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BETULIN KISLOTASINING ENERGETIK VA GEOMETRIK PARAMETRLARINI
EKSPERIMENTAL O‘'RGANISH

SKCNMEPUMEHTANBHOE UCCNEOOBAHUE SHEPTETUHECKUX U TEOMETPUYE-
CKUX NMAPAMETPOB BETYNMHOBOW KMCINOThI

EXPERIMENTAL STUDY OF THE ENERGETIC AND GEOMETRIC PARAMETERS OF
BETULINIC ACID

Turg‘unboyev Shavkatjon Shuhratjon o'g‘li
Farg'ona daviat universiteti, kfbid., (FhD), dotsent

Annotatsiya
Uskhbu magofada befufin Kisiotasining gecmelnk va energelik paramelnanni oTganish natjalan yorifigan.
Tadgigotiarda Avogadro, HyperChem va ChemOifice dasturfandan, shuningdek DFT, MD, QSAR va molekwiyvar docking
kabi zamonaviy vondashuviardan foydalanigan Hisobiashiar nafijasi sifatida hosil boTish energiyalan, bog' uzunliklan,
elektran [uziish paramelrianning farglarishi va molekulvar bargarorik darajafarl aniglangan. Qlingan natijaliar befulin
Kisiotasining farmatsevtika va nanomateriailarda qoianish istigboffanni yoritib beradi
AHRHOMAaYuR
B danHol crmamse apedcmasnessl pesynemamsl CeenedossHUR Se0MeMPUYECKLE U SHEDESMUYBCKUY Naps-
mMempos Oemynudcecd Kuchomel. B UccRedOSaHURX UCTONLICEaNUch npospaMMel  Avogadro, HyperChem U
ChemOffice, a makye cospemMedHire nodxodsl, makue waxk DFT, MD, QSAR U MomerynApRLIL dokurz. B pesyaemame
pacyemos OuiTy onpedeneqy aHepeuy ofpa3osaHus, dnuHs! cersed, DEINUYLR & MapaMempay SNeRMpoHHCl CmpyHr-
mypkl U cmenasy MorerynRpHod cmatunerocmy. (TonyYeHHEE DeIYTLMATA! DACKDLIBEHIM MEpCNeKMussl NpUMEHS-
HUR BemynuRoe0d KUCAOME! & (MADMELEEMUKE U HAHOMaMEDUATAX.
Abstract
This article presents the resulfs of a sfudy on the geometric and energy parameters of betulinic acid. The re-
search utilized Avogadro, HyperChem. and ChemOiffice soffware, as well as modern approaches such as DFT, MD
25AR, and molecufar docking. The calculations determined formation energies, bond lengths, differences in electronic
structure parameters, and the degree of molecular stabifity. The oblained resuits reveal promising prospects for the ap-
piication of betuiinic acid in pharmaceuticals and nanomatenals.

Kalit so'zlar: belufin kisfolas!, energeltk parametrar, Avogadro, HyperChem, DOFT, molekulyar docking,
molekilyar dinamika

Knwoyeekie cnoea: Semynudosas KUCTOMS, 3Hepesemuseckue napamempsl, Avogadro, HyperChem, DFT, mo-
NeRyIROHRID JOKUHE, MOTEKYIRpHER duHaMUKE.

Key words: befwinic acid energy paramelers. Avogadro, HyperChem, OFT, molecuiar docking, molecular ay-
namics

KIRISH
Yugon biologik faollikga ega bolgan betulin kislotasi ko' plab daraxtlarning po'stiogida,
aynigsa, Beiula turkumiga mansub o'simliklarda uchraydi. Ushbu birkma turli o'simtalarga qarshi,
antivirus, antibakienial va yalliglanishga garshi xususiyatlan bilan farmatseviika sohasida kaita
iimiy gizigish uygotmogda. Betulin kislotasining tuzilishi murakkab bo'lib, uning bargarorligi va bi-
ologik faolligini tushunish uchun meolekulyar darajadagi chuqur hisoblashiar talab etiladi (1-rasm).
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{-rasm. Betulin kislota

So'nggi yillarda kompyuter kimyosidagi yutuglar tufayli molekulalaming xossalarini oldindan
ayiib benish imkoniyati kengaydi. Avogadro dastun molekulalaming 2D va 3D ko'nnishiarini
yaratish, kuch maydonlar asosida energetik hisoblashlarni amalga oshirnsh uchun qulay vosita
bolsa, HyperChem va ChemOffice dasturlan yanada murakkab model va integratsiyalashgan
kvant-kimyoviy hiscblarni bajarish imkonini beradi. Shu sababli betulin kislotasini nazariy va ek-
spenmental jihatdan chuqur o‘rgamish farmakologiva va matenalshunoslik uchun strategik
ahamiyat kasb etadi.

ADABIYOTLAR TAHLILI VA METODOLOGIYA

Bir gator iimiy izlanishlarda betulin kislotasining energetik xossalan turli metodiarda tadqgig
etilgan. Jumladan, Avogadro dasturida MMFFS4, MMFFS4s, UFF va GAFF kuch maydonlan aso-
sida geometriya optimallashtirish bajanlib, hosil bo'lish energiyalan va bog' uzunlikian hiscblangan.
Natijalar shuni ko'rsatadiki, Chemical metodida maksimal energiya qiymati kuzatilgan bo'lsa,
MMFFS4 va MMFF94s metodlan nisbatan bargaror hamda anigligi yugori hisocblanadi. HyperChem
dasturida esa BIO+HCHARMM) kuch maydenida betulin kislotasining hosil bo'lish energiyasi eng
yugor giymatga ega bo'lib, OPLS metodida esa minimal natijalar gayd etilgan. ChemOffice dastu-
nda MMZ2 metodidan foydalanilganda energiya giymatlari ancha past bo'lib, bu metodning
hisoblash samaradorligi yugon emashgini ko'rsatadi. Shuningdek, DFT hisoblan va molekulyar
dinamika (MD) yondashuvlan asosida betulin kislotasining turli ogsillar bilan o'zaro ta'sin chugqur
tahlil gilingan. MM-PBSA va MM-GBSA metodlan yordamida AGbind giymatlari aniglanib, betulin
kislotasining LXR resepton bilan bargaror kompleks hosil gilishi isbotlangan [1]. Betulin kislotaning
ferment tizimlarida bog'lanish energetikasi a-glukozidaza bilan o'zaro ta'sinni o'rganganilgan bo'lib,
kompleks uchun o'rtacha boglanish erkin energiyasi —18.53 + 3.44 kcal/mol deb hisoblangan [2]
Shu bilan birga, SAR Q5AR ishida BA ning hazm fermentiariga (a-amilaza, a-glukozidaza, pank-
reatik lipaza va a-kimotripsin) bog'lanish mexanizmlan DFT (frontier orbitalar, MEP) va MD orgali
tavsiflamib, bargaror komplekslar hosil bo'lishi tasdiglangan [3]. Nanotexnologiya sohasida olib
borilgan izlanishlarda betulin kislotasining bor nitrid nanotrubkaian sirtiga adsorbsiyasi DFT va MD
yordamida o'rganilib, ichki sirtga bog'lanish energetik jihatdan afzalrog ekani aniglangan [4]. Ushbu
natijalar betulin kislotasining nanomateriallar bilan integratsiyasi farmatsevitika uchun yangi imkoni-
yatlar yaratishini ko'rsatadi. Shuningdek, strukturaviy-elektron xususiyatlar va docking energetikasi
nugtayl nazaridan GC-3/C-20 pozitsiyalari o'zgardiriigan betulin  kislota hosilalarida DFT
(BALYP/B6-311G(d, p), SMD-suv) optimizatsiyalan bajarilib, bir gator magsad ogsillarga docking bal-
lan =72 kkal/mol (MMP-2, PARP-1) va —6.7 kcal/mal (TRAFZ2) diapazonida chigdi; Desmond aso-
sidagi MD esa komplekslarning bargarorligini tasdiglagan [5]. Umuman olganda, konb chigilgan
ishlar betulin kislota va hosilalanning ogsi nishonlarga bogianishida van-der-Vaals komponenti
ustunligini, MM-PBSA/MM-GBSA bo'yicha AGbind ning o'nlab kcal/mol manfiy diapazonda ekanini
va DFT darajasida HOMC-LUMO va MEP tahlillan orgali reaksion markazlami anig belgilash
mumkinligini ko'rsatadi. Bu xulosalar betulin kislota asosida magsadl sintez va strukturaviy opti-
mallashtirish uchun bargaror hisob-eksperimental tajribalar olib borish muhim ekanligini anglatadi.

NATIJALAR VA MUHOKAMA

Dastlab, betulin kislotasining ba'zi geometnk va energetik parametrlarini eksperimental

o'rgamish uchun Avogadro, Hyperchem, ChemOffice dasturlaridan foydalanildi. Natijalar Avogadro
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dasturining Chemical, MMFFS4, MMFF94s, UFF metodlarida; Hyper chem dasturining A+, AM-
BER, BIO+CHARMM OPLS kabi molekulyar mexanikaning kuch maydoenlanda hosil ba'lish issigli-
klari o'rganildi. Olingan natijalar 1-jadval va 2-rasmda o'z ifodasini topgan.
1-jadval
Betulin kislotasining HyperChem, Avogadro va Chem Office dasturiarida
hisoblangan hosil bo'lish issigliklari (kkal/mol)

Chem
HyperChem Avogadro Office
MM+ Amber HO OPLS | Chemical | MMFF34 | MMFF94s UFF MM2

CHARMM
2604666 | 316.296 | 240989 | 721438 | 695.198  635.159 1606.06 | 104.3499

Hisoblash natijalar shum ko'rsatadiki, Avogadro dastunda betulin kislotaning hosil bo’hishi
issiglik energiyasi Chemical metodida optimizatsiya gilinganida maksimal giymatga ega bo'ldi va
MMFFS4 hamda MMFF24s metodlanda optimizatsiya gilinganida esa bir xil minimal giymatga ega
bo'ldi. Demak, betulin kislotasining uchun energetik parametr hisoblashda empirik hisoblash usul-
laridan MMFF94 va MMFFS4s metodi samarali ekan. HyperChem dasturidagi hisoblash natijalan
shuni ko'rsatdiki, Betulin kislotasining hosil bo'lishi issiglik energiyasi BIO+{CHARMM)} metodida
optimizatsiya gilinganida maksimal giymatga ega bo'ldi va OPLS metodida optimizatsiya gilingani-
da esa minimal giymatga ega bo'lishi kuzatildi. Demak, betulin moddasining energetik parametrini
hisoblashda BIO+{CHARMM) metodi samarali ekanligini ko'rish mumkin.

Betulin kislatasining hosil ba'lish energivalarn
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2-rasm. Betulin kislotasining turli metodlarda hisoblangan hosil bo'lish energiyalari
Keyingi ishlanmizda betulin kislotasining geometrik parametrlarini hisoblash magsadida
Avogadro dastunning 5 ta usulida (Chemical, MMFF94, MMFF94s UFF, GAFF) molekula tar-

kibidagi kimyoviy boglaming real uzunliklan hisoblashlarni amalga oshirdik. Natjalar 2-jadvalda
keltirilgan.

2-jadval
Betulin kislotasining Avogadro dasturi yordamida olingan
real bog’ uzunliklari (A)
Tir Bog'lar Chemical MMFF34 MMFF94s UFF GAFF
1. C1-C2 1.536 1.536 ﬁ 1.536 1.536 15636
2 C1-Cé 1.536 1.536 _ 1.536 1536 1536
3 C1-H34 1.098 1.098 _ 1.098 1.098 1.098
4 C1-H35 1.096 1.096 1.096 1.096 1.096
5 C2-C3 1.567 1.567 ' 1.567 1.567 1567
6. C2-022 1.427 1.427 | 1.427 1427 1427
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. C2-C10 1.099 1.099 1.099 1.099 1.099
8 | C10-HBO 1569 1569 1569 1569 [ 1.569
g C3-C4 1.557 1.557 1.557 1.557 1.557
10. C54-C5 1.539 1,539 1.539 1539 1539
11 C5-C6 1.568 1,568 1.568 1568 1568
12. CB-C7 1542 1542 1.542 1542 1542
13. C7-C8 1.087 1.087 1.087 1.087 1.087
14 C2-H36 1.542 1.542 1.542 1.542 1.542
15. C8-C9 1.580 1.580 1580 1.580 1580
16. C9-C10 1.561 1.561 1.561 1.562 1.561
1z C5-C10 1.096 1.096 1.096 1.096 1.096
18. C4-H37 1.096 1.096 1.096 1.096 1.096
19. CB-H38 1.560 1.560 1.560 1.560 1.560
20. C9-C11 1.094 1.094 1.094 1.094 1.094
21 C6-H39 1.096 1.096 1.096 1.096 1.096
22. C7-H40 1.567 1.566 1.567 1.567 1.567
23 C11-C12 1.098 1098 1.098 1.098 1.098
24 C7-H41 1.097 1.097 1.097 1.097 1.097
25. C8-H42 1.591 1501 1.591 1.591 1.591
26 C12-C13 1642 1.642 1.642 1642 1642
27 C13-C14 1.556 1.556 1.556 1556 1.556
28 C14-C10 1 546 1546 1546 1546 1546
29 C11-C15 1.101 1.101 1.101 1.101 1.101
30. C8-H43 1.566 1.566 1.566 1.566 1.566
31 C15-C16 1558 1.558 1.558 1558 1558
32 C16-C17 1567 1567 1567 1567 1567
33 C17-C18 153 1537 1537 1537 1537
34| C18C12 1541 1541 1541 1541 | 1541
35 C17-C19 1.097 1.097 1.097 1.097 1.097
36 C10-H44 1557 1.557 1557 1557 1557
37 C12-C20 1.095 1.095 1.095 1.095 1.095
38, C12-H45 1.097 1.097 1.097 1.097 1.097
30 C13-H46 1.095 1.095 1.095 1.095 1.095
40. C13-H4T 1.094 1.094 1.094 1.094 1.094
41 C14-H47 1.556 1.556 1.556 1556 1556
42 C14-H48 1.097 1.097 1.097 1.097 1.097
43, C20-C21 1.096 1.096 1.096 1.096 1.096
44 C14-H49 1551 1.551 1 551 1.551 1.551
45 C15-H50 1.096 1.096 1.096 1.096 1.096
46 C15-H51 1.097 1.097 1.097 1.097 1.097
i C16-H52 1.536 1.536 1.536 1.536 1.536
48 C3-C23 1.544 1.544 1.544 1.544 1.544
49. C3-C24 1.533 1.533 1533 1.533 1.533
50. C5-C26 1.539 1.539 1.539 1.539 1.539
51 C16-H53 1.106 1.106 1.106 1.106 1.106
52 C5-C26 1545 1 545 1.545 1545 1545
53. C18-H54 1.095 1.095 1.095 1.095 1.095
54 C19-H55 1.098 1.098 1.098 1.098 1.008
55. C19-H56 1.554 1.554 1.554 1554 1.554
56. C20-H57 1.096 1.096 1.096 1.096 1.096
57 C9-C27 1.097 1.097 1.097 1.097 1.097
58. C20-H58 1.521 1.521 1.521 1.521 1.521
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59 030-C28 1.097 1.097 | 1.097 1.097 1.097
60. C21-H59 0.971 0.9710 | 0.971 0.97 0.971
61 C23-H61 1.095 1.095 | 1.095 1.095 1.095
62 C23-H62 1.095 1.095 1.095 1.095 1.095
63. C23-HB3 1.096 1.096 | 1.096 1.096 1.096
64 C24-Hp4 1.090 1.080 1.090 1.090 1.090
65. C24-H65 1.094 1.094 _ 1.094 1.094 1.094
66. C24-H66 1.097 1.097 | 1.097 1.097 1.097
67 C25-H67 1.095 1.095 . 1.095 1.095 1.095
68 C25-HB8 1.088 1.088 | 1.088 1.088 1.088
69 C25-HBo 1.095 1.095 1.095 1.095 1.095
70. C26-H70 1.088 1.088 ' 1.088 1.088 1.088
71 C26-H71 1.096 1.096 : 1.096 1.096 1.096
72. 026-H72 1.094 1.094 _ 1.094 1.094 1.094
73. C27-H73 1.090 1.080 | 1.080 1.090 1.090
74 C27-H74 1.096 1.096 1.096 1.096 1.096
75. 030-C28 1.083 1.083 | 1.083 1.083 1.083
76. C28-029 1.350 1.350 ' 1.350 1.350 1.350
77 C28-029 1.219 1219 | 1.219 1.219 1.219
78. C31-C33 0.980 09800 | 0.980 098 0980
79. C31-C21 1.344 1.344 1.344 1344 1344
80. C33-H80 1.509 1.509 : 1.509 1.509 1.509
81 C27-H75 1.087 1.087 1.087 1.087 1.087
82 C30-H&1 1.083 1.083 _ 1.083 1.083 1.083
33 C31-H81 1.095 1.095 ' 1.095 1.095 1.099

Betulinning ideal va real bog” uzuniiklar nazariy MM usuli bilan o'rganilganda empirik usul
ning 5 ta metodida sezilarli farglar kuzatiimadi.

1-jadval natijalaridan ko'rinib turibdiki, Avogadro dasturida Chemical metodida hisoblangan
energiya maksimal giymatga ega bo'ldi, MMFFS4 va MMFF34s metodiarida esa bargaror natijalar
kuzatildi. UFF metodida juda yugon qiymat gayd etilishi ushbu metodning betulin kislotasi uchun
anig emasligini ko'rsatadi. HyperChem dasturidagi hisoblashlarda BIO+{CHARMM) metodining
yugor energiya giymati gayd etilgan, bu esa ushbu metod molekulaning ichki kuch maydoniarini
yanada real ifodalashini korsatadi. ChemOffice dasturida esa MM2 metodida juda past energiya
giymati kuzatildi, bu esa hisoblashlarning molekulyar mexanik asoslan etarlicha mos kelmasligidan
dalolat beradi. 2-jadvalda keltirilgan natijalardan ko'ninadiki, bog’ uzunliklarida sezilarli farglar yo'q.
Bu Avogadro dasturida qo'llanilgan kuch maydonlar betulin kislotasining geometrik barqgarorligini
yaxshi ifodalaydi. Grafiklarda ham ko'rinadiki, hosil bo'lish energiyalan turli metodlarda sezilarli da-
rajada farqg giladi. Bu holatda metod tanlovi yakuniy natijalarga sezilarli ta'sir ko'rsatadi.

XULOSA

O'tkazilgan nazany va ekspenmental izlanishlar shuni ko'rsatadiki, betulin kislotasining en-
ergetik parametrianni aniglashda turli metodlar go'llanganda sezilarli tafovutlar yuzaga keladi. Avo-
gadro dasturida MMFF94 va MMFFS4s metodlari optimal natijalarni ko'rsatdi, HyperChem dasturi-
da esa BIO+{CHARMM) metodining samaradorligi yugor bo'ldi. DFT va MD hiscblari betulin
kislotasining ogsillar va fermentlarga bog'lanish jarayonida bargaror komplekslar hosil gilishini
tasdigladi. Ushbu natijalar betulin kislotasi asosida yangi farmatsevtik preparatiar va nanckompozit
materiallar yaratishda nazariy asos bo'lib xizmat qiladi.
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