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РЕФЕРАТ

Отчет 245 с., 3 рис., 7 табл., 48 источн., 13 прил.

СЕСКВИТЕРПЕНОВЫЕ ЛАКТОНЫ, НАПРАВЛЕННЫЙ СИНТЕЗ, БИМОЛЕКУЛЯРНЫЕ СОЕДИНЕНИЯ, БИОСИНТЕЗ, ВТОРИЧНЫЕ МЕТАБОЛИТЫ, БИОЛОГИЧЕСКАЯ АКТИВНОСТЬ
Объектами исследований являются биологически активные вещества растительного происхождения, а именно сесквитерпеновые лактоны и их производные.

Цель работы: изучение биосинтеза сесквитерпеновых лактонов в растениях и получение бимолекулярных соединений с фармакофорными группами – потенциальных источников практически ценных препаратов.

Методы исследования: экстракция, кристаллизация, адсорбционная колоночная хроматография, флеш-хроматография, тонкослойная хроматография, высокоэффективная жидкостная хроматография, физико-химические методы исследования (ИК-, УФ-, масс-, ЯМР 1Н, 13С, двумерная ЯМР 1Н-1Н, 13С-1Н спектроскопия), рентгеноструктурный анализ, микроскопия, секвенирование, полимеразная цепная реакция.

Впервые синтезированы 11 новых гибридных производных на основе растительных сесквитерпеновых лактонов гроссгемина и арглабина. Строение новых производных установлено на основании данных ИК-, УФ-, масс-, ЯМР 1Н, 13С спектроскопии и рентгеноструктурного анализа. 

Впервые рентгеноструктурным методом установлена стереохимия кристаллических структур молекул фероцинина, 3-метокси-4,5-метилендиоксипропиофенона, (-цитизинилгроссгемина. Структурные данные депонированны в Кембриджской базе кристаллографических данных соответственно под номерами ССDC 1978204, 1978205, 1578031.

Впервые выявлены перспективные гены синтаз COS, GAS, GAO из биосинтетического пути сесквитерпеновых лактонов в образцах Artemisia glabella Kar. et Kir. Их нуклеотидные последовательности установлены методом секвенирования по Сэнгеру, депонированы в информационной базе Национального центра биотехнологической информации (NCBI, США) под номерами MT276313, MT276314, MT276315 соответственно. Предложена модель биосинтеза сесквитепреновых лактонов в Artemisia glabella Kar. et Kir.
В экспериментах in vivo выявлена сравнительно высокая антигельминтная активность нового водорастворимого производного - гидрохлорида (-цитизинилгроссгемина.

Разработан лабораторный регламент №ЛР-40761819-01-20 на выделение гроссгемина и получение гидрохлорида (-цитизинилгроссгемина, который внедрен в опытно-промышленное производство ТОО «Карагандинский фармацевтический завод».
Область применения: биоорганическая химия, фармакология, молекулярная биология, фармацевтическое производство.

ТҰЖЫРЫМ

Есеп 245 бет, 3 сурет, 7 кесте, 48 дереккөз, 13 қосымша.

СЕСКВИТЕРПЕНДІ ЛАКТОНДАР, БАҒЫТТАЛҒАН СИНТЕЗ, БИМОЛЕКУЛАЛЫҚ ҚОСЫЛЫСТАР, БИОСИНТЕЗ, ЕКІНШІ РЕТТІК МЕТАБОЛИТТЕР, БИОЛОГИЯЛЫҚ БЕЛСЕНДІЛІК
Зерттеу нысандары өсімдік тектес биологиялық белсенді заттар, атап айтқанда сесквитерпенді лактондар және олардың туындылары болып табылады.

Жұмыстың мақсаты: өсімдіктердегі сесквитерпенді лактондардың биосинтезін зерттеу және тәжірибелік құндылығы бар препараттардың әлеуетті көзі болып табылатын фармакофорлық топтарға ие бимолекулалық қосылыстарды алу.

Зерттеу әдістері: экстракциялау, кристалдау, адсорбциялық бағаналық хроматография, флеш-хроматография, жұқа қабатты хроматография, жоғары тиімді сұйықтық хроматография, физика-химиялық зерттеу әдістері (ИҚ-, УК-, масс-, ЯМР 1Н, 13С, екі өлшемді ЯМР 1Н-1Н, 13С-1Н спектроскопия), рентгенқұрылымдық талдау, микроскопия, секвенирлеу, полимеразды тізбекті реакция.

Алғаш рет гроссгемин мен арглабин өсімдік сесквитерпенді лактондары негізінде 11 жаңа гибридті туынды синтезделді. Жаңа туындылардың құрылысы ИҚ-, УК-, масс-, ЯМР 1Н, 13С спектроскопия және рентгенқұрылымдық талдау деректері негізінде анықталды.

Алғаш рет рентгенқұрылымдық әдіспен фероцинин, 3-метокси-4,5-метилендиоксипропиофенон, (-цитизинилгроссгемин молекулаларының кристалдық құрылымдарының стереохимиясы анықталды. Құрылымдық деректер Кембридж кристаллографиялық деректер базасында сәйкесінше ССDC 1978204, 1978205, 1578031 нөмірлерімен сақталды.

Artemisia glabella Kar. et Kir. үлгілерінде сесквитерпенді лактондардың биосинтетикалық жолынан COS, GAS, GAO синтазаларының перспективті гендері алғаш рет анықталды. Олардың нуклеотидтік реттілігі Сэнгер бойынша секвенирлеу әдісімен белгіленіп, Ұлттық биотехнологиялық ақпарат орталығының (NCBI, АҚШ) ақпараттық базасына сәйкесінше MT276313, MT276314, MT276315 нөмірлерімен сақталды. Artemisia glabella Kar. et Kir. өсімдігіндегі сесквитепренді лактондар биосинтезінің моделі ұсынылды.

In vivo эксперименттерінде суда еритін жаңа туынды – (-цитизинилгроссгемин гидрохлоридінің гельминтке қарсы салыстырмалы жоғары белсенділігі анықталды.

Гроссгеминді бөліп алудың және (-цитизинилгроссгемин гидрохлоридін алудың №ЗР-40761819-01-20 зертханалық регламенті жасалып, «Қарағанды фармацевтикалық зауыты» ЖШС тәжірибелік-өнеркәсіптік өндірісіне енгізілді.

Қолдану саласы: биоорганикалық химия, фармакология, молекулалық биология, фармацевтикалық өндіріс.
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ПЕРЕЧЕНЬ СОКРАЩЕНИЙ И ОБОЗНАЧЕНИЙ

В настоящем отчете о научно-исследовательской работе применяют следующие сокращения и обозначения:

ВЭЖХ – высокоэффективная жидкостная хроматография;

в.с.с. – воздушно-сухое сырье;

д. – дублет;

д.д. – дублет дублетов;

ДМСО – диметилсульфоксид; 

ДМФА – диметилформамид; 

ИК – инфракрасная спектроскопия;

к. – квартет;

КСК – крупнопористый силикагель

м. – мультиплет;

м.д. – миллионная доля;

мРНК – матричная рибонуклеиновая кислота;

ПСМА – простатспецифический мембранный антиген;

ПЭ:ЭА – петролейный эфир: этилацетат

РНК – рибонуклеиновая кислота;

РСА – рентгеноструктурный анализ;

с. – синглет 

т. – триплет;

т.пл. – температура плавления;

ТСХ – тонкослойная хроматография;
УФ – ультрафиолетовая спектроскопия;

уш. – уширенный;

КССВ – константа спин-спинового взаимодействия;

ЯМР – ядерный магнитный резонанс;

ЯМР 13С - спектроскопия углеродного магнитного резонанса;

ЯМР 1Н- (ПМР-) – спектроскопия протонного магнитного резонанса;

ССDC – Кембриджская база кристаллографических данных (Cambridge Crystallographic Data Centre)

CDCl3 –дейтерохлороформ;

COS – костунолид синтаза;

COSY – корреляционная 2D-спектроскопия ЯМР (correlation spectroscopy);

DEPT – неискажённое усиление переноса поляризации (distortionless enhancement by polarization transfer);

GAO – гермакрен А оксидаза;

GAS – гермакрен А синтаза;

MeOH – метанол;

NCBI – Национальный центр биотехнологической информации (National Center for Biotechnology Information).

RCSB РDВ – база данных белков (Research Collaboratory for Structural Bioinformatics Protein Data Bank 

ВВЕДЕНИЕ

Быстрорастущий класс природных терпеноидов – сесквитерпеновые γ‑лактоны, широко представленные в растениях семейств Asteraceae, Apiaceae, Amaranthaceae, считаются потенциальными источниками новых фармакологически активных соединений. Поэтому в последнее время уделяется значительное внимание исследователей изучению их биосинтеза в организме растений.

Также представляет интерес поиск в данной группе терпеноидного класса молекул с необычными структурами, в том числе бимолекулярными остовами, и синтез гибридных полифункциональных производных на основе сесквитерпеновых лактонов. 

Целью исследований по проекту AP05134198 является изучение биосинтеза сесквитерпеновых лактонов в растениях и получение бимолекулярных соединений с фармакофорными группами – потенциальных источников практически ценных препаратов.
Научная новизна работы заключается в синтезе новых гибридных  молекул, содержащих фрагменты природных сесквитерпеноидов в сочетании с другими биологически активными растительными метаболитами (алкалоидами, флавоноидами), поиске и установлении нуклеотидных последовательностей генов-кандидатов, кодируюших структуры ферментов биосинтеза сесквитерпеновых лактонов в организме растений.

Актуальность и практическая значимость исследований по данному проекту связана с поиском новых фармакологически ценных агентов и разработкой способов их получения для создания оригинальных лекарственных препаратов и развития отечественного фитохимического производства.

Основными задачами согласно календарного плана работ (Приложение А) являются: 

- определение органов Artemisia glabella Kar. et Kir. и Chartolepis intermedia Boiss., содержащих сесквитерпеновые лактоны. Изучение биосинтеза и локализации сесквитерпеновых лактонов; выявление генов-«кандидатов», кодирующих биосинтетический путь сесквитерпеновых лактонов в растениях;

- синтез новых комбинированных производных природных сесквитерпеновых лактонов и их аналогов; получение новых гибридных молекул, сочетающих в своей структуре фармакофорные фрагменты природных терпеноидов, алкалоидов и флавоноидов. Установление строения молекул новых соединений методами ИК-, масс-, ЯМР 1Н-, 13С-спектроскопии и рентгеноструктурного анализа;

- скрининг образцов полученных соединений на биологическую активность, выявление новых лекарственных веществ.

При выполнении основных задач проекта достигнуты все ожидаемые результаты. При этом для химической модификации и биоскрининга выделены и наработаны: сесквитерпеновые лактоны гроссгемин, арглабин, арголид, артемизинин, гроссмизин, арграцин и эстафиатин; флавоноиды пиностробин и кверцетин; алкалоид анабазин. 

Проведено изучение на содержание бимолекулярных соединений 9 растений видов семейств Asteraceae Less. и Apiaceae Lindl.. Выделены и идентифицированы димерный сесквитерпеновый лактон ханделин, фенолтерпеноидный сложный эфир фероцинин, 3-метокси-4,5-метилендиоксипропиофенон, кристаллические структуры молекул которых изучены методом рентгеноструктурного анализа. 

На основе выделенных сесквитерпеновых лактонов, алкалоидов и флавоноидов впервые синтезированы 9 новых гибридных производных. 

Строение выделенных и синтезированных соединений установлено по данным ИК-, УФ-, масс-, ЯМР 1Н, 13С, двумерной ЯМР 1Н-1Н, 13С-1Н спектроскопии, элементного и рентгеноструктурного анализов.

Молекулярно-генетическими методами впервые выявлено наличие в листьях и бутонах интактного растения Artemisia glabella Kar. et Kir., листьях растения-регенеранта in vivo и его каллусных тканях in vitro трех сесквитерпеновых синтаз: гермакрен А синтазы (GAS), гермакрен А оксидазы (GAO) и костунолид синтазы (COS), кодирующих начальные этапы биосинтеза сесквитерпеновых лактонов. Их нуклеотидные последовательности установлены методом секвенирования по Сэнгеру и депонированы в информационной базе Национального центра биотехнологической информации (NCBI).

Проведен биоскрининг выделенных и синтезированных соединений. В экспериментах in vivo изучена антигельминтная активность образцов 4 гибридных производных. Субстанция на основе гидрохлорида α-цитизинилгроссгемина  рекомендована  для  разработки  нового антигельминтного средства  против  гельминтов семейства Nematodae.
Разработан лабораторный регламент на получение бимолекулярного соединения - гидрохлорида α-цитизинилгроссгемина, который внедрен в опытно-промышленное производство ТОО «Карагандинский фармацевтический завод».

В составе исполнителей 6 сотрудников: академик НАН РК, д.х.н., профессор; PhD доктор; PhD докторант; 3 магистра. Лаборатория для проведения исследований оснащена необходимым оборудованием и аппаратурой. 

На основе результатов, полученных за период реализации проекта в 2018-2020гг., опубликовано 20 работ (Приложение Б). Поданы 2 заявки на получение охранного документа. Издана монография. Опубликованы 5 статей в рецензируемых зарубежных журналах с импакт-фактором, индексируемых в Science Citation Index Expanded базы Web of Science и (или) в базе Scopus, статья в журнале, рекомендованном КОКСОН и статья в республиканском научном журнале; а также тезисы 10 докладов в материалах международных конференций, в том числе 7 зарубежных.

По результатам проведенных исследований исполнителем А.С. Кишкентаевой успешно защищена диссертация на соискание степени доктора философии (PhD).

Промежуточные отчеты за 2018 и 2019 годы в установленном порядке зарегистрированы в АО «Национальный центр государственной научно-технической экспертизы» (инв. №0218РК01061 и №0219РК00764 соответственно).

1 Биосинтез сесквитерпеновых лактонов в растениях и поиск биологически активных бимолекулярных соединений

На территории Республики Казахстан произрастает более 6000 видов растений, из них 667 эндемичных видов и 1406 видов лекарственных растений. Широко представлены в природной флоре растения семейств Asteraceae и Apiaceae, которые считаются потенциальными источниками биологически активных терпеноидных соединений, в частности сесквитерпеновых лактонов, многие из которых обладают широким спектром биологической активностью [1].
На сегодняшний день известно ограниченное количество лекарственных препаратов на основе растительных терпеноидов, среди них «Артемизинин» (Китай), «Алантон» (Украина), «Арглабин» (ТОО «Карагандинский фармацевтический завод», Казахстан). На основе сесквитерпенового лактона леукомизина разработан новый препарат «Атеролид», снижающий уровень холестерина [2,3], который по результатам клинических исследований рекомендован к применению при сердечно-сосудистых заболеваниях, обусловленных атеросклерозом. Высокой гиполипидемической эффективностью и хорошей переносимостью в организме также обладают статины – аналоги оригинального лекарственного средства «Атеролид». Однако, они производятся на основе синтетических субстанций и являются импортными дорогостоящими препаратами. На основе тапсигаргина получено его производное, связанное с маскирующим пептидом, нацеленным на простатспецифический мембранный антиген (ПСМА) – мипсагаргин. Его цитотоксическая активность проявляется посредством ПСМА-опосредованного расщепления маскирующего пептида в экспрессирующих данный антиген клетках. Проведенные клинические исследования подтвердили специфическую активность у пациентов с прогрессирующим рефрактерной гепатоцеллюлярной карциномой, запущенными или метастатическими солидными опухолями [4].
Анализ патентных и информационных материалов за последние 10 лет показал, что исследования по разработке на основе сесквитерпеновых лактонов фармацевтических композиций и их фармакологическому изучению активно проводятся в научных центрах разных стран, среди которых лидируют Китай, Корея и США (приложение В). Известны   способы получения и применения ряда субстанций на основе сесквитерпеноидов, обладающих противоопухолевым [5-9], противовоспалительным [7,10], антивирусным [11,12] и гепатопротекторным [13] действиями. Разработка новых субстанций на основе растительных сесквитерпеноидов является перспективным направлением для расширения ассортимента оригинальных лекарственных препаратов.

Сесквитерпеновые γ‑лактоны - быстрорастущий класс природных терпеноидов. На данный момент уже известно около 8000 природных сесквитерпеновых лактонов [1]. При фитохимическом изучении растений семейства Asteraceae выделены и изучены новые сесквитерпеновые лактоны. Из Artemisia lavandulaefolia Nakai, Eupatorium chinense L., Koanophyllon gibbosum (Urb.) R.M.King & H.Rob., Pterocypsela elata (Hemsl.) C. Shih и Sonchus palustris L. выделены новые сесквитерпеновые лактоны: гермакранолид коанолид А (1), гвайанолид евпахиилид A (2) и диеноновые гвайанолиды 15-п-метоксифенилацетиллактуцин (3), 8-п-гидрокси-фенилацетиллактуцин-15-сульфат (4), 8-α-ацетокси-15β-O-β-D-гликопиранозил-гвайа-1(10),3(4)-диен-2-он-6,12-олид (5), артелаванолид B (6) [14-17]. 
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Перспективными растительными источниками новых лекарственных веществ являются растения родов Achillea L., Artemisia L., Chartolepis Boiss., Ligularia Cass. Растения рода Ligularia Cass. содержат в основном эремофилановые сесквитерпены и эфирные масла [18-20]. Из корней и корневищ Ligularia macrophylla (Ledeb.) DC выделен новый эремофиланолид макрофиллаларин A (7) [21]. В патенте [22] описан способ получения субстанции СО2-экстракта Ligularia purdomii (Turrill) Chitt., применяемой для лечения лейкемии. Экстракты Ligularia fischeri (Ledeb.) Turcz. и Ligularia virgaurea (Maxim.) Mattf. используются в качестве субстанций лекарственных средств для лечения диабета [23,24].

Другой перспективной группой природных терпеноидов являются сложные эфиры моно- и бициклических терпеноидных спиртов с ароматическими (ванилиновая, изованилиновая, параоксибензойная, триметоксибезойная, вератровая) и алифатическими (ангеликовая, тиглиновая и уксусная) кислотами, которыми особенно богаты растения рода Ferula семейства Apiaceae [25]. Спиртовый экстракт корней и надземных частей Ferula tenuisecta Eug. Korov. содержит терпеноидные сложные эфиры ферутинин (8), теферин (9), ферутин (10). На их основе разработана технология производства субстанции эстрогенного действия [26]. Из надземных частей Ferula oopoda (Boiss. & Buhse) Boiss. выделены лансеродиол п-гидроксибензоат (11) и лансеротриол п-гидроксибензоат (12) [27], из корней Ferula hermonis Boiss. ‑ 14-(4'-гидроксибензоилокси) даук-4,8-диен (13), обладающий антибактериальной активностью [25].

	
[image: image8.emf]HO

O

H

O

OH


	
[image: image9.emf]HO

O

H

O

OH

OCH

3


	
[image: image10.emf]HO

O

H

O

OCH

3

OH



	(8)
	(9)
	(10)

	
	
	

	
[image: image11.emf]HO

O

H

O

OH

O


	
[image: image12.emf]HO

O

H

O

OH

OH


	
[image: image13.emf]O

O

HO



	(11)
	(12)
	(13)


В последние десятилетия наблюдается повышенный интерес к химии сесквитерпеновых лактонов, обладающих широким спектром фармакологического действия. При этом они считаются доступными, возобновляемыми материалами для химической модификации молекул и получения новых биологически активных производных [28]. 

По литературным сведениям выявлено, что в последнее время преобладают исследования по целенаправленным модификациям, в том числе природных соединений, для получения новых производных с выраженной биологической активностью, высокой биодоступностью, стабильностью и растворимостью в воде.

Среди множества различных реакционных центров сесквитерпеновых лактонов наиболее интересным в синтетическом плане является экзометиленовая группа, сопряженная с лактонным карбонилом.

Синтез гибридных молекул путем коньюгирования двух и более природных молекул – один из перспективных путей осуществления химических модификаций. Для синтеза бимолекулярных соединений на основе природных сесквитерпеновых лактонов широко используются реакции: Михаэля, Хека, Соногаширы, Юги, Дильса-Альдера. Интересной в синтетическом плане является четырехкомпонентная реакция Юги [29]. 

Стратегия сочетания нескольких фармакофорных фрагментов или молекул в одну гибридную используется в медицинской химии и реализована при получении коньюгатов артемизинина (14) [30], трилоболида (15) [31] и алантолактона (16) [32] с молекулами других соединений: алкалоидов, стероидов, полифенольных соединений, сесквитерпеновых лактонов.
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Введение атома азота в молекулу сесквитерпеновых лактонов различного строения чаще всего осуществляется путем аминирования по типу реакции Михаэля и в настоящее время проведено для довольно широкого круга нуклеофилов.

Аминирование первичными и вторичными аминами по типу аза-реакции Михаэля, которое проходит регио- и стереоселективно и только по сопряженной двойной связи γ-лактонного цикла, позволяет получить водорастворимые производные, что является практически важным для фармакологических и клинических исследований лекарственного вещества.

Катализируемое комплексами палладия сочетание алкил- и арилгалогенидов с алкенами, содержащими при двойной связи хотя бы один атом водорода (например, сесквитерпеновыми α-метилен-γ-лактонами), дает возможность введения ароматических заместителей по положению С-13 двойной связи лактонного кольца.

В литературе приведены методики синтеза коньюгатов сесквитерпеновых лактонов с алкалоидами, например, алантолактона с 8‑бромкофеином (17) [33] и лаппаконитином (18) [34], эпоксида алантолактона с алкалоидами, происходящее с раскрытием эпоксигруппы и образованием новой гетероциклической системы (19,20) [35].
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(17)                                    (18)                                 R=H (19); R=OMe (20)

Изучению вопросов биосинтеза сесквитерпеновых лактонов посвящены работы многих зарубежных исследователей [36-38]. Установлено, что синтез всех изопреноидов происходит под действием сесквитерпеновых синтаз из единственного предшественника – изопентенилпирофосфата, по мевалонатному (в цитозоле) или метилэритритолфосфатному (в пластидах) пути.

К настоящему времени относительно хорошо изучены биосинтетические пути образования костунолида в Cichorium intybus L. [39], партенолида в Tanacetum parthenium (L.) Sch. Bip. [40], артемизинина в Artemisia annua L. [41-43]. Идентифицированы ключевые гены, кодирующие структуры участвующих в их биосинтезе ферментов. В работе [44] выделен и идентифицирован ключевой цитозольный фермент AmGAS в пути биосинтеза сесквитерпеновых лактонов в Achillea millefolium L.. Полученный в результате экспрессии AmGAS in vivo рекомбинантный белок катализировал образование гермакрена А в присутствии субстрата – фарнезилпирофосфата С15.

В известных научных центрах – Университете Вагенингена и Университете Амстердама успешно проводятся работы по воспроизведению биосинтетического пути костунолида, партенолида и кауниолида в Nicotiana benthamiana посредством транзиентной ко-экспрессии необходимых биосинтетических генов [45,46]. Авторами работы [46] в Tanacetum partenium (L.) Sch. Bip. идентифицированы и отобраны для функциональной характеристики 6 перспективных контигов цитохрома P450 (актина, GAS, GAO, COS, партенолид-синтазы и костунолид-3β-гидроксилазы), а также охарактеризован новый цитохром P450 – кауниолид-синтаза, которая катализирует образование гваянолида кауниолида из гермакранолид-субстрата костунолида и, в отличие от большинства цитохромов P450s, имеет уникальный механизм действия, сочетая в себе стереоселективное гидроксилирование костунолида в положении C-3 с элиминированием, циклизацией и региоселективной депротонацией. Полный путь биосинтеза кауниолида с участием данной синтазы реконструирован в Nicotiana benthamiana L. и дрожжах, что открывает возможности для биотехнологического производства сесквитерпеновых лактонов.
Таким образом, проведенный патентно-информационный поиск (Приложение В) и анализ литературных сведений свидетельствует об актуальности исследований по направленному синтезу гибридных молекул на основе природных соединений, выделению бимолекулярных соединений из растений флоры Казахстана и изучению биосинтеза сесквитерпеновых лактонов молекулярно-генетическими методами. 

2 Направленный синтез гибридных молекул. Определение органов растений, биосинтезирующих сесквитерпеновые лактоны (основные результаты за 2018 год)

При реализации проекта в 2018 году получены следующие результаты:
Из растительных источников выделены и наработаны сесквитерпеновые лактоны гроссгемин из хартолеписа среднего (Chartolepis intermedia Boiss.); артемизинин из СО2-экстракта полыни однолетней (Artemisia annua L.), гроссмизин из полыни беловатой (Artemisia leucodes Schrenk.), арграцин из полыни аральской (Artemisia aralensis Krasch.), эстафиатин из тысячелистника благородного (Achillea nobilis L.). для химической модификации их молекул.

Впервые синтезированы четыре новых производных на основе природных сесквитерпеновых лактонов гроссгемина и арглабина: цитизинил-8-хлоргроссгемин, 1-(2-аминоэтил)-пиперазинилгроссгемин, 3-йодтиофен-гроссгемин, азиридинпроизводное арглабина. Строение выделенных и синтезированных новых производных установлено на основании данных ИК‑, УФ‑, ЯМР 1Н, 13С-спектроскопии, рентгеноструктурного анализа и физико-химических методов исследований.

Разработана методика для изучения биосинтеза сесквитерпеновых лактонов в Artemisia glabella Kar. et Kir. с использованием хроматографических методов анализа, микроскопии и секвенирования. 

Микроскопическими исследованиями морфологии поверхности органов данных растений выявлено наличие значительного количества терпеноидсодержащих структур, которые во многих современных исследованиях используются для поиска генов-«кандидатов», кодирующих структуры ферментов биосинтеза сесквитерпеновых лактонов.

Впервые проведена СО2-экстракция сырья отдельных органов полыни гладкой (Artemisia glabella Kar. et Kir.) по 5 основным периодам вегетации растения, которая позволила установить, что органами с количественным содержанием арглабина являются листья (1,90% на в.с.с.) и бутоны (1,56% на в.с.с.) в период бутонизации. Именно в данных органах наблюдается значительное количество железистых трихом, являющихся терпеноидсинтезирующими структурами. 

За отчетный период опубликованы 2 статьи в рецензируемых зарубежных журналах с импакт-фактором (Phytochemistry и Chemistry of Natural Compounds), статья в республиканском научном журнале, тезисы 4 докладов в материалах международных конференций (приложение Б).

Промежуточный отчет за 2018 год в установленном порядке зарегистрирован в АО «Национальный центр государственной научно-технической экспертизы» (инв. №0218РК01061).

3 Химическая модификация молекул сесквитерпеновых лактонов. Поиск перспективных генов, ответственных за биосинтез сесквитерпеновых лактонов (основные результаты за 2019 год)

При реализации проекта в 2019 году получены следующие результаты:

Для химической модификации выделены и наработаны сесквитерпеновые лактоны гроссгемин из хартолеписа среднего (Chartolepis intermedia Boiss.), арглабин и арголид из СО2-экстракта Artemisia glabella Kar. et Kir., флавоноиды пиностробин из спиртового экстракта почек тополя бальзамического (Populus balsamifera L.) и кверцетин из спиртового экстракта зверобоя продырявленного (Hypericum perforatum L.).

Наработаны суммы экстрактивных веществ из 5 видов растений (Artemisia santolinifolia Turcz. ex Besser, Ferula ovina Boiss., Ferula kelleri Koso-Pol., Ferula songarica Pall. ex Spreng, Handelia trichophylla (Schrenk.) Heimerl). Из суммы экстрактивных веществ Ferula Kelleri Koso-Pol. выделены 3-метокси-4,5-метилендиоксипропиофенон, фенолтерпеноидный сложный эфир – фероцинин, из Handelia trichophylla (Schrenk.) Heimerl – димерный сесквитерпеновый лактон ханделин.

На основе выделенных терпеноидов, флавоноидов и алкалоидов впервые синтезированы 4 новых гибридных производных: кверцетинилгроссгемин (по реакции Хека) и α-цитизинилгроссгемин (по реакции Михаэля), гидрохлориды α‑цитизинилгроссгемина и анабазинилгроссгемина. Для изучения фармакологической активности наработаны образцы цитизинил- и анабазинилпроизводного арглабина. 

Строение выделенных соединений и синтезированных новых производных установлено на основании данных ИК-, УФ-, ЯМР 1Н, 13С спектроскопии и рентгеноструктурного анализа.

По результатам биоскрининга установлено, что гидрохлорид α‑цитизинилгроссгемина является перспективным соединением для углубленного изучения его антигельминтой активности.

Впервые в листьях и бутонах Artemisia glabella Kar. et Kir. выявлены перспективные гены синтаз GAS, GAO и COS из биосинтетического пути сесквитерпеновых лактонов, сравнительный анализ которых показал высокую (более 90%) идентичность с генами ферментов модуля GAS/GAO/COS других представителей Asteraceae. 

За отчетный период подана заявка на получение охранного документа №2019/0611.1 от 22.08.2019, опубликованы 2 статьи в рецензируемых зарубежных журналах с импакт-фактором (Molecules и Expert Opinion on Therapeutic Patents), тезисы 5 докладов в материалах международных конференций (приложение Б). 

Промежуточный отчет за 2019 год в установленном порядке зарегистрирован в АО «Национальный центр государственной научно-технической экспертизы» (инв. №0219РК00764).

4 Выделение и наработка сесквитерпеновых лактонов, флавоноидов и алкалоидов из растительного сырья для химической модификации их молекул

4.1 Выделение бимолекулярных соединений из растительного сырья

Ferula Kelleri Koso-Pol. растет по травянистым склонам и среди кустарников в среднем поясе гор. Ранее из корней Ferula Kelleri Koso-Pol.  выделен терпеноидный кумарин – келлерин [47]. 

2 кг сырья корней ферулы Келлера, собранных в ущелье Ушконыр Карасайского района Алматинской области, трижды экстрагировали этанолом, спиртовые извлечения упаривали под вакуумом. Сгущенный экстракт обрабатывали четырехкратно диэтиловым эфиром. После упаривания эфирного извлечения на роторном испарителе под вакуумом получено 250 г суммы экстрактивных веществ. 

100 г суммы экстрактивных веществ Ferula Kelleri Koso-Pol. хроматографировали на колонке с силикагелем марки КСК, соотношение сумма:носитель 1:9.  При элюировании колонки смесью петролейный эфир:этилацетат в соотношениях (98:2) и (96:4) выделены 0.051 и 2.7 г бесцветных кристаллических веществ (21) и (22) соответственно. По данным спектров ИК-, УФ-, ЯМР 1Н и 13С, DEPT, COSY, HMQC, HMBS, физико-химическим показателям выделенные соединения идентифицированы как 3-метокси-4,5-метилендиокси-пропиофенон (21) и фероцинин (22).

3-Метокси-4,5-метилендиоксипропиофенон (21). С11Н12О4, т.пл. 89-92°С (петролейный эфир:этилацетат), [α]24D = -150о (с 0.2, СНСl3). Выход составил 0.051 г (0.005% в расчете на воздушно-сухое сырье). ИК-спектр (KBr, ν, см-1): 3025, 2966, 2957, 2938, 2867, 2854, 1898, 1785, 1701 (С=О), 1649 (С=С). В УФ-спектре (EtOH, λmax, нм) (lg ε): 214 (3.80), 232 (3.69) и 297 нм (3.46). ЯМР 1Н (500 МГц, CDCl3, δ, м.д., J/Гц): 7.15 (1Н, д, J=1.5, Н-2), 7.28 (1Н, д, J=1.5, Н-6), 6.08 (2H, c, Н-7), 3.9 (3Н, с, Н-8), 2.93 (1Н, к, J=7.5, Н-2’), 1.21 (3Н, т, J=7.0, Н-3’). Спектр ЯМР 13С (125 МГц, CDCl3, δ, м.д.): 131.9 (C-1), 102.7 (C-2), 143.6 (C-3), 139.5 (C-4), 148.9 (C-5), 108.5 (C-6), 102.4 (C-7), 56.7 (C-8), 198.9 (C-1’), 31.7 (C-2’), 8.6 (C-3’). В масс-спектре найдено m/z [M]+ 208.0726. Вычислено для C11H12O4 208.0730 [M].

Фероцинин (22) брутто-формулой С23Н30O4, т.пл. 105.6-107.1°С (петролейный эфир:этилацетат), [α]20D = -100о (с 0.2, СНСl3). Выход составил 2.7 г (0.27 % в расчете на воздушно-сухое сырье). ИК-спектр (КBr, ν, см-1): 3530, 3451, 3078, 3025, 2966, 2957, 2938, 2867, 2854, 1785, 1701, 1649 см-1. УФ-спектр (EtOH, λmax, нм) (lg ε): 206 (4.35), 217 (4.32), 249 (4.11) и 292 (3.74). ЯМР 1Н (500 МГц, CDCl3, δ, м.д., J/Гц): 5.51 (1Н, д, J=16, Н-2), 5.95 (1Н, д, J=16, Н-3), 2.30 (1H, дт, J=13.0, 4.5, Н-5а), 2.47-2.39 (2Н, м, Н-5б, Н-9б), 2.24-2.15 (3Н, м, Н-6а, Н-6б, Н-9а), 5.42 (1Н, т, J=8.0, Н-7), 4.95 (1Н, м, Н-10), 1.85 (1H, дд, J=15.0, 6.5, Н-11а), 1.91 (1H, уш.д, J=15, Н-11б), 1.12 (3Н, с, Н-12), 1.04 (3Н, с, Н-13), 4.84 (1Н, д, J=2.0, Н-14а), 4.93 (1Н, д, J=2.0, Н-14б), 1.61 (3Н, с, Н-15), 7.56 (1Н, д, J=2.0, Н-2’), 6.94 (1Н, д, J=8.0, Н-5’), 7.62 (1Н, дд, J=8.0, 2.0, Н-6’), 3.93 (3H, c, Н-7’). Спектр ЯМР 13С (125 МГц, CDCl3, δ, м.д.): 35.29 (C-1), 142.57 (C-2), 125.85 (C-3), 146.21 (C-4), 31.37 (C-5), 30.25 (C-6), 129.35 (C-7), 130.99 (C-8), 47.73 (C-9), 71.53 (C-10), 52.23 (C-11), 22.50 (C-12), 30.66 (C-13), 114.18 (C-14), 17.56 (C-15), 123.07 (C-1’), 111.73 (C-2’), 148.15 (C-3’), 149.93 (C-4’), 114.04 (C-5’), 124.06 (C-6), 56.17 (С-7’), 165.55 (С-8’)[7]. В масс-спектре найдено m/z [M]+ 370.2133. Вычислено для C23H30O4 370.2139 [M].

Впервые рентгеноструктурным методом изучена стереохимия кристаллических структур выделенных молекул (21) и (22). Пространственное строение их молекул показано на рисунке 1.
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	Рисунок 1 - Пространственное строение молекул (21) и (22)




Структурные данные молекул 3-метокси-4,5-метилендиокси-пропиофенон (21) и фероцинин (22) депонированны в Кембриджской базе кристаллографических данных под номерами ССDC 1978204 и 1978205 соответственно. 

Химическое изучение ферулы акичкенской (Ferula akitschkensis B. Fedtsch. ex Koso-Pol.)

Ferula akitschkensis B. Fedtsch. ex Koso-Pol. растет по травянистым склонам в нижнем поясе гор. 

2 кг сырья корней ферулы акиченской (Ferula akitschkensis B. Fedtsch. ex Koso-Pol.), собранных в селе Таужолы Карасайском районе Алматинской области, трижды экстрагировали этанолом, спиртовые извлечения упаривали под вакуумом. Сгущенный экстракт обрабатывали четырехкратно диэтиловым эфиром. После упаривания эфирного извлечения на роторном испарителе под вакуумом получено 380 г суммы экстрактивных веществ с выходом 19% (в пересчете на воздушно-сухое сырье).

100 г суммы экстрактивных веществ Ferula akitschkensis B. Fedtsch. ex Koso-Pol. хроматографировали на колонке с силикагелем марки КСК, соотношение сумма:носитель 1:8.  По данным ТСХ-анализа и в сравнении с достоверным образцом в экстракте присутствует сложный эфир – фероцинин (22).

Химическое изучение ферулы метельчатой (Ferula ferulaeoides (Steud.) Eug. Kor.) 

Ferula ferulaeoides (Steud.) Eug. Kor. растет в полынных и полынно-типчаковых, солонцеватых степях. 
2 кг сырья корней ферулы метельчатой (Ferula ferulaeoides (Steud.) Korovin, собранных в пустыне Бетбакдалы Жанааркинского района Карагандинской области, трижды экстрагировали этанолом, спиртовые извлечения упаривали под вакуумом. Сгущенный экстракт обрабатывали четырехкратно диэтиловым эфиром. После упаривания эфирного извлечения на роторном испарителе под вакуумом получено 390 г суммы экстрактивных веществ. По данным ТСХ-анализа и в сравнении с достоверным образцом в экстракте присутствует сложный эфир – фероцинин (22). 

100 г суммы экстрактивных веществ Ferula ferulaeoides (Steud.) Eug. Kor. хроматографировали на колонке с силикагелем марки КСК, соотношение сумма:носитель 1:9. При элюировании смесью петролейный эфир – этилацетат 95:5 выделены прозрачные игольчатые кристаллы с  т.пл. 88-91ºС, Rf 0.50 (петролейный эфир:этилацетат 4:1), чистотой по данным ВЭЖХ  99,49%. В ИК-спектре (KBr, ν, см-1) выделенного вещества имеются полосы поглощения при 3339 (OH-группа), 2981, 2960, 2928, 2860, 2842, 2825, 1459, 1405, 1379, 1364, 1312, 1278, 1250, 1209, 1177, 1153, 1140, 972, 927, 912, 685. В УФ-спектре (EtOH, λmax, нм) отмечается максимум поглощения при 204 нм (lg ε 1.426).

Химическое изучение ферулы Крылова (Ferula krylovii Korovin)  

Ferula krylovii Korovin растет в глинисто-солонцеватых степях Алтая. 
2 кг сырья корней ферулы Крылова (Ferula Krylovii Korovin), собранных в Зайсанской впадине Восточно-Казахстанской области, трижды экстрагировали этанолом, спиртовые извлечения упаривали под вакуумом. Сгущенный экстракт обрабатывали четырехкратно диэтиловым эфиром. После упаривания эфирного извлечения на роторном испарителе под вакуумом получено 350 г суммы экстрактивных веществ. 

100 г суммы экстрактивных веществ Ferula krylovii Korovin хроматографировали на колонке с силикагелем марки КСК, соотношение сумма:носитель 1:9. При элюировании колонки смесью петролейный эфир: этилацетат 95:5 выделено 0,9 г белого кристаллического вещества. По данным спектров ИК-, УФ-, ЯМР 1Н и 13С, DEPT, COSY, HMQC, HMBS, физико-химическим показателям идентифицировано как фероцинин (22).

Химическое изучение бузульника разнолистного (Ligularia heterophylla Rupr.) 

Ligularia heterophylla Rupr. растет в разреженных лесах на опушках и полянах, по берегам ручьев и влажным понижениям в субальпийском поясе гор. 

2 кг высушенного измельченного сырья корней бузульника разнолистного (Ligularia heterophylla Rupr.), собранных в Заилийском Алатау Карасайского района Алматинской области, трижды экстрагировали этиловым спиртом по 10 л. Извлечение сгущали под вакуумом, обрабатывали водно-спиртовым раствором (2:1) и трехкратно экстрагировали хлороформом. После упаривания хлороформного извлечения на роторном испарителе получили 65 г суммы экстрактивных веществ, которую хроматографировали на колонке с силикагелем марки КСК при соотношении сумма-носитель 1:5. При элюировании колонки смесью петролейный эфир:этилацетат (98:2) выделено 3,2 г белого кристаллического вещества (23) чистотой по данным ВЭЖХ 99,53% с т.пл. 135-138 °С (петролейный эфир:этилацетат). 

Соединение (23) имеет брутто-формулу С15Н18O3. В ИК-спектре  (KBr, ν, см-1) соединения присутствуют полосы поглощения в области 2941, 2886, 2876, 1773 (карбонил γ-лактона), 1640 (С=С). В УФ-спектре (EtOH, λmax, нм) отмечается максимум поглощения при 216 нм.

В спектре ПМР (23) наблюдаются синглеты в области 7.07, 5.06, 2.03 и 1.25 м.д., характерные для Н-12 и Н-6 фуранового ядра и лактонного протона и для протонов метильной группы при двойной связи и ангулярного метила соответственно.
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По данным спектров ИК-, УФ-, ЯМР 1Н и 13С, DEPT, COSY, HMQC, HMBS, физико-химическим показателям соединение идентифицировано как сесквитерпеновый лактон фураноэремофилан-14β,6α-олид (23).

Сесквитерпеновый лактон фураноэремофилан-14β,6α-олид выделен также из вторичного сырья корней бузульника разнолистного (Ligularia heterophylla Rupr.) после извлечения эфирного масла.
0,5 кг корней бузульника разнолистного (Ligularia heterophylla Rupr.) после выделения эфирного масла, трижды экстрагировали хлороформом по 5 л. После удаления экстрагента получено 30 г суммы экстрактивных веществ, в котором по данным ТСХ и в сравнении с достоверным образцом обнаружен сесквитерпеновый лактон фураноэремофилан-14β,6α-олид (23).

4.2 Наработка сесквитерпеновых лактонов, флавоноидов и алкалоидов для химической модификации

Для химической модификации наработаны сесквитерпеновые лактоны гроссгемин (24) из Chartolepis intermedia Boiss. и гроссмизин (25) из Аrtemisia leucodes Schrenk.

Гроссгемин (24) выделен из этанольного экстракта надземной части хартолеписа среднего (Chartolepis intermedia Boiss.), полученного методом ультразвуковой экстракции, с последующей водно-спиртовой обработкой и хроматографированием полученной суммы экстрактивных веществ на колонке с силикагелем марки КСК. Для химической модификации наработано 20 г гроссгемина.
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Гроссгемин С15Н18О4 (24) - кристаллический порошок белого цвета с желтоватым оттенком, без запаха с т.пл. 200-203°С (этанол). Растворим в 96% этаноле, этилацетате, хлороформе, практически не растворим в воде. Спектральные и физико-химические данные гроссгемина (24) сопоставимы с характеристиками стандартного образца. 

В ИК-спектре (KBr, ν, см-1) гроссгемина (24) присутствуют интенсивные полосы поглощения, характерные для групп 3474 (ОН-группа), 1741 (карбонил γ-лактона), 1648 (С=С), 1399, 1167 (экзоциклическая метиленовая группа, сопряженная с карбонилом γ-лактона).  

В спектре ПМР молекулы (24) наблюдаются сигналы протонов метильной группы при С-4 в виде   дублета в области 1.25 м.д., протона при С-5 в виде мультиплета при 2.45 м.д., два симметричных дублета дублетов при 6.29 м.д. с КССВ J=4.0 Гц, J=3.0 Гц и при 6.36 м.д. с КССВ J=4.0 Гц, J=3.0 Гц, принадлежащие экзометиленовой группе при С-13, мультиплет метинового протона при С-7 с центром при 3.15 м.д., а также триплет лактонного протона Н-6 при 4.08 м.д. с КССВ J=9.0 Гц. Характер расщепления сигнала лактонного протона указывает на то, что у гроссгемина лактонное кольцо расположено при С6-С7 основного скелета, а значение КССВ – на его транс-сочленение. Также присутствуют сигналы протона при С-1 в виде мультиплета при 3.25 м.д., протонов при С-2 в виде дублет дублетов при 2.53 м.д. с КССВ J=6.0 Гц, J=4.0 Гц и дублет при 2,64 м.д. с КССВ J=9 Гц, сигналы протона H-4 в виде дублета при 2.59 м.д. с КССВ J=9.0 Гц, мультиплеты протонов Н-8 при 3.82 м.д., Н-9а при 2.28 м.д. и Н-9б при 2.37 м.д. и  сигналы протонов в виде синглетов при 4.8 м.д. и 5.1 м.д., принадлежащие экзометиленовой группе при С-14. 

В спектре ЯМР 13С гроссгемина (24) присутствуют 4 синглетных, 6 дублетных, 4 триплетных и 1 квартетный сигналы, характерные для шести sp2- и девяти sp3-гибридизованных углеродных атомов. 

Гроссмизин (25) выделен из этанольного экстракта надземной части полыни беловатой (Аrtemisia leucodes Schrenk). 

Гроссмизин C15H18O4 (25) – бесцветное кристаллическое вещество, т.пл. 122-123оС (размягчение) плавится при 166-167 оС (этилацетат).

В ИК-спектре (KBr, ν, см-1) гроссмизина (25) имеются полосы поглощения при 3287 (OH-группа), 1793 (карбонил γ-лактона), 1664 (ненасыщенный кетон), 1627 и 1610 см-1 (двойные связи).

В ПМР спектре (25) сигнал  Н-11 проявляется в виде квинтета при 2,88 м.д. с КССВ J=7 Гц, что указывает на β-ориентацию метильной группы при С-11, лактонный протон Н-6 проявляется в виде триплета при 3,82 м.д. с КССВ J=10 Гц. Остальные сигналы идентичны с литературными данными. 

Алкалоид пиридинового ряда анабазин (26) получали экстракцией надземной части ежовника безлистного (Anabasis aphylla L.) горячей водой, с последующим подщелачиванием водного экстракта каустической содой и обработкой керосином при 65-750С. После удаления керосина получена смесь анабазина с лупинином, которую растворяли в ацетоне, прибавляли хлористый аммоний и нагревали 10-12 часов на водяной бане при температуре кипения растворителя. На следующий день кристаллы гидрохлорида анабазина (27) отфильтровывали, промывали сухим ацетоном, перекристаллизовали из этилового спирта. 
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                                               (26)                             (27)

Природный анабазин (26) плохо хранится, неустойчивое соединение. В этой связи, обычно для хранения и работы используют гидрохлорид анабазина (27).

Анабазина гидрохлорид C10H14N2·HCl (27) - белый кристаллический порошок с т. пл. 213-214 0С. Легко растворим в воде, этаноле, метаноле, ледяной уксусной кислоте, практически нерастворим в эфире и ацетоне. Наработано 20 г гидрохлорида анабазина. 

За период выполнения этапов проекта для химической модификации и биоскрининга выделены и наработаны:

	1) сесквитерпеновые лактоны:

	
	- гроссгемин (24) из Chartolepis intermedia Boiss.
	

	
	- гроссмизин (25) из Аrtemisia leucodes Schrenk.
	

	
	- артемизинин (28) из Аrtemisia annua L.
	

	
	- арграцин (29) из Artemisia aralensis Krasch.
	

	
	- эстафиатин (30) из Achillea nobilis L.
	

	
	-  арголид (31) и арглабин (32) из Artemisia glabella Kar. et Kir.
	

	2) флавоноиды:

	
	- пиностробин (33) из Populus balsamifera L.
	

	
	- кверцетин (34) из Hypericum perforatum L.
	

	3) алкалоид:

	
	- анабазин (26) из Anabasis aphylla L.
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Проведен поиск бимолекулярных соединений в суммах экстрактивных веществ из 9 видов растений:

- полынь сантолинолистная (Artemisia santolinifolia Turcz. ex Besser);

- ханделия волосистолистная (Handelia trichophylla (Schrenk) Heimerl);

- бузульник  разнолистный  (Ligularia heterophylla Rupr.);

- ферулы овечья (Ferula ovina Boiss.);

- ферула Келлери (Ferula kelleri Koso-Pol.);

- ферула джунгарская (Ferula songarica Pall. ex Spreng.);

- ферула  акичкенская (Ferula akitschkensis B. Fedtsch. ex Koso-Pol.);

- ферула метельчатая (Ferula ferulaeoides (Steud.) Eug. Kor.);

- ферула Крылова (Ferula Krylovii Korovin).

5 Направленный синтез гибридных молекул, сочетающих в своей структуре два природных фармакофорных фрагмента 

5.1 Направленный синтез бимолекулярных соединений на основе сесквитерпеновых лактонов

Проведен направленный синтез бимолекулярных соединений на основе сесквитерпеновых лактонов диоксиарглабина и арголида.

Синтезы осуществлялись по следующей методике: исходные лактоны арголид (31) или 1α,10β-диоксиарглабин (38) растворяли в метиловом спирте и к раствору добавляли нуклеофильные реагенты, в качестве которых использовали алкалоиды цитизин (35) или анабазин (26). Реакции проводили при комнатной температуре и постоянном перемешивании. Ход реакций и чистоту полученных производных контролировали методом ТСХ на пластинах «Silufol». После завершения реакции растворитель отгоняли на роторном испарителе. Полученные реакционные смеси очищали и хроматографировали на силикагеле, перекристаллизовывали из метанола или смеси петролейный эфир:этилацетат. 

В результате реакций получены новые производные (36), (37), (39), строение которых установлено на основании спектральных данных (ИК-,               УФ-, ЯМР -1Н, -13С, DEPT, COSY, масс-) и элементного анализа. 

Цитизиниларголид (36) получен взаимодействием арголида (31) с цитизином (35) и выделен из реакционной смеси методом колоночной хроматографии на силикагеле при элюировании колонки смесью петролейный эфир:этилацетат (9:1). Цитизиниларголид (36) представляет собой бесцветное кристаллическое вещество состава С26Н34О4N2 с т.пл. 185-187 оС и Rf=0.63 (этилацетат-этанол 2:1). Выход составил 45%.
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В ИК-спектре (KBr, νmax, см-1) молекулы (36) присутствуют полосы поглощения в области 3030, 2994; 2925; 2884; 2852; 2796 (-С-Н); 1766 (С=О γ-лактона); 1705 (-С=О); 1658 (С=С). 
По данным элементного анализа образца (36): найдено, % С 71,02;                        Н 7,74; N 6,37; вычислено, % С 71,23; Н 7,76; N 6,39

Сигналы протонов соединения (36) атома С-13 проявляются в области 2.44 м.д. и 2.69 м.д. в виде дублета дублетов с КССВ 12.7 Гц, 11.7 Гц и 12.9 Гц, 5.2 Гц соответственно. Однопротонный сигнал при С-6 обнаруживается в виде дублета при 3.59 м.д. с J=9.0 Гц, характерный для лактонного протона. 

Данные спектра ЯМР 13С свидетельствуют о наличии в молекуле (36) двадцати шести углеродных атомов. При этом отмечаются сигналы, характерные для углеродных атомов лактонной и цитизиновой карбонильных групп в области 177.77 и 163.40 м.д. соответственно. Также наблюдается смещение сигнала углеродного атома С-13 в область более сильного поля.  

Анабазиниларголид (37) получен взаимодействием арголида (31) с анабазином (26) в условиях реакции Михаэля и выделен из реакционной смеси методом колоночной хроматографии на силикагеле при элюировании колонки системой петролейный эфир:этилацетат (9:1). Анабазиниларголид (37) представляет собой кристаллическое вещество состава C25H34N2O3 с т.пл. 104-1070С (этилацетат-петролейный эфир) и Rf 0.56 (этилацетат-этанол 4:1). Выход составил 42%. Масс-спектр (37): найдено: m/z 410.2563 [M]+; вычислено: m/z 410.2564. 
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         (31)                               (26)                                  (37)

В ИК-спектре (KBr, νmax, см-1) молекулы (37) присутствуют полосы поглощения в области 3394, 2931, 2855, 2800 (‑С‑Н), 1766 (С=О γ-лактона), 1708 (‑С=О). 

В спектре ЯМР 1H соединения (37) наблюдается значительное смещение сигналов протонов при С-13 в сильное поле и проявляются в области 2,40-2,44 м.д. и 2,86 м.д. с КССВ 8.5 Гц, 15.0 Гц в виде мультиплета и дублета дублетов соответственно. Кроме этого, проявляется сигнал при 2,44 м.д. в виде мультиплета, принадлежащий протону при С-11.

По сравнению со спектром ЯМР 13С исходной молекулы арголида (31) сигналы атомов С-11 и С-13 в молекуле (37) смещены в слабое поле и проявляются при 46,19 и 55,16 м.д. Эти изменения доказывают присоединение анабазина по экзометиленовой группе при С-13 и наличие одного протона при С-11.

Проведен направленный синтез нового бимолекулярного соединения на основе 1α,10β-диоксиарглабина (38), полученного раскрытием эпоксидного цикла в структуре арглабина (32) в кислой среде. В качестве нуклеофильного реагента использован алкалоид цитизин (35).

К раствору 0,15 г (0,56 ммоль) 1α,10β-диоксиарглабина (38) в 2 мл этанола прикапывали 0,13 г (0,68 ммоль) цитизина, растворенного в 1 мл этанола, при перемешивании. Реакцию проводили при комнатной температуре в течение 3 суток. После завершения реакции растворитель отгоняли на роторном испарителе. Получили кристаллическое вещество (39) с выходом 41%.
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       (32)                            (38)                                 (39)

1α,10β-диокси-7α,6β(Н)-гвай-3(4)-ен-11(13-цитизинил)-6,12-олид (39). Белое порошкообразное вещество состава С26H34O5N2 с т.пл. 266-269 оC. ИК-спектр (KBr, ν, см-1): 3466, 3387, 2945, 2915, 2861, 1737 (карбонил γ-лактона), 1647 (С=С), 1550, 1470, 1450, 1354, 1329. УФ-спектр (этанол, λ, нм) молекулы (39): 202, 233, 309.

Отсутствие в спектре ПМР сигнала протонов экзометиленовой группы подтверждает присоединение цитизина по экзометиленовой двойной связи γ-лактона. 

Сигналы протонов производного (39) при С-13 проявляются в области 2.44 м.д. в виде мультиплетов. Однопротонный сигнал в виде триплета Н-6 в области 4.28 м.д. с КССВ J=10.3 Гц, 8.9 Гц характерен для лактонного протона. 

Данные спектра ЯМР 13С свидетельствуют о наличии в молекуле (39) двадцати шести углеродных атомов. При этом отмечаются сигналы, характерные для углеродных атомов карбонильных групп в области 177.92 и 162.81 м.д., относящихся соответственно лактонному С-12 и цитизиновому С-2’ атому углерода. Также наблюдается смещение сигнала углеродного атома С-13 в область более сильного поля.  

Таким образом, впервые синтезированы три бимолекулярных соединения (36), (37) и (39), сочетающие в структуре два природных фармакофорных фрагмента. 

Проведенные эксперименты показали, что сравнительно перспективным направлением химической модификации сесквитерпеновых лактонов с получением бимолекулярных производных являются синтезы по реакциям Михаэля и Хека. При этом, в некоторых случаях на стереохимию образующихся производных оказывает влияние используемый растворитель. Так, например, при проведении реакции между гроссгемином (24) и цитизином (35) в среде метанола образуется α-цитизинилгроссгемин, а при замене растворителя на этанол образуется β-цитизинилгроссгемин.

За период реализации проекта по данным методикам наработаны и переданы в Республиканский банк биологически активных соединений стандартные образцы 8 синтезированных бимолекулярных соединений (таблица 1).

Таблица 1 – Стандартные образцы бимолекулярных соединений, переданных в Республиканский банк биологически активных соединений (Приложение Г)

	Название соединения
	Регистрационный номер
	Дата регистрации

	цитизинил-1α,10β-диоксиарглабин (39)
	038850620
	29.06.2020

	цитизиниларголид (36)
	038770620
	29.06.2020

	анабазиниларголид (37)
	038740620
	29.06.2020

	α-цитизинилгроссгемин (40)
	038731019
	25.10.2019

	α-цитизинилгроссгемина гидрохлорид (41)
	038570419
	18.04.2019

	анабазинилгроссгемин (42)
	038520419
	18.04.2019

	α-цитизиниларглабин (44)
	038460319
	11.03.2019

	β-цитизинилгроссгемин
	038450319
	11.03.2019


5.2 Разработка лабораторного регламента получения бимолекулярного соединения

По результатам проведенных синтезов разработан лабораторный регламент на выделение гроссгемина и получение водорастворимой соли его бимолекулярного производного - гидрохлорида α-цитизинилгроссгемина, который определен в качестве перспективной субстанции, обладающей антигельминтой активностью. Нами разработана технология, обеспечивающая её количественный выход и требуемое качество к субстанции. 

Химическое превращение гроссгемина, выделяемого из надземной части Chartolepis intermedia Boiss. в гидрохлорид α-цитизинилгроссгемина проведено по следующей схеме:
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Основные стадии технологической схемы производства приведены на рисунке 2. В разработанном регламенте предусмотрены 15 вспомогательных и 19 технологических операционных процедур, а также стадии упаковки и маркировки.

Технология включает ряд вспомогательных работ по подготовке сырья (сушка, измельчение, просеивание сырья цветочных корзинок и листьев хартолеписа среднего), определение в нем количественного содержания гроссгемина (методом ВЭЖХ), по подготовке экстрагента (этилацетата), растворителей (этанола, метанола), элюента (смеси петролейный эфир:этилацетат), сорбента (измельчение и прокаливание силикагеля), осушителя (сульфата натрия), 3%-ного раствора соляной кислоты.  
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Рисунок 2 – Технологическя схема выделения гроссгемина и получения гидрохлорида α-цитизинилгроссгемина

Для извлечения суммы экстрактивных веществ сухое измельченное просеянное сырье хартолеписа среднего взвешивают, помещают в мешочках из «бязи» в емкость для экстрагирования сырья, заливают экстрагентом этилацетатом (гидромодуль 1:5) и экстрагируют при температуре 800С. После охлаждения жидкий экстракт сливают и экстракцию повторяют еще 2 раза при тех же условиях. Объединенные экстракты сгущают в роторном испарителе при температуре 600С. Выход густого экстракта составляет около 9,5%.

Полученную сумму экстрактивных вешеств очищают от гидрофобных соединений. При постоянном перемешивании растворяют в горячем 96%-ном этаноле при температуре 70°С и добавляют воды очищенной, нагретой до аналогичной температуры (соотношение масс густого экстракта, этилового спирта, воды соответственно 1:2:1). Раствор оставляют в темном месте на сутки для охлаждения и осаждения гидрофобного балласта (липидов, хлорофиллов и т.д.). Водно-спиртовый раствор экстракта фильтруют через бумажный фильтр, обработку осадка повторяют еще 2 раза при тех же условиях.

Фильтраты объединяют, трижды обрабатывают хлороформом в соотношении фильтрат-хлороформ 2:1 для очистки от водорастворимых веществ. Водный слой отделяют и утилизируют, а из хлороформно-спиртового раствора отгоняют растворитель на роторном испарителе. Выход обработанного экстракта составляет в среднем 3,78%.
Обработанный экстракт сливают в выпарительную фарфоровую чашку, остатки экстракта со стенок колбы смывают небольшим количеством этилацетата, перемешивают до получения однородной массы достаточно жидкой консистенции и добавляют силикагель в соотношении 1:1,5. После тщательного перемешивания однородную кашицеобразную массу раскладывают тонким слоем на ровную поверхность (противень из нержавеющей стали или стекло) для быстрого испарения этилацетата под вытяжной вентиляцией.

Хроматографическую колонку (d = 0,08 м, l = 1,1 м) заполняют силикагелем «мокрым способом», сверху засыпают сухую смесь экстракта с силикагелем, элюируют смесью петролейный эфир-этилацетат 3:1, собирая фракции объемом 0,5 л. Фракции упаривают на роторном испарителе. Сухой остаток фракций контролируют по ТСХ и объединяют этилацетатом. Фракции, содержащие гроссгемин  промывают этиловым спиртом и высушивают. Выход технического гроссгемина 0,11% на в.с.с. (или 2,97% на очищенный экстракт).

Гроссгемин технический перекристализовывают из этилового спирта. Растворение гроссгемина проводят на водяной бане при температуре 80-900С, этиловый спирт добавляют постепенно до момента его полного растворения, затем колбу снимают с водяной бани и постепенно охлаждают (сначала при комнатной температуре 1 час, затем в холодильнике при 25 0С – 1 час). При этом в колбе постепенно выпадают кристаллы гроссгемина (24) в виде мелкого кристаллического порошка белого цвета без запаха. Кристаллы отфильтровывают и сушат сначала на фильтре под вытяжной вентиляцией в течение 2 часов, а затем переносят в фарфоровую чашку и сушат их в вакуумном сушильном шкафу при температуре 40 0С и давлении -0,08–(-0,09) мПа до постоянной массы. Определяют температуру плавления, время удерживания и чистоту методом ВЭЖХ, снимают ИК- и УФ- спектры, выполняют элементный анализ и проводят качественную реакцию на терпеноиды (с раствором ванилина в кислоте серной).

Чистота гроссгемина очищенного, используемого для синтеза α‑цитизинилгроссгемина, должна составлять не менее 97,0 %.

Аминирование гроссгемина проводят в среде метанола при комнатной температуре в течение 20 минут. Гроссгемин растворяют в метаноле (100 мл) и добавляют цитизин, мольное соотношение реагентов 1:1,2 (0,038 моль к 0,0458 моль). Ход реакции контролируют методом тонкослойной хроматографии.
Реакционную смесь переносят в делительную воронку, обрабатывают хлороформом и 3%-ным водным раствором соляной кислоты (до нейтральной среды), затем органический слой высушивают над NaSO4 и отфильтровывают. Фильтрат отгоняют на роторном испарителе. Вещество перекристаллизовывают из этилового спирта, получая α‑цитизинилгроссгемин (40) - мелко кристаллическое вещество с желтовато-коричневым оттенком, который сушат сначала на фильтре под вытяжной вентиляцией в течение 2 часов, а затем переносят в фарфоровую чашку и сушат их в вакуумном сушильном шкафу при температуре 40 0С и давлении –0,08-(-0,09) мПа до постоянной массы. Определяют его физико-химические и спектральные характеристики для идентификации соединения и чистоту методом ВЭЖХ.

Чистота α-цитизинилгроссгемина, используемого для получения его гидрохлорида,  должна составлять не менее 98,0 %.
Гидрохлорирование проводят в среде этанола при комнатной температуре в течение 20 минут. α-Цитизинилгроссгемин растворяют в этаноле (100 мл) и добавляют соляную кислоту, мольное соотношение реагентов 1:1,8 (0,038 моль к 0,068 моль). Ход реакции контролируют методом тонкослойной хроматографии.
Реакционную смесь переносят в делительную воронку, обрабатывают хлороформом и 3%-ным водным раствором соляной кислоты (до нейтральной среды), затем органический слой высушивают над NaSO4 и отфильтровывают. Фильтрат отгоняют на роторном испарителе. Вещество перекристаллизовывают из этилового спирта, получая гидрохлорид α‑цитизинилгроссгемина (41) - мелко кристаллическое вещество с желтовато-коричневым оттенком, который сушат сначала на фильтре под вытяжной вентиляцией в течение 2 часов, а затем переносят в фарфоровую чашку и сушат их в вакуумном сушильном шкафу при температуре 40 0С и давлении -0,08 – (-0,09) мПа до постоянной массы. Определяют его физико-химические и спектральные характеристики для идентификации соединения и чистоту методом ВЭЖХ.

Субстанцию гидрохлорида α-цитизинилгроссгемина упаковывают по 1 г в банки из стекломассы типа БВ-10-63-ОС по ОСТ 64-2-71-80, укупоривают навинчиваемыми пластмассовыми крышками с прокладками. Крышку и часть горловины обтягивают пергаментом, обвязывают нитками хлопчатобумажными и заливают парафином. На банку наклеивают этикетку, на которой указывают страну, предприятие-изготовитель, его товарный знак и адрес, название препарата на государственном, латинском и русском языках, массу препарата, условия хранения, регистрационный номер, номер серии, срок годности.

Разработанный лабораторный регламент ЛР–40761819-01-20 получения гидрохлорида α‑цитизинилгроссгемина (Приложение Д) внедрен в опытно-промышленное производство ТОО «Карагандинский фармацевтический завод».
6 Разработка модели биосинтеза сесквитерпеновых лактонов в Artemisia glabella Kar. et Kir.
Биосинтез терпеноидных соединений, и сесквитерпеновых лактонов в частности, в таксонах семейства Asteraceae Less. осушествляется в специализированных терпеноидсодержащих секреторных структурах – железистых и нежелезистых трихомах, схизогенных каналах и полостях, наличие которых в наибольшей степени характерно для родов Artemisia L., Centaurea L., Matricaria L., Parthenium L., Pyrethrum Zinn., Tanacetum L..

Микроскопическими исследованиями морфологии поверхности листьев Artemisia glabella Kar. et Kir., выполненными методом электронной сканирующей микроскопии, подтверждено наличие значительного количества железистых трихом овальной формы размерами 70-80 мкм в длину и 33-38 мкм в ширину. 
Впервые методом СО2-экстракции сырья отдельных органов Artemisia glabella Kar. et Kir., собранного в 5 основных периодах вегетации, установлено, что сесквитерпеновый лактон арглабин биосинтезируется в организме растения во всех периодах, но количественное содержание наблюдается в период бутонизации и составляет 1,90% на в.с.с. в листьях, немного ниже оно в бутонах (1,56% на в.с.с.).

По данным патентно-информационного поиска, биосинтез сесквитерпеноидов осуществляется под действием сесквитерпеновых синтаз, содержание которых зависит от уровня экспрессии, кодирующих их структуры генов. При этом наблюдается корреляция между уровнем экспрессии соответствующих генов и количественным содержанием сесквитерпеновых лактонов. 

В базе GenBank депонированы сведения об аминокислотных последовательностях сесквитерпеновых синтаз, выделенных из ряда растений семейства Asteraceae Less.. При этом синтаза GAS представлена для 17 видов, в том числе и для двух видов Artemisia absinthium L. и Artemisia annua L; оксидаза GAO для 11 видов; синтаза COS для 8 видов. 
Молекулярно-генетическими методами впервые выявлено наличие в листьях и бутонах интактного растения Artemisia glabella Kar. et Kir., а также в листьях растения-регенеранта in vivo и его каллусных тканях in vitro трех сесквитерпеновых синтаз: гермакрен А синтазы (GAS), гермакрен А оксидазы (GAO) и костунолид синтазы (COS), кодирующих начальные этапы биосинтетического пути сесквитерпеновых лактонов в ряде растений, и арглабина, арголида, дигидроаголида в полыни гладкой. Из общей мРНК, выделенной из растительных образцов Artemisia glabella Kar. et Kir., с использованием специфических праймеров были амплифицированы гены искомых ферментов GAS, GAO и COS, их нуклеотидные последовательности установлены методом секвенирования по Сэнгеру, депонированы в информационной базе NCBI (Национального центра биотехнологической информации, США) под номерами MT276314, MT276315, MT276313 соответственно (Приложение Е) и могут быть свободно получены по адресу https://www.ncbi.nlm.nih.gov/genbank. 

Сравнительный анализ полученных последовательностей в «BLAST» показал их высокую (более 90%) идентичность с генами ферментов модуля GAS/GAO/COS других представителей Asteraceae Less.

Проведенные эксперименты и анализ литературных данных позволяют предложить следующую модель биосинтеза арглабина и других сесквитерпеновых лактонов в Artemisia glabella Kar. et Kir. (рисунок 3). Биосинтез арглабина происходит под действием ферментов гермакрен А синтазы, гермакрен А оксидазы, костунолид синтазы, кауниолид-синтазы [46] и предполагаемого цитохрома Р450 (эпоксидазы), приводящего к образованию арглабина за счет эпоксидирования двойной связи С1-С10. 
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a – фарнезилдифосфат; б – гермакрен А; в – гермакрен А-ол; г – гермакрен А-он; 

д – гермакреновая кислота A; е – костунолид; ж – кауниолид; з – арглабин

Рисунок 3 – Модель биосинтеза арглабина в Artemisia glabella Kar. et Kir.
Несмотря на то, что костунолид среди вторичных метаболитов Artemisia glabella Kar. et Kir. ранее идентифицирован не был, присутствие фрагментов нуклеотидных последовательностей синтаз из костунолидного пути биосинтеза сесквитерпеновых лаконов в тканях листьев и бутонов полыни гладкой подтверждает возможность его образования в организме растения и участия в качестве интермедиата в биосинтетическом пути арглабина.

Представляет интерес дальнейший поиск сесквитерпеновых синтаз в органах растений Artemisia glabella Kar. et Kir., участвующих в биосинтезе арглабина и других сесквитерпеновых лактонов, установление присутствия кауниолид-синтазы, катализируюшей образование предполагаемого интермедиата в биосинтетическом пути арглабина, а также подтверждение ферментативной активности белковых продуктов, кодируемых выделенными нуклеотидными последовательностями MT276314 (AgGAS), MT276315 (AgGAO), MT276313 (AgCOS).

7 Биологический скрининг новых гибридных соединений и выбор соединений для фармакологических исследований

Молекулярный докинг новых гибридных соединений

Проведен молекулярный докинг исходных сесквитерпеновых лактонов арглабина (32) (шифр Arg, С15Н18О3) и гроссгемина (24) (шифр Grs, С15Н18О4), их бимолекулярных производных α-цитизинилгроссгемина (40) (шифр Grs-Cyt, C26H32O5N2), анабазинилгроссгемина (42) (шифр Grs-Anab, C25H32O4N2), анабазиниларглабина (43) (шифр Arg-Anab, C25H32O3N2) и цитизиниларглабина (44) (шифр Arg-Cyt, C26H32O4N2), а также препарата сравнения - гидрохлорида диметиламиноарглабина (45) (шифр ГХДАА, C17H25O3NHCl) с предполагаемыми биологическими мишенями на противовирусную (в том числе анти-SARS-CoV) активность: дипептидилпептидазой-4, ангиотензин-превращающим ферментом 2, папаиноподобной протеиназой, 3С-подобной основной протеазой, РНК- зависимой РНК-полимеразой, хеликазой, спайк-белком, Е-белком и неструктурными белками (NSP7-NSP8, NSP9, NSP10-NSP16, NSP10-NSP14, NSP15, NSP15 эндорибонуклеаза, NSP3, NSP1 и NSP10).
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Молекулярный докинг проведен с использованием графического интерфейса Maestro пакета программ Schredinger Suite на трехмерных структурах рецепторов из базы данных белков RCSB РDВ (http://www.rcsb.org):

В результате проведенного молекулярного докинга (Приложение Ж) выявлено, что: 

Анабазинилгроссгемин (42) показал лучшее значение энергии связывания с папаиноподобной протеиназой SARS-СоV (РDВ ID: 4OW0) (‑6,916 ккал/моль). Относительно прочное связывание анабазинилгроссгемин (42) показал с ангиотензинпревращающим ферментом 2 (РDВ ID: 2АJF) (‑5,955 ккал/моль), с папаиноподобной протеиназой SARS-СоV-2 (‑6,257 ккал/моль), спайк-белком SARS-СоV и SARS-СоV-2 (-6,355 и -6,460 ккал/моль, соответственно), белком Е (-6,096 ккал/моль) и неструктурным белком NSPЗ SARS-СоV-2 (-6,121 ккал/моль).

Анабазиниларглабин (43) обладает лучшим значением энергии связывания со спайк-белком SARS-СоV-2 (-7,544 ккал/моль), относительно прочным взаимодействием с папаиноподобной протеиназой SARS-СоV-2 (‑6,524 ккал/моль) и с комплексом неструктурных белков NSP10-NSP14 SARS-СоV (-5,951 ккал/моль).

Цитизиниларглабин (44) проявляет относительно прочное связывание с основной протеазой SARS-СоV-2 (-6,088 ккал/моль) и с белком Е (-6,087 ккал/моль). 

α-Цитизинилгроссгемин (40) показал сравнительно прочное взаимодействие (‑5,659 ккал/моль) с ангиотензинпревращающим ферментом 2 (РDВ ID: 1R4L).

Гидрохлорид диметиламиноарглабина (45) обладает лучшим значением энергии связывания с дипептидилпептидазой-4 (РDВ ID: 5Y7К) (-6,819 ккал/моль), а арглабин (32) - с NSP15 эндорибонуклеазой SARS-СоV-2 (​5,943 ккал/моль).

Гроссгемин (24) проявляет относительно прочное связывание с хеликазой SARS-СоV (-5,846 ккал/моль). 

Артемизинин (28) показал сравнительно прочное взаимодействие с папаиноподобной протеиназой SARS-СоV-2 (-5,515 ккал/моль).

Арголид (31) и эпоксиарголид (46) относительно слабо взаимодействует  со всеми исследуемыми рецепторами.

Исследование цитотоксичности соединений в отношении личинок морских рачков Artemia salina (Leach)
Цитотоксичность образцов 3 выделенных сесквитерпеновых лактонов: арграцин (29), фероцинин (22) и фуроэромофилан-14β,6α-олид (23), и 3 новых производных гроссгемина: цитизинилгроссгемин (40) (шифр Gr-Cyt(15)), хлорацетилгроссгемин (шифр Gr-AcCl), и цитизиниларголид (36) оценивали в тесте выживаемости личинок морских рачков Artemia salina (Leach) в условиях культивирования in vitro (Приложение И).
Выживаемость личинок Artemia salina (Leach) оценивали по количеству выживших и погибших личинок при концентрациях образцов 100, 10 и 1 мкг/л. По полученным данным верхнего и нижнего токсического лимита рассчитывали половинную токсическую дозу каждого образца (таблица 2). В качестве препарата сравнения использовали гидрохлорид диметиламиноарглабина.

Как видно из таблицы 2, все исследованные образцы проявили цитотоксичность в отношении личинок морских рачков Artemia salina (Leach), которая в 3-6 раз ниже, чем у препарата сравнения гидрохлорида диметиламиноарглабина.

Таблица 2 - Цитотоксичность сесквитерпеновых лактонов и их производных 

	Наименование вещества 
	ЛД50, мкг/мл
	Активность


	α-цитизинилгроссгемин (40)
	96,2
	Обладает


	хлорацетилгроссгемин (47)
	104,2
	Обладает

	цитизиниларголид (36)
	84,3
	Обладает

	арграцин (из Artemisia aralensis Krasch.) (29)
	120,5
	Обладает

	фуроэромофилан-14β,6α-олид (23)
	67,24
	Обладает

	фероцинин (из Ferula kelleri Koso-Pol.) (22)
	58,32
	Обладает

	Препарат сравнения: гидрохлорид диметиламиноарглабина (45)
	20,6
	


Исследование цитотоксичности соединений в отношении клеток острой моноцитарной лейкемии человека
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Изучена цитотоксичность 10 природных сесквитерпеновых лактонов и   их бимолекулярных производных в отношении клеток острой моноцитарной лейкемии THP-1 человека. Препаратом сравнения выбран арглабин (32) (Приложение К).

Эксперименты проведены на клетках человека острой моноцитарной лейкемии THP-1 (in vitro). Клетки THP-1 были инкубированы 24 часа с различными концентрациями сесквитерпеновых лактонов (от 50 µM и ниже). Жизнеспособность клеток оценивали по уровню внутриклеточной АТФ (набор CellTiter-Glo Luminescent Cell Viability Assay Kit (Promega)). Для активных соединений рассчитаны величины IC50, отражающие концентрацию соединения при которой уровень жизнеспособности клеток уменьшается на 50%. Полученные результаты представлены в таблице 3.

Таблица 3 - Влияние исследуемых образцов на жизнеспособность клеток и подавление транскрипционной активности NF-kappa B

	 Название соединения 
	Цитотоксичность 
	NF-κB ингибиторы

	
	IC50, µM

	Арглабин   (32)– препарат сравнения
	11,0
	-

	Арграцин (29)
	15,5
	-

	Эстафиатин (30)
	13,7
	-

	Арголид (31)
	35,2
	-

	Гроссгемин (24)
	неактивный
	неактивный

	Артемизинин (28)
	неактивный
	неактивный

	Гроссмизин (25)
	неактивный
	неактивный

	α-Цитизинилгроссгемин (40)
	неактивный
	неактивный

	Хлорацетилгроссгемин (47)
	0.59
	-

	Анабазиниларглабин (43)
	15,8
	-

	Цитизиниларголид (36)
	неактивный
	неактивный


Из таблицы 3 следует, что высокую цитотоксичность в отношении клеток острой моноцитарной лейкемии (in vitro) проявил  хлорацетилгроссгемин (47), который в 18 раз превосходит действие препарата сравнения – арглабина. Введение хлор-ацетатной функции в молекулу гроссгемина приводит к появлению сильной токсичности. Арграцин (29), эстафиатин (30), анабазиниларглабин (43) и арголид  (31) обладают низкой  цитотоксичностью. Неактивными в проведенных экспериментах оказались гроссгемин (24), артемизинин (28), гроссмизин (25), цитизинилгроссгемин (40) и цитизиниларголид (36). При этом введение алкалоидного фрагмента в молекулу арголида привело к подавлению его цитотоксичности.

Для не являющихся цитотоксичными соединений (гроссгемин (24), артемизинин (28), гроссмизин (25), цитизинилгроссгемин (40) и цитизиниларголид (36) проведены эксперименты по изучению их влияния на экспрессию транскрипционного фактора NF-kB (in vitro на клетках TNP-1 с встроенным геном щелочной фосфатазы). Ни одно из соединений не снижало продукцию щелочной фосфатазы и, соответственно, не обладает потенциальными противовоспатительными свойствами (Приложение К).

Оценка прямого иммуномодулирующего эффекта в тесте по модуляции активных форм кислорода

Эксперименты проведены с клетками костного мозга, выделенными из мышей Balb/c. Наличие прямого иммуномодулирующего эффекта оценивали по влиянию соединений на хемилюминесценцию, результаты сравнивались с контрольными образцами клеток костного мозга, обработанными ДМСО.

Объектами исследования были 6 природных сесквитерпеновых лактонов и 4 их гибридных производных. Препаратом сравнения выбран арглабин (32) (таблица 4).
Установлено, что сесквитерпеновые лактоны гроссгемин (24) и арграцин (29) подавляют хемилюминисценцию, а соединения гроссмизин (25) и цитизиниларголид (36) являются неактивными в данном тесте. Сравнительно активными являются анабазиниларглабин (43) и артемизинин (28), которые повышают хемилюминисценцию на 30-50% от уровня контроля при концентрациях 12,5-25 мкмоль. Цитизингроссгемин (40) является менее активным, а арглабин (32) и арголид (31) оказывают влияние на продукцию активных форм кислорода клетками костного мозга только при максимальной концентрации 50 мкмоль (Приложение К).

Таблица 4 - Влияние исследуемых образцов на продукцию активных форм кислорода клетками костного мозга

	 Название соединения 
	Исследуемые концентрации, мкмоль
	Хемилюминисценция клеток костного мозга (с L-102), 

% от контроля 

	1
	2
	3

	Арглабин (32) – препарат сравнения
	50
	активирование, 125%

	Арграцин (29)
	25-50
	ингибирование, 60%

	Арголид (31)
	50
	активирование, 125%

	Гроссгемин (24)
	25-50
	ингибирование, 50% 

	Артемизинин (28)
	12,5-50
	активирование, 150-160%


Продолжение таблицы 4

	Гроссмизин (25)
	-
	неактивный

	α-Цитизинилгроссгемин (40)
	25-50
	активирование, 150-185%

	Хлорацетилгроссгемин (47)
	25-50
	активирование, 150-160%

	Анабазиниларглабин (43)
	12,5-50
	активирование, 150-230%

	Цитизиниларголид (36)
	-
	неактивный


Сравнение результатов изучения цитотоксичности и хемилюминисценции клеток костного мозга показывают, что некоторые цитотоксичные соединения (арглабин (32), арголид (31), анабазиниларглабин (43), хлорацетилгроссгемин (47)) активируют продукцию активных форм кислорода. Возможно, что механизмы их цитотоксичности связаны с рассмотренными процессами. Интерес с точки зрения поиска иммуномодуляторов представляет артемизинин (28), который, не являясь цитотоксичным, способен значительно активировать хемилюминисценцию в клетках костного мозга. Однако, это может быть связано и с распадом эндопероксидного мостика  артемизинина.

Поскольку активация хемилюминисценции может быть напрямую связана с фосфорилированием протеинкиназ, интересным представляется также изучение спектра их фосфорилирования под влиянием сравнительно активных сесквитерпеновых лактонов (цитизинилгроссгемин (40), анабазиниларглабин (43)  и артемизинин (28)).

Исследование противовоспалительной активности новых производных гроссгемина

Исследование противовоспалительной активности хлорацетилгроссгемина (47) и α-цитизинилгроссгемина (40) проводили на модели острой экссудативной реакции (перитонита) у крыс, вызванной внутрибрюшинным введением 1%-ного раствора уксусной кислоты (Приложение Л). Исследуемые объекты изучали в дозе 50 мг/кг при пероральном введении в виде крахмальной слизи, в качестве препарата сравнения использовали «Диклофенак натрия» в дозе 8 мг/кг. Противовоспалительную активность оценивали по объему собранного внутрибрюшного экссудата [48]. Результаты исследования приведены в таблице 5 и представлены в виде среднего значения с указанием стандартной ошибки.

Таблица 5 – Противовоспалительная активность образцов производных гроссгемина

	Исследуемый показатель
	Контроль

n=4
	Диклофенак натрия

n=4
	Хлорацетил-гроссгемин (47)  

n=4
	Цитизинил-гроссгемин (40)  

n=4

	Масса животных, г
	220,0±17,4
	243,3±19,2
	232,0±11,8
	216,8±10,7

	Количество экссудата, мл
	6,7±1,2
	4,5±1,7
	4,9±2,3
	5,6±0,9


В результате проведенного эксперимента выявлено, что хлорацетилгроссгемин (47) в дозе 50 мк/кг обладает противовоспалительным действием на модели острой экссудативной реакции, а α‑цитизинилгроссгемин (40) проявил слабое противовоспалительное действие. 
Исследование антимикробной активности образцов соединений

Исследование антимикробной активности образцов хлорацетилгроссгемина (47), цитизинилгроссгемина (40) и цитизиниларголида (36) проводили по отношению к штаммам грамположительных бактерий Staphylococcus aureus, Bacillus subtilis, грамотрицательных штаммов Escheriсhia coli, Pseudomonas aeruginosa и к дрожжевому грибку Сandida albicans методом диффузии в агар (лунок) (Приложение М). Препаратами сравнения выбраны гентамицин для бактерий и нистатин для дрожжевого грибка Сandida albicans. Антимикробную активность образцов оценивали по диаметру зон (в мм) задержки роста тест-штаммов (таблица 6), в контроле использовали этиловый спирт в эквиобъемных количествах. 

Каждый образец испытывался в трех параллельных опытах. Статистическую обработку проводили методами параметрической статистики с вычислением средней арифметической и стандартной ошибки.

Таблица 6 - Антимикробная активность образцов бимолекулярных соединений 

	Наименование вещества
	St.

aureus
	Bac.

subtilis
	E.

coli
	C.

аlbicans

	Хлорацетилгроссгемин (47)
	15,0±0,3
	16,0 ± 0,2
	13,0 ± 0,2
	12,0 ± 0,4

	Цитизинилгроссгемин (40)
	16,3±0,3
	14,0 ± 0,3
	13,0 ± 0,3
	14,0 ± 0,2

	Цитизиниларголид (36)
	17,0± 0,2
	15,0 ± 0,2
	13,0 ± 0,4
	12 ± 0,1

	Гентамицин
	24 ± 0,1
	21 ± 0,2
	26 ± 0,1
	-

	Нистатин
	-
	-
	-
	21 ± 0,2

	*​- достоверность различий р<0,05 по сравнению с группой сравнения


Установлено, что образцы цитизинилгроссгемина (40)  и хлорацетилгроссгемина (47)  проявляют умеренно-выраженную антимикробную активность в отношении грамположительных тест-штаммов Staphylococcus aureus и Bacillus subtilis.
Определение антигельминтной активности новых производных гроссгемина в эксперименте in vivo
Изучение антигельминтной активности образцов гидрохлорида анабазинилгроссгемина (48)  и гидрохлорида цитизинилгроссгемина (41) проводилось in vivo на собаках (Приложение Н).
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Исходная зараженность собак гельминтами была оценена копроовоскопией отобранных фекалий по методу Дарлинга, по результатам которой инвазированных гельминтами собак (51 собака) разделили на 3 опытные группы (таблица 7). Моноинвазия была отмечена у 34 (66,66%) из 51 зараженной собаки, полиинвазия - у 17 (33,3%). 

В результате дегельминтизации гидрохлоридом анабазинилгроссгемина (48), гидрохлоридом цитизинилгроссгемина (41) и препаратом сравнения «ЦесТремFortе» во всех группах животных побочных действий от применения испытуемых препаратов отмечено не было. Через 7 дней после  применения препарата была проведена копроовоскопия фекалий для определения экстенс- и интенсэффективности испытуемых препаратов. Копроовоскопия каждой пробы фекалий до и после дегельминтизации собак проводилась двукратно.

Таблица 7 – Результаты исследования антигельминтной активности бимолекулярных производных гроссгемина

	1 группа – 12 собак
	2 группа  - 14 собак
	3 группа – 12 собак

	«ГАГ» (гидрохлорид анабазинилгроссгемина (48)) в дозе 1 капсула на 10 кг массы однократно
	«ГЦГ» (гидрохлорид цитизинилгроссгемина(41) ) в дозе 1 капсула на 10 кг массы однократно
	«ЦесТремForte», содержащий празиквантел, в дозе 1 таблетка на 10 кг массы однократно

	у 5 (41,66%) выявлены яйца различных видов гельминтов, в том числе у 1 (20%) яйца Taenia spp. с ИИ 188 яиц, у 3 (60%) яйца Toxocara canis с ИИ 2-351, у 2 (40%) яйца Ancylostoma caninum с ИИ 2-40 яиц, у 1 (20%) ооцисты Isospora canis с ИИ 8 ооцист, у 2 (40%) собак Nematoda spp. с ИИ 1 яйцо.
	у 3 (21,42%) были выявлены яйца различных видов гельминтов, в том числе у 1 (33.33%%) было обнаружено 1 яйцо Taenia spp., у 2 (66.67%) собак по одному яйцу Uncinaria stenocephala, у 1 (33,33%) 1 ооциста Isospora canis, у 1 (33,33%) собаки 2 неполовозрелые личинки Nematoda sp.
	у 1 (7,69%) выявлено 1 яйцо Trichocephalus vulpis. Перед дегельминтизацией у этой собаки было выявлено 68 яиц Trichocephalus vulpis.



	Из 5 зараженных собак моноинвазия отмечена у 3 (60%) и полиинвазия у 2 (40%) 
	Из 3 зараженных собак моноинвазия отмечена у 1 (33%) и полиинвазия у 2 (67%)
	-

	экстенсэффективносгь 58,34%, интенсэффективность 40,56%.
	экстенсэффективность 78,58%, интенсэффективность 98,58%.
	экстенсэффективность 92,31%, интенсэффективность  99.76%.


По результатам испытаний сравнительно высокую антигельминтную эффективность проявил гидрохлорид цитизинилгроссгемина (41)  на уровне референс-препарата «ЦесТремFortе». При этом гидрохлорид цитизинилгроссгемина показал высокую эффективность против гельминтов из семейства Nematodae. 
ЗАКЛЮЧЕНИЕ

Анализ доступных литературных сведений и патентных материалов за 2010-2020 годы по грантовому проекту №АР05134198 «Изучение биосинтеза терпеноидов в растениях и поиск новых фармакологически активных бимолекулярных соединений»  свидетельствует об актуальности исследований по выделению бимолекулярных соединений из растений флоры Казахстана, направленному синтезу гибридных молекул на основе растительных веществ и изучению биосинтеза терпеноидов молекулярно-генетическими методами. При этом патентно-информационные данные характеризуют актуальность и новизну разрабатываемой темы, отсутствие дублирования и наличие практической значимости разработок, составляющих основу темы проекта.  

При реализации проекта в 2018-2020 годах получены следующие результаты:

Для химической модификации выделены и наработаны сесквитерпеновые лактоны эстафиатин из Achillea nobilis L., артемизинин из Artemisia annua L., арграцин из Artemisia aralensis Krasch., арглабин и арголид из Artemisia glabella Kar. et Kir., гроссмизин из Artemisia leucodes Schrenk., гроссгемин из Chartolepis intermedia Boiss. и флавоноиды кверцетин из Hypericum perforatum L., пиностробин из почек Populus balsamifera L., а также алкалоид анабазин из Anabasis aphylla L..

Проведен поиск бимолекулярных соединений в суммах экстрактивных веществ из Artemisia santolinifolia Turcz. ex Besser, Ferula akitschkensis B. Fedtsch. ex Koso-Pol., Ferula ferulaeoides (Steud.) Eug. Kor., Ferula kelleri Koso-Pol., Ferula krylovii Korovin, Ferula ovina Boiss., Ferula songarica Pall. ex Spreng, Handelia trichophylla (Schrenk) Heimerl), Ligularia heterophylla Rupr.. Выделены и идентифицированы димерный сесквитерпеновый лактон ханделин,  фенолтерпеноидный сложный эфир фероцинин и 3-метокси-4,5-метилендиоксипропиофенон, кристаллические структуры молекул которых изучены методом рентгеноструктурного анализа и депонированны в Кембриджской базе кристаллографических данных соответственно под номерами ССDC 1978204 и 1978205. 

На основе выделенных терпеноидов, флавоноидов и алкалоидов по реакции Хека и Михаэля впервые синтезированы 11 новых гибридных производных на основе природных сесквитерпеновых лактонов гроссгемина и арглабина (цитизинил-8-хлоргроссгемин, 1-(2-аминоэтил)-пиперазинилгроссгемин, 3-йодтиофен-гроссгемин, кверцетинилгроссгемин, α-цитизинилгроссгемин, гидрохлориды анабазинилгроссгемина и α-цитизинилгроссгемина, азиридинпроизводное арглабина, цитизиниларголид, анабазиниларголид и цитизинил-1α,10β-диоксиарглабин). Строение молекул выделенных и синтезированных соединений установлено по данным ИК-, УФ-, масс-, ЯМР 1Н, 13С, двумерной ЯМР 1Н-1Н, 13С-1Н спектроскопии, элементного и рентгеноструктурного анализа. 

Впервые методами электронной сканирующей микроскопии, сверхкритической углекислотной экстракции и ВЭЖХ определено, что листья и бутоны Artemisia glabella Kar. et Kir. являются органами, биосинтезирующими арглабин и арголид. Количественное содержание арглабина отмечается в листьях (1,90% на воздушно-сухое сырье) и бутонах (1,56% на на воздушно-сухое сырье) в период бутонизации.
Молекулярно-генетическими методами впервые выявлено наличие в листьях и бутонах интактного растения Artemisia glabella Kar. et Kir., а также листьях растения-регенеранта in vivo и его каллусных тканях in vitro трех сесквитерпеновых синтаз: гермакрен А синтазы (GAS), гермакрен А оксидазы (GAO) и костунолид синтазы (COS), кодирующих начальные этапы биосинтетического пути сесквитерпеновых лактонов арглабина, арголида, дигидроаголида в организме растений. Их нуклеотидные последовательности установлены методом секвенирования по Сэнгеру, депонированы в информационной базе Национального центра биотехнологической информации (NCBI, США) под номерами MT276314, MT276315, MT276313 соответственно. В результате разработана модель биосинтеза арглабина в организме Artemisia glabella Kar. et Kir.
Впервые проведен молекулярный докинг 9 сесквитерпеновых лактонов и их бимолекулярных производных на противовирусную активность.  

Изучены цитотоксичность 3 выделенных сесквитерпеновых лактонов  и 3 новых гибридных молекул в отношении личинок морских рачков Artemia salina (Leach.) и цитотоксичность 10 природных сесквитерпеновых лактонов и их бимолекулярных производных в отношении клеток острой моноцитарной лейкемии THP-1 человека. Высокую цитотоксичность в отношении клеток острой моноцитарной лейкемии (in vitro) проявил хлорацетилгроссгемин. 

Умеренно-выраженную антимикробную активность в отношении грамположительных тест-штаммов Bacillus subtilis и Staphylococcus aureus проявили образцы 3 гибридных молекул (хлорацетилгроссгемин, цитизинилгроссгемин и цитизиниларголид). 

В экспериментах in vivo изучена антигельминтная активность 4 гибридных производных (анабазиниларглабин, α-цитизиниларглабин, гидрохлориды анабазинилгроссгемина и цитизинилгроссгемина) в отношении гельминтозов собак. Субстанция на основе гидрохлорида α‑цитизинилгроссгемина рекомендована для разработки нового антигельминтного средства против гельминтов семейства Nematodae.

Разработан лабораторный регламент на получение бимолекулярного соединения - гидрохлорида α-цитизинилгроссгемина, который внедрен в опытно-промышленное производство ТОО «Карагандинский фармацевтический завод» (Приложение П).

За отчетный период опубликовано 20 работ. Поданы 2 заявки на получение охранного документа. Издана монография. Опубликованы 5 статей в рецензируемых зарубежных журналах с импакт-фактором, индексируемых в Science Citation Index Expanded базы Web of Science и (или) в базе Scopus, 1 статья в журнале, рекомендованном КОКСОН, 1 статья в республиканском научном журнале; тезисы 10 докладов в материалах международных конференций, в том числе 7 зарубежных. Полный список опубликованных работ представлен в Приложении Б.

По результатам проведенных исследований исполнителем Кишкентаевой А.С. успешно защищена диссертация на соискание степени доктора философии (PhD).
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TTo norosopy Ne79 or 02 mapta 2018 roza.

1. AO «MexayHapoAHBIH HAYYHO-IPOM3BOACTBeHHbIH X0AHHT «DHTOXHMHS»

1.1 ITo npuoputety: 4 «Hayku 0 )XM3HH U 30POBBEN

1.2 Ilo noampuoputety: 4.1 «DyHaaMeHTaNbHEIE W IPUKIIA[HbIE HCCIEI0BaHAS B 007acTH
GHONOrMHY; NOMCK HOBBIX JIEKAPCTBEHHBIX BELIECTB, (PapMAaKOJOTHYECKHE HX HCCICHIOBaHMS H
TEXHOJIOTHH IIPOM3BO/ICTBA OPUTHHATIBHBIX JIEKAPCTBEHHBIX IIPENapaToBy.

1.3 ITo Teme npoexra: NeAP05134198 «M3yueHne GHOCHHTE3a TEPIICHOMIOB B PACTEHHUSIX U
TIOHCK HOBBIX (hapMaKoJIOrH4eCKH aKTHBHBIX OHMOJIEKYISIPHBIX COEAUHEHHHN.

1.4 Cymma npoexra: Ha 2018 rox — 15 829 280 (maTHaAIATH MHJUIMOHOB BOCEMBCOT IBAIIaTh
JIeBATh THICAY ABECTH BoceMpaecsat); Ha 2019 rox — 13 064 660,79 (TpuHajuaTh MHIUTHOHOB
LIECTBJAECAT YETHIPE THICSYHM IIECTHCOT LIEeCThaecAT) TeHre 79 TuwH; Ha 2020 rox — 12 688 989,36
(mBeHanUATH MIJUIHOHOB IIECTBCOT BOCEMBIECAT BOCEMB THICHY AEBITHCOT BOCEMBJECAT HEBATD)
TeHre 36 TUBIH. -

2. XapakTepMCTHKAa Hay4YHO-TEXHHYECKOHl MNpPOAYKUHH §10 KBaaHPHKALMOHHBIM

e OPH3HAKAM M JKOHOMHYECKHe M0Ka3aTelH
2.1 Hanpapnenue paGoTbl: XUMHUS IPUPOIHBIX COEIMHEHHUH.
2.2 O6nacTh IpEMeHeHHs: Buooprannyeckas Xumus, GHOXUMHUS, CUHTE3 1 GHOCHHTE3
2.3 Koneunbli KOHKpeTHBIH pe3yinbrar Ha 2018-2020 romsr: OGpasusl CeCKBUTEPIIEHOBBIX
JIAKTOHOB; HOBEIE THOPHIHEIE COCIMHEHNS HAa OCHOBE IPAPOAHEIX COEIMHEHHI, MOAENb GHOCHHTE3a
CECKBHTEPIICHOBBIX JIAKTOHOB; Hay4HbIE ITyOIHKaLH.
2.4 TlatentocnocobHocTs: ITateHTocnocobHa.
2.5 HayyHo-TexHIYeCKHH ypoBeHb (HOBHM3HA): Bhicokas.
2.6 Vicnonp30BaHKe HAyYHO-TEXHHYECKOH POAYKIHH OcyLecTBIsercs: VcrnonHuTenem.
2.7 BuZ HCIIONB30BaHUs pe3y/IbTaTa HayYHON W (WJIM) HAy4HO-TEXHAYECKOM NeATENbHOCTH:
11abopaTOPHEIH PErIaMeHT, HayqHble MyOIMKAL|K, OTYEThI, 0Gpa3Libl HOBBIX BELIECTB.
ndp HaumenoBaHue pabot 1o CpOK BBITIONHEHHS OxupaeMblit pe3ynsTaT
3ajanud, | JloroBOpy M OCHOBHBIE 3Tallbl e e ——
Jramna €ro BBIIOJIHEHHUS
1 Brinenenue u HapaGoTka SIHBaph 1 xBapran |BynyT Beinenens: u
CECKBHUTEPIEHOBHIX JJAKTOHOB H3 2018 . 2018 r. |nHapabGoTaHBI
e PaCTUTENILHOTO CHIPhS CECKBHTEPIICHOBEIE
JUISE XHMHYECKOM Moudukanun JaKTOHBI U3
WX MOJEKYJL. PaCTHTEIBHOTO ChIPbS
JUI XUMHYECKOH
MoIHGbUKALNN HX
T mojexy. O6pasus!
CECKBHTEPIEHOBBIX
JIAKTOHOB.

2 HarnpaBnenHsli cuHTe3 2 kBapran | 2 kBaptan |Byner nposenen
THOPHIHBIX MOJIEKYJ, 2018 r. 2018 r. |HampaBiIeHHBIA CHHTE3
COYETAIOIHX B CBOEH CTPYKTYpe THOPUIHBIX MONEKYI,
JIBa IPHPOAHBIX hapMakoGOpHBIX COYETAIONINX B CBOCH
(parmMenta (CeCKBUTEPIIEHOBBIM CTpPYKTypE /iBa
TIAKTOH, AJIKAIOUY). TIPHPOJIHBIX
YcTaHOBIGHHE CTPOSHHS dapmaxodopHBIX
MOJICKYJI HOTyYeHHBIX (parmenTa

.| coemuenui meroramu UK-, —— | ——— 1 (cecxBrTCpII j
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MECTOXHTEJILCTBE aBTOPOB-3asBHTENEH NMPHBONATCA B rpade, paaoM ¢ rpadoi ¢ konom

3arnoJHIETCs TONBKO IIPU HCIpAallMBaHWKM NPHOPUTETA MO JaTe, Gosnee paHHEH, ueM jara mojayM 3adBku B PecrmybnuxaHckoe
rOCYIApCTBEHHOE MpennpusTre « HauuoHansHbIH HHCTUTYT UHTEIEKTyaibHON cobcrBennocTny» (nanee — PITI « HUMCy)

Ipoury (rpocuM) yCTaHOBUTE IPUOPUTET U30OPETEHNUS TIO laTe:

: nofayu nepsoit (bIx) 3asiBKu (0OK) B rocyaapcTe-ydactHuke [laprmkckoil konBeHwmn (myHKT 2 ctatsu 20 IlaTenTHoro 3akona
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NIPHOPUTETA EPBOHAYAIBHON 3a1BKU (ITyHKT 5 cTathy 20 3aKoHa)

(HOMCp 3asiBKU , Jara noaadu )
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(31) Ne mepBoii, Gonee panHed, (32) Hara ucnpaliuBaeMoro (33) Koxa crpans! nogaun no ST.3 (npu”
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(74) TlateHTHBIH MOBepeHHBIH (MOTHOE UMsl, PETUCTPALOHHBIA HOMEp) HIIH MpeCTaBUTeNb 3asBUTeNs (i)
(mosTHOE MMS WJIH HaMMEHOBaHHE)
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ABSTRACT ARTICLE HISTORY
Introduction: Protein tyrosine phosphatase 1B (PTP1B) inhibition has been recommended as a crucial Received 7 May 2019
strategy to enhance insulin sensitivity in various cells and this fact is supported by human genetic data. ~ Accepted 9 August 2019

PTP1B inhibitors improve the sensitivity of the insulin receptor and have the ability to cure insulin KEYWORDS
resistance-related diseases. In the latter years, targeting PTP1B inhibitors is being considered an PTP1B; natural inhibitors;
attractive target to treat T2DM and therefore libraries of PTP1B inhibitors are being suggested as synthetic inhibitor; diabetes;
potent antidiabetic drugs. selectivity

Areas covered: This review provides an overview of published patents from January 2015 to

December 2018. The review describes the effectiveness of potent PTP1B inhibitors as pharmaceutical

agents to treat type 2 diabetes.

Expert opinion: Enormous developments have been made in PTP1B drug discovery which describes

progress in natural products, synthetic heterocyclic scaffolds or heterocyclic hybrid compounds. Various

protocols are being followed to boost the pharmacological effects of PTP1B inhibitors. Moreover these

new advancements suggest that it is possible to get small-molecule PTP1B inhibitors with the required

potency and selectivity. Furthermore, future endevours via an integrated strategy of using medicinal

chemistry and structural biology will hopefully result in potent and selective PTP1B inhibitors as well as

safer and more effective orally available drugs.

1. Introduction urination, unintended weight loss, darkened skin, frequent infec-
tions, generally in the armpits and neck [2,8].

Insulin is a crucial hormone which performs multiple func-
tions to control a number of cellular activities including glucose
homeostasis, protein synthesis, gene transcription, and substrate
metabolism. In relation to nutrient metabolism, the main insulin
targets are liver, muscle, and adipose tissue to sustain glucose
homeostasis by stimulating glucose uptake in adipose skeletal
muscle followed by suppressing glucose production fromthe
liver. Current treatment remedies for type-2 diabetes are based
on exercise and dietary management in order to enhance insu-
linsecretion and to improve insulin sensitivity [6]. Presently, dif-
ferent types of oral hypoglycemic drugs are accessible for the
treatment of type-2 diabetic patients which are manily classified
as (i) sulfonylureas (ii} a-glucosidase inhibitors (i} biguanides (iv)
dipeptidyl peptidase-4 (DPP-4) inhibitors, (v) GLP-1 receptor
agonists (vi) amylin analogs (vii} aSGLT2 inhibitors (viii) thiazoli-
dinediones (ix) meglitinides (x} dopamine-2 agonists, and (xi) bile
acid sequestrants [2,9]. On the other hand, hypoglycemic agents
exhibited a number of limitations/side effects such as weight
gain, gastrointestinal complaints, headache, peripheral edema,
and hypotension [2,6]. Moreover, the therapies being used

Diabetes mellitus is a chronic metabolic disease that adversely
affected human health all over the world. Hyperglycemia (higher
plasma glucose level) is the hallmark of diabetes due to either
insulin resistance or insulin defficiency, or both [1,2]. According
to the International Diabetes Federation (IDF), 415 million (1in 11
adults aged 20-79 years) had diabetes mellitus globally in 2015
[3,4]. Moreover this prevalence of diabetes is projected to
increase to 642 million by 2040, and this will undoubtedly pose
a major challenge to the healthcare systems [3,4].

The current primarily etiology based classification of diabetes
mellitus includes mainly type-1 diabetes mellitus (T1DM), type2
diabetes mellitus (T2DM), along with gestational diabetes and
specific types of diabetes mellitus [5]. TIDM (5-10% of all dia-
betes) arises from cellular-mediated autoimmune destruction of
the insulin producing pancreatic B-cells which create insulin
deficiency. Moreover T2DM (90-95% of all diabetes) arises from
a continuous loss of insulin secretion, usually also with insulin
resistance [6,7]. Type-1 diabetes is typified by symptoms like,
polydipsia, polyuria, polyphagia, extreme tiredness, lack of
energy, weight loss. Similarly, type-2 diabetes has its own man-
ifestations such as increased thirst and hunger, fatigue, frequent
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Article highlights

e PTP1B plays an promising role in the insulin signaling pathway.

e PTP1B inhibitors have been suggested as promising antidiabetic
drugs.

e Potent PTP1B inhibitors demonstrated effects in the low nanomolar
range of ICsq values.

e Number of compounds were synthesized having heterocyclic scaf-
folds which displayed potent PTP1B inhibition.

Converted PTP1B inhibitors boost the insulin sensitivity and have
the ability to cure T2DM.

This box summarizes key points contained in the article.

currently are limited, costly and some are in fact unproductive,
due to drug resistance and therefore there is an urgent need for
new approaches for more potent drugs with different modes of
action for the management of this life-threatning disease.

2. Protein tyrosine phosphatase 1B

Tyrosine phosphorylation of proteins is one of the most important
mechanisms for controling cell growth, differentiation and regula-
tion of cell functions. It is a reversible process dominated by the
opposing effects of protein tyrosine phosphatases (PTPs; reponsi-
ble for dephosphorylation) and protein tyrosine kinases (PTKs;
responsible for phosphorylation) [6,10]. Furthermore, distorted
and defective effects of PTKs and PTPs cause abnormal tyrosine
phosphorylation processes leading to a number of diseases such
as diabetes, inflammatory disorders and cancer [6,11,12]. PTP1B
belongs to intracellular PTP, involved in the negative insulin reg-
ulation and leptin signaling system. The PTP1B actually catalyzes
the dephosphorylation of tyrosine residues (pY1162/pY1163) of
activated insulin receptor b subunit (IRb) and insulin receptor
substrate-1 (IRS-1) and thus considerably influences the duration
and amplitude of the cellular response to insulin [13]. The PTP1B
catalytic domain revealed that almost 40 percent of its sequence
resembles that of another family. On the other hand the PTP1B
catalytic domain in the eukaryotic cells retain the tyrosine phos-
phorylation levels. The gene map of PTP 1B along with PTPN1 is
mapped to the human chromosome 20 and in particular, this
chromosome is linked to T2DM [1,14]. Additionally, PTPs play
a very important role in tyrosine phosphorylation which is also
a pivotal step in the promotion and initiation of insulin action. In
addition, inhibition of PTP-LAR boosts insulin sensitivity in T2DM
patients.

Obesity (disorder in the body mass control) is one the leading
causes of pathogenesis of several important human diseases,
including diabetes mellitus (type Il.) Leptin is a peptide hormone
that has site of action in the hypothalamus, where it signals to
inhibit feeding and thus plays an important role to control body
mass. Binding of leptin to the receptors not only minimizes the
food intake but also boosts the expenditure of energy. Binding of
leptin activates Janus kinase (Jak2), that causes phosphorylation of
the receptor and the signal transducers. For signal transmision,
leptin receptor uses Jak2 to down stream molecules. PTP1B is
generally expressed in hypothalamic regions and is invloved in
the dephosphorylation of the leptin receptor-associated kinase,

Jak2. PTP1B controles leptin signaling more probably by targeting
Jak2 and thus PTP1B is considered as an imperative target to cure
leptin resistance in obese patients [15,16]. After validation of PTP1B
as an efficient therapeutic target for the managemnt of diabetes,
several efforts have been made to develop and identitify new
potent and selective inhibitors of PTP1B and has subsequently
attracted much interest from health related researchers as an
emerging therapeutic target for the management of T2DM and
related metabolic disorders [171.

3. Natural products/semisynthetic natural product
derivatives (2015-2018)

3.1. Triterpenoids

Barrigenol-triterpenoids are oleanane-type pentacyclic triter-
penes which have polyhydroxy substitutions at the C-3, C-15,
C-16, C-21, C-22, and C-28 positions. The hydroxyl groups in the
barrigenol-triterpenoids were acylated using a variety of acylat-
ing agents to afford viz., acetyl, angeloyl, and tigloy! ester analo-
gues. Moreover barrigenol-triterpenoids possess a diverse range
of biological properties viz., antidiabetic, antiobesity, anti-tumor,
antimicrobial, anti-Alzheimer’s disease, and anti-inflammatory
effects [18,19]. Three barrigenol-like triterpenoids 1-3 (Figure 1)
were isolated from Camellia crapnelliana and their structures
were elucidated by using extensive spectroscopic techniques
[20]. These compounds have oxygenated functional groups at
C-3,C-15, C-16, C-28, and a tigloyl group at C-22. Interestingly, all
three compounds 1-3 possess PTP1B inhibitory effects with 1Csq
values of 2.56, 487 and 7.40 uM, respectively. SAR studies
showed that compound 1, lacking an acetyl group at either
C-15 or C-16, demonstrated better activity with 1Cs5, values of
2.56 uM. On the other hand the acetyl group at C-16 (in triter-
pene 2: ICs5q: 4.87 uM) demonstratesa decreased activity of 1.9
times the PTP1B inhibitory effects while compound 3 (ICs4: 7.40
pM) having a C-15 acetyl group showed 2.8 times less activity
than compound 1. In another patent, various betulin analogs
4-14 were prepared comprising the 5-phenyl-isoxazole ring
system as part of the molecular structure [21]. It is noteworthy
that compounds 4-14 demonstrated inhibitory effects toward
PTP1B with 1Csq values ranging from 0.98 to 4.83 uM. Moreover
an SAR study showed that bromine (at C-3; compound 9: had an
ICso value of 1.44 + 035 pM), and florine (at C-3; compound 8:
had an 1Csq value of 1.62 + 0.30 uM) groups on the aromatic ring
possessed better effects. On the one hand compounds 11 and
14 comprising a fluorine atom at C-4 (compound 11: ICsq:
2.66 + 0.38 uM) and two fluorine atoms at C-3/C-4 (compound
14:1C54: 3.44 + 0.69 uM) of the aromatic ring were not impressive
when compared to the activity of compound 8. Interestingly,
compound 10 having a methyl at C-4 of the aromatic ring
showed significant PTP1B activity (ICsq: 0.98 £ 0.16 uM) while
compound 7 having a C-3 methyl group was seven fold less
active (ICsq: 6.77 £ 0.51 uM) than compound 10.

3.2. Iridoids

Iridoids are an important class of monoterpenes widely distrib-
uted in many medicinal plants and display a diverse range of
biological effects viz, antidiabetic, hypolipidemic, antiobesity,
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Figure 1. Structures and activities of triterpenes 1-14.

anti- inflammatory, genoprotection, antimicrobial, anti-aging,
antioxidant, and antimicrobial [22]. Genipin is a glycone of an
iridoid glycoside named geniposide reported from Gardenia jas-
minoides, a traditional Chinese medicine used to reduce symp-
toms of diabetes. Moreover some authors reported that genipin
showed in vitro and in vivo antidiabetic effects [23]. In another
patent genipin analogs 15-29 (Figure 2) were prepared and
evaluated for their PTP1B inhibitition [24]. Interestingly, com-
pounds 15-29 demonstrated significant activity with ICsq values
ranging from 0.19 to 2.67 uM. Moreover iridoid glycosides 21-28
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showed better effects with 1C5, values ranging from 0.19 to 0.40
pM. Moreover compounds having the carboxylic acid group viz,,
compounds 22-27 showed the most potent effects among the
tested iridoids with 1Csq values ranging from 0.19 to 0.32 uM. On
the other hand, iridoid 15 having a methoxy group on the
aromatic ring was less potent with 1C54: 2.67 UM while insertion
of an additional naphthalene ring at C-4 of the benzene ring of
compound 15 increases PTP1B inhibitition (compound 29: 1Cs:
2.67 uM). Compounds 22 and 24 were the most active with 1Csq
values of 0.19 and 0.20 uM, respectively.

H
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15: Ry = OMe, Rs = R3 =H;IC 0 2.67 yM :- o W
16: R = OMe, R, = Br, R; = C flc50 1.05 uM " T0Bn
17: R; = OMe, R = Ph, R, = H: ICo: 0.43 uM
18: R, = OMe, R, = Br, R3—CI ICso: 1.05 pM
19: Ry = Bn, Ry = Ry = H; ICs0: 0.99 uM BnO™ Y "OBn
20: R{ = Bn, Ra = B, Ry = CI ICag: 0.41 M OBn
H 21: Ry = H, R, = OPh; IC5): 0.40 uM
O N~ _Ri 22:R1=CZHR—OH ?050019uM
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26: Ry = CO,H, R, = CH,CgH4pOH; ICsy: 0.28 pM
27: Ry = CO,H, R, = Bn; ICsy: 0.32 pM
28: R1 =H, R2 = CH2C5H4PCH=CH(E)SO3Et, |Cso: 0.35 ].lM

Figure 2. Structures and activities of genipin analogs 15-29.
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3.3. Phloroglucinol derivative

Phloroglucinol analogs are phenolic compounds distributed in
various natural sources and these compounds are reported to
have antidiabetic effects [25]. Phloroglucinols 30-43 were
reported from Syzygium cumini [26] and interestingly
S. cumini has been used since the mid-nineteenth century to
treat diabetes [27]. In this regard, phloroglucinols 30-43
(Figure 3) demonstrated significant PTP1B effects with 1Csq
ranging from 0.42 to 2.67 yM [26]. It is noteworthy that
compounds 30 and 34 having R, and R, = H and the C-2
side chain having 17 carbon atoms, showed better activities
with ICsq of 0.45 and 0.42 uM respectively. On the other hand
activity was decreased when R, (C-6) = R, (C-8) = Me as
demonstrated by compounds 31 and 35 which showed inhi-
bition of ICsq of 1.57 and 2.67 puM respectively.

3.4. Steroids

A fair number of steroids showed significant in vivo antidiabetic
properties [28,29]. Two steroids named dictyopterisin D (44) and
dictyopterisin E (45) (Figure 4} in a mass ratio of 3:4 were isolated
from Dictyopteris undulate and that this mixture showed in vitro
PTP1B inhibition with 1C5q = 1.88 pg/mL [30]. In another patent
lithocholic acid-3-oxime esters 46-50 were prepared having
chloro, methyl and methoxy substituted cinnamoyl moieties
[31]. Compound 46 having the cinnamic acid group showed
PTP1B inhibition with 1C5q = 2.72 pM. However the activity
increases when hydrogen at either R; and R, is replaced by
methyl (compound 47: ICsq = 1.53 pM) or a methoxy group
(compound 49: IC5, = 1.63 uM), respectively. In addition, activity
is further enhanced after insertion of a chlorine at R, (compound
48: 1C5, = 0.79 pM) or two chlorine atoms of the cinnamic acid
analog (compound 50: I1C5q = 0.93 uM). Moreover two more
steroids named swinhoeisterol A (51) and D (52) were isolated
from Theonella swinhoei, which showed PTP1B inhibition with
ICso = 7.2 and 5.3 pg/mL, respectively [32].

30: Ry = R, = H; ICs: 0.45£0.03 uM
31: Ry = Ry = Me; ICsp: 1.5740.09 pM
32: R, = Me, Ry = H;

33: R; = H, R, = Me; mixture of 32/33; ICsy: 1.25:0.07 uM

OH O

34: Ry = Ry = H; ICsp: 0.42:0.03 uM
35: Ry = Ry = Me; ICsp: 2.670.14 uM
36: Ry = Me, Ry = H;

37: Ry = H, Ry = Me; mixture of 36/37; IC5q: 3.16£0.17 pM

Figure 3. Structures of phloroglucinol analogs and their activities 30-43.

3.5. Dieterpenoids

It has been reported that the Pinaceae family ranks among the
top 20 families producing large numbers of marketed drugs
[33,34]. Noteworthy in this regard is the fact that only a few of
the species of this genus are employed in traditional Chinese
medicines (TCMs)} to burn, insomnia, treat skin diseases, scald,
tracheitis, wounds, and arthritis [33]. Interestingly the Pinus
densiflora extract has been approved by the Korean FDA for
the treatment of diabetes [35]. Abietane diterpenes 53-57
(Figure 4) were reported from P dabeshanensis and their
PTP1B activity measured in terms of 1C5, ranged from 16.1 to
1.6 pg/mL [36]. Moreover the aromatic abietane diterpenoid
56 having an hydroxyl group at C-12 was the most potent
with an 1G5y of 1.61 pg/mL while dieterpene 57 comprising
a C-15 hydroxyl group and a C-7 keto group showed activity
with ICsq of 3.42 pg/mL. On the other hand the PTP1B inhibi-
tion of aromatic abietane diterpenoid 55 lacking a C-12 or
C-15 hydroxyl group was not impressive (ICsq 16.1 pg/mL). In
another patent the same author [37] isolated abietane-
phloroglucinol  hybrid compounds 58 and 59 from
Chloranthus oldhami. These hybid compounds demonstrated
PTP1B activity with 1C5, values of 535 and 4.92 uM respec-
tively. Notably, phloroglucinol-coupled sesquiterpenes and
monoterpenes have often been reported from the Myrtaceae
family but phloroglucinol diterpene hybrid compounds are
quite rare in nature [38]. In another patent, a monocyclic
diterpene 60 was isolated from Pinus kwangtungensis which
showed PTP1B activity with an 1Cs of 3.3 pg/mL [39].

3.6. Sesquiterpenes

The Laurencia genus of red algae is famous for biosynthesizing a
diverse range of metabolites representing an astonishing chemical
diversity. These metabolites include diterpenes, C;s-acetogenins,
halogenated sesquiterpenes, and triterpenes which all showed
a diverse range of biological effects viz., antihelmintic, antifeedant,

OH O
Rq
HO SED o
Ry
38: Ry = R, = H; IC5o: 1.97£0.11 uM
39: Ry = Me, R, = H;
40: R, =H, Rz = Me; mixture of 39/40; IC5,: 0.98+0.06 pM
OH O
Ry
HO o} 7
OH
Ra

41: R1 = R2 = Me |Cs° 1.801+0.10 }J.M
42: R, =Me, R, = H;
43: R4 = H, R, = Me; mixture of 42/43; |Cs,: 1.0410.06 pM
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Figure 4. Structures and activities of compounds 44-60.

antimicrobial, antifouling and cytotoxic effects [40,41]. Laurane-
type sesquiterpenes 61-65 (Figure 5) were reported from
Laurencia okamurai and their structures were determined by
using extensive spectroscopic techniques [42]. Sesquiterpenes
61-65 possess PTP1B inhibitory effects with ICsq ranging from
4.9 to 14.9 pg/mL. Among these compounds, sesquiterpenes 64
and 65 showed activity with ICso of 4.9 and 7.0 ug/mL respectively.
On the other hand the activities of compounds 61 (ICsq: 14.9 g/
mL) and 62 (ICs5q: 13.0 pg/mL) having the hydroperoxy moiety at
C-3 of the cyclopentenyl group were not impressive. In another
patent, two sesquiterpenes named beshanzuenones C (66) and
D (67) were reported from Abies beshanzuensis and it was demon-
strated that these compounds have an uncommon [6/6/5]-fused
tricyclic ring system [43]. Interstingly, various species of the genus

58: n1 =7, n2 = 1; ICgq: 5.3510.43 yM
59: n1 =8, n2 = 2; ICsq: 4.9210.40 pM

Y
. ‘\\\

“u, WOH

60; IC50: 3.34£0.31 pg/mL

‘Y,
Y,
(4

Abies are used to treat stomachache, colds, rheumatic diseases,
indigestion, and pulmonary diseases in Korean folk medicine.
Moreover sesquiterpenes 66 and 67 possess PTP1B inhibitory
effects with 1Cs, values of 16.6 and 10.6 pg/mL respectively.

3.7. Miscellaneous

Sophora japonica L. (Fabaceae) is employed to stop bleeding
intraditional medicine. Moreover the flowers, leaves, buds,
seeds, and bark of S. japonica are employed as medical compo-
nants in Japan, China, and Korea. Furthermore, flowers and
flower buds of this plant are used to treat hematemesis, hema-
turia, hemorrhinia, metrorrhagia, uterine hemorrhage, conjuncti-
vitis, pyoderma, leukorrhea, arteriosclerosis, dizziness, and



[image: image64.jpg]694 (@) H.HUSSAIN ET AL

Br

,,I,’-

61: R = Br; ICsg: 14.9:2.57 pg/mL OH

62: R = H; IC5q: 13.0¢2.98 pg/mL 63; ICs0: 13.2+2.09 pg/mL

OH
o
= HO o
: o
o HO OH
0

MeO

66: R = CH,OH; 1Csy: 16.6+2.45 pug/mL
67: R = Me; IC5q: 10.6+2.11 pg/mL

MeO

68; ICso: 1.12 uM

69: IC50: 3.85 uM

Figure 5. Structures and activities of compounds 61-72.

hypertension [44]. Naphthoquinone glycoside (68) was isolated
from S. japonica and demonstrated its PTP1B inhibitory effects
with 1Cso. 1.12 pM [45]. On the other hand the 1,4-benzoquinone
analog 69 having an aliphatic side chain was isolated from
Caulerpa racemosa and possessed PTP1B activity with an ICsq of
3.85 pM [46]. The stilbene analogs 70 and 71 (Figure 5) were
reported from Aglaia abbreviata [47] and Aglaia perviridis [48]
respectively. These compounds (70 and 71) possessed PTP1B
activity with ICso values of 2.44 and 2.58 ug/mL respectively. In
another patent, stilbene analog 72 demonstrated PTP1B effects
with an 1Csq of 2.23 pg/mL [49].

4. Synthetic derivatives
4.1. Nicotinic acid derivatives

Nicotinic acid (niacin) has been reported to show antidia-
betic properties and a number of clinical studies (for diabe-
testreatment) have been reported for this molecule [50].
Moreover, Niaspan, a formulation of nicotinic acid, is con-
sidered as a serious and substantial treatment for diabetic
dyslipidaemia [51]. Cai [52-62] prepared a substantial library
of the nicotinic acid analogs 73-106 (Figure 6) and tested
them for their PTP1B inhibitory effects. Notably, all the
compounds demonstrated significant activity with [Csq
values ranging from 4.5 to 25. 1 nM. Compounds 81 and
102 which showed the highest activity (ICsq: 4.5 and 4.3 nM

Br L Br
", Ly
",,,, /] "'4,
OH oH ’

64; |Cgy: 4.910.54 ng/mL

65; ICs: 7.0+0.78 pg/mL

0

71: ICsq: 2.5810.52 pg/mL

72: ICsq: 2.23+0.14 pg/mL

respectively) have methyl groups at the R, position on the
aromatic ring (compound 81) and an additional methyl
group at C-4 of the piperidine ring. Activity was decreased
however after replacement of the methyl group at the R; of
the aromatic ring by a methoxy group (compound 73: ICsq:
8.2 nM), isopropyl group (compound 75: ICso: 25.1 nM),
cyanide (compound 79: IC54: 18.6 nM), ethyl (compound 82:
ICs50: 8.7 NM), cyanide (compound 86: I1Csy: 21.5 nM). On the
other hand compounds having nitro groups (compounds 96
and 97) and amino groups (compounds 98 and 99) demon-
strated significant activities.

4.2. Tetrazole derivatives

Tetrazole scaffold chemistry has a wide range of applications
for medicinal chemistry and in the agriculture fields. These
scaffolds have been widely used in pharmaceuticals in the
form of carboxylic acid surrogates and lipophilic spacers.
Literature surveys showed that tetrazole analogs often possess
a wide range of biolgical properties viz.,, antidiabetic, antimi-
crobial, anticancer, anti-inflammatory, analgesic, antitubercu-
lar, and antihyperlipidimic effects [63]. Interestingly, there are
a number of drugs having the tetrazole group that have been
approved by the FDA for various diseases [63,64]. Moreover,
5-membered heterocycles have a long history in producing
antidiabetic compounds viz, thiazolidinedione analogs such as
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84:R, =FEt, Ry =R; =R, =H; IC5: 9.3nM 101:R; =Me, R, =R3=H, R4 =Et; I1C5: 5.2nM
85:R; = Me, Ry = Ry = Ry = H; ICs: 10.4 nM 102:R, = Me, Rz =R3=H Ry =Me; ICgs: 4.3 M
86:R; = cyclopropyl, Ry = Rg = Ry = H; IC5p: 21.5nM  103:Ry = Me, Ry = R3 = H, Ry = CH(Me),; IC5: 9.8 nM
87:R, = cyclopropyl, Ry = Rg = Ry = H; IC50: 24.1 nM  104:Ry = OMe, Ry = R3 = H, Ry = Et; ICs0: 8.3 nM
88:R; =NOy, Ry = R3 =R, =H; ICs: 7.1 1M 105:R; = OMe, Ry, = R3 =H, Ry = Me; ICsy: 7.6 NM
89:R; = Cl, Ry = Ry = R4 = H; IC5: 9.1 nM 106:R; = OMe, R, = R3 = H, Ry = CH(Me)y; ICsq: 11.5 nM

Figure 6. Structures and activities of nicotinic acid derivatives 73-106.

ciglitazone, pioglitazone, AD-5061, and AD-5075 have demon-
strated very potent in vitro and in vivo antidiabetic and related
effects. Moreover Wy-49,322 was the first hypoglycemic agent
which has the trazole ring [65].

Cai [66-72] prepared an extensive library of tetrazole ana-
logs 107-133 (Figure 7) having the piperidine and phenyl
rings by following various synthetic protocols and all com-
pounds showed PTP1B enzyme inbition with 1C5, values ran-
ging from 52 to 21.8 nM. Various groups viz, cyanide,
halogens (Cl, Br, F), methyl, ethyl, cyclopropyl, methoxy,
ethoxy, isopropy, and thiomethyl on the phenyl ring have
been inserted in order to enhanace the activity. Interestingly,
compound 133 having one methyl group at R, in the phenyl
ring and an isopropyl group at C-4 of the piperidine ring
showed better activity with 1Csq: 5.2 nM. On the other hand

compound 118 comprising a methyl group at R, of the phenyl
ring also possessed significant activity with ICse: 5.7 nM.
Additionally, cyanide (108), ethyl (119), methyl at R, (122),
methoxy (128), and amine (132) groups also enhance PTP1B
inhibition. Moreover the position of halogens on the phenyl
ring play a role in activity. For instance compound 114 (ICsq:
7.4 nM) having chlorine at R, of the phenyl ring showed better
activity that compounds having Cl at Ry (109: ICsy: 16.6 nM)
and R; (116: 1C54: 9.3 nM).

4.3. Thiazole-cyclopentadiene hybrid compounds

Thiazole is an interesting heterocycle comprising nitrogen and
sulfur, and has played a major role in medicinal chemistry. It is
also present in many natural compounds such as Thiamine

S
N
R2 /wl/ W R4
N. N
R >N
-~
O
107:R; =Ry, =Ry = Ry = H; IC5: 16.6 M 120:R; = Me, Ry =Ry = R4 =H; IC5y: 11.3 nM

108:R; = CN, R, = Ry =R, = H; IC50: 7.9 nM 121:R3 = Et, Ry = Ry, = R4 = H; IC50: 14.2 nM
109:R, = Cl, Ry =Ry = Ry = H; ICs 16.6 nM 122:Ry = Me, Ry =R3 =R, = H; 1Csp: 6.8 nM
110:R; =F, Ry =R3=R; =H; IC5: 8.1nM  123:R; = Et, Ry = R3 =Ry = H; [C5,: 10.9 nM
R T T kil s T
Ri=1LRy=R3=Ry=H; IC55:13.2 0 Ny = € My =hg=Rhg=M 105900
113Ry = F, By =Ry = Ry = H; ICep: 119 1M 126'R; = OEt, Ry = Ry = R, = H; ICag: 11.5 nM
114'R,=Cl, R =Ry =R, =H:; ICs 7.4 nM 127:R; = OCH(Me),, R, =Ry =R, =H;: ICs,° 19.1 nM
115:R, =Br, Ry=R3 =R, =H; IC5;: 85nM 128:R, = OMe, R, =R; = R, = H; IC4,: 10.6 nM
116:R;=Cl, Ry =Ry, =Ry = H; IC5: 9.3nM  129:R, = OEt, Ry = Ry = Ry = H; ICs5: 13.0 nM
117:R; =Br, Ry =R; =Ry = H; ICsy: 14.8 1M 130:R; = OMe, Ry =R, = R, = H; IC5,: 21.8 nM
18Ry = Me, Ry = Ry =Ry =H; G5 5.7 1M 131:R; = SMe, R, = R3 =R, = H; IC50: 11.3 nM
MRy =Et R;=R3 =Ry =H; 1C5:9.4nM 132:R, = NH,, R, = R; = R, = H; IC5; 10.9 nM
133:R, = Me, R, = Ry = H, Ry = CH(Me),;: IC5q: 5.2 nM

Figure 7. Structures and activities of tetrazole analogs 107-133.
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and Vitamin B1 and also in bioactive synthetic compounds.
Notably, this scaffold is present in many drugs viz., penicillin,
sulfazole (antimicrobial), ritonavir (antiretroviral), abafungin
(antifungal), and tiazofurin (anticancer) [73,74]. Notably, there
are a large number of thiazole comprising antidiabetic drugs
that have been reported with reduced side effects viz., rosigli-
tazone, DRF-2519, netoglitazone, PHT46, pioglitazone, DRF-
2189, and PMT13 [75].

Initially Cai [76-83] prepared various thiazole-cyclopentadiene
hybrid compounds to afford a good library of analogs 134-169 for
evaluation (Figure 8). All compounds 134-169 display potent
PTP1B inhibitory effects with 1Csy values ranging from 6.5 to
22.5 nM. Various substituents viz., halogens (Cl, Br, F, I), cyanide,
phenyl, methyl, ethyl, methoxy, ethoxy, thiomethyl and nitro were
introduced onto the aromatic ring in order to improve the activity
and reduce any unwanted side effects. Interestingly, compound
134 having one chlorine group at R, of the phenyl ring showed
good activity with ICsg: 6.5 nM. On the other hand activity was
decreased when Cl was replaced by F (compound 135: ICsq:
8.1 nM), Br (compound 136: 1Cso: 10.2 nM), and | (compound 137:
ICso: 14.8 nM). Moreover, the position of the halogens on the
phenyl ring plays an important role in PTP1B activity. For example,
compound 134 (ICso: 6.5 nM) having chlorine at R, of the phenyl
ring showed better activity that compounds having Cl at R, (139:
[Cs50: 9.3 NM), and Rs (141: 1Csq: 9.6 nM). Moreover, Cai [84-88] also

S
R4'
Ry
134R, = Cl, R, =R; = R, = H; ICs;: 6.5 nM
135R, =F, R, = R, = R, = H; ICs: 8.1 NM
136:R, = Br, Ry = Ry = R, = H; 1Cay: 10.2 nM
137'Ry =1, Ry =Ry = R, = H; ICsy 14.8 NM

138:R; =F, Ry, = Ry = R, = H; IC5: 11.4 nM

139:R; = Cl, R, = Ry = R4 = H; ICsp: 9.3 M
140Ry =F, Ry = Ry = Ry = H; ICay 1.7 nM
141R, = Cl, R, =Ry = R, = H: 1Cey: 9.6 1M
142R =Ry = Ry = Ry = H: ICy 17.2 1M
143:R, = CN, R{ = R3 = Ry = H; IC5o: 8.3 nM
144R; = CN_ R, =Ry =Ry =H; IC50: 9.1nM
145:R; =CN, R, = R, = R, = H: IC5y: 9.7 nM
146R = CN.R| = Ro = Ry = H. ICoq 15.2 M
147:R, = Ph, Ry = Ry = Ry = H; [Cs0: 9.1 nM
148R, = Me, Ry = Ry = Ry = H: ICay: 8.3 M
149:R; = Me, Ry =R, = Ry = H: ICog: 11.9 M
150:R; = Me, Ry = Ry = Ry = H; IC: 10.7 nM
151:R, = Me, Ry = Ry = Ry = H; [Czg: 22.5 nM
152.Ry = Et, Ry = Ry = Ry = H; ICart 14.3 NM
153:R;, = NMe,, Ry = Ry = Ry = H; ICso: 7.9 M
154'R: = OMe. Ry = Ry = R, = H; ICas 7.2 nM
155:R;, = OEt, Ry = Ry = R, = H; ICs: 10.5 M
156:R; = OMe, Ry = Ry = Ry = H; [Csg: 11.3 M
157:R; = OEt, Ry = R, = R, = H; ICsy 13.9 nM

158:R; = OMe, Ry = Ry = R, = H; [Csy: 9.4 nM
159:R, = OMe, R = Ry = Ry = H; [Czy: 15.1 nM
160:R, = SMe, Ry = Ry = R, = H; ICsy: 12.5 nM

161:R, = SEt, Ry = Ry = Ry = H; ICs: 15.8 nM
162:R; = SMe, Ry = Ry = Ry = H; ICs: 17.1 M
163:R; = SEt, Ry = Ry = Ry = H; ICq” 19.2nM

164:R; = SMe, Ry = Ry = Ry = H; ICs: 13.7 M
165:R; = SEt, R, = Ry = R4 = H; ICs: 17.6 NM

166:R, = NOy, Ry = Ry = Ry = H; [Cso: 10.6 nM
167:R; =NO3, Ry = Ry = Ry = H: ICzg: 11.7 nM
168:R; = NOy, Ry = Ry = Ry = H: ICzg: 12.2 nM
169:R, = NO3, Ry = Ry = R3 = H; IC5q: 17.5 nM

prepared a new library of various thiazole-cyclopentadiene hybrid
compounds viz,, analogs 170-195 having an additional aromatic
ring. All the compounds of this library exhibit potent PTP1B inhi-
bitory effects with 1Cso values ranging from 5.8 to 152 nM.
Interestingly, compound 170 having one florine group at R; of
the phenyl ring showed better activity with |Csq: 5.8 nM. Moreover
the positional of F on the phenyl ring plays an important role in
PTP1B activity. For example compound 170, having F at R, of the
phenyl ring showed better activity than compounds having F at R,
(174:1Cso: 7.6 nM), and R3 (176: ICsp: 11.3 nM).

4.4. Indole dimers

Heterocycles in general often play a crucial role in medicinal
chemistry, photochemistry, agrochemicals, material chemistry,
and dyes. Over 24 million organic compounds comprising the
heterocyclic scaffold in a 2010 US retail sales report showed that
80% of the drugs comprised of heterocyclic scaffolds [89]. The
indole scaffold is present in a wide range of bioactive natural
products viz,, reserpine, psilocybin, bufotenine, esrine, vinblastine,
and vincristine. Moreover, there are a number of marketed drugs
comprising the indole scaffold viz,, indomethacin (NSAID drug)
and pravadoline (analgesic and COX inhibitor) [89]. Additionally,
atevirdine (anti-HIV drug) [90], selavirdine (antiretroviral drug),
yohimbine (used to treat sexual dysfunction and decrease the

\N/
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03 N
=~
MeO NAN Ra
H

Ry
170:R, = F, Ry = Ry = H; ICq: 5.8 nM
A7T1'R; = CI, R, = R, = H; ICsq: 7.1 1M
172'R; = Br. R, = Ry = H: ICap 8.2 NM
173R; = I, Ry = Ry = H: [Cap: 1.5 NM

174:R,=F, Ry =Ry = H; ICs0: 7.6 nM

175:R; = Cl, Ry = Ry = H; IC5: 9.1 nM
176:R3 = F, Ry = Ry, = H; ICs0: 11.3 M
177:R; = Cl, Ry = R, = H; ICsg: 13.7 nM

178:R; = OMe, R, = Ry = H; IC5: 8.6 nM

179:R; = OEt, Ry = Ry = H; ICs0: 7.3 1M
180:R, = OMe, Ry = Ry = H; IG5y 10.5 nM
181:R; = OEt, Ry = Ry = H; ICsy: 9.2 1M

182:R; = OMe, Ry = R, = H; IG5, 13.8 nM
183:R; = NOy, Ry = Ry = H; IC5o: 9.7 nM
184:R, = NOy, Ry = R; = H: ICq: 10.4 nM
185:R; = NOy, Ry = R, = H: IC: 12.1 nM
186:R; = NMe,, Ry = Ry = H; 1Csy: 10.9 nM
187:R, = NMey, Ry = Ry = H: [C5o: 8.7 nM
188:R; = NMe,, Ry = Ry = H: IC5y: 12.5 M
189'R; = Me, Ry =Ry = H; ICs 6.4 nM
190:R; = R, = R; = H; ICsy: 13.9 nM
191'Ry = Me, Ry = Ry = H: ICs0: 7.7 NM
192:R; = Me, Ry = R, = H; ICso 12.3nM
193:R; = Et, Ry = Ry = H; IC5: 9.1 nM
194'Ry = Et R, = Ry = H: ICey: 10.4 nM
195R; = Et. R; = Ry = H: ICog 15.2 M

Figure 8. Thiazole-cyclopentadiene hybrid compounds and their activities 134-195.



[image: image67.jpg]risks of type-2 diabetes) [91], pinodolol (antidepressant drug) [92],
glufanide (anticancer drug) [93], apaziquone (anticancer) [94], arbi-
dol (antiviral) [95], and panobinostat (anticancer) [96] all contain
a heterocyclic scaffold within their structures.

A range of indole dimers 196-215 (Table 1) were prepared as
a library for evaluation [97]. It was found that all compounds
demonstrated significant PTP1B inhibition with 1Cs, values ran-
ging from 2.06 to 9.20 uM. Various groups viz., benzyl, Boc,
bromine, methyl, methoxy, nitro, F, and Cl were introduced in
order to generate chemical diversityfor SAR studies. Interestingly,
compound 205 having a nitro group at the C-5 position of the
indole ring possessed the most potent effects with an 1Csq: of
2.06 uM. Moreover the position of the Cl group on the aromatic
ring plays an important role in the activity viz., compound 201
having 2 Cl atoms at the 3,4 positions of the additional aromatic
ring showed activity with ICsq: 452 uM while 202 having 2 Cl
atoms at the 3,5 positions of the additional aromatic ring demon-
strated much better activity with ICsq: 2.64 uM. Additionally, the
nitro group on the aromatic ring of the indole system also plays
a crucial role in the activity because the indole dimer 205 having
a 5-NO, group at Rz was the most potent (ICso: 2.06 uM) while
activity was decreased when the nitro group was replaced by
either a methoxy (dimer 204: |Csy: 4.06 uM) or Br group (dimer
203: ICsq: 7.00 pM).

4.5. Miscellaneous

Perimidine derivatives 216-234 (Figure 9) were prepared and
interestingly all showed PTP1B activity with ICs, values

Table 1. Structures and PTP1B activity of indole dimers 196-215.
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ranging from 0.04 to 5.73 pg/mL [98]. SAR studies showed
that compound 216, comprising an amino-propanoic acid was
the most potent toward PTP1B (ICsq: 0.04 pg/mL). However
activity was decreased by either an increase in the number of
CH; groups (217: 1Cso: 2.15 pg/mL; 218: 1Csq: 3.15 pg/mL) or
decreased (219: 1Cso: 2.59 pg/mL) by differences in the side
chain. In another patent, oxadiazole analogs 235-238 were
prepared and their PTP1B activity was determined with 1Csq
values ranging from 3.8 to 7.9 uM [99]. On the other hand, the
same authors prepared a small library of bromophenol-
oxazole molecules 239-244 and evaluated their |C5¢ values
to be in the range of 0.19 to 7.68 uM [100]. Notably, com-
pound 244 comprising two Br and a p-methoxybenzyl group
demonstrated the highest PTP1B inhibitory effects with ICsy: of
0.19 pM. Furthermore pyridopyrimidinone analogs 245-249
were prepared which demonstrated good PTP1B effects with
ICso values ranging from 5.9 to 12.7 uM [101]. In another
patent [102] a small library of chalcones 250-256 and
assessed their PTP1B activity 1Csq to be in the range of 2.5 to
6.2 pM.

5. Expert opinion

The excellent research on PTPs inhibitors that has been done
during the past three decades cannot be underestimated.
However and as yet, an insufficient number of potential remidies
have reached clinical trials. Potent and selective PTP1B inhibitors
have proved difficult to find and very few potent PTP1B inhibi-
tors have been reported where it was found that their selectivity

\
Ri~N
HN - Ar
[ %
Ry CO,Et
= 'Tl o
Ry
C.No R4 R, Rs R, Ar 1Cso (UM)
196 Bn Boc H H Ph 3.61
197 Bn Boc H H p-BrPh 4.23
198 Bn Boc H H p-CIPh 4.27
199 Bn Boc H H p-MePh 6.56
200 Bn Boc H H p-FPh 4.19
201 Bn Boc H H 3,4-Cl,MePh 4.52
202 Bn Boc H H 3,5-Cl,MePh 2.64
203 Bn Boc 5-Br H p-BrPh 7.00
204 Bn Boc 5-OMe H p-BrPh 4.06
205 Bn Boc 5-NO, H p-BrPh 2.06
206 Bn Boc 6-Br H p-BrPh 5.82
207 Bn Boc 7-Me H p-BrPh 3.08
208 Bn Boc H 5-F p-BrPh 3.75
209 Bn Boc H 5-Me p-BrPh 2.95
210 Bn Boc H 6-F p-BrPh 5.64
211 Bn Boc H 6-Cl p-BrPh 4.52
212 Bn Bn H H p-BrPh 6.07
213 Bn Bn 6-Br H p-BrPh 4.74
214 Bn Bn 5-Br H Ph 8.64
215 Me Boc H H p-BrPh 9.20
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R = NH(CH,),CO,H, X = CH; ICs: 0.04+0.006 pg/mL
R = NH(CH,),CO3H, X = CH: ICso: 2.15+0.21 pg/mL
R = NH(CH,)sCOZH, X = CH; ICsq: 3.15+0.11 pg/mL
R = NHCOCH,CO,H, X = CH; ICs: 2.24+0.15 pg/mL

216:
217:
218:
219:
220:
221:
222:
223:
224:
225:
226:
227:
228:
229:

R =OH, X = CH; IC5q: 2.42£0.31 pg/mL

R = NHCOCO,Et, X = CH; ICs: 0.46+0.02 pg/mL
R = OH, X = N; ICs: 3.15+0.20 pg/mL

R = NHCH,CO,H, X = N; ICso: 0.2+0.0 pg/mL

R = NH(CH,),CO,H, X = N; ICs0: 0.69:0.06 pg/mL
R = NH(CH,)3CO5H, X = N; ICsq: 5.73+0.53 pg/mL
R = NH(CH,),CO,H, X = N; ICxp: 1.39:+0.05 pg/mL
R = NH(CHy)sCO3H, X = N; ICsg: 0.2+0.0 pg/mL

OZCHZCO

H
HO

234: |C5y: 4.06£0.72 p.g/mL

R
Ri R, 3
HO 0
S
N
HO

239: R,
240: R,
241: R,
242: R,
243: R,
244: R,

HO 235:R;=
236: R, =
237:R; =

= Rz = H, R3 = Br, |Cso: 7.68 p,M

=Rj = B, Ry = OPh; ICsg: 1.99 uM

=Br, Ry = H, Ry = SCgH4-4CI; ICsp: 3.34 uM
=R, = H, R = OCgH,-3CH(Me)y; ICsy: 3.09 uM
=Br, Ry = H, Rg = 5CgH,-20Me; ICsy: 2.56 uM
=R, = Br, Ry = OCgH;~4OMe; [Cso: 0.19 pM

R, O O

245: Ry = Ry = H, R; = 2-pyridinyl; ICs: 5.9 uM
246: R1 = CF3, R2 = H, Ry = 3-piperidinyl; IC5q: 8.4 uM

R = NHCO(CH,),CO,H, X = CH:; ICsy: 2.59+0.44 pg/mL
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SN
S~ CL,
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230: R = CO,H; ICsp: 04101
231: R = NH(CH,),CO,H; |050 2 1:02 pg/mL
232: R = NH(CH,)sCOH:; [Cxp: 2.5+0.4 pg/mL

R = piperidine-4-carboxylic acid, X = CH; ICsq: 2.47£0.24 ng/mL

O
>—<t/>—OCHzcozH
o

233: ICsy: 1.88+0.08 pg/mL

Me, Ry = H; ICsq: 4.7 pM &)
H R2 =i OEt |Cso 7. 9 },I.M HO
Me Ry =H; |Cso 4.7 uyM

HO 238; ICg0: 3.8 pM

] OH

h;:U
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(0]
250: R =H, Ry = OEt; IC54: 5.5 uM
251: R1 = H Rz aIIyI |Cso 58 }LM
252: Ry =H, Ry = prenyl; ICsp: 6.2 uM
253: Ry = H, R, = piperidinyl; ICsg: 2.0 uM
254: Ry = H, R, = 3,5-dimethylpyrazolyl; ICsy: 5.6 pM
255: Ry =H, Rz = morpholinyl; ICsq: 2.5 uM
256: R, = di aIIyIamlne Rz H; ICs0: 5.3 pM

247: Ry = CF3, Ry = H, Ry = 2-methoxythiazolyl; ICsy: 12.7 uM
248: R =CF3, R, = H, Rj = 1-(azetidin-1-yl)ethanone; ICsq: 7.3 pM
249: R4 = Me, R, = CH(Me),, R3 = N,N-dimethylpyrimidin-5-aminyl; I1C5y: 6.8 pM

Figure 9. Libraries and activities of compounds 216-256.

is mostly low. Natural products viz., ertiprotafib [103] and the
benzothiophene biphenyl analog [104] have been entered into
clinical trials but failed the Phase Il clinical trial due to their
insufficient efficacy and adverse side effects. The difficulties asso-
ciated with PTP1B drug discovery is due to their poor selectivity
and bioavailability which are among the major problems which
these inhibitors are facing [2]. Additionally PTPs or PTP1B inhibi-
tors which are greatly charged and larger in size were established
in order to capture a large number of positively charged catalytic
site residues [1,17]. One strategy would be to investigate the

combination of multiple approaches viz, to target both the
active and allosteric sites and to develop a less anionic or neutral
molecule. Moreover, secondary binding pockets as well as per-
ipheral binding sites, might be employed in order to establish
potent and selective PTP1B inhibitors with lesser side effects.
Furthermore, non-selective PTPs inhibition may have unwanted
adverse effects and consequently drug-like molecules are
needed which can selectively inhibit PTP1B.

Plants play a pivotal role in antidiabetic drug discovery and
there are a number of natural products (NPs) which have been
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been prepared in the past four decades which demonstrated
significant anti-PTP1B activity. However very few semi-synthetic
natural product analogs have been prepared for PTP1B inhibitory
effects using natural products as the primary scaffolds in the
period of this review. On the other hand computational studies
demonstrated that NPs engage larger areas of chemical space in
contrast to synthetic molecules. Additionally, NPs typically have
higher numbers of stereogenic centers, a more diverse range of
heteroatoms, and diversity of rings. Furthermore a PTP1B-active
NPs inspired synthetic strategy can lead to the advancement in
not only potency but also in selectivity, toxicity, bioavailability,
and lipophilicity. This demonstrates that by mimicking the NPs
distribution of various properties, one can enhance the chemical
complexity of lead compound libraries and this may enhance the
potency of synthesized compounds. Additionally, inclusion of
a rational design that takes into account the physicochemical
parameters will also improve the potential of PTP1B drug
discovery.

A large number of synthetic heterocyclic compounds
(section 4.1-4.5) have been prepared in the past four years
which demonstrated very potent inhibitory effects in the
nanomolar concentration range. Therefore its is strongly
suggested that furture research should focus on the pre-
paration of heterocyclic or hybrid heterocyclic PTP1B inhibi-
tors based on computer-assisted docking protocols since
this may enhance bioactivity, physicochemical properties
and diminish unwanted side effects. Furthermore, its has
been reported that difluoromethylene phosphate pharmaco-
phores have proven to be crucial for enhancement of PTP1B
activity because fluorinated analogs are more acidic and
could have stronger charge—charge interactions. Moreover
the increased binding affinity of the fluorinated analogs has
been imputed to specific interactions between fluorines and
active site residues [105]. Therefore, difluoromethylene phos-
phate comprising especially fluoro or trifluoro analogs need
to be prepared since it is believed that these derivatives will
not only increase PTP1B activity but will also enhance their
lipophilicity.

Notably, the idea of combination therapy is extraordinarily
demanding because this therapy will be needed to maintain
glycemic control [106]. Therefore, it is the suggestion of the
current authors that PTP1B inhibitors could be employed in
combination with current diabetes treatments because this strat-
egy may have synergistic responses and be more productive
than either treatment alone [10]. There are numerous com-
pounds reported which showed potent in vitro PTP1B inhibition.
However, achieving selectivity and cell permeability is a major
ongoing challenge. Furthermore in order to achieve selectivity in
PTP1B inhibitors, one strategy would be to explore the secondary
site pocket. Additionally, scientists should design PTP1B inhibi-
tors that explore three sites: the active site, the secondary site
and the b5-b6 loop and then combining these three sites could
lead to developing strategies for the synthesis of active mole-
cules with several-fold increases in selectivity.

The integrated strategy of using medicinal chemistry, struc-
tural biology, and robust assay approaches will allow the pre-
paration of very potent and selective PTP1B inhibitors.
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Furthermore the significance of engineering appropriate phy-
sico-chemical properties in the synthetic targetsshould be high-
lighted in PTP1B inhibitor design because developing PTP1B
inhibitors with suitable physico-chemical properties will allow
the design of clinical PTP1B inhibitors. The PTP1B drug discovery
process is not easy and this challenging area has led to a number
of academic research laboratories and pharmaceutical organiza-
tions concentrating on the establishment of potential and selec-
tive PTP1B inhibitors as is evident from the number of patents
published over the past four years. Focusing on such PTP1B
research would prove to be a milestone for the treatment of
diabetes.
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Abstract: A variety of natural compounds have been shown to modulate T cell receptor (TCR)
activation, including natural sesquiterpene lactones (SLs). In the present studies, we evaluated
the biological activity of 11 novel semi-synthetic SLs to determine their ability to modulate TCR
activation. Of these compounds, x-epoxyarglabin, cytisinyl epoxyarglabin, 1$,10x-epoxyargolide,
and chloroacetate grosheimin inhibited anti-CD3-induced Ca®* mobilization and extracellular
signal-regulated kinase 1/2 (ERK1/2) phosphorylation in Jurkat T cells. We also found that the
active SLs depleted intracellular glutathione (GSH) in Jurkat T cells, supporting their reactivity
towards thiol groups. Because the zeta-chain associated tyrosine kinase 70 kDa (ZAP-70) is essential
for TCR signaling and contains a tandem SIH2 region that is highly enriched with multiple cysteines,
we performed molecular docking of natural SLs and their semi-synthetic derivatives into the ZAP-70
binding site. The docking showed that the distance between the carbon atom of the exocyclic
methylene group and the sulfur atom in Cys39 of the ZAP-70 tandem SH2 module was 3.04-5.3 A
for active compounds. Furthermore, the natural SLs and their derivatives could be differentiated by
their ability to react with the Cys39 SH-group. We suggest that natural and /or semi-synthetic SLs
with an «-methylene-y-lactone moiety can specifically target GSIH and the kinase site of ZAP-70 and
inhibit the initial phases of TCR activation.

Keywords: sesquiterpene lactones; ZAP-70; T cell receptor; extracellular signal-regulated kinase;
calcium flux; molecular modeling; glutathione

1. Introduction

T cells play an essential role in inflaimmatory and adaptive immune responses, and the
deregulation of T cell function can contribute to autoimmune disease [e.g., see [1]. The identification
of specific inhibitors of T cell receptor (TCR) signaling could represent a potential for therapeutic
treatments of autoimmune disease and has been of significant interest [2]. For example, several natural
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immunomodulatory compounds have been shown to alter TCR activation [3-5]. Recently, we found
that the natural sesquiterpene lactones (SLs) arglabin, grosheimin, argracin, parthenolide, and estafiatin
inhibited TCR activation [6]. SLs are natural products that exhibit a broad spectrum of biological
activities, including antibacterial, antifungal, anticancer, anti-inflammatory, and immunomodulatory
activities [7-9]. Indeed, arglabin has been used clinically for cancer treatment [10]. However, many
natural SLs have poor biopharmaceutical properties and low bioavailability.

Structural modification has been pursued in order to increase SL potency and selectivity, improve
physico-chemical, biochemical, and pharmacokinetic properties, and eliminate or reduce adverse
effects [11]. To date, a number of SL derivatives with greater potency than their natural analogs
have been synthesized [9]. For example, artesunate, a semi-synthetic derivative of artemisinin, has
been reported to reduce the severity of experimental autoimmune encephalomyelitis by inhibiting
the migration of pathogenic T cells to the CNS [12]. Likewise, several semi-synthetic parthenolide
derivatives have been developed for their anti-leukemic activity [13,14]. In addition, synthetic
modifications of SLs, including oxidation and esterification of the hydroxyl group, amination,
reduction, and coupling of the x-methylene-y-lactone moiety have resulted in variations in the
anticancer activity of these compounds [13-20].

Here, we evaluated the capacity of 11 semi-synthetic compounds, derived from the natural
SLs arglabin, argolide, 3p3-hydroxyarhalin, and grosheimin, to alter the initial phases of TCR
activation and showed that four of these compounds (x-epoxyarglabin, cytisinyl epoxyarglabin,
1B,10x-epoxyargolide, and chloroacetate grosheimin) inhibited TCR activation-induced Ca?"
mobilization and extracellular signal-regulated kinase 1/2 (ERK1/2) phosphorylation. These
compounds also depleted intracellular glutathione (GSIH). Because of the importance of the zeta-chain
associated tyrosine kinase 70 kDa (ZAP-70) in TCR activation [21,22], we performed molecular docking
studies using the three-dimensional structures of these natural compounds and their derivatives to
explore possible binding modes with the ZAP-70 tandem SH2 module.

2. Results and Discussion

2.1. Isolation of Parent Natural SLs and Synthesis of Their Derivatives

Arglabin (1), argolide (2), grosheimin (3), 3f-hydroxyarhalin (4), and dihydroargolide (2c) were
isolated from different plants of the Asteraceae family (structures shown in Figure 1). Arglabin and
argolide were isolated from Artemisia filatovae A. Kuprijanov sp. Nova [23], 3-hydroxyarhalin was
isolated from Artemisia halophila Krasch. [24], and grosheimin was isolated from Chartolepis intermedia
Boiss [25]. Dihydroargolide (ketopelenolide B) was isolated from Artemisia glabelln Kar. et Kir. [26].

0 0 0

Arglabin (1) a-Epoxyarglabin (1a) B-Epoxyarglabin (1b)

gy

o

Pyridinyl arglabin (1c) Cytisinyl epoxyarglabin (1d) Anabasinyl epoxyarglabin (1e)

Figure 1. Cont.
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Figure 1. Chemical structures of natural sesquiterpene lactones (SLs) arglabin (1), argolide (2),

dihydroargolide (2¢), grosheimin (3), 33-hydroxyarhalin (4), and their semi-synthetic derivatives
1a—f, 2a, b, 3a, b, 4a.

Analogs of the isolated SLs, with the exception of chloroacetate grosheimin and pyridinyl arglabin,
were synthesized using optimized reaction conditions, as described previously [24,27-29]. In short,
x-epoxyarglabin (1a) and p-epoxyarglabin (1b) were obtained by epoxidation of arglabin (1) with
peracetic acid [27]. 13,10x-Epoxyargolide (2a) was obtained by epoxidation of argolide (2) with
trifluoroperacetic acid [28]. Epoxyarhaline (4a) was synthesized via epoxidation of 3-hydroxyarhalin
(4) by m-chloroperbenzoic acid [24]. Cytisine or anabasine moieties were introduced into compounds 1,
1b, 2, and 3 via Michael amination, as reported previously [29]. The reaction products were compounds
1d, 2b, and 3b for cytisine and compounds 1e and 1f for anabasine derivatives. Their proton
magnetic resonance (\H-NMR) spectra lacked resonances for the exomethylene protons, indicating
that the relevant alkaloid (cytisine or anabasine) was added to the exomethylene double bond of
the y-lactone moiety. Cytisine or anabasine moieties were introduced into the methylene motif of
arglabin, epoxyarglabin, and grosheimin to enrich the chemical diversity. It was concluded that cytisine
had an x-orientation and the anabasine moiety had a 3-configuration [29]. Pyridinyl arglabin (1c)
was synthesized by a reaction of arglabin (1) with 3-iodopyridine. Chloroacetate grosheimin (3a)
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was synthesized by a reaction of grosheimin (3) with chloroacetic anhydride. The full details of the
synthesis of pyridinyl arglabin and chloroacetate grosheimin will be reported elsewhere.

The structures of the natural SLs and their semi-synthetic derivatives were elucidated using
spectral data (IR, TH-NMR, BBC-NMR, DEPT, COSY), mass spectrometry, elemental analysis, and
X-ray crystal structure analysis, in addition to comparisons with the literature. The structures of the
compounds under investigation are shown in Figure 1.

2.2. Effects of Semi-Synthetic SL Derivatives on TCR Activation

To assess the biological activity of the 11 semi-synthetic SL analogs and a natural analog of
argolide (dihydroargolide or ketopelenolide B), we evaluated their effects on TCR activation-induced
responses in Jurkat T cells and compared these effects with the previously measured responses of the
parent compounds 1-4 [6]. TCR activation by anti-CD3 antibodies resulted in the rapid mobilization
of intracellular Ca?" [30,31]. As shown in Table 1, a-epoxyarglabin (1a), cytisinyl epoxyarglabin
(1d), 18,10x-epoxyargolide (2a), and chloroacetate grosheimin (3a) all dose-dependently inhibited
anti-CD3-induced intracellular CaZ* flux with ICso values in the micromolar range, whereas the other
analogs were inactive. As an example, a representative dose-response curve for the inhibition of
Jurkat T cell Ca?* mobilization by a-epoxyarglabin is shown in Figure 2. Notably, in this assay the
semi-synthetic analogs appear to be more potent than the parent compounds. It is also interesting that
B-epoxyarglabin (1b), the stereoisomer of x-epoxyarglabin (1a), was completely inactive (Figure 2),
suggesting a stereo-specific effect.

Table 1. Effect of SLs on Ca?* mobilization and ERK1/2 phosphorylation in Jurkat T cells.

Jurkat T Cells FPR2-HL60 PMN Jurkat T Cells .
Cyto-Toxicity
Name (Compound Number) Ca?* Flux pERK1/2 Ca?* flux [GSH];
IC50 (UM)

Arglabin (1) * 111 +27 28.7 £ 63 N.A. N.A. 18.0+ 1.8 N.T.
a-Epoxyarglabin (1a) 44+18 321 +115 N.A. N.A. (30%) N.T.
B-Epoxyarglabin (1b) N.A. N.A. N.A. N.A. N.A. N.T.
Pyridinyl arglabin (1c) N.A. N.A. N.A. N.A. N.A. N.T.
Cytisinyl epoxyarglabin (1d) 39+12 154 +33 N.A. N.A. 124+ 35 N.T.
Anabasinyl epoxyarglabin (1e) N.A. N.A. N.A. N.A. N.A. N.T.
Anabasinyl arglabin (1f) N.A. N.A. N.A. N.A. N.A. N.T.
Argolide (2) * N.A. N.A. N.A. N.A. N.A. N.T.
1B8,10x-Epoxyargolide (2a) 14.0 £34 394 +85 N.A. N.A. 361 +94 N.T.
Cytisinyl argolide (2b) N.A. N.A. N.A. N.A. N.A. N.T.
Dihydroargolide (2¢) N.A. N.A. N.A. N.A. N.A. N.T.
Grosheimin (3) * 154 +£43 43.0+75 N.A. N.A. 16.6 + 4.8 N.T.
Chloroacetate grosheimin (3a) 6.0 +21 78 £29 132 +34 101 +28 38+14 123 +3.6
Cytisinyl grosheimin (3b) N.A. N.A. N.A. N.A. N.A. N.T.
3p-Hydroxyarhaline (4) * N.A. N.A. N.A. N.A. N.A. N.T.
Epoxyarhaline (4a) N.A. N.A. N.A. N.A. N.A. N.T.

Inhibitory activity was evaluated after a 20 min pretreatment with various concentrations of the indicated
compounds at room temperature, followed by the addition of 10 ng/mlL anti-CD3/CD28 (pERK1/2 in Jurkat
cells), 10 pg/ml anti-CD3 (Ca®* flux in Jurkat cells), 5 nM fMLF [Ca?* flux in human neutrophils (PMN)], or 5 nM
WKYMVM (Ca®* flux in FPR2-HL60 cells). N.A. (no activity) or N.T. (no toxicity) was observed at all concentrations
tested (5.125, 6.25, 25, and 50 uM). Percent inhibition is indicated at 50 uM of SLs if full inhibition was not observed
at the highest tested concentration (50 M) in the GSH assay. * Activities for parent compounds were taken from
Reference [6].
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Figure 2. Effect of a-epoxyarglabin (1a) and B-epoxyarglabin (1b) on activation-induced Ca?*

mobilization in Jurkat T cells. Jurkat T cells were pretreated for 20 min with a control of 1% DMSO or
increasing concentrations of the indicated compounds and activated with anti-CD3. Activation-induced
Ca?* flux was measured as described, and the results are shown as the % of maximal activation
measured in the control cells. The results shown in both panels are representative of three independent
experiments. Statistically significant differences between cells pretreated with compound 1a versus
compound 1b are indicated (* p < 0.01).

To consider whether the active SLs also inhibited Ca®* flux in other phagocytes or whether
this effect was specific for T cells, we evaluated whether the compounds that were active in Jurkat
T cells could alter the chemotactic peptide-induced Ca?* flux in human neutrophils or HL60 cells
transfected with N-formyl peptide receptor 2 (FPR2-TIL60). Treatment of these cells for 20 min with
a-epoxyarglabin (1a), cytisinyl epoxyarglabin (1d), or 13,10x-epoxyargolide (2a) had no effect on
the Ca%* mobilization induced by N-formylmethionyl-leucyl-phenylalanine (FMLF) in neutrophils
or hexapeptide WKYMVM in FPR2-HL60 cells (Table 1). In contrast, chloroacetate grosheimin (3a)
inhibited Ca?" flux in FPR2-HL60 cells and human neutrophils, indicating that its inhibitory effects
were not specific to TCR activation. Indeed, subsequent experiments showed that compound 3a was
actually cytotoxic for Jurkat T cells, while the other active analogs had no cytotoxic activity (Table 1).

ERK1/2 phosphorylation is one of the main TCR activation-induced responses [32]. Thus, we
also evaluated effects of the SL derivatives on this response. Although none of the compounds directly
stimulated ERK1/2 phosphorylation (data not shown), pretreatment of Jurkat T cells with various
concentrations of the test compounds, followed by activation with anti-CD3/CD28 antibodies, showed
that the four analogs that inhibited Ca?* mobilization (1a, 1d, 2a, and 3a) also significantly inhibited
TCR activation-induced ERK1/2 phosphorylation in a dose-dependent manner (Table 1). Similar to
the Ca?* flux assay, compound 2b was inactive in the ERK1/2 phosphorylation assay.

2.3. Glutathione (GSH) Reactivity of Semi-Synthetic SL Derivatives

The TCR-mediated response is sensitive to changes in intercellular GSH levels ([GSH];) [33].
Some SLs, including the parent compounds 14, can decrease [GSH]; in various human cells [6,34,35].
We evaluated if the SL derivatives reacted with GSH in Jurkat T cells and found that the derivatives
which inhibited Ca?* mobilization and ERK1/2 phosphorylation also depleted [GSH]; in Jurkat T cells
(Table 1). Although chloroacetate grosheimin (3a) also depleted [GSH];, its cytotoxicity and lack of
specificity (see above) precluded it from being a useful inhibitor. While a-epoxyarglabin (1b) was one
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of the most potent compounds in the Ca?" flux assay, its ability to deplete [GSH]; in Jurkat cells was
lower than that of the active compounds.

2.4. Molecular Modeling

The interaction of SLs containing an «,f-unsaturated moiety with the GSI cysteine residue is
accompanied by the nucleophilic addition of the SH-group to the carbon—carbon double bond [36,37].
To estimate if the geometry of stereoisomeric SLs affects their interaction with GSH, we performed a
quantum-chemical investigation of the model reaction between GSH and «- and 3-epoxyarglabines in
an aqueous medium (Scheme 1) using the density functional theory (DFT) method.

R
N
0 > 0
*

R-SH + Y 0

(GSH) ’\—\
Epoxyarglabin (R)- or (S)-GSH-1a
1aor1b (R)- or (S)-GSH-1b

Scheme 1. Model reaction between GSH and «- and -epoxyarglabines in aqueous medium. The chiral
center is marked by the asterisk.

The addition of compound 1a or 1b to GSH led to the appearance of an additional chiral center
(see asterisk in Scheme 1). Thus, the DFT calculations of the reaction thermodynamics were performed
for both pairs of possible diastereomeric products. GSH is conformationally flexible, hence we started
our calculations using the geometry of GSH close to its extended conformation, which was recently
determined by spectroscopic methods and is considered to be biologically important [38]. Geometric
optimization followed by vibrational frequency calculations for the reaction shown in Scheme 1
resulted in the computed changes in Gibbs free energy AG®, as summarized in Figure 3.

The formation of all four isomers is thermodynamically favorable, as indicated by the negative
values of AG? for the nucleophilic addition reaction. In absolute values, the changes in Gibbs energy
were not large. However, one would not expect extreme negative values under mild intracellular
conditions. A comparison of AG® magnitudes showed that for $-epoxyarglabin (1b) the addition
product would be formed predominantly with an S-configuration of the newly arising chiral center,
whereas for x-epoxyarglabin (1a) a diastereomer with the R-configuration would predominantly be
formed. In addition, the formation of (R)-GSIH-1a is the most thermodynamically favorable, as the
reaction is characterized by the most negative AG® value (Figure 3). This finding is consistent with
the biological activity observed for x-epoxyarglabin (1a), which was not evident for its stereoisomer
B-epoxyarglabin (1b). It should be noted that compounds 1a and 1b can be regarded as diastereomers.
Hence, their properties, including their reaction thermodynamics and affinity to a biotarget, are
expectedly different, as is known for diastereomeric pairs [39,40]. A comparison of the AG® values
obtained for nucleophilic addition (Scheme 1 and Figure 3), where significantly higher changes in
Gibbs free energy were calculated for the interaction of GSH with the OH radical [41], is in agreement
with the mild character of the S-H bond reaction with the c-methylene moiety of SLs.
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(5)-GSH-1a:
-4.34 kcal/mol

(S)-GSH-1b:
-4.53 kcal/mol

N
(R)-GSH-1a:
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(R)-GSH-1b:
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Figure 3. Molecular conformations and changes in Gibbs free energy calculated by the DFT method for
the reaction products according to Scheme 1.

While a-epoxyarglabin (1a) effectively inhibited T cell activation, it had little effect on [GSH]; and
only depleted Jurkat cell GSH by 30% at the highest concentrations tested (50-100 uM/L). Indeed,
it was recently found that GSI is dispensable for early T cell activation [42]. Thus, the specific reaction
of SLs with cysteine residues of target proteins may also involve the shape of the compounds and the
ability to interact with a specific binding site [37,43,44]. For example, parthenolide has been found to
covalently target Cys38 of NF-kB p65 through hetero-Michael addition between exocyclic methylene
butyrolactones and the SH-group of Cys38 [45].

Upon TCR activation, ZAP-70 is recruited to the TCR complex, where it is activated and
co-localized to its substrates [46]. This kinase contains nine cysteine residues in the tandem Src
homology 2 (SI2) module and seven cysteine residues in the kinase domain. Several small-molecule
compounds that reacted covalently with the cysteine residues of this module and inhibited ZAP-70
binding to phosphorylated immune-receptor tyrosine-based activation motif (ITAM)-derived peptides
were recently identified [2,47]. Because the SLs identified here have the potential to conjugate with
cysteine residues on target molecules and the ZAP-70 SH2 region is enriched in cysteine residues, we
used molecular modeling to assess the potential interaction of these SLs with the ZAP-70 tandem-SIH2
module using the three-dimensional structures of these natural compounds.

For molecular modeling studies, the terminal carbon atom of the SL. «-methylene moiety (=CHy)
and the sulfur of cysteine residues in the ZAP-70 SH2 module were specified as reactive ligands and
target atoms (reaction centers). Of the nine cysteine residues in the tandem-5I2 module of ZAP-70,
five are in the N-SI2 domain (Cys39, Cys78, Cys84, Cys96 and Cys102); Cys117 is located in the
inter-SH2 domain linker and three others (Cys222, Cys249 and Cys254) are located in the C-SH2
domain [47]. Of these targets, molecular docking was conducted for Cys39, Cys78, Cys96, Cys102,
Cys222, Cys249, and Cys254, and we found that stable poses with negative docking score values
were obtained only for binding sites around Cys39 and Cys78. Taking into account the importance of
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Cys39 in biological activity, we focused on the docking results of the cavity containing this cysteine.
Indeed, covalent adducts between small-molecule inhibitors of the ZAP-70-TCR association were
found only for Cys39 and Cys78 [47]. The distances C ... S between the proposed reaction centers
mentioned above were calculated for the docking poses obtained (Table 2). Lower values of d(C ... 5),
falling between 3.04-5.25 A in the vicinity of Cys39, corresponded to the active SLs, including argracin,
estafiatine, and parthenolide. The distances in this range are favorable for nucleophilic addition of the
Cys39 S-H bond to the exocyclic double bond of the lactone ring.

Table 2. Distances between the S-H bond in the cysteine residues of the ZAP-70 tandem-SH2 module
and the exocyclic double bond of the lactone ring in the SLs predicted by molecular docking.

Compound Name d(C... ), A D((gkl;lggss‘cto)re Actg&tﬁ (Iinhlbltlo)n of
Cys39 Cys78 ys39 Site esponse

1 Arglabin 3.55 6.74 —67.6 Active @

la a-Epoxyarglabin 3.77 5.36 —72.5 Active
1b f-Epoxyarglabin 7.35 5.18 —78.6 N.A.
1c Pyridinyl arglabin 6.15 6.85 —60.9 N.A.

1d Cytisinyl epoxyarglabin No ML No ML —104.1 Active
le Anabasinyl epoxyarglabin No ML No ML —85.0 N.A.
1f Anabasinyl arglabin No ML No ML —82.4 N.A.

2 Argolide 6.46 3.69 —77.8 N.A.2

2a 13,10x-epoxyargolide 4.97 10.02 —70.5 Active
2b Cytisinyl argolide No ML No ML —85.2 N.A.
2¢ Dihydroargolide No ML No ML —70.7 N.A.

3 Grosheimin 5.25 745 —68.8 Active ®
3b Cytisinyl grosheimin No ML No ML —73.8 N.A.

4 3p-Hydroxyarhaline No ML No ML —66.5 N.A.?
4a Epoxyarhaline No ML No ML —80.9 N.A.

Argracin 417 6.28 —98.7 Active ®

Estafiatine 4.12 4.49 —65.4 Active ?

Parthenolide 4.70 4.30 —86.4 Active ?

Distances indicated in bold are acceptable for covalent binding. ML, o-methylene-y-lactone moiety. No ML, no
a-methylene-y-lactone moiety in the molecule. N.A., no activity was observed at all concentrations tested (5.125,
6.25, 25, and 50 pM). # Activities for parent compounds are as reported previously [6].

Arglabin (1) forms an H-bond with Arg41 of the ZAP-70 SI2 module through participation of the
carbonyl oxygen atom and is strongly H-bonded to Argl7 via the epoxide oxygen atom (Figure 4A).
The molecule also has significant non-bonded attraction to Pro60, Val47, Leu40, and Arg37 in close
proximity to the docking pose. The docking pose of pyridinyl arglabin (1c) is shown in Figure 4B.
As expected, the bulky pyridine ring had a significant effect on the molecule’s orientation compared to
that of arglabin (1). It forms H-bonds with two different nitrogen atoms of Arg17, with participation of
the pyridine nitrogen and lactone oxygen atoms (Figure 4B). As a result of this fixation, the exocyclic
C=C bond in the lactone moiety appears to be in an unfavorable orientation with respect to the Cys39
SH-group. Moreover, electronic conjugation with the pyridine heterocycle makes the reaction center
less prone to nucleophilic attack by the sulfur atom of Cys39. In contrast, cytisinyl epoxyarglabin (1d)
does not possess an exocyclic double bond and is characterized by the most advantageous docking
score (—104 kcal/mol) (Table 2). For most of the other compounds investigated, the docking scores
did not exceed 85 kcal/mol in absolute values. It is possible that a greater ability to be retained inside
the kinase cavity led to the high biological activity of 1d. It is interesting that this high docking score
is mainly due to the van der Waals attraction, because the molecule forms only one H-bond of an
intermediate strength with Argl7 (Figure 4C). In comparison, inactive anabasinyl epoxyarglabin (1e)
does not possess an exocyclic C=C bond in the lactone moiety and has a substantially lower docking
score in absolute values (—85 kcal/mol) than its active analogue 1d.
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Figure 4. Docking poses of arglabin and its semi-synthetic derivatives in the ZAP-70 SH2 module. Panel
(A) Docking pose of arglabin (1). Panel (B) Docking pose of pyridinyl arglabin (1c). Panel (C) Docking
pose of cytisinyl epoxyarglabin (1d). Panel (D) Superposition of docking poses of x-epoxyarglabin
(1a; red) and B-epoxyarglabin (1b; grey). Panel (E) Docking pose of B-epoxyarglabin (1b). Panel (F)
Docking pose of a-epoxyarglabin (1a). In Panel D, residues within 7 A of the center of the search space
are shown. In all other panels, residues within 4 A of the pose are shown. H-bonds are shown as
blue dashes.

In Figure 4D, the docking poses of x-epoxyarglabin (1la) and B-epoxyarglabin (1b) are shown
for comparative purposes. The different arrangements of these isomers within the active site are
apparently due to the dissimilar orientations of the epoxide cycles. The inactive -epoxy isomer
1b forms a strong H-bond with Cys39 (Figure 4E). Additionally, H-bonds of the lactone cycle with
Arg37 are formed. Thus, Cys39 cannot nucleophilically attack the terminal CH;, group. The active
x-epoxy isomer 1a does not form H-bonds with help from the x-epoxy cycle (Figure 4F), but it forms
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H-bonds with Argl?7 through another epoxide and with Arg41 through the carbonyl group. With this
orientation, an attack by the sulfur atom of Cys39 on the terminal CH, group is possible.

For argolide (2), the d(C ... S) value is about 6.5 A and should be considered too long for an
effective nucleophilic attack of the S center to the terminal olefin carbon atom. This result is consistent
with the lack of biological activity of compound 2. Although argolide docking shows a good distance
between its exocyclic double bond and the S-H bond of Cys78 (3.69 A), adduct formation at this
residue does not block SH2 module binding with ITAM [47]. A comparison of the docking results for
active 1p3,10x-epoxyargolide (2a) and its inactive precursor argolide (2) shows that they have quite
differently arranged scaffolds within the binding site in the vicinity of Cys39 (Figure 5A). In Figure 5B,
the pose of the semi-synthetic derivative 2a is shown separately with the amino acid residues within
3 A of this pose. The molecule is fixed in the binding site by strong H-bonds with Arg17 and Arg37.
The latter of these H-bonds is formed with participation of the epoxy oxygen, i.e., the possibility
of its formation is due to the chemical modification of argolide. As a result of this fixation, the
terminal CH, group appears to be favorably oriented with respect to the SH-group of Cys39. Natural
and semi-synthetic argolide derivatives, dihydroargolide (2¢), and cytisinyl argolide (2b) have no
possibility for nucleophilic addition to the cysteine SI group. Also, they are characterized by relatively
low docking scores (Table 2), which is consistent with their inability to inhibit TCR activation.

A

. k 4
em \/1 v \/40&
\ -
A

Figure 5. Docking poses of argolide (2) and 1p,10x-epoxyargolide (2a) and in the ZAP-70 SH2
module. Panel (A) is the docking poses of 1B,10x-epoxyargolide (2a) (green) and argolide (2) (grey).
Residues within 7 A of the center of the search space are shown. Panel (B) is the docking pose
of 1B,10a-epoxyargolide (2a). Residues within 3 A of the pose are shown. H-bonds are shown as
blue dashes.

Moderately active grosheimin (3) is characterized by a higher d(C ... S) value at Cys39 than the
other active compounds (see Tables 1 and 2). Grosheimin (3) forms I-bonds of its lactone oxygen
atom with Arg37 and Argl7 (Figure 6A). Nevertheless, the distance from the Cys39 sulfur atom to the
=CH; group can be considered quite acceptable. In the pose of compound 3a, H-bonds are formed
with Cys39, Arg37, and Argl?7 and involve the participation of both oxygen atoms of the lactone cycle
(Figure 6B). Weaker H-bonds are also formed with Leu40 and Arg41. A comparison of the docking
poses of 3 and 3a is shown in Figure 6C. 33-Ilydroxyarhaline (4) and epoxyarhaline (4a) belong to the
group of compounds without activated double bonds and have relatively low absolute docking scores
(Table 2). Their lack of biological activity is consistent with the observations described above regarding
the lower absolute value of their docking scores compared to that of active cytisinyl epoxyarglabin (1d).
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Figure 6. Docking poses of grosheimin (3) and chloroacetate grosheimin (3a) in the ZAP-70 SH2 module.
Panel (A). Docking pose of grosheimin (3). Panel (B). Docking pose of chloroacetate grosheimin (3a).
Panel (C). Superimposed docking poses of the grosheimin (3; red) and chloroacetate grosheimin
(3a; brown). In each panel, residues within 4 A of the pose are shown. H-bonds are shown as
blue dashes.

We also performed a docking studies of the previously reported active natural SLs argracin,
estafiatine, and parthenolide [6]. The results for these compounds were consistent with the described
conditions required for biological activity, i.e., these molecules contained an exocyclic C=C bond
activated by the neighborhood of a carbonyl group. Additionally, the geometric features of the docking
poses are favorable for nucleophilic addition of the Cys39 SH-group (i.e., the C ... S distances are
relatively short and lie between 4.12 and 4.70 A) (Table 2). In general, our molecular docking results
showed that the SLs and their semi-synthetic derivatives could be differentiated by geometric features
in the receptor cavity near Cys39, which impacted their ability to react with the protein SH-group.

We evaluated the immunomodulatory effects of 11 semi-synthetic derivatives of SLs and
dihydroargolide and found that four of the tested compounds [x-epoxyarglabin (1a), cytisinyl
epoxyarglabin (1d), 13,10x-epoxyargolide (2a), and chloroacetate grosheimin (3a)] inhibited the early
phases of TCR activation. The activation of Jurkat T cells was suppressed by these compounds,
as demonstrated by the inhibition of Ca?" mobilization and ERK1/2 phosphorylation. The active
compounds also depleted [GSH];. Although several natural SLs were previously reported to modulate
T cell activity stimulated through the TCR [6], this is the first report demonstrating inhibition
of TCR activation-induced Ca?* mobilization and ERK1/2 phosphorylation by semi-synthetic SL
derivatives. The precise target of the active SLs and their derivatives is not currently known,
although we, along with others, reported that the x-methylene-y-lactone group is important for
their biological activity [6,48,49]. Indeed, substitution of the methylene motif led to inactive anabasinyl
epoxyarglabin (1e), anabasinyl arglabin (1f), cytisinyl argolide (2b), and cytisinyl grosheimin (3b).
These results further demonstrate the importance of the «x-methylene functionality. Although the
differences in activity between individual SLs may be explained by their different reactive moieties
(e.g., &, B-unsaturated bond, epoxide group, etc.) [6,48,49], our results also suggested some specificity
the in biological action of semi-synthetic SLs bearing equal numbers of these reactive moieties. For
example, x-epoxyarglabin (1a), but not its stereoisomer f-epoxyarglabin (1b), inhibited TCR activation.

It was reported recently that GSIH is dispensable for initial T cell activation [42]. On the other
hand, x-epoxyarglabin (1a) had only a minimal effect on GSH levels (an order of magnitude weaker
than that of other active SLs and their derivatives). Therefore, while the results of our computations
correspond to the ratios in activity for these compounds, we considered that molecular targets other
than GSH may exist in the cell and that SLs may also directly react with proteins [50]. It is clearly
feasible that the semi-synthetic SL derivatives could form adducts with macromolecules engaged
in TCR-dependent activation. Upon TCR stimulation, tyrosine kinases Fyn and Lck phosphorylate
ITAMs in the TCR recruit tyrosine kinases Syk and ZAP-70 to phosphorylate the linker of activated
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T cells (LAT), which results in the formation of a complex consisting of various components,
including interleukin-2-inducible tyrosine kinase (Itk) and phospholipase C (PLC)y1 [51,52]. Using a
high-throughput screen, Visperas et al. [2,47] recently identified several small-molecule compounds
that covalently reacted with cysteine residues of the ZAP-70 tandem SIH2 module and inhibited
its binding to a phosphorylated ITAM-derived peptide. Thus, based on the reactivity of the active
SLs and their derivatives for cysteine, it is possible that they can similarly induce redox-dependent
post-translational modification of cysteine residues in the ZAP-70 SH2 module to regulate its function.
Here, we conducted molecular docking to elucidate possible binding modes between the ZAP-70
tandem SH2 module and the SLs, including their semi-synthetic derivatives.

Previously, docking experiments were conducted to predict the formation of covalent protein
adducts of parthenolide and semi-synthetic SL derivatives with Cys38 located in the p65 subunit of
NF-«B [20,53]. Another recent docking study showed that parthenolide and its derivatives interact
with critical amino acid residues of inhibitor of NF-«kB kinase subunit f (IKKf) in a non-covalent
fashion [54]. In our docking experiments, we focused on the receptor cavity in the vicinity of Cys39,
which was determined to be important for ligand-receptor interactions with ZAP-70 [2,47]. Our
docking results showed that for biologically active compounds, the exocyclic C=C bond in the lactone
moiety is located near the SH-group of Cys39 and can be subject to nucleophilic attack by the sulfur
atom. Indeed, the distances d(C ... S) between the terminal carbon and the Cys39 sulfur atom were
all less than 6 A for active SLs. The ligand positions within the binding site were determined by
H-bonding interactions. However, in the case of compound 1d, the high absoclute value of the docking
score was due to the Van-der-Waals interactions with ZAP-70. This may be the reason for the biological
activity of compound 1d despite the absence of the activated C=C bond.

Opverall, these results suggest a potential new strategy for developing novel therapeutics based on
natural SLs that could effectively modulate TCR responses. Further detailed studies are warranted
to define the molecular targets and the therapeutic potential of these natural SLs as previously
undescribed immunomodulatory and anti-inflammatory agents.

3. Materials and Methods

3.1. Plant Material and Isolation of Natural SLs

Arglabin, argolide, 33-hydroxyarhalin, dihydroargolide, and grosheimin were isolated from
different plants of the Asteraceae family, as previously described [23-26,55]. The purity of each
compound was determined to be >98% by a normalization of the peak areas detected on an automated
high-performance liquid chromatography (HPLC) system (Hewlett-Packard Agilent 1100, Santa Clara,
CA, USA) with a Zorbax SB-Cqg column (4.6 x 150 mm), eluted with acetonitrile/water (50%/50%,
v/v) or methanol /water (50%/50%, v/v) at a flow rate of 0.5 mL/min at 25 °C. The elution was
monitored at 204 nm.

3.2. Synthesis of Derivatives from Natural SLs

Derivatives of the isolated SLs (see Figure 1 for the structures), with the exception of chloroacetate
grosheimin and pyridinyl arglabin, were synthesized using optimized reaction conditions, as described
previously [24,27-29]. The structures of the natural SLs and their semi-synthetic derivatives were
elucidated using spectral data (IR, UV, TH-PMR, BBC-NMR, DEPT, COSY), mass spectrometry, elemental
analysis, and X-ray crystal structure analysis, in addition to comparisons with the literature.

3.3. Materials for Biological Assays

Dimethyl sulfoxide (DMSO), N-formyl-methionine-leucine-phenylalanine (fMLF), and
Histopaque 1077 were purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). The
Fluo-4AM dye was from Invitrogen (Carlsbad, CA, USA). Anti-human CD3 and anti-human CD28
monoclonal antibodies were purchased from eBioscience (San Diego, CA, USA). The Ficoll-Paque was
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from GE IHealthcare Bio-Science AB (Uppsala, Sweden). The penicillin-streptomycin solution was
purchased from Mediatech (Herndon, VA, USA). Fetal bovine serum (FBS) was purchased from Atlas
Biologicals (Fort Collins, CO, USA). The Hanks’ balanced salt solution (HBSS; 0.137 M Na(l, 5.4 mM
KC, 0.25 mM NayHPOy, 0.44 mM KH;POy, 4.2 mM NaHCOs, 5.56 mM glucose, and 10 mM HEPES,
pH 7.4) was from Life Technologies (Grand Island, NY, USA). HBSS without Ca?* and Mg2+ was
designated as HBSS™; HBSS containing 1.3 mM CaCl, and 1.0 mM MgSO,4 was designated as HBSS™.

3.4. Cell Culture

Human Jurkat T acute lymphoblastic leukemia cells and human promyelocytic leukemia
cells (IIL60 cells) stably transfected with FPR2 (FPR2-HL60 cells) were cultured in RPMI-1640
(Mediatech, Inc., Herndon, VA, USA) supplemented with 10% heat-inactivated FBS, 10 mM HEPES,
100 pug/mL streptomycin, and 100 U/mL penicillin. Transfected HL60 cells were cultured in the
presence of G418 (1 mg/mL). All cell lines were incubated in a humidified incubator at 37 °C with an
atmosphere of 5% COx.

3.5. Isolation of Human Neutrophils

For the isolation of human neutrophils, blood was collected from healthy donors in accordance
with a protocol approved by the Institutional Review Board at Montana State University (Protocol
#MQO041017). The neutrophils were purified from the blood using dextran sedimentation, followed
by Ficoll-Paque 1077 gradient separation and hypotonic lysis of the red blood cells, as described
previously [56]. Isolated neutrophils were washed twice and resuspended in HBSS. Neutrophil
preparations were routinely >95% pure, as determined by light microscopy, and >98% viable, as
determined by trypan blue exclusion. Neutrophils were obtained from multiple donors (n = 8);
however, the cells from different donors were never pooled together during experiments.

3.6. ERK1/2 Enzyme-Linked Immunosorbent Assay (ELISA)

Jurkat T cells were incubated for 20 min with the selected compounds or negative control (1%
DMSQ) at 37 °C, followed by addition of anti-CD3/C28 monoclonal antibodies (10 pg/mL of each
antibody) and a 5-min incubation at room temperature. The cells were lysed with lysis buffer (R&D
Systems, Minneapolis, MN, USA), and the levels of phosphorylated ERK1/2 were measured in the
cell lysates using an ELISA kit (R&D Systems) for human phospho-ERK1 (Thr202/Tyr204)/ERK2
(Thr185/Tyr187). The concentrations of phospho-ERK1/2 in the cell lysates were determined using a
calibration curve with recombinant human phospho-ERK2 (Thr85/Tyr187).

3.7. Ca®>* Mobilization Assay

Changes in intracellular Ca?* concentrations ([Ca?'];) were measured with a FlexStation
3 scanning fluorometer (Molecular Devices, Sunnyvale, CA, USA). Briefly, cells (human neutrophils,
FPR2-HL60 cells or Jurkat cells) were suspended in HBSS, loaded with Fluo-4AM at a final
concentration of 1.25 ug/mL and incubated for 30 min in the dark at 37 °C. After dye loading,
the cells were washed with HHBSS™, resuspended in HBSSY, separated into aliquots, and aliquoted into
the wells of flat-bottom, half-area well black microtiter plates (2 x 10° cells/well). Test compounds
diluted in DMSO were added to the wells (the final concentration of DMSO was 1%), and changes in
fluorescence were monitored (Aex = 485 nm, Aem =538 nm) every 5 s for 240 s at room temperature after
addition of test compounds to evaluate direct agonist effects. To evaluate inhibitory effects, Jurkat cells
were pretreated for 20 min with various concentrations of test compounds, followed by the addition of
10 ug/mL anti-CD3 antibody. The maximum change in fluorescence, expressed in arbitrary units over
baseline, was used to determine the agonist response. Responses were normalized to the response
induced by anti-CD3 for Jurkat cells, 5 nM fMLF (neutrophils), or 5 nM WKYMVM (FPR2-HL60
cells), which was assigned a value of 100%. Curve fitting (at least five or six points) and calculation of
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median effective concentration values (ICsp) were performed by nonlinear regression analysis of the
dose-response curves generated using Prism 7 (GraphPad Software, Inc., San Diego, CA, USA).

3.8. Assessment of Compound Cytotoxicity

Cytotoxicity was analyzed with a CellTiter-Glo Luminescent Cell Viability Assay Kit (Promega,
Madison, W1, USA). Briefly, Jurkat T cells were cultured at a density of 2 x 10° cells/well with different
concentrations of the compounds under investigation for 30 min at 37 °C. Following treatment,

substrate was added, and the samples were analyzed with a Fluoroscan Ascent FL microplate reader
(Thermo Electron, Waltham, MA, USA).

3.9. Glutathione (GSH) Assay

Jurkat T cells were plated at 10,000 cells per well in white 96-well half-area plates. After addition
of test SLs or a vehicle (1% DMSO) negative control, the cells were incubated for 30 min at 37 °C, and
total GSH was measured using a GSHGlo™ assay (Promega Corp., Madison, WI, USA), according
to the manufacturer’s instructions [57]. Luminescence was measured with a Fluroscan Ascent FL
microplate reader.

3.10. DFT Calculations

The molecular models of compounds 1a and 1b were built using ChemDraw 16.0 software
(PerkinElmer, Waltham, MA, USA) and refined by molecular mechanics with the MM2 force field.
Similarly, 3D models of all other investigated SLs and their semi-synthetic derivatives were prepared
for the docking studies (see below).

The 3D conformer of GSH was downloaded from the PubChem website [58] and imported
into ChemDraw 16.0, where its geometry was modified to the extended conformation [38] with
manual editing of the torsion angles. To obtain the initial geometries of the adducts GSH-1a and
GSH-1b in their R- and S- configurations (Scheme 1), we attached the 3D models of compounds 1a
or 1b to the sulfur atom instead of the hydrogen atom in the extended conformation of GSH using
HyperChem 7 software (Hypercube, Inc., Gainesville, FL,, USA). Torsion angles at the junction of GSH
and sesquiterpene moieties in initial structures of the adducts were set as follows: 60° (N-C-C-S), 180°
(C-C-S-CP), 60° (C-S-CP-CX), 60° (S-CP-C*-Cearbonyl R_configuration), and —60° (S-CP-Cx-Cearbonyl,
S-configuration), where C™oY! C* and CP are the corresponding atoms of the substituted lactone
moiety. The chosen values of the initial torsion angles allowed us to avoid steric clashes between GSH
and the sesquiterpene parts of the adducts.

All reactants and products from Scheme 1 were pre-optimized by the PM6 method using a
Gaussian 16 package [59]. Subsequently, geometry optimization and frequency calculation were
performed in Gaussian 16 by the DFT method with B3LYP functional [60,61] and 6-31+G(d,p) basis
sets. The solvent (water) was accounted for using the PCM solvation model. Real energy minima with
no imaginary frequencies were attained for each reaction participant. For the optimized geometries,
high-quality single point runs were made with the M11 functional [62] and 6-311++G(2d,2p) basis sets.
Gibbs free energies were calculated from electronic energies obtained at the M11/6-311++G(2d,2p)
level of theory with zero-point corrections from the B3LYP/6-31+G(d,p) approximation. All Gaussian
16 jobs were performed on a 24-core 3 Mz server operating under the Ubuntu 16.04 system (Canonical,
Ltd., London, UK).

3.11. Molecular Docking

The molecular model of ZAP-70 was downloaded from the Protein Data Bank (20ZO entry) and
imported into the Molegro Virtual Docker (MVD) 6.0 program (Molegro ApS, Aarhus, Denmark).
All water molecules were removed. In the vicinity of each cysteine residue of the SH2 module (Cys39,
Cys78, Cys96, Cys102, Cys222, Cys249, and Cys254), a spherical search space was defined which
embraced the cysteine and other nearest residues that formed the cavity of the putative binding site.
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The radius of the sphere was 7 A for Cys39 and 8 A for other cavities. All residues within the cavities
were considered flexible; a softening parameter of 0.7 was applied during flexible docking with MVD.

The structures of the compounds, prepared as described above, were imported into the MVD
program, and 30 docking runs were performed for each molecule in each of the seven potential binding
sites with the default options of MVD. The docking poses that obtained negative docking scores were
saved, and these low-energy poses were analyzed with the measurement tools of MVD.
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Abbreviations

DMSO dimethyl sulfoxide

FBS fetal bovine serum

FPR N-formyl peptide receptor

HBSS Hanks’ balanced salt solution

ITAM Immune-receptor tyrosine-based activation motif
TCR T cell antigen receptor

ERK extracellular signal-regulated kinase
MAPK mitogen-activated protein kinases
GSH glutathione

ELISA enzyme-linked immunosorbent assay
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Inhibition of the T cell receptor (TCR) pathway represents an effective strategy for the treatment of T cell-
mediated inflammatory and autoimmune diseases. To identify natural compounds that could inhibit
inflammatory T cell responses, we screened 13 sesquiterpene lactones, including achillin, arglabin,
argolide, argracin, 3p-hydroxyarhalin, artesin, artemisinin, estafiatin, grosheimin, grossmisin, leucomi-
sine, parthenolide, and taurine, for their ability to modulate activation-induced Ca?' mobilization in
Jurkat T cells. Five of the compounds (arglabin, grosheimin, argracin, parthenolide, and estafiatin)
inhibited anti-CD3-induced mobilization of intercellular Ca** ([Ca%;) in Jurkat cells, with the most
potent being parthenolide and argacin (ICsp = 5.6 and 6.1 uM, respectively). Likewise, phosphorylation of
extracellular signal-regulated kinase (ERK) 1/2 in activated Jurkat cells was inhibited by these five
compounds, with Lhe most polent being parthenolide and estafiatin (ICsp = 13.8 and 15.4 UM, respec-
Lively). These compounds also inhibited ERK1/2 phosphorylation in primary human T cells and depleted
intracellular glutathione. In conltrast, none of the sesquiterpene lactones inhibited ERK1/2 phosphory-
lation in HL60 cells transfected with N-formyl peptide receptor 2 (FPR2) and stimulated with the FPR2
peptide agonist WKYMVM, indicating specificity for T cell activation. Estafiatin, a representative
sesquiterpene lactone, was also profiled in a cell-based phosphokinase array for 43 kinase phosphory-
lation sites, as well as in a cell-free competition binding assay for its ability to compete with an active-
site directed ligand for 95 different protein kinases. Besides inhibition of ERK1/2 phosphorylation,
estafiatin also inhibited phosphorylation of p53, AMPKe.1, CREB, and p27 elicited by TCR activation in
Jurkat cells, but it did not bind to any of 95 kinases evaluated. These results suggest that arglabin,
grosheimin, agracin, parthenolide, and estafiatin can selectively inhibit initial phases of TCR activation
and may be natural compounds with previously undescribed immunotherapeutic properties.

® 2017 Elsevier Ltd. All rights reserved.

1. Introduction

in plants of the Asteraceae family and possess a broad spectrum of
biological activities, including anticancer, antibacterial, antifungal,

Sesquiterpene lactones are natural products that are abundant anti-inflammatory, and immunomodulatory activities [reviewed in

(Chadwick et al,, 2013; Hou and Huang, 2016; Ren et al., 2016)].
Although the anticancer and anti-proliferative activities of various

Abbreviations used: DMSO, dimethyl sulfoxide; FRS, fetal hovine serum; FPR, N-
formyl peptide receptor; HBSS, Hanks' balanced salt solution; IP3, inositol
triphosphate; ITAM, immune-receptor tyrosine-based activation motif; TCR, T cell
receptor; ERK, extracellular signal-regulated kinase; MAPK, mitogen-activated
protein kinases; SERCA, sarcofendoplasmic reticulum Ca®* ATPase; GEE, gluta-
thione ethylene ester; GSH, glutathione; ELISA, enzyme-linked immunosorbent
assay; PLC, phospholipase C.

* Corresponding author.
E-mail address: mquinn@montana.edu (M.T. Quinn).

https:/jdoi.org/10.1016/j.phytochem.2017.11.010
0031-9422/© 2017 Elsevier Ltd. All rights reserved.

sesquiterpene lactones and their synthetic derivatives are well
known, and some sesquiterpene lactones are currently under
clinical evaluation [reviewed in Ren et al. (2016)], the molecular
mechanisms involved in their anti-inflammatory and T cell
immunomodulatory activities have not been clearly elucidated. For
example, parthenolide has been found to inhibit p65 NF-kB binding
to DNA and IkB-kinase activity in Jurkat T cells (Garcia-Pineres et al.,
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2001, 2004) and cytokine production in anti-CD3/CD28-stimulated
peripheral blood T cells from allergic and normal donors (Li-Weber
et al,, 2002). However, it is still not clear if sesquiterpene lactones
can alter other pathways during T cell activation.

T cells are essential for inflammation and adaptive immune re-
sponses, and deregulation of T cell function can contribute to
autoimmune diseases [e.g., see (Sauer et al,, 2015)]. The TCR rec-
ognizes and responds to antigenic peptides in the context of major
histocompatibility complex (MHC)-encoded molecules. Upon
MHC-peptide engagement, TCR components (associated with CD3
chains) initiate Ca®* mobilization and mitogen-activated protein
kinase (MAPK) phosphorylation cascades, including extracellular
signal-regulated kinase (ERK) activation, which trigger multiple
signaling pathways (Koike et al., 2003). Thus, specific inhibitors of
TCR signaling represent potential therapeutics for treating auto-
immune diseases, and the identification of such compounds has
been of significant interest [e.g., see (Visperas et al., 2017)]. Analysis
of public microarray repositories predicts that TCR signaling may be
involved in the effects of parthenolide and artemisinin on acute
myelogenous leukemia (Engreitz et al, 2010: Huang et al, 2013).
Indeed, SMS05, a synthetic artemisinin derivative, was found to
inhibit TCR-mediated T cell proliferation and MAPK phosphoryla-
tion (Wang et al,, 2007). Another artemisinin analogue, SM934, was
recently found to attenuate collagen-induced arthritis by sup-
pressing T follicular helper cells and T helper 17 (Th17) cells (Lin
et al, 2016). Similarly, parthenolide inhibited the initiation of
experimental autoimmune neuritis by decreasing Th1 and
Th17 cells (Zhang et al, 2017). However, molecular mechanisms
involved in the regulation of T cell activity by sesquiterpene lac-
tones are still not well defined. For example, the effects of sesqui-
terpene lactones on T cell Ca** mobilization and ERK
phosphorylation following TCR stimulation have not been previ-
ously assessed.

Here, we studied the capacity of 13 plant-derived sesquiterpene
lactones to inhibit initial phases of TCR activation and showed that
five of these natural sesquiterpene lactones (arglabin, parthenolide,
grosheimin, agracin, and estafiatin) inhibited Ca®' mobilization
and ERK1/2 phosphorylation induced by TCR activation. Thus, our
studies demonstrate that these sesquiterpene lactones can selec-
tively inhibit initial phases of TCR activation.

2. Results

2.1. Effect of sesquiterpene lactones on lymphocyte Ca®~
mobilization

TCR activation results in rapid mobilization of intracellular Ca2*,
which represents one of the early signaling events that can be
monitored in lymphocyte activation (Ishikawa et al.,, 2003). Thus,
we evaluated the effect of a variety of natural sesquiterpene lac-
tones on Ca®" mobilization induced by anti-CD3 antibodies in
Jurkat T cells (Table 1). The set of 13 natural sesquiterpene lactones
tested was assembled to maximize chemical diversity and included
compounds with germacranolide (compounds 3, 4, and 12),
eudesmane (compounds 5, 7, and 13), guaianolide (compounds 1, 2,
8, 9,10, and 11), and cadinanolide (compound 6) structures. Six of
the germacranolide and eudesmane compounds contain an -
methylene-y-lactone ring, two of guaianolide and germacranolide
compounds have an epoxide group, and one contains an endo-
peroxide bridge. As shown in Fig. 1A, the intracellular Ca®* flux
rapidly induced after Jurkat cell activation was significantly
inhibited by pretreatment of these cells with estafiatin and par-
thenolide. Likewise, arglabin, agracin, and grosheimin also dose-
dependently inhibited Jurkat T cell activation-induced intracel-
lular Ca?* flux, and a representative dose—response curve for

inhibition of Jurkat cell Ca?" mobilization by agracin is shown in
Fig. 1B. In contrast, the other 8 sesquiterpene lactones tested had no
effect on this response (Table 2).

All five active sesquiterpene lactones contain an ¢-methylene-y-
lactone ring, which may react with nucleophiles, such as cysteine
sulfhydryl group(s) of glutathione (GSH), redox-sensitive kinases
and other enzymes, by a Michael-type addition (Butturini et al.,
2013; Visperas et al,, 2015). To evaluate whether a redox-event is
important in modulation of TCR activation by these compounds,
Jurkat cells were pretreated for 3 h at 37 °C with 5 mM glutathione
ethylene ester (GEE), a cell-permeable GSH (Butturini et al,, 2013),
and thereafter for 20 min with different concentrations of agracin
and parthenolide, the most potent inhibitors of TCR activation-
induced Ca?" flux (see Table 2). Interestingly, we found that pre-
treatment with GEE reversed much of the inhibitory effect of par-
thenolide (not shown) and agracin on intracellular Ca®'
mobilization (Fig. 1B). Note, however, that the highest concentra-
tions of lactone could partially overcome these effects of GEE
(Fig. 1B).

Thapsigargin, a sesquiterpene lactone from Thapsia garganica, is
an inhibitor of the sarco/endoplasmic reticulum Ca®* ATPase
(SERCA) and raises intracellular G+ by blocking the ability of the
cell to pump Ca?~ into the sarcoplasmic and endoplasmic reticula
(Rogers et al., 1995). Thus, we evaluated the direct effect of our
selection of sesquiterpene lactones on Ca* flux in Jurkat T cells
compared to thapsigargin. While we confirmed that thapsigargin
could stimulate [Ca®"]; accumulation in Jurkat cells, none of the 13
sesquiterpene lactones tested increased [Ca?*]; in these cells. As
examples, the direct effects of thapsigargin, estafiatin, and arte-
misinin on Jurkat T cell Ca®* levels are shown in Fig. 2.

To test cell specificity of the sesquiterpene lactones on Ca?" flux,
we also evaluated if they modulated Ca?~ mobilization in activated
human neutrophils and HL60 cells transfected with FPR1 and FPR2.
None of sesquiterpene lactones directly stimulated Ca®>~ mobiliza-
tion in neutrophils or transfected HLGO cells (data not shown).
Likewise, treatment of these cells with various concentrations of
sesquiterpene lactones for 20 min had no effect on Ca®" mobili-
zation induced by FPR1/FPR2 agonists (fMLF in neutrophils and
FPR1-HLGO cells or WKYMVM in FPR2-HL6O cells) (Table 2), indi-
cating that the inhibitory effect was specific for TCR activation.

Considering the apparent selectivity of sesquiterpene lactones
towards inhibition of Ca* flux in Jurkat T cells, we evaluated if N-
ethylmaleimide (NEM), a highly reactive but nonspecific cysteine
alkylating reagent, would also inhibit lymphocyte activation simi-
larly to the sesquiterpene lactones. However, we found that pre-
treatment with NEM led to a dose-dependent inhibition of Ca®*
flux in all cells tested, with ICsp values in nanomolar range. Indeed,
NEM pretreatment inhibited Ca?" flux in Jurkat cells stimulated
with anti-CD3/CD28 (1Csp — 175 + 70 nM) and in FPR1-HLGO cells
(ICs = 360 + 34 nM) or human neutrophils (ICsg = 860 + 330 nM)
stimulated with 5 nM fMLF. Thus, comparison of the observed ef-
fects of NEM and sesquiterpene lactones in lymphoid and myeloid
cells supports the conclusion that these sesquiterpene lactones
modulate a specific target or targets in lymphocytes rather than
nonspecifically modifying cysteines in any cell type.

2.2. Effect of estafiatin on protein kinase activity

Stimulation of the TCR in Jurkat cells activates multiple signaling
pathways, including a variety of protein kinases (Kim and White,
2006; Koike et al., 2003). To evaluate the effect of sesquiterpene
lactones on protein kinase signaling, we selected estafiatin as a
representative compound, as it contains both «-methylene-y-
lactone and epoxide moieties (see Table 1). To simultaneously
evaluate effects of estafiatin on phosphorylation of various kinases
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Table 1
Chemical structures and plant sources of the selected sesquiterpene lactones.

~
-

Achillin (1), argolide (3), and grossmisin (10) were isolated from Artemisia radicans A.

Kuprijanov sp. Nova (Adekenov, 2013); arglabin (2) was isolated from Artemisia filatovae A.

Kuprijanov sp. Nova (Adekenov, 2013); argracin (4) was isolated from Artemisia aralensis

Krasch. (Adekenov et al., 2016); 3B-hydroxyathalin (5) was isolated from Artemisia halophila

Krasch. (Adekenov, 2017); artemisinin (6) was isolated from Artemisia annua L. (Rey et al.,

1992); artesin (7) and taurin (13) were isolated from Artemisia semiarida (Krasch. et Lavr.) Filat.
(Adekenov, 2013; Akyev et al., 1972); estafiatin (8) was isolated from Achillea nobilis L.

(Adekenov et al., 1984); grosheimin (9) was isolated from Chartolepsis intermedia Boiss

(Adekenova et al., 2016); leucomisine (11) was isolated from Artemisia leucodes Schrenk
(Arystan et al., 2009); and parthenolide (12) was isolated from Tanacetum scopulorum (Krasch.)

Tzvel (Adekenov, 2013).

and their substrates, we utilized a human phospho-kinase array
Proteome Profiler, which monitors the phosphorylation of 43 ki-
nase phosphorylation sites (see list of kinases in the Experimental
section). While estafiatin itself did not increase phosphorylation of
the arrayed kinases (Fig. 3A), treatment with anti-CD3/CD28
significantly increased phosphorylation of ERK1/2 [phosphoryla-
tion sites Thr202/Tyr204, Thr185/Tyr187; fold increase (FI) = 6.7],
AMPKe1 (Thr183; FI — 2.4), CREB (Ser133; FI — 4.7), p53 (S392;

FI = 2.2), and p27 (Thr180/Tyr182; FI = 7.3) in Jurkat cells (Fig. 3B,
grey bars). Importantly, pretreatment of Jurkat cells with estafiatin
(50 uM) for 20 min at 37 °C completely inhibited the TCR
activation-induced phosphorylation of ERK1/2, p53, AMPKal,
CREB, and p27 (Fig. 3C).

The suppression of ERK1/2 phosphorylation might result from
direct inhibition or inhibition of other upstream kinase(s). Thus, we
evaluated the direct binding activity of estafiatin against a panel of
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Fig. 1. Elfect of parthenolide, estafiatin, and agracin on activation-induced Ca>"
mobilization in Jurkat T cells. Panel A. Jurkat cells were pretreated for 20 min with 1%
DMSO (negative control), estafiatin (50 jM), or parthenolide (50 uM), and the kinetics
of Ca?* mobilization 15 s after activation with 5 pg/ml anti-CD3 monoclonal antibody
‘were measured (arrow indicates time of activation). The response of control cells
treated with DMSO alone is shown as a grey line. Panel B. Jurkat cells were pretreated
for 3 h with 5 mM GEE (+GEE) or medium (w/o GEE), followed by treatment for 20 min
with control 1% DMSO or increasing concentrations of argracin and activated with anti-
CD3. Activation-induced Ca?' flux was measured as described, and the results are
shown as % of maximal activation measured in control cells. The results shown in both
panels are representative of three independent experiments. Statistically significant
differences between cells pretreated with argracin versus control (1% DMSO) are
indicated (*p<0.01). In addition, statistically significant differences between cells
incubated with GEE versus without GEE prior to the argracin treatment and activation
are indicated {°p < 0.01).

95 protein kinases representing all known kinase families in a cell-
free competition binding assay for the ability of estafiatin to
compete with binding of an active-site directed ligand (DiscoveRx

KINOMEscan). However, estafiatin did not bind directly to any of
the kinases tested (data not shown), including zeta-chain-
associated protein kinase 70 kDa (ZAP70), Fyn oncogene, spleen
tyrosine kinase (Syk), lymphocyte-specific protein tyrosine kinase
(Lck), liver kinase B1 (LKB1), ERK1, and ERK2. Thus, estafiatin likely
modulates kinase activity through alternative mechanisms. For
example, one possibility to be evaluated in future studies is that
estafiatin could prevent thiol-sensitive tandem-SH2 domains of
ZAP-70 and Syk from binding to phosphorylated ITAMs [sce
(Visperas et al., 2015, 2017)].

ERK1/2 phosphorylation was one of the main TCR activation-
induced responses observed in our kinase array (Fig. 3B) [also see
(Kim and White, 2006)]. Thus we further characterized this
response and its modulation by the active sesquiterpene lactones.
Although none of compounds directly stimulated ERK1/2 phos-
phorylation (data not shown), pretreatment of Jurkat T cells with
various concentrations of these compounds, followed by activation
with anti-CD3/CD28 antibodies showed that the five compounds
that inhibited Ca®* mobilization (arglabin, agracin, estafiatin,
grosheimin, and parthenolide) also significantly inhibited TCR
activation-induced ERK1/2 phosphorylation in a dose-dependent
manner, with 1Csp values in the micromolar range (Table 2). As
examples, dose-dependent inhibition of ERK1/2 phosphorylation
by parthenolide and estafiatin is shown in Fig. 4. Likewise, pre-
treatment of human primary T cells with parthenolide or estafiatin
also suppressed ERK1/2 phosphorylation stimulated by anti-CD3/
CD28 antibodies (Fig. 5), verifying that this effect was relevant to
primary cells. Finally, pretreatment of Jurkat cells with GEE
reversed the inhibitory effect of parthenolide and estafiatin on
ERK1/2 phosphorylation (Fig. 4), indicating that restoring |GSH];
could overcome at least some of the inhibitory effects of these
sesquiterpene lactones.

To evaluate target specificity of the effect on ERK1/2 phos-
phorylation activated through the TCR, we also evaluated if the
sesquiterpene lactones could inhibit ERK1/2 phosphorylation
stimulated by other receptors. For example, activation of FPR2 is
known to induce ERK1/2 phosphorylation (Schepetkin et al., 2014).
Thus, we pretreated FPR2-HL60 cells with various concentrations of
the sesquiterpene lactones (up to 50 pM), and the cells were acti-
vated with 5 nM WKYMVM, a peptide FPR2 agonist. However, none
of the compounds tested inhibited FPR2-dependent ERK1/2 phos-
phorylation (Table 2), suggesting again that sesquiterpene lactones
specifically inhibit TCR-dependent activation.

2.3. GSH reactivity of the sesquiterpene lactones

GSH is an important regulator of cellular redox equilibrium. The
TCR-mediated response is very sensitive to changes in intercellular
GSH levels (|GSH];) (Gringhuis et al, 2002), and some sesquiter-
pene lactones can decrease [GSH]; in various human cells by
reacting with cysteine (Itoh et al,, 2009; Scarponi et al., 2014). Thus,
we evaluated if the selected sesquiterpene lactones can react with
GSH in Jurkat T cells. Screening of sesquiterpene lactone reactivity
with cytosolic GSH showed that the compounds that inhibited Ca®*
mobilization and ERK1/2 phosphorylation also depleted [GSH]; in
Jurkat cells, with the most potent being argracin and parthenolide
(Table 2), and a representative concentration-dependent decrease
of [GSHJ; in Jurkat T cells after argracin treatment is shown in Fig. 6.

2.4. Effect of sesquiterpene lactones on anti-CD3 binding

As described above, sesquiterpene lactones can alkylate thiol
groups on biological macromolecules, including cysteine residues
of target proteins (Garcia-Pineres et al,, 2001; Lagoutte et al, 2016;
Wagner et al, 2006; Zhang et al, 2015). Although the highly
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Effect of sesquiterpene lactones on Ca®~ mobilization, ERK1/2 phosphorylation, and GSH concentration.

Compd. Name Jurkat T cells FPR2-HL60 Jurkat T Cells FPR1-HL60 FPR2-HL60 PMN Jurkat T Cells
p-ERK1/2 Ca*' mobilization [GSH);
1Cs0 (M)

1 achillin NA. NA. NA. NA. NA.

2 arglabin 287 +63 NA. NA. NA. 18018

3 argolide NA. NA. NA. NA. NA.

4 argracin 168+53 NA. NA. NA. 89+14

5 3p-hydroxyarhalin NA. NA. NA. NA. NA.

6 artemisinin N.A. NA. N.A. NA. N.A.

7 artesin NA. NA. NA. NA. NA.

8 estafiatin 154 +32 NA. N.A. N.A. 469 +5.3

9 grosheimin 430+75 NA. 154 +43 NA. NA. 166 ~ 48

10 grossmisin NA. NA. NA. NA. NA. NA.

1 leucomisine NA. NA. NA. NA. NA. NA.

12 parthenolide 13817 NA. 2406 NA. NA. 99:34

13 taurin NA. NA. NA. N.A. NA. NA.

Inhibition was evaluated after 20 min pretreatment with test compounds at room temperature, followed by addition of 10 pg/ml anti-CD3/CD28 (p-ERK1/2 in Jurkat cells),
10 pg/ml anti-CD3 (Ca>* fux in Jurkat cells), 5 nM JMLF [Ca®* flux in FPR1-HL60 cells and human neutrophils (PMN)], or 5 nM WKYMVM (pERK1/2 and Ca®* flux in FPR2-
HL60 cells). Changes in Jurkat T cell cytosolic [GSH]; were measured after treating cells with test compounds for 30 min at 37 “C. N.A, 1o activity was observed at the highest

tested concentration (50 uM in the p-ERK1/2 assay and 100 yM in the GSH assay).

100

75
50 o
— Thapsigargin
- - Estafiatin
- Artemisinin
25 — DMSO

Ca®* Flux (Relative Fluorescence)

120 180 240 300
Time (seconds)

Fig. 2. Effect of thapsigargin, estafiatin, and artemisinin on Ca?* mobilization in Jurkat

T cells. Jurkat cells were treated with 1% DMSO (negative control}, 200 nM thapsi-
gargin, 50 pM estafiatin, or 50 uM artemisinin, as indicated, and the kinetics of Ca®*
mobilization were measured (arrow indicates time of compound addition). The results
shown are representative of three independent experiments.

conserved membrane-proximal tetracysteine motif in the stalk
region of CD3 is not required for CD3 dimerization, modification of
these cysteine residues has been reported to reduce assembly of
CD3de with TCRa (Xu et al.,, 2006). Thus, we evaluated if the active
sesquiterpene lactones could affect the ability of anti-CD3 mono-
clonal antibodies to bind the extracellular region of CD3. Although
pretreatment with anti-CD3 antibody (5 pg/ml) itself completely
blocked the binding of fluorescent anti-CD3 antibody to Jurkat cells,
neither arglabin, grosheimin, agracin, parthenolide, or estafiatin
(all tested at 50 uM for 20 min at 37 °C) reduced binding of APC-
labeled anti-CD3 antibody to the extracellular region of CD3 (data
not shown).

2.5, Effect of sesquiterpene lactones on cell toxicity

To ensure that the results were not influenced by possible
compound toxicity, cytotoxicity of the sesquiterpene lactones was
evaluated at various concentrations up to 50 pM in Jurkat and
isolated T cells during a 30 min incubation with the compounds.
None of the sesquiterpene lactones affected cell viability at the
highest tested concentrations (Table 2 for Jurkat T cells and data not
shown for primary human T cells), thereby verifying that these
compounds were not cytotoxic during the 30 min incubation
period of our assays.

3. Discussion

Plant-derived sesquiterpene lactones exhibit a broad spectrum
of pharmacological properties, including immunomodulation and
anti-inflammatory activity (reviewed in (Chadwick et al,, 2013; Hou
and Huang, 2016; Ren et al, 2016)). For example, the therapeutic
potential of arglabin and its chemical derivatives was recently
reviewed (Adekenov, 2016). Parthenolide was previously studied
regarding inhibition of NF-«B activation and cytokine production in
Jurkat and primary T cells (Garcia-Pineres et al,, 2001, 2004; Li-
Weber et al,, 2002). Although several sesquiterpenes have been
reported to inhibit ERK phosphorylation in different cell lines and
macrophages (D'Anneo et al, 2013; Saadane et al, 2011; Wang
et al, 2011; Ye et al,, 2015), their effects on Ca?* mobilization and
ERK phosphorylation following TCR stimulation have not been
previously assessed. In the present study, we evaluated the
immunomodulatory effects of 13 natural sesquiterpene lactones
and found that five of the tested compounds (arglabin, argracin,
estafiatin, grosheimin, and parthenolide) specifically inhibited
carly phases of TCR activation but had no effect on phagocyte
activation through FPR1/2. Activation of Jurkat T and primary Tcells
was suppressed by these sesquiterpene lactones, as demonstrated
by inhibition of Ca*' mobilization and ERK1/2 phosphorylation.
These lactones also depleted [GSH]; in Jurkat T cells. Although
several naturally occurring compounds, including parthenolide,
have been previously reported to modulate T cell activity stimu-
lated through the TCR (Garcia-Pineres et al., 2001, 2004; Li-Weber
et al, 2002; Liu et al., 2011), this is the first report demonstrating
inhibition of TCR activation-induced Ca?" mobilization and ERK1/2
phosphorylation by natural sesquiterpene lactones.
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Fig. 3. Effect of estafiatin on activation-induced kinase phosphorylation in Jurkat T cells. Jurkat Teells were pretreated for 20 min with estafiatin (50 jM), followed by activation with
anti-CD3{CD28 (10 g/l each) for 5 min, and the levels of protein phosphorylation in cell lysates were evaluated using a human phospho-kinase array. There are several kinases
with different phosphorylation sites, including Akt1/2/3" on Ser473 and Akt1/2/3" on Thr303; p70S6K” on Thr389 and p70S6K® on Thrd21/5424; STAT3? on Tyr705 and STAT3® on
Se1727; p53, p53°, and P53, on Ser392, Serds, and Ser15, respectively. The data are presented as mean + SD of duplicate samples. Statistically significant differences (*p < 0.05)
between DMSO (control) and estafiatin-pretreated cells are indicated also shown in shaded bars).

Among of the sesquiterpene lactones evaluated, only parthe-
nolide and artemisinin have been studied previously for their ef-
fects on ERK phosphorylation, but in different cells (D'Annco et al.,
2013; Saadane et al,, 2011; Wang et al., 2011). For example, ERK1/2
phosphorylation was inhibited by parthenolide in cystic fibrosis cell
cultures {Saadane et al,, 2011) and murine osteoclast precursors
(Kim et al,, 2014). However, parthenolide activated ERK1/2 phos-
phorylation in human osteosarcoma MG63 and melanoma SK-MEL-
28 cells (D'Anneo et al., 2013), Although artemisinin can suppress
ERK1/2 phosphorylation in THP-1 macrophages (Wang et al., 2011),
we did not observe inhibition of ERK1/2 phosphorylation by this
compound in Jurkat T cells (Table 2). It should be noted that there
has been no reported correlation between [GSH]; depletion by
various natural compounds and ERK activity. For example, the
diterpenoid oridonin, which also contains an a-methylene-y-
lactone ring, reduced [GSH]; in hepatic stellate HSC-T6 cells but also
induced ERK1/2 phosphorylation (Kuo et al., 2014). Together, these

data indicate the effects of sesquiterpene lactones are cell-specific
but may also depend on how various agonists engage down-
stream signaling pathways.

The precise target of the active sesquiterpene lactones identified
here is currently not known, although it is known that the a-
methylene-y-lactone group is important for their biological activ-
ity. For example, previous structure—activity relationship analysis
showed that the ¢-methylene-y-lactone ring was the site of attack
of the cysteine residues on GSH, various receptors, protein kinases,
and transcription factor subunits (Garcia-Pineres et al, 2001;
Lagoutte et al, 2016; Wagner et al, 2006; Zhang et al, 2015).
Indeed, all five active sesquiterpene lactones that inhibited Ca®*
flux, blocked ERK1/2 phosphorylation, and depleted [GSH]; in
Jurkat T cells contain an «-methylene-y-lactone ring, whereas only
one compound with an o-methylene-y-lactone ring (argolide) was
inactive (lables 1 and 2). Note, however, that parthenolide, the
most potent compound in both the Ca? flux and ERK1/2 assays,
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Fig. 4. Effect of parthenolide and estafiatin on activation-induced ERK1/2 phosphor-
ylation. Jurkat T cells were pretreated with 1% DMSO or increasing concentrations of
estafiatin ((3) or parthenolide {7} for 20 min, followed by activation with anti-CD3/
CD28 (10 pg/ml each) for 5 min, and the levels of ERK1/2 phosphorylation were
evaluated using ELISA. In some experiments, Jurkat cells were incubated overnight
with 2 mM GEE or medium (not shown), followed by treatment with DMSO or
increasing concentrations of estafiatin (@) or parthenolide (M) for 20 min, followed
by activation with anti-CD3/CD28 (10 pg/ml each) for 5 min, and ERK1/2 phophor-
ylation was evaluated using the same procedures described above. The data are pre-
sented as % of control levels and represent the mean = SD of riplicate samples from
one experiment, which is representative of three independent experiments. Statisti-
cally significant differences between cells pretreated with sesquiterpene lactones
versus control (1% DMSO) are indicated (*p<0.01; ®p < 0.05). In addition, statistically
significant differences between cells incubated with GEE versus without GEE prior to
the respective lactone treatment and activation are indicated (p < 0.01).

also possesses an epoxide group. Thus, we cannot exclude the
possibility that inhibitory effect on TCR activation is greater when a
sesquiterpene lactone has two potentially reactive centers that
could react with biological nucleophiles, such as sulfhydryl groups.
Artemisinin also has a reactive endoperoxide bridge. However, this
compound was inactive in all of our assays, indicating that the
endoperoxide functionality and/or formation of free radicals via
cleavage of the endoperoxide bond does not play an important role
in modulation of TCR activity or that the geometry of this molecule
is not suitable for interaction with the relevant molecular targets.
Thus, based on the direct correlation between biological activity
and number of chemically reactive ¢-methylene-y-lactone/epoxide
groups in the compounds possessing very similar molecular
structure, we suggest that modulating influence of the other
structural factors on bioactivity is lower.

Recently, it was reported that GSH is dispensable for initial T cell
activation (Mak et al., 2017). However, sesquiterpene lactones likely
can act on several thiol-sensitive targets, and concurrent GSH
depletion would increase the aggregate effect of these compounds
on T cell activation. Following depletion of [GSH];, the major anti-
oxidant molecule and redox-buffer in cells, the active sesquiter-
pene lactones could then induce oxidative stress and/or form
protein adducts (Carlisi et al., 2016). Indeed, regulation of protein
kinase activity can occur via several redox-cycles involving thio-
redoxin, GSH-dependent enzymes, and reactive oxygen species
(ROS). For example, apoptosis signal-regulating kinase 1 (ASK1) is
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Fig. 5. Effect of parthenolide and estafiatin on activation-induced ERK1/2 phosphor-
ylation in human primary T cells. Isolated human T cells were pretreated for 20 min
with 1% DMSO or the indicated concentrations of parthenolide and estafiatin, followed
by activation with human T-activator CD3/CD28 Dynabeads (bead-to-cell ratio 1:1} for
5 min, and the levels of ERK phosphorylation were evaluated using an ELISA for human
phospho-ERK1/2. The data are presented as mean + SD of triplicate samples. Statis-
tically significant differences between cells treated with control DMSO  versus
DMSO + CD3/CD20 beads (p<0.01) and between cells treated with DMSO 1 CD3{
D20 beads versus cells treated with the indicated lactones + CD3/CD20 beads
(°p < 0.01) are indicated. The results shown are representative of three independent
experiments.

physically associated with thioredoxin, making thioredoxin a
redox-sensitive physiological regulator of ASK1 activity and ASK1-
associated MAPK (Davis et al, 2001). Likewise, glutathione S-
transferase P1-1 (GSTP) can interact with JNK, and this protein-
protein interaction can sequester JNK and act as a regulator of
this MAPK (Tew and Townsend, 2011). ROS-induced cysteine
oxidation in proteins involves initial formation of sulfenic acid,

80

[GSH]; (% of Control)
5 3

N
o

¢

1040

1055 1050 1045

[Argracin] (M)

Fig. 6. Effect of agracin on Jurkat T cell cytosolic GSH. Jurkat cells (10° cells/ml) were
incubated with control 1% DMSO o increasing concentrations of agracin for 20 min at
room temperature, and the level of cytosolic [GSH]; in the cells was measured using a
GSHGlo assay. The results are presented as % of [GSH]; measured in control DMSO
treated cells (mean « SD of triplicate samples) and are representative of three inde-
pendent experiments.
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which can subsequently react with GSH to form S-glutathionylated
proteins (Reddie and Carroll, 2008), and the importance of these
specific oxidative cysteine modifications in direct regulation of
tyrosine kinases was recently described (Heppner et al., 2016).
Because the inhibition of Ca** mobilization and ERK1/2 phos-
phorylation were significantly diminished when Jurkat cells were
incubated with GEE, S-glutathionylation of protein kinases engaged
in TCR activation is likely to be triggered by increased oxidative
stress induced by the decrease in cellular GSH.

It should be noted that the a-methylene-y-lactone ring of
sesquiterpene lactones plays a critical role in mediating cytotoxicity
via GSH depletion (Kupchan et al., 1971; Carlisi et al,, 2016), as GSH
depletion can activate apoptotic caspases with subsequent cell
death (Lee et al,, 2013; Khan et al., 2013). In the present studies, we
investigated very early events in T cell activation (first 30 min)
when no cytotoxicity was observed. Thus, assessment of the rela-
tionship between structure of the natural compounds and their
cytotoxicity profile during long-term treatment (hours and days)
and with a variety of immune cells will be important to evaluate in
future studies.

Sesquiterpene lactones can also directly react with proteins, For
example, parthenolide reacts with albumin cysteine residues
exclusively via its o-methylene-y-lactone moiety, while the
epoxide structure is not involved in the reaction (Ploger et al,
2015). Thus, it is clearly feasible that our active sesquiterpene lac-
tones could form adducts with macromolecules engaged in TCR-
dependent activation. Upon TCR stimulation, tyrosine kinases Fyn
and Lck phosphorylate ITAMs in the TCR, which recruit tyrosine
kinases Syk and ZAP70 to phosphorylate the linker of activated T
cells (LAT), resulting in the formation of a complex consisting of
various components, including interleukin-2-inducible tyrosine
kinase (Itk) and phospholipase C (PLC) y1 (Fu et al, 2010; Zhang
et al., 1998). Activated PLCy1 hydrolyzes phosphatidylinositol 4,5-
bisphosphate to generate inositol 1,4,5-trisphosphate (IP3), which
stimulates the release of Ca*" from intracellular stores. Ca*'
mobilization leading to activation of multiple pathways, including
ERK1/2, which eventually activate specific nuclear factors (Winslow
et al,, 2003). Using a high-throughput screen, Visperas et al. (2017,
2015) recently identified several small-molecule compounds that
covalently react with cysteine residues of the ZAP70 tandem SH2
module and inhibit its binding to a phosphorylated ITAM-derived
peptide. Thus, based on the reactivity of the active sesquiterpene
lactones for cysteine, it is possible that they can similarly induce
redox-dependent post-translational modification of cysteine resi-
dues in the ZAP70 SH2 module to regulate its function, and this is
currently being evaluated. Another possibility is that the active
sesquiterpene lactones interact with NEM-sensitive fusion protein
(NSF), soluble NEM-sensitive factor attachment protein receptor
(SNARE) proteins, or tubulin and/or dynein systems, which play
important roles in forming signaling clusters upon TCR activation
(Heller et al, 2001; Larghi et al, 2013; Philipsen et al, 2013).
Indeed, recent high-content screening identified parthenolide as an
inhibitor of cytoplasmic dynein-mediated transport and microtu-
bule formation and suggested it may react with detyrosinated
tubulin (Johnston et al.,, 2012; Miyata et al., 2008; Whipple et al,,
2013). Whether the other active sesquiterpene lactones identified
here can also inhibit these pathways in T cells will need to be
investigated in future studies.

Thapsigargin, a sesquiterpene lactone and potent inhibitor of
SERCA activity, induces Ca®* release from the endoplasmic reticu-
lum and the subsequent opening of plasma membrane-specific
Ca®' channels responsible for the store-operated calcium entry
(Cerveira et al,, 2015). Consistent with these observations, we found
that thapsigargin stimulated Ca?' accumulation in Jurkat T cells.
Although artemisinin inhibited SERCA activity in Plasmodium

falciparum (Eckstein-Ludwig et al,, 2003), none of the test com-
pounds, including artemisinin, induced Ca?! flux in human neu-
trophils, Jurkat T cells, or FPR1/2 transfected HLGO cells. Based on
these data, we conclude that the active sesquiterpene lactones do
not inhibit SERCA in these cells.

Analysis of estafiatin, a representative active sesquiterpene
lactone with o-methylene-y-lactone and epoxide moieties, showed
that this compound inhibited AMPKo.1 phosphorylation but did not
bind with LKB1, a main kinase that phosphorylates AMPKa1.
Because estafiatin also does not bind kinase modules of ZAP70, Fyn,
Syk, and Lck, which are the most proximal kinases to be activated
downstream of the TCR (Lovatt et al., 2006), it could be possible
that the active sesquiterpene lactones may directly interact with an
extracellular region of CD3 and prevent activation of the TCR
complex by anti-CD3. On the other hand, we also found that all of
the active sesquiterpene lactones did not affect anti-CD3 binding
with extracellular region of CD3 on Jurkat T cells, so such an
interaction would have to involve a different region of the molecule
than that targeted by anti-CD3.

Our results show that the nonselective thiol-modifying reagent
NEM is a potent inhibitor of Ca?* flux initiated via TCR activation in
Jurkat cells, as well as FPR1 stimulation in FPR1-HLGO cells and
neutrophils stimulated by fMLF, as reported previously (Hsu et al.,
2005). Given that the active sesquiterpene lactones did not
inhibit Ca** mobilization in activated FPR1-HL60 cells and neu-
trophils, we conclude that these compounds are clearly more se-
lective than NEM. Upon specific ligand binding and activation of
FPR, intracellular domains of FPR mediate signaling to G-proteins,
which trigger several agonist-dependent signal transduction
pathways, including Ca®* mobilization and ERK1 /2 phosphoryla-
tion (Cattaneo et al, 2013; Gripentrog and Miettinen, 2008).
Although intact thiol groups are important for FPR ligand binding
(Lane and Lamkin, 1982), the sesquiterpene lactones tested appar-
ently did not block binding of FPR1/2 with specific ligands since no
effect on activation was observed. Likewise, these compounds did
not appear to interfere with the PLC/IP3 pathway in these cells,
suggesting that their molecular target(s) could be located
upstream.

In conclusion, our experimental studies demonstrate that
arglabin, argracin, estafiatin, grosheimin, and parthenolide can
interact with pathways involved in initial phases of TCR activation,
resulting in inhibition of this response. All five active sesquiterpene
lactones that inhibited Ca?* mobilization, blocked ERK1/2 phos-
phorylation, and depleted [GSH]; in Jurkat T cells contained an a-
methylene-y-lactone ring, indicating an important role for this
structure in compound bioactivity. Overall, these results suggest a
potential new strategy for developing novel medicines based on
natural sesquiterpene lactones that could effectively modulate TCR
responses. Further detailed studies are warranted to define the
molecular targets and define the therapeutic potential of these
natural sesquiterpene lactones as previously undescribed immu-
nomodulatory and anti-inflammatory agents.

4. Experimental
4.1. Natural compounds

The sesquiterpene lactones (achillin, arglabin, argolide, argracin,
3p-hydroxyarhalin, artesin, artemisinin, estafiatin, grosheimin,
grossmisin, leucomisine, parthenolide, and taurin) were isolated as
previously described from different plants of the Asteraceae family,
as shown in Table 1 (Adekenov, 2013, 2016; Adekenov et al., 2016,
1984, 2016, 2017; Akyev et al, 1972; Arystan et al, 2009; Rey
et al., 1992). The purity of each compound was determined to be
>98% by normalization of the peak areas detected on an automated
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high-performance liquid chromatography (HPLC) system (Hew-
lett—Packard Agilent 1100) with a Zorbax SB-Cig column
(4.6 x 150 mm) eluted with acetonitrile/water (50%/50%, v/v) or
methanol/water (50%/50%, v/v) at a flow rate of 0.5 ml/min at 25 °C.
The elution was monitored at 204 nm.

4.2. Materials

Dimethyl sulfoxide (DMSO), N-formyl-Met-Leu-Phe (fMLF), and
Histopaque 1077 were purchased from Sigma-Aldrich Chemical Co.
(St. Louis, MO, USA). Fluo-4AM dye was from Invitrogen (Carlsbad,
CA, USA). NEM was from Chem-lmpex International, Inc. (Wood
Dale, IL, USA). Anti-human €D3 and anti-human CD28 monoclonal
antibodies were purchased from eBioscience (San Diego, CA, USA).
Thapsigargin and Trp-Lys-Tyr-Met-Val-Met (WKYMVM) were from
Tocris Bioscience (Ellisville, MO, USA). GEE was from Cayman
Chemical Co. (Ann Arbor, MI, USA). Ficoll-Paque was from GE
Healthcare  Bio-Science AB  (Uppsala, Sweden). Pen-
icillin—streptomycin solution was purchased from Mediatech
(Herndon, VA, USA). Fetal bovine serum (FBS) was purchased from
Atlas Biologicals (Fort Collins, CO, USA). Hanks’ balanced salt solu-
tion (HBSS; 0.137 M Nacl, 5.4 mM KCl, 0.25 mM NazHPO4, 0.44 mM
KH2PO4, 4.2 mM NaHCOs, 5.56 mM glucose, and 10 mM HEPES, pH
74) was from Life Technologies (Grand Island, NY, USA). HBSS
without Ca®* and Mg?* is designated as HBSS; HBSS containing
1.3 mM CaCl, and 1.0 mM MgSOy is designated as HBSS™. Phosphate
buffer solution (PBS, pH 7.2) supplemented with 0.1% sodium azide
and 1% bovine serum albumin is referred as flow cytometry buffer
(eBioscience).

4.3. Cell culture

Human Jurkat T acute lymphoblastic leukemia cells and human
promyelocytic leukemia cells (HL60 cells) stably transfected with
FPR1 (FPR1-HLGO cells) or FPR2 (FPR1-HL60 cells) (kind gifts from
Dr. Marie-Josephe Rabiet, INSERM, Grenoble, France) were cultured
in Roswell Park Memorial Institute (RPMI)-1640 supplemented
with 10% heat-inactivated FBS, 10 mM HEPES, 100 pg/mL strepto-
mycin, and 100 U/mL penicillin. Transfected HL60 cells were
cultured in the presence of G418 (1 mg/mL). All cell lines were
incubated in a humidified incubator at 37 °C with an atmosphere of
5% COy.

4.4. Isolation of human neutrophils

For isolation of human neutrophils, blood was collected from
healthy donors in accordance with a protocol approved by the
Institutional Review Board at Montana State University. Neutro-
phils were purified from the blood using dextran sedimentation,
followed by Ficoll-Paque 1077 gradient separation and hypotonic
lysis of red blood cells, as described previously (Schepetkin et al.,
2007). Isolated neutrophils were washed twice and resuspended
in HBSS. Neutrophil preparations were routinely >95% pure, as
determined by light microscopy, and >98% viable, as determined by
trypan blue exclusion. Neutrophils were obtained from multiple
donors {n = 8); however, the cells from different donors were never
pooled together during experiments.

4.5. Isolation of human T cells

For isolation of human T cells, blood was collected from healthy
donors in accordance with a protocol approved by the Institutional
Review Board at Montana State University. Peripheral blood
mononuclear cells (PBMCs) were isolated from the blood samples
by gradient centrifugation using Ficoll-Paque. CD3" T cells were

isolated by negative selection using a pan T cell isolation kit, as
described by the manufacturer (Miltnyei Biotec Inc.,, Auburn, CA)
and cultured overnight in RPMI-1640 supplemented with 10% heat-
inactivated FBS, 10 mM HEPES, 100 pg/mL streptomycin, and 100 U/
mL penicillin. The purified CD3* T cells were used for experiments
the following day.

4.6, Protein kinase array

Analysis of the phosphorylation profiles of kinases and their
protein substrates was performed using a human phospho-kinase
array kit Proteome Profiler (R&D Systems, Minneapolis, MN). The
array simultaneously detects 43 kinase phosphorylation sites,
including MAPKs [ERK1/2, c-Jun N-terminal kinases (JNK 1-3), and
p38a], MSK1/2, mTOR, Akt 1-3, glycogen synthase kinases (GSK-3)
/B, p90 ribosomal S6 kinases (RSK) 1-3, p70 S6 kinase (p70S6K),
AMP-activated protein kinase (AMPK) o1 and o2, WNK lysine
deficient protein kinase 1 (WNK1), checkpoint kinase 2 (Chk-2),
two receptor tyrosine-protein kinases [epidermal growth factor
receptor (EGF-R) and platelet-derived growth factor receptor
(PDGF-RB)|, non-receptor tyrosine-protein kinases (Src, Lyn, Lck,
Fyn, Yes, Fgr, Hck, PYK2, FAK/PTK2), cAMP response element-
binding protein (CREB), p53, STAT2, STAT3, STATS5a, STATSb,
STATG, chaperone heat shock protein (hsp) 27, endothelial nitric
oxide synthase (eNOS), phospholipase C-y1 (PLCy1), cyclin-
dependent kinase inhibitor p27 (Kip1), and proline-rich Akt1 sub-
strate 1 (PRAS). For the analysis, Jurkat T cells were incubated for
20 min with the selected compounds or negative control (1%
DMSO0) at 37 “C, followed by addition of anti-CD3/C28 (10 pug/ml of
each antibody) and a 5-min incubation at room temperature. The
cells were then lysed, and the arrays were incubated overnight at
4°C with lysates obtained from 10 cells for each sample. The arrays
were washed three times with 20 ml of the wash buffer and
incubated for 2 h with the detection antibody cocktail containing
phospho-site-specific biotinylated antibodies. The wash steps were
repeated, after which the arrays were exposed to chemilumines-
cent reagents, and the signal was captured with an Alpha Innotech
FluorChem FC2 imaging system.

4.7, Kinase profiling

Kinase profiling was performed by KINOMEscan (DiscoveRx, San
Diego, CA, USA) using a panel of 95 protein kinases, as described
previously (Fabian et al., 2005). In brief, kinases were produced and
displayed on T7 phage or expressed in HEK-293 cells. Binding re-
actions were performed at room temperature for 1 h, and the
fraction of kinase not bound to test compound was determined by
capture with an immobilized affinity ligand and quantified by
quantitative polymerase chain reaction. Primary screening at fixed
concentration (10 pM) of a test compound was performed in
duplicate.

4.8. ERK1/2 enzyme-linked immunosorbent assay (ELISA)

Jurkat T cells or isolated human T cells were incubated for
20 min with the selected compounds or negative control (1%
DMSO) at 37 °C, followed by addition of either anti-CD3/C28
monoclonal antibodies (10 pg/ml of each antibody) for Jurkat T
cells or Dynabead human T-activator CD3/CD28 beads for primary T
cells (bead-to-cell ratio 1:1) and a 5-min incubation at room tem-
perature. The cells were lysed with a lysis buffer (R&D Systems),
and the levels of phosphorylated ERK1/2 were measured in the cell
lysates using an ELISA kit (R&D Systems) for human phospho-ERK1
(Thr202/Tyr204)/ERK2 (Thr185/Tyr187). The concentrations of
phospho-ERK1/2 in the cell lysates were determined using a
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calibration curve with recombinant human phosphor-ERK2 (Thr85/
Tyr187).

4.9. Ca®* mobilization assay

Changes in intracellular Ca®' concentrations ([Ca®'];) were
measured with a FlexStation 3 scanning fluorometer (Molecular
Devices, Sunnyvale, CA, USA). Briefly, cells (human neutrophils,
HL6E0 cells or Jurkat cells) were suspended in HBSS, loaded with
Fluo-4AM (Invitrogen, Carlsbad, CA, USA) at a final concentration of
1.25 pg/mL and incubated for 30 min in the dark at 37 °C. After dye
loading, the cells were washed with HBSS™, resuspended in HBSS™,
separated into aliquots, and aliquoted into the wells of flat-bottom,
half-area well black microtiter plates (2 x 10° cellsjwell). Test
compounds diluted in DMSO were added to the wells (final con-
centration of DMSO was 1%), and changes in fluorescence were
monitored (hex = 485 nm, ke = 538 nm) every 5 s for 240 s at room
temperature after addition of test compounds to evaluate direct
agonist effects. To evaluate inhibitory effects, Jurkat T cells were
pretreated for 20 min with various concentrations of test com-
pound, followed by addition of 10 pg/ml anti-CD3 antibody. The
maximum change in fluorescence, expressed in arbitrary units over
baseline, was used to determine the agonist response. Responses
were normalized to the response induced by anti-CD3 for Jurkat
cells, 5 nM fMLF (neutrophils and FPR1 HL60O cells), or 5 nM
WKYMVM (FPR2 HL60 cells) which was assigned a value of 100%.
Curve fitting (at least five or six points) and calculation of median
effective concentration values (ICsg) were performed by nonlinear
regression analysis of the dose—response curves generated using
Prism 7 (GraphPad Software, Inc., San Diego, CA, USA).

4.10. Flow cytometry

Jurkat T cells (1 x 10 cells) were incubated in 100 pl HBSS*™
containing different concentrations of test sesquiterpene lactones
or anti-human CD3 monoclonal antibody for 20 min at 37 °C. The
cells were next stained with 1.25 pg/ml of allophycocyanin (APC)-
conjugated anti-human CD3 (Affymetrix eBioscience, San Diego,
CA, USA) or 5 pg/ml of APC-conjugated mouse IgG; isotype control
(Affymetrix eBioscience) for 30 min on ice. The cells were then
washed, resuspended in flow cytometry buffer, and analyzed using
an LSR 11 flow cytometer (Becton Dickinson, Sunnyvale, CA, USA)
with FAXDiva Software, v.8.0.1.

4.11. Assessment of compound cytotoxicity

Cytotoxicity was analyzed with a CellTiter-Glo Luminescent Cell
Viability Assay Kit (Promega, Madison, WI, USA). Briefly, Jurkat T
cells or isolated human T cells were cultured at a density of
2 x 10° cells/well with different concentrations of compound under
investigation for 30 min at 37 °C. Following treatment, substrate
was added, and the samples were analyzed with a Fluoroscan
Ascent FL microplate reader.

4.12. Glutathione (GSH) assay

Jurkat cells were plated at 10,000 cells per well in white 96-well
half-area plates. After addition of test sesquiterpene lactones or
vehicle (1% DMSO) negative control, the cells were incubated for
30 min at 37 “C, and total GSH was measured using a GSHGlo™
assay (Promega Corp., Madison, WI, USA), according to manufac-
turer's instructions (Harling et al, 2013). Luminescence was
measured with a Fluroscan Ascent FL microplate reader (Thermo
Electron, Waltham, MA).
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BIMOLECULAR COMPOUNDS BASED
ON NATURAL METABOLITES

S. M. Adekenov, A. S. Kishkentaeva,*
Zh. R. Shaimerdenova, and G. A. Atazhanova

New alkaloid-containing derivatives of the sesquiterpene lactones arglabin, grosshemin, 3,4f3-epoxyarglabin,
argolide, and parthenolide were prepared for the first time. Their structures were studied using PMR,
13C NMR, andmass spectra and an X-ray crystal structure analysis. Chemo- and regioselective reactions of
the sesquiterpene lactones and alkaloids were observed. The synthesized compounds exhibited anthelmintic

and hepatoprotective activity and cytotoxicity.

Keywords: sesquiterpene lactones, alkaloid-containing derivatives, PMR and '3C NMR spectroscopy, mass
spectrometry, XSA, anthelmintic and hepatoprotective activity, cytotoxicity.

Sesquiterpene lactones occur mainly in plants of the family Compositae and are considered a renewable starting
material for regio- and stercosclective modifications to produce new biologically active compounds. Natural N-containing
sesquiterpene lactones such as acanthamolide, saussureamine A, and parthenolidine that were isolated from species of
Acanthospermum Schrank [1], Saussurea DC. 2], and Michelia L. |3] of the families Asteraceac and Magnoliaceae form
a special group.

Chemical modification of available natural sesquiterpenoids is another approach to preparing N-containing
sesquiterpene lactones.

Guaiane-type sesquiterpene lactones arglabin (1), grosshemin (2). and 3.4 f-epoxyarglabin (3) and germacrane-type
argolide (4) and parthenolide (5), which were isolated by us from Artemisia glabella Kar. et Kir., Chartolepis intermedia
Boiss., and Tunacetum kittaryanum (C. A. Mey.) Tzvelev using the published methods [4-8], were aminated to produce
N-containing derivatives for studies of their biological activity. The N atom was introduced into the sesquiterpene lactones via
Michael amination to produce new hybrid molecules based on natural compounds that were of interest for discovery of
potential biologically active compounds.

8, 10, 12, 14, 16:R

Phytochemistry International Scientific and Production Holding, Karaganda, 100009, Republic of Kazakhstan,
fax: 8 (7212) 43 31 27, e-mail: phyto_pio@mail.ru. Translated from Khimiya Prirodnykh Soedinenii, No. 3, May-June, 2018,
pp. 394-399. Original article submitted December 5, 2017.
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[image: image106.jpg]Fig. 1. X-ray molecular structures of 10 (one of two independent molecules), 14, and 16.

The alkaloids cytisine (6) and anabasine (7) were used as the nucleophiles. The reaction products were new derivatives
8-16, the structures of which were elucidated using spectral data (IR, UV, PMR, 13C NMR, DEPT, COSY), mass spectrometry,
elemental analysis, and an X-ray crystal structure analysis in addition to comparisons with the literature.

Llemental analyses quantified the amounts of N in 9-12, 14, and 15.

The PMR spectra lacked resonances for the exomethylene protons, indicating that the alkaloid (cytisine or anabasine)
added to the exomethylene double bond of the y-lactone.

Protons on C-13 of 8 resonated at 2.54 and 2.69 ppm as a doublet of doublets with SSCC 13.2, 8.3 and 13.2, 3.7 Hz,
respectively. Lactone proton H-6 gave a characteristic 1H triplet at 3.85 ppm with J = 10.3 Hz. The H-7 and H-11 protons in
8 had large SSCCs of 12.0 Hz that defined the stereochemistry as the #rans-isomer. It was concluded based on these results
that H-7 and H-11 were oriented on different sides of the cyclic system (fS-configuration) so that cytisine had the c-orientation.
Resonances of other protons agreed with the proposed structures of 1 and 6.

13C NMR spectra indicated that 8 included 26 C atoms. Resonances characteristic of carbonyl C atoms at 174.68 and
163.39 ppm belonged to the lactone and cytisine carbonyls, respectively. Also, the C-13 resonance was shifted to stronger field.

Analogous features were found in spectra of 12.

Protons H-7 and H-11 in 9 had a small constant J = 2.6 Hz, indicative of the (S)-configuration for the C-11 chiral center.

Tt was concluded based on these results that H-7 and H-11 were oriented toward the same side of the cyclic system
(o~configuration). Therefore, the anabasine moiety had the S-configuration.
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[image: image107.jpg]A DEPT experiment established that 9 comprised 8 methylene, 5 methine, 10 sccondary, and two quaternary C atoms.

Resonances found in the corresponding spectra of the starting compounds persisted in the 13C NMR spectra of the
derivatives.

X-ray crystal structure analysis (XSA) confirmed the a-orientation of the cytisine moiety relative to the lactone ring
of the sesquiterpenc lactones, Figure 1 shows the molecular structures of 10, 14, and 16.

The Cambridge Structural Database [9] showed only one article with an XSA of cytisine bound covalently to
a terpene {N-(3 f-acetoxy-11,30-dioxo-18f-olean-12-en-30-yl)cytisine [10]}. The bond lengths and ring conformations of
the cytisine moieties in 10, 14, and 16 were the same as in starting cytisine [11]. The conformation of the 10-membered ring
in 14 could be described as a boat-chair-twist [12] (or boat-chair |sDs, ]D” according to Samck nomenclaturc). This
conformation was observed in starting argolide [13] and, e.g., ketopelenolide B [14]. The conformation of this ring in 16 was
different, i.e., chair-chair-chair (CCC) (chair-chair 15D5, lDl4 according to Samek nomenclature). The CCC conformation of
a 10-membered ring was also found in crystals of starting parthenolide [15] and, e.g., 2o~hydroxydihydroparthenolide [16].
The lactone rings of 10, 14, and 16 had the envelope conformation with C-7 deviating by 0.358(2) and 0.374(2) (for two
molecules), 0.498(2), and 0.397(2) A, respectively, from the plane of the other ring atoms. Atom C-7 in ketopelenolide B
deviated by 0.571 and 0.598 A for two independent molecules; in 2c-hydroxydihydroparthenolide, 0.498 A. Cytisine in 10,
14, and 16 was situated under the parthenolide or sesquiterpene. One reason for such a complicated conformation could be a
weak intramolecular H-bond C7H...N12’ [H...N distances 2.53 and 2.48 (for two independent molecules), 2.52, and 2.48 A;
C-H...N angles 109 and 109, 108, and 110° for 10, 14, and 16, respectively] [17]. The intermolecular H-bonds O4-H...O
(H...O distance 2.00 and 1.91 A; O-H...O 162 and 170°) in 10 were noteworthy. The crystal of 14 had intermolecular
interactions C9-H...02 (H...0 2.58 &; C-H...0 128°); 16, C11-H...03 (2.53 A, 147°) and C13’-H...O1’ (2.58 &, 149°) [18].

Thus, the reactions of grosshemin (2) with natural amines (primary and secondary) were chemically selective;
of arglabin (1), 3.4f-cpoxyarglabin (3), argolide (4), and parthenolide (5), regioselective. Biological screening and
pharmacological studies of the synthesized compounds found that 9 possessed pronounced anthelmintic and hepatoprotective
activity; 14 and 16, cytotoxicity.

EXPERIMENTAL

The course of reactions and purity of products were monitored by TLC using Sorbfil plates and spraying with
aqueous KMnO, solution (2%). Column chromatography used KSK silica gel. Melting points were determined on an Optimelt
apparatus. IR spectra were taken in KBr pellets on an Avatar 360 ESP instrument. UV absorption spectra were recorded on
a Helios-f spectrometer in the range 200-400 nm. Elemental analysis was performed on a Eurovector 3000 A analyzer.
Elemental analyses agreed with those calculated. NMR spectra were recorded on a JEOL Resonance-500 spectrometer
(operating frequency 500.16 MHz for 'H and 125.76 MHz for '3C, §-scale). Specific optical rotation was measured on a
Polax-2L polarimeter in a 3-mL tube of length 0.5 dm.

Mass spectra were recorded and molecular masses and elemental compositions were determined using high-resolution
DFS Thermo Scientific and Finnigan MAT-80 mass spectrometers at ionizing potential 70 V and vaporizer temperature
210-280°C.

The XSA was performed at Novosibirsk Institute of Organic Chemistry, Siberian Branch, Russian Academy of Sciences,
by Dr. Yu. V. Gatilov using a Bruker APEX-IT CCD diffractometer (graphite monochromator, Mo Ko-radiation = 0.71073 A,
297 K, ¢.m-scanning). Absorption was estimated empirically using the SADABS program. The structures were solved by
direct methods and refined anisotropically for nonhydrogen atoms using the SHELXTL program suite. Positions of H atoms
were determined geometrically and refined isotropically using a rider model. Structural data were deposited in the Cambridge
Structural Database and can be obtained free at www.ccde.cam.ac.uk/data_request/cif.

Arglabin (1) was isolated from 4. glabella by the published method [4]. Colorless crystalline compound, C | sH, 405,
mp 100-102°C (hexanc), [o.]3) +45° (¢ 0.3, CHCI,).

Grosshemin (2) was isolated from the aerial part of C. intermedia. Colorless crystalline compound, C|sH,0,.
mp 200-202°C (alcohol), [oc]2 +125° (¢ 1.27, alcohol) [5].

Argolide (4) was isolated from 4. glabella, mp 133-135°C (petroleum ether—EtOAc, 19:1), [OL|]233 +203° (¢ 0.5,
CHCly) [7].
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[image: image108.jpg]Parthenolide (5) was isolated from T. kittaryanum, mp 115-117°C (petroleum cther-EtOAc, 19:1), [0(][2)(7 —78°
(c0.25, CH,Cl,) [8].

Epoxidation Method. 3,4f3-Epoxyarglabin (3) was synthesized as before [6], CsH 4O,, mp 149-151°C
(petroleum ether-EtOAc, 3:1).

General Method for Amination. A solution of lactone (1-5) in McOH was treated with the appropriate alkaloid
[cytisine (6) or anabasine (7)] and stirred at room temperature. When the reaction was finished, the MeOH was distilled off in
a rotary evaporator.

1(10)B-Epoxy-7a,68(H)-guai-3(4)-en-11(13-cytisinyl)-6,12-olide (8). Oil, CygH;,N,0,, R,0.51 (EtOAC-EtOH,
4:1). Yield 75%. IR spectrum (KBr, v, ., em™)): 3401, 3042, 2925, 2783, 1769 (C=0 y-lactone), 1651 (C=C), 1566, 1574,
1446, 1424, 1314, 1283, 1218, 1189, 1169, 1144, 1099, 1030, 959, 919, 887, 835, 759, 680. UV spectrum (EtOH, A . nm):
203, 235, 312. 'H NMR spectrum (500 MHz, CDCly, 8, ppm, J/Hz): 0.93 (1H, br.q, J = 12.5, H-8a), 1.2 (1H, br.d, J = 12.5,
H-8b), 1.24 (3H, s, H-14), 1.35 (1H, ddd. J = 12.0, 8.3, 3.7, H-11), 1.66 (1H, ddd, J = 15.4, 12.6, 2.9, H-9a), 1.76 (1H, m,
H-8a), 1.77 (1H, ddd, T = 15.4, 5.1, 2.6, H-9b), 1.87 (3H, b.s, H-15), 1.8 (1H, m, H-8'b), 2.06 (1H, d, ] = 17.6, H-2a), 2.14 (1H,
dddd, T =12.5,12.0, 10.2, 2.0, H-7), 2.31 (1H, br.d, T = 10.0, H-13"a), 2.41 (1H, m, H-9"), 2.43 (1H, br.d, J = 10.4, H-11"a),
2.54 (1H, dd,J =13.2, 8.3, H-13a), 2.69 (1H, dd, J = 13.2, 3.7, H-13b), 2.70 (1H, m, H-5), 2.74 (1H, dd. J = 17.6, 1.7, H-2b),
2.86 (2H, m, H-11’b, 13'b), 2.96 (1H, brs, H-7'), 3.85 (1H, t, ] = 10.3, H-6), 3.85 (1H, dd, ] = 15.0, 7.9, H-10"a), 4.03 (1H, d,
J=15.4,H-10b), 5.51 (1H, br.s, H-3), 5.97 (1H, dd, ] = 6.9, 1.1, H-5), 6.41 (1H, dd, J = 9.0, 1.3, H-3"), 7.27 (1H, dd, J = 9.0,
6.9, H-4'). 3C NMR spectrum (125 MHz, CDCl5, §, ppm): 72.51 (CH, C-1), 39.59 (CH,, C-2), 124.87 (CH, C-3), 140.64
(C, C-4), 52.34 (CH, C-5), 82.71 (CH, C-6), 52.47 (CH, C-7), 22.50 (CH,, C-8), 33.29 (CH,, C-9), 62.81 (C, C-10), 43.47
(CH, C-11), 174.68 (C=0, C-12), 57.11 (CH,, C-13), 22.83 (CH;, C-14), 18.39 (CH;, C-15), 163.39 (C=0, C-2),
116.78 (CH, C-3"), 138.75 (CH, C-4"), 104.63 (CH, C-5), 151.35 (C, C-6"), 35.37 (CH, C-7’), 25.76 (CH,, C-8'), 28.17
(CH, C-9'), 50.07 (CH,, C-10°), 62.02 (CH,, C-11°), 60.08 (CH,, C-13").

1(10)3Epoxy-5,7 0,6 f(H)-guai-3(4)-en-11(13-anabasinyl)-12,6-olide (9). White powder, mp 87-89°C, C,sH3,N, 05,
RfO.44 (EtOAc—petroleum ether, 3:2). Yield 49%. IR spectrum (KBr, v . cm‘l): 3367, 3027, 2995, 2930, 2859, 2820, 1774
(C=0 y-lactone); 1650, 1591, 1444, 1423, 1379, 1359, 1343, 1244, 1189, 1170, 1085, 1072, 988, 958, 902, 868, 843, 832, 774,
720. UV spectrum (EtOH, A, . nm): 205, 263. Found: m/z 408.2405 [M]", calcd 408.2407. "H NMR spectrum (500 MHz,
CDCly, 8, ppm, J/Hz): 1.26 (1H, m, H-82), 1.31 (3H, s, H-14), 1.34 (1H, m, H-8b), 1.35 (1H, qt, J = 12.7, 3.7, H-4"a), 1.53 (2H,
m, H-3"a, 5a), 1.62 (1H, dt,J=10.2,2.6, H-7), 1.67 (2H, m, H-3’b, 5'b), 1.75 (1H, dt, I=12.4, 2.6, H-4’b), 1.88 (3H, s, H-15),
1.95 (1H, m, H-9a), 2.01 (1H, ddd, J = 12.9, 7.1, 2.6, H-11), 2.06 (1H., dd, J = 15.2, 2.7, H-13a), 2.08 (2H, m, H-2a, 9b), 2.29
(1H,dd, T=13.6,2.4, H-6"a), 2.67 (1H, dd, T = 13.6, 6.9, H-6'b), 2.73 (1H, m, H-2b), 2.81 (1H, br.d, J = 10.9, H-5), 2.91 (1H,
m, H-13b), 3.1 (1H, dd, J =11.10, 2.7, H-2), 3.91 (1H, t, J = 10.2, H-6), 5.52 (1H, br.s, H-3), 7.24 (1H, dd. J = 7.9, 4.9, H-11"),
7.68 (1H, dt, J=7.9, 1.7, H-10’), 8.47 (1H, dd, T= 4.7, 1.58, H-12), 8.5 (1H, d, = 1.9, H-8"). 13C NMR spectrum (125 MHz,
CDCly, 8, ppm): 72.69 (C, C-1),39.71 (CH,, C-2), 124.74 (CH, C-3), 140.76 (C, C-4), 52.77 (CH. C-5), 82.65 (CH, C-6), 48.8
(CH, C-7), 22.80 (CH,, C-8), 33.77 (CH,, C-9), 62.85 (C, C-10), 44.34 (CH, C-11), 178.22 (C=0, C-12), 54.11 (CH,, C-13),
22.57 (CH;, C-14), 18.32 (CH3, C-15), 66.46 (CH, C-2), 36.41 (CH,, C-3'), 24.58 (CH,, C-4), 25.68 (CH,, C-5), 51.49
(CH,, C-6'), 148.7 (CH, C-8'), 140.28 (C, C-9"), 135.61 (CH, C-10"), 123.23 (CH, C-11"), 149.57 (CH, C-12").

3-Oxo-8-hydroxy-1,5,7c,4,8 5(H)-guai-10(14)-en-11(13-cytisinyl)-12,6-olide (10). White crystalline compound,
mp 261-263°C, Co¢H3,N, 05, Rf().ﬁl (EtOAc-EtOH, 4:1). Yicld 68%. Found: m/z 452.2299 [M]", calcd 452.2306. IR spectrum
(KBr, Voo em™): 3441, 3075, 3032, 2987, 2933, 2783, 2359, 1761 (C=0 y-lactone), 1731 (C=0), 1648, 1565, 1576, 1545,
1470, 1454, 1393, 1353, 1341, 1312, 1278, 1240, 1191, 1161, 1075, 1048, 985, 957, 826, 802, 741. UV spectrum (EtOH,
}»nm. nm): 204, 236, 312. IH NMR spectrum (500 MHz, CDCl;, 8, ppm, J/Hz): 1.18 (3H, d, J = 7.02, H-15), 1.83 (1H, br.d,
J=12.6, H-8'a), 1.93 (1H, m, H-9a), 1.93 (1H, brd, J = 12.4, H-8'b), 2.16 (1H, q, J = 9.1, H-5), 2.22 (2H, m, H-7, 11), 2.37
(1H, m, H-4), 2.41 (1H, m, H-2a), 2.44 (1H, br.d, T=10.3, H-13"a), 2.47 (1H, br.s, H-9"), 2.53 (1H, br.d, I=11.4, H-11"a), 2.56
(1H, m, H-2b), 2.60 (1H, dd, T=12.7, 5.8, H-9b), 2.65 (1H, dd, T= 13.3, 7.4, H-13a), 2.88 (1H, dd, = 13.3, 2.9, H-13b), 2.95
(1H, br.d,J=11.0,H-11"b), 3.01 (1H, ddd, J = 9.3, 8.4, 3.6, H-1), 3.05 (1H, br.s, H-7"), 3.05 (1H, br.d, ] = 10.2, H-13’b), 3.17
(1H, td, 1= 9.7, 5.7, H-8), 3.84 (1H, t, ] — 9.4, H-6), 3.87 (1H, dd, ] = 15.6, 6.6, H-10"a), 4.05 (1H, d, J = 15.6, H-10'b), 4.67
(1M, s, H-14), 4.93 (1H, s, H-14b), 5.97 (1, dd, 1= 6.7, 1.1, H-5), 6.45 (1H, dd, T =9.0, 1.3, H-3), 7.27 (1H, dd. T = 9.0,
6.7, H-4). 13C NMR spectrum (125 MHz, CDCly, 8, ppm): 39.57 (CH, C-1), 43.44 (CH,, C-2), 219.11 (C=0, C-3), 45.33
(CH, C-4), 50.71 (CH, C-5), 84.27 (CH, C-6),47.33 (CH, C-7), 74.42 (CH, C-8), 47.33 (CH,, C-9), 144.46 (C, C-10), 54.05
(CH, C-11), 175.83 (C=0, C-12), 57.49 (CH,, C-13), 114.42 (CH,, C-14), 14.74 (CH;, C-15), 163.71 (C=0, C-2), 117.53
(CH, C-3), 138.43 (CH, C-4'), 104,37 (CH, C-5), 15030 (C, C-6), 35.10 (CH, C-7'), 25.76 (CH,, C-8"), 28.02 (CH, C-9"),
49.70 (CH,, C-10), 61.13 (CH,, C-11"), 60.66 (CH,, C-13").
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[image: image109.jpg]Crystallographic data for 10: monoclinic system, a = 9.4330(5), b = 17.5957(7), ¢ = 14.2570(7) A, = 92.724(2)°,
V =2363.71(19) A3, space group P2y, CygH3pN,O5, Z= 4, d g = 1.272 g/em?, w = 0.088 mm~L. Intensities of 42,341
reflections with 20 < 52° were measured. Of these, 9,322 were independent (R;; = 0.0340). Refinement results were
wR, = 0.1181, R = 0.0542, S = 1.031 for all reflections, R = 0.0404 for 7,879 observed reflections [F > 46(F)]. The Flack
parameter was 0.9(8) and 0.1(8) for the enantiomer. CCDC 1578031,

3-Oxo0-8-hydroxy-1,5,70,4,8 5(H)-guai-10(14)-en-11(13-anabasinyl)-12,6-olide (11). White powder, mp 66°C (dec.),
CysH3,N, 0y, R,0.41 (EtOAC-EtOH, 4:1). Yield 68%. IR spectrum (KBr, v, .., eml): 3451, 3078, 2934, 2856, 2816, 1769
(C=0 ylactone), 1739 (C=0), 1643, 1591, 1576, 1455, 1427, 1394, 1358, 1302, 1302, 1273, 1189, 1111, 982, 953, 902, 808.
UV spectrum (EtOH, &, . nm): 203, 263. 'H NMR spectrum (500 MHz, CDCly, §, ppm, J/Hz): 1.09 (3H, d, ] = 5.0, H-15),
1.48 (1H, m, H-4’a), 1.73 (3H, m, H-3"a, 5'a, 5b), 1.86 (3H, m, H-4, 3'b, 4’b), 2.22 (3H, m, H-5, 7, 9a), 2.43 (3H, m, H-2a, 11,
6/a), 2.53 (2H, m, H-2b, 13a), 2.82 (1H, dd, ] = 12.6, 5.6, H-9b), 3.10 (2H, m, H-13b, 6’b), 3.14 (1H, br.s, H-1), 3.44 (1H, dd,
1=109,2.9,H-2"),3.54 (1H, td, J = 9.6, 5.9, H-8), 3.88 (1H, t, ] = 9.3, H-6), 4.69 (1H, s, H-14a), 5.04 (1H, s, H-14b), 7.44 (1H,
dd,J=17.9,4.9,H-11"), 7.98 (1H, d, ] = 7.9, H-10"), 8.47 (1H, dd, ] = 4.9, 1.6, H-12’), 8.64 (1H, d, ] = 1.6, H-8).
13C NMR spectrum (125 MHz, CDCly, 8, ppm): 39.41 (CH, C-1), 42.95 (CH,, C-2), 220.30 (C=0, C-3), 46.34 (CH, C-4), 50.65
(CH, C-5), 83.22 (CH, C-6), 46.99 (CH, C-7), 73.86 (CH,, H-8), 46.99 (CH,, H-%a), 144.95 (C, C-10), 52.43 (CH, C-11),
175.73 (C=0, C-12), 56.49 (CH,, C-13), 113.21 (CH,, C-14), 13.44 (CHj;, C-15), 66.46 (C=0, C-2"), 36.41 (CH,, C-3"),
24.58 (CH,, C-4), 25.68 (CH,, C-5), 51.49 (CH,, C-6"), 148.7 (CH, C-§’), 140.28 (C, C-9'), 135.61 (CH, C-10"), 123.23
(CH, C-11"), 149.57 (CH, C-12).

1(10)-3(4)3-Diepoxy-70,6 f(H)-guai-11(13-cytisiny))-12,6-olide (12). White powder, mp 236-239°C, C,cH;,N,05,
R;0.43 (EtOAC-EtOH, 4:1). Yield 65%, [Dc]%,o —62.5° (¢ 0.100, MeOH). IR spectrum (KBr, v . em™1): 3033, 3001, 2971,
2932, 2887, 2859, 1783 (C-O p-lactone), 1669, 1439, 1414, 1403, 1385, 1367, 1342, 1277, 1178, 1128, 1063, 1051, 1012,
979, 944, 914, 881, 863, 838, 639, UV spectrum (EtOH, A, . nm): 204, 235, 312. "H NMR spectrum (500 MHz, CDCl5, 8,
ppm, J/Hz): 0.91 (1H, qd, J=12.4,2.4, H-8a), 1.19 (3H, s, H-14), 1.25 (1H, m, H-8b), 1.34 (1H. qd.J=12.2,2.3,H-7), 1.55 3H,
s, H-15),1.60 (1H, ddd,J =15.4,12.7, 2.6, H-9a), 1.72 (1H, d, J = 15.3, H-2a), 1.78 (1H, ddd, J=15.4, 5.1, 2.4, H-9b), 1.82 (1H,
m, H-8a), 1.89 (1H, m, H-8b), 2.26 (1H, ddd, J =12.2, 6.0, 3.7, H-11), 2.28 (1H. d, ] = 10.4, H-5), 2.37 (1H, dd, J = 15.3, 1.4,
H-2b), 2.4 (1H, m, H-9'), 2.45 (1H, dd, T = 10.9, 2.0, H-13’a), 2.49 (1H, br.d, J = 11.0, H-11"a), 2.54 (1H, dd, T = 13.7, 3.7,
H-13a), 2.64 (1H, dd, J=13.7, 6.0, H-13b), 2.83 (1H, br.d, J = 10.8, H-13'b), 2.95 (1H, br.d, J = 11.0, H-11’b), 3.06 (1H. br.s,
H-7'),3.29 (1H, s, H-3), 3.85 (1H, dd, I = 15.6, 6.2, H-10"a), 3.87 (1H, t, J = 10.3, H-6), 3.92 (1H, d, I = 15.5, H-10'D), 6.30
(1H,dd, J = 7.1, 1.3, H-5'), 6.41 (1H. dd, ] = 8.9, 1.3, H-3), 7.48 (1H, dd, J = 8.9, 7.0, H-4'). 13C NMR spectrum (125 MHz,
CDCly, 8, ppm): 69.66 (C, C-1), 35.93 (CH,, C-2), 62.49 (CH, C-3), 65.58 (C, C-4), 49.46 (CH, C-5), 80.47 (CH, C-6), 49.68
(CH. C-7),21.93 (CH,, C-8), 32.83 (CH,, C-9), 59.63 (C, C-10). 49.75 (CH, C-11), 178.15 (C=0, C-12), 54.57 (CH,, C-13),
21.55 (CHj, C-14), 17.54 (CH3, C-15), 164.01 (C=0, C-2'), 115.33 (CH, C-3"), 139.96 (CH, C-4'), 106.34 (CH, C-5'), 152.8
(C, C-6"),35.56 (CH, C-7"), 24.84 (CH,, C-§), 28.37 (CH, C-9"), 50.32 (CH,, C-10"), 61.50 (CH,, C-11"), 60.65 (CH,, C-13").

1(10),3(4)-Diepoxy-7 0,6 {( H)-guai-11(13-anabasinyl)-12,6-olide (13). Oil, C,sH;,N,0,, Rf0.48 (EtOACc-EtOH,
4:1). Yield 73%. [OL]:]’)U —125° (¢ 0.100, MeOH). UV spectrum (EtOH, A . . nm): 208, 263. IR spectrum (KBr, v, .. cm1): 3405,
2931, 2860, 2854, 1774 (C=0 y-lactone), 1640 (C=C), 1590, 1576, 1473, 1425, 1381, 1298, 1277, 1260, 1211, 1171, 1137,
1087, 1052, 1005, 959, 945, 868, 839, 752, 663. 'H NMR spectrum (500 MHz, CDCly, 8, ppm, J/Hz): 1.18 (1H, qd, J = 12.5,
2.6, H-8a), 1.23 (3H, s, H-14), 1.25 (1H, ddt, T = 13.9, 5.4, 3.0, H-8b), 1.40 (1H, qt, ] = 12.7, 4.0, H-4’b), 1.54 (3H, 5, H-15), 1.68
(6H, m, H-7, 3%a, 3’b, 4'a, 5'a, 5'b), 1.78 (1H, d, J = 15.3, H-2a), 1.91 (1H, ddd, T = 15.4, 12.0, 3.0, H-9a), 1.98 (1H, ddd,
J=15.6,5.0,2.9, H-9b), 2.08 (1H, td, T =11.7, 3.0, H-6"a), 2.22 (1H, dd, T = 13.6, 2.4, H-13a), 2.28 (1H, ddd, J = 12.7, 7.0, 2.4,
H-11), 2.38 (1H, dd, J = 15.4, 1.4, H-2b), 2.52 (1H, br.d, J = 10.4, H-5), 2.66 (1H, dd, J = 13.6, 7.1, H-13b), 3.02 (1H, br.d,
J=11.6, H-6’b), 3.17 (1H, dd, T = 11.2, 2.9, H-2’), 3.29 (1H, d, T = 1.6, H-3), 3.98 (1H, t, T = 10.3, H-6), 7.24 (1H, ddd,
7=17.9,4.9,0.7,H-11"), 7.88 (1H, dt, T = 7.9, 1.9, H-10"), 8.4 (1H, dd, T =4.9, 1.7, H-12"), 8.5 (1H, d, T = 1.7, H-8").
13C NMR spectrum (125 MHz, CDCIy, 8, ppm): 69.84 (C, C-1), 35.95 (CH,, C-2), 62.44 (CH, C-3), 65.53 (C, C-4), 49.31 (CH,
C-5), 80.61 (CH, C-6), 48.76 (CH, C-7), 22.23 (CH,, C-8), 32.78 (CH,, C-9), 59.75 (C, C-10), 43.78 (CH, C-11), 178.59
(C=0, C-12), 51.90 (CH,, C-13), 21.54 (CH;, C-14), 17.52 (CH;, C-15), 66.18 (CH, C-2’), 35.95 (CH,, C-3"), 21.27 (CH,,
C-4'), 25.36 (CH,, C-5), 53.97 (CH,, C-6"), 148.58 (CH, C-8), 141.04 (C, C-9), 136.73 (CH, C-10"), 123.99 (CH, C-11),
147.59 (CH, C-12').

3-Keto-4,70,6 f(H)-germacr-1(10)-en-11(13-cytisinyl)-12,6-olide (14). Elution of a column by petroleum ether—
EtOAc (1:9) isolated a colorless crystalline compound, mp 185-187°C, C,¢H3,N,0,,. Yield 45%, R,0.63 (EtOAc-EtOH, 2:1).
IR spectrum (KBr, v, em™): 3030, 2994, 2925, 2884, 2852, 2796, 2360, 2341, 1766 (C=O y-lactonc), 1705, 1638,
1581, 1569, 1547, 1472, 1449, 1424, 1373, 1360, 1336, 1311, 1238, 1215, 1202, 1175, 1065, 980, 802, 711, 675, 558.
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[image: image110.jpg]UV spectrum (BtOH, A, nm): 203, 234, 311. 'H NMR spectrum (500 MHz, CDClg, 8, ppm, J/Hz): 1.03 3H, d, ] = 6.7,
CH;-15), 1.09 (1H, dt, ] = 14.3, 3.4, H-8b), 1.40 (1H, ddd, J = 14.2, 9.9, 3.3, H-5a), 1.48 (3H, s, CH;-14), 1.56 (1H, td,
J=14.2,13.0,3.9, H-8a), 1.75 (2H, m, H-8a, 9a). 1.94 (4H. m, H-9b, &b, 7. 5b), 2.25 (1H. ddd. J = 11.6, 5.2, 4.0, H-11), 2.29
(1H, d.J=10.8, H-13"a), 2.44 (1H. dd. J = 12.7, 11.7, H-13a), 2.51 (1H, m, H-9"). 2.57 (1H, d, ] = 11.0, H-11'b), 2.66 (1H, m,
H-4),2.69 (1H, dd, T = 12.9, 5.2, H-13b), 2.82 (1H, m, H-11’b), 2.89 (1H, m, H-13’b), 2.98 (3H, m, H-7’, 2a, 2b), 3.59 (1H, d,
J1=9.0,H-6),3.94 (1H, dd, T =15.3, 6.6, H-10'a), 4.02 (1H, d, T = 15.5, H-10’b), 5.29 (1H, t, ] = 8.5, H-1), 6.0 (1H, dd, T = 6.9,
1.3, H-5%), 6.46 (1H, dd, J = 9.0, 1.4, H-3), 7.3 (1H, dd, J = 9.0, 6.9, H-4"). 13C NMR spectrum (125 MHz, CDCl,, 8, ppm):
118.03 (CH, C-1), 42.23 (CH,, C-2), 208.95 (C=0, C-3), 39.86 (CH, C-4), 39.04 (CH,, C-5), 84.27 (CH, C-6), 40.40 (CH, C-7),
33.03 (CH,, C-8), 39.63 (CH,, C-9), 140.50 (C, C-10), 47.07 (CH, C-11), 177.77 (C=0, C-12), 58.86 (CH,, C-13), 15.89 (CH,,
C-14), 18.33 (CH;, C-15), 163.40 (C=0, C-2'), 117.07 (CH, C-3), 139.01 (CH, C-4), 104.36 (CH, C-5), 151.51 (C, C-6"),
35.14 (CH, C-7'), 25.69 (CH,, C-8'), 28.18 (CH, C-9), 50.31 (CH,, C-10"), 62.62 (CH,, C-11), 58.72 (CH,, C-13).

Crystallographic data for 14: orthorhombic system. a = 9.1145(3), b = 14.0930(3), ¢ = 18.5125(6) A,
¥ =2377.94(12) A3, space group P2,2,2,, CcHyuNy O, Z= 4, dyy g = 1.225 g/om?, = 0.082 mm~!. Intensitics of 28,278
reflections with 20 < 57° were measured. Of these 5,865 were independent (R; = 0.0335). Refinement results: wR, = 0.1253,
R =0.0553, §=0.958 for all reflections, R = 0.0404 for 4,813 observed reflections [F > 46(F)]. The Flack parameter was
0.7(10) and 0.3(10) for the enantiomer. CCDC 1423398, The first two peaks in the difference synthesis were interpreted as
residual water disordered over two positions [occupancy factors 0.206(7) and 0.147(7)].

3-Keto-4,7c,6 3(H)-germacr-1(10)-en-11(13-cytisinyl)-12,6-olide (15). Llution by petroleum ether-EtOAc (9:1)
isolated 15 as an oil, Yield 42%, mp 104-107°C (EtOAc-petroleum ether), R,0.56 (EtOAc—E{tOH, 4:1). Found: m/z 410.2563
[M]*, caled 410.2564. IR spectrum (KBr, v . em™): 3394, 2931, 2855, 2800, 1766 (C=0 y-lactone), 1708, 1591, 1576,
1452, 1425, 1384, 1363, 1325, 1171, 1127, 1100, 1052, 982, 936, 891, 842, 808, 719. 'H NMR spectrum (500 MHz, C;sDsN,
5, ppm, I/Hz): 0.94 (3H, d, T = 6.9, H-15), 1.19 (I1H, m, H-4a), 1.31 (1H, ddd, T = 14.0, 8.9, 4.9, H-5a), 1.40 (1H, m, H-8a),
1.45 (3H, s, H-14), 1.54 (6H, m, H-3"a, 3'b, 4’b, 5"a, 5'b, 8b), 1.86 (1H. ddd, J = 14.0, 8.3, 2.9, H-5b), 2.01 (2H, m, H-9a, 7),
2.04 (2H, m, H-6"a, 9b), 2.44 (2H, m, H-13a, 11), 2.59 (1H, ddg, J = 8.9, 8.3, 6.9, H-4), 2.86 (1H. dd, ] = 14.6, 8.3, H-13b),
2.98 (1H, dd, J = 14.6, 6.9. H-2a), 3.04 (1H, m, H-2b), 3.09 (2H, m, H-6'b. 2’), 3.73 (1H, br.s, H-6). 5.56 (1H, m, H-1). 7.28 (1H,
ddd, T=18.0,4.9,0.9, H-11"), 7.78 (1H, dt, T = 8.0, 1.7, H-10"), 8.65 (1H, dd, T = 4.9, 1.7, H-12), 8.81 (1H, d, T = 2.0, H-8").
13C NMR spectrum (125 MHz, CsDyN, 8, ppm): 118.24 (CH, C-1), 42.05 (CH,, C-2), 208.45 (C=0, C-3), 39.60 (CH, C-4),
37.93 (CH,, C-5), 83.62 (CH, C-6), 41.10 (CH, C-7), 32.15 (CH,. C-8), 40.00 (CH,, C-9), 140.25 (C, C-10), 46.19 (CH,
C-11), 177.58 (C=0, C-12), 55.16 (CH,, C-13), 15.48 (CH;, C-14), 17.71 (CH;, C-15), 65.46 (CH, C-2), 36.20 (CH,, C-3'),
24.69 (CH,, C-4'), 25.55 (CH,, C-5'), 53,37 (CH,, C-6), 150.10 (CH, C-8), 140.37 (C, C-9'), 135.66 (CH, C-10"), 123.89
(CH, C-11), 149.17 (CH, C-12").

4c,50-Epoxy-7 0,6 f(H)-germacr-1(10)-en-11(13-cytisinyl)-12,6-olide (16). A reaction mixture in MeOH produced
colorless crystalline compound 16, mp 241-244°C, C26H34N204.RJ,0.48 (EtOACc-EtOH, 4:1), Yield 75%. IR spectrum (KBr,
Vi €M1 2977, 2030, 2860, 2826, 2780, 1750 (C=0 y-lactone); 1657, 1579, 1550, 1473, 1380, 1219, 1175, 1145, 1073,
984,736, 534. UV spectrum (EtOH, }»mﬂx, nm): 203, 235, 311. 'HNMR spectrum (500 MHz, CDCls, 3, ppm, J/Hz): 1.21 3H,
s, H-15), 1.26 (2H, m, H-8a, 3a), 1.54 (2H, m, H-9a, 8b), 1.57 (3H, s, H-14), 1.78 (1H, m, H-8"a), 1.87 (1H, m, H-8b), 1.95
(1H, br.dd, J = 13.0, 6.4, H-9b), 2.04 (1H. m, H-7), 2.07 (1H, ddd. J = 12.9, 5.2, 2.0, H-3b), 2.13 (2H, m, H-11, 2a), 2.30 (1H,
qd, 7 =122, 53, H-2b), 2.42 (2H, m, H-11"a, 9'), 2.49 (1H, d, T = 10.9, H-13'a), 2.64 (1H, d, ] = 9.0, H-5), 2.64 (1H, dd,
J=12.7,5.3, H-13a), 2.72 (1H, dd, T = 13.6, 5.0, H-13b), 2.85 (2H, m, H-11"b, 13’b), 2.97 (1H, br.s, H-7"), 3.70 (1H, t, ] =9.0,
H-6), 3.86 (1H, dd, J = 15.5, 7.3, H-10"a), 4.00 (1H, d, T = 15.5, H-10'b), 5.11 (1H, dd, T = 12.0, 2.3, H-1), 5.97 (1H, dd,
J=6.9,1.3,H-5), 6.39 (1H, dd,J = 9.0, 1.3, H-3"), 7.26 (1H, dd, ] = 9.0, 6.9, H-4"). 13C NMR spectrum (125 MHz, CDCl,,
8, ppm): 125.50 (CH, C-1), 24.23 (CH,, C-2), 36.48 (CH,, C-3), 61.69 (C, C-4), 66.26 (CH, C-5), 82.45 (CH, C-6), 47.26
(CH, C-7), 29.65 (CH,, C-8), 40.81 (CH,, C-9), 134.10 (C, C-10), 45.96 (CH, C-11), 176.60 (C=0, C-12), 55.53 (CH,, C-13),
17.31 (CH3, C-14), 16.80 (CH3, C-15), 163.30 (C=0, C-2'), 116.99 (CH, C-3"), 138.65 (CH, C-4'), 104.35 (CH, C-5), 151.49
(C, C-6"),35.59 (CH, C-7), 25.69 (CH,, C-8),27.98 (CH, C-9"), 50.26 (CH,, C-10"), 60.92 (CH,, C-11), 61.35 (CH,, C-13").

Crystallographic data for 16: orthorhombic system, a = 9.1667(4), b = 12.6119(6), ¢ = 20.8691(8) A,
V'=2412.67(18) A3, space group P2,2,2;, CogHyNyOy, Z=4, d_y o = 1.207 glom?, u=0.081 mm~". Intensities of 22,333
reflections with 20 < 56° were measured. Of these 5,673 were independent (R = 0.0391). Refinement results: wR, = 0.1270,
R =10.0697, § = 0.973 for all reflections, R = 0.0456 for 4,334 observed reflections [F' > 46(F)]. The Flack parameter
was —0.8(11) and 1.8(11) for the enantiomer. CCDC 1423399.

469



[image: image111.jpg]REFERENCES

B g

S ow

9.
10.

11.
12.

13.

14.

15;

16.

17.
18.

470

AL A, Saleh, G. A. Cordell, and N. R. Farnsworth, J. Chem. Soc., Perkin Trans. 1,5, 1090 (1980).

H. Matsuda, 1. Toguchida, K. Ninomiya, T. Kageura, T. Morikawa, and M. Yoshikawa, Bioorg. Med. Chem.,

11, 709 (2003).

M. Yoshikawa, S. Hatakeyama, Y. Inoue, and J. Yamahara, Chem. Pharm. Bull., 41, 214 (1993).

S. M. Adekenov, M. N. Mukhametzhanov, A. D. Kagarlitskii, and A. N. Kupriyanov, Chem. Nat. Compd.,

18, 623 (1982).

S. M. Adckenov, Eurasian Chem.-Technol. J., 15 (3), 163 (2013).

S. M. Adekenov, K. A. Aituganov, K. M. Turdybekov, S. V. Lindeman, Yu. T. Struchkov, I. Yu. Bagryanskaya,

and Yu. V. Gatilov, Chem. Nat. Compd., 27, 27 (1991).

S. M. Adekenov, K. A. Aituganov, V. A. Raldugin, Yu. V. Gatilov, L. Yu. Bagryanskaya, and V. A. Pentegova, zv. Akad.
Nauk KazSSR, Ser. Khim., 79 (1989).

Zh. R. Shaimerdenova and S. M. Adekenov, in: Achievements and Prospects for the Development of Phytochemistry,
Glasir, Karaganda, 2015, p. 128.

Cambridge Structural Database, University of Cambridge, UK, Version 5.36, February 2015 update.

B. A. Salakhutdinov, D. N. Dalimov, T. F. Aripov, 1. L. Tukfatullina, R. Kh. Ziyatdinova, A. Zh. Dzhuraev, F. G. Kamacy,
L. Yu. Izotova, B. T. Ibragimov, I. Mavridis, and P. Giastas, Chem. Nat. Compd., 38, 249 (2002).

R. B. Barlow and O. Johnson, Br. J. Pharmacol., 98, 799 (1989).

U. Burkert and N. L. Allinger, eds., ACS Monograph, No. 177: Molecular Mechanics, ACS, Washington,

D.C. (1982), 339 pp [Russian translation, Mir, Moscow, 1986, p. 364].

S. M. Adekenov, K. A. Aituganov, K. M. Turdybekov, S. V. Lindeman, and Yu. T. Struchkov, Chem. Nat. Compd.,
27,575 (1991).

T. T. Edilbaeva, A. K. Kaldybaeva, K. M. Turdybekov, A. T. Kulyyasov, and S. M. Adekenov, Chem. Nat. Compd.,
35,430 (1999).

A. Quick and D. Rogers, J. Chem. Soc., Perkin Trans. 2, 465 (1976).

C. Frankfater, W. Schuhly, F. R. Fronczek, and M. Slattery, J. Chem. Ecol., 31, 2541 (2005).

M. Kazmierczak and A. Katrusiak, Cryst. Growth Des., 14, 2223 (2014).

Th. Steiner, Crystallogr. Rev., 9. 177 (2003).




[image: image112.png]ISSN 2518-1491 (Online),
ISSN 22245286 (Print)

KABAKCTAH PECTIVETHRACH!
YIITTBIK FELBIM AKAZIEMMSACHIHbIH

JUB. Coromserni aromnars Kawapuai,
atanes e snexspoxisu ety Ti AK

XABAPJAPHI

U3BECTHUsL NEWS

HALMOHATIBHON AKATEMIH HAYK ‘OF THE ACADEMY OF SCIENCES

PECTIVEIHKH KASAXCTAH ‘OF THE REPUBLIC OF KAZAKHSTAN

AO Hucrimyr Tonea, arasica ISC AD.V. Sokolsky nsitute offul, ctalysis

saesspossnumnt . JLB. Coronmexoron and clctroghemistrys
SERIES

CHEMISTRY AND TECHNOLOGY

4442

JULY - AUGUST 2020

PUBLISHED SINCE JANUARY 1947

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK.




[image: image113.png]News o the dcadeny of sctences of the Repubic o Kizaan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY.

ISSN 22245286 hitps:idoi org/10.3201412020.2515-1491.60
Volume 4, Number 442 (2020), 22 - 29

UpC 1S90

SIN. Mantlr, MM, Zhakanos, S.M. Adekenoy
ISC meratons Rescarch and Production Holding «Phytochemisisy . Karaganda, Kl
Eamal nfoipiyio ks

BIOSYNTHESIS AND DYNAMICS OF ACCUMULATION
OF SESQUITERPENE LACTONES
INARTEMISIA GLABELLA KAR. ET KIR.

Abstract, The tudy ofbiosy it proceses i plan cels and methods for i reultion & an imporant
aspct in e devclopmcnt of biotechnplogical methods for the producion of ahable mecicial compounds. The
“dentiicaton nd bl ofcnryme Smtues o n e formaton ofsecondry et piants by
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arolde in CO-xtts o Aremvi labele Kar <1 Ki. ndividalorgne werspetorned a difrent sages of the
oving period (sart of regravth o of rgmowih. budding, Mowerng. muting): wing clectrn scanning
microscop. e leaves S morphology i dtermined I s Tound T the QI accumistion of
i 1§ oservd during budding Sz and s smoun are 907 i s and 1:56%.buds. On hesufae of
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Introduction. The sudy of biossnihetic processes of plant cels and methods of ther rgulation is
one of the curent trnds in bilogical chemistry. The biosyntheis of soprcnoids, a vy larse group of
natural compounds tha ae diverse in structure and functon, s been sudicd by many forcgn rescarchers
[1-15]. 1 was cstablished that the biosynthetc pathway of all isoprenoids begins with two branched
Phosphorylated precursors  sopeateny| pyrophosphate and dimedhylall pyrophasphate fgurs 1), which
e formed n iving onganisms along one of 1o pathays 1]

1) mevalonatepaihway_(elasie. BlochLynen pathway, MVA-pathway) - from mexalonic. acid
occurring under the sction of enzymes locsted in xtosol

2) non-mevalonare patveay (aliemaive, Rohmer pariway. MEP- paiy) - from methylerythitol
Phosphate accurring undar the action o enzymes losalized in plasids.

Under the scton of isopenteny] pyrophosphate isomerase cnzvme,  double bond shift oscurs in
sopentenyl pyrophosphate (IPP) and an isomeric compound. dimethylalyl pyrophosphate (DMAPP).is
Tomned. Furler formation o erpencs oceurs by aaching PP residucs (o 3 DMAPP molccule to prodice
serany] pyrophosphate or (0.2 arowing chain o isoprenoid wih the Formation of famesy! pyrophosphate,
et (fgure 1),
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It should be noted tha the cytoplasmic (MVA) and chloroplast (MEP) pathys difer nly in the
caty staes: singe the formation of the C-aunit of IPPP, thero are no diffeences in the stages of
biosynthesi [2. 31, In addition. higher plants and some microorganisms are characterized by the use of
boih pathways of isoprenaid biossihesis, and although both pathways. in the plant cel functon
simulancously.they are physically solted from each ot [1].

"To dac.th biosynthetic pathways of the formation of individual sesquiterpenc ctones n a number
of plants ofthe Asterdceae family have been sudicd (costunolde in Cichorium inbus L. 3], Helanhus
annuns L. n Lactic sattva L[S pathenalide in Tanacerm parihenim (L) Sch. Bip. (6] artmisinin in
Artemisia anma L [T 5, 9] and in some others) The key (0 determining biosyntheic genes in many
Studics has becn the dentiication of plant organs in which quanitative secumulation of sesquicrpen:
Jactones occurs [9, 10]. On the surface of most of them, there are exogenous specilized tepenoid-
containing secretory siructurs - glandular tnchomes [11], which show the highest concentraion of
Sesquitrpene lactones and quastitaive content of TpGAS synthase (s genc encoding the firt sage of
‘semmacranolide biosynthesis) 8. 9. 12, heie presence and morphologica diversity for  number of lants
Asteraccae family are confimed by clectonic scamning microscopy |13, 14, 15]. It was glandular
‘rchomes that were used in many studies o ssolate RNA and its equencing i order to determine the
uclootide sequences of genes encoding e trucures of erpenoid biosythesis enzymes i plasts

The aim of ths work was the quandiive cvaluation of the content of sesquiterpene lactoncs in
individual organs of Aremisia giabello Kar. ot Kir. at diffrent stages of the growing period and
detemining the size of elandular tichomes on ther surfce in order to sclct optimal samples for the
Searh for gnes invalved n biossnihesis of arglbin.

Materials and methods of the research. The object of rescarch in this work was the plat of he
lora of Kazakbstan Aremtia labella Kar. et Kir. of Avcraceae fanly. Acrial pars of Ariemisio
labella Kar. et Kir wers collected in the Karkaraly distict of the Karagand region in accondance vith
the phenospectrum for the main sages of growing scason ofthe plant sar of regrowth - 01,06 2018: end
of reprowth - 22.06 2015, budding — 15.07.2015: flowering - 15.08 2018, fraiing — 18.092018). Planc
samples were placed in the herbarium find ofthe laboratoy of botany and bioteehnalosy of ISC “IRPH
“Phytochemistny

“The collcted raw materils wer divided info ndividual organ (sms, eaves were separaied and.
depending on the devclopmental stase, buds/flowers/uits), also whole shoots were Iet for study. A
plant sampes were drid by the s shadons method.

The extracion of secondary metaboltes from the aeial part and individual organs of the plant was
caried out on 8 supersrical fluid cxtmaction it USFE-S52 (16] with the following parameters (for all
fpes of aw mateials). pressue 16 MPa: emperature 60/C. duration 180 minutes For cach extration
100 of raw materialcollceted in 2018 durin the coresponding arowin perod was usd

e quantative_content of componcais in the CO: exiracs was detemmincd by high-pressure
reversed-phase HPLC with 3 UV-detector on a Hewlott Packard Agilnt 1100 Series chromatograph in
socratc mode. Anslsis conditions: salytical column 46<150 mm, Zosba SB-CIS sorbent with
parice size of § pm, column temperaturs - room emperature, mobile phase acetonitle vater misture
(11, mabile phase velociy 0.5 mimin, njction load 20 . detecion at a wavelength of 204 nm. Data
was cleulated using ChemSiation soffware
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The stdy of suface morhology of individual plan organs was carried out using optical microscopy
methods. MBR-1A biological microscope was sed to inspoct e surfsce. Scanning clectrnic microscope
of high-spatial resoltion Mira 3 LMU Tescan was used o detect the size of tempencid-conaining
structurs. Airdried samples of Artomisia glabella Kas. e Kit. leaves with a sputring of 25 nm thick
gold wer prepared for analysis.

Results and discussion. Among secondary metabolits of Ariemisia glabella Kae. et Kie. there are
sosquitepene lactones arglabin (1) and angolide (2) - biologicallyactive compounds with a proven
pharmacologica effectand promising forchemical modifictions, a wallas dihy droargolide (3).

o ) )
0] @ @

“The mjor component of the Ariemisia glabela extrat i sesquitepene lactone arglabin - 1(10)-
eposy-5,7a, H)-guaia-3(4),11(13)-dien-12.6-0lide, the average content of which is 149% for ary
rav material, th rate of rcovery by superritical fluid extraction eaches 92 4% [17] It has an nbibitory
effct on a number of transpantable wmors (Plss' Ismphosarcoma, Walker's arcinosarcoma, RMC-
breast cancer, alvcolar liver cancer, P38 and D-1120 leukemia), 5 wll 2 on tamor strains resistant 0
standard chemotherapeutic dnugs (fluorourail, sarclysin, prospidin, rubomycin), s used s an
immunomodulting sgent [15], Ther was also evealed ts hypolipdensic offct in hepatoma cols [19].
The watersoluble denaive of dimethylamincarglabin hydrochlorids 18] s the acuve substance in the
e anttumor drug "Arelabia”, which. according 1o 3 number of charactriscs, has no analogues in
the world, has passed chinical sudies and i uscd in antitumour therpy. Arglbin s promising for
chennical modifcation: more than 70 derivativs ar obtaincd on s basis [20]

Microscopic cxamination of the surface of Ariemisia glabella Kar <t Kir. organs allowed us to
establish that the epidermal glandulas structues (sichomes) of the aerial pas Aremisia._glabella
(fgurs 2) are represeated by two forms: glandular aies and capitte glandular trbomes (both are
mulcelular). On both sides of the leaves and on th lower part of flower Ariemisa glabell, glandular
rchomes predominat (Figure 2¢, 24), which hasc an oval in shape. The sizs of gandular trichomes on
the laves surfae varies btween 70-30 microns n lngth and 33-38 microns in width (fgur 3)
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"o stdy the dynamics of sccumalation of sesqiterpene lctoncs i individual organs of Ariemisia
gl Kar.ct Kir.a series f CO--extraction of raw materials colected st differcat tages of th groning
period was caried out. The resuls of hromatographic analysis of the obtained CO-extracts are presented
nab
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Atthe stor of egrowih stage, the yild of CO,-<xtract from whole shoos leaves and stems) is 7 05
on -y mateial with an average concentraton of arglabin f L.12% on airdry materials.

At the end of regrowih stage thers i a sight decrease in the yield of extract 10 5.70% on iy
material, which i most kel dus 0 the eltiv ncrease i th proportion of stms n the total weight of
the raw malerial. he extract ield of which (o can be sn from the daa i Tabe 1) s insgnificant and is
185% on airdry matenal. Also. inthis phase. an increas in rgolide concenraton i observed by almost
2 imes (up 103 86 n the extract and 022 on urdry mateias) with a slightdecrease in the concentraion
of arglabin (fom 112% (0 078%).
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A quaniative vield of COextract s abserved during budking stase (on average, within 715% on
iy mateial). During ths stag. the Highest concentation of arglabin and argolide n the obtained
extrcts was noted. Thus the highest conten of arplabin wasrecorded i the leaves (25 56% in the exrct
and 190% on air-dry matera). i i sightly lower n buds (18 84% i the extact and 1.36% on airdry
matera) This fact is completaly corrlated it the presence on the surface of recsely these Aremisia
slabela organs of capitate glandulr trichomes - stctures where the formation and aceumulation of
fespenoid atur substances oscur

The chromatogram of the CO.-exract of raw mateial Arieisa glabello coleced during budding
sage shows the prescnce of three additonal peaks of componcats with ecation imes of 67139, 13 836
and 17,683 min, which form and sceumulate i buds (e 4b)

During the flowering sage,the yield of the extrat decreass 6 25% on air-dry matrial, there is an
almost three-fold decreas in the concentation of arglabin and areolide (up 10 0.53% nd 0.13% on aiedry
materal respectively)

For the fuitng stag. the extract vield s minimal (3.57% on ae-dry matcria) and the content of
Sosquitcrpene lactones aelabin and argolid in whole shoots i 039 and 0.08% on ar-ry mateial

RS —————

e 4 - Chromaograns f the composet composion of e Ot o il s
o ot el ki e

From the daa in table 1 it i sl scen that the biosyathesis of arlabin continues in youns whole
Shoots aven with the repeat regronth, which s observed in the 2-3rd decade of August. Morcover, the
content of arglabin i them remains quite high (118% on ir-dry mateial duing the fruiing stae).

Comparative data on the content of target component (arlabin) for diffeent stages of the groving
period and in individual organs at th budding stage are presentod on diagrams (fgure 3)
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The resuls of an experiment on CO-extraction of sscondary metaboltes from ra materials of
Ariemisia glabella corrlate with previously obianed by chloroform extraction data on the quantiaive
Sccumulation ofscsquitcpene lactones precisely a the budding stage in eaves and buds [21,p. 79, 9], It
should be notd tht he prceniags conteat o arglabin inthe Arenisa giabel populaton growing n the
natural habiat (Karkaraly disinet) is alimost 3 times higher. Hawever, this diference can also be
associted with the use of various methods for its cxisction from plant maerils (chloroform and
superertealflid extracton).

Conclusion. As a rosult of the studics, it was found that the presence of sesquitepene latone
argabin s observed n all inividual orzans of Arfemisia elahlla Kar. o Kir.and during al Stages of the
growing period. Tempenoid-containing organs are eaves and buds, in which its quaniative aceumulation
duing budding stage is noted (within 1-36-1 90% accarding to HPLC analysis of €O extracts) On the
surfice of these organs there are specialized terpenoid-containing Structures - glandular trchomes, in
which the bosynthesis and accumultion of scsguiterpene lactones and athr tepenoids under the action
of seoquiterpene. synthases occur. Accorling 1o clectronic scanning microscopy daa. the glandular
trichomes on the sarface of Ariemisa globelia Kar. t Kir.leaves have an oval shape. hei siz0s vary
betwecn 70-80 microns in ength and 33-38 microns in width Thus, we assume thatthe lcaves and buds of
an intac plant are optimal samples (o scarch for genes imolved in the biosynliesis of sesquicrpens
Tactones
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KP4 AN NORDGD] AT T ORI GO i Gpy i | 15%)
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TATMAEIN SKCIGDIMGHTTIX ASPORIGPIA HETIINS GREKIIRI AIOABPIIR CROHHICIAS KTCaTs
Fecpa iy Y ORTAka VAP Perie Sypach cu iemisa gabela Kar. o Kie mwrastiai
I TS NG 1 S TR A

Ty conts et e il Kar. ot Ki. cockmicpneni o, speadi, Grocunres,
DO, ot KA oW KT





[image: image119.png]News ofthe Academy ofsiences of the Repubic of Kazakdan

CIL Mawcp, MLV, Kacanon, C-M. Anccnon
A0 ey o vy he-mpOIIB T NOTRANE (O, Kaparas, Kacran

'GHOCHHTES 1 THHAMHKA HAKOILTEHI CECKBTEPIIEHOBBIX TAKTOHOB
'BARTEMISLA GLABELLA KAR. ET KIR.
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e S T

eTmoaio, 0 PICHTCTIC SECKRMCPICIORR0 TN PRSI IOSTOIEICR 89 SGEN OprS
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Ha nosepiocrn awcrica  Gyrovon iriemisia glabella Kat. et Kie. ycrunoaseno mmine 1 Jopy
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METO/IbI BLIAEJIEHHWA 1 OITPEEJEHNS CECKBHTEPITEHOBBIX JIAKTOHOB

AnnoTanusi. Pactenus COREpKaT OrpOMHOE KOIMYECTBO BELIECTB, KOTOPHIE HE YUaCTBYIOT B
OCHOBHOM OOMeHe (BTOpHYHBIX Metaboauros), HO 0cOnamaoT (MU3MONIOrMUECKHM AEHCTBUEM U
MOTYT MCTONB30BaThCS B KAUECTBE JIEKAPCTBEHHBIX NMpenapaTos. B nasHOi cTaThe PacCMOTPEHBI
METOIbl BBLIEJIEHUS OHOJOTHIECKY AKTHBHEIX BELIECTB H3 JIEKAPCTBEHHOTO PACTHTENBHOrO Chipbsi
(3KCTpaKLWsi OpPraHWYECKUMH PACTBODHUTENAMI, BOJIOW, CHKIDKEHHBIM JHOKCHIOM yriepona), a
TAKKe YNbTPa3BYKOBas OJKCTPAKLMs KaK OOMH U3 CHOcO0OB HMHTeHCH(HMKALUMH mpouecca
IKCTPAarupOBaHus. B  KkauecrBe mNpuMepa BHIOPAH CECKBHTEPIICHOBBI JAKTOH TI'POCCMH3HH,
BBIIEIAEMBIH U3 MONbIHM Oenosaroil (Arfemisia leucodes Schrenk.), mis KOTOPOre NMPUBENEHBI
cTpykTypHasi GOpMYJIa, IPOCTPAHCTBEHHOE CTPOSHHE TIO JAHHBIM PEHTTEHOCTPYKTYPHOTO aHaiu3a,
NPOrHO3HpyeMble BHbI GHONOTHYECKON AKTHBHOCTH, METONHKA BBIACEHIS M3 CHIPbS U METON
OIpeeNeHn sl B 3KCTPAKTE.

KitoueBbie €j10BA: CECKBUTEPNEHOBBIE JIAKTOHBL, IPOCCMH3MH, OHONOTMYECKH AKTHBHbIE
COeNMHEHUs, SKCTPAKUWs, BTOPHUHbIE MeTabOMUTHI,  BBICOKOI(Q(PEKTHBHAR  JKMIKOCTHAS
xpomatorpadus.

PacTeHus CHHTE3HPYIOT OFPOMHOE KONHYECTBO Pa3HOOODA3HBIX BEIIECTB, HAKAIIMBAEMBIX B
pasnuyHbIX OpraHax (KOpHsX, creQisix, LBeTkax, ceMeHax u T.L). Tlomumo nepeuunwvix
Memaboaumos, TPUHAMAKLIMX YYacTHe B OCHOBHOM 0OMeHe (YrieBOa0B, AMUHOKHCIIOT, AKHPHBIX
KHCJIOT, HYKJIEOTHIOB, LIMTOXPOMOB, XJOPOQHINOB, & TaKkKe COEHWHEHMH, SABISHOLIUXCS
HHTEPMENNATAMA PA3MMYHBIX METa0ONMUECKNX Ppeakumi), pacTeHusl CONEPiKAaT OrpOMHOE
KOJIMYECTBO BEILECTB, KOTOpbIE HE Y4YaCTBYWT B HeM. MX TNpPHHATO Ha3kBaTh SMOPUYHLIMU
semadorumavu. Tlo cnocobHocTH 00pa3oBbIBATE BTOPUUHBIC MeTabOMUTEI PACTEHHA ABNAIOTCE
«PEKOPACMEHAMMY, OCTABIIsisS MPEACTABUTENEH APYTHX LAPCTB KMBBIX CYLIECTB aieko nosaau. B
HACTOsLIEG BpeMs MW3BECTHO 6Oonee 45000 BewecTs BropuuyHOro Merabommsma. HauGonee
MHOI'OYHC/IEHHBIMU TPYIIaMi BTOPHYHBIX MeTabOIHTOB SIBISKOTCA M30NPEHOMIbI, (EHONbHbIE
COeIMHEHHUs! 1 aJIKaJIOHIbl, MHOTHE [1].

B HacTosiLIEe BPEMs JIEKaPCTBEHHBIE CPEJICTBA M3 PACTEHHIl COCTARMSIFOT 3HAYUTEIbHYIO HaCTh
MEIMLMHCKHX MPEenapaTos, BHITyCKaEMBIX B MHpe. MHOTHE LMPOKO M3BECTHDLIE JIEKaPCTBEHHbBIE
pacTeHus, Takue, HATpHMep, KaK IyCTBIPHMK, KPanmMBa, MAaTh-U-MAauexa, NEB3€s, JIaHIbill -
HEHCUEePTAEMbI MCTOYHHK OHONOTHMYECKM AKTHBHBIX BELIECTB, B3ATBIA COBPEMEHHOIl Hay4HOR
MEULMHON W3 MHOTOBEKOBOIO OIbITA HAPONHOH MEAMLMHLL BOMblIas 4acTh JeKapCTBEHHBIX
pacTeHH HCMOMB3YeTCs Kak ChIphe JUisl XAMHKO-(HapMaleBTHIeCKOH NPOMBILIEHHOCTH, K3
KOTOPBIX Y4CTh MOCJE MepBUYHON 00pabOoTKH NOCTYMNAeT HEMOCPEACTBEHHO B ANTEYHYIO CETb, &
OCTaJIbHbIE UCTIONB3YIOTCH [Ulsl BHIIENCHNS IPHPONHBIX COSAUHEHMIT B YHCTOM BHAe [2].

Tak, nanpumep, noabIHB Oenosarast (Artemisia leucodes Schrenk.) - myCTHIHHO-NeCUanbiil BAA
pacnpoctpatennbiii B Cpenneil Asun. Ona npencrasnser cobod 1-2-1eTHee pacTeHHe BBICOTOH a0
60-90 cm u g0 45 cM B nuamerpe. Bcé pacTeHue N0 KOHLA BererTauuu - GeiosaToe OT TyCTOre
BOLTOYHOrO OMyIIEHHs B BHAE GENbIX, IWIHHHBIX OTTONBLIPSHHEX BOJOCKOB. B HapoaHO# MenuiHEe
e HAN3EMHYK YacThb MWCIONB3YIOT JUI JiedeHuss GOMM B CycTaBax, peBMATH3Ma M Kak
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TPOTHBOBOCTIANIUTENBHOE  cpencTBO. CIMPTOBBIA OKCTPakT mnonbiHKM Oenosaroii  ofnamaer
BBIPAXEHHBIM JKeJTUYeTOHHbIM JelicTreM [3]. TlapoBoit qucTHiuIsukell UBETYIMX U IICAOHOCALIHX
uacreit 3Toro pacrenus ¢ BexomoM 0,13% noaydator a¢upHOe Macio, npeacrasisiomiee coboit
CHEXXHO-DEITyI0 KPUCTATIHYECKYIO MAcCy C CHIbHBIM 3araxom xamdopst. Ha ocHOBE BbineneHHOro
M3 MONbIHM OeNOBaTOH CECKBUTEPNEHOBOTO JAKTOHA JIEYKOMH3HHA TMPOWSBOMAT Mpemnapar
«ATeponuzy, 06nagaroiil aHTHCKJIEPOTHIECKHAM H THITONMITENeMUYECKHM JieiicTBreM (4]

CecKBUTEPIIEHOBRIE  Y-JAKTOHLI  (OBICTPOPACTYLIMiT KJIACC NPHPONHBIX  TEPIEHOMIOB,
obnanalomux UEHHBIMH  (U3MONOTHYECKHMH  CBOMCTBAMH M SIBIAIOIIMECS OHHOHW W3
NEPCTIEKTUBHBIX TPYMIT PACTHTENbHBIX COGNHHEHHIl B IUIAHE CO3JAHMSI Ha HMX OCHOBE HOBBIX
TIPOTHBOOIYXOJIEBBIX NIPENAPATOR) BEI3LIBAIOT OCGOBIH HHTEpec ucciaeaoBareneil. Mix sbiaensior u3
pacreHuii cemeiicts Amaranthaceae, Aristolochiaceae, Asteraceae, Apiaceae, Canellaceae,
Lauraceae w pp., no wHambonbinee umcino (oxono 90%) BbIZENEHO W3 PAcTEHUil CemeiicTea
Asteraceae. OCHOBHOE KOJIIMYECTBO CECKBUTEPIICHOBBIX JIAKTOHOB BBIIEJICHO M3 JINCTHEB U LIBETOB,
HECKOJIBKO MEHBLIE — U3 KOPHE i KOpPbL.

CecKBUTEPTICHOBRI JIAKTOH TPOCCMM3MH, MONEKYJApHas CTPYKTYpa M HPOCTPAHCTBEHHOE
CTPOEHHE MONEKYJIBI KOTOPOro (Mo AAHHBIM PEHTTEHOCTPYKTYPHOTO aHAIW3a) MPEeHCTaBNeHbl Ha
pucyHke 1, BrepBbie BEIIENCH M3 HONLIHM Oenoparoil asropamu pabortsl [5]. Kak BumHO u3
CTPOEHHST MOJIEKYJIbI, TPOCCMU3UH OTHOCUTCA K CTPYKTYPHOMY THITYy THEHOHOBBIX 'BAilaHOJIMIOR,
TaK KaK HMEET CUCTEMY COMPSIKEHHBIX JIBOMHBIX CBA3EH.

14
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Pucynok 1. MonekynsipHas CTpyXTypa U HPOCTPAHCTBEHHOE CTPOCHUE MOJIEKYJIbl FPOCCMH3HHA [5]

IMpy M3yueHHN TUMONMITUAEMUYECKOH aKTHBHOCTH JHEHOHOBBIX I'BalaHOIMIOB YCTaHOB/EHO,
YTO MHOTME H3 HHX B TOHl WJIM HHOH CTeNeHH OKa3bIBAKOT yrHETAIOLIEe AEHCTBUE HA CHUHTE3
OCHOBHBIX ~(DpaKUMH JHIOMJIOB H30TUPOBAHHBIMY TENATOLHTAMH KPONHMKA. BHOIOrHYECKYIo
aKTHBHOCTb CECKBHTEPMEHOBBIX JAKTOHOB YacTO CBA3LIBAIOT TAlOKe C IMIPUCYTCTBYIOLIEH B
MOJIEKYJIE MHOTHX WX HHX (-METHJIEH-Y-NaKTOHHOH rpynmoii (B MOJEKyNe rpoOCCMU3UHA JAHHON
IPyNbl HET), KOTOpasi B3auMoOjeHCTByeT Hykieodmiamu (co ¢BOGOIHBIME CyIb(IHIPUILHBIMU
WIH amuHOrpynmamu B (pepmenTax, (akTOpax TPAHCKPHNIUMM M ADPYrux Oenkax) depes
npucoenuHerre Muxasis 1 HeoOpaTMo ankuIupyer ux [6].

IporHo3 crekTpa OHONOIMHECKOH AKTHBHOCTH TIPOCCMH3HHA, TMOJYYEHHBIH C TOMOUIBIO
cucteMbl PASS no crpyxTypHOli (GopMmyie, NO3BOJSET OKHAATH NPOABIEHMA Y HErO BOCHMH
Haubosee BEPOATHBIX BUIOB aKTHBHOCTH C PACHETHBLIMH OLCHKAMH BEPOSITHOCTEH €€ Hannyus (P,
bonee 70%) u e¢ orcyrcreua (Pi), npeacrapnenssix B Tabmie 1. Ilpn atom 3Hadenus Po u Pi
UHTEPNPETHPYIOTCS KAK OLEHKM Mephbl INPUHAANEXXHOCTH BELIECTBA K KIACCAM aKTHBHBIX M
HEAKTHBHBIX COEIHHEHHH COOTBETCTBEHHO: 4eM GoJIbLie JUsi KOHKPETHOMH aKTHBHOCTH Belu4uHa Py
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¥ 4em MeHblie BenuunHa Pi, Tem Gonbure mane 06HapyXUTh NaHHYIO AKTHBHOCTb B SKCHIEPUMEHTE.
M3 nmanmerx Tabmmusl 1, y TPOCCMM3MHA JIOCTATOYHO BBHICOKA BEPOSTHOCTH BbIIBJIECHHS
MPOTHBOOITYX0JICBOI AKTHBHOCTH.

Tabmmua 1 - BepoaTrsie Bkl GHONOTMHYECKOIT aKTHBHOCTH FPOCCMMU3IHA COMACHO NPOTHO3Y
riporpammet PASS

Ne| Pa Pi AKTHBHOCTB Buonoruueckoe neficteue
110,910 | 0,003 uurocraTudeckoe (cytostatic) TIOAABIBHOLIEE PASMHOKEHHE KIIETOK
(0cobeHHO PaKkoBbIX)
2 10,829 | 0,009 AHTHHEOIIACTHYECKOE MPOTUBOOINYXONEBOE
(antineoplastic)
3 10,830 0,013 | cyberpar s pepmenta CYP2ZH -
(CYP2H substrate)
410,803 | 0,004 | xapAHOBACKYJAPHBII AHANEITHK CTUMYJIATOP AEATENbHOCTH CEPAEYHO~
(cardiovascular analeptic) COCYNIMCTON CHCTEMbI
5 10,786 | 0,022 | nporuBosk3eMHOe (antieczematic) CPENCTBO, KYMUPYIOIIEe CUMITOMBI
IK3EMBI
6 10,737 | 0,004 | mporuBoKaluIeBoe (antitussive) CPENCTBO [IPOTHB KALUIS
7 10,703 | 0,003 HWHAYKTOP réHa UTOXpoMa MHIYLHPYET 9KCIPecCHio H3ohepMeHTa
CYP2C19 (CYP2C19 inducer) CYP2C19, uMeromero OTHOLIEHHE K
MeTaboIIU3My JIeKapCTB B TIEUEHU
8 10,736 | 0,043 unrubuTop hepmenTa uHrubupylouee aeicrane Ha epmeHT
TecTrocTepoH 17B-neruaporenass TecTocTepoH 17B-neruaporenass,
(NADP") (testosterone 17beta- y4YacTBYIOLUHH B MeTab0/113Me
dehydrogenase (NADP™) AHJIPOrE€HOB U 3CTPOTEHOB
inhibitor)

Metonbl  BLINENEHHS CECKBUTEPHEHOBbIX JAKTOHOB H3 DACTUTENLHOTO Chipbsl BECHMA
pazHoOOpasHel. ITO OOYCIOBIEHO 3HAUMTENABHBIM DA3IHYUEM uX (U3HYECKAX W NHMUIECKHUX
CBOWCTB.

[lepsbiM 3TanoM BbIAETCHHA CECKBUTEPIICHOBLIX [AKTOHOB, KAK M NPYTHX PACTHTEABHbBIX
MeTabONNTOB, ABAACTCA IKCIMPAKYUS. PACUMENbHO20 Chipba. B 0CHOBHOM, pa3paloTka METONOB
HX BBIIENIEHUS CBSI3aHA C MOAOOPOM PacTBOPMTENEH H ONTHMM3ALHNEH PEXUMA HMEHHO Ha 3TOM
stanie. [Ipn Beibope pacTBOpUTENs PyKOBOACTBYIOTCS HONSPHOCTBIO LENEBOTO MPOAYKTA, a TAKXKE
HEOOXOMMMOCTHIO TIPETOTBPAIIEHIS H3IBIEYSHNS PAsIHYHBIX CONMYTCTBYIOMUX BewiecTs, Hanbonee
ITMPOKO  JITA 3THX LeJell HCHONb3YIOTCH OPraHuYeckHe pACTBOPUTENH (METAHON, 3TAHOM,
AM3TUIOBBIE SOHP, XN0PodOPM, STUIALETAT M PA3NNYHBIE CMECH YKA3aHHBIX PACTBOPHTENEH),
pexe — BOZA.

[lanee cienyer BTOPOIt 3Tall - GpakyuoHuposane coipo2o skempakma meronom [poxmka-
Imotposckoro.  JIaeHbIii  METOX OCHOBAH HA OCAXKACHHW TuAPOGOOHBIX KOMIOHEHTOB
(xnopoduibl, JHNONNBL, TOJMMHBL, KAPOTHHOWIbI, HEMNOISIPHbIE (IABOHOMABI) MNOCPEACTBOM
00pabOTKM 3KCTPaKkTa TOPAYMM BOIHBIM 3TAHONOM H HOCHENYIOWiEH 3KCTPAKUMM JaKTOHOB M3
BOMHOTO 3TaHONAa OPraHWvecKUMI PacTBOpHTeNAMM (uamre Bcero xnopodopmom, 3sdupom,
Oensonom). .

Ha TpeTthem sTane — ouucmike, WUPOKO HCTIONB3YETCA MEMOO KOIOHOYHOH Xpomamozpaduu
HOPMaJIbHOrO M BHICOKOTO NABJIEHHS HA HOPMalbHO-(a30BbIX COpOEHTAx, a TakkKe NpenaparuBHas
monkocaounas  xpomamoepachua. Xpomatorpadmsa Ha HefTpaseHoM oxcuae amomunus (IV
crenenn akThBHOCTH, pexe III) — maubonee ynoGmubiit MeTon xpomatorpaduyeckoil OIUCTKH U
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paszieneHns CECKBUTEPTIEHOBBIX Y-JTAKTOHOB OT (PEHOJBHBIX KOMIIOHEHTOB, KOTOPBIE HEOOPATHMO
copbupytoTcs Ha 3ToMm copbenre. Yacro mus sTux ueneif menomesyorT u cuaukarens (KCK)
Jaunbiii MeTon coueraercst ¢ MmoCHeyouieil pexpoMartorpadmeil nomyueHHbix (paxumii u ¢
TIPUMEHEHUEM NPENapaTHBHOMN BEICOKOI(PEKTHBHOIN XKUAKOCTHOMN XpomaTorpadu.

Crienyer, OXHAKO, OTMETHTD, YTO YHU(PHLNPOBAHHOTO METOZA BBIIENEHUS CECKBUTEPTIEHOBBIX
JaKTOHOB HE CyLIECTBYET. B Ka)KJA0M OTAETLHOM Cl1y4ae, HeOOXOMMM KOHKPETHBIH Moaxoa.

3Ha4YUTENBHOE KOJINYECTBO JAKTOHOB BBIAEIAIOT ¢ NOMOIIBIO XJIOPOhOpMa C MOCHENYIOUINM
pasfeneHueM  TOJYYeHHOIO  SKCTPaKTa IMOCHe  YHAneHHs  PacTBOPHTENS  KOJOHOYHOH
xpomarorpadueil. [1py BbiieNeHHH HOHTPABHBIX H MaJIOTIONSAPHBIX CECKBHTEPIIEHOBbIX JIAKTOHOB
Yalle 3KCTPArMPYIOT H3MENbUEHHBI PACTUTENbHBIH MaTepual TaKHMH PacTBOPUTENAMH, Kak
IMSTHIOBBIA 3QUp, AUETOHOM, NHUXJIOpMETaH. B HEKOTOpHIX Ciydasx MaJONOJAPHBIE JIAKTOHEI
H3BNIEKAlOT TeTponeiiHbiM  3bupom (rexcaroM uny remtaHom). s Oomee  noaspHbIX
CECKBUTEPNEHOBBIX JIAKTOHOB OOBIYHO 3KCTPAKLMIO MNPOBOAST STHIALETATOM, XJOPO(POPMOM,
STUNOBBIM H METUIOBEIM CHHPTOM C TIOCNEAYIOIUMM KOHLUEHTPHPOBAHMEM 3KCTPAKTa C
nocneayromeii o6paboTkoll meTponteliHeM 3QUPOM U TEKCAHOM JUI BBINENEHUS HENONAPHOH
dpakiuy. CHABHONONAPHbIE COEAHHEHHs] MOXKHO H3BNIEKATh MOJIAPHBIM PaCTBOPHTEIEM (ALETOHOM
WIM COMPTOM), B 9THX CHYYasX ChIPHE JKENATENbHO 00E3KUPUThL NpPENBAPUTENbHON 3KCTPAKLHEH
nerponeiinbiv adupom. Ilocne ynanenust pactBopuTens U pa3GaBleHHs BONOH aLETOHOBBIE HIIH
CHMPTOBbIE HM3B€YeHHs HEOOXONMMO TMOABEPrHYTh (DPAKLIMOHHPOBAHUIO PACTBOPHTENSAMH C
YBEAHYHBAIOLIEHCS MOAAPHOCTBIO (MeTposielHbIM 3hUpoM, XJIopodOpMOM, IUITIIOBEIM 3bupom)
WM BX CMECSIMU B Pa3IMYHbIX COOTHOWEHMSIX [6].

Hanpumep, TEXHONOIrMS U3BJIEUYCHUS OPTaHUYECKHMH PACTBOPHTENSAMH CECKBHTEPIEHOTO
NaKTOHA TPOCCMHM3HHA M3 ChIpbs TOnbiHH Oenosatoil Artemisia leucodes Shrenk. zakmouaercs B
CenYIOLEeM:

1) BO3AYLIHO-CYXO€ Chipbe, coDpaHHoe B (hase LBeTeHus (0ObIMHO B MEPBOH AeKane CeHTsops)
TPEXKPATHO IKCTPArupyroT 75%-HbIM STHIIOBBIM CIMPTOM METOIOM MAlEpaLii NPH TeMrepaType
75°C, nocne yero u3BieueHus OOBEANHSIOT U PACTBOPHTEND OTTOHSIOT,

2) K TOJY4EHHOMY TyCTOMY 3KCTPaKTy H00aBisioT cMmech raHon : Boma (2:1 mo obnemy),
TIMATENBHO IEPEMELIHBAIOT H OTQUIBTPORBIBAIOT OCANIOK;

3) punbTpar  4-XKPaTHO  OKCTPArHpyloT  Xj10podopMOM,  XJTOPODOPMHBIE  3KCTPAKTHI
ODbEAUHSIIOT M YIIaPHBAIOT AOCYXA;

4) NONY4EHHY0 CYMMY KCTPAKTHBHBIX BELIECTB PACTBOPSIOT B XJIOPOGOPME, MEPEMEITHBAIOT
¢ copbenTom (OkCHIOM antoMuHNs IV CTeNeHn akTMBHOCTH) H BBICYLUMBAIOT;

5) poBOAST XpoMaTtorpadHueckoe pasieaeHne Ha KOJIOHKE, 3al0HEHHOH BhILIEYOMAHY THIM
COpBEHTOM, HCTIONB3YS B Ka4eCTBe TI0eHTa OeH301,

6) (hpaxuny, ConeprKalie CMeCh FPOCCMU3UHA C JIEYKOMH3HHOM O0bEAUHAIOT ITHIALETATOM U
peXpoMaTorpagupyroT.

7) LOTOJHUTENBHYIO OYHCTKY MPOBOAST METOAOM NEPEKPUCTATH3ALIMH H3 STHIOBOIO CITHPTA

Bexoa rpoccmusuHa oObruHO cocrasiser okono 0,08% B mepecuere Ha Maccy BO3RYLIHO-
CyXOTO ChIPbS, HO OYEHb 3aBHCHT OT NEPHOAA BETETALHH H MECTA NPOU3PACTaHHs pacTeHus [5].

OcoObiii  HHTEpEC NPEACTABIAECT MCHONB30BAHHE B KAYECTBE OJKCTPAreHTa CIKHMKEHHOIO
OHOKCHIA YIiepo/a, MMEIOILEro HU3KHe KPUTHYECKHE NapaMeTpLl. KPUTHYeCKoe Aasietiie 74 aTw,
xpuTHyeckas Temnepatypa 31°C (pucyHOK 2) HIM, TaK Ha3bIBAEMAs CBEPXKPUTHHYECKas (IIOHMIHAS
axcrpakuusi (COD). Ceepxkpuraueckuit Gprroun — 0coboe COCTOAHHE BELIECTBA, B KOTOPOM OHO
XapaKTEPU3YETCs [POMEXKYTOUHbIMH MEXY JKHAKOCTBIO M ra3oM coicrsaM. Takoe cOCTOsHHE
Habronaercs B 00nacTH JaBneHuit 1 TeMIiepaTyp BhIUEe KPUTHHECKHK, KOra yiKe HE CYIIecTByeT
rpaHnubl pasfena (as MexAy KHAKOCTBIO M rasoM, @ eCTh eIMHAd TeKydas, OTHOCHTeNbHO
IJIOTHAs, JIETKO CKUMAEMasi CPENa, He HMEIOLLAst TIOCTOSHHOTO 00beMa.
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B CBEPXKPUTHYECKOM COCTOSHHWM NHOKCHI YIJepONa, KaKk OKCTPAreHT, XapakTepu3yeTcs
(NMOMHMO YK43aHHOTO BbllIe JOCTOMHCTBA - HH3KMX KPHUTHYECKHX INapamMerpoB) OTHOCHTENBHO
BBICOKOH [POHMKAIOINEH M PaCTBOPSIOWEH CHOCODHOCTBIO, TEXHONOTHYHOCTBIO (JIEFKOCTBEO
QUHCTKH OT DACTBOPHUTENS TMOCHE JKCTPAKIHH HPOCTHM COPOCOM NaBlieHHS), HOCTYHHOCTBIO M
HUM3KOW CTOMMOCTBIO, XMMMHYECKH WHEPTEH, HeTokcuueH u Heroptood [7]. Dtu nmocromncTsa
NO3BONSIOT WHPOKO HCIIONB3OBATH €r0 Il M3BJNEYSHHs: OHOJOTMYECKH aKTHBHBIX BEINECTB 13
PACTUTENBHOTO ChIPBSL.

Taxk, npu nposenerun CPD cripbs nombieu GenoBaToit Ha XpoMarorpamme noiyuensHoro COz-
3KCTPAKTA MPUCYTCTBYIOT TOJBKO [Ba IMMKA, NPHHAUICKAUIMX JIEYKOMH3HHY M TDOCCMU3MHY,
KOTOpBIE COOTHOCATCS B OTHOMEHHMM 1:2. B TOXe BpeMs, IHPH KCTPAKLMH C HCIONL30BAHUEM
OPraHM4ecKUX PacTBOpHTENeH uX cooTHomenne cocrarmier 1:10. Taioke cienyer OTMETHTD, YTO
noiyuyeHHyw ¢ nomompro  Meroma C®D  CMONKY MOKHO TIONBEPraTb  JanmbHeimemy
XpoMaTorpadyeckoMy pasaesneHuro Ges npenBapyuTebHOr0 OTASNSHNA IMIHAOB, XIOPODUWIIOB 1
NyOMABHBIX BELECTB ¢ OMOUIBK) BOAHO-CIIUPTOBOH 06paboTku 1 mocnenywomed xnopodopmuok
3KkcTpakimu [5]

B HacTosAuiee BpeMsi MHOIHE TPAJULIMOHHBIE CIIOCO0bLI U TEXHONOMHYECKHIe IPOLIECCh], HIHPOKO
ucnonb3yemsie B hapMauuy, JOCTHIIIH CBOETO €CTECTBEHHOT: MPeneNa M HE JarT BOIMOXKHOCTH
[OBBICUTH CKOPOCTH MEXAHMYECKOH H TIMAPOAMHAMHYECKOH 00paboTku Chipbs, yBETHUHTH
CKOPOCTH TPOLECCOB TEMIO- W MACcCONepenayy B Xome dKcTparuposanus. Opmum u3 cnocobos
MHTEHCH(MKALIMM JAHHOTO TPOLECCa SIBISETCA B YACTHOCTH )IbMPA3EYKOBAA U MUKPOEOJIHO6AS
00padomxa pacTUTENbHOTO ChIPbA B XOIE IKCTPATHPOBAHUS.

Oddexrsl  yBenHueHHs  BbIXOAA  OKCTPAKTHBHBIX  BEINECTB TPU  KCIIONb3OBAHUU
yABTPa3ByKOBO#H 00paGoTku 00yCIOBIEHE!:

- MEXaHWYECKNM JelfiCTBHEM YIIBTPa3ByKa, CTIOCOOCTBYIOMIHM NMPOHHKAHUIO PACTBOPUTENS B
PACTHTENBHYIO TKAHbL M 0BGPa30BAHHIO MHKPOTIOTOKOB;

- Pa3pYLIAIOWKM AeHCTBHEM HA NOTPAHHYHBIH CIIOH H KIETOYHBIE CTEHKM, 4To ofnerdaer
[OCTYIUIEHHE SKCTPAKTHBHBIX BEIECTB H3 KJIETOK B PACTBOPHUTEND,

- apobrierMeM YacTWI{ TOX MAeHCTBHEM YIbTPA3BYKOBOH KABWTALWH, HTO YBETHYMBAET
NA0WAAb CONPUKOCHOBEHHS MEXY IKCTPArupyeMbIMH BEMECTBAMH U DKCTparenTom [8].

Tpu wncnoOnb30BaHWM YABTPa3sByka HAOJFONAETCs HE TONBKO 3HAUMTENBLHOE YCKOPEHHE
NPOLIECCa W3BIEHEHNUs], HO U YBEIMHEHHE 110 CPABHEHWIO ¢ APYTHMH CTOCO0AMM 3KCTPAarupoBaHus
KOJIMHECTBA OCHOBHOIO MPoAykTa. Tak, MCCNENOBAHME MNPOLECCA YIbTPa3BYKOBOH SKCTPaKLHK
XOpOWO W3BECTHOTO JIEKAPCTBEHHOTO pactenms [nula helenium L., nposenennoe Gonrapckumu
YHEHBIMH, MOKA3a&10, YTO B CPABHEHHM C KJIACCHYECKMMM METOJAMM 3KCTpakuuy (Mauepauuy B
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TeueHne 24 wuacoB) mpu 3Kkcrpakimu 70% O3TAHONOM NpM KOMHATHOH Temnepatype ¢
yibTpasBykoBoit 06paboTkoii B Teuenye 30 MHH BHIXOXbI OCHOBHBIX CECKBUTEPTIEHOBLIX JIAKTOHOB
(a1aHTONAKTOHA W U30ANIAHTONAKTOHA) yBenuuuBaroTes [9].

Jinsi Ka4eCTBEHHOrO W KOJMYECTBEHHOIO ONPENENEHMs CECKBUTEPIEHOBBIX JaKTOHOB
MCTIONBE3YIOTCS  pasiuuHbie  Metonbl. OCHOBHBIMM M3 HHX  SIBAAIOTCH  MOHKOCIOHHAA
xpomamozpagus (TCX) u svicokoaghhexmuenan sxcudxocmuasn xpomamozpagus (BIXX).

TonkocaouHAS XPOMAMOZPAPUA UCTIONB3YETCS HE TONBKO JUIA KOHTPOJIS SKCIIEPUMEHTA, HO U
IJisL TIpenapaTMBHOrO pasaenenust Bewects. Ona OCYIECTBINETCS HA HEHTpasibHOM OKHCH
anoMuiust [V CTeneHH akTHBHOCTH M CHJIMKarese. XpOMarorpaMMbl BO BIAXHOM COCTOSHHH
onpoickuBatoT niposisurenem (0,5%-HeiM pactsopoM KMnOs B 0,5%-Hom pactsope H2SO4 ).
Hcnonb3oBarh 3TOT METOX I HAEHTHOUKAUHH CECKBHTEPIICHOBBIX JAKTOHOB ClENyeT C
OCTOPOXKHOCTBIO, TAK KaK 3aBEJIOMO Pa3Hble BEIECTBA MOrYT MMETh OIMHaKoBoOe 3HaueHue Rp a
CTEpPeOn30Mepbl 3a4acTyI0 HE PasfEeNsOTes U AT OJHO YeTkoe mATHO. KpoMe Toro, ykasaHHbIH
BbIE NPOSIBUTENb HE SBISETCS CrEUN(UYHBIM IS JAKTOHOB M MOXET OBIThb HCMONB30BAH IS
OlpeneneH s COeTHHEHUH NPYTUX KIacCOB.

Memoo ananuza:

- obpameno-da3zopas  BbicOKO3(hdexTBHAs
KUJKOCTHas XpoMaTorpadus
IIpubop:

- Hewlett Packard Agilent 1100 Series
Pesicum:

- U30KPaTHYECKHUH

Ananumuyeckas KONOHKA:

- pasmep 4,6 x 150 mm

- copbent Zorbax SB-Cig {5 Mxm);

- TEMIePaTypa KOJIOHKH - KOMHATHAsT,

g

THoosuxcrnas ¢asa:

- COCTaB aLEeTOHHTPWI - Boza 1:1 (06./06.);
12

[POCCMU3UH

- ckopocTh moaayuu 0,200 ma/MuH;
[Jemexmupoganue: nipu niuHe BONHBI 254 HM;
Obvem 6600umoit npobsr: 20 MK

24 mun

Pucynox 3. Xpomartorpamma U yciosus nposenesis BOXKX ananmsa skerpaxta
Artemisia leucodes Shrenk. [4,5]

Bricokosppexmusnas  ocuokocmuas  xpomamoepagus OZMH U3 HAaUOONEE IMHAMMYHO
Pa3BUBAIOUMXCSA METONOB, NMPHMEHSEMBIX IS Ka4EeCTBEHHOTO M KONHMYECTBEHHOIO OIPENeTeHUs
naxroHos [10]. On npexcrasisier coboii HOBYIO TEXHHKY PasOeNeHHs, 3aMEHHBIIYIO HE TOMBKO
KOJIOHOYHY!0, OyMakHy:0 M TOHKOCIOHHYIO, HO H rasoByi0 xpomarorpaduro. Ilpenmymiectso
BOXX no cpaHenuro ¢ XX saxiodaercs B OTCYTCTBHM HEOOXOOMMOCTH B TEPMHYECKOMH
TPaRCHOPMALHHU BELUECTB KA YBEINHEHUA JETYHECTH H, KaK CIEACTBUE, TEPMITHECKOH RECTPYKIMH
MOJIEKyJI, @ TaKXKe B BO3MOXHOCTH IPOBENEHHS aHAIu3a BELIECTB C BLICOKHUM MOJEKYISPHBIM
BeCOM. J[aHHBIM METOIOM MOXKHO ObICTPO ¥ 3(pHEKTHBHO OLEHUTH CTEMEHb YHCTOTHI BbILETEHHBIX
KOMIIOHEHTOB ¥ ONpPEHENNTh KONMYECTBEHHOE COJACPNKAHME COEMMHEHHH [aHHOro Kjacca B
PACTHTENILHOM ChIPbE M MPENaparax, Mojy4aeMbiX Ha OCHOBE CECKBHUTEDIIEHOBBIX JAKTOHOB U MX
TIPOH3BO/HBIX.

Ha pucyHke 3 ImpeAcTaBieHa XpOMATOIpamMma, MONyYeHHAs B XOHE KOJMYECTBEHHOrO
ompeseneHus MeToaoM obpaieHo-(a3oBoi BBICOKOI(M(PEKTHBHON KUAKOCTHON XpomaTorpaduu
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CECKBUTEPIIEHOBBIX JIAKTOHOB B Chipbe Artemisia leucodes Shrenk. cobpanHOoM B mycThiHe
Moiisinkym (XKambbuickast obiacts) [5].

Ananns BDXKX mo3BONMN  YCTAHOBUTB, 4YTO KONHYECTBEHHOE COHEPXKAHHE OCHOBHBIX
KOMIIOHEHTOR B MOJbHY HenoBatoil B cpemHeM cocTapisieT jeykoMmusuta 0,32% u rpoccMusuHa
0,08%, B nepecyeTe Ha BO3OYLIHO-CYXO0€ Chipbe [S].

Taknum 00pa3oM, NMpPUMEHEHHe HHHOBALMOHHBIX METONOB /I BBIACNEHHS W OYHCTKH
CECKBUTEPIIEHOBbIX ~ JIAKTOHOB, TAKMX KAk  CBEPXKpUTHYeCKas  (UIOMAHAs — 3KCTPAKLUHS,
YIBTPa3ByKOBas IKCTPAKLMSA, IKUIKOCThb-KHAKOCTHasg Xpomarorpacdus MO3BOJISET YIpOMATh
TEXHOJIOTHYECKHE TPOLECChl, COKPALIATh TPOH3BOACTBEHHBIE H3AEPKKH, TEM CAMbIM TIOBBIIAET
NPOM3BOIUTENLHOCTh TpyAa. CecKBHTEPNEHOBBI JIAKTOH IPOCCMU3HH, BBILICNAEMbIH W3 TOJIBIHKA
6enopatoil (Artemisia leucodes Schrenk.), siBisieTcst MepCHEKTUBHBIH OOBEKTOM I8 U3YHEHUS
BHOTOTHYECKOH AKTUBHOCTH (B OCOOEHHOCTH MPOTHUBOOMYXONEBOH) M MPOBENEHHA XUMHYECKOi
MOAMGBHKALK 17151 TTOJYYEHUS] HOBBIX TIPOU3BOJIHbIX
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C.H. Mantnep, M.M. XKakauos, C.M. AnexeHos

CeckBHTepHEeH/] JAKTOHAAPABI AHBLIKTAY XKoHe Go.ry dnicTepi

Amaarna. OcimMaikrep KypaMbIHIa KOIITEreH 3aTTapra KaThiCTiaiibl Herisinen anvacy (exinmi
petTik Merabonurrep), Oipak ne QU3HONOTUNbIK acepi Gap KoHe maimanaHbLIybi MyMKIH JI9pLIiK
npenapattap petinne. byn makanaza Geny smictepi GHonormManbIk Gencenai saTrap MeH KOpimiK
eCiMIiK MMKI3aTHIHBIH (OPraHuKasbIK epiTKIIITEPMEH SKCTPaKLMs, CYMEH, CYHBITbUIFAH CyTerine
KemipTeri), COHAR-aK ynbTPausIObICThIK SKCTPAKLNS dMiCTepiHin Oipi peTiHne MHTECHCHBTEHMIPY
MPOLECIH IKCTPaKLsUIay AbiH. MEICAT PETIHAe TAHAANFAH CECKBUTEPIICHOBLIH TAKTOH MPOCCMU3HH
Geninerin Arfemisia leucodes Schrenk., on yuwin KkenTipinreH KyphUBIMABIK (OpMYyTachl,
KeHICTIKTIK KypblibiM  nepektepi GolibiHma PCA, Gomkamasl TypiepidiH GHOIOTHATBIK
Sencenaimrin amicremeci, 6oy LWMKI3AT JKOHE aHBIKTAy ofici 60BN ecenTenesi.

Tyiiin  ce3mep: CeCKBUTEPNEHAI JAKTOHIAP, TIPOCCMU3MH, Ouonoruaneik —Oencenni
KOCBUIBICTAP, ~ 3KCTPAKLs, KOCHIMINA  MeTabONMTTEpi,  THIMAINITT  JKOFapbl  CyHbIKTbI
xpomarorpadus.

S. Mantler, M. Zhakanov, S. Adekenov

Methods for isolation and determination of sesquiterpene lactones

Abstract. Plants contain a huge amount of substances that do not participate in the main
metabolism (so called secondary metabolites) but they have a physiological activity and can be used
as medicaments. In this article, methods for isolation of biologically active substances from
medicinal plant raw materials (extraction with organic solvents, water, liquefied carbon dioxide), as
well as ultrasound-assisted extraction as one of the intensifying extraction process ways are
considered. The sesquiterpene lactone grossmisin, isolated from Artemisia leucodes Schrenk., is
given as an example. The structural formula, the spatial structure according to X-ray structural
analisis data, the predicted types of biological activity, the isolation method from raw materials and
the determination method in extract are given for this compound.

Key words: sesquiterpene lactones, grossmisin, biologically active compounds, extraction,
secondary metabolites, high-performance liquid chromatography.

113




[image: image131.jpg]24th Conference on Isoprenoids
Biatystok, Poland, September 9-12, 2018

ORGANIZERS

Institute of Chemistry  Institute of Organic Chemistry The Polish Chemical
University of Bialystok Polish Academy of Sciences Society
Biatystok Warsaw



[image: image132.jpg]The Scientific Committee:

Chairmen: Jacek W. Morzycki (PL) and Jerzy Wicha (PL)

Members: Sergazy Adekenov (KZ), Giovanni B. Appendino (IT), Andrzej Bajguz (PL),
Douglas F. Covey (US), Pavel Drasar (CZ), Vladimir Khripach (BY), Adriaan J. Minnaard (NL),
Rosa L. Santillan (MX), Miroslav Strnad (CZ), Ludger Wessjohann (DE)

The Organizing Committee:

Chairmen: Jacek W. Morzycki and Jerzy Wicha
Scientific secretary: Agnieszka Wojtkielewicz
Regional secretary: Jadwiga Maj

Members: Dorota Czajkowska-Szczykowska, Alina T. Dubis, Agnieszka Hryniewicka,
Izabella Jastrzgbska, Urszula Kietczewska, Zenon Lotowski, Jolanta Magnuszewska,
Marta Malinowska, Michat Michalak, Pawet Misiak, Barbara Seroka, Leszek Siergiejczyk,
Aneta M. Tomkiel, Piotr Watejko, Agnieszka Z. Wilczewska

ISBN: 978-83-947903-1-8





[image: image133.jpg]012 24th Conference on Isoprenoids

Bimolecular compounds based on the natural sesquiterpene lactones
Sergazy M. Adekenov

JSC International Research and Production Holding “‘Phytochemistry”,
Karaganda, the Republic of Kazakhstan; phyto_pio@mail.ru

Synthetic modifications of plant metabolites considerably expand the assortment
of prospective biologically active compounds. Synthesis of new practically valuable derivatives,
including hybrid and dimer molecules, is one of the modern trends in Chemistry of sesquiterpene
lactones. In this regard, regio- and stercoselective methods of chemical modification of natural
molecules are used.

In the synthetic plan, the following reactions are worth mentioning: the Ugi four-component
reaction (U-4CR) allowing us to receive a dimer 1 based on artemisinin through a linker binding;
the Sonogashira cross-coupling reaction between an aryl halide and a terminal alkyne derivative
of artemisinin resulting in a bimolecule 2, as well as a reaction of pseudo-guaianolide helenalin with
malonyl dichloride which leads to a dimer 3 through diester linker binding.

i
1) y
3 YN
o - /o —i=0 —i=0 | { ~0 4 Y0
)y 0= bO7 A
\ 007 7 N> NS
N [ —~ o0 e~ 0, o
I !
; e RS CpcC

1 2 3

One of the effective methods to obtain hybrid derivatives of sesquiterpene a-methylene-y-
lactones is the Heck reaction which proceeds with a preservation of the C11-C13 double bond
of a lactone cycle. Arylation of isoalantolactone by the halides lappaconitine and desoxyvasicinone
mainly proceeds with the formation of 5 (E)-configuration of the C11-C13 double bond as in
a hybrid molecule 4. Moreover, in the course of a reaction with the second halide three other
compounds are formed, i.e. diaryl isoalantolactone 6, a compound 7 with (Z)-configuration, and
a compound 8 with the C11-C13 double bond shift to position at C7-C11.

s K o6

R 8 R
R oo
7 % 3
Chemical modification of molecules of practically accessible natural sesquiterpenoids by
the Michael-type amination, when alkaloids cytisine and anabasine had been used as nucleophilic
reagents, allowed us to receive nine new hybrid derivatives of a terpenoid-alkaloid type, including

bimolecular compounds 9 and 10 which structural data were later deposited in the Cambridge
Structural Database (CSD).
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Biosynthesis of sesquiterpene lactones in Artemisia glabella Kar. et Kir.
Sergazy M. Adekenov'’, Svetlana N. Mantler', Harro J. Bouwmeester®

! JSC International Research and Production Holding "Phytochemistry", Karaganda,
the Republic of Kazakhstan; phyto pio@mail.ru
2 University of Amsterdam, Amsterdam, the Netherlands

Terpenoid-containing organs in Artemisia glabella Kar. et Kir. are leaves and flower buds
with the highest content (within 0.34 - 1.38%) of sesquiterpene lactone arglabin (1) which
is observed during the budding phase; while the best solvents for its quantitative extraction are
chloroform and carbon dioxide in the supercritical state (see data in Tables below). Besides
arglabin, germacranolides argolide (2) and ketopelenolide B (3) have also been found in Artemisia
glabella Kar. et Kir.

The solvent /’_\rglabin yield, % Arglabin content, %
used of air-dry raw materials Plant Sty
water 0.002 organ =
diethyl ether 0.002 regrowth budding
ethyl acetate 0.110 leaves 0.34 0.61
ethanol 0.180 buds or - 0.60
chloroform 0.340 flowers
liquid CO, 1.380 stems 2 0.08

M o (2) 3)

Recently, biosynthetic pathways of various sesquiterpene lactones have been rescarched in
plants of the family Asteraceae (costunolide in Cichorium intybus, parthenolide in Tanacetum
parthenium, artemisinin in Artemisia annua, ctc.). As a result, key genes involved in the
biosynthesis of some lactones have been identified which are responsible for control or to some
extent for regulation of their accumulation in the plant body. In Artemisia glabella Kar. et Kir., the
guaianolide kauniolide (5) formed from costunolide (4) under the influence of kauniolide synthase
(TpKS) is considered a possible precursor of arglabin (1).

Kauniolide synthase Putative cytochrome
(TpKS) P 450

Parthenolide synthase
(TpPTS)

On

(6) @) (5) o (1) 0

This biosynthetic pathway of arglabin is very likely, since the structures of molecules (5)
and (1) differ only by the presence of an epoxy function at C1-C10 in molecule (1), and the same
difference is true for (4) and (6) at C5-C6 bond. As is shown in the scheme, parthenolide (6)
is formed from molecule (4) under the influence of parthenolide synthase (TpPTS), whereas the
biosynthetic pathway of kauniolide has also been determined and successfully reconstructed
in Nicotiana benthamiana by means of transient co-expression of the required biosynthetic genes.
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New chloro-derivatives of grosheimin

Anarkul S. Kishkentayeva, Anar B. Khassenova, Gayane A. Atazhanova,
Sergazy M. Adekenov

JSC International Research and Production Holding “Phytochemistry”, Karaganda,
the Republic of Kazakhstan, phyto pio@mail.ru

Grosheimin 1, C;sHg04, mp 200-202°C, [a]p**+159,9° (¢ 1.144; CHCL), is one of the most
common guaiane-type sesquiterpene lactones in the natural flora isolated from 16 plant specics
of the family Asteraceae.

As a polyfunctional compound, 3-keto-8a-hydroxy-4,6,8B(H),7a(H)-guai-10(14),11(13)-dien-
6,12-olide 1 has four reactive centers in its molecule: a-methylene group of y-lactone, a hydroxyl
functional group, keto- and exocyclic methylene groups.

Thus, in the course of a reaction of compound 1 with 1-chloro-4-iodobenzene 2 according
to the Heck reaction catalyzed by the system Pd(OAc),-(o-tolyl)phosphine in DMF in the presence
of triethylamine as a base, the following compounds form: (£)-(13-(4-chlorophenyl)-8a-hydroxy-3-
0x0-5,7a(H)-guai-10(14),11(13)-dien-12,6B-olide 3 (with a yield of 15%) and (2)-(13-(4-
chlorophenyl)-8a-hydroxy-3-oxo-5,70(H)-guai-10(14),11(13)-dien-12,6B-olide 4 (with a yield

of 13%).
|
“HIOH i o
+ _
|

1 2 3 4

i) - Pd(OAc),, (0-Tol);P, EuN, TBAB, DMF, 100-110 °C, 16 h;

The structures of the synthesized compounds 3, 4 have been determined using physico-
chemical constants and spectral data (IR-, UV-, 'H and 'C NMR, two-dimensional 'H-'"H NMR
spectra (COSY, NOESY), and "C-'H (COSY, COLOC)). X-ray analysis has been performed
to positively confirm the structure of 3.

Thus, two new chloro-derivatives have been synthesized based on grosheimin 1. The arylation
of grosheimin 1 proceeds with the formation of derivatives by C11-C13 exocyclic coupling.
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Introduction

“International Symposium on the Chemistry of Natural Compounds”, serving as a
platform for the exchange of the latest advances in natural products research, is a
regular (biennial) professional symposium for researchers globally engaged in
chemistry of natural compounds. “XIII International Symposium on the Chemistry of
Natural Compounds” is to be held in October 16-19, 2019 in Shanghai, China. Experts
from wvarious countries and regions including Uzbekistan, Turkey, Tajikistan,
Kazakhstan, Cyprus and China have been invited to participate in this symposium. With
the aim to strengthen the cooperation between China and countries involved in “the Belt
and Road”, it will play a positive role in further promotion of resource sharing,
complementarity, mutual benefits and common development, as well as in promoting

the modernization of medicinal plant resources in China and even Central Asia.

Keywords for the symposium
The Belt and Road / Natural Compounds / Innovative Drugs

Topics for the symposium
New techniques, theories and methods for chemical research of natural compounds
Discovery of biological activities of natural compounds
Synthesis of natural compounds and their derivatives

Study on new process of natural compounds enrichment

Host
Shanghai Institute of Materia Medica, Chinese Academy of Sciences (SIMM, CAS)
Xinjiang Technical Institute of Physics and Chemistry, Chinese Academy of Sciences
(XTIPC, CAS)

Organizer
Central Asian Drug Discovery and Development Center of Chinese Academy of
Sciences (CAM, CAS)
Institute of Chemistry of Plant Substances, the Academy of Sciences of Uzbekistan
(ICPS, AS RUz)
Anadolu University of Turkey (AUT)
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ORIGINAL DRUGS BASED ON NATURAL SESQUITERPENE
LACTONES.
PROSPECTS FOR DEVELOPMENT, TECHNOLOGY AND
APPLICATION

S. M. Adekenov

JSC «International research and production holding «Phytochemistry»
Republic of Kazakhstan, Karaganda, 100009, e-mail: info@phyto.kz

A promising direction in the development of original drugs is the creation of new
drugs based on natural sesquiterpene lactones, the number of which currently exceeds
8,000 compounds. Most of them have a wide pharmacological activity due to the
presence of alkylating functional fragments in the structure of molecules (a-methylene-
y-lactone cycle, epoxide ring, peroxide group). On the basis of a number of natural
sesquiterpene lactones, original drugs have been developed, among of which are
tauremisin (tonify CNS and cardiotonic), mixture of alantolactone (1) and
isoalantolactone (2) (antiulcer), artemisinin (3) (antimalarial), thapsigargin (4)
(cytotoxin and anti-inflammatory), arglabin (5) (antitumor and immunomodulating),
parthenolide (for migraine prophylaxis), leucomisine (hypolipidemic and anti-
atherosclerotic), cynaropicrin (antiparasitic), vernolepin (antitumor and antimicrobial).

(1)

The report discusses the performance potentials for chemical modification and
transformation of sesquiterpene lactone molecules: obtaining a water-soluble form or
forms with improved physicochemical properties, the introduction of additional
functional groups that increase the number of pharmacophore centers and increase the
biological activity of the compound; the use of nanotechnology to provide targeted drug
transport of drugs molecules in the body.

The state of the technology for the production of drugs based on alantolactones,
thapsigargin, artemisinin, arglabin, parthenolide was examined, the basis of which was
the extraction of plant materials with various solvents, followed by purification of the
amount of extractive substances by chromatography and crystallization methods.
Particular attention was paid to environmentally friendly extraction technologies using
“green” solvents (supercritical carbon dioxide and water), which are becoming
increasingly popular among industrial methods for the extraction of biologically active
substances, as well as the technology for the separation and purification of plant extracts
by centrifugal partition chromatography.
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NEW ﬂ- CYTISINYL DERIVATIVE OF GROSSHEIMIN
S. M. Adekenov, A. B. Khassenova, A. S. Kishkentayeva

JSC «International research and production holding «Phytochemistry»
Republic of Kazakhstan, Karaganda, e-mail: info@phyto.kz

The introduction of a nitrogen atom into the molecule of sesquiterpene lactones is
most often carried out by amination according to the Michael reaction. In terms of
obtaining a nitrogen-containing derivative based on sesquiterpene lactone of
grossheimin (1) isolated from Chartolepis intermedia Boiss., an amination reaction was
carried out using the natural alkaloid cytisine as a reagent. Moreover, on the basis of
two natural metabolites with quantitative yield, a new hybrid compound (2) was
obtained with an empirical formula CzsH3205N2 melting point 224-226 °C (ethanol),
[a]®*p — 25 © (¢ 0.16, CHCI5), interesting for developing the substance of a new drug.

0. wlllOH

Figure 1 The spatial structure of the molecule (2)

Thus, during the amination reaction of grossheimin (1), 3-oxo-8a-hydroxy-
1,5,7,110,4,6,8(H)- guai-10(14)-en-13-cytisinyl-6,12-olide (2) was synthesized. The
molecular structure of the synthesized compound (2) was determined on the basis of
spectral data (IR, UV, 'H, 3C NMR, 2D NMR: 'H-'H COSY, NOESY, C-'H COSY,
and COLOC) and X-ray.
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DYNAMICS OF THE ACCUMULATION OF SESQUITERPENE
LACTONS ARGLABIN AND ARGOLIDE IN Artemisia glabella

S. N. Mantler, M. M. Zhakanov, Zh. S. Shaikenova, S. M. Adekenov

JSC «International research and production holding «Phytochemistry»
Republic of Kazakhstan, Karaganda, e-mail: info@phyto.kz

The determination of the periods of quantitative accumulation of biologically active
compounds in a plant is an important step in the study of the biosynthesis of secondary
metabolites of methods molecular genetics, for example, in the search, isolation, and
sequencing of genes encoding the enzymes of the biosynthetic pathway of one or
another compound.

The report discusses the results of studying the dynamics of accumulation of
sesquiterpene lactones arglabin (1) and argolide (2) in individual bodies of the aerial
part of Artemisia glabella Kar. et Kir. (Asteraceae) according to the main phases of the
plant vegetative season: start of growing (SG), end of growing (EG), budding (B),
flowering (F), fruit-bearing (FB). The diagram shows the obtained data on the content
of arglabin in % on air-dry materials and the yield of COz-extract in % on air-dry
materials respectively.

- 10 X 8.28
6 I | 357
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Raw materials for analysis were collected in accordance with plants phenospectrum,
separated into separate organs - stems, leaves, and buds/inflorescences/fruit (depending
on the vegetation phase), dried by the air-shadow method. Secondary metabolites were
extracted from raw materials on the supercritical fluid extraction unit SFEU-5/2. The
process was carried out with the following parameters: pressure 16 MPa, temperature 60
9C, duration 180 min, loading 100 g of raw materials. Quantitative analysis of CO;
extracts components was carried out by the reverse phase HPLC method with a UV-
detector (Hewlett Packard Agilent 1100 Series, isocratic mode, sorbing agent - Zorbax
SB-C18, mobile phase - mixture of acetonitrile: water (1:1) 0.5 mL/min, detection at
204 nm, analysis time - 40 minutes).

In the course of studies, it was found that the organ with a quantitative content of
arglabin was Artemisia glabella Kar. et Kir. buds, the optimal period for collecting raw
materials and/or searching for promising genes encoding arglabin biosynthesis enzymes
was the budding phase.
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PACTHUTEJIbHBIE METABOJIMTHI - BO3OBHOBJISIEMbIA MATEPHAJL
JJIS1 CUHTE3A HOBBIX BUOJIOTHYECKH AKTHBHBIX COEJJMHEHHUH

AnHoTauus. B cratbe  0000WeHbl  pe3yibTaThl WCCAEJIO0BAHHH PACTHTEIbHBIX BELIECTB, Kak
% T HOBISIEMbIX  MaTEpHAllOB 1 CHHTE3a HOBbIX OMOJIOrHYECKHX aKTHBHBIX COelMHeHHH. PacemoTpenb
COCCHHOCTH  XMMMYECKOH  MOAM(DHKALIMM  MOJIEKYJl MOHO-H CECKBHTEPNEHOWIO0B, ()1aBOHOMIOB H
L= 10H10B.

K toueBbie  clioBa: MOHOTEPMEHOHWAbI, CECKBHTEPIICHOBbLIE JIAKTOHbI, aJIKaJIOHbl, (l)ﬂaBOHOH,'lbl.
“o2e.e OHOONHYECKH AKTHBHbIE COECJIMHEHHS, XHMHYECcKas MOle(i)Hl\'allHﬂ.

PacTeHus CUMTAIOTCS MOTEHUHATbHBIM HCTOYHHKOM BTOPHYHBIX METabOIMTOB, NpeacTaBAsOLINMX
7ot BO30OHOBAsIEMbII MaTeprall A1 pa3padOTKH HOBBIX JIEKAPCTBEHHbBIX BELIECTB C WIHPOKHM CMEKTPOM
HASTBHA.

McenenoBanus B 0071aCTH COBPEMEHHONM XMMHH PAcTHTE/IbHBIX BELIECTB B MHPE [10CBALUEHDI
w=OTOMIAHOBOMY M KOMIUIEKCHOMY  M3YYEHHIO PacTHTEILHOTO ChIpbf, €ro KOJOTHUYHLIX CcnocoboB
“c0epaboTKH,  MCC/Ie10BaHHIO  OHOJOrMYeCKOH aKTHBHOCTH KOMIMOHEHTOR pacTeHui. Hanpasnennas

svideckas TpaHcdopMmalMs  MOJEKy HATMBHBIX PAcTHTEIBHBIX BEUIECTB OTKPLIBAET MEPCTEKTHBDI
“VYEHHST MPOM3BOJIHBIX ¢ Oosee BbIpAKEHHOH WM MHOH, B CPABHEHHH C HCXOAHBIMH COEAHHEHHSIMM,
0 10THYECKOH aKTHBHOCTBIO NpH 001ee HH3KOH TOKCHYHOCTH.

B nacTosuiee Bpems u3ectHo Ooaee 45000 BelecTB BTOPUUYHOTO MeTadOIM3MA, CPedH KOTOPBIX
“peBATUpYET M30MPeHOUIbl,  (heHOJIBHbIE  COCIMHEHMS.  AJIKAJOWbl, CTepouiabl  odiajatouHe
SapPVAKOIOTHYECKHM ICHCTBHEM H MOTYT MCMOJ1b30BATHCA B KAYECTBE JIEKAPCTBEHHBIX MPENapaTos.

Onnum 13 HauOollee NMepCrneKTHBHBIX HamnpaBieHWH OTedecTBEHHOH OHOOpraHH4ecKoH XHMHH
s274eTCs Mccaea0Bante 3hupomacinyHbiX pacTeHuid Kaszaxcrana, 4TO 3aKOHOMEPHO CBA3aHO C BHA0BbIM
coctaBoM (hopel pecryGAMKH: T1e B NPHPOe BbiBAeHO CBblte 450 BUAOB 3HPHOMACTHYHBIX PACTEHHH,

Hux Oosee 70 BMOOB XapaKkTepu3yeTcsi BBICOKHM coaepikaHueM dJPHPHBIX Macen W OorarbiM
< MTIOHEHTHBIM cocTaBom [1].

MoHO- 1 cecKBHTEpNeHOH bl APHPHBIX Macen ABAAIOTCA J0CTYMHBIM BO30OHOBIAEMbIM MaTEPHAIOM
_7% \HMHUYCCKOH MOAM(HKALHKH MOJEKYJ H MOJyYeHHS! HOBBbIX COeIIHHEHHH. B pesynbTate XHMHYECKOH
wo1H(hHKALUMH  BbIJEICHHbIX TEPIEHOMA0B C HCMOJb30BAHHEM PEaKLHH OKHCIIEHHMs. BOCCTAHOBIICHHS,

Z10MIMPOBAHHA., AMUHHPOBAHHWA, HHTPO3HPOBAHHA TMOAYYEH PAJ HMX HOBBIX MPOW3BOAHBIX, PH ITOM
CTAHOBJICHA PErHO- M CTEPEOCENeKTHBHOCTD AaHHbIX peakuHH. CHHTE3HPOBAHO 43 MpOM3BOAHLIX, 26 W3
£OTOPBIX ABASKOTCH HOBBIMH.

A3zoTcoaepikaliiMe NpPoH3BO/AHBIE TEPNEeHOWA0B IDHUPHBIN Maces]l NPaKTHYECKH He BCTpeyaroTcs B
TPHPOAE M ABISIOTCA OJHHM H3 HaUMEHEE H3YUYCHHBIX IPYNil COeAHHEHHH JaHHOro psijia, NepBbie CHHTE3bI
«OTOPBIX TMPUBE/H K MOJYHYEHHIO BICOKOAKTHBHBIX H MaJOTOKCHYHBIX MPOH3BO/IHbIX.

[lo kapGoHHILHOH rpynne aptemu3ua ketona (1), mynerona (2). kapBoTaHaueToHa (3) npoBeaeHo
23aHMO/JEHCTBHE HMX C THAPONXJOPHIOM THAPOKCHIAMHHA B NHPHAMHE C 00pa3oBaHHEM TMPH ITOM
ZOOTBETCTBYIOLIHX OKCHM-TIPOH3BOAHBIX (4-6).

Y ‘ NOH
HON
" TNOH
F Il
P
(4) (5) (6)

XapakTepHO#  OCODEHHOCTBIO (L. [-HEHACHIUEHHbIX OKCHMOB SBAAKOTCA MX  PEAKLUMH ¢
I1eKTPOGHIBHBIMM peareHTaMH, B YaCTHOCTH, C HHTPO30HHI-KaTHOHOM. Hamu ocyliecTBaeHo npespaileHHe
OKCHMOB (4-5) B reTepOLMKINYECKHE NPOHU3BOIHbIE MO aHATOMHH C MpeBpalLEHHEM OKCHMA ME3HTHIIOKCH/1a
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(4-mernnnenren-3-ona) B 3.5.5-rpumertua-3H-nupazon-N.N'-auokcna. [lpu  wmeairensonm  100aBnaeHHH
JENAHOH YKCYCHOH KHCIIOTBI K MEPEMELIHBAEMONH CYCNEH3HH HHTPHTA HATPHA B X10podOpMHOM pacTBope
okcuma (4) oOpasyercs HOBOe coelHHeHHe (7).

N—>0

(7) (8) 9)

Biaumozelicteue okcuma nysierona (S) npu KOMHATHOH Temnepatype ¢ HHTPHTOM HaTpud B
x10poopme B NPUCYTCTBHH YKCYCHOM KMCI0ThI MPUBOAMT K oOpaszoeanHio (10) ¢ Bbixoaom 66%. K okcumy
KapBOTAHALIETOHA (6). pacTBOPEHHOMY B XJ0podopmMe U CMEIIAHHOMY € CYCMEH3HeH HHUTPHTA HATpHA, MpH
100aBIEHHH YKCYCHOH KHCJIOTBI MPHBOAHT K 00pa3zoBaHuio (9) ¢ Beixoaom 31%.

Aptemu3ua KetoH (1) B KHCABIX cpeaax UMKIW3yeTcs ¢ o0pasoBaHHeM O, B—HEHACBILLEHHOrO
MOHOTepneHoBoro ketona (10). U3 kKoToporo p3aumMojeificTBHEM C TMAPOKCHIAMHHOM THAPONXJOPHIOM B
MUPHAHHE NOJIYHEH COOTBETCTBYIOLMI OKkcHM (11). Takike oOHapysKeHO. UTO Haps1y ¢ Npou3Bo/HbIM (10),
oOpasyeTcs HOBbIIT HEHACBILLEHHbIH KETOH LIMKIJI0JaBaH1y1aHOBOTO psia — 3,4.6.6-TeTpaMeTHILHKIOKCEH-2-
oH (12) B KkayecTBe MOOOYHOrO MPOH3BOHOIO, KOTOPOE MOKHO BbIAEIHTHL B BHIe Okchma (13)
OHOBpPEMEHHO Npu okcHmupoBanuu (10). B3aumoaeiicTBHem okcuma (11) ¢ cycneHsueid HUTPHTA HATPHUA B
xjaopodopme npH 1006aBICHHH YKCYCHOH KHEA0TbI 00pa3yeTcs HOBoe npou3BoaHoe (14).

7/
H.S0, AcOH :Cf “\
{
reflux y 8] \ ~
0 o 4 /\ /

/'\

(1) (10) (12)
NH.OH*HCI NH-OH*HC
%’)‘1 Py.1
NO, }
= NaNO, CHCl, /\
O—N T }
NTZ ACOH NGH s :\7\\
NOy HON
‘ (16)
14
- o = IIpocmpancmeennoe cmpoenue
MOJTCKVA

Takum oOpaszom. B pesyibTate peakUMH HUTPO3HPOBAHWS TEPNEHOBBLIX OKCHMOB MO ACHCTBHEM
HHTPO3HUPYIOLLHX CHCTEM HHTPHT HATPHA-YKCYCHAs KHCJIO0Ta CHHTE3HPOBAH P HOBBIX a30TCOAEprKalLUX
MPOU3BOIHBIX.

B nocneanne roabl B MOMCKAX HOBBIX JI€KAPCTBEHHBLIX BELUECTB MCC/E/10BATE/IH BCE  vallle
o0pallaloTes K CeCKBHTEPNEHOBBIM JIAKTOHAM - OOLUMPHOH Ipynine NPHPOIHLIX COeMHEHHIH, 001a1at01HX
IIMPOKHUM crieKTpom OHONOrHYeckond akTMBHOCTH. Hanbonbluee X KOAHYECTBO BbIAEAEHO M3 LIBETKOBBIX
pacTeHHWH - npeacTaBUTENeH cemeicTBa Asferaceae, W3BECTHO TakkKe O HAXOKICHHH ITHX BELIECTB B
rpudax, MxXax. MOPCKHX OpraHu3Max, KopaulaXx H HEKOTOPBIX MPe/ICTABHTENSX KHBOTHOTO MHPA.

M3 npupoaHbIX HCTOUHHKOB 00HapyxkeHo W ornucano dosiee 6000 cecKBUTEPNEHOBBIX TAKTOHOB,
NPUHAUIEKALIUX K Pa3IHYHBLIM CTPYKTYPHbIM THnam. M3 Oonee yem 40, M3BECTHBIX K HACTOSILEMY
BPEMEHH, CTPYKTYPHbBIX THIIOB CECKBMTEPIEHOBLIX JAKTOHOB Haubojee pacnpocTpaHeHHbIMH SABISIOTCS
repMaKpaHOBbIH, MBaHAHOBLIH, 3BJECMAHOBBLIH M MCEBAOrBalaHOBbIH. peske BCTPEUAIOTCS IJIEMAHOJIH/IbI,
KCAHTAHOJIWbL, IPeMO(HIAHOMHABL, APUMAHONUAbLI H OakkeHonuabl. 3a 1995-2017 rr. Bbiaeneno Gosnee
2800 HOBBIX CECKBUTEPIIEHOBbIX JIAKTOHOB, U3 HUX 764 — HOBbIe rBaifaHoIHAbl, 603 — repmakpaHosiuibl, 455
—aBaecMaHoIHALL. Hamu u3yueno Gonee 150 BuaoB pacTeHuii cemeiicTBa Asteraceae.

B pesyabrate XMMHUYECKOrO0 HW3YUEHHs BHIOB Ka3aXCTAaHCKHX pacTeHHH BMIOB  ceMmeicTBa
Asteraceae HaMH BblJel€Hbl H HIEHTH(HLMPOBaHbI 61 CeCKBHTEPNEHOBBIH JAKTOH, U3 HUX |5 coeMHEeHHH
repMaKkpaHoBoro tumna, |l-spaecmanoBoro, 32-reaifaHoBOro W 3-nceBAOrBaHAHOBOTO THNOB, a TaKKe
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wweied | AnMepHblit J1akToH. M3 BbLIEACHHBIX M WACHTHOHLIMPOBAHHBIX CECKBHTEPIIEHOBBIX JIAKTOHOB 21
g2 5:0TCH HOBBIMH, HEOMHCAHHBIMK paHee [2-3].
Ha1H4He HECKOIBKHX PeaKIHOHHBIX LIEHTPOB B MOJIEKY/1AX CECKBHTEPNEHOBBIX JAKTOHOB NO3BO/IACT
“POBOINTE PErHO- H CTEPEOCEICKTHBHbIE XHMHYCCKHE MOAH(DHUKALMH, H NPH 3TOM NOJYYHTb psii
TPOH3BOHBIX, B TOM uncie azotcoaepxaine[4-5]. Tak 10 akTHBHOMY HYKI€O(HILHOMY LIEHTPY Kak
S-METHIeH-Y-TaKTOHHAs (DYHKLMSA, XeMOCEIEKTHBHO NMPOXOAHT peakuus 1o tuny Muxains ¢
S¢PBHYHBIMH H BTOPHUYHBIMH aMHHAMH.

Ha ocHoBe apraaduna (15) cHHTE3HpOBaHbl  HOBbIE aMMHONPOW3BOAHbIEe (16-19). w3 f-
woscrapriiabHHa nojayyeHbl aMHHONMPOH3BOAHbIE (20-22). U3 AMIHAPOKCHNPOH3IBOAHOTO apraadbuHa — (23).
¢ w0 1N10pKapOeHNPOU3BOAHOTO apriaduna — (24) ¢ BbIcOKMMH BbixoaaMu oT 80 10 96%. Jlns nonyueHus
wTESDTHYHBIX COJICH MPOBEIEHA Peakuns AHMETHIAMHHO- H AMITHIAMHHONPOW3BOAHLIX apriaduna (16).
170 ¢ ATKMAMOAWIAMH, TIPH 3TOM M0J1Y4eHbl COOTBETCTRYIOLIME COH (25), (26) u (27), (28) ¢ BbICOKMMH
300 1aMH.

[Ipu  OGapOoTHpoBaHHWW uepe3 ITaHOLHBLIH pacTBOpP AMMeTHIamMuHoapriaduua (16) cyxoro
LOOPHCTOrO  BOJIOPOJA  MoayveHa coib  (29). pacTBopMmas B BOJAC M [OJSPHBIX OPraHHYecKHX
SRCTBOPHTENAX.

N
NiMe),

20AK (M), ©
—
UNAK N O

22A NH-CHLPh

g

[Ipocmancmeenrnoe cmpoenue
yoaexyast (29)

[TpakTHYECKMM  Pe3y1bTaTOM  HAMpaB/ICHHOIO  NOMCKA  a30TCOAEPMkALIMX  MPOM3BOAHBIX  C
SoTEHUHATBHOW  (hapMaKOJOrHYeCKOH aKTHBHOCTBIO CTana pa3padoTka HOBOro TPOTHBOOMYXOJEBOIO
~penapata  «ApraabuH - AHOMHAM3HPOBaHHBII»  Ha  OcHoBe ruapoxjopuiaa  [(10)B-anoken-13-
waveTHaIaMuHO-5.7w.6.1 1 B(H)-reaii-3(4)-eH-6.12-oa1aa (29). ob1agaromero paaHoceHCHOMIHIHPYIOLLUM H
AMMYHOMOAYJTHPYIOUIAM CBOFiCTBAMH [7].

AMHHHMPOBAHHE MEPBHYHBIMH M BTOPMUHBIMH aMMHAMKH MO THNY a3a-peakud Muxasns no
SONPAKEHHOH JIBOHHOM CBS3H Y-JIaKTOHHOTO LMK MPOBEIEHO ¢ MOJIEKYJIaMM FEPMAKPaHOJIHIOB aprojimia,
STH3O0JIMUMHA W CTU30JIHHA, TNICeB0rBaiaHonnaa OpUTaHnHa, rBaiaHoOIMA0B JcTaguaTiHa M rPOCCreMMuHa.
133 4eHO B3aMMO/eHCTBHE repPMaKPaHoInaa CTH30AHUMHA (30) ¢ IMMETHII-, AHITHAAMHHAM H MOP(HOIHHOM.
TovdeHbl COOTBETCTBY OLIHE KpUCTA/LTHYecKHe npon3BoaHble (31-33). OGHapy KeHO. YTO NpPH NPOBEIEHHH
1AHHOM peakLMH MMeeT MeCTO OTLIeI/IeHHe C0KHOIPHUPHOrO OCTATKA AUIHAPOKCHTHITIHHOBOH KHCIO0TbI B
no10keHuu C-8.

B3aumoneiicTeHeM |1 3-AHMETHAAMHHOMPOU3BOAHOTO cTH30iMHA (31) ¢ HOAMCTOBOJAOPOAHOM
KMCIOTOM MOJIyyeHa ero uyeTBepTHyHas coib (34) B BMAE THAPOHOAWAA |3-AMMETHIAMMHOCTH30/IMHA C
suix010M 45%. B3aumoaeicTBHe apronnaa ¢ AMMeTHIAMHHOM. MOP(OIHHOM H OEH3HIAMHHOM MPOTEKaeT
\EeMOCEJNEKTHBHO M0  JK30UMKIHYECKOH METWJIEHOBOH rpynne Y—JlakToHa no Tuiny Muxass ¢
X0.IHYECTBEHHBIM 00pa30BaHHEM COOTBETCTBVIOLLWX NPOU3BOAHBIX (35-37).
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OaHMM M3 [I0XO/I0B K HAMpaBA€HHOMY H3MEHEHHIO OHOJIOrMYECKONH aKTHBHOCTH  ABJIACTCA
(yHKLHOHAIH3ALHA MOEKY]T IPHPOIHBIX COEAMHEHHUIH. [ TaBHBIM HCTOUHHKOM TaKMX OHMOJIEKYJI ABJIAIOTCH
NpHpoAHble coeanHeHusi. B HacTosulee Bpems, ocodoe BHHMAHHME YIENSETCH CHHTE3Y M H3YYEHHIO
CHMMETPHYHBIX MOJIEKYJl. HMEIOLLMX B CBOEM OCTOBE /1Ba MM Oosiee npupoaubIX ¢parmenTa. [1pn sTom THR
NPUPOAHBIX ~ MeTaboAMTOB  KpaiiHe pa3HooOpa3eH. 9TO  MOryT ObiTb  a1KalOM/bl.  CTEPOHIIbI,
CECKBHTEPIEHOBBIE JTAKTOHBI, KYMapHHbl H Psi/1 IPYTHX.

K 4Mcay ankanouaoB. NEPCHEKTHBHBIX A1 TaKOH MOAM(HKALIMM MONIEKY/l, OTHOCATCA aHaba3uH
LUHMTH3UH, oD0f1asaloulde BbICOKOH (IM3HOMIOrHYeCKOH aKTHBHOCTBIO. [lyTem BBeaeHHs WX MoOzeKysl (10
IK3OMETHIACHOBOH rpynne y-l1akToHa MPaKTUYECKH AOCTYMHbIX CECKBHTEPNEHOBLIX JIAKTOHOB HaMH
CHHTE3MPOBAHbI Psi/l HOBBIX KOMOMHMPOBAHHbLIX NPOU3BOAHBIX (38-45), cTpoeHHE KOTOPLIX YCTAHOBIECHO €
fpUMeHeHHeM criekTpaibHbIX MeToaoB (MK-. Y-, AMP 'H 1 “C). BK1I0YAs ABYMEPHYIO CMIEKTPOCKOMMIO
SIMP 'H-"H (COSY) u “C "H (COLOC) u peHTreHOCTpyKTYpHOTro aHanu3a [8-9]. Beixoa nosayueHHbIx
NPOH3BOAHBIX cocTaBHa oT 42 10 76%.

[lpy  oSTOM. cCraexyer OTMETHTb peruo-u  CTepeoCe/eKTHBHOCTL  PEaKUHH  MOJIeKY.l
CECKBHTEPMNEHOBBIX Y-TAKTOHOB W aJIKAIOM/10B.

(40)

PactutenbHble metabonuTbl. coaepialiue retepouMkinvecknii octoB |1 H-uHzonu3uuo[8.7-
blunaona (ankanowael rapmuunand [10]. Tpuxotomun [11]). nposBasioT ueHHble dapmakoaorHyeckue
cBoiicTBa. Halle BHUMaHHe NpHBICKIA BO3ZMOKHOCTB MOCTPOEHHS YKA3AHHOIO reTePOUMKINYECKOro 0CTOBA
NyTeM CHHTETHYECKHX TpaHchopMmaumii 10CTYNMHOTO PacTHTENLHOIO aakanouaa rapmuHa (46). Hekotopbie
npeBpaLleHHs KOTOporo onucanbl Hamu padee [12.13]. Hamu nokazano. 4to B3aumoaeicTBHe rapmuHa (46)
¢ (hYHKUHOHAJILHO 3aMelUeHHbIMH heHaunadpomuaamu (47a-B) B 3TaHOIE MPHBOAHT K 00pa30BaHHIO coieH
rapmMHHus (48a-B). AHanoruuHo, aedcTBHe HTHIOBOrO 3¢upa OPOMYKCYCHOH KHCIOTbI Ha rapMuH (46),
MPHUBOIMT K KBATCPHH30BAHHOMY coeantennio (49). Heobxoaumo noayepkHyTh, uto noayuenue 9H-B-
kKapOOAMHHEBBIX COMEH MpeacTaBiseT WHTEpec B CBA3M C  BbICOKOH aHTMMHUKPOOHOH (BKJKOUas
AHTHMAIAPHITHYIO) AKTHBHOCTBIO PAa3HOOOPA3HbIN KBATEPHH3OBAHHBIX NPOM3BOAHBLIN F-kapboauna [14, 15].
YceranosiaeHo, uro noa aedcersuem KOH denaunarapmunneBbie conu (48a-B) 1€rko UHKIH3YIOTCS C
oOpasoBaHHeM NpoH3BOAHLIX |1 H-una0an3uno[8.7-hlun1ona (50a-B) (Bbixoa 77-85%). Takum obpaszom.
METO/1 BOCTIPOH3BOAHT H3BECTHBIH M0N0 K CHHTE3Y HHIOIH3HHOB.
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Hamu ycranosaeno, uto ¢popmuauposarue no Buabemaiiepy-Xaaky coeautenus (S06) npuBoauT K
oOpasoBaHuio 2-(4-metokcndennin)-3.10-6uc-popmun-1 1 /H-unaonuznno[8,7-blunaona (52). XapakrtepHo,
470 rapMuH (46) WHepTeH B OMHCAHHBIX YCAOBHAX. TaKHM 0Opa3oM, peakuHus oOHapy»HBaeT BIHSAHHE
uHI10AWIMHOBOTO (parmenTta B cTpyktype (500). AuernavpoBanue coeauHenus (S0a) B ycioBuAX,
npuHATbIX 118 N-O-aunauposanns (CH;COCI-Py), nporekaet 1erko v cejlekTHBHO no nosoxenuto C(3)
MHIOIM3HHOMH01a ¢ 00paszoBaHHem 3-auetna-9-metokcu-2-dhennn-1 1 H-uuaoan3znuo[8,7-blunaona (51).

JIpyruM  MOTEHUMAJbHLIM ~ HCTOYHMKOM  OMOIOMMYECKM  aKTHBHBIX — COEAMHEHHH ¢
IPOTHBOONYNXO/IEBOH.  AHTHOKCHAAHTHOH,  renatonpoTeKTOPHOH,  AHTHBHPYCHOH.  JKEI4YErOHHOM,
PATHOMPOTEKTOPHOW.  pocTperyaupyiowei, (GYHrHUMAHOH — AKTHBHOCTBIO — CHMTAIOTCA  ()IaBOHOMbI
pacTHTENbHOrO npoucxokaeHus. B KazaxcraHe uiyueHue pacTHUTENbHBIX NOJTHDEHONOB ABIAETCA OHHM H3
NepCreKTHBHBIX HanpasieHHid B o0nacTH GHUTOXMMHYECKMX HccaeaoBaHHit. MccnenoBanus B naHHOM
*31aCTH NOCBALLEHBI, B OCHOBHOM, H3YUEHHIO PaCTHTEIbHBIX ()IaBOHOMAHBIX arIMKOHOB, AdHTPAXHHOHOB H
X\ MAPHHOB, @ TAK/KE MOTYUEHHIO Ha X OCHOBE HOBbIX OHOTOMHYECKH aKTHBHBIN MPOH3BOIHbIX.

K uwncay a0cTynHbiX  )J1aBAHOHOB OTHOCHTCH MHUHOCTPOOHH (53). BblACNCHHBIH W3 TOMOJA
Sais3amuueckoro Populus balsamifera L. [16]. Hawe BHWMaHHe NpHUBIEKIA BO3MOMKHOCTbL MOJYYEHHA
£VHKUHOHATM3HPOBAHHBIX XAJKOHOB W3 NMHUHOCTPoOMHA (53) M MX MOCHeAyIOIHe NPEBPALEHns B MJaHe
S00v4eHHs THOPHAHBIX CTPYKTYP, B YaCTHOCTH, COEAMHEHHH, BKIOUYAIOWMX (parMeHTbl XaJKOHOB M
“VMApHHOB.

DKCNEePUMEHTbI MOKa3ali, YTO B3auMmojaeHcTBHE MHHOCTPoOHHA (53) ¢ auranoreHaikaHamu (1.4-
wmbpombyTaHom (54). 1.5-aubpomnentanom (55) uau 1.6-aubpomrekcanom (56) B npucyTCTBMH noTalua B
sueTOHE [IpoTeKaeT ¢ o0pa3oBaHHeM MPOAYKTOB PacLUernIeHHs MUPaAHOBOIO LIMKJIA — COOTBETCTBYIOLLKX 2-
SPOMATKOKCH)-6-THAPOKCHXATKOHOB (57-59) (BbIx0Oa 72-75%)).

B3aumoseiicteue 6pomuaos (57-59) ¢ azuaom Hatpus B JIMDA npotekaer ¢ oOpasoBaHHem 2-
23 10ATKOKCH )XaKOHOB (60-61) (Bbixoa 62-65%). nposBHBLLHE BbICOKYO akTHBHOCTb B CUAAC peakuHH
2 TEPMHHAIBHBIMH A TKHHAMH,

Br/\x/\/B' O\/)(\/\N'3
9-11 O
K,CO,. (CH).CO = O
50°C, 14h oH ©
(53) (57-59) (60-61)

X = CH, (54, 57, 60): (CH5), (55, 58): (CH,), (56, 59, 61)

Cu-Kataan3MpyeMoi peakiivei 1.3-AHI0ASPHOIO LUHKIONPHCOEAMHEHHA XaIKOHOBBIX a3u10B (60-
&1) ¢ T-aIKHHHIKYMapHHaMH (62-63) CHHTE3HPOBaHbI KyMapHH-Xa.1KOHOBbIE THOPHIbI, coeauHeHHble 1,.2.3-
“0#a30/1bHBIM JIHHKEPOM (64-67).
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DESIGNING OF PRIMERS FOR SEARCHING mRNA ENCODING BIOSYNTHESIS
ENZYMES IN ARTEMISIA GLABELLA KAR.ET KIR.

Zh.S. Shaikenova'- Researcher, O.V. Chervyakova’- Leading Researcher,
S.N. Mantler- Researche'r, S.M.Adekenov'- Doctor of Chemical Sciences, Professor

'JCS «International research and production holding « Phytochemistry», Kazakhstan,
Karaganda, infolwphyto.kz
’RGE on the basis of economic control rights «Research Institute for Biological Safety
Problemsy of the Committee of Science of the MES of the RK, Kazakhstan, settlement
Gvardeiskiy, ribsp@biosafety.kz

Ha ocHOBaHMM aMHUHOKHCIIOTHBIX M HYKJIEOTHIHBIX MOCJIEAOBATENIbHOCTEH (PepMEeHTOB
repMakpeH A CHHTa3bl, IeépMakpeH A OKCHIa3bl U KOCTYHOJMJ CHHTa3bl AJisl BUIOB CeMeicTBa
Cnoxuonpernbie (Asteraceae), mpencraBieHHbIXx B 0Oaze nmanHbix The National Center for
Biotechnology Information, U.S. National Library of Medicine (GenBank), ckoHCTpyHpoBaHbI
npafiMepbl [UIABBISIBICHUS U OMNpeldeNieHHs HYKJICOTUAHBbIX mnocienosatensHocteli MPHK,
KOAUpyromux (pepMeHTbl OMOCHHTE3a CECKBHTEPIICHOBLIX JakTOHOBArtemisia glabella Kar. et
Kir.

Based on the amino-acid and nucleotide sequences of germacren A synthase, germacren A
oxidase and costunolide synthase enzymes for species of the Asteraceae tfamily presented in the
database of The National Center for Biotechnology Information, U.S. National Library of
Medicine (GenBank), primers were designed to identify and determine the nucleotide sequences
of mRNAs encoding the biosynthesis enzymes of sesquiterpene lactones Artemisia glabella Kar.
et Kir.

The study of the biosynthesis of secondary metabolites by methods of molecular biology
is one of the modern directions of research in this field of science.

The report discusses the search results for the amino-acid and nucleotide sequences of
germacren A synthase (GAS), germacren A oxidase (GAO) and costunolide synthase (COS)
enzymes for all members of the Asteraceae family presented in the database of The National
Center for Biotechnology Information, U.S. National Library of Medicine (GenBank). The search
was carried out to design primers that will be used to identify and determine the nucleotide
sequences of mRNAs encoding the biosynthesis enzymes of sesquiterpene lactones Artemisia
glabella Kar. et Kir.

Amino-acid sequences for these enzymes in GenBank are presented in the following plant
species:

- for GAS in 16 species: Artemisia absinthium L., A. annua L., Achilleamillefolium L.,
Barnadesiaspinosa L., Chamaemelumnobile (L.) All.,Cichoriumendivia L., C.intubus L., Crep-
idiastrumsonchifolium (Maxim.) Pak & Kawano, Cynaracardunculus L. var. scolymus, Helian-
thus annuus L., Ixerisdentata (Thunb.)Nakai var. albiflora, Lactuca sativa L., genus Matricaria,
Tanacetumcinerariifolium Sch. Bip., T parthenium (L)) Sch. Bip., Taraxacumoffici-
naleWigg. Xantiumstumarium L. In this case, two forms of GAS are distinguished, short - about
560 a k., and long - about 580 a.k. (Table 1);

- for GAO in 11 plant species:A. annua L., B. spinosa L., C. endivia L., C. intubus L.,
C. cardunculus L. var. altilis, C. cardunculus L. var. scolymus, H. annuus L., L.sativa L., Saus-
sureacostus (Falc.) Lipschitz, T cinerariifolium Sch. Bip.. The average amino-acid sequence
length is 488 a k. (Table 2);

- for COS in 8 plant species: A. annua L., C. endivia L., C. intubus L., C. cardunculus L.
var. altilis, C. cardunculus L. var. scolymus, H. annuus L., L. sativa L., 1. parthenium (L.) Sch.
Bip.. The average amino-acid sequence length is 494 a k. (Table 1).
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Multiple alignment of amino-acid sequences was performed using the Vector NTI 10.0.1
software. For each of the enzymes, conservative sites of peptides were selected for primers design
and the expected PCR-products for primers pairs were determined:

- four sections were selected for different types of GAS, the expected PCR-product for the
primer pairs F1 /Fla/F2 +R1/R2 -216 bp, for F3 + R1/R2 - 885 bp, for F3 + R3 - 737 bp;

- three sections were selected for GAO, the expected PCR-product for the primer pairs F1
/F2 +R1/R2 -405 bp, for F1 /F2+ R3 /R4 - 469 bp;

- five sections were selected for COS, the sizes of PCR-products vary from 300 to 1200
bp.

Table 1 - Sequences of primers for the detection of cDNA encoding GAS, GAO and COS
enzymes

Title The primer nucleotide sequence Target peptide
(]
=
Ef
=
i
GAS | GAS-F1 TGGAGCTACGACAAAAAGAAGAACTG LQLQQKEEL
GAS-Fla | TGGAGCTACGACAAAAAGAAGAAYT
GAS-F2 TGGAGCTACGACAAAAAGAAGAA
GAS-F3 CTGGCCAACTTTCCTCCTTCAGTATGG LANFPPSVW
GAS-R1 ATAAGCATCATATGTGTCATCTA LDDTYDAY
GAS-R2 ATAAGCATCATATGTGTCATC
GAS-R3 AAACCTCATGTCCTTCCACC WWKDMRF
GAO | GAO-F1 GCCAGAAAGTATGGATCTTTAATGCA KYGSLM

GAO-F2 ARYAYGGAYCWYTVATGCA

GAO-R1 CTGGTCCTTGACTCCTTTTCC GKGVKDQ

GAO-R2 CTGRTCYYTGMHYYYYTTHCC

GAO-R3 GAAAGATATCTGCCACATCAAAGCC GFDVADIF
GAO-R4 GAAARATATCHGCCACATCRAANCC

COS | COS-F1 GGGCCGCCAAAACTACCCATAATCGGAAAC GPPKLPIIGN

COS-F2 CTGAAATTAATAGTAAAAGAAACTCTGAGG LKLIVKETLR

COS-F3 GAAACTTAGCCAAGAAATATGGCCCCATCATG | RNLAKKYGPI

M

COS-R1 ACAAATTCTCCGGCCGGCACCGAACGG PFGAGRRICP
G

COS-R2 CTCCAAGGTGCAAATCTTCTTCATCTGCCTCCA | WRQMKKICT
LE

Thus, based on the conducted search, 12 primers (both degenerative and specific) were
designed to identify cDNAs of the GAS, GAO, and COS enzymes involved in the biosynthesis of
costunolide, one of the intermediates of the arglabin biosynthetic pathway in Artemisia glabel-
laKar. etKir..
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JUYHAS NOONUCD pacuugposka noonucu dama
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&{L‘C/ Kumkentaesa A.C. L A, oo

JUYHASA NOONUCD pacuugposka noonucu oama

MIIK (MKH) — MexayHapoaHas maTeHTHas Kiaccupukamus (MexXIyHapoIHas KiacCupuKaIs
u300peTeHn);

HKW — sanmoHanpHast KiaccupuKanus u300peTeHni;

MIIKO - mexayHapoHas KiacCH(UKaUs IPOMBIIUIEHHBIX 00pa3IoB;

HTU — nayuHo-TeXHMUYECKas HH(OpMAIHs;

I'C — rapMoHHU3UpOBaHHas cucTeMa (TapMOHU3UPOBAaHHAs TOBapHasi HOMEHKIIATYpa);

CMTK - cranmapTHas MexayHapoaHas Topropas knaccudukanus OOH;

BTH — Bproccensckas TaMOK€HHasi HOMEHKIIATypa;

VJIK — yHEBepcabHas eCATHYHAs KiIacCU(pUKAI.
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Форма отчета о поиске

В.1 Поиск проведен в соответствии с заданием «Изучение биосинтеза терпеноидов в растениях и поиск новых фармакологически активных бимолекулярных соединений»

Руководитель подразделения исполнителя работы – старший научный сотрудник лаборатории химии терпеноидов, PhD докторант Кишкентаева А.С.
В.2 Этап работы

При необходимости

В.3 Сведения о выполнении регламента поиска (указывают степень выполнения регламента поиска, отступления от требований регламента, причины этих отступлений).

Регламент поиска в соответствии с заданием «Изучение биосинтеза терпеноидов в растениях и поиск новых фармакологически активных бимолекулярных соединений» выполнен полностью.

В.5 Предложения по дальнейшему проведению поиска и патентных исследований

В.6 Материалы, отобранные для последующего анализа:

Таблица В.6.2 – Патентная документация

	Предмет поиска (объект иссле-дования, его составные части)
	Страна выдачи, вид и номер охранного документа. Классифика-ционный индекс)
	Заявитель (патенто-обладатель), страна. Номер заявки, дата приоритета, конвенционный приоритет, дата публикации
	Название изобретения (полной модели, образца)
	Сведения о действии охранного документа или причина его аннулирования (только для анализа патентной чистоты)

	1
	2
	3
	4
	5

	Изучение биосинтеза терпеноидов в растениях и поиск новых фармаколо-гически активных бимолеку-лярных соединений
	CN111184713A 

A61K31/365; A61P15/14; A61P35/00
	Hainan Normal Univ  [CN], Chen Wenhao; Hui Yang; Dai Chunyan; Zhou Xiuqiao; CN20201069334 20200121; 
Publ. 2020-05-22
	Application of eudesmane sesquiterpene lactone epimers in preparation of anti-breast cancer medicine
	

	
	WO2020125911A1

A61K31/343; A61P35/00; C07D307/93


	Univ autonoma de Santo Domingo Uasd [DO]; Castillo Perdomo Quirico Alejandro [DO]; Almanzar Germosen Evelyn [DO]; WO2019DO50003 20190402;

Publ. 2020-06-25
	Sesquiterpene lactones of Koanophyllon gibbosum and their use for the treatment of different types of cancer
	

	
	US2020277270A1

A61P35/00; A61P35/02; C07D307/93; C12N9/02
	Univ Rochester [US]; US201816640138 20180817.

Publ. 2020-09-03
	Micheliolide derivatives, methods for their preparation and their use as anticancer and antiinflammatory agents
	

	
	CN110483544A

C07D 493/20

A61P 35/00

A61P 15/14

A61K 31/365
	Univ Zhejiang chinese medical  [CN], Zhao Huajun , Jiang Qingli, Zhu Zhihui; 

Publ. 22.11.2019.
	Sesquiterpene lactone compound as well as preparation method and application thereof
	


Продолжение таблицы В.6.2

	1
	2
	3
	4
	5

	
	KR20190128806A

A61K31/155; A61K31/365; A61K31/7004; A61P35/00
	Haim Bio Co Ltd [KR]; KR20180052950 20180509; 

Publ. 2019-11-19
	Pharmaceutical composition for preventing or treating cancer
	

	
	CN109761994A 

A61K31/34; A61P29/00; C07D493/04
	The Xinjiang technical inst of physics & Chemistry Chinese academy of sciences [CN];
CN201910148881 20190228;

Publ. 2019-05-17
	Carbon-drop guaiane sesquiterpene lactone compound and preparation method thereof
	

	
	CN108159099A

A61K31/365; A61K36/28; A61P1/16; A61P31/20
	Univ Suzhou [CN]; CN20181045554 20140604; 

Publ. 2018-06-15
	Application of lindley eupatorium sesquiterpene part in preparing hepatits B virus resistance drug
	

	
	CN108743583A

A61K31/365; A61P31/12; A61P31/20; A61P31/22
	Univ Jinan  [CN];
CN20181127161 20180904;

Publ. 2018-11-06
	Application of sesquiterpene lactone compound in centipeda minima in preparation of drug having antiviral effect
	

	
	CN108440472A

A61P1/16; C07D307/92; C07D307/93; C07D493/10; C07D493/20
	Univ Yanbian [CN]; CN201810593623 20180611.

Publ. 2018-08-24
	Extraction separation method of sesquiterpene lactone component in artemisia capillaries and drug for protecting liver and preventing fatty liver disease
	

	
	US20170273995A1

A61K 31/685; A61K 9/00; A61K 9/48; A61K 31/133
	Novazoi Theranostics  [US];  15468815

24.03.2017

Publ. 28.09.2017
	Ethanolamine-based lipid biosynthetic compounds, method of making and use thereof
	

	
	EP3178809A1

C07C 323/12; A61K 31/105; A61P 35/00
	Albert-Ludwigs-Universität Freiburg [DE]; 15199458

11.12.2015

Publ. 14.06.2017
	Hybrid molecule with structural and activity elements of resveratrol and diallyl sulfide
	

	
	CN107115339A A61K31/365; A61K36/28; A61P35/00; C07D307/92 
	Hangzhou First People's Hospital  [CN]; CN20171306905 20170504 

Publ. 01.09.2017
	Preparation method of effective part of Inula helenium L. sesquiterpene lactone and application thereof to pancreatic cancer resistance
	

	
	CN106957324A

C07D 493/10; A61P 3/10; A61P 3/04
	Univ Fudan [CN];

CN201610014630 2016-01-11 

Publ. 18.07.2017
	Sesquiterpene spiro cyclical lactone compound as well as preparation method and application thereof
	

	
	WO2017118114A1
A61K31/357; A61K31/517; A61K36/282; A61P35/00; A61P35/04 
	Univ Hong Kong Baptist Univ [CN] 

WO2016CN100329 20160927 

CN2016106000 20160105
Publ. 13.07.2017
	Anti-cancer composition consisting of halofuginone and sesquiterpene lactone compounds of Artemisia Apiacea and use thereof
	


Продолжение таблицы В.6.2

	1
	2
	3
	4
	5

	
	WO2017203498A1

C07D307/93
C07D307/9
	Cebal - Centro De Biotecnologia Agrícola E Agro-Alimentar Do Alentejo [PT]; Amoreira Sousa Silva Brás Teresa Isabel [PT]; Pereira Duarte Ricardo Maria De Fátima [PT]; Graça Neves Luísa Alexandra [PT]; Serejo Goulão Crespo João Paulo [PT]  

PT20160109415 2016-05-27
Publ. 2017-11-30
	Processes for extracting cynaropicrin from leaves of Cynara cardunculus L.
	

	
	KR101721666B1

A61K31/365; A61K36/28; A61K8/49; A61K8/97; A61Q19/02
	Inoskin Co Ltd [KR]; KR20160165188 20161206 

Publ. 2017-03-30
	Skin-whitening compound from Inula britannica and skin-whitening composition containing the same
	

	
	JP2016050188A 

A61K31/365; A61P35/00; A61P35/02; C07D307/93; C07D407/12; C07D493/04
	Univ Kagawa [JP];

JP20140176365 2014-08-29.

Publ. 2016-04-11
	Sesquiterpene lactone derivative and use therefor
	

	
	US2016367525A1 

A61K 31/365; A61K31/5377; A61K31/4525; A61K31/496; A61K31/4192; 
A61K31/4025
	Univ Nankai [CN] 

WO2013CN79344 2013-07-15
Publ. 2016-12-22
	Uses of sesquiterpene lactone compounds and their derivatives in drugs preparation accendatech
	

	
	CN105232567A

A61K31/7042; A61P3/10
	Zibo Qiding Patent Information Consulting Co Ltd [CN]; CN20151746817 20151106 

Publ. 2016-01-13
	Application of sesquiterpene lactone in preparation of blood sugar reducing medicines
	

	
	CN105294623A

A61K31/365; A61P35/00; C07D307/93
	Univ Zhejiang Chinese Medical  [CN]; CN20151796524 20151118 

Publ. 2016-02-03
	Sesquiterpene lactone compound, preparation method and application thereof 
	

	
	CN103664988B

C07D 493/20
	Li Zhipin [CN]; 

Publ. 20.01.2016.
	Extraction and separation method for artemisinin
	

	
	CN105250342A 

A61K 36/28 

A61P 3/10
	Univ Lanzhou [CN] Liu Quan, Wang Younian, Li Xiaobei;

Publ. 20.01.2016.
	Ligularia virgaurea extract and preparation method and application thereof in aspect of reducing blood glucose
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	1
	2
	3
	4
	5

	
	US2015299155A1

C07D307/93 
	Cho Dang Pharm Co Ltd [KR]; KR20120124024 20121105; WO2013KR08853 20131004
Publ. 2015-10-22
	Sesquiterpene lactone-based pharmaceutical composition for treating gastrointestinal diseases
	

	
	CN104771393A

A61K31/365; A61P31/16; C07D307/93
	Univ Jinan [CN]; CN20151120699 20150319 

Publ. 2015-07-15
	Application of sesquiterpene lactone compounds in preparation of anti-influenza virus drugs 
	

	
	CN104876900A

C07D307/93 
	Xuzhou Medical College  [CN]; CN20151253201 20150518 

Publ. 2015-09-02
	Method for extracting, separating and purifying costunolide and dehydrocostus lactone from elecampane
	

	
	US2015284353A1 

C07D307/93 
	Cho Dang Pharm Co Ltd [KR]; 

KR20120124009 20121105 ; WO2013KR08851 20131004
Publ. 2015-10-08
	Sesquiterpene lactone-based pharmaceutical composition for treating gastrointestinal diseases
	

	
	CN104557826A

A61K31/365; A61P35/00; C07D307/83
	Fuyang Hongxiang Technology Services Co Ltd [CN]; 

CN2015102488 20150105 

Publ. 2015-04-29
	Sesquiterpene lactone compound, pharmaceutical composition comprising sesquiterpene lactone compound, as well as preparation method and application of sesquiterpene lactone compound
	

	
	CN103585227B

A61K 36/28 

A61P 35/02
	Jinan xingyi med tech Co Ltd [CN]; Kong Qianqian; 

Publ. 28.10.2015. 
	Application of Ligularia purdomii extract in preparation of drug for treatment of leukemia
	

	
	CN103965157A

C07D311/94 
	Wuhan United Pharmacy Co Ltd  [CN]; CN20141180498 20140430 

Publ. 2014-08-06
	Preparation method for sesquiterpene lactone compound
	

	
	KR101297726В1

A61K 36/28 

A61P 3/10
	Univ Hallym Iacf [KR]; KR20110029151 20110331.

Publ. 04.09.2013.
	Composition for treating diabete-induced complication containing an extract from Ligularia fischeri
	

	
	RU2430969 C2 

C12P 19/34

C07H 21/02

C12N 15/00


	ОOO "Виталанг" [RU]; 2009133895/10, 2009.09.09

Опубл.10.10.2011
	Высокополимерная РНК из пекарских дрожжей, свободная от примесных ассоциатов РНК с белками и полисахаридами. 
	

	
	CN103585227A

А61К 36/28 

А61Р 35/02
	Kong Qianqian; 

CN201310526719.4A

31.10.2013

Publ.02.12.2014
	Application of Ligularia purdomii extract in preparation of drug for treatment of leukemia
	


Таблица В.6.3. – Перечень покупных комплектующих изделий, по которым запрошена документация

	Дата запроса. Реквизиты письма запроса
	Наимено-вание и обозначение покупных комплектующих изделий
	Запрашиваемая документация (Ответ о ПИ, выписка из Отчета, ТУ, ПФ, выписка из ПФ)*. Цель получения запрашиваемой документации
	Вид и номер документа, полученного при запросе или причина отказа. Реквизиты письма-ответа.
	Наименование запрашиваемой организации или предприятия с указанием местонахождения (адрес)

	1
	2
	3
	4
	5

	Комплектующие изделия не имеются, запрашивать сведения о комплектации не требуется.


Таблица В.6.4. — Количество опубликованных охранных документов по годам (изобретательская активность)

	Объект техники

и его составные части
	Страна подачи заявки
	Количество патентов, опубликованных заявок по годам подачи заявки (исключая патенты-аналоги)

	
	
	2011
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020

	
	РФ
	1
	
	
	
	
	
	
	
	

	
	Корея
	
	1
	
	2
	
	1
	
	1
	

	
	Китай
	
	
	2
	4
	5
	3
	3
	2
	1

	
	Япония
	
	
	
	
	1
	1
	
	
	

	
	Португалия
	
	
	
	
	
	1
	
	
	

	
	Германия
	
	
	
	
	
	1
	
	
	

	
	США
	
	
	
	
	
	1
	
	
	1

	
	Доминиканская Республика
	
	
	
	
	
	
	
	
	1

	Итого по годам
	1
	1
	1
	6
	6
	8
	3
	3
	3


Таблица В.6.5. — Взаимное патентование

	Нацио-нальная принад-леж-ность заявителя
	Страна патентования
	Количество патентов
	Всего

	
	
	Нацио-нальных патентов
	Запатен-товано в других странах
	

	1
	2.1
	2.2
	2.3
	2.4
	2.5
	2.6
	2.7
	2.8
	3
	4
	5

	Не обнаружено


Таблица В.6.6 — География патентования объектов промышленной собственности исследуемыми фирмами (по патентам-аналогам)

	Наиме-нование

фирмы-патенто-вла-дельца


	Наимено-вание техни-ческого решения (изобрете-ния)
	Номер пер-вич-ной заявки


	Дата прио-ритета


	Дата публи-кации пер-вичной заявки


	Номера выданных патентов (поданных заявок) по странам выдачи

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	Патентов-аналогов нет


Выводы о выполнении регламента поиска

Патентно-информационный поиск (отечественный и зарубежный) проведен за период с 2010 по 2020 г.г. по базам данных Science Direct, Elsevier, Springer, Scopus, Web of science, NCBI, включая следующие специализированные научные журналы: «Tetrahedron Letters», «Tetrahedron», «Phytochemistry», «Phytochemistry Letters», «Phytochemistry Reviews», «Phytotherapy Research», «Fitoterapia», «Bioorganic & Medicinal Chemistry», «Phytomedicine», «European Journal of Medicinal Chemistry», «Journal of Asian Natural Products Research», «Industrial Crops & Products», «Chinese Herbal Medicines», «Protoplasma», «Molecules», «Annual Review Plant Biology», «Microbial Cell Factories», «Seminars in Cancer Biology», «Molecular Plant», «Metabolic Engineering», «Biochemical Systematics and Ecology», «Биоорганическая химия», «Journal of Medicinal Chemistry», «Frontiers in Plant Science», «FEBS Letters», «Natural Products Communications», «Phytochemistry», «Journal of Biological Chemistry», «Plant Science», «PLoS One», «Nature Communications», «Horticulture Research», «Sensors  and  Actuators», « Chinese Herbal Medicines», «Chinese Journal of Natural Medicines», «Current Medicinal Chemistry», «Science Bulletin (Life & Medical Sciences)», «Chinese Chemical Letters», «Chem. Heterocycl. Compd», «Chem. Nat. Compd.», «Steroids», «Chem. Biodiversity», «Helvetica Chimica Acta», «Applied Microbiology and Biotechnology», «Industrial Crops and Products», «Laboratory Investigation», «Bioorganic & Medicinal Chemistry Letters», «Industrial  Crops  and  Products», «Journal of Chemical Research», «Chemistry & Biodiversity», «Journal of Hepatology», «Химия растительного сырья», « Chem. Nat. Compd. », «Medicinal Chemistry Research», «Central Asian Journal of Medicine», «Nat. Prod. Bioprospect», «Natural Product Communications», «Journal of Food Composition and Analysis», «Физиология растений», «Plant, cell and environmental.», «Res Chem Intermed.», «Eur J Med Chem». Всего проанализировано 110 публикации.

В проведенном патентно-информационном поиске обнаружены сведения, имеющие отношение к выдедению сесквитерпеновых лактонов из растительного сырья, выделению бимолекулярных соединений из растений рода Ferula, синтезу гибридных молекул на основе природных соединений, изучению биосинтеза терпеноидов в растениях методами молекулярной биологии и генной инженерии, поиску и определению нуклеотидных последовательностей отдельных биосинтетических генов в растениях семейства Asteraceae, биологическому скринингу и разработке фармацевтических композиций на основе растительных экстрактов и индивидуальных сесквитерпеновых лактонов.

Выявлен 31 зарубежный патент (Китая, Кореи, США, Японии, Германии, России, Португалии и Доминиканской Республики). Наибольшая изобретательская активность характерна для китайских и корейских ученых (20 и 5 патентов соответственно). 
Результаты патентно-информационного поиска свидетельствуют об актуальности исследований по поиску бимолекулярных соединений в растениях флоры Казахстана, направленному синтезу гибридных молекул на основе природных соединений, а также изучению биосинтеза терпеноидов молекулярно-генетическими методами.

Природные сесквитерпеновые лактоны, как широко распространенные в природе вторичные метаболиты, являются перспективным возобновляемым материалом. Среди них обнаружены гибридные молекулы – сесквитерпеновые лактоны с молекулами других природных соединений (алкалоидов, стероидов, фенольных соединений). 

Проанализированные литературные сведения подтвердили, что растения рода Artemisia, Ferula являются перспективными объектами для выделения бимолекулярных соединений. Растения рода Ferula продуцируют в основном терпеноидные кумарины и сложные эфиры ароматических кислот и терпеноидных спиртов, для некоторорых видов характерно присутствие среди вторичных метаболитов сесквитерпеновых лактонов. Для растений рода Artemisia характерны терпеноидные кумарины и сесквитерпеновые лактоны, в том числе димерные.

Принцип молекулярного дизайна на основе природных сесквитерпеновых лактонов путем сочетания в одной молекуле двух фармакофорных фрагментов применим для создания новых и улучшения свойств ранее известных биологически активных соединений. В ряде работ описаны методы синтеза бимолекулярных соединеий, в частности, сесквитерпеновых лактонов с другими природными соединениями. При этом для полученных гибридных молекул характерны новые фармакологические свойства, отличающиеся от свойств нативных молекул, включая безопасность и низкий риск взаимодействия с другими лекарственными средствами.

Изучение биосинтеза сесквитерпеновых лактонов в живом организме представляет несомненный научный интерес. В результате анализа данных информационной базы NCBI обнаружены нуклеотидные последовательности генов, кодирующих структуры ферментов биосинтеза сесквитерпеновых лактонов в 17 видах растений семейства Asteraceae. При этом данных о биосинтетических генах, выделенных из Artemisia glabella Kar. et Kir., не обнаружено, что подтверждает новизну этого направления исследований.

Таким образом, анализ патентной и научно-технической литературы не выявил сведений, порочащих новизну разработок, составляющих основу темы проекта. Патентные исследования проведены в соответствии с заданием, регламент поиска выполнен в полном объеме. Регламент выбран правильно. Глубина поиска патентно-информационной литературы 10 лет вполне достаточна. Результаты патентных исследований могут быть использованы при оформленни охранных документов в стране и за рубежом.
Заключение: Проведенный патентно-информационный поиск подтверждает научную значимость и прикладную перспективность фундаментальных исследований в области химии, биохимии и фармакологии сесквитерпеновых лактонов.
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ПРИЛОЖЕНИЕ Г
Регистрационные карты на стандартные образцы выделенных и синтезированных соединений
При реализации проекта «Изучение биосинтеза терпеноидов в растениях и поиск новых фармакологически активных бимолекулярных соединений» в Республиканский банк биологически активных соединений переданы следующие образцы выделенных и синтезированных соединений:

1) цитизиниларголид

2) анабазиниларголид

3) цитизинил-1α,10β-диоксиарглабин

4) α-цитизинилгроссгемин

5) α-цитизинилгроссгемина гидрохлорид

6) анабазинилгроссгемин

7) α-цитизиниларглабин

8) β-цитизинилгроссгемин

9) фероцинин
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ПРИЛОЖЕНИЕ Д
Лабораторный регламент
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ПРИЛОЖЕНИЕ Е

Нуклеотидные последовательности генов-«кандидатов» GAS, GAO и COS из Artemisia glabella Kar. et Kir.
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Artemisia glabella putative costunolide synthase (COS) mRNA, partial cds
GenBank: MT276313.1
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Direct Submission
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Location/Qualifiers
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/organism="Artemisia glabella"

Kazakhstan"

/gene="C0S"
<1..>1203

cos"
/codon_start=1

taxon:2762439"

/product="putative costunolide synthase"

/protein_i
/translation=

INC49781.1"

GPPKLPIIGNIHQLKSPTPHRVLRDLAKKYGPIMHLQLGQVSTV

VVSTPRLAQEIMKTQDISFADRPTTTTSQIFFYKAQDIGWAPYGEYWRQMKKICTLEL
LSAKKVRSFSSIREEELTRIRKILEFKAGTPINYTELTIEMVNNVICKATLGDCCKDQ
ALLIELLYDVLKTLSAFNLASYFPRLQFLNVLSGKQAKWLRMQKQLDEIMEDILKEHR
AKGRAKNNDQEDLVDVLLRVKETGGLDINVTDEHVKAVVLDMLTAGTDTSSTTLEWAM
TELMRNPEMMKRAQAEVRSVVKGEHITETDLQNLHYLKLIVKETMRLHAPTPLLVPRE
CRQDCNVDGYDIPAKTKVLVNAWACGTDPGSWENPESFIPERFENCPINFMGADFQYT

PFGAGRRIC"

aactacccat aatcggaaac
gagatttagc caagaaatat
ttgtcgtgtc cacgcctagg
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gegctectta tggegaatac
gtgccaagaa agtgegatct
aaattcttga atttaaagct
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ttgaactatt atatgatgtg
ctcgtctgea gtttcttaat
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aaacagactt acaaaactta
atgctcctac acctttatta
atgatattcc agccaagact
gtagttggga aaatcctgaa
tcatgggtge agatttccag

atacaccaac
ggccccatca
ctagctcaag
acctcccaaa
tggagacaaa
tttagctcta
ggaacaccga
gctactttgg
ttgaaaacgt
gtgctatccg
gaagatatct
cttgttgatg
gaacatgtta
acacttgaat
gcagaagtga
cattacctca
gtccccagag
aaggtactcg
agcttcatcc
tacattccgt

ttaaaagccc
tgcacctaca
agatcatgaa
tattctttta
tgaaaaagat
taagagaaga
ttaactatac
gagattgttg
taagtgegtt
gaaagcaagc
tgaaggaaca
ttcttttgag
aagccgttgt
gggcgatgac
gatcagtggt
aattgatagt
aatgccgaca
taaatgcatg
cggagcgatt
teggtgcceg

aactcctcat
actcggccaa
gacccaggat
caaagctcaa
ttgtacattg
agagcttact
ggaattgacg
caaagaccag
caatctageg
taagtggttg
tagagctaaa
ggtcaaagaa
tctcgatatg
tgagctcatg
gaaaggagaa
aaaggaaaca
agattgtaac
gecttgtgga
tgaaaattgt
ccggagaatt




[image: image182.jpg]GenBank ~

Artemisia glabella putative germacrene A oxidase (GAO) mRNA, partial cds
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#i#Assembly-Data-START#H##

Sequencing Technology :: Sanger dideoxy sequencing
#i#Assembly-Data-END##
Location/Qualifiers
e 1..475

/organism="Artemisia glabella"

‘taxon:2762439"
Kazakhstan"

/gene="GA0"

/codon_start=1

/product="putative germacrene A oxidase"
/protein_id="QNC49783.1"
/translation="ARKYGSLMHLQLGEVSTLVVSSPKWAKEILTTHDITFANRPETL
TGEIVAYHNTDIVLAPYGEYWRQLRKLCTLELLSVKKVKSFQSLREEECWNLVQEIKA
SGSGRPVNLSENVFKLIATILSRAAFGKGIKDQKEFTEIVKEMLRETGGFDVADIF"

gccagaaagt atggatcttt aatgcattta cagcttggtg aagtttcaac actcgtggtg
tcatctccga aatgggctaa agagatattg acaacgcacg atattacctt tgctaacagg
cccgagactt taactggtga gattgttgca tatcacaata cggatattgt tcttgeacct
tatggtgaat actggaggca attacgtaaa ctttgcacat tggagctttt gagtgttaag
aaagtaaagt catttcagtc gcttcgtgaa gaggagtgtt ggaatttggt tcaagagatt
aaagcttcag gttcagggag accagttaac ctttcagaga acgttttcaa gttgattgca
acgatactta gtagagctgc atttgggaaa gggatcaagg accagaagga gtttacggag
attgtgaaag agatgttgag ggaaactggt ggctttgatg tggcagatat ctttc
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Artemisia glabella putative germacrene A synthase (GAS) mRNA, partial cds
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Artemisia glabella putative germacrene A synthase (GAS) mRNA,
partial cds.
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Artemisia glabella
Artemisia glabella
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliopsida; eudicotyledons; Gunneridae
Pentapetalae; asterids; campanulids; Asterales; Asteraceae;
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Direct Submission
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/organism="Artemisia glabella"
/mol_type="mRNA"
/db_xref="taxon:27624339"
/country="Kazakhstan"
<1..>878
/gene="GAS"
<1..>878
/gene="GAS"
/codon_start=3
/product="putative germacrene A synthase”
/protein_id="QNC49782.1"
/translation="FPPSVWGDRFLSFSLDKSELDRYAIAMEKPKEDLRKLIVDPTMD
SNEKLGLIYSVHRLGLTYMFLQEIESQLDKLFKEFNLQDYEQADLYTISINFQVFRHL
GYKLPCDVFNKFKDGSSGTFKASITSDVRGMLGLYESAQLRIRGEKILDEAAVFTEAK
LKSVVKTLKGDIAQQVTQSLKRPFHQGMPMVEARLYFSNYEKECSTYDSLLKLAKLHF
KYLELQQKEELRIVSKWWKDMRFQETTPYIRDRVPEIYLWILGLYFEPRYSLARIIAT
KITLFLVVLDDTYDAY"

actttcctcc ttcagtatgg ggtgaccget tcctctcatt ctctcttgac aaatcggaat
tggaccgata tgccatagct atggagaagc caaaggagga tttgagaaag ttgatcgtgg
atccaacaat ggattcaaat gagaaactag gcttgattta ttctgtgcat cgtcttggtt
tgacatatat gttcttgcaa gagatcgaaa gccagcttga caaacttttc aaggagttta
acttgcaaga ttatgaacaa gctgacctat acacaatttc gattaatttt caagtttttc
gacatcttgg ttacaaacta ccttgcgatg tctttaacaa attcaaggac ggtagctcgg
gtactttcaa ggcatccatt acgagtgatg tgaggggtat gttgggcctc tatgaatctg
cacagttgag aataagagga gaaaagattc ttgatgaagc cgcagttttt actgaagcta
aactcaagag tgtagtaaaa acgcttaaag gtgatattgc gcaacaagtg acacaatctt
taaagagacc attccatcaa ggaatgccaa tggtagaggc aaggctctat ttctctaact
atgaaaaaga atgttccacg tatgactcat tgctaaagct agcaaagctt cactttaagt
atttggagct acaacaaaaa gaagaacttc gaattgtatc aaagtggtgg aaggacatga
ggtttcaaga aactactcct tatataaggg atagagtacc agagatttac ttatggatat
tgggattata ctttgagcct cgttactcct tggcaagaat catcgcaaca aaaataacgt
tgtttctcgt ggttttagat gacacatatg atgcttat
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Отчет по молекулярному докингу сесквитерпеновых лактонов и их производных
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3akJ/Ir0ueHue:

B pesynbraTe NpOBEAEHHOIO MOJIEKYJSIPHOTO JOKUHIa BBISBIEHO, YTO
LIMHAPOIUKPHUH IIOKa3aj Jydllhe 3HAUeHUs SHEPrHH CBSI3bIBAHUS CO CIAHK-OEIKOM
SARS-CoV u SARS-CoV-2 (-7,404 u -7,021 xxan/mojb, COOTBETCTBEHHO), a TAKXe C
xenmukazod SARS-CoV (-7,225 xxan/monp). CpaBHUTENIBHO MPOYHOE CBSI3BIBAHHE
LMHAPONUKPHUH IIOKa3al C MananHonogoOHo# mpotenHazoir SARS-CoV-2 (-6,312
KKaji/MoJib), ocHOBHOM mpoteazoit SARS-CoV u SARS-CoV-2 (-6,146 u -6,642
KKaJI/MOJIb, COOTBETCTBEHHO), M C HeCTpyKTypHbIM Oeikom NSP3 SARS-CoV-2
(-6,662 kxay/moinb). AHaOA3WHWITPOCCTEMHH IIOKAa3al JIydylllee 3HAYCHHE SHEPruu
CBSI3BIBaHUS ¢ NanauHononooHoi nmporenHaszoit SARS-CoV (PDB ID: 40W0) (-6,916
KKaJ1/MOJIb). OTHOCHTENBHO NMPOYHOE CBSI3bIBAHHE aHA0a3MHMITPOCCIEMHUH MOKa3as C
aHruoTeH3uHNpeBpamaomuM dpepmertoM 2 (PDB ID: 2AJF) (-5,955 kkan/Monb), ¢
nanauHonoooHoi npotrenHaszoii SARS-CoV-2 (-6,257 KkaJl/MoJib), Craiik-0eIKoM
SARS-CoV u SARS-CoV-2 (-6,355 u -6,460 xxayi/MOJIb, COOTBETCTBEHHO), OeikoMm E
(-6,096 xxanm/mMonp) u HecTpykTypHbIM OemkomM NSP3 SARS-CoV-2 (-6,121
KKaJI/Mob). AHaOa3MHUIAPTIIa0WH MOKAa3al Jydlllee 3HAYCHUE DHEPIHH CBS3bIBAHUS
co cnaiik-6enkom SARS-CoV-2 (-7,544 xkan/moisib). OTHOCHTENBHO MPOYHOE
B3aMMOZEHCTBHE aHaba3uHUIApriabuH MoKa3al C MaranHOMNOA00HON MPOTEHHA30MH
SARS-CoV-2 (-6,524 kxan/mMoib) U ¢ KOMIUIEKCOM HECTPYKTYpHBIX OenkoB NSP10-
NSP14 SARS-CoV (-5,951 kxkan/monp). ['mmpoxiopua muMeTHIaMHHOApriaOWHa
II0Ka3aJjl Jiydllee 3HaueHHe SHEepPruu CBS3BIBAHUS C IumenTuauinentunazoi-4 (PDB
ID: 5Y7K) (-6,819 xkan/mons), a apriabun — ¢ NSP15 sumopubonykieasoir SARS-
CoV-2 (-5,943 kxan/monp). LluTu3nHUIAprIaOUH TMOKa3aJl OTHOCHUTEIBHO IPOYHOE
CBs3BIBaHME C OCHOBHOM mpoTtea3zoit SARS-CoV-2 (-6,088 kkan/monb) u ¢ 6enkom E (-
6,087 xkan/mone). C anruoreHsuHmnpeBpamaromuM ¢pepmertom 2 (PDB ID: 1R4L)
CPaBHUTEIBHO MPOYHOE B3aWMOAEWMCTBHE MOKa3al LUTU3MHUITpoccreMuH (-5,659
KKaJI/MOJIb). I'poccreMuH mokasaia OTHOCHTENIFHO MPOYHOE CBSI3bIBAHUE C XEHKA30M
SARS-CoV (-5,846 kkayi/MoJb). APTEeMHU3MHHMH I0Ka3al CPaBHUTEIBHO IPOYHOE
B3aMMOZEHCTBHE C mamauHonofoOHoW mnporenHasod SARS-CoV-2  (-5,515
KKaI/MOJb). APprojuj ¥ SIOKCHAPrOJNKA IIOKa3ald OTHOCHTENFHO — cliaboe
B3aUMOJICIICTBHE CO BCEMH HUCCIIEAyEMBIMU pelLenTOpaMu (PHEPrus CBS3bIBAHUS HE
BBIINIE -5,153 1 -5,288 xkxan/Moib, COO}BCTCT}IHO).
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ПРИЛОЖЕНИЕ И
Акты испытаний образцов веществ на цитотоксичность в отношении личинок Artemia salina (Leach)

Цитотоксичность образцов оценивали в тесте выживаемости личинок морских рачков Artemia salina (Leach) в условиях культивирования in vitro, которую оценивали по количеству выживших и погибших личинок при концентрациях образцов 100, 10 и 1 мкг/л. По полученным данным верхнего и нижнего токсического лимита рассчитывали половинную токсическую дозу каждого образцов:
1) β-цитизинилгроссгемин (Grs-Ct (II)) и другие производные гроссгемина;
2) фероцинин (22) из Ferula kelleri Koso-Pol.;
3) α-цитизинилгроссгемин (40), хлорацетилгроссгемин (47), цитизиниларголид (36), арграцин (из Artemisia aralensis Krasch.) (29), фуранооэремофилан-14β,6α-олид (23).
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Ha [IUTOTOKCUYECKYIO aKTHBHOCTH B OTHOILIEHUH JIMYNHOK
MOPCKHX paukoB Artemia salina (Leach)

O0BbeKTHI HCc/1eT0OBAHUS

1. Grs-F1- ¢ropnpousBogHoe rpoccremuna 1

2. Grs-F2- ¢ropnpounssBogHoe rpoccreMuHa 2

3. GFIII — (2) - TpuTOopnpOor3BOHOE IPOU3BOIHOE I'POCCTEMHUHA
4. Grs-3T1 — THODEHITPOU3BOAHOE TPOCCTEMUHA

5. Grs-Ct (IT) — B-uuTHHU3MI rpOCCreMUuHa

3axaua uccjaeI0BaHUA

OLEHUTh UTOTOKCHIECKYIO aKTUBHOCTD 5-TH 00pa3IoB CECKBUTEPIIEHOBBIX
JIAKTOHOB B OTHOIIEHHWH JTHYMHOK MOPCKHX padykoB Artemia salina (Leach) B
YCIIOBUSIX KYJIbTHBUPOBaHUs in vitro [B.N. Meyer, N.R. Ferrigni, J.E. Putnam, L.B.
Jacobsen, D.E. Nichols and J.L. McLaughlin. Brine Shrimp: A Convenient General
Bioassay for Active Plant Constituents // Planta Medica, 1982, V. 45, P. 31-34; L.
McLaughlin. Crown Gall Tumors on Potato Discs and Brine Shrimp Lethality: Two
Simple Bioassays for Higher Plant Screening and Fractionation // Methods in Plant
Boichemistry, 1991, V. 6, P. 1-32.].

MaTtepHaJjbl H METOABI

[[UTOTOKCHYHOCTh OIIEHMBAIA B TE€CTE BBDKMBAEMOCTH JIMYUHOK MOPCKHX
paukoB Artemia salina (Leach). DkcriepuMeHTHl MPOBOIMINCH HA JIMYMHKAX 2-X
JTHEBHOT'O BO3pacTa B YCIOBUSIX KyJbTUBUPOBAHUS in Vifro. JIMMUHKU BBIPAIEHBI
TIOrPY)KEHHEM SIMILl MOPCKUX paukoB Artemia salina (Leach) B MCKycCTBEHHYIO
MOPCKYIO BOy U HHKyOuposanu 48 4 mpu temneparype 37°C. HaBecky Kagoro
uccienyemMoro obpasma pacTBOPWIIM B 2 MJI 3TaHOJIA, 3aT€M U3 OTOI0 pacTBOpa
Opanu mo 500 mki (3 mapawienu), 50 Mk (3 mapamutenn), S Mk (3 mapaienn).
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0 KoHeuHHE KOHIERTPAHH o0pasna cocTapi 100 MKTAGL, 10 MKDMT w1
MKT/A, COOTBETCTBEHHO, KaXI0f KOHISHTPALIH B 3 TOBTOpeHHAX. B Kuxasii
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Moperx pauxos Artemia salina 2-aweatoro sospacta. Tlocie 510ro Bee draKoHH
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IPOTHBOOTYXOTEBOH AKTHBHOCTSHO.

PesvapTaret neenenonam

PesynsTaTsi TeCTHpOBAHUA UMTOTOKCHYECKON aKTUBHOCTH 0GpAsHoB.
CeCKBUTEPIISHOBHIX AKTOHOB 5 OTHOWIEHMH JIHUHHOK MOPCKHX Paukos Ariemia
salina (Leach) 5 ycromsx kyTsTHBHpOBaNMS in vilro npubeienst 5 TaSmute 1
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AKT

HCNBITAHUI 00pa310B BellecTB HA IUTOTOKCHYHOCTh
B OTHOLIEHHH JHYHHOK MOPCKHUX paukoB Artemia salina (Leach)

O0bEeKTHI HCCJIET0BAHUS

1. Fer.K.166-171- dbeporuaun

3agaua uccaefoBaAHUSA

OIleHHUTh IUTOTOKCHYHOCTH OOpasia ()epOoIMHUH B OTHOIIEHUM JIMIMHOK
MOpPCKUX paukoB Artemia salina (Leach) B yClnoOBHSAX KyJIbTHBHPOBAHHUSA in Viiro
[B.N. Meyer, N.R. Ferrigni, J.E. Putnam, L.B. Jacobsen, D.E. Nichols and J.L.
McLaughlin. Brine Shrimp: A Convenient General Bioassay for Active Plant
Constituents // Planta Medica, 1982, V. 45, P. 31-34; L. McLaughlin. Crown Gall
Tumors on Potato Discs and Brine Shrimp Lethality: Two Simple Bioassays for
Higher Plant Screening and Fractionation // Methods in Plant Boichemistry, 1991,
V.6, P. 1-32.].

MaTtepuaJjbl U METOAbI
[IUTOTOKCMYHOCTh OIEHHBAJIA B TECTE BBIKMBAEMOCTH JIMUMHOK MOPCKUX

paukoB Artemia salina (Leach). DkcriepuMeHTHl IPOBOAMIINCH Ha JIWYMHKAX 2-X
IHEBHOI'O BO3pacTa B YCJIOBHSIX KYyJIBTHUBHPOBAHUS in Vifro. JINUMHKY BBIpAIlEHBI
TIOTPY)XEHUEM SIUI] MOPCKHUX padukoB Artemia salina (Leach) B I/ICKyCCTBeHHyIO
MOPCKYIO BOXy H HHKyOupoBamu 48 W @Ipu TeMmIeparype 37°C. Hasecky
ucciegyemoro obpasia pactBopw B 2 mu JIMCO, 3ateM H3 3TOro pacTBopa
Opamu mo 500 mxn (3 mapamenu), S0 mxi (3 mapamnenn), 5 MK (3 mapaient).
[Tocne ucmapeHus 3TaHOJa B KXKABINA (iakoH 100aBIIIM MO 5 MJI UCKYCCTBEHHOU
Mopckoii Bogsl. Takum 00pa3zom, eciii HayallbHas Macca HaBECKH COCTABIIsIIA 2 MT,
TO KOHEYHBIe KOHIeHTpamuu oOpasma coctaBwid 100 mkr/mm, 10 mxr/ma u 1
MKT/MJI, COOTBETCTBEHHO, Ka)XIOW KOHIIEHTPallid B 3 TOBTOPECHMSIX. B Kaxmblid
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MOPCKIX patKoB Artemia salina 2-uertoro pospacta. Tlocie STORO Bee GTaKOHE!
OCTARTAH TpH KOMTATION TeMrepaType Ha cheTy Ha 24 saca. Tlo wetesern 24
ECOD  NEPECTMTHBAIN DHKWSINMC W MOTHOWME IMUMAKH. 3ateM c
HCTIOTS30BAHEM MOTYEHHHIX IAHHBIX TI0 BEPXHEMY H HIKHEMY TOKCHYECKOMY
JWMMHTY PACCINTSIBATH TIOTOBHHHYIO TOKCHYECKylo 103y oGpastia. Korrrpoms —
JIMCO 5 5KBHOGbeMHEX KoTHecTsax.

TlpenapaTo cpastienix ciyxwn rinpoxopn 13-mvernianiso-1,105-
onoen-5,7a,6,11B(H)-rwali-3 4-e-6,12-0min  (cyGerammix  mpenapata
«ApraaGui»),  OGIATAOUN  MPOTHBOOMYXOTeBOH  (IITOTOKCHYECKoH)
axTaBOCTSO.

CramncTwdcckas  00paGoTKa  pelyIbTATOR  mposomusacs ¢
HCTOT530BaHHEM KOMTBIOTEpHOR mporpast FNL.

Pesynurarss weeaenonannii

PE3yITATH TECTHpOBAHNS WATOTOKCHYHOCTH oGpaia FerK.166-171 -
(DEPOLMEHH B OTHOLIEHWH THHKOK MOPCKHX paukos Artemia salina (Leach) b
YCIOBISX KYSTHBMPOBAHHS in vifro MPHDECHEI B TaGMMILe 1

‘TaGmmia | - LiwmoTokesmocTs o6pasta Fer.K.166-171 - depoummss

Obpasust 1k, wriven
FerK.166-171 - depommmm 5832
Korrpony: mveTcymsdoxent 93027
TIpenapar CpaBHEHHA: THAPOXJOPHI 13- THMETHIAMHHO- 206
1,10p-an0KcH-S,76,6,11B(H)-reaii-3,4-en-6,12-omza

3axiouente. B pesyIbTaTe HCCICIOBANNS YCTAHORIEH, HTO NpeACTABTEHHEIi
oGpasen Fer.K.166-171 - (cpoLiHH IPORBIIET IATOTOKCHYHOCTS B OTHOLICHII
AMuIHOK MOpexuX pauKos Artemia salina (Leach).

Henomumren
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AKT
WCTLITANMH OPANION BEWIECTS HA WHTOTOKCHIHOCTS B OTHOUIEHUN
AMSHHOK MOpCKWX pasion Artemia salina (Leach)

OBbextai neerenopanns

1. LMK-2 - gypanospenodpwrar-14,6a-ommn

2. Arar3 - cecksuTepnenosui naxTow w3 Artemisia aralensis
3. Gr-AcCl - xopaneTnnrpoceresii

4. GrCyt - orwrmmsmHArpoccreNms

5. AGeyt-l - wHmssHRRZpromn

Janaun neenenopanus

‘OueRHTS LHTOTOKCHAHOCTS 5 OGPAILIOB CECKBHTEPIEHOBEIX TEKTOHOB i X
NIpOH3BONHbIX B OTHOWIEHHH THAIHOK MOPCKHX pasikon Artemia salina (Leach) 5
yenomwnx xyasTaamposamns in vitro [BN. Meyer, N.R. Ferrigni, J.E. Putnam,
LB Jacobsen, D.E. Nichols and J.L. MecLaughlin. Brine Shrimp: A Convenient
General Bioassay for Active Plant Constituents // Planta Medica, 1982, V. 45, P
31-34: L MeLaughlin Crown Gall Tumors on Potato Discs and Brine Shrimp
Lethality: Two Simple Bioassays for Higher Plant Screening and Fractionation
/Methods in Plant Boichemisiry, 1991, V. 6, P. 1-32.]

Marepuasi u merons

LIHTOTOKCHYIOGTS OUCHHBATH B TECTe BHKHBAEMOCTH THYHNOK MOPCKHX
pasxon Artemia salina (Leach). IKcnepHMEHTS! NPOBOAKIHCE Ha THUMHKAX 2-X
JIHEBHOTO BOIPACTa B YCAOBHSX KYTBTHBHPOBAHS in vitro. JIASHHKI BHpAIIEHE!
nOrpyXeHHem suLL MOpCKX patkon Artemia salina (Leach) B HeKyceTsesyi0
Mopekylo Bony # WkyOwposanw 48 « npw Tewmeparype 37°C. Hasecky
HCCIIEAYEMOro OBPSia PACTRODHIH B 2 M STAHOA, 34TeM H) ITOTO PACTBOPA
6pany o S00 wkn (3 napannens), SO i (3 napannenw), S wka (3 napannen)
Toce HeMapermis STaioTa B KA PAaKON 0GABHTH 110 S W HCKYCCTBEIHOT
MOPCKO# BOTeL. TaKie OGPaI0M, €CTH HAMATEHAK MACCA HABECKH COCTABIATA 2 M,
TO KowesHHIE KOHICHTpaUAH oOpasua cocrasmm 100 xr/w, 10 Mkr/wt |
MKI/, COOTBETCTBEHHO, KaXIOH KOHUEHTPRLIMK B 3 MOBTOpeHHAX. B KaXmsti
UaKOK ¢ OGPAIOM C MOMOIISI0 NACTEOBCKO/ MATIETKH CAXATH 10 10 THSHHOK
Mopekkx paikos Artemia salina 2-aHestoro sospacta. Tlocie 31070 Bce GnaKoks
OCTABITH pH KOMHaTHOM TewmepaType Ka chety Ha 24 waca. Tlo HoTewermy 24




[image: image204.png]4ACOB  MEPECIMTHBATH BEIKWBIE W MOTMGWME TMWMUKM. 3aeM
HCTIONS30BAHEM TIOTYHEHHbIX AGHHBIX 110 BEPXHEMY H HIWKHENY TOKCHISCKOMY
MMHTY PACCHMTSIBATH TIOTIOBHHHYIO TOKCHYECKYIO 103y OGpaja.

CratucTiseckas 06paGOTKA Pe3YHTATOR MPOBOTITACE C HCTOTS3OBAHEM
KowMmstoTepHO# nporpavvs: FNI

Pervantate: necaenonannii

PesyibraTi  Tecrupobamat KA UMIOTOKCHWHOCTH  OGPEINOB
CecKnUTEpNEHOBX NAKTOHOB H WX NDOMSBOIHBIX B OTHOUCHWH THSHHOK
Mopexix paskon Ariemia salina (1.each) B YCTOBHAX KyISTHBHDOBGHHA in Vilro
npusesensi 5 Tabmne |

Tabmua | - LHTOTOKCHIECKAX AKTHSHOCTS CECKBHTCDIICHOBSIX AKTOHOB H KX
npowsBomIHX

[ Tanwenonane | Kowien- | Konnsecrso sexusio | il | Axmasnosts
semeerva s o e
e
naparics epasnens | apassens
Trmmmsaproma o Ty 10 893 | oomamser
0 5 £l
00 | 6 5 s
Gypaoapewopuian |1 5 5 9 [728 | cbmammer
148 60-oma 06 7 7
[Twe 3 3
Cecxmispicnons |1 10| 9 10102 | oGmmaer
nacron us Artemisia | 10 |9 3 9
aralensis [ & 7
Kaopaueru T 0 10 101082 | oGmmaer
rpocerenn o7 5 =]
00 | 6 7 7
[ et I T ) 10| 962 | otmmmer
| rpocsrenum 3 7 7|
| 3 [ 7
" Tipetapar cpasmeras s 7 7| %%
| ruaposnopua 13- T ) ]
ernsaseno-1,10p- O 2 2
anowcin-5,7a,6,11B(H)-
o 346,12 0muza -

Jumouenue
B pesymurare necncaonalis Besmieo, IO 8Ce MpeICTABICHNSE 0GP
CCCKBHTEPIIEHOBIX TAXTOHOB H HX TIPOWSBOIHEIX IDOFBIAIOT LHTOTOKCHSHOCTS B
oTomenym aIHOK MOpCiHX patkop Ariemia salina (Leach).

Menomswrens:
3asenyrontas naGoparopeH GapMaKOTOTHH,
KANTUTAT METHLMHCKAX HAYK 27

<" PB. Ceiinaxmerosa





ПРИЛОЖЕНИЕ К
Результаты биоскрининга сесквитерпеновых лактонов
1) Исследование цитотоксичности 10 природных сесквитерпеновых лактонов и их бимолекулярных производных в отношении клеток острой моноцитарной лейкемии человека THP-1 (in vitro).
2) Изучение влияния образцов на экспрессию транскрипционного фактора NF-kB на клетках TNP-1 с встроенным геном щелочной фосфатазы (in vitro).

3) Оценка прямого иммуномодулирующего эффекта 6 природных сесквитерпеновых лактонов и 4 их гибридных производных в тесте по модуляции активных форм кислорода на клетках костного мозга

[image: image205.png]MpensapuTeniHbie Pe3yNLTaThi CKPUHWHIA CECKBMTEpIEHOBLIX
naxronos

B0 BCEX SKCMEPAMEHTAX CECKBUTEpNEHOBbIE NaKTOHSI Gbini pacTaopeHsi & IMCO
U Pe3ysTaTS ONTHbIX OBPa3LOB CpaBHUBANIACS C KoHTponew (IMCO),

1. LMroTokcHuHocTs
BKcnepuMeHTLI GbinA NPOBEAEHbI Ha KNETKAX YenoseKa OGTPOi MOHOLUTApHOA
neikewan THP-1 (in vitrc). Knemin THP-1 Goinn HkyGuposansi 24 vaca G
PAINIHEIMA KOHLEHTDALIMAMM CECKBUTEDNEHOBLIX NBKTOHOB (0T 50 M 1 HAXE).
Tlocre 24 4BCOB UHKYGALIAW KUIHECTIOCOBHOCTS KNETOK Guifia OLIEHEHa 10 YPOBHIO
BHYTPMKNETONHOR ATO (HaGop CellTiter-Glo Luminescent Cell Viabiliy Assay Kit
(Promega)). /AR akTveHbix COSAWHEHW Gbinu PACHWTAHbl BeMMHSl ICio
(KOHUEHTPALMA COBAUHEHUS MpU KOTOPOR YTPOBEHS KUSHECTIOCOGHOCTH KETOK
yensiwaeTch Ha 50%).

CaMbIM aKTWBHBIM (TO €CTb LUTOTOKCHIHEIM) COBUHEHUEM B STOM TecTe Goin
Chioroacetate grossheimine (ICss=590 nM); Meree akTueHi (8 WiTepsare ICso
16 uM) Gow coequnerus Epoxyargolide, Arglabin, Parthenolide, Argracine,
Estafiatine, Anabasinyl arglabin u Argolide (Ta6nuua 1).

Takam oBpasom, BseneWne XnOP-BETATHOM [PYNUDOBKM B MoneKyny
grossheimine NPUBOAUT K NORBNIEHMIO GANBHOA LMTOTOKGHNHOCTA. CXOTHBIM
o6pasom, moudmkaus Dihydroargolide 8 Epoxyargolide Taoke npmsoanT K
MIORBIIEHMIO  LUTOTOKCUNECKUX CBOFICTE. HANpoTs, Bseaekie  ankanowaHoi
FRYNNMPOBKM (LTUSIH) & Monexyny Argolide MPHBOAVT K OTMEHE LMTOTOKCHHHOCTH.
XOTA aKTVBHOCTb 2pITIAGAMA HECKOMSKO BBILUE, YEM Y €10 aHZGAMHOBOT0
NIPOMIBORHOTO, TeM He MeHee ANA ONPEAGNEHAR CTATUCTVMECKOTD PAITUMMA B
KTUBHOCTSX MEXaY STUMA COBAVHEHUSMA HKCNIEDUMENTSI HEOBXORMIO MOBTOPATS.
OCTansHbie COBAMHEHUR bl HEKTUBHLI B AGHHOM MCCNIBA0BaH (T0 ECTo NP
KOHUEHTPaLUSX OT 50 WM W HAKE LUTOTOKCHUHOCTb He focTurana 50% no
CPaBHEHIIO C KOHTPONEW, NOSTOMY HEBOIMOXHO GbiNo paccHWTaTS BenuaHy ICeo).

1. BrWAHWe CORAWNGHWA Ha IKCTIPECCHIO TPaHCKPMNLMOWHOTO (akTopa
NF-xB.

BKcnepuMenHTs! Guini nposeeHs Ha KneTkax THP-1 (in vitro) C BCTPOSHHEIM reHoM
uwenounoh hocdparassi (LLi®), KOTOPIA SBMRETCA  PeMOpTEPOM  SKcrpeccHN
TPRHCKPNLUOHHOTO baKTopa NF~KB. KneTkn THP-1 Ginn npowi<kyGuposaksl 30
MV C PaSTIMHHLIMIA KOHLIGHTPLAAMM CECKBHTEPTIEHOBIX NTBKTOHOS (50 UM 1 HIKe)
© nocneayouwm AoGaEnevem GaKTepuansHoro nunononucaxapuaa  (NC).
Mocne 24 acos WHKYGAMM B KNETOUMBIX CYNEPHATAHTEX Gbina OueweHa
npoayiusn UO G nomouwsio cewudndeckoro cyborpara QUANTI-Blue mix
(Invivogen).




[image: image206.png]TaGnuua 1. Brusiue CECKBMTEPMIEHOBLIX N1aKTOHOB Ha UISHECTOCOGHOCTS KNETOK
1 NI0AGBNEHUE TPEHCKPUTILMOHHOI! aKTUBHOCTH NF-KB.

Code | Compound Name.
Cytotoxicity
[N}

Arg Argiabin 710 -
Arg-Anab | Anabasinyl argiebin_| 158 -
AG Argolide 352 -
AG-Cyt-1__| Cytisinylargoie NA A
Grs Grosheimine NA NA
Grs-Cyt | Cytisnylgroshaimine | __NA NA
“Asem 5(73) | Artesin NA NA
Ahalz | 1p-Acelonyariesin NA NA
AGEP Eooxyargolide 72 -
DA Dihydroargolide NA A
Eah:s Epoxyarhaline NA NA
Ahal-s | Arhaline NA NA
Gm Grossmisine NA NA

Chloroaetate B
Gr-AcCl | grossheiming 050
ARTN Artomisinin NA A
‘Asem 4(13] | Taurine NA NA
K Loucomising. NA NA
Ach Achi NAT | NA
Thit2 Parthenoide 118 -
Av.ar.3(14) | Argracine 135 5
Acn- Estanatine 137 -

[lareih METOR NOSBONIAET NPOBECTU OUEHKY COBAVMENMl Ha WX OTEH.MaNBHYIO
NPOTHBOBOCTANNTENKYIO aKTWEHOCTs. eiicTauTenswo, JIMC sbiasisaet cwnsHyio
UHAYI10 NF-KB 1 MIPORYKAIO MBKPOGAraNbHLIMMA KNETKaMM MPOBOCTANMTENbHEIX
LUTOKMHOB. CieAyeT OTWETHTS, 4TO METOR MOKET GbiTh UCTONb30BaH ANA OLIEHKA
NIPOTUBOBOCTANWTENIHOTO NOTEHLIMENA COBQUHEHI TONSKO B TOM Crysae, eci
OHM He OBMARAIOT COBCTBEHHOM LIATOTOKCHECKOR BKTUBHOCTSIO.

Cpeam 13-T¥ HETOKCUHHEIX COBAMHENHI (oM. TaGNMUA 1) H OAHO M COBAMHEHMI
He CHpKano NpoayKLMo LLIG. Takiw OGPAIOM, B STOM TECTe Hal He YAAnocs
BLIABYTL COBAVMEHWS C NIOTEHUMANISHEIMMA NIPOTUBOBOCNANITE SHBINM CBOACTEAMN.

2. OueWka  MPAMOTO «HMMYHOMOAYTWpYlWero»  Sbcbexta
CECKBUTEPNEHOBLIX NAKTOHOB B TECTe N0 MOAYALMM NPOAYKLMH BKTHBHBIX
bopm kucnopoaa (AGK).

BCepuNeHTsI G NPOBEAEHbI C KIETKaMM KOGTHOTO MOsra (KIW), sbigeneHsiim
us weiwel Balb/c, COSAMHEHYR (6 KOHUGHTPAUMRX OT 50 UM 1 HKe) Gbinu
AoGasneHsi K kneTcam KM HEMOCPEACTBEHHO  MeEpeq  WawepeHwem
xemniomuHecuenLuu (X)  npcyTcTaMM amnnudmkatopa XN L-012. Kuteraka
XN pervctpuposanace 8 Tevenne 30 Mun Ha mpuGope Fluoroscan Ascent FL

2




[image: image207.png](Thermo  Electron, Waltham, MA, USA) u pesynbtarel cpassusanvce
KOHTPOMbHEIMM OGpasLaMA (kneTku KM, oBpaorastsie IMCO).

Mo enwskmo coeaviendi wa XII ux MOXHO paspenvrs Wa 3 rpynnsi: (1)
coeannenus, nopasnsiowme XJT; K HaM OTHOCHTCR Grosheimine, Epoxyargolide,
Achilline, Argracine u Parthenolide. (2) Heaxtusrsie coeaunenwn (Cytisinylargolide,
Dihydroargolide, Grossmisine) n (3) Coemusenns, akusupyioume XA (12
‘coeaunenmi).

‘Camsivi akTvBHLIMM (o akTusaLuw XI1, rpynina Ne3) coeauHeHMaMi B 3Tom TecTe
Guinu Anabasinyl arglabin, 1B-Acetoxyartesin, Arhaline, Artemisinin 1 Leucomisine.
31M coepumenvA fossiwana XII Ha 30-50% OT YPOBHA KOMTPOMA Mp
KoHUeHTPaLUsX 12525 UM, Menee aktvewbiu Gsinn_Cytisinylgrosheimine,
Artesin, Epoxyarhaline, Chioroacetate grossheimine u Taurine. CosauHenus
Arglabin u Argolide akTWBMpOBaNM XJI TOMEKO MPW MEKCHMANBHOW KOHLEHTPALAA
(50 M) (Tabrua 2).

Taknw OBpacoM, BsesewMe  XNOP-auETaTHOM PYNMOBKM B  MoneKyny
grossheimine NPUEOAUT K NORBNEHMIO aKTMBUPYIOWETo SbdbeKta, a BBeReHve
2HAGAIHOBO TPYNMUDOBKA B MONEKyNly BPIAGHHA MPWEOAMT K MOSBILIEHNO
aKTUBHOCT, TaioKe BBeEHVE anKanOWAHO TPYNNMPOBKA (LUTHSUK) & MOnekyNy
Grosheimine MPUBOAWT K MEPeXOAy OT MHTUGMPYIOLISTo K aKTWBMPyloUieMY
scbcbexTy. Hanporus, BseaeHme LTvisHa 8 Monekyly Argolide npMBOAVT K OTMeHe
akTumpyIosero cbcbexta. MoaudmkaLus Artesin & 18-Acetoxyartesin pakTueckn
He BIUSET WA BKTUBHOCT B STOM Tecte. Takke HEGOTbUME IMEHEHNS
abrionaioTes & akTveHocTu Epoxyarhaline w Arhaline.

CpaBreHHe Pe3ynbTaTos Mo WTOTOKGHMHOCTA M XTI KIIETOK KOCTHOTO Mo3ra
NIOKASBIBAIOT, 4TO HEKOTOPSIE LUTOTOKCMHbIE CoeANHeHW (Arglabin, Anabasiny!
arglabin, Argolide, Chloroacetate grossheimine) aKTWswpyioT MpoAyKUMO AOK.
BOIMOKHO, 4TO MEXEHWIMBI WX LWTOTOKCHUHOCTA CBRAHSI C STAMM MPOLECCaMI.
Tew e weWee, HauGOMBWW UHTEPEC C  TOWM  IpesMa  noncka
UNMMyHOMORYNFTOpOB NpeacTasnaoT Leucomisine, 1-Acetoxyartesin, Aremisinin
w Athaline, KOTOPble He SENASCH UMTOTOKCUMHLIMM, CIOCOGHSI SHAUMTENSHO
noBbiwaTs npoaykmo AGK B Kknerkax KM. CneayeT OGHAKO OTMETWTs, YT
XEMATIOM/HECUSHUNS  BPTEMUGWHAHA MOXET GbiTb CR3aHA C PasnoXeHUeM
‘SHONEOKCUAHOR FPYMMAPOBKH STOTO COBAUMHEHUS.

rocionbky — akmeawa X1 MOKeT GbTs  Hampswyo  cassaMa o
DOCHODUTUPOBAHUEM  MPOTEVHKWHES, TO OMEHb WHTEPECHSM Gbino Gl
nocneayiues  Wsydenve Cnextpa  (OCHIOPAMPOBAHNR  MPOTEUHIMKAS MOA
BIMAHVEM HANBOTIEE BKTUBHLIX CECKBUTEPIEHOBbIX NAKTOHOB.




[image: image208.png]TaGnuua 2. BruAHMe CeckaMTEpNeHOBSIX NAKTOHOB Ha MPOAYKUMo AGK KneTkamk

KocTHOrO NO3ra.

XA xnovor KM (c L072)
Code Name % OT KOHTPORA (KOHUEHTPALMM
‘nawrowa)”
g Angabin 725% (50 V]
Arg-Anab | Anabasinyl aigiabin TE0:230% (12.5-50 4
AG Argolide 125% (50 uM)
AG-Cyt-1 Cytisinylargolide NA
Grs Groshomine b, 50% (25-50 §M]
GrsCyt | Cytisinylgrosheimine 150-185% (25-50 M)
Asem 5(13) | Artesin 130-140% (25-50 uM).
Aoz | 18-Acelomarissin 150-200% (25-50 )
AGEP | Epocargolde. i, 50% (25-50 uM]
DA Dihydroargolide NA
Eans | Epoqaraine 125-135% (2550 ]
Ahal-5 | Armaline T40-145% (12550 ub)
Gm ‘Grossmisine NA
Chioroacetate. 150-160% (25-50 uM)
GreAcCl | grossheimine
ARTN | Arterisinin TS0-160% (125 50 ]
[Asom a(i3) | Taurne 30-140% (2550 uM)
(LK Leucomisine 130-140% (12-50 uM)
[Ach. “Achiline Inhib. 30% (25-50 uM).
[Ttz Parhanoide nhib. 50% (50 i)
Arar-3(14) | Argracine Inhib. 60% (25-50 M)

*YKa351 AANOROHS KOHUSHTPALW P KOTOPX HIGHORANOCS YKa3aHoR womenoRWE 81 o SToM,
Hanpuep, ‘T, 50% (25-50 UM oawaxaer uHWBApoBauwe (Inhi.) Ha SO% chONTaHHOTO YPOSHA X
(unemson oBpaBoransie AMCO) a SO% Npw OHUEKTRAUT cOBAWHEHHS 25 1 50 UM. Avanoriko, e150-
230% (12.5-50 uM)» oanavaer axtvaauno X1 40 yposHa SO-130% ot oATpon (100Y%) npy KomueNTPaLHX
CoegeNA 12.5-50 UM NA - HeT JKTHBHOCTH (AHTHOHPOS3NAR Tk BXTHB3LLA X1

‘DCNEpAUEHTANEHbIE HCCTBAOBAHIR Gsini NPOBEASHS &

‘Orenenww Aunyronoran u MakpoGuonor,
Montana State University MSU,
Bozeman, MT, USA.

PaoTa GbiNa BLINONHENa CTApLLMH HayHbiM COTPYAHHKOM MSU,

WeneTiunbm Mropem AnexcaaposuHen, Kn.

%

Schepetkin A, Ph.D,




ПРИЛОЖЕНИЕ Л
Акт испытаний на противовоспалительную активность
Приведены результаты исследования противовоспалительной активности хлорацетилгроссгемина (47) и α-цитизинилгроссгемина (40) на модели острой экссудативной реакции (перитонита) у крыс, вызванной внутрибрюшинным введением 1%-ного раствора уксусной кислоты.
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AKT
HCnLITARMI HA NPOTHBOBOCNANHTENLHYIO AKTHBHOCTS

OBbextnt necaenonanms:
1.Gr-AcCl ~ X7I0paIeTATIPOHIBOHOE FPOCCTEMHHE.
2.Gr-Cyt(15) ~ ammmonpowssoHoE rpoccreNa

3anasn nceaeropamns:
Ouenirs, npotusosocnanuensioe nehictsue oGpasuos Gr-AcCl u Gr-
Cy1(15) 1a MoEM 0CTPOH SKcCy ATHBHON peaiL.

Marepuanni u meros.

Ocpylo  okccylaTWsyio  peakimio  (NEpHTOHWT)  BbISHBATH
By TpHOPIOWHHHBIM BbexcMEm 1% DACTBOPA YKCYCHOH KHCIOT B 00eMe |
»o1 Ha 100 © Maces! Tena Kphic. Uepes 3 uaca KMBOTHSIX 34GHBATH, BCKDHIBATH
Gpioiyio M00CTS, COBHpATH SKCCYAAT 4 OUEHHBATH €r0 00ben [PYKOBOACTEO
HO  OKCHCpMMEHTAGHOMY  (IOKIMHHYECKOMY)  H3YSCHHIO  HOBHX
dapuaxonorniconx  emecrs. - lon obumeli _penaxued wrena-
Koppecnornerta PAMH, npodpeccopa P.Y. XaGpiesa. — 2-¢ Waitie, nepepab.
# z0m. ~ M.: OAO «Manarensctso <Memsana, 2005 — 832 c.. Hocrenyemsie
OObexTel Hsysans B 1o% 25 MUK DH TIEPOPATHHOM BBELCHIH B BUIC
KpaxwansHoit e, Tlpenapar cpashess «[AKIODENTK HATPHEY H3YSaTH B
203¢ 8 sar/kr. KOHTpOTBHELE KHBOTHBIE NIOMySTH HKBHOOHENHOE KOTHIECTEO
KpaxansHoM 3K, HccreyeNsle oGBEKTs! BBOIATH OTHOKPATHO 36 | Hac 1o
BBeiteHis 1% PACTBOP YKCYCHON KHCAOTH.

Cratucrueexas opaGoTka pesyIBTATOR NPOBOTHTACE C HCTOTH3OBAIEN
nakera nporpaws «Statistica 6.0». TlonyeHHBIE PE3YILTAT MPEACTABTEHS! B
Bile (Cpeaee sWaucwMe 4 CTAHISDTHAY OUNOKA CDEIHErO JHAYEHWD.
MEAIpyIIOBbiE OTIMYNS OLEHHBAA HENIPAMETPHIECKINN KpHTEpHEM Mann-
Whitney U-test.

JIOCTOBEpHSINI CHITATHCh EATHSHS TDH IOCTATIHYTOM YPOBHE SHAYHNOGTH P
<0.0s.




[image: image210.png]PesyabTarut uecaenoauns:
Pe3ySTATH  HCCHCIOBAHHA  MPOTHBOBOCTATHTENBHOF  AKTHBHOCTH
o6pason npusezenst b TaGie 1

TaGmua 1 ~ TIpOTHBOBOCTATHTE 5 HAK AKTHBHOCTS 0Gpa3ioB Gr-AcCl, Gr-Cyi(15)

Mcenenyemsit | Konrpons | Muxiopenax | ~ Gr-AcCl Gr-Cy(15)

nokwatens | ned narpin 4
n=d

Macca 004174 | 24335192 | 23206118 | 21686107

RMBOTH, .

Komnsecrso | 67412 | 45517 2922 56509

aKceyaata, M. |

Tpisicuasne:* — p < 0,05 1o CPARNENAIO ¢ KOITPOIEM.

akaouenne:
B pe3yAbTaTe NPOBEIEHKORO SKCIIEPHMEHTA BELABIIEHO, 0 0Gpaseit Gr-AcCl 5
0% 50 MK/KT 0GIANGET NpOTHBOBOCTATHTENbHIN ACHCTBHEM Ha MOAEMH
OCTpOfi SKCCyRATHBROI peaKiuk, o6pasets Gr-Cyi(15) B 103 50 MK/kr npogsiun
cna6oe MpOTHBOBOCHATHTEBHOE A€HCTBHE Ha MOTEAH OCTPON FKccy TaTHBHOR
pearun

Saveayioutas naGoparopuelt dapmakororuy,

KAHTHIGT MeTHIIHHCKHX HayK 7 PB. Celinaxmerosa




ПРИЛОЖЕНИЕ М
Акты испытаний на антимикробную активность
1) Исследование антимикробной активности образцов хлорацетилгроссгемина (47), цитизинилгроссгемина (40) и цитизиниларголида (36) по отношению к штаммам грамположительных бактерий Staphylococcus aureus, Bacillus subtilis, грамотрицательных штаммов Escheriсhia coli и к дрожжевому грибку Сandida albicans методом диффузии в агар (лунок).

2) Исследование антимикробной активности образцов β‑цитизинилгроссгемина (Grs-Ct(II)) и других производных гроссгемина по отношению к штаммам грамположительных бактерий Staphylococcus aureus, Bacillus subtilis, грамотрицательных штаммов Escheriсhia coli, Pseudomonas aeruginosa и к дрожжевому грибку Сandida albicans методом диффузии в агар (лунок).
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AKT
MCRBITAMMI Ha AHTUMHKDOGHYIO AKTHBHOCTS

Obwexris neeenopanus
LMK-2 - (ypanospemodpunasi-1 4, 6a-omu

Ar.ar-3 - ceckpuTepnenoBsi nakron 13 Artemisia aralensis
Gr-AcCl- xopaueruarpoceres

Gr-Cyt - owmmmmmarpocerens

AGeyt] - wmwsmmaapromna

1
2%
3.
4,
2

ANTHAMHKDOOHYIO  AKTHBHOCTS OGPASIIOB  CECKBHTEPIEHOBHIX
GKTOHOB M WX MPOMIBOAHbX B OTHOMEHNH K UITAMMAM TPAMTIOTOKHTETHHHX
Gaxreputi Staphylococcus aureus, Bacillus subtilis, X TPAMOTPUATENBHEM
urmasssa Escherichia coli, Pseudomonas aeruginosa w K Zposxeomy rpHoKy
Candida’ albicans wetonow muddyswn » arap (iywox) (Hasawiun, C.M.
Payuonannas anmuuomuxomepamus/ C.M. Hasawun, H.IL Dosuna 1/
Crpasowunar. ~ M. Medwyuna. 1982. — 496 .

Marepuazs n merons

Moysenne  anTHMHKPOOHOH  aKTHBHOCTH  BHIIEYKEIHHSX  OGDASLIOB
NPOBOMMIOCH M0 OTHOWICHMIO K UITAMMAM TDAMIONOKHTEbHEX GaxTepili
Staphylococeus aureus, Bacillus sublilis, K TPAMOTPHIGTCAEHOMY mITayy
Escherichia coli w x apoxxesouy rpuky Candida albicans MeTonom mnyswn
B arap (nynox). TipenapaTsi cpasHcHts - rHTAMMHIH 1% GAKTEDHH W HHCTATHI
ns gpowcxesoro rpubka C. albicarns.

Kynstypst swpaumsann wa xuxoit cpene pH 7.3 + 0,2 npw temneparype
or 30 o 35°C b Tewenne 1820 uacos. Kymsypst passomam 1:1000 5
CTEpMTBHOM 0.9%-HOM PACTBODE HATPHS XIOPHAA H3OTORHYECKOM, BHOCHTH 110 |
M1 B HAIIKH C COOTDETCTBYIOUIAMH SNEKTHBHBMH, THTATENSHSINH CPEIAMH 11
I3yHAEMBIX TECT-LITAMNMOB % 3ACEBATH 110 METOAY (CILIOWIKOTO ra3ora. Tlocie
Oy WIMBARKA Ha TOBEPXHOCTH arapa QOpMHPOBATH AYHKH PasMCPOM 6,0 N, 5
KOTOpHIE BHOCHIH PACTEO HCCTEIYENOTO 0GPASIE, TEHTAMHIIH, HHCTaTHIE. B
KOHTPOIIE HCTIOMB3OBAIM STHIOBBI CIMPT B SKBHOGHEMHBIX KOTHYeCTRaX, Taknm
oGpason, mccneayemsili OBpaell HCHTHBATCA B KOTHIeCTSE | MK, @ Mpenapar




[image: image212.png]cpamnenns » xomwuecrse | wr. Tlocess wikyGuposami npu 37°C, yser pactyumx
KYTSTYp mpoBomuTH uepes 24 Haca. AHTHMMKDOGHAR GKTHBHOCTS 0GPASHOB
ouenmBaTACh o AMAMETPY JOH 3ANEPAKH POCTA TeCT-ITaMMOB (3v). JlHaneTp
2om 3anepAk pocra Mesbiie 10 MM # CIVIOWHO/ POCT B SAIIKE OUCHHBATH KaX
oTcyTeTame anTHGAKTEpHAIBHON AKTHBHOCTH, 10-15 MM - CTaax aKTHBHOCTS, 15-
20 MM - yMepeHHO BHDEKEHHAA GKTHBHOSTS, CBEIE 20 MM BPEXeHHa.
Karcawifh 06paseis HOMBITHBAICA B TPEX NAPATETHHEIX OMHTaX. CTATHCTHIECKYIO
OGpaoTKY NPOBOTHTH METOXAMH NADEMETPHIECKOM CTATHCTHKH © BHIHCTEHHEM
cpenneit apudmeTHuecKOR 1 CTARABDTHOH OWHGKH,

PeavnTares neeneonaumit
Pesymbrarsi  MccaeloBatkn  GHTHMHKDOGHOH  GKTHBHOCTH  0GASIOB
pBereis b TaGLe 1.

Tabnma | - ANTHMAKpOGHO AKTHBHOCTH OGpEILOB CECKBHTEPICHOBX
raxroios
S Bac E @
e awews | _subitis_| coliM-17 | _albicans
1] Wmmmmrapromi 170002 [ 150202 | 13,0204 | 140+03
2 | Xaopanernrpocerewmi | 15.0=03 | 160=02 [ 130202 | 12004
3| Oypanospesodmian-14p6a- | 15003 | 160+03°| 120203 | 123203
oma
4 | aellwrmmmnarpocerewi | 163203 | 140=03 | 130403 | 180202
5| Cecxmurepnenonut saxron | 14,004 | 14003 | 120504 | 130502
ws Artemisia aralensis

Tenramsun %=1 | 2asi | 23%2 -

Hucrarun 5 5 5 RS

- RocToBeproGTs paanaiR p<0,05 110 CpabHeNHIO C TpyTITOH cpasHeHis

Bawuouenne

VCTaoBteHo, 4T OGPATLS WATHIMHWTSPOTHL,  (ypaHOIpeMOpHTan-
14P,60-0MHE,  XNOPALETHITPOCCTEMIH, O-ATHIWITAT-TPOCCTENHIT TOKASHIBAIOT
MpEHHO-BHPAXEHHYI0  AHTAMMKOGHYIO  GKTHBHOCTH B  OTHOWICHHH
TpaMnOTORHTEbiAX TeCT-UTTaMMOB Staphylococcus aureus w Bacillus subiils.
OBpasels ceckBHTEpnEHOBOr0 TaKTONA W3 W3 Artemisia_aralensis mposier
CHABYi0 AHTHOAKTEpHATS HYI0 AKTHBHOCTS B OTHOLIEHHH TECT-ILITaNMOB.

Vicnonsurens:
/
3apenysomas naGoparopweli apuaxorory, J
KAMIIAT MEIMUMHCKHX HaYK /7]~ PB.Celinaxuerosa
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AKT
WCLITANN HA ARTHMHKPODHYIO AKTHBHOCTE:

Obnexru neerenosanus

1. Grs-F1- ropnpowssoasioe rpoccresmia |

2. Grs-F2- hropuponssoanoe rpoccreia 2

GFIII - (2) - TpHTOPIpOHIBOTHOE MPOHIBOTHOE FpOCETeMHHA
4. Grs-3T1 - Twodennpormozsoe rpocerema

5. Grs-Ct (IT) ~ P-unrnsmsin rpoceremiia

anaua wecaenonamns

OUEHNTE  GHTHMHKPOGHYIO GKTHBHOCTS  OGPASIOB  CECKBHTEPIEHOBEIX
JAKTOHOB 5 OTHOWEHHN K UTAMMAM  TPANTIOTOXHTETBHEX GaxTepii
Staphylococcus _aureus, Bacillus  subtilis, ¥ TPANOTPUUATETSHEDS WTaMMM
Escherichia coli, Pseudomonas aeruginosa n X 1poioxesowy tpubky Candida
albicans wetonom mddysun b arap (rywox) [Hasauun, C.M. Payuonarenas
auwmubuomuxomepanus / C.M. Hasawnn, H.IT. @osuna // Crpasowmux— M.
Meduyuna.- 1982.- 496 ¢.1.

Marepuaze n veronss

Visyteriie  aITIIpOOHON  GKTHBHOCTH  BHUICYKITaHIGX  0BPASIIOB
MPOBOILTOCE 0 OTHOIIEHIO K WITANMAN [PAMIOIOKHTENSHbX Gaxtepuii
Staphylococcus _aureus, Bacillus subtilis, x rpavoTpmuaTensH  wTavivan
Escherichia coli, Pseudomonas aeruginosa w x npowssesowy rpubxy Candida
albicans verozow anpdysun  arap (1ynox). Tpenaparhi cpasierni —
HIKOMILUINA FLIPOXIOPHA 115 GaKTEPHI 1 HHCTATHH T3 APOAREBOND TPHOKA C.
albicars.
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30 10 35°C B Tevenme 18-20 wacop. Kystypst passomnan 1:1000 B cTepisHon
0,99%-How PaCTBOpE HATpHS XopHAE HIOTOHKIECKON, BHOCHTH 10 | MiT B SaIKH ¢
COOTBETCTBYIOUINH HEKTHBHBINH, IHTATE ISHEINMH CENaNH TR H3YHAEMEIX TECT-
LITAMMOB  3acEBAI M0 METOAY «CMTOMIHOTO rasonay. [locne MoncylHBaKIA Ha
TIOBEPXHOCTI arapa (OPMHPOBATH Tyt PAIMEPOM 6,0 N, B KOTOPbIE BHOCH
PacTBOp HCeTeNyeNIX OBPIIIOR, THHKOMHLMHA TWIPOXIOPHA, HHCTATHHA. B
KOHTPOE HCTOTB30BATH ITHIOBEI CHPT B IKBHOGHEMITHIX KoTHIECTBaX. Tarin
oGpason, HeeTenyeMBili OGpael HCTHTHBATCA B KOTHYeCTSE | MKT, a npenapar
cpashenns b xonmsectse | Mr. Tlocenst HHKyGHposanw npn 37°C, y4eT pacTyimix
KYISTYp (pOBOMMIH Wepes 24 uaca. AHTUMKPOGHA QKTHSHOCTH OGP0
OUEHNBATACh 110 MAMETDY 30H SATEPKKH POCTA TECT-ULTANNOB (). JIHGMET 30K
sazepmkn pocta merbiie 10 Ny # CIVIOWON POCT B HOUIKE OUSHABATH KiK
oTeyTeTame anmibaxTepHaTbiof axTHBHOCTH, 10-15 Mt — CraGas axTuBHOCTS, 15-
20 MM — YMEPEHHO BHPAXEHHIA AKTHBHOCTS, Cobitre 20 MM — BHPGACHHaA
Kaauit 00paseit HCbTHBYICA b TPex TapATIETLHAX 0MTaX. CTATHCTHYECKYIO
OGpAGOTKY MPOBOIH METOTaMH EAMETPHHECKOTi CTATHCTIH C BHHCAEHHEN
CpemKeli apHOMETIECKo/t i CTANAGPTION OUIHGKH,

Pesyarars uccreaonanuii Pesysrars; HCCTETORHIA QUTINHKPOGHOT
axTaBHOCTH 00pEIOB TpHBERCIS 5 TACALE |
Taiminua 1. - ATINHKPOGHES KTHBHOCTS OOPEIOB CECKBHTEPIICHOBHX AAKTOROB

Hamvierosarie S aureus | Bac. E. coli Ps C
sewecTsa sublilis aeruginosa | albicans
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aicnonenne. Vetaonreno, 470 06pasen Grs-Ct (11) — p-uimmiesia rpoceremiiia
NOKA3HBACT BRPUKEHHYIO AHTHOGKTEPHATHHYIO GKTHBHOCT> B OTHOWICHHH
IPEMIOTORHTENSHOTO TECT-ITANMA 5. Gureus, & TAKKe YMEPCHIO-BHPEREIIYIO
anTivikpoBiylo b oTHomer wrravmos Bacillus subtilis u Escherichia coli,
O6pasen GFIII - (2) - TpHATOPpOMSBOIHOE IPOHSBOIHOE TPOCCTEMHKA 067ATaET
YMCEHNO-BMPEREHIOR  AHTWNHKPODHOW  AKTHBHOCTSIO B  OTHOUHMH
TpaMnonORITENbHbIX TecT-urmamnion 5. aureus u Bacillus sublilis. Coeanerne
Grs-F2- (/TOpNpOMIBOI0E TpOCETeNHHa 2 MPOBISET YMEPEHHO-BHPEKEHHYIO
HTHGAKTEPHATEHYIO AKTUSHOCTD B OTHOIEHHH TPAMOTPHUATETHHOTO TeCT-
wmaswa  Escherichia  coll. OcTanbisie  OGpasus  NpORBIH  CaaGYI0
AHTHMHKPOGHYIO aKTHBHOCTS,

Henomnrens:

3avesyiouas naGopatopueit Gapyakonorm, /] 2
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ПРИЛОЖЕНИЕ Н 
Заключение по результатам производственных испытаний на антигельминтную активность
Результаты изучения антигельминтной активности образцов гидрохлорида анабазинилгроссгемина (48) и гидрохлорида цитизинилгроссгемина (41) на собаках (in vivo).
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Hauio wcnsranns 19.02.2019 1.
Oxorane 19.03.2019 1. uopatopus napuroorn TOO
Kazaxexnit HUBH.

B nepuosx € 19.022010 roza o 19.03.2019 roxa 115 Oripeeens QHTTELMIHTHON 25~
THBHOCTH npenzpaTon « AL (192poxiopit aHaSauAi1 fpoccrewika) i (LIl (1ipoxTo-
AL UHTH AN TPOCCTENMIHR), NPECTARIEANMIX A NS AQ (MAIYRApOTISH My
HO-TpOMIBOICTRUAUA  XOLINH  DWTONANIAS,  corpyikn  TOO  KaHMBH:
S2V.CHEPATHORO AMPEKTOp WHCTHTYTS. 0KTOP BETEPHNAPHIIX HaYK. Tpogheccop AOMGexo-
B AM. CrapUMR HayWwsll COTpY:NAK OUICIA IGPASTOIONAN H MHKOIOTMH, 70K
Top PAID AGaGacs A, .. I RaYUHHIL COPY-IAHK OTICIA NBPAYTOTON W NIKOTO-
. NATHCTP BETCPHASDHOM E UL FKGKEHLTHKOR A.A..  IDHCYTCTANN ZWDEKTOp BeTe-
puapuoh erasumn UKILHIBX A-nearuneo o8:acr KawGuiceoro paions Maryrosa EK.,
3BEYIOUIX BCTEPHIAPHSIN TYHKTON 8 CeneKis OKpyTOD: «Kapicycuts Borerkynona .5,
«Cavemscsniy MawsipSacaoli AK., «Bepisrackiiy Jlowenosa ., «Jlerepexiity laveaaa
HLT., «¥nrupracioniy Myxaversyions M. «Yauarasexiity KanmiGaeaa ., lotaxeap-
rameuits Bykebaca H.E. <Mubaenckni Bafleyranosa JLB., 1an.taoparopiell dapa-
Konom AQ «MeiyHapOIHbIL Hay Ho-TPOI BOICTRERNH XOLINT (DHTOXHNIIA, KA~
eTa vemHCKAX Wayx CeRuBxweTonol P.5., Hiacnepa aboparopuyt dapuasorormn Ceir-
Kasweson WLE. mposein caeayioune pabors:

€ 19.02.2019 roza 10 26.02.2019 roza corpyixaxi TOO «KasHUBI» s § censeiix
0KpyIOB. paCTIONOKEHBX & ATMaTIHEKOM 067acTH HKaNRAGKOr0 pafoia GeLIH QTOGPAIL
eKuiun 01 134 HPUOTAPHbIN CORIK JL1A OIIPEE ICHIN 1S MEXOAHOH APEACHHOGTH TTBMHH-

€ 27022019 1. 10 01032019 101 na Gase saboparopun napawrozori TOO Kaa-
HUBH) npose i KonpooRocKonio oToSpais ekl no weroay Japira

B peryauTaTe KoMpoorHAEEKOro HEGscA0RINK 13 134 COBGK OKRITICH TUPEASHIHINH
PN sz reauancion S| (38.05%) roron ¢ HH o7 120 693 ma. Hs 1 cobaxny 9
(17.64%) Guumn oGapyxenss s Tuenia sp. ¢ HH 1-188 s,y 11 (21.56%) siua Toxocara
canis ¢ MM 1-603, y 3 (5.8%) Toxascaris leonina ¢ MM 147 s, y 8 (15,68%) sfiua
Trichocephalus vulpis ¢ 1M 1-68, y 2 (3,92%) afiua Trichocephalus georgicus ¢ MH1 1 s, y
17(33.33%) wiua Ancylostoma caninum ¢ WH 1-11 s, y 2 (3,92%) aitua Spirocerea lupi ¢ HH.
9:28 am, y 8 (15.68%) ailua Uncinaria stenocephale ¢ WH 1-68 s, y 6 (23,52%) oouseren
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KA IPHOTAPHAX COBK He SR ICHM

Tlo_ PesyTLTaTas KOTPOOROCKOIN HHBESHPOSNHA [CTAMITAVH CoBaK (51 cobaxa)
DASICLIH a3 OTITHME rpYTT. B NEPBYIO TPYIINY — 12 COKTANIHO SAPAXCHIBIX [CTAMH:
axin cobak, 50 aTopyio — 14 cobaK, b peTbio - 12 codar.

B nepnoa ¢ 5 10 7 wapra 2019 roza cobakax nepaofi rpymet (12 £o1,) azam AT
(rpoxopi anabamnA FpOCCTEMIAA) B 03¢ | KaNCy.Ta Ha 10 KT MACCH Te1, CoBAKaM BTO-
PO Tpymub (14 10:1) s o LI (IPOXIOpHI WHTHHIHIS 1OCCEeNiNE) b 203 | Kancya
e 10 KF MACCH TETA, 108 CPABMHTETAHOTO awaniia coBaKka 3 rpynmst (12 ron) 3aai
llecTpewForten (nperapar KasHHBH). Koropsii Coneput b csoei cocTase npassKsanTes,
03¢ 1| 1abIeTKa Ha 10 KI Macen ANBOTHOTO, HETEITyebe NCTOpAT FIABAIH OAHOKPATHO,
"

Sepes 7 el Hoc e s upetiapata, 4 1epso € 12 10 14 wapra 2019 1o swexaim &
‘XoraficTha 173 Q76opa KL i y ONTHI coBx. tare 1 G1e TABOPETOPHI MaPATITOTOTII
100 «asHHBH» 20 19 wapra 2019 r0:a 1pose:n KoNpooRIGKOMAIO thekaih 475 onpezec-
R KCTERC: 1 MNTHCOEKTHSHOCTH HCTIBTYENBIX TPErapaTo

Bo Bcex FpyIIaX AUBOTHBIX NOBOHAbI licTA OT PHMCHCHHS HEMBTYENBX npera-
PO OTheseno He Gutno

B PeIYILTTE MPOBEEHHHX HCIMTAHNA ¥ COBAK IEPRO (PYIIE, JETTNHHTHIDO-
OB HTITYeN b npenaparow «CAD» (HHAPOXIOPAL aHACA3MHT TPOCCeMNNE] 13 12
GoBa y § (41,66%) mumBIens 413 PEVIHSHLIX BAIOB eNKTOB, B ToM e y 1 (20%)
aiua Tacnia spp. c MH 188 s, y 3 (60%) attua Toxocara canis ¢ WH 2351, y 2 (d0%) atiua
Ancylostoma caninum ¢ MH 2-40 snu, y 1 (20%) oounerst Isospora canis ¢ Wit § oourer, y 2
140%) cobak Nematoda spp. € MH 1 sito. Morowsas orwesesa y 3 (60%) 1 5 1apaerbex
o n oy 2 (40°%) WL S apaeniix codar.

Takie ofpatos werencapbektumocts upenaputa ALy coctamnia S834%,
mireneapexrmnocTs - 40,56

¥ CORMK BTOPOF 1Py, ACTEHMIHTIHPORIHE HEBTyEM mpenaparon «[ LI
(PO IO TR 1 poccrewua) iy 14 cobar y 3 (21 42%) Goltn wesBtcHs Wil
ASIHIHBLN LR FEIMNNION. b 10W HCAC 3 1 (33.33%%) Ghtio 00HApyACHO | U0 Taeria
SPP. ¥ 2 (60.67%) cobuk 1o oavowy Aty Uncinaria scenocephala. y 1 (3333%) 1 oouncra
Isospora canis,y | (33.33%) cobaxn 2 emotonozpebie mrnnk Nematoda sp. M2 3 sapaser
BN COBK Y 2 HOMHHBANS, CONETARIE HESKOTERI BILIOD FETHMINTOR Y | COBUKH NOHOHH-

Tasone opaionokerencapextuanocts npenapata Iy coctannia 78,58%,
areresbbexusocrs - 98.58%.

¥ cofiax 3 rpymiu, AeremsTiHposasax nperapato «llecTpexFortey w 13 cobax.
¥ 11(7.69%) ssanwacno | situo Trichocephalus vulpis. llepex teremwumiusaunet y 5roh cobasi
1o musmieno 68 s Trichocephalus vulpis.

T oGpasow skcrencalexrusnocrs npenspare ol lecTpewForten cocrania
92.310%, wirencoipextsHocTs - 99.76"

Sawnouenne:
Penytrared menserant npeinapaton « Al (1L{POXAOpILL AHABELA 1poGCreNHa)
Uy (1WIPONAOPIE 1A TN | POCCTENIIA) HPCACTATHABIN Ha HEBITaNA AO (Mei-

YNAPOHIH My HO-TIDOMIHO/ICTCHNMIA NOUAHI «OITONINIRY TIORRIIN, 10 IKETCHE-
bektummocTs npenapara «AT» cocrasiia S834%, nirencoextimocTs — 40.56%, o[l
(1w3poNIOP Wt Fpocerevia) - 78.58% 1 9% S8Y% cooraerCTRCHHO,

L7 CpaBHATE X eI ¢ IpeGraRIeHIANH npenaparast ATy 1 (1T
Gt nenonvsosa, paspaGoranmit TOO «KasHIBHy peraper 115 AeretMITIALAN coBas





[image: image218.png]llecTpenForten, JkeTenexppexTuakoLTh KorTopOrD cocTasnia 92.31%, & WhTeHeapesTD-
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Konpoosockorims kaxiol npofis desaimi 10 1 nocie AeTETAMNTARIIN co0ak
PRI by KDATHO.

TAK0N OBPa1OM KaHGOeE BHICORY O T IHATHYIO MpCKTHBHOCTS D FebMInNTO-
sax cobax nowasanm «llecTpewForten, parpaGoranisin T0O «KasHHBH» w Ll (mapo-
0PN wTHSHT FpocerevN), paspaoranni AO <MHITX «Ouroximay.

Oamaxo crexyer OTerHTs, 410 nperapars «T A i (LIl 4660110HO He HpexTis-
b Mo ecTon w3 cewelicrsa Taeniidae, Ho npenapat «T'T» oK BICOKYI0 e
HOETS npare reswiiTOR 1) ceneicTna Nematoda.
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ПРИЛОЖЕНИЕ П 
Акт внедрения результата научно-исследовательских работ в производство
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Axr seapens
DESYAILTATA HAY4HO-HCCHEIOBATENLCKHX PAGOT B NPO3BOICTHO

1. Hanmenopainme naysno-eeIe 0BaTe K0, HAYIHO-TEXHHAECKOH 1
(WIM)  OMLITHO-KOHCTPYKTOPCKOil  paGoTei:  TeXHOTOTHE  MPOW3BOICTEA
CYGCTAHIIH THAPOXIOPHIIA C-LIHTHSHHIATPOCCTeM I,

2. Kparkas ammoraums: CyGCTaHIMS TWAPOXIODHAS  O-IATHSHHWI-
rpoCCreMHHa, OGIAIAIOMAR ANTHIEILMHNTHON AKTHBHOCTBIO, NPEACTABIET COGOM
NIOPOIIOK 0T 6E10T0 0 CBETAO-KPENOBOTO 1BeTa, Ge3 3amaxa, ¢ COACPKARHEM
ocHOBHOTO Beecrsa e Metee 97 %.

BauMOAEHCTBHEM CecKBHTEPNICHOBOTO JRKTOHA TPOCCTEMHIA € ATKATONIOM
HTHIMHOM 1O THIly MPHCOSAMHeHMHS M0 Muxadiio M mocieayiomedi peaxumeit
GHMOICKYAPHOTO  MPOKSBOMHOTO ¢ XIOPHCTHIM  BOAOPOZOM  paspaGorana
TEXHOTOTHA TIOAYYEHHA €0 HETBEPTHIHOR GMMOHHEBOM COI C KOTH4ECTBCHHEIM
BLIXOZIOM,

3. I¢dext or pueapennsi: Mcxomsas cyGeranms rpoccremiiia obaaet
HHIKON  GHONOCTYTHOCTHO 332 HEXOCTATONHOI PACTBODHMOCTH B BOIHBIX
pactsopax. JI13 yBemIdeHis PACTBOPUMOCTH H TIOBHIIICHHS GHOTOCTYIHOCTH Ha
OcHose rpoccremna paspaGorana SQQEKTHBHAA M IKOTOTHWecKH Gesomachas
TCXHOTOTHA  MOMYWeHWS  BOOPACTBODHMOIi  cYGCTAHIMM  rWAPOXTOpHAG
L UHTHSHHIATPOCCTEMHNa 110 MeKAYHADOTHBIM CTAHAAPTM.

4. Mecto w Bpews sreapenns: TOO «Kaparanurckiii dapwanestiseckuii
3asom, 2020 ron.

5. ®opwa pueapenns: ONHTHaHK TeXHOIOMMA MPOW3BOICTSA CyGCTaTIH
FHIPOXTIOPHAA - LIHTHSHHIITPOCCTEMHHA,

Momwen:

Tpeacrasutens AO MHIIX
«uToxiMIY, 3apenyomEs ar A.C. Kiuikerrraesa
MaGopaTopHeii XHMHH TEPNEHOWI0R

Tpexcrasurens TOO «Kaparanmnckuli 1/
apmanesTsecKit 32501, XM, Urkanosa
LaBHb TeXHOAOT
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PYKOBO,HHTGHB IMaTCHTHOT'O MOAPa3aAC/ICHUA

'%/ Myxamerkarosa [ .M. 0{.01.10L0

JUYHAST NOONUCD pacuugposra noonucu oama

PYKOBOIII/ITeJIB Imoapa3aCJICHUS UCIIOJTHUTEIIS pa6OTBI

S . =
2% NS . 8. 07 2008
(¢

Jnrdhas noduce pacuugposka noonucu oama

MIIK (MKHW) — mexxnyHaponHas aTeHTHAsS KIacCuGUKaIs (MeKIyHapoaHas KiacCH(uKanms
n300peTeHwui);

HKW — naunonanbHas xiaccuuKays H300peTeHuit;

MIIKO - mexyHapoaHas K1acCu(GUKaIHsI IPOMBIIICHHBIX 00pas3IioB;

HTW — nHayuHo-TexHnueckas uHpopMalus;

I'C — rapmoHu3upoBaHHas cucTeMa (rapMOHU3UPOBAHHAS TOBapHasi HOMEHKIIATYpa);

CMTK - crannapTHas MeXIyHapoaHas Toprosas kiaccuduxanus OOH;

BTH — Bproccenbekast TaMokeHHAss HOMEHKIIATYPa;

Y JIK — yHuBepcaiibHas NeCTHYHAS KITACCH(IKAIIHS.
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