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MO DAU

Viét Nam nam & mét trong nhitng khu hé thuc vat phong pha nhat trén
thé gidi, khu vuc rimg nhiét d6i Pong Nam A. Nhiéu nghién ctu trén thé
gio1 va & Viét Nam vé tach cac HCTN c6 HTSH tur cay Di¢p ha chau, Pan
sam, Mat nhan...bang sac ky gidy, sic ky cot va phan tich ham luong bang
HPLC. Mot s6 nghién ctru d3 xay dung quy trinh phan tich HCTN c6 HTSH
nhu acetogenin, tinh dau bang phuwong phap GC-MS, LC-MS/MS. Vé hudng
tinh ché dé thu dugc cac chat tinh khiét cling duoc nhiéu nghién ctru quan
tam, song chil yéu 1a cac PTN/cac hang dugc chuyén nganh nghién ctru va
gia thanh chat chuan c¢6 HTSH kha dit. Trong khi d6, & VN, cho dén nay,
nhitng nghién ctru theo hudng nay con rat han ché. Xuat phat tir cac van dé
trén, luan an nay duogc thuc hién nham muc dich dong gop tich cuc vao cac
huong nghién ctru ¢ trén.

Muc dich cua nghién ctru luan an:

Luan an nay dugc thuc hi¢n nham xay dung dugc quy trinh tach chiét,
diéu ché chat chuin va phan tich mot s6 HCTN c6 HTSH tir mot sd ciy
thudc phan bd & cac dia phuong cta nudc ta: cdy Diép ha chau, Pan sim,
Mat nhan, Mang cau xiém, Riéng dudi nhon - mot loai cay méi phat hi¢n.
Cac ndi dung nghién ctru chinh cua luan an:

- Nghién ctru xay dung quy trinh tach chiét cac hop chat phyllanthin,
hypophyllanthin tir cdy Diép ha chau (P. urinaria L.); hop chét tanshinone I,
cryptotanshinone, tanshinone IIA tir cdy Pan sam (S. miltiorrhiza B.) va hop
chét eurycomanone tir cdy Mat nhéan (E. longifolia J.) bang cac phuong phap
sac ky;

- Tinh ché cac hop chit thu duoc (phyllanthin, hypophyllanthin,
tanshinone 1, cryptotanshinone, tanshinone 11A, eurycomanone) dé tao ra cc
chét chuan cho phan tich dinh tinh va dinh luong chung trong cac dugc licu
khac nhau;

- Xay dung quy trinh phan tich cac hop chat phyllanthin,
hypophyllanthin, tanshinone I, cryptotanshinone, tanshinone IIA va
eurycomanone bang phuong phap sic ky long hién dai LC-MS/MS, UPLC-
DAD d¢é c6 thé ap dung cho cac PTN phan tich & nudc ta;

- Nghién ctru xac dinh ham luong cac hop chat co6 HTSH trong dich
chiét 14 cdy Méng cau xiém bang phuong phap sic ky hién dai: sic ky long
ghép nbi voi cac detector khac nhau (QNMR, HPLC-PDA, MALDI-TOP
HRMS) va cac hop chit co trong tinh dau cac bd phan cia cdy Riéng dudi
nhon bang phuong phap sac ky khi ghép ndi v6i detector khéi phd (GC-MS).
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Chuong 1. TONG QUAN

1.1. Giéi thiéu vé cac hop chat thién nhién c6 HTSH va mot so cay thudc
1.1.1. Gié1 thi¢u chung

1.1.2. Cac nghién ctru vé tach chiét mot s6 hop chat thién nhién c6 HTSH
1.1.3. Mot s6 loai cay thude chira cac hop chét thién nhién c6 HTSH

1.2. Cac phuong phap phan tich cac hop chat thién nhién

1.2.1. Phuong phap sac ky khi

1.2.2. Phuong phap sac ky 1ong

1.3. Mot sb nghién ctru lién quan dén ludn an
Chuwong 2. NOI DUNG VA PHUONG PHAP NGHIEN CUU
2.1. Bdi twong va pham vi nghién ciru
2.2. No1 dung nghién ctru

2.3. Thiét bi, dung cu va hoa chat
2.4. Phuong phap nghién ctu

2.4.1. Thong tin vé mau
2.4.2. Phuong phap chiét tach/phan lap
2.4.3. Phuong phap xéac dinh cau tric va dic trung hoa - Iy cia HCTN
2.4.4. Phuong phap tinh ché HCTN dé tao ra chét chuan

2.4.5. PP danh gia do tinh khiét ctia chat chuan va dit liéu chat chuan
2.4.6. Phuong phap phan tich caic HCTN

2.4.7. Phuong phép danh gia do tin cay cua phuong phéap phan tich

2.4.8. Phuong phap xur 1y s6 liéu

Chuwong 3. KET QUA VA THAO LUAN

3.1. CHIET TACH VA XAC PINH CAU TRUC CUA CAC HQP CHAT
THIEN NHIEN

3.1.1. Chiét tach cac HCTN tir cAy Diép ha chiu va dic trung cu tric
3.1.1.1. Chiét tach va phan lip

3.1.1.2. Pdc trueng cdu tric

(i) Hop chit PU-1: Dang tinh thé hinh kim, mau tring; Nhiét d6 nong chay
128 — 130 °C; Dung dich methanol ¢6 hép thu cuc dai trong mién UV &
budc song 230 va 280 nm (phu luc A5); Manh phan ttr trong phd khé (ESI-
MS) c6 m/z = 453,3 [M+Na]" va manh nay phu hop vé&i cong thirc phan tir
C24H3007 (phu luc A1). Dit liéu phd NMR néu & bang 3.1 va phu luc A2-
A5. Cac két qua thu dugc cho phép khang dinh rang, hop chat PU-1 la
hypophyllanthin.

(ii) Hop chdt PU-2: Dang tinh thé hinh kim, mau tring; Nhiét do nong chay
94 - 96°C; Dung dich methanol c6 hép thu cuc dai trong mién UV & budc
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song 230 va 280 nm (phu luc A10); Manh phan tir trong ph6 khd (ESI-MS)
c6 m/z = 419 [M+H]" va manh nay phu hop vé6i cong thirc phan tir Co4H3406
(phu luc A6). Dir liéu pho NMR néu & bang 3.2 va phu luc A8, A9. Cac két
qua thu dugc cho phép khang dinh rang, hgp chat PU-2 la phyllanthin.
3.1.2. Chiét tach cac HCTN tir cAy Pan sam va dic trung cau tric
3.1.2.1. Chiét tich va phén lip
3.1.2.2. Diic trung cdu triic

(i) Hop chit SM-1: Dang bot mau do; [015= 90° (¢ 1,0, CHCI5); Nhiét
d6 néng chay 182 — 183 °C; Dung dich methanol c6 hap thu cuc dai trong
mién UV & bude song 220 va 270 nm (phu luc A18); Manh phan tir trong
phd khé (ESI-MS) ¢6 m/z = 297 [M+H]" va manh nay phu hop véi cong
thuc phan tor CigH2003 (hinh 3.17, phu luc A19). Dit li¢u phé NMR néu &
bang 3.3 va phu luc A16, A17. Cac két qua thu dugc cho phép khéng dinh
rang, hop chat SM-1 | cryptotanshinone.

(ii) Hop chit SM-2: Dang bt mau do; Nhi¢t do nong chay 202 — 204
°C; Dung dich methanol c¢é hép thu cuc dai trong mién UV & budc song 225
va 270 nm (phu luc A22); Manh phén tir trong pho khd (ESI-MS) ¢6 m/z =
295 [M+H]" va manh nay phu hop véi cong thirc phan tir C1gH1g03 (hinh
3.18 va phu luc A23). Dir liéu phd NMR néu & bang 3.4. Cac két qua thu
duoc cho phép khang dinh rang, hop chat SM-2 1 tanshinon I1A.

(iii) Hop chat SM-3: Dang bot mau do; Nhiét do nong chay 232-234
°C; Dung dich methanol ¢ hép thu cuc dai trong mién UV & budc song 250
nm (phu luc A14); Manh phan tir trong phd khd (ESI-MS) ¢6 m/z = 277
[M+H]" va méanh nay phu hop véi cong thitc phan tir CigH1,03 (phu luc
Al1). Dir liéu phd NMR néu & bang 3.5 va phu luc A12, A13. Céac két qua
thu dugc cho phép khang dinh ring, hop chat SM-3 1a tanshinon 1.
3.1.3. Chiét tach cac HCTN tir cAdy Mat nhén va dic trung cau tric
3.1.3.1. Chiét tach va phan lip
3.1.3.2. Diic trung cdu triic
Hop chdt EL-1: Dang bot mau trang; [2+26 (¢ 0,30, MeOH); Nhiét do
noéng chay 254 - 255 °C; Dung dich methanol c6 hip thu cuc dai trong mién
UV 6 budc song 255 va 360 nm (phu luc A27); Manh phan tir trong phd
khé (ESI-MS) c6 m/z = 409,1 [M+H]* va manh nay phu hop véi cong thirc
phan tir CooH2404 (phu luc A24). Dir liéu phd NMR néu ¢ bang 3.6 va phu
luc A25, A26. Céac két qua thu duoc cho phép khang dinh rang, hop chat
EL-1 la eurycomanone.



Diép ha chau (5,0 kg)

Ngam chiét v6i methanol (3 x 1,5 L)
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Cao methanol (502 q)

Chiét 1an lvot véi cloroform. butanol

: v v

Cao cloroform (255 q) Cao butanol (95 q) Cao dich nudc (90 g)

CC, Silica gel, CHCI3:MeOH 100:1, 50:1, 30:1, 20:1, 10:1, 5:1, 3:1, 1:1, viv

v v
[ H-1 ][ H-2 ][ H-3 ][ H-4 (15g) ] [ H-5 (275 g) ][ H-6 ][ H-7 ][ H-8 ][ H-9 ][ HlO]
CC, Silica gel Cl8 C18 CC, Silica gel
CHCl5:MeOH (10:1) CHCI3:MeOH  cHCl;:MeOH CHCls:MeOH
(5:1) (4:1) (8:1)
[ Hypophyllanthin (229 mg) ] [ Phyllanthin (212 mg) ]

HPLC diéu ché,
MeOH:H,0 (7:3)

Tinh sach (d6 tinh khiét > 99,0%); Sir dung l1am chat chuan phan

So @6 3.1: Phan lap cac hop chét tir cAy Diép ha chau



Ré cay Pan sam (2,0 Kg)

A

y

Ngam chiét vé6i ethanol (3 x 1,5 L)

Cao ethanol (488 q)

Chiét 1an luot v6i Hexane, Ethyl acetat, Butanol

v

‘

v

v

Cao hexane (54,4 q)

Cao ethyl acetat (105,6 q)

Cao butanol (68,8 g)

Cao dich nwéc (40 q)

CC, Silica gel, Hex:EtOAc (20:1, 15:1, 10:1, 5:1, 1:1 viv)

v

[ H-1 [ H-2 (5*,39) ][ Hf3 ][ H-4:2,7g) ][ H-5 ][ H-th,Sg) ][ H-7

J

]

CC, Silica gel
hex:CH,CI,
(1:1)

CC, C18 hex:acetone
MeOH:H,0 (5:1)
(4:1)

v v
CC,C18 CC, C18 CC, Silica gel
MeOH:H-,0 MeOH:H,0 hex:EtOAc
(4:1) (3:1) (4:1)

(275 mg)

Tanshinon 1A Tanshinon |
(231 ma)

HPLC diéu ché
MeOH:H,0 (7:3)

Cryptotanshinon
(245 mg)

Tinh sach (d6 tinh khiét > 99,0%), Str dung lam chat chuan phan tich

So d6 3.2. Phan lap cac hop chét tir 1& cay Pan sdm



Ré cdy Mat nhan (2 Kg)

Ngam chiét véi ethanol (3 x 1,5 L)
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Cao ethanol (62,5 0)

Chiét 1an luot véi Ethyl acetat, Butanol

! v v

Cao ethyl acetat (16,0 g) Cao butanol (19,0 ) Cao dich nwdc (12 g)

CC, Silica gel, CHCI3:H,0 (20:1, 15:1, 10:1, 5:1)
Hexane:EtOAc (5:1) '

\Z v y v v ¥ v

E-1 ][ E-2 ][ E-3 ][ E-4 ][E-S(Z,lg)][ E-6 ][ E-7 ]

CC, Cus
MeOH:H,0 (2:1)

Eurycomanone
(235 mg)

1 HPLC diéu ché,

MeOH:H,0 (1:1)

Tinh sach (d6 tinh khiét > 99.0%): Str duna Iam chat chuan phan tich

So @6 3.3: Phan lap cac hop chét tir r& cAy Mat nhan



3.2. TINH CHE HQP CHAT PE TAO RA CHAT CHUAN
3.2.1. Chat chuan hypophyllanthin va phyllanthin
Bang 3.1. Dit lidu danh gia do tinh khiét ciia chat chuan

Hop chi Tap chat 1 Tap chit 2 Chat chinh Do tinh khiét
' tr S tr S tr S TB (%)
Hypophyllanthin | 7,976 | 195 | 9,302 | 293 | 6,889 | 243343 99,8
Phyllanthin 6,902 | 6,36 |9,251| 10,75 | 8,001 | 3403,76 99,5

3.2.2. Chat chuan tanshinone I, cryptotanshinone, tanshinone 11A
Bang 3.2. Dit liéu danh gia do tinh khiét cua chat chuan

Hop chét Tap chat 1 Tap chat 2 Chat chinh Do tinh khiét
) tr S tr S tr S TB (%)
Tanshinone | 5,10 1,46 8,62 2,51 7,78  1971,19 99,8
Cryptotashinone 5,17 2,68 7,84 3,73 8,65 1275,13 99,5
Tanshinone 1A 8,69 3,81 12,79 4,66 15,19 2108,23 99,6

3.2.3. Chiat chuin eurycomanone
Bang 3.3. Dt li€u danh gia do tinh khiét cua chat chuan eurycomanone

Hoo chi Tap chat 1 Tap chat 2 Chat chinh Do tinh khiét
P g S tr S tr S TB (%)
Eurycomanone 0,97 3,51 1,22 7,59 1,46  1839,25 99,4

Nhu viy, v6i qua trinh tinh sach bang sic ky 16ng diéu ché & trén, da
tao ra duoc chat chuan hypophyllanthin, phyllanthin, tanshinone I,
cryptotanshinone, tanshinone I1A va eurycomanone.

3.3.QUY TRINH PHAN TiCH HQP CHAT THIEN NHIEN CO HOAT
TINH SINH HOQC o ’

Trén co s& khao sat cac yéu to anh hudng dén phép phan tich LC-
MS/MS nhu: thanh phan pha dong (hé dung méi, pH dung dich dém), nhiét
d6 cot, toc d6 dong pha dong, thé tich tiém mau, thoi gian phan tich...) két
hop vé&i tham khao cac két qua da cong bd trong cac tai liéu da xay dung
duoc quy trinh phan tich déng thai hypophyllanthin va phyllanthin duoc néu
& hinh 3.13; quy trinh phén tich dong thoi tanshinone I, cryptotanshinone va
tanshinone 1A dugc néu ¢ hinh 3.14. Twong tu véi quy trinh khao sat trén
ciing d3 dua ra duoc quy trinh phan tich eurycomanone trong mau cay Mat
nhan bang phuong phap LC-MS/MS.



Chuan bi
mau cho

phén tich

1L (10 pL)
mau duoc tiém
vao hé thng
LC-MS/MS
(UPLC-DAD)
v6i cac didu

+ 20 mL MeOH, siéu am,
40°C, 2h, lap lai 3 lan, loc thu
duoc dung dich mau.

Mau dau (3-5 g)
Dia nghién nho

\ 4

Dich chiét — c6 quay chan khdng — dinh
n mirc 100 mL (MeOH:H,0 60:40 (v/v)). Ly
0,22pum — mau cho |«—| 0,1 mL dung dich mau dinh muc 1én 10 mL
phan tich. bing MeOH:H,0 60:40 (ddi véi mau thuec

Loc qua mang loc

..--""fDiéu kién LC:

\_

/Diéu kién MS:

kién thich hop.

\\- Budc song 230 nm /1

phdm chire nang chay LC-MSIMS).

.
- Cot sic ky EC-Cyg (100 x 2,1 mm, 2,7 um); '
- MeOH — nudc chira 10 mM ammonium acetate va 0,1 % HCOOH theo
ti 1€ 60:40 v/v;
- Tc d6 dong: 0,3 ml/min;
- Thé tich tiém mau: 1,0 pl;
- Nhiét d6 budng cot: 35 °C;
- Thoi gian phan tich 10 phut.

AN

- Nguén ion hoa ESI, loai ion dwong;

- Nhiét d6 ngudn ion héa 1a 300°C;

- Ché d6 chay MRM;

- Phyllanthin: ion so cap m/z 436,0 - ion thir cap m/z 151,0;

- Hypophyllanthin: ion so cdp m/z 261,0 - ion thir cap m/z 231,0.
Piéu kién DAD:

[ Séc ky dd LC-MS/MS, UPLC-DAD va céac bang két qua ]

@)inh tinh: dya vao thoi gian luu va manh dac trung

Qromg ng 13 hé sb chuyén dbi tir ng va pg sang meg.

Dinh lugng: Dya vao phuong trinh hdi quy tuyén tinh y = a + bx ta tinh
duogc nong dd cua chat phan tich d6i véi LC-MS/MS ta ¢ Cogimi = (y-2)/b
(ng/mL). Tiép theo, ham luong cua chét phan tich duoc tinh quy vé mg/g:
Crnglg = Cogim*100*D/m/10°. Déi véi UPLC-DAD ta ¢6 Cpym. = (y-a)/b
(ng/mL) Tiép theo, ham lwong cua chét phan tich dwoc tinh quy vé mg/g:
Cigig = Cpgim *100*D/ m/10° v6i D 1a hé s6 pha lodng, m 1a khéi lugng (g)
mAu phan tich, 100 1a thé tich (mL) binh dinh mtrc mau phan tich, 10°, 10°

Hinh 3.1. Quy trinh phan tich dong thoi hypophyllanthin va phyllanthin bang

phuong phap LC-MS/MS, UPLC-DAD

(4p dung cho miu ciy Diép ha chau va thyc phim chirc ning bao ché tir nd)
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Mau dau (m g), dd nghién nho + 20 mL MeOH, siéu am,
m = 0,3-0,59 cho LC-MS/MS, 40°C, 2h, lap lai 3 1an, loc thu
m = 2-4 g cho UPLC-DAD duoc dung dich mau

v

Dich chiét — ¢ quay chan khong
N — dinh mirc 100 mL (MeOH:H,0
HM — mau cho phan tich. 70:30 (v/v)). Liy 1 mL dung dich
miu dinh mic 1én 10 mL bang
MeOH:H,0 70:30 (v/v).

A\ 4

Chuén bj

mau cho

phan tich Loc qua mang loc 0,22

KDiéu kign LC: A
i - Cot sac ky EC-Cy5 (100 x 2,1 mm, 2,7 um);
v - Pha dong: MeOH:H,O chira 10 mM ammonium acetate va 0,1 %

HCOOH 68:32 (V/V) ;

- Tbc d6 dong: 0,25 ml/min;

- Thé tich tiém mau: 1,0 pl;

- Nhiét d6 budng cot: 35 °C;
K_ Thoi gian phan tich 20 pht.

1pL (10 pL)
mau duoc tiém

AN

vao hé théng /Diéu k‘ién MS:
LC-MS/MS - Nguon ion hoa ESI, loai ion duong;
- Nhiét d6 ngudn ion héa 1a 300°C;
PLC-DAD A :
(UPLE-DAD) - Ché o chay MRM;
vdi cac dieu

- Tanshinone I ion so cép m/z 277,2; ion thir cép m/z 248.9;

- Cryptotanshinone ion so cip m/z 296,8; ion thir cap m/z 253,9;
-Tanshinone IIA ion so cép m/z 295,0; ion thir cép m/z 248.8.

. | Diéukién DAD:
=\ -Budc song 270 nm.

kién thich hop.

[ She ky dd LC-MS/MS, UPLC-DAD va cdc bang két qua

Ginh tinh: dya vao thoi gian luu va manh dac trung \
DPinh lugng: Dya vao phuong trinh hoéi quy tuyén tinh y = a + bx ta tinh

dugc nong do cua chat phan tich dbi véi LC-MS/MS ta ¢6 Cogm = (Y-
a)/b (ng/mL). Tiép theo, ham lwong cta chat phan tich dugc tinh quy vé
MQ/Q: Cingig = Crgm*100*D/m/10°. Déi v6i UPLC-DAD ta ¢6 Cym. =
(y-a)/b (ug/mL) Tiép theo, ham lugng cua chat phéan tich duoc tinh quy
vé mg/g: Cngg = Cogm*100*D/m/10° véi D 1a hé sé pha loang, m 1a
khéi lwong (g) mau phan tich, 100 1a thé tich (mL) binh dinh mirc mau

Qhén tich, 10° 10° twong tmg 14 hé s6 chuyén ddi tir ng va g sang mg.

Hinh 3.2. Quy trinh phén tich dong thoi tanshinone I, cryptotanshinone va
tanshinone 11A bang phuong phap LC-MS/MS, UPLC-DAD
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Chuan bi
mau cho

phén tich

1 pL mau duoc
tiém vao hé
thong LC-
MS/MS véi cac
diéu kién thich
hop.

Mau dau (3-5 g)

N ° + 20 mL MeOH, siéu am,
Da nghién nhé

40°C, 2h, lap lai 3 1an, loc thu
duoc dung dich mau.

'

Dich chiét — c6 quay chan khéng — dinh
mirc 100 mL (MeOH:H,0 60:40 (v/v)). Lay
1 mL dung dich mau dinh mac 1én 10 mL

Loc qua mang loc
0,22 pm — mau
cho phan tich.

bang MeOH:H,0 60:40 (V/V).

- Cot sdc ky EC-Cyg (100 x 2,1 mm, 2,7 pm);

- Pha dong: ACN — nudc chura 0,1 % HCOOH véi ti 1€ tang tir 15 % dén
60 % A

- Tbc d6 dong: 0,3 ml/min;

- Thé tich tiém mau: 1,0 pl;

- Nhiét d6 budng cot: 35 °C;

- Thoi gian phén tich 5 phat.

2 h
Piéu kién MS:
- Nguén ion hoéa ESI, loai ion duong;
- Nhiét d6 ngudn ion hoa 1a 300°C;
- Ché d6 chay MRM;
- Eurycomanone ion so cdp m/z 409,1 va ion thir cdp m/z 391,0.

[ Séc ky dd LC-MS/MS va céc bang két qua

/Dinh tinh: dua vao thoi gian luu va m‘énh dac trung
Dinh lugng: Dya vao phuong trinh hoi quy tuyén tinh y = a + bx ta

tinh duoc néng do cia chat phan tich dbi véi LC-MS/MS ta c6
CugmL = (y-a)/b (ng/mL). Tiép theo, ham luong cua chat phén tich
duoc tinh quy v& mg/g: Cingig = Cpgm*100*D/m/10°. v6i D 14 hé s6
pha lodng, m 13 khdi luong (g) mau phan tich, 100 1a thé tich (mL)

binh dinh mtc miu phan tich, 10° 12 hé sé chuyén dbi tir pg sang

mg.

Hinh 3.3. Quy trinh phan tich eurycomanone bang phuong phap LC-MS/MS
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3.4. DANH GIA PHUONG PHAP PHAN TiCH
3.4.1. Tinh on dinh ciia hé thong thiét bi

Thuc hién chay sic ky lip lai 6 1an (n = 6) trén hé thiét bi (LC-MS/MS va UPLC-DAD) d6i véi dung dich
chuan chira hypophyllanthin va phyllanthin; tanshinone I, cryptotanshinone va tanshinone IIA, r6i xac dinh thoi
gian luu (t), dién tich pic (S), hé sb d6i xtung (A) va sb dia 1y thuyét (D) tir cac sic d6 thu dugce. Két qua cho thiy,
d6 6n dinh ciia hé thong thiét bi rat t6t (bang 3.10) véi gia tri RSD cua cac tham sé déu bé hon 2%. Diéu nay cho
thay rang cac diéu kién sic ky duoc chon va hé théng sic ky LC-MS/MS duoc st dung 1a 6n dinh, phu hop dé
phan tich dinh tinh, dinh lugng hypophyllanthin va phyllanthin; tanshinone I, cryptotanshinone va tanshinone |IA;
eurycomanone trong mau thuc té.

Bang 3.4. Két qua khao sat tinh 6n dinh cta hé théng thiét bi LC-MS/MS

Hypophyllanthin Phyllanthin
Thi nghiém
t S a D t S a D
1 6,902 262,6327 0,98 40535 7,976 300,7612 1,01 44016
2 6,889 263,1130 1,01 40649 7,997 301,1024 0,99 44750
3 6,903 262,3435 1,02 40673 8,001 300,5615 0,99 49994
4 6,887 261,9856 1,01 40569 8,003 301,2019 1,02 49913
5 6,901 260,9899 0,98 40684 7,999 302,0199 0,98 51015
6 6,890 264,1241 0,99 40595 7,989 299,9845 1,03 50179
B 6,90 262,5315 0,99 40617 7,994 300,9386 1,00 50144
RSD (%) 0,1 0,3 1,8 0,2 0,1 0,2 1,6 1,0
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Bang 3.5. Két qua khao sat d6 6n dinh cua hé thong thiét bi LC-MS/MS khi phan tich dong thoi tanshinone I,

cryptotanshinone va tanshinone 1A (n = 6)

Tanshinone | Cryptotanshinone Tanshinone 1A
™ t S a D t S A D t S a D
1 7,182 380,1 0,99 34535 8,66 367,7 0,98 30535 15,10 600,6 1,01 50016
2 7,785 379,9 1,02 32649 8,65 368,1 1,01 30649 15,18 599,2 0,99 49750
3 7,182 378,5 1,00 30673 8,62 367,5 1,02 30673 15,19 601,3 0,99 49994
4 7,785 381,2 1,01 36569 | 8,64  366,6 1,01 30569 | 15,19 598,9 1,02 49913
5 7,792 380,5 0,98 30684 8,63 367,9 0,98 30684 15,19 599,8 0,98 51015
6 7,846 379,6 0,98 33595 8,69 368,5 0,99 30595 15,19 603,8 1,03 50179
B 7,795 379,97 0,99 33950 8,65 367,7 0,99 30617 15,17 600,6 1,00 50144
RSD (%) 0,3 0,2 1,6 3,5 0,3 0,2 1,8 0,2 0,2 0,3 1,6 1,0
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Bang 3.6. Két qua khao sat 6 6n dinh cta hé thong thiét bi LC-MS/MS

Eurycomanone
™ t S a D
1 1,456 280,1 0,95 24535
2 1,454 279,9 1,02 24649
3 1,457 278,5 1,05 23673
4 1,456 281,2 1,04 26569
5 1,455 280,5 0,96 24684
6 1,454 279,6 0,94 23595
B 1,455 279,97 0,99 24284
RSD (%) 0,1 0,3 4,9 5,0

3.4.2. Do dac hi¢u ctia phwong phap phan tich

Phyllanthin

Hypophyanthlj\

Hinh 3.4. Sic 46 LC-MS/MS dbi véi dung dich chuan chira hypophyllanthin
va phyllanthin

Sample Chromatogram

+ TIC MRM (** -> **) HG0.1.d (HG) Tanshinone |
£ x10%]
3
SERRE
1 R
0.9 Tanshinone 1A
0.8
0.7
0.6 i
0.5 Cryptotanshinone
0.4
0.3
0.2
0.1
I T T T T T T T T T I I I T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19
Acquisition Time (min)

Hinh 3.5. Sic d6 LC-MS/MS di véi dung dich chuéan chira tanshinone |,
cryptotanshinone va tanshinone I1A.

Eurycomanone

i Tirme Cmind

Hinh 3.6. Sic 6 LC-MS/MS d01 VOl dung dich chuén chira eurycomanone
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3.4.3. Khoang tuyén tinh

- Doi véi hypophyllanthin va phyllanthin:
Phuong phap LC-MS/MS:
y = 11,251*Cyypophyliantin — 405,977; R* = 0,9995; p < 0,0001;
y = 22,151*Cpnyitanthin — 1308,984 ; R* =0,9991; p < 0,0001;

Hypophyllanthin
Compound1 - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs

B 4105 y = 11.250609 * x - 405.976724
2 R”2 = 0.99954960
_| Type:Linear, Origin:lgnore, Weight:1/x

Respon
W

T T T T T T T T T T T T T T T T T T
-2000 0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000
Concentration (ng/ml)

Hinh 3.7. Puong hdi quy tuyén tinh dbi véi hypophyllanthin trong phuong
phap LC-MS/MS

Compound2 - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs
8 %105 y = 22151033 * x - 1308.984176
2 RA2 = 0.99910522
2.5 Type:Linear, Origin:Ilgnore, Weight:1/x
2.257
2
1.757
1.5
1.257
1
0.75
0.5
0.25
o
-0.257

Respon

T T T T T T T T T T T T T T
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000
Concentration (ng/ml)

Hinh 3.8. Puong hdi quy tuyén tinh ddi véi phyllanthin trong phuong phap
LC-MS/MS
- Déi véi tanshinone 1, cryptotanshinone, tanshinone 11A:
Phuong phap LC-MS/MS:
= - 781.061 + 15.643*Cianshinone 1, R> = 0.999; p < 0.0001
Yy = - 96.429 + 2.276*Ceryprotanshinones R- = 0.999; p < 0.0001
y = - 135.941 + 4.162*Cianshinone 11a, RZ = 0.999; p < 0.0001

Tan-1
Tan-1 - 6 Levels, 6 Levels Used, 6 Points, 6 Points Used, 0 QCs

B 4105 y=15.643486 * x - 781.061312
2 RA2 = 0.99921859
4.5- Type:Linear, Origin:lgnore, Weight:1/x

4
3.57]
3
2.57
o]
1.5
14
0.57]
o

Respon

T T T T T T T T T T T T T T T T T T
-2000 0 2000 4000 8000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000
Concentration (ng/ml)

Hinh 3.9. Pudng hdi quy tuyén tinh ddi véi tanshinone | trong phuong phap
LC-MS/MS
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Cry
Cry - 6 Levels, 6 Levels Used, 6 Points, 6 Points Used, 0 QCs

8 x104 | y=2.275943 * x - 96.428736
g -{ R*2=0.99942920
Type:Linear, Origin:lgnore, Weight:1/x

T T T T T T T T T T T T T T T T T T T
-2000 O 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000
Concentration (ng/ml)

Hinh 3.10. Puong hoéi quy tuyén tinh dbi véi cryptotanshinone trong phuong
phap LC-MS/MS
Tan-2

Tan-2- 6 Levels, 6 Levels Used, 6 Points, 6 Points Used, 0 QCs

8 41051 y=4.161735 * x - 135.941336

Z - R*2=0.99971769

% 16 Type:Linear, Origin:lgnore, Weight:1/x

o2 o1

14
1.2

1-
0.8
0.6
0.4
0.2

0

T T T T T T T T T T T T T T T T T T T T T
-2500 0 2500 5000 7500 1000012500 15000 17500 20000 22500 25000 27500 30000 32500 35000 37500 40000 42500 45000
Concentration (ng/ml)

Hinh 3.11. Puong hoi quy tuyén tinh doi véi tanshinone I1A trong phuong
phap LC-MS/MS
Doi véi eurycomanone:
Phuong trinh héi quy tuyén tinh thu duge nhu sau (duong hoi quy
tuyén tinh dugc néu ¢ hinh 3.32):
y = 1262.961*Ceurycomanone + 15.631;  R*=0.999; p<0.0001

Eurycomanone
Eurycomanone - 6 Levels, 6 Levels Used, 6 Points, 6 Points Used, 0 QCs
§ «10% y = 1262.961109 * x + 15.631374

R*2 = 0.99916186
1.6 Type:Linear, Origin:Ignore, Weight:1/x
1.4
1.2
14
0.8
0.67
0.4

0.29

Respon:

T T T T T T T T T T T T T T T T
-1 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14
Concentration (mg/l)

Hinh 3.12. Pudng hoi quy tuyén tinh ddi v6i eurycomanone trong phuong
phap LC-MS/MS

3.5. AP DUNG THUC TE
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3.5.1. Kiém soat chat lwgng ciia phwong phap phan tich
3.5.1.1. D¢ lap lai
Bang 3.7. Két qua d6 lap lai cia phuong phap LC-MS/MS va UPLC-DAD
khi phan tich dong thoi hypophyllanthin va phyllanthin, va phan tich

eurycomanone”?
- ] RSD (%) / % RSDy (%); n = 3
Chat phan tich Mau LC-MS/MS UPLC-DAD
DHC-VX 0,02/3,8 1,1/2,0
DHC-DH 1,0/3,9 0,8/1,9
Hypophyllanthin 2HCPNC 1,0/3,9 0,8/1,9
DHC-PV 0,04/34 0,7/1,9
DHC-DD5 0,05/4,3 1,7/2.1
DHC-KH 0,01/3,0 02/18
DHC-VX 0,02/34 2,.8/3,4
DHC-DH 0,03/ 4,0 32/4,0
hyllanthin _2HCPNC 0,01/3,2 1,2/32
DHC-PV 0,01/2,8 1,0/2,8
DHC-DD5 11/41 26141
DHC-KH 0,01/2,6 0,6/2,6
Viing Tau 0,01/2,6
Pak Nong 0,01/3,7
Eurycomanone Hoa Binh 0,01/2,9
Nghé An 0,01/3,4
Bic Giang 0,01/2,4
Ha Giang 0,01/2,9

Bang 3.8. Két qua danh gia do lap lai caa cac PP LC-MS/MS va UPLC-DAD

RSD (%) / %2 RSDy (%); n=3

Chat phan tich Mau LC-MS/MS UPLC-DAD
Sapa 0,01/25 05/25
Lam Dong 0,01/2,3 02/2,3
Tanshinone | Ha Giang 0,01/2,3 04/23
Moc Chau 0,01/2,4 1,1/2,4
Quang Tay 0,01/2,6 1,3/2,6
Mudng Long 0,01/2,7 1,2/2,7
Sapa 0,01/2,0 0,3/2,0
Lam Pong 0,01/2,0 0,3/2,0
) Ha Giang 0,01/1,9 05/1,9
Tanshinone H1A -~ Chau 0,01/2.1 0,6/2,1
Quang Tay 0,11/2,2 0,6/22
Mudng Long 0,01/2,3 0,8/23
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Sapa 0,01/2.2 04/22
Lam Dong 0,01/2,1 02/21
Cryptotanshinone Ha Giang 0,01/ 2,2 05/2,2
Moc Chéau 0,01/2,3 05/23
Quang Tay 0,01/24 0,4/24
Mudng Long 0,01/2,3 0,8/23

3.5.1.2. D¢ diing
Bang 3.9. Két qua ding cia phuong phap LC-MS/MS d6i véi
hypophyllanthin va phyllanthin®

Rev (%)
Chat phan tich Mau M 1 Mtc 2 Mt 3 T)?r\l/htr(lizs
DHC-VX 97/95/96  98/98/100 99/100/100 95- 100
DHC-DH 97/95/95 99/98/99  100/99/99 95 -100
Phyllanthin DHC-PNC  96/97/97  98/98/100 99/99/100 96 - 100
DHC-PV 95/101/99 98/101/100 99/99/100 95-101
DHC-DD5 97/102/96 99/99/100 99/100/100 97 -102
DHC-KH 95/97/99 99/100/100 99/99/100 95 - 100
DHC-VX 97/97/98 97/95/99  99/99/100 95 -100
DHC-DH 95/99/103 98/100/99 99/101/100 95-103
Hypophyllanthi DHC-PNC  96/96/101 100/97/99  99/99/100 96 - 101
n DHC-PV 97/103/97 99/99/101  99/99/100 97 - 103
DHC-DD5 96/95/101 96/102/100 99/99/100 95-102
DHC-KH 94/96/101 97/101/97  99/100/99 94 - 101
Viing Tau  97/99/100 99/98/101 101/100/99 97 - 101
bik Nong  99/97/99  99/99/100 100/99/100 97 - 100
Eurycomanone Hoa Binh 98/99/99 99/98/99  98/101/100 98 - 101
Nghé An 97/99/101 99/98/100 100/99/102 97 -102
Bic Giang  99/98/99 100/99/101 99/101/99 98 - 101
Ha Giang 99/98/98  99/98/100  98/99/101 98 - 101

Bang 3.10. Két qua do dung cta phuong phap LC-MS/MS doi voi

tanshinone I, cryptotanshinone va tanshinone 11A®

Rev(%) Rev trung

4 3 binh
Chat PT Mau Mirc 1 Mirc 2 Mitc 3 .

(%)

Sapa 100/98/103 102/98/103  103/100/97 97 - 103

Lam Béng 95/96/97 102/98/99 102/101/96 96 - 102

Tanshinone | Ha Giang 96/98/97  102/100/98 98/102/97 96 - 102

Moc Chau 96/98/97  103/101/98  99/103/102 96 - 103

Quang Tay 08/96/96  102/100/98  98/100/101 96 - 102
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Muong Léng  98/97/97  101/99/100  103/99/101 97 - 103

Sapa 97/100/97 102/97/100  98/102/97 97 - 102

Lam Dong 97/98/97  98/103/98  99/101/97 97 - 103

Cryptotanshinone 12 GIang 96/103/98  99/103/99  97/101/97 96 - 103
Mbc Chau 97/103/101 98/101/103  98/96/102 97 - 103

Quang Tay 97/99/96  103/101/98  104/101/97 96 - 104

Muong Léng  97/97/96  101/97/102  98/100/101 96 - 102

Sapa 98/97/98  102/97/98  100/102/100 97 - 102

Lam Dong 97/98/99  100/97/97  98/100/101 97 - 101

Tanshinone 114 Ha Giang 98/96/99  101/97/101  101/99/102 97 - 102
Mbc Chau 98/97/98  101/97/102  99/100/102 97 - 102

Quang Tay 96/96/97  102/98/97  99/101/102 96 - 102

Muong Long  96/98/99  99/102/98  99/98/101 96 - 102

3.5.1.3. Gidi han phdt hién va gioi han dinh luong
Bang 3.11. Dit lidu x4c dinh gia tri LOD ciia cac hop chat hypophyllanthin,
phyllanthin va eurycomanone

Hop chat hypophyllanthin phyllanthin eurycomanone
Nong dé (ng/mL) 0,1 0,15 0,1
S/IN 5/1,3 200/50 0,32/0,09

- P6i v6i tanshinone I, cryptotanshinone va tanshinone IIA: LOD tuong
ung 1a 0,39, 0,4 va 0,35 ppb (ing véi cac gia tri LOQ 1a 1,3, 1,4 va 1,2 ppb)
(bang 3.18 va phu luc B3, B4, B5);

Bang 3.12. Dir liéu xac dinh gid tri LOD cua céc hop chét tanshinone |,
cryptotanshinone va tanshinone I1A

Hop chat tanshinone | cryptotanshinone tanshinone 1A
Nong do (ng/mL) 0,39 0,4 0,35
S/IN 95/20 95/35 90/22

3.5.2. Ham lwong cac hop chit trong cac miu thue té

(ili) Ham lwong eurycomanone trong cdy Mt nhdn:
Bang 3.13. Ham luong (mg/g) eurycomanone trong cac mau thyc té

MAu Ving Tau BDikNéng HoaBinh Nghé An Bic Giang Ha Giang
c 1,8533+ 0,1716+ 08015+ 0,2739+ 3,1336+ 0,9291 +
0,0001 0,0001 0,0001 0,0001 0,0005 0,0001
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Bang 3.14. Ham lugng (mg/g) hypophyllanthin va phyllanthin trong cac mau thyc té

Miu I_.C-MS/MS ' UP'LC-DAD .
Hypophyllanthin Phyllanthin Hypophyllanthin Phyllanthin
DHC-VX 0,1364 + 0,0003 0,3249 + 0,0005 0,135 + 0,002 0,321 + 0,009
DHC-DH 0,0607 + 0,0002 0,1044 + 0,0003 0,059 + 0,001 0,096 + 0,003
DHC-PNC 0,1197 + 0,0012 0,4952 + 0,0003 0,119 + 0,001 0,420 + 0,005
DHC-PV 0,3007 +0,0012 1,1547 + 0,0006 0,299 + 0,002 1,149 £ 0,012
DHC-DD5 0,0599 + 0,0003 0,0805 + 0,0009 0,059 + 0,001 0,079 + 0,002
DHC-KH 0,6602 + 0,0008 1,9056 + 0,0006 0,660 + 0,001 1,901 £ 0,011
La 0,2748 + 0,0004 0,0439 + 0,0004
Thén 0,0167 + 0,0004 0,0051 + 0,0003
RE 0,0029 + 0,0002 0,0039 £ 0,0002
Bang 3.15. Ham luong (mg/g) tanshinone I, tanshinone 11A va cryptotanshinone trong cic mau thyc té
N LC-MS/MS UPLC-DAD
Mau Tanshinone | Tanshinone 1A Cryptotanshinone Tanshinone | Tanshinone 1A Cryptotanshinone
Sa Pa 2,4613 +0,0007  9,1889 + 0,0002 4,6549 + 0,0006 2,45+0,01 9,18 + 0,03 4,65 + 0,02
Lam Dong 4,4286 +0,0009  9,8970 + 0,0035 8,1589 + 0,0006 4,43+0,01 9,88 +0,03 8,14 + 0,02
Ha Giang 3,5345+0,0011 13,0252 + 0,0004 5,2017 + 0,0015 3,53+0,02 12,99 + 0,06 519+0,03
Moc Chau 2,8852 +0,0009  8,3844 +0,0006 4,1723 + 0,0005 2,88 +0,03 8,39+ 0,05 4,16 £ 0,02
Quang Tay 1,5559+0,0013  4,7958 + 0,0007 2,8630 + 0,0008 1,56 £ 0,02 4,78 £0,03 2,85+0,01
Mudng Léng 1,2717 £0,0013  3,8278 + 0,0003 3,8956 + 0,0012 1,26 £ 0,02 3,81+0,03 3,88+ 0,03
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3.6. CAC HOP CHAT ACETOGENIN CHIET TACH TU LA CAY
MANG CAU XIEM

Ming cau xiém 100 mL EtOH Cao chiét

...............................................

(25 g) E B . . ., ) '3 :_..-..................‘ ...................... ‘..
: Trich ly mot bac gian doan; Trich ly nhidu bac, nguge

Loc; €6 loai dung moi. chidu dé loai béo va lipid;

................................................................................. ¢ loc; Co loai dung moi.

...........................................

Phén bd vao nudc; chiét long long 1an luot voi cac : N )
dung moi cd do phan cuc tang dan (hexan, Mau dang SIro
cloroform, etyl axetat, butanol); Loc; Co6 loai dung

moi thu dc cao chiét twong tmg. l
A 4 A4 \ 4 A\ 4
AMF-1 AMF-3 AMF-3 AMEF-4

{400 MHz;
{ - Thoi gian quét 1a 10 Ian trong 7 phit;
] i - Chiéu rong phd 1a 6002,4 Hz;
¢ - Chiéu rong cua xung 13 6,3 ms;
......................................... - Tin hiéu ddc trung trén phé 1H-NMR tai (3, 8,66).

Chon mau chtra tin hiéu
cua cac acetogenin dé
phén tich tiép.

. .
......................................................................................

et ettt { - COtRP-18 (250 mm x 4,6 mm, 5 micron);
l i - Nhiét d¢ cot & 30°C;

- Pha dong MeOH:H,0 90:10 (v/V);
[HPLC-PDA-HRMS] ha dong MeOH:H;0 90:10 (v/v)
i - Toc do dong la 1,0 ml/phut
l - Budc song phat hién tai 220 nm;

T, . - Phd khdi hrone MATI.DI-TOE HRMS.

Pinh tinh dua vao thoi Tt teetiettetietteetateeitetttttatettnatettantetnasettnattesnatctnnatesnscesnnseanes® :

gian luu va cac manh phd
¢ phan tir phan gidi cao

..........................................

! - Pha diy cic ndng d6 chit chuin annonacin (4-OH
, ) ¢ acetogenin) va squamocin (khéng chira 4-OH acetogenin);
tich  dinh P oxy . A z .
; - Xay dung duong thém chuan;
- Phan tich mau thuec;
- Xtr 1y két qua.

.............................................................................................

v » | Phan
luong bang gNMR

Hinh 3.13. Quy trinh phan tich dinh tinh, dinh lugng cac hop chét

acetogenin tur dich chiét cia cdy Mang cau xiém
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3.6.1. Xac dinh phan doan giau hoat chat acetogenin

Két qua phan tich phan doan AMF3 bang phuong phap gNMR (*H-
NMR 500 MHz trong dung méi CDCls) cho thiy (hinh 3.38, phu luc B11,
B12, B13): Tin hiéu tai do dich chuyén hoa hoc &y = 0,85 va 1,2 - 1,6 1a tng
v6i mot nhom methyl cudi mach va cdc nhom methylene trong chudi dai; Tin
hiéu cua vong (lacton) o, B va y chua bdo hoa xuét hién tai oy = 6,96/7,17
(1H, H-33/35) va 5,09/5,10 (1H, H-34/36); Pong thoi, ciing xuat hién tin
hiéu ciia vong mono-THF tung véi hai nhém hydroxyl nam bén suon tai 8 =
3,76/3,81 va 3,37/3,44. Cac tin hiéu trén la dac trung cho nhém acetogenin
va chung ciing phu hop voi két qua da duge cong bo o [46], [59], [90].

Két qua phan tich pho *H-NMR (500 MHz trong dung mdi CDCl3) d6i
v6i cac phan doan AMF-1, AMF-2 va AMF-4 cho thay, khong xuat hién céac
tin hi¢u ddc trung cia nhom acetogenin va nhu vay, cac phan doan do chu
yéu gidu cac axit béo (pho 'H-NMR cia cac phan doan AMF-1, AMF-2 va
AMF-4 khong dua ra ¢ day). Piéu nay ciing chimg té rang, quy trinh chiét
phan doan néi trén da cho phép thu dugc phan doan AMF3 (cao ethylacetate)
giau acetogenin.

3.6.2. Dinh tinh cac acetogenin chinh trong phian doan AMF-3

Tir cac manh dic trung c6 ty sé (m/z) trong khoang 100-1000 trén phd
MADLI-TOF-HRMS, xac dinh dugc cac hop chat acetogenin chinh trong
phan doan AMF3 (chiét tach tir 14 ctia cAy Méng cau xiém). Viéc nhan biét
(hay dinh tinh) cac hop chat nhom acetogenin 1 dwa vao thu vién phd (cai
dat sin trong mdy) va két hop so sanh voi cac cong bd trude ddy. Cac chat
chinh trong nhdm acetogenin trong phin doan AMF3 gom cac chat:
Annonacin (m/z = 597,47); cis-annomonacin (m/z, 625,50); annocatacin A
(m/z 579,46); Cohibin A (m/z, 549,48); cis-corossolone (m/z, 579,46);
muricin A (m/z, 597,47); muricin B (m/z, 597,47); muricin C (m/z, 597,47);
muricin D (m/z, 569,44), muricin E (m/z, 569,44), muricin F (m/z, 595,46),
muricin G (m/z, 595,46).

3.6.3. Pinh lwgng cac acetogenin chinh trong phan doan AMF-3

Phan tich dinh lugng tong s6 hop chat acetogenin 4-OH va tong sd hop
chét acetogenin khong 4-OH trong phan AMF-3 dugc st dung bang phuong
phép phan tich phd NMR. Tin hiéu do dugc hodc dién tich dinh (dé thiét 1ap
duong thém churfm), tin hiéu muc tiéu cua tiéu chuin ndi bo (0H 8.66). Ty 1¢
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tich phan va ndng d6 dugc v& thém bang cach st dung hoi quy tuyén tinh, va
duong chuan (duong thém chuin va hé sb xac dinh cua phan tich hoi quy)
cho chét chuén cta hai hop chét acetogenin loai co thé thu duoc va 13 co s6
cua phuong phap phan tich dinh Iuvong nay (Bang 3.22).

Bang 3.16. Phuong trinh duong thém chuan va LOD, LOQ ciia PP phén tich

Chatphan  Phuong trinh duong R? LOD LOQ
tich thém chuan (mg/mL) (mg/mL)

Annonacin  y=3,4705x + 1,1743  0,9925 0,05 0,14

Squamocin y=3,575x + 0,209 0,9997 0,06 0,17

Két qua phan tich cho thdy: Ham lugng cia tong cac chat chia 4-OH
trong mau (10 mg phan doan AMF3) 14 2,88 mg va tong cac chat khong chua
4-OH 1a 1,77 mg. Nhu vay, téng ham lugng cac hoat chit nhom acetogenin
c6 HTSH trong mau 1a 46%.

3.7. THANH PHAN TINH DAU TU CAY RIENG PUOI NHON

Két qua x4c dinh tinh chat cam quan, thanh phan hoa hoc (dinh tinh) va
ham lugng cac chat (hay cau tir) trong tinh dau & cac bd phan cila cdy Riéng
dudi nhon duoc néu & Bang 3.23 cho thay: Tinh dau thu duoc tir cac bo phan
ciia cdy c6 mau vang nhat (14, ré, than) hodc khong mau (qua va hoa); Ham
luong tinh dau trong cac bd phan cua cay (theo thir ty ting dan): than (0,15
%) < qua (0,18 %) <14 (0,21 %) < ré (0,24 %) < hoa (0,30 % tinh theo khoi

lugng twoi). e, L g
i Chung cat 16i :
¢ cubn hoi nudc i

Loal nuée bang
i Na,SO,; Ly tam

.............................

Mau tuoi teerresesrsersesrinsensasranse 3 . X .
@3 | > Tinh diu ho_| [Tmh dhu inn |
{ 0,1uL pha trong i
0,5 mL hexan :
OSSR S Y
i - GC-MS 6890N; [ Mau phan tich ]
i -Cot sic ky HP-5MS véi chiéu dai 30 m, duong kinh trong (ID) = 0,25
: mm, 16p phim mong 0,25 um l Tiém luL ¢
_ Khi mang H; eeireericeseacenest
i - Nhiét d6 budng bom miu 250 °C; : [ GC-MS ]
: - Nhiét do detecto 260 °C; :
i - Chuong trinh nhiét do budng diéu nhiét: 60 °C (2 phat), tang 4°C/ph(t
i cho dén 220 °C, dimg 6 nhiét dé nay trong 10 phit. :
EII3II33333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333
- Pinh tinh dya vao cac chi s6 RI (Retention Indices), va thu vién phd v
i ¢cosan (NIST-08, NIST-17, NIST-18 va Wiley 9™ Version); P ;
- Ban dinh luwong dua vao % cac dién tich hodc chiéu cao cua pic so voi [ Két qua ]

i tong dién tich hodc chidu cao tong cac pic.

............................................................................................................

Hinh 3.14. Quy trinh phan tich dinh tinh,Jin dinh lugng cac hop chat trong tinh

dau chiét tach tir cac bo phan cua cdy Riéng dudi nhon



Thanh phan tinh dau thu dugc tir than chira 32 cau tir (chiém 93,6 %
tong ham luong tinh dau). Trong d6, chira nhiéu nhat 13 cac hop chat (nhom)
monoterpene hydrocarbon (71,9 %), tiép theo la cac dan xuat chira oxy cia
monoterpene (13,6 %); Tinh dau thu duoc tir qua chira 42 cdu tir (chiém
93,5% tong ham lugng tinh dau) va cling chira nhiéu nhat 13 nhém
monoterpene hydrocarbon (35,9 %), tiép theo 1a nhém sesquiterpene
hydrocarbon (30,5 %) va céc dan xuat chira oxy ctia monoterpenes (18,0%);
Tinh dau thu dugc tir 14 cdy chtra 33 cau tir (chiém 95,2% tong ham luong
tinh dau), gom cac cdu tr (xép theo thr tu giam dan) nhu sau: linalool
(25,6%) > -cadinen (20,4%); Thanh phan tinh dau thu dugc tir ré chira 46
cau tir (chiém 92,0 % tong ham luong tinh dau). Trong d6, chtra nhiéu nhat 13
nhém monoterpene hydrocarbon (56,3 %) > cac dan xuét chta oxy cua
monoterpene (21,7 %) > cac sesquiterpene hydrocarbon (10,7 %); Thanh
phan tinh dau thu dugc tir hoa chtra 16 cau tir (chiém 97,7% tong ham luong
tinh dau), trong d6 chira nhiéu nhat van 1a nhém monoterpene hydrocarbon
(44,8 %), tiép theo 1a cac dan xuét chira oxy cua monoterpene (22,9 %) va
sesquiterpene hydrocarbon (18,2 %).

KET LUAN
Tur cac két qua thu dugc, luan an di dén nhiing két luan chinh sau:

1) Trén co s& khao sat anh hudng cua cac yéu té dén qua trinh tach bang
cac phuong phap khac nhau (sic ky 16p mong, sac ky cot, sac ky diéu ché),
da tim dugc diéu kién thich hop dé phan lap cac hop chat phyllanthin,
hypophyllanthin tir cay Diép ha chau (Phyllanthus urinaria L.), tanshinone I,
cryptotanshinone, tanshinone IIA tir cay Pan sam (Salvia miltiorrhiza B.) va
eurycomanone tir cdy Mat nhan (Eurycoma longifolia J.) voi d6 tinh khiét dat
duoc trén 95 % d6i voi mdi chat. Cau trac cua cac hop chat d6 da duoc
khing dinh qua cac dir liéu phd cong huong tir hat nhan (‘*H-NMR, **C-
NMR), phé hap thu phan tir UV-Vis va phé khéi luong (ESI-MS).

2) Pi tim dugc cac diéu kién thich hop cho phuong phép sic ky long
diéu ché dé tinh ché 06 hop chit trén va dat duoc do tinh khiét trén 99 % doi
véi mdi chét va do vay, da 1an dau tién & nudc ta da tao ra cic hoa chét thoa
man diéu kién lam chat chuan cho phan tich dinh tinh va dinh lugng.

3) Pi xay dung dugc quy trinh phan tich déng thoi phyllanthin va
hypophyllanthin trong cac miu cdy Diép ha chau va thuc pham chirc ning
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duogc bao ché tir ciy do; Xac dinh dong thoi tanshinone I, cryptotanshinone va
tanshinone IIA trong cic mau cdy Dan sim va x4c dinh eurycomanone trong
cdy Mat nhan bang phuong phap LC-MS/MS va UPLC-DAD véi cac dicu
kién thi nghi€ém thich hop va st dung cac chit chuan tao ra dugc & trén.
Phuong phap LC-MS/MS dat duoc do lap lai t6t d6i voi tat ca 06 chat voi
RSD < 2 % (n = 3). Phuong phap LC-MS/MS dat duoc d6 dung t6t voi do thu
héi trung binh 95 - 104 %, d6 nhay cao (hay LOD thép, khoang 0,1 - 0,5 ppb)
va khoang tuyén tinh da rong (0,005 — 50 ppm) véi R® > 0,999 va p < 0,001
d6i véi tat ca 06 chat. Phuong phap UPLC-DAD tuy c6 d6 lap lai kém hon
phuong phap LC-MS/MS, nhung ciing c6 thé sir dung dé phan tich dinh luong
06 chat voi két qua thu dugc khong khac véi phuong phap LC-MS/MS (p >
0,05).

4) Str dyng k¥ thuat chiét phan doan bang cac dung méi khac nhau, két
hop voi hé thong thiét bi phdi hop qNMR va HPLC-PDA-HRMS di cho
phép nhan biét phan doan chiét etylacetate (AMF-3) tir cdy Méng cau xiém
(Annona muricata (Soursop)) 1a phian doan giau nhoém hop chat acetogenin
va da phan tich dinh tinh cac hop chét (thudc nhom acetogenin) c6 hoat tinh
sinh hoc trong phan doan d6. Mat khac, vo1 phuong phdp qNMR da dinh
luong tong nhoém acetogenin chira 4-OH va tong nhom acetogenin khong
chtra 4-OH. Tong ham lugng hai nhom acetogenin d6 chiém 46 % ctia phan
doan AMF3.

5) Bang ki thuat chung cat 16i cuén hoi nudc két hop véi phuong phap
khéi luong, di xac dinh duge ham luong tinh dau chiét tach tir cac bd phan
(13, than, ré, hoa, qua) cua cdy Riéng dudi nhon (Alpinia macroura K.
Schum). St dung phuong phap GC-MS, lan dau tién trén thé gidi, da dinh
tinh va ban dinh luong cac hop chat co mat trong tinh dau thu duogc tir cac bo
phén ctia cay. Tuy thanh phan cac cau tir trong tinh dau & cac bd phan cta cay
khac nhau, nhung chiém nhiéu nhat 13 nhém monoterpene hydrocarbon véi
ham luong 35,9 — 71,9 %, tiép theo 12 nhom din xuit chua oXy cua
monoterpene (13,6 — 27,2 %) va nhom sespuiterpene hydrocabon (5,4 — 30,5
%); cac nhom con lai ¢6 ham luong < 10 %. Céac két qua nay 1a tién dé tot
cho cac nghién ctru tiép theo vé cac hop chat cé hoat tinh sinh hoc ¢ mit
trong loai cay dugc liéu quy nay.
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INTRODUCTION

Vietnam is one of the most biodiverse countries on earth, with a huge
variety of distinctive and fascinating wildlife. There are many studies in the
world and in Vietnam on isolation of bioactive natural compounds from P.
urinaria, S. miltiorrhiza, E. longifolia... by paper chromatography, column
chromatography and mixture analysis by HPLC. Some studies built the
process of analyzing bioactive natural compounds such as acetogenin,
essential oils by GC-MS, LC-MS/MS method. The direction of purification
to obtain pure substances is interested and researched in many studies,
mainly by research labs/pharmaceutical company, and the cost of standard
bioactive materials are quite expensive. Meanwhile, in Vietnam, up to now,
studies in this direction are very limited. Stemming from the above issues,
this thesis is done with the aim of contributing positively to the research
directions above.

The purpose of the thesis study:

This thesis is designed to build the process of isolation and preparation
of standard substances, and analysis of a number of bioactive natural
compounds from a number of local medicinal plants in our country:
Phyllanthus urinaria, Salvia miltiorrhiza, Eurycoma longifolia, Annona
muricata, Alpinia macroura - a new species of tree discovered.

To achieve the above purposes, the main research contents include:

- Research on building the extraction process for phyllanthin,
hypophyllanthin compounds from P. urinaria plants; compounds tanshinone
I, cryptotanshinone, tanshinone IIA from S. miltiorrhiza and eurycomanone
compounds from E. longifolia by chromatographic methods;

- Purification of the resulting compounds (phyllanthin, hypophyllanthin,
tanshinone I, cryptotanshinone, tanshinone IIA, eurycomanone) to create
standards for qualitative and quantitative analysis of them in different
medicinal plants;

- Develop the process of analyzing phyllanthin, hypophyllanthin,
tanshinone 1, cryptotanshinone, tanshinone IIA, and eurycomanone
compounds by modern liquid chromatography method LC-MS/MS, UPLC-
DAD to be applied to laboratories analysis in our country;

- Determination of bioactive compounds in A. muricata leaf extract by
modern chromatography: liquid chromatography coupled with different
detectors (QNMR, HPLC-PDA, MALDI-TOP HRMS) and compounds



contained in essential oils (leaves, stems, roots ...) of A. macroura plant by
gas chromatography coupled with mass spectrometry (GC-MS).

Chapter 1. LITERATURE REVIEW

1.1. Introduction to bioactive natural compounds and some medicinal plants
1.1.1. General introduction

1.1.2. Studies on the extraction of some bioactive natural compounds

1.1.3. Some medicinal plants containing natural compounds with biological
activity

1.2. Methods of analysis of natural compounds

1.2.1. Gas chromatographic method

1.2.2. Liquid chromatography method

1.3. Some researches related to the thesis

Chapter 2. CONTENTS AND EXPERIMENTAL METHODS

2.1. Object and scope of the study

2.2. Research content

2.3. Equipment, tools and chemicals

2.4. Research methods

2.4.1. Sample information

2.4.2. Extraction/isolation method

2.4.3. Methods of determining the structure and physio-chemical
characterization of natural compounds

2.4.4. Method of purifying natural compounds to create standard substance
2.4.5. Method of evaluating the purity of standard materials and setting of
standard material data

2.4.6. Methods of analysis of natural compounds

2.4.7. Methods of evaluating the reliability of analytical methods

2.4.8. Data processing methods

Chapter 3. RESULTS AND DISCUSSION

3.1. Extraction and structure determination of natural compounds
3.1.1. Extraction of natural compounds from the P. urinaria plant and
structural properties
3.1.1.1. Extraction and isolation
3.1.1.2. Identification of the standard compounds

(i) Compound PU-1: White needle-shaped crystals; m.p. 128 - 130 °C;
UV (MeOH) Amax (loge) 230 and 280 nm; ESI-MS m/z = 431 [M+H]" and
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revealed the molecular formula as C,4H3007;. NMR spectral data shown in
table 3.1. The results obtained confirm that the PU-1 compound is
hypophyllanthin.

(ii) Compound PU-2: White needle-shaped crystals; m.p. 94 — 96 °C;
UV (MeOH) Amax (loge) 230 and 280 nm; ESI-MS m/z = 419 [M+H]" and
revealed the molecular formula as C,H3,0s. NMR spectral data shown in
table 3.2. The results obtained confirm that the PU-2 compound is
phyllanthin.

3.1.2. Extraction of natural compounds from the S. miltiorrhiza plant and
structural properties

3.1.2.1. Extraction and isolation

3.1.2.2. Identification of the standard compounds

(i) Compound SM-1: red powder; mp 182-183 °C; [elz= 90° (c 1,0,
CHCI3); m.p. 182 — 183 °C; UV (MeOH) Amax (loge) 220 and 270 nm. ESI-
MS m/z = 297 [M+H]" and revealed the molecular formula as Cy9HO:s.
NMR spectral data shown in table 3.3. The results obtained confirm that the
SM-1 compound is cryptotanshinone.

(ii) Compound SM-2: red powder; mp 202-204 °C; UV (MeOH) Amax
(loge) 225 and 270 nm. ESI-MS m/z = 295 [M+H]" and revealed the
molecular formula as C;9H15035. NMR spectral data shown in table 3.4. The
results obtained confirm that the SM-2 compound is tanshinon IlA.

(iii) Compound SM-3: reddish brown powder; m.p 232-234 °C; UV
(MeOH) Amax (loge) 250 nm. ESI-MS m/z = 279 [M+H]" and revealed the
molecular formula as C;gH1,035. NMR spectral data shown in table 3.5. The
results obtained confirm that the SM-3 compound is tanshinon |I.

3.1.3. Extraction of natural compounds from the E. longifolia plant and
structural properties

3.1.3.1. Extraction and isolation

3.1.3.2. Identification of the standard compounds

Compound EL-1: white powder; m.p. 254-255 °C;«%+26 (¢ 0,30,
MeOH); UV (MeOH) Amax (loge) 255 and 360 nm. ESI-MS m/z = 409,1
[M+H]" and revealed the molecular formula as CyH2404. NMR spectral
data shown in table 3.6. The results obtained confirm that the EL-1
compound is eurycomanone.



P. urinaria (5.0 kg)
Extract with methanol (3x 1.5L)

\ 4

Crude methanol (502 q)

Partition with cloroform. butanol

: v v

Crude cloroform (255 Crude butanol (95 q) Crude water (90 q)

CC, Silica gel, CHCI3:MeOH 100:1, 50:1, 30:1, 20:1, 10:1, 5:1, 3:1, 1:1, v/v

v v
[ H-1 ][ H-2 ][ H-3 ][ H-4 (15.0 g) ] [ H-5 (27.5 g) ][ H-6 ][ H-7 ][ H-8 ][ H-9 ][ HlO]
CC, Silica gel Cl8 C18 CC, Silica gel
CHCl5:MeOH (10:1) CHCI3:MeOH  cHCl;:MeOH CHCls:MeOH
(5:1) (4:1) (8:1)
[ Hypophyllanthin (229 mg) ] [ Phyllanthin (212 mg) ]

HPLC Preparative,
MeOH:H,0 (7:3)

Purify (purity > 99,0%); Used as analytical standard substance

Scheme 3.1: Isolation of compounds from P. urinaria



S. miltiorrhiza (2.0 kg)

Extract with ethanol (3 x 1.5 L)

Crude ethanol (488 g)

\ 7

Partition with hexane, ethyl acetat, butanol

v
[ Crude hexane (54.4 g) ][ Crude ethyl acetat (105.6 g) ] [ Crude butanol (68.8 g) ][ Crude water (40.0 g) ]

CC, Silica gel, Hex:EtOAc (20:1, 15:1, 10:1, 5:1, 1:1 v:v)

v v v v v v v
[ H-1 [ H-2 (5.3 g) ][ H-3 ][ H-4 (2.7 g) ][ H-5 ][ H-6 (1.5 g) ] [ H-7 ]
CC, Silica gel CC,C18  hex:acetone CC,C13 CC, C18 CC, Silica gel
hex:CH,Cl, MeOH:H,0 (5:1) MeOH:H,0 MeOH:H,0 hex:EtOAc
(1:1) | @ (4:1) (3.1') (4:1)
Tanshinon 1A Tanshinon | Cryptotanshinon
(275 mg) (231 mg) (245 mg)

HPLC Preparative
MeOH:H,0 (7:3)

Purify (purity > 99.0%), Used as analytical standard substance
Scheme 3.2. Isolation of compounds from S. miltiorrhiza



E. longifolia (2.0 kg)

l Extract with ethanol (3x 1.5L)
Crude ethanol (62.5 g)

\ 7

Partition with ethvl acetat. butanol

! v v
Crude ethyl acetat (16.0 ) Crude butanol (19.0 g) [ Crude water (12.0 g) ]

7

CC, Silica gel, CHCI3:H,0 (20:1, 15:1, 10:1, 5:1)
Hexane:EtOAc (5:1) '

\Z v y v v ¥ v

E-1 ][ E-2 ][ E-3 ][ E-4 ][E-S(Z.lg)][ E-6 ][ E-7 ]

CC, Cys
MeOH:H,0 (2:1)
Eurycomanone
(235 mg)

HPLC Preparative,
MeOH:H,0 (1:1)

Purify (purity > 99,0%); Used as analytical standard substance

Scheme 3.3: Isolation of compounds from E. longifolia



3.2. PURIFY COMPOUNDS TO CREATE STANDARD SUBSTANCES

3.2.1. Standard hypophyllanthin and phyllanthin
Table 3.1. Data for evaluating the purity of the standard substance

Impurities 1 Impurities 2 Main compound _
Compound Purity (%)
tR S tR S tR S
Hypophyllanthin ~ 7.976 1.95 9.302 2.93 6.889 2433.43 99.8
Phyllanthin 6.902 6.36 9.251 10.75  8.001 3403.76 99.5

3.2.2. Standard tanshinone I, cryptotanshinone and tanshinone 1A

Table 3.2. Data for evaluating the purity of the standard substance

Impurities 1 Impurities 2 Main compound _
Compound Purity (%)
tR S tR S tR S
Tanshinone | 5.10 1.46 8.62 251 7.78 1971.19 99.8
Cryptotashinone 5.17 2.68 7.84 3.73 8.65 1275.13 99.5
Tanshinone 1A 8.69 3.81 1279 4.66 15.19 2108.23 99.6

3.2.3. Standard eurycomanone

Table 3.3. Data for evaluating the purity of the standard substance

Impurities 1 Impurities 2 Main compound i
Compound Purity (%)
tR S tR S tR S

Eurycomanone 0.97 3.51 1.22 7.59 146  1839.25 99.4

3.3. PROCEDURE FOR ANALYSIS OF NATURAL BIOACTIVE
COMPOUND

Based on the investigation of the factors affecting the LC-MS/MS
analysis such as: mobile phase composition (solvent system, buffer solution
pH), column temperature, mobile phase flow rate, sample injection volume,
analysis time...) combined with reference to published results in documents,
the process of simultaneous analysis of hypophyllanthin and phyllanthin
was established in Figure 3.13; The simultaneous analysis of tanshinone I,
cryptotanshinone and tanshinone 1A was shown in Figure 3.14. Similar to
the above procedure, we have also shown the process of analyzing
eurycomanone by LC-MS/MS method.
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Sample

preparation

1pL (20 pL)
injected into the
LC-MS/MS
system (UPLC-
DAD system)
with the right
conditions.

+ 20 mL MeOH, ultrasonic, 40°C, [

Sample (3-5 g) i :
—| 2h, repeat 3 times, filter and obtain
Crushed o
the sample liquid.
Extract solution—rotary evaporator

Filter through 0.22um
filter — injected into
the LC-MS/MS system

vacuum— dissolve in 100 mL (MeOH:H,0
60:40 (v/v)). Take 0.1 mL of sample
solution dissolved in 100 mL MeOH: H,O

[ LC-MS/MS and UPLC-DAD chromatogram and results tables

60:40 (for LC-MS/MS method).

LC conditions: \\
- Column EC-Cyg (100 x 2.1 mm, 2.7 um); '
- Mobile phase : MeOH — Water containing 10 mM ammonium acetate
and 0.1 % HCOCOH at the ratio 60:40 v/v;
- Flow rate: 0.3 ml/min;

- Injection volume: 1.0 pl;

- Column temperature: 35 °C;

\- Analytical run time: 10 minutes.

/MS conditions:

- Electrospray ionization source (ESI), positive ionization;
- Temperature ionization source: 300°C;

- Using multiple reaction monitoring (MRM);

-m/z 436.0 —» m/z 151.0 for phyllanthin;

-m/z 261.0 - m/z 231.0 for hypophyllanthin.

DAD conditions:

- Absorbance wavelength 230 nm

AN

ﬁ)ualitative: based on retention times and characteristic peak ion \
Quantitative: Based on linear regression equation y = a + bx, calculate the

concentration of the analyte for LC-MS/MS: Cngm. = (y-a)/b (ng/mL).
Next, Cng/mL — Cmg/g: Crngg = Cng,mL*loo*D/m/106. For UPLC-DAD:
Cugm. = (y-a)/b (pg/mL) Next,

Cug,mL*loo*D/mllo3 with D is the dilution factor, m is mass (g) sample,

Cng/mL — Cmglg: Cpyy =

100 is volume (mL) volumetric flask for analytical sample, 10° 10° the

corresponding is the conversion factor from ng and pg to mg.

Figure 3.1. Simultaneous analysis of hypophylline and phyllanthin by LC-MS/MS,

UPLC-DAD method

(Applicable to P. urinaria and its dietary supplements)
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Sample
preparation

1L (10 pL)
injected into the
LC-MS/MS
system (UPLC-
DAD system)
with the right
conditions.

Sample (m @), Crushed
m = 0.3-0.5g for LC-MS/MS,
m = 2-4 g for UPLC-DAD

+ 20 mL MeOH, ultrasonic,
40°C, 2h, repeat 3 times, filter
and obtain the sample liquid

|

Extract  solution —  rotary
evaporator vacuum — dissolve in
100 mL (MeOH:H,0 70:30 (v/V)).
take 1 mL of sample solution
dissolved in 10 mL MeOH:H,O
70:30 (v/v).

Y

Filtered through 0.22 pum
filter — injected into the
LC-MS/MS system.

C conditions:
- Column EC-Cy5 (100 x 2,1 mm, 2,7 um);
- Mobile phase: MeOH:H,O containing 10 mM ammonium acetate and
0,1 % HCOOH 68:32 (v/v) ;
- Flow rate: 0.25 ml/min;
- Injection volume: 1.0 pl;
- Column temperature: 35 °C;
K_ Analytical run time: 20 minute.

AN

/MS conditions:

- Electrospray ionization source (ESI), positive ionization;
- Temperature ionization source: 300°C;

- Using multiple reaction monitoring (MRM);

-m/z 277,2 > m/z 248.9 for tanshinone I;

- m/z 296.8 — m/z 253.9 for cryptotanshinone

-m/z 295.0 —» m/z 248.8 for tanshinone IIA.

DAD conditions:
- Absorbance wavelenath 270 nm. /

LC-MS/MS and UPLC-DAD chromatogram and results tables
fQualitative: based on retention times and characteristic peak ion \
Quantitative: Based on linear regression equation y = a + bx, calculate
the concentration of the analyte for LC-MS/MS: Cgm. = (y-a)/b
(ng/mL). Next, Cng/mL — Cmg/g: Cgig = Cogm*100*D/m/10°. For
UPLC-DAD: C,gm. = (y-a)/b (ng/mL) Next, Cng/mL — Cmg/g: Crgq =

Cug,mL*loo*D/mllo3 with D is the dilution factor, m is mass (g) sample,

,

100 is volume (mL) volumetric flask for analytical sample, 10°, 10° the

corresponding is the conversion factor from ng and pg to mg.

Figure 3.2. Simultaneous analysis of tanshinone I, cryptotanshinone and
tanshinone 1A by LC-MS/MS, UPLC-DAD method

9




Sample (3-5 9) + 20 mL MeOH, ultrasonic,
Crushed 40°C, 2h, repeat 3 times, filter
and obtain the sample liquid.

v

Filter through Extract solution — rotary evaporator vacuum
— dissolve in 100 mL (MeOH:H,O 60:40
<«—| (Vv)). Take 1 mL of sample solution

Sample

preparation 0.22 pum filter —

injected into the dissolved in 10 mL MeOH:H,0 60:40 (V/v).
.| Lc-msims
/ LC conditions: \

- Column EC-Cyg (100 x 2.1 mm, 2.7 um);

- Mobile phase: ACN — Water containing 0.1 % HCOOH with the rate
increased from 15 % to 60 % A

- Flow rate: 0.3 ml/min;

- Injection volume: 1.0 pl;

- Column temperature: 35 °C;

- Analytical run time: 5 minutes.

1 pL injected <
into the LC— MS conditions:
MS/MS system - Electrospray ionization source (ESI), positive ionization;
with the right - Temperature ionization source: 300°C;
conditions. - Using multiple reaction monitoring (MRM); :_
- m/z 409.1 — m/z 391.0 for eurycomanone.
[ LC-MS/MS chromatogram and results tables ]

/Qualitative: based on retention times and characteristic peak ion \
Quantitative: Based on linear regression equation y = a + bx,

calculate the concentration of the analyte for LC-MS/MS: CygmL =
(y-a)/b (ug/mL). Next, Cupg/mL — Cmglg: Cpngy =
Cug/mL*loo*D/m/103. with D is the dilution factor, m is mass (Q)
sample, 100 is volume (mL) volumetric flask for analytical sample,

10° the corresponding is the conversion factor from ng and pg to

Figure 3.3. Analysis of eurycomanone by LC-MS/MS method
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3.4. EVALUATION OF ANALYTICAL METHOD

3.4.1. The suitability of the system

The standard solutions of hypophyllanthin and phyllanthin;tanshinone I, cryptotanshinone and tanshinone I1A;
eurycomanone are analyzed repeatedly for six times and the respective retention time, and peak area are identified.
The results show that each relative standard deviation of the parameter is lower than 2%. This indicates that the
chromatographic conditions selected and the LC-MS/MS chromatographic system used are stable, suitable for
qualitative, quantitative analysis of hypophyllanthin and phyllanthin;tanshinone I, cryptotanshinone and tanshinone
I1A; eurycomanone in real samples (Table 3.10).

Table 3.4. Survey results on the stability of the LC-MS/MS equipment system (Simultaneous analysis of
hypophyllanthin and phyllanthin (n=6))

Hypophyllanthin Phyllanthin
Experiment
t S a D t S a D
1 6.902 262.6327 0.98 40535 7.976 300.7612 1.01 44016
2 6.889 263.1130 1.01 40649 7.997 301.1024 0.99 44750
3 6.903 262.3435 1.02 40673 8.001 300.5615 0.99 49994
4 6.887 261.9856 1.01 40569 8.003 301.2019 1.02 49913
5 6.901 260.9899 0.98 40684 7.999 302.0199 0.98 51015
6 6.890 264.1241 0.99 40595 7.989 299.9845 1.03 50179
B 6.90 262.5315 0.99 40617 7.994 300.9386 1.00 50144
RSD (%) 0.1 0.3 1.8 0.2 0.1 0.2 1.6 1.0
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Table 3.5. Survey results on the stability of the LC-MS/MS equipment system (Simultaneous analysis of tanshinone

I, cryptotanshinone and tanshinone I1A (n = 6))

Tanshinone | Cryptotanshinone Tanshinone 1A
Experiment
t S a D t S A D t S a D
1 7.782 380.1 0.99 34535 | 8.66  367.7 0.98 30535 15.10 600.6 1.01 50016
2 7.785 379.9 1.02 32649 | 865  368.1 1.01 30649 15.18 599.2 0.99 49750
3 7.782 378.5 1.00 30673 | 8.62 3675 1.02 30673 15.19 601.3 0.99 49994
4 7.785 381.2 1.01 36569 | 8.64  366.6 1.01 30569 15.19 598.9 1.02 49913
5 7.792 380.5 0.98 30684 | 8.63  367.9 0.98 30684 15.19 599.8 0.98 51015
6 7.846 379.6 0.98 33595 | 8.69 3685 0.99 30595 15.19 603.8 1.03 50179
B 7.795  379.97 0.99 33950 | 865  367.7 0.99 30617 15.17 600.6 1.00 50144
RSD (%) 0.3 0.2 1.6 35 0.3 0.2 1.8 0.2 0.2 0.3 1.6 1.0
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Table 3.6. Survey results on the stability of the LC-MS/MS equipment

system
. Eurycomanone
Experiment n S 3 D
1 1.456 280.1 0.95 24535
2 1.454 279.9 1.02 24649
3 1.457 278.5 1.05 23673
4 1.456 281.2 1.04 26569
5 1.455 280.5 0.96 24684
6 1.454 279.6 0.94 23595
TB 1.455 279.97 0.99 24284
RSD (%) 0.1 0.3 4.9 5.0

3.4.2. Specificity of analytical method

PhyHgnthin
Hypophyanthrj\

Figure 3.4. LC-MS/MS chromatogram for standard solutions containing
hypophyllanthin and phyllanthin

Sample Chromatogram
+TIC MRM (** -> ™) HGO.1.d (HG) Tanshinone |
£ x10%
3
O 1.1
14 .
0.9 Tanshinone 1A
0.8
0.7
0.6 )
0.57 Cryptotanshinone
0.4
0.3
0.2
0.1
I T T T T T T T T T T 1 T T T T T T T T |
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19
Acquisition Time (min)

Figure 3.5. LC-MS/MS chromatogram for standard solutions containing
tanshinone I, cryptotanshinone and tanshinone I1A.

Eurycomanone

Figure 3.6. LC- MS/MS chromatogram for standard solutlons containing
13



eurycomanone
3.4.3. Linearity
- For hypophyllanthin and phyllanthin:

LC-MS/MS method:
y = 11,251*Cyypophyliantnin — 405,977; R* = 0,9995; p < 0.0001;
y = 22,151*Cppnyitantnin — 1308,984 ; R? = 0,9991; p < 0.0001;

Hypophyllanthin

Compound1 - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs
8 x105] y = 11.250609 * x - 405.976724
=

R”2 = 0.99954960

3+ Type:Linear, Origin:Ignore, Weight:1/x

Respor

2.5+

2]

T T T T T T T T T T T T T T T T T T
-2000 0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000
Concentration (ng/ml)

Figure 3.7. Linear regression line for hypophyllanthin using LC-MS/MS
method

Phyllanthin

Compound2 - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs
8 %105 y = 22151033 * x - 1308.984176
2 RA2 = 0.99910522
2.5 Type:Linear, Origin:Ilgnore, Weight:1/x
2.257
2
1.757
1.57
1.257
1
0.75
0.5
0.25
o
-0.257+

Respon

T T T T T T T T T T T T T T
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000
Concentration (ng/ml)

Figure 3.8. Linear regression line for phyllanthin using LC-MS/MS method
- For tanshinone I, cryptotanshinone, tanshinone I1A:

LC-MS/MS method:

y = - 781.061 + 15.643*Cianshinone 1, R? = 0.999; p < 0.0001

y = - 96.429 + 2.276*Ceryprotanshinones R~ = 0.999; p < 0.0001
= - 135.941 + 4.162*Canshinone 11a, R? = 0.999; p < 0.0001

Tan-1
Tan-1 - 6 Levels, 6 Levels Used, 6 Points, 6 Points Used, 0 QCs

B8 x10°| v = 15.643486 * x - 781.061312
c R”2 = 0.99921859
4.5+ Type:Linear, Origin:ignore, Weight:1/x

T T T T T T T T T T T T T T T T T T
-2000 0 2000 4000 8000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000
Concentration (ng/ml)
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Figure 3.9. Linear regression line for tanshinone | using LC-MS/MS
method

Cry
Cry - 6 Levels, 6 Levels Used, 6 Points, 6 Points Used, 0 QCs

8 x104 | y=2.275943 * x - 96.428736
g -{ R*2=0.99942920
Type:Linear, Origin:lgnore, Weight:1/x

T T T T T T T T T T T T T T T T T T
-2000 O 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000
Concentration (ng/ml)

Figure 3.10. Linear regression line for cryptotanshinone using LC-MS/MS
method

Tan-2
Tan-2- 6 Levels, 6 Levels Used, 6 Points, 6 Points Used, 0 QCs

8 1051 y=4.161735 * x - 135.941336
2 - R*2 =0.99971769
Type:Linear, Origin:lgnore, Weight:1/x

Respon

1.6
1.4
1.2

1
0.8
0.6
0.4+
0.2

0

T T T T T T T T T T T T T T T T T T T T T
-2500 0 2500 5000 7500 1000012500 15000 17500 20000 22500 25000 27500 30000 32500 35000 37500 40000 42500 45000
Concentration (ng/ml)

Figure 3.11. Linear regression line for tanshinone 1A using LC-MS/MS
method

For eurycomanone:

LC-MS/MS method:
y = 1262.961*Ceurycomanone + 15.631; R2=0.999; p<0.0001

Eurycomanone
Eurycomanone - 6 Levels, 6 Levels Used, 6 Points, 6 Points Used, 0 QCs
§ «10% y = 1262.961109 * x + 15.631374

R*2 = 0.99916186
1.6 Type:Linear, Origin:Ignore, Weight:1/x
1.4
1.2
1
0.8
0.6
0.4
0.2

0

Respon:

T T
-1 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14
Concentration (mg/l)

Figure 3.12. Linear regression line for eurycomanone using LC-MS/MS
method
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3.5. ANALYSIS OF COMPOUNDS IN REAL SAMPLES
3.5.1. Quality control of analytical methods

3.5.1.1. Repeatability
Table 3.7. Results of the repeatability using LC-MS/MS and UPLC-DAD

methods
RSD (%) / %2 RSDy (%); n =3
Compound Sample LC-MS/MS UPLC-DAD
DHC-VX 0.02/3.8 1.1/20
DHC-DH 1.0/3.9 0.8/19
Hypophyllanthin DHC-PNC 1.0/3.9 0.8/1.9
DHC-PV 0.04/3.4 0.7/1.9
DHC-DD5 0.05/4.3 1.7/2.1
DHC-KH 0.01/3.0 02/1.8
DHC-VX 0.02/3.4 2.8/3.4
DHC-DH 0.03/4.0 3.2/4.0
Phyllanthin DHC-PNC 0.01/3.2 1.2/3.2
DHC-PV 0.01/2.8 1.0/2.8
DHC-DD5 1.1/4.1 26/4.1
DHC-KH 0.01/2.6 0.6/2.6
Vung Tau 0.01/2.6
Dak Nong 0.01/3.7
Eurycomanone Hoa Binh 0.01/2.9
Nghe An 0.01/34
Bac Giang 0.01/24
Ha Giang 0.01/2.9
Table 3.8. Results of the repeatability using LC-MS/MS and UPLC-DAD
methods
RSD (%) / % RSDy (%); n =3
Compound Sample LC-MS/MS UPLC-DAD
Sapa 0.01/25 05/25
Lam Dong 0.01/2.3 0.2/23
Tanshinone | Ha Giang 0.01/23 04/2.3
Moc Chau 0.01/24 1.1/24
Quang Tay 0.01/2.6 1.3/26
Muong Long 0.01/2.7 1.2/2.7
. Sapa 0.01/2.0 0.3/20
Tanshinone 1A == = "Song 0.01/2.0 0.3/2.0
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Ha Giang 0.01/1.9 05/1.9
Moc Chau 0.01/2.1 0.6/2.1
Quang Tay 0.11/2.2 06/2.2
Muong Long 0.01/2.3 0.8/2.3
Sapa 0.01/2.2 04/22
Lam Dong 0.01/2.1 02/21
Cryptotanshinone Ha Giang 0.01/2.2 05/2.2
Moc Chau 0.01/23 05/23
Quang Tay 0.01/24 04/24
Muong Long 0.01/2.3 0.8/2.3
3.5.1.2. Correctness
Table 3.9. Results the accuracy using LC-MS/MS method for
hypophyllanthin and phyllanthin
Rev (%)
Compound Sample Level 1 Level 2 Level 3 ReV. (%)
DHC-VX 97/95/96  98/98/100 99/100/100 95-100
DHC-DH  97/95/95  99/98/99  100/99/99 95 - 100
Phyllanthin DHC-PNC  96/97/97  98/98/100  99/99/100 96 - 100
DHC-PV 95/101/99 98/101/100 99/99/100  95- 101
DHC-DD5 97/102/96 99/99/100 99/100/100 97 - 102
DHC-KH  95/97/99 99/100/100 99/99/100 95 - 100
DHC-VX  97/97/98  97/95/99  99/99/100 95 - 100
DHC-DH  95/99/103 98/100/99 99/101/100 95 - 103
Hypophyllanthin DHC-PNC  96/96/101 100/97/99  99/99/100 96 - 101
DHC-PV  97/103/97 99/99/101  99/99/100 97 - 103
DHC-DD5 96/95/101 96/102/100 99/99/100 95 - 102
DHC-KH  94/96/101 97/101/97  99/100/99 94 - 101
Vung Tau  97/99/100 99/98/101 101/100/99 97 - 101
Dak Nong ~ 99/97/99  99/99/100 100/99/100 97 - 100
Eurycomanone Hoa Binh ~ 98/99/99  99/98/99  98/101/100 98 - 101
Nghe An  97/99/101 99/98/100 100/99/102 97 - 102
Bac Giang  99/98/99 100/99/101 99/101/99 98 - 101
Ha Giang ~ 99/98/98  99/98/100  98/99/101 98 - 101

Table 3.10. Results the accuracy using LC-MS/MS method for tanshinone

I, cryptotanshinone va tanshinone 1A

REV(%) I:QeVAver

Compound Sample Level 1 Level 2 Level 3 (%)
Tanshinone | Sapa 100/98/103 102/98/103 103/100/97 97 - 103
Lam Dong 95/96/97 102/98/99 102/101/96 96 - 102
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Ha Giang 96/98/97  102/100/98  98/102/97 96 - 102

Moc Chau 96/98/97  103/101/98  99/103/102 96 - 103

Quang Tay 98/96/96  102/100/98  98/100/101 96 - 102

Muong Long 98/97/97  101/99/100  103/99/101 97 - 103

Sapa 97/100/97  102/97/100  98/102/97 97 -102

Lam Dong 97/98/97 98/103/98 99/101/97 97 - 103

Cryptotanshinane Ha Giang 96/103/98  99/103/99 97/101/97 96 - 103
Moc Chau 97/103/101 98/101/103  98/96/102 97 - 103

Quang Tay 97/99/96  103/101/98  104/101/97 96 - 104

Muong Long 97/97/96  101/97/102  98/100/101 96 - 102

Sapa 98/97/98 102/97/98  100/102/100 97 - 102

Lam Dong 97/98/99 100/97/97 98/100/101 97 -101

Tanshinone LA Ha Giang 98/96/99  101/97/101  101/99/102 97 - 102
Moc Chau 98/97/98  101/97/102  99/100/102 97 - 102

Quang Tay 96/96/97 102/98/97 99/101/102 96 - 102

Muong Long 96/98/99 99/102/98 99/98/101 96 - 102

3.5.1.3. Limitation of detection (LOD) and limitation of quantitation (LOQ)

Table 3.11. Data for determining LOD values of hypophyllanthin,
phyllanthin and eurycomanone compounds

Compound hypophyllanthin phyllanthin eurycomanone
C (ng/mL) 0.1 0.15 0.1
SIN 5/1.3 200/50 0.32/0.09
- For tanshinone |, cryptotanshinone and tanshinone IIA: the

corresponding LOD is 0.39, 0.4 and 0.35 ppb, respectively (corresponding to
the values LOQ is 1.3, 1.4 and 1.2 ppb, respectively) (Table 3.18 and
appendix B3, B4, B5).
Table 3.12. Data for determining LOD values of tanshinone I,
cryptotanshinone and tanshinone IIA compounds

Compound tanshinone | cryptotanshinone tanshinone 1A
C (ng/mL) 0.39 0.4 0.35
S/IN 95/20 95/35 90/22

3.5.2. Content of compounds in actual samples
(iif) Eurycomanone content in E. longifolia plant:
Table 3.13. Content (mg/g) of eurycomanone in actual samples

Sample Vung Tau DakNong HoaBinh Nghe An Bac Giang Ha Giang
c 1.8533+ 0.1716+ 0.8015+ 0.2739+ 3.1336+ 09291+
0.0001 0.0001 0.0001 0.0001 0.0005 0.0001
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Table 3.14. Content (mg/g) of hypophyllanthin and phyllanthin in actual samples

Sample LC-MS/MS _ UPLC-DAD _
Hypophyllanthin Phyllanthin Hypophyllanthin Phyllanthin
DHC-VX 0.1364 + 0.0003 0.3249 + 0.0005 0.135 + 0.002 0.321 £ 0.009
DHC-DH 0.0607 + 0.0002 0.1044 + 0.0003 0.059 + 0.001 0.096 + 0.003
DHC-PNC 0.1197 £ 0.0012 0.4952 + 0.0003 0.119 + 0.001 0.420 + 0.005
DHC-PV 0.3007 + 0.0012 1.1547 + 0.0006 0.299 + 0.002 1.149 £ 0.012
DHC-DD5 0.0599 + 0.0003 0.0805 + 0.0009 0.059 + 0.001 0.079 £ 0.002
DHC-KH 0.6602 + 0.0008 1.9056 + 0.0006 0.660 + 0.001 1.901 +0.011
Leaf 0.2748 + 0.0004 0.0439 + 0.0004 - -
Stem 0.0167 + 0.0004 0.0051 + 0.0003 - -
Root 0.0029 + 0.0002 0.0039 + 0.0002 - -
Table 3.15. Content (mg/g) of tanshinone I, tanshinone I1A and cryptotanshinone in actual samples
LC-MS/MS UPLC-DAD
Sample Tanshinone | Tanshinone 11A Cryptotanshinone Tanshinone | Tanshinone I1A Cryptotanshinone
Sa Pa 2.4613 +0.0007  9.1889 + 0.0002 4.6549 + 0.0006 2.45+0.01 9.18 +0.03 4.65 +0.02
Lam Dong 4.4286 +£0.0009  9.8970 + 0.0035 8.1589 + 0.0006 4.43 £0.01 9.88 +0.03 8.14 £ 0.02
Ha Giang 3.5345+0.0011  13.0252 + 0.0004 5.2017 + 0.0015 3.53+0.02 12.99 + 0.06 5.19+0.03
Moc Chau 2.8852 +0.0009  8.3844 + 0.0006 4.1723 + 0.0005 2.88 +0.03 8.39+0.05 4.16 £0.02
Quang Tay 1.5559 +0.0013  4.7958 + 0.0007 2.8630 + 0.0008 1.56 +0.02 4.78 £0.03 2.85+0.01
Muong Long 1.2717 £0.0013  3.8278 £ 0.0003 3.8956 + 0.0012 1.26 £0.02 3.81+0.03 3.88+0.03
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3.6. ACETOGENIN COMPONENTS ISOLATED FROM ANNONA
MURICATA

Annona muricata 100 mL EtOH Crude EtOH
(259) i Extract a level, discontinuity; i " Extract many  level o
filtered; solvent evaporated off. i backward, Exclude fat and
e eeeeeetettttntattttttttitenatttttttinnnnaanees . Iipid; filtered: solvent

evaporated off.

...........................................

Distribute into the water; liquid — liquid extraction :
with solvents of increasing polarity (hexan, : Syrup sample
cloroform, etyl axetat, butanol); filtered; rotary :

evaporator vacuum. l
AMF-1 AMF-3 AMF-3 AMF-4
| ' |
{400 MHz;
( - Scanning times: 10 ( 7 minutes);
aNMR ] i - Spectrum width 6002,4 Hz;
¢ - Width for impulse strength 6,3 ms;
......................................... . Target signal of 'H-NMR at (51 8,66).
SeIECt Samples Contalnlng ......................................................................................
signals of acetogenin 0 & ettt
A {{ - Column RP-18 (250 mm x 4,6 mm, 5 micron);
l i - Column temperature: 30°C;
[ HPLC-PDA-HRMS ] i - Mobile phase: MeO_H:HZO 90:10 (v/v);
i - Flow rate: 1.0 ml/min
l - Absorbance wavelength: 220 nm;
e, ) - Mass snectrometry MAL DI-TOE HRMS. .
Qualitative: based on R :

retention  times  and
characteristic peak ion.

...............................................................................................

- Prepare by a series of solution standard annonacin (4-OH
i acetogenin) and squamocin (non-4-OH acetogenin); :
: - Construct calibration curve equation;

- Real sample analysis;

¢ - Handling the result.

..............................................................................................

...........................................

v—» | Quantitative use
gNMR spectrometry

Figure 3.13. The process of qualitative and quantitative analysis of

acetogenin compounds from the extract of the annona muricata plant
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3.6.1. Determination of the fraction rich in the active substance
acetogenin

The efficiency of the fractionation procedures was evaluated utilizing *H
NMR.AMF-3'H NMR spectrum (CDCls, 500 MHz) (Fig. 3.38, annexes B11,
B12, B13) showed signals at 640.85 and 1.2 t0l.6, corresponding to a
terminal methyl and the methylene signals in the long chain, respectively.
The signal of an a,B-unsaturatedy-lactone ring at d4 6.96/7.17 (1H, H-33/35),
5.09/5.10 (1H, H-34/36) as well as the mono-THF ring with one/two flanking
hydroxyl signal at & 3.76/3.81 and 3.37/3.44 were also detected. The above
signals are specific to the acetogenin group and they are consistent with the
published results at [46], [59], [90].

These specific signals were not observed in the 'H NMR spectra of
AMF-1, AMF-2 and AMF-4 (the fatty acid rich fraction). These findings
clearly demonstrated the efficiency of the developed fractionation protocol
for concentrating EEAM acetogenins in AMF-3.

3.6.2. Qualitative the major acetogenins in the fraction AMF-3

From characteristic fragments with m/z in the range 100-1000 on the
MADLI-TOF-HRMS spectrum, the main acetogenin compounds in the
AMF3 fraction (extracted from the leaves of the annona muricata ) were
identified. The identification (or qualitative) of acetogenin compounds is
based on spectral library (pre-installed in the machine) and combined with
previous publications. These major components are annonacin (m/z, 597.47),
cis-annomonacin (m/z, 625.50), annocatacin A (m/z. 579.46), cohibin A
(m/z, 549.48), cis-corossolone (m/z, 579.46), muricin A (m/z, 597.47),
muricin B(m/z, 597.47), muricin C (m/z, 597.47), muricin D (m/z, 569.44),
muricin E (m/z, 569.44), muricin F (m/z, 595.46), muricin G (m/z, 595.46),
muricin H (m/z, 581.48) and muricin | (m/z, 607.49).

3.6.3. Quantification of AMF-3 major acetogenins

The quantitative analysis of the total 4-OH acetogenin compounds and
the total non-4-OH acetogenin compounds in AMF-3 fraction was using by
NMR spectrum analysis method. The measured signal or peak area (to
establish the internal standard), the target signal of internal standard (6H
8.66). The integral ratio and concentration further was plotted using linear
regression, and calibration curve (standard curve and the determination
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coefficient of regression analysis) for the standard of two type acetogenin
compounds could be obtained and to be the basis of this quantitative analysis
method (Table 3.22).

Table 3.16. Standard addition line equation, LOD and LOQ for the two analyte.

) 2 LOD LOQ

Analyte Equation (mg/mL) (mg/mL)
Annonacin  y=3.4705x + 1.1743  0.9925 0.05 0.14
Squamocin y=3.575x + 0.209  0.9997 0.06 0.17

The results show that the absolute concentrations of total 4-OH
acetogenin compounds was 2.88 mg and that of total non-4-OH acetogenin
compounds was 1.77 mg in 10 mg (containing around 46% active ingredient
acetogenins) of AMF-3.

3.7. CONSTITUENTS OF ESSENTIAL OILS FROM THE ALPINIA
MACROURA

The yield of essential oils were 0.15% (v/w, stem) < 0.18% (v/w, fruit) <
0.21% (v/w, leaf), 0.24% (v/w, root), and 0.30% (v/w, flower), calculated on
a dry weight basis. Oil samples were light yellow (leaf and root), yellow
(stem) and colourless (fruit and flower) (Table 3.23).
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The essential oil composition obtained from the stem contains 32
constituents (accounting for 93.6% of the total essential oil content). In the
mixture, containing the most are monoterpene hydrocarbons (71.9%),
followed by oxygenated monoterpenes (13.6%); The essential oil obtained
from the fruit contains 42 constituents (accounting for 93.5% of the total
essential oil content) and also contains the most monoterpene hydrocarbons
(35.9%), followed by the sesquiterpene hydrocarbons (30.5%) and
oxygenated monoterpenes (18.0%); Essential oils obtained from the leaves
contain 33 constituents (accounting for 95.2% of the total essential oil
content), including the components (in descending order) as follows: linalool
(25.6%) > &-cadinene (20.4%); Essential oils obtained from roots contain 46
constituents (92.0% of the total essential oil content). In the mixture,
containing the most are hydrocacbon monoterpene (56.3%) > oxygenated
monoterpene (21.7%) > hydrocacbon sesquiterpene (10.7%); The
composition of essential oils obtained from flowers contains 16 constituents
(accounting for 97.7% of the total essential oil content), of which
monoterpene hydrocarbons (44.8%) is the largest, followed by oxygenated
monoterpenes (22.9 %) and Sesquiterpene hydrocarbons (28.2%).

CONCLUDE

From the obtained results, the thesis comes to the following main
conclusions:

1) On the basis of investigating the effects of the factors on the isolated
process by different methods (thin layer chromatography, column
chromatography, prepared chromatography), suitable conditions for the
isolation of compounds phyllanthin, hypophyllanthin from Phyllanthus
urinaria, tanshinone |, cryptotanshinone, tanshinone IIA from Salvia
miltiorrhiza and eurycomanone from Eurycoma longifolia plant with over
95% purity for each substance have been found. The structure of these
compounds is determined on the basis of physical data (*H-NMR spectrum,
B3C-NMR spectrum, UV-Vis spectrum and ESI-MS mass spectrum).

2) The suitable conditions for liquid chromatography were found to
purify the six compounds above and achieve the purity over 99% for each
substance and thus, for the first time in our country chemicals that are
qualified as standard substances for qualitative and quantitative analysis are
prepared.

3) The process of simultaneous analysis of phyllanthin and
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hypophyllanthin in Phyllanthus urinaria and functional foods prepared from
that plant has been established; Simultaneous determination of tanshinone I,
cryptotanshinone and tanshinone IlA in Salvia miltiorrhiza plant samples and
determination of eurycomanone in Eurycoma longifolia by LC-MS / MS and
UPLC-DAD method under appropriate experimental conditions and use of
the generated standard is above. The LC-MS/MS method achieved good
repeatability for all 06 substances with an RSD<2% (n = 3). The LC-MS /
MS method achieved good accuracy with an average recovery of 95 - 104%,
high sensitivity (or low LOD, about 0.1 - 0.5 ppb) and a sufficiently wide
linear range (0.005 - 50 ppm) for R2> 0.999 and p <0.001 for all 06
substances. Although the UPLC-DAD method is less repeatable than the LC-
MS/MS method, it can also be used for quantitative analysis of 06 substances
with the results obtained equivalent from the LC-MS / MS method (p >
0.05).

4) Using fractional extraction technique with different solvents,
combined with the system of equipment gNMR and HPLC-PDA-HRMS has
allowed the recognition of ethyl acetate extraction fraction (AMF-3) from
Annona muricata which is rich in acetogenin compounds and qualitative
analysis of compounds (of the acetogenin group) with biological activity in
that segment has been done. On the other hand, the gNMR method quantified
the total acetogenin group containing 4-OH and the total acetogenin group
which did not contain 4-OH. The total content of these two groups of
acetogenin accounted for 46% of the AMF3 fraction.

5) By separate hydro-distillation technique combined with the weight
method, the essential oil content extracted from the parts (leaves, stems,
roots, flowers, and fruits) of Alpinia macroura was determined. Using GC-
MS method, for the first time in the world, the compounds present in
essential oils obtained from plant parts have been quantified and semi-
quantified. The composition of the constituents in essential oils in different
parts of the plant is different. The monoterpene hydrocarbon group occupies
the most (35.9 - 71.9%), followed by the oxygen derivative group of
monoterpene (13.6 - 27.2%) and sespuiterpene hydrocabon group (5.4 -
30.5%); the remaining groups <10%. These results are a good foundation for
further studies on bioactive compounds present in this precious medicinal
plant.

24



LIST OF RESEARCH WORKS
I. National journal
1. Doan Manh Dung, Dang Thi Ngan, Nguyen Thi Hue, Le Quoc Hung, Nguyen
Huu Tung, Nguyen Dinh Luyen, Tran Dinh Thang (2019), Isolation and
determination of tanshinon I, cryptotanshinone, tanshinone I1A in Danshen (Salvia
miltiorrhiza B.) by ultra performance liquid chromatography (UPLC-DAD),
Journal of Science and Technology, Vol. 137, pp. 100-105.
2. Doan Manh Dung, Nguyen Ngoc Tuan, Hoang Van Trung, Nguyen Huu Tung,
Nguyen Dinh Luyen (2019), Isolation and determination of phyllanthine,
hypophyllanthine in some plants from diep chau ha preparation (Phyllanthus
urinaria L.) by ultra performance liquid chromatography (UPLC-DAD), Journal
of analytical sciences, VVol. 24(2), pp. 37-42.
3. Doan Manh Dung, Nguyen Ngoc Tuan, Hoang Van Trung, Nguyen Huu Tung,
Nguyen Dinh Luyen, Tran Dinh Thang (2019), Determination of phyllanthine,
hypophyllanthine in some from diep chau ha drug (Phyllanthus urinaria L.) by
liquid chromatography- mass spectrometry (LC-MS/MS), Journal of analytical
sciences, Vol. 24(2), pp. 140-146.
4. Doan Manh Dung, Hoang Van Trung, Nguyen Dinh Luyen, Nguyen Huu Tung
(2018), Isolation and quantity determination of eurycomanone from Eurycoma
longifolia by liquid chromatography-mass spectrometry (LC-MS/MS) — Hue
University Journal of Science: Natural Science, Vol. 127(1B), pp. 153-162.
5. Doan Manh Dung, Nguyen Huu Tung, Nguyen Dinh Luyen (2018), Isolation
and quantity determination of phyllanthin, hypophyllanthin from Phyllanthus
urinaria L. by liquid chromatography- mass spectrometry (LC-MS/MS), Journal
of Science and Technology, Hue University of Science - Hue University, Vol.
13(2), pp. 13-24.
6. Nguyen Huy Hung, Doan Manh Dung, Dinh Thi Truong Giang, Yang - Chang
Wu, Tran Dinh Thang (2015), Qualitative, quantitative and bioactive annonaceous
acetogenins of ethanol extracts from the leaves of Annona muricata by HPLC-
PDA, gNMR, MALDI-TOF MS, Vietnam Journal of Chemistry, Vol. 53(6el,2),
pp. 232-236.
I1. International journal
7. Le T. Huong, Do N. Dai, Mai V. Chung, Doan M. Dung & Isiaka A.
Ogunwande (2017), Constituents of essential oils from the leaf, stem, root, fruit
and flower of Alpinia macroura K. Schum, Boletin Latinoamericano y del Caribe
de Plantas Medicinales y Aromaticas, Vol. 16(1), pp. 26 - 33 (SCIE).
8. Doan Manh Dung at all, Simultaneous quantitative analyses of tanshinone IIA,
cryptotanshinone, and tanshinone | in danshen (Salvia miltiorrhiza) cultivated in
Vietnam using LC-MS/MS, Indian Journal of Natural Products and Resources
(IUNPR), (Inreview).






