET OBITh HMCIIOJIb30BaH B KayecTBe d((PEKTHBHOTO IOMOIHUTEIFHOTO CPEICTBA MPU KOPPEKIUU
caxapHoro nuabera.

KiroueBbie cjioBa: caxapHbIi [1abeT, acTAKCAHTHH, CEJIeH, BCACBIBAHHE IUIFOKO3bI, TOHKAs KHILKA, alUIOKCaH, THIICPTIIHKEMUS.

EKSPERIMENTAL ALLOKSAN DIABETDA ASTAKSANTIN KOMPLEKSINING POSTENTERAL
GIPERGLIKEMIYAGA TA’SIRI
Annotatsiya
Qandli diabetda uglevod almashinuvining buzilishi muhim patogenetik omillardan biri bo‘lib, giperglikemiya sharoitida yuzaga
keluvchi oksidativ stress ichak epiteliysi funksional holatining o‘zgarishiga va glyukoza transportining ortishiga olib keladi. Shu
sababli kuchli antioksidant xususiyatga ega bo‘lgan xavfsiz qo‘shimchalardan foydalanish orqali yallig‘lanish keltirib chigaradigan
asoratlarning oldini olishi va diabetda metabolik buzilishlarni korreksiya gilishda istigbolli yo‘nalish hisoblanadi.
Markur magolada eksperimental diabetda astaksantin va selen mikroelementi kompleksi bilan korreksiyalashda ichakda glyukoza
so‘rilishiga ta’siri o‘rganildi.
Eksperimental diabetda kalamushlarni astaksantin bilan terapiyasi postenteral goperglikemiyani sezilarli darajada kamaytirmdi,
biroq astaksantin va selen kombinatsiyasi kasallangan hayvonlarning gonda glyukoza migdorini pasayishi monopreparatdan ko‘ra
samaraliroq bo‘ldi.
Olingan natijalar astaksantin selen bilan kompleksi diabet kasalligini korrektsiyalashda samarali qo‘shimcha vosita sifatida
foydalanish mumkinligini tasdiglaydi.
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Kalit so‘zlar: qandli diabet, astaksantin, selen, glyukoza so‘rilishi, ingichka ichak, alloksan, giperglikemiya

Kirish. Qandli diabet dunyo miqgyosida tez sur’atlarda targalib borayotgan metabolik kasalliklardan biri bo‘lib, u
organizmda insulin sekretsiyasining disfunksiyasi va insulinorezistentlik holatini shuningdek uglevod almashinuvining izdan
chigishi bilan tavsiflanadi [1].

Aniqladiki, eksperimental diabetda uglevodlarning ingichka ichakda so‘rilishi sezilarli darajada o‘zgaradi va ko‘p holatda
kuchayadi. Ayniqsa ovqatlanishdan keyin giperglikemiyaning roy berilishi ko‘p hollarda bemorlarda asoratlarning rivojlanishi, p-
hujayralar funksiyasining to‘liq tiklanmasligi hamda oksidativ stress va yallig‘lanish jarayonlarining rivojlanishi kuzatiladi. Shu
sababli, glyukozani IIchga so‘rilishini kamaytirish va B-hujayralarni himoya gilish hamda ularning funksional faolligini tiklashga
qaratilgan yangi terapevtik yondashuvlar muhim ahamiyat kasb etadi [2,3].

So‘nggi yillarda qandli diabet patogenezida B-hujayralar disfunksiyasini ingibirlash hamda ularning yashovchanligini
oshirishga yo‘naltirilgan antioksidant terapiyasiga alohida e’tibor qaratilmoqda. Ushbu yo‘nalishda, astaksantin va selen
mikroelementidan iborat kompleksning erkin radikallarni neytrallashi hamda me’da osti bezining B-hujayralarini oksidativ stress
destruksiyasidan samarali himoya gilishi nazarda tutilgan. Bu esa, o‘z navbatida, insulin sekretsiyasini barqarorlashtirish orqali
organizmdagi uglevod almashinuvi va glyukoza gomeostazini korreksiya gilish imkonini beradi [4].

Astaksantin - Haematococcus pluvialis deb nomlanadigan mikrosuvo‘tidan va dengiz mahsulotlarida uchraydigan
antiapoptotik xususiyatga ega bo‘lgan ksantofil karotinoiddir. Uning noyob molekulyar tuzilishi kislorodning aktiv shakllarini
neytrallash va hujayralarni oksidativ stressdan himoya qilish, gandli diabetda giperglikemiya jarayonini nazorat gilishda terapevtik
ahamiyati borligi aniglandi.
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1-rasm. Astaksantinning kimyoviy tuzilishi [https://ru.dreamstime.com/].

Ushbu tadgiqotning magsadi - eksperimental alloksan diabet modelida astaksantin va uning selen kompleksining
posrenteral giperglikemiyaga ta'sirini baholash.

Material va uslublar

Tajriba hayvonlari. Laboratoriya eksperimentlari uchun tana vazni 180-220 g bo‘lgan sog‘lom, voyaga yetgan oq zotsiz
kalamushlari ishlatildi. Hayvonlar standart vivariy sharoitida (22—24 °C harorat tabiiy yorug’lik, ozuqa va suvni cheksiz iste’mol
qgilish rejimida) saglandi. Diabet modeli chagirilmasdan oldin kalamushlar 12—-16 soat davomida och qgoldirildi, suv esa cheklovsiz
berildi.

Diabet modeli alloksanning 150 mg/kg 0,5 ml fiziologik eritma migdorida kalamushlarning qorin bo‘shlig’iga bir martalik
inektsiya yo‘li bilan chaqirildi. Ineksiyadan 5 kun o‘tganda kalamushlar dum venasidan glyukometr ( iXell Polsha) yordamida
glyukoza miqdori o‘lchandi va qonda glyukoza miqdori 20-24 mmol/l bo‘lgan kalamushlar diabet ksallik chagirilgan deb
xisoblandi. Tajriba uchun har guruhga 6 ta dan jami 24 kalamush olindi va hayvonlar quyidagi 4 guruhlarga ajratildi: nazorat,
gandli diabet chagirilgan, hamda gandli diabet sharoitida intagastral yuborilgan astaksantin (NOW Food, AQSh) va
astaksantin+selen kompleksi yuborilgan guruhi. Preparat va uning kompleksi qo‘llashdan oldin dimetilsulfoksid (DMSO) ning
minimal hajmli eritmasida (1%) eritildi va keyinchalik zaytun moyibilan kerakli konsentratsiyagacha (1:9 nisbatta) suyultirildi.
Selen selenometionin (21st Century, AQSH) tarkibida berildi. Hayvonlarga qandli diabet sharoitida astaksantin separativ va selen
bilan kompleka tarzda 42 kun mobaynida kuniga bir marta og‘iz orqali yuborildi. Astaksantin separativ va selen bilan kompleksida
20 mg/kg dozada, selen esa ham analogik (20 mkg/kg) dozalarda qo‘llanildi.

Tajribalar in situ sharoitda olib borildi. Postenteral giperglikemiyani chagirish uchun kalamushlar ketamin (80 mg/kg)
+ ksilazin (10 mg/kg) yoki natriy tiopental (40 mg/kg) bilan narkozalandi. Hayvon uxlagandan keyin chalgancha gorni yuqoriga
qaratilib yotqizildi. Qorin sohasi dezinfeksiya gilingandan keyin o‘rta chizig‘i bo‘yicha laparotomiya qilindi

Song uzunligi 10-15 sm bo‘lgan och ichak segmenti ehtiyotkorlik bilan ligatura yordamdmida ajratildi. Segmentning
proksimal va distal uchlariga polietilen kateterlar o‘rnatildi. Kateterlar ip bilan mahkamlanishi natijasida ichakka eritmani Kiritish
va chigarish imkoni yaratildi.

Ichak ichidagi qoldiglar shprits bilan 5 ml hajmdagi Krebs—Ringer eritmasi bilan yuvilgandan keyin ichakka 20 mmol
konsentatsiyali glyukoza eritmasi 30 dagiga davomida 3 ml/min tezligida perfuziya qilindi.

Tajribaning 15- va 30-dagigalarida kalamushlar dum venasidan (iXell, Rossiya) glyukometr yordamida glyukoza migdori
aniglandi.

Statistik tahlillar Student t-test dasturida amalga oshirildi.

Natijalar va ularning muhokamasi. Qandli diabet chagirilgan kalamushlarda perfuziya boshlanishidan oldin qondagi
glyukoza miqdori 4,9+0,3 mol\l edi (2-rasm).
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Hayvon guruhlari

2-rasm. Turli guruh hayvonlarda gondagi glyukoza darajasi (M+m; n-6)

izoh; QD-qgandli diabet, QD+AS- gandli diabet sharoitida astaksantin (20mg/kg) yuborilgan guruh, QD+AS+Se- gandli
diabet shaaroitida astaksantin(20 mg/kg)va selen (20 mkgkg) kompleksi bilan koreksialangan guruh .(*-P<0,05; **-P<0,01; ***-
P<0,001-nazoratga nishatan ishonchlilik darajasi; P2- gandli diabet guruhiga nisbatan statistik ishonchlilik darajasi).

Qandli diabet ta’sirida kalamushlar qonida glyukozaning miqdori deyarli 5 barobar oshdi. Kasallik fonida kalamushlarda
astaksantin berilganda diabetik hayvonlarga nisbatan glyukozaning migdori 9,6% kamaydi. Kasallangan kalamushlarga intragastral
ravishda astaksantin bilan selen kompleksi berilganda gonda glyukoza migdori yanada ham 33,3% kamayib ketdi..

Demak astaksantin va astaksantin+selen kompleksi gipoglikemik ta’sirga ega bo‘lib, karotinoidning selen bilan kompleksi
alohida preparatdan ko‘ra glyukoza darajasining pasayishiga samarali ta’sir ko‘rsatdi.

Alloksanli gandli diabet chagirilgan kalamushlarda ingichka ichak segmenti glyukoza eritmasi bilan perfusiyalanganda
jarayonning 15 va 30 dagigada glukoza kontsentrasiyasi o‘zgarishi bo‘yicha natijalar jadvalda berildi.

Astaksantin va uning selen kompleksining gandli diabet negizida postenteral giperglikemiyaga ta’siril (M+m; n=6)

Hayvonlar guruhi Inkubatsiya vaqti(dagiga)

0 15 30
Nazorat 4,0240,21 13,40+0,32 17,93+0,95
QD 21,50+0,22 31,00+1,43 34,90+1,03
P1 <0,001 <0,001 <0,001
QD+AS 19,0+0,13 25,85+0,29 28,15+0,34
P1 <0,001 <0,001 <0,001
P2 <0,001 <0,01 <0,01
QD+AS+Se 14,15+0,47 18,05+0,51 22,10+3,83
P1 <0,001 <0,001 <0,01
P2 <0,001 >0,10 >0,5

izoh: QD-gandli diabet guruhi,QD+AS- gandli diabet sharoitida astaksantin (20mg/kg) yuborilgan guruh, QD+AS+Se-
gandli diabet shaaroitida astaksantin(20 mg/kg)va selen (20 mkgkg) kompleksi bilan koreksialangan guruh, P-ishonchlilik
ko‘rsatkichi.(*-P<0,05; **-P<0,01; ***-P<0,001-nazoratga nisbatan ishonchlilik darajasi; P2- gandli diabet guruhiga nisbatan
statistic ishonchlilik darajasi).

Jadvalda ko‘ringandek, 20 mmol/l konsentratsiyali glyukoza eritmasi ingichka ichak segmentida 15 dagiga davomida
perfuziyalanganda nazorat guruhidagi kalamushlarda glyukozaning migdori boshlang’ich ko‘rsatgichlarga nisbatan 8,98 mmol/I,
30 dagigada esa 13,91 mmol/l ga oshdi.

Qandli diabet chagirilgan hayvonlar guruhrida esa ingichka ichak segmentida glyukoza eritmasi perfuziyalanganda 15
dagiga 9,5 mmol, 30 dagiga inkubatsiyada 13,4 mmol/l ga boshlangich holatiga nisbatan oshdi.

Qandli diabet negizida kalamushlarga astaksantin yuborilgandan keyin gonda monomerlarning migdori kuzatuvning 15-
va 30-dagigalarda muvofig ravishda 6,85 va 9,05 mmol/l ga ko‘tarilsa ham, giperglikemiyaning to‘lginining yugilashuvi
kasallangan hayvonlarga nisbatan kamroq ifodalandi.

Kompleks preparat gandli diabet sharoitida kalamushlarga introgastral berilganda glyukozaning darajasi monomer
yuglamasidan oldingi holatiga garaganda kuzatuvning 15-dagigasida 3,9 mmol/l, 30 dagigasida esa 7,95 mmol/l ga ortdi.

Shunday gilib gandli diabetda kuzatiladigan postenteral giperglukemiya karotinoid ta’sirida kamaydi, lekin astaksantinning
selen bilan kompleksi alohida preparatdan ko‘ra kuchliroq gipoglikemik ta’sir ko‘rsatdi.

Muhokamalar va xulosalar. Mazkur tadgigotda olingan natijalar alloksan diabet sharoitida hayvonlarda ingichka ichakda
glyukoza so‘rilishi sog’lom hayvonlarga sezilarli darajada oshganligini ko‘rsatdi. Bu holat diabetda uglevod almashinuvining
buzilishi, shuningdek enterotsit membranalarida joylashgan natriyga bog‘liq glyukoza tashuvchi ogsillar SGLT1 hamda GLUT2
transporterlari faolligining oshishi va insulin yetishmoqchiligi sababli to‘gimalarda glyukozaning o“zlashtirilishi pasayishini bilan
bog’ligq bo‘lishi mumkin [5]. Diabet kasalligida giperglikemiya uzoq saglanishi natijasida ichak epiteliysida buzilishlarni yuzaga
keltirib, glyukozaning qonga o‘tishi tezlashadi[6,7].

Astaksantinning selektiv preparati bilan davollangan hayvonlarda diabet sharoitida ichak orgali glyukoza so‘rilishi
kasallangan hayvonlarga nisbatan kamaysa ham, gondagi glyukoza migdori nisbatan yuqgori darajada saglanib golgan.

Qandli diabet chaqirilgan guruhlarda Astaksantin va selen kompleksi terapiyasi ta’sirida kasallangan hayvonlarga nisbatan
postenteral giperglikemiyaning pasayishi roy berdi. Selen va astaksantinning qo‘sh qo‘llanilishi postenteral giperglikemiyani
yanada ham kamaytidi.

Shunday qilib, shuni aytishi mumkinki, astaksantinni selen bilan kompleksi alohida preparatdan qo‘ra eksperimental diabet
sharoitida yaqqol gipoglikemik ta’sirga ega. Astaksantin va selen kompleksi ichak epiteliy hujayralarida glyukoza transporti va
uning so‘rilish jarayonlarini tartibga soluvchi istigbolli preparat sifatida qo‘llash mumkin.
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