BO GIAO DUC VA PAO TAO VIEN HAN LAM KHOA HQC
VA CONG NGHE VIET NAM

HQC VIEN KHOA HQC VA CONG NGHE

TRAN PHAN HUYNH NHU

NGHIEN CUU THANH PHAN HOA HQC CUA MOT SO DUQC LIEU
SU DUNG KHOI PHO PHAN GIAI CAO VA PINH HUONG PHAN LAP
HQP CHAT THEO MUC TIEU

LUAN VAN THAC ST NGANH
HOA HU'U CcO

Tp.Ho Chi Minh — 2023




BO GIAO DUC VA PAO TAO VIEN HAN LAM KHOA HQC
VA CONG NGHE VIET NAM

HQC VIEN KHOA HQC VA CONG NGHE

TRAN PHAN HUYNH NHU

NGHIEN CUU THANH PHAN HOA HQC CUA MOT SO DUQC LIEU
SU DUNG KHOI PHO PHAN GIAI CAO VA PINH HUONG PHAN LAP
HQP CHAT THEO MUC TIEU

Chuyén nganh: HOA HUU CO
Ma s6: 8440114

LUAN VAN THAC SI NGANH
HOA HUU CO

NGUOI HUONG DAN KHOA HOC:
TS. PHUNG VAN TRUNG

Tp.Ho Chi Minh — 2023




LOT CAM DOAN
T6i xin cam doan d¢é tai nghién ctru trong luan vian nay 1a cong trinh nghién ctu
cua tdi dua trén nhirng tai liéu, sé liéu do chinh tdi tw tim hiéu va nghién ciu. Chinh
vi vay, cac két qua nghién ctiru dam bao trung thuc va khach quan nhat. Bong thai,
két qua nay chua ting xuat hién trong bat c mot nghién ciru ndo. Cac sé liéu, két
qua néu trong luan van 1 trung thue néu sai tdi hoan chiu trach nhiém truéc phét luat.
Tac gia luan van

Tran Phan Huynh Nhu



LOI CAM ON

Em xin chan thanh cam on Thay TS. Phung Vin Trung di dinh hudng
nghién ctru, tan tinh hudng dan, giang day va truyén dat nhitng kinh nghiém
quy bau, dong gop y kién, tao moi diéu kién thuén loi cho em trong viéc hoc
tap va nghién ctu trong subt qua trinh hoan thanh luan vin.

Em xin chan thanh cam on ThS. Pham Hé)ng Ngoc, ThS. Tran Chiéu An
d3 tan tinh chi din, gitp d&, dong gop ¥ kién cho em trong sudt qua trinh thuc
hién luan van.

Em xin cam on cac Thay, C6 bd mon da tan tinh giang day, trao ddi, cung
cap kién thtrc trong qué trinh hoc tap.

Em xin cdm on co s¢ Pao tao Hoc vién Khoa hoc va Cong ngh¢ da tao
diéu kién thuan 10i cho em trong qua trinh hoc tap va hoan thanh luan van.

Va cubi cung toi muén t6 long biét on gia dinh, ban be, déng nghi¢p, da luén
bén canh ting hg, tao moi diéu kién thuan lgi, dong vién 16n dé toi thyc hign
luan van nay.

Em xin chan thanh cam on!

Tp.HCM, Ngay 08 thang 09 nam 2023

Tac gia luan van

Tran Phan Huynh Nhu



MUC LUC

MO DAU .o 1
CHUONG 1: TONG QUAN ......cootitieeeeeeeteeeeeseeeeeseees e eee st en e es s enses s e s s, 3
1.1. Phuong phap phan tich thanh phan héa hoc bang khéi phé phan giai cao.......3
I I T T 1 €3 T SR 3
1.1.1.1. Mot s6 nghién ciru phan tich thanh phan hda hoc caa duoc liéu bang
KNOT Pho PhaN QAT CAO. ....eoiviiiiiiieieeee s 3
1.1.2. Chién Iugc “ Dereplication”” ..........co.eveeeerreereeseesssessessessssasssssssessensesssnens 4
1.1.2.1. Mét sb nghién ctru “Dereplication” trong nudc Va trén thé gidi ......... 4
1.2. TONG QUAN V& AUOC TIBU ...t 5
1.2.1. CAY TRUONG XUAN ..ottt 5
1.2.1.1. Gidi thi€U ChUNG......eeiiiiieiceee s 5
1.2.1.2. Hoat tinh SINN NOC ....ccvieiciii e 6
1.2.1.3.Thanh Phan D08 NOC ...........evieeeiiiieeesee et 6
1.2.2. CAy BADENN [24]....eeciiiiieceeee et 14
1.2.2.1. Gidi thi€U ChUNG......ooiiiiiiiecc e 14
1.2.2.2. Hoat tinh SINK NOC ....oocviiiiec e 15
1.2.2.3. ThaNh PhAN RO NOC ... 15
1.2.3. Cay Trinh Nt NOANG CUNG ....evverierieieeieeieeeeie e 19
1.2.3.1. Gidi thi€U CRUNG......ooiiiiiiiii s 19
1.2.3.2. Hoat tinh SINK NOC ...coveiiiei e 20
1.2.3.3. Thanh Phan RO NOC .......c..cvveeeeeeeecee e 20
1.3. Quy diNh ChAL AT CRICU ... 26
CHUONG 2: POI TUQGNG VA PHUONG PHAP NGHIEN CUU........ccc.oocvrenees 27
2.1. DOi trONG NGNIEN CUU ...voveeveveeeseeee et stenes st 27
2,11 HOA CNAL. ..o 27
0 B D 11 3T o3 USSR 27
2.1.3. TRIEL DI oo 27
2.2. Phuong phap nghi€n CUU .........cooveiiiiiiiiiie e 28
2.2.1. ThU h&T VA XU 1Y MAU.....coivieeiececeeeeceee et 28
2.2.2. Phuwong phap phan tich thanh phan hda hoc bang khéi phd phan giai cao
............................................................................................................................ 28



2.2.3.1. Phurong phap chit XUAL...........c.ovvveeeeeeeeeeeeeeeee e 30

2.2.3.2. SAC KY oottt 30
2.2.3.3. SAC KY 18P MONG (TLC) oot 30
2.2.3.4. Phuong phap KEEtINN .....co.ovieeeieeeeeee e 30
2.2.3.5. Sic ky 16ng hiéu ning cao (HPLC).......cooeveeveeeeeeeeeeeeeeeeeeesesees 31
2.2.3.6. Xac dinh cau tric hop chat da phan 1A, .......ccovevveeeeeeeeeeeeeeeees 31
CHUONG 3: THUC NGHIEM ...coooiiiiiiiiiiiti e 33
3.1. Phuong phap phan tich thanh phan hda hoc bang HRMS..........cc.cccovvvveeane. 33
3.1.1. CRUAN D] MAU. ..ot 33
3.1.2. Chuong trinh phan tich MAU:.......cccoveveveceeeeeeecce et 33

0 N2 B 1 10 (0 (U o OSSPSR 34
3.L.2.2. BADENN oo e 34
3.1.2.3. Trinh N ROANG CUNQ ....ovveieciicie e 34

3.2. Phuong phap phan 1ap, tinh ché va xac dinh cau trdc hop chat muc tiéu ......35
3.2.1. Thuong xudn (Hedera helix):.....cccooevieiiiiiiiiiiccc s 35
3.2.2. Ba bénh (Eurycoma 1ongifolia) .........ccccevviieiiiiiieic e, 37
3.2.3. Trinh ni&r hoang cung (Crinum latifolium)........cccovveieiiiicieccccce e, 39
3.2.4. Xac dinh CAu tric hop ChAt MUC tBU .........cvveeeeeeeeeee e 42
CHUONG 4: KET QUA VA THAO LUAN .......cootieeeeeeeeeeeeeee e 43
4.1 Két qua phan tich thanh phan hoa hoc bang khbi pho phan giai cao .............. 43
4.1.1.Thuong xuan (Hedera helix) ... 43
4.1.2. Babénh (Eurycoma 1ongifolia) .........cccovvvriiiiiieieiieeee 48
4.1.3. Trinh nir hoang cung (Crinum latifolium).........cccooeviiiiiieneiceece, 51
4.2. Xac dinh ciu tric héa hoc cac hop chat muyc tiéu da phan 14p.........cc.couee... 53
4.2.1. TRUONG XUAN ..ottt bbb e 53
B = Y 1 OO 56
4.2.3. Trinh N NOANG CUNQ ..evieie e 58
KET LUAN VA KIEN NGHI....ooteeeeeeeeeee ettt ettt ee et et et eneenn 61
DANH MUC CONG TRINH CONG BO........cccvirieieisciinieesisesss s 63
TAI LIEU THAM KHAO ... oottt 64

PHU LUC e 69



DANH MUC CAC KY HIEU VA TU VIET TAT

NMR Nuclear Magnetic Resonance spectrocopy
HRMS High Resolution Mass Spectrometer
ESI-MS Electrospray lonisation Mass Spectrometry
'H-NMR Proton Nuclear Magnetic Resonance
13C-NMR Carbon Nuclear Magnetic Resonance
SKC Sac ky cot

SKLM Sic ky 16p mong

HPLC High Performance Liquid Chromatography
LC Liquid Chromatography

S Miii don (Singlet)

d Miii d6i (Doublet)

dd Miii d6i-doi (Doublet- doublet)

t Miii ba (Triplet)

m Miii da (Multiple)

ppm Part per million

H Hexane

EA Ethyl acetate

C Chloroform

M Methanol

HH-01 o-Herderin

EL-01 Eurycomanone

CL-01 Crinamidine

TNHC Trinh nir hoang cung




DANH MUC BANG

Bang 1.1 Thanh phan hda hoc ctia Hedera NeliX ............coveeeeveceeeeeeeeeseeeeeeean. 7
Bang 1.2 Mot s6 cau trac ddc trung co trong thanh phan héa hoc cua Eurycoma
TONGITOIIA ... bbb 16
Bang 1.3 Alcaloid caa TNHC Crinum latifolium. [41]......ccccovveiiiiiiiieece e, 21
Bang 1.4 Flavonoid cua TNHC Crinum latifolium L. [41]....ccccoovveiiiiieiececee, 25
Bang 3. 1 Xac dinh ciu tric 3 hop chat muc tiéu bang HRMS...................... 42
Bang 4. 1: Phan tich thanh phan hda hoc cay thuong xuan bang khdi phd phan giai
cao Vva so sanh cac hop chat trong chi Hedera .............ooooveeeiieeiiieiiieeeii) 44
Bang 4. 2: Phan tich thanh phan héa hoc cay ba bénh bang HRMS va so sénh céc hop
ChAL trONQG ChI EUMYCOMA .....o.voveeeececee ettt 49
Bang 4. 3: Phan tich thanh phan héa hoc cay ba bénh bing HRMS va so sanh cac hop
ChAL trONG CHi CIINUM.....v.eeeeeeeeee ettt 52

DANH MUC SO PO

So dd 2. 1: Quy trinh nghién ctru thanh phan héa hoc cua cac duoc liéu bang sir dung

phuong phap khdi pho phan gial cao............coooovieiiiiie e, 29
SO d0 2. 2: QUY NN TUC NIEN ..., 29
So dd 3. 1:Quy trinh tao cao giau hoat chat duoc liéu Thuong xuan.................. 35
So dd 3. 2: Phan 1ap chat muc tiéu at-HEderin ........cco.eeeeeeeeeeeeeeeeeeeeeeee e, 36
So d6 3. 3:Quy trinh tao cao giau hoat chat dugc liéu BADENN..........ccceveeeeeeeennee. 37
So dd 3. 4:Phan 1ap chat muc tiéu EUrYCOMANONE. ...........c.ovvervrereseeeesieneseeeessesenes 39
So dd 3. 5:Quy trinh tao cao giau hoat chat duoc liéu Trinh nit hoang cung............ 40

So dd 3. 6: Phan 1ap chat muc tieu Crinamidine..........cocvvvveeeeeeeseeeeeeeeeseeseseeeens 42



DANH MUC CAC HINH

HINh 1.1: Hedera NeliX.......oooiieiiiieese s 6
Hinh 1. 2: Hedera NePalensiS.........cuuiueiiiiiieiieie ettt 6
Hinh 2.1: Mau nguy@n liéu thudng XUAN...........coouiiiiii el 28
Hinh 2.2: Mau nguyén liéu BADENN .......c.ceviveccee et 28
Hinh 2. 3: Mau nguyén lidu trinh nit NOANG CUNG ......vevecveveiececeeees e 28
Hinh 3. 1: Ngam chiét nguyén liéu thudng XUAN. .............ooveiiieiiiiee e 36
Hinh 3. 2: Hinh SAC KY COt A0 MEOH ... 36
Hinh 3. 3: Thiét bi chiét siéu &m va may cd quay cao chiét ba bénh.......... ........36
Hinh 3. 4: Sic ky trung 4p cao Chloroform ba bénh............cccceeeveeceveeeieeeeees 38
Hinh 3. 5: Mau phan doan CC troN SiliCa ........ccceeveveveveeeeeeceeeeeee s 39
Hinh 3. 6: Sac ky trung 4p Mau phan doan CC.......ccoevvieieeeieeieeeeee e, 39
Hinh 3. 7: TLC chat sach (EUrYCOMANONE) ..........ccveviereieeeeeieesieeseseesesssesessenee e, 39
Hinh 3. 8: Sac ky trung 4p cao Chloroform TNHC .........cocvveevieceeeeeeee e, 40
Hinh 3. 9: Cao Chloroform TNHC tron Silica ........ccccvvevevviieieccceccce e, 40
Hinh 3. 10: Sic ky trung ap phan doan CC TNHC ........cocvvvvvveceereeeeeseeeee e, 41
Hinh 3. 11: Phan doan CC TNHC tron SiliCa........ccovvvieiiiiiiiee e 41
Hinh 3. 12: Tinh thé crinamiding ...........c.oeeveiviieeieeieeeese s 41
HINN 3. 13: TLC ChAL SACH ... 41
Hinh 4. 1: Sac ky dd ctia ca0 thurdng XUAN ... ... ..o ee e e e e e e e e e e e A3
Hinh 4. 2:Khéi phd ESI-HRMS ciia hop chat o-hederin...........ccovevevevervevceenenen. 44
Hinh 4. 3: Sac ky d0 €08 €a0 DA DENN ........covevceceeeceeceeee s 48
Hinh 4. 4: Khéi pho ESI-HRMS caa hop chat eurycomanone.............c..e.eveeeennen. 49
Hinh 4. 5: Séac ky do ctia cao trinh Nit NOANG CUNG .......veveveeeevceeee e 51
Hinh 4. 6: Khi phd ESI-HRMS caa hop chat crinamiding ............cccocovvevvevevieennenes 52
Hinh 4. 7:TLC hop chat a-Hederin vgi hé dung mdi C:Me:W (70:30:3) ................ 53
Hinh 4. 8: MAu Chat (0-NBABTINY .....cveveeeeveveeeveeeeee st 53
Hinh 4. 9: Cau trdc hda hoc ctia hop chat (@-hederin ...........cccocvvevevevevveereeierenen, 53
Hinh 4. 10: Eurycomanone K& tiNN .............oceeveveeieeeieessceeeeesessesenes s sisneesnes 57
Hinh 4. 11: TLC chat eurycomanone SaCh............ccveereeeeeeeieeeseseeees e, 57
Hinh 4. 12: Tinh thé crinamiding ............c.oovveeveieeeeeee e 58
Hinh 4. 13: TLC chat crinamiding SACH ........vvveeeeeeeeeeeeeeeeee et 58
Hinh 4. 14 Cau trdc héa hoc ctia hop chat (Crinamiding) ..........cccovevvevevveevsvieeeeens 59



MO PAU

Phuong phap khdi phd hay phuong phap phd khdi lwong (tiéng Anh: Mass
spectrometry - MS) 1a mét ki thuat dung dé do dac #7 1é khoi lwong trén dién
tich cua ion; dung thiét bi chuyén dung 1a khdi phd ké. Ki thut nay c6 nhiéu tng
dung, bao gém:

Xéc dinh cac hop chit chua biét bang cach dua vao khéi lugng ctia phén tir hop
chét hay tirng phan tach riéng cua no;

Xéc dinh két cdu chat ddng vi cua cac thanh phan trong hop chét. Xac dinh cu
tric cia mot hop chit bang cach quan sat tirng phan tach riéng cua né

Dinh luong lwong hop chit trong mot mau dung cac phuwong phap khac (phuong
phap pho khoi von khong phai 1a dinh luong);

Nghién ctru co s& ctia hoa hoc ion thé khi (nganh hoa hoc vé ion va chat trung
tinh trong chan khéng);

Xac dinh cac thudce tinh vat 1y, hoa hoc hay ngay ca sinh hoc ctia hop chit vai
nhiéu huéng tiép can khac nhau.

Khéi phé phén giai cao (HRMS) 1a mot k¥ thuat méi duge str dung dé phan tich
nhanh thanh phan hoa hoc ctia cac hop chat véi do chinh x&c va d6 nhay cao. Do kha
ning do duoc khdi luong cic ion phan tir, phan manh ion véi do chinh x4c cao
(<5ppm) nén c6 thé dé& dang tinh duoc cong thirc phan tir ctia cac hop chit va phin
ménh ion. Tr 6 c6 thé dy doan chinh xac duoc ciu trac cta cac hop chit trong mau
phén tich.

Viét Nam 1a mot nuée c6 ngudn thuc vat phong pht véi khoang 12000 loai,
trong d6 da diéu tra duoc 3850 loai duogc sir dung 1am thudc, cac duoc liéu quy nhu
Thudng xuan di duoc st dung lam thude ho (Siro Prospan,...), Ba bénh duoc sir dung
giai doc gan, chéng ung thu, chong viém. .., Trinh nit hoang cung c6 cong dung giam
dau, (rc ché khéi u (cac san pham nhu Trinh nit hoang cung Cali USA,...). Hién nay
dugc liéu dong mot vai tro quan trong trong nhiéu linh vuc nhu kinh doanh céc hoat
tinh co trong dugc li¢u, cac san phém thude tir duoc lidu, tuy nhién du da duogc nghién
clru rong rii nhung duogc liéu s& thay ddi theo ving mién, nhiét do, khi hau, diéu kién
cham soc, ... Nén dé c6 dugc mot san phém tdt thi can chuin hoa tir khau séan xuit
nguyén liéu dé tao ra san pham t6t nhat. Vi thé, dé biét va dam bao duoc san phdm
thi chung ta can dya vao hoat chit chinh trong duogc liéu, nén can kiém soat that chat
che.

Phuong phap khdi phd phan giai cao (HRMS) rat quan trong trong viéc kiém
tra cac hoat chét, chat muyc tiéu, co trong duoc liéu mot cach kha nhanh chéng. Dua

vao khdi pho phan giai cao (HRMS) xé4c dinh duoc thanh phan hoa hoc va dinh hudng
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phan 1ap hop chat muc tiéu. Vi thé, Bé gép phan vao viéc nghién ctu thanh phan héa
hoc va phan lap, tinh ché cac hoat chét cé trong céc loai duoc liéu quy trong nudc,
ching tdi chon dé tai: “ Nghién ctru thanh phin héa hoc ciia mot sé dwoc liéu sir
dung khoi phé phén gii cao va dinh huéng phan lap hep chit theo muc tiéu”.
No6i dung thuc hién:
e Nghién ciru thanh phan hoa hoc 3 ciy duoc liéu Thuong xuan, Ba bénh, Trinh
nir hoang cung bang phuwong phap phan tich khéi phé phéan giai cao (HRMS).
e Phan lap, tinh ché va xac dinh céu tric cac hop chit muc tiéu ctia thuong xuan,
ba bénh, trinh nit hoang cung.



CHUONG 1: TONG QUAN
1.1. Phwong phap phan tich thanh phan héa hoc bang khéi phé phan giai cao

1.1.1. Giéi thigu

Khéi phd phan giai cao 12 mot ki thuat méi duoc st dung dé phan tich nhanh
thanh phan hda hoc cua cac hop chét véi do chinh xac va phan giai cao. Phuong phap
nay rat hiru ich trong viéc xac dinh cdng thirc chung va céu tric cua cac hop chat dua
trén cac phan manh caa chung.

1.1.1.1. Mgt sé nghién cru phan tich thanh phan héa hec ciia dwec lidu bang
khéi phé phan gidi cao.

Nam 2011, Lee Suan Chua va cong su di sir dung LC-MS/MS dé xac dinh céc
chat chuyén hoa nho) va dé phat hién cac chat chuyén hda muc tiéu nhu quassinoids,
alkaloid, triterpene va biphenylneolignan tir chat chiét xuat tir dich chiét nuéc cua
Eurycoma longifolia. [48]

Nam 2013, DK Gupta cung cac cong su da xac dinh 2 hop chat thién nhién co
hoat tinh sinh hoc quan trong 13 glycyrrhizin va acid glycyrrhetic c6 trong ré ciy cam
thao bang phan tich khdi pho phan giai cao va tién hanh tinh ché 2 hop chat nay. [49]

Nam 2016, Lin Jun Yang cung cac cong su da nhanh chong xac dinh dugc 43
hop chat, bao gém saponin triterpenoid, glycoside flavonoid, phenylpropanoid va
nucleotide tir than va 14 ctia cdy Hedera nepalensis bang phuong phap phan tich khéi
phd phan giai cao (UHPLC-MS/MS) [50].

Nam 2016, Ting-Ting Sun va cong su da tach va xac dinh 31 saponin trong nhan
sam Shizhu bang phuong phap sic ky 16ng hiéu suét cao siéu nhanh, nhay va dang
tin cdy cung voi phuong phap MS/MS (UHPLC-MS/MS) thanh phan hoéa hoc ¢6
trong nhan sam Shizhu [51].

Nam 2017, Shuailong Jia va cong su da xac dinh thanh phén hdéa hoc cua
curcuminoid trong nghé dua trén phan tich UHPLC-QTOF-MS/MS, 89 curcuminoid
bao gém 16 chat méi da dugc xac dinh trong cac mau nghé bang cach sir dung phuong
phép nay. [52]

Niam 2018, Miao-Miao Jin va cong su nghién ctru thanh phan hoat tinh sinh hoc
chinh cua Pulsatilla chinensis bang (UPLC-QTOF-MS/MS) dé xéac dinh dic tinh va
nhan dang hiéu qua saponin triterpenoid trong dich chiét tho tir Pulsatilla chinensis.
Két qua 13 xac dinh tong sb 22 saponin triterpenoid dya trén thoi gian lwu, cac mau
phan méanh khéi phé va dir liéu MS va MS/MS [53].

Nam 2019, Ri Na Su cung cac cong su da xac dinh dugc cac thanh phén hoa
hoc clia cay tim ma — (Urtica hyperborea) thong qua thoi gian luu, khéi lwong phan

tor tuong ddi chinh xéac, cac doan phan cat caa MS/MS va dit liéu duogc bao cdo, bao


https://pubmed.ncbi.nlm.nih.gov/?term=Chua+LS&cauthor_id=22119436

¢6m 8 flavonoid, 14 hop chit phenolic, 8 phenylpropanoid (4 coumarin va 4 lignan),
va 1 hop chét steroid bang phwong phap khdi phd phan giai cao (UHPLC-MS/MS)
[54].

Niam 2020, Ning Li va cong s, thiét 1ap mot phuong phap phan loai va xac dinh
nhanh céac thanh phan héa hoc phtc tap caa Epimedium koreanum Nakai, 12 mét loai
thudc thao dugc ndi tiéng ciia Trung Quéc dé diéu tri lodng xwong, e ché mién dich,
khéi u va cac bénh tim mach. Cac miu duoc phan tich bing sic ky 16ng hiéu ning
siéu cao khdi pho thoi gian bay (UPLC-Q-TOF-MS) va cac ky thuat xur 1y sau dit
lidu. [55]

Nam 2021, Haotian-Pei va cong su da nghién ctru sdu bo phan cua sen (hat, 14,
mam, nhi, thu va than r&) UPLC-QTOF-MS két hop véi nén tang UNIFI va phan tich
thng ké da bién di duoc st dung trong nghién ciru nay. Két qua 13, tong cong 171
hop chat da duoc phét hién va xac dinh dic diém tir su bo phan, va 23 diu an sinh
hoc manh mé& da duoc phét hién. Quan trong nhat, day 1a 1an dau tién ngudi ta phat
hién thay alkaloid trong nhi hoa. Phan nhi hoa 14 mot phan déang chu ¥ vi né chua
nhiéu flavonoid va terpenoit nhat, nhung nghién citu vé nhi hoa con khé han ché. [56]

1.1.2. Chién lwge “ Dereplication”’

“Dereplication” 1a “mot qua trinh sang loc nhanh chong giup xac dinh thanh
phan hoa hoc cac hop chat da biét”, duoc dinh nghia dau tién vao nim 1990 bai
Beutler JA va céc cong su [57].

------------------------
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1.1.2.1. Mgt sé nghién cizu “Dereplication” trong nwéc va trén thé gidi
Niam 2017, Jane Hubert va cic cong sy da tong két nhitng cong cu va phuong
phap nghién ctu cac hop chét ty nhién bang chién luoc “Dereplication”. Tir nim
1990 dén nim 2014 c6 hon 358 tai lidu nghién cau vé “Dereplication”, cic nghién
ctru khdng chi lién quan dén duoc 1y, dugc pham, hda hoc, hodc khoa hoc thuc vat,
ma con ca sinh hoc phan tr, cong nghé sinh hoc-khoa hoc, vi sinh va cong nghé khoa
hoc thuc pham. [58]



Niam 2017, Tobias Kind va cong su da nghién ciru cac hop chat tu nhién theo
chién lugc “Dereplication” va bang cach dua vao két qua khdi phd phan giai cao, cac
phan mém Seven Golden Rules, Sirius2, MS-FINDER cuing véi kho dit liéu hop chat
thién nhién DNP, UNPD, ChemSpider and REAXYS, két hop véi cac dit liéu phan
manh nhu CFM-ID, CSI:FingerID and MS-FINDER dé tim ra chinh xéc 13 trong 18
hop chit tw nhién mot cach hiéu qua va nhanh chéng [59].

Nam 2019, Yilin-Gao va c4c cong sy di dwa vao dir liéu sac ky long két hop
phan tich khdi pho 1am sang to ciu trdc caa cac hop chéat chuyén hoa tir chiét xuat
nidm duoc liéu va té bao ung thu, sau d6 nhan biét nhimg thay d6i cua ching theo
cach ban dinh lwgng va da phat hién ra khoang 100 loai ion méi c6 mat trong cac té
bao bénh bach cau [60].

Phuong phap HRMS ngay cang tro nén pho bién va trg thanh mot cong cu hd
tro dac luc dé tién hanh cac nghién ciru vé thanh phan héa hoc, xac dinh ciu tric, va
nhiéu muyc tiéu khac. Di véi & nudc ngoai thi cac nha khoa hoc dang st dung phuong
phap HRMS rat nhiéu va cong bé nhirng cong trinh v ving hitu ich, nhung ¢ Viét
Nam phuong phap nay van con han ché chua dugc st dung rong rai. Vi thé, viéc thuc
hién sir dung phuong phap nay dé c6 két qua nhanh, chinh xéc va theo kip véi tinh
hinh phat trién khoa hoc cua thé gidi.

1.2. Tong quan vé dwgc liéu
1.2.1. Cay Thwong xuan
1.2.1.1. Gigi thigu chung

Chi Hedera trong hé théng phan loai thuc vat thuoc ho Ngii gia bi (Araliaceae).
Trén thé gioi, chi Hedera cd khoang 15 loai véi dic diém hinh thai chung dang day
leo, phan bd cha yéu & chau Au, Tay A. [1]. O Viét Nam, hai loai dugc nghién ciu
va sir dung lam thudc phd bién hon ca 1a Thuong xuan (Hedera helix L.) va day
thuong xuan (Hedera nepalensis K Koch.) [2].

- Tén khoa hoc: Hedera helix L.

- Ho: Ngii gia bi (Araliaceae)

- Chi: Hedera

- Loai Thuong xuan (Hedera helix L.)

Hedera helix L. 1a mot loai ddy leo than gd thuong xanh, moc cao téi 20-30 m
& nhimg noi c6 bé mat thich hop (cay i, vach da, tuong). Cac 1a moc so le, phién 14
c6 3-5 thay hinh 10ng ban tay, dai 50-100 mm, vai cudng 14 dai 15-20 mm. Mt trén
cua 14 c6 mau xanh luc dam, mit dudi thi c6 mau xanh xam va dudng van noi 18n rd
rét. Nhitng b6ng hoa nhé mau vang luc co6 duong kinh tir 3-5 cm duoc tao ra tir mua
hé cho dén cudi mua thu; qua 1a nhitng qua chin nhd mau den, chin vao mua dong.



Thudng xuan moc ty nhién & mién Tay, mién Trung va mién Nam Chau Au nhung
cling d3 xuit hién tai Bic My va Chau A. N6 1a mot cay canh phé bién ¢ nhiéu nudc
[3]. Thuong xuan khéng phai cay ban dia ¢ Viét Nam, c6 phan bé tuwong ddi hep ¢
Chéu A va duoc ghi nhan xuét hién & mét sé tinh viing ndi cao Viét Nam.

Hinh 1.1: Hedera helix Hinh 1. 2: Hedera nepalensis

1.2.1.2. Hogt tinh sinh hec

O Viét Nam, Hedera helix dugc sir dung cho céc réi loan vé gan, 14 lach va tui
mat, cling nhu co thét co, bénh gout, viém phé quan man tinh, bénh lao phéi. Thudc
duogc lam tir Hedera helix ciing duoc st dung dé lam giam sung mang duong ho hap
va pha v& sy tac nghén & nguc (nhu 1a mot thude long dom). Mot s6 ngudi bdi Hedera
helix truc tiép 1én da bi bong, vét chai, nhiém tring duéi da (viém mo té bao), sung,
dau day than kinh, nhiém ky sinh trung, viém loét, dau khap (thap khdp) va cac tinh
mach bi sung (viém tinh mach). [4]

Cao chiét tir 14 thuong xuan da duoc ching minh c6 hiéu qua trong diéu trj viém
phé quan cap tinh, man tinh, va ho kéo dai ¢ ca nguoi 16n va tré nho. [5]- [8]

Céc hop chét chiét xuat tir Hedera helix c6 tinh khang khuan. [9]- [11]

Cac hop chat chiét xuat tir Hedera helix hoat tinh chdng giun san. [12]

Dich chiét kho thu dugc tir cdy Hedera helix c6 hoat tinh chéng co that. [13]

a- Hederin chiét xuat tir 1a cdy Hedera helix cd hoat tinh chong doc tinh trén
gan. [14]

Chiét xuat ethanol tir cdy Hedera helix c6 kha nang khang viém. [15], [16]

Cac hop chat saponin c6 lap tir 14 Hedera helix c6 hoat tinh chdng oxi héa. [10],
[17]

Cac hop chét chiét xuat tir Hedera helix hoat tinh trén nhu dong ruot. [18]

Hederagenin chiét xuat tir Hedera helix ¢ kha ning chdng khéi u. [19]

1.2.1.3.Thanh phan héa hec

Mot s6 nghién caru, Nam 2014, Miao Yu va cong su da xac dinh saponin va
flavonoid trong dich chiét 14 thuong xuan bang HPLC-DAD di duoc st dung dé diéu
tri cac chung rdi loan hd hap khéac nhau va 1a loai thuéc thao dugc tri ho ban chay



nhat & nhiéu quéc gia. Thong thuong, chiét xuat 14 thuong xuan va cac san pham
thudc cua nd dugc tiéu chuan hoa dua trén ham luong cua hederacoside C va -
hederin. Vi thudc thao dugc bao gdm hoa chat phuc tap, ¢6 thé 1a cac hop chét khéac
cling vi cac hop chat danh dau co thé gép phan vao su an toan va hiéu qua cua thudc
thao duoc.

Nam 2015, Zeeshan Ahmed Sheikh va cong su da dung k¥ thuat HPLC-PAD
dé xac dinh céac san pham thao duoc tir thudng xuan tri ho va xac dinh dau an sinh
hoc hederacoside C cho tinh nhat quéan cta san xuat trong san pham siro tri ho cua ba
nhan hiéu siro khac nhau. [lvy Herbal Products for Cough and its Validation for
Hederacoside C Biomarker Determination with HPLC _PAD Techniques] [21]

Nam 2015, Trinh Thi Diép va cac cong su [20, 1] da c6 1ap hederacosid C (1)
va a-hederin (2) trong la cdy Hedera helix L. thu hai tai Pa Lat.

Niam 2016, Nguyén Thi Hoang Mai va cac cong su [2] da co lap va dinh lugng
hederacosid C (1) va a-hederin (2) trong 14 cay thuong xuan bang HPLC.
Bang 1.1 Thanh phan hda hec ciia Hedera helix

Heop chat Triterpene

29
7,20 30

Hederagenin (10) Oleanoic acid (11)

Heop chat Triterpene saponin

OH OH
4 50 ; 4 5 _0
1 ,
HO—) Y HO—> -
[0)
P \ 24 6" 0
o—7" OH "
HO HO O
R 2" o 2
OH OH
OH OH

a-Hederin (2) S-Hederin (13)




Hederasaponin F (29)

2
9//,,,,20 30

Hederasaponin E (12)

B (11 )

2

3-Sulfate cuia 28-O-f-gentiobiosyloleanate
(helicoside L-8a) (34)




3-Sulfate cua echinocystic acid (33)

Ara: a-L-arabinopyranosyl

Xyl: f-D-xylopyranosyl

Glc: S -D-glucopyranosyl

Glc A: g -D-glucuronopyranosyl
Rha: a-L-rhamnopyranosyl.
Gal: f-D-galactopyranosyl

KH Ri1 R> Rs Tén

(1) OH |[Rhal-2 Ara Rha 1-4 Glc 1-6Hederasaponin C
Glc

(2) OH |Rhal-2Ara H a-Hederin

(3) OH |Ara Rha 1-4 Glc 1-6Hederasaponin D
Glc

4) H Rha 1-2 Ara Rha 1-4 Glc 1-6Hederasaponin B
Glc

(14) OH |Ara H Saponin B

(o~ hederin)

(15) OH [Glc H Saponin 2

(30) H Gal 1-4 Glc Rha 1-4 Glc 1-6Hederasaponin H
Glc

(31) OH [Glc Rha 1-4 Glc 1-6Hederasaponin I
Glc

(60) H Glc 1-2 Glc H Heteroside E2

(61) |OH [Glc1-2Glc H Saponin 4

(62) |OH (Glc Glc1-6 Glc Staunoside A

(63) OH [Glc1-2Glc Glc 1-6 Glc Heteroside |

(Helixosides A)




10

(64) H Glc 1-2 Glc Glc 1-6 Glc Helixoside B

(70) H Ara H Saponin 1

(71) (OH Xyl H Colchiside A

(72) H Glc A H Saponin |

(73) H Glc A Rha 1-2 Glc 1-6/Scheffleraside Il
Glc

(74) H Rha 1-3 Glc A Rha 1-4 Glc 1-6/Colchiside B
Glc

(75) H Rhal-2 (Glc 1-4)Ara Rha 1-4 Glc 1-6Hederacolchiside E
Glc

(76) OH Rhal-2 (Glcl-4)Ara |Rha 1-4 Glc 1-6Hederacolchiside F
Glc

Cac hop chat tinh dau

S-Elemene (36)

y-Elemene (elixen) (37)

Methyl ethyl ketone (38)
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M
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(39)

(o]

WJ\H

6 4

Trans-2-hexenal (40)

OH

/W\I
2

6 4

Trans-2-hexenol (41)

1 3
\
10
5
Sé 6
/:\

Germacrene D (42)

S-Caryophyllene (43)

Sabinene (44)

1 3
5

a-Pinene (45)

5

S-Pinene (46)

1
6‘2

P
Limonene (47)

(0]
OJJ\
5
\ /"
3

4

Furfurol (48)




11

Hop chat phenolic acid

HO 6

HO_ 3

HO ¥

HO 3 N

HO ¥ o O
HO__ 3 v N

HO™ *

4,5-0O-Dicaffeoylquinic (23)

HO

HO

3t

Rosmarinic acid (25)

Caffeic acid (26)

HO

o

AN

OH

4

p-Coumaric (49)

Cac hop chat flavonoid

Quercetin (19)

Kaempferol (20)
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Isoquercitrin (17)

Quercetin 3-O-glucoside Rutin (5)

Astragalin (18) Nicotiflorin (1(_3) |
Kaempferol 3-O-glucoside Kaempferol 3-O-rutinoside

Heop chat Coumarin

Diacetylene -11,12-dehydrofalcarinol (7)
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Falcarinol (8)

Hop chat anthocyanin

Cyanidin 3-monoside (51)

C4c hop chat sterol

a-Spinasterol (55)

5a-Stigma-7-en-34-ol (56)
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C4c hep chat vitamin

(E)H
i HO. : O , O
HO OH
Vitamin E (58) Vitamin C (59)

Hop chat alkaloid

8 17 (0]
% 90 10 12 14 " I 2 SNoH
, Z ‘
|/ T 4
’ Petroselinic acid (66
: etroselinic aci
Panaxidol (65) (66)
(0] [0}
18 14 12 10 9 3 18 14 12 1
o 1 oH - > <N on
Oleic acid (67) Cisvaccenic acid (68)

1 "OH

Palmitoleic acid (69)

1.2.2. Cay Ba bénh [3]
1.2.2.1. Gigi thigu chung
Cay ba bénh hay con con goi la bach bénh, hau phac, tho nan (Lao), antongsar,

antoung sar (Campuchia), Tongkat ali (M& Lai). Tén khoa hoc la Eurycoma
longifloria Jack (Crassula pinnata Lour), Thuoc ho Thanh that (Simaroubaceae).
- Tén khoa hoc: Eurycoma longifloria Jack
- Ho: Thanh that (Simaroubaceae)
-Chi:Eurycoma
- Loai Ba bénh (Eurycoma longifloria Jack)


https://vi.wikipedia.org/wiki/H%E1%BB%8D_Thanh_th%E1%BA%A5t
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Cay nho c6 canh, 1a kép 16ng chim 1é gdm 10 dén 16 d6i 14 chét, hau nhu khong
cd cudng, hinh tring dai, day, nhin hoic c6 16ng & mit dudi. Cay ba bénh 1a loai don
tinh khéc géc (dioecious) nén mdi cay chi trd hoa duc hoic hoa cai. Hoa mau dé nau
moc thanh chum, n& vao thang 3-4. Mai hoa c6 5-6 canh rat nho. Cay két qua vao
thang 5-6. Qua non mau xanh, khi chin d6i sang mau dé sam, nhin, hoi thuon dai,
dau tu va cong, mit trong c6 16ng thua va ngén, dai tir 1-2 cm, ngang 0.5-1 cm. Mot
hat ¢6 nhiéu 16ng ngan. Cay moc phd bién & khip nude ta nhung phd bién nhat &
mién Trung, Tat Nguyén, Tay Ninh, dac biét quanh ving Bién Hoa, Trang Bom va
Pinh Quén- Pong Nai. Con thiay & Malaxia, Indonésia. Nguoi ta dung qua, vo than
va v ré phoi hay say kho lam thudc.

1.2.2.2. Hogt tinh sinh hec
e Hogt tinh chéng ky sinh tring sét rét va gay déc té bao

Chan va cong su [25] da thir nghiém dich chiét cua E.longifolia cho thiy hoat
tinh chéng Ky sinh tring sét rét P.falciparum trong diéu kién in vitro. Cac hop chat
phan lap trong cdy ba bénh la: 10-hydroxycanthin-6-one, eurycomalactone,
eurycomanone va eurycomanol cho tac dung chdng st rét.

Kardono va cong su [26] dd phan 14p nam thanh phan gay doc té bao tir ré cua
E.Longifolia tir Kalimantan, Indonesia. C bén alkaloid thuoc nhém canthin-6-one,
la 9-methoxycanthin-6-one, 9-methoxycanthin-6-one-N-oxide, 9-hydroxycanthin-6-
one, va 9-hydroxycanthin-6-one-N-oxide va mot quassinoid la eurycomanone co tac
dung gy doc té bao chéng mot sé té bao ung thu nhu: Vu, dai trang, phéi, da, cac
dong té bao khang thudc KB, KB-V1 va bénh bach cau (P-388). Ngoai ra cac hop
chat eurycomanone va 7-methoxy-P-carboline- 1-propionic acid cho thay chéng lai
ki sinh tring st rét P. falciparum.

Kuo va cong su [27] phan lap va xac dinh duoc gan 65 hop chat tir ré cua
E.longifolia. Trong d6 tam hop chat di chitng minh kha ning gy d6¢c manh déi Véi
dong té bao ung thu phoi (A-549), bay hop chat chéng lai dong té bao ung thu va
MCF-7. Hai trong s cac hop chat c6 tac dung manh véi Ky sinh tring sét rét P.
falciparum.

1.2.2.3. Thanh phan héa hec

Qua két qua thu nhan tir cac cong trinh nghién ctru da dugc cong bd, da phan
lap hon 65 hop chat céc loai tir ré cay ba bénh [27], thanh phan hda hoc cua cay bé
bénh vé cling phong phu va da dang, bao gom nhiéu hop chét nhu cac diterpeniod,
triterpenoid voi 3 khung suon co ban nhu: quassinoid, squallan va tirucallan. Ngoai
ra con co cac alkaloid, steroid, flavonoid. Trong d6 quassinoid, alkaloid dong vai tro
quan trong nhat va hoat luc chu yéu cua cay ba bénh [28].
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Nam 1982, cac tdc gia Muchsin Darise, Hiroshi Kohda, Kenji Mizutani va
Osamu Tanaka [29] di tién hanh nhitng nghién ctu vé thanh phan héa hoc cua ré cay
ba bénh c6 hop chit Eurycomanone, Eurycomanol va Eurycomanone-2-0-f-
glycopyranoside, 9-Hydrocanthin-6-one.

Nam 1989, nhom tac gia K.L. Chan, S. Lee, T. W. Sam va B. H. Han [30] da
nghién ctu thanh phan héa hoc va hoat tinh chdng sét rét cua cay béa bénh, két qua da
tim ra cac hop chat Eurycomanol-2-0-B-glycopyranoside, Eurycomanol tir r& cay bé
bénh thé hién hoat tinh chéng st rét.

Niam 1991, hoat tinh gay doc té bao va hoat tinh chdng sbt rét caa cay béa bénh
cting dugc nghién ctru bai nhom tac gia Leonardus B.S Karadono va cong su [31],
da phan 1ap dugc 4 alkaloid: 9-Methoxycanthin-6-one, 9-Methoxycanthin-6-one-N-
oxid, 9-Hydroxycanthin-6-one va 9-Hydroxycanthin-6-one-N-oxid, mét quassinoid
Eurycomanone

Niam 2007, tac gia Tran Anh Tuin va cong su [4] da nghién ciru thanh phan hoa
hoc cdy ba bénh va phan lap duoc 6 hop chat la 9-hydroxycanthin-6-on, 13,18
dihydroeurycomanon, kaempferol -3-0-a-rhamnpyrannoiside, eurycomanone,
eurylen, 9-methoxylcanthin-6-on.

Bang 1.2 Mgt s6 cau triic diic trung cé trong thanh phan hda hoc cia
Eurycoma longifolia

Eurycomanol

HO I
HO
HO @

HO

OH
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Eurycomanone-2-O--glycopyranoside

3p,18-Dihydroeurycomanol

1-Hydroxy-9-methoxycanthin-6-one

5,9-Dimethoxycanthin-6-one

o}

HO
OH

O

Eurycolactone A

o

HO

Cl

@)

Eurycolactone B

(@]

4'- (2,3-Epoxy-1-hydroxypropyl)-2-
hydroxy-5- (3-hydroxy-1-propenyl)- 2',3-
dimethoxybiphenyl

o

4'- (2,3-Epoxy-1-hydroxypropyl)-2
hydroxy-5- (3-hydroxy-1-propenyl)-2',3,6'-
trimethoxybiphenyl
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OH

HO o}

Eurylactone A

HO

OH
Eurylactone B

OH

OH

OH
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o o

12-Epi-11-dehydroklaineanone

Eurylene

OH
Longilactone

OH

HO
OH

T

Eurycolactone F

1.2.3. Cay Trinh nir hoang cung
1.2.3.1. Gigi thigu chung

Chi Crinum cé khoang 130 loai ¢ cac vung nhiét dai, can nhiét déi va vung
nong. O Viét Nam, chi Crinum cé 6 loai dugc trong l1am canh va 1am thubc: Crinum
amabile Donn., Crinum asiaticum L., Crinum defixum ker Gawl., Crinum giganteum

Andr., Crinum latifolium L., Crinum moorei Hook F. [5]

Chi Crinum duoc xem 1a dai dién cho ho Amaryllidaceae do thanh phan héa
hoc c6 hau hét cac hop chat caa cac chi khéc trong ho. Thanh phan hda hoc cua céc
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loai trong chi Crinum dwgc nghién cau tir ndm 1950. Nhém hop chat chinh 1a
alkaloid, ké dén 1a nhdm non-alkaloid, trong d6 dic biét 1a hop chat phenolic [34].
-Tén khoa hoc: Crinum latifolium L

-Ho: Thuy tién (Amaryllidales)

-Chi: Crinum L.

-Loai: Crinum latifolium L

L& hinh dai, dai 30 cm dén 50 cm, rong 3 cm dén 8 cm, méng, nhe, & giita day,
cang ra mép 1a cang mong, mép gon séng, dau nhon hay tu, goc phang. Phién 14 c6
mau nau vang hoic nau nhat, c6 rat nhiéu gan nho song song voi gan chinh. Thé chat
dai, mat bé c6 nhiéu soi to nhd mau trang. Mui hoi chua, hic dac biét, vi hoi dang.
La loai cAy wa am, sang hoic mot phan bong mat. Sinh trudng va phét trién ¢ khi hau
néng va am cua vung nhiét d6i. Mdi nam cay cho 6-8 14 moi va dé thém 3-5 hanh
con. Cay ra hoa hang nim vao thang 6-8. Bo phan dung chu yéu Ia 14 va than hanh
[6]1 [7]

Cay trinh nit hoang cung dugc trong rong rdi & An Do, Thai Lan, Trung Qudc,
Indonésia, Philippin, Campuchia, Lao. O Viét Nam, cay duoc trong chi yéu ¢ cac
tinh tir Quang Nam — Pa Nang tré vao. [35]

1.2.3.2. Hogt tinh sinh hec

Rat nhiéu cdng trinh khoa hoc cong b vé hoat tinh sinh hoc cua lodi nay trén
c4 in vitro va in vivo. Pugc thuc hién trén cao chiét tir 14 trinh nir hoang cung va céc
san pham c6 trinh nit hoang cung. Cac tac dung duoc cdng bé 1a tinh khang khdi u,
khang viém, khang oxi hda va kich thich mién dich.

Téc dung sinh hoc cua mot vai hop chat tinh khiét duoc phan lap tir trinh ni
hoang cung

Céc thtr nghiém sang loc sinh hoc chirng té crinamin va haemanthamin c6 hiéu
qua trong thtr nghiém gay chét té bao ung thu theo chuong trinh & nong do pM. Cau
ndi a & vi tri C-2 va nhdm —OH tu do ¢ C-11 12 nhitng vi tri dong vai trd quan trong
trong tac dung duoc ly nay [37].

Lycorin, crinamin va 6-hydroxycrinamin tach tu than hanh loai Crinum
delagoense chéng lai té bao ung thu BL-6 trén chudt [38].

1.2.3.3. Thanh phén hoa hec

Nam 2016, Nguyén Thi Ngoc Tram va cong su da diéu ché va thiét 1ap chat
chuan crinamidine trong cay trinh nit hoang cung va két qua cho thay crinamidine
diéu ché dat tieu chuan chuan géc (primary) véi ham luong dugc xac dinh 1a 99,85
% tinh theo nguyén trang (n = 18, s = 0,01, i = 0,0006). Chat chuan crinamidine da
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diéu ché va thiét l1ap s& gép phan vao viéc kiém nghiém chat luong trinh nit hoang
cung va cac ché pham. [39]

Nam 2022, Wisuwat Thongphichai va cong sy da nghién ciru nham tiéu chuan
hoa va khao sét hoat tinh chéng ting sinh cua dich chiét ethanol cua Ia C. latifolium.
Cac alkaloid chinh duoc phan lap tir C. latifolium ciing di dugc kham phé vé kha
ning str dung ching 1am chat danh dau hoat tinh sinh hoc. Két qua cua nghién ctu
nay hd trg hoat dong chdng ray nau cua C. latifolium trong y hoc ¢ truyén va cho
thiy rang hai alkaloid phan Iap nay c6 thé thac day hiéu qua cua dich chiét C.
latifolium. Ngoai ra, cac alkaloid chinh lycorin va 6a-hydroxybuphanidrine c6 thé
duoc st dung 1am chat danh dau hoat tinh sinh hoc dé tiéu chuan hoa céc chat chiét
Xuat tir cay Trinh nit hoang cung. [40]

a. Alkaloid cua trinh niz hoang cung

Dén nay da c6 36 alkaloid dugc phan lap va dinh danh, phan 16n thudc khung
crinin va lyorin.

D3 c6 12 alkaloid duoc phan Iap tir trinh nit hoang cung trong ¢ Viét Nam,
Cac cong bd nhiéu nhat véi 12 alkaloid tir dich chiét Ia va than hanh. Alkaloid thuc
khung crinin chiém sb luong nhiéu nhat, gom 7 alkaloid: crinamidine, lycorin, 6-
hydroxybuphanidrin, ambellin, crinin, powellin, 6-hydroxycrinamidin, 6-
hydroxyundulatin, khung lycorin c6 pratorinin, hippadin, lycorin-1-OAc, khung
augustamin c6 augustamin.

b. Flavonoid cua trinh nir hoang cung

So véi nhém alcaloid thi flavonoid c6 sé lwong cac hop chat duoc cong bé it
hon, gom 8 flavonoid
Bang 1.3 Alkaloid cia TNHC Crinum latifolium. [8]

Stt Tén alkaloid - TLTK CTPT R1 R2 Rs R4

Khung crinin

= f \
\\\\\\R
Ry -
o e Ry
W o) -
aw - N
HY < o
N . N
Rq Ry

(1
Rs R,
(1) (1n
1 11-O-Acetylambellin C20H23NOg | OMe H OMe | OAc
3 Ambellin C1sH2:NOs | OMe H OMe OH
6 Crinafolin CigH21NOg | OMe | OH | OMe OH
8 Crinin C16H17NO3 | OMe H H H
13 Powellin Ci7H10NO4 | OH H OMe H
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16 6-Hydroxybuphanidrin Ci1sH21NOs | OMe | OH | OMe H
(1n)
11-O-Acetyl-1,2--epoxyambellin C20H23NOs | OMe H OMe | OAc
1,2-p-Epoxyambellin C18H2:NOs | OMe H OMe OH
11 Undulatin C1sH2:1NOs | OMe H OMe H
12 6-Hydroxyundulatin C18H21NOs | OMe | OH | OMe H
14 Crinamidin C16H1sNOs | OH H OMe H
15 6-Hydroxycrinamidin Ci17H1sNOs | H OH | OMe H
()
Crinamin C17H1oNO4 | Me H
Hamayn C16H17NOg4 H H
10 Hamyan-3-O-acetyl C18H19NOs | Ac H
(1v)
OCH;,
5 Crinafolidin C19H23NOg
Tén alcaloid - TLTK CTPT R1 R2 Rs R4
Khung lycorin
V)
21 Lycorin-4,5-dehydro hydro CiHuNO2 | H H -CH>-
24 Pratorimin CieH11NO3 | O H H Me
25 Pratorinin CieH11NO3z | O H Me H
26 Pratosin Ci7H1sNOs3 | O H Me Me
27 Pratorin (hippadin) C16HoNO3 ) H -CH;-
17 1,2-O-Diacetyl-lycorin C20H21NOs | Ac | BOAC
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18 Lycorin CieH17NOs | H BOH
19 Lycorin-1-OAc CigH1oNOs | Ac | BOH
20 Lycorin-2-epi CieH17NOs | H aOH V1)
23 Lycorin-1-O-B-D-glucoside C22H27NOg | Glc | BOH
(VI
22 2-Epipancrassidin Ci16H17NOs
Khung belladin
2
RO
MeD (VI
R.uDI j\ "g
28 Belladin C19H2NO3 | Me H Me Me
29 Ryllistin C19H2sNO4 | Me | OMe H Me
30 Latisodin Ci7H1NO3 | H H H Me
31 Latisolin C24H3:1NOsg | Glc H H Me
32 Hippeastrin C17H17NOs (1X)
(khung lycorenin)
33 Augustamin C17H19NO4 X)

(khung augustamin)

Khung cheryllin
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)3
R. EDH
H:CO P
Rm—m‘

34 Cheryllin C17H1eNOs | OH H (XD
35 Latifin Ci17H19NO3 | H OH
0 o]
OH | \)\O OH
1\-/
SONNINE
(Lo 61
36 Latindin (khung clivimin) C41H31N3010 (X
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Bang 1.4 Flavonoid caa TNHC Crinum latifolium L. [8]

4’ 7-Dihydroxyflavan

OCH=CH,

OH

OMe

OH (¢]

OH o

2°,4°,7-Trihydroxydihydrochalcon

Kaempferol-3-O-p-D-glucopyranosyl
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1.3. Quy dinh vé chat doi chiéu

Thudng xuan: Theo duoc dién Chau Au, Hederacoside C (CsoHosO26 ), o- Hederin
(C21HesO12), tinh thé khdng mau hoic bot trang hozc gan nhu trang, Hederacoside C va
a- hederin duogc sir dung trong sic ky léng theo quy dinh trong chuyén khao 14 thuong
xuén (04/2014:2148).

B4 bénh: Theo cac tai liéu tham khao eurycomanone duoc tim thay duy nhat ¢
Eurycoma longifolia Jack (ho Simaroubaceae), eurycomanone dugc bdo cédo la
quassinoid, MS: 2409:201 vé san xuat chiét xuat nuéc tiéu chuan dong kho cua E.
longifolia sir dung eurycomanone lam chat d¢anh dau héa hoc. Cac hoat dong sinh hoc
cua E. longifolia d3 dugc bao cdo trudc ddy, chang han nhu chdng sét rét, gay doc té
bao, chéng ting sinh va tac dung chong loét, phan 16n 1a do nhom quassinoid, dac biét
la eurycomanone. [42]

Trinh nit hoang cung: Theo duoc dién Viét Nam, dé dinh tinh va dinh lugng hai
nhom chat alkaloid va flavonoid cua cay trinh nir hoang cung thuc hién theo cac phuong
phap: Phuong phap dau van tay sac ky I6p mong va phuong phap dau van tay sac ky long
hiéu nang cao diéu dung dung dich chat dbi chiéu 1a crinamidine va lycorin dé lam chat
chuan dé xac dinh trong cay trinh nir hoang cung.
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CHUONG 2: POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Péi twong nghién ciu
2.1.1. Hoa chat
Methanol 98% (Malaysia), n-hexane (Malaysia), ethyl acetate (Malaysia),
Choloroform (Malaysia), Thuédc ther dung dé hién cac vét hitu co sic ky 16p mong:
sulfuric acid 10% trong ethanol, silica gel sic ki cot 230-400 mesh, Sharlau, (An Dd),
Séic ki I16p mong 20x20 cm silica gel 60 Fas4 hdng Merck (Birc).
2.1.2. Dung cu
Céc dung cu dung dé ly trich (erlen, becher, 6ng nghiém, pipet pasteur, ...).
Binh trién khai sic ky 16p mong.
Binh c6 quay 1000 ml.
Becher 1000 ml
Ong dong 1000 ml, 10ml.
Binh hirng mau sac ky
2.1.3. Thiét bi
May cé quay chan khéng (R-300, Buchi, Thuy Si)
Bom chan khong
Hé thdng sac ki trung ap
May rung nhi silica gel
Can phén tich (MS 105DU, Mettler Toledo, Thuy Si)
Thiét bi khdi phd phan giai cao (X500R, AB Sciex, M¥)
Thiét bi sac ky long hiéu nang cao (HPLC 1050, HP, M¥)
M4y cong huong tir hat nhan (AC 600 MHz, BRUKER, Buc)
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2.2. Phuong phap nghién ctiru
2.2.1. Thu hai va xir Iy miu
Nguyén liéu thuong xuan (Hedera helix L.), ba bénh (Eurycoma longifolia Jack),
trinh nit hoang cung (Crinum latifolium L.) duoc thu hai ¢ cac noi va nhap vao kho
nguyén li¢u caa Trung tdm Nghién citu Thur nghiém Hoéa dugc tai Phuong Thanh Ldc,
Quan 12.
Nguyén liéu sau khi duoc thu héi vé rira sach, phoi kho, 1am nhé nguyén
liéu béng cach xay hoac cit nho, bao quan kho rdo, bét dau chiét nguyén li¢u.
Pay 1a 3 duoc liéu dugc nghién ciu trong dé tai luan van: Thuong xuan, B
bénh, Trinh nir hoang cung.
'\ - k"’tw >

e

Hinh 2.1: Mau nguyén Hinh 2.2: Mau nguyén

licu thu(‘mg XUAN |IéU ba bénh Hinh 2. 3: Mau nguyén liéu

trinh nir hoang cung
2.2.2. Phwong phap phan tich thanh phian hda hoc bang khéi phé phan giai cao

Str dung phuong phap liét ké va phuong phap dung sb liéu dé 1ap bang thanh phan
héa hoc trong chi Hedera, Eurycoma, Crinum theo thu vién cac san pham thién nhién
(Dictionary of natural products).

Phuong phap so sanh dé ddi chiéu két qua do HRMS thuc té véi bang sb liéu thanh
phan héa hoc trong chi Hedera, Eurycoma, Crinum.
Phuong phéap phén tich va tong hop dé tir cac phan manh du doan cau trdc cua cac hop
chat.

Cac budc thuc hién:

Lap danh sach thanh phan héa hoc (hay hd so héa hoc) trong chi Hedera,
Eurycoma, Crinum di cong bd: tén hop chat, cong thirc phan ttr, khdi lwong phan tir, (gia

tri m/z clia ion me va phan manh.
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Do khéi phd phan giai cao HRMS mau cao tong, thu duoc két qua MS, MS/MS va
thoi gian luu twong (g

Nhitng dit liéu do HRMS vao bang thanh phan héa hoc trong chi Hedera,
Eurycoma, Crinum theo mode do phu hop.

Lap danh sach céac chit c6 m/z cua ion me tring véi hop chat di cong b (sai sb
nho hon 5 ppm)

Phan tich cac manh phéd bang phwong phap dereplication dé x4c nhan ciu tric phu
hop véi chat da cong bd, tir d6 1ap danh séch cac chat co trong cac duoc liéu di duoc
cong bd va danh sach céc chat chua dugc cdng bd co trong cay: chua phat hién trong

duoc liéu.

Mau
| UHPLC- QTOF-MS/MS
DU LIEU
(Rt, MS, M:S/MS, Area)

Két qua duge béo cénl 1

Dit lidu tong déng Dit liéu khéng tirong dong
)
Liét ké cac phan manh
+ Khung swon

+ Nhom chét gin vao khung suon -
Dereplication

¥

Danh sach cac chat di biét

Tra ciru trén SciFinder
; - T8 CUAL Irefn SCi m(e.’: -
Pi bidt Hep chat méi

So'd6 2. 1 Quy trinh nghién ciru thanh phan héa hoc ciia cac dwoc ligu bing sir
dung phwong phap khoi pho phan giai cao
2.2.3. Phwong phap phin 1ap, tinh ché va xac dinh cau trdc cac hop chat muc
tiéu

DUGC LIEU

T coie e
HRMS gl - Chit sade
.

CAO GIAUHOAT
CHAT

HPI _ - Tinh ché
< e " - Méc dinh 45 tinh khist

-

TINH CHAT

™NWVIER > -Fao phd
- Hac dinh cin tric

-

CHAT CO CAU
TRUC XAC BPINH

So @6 2. 2 Quy trinh thuc hién
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2.2.3.1. Phwong phdp chiét xut
a. Phuwong phap ngdm

Sau khi chuan bj dugc liéu, d6 dung mdi cho ngap duoc liéu trong binh chiét xuat,
sau mot thoi gian ngdm nhét dinh (qui dinh riéng cho ting loai duoc liéu), rat 1y dich
chiét (loc hozc gan) va rira dugc liéu bang mot lwgng dung méi thich hop. Bé ting cudng
hiéu qua chiét xuat, co thé tién hanh khudy tron bang canh khudy hoic rit dich chiét ¢
duéi roi lai d6 1én trén (tuan hoan cudng birc dung mdi).

C6 nhiéu cach ngam: C6 thé ngam tinh hoic ngdm dong, ngdm néng hoic ngam
lanh, ngdm mét lan hodc nhiéu lan (con goi 1a ngdm phan doan hay ngam nhiéu me).

b. Phuwong phdp chiét siéu am

Nguyén liéu dugc tron vai dung mai thich hop roi chiét nho tac dung caa siéu am.
Nhiéu nghién ciu cho thay rang siéu &m c6 kha ning pha v& mang té bao caa nguyén
licu, do d6 giup cho xAm nhap caa dung moi vao bén trong té bao dé dang hon. Ngoai
ra, siéu am con c6 tac dung khuay tron manh dung méi, do d6 gia ting su tiép xlc cua
dung méi véi chat can chiét va cai thién dang ké hiéu suat chiét.

2.2.3.2. Sdc ky

Séc ky (chromatography) 1a cac phuong phap vat 1y dé tach riéng cac chat trong
mot hdn hop dua vao su phan bd khac nhau cta ching giita pha dong va pha tinh.

Sic ky trung ap

Séc ky trung ap 1a k¥ thudt phd théng nhét trong cac phong thi nghiém. Phuong
phap nay rat don gian va c6 thé phan lap cic hop chat khoi hdn hop mot cach nhanh
chéng. Cac hop chit phan cuc sé& tuong tac véi silica manh hon véi cac hop chat khong
phan cuc nén sé& di ra khoi cot (hodc rira giai) sau cac hop chat khong phan cuc.

2.2.3.3. Sdc ky lép méng (TLC)

Sic ky 16p mong (thin layer chromatography - TLC) 1a mét ki thuat sic ky duoc
ding dé tach céc chat trong hdn hop [1]. Phuong phap sic ky 16p méng bao gom pha
tinh 12 mot 16p mong cac chat hap phuy, thuong la silica gel, aluminium oxit, hoic
cellulose duoc phu trén mot mat phang chét tro. Pha dong bao géom dung dich can phan
tich duoc hoa tan trong mot dung méi thich hop va duoc hit 1én ban sac ky bai mao dan,
tach dung dich thi nghiém duya trén tinh phan cuc caa cac thanh phan trong dung dich.

2.2.3.4. Phwong phdp két tinh

Két tinh ciing 1a mot ki thuat hoa hoc dé tach chat ran véi chat long, theo d6 sé
chuyén khdi luong 16n chét tan tir dung dich long sang trang thai tinh thé ran nguyén
chat. Qua trinh nay s& duoc thuc hién trong thiét bi két tinh.
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2.2.3.5. Sdc ky léng hiéu ning cao (HPLC)

Séic ky 16ng hiéu ning cao (High performance liquid chromatograph - HPLC) la
mot phuong phap phan tich trong d6 pha dong 1a chat 16ng va pha tinh chira trong cot la
chét rin dd duoc phan chia dudi dang tiéu phan hodc mot chét 16ng phu 1én mot chat
mang ran, hay mot chat mang da dugc bién d6i bang lién két hod hoc voi cic nhom chire
hitu co. Qua trinh sic ky 1ong dua trén co ché hip phu, phan bd, trao ddi ion hay phan
loai theo kich ¢& (rdy phan tir).

2.2.3.6. Xdc dinh céu trac hep chdt da phan \ap.

Xéc dinh cau tric cac chat dya trén phuong phap phd bao gdm: phd cong hudng tir
hat nhan va pho khéi lwong. Phd cong hudng tir hat nhan 'H- NMR, 13C-NMR, duoc ghi
trén may Bruker Avance-600 MHz. Khbi phd HRMS dugc ghi trén may X500R QTOF.,

a. Phuong phap khéi pho phan giai cao HRMS
Khdi pho 1a Phuong phéap khdi phd hay phuong phap phd khdi lugng (Mass spectrometry
- MS) 1a mét ki thuat dung dé do dac ti 1& khéi luong trén dién tich ctia ion; dung thiét bi
chuyén dung 1a khéi phé ké. Ki thuat nay c6 nhiéu tng dung, bao gdbm:
e Xac dinh céc hop chat chua biét bang cach dua vao khéi luong cia phan tir hop
chét hay tirng phan tach riéng cua né
e Xac dinh két cdu chat dong vi cta cc thanh phan trong hop chit
e Xac dinh cau trac ciia mot hop chat bang cach quan sat timg phan tach riéng cua
no
e Dinh luong luong hop chat trong mdt mau dung cac phuong phap khac (phuong
phap pho khdi von khong phai 1a dinh luong)
e Xac dinh cac thudc tinh vat 1y, hoa hoc hay ngay cé sinh hoc ciia hop chét véi
nhiéu huéng tiép can khac nhau.

Mot khéi phd ké 1a mot thiét bi ding cho phuong phap pho khéi, cho ra phd khdi
lugng ciia mot mau dé tim ra thanh phén ctiia n6. C6 thé ion hoa miu va tach cac ion cua
n6 véi cac khoi lugng khac nhau va luu lai thong tin dya vao viéc do dac cuong d¢ dong
ion. Mot khdi pho ké thong thuong gdm 3 phan: phan ngudn ion, phan phan tich khéi
lugng, va phﬁn do dac.

Khéi phd c6 d6 phan giai cao (HRMS) sir dung khéi lugng quang phd ké c6 do
phan giai cao, cling nhu khdi lwong 16n cac phép do d6 chinh xac. Nhitng coéng cu nay
c6 thé duoc sir dung dé phan biét giita cac hop chét c6 cung khdi luong danh nghia, xac
dinh thanh phan nguyén t6 va xac dinh an sd.

Chién luoc “Dereplication dong mot vai trd quan trong trong viéc kham pha cac
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san pham ty nhién va cic nghién ctru chuyén hoa thyc vat. N6 cung cdp kha ning xac
dinh nhanh chong cac chat chuyén hoa d3 biét c6 trong hdn hop phirc tap bang cach st
dung mot lugng nho vat liéu thd va tranh cac quy trinh phan 1ap ton thoi gian” (Dinan,
2005).
b. Phuong phap phé cong hudng tir hat nhan

Xéac dinh cdu trdc bang cong huong tir hat nhan (NMR-Nuclear Magnetic
Resonance) 1 hién tuong mot hat nhan nguyén tir nam trong tir treong hap thu hodc phét
Xa mot buc xa dién tir. Cong huong tir hat nhan ciing dugc xem [a mot nhém cac phuong
phéap khoa hoc &p dung cong hudng tir hat nh&n vao viéc nghién curu cac phén tu.


https://vi.wikipedia.org/w/index.php?title=Nuclear_magnetic_resonance&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=Nuclear_magnetic_resonance&action=edit&redlink=1
https://vi.wikipedia.org/wiki/H%E1%BA%A1t_nh%C3%A2n_nguy%C3%AAn_t%E1%BB%AD
https://vi.wikipedia.org/wiki/T%E1%BB%AB_tr%C6%B0%E1%BB%9Dng
https://vi.wikipedia.org/wiki/B%E1%BB%A9c_x%E1%BA%A1_%C4%91i%E1%BB%87n_t%E1%BB%AB
https://vi.wikipedia.org/wiki/Ph%C6%B0%C6%A1ng_ph%C3%A1p_khoa_h%E1%BB%8Dc
https://vi.wikipedia.org/wiki/Ph%C6%B0%C6%A1ng_ph%C3%A1p_khoa_h%E1%BB%8Dc
https://vi.wikipedia.org/wiki/Ph%C3%A2n_t%E1%BB%AD
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CHUONG 3: THUC NGHIEM
3.1. Phwong phap phan tich thanh phan héa hec bang HRMS
3.1.1. Chuan bi miu

Chuan bi nguyén liéu (thudng xuan, ba bénh, trinh nir hoang cung), chiét nguyén
licu. Do céc thanh phan va tinh chat ¢ cac nguyén liéu khac nhau, nén quy trinh chiét
mau ciing khac nhau.

Thudng xudn: La duoc rira sach nhe nhang, dé kho trong khéng khi va cit thanh
miéng nhé. Can chinh xac 100,0 mg manh la cho vao ng c6 nip day va thém 2,0 mL
dung méi methanol : nudc (8 : 2). Mau dugc siéu 4m trong 10 phut va sau dé duoc lam
noéng dén 50°C trong 5 phut. Sau khi ly tdm, dich chiét dugc chuyén vao binh dinh muc
10,0 mL. Phan can con lai duoc tiép tuc & budc chiét. Sau nam 1an chiét, dung dich duoc
dinh ty I chinh xac dén 10,0 mL bang dung mdi. Mau duoc loc qua mang loc 0,45 pm
trude khi bom vao dé phan tich UHPLC-Q-TOF-MS/MS.

Bé bénh: Puoc rira sach, dé khd trong khong khi va xay thanh bot. Can chinh xac
100,0 mg mau bot cho vao éng c6 nap day va thém 2,0 mL dung moi methanol. Mau
dugc siéu am trong 10 phat. Sau khi ly tdm, dich chiét duoc chuyén vao binh dinh muc
10,0 mL. Phan can con lai duoc tiép tuc & budc chiét. Sau nam 1an chiét, dung dich duoc
dinh ty & chinh x4c dén 10,0 mL bang dung dich dung méi. Mau duoc loc qua mang loc
0,45 pm trude khi bom vao dé phan tich UHPLC-Q-TOF-MS/MS.

Trinh nit hoang cung: Puoc rira sach, dé kho trong khdng khi va cit nho. Can chinh
Xac 2g mau 1a da cat nho cho vao dung dich H20/HCL pH=2. Mau duoc siéu am trong
10 phut. Sau khi ly tam, dich chiét dugc kiém hoa bang NaOH c6 pH=10, tiép tuc chiét
long long voi CHCls, ¢6 dudi dung mdi.Sau nam 1an cd chiét va co dugc cao chiét, can
100,0 mg cao dinh ty 1¢ chinh xac dén 10,0 mL bang dung dich dung mdi. Mau duoc loc
qua mang loc 0,45 pm trugc khi bom vao dé phan tich UHPLC-Q-TOF-MS/MS,

3.1.2. Chwong trinh phén tich mau:

Phan tich mau dugc thyc hién trén hé théng ExionLC™ UHPLC (AB SCIEX, Hoa
Ky) bao gdom bo khir khi ExionLC, may bom AC, bo ldy mau AC tu dong, bo diéu khién
va 10 cot AC. Cac mau duoc phan tich trén cot Hypersil GOLD C18 (150 x 2,1 mm, 3 )
(Thermo Fisher Scientific, Hoa Ky). Cac diéu kién MS dugc dit nhu sau: nhiét do nguon
ion, 500°C; khi rém, 30 psi; khi phun swong (GS 1), 45 psi; khi nong (GS 2), 45 psi. Déi
v6i quét TOF MS, pham vi khéi luong dugce dat & m/z 70-2000. Béi véi quét TOF
MS/MS, pham vi khéi luong duoc dat & m/z 50-1500. Di véi ché do am, dién &p phun
ion duoc dat & —4,5kV, dién thé phan cum (DP) 1a =70 V, ning lugng va cham (CE)
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dugc thuc hién & —20 eV va mac lan truyén ning luong va cham (CES) 1a 10 eV . Déi
vé6i ché do duong, dién ap phun ion dwgc dat ¢ 5,5kV, DP1a 80 V, CE 14 20 eV va CES
lal0eV.

3.1.2.1. Thwong xuan

Thai gian | Téc dd dong | Acetonitrile 0.1% FA | Water 0.1% FA
(PhUY) | miphat) (%) (%)
1.00 0.4 2.0 98.0
30.00 0.4 98.0 2.0
36.00 0.4 98.0 2.0
36.50 0.4 2.0 98.0
40.00 0.4 2.0 98.0

3.1.2.2. Ba bénh

Thai gian | Téc dd dong | Acetonitrile 0.1% FA | Water 0.1% FA
(PhAY) | misphat) (%) (%)
1.00 0.4 2.0 98.0
20.00 0.4 98.0 2.0
25.00 0.4 98.0 2.0
25.10 0.4 2.0 98.0
29.00 0.4 2.0 98.0

3.1.2.3. Trinh n& hoang cung

Thai gian | Téc dd dong | Acetonitrile 0.1% FA | Water 0.1% FA
(PhAY) | misphat) (%) (%)
1.00 0.4 2.0 98.0
20.00 0.4 98.0 2.0
25.00 0.4 98.0 2.0
25.10 0.4 2.0 98.0
29.00 0.4 2.0 98.0
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3.2. Phwong phap phan 1ap, tinh ché va xac dinh cau trdc hop chat muc tiéu
3.2.1. Thwong xuan (Hedera helix):
3.2.1.1. Phan tich
Sau khi do khéi phé phan giai cao HRMS mau cao tong, thu duoc két qua MS,
MS/MS va thoi gian luu trong tng. Xac dinh chat muyc tiéu 1a a-hederin.
3.2.1.2. Tao cao chiét
4.9 kg nguyén liéu duoc ngam chiét véi methanol 98% trong 24 gid. Gan, loc ldy
phan dich chiét. Ba duoc liéu dugc chiét tiép Iap lai 2 1an. Céc dich chiét dugc gom lai
va cét loai dung mdi thu dugc 590 gam cao ethanol thd. Chiét 16ng long vai n-hexane va
ethyl acetatate va phan con lai 12 cao methanol. Cét loai hét cac dung méi thu dugc céc
phan doan chiét twong (ing: n-hexane (73 gam), ethyl acetate (17 gam) va cao methanol
(500 gam). Cao methanol 500 gam dem phan 1ap va nghién ctru cau trac.
DUGC LIED BNEE
4.9 kg B N

-Ngam chiét
- Loc
-Co6 quay

CAO TONG (EtOH)

590g

-Chiét long-long

CAO H (n —Hexan) CAO E (EtOAc) CAO M (MeOH)
739 179 500g

So @6 3. 1 Quy trinh tao cao giau hoat chat dwoc liéu thuwong xuan

3.2.1.3. Phén ldp hop chit muc tiéu
Tir cao methanol (500.0 g) tién hanh sic ky cot thudng vdi silica gel pha thuong,
kich thudc cot 80 cm x 12 cm, hing 500 mL/1 tube, dung moi giai ly EA: M ¢6 d¢ phén
cuc tang dan vai ti 1é tir 100:0, 75:25; 50:50, 25:75, 0:100. Dya vao két qua SKLM gom
nhitng phan doan c6 vét gidng nhau thanh mot, két qua thu dugc 3 phan doan: MA (15.0
g), MB (158.0 g), MC (210.0 g).
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thuong xuan
Hedera helix L.

Hinh 3. 1: Ngam chiét nguyén Hinh 3. 2: Cét sic ky cao
liéu thuong xuan MeOH

C0 lap cac hop chét trong phan doan MB: Phan lap céc hop chat bang sac ky trung
&p va kiém tra bang sac ki 16p mong. Sac ky I6p méng dugc thyc hién trén ban mong
trang san pha thuong silica gel 60F-254 (Merck). Thudc thir hién mau 1a dung dich
H.S0s 10% /EtOH. Sic ky cot duoc thuc hién véi chat hap phu 1a silica gel 60,
0.06-0.2mm (70-230 mesh ASTM), Scharlau.

Phan doan MB (158 gam) duoc tién hanh sac Ky trung ap voi silica gel pha thuong,
kich thuéc cot 50 cm x 10 cm, toc do dong 100 mL/phdt, hitng 500 mL/1 tube, hé dung
moi 0:20, 75:25, 70:30, 65:35. Dya vao két qua SKLM gom nhiing phan doan c6 vét
giong nhau thanh maot, két qua thu dugc 4 phan doan: MB1 (0.39 g), MB2 (2.16g), MB3
(7.00 g) va MB4 (13.00 g). HH-01 (2.16 g) la chat sach dugc rira giai bang dung mai n-
hexan, SKLM giai li voi hé dung mdi C:M:W (7:3:0.3) hién hinh vét bang H.SO4 10%
trong ethanol ho néng cho két qua 1 vét.

CAO M (MeOH)

500g

SKC dung méi E:M

MA 15¢g MB 158g MC 210g
Két tinh, rira chat
v v v v
MB 1 '\h/'%Z _(Ot)- MB 3 MB 4
eaerin
(0.399) (2.169) (79) (139)

So @6 3. 2: Phan lap chat muc tiéu o-hederin
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3.2.2. Ba bénh (Eurycoma longifolia)

3.2.2.1. Phan tich

Sau khi do khéi phé phan giai cao HRMS mau cao tong, thu duoc két qua MS,

MS/MS va thoi gian luu trong tng. Xéac dinh chat myc tiéu.

3.2.2.2. Tao cao chiét
5kg nguyén liéu B& bénh dang bot dugc chiét vai methanol 98%, bang phuong
phap chiét sidu am. Gan, loc 1y phan dich chiét. Ba duoc liéu dugc chiét tiép lap lai
nhiéu lan. Cac dich chiét duoc gom lai va cat loai dung mdi thu dugc 400 gam cao
methanol thd. Chiét long long voi Chloroform thu duoc cao chlorofrom phan khong tan
trong chlorofrom 1a cao methanol con lai. Cat loai hét cac dung mdi thu dugc cao
chloroform 80 gam, cao methanol con lai 300 gam, dung cao chloroform phéan lap va

nghién ciru cau trac.

Hinh 3. 3: Thiét bi chiét siéu am va méy o quay

DUQC LIEU
5 kg

- Loc

A 4

- Chiét siéu am

- C6 quay

CAO TONG (MeOH)

400 g

y

Chiét long-long

CAO C (CHClIy)
80g

CAO M (MeOH) con lai
3009

So dd 3. 3: Quy trinh tao cao chiét duoc liéu ba bénh
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3.2.2.3. Phén ldp hop chét muc tiéu
Tir cao Chloroform (80 g) tién hanh sic ky trung &p véi silica gel pha thuong, kich
thude cot 80 cm x 4 cm, hing 500 mL/1 tube, dung maéi giai ly C:M ¢6 d6 phan cuc tang
dan véi ti Ié tir 100:0, 75:25; 50:50, 25:75, 0:100. Dua vao két qua SKLM gom nhitng
phan doan cd vét gidng nhau thanh mét, két qua thu dwoc 5 phan doan: CA (10 g), CB
(9.8g), CC (2.2 g), CD (19.3g), CE (179)

Hinh 3. 4: Sic ky trung &p cao

Chloroform ba bénh

C0 lap cac hop chat trong phan doan CC: Phan lap cac hop chat bang sac ky trung &p
va kiém tra bang sac ki l6p mong. Sac ky 16p mong duoc thuc hién trén ban mong trang
san pha thuong silica gel 60F-254 (Merck). Thudc ther hién mau 1a dung dich H2SO4
10%. Sic ky cot duoc thuc hién véi chat hap phu 14 silica gel 60, 0.06-0.2mm (70-230
mesh ASTM), Scharlau.

Phan doan CC (2.2 gam) duoc tién hanh sic ky trung ap vai silica gel pha thuong,
kich thuéc cot 74 cm x 1.7 cm, téc do dong 10 mL/phat, hitng 20 mL/1 tube, hé dung
moi C:M 100:0, 75:25, 70:30, 65:35. Dua vao két qua SKLM gom nhitng phan doan c6
vét gidng nhau thanh mot, két qua thu duoc 7 phan doan: CC1 (13 mg), CC2 (6 mg),
CC3 (89 mg), CC4 (32.8 mg), CC5 (350 mg), CC6 (500 mg) Eurycoma
(Eurycomanone), CC7 (200 mg). Eurycoma (500 mg) la chat sach duoc rira giai bang
dung moi methanol tir phan doan CC, SKLM giai li véi hé dung méi C:M (9:1) hién hinh
vét bang H2S04 10% trong ethanol ho nong cho két qua 1 vét.
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Hinh3.5:Mauphan  \yinn 3 6: Sac ky trung ap  Hinh 3. 7: TLC chét sach
doan CC tron silica mau phan doan CC EL-01 (eurycomanone)

CAO C (CHCIy)
80g

SKC dung méi C:M

\ 4 v v A4 v

CA 10g CB 9.8¢ CC22% CD 19.3g CE 179
\ 4
\ 4 \ 4 \ 4 h 4 A 4 \ 4
CcC1 cC2 CC3 CC4 CC6 500 mg CC7
13ma 6mg 8.9mg 32.8mg CC5350 mg eurycomanone 200ma

So @6 3. 4: Phan lap chat muc tiéu eurycomanone

3.2.3. Trinh nir hoang cung (Crinum latifolium)
3.2.3.1. Phan tich
Sau khi do khéi phd phan giai cao HRMS mau cao tong, thu duoc két qua MS,
MS/MS va thoi gian luu trong Gmg. Xac dinh chat myc tiéu.
3.2.3.2. Tao cao chiét
10kg nguyén liéu Trinh nit hoang cung dang nguyén liéu khd duoc chiét véi
HCL/H20, bang phuong phap chiét ngdm. Gan, loc liy phan dich chiét. Bi duoc li¢u
duoc chiét tiép lap lai nhiéu lan. Céc dich chiét duoc gom lai va chiét long long véi
chloroform sau d6 cat loai dung méi thu dugc 70 gam cao Chloroform thd. Dung cao
chloroform phan 1ap va nghién ctu cau trdc.
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DUQC LIEU

10 kg

- Ngdm chiét (HCI:H20)

- Loc

- Kiém héa bang NaOH

- Chiét long-léng véi CHCl3

| =il

v

CAO TONG (CHCls)
709

So dd 3. 5: Quy trinh tao cao chiét dugc liéu trinh nix hoang cung

3.2.3.3. Phén ldp hop chit muc tiéu
Tir cao Chloroform (70 g) tién hanh sic ky trung &p véi silica gel pha thuong, kich
thudc ¢ot 80 cm x 4 cm, hieng 500 mL/1 tube, dung moi giai ly C:M c¢6 do phan cuc tang
dan véi ti 1é tr 100:0, 95:5; 90:10, 80:20, 70:30, 0:100. Dya vao két qua SKLM gom
nhitng phan doan cd vét gidng nhau thanh mot, két qua thu duoc 6 phan doan: CA (4 g),
CB (10g), CC (5 g), CD (3g), CE (4g), CF (7).

N s ~N Oy

Hinh 3. 8: Sic ky trung p cao Hinh 3. 9: Cao Chloroform TNHC tron
Chloroform TNHC silica gel
Co lap céc hop chit trong phan doan CC: Phan Iap cac hop chét bing sic ky trung
ap va kiém tra bang sic ki 16p mong. Sic ky 16p mong duoc thuc hién trén ban mong
trang sin pha thuong silica gel 60F-254 (Merck). Thudc thir hién mau 1a dung dich
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H2S04 10%. Sic ky cot duoc thuc hién véi chat hap phu 1a silica gel 60, 0.06-0.2mm
(70-230 mesh ASTM), Scharlau.

Phén doan CC (5 gam) dugc tién hanh sic ky trung ap véi silica gel pha thuong,
kich thudc cot 74 cm x 1.7 cm, tée do dong 10 mL/pht, hing 20 mL/1 tube, hé dung
méi C: 100:0, 95:5; 90:10, 80:20, 70:30, 0:100. Dua vao két qua SKLM gom nhitng
phan doan c6 vét gibng nhau thanh mét, két qua thu duge 7 phan doan: CC1 (5mg), CC2
(10mg), CC3 (1.5g), CC4 (1.1 g), CC5 (110 mg), CC6 (400 mg), CC7 (1.3 g), CC8
(200mg), CC7 (1.3 g) duoc két tinh va rira giai bang dung méi methanol, SKLM giai li
vé6i hé dung mdi C:M (9:1) hién hinh vét bang thudc thir dragendroff cho két qua 1 vét.

A\

Hinh 3. 10: Séc ky trung 4p phan doan CC  Hinh 3. 11: Phan doan CC TNHC tron
TNHC silica gel

» . Wl

-

[}

Hinh 3. 12 :Tinh thé crinamidine Hinh 3. 13: TLC chét sach
CL-01 (crinamidine)
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CAO C (CHCly)
70ar

SKC dung méi C:M

\4

v

CA 4g CB 10g CC 59 CD 3g CE 4g CF7g
v SKCdung mdi C:M
A 4 A\ 4 A 4 A 4 \ 4 A 4 y
CcC1 ccC2 Ccc3 CC4 CC5 CCé6 cc7 CC8
5ma 10mg 1.59 1.1mg 110mg 400mg 1.3g 200mg

3.2.4. Xac dinh cau truc hop chat muc tiéu
3.2.4.1. Xac dinh cdu truc bang khéi phé phan gidi cao
Bang 3. 1 Xac dinh cau trac 3 hep chat muc tiéu bang HRMS

Két tinh CL-01
(crinamidine) 99mg

So d6 3. 6: Phan lap chat myc tiéu crinamidine

Sai s Du doan
Duogc liéu CTPT KLPT M/Z TT | MIZLT PPM ION
A o-hederin
Thuong xuan | CaiHesO12 | 750.4554 749.4476 | 749.4506 3.9 [M-H]
Ba bénh C20H2409 408.1420 409.1499 | 409.1497 0.3 [M+H]* |Eurycomanone
Trinh ni . -
. C17H1eNOs |  317.1263 318.1341 | 318.1342 0.1 [M+H]* | Crinamidine
hoang cung

3.2.4.2. Xdc dinh cdu tric bang céng hwéng tir hat nhan:

Sau khi phan 1ap céac hop chit tir duoc lidu c6 d6 tinh khiét trén 95%, gui chit di
do phd 'H NMR va 3C NMR.
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CHUONG 4: KET QUA VA THAO LUAN
4.1 Két qua phan tich thanh phan hda hoc biang khéi phé phan giai cao
4.1.1.Thwong xuan (Hedera helix)

Sau khi chiét cao va thuc hién phan tich mau bang khéi phd phan giai cao, sic ky
d6 cho thy trong mau c6 kha nhiéu cac hop chit & cac khoang thoi gian lwu khac nhau.
Tir d6 6 thé xac dinh duoc thanh phan héa hoc va hop chat muc tiéu c¢é trong mau.

4.1.1.1. Két qud phan tich cao chiét bang khéi phé phan gidi cao.

TIC from TXX1_(-)ESI 2022-04-06-16-19-53.wiff2 (samp... TXX1_(-JESI, Experiment 1, -IDA TOF MS (70 - 2000)

1.4e7 12,501
1.2e7 | 13.803
12.647
1.0e7 13.752
g 22.198
z  80e6) 17.390
5 1.140 12.880]| |16.96
= 6.0e6 |
40e6 17.935
e 0.956 11.900
2.0e6 - 7.151 9.015 24716 31.016
|
0.0e0 =
5 10 15 20 25 30 35

Time, min
Hinh 4. 1: Sic ky d6 caa cao thudng xuan

O Tr=16.96, tao ra ion [M-H] ion & m/z 749.4506 & ché d6 ion am. So sénh thong
tin MS/MS va thoi gian luu v6i chat chuan tham chiéu, hop chat dugc xac dinh rd rang
la a-hederin.

Hop chat tao ra ion [M-H] & m/z 749.4506 va cung cap cac ion manh & m/z 603
va 471 tuong tng véi viéc mat chudi duong Rha-Glc & C-3 cua khung hederagenin, nén
hop chat duoc xac dinh 13 hederagenin 3-glycosides; Diglycosides,3-O- [a-L-
Rhamnopyranosyl- (1—2)-a-L-arabinopyranoside] (a-hederin).
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Spectrum from TXX1_(-)ESI 2022-04-06-16-19-58.wiff2 (s...ise multiplier = 1.5), Gaussian smoothed (0.5 points)

. 795.4559
R [0 7494506 | 7964611
s 7904949 | 785 4978 1499.9095
0e0 - e L
500 1000 1500

Mass/Charge, Da

Spectrum from TXX1_(-)ESI 2022-04-06-16-19-58.wiff2 (s...ise multiplier = 1.5), Gaussian smoothed (0.5 points)

795.4559
796.4611
750.4549 7854278

165 749.4506

Intensity, cps

0e(™— , , S S | S , .
500 600 700 800 900 1000 1100

Mass/Charge, Da

Hinh 4. 2: Khéi phd ESI-HRMS cua hop chat a-hederin

4.1.1.2. Thanh phdn héa hec bang khéi phé phan gidi cao
Tir két qua phan tich cao trén xac dinh duoc bang thanh phan héa hoc cé trong cao nhu
Sau:

Béing 4. 1: Phan tich thanh phan hoa hoc cay thuong xuan bang khéi pho phan giai cao
va so sanh cac hop chat trong chi Hedera

Stt Tén hop chat [M-H] [M-H]" | Thoi | Saisé | Phan manh
Ii thuyét thucté | gian | (ppm) ion
luu

Hederagenin 3-

glycosides;
_ 471 [M-H-
1 Monoglycosides, 3- 647.3827 | 647.3795 | 16.86 | 4.9
0-p-D CeHsgOs]-

Glucuronopyranoside
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Hederagenin 3- 471 [M-H-
glycosides; C11H180s]
Diglycosides, 3-O-
[a-L-
749.4476 | 749.4506 | 16.96 | 3.9
Rhamnopyranosyl-
603 [M-H-
(1—-2)-a-L- CeHioO4]
arabinopyranoside] orHo
(a-Hederin)
Hederagenin 3- 471 [M-H-
glycosides; C12H2000]
Diglycosides, 3-O-
795.4531 | 795.4551 | 16.63 | 25
[B-D-Glucopyranosyl-
633 [M-H-
(1-2)-pB-D-
. CeH1004]
glucopyranoside]
Hederagenin 1073 [M-H]
bisdesmosides; 749 [M-H-
Tetraglycosides, 3-O- C12H20010]”
[o-L- 603 [M-H-
Rhamnopyranosyl- CisH3001]"
(1-2)-a-L- 1119.5587 | 1119.5634 | 12.88 | 4.1
arabinopyranoside],
28-O- [B-D- 469 [M-H-
glucopyranosyl- C23H40018]
(1—6)-B-D-
glucopyranosyl] ester
Oleanolic acid 733 [M-H-
bisdesmosides; C18H30014]"
Pentaglycosides, 3-O-
[a-L-
Rhamnopyranosyl- | 1203.6163 | 1203.6206 | 13.82 | 3.6
455 [M-H-
(1—-2)-a-L- -
) ) C20H48027]
arabinopyranoside],
28-0- [o-L-

rhamnopyranosyl-
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(1—4)--D-
glucopyranosyl-
(1-6)--D-
glucopyranosyl] ester

Hederagenin 3- 1073 [M-H-
glycosides; CeH1004]™
Pentaglycosides, 3-O- 749 [M-H-
[a-L- C18H30014]"
Rhamnopyranosyl- 603 [M-H-
(1—4)-B-D- C24H40018]"
glucopyranosyl- 1219.6112 | 1219.6139 | 12.51 2.2
(1—6)-p-D-
glucopyranosyl- 471 [M-H-
(1—4)-a-L-
rhamnopyranosyl- CaoHasOzz]
(1-2)-a-L-
arabinopyranoside]
Hederagenin 765 [M-H-
bisdesmosides; C18H30014]"
Pentaglycosides, 3-O-
[B-D-Glucopyranosyl-
(1—-2)-a-L-
arabinopyranoside],
1235.6061 | 1235.6112 | 11.76 | 4.1
28-0- [o-L- 469.1597 [M-
rhamnopyranosyl- H-C2gHs50023]~
(1—4)-B-D-
glucopyranosyl-
(1—6)-B-D-
glucopyranosyl] ester
Hederagenin 469 [M-H-
bisdesmosides; Cs1H52023]
i 1261.6217 | 1261.6274 | 13.36 | 4.4
Pentaglycosides, 3-O- 749 [M-H-
[o-L- Ca0H32015]
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Rhamnopyranosyl-
(1—2)-a-L-
arabinopyranoside],
28-0O- [o-L-
rhamnopyranosyl-
(1—4)-6-O-acetyl-p-
D-glucopyranosyl-
(1—6)-p-D-
glucopyranosyl] ester

791 [M-H-
C18H30014]

1261 [M-H]

Hederagenin
bisdesmosides;
Pentaglycosides, 3-O-

[a-L-
Rhamnopyranosyl-
(1—2)-B-D-
glucopyranoside], 28-
O- [o-L-
rhamnopyranosyl-
(1—4)-B-D-
glucopyranosyl-
(1—6)-B-D-
glucopyranosyl] ester

1249.6217

1249.6257

13.82

469 [M-H-
CaoHs52023]

779 [M-H-
C18H30014]

3.1

1249 [M-HJ"

10

Hederagenin
bisdesmosides;
Tetraglycosides, 3-O-
B-D-Glucopyranoside,
28-0- [o-L-
rhamnopyranosyl-
(1—4)-B-D-
glucopyranosyl-
(1—6)-B-D-
glucopyranosyl] ester

1103.5638

1103.5683

14.17

4.1

469 [M-H-
C24H42010]

633 [M-H-
C18H30014]

1103 [M-HJ"
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4.1.2. Ba bénh (Eurycoma longifolia)
4.1.2.1. Két qud phan tich cao chiét bang khéi phéi phan gidi cao.

Két qua phan tich cao chiét cho sac ky d6 nhu sau:
TIC from NHU_CAO TONG BA BENH_POS.wiff2 (sample 1) - NHU_CAO TONG BA BENH_POS, Experiment 1, +IDA TOF MS (70 - 2000)

Teb 8.577

6e61 4 149

5e6 10.198 12.765

4e6 8.341

Intensity, cps

3eb

2e6

1e6J
»

0e0

18.082 21.032

2551 6.954 24.699

2 4 6 8 10 12 14 16 18 20 22 24

Time, min

Hinh 4. 3: Sic ky @6 cia cao ba bénh

O Tr=28.577, tao ra ion [M+H]*ion & m/z 409.1497 & ché d6 ion duong. So sénh
thong tin MS/MS va thoi gian luu véi chat chuan tham chiéu, hop chat duoc xac dinh
rd rang la Eurycomanone.

Eurycomanone thudoc khung quassinoid, Hop chat tao ra ion [M+H]* & m/z
409.1497 va cung cép cac ion manh & m/z 391.0750, 373.1269, 345.1317, 337.1065,
329.1368, 309.1106, 279.0997, 269.1153, 251.1047, 225.0533, 209.0946, 197.0591
gidng vai phan manh cua tai liéu tham khao 409/391 (-H.0)/373 (—2H20)/345 (-
C0)/337 (-CH3—CH30)/329/309/279/269/251/225/209/197. Dya vao 2 dit kién trén
nén hop chat duoc xac dinh 1a eurycomanone. [44]



4.1.2.2. Thanh phdn hda hec bang khéi phé phan gidi cao
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Spectrum from NHU_CAO TONG BA BENH_POS 2022-10-27...multiplier = 1.5), Gaussian smoothed (0.5 points)

Intensity, cps
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Spectrum from NHU_CAQ TONG BA BENH_POS 2022-10-27...multiplier = 1.5), Gaussian smoothed (0.5 points)

Intensity, cps

2eH
391.1367
15
392.1424 1091499
[ 839.2790
OeOﬁ ...... l l I I R TP .
500 1000 1500

Mass/Charge, Da

Hinh 4. 4: Khéi phd ESI-HRMS cia hep chit eurycomanone

Bing 4. 2 Phan tich thanh phan héa hec cay ba bénh bang HRMS va so sanh céc
hop chat trong chi Eurycoma

Stt Tén hop chat [M+H]* | [M+H]* | Thoi | Saisé | Phan manh ion
li thuyét | thwcté | gian | (ppm)
luu
9, 10- 281,280, 266, 264,
1 Dihydroxycanthin- | 281.0926 | 281.0914 | 10.07 4.3 245, 237, 221, 204,
6-one; Di-Me ether 148, 119, 105
319, 301, 283, 273,
2 Laurycolactone A | 319.1545 | 319.1539 | 11.47 2.6 259, 255, 227, 213,
197, 185, 133
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Eurycomalactone;
60-Hydroxy

365.1600

356.1591

10.45

2.5

365, 347, 329, 319,

301, 283, 265, 255,

237, 207, 189, 159,
121

Longilactone

367.1757

367.1748

9.18

2.3

367, 349, 346, 337,
331, 319, 313, 295,
285, 267, 251, 239,
223, 211, 209, 187,
171, 159, 121

Eurycolactone A

377.1600

377.1590

8.95

2.7

377, 359, 331, 311,
295, 275, 237, 2217,
171, 137

Klaineanone;
14B,15B-Dihydroxy

397.1862

397.1850

9.65

3.1

397, 379, 361, 351,
315, 305, 263, 259,
189, 161

11-Hydroxycanthin-
6-one; O-B-D-
Glucopyranoside

399.1192

399.1180

9.27

3.1

399, 381, 375, 363,

345, 335, 327, 3009,

299, 291, 281, 263,

235, 223, 205, 191,
159

Eurycomanone

409.1499

409.1497

8.58

0.3

409, 391, 373, 345,

337, 329, 309, 279,

269, 251, 225, 209,
197

Eurycomanol,
133,18-Dihydro

413.1812

413.1814

8.76

0.5

413, 395, 377, 359,
329, 311, 285, 255,
249, 211, 157

10

Eurycomanol

411.1655

411.1653

8.62

0.5107

411, 393, 375, 345,

339, 329, 313, 301,

281, 273, 253, 239,
225, 209, 173
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4.1.3. Trinh nir hoang cung (Crinum latifolium)
4.1.3.1. Két qud phan tich cao giau hoat chdt bang khéi phéi phan gidi cao.

TIC from NHU_CAO TONG TNHC_POS.wiff2 (sample 1) - NHU_CAO TONG TNHC_POS, Experiment 1, +IDA TOF MS (70 - 2000)
1.1e7
1.0e7
9.0e6
8.0e6
7.0e6 j0.151

6.0e6 10.012
5.0e6
4.0e6
3.0e6 1.006
2.0e6
1.0e6*
0.0e0

9.509| 9.634

Intensity, cps

10.411 20.248 21.008

2.3213.104 4513

2 4 6 8 10 12 14 16 18 20 22 24

Hinh 4. 5: Sic ky d6 cua cao trinh nir hoang cung

O Tr=9.232, tao ra ion [M+H]*ion & m/z 318.1342 ¢ ché d6 ion duong. So sanh thong
tin MS/MS va thoi gian luu v6i chat chuan tham chiéu, hop chat dugc xac dinh rd rang
la Crinamidine.

Crinamidine thuoc khung Crinin, Hop chét tao ra ion [M+H]* & m/z 318.1344 va
cung cap cac ion manh ¢ m/z 300.1213, 250.1043, 240.0999, 239.0645, 238.0603,
213.0532, 211.0593, 197.0576, 175.0373, 149.0584, 147.0433 giéng véi phén manh caa
tai liéu tham khao 300, 286, 250, 240, 239, 238, 213, 211, 197, 175, 149, 147, 136.Dva
vao 2 dit kién trén nén hop chat duoc xac dinh 1a crinamidine. [45]

Spectrum from NHU_CAO TONG TNHC_PQOS 2022-10-27-14...multiplier = 1.5), Gaussian smoothed (0.5 points)

318,134
Al I R
465.1068
- 627.1642
1T | Y I | | . |
500 1000 1500

Mass/Charge, Da
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Spectrum from NHU_CAO TONG TNHC_PQS 2022-10-27-14...multiplier = 1.5), Gaussian smoothed (0.5 points)

Intensity, cps

318.1344
oed 334.1303
319.1389 465.1068
348.1461 l4661114
Oeoﬁ_ P T | L. . _ L .
250 300 350 400 450 500

Mass/Charge, Da

Hinh 4. 6 Khéi phé ESI-HRMS ciia hep chat crinamidine

4.1.3.2. Thanh phdn héa hec bang khéi phé phan gidi cao

Bing 4. 3 Phan tich thanh phan hoa hec cay ba bénh bang HRMS va so sanh céc
hop chat trong chi Crinum

Stt | Tén hep chat, cong | [M-H]" | [M-H]- | Thoi | Sai sé | Phan manh ion con
thic phan tir, M li thuyét |thucté |gian | (ppm)
luu
1 Lycorine 270, 252, 222, 177,
288.1236 | 288.1237 | 8.92 0.4 147, 119, 95
. 302, 284, 259, 231,
2 Powelline 302.1392 | 302.1400 | 8.99 2.5
229, 213, 211
3 Crinamabine | 306.1341 | 306.1349 | 7.63 2.4 288, 270, 229, 189
300, 286, 250, 240,
N 239, 238, 213, 211,
4 Crinamidine 318.1341 | 318.1342 | 9.18 0.1
197, 175, 149, 147,
136
5 Delagoensine | 332.1498 | 332.1496 | 9.28 0.5 272,254, 224, 181
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4.2. Xac dinh cau trac hda hoc cac hgp chat muc tiéu da phan lap
4.2.1. Hop chat HH-01 trong cay thwong xuan
Bién luan hop chat muc tiéu da phan 1ap:
Hop chat HH-01 phan 14p tir phan doan MB véi cc dic diém nhu sau:
Trang thai: chat bot, mau tring, tan tt trong methanol. (Hinh 4.8)
Phd ESI-MS: Phé MS cho miii ion phan tir gia tai m/z 749.4506 [M-H]" twong ¢ng
vai cong thuc phén tir C41HesO12 (750.4554 gam/mol)
Ph6 'H-NMR (DMSO-ds, 500 MHz) (phu lyc 1.1)
Pho 3C-NMR (DMSO-dg, 150 MHz) (phu luc 1.2)

_Chéit sach
C:M: 7:3:0.3

-
Hinh 4. 7:TLC hop chat HH-01 Hinh 4. 8: MAu chat HH-01 (a-hederin)
véi hé dung moi C:Me:W
(70:30:3)

4.2.1.1. Phan tich cdu trac hep chdt HH-01 bang HRMS
Truéc khi két tinh phan doan MB, do HRMS cho 2 peak chinh 1a 749.4441 va
812.4399, trong d6 peak 749.4441 [Ca1He6012 -H]" ¢ phan manh 471.4544 [CaiHesO1z -
H -C11H180s]", gilip du doan cau tric cua hop chat HH-01 12 o-hederin.
4.2.1.2. Bién lugn cdu tric cia hep chat HH-01 bang phé NMR

Hinh 4. 9: Cau trdc hoéa hoc cua hop chat HH-01 (a-hederin)
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Hop chat HH-01 (DMSO-ds)

a-hederin 211 (CD3;0D)

on, J (H2) oc (ppm) on, J (H2) oc (ppm)

0.83 (1H, m) 1.00 (1H, m)
38.2 39.6

1.49 (1H, m) 1.65 (1H, m)

1.58 (1H, m) 1.76 (1H, m)
25.6 26.4

1.68 (1H, m) 1.90 (1H, m)

3.65 (1H, dd,
3.49 (1H, m) 79.3 11.0; 5.0) 82.3
] 40.8| - 43.8
1.19 46.2| 1.30 (1H, m) 48.1

1.21 1.38 (1H, m)
17.1 18.8

1.40 1.52 (1H, m)

1.18 (1H, m) 1.30 (1H, m)
32.1 33.3

1.48 (1H, m) 1.62 (1H, m)
- 38.8| - 40.6
1.53 (1H, m) 47.1| 1.65 (1H, m) 49.0
- 36.0| - 37.6

2.10 (1H, m) 2.10 (1H, m)
22.9 24.5

1.90 (1H, m) 1.90 (1H, m)
5.16 (1H, brs) 121.5| 5.27 (1H, brs) 123.7
- 143.8| - 144.8
] 422 - 42.9
0.97 (1H, m) 27.2| 1.10 (1H, m) 28.8
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1.63 (1H, m) 1.80 (1H, m)
1.48 (1H, m) 1.72 (1H, m)

22.6 24.0
1.90 (1H, m) 1.90 (1H, m)
] 454 | - 48.0
2.74

43| 288 (1H, dd, 14
(1H, dd, 14.0, 4.0) 14.0, 4.0)
1.05 (1H, m) 1.20 (1H, m)

45.7 47.1
1.61 (1H, m) 1.73 (1H, m)
- 304 - 315
1.15 (1H, m) 1.25 (1H, m)

33.3 34.8
1.31 (1H, m) 1.45 (1H, m)
14.2 (1H, m) 1.62 (1H, m)

31.9 33.2
16.1 (1H, m) 1.75 (1H, m)
3.12 (1H, m) 3.38 (1H, m)

62.5 64.6
3.28 (1H, m) 3.52 (1H, m)
0.57 (3H, s) 13.0| 0.72 (3H, s) 13.7
0.87 (3H, s) 15.5| 1.00 (3H, s) 16.5
0.71 (3H, s) 16.9| 0.81 (3H, s) 18.0
1.08 (3H, 9) 25.3| 1.19 (3H, s) 26.4
- 178.6| - 178.1
0.87 (3H, s) 32.8| 0.93 (3H, s) 335
0.87 (3H, s) 23.3| 0.96 (3H, s) 24.1
4.63 (1H, d, 3.0) 102.9| 4.57 (1H, d, 4.5) 104.2
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3.52 (1H, m) 74.2| 3.74 (1H, m) 76.6
3.48 (1H, m) 72.8| 3.74 (1H, m) 73.8
3.57 (1H, m) 68.1| 3.81 (1H, m) 69.0
3.34 (1H, m) 3.52 (1H, m)
3.66 (1H, m) %43 387 (1H, m) 040
5.06 (1H, brs) 99.9| 5.18 (1H, brs) 101.7
3.67(1H, m) 70.3| 3.95 (1H, m) 71.9
3.46 (1H, m) 70.4| 3.76 (1H, m) 72.0
3.18 (1H, m) 72.0| 3.43 (1H, m) 73.6
3.69 (1H, m) 67.8| 3.90 (1H, m) 70.1
1.29
1.07 (3H, s) 17.7 17.8
(3H, d, 6.5)

4.2.2. Hop chat eurycoma trong cay ba bénh
Bién luan hop chat muc tiéu da phan 1ap:
Hop chat eurycoma c6 1ap tir phan doan CC véi cac dic diém nhu sau:
Trang thai: Mau tring, tan tét trong methanol. (Hinh 4.10)
Pho ESI-MS: Phd MS cho mili ion phan tir gia tai m/z 409.1497 [M+H]* twong ting
véi cong thic phan to C2oH2400 (408.1420 gam/mol)
Pho *H-NMR (DMSO-ds, 500 MHz) (phu luc 2.1.)
Pho 3C-NMR (DMSO-ds, 150 MHz) (phu luc 2.2.)
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Hinh 4. 11: TLC chat eurycomanone

Hinh 4. 10: Eurycomanone sach

két tinh

4.2.2.1. Phan tich cdu trac hep chét Eurycoma bang HRMS
Chét sau khi két tinh do HRMS va thiy c6 m/z 409.1497 dy doan 1a Eurycoma la

Eurycomanone.
4.2.2.2. Bign ludn cdu tric cia hgp chdt Eurycoma bang phé NMR

OH

Hinh 3.2. C4u trdc hda hoc cua hop chat Eurycoma (Eurycomanone)
Hop chat Eurycoma ((500 MHz, DMSO-dg): *H- NMR: 8.19 ( (1H, s), 7.03 (1H, d,
3Hz), 5.99 (1H, g, 1.8, 1.2, 2.7 Hz), 5.65 (1H, s), 5.37 (1H, d, 1.8 Hz), 5.20 (3H, m),
458 (2H, m), 4.34 (1H, d, 3Hz), 4.07 (1H, q, 15.6, 10.5Hz), 3.72 (1H, d, 3.6 Hz), 3.67
(1H, d, 8.4Hz), 3.53 (1H, d, 9HZ), 3.303, 3.174, 3.165, 3.159, 3.02 (1H, d, 12.6H2),
2.506, 2.503, 2.500, 2.497, 2.494, 2.11-2.09 (1H, td, 6, 3, 5.4, 2.7 Hz), 1.97-1.93 (4H, d
m, 3Hz), 1.052 (3H, s)
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13C NMR: 197.05, 172.29, 162.55, 146.05, 124.76, 118.64, 107.76, 82.34, 79.09, 77.93,
74.61,70.40, 66.05, 51.13, 48.53, 46.04, 44.73, 40.68, 39.99, 39.83, 39.66, 39.49, 39.33,
39.16, 38.99, 24.57, 22.27, 9.49.

So sanh NMR cuia hep chat Eurycoma va Eurycomanone

Tai liéu tham khao: Eurycomanone-tH- NMR (500 MHz, pyridine-ds, rt): 1.63 (3H,
s), 1.80 (3H, brs), 2.03 (1H, ddd, J = 2.4, 13.3, 14.4 Hz), 2.33 (1H, td, J = 2.4, 14.4 Hz),
3.26 (1H, br d, J = 12.6 Hz), 3.82 (1H, s), 4.02 (1H, d, J = 8.8 Hz), 4.53 (1H, s), 4.55
(1H, d, J = 8.8 Hz), 4.81 (1H, s), 5.26 (1H, t, J = 2.4 Hz), 5.66 (1H, d, J = 1.5 Hz), 5.67
(1H,s), 6.12 (1H, d, J = 1.5 Hz), 6.16 (1H, g, J = 1.3 Hz), 7.79 (1H, br s, OH), 7.85 (1H,
s, OH), 8.03 (1H, br s, OH), 9.63 (1H, br s, OH), 9.78 (1H, br s, OH) ppm; **C NMR
(125 MHz, pyridine-ds, rt): 10.77, 22.79, 26.07, 42.58, 46.30, 48.10, 52.98, 68.05, 72.17,
76.24,79.77, 81.36, 84.89, 109.95, 119.76, 126.44, 148.36, 162.94, 174.25, 197.85 ppm.
[46]

4.2.3. Hop chit crina trong cay trinh nir hoang cung

Bién luan hop chat muc tiéu da phan 1ap :

Hop chat crina co 1ap tir phan doan CC véi cac dic diém nhu sau:

Trang thai: Chat bot, mau tring, tan tét trong methanol. (Hinh 4.12)

Pho ESI-MS: Phd MS cho mili ion phan tir gia tai m/z 318.1342 [M+H]* twong ting
véi cong thic phéan ta C17H19NOs (317.1263 gam/mol)

Pho 'H-NMR (DMSO-ds, 500 MHz) (phu luc 3.1.)

Pho C-NMR (DMSO-ds, 150 MHz) (phu luc 3.2.)

Hinh 4. 12: Tinh thé crinamidine  Hinh 4. 13: TLC chit crinamidine sach
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4.2.3.1. Phan tich cdu tric hep chdt Crina bang HRMS
Truéc khi sic ky trung 4p phan doan CC do HRMS va thiy c¢6 m/z 318.1342 du
doan 1a c6 Crinamidine. Sau khi sic ky trung ap phan doan CC, dugc phan doan CC7,
do HRMS thdy van c6 m/z 318.1342. Thay c6 hién tuwong chét két tinh, tiép tuc cho két
tinh va rira cht kiém tra nhanh bang TLC cho thay 1 vét, do HRMS dugc 1 peak chinh
la 318.1342 gilip du doan cu trdc cua hop chat Crina 1a Crinamidine.

4.2.3.1. Bién ludn cdu tric cia hep chét Crina bang phé NMR

o)
\\\\\0 H

Hinh 4. 14: Cau trdc hoa hoc cua hop chat Crina (Crinamidine)

Hep chat Eurycoma (500 MHz, L —
DMSO-de) Crinamidine 1*((500 MHz ,pyridine-ds)
oH, J (Hz) oc (ppm) oH, J (H2) oc (ppm)
3.72 (1H, d, 3.6 Hz) 52.8| 3.75(1H, d, 4.0 Hz) 53.8d
3.26 (1H, ddd, 4.0,
3.31(1H, d, 12.6Hz) 56.3 25, 1.5 Hz) 56.4 d
4.58 (1H, ddd, 3.5, 3.0, 4.48 (1H, ddd, 3.0,
2.5 Hz)) 63.7 2.5, 2.0 Hz) 655d
1.97 (1H, ddd, 12.5,
115 20 H 1.56 (1H, ddd, 13.5,
-5, 2.0 Hz), 10| 125:30H) N
1 Tt
1.052 (1H, dddd, 13.5, 1.61 (1H, dddd, 13.5,
5.5, 2.0, 1.5 Hz) 5.5,2.0, 1.5 Hz)
3.17((1H, dd, 12.5,5.5 60.7 3.17 (1H, dd, 12.5,5.5 61.0d
Hz) Hz)
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3.58 (1H, d, 16.8 Hz) 58.2| 3.71(1H, d, 17.5 Hz) 58.6t
4.02 (1H, d, 17.4 Hz) 118.0| 4.19 (1H, d, 17.5 Hz) 117.6 s
- 1404\ - 141.1s
- 133.2| - 133.4s
- 147.6| - 148.1s
6.92 (1H, s) 97.1| 6.61 (1H,s) 96.4d
- 1394 - 137.8 s
- 41.1| - 4165

2.0 (1H, ddd, 12.5,
2.21 (1H, ddd, 11.5, 9.0, 5.0 Hz, H-
8.0, 5.0 Hz) 11endo)

39.3 39.2t

1.82 (1H, ddd, 12.5, 2.37 (1H, ddd, 12.5,
10.5, 5.5 Hz) 10.5, 5.5 Hz, H-

11exo)

2.77 (1H, ddd, 12.5,
2.66 (1H, ddd, 13.5, 9.0, 5.5 Hz, H-12
9.0, 6.5 Hz) endo)

51.9 525t

2.98 (1H, ddd, 13.5, 3.17 (1H, ddd, 12.5,
10.5, 5.0 Hz) 10.5, 5.0 Hz, H-

12ex0)
5.91-5.93 (2H, dd, 10.8 5.85-5.86 (2H, 2d, 1.5
Hz, 1.2 Hz) 100.5 H2) 100.7 t
3.89 (3H, s) 58.8| 3.95 (3H, s) 59.1q
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KET LUAN VA KIEN NGHI
KET LUAN

Lap danh sach thanh phan héa hoc theo thu vién trong chi Hedera gom 88 hop
chit (phu luc 4.1) v6i cong thirc phan ti, tén goi, m/z cua ion .

Phan tich cac manh phd bang phuong phap dereplication dé x4c nhan ciu trac phu
hop voi chat di cong b, va lap danh sach cac chét cé trong cdy thudng xuan di duoc
cong bd gém 10 hep chit (bang 4.1) trong d6 ¢6 hop chat muc tiéu a-Hederin.

Lap danh sach thanh phan hoa hoc theo thu vién trong chi Eurycoma gém 106 hop
chit (phu luc 4.2) véi cong thirc phan tir, tén goi, m/z cua ion.

Phan tich cac manh pho bang phuong phap dereplication dé x4c nhan ciu tric phi
hop véi chat da cong bo, va 1ap danh sach cac chit c6 trong cdy Ba bénh di duoc cong
bb gom 11 hop chat (bang 4.2) trong d6 c¢6 hop chat muc tiéu Eurycomanone

Lap danh sach thanh phan héa hoc theo thu vién trong chi Crinum gom 168 hop
chat (phu luc 4.3) véi cong thirc phan tir, tén goi, m/z cua ion.

Phan tich c4c manh pho bang phuong phap dereplication dé x4c nhan ciu trac phu
hop véi chat da cong b, va 1ap danh sach cac chat ¢é trong cay Trinh nit hoang cung d
dugc cong bd gdm 5 hep chat (bang 4.3) trong d6 ¢6 hop chat muc tiéu Crinamidine.

Tir cac dugce liéu da nghién ctru thanh phan héa hoc, phéan 1ap va tinh ché d trinh
bay ¢ cac muc trén nhu Thuong xuan (Hedera helix L.), Ba bénh (Eurycoma longifolia),
Trinh nit hoang cung (Crinum latifolium). Mau sau khi thu hai duwoc bao quan kho rao.
Bat dau chiét xuat mot luong nho dé phan tich bang HRMS xac dinh hop chat muc tiéu,
sau khi co két qua tiép tuc chiét luong 16n nguyeén lidu dé tao cao giau hoat tinh bang céac
phuong phap theo tirng loai dugc liéu. Co quay thu hoi dung méi dudi ap suat thap, 1an
luot thu dugc khdi lugng cao Thuong xuan (590g), Ba bénh (400g), Trinh nit hoang cung
(70g). Song song Vvai viéc nghién ciru céc gia tri khdi pho, 1a tién hanh phan 1ap cac hop
chat va xac dinh thanh phan hoéa hoc ¢6 trong cac dugc liéu ¢d ciu tao giéng véi du doan
da phan tich.

Tir cao methanol ciia Thudng xuan (500.0 g) tién hanh séc ki cot, sac ki 16p mong
da phan lap duoc phan doan MA (15.0 g), MB (158.0 g), MC (210.0 g). Ttr phan doan
MB (158.0 gam) thay chat cd két tinh dang bot tring cho két tinh lai trong dung méi va
rira két tinh, sic ki l6p mong thiy 1 vét va do HRMS xac dinh duoc 1a hop chat Hederin
(a-Hederin) (2.16 g)

Tir cao methanol cua Bé& bénh (400.0 g), chiét long long véi CHCls  dugc khdi
lugng 80g. Tién hanh sic ki trung &p , sac ki 16p mong da phan lap duoc phan doan CA
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(10.0 g), CB (9.8 g), CC (2.2 g), CD (19.3g), CE (17.0g). Tir phan doan CC (2.2 gam)
sic ky trung ap ra dugc phin doan CC6 thiy chit c6 két tinh dang bong tring nga, cho
két tinh lai trong dung méi va rira két tinh, sac ki I6p mong thay 1 vét va do HRMS xac
dinh duoc 13 hop chat Eurycoma (Eurycomanone) (500mg)

Tir cao CHCI3 cua Trinh nit hoang cung (70.0 g). Tién hanh sac ki trung ap, sac ki
I6p mong da phan lap duoc phan doan CA (4.0 g), CB (10.0 g), CC (5.0g), CD (3.09),
CE (4.0g), CF (7g). Tir phan doan CC (5.0 gam) séc ky trung ap ra duoc phan doan CC7
(1.3g) thay chat cd két tinh dang hinh kim tring, cho két tinh lai trong dung méi va raa
két tinh, sic ki 16p mong thiy 1 vét va do HRMS xéac dinh duoc 12 hop chat Crina
(Crinamidine) (99mg).

Ba hop chat a-hederin (Hederin), eurycomanone (Eurycoma), crinamidine
(Crina) c6 cau tric phu hop véi bang phan tich thanh phan héa hoc bang HRMS va tuy
da dugc biét ba hop chat nay c6 hoat tinh sinh hoc cao, mang lai nhiéu ¥ nghia trong y
hoc va dic biét 1a cac hop chét chinh co trong duoc liéu va 1a chat dai dién trong cay nén
t6i d dinh hudng tach chiét va phan lap ba hop chat nay.

Céu trac du doan duoc bﬁng HRMS d3 x4c dinh dugc hau hét cac chat muc tiéu,
nhung dé xac dinh lai mot cach chinh xac nhat can dung NMR. Vi vay, dé xac dinh chinh
xéc cau tric sir dung thém cac phuong phap khac nhu NMR.

KIEN NGHI

Trong pham vi cta luan vin nay, t6i chi phan 1ap duoc 3 hop chat a-hederin
(Hederin), eurycomanone (Eurycoma), crinamidine (Crina) trong 3 duoc li€u
Thudng xuén, Ba bénh, Trinh nir hoang cung, nham dé ching minh cho viéc dya vao
khoi pho c6 thé dinh hudng dugc viéc phan lap va tach cac hop chét da biét, cling nhu
tranh sy 1ap lai va tim ra cac hop chét khac tiém ning.

Qua két qua cia luan van em thdy phuong phap HRMS hiéu qua, nhanh chéng va chinh
xac nén phuong phap nay c6 thé tiép tuc dugc &p dung dé khao sat va phan lap cac hop
chat da biét, chat dai dién trong cac duoc liéu quy caa Viét Nam ta mot cach rong réi va

to1 vu hon.
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Hedera helix has been reported to contain a wide range of metabolites and produce many pharmacological effects. This research
demonstrates the determination and evaluation of the phytochemical profiling of H. helix grown in central Vietnam. Methanolic
extract of ivy had been analyzed by ultra-high-performance liquid chromatography-quadrupole time-of-flight mass spectrometry
(UHPLC-Q-TOF-MS/MS). MS, and MS/MS experiments were manipulated using both negative and positive ionization modes to
provide molecular mass information and production spectra for the structural elucidation of compounds. A total of 46 com-
pounds including 24 triterpene saponins and other compounds were successfully identified of which four established saponin
structures have been reported for the first time. This study has provided a base for building a quality control of the raw materials
according to the profile of triterpene saponins and assessment of pharmaceutical ingredients of H. helix planted in Vietnam.

1. Introduction

Hedera helix L., the common ivy, is one of the 15 species of the
genus Hedera, Araliaceae family. As an evergreen dioecious
woody liana [1], ivy has an intense vitality, even in the cold
winter. The common ivy is a popular ornamental plant in many
countries. The plant grows naturally in Western, Central, and
Southern Europe, North America, and Asia [2]. Hedera helix is
applied to treat overactive thyroid (hyperthyroidism), rheu-
matic diseases, and respiratory tract inflammation [2]. In
Vietnam, ivy is grown in areas with cool climates such as Da
Lat, Moc Chau, and Sapa and is mainly used for decoration.
Therefore, it has been little published research on its chemical
composition and pharmacological effects. Therefore, the
identification of chemical constituents is significant in the
phytochemistry study of H. helix grown in Vietnam.
Phytochemical compounds were detected in ivy leaves
including flavonoids, coumarins, phenolic acids, sterols,
alkaloids, anthocyanins [3-5], and, in particular, triterpene

saponins [1]. Some of the triterpene saponins and derivatives
isolated from the ivy plant were as follows: helixoside A,
helixoside B, 3-O-f-glucosyl hederagenin, 3-O-f-glucosyl-
(1—>2)- B-glucosyl oleanolic acid, 3-O-f-glucosyl-(1—2)-
B-glucosyl hederagenin, 3-O-f-glucosyl 28-O-f-glucosyl-
(1—6)-B-glucosyl hederagenin, hederagenin, oleanolic
acid, bayogenin, a-hederin, hederagenin 3-O-f-glucoside,
and hederasaponins B, C, D, E, F, G, H, and I [6].

A triterpene saponin’s chemical structure is composed of
an aglycone and sugar chain(s). In most cases, a series of
saponins can be found in the same plant, with similar
skeleton but slightly varied sugar chains. Due to the strong
polarity and structural similarities, isolating a single saponin
compound is frequently challenging. Furthermore, even
with high-resolution nuclear magnetic resonance (NMR),
structural elucidation of saponin is difficult, especially when
the sugar chain contains more than three sugar residues [7].
As a result, a new method for quickly identifying and
characterizing existing and novel structures is required.
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UHPLC-Q-TOF-MS/MS has been an increasingly
powerful and important technique for elucidating chemical
structures [8]. UHPLC-QTOEF-MS/MS is capable of accu-
rately measuring molecular mass by giving the elemental
composition of obtained ions. The technique has been
widely used in analyzing complex samples due to its high
resolution and sensitivity. In some previously published
research, UHPLC-QTOF-MS/MS was applied to charac-
terize chemical constituents and metabolites in medicinal
herbs, and obtained considerable results. Small metabolites
profiling of the Eurycoma longifolia aqueous extracts were
performed using LC-MS/MS [9]. An integrated approach
using UHPLC-QTOF-MS/MS was developed for the sys-
tematic analysis of 46 physalins from the crude extracts of
Physalis alkekengi calyx [10]. Sun et al. identified 31 saponins
in Shizhu ginseng applying UPLC-MS/MS [11]. UPLC-Q-
TOF-MS/MS-guided dereplication of Pulsatilla chinensis
was conducted, which resulted in the identification of 22
triterpenoid saponins (11 pairs of isomers) with four agly-
cone skeletons [12].

In addition, ivy leaves extracts were noted to exhibit
antimicrobial, anthelmintic, antimutagenic, antitumor, anti-
leishmanial, antithrombin, antioxidant, antispasmodic, and
anti-inflammatory activities [13-21]. Triterpene saponins are
the bioactive compounds responsible for the medicinal use of
ivy [1]. Hederagenin has potential antitumor activity [22].
Hederasaponin B has antiviral activity against Enterovirus 71
subgenotypes C3 and C4a, via inhibiting the viral VP2 protein
expression and blocking viral capsid protein synthesis [23].
a-hederin has a potent inhibitory effect on breast cancer cell
development and promotes apoptosis in these cells [24].
Hederacoside C was reported to have anti-inflammatory effect
against induced acute lung inflammation by Staphylococcus
aureus both in vivo and in vitro [25].

To the best of our knowledge, the UHPLC-Q-TOF-MS/
MS study of phytochemicals in the H. helix leaves extract has
not been announced. The present study aims to characterize
the chemical constituents, especially triterpene saponins
presented in the ivy leaves planted in Vietnam. The results of
this work can assist in clarifying the metabolic profile of
H. helix. Acceleration of finding the new compounds and
assessment of the potential ingredients from this valuable
species are concerned for pharmaceutical application.

2. Materials and Methods

2.1. Chemicals and Reagents. Deionized water for HPLC and
HPLC grade acetonitrile, methanol, and analytical grade
formic acid (=98%) were obtained from Scharlau (Barcelona,
Spain).

Two reference standards including a«-hederin and
hederacoside C were obtained from Sigma-Aldrich Chem-
ical Co. (Singapore). The purity of each compound was no
less than 98%. The standards were stored at 4°C before being
used for analysis.

2.2.Sample Preparation. Hedera helix was collected from Da
Lat province, Vietnam, and identified by botanist Tran Huu
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Dang MSc, Southern Institute of Ecology, Vietham Academy
of Science and Technology. A voucher specimen (Code:
NaPro.33.1019) was deposited in the Center for Research
and Technology Transfer, Vietnam Academy of Science and
Technology. The leaves were gently washed, allowed to air
dry, and cut into fine pieces. 100.0 mg of leaves pieces was
accurately weighed into a tube with a cover, and 2.0 mL of
methanol-water (8:2, v/v) solvent was added. The sample
was ultrasonicated for 10 min and then heated to 50°C for
5min. After being centrifuged, the extract was pipetted to a
10.0 mL volumetric flask. The residue was continued on the
extraction step. After five times of extraction, the solution
was exactly scaled up to 10.0 mL using the solvent solution.
The sample was filtrated through a 0.45-ym filter membrane
before injecting it for UHPLC-Q-TOF-MS/MS analysis.
Standard solutions of a-hederin and hederacoside C were
prepared in methanol at a concentration of 1000 (ppm).

2.3. UHPLC-Q-TOF Analysis. Sample analysis was per-
formed on an ExionLC™ UHPLC system (AB SCIEX, USA)
consisting of an ExionLC degasser, AC pumps, AC auto-
sampler, controller, and AC column oven. Samples were
analyzed on a Hypersil GOLD C18 column (150 x 2.1 mm,
3 u) (Thermo Fisher Scientific, USA). The mobile phase, water
containing 0.1% formic acid (A) and acetonitrile containing
0.1% formic acid (B), was run at a flow rate of 0.4 mL/min at
25°C. The gradient programming was as follows: 0-4 min,
2-20% B; 4-30min, 20-68% B; 30-32min, 68-98% B;
32-40 min, 98% B. Sample injection volume was 5.0 L.

An AB SCIEX X500R QTOF mass spectrometer (AB
SCIEX, USA) with a Turbo V ion source was coupled with the
UHPLC system. Mass data were acquired in both negative
and positive electrospray ionization (ESI) modes. The MS
conditions were set as follows: the ion source temperature,
500°C; curtain gas, 30 psi; nebulizer gas (GS 1), 45 psi; heater
gas (GS 2), 45 psi. For the TOF MS scan, the mass range was
set at m/z 70-2000. For the TOF MS/MS scan, the mass range
was set at m/z 50-1500. For the negative mode, ion spray
voltage was set at —4.5kV, the declustering potential (DP)
was —70V, the collision energy (CE) was performed at
—20 eV, and the collision energy spread (CES) was 10 eV. For
the positive mode, the ion spray voltage was set at 5.5 kV, the
DP was 80V, the CE was 20eV, and the CES was 10eV.

All the obtained data were processed by SCIEX OS
software version 1.2.0.4122 (AB SCIEX, USA). The total ion
chromatograms (TICs) of the Hedera helix extract in both
positive and negative modes are shown in Figure 1.

3. Results and Discussion
3.1. Triterpene Saponins

3.1.1. Aglycones. Hedera helix aglycones include heder-
agenin and oleanolic acid. A relatively abundant series of
dehydrated ions and/or a small aglycone ion can readily
distinguish the parent skeleton for the aglycone. In the
positive mode, the diagnostic fragment ions of these two
aglycones can be easily detected.
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FiGure 1: TIC of Hedera helix in (a) positive and (b) negative modes.

For the hederagenin-type aglycone, the precursor ion
[M+H]" at m/z 473.3631 could produce two specific
fragment ions at m/z 455.3525 and 437.3419 by the elim-
ination of H,O. In many cases, the product ions at m/z
427.3576, 409.3470, and 391.3365 were observed by the
losses of HCOOH from the three precursor ions mentioned
earlier.

For the oleanolic-type aglycone, the precursor ion
[M+H]" at m/z 457.3682 and the characteristic fragment
ions at m/z 439.3576 by the neutral loss of H,O were ob-
served. In addition, the product ions at m/z 411.3629 and
393.3522 were presented by the losses of HCOOH from the
two predominant ions.

The chemical structures and fragmentation pathways of
the hederagenin and oleanolic acid aglycones are illustrated
in Figures 2 and 3, respectively.

3.1.2. Sugar Chains. The sugar chains of triterpenoid sa-
ponins generally substitute at C-3 and/or C-28 position(s) of
an aglycone. The common monosaccharide moieties of the
sugar chains were glucopyranosyl (Glc), rhamnopyranosyl
(Rha), arabinopyranosyl (Ara), and glucuronopyranosyl
(Glu).

The composition of sugar chains can be inferred in the
positive ion mode using the characteristic fragment ions,
specifically as follows: the loss of Glc is 162 Da, Rha is
146 Da, Ara is 132 Da, and Glu is 176 Da. The sugar moieties
at C-3 and C-28 were eliminated successively from C-3 to C-
28 and from end to inner [12].

In the negative ion mode, the typical solvent adducts ion
[M+HCOO]™ and deprotonated ion [M-H]- can be usually
observed, which provides the molecular mass and chemical
formula of a compound. Typically, the sugar chain at C-28
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FIGURE 2: MS/MS fragmentation pathway of hederagenin aglycone in positive mode.

Oleanolic acid + H
(C30H904)
m/z. 457.3682

m/z: 439.3576

- HCOOH - HCOOH

m/z: 411.3629

m/z: 393.3522

FIGURE 3: MS/MS fragmentation pathway of oleanolic acid agly-
cone in positive mode.

tends to be completely eliminated; then, the positions and
composition of oligosaccharides chains can be readily dif-
ferentiated and followed by an abundant fragment ion as a
base peak [12].

3.2. Characterization of Authentic Compounds. To clarify MS
fragmentation patterns of triterpene saponins, two authentic
compounds including a-hederin and hederacoside C were
studied by UHPLC-Q-TOF-MS/MS.

a-hederin (T =20.41) showed a deprotonated molec-
ular ion [M-H]- at m/z 749.4473 in the negative mode and a

pseudomolecular ion [M+H]" at m/z 751.4633 in the positive
mode.

At Tg =12.49, hederacoside C yielded [M+H]" ion at m/z
1221.6313 and [M-H]™ ion at m/z 1219.6110 in the positive
and negative modes, respectively.

The major fragment ions observed in the mass spectra of
the two triterpene saponins are summarized in Table 1. The
typical MS and MS/MS spectra of a-hederin and heder-
acoside C are shown in Figure 4.

3.3. Structural Characterization of Triterpene Saponins.
Based on the earlier strategy, 24 triterpene saponins were
tentatively identified and characterized from the H. helix
extract. The chemical structures are illustrated in Figure 5,
and the MS data are listed in Table 2.

At Tr=1111, in the negative mode, compound 14
yielded an [M+HCOO]™ ion at m/z 1295.6279 and provided
fragment ions at m/z 779 and 469 corresponding to the loss
of 2 Glc and 1 Rha at C-28, and a Rha-Glc sugar chain at C-3
of the hederagenin aglycone. Hence, compound 14 was
hederagenin 3-O-[a-L-rhamnopyranosyl-(1—2)-S-D-glu-
copyranoside], 28-O-[a-L-rhamnopyranosyl-(1—4)-f-D-
glucopyranosyl-(1—6)-f-D-glucopyranosyl] ester.

Compound 16 (T =11.31 min) yielded an [M+HCOO]~
ion at m/z 1149.5707 in the negative mode, primarily frag-
mented into ions at m/z 633 and 469, indicating hederagenin
aglycone lost a Rha-Glc-Glc sugar chain at C-28, and a Glc at
C-3. Thus, compound 16 was conditionally characterized as
hederagenin 3-O-f-D-glucopyranoside, 28-O-[a-L-rham-
nopyranosyl-(1—4)-f-D-glucopyranosyl-(1—6)-f-D-glu-
copyranosyl] ester.

In the positive mode, the MS/MS spectra of compounds
17 (Tr=12.43min) and 20 (Tr=13.05min) exhibited
identical pseudomolecular ions [M+H]" at m/z 1075.5687
and 1075.5680, respectively, and produced identical
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TaBLE 1: The MS/MS data of standard compounds.

T [M-H] found [M-HJ MS/MS fragment [M+H]* [M+H]* MS/MS fragment
) ormula ame error ions in negative ions in positive
(min) at mass found at mass error (ppm)
(ppm) mode mode
1075.5653
943.5211
797.4660
635.4156
Hederacoside 473.3614
1249  Cs59HogOo6 C 1219.6110 —0.40 749.4487 1221.6313 3.68 4553492
437.3389
427.3564
409.3441
391.3317
605.4065
473.3609
455.3494
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FIGURE 4: Typical MS and MS/MS spectra in positive and negative electrospray ionization modes of (a) a-hederin and (b) hederacoside C.
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Peal
No. Name Aglycones R1 R2
Hederagenin 3-O-[a-L-Rhamnopyranosyl- (1—2)-B-D-glucopyranoiside], 28-O-|a-L-
14 rhamnopyranosyl- (1—4)-B-D-glucopyranosyl- (1—6)-B-D-glucopyranosyl] ester A Rha-Gle Rha-Gle-Gle-
Hederagenin 3-O-[B-D-Glucopyranosyl- (1—2)-a-1-arabinopyranoside, 28-O-|a-1-
15 rhamnopyranosyl- (1—4)-B-D-glucopyranosyl- (1—6)-B-D-glucopyranosyl] ester A Gle-Ara- Rha-Gle-Gle-
Hederagenin 3-O-[B-D-Glucopyranoside, 28-O-|a-1-rhamnopyranosyl- (1—4)-p-D-
16 glucopyranosyl- (1—-6)-B-D-glucopyranosyl] ester A Gle Rha-Gle-Gle-
17-1 Hederagenin 3-O-a-L-arabinopyranoside, 28-O-|g-D-glucopyranosy1- (1—6)--D- Rha-Gle-Gle-
glucopyranosyl- (1—4)-a-L-rhamnopyranosyl] ester A Ara-
Hederagenin 3-O-a-L-arabinopynoside, 28-O-|B-D-glucopyranosyl- (1—2)--D- Gle-Rha-
17-2
glucopyranosyl- (1—4)-a-L-rhamnopyranosyl] ester Gle-
18 Hederagenin C A Rha-Ara- Rha-Gle-Gle-
Hederagenin 3-O-a-L-rhamnopyranosyl- (1—2) a-L-arabinopyranoside|, 28-O-|B-D-
19 glucopyranosy1- (1—6)-B-D-glucopyranosyl] ester A Rha-Ara- Gle-Gle-
Hederagenin 3-O-a-L-rhamnopyranosyl- (1—2) a-L-rhamnopyranoside|, 28-O-|B-D-
20 glucopyranosyl- (1—6)-B-D-glucopyranosyl] ester A Ara-Rha Gle-Gle-
Hederagenin 3-O-[a-L-Rhamnopyranosy1- (1—2) a-L-arabinopyranoside|, 28-O-[a
21 1-rhamnopyranosyl- (1—4)-6-O-acety1-B-D-glucopyranosyl- (1—6)-p-D- A Rha-Ara- Rh-acetyl Gle-Gle-
glucopyranosyl] ester
22 Hederagenin B B Rha-Ara- Rha-Gle-Gle-
23 Hederagenin .28-0-[a-l-rhamnopyranosyl- (1—4)-B-D-glucopyranosy1- (1—6)-B-D- A H- Rha-Gle-Gle-
glucopyranoside]
Rha-Ara-
24 Hederacolehiside A P H-
Gle
25 Hederagenin 28-O-[B-D-Glucopyranosyl- (1—6)--D-glucopyranosy] A H- Gle-Gle-
26 Hederagenin 3-O-[B-D-Glucopyranosy1- (1—2)-a-l-arabinopyranoside] A Gle-Ara- H-
Hederagenin 3-O-[p-D-Glucopyranosyl- (1—6)-p-D-glucopyranosy1- (1—4)-a-L-
281 rhamnopyranosyl- (1—2)-a-L-rhamnopyranoside] Gle-Gle-Rha-Rha-
#r H-
Hederagenin 3-O-[p-D-Glucopyranosyl- (1—2)-p-D-glucopyranosy1- (1—4)-a-L- Gle-Rha-Rha-
28-2 .
rhamnopyranosyl- (1—2)-a-L-rhamnopyranoside] Gle
Hederagenin 3-O-[a-L-rhamnopyranosy1- (1—4)-B-D-glucopyranosy1- (1—6)--D-
29 glucopyranosyl- (1—4)-a-L-rhamnopyranosyl- (1—2)-a-l-arabinopyranoside] A Rha-Gle-Gle-Rha-Ara- H-
30 Hederagenin 28-O-p-D-glucopyranoside H- Gle-
Hederoside B Gle- H-
31 Hederagenin 3-O-[a-L-Rhamnopyranosy1- (1—2)-B-D-glucopyranosy| Rha-Gle- H-
0 Hederagenin 28-O-p-D-glucuronopyranoside A H- Glu-
Hederagenin 3-O-B-D-glucuronopyranoside Glu- H-
33 a-hederin Rha-Ara H-
W Hederagenin 28-O-a-L-Rhamnopyranoside A H- Rha-
Hederagenin 3-O-a-L-Rhamnopyranoside Rha- H-
36 Hederagenin 28-O-a-L-arabinopyranoside A H- Ara-
Hederagenin 3-O-a-L-arabinopyranoside Ara- H-
3 Oleanolic acid 28-O-B-D-glucuronopyranoside 3 H- Glu-
Oleanolic acid 3-O-B-D-glucuronopyranoside Glu- H-
38 Oleanolic acid 28-O-B-D-glucopyranoside B H- Gle-
Oleanolic acid 3-O-p-D-glucopyranoside (Hederoside A2) Gle- H-
40 B-hederin B Rha-Ara- H-

Ficure 5: Chemical structures of identified triterpene saponins in H. helix.

aglycone ions at m/z 391, 409, 437, 455, and 473, which
corresponded to hederagenin. The fragmentation of com-
pound 17 primarily yielded daughter ions at m/z 781, 619,
and 473 because of the successive loss of Ara-Glc, Glc, and
Rha. In addition, compound 17 produced a parent ion
[M+HCOOQO]"™ at m/z 1119.5508 in the negative mode, and
fragmented into 603 and 469, indicating that the C-28 po-
sition was substituted with 2 Glc and 1 Rha sugar chain.
Consequently, compound 17 was characterized as heder-
agenin 3-O-a-L-arabinopyranoside, 28-O-[3-D-glucopyr-
anosyl-(1—6)-S-D-glucopyranosyl-(1—4)-a-L-rhamnop

yranosyl] ester or hederagenin 3-O-a-L-arabinopyranoside,
28-0-[f-D-glucopyranosyl-(1—2)-(B-D-glucopyranosyl-

(1—>4))-a-L-rhamnopyranosyl] ester. These were explored
as two new structures, and the MS/MS fragmentation
pathways of compound 17 are illustrated in Figures 6 and 7.
However, fragmentation of [M+H]" from compound 20
formed daughter ions at m/z 943, 797, 635, and 473, which
corresponded to the sequential elimination of Ara, Rha, and
2 Glg, respectively. In the negative mode, [M-H]- ion at m/z
1073.5454 was fragmented to 749, indicating that the C-28
position was substituted with the 2 Glc sugar chain. Hence,
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TaBLE 2: Chemical constituents of Hedera helix characterized by UHPLC-Q-TOF-MS/MS.

Peak

R ESI  Error Exact Found at
no. (min)

Formula Chemical name
mode (ppm) mass mass

MS/MS

1 520  C,H;,06 (-)-Quinic acid - 243 1910556  191.0551

173.0467 [M-H-
H,0[”

2 521 C;6H;50¢ Chlorogenic acid - 2.38  353.0873  353.0881

191.0548 [M-H-
CoHOs]"
179.0336 [M-H-
C7HIOOS]7
135.0443 [M-H-
C8H1007]7

3 6.46 Cs3H400,9 Kaempferol 3-O-rutinoside-7-O-rhamnoside - -4.82  739.2086  739.2050

593.1431 [M-H-
CeH1004]™
285.0409 [M-H-
C18H30013]7

4 6.83 CyHsO16 Rutin + 178 6111612  611.1623

465.1035 [M+H-
C6HIOO4]+
303.0501 [M+H-
CZIZHZOOQ]wL
147.0661 [M+H-
CISI_IZALC)14]Jr
129.0551 [M+H-
C18H26015]Jr

5 6.84 CysH;00; Quercetin + -0.25  303.0505 303.0504

257.0463 [M+H-
CH,0,]"
229.0507 [M+H-
CZHZOS]+
201.0594
[M+HC;H,0,]*
165.0200 [M+H-
C/HeO5]"
153.0201 [M+H-
CsHeO5]"
137.0228 [M+H-
CsHeO4l"

6 7.20  Cy;H5,0;, Isoquercitrin - 4.42  463.0877  463.0897

301.0332 [M-H-
C6H1005]7
271.0227 [M-H-
C;H,06]”
255.0276 [M-H-
C7H1207]_
243.0286 [M-H-
C8H1207]_
151.0036 [M-H-
C14H1608]7

7 7.50  Cy;H;300;5 Kaempferol 3-O-rutinoside + 1.18 5951663  595.1670

4491105 [M+H-
C6HIOO4]+
287.0559 [M+H-
C12H2009]+
147.0660 [M+H-
CISI_IZAL()L”]Jr
129.0554 [M+H-
(:17H22015]Jr

8 751 CysHy006 Kaempferol + 047  287.0556  287.0557

165.0204 [M+H-
C;Hs0,]"
153.0197 [M+H-
CsHe0,]"
121.0273 [M+H-
CsHgO4l"
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TaBLE 2: Continued.

Peak T.R Formula Chemical name ESI— Error Exact Found at MS/MS
no. (min) mode (ppm) mass mass

285.0375 [M-H-
CIZHZOOQ] N
151.0040 [M-H-
C20H2601 1]7

9 7.55 CyyH30045 Kaempferol 7-O-neohesperidoside - 1.43  593.1507 593.1515

285.0378 [M-H-
CSHIOOS] B
255.0279 [M-H-
C7H1206] B

10 7.98 CyHy0p, Astragalin - 416  447.0927  447.0946

353.0837 [M-H-
CoHgOs]™
335.0746 [M-H-
C9H804]7
191.0535 [M-H-
C18H1206]7
179.0327 [M-H-
C16H1608]_
161.0230 [M-H-
C18H1008]_
135.0438 [M-H-
C17H16010]_
111.0441 [M-H-
C19H16OIO]7

11 801 CysH,.0p, Cynarin - -1.08 5151190 515.1184

353.0850 [M-H-
CoHgsO3]~
191.0541 [M-H-
C18H1206]_
179.0332 [M-H-
Ci6H160s]™
161.0232 [M-H-
CH100s]”
137.0227 [M-H-
C17H14040)”
135.0442 [M-H-
Cy7H16010)”

12 8.59 C,5H,,0, Isochlorogenic acid b - 0.48 5151190  515.1192

125.0960 [M-H-
CH,05]"
97.0643 [M-H-
CsHeOs]”

13 8.63  CoH;604 Azelaic acid - -0.72  187.0970  187.0969

Hederagenin 3-O-[a-L-rhamnopyranosyl- 1249.6105 [M-H]~
(1—2)-p-D-glucopyranoside], 28-O-[a-L- 779.4505 [M-H-

14 11.11  CgoHogO057 rhamnopyranosyl-(1—4)-f-D- - 0.54 1295.6272 1295.6279 C1sH30014]
glucopyranosyl-(1—6)--D- 469.1492 [M-H-

glucopyranosyl] ester C30Hs,0,3]"

Hederagenin 3-O-[3-D-glucopyranosyl-
(1—>2)-a-L-arabinopyranoside], 28-O-[a-L-
15 11.15 CsoHosO57 rhamnopyranosyl-(1—4)-$-D- - 1.05 1235.6061 1235.6074
glucopyranosyl-(1—6)-3-D-
glucopyranosyl] ester

765.4362 [M-H-
C18H30014]7
469.1597 [M-H-
C29H50023]7

Hederagenin 3-O-3-D-glucopyranoside, 28- légggggf [[ll\\/l/l:ll—ﬂ
16 1131 Cs4HegOns O*“'iﬁ“&ﬁf?&ﬁ%@ 14))_’/5‘1)' - 122 1149.5693 1149.5707  CysHsoO14]
glucopyranosy 469.1606 [M-H-

lucopyranosyl] ester -
glucopy vl Cy4H45046]
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TaBLE 2: Continued.

Peak

R Formula Chemical name
no. (min)

ESI
mode

Error

(ppm)

Exact
mass

Found at
mass

MS/MS

Hederagenin 3-O-a-L-arabinopyranoside,
28-0-[B-D-glucopyranosyl-(1—6)--D-
glucopyranosyl-(1—4)-a-L-
rhamnopyranosyl] ester or hederagenin 3-O-
a-L-arabinopyranoside, 28-O-[f-D-
glucopyranosyl-(1—2)-(f-D-
glucopyranosyl-(1—4))-a-L-
rhamnopyranosyl] ester

17 1243 Cs3HgeOss

+

-0.19

1075.5689

1075.5687

781.4768 [M+H-
C11H1809]Jr
619.4227 [M+H-
(:17H28014]Jr
4733664 [M+H-
C23H38018]+
455.3535 [M+H-
C23H40019]+
437.3428 [M+H-
CZSI_LIZC)ZO]Jr
409.3461 [M+H-
C24H42021]+
391.3356 [M+H-
(:24H44022]Jr

18 12.44 Cs9HogOx4 Hederacoside C

+

-2.89

1221.6268

1075.5710 [M+H-
CeHi004]"
943.5310 [M+H-
C11H1308]Jr
797.4673 [M+H-
(:17H28012]Jr
635.4183 [M+H-
C23H38OI7]+
473.3644 [M+H-
C:29H48C)22]+
455.3518 [M+H-
C29H50C)23]Jr
437.3419 [M+H-
C:29H52024]+
427.3599 [M+H-
C30H50024]+
409.3477 [M+H-
(:30H52025]Jr
391.3378 [M+H-
C30H54026]+

Hederagenin 3-O-[a-L-rhamnopyranosyl-
(1—>2)-a-L-arabinopyranoside], 28-O-
[B-D-glucopyranosyl-(1—¥6)-f-D-
glucopyranosyl] ester

19 12.63 C53H86022

2.37

1119.5587

1119.5614

1073.5461 [M-H]~
749.4439 [M-H-
CIZHZOOIO]_
603.3906 [M-H-
C18H30014]_
469.1536 [M-H-
C23H40018]7

Hederagenin 3-O-[f-D-glucopyranosyl-
(1—4)-a-L-rhamnopyranosyl-(1—2)-a-L-
arabinopyranoside], 28-O-$-D-
glucopyranosyl ester

20 13.05 Cs3HgOn2

+

—-0.84

1075.5689

1075.5680

943.5316 [M+H-
CsHgO4]"
797.4678 [M+H-
C:llH1808]wL
635.4170 [M+H-
C17I_128C)13]Jr
473.3622 [M+H-
C23H38018]Jr
455.3528 [M+H-
(:23H40019]Jr
437.3424 [M+H-
C23H4ZOZO]+
427.3555 [M+H-
C24H40020]+
409.3468 [M+H-
C:24H42021]wL
391.3371 [M+H-
CZ‘II_LHC)ZZ]Jr




10

Journal of Analytical Methods in Chemistry
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Peak
no.

Tr ESI

. Formula Chemical name Exact
(min) mode

mass

Error

(ppm)

Found at
mass

MS/MS

21

Hederagenin 3-O-[a-L-rhamnopyranosyl-
(1—>2)-a-L-arabinopyranoside], 28-O-[a-L-
rhamnopyranosyl-(1—4)-6-O-acetyl-3-D- -

glucopyranosyl-(1—6)-3-D-
glucopyranosyl] ester

13.93  CgHogOsy ~0.61  1307.6272

1307.6264

1261.6083 [M-H]~
791.4544 [M-H-
C18H30014]7
749.4448 [M-H-
C20H32015]_
469.1563 [M-H-
C31H52023]_

22

14.72  Cs59HogO55 Hederacoside B - 220  1203.6163

1203.6189

733.4469 [M-H-
C18H30014]7
455.3473 [M-H-
C29H48022]7

23

Hederagenin 28-O-[a-L-rhamnopyranosyl-
(1—4)-p-D-glucopyranosyl-(1—#6)-f-D- -
glucopyranoside]

14.77 CusHy6015 458  987.5165

987.5210

941.5034 [M-H]"
471.3436 [M-H-
C18H30014]_
469.1547 [M-H-
C18H32014]7

24

Hederagenin 3-O-[a-L-rhamnopyranosyl-
C47H76017;  (1—2)-(B-D-glucopyranosyl-(1—4))-a-L- -
arabinopyranoside] (hederacolchiside A)

15.42 -1.25  957.5059

957.5047

911.4947 [M-H]
749.4425 [M-H-
C6HIOOS]7
603.3794 [M-H-
C12H2009]7
471.3381 [M-H-
C17H28OI3]_

25

Hederagenin 28-O-[f-D-glucopyranosyl-
CuHgsOns 8 |f-D-glucopyranosyl-—_

(1—>2)-p-D-glucopyranoside] 1.54 841.4586

15.55

841.4599

795.4481 [M-H]
471.3440 [M-H-
C12H2OOIO] B

26

CuHeO1s Hederagenin 3-O-[f-D-glucopyranosyl- B

15.78 (1—>2)-a-L-arabinopyranoside] 012

811.4480

811.4481

471.2603 [M-H-
C11H1809]7
603.3852 [M-H-
C6H1005]7
765.4429 [M-H]~

27

17.05 Cy9H4,04 Kendomycin - -0.24  485.2903

485.2902

467.2769 [M-H-
H,01"
439.2825 [M-H-
C,HsO]"
423.2866 [M-H-
CoHeO,]"
409.2718 [M-H-
CsHg0,]”

28

Hederagenin 3-O-[B-D-glucopyranosyl-
(1—6)-B-D-glucopyranosyl-(1—4)-a-L-
rhamnopyranosyl-(1—2)-«a-L-
rhamnopyranoside] or hederagenin 3-O-
[B-D-glucopyranosyl-(1—2)-(B-D-
glucopyranosyl-(1—4))-«a-L-
rhamnopyranosyl-(1—2)-a-L-
rhamnopyranoside]

17.68 CsyHggOss +  —1.65 1089.5846

1089.5828

927.5329 [M-H-
C6H1005]7
765.4851 [M-H-
C12H2001017
619.4226 [M-H-
C18H30014]7
473.3637 [M-H-
C24H40018]7
455.3556 [M-H-
C24H42019]_
437.3478 [M-H-
C24H44020]7
409.3478 [M-H-
C25H44021]7
391.3277 [M-H-
C25H46022]7
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Peak T.R Formula Chemical name ESI— Error Exact Found at MS/MS
no. (min) mode (ppm) mass mass
1073.5520 [M-H-
Hederagenin 3-O-[a-L-rhamnopyranosyl- Cot1004]
749.4446 [M-H-
(1—4)-B-D-glucopyranosyl-(1—6)-3-D- CroHs000]”
29 17.74  CsoHogOn glucopyranosyl-(1—4)-a-L- - -0.87 1219.6112 1219.6101 18 3014
603.3801 [M-H-
rhamnopyranosyl-(1—2)-a-L- -
arabinopyranoside] C24HaoO1s]
471.3384 [M-H-
C29H48022]_
Hederagenin 28-O-f-D-glucopyranoside or 633.3950 [M-H]~
30 18.40 Cs36Hs5500 hederagenin 3-O-f3-D-glucopyranoside - -0.79  679.4057 679.4052  471.3433 [M-H-
(hederacoside B) CsH,005]~
633.4022 [M-H-
Hederagenin 3-O-[a-L-rhamnopyranosyl- CeH1004]”
31 18.62 CyHesO1s (1) f-D-glucopyranoside] 0.51 7794582 7794586 o Tiil g
C12H2009]_
Hederagenin 28-O--D-
32 19.50 Cs¢Hs60;9  glucuronopyranoside or hederagenin 3-O- - -0.35 647.3795 647.3793 471331_’;50[1\]4:}1_
B-D-glucuronopyranoside (HN saponin K) 6rse
603.3763 [M-H-
33 20.30 Cy4HgsO1n a-Hederin - 1.73  749.4476  749.4489 CeH1004]"
471.3498 [M-H-
C11H18OS]7
473.3735 [M-H-
CeH1004]™
455.3526 [M-H-
CeH1205]™
Hederagenin 3-O-a-L-rhamnopyranoside or 437.3413 [M-H-
34 20.38 C36H55054 hederagenin 28-O-g-L-thamnopyranoside + 2.10 619.4210 619.4197 CoH104)™
409.3468 [M-H-
C7H14O7]7
391.3366 [M-H-
C;H;605]~
425.3407 [M-H-
CH,0s]"
423.3287 [M-H-
35 20.82 CsHyg0 Caulophyllogenin - -0.92 487.3424  487.3419 CH,O,]
: 30Hlass Phyrog : : : 405.3127 [M-H-
CHeO4]™
393.3132 [M-H-
CoHeO4]™
. . . 603.3823 [M-H]|~
36 2016 CasHyeOy Ticderagenin 3-O-a-L-arabinopyranoside or 169 6493952 649.3963  471.3441 [M-H-
hederagenin 28-O-a-L-arabinopyranoside i
CsHgO4]
Oleanolic acid 28-O-f-D-
37 2295 C36Hs5609 glucuronopyranoside or Oleanolic acid 3-O- - 3.63  631.3846  631.3869 455851220[1\]/{_}1_
B-D-glucuronopyranoside o
o . . 617.4020 [M-H]
38 2333 CyHy0, Cleanolic acid 28-O-glucoside or oleanolic 087  663.4108 663.4114 4553488 [M-H-

acid 3-O-glucoside (hederacoside A2)

C6H1005]7
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Peak T.R Formula Chemical name ESI— Error Exact Found at MS/MS
no. (min) mode (ppm) mass mass

2751995 [M-H-
H,0]”
231.2092 [M-H-
CH,O3]”
221.1527 [M-H-
C3H,0,]”
183.1375 [M-H-
C7H100]_
121.1010 [M-H-
C9H1603]7

9S-hydroxy-10E,12Z,15Z-octadecatrienoic

. 3.51 293.2117  293.2127
acid

39 23.78  CygH300;

Oleanolic acid 3-O-a-L-arabinoside, 28-O- 587.3918 [M-H-
a-L-rhamnopyranosyl ester or oleanolic acid CeH 1004
40 24.03 CyHeeO1, 3-O-a-L-rhamnopyranosyl-(1—2)-a-L- 1.21  733.4527  733.4518 4553483 [M-H-

arabinopyranoside (f-hederin) CiiH150]™

197.1171 [M-H-
C7H10]_
185.1173 [M-H-
C8H10]_
121.1010 [M-H-
C9HI4O3]_

41 25.16 C;gH,503  9-Oxo0-10E,12Z,15Z-octadecatrienoic acid - -2.47  291.1960  291.1953

393.3153 [M-H-

42 2524  CioHysO,4 Hederagenin - 290 4713474  471.3488 o
C,HO5]

453.3367 [M+H-
H,0]"
407.3302 [M+H-
CH,05]"
389.3212 [M+H-
CHeO4]"

43 26.31  C30Hyc0y4 Hederagonic acid + 2.05  471.3474  471.3484

221.1532 [M-H-
C3H,0,]”
197.1171 [M-H-
C7H12]7
185.1160 [M-H-
C8H12]7
149.0962 [M-H-
CSHISOZ]_
125.0958 [M-H-
CoH1,05]”

44 27.29 C;gH3005 9-Ox0-10E,12Z-octadecadienoic acid - 3.85  293.2117  293.2128

225.2200 [M-H-

45 3256 CieHs,0; 2-Hydroxypalmitic acid - 376 2712273 2712263 .
CH,0,]
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Peak
no.

Tr

. Chemical name
(min)

Formula

Found at
mass

ESI
mode

Exact
mass

Error

MS/MS
(ppm)

46 35.96 C;39HgyO5 Di-gamma-linolenic

595.4736 [M+H-
H,0]"
539.4475 [M+H-
C,H,,0]"
521.4385 [M+H-
C4H1,0,]"
503.3767 [M+H-
CgHy4l"
3352586 [M+H-
C:18H?>0()2]wL
299.2366 [M+H-
C23H33]Jr
261.2219 [M+H-
(:21H3604]Jr
259.2075 [M+H-
C26H42]Jr
161.1322 [M+H-
C33H56]+
147.1164 [M+H-
Cs33H540]

+ -2.28 613.4832  613.4818

OH
HH17-1+H
(CSEH}WOZZ)
m/z 1075.5698

), 1 ,oH
0l
I Y on
T 26t rha HO,
-2Gle-Rha " N0
Y "OH L.
OH HO" Y H(
o\ OH OH
" YOH
OH GH
HH17-1-H
(CSSHBSOZZ)

m/z 1075.5532

+H

m/z619.4210 m/z619.4210

m/z 471.3474

m/z 603.3897

FIGURE 6: MS/MS fragmentation pathway of hederagenin 3-O-a-L-arabinopyranoside, 28-O-[f-D-glucopyranosyl-(1—6)-f-D-gluco-
pyranosyl-(1—4)-a-L-rhamnopyranosyl] ester in positive and negative modes.

compound 20 was hederagenin 3-O-[a-L-arabinopyranosyl-
(1—2)-a-L-rhamnopyranoside], 28-
[B-D-glucopyranosyl-(1—6)-3-D-glucopyranosyl] ester.
The identified compounds 18 (Tg =12.37 min) and 29
(Tg =17.74 min) exhibited pseudomolecular ions [M+H] " at
m/z 1221.6233 and 1221.6303 in the positive mode, re-
spectively, which fragmented in different manners. The

fragmentation of these two saponins exhibited aglycone ions
at m/z 473, 455, and 437, which corresponded to heder-
agenin. Comparing the MS/MS spectra and retention time
information with the reference standards, compound 18 was
undoubtedly determined as hederacoside C. Besides, under
the negative mode, the parent ion of compound 29 was
observed at m/z 1219.5990 and produced distinctive product
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HH17-2+H
(CSJHS7OZZ)
m/z 1075.5689

m/z 781.4738

2Gle-Rha HO,
it

HO"

HHI17-2+H
(C53H87022)
m/z 1073.5532

m/z 619.4210 m/z 473.3631

m/z 471.3474

m/z 603.3897

FIGURE 7: MS/MS fragmentation pathway of hederagenin 3-O-a-L-arabinopyranoside, 28-O-[f3-D-glucopyranosyl-(1—2)-(-D-gluco-
pyranosyl-(1—4))-a-L-rhamnopyranosyl] ester in positive and negative modes.

ions at m/z 1073, 911, 749, 603, and 471 by the loss of sugar
chain (Rha, Rha-Glc, Rha-Glc-Glc, Rha-Glc-Glc-Rha, and
Rha-Glc-Gle-Rha-Ara) at C-3 of the aglycone. Conse-
quently, compound 29 could be characterized as heder-
agenin 3-O-[a-L-rhamnopyranosyl-(1—4)-3-D-glucopyr
anosyl-(1—6)-$-D-glucopyranosyl-(1—4)-a-L-rhamnop
yranosyl-(1—2)-a-L-arabinopyranoside].

At Tr=12.63, in the negative mode, compound 19
yielded an [M+HCOO] ion at m/z 1119.5482 and provided
fragment ions at m/z 749, 603, and 469 corresponding to the
loss of 2 Glc at C-28 and a Rha-Ara sugar chain at C-3 of
the hederagenin aglycone. Therefore, compound 19 was
tentatively identified as hederagenin 3-O-[a-L-rhamno-
pyranosyl-(1—2)-a-L-arabinopyranoside],  28-O-[3-D-
glucopyranosyl-(1—6)-f-D-glucopyranosyl] ester.

Compound 21 (Tg = 13.93 min) yielded an [M+HCOO]~
ion at m/z 1307.6264 in the negative mode, primarily
fragmented into ions at m/z 791, 749, and 469, indicating
that hederagenin aglycone C-28 lost an acetyl group in the
Rha-Glc-Gle sugar chain, and C-3 lost a Rha-Ara sugar
chain. Therefore, compound 21 was conditionally charac-
terized as hederagenin  3-O-[a-L-Rhamnopyranosyl-
(1—2)-a-L-arabinopyranoside], 28-O-[a-L-rhamnopyr-
anosyl-(1—4)-6-O-acetyl-f-D-glucopyranosyl-(1—6)--
D-glucopyranosyl] ester.

At Tr=14.72, in the negative mode, compound 22
showed the formula of CsoHosO,5 ([M-H]™ at m/z
1203.6189) and provided fragment ions at m/z 733 and 455,
corresponding to the loss of 2 Glc and 1 Rha at C-28, and a
Rha-Ara sugar chain at C-3 of the oleanolic acid aglycone.
Hence, compound 22 was identified as hederacoside B.

The MS spectra of compound 23 (T = 14.77 min) yielded a
parent ion [M+HCOO]™ at m/z 987.5210 in the negative mode,
primarily fragmented into an ion at m/z 471, indicating that the
C-28 sugar chain contained a Rha and 2 Glc, and the aglycone
corresponded to hederagenin. Thus, compound 23 was de-
termined as hederagenin = 28-O-[a-L-rhamnopyranosyl-
(1—4)-p-D-glucopyranosyl-(1—6)-f-D-glucopyranoside].

Compound 24 (T = 15.42 min) yielded an [M+HCOO]~
ion at m/z 957.5047 in the negative mode, primarily frag-
mented into ions at m/z 749, 603, and 471, indicating the loss
of Glc-Rha-Ara sugar chain at C-3 of hederagenin. Therefore,
compound 24 was conditionally identified as hederagenin 3-
O-[a-L-rhamnopyranosyl-(1—2)-(f3-D-glucopyranosyl-(1
—4))-a-L-arabinopyranoside] (hederacolchiside A).

Compound 25 showed the formula of Cy,HgsOyy
(IM+HCOO]" at m/z 841.4599) and provided fragment ion
at m/z 471, corresponding to the loss of 2 Glc at C-28 of the
hederagenin aglycone. Hence, compound 25 was tentatively
characterized as hederagenin 28-O-[B-D-glucopyranosyl-
(1—6)-B-D-glucopyranoside].

The MS spectra of compound 26 (Txr=15.78 min)
yielded a parent ion [M+HCOO]™ at m/z 811.448, primarily
fragmented into ions at m/z 603 and 471, indicating that the
C-3 sugar chain contained a Glc and an Ara, and the
aglycone corresponded to hederagenin. Thus, compound 26
was conditionally identified as hederagenin 3-O-[f3-D-glu-
copyranosyl-(1—2)-a-L-arabinopyranoside].

In the positive mode, the MS/MS spectra of compounds
28 (Tr=17.68 min) exhibited pseudomolecular ions
[M+H]" at m/z 1089.5828, and produced aglycone ions at m/
z 391, 409, 437, 455, and 473, which corresponded to
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HH28-1+H
(C54H39022)
m/z 1089.5845

m/z 473.3631

m/z619.4210

15

m/z 765.4789

FIGURE 8: MS/MS fragmentation pathway of hederagenin 3-O-[3-D-glucopyranosyl-(1—6)-f-D-glucopyranosyl-(1—4)-a-L-rhamno-

pyranosyl-(1—2)-a-L-rhamnopyranoside] in positive mode.

hederagenin. The fragmentation of compound 28 primarily
yielded daughter ions at m/z 927, 765, 619, and 473 because
of the successive loss of Glc-Glc-Rha-Rha. By assembling all
the fragmentation information compound 28, this compound
was determined to be hederagenin 3-O-[B-D-glucopyr-
anosyl-(1—6)-f-D-glucopyranosyl-(1—4)-a-L-rhamno
pyranosyl-(1—2)-a-L-rhamnopyranoside] or hederagenin
3-O-[B-D-glucopyranosyl-(1—2)-(-D-glucopyranosyl-(1
—4))-a-L-rhamnopyranosyl-(1—2)-a-L-rhamn-
opyranoside]. They were investigated as two new saponin
structures. The MS/MS fragmentation pathways of the
structures of compound 28 are illustrated in Figures 8 and 9.

At Tr=18.40, compound 30 showed the formula of
C36H5309 ([M+HCOO]™ at m/z 679.4052) and fragmented
into ions at m/z 471, indicating that the C-28 or C-3 sugar
chain contained a Glc, and the aglycone was hederagenin.
Thus, compound 30 was determined as hederagenin 28-O-
B-D-glucopyranoside or hederagenin 3-O-f-D-glucopyr-
anoside (hederacoside B).

The MS spectra of compound 31 (Ty=18.62min)
yielded a parent ion [M-H]  at m/z 779.4586, primarily
fragmented into ions at m/z 633 and 471, indicating the loss
of a Rha-Glc sugar chain at C-3 of hederagenin. Hence,
compound 31 was conditionally identified as hederagenin 3-
O-[a-L-rhamnopyranosyl-(1—2)-f-D-glucopyranoside].

Compound 32 showed a deprotonated molecular ion [M-
H] atm/z647.3793 at Tg = 19.50. The MS/MS spectra showed
an ion peak at m/z 471, which indicated that at C-28 or C-3 of
hederagenin contained a Glu. Therefore, compound 32 was
predicted to be hederagenin 28-O-f3-D-glucuronopyranoside
or hederagenin 3-O-f3-D-glucuronopyranoside.

Compound 33 (Tg=20.30 min) yielded [M+H]" ion at
m/z 751.4609 [M-H] ion at m/z 749.4489 in the positive and
negative modes, respectively. Comparing the MS/MS in-
formation and retention time with the reference standard,
compound 33 was unambiguously identified as a-hederin.

At Tr=20.38, compound 34 showed the formula of
C36Hs05 ([M+H]" at m/z 619.4197). The fragment ions at
m/z 391, 437, and 473 indicated the loss of a Rha at C-3 or
C-28 of hederagenin aglycone. Thus, compound 34 was
characterized as hederagenin 3-O-a-L-rhamnopyranoside
or hederagenin 28-O-a-L-rhamnopyranoside.

The MS spectra of compound 36 (T = 21.16 min) yielded
a parent ion [M+HCOQO]™ at m/z 649.4963 and fragmented
into 471, indicating the loss of an Ara at C-3 or C-28 of
hederagenin. Consequently, compound 36 was identified as
hederagenin 3-O-a-L-arabinopyranoside or hederagenin
28-0-a-L-arabinopyranoside.

Under the negative mode, compound 37 (T = 22.95 min)
showed the diagnostic ion [M-H]™ at m/z 631.3869 and a
fragment ion at m/z 455, indicating that the C-28 or C-3
position of oleanolic acid aglycone was substituted with a Glu.
Thus, compound 37 was tentatively determined as oleanolic
acid 28-O-f-D-glucuronopyranoside or oleanolic acid 3-O-
p-D-glucuronopyranoside.

Compound 38 (T =23.33 min) yielded an [M+HCOO]~
ion at m/z 663.4114 in the negative mode, primarily frag-
mented into an ion at m/z 455, meaning that the C-28 or C-3
sugar chain contained a Glc, and the aglycone corresponded
to oleanolic acid. Hence, compound 38 was characterized as
oleanolic acid 28-O-f-D-glucopyranoside or oleanolic acid
3-O-f-D-glucopyranoside (hederacoside A2).
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HH25-2+ H
(CSAHRQOZZV)
m/z1089.5845

m/z 927.5317
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m/z473.3631 m/z 619.4210 m/z 765.4789

FIGURE 9: MS/MS fragmentation pathway of hederagenin 3-O-[f-D-glucopyranosyl-(1—2)-(3-D-glucopyranosyl-(1—4))-«a-L-rham-
nopyranosyl-(1—2)-a-L-rhamnopyranoside] in positive mode.

Rl
OH
R,0 0,
OR,
OH o)
Peak
No. Name R1 R2 R3
3 Kaempferol 3-O-rutinoside-7-O-rhamnoside Rha-Gle- Rha- H-
4 Rutin Rha-Glec- H- OH-
5 Quercetin H- H- OH-
6 Isoquercitrin Gle- H- OH-
7 Kaempferol 3-O-rutinoside Rha-Gle- H- H-
8 Kaempferol H- H- H-
9 Kaempferol 7-O-neohesperidoside H- Rha-Glec- H-
10 Astragalin Gle- H- H-

F1Gure 10: Chemical structures of flavonoids and flavonoid glycosides in H. helix.
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The MS spectra of compound 40 (Tr = 24.03 min) yielded
a pseudomolecular ion [M-H] ™ at m/z 733.4518. Under the
negative mode, the diagnostic ions at m/z 587 and 455 in-
dicated that in compound 40, the C-28 position of oleanolic
acid was substituted with a Rha, and the C-3 position of the
aglycone contained an Ara, or the production represented for
the loss of sugar chain Rha-Ara at C-3 position only.
Therefore, compound 40 was predicted to be oleanolic acid 3-
O-a-L-rhamnopyranosyl-(1—2)-a-L-arabinopyranoside
(B-hederin).

At Tr=25.24, compound 42 showed the formula of
C30H404 ([M-H]™ at m/z 471.3488) and fragmented into
ion at m/z 393. Comparing the MS/MS spectrum and data
with the result of Hai-Long et al. [26], compound 42 was
characterized as hederagenin.

3.4. Structural Characterization of Flavonoids and Flavonoid
Glycosides. In the positive mode, compounds 4, 5, 7, and 8
were identified as rutin (m/z 611.1623), quercetin (m/z
303.0504), kaempferol-3-O-rutinoside (m/z 595.1670), and
kaempferol (m/z 287.0557), respectively, confirmed by MS
and MS/MS data comparison with the results of Renu and
Brijesh [27].

In the negative mode, at Tr=6.46, compound 3
exhibited an [M-H] ion at m/z 739.2050, and fragmented
into 593 and 285, due to the elimination of a rhamnosyl
group and a rutinosyl group, respectively. Therefore, com-
pound 3 was identified as kaempferol 3-O-rutinoside-7-O-
rhamnoside. Compound 6 yielded [M-H] ion at m/z
463.0897. Comparing the MS/MS data with Linling et al.’s
publication [28], compound 6 was characterized as iso-
quercitrin. At Tg =7.98, compound 10 showed deprotonated
molecular ion [M-H] at m/z 447.0946 and produced a
characteristic fragment ion at m/z 285, corresponding to the
characteristic loss of a glucosyl group. Hence, compound 10
was determined as astragalin. All of the chemical structures
of identified flavonoids are presented in Figure 10.

4. Conclusions

In the present work, by applying UHPLC-Q-TOF-MS/MS in
both positive and negative electrospray ionization modes as
an efficient analytical method, the chemical constituents of
H. helix could be rapidly discovered and identified in a single
sample injection. As a result, 46 phytochemicals including 24
triterpene saponins were characterized, and four of which
have yet been published before. UHPLC-Q-TOF-MS/MS
serves as a powerful analytical method for finding and
instructing new phytochemical structures. Furthermore, the
phytochemical profile result provides a base for quality
control of H. helix raw materials. It also propels the me-
dicinal application of this plant base on the metabolomic
profiling of triterpene saponins.
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Phu luc 4.1: Bang két qua thanh phan hoa hoc cdy thwdng xuan

NAME CTPT MASS M+H M-H M+FA
Hamamelitol; D-form CeH1406 182.0790 183.0869 181.0712 227.0767
7-Hydroxy-6-methoxy-2H-1-
benzopyran-2-one; O-p-D- C16H1809 354.0951
Glucopyranoside 355.1029 353.0873 399.0927
1,9-Heptadecadiene-4,6-diyn-3-ol;
C17H20
(3R,92)-form, 3-Ketone e 2421871 1 5431749 | 2411502 287.1647
1,9,11-Heptadecatriene-4,6-diyn-3-
C17H20
ol; (3R,92,117)-form e 2421070 1 9431749 | 2411502 287.1647
1,9,11-Heptadecatriene-4,6-diyne-
. C17H20
3,8-diol; (3R,8R,9Z,112)-form i 2581620 1 51608 | 2571542 303.1596
a-L-Rhamnopyranosyl-(1—2)-[B-D-
- C17H300 .
glucopyranosyl-(1—4)]-L-arabinose HR 81636 | 4591714 | 4571557 503.1612
9-Heptadecene-4,6-diyne-1,3,8-triol Ci17H2603 278.1882 279.1960 277.1804 323.1859
1,9-Heptadecadiene-4,6-diyne-3,8-
diol; (3R,8S,92)-form, 3-Ketone, 8- C19H2403 300.1725
Ac 301.1804 299.1647 345.1702
8-Hydroxy-1,9-heptadecadiene-4,6-
diyn-3-one; (8S,92)-form, 1€,2¢- C19H2404 316.1675
Epoxide, 8-Ac 317.1753 315.1596 361.1651
8-Hydroxy-1,9-heptadecadiene-4,6-
diyn-3-one; (8S,92)-form, 1,2- C20H2804 332.1988
Dihydro, 1-methoxy, 8-Ac 333.2066 331.1909 377.1964
6,20-Dihydroxy-27-nordammar-23-
ene-3,25-dione; (60,208,23E)-form CaoHaeOs 458.339 | 4s93474 | 457.3318 503.3373
3,23-Dihydroxy-12-oleanen-28-oic
. CsoH10
acid; 3p-form e 4123953 | 4733631 | 4713474 517.3529
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Oleanolic acid 3-glycosides;
Monoglycosides, 3-0-a-L-
Arabinopyranoside

CasHs607

588.4026

589.4104

587.3948

633.4003

3,16-Dihydroxy-12-oleanen-28-oic
acid; (3B,16a)-form, 3-O-a-L-
Arabinopyranoside

C3sHs60s

604.3975

605.4053

603.3897

649.3952

Hederagenin 3-glycosides;
Monoglycosides, 3-O-a-L-
Arabinopyranoside

C3sHs60s

604.3975

605.4053

603.3897

649.3952

Hederagenin 3-glycosides;
Monoglycosides, 3-O-B-D-
Xylopyranoside

CasHs60s

604.3975

605.4053

603.3897

649.3952

Hederagenin 3-glycosides;
Monoglycosides, 3-O-3-D-
Glucuronopyranoside

C3sHs6010

648.3874

649.3952

647.3795

693.3850

Dammar-24-ene-3,6,20,21,26-pentol;
(3B,60,20S,24E)-form, 3-Ketone, 26-
O-B-D-glucopyranoside

C3sHe0O10

652.4187

653.4265

651.4108

697.4163

Dammar-24-ene-3,6,20,21,26-pentol;
(3B,60,20S,24E)-form, 26-O-B-D-
Glucopyranoside

C3sHs2010

654.4343

655.4421

653.4265

699.4320

Hederagenin 3-glycosides;
Monoglycosides, 3-O-a-L-
Rhamnopyranoside

C3sHs80s

618.4132

619.4210

617.4053

663.4108

Oleanolic acid 3-glycosides;
Monoglycosides, 3-O-B-D-
Glucuronopyranoside

C3sHs5609

632.3924

633.4003

631.3846

677.3901

Hederagenin 3-glycosides;
Monoglycosides, 3-O-3-D-
Glucopyranoside

C3sHs809

634.4081

635.4159

633.4003

679.4057

Dammar-24-ene-3,6,20,26-tetrol;
(3p,60,20S,24E)-form, 3-Ketone, 26-
O-B-D-glucopyranoside

C3sHgs0O9

636.4237

637.4316

635.4159

681.4214
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Dammar-24-ene-3,6,20,26-tetrol;
(3p,60,20S,24E)-form, 26-0-B-D-
Glucopyranoside

CasHs209

638.4394

639.4472

637.4316

683.4370

Hederagenin 3-glycosides;
Monoglycosides, 28-Me ester, 3-O-
B-D-glucopyranoside

C37He009

648.4237

649.4316

647.4159

693.4214

Dammar-24-ene-3,6,20,26-tetrol;
(3B,60,20S,24E)-form, 3-Ac, 26-O-p-
D-glucopyranoside

C3sHesO10

680.4500

681.4578

679.4421

725.4476

3,23-Dihydroxy-30-nor-12,20(29)-

oleanadien-28-oic acid; 3p-form, 3-

O-[a-L-Rhamnopyranosyl-(1—2)-a-
L-arabinopyranoside]

CaoHe2012

734.4241

735.4320

733.4163

779.4218

Oleanolic acid 3-glycosides;
Diglycosides, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-a-L-
arabinopyranoside]

Ca1Hes011

734.4605

735.4683

733.4527

779.4582

3,16-Dihydroxy-12-oleanen-28-oic
acid; (3B,16a)-form, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-a-L-
arabinopyranoside]

Ca1HesO12

750.4554

751.4633

749.4476

795.4531

Hederagenin 3-glycosides;
Diglycosides, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-a-L-
arabinopyranoside]

Ca1Hes012

750.4554

751.4633

749.4476

795.4531

Hederagenin bisdesmosides;
Diglycosides, 3-O-a-L-
Arabinopyranoside, 28-O-B-D-
glucopyranosyl ester

Ca1HesO13

766.4503

767.4582

765.4425

811.4480

Hederagenin 3-glycosides;
Diglycosides, 3-O-[p-D-
Glucopyranosyl-(1—5)-a-L-
arabinofuranoside]

CaHesO13

766.4503

767.4582

765.4425

811.4480

3,16,23-Trihydroxy-12-oleanen-28-
oic acid; (3B,16a)-form, 3-O-[a-L-

Ca1HesO13

766.4503

767.4582

765.4425

811.4480
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Rhamnopyranosyl-(1—2)-a-L-
arabinopyranoside]

1,9-Heptadecadiene-4,6-diyne-3,8-
diol; (3R,8S,92)-form, 8-O-(1H-
Indol-3-ylacetyl)

Co7H3:1NO3

1027.1765

1028.1843

1026.1687

1072.1742

Hederagenin 3-glycosides;
Diglycosides, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-B-D-
glucopyranoside]

Ca2HesO13

780.4660

781.4738

779.4582

825.4637

Hederagenin 3-glycosides;
Diglycosides, 3-O-[p-D-
Glucopyranosyl-(1—2)-p-D-
glucopyranoside]

Ca2HegO14

796.4609

797.4687

795.4531

841.4586

12-Oleanene-3,28-diol; 3p-form, 3-
O-[B-D-Glucopyranosyl-(1—2)-p-D-
glucopyranoside]

Ca2H70012

766.4867

767.4946

765.4789

811.4844

Dammar-24-ene-3,20,26-triol;
(3B,20S,24Z)-form, 3,26-Di-O-B-D-
glucopyranoside

Ca2H72013

784.4973

785.5051

783.4895

829.4950

Dammar-24-ene-3,6,20,26-tetrol;
(3B,60,20S,24E)-form, 3,26-Di-O-f-
D-glucopyranoside

Ca2H72014

800.4922

801.5000

799.4844

845.4899

Hederagenin 3-glycosides;
Diglycosides, 28-Me ester, 3-O-[B-
D-glucopyranosyl-(1—2)-p-D-
glucopyranoside]

Ca3H70014

810.4766

811.4844

809.4687

855.4742

Emetine

C29HaoN204

480.2988

481.3066

479.2910

525.2965

Hederagenin 3-glycosides;
Triglycosides, 3-O-[p-D-
Xylopyranosyl-(1—3)-a-L-
rhamnopyranosyl-(1—2)-a-L-
arabinopyranoside]

CasH74016

882.4977

883.5055

881.4899

927.4953
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Oleanolic acid 3-glycosides;
Triglycosides, 3-O-[p-D-
Glucopyranosyl-(1—4)-[a-L-
rhamnopyranosyl-(1—2)]-a-L-
arabinopyranoside]

C47H7%6016

896.5133

897.5212

895.5055

941.5110

Oleanolic acid bisdesmosides;
Triglycosides, 3-O-[p-D-
Galactopyranosyl-(1—2)-B-D-
glucuronopyranoside], 28-O-B-D-
glucopyranosyl ester

CagH76019

956.4981

957.5059

955.4903

1001.4957

Oleanolic acid bisdesmosides;
Triglycosides, 3-O-B-D-
Glucuronopyranoside, 28-O-[B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

CagH76019

956.4981

957.5059

955.4903

1001.4957

Oleanolic acid glycosyl esters;
Triglycosides, 28-O-[a-L-
Rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

CagH78017

926.5239

927.5317

925.5161

971.5216

Hederagenin 3-glycosides;
Triglycosides, 3-O-[a-D-
Glucopyranosyl-(1—4)-a-D-
glucopyranosyl-(1—3)-a-L-
rhamnopyranoside]

CagH7801s

942.5188

943.5266

941.5110

987.5165

Hederagenin 28-glycosyl esters; 28-
O-[a-L-Rhamnopyranosyl-(1—4)-p-
D-glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

CagH78018

942.5188

943.5266

941.5110

987.5165

Dammar-24-ene-3,6,20,26-tetrol;
(3B,60,20S,24E)-form, 3-O-[B-D-
Glucopyranosyl-(1—2)-p-D-
glucopyranoside], 26-O-B-D-
glucopyranoside

CagHg2019

962.5450

963.5529

961.5372

1007.5427

Hederagenin 3-glycosides;
Tetraglycosides, 3-O-[B-D-
Glucopyranosyl-(1—4)-p-D-
xylopyranosyl-(1—3)-a-L-
rhamnopyranosyl-(1—2)-a-L-
arabinopyranoside]

Cs2Hg4021

1044.5505

1045.5583

1043.5427

1089.5482
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Oleanolic acid bisdesmosides;
Tetraglycosides, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-[p-D-
glucopyranosyl-(1—4)]-a-L-
arabinopyranoside], 28-O-p-D-
glucopyranosyl ester

Cs3Hgs021

1058.5662

1059.5740

1057.5583

1103.5638

Hederagenin bisdesmosides;
Tetraglycosides, 3-O-a-L-
Arabinopyranoside, 28-O-[a-L-
rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

Cs3Hgs022

1074.5611

1075.5689

1073.5533

1119.5587

Hederagenin bisdesmosides;
Tetraglycosides, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-a-L-
arabinopyranoside], 28-O-[B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

Cs3Hgs022

1074.5611

1075.5689

1073.5533

1119.5587

Hederagenin bisdesmosides;
Tetraglycosides, 3-O-B-D-
Xylopyranoside, 28-O-[a-L-
rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

Cs3Hgs022

1074.5611

1075.5689

1073.5533

1119.5587

2,3,23-Trihydroxy-12-oleanen-28-oic
acid; 2a,3p)-form, 3-O-a-L-
Arabinopyranoside, 28-O-[a-L-
rhamnopyranosyl-(1—4)--D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

Cs3HgsO23

1090.5560

1091.5638

1089.5482

1135.5537

2,3,23-Trihydroxy-12-oleanen-28-oic
acid; (2B,3p)-form, 3-O-a-L-
Arabinopyranoside, 28-O-[a-L-
rhamnopyranosyl-(1—4)--D-
glucopyranosyl-(1—6)-p-D-
glucopyranoside]

Cs3HgsO23

1090.5560

1091.5638

1089.5482

1135.5537

Oleanolic acid bisdesmosides;
Tetraglycosides, 3-O-p-D-
Glucuronopyranoside, 28-O-[a-L-
rhamnopyranosyl-(1—4)-p-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

Cs4HgsO23

1102.5560

1103.5638

1101.5482

1147.5537
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Hederagenin bisdesmosides;
Tetraglycosides, 3-O-p-D-
Glucuronopyranoside, 28-O-[a-L-
rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

Cs4Hgs024

1118.5509

1119.5587

1117.5431

1163.5486

Hederagenin bisdesmosides;
Tetraglycosides, 3-O-a-L-
Rhamnopyranoside, 28-O-[a-L-
rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

Cs4HggO22

1088.5767

1089.5846

1087.5689

1133.5744

Hederagenin bisdesmosides;
Tetraglycosides, 3-O-B-D-
Glucopyranoside, 28-O-[a-L-
rhamnopyranosyl-(1—4)--D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

Cs4HggO23

1104.5716

1105.5795

1103.5638

1149.5693

Oleanolic acid bisdesmosides;
Tetraglycosides, 3-O-[B-D-
Glucopyranosyl-(1—2)-B-D-
glucopyranoside], 28-O-[B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

Cs4HggO23

1104.5716

1105.5795

1103.5638

1149.5693

Hederagenin bisdesmosides;
Tetraglycosides, 3-O-[B-D-
Glucopyranosyl-(1—2)-B-D-
glucopyranoside], 28-O-[B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

Cs4Hss024

1120.5666

1121.5744

1119.5587

1165.5642

Hederagenin bisdesmosides;
Tetraglycosides, 3-O-a-L-
Arabinopyranoside, 28-O-[a-L-
rhamnopyranosyl-(1—4)-6-O-acetyl-
B-D-glucopyranosyl-(1—6)-B-D-
glucopyranosyl] ester

CssHgeO23

1116.5716

1117.5795

1115.5638

1161.5693

Oleanolic acid bisdesmosides;
Tetraglycosides, 3-O-p-D-
Glucuronopyranoside, 28-O-[a-L-
rhamnopyranosyl-(1—4)-6-O-acetyl-
B-D-glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

CssHseO24

1144.5666

1145.5744

1143.5587

1189.5642
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Hederagenin bisdesmosides;
Tetraglycosides, 3-O-p-D-
Glucuronopyranoside, 28-O-[a-L-
rhamnopyranosyl-(1—4)-6-O-acetyl-
-D-glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

CssHgeO2s

1160.5615

1161.5693

1159.5537

1205.5591

Hederagenin bisdesmosides;
Tetraglycosides, 3-O-[6-O-Ethyl-f3-
D-glucuronopyranoside], 28-O-[a-L-

rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

Cs6Hg0024

1146.5822

1147.5900

1145.5744

1191.5799

3,23-Dihydroxy-30-nor-12,20(29)-
oleanadien-28-oic acid; 3p-form, 3-
O-[a-L-Rhamnopyranosyl-(1—2)-a-
L-arabinopyranoside], 28-O-[a-L-
rhamnopyranosyl-(1—4)--D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

CsgH92026

1204.5877

1205.5955

1203.5799

1249.5853

3,23-Dihydroxy-12-oleanen-28-oic
acid; 3p-form, Glycoside

CsoHg60O22

1156.6393

1157.6472

1155.6315

1201.6370

Oleanolic acid bisdesmosides;
Pentaglycosides, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-a-L-
arabinopyranoside], 28-O-[a-L-
rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

Cs9Hg6025

1204.6241

1205.6319

1203.6163

1249.6217

3,16-Dihydroxy-12-oleanen-28-oic
acid; (3B,16a)-form, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-a-L-
arabinopyranoside], 28-O-[a-L-
rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

Cs9Ho6026

1220.6190

1221.6268

1219.6112

1265.6166

Hederagenin bisdesmosides;
Pentaglycosides, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-a-L-
arabinopyranoside], 28-O-[a-L-
rhamnopyranosyl-(1—4)-p-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

Cs9Ho6026

1220.6190

1221.6268

1219.6112

1265.6166
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Hederagenin 3-glycosides;
Pentaglycosides, 3-O-[a-L-
Rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl-(1—4)-a-L-
rhamnopyranosyl-(1—2)-a-L-
arabinopyranoside]

CsoHosO26

1220.6190

1221.6268

1219.6112

1265.6166

Oleanolic acid bisdesmosides;
Pentaglycosides, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-[p-D-
glucopyranosyl-(1—4)]-a-L-
arabinopyranoside], 28-O-[p-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

CsoHosO26

1220.6190

1221.6268

1219.6112

1265.6166

Hederagenin bisdesmosides;
Pentaglycosides, 3-O-[B-D-
Glucopyranosyl-(1—2)-a-L-
arabinopyranoside], 28-O-[a-L-
rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

CsoHg6027

1236.6139

1237.6217

1235.6061

1281.6116

Hederagenin bisdesmosides;
Pentaglycosides, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-[B-D-
glucopyranosyl-(1—4)]-a-L-
arabinopyranoside], 28-O-[p-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

CsoHg6027

1236.6139

1237.6217

1235.6061

1281.6116

3,16,23-Trihydroxy-12-oleanen-28-
oic acid; (3B,16a)-form, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-a-L-
arabinopyranoside], 28-O-[a-L-
rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

CsoHg6027

1236.6139

1237.6217

1235.6061

1281.6116

Oleanolic acid bisdesmosides;
Pentaglycosides, 3-O-[a-L-
Rhamnopyranosyl-(1—3)-p-D-
glucuronopyranoside], 28-O-[a-L-
rhamnopyranosyl-(1—4)--D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

CeoHo6027

1248.6139

1249.6217

1247.6061

1293.6116
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Oleanolic acid bisdesmosides;
Pentaglycosides, 3-O-[B-D-
Galactopyranosyl-(1—4)-B-D-
glucuronopyranoside], 28-O-[a-L-
rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

CeoHosO2s

1264.6088

1265.6166

1263.6010

1309.6065

Hederagenin bisdesmosides;
Pentaglycosides, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-B-D-
glucopyranoside], 28-O-[a-L-
rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

CeoHogO27

1250.6296

1251.6374

1249.6217

1295.6272

3,16-Dihydroxy-12-oleanen-28-oic
acid; (3p,16a)-form, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-a-L-
arabinopyranoside], 28-O-[a-L-
rhamnopyranosyl-(1—4)-6-O-acetyl-
B-D-glucopyranosyl-(1—6)-B-D-
glucopyranosyl] ester

Ce1Hgs027

1262.6296

1263.6374

1261.6217

1307.6272

Hederagenin bisdesmosides;
Pentaglycosides, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-a-L-
arabinopyranoside], 28-O-[a-L-
rhamnopyranosyl-(1—4)-6-O-acetyl-
B-D-glucopyranosyl-(1—6)-B-D-
glucopyranosyl] ester

Ce1Hgs027

1262.6296

1263.6374

1261.6217

1307.6272

Hederagenin 3-glycosides;
Hexaglycosides, 3-O-[a-L-
Rhamnopyranosyl-(1—6)-[a-D-
glucopyranosyl-(1—2)]-B-D-
glucopyranosyl-(1—4)-p-D-
xylopyranosyl-(1—3)-a-L-
rhamnopyranosyl-(1—2)-a-L-
arabinopyranoside]

Ce4H104030

1352.6613

1353.6691

1351.6534

1397.6589

Oleanolic acid bisdesmosides;
Hexaglycosides, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-[p-D-
glucopyranosyl-(1—4)-]-a-L-
arabinopyranoside], 28-O-[a-L-
rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

Ces5H106030

1366.6769

1367.6847

1365.6691

1411.6746
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Oleanolic acid bisdesmosides;
Heptaglycosides, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-[a-L-
rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—4)]-a-L-
arabinopyranoside], 28-O-[a-L-
rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

C71H116034

1512.7348

1513.7426

1511.7270

1557.7325

Hederagenin bisdesmosides;
Heptaglycosides, 3-O-[a-L-
Rhamnopyranosyl-(1—2)-[a-L-
rhamnopyranosyl-(1—4)-p-D-
glucopyranosyl-(1—4)]-a-L-
arabinopyranoside], 28-O-[a-L-
rhamnopyranosyl-(1—4)-p-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

C71H116035

1528.7297

1529.7376

1527.7219

1573.7274

Oleanolic acid glycosyl esters;
Diglycosides, 3-O-Sulfate, 28-O-[p-
D-glucopyranosyl-(1—6)-B-D-
glucopyranosyl] ester

Ca2HegO16S

860.4228

861.4306

859.4150

905.4205

Oleanolic acid glycosyl esters;
Triglycosides, 3-O-Sulfate, 28-O-[a-
L-rhamnopyranosyl-(1—4)--D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester

CagH78020S

1006.4807

1007.4885

1005.4729

1051.4784

3,16-Dihydroxy-12-oleanen-28-oic
acid; (3B,16a)-form, 28-O-[a-L-
Rhamnopyranosyl-(1—4)-p-D-
glucopyranosyl-(1—6)-p-D-
glucopyranosyl] ester, 3-O-sulfate

CuagH78021S

1022.4756

1023.4835

1021.4678

1067.4733
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Phu luc 4.2: Bang két qua thanh phan hoa hoc cay ba bénh

NAME CTPT MASS M+H M-H M+FA
Ailanguassin A; 14B,15p-Dihydroxy C19H2409 396.1420 397.1499 395.1342 441.1397
B-Carboline-1-propanoic acid; 7-Hydroxy | CisH12N20s | 256.0848 257.0926 255.0770 301.0824
B-Carboline-1-propanoic acid; 7-Methoxy C1sHuN203 | 270.1004 271.1083 269.0926 315.0981
B-Carboline-1-propanoic acid; 7-Methoxy,

1 2-didehydro(E-) CisHuN:Os | 268.0848 | 569 0926 | 267.0770 | 313.0824
B-Carboline-1-propanoic acid; Pentyl ester | CioH2N.O, | 310.1681 311.1760 309.1603 355.1658
21,23:24,25-Diepoxytirucall-7-ene-3,21-

diol: (30,21R,23R 24S)-form, 3-Ketone CooMecOs | 4703396 | 171 5474 | 4693318 | 5153373
1,9-Dihydroxycanthin-6-one; 9-Me ether CisH10N203 | 266.0691 267.0770 265.0613 311.0668
4,9-Dihydroxycanthin-6-one; Di-Me ether | CigH12N2O3 | 280.0848 281.0926 279.0770 325.0824
5,9-Dihydroxycanthin-6-one; Di-Me ether | CigH12N.O3 | 280.0848 281.0926 279.0770 325.0824
9,10-Dihydroxycanthin-6-one; Di-Me

ether CisHiaN:Os | 280.0848 | 551 5926 279.0770 325.0824
9,10-Dihydroxycanthin-6-one; 9-Me ether | CisHioN2Os | 266.0691 267.0770 265.0613 311.0668
10,11-Dihydroxycanthin-6-one; 10-Me

ether CisHioN:Os | 266.0091 | 557 0770 | 2650613 | 311.0668
10,11-Dihydroxycanthin-6-one; 11-Me

ether CisHioN0s | 266.0091 | 57 779 265.0613 311.0668
3,3'-Dimethoxy-4,4'-oxylign-7'-ene-

7,8,9,9'-tetrol; (7R, 7'E,8R)-form CaobaOr | 376.1522 1 577 1500 375.1444 421.1499
3,3'-Dimethoxy-4,4'-oxylign-7'-ene-

7,8,9,9tetrol; (7S,7'E,8S)-form CaHaOr 376.1522 | 377 1600 375.1444 421.1499
21,24-Epoxy-23,25-dihydroxytirucall-7-

en-3-one; (23R,24R)-form CaoHagOs | 472.3553 | )75 3639 471.3474 517.3529
8',9'-Epoxy-3',5-dimethoxy-3,4'-lign-7-

ene-4,7' 9-triol CaH2Os | 358.1416 | 559 1495 357.1338 403.1393
8',9'-Epoxy-3',5-dimethoxy-3,4'-lign-7-

ene-4,7' 9-triol; 5'-Methoxy CaH0r 388.1522 | 389 1600 387.1444 433.1499
24,25-Epoxytirucall-7-ene-3,23-diol;

(3B,23R,245)-form CaoHsoOs | 458.3760 | 459 3838 457.3682 503.3737
24,25-Epoxytirucall-7-ene-3,23-diol;

(38.23R,245)-form, 3-Ketone CaoMacOa | 456.3603 | y57 5665 | 4553505 | 501.3580
24,25-Epoxytirucall-7-ene-3,23-diol;

(3B,23R,24S)-form, 3-Ketone, 23-Ac CoHsoOs | 4983709 | 99 5747 497.3631 543.3686
21,24-Epoxytirucall-7-ene-3,23,25-triol;

(38.23R 24R)-form CaoblscOs | 4743709 1 175 5767 | 4733631 | 5193686
21,25-Epoxytirucall-7-ene-3,23,24-triol;

(30,23R,24S)-form, 3-Ketone CooMacOs | 472.3553 | 175 5659 471.3474 517.3529
Eurycolactone A C20H2407 376.1522 377.1600 375.1444 421.1499
Eurycolactone B CisH1oCIOs | 350.0921 351.0999 349.0843 395.0898
Eurycolactone C C18H2006 332.1260 333.1338 331.1182 377.1236
Eurycomadilactone C20H2409 408.1420 409.1499 407.1342 453.1397
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Eurycomadilactone; 5-Epimer C20H2409 408.1420 409.1499 407.1342 453.1397
Eurycomadilactone; 13-Epimer C20H2409 408.1420 409.1499 407.1342 453.1397
Eurycomalactone C19H2405 348.1573 349.1651 347.1495 393.1549
Eurycomalactone; 2a-Alcohol Ci19H260s 350.1729 351.1808 349.1651 395.1706
Eurycomalactone; 7a-Alcohol Ci19H260s 350.1729 351.1808 349.1651 395.1706
Eurycomalactone; 5,6-Didehydro Ci19H2206 346.1416 347.1495 345.1338 391.1393
Eurycomalactone; 5,6-Didehydro, 2a-

alcohol CiHoiOs | 3481573 | 3491651 | 347.1495 | 393.1549
Eurycomalactone; 5,6-Didehydro, 3,4a-

dihydro CioHxOs | 348.1573 | 549 1651 | 347.1495 | 393.1549
Eurycomalactone; 5,6-Didehydro 3,4p-

dihydro, 2a-alcohol CisHaeOs | 3501729 1 551 1808 | 349.1651 | 395.1706
Eurycomalactone; 5,6-Didehydro, 3,4-

dihydro, 4B-hydroxy, 2a-alcohol CiHasOr | 366.1679 | 567 1757 365.1600 411.1655
Eurycomalactone; 3,4a-Dihydro Ci19H2606 350.1729 351.1808 349.1651 395.1706
Eurycomalactone; 3,4a-Dihydro, 6a-

hydroxy, 2a-alcohol CioHaO7 | 368.1835 1 549 1913 367.1757 413.1812
Eurycomalactone; 3€,4E-Epoxide, 5,6-

didehydro C1H207 3621366 | 353 1444 361.1287 407.1342
Eurycomalactone; 3a,40-Epoxide, 5,6-

didehydro, 2a-alcohol CisHdOr 1 3641522 1 545 1600 363.1444 409.1499
Eurycomalactone; 5a-Hydroxy C19H2407 364.1522 365.1600 363.1444 409.1499
Eurycomalactone; 6a-Hydroxy C19H2407 364.1522 365.1600 363.1444 409.1499
Eurycomalactone; 6a-Hydroxy, 2a-alcohol Ci9H2607 366.1679 367.1757 365.1600 411.1655
Eurycomalactone; 6a-Hydroxy, 5,6-

didehydro CioH207 362.1366 | 3531444 361.1287 407.1342
Eurycomalactone; A*?®-Isomer, 20-

alcohol CioHzcOo | 3501729 | 351 1808 | 349.1651 | 395.1706
Eurycomalactone; A*®)-Isomer, 60-

’ ’ H 167

hydroxy, 2a-alcohol CioHasO7 | 366.1679 | 507 1757 | 3651600 | 4111655
Eurycomalactone; A*-Isomer, 6-0x0,

24,7B-dialcohol CioHzcO7 | 3661679 | 3671757 | 365.1600 | 411.1655
Eurycomalide E Ca0H2609 410.1577 411.1655 409.1499 455.1553
Eurycomalide H Ci19H2606 350.1729 351.1808 349.1651 395.1706
Eurycomalin A C24H2206 406.1416 407.1495 405.1338 451.1393
Eurycomanol C20H2609 410.1577 411.1655 409.1499 455.1553
Eurycomanol; 13f3,18-Dihydro C20H2800 412.1733 413.1812 411.1655 457.1710
Eurycomanol; 13,18-Dihydro, 13p3,18-

dihydroxy CaoHxOu | 444.1632 145 91719 443.1553 489.1608
Eurycomanol; 13,18-Dihydro, 13f3,18-

dihydroxy, 2-ketone CabzcOr | 4421475 | 443 1553 441.1397 487.1452
Eurycomanol; 130,18-Dihydro, 2-ketone C20H2609 410.1577 411.1655 409.1499 455.1553
Eurycomanol; 13f,18-Dihydro, 2-ketone C20H2609 410.1577 411.1655 409.1499 455.1553
Eurycomanol; 13f,18-Dihydro, 2-ketone,

12-Ac CaHaOn | 452.1683 | 45s 1761 451.1604 497.1659
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Eurycomanol; 13f,18-Dihydro, 2-ketone,

12,15-di-Ac CoHaOu | 494.1788 | 495 1866 | 493.1710 | 539.1765

2-|<Eel:cr)¥1(;0man0|’ Hrbpimer BRISANAO | oo0, | 4101577 4111655 | 409.1499 | 455.1553
Eurycomanol; 13[3,18-Epoxide, 2-ketone Ca0H24010 424.1370 425.1448 423.1291 469.1346

151EALl£yC0man01’ 130 18-Epoxide, Zetone CaHacOu | 4661475 | 467 1553 465.1397 511.1452

12!51[:;-)8?%;&”0" PIPISEPOXAS, ZUEON | 01 | 5081581 | goo1cs0 | sorasos | 553557
Eurycomanol; 2-O-B-D-Glucopyranoside Ca6H3z6014 572.2105 573.2183 571.2027 617.2082
Eurycomanol; 2-Ketone C20H2409 408.1420 409.1499 407.1342 453.1397
Eurycomaoside CasH3s012 | 530.2363 | 531.2442 529.2285 575.2340
Eurycomaoside; O-Deglucosyl CigH2507 368.1835 369.1913 367.1757 413.1812
Eurylactone A C19H260s 382.1628 383.1706 381.1549 427.1604
Eurylactone B CioH2209 | 394.1264 | 305.1342 393.1186 439.1240
Eurylactone E CioH2209 | 394.1264 | 305.1342 393.1186 439.1240
Eurylactone E; 13,18-Didehydro C19H2009 392.1107 393.1186 391.1029 437.1084
Eurylactone E; 13-Epimer Ci19H2209 394.1264 395.1342 393.1186 439.1240
Eurylene CasHs60s 594.4132 595.4210 593.4053 639.4108
Eurylene; 14-De-Ac Ca2Hs607 552.4026 553.4104 551.3948 597.4003

glu(i!)a;;rzr#c?s?gels =pimen, 204D CooHasO1s | 558.2312 | ppg 5391 557.2234 603.2289
Glaucarubol; A*Isomer, 14p-hydroxy C20H2809 412.1733 413.1812 411.1655 457.1710
9-Hydroxycanthin-6-one C14HsN20; 236.0586 237.0664 235.0508 281.0562

euﬁc'gggfﬁﬁéﬁiﬂthm rone 04D CaoHiNO7 | 3981114 | 599 1197 | 397.1036 | 4431001

- - 3

ox?dg' yaroxyeantin-G-one; e ether, CisHioN:Os | 266.0691 | 57 1799 265.0613 311.0668
9-Hydroxycanthin-6-one; N3-Oxide C14HgN203 252.0535 253.0613 251.0457 297.0511
5-Hydroxy-2-(4-hydroxyphenyl)-4-

methyl-4H-1-benzopyran-3-propanoic acid,; Ci1gH1505 326.1154

(&)-form 327.1233 325.1076 371.1131

M;h%igroxymethylcamhm rone:? CisHNOs | 280.0848 1 »g1 994 279.0770 325.0824
landonol; 2-O-B-D-Glucopyranoside Ca6H35014 574.2262 575.2340 573.2183 619.2238
landonol; 2-Ketone C20H2609 410.1577 411.1655 409.1499 455.1553
Klaineanone; 14f,15B-Dihydroxy C20H2508 396.1784 397.1862 395.1706 441.1761
Klaineanone; 6a,15p-Dihydroxy, 15-Ac C22H3009 438.1890 439.1968 437.1812 483.1866
Klaineanone; 143,15p-Dihydroxy, 15-Ac C22H3009 438.1890 439.1968 437.1812 483.1866
Klaineanone; 12-Epimer, 11-ketone Ca0H2606 362.1729 363.1808 361.1651 407.1706

: Al

dilﬁzlciarl:z?gz?élﬁoﬁgfmer’ 1P CaoHaOs | 3981941 | 599 5019 397.1862 443.1917
Klaineanone; 11-Ketone Ca0H2606 362.1729 363.1808 361.1651 407.1706
Klaineanone; 5a,14p,15B-Trihydroxy Ca0H2809 412.1733 413.1812 411.1655 457.1710
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Klaineanone; 6a,14p,15p-Trihydroxy C20H2809 412.1733 413.1812 411.1655 457.1710
po neanones 60, 14PSP-THINVArO, CoHaOw | 4541839 | 455 1917 | 4531761 | 499.1816
Laurycolactone A Ci18H20s 318.1467 319.1546 317.1389 363.1444
Laurycolactone A, 5,6-Didehydro Ci1sH200s 316.1311 317.1389 315.1233 361.1287
dihbijur:)ycmacmne A SE-Didehydro. 34P CisHz0s | 318.1467 | 5191546 | 317.1380 | 363.1444
Longilactone CigH2607 366.1679 | 367.1757 365.1600 411.1655
Longilactone; 6-Ac C21H250s 408.1784 |  409.1862 407.1706 453.1761
Longilactone; 6-Deoxy C19H2606 350.1729 351.1808 349.1651 395.1706
Longilactone; A*?®-Isomer, 2a-alcohol C19H2507 368.1835 369.1913 367.1757 413.1812
Longilene peroxide CsoHs20s 540.3662 541.3740 539.3584 585.3639
Picrasidine L; 9-Methoxy Ci6H12N203 | 280.0848 281.0926 279.0770 325.0824
forsntwl,gg-]g?ogézz cen-3-ol: (30,226,249 CoHaO | 4103549 | 419 3697 | 4003470 | 4553525
ong2(23252245&;-?(;[:‘?:1“/??"}?;{5::3 call-rrene CaoHugOs | 488.3502 | a9 3560 487.3424 533.3478
(3BT,Izr;FCe?z”zé)lefr:)errﬁzzsiﬁiéietenoI’ CooMscOs | 4743709 1 175 5767 | 4733631 | 5103686
Phu luc 4.3: Bang két qua thanh phan hoa hoc cay trinh nir hoang cung
NAME CTPT MASS M+H M-H M+FA
Amabiline CisH1o0NO4 | 289.131409 | 290.139234 | 288.123584 | 334.129064
Amabiline; 1,2-Di-Ac Ca0H2sNOs | 373.152539 | 374.160364 | 372.144714 | 418.150194
Amabiline; 1,2-Diepimer Ci6H1oNOs | 289.131409 | 290.139234 | 288.123584 | 334.129064
Amabiline; 1,2-Diepimer, 2-Ac CisH21NOs | 331.141974 | 332.149799 | 330.134149 | 376.139629
Amabiline; 1,2-Diepimer, 1,2-di-Ac C20H23NOg 373.152539 | 374.160364 | 372.144714 | 418.150194
Ambelline CisH2tNOs | 331.141974 | 332.149799 | 330.134149 | 376.139629
Ambelline; 1B,23-Epoxide C18H21NOg 347.136889 | 348.144714 | 346.129064 | 392.134544
Ambelline; 1B,2B-Epoxide, Ac CaoH2sNO7 | 389.147454 | 390.155279 | 388.139629 | 434.145109
Ambelline; 6a-Hydroxy CisHa1NOs | 347.136889 | 348.144714 | 346.129064 | 392.134544
4-Aminobenzaldehyde C7/H/,NO 121.052764 | 122.060589 | 120.044939 | 166.050419
Asiaticumine A C16H13NO4 283.084459 | 284.092284 | 282.076634 | 328.082114
Asiaticumine B C16H17NOs 303.110674 | 304.118499 | 302.102849 | 348.108329
Augustamine Ci7H1NOs | 301.131409 | 302.139234 | 300.123584 | 346.129064
Augustamine; N-De-Me C16H17NO4 287.115759 | 288.123584 | 286.107934 | 332.113414
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Augustamine; N,4a-Didehydro, N-de-Me Ci16H1sNO4 285.100109 | 286.107934 | 284.092284 | 330.097764
Berberine; 10-Demethoxy, 12-methoxy C20H1sNO4 336.123584 | 337.131409 | 335.115759 | 381.121239
Bowdensine C21H2sNO7 403.163104 | 404.170929 | 402.155279 | 448.160759
Bowdensine; Di-O-de-Ac C17H21NOs 319.141974 | 320.149799 | 318.134149 | 364.139629
Bowdensine; 1-Epimer, O!-de-Ac C19H23NOg 361.152539 | 362.160364 | 360.144714 | 406.150194
Bowdensine; 1-Epimer, O%-de-Ac C19H23NOg 361.152539 | 362.160364 | 360.144714 | 406.150194
Bowdensine; 1-Epimer, O-de-Me C20H23NO> 389.147454 | 390.155279 | 388.139629 | 434.145109
Bowdensine; 1-Epimer, di-de-Ac C17H21NOs 319.141974 | 320.149799 | 318.134149 | 364.139629
Buphanamine; (-)-form Ci7H1oNO, | 301.131409 | 302.139234 | 300.123584 | 346.129064
Cherylline; (S)-form Ci7H1NOs | 285.136494 | 286.144319 | 284.128669 | 330.134149
Coranicine Ci16H17NO4 287.115759 | 288.123584 | 286.107934 | 332.113414
Craugsodine C15H17NOs 271.120844 | 272128669 | 270.113019 | 316.118499
Craugsodine; 4'-O-De-Me, O*-Me CisHi7NOs | 271.120844 | 272.128669 | 270.113019 | 316.118499
Crinafolidine C19H23NOg 361.152539 | 362.160364 | 360.144714 | 406.150194
Crinamabine CisH1oNOs | 305.126324 | 306.134149 | 304.118499 | 350.123979
Crinamabine; 2-Ac C1sH2:NOs 347.136889 | 348.144714 | 346.129064 | 392.134544
Crinamabine; 7-Methoxy C17H2NOs | 335.136889 | 336.144714 | 334.129064 | 380.134544
Crinamidine; (+)-form C17H19NOs 317.126324 | 318.134149 | 316.118499 | 362.123979
Crinamidine; (-)-form C17H19NOs 317.126324 | 318.134149 | 316.118499 | 362.123979
Crinamidine; (-)-form, 6&-Hydroxy Ci/H1NOs | 333.121239 | 334.129064 | 332.113414 | 378.118894
ethce:?namldme’()form’ borrydrey. e CisHaNOs | 347.136889 | 510 144714 | 346120064 | 392.134544
Crinasiadine C14HoNOs 239.058244 | 240.066069 | 238.050419 | 284.055899
Crinasiatine; (x)-form Ca2H17NO4 359.115759 | 360.123584 | 358.107934 | 404.113414
Crinatine C16H19NOs 305.126324 | 306.134149 | 304.118499 | 350.123979
Crinatine C18H2:NOs 331.141974 | 332.149799 | 330.134149 | 376.139629
Crinine; (+)-form, 1,2-Dihydro CiH1oNOs | 273.136494 | 274.144319 | 272.128669 | 318.134149
Crinine; (+)-form, 3-Epimer Ci16H17NO3 271.120844 | 272.128669 | 270.113019 | 316.118499
Crinine; (-)-form CiHi7NOs | 271.120844 | 272128669 | 270.113019 | 316.118499
Crinine; (-)-form, Ac CisH1oNOs | 313.131409 | 314.139234 | 312.123584 | 358.129064
Crinine; (-)-form, 1B,2B-Epoxide CiH17NOs | 287.115759 | 288.123584 | 286.107934 | 332.113414
Crinine; (-)-form, 1p,23-Epoxide, Me ether C17H19NO4 301.131409 | 302.139234 | 300.123584 | 346.129064
ethi:nl\llr-]cei%i(ol)efom15’2B Fpovide e CuHusNOs | 317.126324 | 510 134149 | 316.118499 | 362.123979
Crinine; (-)-form, 6-Hydroxy CiH17NOs | 287.115759 | 288.123584 | 286.107934 | 332.113414
Crinine; (-)-form, 6-Hydroxy, O%-Me Ci7H1oNOs | 301.131409 | 302.139234 | 300.123584 | 346.129064
Crinine; (-)-form, 3-Ketone C16H1sNO3 269.105194 | 270.113019 | 268.097369 | 314.102849
Crinine; (-)-form, Me ether C17H19NO3 285.136494 | 286.144319 | 284.128669 | 330.134149
Crinine; (-)-form, Me ether, N-oxide C17H19NOy4 301.131409 | 302.139234 | 300.123584 | 346.129064
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Crinisine C17H2:NOs 335.136889 | 336.144714 | 334.129064 | 380.134544
Crinosine Ci7HaNO4 | 303.147059 | 304.154884 | 302.139234 | 348.144714
Cripowellin A CasHzNO1, | 537.184629 | 538.192454 | 536.176804 | 582.182284
Cripowellin A; 8,9-De(methylenedioxy),

8,9-dimethoxy, 6'-deoxy CosHssNOw 1 537.221014 | 550 598839 | 536.213189 | 582.218669
Cripowellin A; 6'-Deoxy CasH3iNO11 | 521.189714 | 522.197539 | 520.181889 | 566.187369
Cripowellin B CasHasNO1; 523.205364 | 524.213189 | 522.197539 | 568.203019
Cripowellin B; 8,9-De(methylenedioxy),

8,9-dimethoxy, 6'-deoxy CasHarNOw | 523.241749 | 594 949574 | 522233924 | 568239404
Cripowellin B; 8,9-De(methylenedioxy), 9-

methoxy, 8-hydroxy CastlasNOw 1525221014 | 556 598839 | 524.213189 | 570.218669
Cripowellin B; 6'-Deoxy CasH3sNOw | 507.210449 | 508.218274 | 506.202624 | 552.208104
Cripowellin B; 7-Methoxy Ca6H3sNO1, | 553.215929 | 554223754 | 552.208104 | 598.213584
Delagoenine CioH2sNOs | 347.173274 | 348.181099 | 346.165449 | 392.170929
Delagoensine CisHa1NOs | 331.141974 | 332,149799 | 330.134149 | 376.139629
O-Demethylhaemanthamine; 3,11-

Diepimer, 3-Ac CisHioNOs | 329.126324 | 531 134149 | 308118499 | 374123979
O-Demethylhaemanthamine; 1,2-Dihydro,

3-Me ether CoHaNOs 1 303147059 1 51/ 154884 | 302.139234 | 348.144714
O-Demethylhaemanthamine; 3-Epimer Ci6H17NOy 287.115759 | 288.123584 | 286.107934 | 332.113414
O-Demethylhaemanthamine; 3-Epimer, 3-

Ac CueHusNOs | 329126324 | 55 131149 | 328.118499 | 374.123979
O-Demethylhaemanthamine; 3-Epimer, 3-

O-[4-(2-aminoethyl)phenyl] CaaHzsN:0u | 394.186184 | 595 194009 | 393.178359 | 439.183839
O-Demethylhaemanthamine; 3-Epimer, 3-

Me ether CuHusNOa | 301131409 | 55 139534 | 300.123584 | 346.129064
O-Demethylhaemanthamine; 3-Epimer, 3-

Me ether, N-oxide CorthoNOs 1 317.126324 1 515 134149 | 316.118499 | 362.123979
0O-Demethylhaemanthamine; 3-Me ether Ci17H19NO,4 301.131409 | 302.139234 | 300.123584 | 346.129064
1,2-Di-2-butenoylhydrazine; (E,E)-form CsH12N202 | 156.086804 | 157.094629 | 155.078979 | 201.084459
3,4-Dihydroxybenzaldehyde; 4-O-3-D-

Glucopyranoside C1Hi60e 300.08452 | 511 092345 | 299.076695 | 345.082175
3,4-Dihydroxybenzyl alcohol; 4-O-[3,4-

Dihydroxy-E-cinnamoyl-(—6)-B-D- C22H24011 464.131865

glucopyranoside] 465.13969 | 463.12404 | 509.12952
4' 7-Dihydroxyflavan; (S)-form, 4',7-Di-Me

ether CarHi0s 210125595 | 571 13342 | 269.11777 | 31512325
4',7-Dihydroxyflavan; (S)-form, 7-Me ether Ci6H1603 256.109945 | 257.11777 | 255.10212 301.1076
6,7-Dihydroxy-4-hydroxymethyl-2H-1-

benzopyran-2-one; 6,7-Di-Me ether, 1'-O-(3- C17H1806 318.11034

methyl-2-butenoyl) 319.118165 | 317.102515 | 363.107995
1-(3,4-Dihydroxyphenyl)-1,2-ethanediol;

(€)-form, 3'4'-Di-Me ether C10H10, 198.08921 | 199 097035 | 197.081385 | 243.086865
1-(2,4-Dihydroxyphenyl)-3-(4-

hydroxyphenyl)-1-propanone; 2',4'-Di-Me Ci17H15804 286.12051

ether 287.128335 | 285.112685 | 331.118165
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4,14-Dimethyl-9,19-cycloergost-25-en-3-

ol: (3B.4a.50,24S)-form CaoHsoO | 426.386165 | 157 59399 | 42537834 | 471.38382
Galanthamine; (-)-form, N-De-Me C16H1sNOs 273.136494 | 274.144319 | 272.128669 | 318.134149
Galanthamine; (-)-form, O-De-Me, O3-Ac C1sH21NO4 315.147059 | 316.154884 | 314.139234 | 360.144714

AcGalammmne’()forW\IDe Ve 0N 1 cattaNos | 357.157624 358.165449 | 356.149799 | 402.155279
Galanthamine; (-)-form, 1,2-Dihydro Ci7H2sNOs | 289.167794 | 290.175619 | 288.159969 | 334.165449
Haemanthidine; 3,11-Diepimer, O-de-Me C16H17NOs 303.110674 | 304.118499 | 302.102849 | 348.108329
Haemanthidine; 3-Epimer Ci7H1NOs | 317.126324 | 318.134149 | 316.118499 | 362.123979
Haemanthidine; 3-Epimer, O-de-Me C16H17NOs 303.110674 | 304.118499 | 302.102849 | 348.108329
Haemanthidine; 3-Epimer, O°-Me CigH2NOs | 331.141974 | 332.149799 | 330.134149 | 376.139629
Haemultine; Stereoisomer, 7-methoxy C17H21NO4 303.147059 | 304.154884 | 302.139234 | 348.144714
2-Heptyl-4-hydroxyquinoline Ci6H21NO 243.162314 | 244.170139 | 242.154489 | 288.159969

Mo e reahydroxytiavone: 4178 CioHicOs | 360.08452 | 35 192345 | 359.076695 | 405.082175
Hippadine CisHoNOs | 263.058244 | 264.066069 | 262.050419 | 308.055899
Hippadine; 4,5-Dihydro CisHuNOs | 265.073894 | 266.081719 | 264.066069 | 310.071549
5-Hydroxy-9-dotriacontanone Cs2Hs402 480.49063 | 481.498455 | 479.482805 | 525.488285
9-Hydroxy-3-hentriacontanone CaiHe202 466.47498 | 467.482805 | 465.467155 | 511.472635
5-Hydroxy-9-hexacosanone C26H5202 396.39673 | 397.404555 | 395.388905 | 441.394385
5-Hydroxyhomolycorine C18H21NOs 331.141974 | 332.149799 | 330.134149 | 376.139629

Digeﬂzgrrgg)z nonyiquinaline: 5.4 CisHzaNO 1 269.177964 | o7 185789 | 268170139 | 314.175619
5-Hydroxy-9-octacosanone Ca2sHs602 424.42803 | 425.435855 | 423.420205 | 469.425685
6-Hydroxy-2H-pyran-3-carboxaldehyde CsHsOs 126.031695 | 127.03952 | 125.02387 | 171.02935
5-Hydroxy-9-triacontanone CaoHe0O: 452.45933 | 453.467155 | 451.451505 | 497.456985
Ismine CisH1sNOs | 257.105194 | 258.113019 | 256.097369 | 302.102849
Krelagine Ci7H19NOs | 301.131409 | 302.139234 | 300.123584 | 346.129064
Latifine; (S)-form Ci7H1o0NOs | 285.136494 | 286.144319 | 284.128669 | 330.134149
Latindine Ca1H39N3010 708.257399 | 709.265224 | 707.249574 | 753.255054
Lycorenine; 7-Deoxy CisH23NO3 301.167794 | 302.175619 | 300.159969 | 346.165449
Lycorenine; 7-Ketone (lactone), O%-de-Me C17H19NO4 301.131409 | 302.139234 | 300.123584 | 346.129064
Lycorine; (-)-form CisH1i7NOs | 287.115759 | 288.123584 | 286.107934 | 332.113414
Lycorine; (-)-form, 1-Ac CisH1oNOs | 329.126324 | 330.134149 | 328.118499 | 374.123979
Lycorine; (-)-form, Di-Ac CaoH21NOs | 371.136889 | 372.144714 | 370.129064 | 416.134544

H . 1N2 H
g.uiﬁ(;(’yrr'gﬁas(iéeform’o’o oo CaeHNOw 1 611.221409 | 015 229234 | 610213584 | 656.219064
— -

Gltlj_glgp?;/lrr;?{o(si)oléorm,o P CoaHzNOs 1 449.168584 |\ 176409 | 448.160750 | 494.166239

Lycorine; (-)-form, O-Hexadecanoyl Cs2H47NOs 525.345424 | 526.353249 | 524.337599 | 570.343079
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Lycorine; (-)-form, O-Hexadecanoyl, O?-

(1-O-hexadecanoyl-2-O- Coobluse- 1063.82352
octadecanoyl/octadecenoyl)glycerophosphoryl 18NOwP
1064.83134 | 1062.81569 | 1108.82117
— T -

Béﬁmggyﬁaﬁﬁ)o (EOTREeeO | caaNow | 687.308249 688.406074 | 686.390424 | 732.395904
Lycorine; (-)-form, N,7,11b,11c-Tridehydro C1sH14sNOy4 284.092284 285.100109 | 283.084459 | 329.089939
Macranthine C16H10NOs 305.126324 | 306.134149 | 304.118499 | 350.123979
Macranthine; O-Ac CisH2iNOs | 347.136889 | 348.144714 | 346.129064 | 392.134544
Macranthine; Di-O-Ac C20H23NO7 389.147454 | 390.155279 | 388.139629 | 434.145109
Maritidine; (+)-form, O%-De-Me, 3-Ac CisH21NO4 | 315.147059 | 316.154884 | 314.139234 | 360.144714
Maritidine; (+)-form, 3-Epimer, O°-de-Me CisH1oNOs | 273.136494 | 274.144319 | 272.128669 | 318.134149
Maritidine; (+)-form, 3-Ketone, O®-de-Me C16H17NO3 271.120844 | 272.128669 | 270.113019 | 316.118499
Maritidine; (-)-form, O®-De-Me C16H19NO3 273.136494 | 274.144319 | 272.128669 | 318.134149

Hysd?oxethylenedloxyphenamhndlne’3 CuHNOs | 239.058244 | 544 566069 | 238.050419 | 284.055899
Mooreine C17H18NO4 300.123584 | 301.131409 | 299.115759 | 345.121239
Narcicrinine C14H17NOs 279.110674 | 280.118499 | 278.102849 | 324.108329
Nerbowdine C17H2:NOs 319.141974 | 320.149799 | 318.134149 | 364.139629
Nerbowdine; Demethoxy C16H19NO4 289.131409 | 290.139234 | 288.123584 | 334.129064
Norbelladine; 3',4'-Di-Me ether Ci17H21NO3 287.152144 | 288.159969 | 286.144319 | 332.149799

glu'ﬁgﬁgigﬁg's?gég"‘ Drie ether, 40D CoHaNOs | 449.204969 | 45y 919704 | 448197144 | 494202624
Norbelladine; 4'-Me ether C16H19NO3 273.136494 | 274.144319 | 272.128669 | 318.134149
Oliganine CaoH24N20s | 328.175619 | 329.183444 | 327.167794 | 373.173274
Ornazidine C16H19NO3 273.136494 | 274.144319 | 272.128669 | 318.134149
Ornazidine; O*-Ac CisH2tNO4 | 315.147039 | 316.154884 | 314.139234 | 360.144714
Ornazidine; 3,4-Didehydro, di-Me ether C1sH21NO3 299.152144 | 300.159969 | 298.144319 | 344.149799
Pluviine; A**2-Isomer, O%-de-Me Ci16H1sNO3 273.136494 | 274.144319 | 272.128669 | 318.134149
Powellamine; (+)-form CisHi7NOs | 271.120844 | 272.128669 | 270.113019 | 316.118499
Powellamine; (-)-form CieHi7NOs | 271.120844 | 272.128669 | 270.113019 | 316.118499
Powellidine CieH17NOs | 271.120844 | 272.128669 | 270.113019 | 316.118499
Powelline Ci7H1oNO4 | 301.131409 | 302.139234 | 300.123584 | 346.129064
Powelline; 6a-Hydroxy Ci7H1oNOs | 317.126324 | 318.134149 | 316.118499 | 362.123979
Pratorinine Ci6H1:NOs | 265.073894 | 266.081719 | 264.066069 | 310.071549
Pratorinine; O-De-Me C1sHoNO3 251.058244 | 252 066069 | 250.050419 | 296.055899
Pratorinine; O-De-Me, O°-Me Ci6H1:NO3z | 265.073894 | 266.081719 | 264.066069 | 310.071549
Pratorinine; Me ether C17H13NO3 279.089544 | 280.097369 | 278.081719 | 324.087199
Pretazettine; 3,8-Diepimer, O8-Et C20H25NOs 359.173274 | 360.181099 | 358.165449 | 404.170929
Pretazettine; 3-Epimer CisH2tNOs | 331.141974 | 332.149799 | 330.134149 | 376.139629
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Pretazettine; 8-Epimer, O%-Et, N-de-Me Ci9H2sNOs 345.157624 | 346.165449 | 344.149799 | 390.155279
Pretazettine; 3-Epimer, 8-ketone(lactone) CisH19NOs 329.126324 | 330.134149 | 328.118499 | 374.123979
Pretazettine; 3-Epimer, 8-
ketone(lactone), N-de-Me CoHuNOs | 315.110674 1 516 118499 | 314.102849 | 360.108329
Pretazettine; 3-Epimer, 8-
: : Ca0H21NOy 387.131804
ketone(lactone), N-de-Me, N-ethoxycarbonyl 388.139629 | 386.123979 | 432 129459
Pretazettine; O%-Et, N-de-Me C19H2sNOs 345.157624 | 346.165449 | 344.149799 | 390.155279
Pseudolycorine; 1-O-p-D-Glucopyranoside Ca2H29NOg 451.184234 452 192059 | 450 176409 | 496.181889
Pseudolycorine; O2-(1-O-Hexadecanoyl-2-
O-octadecanoylglycerophosphoryl), O*- CeoH120NO12P | 1185.85482
hexadecanoyl 1186.86264 | 1184.84699 | 1230.85247
Secoisopowellaminone CieH17NOs | 271.120844 | 272.128669 | 270.113019 | 316.118499
Tazettine; O-De-Me, 6a-Me ether C1sH21NOs 331.141974 | 332.149799 | 330.134149 | 376.139629
Tazettine; 3-Epimer C18H2:NOs 331.141974 | 332.149799 | 330.134149 | 376.139629
4,4' 5-Trihydroxy-2-
. _ C14H1004 242.05791
biphenylcarboxaldehyde; 4,5-Methylene ether 243.065735 | 241.050085 | 287 055565
3,4, 7-Trihydroxyflavan; (2R,3S)-form, 7-
Me ether CiobisQa ] 272.10886 | 594 112685 | 271.097035 | 317.102515
3',4', 7-Trihydroxyflavan; (S)-form, 3'-Vinyl
ether CarH1eOs 284.10486 | og5 119685 | 283.097035 | 329.102515
5,6,7-Trihydroxy-2-methyl-4H-1-
benzopyran-4-one; 6,7-Methylene ether C1He0s 2200371151 991 045 | 219.02935 | 265.03483
2',4,4'-Trihydroxy-3-methylchalcone Ci16H1404 270.08921 | 271.097035 | 269.081385 | 315.086865
Ungeremine C16H11NOs 265.073894 | 266.081719 | 264.066069 | 310.071549
Ungminorine; (-)-form, 2-Epimer, O-de-Me Ci6H17NOs 303.110674 | 304.118499 | 302.102849 | 348.108329
Vasconine; O%-De-Me C16H14NO> 252.102454 | 253.110279 | 251.094629 | 297.100109
Yemensine CisH19NO4 313.131409 | 314.139234 | 312.123584 | 358.129064
Zefbetaine; 9-Me ether C17H1sNO3 281.105194 | 282.113019 | 280.097369 | 326.102849




