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LOTI CAM POAN
T6i xin cam doan luan 4n: “Nghién ctru thinh phén hoéa hoc va hoat tinh sinh
hoc ctia cay xay ring nhon (Myrsine semiserrata Wall.) va cAy ban giac (Oligoceras
eberhardtii Gagnep.)” 13 cdng trinh nghién ciru ctia téi dudi sur huéng din khoa hoc
ctia TS. Triéu Quy Hung, PGS.TS. Pham Vian Cudng va tap thé huéng dan. Luan an
sit dung thong tin trich dan tir nhidu ngudn tham khao khac nhau va cdc théng tin
trich ddn duge ghi 1 ngudn gde. Céc két qua nghién ctru ciia toi dugc cong bd chung
véi cac tac gia khac d3 duoc s nhit trf cia dong tic gia khi dwa vao ludn an. Cac sb
lidu, két qud duge trinh bay trong luén an [a hoan toan trung thuc va chua duoc cong
b6 trong bt ky cong trinh ndo khac. Luin 4n dugc hodn thanh trong thoi gian t6i lam
nghién ciru sinh tai Hoc vién Khoa hoc va Cong nghé, Vién Han 1dm Khoa hoc va
Cong nghé Viét Nam.
Ha Noi, ngay /Sthiang Adnim 2024

Tac gia

e

Nguyén Thi Binh Yén



LO1 CAM ON

Ludn dn nay dwoc hoan thanh tgi Vién Hoa sinh bién -Vién Han 1am Khoa hoc
va Cong nghé Viét Nam. Trong qué trinh nghién citu, tac gia da nhdn dwoc nhiéu sw
chi day, giip d& quy bau cua cac thay ¢, cac nha khoa hoc, cde dong nghiép, ban
be va gia dinh.

Toi xin bay té 10ng biét on sdu sdc, kinh trong nhdt cia minh téi TS. Triéu Quy
Hung, PGS.TS. Pham Van Cuong va PGS. TS. Poan Thi Mai Huong - nhitng nguoi
thdy da tdn tam hwéng dan, chi day cho toi vé mat chuyén mén, ciing nhw dong vién
va tao moi diéu kién, givip do cho toi trong suét qua trinh theec hién lugn an.

Toi xin chan thanh cam on céc thay ¢, cc nha khoa hoc Vién Héa sinh bién
da giang day, huéng ddn toi hoan thanh cac hoc phan va cdc chuyén dé trong chirong
trinh dao tao.

TOi xin tran trong cam on Ban ldnh dao Hoc vién Khoa hoc va Céng nghé,
ban lanh dao Vién Hoa sinh bién da giiip dé va tao moi diéu kién thudn loi cho toi
trong suét qua trinh hoc tdp va nghién citu.

Toi xin tran trong cam on TS. Nguyén Thay Linh, TS. Phi Thi Pao, TS. Trinh
Thi Thanh Van, ThS. Tran Vin Hiéu, ThS. Vii Van Nam va cac can bé nghién cizu
Phong Téng hep hitu co — Vién Hoa sinh bién dd luén 1ing hé, déng vién va chia sé
cho tdi nhizng kinh nghiém, nhaiing loi khuyén bé ich va nhing gop y quy bau trong
viéc thuc hién va hoan thién lugn an.

Toi xin tran trong cdam on Trung tdm 1ng dung cdc phirong phdp phé - Vién
Hoa hoc dda gitip do t6i thuec hién cdc phép do phé cong hwong tir hat nhan.

TOi xin tran trong cam on Phong Héa sinh ting dung — Vién Hoa hoc va Phong
cdng nghé sinh hoc - Vién Hoa sinh bién da giiip dé toi thuc hién cac phép thi hoat
tinh trong qua trinh thyc hién lugn an.

T6i xin tran trong cam on PGS. TS. Pham Minh Quéan va cac can bg nghién
cieu Trung tm Ung dung Tin hoéa hoc va Y — Sinh — Duoc — Vién hda hoc cac hop
chdt thién nhién da hé tro t6i thuec hién cac tinh toan docking phan tiz cac hop chat
héa hoc.

Toi xin bay té su cdm on sdu sdc dén Ban Lanh dao Trwong Pai hoc Hing
Virong, Khoa Khoa hoc Ty nhién-Truong Dai hoc Hiing Vieong da tao moi diéu kién
vé thoi gian, kinh phi hé tro cho toi trong qua trinh hoc tdp.

Cudi cuing, t6i xin bay té 10ng biét on chdn thanh va sdu sac nhat téi toan thé
gia dinh, ban bé va nhitng nguwoi than da luén luén quan tam, khich 1¢, dong vién toi
trong suot qua trinh hoc tdp va nghién ciu.

Xin tran trong cam on!
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DANH MUC CAC CHU VIET TAT

Ki hiéu Tiéng Anh Dién giai
A-549 Lung cancer cell line Dong té bao ung thu phdi
Api Apiofuranosyl buong apiose
13C NMR Carbon-13 nuclear magnetic | Pho cong huong tir hat nhan
resonance spectroscopy carbon 13
C.C Column chromatography Sic ky cot
CDCls Deuterochloroform (Chloroform-d) | Chloroform da deuteri hoa
CDs0D Tetradeuteromethanol (Methanol-ds) | Methanol da deuterium hoa
CH.Cl; Dichloromethane
COSsYy Correlation spectroscopy Phé COSY
CTPT Molecular formula Cong thtrc phan tir
DEPT Distortionless ~ Enhancement by | Pho DEPT
Polarisation Transfer
DMEM Dulbecco’s Modified Eagle Medium | Méi truong nudi cay té bao
DMEM
DMSO Dimethylsulfoxide (CH3)2SO
EtOAC Ethyl acetate Ethyl acetate
FPL Fast pulling ligand Phuong phép kéo phoi tu
nhanh
Glc Glucopyranosyl buong glucose
GSK-3p Glycogen synthase kinase-3 beta Enzyme GSK-3f4
HepG2 Human liver cell line Dong té bao ung thu gan nguoi
HMBC Heteronuclear mutiple bond | Pho tuong tac di hat nhan qua
correlation nhiéu lién két
'H NMR Proton nuclear magnetic resonance | Pho cong hudng tir hat nhan
spectroscopy proton
HR-ESI-MS | High  resolution electrospray | Pho khoi lwong phan giai cao
lonization mass spectrometry phun mu dién
HSQC Heteronuclear single-quantum Pho tuong tac di hat nhan qua
coherence spectroscopy 1 lién két
ICs0 Inhibitory concentration at 50% Nong do tuc ché 50% doi twong
thir nghiém
IR Infrared Spectroscopy Pho hong ngoai
KB Human epidermic carcinoma KB Dong té bao ung thu biéu mo
KLPT Molar mass Khoi luong phan tir
MCF-7 Human breast cancer cell Dong té bao ung thu va &
nguoi
MTT 3-(4,5-dimethylthiazol-2-yl)-2,5- 3-(4,5-dimethylthiazol-2-yl)-
diphenyltetrazolium bromide 2,5- diphenyltetrazolium
bromide
MIC Minimum Inhibitory Concentration | Nong do tic ché toi thiéu
MD Molecular dynamics Mo phong dong luc hoc phén
tur
MeOH Methanol Methanol
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NOESY Nuclear Overhauser Enhancement | Pho NOESY
Spectroscopy

Rha Rhamnopyranosyl buong Rhamnose

TLC Thin layer chromatography Sic ky 16p mong

TMS Tetramethylsilane (CHa)4Si

Xyl Xylopyranosyl buong Xylose
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MO PAU

Theo Té chirc Y té thé gigi (WHO) cé khoang 7,6 triéu nguoi chét hang nim
vi can bénh ung thu, dién hinh 1a cAc nhém bénh ung thu phdi, ung thu gan, ung thu
dai truc trang, ung thu v, ung thu ¢6 tir cung, ung thu da day, ung thu tién liét tuyén,
da chiém t&i hon 13% sb nguoi chét mdi ndm. Tinh hinh méc bénh va tir vong do ung
thu c6 xu hudng ngdy cang ting. Theo uéc tinh cia WHO, s ca tir vong do ung thur
trén toan thé gisi s& 1én dén con sb 11,8 triéu mdi nim vao nim 2030 [1]. O Viét
Nam, qua théng ké sé liéu ghi nhan ung thu tai Ha Noi, Thanh phd H6 Chi Minh va
mot s tinh; wéc tinh mdi nadm ¢ nudc ta ¢d khoang 150 nghin bénh nhan méi mac
ung thu va 75 nghin ngudi chét vi ung thu; con s nay cé xu hudng ngay cang
gia tang [2].

Con ngudi di som biét dén viéc sir dung nhitg duoc liéu hoa hoc tir thé ky 19
dé diéu tri ung thu nhu dung potassium arsenite dé diéu tri bénh bach cau tay dén tan
nhitng ndm 1930 [3]. Pén nay, rat nhiéu hop chat thién nhién va cac san pham duoc
tong hop, ban tdng hop tir cac hop chat ty nhién da dugc sir dung mot cach hiéu qua
trong viéc diéu tri, phong ngira bénh ung thu va cac bénh tat khac giup con nguoi
chéng lai bénh tat, nang cao stc khoe cong dong. Hang loat thudc chira tri ung thu
st dung céc hoat chat duoc phan 1ap tir tu nhién nhu nhém cac hop chat paclitaxel
(Taxol®) la mot diterpenoid duoc phan lap tir loai Thong do Taxus brevifolia
(Taxaceae) hay mot sé hop chat khac podophyllotoxin, camptothecin, berbamine,
beta-lapachone, acid betulinic, colchicine, curcumin, daphnoretin, ellipticine... va
dan xuat ban tong hop cuia ching vinflunine, docetaxel (Taxotere®), ...[4,5]. Clng
véi su phét trién cua cdng nghé tdng hop hoa duoc tao ra cac biét dugc, cac nha khoa
hoc van dang c6 ging tim hiéu, kham phé tac dung chong ung thu va cac hoat tinh
sinh hoc khéc cua céc hop chat c6 ngudn gbc tir nhiéu loai thuc vat khac nhau.

Viét Nam 1a mot nude Dong Nam A, thudc khu vire khi hau nhiét déi gié mua
c6 hai mua rd rét thay doi theo dia hinh, mua nhiéu, d6 am twong ddi cao la diéu kién
thuan loi dé thyuc vat phat trién. Vi vay, Viét Nam c6 mot hé thuc vat phong phi va
da dang véi trén 12.000 loai, trong do6 co trén 3.200 loai thuc vat dugc sir dung lam
thudc trong Y hoc dan gian; mé ra tiém ning 16n vé viéc nghién ciru vé cac hop chat
tu nhién tur cac loai thuc vat cua Viét Nam [6].

Trong khuén khé du an Hop tac Quéc té Phép - Viét “Nghién ctru hda thyuc
vat cta tham thyc vat Viét Nam” gitra Vién Hoa sinh bién, Vién Han 1am KH&CNVN
va Vién Hoa hoc cac hop chat thién nhién, CNRS, Cong Hoa Phap, mot sb loai
Myrsine va Oligoceras cua Viét Nam d duoc thu hai va thir hoat tinh so bo. Két qua
cho thay dich chiét EtOAc cua qua cay Myrsine semiserrata Wall c6 kha ning tc ché



57,19% dong té bao ung thu biéu md KB & ndng d6 1 pg/mL. Dich chiét EtOAc caa
qua cay Oligoceras eberhardtii Gagnep. c6 kha ning trc ché 37,66% dong té bao ung
thu biéu md KB & nong d6 1,0 ug/mL. Bong thoi, cho dén nay chua c6 cong trinh
trong nudc hay qudc té ndo nghién ciru vé thanh phan héa hoc ciing nhu hoat tinh
sinh hoc cua hai loai Myrsine semiserrata va Oligoceras eberhardtii.

Xuét phét tir nhitng luan diém trén, nghién ctu sinh da lua chon dé tai “Nghién
ciru thanh phan héa hec va hoat tinh sinh hoc ciia ciy xay ring nhon (Myrsine
semiserrata Wall.) va cay ban giac (Oligoceras eberhardtii Gagnep.)”.

Muc tiéu caa luan an:

- Xac dinh duoc thanh phan hoéa hoc cua loai Myrsine semiserrata va
Oligoceras eberhardtii ¢ Viét Nam.

- Panh gia duoc hoat tinh gdy doc té bao ung thu va hoat tinh khang vi sinh
vat kiém dinh cua cac hop chat phan lap dugc nham tim kiém cac hop chét ¢ hoat
tinh sinh hoc, 1am co s& khoa hoc cho c&c nghién ctru tng dung tao ra san pham cham
soc sirc khoe cho cong dong.

Néi dung caa luan an bao gom:
1. Phan 1ap va xac dinh ciu tric hda hoc cac hop chét tir loai Myrsine semiserrata va
Oligoceras eberhardtii
2. Panh gia hoat tinh gy doc té bao ung thu va hoat tinh khang vi sinh vat kiém dinh
cua cac hop chit phan lap duoc.
3. Sir dung phuong phap md phong nguyén tir nham tim kiém cac chat tc ché GSK-
34 tiém ning tir cAc hop chat phan lap duoc.



CHUONG 1. TONG QUAN
1.1. Giéi thiéu vé dic diém thuc vat cia chi Myrsine va chi Oligoceras
1.1.1. Péc diém thuc vat cia chi Myrsine

Trén thé gidi, chi Myrsine 12 mot chi Ién, ¢ khoang 300 loai, phan bé rong réi
khip cac ving nhiét déi va can nhiét déi nhu An Do, Mianma, Trung Québc, Chau
Phi, Chau My, Madagaska, Apganistan, quan dao Azores.... O Viét Nam, chi nay c6
khoang 9 loai [7,8]. Chi Myrsine cé nhiéu cong dung da dang trong y hoc dan gian,
vi du nhu qua cia loai xay ring nhon (Myrsine semiserrata) dugc dung dé lam thuéc
sat tring, nhuan trang, day hoi, dau bung kinh, tay giun san, ré va la cay mit cit
(Myrsine seguinii) chita viém tuyén vi, ngta 16, mun nhot, chita soi, bang quang,
Myrsine leuconeura st dung trong diéu tri nhiém tring duong tiét niéu, mot sé loai
dung dé diéu tri tidu chay, thap khép, dau ring, lao phdi, bang huyét, hoic duoc st
dung 1am huong thom trong tra, mén khai vi, 1am thubc diét co, gia vi va chat tao
huong li¢u nhu Myrsine australis, Myrsine Africana, ... [10-14].

Cac loai thudc chi Myrsine chi yéu la cac cay gé nho hoic cay bui, thang, cé
canh nho, khic khuyu. L& mép nguyén hoic khia ring cua, nhin, c6 lac co diém
tuyén, cubng 14 thudng men xudng trén canh nho 1am cho canh nhé c¢6 canh. Cum
hoa hinh tan, hoa moc tum & nach hoac ngoai nach Ia hoac moc trén seo la cia nhirng
canh gia ¢6 14 da rung, gé¢ cum hoa c6 nhiéu 14 bac xép lop. Hoa mau 4-5 canh, nho
(it khi mau 6 canh), ludng tinh, don tinh hoic tap tinh. L4 dai hop ngan & gdc, xép
lop hodc xép van, thuong xuat hién nhitng nha san sui (papillose) & mit trong va &
mép, thudng c6 diém tuyén. Canh hoa gan roi, it khi hop dén Y chiéu dai, xép lop
trong nu, c6 diém tuyén hoic gan tuyén. Nhi dinh ¢ giira canh hoa tré xudng, moc
d6i xirng vai canh hoa, chi nhi rd, ngan hodc gan nhu khong cé, roi hoic hop ¢ goc;
bao phan hinh trizng hoic hinh bau duc, nhon, 2 6, md doc. Nhuy & hoa duc thoai
hoa, & hoa cai ¢6 bau hinh cau, hinh tring hoac bau duc, voi nhuy rat ngan hoic gan
nhu khong c6. O hoa ludng tinh nim nhuy rat da dang nhu dang cham, bang, det,
hinh Iudi, Xé doi hodac dang xé tua rua, noan it, mét vong. Qua hach, dang qua mong,
hinh cau hoic gan hinh tring. Hat mot, 18m ¢ goc [8].

Tt trude dén nay van ton tai hai chi riéng biét, mac du ¢ nhirng dic diém hinh
thai rat giéng nhau 1a chi Thiét ton (Myrsine L. 1753) va chi Xay c6 (Rapanea Aubl.
1775). Theo C. Chen (1977, 1979) trudc kia ciing c6 nhiéu tac gia sap nhap chi
Rapanea vao chi Myrsine nhu E. Y. Hosaka (1940), E. Walker (1954, 1959), Ly Hué
Lan (1963), C. A. Barke va R. C. Bakhuizen Van den Brink (1965). Nguoc lai theo
quan diém ciia Mez (1902) thi nhiéu loai caa chi Myrsine lai duoc chuyén sang chi
Rapanea. Nhung tat ca c4c tac gia gan day da bac boé quan diém trén cua Mez. Theo
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nghién cttu méi day nhit cua J. Pipoly & C. Chen (1995, 1996) ciing di sap nhap chi
Rapanea vao Myrsine [8].
Theo cac tac gia Pham Hoang Ho [9], V& Van Chi [7] va gan day 1a Tran Thi
Kim Lién [8], mot sé loai Myrsine & Viét Nam chu yéu duoc dan gian st dung
lam thudc.
Bdng 1.1. Céc loai thugc chi Myrsine ¢ Viét Nam

TT Tén loai Phan b
N
<\ T Nepal, India, Mianma, Nam Trung
=R N T Quéc (Van Nam, Quy Chau) va mién
1 S Q“\_& Bac Viét Nam. O nudc ta, c6 gap tai
7T 7\\ Ha Giang (Ph6 Bang), Lang Son
y L= (Liing Cam) va Lao Cai (Sa Pa).
M. semiserrata Wall. — Xay rang

nhon

Lao Cai (Sa Pa), Vinh Phuc (Tam
, Pao). Con c6 ¢ Trung Qudc (Van
2 ( o= Nam, Hai Nam, Quang Pong, Quang
3 Tay, Quy Chau).

M. faberi (Mei) Pipoly & C. Chen.

— Xay c6
8N /|, Mi thay ¢ Da Nang (Tourane), Lam
3 we T @ Péng (Di Linh), BA Ria-Ving Tau
i}\ Vi (Ba Ria), Kién Giang (Pht Quac).
M. cochinchinensis A. DC. — Xay c0
Nam b¢

Quang Ninh (Bdi Chay), Bic Can,
Thai Nguyén, Nghé An (Ctra Lo), ba
Ning (Ba Na), Khanh Hoa (Nha
Trang), Lam Bong (Di Linh), Ninh
Thuan (Phan Rang). Con c6 ¢
Mianma, Trung Quéc (Hai Nam, Van
Nam, Quang Dong, Quang Tay, Quy
Chau), Dai Loan, Nhat Ban, Thai Lan.

M. seguinii H. Lev. — Mat cat




TT Tén loai Phan b
| =N\ Nghé An (Nghi Loc), Quang Binh,
; , s Quang Tri, L&m Pong (Bao Lgc),
5 ,5‘5' : Nam bd. Con c6 ¢ Trung Quoc (Hai
J/ Nam, Quang Pong, Quang Tay, Quy
s P Chau).
M. linearis (Lour.) Poir. —Xay hep
W=l Lo Cai (Sa Pa), Quang Tri (Ba Mun),
6 2N 9 Pa Nang (Ba Na), Khanh Hoa, Lam
‘\5—3 A . Pong. Con c6 & An Do, Neépan,
,i ! Mianma, Trung Quéc, Thai Lan.
M. capitellata Wall. — Xay c6 dang
dau
1 L @ Lao Cai (Phan Si Pan), Vinh Phic
7 Y NG (Tam Dé&o). Con cdé & Trung Quoc
il S (Van Nam, Hai Nam, ...), Indonexia
B "\ G221 (Java).
M. affinis A. DC. — Xay gan
l-z } "\#ﬂg
o JAPEE
N1
;| =) 437:"" - Lao Cai (Phan Si Pan) va Trung Quéc
8 N (Van Nam)
K L & @r
) ¢ 4
M. verruculosa C. Y. Wu & C.
Chen. — Xay nhiéu mun
9 @G> Lao Cai (Sa Pa). Con c6 & Trung

}’ ’ (’),f)
M. C|catr|cosa C.Y.Wu & C. Chen.
- Xay ¢6 nhiéu seo

Qudc (Van Nam).

1.1.2. Piic diém thuc vdt cia chi Oligoceras
Theo céc tai liéu tham khao chi Oligoceras chi ¢ mot loai duy nhat 1a cay ban

giac (Oligoceras eberhardtii Gagnep.) thuoc ho Thau dau (Euphorbiaceae) [7].

tam giac, dai 5 —

Chi Oligoceras la loai cay g cao 20 m, nhanh kich com, 14 c6 phién to, xoan
10 cm, day cat ngang c6 3 gan, khong long, mat dudi méc mac,

cubng dai c6 hai tuyén ¢ dau. Chim tu tan dong chu, hoa ¢ 5 14 dai, c6 mot tuyén cé




cong & lung, 5 canh hoa cao 5mm, 5 tiéu nhuy xen véi 5 tiéu nhuy lép, quanh nodn
sao lép to, hoa cai c6 nodn sao c6 3 voi nhuy ché hai, trai an duoc [7].
1.2. Tong quan c4c nghién cieu vé thanh phan hoéa hoc va hoat tinh sinh hec chi
Myrsine va chi Oligoceras
1.2.1. Cac nghién cizu vé thanh phan hoa hec cia chi Myrsine

Nghién cau hoa thuc vat cia cac loai Myrsine cho thy cac 16p chit chinh duoc
tach ra chu yéu 1a flavonoid, phenolic, terpenoid, steroid va saponin, ... Cac 16p chat
nay chinh 1a céc thanh phan c6 hoat tinh sinh hoc quy bau caa cac loai Myrsine nay.
1.2.1.1. Cac hop chdt flavonoid tir chi Myrsine

R, R, R R, R
6 OH OCH, OH  OH OCOCH,
OH O 3 3
HO 0 Ry Ry Ry ° 7 OH OCH; OH OH OH
1 H H 8§ OH OH OH OH OCOCH,
HO 2 H H Gl M “n 9 OH OH OH OCOCH;OCOCH;
T e T
4 OHH Gl 5
< ol Rh Hc 13 OH OH OH OH OH
a 14 H  OCH, OCOCH; OH OCOCH,

15 R;=R,=H
16 R|=OH, R,=H
17 R{=OH, R,=Galloyl

19 20

Hinh 1.1. Céu trtc hoa hoc cac hop chat flavonoid tir chi Myrsine.
Nam 1997, nhom tac gia Xi — Ning Zhong va cong su thudc Vién Khoa hoc
Duoc pham, Trudng Pai hoc Y khoa Hiroshima, Nhat Ban da phéan 1ap va xac dinh
duogc cau tric cia nam hop chat flavonol glycoside tir dich chiét methanol 14 cay M.
seguinii [15] gém: quercitrin (1), quercetin-3-rhamnoside-3'-glucoside (2), myricitrin
(3), myricetin-3-rhamnoside-3'-glucoside (4) va myricetin-3,4'-dirhamnoside (5). Hali
trong s6 d6 1a quecitrin (1) va myricitrin (3) da dugc xac dinh cau tric lan dau tién



bai nhom tac gia Markham (Phong Hoéa hoc, D.S.1.R Petone, New Zealand) nam 1978
[16]. Hai hop chit nay ciing duoc phan lap tir dich chiét methanol cua chéi hoic 14
cua loai M. africana [17].
Bdng 1.2.1. Thanh phan flavonoid tir chi Myrsine

rhamnopyranoside

STT Tén hop chat Loai Bo phan | TLTK
i M. seguinii La [15-17]
1 Quercitrin M. africana | Choi, 1z | [15]
5 Quercgtln-s-rhamn03|de-3- M. sequinii La [15]
glucoside
o M. seguinii La [15-17]
3 | Myricitrin M. africana | Choi, 14
4 Myricetin-3-rhamnoside-3'-
glucoside M. seguinii L& [15]
5 | Myricetin-3,4’-dirhamnoside
5 Mearnsetin 3-O-(4"-O-acetyl)-a-L-
rhamnopyranoside
7 | Mearnsitrin
3 Myricetin 3-O-(4"-O-acetyl)-a-L-
rhamnopyranoside . Ao o14
9 Quercetin-3-0-(3",4"-di-O-acetyl)- M. africana | Choi, la [117]
a-L-rhamnoside
Myricetin 3-O-(2",4"-di-O-acetyl)-
10 .
a—L-rhamnopyranoside
11 | Rutin
Quercetin 3-O-a-L- M. afrlcfa na ChOI,’ la
12 . M. seguinii La
rhamnopyranoside -
M. rubra L4, canh
: N [17]
.. M. africana Chaol, 1a
Myricetin 3-O-a-L- T ;
13 rhamnopyranoside M. seguinil La
Py M. rubra L4, canh
Mearnsetin 3-(2",4"- . A g
14 diacetylrhamnoside) M. africana | Choi, 1& | [18, 19]
M. africana | Choi, la
15 | (-)-Epicatechin M. seguinii La [18, 19]
M. rubra L4, canh
16 | (-)-Epigallocatechin
17 (—I)—IIEp!gaIIocatechln-B-O-gaIIate M. africana La [18, 19]
3',5'-di-O-f-glucopyranosyl
18 .
phloretin
19 Kaempferol 3-O-4-D-(6"-galloyl)
glucopyranoside L
” L lteolin 30-O-aL- M. rubra L4, canh [18]

Tur dich chiét methanol va ethyl acetate cua cay M. africana con phan lap dugc

12 hop chat flavonoid va flavonoid glycoside khac nhu mearnsetin 3-O-(4"-O-




acetyl)-a-L-rhamnopyranoside (6), mearnsitrin (7), myricetin 3-O-(4"-O-acetyl)-a-L-
rhamnopyranoside (8), quercetin-3-O-(3",4"-di-O-acetyl)-a-L-rhamnoside  (9),
myricetin 3-0-(2",4"-di-O-acetyl)-a-L-rhamnopyranoside (10), rutin (11), quercetin
3-0-a-L-rhamnopyranoside (12), va myricetin 3-O-a-L-rhamnopyranoside (13) [26],
mearnsetin  3-(2",4"-diacetylrhamnoside)  (14), (-)-epicatechin  (15), (-)-
epigallocatechin ~ (16),  (-)-epigallocatechin-3-O-gallate  (17), 3'5-di-O-f-
glucopyranosyl phloretin (18) [18,19]. Hop chat (12), (13), (15) ciing phan lap duoc
tur cdy M. seguinii va M. rubra [18,19].

Tt dich chiét ethanol cua 14, canh cay M. rubra Hildegardo Franca va cong su
da tach thém duogc kaempferol 3-O-4-D-(6"-galloyl) glucopyranoside (19) va luteolin
30-0-a-L-rhamnopyranoside (20).
1.2.1.2. Cac hop chdt triterpene va saponin tiz chi Myrsine

Tir canh va 14 loai M. australis thu duoc hop chat lysikokianoside 1 (30) va
tam saponin khung oleanane [20] gom: 38-O-(8-D-xylopyranosyl-(1—2)-O--D-
glucopyranosyl-(1—4)-(0O-p-D-glucopyranosyl-(1—2))-a-L-arabinopyranosyl)-
16a-hydroxy-134,28-epoxy oleanane (22), 35-O-(a-L-rhamnopyranosyl-(1—2)-O-p-
D-glucopyranosyl-(1—4)-(O-4-D-glucopyranosyl-(1—2))-a-L-arabinopyranosy)-
16a-hydroxy-134,28-epoxy oleanane (23), 34-O-(5-D-xylopyranosyl-(1—2)-O-4-D-
glucopyranosyl-(1—4)-(0O-p-D-glucopyranosyl-(1—2))-a-L-arabinopyranosyl)-16a-
hydroxyolean-28,13p-olide  (24),  3$-O-(a-L-rhamnopyranosyl-(1—2)-O-4-D-
glucopyranosyl-(1—4)-(0O-p-D-glucopyranosyl-(1—2))-a-L-arabinopyranosyl)-
16a-hydroxyolean-28,134-olide (25), ardisiacrispin A (hoac saxifragifolin B) (26),
ardisiacrispin B (27), 3p-O-(8-D-xylopyranosyl-(1—2)-O-4-D-glucopyranosyl-
(1—4)-(O-4-D-glucopyranosyl-(1—2))-a-L-arabinopyranosyl))-16«,28-dihydroxy-
134,28-epoxy oleanane (28), va 3p-O-(a-L-rhamnopyranosyl-(1—2)-O-p-
glucopyranosyl-(1—4)-(0-p-D-glucopyranosyl-(1—2))-a-L-arabinopyranosyl)-
16a,28-dihydroxy-134,28-epoxy oleanane (29) [21,22].

Aglycone cuta saponin (22) va (23) la protoprimulagenin A, khi thay phan tao
ra primulagenin A (21). So sanh dix liéu pho *C NMR cua cap (24, 25) va (28, 29)
Vi dir lieu cua (22) hoac (23) cho thay aglycone ciaia cac saponin nay co lién quan
chat ch& vai protoprimulagenin A va chi khac nhau & trang thai oxy hoa cua C28. O
(24) va (25), C28 bi oxy hda hoan toan thanh C=0 va la mot phan cua nhdm y-lacton
(dc 179 ppm); & (28) va (29), C28 chuyén thanh dang hemiacetal (dc 99 ppm) [23].
Catherine Lavaud va cong su ciing di phan 1ap duoc (26) va (27) tir dich chiét ethanol
cua than cay M. pellucida [24]. Tuy nhién ban dau thu duoc saponin (27) & trong hon



hop véi saxifragifolin B (26) va viéc tach cac hop chat nay bang sic ky silica gel
khéng hiéu qua.

Ngoai ra, tir dich chiét nay cac tac gia con phan lap duoc bdn hop chat saponin
khac la: 3-0-(a-L-rhamnopyranosyl(1—2)-f-D-glucopyranosyl(1—4)-a-L-
arabinopyranosyl) cyclamiretin A (31); 3-O-(8-D-xylopyranosyl(1—2)-5-D-
glucopyranosyl(1—4)-a-L-arabinopyranosyl) cyclamiretin A (hoac prumilanin) (32),
3-0-p-D-xylopyranosyl(1—2)-f-D-glucopyranosyl(1—4)-f-D-glucopyranosyl
(1—2)-a-L-arabinopyranosyl) cyclamiretin D (33).

Rha

34 H, H OH(Xyl
35 CH; OH H (Rha)

Hinh 1.2. CAu trc hda hoc cua céc hop chat saponin tir chi Myrsine.

T dich chiét methanol cua 14 cdy M. australis nhom tac gia V.R. Hegde ciing
phan lap dwoc hai hop chat saponin 1a 3-O-(-D-xyclopyranosyl-(I—2)-O-4-D-
glucopyranosyl-(1—4)-(O-p-D-glucopyranosyl-(1—2))-a-L-arabinosyl)-16a-
hydroxy-134,28-epoxyoleanane (34) va 34-0O-(5-D-rhamnopyranosyl-(1—2)-O-4-D-
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glucopyranosyl-(1—4)-(O-p-D-glucopyranosyl)-a-L-arabinopyranosyl)-16a-
hydroxy-134,28-epoxyoleanane (35) [25].
Bang 1.2.2. Thanh phan saponin tir chi Myrsine

STT

Tén hop chat

Loai

Bo phan

TLTK

22

3p-0O-(B-D-xylopyranosyl-(1—2)-
O-f-D-glucopyranosyl-(1—4)-(O-
S-D-glucopyranosyl-(1—2))-a-L-
arabinopyranosyl)-16a-hydroxy-
135,28-epoxy oleanane

23

3p-0O-(a-L-rhamnopyranosyl-
(1—2)-O-p-D-glucopyranosyl-
(1—4)-(O-4-D-glucopyranosyl-
(1—>2))-a-L-arabinopyranosy)-
16a-hydroxy-134,28-epoxy
oleanane

M. australis

Canh, la

[23,25]

24

3p-0O-(p-D-xylopyranosyl-(1—2)-
O-p-D-glucopyranosyl-(1—4)-(O-
S-D-glucopyranosyl-(1—2))-a-L-
arabinopyranosyl)-16a-
hydroxyolean-28,134-olide

25

34-0O-(a-L-rhamnopyranosyl-
(1—2)-O-p-D-glucopyranosyl-
(1—4)-(0-p-D-glucopyranosyl-
(1-2))-a-L-arabinopyranosyl)-
16a-hydroxyolean-28,134-olide

M. australis

Canh, la

[23]

26

Ardisiacrispin A
Saxifragifolin B

M. australis

Canh, la

M. pellucida

Than cay

M. salicina

!

27

Ardisiacrispin B

M. australis

Canh, la

M. pellucida

Than cay

[23, 24]

28

34-0O-(5-D-xylopyranosyl-(1—2)-
O-p-D-glucopyranosyl-(1—4)-(O-
S-D-glucopyranosyl-(1—2))-a-L-
arabinopyranosyl))-16«,28-
dihydroxy-134,28-epoxy oleanane

29

34-0O-(a-L-rhamnopyranosyl-
(1—2)-O-p-glucopyranosyl-
(1—4)-(O-4-D-glucopyranosyl-
(1—2))-a-L-arabinopyranosyl)-
16a,28-dihydroxy-134,28-epoxy
oleanane

30

Lysikokianoside 1

M. australis

Canh, a4

[23]

31

3-O-(a-L-
rhamnopyranosyl(1—2)-4-D-
glucopyranosyl(1—4)-a-L-
arabinopyranosyl) cyclamiretin A

M. pellucida

Than cay

[24]
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STT Tén hop chat Loai Bo phan | TLTK
3-O-(p-D-xylopyranosyl(1—2)-4-
D-glucopyranosyl(1—4)-a-L-

32 arabinopyranosyl) cyclamiretin A
(primulanin)
3-O-p-D-xylopyranosyl(1—2)-5-

33 D-glucopyranosyl(1—4)-4-D-

glucopyranosyl (1—2)-a-L-
arabinopyranosyl) cyclamiretin D
3-0-(p-D-xyclopyranosyl-(1—2)-
O-f-D-glucopyranosyl-(1—4)-(O-
34 | p-D-glucopyranosyl-(1—2))-a-L-
arabinosyl)-16a-hydroxy-134,28-
epoxyoleanane
34-0O-(p-D-rhamnopyranosyl-(1
—2)-0-p-D-glucopyranosyl-

35 | (1—4)-(0O-4-D-glucopyranosyl)-
a-L-arabinopyranosyl)-16a-
hydroxy-134,28-epoxyoleanane
1.2.1.3. CAc dan xuat cua arbutin tir chi Myrsine

M. australis | Canh, la [25]

OH

o]
OH 0 0Gle OH
R, o o OCH;,4 OCH;,4
7
Ry
OR

OH OH OH OGle
Ry Ry Ry 3 “
36 R =Glc 39 H H H
37R = Gle (2-1)Api 4 OH H H
38 R = Glc (6-1")Api 41 OH OCH; H
oH 42 OH OCH; OCH,
R
: 45 46 47 48 49
HO R H H H H OCH;
HO/&&/O Y OH
" e 3 X \ej O OCH
Q o | \ 3
R,—O /O O 0 ‘}é | ,-J"{
0 4-c
X
OH OH O

Hinh 1.3. Céu trtc hda hoc cac dan xuat caa arbutin tir chi Myrsine
Tiép theo cac nghién ctru cua Xi — ning Zhong va cong sy, tir dich chiét 14 cay
M. seguinii da phan lap duoc bay hop chat hydroquinone glycoside [25] gom co:
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arbutin (36), arbutin-2'-O-p-apiofuranoside (seguinoside A) (37), arbutin-6'-O-4-
apiofuranoside (seguinoside B) (38), cac ester benzoyl, p-hydroxybenzoyl, 3-
methoxy-4-hydroxybenzoyl va 3,5-dimetoxy-4-hydroxybenzoyl cia nhém 5"-OH
cua arbutin 2'-O-f-apiofuranoside (twong urng la seguinosides C-F) (39-42).

Bang 1.2.3. Thanh phan céc dan xuit cua arbutin tir chi Myrsine

STT | Tén hop chat Loai Bo phan TLTK
36 | Arbutin
37 i Seguinoside A
38 | Seguinoside B
39 | Seguinoside C M. seguinii La [26]
40 | Seguinoside D
41 | Seguinoside E
42 | Seqguinoside F
43 | Tachioside M. seguinii La [22]
44 | Isotachioside
45 | Seguinoside G
46 | Seguinoside H
47 | Seguinoside |
48 | Seguinoside J
49 | Seqguinoside K

Nam 1999, Xi — ning Zhong va cong su tiép tuc phan lap tir dich chiét |14 cay

M. seguinii thu dwoc hai hop chat phenolic glycoside 1a tachioside (43) va

isotachioside (44) cung véi nim hop chat hydroquinone diglycoside acyl ester 1a

sequinoside G — K (45 - 49) [27].

1.2.1.4. Céc hop chdt megastigmane glycoside tir chi Myrsine

12
N

M. seguinii La [27]

11

0Gle . 0Gle

R0
R, R, R, R
53 Glc H OH 56 Gle ,
55 H OGle H

Hinh 1.4. CAu trlic cac hop chat megastigmane glycoside tir chi Myrsine

Trong nghién ctru cua Hideaki Otsuka cung cac cong sy nam 2001, nhom tac
gia da phan 1ap dugc tam megastigmane glycoside (dang bot vo dinh hinh) tir can
chiét methanol 14 cay M. seguinii thu thap & Okinawa gom c6: ampelopsisionoside
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(50), myrsinionoside A (51), myrsinionoside B (52), myrsinionoside C (53), alangionoside
J (54), myrsinionoside D (55), linarionoside A (56), myrsinionoside E (57) [28].
Bang 1.2.4. Thanh phan megastigmane glycoside tir chi Myrsine

STT | Tén hop chat Loai Bo phan TLTK
50 | Ampelopsisionoside
51 | Myrsinionoside A
52 | Myrsinionoside B
53 | Myrsinionoside C
54 i Alangionoside J
55 | Myrsinionoside D
56 i Linarionoside A
57 | Myrsinionoside E

1.2.1.5. Cac thanh phan khac tir chi Myrsine

(0]

M. seguinii La [28]

OH

HO

O HC H 0 HyC H

(6] (6] (0] (0]
CiiHy; ‘ OHHO. ‘ CiHyy  CyyHps ‘ OHHO CiiHy;
HO OH HO OH
(6] (0]
62

H,C
3 OH HO
OH (6] OH
OH fo) OH HO,/' OH3C OH
0 Ho 11, 9 oH OH OH
(6]
64 65 66

H,C-(H,C),4-0CO o
o)
H
o HO

OH
67 68

Hinh 1.5. CAu trlic cac hop chat khéc tir chi Myrsine.
Trong c4c nghién ctu cua Hirota va cac cong su, nam 2002, tir cin chiét
methanol cta cay M. seguinii da phan 1ap dugc myrsinoic acid A (58), myrsinoic acid
B (59), myrsinoic acid C (60), myrsinoic acid F (61) [29, 30, 31].
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Myrsinoic acid A con duoc phan I4p tir can chiét ethanol cua qua cay M. coriacea [32].

Nam 2003, nhém nghién ctru Lawrence O. Arot Manguro da phan 1ap tir phan
doan cin chiét ethyl acetate bot qua cua M. africana duoc hai dan xuat benzoquinone
(62, 63) la methylvilangin (62) va methylanhydrovilangin (63) [33]. Tur can chiét
ethanol cua ré cay loai M. africana con phan lap duoc hop chat (64) dang tinh thé
mau cam séng 1a mot ddng phan vi tri cua emodine véi sy sap xép thay thé khac nhau
xung quanh vong 9,10-anthraquinone cé tén la 2-hydroxychrysophanol [16]. Hai hop
chat phenolic gdm myrsinoside A (65), myrsinoside B (66) [17] va mot hop chat
steroid myrsigenin (67) [33] duoc phan lap tir can chiét methanol cua M. africana.

Tu loai M. australis phan Iap thém dugc mot steroid la 3-O-(6'-O-palmitoyl)-
S-D-glucopyranosyl stigmasterol (68) [25].

Bang 1.2.5. Thanh phan khac tir chi Myrsine

STT Tén hop chat Loai Bo phan TLTK
o M. coriacea Qua [32]
58 | Myrsinoic acid A M. sequinii | Canh. iz | [23, 34, 35]
59 | Myrsinoic acid B M. seguinii Canh, la [32,36]
60 | Myrsinoic acid C - . .
61 Myrsinoic acid F M. seguinii Canh, la [32]
62 | Methylvilangin . ,
63 | Methylanhydrovilangin M. africana Qua [36]
64 | 2-hydroxychrysophanol M. africana RéE [30]
65 | Myrsinoside A . .
66 | Myrsinoside B M. africana La [27]
67 | Myrsigenin M. africana La [37]
gg | 3-0-(6-O-palmitoy)-f-D- 1, i atis L4, canh [25]
glucopyranosyl stigmasterol

Céc nghién ctu cho thay thanh phan hoa hoc tir Myrsine rat phong phu va da
dang. Trong d6, cac hop chat dugc cong bd nhidu nhét tir cac loai thudc chi Myrsine
la cac hop chat flavonoid va terpenoid véi cau tric héa hoc kha doc dao.

1.2.2. Céc nghién cizu vé hoat tinh sinh hec cia chi Myrsine
1.2.2.1. Hoat tinh gdy déc té bao ung thuw

C6 nhiéu nghién ctru chi ra rang can chiét thd caa cac loai thuoc chi Myrsine
thé hién nhiéu hoat tinh sinh hoc rat ddng quy. Cu thé, loai M. africana duoc nghién
ctru nhiéu nhat. Nam 1969, trong nghién ciru cua Kupchan va cong su di cho thay
can chiét alcohol cua canh va 14 loai M. africana dugc phat hién cé kha nang wc ché
c4c té bao ung thur co bap chudt [21]. Can chiét methanol va cac phan doan khac nhau
cua cac bo phan cia M. africana ¢ kha ning gay doc té bao ung thu va ngung két
mau d6i vai té bao hong cau nhdom mau AB ngudi [33]. Can chiét n-hexane cua loai
nay thé hién hoat tinh gay doc té bao c6 ¥ nghia (66,7%) & 1000 pg/ml.
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Qua céc nghién ciru di cong bd cho thiy, tir lodi M. africana phan lap duoc
cac hop chit saponin thé hién hoat tinh gay doc té bao co ¥ nghia. Cac saponin nay
la cac glycoside cua primulagenin A (21) véi cac duong glucose, rhamnose, galactose
va glucuronic acid dugc Kupchan va cong su phan lap duoc tir canh va la, cac hop
chat nay duoc goi 1a Myrsine saponin, chiing c6 hoat dong wrc ché ung thu moé té bao
dang ké [21, 22].

Sy ¢6 mit caa cac saponin dd quyét dinh hoat tinh sinh hoc & hai loai Myrsine
(M. australis (A. Rich.) Allan va M. salicina Hew ex Hook.) thu & New Zealand. Tam
saponin thuoc khung oleanane (22-29) duoc phan lap tir M. australis déu thé hién
muc do hoat dong twong tu gay wrc ché toan bo céac hiéu ung té bao ¢ mirc 40,0 pg/dia.
Tuy nhién, su khac biét vé hoat tinh gay doc té bao da duoc quan sét thay trén dong
té bao bach cau lympho P388 trong d6 (22) va (23) (ICso 0,85 pg/ml trong mdi trudng
hop) gy doc té bao manh hon so véi 24-29 (1Cso > 6,0 pg/ml) [23].

Hop chat lysikokianoside 1 (30) phan lap duoc tir loai M. australis c6 tac dung
gy doc té bao ung thu ddi véi té bao budng triing chudt ddng (CHO) va té bao u ac
tinh & ngudi (ICso = 1,0 pg/ml). Hai hop chét saponin khac phan Iap tir can chiét
methanol cua loai nay la 3-O-(8-D-xyclopyranosyl-(1—2)-O-f-D-glucopyranosyl-
(1—4)-(0-p-D-glucopyranosyl-(1—2))-a-L-arabinosyl)-16a-hydroxy-134,28-
epoxyoleanane (34) va 3p-0O-(f-D-rhamnopyranosyl-(1—2)-O-4-D-glucopyranosyl-
(1—4)-(0-p-D-glucopyranosyl)-a-L-arabinopyranosyl)-16a-hydroxy-134,28-
epoxyoleanane (35) thé hién két qua wc ché phospholipase D kich thich PMA
(phorbol 12-myristate-13-acetate) trong cac té bao bénh bach cau tién tay bao (HL-
60) & nguoi cho thay hop chét (34) va (35) ¢6 I1Cso lan luot 12 3,0 va 2,0 UM tc ché
PLD kich thich bang PMA. Cac hop chat nay ciing ¢ ché PLD kich thich bang fMLP
c6 gia tri ICso lan luot 12 8,0 va 24,0 M.

Trong nghién ctru cua Kishore va cong su nam 2018, cac hop chat myricetin
3-0-(4"-0O-acetyl)-a-L-rhamnopyranoside (8), quercetin-3-0O-(3",4"-di-O-acetyl)-a-
L-rhamnoside (9), myricetin 3-O-(2",4"-di-O-acetyl)-a-L-rhamnopyranoside (10),
myricetin 3-O-a-L-rhamnopyranoside (13), myrsinoside A (67), myrsinoside B (68)
tir loai M. africana thé hién kha niang wrc ché té bao ung thu gan [17].

Myrsinoic acid A (58) dugc phan lap tir cao chiét ethanol cua qua cay M.
coriacea [32] thé hién su tc ché ddi voi HB — EGF (yéu té tang truong giéng nhu
yéu to ting truéng biéu bi gan heparin, lién quan dén bénh ung thu), methioninase
(L-methionine lyase, lién quan dén bénh ung thu va hoi miéng), acetylcholinesterase
(lién quan dén bénh Alzheimer). Hop chat 2-hydroxychrysophanol (66) tach tir ré cay
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loai M. africana thé hién hoat tinh gdy doc té bao vira phai véi ba dong té bao khdi u
& nguoi A-549 (ung thu phéi), KBMRI, HT-29 (ung thu dai truc trang) [22].
1.2.2.2. Hogt tinh khéng vi sinh vt kiém dinh

Cac ché pham tir hdn hop trai cay kho va 14 loai M. africana trong nuéc da cho
thdy hiéu qua wc ché 77,0% do6i voi Haemonchus, Trichostrogylus va
Oesophagostomum spp. [38]. Cin chiét methanol va cac phan doan khac nhau cua
cac bo phan cua M. africana cd kha ning diét con trung, khang nam, khang khuan.
Can chiét chloroform (CHClIs) c6 hoat tinh diét con tring & mac d6 thap (20,0%), céc
phan doan trong nudc thé hién kha ning chéng lai Tribolium castaneum va
Rhizopertha dominica. Cin chiét methanol va phan doan CHCI3 thé hién hoat tinh
khang khuan tt doi vai Klebsiella pneumoniae véi gia tri MIC lan luot 13 2,45 va
2,10 mg/ml [37]. Ngoai ra, cin chiét caa loai Myrsine khac ciing c6 tinh khang khuan
nhu cin chiét ethanol caa loai M. coriacea [32]. Tuy nhién, khi thir hoat tinh khang
khuan caa myrsinoic acid A duoc phan lap tir dich chiét ethanol cua qua cay M.
coriacea nay [32] véi cac chung Bacillus subtilis, Escherichia coli, Salmonella
enterica subsp. enterica serovar typhi, Staphylococcus aureus, Streptococcus
pyogenes, Pseudomonas aeruginosa, Micrococcus luteus, Candida albicans,
Candida krusei va Candida tropicalis thay khéng c6 hoat tinh chéng lai cac vi sinh
vat duoc chon.
1.2.2.3. Hoat tinh khang viém

Niam 2003, nhom tac gia Hidefumi Makabe di thir hoat tinh cua cin chiét
methanol cua loai M. seguinii va cho thay c6 hoat tinh khang viém [29].

Céc hop chat: myrsinoic acid A (58), myrsinoic acid B (59), myrsinoic acid C
(60), myrsinoic acid F (61) phan lap tir can chiét methanol cua loai M. seguinii da
duoc thir nghiém b sung vao thanh phan thuéc chéng viém tai & chudt do TPA gay
ra. Két qua cho thay véi liéu 1,4 mmol, myrsinoic acid A, B va C di ngan chan tinh
trang viém do TPA gy ra tuong ung 1én dén 65z, 83z va 68z. O liéu 0,56 mmol,
myrsinoic acid A, B va C thé hién gia tri IE nho hon lan luot 12 22z, 25z va 44z.
Nhitng hoat dong khang viém nay cd thé so sanh vai hoat dong cua indomethacin.
Myrsinoic acid F &c ché 77z ¢ liéu 0,56 mmol cho thay hoat tinh khang viém cua
myrsinoic acid F manh nhét trong cac hop chét trén va manh hon indomethacin — 1a
mot chat chéng viém thuong duoc sir dung. Cac myrsinoic acid nay ¢ kha nang ngan
chan c4c phan tng sinh 1y khac nhau lién quan dén sy tang sinh té bao [29, 30, 31].

Ngoai ra, trong nghién ctru caa Satomi Ito va cac cong su cho thay myrsinoic
acid B (59) duoc phan lap tir Myrsine seguinii ¢6 kha ning &c ché qua trinh san xuat
methyl mercaptan (CH3sSH) béi Fusobacterium nucleatum JCM8532. Tiép d6, nim
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2010, Satomi Ito nghién ctiru vé kha ning wc ché san xuat HzS bai vi sinh vat duong
miéng vi hydrogen sulfide (H2S) la thanh phan chinh cia ching hdi miéng sinh ly,
trong khi CH3SH lién quan dén ching hoi miéng bénh Iy. Trong nghién ciu nay,
Satomi Ito di 14y F. nucleatum, Porphyromonas gingivalis va Treponema denticola
1 v6i myrsinoic acid B va chat nén nhu L-cysteine hoic L-methionine. Nong d6 H2S
hodc CH3SH trong khong khi dugc xéac dinh bang sic ky khi. Két qua cho thay nong
d6 ciia myrsinoic acid B wc ché 50% (ICso) qué trinh san xuat H,S cua F. nucleatum
13 0,14 pg ml ™t va I1Cso cua P. gingivalis va T. denticola lan luot 13 2,71 pg ml™ va
28,9 ug ml* [36].

Su hién dién cua pyruvate, san pham phu caa qua trinh san xuat HzS da duoc
xac dinh. Gia tri ICso ctia myrsinoic acid B trong qua trinh ngin chin san xuat
pyruvate 13 22,9 pg ml™! d6i voi F. nucleatum, 87,7 png ml™* ddi véi P. gingivalis va
165,0 ug ml™* ddi véi T. denticola. Trong khi do, gia tri 1Cso caa ZnCly lan luot 14
186,0; 21,5 va 276,0 pg ml*. Myrsinoic acid B hiéu qua hon k&m clorua trong viéc
ngan chin sy san xuat pyruvate cua F. nucleatum va T. denticola. Bén canh d6, trong
nghién ctru nay ciing cho thay Myrsinoic acid B hiéu qua hon k&m clorua trong viéc
ngan chin su san xuit a-ketobutyrate 1a san pham phu caia qua trinh san xuat CHzSH.
Nhu vay, myrsinoic acid B ¢4 kha niang Gc ché su san xuat Hz2S, CH3sSH ciing nhu
pyruvate va a-ketobutyrate bai mam bénh nha chu [36].
1.2.2.4. Hogt tinh chong oxi hoa

Trong nghién ctu caa Kishore va cong su nim 2018, can chiét methanol cua
cay M. africana thé hién hoat tinh chéng oxi héa tét & khoang 1Cso = 8,65 + 0,23
Hg/mL. Mudi bon hop chit flavonoid va flavonoid glycoside duoc phan 1ap tir cin
chiét methanol va ethyl acetate cua (1-14) thé hién hoat tinh chdng oxi héa manh &
c4c gia tri ICso trong khoang tir 1,90 + 0,021 dén 4,20 + 0,003 uM, trong d6 hop chat
mearnsitrin (7) c6 kha nang chéng oxi héa manh nhét véi 1Cso = 1,90 + 0,021 pM
[17]. Bén canh d6 hai hop chat phenolic ciing dugc tach tir Iodi nay cé hoat tinh chong
oxi héa manh vai 1Cso = 8,65 + 0,23 pg/mL.
1.2.2.5. Cac hoat tinh khac

Ciing trong nghién ctu cua Kishore va cong sy nam 2018, 14 hop chat
flavonoid va flavonoid glycoside thu dugc tir can chiét methanol va ethyl acetate cua
cay M. africana (1-14) déu c6 hoat tinh ¢ ché enzyme tyrosinase, dic biét cac hop
chat (11), (12), (13) c6 kha ning wc ché enzyme tyrosinase cao nhat véi gié tri 1Cso
lan luot 120,13 + 0,003; 0,15 + 0,003; 0,12 + 0,002 pM. Pay ciing 1a lan dau tién thir
hoat tinh tc ché enzyme tyrosinase cua mearnsitrin (7), mearnsetin 3-O-(4"-O-
acetyl)-a-L-rhamnopyranoside (8), quercetin-3-O-(3",4"-di-O-acetyl)-a-L-
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rhamnoside (9), myricetin 3-O-(2",4"-di-O-acetyl)-a-L-rhamnopyranoside (10),
myricetin 3-O-(4"-O-acetyl)-a-L-rhamnopyranoside (13). C4c hop chét nay c6 gia tri
|Cso thap hon (p < 0,01) so véi ascorbic acid (ICso = 11,2 uM), trong d6, mearnsitrin
cling thé hién hoat tinh manh nhat [17]. Ngoai ra, hai hop chat phenolic myrsinoside
A (65), myrsinoside B (66) ciing duoc phan 1ap tir can chiét methanol cua M. africana,
thir hoat tinh ¢ ché enzyme tyrosinase cho két qua 1Cso < 11,2 uM. Sy c6 mat cua
myrsigenin (67) gop phan quyét dinh hoat tinh chdng co thit do KCI theo co ché chin
kénh calcium cua can chiét methanol M. africana tho.
Bang 1.2.6. Thanh phan héa hoc va hoat tinh sinh hoc caa cac hop chat tir chi Myrsine

STT Tén hop chat Hoat tinh sinh hec Loai TLTK
i M. seguinii
1 | Quercitrin M. africana [15-17]
9 Querce_tln-3-rhamn05|de-3- M. sequinii [15]
glucoside
3| Myricitrin Uc ché enzyme | M. seguinii [15-17]
tyrosinase , M. africana
4 Myricetin-3-rhamnoside-3'- Chong oxi hoa tot
glucoside M. seguinii [15]
5 Myricetin-3,4'-dirhamnoside
Mearnsetin 3-O-(4"-O-
6 | acetyl)-a-L- M. africana [17]
rhamnopyranoside
7 | Mearnsitrin
3 Myricetin 3-O-(4 -Q-acetyl)- Uc ché  enzyme
a-L-rhamnopyranoside tyrosinase
9 Quercetin-3-O-(3",4"-di-O- Chéng oxi hoa tot M. africana [17]
acetyl)-a-L-rhamnoside 2 Lk e
2L e Uc ché té bao ung
Myricetin 3-O-(2",4"-di-O- thu gan (HepG2)
10 | acetyl)-a—L- & P
rhamnopyranoside
Uc ché enzyme
11 | Rutin tyrosinase , M. africana
Chong oxi hoa tot
Quercetin 3-O-g-L- Uc _che enzyme | M. afrlcgqfi
12 rhamnopvranoside tyrosinase , M. seguinii
Py Chéng oxi héatst | M. rubra [17]
Uc ché enzyme
— tyrosinase M. africana
13 mgrrr:ﬁ%tmgnoos? dle_ Chéng oxi héatot | M. seguinii
Py Uc ché té bao ung | M. rubra
thu gan (HepG2)
Mearnsetin 3-(2",4"- x -y .
14 diacetylrhamnoside) Chong oxi hoa M. africana [18, 19]
15 | (-)-epicatechin - M. africana
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STT

Tén hop chat

Hoat tinh sinh hec

Loai

TLTK

. sequinii
. rubra

<<

16

(-)-epigallocatechin

17

(-)-epigallocatechin-3-O-
gallate

18

3',5'-di-O-f-glucopyranosyl
phloretin

M. africana

19

Kaempferol 3-O-4-D-(6"-
galloyl) glucopyranoside

20

Luteolin 30-O-a-L-
rhamnopyranoside

M. rubra

[18]

22

3p-O-(5-D-xylopyranosyl-
(1-2)-0-p-D-
glucopyranosyl-(1—4)-(0-4-
D-glucopyranosyl-(1—2))-a-
L-arabinopyranosyl)-16a-
hydroxy-134,28-epoxy
oleanane

Uc ché té bao
thu bach cau

ung

23

3p-0O-(a-L-rhamnopyranosyl-
(1-2)-0-p-D-
glucopyranosyl-(1—4)-(0-4-
D-glucopyranosyl-(1—2))-a-
L-arabinopyranosy)-16a-
hydroxy-134,28-epoxy
oleanane

Uc ché té bao
thu bach cau

ung

M. australis

[23,25]

24

34-0-(p-D-xylopyranosyl-
(1-2)-0-p-D-
glucopyranosyl-(1—4)-(0-4-
D-glucopyranosyl-(1—2))-a-
L-arabinopyranosyl)-16a-
hydroxyolean-28,134-olide

Uc ché té bao
thu bach cau

ung

25

3p-0O-(a-L-rhamnopyranosyl-
(1-2)-0-p-D-
glucopyranosyl-(1—4)-(0-4-
D- glucopyranosyl-(1—2))-a-
L-arabinopyranosyl)-16a-
hydroxyolean-28,13-olide

Uc ché té bao
thu bach cau

ung

M. australis

[23]

26

Ardisiacrispin A
Saxifragifolin B

Uc ché té bao
thu bach cau

ung

M. australis
M. pellucida
M. salicina

27

Ardisiacrispin B

Uc ché té bao
thu bach cau

ung

M. australis
M. pellucida

[23, 24]

28

34-0-(p-D-xylopyranosyl-
(1-2)-0-p-D-
glucopyranosyl-(1—4)-(0-p-
D-glucopyranosyl-(1—2))-a-

Uc ché té bao
thu bach cau

ung

M. australis

[23]




20

STT

Tén hop chat

Hoat tinh sinh hec

Loai

TLTK

L-arabinopyranosyl))-16a,28-
dihydroxy-134,28- epoxy
oleanane

29

3p-0O-(a-L-rhamnopyranosyl-
(1—2)-0O-p-glucopyranosyl-
(1—4)-(0-p-D-
glucopyranosyl-(1—2))-o-L-
arabinopyranosyl)-16«,28-
dihydroxy-13,28-epoxy
oleanane

30

Lysikokianoside 1

Uc ché té bao u ac
tinh, u buong trirng

31

3-O-(a-L-
rhamnopyranosyl(1—2)-4-D-
glucopyranosyl(1—4)-a-L-
arabinopyranosyl)
cyclamiretin A

32

3-O-(s-D-
xylopyranosyl(1—2)-4-D-
glucopyranosyl(1—4)-a-L-
arabinopyranosyl)
cyclamiretin A (primulanin)

33

3-0O-p-D-
xylopyranosyl(1—2)-f-D-
glucopyranosyl(1—4)-4-D-
glucopyranosyl (1—2)-a-L-
arabinopyranosyl)
cyclamiretin D

M. pellucida

[24]

34

3-0O-(p-D-xyclopyranosyl-
(I—2)-0-p-D-glucopyranosyl-
(1—4)-(0-p-D-
glucopyranosyl-(1—2))-o-L-
arabinosyl)-16a-hydroxy-
135,28-epoxyoleanane

35

3p-0-(p-D-rhamnopyranosyl-
(1 —2)-0-4-D-
glucopyranosyl-(1—4)-(0-p-
D-glucopyranosyl)-a-L-
arabinopyranosyl)-16a-
hydroxy-134,28-
epoxyoleanane

Uc ché
phospholipase D
trong té bao ung thu
bach cau

M. australis

[25]

36

Arbutin

37

Seguinoside A

38

Seguinoside B

39

Seguinoside C

40

Seguinoside D

M. seguinii

[26]
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STT Tén hop chat Hoat tinh sinh hec Loai TLTK
41 | Seguinoside E -
42 | Seguinoside F -
43 | Tachioside - M. seguinii [22]
44 | Isotachioside -
45 | Seguinoside G -
46 | Seguinoside H - -
47 | Seguinoside | - M. seguinil [27]
48 | Seguinoside J -
49 | Seguinoside K -
50 | Ampelopsisionoside -
51 | Myrsinionoside A -
52 i Myrsinionoside B -
53 i Myrsinionoside C - -
54 | Alangionoside J - M. seguinil [28]
55 | Myrsinionoside D -
56 | Linarionoside A -
57 | Myrsinionoside E -
Hoat tinh khang
viém, tc ché dbi vai
HB — EGF (yéu t6
ting truong gidng
nhu yéu to ting
truong biéu bi gan
heparin, lién quan
o den bénh ung thu), | M. coriacea
58 | Myrsinoic acid A methioninase  (L- | M. seguinii [32]
methionine  lyase,
lién quan dén bénh
ung thu va hoi
miéng),
acetylcholinesterase
(lién quan dén bénh
Alzheimer).
Hoat tinh khéang
viém
Ut ché sy san xuat
59 | Myrsinoic acid B H>S, CHsSH ciing | M. seguinii [32,36]
nhu pyruvate va a-
ketobutyrate bai
mam bénh nha chu.
60 | Myrsinoic acid C Hoat tinh khan .
61 | Myrsinoic acid F viém o seguini [32]
62 | Methylvilangin - .
63 | Methylanhydrovilangin - M. africana [36]
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STT Tén hop chat Hoat tinh sinh hec Loai TLTK

A-549  (ung thu
phdi), KBMRI, HT-
29 (ung thu dai truc
trang)

64 | 2-hydroxychrysophanol M. africana [30]

65 | Myrsinoside A Uc ché enzyme

Tyrosinase
Chéng oxi hda tot M. africana [27]
Uc ché té bao ung
thu gan (HepG2)

66 | Myrsinoside B

67 | Myrsigenin Chong co that M. africana [37]

gg | 5 0-(6-O-palmitoyl)-5-D- i M. australis | [25]
glucopyranosyl stigmasterol

(-) Khéng thé hién hogt tinh sinh hoc
1.2.3. Cic nghién ciiu vé thanh phan héa hoc va hoat tinh sinh hoc ciia chi Oligoceras

Chi Oliceras c6 mét loai duy nhat 14 Oligoceras eberhardtii trén thé gioi hién
nay chua cé nghién ciru nao vé thanh phan héa hoc va hoat tinh sinh hoc cua chi nay.
1.3. Tong quan vé loai Myrsine semiserrata Wall. va Oligoceras eberhardtii Gagnep.
1.3.1. Tong quan vé loai Myrsine semiserrata Wall.

Ddc diém thuc vat 10ai xay rdang nhon (Myrsine semiserrata Wall.)

Theo tac gia V& Vin Chi, cdy xay rang nhon hay con goi la diép xi thiét ton
cé tén khoa hoc la Myrsine semiserrata Wall. thudc ho anh thao (Primulaceae), la
dang cay bui hay cay gd nho, cao 3 — 7 m, nhanh khong 16ng. L4 hinh bau duc hay
thudn, dai 4 —9 cm, rong 1 — 2 cm, nhon hai dau, day ctrng, mép co rang & nira trén,
mat dudi ¢6 tuyén, cudng 14 dai 5 — 6 mm. Cum hoa hinh tan, gébm 3 — 7 hoa ¢ nach
la. Hoa nho, mau do do, cac 1a dai va canh hoa hop & géc, 4 nhi dinh truéc canh hoa,
vOi nhuy dai 2 mm, dau nhyy to chia 3 thily. Qua hach tron, duong kinh 4 — 5 mm,
¢ diém tuyén, c6 mot hat.

Cay moc trong rirng thua thir sinh trén nti da voi, ¢ d6 cao 1100 — 1700 m, tai

vy - Mo ML

Hinh 1.6. Mot s6 bo phan loai M. semiserrata

Coéng dung: Vo va la cia M. semiserrata c6 nhiéu tannin, hat c6 nhiéu dau
béo. G Van Nam, Trung Qudc, qua cua cay dugc dung 1am thude sét tring, chita san
day, nhuan trang, diy hoi, dau bung [8].
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Thanh phdn hoéa hoc va hogt tinh sinh hoc: Theo tim hiéu cua ching toi, trén
thé gidi va Viét Nam chwa c6 nghién cru ndo vé thanh phan hoéa hoc va hoat tinh sinh
hoc cua loai nay.

1.3.2. Tong quan vé lodi Oligoceras eberhardtii Gagnep.

Pdc diém thuc vdt cia loai ban giac Oligoceras eberhardtii Gagnep.

Theo céc tai liéu tham khao chi Oligoceras chi c6 mét loai duy nhat Ia cay ban
giac (Oligoceras eberhardtii Gagnep.) thudc ho Thau dau (Euphorbiaceae) [7].

Cay ban giac hay con goi & cay noi c6 tén khoa hoc Ia Oligoceras eberhardtii
Gagnep., 1a loai cay gd cao 20 m, nhanh kich com, 14 cé phién to, xoan tam giac, dai
5— 10 cm, d4y cat ngang c6 3 gan, khong long, mit dudi mdc moc, cudng dai cé hai
tuyén ¢ dau. Chim ty tan dong chu, hoa c6 5 14 dai, c6 mét tuyén cé cong o lung, 5
canh hoa cao 5mm, 5 tiéu nhuy xen vai 5 tiéu nhuy lép, quanh nodn sao I1ép to, hoa
cai ¢6 nodn sao co 3 voi nhuy ché ha1 tral an duoc [7].

Hinh 1.7. Mot s6 bo phan loai O. eberhardtu
Thanh phan héa hoc va hoat tinh sinh hoc: Theo tim hiéu cua ching toi, trén
thé gioi va Viét Nam chua c6 nghién citu ndo vé thanh phan héa hoc va hoat tinh sinh
hoc cua loai nay.

1.4. Téong quan vé md hinh nghién ciru phéat trién thuéc sit dung phwong phap
mo phéng phan ti
1.4.1. Gigi thiéu chung

Phuong phap (rng dung cdng nghé théng tin trong nghién ctru hoa - sinh - y
hoc da duoc phat trién tir cubi nhitng nam 1950 trén thé gisi. Trong nhitng nim 1960,
nhitng chuong trinh may tinh don gian da c6 thé sir dung d¢ md phong phdé NMR
[39]. Str dung m6 hinh phan tich méi twong quan hoat tinh - cau trdc Hansch, nhiéu
may tinh co thé dugc két ndi dé giai quyét nhitng phuong trinh hoi quy phuc tap [40].
Tuy nhién, cac phan tir thuc té 12 kha phuc tap dé cd thé giai quyét cac van deé lién
quan dén cu tric khéng gian vao thoi diém d6. Trong nhitng ndm 1970, véi Sy Cai
thién vé téc do xtr ly cong véi giao dién sir dung than thién, céng nghé tin hoc di co
nhitng déng goép dang ké hon [40]. Khé khian chinh trong thoi gian nay 13 chua co cac
chuong trinh may tinh c6 thé md ta chinh xac cac phan tir ciing céc tinh chét cua
ching tir cac két qua Iy thuyét. Rao can nay sau d6 duoc thdo g& vai su xuat hién
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clia cac may tinh duoc trang bi cac chwong trinh d¢6 hoa manh du dé c6 thé miéu ta
cac HOMO (Highest occupied molecular orbital), LUMO (Least unoccupied
molecular orbital), MUP (molecular electrostatic potential), cac vecto moment ludng
cuc ... chdng 1&n cau tric 3D cua phan tir [39,40]. Pau nhitng nim 1990, cac may
tinh 16n da nhan (cluster) da da manh dé thuc hién cac tinh toan trén cac phan ti thuc
trong thoi gian du ngan, két qua nay ciing gbp phan ting cudng su quan tam cua céc
nha hoa hoc vao sur dung cac tng dung cia cong nghé thong tin trong nghién ciru hoa
hoc cua cac phan ti hitu co [41].

Ngay nay trong linh vuc hoa duoc hién dai, chung ta dang chung kién sy
bling ndé manh mé vé sé lugng cac nghién ctru tim kiém va thir nghiém danh gia nhiing
hop chat méi c6 tiém ning va hoat tinh chon loc. Piéu nay c6 thé thuc hién duogc 1A
nho vao sy phét trién cua cac ki thuat nhu hoa hoc to hop va sang loc thong luong
cao (Highthroughput screening — HTS). Tuy nhién, nhuoc diém cua cac ky thuat nay
1a tao ra mét s6 luong I6n céc két qua duong gia, do d6, ngay ca khi di str dung k¥
thuat sang loc nhanh nay, cac nha khoa hoc van can phai thyuc hién tiép nhimg budéc
sang loc chi tiét hon dé danh gia lai cac dir liéu thu duoc.
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Hinh 1.8. S6 lugng thudc dugc cap phép luu hanh trén thi trudng theo ting thap ky
ké tir thoi diém nim 1970

Trong nhitng nam gan day thiét ké thudc s dung cong cu hd tro may tinh
(Computer aided drug design - CADD) dang ndi 1én 1a mét cong cu manh dé sang loc
thong lugng cao cac co sd dir liéu 16n hop chat dé tim kiém hoat chat ¢ kha nang tc
ché hoat dong caa mot protein chirc nang cu thé. Linh vuc nay duge dé cap lan dau
tién vao ngay 5 thang 10 nam 1981 trong mot céng bd khoa hoc ¢6 tya dé "Cudc cach
mang cdng nghiép tiép theo: Thiét ké thudc bang may tinh tai Merck" dang trén tap
chi Fortune [42]. Ké tir d6, su wu viét cia CADD ngay cang duoc ching minh vi
phuong phap nay giam dang ké thoi gian va chi phi dé phat trién mot loai thubc méi
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[43]. Theo s6 liéu théng ké cho dén nim 2019, hon 70 loai thudc dang duoc thuong
mai héa trén thi truong co su dong gdp cua CADD trong qua trinh nghién ctu phét
trién, diéu nay chung minh vai trd ngay cang quan trong caa mé hinh nghién ciru nay
trong linh vuc dugc pham.

1.4.2. Tong quan mé hinh sang lpc o tim kiém hoat chit tiém nang phat trién thuéc

Trong cac nghién ctitu hoé hoc céc hop chat thién nhién truéc kia, cac hoat chat
méi dugc phan 1ap chu yéu 1a ngau nhién va thdng qua viéc sang loc hoat tinh sinh
hoc don gian bao gém cac hoat tinh khang sinh, doc té bao, v.v. Hién nay, tai cac
nudc phat trién, cac loai thudc thé hé méi duge phét hién va phéat trién théng qua cac
cong cu sang loc manh vé di truyén hoc va ho4 sinh, trong d6, sir dung céc dong té
bao thay thé quan trong, cac trung gian diéu hoa, hay sir dung su tuong tac thy thé —
phoi tir (Receptor - Ligand) [44]. Cac sang loc nay s& cho phép phat hién chinh xéc
cac hop chat c6 chta hoat tinh mong muén trong rat nhiéu céc dich chiét khac nhau.
Quan trong hon, cac thir nghiém nay cung cip nhitng thong tin ban dau vé co ché
hoat dong cua hoat chat trong qué trinh phét trién thudc [40, 44].

Dé thuc hién duoc cac sang loc trén can thiét phai ¢ thdng tin céu tric cua
nhitng thu thé dich sinh hoc (protein/enzyme) c6 vai tro quan trong trong hinh thanh
co ché cua dbi twong bénh nghién ctru. Phuong phap sang loc trén ngoai su chinh xac
va la céng cu dé nghién ctru co ché tac dong cua thude, con 13 co s& quan trong dé
phét trién cac loai thuéc méi khi bénh da khang thudc [45,46]. Khi st dung thubc
khong dung chi dinh hoic do cac diéu kién moi truong, cac tic nhan hoa hoc c6 thé
dan dén tinh trang bénh khang thuéc do mét sy dot bién nao do trong cu tric caa
ADN, tic 1a cau trdc cua protein dich c6 bién d6i. Néu chi dya trén cac sang loc hoa
hoc - hoat tinh sinh hoc thong thuong khdng thé phat hién ra cac bién doi nay. Tuy
nhién, vai viéc két hop cng nghé sinh hoc va hoa hoc thi van dé c6 thé duoc giai
quyét bang viéc nghién ciu nhitng thay do6i trong ciu tric ADN, su sai khac giita
twong quan thu thé - thuc va bién d6i cau tric cac thue dang sir dung 1am cho hiéu
qua cua thudc tré lai. Linh vuc sang loc trén doi hoi su két hop chat ché caa céc nha
nghién ciru trong ba linh vuc - Sinh hoc, Hoa hoc va Y duogc hoc, trong d6:

- Céc nha sinh hoc phan tir 1a nhitng nguoi tién phong trong viéc tim kiém va
xac dinh céu tric cua céc dich sinh hoc.

- Céc nha hod hoc thuc hién cong viéc sang loc cac cau trdc thuc dua trén su
trc ché cac dich sinh hoc nay va sau d6 1a téng hop, ban téng hop ra ching.

- Cac budéc thir nghiém hoat tinh sinh hoc, tién 1am sang va 1am sang 1a su két
hop gitra cac nha hoa hoc, sinh hoc, bac si, dugc si.
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Trong cac mé hinh sang loc hoat chat hién dai, méi day xuat hién mé hinh
sang loc ao (Virtual Screening - VS) va dd nhanh chéng déng mot vai trd hét sic
quan trong trong cac du &n nghién cau phat trién thudc. M hinh trén sir dung cac
tién bo trong tin hoc dé sang loc 40, mé ta va du doan cac ciu tric méi duge cho 1a
c6 hoat tinh manh [47,48]. Uu diém cua phuong phap 1a giam thiéu chi phi va thoi
gian trong qué trinh phat hién va phat trién thudc. N6 thuong dugc mé ta la mot
phuong phap gébm nhiéu budce theo tuan tu thdng qua cac tidu chi sang loc khac nhau
tir d6 thu hep dan dé lua chon cac hop chat c6 tiém ning phat trién 1am thudc voi
nhitng hoat tinh sinh hoc mong mudn. Hop chat dugc nghién ctu khong nhat thiét
phai ¢6 san va viéc thir nghiém ching 1a mé phong 4o nén khéng gay tén kém vé
nguyén vat liéu [47,49]. Dya vao nguyén ly nay, bat ky hop chat nao ciing c6 thé
dugc danh gia thong qua sang loc a0. Tuy thudéc vao quy md nghién curu, co so dir
liu hop chét cho sang loc 4o ¢d thé Ién toi hang chuc triéu hop chat va toan bo nhitng
chat nay c6 thé dugc phan tich chi sang mét 1an sang loc.

Hop chit

Nghién ciru thube " Tién lim sang Lam sang gisi doan 1-3 FDA Phé duyét

10-15 Nam

> 800 trigu 46

Hinh 1.9. Quy trinh nghién ciru phat trién thude truyén théng

Véi md hinh truyén thdng, mdi loai thudc mai duge dua ra thi trudong thong
thuong tiéu tén khoang 800 triéu euro va can thoi gian 10 — 15 nam cho qua trinh
nghién ctu (Hinh 1.9). Trong khi d6, véi cac hé thong may tinh ndi mang hién dai
(vi du tinh toan ludi — GRID) thi hang triéu cu tric cd thé dugc sang loc ao chi trong
thoi gian vai tuan.

Cac sang loc in silico sir dung mé phong tuong tac gitra thu thé — phéi tir dé
tim ra cac phdi tir (ligand) c6 cau trac dugc du doan lién két véi thu thé tét nhat — o
day 1a c6 muc ning luong lién két tu do (4G) thap nhat (Hinh 1.10) [50]. CAu trdc
c4c protein & md hinh khéng gian ba chiéu (3D) dbi véi mdi bénh duoc nghién ctu
va cung cap bai cac nha sinh hoc, cac phdi tir 1 cac hop chat ho hoc véi cu trac da
duoc xac dinh va c6 ngudn trich dan rd rang.

Cong trinh nghién ctru st dung phuong phap sang loc ao dugc ghi nhan cong
b qudc té 1an dau tién vao nam 1997 [51]. Ké tir d6 cho toi nay, viéc ting dung md
hinh nay ngay cang tra nén pho bién va tré thanh mot xu thé nghién ctu méi trong
nganh duoc hoc, di kém d6 1a sé luong cac nghién cieu céng bd lién quan téi linh vuc
nay ngay cang tang manh.
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A)

C)

Hinh 1.10. Minh hoa twong tac protein — phdi ti.
(A) B& mit viing hoat dong cua protein; (B) Céu tric ba chiéu caa phdi tir;

(C) Trang thai lién két bé mat protein — phdi tir; (D) Cau hinh tuong tac ba chiéu protein - phdi tir
1.4.3. Téng quan phwong phdp mé phéng lip ghép phan ti (Docking phan ti)

So véi sang loc thong lugng cao (HTS) thuc nghiém truyén thdng, VS la
phuong phap tiép can kham phé thudc hop ly va truc tiép hon va c6 wu diém la chi
phi thap va sang loc nhanh hiéu qua. VS c6 thé duoc phan loai thanh cac phuong
phép sang loc dua trén cau trdc phdi tir va sang loc duya trén cau trac dich sinh hoc
muc tiéu. Khi mét tap hop cac phéi tir c6 hoat tinh sinh hoc dugc biét dén ddng thoi
¢4 rat it hodc khong cé thdng tin cau trac cho cac dich sinh hoc muc tiéu, cac phuong
phép sang loc dia trén ciu trdc phdi tir, chang han nhu mé hinh héa dugc va lién
quan dinh luong cau tric — tac dung (QSAR) ¢d thé duogc sir dung. Pdi véi viec nghién
ctru phét trién thudc bang cach sang loc dua trén ciu tric dich sinh hoc muc tiéu,
docking phan tir 13 phuong phap pho bién nhét dugc st dung rong réi ké tir dau nhiing
nam 1980 [52]. Cac chuong trinh dua trén cac thuat toan khac nhau da duoc phat
trién dé thuc hién cac nghién ciru docking phan tir, diéu nay da lam cho docking trd
thanh mot cong cu ngay cang quan trong trong linh vuc nghién ciru dugc pham. Cho
dén nay, nhiéu bai danh gia téng quan vé docking di dugc céng bd [53-58], va nhiéu
nghién ciru so sanh di duoc thuc hién dé danh gia hiéu suit trong dbi cua cac phan
mém khac nhau.

Phuong phap docking phén tir dugc phét trién @& md hinh héa su twong tac
gitta mot phan tir nho va mot protein & cap do nguyén tir, cho phép ching ta tim hiéu
va mo ta co ché hoat dong cua cac phan tir nho trong ving lién két (ving hoat dong)
cua protein dich cling nhu lam sang té cac qua trinh sinh héa co ban [59]. Qua trinh
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docking bao gom hai budc co ban: du doan cdu hinh lién két caa phdi tir gom vj tri
va huéng cua nd trong céc lién két nay (thudng duoc goi 1a dock pose) va danh gia
&i luc lién két (Hinh 1.11). Do d6, khong nhitng chi ra cac lién két c6 ¥ nghia, docking
con cd thé dinh lwong kha ning lién két boi cac ham tinh diém, qua d6 phan hang kha
nang lién két manh yéu cua céc hoat chit tiém ning. Biét duoc vi tri ving hoat dong
cua protein truéc khi thuc hién docking gép phan 1am ting dang ké hiéu qua qua trinh
mod phong. Trong da sb cac trudng hop, ving hoat dong dd duoc xac dinh trudc khi
tién hanh docking cac phdi tir vao nd. Ngoai ra, cac nha khoa hoc c6 thé thu duoc
thong tin vé cac ving hoat dong bing cach so sanh protein dich vé&i cac protein co
cling chirc ning hoic vai cac protein két tinh trong trang théi lién két véi phoi tir
khac. Trong truong hop khéng biét trude thdng tin vé ving hoat dong cuaa protein,
ngay nay mot sb phan mém va webserver duoc phat trién dé dy doan nhitng vi tri
nay, vi du: GRID, POCKET, SurfNet, PASS va MMC c6 thé duoc st dung dé du
doan vung hoat dong gia dinh trong protein. Viéc thuc hién docking trong diéu kién
khong c6 bat ky gia dinh ndo vé viing hoat dong duoc goi 1a "docking mu".

>Y

Hinh 1.11. Minh hoa vé mé phéong tim kiém cau hinh lién két bén viing cua hop
chat trong ving hoat dong cua protein

Viéc lam sang to co ché lién két giira phéi tir va thu thé 1a c6 tén goi la ly
thuyét "khoa va chia" do Fischer dé xuat [60], trong d6 phdi tir twong tac véi véi thu
thé mot cach phi hop duoc vi nhu khoa va chia khoa. Cac phuwong phap docking thoi
ky dau déu dua trén ly thuyét nay va ca phéi tir va thu thé déu duoc coi 1a ¢6 cau tric
"c6 dinh". Sau d6, 1y thuyét “diéu chinh phd hop” [61,62] do Koshland dé xuat da
phét trién ly thuyét "khoa va chia” tién thém maot budc, thuyét nay cho rang viing hoat
dong cuaa protein lién tuc dugc dinh hinh lai boi céac lién két véi cac phéi tir khi chiing
tuong tac v6i nhau. Ly thuyét nay cho rang phéi tir va thu thé phai duoc coi 1a c6 cau
trac linh dong trong qua trinh twong tac. Nho do, 1y thuyét ny ¢ thé mo ta cac tuong
tac mot cach chinh xac hon so véi cac phuong phap truéc kia. Do han ché vé ning
lyc tinh todn ciia may tinh, phuong phap docking cho dén nay van dugc thyc hién
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theo hinh thirc coi phéi tir ¢ ciu triic linh dong va thu thé cd ciu tric "cd dinh" va la
phuong phap phé bién nhét duogc sir dung trong cac nghién ctu. Gan day, nhiéu nd
luc phét trién phuong phap méi dd dugc thuc hién dé xir 1y tinh linh dong cau tric
cua thu thé, tuy nhién, viéc gian két vao thu thé cd ciu trac linh dong, dic biét 12 tinh
linh d6ng trong cau tric khung cua céc thu thé, van 1a mot thach thirc 16n dbi voi cac
phuong phap docking hién tai. Trong nhitng nim gan ddy, Local Move Monte Carlo
(LMMC) 1a mét ly thuyét méi da duoc phét trién cd tiém ning cao trong giai quyét
van dé lién quan dén docking vai thy thé cau trac linh dong.
1.4.4. Téng quan phwong phdp mé phéng dong luc hoc phan ti

Khai niém m6 phong dong luc hoc phan tar (Molecular dynamic — MD) dugc
phét trién lan dau tién vao cudi nhitng nam 1970 [63,64]. Tuy nhién, md hinh nghién
ctru nay chi bat dau thu hat sy chi y caa cac nha khoa hoc tir nhitng nam 2000 trd lai
day. Hinh 1.12 cho thay thong ké su phat trién cua tir khda "molecular dynamics” c6
trong cac cong b khoa hoc tir hai nguén Pubmed va Web of Science.
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Hinh 1.12. Thong ké s 1an tir khoa "Molecular dynamics" dugc ghi nhan trong céc
cong b khoa hoc giai doan tir nam 1998 dén nim 2020

Qua thoi gian, md hinh nghién ciru nay da phat trién tir viéc md phong don
gian vai trim nguyén tir dén nay da c6 thé thuc hién tinh toan cac hé théng sinh hoc
phirc tap nhu: protein trong cac méi trrong dung méi khac nhau, cac protein nhung
mang, hoac cac phuc hgp dai phén tir 16n nhu nucleosom hoac ribosome [65-70].
Hién nay viéc md phong céac hé thdng co tir 50.000 — 100.000 nguyén tir da trd nén
phd bién, tham chi vai hé thong tinh toan dit manh cé thé thuc hién md phong cho hé
thdng 1én toi 500.000 nguyén tir. Nhitng cai tién dang ké nay phan Ién nho vao viéc
str dung tinh toan hiéu nang cao (HPC) va tinh don gian caa nhirng thuat toan MD co
ban. Dit liéu dau vao cho md phong thudong duoc thu thap tir cau trdc thar nghiém
hozc tir cac dir liéu md hinh so sanh. Hé théng md phong c¢é thé dugc biéu dién & cac
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mtc d6 chi tiét khac nhau. Biéu dién nguyén tr 1a cach tét nhit dé mo phong céc hé
thdng sat véi thuc té, tuy nhién, gan day cac mé hinh siéu nguyén tir (coarse-grain)
dang ngay cang trd nén phd bién trong cac bai toan md phong hé théng 16n hodc md
phong trong thoi gian dai [71]. Bén canh dé, biéu dién dung méi ciing 1a mot van dé
quan trong trong qua trinh thiét 1ap moi truong cho hé théng mé phong, di cé nhiéu
cach tiép can duoc thir nghiém trudc dy va cac nha nghién ctru da két luan cach hiéu
qua nhat 1a biéu dién rd rang tirng phan tr dung méi mic du didu nay s& khién ting
kich thudc cta cac hé thdng md phong [72-74]. Cach biéu dién nay gilp xem xét
duoc hau hét céc hiéu tng solvat héa cua dung mdi thuc bao gom ca cac hiéu ang tir
gdc entropi nhu hiéu ang Ky nudc. Khi hé théng duoc xay dung, cac luc tac dung 1én
moi nguyén tir s& thu duoc bang cach suy ra cac phuong trinh, trudong lec, trong d6
thé ning duoc suy ra tir cau trdc phan ti [75, 76]. Truong luc 1 nhitng phuong trinh
phtc tap, tuy nhién chung twong d6i d& tinh toan. Cac dic diém phan tir c6 thé duoc
biéu dién truong lec mot cach don gian nhu sau: 10 xo cho do dai va goc cua lién két,
ham tuan hoan cho chuyén dong quay cua lién két va dién thé Lennard — Jones, va
dinh luat Coulomb cho tuwong tac van der Waals va tinh dién. Diéu nay cho phép thuc
hién cac phép tinh nang lwong va luc mot cach nhanh chéng ngay ca dbi vai cac hé
théng 16n. Cac mo hinh trudng luc dang duoc st dung trong mé phong mé hinh
nguyeén tir khac nhau vé cach chung duoc tham sé hda va khong phai tat ca cac truong
luc déu cho phép biéu dién tat ca cac loai nguyén tir [77,78]. Sau khi c6 duoc cac luc
tac dong 1én cac nguyén tir riéng I¢, dinh luat chuyén dong cua Newton cé dién duoc
sir dung dé tinh gia téc va van téc ciing nhu cap nhat vi tri caa nguyén tir. Vi sy tich
hop cua chuyén dong duoc thuc hién bang sé hoc, dé tranh mat 6n dinh, can st dung
mét budc thoi gian ngan hon cac chuyén dong nhanh nhat trong phan ti. Bude thoi
gian nay thong thuong c6 do dai tir 1 dén 2 fs d6i véi md phong nguyén tir. Cac md
phong dai micro gidy dé dam bao d6 chinh xac can lap lai tinh toan 1én toi 10° lan.
Pay 1a mot trong nhitng diém manh caa mé hinh mé phong siéu nguyén ta, khi hé
théng duoc biéu dién don gian hon dong nghia buéc thoi gian ¢6 thé 16n hon do do
d6 dai vé thoi gian cua cac mé phong duoc ting 1én dang ké.

Thoi gian gan day, nhitng tién bo vé thuat toan bao gom tinh chinh céc phép
tinh nang lugng, song song hoa hoic st dung cac don vi xir Iy dd hoa (Graphical
processing units — GPU), da cai thién phan 16n hiéu suat cia md phong MD. Hau hét
viéc t6i vu hoa GPU dua trén ngén ngit kién tric thiét bi tinh toan hop nhat (CUDA)
do NVIDIA phat trién. Mot trong nhiing loi ich cia CUDA 14 tinh linh hoat cua né
cho phép str dung cho tinh toan song song ngoai viéc thé hién hiéu qua ¢ hiéu suat do
hoa, vé co ban la chuyén d6i GPU thanh mot cum. Nho vao tinh nang d6, hau hét cac
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phan mém MD di st dung hd trg GPU dé ting ning suat va kha ning mé rong tinh
toan cua ching. Dé d& hinh dung, c6 thé dé cap mot vi du ndi bat 1a: bai toan md
phong toan bd nguyén tir caa capsid hoan chinh cua HIV-1, nghién ciru nay da st
dung gan 4000 GPU Tesla [80]. Néu dé tinh toan biang CPU, sb luong can sir dung
cho mét nghién ctru nhu vay 1a khoang 20.000 CPU, mét con sb khé c6 thé dap tng
dugce ddi voi hau hét cac don vi nghién ciru théng thuong. Trong khi d6, mot may
tinh dé ban duoc trang bi GPU c6 thé thuc hién mé phong khoang 500 ns/ngay Vi
cac hé thdng c6 tir 20.000 dén 30.000 nguyén ti.
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Hinh 1.13. B4 thi so sanh hiéu suat mé phong dong luc hoc phan ti sir dung cac
thiét bi GPU khac nhau thuc hién béi hang Desmond nam 2016 [79]

Cac thé hé may tinh ngay nay tan dung loi thé ciia phuong phap tinh song song
va ép xung dé tang téc qua trinh tinh toan moé phong. Cac phan mém code pho bién
(AMBER [81], CHARMM [82], GROMACS [83] hoic NAMD [84]) di duoc phét
trién trong thoi gian dai dé twong thich véi giao thirc truyén thong diép (Messaging
passing interface — MPI) va c6 nhiing phién ban riéng cho viéc s dung GPU. Khi
nhiéu nhan vat ly ¢ thé dugc str dung ddng thoi, MPI ¢6 thé giam dang ké thoi gian
tinh toan. Hién nay, mé hinh tinh toan st dung GPU hoic két hop véi MPI duoc xéac
dinh 1a cac md hinh tiéu chuan sir dung cho nghién ciru MD.

Nhin chung, nho su phét trién cua may tinh dién tt, phuong phap MD di tré
nén pho bién trong nhiéu nganh khoa hoc khéng chi gigi han riéng trong vat ly.
Phuong phap MD duoc dung dé tinh toan dong lwong & muc do nguyén ti. Trong vat
ly sinh hoc, MD thudng dugc ding nghién ciu chuyén dong cua cac phan tir ADN,
protein, va twong tac gitra ching hoac cac phan tir khac. Tuy vay, MD khong phai
khéng c6 nhitng han ché: Md phong dong hoc phan tir khdng ap dung duoc cho cac
hién tuong luong tir; viéc 4p dung MD doi hoi phai lya chon cac bo tham sé va truong
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luc, ddy ciing 1a mot han ché cua MD.
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1.4.5. Thong tin chung vé enzyme GSK-38

Glycogen synthase kinase-3 (GSK-3) la mét protein kinase serine/threonine
da chirc nang diéu chinh qua trinh phosphoryl héa cac muc tiéu té bao khac nhau bao
gom chuyén hoa (diéu hoa glucose), tin hiéu té bao, van chuyén té bao, apoptosis,
tang sinh va giao tiép noi bao. Phosphoryl hda 1a mot bude diéu hoda quan trong nham
khai tao, ting cudng hoic e ché chic ning cua co chit muc tiéu. Ké tir khi phan lap
GSK-3 tir co xuong tho vao nam 1980 [85], vai tr0 va su tham gia cta n6 vao quéa
trinh chuyén hoa glucose da dugc nghién cau rong rai. Tuy nhién, GSK-3 chi dugc
coi 1a muc tiéu diéu tri bénh tiéu duong sau khi phat hién ra su tham gia caa né vao
viéc truyén tin hiéu insulin vao giira nhitng nam 1990 [86].

Chtic nang chinh cua GSK-3 1a diéu hoa hoat dong cua glycogen synthase
(GS), mot loai enzyme 1am trung gian chuyén doi glucose thanh glycogen [87,88].
Trong diéu kién co ban, GS duogc duy tri ¢ dang khdng hoat dong do sy phosphoryl
hoa boi GSK-3. Trong diéu kién lugng glucose va insulin sin c6 cao, hoat dong GSK-
3 bi uc ché théng qua hoat dong cua insulin thong qua con dudng PI3 kinase
(phosphatidylinositol-4, 5-bisphosphate 3-kinase)/PKB (protein kinase B). Hanh
dong nay dan dén viéc kich hoat GS va hinh thanh glycogen [89-91]. Biéu hién ting
cao va hoat dong qua mic cia GSK-3 ¢6 lién quan dén tinh trang khang insulin ¢
bénh tiéu duong loai 2. Do d6, chit tc ché GSK-3 dd dugc phét trién dé diéu tri bénh
tiéu duong loai 2 [91]. Muc GSK-3 ting cao trong rdi loan ludng cuc (BD) di duoc
ghi nhan trong ca nghién ctu tién 1am sang va 1am sang. [92-95] Cu thé, mic GSK-
3a va GSK-3B cao hon di dugc tim thiy trong cac té bao don nhan mau ngoai Vi
(PBMC) cta BD hon so Véi nhitng d6i tugng d6i chiing l1anh manh [94]. Sau khi diéu
tri cho bénh nhan BD bang lithium, valproate hoic thuéc chdng loan than khong dién
hinh, nguoi ta d3 quan sat thiy su gia ting dang ké vé qua trinh phosphoryl héa serine
trc ché ciia GSK-3 & PBMC. Tuy nhién, tong cap d6 cua GSK-3 van khong thay doi
[94]. Phét hién nay cho thay ty Ié GSK-3 hoat dong/khong hoat dong ¢ tac dung diéu
tiét & BD 16n hon so vai tong mic GSK-3.

GSK-3p ciing lién quan dén mot s6 bénh thoai hoa than kinh [96] bao gom
bénh Parkinson (PD) [97], bénh Alzheimer (AD) [98], va bénh Huntington (HD) [99].
Mot danh gia gan ddy cua Li va cong su tom tat sy lién quan cua GSK-3 trong PD va
gia thuyét rang viéc tc ché hoat dong GSK-34 c6 thé bao vé cac té bao than kinh
dopaminergic. Tuong tu, nhitng phét hién gan day cua Llorens-Maritin va cong su da
nhan manh vai trd cia GSK-3p trong sinh bénh hoc AD, bao gém vai trd chu yéu
trong qua trinh phosphoryl hoa protein tau. Hon nita, Lim va cong su di quan sat thay
mirc 4o GSK-3 dugc phosphoryl héa cao hon trong cac miu ndo HD ctia con ngudi
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sau khi chét co lién quan dén su gian doan chuyén hoa ning lwong & hai md hinh
chuot bién d6i gen [99]. Hoat dong diéu tiét cia GSK-3 c¢6 lién quan dén hoi ching
suy giam mién dich mic phai (AIDS) [100], s6t rét [101], viém [102], apoptosis, ting
truong té bao than kinh va cac con dudng Wnt/g-catenin chinh tic [103]. GSK-3
dudng nhu cling dong mot vai trd quan trong trong su tién trién cia bénh ung thu. O
mét sb loai khéi u, GSK-3 thuc hién chirc ning tc ché khéi u, trong khi & céc loai
khdi u khac, GSK-3 ¢6 lién quan dén sy tién trién caa khdi u bang cach 6n dinh phic
hop beta-catenin [104]. R& rang, GSK-3 1a mét chat diéu chinh quan trong cua cac
chic ning trao d6i chat va truyén tin hiéu co lién quan dén nhiéu linh vuc bénh tat,
thuc day nhitng nd lyc sau rong trong viéc phat trién chat e ché va gan day hon 1a
phat trién ddu do hinh anh.

Cau tric va chize nang cria GSK-3

Hau nhu tat ca c4c sinh vat nhan chuan, tir rudi dén ngudi, déu chira cac dang
GSK-3 tuwong ddng vaoi mic d6 twong dong cao. O dong vat ¢ vi, co hai dang dong
phan caa GSK-3, bao gdm GSK-3a va GSK-38, dugc mé hoda bai cac gen riéng biét.
GSK-3a (51 KDa) c6 trong lugng phén tir cao hon mét chut so vai GSK-34 (47 KDa).
Chiéu dai ting thém cua GSK-3« 1a do su hién dién cua 63 géc amino acid bo sung
& dau N. Mac di ca hai dang ddng phan nay c6 cau tric kha giéng nhau nhung chiing
khac nhau vé chirc niang. Vi dy, nhitng con chuét bi mat chon loc exon 2 cia GSK-
34 s& chét phoi do apoptosis té bao gan lan rong bat chap su hién dién cia GSK-3a [105].
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Hinh 1.14. Céc vung khac nhau cua GSK-34 [103]

Mot phan tich chi tiét vé cau tric va chic ning cia GSK-34 dugc béo cao boi
ter Haar va cong sy [106] dugc md ta trong hinh 1.14. C6 hai mién GSK-34 chinh:
mién chudi # c6 & dau N gitra cac goc amino acid 25-138 (hinh 1.14) va mién xoan
6c ¢ & dau C giira cac goc axit amin 139-343. Vi tri lién két ATP hién dién & giao
dién cua hai mién duoc tiép giap bai viing vong va ban 18 giau glycine. Hoat tinh xuc
tac ciia GSK-38 dugc diéu hoa boi qua trinh phosphoryl héa & hai vi tri khac nhau,
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bao gém Ser 9 va Tyr 216. Qué trinh phosphoryl héa vi tri Ser 9 1am bat hoat GSK-
3p, trong khi su phosphoryl héa ¢ Tyr 216 trong vong kich hoat lam tang hoat tinh
xUc tac cua né [110]. Ddi véi GSK-3a, su phosphoryl héa & Ser 21 khién n6 khong
hoat dong [107].

Truéc khi qua trinh phosphoryl héa c6 thé duogc xdc tac boi GSK-3, ca hai
mién chudi £ va chudi xoin ¢ o phai sip xép theo mét cau hinh cé hoat tinh xdc tac
dé lién két hiéu qua véi co chit. GSK-38 phosphoryl hoa cac chat nén khéac nhau voi
hiéu qua va co ché khéac nhau. Trong mot s6 truong hop nhat dinh, GSK-34 truc tiép
phosphoryl héa co chat, trong khi trong cac truong hop khéc, can phai moi co chat
bang mot kinase khéac truge khi phosphoryl hda muc tiéu. Do d6, chirc nang va co
ché hoat dong cia GSK-34 tly thudc vao co chat. Thong thudng, qua trinh
phosphoryl hoa théng qua co ché mdi hiéu qua hon tir 100 dén 1000 lan so véi qua
trinh phosphoryl hda khdng c6 moi [108]. Ngoai ra, hoat dong cia GSK-34 duoc diéu
chinh béi hai co ché khac nhau, bao gém qué trinh phosphoryl héa Ser 9 va hinh
thanh phirc hop protein GSK-34. Bijur va Jope [109] da dé xuat mot co ché thay thé
diéu chinh GSK-3 thdng qua viéc phan chia ngin dudi té bao. Cac nghién ciru trude
day da bao cdo rang GSK-34 la mot protein té bao va cha yéu ton tai & dang hoat
dong, nhung ciing c6 thé hién dién trong nhan [110] va ty thé. Bijur va Jope luu ¥
rang tin hiéu apoptotic cam tmg lam tang dang hoat dong cia GSK-34 trong nhan va
ty thé 1én nhiéu lan, nhung khong anh huong dén mirc d6 té bao chat. Biéu tha vj 13,
su irc ché GSK-3p cua lithium 1am giam dang hoat dong cia GSK-34 ¢ ca ba nhom [109].

Nhu vay, chirc ning cua GSK-3 rat can thiét cho su phat trién caa cac bénh
khéc nhau bao gom ung thu, tiéu dudng, bénh Alzheimer, ... Dang dong phan GSK-
3f da dugc chirng minh dong moét vai tro quan trong trong con duong tin hiéu Wnt,
trc ché GSK-34 c6 thé dan dén giam sy tang sinh té bao ung thu, gy ra qua trinh chét
theo chuong trinh phy thudc p53 va kich thich sy chét té bao do TRAIL gay ra.
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CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Péi tweng nghién ciu
2.1.1. Cay xay rang nheon (Myrsine semiserrata Wall.)

Mau ciy xay rang nhon (M. semiserrata) (Hinh 2.1) (toan bo phan trén mat
d4t) duoc thu hai tai Sa Pa, Lao Cai vao thang 12 nim 2004. Tén khoa hoc cua mau
duge xac dinh boi TS. Nguyén Thé Cuong, Vién Sinh thai va Tai nguyén sinh vat,
Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Mau tiéu ban (ma sb VN-1432)
duoc luu trix tai Vién Sinh thai va Tai nguyén sinh vat, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam.

Hinh 2.1. Cay xay rang nhon (M. semiserrata)
2.1.2. Cay ban giac (Oligoceras eberhardtii Gagnep.)

Mau cay ban giac (O. eberhardtii) (Hinh 2.2) (toan bo phan trén mat dat) dugc
thu hai tai Vinh Linh, Quang Tri vao thang 6 nam 2004. Tén khoa hoc ciia mau duoc
xac dinh boi TS. Nguyén Thé Cuong, Vién Sinh thai va Tai nguyén sinh vat, Vién
Han 1am Khoa hoc va Cong nghé Viét Nam. Mau tiéu ban (ma s VN-1316) duoc
luu trir tai Vién Sinh thai va Tai nguyén sinh vat, Vién Han Iam Khoa hoc va Céng
nghé Viét Nam.

Hinh 2.2. Cay ban giac (O.eberhardtii)
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2.2. Phuong phap nghién ctiru
2.2.1. Phwong phdp phin Idp cac hep chat

« Chiét xudt véi sur hé tro siéu am (UAE)

Céc loai thuc vat sau khi dugc xir 1y phoi kho, say nhé va ngam trong 3 lit
dung moi c6 d6 phan cuc ting dan: n — hexane, dichloromethane, ethyl acetate,
methanol tiép tuc duoc chiét bang may siéu am Ultrasonic Cleaner JPS-80A (AC100-
120V, 50Hz, véi tan sé 40KHz, cong suat 480W) ¢ nhiét d6 50°C trong 3 gio, thuc
hién ngam chiét 5 lan.

« Sdc ky lép méng (TLC)

Sic ky 16p mong duoc thyuc hién trén ban mong trang sin DC-Alufolien 60
Fas4 (Merck), RP-18 Fasss (Merck). Phat hién chat bang deén tr ngoai & hai budc song
254 nm va 365 nm hoac dung thubc thir 1a dung dich H2SO4 10% dugc phun déu 1én
ban mong, say kho roi ho nong tir tir d&én khi hién mau.

« Sdc ky l6p méng diéu ché

Sic ky 16p mong diéu ché thuc hién trén ban mong trang san silica gel 60 Fass
(Merck), phat hién vét chat bang dén tir ngoai hai buéc séng 254 nm va 365 nm, hoic
cit ria ban mong dé phun thudc thir 1a dung dich H2SO4 10%, ho ndng dé phat hién
vét chat; ghép lai ban mong nhu cii d&é xac dinh vang chat, sau d6 cao 16p silica gel
c6 chat, giai hap phu va tinh ché lai bang cach két tinh trong dung mai thich hop.

« Sdc ky cét (C.C)

Séc ky cot duoc tién hanh vai chat hip phu la silica gel pha thuong va pha d4o.
Silica gel pha thuong co ¢d hat la 0,040-0,063 mm (230-400 mesh). Silica gel pha
dao RP-18 (150 pum, Fudi silysia Chemical Ltd.). Nhya Diaion HP-20 (Misubishi
Chem. Ind. Co., Ltd.).

« Sdc ky ray phan ti (Sephadex)

Sic ky cot voi pha tinh 1a Sephadex LH-20 duoc ria giai bang hdn hop dung
moi methanol hodc methanol/dichloromethane (9/1, 8/2, ...).

2.2.2. Cac phwong phdp xdc dinh cdu trac cac hgp chat

Phuong phap chung dé xac dinh cau trac hoa hoc cua cac hop chat la su két
hop xac dinh gitra cac thong sb vat Iy véi cac phuong phap pho hién dai bao gom:
2.2.2.1. Phé khai luwong (MS)

Pho khéi lugng do trén hé Agilent 1260 HPLC-MS vai ngudn ion hoa
(Electrospray ionization source-ESI hoac Atmospheric pressure chemical ionization-
APCI) cua Vién Hoa sinh bién, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
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2.2.2.2. Phé khoi lwong phan gidgi cao (HR-ESI-MS)

Phé phan giai cao HR-ESI-MS dugc do trén may Agilent 6530 Accutate Mas
QTOF LC/MS cua Vién Héa sinh bién, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
2.2.2.3. Phé hong ngodi (IR)

Phé hdng ngoai IR dugc do trén may Nicolet Impact-410 FT-IR tai Vién Hoa
hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam.
2.2.2.4. Pho céng huwdng tir hat nhan (NMR)

Phé NMR do trén may: Bruker Advance Neo 600 MHz FT-NMR cua Vién
Hoa hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Chét noi chuan la TMS
(Tetramethyl Silan).

Céc ky thuat phd cong huong tir hat nhan duoc s dung bao géom:

- Phé cong huang tir hat nhan mot chiéu: *H NMR, 3C NMR va DEPT.

- Pho cong huang tir hat nhan hai chiéu: HSQC, HMBC, COSY va NOESY.

- Dung mdi duoc sir dung bao gom cac dung méi: DMSO-ds, CD30D, CDCls.
Viéc lya chon dung méi do phu thudc vao ban chat caa tirng mau, trén nguyén tac la
dung méi phai hoa tan hoan toan mau do va khong che khuét cac tin hiéu phan tich.
2.2.2.5. B¢ quay cuc

Do quay cuc [o]p duoc do trén may JASCO P-2000 Polarimeter ciia Vién Hoa
sinh bién, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
2.2.2.6. Phuong phap xac dinh duong

Viéc xac dinh cau hinh dudng va vi tri gan caa duong 1a phan vé cing quan
trong trong qué trinh xay dung cau tric hda hoc cua cac hop chit phan lap duoc.
Trinh tu xac dinh duong duoc thuc hién nhu sau:

- Nhan dang dudng don théng qua gia tri do chuyén dich héa hoc cacbon va
proton, cau hinh a/f ctia nhém OH-hemiacetal duoc xac dinh thdng qua hang sb
tuong tac ciia proton anome (Ji-2) cling nhu xac dinh lap thé céc vi tri trong tirng phan
tr dwong bang dang tin hiéu va hang so6 twong tac J caa cac proton trong tirng phan
tor duong.

- So sanh d6 chuyén dich hoa hoc dc cua cac dudng thu duoc véi cac tai lidu
tham khao vé chi va loai.

- Kiém tra lai cau trGic hoa hoc cua tirng phan tr dudng don bang phd HSQC
két hop vai phd 'H-"H COSY dé nbi mach cacbon ciing nhu gan chinh xac cac gié tri
d6 dich chuyén hoa hoc cua tirng vi tri. Xac dinh vi tri gan cia dudng don hay chudi
duong thdng qua pho tuong tac 2 chiéu HMBC.

Tuy nhién, véi viéc st dung phd NMR, chung ta chua khang dinh dugc cau
hinh D/L cua tieng phan ta duong.
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+ Xac dinh dudng D va L: Truéc hét thuy phan dé tao dudng don, sau dé tinh
ché bang cac phuong phép sic ky két hop dé thu dugc cac duong don. Tién hanh
kiém tra trén sic ky TLC véi cac duong chuan; so sanh do quay cuc riéng véi céc dit
liéu da cong bd. Tir d6 xac dinh duoc ciu hinh D/L cua duong.

+ Cac budc tién hanh cu thé nhu sau: M3i hop chat (MS1, MS2 va MS3, 5
mg) duoc hoa tan trong 5 mL hén hop dung dich HCI 1N (dioxane/H20: 1/1, 2,5 mL)
va dun néng dén 95°C trong 5 gio. Dich loc tir dich thay phan duoc trung hoa bang
nhya trao d6i ion DOWEX HCR-S, sau d6 dugc c6 dic dudi 4p suat giam va duoc
tién hanh so sanh bing silica gel TLC [Kieselgel 60 (Merck Art 5554), i-
PrOH/axetone/H20 (5/3/1)] so véi cac mau xac thuc (Rf 0,3 dbi véi arabinose va Ry
0,5 d6i véi xylose) va so sanh d6 quay cuc riéng véi duong chuan di cong bd
[111,112] cho thdy duong thu dugc 14 L-arabinose véi [a]o +102 (c, 0,1, H20), D-
xylose véi [a]p +18,8 (c, 0,15, H20).

2.2.3. Cac phwong phdp danh gia hoat tinh sinh hec
2.2.3.1. Phwrong phdp thit hoat tinh gdy déc té bao ung thie

Nguyén i:

Hoat tinh gay doc té bao dugc thyc hién dua trén phuong phap MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium) duoc md ta lan dau tién bai tac gia
Tim Mosman, 1983. Pay 1a phuong phap danh gia kha nang séng sot cua té bao qua
kha nang khir MTT (mau vang) thanh mot phirc hop formazan (mau tim) boi hoat
dong ctia enzym dehydrogenase trong ty thé [113, 114]. San pham formazan dugc
hoa tan bang DMSO va do mat do quang (OD) & budc song 540 nm. Gid tri thé hién
hoat tinh 1a 1Cso (Néng dé chadt thit ixc ché 50% s phét trién cua té bao).

Chudn b; thi nghiém:

Céc dong té bao ¢ nguon gbc tir Bao tang giong chuan Hoa ky (ATCC) gom:
ung thu biéu mé biéu mé KB (CCL -17™), ung thu gan HepG2 (HB - 8065™), ung
thu phdi A549 (CCL-185™) va ung thu vit MCF-7 (HTB - 22™).

Dong té bao dugc luu gitr trong nito 1ong, hoat hda va duy tri trong cac moi
truong dinh dudng nhu DMEM (Dulbeccos Modified Eagle Medium) hoac MEME
(Minimum Esental Medium with Eagle salt) c6 bo sung 7-10% FBS (Fetal Bovine
Serum) va mot s thanh phan thiét yéu khac. Té bao duoc nudi trong cac diéu kién
tiéu chuan (5% CO2, do 4m 98%, nhiét 6 37°C, v6 tring tuyét dbi). Té bao phat trién
& pha log s& duoc st dung dé thi doc tinh.

Mau thir dugc hoa tan bang dung moi DMSO véi nong do ban dau 1a 20 pg/ml.
Tién hanh pha lodng 2 budc trén dia 96 giéng thanh 5 dy ndng do tir cao xubng thap lan
luot 14 2560, 640, 160, 40 va 10 pg/ml. Nong do chat thir trong dia tht nghiém twong
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tng 12 128, 32, 8, 2 va 0,5 pg/ml. Chit tham chiéu Ellipticine pha trong DMSO Vi
nong d6 0,01mM.

Tién hanh thi nghiém: [113, 114]

Trypsin hoa té bao thi nghiém dé 1am roi té bao va dém trong budng dém té
bao. Tiép do, pha té bao bang méi trudng sach va diéu chinh mat d6 cho phu hop véi
thi nghiém (khoang 1-3x10*té bao/ml tuy theo tirng dong té bao).

LAy vao mdi giéng 10 pl chat thir d3 chuan bi & trén va 190 pl dung dich té
bao. Péi chimg duong cua thi nghiém 1a méi truong ¢ chira té bao, ddi ching am chi
¢6 mdi truong nudi cy.

Pia thi nghiém duoc @ & diéu kién tiéu chuan.

Sau 72 gio mdi giéng thi nghiém duoc tiép tuc u véi 10 pl MTT (5 mg/ml)
trong 4h. Sau khi loai bo méi trudng, tinh thé formaran dugc hoa tan bang 100 pl
DMSO 100%.

Két qua thi nghiém duoc xac dinh bang gia tri OD do ¢ budc séng 540 nm trén
may quang pho Biotek. Thi nghiém dugc Iap lai 3 lan.

X ly két qua theec nghiém:

Gia trj 1Cso dugc xac dinh théng qua gia tri % wc ché té bao phat trién va phan
mém may tinh Rawdata.

% rc ché té bao = (ODching (+) — ODmiu thi)/( ODehing (+)— ODehing (1)) X 100%
(Highyppe, - 50) x (Highcgpe - Low )

ICSO = ngh

Conc ~

Highyyp, - LOWip,
(Trong @6, Highconc/LOWconc: chdt thiz & nong dg caolchat thir thap ¢ nong do
thap; Highinno/ LOWinhse: % 1€ ché ¢ nong dg caol% irc ché ¢ nong dé thap ).

Danh gid hoat tinh:

Theo tiéu chuan caa Vién ung thu qudc gia Hoa Ky (NCI), vai dich chiét thd
c6 gid tri 1Cso < 20 pg/ml duoc coi 1a c¢é hoat tinh tét, dich chiét c6 gia tri 21 pg/ml
< I1Cs0 < 200 pg/ml ¢6 hoat tinh trung binh va 201 pg/ml < I1Cso < 500 pg/ml cé hoat
tinh yéu, 1Cso > 500 pg/ml khong c6 hoat tinh. Di véi chét sach ¢6 ICso < 4 pg/ml
(10uM) duge danh gia 1a c6 hoat tinh gay doc té bao tot.

Dich chiét EtOAc cua qua cdy xay rang nhon va dich chiét EtOAC cia qua cay
ban giac duoc thir so bo hoat tinh gay doc té bao ddi véi dong té bao KB. Céc phép
thir nay duoc tién hanh tai Vién Hoa hoc cac hop chat thién nhién — Cong hoa Phap.

Céc chat sach phan lap tir M. semiserrata va O. eberhardtii dwoc thir hoat tinh
gy doc té bao trén bon dong té bao ung thu trén. Phép thir duoc thuc hién tai phong
Hoa sinh trng dung, Vién Hoa hoc, Vién Han 1dm Khoa hoc va Cong nghé Viét Nam.
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2.2.3.2. Phirong phdp dénh gid hoat tinh khang vi sinh vt kiém dinh
Cac chat sach phan lap tir M. semiserrata va O. eberhardtii dugc thir hoat tinh
khang vi sinh vat kiém dinh tai phong C6ng nghé sinh hoc, Vién Hoa sinh bién, Vién
Han 1am Khoa hoc va Cong nghé Viét Nam. Hoat tinh khang vi sinh vat kiém dinh
duoc thyuc hién dua trén phuong phap pha loing da ndng do cua Andrews JM. [115].
Daiy 1a phuong phap thir hoat tinh khang VSVKD nhiam danh gia mac d6 khang khuan
manh yéu ctiia cAc mau thtr thdng qua céc gia tri thé hién hoat tinh 13 MIC (ndng do
trc ché tdi thiéu). Cac chung vi sinh vat kiém dinh chuan quéc té ATCC dugc cung
cap boi vién Kiém nghiém vé sinh an toan thuc pham quéc gia:
- Ba chuang i khuan Gram am (Escherichia coli ATCC25922,
Pseudomonas aeruginosa ATCC27853, Salmonella enterica ATCC13076)
- Ba chung Gram duong (Enterococcus faecalis ATCC299212,
Stapphylococus aureus ATCC25923, Bacillus cereus ATCC 14579)
- Mot chiung ndm men Candida albicans ATCC10231
Cac chit sach dugc phan 1ap tir M. semiserrata va O. eberhardtii duoc pha
lo&ng trong DMSO ¢ dai nong d6 giam dan: 256 pg/ml, 128 pg/ml, 64 pg/ml, 32
pg/ml, 16 pg/ml, 8 pg/ml, 4 pg/ml va 2 pg/ml vai sé thi nghiém Iap lai N=3.
Chuan bi dung dich vi khuan hoac nim véi ndng d6 2x10°CFU/m
Tién hanh thi: 1y 5,12 ul dung dich mau thtr c6 néng d6 10mg/ml vao hang
dau tién c6 chira 100p] moi tredng LB rdi pha lodng néi tiép giam Y2 nong d6 vao cac
hang c6 chira 50ul cho dén khi dat dugc ndng d6 1a 2 ug/ml, thém 50 pl dung dich vi
khuan va nam & nong do 2x10° CFU/mI, u & 37°C. Sau 24h, xac dinh so b gia tri
MIC. Gia tri MIC dugc xac dinh tai giéng c6 ndng do chat thir thap nhat gay uc ché
hoan toan sy phét trién caa vi sinh vat sau 24 gio nudi cay. Chat d6i chung 1a khang
sinh streptomycin cho céc chung vi khuan va cyclohexamide cho nam.
Bang 2.1. Gia tri MIC (ug/ml) cua cac chat dbi chung

Gram dwong Gram &m Nam men
Chét dbi Enterococcu staphvlococcu Bacillus Escherichia | Pseudomonas | Salmonella Candida
p s faecalis py cereus coli ; enterica albicans
ching ATCC29921 S aureus ATCC1457 aTuanosd | ATcc13o7 | ATCC1023
5 ATCC25923 9 ATCC2592 | ATCC2785 6 1
2 3
MIC(pg/ml)
Streptomycin 256 128 128 32 256 128 -
Cyclohexamide 32

Cac chat c6 gia tri MIC nho hon so véi gia tri MIC cua chat d6i ching tuong
ing vai cac chang vi sinh vat duoc coi 1a c6 hoat tinh khang vi sinh vat kiém dinh
véi cac chuang vi sinh vat do [116].

2.2.4. Phwong phap docking phan tir
Chudn bj thy thé va phai ti: Cau tric 3D cua 18 phéi tir (OE1-OE18) la 18
hop chéat sach phan lap dugc tir loai Oligoceras eberhardtii. Cac cau truc ba chiéu



41

dugc tao bang MarvinSketch phién ban 19.27.0 va PyMOL phién ban 1.3r1 [117].
Viéc giam thiéu nang luong cua phdi tir duoc thuc hién bang Gabedit phién ban 2.5.0
[118]. Toa do cau trdc ba chiéu cuaa GSK-38 dugc lay tir Ngan hang Di liéu Protein
(PDB) véi ID PDB: 1Q41 [119]. Indirubin-3'-monoxime, mét chat e ché dugc cong
nhan rong rai, di dugc chon 1am phéi tir tham chiéu.

Nghién cizu ldp ghép phan tir (docking phan t:#): Phién ban Ligand-Ranking
cai tién cua AutoDock Vina (mVina) [62] di duoc str dung dé xac dinh cau hinh lién
két va ai luc gan két cua cac hop chit dugc nghién ciru véi GSK-34. Ca GSK-34 va
cac hop chat dugc nghién ciu déu duoc tham sé héa biang AutoDockTools [120].
Tam cua ludi lap ghép duoc dit ¢ toa do 39,60%6,30%36,30. Kich thude ludi dugc
chon 12 29x22x21 A3, du I6n dé bao quanh toan bo vi tri lién két cua protein. Gia tri
mac dinh cua mVina la 8, theo danh gia trudc d6 [63]. Nang luwong chénh Iéch 16n
nhét gitra céc ché do lap ghép khéc nhau 1a 7 kcal mol ™, day 1a gia trj mac dinh.

Nghién ciru déng luc phan tir: Goi GROMACS duoc sir dung dé md phong
hoat dong cua phirc chét tc ché va GSK-34 trong dung dich [88]. Pic biét, GSK-
3p/cac ion trung hoa, phan tir nuéc va chat e ché dugc tham sé hoa lan luot thdng
qua Amber99SB-iLDN [121], m6 hinh nudce TIP3P [122] va truong luc Amber chung
[123]. Trong sb nay, thong tin vé cac hop chit co dugc thdng qua tinh toan hda hoc
luong tir sir dung chire ning lai kép B3LYP, bo co sd 6-31G (d, p) va dung méi tiém
an (e=78,4). Ngoai ra, dién tich nguyén tir cua céc phéi tir dugc tinh toan bang phuong
phép thé tinh dién han ché [122]. Phuc chat bao gom chat tc ché va GSK-34 dugc
dua vao hop diéu kién bién tuan hoan cé kich thudc 937,53 nmd3. Hé thdng nay bao
gom tong cong 92 000 nguyén tir. Hon nita, phirc hop hoa tan dwoc giam thiéu va can
bang thong qua phwong phap giam dan d6 doc nhat, md phong NVT va NPT. Dic
biét, cac nguyén tir C, duoc ¢b dinh vi tri thdng qua mot dién thé nho phu hop. Cau
hinh cudi ciing thu dugc tir md phong NPT dugc sir dung 1am cau trdc khoi dau cho
mo phong MD, dugc chay trong thoi gian 20 ns. Trong thoi gian d6, cac nguyén tir
C, cia GSK-3p ciing bi han ché thong qua mot dién thé nho. Cac md phong dugc tién
hanh tam lan dé d¢am bao ldy mau k¥ ludng trong quéa trinh mé phong.

M6 phong déng luc phan ti dinh huéng: Hinh dang cudi cling cta cac phic tir cac
mo phong MD thuan tién s& duoc str dung 1am cau trac ban dau cia md phong dong luec
phan tir dinh huéng. Céc hop chat dwoc nghién ctru da duge huy dong ra khoi vi tri gan
két GSK-3p. Trong qua trinh nay, cac nguyén tir GSK-34 C, duoc ¢6 dinh vi tri bang lec
diéu hoa yéu 1000 kJ mol™ nm2 trong ba chiéu. Mot ngoai luc diéu hoa tac dung 1&n tam
khéi ctia chat e ché GSK-38 doc theo truc Z (Hinh 2.3). Luc phé v va cdng cia ngoai
lyc duoc tinh toan nhu md ta trudc day [124]. Trong d6, hang s6 16 xo dic hang duoc chon
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la k = 600 kJ mol™ nm2 va van téc kéo v = 0,005 nm ps™. Cac thdng sb kéo duoc chon
tham khao céc cong trinh trude day [40, 42, 43].

Hinh 2.3. Cau hinh ban du ctia md phong FPL ciua GSK-34 + indirubin-3'-monoxime
Cong cu phan tich: So dd tuong tac phdi tr dwoc tao bang phién ban PyMOL
mién phi [41].
Phuong phéap docking phén tir duoc thuc hién tai Trung tam Ung dung Tin hoa
hoc va Y — Sinh — Duoc — Vién hoa hoc cac hop chat thién nhién.
CHUONG 3. THUC NGHIEM VA KET QUA

3.1. Phan Iap cac hep chat tir ciy xay ring nhon (M. semiserrata) va cay ban
giac (O. eberhardtii)
3.1.1. Phan Igp cac hep chat tie cdy xay rang nhon (M. semiserrata)

Phan trén mat dat cua cay xay rang nhon (M. semiserrata) sau khi thu hai duoc
rira sach, phoi kho va nghién nho thu duoc 1,08 kg. Sau d6 chiét mau bang methanol
(3L x 5 l1an) sir dung thiét bi chiét siéu &m (50°C, mdi lan 3 gio) cat loai dung mdi &
&p suat thap thu dugc cao chiét methanol thoé mau den (125,0 g). Cao chiét methanol
dugc phan b trong 100ml nudc, tién hanh chiét phan doan lan luot véi cac dung moi
n-hexane, dichloromethane va ethyl acetate (1L x 3 lan) roi cat loai dung mdi & ap
suat thap thu duoc céc cao chiét: cao chiét n-hexane (MS-H; 32,3 g), cao chiét
dichloromethane (MS-D; 25,4 g) va cao chiét ethyl acetate (MS-E; 20,2 g) va cin nudc.

Tu cao ethyl acetate (MS-E, 20,2 g) duoc phén tach trén cot silica gel pha
thuong sir dung hé dung moi gradient CH2Clo/MeOH véi 6 phan cuc ting dan (D/M
50:1 — 0:1, v/v) thu dugc 10 phan doan ki hiéu F1-F10. Tir phan doan F1 (1,1 g) tién
hanh phan tach bang cot silica gel pha thuong véi hé dung mai rira giai n — hexane/
EtOAc (5-100% EtOAc trong n-hexane) (v/v) thu dugc 5 phan doan F1.1 — F1.5.
Phéan doan F1.4 (22,0 mg) duoc tinh ché lai trén cot silica gel pha thuong sir dung hé
dung moi rira giai n-hexane/ EtOAc theo ti 18 20/1 (v/v) thu dugc chat sach MS4 (5,6
mg). Tinh ché lai F1.5 (25,0 mg) trén cot silica gel pha thuong véi hé dung méi ria
giai n-hexane/ EtOAc 95/5 (v/v), thu duoc chat sach MS5 (4,50 mg). Tir phan doan
F2 (1,85 g) tién hanh phan tach trén cot silica gel pha thuong st dung hé dung moi
raa giai n-hexane/ EtOAc (5-100% EtOAc trong n-hexane) (v/v) thu dugc 4 phan
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doan F2.1 — F2.4. Tinh ché lai F2.4 (25,0 mg) trén cot sic ky pha thuong su dung hé
dung mdi rira giai n-hexane/EtOAC theo ti 1¢ 9/1 (v/v) thu dwoc chat sach MS6 (4,7 mg).

Tién hanh sic ky cot véi phan doan F5 (2,34 g) trén cot Sephadex LH-20 voi
methanol thu dugc 5 phan doan ki hiéu F5.1 — F5.5. Tur phan doan F5.2 (21,0 mg)
dugc tinh ché trén cot sic ky silica gel pha thuong véi hé dung méi n-hexane/EtOAC
85/15 (v/v) thu dugc chat sach MS7 (6,5 mg). Tiép tuc phan tach F5.5 trén cot silica
gel pha thuong st dung hé dung moi rira giai n-hexane/acetone 8/2 (v/v) thu dugc
chat sach MS8 (4,3 mg). Tir phan doan F6 (1,29 g) thu dugc 7 phan doan ki hiéu F6.1
—F6.7 khi phan tach tiép trén cot Sephadex LH-20 véi methanol. Tinh ché lai F6.6
(24,0 mg) trén cot silica gel pha thuong véi hé dung méi CH2Clo/acetone 7/3 (viv)
thu duoc MS2 (4,90 mg). Hop chat MS3 (5,5 mg) thu duoc khi tinh ché lai F6.7 (21,0
mg) trén cot silica gel pha thuong ria giai bang hé dung moéi CH2Clz/acetone 7/3
(V/v) nho thém vai 1 giot CH3COOH 0.1%. Phéan doan F7 (1,25 g) duoc chay qua cot
sac ki thuong thu dugc 8 phan doan nho F7.1 — F7.8 khi rira giai bang hé dung moi
CH2Cl2/EtOAC (5-100% EtOAc trong CH2Cl2). Phén tach lai F7.6 (35,0 mg) trén ban
mong diéu ché TLC str dung dung méi raa giai dichloromethane/ethyl acetate 7/3
(v/v) (thém vai giot CHsCOOH 0.1%) thu dugc chat sach MS9 (3,30 mg). Tuong tu
nhu phan doan F7.6, phan doan F7.8 (19,0 mg) ciing duoc phan tach trén ban mong
diéu ché TLC, rira giai bang hé dung mdi CH.CIl/EtOAc 7/3 (v/v) (thém vai giot
CH3COOH 0,1%) thu dugc MS10 (4,8 mg). Tt phan doan F7.9 (18,0 mg) chay qua
cot sac ky pha thuong voi hé rira giai CH.Clo/acetone 7/3 (v/v) thu dugc chat sach
MS1 (4,5 mg). Tt phan doan F9 (1,78 g) chay cot Sephadex LH-20 véi dung moi
methanol thu dugc 5 phan doan nho F9.1 — F9.5. Tinh ché phan doan F9.1 (20,2 mg)
trén cot silicagel pha thuong, st dung hé dung maéi rira giai CH2Clo/MeOH 8/2 (viv)
(nho 1-2 giot CH3COOH 0,2%) dwoc chit sach MS11 (6,2 mg). Hop chat MS12 (5,4
mg) thu duoc khi tinh ché lai F9.2 (15,0 mg) trén cot silica gel pha thuong vai hé rira
giai CH2Clo/MeOH 8/2 (v/v) (nho 1 giot CH3COOH 0,1%). Phan doan F10 (3,35 Q)
tiép tuc dwoc phan tach trén cot sephadex LH-20 bing methanol thanh 6 phan doan
F10.1 — F10.6. Phéan doan F10.2 (16,5 mg) duoc tinh ché trén ban mong diéu ché
TLC véi hé dung mdi CH2Clo/MeOH 85/15 (v/v) ¢6 nho thém 1 giot CH3COOH 0,1%
thu dugc MS13 (4,0 mg) va MS14 (3,8 mg).
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Phén trén mat dit ciia Myrsine semiserrata (1,08 kg)

5x 3L x 3h

thiét bi siéu 4m

Dich chiét MeOH thé (125,0 g)

Ngam chiét trong MeOH bing

Chiét lan luot bﬁng n-hexane,

CH,Cl,, FtOAc
MS-H (32,3g) MS-D (25.4g) MS-M (20,2g)
CH,Cl,/MeOH
(50/1, v/v)
Y l Y i l Y Y
F1 F2 F5 F6 F7 F9 F10
n-hexane/EtOAc
n-hexane/EtOAc (5-100% EtOAc trong Sephadex Sephadex CH,Cl,/EtOAC
(5-100% EtOAc n-hexane) Y L0 LH.20 (5-100% EtOAc trong CH,Cl,)
trong n-hexane) F2.4 (25,0 mg) ligl MeOH F10.2 (16,5 mg)
n—hexane/EtOA(i y Y Y TLC
¢ y O F5.2 (21,0 mg) [F5.5 (25,0 mg) F7.6 35,0 mg) [F7.8 (19,0 mg) |F7.9 (18,0 mg)  |Sephacex
F1.4 (22,0 mg)| |F1.5 (25,0 mg) MS6 n-hexane/EtOAc | n-hexane/acetone CH,CL/EOA: | CHeCEOAC ey ) jacetone| MeOH Y Y
BS/15,vV) (812, V) (872, vIv) (713, vIv) (713, vIv)
n—hexane/EtOA‘i ‘"'hexane/EtOAc e L Y scotcacid 0.1% ’ Ms13 | | Ms14
(20/1, v/v) (95/5, vIv) MS7 MS8 MS9 MS10 MS1 20 me 3.8 mg
MS4 MS5 6,5 mg 4,3 mg 3,3 mg 4,8 mg 4,5 mg ’
5,6 mg 4,5 mg
¢ \i \ Y
F6.6 (24,0 mg)| | F6.7 (21,0 mg) F9.1 (20,2 mg)||F9.2 (15,0 mg)
CH,Cl,/MeOH (8/2, v/v)

CH,Cl,/acetone
(7/3, vIv) Y

MS2

4,9 mg

Y acetic acid 0,1%

MS3
5,5 mg

CH,Cl,/acetone (7/3, v/v) CH2Cl/MeOH (8/2, v/v)

acetic acid 0,2% Y

acetic acid 0,1%

MS11

MS12

6,2 mg

Hinh 3.1. So' d6 phan ldp céc hop chat tir lodi xay rdng nhon (M. semiserrata)

5,4 mg

¢ Sephadex LH-20, MeOH

CH,Cl1,/MeOH (85/15, v/v)
acetic acid 0.1%
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3.1.2. Phan Igp cac hep chdt tir mdu cay ban giéac (O. eberhardtii)

Phan trén mat dat caa cay ban giac (O. eberhardtii) sau khi thu hai duoc ria
sach, phoi khé va nghién nho thu duoc 1,8 kg. Sau d6 tién hanh chiét mau bang
methanol (5 lan x 5L) st dung thiét bi chiét siéu &m (50°C, mdi lan 3 gi®) dé thu cao
chiét methanol (225,0 g). Cao chiét methanol dugc phan bé trong 100ml nudc, sau
d6 chiét phan doan lan luot véi cac dung moi n-hexane va EtOAc (1L x 3 1an) roi cat
loai dung méi & &p suat thip thu duoc cin n-hexane (OE — H, 48,0 g), can chiét ethyl
acetate (OE-E, 55,3 g) va dich nudc.

Tu can ethyl acetate (OE-E, 55,3 g) dugc phéan tach trén cot silica gel pha
thuong str dung hé dung méi gradient CH2Cl/MeOH véi do phan cuc tang dan (D/M
50:1 — 0:1, v/v) thu duoc 6 phan doan ki hiéu F1-F6. Tir phan doan F2 (1,13 g) tién
hanh phan tach bang cot silica gel pha thuong vai hé dung mdi ria giai n-hexane/
CH2Cl> (5-100% CHCI; trong n-hexane) (v/v) thu dugc 5 phan doan F2.1 — F2.5.
Tién hanh sic ky cot véi phan doan F2.1 (25,0 mg) sir dung dung méi rira giai gradient
n-hexane/CH:Cl, 9/1 (v/v) thu dugc chat sach OE1 (4,9 mg). Tir phan doan F3 (2,05
g) duoc phan tach qua cot silica gel rira giai bang hé dung méi CH2Cl/EtOAc (5-
100% EtOAc trong CH,Cly) thu dugc 7 phan doan nho ki hiéu F3.1 — F3.7. Tiép tuc
tinh ché F3.3 (30,6 mg) trén cot sic ky silica gel pha thuong véi hé dung moi
CH.CIo/EtOAC 9/1 (v/v) thu dugc hai phan doan F3.3.1 va F3.3.2. Phan doan F3.3.1
tiép tuc tién hanh sic ky cot silica gel pha thuong véi hé dung mdi CH.Cl/EtOAC
8/1 (v/v) thu dugc hai phan doan nho F3.3.1.1 va F3.3.1.2. Tinh ché F3.3.1.1 trén cot
silica gel thuong rira giai bang CH2Cla/acetone 7/1 (v/v) thu dugc hop chat OE2 (4,3
mg). Hop chat OE3 (3,3 mg) thu dwoc khi tinh ché lai F3.3.1.2 qua cot silica gel pha
thuong st dung hé dung mai rua giai CH2Clz/acetone 6/1 (v/v). Phan doan F3.5 duoc
phan tach trén cot sic ky silica gel pha thudng véi hé dung méi CH2Cl/EtOAC 4/1
(v/v) thu duoc hai phan doan F3.5.1 va F3.5.2. Tinh ché lai F3.5.1 qua cot sic ky
silica gel pha thuong véi hé dung mdi CHoCla/acetone 4/1 (v/v) thu dugc hop chat
sach OE4 (6,3 mg). Phan doan F3.7 (25,0 mg) duoc chay lai trén cot Sephadex LH-
20 véi methanol thu duoc 5 phan doan F3.7.1 — F3.7.5. Tinh ché lai F3.7.2 bang sic
ky ban mong TLC véi hé dung mdi CH2Cly/acetone 3/1 (v/v) thu dugc hop chat OE5
(3,20 mg). Phén tach phan doan F3.7.4 bang sic ki cot thudng rira giai bang hé dung
moi CH.Clz/MeOH 9/1 (v/v) thu duoc chat sach OE6 (5,1 mg). Phan doan F3.7.5
tiép tuc duoc chay qua cot sic ky silica gel pha thuong véi hé dung mdi ria giai
CH:Cly/acetone 2/1 (v/Vv) thu dugc hop chat OE7 (6,7 mg).

Tt phan doan F4 (1,05 g) tién hanh phan tach bang cét silica gel pha thuong
véi hé dung méi rira giai CH2CI/EtOAC (5-100% EtOAc trong CH2Cl2) thu dugc 9
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phan doan nho ki hiéu F4.1 — F4.9. Tinh ché lai F4.9 trén sic ki ban mong TLC sir
dung hé dung mai rira giai CH2CI/EtOAC 7/1 (v/v) thu duoc hop chat sach OES (5,3
mg). Ttr phan doan F5 (3,45 g) chay sic ky cot silica gel pha thudng vai hé dung méi
CH2CI2/EtOAC (5-100% EtOAc trong CH2Cl2) thu dugc 8 phan doan nhé ki hi¢u F5.1
— F5.8. Chay séc ky trén cot silica gel thuong ria giai bang CH2Cl/EtOAC 95/5 (v/v)
V6i phan doan F5.1 (94,0 mg) thu dugc 5 phan doan F5.1.1 — F5.1.5. Tinh ché F5.1.1
(16,0 mg) trén cot sic ky thuong sir dung hé dung méi n-hexane/ CH2Cl, 10/1 (v/v)
thu duoc hop chat OE9 (4,5 mg). Tur F5.1.3 chay cot silica gel pha thuong sir dung
hé dung méi CH2Cl/acetone 4/1 (v/v) thu dugc hop chit OE10 (5,2 mg). Hai hop
chat OE11 (4,8 mg) va OE12 (5,2 mg) tach ra tir phan doan F5.1.5 trén cot silica gel
pha thuong ria giai bang CH2Clo/MeOH 4/1 (v/v). Phan doan F5.2 tién hanh phan
tach trén cot thuong st dung hé dung méi n-hexane/EtOAc 9/1 (v/v) duoc chat sach
OE13 (3,6 mg). Cac phan doan F5.3, F5.4, F5.5 déu chay cot lan luot véi cac hé dung
moi n-hexane/EtOAc 9/1 (v/v), CH2Cl2/EtOACc 8/1 (v/v), CH.Cl./acetone 7/1 (viv)
thu duoc cac chat sach lan luot 1a OE14 (4,1 mg), OE15 (5,3 mg) va OE16 (3,8 mg).
Tir phan doan F5.8 tiép tuc tach trén cot silica gel véi hé dung mdi CH2Clz/acetone
7/1 (v/v) thu dugc 8 phan doan ki hiéu F5.8.1 — F5.8.8. Tir phan doan F5.8.3 tach
duogc chat sach OE17 (5,2 mg) khi tinh ché trén cot silica gel pha thudng véi hé dung
moi CH2Cl./acetone 7/1 (VIv).

Tir phan doan F6 tién hanh phan tach bang cot silica gel pha thuong véi hé
dung m6i rira giai CH2Cl/EtOAC (5-100% EtOAc trong CH2Cl) thu duoc 7 phéan
doan nho ki hiéu F6.1 — F6.7. Tinh ché lai F6.7 trén sac ki ban mong TLC sir dung
hé dung mdi rira giai CH2Cl/EtOAC 2/1 (v/v) thu dugc hop chat sach OE18 (4,3 mg).
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thiét bi siéu Am

Dich chiét MeOH thé (225,0 g)

Chiét lin lugt bang n-hexane, Ft0Ac

Y

OE-E (553 g)

CH,C1,/MeOH (50/1, v/v)

! !
]

+ n-hexane/CH,Cl,

Elpn

(5-100% CH,Cl, trong n-hexane)

CH,Cly/EtOAc
(5-100% EtOAc trong CH,Cl,)

CH,Cl,/EtOAc
(5-100% EtOAc trong CH,Cly)

n-hexane/CH,Cl, (9/1, v/v)

F2.1 (25,0 mg)

n-hexane/EtOAc
(5-100% EtOAc trong n-hexane)

F4.9 (25,0 mg)

CH,CI,/EtOAc (7/1, v/v)

F6.7 (16.5 mg)

CH,Cl,/EtOAc

(5-100% EtOAc trong CH,Cl,)
OE1 OES OE18
4.9 mg 5,3 mg ¢ 4,3 mg
Y Y Y Y Y
|F3.3 30,6 mg)| [F352Lomg|  [F3.7 25,0 my) F5.1 Fs2 || Fs3 F5.4 F5.5 F5.8
94,0 mg) (22,0 mg) 25,0 mg) (28,0 mg) [20,0 mg 68,0 mg
CH,Cl,/EtOAc (9/1, v/v) H,Cl,/EtOAc (4/1, v/V)
n-hexane/EtOAC] n-hexane/EtOAc| CH,Cl,/EtOAc| CH2Cly/acetone CH,Cl,/acetone
O, V) Y Yy Oy @iy Y L) (71, viv)
CH,CL,/EtOAc (8/1, v/v) ¢CH2CIZ/acetone Scphaz(i)cx OE13 | |OE14 | |0E15 | OE16 |
LH-
- (4/1,v/Iv) MeOH 36mg 4,1 mg 53 mg 3,8mg |F5.8.3 (10,5 mg)
o CH,Cly/acetone (7/1, v/v)
[F3.3.11 [F33.12] 63 mg s
CH,Cl,/acetone (7/1, V/V)+ +CH2C12/acet0ne (6/1,v/v) n-hexane/CH,Cl, 4.0
,U mg
OE2 OE3 (10/1, v/v)
4,3 mg 3,3 mg
Y Y ¢ Y ¢
[F3.7.2 22mg)| [F3.7.4 20 mg) [F3.7.5 25 mg) F5.1.1 F5.1.3 F5.1.5
(16 mg) (11 mg) (22 mg)
CH,Cl,/acetone (3/1, v/v) CH,Cl,/MeOH CH,Cly/acetone
Y o/1,viv) Y @/1,viv) Y n-hexane/CH,Cl, CH,Cl,/acetone CH,Cl,/MeOH
(10/1, v/v) Y @1 (@1, viv)
OE5 OKs | OE7 |
51 6.7 OE9 OE10
3,2 mg ,1 mg ,/ mg
4.5 mg 5,2 mg OE11 | |OE12
4,8mg 5,2mg

Hinh 3.2. So do phan lap céc hop chat tir cay ban giac (O. eberhardtii)

CH,Cl,/EtOAc (2/1, v/V)
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3.2. Thong s6 vat ly va dir liéu phé cia cac hep chat phan lap
3.2.1. Théng sé vt Iy va di# liéu phé ciia cac hep chdt phan ldp dwoc tir cay xay
rdang nhon (M. semiserrata)
3.2.1.1. Hop chdt MS1: Myrsineoside A (3-O-a-L-arabinopyranosyl juglangenin A)
(chat méi)

Chat bot mau trang;

Goc quay cuc riéng [a]o 2 +17,9 (¢ 0,24, MeOH);

Pho IR vmax (KBr): 3441, 2947, 2868, 1638, 1558, 1462, 1391, 1070 va 767 cm'®

Phé HR-ESI-MS m/z 611,3718 [M+K]*; (Tinh toan ly thuyét cho cong thirc
phan tir C3sHs606K, M = 611,3708).

S6 liéu phd *H NMR (CDsOD, 600 MHz) va *C NMR (CD3;OD, 150 MHz)
xem bang 4.1.
3.2.1.2. Hop chdt MS2: Myrsineoside B (3-a-L-arabinopyranosyl castanopsol)
(chdt méi)

Chét bot mau trang;

Goc quay cuc riéng [o]p 2*: +43,0 (¢ 0,77, MeOH);

Phd IR vmax (KBr): 3421, 2947, 2874, 1654, 1463, 1380, 1363, 1259, 1168,
1141, 1083, 1062, 992, 787 va 659 cm*

Phé HR-ESI-MS m/z 597,4125 [M+Na]* (Tinh toan ly thuyét cho cong thirc
phan tir CasHssOsNa, M = 597,4125).

S6 ligu phd 'H NMR (CDsOD, 600 MHz) va 3C NMR (CD30D, 150 MHz)
xem bang 4.2.
3.2.1.3. Hop chdat MS3: Myrsineoside C (3-4-D-xylopyranosyl castanopsol) (chat méi)

Chat bot mau trang;

Géc quay cuc riéng [a]o ?*: - 61,6 (¢ 0,15, MeOH);

Pho TRvmax (KBr): 3424, 2948, 1654, 1463, 1379, 1362, 1165, 1080, 992, 787
va 659 cm™.

Phé HR-ESI-MS m/z 597,4125 [M+Na]* (Tinh toan ly thuyét cho cong thirc
phén tir CasHssOsNa, M = 597,4125).

S6 ligu pho 'H NMR (CD3sOD, 600 MHz) va 3C NMR (CDsOD, 150 MHz)
xem bang 4.3.
3.2.1.4. Hop chat MS4: Lupeol acetate

Chét bot mau trang;

CTPT: C32H5202

KLPT: 468
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S6 liéu phd *H NMR (CDCls, 600 MHz) va 3C NMR (CDCls, 150 MHz) xem
bang 4.4.
3.2.1.5. Hop chdt MS5: Taraxerone

Chat bot mau trang;

CTPT: C30H4s0

KLPT: 424

S6 liéu phd *H NMR (CDCls, 600 MHz) va 3C NMR (CDCls, 150 MHz) xem
bang 4.5.
3.2.1.6. Hop chdt MS6: Kazinol B

Chét bot mau vang;

Goc quay cuc riéng [a]®p = -18 (c 0,21 CHCls)

CTPT: C25H2804

KLPT: 392

S6 liéu phd 'H NMR (CDCl3, 600 MHz) va 13C NMR (CDCls, 150 MHz) xem
bang 4.6.
3.2.1.7. Hop chat MS7: Kazinol A

Chét bot mau vang;

Goc quay cuc riéng [a]*p -10,7 (CHCls, ¢ 0,13)

CTPT: C25H3004

KLPT: 394

S lieu phd *H NMR (CDCls, 600 MHz) va 3C NMR (CDCls, 150 MHz) xem
bang 4.7.

3.2.1.8. Hop chat MS8: 4 “O-methyl-8-prenylnaringenin

Chét bot mau vang;

Goc quay cuc riéng [o]?b -30, (c 1,05, CHCIs)

CTPT: C21H220s5

KLPT: 354

S6 liéu phd 'H NMR (CDCls, 600 MHz) va 13C NMR (CDCls, 150 MHz) xem
bang 4.8.
3.2.1.9. Hop chat MS9: Cucurbitacin D

Chét bot mau trang;

CTPT: C30H4407

KLPT: 516

S6 ligu pho 'H NMR (CD3sOD, 600 MHz) va 3C NMR (CDsOD, 150 MHz)
xem bang 4.9.
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3.2.1.10. Hop chat MS10: Cucurbitacin H

Chat bot mau trang;

CTPT: C30H460s

KLPT: 534

S6 lieu phd *H NMR (CDsOD, 600 MHz) va 3C NMR (CDsOD, 150 MHz)
xem bang 4.10.
3.2.1.11. Hop chat MS11: Eclalbasaponin I

Chét bot mau trang;

CTPT: C36Hs809

KLPT: 634

S6 liéu phd H NMR (CDsOD, 600 MHz) va *C NMR (CD3;OD, 150 MHz)
xem bang 4.11.
3.2.1.12. Hop chat MS12: Spergulacin

Chét bot mau trang;

CTPT: C41HesO12

KLPT: 752

S6 liéu phd *H NMR (CDsOD, 600 MHz) va *C NMR (CDsOD, 150 MHz)
xem bang 4.12.
3.2.1.13. Hop chdt MS13: Kaempferol 3-O-a-L-rhamnopyranoside

Chét bot mau vang;

CTPT: C21H20010

KLPT: 432

Sé lieu phd *H NMR (CD3OD, 600 MHz) va *C NMR (CDsOD, 150 MHz)
xem bang 4.13.
3.2.1.14. Hop chat MS14: Quercitrin

Chét bot mau vang;

CTPT: C21H20011

KLPT: 448

S6 ligu pho 'H NMR (CD3sOD, 600 MHz) va 3C NMR (CDsOD, 150 MHz)
xem bang 4.14.
3.2.2. Thong sé vat |y va di ligu phé ciia cac hep chdt phan ldp dwec tir cay ban
giac (O. eberhardtii)
3.2.2.1. Hop chdt OE1: Lupeol acetate

Chét bot mau trang;

CTPT: C32H520-

KLPT: 468
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S6 liéu phd *H NMR (CDCls, 600 MHz) va 3C NMR (CDCls, 150 MHz) xem

bang 4.4.
3.2.2.2. Hop chat OE2: 5,7,3 -Trihydroxy-6,4°, 5 -trimethoxyflavone

Chat bt mau vang nhat;

CTPT: C18H160s

KLPT: 360

S6 lieu phd *H NMR (CDsOD, 600 MHz) va 3C NMR (CDsOD, 150 MHz)

xem bang 4.15.
3.2.2.3. Hop chdt OE3: 5,7,2",5 -tetrahydroxy-6, 3,4 -trimethoxyflavone

Chat bot mau vang dam;

CTPT: C18H1609

KLPT: 376

S6 liéu phd *H NMR (CDsOD, 600 MHz) va *C NMR (CD3sOD, 150 MHz)

xem bang 4.16
3.2.2.4. Hop chat OE4: Dehydrovomifoliol

Chét dau mau vang;

CTPT: C13H1803

KLPT: 222

S6 liéu phd *H NMR (CDsOD, 600 MHz) va *C NMR (CDsOD, 150 MHz)

xem bang 4.17.
3.2.2.5. Hop chat OES5: Protocatechuic acid

Chat ran, mau trang;

CTPT: C7HeO4

KLPT: 154

S6 ligu phé H NMR (CDsOD, 600 MHz) va 3C NMR (CDsOD, 150 MHz)

xem bang 4.18.
3.2.2.6. Hop chdt OE6: Chrysoeriol-7-O-4-D-glucopyranoside

Chét bot, mau vang;

CTPT: C22H22011

KLPT: 462

S6 lieu phé 'H NMR (DMSO-ds, 600 MHz) va 3C NMR (DMSO-ds, 150

MHz) xem bang 4.19.
3.2.2.7. Hop chdt OE7: 7Z-roseoside

Chét dau, khdng mau;
Goc quay cuc riéng [a]3* +108,8 (c 0,94 MeOH).
CTPT: C19H300s
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KLPT: 386

S6 lieu phd *H NMR (CDsOD, 600 MHz) va 3C NMR (CDsOD, 150 MHz)
xem bang 4.20.
3.2.2.8. Hop chat OES8: 5,7,3"-trihydroxy-6,4’, 5'-trimethoxyflavanone

Chat bot mau vang;

CTPT: C18H180s

KLPT: 362

S liéu phd *H NMR (600 MHz, CDCls) va 3C NMR (150 MHz, CDCls) xem
bang 4.21.
3.2.2.9. Hop chdt OE9: Lup-20(29)-ene

Chét bot, mau trang;

CTPT: CsoHso

KLPT: 410

S6 liéu phd *H NMR (CDCls, 600 MHz) va 13C NMR (CDCls, 150 MHz) xem
bang 4.22
3.2.2.10. Hop chdt OE10: 23-deoxojessic acid

Chét bot, mau trang;

CTPT: C31H5004

KLPT: 486

S6 liéu phd *H NMR (CDsOD, 600 MHz) va 3C NMR (CD3sOD, 150 MHz)
xem bang 4.23.
3.2.2.11. Hop chat OE11: Cucurbitacin F

Chat bot, mau trang;

CTPT: C30H4607

KLPT: 518

S6 ligu pho 'H NMR (CD3sOD, 600 MHz) va C NMR (CDsOD, 150 MHz)
xem bang 4.24.
3.2.2.12. Hop chat OE12: 3B-(f-D-glucosyloxy)-16a,23a-epoxycucurbita-5,24-
diene-11-one

Chét bot, mau trang;

CTPT: C3sH5609

KLPT: 632

GAc quay cuc riéng [o]o?*: +22,6 (¢ 0,01, CHzOH)

S6 ligu pho 'H NMR (CD3sOD, 600 MHz) va 3C NMR (CDsOD, 150 MHz)
xem bang 4.25.
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3.2.2.13. Hop chat OE13: Lupeol

Chat bot, mau trang;

CTPT: C3oH500

KLPT: 426

GAc quay cuc riéng [a]o?*: +26,4 (c 0,7, CH3Cl)

S6 lieu phd *H NMR (CDsOD, 600 MHz) va 3C NMR (CDsOD, 150 MHz)
xem bang 4.26.
3.2.2.14. Hop chdt OE14: 3-(E)-Coumaroyltaraxerol

Chét bot, mau trang;

CTPT: C39Hs603

KLPT: 572

Goc quay cuc riéng [a]o?*: +26,4 (¢ 0,7, CH3CI)

S6 liéu phd 'H NMR (CDCls, 600 MHz) va 13C NMR (CDCls, 150 MHz) xem
bang 4.27.
3.2.2.15. Hop chdt OE15: 5,7-Dihydroxy-4'-methoxy-8-(3-methylbut-2-enyl)
flavanone

Chét bot, mau vang;

CTPT: C21H2205

KLPT: 354

Goc quay cuc riéng [a]o?*: -30 (¢ 1,05, CHCls)

S4 lieu phd *H NMR (CDCls, 600 MHz) va 3C NMR (CDCls, 150 MHz) xem
bang 4.8.
3.2.2.16. Hop chdt OE16: 6,7,8-trimethoxycoumarine

Chat bot, mau trang;

CTPT: C12H120s5

KLPT: 236

S6 liéu phd 'H NMR (CDCls, 600 MHz) va 13C NMR (CDCls, 150 MHz) xem
bang 4.28.
3.2.2.17. Hop chdt OE17: 3-hydroxy-4-methoxybenzoic acid

Chét bot, mau trang;

CTPT: CgHgO4

KLPT: 168

S6 ligu pho 'H NMR (CD3sOD, 600 MHz) va 3C NMR (CDsOD, 150 MHz)
xem bang 4.29.
3.2.2.18. Hop chat OE18: Vomifoliol

Chét bot, mau trang;
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CTPT: C13H2003

KLPT: 224

G6c quay cuc riéng [a]o?*: +231 (c 0,97, CHCls)

S6 liéu phd *H NMR (CDCls, 600 MHz) va 3C NMR (CDCls, 150 MHz) xem
bang 4.30.

3.3. Két qua thir hoat tinh ciia cac hop chat phan lap tir loai M. semiserrata va
O. eberhardtii
3.3.1. Hogt tinh st ché gdy déc té bao ung thw ciia cac hep chdt phan ldp tir M.
semiserrata va O. eberhardtii

Céc phép thir hoat tinh gdy doc té bao ung thu duoc thyc hién theo phuong
phap dugc md ta trong muc 2.2.3.1. Cac hop chat MS1-MS14 phan lap tr M.
semiserrata va OE1-OE18 phan lap tir O. eberhardtii duwoc thir hoat tinh giy doc té
bao in vitro trén 4 dong té bao ung thu ¢ nguoi: ung thu phdi (A-549), ung thu gan
(HepG2), ung thu vt (MCF-7), ung thu biéu md (KB). Két qua thtr hoat tinh thé hién
o bang 4.31.
3.3.2. Sir dung md phéng nguyén t tim kiém cac chat s#c ché enzyme GSK - 38
tiém néng phdn lap tir O. eberhardtii

Str dung phuong phap docking phan tir (Iip ghép phan tir) va tinh toan dong
luc phan tir theo md ta & 2.2.4 dé xac dinh tu thé lién két va ai luc gan két cua céac
hop chat chat phan lap dugc OE1 — OE18 véi GSK-34, ddng thai md phong hoat
dong cua phic chat wc ché GSK-34+ trong dung dich. Két qua dugc thé hién trong
bang 4.32- 4.39.
3.3.3. Két qud thaz hogt tinh khang vi sinh vét Kiém dinh ciia cac hep chdt phan lap
ter loai M. semiserrata va O. eberhardtii

Céc hop chat phan 1ap MS1-MS14 va OE1-OE18 di duoc danh gia kha ning
khang céc chung vi sinh vat kiém dinh chuan quéc té ATCC dya trén phuong phap
pha loang da nong do nhu mé ta & muc 2.2.3.2. Két qua thir nghiém duoc thé hién ¢
bang 4.40.
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CHUONG 4. THAO LUAN KET QUA

4.1. Xac dinh cau tric cac hep chat phan lap

4.1.1. Xdc dinh cdu trac cac hep chdt phan ldp tir cdy xay ring nhon (M.
semiserrata)

4.1.1.1. Hop chat MS1: Myrsineoside A (3-O-a-L-arabinopyranosyl juglangenin A)
(chat méi)

24 53
MS1 Juglangenin A
Hinh 4.1. Cau trlc hda hoc ctua hop chat MS1 va hop chat tham khao
Hop chat MS1 thu duoc dudi dang chat bot mau trang, goc quay cuc riéng la
[a]5" +17,9 (c 0,24, MeOH).

Spectrum from 20240305hsb.wiff2 (sample 1) - MS7.9B, Experiment 1, +IDA TOF MS (20 - 4500) from 0.764 min
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Hinh 4.2. Phé HR-ESI-MS cua hop chat MS1
Trén pho khéi phan giai cao HR-ESI-MS cua hop chat MS1 xuat hién pic ion
gia phan tor tai m/z 611,3718 [M + K]* (tinh toan Iy thuyét cho cong thic phan te
CasHs606K™ m/z 611,3708) cho phép xac dinh cbng thuc phén tir cia MS1 la
CasHs606 (Vi d6 bat bdo hoa A = 8). Trén phd hong ngoai cia MS1 cho thay dinh
hap thu cua lién két doi C=C ¢ 1638 cm?, 1559 cmt va nhém hydroxyl ¢ 3441 cmi .
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Hinh 4.4. Phd *H NMR cua hop chat MS1
Trén pho 'H NMR caa MS1 xuét hién tin hiéu singlet caa tim nhém methyl
tai 6 0,90 (3H, s, H-30), 0,92 (3H, s, H-24), 0,93 (3H, s, H-28), 0,94 (3H, s, H-29),
1,09 (3H, s, H-27), 1,14 (3H, s, H-23), 1,19 (3H, s, H-26) va 1,26 (3H, s, H-25), cung
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tin hiéu cua hai proton olefin tai o 5,73 (1H, d, J = 6,0 Hz, H-11) va 5,60 (1H, d, J
= 6,0 Hz, H-12). Bén canh d6 tin hiéu cua hai proton oxymethine dugc xac dinh tai
o1 4,17 (1H, 1, J = 3,0 Hz, H-1) va 3,69 (1H, dd, J = 4,8; 12,0 Hz, H-3) va c6 su xuat
hién tin hiéu chong chéo ¢ ving aliphatic (on 3,52 — 3,86). Tin hiéu cua hai proton
olefin tai on 5,73 (1H, d, J = 6,0 Hz, H-11) va 5,60 (1H, d, J = 6,0 Hz, H-12) véi hang
s6 twong tac J = 6,0 Hz cung véi tin hiéu cua 4 carbon olefin tai & 118,3 (C-11),
121,7 (C-12), 149,1 (C-13), 151,5 (C-9) trén phd 3C NMR cho phép x4c dinh sy hién
dién cua mot hé diene lién hop.

Ngoai ra, phé *H NMR ctia MS1 con cho thdy sy xuit hién tin hiéu cua mot
proton anomer tai on 4,31 (1H, d, J = 6,6 Hz, H-1") cung cac tin hi¢u khac cta 3 nhom
oxymethine tai on 3,52 (1H, m, H-3"), on 3,58 (1H, dd, J = 6,6; 8,4 Hz, H-2'), on 3,82
(1H, m, H-4") va va 1 nhdm oxymethylene tai on 3,54 (1H, dd, J = 3,0; 12,2 Hz, Ha -
59, 3,86 (1H, dd, J = 2,5; 12,2 Hz, Hy-5").

m

220 200 180 160 140 120 100 80 60 40 20 0 ppm

Hinh 4.5. Ph6 1*C NMR cua hop chat MS1
Phan tich phé 1*C NMR va DEPT véi su hd tro cia tuong tac HSQC cia MS1
cho thay sy xuat hién tin hiéu caa 35 nguyén tir carbon trong d6 30 nguyén tir carbon
duoc gan cho phan aglycone va céc tin hiéu cho thanh phan dudng duoc tao thanh tir
mét don vi duong c6 5 carbon. Cu thé 1a cd tin hiéu caa tim nhém methyl tai 5¢c 16,9
(C-24), 20,7 (C-27), 21,9 (C-26), 24,1 (C-29), 26,4 (C-25), 28,7 (C-23), 29,3 (C-28),
33,7 (C-30), tim nhém methylene tai dc 18,5 (C-6), 26,8 (C-15), 28,1 (C-16), 32,9
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(C-7), 33,2 (C-2), 35,6 (C-21), 38,1 (C-22), 48,1 (C-19), mot nhom oxymethylene tai
oc 66,5 (C-5"), sau nhém oxymethine tai oc 74,2 (C-1), 85,3 (C-3), 107,4 (C-1'), 72,9
(C-2'), 74,4 (C-3"), 69,6 (C-4"), hai nhdm methine sp? tai éc 118,3 (C-11), 121,7 (C-
12), hai nhém methine sp? tai éc 45,9 (C-5), 47,1 (C-18) va tam carbon khong lién
két tryc tiép voi hydro tai dc 31,9 (C-20); 33,3 (C-17), 40,4 (C-4); 42,1 (C-14); 43,7
(C-8); 45,7 (C-10), 149,1 (C-13); 151,5 (C-9). Tu cac dix liéu trén clng vai gia tri cua
céc hang s twong tac J (Jr.2 = 6,6 Hz, J2.3 = 8,4 Hz) cho phép dy doan su ¢6 mit cia
mot gbc dudng a-arabinopyranose [125, 126].
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Hinh 4.6. Pho DEPT cua hop chat MS1
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Hinh 4.7. Phd HSQC cua hop chat MS1
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Trén phé COSY cua MS1 quan sat thiy su hién dién cua bay hé tuong tac spin
— spin caa cac proton canh nhau dugc danh diu bang cac duong dam trong hinh 4.10
bao gém: H-1'/H-2'/H-3'/H-4'/CH,-5', H-1/CH>-2/H-3, H-5/CH>-6/CH>-7, H-11/H-
12, CH2-15/CH2-16, H-18/CH2-19 va CH2-21/CH>-22. T cac dir liéu phé NMR thu
dugc cua MS1 va cac phan tich trén goi y hop chat MS1 1a mét triterpenoid c6 khung
oleanane tuong tu nhu hop chit da biét juglangenin A [127].
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Hinh 4.8. Phd HMBC cua hop chat MS1
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Hinh 4.9. Phé COSY cua hop chat MS1
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Hinh 4.10. C4c twong tac chinh trén phé HMBC va COSY cua hop chat MS1

Vi tri cua don vi duong dugc xac dinh dua trén phd HMBC gitta twong tac H-
1' ctia phan tir duong (du 4,31) véi C-3 (dc 85,3) cua phan oleanane aglycon, diéu nay
cho phép ta xac dinh vi tri ciia goc duong duge dinh tai C-3 (Hinh 4.10).

Bén canh d6 trén phd HMBC cho thay tuong tac gitta Me-23 (64 1,14) va Me-
24 (64 0,92) véi C-3 (oc 85,3), C-4 (&¢ 40,4), C-5 (o 45,9) chi ra rang hai nhom
methyl ndy dugc gan vao C-4. Tuong tac HMBC gitra proton cua nhom Me-25 (4
1,28) vé6i C-1 (6c 74,2), C-5 (6c 45,9), C-10 (6c 45,7), va C-9 (oc 151,5); gitra proton
cta nhom Me-26 (on 1,19) véi C-8 (oc 43,7), C-9 (oc 151,5) va C-14 (oc 42,1); gitra
proton cia nhom Me-27 (on 1,09) véi C-8 (¢ 43,7), C-13 (oc 149,1), C-14 (oc 42,1)
va C-15 (&c 26,8); gitra Me-28 (on 0,93) voi C-16 (oc 28,1), C-17 (oc 33,2), C-18
(& 47,1) va C-22 (&c 38,1) cho phép ta xac dinh vi tri cua bén nhom methyl duoc
dinh tryc tiép lan luot tai C-10, C-8, C-14 va C-17 ciia phan oleanane aglycon (Hinh 4.10).

Tuong tac gitra proton cia nhom Me-29 (o4 0,94) va Me-30 (on 0,90) voi C-
19 (& 48,1), C-20 (& 31,9) va C-21 (oc 35,6) va su twong tac 1an nhau cia 2 nhdm
methyl nay cho phép xac dinh vi tri cua hai nhém methyl dwoc gan tai C-20. Ngoai
ra, trén phd HMBC con quan sat duoc Sy tuong tac xa gitta H-11 (4 5,73), H-12 (84
5,60), Me-25 (S 1,26), Me-26 (81 1,19) d&én C-9 (8¢ 151,5), va tir H-11 (64 5,73) dén
C-13 (oc 149,1); C-10 (oc 45,7) cho phép xac dinh khung olean-9(11),12-diene cia MS1.

Céu hinh twong ddi ctia hop chat MS1 duoc xac dinh dua trén cac gia tri hang
s6 tuong tac va phd NOESY. Trén pho NOESY xuat hién tin hiéu tuong tac giita H-
1 (0w 4,17) va H-11 (dn 5,73)/Me-25 (0w 1,26), gitra Me-24 (dn 0,92) va Me-25 (H
1,26), tir d6 két luan H-1 dinh hudng B. Proton & vj tri C-3 dinh huéng a duoc xac
dinh bang tuong tac trén phd NOESY cua H-3 (01 3,69) va Me-23 (dn 1,14). Thém
nira, su phan tach cua H-1 (t, J = 3,0 Hz) va H-3 (dd, J = 4,8; 12,0 Hz) cang khéng
dinh rd nhdm hydroxy & C-1 va nhém O-glycoside & C-3 dinh hudng lan luot 1a o va
S. Phan tich cic tuong tac trén phdo NOESY ctua MS1 cho thiy twong tac gitta H.-
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3/H-3' va H-1' goi y proton tai vi tri C-1' dinh hudng a. Bén canh d6 khi so sanh do
dich chuyén héa hoc tai C-3 (dc 85,3) ciia MS1 (c6 su chuyén dich ra truong thap) so
Vvéi gia tri phd 3C NMR tai 73,0 (C-3) cua juglangenin A [127] cho thay sy phu hop
cuia nhdm O-glycoside & vj tri C-3 trong MS1. Tir nhitng thong tin trén cho thay cu
trdc hop chat MS1 tuong ty nhu juglangenin A, ngoai trir sy xuat hién caa mot don
vi duong trong MSL1 thay vi nhom OH ¢ C-3 trong juglangenin A.

7
[

# "X\ NOESY
Hinh 4.12. Cac twong tac NOESY chinh cta hop chat MS1
Tién hanh thay phan hop chat MS1 trong moéi truong HCI dé thu dugc dudng
don. Nhom duong trong MS1 dugc xac dinh la L-arabinose véi gbc quay cuc riéng
[0]*p = +10,2 (¢ 0,15, H20) pht hop véi gia tri goc quay cuc riéng cia duong L-
arabinose trén cac tai liéu da cong bd trudc d6 [125,126] va so sanh hé sé Ry trén ban
mong TLC cua duong L-arabinose chuan (gia tri Re = 0,53). Tur tt ca nhitng phan
tich dir liéu phd trén cho phép xac dinh dwoc cau trdc cua hop chat MS1 13 3-O-a-L-
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arabinopyranosyl juglangenin A, day la hop chat méi va duoc dit tén riéng la
myrsineoside A.

Bang 4.1. Sb liéu phé NMR cua MS1 va hop chat tham khao

onP® (dang tin

on®° (dang tin

#e d a,c #s d a,c
C | T Je higu, J = Hz) C Tt de higu, J = Hz)
1,09 (m)
1728 74,2 4,17 (t, 3,0) 19 | 46,7 | 48,1 172 (m)
2,04 (m)
2 | 31,7 332 222 (m) 20 i 31,1 | 31,9 -
. 1,15 (m)
3 | 730 | 853 3,69 (dd, 4,8;12,0) | 21 | 34,6 | 35,6 140 m)
1,31 (m)
4 | 390 | 404 - 22 137,01 381 1’52 (m)
5 1 443 459 1,49 (m) 23 28,7 | 28,7 1,14 (s)
1,59 (m)
6 | 174 | 185 170 (m) 24 | 156 | 16,9 0,92 (s)
1,40 (br. ddd, 2,4; 2,4,
7 1324 | 329 15,0) 25 | 257 | 26,4 1,26 (s)
1,76 (m)
8 | 425 | 43,7 - 26 | 21,0 | 21,9 1,19 (s)
9 |150,3 1515 - 27 1203 | 20,7 1,09 (s)
10 | 45,0 | 45,7 - 28 | 282 | 29,3 0,93 (s)
111 117,0 1183 5,73 (d, 6,0) 29 1 23,7 | 241 0,94 (s)
12 11199 | 121,7 5,60 (d, 6,0) 30 | 332 337 0,90 (s)
13 1149,0 | 149,1 - Ara
141 40,7 42,1 - 1 1074 4,31 (d, 6,6)
1,09 (m) .
15| 256 | 26,8 192 (m) 2 72,9 | 3,58 (dd, 6,6, 8,4)
0,91 (m) ,
16 | 27,0 | 28,1 2,06 (m) 3 74,4 3,52 (m)
171322 | 33,3 - 4 69,6 3,82 (m)
18| 458 | 47,1 2,19 (m) 5 66,5 | >04(dd,30;122)

3,86 (dd, 2,5; 12,2

N—r

3150MHz, °600 MHz, °CD30D, 9100 MHz, #dc: Sé liéu cua juglangenin A do trong
CDCls [125]
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4.1.1.2. Hop chat MS2: Myrsineoside B (3-O-a-L-arabinopyranosyl castanopsol) (chdt méi)

300 29

MS2 Castanopsol
Hinh 4.13. Cau trdc héa hoc hop chat MS2 va hop chat tham khao
Hop chat MS2 thu dugc dudi dang bot vo dinh hinh, mau tring vai goc quay
cuc riéng [a]o? +43,0 (c 0,77, MeOH).

Spectrum from 20240301 h.wiff2 (sample 6) - M56.7, Experiment 1, +IDA TOF MS (20 - 4500) from 0.456 min
5074125

Sed

fied

ded

Intensity, epx

5984139

led 592 4560 ;"99_-1180
593 4503
i

\ 600.4185

| il Ii

565 570 575 580 385 390 593 600 605 610 615 620 625 630
Mass/Charge, Da

Hinh 4.14. Phé HR-ESI-MS cua hop chat MS2

100
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787.60cm-1

90 659.42cm-1

88) 1654.19cm-1

%T

259.60cm-1

867

1168. 27/

1141.69cn}-1 | 992.73cm-1

847 1463.24cm-1 | 136317

1380.43cm-1

827

3421.91cm-1 267463

/ 1062.31

1083.58cm-1

801

784 2947.36cm-1

76 T T T T T T ——
4000 3500 3000 2500 2000 1500 1000 500 400
cm-1

Hinh 4.15. Phé IR caa hop chat MS2
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Trén phd khéi phan giai cao HR-ESI-MS xuat hién pic ion gia phan tir tai m/z
597,4125 [M+Na]*, (Tinh toan ly thuyét cho cong thirc phan tir CasHssOsNa*, m/z
597,4125) cho phép xac dinh dugc cdng thirc phan tir cia MS2 l1a CssHsgOs (V61 d6
bat bdo hoa A = 7). Trén phé hong ngoai cia MS2 cho thay tin hiéu cua lién két d6i
(1654 cm*l) va nhém hydroxyl (3421 cm- 1)

Hinh 4.16. Ph6 *H NMR cua hop chat MS2

Gidng véi hop chat MS1, trén pho 'H NMR caa MS2 ciing xuét hién cac tin
hiéu singlet cua tam nhom methyl tai on 0,87 (3H, s, H-28), 0,88 (3H, s, H-24), 0,89
(3H, s, H-30), 0,91 (3H, s, H-29), 1,00 (3H, s, H-25), 1,04 (3H, s, H-26), 1,10 (3H, s,
H-23) va 1,22 (3H, s, H-27). Tin hiéu caa mot proton olefin xuét hién tai on 5,21 (1H,
t, J = 3,6 Hz, H-12). Tin hiéu cua hai proton oxymethine cia MS2 dugc xac dinh tai
on 3,56 (1H,t,J=2,4 Hz, H-1) va 3,67 (1H, t, J = 8,4 Hz, H-3) va cé su xuét hién tin
hiéu chong chéo ¢ ving aliphatic (J4 3,53 — 3,85 ppm). Ngoai ra, con co sy Xuat hién
tin hiéu cua mot proton anomer tai on 4,32 (1H, d, J = 6,6 Hz, H-1"), cung 5 tin hiéu
khac cua mot géc duong tai on 3,53 (1H, m, H-3"), 3,54 (1H, dd, J = 3,0; 12,0 Hz, Ha
-5Y, 3,58 (1H, dd, J = 6,6; 8,4 Hz, H-2"), 3,82 (1H, m, H-4"), va 3,85 (1H, dd, J = 3,6;
12,0 Hz, Hy-5"). Tir céc dix lidu trén cing véi cc gid tri cua cac hang sé twong tac J
(Jr2= 6,6 Hz, J23 = 8,4 Hz) twong tu nhu gbc dudng trong MS1 cho phép du doan
trong MS2 c6 mit mot goc duong a-arabinose. Khéc véi chat MS1, trén phd MS2
thiy mat di tin hiéu ctia 1 méot proton olefin, diéu nay ciing duoc khang dinh trén phé
13C NMR cua MS2.
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Hinh 4.18. Pho DEPT cua hop chat MS2

Phan tich phd 3C NMR va DEPT véi su hd tro caa trong tac HSQC cua MS2
cho thay sy xuat hién tin hiéu caa 35 nguyén tir carbon, trong d6 30 tin hiéu duoc géan
cho phan aglycone va 5 tin hiéu cho thanh phan duong dwoc tao thanh tir mét géc
duong pentose bao gdom tin hiéu cua tim nhém methyl, chin nhém methylene, mét
nhdm oxymethylene tai éc 66,3 (C-5'), mot nhdm methine sp?, chin nhém methine
spq, va bay tin hiéu carbon khong lién két truc tiép véi hydro. So sénh véi céc di lidu
phd cia MS1 va MS2 cho thay su gan giéng nhau ¢ hau hét cac vi tri. Piém khac
nhau duy nhat cua hai hop chat nay 1a tai cac vi tri C-9 va C-11. Trén pho NMR cua
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MS2 thay mat di tin hiéu caa mot nhém methine sp? va mot carbon khéng lién két
tryc tiép voi hydro, thay vao d6 1a mot nhdm methylene va mot nhém methine sp®
chang to MS2 khéng c6 lién két d6i tai vi tri C-9/C-11.
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Hinh 4.19. Phd HSQC cua hop chat MS2
Cac lién két truc tiép gitra cac proton va carbon cua MS2 duoc xac dinh dua
trén viéc phan tich phoé HSQC.
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Hinh 4.20. Phé HMBC cua hop chat MS2
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Hinh 4.21. Phé COSY cua hop chat MS2

Trén phé COSY cuia MS2 quan sat thay su hién dién cua bay hé tuong tac spin
— spin caa cac proton canh nhau dugc ddnh dau bang cac dudong dam trong hinh 4.23
(H-1'/H-2'/H-3'/H-4'/CH>-5', H-1/CH2-2/H-3, H-5/CH2-6/CH,-7, H-9/CH»-11/H-12,
CHa-15/CH2-16, H-18/CH,-19 va CH2-21/CH>-22). Tir cac dit lieu phé NMR thu
dugc cia MS2 va cac phan tich trén goi y hop chat MS2 1a mét triterpenoid cé khung
oleanane tuong ty nhu castanopsol [128]. Vi tri cua goc dudng duoc xac dinh dua
trén pho6 HMBC giira twong tac H-1' caa géc duong (0n 4,32, J = 6,6 Hz) véi C-3 (dc
85,6) cua phan oleanane aglycon, diéu nay cho phép xéac dinh vi tri ciia goc duong
duogc dinh truc tiép tai vi tri C-3 (Hinh 4.23).

Bén canh d6 trén phd HMBC cho thay tuong tac gitta Me-23 (d41,10) va Me-
24 (n 0,88) voi C-3 (& 85,6), C-4 (&c 40,2) chi ra rang hai nhém methyl nay duoc
lién két véi C-4. Twong tac HMBC giita Me-25 (84 1,00) voi C-1 (& 73,1), C-10 (&
41,7), va C-9 (&c 39,2); gitra Me-26 (on 1,04) véi C-7 (& 33,4), C-8 (oc 40,8), C-9
(oc 39,2) va C-14 (oc 43,3); gitta Me-27 (o1 1,22) véi C-13 (oc 146,1); gitra Me-28
(o1 0,87) voi C-16 (oc 28,1), C-17 (oc 33,6) va C-18 (oc 48,6) cho phép xac dinh vi
tri cuia bdn nhém methyl duoc dinh tryc tiép lan luot tai C-10, C-8, C-14 va C-17 cua
phan oleanane aglycon (Hinh 4.23). Tuong tac giita Me-29 (4 0,91) va Me-30 (4
0,89) véi C-19 (&c 48,2), C-20 (oc 31,9), C-21 (&c 35,8) va su tuong tac 1an nhau cua
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chung cho phép xac dinh vi tri cia hai nhém methyl duoc gin tai C-20. Ngoai ra, trén
phd HMBC con quan sat dwoc su tuong tac gitta H-11 (84 1,94), H-12 (4 5,21), Me-
25 (84 1,00), Me-26 (S 1,04) dén C-9 (& 39,2), va tir H-11 (S 1,94) va Me-27 (5
1,22) dén C-13 (&c 146,1) cho thay khung olean-12-ene cia MS2 tuong tu nhu MS1.

ol L

- -

' - : 2

; I
4 : +* -+
2.0 % . i
i
R -~

OH

X\ HMBC #~"A NOESY
Hinh 4.23. Cac twong tac chinh HMBC, COSY va NOESY cua hop chat MS2
Bang viéc quan séat tuong tac trén pho NOESY cua H-3 (du 3,67) va H-5 (1
1,26)/H-23 (5w 1,10), cau hinh cta proton & vi tri C-3 va C-5 cia MS2 ciing duoc Xac
dinh 1a cau hinh o gidng vi MS1. Bén canh d6 phd NOESY xuét hién tin hiéu twong
tac gitra H-1 (on 3,56) va H-25 (0w 1,00), gitra H-24 (Jn 0,88) va H-25 (on 1,00), tur
d6 két luan cau hinh g cho H-1.
Phén tich cac twong tac trén phd NOESY cua MS2 cho thiy tuong tac gitra
H.-3 va H-1' twong tu nhu MS1 goi y cho ta cau hinh a cua proton tai vi tri C-1'.
Ngoai ra, su tuong tac gitra Me-27 (on 1,22)/H-9 (61 2,45) va su tuong tac gitra H-18
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(on 2,0)/Me-28 (du 0,87) va H-12 (du 5,21) cho thay proton & C-9 ¢6 cau hinh a,
proton & C-18 ¢6 cau hinh 4. Tir nhirng thdng tin trén cho thiy cau tric phan aglycon
cua hop chit MS2 tuong tu nhu castanopsol.

Tién hanh thay phan hop chit MS2 trong mdi trudng acid HCI dé thu dwoc
duong don. Nhém duong trong MS2 duoc xac dinh la L-arabinose vai goc quay cuc
riéng [o]?*p = +102 (c 0,1, H20) va hé sé Rs = 0,53 phul hop véi gia tri do quay cuc
riéng cua dudng L-arabinose di cong bd trude d6 va so sanh hé sé Ry trén ban mong
TLC cua duong L-arabinose chuan. Tir tit ca nhitng phan tich di liéu phé trén cho
phép xac dinh dugc hop chat MS2 1a 3-O-a-L-arabinopyranosyl castanopsol, day la
hop chat méi va duoc dit tén riéng 12 myrsineoside B.

Bang 4.2. S6 lieu phd NMR cua MS2 va hop chat tham khao

onP° (dang tin onPC (dang tin
# a,c a,c . # a,c a,c .
€% o higu, J = Hz) C o™ de higu, J = Hz)
1,02 (m)
1742 | 73,1 3,56 (m) 19 | 48,1 | 48,2 176 (t, 13,2)
2 | 332 | 34,3 2,04 (dd, 3,0;84) | 20 { 319 31,9 -
1,13 (m)
3 | 853 | 856 3,67 (t, 8,4) 21 { 35,6 | 35,8 1,42 (td, 3,6, 13,2)
1,26 (m)
4 40,4 | 40,2 - 22 1 38,1 38,3 1,46 (m)
5459 | 494 1,26 (m) 237 28,7 | 285 1,10 ()
1,51 (m)
6 | 185 | 19,2 1,61 (m) 24 1 16,9 | 16,8 0,88 (s)
1,34 (m)
7 32,9 | 334 157 (m) 25 | 26,4 | 16,9 1,00 (s)
8 | 437 | 40,8 . 26 21,9 | 176 1,04 (s)
9 | 151,5 | 39,2 2,45 (t, 8,4) 27 20,7 | 26,6 1,22 ()
10| 457 | 417 - 28293 | 289 0,87 (3)
1171183 24,1 1,94 (dd,3,6:9,0) | 29 | 24,1 | 241 0,91 (s)
121217 1234 521 (t, 3.6) 30 33,7 | 33.8 0,89 (s)
13 1 149,1 : 146,1 - Ara
14 ¢ 42,1 | 43,3 - 1' 1107,4: 107,2 4,32 (d, 6,6)
1,00 (m) , _
154 26,8 | 27,4 1,85 (m) 2' 1729 72,9 | 3,58 (dd, 6,6; 8,4)
0,83 (m) ,
16 | 28,1 { 28,1 2,08 (m) 3 1744} 74,3 3,53 (m)
17 | 33,3 | 33,6 - 4'" 1 69,6 695 3,82 (m)
, 3,54 (dd, 3,0; 12,0)
18 1 47,1 | 48,6 2,00 (dd, 4,2,13,8) | 5' { 66,5 | 66,3 3.85 (dd, 3.6: 12.0)

4150MHz, °600 MHz, °CD30D, #dc ciia MS1 do trong CD30D
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4.1.1.3. Hop chat MS3: Myrsineoside C (3-O--D-xylopyranosyl castanopsol) (chat méi)

HO

HO )
3 2

Hinh 4.24. Cau trac hoa hoc cua hop chat MS3
Hop chat MS3 thu duoc dudi dang chat bt mau tring, géc quay cuc riéng la
[a]o2: - 61,6 (c 0,15, MeOH).
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Hinh 4.25. Phé HR-ESI-MS cua hop chat MS3
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Hinh 4.26. Phé IR cua hop chat MS3
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Trén pho khéi luong phan giai cao HR-ESI-MS xuat hién pic ion gia phan tu
tai m/z 597,4126 [M+Na]* (Tinh toan ly thuyét cho cong thtrc phan tir CasHssOsNa®,
m/z 597,4125 cho phép xac dinh dugc cdng thic phan tr cuia MS3 1a CzsHss06 VG
d6 bat bdo hoa A = 7). Trén pho hong ngoai caa MS3 cho thay su xuat hién tin hiéu
lien két dbi trong vong (1654 cm1) va nhom hydroxyl (3424 cm™).

NS O oo ®O

Hinh 4.27. Pho *H NMR cua hop chat MS3

Tuong ty nhu hop chat MS2, trén pho *H NMR cia MS3 xuét hién cac tin
hiéu singlet cua tam nhom methyl tai on 0,87 (3H, s, H-28), 0,88 (3H, s, H-24), 0,89
(3H, s, H-30), 0,91 (3H, s, H-29), 1,00 (3H, s, H-25), 1,03 (3H, s, H-26), 1,10 (3H, s,
H-23) va 1,22 (3H, s, H-27) va tin hiéu cua mot proton olefin tai on 5,21 (1H,t, J =
3,6 Hz, H-12).

Tin hiéu cua hai proton oxymethine dugc xac dinh tai on 3,55 (1H,t,J =24
Hz, H-1) va 3,66 (1H, dd, J = 5,4; 10,8 Hz, H-3) va c6 su xuat hién tin hiéu chong
chéo ¢ viing aliphatic (Jn 3,18 — 3,83 ppm). Ngoai ra, con cd su xuat hién tin hiéu cua
mot proton anomer tai on 4,31 (1H, d, J = 7,8 Hz, H-1") cung 5 tin hiéu khac caa mot
gdc duong tai on 3,18 (1H, m, H-2Y), 3,20 (1H, dd, J = 1,2; 6,6 Hz, Ha-5'), 3,31 (1H,
t, J=9,0 Hz, H-3), 3,47 (1H, m, H-4"), va 3,83 (1H, dd, J = 5,4; 12,0 Hz, Hy-5'). Tix
c4c dir liéu trén cing véi gia tri cua cac hang s tuong tac J (Jr2 = 7,8 Hz, J3.4 = 9,0
Hz) c6 thé du doan su c6 mat cua mot don vi duong S-xylopyranose [129].
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Hinh 4.28. Ph6 3C NMR cua hop chat MS3
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Hinh 4.29. Ph6 DEPT cua hop chat MS3
Phan tich phé 3C NMR va DEPT véi su hd tro cua twong tac HSQC cho thiy
35 tin hiéu carbon trong d6 30 tin hiéu dugc gan cho phan aglycone (gdm tam tin hiéu
cta nhom methyl, muai tin higéu nhdm methylene véi mot nhém methylene dinh tryc
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tiép vai oxi tai dc 66,7 (C-5'), mudi nhdm methine cong huong trong ving tir 39,2
dén 123,4 ppm, va bay tin hiéu carbon khong lién két hydro) va nam tin hiéu cua mot
don vi dudng. So sanh véi céc dir liéu phd cua MS2 cho thy su giéng nhau & hau
hét céc vi tri, ngoai trir cac tin hiéu cua vang dudng gitta hai hop chat MS2 va MS3.
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Hinh 4.30. Phd HSQC cua hop chat MS3
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Hinh 4.31. Phé HMBC cua hop chat MS3
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Trén phd COSY cua MS3 ciing quan sat thay su hién dién cua bay hé twong
tac spin — spin cua cé&c proton canh nhau dwgc danh dau bang cac dudng dam trong
hinh 4.34 (H-1'/H-2'/H-3'/H-4'/CH,-5', H-1/CH>-2/H-3, H-5/CH2-6/CH>-7, H-9/CH-
11/H-12, CH2-15/CH>-16, H-18/CH»-19 va CH»>-21/CH,-22) twong tu nhu MS2. Tu
cac dir liéu phd NMR thu duoc cia MS3 va cac phan tich trén goi y hop chat MS3 1a
mét triterpenoid cé khung oleanane, 1a dong phan caa MS2.
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Hinh 4.32. Pho COSY cua hop chat MS3

Vi tri cua goc dudng duoc xac dinh lién két vai phan aglycon tai C-3 dua trén
twong tic HMBC ctia H-1' (0n 4,31, J = 7,8 Hz) véi C-3 (dc 85,6) (Hinh 4.34). Bén
canh d6 trén phdé HMBC cho thay tuong tac gitra Me-23 (64 1,10) va Me-24 (84 0,88)
v6i C-3 (& 85,6), C-4 (&c 40,2) chi ra rang hai nhém methyl nay lién két voi C-4.
Tuong tic HMBC giita Me-25 (84 0,99) v6i C-1 (& 73,1), C-10 (& 41,7), va C-9 (&
39,2): gitta Me-26 (&4 1,03) véi C-7 (& 33,4), C-8 (& 40,8), C-9 (& 39,2), C-10
(& 41,7), va C-14 (& 43,4); giita Me-27 (o4 1,22) véi C-8 (& 40,8), C-14 (& 43,4)
va C-15 (& 27,4): giita Me-28 (on 0,87) véi C-16 (& 28,1), C-17 (& 33,6), C-18
(& 48,6) va C-22 (&c 38,3) ciing duoc quan sat thdy cho phép xac dinh vi tri cua bon
nhém methyl dugc dinh 1an luot tai C-10, C-8, C-14 va C-17 cua khung oleanane
(Hinh 4.34). Tuong tac giita Me-29 (S 0,91) va Me-30 (n 0,89) véi C-19 (& 48,2),
C-20 (¢ 31,9) va sy tuong tac 1an nhau cua chiing cho phép xac dinh vi tri cua hai
nhom methyl nay lién két véi C-20. Ngoai ra, trén phé HMBC con quan sat dugc
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tuong tac gitra H-11 (64 1,93), H-12 (84 5,21), Me-25 (54 0,99), Me-26 (S 1,03) Voi
C-9 (6c39,2), va H-11 (o1 1,93)/Me-27 (84 1,22) véi C-8 (S 40,8), C-13 (& 146,2)
cho thay céu triic khung olean-12-ene cua MS3.
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Hinh 4.34. Céc twong tac chinh HMBC, COSY va NOESY cua hop chat MS3
Cau hinh a cua proton & vi tri C-3 va C-5 dugc xac dinh bang twong tac trén
phd NOESY cua H-3 (du 3,66) va H-5 (n 1,26)/Me-23 (dn 1,10). Bén canh d6 pho
NOESY xuét hién tin hiéu tuong tac giita H-1 (dn 3,0) va H-11 (6n 1,93)/Me-25 (1
0,99), giita Me-24 (d1 0,88) va Me-25 (51 0,99), tir d6 két luan cau hinh g cho H-1.
Thém nira, sy phan tach cua H-1 (t, J = 2,4 Hz) va H-3 (dd, J = 5,4; 10,8 Hz) cang
khang dinh r& nhém hydroxy ¢ C-1 va nhém O-glycoside & C-3 ¢6 cau hinh tuong
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g 12 & v B. Phan tich cac tuong tac trén phd NOESY cua MS3 cho thiy tuong tac
gitta H.-3 va H-1' goi ¥ cau hinh o caa proton tai vi tri C-1'. Ngoai ra, su tuong tac
gitta Me-27 (61 1,22)/H-9 (0 2,44) va H-18 (du 2,00)/Me-28 (dn 0,87) va H-12 (Jn
5,21) cho thiy proton & C-9 va C-18 lan luot ¢6 cau hinh « va A. Tt nhitng théng tin
trén cho thay céu tric hop chat MS3 tuong ty nhuw MS2, chi khac don vi dudng trong
MS3 la xylose.

Bang 4.3. Sb liéu phé NMR cua hop chit MS3 va hop chat tham khao

onPC (dang tin onPC (dang tin
#5_a.c a,c “ #5 _4a.c a,c g
C| " oc higu, J = Hz) C |70 dc higu, J = Hz)
1,03 (m)
1731731 3,55 (t, 2,4) 19 : 48,2 | 48,2 176 (t, 13.2)
2 1 343 | 343 2,00 (m) 201319 319 -
3 | 856 | 85,6 3,66 (dd, 5,4; 10,8) | 21 | 35,8 | 358 | 1,14 (m), 1,41 (m)
4 | 40,2 | 40,2 - 22 38,3 38,3 1,26 (m), 1,47 (m)
5 1494 | 494 1,26 (m) 23 1285 | 284 1,10 (s)
1,51 (m)
6 | 19,2 | 19,2 1.60 (m) 24 | 16,8 | 16,8 0,88 (s)
1,33 (m)
7 334 {334 1,56 (m) 251 16,9 | 16,9 0,99 (s)
8 | 40,8 | 40,8 - 26 | 176 | 17,6 1,03 (s)
9 | 39,2 | 39,2 2,44 (t, 9,0) 27 1 26,6 | 26,6 1,22 (s)
10 | 41,7 | 41,7 - 28 1289 28,9 0,87 (s)
11 241 | 241 1,93 (dd, 3,6;9,0) | 29 | 241 24,1 0,91 (s)
12 11234 | 123,4 5,21 (t, 3,6) 30 { 33,8 | 33,8 0,89 (s)
13 | 146,1 | 146,2 - Ara | Xyl
14 | 43,3 | 43,4 - 1' 1107,2 107,6 4,31 (d, 7,8)
1,03 (m) ,
151 274 | 274 1,84 (m) 2" 17291 755 3,18 (m)
0,84 (m) ,
16 | 28,1 | 28,1 2.08 (m) 31743 781 3,31 (t,9,0)
17 | 336 | 33,6 - 4" 1695 71,3 3,47 (m)
, 3,83 (dd, 5,4; 12,0)
18 | 48,6 | 48,6 2,00 (m) 5" 166,3 ! 66,7 3.20 (dd, 5,4 12.0)

4150MHz, °600 MHz, °CD30D, #dc ciia MS2 do trong CD3OD

Tién hanh thay phan hop chit MS3 trong mai truong acid HCI dé thu dugc
duong don. Nhom duong trong MS3 duoc xac dinh la D-xylose véi goc quay cuc
riéng [o]**p = +18,8 (¢ 0,15, H,0) va R¢ = 0,66 phu hop véi gia tri goc quay cuc riéng
cua duong D-xylose di cong bd trude d6 va so sanh hé s6 R trén ban mong TLC cua
duong D-xylose chuan [129]. Két hop so sanh di liéu phd cua MS3 véi hop chat
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MS2 cho thay su trong dong & hau hét c4c vi tri ngoai trir duong don lién két vai oxy
tai vi tri C-3 trong hop chit MS3 khac véi duong trong MS2. Tir tat ca nhitng phan
tich di liéu phé trén cho phép xac dinh duoc hop chat MS3 1a 3-0-8-D-xylopyranosyl
castanopsol, day 12 hop chat moi va duoc dat tén riéng 1a myrsineoside C.

4.1.1.4. Hop chat MS4: Lupeol acetate

Hinh 4.35. Cau trdc hoa hoc va cac twong tac chinh trén pho HMBC, COSY cua
hop chat MS4

Hop chat MS4 thu duoc dudi dang chat bot mau trang. Trén phd *H NMR cua
hop chat xuat hién tin hiéu caa tim nhom methyl tai on 0,79 (3H, s, H-28), 0,84 (3H,
s, H-23), 0,85 (3H, s, H-25), 0,86 (3H, s, H-24), 0,94 (3H, s, H-27), 1,03 (3H, s, H-
26), 1,68 (3H, s, H-30), 2,04 (3H, s, CH3-CO-), cung tin hiéu caa mot nhom
methylene sp? tai on 4,68 (1H, d, J = 2,4 Hz, Ha-29) va on 4,57 (1H, J = 2,4 Hz, Hp-
29) dic trung cho lién két d6i ngoai vong. Bén canh d6 con xuét hién tin hiéu caa mot
proton oxymethine tai on 4,49 (1H, m, H-3).

Pho 13C NMR va pho DEPT cuia hop chat MS4 cho thay tin hiéu cia 32 nguyén
tr carbon (gém tam nhom methyl trong d6 c6 mot nhém methyl lién két vai nhom
carboxyl (dc 171,0), mudi nhom methylene, bay nhdm methine va sau carbon khéng
lien két hydro) dic trung cho mot hop chat triterpenoid ¢ khung lupane. Do chuyén
dich héa hoc ctia C-3 (dc 81,0) goi ¥ su lién két cua carbon C-3 véi nguyén tir oxy.
Vi nhitng phan tich nay goi y MS4 1a mét hop chat triterpenoid khung lupane. Trén
phd COSY cuia MS4 xuat hién bén hé twong tac spin-spin cua cac proton lién ké bao
gém: H-1/H-2/H-3, H-5/H-6/H-7, H-9/H-11/H-12/H-13/H-18/H-19/H-21/H-22, H-
15/H-16 duoc biéu dién trén hinh 4.35. Trén phé HMBC cua MS4, tuong tac giita
Me-23 (Jn 0,84) va Me-24 (o1 0,86) véi C-4 (5¢c 37,8), C-5 (dc 55,4) chi ra rang hai
nhoém methyl nay gin vao C-4. Tuong tic HMBC giita Me-25 (S 0,85) véi C-5 (&¢
55,4), C-10 (oc 37,1) va C-9 (oc 50,4); gitra Me-26 (on 1,03) véi C-7 (oc 34,3) va C-
8 (oc 40,9); gitta Me-27 (61 0,94) véi C-8 (oc 40,9), C-13 (oc 38,1) va C-15 (oc 38,4);
gitra Me-28 (61 0,79) v6i C-16 (oc 27,5), C-17 (¢ 43,0) va C-18 (¢ 48,3) cho phép
ta xac dinh vi trf caa bén nhém methyl duge dinh truc tiép lan luot tai C-10, C-8, C-
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14 va C-17 cua khung lupane. Tuong tac gitta H-29 (on 4,68; 4,57) va Me-30 (o
1,68) vé&i C-19 (& 48,0), C-20 (&c 150,9) va su tuong tac 1an nhau cuaa ching cho
phép xéc dinh vi tri caa nhom methyl va nhém methylene sp? duoc gan tai C-20. Tt
tat ca phan tich trén két hop so sénh véi tai liéu tham khao [130] thi cAu trdc cua hop
chat MS4 duoc xac dinh 14 lupeol acetate, hop chat nay di duoc cong bd trude day
tu loai C. bonducella.
Bang 4.4. Sb liéu phd NMR cua hop chat MS4 va chat tham khao

C #5Ca,c ocaC 5Hb,c (di,lng C #éca,c ocdC §Hb,c (d@ng
tin higu, J = tin higu, J =
Hz) Hz)
1 | 384 {400 1,19(m) 17 431 | 43,0
1,36 (M)
2 23,7 | 23,7 1,66 (m) 18 48,1 | 48,0
3 | 810 81,0 449 (m) 19 483 | 48,3 2,38 (m)
4 378 {378 20 152,1} 150,9
5 55,4 | 554 21 30,1 | 299 1,92 (m)
1,35 (M)
6 | 182 182 1,39 (m) 22 | 40,0 | 384 0,99 (m)
1,41 (M) 1,62 (M)
7 | 343 13437 1.39(m) 23 280 | 27,9 0,84 (s)
8 | 40,9 | 40,9 24 16,5 | 16,5 0,86 (5)
9 | 505 | 504 1,29(m) 25 16,2 | 16,2 0,85 (s)
10 | 371 | 371 26 16,0 | 16,0 1,03 (s)
11 © 21,0 209 1,21(m) 27 145 | 145 0,94 (s)
1,40 (m)
12 | 251 | 25,1 28 18,1 | 18,2 0,79 (s)
13 { 38,1 {381 29 109,5{ 109,4 | 4,68 (d, 2,4)
4,57 (d, 2,4)
14 | 42,9 | 42,9 30 19,3 | 19,3 1,68 (5)
15§ 275 275 1,67 (m) a 170,8 i 1710
1,06 (m) | (C=0)
16 | 357 (356, 146(m) b 213 | 213 2,04 (s)
1,35(m) | (CHs-
CO-)

3150MHz, P600 MHz, °CDCls, *chat lupeol acetate do trong CDCl3 [130].
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4.1.1.5. Hop chat MS5: Taraxerone

24 23
Hinh 4.36. C4u trdc hoa hoc cua hop chat MS5

Hop chat MS5 thu dugc dudi dang chat bot mau trang. Trén phd *H NMR cua
MS5 xuat hién cac tin hiéu singlet caa tdm nhém methyl tai 5w 0,83 (3H, s, H-28),
0,91 (3H, s, H-29), 0,92 (3H, s, H-27), 0,96 (3H, s, H-30), 1,07 (3H, s, H-24), 1,08 (3H, s,
H-23), 1,09 (3H, s, H-25), 1,14 (3H, s, H-26), cung tin hiéu cia mot proton olefin tai o
5,57 (1H, dd, J = 3,0; 8,4 Hz, H-15), va céc tin hiéu proton khac & vung aliphatic.

Bang 4.5. S6 liéu phd NMR cua hop chat MS5 va hop chat tham khao

C #oc? ocP oH° (dang tin C #oc? oc® | on° (dang tin
hiéu, J = Hz) hiéu, J = Hz)

1 38,3 38,4 1,89 (m) 16 36,6 | 36,7 2,09 (m)
1,61 (m) 1,85 (m)

2 34,1 34,1 2,57 (m) 17 | 37,5 37,6 -
2,35 (m)

3 {2175 2175 - 18 | 48,8 48,8 -

4 47,6 47,6 - 19 | 40,6 40,6 -

5 55,7 55,8 11,91(dd, 3,0;15,0) | 20 | 28,7 28,8 -

6 19,9 19,9 1,69 (m) 21 | 335 33,6 -
1,59 (m)

7 35,1 35,1 1,67 (m) 22 | 33,1 33,1 -
1,58 (m)

8 38,8 38,9 - 23 | 26,1 26,1 1,08 (s)

9 48,7 48,7 1,68 (m) 24 | 21,3 21,5 1,07 (s)

10 | 35,7 35,8 - 25 | 14,8 14,8 1,09 (s)

11 | 174 17,4 1,66 (m) 26 | 29,8 29,9 1,14 (s)
1,57 (m)

12 | 37,6 37,7 1,66 (m) 27 | 255 25,6 0,92 (s)
1,56 (m)

13 | 37,7 37,8 - 28 | 29,9 29,8 0,83 (s)

14 | 157,6 | 157,6 - 29 | 33,3 33,4 0,91 (s)

15 | 117,12 | 117,2 | 557 (dd, 3,0;8,4) | 30 | 21,4 21,4 0,96 (s)

3125 MHz, ®150MHz, °600 MHz, *dc cuia hop chat taraxerone do trong CDCl3 [131]
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Trén phd 3C-NMR cua hop chit MS5 thu dwogc tin hiéu cua 30 nguyén tir
carbon phtl hop véi mot triterpenoid gom tam nhém methyl, mudi nhdm methylene,
bdn nhom methine (trong d6 c6 mot nhdm methine sp?) va tdm carbon khéng lién két
tryc tiép véi hydro (trong dé c6 mot nhém carbonyl tai dc 217,5 (C-3) va mot carbon
bac bén sp? tai dc 157,6). Phan tich phd *H NMR va 3CNMR cua hop chat MS5, két
hop V&i viéc so sanh céc dir liéu phd di cong bd cua hop chit taraxerone [131] thiy
su phi hop & tat ca cac vi tri. Nhu vay c6 thé két luan duoc MS5 12 taraxerone.

4.1.1.6. Hop chat MS6: Kazinol B

HO\EiOJ \\
4a

Hinh 4.37. Cau trlc hoa hoc cua hop chat MS6

Hop chat MS6 thu dugc dudi dang chat bot vo dinh hinh mau vang, goc quay
cuc [a]®p = -18 (¢ 0,21 CHCI3). Pho *H NMR cuia hop chat MS6 cho thay sy xuat
hién cac tin hiéu proton cia mét vong thom hé tuong tac spin — spin ABX tai on 6,38
(1H, br. d, J = 8,4 Hz, H-6), 6,39 (1H, s, H-8), 6,95 (1H, d, J = 8,4 Hz, H-5), mot
proton vong thom singlet taidn 6,73 (1H, s, H-6")], hai nhém methine sp? tai v 6,31
(1H, d, J= 9,6 Hz, H-14), 5,58 (1H, d, J= 9,6 Hz, H-15), mdt nhdm oxymethine sp?
tai on 5,09 (1H, dd, J=1,8; 9,6 Hz, H-2), mot nhom prenyl cé chura lién két doi dang
(-CH=C<) tai [0n 5,14 (1H, t, J = 7,2 Hz, H-10), 3,43 (2H, m), 1,72 (3H, s, H-12),
1,68 (3H, s, H-13)], hai nhdm methyl singlet tai on 1,44 (3H, s), 1,47 (3H, s) va cac
tuong tac proton con lai & ving aliphatic on 2,02 — 2,74. Phan tich pho 1D-NMR cua
hop chat MS6 két hop vai phd HSQC cho thay hop chat MS6 c6 25 carbon, bao gom:
bdn nhém methyl tai dc 17,9 (C-13), 25,7 (C-12), 28,1 (C-17), 28,3 (C-18); ba nhom
methylene sp® tai dc 24,8 (C-3), 29,8 (C-4), 25,3 (C-9); mot nhém methine sp® tai dc
74,7 (C-2); bay nhém methine sp? tai c 130,2 (C-5), 107,8 (C-6), 103,6 (C-8), 122,2
(C-10), 114,9 (C-14), 129,9 (C-15), 122,8 (C-6"); va 10 carbon khéng lién két véi
hydro tai dc 114,3 (C-4a), 154,7 (C-7), 156,4 (C-8a), 132,1 (C-11), 77,4 (C-16), 131,6
(C-1Y), 125,7 (C-2"), 142,1 (C-3'), 138,6 (C-4"), 118,9 (C-5'), 122,8 (C-6"). B chuyén
dich hoa hoc cua C-2, C-7, C-3', C-4' chitng to cac carbon nay duogc lién két voi
nguyeén tir oxy. Tir cac phan tich trén cho thiy MS6 1a mot hop chét flavan.




81

Bang 4.6. Sb liéu phé NMR cua hop chit MS6 va hop chat tham khao

C *oc 03¢ orPC (dang tin hiéu, J = Hz)

2 75,1 74,7 5,09 (dd, 1,8; 9,6)

3 25,1 24,8 2,02 (m)
2,12 (m)

4 30,2 29,8 2,89 (m)
2,74 (m)

4a 114,7 114,3 -

5 130.3 130,2 6,95 (d. 8.4)

6 108,2 1078 6,38 (br. d, 8,4)

7 155,2 154,7 -

8 104.0 103,6 6,39 (5)

8a 156,8 156,4 -

9 25,7 25,3 3,43 (M)

10 1232 1222 5,14 (t, 7,2)

11 132,5 132,1 -

12 261 25,7 1,72 ()

13 18,3 17,9 1,68 ()

14 115.4 114.9 6,31 (d, 9.6)

15 130,6 129,9 5,58 (d, 9,6)

16 77,4 77,4 -

17 285 28,1 1,44 (s)

18 28,7 28,3 1,47 (3)

1 132,0 131,6 -

2' 126,1 125,7 -

3 142,6 142,2 -

4' 139,0 138,6 -

5' 119,3 118,9 -

6 122,6 122.8 6,73 (5)

2150 MHz, °600 MHz, °CDCls, *dc ciia kazinol B do trong CDCl3[132]

Trén phd COSY cua MS6 thé hién su ¢6 mit caa bén hé tuong tac spin-spin,
bao gém: H-2/H-3/H-4, H-5/H-6, H-9/H-10, H-14/H-15. Trén phé HMBC ciia hop
chat MS6, vi tri ciia nhém isoprenyl dugc gin & C-2' trén co sd ¢6 twong tic HMBC
gitta H-9 (dn 3,44) va H-10 (6w 5,14) vé6i C-2' (dc 125,7). Trén phdé HMBC ciing cho
thiy twong tac ciia Me-17 (0w 1,44) va Me-18 (3n 1,47) véi C-15 (5 129,9), C-16 (5c
77,4) ching to Me-17 va Me-18 gén tryc tiép voi C-16. Vi tri caa cac carbon C-5, C-
6, C-8 duogc khing dinh thong qua cac tuong tic HMBC tir H-5 t6i C-4/C-4a/C-7, H-
6 toi C-4a/C-7, H-8 toi C-6/C-7/C-8a. So sanh céc dit liéu phd cua hop chat MS6 thu
duoc véi dir lieu phd di cong bd caa hop chat kazinol B [132] thdy su phi hop ¢ tat

ca cé4c vi tri. Nhu vay c6 thé két luan duoc MS6 1a kazinol B.
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Hinh 4.38. Cac twong tac chinh trén phé HMBC va COSY cua hop chat MS6
4.1.1.7. Hop chat MS7: Kazinol A

HO § 8a

Hinh 4.39. C4u trdc hoa hoc cua hop chat MS7

Hop chat MS7 thu duoc dudi dang chat bot mau vang, goc quay cuc riéng
[0]?° -10,7 (CHCI3, ¢ 0,13). Twong tu nhu hop chat MS6, trén phdé H NMR cua
MS?7 ciing cho thdy su xuat hién céc tin hiéu proton cua vong thom hé twong tac spin
— spin ABX tai Jn 6,38 (1H, dd, J = 2,4; 8,4 Hz, H-6), 6,39 (1H, dd, J = 2,4 Hz, H-
8), 6,94 (1H, d, J = 8,4 Hz, H-5), mot proton vong thom singlet tai on 6,82 (1H, s, H-
6'), mot nhém oxymethine sp? tai du 5,09 (1H, dd, J= 1,8; 10,8 Hz, H-2), hai nhém
prenyl c6 chua lién két d6i dang (-CH=C<) tai [on 5,18 (1H, t, J = 7,2 Hz, H-10) va
on 5,34 (1H,t,J=7,2 Hz, H-15)] va cac tuong tac proton con lai ¢ vung aliphatic on 2,06
—2,89.

Pho 3C NMR cua hop chat MS7 cho thay hop chat MS7 ¢6 25 carbon, bao gom:
bdn nhém methyl tai dc 25,8 (C-12), 17,9 (C-13), 17,9 (C-17), 25,7 (C-18); bdn nhém
methylene sp® tai dc 25,1 (C-3), 29,7 (C-4), 25,2 (C-9), 29,4 (C-14); mot nhém methine
sp? tai dc 75,3 (C-2); sau nhdm methine sp? tai oc 130,2 (C-5), 107,8 (C-6), 103,6 (C-8),
122,5 (C-10), 122,1 (C-15), 119,0 (C-6") va chin carbon khdng lién két véi hydro tai dc
114,3 (C-4a), 154,8 (C-7), 156,3 (C-8a), 131,2 (C-1'), 125,0 (C-2), 142,4 (C-3"), 141,9
(C-4), 123,4 (C-5"), 133,5 (C-11), 134,5 (C-16). B chuyén dich hda hoc cua C-2, C-7,
C-3', C-4' chitng t6 cac carbon nay duoc lién két voi nguyén tir oxy. Tir cac phan tich
trén cho thay MS7 ciing 13 mot flavan tuong ty nhu MS6. So sénh céc dit liéu pho cua
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hop chat MS7 thu duoc véi dir liéu phd da cong bd cua hop chét kazinol A [133] thay
su phu hop & tat ca cac vi tri. Nhu vy c6 thé két luan dugc MS7 1 kazinol A.
Bang 4.7. S6 liéu phé NMR hop chat MS7 va hop chat tham khao

C “oct oc?e onP° (dang tin hiéu, J = Hz)
2 75,6 75.3 5,09 (dd, 1,8: 10,8)
3 25,3 25,1 2,12 (m), 2,06 (m)
4 29,9 29,7 2,89 (m), 2,76 (m)
da 114,5 114,3 -
5 130,4 130,2 6,94 (d, 8,4)
6 108,1 107,8 6,38 (dd, 2,4: 8,4)
7 155,0 154,8
8 103,9 103,6 6,39 (d, 2,4)
8a 156,6 156,3 -
9 25,5 25,2 3,43 (d, 6,6)
10 122,7 122,5 5,18 (t, 6,6)
11 133,8 133,5 -
12 26,0 75,8 1776
13 18,1 17,9 1,77 (s)
14 29,6 29,4 335 (d, 7.2)
15 122,3 122,1 5,34 (t,7,2)
16 134,8 134,5 -
17 18,2 17,9 1,71 (s)
18 25.9 25,7 1,76 (3)
1 131,4 131,2 -
2' 125,2 124,4 -
3 142,6 142,4 -
4' 142,2 141,2 -
5' 123,7 123,4 -
6 119, 119,0 6,82 ()

3 4-OH i i 5,50 (3)

7-OH i i 4.83(s)

150 MHz, ®600 MHz, °CDCls, *dc ciia kazinol A do trong CDCl3 [133]
4.1.1.8. Hop chat MS8: 4'-O-methyl

-8-prenylnaringenin
4 5"

Hinh 4.40. Cau trdc hoa hoc cua hop chat MS8
Hop chat MS8 thu duoc duéi dang chat bot vo dinh hinh mau vang, goc quay cuc
[a]®b -30, (c 1,05, CHCI3). Phd *H NMR xuét hién tin hiéu proton ctia mét vong thom hé
twong téc spin-spin AzB; tai du 7,38 (2H, d, J = 8,4 Hz, H-2' va H-6"), 6,96 (2H, d, J = 8,4
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Hz, H-3' va H-5"), mot nhom methoxy tai on 3,84 (3H, s, 4-OMe), mot nhdm isoprenyl tai
on 3,32 (2H, d, J=7,2 Hz, H-2"). Tt cac phén tich trén ggi y MS8 la mot flavanone. So
sanh céc dix liéu phd cua hop chat MS8 thu duoc véi dit lidu phd di cong bd cia hop chat
4'-O-methyl-8-prenylnaringenin [134] thiy su phi hop & tit ca c4c vi tri. Nhu vy cd thé
két luan dugc MS8 14 4'-O-methyl-8-prenylnaringenin.

Bang 4.8. Sb liéu phd NMR hop chat MS8 va hop chat tham khao

C “ocd Oc?C onP° (dang tin hiéu, J = Hz)
2 78,7 78,8 5,38 (dd, 13,2; 3,0)
3 43,0 432 3,00 (dd, 17,4; 13.2)
2,82 (dd, 17,4: 3,0)
4 196,5 196,4 -
da 103,1 103,3 -
5 162,1 163,7 -
6 96,7 96,9 6,02 (5)
7 163,7 162,3 -
8 106,4 106,2 -
8a 159,8 159,9 -
1 130,6 130,8 -
276 127,5 1275 7.38(d, 8.4)
375 1141 1142 6,96 (d, 8,4)
4' 159,8 159,8 -
1" 21,7 21,8 332 (d. 7.2)
2" 121,6 121,6 521 (t,7,2)
3" 134,6 134,9 -
4'-OMe 55,3 55,4 3,84 (s)
CHa.4" 256 258 1,73(s)
CHa5" 17,8 17,8 1,73 (s)
5-OH i i 11,99 (s)
7-OH i i 6,16 ()

2150 MHz, 600 MHz, °CDCls, 960 MHz, “dc cua 4'-O-methyl-8-prenylnaringenin do
, trong CDClz [134]
4.1.1.9. Hop chat MS9: Cucurbitacin D

Hinh 4.41. Cau trdc héa hoc va cac twong tac chinh trén phé HMBC va COSY cua
hop chat MS9
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Bang 4.9. Sb liéu phé NMR cua hop chit MS9 va hop chat tham khao

. onPe (dang
b,c <
C | #oc?d | §cac JH.,\ (da_ng tin C #ocad oc®® itinhigu,J=
hi¢u, J = Hz) H
. Z)
1,22 (m)
1 36,0 37,1 211 (m) 16 71,5 71,7 4,52 (m)
2 71,6 72,8 | 4,58 (dd, 6,0; 13,2) 17 57,3 59,5 2,65 (d, 7,8)
3 213,0 { 213,9 - 18 20,0 20,7 0,93 (s)
4 50,2 51,8 - 19 20,1 20,2 1,07 (s)
5 140,4 : 142,0 - 20 78,1 79,9 -
6 120,2 1121,3 | 5,84 (dd, 2,4; 3,6) 21 23,9 25,4 1,43 (s)
2,06 (m)
7 23,8 24,8 2.43 (M) 22 202,51 204,9
8 42,3 44,1 2,00 (d, 7,8) 23 118,9 i 121,3 16,87 (d, 15,6)
9 48,3 49,9 24 155,9 i 1554 7,01 (d, 15,6)
10 33,7 34,8 3,02 (d, 13,2) 25 71,1 71,5 -
11 | 212,2 | 215,6 - 26 29,5 29,8 1,35 (s)
2,64 (d, 14,4)
12 48,6 49,8 3,45 (d, 14.4) 27 29,3 29,2 1,34 (s)
13 50,8 51,8 - 28 21,2 21,9 1,31 (s)
14 48,3 50,4 - 29 28,8 29,2 1,32 (s)
1,45 (m)
15 455 46,6 1,88 (dd, 9.0: 13,2) 30 19,2 19,5 1,42 (s)

4150MHz, 600 MHz, °CDsOD, 9CDCls, #dc ciia cucurbitacine D do trong CDCl3 [135]

Hop chat MS9 thu dugc dudi dang chat bot vo dinh hinh mau trang. Trén phd
'H NMR cua hop chat xuat hién cac tin hiéu singlet ciia tim nhém methyl tai on 0,93
(3H, s, H-18), 1,07 (3H, s, H-19), 1,31 (3H, s, H-28), 1,32 (3H, 5, H-29), 1,34 (3H, s,
H-27), 1,35 (3H, s, H-26), 1,42 (3H, s, H-30), 1,43 (3H, s, H-21), va hai proton
carbinol tai on 4,52 (1H, t, J = 7,8 Hz, H-16) va ¢ 4,58 (1H, dd, J = 6,0; 13,2 Hz, H-
2). Ngoai ra, phé *H NMR con c¢6 mét tin hiéu doublet doublet cua proton olefin tai
on 5,84 (1H, dd, J = 2,4; 3,6 Hz, H-6) va hai proton twong tac trans tai on 6,87 (1H,
d, J = 15,6 Hz, H-23) va éu 7,01 (1H, d, J = 15,6 Hz, H-24). Bén canh d6 con quan
st thy céc proton aliphatic tai on 1,22 — 3,45.

Phd 13C NMR két hop phé DEPT cua hop chat MS9 cho thay tin hiéu cia 30
nguyeén tir carbon bao gém bay nhém methyl dc 20,2 (C-19), 25,4 (C-21), 29,8 (C-
26), 29,2 (C-27), 21,9 (C-28), 29,2 (C-29), 19,5 (C-30), bén nhém methylene sp? tai
dc 37,1 (C-1), 24,8 (C-7), 49,8 (C-12), 46,6 (C-15), bon carbon carbinol tai dc 72,8
(C-2), 71,7 (C-16), 79,9 (C-20) va 71,5 (C-25); ba nhém methine sp? tai dc 44,1 (C-
8), 34,8 (C-10), 59,5 (C-17); ba nhém methine sp? tai éc 121,3 (C-6), 121,3 (C-23),
155,4 (C-24): sau carbon khong lién két véi hydro tai oc 51,8 (C-4), 142,0 (C-5), 49,9
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(C-9), 51,8 (C-13), 50,4 (C-14), 71,5 (C-25) va ba nhém carbonyl & 5c 204,9 (C-22),
215,6 (C-11) va 213,9 (C-3), cho thiy chiat MS9 la mét triterpene thuéc nhém
cucurbitacin. Trén phé COSY cua MS9 xuét hién bén hé twong tac spin-spin cua cac
proton lién k& bao géom H-2/H-1/H-10, H-6/H-7/H-8, H-15/H-16/H-17, H-23/H-24
dugc biéu dién trén hinh 4.41. Trén phé HMBC cua MS9 thiy c6 twong tac giira
proton nhom methyl tai on 1,31 (Me-28) va 1,32 (Me-29) véi C-3 (oc 213,9), C-4 (oc
51,8), C-5 (dc 142,0) chi ra rang hai nhdm methyl nay lién két véi C-4. Tuong tac
HMBC gitra Me-18 (84 0,93) véi C-12 (o 49,8), C-13 (oc 51,8), C-17 (& 59,5), ;
gitta Me-19 (61 1,07) vai C-8 (&c 44,2), C-9 (o&c 49,9), C-10 (o&c 34,9), C-11 (oc
215,6); gitra Me-21 (o1 1,43) voi C-17 (6c 59,5), C-20 (oc 79,9), C-22 (oc 204,9);
gitta Me-30 (4 0,79) v6i C-13 (& 51,8), C-15 (& 46,6) cho phép xac dinh vi tri cua
bon nhom methyl lién két lan luot véi C-13, C-8, C-20 va C-14 cua khung
cucurbitane. Tuong tac gittra Me-26 (on 1,35) va Me-27 (o1 1,34) véi C-25 (o6c 71,5)
va su tuong tac 1an nhau ctia chiing cho phép xac dinh vi tri caa hai nhom methyl nay
lien két vai C-25. Tuong tac ciia proton nhém methyl (H-28) tai dn 1,31 va H-1 tai
Sn (1,22; 2,11) vai C=0 (dc 213,9) cho phép gan két nhém carbonyl lién két véi C-2
va C-4. Tuong tu tuong tac cua C-11 (dc 215,6) vai H-19 (0w 1,07) va H-12 (on 2,64;
3,45) cho phép gan két nhém carbonyl vai C-12 va C-9. Thém nita, cac twong tac cta
H-23 (J1 6,87), H-24 (6n 7,01) véi C-22 (6c 204,9); H-23 véi C-20 (5¢ 79,9) ching to
rang nhom carbonyl tai C-22 gan két véi C-20 va C-23. Ngoai ra, H-23 va H-24 tuong
tac voi C-25 (dc 71,5) dong thoi cd sy tuong tac gitra hai nhom methine sp? tai vi tri
23, 24 véi nhau cho thay lién két d6i C(23)=C(24) gan két voi C-22 va C-25. Dua
trén cac phan tich phd NMR két hop so sanh vaéi tai liéu tham khao [135] xac dinh
duoc cau tric cua hop chat MS9 1a cucurbitacin D.

4.1.1.10. Hop chdt MS10: Cucurbitacin H

Hinh 4.42. Cau trdc hoa hoc va cac tuong tac chinh trén phé HMBC, COSY cua
hop chat MS10
Hop chat MS10 thu duoc dudi dang chat bot mau tring. Cac dit lidu va thong
tin phd 1D, 2D-NMR cua MS10 déu cho thay céc tin hiéu va tuong tac twong ty nhu
MS9 chi khac 1a lién két doi C(23)=C(24) trong MS9 di bi hidrate hoa tré thanh
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MS10. Trén ph6 *H NMR cua hop chit quan sat duoc cac tin hiéu proton twong tu
Vvé6i hop chit MS9 chi khéc 1a khéng thdy xuat hién hai proton olefin tai C-23 va C-
24. Trén phd 3C NMR caa MS10 xuat hién thém mot nhém methylene sp? tai dc 40,9
(C-23) va mot nhém oxymethine tai dc 75,8 (C-24) thay vi hai nhém methine sp? tai
50 121,3 (C-23), 155,4 (C-24) cua MS9.

Bang 4.10. Sé liéu pho NMR cuaa hop chat MS10 va hop chat tham khao

C | #oc?d | 6c?¢ | onPC (dang tin C | #0c®d | oc?° onPC (dang tin
hiéu, J = Hz) hiéu, J = Hz)
1356 371 1,23 (m) 16 ¢ 715 | 71,7 4,54 (t, 7,2)
2,11 (m)
2 {715 | 72,8 4,59 (dd, 6,0; 17 558 | 584 2,65 (d, 7,8)
12,6)
3 12129 2139 - 181 198 | 248 1,44 (s)
4 {502 {519 - 19/ 20,0 | 20,2 1,07 (s)
5 1140,3 11421 - 200 79,3 | 810
6 {120,2 11212 :584(dd,2,4;36): 21 234 205 0,97 (s)
7 {238 | 248 2,05 (m) 22 2139 216,6 -
2,41 (m)
8 | 423 | 44,1 2,01 (d, 7,8) 231 39,3 409 3,02 (m)
2,80 (dd, 1,8;
16,8)
9 | 48,3 | 49,8 - 24 743 | 75,8 3,91 (dd, 1,8;
9,6)
10 | 33,6 | 34,9 3,01 (d, 9,6) 251 72,1 73,1
11 1212,2 12156 261 245 | 244 1,18 (s)
12 | 485 | 49,9 2,65 (d, 15,0) 27| 256 | 26,5 1,23 (s)
3,48 (d, 15,0)
131 50,7 | 51,8 - 281 2172 21,9 1,31 (s)
14+ 48,3 | 49,3 - 291 293 | 298 1,32 (s)
151 452 | 46,5 1,45 (m) 30 189 | 195 1,41 (s)
1,88 (dd, 9,0;
13,2)

2150MHz, 600 MHz, °CDs0D, CDCls, *Sc ciia cucurbitacin H do trong CDCl3[136]

Cau tric cta mach nhanh dugc xac dinh bai phd 'H-'H COSY, qua tuong tac
gitra proton methylene on 3,02 (1H, m, Ha-23), 2,80 (1H, dd, J = 1,8; 16,8 Hz, Hp-23)
véi proton carbinol ¢ 6n 3,91 (1H, dd, J = 1,8; 9,6 Hz, H-24) va hai methyl singlet tai
o1 1,18 va 1,23 (3H, s, Me-26 va Me-27). Phé HMBC ciing cho thiy tuong tac cta
H-23 véi C-22 (5c 216,6), C-24 (5c 75,8); H-24 véi C-22 (dc 216,6), C-23 (5c 40,9),
C-25 (5c 73,1), C-26 (dc 24,4). Phan tich k§ hon phd tH-tH COSY va HMBC, d4 xéc
dinh dugc céac chudi lién két -C10-C1-C2; -C6-C7-C8, -C15-C16-C17 va -C23-C24-
C25-C27 trong cau tric phan tir. Clng véi viéc phan tich phd va so sanh véi tai liéu
tham khao, hop chat MS10 duoc xéac dinh 1a cucurbitacin H [136].
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4.1.1.11. Hop chdt MS11: Eclalbasaponin I

OH

o [o) .
HO “
HO -

OH

Hinh 4.43. C4u trdc hoa hoc cua hop chat MS11

Hop chat MS11 thu duoc dudi dang chat bot vo dinh hinh mau trang. Trén
phd *H NMR ctua MS11 cho thdy sy ¢d mit cua bay nhém methyl singlet tai 5n 0,79
(3H, s, H-26), 0,85 (3H, s, H-24), 0,88 (3H, s, H-29), 0,96 (3H, s, H-25), 0,97 (3H, s,
H-30), 1,06 (3H, s, H-23), 1,37 (3H, s, H-27); hai nhdm oxymethine tai on 3,18 (1H,
m, H-3) va 4,46 (1H, br. s, H-16); mot proton olefin tai 6w 5,29 (1H, t, J = 9,0 Hz, H-
12) va mét proton anomer cua mot goc duong glucopyranosyl tai ow 4,32 (1H, d, J =
7,8 Hz, H-1").

Phd 3C NMR va DEPT caa MS11 cho cac tin hiéu cia 36 nguyén tir carbon
trong s6 dé c6 30 carbon ctia mot triterpenoid dang khung oleanane va sau carbon
cua duong glucopyranosyl. Triterpenoid sapogenin ¢ bay nhom methyl lan luot tai
oc 16,1 (C-25), 17,0 (C-24), 17,8 (C-26), 24,9 (C-30), 27,3 (C-27), 28,6 (C-23) va
33,4 (C-29), chin nhém methylene tai oc 39,9 (C-1), 27,1 (C-2), 19,3 (C-6), 34,3 (C-
7), 24,5 (C-11), 36,2 (C-15), 47,7 (C-19), 36,6 (C-21), 32,7 (C-22), ba nhém methine
sp? tai oc 57,2 (C-5), 48,2 (C-9), 42,2 (C-18), mot nhdm methine sp? tai dc 123,4 (C-
12), hai nhom oxymethine tai oc 90,8 (C-3) va 75,3 (C-16), bay carbon khong lién
két hydro tai dc 40,2 (C-4), 40, 7 (C-8), 37,9 (C-10), 145,1 (C-13), 42,6 (C-14), 49,7
(C-17), 31,4 (C-20), va mot nhom carbonyl tai oc 181,3 (C-28).

Hinh 4.44. Céc tuong tac chinh trén phé COSY va HMBC cua hop chit MS11
Sau carbon cua duong glucopyranosyl xuat hién tai dc 106,7 (C-1'), 75,7 (C-2"), 78,3
(C-3), 71,7 (C-4"), 77,7 (C-5"), 62,8 (C-6"). Cau hinh $ ciia nhém D-glucopyranosyl
dugc xac dinh dya trén hang sb tuong tac (Ji2 = 7,8 Hz) cta proton anomer. Sy phi
hop caa cac dir kién phd NMR thudc khung oleanane cua MS11 véi cac dir kién phd
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cua eclalbasaponin 11 cho thdy MS11 c6 mét don vi duong glucopyranosyl duy nhat.
Vi tri caa gbe duong lién két véi C-3 dugc khang dinh dua vao tuong tac HMBC cua
H-1' (ou 4,32) véi C-3 (dc 90,8). Cau trdc phan aglycon va phan duong cia MS11
duoc khang dinh trén phd COSY véi bay hé twong tac spin — spin ctia cac proton canh
nhau bao gom: H-1/H-2/H-3, H-5/H-6/H-7, H-9/H-11/H-12, H-15/H-16, H-18/H-19,
H-21/H-22, H-1/H-2/H-3'/H-4'/H-5/H-6'. Trén phé HMBC c6 cac tuong tac giita
proton nhom methyl tai on 1,06 (Me-23) va 0,85 (Me-24) vai C-3 (dc 90,8), C-4 (oc
40,2), C-5 (dc 57,2) chi ra rang hai nhém methyl nay lién két vai C-4.

Bang 4.11. Sé liéu pho NMR cuaa hop chat MS11 va hop chat tham khao

C | #0c®C | oc3¢ onPC (dang tin C | #oc2c ocd°® onPC (dang tin
hiéu, J = Hz) hiéu, J = Hz)
14399 | 399 1,65 (m) 19 | 47,7 47,7 11,03 (dd, 9,6; 13,8)
1,02 (m) 2,28 (t, 13,8)
2 1271 271 1,92 (m) 20 1 31,4 31,4 -
1,69 (br. dd, 3,0;
12,0)
3 ! 908 | 90,8 3,18 (m) 21 | 36,6 36,6 1,92 (m)
1,15 (m)
4 40,2 | 40,2 - 22 i 32,6 32,7 1,93 (m)
1,78 (m)
51 57,2 | 57,2 0,78 (m) 23 | 28,6 28,6 1,06 (s)
6 | 19,3 | 19,3 1,56 (m) 24 ¢ 17,0 17,0 0,85 (s)
1,38 (m)
7 1 343 | 34,3 1,33 (m) 25 | 16,1 16,1 0,96 (s)
1,55 (m)
8 | 40,7 | 40,7 - 26 | 17,8 17,8 0,79 (s)
9 | 48,2 | 48,2 1,66 (m) 27 | 27,3 27,3 1,37 (s)
10 37,9 | 37,9 - 28 i 1815 i 1813
11| 245 | 245 1,89 (m) 29 | 334 33,4 0,88 (s)
12 | 123,5 | 123,4 5,29 (t, 9,0) 30 0 249 24,9 0,97 (s)
13 1 145,1 {1451 - 1" | 106,7 | 106,7 4,32 (d, 7,8)
14 | 42,7 | 42,6 - 2" | 75,7 75,7 3,19 (m)
151 36,3 | 36,2 1,34 (m) 3 | 78,3 78,3 3,33 (m)
1,88 (dd, 4,2; 15,0)
16 { 75,3 | 75,3 4,46 (br s) 4" i 71,7 71,7 3,29 (m)
17 | 49,8 | 49,7 - 5 1 77,7 77,7 3,28 (m)
18 | 42,1 | 42,1 | 3,01(dd, 4,2;14,4) | 6" | 62,9 62,8 | 3,66 (dd, 5,4; 12,0)

3,85 (dd, 2,4: 12,0)

4150MHz, °600 MHz, °CDs0D, #dc cua eclalbasaponin 1l do trong CD30D [137]

Cac twong tac HMBC giita H-25 (6n 0,96) véi C-5 (9c 57,2), C-9 (dc 48,2), C-
10 (5c 37,9); H-26 (61 0,79) v&i C-7 (5c 34,3), C-9 (dc 48,2), C-14 (3¢ 42,6) va H-27
(0n 1,37) Vi C-8 (9c 40,7), C-13 (dc 145,1), C-14 (5c 42,6), C-15 (dc 36,2) goi ¥ cAc
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nhom methyl nay lién két 1an luot véi C-10, C-8 va C-14. Céc proton caa hai nhém
methyl con lai Me-29 (Jn 0,88), Me-30 (dn 0,97) ciing tuong tac vai C-20 (dc 31,4),
C-21 (¢ 36,6) trén phd HMBC chuang to chiing dugc gin két véi C-20. Ngoai ra, sy
tuwong téc cia H-12 (Sn 5,29), H-26 (5n 0,79) véi C-11 (¢ 24,5); H-15 (51 1,34; 1,88),
H-18 (0u 3,01) véi C-13 (5¢ 145,1); H-16 (1 4,46) v6i C-17 (dc 49,7) va C-18 (5c
42,1); H-19 (dn 1,03; 2,28) vai C-18 (5¢c 42,1) cho thay sy gin két cua cac vong trong
khung oleanane. Trén co s& cac phan tich d6 chuyén dich hda hoc va hang sé twong
tac hda lap thé cua C-3 va C-16 phu hgp véi cau tric cua chat eclalbasaponin I1. Tt
tat ca cac lap luan trén, cing véi viéc so sanh phd cia MS11 véi chat tham khao cho
phép xac dinh MS11 1 eclalbasaponin II di dwoc phan lap lan dau tién tir cay Eclipta
alba cua Nhat Ban va c6 trong cdy cé muc Eclipta prostrata L. trong ¢ mién Nam
Viét Nam [137].

4.1.1.12. Hop chdt MS12: Spergulacin

Hinh 4.45. Cau trdc hop chat MS12
Hop chat MS12 thu dugc dudi dang chat bot mau trang. Trén pho 'H NMR
ciia MS12 cho thay sy c6 mat cia chin nhém methyl singlet tai 5u 1,06 (3H, s, H-23),
1,06 (3H, s, H-24), 0,86 (3H, s, H-25), 1,09 (3H, s, H-26), 1,04 (3H, s, H-27), 0,93
(3H, s, H-28), 1,41 (3H, s, H-29), 2,23 (3H, s, H-30), 1,26 (3H, d, J = 6,0 Hz, H-6").
Hop chét nay c6 tin hiéu cua 41 carbon trén phé 3C NMR, trong d6 11 nguyén tir
carbon c6 thé gan cho hai don vi dudng gom mot don vi duong pentose va mot don
vi duong hexose; 30 carbon con lai dic trung cho khung triterpenoid véi sy xuat hién
cua tdm nhom methyl tai Jc 28,4 (C-23), 17,8 (C-24), 16,8 (C-25), 17,4 (C-26), 19,2
(C-27), 16,4 (C-28), 20,9 (C-29 , 26,2 (C-30) cung v&i tdm nhdm methylene sp® tai
39,8 (C-1), 27,2 (C-2), 19,4 (C-6), 34,4 (C-7), 32,9 (C-11), 45,7 (C-15), 45,5 (C-19),
38,2 (C-20); bdn nhém methine sp® tai éc 56,8 (C-5), 50,0 (C-9), 56,0 (C-13), 63,5
(C-17); ba nhdm oxymethine tai dc 90,0 (C-3), 69,9 (C-12), 66,7 (C-16); mot nhdm
carbonyl tai dc 218,6 (C-22) va sau carbon khéng lién két voi hydro tai dc 40,3 (C-
4), 46,5 (C-8), 37,8 (C-10), 42,6 (C-14), 47,7 (C-18), 54,5 (C-21). CAu tric cha MS12
duogc 1am sang té nho sy phan tich cac phd NMR 2D. Khung triterpenoid cia MS12
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va cac don vi duong duoc Xac nhan qua twong tac H-H COSY véi su xuét hién cua
bay hé tuwong tac spin-spin cua cac proton canh nhau gdm H-3/H-2/H-1, H-5/H-6/H-
7, H-9/H-11/H-12/H-13, H-15/H-16/H-17, H19/H-20, H-1'/H-2'/H-3'/H-4'/H-5', H-
1"/H-2"/H-3"/H-4"/H-5"/H-6". Trén ph6 HMBC thiy c6 su tuong tac cua H-23 (Jn
1,06), H-24 (61 1,06) véi C-3 (oc 90,6), C-4 (oc 40,3), C-5 (oc 56,8); H-3 (on 3,15),
H-5 (dn 0,79) véi C-4 (oc 40,3), C-25 (dc 16,8); va H-25 (Jn 0,86) vai C-1 (dc 39,8),
C-9 (oc 50,0), C-10 (oc 37,8) da xac dinh dugc vi tri cia cic nguyén tir trong vong A
va vong B. Cac vong nay dugc mé rong khi quan sat thay cac tuong tac giita C-9 véi H-
26 va H(p)-11; gitra C-11 véi H-13; gitra C-14 véi H-13, H-26, H-27 va H-28. Hon nira,
trén HMBC con thiy tuong tic cua C-15 va C-13 véi H-17 cho thay s hién dién rd rang
cua cac vong cyclohexanyl A-D. VVong cyclopentanyl cua vong E duoc xac dinh tir su
twong tac cua H-17 vai C-21, C-22, H(p)-19/C-21, H-17/C-18, H(B)-19/C-18, H(«)-
20/C-29, H(B)-20/C-18, H-29/C-17, C-20, C-21. Nhom ketomethyl dugc gin & C-21 do
¢ twong tac HMBC gitta C-22 v6i H-29, H-17, H(a)-20; va C-21 vai H-30.

oH A~

HO
OH

Hinh 4.46. Céc tuong tac chinh trén phé COSY va HMBC cua hop chit MS12

Cac tin hiéu proton H-12 (on 3,89) va H-16 (dn 3,77) cung vai céc tin hiéu
carbon twong &tng goi y ¢6 cac nhém -OH gén vao C-12 va C-16. Thém nira, quan sat
thdy su tuong tic HMBC cua H-11(0n 1,84, 1,40) va H-13 (on 1,51) véi C-12 (dc
69,9) trong khi C-16 (dc 66,7) twong tac véi H-17 (0w 1,83) va H(a)-15 (0w 2,08, 1,45)
cang xac dinh chac chin vi tri cua cac nhém hydroxy nay.

Véi céc dir lieu pho [dc 107,1 (C-1)/dn 4,32 (1H, d, J = 7,8 Hz, H-1"), dc 75,5
(C-2"/6n 3,33 (1H, m, H-2"), oc 83,8 (C-3")/6n 3,45 (1H, d, J = 8,4 Hz, H-3"), oc 69,9
(C-4/6n 3,53 (1H, m, H-4"), 6c 66,5 (C-5"/6n 3,88 (1H, m, Ha-5"), 3,24 (1H, dd, J =
9,6; 11,4 Hz, Hy-5"] cho thiy don vi duong tha nhat lién két truc tiép véi phan
aglycon 1a duong xylose. Tin hiéu cua proton anomer xuét hién dudi dang doublet ¢
o 4,32 (d, J = 7,8 Hz) véi hang sé tuong tac Jiz = 7,8 Hz xac nhan cau hinh cua
nhoém O-glycoside ¢ C-1' 1a f [138]. Vi tri caa dudng gan véi phan aglycone duoc
xac dinh & C-3 (dc 90,6) dua vao twong tic HMBC cua H-1' voi C-3. Piéu tha vi la
d6 dich chuyén hoa hoc ciia C-3' (dc 83,8) cuia xylose xuat hién & truong thiap hon
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dang ké so véi do dich chuyén caa methyl s-D-xylose chuan (dc 77,7) [138] biéu thi
s 6 mat cua mot nhém thé & vi tri nay (nhém thé chinh 13 don vi duwong thi hai).
Bang 4.12. Sé liéu pho NMR cua hop chat MS12 va hop chat tham khao

C i #ocd | 0c* | ouPC(dangtin | C | #ocd Oce onPC (dang tin
hiéu, J = Hz) hiéu, J = Hz)
11 382 | 398 1,72 (m) 22 | 2136 | 2186 -
0,99 (m)
2 | 258 | 27,2 1,83 (m) 23| 274 | 284 1,06 (s)
1,71 (m)
3 | 87,8 | 90,6 3,15 (dd, 4,2, 24 1 16,0 17,8 1,06 ()
12,0)
4 | 38,8 | 40,3 - 25! 155 16,8 0,86 (s)
51 548 | 56,8 0,79 (d, 11,4) 26 1 16,5 17,4 1,09 ()
6 17,8 | 19,4 1,59 (m) 271 18,4 | 1972 1,04 (s)
1,45 (m)
71328 | 344 1,49 (m) 281 17,1 16,4 0,93 (s)
1,31 (m)
8 | 44,7 | 46,5 - 291 20,1 20,9 1,41 (s)
9 | 48,1 | 50,0 30 25,7 26,2 2,23 (S)
10 36,1 | 37,8 - 1' | 1056 | 107,1 4,32 (d, 7,8)
114 31,8 | 32,9 1,84 (m) 2' | 738 75,5 3,33 (M)
1,40 (m)
12| 67,3 | 69,9 3,89 (m) 3 1 810 83,8 3,45 (d, 8,4)
131 545 | 56,0 151(d, 10,8) | 4' | 68,2 69,9 3,53 (M)
14§ 40,9 | 42,6 - 5 | 653 66,5 3,88 (m)
3,24 (dd, 9,6;
11,4)
15| 44,3 | 457 2,08 (m) 1" | 1005 | 102,6 5,15 (d, 1,8)
1,45 (m)
16 | 64,0 | 66,7 3,77 (m) 2" | 70,5 72,3 3,71 (dd, 3,6;
9,6)
17 | 62,8 | 63,5 1,83 (m) 3" | 70,6 72,3 3,95 (m)
18 ¢ 459 | 47,7 - 4" 72,1 73,9 3,41 (d, 9,6)
19| 446 | 455 1,58 (m) 5" | 68,0 70,0 3,99 (m)
1,36 (m)
20 | 36,7 | 38,2 1,92 (m) 6" | 17,8 17,9 1,26 (d, 6,0)
1,71 (m)
21| 52,2 | 54,5 -

3150MHz, 600 MHz, °CD30D,* DMSO-ds, *dc cua spergulacin do trong DMSO-ds[138]

Tin hiéu proton anomer H-1" ciia don vi dudng tha hai duoc quan sat thay
duéi dang doublet tai 0w 5,15 (J = 1,8 Hz) dng thoi xuat hién tin hiéu cua mot nhém
methyl ¢6 d6 chuyén dich du 1,26 (3H, d, J = 6,0 Hz, H-6") cho phép xac nhan dudng
thir 2 chinh 1a a-L-rhamnose. Trén pho HMBC caa MS12 ¢6 sy tuong tac cua H-1"
va C-3' cho thay lién két glycoside 1"-3' cua dudng rhamnose va duong xylose. Tir
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c4c su phan tich trén cd thé khiang dinh MS12 1a mot saponin. So sanh phd cua MS12
vé6i chat tham khao cho phép xac dinh MS12 1a spergulacin [138].

4.1.1.13. Hop chat MS13: Kaempferol 3-O-a-L-rhamnopyranoside

Hinh 4.47. Cau trdc hoa hoc va cac twong tac chinh trén phé HMBC, COSY cua
hop chat MS13
Bang 4.13. Sé liéu pho NMR hop chat MS13 va hop chat tham khao

C “ocd© OcC x> (dang tin hiéu, J = Hz)
2 159,3 158,9 -

3 136,2 136,0 -

4 179,6 179,3 -

4a 158,6 158,8 -

5 163,2 163,0 -

6 100,0 100,8 6,14 (d, 1,8)

7 166,2 169,0 -

8 94,8 955 6,30 (5)

8a 105,9 105,1 -

1' 122,7 122,7 -
2'/6' 131,9 131,8 7,76 (d, 8,7)
3'/5' 116,6 116,6 6,93 (d, 8,7)

4 161,6 161,6 -

1" 103,5 103,5 5,36 (d, 1,2)
2" 72,2 72,2 -

3" 72,0 71,9 4,21 (dd, 1,8; 3,0
4" 73,2 73,2 3,32 (m)

5" 71,9 71,9 3,34 (m)

6" 17,7 17,6 0,92 (d, 6,0)

2150 MHz, *§600 MHz, °CD30D, 9125 MHz, "¢ cua kaempferol 3-O-a-L-
rhamnopyranoside do rong CD3OD [1§9] )
MS13 thu duoc dudi dang chat bot mau vang. Pho *H NMR xuat hién tin hiéu

cua hai proton tai on 6,14 (1H, d, J = 1,8 Hz, H-6) va 6,30 (1H, s, H-8). M6t vong
thom hé tuong tac spin-spin A2B2 (vong B) duoc quan st tai on 7,76 (2H, d, J = 8,7
Hz, H-2' va H-6"), 6,93 (2H, d, J = 8,7 Hz, H-3' va H-5"). Ngoai ra, sb liéu pho H
NMR tai o1 5,36 (1H, d, J = 1,2 Hz, H-1") cho théy su 60 mat cua 1 proton anomer
va mét tin hiéu doublet ¢ o4 0,92 (3H, d, J = 6,0 Hz, H-6") biéu thi cho nhém methyl
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déu dic trung cta don vi duong a-L-rhamnose. Phd 13C NMR két hop véi phd DEPT
cua hop chat MS13 cho thdy c6 15 nhém nguyén ti carbon bao gdm sau nguyén tu
carbon thom khong lién két hydro tai dc 105,0 — 169,0 ppm va mot nhém carbonyl
tai c 179,3 (C-4), hai carbon methine thom ¢ éc 100,8 (C-6) va 95,5 (C-8) cua vong
A, bén carbon methine cia vong B tai dc 131,8 (C-2'/C-6”) va 116,5 (C-3'/C-5). Tur
cac phan tich trén goi y MS13 1a mét flavonol, ¢6 khung kaempferol [139]. Biéu nay
cling duoc khang dinh dya trén twong tac HMBC cua H-6 (du 6,14) vé6i C-8 (¢ 95,5),
C-4a (oc 158,8), C-5 (Jc 163,0) va C-7 (oc 169,0); H-8 (dn 6,30) véi C6 (dc 100,8),
C-4a (oc 158,8), C-5 (oc 163,0) va C-7 (dc 169,0); H-3' (o1 6,93) va H-5' (J1 6,93)
V6i C-1' (dc 122,7) va C-4' (oc 161,6). Trén phd COSY cua MS13 xuét hién ba hé
twong tac spin-spin H-'H cua H-2'/H-3', H5'/H-6', H-1"/H-2"/H-3"/H-4"/H-5"/H-6".
Phé HMBC con xuat hién tuong tac giita proton anomer H-1" cia duong véi C-3
chung to duong rhamnose gan véi khung kaempferol ¢ vi tri C-3. Tir cac phan tich
va 1ap luan trén cung vai viéc so sanh phd caa MS13 vai chat tham khao cho phép
xac dinh MS13 la kaempferol 3-O-a-L-rhamnopyranoside hay kaempferin hoac
afzelin [139].

4.1.1.14. Hop chdt MS14: Quercetin-3-O-a-L-rhamnopyranoside

HO

OH

Hinh 4.48. Cau trdc hoa hoc va cac tuong tac chinh trén phé HMBC, COSY cua
hop chit MS14

MS14 thu duoc dudi dang chat bot mau vang. Cac dit liéu phd 1D, 2D-NMR cua
IMS14 cho thay c4c tin hiéu trong tu nhu MS13. Trén phd *H NMR ciia MS14 ciing Xuét
hién tin hiéu cua hai proton thom tai 6w 6,20 (1H, s, H-6) va 6,70 (1H, s, H-8); mot proton
anomer tai on 5,37 (1H, s, H-1") va mét tin hiéu doublet ciia nhom methyl & 6w 0,96 (3H,
d, J = 6,0 Hz, H-6") cho thy su c6 mat ctia mot don vi dudng a-L-rhamnose, diém khéc
biét duy nhat 1a mot vong thom hé tuong tac spin-spin ABX (vong B) tai 5 7,36 (1H, s,
H-2"), 6,93 (1H, d, J = 8,4 Hz, H-5"), va 7,33 (1H, d, J = 8,4 Hz, H-6) cia MS14 50 V&i
MS13. Trén phd 3C NMR cuia hop chat MS14 ciing cho thdy 15 nhdm nguyén tir carbon
& truong thap, bao gom bay nguyén tir carbon thom khong lién két hydro tai dc 105,9 —
166,3 ppm (xuat hién thém mat carbon bac 4 tai dc 146,4 (C-3")) va mot nhém carbonyl
tai oc 179,3 (C-4), hai carbon methine thom & dc 100,0 (C-6) va 94,9 (C-8) cua vong A,
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ba carbon methine cta vong B tai dc 116,4 (C-2), 116,9 (C-5') va 122,8 (C-6'). Nhu vay
MS14 13 ciing 1a mét flavonol, nhung c6 khung quercetin [140]. CAu tric cia MS14 duoc
khang dinh thém boi tuong tac 'H-H COSY cua céc hé H-2/H-3', H5'/H-6', H-1"/H-2"/H-
3"/H-4"/H-5"/H-6". Diéu nay ciing dwoc khing dinh dya trén twong tic HMBC cua H-6
(01 6,20) vai C-8 (oc 94,9), C-4a (dc 158,5) va C-7 (oc 166,3); H-2' (oH 7,36) vai C-3' (dc
146,4), C-4' (oc 149,8) va C-6' (oc 122,8); H-5' (0w 6,93) Véi C-3' (oc 146,4) va C-6' (5c
122,8); H-6' (on 7,33) voi C-4' (5c 149,8) va C-5' (6c 116,9).

Mt khéc, sy xuat hién tuong tac HMBC giita H-1" cta duong véi C-3 chang to
duong rhamnose gan véi khung quercetin & vi tri C-3. Tir cac phan tich va Iap luan trén
cling Véi viéc so sanh pho coa MS14 vai chat tham khao cho phép xac dinh MS14 la
quercetin-3-O-a-L-rhamnopyranoside hay quercitrin [140].

Bang 4.14. Sé liéu pho NMR hop chat MS14 va hop chat tham khao

C “ocd© Oc?C onP¢ (dang tin hiéu, J = Hz)
2 158,5 158,5 -

3 136,2 136,0 -

4 179,7 179,3 -

4a 158,4 158,5 -

5 159,3 159,3

6 100,0 100,0 6,20 (5)

7 166,3 166,3 -

8 94,9 94,9 6,30 (5)

8 105,9 105,7 -

1' 123,0 1229 -

2' 116,4 116,4 7,36 (5)
3 146,4 146,4 -

4 149,8 149,8 -

5' 117,0 116,9 6,93 (d, 8,4)
6' 122,9 1228 7,33 (d, 8,4)
1" 103,5 103,5 5,37 (s)
2" 72,0 72,1 4,24 (m)
3" 72,1 72,0 3,77 (dd, 2,4; 9,0)
4" 73,3 73,2 3,36 (d, 9,0)
5" 71,9 71,9 3,44 (m)
6" 17,6 17,6 0,96 (d, 6,0)

2150 MHz, ® 600 MHz, °CD30D, 9125 MHz, "¢ cua quercetin-3-O-a-L-
rhamnopyranoside do trong CD30D [140]
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4.1.2. Xdc dinh céu tric cac hgp chat phan Igp tir cay ban giac O. eberhardtii
4.1.2.1. Hop chat OE1: Lupeol acetate

Hinh 4.49. Cau trdc hoa hoc cua hop chat OE1
Hop chat OE1 thu duoc dudi dang chat bot mau tring, cac thong sé vat i va
cac dit liéu pho thu dugc gidng vai hop chat MS4 (phan phu luc phé). Vi vay, cé thé
két luan hop chat OE1 1a lupeol acetate.
4.1.2.2. Hop chat OE2: 5,7,3'-Trihydroxy-6,4',5'-trimethoxyflavone

Hinh 4.50. Cau trdc hoa hoc va cac twong tac chinh trén pho HMBC, COSY cua
hop chat OE2

Hop chat OE2 dugc phan lap dudi dang chat bot mau vang nhat. Trén pho *H
NMR ctia OE2 xuét hién tin hiéu cua ba nhom methoxy tai o+ 3,89 (3H, s, 6-OCHj3),
3,91 (3H, s, 4-OCHj3), 3,96 (3H, s, 5'-OCHs) cuing bén nhém methine sp? tai ou 6,59
(1H, s, H-8), 6,65 (1H, s, H-3), 7,09 (1H, d, J = 2,4 Hz, H-2), 7,13 (1H, d, J = 2,4
Hz, H-6"). Phd 3C NMR cua OE2 cho thiy sy xuat hién tin hiéu caa 15 nguyén tir
carbon bao géom mudi nguyén tir carbon thom khong lién két hydro tai dc 105,1 —
165,7, mot nhom carbonyl tai 6c 184,3 (C-4), hai carbon methine sp? tai éc 95,4 (C-
8) cua vong A, Jc 105,1 (C-3) cua vong C va hai carbon methine cta vong B tai dc
103,2 (C-2') va 108,8 (C-6"). Tir cac dir liéu pho & trén goi y OE2 1a mot flavone.

Thém nita, trén phé COSY khong quan sat thay cac hé tuong tac spin — spin cua
c4c proton canh nhau nao, dong thoi, trén phd HMBC xuét hién cac tuong tac cia H-
3 (JH 6,65) véi C-2 (d¢c 165,7), C-4 (oc 184,3), C-4a (dc 105,9); H-8 (oH 6,59) vai C-
6 (oc 132,9), C-7 (6c 154,7), C-8a (dc 158,9), C-4a (dc 105,9); H-2' (61 7,09) vai C-2
(6c 165,7), C-3' (6c 155,1), C-4' (6c 141,3) va C-6' (6c 108,8); H-6' (on 7,13) vGi C-2
(0c 165,7), C-4' (9c 141,3), C-5' (Jc 152,3) khang dinh vi tri cia cac carbon C-3, C-8, C-2/,
C-6' twong trng. Ngoai ra vi tri cua cac nhom methoxy 4'-OCHs, 5'-OCHjz, 6-OCHz tai C-4/,
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C-5', C-6 duogc gan dua trén co s quan sat dugc cac tuong tac HMBC tir CAC proton cua Cac
nhom methoxy 4'-OCHjs véi C-4',5-OCHs véi C-5' va6-OCHs véi C-6.
Bang 4.15. S liéu phd NMR cuaa hop chat OE2 va hop chét tham khao

C “ocd ¢ oc?e onP¢ (dang tin hiéu, J = Hz)

2 165,7 165,7 -

3 105,1 105,1 6,65 (S)

4 184,2 184,3 -

4a 105,9 105,9 -

5 153,9 154,0

6 132,9 132,9 -

7 154,7 154,7 -

8 95,4 95,4 6,59 (s)

8a 158,9 158,9 -

1 1278 1278 -

2' 103,1 103,2 7,09 (d, 2,4)

3 155,0 155,1 -

4 141,2 1413 -

5' 152,3 152,3 -

6' 108,8 108,8 7,13 (d, 2,4)
4-0OCHs; | 61,1 61,1 3,91 (s)
5-OCHs | 56,7 56,7 3,96 (s)
6-OCHj3 60,9 60,9 3,89 (s)

3150 MHz, *§600 MHz, °CD30D, 9125 MHz, “oc cua 5,7,3'-trihydroxy-6,4',5'-
trimethoxyflavone do trong CD30D [141]

So sénh s6 liéu pho cia OE2 véi tai lidu da cong b trude d6 vé hop chat 5,7,3'-
trinydroxy-6,4',5'-trimethoxyflavone [141] cho thay phl hop ¢ tat ca cac vi tri. Nhu
vay c0 thé khang dinh OE2 14 5,7,3-trihydroxy-6,4',5'-trimethoxyflavone.
4.1.2.3. Hop chat OE3: 5,7,2'5'-tetrahydroxy-6,3',4'- trimethoxyflavone

Oj |
3 V/O
fl
5

2 !
OH

Hinh 4.51. Cau trdc hda hoc va cac twong tac chinh trén phd HMBC, COSY cua hop
chat OE3

Hop chat OE3 phan lap dugc dudi dang chat bot mau vang dam. Pho *H NMR

cho théy tin hiéu singlet cia ba nhdm methoxy tai on 3,75 (3H, s, 6-OCH3), 3,78 (3H,

s, 3'-OCHj3), 3,87 (3H, s, 4'-OCHp3), hai nhém methine thom tai on 7,12 (3H, s, H-6"),

6,50 (3H, s, H-8), mot nhom methine olefin tai on 7,04 (3H, s, H-3) va bén nhém

hydroxy tai on 13,03 (s, OH-5), 10,72 (brs, OH-7), 9,49 (brs, OH-2"), 9,18 (brs, OH-
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5" (Bang 4.16). Trén pho *C NMR cua OE3 xuat hién tin hiéu caa 18 nguyén tir
carbon, bao gém ba nhém methoxy tai dc 59,9 (6-OMe), 60,9 (3'-OMe), 60,2 (4"
OMe), hai nhém methine thom tai dc 108,8 (C-6') va 93,9 (C-8), mot nhém methin
olefin tai dc 108,0 (C-3). Céc dir liéu pho trén goi y OE3 la din xuat cua flavone.
Phan tich dit liéu 'H va 13C NMR caa OE3 (Bang 4.16) cho thay hop chét nay c6 cu
truc twong tu véi OE2, ngoai trir sy xuat hién caa nhém -OH & vj tri C-2', cling Vi
su hoan ddi vi tri nhém -OH va -OCHjs ¢ hai vi tri C-3' va C-5' trong OE3 [142].
Bang 4.16. S liéu phd NMR cua hop chat OE3 va hop chat tham khao

C foct e oc?e onP° (dang tin hiéu, J = Hz)

2 161,2 161,0 -

3 108,1 108,0 7,04 (s)

4 182,2 182,2 -

4a 152,5 152,4 -

5 152,7 152,7

6 131,3 131,3 -

7 157,4 157,3 -

8 94,0 93,9 6,50 (s)

8 104,1 104,0 -

1 1121 1121 -

2' 143,3 143,2 -

3 141.8 141,8 -

4 1447 144.6 -

5' 143,6 143,5 -

6' 108,9 108,8 7,12 ()
5-OH - - 13,03 (s)
7-OH - - 10,72 (br. s)
2'-OH - - 9,49 (br. s)
5'-OH - - 9,18 (br. s)

6-OCH3 60,0 59,9 3,75 (S)
3'-OCHjs 61,0 60,9 3,78 (s)
4'-OCHjs 60,3 60,2 3,87 (s)

3150MHz, 600 MHz, °DMSO-ds, 9125 MHz, #c ciia 5,7,2',5'-tetrahydroxy-6,3',4'-
trimethoxyflavone trong DMSO-ds [142]

Ph COSY cua OE3 cho thdy khong c6 twong tac nao chirng to OE3 khong c6
c4c proton canh nhau (Hinh 4.51). Quan sat trén phé HMBC cho thay cac twong tac
gitra H-8 va C-4a/C-7/C-8a, gitra H-3 vgi C-2/C-1'/C-4a; gitra H-6' voi C1'/C-2/C-
4'/C-5'; gitra 5-OH vdi C-5/C-4a; gitra 6-OCH3 vai C-6, gitra 3'-OCH3 voi C-3', gitra
4'-OCHjs vé6i C-4' cho phép xac dinh vi tri ciia cac nhdm methoxy lién két lan luot voi
C-6, C-3', C-4' va bon nhém hydroxy lién két voi C-5, C-7, C-2', C-5' tuong ung.
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Tur nhitng dix kién trén két hop so sanh véi cac cong bd trude d6 cua cac hop
chat twong tu ¢d thé xac dinh dugc ciu tric cua OE3 14 5,7,2',5'-tetrahydroxy-6,3',4'-
trimethoxyflavone [142].

4.1.2.4. Hop chat OE4: Dehydrovomifoliol

Ve
‘OH — COSY
Y 5 ~~ X HMBC
Hinh 4.52. Cau trdc hoa hoc va cac twong tac chinh trén phé HMBC, COSY cua
hop chat OE4
Bang 4.17. S6 liéu phé NMR cua hop chat OE4 va hop chat tham khao
C "OcC Oc*C onP¢ (dang tin hiéu, J = Hz)
1 42,6 42,6 -
2 50,4 50,5 2,61 (d, 16,8)
2,31 (d, 16,8)
3 199,9 200,4 -
4 127,7 128,0 5,96 (t, 1,2)
5 164,2 164,6 -
6 79,8 79,9 -
7 148,0 148,3 7,00 (d, 15,6)
8 1314 1317 6,44 (d, 15,6)
9 200,1 200,7 -
10 27,6 27,6 2,31 (s)
11 23,5 23,5 1,08 (s)
12 24,7 24,7 1,04 (s)
13 19,1 19,1 1,92 (d, 1,2)

3150MHz, °600 MHz, °CD30D, “dc ciia dehydrovomifoliol do trong CDsOD [143]

Hop chat OE4 thu dugc dudi dang chat dau mau vang. Trén phd *H NMR cua
OE4 xuét hién tin hiéu singlet caa bon nhém methyl tai o 1,04 (3H, s, H-12), 1,08
(3H, s, H-11),1,92 (3H, d, J=1,2 Hz, H-13), 2,31 (3H, s, H-10), tin hié¢u cta ba nhém
methine sp? tai [0n 5,96 (1H, t, J = 1,2 Hz, H-4), 6,44 (1H, d, J = 15,6 Hz, H-8), 7,00
(1H, d, J = 15,6 Hz, H-7)].

Ngoai ra, trén phd 'H NMR cua OE4 con cho thay su xuét hién tin hiéu cua
mot nhém methylene sp? tai on 2,31 (1H, d, J = 16,8 Hz, Ha-2), 2,61 (1H, d, J = 16,8
Hz, Hp-2) & truong thap goi ¥ nhom methylene ndy gén truc tiép véi mot nhom
carbonyl. Phé 3C NMR va DEPT xuit hién hai tin hiéu dic trung cta hai nhom
ketone tai 6c 200,4 (C-3) va 200,7 (C-9), ba nhém methine sp? tai dc 128,0 (C-4),
131,7 (C-8), 148,3 (C-7), mot nhém carbon bac 4 sp? tai 164,6 (C-5), hai nhém carbon
bac 4 sp? tai oc 42,6 (C-1), 79,9 (C-6), bén nhém methyl tai Jc 27,6 (C-10), 23,5 (C-
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11), 24,7 (C-12), 19,1 (C-13) va mot tin hiéu cua nhom methylene tai 6c 50,5 (C-2).
Do chuyén dich hda hoc cua C-6 cho thay carbon C-6 c6 lién két véi nguyén tir oxy.
Trén COSY xuat hién mdi trong quan gitra H-7/H-8, ddng thoi hang s tuong tac J7g
= 15,6 Hz 16n cho phép xac dinh lién két d6i -CH=CH- kiéu trans. Bén canh do, trén
phd HMBC quan sat dwgc sy tuong tac ciia H-11, H-12 véi C-1/C-2/C-6 xéac dinh
duoc hai nhdm methyl nay géan truc tiép tai C-1; twong tac cua H-13 véi C-4/C-5/C-
6 cho thiy nhom Me-13 gin & C-5. Ngoai ra, con thiy twrong tic HMBC cua H-7, H-
8 vGi C-6/C-9; H-2 véi C-1/C-3/C-4. Qua nhitng phan tich trén két hop so sanh sb
liu phd 1*C NMR cua OE4 vai céc s6 liéu da cong b trong tai liéu tham khao (Bang
4.17) [143] c6 thé két luan cau trlc caa hop chat OE4 la dehydrovomifoliol.

4.1.2.5. Hop chat OE5: Protocatechuic acid

5 1 ~COOH
4
HO f

OH

Hinh 4.53. C4u trdc hoa hoc caa hop chat OE5

Hop chat OES5 phan lap dugc dudi dang chat bot mau trang. Phoé *H NMR cua
OES5 xuat hién tin hiéu proton cia vong thom hé tuong tac spin — spin ABX tai dn
6,81 (1H, d, J = 8,4 Hz, H-5), 7,43 (1H, dd, J = 2,4; 8,4 Hz, H-2), 7,46 (1H, d, J =
2,4 Hz, H-6). Phd 3C NMR xuét hién tin hiéu cia mot nhoém carboxylic tai dc 170,9
(COOH), 3 carbon methine sp? tai Jc 115,7 (C-2), 117,7 (C-5), 123,9 (C-6) va ba
carbon khdng lién két voi hydro tai oc 123,8 (C-1), 145,9 (C-3) va 151,3 (C-4). Qua
nhitng phan tich trén phd NMR cua hop chat OE5, két hop véi cac tai liéu di cong
bd trude d6 vé hop chat protocatechuic acid [144], cho thdy sy phi hop ¢ tat ca cac
vi tri, cho phép ta xac dinh dugc OEDS la protocatechuic acid .

Bang 4.18. Dit liéu phd NMR hop chat OE5 va hop chat tham khao

C Focac Oc?® onPC (dang tin hiéu, J = Hz)

1 123,0 123,8

2 1158 | 1157 7.46 (d, 2,4)

3 146,0 145,9

4 151,5 151,3

511771 1177 6,81 (d, 8,4)

6 | 1239 | 1239 7.43 (dd, 2,4: 8.4)
COOH| 170,3 170,8

3150MHz, 600 MHz, °CD30D, #dc Ciia protocatechuic acid do trong CD30D [144]
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4.1.2.6. Hop chat OE6: Chrysoeriol-7-O-8-D-glucopyranoside

5

Hinh 4.54. Cau trdc héa hoc cua hop chit OE6

Hop chat OE6 thu dugc dudi dang chat bot mau vang. Cac phdo NMR cua OE6
dic trung cho mot hop chat c6 khung flavonoid. Trén phd *H NMR xuat hién tin hiéu
ctia nim proton thom, trong d6 c6 mot hé vong thom kiu ABX duoc xac dinh bai
céc tin hiéu tai on 6,94 (1H, d, J = 8,4 Hz, H-5'), 7,58 (1H, br. s, H-2') va 7,59 (1H,
d, J = 2,4; 8,4 Hz, H-6"); hai proton vong thom thé & vi tri meta véi nhau tai on 6,45
(1H, d, J = 2,4 Hz, H-6), 6,87 (1H, d, J = 2,4 Hz, H-8); mot proton methine sp? tai ou
6,98 (1H, s, H-3); mot nhém methoxy tai 5u 3,89 (3H, s, 3'-OCHs). Bén canh d6 phd
'H NMR ciing x4c dinh sy c6 mit cia mot gbc dudng véi tin hiéu proton anomer tai
on 5,06 (1H, d, J =7,8 Hz, H-1").

Hinh 4.55. Céc tuong tac chinh trén phé HMBC va COSY cua hop chit OE6

Céc tin hiéu trén phd 3C NMR va DEPT cho thdy OE6 c6 22 nguyén tir
carbon, trong d6 c6 sau nhém methine sp?, tam carbon khong lién két hydro sp2, mot
nhom carbonyl va sau nguyén ti carbon dic trung cho mot gbe duong, goi Y rang
hop chat OE6 la mot hop chat flavone glycoside. Ngoai ra, phé 3C NMR cua hop
chat OEG6 xuat hién hai tin hiéu tai dc 95,0 va 99,5 rat dic trung cho hai vi tri C-8, C-
6 cuia vong A khi hai vi tri C-5 va C-7 déu bi thé. Thém vao dé, s xuat hién cua mot
goc duodng glucose ciing duoc xac dinh véi céc tin hiéu dic trung tai dc 100,1 (C-
1")/615,06 (1H, d, J = 7,8 Hz), 5c 73,1 (C-2")/Sn 3,28 (LH, m), 5c 76,4 (C-3")/51 3,35
(1H, s), dc 69,6 (C-4")/61 3,18 (1H, m), & 77,2 (C-5")/ 5u 3,44 (1H, m), Jc 60,6 (C-
6"). Hang s6 twong tac 16n (J1.2 = 7,8 Hz) goi ¥ phan ti duong c6 cau hinh £. Trén
phd HMBC xut hién cac twong tac giita H-3 véi C-4/C-4a/C-1', H-6 véi C-5C-8; H-
8 vai C-4a/C-8a/C-6; H-5' voi C-4'/C-3'/C-1"; H-6' vdi C-4'/C-2/C-2"; H-2' vai C-3'/C-
1'/C-2 khang dinh vi tri cua cac carbon C-3, C-6, C-8, C-5', C-6', C-2' twong ing.
Ngoai ra, con xuat hién twong tic HMBC giita H-1" va C-7, cho thay phan tir duong
c6 vi tri C-1" gan véi khung chrysoeriol ¢ vi tri C-7. Thém nita, ciing quan sat duoc
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méi tuong quan giita H-5'H-6' va H-1"/H-2"/H-3"/H-4"/H-5"/H-6" trén phd COSY.
Tt céc dir kién trén két hop so séanh vai tai liéu tham khao [145] da cong bd vé
chrysoeriol-7-0-8-D-glucopyranoside cho thay c6 su phi hop & tit ca cac vj tri
(Bang 4.19). Nhu vdy c6 thé khang dinh OEG6 la chrysoeriol-7-O-4-D-
glucopyranoside [145].

Bang 4.19. Sé liéu phd NMR cua hop chat OE6 va hop chét tham khao

C Focuc oc© on”° (dang tin higu, J = Hz)

2 164,3 164,2 -

3 103,1 103,3 6,98 (s)

4 182,0 181,9 -

5 161,1 161,1 -

6 99,5 99,5 6,45 (d, 2,4)

7 162,9 162,9 -

8 95,0 95,0 6,87 (d, 2,4)

4a 105,3 105,3 -

8a 156,9 156,9 -

1 121,9 121,1 -

2' 110,3 110,3 7,58 (br. s)

3 148,3 148,1 -

4 150,7 151,2 -

5' 116,0 115,8 6,94 (d, 8,4)

6' 120,7 120,5 7,59 (dd, 2,4; 8,4)
3'-OCHjs 55,9 55,9 3,89 (9)

1" 100,0 100,0 5,06 (d, 7,8)

2" 73,1 73,1 3,28 (m)

3" 76,5 76,4 3,35 (M)

4" 69,6 69,6 3,18 (m)

5" 77,3 77,2 3,44 (m)

6" 60,6 60,6 3,45 (m)

3,72 (m)

3150 MHz, ®°600 MHz, °DMSO-ds, 9100 MHz, #c cia chrysoeriol-7-O-4-D-
glucopyranoside do trong DMSO-ds [145]
4.1.2.7. Hop chat OE7: 7Z-roseoside

Hinh 4.56. Cau trdc hoa hoc va cac tuong tac chinh trén phé HMBC, COSY cua
hop chit OE7
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Hop chat OE7 thu dugc dudi dang chat dau khdng mau, co goc quay cuc riéng
[a]3* +108,8 (c 0,94 MeOH). Céc phd 1D-NMR ciia OE7 dic trung cho mot hop chat
megastigmane glycoside. Trén phé *H NMR xuat hién cac tin hiéu cia ba proton olefin tai
01 5,87 (1H, 10,2, H-7), 5,88 (1H, dd, J =10,2; 1,8 Hz, H-8), 5,89 (1H, s, H-4).

Bang 4.20. Sé liéu pho NMR cua hop chat OE7 va chat tham khao

C "octd Oc3e on1P° (dang tin hiéu, J = Hz)

1 42,5 42,4 -

2 50,7 50,7 2,53 (d, 16,8)

2,16 (d, 16,8)

3 201,4 201,2 -

4 127,2 127,2 5,89 ()

5 167,4 167,3 -

6 80,1 79,9 -

7 131,6 131,5 5,87 (d, 10,2)

8 135,3 135,3 5,88 (dd, 10,2; 1,8)

9 17,4 77,3 4,43 (m)

10 21,3 21,2 1,30 (d, 6,6)

11 23,5 23,4 1,06 (s)

12 24,8 24,7 1,05 (s)

13 19,7 19,5 1,94 (s)

T 102,7 102,7 436 (d, 7.8)

2' 75,3 75,3 -

3 78,0 78,0 -

4' 71,6 71,6 -

5' 78,1 78,1 -

6 62,8 62,8 3,87 (dd, 2,4; 12,0)
3,63 (dd, 6,0: 12,0)

4150 MHz, ®600 MHz, ¢CD30D, 9100 MHz, “dc cuia 7Z-roeoside [146]

Bén canh d6 phd *H-NMR ciing xac dinh sy ¢6 mat ciia bon nhém methyl tai 5n
1,05 (3H, s, H-12), 1,06 (3H, s, H-11), 1,30 (3H, d, J = 6,6 Hz, H-10), 1,94 (3H, s, H-
13) va cua mot géc duong vai tin hiéu proton anomer tai on 4,36 (1H, d, J = 7,8 Hz, H-
1') cling céc tin hiéu khac dic trung cho gdc duong tai 3,25-3,88. Céc tin hiéu trén pho
13C NMR va DEPT di goi y rang hop chat OE7 c¢6 khung cyclohexenone. Piéu nay
duoc khing dinh bai c4c tin hiéu tai dc 201,2 (C-3), 167,3 (C-5), 127,2 (C-4), 79,9 (C-
6), 50,7 (C-2), 42,4 (C-1), hai tin hié¢u tai oc 131,5 va 135,3 rat dic trung cho hai vi tri
C-7, C-8 cua ndi ddi olefin. Ngoai ra sy Xuat hién caa mot goc duong glucose ciing dugc
xéc dinh véi cac tin hicu dic trung tai oc 102,7 (C-1)/614,36 (1H, d, J = 7,8 Hz, H-1),
75,2 (C-2'), 78,0 (C-3), 71,6 (C-4'), 78,1 (C-5'), 62,8 (C-6"). Hing sb twong tac 1on (J12
= 7,8 Hz) goi y phan tir dwong co dang f-glucoside. Cac twong tac HMBC gitra H-2 véi
C-1/C-3/C-6/C-11/C-12, gitra H-4 vai C-5/C-6/C-13, gitta H-7 vai C-6/C-8/C-9, gitta
H-8 vai C-6/C-7/C-9, gitta H-9 vai C-7/C-8/C-10, gitta H-10 véi C-8/C-9 va H-13 vai
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C-4/C-5/C-6 dugc quan sat 13, ddng thai trén phd COSY ciing nhin thdy médi trong quan
gitra H-7/H-8/H-9. So sanh sé liéu phd *C NMR cua OE7 véi hop chit (6S,7Z,9R)-6,9-
dihydroxymegastigma-4,7-dien-3-one-9-O-4-D-glucoside [146] va so sanh géc quay
cuc riéng thay c6 su phi hop & tit ca cac vi tri (Bang 3.20). Tir d6 c6 thé két luan hop
chit OE7 la (6S,7Z,9R)-6,9-dihydroxymegastigma-4,7-dien-3-one-9-O--D-glucoside
hay con co tén khac la 7Z-roeoside.

4.1.2.8. Hop chat OES: 5,7,3"-trihydroxy-6,4", 5'- trimethoxyflavanone

OH (0]
_— HMBC
Hinh 4.57. Cau trdc hoa hoc va cac twong tac chinh trén pho HMBC, COSY cua
hop chat OES8
Bang 4.21. Sé liéu pho NMR cuaa hop chat OES8 va hop chat tham khao
C "oc?e Oc?e onP° (dang tin hiéu, J = Hz)
2 78,6 79,1 5,29 (dd, 3,0; 12,6)
3 42,8 43,4 2,80 (dd, 3,0; 17,4)
3,04 (dd, 12,6; 17,4)
4 196,7 196,6 -
5 154,6 1544 -
6 128,7 128,5 -
7 158,8 158,5 -
8 94,8 94,7 6,13 (3)
4a 157,5 157,5 -
8a 103,2 103,1 -
1 134,6 134,4 -
> 106,2 106,2 6,68 (d, 1.8)
3 149,9 149,6 -
4' 136,0 135,8 -
5' 152,8 152,7 -
6 102,2 102,1 6,56 (d, 1,8)
6-OCHs | 60,4 61,0 3,94 ()
4°0CHs | 60,4 60,9 3,91 (s)
5-OCHs | 554 56,0 3,89 ()
5-OH - - 12,16 (br. s)

4150MHz, ®°600MHz, °CDCls, “dc cuia 5,7,3'-trihydroxy-6,4',5'-
trimethoxyflavone do trong CDClI3 [147]

Hop chat OES phan lap duoc dudi dang bot mau vang. Pho *H NMR xuat hién
tin hi¢u cua ba proton dac trung cho vong thom, trong d6 c6 hai proton doublet & vi
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tri meta véi nhau tai 64 6,68 (1H, d, J = 1,8 Hz, H-2"), 6,56 (1H, d, J = 1,8 Hz, H-6"),
mot proton singlet tai 61 6,13 (1H, s, H-8); mot nhdm methylene sp? tai J1 2,80 (1H,
dd, J=3,0; 17,4 Hz, Ha-3), 3,04 (1H, dd, J = 12,6; 17,4 Hz, Hb-3); mot proton methine
sp? tai on 5,29 (1H, dd, J = 3,0; 12,6 Hz, H-2) va ba nhdm methoxy tai Jn 3,91 (3H,
s, 4-OCHs), 3,94 (3H, s, 6-OCHj), 3,89 (3H, s, 5-OCHj3). Phd 3C NMR xuat hién
tin hiéu cua 18 nguyén tir carbon bao gdm mot nhém carbonyl, bén nhém methine
sp2, ba nhom methoxy, va mudi carbon khong lién két véi hydro. Két hop véi phd tH
NMR ¢ thé nhan dinh ddy 1a mot hop chat c6 khung flavone. Trén phé HMBC cua
hop chat OE8 xuat hién cac twong tac giita H-8 voi C-4a/C-6/C-7/C-8a; giita H-2’
véi C-1'/C-3'/C-6'/C-2; gitra H-6' vai C-1'/C-5'/C-2'/C-2; gitra H-3 vai C-4/C-2/C-
4a/C-1' gilip khang dinh lan lugt cac vi tri caa C-8, C-2’, C-6' va C-3. Ngoai ra vi tri
cua cac nhom methoxy tai C-6, C-4', C-5' dugc khang dinh théng qua cac twong tac
HMBC tur cac proton cua cac nhém OCHzs-6 tdi C-6, OCH3z-4' t6i C-4' va OCH3-5' téi
C-5'. So sanh céc dit liéu phd caa hop chat OE8 vai céc dir liéu phd caa hgp chat
5,7,3-trihydroxy-6,4',5'- trimethoxyflavanone [147] thiy c6 su phi hop hoan toan.
Nhu vdy c6 thé két luan hop chat OE8 chinh Ia 5,7,3-trihydroxy-6,4'5'-
trimethoxyflavone.

4.1.2.9. Hop chdt OE9: Lup-20(29)-ene

Hop chat OE9 thu dugc dudi dang chat bot mau trang. Pho *H NMR cua OE9
Xuat hién céc tin hiéu singlet cua bay nhom methyl dic trung cho hop chat triterpenoid
khung lupane c6 d6 dich chuyén lan luot tai on 0,79 (3H, s, H-23), 0,84 (3H, s, H-
24), 0,82 (3H, s, H-25), 0,95 (3H, s, H-26), 0,72 (3H, s, H-27), 0,96 (3H, s, H-28),
1,75 (3H, s, H-30).

2
Hinh 4.58. C4u trdc hoa hoc caa hop chat OE9
Bén canh d6 ph6 *H NMR con cho thay sy xuat hién tin hiéu ctaa hai proton
methylene sp? tai Ju 4,78 (2H, br. s, H-29) va cac tin hiéu proton con lai & ving
aliphatic on 1,11-1,85.
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Bang 4.22. S liéu phd NMR cuaa hop chat OE9 va hop chét tham khao

C | "0c®® | 0c*® | ouPC(dangtin | C | "0c* | oc®C | onPC (dang tin hiéu, J =
hiéu, J = Hz) Hz)

1777336 | 337 121(m) |16 | 421 | 421 1,33 (m)

1,38 (m) 1,11 (ddd, 4,8; 14.4; 4,2)
2777209 | 20,9 130(m) | 17 | 448 | 448 -

1,52 (m)
3777420 419 159 (m) | 18 | 495 | 495 1,34 (m)

1,02 (d, 9,6)

4 37,4 37,4 - 19 ¢ 46,5 46,5 2,67 (dd, 9,6; 16,2)
5 56,1 56,1 0,69 (d, 1,8) 20 | 148,8 | 148,8 -
6 | 18,7 | 18,7 135(m) | 21| 29,7 | 29,7 -

1,55 (m)
7717332 ] 333 121(m) | 22| 403 | 404 0,76 (m)

1,45 (m)
8 42,0 42,0 - 23 | 21,6 21,6 0,79 (s)
9 550 | 549 139(m) | 24 | 334 | 334 0,84 (s)
107419 | 419 . 25 | 158 | 159 0,82 (s)
1177216 | 21,7 164(m) | 26| 167 | 16,8 0,95 (s)

1,46 (m)
12 23,9 24,0 1,39 (m) 27 | 16,0 16,1 0,72 (s)

1,45 (m)
1377504 | 504 124(m) |28 167 | 16,7 0,96 (s)
14 42,1 42,1 - 29 | 110,21 110,1 4,78 (br. s)
157274 | 274 179(m) 130 | 249 | 250 1,75 (s)

1,85 (m)

4150 MHz, ®§600 MHz, °CDCls, “dc cuia lup-20(29)-ene do trong CDCls [148]

Ph6 13C NMR xuét hién tin hiéu cua 30 nguyén tir carbon, trong d6 c¢6 1 nhém
methylene sp? va 1 carbon sp? khong lién két truc tiép vai hydro tai dc 148,8 (C-20)
va 110,1 (C-29). Piéu nay hoan toan phi hop véi cac nhan dinh dua ra khi phd 'H
NMR thu dugc tin hiéu caa hai proton olefin. Nhu vay, két hop gitra cé4c tin hiéu thu
duogc trén phd *H NMR, phd *C NMR c6 thé nhan dinh 30 nguyén tir carbon thudc
khung lupane giong OE1. Két hop so sanh dir liéu pho cua hop chat OE9 véi dit liéu
d3 cong bd cua hop chat lup-20(29)-ene [148] thay su phii hop & tat ca céc vi tri, tir

d6 c6 thé két luan hop chat OE9 c6 ciu trac la lup-20(29)-ene.
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4.1.2.10. Hop chat OE10: 23-deoxojessic acid

Hinh 4.59. Cau trdc hoa hoc va cac tuong tac chinh trén phé HMBC, COSY cua

hop chit OE10

Bang 4.23. S liéu phd NMR cuaa hop chat OE10 va hop chat tham khao

onP¢ (dang tin

onP¢ (dang tin

*¢ de a,c *¢ de a,c
C o™ 0 L sy d=H) | © 0T 0T s I = Hy)
1 7725 77736 | 3,56 (br. 5) 177835 1536 1 167 (m)
2 | 388 | 383 2,43 (m) 18 | 183 188 1,02 (s)
) ) 2’59 (m) ) ) )
455 (dd. 4.5 0,51 (d, 4.2)
3 | 707 | 715 20 19 287 31 %)
4 556 558 i 50 T 365 3737 1.81(m)
5 377 17378 187 (m) 517185 | 188 | 0,95 (d, 6,0)
1,35 (M) 1,17 (m)
6 | 234 | 240 To1 o 2 33382 gm
1.94 (m) 2.16 (m)
7 | 283 | 292 3 (o) 23| 36 23 g
8 | 481 | 50,1 1’551(2‘1‘3’)4’2; 24 | 156,7  157,8 i
9 208 1221 i 25 1340 1349 T 227 (m)
10 17303 17302 : 26 1220 1224 7 1,05 (d, 6.6)
2,44 (m)
11 | 266 | 267 38 (m 27 | 219 | 223 | 1,06(d, 6,6)
127332 341 1.70 (m) 58 T179.9 1810 i
13 7456 464 : 5971767 192 109 (5)
14 201 7299 : 307194 T 199 1,01 (s)
4,74 (br. s),
15 | 350 | 369 1,35 (m) 3L 1066 1068 ,'dq(q 19)
155 (m)
16 | 258 | 26,6 T30 o

3150 MHz, "§600 MHz, °CDs0D, Ypyridine-ds, ©100MHz, "¢ ciia 23-deoxojessic acid

do trong pyridine-ds [149]

Hop chat OE10 phan lap dugc dudi dang chat bot mau trang. Phé 'H NMR
Xuat hién cac tin hiéu dic trung ciia hop chat triterpenoid véi cac tin hiéu cua 6 nhom
methyl tai o 0,95 (3H, d, J = 6,0 Hz, H-21), 1,01 (3H, s, H-30), 1,02 (3H, s, H-18),
1,05 (3H, d, J = 4,2 Hz, H-26), 1,06 (3H, d, J = 4,2 Hz, H-27), 1,09 (3H, s, H-29).
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Phé 3C NMR xuat hién cac tin hiéu dic trung cuia nhom carboxylic tai dc 181,0 (C-
28) va mot lién két doi ngoai vong tai oc 157,8 (C-24) va 106,8 (C-31). Bo chuyén
dich héa hoc cua C-19 (n 0,51 (1H, d, J= 4,2 Hz, Hs-19), 0,72 (1H, d, J= 4,2 Hz,
Hb-19), dc 31,1) déc trung cho tin hiéu ciia mot vong cyclopropyl.Trén phd COSY
quan sat thay céc hé tuong tac sau: H-1/H-2/H-3, H-5/H-6/H-7/H-8, H-11/H12, H-
15/H-16/H-17/H-20/H-22/H-23. Ngoai ra, trén phé HMBC c6 cac tuong tac chinh
gitta H-26/H-27 cung twong tac dén C-25, gitra H-21 dén C-20/C-17, giira H-19 tuong
tac véi C-1/C-10/C-9/C-11/C-5/C-8, giita H-29 twong tac véi C-28/ C-3/C-4/C-5,
gitta H-30 voi C-8/C-13/C-14/C-15, giita H-18 twong tac véi C-12/C-13/C-14/C-17,
gitta H-31 vai C-23/C-24/C-25, gitra H-8 vai C-7/C-9/C-10/C-14/C-15, gitra H-5 véi
C-3/C-4/C-6/C-10, giita H-11 vé&i C-9/C-10/C-12, giita H-17 véi C-18/C-13/C-20
cho phép xac dinh ciu tric caa hop chat OE10 nhu hinh v& (Hinh 4.59).

Qua phan tich dit liéu phd 1D, 2D NMR cua OE10, két hop so sanh tai liéu
tham khao d3 cong b truée d6 [149] cho phép xac dinh hop chat OE10 la 23-
deoxojessic acid.

4.1.2.11. Hop chdt OE11: Cucurbitacin F

Hinh 4.60. Cau trdc hoa hoc va cac tuong tac chinh trén phé HMBC, COSY cua
hop chat OE11

Hop chat OE11 thu dugc dudi dang chat bot mau trang. Phan tich cac dit kién
pho 1D, 2D NMR cho thiy cau tric OE11 thuoc nhém chat cucurbitacin. Pho H
NMR xuét hién tin hiéu singlet cua tam nhém methyl tai on 0,92 (3H, s, H-30), 0,98
(3H, s, H-28), 1,09 (3H, s, H-18), 1,19 (3H, s, H-29), 1,21 (3H, s, H-26), 1,34 (3H, s,
H-27), 1,32 (3H, s, H-19), 1,40 (3H, s, H-21), va ba nhom oxymethine & 1 4,48 (1H,
m, H-16), Jn 3,55 (1H, m, H-2) va on 2,87 (1H, d, J = 9,6 Hz, H-3). Ngoai ra, phé 1H
NMR con c¢6 mot tin hiéu doublet caa proton olefin ¢ on 5,76 (1H, d, J = 6,0 Hz, H-
6) va hai tin hiéu proton olefin ¢ dang trans tai on 6,85 (1H, d, J = 15,6 Hz, H-23) va
on 6,99 (1H, d, J = 15,6 Hz, H-24). Bén canh d6 con xuat hién cac tin hiéu proton
methine va methylene ¢ truong cao trong khoang on 1,05 — 2,08 ppm, trong khi cac
tin hiéu gan nhém carbonyl chuyén dich sang trudng thap hon, cu thé du 2,58 (1H, t,
J=4.8Hz, Ha:-12) va 2,54 (1H, d, J = 4,8 Hz, Hp-12) va 6n 2,50 (1H, d, J = 13,2 Hz, H-10).
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Phé 13C NMR cua hop chat OE11 cho thy tin hiéu caa 30 nguyén ti carbon
gom tdm nhém methyl (dc 19,8 dén 29,2), nam carbon carbinol & dc 71,8 (C-2), 81,9
(C-3), 71,6 (C-16), 79,9 (C-20) va 71,5 (C-25) va hai carbon carbonyl ¢ dc 204,9 (C-
22), 216,1 (C-11), dac trung cua triterpenoid khung cucurbitane.
Bang 4.24. S liéu phd NMR cuaa hop chat OE11 va hop chat tham khao
C | #0c® | 0c®C | onPC(dangtin | C | #6cd | 8c*° | onPC (dang tin

hiéu, J = Hz) hiéu, J = Hz)
1| 348 | 348 1,81 (m) 16 | 716 | 716 4,48 (m)
1,05 (m)
2 71,7 1 718 3,55 (m) 17 594 | 594 2,61 (d, 7,2)
31819819 2,87 (d, 9,6) 18¢ 20,6 | 205 1,09 (s)
4 1433 | 434 - 19: 198 i 198 1,32 ()
5 1142,7 11427 - 200 799 | 799 -
6 (121,21 1199 5,76 (d, 6,0) 21 254 | 254 1,40 (s)
71247 | 248 2,42 (dd, 7,8; 22 1 204,91 2049 -
19,2)
2,00 (dd, 5,4;
19,2)

81 443 | 444 195(d, 7.8) | 23 1200 1213 6,85 (d, 15.,6)
9 1 49,7 | 497 - 241 1553 1553 | 6,99 (d, 15,6)

101349 | 349 | 250(d, 132) | 25| 715 | 715 -
. 26| 292 | 2972 1,21 (s)

11 1 216,0 | 216,1
121 49,9 | 49,8 2,58 (t, 4,8) 27 254 | 253 1,34 (s)
2,54 (t, 4,8)
131 494 | 49,7 - 28 223 1 2273 0,98 (s)
141519 | 51,9 - 291 254 1 254 1,19 (s)
15| 46,6 | 46,6 1,39 (m) 30 | 20,7 | 206 0,92 (s)
1,83 (m)

3150MHz, "600 MHz, °CD30D, 950 MHz, #dc cuia cucurbitacine F do trong CD30D [150]
Trén pho COSY caa OE11 xuat hién 4 hé tuong tac spin-spin caa cac proton

lien ké bao gom H-3/H-2/H-1/H-10, H-6/H-7/H-8, H-15/H-16/H-17, H-23/H-24
duogc biéu dién trén hinh 4.60. Trén pho HMBC cia OE11, twong tac gitra Me-28 (Jn
0,98) va Me-29 (dn 1,19) véi C-3 (dc 81,9), C-4 (dc 43,4), C-5 (5¢c 142,7) chi ra rang
hai nhém methyl nay gan vao C-4. Tuong tic HMBC giita Me-18 (J4 1,09) véi C-8
(6c 44,4), C-12 (oc 49,8), C-13 (oc 49,7), C-17 (6c 59,4); gitta Me-19 (o1 1,32) Vi
C-8 (6c 44,4), C-9 (oc 49,7), C-10 (o¢c 34,9), C-11 (oc 216,1); gitta Me-21 (61 1,40)
vai C-17 (6¢c 59,4), C-20 (oc 79,9); gitra Me-30 (6w 0,92) véi C-13 (oc 49,7), C-14
(& 51,9), C-15 (& 46,6), C-17 (& 59,4) cho phép xac dinh vi tri caa bén nhom
methyl dugc dinh tryc tiép lan luot tai C-13, C-9, C-20 va C-14 cua khung
cucurbitane. Tuong tac gitta Me-26 (on 1,21) va Me-27 (on 1,34) véi C-23 (6c 121,3),
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C-24 (& 155,3), C-25 (&c 71,5) va su tuong tac 1an nhau cua chiing cho phép xac
dinh vi tri cia hai nhém methyl nay duoc gin tai C-25. Tir tit ca phan tich trén két
hop so sanh véi tai liéu tham khao [150] thi cdu tric cua hop chat OE11 dugc xac
dinh la cucurbitacin F.

4.1.2.12. Hop chat OE12: 3p-(f-D-glucosyloxy)-16a,23a-epoxycucurbita-5,24-
diene-11-one

Hinh 4.61. Cau trlc hoa hoc cua hop chat OE12
Bang 4.25. S6 liéu phd NMR cua hop chat OE12

C dc*® | onPf (dangtinhiéu, | C | dc*° | onPC (dang tin hiéu,
J=Hz) J =Hz)
1 | 224 1 133(m):16(d 30) | 19 | 205 1,09(s)
2288 1,77 (m) 20 | 725 i
2,03 (m)

3 | 879 3,44 (br. s) 21 | 29,0 129 (s)

4 42,7 - 22 | 49,8 1,43 (m)

5 142,1 - 23 74,5 4,59 (m)

6 | 119,6 5.64 (d, 6,0) 24 | 1265 5.15 (d, 8,4)

7 1249 7 1,93(m): 2,40 (m) | 25 | 1369 -

8 | 442 1,98 (m) 26 | 258 174 (s)

9 | 509 . 27 | 18,4 1,72 (s)

10 36,5 2,37 (m) 28 | 28,6 1,07 (s)

11 | 2166 . 29 | 259 1,26 (s)

12 | 495 | 2,36(m):3,14 (m) | 30 | 21,6 1,27 (s)

13 | 487 i 1 | 106,6 430 (d, 7.8)

14 | 486 . 2 756 3,18 (d, 4.8)

15 | 41,7 | 141(m),1.87(m) | 3 | 783 3,32 (m)

16 | 77,6 443 (m) 4717 3,29 (m)

17 | 56,4 1,99 (m) 5 | 77,6 3,22 (m)

18 | 201 0,94 (s) 6 | 62,9 | 3,67 (dd, 6,0:12,0)
3,84 (dd, 2,4: 12,0)

3150MHz, "600MHz, °CD30D [151]
Hop chat OE12 phan lap duoc dudi dang chat bot mau trang. Trén phd H
NMR xuat hién céac pic dic trung cho khung cucurbitane véi cac tin hiéu cua tam
nhom methyl tir on 0,94 dén 1,74, cu thé 1a on 0,94 (3H, s, H-18), 1,07 (3H, s, H-28),
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1,09 (3H, s, H-19), 1,26 (3H, s, H-29), 1,27 (3H, s, H-30), 1,29 (3H, s, H-21), 1,72
(3H, s, H-27) va 1,74 (3H, s, H-26). Ngoai ra, ph6 *H NMR con c6 hai tin hiéu doublet
cua hai proton olefin tai on 5,64 (1H, d, J = 6,0 Hz, H-6) va on 5,15 (1H, d, J = 8,4
Hz, H-24). Bén canh d6 con xuét hién cac tin hiéu proton methine va methylene trong
khoang on 1,33 — 2,40 ppm. Cac nhom oxymethine on 3,44 (s, H-3), 4,43 (ddd, J =
3,6; 10,2; 3,6 Hz, H-16), 4,59 (m, H-23) ciing dugc quan sét trén phd 'H-NMR cua
hop chit OE12. Trén phé *C NMR cua hop chit OE12 cho thay tin hiéu cua 36
nguyeén tir carbon gom 30 nguyén tir carbon dic trung cta triterpenoid thugc nhém
cucurbitacin va 6 nguyén tir carbon thuoc mot don vi duong hexose. Proton anomer
cua hop chat OE12 tai on 4,30 (1H, d, J = 7,8 Hz, H-1') ¢6 hang sb tuong tac J = 7,8
Hz cho phép xac dinh cau hinh g cua lién két glycoside.

OH X\ HMBC

Hinh 4.62. Cac twong tac chinh trén phd HMBC va COSY cua hop chat OE12

Trén phé COSY cua OE12 xuét hién nim hé tuwong tic spin-spin cua Cac
proton lién ké bao géom H-3/H-2/H-1/H-10, H-6/H-7/H-8, H-15/H-16/H-17, H-22/H-
23/H-24, H-1'/H-2'/H-3'/H-4'/H-5'/H-6' dugc biéu dién trén hinh 4.62. Trén phd
HMBC cua OE12, tuong tac gitra Me-28 (dn 1,07) va Me-29 (dn 1,26) véi C-3 (oc
87,9), C-4 (dc 42,7), C-5 (dc 142,1) chi ra rang hai nhém methyl nay gan vao C-4. Tuong
tac HMBC giita Me-18 (8u 0,94) véi C-8 (&c 44,2), C-12 (&c 49,5), C-13 (&c 48,7),
C-17 (& 56,4); gitta Me-19 (&4 1,09) véi C-8 (& 44,4), C-9 (&c 50,9), C-10 (&
36,5), C-11 (&c 216,6); giita Me-21 (6 1,29) véi C-17 (& 56,4), C-20 (& 72,5); giita
Me-30 (on 1,27) véi C-13 (oc 48,7), C-14 (oc 48,6), C-15 (oc 41,7) cho phep xac
dinh vi tri ciia bén nhém methyl duoc dinh tryc tiép lan luot tai C-13, C-9, C-20 va
C-14 cua khung cucurbitane. Tuong tac gitra Me-26 (o1 1,74) va Me-27 (on 1,72) voi
C-24 (& 126,5), C-25 (&c 136,9) va su tuong tac 1an nhau cua ching cho phép xac
dinh vi trf ciia hai nhdm methyl nay duoc gin tai C-25. Tuwong tac HMBC giira proton
H-23 véi C-16 va do chuyén dich hda hoc cua ching khing dinh cho lién két Cys-O-
C23 (Hinh 4.62). Ngoai ra, tuong tac HMBC cua H-3 véi C-1', C-5 va H-1' vdi C-3,
C-2', C-3' cho thay don vi duong gan véi phan aglycon & vi tri C-3.

Cau hinh o caa proton & vi tri C-3 dugc x4c dinh bang twong tac trén phd NOESY
cua H-3 (Jn 3,69) va H-28 (0n 1,07). Bén canh d6 phé NOESY xuét hién tin hiéu trong
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tac giita Ho-3 va H-1' goi y cau hinh a cua proton tai vi tri C-1', trong tac giita H-8 va
H-18/H-19 cho phép xé4c dinh cau hinh f cua proton ¢ C-8. Thém nita, trén phd NOESY
cling quan sat thay tin hiéu twong tac gitra H-17/H-30 goi y cau hinh « cta proton tai vi
tri C-17, cac twong tac gitra H-16 va H-26/H-23, H-24/H-27 cho phép xac dinh cau hinh
B cua H-16, H-23.

Hinh 4.63. Cac twong tic NOESY chinh caa hop chat OE12
Tir tat ca nhitng phan tich dix liéu phd trén va so sanh véi tai liéu tham khao
[151] cho phép xac dinh dugc hop chat OE12 14 34-(8-D-glucosyloxy)-16a,23a -
epoxycucurbita-5,24-diene-11-one.

4.1.2.13. Hop chdt OE13: Lupeol

Hinh 4.64. Cau trdc héa hoc cua hop chit OE13

Hop chat OE13 thu duoc dudi dang chat bot mau trang. Phan tich phé cong
huong tir hat nhan 1D, 2D cho thay OE13 ¢6 céu trac trong tu voi OE9 chi khac duy
nhat mot diém 1a xuat hién nhém -OH & vi tri C-3 trong khung lupane. Trén phé H
NMR ciing cho thay cac tin hiéu dic trung caa cac proton singlet caa 7 nhém methyl
tai on 0,76 (3H, s, H-24), 0,95 (3H, s, H-23), 1,03 (3H, s, H-25), 0,94 (3H, s, H-26),
0,83 (3H, s, H-27), 0,79 (3H, s, H-28), 1,68 (3H, s, H-30), hai proton methylene sp?
tai on 4,69 (1H, d, J = 2,4 Hz, Ha-29), 4,57 (1H, d, J = 2,4 Hz, Hb-29) tuong tu nhu OEQ.
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Ph6 13C NMR ciing cho thdy OE13 c6 30 nguyén tir carbon, trong d6 c6 hai
carbon 1a caa lién két olefin tai dc 150,9 (C-20) va 109,3 (C-29), bay nhém methyl,
mudi nhdm methylene sp3, ndm nhém methine sp®, nim carbon khéng lién két hydro.
Trén phd 3C NMR caa OE13 c6 tin hiéu cua nhém oxymethine tai dc 79,0 (C-3) la
diém khac duy nhat voi OE9. Nhu vay, két hop gitra cac tin hiéu thu duoc trén phd
IH NMR, phd 3C NMR c6 thé nhan dinh 30 nguyén ti carbon thudc khung lupane
gidng OE9. Két hop so sénh dit liéu pho caa hop chat OE13 véi dix liéu di cong bd
cua hop chat lupeol [152] cho phép xac dinh hop chat OE13 chinh 1a lupeol.

Bang 4.26. S6 liéu phd NMR cua hop chat OE13 va hgp chat tham khao

C | "0c* | 6c*® | ouPS(dangtin | C | "6c*® | 8¢ | ouPC (dang tin

hiéu, J = Hz) hiéu, J = Hz)
1 38,7 38,7 1,66 (m) 16 | 35,6 35,6 1,47 (m)
1,38 (m)
2 27,4 27,4 1,56 (m) 17 | 43,0 43,0 -
1,64 (m)
3 79,0 79,0 3,20 (dd, 11,4, 18 | 48,3 48,3 1,36 (m)
4,8)
4 38,8 38,8 - 19 | 48,0 48,0 2,39 (m)
5 52,3 55,3 0,67 (m) 20 { 1510 | 1509
6 18,3 18,3 1,50 (m) 21 | 30,0 29,9 1,92 (m)
1,4 (m) 1,32 (m)
7 34,3 34,3 1,38 (m) 22 | 40,0 40,0 1,38 (m)
1,18 (m)
8 40,8 40,8 - 23 | 274 28,0 0,95 (s)
9 50,4 50,5 1,26 (m) 24 | 154 15,4 0,76 (s)
10 | 37,2 37,2 - 25 i 159 16,0 1,03 (s)
11 | 20,9 20,9 1,41 (m) 26 | 16,1 16,1 0,94 (s)
1,21 (m)
12 . 251 25,2 1,67 (m) 27 | 145 14,5 0,83 ()
1,05 (m)
13 | 38,0 38,1 0,91 (m) 28 i 18,0 18,0 0,79 (s)
14 | 42,8 42,8 - 29 | 109,3 | 109,3 | 4,69(d, 2,4)
4,57 (d, 2,4)
15 1 28,0 27,5 0,99 (m) 30 i 19,3 19,3 1,68 (s)
1,62 (m)

3150 MHz, "600 MHz, °CDCls, “dc cuia lupeol do trong CDCl3 [152]
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4.1.2.14. Hop chat OE14: 3-(E)-Coumaroyltaraxerol

ke
24 23

Hinh 4.65. C4u trdc hoa hoc cua hop chat OE14
Hop chit OE14 thu dugc dang bot mau trang. Cau tric cuaa OE14 dugc Xéac
dinh twong ty taraxerol chi khéc & vi tri C-3 duoc thay thé bai nhdm trans-coumaroyl
khi phan tich cac di kién phd. Céc tin hiéu dic trung cho 1 hop chét triterpenoid thu
duogc trén phd H NMR cua hop chat OE14 twong tu VGi C4c tin hiéu proton thu dugc
tir MS5.
Bang 4.27. S liéu phd NMR cuaa hop chat OE14 va chat tham khao

C #5Ca,c oca°¢ 5Hb,c (dang C #5Ca,c ocaC JHb'C (dang
tin higu, J = tin higu, J =
Hz) Hz)
1 | 374 | 374 1,08(m) 21 | 331 | 331 1,23 (m)
1,33 (m)
2 | 235 | 236 164(m) | 22| 351 | 351 1,00 (m)
1,69 (m) 1,36 (m)
3 | 810 | 8009 459 (dd, | 23| 280 | 28,0 0,90 (s)
11,4, 5,4)
4 379 | 379 - 24 | 168 | 16,8 0,96 (s)
5 | 557 | 557 091(m) | 25| 155 | 155 0,98 (5)
6 | 187 | 187 149(m) |26 259 | 259 1,11 (5)
1,62 (m)
7 0412 | 412 1,38(m) |27 213 | 21,3 0,92 (s)
2,04 (dt,
12,6; 3,0)
8 390 | 39,0 - 28 | 29,7 | 298 0,83 (s)
9 | 492 | 492 147(m) |29 | 333 | 333 0,96 (s)
10 379 | 379 - 30 1 299 | 299 0,91 (s)
11 | 175 17,5 1,49 (m) 1| 1673 167,2 -
1,62 (m)
12 | 33,7 33,7 1,52 (m) 2' 1 116,3; 116,4 | 6,31 (d, 16,2)
1,61 (m)
13 { 375 | 375 - 3" | 1439 1439 | 7,61(d, 16,2)
14 | 158,0 | 158,0 - 4 1 1274 1274 -
15 | 116,9 @ 116,9 | 554 (dd,8,4; | 5 | 129,9: 1299 @ 7,44 (d, 8,4)
3,0
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16 | 37,7 | 37,7 | 161(m) | 6 | 1158 1158 | 684 (d, 8,4)
1,92 (dd, 3,0
14,4)

17 35,8 35,8 - 7' 157,51 1575 -
18 488 | 488  094(m) & | 1158 1158  684d (84)
19 36,7 36,7 0,96 (m) 9' 129,91 129,9 7,44 d (8,4)
1,29 (m)
20 28,8 28,8 -
3150MHz, ®600 MHz, °CDCls, "¢ cia hop chat 3-(E)-coumaroyltaraxerol

do trong CDCI3[153]

Cu thé, trén phdé 'H NMR cua OE14 xuit hién cac tin hiéu cua tim nhom
methyl tai on 0,83 (3H, s, H-28), 0,96 (3H, s, H-29), 0,92 (3H, s, H-27), 0,91 (3H, s,
H-30), 0,96 (3H, s, H-24), 0,90 (3H, s, H-23), 0,98 (3H, s, H-25), 1,11 (3H, s, H-26),
cung tin hiéu caa mot proton olefin tai on 5,54 (1H, dd, J = 3,6; 8,4 Hz, H-15) va mét
tin hiéu proton oxymethine tai on 4,59 (1H, dd, J = 5,4; 11,4 Hz, H-3). Bén canh do,
trén phé 'H NMR con xuat hién mot hé vong thom dang A2B; vai cac tin hiéu proton
tai 64 6,84 (2H, d, J = 8,4 Hz, H-6'H-8") va 7,44 (2H, d, J = 8,4 Hz, H-5'H-9"). Thém
nira 1a 2 proton olefin khac véi do chuyén dich 6w 6,31 (1H, d, J = 16,2 Hz, H-2") va
7,61 (1H, d, J = 16,2 Hz, H-3") ¢6 hang sé twong tac J = 16,2 Hz cho thay lién két doi
nay c6 cau hinh trans.

Trén pho carbon thu dugc céc tin hiéu cua 39 carbon trong d6 30 carbon hoan
hoan phu hop véi mét triterpenoid gom tam nhdm methyl tai dc 28,0 (C-23), 16,8 (C-
24), 18,5 (C-25), 25,9 (C-26), 21,3 (C-27), 29,8 (C-28), 33,3 (C-29), 29,9 (C-30), 9
nhém methylen tai 6¢c 37,4 (C-1), 23,6 (C-2), 18,7 (C-6), 41,2 (C-7), 17,5 (C-11), 33,7
(C-12), 36,7 (C-19), 33,1 (C-21), 35,1 (C-22), 3 nhém methine sp? tai 5c 55,7 (C-5),
49,2 (C-9), 48,8 (C-18); mot nhém methine sp? tai dc 116,9 (C-15); mot nhom
oxymethine tai dc 80,9 (C-3) va tam carbon khdng lién két hydro tai oc 37,9 (C-4),
39,0 (C-8), 37,9 (C-10), 37,5 (C-13), 158,0 (C-14), 35,8 (C-17), 28,8 (C-20). Chin
nguyeén tir carbon con lai wng véi nhanh trans — coumaroyl trong d6 c6 bon nhém
methine thom tai dc 129,9 (C-5'/C-9"), 115,8 (C-6'/C-8"), hai nhém methine olefin tai
oc 116,4 (C-2", 143,9 (C-3"), mot nhdm carbonyl tai oc 167,2 (C-1") va hai carbon
khdng lién két hydro tai dc 127,4 (C-4'), 157,5 (C-7"). So sanh céc dir liéu pho cua
hop chiat OE14 thu dugc véi dir lieu pho di cong b cua hop chat 3-(E)-
coumaroyltaraxerol [153] thay su phll hop & tat ca c4c vi tri. Nhu vay c6 thé két luan
dugc OE14 la 3-(E)-coumaroyltaraxerol.
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4.1.2.15. Hop chdt OE15: 4 “O-methyl-8-prenylnaringenin

Hinh 4.66. CAu trdc hoa hoc cua hop chat OE15
Hop chat OE15 thu dwgc dudi dang bot vo dinh hinh mau vang. Phan tich cac
phd cong huong tir va so sanh sb liéu pho cua OE15 voi hop chit MS8 cho thiy
OE15 giéng hét MS8, két hop véi dit liéu pho di cong bd cua hop chat 4'-O-methyl-
8-prenylnaringenin thay su phi hop & tat ca céc vi tri (bang 4.8). Nhu vay co thé két

luan dugc OEL5 la 4'-O-methyl-8-prenylnaringenin.

4.1.2.16. Hop chat OE16: 6,7,8-trimethoxycoumarin

5 4
SN N3
2
S0 1007 Yo
8 1
o~ — COSY
~~—X HMBC
Hinh 4.67. Cau trdc hoa hoc va cac twong tac chinh trén phd HMBC, COSY cua
hop chat OE16
Bang 4.28. S liéu pho NMR cuaa hop chat OE16 va hop chat tham khao
C “0c?C oc?c on°°¢ (dang tin hiéu, J = Hz)
2 160,5 160,5 -
3 1152 1153 6,33 (d, 11.,4)
4 1434 1434 759 (d, 11,4)
5 103,6 103,7 6,66 (3)
6 150,1 150,1 -
7 143,1 143,1 -
8 143,1 143,1 -
9 114,3 114,3 -
10 145,9 146,0 -
6-OCHjs 56,3 56,3 3,89 (s)
8-OCHs | 615 61,5 3,99 ()
7-OCHs; | 61,8 61,8 4,04 (s)

3150MHz, °600 MHz, °CDCl; "dc ciia hop chat 6,7,8-trimethoxycoumarin
do trong CDCI3[154]
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Hop chit OE16 phan lap duoc dudi dang chit bot mau trang. Trén phd H
NMRva C NMR cua OE16 ¢ su hién dién cua ba nhém methoxy tai [on 3,89 (3H,
s, 6-OCHs), 3¢ 56,3 (6-OCHS3)], [613,99 (3H, 5, 8-OCHs3), dc 61,5 (8-OCH3)], [0n 4,04
(3H, s, 7-OCHBa), oc 61,8 (7-OCHs3)]. Ngoai ra, con quan sat dugc mot nhom methine
thom duy nhat tai [0 6,67 (1H, s, H-5), dc 103,8 (C-5)] va hai nhém methine olefin
tai [616,33 (1H, d, J = 11,4 Hz, H-3), ¢ 115,3 (C-3)] va [6n 7,59 (1H, d, J = 11,4 Hz,
H-4), dc 143,4 (C-4)] cua mot lién két d6i dang -CH=CH-.

Trén phé 3C NMR xuat hién nhom carboxyl c6 d6 chuyén dich héa hoc dc
160,5 (C-2). Tur c4c phan tich trén cho thay OE16 1a mot dan xuat coumarine. Trén
phd twong tic HMBC quan sat duoc twong tac cua H-5 (51 6,66) véi C-6 (dc 150,2),
C-9 (Jc 114,4), C-10 (oc 146,0); H-3 (Jn 6,33) vai C-2 (dc 160,5) va C-9 (oc 114,4);
H-4 vé6i C-5 (3¢ 103,7), C-9 (6c 114,4), C-10 (Jc 146,0), C-2 (5c 160,5) dd khing dinh
khung coumarine cta hop chat OE16. Vi tri ciia cic nhom methoxy dwgc gan ¢ cac
carbon C-6, C-7, C-8 dua trén cac tuong tac HMBC cua cac proton nhom methoxy
CH30-6, CH30-7, CH30-8 vai cac carbon C-6, C-7, C-8 tuong tng. Két hop so séanh
V6i cac tai lieu tham khao dd cong bd [154] c6 thé két luan duoc OE16 1a 6,7,8-
trimethoxycoumarin hay dimethylfraxetin.

4.1.2.17. Hop chdt OE17: 3-hydroxy-4-methoxybenzoic acid

OH

HycO” 4

OH

Hinh 4.68. Cau trlc hoa hoc cua hop chat OE17
Bang 4.29. S liéu phd NMR cua hop chat OE17 va chat tham khao

C "ocRe 0c3® orP¢ (dang tin hiéu, J = Hz)

1 123,1 123,1 -

2 115,8 115,8 7,56 (d,1,8)

3 148,6 148,7 -

4 152,6 152,7 -

5 1138 1138 6,85 (d. 8.4)

6 125,3 125,3 7,58 (dd,1,8; 8,4)
-COOH 170,0 170,4
4-OCHs | 564 56,4 3,91 (s)

3150MHz, ®°600 MHz, °CD30D “dc cua hop chat 3-hydroxy-4-
methoxybenzoic acid do trong CD30D [155]
Hop chat OE17 phan lap dugc dudi dang chat bot mau trang. Trén phé *H NMR
xuat hién tin hiéu cuia mot vong thom kiéu ABX tai 647,56 (1H, d, J = 1,8 Hz, H-2), 6,85
(1H, d, J = 8,4 Hz, H-5), 7,58 (1H, dd, J = 1,8; 8,4 Hz, H-6). Ngoai ra, con c0 tin hiéu
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cta mot nhom methoxy tai o1 3,91 (3H, s, 4-OCHs) trén phd cong huéng tir proton tH
NMR. Mt khac, trén phd 3C NMR quan sat duoc mot vong thom tai cac vi tri 5¢ 123,1
(C-1), 115,8 (C-2), 148,7 (C-3), 152,7 (C-4), 113,8 (C-5) va 125,3 (C-6) déu cia cac
nguyén tir carbon sp?, dong thoi cd tin hiéu caa mét nhém carbonyl tai dc 170,4 gan & vi
tri C-1. Két hop vdi viéc so sanh dir liéu phd cia OE17 véi tai lidu da duoc cong bd
[155] cho phép két luan OE17 1a 3-hydroxy-4-methoxybenzoic acid.

4.1.2.18. Hop chat OE18: Vomifoliol

Hinh 4.69. Cau trac hoa hoc cua hop chat OE18
Bang 4.30. S6 liéu pho NMR cua hop chat OE18 va hop chat tham khao

C “ocdc oc3e onu”¢ (dang tin hiéu, J = Hz)

1 423 42,4 i

2 49,9 50,7 2,48 (d, 16,8)
2,16 (d, 16,8)

3 200,9 201,2 -

4 125,9 127,1 5,89 (s)

5 161,5 161,5 -

6 79,9 79,9 -

7 130,0 129,9 5,81 (d, 14,0)

8 136,9 136,9 5,80 (dd, 14,0; 5,0)

9 68,7 68,6 4,32 (m)

10 23,8 23,8 1,27 (d, 6,6)

11 247 245 1,04 (s)

12 20,0 19,5 1,06 (s)

13 23,5 23,5 1,94 (s)

3150MHz, °600 MHz, °CD30D, 965 MHz “dc cua hop chat vomifoliol do trong CD3OD [156]

Hop chat OE18 thu dugc duéi dang chat bot mau trang. Trén pho *H-NMR
Xuat hién céc tin hiéu singlet caa ba nhdm methyl singlet tai on 1,06 (3H, s, H-12),
1,04 (3H, d, J = 6,6 Hz, H-10), 61 1,04 (3H, s, H-11), mot nhém methyl doublet tai
on 1,27 (3H, d, J = 6,6 Hz, H-10), mot nhém methylene tai 6w 2,49 (1H, d, J = 16,8
Hz, Ha.-2), 2,17 (1H, d, J = 16,8 Hz, Hp-2) va bdn nhém methine (mot nhom methine
sp® tai on 4,32 (1H, m, H-9), mot nhém methine sp? tai du 5,89 (1H, s) va hai nhom
methine sp? thuoc vé mot lién két doi ¢ cau hinh trans tai dn 5,80 (1H, dd, J = 14,0;
5,0 Hz, H-8), 5,81 (1H, d, J = 14,0 Hz, H-7). Trén ph6 C NMR xuat hién tin hiéu
cua 13 carbon bao gom 1 nhém carbonyl tai dc 201,2, bén nhém methyl tai 5c 19,5
(C-12), 23,4 (C-13), 23,8 (C-10), 24,5 (C-11), mot nhom methylene tai oc 50,7 (C-
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2), ba nhdm methine sp? tai dc 127,1 (C-4), 129,9 (C-7), 136,9 (C-8); hai nhém
oxymethine tai dc 79,9 (C-6), 68,6 (C-9) va hai carbon khdng lién két hydro tai Jc
42,4 (C-1), 161,5 (C-5). CAu tric cua vong cyclohexenone duogc khang dinh khi quan
sat trén phé HMBC thiy c6 su twong tac cua Ha-3, Hp-3 véi C-3, C-4, C-6, C-1. Vi
tri cua nhanh ¢ C-6 duoc xac nhan lai boi su twong tac cia H-7 véi C-6 quan sat duoc
trén HMBC. Trén phd twong tic COSY xuét hién tin hiéu twong tac cua proton H-7
v6i H-8, H-8 véi H-9. So sanh s liéu phd 1*C NMR caa OE18 véi cac s lidu da
dugc cong bé (bang 4.30) [156] cho phép xac dinh ciu tric cua hop chat OE18 la
vomifoliol.

4.1.3. Két qua phan ldp cac hep chdt (MS1-MS14, OE1-OE18) tir loai M.
semiserrata va O. eberhardtii

Bang cac phuong phap sic ky két hop tir hai lodi xay ring nhon va ban giac
d3 phan 1ap va xac dinh ciu tric caa 32 hop chat bao gdm: 10 hop chat flavonoid
(kazinol B (MS6), kazinol A (MS7), 4'-O-methyl-8-prenylnaringenin (MS8, OE15),
kaempferol 3-O-a-L-rhamnopyranoside (MS13), quercitrin (MS14), 5,7,3-
trinydroxy-6,4',5'-trimethoxyflavone (OE2), 5,7,2',5'-tetrahydroxy-6,3',4'-
trimethoxyflavone (OE3), chrysoeriol-7-O-f-D-glucopyranoside (OE6)), 16 hop
chat triterpene saponin va triterpenoid (myrsineoside A (MS1), myrsineoside B
(MS2), myrsineoside C (MS3), 3-a-L-arabinopyranosyl castanopsol (MS2), lupeol
acetate (MS4, OEL), taraxerone (MS5), cucurbitacin D (MS9), cucurbitacin H
(MS10), eclalbasaponin 1l (MS11), spergulacin (MS12), lup-20(29)-ene (OE9), 23-
deoxojessic acid (OE10), cucurbitacin F (OE11), 34-(5-D-glucosyloxy)-16a,23a-
epoxycucurbita-5,24-diene-11-one (OE12), lupeol (OE13), 3-(E)-
coumaroyltaraxerol (OE14)) va 6 hop chat khac (dehydrovomifoliol (OE4),
protocatechuic acid (OES5), 7Z-roseoside (OE7), 6,7,8-trimethoxycoumarin (OE16),
3-hydroxy-4-methoxybenzoic acid (OE17), vomifoliol (OE18)).

Dac biét, 3 hop chat: myrsineoside A (MS1), myrsineoside B (MS2) va
myrsineoside C (MS3) phan lap tir loai M. semiserrata la nhitng hop chat méi, cling
18 hop chat phan lap tir loai O. eberhardtii 1 nhitng hop chat lan dau tién dugc phan
Iap tr chi Oligoceras.

Thanh phan hoa hoc chinh tir loai M. semiserrata dugc nghién ctu chii yéu la
cac hop chat terpenoid (khung oleanane, lupane, cucurbitane va hopane) va flavonoid
hoan toan pht hop véi cac cong b trude d6 vé thanh phan chinh cua chi Myrsine.
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C4u tric hda hoc cua cac hop chét trén duoc xac dinh dwa vao céc di liéu phd
IR, HR-ESI-MS, MS, 1D, 2D NMR, dong thai so sanh véi cac tai liéu da cong bd
trude day dbi vai cac hop chat da biét.

S
N

OH
[0}
H
HO
OH
H H MS2: R = arabinopyranosyl: 3-0-f-D-arabinopyranosyl castanopsol (mdi)
MS1: 3-0-a-L-arabinopyranosyl juglangenin A (mdi) MS3: R = xylopyranosyl: 3-O-f-D-xylopyranosyl castanopsol (mdi)

MS4: Lupeol acetate MSS: Taraxerone MS7: Kazinol A
O
I (0] .1 \OH
~ o -
HO (OGS H *110H
: HO, B L

o 4
OH O -

>
-

MSS8: 4'-O-methyl-8-prenylnaringenin MS9: Cucurbitacin D MS10: Cucurbitacin H

OH
(0}
HO
HO
(0)
MS11: Eclalbasaponin II MS12: Spergulacin MS13: R =H: Kaempterol 3-0-a

-L-rhamnopyranoside

MS14: R = OH: Quercitrin

Hinh 4.70. Céc hop chat MS1-MS14 phan lap tir M. semiserrata



COOH

RO
OH

OE4: R = COCHj3: Dehydrovomifoliol OES: R = H: Protocatechuic acid
OE18: R = CH(OH)CHj3: Vomifoliol =~ OE17: R = CHj: 3-hydroxy-4-
methoxybenzoic acid

”
~

OE1: R = CH;COO: Lupeol acetate

OEY: R = H: Lup-20(29)-ene OE2: H H  CH;
OE13: R = OH: Lupeol OE3: OH CH; H
OE2: 5,7,3'-trihydroxy-6,4',5'-trimethoxyflavone ol
OE3: 5,7,2',5'-tetrahydroxy-6,3',4'-trimethoxyflavone
OH N
&iyo " N o~
HO
OH
HO OH o)
(6} OH |

OH O

OH

OH (¢]
OE6: Chrysocriol — 7- 0 -fi- 6,4',5'-trimethoxyflavanone

OES8: 5,7,3'-trihydroxy-

-D - glucopyranoside

HO o o

-
~

HO
HO
I OHy
OE10: 23-deoxojessic acid OE11: Cucurbitacin F
OE12: 3f-(f-D-glucosyloxy)-16m,23a
-epoxycucurbita-5,24-diene-l T-one

,,,//

o o
- X
HO 0
o 0 o
0
OH O

OE16: 6,7,8-trimethoxycoumarine

~
2

HO
OE14: 3-(E)-Coumaroyltaraxerol OE15: 4'-0O-methyl-8-prenylnaringenin

Hinh 4.71. Céc hop chat OE1-OE18 phan lap tir O. eberhardtii
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4.2. Panh gia hoat tinh sinh hoc cac hep chat phan lap dwoc tir M. semiserrata
va O. eberhardtii
4.2.1. Hoat tinh gdy déc té bao ciia cac hgp chdt phan lgp tir M. semiserrata va O.

eberhardtii

Bang 4.31. Két qua thir hoat tinh gay doc té bao cua cac hop chat phan 1ap tir M.
semiserrata va O. eberhardtii

Miu 1Cs0 (LM)
KB HepG2 A549 MCF7

MS1 74,87 +227 |129,82+0,84 | 71,06 +3,74 | 123,81 +1,92

MS2 32,80 £ 0,77 79,18+1,09 | 23,39+2,02 | 73,58+ 1,18

MS3 10495+266 |177,21+0,39 | 4357 +141 | 192,01 +4,37

MS4 - - - -

MS5 - - - -

MS6 49,11+ 2,70 61,98+ 3,72 | 72,22 +0,15 | 196,53 =+ 5,07

MS7 - - - -

MS8 137,65 £ 2,90 - - -

MS9 2,05+ 0,05 2,32 £ 0,07 72,38 £ 3,44 545 +0,15

MS10 6,76 £ 0,15 11,21 +£0,34 | 185,12+ 1,04 | 37,56 £ 1,22

MS13 - - - -

MS14 - - - -

OE1 - - - -

OEZ2 - - - -

OE3 142,84 + 8,08 | 196,03 + 3,48 | 157,66 + 2,15 | 197,58 + 3,96

OEG6 - - - -

OES8 - - - -

OE9 - - - -

OE12 41,32+ 2,13 36,42+1,84 | 38,34+1,28 | 102,32 +£ 1,60

OE13 122,18 + 3,46 | 160,51+ 1,74 | 101,54 + 2,35 | 140,79 + 2,55

OE14 - - - -

OE15 - - - -
Ellipticine” 1,78 £ 0,02 1,75 +0,02 1,75 +£0,02 1,78 £ 0,02

(*): Chat doi ching, (-): C&c chat ¢d 1Csp > 200 uM

Két qua danh gia hoat tinh gay doc té bao in vitro cua cac hop chat phan lap
tir M. semiserrata va O. eberhardtii trén 4 dong té bao ung thu & ngudi gém: ung thu
phdi (A549), ung thu gan (HepG2), ung thu vt (MCE7), ung thu biéu mé (KB) (Bang
4.31) cho thay:

Hop chit cucurbitacin D (MS9) phan Iap tir M. semiserrata thé hién kha ning
gy doc té bao manh ddi véi dong ung thu KB, HepG2, MCF7 vdi gié tri 1Csp twong
ung la 2,05 £ 0,05; 2,32 + 0,07; 5,45 + 0,15 uM trong khi cucurbitacin H (MS10) chi
thé hién kha nang giy doc té bao manh véi dong ung thu biéu mé (1Cso = 6,76 + 0,15).
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MS10 thé hién hoat tinh gay doc té bao & mirc trung binh véi hai dong HepG2 (ICso
= 11,21 + 0,34) vd MCF7 (ICs0 = 37,56 + 1,22 uM). Ca hai hop chat nay thé hién gay
doc yéu dbi véi dong té bao A549. Hai hop chit méi myrsineoside B (MS2) va
myrsineoside C (MS3) ciing thé hién kha ning giy doc té bao ¢ muc trung binh ddi
VGi dong té bao A549 lan luot & cac gia tri ICso twong ung 1a 23,39 + 2,02 va 43,57 +
1,41 uM trong khi d6 chung thé hién gay doc yéu hon dbi véi cac dong té bao HepG2
va MCF7. Bén canh d6 hop chat mgi MS2 con thé hién kha ning gay doc té bao trung
binh dong ung thu biéu md véi gia tri 1Cso 12 32,80 = 0,77 UM trong khi MS3 thé
hién gay doc té bao yéu ¢ dong té bao ung thu nay. Ngoai ra, két qua ¢ bang 4.31 con
cho thay hop chat méi myrsineoside A (MS1) va hai hop chat da biét Kazinol B

(MS6), 4'-O-methyl-8-prenylnaringenin (MS8) ciing c6 biéu hién gay doc té bao yéu

vé6i bbn dong té bao ung thu thir nghiém trén trong khi cac chat con lai (MS4, MS5,
MS7, MS13, MS14) phan Iap tir M. semiserrata khong gdy doc véi cac dong té bao
ung thu thur nghiém.

Hop chat 3p-(B-D-glucosyloxy)-16a,23a-epoxycucurbita-5,24-diene-11-one
(OE12) phan lap tir O.eberhardtii thé hién hoat tinh gay doc té bao & muc do trung
binh véi ba dong ung thu biéu mo, ung thu gan va ung thu phoi véi céc gia tri 1Cso
tuong tng 1a 41,32 + 2,13; 36,42 + 1,84 va 38,34 + 1,28uM so véi chat dbi chimng
duong ellipticine (ICso = 1,78 uM), bén canh d6 hai hop chét lupeol (OE13) va
5,7,2',5'-tetrahydroxy-6,3',4'-trimethoxyflavone (OE3) thé hién hoat tinh gay doc yéu
véi ca 4 dong té bao ung thu thir nghiém vaéi gid tri 1Cso trong khoang 101,54-197,58
UM. C4c hop chét con lai khong thé hién hoat tinh giy doc ¢ cac nong do nghién cau
trén ca bén dong té bao ung thu thir nghiém.

C4c hop chat phan Iap tir M. semiserrata c6 hoat tinh tét déu la cac triterpenoid.
Hai hop chat MS9, MS10 c6 khung cucurbitacin thé hién hoat tinh tét hon so véi cac
saponin méi ¢ khung oleanane MS1, MS2 va MS3. Hoat tinh gy doc té bao ung
thu caa hop chat cucurbitacin D da duoc nghién ciu rat nhiéu tir dau thé ki XX, cha
yéu dugc phan 1ap tir ho Cucurbitaceae, cac hoat tinh chéng ung thu biéu hién manh
trén cac dong té bao khac nhau nhu ung thu va, phoi, gan, tir cung, tuyén tuy, ...[155].
Piéu tha vi la hop chat cucurbitacin D (MS9) lan dau tién dugc phan 1ap tir loai M.
semiserrata c6 biéu hién wc ché té bao ung thur vii va ung thu gan manh hon nhiéu so
véi cucurbitacin D phén Iap tir loai Cucumis prophetarum (1Cso: 26,7 uM (MCF-7),
5,0 UM (HepG2)) [158]. i véi cucurbitacin H thi ¢é it nghién ciru vé hoat tinh gay
doc té bao, chi c6 mot nghién ciru gan day nam 2020 cua nhém tac gia Neha Kapoor
va céc cong su cho thay cucurbitacin H 1a mét trong nhitng thanh phan cua thuée co
thé chdng lai SARS-CoV-2 [159]. Piéu d6 cho thay trong nghién cau hién tai cua
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NCS, cucurbitacin H (MS10) tach tir M. semiserrata c6 hoat tinh chdng ung thu manh
vé6i dong té bao ung thu biéu mé rat quy bau, hira hen cho nhitng nghién ctu tiép theo
trong viéc chira tri loai ung thu nay.

Ta thdy MS2 ¢ biéu hién kha ning gay doc té bao & muc trung binh véi hai
dong ung thu biéu mé va ung thu phdi trong khi MS1 lai c6 biéu hién gay doc yéu
vé6i hai dong nay, diéu nay co thé 1a do sy xuét hién thém mot ndi doi ¢ vi tri C9-C11
trong khung oleanane caa MS1. Thém nita, hop chat MS3 hau hét déu cé biéu hién
gy doc yéu hon & ca 4 dong té bao thir nghiém so véi MS2 1a do sy ¢6 mat cia don
vi duong khac nhau & hai hop chat c6 cung khung nay.

Cac hop chat OE12, MS9, MS10 déu la cac hop chat cucurbitacin tuy nhién
hop chat OE12 c6 biéu hién gay doc té bao trung binh dén yéu voi ba dong té bao
ung thu biéu mo, ung thu gan, ung thu v trong khi MS9, MS10 déu c6 biéu hién gay
doc té bao kha manh véi ba dong nay. Diéu nay co thé giai thich do sy dong vong
epoxy va gan thém dudng glucose & C-3 trong khung cucurbitane cua hop chat OE12 nay.

Mai sy thay thé cua cac nhom thé trong céu tric s& quyét dinh hoat tinh sinh
hoc riéng caa ching. Qua cac nghién ctu cho thay giita cu tric hda hoc va hoat tinh
sinh hoc cua c&c hop chat c6 mdi twong quan véi nhau, tuy nhién khéng ¢ mot quy
tac chung nao vé mdi quan hé giira cdu trdc hoa hoc va hoat tinh sinh hoc caa chang.
4.2.2. Sir dung mod phéng ldp ghép phan ti du dodn co ché irc ché GSK-3p ciia
cac hogt chdt tiém néing phén Ip tir O. eberhardtii
4.2.2.1. Kiém tra sy phil hop khd néng tinh toan cia phién ban mVina véi 11 chat itc ché
GSK-3p da biét
a) St dung docking phan ti tinh todn doi véi 11 chat irc ché GSK-38 da biét

Thong thudng, md phong lap ghép phan tir c6 thé dy doan cau hinh lién két
cua phéi tir v6i protein. Phién ban mVina 13 mot phién ban cai tién cua AutoDock
Vina [39], dugc xem 1a mét trong nhitng phan mém Iap ghép phan tir pho bién nhat,
da duoc sir dung rong réi trong cac cong thirc nghién ciu thudc ¢6 su hd trg ctia may
tinh, véi hon 20 nghin trich dan trong 12 nim qua. Do d6, cong cu nay duoc sir dung
dé tinh toan so bo vé nang luong tu do lién két va cau hinh lién két cia cac phoi tur
v6i GSK-34.

Truéc tién phai danh gia do tin cay cta phién ban mVina trén GSK-34 bang
cach kiém tra véi 11 chat uc ché da biét trong ngan hang co sé dit liéu thuc nghiém
hoat tinh sinh hoc cua My. Cau tric héa hoc ciia 11 chat wrc ché da biét dugc thé hién
trong bang 4.32.
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Bang 4.32. Cau trdc hoa hoc cua 11 hop chat tc ché GSK-34 da biét

STT Hop chat Céu trac hda hoc
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STT Hop chat Céu trac héa hoc
NN
g |
8 CHEMBL2177177 "

9 CHEMBL186101

10 CHEMBL2177155 Z N

= l F
o) \N
11 CHEMBL 2182001 . 0
X s/

Str dung cdng thirc Cheng-Prusoff [42], hing sé wc ché Ki duoc tinh nhu sau:

o MG _ (G o (AG AGY\ _ [S]
== o ) 10 = o (i) + o ) i,

Km
Trong diéu kién Iy tudng, gia st gié tri 1Cso bang Ki, ning luong tu do lién két

thue nghiém c6 thé dugc suy ra tir cong thire ndi trén nhu sau:
AGexp = RTIn(K;) = RTIn(ICs)
Trong d6, R = 1,987 x 102 (kcal/K.mol); T = 300 (K) va hing s6 trc ché Ki
dugce do bang mol. Ning luong AG duge do bang kcal.mol . Cac két qua duogc thé
hién trong bang 4.33 va bang 4.34:
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Bang 4.33. Cau hinh lién két gitta GSK-34 va 11 chit wc ché da biét

TT | Hop chat Cau hinh lién két TT | Hop chit Cau hinh lién két
CHEMBL 7 CHEMBL
1 365229 4764153
CHEMBL 8 CHEMBL
2 2177163 2177177
CHEMBL 9 CHEMBL
3 1088145 186101
CHEMBL 10 CHEMBL
4 1088011 2177155
5 CHEMBL 11 CHEMBL
2177165 2182001
6 CHEMBL

4758595
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Bang 4.34. Biém s cua céc chat tc ché GSK-34 ¢d sén so véi gia trj thir nghiém?

TT Hop chat K; AGpock AGxp

1 | CHEMBL365229 0,30 10,5 | -13,07[43]
2 | CHEMBL2177163 0,42 -10,1 | -12,87 [44]
3 | CHEMBL1088145 0,41 96 | -12,88[45]
4 | CHEMBL1088011 0,45 9,4 | -12,83[45]
5 | CHEMBL2177165 0,67 -9,2 -12,59 [44]
6 | CHEMBLA4758595 0,78 9,1 -12,50 [46]
7 | CHEMBLA4764153 0,95 95 | -12,38[46]
8 | CHEMBL2177177 0,99 -85 | -12,36[44]
9 | CHEMBL186101 1,00 -9,7 -12,35 [43]
10 | CHEMBL2177155 1,10 9,4 | -12,30 [44]
11 | CHEMBL2182001 1,30 9,3 | -12,20 [46]

aPon vi cia hang so irc ché va nang lirong tw do lién két lan heot 12 nM va keal.mol ™
Hé sb twong quan gitra nang luong tu do lién két mé phong va ning luong tu
do lién két thuc nghiém duoc xac dinh 1a R = 0,64 (Hinh 4.72) cho thdy mVina c6
thé du doan mot cach tuong ddi tét nang luong ty do lién két caa phoi tir voi GSK-
3. Két qua thu dugc budc dau bai md phong docking phan tir nay tiép tuc duoc tinh
chinh boi mé phong dong luc hoc phan ti.

212,10
-12.20
-12.30
-12.40
-12.50
-12.60
-12.70
-12.80
-12.90
-13.00
-13.10 -
-13.20

-11,0 -10.5 -10,0 9.5 -9.0 -8.5 -8.0

AG dock (keal mol )

AG Exp (keal molt)

Hinh 4.72. Hé s6 twong quan giita ning lwong tu do lién két méd phong va ning
lwong tu do lién két thuc nghiém
b) Sir dung md phong déng luc hoc phan ti tinh chinh két qua docking phan tir doi
véi 11 chdt irc ché GSK-3 dd biét
Mic di mVina thé hién hé sb trong quan kha tin cdy véi dix liéu thuc nghiém,
tuy nhién docking phan tu chi la qué trinh md phong budc dau véi cac tinh toan so
cap. Do d6, can phai xac nhan két qua docking bang cac phuong phap tinh toan chinh
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xac va chuyén sau hon dé dam bao do chinh xac [49, 50]. Nghién ctu nay st dung
phuong phap kéo phdi tir nhanh (Fast pulling ligand - FPL) 1& mét phuong phép pho
hop dé tinh chinh nhanh chéng va chinh xac ning luong tu do lién két [40]. D6 chinh
xéac cua ky thuat nay da duoc béo céo trong céc nghién ctu trude day [51-53]. Cau
hinh lién két cua phéi tir - protein (phic hé) cé tir md phong docking phan tir duoc
chon lam dit liéu dau vao cho mé phong MD. Phirc hé duoc tién hanh mé phong dong
luc hoc phan tir trong 20 ns véi 8 quy dao lap lai, két qua cho thay phirc hé dat dén
trang thai can bang trén tat ca cac quy dao nhanh chéng sau 5ns.

Do d6, cau hinh lién két cudi cung cta phtc hé thu tir mé phong MD dugc sir
dung 1am dit liéu dau vao dé tinh toan ai luc lién két thong qua md phong FPL. Trong
nghién ctu nay, k¥ thuat FPL da duoc 4p dung trén 11 chat ¢c ché da biét, trong d6
st dung mot ngoai luc tac dung 18n khéi tdm caa mdi chét tc ché, khién ching di
chuyén ra khoi ving lién két vi GSK-38 trong khoang thai gian mé phong 700 ps.
Luc kéo nhanh chong dat gid tri ti da, xap xi trong vong 200 ps, trude khi dot ngot
tré vé 0, diéu nay c6 nghia di khong con sy lién két giira protein va phdi ti. Gié tri
cdng kéo cao nhat dugc ghi lai twong tng vai luc gay gy dat lién két. Trong sudt
qua trinh md phong, cong cua luc kéo cling dwogc tinh toan. Dit liéu thu dugc bao gom
lyc gay gdy dut lién két trung binh, (F_Max) vacong kéo, (W) , duoc béo céo
trong bang 4.35.

Bang 4.35. Két qua md phong FPL cua céc chat ic ché GSK-34 ¢d san so véi gia tri
thir nghiém?

Hop chat (Fyax) (W) AGgxp
CHEMBL365229 | 541,7 +17,6 715+3,1 -13,07 [43]
CHEMBL2177163 | 672,6 = 25,2 80,7+29 -12,87 [44]
CHEMBL1088145 | 608,4 + 35,1 84,446 -12,88 [45]
CHEMBL1088011 | 597,8 + 24,0 746 £3,4 -12,83 [45]
CHEMBL2177165 { 602,9 + 27,5 80,2+4,6 -12,59 [44]
CHEMBL4758595 | 722,5 + 31,6 82,1+5,1 -12,50 [46]
CHEMBLA4764153 | 568,7 = 39,3 88,6 £ 3,6 -12,38 [46]
CHEMBL2177177 | 693,3+ 22,4 85,8+2,2 -12,36 [44]
CHEMBL186101 | 679,1 + 32,5 88,5+45 -12,35 [43]
CHEMBL2177155 | 816,5 + 37,1 89,3+ 3,8 -12,30 [44]

CHEMBL2182001 | 894,4 +38,9 | 103,5+4,0 -12,20 [46]
3pon vi cua e, cong va ning heong tir do lién két lan lirot 12 pN, keal.mol™* va kcal.mol™

Luc gay gdy dat lién két trung binh thay doi tir 541,7 + 17,6 dén 894,4 + 38,9
PN, cho gié tri trung binh 1a 672,5 + 32,4 pN. Trong khi do, pham vi cong kéo trung
binh dao dong trong khoang tir 71,5 + 3,1 dén 103,5 + 4,0 kcal. mol™, mang lai muc
gia tri trung binh 12 84,5 + 2,6 kcal. molt. So sanh két qua tinh toan véi ning luong
tu do lién két thuc nghiém, hé s6 trong quan lac nay di ting 1én vai gia tri lAR_FPL=




130

-0,82 cho thay ring FPL déng vai trd 1a méot cdng cu thich hop dé tinh chinh cac két
qua lap ghép phan tir (Hinh 4.73).

100 R=-0.82

W (kcal mol )
2

60

50 L A L 1 L
-13.20 -13.00 -1280 -1260  -12.40 -1220 -12.00

Experimental Affinity (kcal moll)

Hinh 4.73. Méi tuong quan gitta cong kéo (W) va ning luong tu do lién két thuc nghiém
Nhu vay c6 thé xac nhan do tin cay cia viéc s dung ding mVina va mé phong
dong luc hoc phan tir trong tinh toan dbi véi cac chat phan lap dugc tir O. eberhardtii.
4.2.2.2. Sur dung md hinh docking phan tiz va mé phong dong hoc phan ti tinh toan
déi véi cac chat phan ldp dwoc tir O. eberhardtii
a) Sir dung docking phan tir trong tinh todn déi véi cac chat phan ldp dwoc tir O.
eberhardtii
Ai luc lién két cua 18 hop chat phan lap tir Oligoceras eberhardtii dén GSK-
34 duoc du doan bang mVina. Céc két qua duoc thé hién trong bang 4.36. Dic biét,
nang luong tu do lién két dao dong tir -9,4 dén -5,7 kcal. mol™, gi tri trung binh Ia -
7,6 £ 0,2 kcal.mol ™.
Bang 4.36. Ai luc lién két cua 18 hop chit phan lap duoc tir Oligoceras eberhardtii
dén GSK-38 (AGpocx keal. mol™)

TT | Hopchit | AGp,g  TT Hop chat AGpoci
1 OE1l -8,2 11 OE1l1 -7,9
2 OE2 -8,6 12 OE12 -9,4
3 OE3 -8,4 13 OE13 -9,1
4 OE4 -6,5 14 OE14 -8,5
5 OE5 -6,8 15 OE15 -7,7
6 OE6 -8,7 16 OE16 -1,5
7 OE7 -6,3 17 OE17 -7,0
8 OES8 -5,7 18 OE18 -6,2
9 OE9 -6,4 19 | indirubin-3'-monoxime | -10,5
10 OE10 -8,6
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Trong 18 hop chat nay c6 hai hop chit gom lupeol (OE13) va 3p-(8-D-
glucosyloxy)-16a,23a-epoxycucurbita-5,24-diene-11-one (OE12) dwgc cho 1a c6 thé
rc ché GSK-3p véi &i luc lién két gan nhat véi CHEMBL365229, day 1a chat thuc
nghiém c6 &i luc lién két Ion nhét. Cu thé, két qua duoc trinh bay ¢ bang 4.37.

Bang 4.37. Két qua tinh toan docking cua hai hop chét tiém ning

Amino acid tham gia lién{ Amino acid tham gia lién

TT | Hopchit | AGpe két Hydro két Van der Waals

Lys183, GIn185, Asn186,
1 OE12 -9,4 Asp 200 Asn64, Phe67, Asp200

2 OE13 -9,1 Cys199 Val70, Ala83, Leul88

Dua trén cac tai liéu da cong bo trude day, co thé thay ving hoat dong cua
protein GSK-34 duoc cau thanh boi mot sé amino axit quan trong gom: 11e62,
Asp133, Val135, GIn185, Asn186, Cys199, Asp200. Trong cac nghién ctru phat trién
thudc, cac chat Gc ché thuong nham téi hinh thanh lién két véi nhitng amino axit nay
nham ngin chan hiéu qua hoat dong caa enzyme bang céach can thiép vao nhan dang
co chét va co ché xUc tac, cubi cling anh hudng dén chirc nang té bao va tin higu xudi
dong. Trong nghién ctru nay, cau hinh lién két giira hai phdi tir va GSK-3 duoc phan
tich bang phan mém PyMOL [48] va duogc biéu dién trong hinh 4.74.

(A)

(B)

¥
Hinh 4.74. Cau hinh lién két gitta OE12 (A), OE13 (B) véi GSK-38
Trong sé nay, hop chat OE12 tao mot lién két hydro véi amino acid Cys199

cuia GSK-34 (Bang 4.37). Cac twong tac ky nudc khac duoc quan sét thay do Val70,
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Ala83 va Leul88 hinh thanh vai OE12. Trong khi do, Asn64, Phe67, Argl41, Lys183
va Asp200 la cac amino acid tao twong tac ky nudc véi OE13, lién két gitra phdi tur
va protein dugc cang cb thém théng qua 4 lién két hydro véi cac amino axit Lys183,
GIn185, Asn186, Asp 200.
b) Sir dung mé phéng déng luc hoc phan ti: tinh todn dsi véi cac chdt phan ldp duoc
ter O. eberhardtii

Thong qua phuong phap hoi quy tuyén tinh, nang lwong tu do lién két du kién
cua phdi tir voi GSK-3 ¢6 thé duoc tinh nhu sau:

AGREe = 0.035 x W — 14.628

Dua trén budc danh gia v6i chét thuc nghiém da thuc hién trude do, c6 thé nhan
dinh rang md hinh FPL c6 kha ning tinh toan twong ddi chinh xac ai luc lién két cua
phdi tir véi GSK-34. Do d6, nang luong tu do lién két phéi tir cua OE12 va OE13
v6i GSK-3p da dugc danh gia bang phuong phap FPL.

Cac két qua duoc trinh bay chi tiét trong bang 4.38 va hinh 4.74. Cy thé, cau
hinh lién két caa hai hop chat ban dau dugc tinh chinh théng qua md phong MD trong
thoi gian 20ns. Sau 5 ns md phong MD, phirc hé da dat dén trang thai 6n dinh (bang
4.38). Sau dé, cau hinh lién két cudi cuing caa phuc hé dugc chon l1am dix liéu dau vao
cho mo phong FPL.

Bang 4.38. D6 thi biéu dién luc kéo gay dat gay lién két cua hai chat tc ché tiém
nang trong qua trinh di chuyén ra khoi viing lién két voi GSK-34

TT Hop chat Coéng kéo
450
S 300
1 OE12 & 0
0
A50F ,
0 200 400 600
Time (ps)
600 1 | Ll | T |
2 OE13
_200 1 I 1 I L 1

!
0 200 400 600
Time (ps)
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Db thi luc gy giy dut lién két duoc ghi nhan gan gidng véi céc chat thuc
nghiém trude do, cho thay tinh chinh xac cua md hinh tinh toan. C6 thé thay, luc kéo
nhanh chéng ting dén gié tri cuc dai trude khi dot ngot giam xubng bang 0. Gia tri
trung binh cua luc kéo gay dat gy lién két va cong kéo dugc cung cip trong bang
4.39. Ning luong tu do lién két du doan 13 -9,87 va -10,46 kcal.mol L. K; du doan cua
cac hop chat tiém nang OE13, OE12 lan luot 14 64,43 va 23,95 (bang 4.39).

Bang 4.39. Két qua md phong FPL cua hai hop chit tiém ning

TT| Hopchit | AGpea AFyay w AGPre D'-"(‘:]‘I’\j;‘ ki
1 OE12 94 653,1+2361191+36 -10,46 23,95
2 OE13 91 17925+31,9 1359+27 -9,87 64,43

3 Don vi ciia ning heong: kcal. mol™

Do d6, c6 thé lap luan rang hai hop chat nay ¢ kha nang ngin chan chirc nang
ciia GSK-38. Vi céac gia tri thuc nghiém da dugc xac dinh & trén véi 4 dong té bao
ung thu cho thay ca hai hop chat OE12, OE13 déu c6 hoat tinh gay doc té bao, trong
d6 OE12 c6 hoat tinh gay doc té bao & mic trung binh nhung manh hon so véi OE13.
Diéu nay cho thay cac tinh toan Ii thuyét 1a hoan toan phi hop véi céc gia tri thuc
nghiém, cé thé sir dung phuong phap docking phan tir va mé phong dong luc phan tir
trong viéc khao sat hoat tinh cua céc chat phan lap duoc tir cac loai khac.
4.2.3. Hogt tinh khang vi sinh vat kiém dinh cac hep chdt phan lgp tir M.
semiserrata va O. eberhardtii

Bang 4.40. Hoat tinh khang vi sinh vat kiém dinh caa cac hop chat phan lap tir M.
semiserrata va O. eberhardtii (MIC pg/ml)

Gram dwong Gram &m Nam
men
T i Enterococ | Staphyloc Bacillus | Escherichi Pseudomo | Salmonel Candida
Hop chat cus ocus . nas la .
T faecalis aureus cereus a coli aeruginosa| enterica albicans
ATCC209 | ATCC259 | ATOEH | ATEE2S T aTcears | aTccas | ATERA0
212 23 53 076
1 OE3 32
2 MS2 128 - 64
3 MS3 32 32 32
4 MS13 256 - 256 - - - 256
5 Stre?rtlf?myC 256 128 128 32 256 128
6 Cycl_ohgxa 30
mide

~ (): char doi ching, (-): MIC cua cac chat > 256 ug/ml ‘
Cac chat OE1, OE2, OE6, OES8, OE9, OE12 - OE15, MS1, MS7, MS14 deéu c6
gia tri MIC > 256 pg/ml.
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Sau hop chat sach dugc phan 1ap tir M. semiserrata (MS1-MS3, MS7, MS13,
MS14) va mudi mot hop chét sach dugc phan lap tir O. eberhardtii (OE1-OE3, OES,
OES8, OE9, OE11, OE12-OE15) duoc pha lodng trong DMSO & dai nong d6 giam
dan: 256pg/ml, 128pg/ml, 64pg/ml, 32pg/ml, 16pg/ml, 8pg/ml, 4pg/ml va 2pg/ml
thir hoat tinh lan luot véi ba chung vi khuian Gram am (Escherichia coli
ATCC25922, Pseudomonas aeruginosa ATCC27853, Salmonella enterica
ATCC13076), ba chung Gram duong (Enterococcus faecalis ATCC299212,
Stapphylococus aureus ATCC25923, Bacillus cereus ATCC 14579) va mot chiang
nam men Candida albicans ATCC10231. Két qua thu duoc ¢ bang 4.39 cho thay
hau hét cac hop chat phan lap tir loai O. eberhardtii déu khdng thé hién kha ning
khang khuan ddi véi céc chung vi khuan va nam trén, chi c6 duy nhat OE3
(5,7,2',5'-tetrahydroxy-6,3',4'-trimethoxyflavone) cdé kha nang khang chung
Enterococcus faecalis khd manh & gia tri MIC = 32 pg/ml.

Ddi vai cac chat phan phan Iap tir M. Semiserrata chu yéu 1a cac hop chat
saponin va flavonoid thé hién kha ning khang vi sinh vat kiém dinh, cu thé 1a c6 ba
hop chat myrsineoside B (MS2), myrsineoside C (MS3) va Kaempferol 3-O-a-L-
rhamnopyranoside (MS13) thé hién kha ning khang cac chang vi khuan gram duong,
khong c6 biéu hién khang véi cac chung vi khuan gram am. Cu thé, hop chat MS3
biéu hién khang manh ca 3 chang vi khuan gram duong so v6i chat d6i khang & cac
gia tri MIC déu 1a 32 pg/ml, MS13 biéu hién khang 01 chung vi khuan gram duong
la Enterococcus faecalis twong dwong véi chat déi khang Streptomycin ¢ gia tri MIC
256 pg/ml; MS2 biéu hién khang khé tét 2 chung vi khuan gram dwong Enterococcus
faecalis va Bacillus cereus so vai chat doi khang & MIC lan luot 12 128 va 64 pg/ml.
Nhu vay, c¢6 thé thiy hai hop chat mai myrsineoside B (MS2) va myrsineoside C
(MS3) ¢ tiém ning wng dung tét trong diéu tri mot s6 bénh nhiém trung nhu viém
noi tdm mac, viém duong tiét niéu, viém tuyén tién liét.
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KET LUAN

Bang phuong phap sac ky két hop va cac phuong phap pho hién dai, ¢ su so
sanh véi sé liéu phéd cac hop chat tuong ty trong tai liéu tham khao, tir hai loai Myrsine
semiserrata va Oligoceras eberhardtii NCS da phan 1ap va xac dinh duoc ciu trdc
cua 32 hop chat va danh gia mot s hoat tinh sinh hoc cua céc hop chat nay. Cu thé:

e Vé thanh phdn hoéa hec:

1. Tirloai M. semiserrata da phéan 1ap va xac dinh cau tric 14 hop chat (MS1-
MS14) trong d6 c6 3 hop chat méi 1a myrsineoside A (MS1), myrsineoside B (MS2),
myrsineoside B (MS3) va 11 hop chat da biét.

2. Tuloai O. eberhardtii di phan 1ap va xac dinh cau tric 18 hop chat da
biét gom: lupeol acetate (OE1), 5,7,3-trihydroxy-6,4',5'-trimethoxyflavone (OE?2),
5,7,2' 5'-tetrahydroxy-6,3',4'-trimethoxyflavone (OE3), dehydro vomifoliol (OE4),
protocatechuic acid (OE5), chrysoeriol-7-O-4-D-glucopyranoside (OE6), 7Z-
roseoside (OET), 5,7,3'-trihydroxy-6,4',5'-trimethoxyflavanone (OES),
lup-20(29)-ene (OEY), 23-deoxojessic acid (OE10), cucurbitacin F (OE11), 35-(5-
D-glucosyloxy)-16a,23a-epoxycucurbita-5,24-diene-11-one (OE12), lupeol
(OE13), 3-(E)-coumaroyltaraxerol (OE14), 4'-O-methyl-8-prenylnaringenin
(OE15), 6,7,8-trimethoxycoumarine (OEL16), 3-hydroxy-4-methoxybenzoic acid
(OE17), vomifoliol (OE18).

e Vé hogt tinh sinh hec:

3. Pi tién hanh danh gia hoat tinh gay doc té bao ung thu cua cac hop chat
phén 1ap tir M. semiserrata (MS1-MS14) va O. eberhardtii (OE1-OE18) trén 4 dong
té bao ung thu & ngudi: ung thu phoi (A549), ung thu gan (HepG2), ung thu v (MCF-
7), ung thu biéu mé (KB). Két qua cho thiy hop chat MS9 phan Iap tir M. semiserrata
déu thé hién kha niang gy doc té bao manh d6i voi dong ung thu biéu md KB, ung
thu gan HepG2 va ung thu via MCF7 véi gid tri 1Cso twong ng la 2,05 + 0,05; 2,32
+ 0,07; 5,45 + 0,15 pM. MS10 thé hién kha ning gay doc té bao manh ddi véi KB
(ICso = 6,76 + 0,15) va mirc trung binh d6i v6i HepG2 va MCF7 véi cac gié tri 1Cso
lan luot 12 11,21 + 0,34, 37,56 + 1,22 pM. Hai hop chat moi MS2, MS3 ciing thé
hién kha ning gay doc té bao & mutrc trung binh ddi véi dong té bao ung thu phoi
A549 lan luot ¢ c4c gia tri 1Cso twong (ng 14 43,57 + 1,41 va 23,39 + 2,02 uM. Hop
chiat OE12 phan lap tir O.eberhardtii thé hién hoat tinh gy doc té bao & mirc do
trung binh vai ba dong ung thu biéu md KB, ung thu gan HepG2 va ung thu phoi
A549 vai cac gia tri 1Cso twong tng 12 41,32 £ 2,13, 36,42 + 1,84 va 38,34 + 1,28 M.

4. Pi nghién ctru hoat tinh khang vi sinh vat kiém dinh cac hop chat phan
lap tir hai loai M. semiserrata va O. eberhardtii. Cac hop chat OE3, MS2, MS3,
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MS13 thé hién tac dung khang vi sinh vat kiém dinh twong dbi tot trong d6 MS3 biéu
hién khang manh véi 3 chang vi khuan gram dwong Escherichia coli ATCC25922,
Pseudomonas aeruginosa ATCC27853, Salmonella enterica ATCC13076 véi cac
gia tri MIC twong tng déu 1a 32 pg/ml.

5. Ba sir dung mé phong docking phan tir va mé phong dong luc hoc phéan tu
d6i vé6i cac chit tc ché GSK-3p tiém ning phén 14p tir O. eberhardtii, két qua xac
dinh duoc hai hop chit OE12, OE13 ¢6 kha ning ngin chin chirc ning hoat dong
cua GSK-34 phu hop vai céc gid tri thuc nghiém.
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KIEN NGHI

Hop chat MS9 phan lap tir M. semiserrata thé hién kha ning gy doc té bao
manh d6i véi dong ung thu biéu méd KB, ung thu gan HepG2 va ung thu va MCF7,
MS10 thé hién kha ning gay doc té bao manh d6i véi dong ung thu biéu md KB c¢6
thé tiép tuc tién hanh nghién ciru co ché giy doc té bao dé dinh hudng vé kha nang tng
dung cuia hop chat nay.

Qua viéc st dung tinh todn mé phong dd xac nhan dwoc 2 hop chiat OE12,
OE13 ¢4 kha ning ¢ ché GSK-38 trong diéu tri ung thu phu hop véi thuc nghiém,
do d6 co thé dung phuong phap nay dé thuc hién tim kiém céc hop chit phan lap tur
M. semiserrata c6 kha ning trc ché GSK-35.
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NHUNG PONG GOP MOI CUA LUAN AN

Lan dau tién thanh phan hda hoc va hoat tinh sinh hoc cua hai loai Myrsine
semiserrata va Oligoceras eberhardtii duoc nghién ciru ¢ Viét Nam va trén thé gidi.
1. V@& thanh phan hoa hoc

Tur loai Myrsine semiserrata va Oligoceras eberhardtii da phan 1ap va xac dinh
cau triic hoa hoc cua 32 hop chat, trong d6 c¢6 3 hop chat mai tir loai M. semiserrata
va 18 hop chat lan dau dugc phan Iap tir chi Oligoceras

- Ba hop chat méi 1a: myrsineoside A, myrsineoside B, myrsineoside C.

- 18 hop chat lan dau phan lap tir chi Oligoceras gom: Lupeol acetate, 5,7,3'-
trinydroxy-6,4',5'-trimethoxyflavone, 5,7,2' 5'-tetrahydroxy-6,3',4'-
trimethoxyflavone, dehydrovomifoliol, protocatechuic acid, chrysoeriol-7-O-$-D-
glucopyranoside, 7Z-roseoside,5,7,3'-trihydroxy-6,4',5'-trimethoxyflavanone, lup-
20(29)-ene, 23-deoxojessic acid, cucurbitacin F, 34-(5-D-glucosyloxy)-16a,23a-
epoxycucurbita-5,24-diene-11-one, lupeol, 3-(E)-coumaroyltaraxerol, 4'-O-methyl-
8-prenylnaringenin, 6,7,8-trimethoxycoumarin, 3-hydroxy-4-methoxybenzoic acid,
vomifoliol.

2. Vé tac dung sinh hec

Hoat tinh gay doc té bao ung thu in vitro d6i voi 4 dong té bao ung thu KB,
HepG2, A549 va MCF7 cua 2 loai Myrsine semiserrata va Oligoceras eberhardtii
da duoc nghién ctu. Két qua cho thay hop chét cucurbitacin D phan lap tir M.
semiserrata thé hién kha ning gay doc té bao tét nhat dbi voi dong ung thu biéu mo
KB, ung thu gan HepG2 va ung thu vii MCF7 véi gié tri ICso lan lugt 2,05 + 0,05;
2,32 = 0,07; 5,45 + 0,15 uM. Hai hop chat mai myrsineoside B, myrsineoside C
phén lap tir M. semiserrata va 34-(5-D-glucosyloxy)-16a,23a-epoxycucurbita-5,24-
diene-1 1-one phan lap tir O. eberhardtii ciing thé hién kha ning gay doc té bao ¢
mtc trung binh ddi voi dong té bao ung thu phoi A549 vai cac gia tri 1Cso lan luot
43,57 +£1,41; 23,39 + 2,02 va 38,34 £ 1,28 uM.

Hoat tinh khang vi sinh vat kiém dinh cua hai loai Myrsine semiserrata va
Oligoceras eberhardtii ciing da dugc nghién ctiu. Cac hop chat OE3, MS2, MS3,
MS13 thé hién tac dung khang vi sinh vat kiém dinh twong ddi tét trong d6 MS3
biéu hién khang manh véi 3 chung vi khuan gram duong Escherichia coli
ATCC25922, Pseudomonas aeruginosa ATCC27853, Salmonella enterica
ATCC13076 véi cac gia tri MIC tuong tng déu la 32 pg/ml.

Lan dau tién sir dung md phong docking phan tir va md phong dong luc hoc
phan tir d6i voi cac chat tc ché GSK-3p tiém nang phan 1ap tir O. eberhardtii, két
qua Xxac dinh dugc hai hop chit OE12 (3p-(8-D-glucosyloxy)-16a,23a-
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epoxycucurbita-5,24-diene-11-one) va OE13 (lupeol) c6 kha nang ngan chan chuc
nang hoat dong cua GSK-34 phu hop véi cac gia tri thuc nghiém.



140

DANH MUC CAC CONG TRINH PA CONG BO

1. Nguyen Thi Binh Yen, Nguyen Thuy Linh, Vu Van Nam, Trieu Quy Hung, Doan
Thi Mai Huong, Pham Van Cuong, 2024, Searching for potential GSK-3f3
inhibitors from Oligoceras eberhardtii Gagnep. Using atomistic simulations,
Vietnam Journal of Science and Technology (Accepted).

2. Thi Binh Yen Nguyen, Thuy Linh Nguyen, Van Nam Vu, Quy Hung Trieu, Thi
Mai Huong Doan, Van Cuong Pham, 2024, A new cytotoxic saponin from the
ethyl acetate extract of Myrsine semiserrata Wall., Viethnam Journal of Chemistry,
2024, 1 (DOI: 10.1002/vjch.202400143)

3. Nguyen Thi Binh Yen, Trieu Quy Hung, Pham Van Cuong, Doan Thi Mai Huong,
Nguyen Thuy Linh, Tran Van Hieu, Nguyen Manh Hung, Flavonoids from the
aerial parts of Oligoceras eberhardtii Gagnep. and their cytotoxic evaluation,
Vietnam Journal of Chemistry and Applications, 3B(71)/9-2024, 72-78.



11.

12.

13.

14.

15.

16.

17.

18.

19.

141

TAI LIEU THAM KHAO

. Bo Y té, 2009, Qui hogch phat trién mang luwéi phong chong ung thu tai Viét Nam

giai doan 2009-2020, Ha Noi.

. Nguyén Vin Hung, 2011, Ho Na (Annonaceae)-Hoa hoc va hogt tinh sinh hoc cuia

cac loai Desmos rostrata, Goniothalamus tamirensis, Fissistigma villosissium -
Quyén 1, NXB Khoa hoc Tu nhién va Cong ngh¢, 15-16.

. R. Beaglehole, R. Bonita, R. Magnusson, 2011, Global cancer prevention: An

important pathway to global health and development, Public Health, 125(12), 821-
831.

. M. Joyce Nirmala, A. Samundeeswari and P. Deepa Sankar, 2011, Natural plant

resources in anti-cancer therapy — A review, Research in Plant Biology, 1(3), 1-
14,

. Rose J. Papac, 2001, Origins of Cancer Therapy, Yale Journal of Biology and

Medicine, 74(2001), 391-398.

. Paul M Dewick, 2002, Medicinal Natural Products, John Wiley & Sons, Ltd.,

England.

. V& Vin Chi, 2004, Tir dién thuc vat thong dung, tap 2, NXB Khoa hoc va ky thuat.
. Tran Thi Kim Lién, 2002, Thuc v4t chi Viét Nam, quyén 4, NXB Khoa hoc va Ky

thuat.

. Pham Hoang Ha, 1999, Cay cé Viét Nam, quyén 1, NXB tré.
. Z. K. Shinwwari, AA Khan, Toshiyuki Nakaike, 2003, Medicinal plants and other

useful plants of District Swat, Pakistan, Al Aziz Press, Peshawar, Pakistan, 79-82.
J. O. Kokwaro, 1993, Medicinal plants of East Africa, Kenya Literature Bureau.
Nairob.

H. J. Beentje, 1994, Kenya trees, shrubs, and lianas, National museums of Kenya,
Nairobi.

B. Desta, 1995, Ethiopian traditional herbal drugs. Part I: Studies on the toxicity
and therapeutic activity of local taenicidal medications, J Ethnopharmacol, 45:27-33.
Zhong HBC,1985, State administration of traditional Chinese medicine of the
people’s republic of China, Shanghai Science and Technology Press: Shanghai,
3:245.

Xi—ning Zhong, Hideaki Otsuka, Toshinori ide, EiJi Hirata, Anki Takushi, Yoshio
Takeda, 1997, Three Flavonol Glycosides from leaves of Myrsine Seguinii,
Phytochemistry, 46(5), 943 - 946.

K. R. Markham et al., 1978, Naturally occurring flavonoid glycosides and their
acylated derivatives, Tetrahedron, 34,1389 — 1397.

Navneet Kishore, Danielle Twilley, Analike Blom van Staden, Praveen Verma,
Bikram Singh, Giorgia Cardinali, Daniela Kovacs, Mauro Picardo, Vivek Kumar,
Namrita Lall, 2018, Isolation of Flavonoids and Flavonoid Glycosides from
Myrsine africana and Their Inhibitory Activities against Mushroom Tyrosinase,
Journal of Natural Products, 81, 49 — 56.

Yanping Zou, Changheng Tan, Dayuan Zhuf, 2009, A New Acetylated Flavonoid
Glycoside from Myrsine africana L, Bulletin of Korean Chemical Society, 30(9),
2111-2113.

Bashir Ahmad, Sadiq Azam, Shumaila Bashir, Achyut Adhikari, Farrukh Hussain,
2011, Anti-inflammatory activity and a new compound isolated from aerial parts
of Myrsine africana, African Journal of Biotechnology, 10(42), 8465-8470.



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

142

Stephen J. Bloor, 1994, Cytotoxic saponins from New Zealand Myrrsine species,
Journal of Natural Products, 57(10), 1354-1360.

S. Morris Kupchan, Pieter S. Steyn, Michael D. Grove, Stella M. Horsfield, Sean
W. Meitner, 1969, Tumor Inhibitors, XXXV, Myrsine Saponin, the Active
Principle of Myrsine africana L., 12, 167-169.

Xiao —Hua li” and Jerry L. Mclaughlin, 1989, Bioactive compounds from the root
of Myrsine africana, Journal of Natural Praducts, 52(3), 660-662.

K. Foubert, M. Theunis, S. Apers, A.J. Vlietinck and L. Pieters, 2008, Chemistry,
Distribution and Biological Activities of 13,28-Epoxy-Oleanane Saponins from
the Plant Families Myrsinaceae and Primulaceae, Current Organic Chemistry, 12,
629-642.

Catherine Lavaud, Georges Massiot, Jose Bravo Barrera, Christian Moretti,
Louisette le Menolivier, 1994, Triterpene saponins from Myrsine pellucida,
Phytochemistry, 37(6), 1671-1677.

V.R. Hegde, J. Silver, M.G. Patel, R. Bryant, J. Pai, P.R. Das, M.S. Puar, 1995,
Phospholipase D inhibitors from a Myrsine species, Journal of Natural Products,
58(10), 1492-1497.

Xi —ning Zhong, Hideaki Otsuka, Toshinori ide, Eiji Hirata, Anki Takushi, Yoshi
Takeda, 1998, Hydroquinone glycosides from leaves of Myrsine seguinii,
Phytochemistry, 49(7), 2149 - 2153.

Lawrence O. Arot Manguro, Jacob O. Midiwo, Wolfgang Kraus, Ivar Ugi, 2003,
Benzoquinone derivatives of Myrsine africana and Maesa lanceolate,
Phytochemistry, 64, 855-862.

Hideaki Otsuka, Xi-Ning Zhong, Eiji Hirata, Takakazu Shinzato, and Yoshio
Takeda, 2001, Myrsinionosides A—E: Megastigmane Glycosides from the Leaves
of Myrsine seguinii LEV., Chemical Pharmaceutical Bulletin, 49(9) 1093—1097.
Hidefumi Makabe, Shintaro Miyazaki, Tsunashi Kamo, Mitsuru Hirota, 2003,
Myrsinoic Acid E, an Anti-inammatory Compound from Myrsine seguinii,
Bioscience Biotechnology Biochemistry, 67(9), 2038-2041.

Mei Dong, Maki Nagaoka, Shintaro Miyazaki, Ryozo Iriye, Mitsuru Hirota, 1999,
3 — Geranyl — 4- hydroxyl — 5 — (3’- methyl — 2° — butenyl) benzoic Acid as an
Anti-inflammatory Compound from Myrsine seguinii, Bioscience Biotechnology
Biochemistry, 63(9), 1650 — 1653.

Mitsuru Hirota, Shintaro Miyazaki, Tomomi Minakuchi, Tomoko Takagi, and
Hisao Shibata, 2002, Myrsinoic Acids B, C and F, Anti-inammatory Compounds
from Myrsine seguinii, Bioscience Biotechnology Biochemistry, 66(3), 655-659.
Marcela Carmen de Melo Burger, Ana Paula Terezanb, Gracielle Silva de Oliveira
Cunhaa, Joao Batista Fernandes, Maria Fatima das Grac, as Fernandes da Silva,
Paulo Cezar Vieira, Antonio Carlos Severo Menezes, 2015, Antimicrobial activity
of the myrsinoic acid A from Myrsine coriacea and the semi-synthetic derivatives,
Revista Brasileira de Farmacognosia, 25, 451-454.

Sadiqg Azam, Shumaila Bashir, Bashir Ahmad, 2011, Anti-spasmodic action of
crude methanolic extract and a new compound isolated from the aerial parts of
Myrsine africana, BMC Complementary and Alternative Medicine, 11(55), 1-6
Mei Dong, Maki Nagaoka, Shintaro Miyazaki, Ryozo Iriye, Mitsuru Hirota, 1999,
3-Geranyl-4-hydroxyl-5-(3’-methyl-2’-butenyl) benzoic Acid as an Anti-
inflammatory Compound from Myrsine seguinii, Bioscience Biotechnology



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

143

Biochemistry, 63(9), 1650 — 1653.

Mitsuru Hirota, Shintaro Miyazaki, Tomomi Minakuchi, Tomoko Takagi, and
Hisao Shibata, 2002, Myrsinoic Acids B, C and F, Anti-inammatory Compounds
from Myrsine seguinii, Bioscience Biotechnology Biochemistry, 66(3), 655-659.
Satomi Ito, Susumu Shimura, Tomoko Tanaka, Ken Yaegaki, 2010, Myrsinoic
acid B inhibits the production of hydrogen sulfide by periodontal pathogens in
vitro, Journal of Breath Research, 4 (2010), 1-8.

Sadig Azam, Shumaila Bashir, Bashir Ahmad, 2011, Anti — spasmodic action of
crude methanoic extract and a new compound isolated from the aerial parts of
Myrsine africana, BMC Complementary and Alternative Medicine, 11(55), 1-6.

J. M. Gathuma et al., 2004, Efficacy of Myrsine africana, Albizia anthelmintica and
Hilderbrantia sepalosa herbal remedies against mixed natural sheep helminthosis in
Samburu district, Kenya, Journal of Ethnopharmacology, 91(1), 7-12.

F. Ooms, 2000, Molecular Modeling and Computer Aided Drug Design. Examples
of their Applications in Medicinal Chemistry, Current Medicinal Chemistry, 7(2),
141-158.

J. Gasteiger, 2005, Chemoinformatics: a new field with a long tradition, Analytical
and Bioanalytical Chemistry, 384(1), 57-64.

G. M. Downs, J. M. Barnard, 2002, Clustering Methods and Their Uses in
Computational Chemistry, In Reviews in Computational Chemistry, 18, 1-40.

J. H. Van Drie, 2007, Computer-aided drug design: the next 20 years, Journal of
Computer-Aided Molecular Design, 21 (10-11), 591-601.

N. A. M. Tamimi and P. Ellis, 2009, Drug Development. From Concept to
Marketing, Nephron Clinical Practice, 113(3), 125-131.

C. M. Song, S. J. Lim, J. C. J. C. Tong, 2009, Recent advances in computer-aided
drug design, Briefings in Bioinformatics, 10(5), 579-591.

G. Sliwoski, S. Kothiwale, J. Meiler, E. W. Lowe, E. L. Barker, 2013,
Computational Methods in Drug Discovery, Pharmacological Reviews, 66(1),
334-395.

Yu W., MacKerell A. D., 2017, Computer-Aided Drug Design Methods. In
Antibiotics, Chapter Chapter 5, 85-106.

Singh B. K., Surabhi S., 2018, Computer Aided Drug Design: An Overview,
Journal of Drug Delivery and Therapeutics, 8 (5), 504-5009.

Silva Rocha S. F. L., Olanda C. G., Fokoue H. H. and Sant'Anna C. M. R., 2019,
Virtual Screening Techniques in Drug Discovery: Review and Recent
Applications, Current Topics in Medicinal Chemistry, 19 (19), 1751-1767.

Slater O., Kontoyianni M., 2019, The compromise of virtual screening and its
impact on drug discovery, Expert Opinion on Drug Discovery, 14 (7), 619-637.
Kontoyianni M., 2017, Docking and Virtual Screening in Drug Discovery, In
Proteomics for Drug Discovery, Chapter 18, pp 255-266.

DuX.,, LiY., XiaY.-L., Ai S.-M,, Liang J., Sang P., Ji X.-L., Liu S., 2016, Insights
into Protein-Ligand Interactions: Mechanisms, Models, and Methods,
International Journal of Molecular Science, 17 (2).

Muegge 1., 2006, Oloff S., Advances in virtual screening, Drug Discovery Today:
Technologies, 3 (4), 405-411.

Kuntz I. D., Blaney J. M., Oatley S. J., Langridge R., Ferrin T. E., 1982, A
geometric approach to macromolecule-ligand interactions, Journal of Molecular



54,

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

144

Biology, 161 (2), 269-288.

Halperin 1., Ma B., Wolfson H., Nussinov R., 2002, Principles of docking: An
overview of search algorithms and a guide to scoring functions, Proteins:
Structure, Function, and Genetics, 47 (4), 409-443.

Bentham Science Publisher B. S. P., 2006, Docking and Scoring - Theoretically
Easy, Practically Impossible, Current Medicinal Chemistry, 13 (25), 2995-3003.
Kontoyianni M., Madhav P., Suchanek E., Seibel W., 2008, Theoretical and
Practical Considerations in Virtual Screening: A Beaten Field, Current Medicinal
Chemistry, 15 (2), 107-116.

Brooijmans N., Kuntz I. D., 2003, Molecular Recognition and Docking
Algorithms, Annual Review of Biophysics and Biomolecular Structure, 32 (1),
335-373.

Nguyen N. T., Nguyen T. H., Pham T. N. H., Huy N. T., Bay M. V., Pham M. Q.,
Nam P. C., Vu V. V., Ngo S. T., 2019, Autodock Vina Adopts More Accurate
Binding Poses but Autodock4 Forms Better Binding Affinity, Journal of Chemical
Information and Modeling, 60 (1), 204-211.

Pham T. N. H., Nguyen T. H., Tam N. M., Y. Vu T., Pham N. T., Huy N. T., Mai
B. K., Tung N. T., Pham M. Q., V. Vu V., Ngo S. T., 2021, Improving ligand-
ranking of AutoDock Vina by changing the empirical parameters, Journal of
Computer Chemistry, 43 (3), 160-169.

McConkey B. J., Sobolev V., Edelman M., 2002, The performance of current
methods in ligand—protein docking, Current Science, 83 (7), 845-856.

Fischer E., 2006, Einfluss der Configuration auf die Wirkung der Enzyme,
Berichte der deutschen chemischen Gesellschaft, 27 (3), 2985-2993.

Koshland D. E., 1963, Correlation of Structure and Function in Enzyme Action,
Science, 142 (3599), 1533-1541.

Hammes G. G., 2002, Multiple Conformational Changes in Enzyme Catalysis,
Biochemistry, 41 (26), 8221-8228.

McCammon J. A., Gelin B. R., Karplus M., 1977, Dynamics of folded proteins,
Nature, 267 (5612), 585-590.

Warshel A., Levitt M., 1976, Theoretical studies of enzymic reactions: Dielectric,
electrostatic and steric stabilization of the carbonium ion in the reaction of
lysozyme, Journal of Molecular Biology, 103 (2), 227-249.

Roccatano D., Barthel A., Zacharias M., 2007, Structural flexibility of the
nucleosome core particle at atomic resolution studied by molecular dynamics
simulation, Biopolymers, 85 (5-6), 407-421.

Tinoco I., Wen J.-D., 2009, Simulation and analysis of single-ribosome translation,
Physics Biology, 6 (2).

Tran L., Ngo S. T. and Nguyen M. T., 2018, Propafenone effects on the stable
structures of AB16-22 system, Chemical Physics Letters, 696, 55-60.

Vu K. B., Vu V. V., Thi Thu H. P, Giang H. N., Tam N. M., Ngo S. T., 2018,
Conjugated polymers: A systematic investigation of their electronic and geometric
properties using density functional theory and semi-empirical methods, Synthetic
Metals, 246, 128-136.

Ngo S. T., 2018, Computational Investigations of the Transmembrane Italian-
Mutant (E22K) in Aqueous Solution, Communications in Physics, 28(3).

Hung H. M., Nguyen V. P., Ngo S. T., Nguyen M. T., 2016, Theoretical study of



72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

145

the interactions between the first transmembrane segment of NS2 protein and a
POPC lipid bilayer, Biophysical Chemistry, 217, 1-7.

Orozco M., Orellana L., Hospital A., Naganathan A. N., Emperador A., Carrillo
O. and Gelpi J. L., 2011, Coarse-grained Representation of Protein Flexibility.
Foundations, Successes, and Shortcomings, In Computational chemistry methods
in structural biology, 183-215.

Roux B. T. and Simonson T., 1999, Implicit solvent models, Biophysical
Chemistry, 78 (1-2), 1-20.

Lazaridis T. and Karplus M., 1999, Effective energy function for proteins in
solution, Proteins: Structure, Function, and Genetics, 35 (2), 133-152.

Orozco M. and Luque F. J., 2000, Theoretical Methods for the Description of the
Solvent Effect in Biomolecular Systems, Chemistry Reviews, 100 (11), 4187-4226.
Hermans J., Berendsen H. J. C., Van Gunsteren W. F. and Postma J. P. M., 1984,
A consistent empirical potential for water-protein interactions, Biopolymers, 23
(8), 1513-1518.

MacKerell A. D., Wiorkiewicz-Kuczera J. and Karplus M., 2002, An all-atom
empirical energy function for the simulation of nucleic acids, Journal of America
Chemistry Society, 117(48), 11946-11975.

Rueda M., Ferrer-Costa C., Meyer T., Pérez A., Camps J., Hospital A., Gelpi J. L.,
and Orozco M., 2007, A consensus view of protein dynamics, Proceedings of the
National Academy of Sciences, 104 (3), 796-801.

Perilla J. R. and Schulten K., 2017, Physical properties of the HIV-1 capsid from
all-atom molecular dynamics simulations, Nature Communications, 8 (1).

Pérez A., Lankas F., Luque F. J. and Orozco M., 2008, Towards a molecular
dynamics consensus view of B-DNA flexibility, Nucleic Acids Research, 36 (7),
2379-2394.

Prieto-Martinez F. D., Lopez-Lopez E., Euridice Juarez-Mercado K. and Medina-
Franco J. L., 2019, Computational Drug Design Methods-Current and Future
Perspectives, In Silico Drug Design, 19-44.

Case D. A., Ben-Shalom 1. Y., Brozell S. R., Cerutti D. S., Cheatham T. E.,
Cruzeiro 1., V.W.D. , Darden T. A., Duke R. E., Ghoreishi D., Gilson M. K.,
Gohlke H., Goetz A. W., Greene D., Harris R., Homeyer N., Huang Y., lzadi S.,
Kovalenko A., Kurtzman T., Lee T. S., LeGrand S., Li P., Lin C., Liu J., Luchko
T., Luo R., Mermelstein D. J., Merz K. M., Miao Y., Monard G., Nguyen C.,
Nguyen H., Omelyan I., Onufriev A., Pan F., Qi R., Roe D. R., Roitberg A., Sagui
C., Schott-Verdugo S., Shen J., Simmerling C. L., Smith J., SalomonFerrer R.,
Swails J., Walker R. C., Wang J., Wei H., Wolf R. M., Wu X., Xiao L., D.M. Y.
and P.A. a. K., 2018, AMBER 18, University of California, San Francisco.
Brooks B. R., Brooks 111 C. L., MacKerell Jr A. D., Nilsson L., Petrella R. J., Roux
B., Won Y., Archontis G., Bartels C., Boresch S., Caflisch A., Caves L., Cui Q.,
Dinner A. R., Feig M., Fischer S., Gao J., Hodoscek M., Im W., Kuczera K.,
Lazaridis T., Ma J., Ovchinnikov V., Paci E., Pastor R. W., Post C. B., Pu J. Z.,
Schaefer M., Tidor B., Venable R. M., Woodcock H. L., Wu X., Yang W., York
D. M. and Karplus M, 2009, CHARMM: The Biomolecular Simulation Program,
Journal of Computer Chemistry, 30.

Abraham M. J., Murtola T., Schulz R., Pall S., Smith J. C., Hess B. and Lindahl E,
2015, GROMACS: High performance molecular simulations through multi-level



85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

146

parallelism from laptops to supercomputers, SoftwareX,1-2, 19-25.

Embi N, Rylatt DB, Cohen P, 1980, Glycogen synthase kinase-3 from rabbit
skeletal muscle. Separation from cyclic-AMP-dependent protein kinase and
phosphorylase kinase, European Journal of Biochemistry, 107: 519-27.

Cohen P, Goedert M, 2004, GSK3 inhibitors: development and therapeutic
potential, Nature Reviews Drug discovery, 3: 479-87.

Woodgett JR, Cohen P, 1984, Multisite phosphorylation of glycogen synthase.
Molecular basis for the substrate specificity of glycogen synthase kinase-3 and casein
kinase-11 (glycogen synthase kinase-5), Biochimica Biophysica Acta, 788: 339-47.
Peat AJ, Boucheron JA, Dickerson SH, Garrido D, Mills W, Peckham J, et al,
2004, Novel pyrazolopyrimidine derivatives as GSK-3 inhibitors, Bioorganic and
Medicinal Chemistry Letters, 14: 2121-25.

Grimes CA, Jope RS, 2001, The multifaceted roles of glycogen synthase kinase
3beta in cellular signaling, Progress in Neurobiol, 65: 391-26.

Frame S, Cohen P, 2001, GSK3 takes centre stage more than 20 years after its
discovery, Biochemistry Journal, 359: 1-16.

Cross DA, Alessi DR, Vandenheede JR, McDowell HE, Hundal HS, Cohen P,
1994, The inhibition of glycogen synthase kinase-3 by insulin or insulin-like
growth factor 1 in the rat skeletal muscle cell line L6 is blocked by wortmannin,
but not by rapamycin: evidence that wortmannin blocks activation of the mitogen-
activated protein kinase pathway in L6 cells between Ras and Raf, Biochemistry
Journal, 303: 21-6.

Hur EM, Zhou FQ, 2010, GSK3 signalling in neural development, Nature Reviews
Neuroscience, 11: 539-51.

Valvezan AJ, Klein PS, 2012, GSK-3 and Wnt Signaling in Neurogenesis and
Bipolar Disorder, Frontiers in Molecular Neuroscience, 5: 1.

Li X, Liu M, Cai Z, Wang G, Li X, 2010, Regulation of glycogen synthase kinase-
3 during bipolar mania treatment, Bipolar Disorder,12: 741-52.

Beurel E, Mines MA, Song L, Jope RS, 2012, Glycogen synthase kinase-3 levels
and phosphorylation undergo large fluctuations in mouse brain during
development, Bipolar Disorder, 14: 822-30.

Eldar-Finkelman H, Martinez A, 2011, GSK-3 Inhibitors: Preclinical and Clinical
Focus on CNS, Frontiers in Molecular Neuroscience, 4: 32

Li DW, Liu ZQ, Chen W, Yao M, Li GR, 2014, Association of glycogen synthase
kinase-3beta with Parkinson's disease (review), Molecular Medical
Representative, 9: 2043-50.

Lorens-Martin M, Fuster-Matanzo A, Teixeira CM, Jurado-Arjona J, Ulloa F,
deFelipe J, et al., 2013, GSK-3 beta overexpression causes reversible alterations
on postsynaptic densities and dendritic morphology of hippocampal granule
neurons in vivo, Molecular Psychiatry, 18: 451-60.

Lim NK, Hung LW, Pang TY, McLean CA, Liddell JR, Hilton JB, et al., 2014,
Localized changes to glycogen synthase kinase-3 and collapsin response mediator
protein-2 in the Huntington's disease affected brain, Human Molecular Genetics,
23: 4051-63.

Dewhurst S, Maggirwar SB, Schifitto G, Gendelman HE, Gelbard HA, 2007,
Glycogen synthase kinase 3 beta (GSK-3 beta) as a therapeutic target in
neuroAIDS, Journal of Neuroimmune Pharmarcy, 2: 93-6.



101.

102.

103.

104.

105.

106.

107.

108.

100.

110.

111.

112.

113.

114.

115.

116.

117.

147

Garcia I, Fall Y, Gomez G, 2010, Using Topological Indices to Predict Anti-
Alzheimer and Anti-Parasitic GSK-3 Inhibitors by Multi-Target QSAR in Silico
Screening, Molecules, 15: 5408-22

Beurel E., 2011, Regulation by glycogen synthase kinase-3 of inflammation and T
cells in CNS diseases, Frontiers in Molecular Neuroscience, 4: 18.

Fung TK, Gandillet A, So CW., 2012, Selective treatment of mixed-lineage
leukemia leukemic stem cells through targeting glycogen synthase kinase 3 and
the canonical Wnt/beta-catenin pathway, Current Opin Hematol, 19: 280-6.
Farago M, Dominguez I, Landesman-Bollag E, Xu X, Rosner A, Cardiff RD, et
al., 2005, Kinase-inactive glycogen synthase kinase 3beta promotes Wnt signaling
and mammary tumorigenesis, Cancer Research, 65: 5792-801

Hoeflich KP, Luo J, Rubie EA, Tsao MS, Jin O, Woodgett JR, 2000, Requirement
for glycogen synthase kinase-3beta in cell survival and NF-kappaB activation,
Nature, 406: 86-90.

ter Haar E, Coll JT, Austen DA, Hsiao HM, Swenson L, Jain J, 2001, Structure of
GSK-3beta reveals a primed phosphorylation mechanism, Nature Structural Biology,
8: 593-6.

Woodgett JR, 2001, Judging a protein by more than its name: GSK-3. Science
STKE, 100: rel2.

Thomas GM, Frame S, Goedert M, Nathke I, Polakis P, Cohen P, 1999, A GSK3-
binding peptide from FRAT1 selectively inhibits the GSK3-catalysed
phosphorylation of axin and beta-catenin, FEBS letters, 458: 247-51.,

Bijur GN, Jope RS, 2001, Proapoptotic stimuli induce nuclear accumulation of
glycogen synthase kinase-3 beta, Journal of Biologycal Chemistry, 276: 37436-42.
Diehl JA, Cheng M, Roussel MF, Sherr CJ., 1998, Glycogen synthase kinase-3beta
regulates cyclin D1 proteolysis and subcellular localization. Genes Dev., 12: 3499-511
N.P. Thao, B.T.T. Luyen, J.S. Lee, J.H. Kim, N.T. Dat, Y.H. Kim, Inhibition
potential of cycloartane-type glycosides from the roots of Cimicifuga dahurica
against soluble epoxide hydrolase, Journal of Natural products, 2017, 80, 1867-
1875.

S. Milkovska-Stamenova, R. Schmidt, A. Frolov, C. Birkemeyer, GC-MS method
for the quantitation of carbohydrate intermediates in glycation systems, Journal of
Agricultural, Food Chemistry, 2015, 63, 5911-5919.

Verena M Dirsch, Hermann Stuppner, Angelika M Vollmar, 1998, The Griess
assay: suitable for a bio-guided fractionation of anti-inflammatory plant extracts,
Planta Medica, 64(05),423-426.

H. Nguyen, T. Nguyen, H. Tran, M. Litaudon, T. M. H. Doan, V. C. Pham. 2024,
Five undescribed aryltetralin lignans with cytotoxic activities from the fruits of
Cleistanthus eberhardtii, Fitoterapia, 65, 55.

Andrews JM, 2001, Determination of minimum inhibitory concentrations, Journal
of Antimicrobial Chemotherapy, 48 Suppl 1:5-16.

Duc Canh Cao, Thi Thanh Van Trinh, Huong Doan Thi Mai, Van Nam Vu, Hong
Minh Le, Quyen Vu Thi, Mai Anh Nguyen, Thu Trang Duong, Dang Thach Tran,
Van Minh Chau, Rui Ma, Gauri Shetye, Sanghyun Cho, Brian T. Murphy, Van
Cuong Pham, 2019, Antimicrobial Lavandulylated Flavonoids from a Sponge-
Derived Streptomyces sp. G248 in East Vietnam Sea, Marine drugs,17, 529.
Schrodinger, LLC, 2010, The PyMOL Molecular Graphics System, Version 1.3r1.



118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

148

Allouche A.-R., 2011, Gabedit-A graphical user interface for computational
chemistry software, Journal of Computer Chemistry, 32 (1) 174-182.

Bertrand J. A., Thieffine S., Vulpetti A., Cristiani C., Valsasina B., Knapp S.,
Kalisz H. M. and Flocco M., 2003, Structural Characterization of the GSK-3f4
Active Site Using Selective and Non-selective ATP-mimetic Inhibitors, Journal of
Molecular Biology, 333 (2), 393-407.

Morris G. M., Huey R., Lindstrom W., Sanner M. F., Belew R. K., Goodsell D. S.
and Olson A. J., 2009, AutoDock4 and AutoDockTools4: Automated docking with
selective receptor flexibility, Journal of Computer Chemistry, 30 (16), 2785-2791.
Aliev A. E., Kulke M., Khaneja H. S., Chudasama V., Sheppard T. D. and Lanigan
R. M., 2014, Motional timescale predictions by molecular dynamics simulations:
Case study using proline and hydroxyproline sidechain dynamics, Proteins:
Structure, Function, and Bioinformatics, 82 (2),195-215.

Jorgensen W. L., Chandrasekhar J., Madura J. D., Impey R. W. and Klein M. L.,
1983, Comparison of simple potential functions for simulating liquid water, The
Journal of Chemical Physics, 79 (2), 926-935.

Wang J., Wolf R. M., Caldwell J. W., Kollman P. A. and Case D. A., 2004,
Development and testing of a general amber force field, Journal of Computer
Chemistry, 25(9), 1157-1174.

Ngo S. T., Hung H. M. and Nguyen M. T., 2016, Fast and accurate determination
of the relative binding affinities of small compounds to HIV-1 protease using non-
equilibrium work, Journal of Computer Chemistry, 37(31), 2734-2742.

H. Altunkeyik, D. Gulcemal, O. Caliskan, S. Piacente, T. Karayildirim, 2012,
Triterpene saponins from Cyclamen hederifolium, Phytochemistry, 73, 127.

S.Y. Lee, K. H. Ki, K. L. Il, H. L. Kyu, U. C. Sang, R. L. Kang, 2012, A new
flavonol Glycoside from Hylomecon vernalis, Archives of Pharmacal Research,
35, 415-421.

Z. Y. Wei, L. Hua., B.Y. Li, W. Yin, X. Huang., L. Y.Xin, 2012, A new
triterpenoid & other constituents from the stem bark of Juglans mandshurica,
Biochemical Systematics and Ecology, 44, 136.

Jun-Zeng Ma, Xing-Wei Yang, Jing-Jing Zhang, Xia Liu, Li-Lan Deng, Xiao-Ling
Shen, Gang xu, 2014, sterol and terpenoids from Vinurnum odoratissimum,
Natural product, 4, 175-180

L. F. Liu, Xiao-Li Ma, 2009, Triterpenoid saponins from the roots of Clematis
chinensis Osbeck, Journal of Asian Natural Products Research.

M. Asif Saeed, A.W. Sabir, 2003, Irritant potential of some constituents from the
seeds of Caesalpinia bonducella (L.) Fleming, Journal of Asian Natural Products
Research, Vol 5(1), 35-41.

T. M. Tran, T. H. Tran, T. T. H. Dinh, D.T. Vu, 2015, Chemical Constituents of
Excoecaria agallocha L. (Euphorbiaceae) Growing in Vietnam, Malaysian
Journal of Chemistry, Vol. 17, 20-25

Jae-Ha Ryu, Hanna Ahn, Hwa Jin Lee, 2003, Inhibition of nitric oxide production
on LPS-activated macrophages by kazinol B from Broussonetia kazinoki,
Fitoterapia, 74, 350-354

Hyung Won Ryu, Ji Hye Lee, Jae Eun Kang, Young Min Jin, Ki Hun Park, 2012,
Inhibition of Xanthine Oxidase by Phenolic Phytochemicals from Broussonetia
papyrifera, Journal of Korean Society for Applied Biological Chemistry, 55,



134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

149

587-594.

Dae Sik Jang, Muriel Cuendet, Michael E. Hawthorne, Leonardus B.S. Kardono,
Kazuko Kawanishi, Harry H.S. Fong, Rajendra G. Mehta, John M. Pezzutoa, A.
Douglas Kinghorn, 2002, Prenylated flavonoids of the leaves of Macaranga
conifera with inhibitory activity against cyclooxygenase-2, Phytochemistry, 61,
867872

Christoph Seger, Sonja Sturm, Ernst Haslinger, Hermann Stuppner, 2005, NMR
Signal Assignment of 22-Deoxocucurbitacin D and Cucurbitacin D from Ecballium
elaterium L. (Cucurbitaceae), Monatshefte fE€ur Chemie, 136, 1645—1649.

Neha Kapoor, Soma Mondal Ghorai, Prem Kumar Kushwaha, Richa Shukla,
Charu Aggarwal, Rakeshwar Bandichhor, 2020, Plausible mechanisms explaining
the role of cucurbitacins as potential therapeutic drugs against coronavirus 2019,
Informatics in Medicine Unlocked, 21, 100484.

Phan Minh Giang, Nguyén Thi Thoi, Nguyén Vin Tai, Phan Téng Son, 2015, Gop
phan nghién ctu thanh phan héa hoc cua cay c6 muc (Eclipta prostrata L.,
Asteraceae) cua Viét Nam, Tap chi hoa hoc, 53(1), 56-61.

Niranjan P. Sahu, Kazuo Koike, Sukdeb Banerjee, Basudeb Achari, Tamotsu
Nikaido, 2001, Triterpenoid saponins from Mollugo spergula, Phytochemistry, 58,
1177-1182.

Nguyen Cong Thuy Tram, Ninh The Son, Do Thi Thao, Nguyen Manh Cuong,
2016, Kaempferol and kaempferol glycosides from Phyllanthus acidus leaves,
Vietnam Journal of Chemistry, 54(6), 790-793.

Vii Btc Loi, P4 Thi Nghia Tinh, Bui Thi Xuan, Vii Kiéu Oanh, Trinh Nam Trung,
Nguyén Tién Vitng, 2017, Mot sé hop chat flavonoid phan lap tir 14 cay dau (Morus
alba L.) thu hai tai tinh Thai Nguyén, Tap chi Khoa hoc DPHQGHN, Khoa hoc Y
duoc, 33 (1), 45-50.

F. A. Melikuziev, A. A. Ganiev, N. B. Begmatov, Kh. M. Bobakulov, B. Zhao, J.
Y. Zhao, Sh. Sh. Sagdullaev, H. A. Aisa, 2022, phenolic compounds from
Artemisia namanganica, Chemistry of Natural Compounds, Vol. 58, No. 5.
Naowarat Kongkum, Patoomratana Tuchinda, Manat Pohmakotr, Vichai
Reutrakul, Pawinee Piyachaturawat, Surawat Jariyawat, Kanoknetr Suksen,
Chalobon Yooso00k, Jitra Kasisit, Chanita Napaswa, 2012, DNA topoisomerase lla
inhibitory and anti-HIV-1 flavones from leaves and twigs of Gardenia carinata,
Fitoterapia, 83, 368-372

Hisahiro Kai, Masaki BABA, and Toru Okuyama, 2007, Two New
Megastigmanes from the Leaves of Cucumis sativus, Chemical and
Pharmaceutical Bulletine, 55(1), 133-136.

Guido Flamini, Elena Antognoli, Ivano Morelli, 2001, Two flavonoids and other
compounds from the aerial parts of Centaurea bracteata from Italy,
Phytochemistry, 57, 559-564.

Ashraf N.E. Hamedl, Mamdouh N. Samyl, Basma K. Mahmoudl , Eman Z.
Attial, Taha F.S. Ali, Ahmed H. Afifi, Mohamed S. Kamel, 2021, Flavonoidal
glycosides and in vitro antioxidant activity of Bignonia binata Thunb. leaves
Family Bignoniaceae and in silico evidence of their potential anti-COVID19
activity, Journal of Advance Biomedicinal & Pharmaceutical Sciences, 4, 98-106
Wu Jian-feng, Chen Si-ba, Gao Jing-chuns, Wu Li-jun, Chen Shi-lit, Tu Peng-fei,
2007, Megastigmane Glycosides from Polygala hongkongensis Hemsl, Chemical



147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

150

Research in Chinese universities, 23 (5), 530-532.

Melissa L. Flagg, Gerald A. Wachter, Angela L. Davis, Gloria Montenegro,
Barbara N. Timmermann, 2000, Two Novel Flavanones from Greigia sphacelate,
Journal of Natural Products, 63, 1689-1691

Jose Enrique Herbert-Pucheta, Cinthia Mejia-Lara, Benito Reyes-Trejo, Lino
Reyes, Holber Zuleta-Prada, 2019, Nuclear magnetic resonance assignment
strategy for pentacyclic triterpenes, using lup-20(29)-ene from Pilotrichella fexilis
as model system, combining spectrally fltered proton-to-carbon schemes
and DFT-GIAOQO approach, Herbert-Pucheta et al. Applied Biological Chemistry,
62:28.

Arjun Hari Banskota, Yasuhiro Tezuka, Kim Qui Tran, Ken Tanaka, Ikuo Saiki,
Shigetoshi Kadota, 2000, Methyl Quadrangularates A-D and related triterpenes
from Combretum quadrangulare, Chemical and Pharmaceutical Bulletin, 48 (4),
496-504.

Dae Keun Kim, Sang Hoon Choi, Jung Ock Lee, Shi Yong Ryu, Dae Kyu Park,
Dae Hee Shin, Jee Hyung Jung, Suhk Keung Pyo, Kang Ro Lee, Ok Pyo Zee,
1997, Cytotoxic Constituents of Sorbaria sorbifolia var. stellipila, 20 (1), 85-87.
Orlando Mufoz, Carla Delporte, Nadine Backhouse, Silvia Erazo, Rosa Negrete,
Sergio M aldonado, José L. Lépez-Pérez, Arturo San Feliciano, 2000, A New
Cucurbitacin Glycoside from Kageneckia oblonga (Rosaceae), Z. Naturforsch., 55
c, 141-145.

Nguyen Huu Tung, Hyuk Joon Kwon, Jae Hong Kim, Jeong Chan Ra, Jeong Ah Kim,
Young Ho Kim, 2010, An anti-influenza component of the bark of Alnus japonica, Arch
Pharm Res, 33(3), 363-367.

Aranya Jutiviboonsuk, Hong-Jie Zhang, Tamara P. Kondratyuk, Angkana
Herunsalee, Wongsatit Chaukul, John M. Pezzuto, Harry H.S. Fong, and Nuntavan
Bunyapraphatsara, 2007, Isolation and Characterization of Cancer
Chemopreventive  Compounds  from  Barringtonia  maunwongyathiae,
Pharmaceutical Biology, Vol. 45, No. 3, pp. 185-194.

Luciene F.G. Amaral, Suzana G. Leitao, Franco Delle Monache, Gilda G. Leitao,
2001, 3,4-seco-Lupanes and other constituents from Platypodium elegans,
Fitoterapia, 72, 441-443

Hsiou-Yu Ding, Hang-Ching Lin, 2000, Phytochemical and Pharmacological
Studies on Chinese Paeonia Species, Journal of the Chinese Chemical Society, 47,
381-388.

Mi Ran Kim, Seung Kyu Lee, Chang Soo Kim, Kyung Soon Kim, Dong Cheul Moon,
2004, Phytochemical constituents of Carpesium macrocephalum Fr-et Sav, Archives of
Pharmacal Research, 27(10), 1029-1033.

Siyuan Jing, Haoyang Zou, Zidan Wu, Li Ren, Tiehua Zhang, Jie Zhang, Zhengyi
Wei, 2020, Cucurbitacins: Bioactivities and synergistic effect with small-molecule
drugs, Journal of functional foods, 72, 1-9.

Abdulrhman Alsayari, Lucas Kopel, Mahmoud Salama Ahmed, 2018, Isolation of
anticancer constituents from Cucumis prophetarum var. prophetarum through
bioassay-guided fracrionation, BMC Complementary and Alternative Medicine,
18, 1-12.

Neha Kapoor, Soma Mondal Ghorai, Prem Kumar Kushwaha, Richa Shukla, Char
Aggarwal, Rakeshwar Bandichhor, 2020, Informatics in Medicine Unlocked, 21, 1-11.



PHU LUC



2

MUC LUC PHU LUC

1. Phu 1uc pha hop ChAE IMST ... 3
2. Phu luc phd hop ChAL IMS2 ... 16
3. Phu luc phd hop ChAL IMS3 ...t 29
4. Phu Tuc phd hop ChAL MS4 ...t 41
5. Phu luc phd hop ChAL IMISS ... 45
6. Phu [uC Pho NOP ChAE IMSB ...t 47
7. Phu [uc pho NoP ChAE MIST ... 51
8. Phu 1uC pho NP ChAL IMSS ...t 53
9. Phu 1uc pho hop ChAt IMSO ... 55
10. Phy luc pho Nop ChAE MSL0 ... 59
11. Phy luc pho Nop ChAE MSLL ...t 63
12. Phu luc pho Nop ChAE IMSL2 ...t 67
13. Phu luc pho Nop ChAE IMSL3 ...t 71
14. Phy luc pho Nop ChAE IMSL4 ...t 75
15. Phu luc pho Nop ChAL OF ...t 79
16. Phu luc pho Nop ChAL OE2........veeeeeeeeeeseee et 80
17. Phu 1uc phd hop Chat OE3.........cvvececeeeeeeeeeceee st 84
18. Phu 1uc phd Nop ChAt OF4 ..o 88
19. Phu 1uC phd Nop ChAL OFSB ..ot 92
20. Phy 1uc phd NoP ChAL OEB..........oeveeeeceeeeeee e 94
21. Phu [uc phd Nop ChAt OE7 ... 98
22. Phy luc pho hop ChAt OES........c.ooeeeeeeeeee e, 103
23. Phu [uc pho Nop ChAt OED........ovveeeeeeeeeeee e, 108
24. Phy luc phd hop Chat OEL0........c..ovieeeeeeeeee e, 112
25. Phu luc phd hop ChAt OELL. ..o, 118
26. Phy [uc phd hop ChAt OEL2........ooeeeeeeeeeeeeeeeeee e, 122
27. Phy luc phd hop ChAt OEL3........vieeeeeeeeeeeee e, 134
28. Phu luc phd hop ChAt OEL4........oovieeeeeeeeeeeeee e, 138
29. Phy [uc phd hop ChAt OEL5........oeeeeeeeeeeeee e, 140
30. Phy luc phd hop ChAt OELB.........ooeeeeeeeeeeeeeeeeeeee s, 141
31. Phy luc phd hop ChAt OEL7 ..., 144

w
N

. Phu [uc phd hop Chat OETL8........ooiveeeeeeeeeeeeeeeee e, 145



1. Phu luc phd hgp chat MS1

3-O-a-L-arabinopyranosyl juglangenin A
- Cong thurc phan tir: CasHs60s
- KLPT M =572
- Phd HR-ESI-MS
- Phé *H NMR
- Ph =C NMR
- Phé HSQC
- Phé HMBC
- Ph NOESY



1.1. Phd HR-ESI-MS cua hop chat MS1

Spectrum from 20240305hsb.wiff2 (sample 1) - MS7.9B, Experiment 1, +IDA TOF MS (20 - 4500) from 0.764 min
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13C NMR cua hop chat MS1
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1.4. Phd HSQC cua hop chat MS1
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1.5. Phé HMBC cua hop chat MS1
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1.6. Phd COSY cua hop chat MS1
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2. Phu luc pho hop chat MS2
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2.3. Ph6 3C NMR cua hop chit MS2
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2.4. Phd HSQC cua hop chat MS2
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2.5. Phé HMBC cua hop chat MS2
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2.6. Ph COSY cua hop chat MS2
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3. Phu luc phé hop chat MS3

3-0-4-D- xylopyranosyl castanopsol
- CTPT: CasHs506
- KLPT M =574
- Ph6 HR-ESI-MS
- Phé hong ngoai
- Ph6 :H NMR
- Ph6 =C NMR
- Phé HSQC
- Ph6 HMBC
- Pho COSY
- Phé NOESY



3.1. Ph6 HR_ESI-MS cua hop chat MS3
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[Spectrum from 20240301 h.wiff2 (sample 5) - MS6.6, Experiment 1, +IDA TOF MS (20 - 4500) from 0.472 min
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3.3. Phé 'H NMR cua hop chat MS3
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14

HSQC cua hgp chat MS3
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3.6. Phé HMBC cua hop chat MS3
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3.7. Ph COSY cua hop chit MS3
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4. Phu luc pho hop chat MS4

Lupeol acetate

- CTPT: Ca2Hs202
- KLPT M = 468
- Ph6 'H NMR

- Ph6 3C NMR

- Pho DEPT

- Phé HSQC

- Ph6 HMBC

- Pho COSY
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4.1. Phé 'HNMR cua hop chat MS4
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4.3. Phd DEPT cua hop chat MS4
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14

HMBC cua hgp chat MS4
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5. Phu luc phé hop chat MS5

Taraxerone

-CTPT: C30H480
- KLPT: M =424
- Phd 'H NMR

- Phd 3C NMR
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5.1. Ph6 *H NMR cua hop chat MS5
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6. Phu luc phé hop chat MS6

Kazinol B

- CTPT: C25H2804
- KLPT: M =392
- Ph6 *H NMR

- Ph6 3C NMR
- Phé HSQC
- Ph6 HMBC
- Pho COSY
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6.1. Ph6 'H NMR cua hop chat MS6
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6.3. Ph6 HSQC cua hop chit MS6
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6.5. Ph6 COSY cua hop chit MS6
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7. Phu luc pho hop chat MS7

HO 8a

Kazinol A

- CTPT: C25H3004
- KLPT: M =394
- Ph6 *H NMR

- Phd 13C NMR



7.1. Phd 'H NMR cua hop chat MS7
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8. Phu luc phé hop chat MS8

4'-O-methyl-8-prenylnaringenin
- CTPT: C21H2205
- KLPT: M =354
- Ph6 *H NMR

- Ph6 3C NMR
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8.1. Ph6 'H NMR cua hop chat MS8
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9. Phu luc pho hep chat MS9

28 29

Cucurbitacin D

- CTPT: C3oH4407
- KLPT: M =516
- Ph6 *H NMR

- Ph6 3C NMR
- Pho HSQC
- Phé HMBC
- Pho COSY
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9.1. Ph6 *H NMR cua hop chat MS9
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14

HSQC cua hgp chat MS9

9.3. Phd
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9.5. Ph COSY cua hop chat MS9
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10. Phu luc phé hep chat MS10

Cucurbitacin H

- CTPT: C30H460s
- KLPT: M =534
- Phé 'H NMR

- Ph6 3C NMR
- Phé HSQC
- Ph6 HMBC
- Pho COSY
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10.1. Phd 'H NMR cua hop chit MS10
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10.2. Pho C NMR cua hop chat MS10
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14

HSQC cua hgp chat MS10
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10.3. Ph
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10.5. Phd COSY cua hop chat MS10

pem __| Lﬂ( N I.‘ Hl‘lm w qu

4.0 S s

-

e =

L]
&5 . L » ¥ -
-
5.0+
5.5
-.. - —

6.0




63

11. Phu luc phé hep chat MS11

OH

0 o
HO
HO
OH
H

Eclalbasaponin 11

- CTPT: CssHs5809
- KLPT: M =634
- Ph6 'H MNR

- Ph6 3C NMR
- Phé HSQC
- Ph6 HMBC
- Phé COSY
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11.1. Phé *H NMR cua hop chat MS11
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14

HSQC cua hgp chat MS11
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11.5. Ph6 COSY cua hop chat MS11

S ST Y
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12. Phu luc phé hep chat MS12

Spergulacin
- CTPT: Ca1HesO12
- KLPT: M = 752
- Ph6 'H NMR
- Ph6 3C NMR
- Phé HSQC
- Ph6 HMBC
- Pho COSY
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12.1. Phé *H NMR cua hop chat MS12
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14

HSQC cua hgp chat MS12
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12.5. Phd COSY cua MS12

Ppm
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13. Phu luc phé hep chat MS13

Kaempferol 3-O-a-L-rhamnopyranoside

- CTPT: C21H20010
- KLPT: M =432
- Ph6 'H NMR

- Ph6 3C NMR
- Phé HSQC
- Ph6 HMBC
- Pho COSY
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13.1. Phé 'H NMR cua hop chat MS13

bRz v S [ 0 O AD ST 4 B0 ) ) D
n .l'!\r.r".DLD.l.l.l.|.|.|.|<'>G‘
*h. ‘JYN- 1) 00 0N N 0N e '\Qr
- 515 W0 4 W ]

QR s |

0.79= M
4.04 -

Wy 0 w? W

I T I T I i 1
220 200 180 160 140 120 100 80 60 40 20 0 ppm




73

13.3. Phé HSQC cua hop chat MS13
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13.5. Phé COSY cua hop chat MS13
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14. Phu luc phé hgp chat MS14

Quercitrin

- CTPT: C21H20011
- KLPT: M =448
- Ph6 'H NMR

- Ph6 3C NMR
- Ph6 HSQC
- Ph6 HMBC
- Pho COSY
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14.1. Phd 'H NMR cua hop chit MS14
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14.3. Phd HSQC cua hop chat MS14
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14.5. Phd COSY cua hop chat MS14
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15. Phu luc phé hep chit OE1 (giong MS4)

Lupeol acetate

- CTPT: C32H5202
- KLPT: M = 468
- Phé 'H NMR

- Ph6 3C NMR
- Pho DEPT

- Phé HSQC

- Ph6 HMBC

- Pho COSY
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16. Phu luc phé hep chit OE2

5,7,3-Trihydroxy-6,4',5'-trimethoxyflavone
- CTPT: C18H160s
- KLPT: M =360
- Ph6 'H NMR

- Ph6 3C NMR
- Ph6 HSQC
- Ph6 HMBC
- Pho COSY
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16.1. Phd 'H NMR cua hop chit OE2
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16.3. Phd HSQC cua hop chat OE2
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16.5. Phd COSY cua hop chat OE2
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17. Phu luc phé hep chat OE3

5,7,2' 5'-tetrahydroxy-6,3',4'-trimethoxyflavone

- CTPT: C1gH1609
- KLPT: 376
- Phé 'H NMR

- Ph6 3C NMR
- Ph6 HSQC
- Ph6 HMBC
- Phé COSY
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17.1. Phé 'H NMR cua hop chit OE3
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17.3. Phé HSQC cua hop chat OE3
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17.5. Phé COSY cua hop chat OE3

- s
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18. Phu luc phé hep chat OE4

Dehydrovomifoliol

- CTPT: C13H1803
- KLPT: 222
- Ph6 'H NMR

- Ph6 3C NMR
- Phé HSQC
- Ph6 HMBC
- Phé COSY
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18.1. Phd 'H NMR cua hop chit OE4
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18.3.

Ph6 HSQC cua hop chit OE4
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18.5. Phd COSY cua hop chat OE4
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19. Phu luc phé hep chat OE5

, _COOH

HO 3

OH

Protocatechuic acid

-CTPT: C7H604
- KLPT: 154
- Pho 'H NMR

- Phd 3C NMR



19.1. Phé 'H NMR cua hop chit OE5
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20. Phu luc phé hgp chat OE6

Chrysocriol-7-O-4-D-glucopyranoside
- CTPT: C22H22011
- KLPT: M =462
- Ph6 'H NMR

- Ph6 3C NMR
- Phé HSQC
- Ph6 HMBC
- Phé COSY
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20.1. Phé *H NMR cua hop chat OE6
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14

HSQC cua hgp chat OE6
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20.5. Phd COSY cua hop chat OE6
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21. Phu luc phd hgp chat OE7

- CTPT: C19H300g
- KLPT: M = 386
- Phé 'H NMR

- Ph6 3C NMR
- Phé HSQC
- Ph6 HMBC
- Phé COSY

98

7Z-roseoside



21.1. Phé *H NMR cua hop chat OE7
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14

HSQC cua hgp chat OE7
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21.5. Phd COSY cua hop chat OE7

Ppm
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22. Phu luc phé hgp chat OE8

5,7,3'-trihydroxy-6,4',5'-trimethoxyflavanone

- CTPT: C1gH180s
- KLPT: M = 362
- Phé 'H NMR

- Ph6 3C NMR
- Ph6 HSQC
- Ph6 HMBC
- Phé COSY
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22.1. Ph6 'H NMR cua hop chat OES
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22.5. Phd COSY cua hop chat OES
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23. Phu luc phd hgp chat OE9

Lup-20(29)-ene
- CTPT: C3oHso
- KLPT: M =410
- Ph6 *H NMR

- Ph6 3C NMR
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6 'H NMR cua hop chat OE9
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24. Phu luc phd hgp chat OE10

23-deoxojessic acid

- CTPT: C31H5004
- KLPT: M = 486
- Phé 'H NMR

- Ph6 3C NMR
- Phé HSQC
- Ph6 HMBC
- Phé COSY
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14

'H NMR cua hgp chat OE10
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24.2. Ph6 3C NMR cua hop chat OE10
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24.3. Phd HSQC cua hop chat OE10
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24.5. Phd COSY cua hop chat OE10
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25. Phu luc phé hop chat OE11

Cucurbitacin F

- CTPT: C3oH4607
- KLPT: M =518
- Phé 'H NMR

- Ph6 3C NMR
- Phé HSQC
- Ph6 HMBC
- Ph6 COSY
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25.1. Phd *H NMR cua hop chat OE11
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25.3. Phd HSQC cua hop chat OE11
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25.4. Pho HMBC cuia hop chat OE11
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25.5. Phd COSY cua hop chat OE11
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26. Phu luc phé hop chat OE12

HO o o
HO%/
HO
OHH
3B-(B-D-glucosyloxy)-16a,23a-epoxycucurbita-5,24-diene-11-one
- CTPT: C36Hs609
- KLPT: M =632

- Ph6 'H NMR
- Ph6 3C NMR
- Ph6 HSQC
- Ph6 HMBC
- Phé COSY
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6 'H NMR cua hop chat OE12
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L

|

EOT P

811"
BRI b ——
oF .m.\..

Ef
B
o

z
{4
E
LE

o o up o

¥
B
BT
Be

ST
oo
r

Mmoo
u
O W D D e e

NN

TTTTTT

e

LZatk

T
4.1 ppm

I

-3
-
=

T
4.2

'

hoid
=
=

4.3

T

T
4.5 4.4

o

=
=
=

T

T
4.6

4.7

4.8

4.9

51

T
5.2

53

'T

e



T:.N
RS
BBEE—=
ongtz—"

124

OEB"E

ECH'E

31

T

o
i

3.2

3.3

3.4

T

T

3.7

3.8

© 3

w
-

3.9

2.3 ppm

2.9 2.8 2.7 2.6 2.5 2.4
'\IF&_ ‘/-J

3.0

]

=
o
L¥

)

‘T

L)
ek}
K

'\‘

ity

LBL

k&

ugs "

T90" &

et

-

ot et

o e e e e e e e e e e

e e e R R e R e e

=1

SsSSSWhWRSSYSSTES em———

e

/

[ " T —
o o

e

[

o
=]
(]

f

1.1
b

1

LIl

'ﬁ

-
L]

0

]
]
—

&

o
L
o)

M

TR

P
b
o




125

14

13C NMR cua hop chat OE12

0

26.2. Ph
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26.3. Pho HSQC cua hop chat OE12
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26.4. Pho HMBC cuia hop chat OE12
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26.5. Phd COSY cua hop chat OE12
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27. Phu luc phd hgp chat OE13

-CTPT: CgoHsoO
- KLPT: M =426
- Pho 'H NMR

- Ph6 3C NMR
- Phé HSQC
- Ph6 HMBC
- Pho COSY
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27.1. Phd *H NMR cua hop chat OE13
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27.3. Phd HSQC cua hop chat OE13
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27.5. Phd COSY cua hop chat OE13
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28. Phu luc phé hop chit OE14

2
24 23

3-(E)-Coumaroyltaraxerol
- CTPT: C39Hs603
- KLPT: M =572
- Ph6 'H NMR
- Ph6 °C NMR
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28.1. Phd *H NMR cua hop chat OE14
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29. Phu luc phd hop chat OE15 (giéng MS8)

OH (6]

4'-O-methyl-8-prenylnaringenin
- CTPT: C21H2205
- KLPT: M =354
- Ph6 *H NMR

- Ph6 3C NMR
- Phé HSQC
- Ph6 HMBC
- Phé COSY
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30. Phu luc phé hop chit OE16

5 4

H;CO_ 6 9 S
2
H;c077 Y10 (1) 0
SN

6,7,8-trimethoxycoumarin

- CTPT: C12H1205
-KLPT: M =236
- Pho 'H NMR

- Phd 3C NMR
- Ph6 HSQC
- Ph6 HMBC
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HSQC cua hgp chat OE16
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31. Phu luc phé hop chat OE17

OH

H,CO
OH
3-hydroxy-4-methoxybenzoic acid
- CTPT: CgHsO4
- KLPT: M =168
- Ph6 *H NMR
- Ph6 °C NMR
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31.1. Ph6 *H NMR cua hop chat OE17
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31.2. Ph6 1*C NMR cua hop chat OE17
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32. Phu luc phd hgp chat OE18



- CTPT: C13H2003
- KLPT: M =224
- Phé 'H NMR

- Ph6 3C NMR
- Ph6 HSQC
- Ph6 HMBC
- Pho COSY
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32.5. Ph6 COSY cua hop chat OE18
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Abstract

Myrsine semiserrata Wall. (Primulaceae) is an evergreen shrub found in some Asian
regions including Northern Vietnam, Southern China, India, Nepal, and Myanmar.
Its bark and leaves are utilized in leather tanning while the fruit serves as a com-
monly used antiseptic agent. Phytochemical study on the ethyl acetate extract
from the aerial parts of this plant led to the isolation of a new saponin 3-O-a-L-
arabinopyranosyl juglangenin A (1) and four known triterpenes, lupeol acetate
(2), taraxerone (3), cucurbitacin D (4), and cucurbitacin H (5). Their structures were
proven by analyzing 1D, 2D NMR, and HR-ESI-MS spectroscopic techniques. All
isolated compounds were tested for their cytotoxicity on human cancer cell lines:
HepG2, KB, MCF7,and A549. Compounds 4 and 5 exhibited potent activity against
HepG2 and KB cell lines with ICs, values ranging from 1.06 to 5.99 um. Saponin
substance 1 demonstrated action against all cancer cell lines with 1C5q values of
74.26,42.83,40.65, and 70.82 pM, respectively.

Funding information
Hung Vuong University, Grant/Award Number:

23/2021/HDKH.HV21-23 KEYWORDS

1 | INTRODUCTION

In the world, the Myrsine genus is a large genus, with
over 300 species, extensively spread in tropical and sub-
tropical regions such as India, Myanmar, China, Africa,
America, Madagascar, Afghanistan, and the archipelagos
including the Azores. In Vietnam, there are approximately
9 species in this genus.' Notably, Myrsine semiserrata Wall.,
a member of the Primulaceae family is frequently found in
Northern Vietnam, particularly in Ha Giang and Lang Son
provinces. Under the auspices of the French-Vietnamese
International Cooperation project, several Myrsine species
native to Vietnam have been collected and tested for pre-
liminary activity. The EtOAc extract from M. semiserrata
fruit inhibited 57.19% of KB carcinoma cells at a dosage of
1 pg/mL, indicating substantial cytotoxicity. The bark and
leaves are used to tan leather and the fruit is often used
as an antiseptic.'” Previous studies on the phytochemistry
of various Myrsine species revealed a range of secondary
metabolites, such as flavonoids and flavonoid glycosides,’

© 2024 Vietnam Academy of Science and Technology and Wiley-VCH GmbH.

cytotoxic activity, Myrsine semiserrata, Primulaceae, saponin, terpenoid

saponins,*> and benzoquinone derivatives.® These com-

pounds exhibit a variety of beneficial activities including
antioxidant,® anticancer,” anti-bacterial, anti-fungal,” and
anti-inflammatory properties.® However, investigation into
the chemical constituents of M. semiserrata has been lack-
ing. In going to search for bioactive compounds from the
Vietnamese plants, this paper reported the isolation of five
terpenoid compounds (1-5), one of which is newly discov-
ered (1), from the aerial parts of M. semiserrata. Cytotoxic
activity evaluation of the isolates was also assessed and
reported herein.

2 | MATERIALS AND METHODS

2.1 | Plant materials

M. semiserrata Wall. were collected in Sa Pa, Lao Cai, Viet-
nam in December 2004. The plant material was identified
by Dr. Nguyen The Cuong, and a botanical specimen

Vietnam J. Chem. 2024;1-5.
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(VN-1432) was deposited at Hung Vuong University, Phu
Tho province.

2.2 | Experimental procedures

The used equipment is the same as that described in
our previous publication,’ as provided in the Supporting
Information.

2.3 | Extraction and isolation

After harvesting, the fresh aerial parts of M. semiserrata
(4.87 kg) were dried in the shade to yield 1.08 kg. This
dry part was further chopped and ground into fine pow-
der. The powdered sample of M. semiserrata (1.08 kg) was
extracted with MeOH solvent (5 times, each 3 L, 24 h) at
room temperature to get MeOH extract (125 g). The MeOH
extract was suspended in MeOH: H, 0O (1:1, v/v), partitioned
with n-hexane, CH,Cl,, and ethyl acetate, and then concen-
trated under vacuum to yield the n-hexane (MS-H, 32.3 g),
CH,Cl; (MS-D, 25.4 g), ethyl acetate (MS-E, 20.2 g), and water
fraction, respectively.

The MS-E fraction (20.2 g) was chromatographed on a sil-
ica gel CC, eluted by CH,Cl,: MeOH (50:1, v/v) to give ten
fractions (FMS1 — FMS10). Fraction FMS1 (1.04 g) was sep-
arated on a silica gel CC using n-hexane/EtOAc gradient
mixtures (5—100% EtOAc) to yield five fractions (FMS1.1 -
FMS1.5). FMS1.4 (22 mg) was separated on a silica gel CC
using n-hexane/EtOAc (20/1, v/v) to acquire compound 2
(5.7 mg). Compound 3 (4.5 mg) was yielded from the purifi-
cation of subfraction FMS1.5 (25 mg) by a chromatography
column using the eluent n-hexane/EtOAc (95/5, v/v) sol-
vent. Fraction FMS7 (1.25 g) was isolated on a Sephadex LH-
20 CC, using MeOH eluent to give eight fractions (FMS7.1 -
FMS7.8). The three sub-fractions FMS7.6 (35 mg), FMS7.8
(19 mq), and FMS7.9 were all separated on the preparative
TLC plate. Fractions FMS7.6 and FMS7.8 were eluted with
CH,Cl,/EtOAC (7/3, v/v) with acetic acid (0.1%) added, while
fraction F7.9 was eluted with CH,Cl,/acetone (7/3, v/v) to
give compounds 4 (3.3 mg), 5 (4.8 mg) and 1 (4.5 mg),
respectively.

3-O-a-L-arabinopyranosyl juglangenin A (1) White pow-
der, mp 172-173 °C; [alp +0.179 (c 0.244, MeOH); IR (KBr)
vmax 3341.51 cm™'; "Hand '>*C NMR data (CD;0D, 600 and
150 MHz) see Table 1; HR-ESI-MS at m/z 611.3718 [M+K]*
(Calcd. for [C35 H5606 K]+ 611 3708)

24 | Cytotoxicactivity assay

Cytotoxicity was evaluated using a modified MTT assay
of the published method® (mentioned in the supporting
information). The human cancer cell lines (KB (CCL-17TM),
HepG2 (HB-8065TM), MCF-7 (HTB-22TM), and A549 (CCL-
185) were purchased from the ATCC.

3 | RESULTS AND DISCUSSION

3.1 | Structural elucidation of newly
isolated compounds

Compound 1 was obtained as a white powder, mp. 172-
173 °C. The IR spectrum of 1 displayed the absorption
bands of hydroxyl functionalities at 3441.51 cm™'. The
HREIMS of 1 exhibited a molecularion peak at m/z611.3718
corresponding to a formula of C35H5604 with eight degrees
of unsaturation, of which five were accounted for by a pen-
tacyclic ring and two by two olefinic bonds. The "H NMR
spectrum of 1, showed eight tertiary methyl groups at 64
0.90 (H-30), 0.92 (H-24), 0.93 (H-28), 0.94 (H-29), 1.09 (H-27),
1.14 (H-23), 1.19 (H-26) and 1.26 (H-25), two olefinic groups
at 8y 5.73 (d, J=6.0 Hz, H-11) and 5.60 (d, J = 6.0 Hz, H-12),
two oxymethine protons at 6 4.17 (t, J = 3.0 Hz, H-1), 3.69
(dd, J = 4.8, 12.0 Hz, H-3). There were two olefinic protons
at 8y 5.73 (d, J=6.0 Hz, H-11) and 5.60 (d, J = 6.0 Hz, H-12)
with a coupling constant of 6.0 Hz, and this information
coupled with signals for four olefinic carbons at §c 118.3,
121.7, 149.1, and 151.5 in the '3C NMR spectrum of 1
showed the presence of a conjugated diene. These signals
along with and the methyl groups at ¢ 16.9, 20.7, 21.9,
24.1,26.4,28.7,29.3,33.3 suggested that compound 1 pos-
sessed juglangenin A. The downfield shifts of C-3 (§¢ 85.3)
of the aglycone suggested that 1 was a monodesmosidic
glycoside. An a-arabinopyranosyl moiety was also recog-
nized based on the signal at § 4.31 (d, J = 6.6 Hz, H-1'),
along with signals noted in the aliphatic region (&4 3.52-
3.86) (Table 1). Analysis of the '3C NMR and DEPT spectra
revealed the resonances of 35 carbon signals, of which 30
were assigned to the triterpene and 5 to a sugar compo-
nent made up of one sugar unit (Table 1). In the 3C-NMR
of 1, the signal at ¢ 107.4 was indicative of the arabinosyl
anomeric carbon. The COSY spectrum of 1 showed seven
spin-spin coupling systems, in Figure 1 (H-1'/H-2'/H-3'/
H-4'/CH,-5’, H-1/CH;-2/H-3, H-5/ CH,-6/CH,-7, H-11/H-12,
CH,-15/ CH,-16, H-18/ CH,-19, and CH,-21/CH,-22). The
NMR data of 1 exhibited characteristics consistent with an
oleanane-type triterpene similar to juglangenin A,'® except
for the additional a-arabinose moiety.

In the HMBC spectrum, the correlations of H-23 (6 1.14)
and H-24 (8 0.92) with C-3 (5 85.3)/C-4 (5¢ 40.4)/C-5
(6c 45.9), indicated that two methyl groups were attached
to C-4. The cross peaks of Me-25 (6 1.26) with C-1 (&¢
74.2)/C-5 (8¢ 45.9)/C-10 (6¢ 45.7)/C-9 (6¢c 151.5) indicated
the connections of H-25 to C-10. Cross peak of C-19 (6¢
48.1)/C-20 (6¢ 31.9)/C-21 (8¢ 35.6) with H-29 (5 0.94) and
H-30 (6 0.90) established the attachment of two methyl
groups (Me-29 and Me-30) with C-20. The HMBC correla-
tions of C-8 (8¢ 43.7)/C-9 (6¢ 151.5)/C-14 (8¢ 42.1) with the
protons of Me-26 (dy 1.19) assigned the linkage of Me-26
with C-8. In addition, the cross peaks of Me-27 (6 1.09)
with C-8 (8¢ 43.7), C-13 (8¢ 149.1), C-14 (6¢ 42.1), and C-
15 (8¢ 26.8); Me-28 (6 0.93) with C-16 (¢ 28.1), C-17 (5¢
33.2), C-18 (6¢ 47.1) and C-22 (8¢ 38.1) showed two methyl
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TABLE 1

Position

1

8

9

10
11
12
13
14
15

16

17
18

TH NMR and '3C NMR data for compound 1.

5c a,b

74.2
332
85.3
404

45.9
18.5

329

43.7
151.5
45.7
1183
121.7
149.1
42.1
26.8

28.1

333
47.1

Sy (mult., J (Hz)) Position
4.17 (t,3.0) 19
2.04 (m) 20
2.22 (m)

3.69 (dd, 4.8, 12.0) 21
- 22
1.49 (d, 4.2) 23
1.59 (m) 24
1.70 (m)

1.40 (br ddd, 2.4, 15.0, 2.4) 25
1.76 (br dd, 3.6, 12.0)

- 26
- 27
- 28
5.73 (d, 6.0) 29
5.60 (d, 6.0) 30
- Ara
= ‘| 4
1.09 (m) 2
1.92 (br dd, 9.0)

0.91 (m) 3’
2.06 (m)

_ &
2.19 (m) 5’

5c a,b

48.1

38.1

28.7
16.9

264

21.9
20.7
293
24.1
33.7

107.4
729

744

69.6
66.5

Sy (mult., J (Hz))

1.09 (m)
1.72 (m)

1.15 (m)
1.40 (m)

1.31 (m)
1.42 (m)

1.14(s)
0.92 (s)

1.26 (s)

1.19(s)
1.09 (s)
0.93 (s)
0.94 (s)
0.90 (s)

4.31 (d, 6.6)
3.58 (dd, 8.4, 6.6)

3.52 (m)
3.82 (m)

3.54(dd, 12.2,3.0)
3.86(dd, 12.2, 2.5)

2Measured in CD;0D.

2600 MHz.
€150 MHz.

FIGURE 1

Chemical structures of compounds 1-5.

Taraxerone (3)

Cucurbitacin H (5)
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FIGURE 2

groups attached at positions C-14, and C-17, respectively
(Figure 2).

The HMBC correlations from H-11, H-12, Me-25, Me-26 to
C-9 (8¢ 151.5), and from H-11 and Me-27 to C-11 (8¢ 24.1)
were observed, indicating the olean-9(11),12-diene skele-
ton of 1. Moreover, the splitting pattern of H-3 (1H, dd,
J =428, 12.0 Hz) and H-1 (1H, t, J = 3.0 Hz) revealed that
the proton at C-1 was $-oriented, the hydroxy group at C-
1 and the proton at C-3 were a-oriented,'? respectively,
which was further confirmed by the correlations between
H-1/H-11, H-1/Me-25, H-3/Me-23, and Me-24/Me-25 in the
NOESY spectrum (Figure 2). In addition, the HMBC corre-
lations from H-3 (6 3.69) to C-1’ (8¢ 107.4) and from an
anomeric proton at 6y 4.31 (H-1’) to C-3 indicating the
arabinose moiety attached to C-3 of aglycone moiety.

The hydrolyzed sugar displayed at [a]**p = +10.2 (c
0,15, H,0): and an identical R; value with the standard
L-arabinose,' "2 indicating the L-configuration for the ara-
binose moiety of 1. Consequently, the structure of 1 was
determined as 3-O-a-L-arabinopyranosyl juglangenin A
(Figure 1).

The other compounds were elucidated as lupeol acetate
(2),"3 taraxerone (3),"* cucurbitacin D (4)," cucurbitacin
H (5)."° Compounds (2-5) were isolated and structurally
elucidated from M. semirrata for the first time.

3.2 | Cytotoxic activity of the isolated
compounds

All isolated compounds were evaluated for their cyto-
toxic effects against HepG2, KB, A549, and MCF7 cell lines
(Table 2).

Compounds 4 and 5 demonstrated strong action against
HepG2 and KB cell lines, with ICsq values ranging from 1.06
to 5.99 uM. Compound cucurbitacin D (4) was more active
against HepG2 and KB cells with 1C5y values of 3.61 and
5.99 um, respectively, compared to MCF7 and A549 cells
with ICsq values of 20.6, and 107.40 um. Compound cucur-
bitacin H (5) was less cytotoxic against A549 and MCF7

"y NOESY

Important COSY, HMBC, and NOESY correlations of compound 1.

TABLE 2 Invitro cytotoxic activity of 1-5 (ICs5q (UM)).

Compounds HepG2 KB A549 MCF7
1 74.26 42.83 40.65 70.82
2 >128 >128 >128 >128
3 >128 >128 >128 >128
4 1.20 1.06 37.35 2.81

5 5.99 3.61 107.40 20.06
Ellipticine 0.43 00.44 0.43 00.44

than HepG-2 and KB (Table 2). A comparison of cytotoxi-
city between compounds 4 and 5 indicated a significant
decrease in biological activity upon the hydration of the
double bond between C23 and C24 in 4. Compound 3-
O-a-L-arabinopyranosyl juglangenin A (1) showed action
against all four cancer cell lines (HepG2, KB, A549, and
MCF7?) with 1C5q values of 74.26, 42.83, 40.65, and 70.82 pm,
respectively. Compounds 2 and 3 had no activity against
the four cell lines (KB, HepG2, A549, and MCF7) up to a dose
of 128 pm.
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Abstract. Glycogen synthase kinase-3 beta (GSK-3p) stands as one of the primary targets in
cancer treatment, with inhibiting its biological activity holding promise for preventing cancer
development. In this study, atomistic simulations including molecular docking and molecular
dynamics calculations have suggested potential compounds originated from Oligoceras
eberhardtii (lupeol and 3p-(#-D-glucosyloxy)-16a,23a -epoxycucurbita-5,24-diene-11-one) to
form strong binding affinities with GSK-3p. It's worth noting that these applied methodologies
exhibit strong consistency with the respective experimental findings, as evidenced by correlation
coefficients of Ry;,, = 0.64 and Rgp;, = —0.82.

Keywords: GSK-38; Oligoceras eberhardtii; molecular docking; molecular dynamics; computer aided drug
design.

Classification numbers: 1.2.1, 1.2.4

1. INTRODUCTION

Cancer ranks as the second leading cause of death worldwide [1]. According to the
International Agency for Research on Cancer, Sung et al. [2] analyzed the global cancer burden
in GLOBOCAN 2020 and reported 19.3 million new cancer cases in 2020, resulting in
approximately 10 million deaths, including those from female breast cancer, lung cancer,
colorectal cancer, prostate cancer, and stomach cancer. It is predicted that by 2040, there will be
an estimated 28.4 million cancer cases, representing a 47% increase from 2020. The disease often
begins when cells lose their ability to control growth, leading to the formation of malignant tumors
or blood cancers such as leukemia and lymphoma. Common cancer treatments involve
chemotherapy and radiotherapy, where chemotherapy employs small drugs to target and inhibit
cancerous tumor growth. However, this approach has notable drawbacks including drug
resistance, increased toxicity, and limited precision in targeting cancer cells [3]. Exploring
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potential inhibitors for cancer targets is of significant interest, particularly natural agents that often
possess low toxicity, good stability, and inherent bioactivity such as anti-oxidative, anti-
inflammatory, antitumor, immunomodulatory, and antioxidant properties [4].

Among these, glycogen synthase kinase-3 (GSK-3) stands out as a versatile
serine/threonine protein kinase that regulates the phosphorylation of a wide range of cellular
targets and has been implicated in the development of various diseases, including cancers,
diabetes, and Alzheimer’s disease [5, 6]. Mammalian tissues contain two isoforms of GSK-3,
known as GSK-3a (51 kDa) and GSK-3p (47 kDa), which share an overall similarity of 84%.
Notably, their kinase catalytic domains share approximately 98% similarity, differing only in an
additional Gly-rich stretch found in the N-terminal region of GSK-3a [7]. GSK-3p plays a
significant role in the Wingless (Wnt) signaling pathway, and inhibiting GSK-3f has been shown
to reduce cancer cell proliferation, trigger p53-dependent apoptosis, and enhance TRAIL-induced
cell death [8, 9], suggesting that targeting GSK-3p could impede cancer progression.

Developing new inhibitors to target biological pathways using natural compounds derived
from food or herbs is particularly compelling due to their typically lower toxicity and reduced side
effects compared to synthetic compounds [10-13]. Additionally, natural sources offer abundant
availability for large-scale production. These natural agents demonstrate qualities such as low
toxicity, good stability, and inherent bioactivity, including anti-oxidative, anti-inflammatory,
antitumor, immunomodulatory, and antioxidant properties [14-16]. They can effectively inhibit
various biological targets through different pathways by forming interactions such as n-n stacking,
hydrophobic contacts, and hydrogen bonding with active site residues of enzymes [17-19].
Phytochemical studies of the family Euphorbiaceae have identified many bioactive compounds
with interesting biological and medical application, especially cytotoxicity and anticancer activity
[20, 21]. Oligoceras eberhardtii, an indigenous plant belong to Euphorbiaceae family, is
commonly found in Phong Nha - Ke Bang National Park, Quang Binh, Vietnam. According to our
best knowledge, none studies have been published on the biological activities of this species.

In recent years, computational methods have become widely employed for predicting
small molecules capable of binding to and inhibiting biological targets [22-24], offering
significant advantages over traditional approaches by reducing time and costs associated with drug
development [25, 26]. Several drugs, such as saquinavir, ritonavir, and indinavir, which were
approved for inhibiting human immunodeficiency virus 1 (HIV-1) protease in 1995, 1996, and
1996, respectively, have been discovered using computational approaches [4]. Molecular docking
and molecular dynamics simulations have been combined effectively to identify agents that can
inhibit specific biological targets [27-29]. In this context, a combination of molecular docking and
molecular dynamics simulations was employed to search for potential inhibitors of GSK-3f from
Oligoceras eberhardtii. These protocols have yielded consistent results with experiments data,
thus, validating the efficacy of computational investigations. The outcomes of these studies might
contribute potential compounds to advance cancer therapy.

2. MATERIALS AND METHODS
2.1. Receptor and ligands preparation
The 3D structures of 18 ligands (OE1-OE18) were obtained via previous phytochemical

investigations in unpublished work by Yen et al. The three-dimensional structures were generated
using MarvinSketch version 19.27.0 and PyMOL version 1.3r1 [30]. Energy minimization of the
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ligand was carried out using Gabedit version 2.5.0 [31]. The three-dimensional atomic coordinates
of the GSK-3 crystal structure was retrieved from the Protein Data Bank (PDB) with PDB ID:
1Q41 based on high resolution (2.10 A) [32]. Indirubin-3'-monoxime, a widely recognized
inhibitor, was chosen as the reference ligand.

2.2. Molecular docking studies

The improve Ligand-Ranking version of AutoDock Vina (mVina) [33] was utilized to
determine the binding pose and docking affinity of the investigated compounds to GSK-3p. Both
GSK-3p and studied compounds were parameterized using AutoDockTools [34]. The center of
the docking grid was set at coordinates 39.60x6.30x36.30. The grid size was chosen as 29x22x21
A3, which is large enough to encompass the entire binding site of the protein. The Vina
exhaustiveness was 8, as default value, according to the previous assessment [33]. The largest
different energy between various docking modes is of 7 kcal mol, which is default value.

2.3. Molecular dynamic studies

The GROMACS package was utilized to simulate the behavior of the GSK-3f + inhibitors
complex in solution [35]. In particular, GSK-3p/neutralized ions, water molecules, and inhibitors
were parameterized via Amber99SB-iLDN [36], TIP3P water model [37], and general Amber
force field [38], respectively. Among these, the information of marine compounds was obtained
via quantum chemical calculations using the double hybrid functional B3LYP, basis set 6-
31G(d,p), and implicit solvent (¢=78.4). Additionally, the atomic charges of the ligands were
calculated using the restrained electrostatic potential method [38]. The complex including GSK-
3B + inhibitor was inserted into a periodic boundary condition box with a size of 937.53 nm3. The
system comprises of ca. 92 000 atoms totally. Furthermore, the solvated complex was minimized
and equilibrated via the steepest descent method, NVT, and NPT simulations. In particular, the C,
atoms were positionally fixed via a small harmonic potential. The final conformation obtained
from the NPT simulations was used as the starting structure for the MD simulations, which were
run for a duration of 20 ns. During which, the C, atoms of GSK-3p were also restrained via a small
harmonic potential. The simulations were conducted eight times to ensure thorough sampling
during the simulation process.

2.4. Steered-molecular dynamics simulations

The final shape of the complexes from convenient MD simulations will be used as the starting
structure of the steered-molecular dynamics simulations. The studied compounds were turned to
be mobilize out of the GSK-3p binding site. During the process, the GSK-3 C, atoms were
positionally fixed by a weak harmonic force of 1000 kJ mol* nm2 in three dimensions. A harmonic
external force was exerted on the center of mass of the GSK-3p inhibitor along the Z-axis (Figure
1). The rupture force and work of an external force were computed as previously described [39].
In particular, the cantilever spring constant was selected as k=600 kJ mol* nm2 and pulling
velocity v = 0.005 nm ps*. The pulling parameters were chosen referring to the previous works
[39-41].
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Figure 1. Binding site selected for molecular docking simulation of GSK-3p based on indirubin-3'-
monoxime inhibitors

2.5. Analysis tools
The ligand interaction diagram was generated using the free version of PyMOL [30].
3. RESULTS AND DISCUSSION
3.1. Docking simulation

Normally, molecular docking simulations can predict the binding pose of a ligand to a protein.
Among these, mVina, an improved version of AutoDock Vina [33], stands out as one of the most
prevalent docking protocols, having been extensively utilized in computer-aided drug design
scenarios, with over twenty thousand citations in the past twelve years. The protocol is thus
employed to initially characterize the binding free energy and binding pose of ligands to GSK-3p.
As the performance of the simulation can vary depending on the specific target, we first evaluated
its docking performance on GSK-3B by examining the docking results of 11 available inhibitors.
Using Cheng-Prusoff's formula [42], the K inhibition constant was calculated as follows:

K ICsg (AG) Ic (AG) N (AG) [S]
| = =explz=) 2 1Cso =exp|{==]|+exp|=x) X
Y1+ g RT RT RT/ " Kp,

Assuming the ICs value was equal to K, the experimental binding free energy could be
derived from the aforementioned formula as follows: AGey, = RTIn(K;) = RTIn(ICs,) where R
= 1.987 x 10 (kcal/K*mol); T = 300 (K) and inhibition constant K; was measured in moles.
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Energy was measured in kilocalories per mole. The outcomes are shown in Table 1 and Table S1
of the Supporting Information.

Table 1. Docking scores of available GSK-3p inhibitors compared with the experimental values?

NO Compound K; AGpock AGpyp

1 CHEMBL365229 0.30 -10.5 -13.07 [43]
2 CHEMBL2177163 0.42 -10.1 -12.87 [44]
3 CHEMBL1088145 0.41 -9.6 -12.88 [45]
4 CHEMBL1088011 0.45 -9.4 -12.83 [45]
5 CHEMBL2177165 0.67 -9.2 -12.59 [44]
6 CHEMBL4758595 0.78 9.1 -12.50 [46]
7 CHEMBL4764153 0.95 95 -12.38 [46]
8 CHEMBL2177177 0.99 -8.5 -12.36 [44]
9 CHEMBL186101 1.00 -9.7 -12.35 [43]
10 CHEMBL2177155 1.10 -94 -12.30 [44]
11 CHEMBL2182001 1.30 -9.3 -12.20 [46]

aThe unit of inhibition constant and binding free energy are nM and kcal mol, respectively

The correlation coefficient between docking and experimental binding free energies was
determined to be R=0.64 (Figure 2) suggesting that mVina can effectively predict the binding free
energy of ligands to GSK-3p. This approach can therefore be utilized to rank potential inhibitors
toward GSK-3.
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AG dock (keal molh)
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Figure 2. Calculated correlation between docking and experimental ligand-binding free energy
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The docking affinity and pose of compounds isolated from Oligoceras eberhardtii to GSK-
3B was thus evaluated via mVina. The outcomes are shown in Table 2 and Table S2 of the
Supporting Information. In particular, the docking energy ranged from -9.4 to -5.7 kcal mol?,
which the mean value is of -7.6 + 0.2 kcal mol™. Among these, two compounds including lupeol
and 3p-(8-D-glucosyloxy)-16a,23a -epoxycucurbita-5,24-diene-11-one were suggested that they can
inhibit GSK-3p with a binding affinity close to CHEMBL365229, which adopts the largest
docking affinity above (Table 1) and indirubin-3'-monoxime, the reference inhibitor. In details,
the outcomes are reported in Table 2.

Table 2. Calculated results for top-lead ligands from marine database®

N° Compounds AGpock AFyax w AGRE;  Predicted k; (M)
1 lupeol -9.1 7925+319 1359x%27 -9.87 64.43
3p-(5-D-glucosyloxy)-
160,230 -
epoxycucurbita-5,24- -9.4 653.1+£23.6 119.1+3.6 -10.46 23.95
diene-11-one

aThe unit of energy is of kcal mol™.

The binding conformation between two ligands and GSK-3p was analyzed using the PyMOL
package [47] and displayed in Figure 3. Among these, both compounds lupeol and 3p-(8-D-
glucosyloxy)-16a,230 -epoxycucurbita-5,24-diene-11-one form one hydrogen bond to Cys199 and
Asn186 residues of GSK-3p, respectively. An array of hydrophobic interactions was observed as
contributed by Val70, Ala83 and Leul88 toward lupeol, meanwhile, Asn64, Phe67, Argl4l,
Lys183 and Asp200 were the key residues initiating the hydrophobic interactions with 3p-(5-D-
glucosyloxy)-16a,23a -epoxycucurbita-5,24-diene-11-one.

(A) (B)
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Interactions
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Figure 3. Dock pose between lupeol (A), 38-(8-D-glucosyloxy)-16a,23a -epoxycucurbita-5,24-diene-11-
one (B) to GSK-3p generated by mVina

3.2. Molecular dynamics simulations

Although mVina demonstrates a strong correlation coefficient with experimental data,
docking procedures typically rely on various approximations and constraints to expedite results.
Consequently, it is necessary to validate docking outcomes using more computationally intensive
and precise methods to ensure accuracy [48, 49]. In this scenario, the fast pulling of ligand (FPL)
approach presents itself as a suitable method for swiftly and precisely refining the ligand-binding
free energy [39]. Initially, the complex conformation derived from molecular docking simulations
was selected as the initial structure for MD simulations. The complex was relaxed over 20 ns of
MD simulations (Table S3 of the Supporting Information), in which the complex reached the
equilibrium states rapidly over all of trajectories.

The final conformations from the MD simulations were therefore utilized as the initial
structures for estimating ligand-binding affinity through FPL calculations. It's important to
highlight that FPL is an effective method for rapidly ranking ligand-binding affinity [39]. The
accuracy of this technic has been reported in previous studies [50-52]. In this research, the FPL
technique was employed on eleven available inhibitors, wherein an external force was applied to
the center of mass of each inhibitor, causing them to mobilize out of the GSK-3p binding cavity
within each 700 ps calculation. The pulling force rapidly reached its maximum value,
approximately within 200 ps, before abruptly returning to zero (Table S4 of the Supporting
Information), aligning with the termination of non-bonded interactions between the protein and
ligand. The highest recorded pulling work value corresponds to the rupture force. Throughout the
simulation, the work of the pulling force was also computed. The obtained data including the mean
rupture force, (F_Max), and pulling work, (W), were reported in Table 3.

Table 3. FPL results for available GSK-3p inhibitors compared with the experimental values®

Compound (Fyax) (W) AGgxp
CHEMBL365229 541.7+17.6 71.5+31 -13.07 [43]
CHEMBL2177163 672.6 £25.2 80.7+29 -12.87 [44]
CHEMBL1088145 608.4 £ 35.1 84.4+4.6 -12.88 [45]
CHEMBL1088011 597.8 £ 24.0 74634 -12.83 [45]
CHEMBL2177165 602.9 £ 27.5 80.2+4.6 -12.59 [44]
CHEMBL4758595 722.5+31.6 82.1+5.1 -12.50 [46]
CHEMBLA4764153 568.7 +39.3 88.6 +3.6 -12.38 [46]

CHEMBL2177177 693.3+22.4 85.8+2.2 -12.36 [44]
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CHEMBL186101 679.1+ 325 88.5+4.5 -12.35 [43]
CHEMBL2177155 816.5+37.1 89.3+3.8 -12.30 [44]
CHEMBL2182001 894.4 + 38.9 103.5+4.0 -12.20 [46]

aThe unit of force, work, and binding free energy are pN, kcal mol, and kcal mol?, respectively.

The mean of rupture force varies from 541.7 £ 17.6 to 894.4 £ 38.9 pN, giving a median of
672.5 + 32.4 pN. While, the average of pulling work ranges adopts in the range from 71.5 £ 3.1
to 103.5 + 4.0 kcal mol™?, delivering a median of 84.5 + 2.6 kcal mol™. Comparing the calculated
pulling work with the experimental binding free energy, the correlation coefficient is determined
to be Rgp, = —0. 82 suggesting that FPL serves as an appropriate protocol for refining molecular

docking outcomes (Figure 4).

110

100 R=-0.82

=
=]

W (keal moll)
=

60

50 4 L 4 L
1320 -13.00 -12.80 1260 1240 -12.20 -12,00
Experimental Affinity (keal moll)

Figure 4. Correlation between pulling work (W) and experimental binding free energy

Through linear regression, the anticipated binding free energy of a ligand to GSK-3f3 can be
computed as follows:

AGFEe = 0.035 x W — 14.628
Based on the aforementioned benchmark, it could be assumed that the FPL scheme
effectively characterizes the ligand-binding affinity to GSK-3p. Thus, the ligand binding free
energy of lupeol and 3-O-B-D-glucopyranosyl anhydro-22-deoxo-3-epi-isocucurbitacin D to
GSK-3p was evaluated using the FPL approach. The results are detailed in Table 2 and Figure 3.
Specifically, the binding pose of two compounds were initially refined through MD simulations.
After 5 ns of MD simulations, the complex reached stabilized (Table S6 of the Supporting
Information). Then, the final structure of the complex was selected as input for FPL calculation.

The recorded pulling force profile closely resembles the previously tested case, indicating
the accuracy of the computation. The profile of pulling forces (Table S7 of the Supporting
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Information) formally aligns with that of the available inhibitors (Table S4 of the Supporting
Information). Among these, the pulling force rapidly escalates to its maximum value before
abruptly dropping to zero. The averages of rupture force and pulling work are provided in Table
2. The predicted binding energy were -9.87 and -10.46 kcal mol™. The predicted K; of the potential
compounds were 64.43 and 23.95, respectively (Table 2). Therefore, it could be argued that these
two compounds have the potential to prevent the function of GSK-38.

4. CONCLUSIONS

In this study, the binding free energy and dock pose between compounds originated from
Oligoceras eberhardtii and GSK-3p were determined using rigorous computational methods.
Specifically, molecular docking and steered-molecular dynamics simulations were employed to
accomplish this task. Molecular docking simulations via mVina were initially conducted to
provide an initial estimation of the binding affinity and dock pose between the ligands and GSK-
3B. This approach yielded promising results with a correlation coefficient of R = 0.64 compared
to the respective experimental data. Subsequently, the outcomes were validated through FPL
calculations, which exhibited a correlation coefficient of R = —0.82 in comparison to the
corresponding experimental data. Among the tested compounds, lupeol and 3p-(5-D-
glucosyloxy)-16a,23a. -epoxycucurbita-5,24-diene-11-one were observed that they could form
high ligand-binding affinities with the predicted Ki value of 64.43 and 23.95, respectively. Hence,
it could be argued that these two compounds have the potential to inhibit GSK-3p.
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Téng hop va hoat tinh gay ddc té& bao ung thu cia
mét sé hop chat tii zerumbone
Pham Thé Chinh, Pham Thi Thdm, Hoang Thi Thanh,
Vi Thi Lién, Vi Tuan Kién, Tran Thi Thu Phuong,
Phan Thanh Phuong, Nguyén Thi Thao

Haloysit gan dopo Gng dung nang cao kha nang
chang chay va ca tinh ctia hé compozit polyetylen
Hdc Thi Nhung, Nguyén Hong Thém, Nguyén Linh Chi,
HO Thi Oanh, Boan Tién Dat, Nguyén Duc Tuyén,
Tran Quang Hung, Trdn Quang Vinh,
Nguyen Vidn Tuyén, Hoang Mai Ha
Nghién ciiu phan 1ap va danh gia hoat tinh chong oxy
hoa ciia cac flavonoid glycoside tif la cay binh bat
nudc (Annona glabra l., annonaceae)
Tran Thi Minh, B6 Minh Hiéu,
Tran Thi Minh Trang, Duong Hodng Thiic
Nghién cifu bao ché kem chdng nang vdi dich chiét
vo thanh long ruét do (Hylocereus costaricensis)
Pham Diéu Linh, Tran Thu Huong, Lé Thi Thiy

Ham lugng, thanh phan, hoat tinh khang vi sinh vat
kiém dinh va khang viém cta céc I6p chat lipid trong
loai rong nau Lobophora australis Z.sun, Gurgel &
H.kawai
Dao Thi Kim Dung, Nguyén Thi Nga, Bdng Thi Minh Tuyét,
Tran Binh Thdng, Idania Rodeiro Guerra,
Ivones Herndndez Balmaseda, Poan Lan Phuong

Ché tao hé hat nano t hop chia astaxanthin va
curcumin: cai thién kha nang phan tan, nang cao tinh
on dinh va ting cudng hoat tinh chdng oxy hoa
H6 Thi Oanh, Héc Thi Nhung, Boan Tién bat,
Qudch Thj Quynh, Nguyén Yen Thanh, Hoang Mai Ha
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207

213

219

223

229

233

242

Diéu ché chat long ion 1,4-diazabicyclo[2.2.2]octani-

um sol-gel 1am xic tac trong tong hop 4h-chromene
Nguyén Thdi Thé, Nguyén Tén Luc, Nguyén Thi Huyén
Trén, Phan Ngoc Hong Thay, Tran Hoang Phuong

Nghién ciiu ché tao dién cuc dua trén vat liéu khung
hiiu co kim loai CuBTC va FeBTC (ing dung trong
cam bién dién hoa phat hién dong thdi amoxicillin va
enrofloxacin véi do nhay va dé chon loc cao
Doan Tién Bat, Pham Thi Hdi Yén,
Nguyén Thi Kim Ngdn, Boan Tat Dat, Tran Quang Hdi,
Héc Thi Nhung, H6 Thi Oanh, Nguyén Burc Tuyén,
Lé Quéc Hung, Vi Thi Thu Ha, Lé Thu Thdo,
Hoang Vdn Hung, Hoang Mai Ha

Nghién ciiu tdng hop hé dan truyén thudc plga-chi-
tosan gitip cai thién do phan tan cia diosmin
6n Anh Khoa, Tran Thi Tra M, Huynh Thi Kim Chi,
Nguyén Hoang Phuc, Nguyén Thi Cam Thu,
Nguyén Thj Hong An, Hoang Thi Kim Dung

Mot s6 thanh phan hoa hoc va hoat tinh gay déc té
bao ung thu ciia hap chat thiophene tif loai Pluchea
indica 6 Viét Nam .
Vi Minh Trang, Tran Hoang Anh,
Phan Minh Giang, D0 Thi Viét Huong
Nghién ciiu chung cat tinh dau 14 bac ha (Mentha
arvensis) thu hai 6 tinh Quang Nam va (ing dung phai
ché xa phong
Cao Vidn Mién, Nguyén Binh Béo Trén,
Nguyén Thuy Hﬁpg, Nguyén Hong Khdnh Phurong,
Trén Thi Ngoc Bich, B Thi Thuy Vén
Nghién ciiu s bd thanh phan hoa hoc loai Camellia
phanii Hakoda & Ninh
Hodng Thi Tuyét Lan, /\[guyén Viét Ding,
Vi Thi Xudn, Bui Thi Mai Anh, Nguyén Thi Minh Héng,
Vi Mai Thdo, Nguyén Thj Mai

Cac hap chat triterpene glycoside khung (20s)-dam-
marane phan lap tii ré cay Tam that
Hodng Vién Hung, Luc Quang Tan

Cac hop chat cis-clerodane furanoditerpenoid tii cay
day ky ninh (Tinospora crispa)
Nguyén Vén Quéc, Bui Hitu Tai, Pham Héi Yén,
Dan Thi Thuy Héng, Lé B Giang, Phan Vén Kiém
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288

Cac hop chat flavonoid phan lap tii 1a loai bum bup
Mallotus apelta .
Nguyén Hoang Anh, Vii Kim Thu,
Pham Thé Chinh, Nguyén Xuan Nhiém

Mot sd hgp chat terpenoid tif loai Cryptolepis buchananii
Nguyén Burec Duy, Ngé Anh Béng, Pham Hai Yén,
Db Thi Trang, Nguyén Thi Kim Thuy, Nguyén Thi Cuc,
Nguyén Xudn Nhiém, Phan Vin Kiém,
Ninh Khdc Ban, Bui Htu Toi
Tac dung khang viém cuia Aurantiamide Acetate tu
Gomphrena Celosioides: iic ché con dudng tin higu
Mapk trong té bao Raw264.7
Ng6 Viin Quang, Ding Vi Luong, HO Bic Cuong,
D06 Thi Thanh Xudn, Thanh Thi Thu Thay
Cac dan xuat cta acid caffeoylquinic tir loai phi diép
bién (Suaeda maritima (L.) Dumort.)
Bui Thi Nha Trang, Bui Hitu Tai,
Bui Thi Mai Anh, Nguyén Thi Mai

Ung dung phuong phap phan tich sac ky l6ng khoi
phé phan giai cao LC-HR-QTOF-MS dinh lugng quer-
cetin va kaempferol co trong dugc liéu Hoang Cam
(Scutellaria baicalensis georg)
Nguyén Thi Thuy Héng, Tran Thi Yén,
Nguyén Thu Uyén, B6 Hoang Giang, Ngé Quéc Anh

Khao sat mot sd yéu to anh hudng dén qua trinh 0
phan hiiu co vdi than tro bay tif nha may nhiét dién
dot than chat lugng thap
Hodng Thi Bich, Pham Thi Hong Minh,
Tran Hitu Quang, H6 Tién Lém, Bui Thi Thut,
Hodng Bai Tuén, Pham Cao Bdch, Nguyén Viin Trong,
Nguyén Trong Vinh, Nguyén Trong Virong,
Trdn Quéc Todn

Nghién ciiu carboxymethyl kappa-carrageenan bao
boc lectin tif rong d6 Kappaphycus striatus
Hoang Thi Trang Nguyén,
Lé Binh Hung, Thanh Thi Thu Thay
Ba hop chat flavonoid phan lap tii c6 bién Zostera
marina L. . )
HO6 Xudn Thay, Huynh Tién Thinh,
Boan Lan Phurong, Pham Nguyén Kim Tuyén,
Lé butc Giang, Tran Dinh Thang
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FLAVONOIDS FROM THE AERIAL PARTS OF OLIGOCERAS EBERHARDTII Gagnep.
AND THEIR CYTOTOXIC EVALUATION

NGUYEN THI BINH YEN '*, TRIEU QUY HUNGZ, PHAM VAN CUONG', DOAN THI MAI HUONG',

NGUYEN THUY LINH', TRAN VAN HIEU', NGUYEN MANH HUNG?
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Five flavonoid compounds were isolated from the ethyl acetate extract of the aerial parts of
Oligoceras eberhardtii. Their chemical structures were elucidated as 3,7,3’-trihydroxy-6,4",5 -

trimethoxyflavone (1), 5,7,2°,5-tetrahydroxy-6,3’,4’-trimethoxyflavone (2),
(3), 5,7,3"-trihydroxy-6,4",5'-trimethoxyflavanone (4) and 4'-O-methyl-§8-

D-glucopyranoside

chrysoeriol-7-O-f-

prenylnaringenin (5) based on detailed analyses of the 1D and 2D NMR spectroscopic data and
comparison with the literature values. These flavonoids were firstisolated from Oligoceras eberhardltii.
These compounds were then assessed for their cytotoxic activity against KB, A-549, HepG-2, and
MCF-7 human cancer cell lines. Among them, only compound 2 showed a weak cytotoxic activity
against KB, A-549, HepG-2, and MCF-7 human cancer cell lines with IC,, values of 142.3, 106.3,

157.2, and 97.8uM, respectively.

Keywords: Oligoceras eberhardtii, Euphorbiaceae, flavonoid, flavanone, flavone.

I. INTRODUCTION

Oligoceras is a plant genus of the family Euphorbiaceae,
which was first described in 1924 according to the WFO
Plant List, this genus has been containing only one
known species, Oligoceras eberhardtii Gagnep. so far[1].
Oligoceras eberhardtii Gagnep is a tall woody plant, which
is endemic to Vietnam, often called the “ban giac” or “noi”
tree. This species has been commonly found in Cat Tien
National Park (Dong Nai Province, Binh Phuoc), Phong
Nha-Ke Bang National Park (Quang Binh Province), Vinh
Linh District, Quang Tri Province in Vietnam[2-3]. As part
of our search for bioactive compounds from plants of
Vietnam, the ethyl acetate extract prepared from the aerial
parts of Oligoceras eberhardtii were found to inhibit 38% of

KB cells at a concentration of 1.0 pg/ml. Moreover, none
of the chemical constituents and biological activity studies
of 0. eberhardtii have been conducted or reported. Thus, in
this paper, we describe the isolation and structural elucidation
of five known flavonoids, including 5,7,3-trihydroxy-
6,4’ ,5’-trimethoxyflavone (1), 5,7,2’,5’-tetrahydroxy-6,3’,4'-
trimethoxyflavone (2), chrysoeriol-7-0--D-glucopyranoside
(3), 5,7,3-trihydroxy-6,4',5"-trimethoxyflavanone (4) and
4'-0-methyl-8-prenylnaringenin (5) from the ethyl acetate
extract of the aerial parts of 0. eberhardtii. Among the
isolated compounds, only compound 2 exhibited weak
cytotoxicity against KB, HepG-2, MCF-7, and A-549
with IC,, values of 142.3, 106.3, 157.2, and 97.8uM,
respectively.

II. MATERIAL AND METHODS

2.1. Plant materials

The aerial parts of 0. eberhardtii were collected in Chi
Linh, Quang Tri, Vietnam in June 2004 and identified by

Dr. Nguyen The Cuong of the Institute of Ecology and
Biological Resources, Vietnam Academy of Science and
Technology (VAST). A voucher specimen (VN-1316) was
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deposited at the Herbarium of the Institute of Ecology and
Biological Resources, VAST.

2.2. General experimental procedures

All NMR spectra were recorded on Bruker Avance 600
MHz spectrometers operating at 150MHz for *C-NMR,
and at 600MHz for 'H-NMR. ESI-MS spectra were
recorded on an Agilent 1100 LC-MSD Trap spectrometer.
Column chromatography (CC) was carried out on silica gel
(Kieselgel 60, 230-400 mesh, Merck) or Sephadex LH-20
For thin layer chromatography (TLC), pre-coated silica-gel
60 F254 (0,25mm, Merck). Compounds were visualized
under UV radiation (254 and 365nm), and by spraying with
Vaniline mixed in EtOH supplemented with CH,COOH and
H,S0, followed by heating with a heat gun.

2.3. Extraction and isolation

1.8kg of the aerial parts of 0. eberhardtii were extracted
with MeOH (5 x 31 x 24h) at room temperature. The solution
was concentrated under reduced pressure to yield a MeOH
crude extract (225.09). The MeOH crude extract was then
suspended in MeOH: H,0 (1:1, v/4), and successively
partitioned with n-hexane and ethyl acetate. The resulting
solutions were concentrated under decreased pressure
to give the corresponding n-hexane (OE-H, 48.0g), ethyl
acetate (OE-E, 55.3g), and water residue, respectively.

The OE-E residue (55.3g) was chromatographed on a
silica gel column @10, using the gradient mixtures of CH,Cl,.
MeOH (0-100% MeOH in CH,Cl,) to afford six fractions (F1—
F6). Fraction F3 (2.05g) was chromatographed on a silica
gel column chromatography (CC, @4) with the gradient
mixtures of CH,CI,/EA (5-100% EA in CH,Cl,) to give seven
subfractions (F3.1 — F3.7). Subfraction F3.3 (30.6mg)
was purified on a silica gel CC @2, eluted with CH,Cl,/
EA (9/1, v/) to obtain compound 1 (4.3 and compound
2 (3.3mg). Subfraction F3.7 (25.0mg) was subjected to
a Sephadex LH-20 CC, eluted with 300ml MeOH (100%)
yield compound 3 (5.1mg). Fraction F4 (1.05g) was
chromatographed on a silica gel column chromatography
(CC, @4) with 500ml of the gradient mixtures of GH,CI,/
EA (5-100% EA in CH,CI,) to give nine subfractions (F4.1
— F4.9). Subfraction F4.9 (35mg) was further isolated on
a silica gel CC @2 with 100ml CH,Cl,/ethyl acetate (7/1,
v/Vv) elution to obtain compound 4 (5.3mg). Fraction F5
(3.459) was chromatographed on a silica gel column
chromatography (CC, @4) with the gradient mixtures of
CH,CI/EA (5-100% EA in CH,CI,) (500ml) to give eight
subfractions (F5.1 — F5.8). Subfraction F5.4 (55mg) was
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separated on a silica gel column chromatography @2,
eluting with 300ml of the mixture of CH,CI, and ethyl
acetate (8/1, v/v) to obtain compound 5 (5.4mg).
5,7,3’-trihydroxy-6,4’,5-trimethoxyflavone (1): Yellow
powder; ESI-MS: m/z 361 [M+H]*; '"H NMR (600MHz,
CD,0D) &, (ppm) 3.89 (3H, s, 6-0CH,), 3.91 (3H, s, 4'-
0CH,), 3.96 (3H, s, 5’-0CH,), 6.59 (1H, s, H-8), 6.65 (1H,
s, H-3), 7.09 (1H, s, H-2"), 7.13 (1H, d, J = 2.4Hz, H-6’).
"*C NMR (150MHz, CD,0D) &, (ppm) 56.7 (OCH,-5’), 60.9
(OCH,-6), 61.1 (OCH,-4’), 95.4 (C-8), 103.2 (C-2’), 105.1
(C-3), 105.9 (C-8a), 108.8 (C-6’), 127.8 (C-1"), 132.9 (C-
6), 141.3 (C-4’), 152.3 (C-5’), 154.0 (C-5), 154.7 (C-7),
155.1 (C-3’), 158.9 (C-4a), 165.7 (C-2), 184.3 (C-4).

5,7,2’,5-tetrahydroxy-6,3’,4’-trimethoxyflavone (2):
Yellow powder; ESI-MS: m/z 399 [M+Na]*; 'H NMR
(600MHz, DMSO0-d,) o (ppm) 3.75 (3H, s, 6-0CH,), 3.78
(3H, s, 3-0CH,), 3.87 (3H, s, 4-0CH,), 6.50 (1H, s, H-8),
7.04 (1H, s, H-3); 7.12 (1H, s, H-6"), 9.18 (1H, br. s, OH-
5),9.49 (1H, br. s, 0H-2), 10.72 (1H, br. s, OH-7), 13.03
(1H, s, OH-5). *C NMR (150MHz, DMSO-d,) ¢ (ppm) 59.9
(OCH,-6), 60.2 (OCH,-4), 60.9 (OCH,-3’), 93.9 (C-8),
104.0 (C-8a), 108.0 (C-3), 108.8 (C-6"), 112.1 (C
131.3 (C-6), 141.8 (C-3’), 143.2 (C-2’), 143.5 (C
152.4 (C-4a), 152.7 (C-5), 157.3 (C-7), 161.0 (C
182.2 (C-4).

Chrysoeriol-7-0-g-D-glucopyranoside (3): Yellow
powder, ESI-MS: nmyz 461 [M-H]; 'H NMR (600MHz,
DMS0-d,) ¢ (ppm) 3.18 (1H, m, H-4"), 3.28 (1H, m,
H-2”), 3.35 (1H, m, H-3"), 3.44 (1H, m, H-5"), 3.45 (1H,
m, H-67), 3.72 (1H, m, H-6"), 3.89 (1H, s, OCH,-3’),
5.06 (1H, d, J = 7.8Hz, H-1"), 6.45 (1H, d, J = 2.4Hz,
H-6), 6.87 (1H, d, J = 2.4Hz, H-8), 6.94 (1H, d, J =
8.4Hz, H-5'), 6.98 (1H, s, H-3), 7.58 (1H, br. s, H-2"),
7.59 (1H, dd, J = 2.4, 8.4Hz, H-6"). *C NMR (150MHz,
DMS0-d,) o (ppm) 55.9 (OCH,-3’), 60.6 (C-6"), 69.6
(C-4™), 73.1 (C-2”), 76.4 (C-3”), 77.2 (C-5"), 95.0 (C-
8), 99.5 (C-6), 100.0 (C-1"), 103.3 (C-3), 105.3 (C-8a),
110.3 (C-2'), 115.8 (C-5’), 120.5 (C-6"), 121.1 (C-1"),
148.1 (C-3’), 156.9 (C-4a), 161.1 (C-5), 164.2 (C-2),
181.9 (C-4).

5,7,3-trihydroxy-6,4',5'-trimethoxyflavanone (4): Yellow
powder; ESI-MS: m/z 362 [M]*; 'H NMR (600MHz, CDCI,)
J (ppm) 2,80 (1H, dd, J = 3.0, 17.4Hz, H_-3), 3.04 (1H,
dd, J = 12.6, 17.4, H-3), 3.89 (3H, s, OCH,-5'), 3.91
(3H, s, OCH,-4’), 3.94 (3H, s, OCH,-6), 5.29 (1H, dd, J
= 3.0, 12.6Hz, H-2), 6.13 (1H, s, H-8), 6.56 (1H, d, J
= 1.8, H-6"), 6.68 (1H, d, J = 1.8, H-2'), 12.16 (1H, br.
s, OH-5) . "*C NMR (150MHz, CDCl,) 5 (ppm) 43.4 (C-
3), 56.0 (OCH,-5’), 60.9 (OCH,-4), 61.0 (OCH,-6), 79.1

1),
9),
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(C-2), 94.7 (C-8), 102.1 (C-6"), 103.1 (C-8a), 106.2 (C-
2’),128.5 (C-6), 134.4 (C-1"), 135.8 (C-4’), 149.6 (C-3"),
154.4 (C-5), 157.5 (C-4a), 158.5 (C-7), 196.6 (C-4).
4'-0-methyl-8-prenylnaringenin (5): Yellow powder,
ESI-MS: m/z355 [M+H]*; 'H NMR (600MHz, CDCl,) &
(ppm) 1.73 (3H, s, CH, —4"), 1.73 (3H, s, CH,-5"), 2.82
(1H, dd, J = 3.0, 17.4, H,-3), 3.09 (1H, dd, J = 13.2,
17.4, H-3), 3.32 (2H, d, J = 7.2, H-17), 3.84 (3H, s,
OCH,-4), 5.21 (1H, m, H-2"), 5.38 (1H, dd, J = 3.0,

13.2, H-2), 6.02 (1H, s, H — 6), 6.16 (1H, s, OH-7), 6.96
(1H, dd, J = 1.2, 8.4Hz, H-3/H-5"), 7.38 (1H, d, J =
8.4, H-2'/H-6"), 11.99 (1H, s, OH-5). “C NMR (150MHz,
CDCL) & (ppm) 17.8 (CH,-5"), 21.8 (C-17), 25.8 (CH,-
4"),43.2 (C-3), 55.4 (OCH, — 4'), 78.8 (C-2), 96.9 (C-6),
103.3 (C-4a), 106.2 (C-8), 114.2 (C-3'/C-5'), 121.6 (C-
27),127.5 (C-2//C-6"), 130.8 (C-1"), 134.9 (C-3"), 159.8
(C-4), 159.9 (C-8a), 162.3 (C-7), 163.7 (C-5), 196.4

Figure 1. Chemical structures of compounds 1-5

2.4. Cytotoxic assay

The cytotoxic activities of compounds 1-5 were
evaluated for their cytotoxicity against KB, A-549, HepG-
2, and MCF-7 human cancer cell lines. The cells were
cultured at 37°C in DMEM medium supplemented with
10% fetal bovine serum (FBS), 100 U/ml penicillin, and
100 pg/ml streptomycin in a 5% CO, incubator. Gells
between 5 and 20 passages were used for the assays. The
cytotoxic activity was measured by using a modified MTT

assay[4]. Viable cells were seeded in 96-well plates at a
density of 3 x 10* cells/ml. Cells were treated with various
concentrations of test compounds (2, 8, 32, and 128 g/
ml) and then incubated at 37°C for 72h in fresh DMEM
medium. Cells were subsequently incubated at 37°C with
MTT (0.5 mg/ml) for 4 h. After removal of the supernatant,
formazan crystals were dissolved in DMSO and the optical
density was measured at 540 nm. Ellipticine was used as
a positive control. All cytotoxicity assays were performed
in triplicate in three independent experiments.

I1II. RESULTS AND DISCUSSION

Compound 1 was isolated as a yellow powder. Its
positive ESI-MS showed the pseudomolecular ion peak
[M+H]+at m/z361. The 'H NMR spectrum showed three
methoxy signals at 5, 3.89 (3H, s, 6-0CH,), 3.91 (3H,
s, 4-0CH,), 3.96 (3H, s, 5'-0CH,), two meta-coupled
aromatic protons at 5, 7.09 (1H, d, J = 2.4Hz, H-2), 7.13
(1H, d, J = 2.4Hz, H-6’), one singlet aromatic proton at
3, 6.59 (1H, s, H-8) and one olefinic proton at 6.65 (1H,

s, H-3). The 3C NMR spectrum of compound 1 exhibited
the presence of eighteen carbon signals, including one
carbonyl group, four sp? methine groups, three methoxy
groups, and ten non-protonated carbons. Detailed
analyses of 1D-NMR data of compound 1 indicated that
compound 1 possessed a flavone skeleton. In the HMBC
spectrum of 1, the HMBC correlations from H-8 to C-4a/
C-6/C-7/C-8a; from H-2' to C-1/C-3'/C-6'/C-2; from H-6'
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to C-1/C-5'/C-2'/C-2; from H-3 to C-4/C-2/C-4a/C-1'
proved the positions of C-8, C-2’, C-6’, C-3 respectively.
Similarly, the HMBC correlations from the protons of the
methoxy groups OCH,-6 to C-6, OCH,-3" to C-3', OCH,-5'

to C-5" confirmed the positions of C-6, C-3’, and C-5,
respectively. On the basis of these data and comparison
with those of reported studies[5], the structure of 1 was
determined as 5,7,3’-trihydroxy-6,4’,5’-trimethoxyflavone.

—  COSY correlation

~~ % HMBC correlation

Figure 2. Key COSY and HMBC correlations of compounds 1-4

Compound 2 was obtained as a yellowish powder. Its
positive ESI-MS showed the pseudomolecular ion peak
[M+Na]* at m/z 399. The 'H NMR and *C NMR spectra
of 2 showed the similar signals with those of 1, except
the disappearance of one aromatic proton in the 'H-NMR
spectrum and the addition of one sp? quaternary carbon
in the ™C-NMR spectrum of compound 2. These data
revealed that compound 2 was a flavone compound. The

HMBC correlation from H-8 to C-4a/C-6/C-7/C-8a, H-3
to C-2/C-4/C-4a/C-1’, H-6" to C-2/C-1’/C-4’/C-5°, the
proton of 5-0H to C-5/C-4a/C-6, the proton of 6-0CH, to
C-6, the proton of 3'-0CH, to C-3', the proton of 4'-0CH, to
C-4’ indicated the location of C-8, C-3, C-6, C-6, C-3', C-4',
respectively (Figure 2). Thus, compound 2 was identified as
5,7,2’ 5’-tetrahydroxy-6,3’ 4’-trimethoxyflavone  based on
comparing to the reported data and NMR data analyses[6].

Table 1: *C NMR (150 MHz) Data of compounds 1-5 (5, ppm)

Carbon 1 2 3 & o
2 165.7 161.0 164.2 79.1 78.8
3 105.1 108.0 103.3 43.4 43.2
4 184.3 182.2 181.9 196.6 196.4
4a 158.9 152.4 156.9 157.5 103.3
5 154.0 152.7 161.1 154.4 163.7
6 132.9 131.3 99.5 128.5 96.9
7 154.7 157.3 162.9 158.5 162.3
8 95.4 93.9 95.0 94.7 106.2
8a 105.9 104.0 105.3 103.1 159.9
1’ 127.8 112.1 121.1 134.4 130.8
2 103.2 143.2 110.3 106.2 127.5
3 15651 141.8 148.1 149.6 114.2
4 141.3 144.6 1561.2 135.8 159.8
Hoéa hoc & Ung dung
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Carbon 12 2 3 & e
5 152.3 1435 115.8 152.7 114.2
6 108.8 108.8 120.5 102.1 1275
6-0CH, 60.9 59.9 61.0
3-0CH, 60.9 55.9
4-00,3 61.1 60.2 60.9 55.4
5-0CH, 56.7 56.0
17 100.0 218
2" 73.1 1216
3 76.4 134.9
4 69.6
5 772
6 60.6
CH, 4" 25.8
CH,5" 178

a: CD,0D, b: DMS0-d,, c: CDC,

Compound 3 was obtained as a yellow powder. Its
negative ESI-MS showed the pseudomolecular ion peak
[M-H]-at m/z 461. The 'H NMR spectrum of 3 showed an
ABX aromatic ring system at 5, 6.94 (1H, d, J = 8.4Hz,
H-5'), 7.59 (1H, dd, J = 2.4, 8.4Hz, H-6"), 7.58 (1H, br. s,
H-2'), two meta-coupled aromatic protons at 5,6.45 (1H,
d, J = 2.4Hz, H-6), 6.87 (1H, d, J = 2.4Hz, H-8), one
methoxy signal at 5, 3.89 (3H, s, 3'-0CH,) and one singlet
aromatic proton at §,6.98 (1H, s, H-3). In addition, the
presence of an anomeric proton signal at 6, 5.06 (1H, d, J
= 7.8Hz, H-1"), and other aliphatic signals at 5, 3.18-3.72
which were characteristic of a glucose moiety were also
noted. The *C NMR and DEPT of compound 3 showed
22 carbon signals including one methoxy group at 6,95.9
(3’-0CH,), one carbony! group at o, 181.9 (C-4), six sp?
methine groups, eight sp? quaternary carbon signals and
six carbons of a glycoside moiety. Thus, compound 3
was a flavone glycoside compound. The large coupling
constant value of the anomeric proton in the glycoside
moiety (J= 7.8Hz) suggested that the sugar moiety was in
the B configuration. In the HMBC spectrum of compound
3, the HMBC interactions of H-3 to C-4/C-4a/C-2/C-1’,
H-6 to C-5/C-4a/C-7/C-8, H-8 to C-4a/C-8a/C-6/C-7, H-5’
to C-4’/C-3’/C-1’; H-6" to C-1/C-4’/C-2/ C-2’; H-2’ 1o
C-3'/C-1’/C-6'/C-2 confirmed the positions of C-3, C-6,
C-8, C-5', G-6" and C-2’, respectively. In addition. the
position of the sugar moiety was placed at C-7 due to the
HMBC correlation from the anomeric proton H-1" to C-7
of the aglycone part. On the basis of detailed analyses
of 1D and 2D-NMR of compound 3 and comparison with
the reported data, the structure of 3 was determined as
chrysoeriol-7-0-8-D-glucopyranoside[7].

Compound 4 was isolated as a yellow powder. The
molecular ion peak [M+H]* was observed at m/z 362 in
the ESI-MS of compound 4. The 'H NMR and *C NMR
spectra of 4 were similar to those of 1. except the presence
of one sp® methine at 5, 5.29 (1H. dd. J = 3.0. 12.6Hz).
one methylene at 6,2.84 (1H. dd. J = 3.0, 17.4Hz), 3.04
(1H, dd, J = 12.6, 17.4Hz) and the disappearance of one
singlet aromatic proton signal in 4. The chemical shift of
the carbonyl group of compound 4 (5, 196.6) was also
shifted to lower field (9, 184.3 in compound 1). Thus,
detailed analyses of 1D-NMR spectra of compound 4
indicated that compound 4 was a flavanone compound
(Table 2). Furthermore, the HMBC spectrum of compound
4 showed the interactions of H-2 to C-1'/C-2'/C-3/C-4,
H-3 to C-2/C-4/C-43/C-1', H-8 to C-6 /C-7/C-4a, H-2’
to C-3'/C-4'/C-2, H-6' to C-1'/C-4//C-5’/C-2, which
confirmed the positions of C-2, C-3, C-8, C-2', C-6/,
respectively. In a similar manner, the positions of the
methoxy groups OCH,-4’, OCH,-5’, and OCH,-6 at C-4’,
C-5', and C-6 were also determined. The configuration of
H-2 was assigned to be $ due to the comparison of the
coupling constants of the protons H-2 and H-3 (4, 5.29
(dd, J = 12.6, 3.0, H-2); 3.04 (dd, J = 12.6, 17.4Hz,
H-3a); 2.80 (dd, J = 3.0, 17.4, H-3b) with those of similar
flavanones[8-10]. By comparison of the spectral data with
those in the literature[11], compound 4 was identified as
5,7,3-trinydroxy-6,4',5'- trimethoxyflavanone.

Compound 5 was obtained as a yellow powder. Its
positive ESI-MS showed the pseudomolecular ion peak
[M+H]+at m/z 355. The 'H-NMR spectrum of compound
9 exhibited the signals of one isoprenyl group at J,
3.32 (2H, d, J = 7.2Hz, H-17), 5.21 (1H, t, J = 7,2,
H-2”), 1.73 (6H, s, H-4” + H-5"), one methylene group
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ato, 2.82 (1H, dd, = 17.4, 3.0Hz, H,-3), 3.09 (1H, dd,
J = 17.4, 13.2Hz, H,-3), one methine group at 4, 5.38
(TH, dd, J = 13.2, 3.0Hz, H-2), one A,B,-type aromatic
ring at 6, 6.96 (2H, d, J = 8.4Hz) and 7.38 (2H, d,
J = 8.4Hz), one methoxy group at o, 3.84 (3H, s),
one singlet aromatic proton at 4, 6.02 (1H, s), and one
downfield-shifted phenolic hydroxyl at ¢, 11.99 (1H,
s. The *C NMR spectrum of 5 showed the presence of
twenty-two carbon signals, including one carbonyl group

at 5, 196.4 (C-4), two methyl groups at 5, 17.8 (C-5"),
25.8 (C-4”), one sp® methylene group at &, 43.2 (C-3),
one methoxy group at 5, 55.4 (4’-0CH,), six sp? methine
groups at 5, 96.9 (C-6), 114.2 (C-3//C-5), 121.6 (C-2"),
127.5 (C-2' + C-6'), and eight sp? quaternary carbons.
These data suggested the presence of a flavanone skeleton.
Thus, detailed analyses of the 1D-NMR spectral data of
compound 5 and comparison with the literature determined
compound 5 as 4'-0-methyl-8-prenylInaringenin[8].

Table 2: 'H NMR (600MHz) Data of compounds 1-5 (3, ppm, J in Hz)

C 1 20 3 4 5°
2 - - - 5.29 (dd, 3.0, 12.6) 5.38 (dd, 13.2, 3.0)
3 6.65 () 7.04 (s) 6.98 () 280 (dd. 3.0,17.4) | 3.09 (dd, 17.4, 13.2)
3.04 (dd. 12.6, 17.4) 2.82 (dd, 17.4, 3.0)
4 R ; R
4a - -
5 - -
6 - 6.45 (d, 2.4) 6.02 (s)
7 - - - - -
8 6.59 (s) 6.50 () 6.87 (d, 2.4) 6.13 (s) -
8a - - - - -
1 R ; ; R
2' 7.09 (d, 2.4) 7.58 (br. s) 6.68 (d, 1.8) 7.38 (d, 8.4)
3’ - - - 6.96 (dd, 8.4, 1.2)
4 - - -
5 - - 6.94 (d, 8.4) - 6.96 (dd, 8.4, 1.2)
6 713 (d. 2.4) 742(s) | 7.59 (dd, 2.4, 8.4) 6.56 (d, 1.8) 7.38 (d, 8.4)
3. 4-0H -
5-0H 13.03 (3) 1216 (b 5) 11.99 (s)
7-0H 10.72 (br. s) 6.16 ()
6-0CH, 3.89 (s) 3.75 () 3.94 (s) -
3’-0CH, - 3.78 (s) 3.89 (s) -
#-0CH, 3.91 (s) 3.87 (s) 3.91 () 3.84 ()
5-OCH, 3.96 (s) 3.89 (5) -
2"-0H 9.49 (br. s)
5'-0H 9.18 (br. s)
1 5.06 (d, 7.8) 3.32 (d, 7.2)
27 3.28 (m) 5.21 (1, 7.2)
3 3.35 (m) -
4 3.18 (m) -
5 3.4 (m) -
6" 3.45 (m) -
3.72 (m)
CH,4” 173 (s)
CH,5" 1.73 (s)
2 €D,0D, *: DMSO-d,, ¢: COCI,
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Compounds 1-5 were evaluated for their cytotoxic
activity against KB, A-549, HepG-2, and MCF-7 human
cancer cell lines. Unfortunately, compounds 1, 3, 4, and
5 were inactive against all the tested cell lines. This is the
first publication testing the cancer cytotoxic activity on four
lines A549, HepG2, MCF7, and KB of four compounds
1,3,4, and 5. Compound 2 showed a weak cytotoxic
activity against KB, A-549, HepG-2, and MCF-7 human
cancer cell lines with I, values of 142.3, 106.3, 157.2,
and 97.8uM, respectively, while this compound was
isolated from Artemisia kermanensis Podl. showed no
activity against the MCF-7 cell line[12].

IV. CONCLUSION

Investigation of the chemical constituents of the ethyl
acetate extract from the aerial parts of 0. eberhardtii led
to the isolation and structural elucidation of five flavonoid
compounds. Compounds 1, 3, 4, and 5 were inactive
against all the tested cell lines. Compound 2 showed weak
cytotoxic activity against KB, A-549, HepG-2, and MCF-7
human cancer cell lines. Remarkably, this is the first report
of the chemical constituents of Oligoceras eberhardtii
Gagnep.
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>

PHONG HOA SINH UNG DUNG

Tel: (+84) 024. 37914586
Phong 601. Nha A18. 18 Hoang Quédc Viat, Cau Gidy, Ha Noi

KET QUA THU HOAT TiNH PQC TE BAO

Nguoi gtri mau: PGS.TS. Poan Thi Mai Huong, Vién Hoa sinh bién
Ngay gtri mau: 04/2024

S6 luong mau: 18 mau

<
S
x

I
!

TT | Tén mau Nong dé Phin trim e ché dong té bao

(hg/ml) Mg HepG2 A549 MCF7
1 MS1 128 21 25 23 30

32 15 15 15 21

8 9 6 3 17

2 6 0 0 6

0.5 0 0 0 0

I1Cs0 >128 >128 >128 >128
2 MS2B 128 74 71 69 67

32 67 56.5 57 34

8 35 36.5 11.5 20

2 19 21 6 8

0.5 3 5 0 3

I1Cso 19.25+1.06 |24.30+1.46 |28.31+0.06 | 77.04+1.99
3 MS5.2B 128 21 28 17 33

32 11 15 11 21

8 8 7 6 10

2 0 0 0 2

0.5 0 0 0 0

I1Cso >128 >128 >128 >128
4 MSF101 128 26 26 20 27

32 13 16 12 13

8 10 10 9 8

2 3 5 2 0

0.5 0 0 0 0

1Cs0 >128 >128 >128 >128




5 MS105 128 75 73 82 76

32 27 20 19 24

8 14 13 7 11

2 5 2 1 6

0.5 0 0 0 0

ICso 77.98+1.47 |86.24+1.90 |79.24+2.16 |80.02+1.30
6 MS5.5 128 69 64 54 53

32 46 38 20 21

8 29 22 7 11

2 12 7 0 0

0.5 3 0 0 0

ICso 48.73+1.03 | 76.23+2.82 | 116.78+3.53 | 119.09+3.85
7 MS7.3 128 31 29 67 61

32 22 17 16 38

8 14 11 8 22

2 6 3 0 7

0.5 0 0 0 0

ICso >128 >128 96.0+2.66 82.18+3.09
8 MS8.5 128 74 71 80.5 81

32 18 22 30 20

8 9 13 9 9

2 0 4 4 2

0.5 0 0 0 0

ICso 86.87+1.39 | 86.86+2.78 | 70.0+2.16 79.20+1.13
9 MS1B 128 20 27 19 34

32 15 17 9 18

8 8 9 S) 11

2 0 0 0 3

0.5 0 0 0 0

1Cs0 >128 >128 >128 >128
10 | MS7.8 128 75 74 56 69

32 68 62 28 57

8 61 55.5 13 43

2 46 39 6 20

0.5 14 10 0 7

ICso 3.61+0.15 5.99+0.34 107.40+£1.04 | 20.06+1.22
11 | MS7.6DL 128 82 81 83 81

32 78 75 48 75




8 77 72 31 63

2 75 69.5 14 48

0.5 35 32 5 13

1Cso 1.06+0.05 1.20+0.07 37.35+3.44 | 2.81+0.15
12 | MS9.1 128 33 33 21 39

32 26 17 5 27

8 15 12 0 12

2 6 4 0 5

0.5 0 0 0 0

1Cs0 >128 >128 >128 >128
13 | MS9.2 128 58 55 29 54

32 25 24 17 29

8 18 15 7 10

2 5 3 0 4

0.5 0 0 0 0

1Cs0 104.79+3.12 | 112.6+3.68 | >128 112.62+0.87
14 | MS5.3 128 20 19 17 39

32 11 9 9 21

8 5 4 5 10

2 0 0 0 3

0.5 0 0 0 0

ICso >128 >128 >128 >128
15 | SCEAF7D 128 78 69 59 73

32 12 35 15 40

8 7 24 5 23

2 3 7 0 11

0.5 0 0 0 0

ICso 87.20+0.82 | 74.35%4.0 108.42+1.19 | 61.03+2.87
16 | SCEAF6C 128 92 95 90 92

32 62.5 73 68.5 65

8 145 31 19 18

2 5 15 5 13

0.5 0 3 0 0

1Cs0 25.81+0.86 | 18.86+0.81 | 23.05+0.31 | 24.55+1.37
17 | SCEAF6B 128 12 29 9 37

32 9 18 5 20

8 0 12 0 7

2 0 5 0 0




0.5 0 0 0 0

ICso >128 >128 >128 >128
18 | QFTDF5.2 128 86 84 83 88

32 85 83 81 86

8 84 71 52 54

2 59 95 33 35

0.5 18 11 7 6

ICso 1.67+0.05 1.83+0.05 7.41+0.27 6.75+0.35
Ellipticine ICso 0.43+0.02 0.43+0.02 0.43+0.02 0.44+0.02

Ngay 19 thang 04 nam 2024

Vién Héa hoc x4c nhan ba Nguyén Trudng phong HSUD Ngudi tra ket qua
Thi Thu Ha la truéng phong HSUD

Neuyén Thi Thu Ha Nguyén Thanh Tra



VIEN HAN LAM KHOA HOC VA CONG NGHE VIET NAM

VIEN HOA HOC P
Q%D PHONG HOA SINH UNG DUNG Vi
Tel: (+84) 024. 37914586
Phong 601. Nha A18. 18 Hoang Qudc Viét, Cau Gidy, Ha Noi
KET QUA THU HOAT TiNH PQC TE BAO
Nguoi giri mau: Phong THHC, Vién Hoéa sinh bién
Ngay gtri mau: 07/2023 S6 lwrong mau: 15 mau
TT | Tén miu Nong dd Phan trim vrc ché dong té bao
(ng/ml) KB 0
epG2 A549 MCF7
1 BY2.0 128 23 16 34 16
32 17 11 28.5 9
8 15 4 23 5
2 8 0 8 2
ICs0 >128 >128 >128 >128
2 BY2.1 128 31 11 34.5 23
32 16 2 11 14
8 9 0 7 8
2 3 0 4 0
ICs0 >128 >128 >128 >128
3 BY3.3 128 57.5 64.5 73 58
32 28 27.5 32.5 28
8 12 19 14 13
2 5 11.5 4 8
|Cs0 103.78+5.16 | 90.37+1.83 | 73.50+2.40 | 102.26+5.74
4 BY3.4 128 70 69 79 64.5
32 44 30 38.5 38
8 20.5 20.5 17.5 22.5
2 9 10 11 12
ICso 53.71+8.08 | 81.23+3.48 |59.28+2.15 | 75.42+3.96
5 BY3.74 128 39 34.5 25.5 34.5
32 23 8 15 17
8 8 0 11 12
2 2 0 3 5
|Cs0 >128 >128 >128 >128
6 BY5.22 128 97 89 90 96.5
32 53 60 61.5 26
8 41 33.5 26 14
2 24 21 17 4




ICso 26.12+2.13 | 23.02+1.84 | 24.23+1.28 | 64.67+£1.60
7 BY4.9 128 33.5 28 37 34

32 23 7 20 29.5

8 19 3 13 24

2 6 0 4 9

ICso >128 >128 >128 >128
8 BY5.1 128 32 32 43 31

32 25 16 33 25

8 18 5 24 21

2 8 0 11 10

ICso >128 >128 >128 >128
9 BY5.2 128 99 95 95 90

32 37 22.5 44 335

8 25 12 31 23

2 14 3 15 11

ICso 52.05+3.46 | 68.38+1.74 | 43.26+2.35 | 59.98+2.55
10 BY5.32 128 31 32 38 29

32 24 30 23 24

8 21 13.5 15 15

2 10 6 8 5

ICso >128 >128 >128 >128
11 BY5.4 128 25 31 74.5 15

32 18 7 34.5 10

8 8.5 3 24 7

2 3 0 17 5

ICso >128 >128 69.13+3.78 | >128
12 BY5.12 128 13 22 35.5 13

32 9 19 26 5

8 0 4 17 3

2 0 0 6 0

ICso >128 >128 >128 >128
13 MSF102 128 16 9 15 27

32 12 1 11 21

8 9 0 4 15

2 0 0 0 5

ICso >128 >128 >128 >128
14 CEQMF13A |64 55 72.5 69 30

16 21 10 31 17

4 16 7 23 4

1 35 0 14 3

ICx0 57.01+3.7 46.75+2.13 | 40.0+1.78 >64
15 CEQMF6.2 64 37 57.5 30.5 16

16 30 41 23.5 3

4 21 23 20 0

1 10 12 11 0




0.25 4 6 7 0
1Cs0 >64 42.12+3.0 | >64 >64
Ellipticine 1Cs0 0.41+0.02 | 0.42+0.02 | 0.43+0.02 | 0.42+0.03
Ngay 31 thang 7 nam 2023
Vién Hoa hoc x4c nhan ba Nguyén Truong phong HSUD Nguoi tra ket qua

Thi Thu Ha la truéng phong HSUD

Nguyén Thi Thu Ha

Nguyén Thanh Tra
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Tel: (+84) 024. 37914586
Phong 601. Nha A18. 18 Hoang Qudc Viét, Cau Gidy, Ha Noi
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KET QUA THU HOAT TiNH PQC TE BAO

Nguoi gri mau: PGS.TS. Poan Thi Mai Huong, Vién Hoa sinh bién
Ngay gtri mau: 03/2024

S6 luong mau: 03 mau

I
!

TT | Tén miu Nong dd Phin trim e ché dong té bao (%)

(hg/ml) Mg HepG2 A549 MCF7
1 MS6.6 128 86 63 69 55

32 35 15.5 54.5 24

8 21 6 39 15

2 12 0 17 8

I1Cso 60.24+2.66 101.72+0.39 | 25.0+1.41 112.51+4.37
2 MS6.7 128 97 96 97 96

32 61 42.5 60 44.5

8 41 24 a7 17

2 13 11 22 7

I1Cso 18.83+0.77 45.45+1.09 | 13.43+£2.02 | 42.24+1.18
3 MS7.9B 128 97 80.5 80 75

32 44 26 47 33

8 17 7 23 15

2 10 2 9 6

1Cso 42.83+2.27 74.26+£0.84 | 40.65x3.74 | 70.82+1.92
Ellipticine 1Cs0 0.44+0.02 0.43+0.02 0.43+0.02 0.44+0.02

Ngay 26 thang 03 nam 2024
Vién Hoa hoc x4c nhan ba Nguyén Truéng phong HSUD Nguoi tra két qua
Thi Thu Ha la truéng phong HSUD
Nguyén Thi Thu Ha Nguyén Thanh Tra



VIEN HOA SINH BIEN
Phong: Cong nghé sinh hoc

KET QUA THU HOAT TiNH

Ngay thyc hién: 09/10/2023

Tén miu

Gram am

Gram dwong

NAm men

Enterococcus
faecalis
ATCC299212

Staphylococcus
aureus
ATCC25923

cereus

9

Bacillus

ATCC1457

Escherichia
coli

ATCC2592
2

Pseudomonas

aeruginosa
ATCC27853

Salmonella
enterica
ATCC1307
6

Candida
albicans
ATCC1023
1

Ghi chu

MIC(ug/ml)

BY2.0

BY2.1

BY3.3

BY3.4

BY3.74

BY5.22

BY4.9

BY5.1

BY5.2

BY5.32

BY5.4

BY5.12

MS2B

MS5.2B

MSF101

MSF102

Streptomyci
n

256

128

128

32

256

128

Cyclohexam
ide

32

1IC50(ug/ml)

BY2.0

BY2.1

BY3.3

BY3.4

33,49 £1,18

BY3.74




BY5.22

BY4.9

BY5.1

BY5.2

BY5.32

BY5.4

BY5.12

MS2B

MS5.2B

MSF101 63,24+1,95 - 33,03£22,76 | - - - 37,98+1,63

MSF102

Streptomycin | 50,3420,29 25,23#1,25 20,45#1,25 | 9,4540,21 68,67£2,23 45,67+1,87

Cyclohexamide 10,46+0,84

Cac chiang vi sinh vat kiém dinh chuan quéc té ATCC: 3 chang vi khuan
Gram am (Escherichia coli ATCC25922, Pseudomonas aeruginosa ATCC27853,
Salmonella enterica ATCC13076), 3 chung Gram duong (Enterococcus faecalis
ATCC299212, Stapphylococus aureus ATCC25923, Bacillus cereus ATCC
14579), 1 chung nAm men Candida albicans ATCC10231 duoc cung cap bai vién

Kiém nghiém vé sinh an toan thyc pham quéc gia.

Phwong phap thiz hoat tinh khang vi sinh vat kiém dinh

Hoat tinh khang vi sinh vat kiém dinh duoc thyc hién dya trén phuong phap pha
lodng da nong do cuia (Andrews JM., 2001). Pay 1a phuong phap thir hoat tinh khang
VSVKBD nham danh gia mic do khang khuan manh yéu cia cac mau thir thdng qua cac gia
trj thé hién hoat tinh 1a MIC (ndng d6 wc ché tdi thiéu). Miu ban dau duoc pha lodng trong
DMSO ¢ dai nong do giam dan: 256pg/ml, 128pg/ml, 64pg/ml, 32ug/ml, 16pg/ml,
8ug/ml, 4pg/ml va 2pg/ml véi sb thi nghiém lap lai N=3.

Chuan bi dung dich vi khuan hoac ndm véi néng do 2x10°CFU/ml

Tién hanh thu: lay 5,12 ul dung dich mau thir c6 nong do 10mg/ml vao hang dau
tién cd chira 100p] moi truong LB rdi pha lodng néi tiép giam % ndng d6 vao cac hang co
chtra 50ul cho dén khi dat duoc nong d6 1a 2 pg/ml, thém 50 ul dung dich vi khuan va nim



o néng do 2x10°CFU/mI, 1 ¢ 37°C. Sau 24h, x4c dinh so bd gia tri MIC. Gia tri MIC dugc
xéc dinh tai giéng c6 ndng do chat thir thap nhat gay ¢c ché hoan toan su phét trién cua vi
sinh vat sau 24 gid nudi cdy. Gia tri IC50 duogc xac dinh dya trén sé lidu do do duc té bao
biang may quang phd Bioteck va phan mém Raw data. Chéat d6i chiing 1a khang sinh
streptomycin cho c4c chung vi khuan va cyclohexamide cho nam.
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