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Abstract: Morinda of ficinalis, the dried root of Morinda of ficinalis How, is com-
monly used as a traditional Chinese medicine for the treatment of impotence and osteo-

porosis in clinical theraphy, and this effect is supposed to be attributed to iridoid glyco-
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side and anthraquinone compounds. Recent years, liquid chromatography coupled with
high resolution mass spectrometry was widely used for the identification of components
from traditional Chinese medicine based on the fragmentation pathways of main compo-
nents. However, reports on the fragmentation pathway of main ingredients in M. of fi-
cinalis were limited. Therefore, in this paper, the fragmentation pathways of 4 iridoid
glycosides (monotropein, deacetyla sperulosidic acid, asperulosidic acid and asperulo-
side) and 2 anthraquinones (rubiadin-1-methyl ether and rubiadin) in M. of ficinalis
were investigated using electrospray ionization quadrupole time-of-flight tandem mass
spectrometry (ESI-Q-TOF MS/MS) in negative ion mode. The deprotonated [M—H ]~
were observed by ESI-MS, from which the molecular weights were deduced. The colli-
sion induced dissociation (CID) data of [M—H ] ions provided fragmentation informa-
tion of the compounds of interest. The main and typical fragmentation pathway of iri-
doid glycosides were neutral losses of H,;O, CO,, CH;COOH and glucosidic units.
Meanwhile, the cleavages of dihydropyranoid and sugar ring were also observed. The
common fragment ions of m/z 113, 101 were the characteristic ions for the cleavages of
dihydropyranoid. The fragmentation process of anthraquinones was continual loss of CO
followed by dissociation of CO,. The experimental results indicated that the fragmenta-
tion behavior of iridoid glycosides and anthraquinones was reasonable and could provide
the basis for their structures elucidation and identification.

Key words: Morinda of ficinalis; electrospray ionization quadrupole time-of-flight tan-
dem mass spectrometry (ESI-Q-TOF MS/MS); iridoid glucosides; anthraquinones;

fragmentation behavior

B K O o 5 R Z AR A B R
(Morinda of ficinalis How) ) T # AR . 23k EH
F 400 2 R DR {2 A . B AN B RH L 5 T
B LR Z PR 7 s R E TR T
EWH CERAZE SRR D E R R
ORI B EREEY . BEREESG T
A HETE TV R S AR R A X
S R RO O B O O 2R LR 2R A 2
B, BT NE B R 2 4y A5 3] 7 R R
75 Tk R 34 P R S AK B WL O X ik s
A W HEAT T MR AT AH R DL
B sl K B T T R A R SR B )
ZURAT I HGE

YRR €00 3% - 5 3% TR ] 50 AR S R e 3 S R
TE K IR 25 W) 1 1 o3 B9 A RO 1 e 55 - DY
W AF-"%AT I 8] B 3 (ESI-Q-TOF MS) 4§ & 43
P53 B AR G A LA R I 4 T B R
A& B R ITUR A D T AR A0 A ORI 3
I F o 2 4 B L. R A LC-Q-TOF
MS BEa] IR & P 20 5 5 715 5. 3T

A B R 561 00 T £ A
By B AT R0 5 5L LA B A 0 26
PR AL 5 T A
4 L B A 0 R
G5 IR T BB B T

AT AE#M A UPLC-ESI-Q/TOF MS fi &
TR T A EL K oh TG 1 SRR 17
OK 2 1 297 I 17 20 5 A
RS 2 FRLSS CF 2 53 5 A 28
5290 41 R T 4 0 T A 17 £
WFE . B A A 6 s 5 0 026 2 08
BRI

1 KBHS
1.1 FENUREERE

Waters Acquity™ UPLC & %Y, Waters
Xevo G2-XS U A% #F- % 47 B ] BT 3% % &
Waters 2% v 7 fif s Mili-Q # 2l K & 48
Millipore 2% & 7 i s DK-S 5 i, $AHE I 7K I 5
AR AT S X A A R F] 7 b 5 XS105DU



344

L S "N PRRE &

TOP R R 2 A R W) 7
1.2 ## 57

ELRE K R R > 48 rh [ R 2 R B 2
I BIF 5 B B 2 JIT e 245 B 105 R 0 S8 5 R G
B Y Bk K (Morinda of ficinalis How) f
MHEE NG R: ¥k ali, 35 H Ther-
mo Fisher 24 ] 7 5 52 5 F /K : Mili-Q i 4

COOH og COOH
X X
HO O O
HO OGlc HO OGle
k= OB AR
O OH
CH;,
(L,
(6]
I R R R

KK b 22T L S G RO R L A R R
A2 B R 2 4l > 98 06 bV () AR )
BB A R A7 5 B AL S 06 5 3R L R 9
B ZE-1-HH b G R - 4l > 9804, BT v i 3G
AR AT BRA B PR A . 6 BT R A Y 25 4 X
AT E L,

OH  COOH 0——CO

X X
0 O o) (0]
)J\O OGlc AL O 0OGle
FH EAFER M

O  OCH;
CoC
OH
0

L PR B 3R -1-H Bk

1 6 M RaAmEaX

Fig. 1 Chemical structures of 6 compounds

1.3 LIEH

HL i %5 3 15 (ESD , 7 55 T H R B
M 2.5 KV HEfLHLE 50 V3 85 5 IR &
125 °C s B IE W A o 2 R I M JIK 5 Joi 6 4 41 918 [
m/z 50~1 200; it % 71 (N, Ji 4 800 L/h;
it v AR AR 600 °C s Al 4 SO s HEN R E
LR
1.4 #HilABRWE &

FE B PR BGE 5K & 22 R Sl 4 R
TR MBI B R B R R
PR G S 94 2 -1 Tk ox B L T PP O L O
FEAY R 25 mL 285 AT Al BE O R
HF1 mg/L.3d 0. 22 pm PR, BPAS AR WL

2 #ZR5iTR
2.1 FUESH

HLIE 25 HL B O — Bl O B R, B 15 21K
Xt o3 5 o A5 B AR A % B R 7 A B E S T
BT NBERN . R RE T B TR AT AE
ESI #30T 09— 2B . 6 Fhoxt B ah ik & 9
PG I B A Sy TR T M—H L LR

AWRE T o THEMG YA 7.
TEARBME Y T 18 1 )5 R B3 75 5 R 2 e, Al
FRTFEMEHER.6 MG IM—H] &
T ESI-MS/MS & 7/R T8 2,

2.2 ZHREREBARESW

2.2.1  IMREEWEE PR TEGE S0 G Y
AR BEAZ 2 B A T S T LA AOIR 0 K D7 o 4 T
FRHE CRARRE R B PSR O R G 2 U
HRAAED . Bk K 2R 0 kil R TR
DML 1 AR AR A & e P 0% 4 1
MHICH . W ZKE W E SRR P
T H, O.CO, %5 W 5%k 45 LU — S0t g
RHUE 5 R 26 68D (1 BB 240 DL R R
SR (5] I R B RIOBE BR ) T & AR R T 3.
HBE PR W 245 T B R FRAE B T T S 5 B
ghgte,

TSR R L T O0F G R R Y 1 4> TR
FIM—H] m/z 431 47 CID 438, =4 T
m/z 371,269,251,225,191,165,147,179,119
R E T (K 20), Hotp m/2 371 tom/2 431
W > T 60 u, HEM AT RE R C8AL LR E R AR T



31 AR T A5« B R IR A s i R Y R TR A R S 55 YR B R R M B R AT 345
100k 146.9876 a 100k 164.9978 b
S < 146.9901
z 164.9952 2 208.9785
s S0F 226.9836 s S0f
= ] 118.9854| [183.0025
88.9905
118.9832 389.0098 389.0139
0 | III hlll e A ll , | 22?9874| , l 0 L nl III “& ! iullA l ll 221691836 ]34502|110 I
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
mlz mlz
100k 164.9978 c 100k 146.9926 d
. 146.9901 -
=N =N
) 88.9805 E
Z 5oL [1189854 Z 5l
E ” 250.9835 E
| ! il 1 1206.9996268.9907 451.0033 190.9722 122 nora 413.1314
R 371.0179 | 119.0011 772330505 360 13977
0 1 lIJI.II.II IILI..LI Illlh | II | ' ; 1 : | [\) : L ! 1 II | I| . -’V/I‘-’U Il
50 100 150 200 250 300 350 400 450 50 100 150 200 250 300 350 400 450
oy - oy -
22499164 2230883
100+ | ¢ 100k : f
X X
£ sot £ sof
= =
- 209.9714 -
10N NNT777 | NEDY OONO 25i.9740
10U.UU/ /7 | £34.90L0 1266.9950!
ol ' ' I L o . . . . i
60 100 140 i80 220 260 300 60 100 140 180 220 260 300
mlz mlz

Hea KEEET b EOBEFEMEHFR o M EHRd FEH R,
e. MILFWRFE L PR IERE-1-H R
B2 o#iLawIM—H] BFH ESI-MS/MS Eif
Fig. 2 ESI-MS/MS spectra of [M—H]~ ions of 6 compounds

"\ M—H-Glucose

HOj—O___J_ _________

"\ M-H-Glc

m/zll9/7\ O/}OH _(
mE8z50 1 on

B3 NNEMETFLLEVHRMBER
Fig.3 Fragmentation pathway

of iridoid glycosides

1 43F CH; COOH, 17 # B 1) & 2R th & A= 7 m/ =
191 Sm/ = 251 Z (Al 1€ F0 0 Bk il 15 1 MS/MS
o e AR AR L (162 u, Glo) 1A %5 B
(180 u,Glucose) LHH WL . B+ m/z 269 (m/=

431—162 WHl m/z 251 (m/z 431—180 W ¥ i&
B A 0 . B8 B m/ = 225,251 J2 f A4
BT m/z 269 i C4(6) FE iy CO, 1 H, O 43
T Wsm/z 251 gE—L kL1555 CO, 135
WER B+ m/z 207, MeAh I8 B T 2 & W i
(CGCH,O MBI, a1l m/z 183(m/z 225 —C, H,O) .
m/z 165(m/z 207 —C, H.O) W k. B ik
Sy AT AT R AR R R ) R R AR AR
Gle.CO, ,H,0,CH,COOH,C,H,0 %4 &% I
P REHE A

BEAh  ZEmt 53 R A2 MS/MS A id 7 7E
AL PR (3 th g By JFy JFs ) FRE KT 2R
SUREAS LAl BB R AT s T 40 m/=
183,165,119,113,101,89.71 S5 i & FJ& —
UM R B W BT SR 0 R AR B . B O Tk
BRI S A A B L 5 Y 2 A T A5 A Y



346 L S "N PRRE &

% OH cooﬁ—H Ho —H
OH COOH |-H LO .-

oo N
AN ~ o ;
0 —CH;COOH )J\ 0 miz 119 Qm i
0Gle OGle \
milz 371 mlz 431 —Glucose m/z 89 m/z 59
HO\/CQ) mlz 179
S —Gl
miz 113 ¢ OH COOH
OH cooﬁ -H OH COO“
\ _______ o) N O
CHO \ --------- . i
o o O (6]
HO m/z 251
/U\ H
O mlz 269
ii‘ miz 269 —~CH;COOH
—c ,H,05 -H” —Co, —HZO
ﬁl " o_coﬁ" OH cooﬁ -H
AN
m/z 225 N
o) ¢ 0
mlz 183 —C,H,0 —o S
-H,0 mlz 251 m/z 191
%—H -CO,

—CO,

0 )_—"'/
CHO - 0 \E"—H
)\O/ 165 HO))\O/H 0 o ﬁ"
" / miz 183 )\ X |H
~_0

_= O|-H mlz 207
Y —H0 H,0
HO OH 2 miz 147
m/z 101
‘—CHZO —H —H
-H,0
N ~ 0
OH
m/z 71 m/z 165 m/z 147
4 ESIGBEFEIAT, FHEFRATRARBES
Fig. 4 Proposed fragmentation pathways of asperulosidic acid in ESI-MS/MS
[ 43 S o DT S5 0B BRI 24 L B i B T Fe I BT B 5 R B R R A S Gt

m/z 183 ZH m/z 269 K4 F, W, HL 1 RIS 1 S A 3 A2 0 4 i 4 R 17 5,
53 F 3% AL TN R (3-oxoacrylic acid) 13 3] , #F MS/MS H1JE 1 1Y ﬁjé}# BB, EEH m/=
— MR 1 F HoO 138 m/z 1658+ m/=2 147,191 % (B 200, X #6557 5 2 i B R
113,101 J& iy A FH IR BEFR 4 Fr Ml Fy FICRIE A B o B I B RS A R
W IE . B F m/= 71 B om/z 101 i % IR S R A O A R AE S T, R BT R R
CH,O J543 3, 78 H A AR Py v o BF 5 Bk w5 Wr B FEAE B m /2 119, EST e FH AT 4
Iy AL TS s R C A RET Y AR MR R AT s TR S,

WA —8 WA, iR R MS/MS it EOBEM R H RIS M R RS
FEAERI A MR B 2L, 2 N[ M—H] ™ m/z 431 L AUB 2 14 F LT . 78 MS/MS , £ 2
2. 357 ESU AL CoH O] m/= 179,85 BEA i 50 1 IR 208 2 B % a9 IO 3,
Fm/z 119.89.59 T iy 4 R W7 242 1 H, O, CO, . % %] ¥ 5% 5 o % 245 0 . 0% &8 T



S5 BRI SR LK v B TR O TR TR TE B IR TR R B R AT 347

o—cf—‘—"‘

o—céa_‘—H
N —Gl¢ o~ —Glucose X
o] 0 0 © 0 0
pE B S
o T 0 A,

mlz 251

~CH,COOH
o——co |H
X
o O
N
OH
miz 191
-Co,

¢ |
G

OH
m/z 147

OH
mlz 207

[M=H]"m/z 413

—-CO
: @_‘ o——cf_\-H

m/z 369

/—Glc

& _
7~ _cicoon /SN

o—cf—“H

OGle

miz233 |y o

AN —-H SN
OGle miz 191
-CO,

/V@_H /\/\fﬂ'”

L TN T AN
1, o) T

HO

mlz 165 miz 147

Bs ESIRBEFRAXT,EHEFAREMNRBIER
Fig. 5 Proposed fragmentation pathways of asperuloside in ESI-MS/MS

m/z 371,345,227.209 2 WS T8 T m/=
389[M—H ™ 433 2 1 4F H,0.CO, %%
Y % S T A 8 B Y B B F om/= 371,209,191
K21 H5F CO LB R B+ m/z 327,165,
147 ;B F m/x 327,191,165 .147 145 ] i fy
R B F (m/z 345.209.,183.165) % 4 1 4 T
H, O B8, 2% Wk 4= i 54 IR v B 25 0B 35
WELETW R BT m/z 119,113,101,89,
71.59 5585 . 5 Bk 5088 35 W 25 T8 5L iR
FEFFEEA. £ OB R R T e 2R
wRRTE 6,

K i 22 O 25 R AT R 1 [ 4 A
T ZH B S RARAT A F B R B I
PRI F5 20 FUBE R I T 24 (AR 7 B8 1 F A
[l 7K &b 221 78 ESIf g 8 F al fig iy 2
fift i s T B 7, 2R AT o AR WA B A
O fiiE" .
2.2.2 Bl BEBMEMLEWh.mEEL O
R R BR B A7 AR p-ne SLHE . IE B0 K R 45t
FE T Ay F AR E M L 7E TS 18 B 1 B T i

A S A= U e Y (e g7/ iU B S AT i BT S
A F AR CO LR R, 1t
A e IR (3232 ) OHLCH, ,OCH; , COOH)
A5, H,O.CHy .CH, ., CO, ZhE/N o1 R
BmE A E R,

L 96 o R 5 3L 55 95 50 R -1-H ek (1)
SERARRL, AL C1 i 1y B A B COH L OCH) A~
i), 78 ESI f 8 781 20T ¥ e AL US55 5
[M—H] #5178 1 Gm/z 253 Fl m/z 267),
TH T REM A E AR TR 8, 7E MS/MS
LB F m/2 225 Fl m/z 209 H 43 T & T %
[M—H] m/z 253 /35l E%K 14T CO M
CO, fIFrf8sm/z 225 sk £ 1 401 CO 153
m/z 197 R &+ 8 Fm/z 209 4352k £1 45
F COF1 CH, BRIBEHNBET m/z 181 Hl m/z
195, H Ok S5 9 55 -1-W Mk o 0y 1 B T %
[M—HI1" m/z 267 (2 L 3L 57 96 R
L, REAET m/x 252 [M—H—CH, ] 1
m/z 224 [M—H—CH, —CO]™ 2 MW &+,



348 B i 2 iR

$39%

o
o—co%‘H on coon I oH coon |-
N -H0 A —Gle N
0 0 0
HO 0Gle HO 0Gle HO OH

m/z 371 [M=H]"m/z 389

m/z 227 H (o)
SeO C 2
—coz// —c02 ’”@;/-COZ
H
S on coo—| -H 0 co—|

_| OH
—H —H
A -H,0 —Glc
0] 0
HO HO

0Gle miz209
12 200°
miz 327 miz 345 m/z 183 miz
—H,0!
—Gl¢ 0.~~~ or —H,0 —H,0
V
OH e cl y o—co -H
_H -
< N
O X0 O
HO
HO— /- 165 iz 16501 miz 191
“H,0 |-
B H0 o ,/02
EL
O
HO— m/z 147

E6 ESIRBEFEAT, EZHEMEFRAENABIER
Fig. 6 Proposed fragmentation pathways of deacetyla sperulosidic acid in ESI-MS/MS

)
COOH |~H
€] . AN
\
—-CO, —Glc o
o —~———— HO
HO OH
mlz 227

[M—H]"m/z 389 —H,0

o
CcooH [-H

Y
g,
—H O
2 ° 7
o COO “
—H
X X
—Glc
— 0 N O
HO o HO

HO 0Gle OH HO
mlz 183 m/z 371 m/z 209 miz 209
—CO
“H,0 —H,0 2 1,0 o
T e Si COOH |-H
—H
\ -H \ \
o N O
o O
Ho OH
m/z 191

I_IU
m/z 165 —H,0 mlz 165 —CO,
-H,0

—‘H

mlz 147

B7 ESIREFREAXT, KEZFHARNRBEE
Fig.7 Proposed fragmentation pathways of monotropein in ESI-MS/MS



5534 XA TS« TR o A s T i R IR A P S 55 VR B R B IR RS AR AT 349
)
O OH O OH OH ~|-H
o o (L,
O‘O O O on
m/z 225 m/z 197
[M— H] m/z 253
—CO, @ —CO, %
o =S
OH
O m/z 181
m/z 209
—CHZ

miz 195

8 ESIGBEFEAXT FESEAERATRNNBER
Fig. 8 Proposed fragmentation pathways of rubiadin in ESI-MS/MS

3 #ig

fii /i ESI-Q-TOF MS/MS £ AR 5E T
R 4 P AU Tk s T A 2 R ECRR R ARG P R
AT 3 T A G A B AR E AR
TERE R 3 1 S A ORI g 174 5 335 1] o 2 4 Tl
e EST AT F2 2 1 2 45 1 S i 2=
B Ry REEUA L . 40 H, O, CO, .CH; COOH
FIBE B0 45 5 HOUJR B8 b 40 T 25 4 1 S 4
Ak 3 A S M T A RO B A BT . RO 2R b
BB E R CO MBUREE B K £
RS 7y

S 3k
[1] EZRZGMZE 2. hEANRIEHEZ M 2015 4
R C— 8O LML b 5t & BE 25 B 4 i A
2015.81.

YONG J P, LUCZ, HUANG S, et al. Chem-
ical components isolated from the roots of Morin-
da of ficinalis [J]. Chemistry of Natural Com-
pounds, 2015, 51(3) . 548-549.
CHOIJ, LEEK T, CHOIM Y, et al.

ceptive anti-inflammatory effect of Monotropein

(2]

[3] Antinoci-
isolated from the root of Morinda of ficinalis
[J7]. Biological & Pharmaceutical Bulletin, 2005,
28(10): 1 915-1 918.

ZHANG H L. ZHANG Q W, ZHANG X Q. et al.

Chemical constituents from the roots of Morinda

(4]

[7]

(8]

(9]

of ficinalis[J]. Chinese Journal of Natural Medi-
cines, 2010, 8(3): 192-195.

WZB. KA 2 o B AR T M BE S
(D] J7M T M EE 2k, 2013,

RERGE LA BRR A sr 5 B 1 AT

gLt R BesF . 2012,28(1) :98-101.
WU Lingfeng,ZENG Lingjie.

ents from the roots of Morinda of ficinalis and

Chemical constitu-

Journal of Guangdong

98-101

the quality control[J].
Pharmaceutical University, 2012, 28(1):
(in Chinese).

LI C, DONG J, TIAN J, et al. LC/MS/MS de-
termination and pharmacokinetic study of iridoid
glycosides monotropein and deacetylasperulosidic
acid isomers in rat plasma after oral administra-
tion of Morinda of ficinalis extract[J]. Biomed-
ical Chromatography, 2015, 30(2);: 163-168.
EE, kW, 9, %, UPLC-Q-TOF MSF
HARGE G UNIFT B4 42 i A J vk DR 3 43 17 22 6%
KA )], B4Rk, 2017,38(1) : 75-82.
WANG Meiling, ZHANG Qingqing, FU Shuang,
et al.
How by UPLC-Q-TOF MSF coupled with UNIFI
Database filter[ ] ]. of Chinese Mass
Spectrometry Society, 2017, 38 (1): 75-82 (in
Chinese).

WU H, GUO J, CHEN S, et al.

opments in qualitative and quantitative analysis of

Characterization of Morinda of ficinalis

Journal

Recent devel-

phytochemical constituents and their metabolites



350

R 0%

(10]

[11]

[12]

[13]

[14]

using liquid chromatography-mass spectrometry
[Jl &. Biomedical
Analysis, 2013, 72(2) . 267-291.

LING Y. LIU K, ZHANG Q. et al. High per-

formance liquid chromatography coupled to elec-

Journal of Pharmaceutical

trospray ionization and quadrupole time-of-flight-
mass spectrometry as a powerful analytical strat-
egy for systematic analysis and improved charac-
terization of the major bioactive constituents from
Radix[J]. Journal of Pharmaceutical & Biomed-
ical Analysis, 2014, 98(10) . 120-129.

TV B, BB SRR 6=
B DU AR AT I ] 53 bR S B A 2L P
W2t 5 E T2 259 [T, 2 Hrfb ., 2014, 42
(10):1 493-1 500.

MENG Zhe, SHI Zhihong. LV Yunkai. et al.
Rapid screening of fluoroquinolones and sulfona-
mides in dairy products using ultra performance
liquid chromatography coupled to high resolution
quadrupole time-of-flight mass spectrometry[ J].
Chinese Journal of Analytical Chemistry, 2014,
42(10): 1 493-1 500(in Chinese).

AR REHRBENTE. BREHTHEST
AT B T Y B AR AT [T, S
KAk 2z 247 ,2013,34(3) . 567-572.

LI Cunman, LIANG Xinmiao, XUE Xingya. Elec-
trospray ionization quadrupole time-of-flight tandem
mass spectrometry of iridoid Glucosieds in positive
ion mode[J]. Chemical Journal of Chinese Univer-
stiy, 2013, 34(3): 567-572(in Chinese).

i, 50 0RO S5 ROBOAH 4/ H 5 55 -
BT BE- AT I TR BT M 4 PR IR AL
T R AT, B, 2009,27(4) :425-430.
DONG Jing, WANG Hong, WAN Leren, et al.
Identification and determination of major constit-
uents in Polygonum cuspidatum Sieb. et Zucc by
high performance liquid chromatography/electro-
spray ionization-ion trap-time-of-flight mass spec-
trometry[ ] ]. Chinese Journal of Chromatogra-
phy, 2009, 27(4) . 425-430(in Chinese).

IR R 56, £ AL R B 55 I O 4
Tl R 2 I B R AR AE LT ). B 4
2009,30(3) :148-153.

LI Juan, SONG Shumei, WANG Shaomin, et al.
Study of fragmentation behavior for 4 artemisi-
nins by electrospray ionization mass spectrometry
[J]. Journal of Chinese Mass Spectrometry Soci-
ety, 2009, 30(3): 148-153(in Chinese).

[15]

[16]

[17]

[18]

(19]

[20]

[21]

TR I WAk, M. MRS Y
1 0T 2 AR LA A g R [T ], T L S K A 2
#2,2015,39(6) :522-526.

LI Cunman, LUO Yawei, TIAN Baoyong. Re-
search progress on mass spectral fragmentation of
iridoids[ J]. Journal of Hebei Normal University,
2015, 39(6): 522-526(in Chinese).

LICM, ZHANG X L, XUE X Y, et al. Struc-
tural characterization of iridoid glucosides by
ultra-performance liquid chromatography/electro-
spray ionization quadrupole time-of-flight tandem
mass spectrometry[ J]. Rapid Communications in
Mass Spectrometry Rem, 2008, 22(12). 1 941~
1 954.

REN L, XUE X, ZHANG F, et al.
iridoid glycosides using liquid chromatography/

Studies of

electrospray ionization tandem mass spectrometry
[J]. Rapid Communications in Mass Spectrome-
try Rem, 2007, 21(18): 3 039-3 050.

ES-SAFI N E. KERHOAS L, DUCROT P H.
Fragmentation study of iridoid glucosides through
positive and negative electrospray ionization, col-
lision-induced dissociation and tandem mass spec-
trometry [ J ]. Rapid Communications in Mass
Spectrometry Rem, 2007, 21(7) . 1 165-1 175.
HEFFELS P, MULLER L, SCHIEBER A, et al.
Profiling of iridoid glycosides in Vaccinium spe-
cies by UHPLC-MS[J]. Food Research Interna-
tional, 2017, 100: 462-468.

LT, BR IS BE, B 8. UPLC-Q-Exactive P
FF-i v 37 U TE B o 2 9 5 3% 3K P R 0 AT IR R
/N RE AR ]. PEEZ,2016,47(14)
2 428-2 435.

DONG Hongjiao, CHEN Xiaohu, ZENG Rui.
Rapid analysis on chemical constituents in roots
of Rheum pumilum by UPLC coupled with hybrid
quadrupole-orbitrap MS[J]. Chinese Traditional
and Herbal Drugs, 2016, 47(14): 2 428-2 435(in
Chinese).

W%t B8 Bk, FE N . %, UPLC-Q-TOF-MS 4y
BT B BTG B2 2 A8 AR LT ] vh
Z 5 .2017,42(5) :923-930.

CHEN Yi. SHAN Mingqgiu, WANG Haili,
et al. Changes of chemical constituents in Rubiae
Radix et Rhizoma before and after carbonized by
UPLC-Q-TOF-MS method[J]. China Journal of
Chinese Materia Medica, 2017, 42(5): 923-930
(in Chinese).





