BO GIAO DUC VIEN HAN LAM
VA DPAO TAO KHOA HQC VA CONG NGHE VN

HQC VIEN KHOA HOC VA CONG NGHE

Nguyén Viét Diing

NGHIEN CUU THANH PHAN HOA HQC VA HOAT TINH
UC CHE ENZYME a-GLUCOSIDASE VA a-AMYLASE CUA
LOAI Camellia phanii O VIET NAM.

LUAN VAN THAC ST KHOA HQC VAT CHAT

Ha Ngi - 2024



BO GIAO DUC VIEN HAN LAM
VA DPAO TAO KHOA HQC VA CONG NGHE VN
HQC VIEN KHOA HOC VA CONG NGHE

Nguyén Viét Diing

NGHIEN CUU THANH PHAN HOA HQC VA HOAT TIiNH
U'C CHE ENZYME a-GLUCOSIDASE VA a-AMYLASE CUA
LOAI Camellia phanii O VIET NAM.

Chuyén nganh: Hoa hitu co
M4 sb: 8440114
LUAN VAN THAC ST HOA HQC
NGUOI HUONG DAN KHOA HOC:

1. TS. BUi Thi Mai Anh Y

2. TS. Nguyan Thi Minh Hing "7~

Ha Ngi - 2024




LOI CAM POAN

T6i xin cam doan két qua nghién cizu trong ludn van nay la cong trinh nghién
ciu cua toi duwa trén nhang tai lidu, sé lidu do chinh t6i tu tim hiéu va nghién cizu.
Chinh vi vdy, cac két qua nghién cizu dam bdo trung thuc va khach quan nhdt. Pong
thoi, két qua nay chua tirng xuat hién trong bdt cir mét nghién ciu ndo. Cac sé liéu,
két qua néu trong ludn van la trung thuc néu sai tdi hoan chju trach nhiém.

Nguyén Viét Diing



LOI CAM ON

Ludn van nay dwoc hoan thanh tgi Vién Hoa sinh bién - Vién Han 1am Khoa
hoc va Céng nghé Viét Nam.

Toi xin bay t6 161 cdm on sdu sdac nhat téi TS. Bui Thi Mai Anh va TS. Nguyén
Thi Minh Hang - Ngwoi da tdn tam huéng dan chi day cho tdi vé mat chuyén mén, va
ta0 moi diéu kién thudn loi nhdt cho t6i trong suét thoi gian thuec hién ludn van .

Toi xin chan thanh cdam on ldnh dao va cdc dong nghiép phong Nghién cizu
cau trac - Vién Hoéa Sinh bién vé si iing hé to Ién, nhieng loi khuyén bé ich va nhaing
gop Yy quy bau trong viéc thuc hién va hoan thién ludn van.

TOi xin tran trong cam on Ban ldnh dao Hoc vién Khoa hoc va Céng nghé va
Vién Hoa sinh bién da giiip dé va tao diéu kién thudn loi cho tdi trong qué trinh hoc.

Toi xin bay té long biét on chdn thanh va sdu sdc nhat téi toan thé gia dinh,
ban bé va nhitng ngwoi than da luén luén quan tam, khich 1¢, déng vién tdi trong sust
qua trinh hoc tgp va nghién cuu.

Xin tran trong cam on!

Nguyén Viét Diing
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Ki hiéu Tiéng Anh Dién giai

1BC-NMR Carbon-13 Nuclear Magnetic Phé cong huang tir hat nhan
Resonance Spectroscopy cacbon 13

'H-NMR Proton Nuclear Magnetic Phé cong huang tir hat nhan
Resonance Spectroscopy proton

COSY Correlation Spectroscopy Phé COSY

CTPT Molecular formula Cong thuc phén tu

DMSO Dimethylsulfoxide (CH3).SO

FBS Fetal bovine serum Huyét thanh bo

HMBC Heteronuclear Mutiple Bond Phé tuong tac di hat nhéan qua
Connectivity Spectroscopy nhicu lién ket

HPLC High Performance Liquid Séic ky long hiéu ning cao
Chromatography

HR-ESI-MS  High Resolution Electrospray Phé khéi lwgng phan giai cao
lonization Mass Spectrometry phun mu dién

HSQC Heteronuclear Single-Quantum Phé twong tac di hat nhan qua 1
Coherence Spectroscopy lién ket

ICs0 Inhibitory concentration at 50%  Nong d6 wc ché 50% dbi twong

thir nghiém

KLPT Molecular mass Khéi lugng phan tir

NOESY Nuclear Overhauser Phé NOESY
Enhancement Spectroscopy

TLC Thin layer chromatography Sic ky 16p mong

TMS Tetramethylsilane (CH3)4Si
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MO PAU

Bénh tiéu duong nam trong nhém cac bénh khéng lay nhiém (Non-
Noncommunicable diseases-NCDs)-nhdm bénh man tinh ¢ ti 1¢ tir vong Ién nhat
hién nay trén toan thé gisi (chiém hon 80% tong sb ca tir vong sém). Theo wdc tinh,
c6 khoang 422 triéu nguoi trudng thanh trén toan cau séng chung véi bénh tiéu duong
vao nam 2014, so vai 108 tridu nguoi vao nam 1980. Ti 18 s6 ngudi treong thanh mac
bénh tiéu duong da ting gan gap d6i ké tir ndm 1980 (ting tir 4,7% dén 8,5%). Bénh
tiéu duong da gay ra 1,5 triéu ca tr vong vao nam 2012 va 2,2 triéu nguoi chét do cac
bién ching cua né nhu tim mach va céc bénh khac. O Viét Nam hién nay c6 khoang
5 triéu ngudi mac bénh, chiém 6% dan sb va du bao ting 1én 7-8 triéu nguoi vao nim
2025. Theo sb lidu nay thi Viét Nam tuy chua dugc xép vao danh sach nhiing quéc
gia cd ty & bénh nhan cao nhung lai c6 toc do phét trién rat nhanh. Diéu dang lo ngai
la ty 1¢ nguoi tién tiéu duong chiém tdi hon 10% dan sb, néu khong dugc phat hién
sém va cd bién phap can thiép kip thoi thi trong thoi gian ngan sé phat trién thanh
bénh.

Theo thoi gian, bénh tiéu duong c6 thé dan dén mu, suy than va tén thuong than
kinh, thuc ddy qua trinh hinh thanh xo vita dong mach, dan dén dot quy, tim mach.
Cac bién chung man tinh xay ra sém hay muon, nang hay nhe rat khéc biét o ting
bénh nhan. N6i chung, néu kiém soét tét duong huyét, ching ta cé thé ngan ngira
hoac 1am cham hay nhe di cac bién ching méan tinh caa bénh tiéu duong. Do d6, viéc
tim kiém cac hoat chét diéu tri tiéu duong tir thién nhién 1a can thiét.

Chi Tra (Camellia) 1a mot chi thuc vat ¢6 hoa thudc ho Ché (Theaceae), ¢6 nguon
goc & khu vic mién dong va mién nam chau A. Trén thé gisi c6 khoang 280 loai, &
Viét Nam, hién da biét 68 loai trong d6 c6 t6i 15 loai dac hitu cua Viét Nam. Mot s6
loai trong chi Tra dang duoc su dung rong réi trén thi truong nhu: tra xanh Thai
Nguyén, tra den, tra 6 long (tur 14 loai C. sinensis), tra hoa vang (tur loai C. petelotii)
... Céc loai trong chi Tra c6 tiém ning 16n vé cac chit ¢ hoat chat sinh hoc nhu: tac
dung ha duong huyét, hoat tinh gay doc té bao, hoat tinh chéng oxy héa va hoat tinh
khang viém, ... Trong sb cac loai thudc chi Tra, Tra hoa vang C. phanii 1a mét trong
nhitng loai tra hoa vang dic hiru cia Viét Nam c6 gia tri kinh té cao, duoc dan gian
st dung nhiéu. Tuy nhién, hién chua c6 cong trinh nao nghién ctru vé thanh phan hoa
hoc va hoat tinh sinh hoc cua loai C. phanii. Do vay, viéc diéu tra, nghién ctru, danh
gia vé thanh phan héa hoc va sang loc cac chat c6 hoat tinh sinh hoc tiém ning tir cac
loai thuc vat trong chi Tra, dac biét la nhirng loai dac hiru cua Viét Nam nhu loai Tra
hoa vang C. phanii s& c6 y nghia khoa hoc va y nghia thuc tién cao. Nghién ciu nay
s& gop phan 1am rd gia tri ciing nhu cong dung céc lodi ndy va gop phan tich cuc vao



viéc khai thac va sir dung mot cach hop Iy ngudn tai nguyén thién nhién caa dat nudc.
Vi vay, chung t6i dé xuat dé tai “Nghién ciu thanh phan héa hoc va hoat tinh ¢c ché
enzyme a-glucosidase va a-amylase cua loai Camellia phanii ¢ Viét Nam”.

Néi dung luan vin bao gom:
- Phan 1ap cac chat tir loai tra hoa vang dic hiru (Camellia phanii).

- X4c dinh cau tric cac thanh phan hda hoc cua loai tra hoa vang dic hitu (Camellia
phanii).

- Xac dinh tac dung &c ché enzyme a-glucosidase va a-amylase cia mét s6 hop
chat phan lap duoc.

Nhitng dong gép cia luan van:

- Phan lap va xac dinh duoc ciu tric caa 03 hop chat méi 1a camphanoside A-C
(CP1-CP3), cung véi 5 hop chat da biét 1a chikusetsusaponin IVa (CP4),
spinasaponin A 28-0-glucoside (CP5), (-)-epicatechin (CP6), (-)-epicatechin 3-
O-gallate (CP7), va (-)- epigallocatechin 3-O-gallate (CP8) tir phan doan chiét
nudc la Tra hoa vang C. phanii.

- Panh gia hoat tinh e ché enzyme a-glucosidase caa 5 hop chat gdm 3 hop chit
ma&i camphanoside A-C  (CP1-CP3), chikusetsusaponin IVa (CP4) va
spinasaponin A 28-O-glucoside (CP5). Cac hop chat CP1-CP3 thé hién hoat
tinh tc ché enzyme a-glucosidase véi 1Cso lan luot 12 230,7+18,0; 251,4+22,7
va 421,4+25,6 uM.



Chuong 1. TONG QUAN NGHIEN CUU

1.1. Téng quan vé chi Camellia
1.1.1. Giéi thiéu chung vé chi Camellia

Chi Tra (Camellia) 1a mét chi thuc vat c6 hoa trong ho Theaceae phan b chu
yéu & viing nhiét d&i va can nhiét déi, dic biét 1a & Chau A. Trén thé gigi cd khoang
280 loai thudc chi Camellia, ¢ Viét Nam, hién da biét 68 loai trong d6 c6 t6i 15 loai
dac hitu cia Viét Nam [1]. Céc loai trong chi tra la cac cay bui hay cy than gé nho
va thuong xanh, cao khoang 2-20 m. L4 sip xép theo kiéu so le, 14 don, day, mép 1a
c6 khia, dai 3-17 cm. Hoa 16n va dé théy, duong kinh 1-12 cm, vai 5-9 canh hoa; ¢
mau tir trang tai hong hay do, con mau vang co & mot so loai. Qua 1a loai qua nang
kho duoc chia thanh 1-5 ngin, mdi ngin chta 1-8 hat [2].

1.1.2. Cdc nghién civu vé thanh phan héa hoc va hoat tinh sinh hoc ciia chi
Camellia

1.1.2.1. Tinh hinh nghién cvuru o Viét Nam

Cac nghién ciu thanh phan hoa hoc da chi ra thanh phan chinh caa chi
Camellia 1a cac hop chat flavonoid, polyphenol, triterpene va alkaloid. C4c hop chat
phan lap duoc cling nhu cac can chiét cua chi nay ciing duoc danh gia mot s6 hoat
tinh sinh hoc nhu: ha duong huyét, gay doc té bao, khang viém va chéng oxy héa...

Niam 2006, Ha Thi Thanh Binh di tién hanh nghién cau hoat tinh sinh hoc cua cac
hop chat polyphenol trong 14 C. sinensis duogc thu tai Thai Nguyén va Ha Tay [3].
Két qua nghién ciru cho biét mot sb dic diém hda hoc va tac dung sinh hoc cua cac
hop chat flavonoid trong I cay tra & mién Bac Viét Nam. Tir d6, nghién ctru da dé
Xuit duoc phuong phap mai trong viéc khai thac flavonoid, xac dinh kha ning ¢ng
dung cac hop chit polyphenol nay trong linh vuc y dugc.

Sau d6, nam 2010, Ha Thi Thanh Binh va cac cong su da nghién ctru sir dung cac
hop chat polyphenol trong mét s6 gidng tra & Viét Nam [4]. Két qua nghién ciru da
cho biét ham luong polyphenol, tannin, flavonoid cua cac mau tra nghién cau déu
chiém mot ti 1& cao. Tat ca céc gidng tra nghién ciru déu c6 hoat tinh chéng oxy héa
rat tot, trong d6 1a tra Bat Tién va tra lai thé hién hoat tinh tét nhat voi gia tri 1Cso lan
luot 14 17,29 va 19,76 pg/ml.

Theo nghién ctru cia Nguyén Hiru Tung va cong su, tir loai C. amplexicaulis
d3 phan 1ap dwoc sau hop chét lignan gém camellioside A (1), 7S,85-4,9,9'-
trinydroxy-3,3'-dimethoxy-8-0-4'-neolignan-7-O-4-D-glucopyranoside  (2),
7R,8R-dihydrodehidrodiconiferyl alcohol-9'-O-4-D-glucopyranoside (3),



urolignoside (4), junipetrioloside A (5) va isolarciresinol (6), va hai hop chat
megastigman: corchoionoside C (7) va blumeon C glycoside (8) [5].
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Theo nghién ctru caa Nguy@n Thi Hong Van va cong su, tir loai C. chrysantha da
phan lap duoc nim hop chat flavonoid la vitexin (9), quercetin-3-O-p-D-
glucopyranoside (10), quercetin-7-O-4-D-glucopyranoside (11), quercetin-3'-O-4-D-
glucopyranoside (12) va quercetin-3-O-rutinose (13) [6].

Nguyén Thi Clc va cong su da tién hanh nghién cau thanh phan héa hoc tir cac
loai C. sasanqua [7,8], C. assamica [9,10], va C. sinensis [11,12] (Pé tai
NAFOSTED 2019-2022) va dé tai cua Hoc Vién Khoa hoc va Cong nghé), da phan
lap duoc 13 hop chat méi la sasastilboside A (14), sasastilboside B (15),
sasastilboside =~ C  (16), cameflavoside @ A-B  (17-18), (3S,9R)-3,9-
dihydroxymegastigman-5-ene 9-O-p-D-apiofuranosyl-(1—6)-4-D-glucopyranoside
(19), assastilboside A-D (20-23) va assamoside A-C (24-26) va 40 hop chat da biét.
Hoat tinh sinh hoc cua cac hop chat ciing nhu cac dich chiét tir cac loai tra ndy ciing
da dugc nghién ciru nhu hoat tinh ha duong huyét, gay doc té bao, khang viém, va
chéng oxy hda.
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O Viét Nam ciing nhu trén thé giGi, l0ai tra hoa vang dic hitu cua Viét Nam
la loai tra hoa vang Phanii (Camellia phanii Hakoda & N.Tran) chwa c6 bét ky
nghién ctiru ndo vé thanh phan héa hoc va hoat tinh sinh hoc.

1.1.2.2. Tinh hinh nghién ciru trén thé gici

Cac nghién ctru vé thanh phan héa hoc va hoat tinh sinh hoc cua céc nha khoa
hoc trén thé gidi dugc bat dau vao nhitng nim 1967. Sho Ito va cong su da nghién
ctru vé thanh phan hda hoc cua loai C. sinensis [13]. Sau d6, Adrienne L. Davis va
cong su da phan lap va xac dinh ciu tric mot hop chét polyphenolic, theacitrin A
(27) tur tra den (dugc 1én men tir 14 C. sinensis) trong nam 1997 [14]. Trong nam
1998, Johnr R. Lewis va cong sy da phan 1ap duoc ba hop chat polyphenolic méi,
theaflavate B (28), isotheaflavin-3'-O-gallate (29) va neotheaflavin-3-O-gallate (30)
tur tra den [15].

Trong nam 2002, Richard A. Anderson va cac cong su da nghién ctru kha nang
ting ndng do insulin cua tra va cac ché pham cua né. Két qua nghién cau in vitro
cho thay, tra da lam ting ndng do insulin trén 15 lan. C4c loai tra den, tra xanh va



tra oolong (dwoc 18n men tir 14 cua C. sinensis) ciing chi ra kha ning lam ting ndng
d6 insulin. Cac hop chit epigallocatechin gallate, epicatechin gallate, tannin va
theaflavin duoc tim thay trong tra ciing chi ra kha ning lam ting ndng dé insulin
[16]. Liang Zhang va cé4c cong su da phan 1ap dugc mot hop chit amide, N-(3,4-
dihydroxybenzoyl)-3,4-dihydroxybenzamide 31 tir 14 C. assamica. Hop chat 31
duoc danh gia kha ning bao vé té bao mang vi mach bi thwong do H,0; gay ra. Két
qua cho thay, hop chét 31 c6 kha ning ngin ngira su chét té bao mang vi mach bi
thuong do H.O2 gay ra [17].

Trong nam 2013, Wei-Xi Li va cac cong su da phan lap dugc theacrine (32)
tir loai C. assamica. Hop chat nay duoc danh gia kha ning bao vé gan bi ton thuong
gay ra do sy cang thang & chudt. Két qua nghién ciu cho thay, kha ning bao vé gan
bi ton thuwong gay ra do su cang thang & chudt caa hop chat 32 c6 lién quan dén hoat
tinh chdng oxy héa caa nd. Hoat tinh chdng oxy héa caa hop chat 32 dugc danh gia
bang phwong phap ORAC. Két qua nghién ciu cho thay, hoat tinh chéng oxy hoa
cua hop chét 32 thé hién hoat tinh tét [18]. Trong nghién ciru cua Qian Liu va cong
su, tir lodi C. sinensis da phan lap duoc 10 hop chat, N-(2-hydroxyphenyl)-2-
pyrrolidinone (33), p-hydroxyacetophenone (34), salicifoliol (35), (-)-3-hydroxy-4-
ionone (36), p-hydroxy ethyl cinnamate (37), ethyl 4-(sulfooxy)benzoate (38), (+)-
matairesinol (39), (-)-pinoresinol (40), (+)-lirioresinol A (41), and caffeine (42)
[19].
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Jungbae Oh va cong sy danh gia kha ning tc ché a-glucosidase cua dich chiét

nuéc trd (TWE) va dich chiét ba tra (TPE) cia thi tra xanh, tra oolong va tra den. Két

qua nghién ciu cho thidy, TWE va TPE cua tra xanh thé hién kha nang Gc ché a-

glucosidase tot nhat véi gid tri 1Cso 14 2.04 va 1.95 mg/mL. Trong sé cac enzyme

dugc thir nghiém, TWE va TPE cua tra xanh thé hién kha nang uc ché sucrose tét hon

maltase va glucoamylase vai gia tri ICso 12 0.16 mg/mL va 0.13 mg/mL. Trong nghién

ctru trén dong vat, néng d6 glucose trong mau cua dong vat sau khi an TWE va TPE

Cua tra xanh va tra den (lidu luong 0.5 g/kg thé trong) giam hon so véi d6i ching
chudt duoc bd sung sucrose [20].



Theo tong quan cho thay viéc diéu tra, nghién ctru, danh gia vé thanh phan héa
hoc va sang loc céc chat c6 hoat tinh sinh hoc tiém ning tir c4c loai thuc vat trong chi
Tra, dac biét 1a nhiing loai dac hiru cia Viét Nam nhu loai C. phanii sé c6 y nghia
khoa hoc va y nghia thyc tién cao.

1.2. Tong quan vé lodi Tra hoa vang Camellia phanii Hakoda & Ninh

1.2.1. Pic diém thye vit ciia lodi Tra hoa vang Camellia phanii Hakoda & Ninh
[1]

Cay gd nhd, cao 4-5 m; canh non khdng 1dng. L& hinh bau duc, bau duc thuén
hoic tring-thudn, dai 14,5-16(20) cm, rong 6,8-7,7(10) cm, khong 16ng; gbc 14 hinh
ném hoac ném rong; chop 14 nhon; mép 14 c6 ring cua; gan bén 8-10 cap; cudng 14
dai 1-2 cm, khdng 16ng. Hoa 1-2 ¢ dau canh hoic nach 14, vang d¢am, duong kinh 4-
6 cm; cudng hoa dai 1-1,5 cm. L4 bic 5-6, hinh méng, dai 0,1-0,4 c¢m, rong 0,2-0,6
cm. L4 dai 5, hinh vay dén gan tron, dai 0,7-0,9 cm, rong 1-1,1 cm, c6 léng. Canh
hoa 14-19, hinh trieng rong, dai 2-3,5 cm, rong 1,5-2 cm, c6 16ng. Bo6 nhi dai 2-2,5
cm, ¢6 16ng, chi nhi vong ngoai hop 1,8-2 cm tao thanh éng chi nhi. B6 nhuy gém 3
l4 nodn hop thanh bau trén 3 8, khong 1dng; voi nhuy 3. Roi, dai 2,2-2,5 cm, khdng
16ng. Qua hinh cau hoi dep, duong kinh 5,5-6 cm, dai 3,5-4,5 cm, 3 6, 1-4 hat trong
mdi 0; vo qua day 0,4-0,5 cm. Hat dai 1-1,8 cm, c6 long.

Sinh hgc va sinh théai: Cay ra hoa thdng 12-1 (ndm sau), c6 qua thang 1-4. Cay moc
ven sudi, trong rirng thuong xanh, ¢ d6 cao 60-200 m.

Phan bé: Vuon qudc gia Tam Dao, Vinh Phuc va Thai Nguyén (Pai Tir). Méi chi
ghi nhan ¢ Viét Nam.

Hinh 1.1. Cay Tra hoa vang Camellia phanii Hakoda & Ninh

1.2.2. Cong dung ciia Tra hoa vang C. phanii trong dan gian

Trong s6 cac loai thudc chi tra, loai tra hoa vang Phanii (Camellia phanii
Hakoda & N.Tran) 12 loai tra hoa vang dac hitu cua Viét Nam c6 gi4 tri kinh té cao,



duoc dan gian sir dung nhiéu. Loai tra ndy phan bé cha yéu ¢ Vuon Quéc gia Tam

Pao, Vinh Phuc va Pai Tu, Thai Nguyén. Theo dong y, duoc liéu nay co tinh binh,

vi ngot va mui thom. Loai tra nay c6 nhiéu cong dung khac nhau, cha yéu 1a:

- H3 tro giam duong huyét & ngudi tiéu duong, gilp 6n dinh duong huyét va lam
giam cac bién ching.

- Giam tong ham luong lipid trong huyét thanh, giam luong cholesterol xau va ting
lwgng cholesterol tét. Nuéc 14 tra c6 tac dung ha huyét &p rd rang va tac dung duoc
duy tri trong thoi gian dai.

- Nudc 14 tra c6 tac dung chdng sy hinh thanh huyét khdi gay tic ngh&n mach mau.
Phong ngira ung thu va Gc ché sy phat trién cua cac khéi u khac. Hung phéan than
kinh, lgi tiéu.

- Giai doc gan va than, ngin ngira xo vita dong manh mau. Uc ché va diét khuan.
Ngoai ra, 14 tra con c6 tac dung chong viém, chbng di tng va duy tri trang thai binh
thudng cua tuyén giap.

- Giam t6i 36,1 % luong lipoprotein trong mau, cao hon 10 % so vai cac li¢u phap
chira tri bang thudc Tay y khéc. C6 hiéu qua trong viéc chia tri xo ctrng d6ng mach
do Iwgng m& trong mau cao [21].

1.3. Téng quan vé tiéu dwong

1.3.1. Gi6i thiéu veé tiéu duwong

Tiéu duong 12 mot nhém bénh réi loan chuyén hoa cacbohydrat, m& va protein khi

hormone insulin caa tuyén tuy bj thiéu hay giam tac dong trong co thé, biéu hién bang

mtc dudng trong mau ludn cao. Bénh tiéu dudong duoc chia 1am hai loai chinh sau:

- Tiéu duong tuyp 1 (con goi la tiéu duong phu thudc insulin): co thé ngirng san
Xuit insulin. Thuong gap ¢ tré em hoic thiéu nién. Nhitng bénh nhan bj tiéu duong
tuyp 1 can phai duoc diéu tri bang insulin mdi ngay dé duy tri cudc séng.

- Tiéu duong tuyp 2: 1a mot chitng bénh man tinh phat trién khi tuyén tuy khong
san xuat du insulin hozc khi cic mé trong co thé khong thé st dung insulin mot céch
binh thuong. Tiéu duong tuyp 2 rat phd bién (chiém trén 90% sé truong hop mac
bénh), thudng gap ¢ nguoi trén 40 tudi trong d6 ngudi bi bénh tiéu duong thuong dé
bi mot s6 bénh di kém nhu ting huyét ap, dau that nguc, nhoi méau co tim, duc thuy
tinh thé... va thuong o tudi tho ngan hon nhitng ngudi khéc.

- Tiéu duong thai ky: day 1a mot tinh trang réi loai dung nap glucose trong qué
trinh mang thai. Bénh nay lam ting duong huyét trong thai nhi din dén nguy co giy
say thai, thai luu, di tat...

Bénh tiéu duong thudng gay ra nhirng bién chirng nguy hiém. Nhirng bién chirng cép

tinh cta bénh nay c6 thé 1a hon mé do ting dudng huyét, ha duong huyét va ting
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keto-axit méu. Cac bién ching lau dai do bénh tiéu duong gay ra géom co cac tén
thuong than kinh, tim mach, thi gi4c, nguy co nhiém tring. Nguyén nhan 1a do luong
duong trong mau qua cao lau ngay gay thuong ton c&c mach mau nhé véi hau qua la
mU mat, suy than, déng thoi thuc day xo m& dong mach (atherosclerosis) 1am hep cac
dong mach 16n gay tai bién mach mau ndo, nhdi mau co tim... Ngoai ra, bénh tiéu
duong con c6 anh huong xau 1én day than kinh, co tim, da, chan va rang loi. C4c bién
ching man tinh xay ra sém hay mudn, nang hay nhe rat khac biét ¢ tirng bénh nhan.

1.3.2. Cac thudc diéu tri bénh tiéu dwong

Pé kiém soat duoc duong huyét cua cac bénh nhan mac bénh tiéu duong
thuong két hop ché d6 an phu hop véi ding thude. Thube cho bénh nhan tiéu dudng
c6 2 loai co ban 1a thudc dung duong tiém va thudc vién udng.

1.3.2.1. CAc thudc diéu tri tiéu duwong dung tiém

- Isulin: Insulin 12 ni tiét t6 cua tuyén tuy do té bao B cta tiéu dao Langerhans
tiét ra. Insulin c6 tac dung diéu hoa duong huyét bang cach dua glucose qua mang té
bao vao chu trinh Krebs. Sy ting glucose trong mau c6 thé do thiéu insulin hay do
insulin khdng thé hap thu vao cac md. Sy mat can bing nay dan dén bat thudng trong
chuyén hoa glucid, lipid va protid. Insulin gan vao receptor dac hiéu trén mang té
bao, qua trinh nay s& hoat hoa tyrosin kinase dic hiéu cua receptor & trong té bao va
kinase nay lai hoat hoé protein kinase khéac, bang phan tng phosphoryl hoa. Cudi
cung nhitng enzym nay cd thé phosphoryl hoa nhiéu enzym quan trong khac nhu
glucokinase, glycogen synthetase....

- Amylin: Amylin 12 mét hormon duoc bai tiét tir té bao B cua tuy clng Voi
insulin d6ng vai tro hét sirc quan trong trong co ché diéu hoa dudng huyét. Trong té
bao B, insulin va amylin ciing dwoc chira trong mép nang tiét va cing duoc bai tiét
khi tang duong huyét. Amylin c6 tac dung &c ché bai tiét glucagon sau in va lam
cham tiéu hod thic dn ¢ da day, cham hip thu duong & rudt vi vay lam cho duong
huyét tang cham. Trong khi d6 insulin c6 tac dung tang du trit glucose & ma, co,
Xuong va giam san xuat glucose ¢ gan, giam tiét glucagon. Ca hai hormon nay hoat
dong tuong tro nhau gidp kiém soat duong huyét tét hon.
1.3.2.2. C&c thudc diéu trj tiéu duwong ding dwong uong

Nhiéu thudc c6 tac dung ha duong huyét dugc dua vao co thé bang dudng
udng. Theo cau trac va co ché tac dung cac chit nay dugc chia thanh 5 nhém sau:



11

- Céc thudc nhém din xuét biguanide:
Chat dau tién thudc biguanide tim thiy c6 tdc dung ha duong huyét Ia
Metformin vao nim 1948. Dan xuit biguanid cé cdng thirc chung nhu sau:

NH NH
NH NH NH NH )J\ )J\
)J\ )J\ )J\ )J\ i H NH,
Sy N NH, NNy N NH, H H
| H H H
Metformin Buformin Phenformin

Trong nhém biguanide gém c6: metformin, buformin, phenformin. Vi nguy
co gay nhiém acid lactic nén buformin, phenformin ngay nay it duoc sir dung. Co ché
tac dung ciia cac thudc nhém nay nhu sau:

+ Lam tang tac dung cua insulin tai thy thé va hau thu thé

+ Tang sir dung glucose ¢ to chirc ngoai vi, dac biét o té bao co

+ Giam sinh glucose ¢ gan

+ Giam hap thu glucose ¢ ruot

+ Tang sy nhay cam cuaa insulin & thu thé va hau thu thé

Chung khong c6 tac dung kich thich bai tiét insulin & tuy nhu cac sulfamide
chéng tiéu duong.

- Cac thuéc nhom din xuat sulfamide:

Khai niém sulfamide chong tiéu duong xuat hién tir nim 1942, sau khi
Laubatiere thir nghiém mét loai sulfamide khang khuan trén bénh nhan thwong han
thay c6 dau hiéu ha duong huyét. Nhung mai t6i nam 1995 nguoi ta méi thyc sy tim
ra nhitng chat c6 tac dung diéu tri thudc nhdm dan xuat benzen sulfonylurea véi cac
géc ankyl c6 cong thirc chung 1a:

o\\ //o o

S\ )J\ /R2
N N
H H

R i:

Chat dau tién dugc dua vao diéu tri 1a Carbutamide (R'= -NH2, R% = n-C4Ho)
dugc dung diéu tri bénh tiéu dudng dudi dang thudc udng vao nam 1955. Sau nhiéu
nam nghién ctru ngudi ta thay rang khéng nhat thiét phai c6 nhém -NH: gan véi nhan
thom va khi thay nhom -NH; bang nhém -CHs, -Cl hay mot nhdm thé khéc thi van
c6 tac dung tét va doc tinh giam di. Co ché tac dung 1a kich thich bai tiét insulin.
Trong trang thai sinh 1y, duong huyét tang cao s& ¢d hién twong khoa kénh K+ -ATP,
dan toi K+ trong té bao tang dot ngot sé kich thich hoat dong ciia kénh Ca++ dudi tac
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dong caa AMP vong, Ca++ vao té bao ting. Kich thich qua trinh phosphoryl hoa va

giai phéng insulin tir nang tiét vao mau. sulfamide c6 tc dung nhu mét cai khoé hoat

dong trén kénh K+ -ATP va vi vy c6 tac dung kich thich bai tiét insulin.

Cho dén nay co rat nhiéu sulfamide ha duong huyét da dugc kham pha va dua
vao diéu tri. Dya vao thoi gian duy tri tAc dung (nhanh hozc kéo dai) va lidu dung ma
ngudi ta chia sulfamide ha duong huyét thanh hai thé hé, thé hé mot va thé hé hai.

- Cac sulfamide ha dwong huyét thé hé mét: gdbm c6 carbutamide, tolbutamide,
phenbutamide, metabutamide, chlorpropamide, tolcyclamide, acetohexamide,
metahexamide, tolazamide.

- Céc sulfamide ha dwong huyét thé hé hai ciing 1a cac din xuat caa sulfonylurea
c6 cong thuc tong quat gidng nhu sulfamide ha duong huyét thé hé thi nhat nhung
duoc tim ra trong thap ky 70 va dau thap ky 80, nd bao gém cac phan ti c6 cau trdc
nhém thé phiic tap hon, c6 mach cacbon dai hon, ¢6 hiéu hrc tac dung manh hon va
tac dung kéo dai hon nén thuong mdi ngay chi phai ubng mét lan. Cac sulfamide ha
duong huyét thé hé hai gdm c6 glypinamide, gliclazide, glibonuride, glibenclamide,
glipizide, gliCAxepide, gliquidon, glimepiride.

A

(0] O 0 0 (0]
7 \V/
)ij\)k/\/\ Q\*/\/
H H
Cl

Tolbutamide

\O o /\/©/S\E E
i

Cl Glibenclamide

Chlorpropamide

Trong s6 cac sulfamide ha duong huyét liét ké o trén thi tolbutamide,
chlorpropamide va glibenclamide hién dang duoc st dung phd bién nhat trong diéu
tri bénh tiéu duong tuyp 2 & nudc ta.

- Céac thudc nhom tic ché enzyme a-glucosidase: cac thudc loai nay co tac dung
ngin khong cho hap thu glucose vao mau. Vi thé c6 uu diém 1a khong c6 nguy co gy
ha duong mau, khong gay ting can (nhu: insulin va cac sulfamid ha duong huyét
khac). Ngay nay trén thi truong xuat hién mot sé thudc e ché enzyme o-glucosidase
c6 tac dung gay ha duong huyét sau day:
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+ Acarbose: Acarbose hoat dong theo co ché trc ché canh tranh sy phan giai duong
phtrc. Acarbose 1a mot phan tir duoc tdng hop tir Actiplanes (vi khuan) bang k§ thuat
sinh hoc. Hoat dong cua né 1am cham tiéu hoa dudng bang cach tc ché canh tranh
enzyme o -glucosidase rudt va cac yéu té enzyme & rudt non c6 nhiém vu tach cac
duong phire thanh cac dudng don. Két qua 1a kéo dai thoi gian thiy phan cac dudng
d6i dan dén viéc tiéu hoa cac duong nay bi cham lai. Thudc cé tac dung uc ché
enzyme a-glucosidase & ria ban chai niém mac ruot non. Ngoai ra con tGc ché cac
enzym thuy phan duong da & rudt, do vay lam giam hip thu glucose.

HO HO HO .
CH, § o
—0 0 0 | Acarbose bluepharma
OH OH OH OH | 50 mg Comprimidos MG
N 8] (8] !
OH oy H OH OH OH M1 30 compriaidod S m ot
Acarbose = blueg_!}gﬂ@'

+ Voglibose (Basen): Voglibose 1a mot chat tc ché o-glucosidase duoc st dung dé
lam giam mirc dudng huyét sau an & nhitng ngudi bi tiéu duong. Voglibose 1am cham

su hap thu glucose do d6 lam giam nguy co bién ching mach mau vi mé.
OH

Lot SSeta S T

HO
HO

R,

Voglibose Tablets 0.3mg

OH “on OH

Voglibose OH
10X10 Tablets |

W

Wellona Pharmd

- Benfluorex: Benfluorex c6 tac dung tao thuan lgi cho su xdm nhap va sir dung
glucose ¢ té bao, khdng co tac dung trén sy bai tiét insulin, ngoai ra con c6 tac dung
giam lipid mau. Thubc dung dé hd trg cho ché do an kiéng trong bénh tiéu duong.

R F 0
FX@/\( \/\o)‘\©

Benfluorex
- Céc thuéc nhom meglitinide: Céc thudc nhdm meglitinide lién két voi kénh K+
(KATP) phu thuoc ATP trén mang té bao cua céc té bao beta tuyén tuy theo céch

Z—T

tuong ty nhu sulfoamide nhung c6 ai luc lién két yéu hon va phan ly nhanh hon tir vi
tri gan SUR1. Piéu nay lam ting ndng d6 kali noi bao. Sy khir cuc ndy mé cac kénh
Ca2+ c6 dién ap. Su gia ting canxi ndi bao dian dén ting phan ung téng hop insulin
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trong mang té bao, va do d6 tang tiét insulin. Hién nhém nay c6 2 hoat chat chinh 1a
repaglinide (Prandin) va nateglinide (Starlix).

o 0 O
e OH
(0] OH HN

o N

Repaglinide Nateglinide
- Céc thudc nhém thiazolidinedione (TZD hay glitazone): Cac thubc nhém TZD
c6 tac dung lam ting nhay cam caa insulin tai cic mé trong co thé va giam réi loan
M& mau tuong ty nhu nhém Biguanide. Nhung thudc lai lam ting tich trit m& dudi
da nén thuong gay tiang can cho ngudi bénh. Mat khac con gay giit nuéc, do d6 can
than trong khi sir dung diéu tri cho nhirg nguoi bénh tim mach hay viém gan, men
gan tang cao. Thudc dang duogc dung 14 rosiglitazone va pioglitazone, nhém nay truéc
day co troglitazone nhung nay da bi cAm Vi tac hai gay doc véi gan, dan téi suy gan
va tir vong.
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Chuong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. P6i twong nghién ciru

Mau I4 loai Tra hoa vang Camellia phanii Hakoda & Ninh duoc thu ¢
huyén Tam D4o, tinh Vinh Phuc vao thang 8 nim 2023. Mau da dugc TS.
Nguyén Thé Cuong, Vién Sinh thai va Tai nguyén sinh vat - Vién Han 1am
Khoa hoc va Cong nghé Viét Nam dinh tén. Mau tiéu ban (TTT2308) duoc luu
giir tai Vién Héa sinh bién, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

Hinh 2.1. L& loai Camellia phanii thu tai huyén Tam 4o, tinh Vinh Phuc

2.2. Phuong phap nghién ciru
2.2.1. Phwong phdp phén lgp cdc hop chit

- Sac ky 16p mong (TLC): duoc thuc hién trén ban mong trang san DC - Alufolien 60
F2s4 (Merck 1,05715), RP - 18 Fasas (Merck). Chat duoc phat hién bang deén tir ngoai
tai hai budc séng 365 nm va 254 nm va dung thudc thir hién mau 1a dung dich H2SO4
lo&ng (10%) duoc bdi déu 18n ban mong, sdy kho roi dot nong dén khi mau chat hién
Ién.

- Sdc ky ¢t (C.C.): sir dung chat hap phu la nhwa trao d6i ion Diaion HP - 20
(Mitsubishi Chem. Ind. Co., Ltd.), hat silica gel kich c& la 0.040 - 0.063 mm (240-
430 mesh) va hat pha nguoc RP - 18 (150 um, Fuji Silysia Chemical Ltd.).

- Sdc ky léng hiéu ndng cao (HPLC): dugc thuc hién vai cot sac ky HPLC pha nguoc
(RP-HPLC), pha tinh khong phan cuc, trong khi pha dong 1a chat long phan cuc. Cot
diéu ché duoc lam bang thép khong ri do dai 250 mm véi dudng kinh 20 mm. Pau
dd UV (detector) nim & cudi cot co tac dung phat hién chat diéu ché. Tin hiéu dau do
duogc ghi lai qua phan mém luu trix va xir ly dit liéu, sau d6 hing phan doan thu dugc
chat diéu ché.
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2.2.2. Phwong phdp xdc dinh céu triic héa hoc cdc hop chit

- Phé khai phan gidgi cao HR-ESI-MS: dugc do trén may AGILENT 6530 Accurate
Mass QTOF LC/MS cua Vién Héa sinh bién.

- Phé céng hueng tir hat nhan NMR: duoc do trén may Bruker AM600 FT - NMR va
Bruker AM500 FT - NMR cua Vién Hoa hoc. Chét noi chuan Ia TMS. Cac ky thuat
phd cong huang tir hat nhan dugc st dung bao gom: Phd cong huang tir hat nhan mot
chiéu: 'H-NMR va BC-NMR. Phé cong huaéng tir hat nhan hai chiéu: HSQC, HMBC,
NOSEY va COSY.

- D¢ quay cuc [a]p: dugce do trén may JASCO P - 2000 Polarimeter tai Vién Hoa sinh
bién, VAST.

2.2.3. Phwong phdp thir tic dung irc ché hoat dpng ciia enzyme a-glucosidase [22]

Hoat tinh wc ché a-glucosidase dugc thuc hién dya vao phan ang thuy phan p-
nitrophenyl-a-D-glucopyranoside (pNPG) thanh duong glucose va p-nitrophenol,
hop chat c6 mau vang, dudi xUc tac caa enzyme a-glucosidase. Khi mau thir ¢ hoat
tinh Gc ché enzyme a-glucosidase, su tao thanh hop chét p-nitrophenol s& giam, do
vay mat d6 quang (OD) cua p-nitrophenol so véi mau ddi ching, khdng bi ac ché s&
giam theo. Mat d6 quang (OD) cua p-nitrophenol sinh ra sau phan ung dugc do &
budc song 405 nm va duge dung dé danh gia hoat dong trc ché enzyme ctiia mau thu.

Céch tién hanh:
- Sir dung phién 96-giéng

- Trong mdi giéng chira mau nghién ctu (50 uL) di u véi enzyme o-glucosidase
(100 pL) trong 10 phit ¢ 250C sau d6 bd sung p-nitrophenyl-a-D-glucopyranoside
(50 pL), u trong 5 phat ¢ 25°C. Bo OD ¢ budc séng 405 nm.

- Chit d6i ching duong: Acarbose
- Két qua duoc tinh theo cbng thtc sau:
(OD., -0D_)-(0D,-0D,)
oD, -0OD_

X100

% Ut ché =

Trong do:

ODc+: Mat d6 quang trung binh cia mau ching duong (khong c¢6 mau thir, ¢6 a-
glucosidase; trudng hop ndy coi nhu gia trj tc ché 0%);

ODc-: Mat d6 quang trung binh caa mau chiing &m (khéng c6 mau thi va a-
glucosidase; trudng hop nay coi nhu gia tri tc ché 100%);

ODs: Mat do quang trung binh caa mau thi;

ODb: Mat dé quang trung binh mau trang (c6 mau thir, khdng c6 a-glucosidase).

Nong do &c ché 50%, 1Cso duoc xay dung trén 5 ndng do tha nghiém.
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Gié trj ICso dugc xac dinh theo phuong phap hdi quy tuyén tinh trén phan mém
Graphpad Prism 5.0.
2.2.4. Phwong phdp thir tic dung irc ché hoat dong ciia enzyme a-amylase [23]
Hoat tinh wrc ché a-amylase duoc thuc hién dya vao phan tng tao mau cua tinh
bot xanh (Starch Azure) vai nudc. Dung dich hoa tan vao tinh bt xanh dudi xUc tac
ciia enzyme a-amylase tao ra mot hon hop phan tmg mau xanh, do d6 giam mau &
budc song 595 nm dé danh gia hoat tinh tc ché enzyme caa mau nghién cau.

Céch tién hanh:

Dung dich duogc chuan bi trong dng eppendoft 1,5 ml theo thu tu 1an lugt: 100
ul dung dich tinh bot xanh, 100 pl mau ther va 50 pl dung dich enzyme. U trong 37°C
khoang 15 phut, sau d6 thém 250 ul acid acetic vao mdi éng dé dirng phan tng. Ly
tam & 3000 rpm trong 5 phat. HGt phan 200 pl dung dich phia trén ra giéng 96 (2
giéng/ mau). Do & budc song A595 nm.

2.2.5. Phwong phadp xdc dinh dwong
a) Thuy phan axit va xdac dinh monosaccharide

MJi hop chat (8,0 mg) duoc hoa tan riéng trong HCI 2,0 M (dioxan/H20, 1/1,
v/v, 1,0 ml) va dun néng dén 80 °C trong bon nudc trong 3 gid. Thém vai giot
Ba(OH)2 1 M vao dung dich thay phan. Sy xuat hién cua két taa trang trong dung
dich thay phan cua hop chat CP1 va CP2 xéac nhan su ¢6 mit cua anion sulfat. Sau
d6, trung hoa tat ca cac dung dich thuy phan axit bang bac cachonat, loai bo bac clorua
két tha va co dac hoan toan dung dich trong méi truong Na. Sau khi chiét bang
cloroform, 16p nudc duoc ¢ khd bang khi nito va monosaccharide dugc tinh ché
bang TLC diéu ché (CH2Cl2/MeOH/H:0, 2,2/1/0,1, v/vIv). ctia hoa tan dudng trong
H20 va xac dinh d6 quay cuc riéng trong 24 gio va so sanh vai tai liéu: Axit D-
glucuronic (1,0 mg hop chat CP1 va CP2): +9,5 (c 0,1, H20), tai liéu tham khao 1a
+10,2 [24].
b) Thuy phan axit va GC

Hop chat CP3 (3,0 mg) duoc hoa tan riéng trong HCI 1,0 N (dioxan/H20, 1:1,
v/v, 1,0 ml) va dun néng dén 80 °C trong bon nudc 3 gio. Dung dich axit duoc trung
hoa bing bac cacbonat va dudi hoan toan dung méi bang céach thdi N2 qua dém. Sau
khi chiét bang CHCls, 16p nuée duoc ¢6 dic dén kho bang Na. Cin dugc hoa tan trong
0,1 ml pyridine kho, sau d6 thém L-cysteine methyl ester hydrochloride trong
pyridine (0,06 M, 0,1 ml). Pun néng hdn hop phan ang & 60 °C trong 2 gio. Sau d6
thém dung dich trimethylsilylimidazole (0,1 ml) va dun néng ¢ 60 °C trong 1,5 gio.
San pham kho duoc phan bd véi n-hexane va nuéc (mdi loai 0,1 ml). Lép hiru co
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duoc phan tich bang sic ky khi (GC): ¢t DB-5 (ID 0,32 mm x chiéu dai 30 m), dau
do FID, nhiét do cot 210 °C, nhiét d6 6ng tiém 270 °C, nhiét do dau do 300 °C, khi
mang He (2 ml/phuat). Trong diéu kién ndy, c4c loai duong chuan cho céc pic o tr
(phat) 14,11 va 14,26 d6i véi D- va L-glucose, 8,35 va 7,88 d6i v6i D- va L-arabinose,
va 4,50 d6i vai L-rhamnose. Céc pic ¢ tr 14,11, 7,88 va 4,50 phat d6i voi hop chat
CP3 di duoc quan sat thay, cho thy su c6 mat cua cac duong D-glucose, L-arabinose
va L-rhamnose .

Chwong 3. KET QUA VA THAO LUAN

3.1. Phan l4p cic hop chat
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L& tra hoa vang C. phanii sau khi thu hai dugc phoi kho va xay thanh bot. Bot
khd 14 C. phanii (12,0 kg) duoc chiét siéu &m véi methnaol (MeOH) 2 lan, mdi lan
sir dung 15 L MeOH va siéu am 2 gior & 45°C. Dich chiét MeOH duoc cét loai hoan
toan dung méi dudi &p suat giam thu duoc 500 g cin chiét MeOH. Hoa tan can chiét
nay trong 4L nudc va chiét phan I6p lan luot véi cac dung mdi dichloromethane
(CH2Cl) va ethyl acetate (EtOAC). Cac dich chiét lan luot duogc cat loai hoan toan
dudi 4p suat giam thu dugc cac can chiét twong (ng gom cin chiét CH2Cl, (P1, 61,8
g), ethyl acetate (P2, 23,0 g) va l6p nuéce (P3, 2,0 L).

Can chiét EtOAc (P2) duoc phén tach trén sic ky cot silica gel (CC) rira giai bang
hé dung m6i CH2Clo/MeOH (50/1~2/1, v/v) thu dugc bon phan doan, P2A-P2D.

Phan doan P2D (1,45 g) tiép tuc duoc tch biang CC trén silica gel RP-18, rira
giai bang hé dung mdi acetone/nudc (1/1, v/v) thu duoc ba phan doan P2D1-P2D3.
Tinh ché cac phan doan P2D1 (245 mg) va P2D2 (187 mg) trén cot Sephadex LH-20,
rira giai bang MeOH/H,0 (9/1, v/v) lan lugt thu duoc hop chat CP6 (12,4 mg) va
CP7 (13,8 mg).

Phan doan P2D3 (3,27 g) dugc phan tach trén cot silica gel vai hé dung moi
CH2Clz/acetone (1/2, viv) thu dugc hgp chat CP8 (500,0 mg).

Lép nuée (P3, 2L) dwoc phan tach trén cot diaion HP-20 CC, rira k§ cot bang
nuée, sau d6 rira giai bang hé dung mdi MeOH trong nudc (25, 50, 75 va 100%
MeOH, mdi hé 1 L), thu duoc bn phan doan twong tng, P3A-P3D. Phan doan P3D
(60,25 g) duoc phan tach trén cot silica gel, rira giai bang phuong phap gradient hé
dung mdi CH2Cl/MeOH (20/1, 10/1, 5/1 va 2/1, v/v), thu dugc ba phan doan P3D1-
P3D3.

Phén doan P3D3 (13,5 g) sau d6 duoc phan tach trén cot gel silica, rira giai bang
hé dung mdi CHaCly/acetone/nuéc (1/4/0,4, viviv), thu bén phan doan P3D3A-
P3D3D.

Phéan doan P3D3B (2,01 g) duoc tach trén cot silica gel RP-18 va rira giai bang
acetone/nudc (1/1, v/v), tao ra ba phan doan, P3D3B1-CP3D3B. Phan doan P3D3B1
(0,35 @) tiép tuc dugc phan tach trén cot gel silica rira giai CH2Cl/MeOH/nudc
(3,5/1/0,15, v/viv) thu dugc hai phan doan, P3D3B1A va P3D3B1B. Phan doan
P3D3B1A (95,5 mg) dugc tinh ché trén hé thong HPLC véi hé dung méi 25% ACN
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trong nuéc thu dugc hop chat CP1 (10,0 mg, tr 34,3 phat) va CP2 (11,8 mg, tr 35,9
phut).

Phéan doan P3D3C (2,64 g) dugc phan tach trén cot silicagel RP-18 vai hé dung
mOi acetone/nudc (0,8/1, v/v) thu dugce ba phan doan P3D3C1-P3D3C3.

Phan doan P3D3C1 (1,02 g) tiép tuc duoc tach trén cot silica gel, rira giai bing
hé dung mdi CH2Clo/MeOH/nudc (3/1/0,15, v/v/v), thu dugc hai phan doan
P3D3C1A va P3D3C1B. Phan doan P3D3C1A (70 mg) duoc tinh ché bang hé thdng
HPLC véi pha dong 1a 25% ACN trong nuéc thu dugc hop chat CP4 (10,0 mg, tr
47,0 phait) va CP5 (11,8 mg, tr 34,7 pht).

Phan doan P3D3D (11,09 g) dugc phan tach trén cot silica gel RP-18 ria giai
bang hé dung méi acetone/nudc (1,2/1, v/v) thu dugc ba phan doan P3D3D1-
P3D3D3. Phan doan P3D3D1 (1,64 g) tiép tuc duoc tach trén cot silica gel RP-18 véi
hé dung mdi acetone/nudc (0,9/1, v/v) thu dugc ba phan doan P3D3D1A-P3D3D1C.
P3D3D1A (1,02 g) sau d6 duoc dua vao hé théng HPLC véi pha dong 13 25% ACN
trong nudc thu dugc hop chat CP3 (13,5 mg, tr 49,2 pht).
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Bot kho la C. phanii

(12.0 kg)

1" Cit loai McOH

Cao chiét MeOH
(300 g)

- Hoa tan vao 4L nudc
- Chiét phan bé véi CH:Clz, FtOAc

- Cét logi dung méi

- Chiét siéu &m bang MeOH ( 2 [an, 15L. 2h/I4n).

Y \ 4 ,
Cao chiét CH>Cl» Cao chiét FtOAc Lép nude
(P1; 61,80 g) (P2; 23,0 g) (P3, 2L)
CC, Si, D'M CC. Diaion, W 100%, M/W
(50/1~2/1) (25, 50, 70, 100% M)
A
P2D P3D
(1,45 g) (60,25 g)
CC. Si D/M
CC. Si-18, AW (I/1) (20/1,10/1. 5/1, 2/1) !
P3D3
Y Y Y (]3’5 g)
P2D1 P2D2 P2D3
(0,24 g) (0,18 2) (237 g)
i CC, Si, D/A/W (1/4/0.4)
CC, Se. CC. Se. M/W CC. Si. /A
lM-*W (91) (9/1) (1/2)
Y \4 A Y Y
CPé Ccpr7 Crs P3D3B P3D3C P3D3D
(12,4 mg) (13,8 mg) (500 mg) (2.01 g) (2,64 g) (11,09 g)
1. CC. Si-18, A/W (1/1) L.CC. Si-18.
2. CC, Si, DIM/W (3,5/1/0,15) A/W (1,2/1)
2.CC. Si-18.
v 1. CC.Si-18, A/W (0.8/1) A/W (0.8/1)
P3D3BI1A 2. CC. Si, C/M/W (3/1/0,15)
(95,5 mg) ] y
P3D3D1A
HPLC, 25% ACN P3D3Cl1A (1.02 o)
(70 mg) i
Y Y HPLC, 25% ACN HPLC. 25% ACN
CP1 CP2 ¥
(10,0 mg) (11,8 mg) ) ! CP3
Si: Silica gel D: Dichloromethane CP4 CP5 (13,5 mg)
$i-18: Silica gel RP-18  M: Methanol
Sé: Seplllalél:;xgiH-ZU A Acf:lza?co (] 0,0 mg) (1 1,8 mg)
Diaion: Diaion HP-20 W: nudc

Hinh 3.1. So d6 qua trinh phan lap cac hop chat tir 14 loai C. phanii
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Hang s vat Iy va dix kién pho cta cac hop chat phan lap duoc:

Camphanoside A (CP1): Bot vo dinh hinh mau tring; [a]3%: + 37,6 (¢ 0,2, MeOH);
Ca3HesO16SNa.

HR-ESI-MS m/z 915,3777 [M+Na]* (tinh toan cho [CasHesO16SNaz]*, 915,3783);

'H NMR (600 MHz, CD3s0D) va *C-NMR (150 MHz, CD3sOD): xem bang 3.1.
Camphanoside B (2): Bot vo dinh hinh mau trang; [a]%°: + 45,0 (¢ 0,2, MeOH);
Ca3HesO16SNa.

HR-ESI-MS m/z 915,3795 [M+Na]* (tinh todn cho [CasHesO16SNaz]*, 915,3783);

'H NMR (600 MHz, CD3s0D) va *C-NMR (150 MHz, CD3sOD): xem bang 3.2.
Camphanoside C (3): Bot vo dinh hinh mau trang; [«]%°: + 30,6 (¢ 0,2, MeOH);
Cs7Ho0023, HR-ESI-MS m/z 11415763 [M-H]" (tinh toan cho [Cs7HgeO23],
1141,5800);

'H NMR (600 MHz, CD30D) va **C-NMR (150 MHz, CDs0D): xem bang 3.3.
Chikusetsusaponin 1Va (CP4): bdt vo dinh hinh mau tring

'H NMR (600 MHz, DMSO-ds) va 3C NMR (150 MHz, DMSO-dg): xem bang 3.4
Spinasaponin A 28-O-glucoside (CP5): bot vo dinh hinh mau tring

'H NMR (600 MHz, CDs0D) va 3C NMR (150 MHz, CDs0D): xem bang 3.5

(-) Epicatechin (CP6): bot v dinh hinh mau vang

'H NMR (500 MHz, CD3s0D) va 3C NMR (125 MHz, CD3s0D): xem bang 3.6
(-)-Epigallocatechin 3-O-gallate (CP7): bot vo dinh hinh mau vang

IH NMR (500 MHz, CD30D) va 3C NMR (125 MHz, CDsOD): xem béang 3.7
(-)-Epigallocatechin 3-O-gallate (CP8): bot vo dinh hinh mau vang

'H NMR (500 MHz, CD3s0D) va 3C NMR (125 MHz, CD3s0D): xem bang 3.8

3.2. Xac dinh ciu tric héa hoc ciia cac hop chit phan 1ap dugc
3.2.1. Hop chit CP1: Camphanoside A (hop chit mdi)

A “uy,
SH /&
HOOC o o o)
HO S
Nao3m = %

OH
Hinh 3.2. Céu trtc hoa hoc ctia hop chat CP1

Hop chat CP1 thu duoc dudi dang bot vo dinh hinh mau trang. Cong thirc
phan tr cua n6 duoc xac dinh la Ca3HesO16SNa dua trén sy c6 mat cua ion [M+Na]*
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& m/z 915,3777 trén phé HR-ESI-MS (tinh toan cho [CasHesO16SNaz]*, 915,3783).
Phd *H-NMR caa CP1 cho thay tin hiéu proton caa chin nhém methyl bac ba tai o
0,85, 0,99, 1,01, 1,06, 1,07, 1,08, 1,38, 1,91 va 2,12 (méi tin hiéu 3H, s), mot nhom
methyl bac hai tai 4 1,96 (3H, d, J = 6,0 Hz) va mot proton dang olefin tai on 5,49-
5,51 (1H, m), cho biét su c6 mat caa mot aglycone khung olean-12-ene trong phan
tr. Ngoai ra, mot proton anome tai o1 4,45 (1H, d, J = 7,8 Hz) cho thay sy ¢6 mat cua
mot phan tir monosaccharide. Phd 13C-NMR va HSQC cua CP1 xuit hién tin hiéu
cua 43 carbon, bao gdm 30 carbon cua khung triterpen oleanane, 6 carbon cua phan
tor monosaccharide, 5 carbon thuoc nhom angeloyl va 2 carbon cia nhom acetoxy.
Phan tich dir liéu NMR caa CP1 cho thay cau triic cia nd twong ty nhu cau tric cua
hop chat campeteloside A [24], ngoai trir sw 6 mit cia nhom acetoxy tai C-22. Biéu
nay duoc xac nhan boi su dich chuyén vé phia trudng thap caa H-16 (51 5,43-5,44)/C-
16 (&c 76,8) va tin hiéu cong huong cua nhdm acetoxy [Me on 2,12/8¢ 22,2/CO (dc
171,7)] va dugc xac nhan thém baoi cac tuong tac HMBC gitta H-2' (61 2,12) va C-1’
(8¢ 171,7) va giita H-16 (8n 5,43-5,44) va C-1' (8¢ 171,7) va twong tac COSY cua
H-15 (3w 4,03-4,04)/H-16 (81 5,43-5,44) (Hinh 2). Cac tuong tac HMBC tir H-5" (8n
1,91) dén C-1" (8¢ 169,1)/C-2" (8¢ 129,9)/C-3" (8¢ 138,3) va tir H-4" (5n 1,95-1,96)
dén C-2" (8¢ 129,9)/C-3" (8¢ 138,3) va tuwong tac NOESY cua H-3" (84 6,01-
6,02)/H-5" (5n 1,91) cho biét suu c6 mat caa nhoém angeloyl. Vi tri cia nhdm angeloyl
tai C-22 cua aglycone dang khung oleanane duoc X4c nhan bang twrong taic HMBC tir
H-22 (81 5,46-5,48) dén C-1" (8¢ 169,1). Nhém oxy hda tai C-3 duwgc xac nhan bang
tuong tac HMBC tir H-23 (81 1,07)/H-24 (814 0,85) dén C-3 (8¢ 90,6)/C-4 (5¢ 40,1)/C-
5 (8¢ 56,6). Cau hinh a cia H-3 duoc xac dinh dua trén tuong tic NOESY cua H-3
(6w 3,22-3,26) va H-5 (61 0,80-0,82)/H-23 (61 1,07); va H-24 (61 0,85) va H-25 (6H
1,01). Cau hinh B ctia H-15, H-16 va H-22 ciing dugc Xac nhan bai cac twong tac
NOESY gitra H-15 (6w 4,03-4,04) va Ha-28 (61 3,39-3,41); H-16 (61 5,43-5,44) va
Hb-28 (6w 3,26-3,28); H-30 (dn 1,08) va H-18 (dn 2,58-2,60); va H-22 (61 5,46-5,48)
va H-30 (8n 1,08). Thuy phan axit cia CP1 tao ra axit D-glucuronic, duoc thé hién
qua goc quay cuc duong va phan tich TLC va so sanh véi monosaccharide chuan.
Hang sé tuong tac lon gitta H-1"" va H-2"" (J = 7,8 Hz) goi y dang S cia nhém
glucuronopyranosyl. Ngoai ra, su hinh thanh két taa tring (BaSO4) sau khi thity phan
axit xac nhan sy c6 mat cua anion sulfat. Nhdm (3-O-sulfonato)glucuronopyranosyl
duoc thiét 1ap thong qua tuong tac trén phd COSY cua H-1"" (8w 4,44-4,46)/H-2"" (31
3,45-3,47)/H-3"" (814 4,27-4,29)/H-4"" (31 3,65-3,67) va do dich chuyén hda hoc dich
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chuyén xuéng caa C-3"" (8¢ 85,5). Vi tri cua nhom duong tai C-3 cua aglycone
oleanane duoc xac dinh bang twong tac HMBC gitra H-1"" (3n 4,44-4,46) va C-3 (3¢
90,6). Do d6, cau trdc cua hop chat CP1 duge xac dinh 1a 16a-acetoxy-22a-angeloxy-
30,15a,28-trinydroxyolean-12-ene 3-O-f-D-(3-O-sulfonato sodium)glucuronopyranoside
va duoc dat tén la camphanoside A.

Hinh 3.3. Tuong tac COSY, HMBC va NOESY cua hop chat CP1

x10 3 |+ESI Scan (rt: 0.972 min) Frag=200.0V TTT_DCP26A3.d

4.4+
4.2+

4] 915.3777
3.8+
3.6
3.4+
3.2

2.8
2.6
2.4
2.2
785.4878
1.8
1.6
1.4
1.2
0] 893.3984
0.6
0.4-|
0.2 ‘ ‘

770 775 780 785 790 795 800 805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 905 910 915
Counts vs. Mass-to-Charge (m/z)
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Hinh 3.4. Phé HR-ESI-MS cua hop chat CP1

Bang 3.1. S6 liéu phd NMR cuia hop chat CP1

C dc 8H (mult,, J, in Hz) C dc 8H (mult,, J, in Hz)
Aglycone 24 17,0 0,85 (s)
1 40,2 | 1,02-1,04 (m)/1,65-1,67 (m) 25 16,3 1,01 (s)
2 26,9 | 1,70-1,72 (m)/1,97-1,99 (m) 26 17,8 1,06 (s)
3 90,6 3,22-3,26 (dd, 4,2, 12,0) 27 20,6 1,38 (s)
4 40,1 - 28 64,4 3,26-3,28 (d, 10,8)
3,39-3,41 (d, 10,8)
5 56,6 0,80-0,82 (br d, 11,4) 29 33,7 0,99 (s)
196 | 1,41-1,43 (m)/1,55-1,58 (m) 30 25,0 1,08 (s)
7 374 1,74-1,76 (m) 16-
OAc
8 42,4 - 1’ 171,7 -
9 48,2 1,60-1,63 (m) 2’ 22,2 2,12 (s)
10 37,8 - 22-
OAnNg
11 24,7 1,96-1,98 (m) 1" 169,1 -
12 127,4 5,49-5,51 (m) 2" 129,9 -
13 143,3 - 3" 138,3 6,01-6,02 (q, 6,0)
14 48,0 - 4" 15,8 1,95-1,96 (d, 6,0)
15 68,4 4,03-4,04 (d, 4,2) 5" 20,9 1,91 (s)
16 76,8 5,43-5,44 (d, 4,2) 3-
OGIA
17 45,3 - 1" 106,4 4,44-4.46 (d, 7,8)
18 42,4 2,58-2,60 (dd, 4,8, 14,4) 2" 74,5 3,45-3,47 (dd, 7,8;
8,4)
19 47,5 1,20-1,22 (m) 3" 85,5 4,27-4,29 (t, 8,4)
2,63-2,65 (m)
20 32,4 - 4 72,3 3,65-3,67 (m)
21 41,9 1,61-1,63 (M) 5" 77,3 3,64-3,66 (m)
22 72,0 5,46-5,48 (m) 6" 176,4 -
23 28,4 1,07 (s)

3do trong CD;0D,*150 MHz, 600 MHz; GIA, glucuropyranosyl, Ang, angeloyl, Ac, Acetyl
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Hinh 3.6. Ph6 13C-NMR cua hop chat CP1
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Hinh 3.7. Phé HSQC cua hop chat CP1
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Hinh 3.9. Phé COSY cua hop chit CP1

; MUJMM

3
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Hinh 3.10. Pho NOESY cuia hop chat CP1
3.2.2. Hop chit CP2: Camphanoside B (hop chit mdi)

HOOC

o o0
HO
NaO;SO

OH

Hinh 3.11. Céu trtc héa hoc ciia hop chat CP2

Hop chat CP2 thu duoc dudi dang bot vo dinh hinh mau trang cé cong thuc
phan tir 12 C43sHesO16SNa, x4c dinh bang HR-ESI-MS & m/z 915,3795 [M+Na]* (Tinh
toan cho [CasHesO16SNa2]*, 915,3783). Pho H-NMR cua CP2 cho thay tin hiéu
proton caa chin nhém metyl bac ba tai 64 0,85, 0,94, 1,00, 1,04, 1,06, 1,09, 1,61, 1,89
va 2,09 (mdi nhom 3H, s), cling véi mot nhom metyl bac hai tai 6n 1,96-1,97 (3H, d,
J = 6,0 Hz) va hai proton olefinic tai 61 5,49-5,50 (1H, m) va 5,50-5,51 (1H, m).
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Ngoai ra, mdt proton anome tai on 4,45-4,47 (1H, d, J = 7,8 Hz) chi ra sy c6 mat cua
mét nhém duong. Phd BBC-NMR va HSQC xuét hién tin hiéu cua 43 carbon, bao gom
30 carbon thuoc khung triterpene oleanane, 6 carbon thuéc nhom
glucuronopyranosyl, 5 carbon thugc nhom angeloyl va 2 carbon thuéc nhém acetoxy.
Phan tich di liéu phé NMR cho thiy ciu tric caa CP2 twong tu nhu ciu tric cua
camphanoside A (CP1), ngoai trir su dich chuyén cua nhém acetoxy tir C-16 sang C-
15. Diéu nay dugc xac nhan bai su dich chuyén vé phia trudng thap cua H-15 (81
5,01-5,02)/C-15 (8¢ 73,3) va twong tac HMBC gitra H-2' (8 2,09)/H-15 (6n 5,01-
5,02) va C-1' (6c 172,7). Vi tri caa nhom angeloxy tai C-22 dugc xac nhan bai cac
tuong tac HMBC gitra H-22 (6w 5,46-5,48) va C-1" (8¢ 169,7). Nhdom oxy hoa tai C-
3 dugc xac dinh boi cac twong tac HMBC gitra H-23 (dn 1,07)/H-24 (34 0,85) va C-
3 (8¢ 90,6)/C-4 (8¢ 40,1)/C-5 (8¢ 56,3). Cau hinh « cua H-3 dugc xac dinh boi tuong
tac NOESY cua H-3 (3n 3,23-3,25) va H-5 (8n 0,80-0,82). Hon nita, cau hinh 8 cua
H-15, H-16 va H-22 ciing dugc xac dinh béi cac twong tac NOESY gitra H-15 (6n
5,01-5,02) va Ha-28 (6w 3,39-3,41)/H-16 (o+ 4,09-4,10); Hb-28 (61 3,16-3,18)/H-30
(31 1,06) va H-18 (dn 2,62-2,64); va gitra H-22 (81 5,46-5,48) va H-30 (&1 1,06).
Tuong tu nhu & hop chat CP1, phan dudng duoc xac dinh 1a phan (3-O-sulfonato
natri) glucuronopyranosyl bang phuong phéap thuy phan axit. Vi tri cia nhom duong
tai C-3 cua aglycone oleanane dugc xac nhan bang twong tic HMBC gitta H-1"" (81
4,45-4,47) va C-3 (8¢ 90,6). Do d6, ciu tric cua CP2 dugc xac dinh 1a 15a-acetoxy-
22a-angeloxy-3p,16a,28-trihydroxyolean-12-ene 3-O-$-D-(3-O-sulfonato sodium)
glucuronopyranoside va dugc dat tén la camphanoside B.
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Hinh 3.12. Twong tac COSY, HMBC va NOESY caa hop chat CP2
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Hinh 3.13. Phoé HR-ESI-MS cua hop chat CP2

Bang 3.2. S6 liéu phd NMR cua hop chat CP2

C

a,bsC

a%dH (mult., J, in Hz)

C

a,bsC

aCdH (mult., J, in Hz)

Aglycone

24

17,0

0,85 (s)

1

40,1

1,02-1,04 (m)/1,65-1,67 (m)

25

16,2

1,00 (s)

26,8

1,70-1,72 (m)/1,99-2,01 (m)

26

17,9

1,04 (s)

90,6

3,23-3,25 (dd, 4,2, 12,0)

27

21,7

1,61 (s)

2
3
4

40,1

28

63,1

3,16-3,18 (d, 10,8)
3.39-3.41 (d, 10.8)

ol

56,3

0,80-0,82 (br d, 11,4)

29

28,4

0,94 (s)

19,6

1,41-1,43 (m)/1,55-1,57 (m)

30

25,2

1,06 (s)
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7 36,3 | 1,12-1,15 (m)/1,77-1,79 (m) | 15-OAc
8 42,5 - Iy 172,7 -
9 48,1 1,61-1,64 (m) 2’ 21,8 2,09 (s)
10 37,8 - 22-
OANg
11 24,6 1,95-1,98 (m) 1" 169,7 -
12 126,9 5,49-5,50 (m) 2" 130,0 -
13 143,5 - 3" 137,6 5,50-5,51 (q, 5,4)
14 47,7 - 4" 15,9 1,96-1,97 (d, 7,2)
15 73,3 5,01-5,02 (d, 4,2) 5" 20,9 1,89 (s)
16 72,3 4,09-4,10 (d, 4,2) 3-0OGIA
17 46,0 - | 106,3 4,45-4,47 (d, 7,8)
18 42,2 2,62-2,64 (dd, 5,4, 14,4) 2" 74,4 3,45-3,47 (dd, 7,8, 9,0)
19 47,6 1,10-1,12 (m) 3" |85,4 4,27-4,29 (t, 9,0)
2,52-2,54 (dd, 12,0, 12,0)
20 32,4 - 4" 72,3 3,65-3,67 (m)
21 41,8 1,55-1,59 (m) 5" 771 3,65-3,67 (M)
2,35-2,37 (dd, 11,4, 11,4)
22 72,7 5,46-5,48 (m) 6" |176,4 -
23 28,4 1,09 (s)

3do trong CD;0D, *150 MHz, 600 MHz; GIA, glucuropyranosyl, Ang, angeloyl, Ac, Acetyl
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4

ua hop chat CP2

6 BC-NMR ¢

Hinh 3.15. Ph
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Hinh 3.16. Pho HSQC cuia hop chat CP2
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Hinh 3.17. Pho HMBC cua hgp chat CP2
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Hinh 3.18. Phd COSY cua hop chit CP2
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Hinh 3.19. Pho NOESY cua hop chat CP2
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3.2.3. Hop chit CP3: camphanoside C (hop chit méi)

OH

Hinh 3.20. Cau trac héa hoc ctia hop chat CP3

Hop chat CP3 thu duoc dudi dang bot vo dinh hinh mau tring. Cong thuc
phan tir cia nd duge xac dinh 1a Cs7Hgo023 bang HR-ESI-MS véi sy ¢6 mit cia pic &
m/z 1141,5763 [M—H]" (tinh toan cho [Cs7HssO23] ", 1141,5800). Pho *H-NMR cho
théy cac tin hiéu tuwong (ng vai bay nhom metyl bac ba tai 61 0,71, 1,00, 1,01, 1,02,
1,03, 1,61 va 1,92 (mdi tin hiéu 3H, s), ba nhom metyl bac hai tai 64 1,18-1,19 (3H,
d, J=7,2Hz), 1,25-1,27 (3H, d, J = 6,6 Hz), va 1,98-1,99 (3H, d, J = 7,2 Hz), mét
nhém metyl bac mot tai 6n 0,95-0,96 (3H, t, J = 7,2 Hz), hai proton olefin tai o1 5,53-
5,55 (1H, m) va 6,04-6,05 (1H, g, J = 6,0 Hz), va ba proton anome tai 61 4,49-4,51
(1H, d, J = 7,8 Hz), 4,53-4,55 (1H, d, J = 7,8 Hz) va 5,08 (1H, br s). Phj 13C-NMR
va HSQC xuat hién tin hiéu cia 54 carbon, bao gom 30 carbon cta b khung triterpen
oleanane, 17 carbon cia mot don vi trisaccharide, 5 carbon cia mot nhom angeloyl
va 5 carbon ciia mot nhém 2-methylbutanoyl. Tuwong ty nhu hop chat CP1 va CP2,
hop chat CP3 duoc nhan dang 1a mot saponin triterpen oleanane bang cach phan tich
dit liéu tH- va 13C-NMR. Phé NMR cua CP3 gan gidng véi phé caa 22a-0-angeloyl-
16a,21/3,23,28-tetrahydroxy-15a-0-(3-methylbutanoyl)olean-12-ene 3p-0O-a-L-
rhamnopyranosyl-(1—3)-a-L-arabinopyranosyl-(1—3)-4-D-glucuronopyranoside
[*] ngoai trir sy khac biét cia nhom thé tai C-15. D6 dich chuyén hoéa hoc cua C-1'
(8c 177,9), C-2’ (8¢ 42,7)IH-2’ (5n 2,44-2,46), C-3' (5¢c 27,2)/H-3' (5n 1,47-1,49 va
1,76-1,78), C-4' (6c 12,1)/H-4’ (&1 0,95-0,96), va C-5' (6c 16,9)/H-5" (61 1,18-1,19)
chi ra sy cO mat cua nhém 2-methylbutanoyl. Vi tri cua nhom nay tai C-15 cua
aglycone oleanane duoc xac nhan bang twong tac HMBC giira H-15 (81 5,08-5,09)
va C-1' (8n 177,9). Hon nita, cac thanh phan duong duogc xac dinh 1a D-glucose, L-
rhamnose va L-arabinose bang cach xac dinh cac dan xuat TMS theo phuwong phap
GC [25]. Trén phd HMBC cua CP3, cac tuong tac gitta H-1"" (8n 4,49-4,51) va C-3
(8¢ 82,0); H-1""" (61 4,53-4,55) va C-3"" (6¢ 86,1); H-1"""" (61 5.08) va C-3""" (6¢ 80.7)
cho biét lién két duong 1a O-a-L-rhamnopyranosyl-(1—3)-a-L-arabinopyranosyl-
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(1—3)-p-D-glucuronopyranoside va tai C-3 cua aglycone oleanane. Cac twong tac
HMBC gitra H-24 (6w 0.71) va C-3 (6c 82.0)/C-4 (dc 43.8)/C-5 (6¢c 47.6)/C-23 (dc
65.0) chi ra vi tri cia nhém oxy hoa va nhom hydroxymethylene tai C-3 va C-4, tuong
tng. Cau hinh a cia H-3 duoc xé4c dinh bang twong tac NOESY gitta H-3 (81 3,70-
3,72) va H-5 (61 1,20-1,22)/H-23 (6w 3,05-3,07 va 3,61-3,63). Tuong tac HMBC
gitra H-29 (6w 1,02)/H-30 (61 1,00) va C-19 (6¢ 47,9)/C-20 (6¢ 37,2)/C-21 (5¢ 77,8),
gitra H-22 (6w 5,38-5,40) va C-16 (6c 72,0)/C-17 (dc 49,1)/C-28 (6¢c 63,4)/C-1" (dc
170,8) chi ra sy c6 mat cua nhém hydroxyl va nhom angeloxy tai C-21 va C-22.
Ngoai ra, hiang sb twong tac Ion gitta H-21 va H-22 (J = 10,2 Hz) cho biét ciu hinh
trans cta cac nhom nay. Ngoai ra, dinh huéng g cua H-15, H-16 va H-22 da duoc
Xac nhan théng qua tuong tac NOESY cua H-15 (3w 5,08-5,09) va H-26 (61 1,01),
H-21 (81 4,31-4,32) va H-29 (84 1,02). Dya trén bang chtng trén, ciu trdc caa 3 duoc
xac dinh la 15a-acetoxy-22a-angeloxy-34,214,23,28-tetrahydroxyolean-12-ene 3-O-
a-L-rhamnopyranosyl-(1—3)-a-L-arabinopyranosyl-(1—3)-$-D-
glucuronopyranoside va dugc dat tén la camphanoside C.

— HMBC
— COSY
@® Sugar
H/Acyl
—---»>NOE

Hinh 3.21. Tuong tac COSY, HMBC va NOESY cua hop chat CP3

Bang 3.3. S liéu phd NMR cua hop chat CP3
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C abgc a8n (mult,, J, in Hz) C abgc ‘ aC8n (mult,, J, in Hz)
Aglycone 15-OMb
1 39,8 [1,01-1,03 (m)/1,62-1,64 (m) ' 177,9 -
2 26,2 |1,75-1,77 (m)/1,99-2,01 (m)| 2’ 42,7 2,44-2,46 (m)
3 82,0 | 3,70-3,72(dd, 4,2, 11,6) 3’ 27,2 1,47-1,49 (m)
1,76-1,78 (m)
4 43,8 - 4 12,1 0,95-0,96 (t, 7,2)
5 47,6 1,20-1,22 (m) 5' 16,9 1,18-1,19 (d, 7,2)
6 19,1 1,37-1,39 (m) 22-
1,45-1,47 (m) OANg
7 36,3 [1,12-1,14 (m)/1,85-1,88 (m)| 1" 170,8 -
8 42,5 - 2" 129,7 -
9 48,0 1,68-1,71 (m) 3" 138,4 6,04-6,05 (q, 6,0)
10 37,7 - 4" 16,0 1,98-1,99 (d, 7,2)
11 24,7 1,96-1,98 (m) 5" 20,9 1,92 (s)
12 127,6 5,53-5,55 (m) 3-0OGIA
13 142,8 - 1" 104,7 4,49-4,51 (d, 7,8)
14 48,0 - 2" 745 | 3,44-3,46 (dd, 7,8, 8,4)
15 72,9 5,08-5,09 (d, 4,2) 3" 86,1 3,62-3,64 (m)
16 72,0 3,90-3,91 (m) 4 72,1 3,54-3,56 (t, 9,0)
17 49,1 - 5" 76,8 3,62-3,64 (m)
18 41,7 2,69-2,71 (m) 6" 176,6 -
19 479 1,19-1,21 (m) 3"-0Xyl
2,61-2,63 (m)
20 37,2 - 1 105,4 4,53-4,55 (d, 7,8)
21 77,8 4,31-4,32 (d, 10,2) 2" 72,0 3,79-3,81 (m)
22 76,1 5,38-5,40 (d, 10,2) 3" 80,7 3,61-3,63 (m)
23 65,0 | 3,05-3,07 (d, 10,8)/3,61- 4 69,8 3,90-3,92 (m)
3,63 (d, 10,8)
24 13,4 0,71 (s) 5" 67,9 3,63-3,65 (m)
3,92-3,94 (m)
25 16,7 1,03 (s) 3rr-
ORha
26 17,9 1,01 (s) 1 103,6 5,08 (brs)
27 21,7 1,61 (s) 2" 72,1 3,98-3,99 (br d, 3,0)
28 63,4 3,04-3,06 (d, 10,8) 3 72,0 3,89-3,91 (m)
3,36-3,38 (d, 10,8)
29 19,0 1,02 (s) 4 74,1 3,39-3,41(t, 9,0)
30 29,9 1,00 (s) 5" 70,2 3,79-3,81 (m)
6" 18,0 1,25-1,27 (d, 6,6)

3do trong CDs0D, 150 MHz, ©600 MHz; GIA, glucuropyranosyl, Xyl, xylopyranosyl, Rha, rhamnopyranosyl,

Ang, angeloyl, Ac, Acetyl, Mb, 2-methylbutanoyl.
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Hinh 3.27. Phd COSY cua hop chit CP3
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Hinh 3.28. Pho NOESY cuia hop chat CP3
3.2.4. Hop chdt CP4: chikusetsusaponin IVa

HO HO

Hinh 3.29. Cau trtc hoa hoc va twong tic HMBC chinh cta hop chit CP4

Hop chit CP4 thu dugc dudi dang bot vo dinh hinh mau trang. Pho tH va 13 C
NMR cta CP4 cho phép nhan dinh day 1a mot hop chat triterpen saponin. Pho H
NMR caa CP4 xuét hién tin hiéu cua bay nhém metyl bac ba tai 81 0,82, 0,87, 0,93,
1,07, 1,18 (mdi nhoém 3H, s) va 0,96 (6H, s), mot proton olefin tai 8u 5,27 (1H, br s).
Ngoai ra, hai proton anome tai 6+ 4,35 (1H, d, J=7,5Hz) va 5,40 (1H, d, J = 7,5 Hz)
chi ra sy c6 mit cua hai don vi dudng trong cau triic caa CP4. Phd 13C NMR cua
CP4 xuét hién tin hiéu cua 2 carbon anome tai 8¢ 95.9 va 106.6. Pho 3C NMR va
HSQC xuat hién tin hiéu cua 42 carbon twong ng 30 carbon cua khung triterpene
oleanane, va 12 carbon cua 2 don vi duong hexose. Phd 3C NMR két hop voi phd
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"H NMR va phé HSQC cho thay phan aglycon 1a mét triterpen khung oleanane
v6i 7 nhom methyl singlet, mot lién két doi tai C-12/C-13 (8¢ 123,8/144,8), mot
cacbon cacbonyl tai C-28 (6¢ 178,1) , 1 nhém oximetin tai 6¢ 90,7 (C-3). Nhom
duong thir nhat dugc x4c dinh 1a B-D-glucuronopyranosyl dua trén hing sb
tuong tac 16n ctia proton anome (Ji'2 = 7,5 Hz) va d6 chuyén dich hoa hoc cta
carbon anome tai 6¢c 106,6. Vi tri cia nhom duong nay tai C-3 cua khung oleanane
dugc xac dinh thong qua tuong tac HMBC gitta H-1' (61 4,35) va C-3 (8¢ 90,7).
Tuong ty, nhém duong thir hai duoc xac dinh 1a B-D-glucopyranosyl dya trén hang
s tuong tac 16n cua proton anome (Ji- 2+ = 7,5 Hz) va d6 chuyén dich hoa hoc cua
cacbon anome 8¢ 95,5. Twong tic HMBC gitta H-1"" (6w 5,40) va C-28 (d¢c 178,2)
cho biét vi tri caa nhom B-D-glucopyranosyl tai C-28 ctia khung oleanane.

Cac dir lieu phd trén cho thdy, CP4 rat gidng vo&i hop chat
chikusetsusaponin 1Va [26]. S6 liéu phd 3C NMR cua CP4 duoc so sanh voi
cac s liéu tuong tmg da cong bd cho hop chat chikusetsusaponin 1Va (bang
3.4). Su tuong dong giita cac s lieu cho phép két luan cau tric hoa hoc cua
hop chat CP4 la chikusetsusaponin IVa. Hop chat nay da dugc phan 1ap tir loai
Panax stipuleanatus [26].

Bang 3.4. S6 liéu pho NMR ciia hop chat CP4

DEPT %1

< "Bc "3 (6 bdi, J = Hz)
1 39,8 39,8 CH; 1,02 (m)/L,62 ()
2 26,8 268 CH: 1,71 (m)/2,01 (m)
3 90,8 90,7 CH 3,22 (dd, 4,0, 11,5)
4 20,1 40,1 C i

5 57,0 57.0 CH 0,82 (m)

6 193 193 CH; 1,42 (m)/1,56 (m)
7 339 339 CH; 1,34 (m)/L,51 (m)
8 207 20,7 C i

9 29,1 29,6 CH 1,60 ()

10 378 37.8 C i

11 245 240 CH: 1,91 (m)

12 1238 1238 CH 5,27 (br 5)

13 1448 1448 C i

14 429 22,9 C i

15 28,9 28,9 CH; 1,11 (m)/1,82 (m)
16 238 239 CH: 1,74 (m)12,07 (m)
17 280 43,0 C .
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18 42,8 42,6 CH 2,87 (br d, 10,5)
19 47,2 472 CH> 1,17 (m)/1,73 (m)
20 31,5 31,5 C -
21 34,9 34,9 CH> 1,23 (m)/1,42 (m)
22 33,1 33,1 CH> 1,63 (m)/1,76 (m)
23 28,5 28,5 CHs 1,07 (s)
24 17,0 17,0 CHs 0,87 (s)
25 16,0 16,0 CHs 0,96 (s)
26 17,7 17,7 CHs 0,82 (s)
27 26,2 26,2 CHs 1,18 (s)
28 178,1 178,1 COOGlc
29 334 334 CHs 0,93 (s)
30 23,9 23,9 CHs 0,96 (s)
3-0-3-D-Glucuronopyranosyl
I 106,6 106,6 CH 4,35 (d, 7,5)
2! 75,5 75,5 CH 3,27 (m)
3’ 78,0 78,0 CH 3,43 (M)
4’ 73,7 73,7 CH 3,45 (M)
5' 76,5 76,5 CH 3,57 (M)
6’ 176,9 177,0 COOH
28-0-3-D-Glucopyranosyl
1" 95,7 95,9 CH 5,40 (d, 7,5)
2" 73,9 73,9 CH 3,35 (m)
3" 78,3 78,3 CH 3,43 (m)
4" 71,2 71,1 CH 3,38 (M)
5" 78,7 78,6 CH 3,43 (m)
6" 62,5 62,4 CH, 3,70 (M)/3,83 (M)

3do trong CD30D, 125 MHz, °500 MHz, *dc: s6 liéu cua chikusetsusaponin 1Va [26]

3.2.5. Hop chdt CP5: spinasaponin A 28-O-glucoside

Hinh 3.30. Cau trtc hoa hoc va twong tic HMBC chinh cta hop chit CP5
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Hop chat CP5 thu duoc duéi dang bot vo dinh hinh mau tring. Phd tH va 13C
NMR cua CP5 cho phép nhan dinh day 1a mot hop chat triterpen saponin. Pho *H
NMR xuat hién tin hiéu caa bay nhém methyl tai 4 0,82, 0,86, 0,95, 1,06 va 1,17
(mdi tin 3H, s) cing véi 84 0,97 (6H, s); Mot proton olefin tai du 5,27 (1H, br s); va
ba proton anomeric tai on 4,41 (1H, d, J = 7,0 Hz), 4,60 (1H, d, J = 8,0 Hz) va 5,40
(1H, d, J = 8,0 Hz) goi ¥ su c6 mit cia 3 don vi duong. Phé *C NMR va HSQC cua
hop chat CP5 xuat hién tin hiéu cong huéng caa 48 carbon phi hop véi 30 carbon
cua khung triterpen va 18 carbon cuia 3 don vi duong hexose. Két hop phd 3C NMR
v6i phé 'H NMR va HSQC cho phép xac dinh phan aglycone Ia triterpen khung
oleanane vai 7 nhdm methyl bac 3, mot lién két d6i C-12/C-13 (3¢ 123,7/144,6), mot
nhém carbonyl tai 6¢c 178,1 (C-28) va mot nhém methine tai 5¢c 90,7 (C-3). Tham
kh&o céc tai liéu da cong bd vé cac hop chat saponin di phan 1ap trude ddy, két
hop vai s6 liéu phd NMR c6 thé nhan dinh 3 don vi duong bao 1 don vi duong
D-glucuronic acid va 2 don vi duong B-D-glucose. Tuong tac HMBC tur Glc
H-1" (81 4,60) dén Glc A C-3' (8¢ 86,0), tir Glc A H-1" (81 4,41) dén C-3 (8¢
90,7) goi ¥ chudi lién két p-D-glucopyranosyl-(1—3)-O-B-D-glucuronopyranoside,
dong thoi xac dinh vi tri cua chudi lién két nay tai C-3 cua aglycone. Tuong tac
HMBC tir Glc H-1"" (8 5,40) dén C-28 (8¢ 178,1) x4c dinh vi tri duong p-D-
glucopyranoside tai C-28 cua aglycone.

Tir cac phan tich trén, cdu tric cua CP5 duoc nhin dinh 1a twong tu hop chat
spinasaponin A 28-O-glucoside. Do d6, s6 liéu phd 3C NMR cua CP5 duoc so sanh
Vi céc sb liéu twong tng di cong bd cho hop chit spinasaponin A 28-O-glucoside
[26] (bang 3.5). Su twong ddng giita cac s6 liéu cho phép két luan hop chat CP5 ¢6
cau triic 1a spinasaponin A 28-O-glucoside. Hop chat nay di dugc phan 1ap tir loai
Panax stipuleanatus [26].

Bang 3.5. S4 liéu pho NMR ciia CP5 va hop chéat tham khao

DEPT a.CH

C #dc abjc .

(do boi, J = Hz)
1 39,8 39,7 CH> 1,00 (m)/1,63 (m)
2 26,9 26,7 CH: 1,71 (m)/1,98 (m)
3 91,1 90,7 CH 3,21 (d, 11,0)
4 40,1 40,1 C -
5 57,0 56,9 CH 0,82 (m)
6 19,2 19,2 CH2 1,41 (m)/1,56 (m)
7 33,9 33,8 CH2 1,33 (m)/1,50 (m)
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40,6 40,6 C -
9 49,0 49,6 CH 1,60 (m)
10 37,8 37,8 C -
11 24,5 24,5 CH: 1,90 (m)
12 123,7 123,7 CH 5,27 (br s)
13 144.8 144.,6 C -
14 42,9 42,8 C -
15 28,8 28,8 CH: 1,11 (m)/1,80 (m)
16 24,0 23,9 CH: 1,74(m)/2,06 (m)
17 47,9 47,9 C -
18 42,5 42,5 CH 2,88 (br d, 10,5)
19 47,2 47,1 CH: 1,19 (m)/1,72 (m)
20 31,5 314 C -
21 34,8 34,8 CH: 1,23 (m)/1,41 (m)
22 33,0 33,0 CH: 1,64 (m)/1,76 (m)
23 28,5 28,4 CHs 1,06 (s)
24 16,9 17,0 CHs 0,86 (s)
25 16,0 16,0 CHs 0,97 (s)
26 17,7 17,6 CHs 0,82 (s)
27 26,4 26,3 CHs 1,18 (s)
28 1779 178,1 C
29 33,5 33,5 CHs 0,95 (s)
30 24,0 239 CHs 0,97 (s)
3-O-p-D-Glucuronopyranosyl
g 106,6 106,2 CH 4,41 (d, 7,0)
2’ 74,6 74,6 CH 3,46 (m)
3 86,5 86,0 CH 3,65 (m)
4' 71,7 72,6 CH 3,65 (m)
5 76,2 77,1 CH 3,60 (m)
6' 171,0 171,1 C -
S-D-Glcopyranosyl (1—3)-4-D-Glucuronopyranosyl
1" 105,0 105,2 CH 4,60 (d, 8,0)
2" 75,4 75,2 CH 3,46 (m)
3" 78,1 78,6 CH 3,35 (m)
4" 71,5 71,0 CH 3,38 (M)
5" 77,6 78,1 CH 3,44 (m)
6" 62,6 62,6 CH: 3,70 (m)/3,82 (m)

28-0-p-D-Glucopyranosyl
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1" 95,6 95,6 CH 5,40 (d, 8,0)
2" 73,8 73,7 CH 3,35 (M)

3" 78,2 78,5 CH 3,34 (M)

4" 71,0 70,7 CH 3,38 (M)

5" 78,6 79,1 CH 3,37 (M)

6" 62,4 62,3 CH 3,70 (M)/3,82 (M)

3do trong CD30D, 125 MHz, °500 MHz, “tin hiéu chong chdp
#6c cua spinasaponin A 28-O-glucoside do trong CD3;0D [26]

3.2.6. Hop chdt CP6: (-) Epicatechin

ay, I//OH

OH

Hinh 3.31. Cau trtc hda hoc va twong tac HMBC chinh ctia hop chat CP6

Hop chat CP6 phan lap dugc duéi dang bot vo dinh hinh mau vang. Trén pho
IH-NMR cua CP6 thay xuat hién cac tin hiéu proton thom tai 8n 5,95 (s), 5,98 (S),
6,79 (d, J =8,5 Hz), 6,82 (d, J = 8,5 Hz) va 7,00 (s). Ngoai ra, con xuat hién tin hiéu
cua hai proton oxymethine tai 6n 4,82 (br s) va 4,29*; va mot proton methylene tai
dn 2,76 (dd, J=2,5, 17,0 Hz)/2,88 (dd, J = 4,5, 17,0 Hz).

Phé 3C-NMR va HSQC cua hop chat CP6 xuat hién tin hiéu caa 15 carbon
dic trung cho mot hop chat flavan, bao géom 12 carbon cta hai vong thom tai 8¢ 95,9,
96,4, 100,1, 115,3, 115,9, 119,4, 132,2, 145,7, 145,8, 157,2, 157,5 va 157,7; hai
carbon oxymethine tai 6c 67,4 va 79,8; va mot carbon methylene tai 8¢ 29,1.

Trén phé HMBC xuét hién tuong tac gitta H-6 (8n 5,95) v6i C-5 (8¢ 157,5)/C-
7 (8¢ 157,7)IC-8 (b¢ 96,4)/C-10 (6¢ 100,1); gitra H-4 (6n 2,76/2,88) voi C-2 (d¢
79,8)/C-3 (6c67,4)/C-9 (8¢ 157,2)/C-10 (8¢ 100,1) goi y vi tri caa cac nhém hydroxyl
tai C-3, C-5 va C-7. Vi tri caa cdc nhom hydroxyl tai C-3', C-4’ duoc xac dinh dua
trén tuong tic HMBC gitta H-2' (6w 7,00) v6i C-1' (8¢ 132,2)/C-3' (8¢ 145,7)/C-4’ (6¢
145,8)/C-6' (8¢ 119,4) va do chuyén dich hoa hoc cia C-3' (8¢ 145,7) va C-4' (8¢
145,8). Tin hiéu proton tai vi tri H-2 dang broad singlet khang dinh proton H-2 va H-
3 cung dang p.
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S6 liéu phé cua hop chat CP6 twong dong véi cac sé liéu dd cong bd cho hop
chat tham khao (-)-epicatechin [27]. Vi vay, ciu trdc cua hop chat CP6 duoc xac dinh
la (-)-epicatechin.

Bang 3.6. S6 liéu NMR cua hop chat CP6 va hop chat tham khao

oc” b du™¢ (d6 boi, J = Hz)
79,2 79,8 4,82 (br s)
67,0 67,4 4,29%
2,76 (dd, 2,5, 17,0)
4 28,7 29,1
2,88 (dd, 4,5, 17,0)
5 156,6 | 1575 -
6 95,7 95,9 5,95 (s)
7 156,8 | 1577 -
8 96,3 96,4 5,98 ()
9 1572 | 1572 -
10 99,7 | 100,1 -
G 131,8 | 1322 -
2 1148 | 1153 7,00 (s)
3 1451 | 1457 -
4 1452 | 1458 -
5 1157 | 1159 6,79 (d, 8,5)
6 1191 | 1194 6,82 (d, 8,5)

3do trong CD30D, ®125 MHz, ©500 MHz,* tin hiéu b; chdp,

#9c ciia (-)-epicatechin do trong acetone-dg [27].

3.2.7. Hop chdt CP7: (-)-epicatechin 3-O-gallate

Hinh 3.32. Cau trdc hoa hoc va twong taic HMBC chinh ctia hop chat CP7

Hop chat CP7 phan lap dugc duéi dang bot vo dinh hinh mau vang. Trén pho
'H-NMR cua hop chat CP7 thay xuat hién céc tin hiéu proton thom tai 84 6,00 (2H,
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s), 6,98 (2H, s) cung véi mot hé ABX tai o1 6,97 (1H, d, J = 2,0 Hz), 6,73 (1H, d, J
= 8,0 Hz) va 6,84 (1H, d, J = 8,0; 2,0 Hz). Ngoai ra, con xuat hién tin hiéu cua hai
proton oxymethine tai 8u 5,05 (1H, br s) va 5,55 (1H, chdng chap); va mot proton
methylene tai 8n 2,89 (dd, J = 17,0; 2,0 Hz)/3,02 (dd, J = 17,0; 4,5 Hz).

Phé 13C-NMR cua hop chat CP7 xuét hién tin hiéu cua 22 carbon phu hop véi
15 carbon cua khung flavonid va 7 carbon ctia mot nhém coumaroyl. Phan tich ki sb
liu pho *H va 3C-NMR goi y hop chit CP7 12 mot hop chat flavan, twong tu hop
chat tham khao (-)-epicatechin 3-O-gallate [28].

Khi so sanh sé liéu phd 3C NMR cua hop chat CP7 véi hop chat tham khao
(-)-epicatechin 3-O-gallate [29] (bang 3.7) thay c6 su twong d6ng gitta cac s6 liéu. Vi
vay, cau tric caa hop chat CP7 dugc xac dinh 14 (-)-epicatechin 3-O-gallate.

Bang 3.7. S6 liéu NMR cua hop chat CP7 va hop chét tham khao

C dc? dcP du™¢ (mult,, J = Hz)
2 787 78.5 5,05 (br )
3 70,0 70,0 5,55*
. %o | 268 2,89 (dd, 2,0, 17,0)
3,02 (dd, 4,5, 17,0)
5 157,9 157,8 -
6 966 | 96,6 6,00 (s)
7 157,8 157,8 -
8 959 | 959 6,00 (s)
9 157,3 157,2 -
10 99,4 99,4 -
I 1315 1314 -
Y 1151 | 1151 6,97 (d, 2,0)
3 146,0 145,9 -
4 146,0 145,9 -
5 1160 | 1160 6.73 (d, 8,0)
6’ 119,4 119,4 6,84 (dd, 2,0, 8,0)
1" 1215 1215 -
2" 6" 1103 | 11072 6,98 (s)
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3", 5" 146,3 146,2 -
4" 139,9 139,7 -
7" 167,6 167,6 -

3do trong CD30D, P125 MHz, ©500 MHz, *tin hiéu bi chap, *Sc ciia (-)-epicatechin 3-O-
gallate do trong CD30OD [29].

3.1.8. Hop chit CP8: (-)-epigallocatechin 3-O-gallate

Hinh 3.33. Cau trdc hoa hoc va tuong taic HMBC chinh ctia hop chat CP8

Hop chat CP8 phan lap dugc duéi dang bot vo dinh hinh mau vang. Trén pho
IH-NMR cua hop chat CP8 thay xuét hién céc tin hiéu proton thom tai 84 6,03 (2H,
s), 6,57 (2H, s) va 7,00 (2H, s). Ngoai ra, con xuat hién tin hiéu cua hai proton
oxymethine tai 6+ 5,00 (br s) va 5,56*; va mot proton methylene tai 61 2,09 (br d, J
= 17,5 Hz)/3,01 (dd, J = 4,5, 17,5 Hz).

Ph6 3C-NMR va HSQC cua hop chat CP8 xuat hién tin hiéu cua 22 carbon,
trong d6 ¢ 13 carbon khong lién két truc tiép véi hydro; tim carbon methine; va mot
carbon methylene. Phan tich s liéu pho *H-, 13C-NMR goi y hop chat CP8 la flavan,
tuong tu hop chit tham khao (-)-epigallocatechin 3-O-gallate [30]. Trén phé HMBC
Xuat hién tuong tac giita H-2' (81 6,57) voi C-3' (8¢ 146,5)/C-4' (8¢ 133,6)/C-6" (8¢
106,9); H-6' (51 6,57) véi C-2' (8¢ 106,9)/C-4' (8¢ 133,6)/C-5' (8¢ 146,5) va do chuyén
dich hda hoc cua C-3'/C-5' (&¢ 145,3), C-4' (8¢ 145,5) goi y vi tri cua cac nhom
hydroxyl tai C-3’, C-4’ va C-5". Vi tri cua cdc nhém hydroxyl tai C-5 va C-7 dugc
xac dinh dua trén tuong tic HMBC gitra H-6 (8+ 6,03) v6i C-5 (8¢ 157,4)/C-7 (8¢
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157,5)/C-8 (8¢ 96,6)/C-9 (8¢ 157,0). Twong tic HMBC gitra H-4 (81 2,90/3,01) véi
C-2 (8¢ 78,3)/C-3 (8¢ 69,8)/C-9 (8¢ 157,0)/C-10 (8¢ 99,4); giita H-3 (81 5,56) véi C-
7" (8¢ 167,6); gitta H-2" (8n 7,00) véi C-1" (8¢ 121,3)/C-3" (d¢c 146,1)/C-4" (dc
139,7)/C-6" (8¢ 110,2)/C-7" (8¢ 167,6); giita H-6" (5+17,00) v6i C-1" (8¢ 121,3)/C-2"
(6c 110,2)/C-4" (8¢ 139,7)/C-5" (8¢ 146,1)/C-7" (8¢ 167,6) goi y Vi tri ctia cAc nhdm
hydroxyl tai C-3”, C-4” va C-5"; nhém carbonyl tai C-7". Tin hiéu proton tai vi tri H-
2 dang broad singlet khang dinh proton H-2 va H-3 ciing dang S.

So sanh sb liéu phd cua hop chat CP8 véi hop chat tham khao (-)-
epigallocatechin 3-O-gallate [30] thay twong tu. Vi vay, cau tric cua hop chat CP8

duoc xac dinh la (-)-epigallocatechin 3-O-gallate.

Bang 3.8. S liéu NMR cuaa hop chat CP8 va hop chat tham khao

C dct dc™ |y (mult., J = Hz)
78,1 78,3 5,00 (br s)
3 69,2 69,8 5,56 (m)
. %6 %6 2,90 (br d, 17,5)
3,01 (dd, 4,5, 17,5)
5 157,4 157,4 -
6 96,5 96,6 6,03 (s)
7 157,7 157,5 -
8 95,8 95,9 6,03 (s)
9 157,1 157,0 -
10 99,0 99,4 -
' 130,7 130,7 -
2,6 106,8 | 106,9 6,57 (s)
3.5 146,2 146,5 -
4' 133,1 133,6 -
1" 121,9 121,3 -
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2" 6" 110,0 110,2 7,00 (s)
3", 5" 145,9 146,1 -

4" 138,7 139,7 -

7" 166,0 167,6 -

3do trong CD;0D, "125 MHz, °500 MHz,
#oc cua (-)-epigallocatechin 3-O-gallate do trong acetone-ds [30].

Nhw vay: tir phan doan chiét ethyl acetate va nudc cua la tra hoa vang C.
phanii, da phan 1ap va xac dinh duoc ciu triic héa hoc 08 hop chat trong d6 ¢6 3 hop
chat mai 1a camphanoside A-C (CP1-CP3) va 5 hop chét da biét 1a chikusetsusaponin
IVa (CP4), spinasaponin A 28-O-glucoside (CP5), (-)-epicatechin (CP6), (-)-
epicatechin 3-O-gallate (CP7), va (-)- epigallocatechin 3-O-gallate (CP8).

HOOC,

o 0
HO
NaO3SO

OH

Camphanoside B (CP2) (hop chat méi)

HOOC,

(o] [e)
HO
OH

Me:
HO o
HO
OH

Camphanoside C (CP3) (hop chat mai)

Chikusetsusaponin IVa (CP4)
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HO
OH

(-)-Epigallocatechin 3-O-gallate (CP8)

(-)-Epicatechin 3-O-gallate (CP7)

Hinh 3.34. Cau trdc hoa hoc cua cac hop chat phan lap duoc

3.3. Hoat tinh ttc ché enzym a-glucosidase ciia cac hop chét phén lap dwoc

Cac hop chat CP6-CP8 di dugc phan lap trude day tir loai Camellia sinensis var.
assamica va di dugc danh gia vé tac dung uc ché a-glucosidase. Hop chét (-)-
Epicatechin 3-O-gallate (CP7) va (-)-Epigallocatechin 3-O-gallate (CP8) thé hién hoat tinh
trc ché manh enzyme a-glucosidase véi ICso twong ing 12 18,3 +1,1va 21,9+ 0,8 uM,
(acarbose c0 ICso 12 316,7 = 1.9 uM) [9].
Do d6, 5 hop chat CP1-CP5 da dugc danh gia hoat tinh Gc ché enzym o-
glucosidase. Két qua thé hién trong bang 3.9.
Bang 3.9. T4c dung tc ché enzyme a-glucosidase caa cac hop chit CP1-CP5

Chat Uc ché (%)
. 1Cs0 (ULM)

tai 500 pM
1 94,7+4,0 230,7+18,0

2 92,1+5,2 251,4+22,7
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3 65,2+6,3 421,4+25,6
4 30,7+4,6 >500
5 21,9+ 3,2 >500

Acarbose* 73,7+ 8,4 190,3+16,1

Cac hop chat CP1-CP5 ban dau duoc danh gia vé hoat tinh ¢c ché di véi enzym
a-glucosidase & ndng 6 500 uM. Acarbose duoc sir dung lam chat ddi chirng duong.
C4c thi nghiém duoc tién hanh ba 1an va két qua duoc thé hién duéi dang phan tram
trc ché. Céc hop chat CP1-CP3 cho thay phan tram tc ché a-glucosidase > 50%. Do
d6, cac hop chat nay dugc chon dé danh gia thém & ndng do tir 4 dén 500 pM dé xac
dinh gia tri ICso cua chung. Két qua cho thay cac hop chat CP1-CP3 thé hién kha
nang Gc ché a-glucosidase dang ké voi cac gia tri ICso lan luot 1a 230,7+18,0,
251,4+22,7 va 421,4425,6 uM (acarbose: ICso 14 190,3+16,1 uM) (Bang 3.8). Dua
trén két qua hoat dong tc ché enzym a-glucosidase va cau trdc cia cac hop chat CP1-
CP5, ¢ thé suy ra rang su c6 mat cua nhém natri sulfonat trong phan duong va khung
oleanane c6 nhiéu oxy c6 thé déng vai trd quan trong trong qué trinh &c ché enzym
a-glucosidase. Ngoai ra, flavonoid la thanh phan chinh cia C. phanii. Do dé, nghién
ctru nay goi Y rang saponin va flavonoid tir C. phanii c6 thé 1a cac thanh phan wc ché
a-glucosidase.

3.4. Hoat tinh irc ché enzyme a-amylase ciia cac hop chét phan lap dwoc

Cac hop chat CP1-CP8 ban dau duoc danh gia vé hoat tinh wc ché doi
véi enzym a-amylase & ndng 6 500 pM. Acarbose duoc st dung 1am chat doi
ching dwong. Cac thi nghiém duoc tién hanh ba lan va két qua duogc thé hién
dudi dang phan tram tc ché. Tat ca cac hop chat cho thay phan tram tc ché a-
amylase < 50%. Do d6, cac hop chat nay khdng tiép tuc duoc danh gia hoat
tinh & cac ndng do thap hon dé tinh 1Cs va duoc két luan 1a khdng thé hién
hoat tinh tc ché enzyme a-amylase (bang 3.10).

Bang 3.10. T4c dung &c ché enzyme a-amylase cua c4c hop chat CP1-CP8 &
nong d6 500 pM
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Hop chat % irc ché
CP1 7,14+0,72
CP2 19,66+1,85
CP3 10,73+1,78
CP4 11,48+0,07
CP5 17,09+1,46
CP6 12,61+1,44
CP7 17,42+1,58
CP8 19,75+1,26

Acarbose 62,78+1,60
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Chuwong IV. KET LUAN VA KIEN NGHI

KET LUAN

- Phan lap va xac dinh dugc cau tric cua 08 hop chat gdm 03 hop chat méi 1a
camphanoside A-C (CP1-CP3), ciung véi 5 hop chit da biét Ia
chikusetsusaponin 1Va (CP4), spinasaponin A 28-O-glucoside (CP5), (-)-
epicatechin (CP6), (-)-epicatechin 3-O-gallate (CP7), va (-)- epigallocatechin
3-O-gallate (CP8) tir phan doan chiét ethyl acetate va nuéc cua 14 Tra hoa vang
C. phanii.

- Panh gia hoat tinh wrc ché enzyme a-glucosidase caa 5 hop chat gom 3 hop chat
mai  camphanoside A-C (CP1-CP3), chikusetsusaponin 1Va (CP4) va
spinasaponin A 28-O-glucoside (CP5). Céac hop chat CP1-CP3 thé hién hoat
tinh Gc ché enzyme a-glucosidase véi 1Cso lan luot 12 230,7+18,0; 251.4+22,7
va 421.4+25.6 uM.

- Panh gia hoat tinh tc ché enzyme a-amylase cua 8 hop chat CP1-CP8. Tuy
nhién tat ca cac hop chat déu chua thé hién hoat tinh (ICso > 500 pM).

KIEN NGHI

Tir céc két qua nghién ciu vé thanh phan hda hoc va hoat tinh tc ché enzyme a-
glucosidase va a-amylase trén, ching tdi nhan thay:

- Ba hop chat moi camphanoside A-C (CP1-CP3) la cac hop chat ¢6 hoat tinh
ric ché enzyme a-glucosidase, chiing ¢ thé 1a c4c tac nhan tiém ning trong viéc
phong va diéu tri bénh tiéu duong. Do d6, can tién hanh nghién ciru sdu hon vé tac
dung chong tiéu duong ciia cac hop chat nay trén mé hinh in vivo dé cé thé ang dung
ching trong viéc phét trién cac san pham hd trg nang cao cho stc khoe cong dong.

- Panh gia cac hoat tinh sinh hoc khac cua ba hgp chat méi nhu gay chéng ung
thu, khang khuan, khang nam va chéng virus.
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Oleanane-Type Triterpene Glycosides from Camellia phanii
and Their a-Glucosidase Inhibitory Activity
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‘nosides A-C (1-3), along with five known compounds,
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Camellia phanii Hakoda & Ninh. Their structures were estab-

Introduction

u-Glucosidase is an enzyme found in the small intestine that
plays a crudial role in breaking down carbohydrates into simple
sugars during digestion. «-Glucosidase plays a crucial role in
the breakdown of carbohydrates into simple sugars during
digestion. «-Glucosidase inhibitors are medications that target
this enzyme, slowing down the digestion of carbohydrates and
helping to control blood sugar levels after meals. Medicinal
plants can exert inhibitory effects on a-glucosidase, which can
help regulate blocod sugar levels in individuals with diabetes.”

Camellia phanii Hakoda & Ninh, a species of the Camelfia
genus, is among eight yeliow Camellia species recently
discovered in Tam Dao National Park, Vietnam.”™ Previous
studies on Camellic phytochemicals have highlighted the
presence of saponins and phenolics, which exhibit beneficial
activities such as o-glucosidase inhibition, cytotoxicity, antiox-
idant properties, and anti-inflammatory effects.™ Two major
saponins and flavonoids have been reported in Cameflia
species,” but the chemical constituents and biological activities
of C phanii remain unexplored. In our ongaing exploration of
bicactive compounds from the Camellia genus, we present the
isolation of three new oleanane triterpene glycosides (1-3) and
five known compounds (4-8) from the C phanii leaves (Fig-
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lished by 1D and 2D-NMR and mass spectral analysis and
chemical methods. Moreover, compounds 1-5 were also
evaluated for «-glucosidase inhibitory activity. Compounds 1-3
mmm@immmmlc.
values of 230.7 + 180, 2514+ 227, and 4214 + 25.6 uM, respec-
tively.

ure 1). Furthermore, the u-glucosidase inhibitory activity of
these isolated compounds were also evaluated.

Results and Discussion

The dried leaves of C. phanii were sonicated with hot methanol
(MeQH) and then evaporated under reduced pressure to give
MeOH extract. The MeOH extract was partitionad in water and
then successively partitioned with n-hexane, dichloromethane
(CH,CL,), and ethyl acetate (EtOAC) to provide the corresponding
n-hexane (CL1), CHCI, (CL2), EtOAc (CL3), and water (CL4)
layers. Using chromatographic methods such as silica gel, RP-
18, and HPLC, three new and five known compounds were
isolated. The known compounds were elucidated to be
chikusetsusaponin Va (4), spinasaponin A 28-0-glucoside (5),™
(—)-epicatechin (6), (-)-epicatechin 3-O-gallate (7), and (-}
epigallocatechin 3-O-gallate (8}, which were in good agree-
ment in the literature.

Compound 1 was obtained as a white amorphous powder.
Its molecular formula was determined to be C,H,,0,.SNa by
the HR-ESEMS jon at miz 9153777 [M+Na]® (Caled. for
[C.Hes0,,SNa;] *, 915.3783). The "H-NMR spectrum of 1 showed
proton signals of nine tertiary methyl groups at 4, 0.85, 0.99,
101, 1.06, 107, 1.08, 138 191, and 2.12 (each 3H, s). one
secondary methyl group at &. 1.96 (3H, d, J=6.0 Hz) and one
olefinic proton at o, 549-5.51 (1H, m), which indicated the
presence of an olean-12-ene aglycone. In addition, an anomeric
proton at A, 444-446 (1H, d, J=7.8 Hz) showed the presence
of a monosaccharide moiety. The “"C-NMR and HSQC spectra
exhibited signals of 43 carbons, including 30 from an oleanane
triterpene skeleton, 6 from a monosaccharide group, 5 from an
angeloyl group, and 2 from an acetoxy group. Analysis of NMR
data of 1 indicated its structure was similar to that of
campeteloside A™ except for an addition of the acetoxy group
at C-22. This was confirmed by the down-field chemical shifts of
H-16 (& 5.43-544)/C-16 {dc 76.8) and addition signals of the
acetoxy group [Me oy 2.12/8c 222/CO (4 171.7)] and further

€ 2024 Wiey-VHCA AG, Zurich, Switzerland
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Figure 1. Ch | of compounds 1-3.

confirmed by HMBC correlations between H-2' (8, 2.12) and C-
1" (A 171.7) and between H-16 (4. 543-544) and C-1' (&,

171.7) and COSY correlation of H-15 (4, 403-4.04/H-16 (3,
543-5.44) (Figure 2). The HMBC correlations from H-5" (4, 1.91)

Figure 2. The key HMEC, COSY, and NOESY correlations of compounds 1-3.
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o C-17 (e 1680)/C-2 (8 12009WC-3 (4 1363} and from H-4~
(o 195-1.86) to C-2° id: 12009WC-3" (4 1383} and MOESY
comelation of H-3" {4y 6.01-602/H-5" (3 1.91) indicated the
presence of an angeloyl group. The position of the angeloyl
group at C-22 of oleanane-type aglycone was confimed by
HMBC comrelation from H-22 {3, 546-5.48) to C-17 (4. 168.1).
The ospgenated group at -3 was confirmed by HMEBC
comelations from H-23 (4, 1.07VH-24 {3, 0.85) to C-3 (4. 90.6)/
C-4 (4, 40.0)C-5 (s, 56.6). The NOESY comelations of H-3 (4,
3.22-3.26) and H-5 (4, 0.B0-082)/H-23 (4. 1.07); and H-24 [3,
0.85) and H-25 (4, 101] indicated the a-orientations of H-3 and
H-5 and the f-orientation of the methyl group at C-10. NOESY
correlations of H-18 (4, 2.58-2.60) and H-30 i4,, 1.08) suggested
the f-onientation of C-30. Furthermore, the #-orentations of H-
15, H-16, and H-21 were also confirmed by the MOESY
correlations betwesn H-15 (4. 403-4.04) and H,-28 (4, 3.30-
34T H-16 (4, 543-5.44) and H.-28 (4, 3.26-3.28); and H-22 3,
5.46-548) and H-30 (&, 1.08). Acid hydrolysis of 1 yielded D-
glucwronic  acid, which was shown as the positive optical
rotation and TLC analysis and in comparison with the authentic
monosaccharide. The large coupling constant between H-17
and H-2~ (/=78 Hz] suggested the f-fom of the glucumono-
pyranosyl maiety. In addition, the formation of a white
precipitate [Ba50,) after acid hydrolysis confirmed the presence
of the sulfate amion. The [3-O-sulfonatobglucuronopyranosyl
moiety was established through CO5Y cross-peaks of H-17 [,
448-4460H-2 |4, 3A45-3.470H-3" (4, 427-4200HA™ (3,
365-3.67) and the downfield-shifted chemical shift of C-37 (4,
B5.5). The position of swgar moiety at C-3 of oleanane aglycone
was confirmed by HMBC correlation from H-17" {4, 444-4.48) to
C-3 {4, ®0.6). Consequently, the structure T was elucidated to
be  1Ga-acebony-22e-angebooy-3, 150, 28-tribydroxyolean-12-
eng 3-0-f-043-0-sulfonato  sodium]glucuronopyranoside and
named camphanoside A Table 1)

Compound 2 was obtained as a white amorphous powder
with a molecular formula of CH,.0,.5Na, detarmined by the
HR-ESI-M5  at mfz 9153795 [MiMal®  (Caled.  for
[ He 00, 5Ma, 17, B153783). The "H-NMR spectrum of 2 showed
proton signals of nine tertiary methyl growps at 4, 085, 0.04,
1.00, 1.04, 1.06, 1.0, 1.61, 1.89, and 209 {each 3H, =], along with
one sacondary methyl group at 4, 1.96-1.97 (3H, d, J=6.0Hz)
and two olefinic protons at &, 5.49-550 {1H, m} and 5.50-5.51
(TH, m). Additionally, an anomeric proton at &, 445-4.47 (1H, d,
J=7.8Hz) indicated the presence of a sugar moiety. The "C-
MMR and HSOC spectra displayed signals of 43 carbons,
incleding 30 from an ocleanane triterpene skeleton, 6 from a
glucuronopyranosyl group, 5 from an angeloyl group, and 2
from an acetoxy group. Analysis of NMR data indicated its
structure was similar to that of camphanoside A (1), except for a
shift of the acetoxy group from C-16 to C-15. This was
confirmed by the down-field chemical shifts of H-15 (4 5.01-
SO2WC-15 f4: 733) and HMBL correlations betwesn H-2° [dy
209/ H-15 [ 5.01-5.02) and C-1° (& 172.7). The pasition of the
angelogy group at C-22 was confirmed by HMBC correlations
from H-22 [4. 5446-5.48) to C-1" (4 160.7). The osypgenated
group at C-3 was suggested by HMBC comelations between H-
23 [ 1.071/H-24 |3 0.85) and C-3 [ H06WC-4 (A 40.0)0C-5 (e

Chem. Biodtversity 2024, =2024000%3 (3 of 7}

563l The o-orientation of H-3 was determined by the
observations of MOESY correlations of H-3 (4 3.23-3.25) and H-
5 (i D.B0-0.82). Furthermaore, the f-orientations of H-15, H-16
and H-22 were also confirmed by the NOESY comelations
between H-15 (3 501-5.02) and H.-28 {34 339-341H-16 {3y
409-4.10k H.-28 (&, 3.16-3.180H-30 {3, 1.06) and H-18 id,
262-2.64); and between H-22 [, 5.46-5.48) and H-30 [4,, 1.06].
Similar to that of 1, the swgar moiety was determined to be [3-
O-sulfonato sodium) glucuronopyranosyl moiety by acid hydrol-
ysis method. The pasition of the sugar moiety at C-3 of the
oleanane aglycone was confirmed by HMBC comelation be-
tween H-17 (4, 4.45-4.47) and C-3 4, 006). Thas, the structure
of 2 was elucidated to be 16u-acetoxy-22:-angeloxy-3, 1 5, 28-
trihydroayolean- 12-ene 3-0-4-0-[3-0-sulfonato sodium) glucur-
onopyranoside and named camphanoside B

Compound 3 was obtained a5 a white amaorphous powder.
Its molecular formula was determined to be C,,H,,0,, using HR-
ESI-M5 with an ion peak at mvz 11415763 [M-H]- {Calced. for
[, Hee 0,17, 114158000, The "H-MMR spectrum revealed signals
comesponding to seven tertiary methyl groups at &, 0.71, 100,
100, 102, 103, 1.61 and 192 (each 3H, s), three secondary
methyl groups at &, 1.18-1.19 {3H, d, J=7.2 Hz}, 125-1.27 [3H,
d, J=6.6Hz), and 198-199 [3H, d, /=72 Hz], one primary
methyl groups at &, 0.95-096 (3H, t, J=72 Hz), two olefinic
protons at 4, 5.53-5.55 (TH, m) and §.04-6.05 (1H, q /= 6.0 Hzl,
and three anomeric protons at 4, 449-451 (1H, d, /=T7.BHz),
453455 [H, d, /=78 Hz), and 5.08 (1H, br s). The “C-HMR
and HSQC spectra demonstrated signals of 54 carbons,
including 30 of an oleanane triterpene skeleton, 17 carbons of
trisaccharide units, 5 of an angeloyl group, and 5 of a 2-
methylbutanoyl group. Similar to 1 and 2, compound 3 was
recognized to be an oleanane triterpens saponin by the analysis
of "H- and "C-NMR data. The NMR spectra of 3 were almast
similar to those of 22u-O-angeloyl-16e, 214,23, 28-tetrahydnooy-
15ee-0-{3-methylbutanoyljolean-12-ene  33-0-c-L-rhamnopyra-
nasyl-[1—3]-u-L-arabinopyramosyl-{ 1 —3}-4-D-
glucuronopyrancside”™ except for difference of the substitution
group at C-15. The chemical shifts at C-1° [4, 1779}, C-2° (4,
427WH-2' {4y 244-246), O3 (8 27.20H-3 {4y 147-1.49 and
1.76-1.78), C-4 {8, 121WH (a, 0.05-096], and C-5° (4, 1690
H-5 {dy 1.1E-1.19) indicated the prasence of 2-methylbutanoyl
group. The position of this group at C-15 of oleanane aglycone
was confirmed by HMBC comrelation between H-15 (4, 5.08-
509} and C-1' {4y 1779). Furthermore, the sugar components
were identified as D-glucose, L-rhamnose and L-arabinose by
identifying as TM5 derivatives by GC method.™ In the HMEC
spectrum of 3, the corelations between H-17 &y 4.49-451)
and C-3 (A B2.00; H-17" [4- 4.53—-455) and C-3" {4c 86.1) H-1
[t 5008) and C-3 (A BOT) confirmed that sugar linkage to be
O--L-rhamnopyramosyl-(1—3}--L-arabinopyranosyl 1—3) -5
D-glucuronopyranoside and at C-3 of oleanane aglyconse. The
HMBC correlations between H-24 {4, 0.77) and C-3 {d: B2.0)/C-4
(e 43.80C-5 (b 47.6)/C-23 (& 65.0) indicatad the positions of
moygenated and hydroxymethylene growps at C-3 and C-4,
respectively. The meial onientation of H-3 (c-configuration) was
confirmed by MOESY comelations between H-3 (4. 3.70-372)
and H-5 (4w 1.20-122)/H-23 [y 3.05-3.07 and 3.61-3.63). HMBC
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Table 1. 'H and ""C MMR data for compounds 1-3.

C 1 2 3
B By imult, 4, in H2 B By Imult, 4, in H2 B B Imulte, 4, in HZ
Aghyoone
1 4032 102104 [l 165187 (m) 401 1.03-1.04 [l 165187 (m) 398 1.00-1.03 (1 a- 104 (m)
2 209 L70-1.72 (il 1.57-1.599 im) 2068 L70-1.72 (il 155200 (m) 203 173177 (1 552200 (m)
3 oS08 122-320 (dd, 43, 1204 oS08 123-329 idd, 43, 120 B0 170-3.72 idd, 4.2, 118
4 a0 - a0 - 438 -
3 LT 0E0-082 (bed, 11.4] 563 0uE0-082 (bed, 1141 AT8 1.20-1.22 )
] 198 141-1.43 (155138 (m) 198 141-1.43 (ml1.5%1.57 [m) 191 137-1.39 (145147 m)
7 374 1.74-1.78 im) 383 L12-1.03 (ml 177179 im) 363 1.12-1.14 ()1 25128 (m)
B 424 - 4219 - 4219 -
] 483 180183 im) 481 181-1.04 im) 450 1.88-1.71 (m)
] £ - £ - 7 -
1" 247 150158 (m) 248 1.53-1.58 (m) 247 1.58-1.58 (m)
12 1274 1.45-351 (m) 1289 145-550 (m) 1778 1.53-3.33 (m)
] 1433 - 1435 - 1418 -
14 450 - 4737 - 450 -
1] [T 403-404 (d, 43} k| 100-302 (d, 430 T19 108908 (d, 439
1] TaB 143-344 (d, 43} 723 A05-4.10 (d, 430 TLO 1.50-351 (m)
7 433 - aa0 - 451 -
18 424 238-2.00 (dd, 4.2, 144} 422 282-2.04 (dd, 5.4, 144} 417 285271 (m)
i:] 475 130-1.22 (i arn L12-1.12 imi 479 115-1.31 (i
223-2283 i) 232-254 (dd, 1228, 12.01 2.2801-2.83 ()
0 324 - 324 - 72 -
i | 09 121-1.83 im) 418 1.33-1.59 [m) 778 431-432 (d, 102}
233-237 (dd, 11.4, 11.4]
2 710 1.40-5.48 (m) 727 148548 (m) T 3.38-5.40 (d, 1032}
] 284 107 (= 284 105 (g [L10] 109307 (d, VO.BN281-3.03 (d, 10.8]
24 17.0 0uES (g 17.0 023 (g 124 071 (5]
L] 143 Lo (= 182 100 [z 187 103 [z
o] 178 100 [z 179 104 (g 179 100 (=)
r 08 138 (= ns 180 (= N7 181 (=)
] B4 124-328 (d, 108} =R 218218 (d, 108} [ 204300 (d, 10.8)
139-341 id, 108} 135341 (d, 108} 332-3.38 (d, 10.8)
3 337 059 (3 284 054 [z 190 1.02 [z)
30 250 1.08 [z 232 1o [z 299 1.00 [z
Te-0dc 1508 15-0Mb
T 177 - 1727 - 1779 -
T 223 PR P N8 2005 (g 427 244-2.48 (m)
Ed 272 147-1.48 (m)
1.78-1.78 im)
q 121 0.53-0.50 ik, 7.2)
L a9 118-1.09 [d, 7.2
2z-G4ng
I 1851 - 1457 - 170.8 -
T 1259 - 1300 - 1257 -
El 1383 8401 -8.02 (g, 800 13748 130-351 (g, 540 1384 B4~ 8.0 (i, 800
4 158 1.55-1.90 (d, 6.0 159 158-1.97 (d, 720 180 158-1.99 (d, 7.3
5 09 L5 (=) 09 LE9 (s} L] 152 (3]
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1 2 3 )
& & (mudt. J, i Ha) & & imult. 4 in Hel & & imudt, 4, in Ha) i

Aglycone
3-0GlA .
S 1084 444-846(d, 73 1063 443-447(d, 7.8 1047 449-431(d, 78 §
7 783 343-347 (6d 75, 8.4) 744 343-347 (4d, 75, 900 783 344-346 (dd, 7.8 84) E
3" 853 427-429 1%, 84) 854 427-429 12,300 a1 362-264 (m) g
a 723 363-367 (m) 723 163367 (m) 721 334-136 1t 9.0) z
5 773 364-206 (m) ™ 385-3567 im) 768 362-304 (m) g
& s - 1es - s - E
3oyt %
- 1054 433-433(d,78) F
™ 720 379-381 (m) !
o 807 381363 (m) g
4 098 350-332 (m) %
L 673 363-203 (m) °;
352-354 (m) H
37-Ofha £
r" e 3o8fbrs) i
r 721 355-159 (brd, 20) g
Ea 720 359-331(m H
- 741 31393411, 50) «
o 702 379-181 (m) v
F 180 125127 (4, 6.8 :
Assignments were done by HSQC, HMBC, COSY, and NOESY exp Gla, ghucurog yl Xyl xylopyranasyl, Rha, rh oy . Ang. angeloyl E
Ac, Acetyl, Mb, 2-methylbutanayl :

corelations between H-29 {3, 1.02)/H-30 (3, 1.00} and C-19 (3,
47.9)/C-20 (8. 37.20/C-21 (&, 77.8), between H-22 (4, 538-5.40)
and C-16 (8, 72.0NC-17 (5, 40.1)/C-28 (&, 634)/C-1" (4. 170.8)
indicated the presence of the hydroxyl and the angeloxy groups
at C-21 and C-22, respectively. In addition, the large coupling
constant between H-21 and H-22 (J=102 Hz) indicated the
configuration of these groups is trons. Additionally, the g-
orientations of H-15, H-16, and H-22 were confirmed through
NOESY correlations of H-15 {3,, 5.08-5.09) and H-26 (3, 1.01), H-
21 (o 431-432) and H-29 (3 1.02). Based on the above
evidence, the structure of 3 was determined to be 15u-acetoxy-
22a-angeloxy-342.2173,23, 28-tetrahydroxyolean-12-ene  3-O-u-L-
rhamnopyranosyl-{1 —3}-u-L-arabinopyranosyl{1—3}-3-D-glu-
curonopyranoside and named camphanoside C.

Compounds 6-8 have been previously reported from
Camellia sinensis var. assamica.™ These compounds were also
evaluated for «-glucosidase inhibitory effect. Thus, compounds
1-5 were initially assessed for their inhibitory activity against «-
glucosidase at a concentration of 500 uM. Acarbose was used
as a positive control. The experiments were conducted in
triplicate, and the results were expressed as the inhibition
percentage. Compounds 1-3 showed «-glucosidase inhibitory
percentages > 50%. Therefore, these compounds were selected

for further evaluation at concentrations ranging from 4 to
500 uM to determine their IC,, values. As results, compounds 1-
3 exhibited moderate «-glucosidase inhibition with IC,, values
of 2307+ 180, 251.4+227, and 421.4+256 uM, respectively
(acarbose: IC,, of 1903+ 16.1 »M) (Table 2). Based on the results
of a-glucosidase inhibitory activity and the structures of
compounds 1-5, it can be inferred that the presence of a
sulfonate sodium group in the sugar moiety and a highly

Compounds Inhibition (%) Ic, um)

at 300 uM
1 MT a0 2307 £180
2 23=32 25042227
3 a32=03 ANALT36
- 30740 > 300
3 N9:32 > 300
Acarbose* 737 =84 1203113010
M";lemmdth!eupem *Acarbose was used a3 3 postive
conl
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oxygenated oleanane framework may play a crucial role in -
glucesidase inhibition. In addition, flavonoids are main compo-
nents of C. phanii Thus, this study suggested saponins and
flavonoids from C. phanii could be an «-glucosidase inhibitory
components.

Conclusions

The yellow flower tea, Camellia phanit Hakoda & Ninh is an
endemic species in Vietnam. Phytochemical investigation of C
phanii led to the isolation of three new oleanane-type triterpene
saponins, camphanosides A-C (1-3), along with five known
compounds. Compounds 1-3 exhibited significant «-glucosi-
dase inhibitory activity with IC,, values of 230.7 + 180, 2514 =
227, and 42142256 uM, respectively. The results suggested
that compounds from C phanii could be used for treatment of
type Il diabetes.

Experimental Section

General

Chemical shifts are reported in parts per million from TMS. All NMA
spectra were recorded on a Bruker AM300 NMR or Bruker Avance Ill
pec Data pr g was carried out with the MestReNo-
va ver.12.0 program. High resolution mass data were obtained from

Korea Basic (xBSI, politan Seoul Centerl.
Optical were d d on a Jasco DIP-370 automatic
polanmeter. Prepar HPLC was camied out using an AGILENT
1110 HPLC using J'sphere H-80 col {230 lengthx20 mm

D), a flow rate of 3.0ml/min, and DAD detector. Column
chromatography was performed using a silica-gel (Kieselgel 00, 70-
230 mesh and 230-400 mesh, Merck) or RP-18 gel (30-50 um, Fujl
Sildysia Chemical Ltd), thandayer chromatography (TLC) wsing a
pre-coated silica-gel 00 F254 {0.25 mm, Merckl and RP-18 F2345
plates (0.25 mm, Merck).

Plant Material

The leaves of Comelfa phanii Hakoda & Ninh were collected at
Tamdao, Vinh Phuc, In August 2023, The plant was identsfied by Dr.

Nguyen The Cuong, Institute of Ecology and Blological Resources,
VAST. A voucher specimen (TTT2208) was deposited at the institute
of Marine Blochemistry, VAST.

Extraction and Isolation

The dry powder of C. phant (12.0 kgl was ultrasonically extracted
with methanol (MeOH) (2times, each 151 2h at 43°C)L After

iy |, the MeOH extract {800 g} was partitioned in water
(2 L) and seq lly sep d with dichk hane (CH;Cly) and
ethyl acetate (EtOAC), resulting in CH,CI; (CP), 61.8g) and EtOAC

residues (CP2, 23.0 g), and the aqueous layer (CP3, 2.01).

The CP2 fraction was separated on a silica gel column chromatog-
raphy (CC) eluting with CHCL/MeOH (50V1~2/1, wiv) to give four
fractions, CP2A-CP2D. CP2D was further separsted on an RP-18 CC
eluting with acetone/water (1/1, vA) to give fractions CP24A-
CP24C. From the CP24A and CP24B fractions, compounds ©
(124 mg) and 7 (13.8 mg) were obtained through a Sephadex LH-

20 CC eluting with MeOH In water {3/1, viv). The CP24C fraction
was also purified on silica gel CC eluting with CH,Cl/acetone (1/2,
w/v) to give compound 8 {300.0 mg). The CP3 layer was loaded on a
dialon HP-20 CC, washed with water, and then eluted with MeOH In
water (25, 30, 73, and 100% MeOH, each 1 L), resulting In four
fractions, CP3A-CP3D. CP3D was further separated on a silica gel
column using a CH,CL/MeOH gradient (20/1, 1071, 5/, and 2/1, W/
v), yselding three fractions CP3D1-CP3D3. CP3D3 was then fractio-
nated on a siica gel CC using & solvent system of CH;Cly/acetone/
water (1/4/04, viviv), giving four fractions CP3D3A-CP3D3D.
CP3D3B was separated on an RP-18 CC and eluted with acetone/
water (1/1, wiv), resulting in three fractions, CP3D381-CP3D383.
CP3D3B1 was further separated on a siiica gel CC using CH.Cl/
MeOH/water (3.3/1/0.13, w/v/v), obtaining two fractions, CP3D381A
and CP3D3B1B CP3D3B1A was then subjected to HPLC with a
solvent system of 23% ACN in water, ylelding compounds 1
(10.0mg, t; 243 min} and 2 (11.8 mg, t; 359 min). CP3D3C was
chromatographed on an RP-18 CC and eluted with acetone/water
(08/1, wiv), resulting In three fractions CP3D3C1-CP3D3C3.
CP3D3C1 was further separated on a silica ged CC using CH:Cly/
MeOH/water (3/1/0.13, ww/v), obtaining two fractions CP3D3CIA
and CP3D3C1B. CP3D3CIA was then subjected to HPLC with a
mobfle phase of 25% ACN in water, ylelding compounds 4
(10.0mg, t; 470min) and 3 (11.8mg, t5 347 mIN).CP3D3D was
separated on an RP-18 CC eluting with acetone/water (1.2/1, wiv),
resulting In three fractions, CP3D3D1-CP3D3D3. CP3ID3D1 was
further 1solasted on an RP-18 CC using acetone/water (0.9/1, wiv),
obtaining three fractions CP3D3D1ACPID3IDIC. CP3D3D1A was
then subjected to HPLC with a mobile phase of 25 % ACN In water
yielding compound 3 (133 mg, 1; 49.2 man).

Camphanoside A (1): White powder; [ 4370 (c 0.2, MeOH);
CyHpO,,SNa, HR-ESEMS myz 8933999 [M+Hl' (Cakd. for
[CaHesO)SNa] . B933964), 9133777 [M4iNal'  (Caled.  for
[CaHesOy SNyl , 9133783% 'H and "'C-NMR (CD,0D) data, see
Table 1.

Camphanoside B (2k White powder; [ali: 4450 (c 02, MeOH);
CyHuO,,SNa, HR-ESHFMS m/z 8933987 [M-Hl' (Cakd. for
[CuHesOySNal ., 8933904), 9133793 [MiNal®  (Caled  for
[CayHesOy,SNayl*, 9133783) 'H and ""C-NMR (CD,0D) data, see
Table 1.

Camphanoside C (3: White powder; [a/Z: 4300 (c 02, MeOH);
CyHyOyy HR-ESEFMS myz 11413763 IM-H] (Caled. for [Cy M0,
1141.3800); 'H and "'C-NMR {CD,00) data: see Table 1.

Acid Hydrolysis
See Supporting information.

Acid hydrolysis and Confirmation of Monosaccharide
See Supporting information.

a-Glucosidase Assay
See Supporting information”
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Hinh 1.37 Phé HMBC ciia hep chdt CP3

Lo s I g a. [ 1] YHI Puiivy
— — — — — é
= g
-
= E = =
—
— - | -— -
= J—
= E
- = o _ - =
—— -
-
- - =3
= -
- = -
T T T T T T T T T T T T T T T
w = -~ ~ [+ o [51] (5] o - w w N N [ o
w (=] w o wn o wm (=] w (=] [ o [ o wm "g

Hinh 1.38 Phé HMBC gin cia hep chdt CP3



F°'T 9°T 8T 0°'Z 22 ¥#¥2C 92 8'2

21
I

9°0 80 O0°T

wdd

PL31

—_— -
—-— = —
= =
- - =
—_—
- -
= - = =
- — - =
- -— — e
- _
- i = -
—
L - - - = = - =
—— — — — =
= L= . a==
- - - - - - =
— Pt pe— == -
— = . —= —— L--- =+
fe=1) - =
. —_
- .
—_—
L —1 L == = -
— -
T T T T T T T T T T | T T T T T
© ] ~ - o o 5] w o= = w w N N =
wm o wm o " (=] (4] o w (=] wm o w o w o

Hinh 1.39 Phé HMBC gin cia hep chédt CP3

=
(5]
L
-

,_.
[=]
|
LY
»
-
T A -
¥

[3+]
(=]
|
e
_—
A Te™
'

Lt

T = T o
.| ‘ 0
+
a

L T I T
2.0 1.5 1.0 0.5 ppm

wdd



PL32

Hinh 1.40 Phé NOESY ciia hep chdt CP3

5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 Ppm

Hinh 1.41 Phé NOESY gidn cia hep chdt CP3



PL33

Hinh 1.42 Phé NOESY gian cia hep chdt CP3
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Hinh 1.63 Phé HMBC gin cia hep chédt CP5

Hep chat CP6: (-) Epicatechin
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Hinh 1.64 Phé *H NMR (500 MHz, CD30D) ciia hop chit CP6
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Hinh 1.66 Phé 1H-NMR cia hgp chdt CP7
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Hinh 1.68 Phé 13C-NMR gin cia hep chdt CP7
Hep chdt CP8: (-)-epigallocatechin 3-O-gallate
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Hinh 1.69 Phé *H NMR ¢
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Hinh 1.72 Phé HMBC ciia hop chit CP8
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Giao vién huéng dan Hoc vién cao hoc
Huong dan 1 Huoéng dan 2
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