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KIRISH (fan doktori (DSc) dissertatsiyasi annotatsiyasi)

Dissertatsiya mavzusining dolzarbligi va zarurati. Dunyoda farmatsevtika
sanoatida tabiiy moddalar asosida yaratilayotgan yangi dori vositalari har tomonlama
afzalligi jihatidan doim muhim o‘rin tutib kelgan, shuning uchun o‘simlik xom
ashyolaridan olinadigan fiziologik faol moddalarga bo‘lgan qiziqish yildan yilga ortib
bormoqda. Bugungi kunda tarkibida turli xil moddalar saglagan o‘simliklardan
individual moddalarni ajratib olish, ularning biologik faolliklari, fizik-kimyoviy
hususiyatlarini aniqlash va ularni ishlab chigarishga tadbiq etish bo‘yicha bir gancha
ilmiy-tadqgiqgotlar olib borilmoqgda.

Ular tuzilishining xilma xilligi, kimyoviy polifunksionalligi, yuqgori fiziologik
faolligi va ular asosida dorivor vositalar yaratishda katta imkoniyatga ega ekanligi
bilan diterpen alkaloidlari kimyogarlar va farmakologlarning diggatini jalb etib
kelmoqda.

Markaziy Osiyoda o‘sadigan Aconitum va Delphinium turkumiga xos ba’zi
turlarining quritilgan ildizlari an’anaviy Xitoy tabobatida antiaritmiyaga qarshi,
og‘riq qoldiruvchi yoki o‘smaga qarshi vosita sifatida ko‘p kasalliklarni davolashda
keng qo‘llaniladi.

Xitoy florasida o‘suvchi Delphinium turkum o‘simligini fitokimyoviy
tadqgiqgotlari natijasida diterpen alkaloidlari ajratilgan va ularning biologik faolliklarini
o‘rganish natijasida yallig‘lanishga qarshi, og‘riq qoldiruvchi, aritmiyaga qarshi,
shuningdek, insektitsid va antifeedant kabi xususiyatlari tekshirilgan.

O‘simlik moddalari kimyosi institutida olib borilgan tadqiqotlar natijasida Xitoy
florasida o‘suvchi Aconitum barbatum var. puberulum va Delphinium iliense
o‘simliklarining kimyoviy tarkibi bir biriga o‘xshamasligi, Aconitum barbatum var.
puberulum dan ajratib olingan diterpen alkaloid - N-acetylsepaconitin  va N-
deacetyllappaconitin  ning antiaritmik xususiyatga ega ekanligi aniglandi.
Shuningdek, Delphinium iliense o‘simligidan ajratib olingan Sinchianidin C va D lar
analgetik ta’sirga egaligi namoyon bo‘ldi. Bu esa mahaliy xom ashyo asosida import
o‘rnini bosuvchi dori vositalarini yaratish, aholini arzon, sifatli dori vositalari bilan
ta’minlash imkonini beradi.

Mazkur dissertatsiya tadgiqoti O‘zbekiston Respublikasi Prezidentining 2022 yil
21 yanvardagi PF-55-son “2022-2026 yillarda Respublikaning farmatsevtika
tarmog‘ini jadal rivojlantirishga oid qo‘shimcha chora-tadbirlar to‘g‘risida” gi
Farmoni, 2018 vyil 14 fevraldagi PQ-3532-son “Farmatsevtika tarmog‘ini jadal
rivojdantirish bo‘yicha qo‘shimcha chora-tadbirlar to‘g‘risida” gi, 2019 yil 6 maydagi
PQ-4310-son “Tibbiyot va Farmatsevtika ta’limi va ilm fani tizimini yanada
rivojlantirish chora-tadbirlari tug‘risida”* gi Qarorlari hamda mazkur faoliyatga
tegishli boshgqa me’yoriy-huquqgiy hujjatlarda belgilangan vazifalarni amalga
oshirishga muayyan darajada xizmat giladi..

Mazkur dissertatsiya tadqiqoti O‘zbekiston va Xitoy davlat dasturlari doirasida
Markaziy Osiyodagi endemik Aconitum va Delphinium o‘simliklaridan yangi
tuzilishli diterpenoid alkaloidlarini izlab topish, antiaritmiya, og‘riq qoldiruvchi va

! Ozbekiston Respublikasi Prezidentining 2022 yil 28 yanvardagi PF-60-son “2022-2026" yillarga mo‘ljallangan
yangi O‘zbekistonning Taraqqiyot strategiyasi” to‘g‘risidagi Farmoni.
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o‘smaga qarshi ta’sirlarni tekshirish kabi dolzarb vazifalarni bajarishga bag‘ishlangan.
Ushbu tadgiqotlar samarali va kam zaharli diterpenoid alkaloid innovatsion dori
vositalarini yanada rivojlantirish hamda Markaziy Osiyoda o‘ziga xos o‘simlik
manbalaridan bargaror foydalanish va rivojlantirish uchun ilmiy asos bo‘lib xizmat
qiladi hamda inson salomatligi uchun foydali bo‘lgan yangi faol tabiiy mahsulotlarni
topishda muhim ahamiyat kasb etadi.

Tadgigotning O¢‘zbekiston va Xitoy fan va texnologiyalari rivojlanishining
ustuvor yo‘nalishlariga bog‘ligligi. Ushbu tadgiqot Xitoy Xalg Respublikasi Fan va
texnologiyalar sohasidagi hamkorlik bo‘limi va O‘zbekiston Respublikasi Hukumati
hamkorlik qo‘mitasining ikkinchi majlisini o‘tkazish to‘g‘risidagi 2014-yil 17-iyulda
Imzolangan hukumatlararo bitimlar to‘g‘risidagi memorandumga muvofiq bajarilgan.
Shuningdek, tadgigot Xitoy Xalq Respublikasi Fan va texnologiyalar sohasidagi
hamkorlik bo‘limi va O‘zbekiston Respublikasi Hukumati hamkorlik qo‘mitasining
2017-yil 15-fevralda imzolangan uchinchi majlisi; 2019-yil 24-iyulda imzolangan
to‘rtinchi majlisi; va 2021-yil 28-iyun kungi beshinchi majlisi kelishuvlariga muvofiq
bajarilgan. Bundan tashqari, ushbu tadqiqot yaqinda bo‘lib o‘tgan Oliy darajadagi
ikki tomonlama uchrashuvlarda e’lon qilingan “Yangi davrda Xitoy-O‘zbekiston”
keng qamrovli Strategik sheriklik doirasida belgilangan magsadlarni to‘liq qo‘llab-
quvvatlaydi. Ushbu hamkorlik innovatsiyalar, biotexnologiyalar, an’anaviy tibbiyot
va Yyashil rivojlanish kabi sohalarda har tomonlama hamkorlikni, shu bilan birga
tabily mahsulotlar va farmatsevtika kashfiyoti bo‘yicha hamkorlikda tadqiqotlar
uchun kuchli siyosat poydevori va o‘zaro manfaatdorlikni ta’minlaydi.

Dissertatsiya mavzusi bo‘yicha xorijiy ilmiy-tadqiqotlar sharhi. Diterpenoid
alkaloidlarini o‘rganishga qaratilgan ilmiy tadqiqotlar dunyoning yetakchi ilmiy
markazlari va universitetlarida olib borilgan, shu jumladan: Georgia universitetining
Tabiiy mahsulotlar tadqiqot instituti va kimyo bo‘limi (AQSh); G‘arbiy Xitoy
farmatsiya, Sichuan universitetining Dorivor tabiiy mahsulotlar kimyosi kafedrasi
(Xitoy); O‘zbekiston Respublikasi Fanlar akademiyasi akad. S.Yu.Yunusov nomidagi
O‘simlik moddalari kimyosi instituti (O‘zbekiston); Rossiya Fanlar akademiyasining
Ural bo‘limi Organik kimyo instituti (Rossiya); Xokkaydo farmatsevtika
universitetining Farmatsevtika maktabi (Yaponiya); Xitoy Fanlar Akademiyasining
Kunming Botanika instituti (Xitoy); Janubi-g‘arbiy Jiaotong universitetining Hayot
fanlari va muhandislik maktabi (Xitoy); Xitoy Fanlar akademiyasining Shinjon fizika
va kimyo texnika instituti (Xitoy) va boshqalar tomonidan o‘simlik xom ashyosidan
diterpenoid alkaloidlari asosida dori vositalari yaratish bilan bog‘liq nazariy va
amaliy tadgiqotlar sohasida chuqur ilmiy izlanishlar olib borilgan.

Tadqgiqotlar mazmuni diterpen alkaloidlarini Aconitum, Delphinium va boshga
o‘simliklardan ajratib olish, tuzilishini aniqlash, biofaolliklarini skrining qilish,
tuzilish-biologik faollik munosabatlarini tadqiq qilish, alkaloidlar, farmakologik,
farmakodinamik va toksikologik tadgiqotlar va boshgalarni gamrab oladi.

Diterpenoid alkaloidlarini tadqiq gilish deyarli 100 yildan buyon davom etib
kelayotgan, hozir ham dolzarb bo‘lgan mavzudir. Bir tomondan, o‘zining murakkab
va o‘zgaruvchan tuzilishi sababli turli xil biologik faollikka ega; boshga tomondan,
ularning faolligi va zaharliligi ko‘pincha birga namoyon bo‘ladi. Shuning uchun
nafaqat ularning strukturasining o‘zgarishiga e’tibor berish, tuzilishi va faolligi
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o‘rtasidagi bog‘liglikni aniqlash, balki tadgiqot jarayonida ularning zaharliligiga ham
e’tibor qaratish, qo‘shimcha qiymati yuqori bo‘lgan yuqori samarali va kam zaharli
dori birikmalarini topish lozim.

Muammoning o‘rganilganlik darajasi. Diterpenoid alkaloidlari birinchi marta
1830-yillarda kashf etilgan bo‘lsa-da, ularning murakkab tuzilishi sababli mutlag
konfiguratsiyasi 1950-yillarga kelibgina, rentgen monokristal difraksiyasi va boshga
usullar bilan aniglandi. Spektral texnologiyalar, xususan, massa-spektrometriya va
yadro magnit rezonansining keng tatbiq etilishi natijasida diterpenoid alkaloidlarini
tadqiq qilish, aynigsa, Jorjiya universitetining Tabiiy mahsulotlar ilmiy-tadgigot
instituti va kimyo kafedrasi professori S.W. Pelletier, O‘zbekiston Respublikasi
Fanlar akademiyasi O‘simlik moddalari kimyosi instituti professori S.Y. Yunusov va
Sichuan universiteti G*arbiy Xitoy farmatsiyasi Dorivor tabily mahsulotlar kimyosi
kafedrasi professori F.P. Wang tadgiqotlari natijasida jadal rivojlandi.

Diterpenoid alkaloidlarning yallig‘lanishga qarshi, og‘riq qoldiruvchi,
antiaritmik, kardiotonik, yurak etishmovchiligiga garshi va hasharotlarga chidamli
ta’sirga ega ekanligi aniglaganidan keyin, tobora ko‘proq olimlar diterpenoid
alkaloidlarini tadqiq qilishga kirishdilar, shu jumladan, o‘zbek va rus olimi M.S.
Yunusov, yapon olimi K. Wada, Xitoylik olimlar X.J. Hao, X.L. Zhou, H.A. Aisa va
boshqgalar. Ko‘pgina olimlarning birgalikdagi sa’y-harakatlari bilan hozirgi vaqtda
o‘simliklardan 1600 dan ortiq tabiiy diterpenoid alkaloidlar topilgan bo‘lib, ulardan 4
ta diterpenoid alkaloidi: lappakonitin, bulleyakonitin A, 3-atsetilakonitin va guan-fu
asosi A ni klinik amaliyotdagi antiaritmik yoki analgetik preparatlarga aylantirilgan.

O‘zbekistonda ilk bor diterpenoid alkaloidlarining tuzilishi va faolligini
o‘rganish akademik S.Y. Yunusov rahbarligida O‘zR FA O‘simlik moddalari kKimyosi
institutida boshlangan. Yangi tuzilishdagi va yaxshi biologik faollikka ega ko‘plab
diterpenoid alkaloidlari Aconitum, Delphinium va Consolida turlaridan ajratilgan.
O‘MKI da akademik Sh.Sh. Sagdullaev rahbarligida lappakonitin alkaloidi asosida
antiaritmik xossaga ega Allapinin preparatini yaratildi, u Rossiya va O‘zbekistonda
ro‘yxatga olingan va 2007 yilda O‘zbekiston Fan va texnologiya Milliy mukofotiga
sazovor bo‘lgan.

Aconitum va Delphinium turkumiga mansub bo‘lgan o‘simliklarning ekstraktlari
va alohida birikmalarining farmakologik faolligi keng qamrovli bo‘lib, hozirga qadar
to‘lig o‘rganilmaganligi ushbu yo‘nalishda ilmiy amaliy tadqiqotlar olib borish
ganchalik dolzarb ekanligini ko‘rsatadi.

Ushbu dissertatsiya ishi muallifi tomonidan Markaziy Osiyoda o‘suvchi
Aconitum va Delphinium turkumiga mansub bo‘lgan o‘simliklarning diterpen
alkaloidlari va boshga biologik faol komponentlarini o‘rganish bo‘yicha olib
borilayotgan tizimli tadgigotlarning davomi hisoblanadi.

Dissertatsiya mavzusining dissertatsiya bajarilgan ilmiy tadgigot
muassasasining ilmiy-tadqiqot ishlari bilan bog‘ligligi. Dissertatsiya ishi Xitoy
Fan va texnologiyalar vazirligining ‘“Madaniy Consolida sp. o‘simligining Cso-
diterpenoid alkaloidlari: ajratib olsih, tuzilishi, biologik xossalari” (Ne
2016 YFE0120700, 2017-2018) nomli Milliy asosiy tadgigot va ishlanmalar dasturiga
(Xitoy va O‘zbekiston hukumatlari o‘rtasidagi xalgaro ilmiy-texnikaviy innovatsion
hamkorlik) muvofiq amalga oshirildi. “Analgetik va mahalliy anestetik ta’sirga ega
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(faolliklari) yangi antiaritmik preparatlarni tadqiq qilish va ishlab chiqish” (Ne
2021YFEQ0104000, 2021-2023); Xitoy Fan va texnologiyalar vazirligining “Yangi
dori vositalari va innovatsion dori vositalarini tadqiq qilish bo‘yicha Xitoy-
O‘zbekiston “Kamar va yo‘l” qo‘shma laboratoriyasini qurish” nomli Milliy asosiy
tadgiqot va ishlanmalar dasturi (Ne 2020YFE0205600, 2020-2023); Shinjon-Uyg‘ur
Muxtor viloyati Fan va texnologiya boshqgarmasining “Diterpenoid alkaloidlarini
ajratish va tahlil gilish va ularning dori-darmonliligini o‘rganish” nomli Xalgaro fan
va texnologiya hamkorlik loyihasi (Ne 20166014, 2016-2018); Xitoy Milliy
Tabiatshunoslik Fondining Yoshlar jamg‘armasi “LC-DAD-MS asosida ikkita
Markaziy Osiyoga xos bo‘lgan o‘simliklardan yangi diterpenoid alkaloidlarni kashf
qgilish va ularning biologik faolligini tadqiq qgilish” (Ne 32000277, 2021-2023) nomli
loyihalari doirasida bajarilgan.

Tadgiqgotning magsadi. Markaziy Osiyoda o‘sadigan Aconitum va Delphinium
turkumlariga mansub 7 tur o‘simliklarning ikkilamchi metabolitlarini ajratib olish,
kimyoviy tarkibi va tuzilishini aniglash hamda ular asosida samarali dori vositalarini
yaratishdan iborat.

Tadgiqotning vazifalari:

1. Aconitum va Delphinium turkumiga mansub o‘simlik turlari xom ashyolarini
turli organik erituvchilar yordamida ekstraksiya qilish va fraksiyalarga ajratish,
alkaloidlar yig‘indisini ajratib olish;

2. Yugoridagi o‘simliklardan olingan alkaloidlar yig‘indisidan sof birikmalarni
ajratib olish va tozalash;

3. Ajratilgan birikmalarning birlamchi tuzilishi va yangi birikmalarning absolyut
konfiguratsiyasini aniglash;

4. Individual birikmalarining biologik ta’sirini, shu jumladan, antiaritmik, ion
kanallarini ingibirlovchi, og‘riq qoldiruvchi, o‘smaga garshi va mikroblarga garshi
faolliklarini baholash;

5. Delphinium naviculare var. lasiocarpum tarkibidagi lappakonitin miqgdorini
aniqlash;

6. Allapinin substansiyasidagi aralashmalarni ajratish jarayonini ishlab chigish.

Tadgiqotning ob’ekti sifatida Aconitum va Delphinium turkumiga oid 7 ta tur
o‘simlik turlari tanlangan: Aconitum barbatum var. puberulum Ledeb, Aconitum
smirnovii Steinb, Aconitum sinchiangense W. T. Wang, Delphinium pseudoaemulans
C. Y. Yang et B. Wang, Delphinium naviculare var. lasiocarpum W. T. Wang,
Delphinium aemulans Navski, Delphinium iliense Huth o‘simliklari va Allapinin
substansiyasi hisoblanadi.

Tadgigotning predmeti. Markaziy Osiyoda o‘sadigan Aconitum va Delphinium
turlarining diterpenoid alkaloidlari va boshga komponentlari va ularning biologik
faolliklari; Allapinin substansiyasi aralashmalaridan iborat.

Tadgiqotning usullari. Tadgigotlar jarayonida texnologik (erituvchi yordamida
ekstraksiya, dekompression konsentrlash, xromatografik ajratish, spektral tahlil),
xromatografik (silika gel, sefadeks LH-20 va ODS kolonkali xromatografiya, Flesh,
YuQX, YuSSX), fizik-kimyoviy va spektral tahlil (UB, 1Q, Optik burilish, ESI-MS,
1D va 2D YaMR, experimental va hisoblash ESD) usullaridan foydalanildi.
Antiaritmik faollikni aniglashda aritmiya modeli, analgetik faollikni sinash uchun in
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vivo modeli, hEGR va CaV3.1 kanallari ion kanallarini ingibirlash faolligini
aniglashda, o‘smaga qarshi faollikni (sitotoksiklikni) tekshirish uchun MTT (3-(4,5-
dimetiltiazol-2-il)2,5-difeniltetrazoliy bromid) usuli, mikroblarga qgarshi faollikni
aniqlash uchun agar qudug‘ida diffuziya usuli qo‘llanildi.

Tadgiqotning ilmiy yangiligi quyidagilardan iborat:

birinchi marta Markaziy Osiyoda o‘sadigan Aconitum va Delphinium
turkumining yetti turdagi o‘simliklari tarkibidan jami 176 ta birikma, shu jumladan,
26 ta yangi va 107 ta ma’lum diterpenoid alkaloidlar, shuningdek, 43 ta boshqa sinf
birikmalari ajratilgan;

ajratib olingan diterpenoid alkaloidlarining fizikaviy va kimyoviy xossalari
hamda, antiaritmik, analgetik, o‘smaga qarshi va mikroblarga qarshi biologik faolligi
tizimli ravishda tadqiq gilingan;

ilk bor Aconitum barbatum var. puberulum (N-acetylsepaconitin va N-
deacetyllappaconitin) va Delphinium iliense (Sinchianidin C va D) o‘simliklari
tarkibidan yangi birikmalar ajratib olingan;

Aconitum barbatum var. puberulum dan C20-diterpenoid alkaloidlarining yangi
uglerod skeletli wvakili barpuberudin (AB-1), gayta guruhlangan yangi C18-
diterpenoid alkaloidlari barpubeninlar A-B (AB-6 va AB-7) ilk bora aniglangan;

birinchi marotaba Delphinium naviculare var. lasiocarpum o‘simligining
kimyoviy tarkibi tadgiq gilingan va lappakonitin mavjudligi aniglangan;

ilk marotaba Aconitum smirnovii o‘simligidan ajratilgan smirnotin A ning
antiaritmik faolligi, shuningdek, Delphinium iliense o‘simligidan ajratib olingan
sinchianidin C va D larining analgetik ta’sir ko‘rsatishi isbotlangan;

birinchi marta yarim-preparativ YuSSX va preparativ YuSSX texnologiyalarini
birlashtirilgan holda foydalanib, Allapinnin substansiyasidan oltita standart
alkaloidlar ajratilgan, bu esa Allapinin substansiyasi sifatini nazorat gilishda tozalik
standartlarini ta’minlash imkonini bergan.

Tadgiqgotning amaliy natijalari quyidagilardan iborat:

Aconitum barbatum var. puberulum dan ajratilgan N-deasetillappakonitin va N-
asetilsepakonitin sezilarli antiaritmik faollik ko‘rsatgan, Aconitum barbatum var.
puberulum dan ajratilgan sepakonitin va Aconitum smirnovii dan ajratilgan smirnotin
A ofrtacha antiaritmik faollikni ko‘rsatgan. Antiaritmikning dastlabki tuzilish-faollik
munosabatlari ushbu tadqiqot natijalari va adabiyot ma’lumotlari asosida muhokama
qilingan. Bu topilmalar endemik dorivor o‘simlik resurslarini barqaror rivojlantirish
va ulardan foydalanishga yordam beradi va tabiiy mahsulotlardan olingan yangi dori
nomzodlarini klinika-oldi baholash zaruratini tasdiglaydi.

Delphinium iliense-dan ajratilgan sinchianidin C va D lar zaharli bo‘lmagan 5
mg/kg dozada mos ravishda 78.16% va 72.54% burishishni kamaytirish bilan
potensial og‘riq qoldiruvchi ta’sir ko‘rsatishi aniglangan. Delphinium iliense dan
diterpenoid alkaloidlarini tayyorlash usuli va ularni potensial analgetik sifatida
qo‘llash mumkinligi ishlab chiqilgan.

Delphinium aemulans dan diterpenoid alkaloidlarini tayyorlash usuli va ularning
kuchlanish bilan bog‘liq kaliy kanali ogimlarini (IKv) ingibirlovchi potensiali ishlab
chigilgan. Delphinium pseudoaemulans dan diterpenoid alkaloidlarini tayyorlash
usuli va ularning potensial o‘smaga garshi qo‘llanilishi ishlab chiqilgan.
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Allapinin substansiyasidan oltita standart alkaloidlar muvaffagiyatli ajratildi va
ajratish usullari ishlab chiqgildi, bu Allapinin substansiyasining sifatini nazorat
qilishda tozalik standartlarini ta’minlash uchun ishonchli yondashuvni ta’minlaydi.

D. naviculare var. lasiocarpum o‘simligida lappakonitin (0.25%) borligi
topilgan bo‘lib, bu lappakonitinning yangi potensial zaxira manbasini ta’minlagan.

Tadgiqot natijalarining ishonchliligi xromatografik (silikagel, sefadeks LH-20
va ODS kolonnali xromatografiya, Flash, YuQX, YuSSX va PYuSSX), texnologik
(erituvchi ekstraktsiya, dekompressiya kontsentratsiyasi, xromatografik ajratish va
spektral tahlil), fizik-kimyoviy va spektral analitik (UB, 1Q, Optik aylanish, ESI-MS,
1D, 2D YaMR) va eksperimental hisoblash, va hisoblash usullari hamda biologik
usullarni qo‘llanganligi bilan isbotlandi. Natijalarning haggoniyligi ularning xalgaro
va respublika miqyosidagi ilimiy konferensiyalarda muhokama gilinganligi hamda
tagriz gilinuvchi xorijiy va mahalliy ilmiy nashrlarda chop etganligi, Xitoyning
Shinjon va Qinghai provinsiyalarida lappakonitinni ishlab chigarish uchun xom ashyo
manbasi sifatida foydalanish bilan izohlanadi.

Tadqiqot natijalarining ilmiy va amaliy ahamiyati. Tadgigot natijalarining ilmiy
ahamiyati shundan iboratki, Markaziy Osiyo hududida o‘suvchi Aconitum va
Delphinium turkumi o‘simliklari yer ustki gismidan tabiiy yangi diterpen alkaloidlari
ajratilganligi va ularning kimyoviy tuzilishi aniglanganligi tabiiy birikmalar kimyosini
boyitishi bilan izohlanadi. Jami 176 ta birikma, shu jumladan 26 ta yangi va 107 ta
ma’lum bo‘lgan diterpenoid alkaloidlar, shuningdek, 43 ta boshqa birikmalar ajratilgan.
Ularning strukturalari spektroskopik tahlillar (HR-ESI-MS, 1D NMR va 2D NMR) va
adabiyotda keltirilgan ma'lumotlar bilan tagqoslash orgali aniglandi, yangi
birikmalarning mutlaq konfiguratsiyasi esa kvant ECD hisobi bilan aniglandi. Aconitum
barbatum var. puberulum dan ajratilgan barpuberudin Cyy-diterpenoid alkaloid uglerod
skeletiga ega bo‘lsa, barpubeninlar A-B qayta guruhlangan birinchi tipdagi Cg-
diterpenoid alkaloidlari hisoblanadi. Ushbu uchta birikma biogenezining ehtimoliy
yo‘llari taklif gilingan. Monomer birikmalarining biologik faolligi, jumladan, antiaritmik,
analgetik, ion kanallarini ingibirlovchi faolligi, sitotoksikligi va mikroblarga garshi
faolligi baholangan. Tadgiqot natijalari va adabiyot ma'lumotlariga ko'ra, antiaritmik va
og'riq goldiruvchi vositalarning dastlabki tuzilish-faollik munosabatlari muhokama
gilingan. Aconitum barbatum var. puberulum va Delphinium iliense o‘simliklaridan
olingan N-atsetilsepaconitin va N-deatsetillappaconitin, Sinchianidin C va D lar
farmakologik tekshiruvlar natijasida antiaritmik, analgetik xususiyatga ega vositalar
yaratish uchun asos bo‘lishi mumkinligi bilan izohlanadi.

Tadgigot natijalarining amaliy ahamiyati shundaki, lappakonitin Delphinium
naviculare var. lasiokarpum butun o'simlikda 0,25% ni tashkil qiladi, o‘simlik
lappakonitinning manbai ekanligi aniglangan. Allapinin substansiyasi tarkibidagi oltita
alkaloid ajratilib, standart sifatida foydalanishga tavsiya etildi. Ushbu tadgigot Markaziy
Osiyodagi Aconitum va Delphinium turlarining fitokimyoviy va farmakologik
tadgiqotlarini rivojlantiradi va mintagani biofaol tabiiy moddalar uchun muhim manba
sifatida joylashtiradi. Strukturaviy kashfiyotlar, biofaollik profili va bargaror manbalarni
rivojlantirish integratsiyasi kelajakda diterpenoid alkaloidlarga asoslangan terapevtik
vositalar uchun mustahkam poydevor yaratadi.
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Tadqgigot natijalarining joriy qilinishi. “Markaziy Osiyoda o‘sadigan
Aconitum va Delphinium turkum o‘simliklarining diterpenoid alkaloidlari va
ularning biologik faolligini o‘rganish” bo‘yicha olib borilgan tadqiqotlarning
natijalari asosida:

Delphinium pseudoaemulans o‘simligi diterpenoid alkaloidlarini ajratish va
tozalash, shuningdek, ularning in vitro inson saratoni A549 va Hela hujayralariga
sitotoksikligi natijalari asosida o‘smaga qarshi vosita yaratish ixtirosiga Xitoy Xalq
respublikasi patenti (Ne ZL.201810714295.7, 2018 yil) olingan. Natijada o‘simlik
alkaloidlari asosida ekologik toza, samarali dori vositasi yaratish imkonini bergan;

Delphinium aemulans o‘simligi diterpenoid alkaloidlari asosida kaliy kanali
(IKv) toklarini ingibirlash ixtirosi uchun Xitoy Xalq respublikasi patenti olingan (Ne
2024100199358, 2024 y). Natijada o‘simlik alkaloidlari asosida kaliy kanalini
ingibirlovchi yangi vosita yaratish imkonini bergan;

Delphinium iliense Huth osimligi diterpenoid alkaloidlaridan potensial
analgetik vosita ishlab chigish ixtirosiga Xitoy Xalq respublikasi patenti olingan (Ne
2025103304327, 2025 y). Natijada o‘simlik diterpenoid alkaloidlari asosida samarali
analgetik vositalar yaratish imkonini bergan;

Shinjon Shafei Ya Biological Technology Co., Ltd (Xitoy X.R.) va Xitoy Fanlar
Akademiyasi Shinjon Fizika va kimyo texnika instituti (XTIPC) bilan xamkorlik
bitimiga asosan ko‘p miqdorda lappakonitin ishlab chigarish uchun Delphinium
naviculare var. lasiocarpum o‘simligi xomashyosi bilan ta’minlashni kafolatlab
Xitoyning Shinjon va Sinxay viloyatlarida madaniylashtirish bo‘yicha tadqiqot
ishlarini  boshlagan (Xitoy Xalg Respublikasi Shinjon Shafei Ya Biological
Technology Co., Ltd ma’lumotnomasil5.05.2025y). Natijada o‘simlik diterpenoid
alkaloidlari asosida samarali dori vositasi islab chigarish uchun xomashyo bilan
ta’minlash kafolatlangan;

Allapinin  substansiyasininig farmakologik faol qo‘shimchasi (FFQ) sifatini
nazorat qilish uchun O°‘simlik moddalari kimyosi institutining GMP korxonasida
tozalik standartlari sifatida ajratilgan to‘rtta birikmadan foydalanilgan (O‘simlik
moddalari kimyosi institutining 23.06.2025y., 01-02/499-son malumotnomasi).
Natijada Allapinin substansiyasini ishlab chigarish sifatini nazorat gilish tizimini
yaxshilash, me’yoriy hujjatlarga muvofigligini ta’minlash va klinik sharoitlarda
qo‘llashni kengaytirish imkonini bergan.

Tadqgigot natijalarining aprobatsiyasi. Mazkur tadgiqot ishi natijalari 7 ta,
jumladan 4 ta halgaro va 3 ta Respublika ilmiy-amaliy anjumanlarida ma’ruza
gilingan va muhokamadan o‘tkazilgan.

Tadgiqot natijalarining e’lon gilinganligi. Dissertatsiya mavzusi bo‘yicha 24
ta ilmiy ish chop etilgan, shulardan, Ozbekiston Respublikasi Oliy ta’lim, fan va
innovatsiyalar vazirligi huzuridagi OAK ning kimyo fanlari doktori (DSc)
dissertatsiyalarining asosiy ilmiy natijalarini chop etishga tavsiya etilgan ilmiy
nashrlarida 14 ta maqgola xalgaro jurnallarda nashr etilgan va 3 ta Xitoy Xalq
Respublikasi patenti olingan.

Dissertatsiyaning tuzilishi va hajmi. Dissertatsiya tarkibi kirish, uchta bob,
xulosalar, foydalanilgan adabiyotlar ro‘yxati va ilovalardan iborat. Dissertatsiyaning
hajmi 229 betni tashkil etadi.
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DISSERTATSIYANING ASOSIY MAZMUNI

Kirish gismida dissertatsiya mavzusining dolzarbligi va zaruriyligi asoslangan,
maqgsad va vazifalar, tadqiqot ob’ektlari va predmetlari ifodalangan, tadgiqotning
Xitoy va Oc<zbekiston fan va texnologiyalarni rivojlantirishning ustuvor
yo‘nalishlariga mosligi ko‘rsatilgan, tadqiqotning ilmiy yangiligi va amaliy natijalari
bayon qilingan, olingan natijalarning ishonchliligi asoslangan, nazariy va amaliy
ahamiyati ochib berilgan, tadgigot natijalarining amaliyotga joriy etish istigbollari
bo‘yicha xulosa qilingan hamda chop etilgan patentlar va maqolalar va
dissertatsiyaning tuzilishi bo‘yicha ma’lumotlar keltirilgan.

Dissertatsiyaning “Aconitum va Delphinium turkum o‘simliklari diterpen
alkaloidlari sharhi” deb nomlangan birinchi bobida adabiyotlar tahlili keltirilgan.
Diterpenoid alkaloidlarning klassifikatsiyasi, tuzilish xususiyatlari, biologik faollik
xususiyatlari, struktura-faollik munosabatlari va amaliy qo‘llash imkoniyatlari hagida
so‘z yuritilgan. Shuningdek, O‘zbekiston va Xitoyning Shinjon viloyatida
yetishtiriladigan ~ Aconitum va  Delphinium  turkumlari ham  o‘rganilib,
umumlashtirilgan.

Dissertatsiyaning “Markaziy Osiyoda o‘sadigan Aconitum va Delphinium
turkumlaridan kimyoviy birikmalarni ajratib olish, tozalash va biofaolligini
tekshirish jarayonlari (Materiallar va usullar)” deb nomlangan ikkinchi bobida
umumiy tajribaviy amaliyotlar, jumladan Aconitum barbatum var. puberulum,
Aconitum smirnovii, Aconitum sinchiangense, Delphinium pseudoaemulans,
Delphinium naviculare var. lasiocarpum, Delphinium aemulans va Delphinium
iliense o‘simliklaridan kimyoviy birikmalarni ajratib olish, tozalash va biologik
faolligini sinovdan o‘tkazish jarayonlari; Delphinium naviculare var. lasiocarpum
dagi lappokonitin migdorini aniglash; shuningdek, Allapinin substansiyasidan notoza
qo‘shimchalarni ajratish va tozalash keltirilgan. Mazkur tadgigqotda texnologik
(erituvchili ekstraksiya, decompression konsentrlash, xromatografik ajratish, spekt
tahlillari), xromatografik (silika gel, sefadeks LH-20 va ODS kolonkali
xromatografiya, Flesh, YuQX, YuSSC) usullardan foydalanilgan.

Dissertatsiyaning “Natijalar va ularning muhokamasi (dissertatsiyaning
asosity mazmuni)” deb nomlangan uchinchi bobida Aconitum barbatum var.
puberulum,  Aconitum  smirnovii,  Aconitum  sinchiangense,  Delphinium
pseudoaemulans, Delphinium naviculare var. lasiocarpum, Delphinium aemulans va
Delphinium iliense ofsimliklaridan kimyoviy birikmalarni ajratish, tozalash va
biologik sinovlardan o‘tkazishda olingan natijalar muhokama qilingan; Delphinium
naviculare var. lasiocarpum tarkibidagi lappakonitin migdorini aniglash; shuningdek,
Allapinin substansiyasidan qo‘shimchalarni ajratish va tozalash ishlari olib borilgan.
Mazkur tadgiqotda fizik-kimyoviy va spektral tahlil (UB, 1Q, Optik burilish, ESI-MS,
1D va 2D YaMR, eksperimental va hisoblash ESD) usullari qo‘llanilgan. Antiaritmik
faollikni aniglash uchun akonitin tomonidan qo‘zg‘atilib behush qilingan
sichgonlarning aritmiya modeli ishlatilgan; analgetik faollikni sinash uchun sirka
kislota bilan qo‘zg‘atadigan sichqonlarning burishishining in vivo modeli ishlatilgan;
hEGR va CaV3.1 kanallari ion kanallarini ingibirlash faolligi uchun ishlatilgan; 3-
(4,5-dimetiltiazol-2-il)2,5-difeniltetrazoliy bromid (MTT) usuli o‘smaga qarshi
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faollikni (sitotoksiklikni) tekshirish uchun, mikroblarga garshi faollikni aniglash
uchun agar quduq diffuziya usuli qo‘llanilgan.

Aconitum barbatum var. puberulum tarkibidagi kimyoviy birikmalar
tadgiqoti. Markaziy Osiyo o‘simlik manbalaridan noyob tuzilish va kuchli
biofaollikka ega birikmalarni topish bo‘yicha uzluksiz tadgiqotlar doirasida O‘rta
Osiyodan to‘plangan A. barbatum var. puberulum o‘simligini fitokimyoviy tekshirish
o‘tkazildi. Natijada ilgari adabiyotlarda ma’lum bo‘lmagan ettita diterpenoid
alkaloidlari: barpuberudin (AB-1), barpubezinlar A-D (AB-2~AB-5), barpubeninlar
A-B (AB-6~AB-7), va 37ta ma’lum birikmalar, 15-Ketotetrogidroatizin (AB-8),
leukoztomin A (AB-9), N-atcetilsepakonitin (AB-10), N-deatcetillappakonitin (AB-
11), sepakonitin (AB-12), akoseptisin (AB-13), lappakonidin (AB-14), trabzonin
(AB-15), lappakonitin (AB-16), puberulin C (AB-17), leukostin (AB-18), leukonin
(AB-19), sepakonitin aminospirti (AB-20), lappakonin (AB-21), akozanin (AB-22),
akoseptrin (AB-23), 6-degidroakozanin (AB-24), antranoillikoktonin (AB-25), O-
metilarmepavin (AB-26),
(S)-6-Metoksi1 {4 -metoksibenzil)2-metil4,2,3,4tetragidroizoxinolin+-el (AB-27),
(+)-(1R,laR)-la-gidroksimagnokurarin (AB-28), (6R,6aS,P)-(+)-koridin (AB-29), (+)-
N-metillaurotetanin  (AB-30), magnoflorin (AB-31), 3-gidroksi-1,2-dimetoksi-5-
metil-5H-dibenzoindol-4-on (AB-32), imperialin (AB-33), krispin B (AB-34), (S)-1-
(3-Metoksifenil)-N-metilpropan-2-amin (AB-35), metil 2-(atsetamino)benzoat (AB-
36), 2-karboksioksanilin kislotasi metil efiri (AB-37), 4-[2-(metoksikarbonil) anilin]-
4-oksobutan kislota metil efiri (AB-38), N-metilkoridaldin (AB-39), N-metil-6,7-
dimetoksiizoginolon (AB-40), (5S,6R,7S,8R)-5-amino-(2Z,4Z)-1,2,3-trigubuta-2,4-
dieniloksi-pentan-6,7,8,9-tetraol  (AB-41), nicotinic acid (AB-42), S(+)-
dehydrovomifoliol (AB-43) va megastigman (AB-44), va 19ta ma’lum diterpenoid
alkaloidlar ajratildi. Ularning tuzilishi (1-rasm) keng gamrovli spektroskopik HR-
ESIMS va 1D va 2D NMR ma’lumotlar tahlili asosida aniglandi, shu jumladan (2-
rasm va 3-rasm).
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1-Rasm. Aconitum barbatum var. puberulum o‘simligidan ajratilgan AB-1~AB-44 birikmalar
tuzilishi

Barpuberudin (AB-1) yangi turdagi Cy-diterpenoid alkaloidi uglerod skeletiga
ega bo‘lsa, A-B barpubeninlar (AB-6 ~ AB-7) esa gayta guruhlangan C,g-diterpenoid
alkaloidlarilarning  birinchi  namunasi  hisoblanadi. Barpuberudin va A-B
barpubeninlar biogenezining ehtimoliy yo‘li muhokama qilindi (4-rasm va 5-rasm).
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3-Rasm. AB-1, AB-2, AB-5 va AB-6 birikmalarining NOESY korrelyatsiyalari
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5-Rasm. Barpubeninlar A-B (AB-6~AB-7) biosintezining taxminiy yo‘li
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N-atsetilsepakonitin (AB-10) va N-deatsetillappakonitin (AB-11) akonitin bilan
qo‘zg‘atilgan aritmiya sichqoncha modelida 8 mg/kg dozada sezilarli antiaritmik
faollik ko‘rsatdi (1-jadval). Sepakonitininning (AB-12) ma’lum antiaritmik faolligi
bor bo‘lsa-da, N-detasetillappakonitin (AB-11) dan sezilarli darajada zaif.
Barpubenin B (AB-7), leukostomin A (AB-9) va trabzonin (AB-15) birikmalarini
potensial antiaritmik birikmalar deb hisoblash mumkin emas. Ushbu tadgiqot
adabiyotda keltirilgan antiaritmik tuzilishi - faollik munosabatini tasdigladi: eng
faollari Cig-diterpenoid alkaloidlari, masalan, lappakonitin. Ushbu birikmalarning
umumiy xususiyati C-4 da atsetilantranil yoki antranil kislota fragmentining
mavjudligi; C-1, C-14 va C-16 da metoksil guruhlari; va C-8 da gidroksi guruhi.
Farglar C-7, C-9 va C-10 da qo‘shimcha gidroksi guruhlari mavjudligidan iborat. C-6,
C-7 va C-10 da gidroksi guruhlari, C-6 da metoksil guruhi va C-6 da atsetil guruhini
kiritish orqali molekulaning keyingi o‘zgarishlari antiaritmik ta’sir darajasini sezilarli
darajada kamaytiradi. Ko‘p ionli kanallarning ingibitorlari bo‘lgan diterpenoid
alkaloidlar sababli ushbu funksional guruhlarning faollikka bevosita ta’sirini to‘liq
aniglash oson emas.

1-Jadval. AB-7, AB-9~AB-12, AB-15 and AB-16 birikmalarining antiaritmik

faolligi
EKG o°zgarishi uchun akonitin dozasi (1g/kg) Akpnitinning .
Namuna ? o‘lim dozasi
VP VT VFL VFib (ug/kg)
Model guruhi 47.1049.86 90.55 £12.25 120.83 +28.58 227.34 £44.52 287.82 £46.77
AB-16

Lappakonitin

AB-7
Barpubenin B

AB-9
Leukostomin A

AB-10
N-atcetilsepakonitin
AB-11
N-
deatcetillappakonitin
AB-12
Sepakonitin

AB-15
Trabzonin

68.89 +11.35%*

44.79 £9.66

48.15 +4.20

93.57 +16.71**

89.59 +11.40**

58.74 +£18.21

45.73 £12.17

152.70 +21.39**

134.10 +£6.74**

140.27 £20.59**

146.63 +£25.27**

183.47 £26.57**

93.21 +£17.43

132.65 +23.36*

239.98 +39.69**

204.79 £12.21**

228.04 £38.83**

242.86 +60.24**

272.49 +49.97**

208.43 £26.31**

22297 £27.71**

346.11 £53.51**

261.89 £25.42

305.99 +46.80*

318.66 +26.04**

331.26 £35.92**

295.93 £65.47

315.05 +£41.32*

395.82 +£44.96**

325.91 +23.56

328.12 +£23.33

371.29 £42.11*

403.08 +46.63**

339.84 +£54.54

364.22 +40.93

3 Birikmalar 8 mg/kg dozada qo‘llanilgan, qo‘llash usuli 0.4 ml/20g qorin bo‘shlig‘iga yuborish. ® ** P<0.01, * P<0.05, namuna
guruhlari model guruhi bilan solishtirildi.

AB-30 birikmasi ICs, giymati 13.69 uM bo‘lgan HelLa hujayra liniyalariga
nisbatan kuchli sitotoksiklikni ko‘rsatdi, AB-26 va AB-31 birikmalari esa S. aureusga
garshi kuchli ingibirlovchi faollik ko‘rsatdi. AB-41 birikmasi E. coli va AB-1, AB-7,
AB-13, AB-25, AB-27, AB-29, AB-37, AB-38, va AB-41 birikmalari S. aureusga
qarshi o‘rtacha ingibirlovchi faollik ko‘rsatdi.

Aconitum smirnovii o’simligining kKimyoviy birikmalari. Ikkita yangi Cy,-
diterpenoid alkaloidlari, smirnotin A (AS-1) va smirnotin B (AS-2), shu bilan birga
21 ta ma’lum alkaloid, 14a-benzoiloksi-N-etil-15a-gidroksi-la,6a,84,16/,18-
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tametoksiakonitan formiat (AS-3), pendulin formiat (AS-4), 12-atsetil-12-epi-
napellin  (AS-5), gomoxasmanin (AS-6), ezoxasmanin (AS-7), neolin (AS-
8), bullatin C (14-atsetilneolin; AS-9), vilmorizin (AS-10), senbuzin A (AS-11),
12-epi-napellin  (AS-12), 15-atsetilzongorin ~ (AS-13), zongorin  (AS-14),
akonikarmixiniy A (AS-15), benzoilakonin (AS-16), 14-benzoil-8-O-metilakonin
(AS-17), zongoramin (AS-18), akonitin (AS-19), 15a-gidroksineolin (AS-20), 12-
epi-degidronapellin (AS-21), N-metillaurotetanin (AS-22) va retikulin (AS-23), Xitoy
X.R.ning Shinjon-Uyg‘ur muxtor viloyati Oltoy prefekturasining Qinghe shahridan
to‘plangan A. smirnovii ning yer ustki gismidan ajratildi. Ularning tuzilishi (6-rasm)
spektroskopik (HR-ESI-MS, 1D va 2D NMR) tahlillar yordamida va adabiyot
ma’lumotlari bilan solishtirish orgali aniqlandi. AS-1 ning absolyut konfiguratsiyasi
esa ESD qvant hisoblashlar asosida 1S, 3R, 4R, 5S, 6R, 7R, 8R, 9R, 10R, 11S, 13R,
14R, 16S, va 17R sifatida o‘rnatildi tasdiglandi (7-rasm). Yuqorida keltirilgan barcha
birikmalar mazkur o‘simlikdan birinchi marta ajratilgan.

OCH;

AS-2:R; = OH, Ry = OCH, AS-3:Ry=H, R,=0CH;R;=H AS-5: Ry=p OAc, R, =OH

AS-6:Ry= H, R,=0CH; AS-4:R;=H, R,=0Ac, Ry=H AS-12:R; =  OH, R2=0H

AS-7:Ry= OH, R, = OH AS-16: R;=OH,R,=0H, Ry=OH AxRi=0, Rp=Oo
ASH AS-17: Ry = OH, R, = OCHj, Ry = OH R

AS-19:R;=0H,R,=0Ac, R3=0OH

OCH; OH H4CO HoCO.
O N
H,CO ‘ N o O AN
HO.

H4CO

"Imoac

AS-8: R;=0H,R;=0CH; Ry=0H, Ry=H o

AS-9: R;=OH, R, = OCHj, Ry = OAc, Ry = H

AS-18:R=0
AS-21:R=B OH AS-10 AS-15 AS-22 AS-23

AS-11: R;=OH,R,=OH, R;=OH, R,=H
AS-20: R; = OH, Ry = OCH;, Ry = OH, R;=OH

6-Rasm. Aconitum smirnovii dan ajratilgan birikmalar tuzilishi
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7-Rasm. AS-1 ning eksperimental va hisoblangan ESD spektri

Smirnotin A (AS-1) noyob diterpenoid alkaloid bo‘lib, ikkita benzoil guruhi
saqlaydi va antiaritmik ta’sir ko‘rsatdi (2-jadval). Bu diterpenoid alkaloidlarning
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antiaritmik tuzilishi va faolligi orasidagi bog‘liglikni tasdigladi, ya’ni C;g yoki Cig-
diterpenoid alkaloidining ikkita aromatik murakkab efiri bitta efir yoki efir guruhi
bo‘lmagan alkaloidga nisbatan yuqori faollik namoyon qiladi. Ammo shuni gayd
etish lozimki, aromatik murakkab efir guruhining ortishi ularning zaharliligini
oshirishi mumkin.

AS-1 ~ AS-5 uchun A549 va Hel a saraton hujayralari gatoriga nisbatan sezilarli
sitotoksiklik kuzatilmadi. Ushbu ma’lumotlar diterpenoid alkaloidlarning tuzilishi-
faollik munosabatlarini yanada aniqlashtirish uchun foydali bo‘ladi.

2-Jadval. AS-1 ning EKG o°zgarishi va sichqonlarda o‘lim uchun akonitin dozasiga

ta’siri (X xS, N = 6)

Doza EKG o‘zgarish uchun Akonitin dozasi (1g/kg) Akpnitinning -
Guruhlar  o/kg) Venwikulyar  Ventrikulyar  Ventrikulyar Qorincha o'lim — dozasi
etatugiilish  taxikardiya  chaygalish fibrilatsiyasi  “9/k9)
Nazorat 471499 90.6 x12.3 120.8 +28.6 227.3 +445 287.8 +46.8
AS.1 8 469 +£10.7 1285#253* 2343 +355** 321.8+51.2 396.1 +60.3

16 462 +11.0 146.3+43.1 265.8 £57.2**  362.9 £96.1* 413.6 495.9*
Eslatma: ** P < 0.01, * P < 0.05, test guruhi va nazorat guruhi o‘rtasidagi taqqoslash.

Aconitum sinchiangense ning kimyoviy tarkibi. Yangi C,,-diterpenoid
alkaloidi, sinxianin (ASW-1), sakkizta ma’lum diterpenoid alkaloidlar, uchta ma’lum
Cyo-diterpenoid alkaloidlar, 12-atsetil-12-epi-napellin (ASW-2), 12-epi-napellin
(ASW-3) va zongorin (ASW-8), va beshta ma’lum C,qg-diterpenoid alkaloidlar, neolin
(ASW-4), talatizamin (ASW-5), 14-O-atseilzenbuzin A (ASW-6), benzoilakonin
(ASW-7) va akonitin (ASW-9), Xitoy X.R.ning Shinjon, Yili viloyatining Gongliu
shahridan yig'ilgan A. sinchiangense o‘simligidan ajratildi. Ularning tuzilishi (8-rasm)
spektoskopik (HR-ESI-MS, 1D NMR va 2D NMR) tahllillar yordamida va adabiyot
ma’lumotlari bilan solishtirish orqali aniqlandi. ASW-1 - 16,17-epoksi guruhiga ega
bo‘lgan noyob denudatin tipidagi C,o-diterpenoid alkaloid hisoblanadi. ASW-2 ~
ASW-7 birikmalari ushbu o‘simlikdan birinchi marta ajratilgan.

ASW-1 R=O0OH ASW-2 R =0Ac ASW-4 R;=0H R,=0CH; R3;=OH ASW-7 R=OH
ASW-1a R=H ASW-3 R=O0OH ASW-5 R;=0CH; R,=H R; =OH ASW-9 R =0Ac
ASW-8 R=0 ASW-6 R;=OH R,=0OH R3=O0Ac

8-Rasm. ASW1~ASW9 birikmalar tuzilishi

Delphinium pseudosemulans ning kimyoviy tarkibini o‘rganish. Sakkizta
ilgari tavsiflanmagan likoktonin turi Cio-diterpenoid alkaloidlari, pseudofninlar A—D
(DP1-DP4), pseudoreninlar A—B (DP5a, DP5b), pseudonidinlar A-B (DP6-DP7),
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va o‘n bitta ma’um likoktonin tipidagi Cjo-diterpenoid alkaloidlari, tianshanizin E
(DP8), sharvufinin B (DP9), potanizin A (DP10), likoktonin (DP11), delbrulin
(DP12), izondelfelin (DP13), delavainlar A—B (DP14a, DP14b), shavureninlar A—B
(DP15a, DP15b), kampilotin (DP16), va uchta ma’lum boshqga birikmalar, metil 2-
(4-metoksi-2-metil-4-oksobutanamid)benzoat (DP17), metil 2-(4-metoksi-3-metil-4-
oksobutanamid)benzoat (DP18) va geptan kislota (DP19) Xitoy X.R Shinjon Uyg‘ur
muxtor viloyatiga xos endemik tur D. pseudosemulans o‘simligidan ajratildi.
Ularning tuzilishi (9-rasm) spektoskopik (HR-ESI-MS, 1D NMR va 2D NMR)
tahllillar yordamida va adabiyot ma’lumotlari bilan solishtirish orqali aniqlandi. DP-1
~ DP-5 kamdan-kam uchraydigan Cig-diterpenoid alkaloidlari bo‘lib, iminiy spirtiga
ega. DP5 (DP5a va DP5b), DP14 (DP14a va DP14b) va DP15 (DP15a va DP15b)
birikmalari Delphiniumda keng targalgan uch juft regioizomerik Cyq-diterpenoid
alkaloidlardir. Tekshirilgan barcha birikmalar sitotoksiklik ko‘rsatmadi. Adabiyot
ma’lumotlari bilan birgalikda, Cjo-diterpenoid alkaloidlarida likoktonin tipidagi
birikmalarning sitotoksik faolligi akonitin turiga garaganda zaifrog degan xulosaga
kelish mumkin.

DPSa* R=NHCOCHCH,JCH,COOCH, DP14a ReNHCOCH(CH, CH,CO0CH DP15a RaNHCOCH|CH, CH,CO0CH
DP3b* ReNHCOCH,CHICH,)COOCH DP14b R=aNHCOCH,CH|CH, )COCCH DP15b R=NHCOCH CHICH, COOCH

9-Rasm. DP1~DP19 birikmalar tuzilishi
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Delphinium naviculare var. lasiocarpum ning kimyoviy birikmalarining
tadgiqoti. Uchta yangi diterpenoid alkaloidi, navikonin, navikulin va navikonitin
(DN1-DN3), 15ta ma’lum diterpenoid alkaloid bilan birga, likoktonin (DN4), 8-O-
Metil likoktonin (DNS5), lappakonitin (DN6), N-deatsetillappakonitin (DN7), N-
deetillappakonitin  (DN8), izolappakonitin (DN9), sinomontanin F (DN10),
sinomontanin A (DN11), lappakonin (DN12), ranakonin (DN13), trabzonin (DN14),
potanizin A (DN15), N-atsetilsepakonitin (DN16) va pseudoreninlar A-B (DN17a va
DN17b), 3ta benzil izoquinolin alkaloidlar, izoquinoliniy (DN20), 1,2,3,4-tetragidro-
6-metoksi-1-[(4-metoksifenil)metil]-2-metil-7-izoquinolinol/7-isoquinolinol  (DN21)
va 2-metoksi-5-[(1,2,3,4-tetragidro-6,7-dimetoksi-2-metil-1-izoquinolinil)metil]-1,3-
benzoldiol (DN25), 4 ta boshga alkaloid, benzoy Kkislota 2-[(4-metoksi-1,4-
dioksobutil)amino]-meti  efiri (DN18), 2-atsetamidobenzoy kislota (DN19),
giemalin/furo[3,2-g]quinolin-7(8H)-on,9-[(3-metil-2-buten-1-il)oksi] (DN22) va
metil 2-formil-1,2,3,4-tetragidroizoquinolin-3-karboksilat (DN27), shuningdek, 3ta
boshga birikma, 8-izopenteniloksipsoralen (DN23), 7-metoksi-8-izopentenilkumarin
(DN24) va 2H-1-benzopiran-2-on,3-(atsetiloksi)-3,4-digidro-,(3R) (DN26) D.
naviculare var. lasiocarpum W. T. Wang o‘simligidan ajratildi. Ularning tuzilishi
(10-rasm) spektoskopik (HR-ESI-MS, 1D NMR va 2D NMR) tahllillar yordamida va
adabiyot ma’lumotlari bilan solishtirish orqali aniglandi.

Ajratib olingan diterpenoid alkaloidlar jami 3ta skelet va 5 ta subskelet turini,
shu jumladan, 7ta lappakonitin tipidagi Cig-diterpenoid alkaloidini, 3ta ranakonitin
tipidagi C,g-diterpenoid alkaloidini, 1ta akonitin tipidagi C,e-diterpenoid alkaloidini,
6ta likoktonin tipidagi C,o-diterpenoid alkaloid va 1ta getidin tipidagi C,o-diterpenoid
alkaloidini 0z ichiga oladi.

Ajratilgan birikmalarning in vitro o‘smaga sitotoksikligi MTT usuli bilan
tekshirildi. Natijalar shuni ko‘rsatdiki, bu birikmalar inson yo‘g‘on ichak saratoni
HT-29 hujayrasi, ko‘krak saratoni MDA-MB-231 hujayrasi va inson bachadon bo‘yni
saratoni HelLa hujayralarini ingibirlovchi faollikka ega emas. Antibakterial faollik
skrining natijalari shuni ko‘rsatdiki, fagat DN24 birikmasi Staphylococcus aureusga
garshi kuchsiz antibakterial faollik namoyon qildi. Qolgan birikmalar Candida
albicans, Escherich coli va Staphylococcus aureusga garshi antibakterial faollikni
ko‘rsatmadi.

D. naviculare var. lasiocarpum tarkibidagi lappakonitin (DN6) miqgdori YuSSC
usulida aniglandi. Natijalar D. naviculare var. lasiocarpum o‘simligidagi
lappakonitin miqgdori 0.25% ekanligini ko‘rsatdi. Diterpenoid alkaloid birikmalar
vakili sifatida lappakonitin asosan Aconitum turlarida, jumladan, Aconitum
sinomontanum da uchraydi va Delphinium turlarida juda kam uchraydi. Olingan
natija D. naviculare var lasiocarpum lappakonitininning yangi zahira manbai sifatida
ishlatilishi uchun nazariy asos yaratadi.
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10-Rasm. DN1-DP27 birikmalar tuzilishi

Delphinium aemulans kimyoviy birikmalarining tadqigoti. Bitta yangi tabiiy
tarqalgan likoktonin tipidagi Cio-diterpenoid alkaloid aemulansin (DA-1), 15ta
ma’um Cyg-diterpenoid alkaloidi, delsolin (DA-2), delavain A (DA-3), delavain B
(DA-4), metillikakonitin (DA-5), delkozin (DA-6), shavurenzin (DA-7), likoktonin
(DA-8), antranoillikoktonin (DA-9), delfatin (DA-10), ajadin (DA-11), N-
deetildelfatin (DA-12), gigaktonin (DA-13), deltatsin (DA-14), delkorin (DA-15),
deltalin (DA-16), 9ta boshqa birikma, (—)-pallidin (DA-17), armepavin (DA-18), (+)-
N-Metillaurotetanin  (DA-19), 4-[2-(metoksikarbonil)anilino]-3-metil-4-ooksbutan
kislota (DA-20), 4-[2-metoksikarbonilanilino]-2-metil-4-oksobutan kislota (DA-21),
4-[2-(metoksikarbonil)anilino]-2-metil-4-oksobutan kislota metil efiri (DA-22), 4-[2-
(metoksikarbonil)anilino]-3-metil-4-oksobutan kislota metil efiri (DA-23), 4-[2-
(metoksikarbonil)anilino]-4-oksobutan kislota metil efiri (DA-24) va euscaphin B
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(DA-25) bilan birga D. aemulans o‘simligidan ajratildi. Ularning tuzilishi (11-rasm)
spektoskopik (HR-ESI-MS, 1D NMR va 2D NMR) tahllillar yordamida va adabiyot
ma’lumotlari bilan solishtirish orgali aniglandi.

Ajratilgan birikmalarning in vitro saratonga qgarshi sitotoksikligi MTT usulida
tekshirildi. DA-19 1Csy giymatlari 13.69 uM bo‘lgan Hela hujayralariga nisbatan
o‘rtacha sitotoksiklik ko‘rsatdi. Diterpenoid alkaloidlarning hech biri sezilarli
sitotoksiklik namoyon gilmadi. Ajratilgan birikmalarning mikroblarga garshi faolligi
agar qudug‘ini diffuziya qilish usuli bilan tekshirildi. Natijalar shuni ko‘rsatdiki,
fagat DA-19 birikmasi S. aureusga garshi zaif ingibitor faollik namoyon giladi.

DA-2 OH OMe OMe
DA-6 OH OH OMe
DA-8 OMe OMe OH
DA-10 OMe OMe OMe
DA-13 OH OMe OH

OCH
]zJCHs

R

1 DA-3 NH-CO-CH(CH;)-CH,-COOCH,8

DA-4 NH-CO-CH,-CH(CH;)-COOCH;

OH  DA-7 NH-CO-CH(CH;)-CH,-COOH
DA-9 NH,

DA-15R,=H, R,=0CH; R;=OH

DA-16 R, = OH, R, = H, Ry = OAc
N

Rs

HyCOs_OCH;
H R
N 2
0
07 “OR;

DA-20R,=H, R,=H, Ry=CHs
DA-21R;=H, R,=CH; Ry=H
DA-22 R, =CH3, R,=CH;, Ry=H
DA-23R,=CHs R,=H, Ry=CH,
DA-17 DA-18 DA-19 DA-24R;=CH;, Ry =H, R3=H

11-Rasm. Delphinium aemulans dan ajratilgan DA-1~DA-25 birikmalarning kimyoviy tuzilishi

Delphinium iliense kimyoviy birikmalarining tadqiqoti. To‘rtta yangi
likoktonin tipidagi C,o-diterpenoid alkaloid, sinxianidinlar A-D (DI1-1~Dl-4), va 21ta
ma’lum Cye-diterpenoid alkaloid, delkorin (DI-5), 6-degidrodelkorin (DI-6),
antranoillikoktonin (DI1-7), delsolin (DI-8), likoktonin (DI-9), delkoridin (DI-10),
delbrunin (DI1-11), N-atsetilsepakonitin (DI-12), blaknidin (DI-13), majuzin A (DI-
14), izodelektin (DI-15), delavain A (DI-16), delavain B (DI-17), shavurenin A (DI-
18), shavurenin B (DI-19), delbruninol (DI-20), delektin (DI-21), andersonidin (DI-
22), delbrulin (DI1-23), 7,8-Metilenedioksidelkolin (DI1-24), va ilidin (DI-25) D.
iliense Huth o‘simligidan ajratildi va identifikatsiya qilindi.

Ularning tuzilishi (12-rasm) HR-ESI-MS, 1D NMR va 2D NMR spektoskopik
tahllillar yordamida o‘rnatilgan bo‘lsa, sinxianidin A (DI-1) va sinxianidin C (DI-3)
larning absolyut konfiguratsiyasi eksperimental elektron sirkulyar dixroizm (ESD)
spektrlarini tagqoslash orgali aniglandi.
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DI-5 Ry = OMe, Ry = OH, R;=OMe
DI-6 R;=0OMe, R,=0, R3=OMe
DI-10 R; = OMe, R, = OH, Rj=OH
DI-11 Ry = OH, R,=OMe, Ry = OH

DI-1 R = OMe DI-3 Ry = OMe, R, = OH
DI-2R = OH DI-4 R, = OH, R, = OMe

DI-8 R, = OH, R,=OMe
DI-9 R; = OMe, R, = OH

DI-20R, =R, =R;=OH

DI-23 R, =R, OMe¢; R; = OH
DI-24 R, = OH; R, = R; = OMe
DI-25 R, = OMg; R, = O; Ry = OH

DI-14 R, = R, = OH; R, = NHCOCHj

DI-15 R, = OH; R, = NHy; Ry = OMe

DI-15 R, = R; = OMe; R, = NHCOCH(CH,)CH,COOCH;
DI-17 R, = Ry = OMe; R, = NHCOCH,CH(CH;)COOCH;
DI-21 R, = OMg; R, = NH,; R; = OH

DI-22 R, = OMeg; R, = NH,; R; = OAc

6 U\ R | N U (.
% DI-18 R = NHCOCH(CH;)CH,COOCH;
* DI-19 R = NHCOCH,CH(CH;)COOCH;

"o 3" [ " "

12-Rasm. DI-1~DI-25 birikmalar tuzilishi
Sinxianidinlar C-D (DI-3 va DI-4) sirka kislotasi qo‘zg‘atgan sichqonlar
burishishining in vivo modeli orqali ularning analgetik faolligi sinovdan o‘tkazildi.
Natijalar shuni ko‘rsatdiki, zaharli bo‘lmagan 5 mg/kg dozada ikkita birikma mos
ravishda 78.16% va 72.54% ingibirlash bilan sezilarli analgetik ta’sir ko‘rsatdi.
Bundan tashqari, DI-3 birikmasi 55.91% ingibirlash bilan 1 mg/kg zaharli bo‘lmagan
dozada gayta sinovdan o‘tkazildi (3-jadval).

3-Jadval. DI-3 va DI-4 sinov birikmalarining burishishni ingibirlovchi ta’siri

Guruh Doza (mg/kg)  Burishishlar soni Burishishning
ingibirlanishi (%)

Nazorat 0 60.10 *3.57 0

lappakonitin 5 8.37 £1.25 86.06

DI-3 (yuqgori-doza guruhi) 5 13.12 +1.99 78.16

DI-3 (past-doza guruhi) 1 26.5 +4.38 55.91

DI-4 (yugori-doza guruhi) 5 16.50 £1.99 72.54

2010 yilda Fengpeng Wang Cis- va Cio-diterpenoid alkaloidlari o‘rtasidagi
analgetik tuzilish-faollik munosabatlarini o’rganishi natijasida A halqasida N-etil
o‘rinbosari uchlamchi amin, C-14 yoki C-4 da aromatik efir [OBz yoki 4-
metoksibenzoil esteri (OAs)] va D halganing to‘yinganligi Cyg- va Cie-diterpenoid
alkaloidlarining analgetik faolligining namoyon bo‘lishi uchun zarur ekanligini
aniqladi. Qizig‘i shundaki, sinxianidinlar C-D (DI-3 va DI-4) N-etil o‘rinbosarli
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uchlamchi amin va aromatik efirga ega emas, lekin yaxshi analgetik faollik
potensialini namoyish etadi. Biz uning faolligi C,;e=O bilan bog‘liq bo‘lishi
mumkinligini taxmin gilamiz. Albatta, bu taxminni tasdiglash uchun keyingi tizimli
tadqgiqotlar talab gilinadi.

Yangi DI-1~DI-4 birikmalari hEGR va CaV3.1 kanallarida ion kanallarini
ingibirlovchi faolligiga tekshirildi. DI-1~DI-4 birikmalarning hEGR va CaV3.1
kanallariga ingibirlovchi ta’sirini ko‘rsatuvchi I/l giymatlari 4-jadval va 13-rasmda
keltirilgan. Afsuski, hech bir birikma sezilarli ingibitor faolligini namoyon gilmadi
(I/1o > musbat nazorat). Natijalar shuni ko‘rsatdiki, bu ikki birikma antiaritmik faollik
uchun potensialga ega emas. Ushbu natija antiaritmik faollik uchun Cy,-diterpenoid
alkaloidlarining tuzilishi-faollik munosabatlari hisobotini yana bir bor tasdigladi.

4-Jadval. D. iliense dan ajratilgan DI-1~DI-4 birikmalarining hEGR va CaV3.1
kanallarini ingibirlovchi ta’siri

hEGR Cavi.l
. I/1o(o‘rtacha + - I/1o(o‘rtacha +
Birikma SEM) n Birikma SEM) n
Digidroxlorid 0.007 +0.003 6 Uliksakaltamid ~ 0.1776 +0.01067 10
DI-1 0.947 +0.041 4 DI-1 0.9446 +0.06961 3
DI-2 0.889 +0.044 4 DI-2 1.1450 £0.09581 3
DI-3 0.926 £0.041 4 DI-3 0.9530 +0.02832 3
DI-4 0.918 £0.017 4 DI-4 1.0290 +0.05818 3
+50 mV
15s
Control
<
Q.‘
o (
o Compd. 2
<
-50 mV 1000ms x Washout
3s ps
-0 mV | -90 mV ] LTS
05s . 2s ‘ e

13-Rasm. Kuchlanish gisgichi parametrlarini o‘rnatish diagrammasi (chapda) va DI-1 ~ DI-
4 birikmalarining odatdagi grafigi hERG oqgimiga ingibirlovchi ta’siri (0‘ngda)

Allapinin substansiyasidan aralashmalarni ajratish va tozalash. Allapinin
substansiyasi tarkibida lappakonitin migdorining ko‘pligi qo‘shimchalarni ajratib
olishda qgiyinchiliklar tug‘diradi. Ushbu tadgigotda sanoat preparativ. YuSSX
texnologiyasi lappakonitinni ajratish uchun qo‘llanildi, so‘ngra Yyarim-preparativ
YuSSX texnologiyasi qo‘shimchalarni ajratish ucun qo‘llanildi. Natijada 6 ta
qo‘shimcha, sinomontanin B (LA-1), ranakonitin (LA-2), N-deatsetillappakonitin
(LA-5), 9-dezoksilappakonitin (LA-6), lappakonin (LA-9) va sepakonitin aminospirti
(AL-10) ajratib olindi va Allapinin substansiyasidan tozalandi. Ularning tuzilishi (14-
rasm) spektoskopik (HR-ESI-MS, 1D NMR va 2D NMR) tahllillar yordamida va
adabiyot ma’lumotlari bilan solishtirish orqali aniglandi. Ushbu tadgigqot natijalari
muhim amaliy ahamiyatga ega bo‘lgan Allapinin substansiyasining sifatini nazorat
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gilish uchun notozalik standartlarini tagqdim etdi.

OCH;

: S A T
N + 1N k \ ~ /\\
0 0
0 0
0 0
H/“\ H)‘\ )\

Sinomontanine B Ranaconitine N-Deacetyllappaconitine 9- Deoxylappacomtme Lappaconine Sepaconitine aminoalcohol:
(LA-1) (LA-2) (LA-5) (LA-6) (LA-9) (LA-10)

14-Rasm. LAL, LA2, LAS5, LAG6, LA9 va LA10 birikmalari tuzilishi

XULOSALAR

1. Markaziy Osiyoda o‘suvchi Aconitum va Delphinium turkumlarining yetti turi,
jumladan, A. barbatum var. puberulum, A. smirnovii, A. sinchiangense, D.
pseudoaemulans, D. naviculare var. lasiocarpum, D. aemulans va D. iliense bo‘yicha
kompleks fitokimyoviy tadqiqot o‘tkazilgan.

2. Jami 176 ta birikma, shu jumladan, 26 ta yangi va 107 ta ma’lum bo‘lgan
diterpenoid alkaloidlar, 43 ta boshga birikma ajratildi. Ularning tuzilishi HR-ESI-MS,
1D va 2D NMR spektroskopiyasi va adabiyot ma’lumotlari bilan taqqoslash orqali
aniglandi; yangi birikmalarning mutlaq konfiguratsiyasi kvant ECD hisoblashlari
bilan tasdiglangan.

3. Barpuberudin (AB-1), yangi uglerod skeletiga ega Cyo-diterpenoid alkaloidi
va yangi gayta guruhlangan Cyg-diterpen alkaloidlari barpubenin A va B lar (AB-6 va
AB-7) A. barbatum var. puberulum dan ajratildi. Ularning ishonchli biosintetik
yo‘llari taklif qilingan.

4. Delphinium naviculare var. lasiocarpum kimyoviy tarkibi tizimli ravishda
tadgiq etilgan va YuSSX yordamida o‘simlik tarkibida 0.25% lappakonitin borligi
aniglangan, bu ushbu turning fitokimyoviy ma’lumotlarini boyitadi va lappakonitin
ishlab chigarish uchun bargaror zaxira manbai sifatida potensial rivojlanishini
ta’minlaydi.

5. Allapinin substansiyasidan oltita qo‘shimcha ajratilgan va tozalangan, bu sifat
nazorati uchun mos havola standartlarini ta’minlaydi. Ushbu yutuq nafaqat klinikada
qo‘llaniladigan antiaritmik vositani ishlab chiqarish jarayonlarini standartlashtirishni
qo‘llab-quvvatlaydi, balki uning sifat xususiyatlarini yaxshilaydi va Allapininni
mahalliy va xalgaro farmatsevtika bozorlarida qo‘llash doirasini kengaytirishga
yordam beradi.

6. Bir gator monomer diterpenoid alkaloidlarning biologik faolliklari, jumladan,
antiaritmik, analgetik, sitotoksik, ion kanallarini ingibirlovchi va mikroblarga garshi
ta’sirlarga baholangan.

7. A. barbatum var. puberulum dan ajratilgan N-deatsetillappakonitin va N-
atsetilsepakonitin sezilarli antiaritmik faollikni, A. barbatum var. puberulum dan
ajratilgan sepakonitin va A. smirnovii dan ajratilgan smirnotin A o‘rtacha faollikni
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namoyon qildi, bu yurak-qon tomir preparatlari ishlab chigish uchun ularning
potensiali yuqoriligini ko 'rsatadi.

8. D. iliense dan ajratilgan sinchianidin C va D lar zagarli bo‘lmagan 5 mg/kg
dozada mos ravishda 78.16% va 72.54% burishishni ingibirlashi bilan istigbolli
og‘riq qoldiruvchi ta’sir ko‘rsatgan, bu og‘riq qoldiruvchi vositalar yaratish
imkoniyatlarini kengaytiradi.

9. Tanlangan diterpenoid alkaloidlarning in vitro sitotoksikligi A549, HCTS,
MCF7, HT-29, MDA-MB-231 va HelLa hujayra liniyalariga nisbatan baholangan.
Barcha birikmalar zaif sitotoksiklikni ko‘rsatgan (ICse > 50 uM), bu likoktonin
tipidagi alkaloidlar past sitotoksik potensialga ega degan xulosani tasdiglaydi.

10. Tanlangan birikmalarning mikroblarga garshi faolligi baholangan. Natijalar
selektiv, ammo cheklangan faollikni namoyon qilgan, bu mikroblarga qarshi
samaradorlikni oshirish uchun strukturani keyinchalik optimallashtirish zarurligini
ko‘rsatadi.

11. D. iliense dan ajratilgan sinchianidin A-D lar hEGR va CaV3.1 kanallarida
ion kanallarini ingibirlovchi faolligi uchun baholandi, ammo barcha birikmalar
sezilarli ingibirlovchi ta’sir ko‘rsatmadi (I/Io > ijobiy nazorat). Ushbu natija salbiy
bo‘lsa-da, diterpenoid alkaloidlardagi ion kanallari bilan bog‘liq biofaolliklarning
kelajakdagi skrining strategiyalari uchun gimmatli ma’lumot bazasini taqdim etadi va
struktura-faollik munosabatlari modellarini takomillashtirishda qo‘llash tavsiya
gilinadi.

12. Ushbu tadgiqot Markaziy Osiyoda Aconitum va Delphinium turlarini
bargaror rivojlantirish va ulardan foydalanishning ilmiy asoslarini beradi. Tuzilish
tahlili, biofaollikni baholash va amaliy qo‘llash integratsiyasi diterpenoid alkaloidlari
asosidagi innovatsion terapevtik vositalarning kelajakdagi rivojlanishi uchun
mustahkam poydevor yaratadi.
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INTRODUCTION (Abstract of DSc thesis)

Topicality and relevance of the theme of the thesis. In the global
pharmaceutical industry, new drugs derived from natural substances have
consistently held a significant position due to their comprehensive advantages.
Consequently, interest in physiologically active compounds obtained from plant
materials has been steadily increasing. Currently, numerous scientific studies are
underway to isolate specific compounds from plants, assess their biological activity,
determine their physicochemical properties, and explore their applications in
production.

Diterpenoid alkaloids, with their diverse structures, chemical multifunctionality,
high physiological activity, and potential for developing medicinal products, have
particularly captured the attention of chemists and pharmacologists.

The dried roots of certain species from the Aconitum and Delphinium genera,
found in Central Asia, are widely utilized in traditional Chinese medicine for their
antiarrhythmic, analgesic, and antitumor properties in treating various diseases.
Phytochemical studies of Delphinium species native to China have led to the isolation
of diterpenoid alkaloids, whose biological activities have been investigated, revealing
their anti-inflammatory, analgesic, antiarrhythmic, insecticidal, and antifeedant
properties.

Research conducted at the Institute of the Chemistry of Plant Substances,
Academy of Sciences of the Republic of Uzbekistan, revealed that the chemical
compositions of Aconitum barbatum var. puberulum and Delphinium iliense, found in
the Chinese flora, are distinct. Diterpenoid alkaloids such as N-acetylsepaconitine and
N-deacetyllappaconitine, isolated from Aconitum barbatum var. puberulum, exhibit
antiarrhythmic properties. Additionally, sinchianidines C and D, isolated from
Delphinium iliense, demonstrate analgesic effects. This research opens the possibility
for the development of import-substituting medications based on local raw materials,
providing the population with affordable, high-quality medicines.

This thesis research will to a certain extent serve the implementation of the tasks
set out in the Decree of the President of the Republic of Uzbekistan No. B3-55 dated
January 21, 2022 “On additional measures for the accelerated development of the
Pharmaceutical Industry of the Republic in 2022-2026”, Resolutions No. RP-3532
dated February 14, 2018 “On additional measures for the accelerated development of
the Pharmaceutical Industry”, Resolutions No. RP-4310 dated May 6, 2019 “On
measures for the further development of the system of Medical and Pharmaceutical
Education and Science”, as well as other regulatory legal acts related to this activity.

This thesis research is dedicated to addressing urgent tasks such as the search for
novel structural diterpenoid alkaloids from endemic Aconitum and Delphinium
speices of Central Asia, and the investigation of their antiarrhythmic, analgesic, and
antitumor effects within the framework of state programs of Uzbekistan and China.
These studies provide a scientific foundation for the further development of effective
and low-toxicity innovative drugs based on diterpenoid alkaloids, as well as for the
sustainable utilization and development of unique plant resources in Central Asia.
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They are of great significance in the discovery of new bioactive natural products
beneficial to human health.

Conformity of research to priority directions of development of science and
technologies in the Republic of Uzbekistan and China. This research aligns with
the priority areas of bilateral scientific and technological development between the
Republic of Uzbekistan and the People’s Republic of China. It corresponds to the
frameworks and strategic objectives defined in: The Memorandum of
Intergovernmental Agreements signed during the second session (July 17, 2014), the
third session (February 15, 2017), the fourth session (July 24, 2019) and the fifth
session (June 28, 2021) of the Science and Technology Cooperation Subcommittee
under the China—Uzbekistan Intergovernmental Cooperation Committee. Furthermore,
this research fully supports the goals set under the China—Uzbekistan Comprehensive
Strategic Partnership in the New Era, announced during recent high-level bilateral
meetings. This partnership emphasizes all-weather, all-dimensional cooperation in
areas such as innovation, biotechnology, traditional medicine, and green development,
thereby providing a strong policy foundation and mutual interest for collaborative
research in natural products and pharmaceutical discovery.

A review of international research on the topic of thesis. Scientific research
aimed at studying diterpenoid alkaloids has been conducted at leading scientific
centers and universities around the world, including: Institute for Natural Products
Research and Department of Chemistry, University of Georgia (USA); Department of
Chemistry of Medicinal Natural Products, West China of Pharmacy, Sichuan
University (China); the Acad. S.Yu.Yunusov Institute of the Chemistry of Plant
Substances, Academy of Sciences of the Republic of Uzbekistan (Uzbekistan);
Institue of Organic Chemistry, Ural Department of the Russian Academy of Sciences
(Russia); School of Pharmacy, Hokkaido Pharmaceutical University (Japan);
Kunming Istitute of Botany, Chinese Academy of Sciences (China); School of Life
Science and Engineering, Southwest Jiaotong University (China); The Xinjiang
Technical Institue of Physics and Chemistry, Chinese Academy of Sciences (China);
and others conducted in-depth scientific researches on theoretical and practical
studies related to the creation of drugs based on diterpenoid alkaloids from plant raw
materials, the research contents include the separation of diterpenoid alkaloids from
Aconitum, Delphinium and other plants, the structural identification, bioactivity
screening, structure-activity relationship research, source pathway research, structural
modification of diterpenoid alkaloids, pharmacological, pharmacodynamic and
toxicological studies, among others.

The study of diterpenoid alkaloids has been ongoing for nearly 100 years and
remains highly relevant today. On one hand, their complex and variable structures
confer diverse biological activities; on the other hand, their activity and toxicity often
coexist. Therefore, it is essential not only to focus on structural modifications and to
determine the relationship between structure and activity but also to address toxicity
during the research process, in order to discover highly effective and low-toxic drug
compounds with high added value.

Problem development status. Although diterpenoid alkaloids were first
discovered in the 1830s, their absolute configurations were not determined until the
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1950s through X-ray single-crystal diffraction and other methods due to their
complex structures. With the widespread application of spectroscopic technologies,
particularly mass spectrometry and nuclear magnetic resonance, the study of
diterpenoid alkaloids has progressed rapidly - especially as a result of research by
Professor S.W. Pelletier of the Natural Products Research Institute and Department of
Chemistry at the University of Georgia, Professor S.Y. Yunusov of the Institute of
the Chemistry of Plant Substances of the Academy of Sciences of the Republic of
Uzbekistan, and Professor F.P. Wang of the Department of Chemistry of Medicinal
Natural Products at the West China School of Pharmacy, Sichuan University.

After the discovery that diterpenoid alkaloids possess anti-inflammatory,
analgesic, antiarrhythmic, cardiotonic, anti-heart failure, and insecticidal properties,
an increasing number of scientists began to study them - among them Uzbek and
Russian scientist M.S. Yunusov, Japanese scientist K. Wada, and Chinese scientists
X.J. Hao, X.L. Zhou, and H.A. Aisa. Through the joint efforts of many researchers,
more than 1,600 natural diterpenoid alkaloids have been identified in plants. Of these,
four - lappaconitine, crassiculine A, 3-acetylaconitine, and guan-fu base A - have
been developed into clinically used antiarrhythmic or analgesic drugs.

For the first time in Uzbekistan, research into the structure and biological
activity of diterpenoid alkaloids began at the Institute of the Chemistry of Plant
Substances of the Academy of Sciences of the Republic of Uzbekistan under the
leadership of Academician S.Y. Yunusov. Numerous diterpenoid alkaloids with
novel structures and promising biological activities were isolated from Aconitum,
Delphinium, and Consolida species. Under the leadership of Academician Sh.Sh.
Sagdullaev, the Institute also developed the antiarrhythmic drug Allapinin, based on
the alkaloid lappaconitine. This drug was registered in Russia and Uzbekistan and
was awarded the National Prize of Uzbekistan for Science and Technology in 2007,

The pharmacological activity of extracts and individual compounds from plants
of the Aconitum and Delphinium genera is extensive but not yet fully explored,
highlighting the urgency and importance of continued scientific and practical
research in this area.

This thesis continues the author's systematic study of diterpenoid alkaloids and
other biologically active components from Aconitum and Delphinium speices native
to Central Asia.

Connection of the thesis work to the state programs or plans for scientific
research. The thesis work has been performed in accordance with the National Key
Research and Development Program (International Scientific and Technological
Innovation Cooperation between the Governments of China and Uzbekistan) of the
Ministry of Science and Technology of China entitled, “C,o-diterpenoid alkaloids of
cultivated plant Consolida sp.: isolation, structure, biological properties” (No.
2016 YFE0120700, 2017-2018) and “Research and development of new
antiarrhythmic drugs with analgesic and local anesthetic effects (activities)” (No.
2021YFE0104000, 2021-2023); the National Key Research and Development
Program of the Ministry of Science and Technology of China entitled “Construction
of China-Uzbekistan Belt and Road Joint Laboratory on New Drug and Research of
Innovative Drug” (2020YFE0205600, 2020-2023); the International Science
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&Technology Cooperation Project of the Science and Technology Department of
Xinjiang Uygur Autonomous Region entitled, “Study on separation and analysis of
diterpenoid alkaloids and their druggability” (No. 20166014, 2016-2018); Youth
Fund of the National Natural Science Foundation of China entitled, “LC-DAD-MS
guided discovery of new diterpenoid alkaloids from two Central Asian characteristic
plants and their biological activities research” (No. 32000277, 2021-2023).

The purpose of the study is to isolate secondary metabolites of 7 species of
plants belonging to the Aconitum and Delphinium genera growing in Central Asia,
determine their chemical composition and structure, and create effective medicines
based on them.

Tasks of research work:

1. Extraction and fractionation of total alkaloids from plant species belonging to
the Aconitum and Delphinium genera using various organic solvents;

2. Isolation and purification of pure compounds from the total alkaloids obtained
from the above plants;

3. Determination of the primary structure of the isolated compounds and the
absolute configuration of new compounds;

4. Evaluation of the biological effects of individual compounds, including
antiarrhythmic, ion channel inhibitory, analgesic, antitumor and antimicrobial
activities;

5. Determination of the amount of lappaconitine in Delphinium naviculare var.
lasiocarpum;

6. Development of a process for the separation of impurities in the substance
allapinin.

Object of the study are 7 species of plants belonging to the Aconitum and
Delphinium genera: Aconitum barbatum var. puberulum Ledeb, Aconitum smirnovii
Steinb, Aconitum sinchiangense W. T. Wang, Delphinium pseudoaemulans C. Y.
Yang et B. Wang, Delphinium naviculare var. lasiocarpum W. T. Wang, Delphinium
aemulans Navski and Delphinium iliense Huth; as well as Allapinin substance.

Subject of the study are diterpenoid alkaloids and other components of
Aconitum and Delphinium species growing in Central Asia and their biological
activities; impurities of allapinin substance.

Methods of experimental research. During the research technological (solvent
extraction, decompression concentration, chromatographic separation and spectral
analysis), chromatographic (silica gel, sephadex LH-20 and ODS column
chromatography, Flash, TLC and HPLC), physic-chemical and spectral analytical
(UV, IR, Optical rotation, ESI-MS, 1D and 2D NMR, experimental and calculated
ECD) methods were used. Arrhythmia model of anesthetized mice induced by
aconitine was used for determination of antiarrhythmic activity; in vivo model of
acetic acid-induced mice writhing was used for test of analgesic activity; the hEGR
and CaV3.1 channels were used for determination of ion channel inhibitory activity;
MTT [3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide] method was
used for testing of antitumor activity (cytotoxicity), the agar well diffusion method
was were used for determination of antimicrobial activity.

32



The scientific novelty of the research is as follows:

for the first time, a total of 176 compounds, including 26 new and 107 known
diterpenoid alkaloids, as well as 43 compounds from other classes, were isolated
from seven species of plants of the Aconitum and Delphinium genera growing in
Central Asia;

The physical and chemical properties of the isolated diterpenoid alkaloids, as
well as their antiarrhythmic, analgesic, antitumor and antimicrobial biological
activities, were systematically studied;

for the first time, new compounds were isolated from the plants Aconitum
barbatum var. puberulum (N-acetylsepaconitin and N-deacetyllappaconitin) and
Delphinium iliense (Sinchianidin C and D);

A new carbon skeleton representative of C20-diterpenoid alkaloids,
barpuberudin (AB-1), and new rearranged C18-diterpenoid alkaloids, barpubenins A-
B (AB-6 and AB-7), were identified for the first time from Aconitum barbatum var.
puberulum;

for the first time, the chemical composition of Delphinium naviculare var.
lasiocarpum was studied and the presence of lappaconitine was revealed;

Practical values of the present research.  N-deacetyllappaconitine and N-
acetylsepaconitine isolated from Aconitum barbatum var. puberulum showed
significant antiarrhythmic activity, while sepaconitine isolated from Aconitum
barbatum var. puberulum, and smirnotine A isolated from Aconitum smirnovii
showed moderate antiarrhythmic activity. The preliminary structure-activity
relationship of anti-arrhythmic was discussed according to this research results and
literature reports, these finding contribute to the sustainable development and
utilization of endemic medicinal plant resources, and support the preclinical
evaluation of novel drug candidates derived from natural products.

Sinchianidines C and D, isolated from Delphinium iliense were found to display
potential analgesic effects with 78.16% and 72.54% writhing reduction at a nontoxic
dose of 5 mg/kg, respectively. A preparation method for diterpenoid alkaloids from
Delphinium iliense and their potential analgesic applications were developed.

A preparation method for diterpenoid alkaloids from Delphinium aemulans and
their potential inhibiting voltage-gated potassium channel currents (IKv) applications
were developed. A preparation method for diterpenoid alkaloids from Delphinium
pseudoaemulans and their potential antitumor applications were developed.

Six standard alkaloids were successfully isolated from the Allapinin substance,
and the isolation methods were developed, providing a reliable approach for ensuring
purity standards in the quality control of Allapinin substance.

The lappaconitine (0.25%) in whole plant of D. naviculare var. lasiocarpum was
found, providing a new potential reserve source of lappaconitine.

Verification of the obtained data was proven by the use of chromatographic
(silica gel, Sephadex LH-20 and ODS column chromatography, Flash, TLC, HPLC
and PHPLC), technological (solvent extraction, decompression concentration,
chromatographic separation and spectral analysis), physicochemical and spectral
analytical (UV, IR, Optical rotation, ESI-MS, 1D, 2D NMR) and experimental,
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computational methods, as well as biological methods. The validity of the results is
explained by their discussion at international and republican scientific conferences
and publication in peer-reviewed foreign and domestic scientific publications, as well
as their use as a source of raw materials for the production of lappaconitin in the
Xinjiang and Qinghai provinces of China.

Theoretical and practical value of the research results. The scientific
significance of the research results is that the isolation of natural new diterpenoid
alkaloids from the aerial parts of plants of the Aconitum and Delphinium genera
growing in Central Asia and the determination of their chemical structure enriches
the Chemistry of Natural Compounds. As a result, a total of 176 compounds,
including 26 new and 107 known diterpenoid alkaloids, as well as 43 other
compounds were isolated. Their structures were elucidated by means of spectroscopic
analyses (HR-ESI-MS, 1D NMR and 2D NMR), and comparison with data reported
in the literature, while the absolute configuration of new compounds was determined
by quantum ECD calculation. Barpuberudine isolated from Aconitum barbatum var.
puberulum was an unprecedented carbon skeleton of Cy-diterpenoid alkaloid, while
barpubenines A-B isolated from Aconitum barbatum var. puberulum were the first
example of rearranged types in Cyg-diterpenoid alkaloids. The probable pathways of
biogenesis of these three compounds were proposed. Biological activities of
monomer compounds, including antiarrhythmic, analgesic, ion channel inhibitory
activity, cytotoxicity and antimicrobial were selectively evaluated.

N-deacetylappaconitine and N-acetylsepaconitine, sincianidines C and D,
obtained from Aconitum barbatum var. puberulum and Delphinium iliense, as a result
of pharmacological studies, can serve as the basis for creating agents with
antiarrhythmic and analgesic properties. The preliminary structure-activity
relationships of anti-arrhythmic and analgesic were also discussed according to this
research results and literature reports. The practical significance of the research
results is that lappaconitine was isolated from Delphinium naviculare var.
Lasiocarpum with content of 0.25% in the whole plant, which was found to be a
source of lappaconitine. Six alkaloids contained in the substance allapinin were
isolated and recommended for use as standards. This study advances the
phytochemical and pharmacological understanding of Aconitum and Delphinium
species from Central Asia, highlighting the region as a significant reservoir of
bioactive natural products. The integration of structural elucidation, bioactivity
profiling, and sustainable resource development provides a solid foundation for the
future development of diterpenoid alkaloid-based therapeutics.

Implementation of research results. Based on the results of the research on
“Study of diterpenoid alkaloids of plants of the genera Aconitum and Delphinium
growing in Central Asia and their biological activity™:

A patent of the People's Republic of China (No. ZL201810714295.7, 2018) was
obtained for the invention of isolating and purifying diterpenoid alkaloids of the
Delphinium pseudoaemulans plant, as well as creating an antitumor agent based on
the results of their in vitro cytotoxicity to human cancer A549 and HeLa cells. As a
result, it allowed the creation of an environmentally friendly, effective drug based on
plant alkaloids;
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A patent of the People's Republic of China was obtained for the invention of
inhibiting potassium channel (IKv) currents based on diterpenoid alkaloids of the
Delphinium aemulans plant (No. 2024100199358, 2024). As a result, it was possible
to create a new agent that inhibits potassium channels based on plant alkaloids;

A patent of the People's Republic of China was obtained for the invention of
developing a potential analgesic agent from diterpenoid alkaloids of the Delphinium
iliense Huth plant (No. 2025103304327, 2025). As a result, it was possible to create
effective analgesic agents based on plant diterpenoid alkaloids;

Xinjiang Shafei Ya Biological Technology Co., Ltd (PRC) and the Xinjiang
Institute of Physics and Chemistry Technology (XTIPC), Chinese Academy of
Sciences, have started research on cultivation in Xinjiang and Xinhai provinces of
China, guaranteeing the supply of raw materials for the production of lappaconitin in
large quantities (Report of Xinjiang Shafei Ya Biological Technology Co., Ltd,
People's Republic of China, 15.05.2025). As a result, the supply of raw materials for
the production of effective medicines based on plant diterpenoid alkaloids is
guaranteed,;

To control the quality of the pharmacologically active additive of the Allapinin
substance, four compounds isolated as purity standards were used at the GMP
enterprise of the Institute of Chemistry of Plant Substances (Reference of the Institute
of Chemistry of Plant Substances dated 23.06.2025, No. 01-02/499). As a result, it
was possible to improve the quality control system for the production of the Allapinin
substance, ensure compliance with regulatory documents, and expand its use in
clinical settings.

Approbation of the research results. The results of this research were
presented and discussed at 7 scientific and practical conferences, including 4
international and 3 national events.

Publications of research results. Twenty-four scientific works have been
published related to the thesis topic, including 14 articles in international
journals recognized for the publication of key scientific results of Doctor of
Chemical Sciences (DSc) thesiss by the PAK under the Ministry of Higher
Education, Science, and Innovation of the Republic of Uzbekistan. Additionally,
three patents have been obtained in the P.R. China.

The outline of the thesis. The thesis comprises an introduction, three
chapters, conclusions, a list of references, and appendices, totaling 229 pages.

MAIN CONTENTS OF THE THESIS

The introduction justifies the topicality and relevance of the conducted
research, outlines the aim and objectives of the study, characterizes the research
object and subject, and demonstrates the alignment of the study with global scientific
priorities as well as the key areas of science and technology in both China and
Uzbekistan. The section also highlights the scientific novelty and practical outcomes
of the investigation, elaborates on the scientific and practical significance of the
results, and discusses the practical applications of the research findings. Furthermore,
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information on granted patents, published papers, and the structure of the thesis is
presented.

The first chapter of the thesis, which entitled “Overview of Diterpenoid
Alkaloids from Aconitum and Delphinium Genera” provides a literature review.
The classification, structural characteristics, biological activity characteristics,
structure-activity relationship of diterpenoid alkaloids, and the possibility of practical
application were discussed. As well as the genera of Aconitum and Delphinium grown
in Uzbekistan and Xinjiang province of China were also investigated and summarized.

The second chapter of the thesis, which entitled “Processes for the Isolation,
Purification, and Bioactivity Testing of Chemical Compounds from Aconitum
and Delphinium Genera in Central Asia (Materials and Methods)” presents
general experimental procedures; plant materials; the processes for isolation,
purification and bioactivity test of chemical compounds from Aconitum barbatum var.
puberulum,  Aconitum  smirnovii,  Aconitum  sinchiangense,  Delphinium
pseudoaemulans, Delphinium naviculare var. lasiocarpum, Delphinium aemulans
and Delphinium iliense. This chapter also describes the quantification of
lappaconitine content in D. naviculare var. lasiocarpum, as well as the isolation and
purification of impurities from the allapinin substance. The study employed a range
of technological methods, including solvent extraction, vacuum concentration,
chromatographic separation, and spectral analysis. Chromatographic techniques used
include silica gel, Sephadex LH-20, ODS column chromatography, flash
chromatography, thin-layer chromatography (TLC), and high-performance liquid
chromatography (HPLC).

The third chapter of the thesis entitled “Results and Discussions (main
content of thesis)” presents the outcomes of the isolation, purification, and
bioactivity testing of chemical compounds from Aconitum barbatum var. puberulum,
Aconitum smirnovii, Aconitum sinchiangense, Delphinium pseudoaemulans,
Delphinium naviculare var. lasiocarpum, Delphinium aemulans, and Delphinium
iliense. It also includes the quantification of lappaconitine content in D. naviculare
var. lasiocarpum and the isolation and purification of impurities from allapinin
substance. A range of physicochemical and spectral analytical methods were
employed, including UV, IR, optical rotation, ESI-MS, 1D and 2D NMR, and both
experimental and calculated ECD. The pharmacological evaluation involved various
bioassays: the antiarrhythmic activity was assessed using an aconitine-induced
arrhythmia model in anesthetized mice; analgesic activity was evaluated using the
acetic acid-induced writhing test in mice; ion channel inhibitory activity was tested
against hERG and CaV3.1 channels; antitumor (cytotoxic) activity was assessed via
the MTT assay; and antimicrobial activity was determined using the agar well
diffusion method.

Study on the chemical compounds from Aconitum barbatum var. puberulum.
A phytochemical investigation of the whole plants of A. barbatum var. puberulum
collected from Central Asia was thus performed as part of our continuous work on
the discovery of compounds with unique structures and strong bioactivities from
Central Asia plant resources. This led to isolation of seven previously undescribed
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diterpenoid alkaloids, barpuberudine (AB-1), barpubesines A-D (AB-2~AB-5),
barpubenines A-B  (AB-6~AB-7), and 37 known compounds, 15-
ketotetrohydroatisine (AB-8), leucostomine A (AB-9), N-acetylsepaconitine (AB-10),
N-deacetyllappaconitine (AB-11), sepaconitine (AB-12), acosepticine (AB-13),
lappaconidine (AB-14), trabzonine (AB-15), lappaconitine (AB-16), puberuline C
(AB-17), leucostine (AB-18), leuconine (AB-19), sepaconitine aminoalcohol (AB-
20), lappaconine (AB-21), acosanine (AB-22), acoseptrine (AB-23), 6-
dehydroacosanine (AB-24), anthranoyllycoctonine (AB-25), O-methylarmepavine
(AB-26), (S)-6-Methoxy-4 {4 -methoxybenzyl)-2-methyl4,2,3,4—
tetrahydroisoquinolin+-el (AB-27), (+)-(1R,laR)-la-hydroxymagnocurarin (AB-28),
(6R,6aS,P)-(+)-corydine (AB-29), (+)-N-methyllaurotetanine (AB-30), magnoflorine
(AB-31), 3-hydroxy-1,2-dimethoxy-5-methyl-5H-dibenzoindol-4-one  (AB-32),
imperialine (AB-33), crispine B (AB-34), (S)-1-(3-Methoxyphenyl)-N-methylpropan-
2-amine (AB-35), methyl-2-(acetamino)benzoate (AB-36), 2-carboxyoxanilic acid
methylester (AB-37), 4-[2-(methoxycarbonyl) anilino]-4-oxobutanoic acid methyl
ester (AB-38), N-methylcorydaldine (AB-39), N-methyl-6,7-dimethoxyisoquinolone
(AB-40), (5S,6R,7S,8R)-5-amino-(2Z,42)-1,2,3-trihybuta-2,4-dienyloxy-pentane-
6,7,8,9-tetraol (AB-41), nicotinic acid (AB-42), S(+)-dehydrovomifoliol (AB-43) and
megastigmane (AB-44), including 19 known diterpenoid alkaloids. Their structures
(Fig. 1) were elucidated based on a comprehensive spectroscopic data analysis
including HR-ESIMS and 1D and 2D NMR (Fig. 2 and Fig. 3).

Barpuberudine (AB-1) was an unprecedented carbon skeleton of Cyy-diterpenoid
alkaloid, while barpubenines A-B (AB-6~AB-7) were the first example of rearranged
types in Cig-diterpenoid alkaloids. The probable pathway of biogenesis of
barpuberudine and barpubenines A-B were discussed (Fig. 4 and Fig. 5).

N-acetylsepaconitine (AB-10) and N-deacetyllappaconitine (AB-11) showed
significant antiarrhythmic activity at a dose of 8 mg/kg in a mouse model of aconitine
induced arrhythmia (Table 1). Sepaconitine (AB-12) had a certain antiarrhythmic
activity, but it was significantly weaker than N-deacetyllappaconitine (AB-11).
Compounds barpubenine B (AB-7), leucostomine A (AB-9) and trabzonine (AB-15)
could not be regarded as potential antiarrhythmic compounds. This study confirmed
the structure-activity relationship of anti-arrhythmic as literature report: the most
active are the Cg-diterpenoid alkaloids, such as lappaconitine. A common feature of
these compounds is the presence of an acetylanthranilic or anthranilic acid moiety at
C-4; methoxyl groups at C-1, C-14, and C-16; and a hydroxy group at C-8.
Differences consist in the presence of additional hydroxy groups at C-7, C-9, and C-
10. Further enhancements of the molecule by the introduction of hydroxy groups at
C-6, C-7, and C-10, a methoxyl group at C-6, and an acetyl group at C-6 significantly
lowers the degree of antiarrhythmic action. It is not easy to fully define the direct
action of these functional groups on the activity due to diterpenoid alkaloids are
inhibitors of multi-ion channels.
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Fig. 1 Structures of compounds AB-1~AB-44 isolated from Aconitum barbatum var.
puberulum
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Fig. 2 Key HMBC and *H-'H COSY correlations of compounds AB-1~AB-7
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Fig. 3 Key NOESY correlations of compounds AB-1, AB-2, AB-5 and AB-6
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H 2. Reduction
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Fig. 5 Plausible biosynthetic pathway of barpubenines A-B (AB-6~AB-7)
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Table 1 Antiarrhythmic activity of compounds AB-7, AB-9~AB-12, AB-15 and
AB-16

Sample

Aconitine dosage in ECG change («g/kg)

Aconitine dosage
for death (ug/kg)

Ventricular Ventricular . Ventricular
. Ventricular flutter A
premature tachycardia fibrillation
Model group 47.1049.86 90.55 +12.25 120.83 +28.58 227.34 £44.52 287.82 +46.77
Lapgchz)ln?tine 68.89 +£11.355* 15270 £21.39**  239.98 £39.69**  346.11 £53.51**  395.82 +44.96**
AB-7 + =+ Hok + *k + =+
Barpubenine B 44,79 +9.66 134.10 +6.74 204.79 £12.21 261.89 £25.42 325.91 £23.56
Leucfs\g-r;)ine A 48.15 +4.20 140.27 £20.59**  228.04 +38.83**  305.99 +46.80* 328.12 £23.33
AB-10 3+ *% + *% + *k + *% 4+ *
N-acetylsepaconitine 93.57 +£16.71 146.63 +£25.27 242.86 +60.24 318.66 £26.04 371.29 £42.11
AB-11
N- 89.59 +11.40** 183.47 £26.57**  272.49 £49.97**  331.26 +35.92**  403.08 +46.63**
deacetyllappaconitine
. ng;rfizﬂne 5874+1821 9321 +17.43 20843 +£26.31** 29593 +6547  330.84 +£54.54
Tr?bE;-c}nSine 4573 £12.17 132.65 +23.36* 222.97 £27.71**  315.05 +41.32* 364.22 +£40.93

2 The dosage of the compounds was 8 mg/kg, the method of administration was intraperitoneal administration at 0.4 ml/20 g. ® **
P<0.01, * P<0.05, the sample groups were compared with the model group.

Compound AB-30 exhibited moderate cytotoxicity against the Hela cell lines
with the ICg, values of 13.69 M, while compounds AB-26 and AB-31 showed
strong inhibitory activity against the S. aureus, Compound AB-41 showed moderate
inhibitory activity against the E. coli and compounds AB-1, AB-7, AB-13, AB-25,
AB-27, AB-29, AB-37, AB-38, and AB-41 presented moderate inhibitory activity
against the S. aureus. This research provided important scientific support for the
sustainable utilization and development of characteristic plant resources in Central
Asia.

Study on the chemical compounds from Aconitum smirnovii. Two new Cy,-
diterpenoid alkaloids, smirnotine A (AS-1) and smirnotine B (AS-2), as well as 21
known alkaloids, 14a-benzoyloxy-N-ethyl-15a-hydroxy-1a,6a,84,164,18-
tamethoxyaconitane formate (AS-3), penduline formate (AS-4), 12-acetyl-12-epi-
napelline (AS-5), homochasmanine (AS-6), ezochasmanine (AS-7), neoline (AS-
8) , bullatine C (14-acetylneoline; AS-9), vilmorisine (AS-10), senbusine A (AS-
11), 12-epi-napelline (AS-12), 15-acetylsongorine (AS-13), songorine (AS-14),
aconicarmichinium A (AS-15), benzoylaconine (AS-16), 14-benzoyl-8-O-
methylaconine  (AS-17), songoramine (AS-18), aconitine (AS-19), 15a-
hydroxyneoline (AS-20), 12-epi-dehydronapelline (AS-21), N-methyllaurotetanine
(AS-22) and reticuline (AS-23), were isolated from the aerial part of A. smirnovii,
which was collected from the Qinghe of Altay Prefecture of Xinjiang Uyghur
Autonomous Region, P. R. China. Their structures (Fig. 6) were elucidated by means
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of spectroscopic analyses (HR-ESI-MS, 1D and 2D NMR), and comparison with data
reported in the literature, while the absolute configuration of AS-1 was determined as
1S, 3R, 4R, 5S, 6R, 7R, 8R, 9R, 10R, 11S, 13R, 14R, 16S, and 17R by quantum ECD
calculation (Fig. 7). All the compounds were isolated from this plant for the first time.

AS-2:R, = OH, R, = OCH, AS-3:R;=H, Ryp=0CHj Ry=H AS5: R;=B OAc, R,=OH
AS6:R;=H, Ry=0CH; AS-4:R;=H, R,=0Ac, R3=H ::':gigﬁoﬁo"'v gfg:

-T:R{ = = -16: = = = 190k =0, 2 = OAC
AS7:Ry = OH, R, = OH AS-16: Ry=OH,R,=OH, Ry=OH P b

A8 AS-17: R; = OH, R, = OCH3, R; = OH
AS-19: R; = OH, R, = OAc, R;=OH

HsCO H4CO.
O N
HCO ‘ N o O AN
HO.

OH

AS-8: R;=OH,R,=0CHy Ry=OH, R,=H
AS-9: R;=OH,R,=0CHs, Ry = OAc, Ry = H

AS-11: Ry=OH,R,=0H, R3=OH, Ry=H
AS-20: R; = OH, R, = OCHy, Ry = OH, Ry = OH

Fig. 6 Structures of compounds isolated from Aconitum smirnovii
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Fig. 7 Experimental and calculated ECD spectra of AS-1

Smirnotine A (AS-1) was a rare diterpenoid alkaloid contains two benzoyl
groups, and showed certain preventive effect of antiarrhythmic activity (Table 2),
which confirmed the report of structure-activity relationship of antiarrhythmic of
diterpenoid alkaloids, that is, Cig- or Cyo-diterpenoid alkaloid with two aromatic
esters have stronger activity than one or no aromatic ester, but it should be noted that
increasing aromatic ester may increases its toxicity.

Smirnotine A (AS-1) showed weak antimicrobial activity against S. aureus, and
smirnotine B (AS-2) exhibited weak antimicrobial activity against C. albicans and S.
aureus. No significant cytotoxicity against A549 and HelLa human cancer cell lines
was observed for AS-1~AS-5. This report will be helpful to further clarify the
structure-activity relationship of diterpenoid alkaloids.
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Table 2 Effect of AS-1 on aconitine dosage for ECG changes and death on mice (x &

S, N =6)
Aconitine dosage for ECG changes (ug/kg) Aconitine
Groups Dosage : : : : dosage for
(mg/kg)  Ventricular  Ventricular Ventricular Ventricular death (ua/k

premature tachycardia flutter fibrillation (ug/kg)

Control 471499 90.6 +12.3 120.8 +28.6 227.3 445 287.8 £46.8

8 46.9 +10.7 1285+253* 2343 +355** 3218 +51.2 396.1 +60.3

AS-1

16 46.2 110 146.3 %431 265.8 £57.2**  362.9 £96.1* 413.6 #95.9*

Note: ** P < 0.01, * P < 0.05, comparison between the test group and the control group.

Study on the chemical compounds from Aconitum sinchiangense. A new Cy-
diterpenoid alkaloid, sinchianine (ASW-1), together with eight known diterpenoid
alkaloids, together with three known Cy,-diterpenoid alkaloids, 12-acetyl-12-epi-
napelline (ASW-2), 12-epi-napelline (ASW-3) and songorine (ASW-8), and five
known Cg-diterpenoid alkaloids, neoline (ASW-4), talatisamine (ASW-5), 14-O-
acetylsenbusine A (ASW-6), benzoylaconine (ASW-7) and aconitine (ASW-9), were
isolated from the whole herb of A. sinchiangense which was collected from the
Gongliu of Yili Region, Xinjiang of P. R. China. Their structures (Fig. 8) were
elucidated by means of spectroscopic analyses (HR-ESI-MS, 1D NMR and 2D NMR)
and comparison with data reported in the literature. ASW-1 is a rare denudatine-type
Cyo-diterpenoid alkaloid bearing a 16,17-epoxy group. Compounds ASW-2~ASW-7
were isolated from this plant for the first time.

ASW-1 R=OH ASW-2 R=0Ac ASW-4 R{=0OH R,=0CH; R;=0H ASW-7 R=OH
ASW-1a R=H ASW-3 R=O0H ASW-5 R;=O0CH; R,=H R;=O0H ASW-9 R=0Ac
ASW-8 R=0 ASW-6 Rij=OH R,=0OH R;=0Ac

Fig. 8 Structures of compounds ASW1~ASW9

Study on the chemical compounds from Delphinium pseudosemulans. Eight
previously undescribed lycoctonine-type Cio-diterpenoid alkaloids, pseudophnines
A-D (DP1-DP4), pseudorenines A—B (DP5a, DP5b), pseudonidines A—B (DP6-
DP7), and eleven known lycoctonine-type Cyo-diterpenoid alkaloids, tianshanisine E
(DP8), sharwuphinine B (DP9), potanisine A (DP10), lycoctonine (DP11), delbruline
(DP12), isondelpheline (DP13), delavaines A-B(DP14a, DP14b), shawurenines
A-B (DP15a, DP15b), campylotine (DP16), and three known other compounds,
methyl 2-(4-methoxy-2-methyl-4-oxobutanamido)benzoate (DP17), methyl 2-(4-
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methoxy-3-methyl-4-oxobutanamido)benzoate (DP18) and heptanoic acid (DP19)
were isolated from the whole plant of D. pseudosemulans , which was a species
endemic to Xinjiang Uygur Autonomous region of P. R. China. Their structures (Fig.
9) were elucidated by means of spectroscopic analyses (HR-ESI-MS, 1D NMR and
2D NMR), and comparison with data reported in the literature. DP-1~DP-5 were rare
Co-diterpenoid alkaloids with alcohol iminium. Compounds DP5 (DP5a and DP5b),
DP14 (DP14a and DP14b) and DP15 (DP15a and DP15b) were three pairs of
regioisomeric Cyg-diterpenoid alkaloids which are common in Delphinium. All the
compounds showed no cytotoxicity. Combined with the literature reports, it can be
concluded that the cytotoxic activities of lycoctonine-type compounds are weaker
than aconitine-type ones in C,qo-diterpenoid alkaloids.

DP5a* R=NHCOCH(CH,)CH,CO0CH, DP14a R=NHCOCH(CH,|CH,COCCH, DP15a R=NHCOCH(CH,|CH,COOCH,
DP5b* R=NHCOCH . CH(CH,ICOOCH DP14b R*NHCCCH,CH(CH,)ICCOCH DP15b R=NHCOCH ,CHICH, 1ICOOCH,

Fig. 9 Structures of compounds DP1~DP19

Study on the chemical compounds from Delphinium naviculare var.
lasiocarpum. Three new diterpenoid alkaloids, naviconine, naviculine and
naviconitine (DN1-DN3), together with 15 known diterpenoid alkaloids, lycoctonine
(DN4), 8-O-methyllycoctonine (DN5), lappaconitine (DN6), N-deacetyllappaconitine
(DN7), N-deethyllappaconitine (DN8), isolappaconitine (DN9), sinomontanine F
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(DN10), sinomontanine A (DN11), lappaconine (DN12), ranaconine (DN13),
trabzonine (DN14), potanisine A (DN15), N-acetylsepaconitine (DN16) and
pseudorenines A-B (DN17a and DN17b), 3 benzyl isoquinoline alkaloids,
isoquinolinium (DN20), 1,2,3,4-tetrahydro-6-methoxy-1-[(4-
methoxyphenyl)methyl]-2-methyl-7-isoquinolinol/7-1soquinolinol (DN21) and 2-
methoxy-5-[(1,2,3,4-tetrahydro-6, 7-dimethoxy-2-methyl-1-isoquinolinyl)methyl]-
1,3-benzenediol (DN25), 4 other alkaloids, benzoic acid, 2-[(4-methoxy-1,4-
dioxobutyl)amino]-methyl ester (DN18), 2-acetamidobenzoic acid (DN19),
hyemaline/furo[3,2-g]quinolin-7(8H)-one,9-[(3-methyl-2-buten-1-yl)oxy] (DN22)
and methyl 2-formyl-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (DN27), as well as
3 other compounds, 8-isopentenyloxypsoralene (DN23), 7-methoxy-8-
iIsopentenylcoumarin (DN24) and 2H-1-benzopyran-2-one,3-(acetyloxy)-3,4-dihydro-
,(3R) (DN26), were isolated from the whole plant of D. naviculare var. lasiocarpum.
Their structures (Fig. 10) were elucidated by means of spectroscopic analyses (HR-
ESI-MS, 1D NMR and 2D NMR), and comparison with data reported in the literature.
The isolated diterpenoid alkaloids involved a total of 3 skeletons and 5 sub-skeleton
types, including 7 lappaconitine type Cig-diterpenoid alkaloids, 3 ranaconitine type
C.s-diterpenoid alkaloids, 1 aconitine type Cjo-diterpenoid alkaloids, 6 lycoctonine
type Cyo-diterpenoid alkaloids and 1 hetidines type C,o-diterpenoid alkaloids.

The in vitro tumor cytotoxicity of isolates was screened by MTT method. The
results showed that these compounds had no inhibitory activity on human colon
cancer cell line HT-29, breast cancer cell line MDA-MB-231 and human cervical
cancer cell line Hela. Antibacterial activity screening results showed that only
compound DN24 showed weak antibacterial activity against Staphylococcus aureus.
The remaining compounds did not show certain antibacterial activity against Candida
albicans, Escherich coli and Staphylococcus aureus.

The content of lappaconitine (DN6) in D. naviculare var. lasiocarpum was
determined using HPLC. The results showed that the content of lappaconitine in the
whole plant of D. naviculare var. lasiocarpum reached 0.25%. As a representative
compound of diterpenoid alkaloids, lappaconitine is mainly distributed in Aconitum
species, such as Aconitum sinomontanum, and is extremely rare in Delphinium
species. This finding provides a theoretical foundation for developing D. naviculare
var. lasiocarpum as a new reserve source of lappaconitine.
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Fig. 10 Structures of compounds DN1-DP27

Study on the chemical compounds from Delphinium aemulans. One new
naturally occurring lycoctonine-type Cyo-diterpenoid alkaloid aemulansine (DA-1),
together with 15 known Cye-diterpenoid alkaloids, delsoline (DA-2), delavaine A
(DA-3), delavaine B (DA-4), methyllycaconitine (DA-5), delcosine (DA-6),
shawurensine (DA-7), lycoctonine (DA-8), anthranoyllycoctonine (DA-9), delphatine
(DA-10), ajadine (DA-11), N-deethyldelphatine (DA-12), gigactonine (DA-13),
deltatsine (DA-14), delcorine (DA-15), deltaline (DA-16), as well as 9 other
compounds, (-)-pallidine (DA-17), armepavine (DA-18), (+)-N-methyllaurotetanine
(DA-19), 4-[2-(methoxycarbonyl)anilino]-3-methyl-4-oxobutanoic acid (DA-20), 4-
[2-(methoxycarbonyl)anilino]-2-methyl-4-oxobutanoic  acid  (DA-21), 4-[2-
(methoxycarbonyl)anilino]-2-methyl-4-oxobutanoic acid methyl ester (DA-22), 4-[2-
(methoxycarbonyl)anilino]-3-methyl-4-oxobutanoic acid methyl ester (DA-23), 4-[2-
(methoxycarbonyl)anilino]-4-oxobutanoic acid methyl ester (DA-24) and euscaphin
B (DA-25), were isolated from the whole herb of D. aemulans. Their structures (Fig.
11) were elucidated by means of spectroscopic analyses (HR-ESI-MS, 1D NMR and
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2D NMR) and comparison with data reported in the literature.

The in vitro tumor cytotoxicity of isolates was screened by MTT method. DA-19
exhibited moderate cytotoxicity against the HeLa cell lines with the ICs, values of
13.69 uM. None of the diterpenoid alkaloids showed significant cytotoxicity. The
antimicrobial activity of isolates was screened the agar well diffusion method. The
results showed that only compound DA-19 showed weak inhibitory activity against
the S. aureus. This research provided important scientific support for the sustainable
utilization and development of characteristic plant resources in Central Asia.

R, R, R;

DA-2 OH OMe OMe
DA-6 OH OH OMe
DA-8 OMe OMe OH
DA-10 OMe OMe OMe
DA-13 OH OMe OH

DA-3 NH-CO-CH(CH;)-CH,-COOCH;
DA-4 NH-CO-CH,-CH(CH;)-COOCH;
OH  DA-7 NH-CO-CH(CH3)-CH,-COOH

4 DA-9 NH,

OH 0o Q DA-15R;=H, R,=OCH; Ry=OH
N R DA-16 Ry = OH, R, = H, R3 = OAc
\r DA-5—N
[¢]
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Rs

H3COs__OCH;
H R.
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0”7 YOR,;

DA-20R,=H, R,=H, R3=CHj
DA-21R;=H, R,=CHs Ry=H
DA-22 R;=CH;, R, =CH;, Rz=H
DA-23 R;=CHyz Ry=H, R3=CHs
DA-17 DA-18 DA-19 DA-24R,=CH3 Ry =H, Ry=H

Fig. 11 Structure of compounds DA-1~DA-25 isolated from Delphinium aemulans

Study on the chemical compounds from Delphinium iliense. Four new
lycoctonine-type Cig-diterpenoid alkaloids, sinchianidines A-D (DI-1~DI-4), and
twenty-one known Cie-diterpenoid alkaloids, delcorine (DI-5), 6-dehydrodelcorine
(DI-6), anthranoyllycoctonine (DI-7), delsoline (DI-8), lycoctonine (DI-9),
delcoridine (D1-10), delbrunine (DI-11), N-acetylsepaconitine (DI-12), blacknidine
(D1-13), majusine A (DI-14), isodelectine (DI-15), delavaine A (DI1-16), delavaine B
(D1-17), shawurenine A (DI-18), shawurenine B (DI-19), delbruninol (DI-20),
delectine  (DI1-21), andersonidine  (DI-22), delbruline (DI-23), 7,8-
methylenedioxydelcoline (DI1-24), and ilidine (DI-25) were isolated and identified
from the whole plant of D. iliense. Their structures were elucidated on the basis of
HR-ESI-MS, 1D and 2D NMR spectroscopic data (Fig. 12), while the absolute
configurations of sinchianidine A (DI1-1) and sinchianidine C (DI-3) were determined
by experimental electronic circular dichroism (ECD) spectra comparison.

Sinchianidines C-D (DI-3 and DI-4) were tested for their analgesic activity
through in vivo model of acetic acid-induced mice writhing. The results showed that
at a nontoxic dose of 5 mg/kg, two compounds exhibited significant analgesic effect
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with 78.16% and 72.54% inhibition, respectively. Furthermore, compound DI-3 was
tested again at a nontoxic dose of 1 mg/kg with 55.91% inhibition (Table 3). In 2010,
Fengpeng Wang proposed in an analgesic structure-activity relationship between Cg-
and C,o- diterpenoid alkaloids that an N-ethyl substituted tertiary amine in ring A, an
aromatic ester [OBz or 4-methoxybenzoyl ester (OAs)] at C-14 or C-4, and the
saturation state of the ring Da are necessary for the manifestation of the analgesic
activity of the Cig- and C,o-diterpenoid alkaloids. Interestingly, sinchianidines C-D
(DI1-3 and DI-4) have neither N-ethyl substituted tertiary amine nor aromatic ester,
but exhibits good analgesic activity potential. We speculate that its activity may be
related to C,9=0. Of course, further systematic research is needed to confirm this
speculation.

DI-5 Ry = OMe, R, = OH, R;=OMe
DI-6 R;=0OMe, R, =0, Rj;=OMe
DI-10 R, = OMe, R, = OH, Rj=OH
DI-11 R; = OH, R,=OMe, R;=OH

DI-1 R = OMe DI-3 Ry = OMe, R, = OH
DI-2R = OH DI-4 R, = OH, R, = OMe

DI-8 R, = OH, R,=OMe
DI-9 R; = OMe, R, = OH

DI-20 R, =R, =R; = OH
DI-23 R, =R, OMg¢; R, = OH
DI-24 R, = OH; R, = R; = OMe
DI-13 DI-25 R, = OMe; R, = O; Ry = OH

DI-14 R, = R; = OH; R, = NHCOCHj,

DI-15 R, = OH; R, = NH,; R; = OMe

DI-16 R, = R; = OMe; R, = NHCOCH(CH;)CH,COOCH;
e e w e DI-17 R, = R; = OMe; R, = NHCOCH,CH(CH;)COOCH;
DI-18 R = NHCOCH(CH;3)CH,COOCH; DI-21 R, = OMe; R, = NH,; R; = OH

DI-19 R = NHCOCH,CH(CH;)COOCH; DI-22 R; = OMe; R, = NH,; R3 = OAc

Fig. 12 The structures of compounds DI-1~DI-25

New compounds DI-1~DI-4 were evaluated for their ion channel inhibitory
activity on the hEGR and CaV3.1 channels. The I/l, values which show the inhibitory
effect of the compounds DI-1~DI-4 on hEGR and CaV3.1 channels are listed in
Table 4 and Fig. 13. Unfortunately, all the compounds showed no significant
inhibitory activity (I/ly > positive control). The results indicated that these four
compounds have no potential for anti arrhythmic activity. This further confirmed the
structure-activity relationship report of C,o-diterpenoid alkaloids for antiarrhythmic
activity. This research provided scientific support for the sustainable utilization and
development of characteristic plant resources in Central Asia.
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Table 3. Writhing inhibition effect of the test compounds DI-3 and DI1-4

Group Dose (mg/kg) Number of writhes Writhing inhibition (%)
control group 0 60.10 £3.57 0

lappaconitine 5 8.37 £1.25 86.06

DI-3 (high-dose group) 5 13.12 £1.99 78.16

DI-3 (low-dose group) 1 26.5 +4.38 55.91

DI-4 (high-dose group) 5 16.50 £1.99 72.54

Table 4. Inhibitory activity of the DI-1~DI-4 isolated from D. iliense on hEGR and
CaV3.1 channel

hEGR CaVvi.l
Compd. I/1o(Mean £SEM) n Compd. I/1o(Mean £SEM) n
Dihydrochloride 0.007 +0.003 6 Ulixacaltamide  0.1776 #0.01067 10
DI-1 0.947 +0.041 4 DI-1 0.9446 +0.06961 3
DI-2 0.889 +0.044 4 DI-2 1.1450 +0.09581 3
DI-3 0.926 +0.041 4 DI1-3 0.9530 +£0.02832 3
Dl-4 0.918 +0.017 4 Dl-4 1.0290 £0.05818 3
+50 mV Control
15s <
o3
o .
O ( mps
<t ‘
. L e x Washout
3s
-90 mV -90 mV. = £
058 2s ‘ oo

Fig. 13 Voltage clamp parameter setting diagram (L) and Typical graph of compounds DI-
1~DI-4 inhibition effect on hERG current (R)

Study on the isolation and purification of impurities from substance of
Allapinin. The high content of lappaconitine in Allapinin substance makes it difficult
to separate impurities. In this study, industrial preparative HPLC technology was
used to remove lappaconitine, and then semipreparative HPLC technology was used
to separate impurities. As a result, six impurities, sinomontanine B (LA-1),
ranaconitine (LA-2), N-deacetyllappaconitine (LA-5), 9-deoxylappaconitine (LA-6),
lappaconine (LA-9) and sepaconitine aminoalcohol (AL-10), were islolated and
purification from the Allapinin substance. Their structures were elucidated by means
of spectroscopic analyses (ESI-MS, 1D NMR and 2D NMR), and comparison with
data reported in the literature (Fig. 14). The results of this study provided impurity
standards for the quality control of Allapinin substance, which have important
practical significance.
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Sinomontanine B Ranaconitine N-Deacetyllappaconitine 9-Deoxylappaconitine  Lappaconine Sepaconitine aminoalcohol:
(LA-1) (LA-2) (LA-5) (LA-6) (LA-9) (LA-10)

Fig. 14 The structures of compounds LAL, LA2, LA5, LAG6, LA9 and LA10

CONCLUSIONS

1. A comprehensive phytochemical investigation was conducted on seven
species from the genera Aconitum and Delphinium growing in Central Asia, including
A. barbatum var. puberulum, A. smirnovii, A. sinchiangense, D. pseudoaemulans, D.
naviculare var. lasiocarpum, D. aemulans, and D. iliense.

2. A total of 176 compounds were isolated, including 26 new and 107 known
diterpenoid alkaloids, along with 43 other compounds. Their structures were
elucidated by HR-ESI-MS, 1D and 2D NMR spectroscopy, and comparison with
literature data; the absolute configurations of new compounds were confirmed by
quantum ECD calculations.

3. Barpuberudine (AB-1), a new Cyo-diterpenoid alkaloid with an unprecedented
carbon skeleton, and barpubenines A and B (AB-6 and AB-7), representing novel
rearranged C,g-diterpenoid alkaloids, were isolated from A. barbatum var. puberulum.
Their plausible biosynthetic pathways were proposed.

4. The chemical composition of Delphinium naviculare var. lasiocarpum was
systematically investigated, and the content of lappaconitine was determined to be
0.25% in the whole plant using HPLC, enriching the phytochemical data of this
species and supporting its potential development as a sustainable reserve resource for
lappaconitine production.

5. Six impurities were isolated and purified from the Allapinin substance,
providing reference standards for quality control. This advancement not only supports
the standardization of production processes for this clinically used antiarrhythmic
agent but also improves its quality specifications, thereby facilitating the expansion
of Allapinin’s application scope in both domestic and international pharmaceutical
markets.

6. A series of monomeric diterpenoid alkaloids were evaluated for biological
activities, including antiarrhythmic, analgesic, cytotoxic, ion channel inhibitory, and
antimicrobial effects.

7. N-deacetyllappaconitine and N-acetylsepaconitine isolated from A. barbatum
var. puberulum demonstrated significant antiarrhythmic activity, while sepaconitine
isolated from A. barbatum var. puberulum and smirnotine A isolated from A.
smirnovii showed moderate activity, supporting their potential as lead compounds for
cardiovascular drug development.

8. Sinchianidines C and D isolated from D. iliense showed promising analgesic
effects, with 78.16% and 72.54% inhibition of writhing at a nontoxic dose of 5 mg/kg,
respectively, suggesting potential for further development as pain-relieving agents.

49



9. In vitro cytotoxicity of selected diterpenoid alkaloids was assessed against
A549, HCT8, MCF7, HT-29, MDA-MB-231 and HelLa cell lines. All compounds
exhibited weak cytotoxicity (ICsoe > 50 uM), supporting the conclusion that these
lycoctonine-type alkaloids possess low inherent cytotoxic potential.

10. Antimicrobial activity of selected compounds was also evaluated. The
results revealed selective but limited activity, indicating the need for further structural
optimization to enhance antimicrobial efficacy.

11. Sinchianidines A-D isolated from D. iliense were evaluated for their ion
channel inhibitory activity on hEGR and CaV3.1 channels, but all compounds
exhibited no significant inhibitory effects (I/lo > positive control). This outcome,
while negative, provides a valuable reference framework for future screening
strategies of ion channel-related bioactivities in diterpenoid alkaloids, contributing to
the refinement of structure—activity relationship models.

12. This study provides a scientific basis for the sustainable development and
utilization of Aconitum and Delphinium species from Central Asia. The integration of
structural elucidation, bioactivity evaluation, and practical applications lays a solid
foundation for future development of innovative diterpenoid alkaloid-based
therapeutics.
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BBEJEHMUE (annoTamus auccepranun 1okTopa Hayk (DSc))

AKTYaJIbHOCTh W BOCTPeOOBAHHOCTHL TeMbl Auccepranmuu. B Muposoi
(dbapmaneBTUYeCKOH  MPOMBIIIJIEHHOCTH  HOBBIE  JIEKAPCTBEHHbIE  MpernapaThl,
CO3JaHHBIC HA OCHOBE MPHUPOIHBIX BEIIECTB, BCETJa 3aHUMAId BAXXHOE MECTO
Omaromapsi CBOMM  KOMIUIGKCHBIM  TPEUMYIIECTBAM, TMOJITOMY HMHTEpeC K
(U3HOIOTUMYECKA aKTUBHBIM BEIIECTBAM, TOJIYYEHHBIM W3 PACTUTEIBHOTO CBIPHS,
pacTéT ¢ KaxIpIM ToIOM. B HacTosmiee BpeMs TPOBOIAUTCS PsJ HAYYHBIX
UCCJIEIOBAHUM, MOCBSIIEHHBIX BBIJCIICHUIO WHIMBUIYAIbHBIX BEIIECTB U3 PACTCHU,
COZIep)KAIIUX Pa3IUYHBIC COCAMHCHHS, U3YYCHHIO WX OMOJIOTHYECKON aKTHMBHOCTH,
(UBUKO-XMUMUYECKUX CBOMCTB U MTPUMEHEHHUIO B IIPOU3BOICTBE.

JIuTepIrieHOBBIC aaKaJOWIbl MTPUBJICKAIOT BHUMAaHUE XUMHUKOB M (hapMaKOJIOT0OB
Omaromaps CBOEMY CTPYKTYPHOMY pa3zHoo0pa3uio, XUMHUYECKOU
oMM YHKIIMOHATLHOCTH, BBICOKOW (DM3HOJIOTUYECKON AKTUBHOCTH U OOJBIIOMY
MOTCHITHAITY JIJISI CO3JJaHUs JICKAPCTBEHHBIX MPENapaToB Ha UX OCHOBE.

BeicyllieHHbIE KOPHHM HEKOTOPBIX BHAOB poaoB Aconitum wu Delphinium,
npouspacraromux B LleHTpanbHOW A3WH, HIMPOKO HCIONB3YIOTCSA B TPAAUIIMOHHOU
KATACKOW MEIUIIMHE B Ka4yeCTBE AaHTHAPUTMHUYECKUX, 00€300IMBAIOIMINX W
MIPOTUBOOMYXOJIEBBIX CPEJICTB MPHU JICUEHUH MHOTMX 3abosneBaHui. B pesynbrare
dbuToxumudeckux uccienopanuii poxa Delphinium, mpowmspacraromero Bo diope
Kuras, Obuti BBIZIENICHBI JUTEPIICHOBBIE AJIKAJIOWJBI, a B pe3ylbTaTe M3YUCHUS HX
OMOIOrnIECKOM aKTUBHOCTH BBISIBJICHBI MIPOTUBOBOCIIATTUTENBHBIC,
aHATBTe3UPYIONINE, AaHTHAPUTMHYECKHUE, a TAKKE HHCEKTUIIUIHBIC U aHTU(DUTAHTHBIC
CBOMCTBA.

B pesynbrare uccienoBanuii, IpoOBEICHHBIX B MITHCTUTYTE XUMUN PaCTUTEILHBIX
BEIIICCTB, YCTAHOBJICHO, YTO XMMHYECKHI cocTaB pacTeHmit Aconitum barbatum var.
puberulum u Delphinium iliense, npouspacraromux Bo ¢iope Kuras, He coBmanaer,
a TUTEeprieHOBbIe amkamonabl — N-arermicenakonuTrH U N-Ie3arneTmuiannakoOHUTHH,
BbIICICHHBIE ®3  Aconitum  barbatum  var.  puberulum, -  oOGmanmaror
aHTUAPUTMHYECKUMU CBOMCTBaMH. Takke ObLTO MMoKa3aHo, yTo cuHIuaHuanH C u D,
BoIesieHHbIe U3 Delphinium iliense, o6magarT aHAIBre3UPYIOMUM JTEHCTBHEM. ITO
MO3BOJISIET CO3/1aBaTh MMITOPTO3aMEIIAIOIIHNE JICKAPCTBEHHBIC CPEICTBA Ha OCHOBE
MECTHOTO CBHIpbSi M O0O0ECIeYMBATh HACEJICHHUE JCIICBHIMU UM KAa4eCTBEHHBIMH
JIEKapCTBaAMHU.

Hacrosimiee muccepTalilmoHHOE UCCIIEIOBAHUE B ONMPENEICHHON MEpe MOCITYKUT
peasin3aiuu 3aaa4, 0003HaueHHbIX B Ykase [Ipesuaenra PecnyOnuku Y30ekucran ot
21 auBapa 2022 roga Ne VII-55 «O [OONOJHUTENBHBIX MEpax IO YCKOPEHHOMY
pa3BUTHIO (apMarleBTUIECKON oTpaciu pecmyommku B 2022-2026 romax»,
IToctanoBnenusix Ne TII1-3532 ot 14 ¢epans 2018 roma «O AOMOTHUTEIBHBIX
Mepax M0 YCKOPEHHOMY pa3BUTHIO (papMareBTHISCKON oTpacim», [TocTaHOBIEHHIX
Neo TII1-4310 ot 6 masg 2019 roma «O Mepax mo JajdbHEHIIEMY Pa3BUTHIO CHUCTEMBI
MEIUITMHCKOTO0 W (papMarieBTHUecKoro oOpa30BaHHUS W HAyKHW», a TaKXKe APYTHX
HOPMAaTHUBHO-TIPABOBBIX aKTaX, KACAIOIINXCS TAHHOM JEeSITEIIbHOCTH.

% Va3 [Tpesunenrta Pecriyonmuku Y30ekucran ot 28 staBaps 2022 rona Ne Y-60 «O HoBoii CTpareruu pa3BUTHS
PecniyOnuku Y36ekuctan Ha 2022-2026 roabi».
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Hacrosimiee nuccepraliMOHHOE MCCIEIOBAaHUE MOCBSIIEHO BBIITOJIHEHUIO TaKUX
aKTyaJIbHBIX 3aJ1a4, KaK MOWCK HOBBIX CTPYKTYPHBIX JUTEPICHOBBIX AJTKAIOUIOB M3
SHJIEMHUHBIX pacTeHuid poaa Aconitum u Delphinium Cpeaneli A3uu, u3ydeHue ux
AHTHAPUTMHYECKOTO, aHAIBIEe3UPYIOMIET0 ¥ MPOTHUBOOIMYXOJIEBOTO JEHCTBUS B
paMKax TOCYAapCTBEHHBIX Tporpamm Y30ekucrtana u Kurtas. DT uccienoBaHus
CIy’)KaT HAay4YHOM OCHOBOM i JaibHedmed pa3paboTku >(QOEKTUBHBIX U
MaJOTOKCHUYHBIX HWHHOBAIIMOHHBIX JICKAPCTBEHHBIX IMpENaparoB Ha OCHOBE
JTUTEPIICHOBBIX  aJKaJlOMIOB, PAIMOHAIILHOIO  HUCIOJIb30BAaHUSI W OCBOCHMHS
YHUKQJIBHBIX PAaCTUTENBHBIX pecypcoB CpenHend A3MM M MMEIOT BaXKHOE 3HAUYCHUE
JUTSL OTKPBITHSI HOBBIX aKTUBHBIX MPUPOIHBIX MPOJIYKTOB, MOJE3HBIX ISl 37J0POBBS
YesioBeKa.

Leablo uccjie0BaAHUA SBISCTCS BBIJICJICHUE BTOPUYHBIX META0OIUTOB 7 BUJIOB
pacrenuii pomoB Aconitum u Delphinium, mpowmspacratonux B Cpemneit Asum,
ONPEACIICHNE HX XUMHUYECKOIO COCTaBa M CTPYKTYpbI, CO3/1aTb Ha HMX OCHOBE
3¢ (HEeKTUBHBIE JIEKAPCTBEHHBIC MTPEMapaThl.

3agaum uccie10BaAHNS

1. OkcTpakius U GpaKIMOHUPOBAHKE CHIPhS BUIOB pacTeHHM poxoB AConitum u
Delphinium ¢ wucnonap3oBaHHeM pa3jIMYHBIX OPraHMYECKHUX PACTBOPHTEICH,
BBIICJICHUE CYMMBI AJIKAJIOU/10B;

2. BblifenieHne M OYHMCTKAa YHCTHIX COEIMHEHUNW U3 CYMMBbl aJIKaJOUIOB,
MOJIY4YeHHOT'O U3 YKa3aHHbBIX PACTEHU;

3. Ormpenenenue TEPBUYHONW CTPYKTYPHl BBIICICHHBIX COCAUHEHUN W
a0COTIOTHOM KOH(UTYpaAIIMK HOBBIX COCTMHEHU;

4. Onenka OHMOJIOrMYECKOr0 JEHMCTBHSA OTACIBHBIX COCAWHCHUM, BKJIFOUAs
AHTUAPUTMHUYECKYI0, HWHTHOMPYIONIYI0 HOHHBIE KaHabl, AaHAJIbI€TUYECKYIO,
MIPOTUBOOIYXOJICBYIO M1 aHTUMHUKPOOHYIO aKTHBHOCTH;

5. Ompenenenne konuvecTBa Janmakonutuaa B Delphinium naviculare var.
lasiocarpum;

6. Pazpabotka crocoba paszjeneHus npuMeceil B CyoCTaHIIMU ajlIalliHUH.

O0beKTOM HCCIeI0BAHMS MTOCTY>XWIH 7 BUJIOB PACTEHUI, NPUHALJICKAIINUX K
poxam Aconitum u Delphinium: pactenust Aconitum barbatum var. puberulum Ledeb,
Aconitum smirnovii Steinb, Aconitum sinchiangense W.T. Wang, Delphinium
pseudoaemulans C.Y. Yang et B. Wang, Delphinium naviculare var. lasiocarpum
W.T. Wang, Delphinium aemulans Navski, Delphinium iliense Huth u cyGcranmus
aJUTAITMHUH.

IIpeanmeTomM MCCIeAOBAHUS SIBISIIOTCS JUTEPIICHOBBIC QJIKATIOWUILI U JPYTHE
KOMIIOHEHTHI BUA0B Aconitum wu Delphinium, mpowmspacraronux B ILleHTpanbHOM
A3un, 1 UX OMOJIOrUYeCcKas aKTUBHOCTb; CMECH CyOCTaHIIMU aJUTallMHKH.

HayuyHasi HOBHU3HA McCJIeJOBAHUS 3aKIIIOUAETCS B CIEAYIOIIEM:

BrepBele w3 cemu BHIOB pacTeHuit pogoB Aconitum wu  Delphinium,
npouspacraromux B LlenTpanbHoil A3uu, BblieneHO 176 coeqMHEHUH, B TOM YHCIIE
26 HOBBIX U 107 M3BECTHBIX JTUTEPIICHOBBIX AJIIKAJIOUJIOB, a TaKke 43 COEAUHEHHUS U3
JIPYTUX KJIaCCOB;
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CucreMaTH4eCKd HU3Yy4YeHbl (PU3MKO-XMMUYECKHE CBONCTBA  BBIJCICHHBIX
JUTEPIICHOBBIX  QJKAJIOWJOB, WX  aHTHAPUTMHYECKas,  aHaJIbI'C3UPYIOIIas,
MIPOTUBOOITYX0JIEBast U aHTUMHUKPOOHAsi OMOJIOTHYecKasi aKTUBHOCT;

BriepBbie BhIIeTICHBI HOBBIE COeMMHEHHs M3 pacteHuit Aconitum barbatum var.
puberulum (N-amermicenakonutud u N-aesanerwiianmakoHutu) u Delphinium
iliense (curunanuaun C u D);

B Aconitum barbatum var. puberulum BnepBbie HIEHTHDUITUPOBAH HOBBIN
NpeacTaBuTeNs  yriueponHoro  ckenera  C20-TuTeprieHOMIHBIX  AJKAJIOWIO0B
O0apnyoepynun (AB-1) u HoBble mneperpynmnupoBaHHbie Cl8-auTeprneHonHbIe
ankanouapl 0apnyoenunsl A-B (AB-6 u AB-7);

BriepBbie m3yueHn xumuueckuidi coctaB Delphinium naviculare var. lasiocarpum
U ONpe/IeNICHO HAIMYHE JIANMAKOHUTHHA,

BriepBeie  JOKa3aHa  aHTHAPUTMHUYECKass aKTHBHOCTh CMHUPHOTHMHA A,
BBIICJICHHOTO ®3 Aconitum smirnovii, a TakXke aHaJIbIe3upyromee JICHCTBHUEC
cuaxuanuauaoB C u D, Beigenennsix u3 Delphinium iliense;

BriepBbie W3 cyOcTaHIMM AJUIAIMHWH C HUCIOJB30BaHUEM KOMOWHAIIMU
MOJIyTIpENapaTuBHBIX W TpenapaTuBHbIX BOXKX-TexHonoruili BbIJIEIEHBI IIECTh
CTaHJIAPTHBIX aJKaJOWAOB, YTO TO3BOJWIO OOECIEUUTh CTAaHIAPTHl YHUCTOTHI TIPH
KOHTPOJIE KauecTBa CyOCTaHIINU AJUTAIMHUH.

BHeapeHue pe3yIbTaTOB UCCIEI0BAHMS.

Ilo pesyinbraTam wucciaenoBaHuid Ha TeMy «lM3ydyeHue IUTEPIEHOUIHBIX
aJKaJon10B pacteHuit pogos Aconitum u Delphinium, nmpouspacraromux B Cpenneit
AzuHd, 1 X OMOJIOTHYECKON aKTUBHOCTH»:

[Tonyuyen natent Kwuraiickoit Haponnoit PecnyOnuku (Ne ZL201810714295.7,
2018) Ha wu300pereHre crnocoda BBIJEAEHUS M OYUCTKH JUTEPHEHOM]IHBIX
ankamongoB u3 pacrenuss Delphinium  pseudoaemulans, a Takke co3manue
MPOTUBOOITYXOJIEBOIO CPEACTBA HAa OCHOBE pE3yJbTAaTOB HCCIEJOBAHHUA HX
IIMTOTOKCHYHOCTH in Vitro B OTHOIICHUH KJIETOK paka yenoBeka A549 um Hela. B
pe3ynbTare ObUI CO3J]aH IKOJIOTMUEeCcKH O0e30macHbId, F((HEKTUBHBIN JIEKapCTBEHHBIN
npernapar Ha OCHOBE PACTUTENIbHBIX aJIKaJIOUI0B;

[Tonyuen mnarent Kwuralickoii Hapoanoit PecnyOnuku Ha wu3o0peTeHue
uHruouropa kanaueBblx KaHaioB (IKv) Ha ocHOBe AMTEPIEHOMIHBIX ANKAJIOHIOB
pacrenust Delphinium aemulans (Ne 2024100199358, 2024). B pe3ynbrare yaanoch
CO3/1aTh HOBBIH HMHTHOMTOpP KaJIMEBBIX KaHAJIOB HAa OCHOBE PACTUTEIbHBIX
QJIKAJIOUIOB;

[Tonyyen mnarent Kwuralickoit Hapognoit Pecnybmuku Ha u300pereHue
«Pa3paboTka TOTECHIMATBHOTO AaHAIBIETUYECKOr0 CpPEACTBA M3 JIUTEPIICHOBBIX
ankamonaoB pacrenus Delphinium iliense Huthy (Ne 2025103304327, 2025 r.). B
pe3ysbTate yaajaoch co3naTh 3(GQPEKTUBHBIC aHAIBI'CTHUECKHE CPEICTBA HA OCHOBE
JMTEPIICHOBBIX AJKAJIOMIOB PACTCHUS;

Kommnanus Xinjiang Shafei Ya Biological Technology Co., Ltd (KHP) u
CHHBIBSHCKUI HMHCTUTYT (Qu3nuko-xumudeckux TtexHosoruit (XTIPC) Kuraiickoi
aKkaJeMHM HayK Hayajdd MCCIEAOBaHUS IO BBIPAIIMBAHUIO JIANIAKOHUTHHA B
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npoBuHIMsAX CunblsH u Cunbxail Kutas, rapaHTtupys MOCTaBKY CbIpbsl IS
MIPOM3BOJICTBA JIANMAKOHUTHHA B 00ibIIKX KonmuuecTBax (OTuér komnanuu Xinjiang
Shafei Ya Biological Technology Co., Ltd, Kuraiickas Haponnas Pecmybinuxka,
15.05.2025). B pe3ynapTare TrapaHTHpOBaHa IOCTaBKa ChIPbA JJIsI TPOU3BOJICTBA
3¢(GEeKTUBHBIX  JIEKAPCTBEHHBIX  IMpEnaparoB  Ha  OCHOBE  PaCTUTENIbHBIX
JUTEPIIECHOUHBIX AJIKAJIONU]IOB;

Jlnst koHTponst KadecTBa (apMmakoiorudecku akTtuBHOW mgo0aBku (DAJI)
CcyOCTaHIIUU «AJUIaMHUHY HCTIONIb30BaHbl YETHIPE COCNMHEHMS, BBIICJICHHBIC B
KauyecTBe CTaHmaproB 4uctotel Ha GMP-npennpustum HWHCTMTYTA XMMHH
pactutenbubix BemectB (MXPB) (CnpaBka WHcTUTyTa XUMUU PacTUTENbHBIX
BenecTB oT 23.06.2025 r. Ne 01-02/499). B pe3ynbrare yaajioch yCOBEpPILIEHCTBOBATh
CHUCTEMY KOHTPOJISI KauecTBa MPOU3BOJICTBA CYOCTaHIINU «AJUIAMHUHY, 00ECIIeUNTh
COOTBETCTBHE TpPEOOBAHMSIM  HOPMATUBHOM  JOKYMEHTAlMM U  PaCHIMPUTH
BO3MOKHOCTH €€ IPUMEHEHHNS B KIIMHUYECKON NIPAKTHKE.

AnpobGauusi pe3yJbTaTOB HCCAeI0BaAHMSA. Pe3ynbTarhl MCCleOBaHUS OBLIU
MPEACTABICHbl U OOCYXKIEHbl Ha 7 HAyYHO-NIPAKTHUECKUX KOH(EpeHLHUsX, B TOM
quciie Ha 4 MEXIyHApOIHBIX U 3 peciyOJNKaHCKUX.

Ony01MKOBAaHHOCTHb pe3yJbTATOB HcciaenaoBanusa. [lo Teme pucceprauuu
ony0JIMKOBaHO 24 HayyHble pabOThl, B TOM 4Hciie 14 crareii B MeXIyHapOIHBIX
*ypHanax, npuzHanHbix [IAK npu MunucrepcTBe BhICIIero oOpa3oBaHus, HAYKU U
uHHOBauui PecnyOnuku VY30ekuctan s NyOJMKAIlMM OCHOBHBIX HAy4YHBIX
pPEe3yabpTaTOB AUCCEPTALUMU TOKTOPOB XUMUYECKHUX HayK. KpoMe Toro, nosy4eHsl Tpu
nareHta Kuraiickoit HapoaHoit Pecriyonukmu.

Crpykrypa U 00beM guccepranuu. /(uccepranns COCTOUMT U3 BBEICHUS, TPEX
rJIaB, 3aKJIIOYEHMS, CIUCKa JIUTEpaTypbl W TMPUIOKEHUH o0mmM o0béMoM 229
CTpaHULBI.
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