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Simultaneous determination of eight flavone glycosides in total flavonoids
fraction of Microcos paniculata using quantitative analysis of multi-components
by single marker method
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Abstract: Objective To establish a method for simultaneous determination of eight flavone glycosides in total flavonoids fraction of
Microcos panicuLata. Methods A new method, quantitative analysis of multi-components by single marker (QAMS), was established
using vitexin as reference substance. The corresponding relative correction factors of apigenin-6,8-di-C-B-D-glucopyranoside,
apigenin-6-C-o-L-arabino-pyranosyl-8-C-B-D-glucopyranoside, apigenin-6-C-B-D-glucopyranosyl-8-C-o-L-arabinopyranoside, apigenin-
6-C-B-D-xylopyranosyl-8-C-B-D-glucopyranoside, isovitexin, kaempferol-3-O-3-D-glucopyranoside, and isorhamnetin-3- O-f-D-rutinoside
compared with vitexin were calculated. Then, the contents of eight flavonoid glycosides were determined. Results The relative
retention time and relative correction factors of the eight flavone glycosides were repeatedly and the relative correction factors of the
other seven flavonoid glycosides were 1.01, 0.60, 0.76, 2.02, 1.05, 1.14, and 2.42, respectively. There were no significant differences in
the results between ESM and QAMS method for 10 batches of extract. Conclusion The established QAMS method for simultaneous
determination of eight flavone glycosides is simple and robust, and can be used for related research and quality control of the total
flavonoids fraction of M. paniculLata.
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AP, HBHEEA, (MpTFF) BA Hs k.
P PHILAR RPN S E B Y B3
A1 MpTFF s 4% il 7 VETE 257804 VAN FI IR
RAAEAEHRIAE, KT 563 MpTFF 1))
J7 ik, ARSI R H 3T HPLC () — W £ V¥ ik
(quantitative analysis of multi-components by single
marker, QAMS) P, DU 6 IR S S, [N
W5E T MpTFF 8 Mkl i, JRMSMRE
(external standard method, ESM) IGiF T H nJFEM:
FVRERfE o

1 XEE5HH

1.1 X5

Acquity UPLC & =y 880B0AH (4. 1% (Waters 24 7] )
Xevo Q TOF™ PUREAT €A77 J5t it &% MassLynx
4.1 Bl A B R G5 (Waters 23 7] )3 BRI LC-20AT
ERGEAH A, G o AZhEAERE . Al
FAFIZAMG A (Rt A F]D; DL-360A R 5 ik
HVEAE (R ZAAEAMRAFD; DFT-250 2w dioh it
WL GRIG R RHUA PR A F]D; TG16-W B & B0
Bl GBI R WA R A ] D CP225D L7 K
(Sartorius 23 7] Do
1.2 #R 5

A2 B )P SRR 2R T G
P, it 151110~151114) F1J N7 g Ab47 254K
RABRAR 7, b5 151115~151119),
LT IR SRR 2 2 O =k e s e
PSR AT S AR AT - Microcos paniculata Linn.
T, B, JE, &

SRR (LS 111687-200602) LR E
({5 110878-200102) i) [ [ £ i 25 S AS: e T 5T
Bs SRR (k'S MUST-12072501) 28296 (it
5 MUST-15062011) ¥ [ plef 2 ks AR H AT BR 2
il 3 T F-6-C-AHE-8-CAZE BT (k% CFS201501)
I Chemfaces AF]; FIRAFHR- 3-O-=FWEH R
WA BN, S 2-6,8--C- R MY L TS 2-6-C-
BT R AFT R -8-C- A A T« 2 35 -6-C- 71 2 B -8-C-[5i
PAFTREEF B AR 2R R T 2 T T 5 BT 5 YL 1
RO B TR B KT 98%. PR ({4
ihall, Merck A, R (rbrat, | O,
K GERIK, R,

2 AEEER
2.1 75i&M MpTFF Ry &S
AT 2 K 10.0 g, K&fRE, &A%

HETEH T, NN 70% LR 150 mL, iR 2
h J5, 300 W. 40 kHz HAHEH 70 min; 381, I
100 mL $EIR Ik H R 45 222 30 mL J5 3 000 r/min
F /0 20 min, WO EIEBOEA S S0 mL, HX25.0 g
AB-8 BURFLMNE CTALER) FRAM R, 439 H
10%-+ 70%- 100% A ENL, s 70% FREsE
v, RS E A4 30 mL, RIf5 MpTFF fit
WA B 10 mL WUEKR4E, 60 CEAT
B, BROE R, VA MpTFF it

2.2 MpTFF # 8 #HEEIHH) UPLC-Q-TOF-MS
E M

221 (A% Acquity UPLC™ BEH Cis (50
mmX2.1mm, 1.7 pum) i G TR (A -
0.05% /K (B), AFUE A 0.2 mL/min,

W R EREE Ve : 0~7.6 min, 85%~60% B;

7.6~10.0 min, 60% B; 10~12 min, 60%~30% B;
12~15 min, 30%~20% B; 15~20 min, 20%~
100%B, 20~21 min, 100%~85% B; 21~25 min,
85% B; HzhdkFE, MEFEE 2 uL, B3 K 276 nm,
FEIR 35 C.

222 Uil WM RS TUE (ESD, BAEH
JE0 3.1 kV, HEFLHEE N 15V, HEFL AU &E 25 Lih;
YRR N 150 'C, ETRE 1.0eV, TR
5eV; HEFLAUE 50 L/h, BT E 900 L,

B E R 450 °C, REES Ar; B AR
Kol 355 m/iz 50~1 000; MS/MS filf fififi#
2 HE 20~30 eV. Lockmass: s¢ZRMMEL ([M—
H] m/z 554261 5), Lockspray /AF4i# & 5 pL/min,

W 1.2kV, 2fifHE21.0eV,

FIFH “22.17 A1 “222” W R44F, % MpTFF
AT MET o 45565 FE MpTFF At i 152,317
TG 6 SR AT, Masslynx 4.1 SPFHER
HINAL A PIRIRS ARG 201 i . MS it MS® (24
B, DAD Fill#$ic 5% 190~400 nm 28406k, I
gEOSCRREE, Xt 8 BRI TAAIA .

2.3 HPLC ;%N E MpTFF & 8 #hEfIH S

2.3.1 XSS IIEIS RS TIRILS R 7
M ER-3-0-ZEF/T . BT, 7k #-6,8-2-C-
HIETRETT T F-6-C-Fil A HE-8-C-Hi A i 7
K -6-C-HIAHE-8-C-PIHATHETY . HHRIEF . ris:-
6-C-AHE-8- C- 1 27 BHEF AN S A I o o A5 3
JHFR BRI 2L 2 6.75 pg/mL., SR A 2E-3-0-
PP 8.06 pg/mL. K AT 7.06 pg/mL. 73K
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#-6,8--C-HZHET 6.25 pg/mL. T3 E-6-C-fil iz
TERE-8-C- A 2 B HF 7.50 pg/mL. JF36 - 6-C-Hi %
B -8-C-P P ATHE T 6.56 pg/mL. #HHIFHF 7.31 pg/mL.
JTK3-6-C-ABE-8-C-HI M 11 9.47 pg/mL M4t 5]
1 7.38 pg/mL AR50 RS
232 XSS S KRR “2.17 TR
MpTFF £ 10 uL, FI R 42 500 uL, =ik
20 (12 000 t/min, 5 min), B _EEWENS .
233 (O @IEFS Kromasil Cig £ (250
mmX4.6 mm, 5pm); AN TEE (A) -0.2%f#%
Rk (B), AFHMEN | mL/min. FHEYER: 0~
12 min, 82%~70% B; 12~45 min, 70%~55% B;
45~50 min, 55%~20% B. HzhEEFE, HEFEEN
10 uL, KKk 276 nm, kK 35 C.
234 LEMEEL  ORFEIIOR A R it
WA 10 pL, F% “2.3.37 IR A% SRR
S5 R LK 1.

SRR, 15 EIRRAT, 8 Mre it o B Ak
R, R MpTFF A i3 & -6-C-Flfrfn
WE-8-CHI R (U 3) RO 2, Hild T

A

(I) 5 1 O 15 26 ZIS 3IO 3I5 4I0 415 5I0
t/min

1-RILHRHE 273K 5R-6,8- -C-HIE M 3-/T K F-6-C-B Al
BE-8-C- MBS 4- 3R -6-C- AT B -8-C-Rl B A Bl #F 5-4k
JE 60T R FR-6-C-AME-8-C-HI4T M 7- AL 8- m ik
B 9-RMAER3-0-EFHE
1-(—)-epicatechin  2-apigenin-6,8-di-C--D-glucopyranoside 3-apigenin-
6-C-0-L-arabinopyranosyl-8-C-B-D-glucopyranoside  4-apigenin-6-
C-B-D-glucopyranosyl-8-C-o-L-arabinopyranoside ~ 5-vitexin =~ 6-apigenin-
6-C-B-D-xylopyranosyl-8-C-B-D-glucopyranoside ~ 7-isovitexin - 8- kaempferol-
3-O-B-D-glucopyranoside ~ 9-isorhamnetin-3-O-B-D-rutinoside

1 RAME& (A) 1 MpTFF #iX& (B) # HPLC
Fig.1 HPLC of mixed standard substances (A) and MpTFF
sample (B)

U A, JRREREAT AT

235 ZMERRFE  HHIREE IR YR
FITRG XTI 10 pL, % “2.3.37 IR g
HERE o DAVRA X S T BN AR bR (XD, VT
BOMHPAKR (YD, HATERAEIE, 72E%-6,8-—-C-
HIEBE . TR R-6-C-PT R E-8-C-HI B . 3%
F-6-C-HIZ%HE-8-C-Fil hi A1 AL T 2-6-
C-AK¥E-8-C-HIZ M« LI . oA i
A E3-O-EFFF AT RES 3 ¥ =2.3X10
X, —2460.4,7=0.999 7; ¥,=3.8X 10’ X,—2 356,
r=0999 9; ¥;=3.0X10"X5—2 997.5, r=09999; Y,=
2.3X107X4+962.3, r=0.9999; Ys=1.1X10’
Xs+1314.7, r=0.999 6; Y,=2.2X10" X;—2281.3,
r=0.999 8): ¥;=2.0X10"X,—932.94, r=0.999 8;
Ys=9.4X10° X3—298.12, r=0.999 9. Z5HF%&W] 8
b S W 72> WIAE 0.13~15.63. 0.15~18.75. 1.31~
16.41.1.46~18.28.1.89~23.67.1.48~17.66.1.41 ~
17.66. 1.61~20.16 pg/mL P I B IFAIZTER &R .
23.6 REEEE ORGSR SR 6
W, WM e #-6,8- —-C- I H B . T #-6-C-
B 7 AFREE -8-C- 81 8 B 1« 2 25 -6-C- 71 49 i -8-C-
BORLACHE T« R 3 3R -6-C- A -8-C- il 6 Wi
o I B a R T R -3-0- 2 /i
TR 1K) RSD 43514 0.96%11.57%-1.96% 1.82%-
1.67%-+ 0.95%. 0.48%. 1.22%. 1.45%. 453E£M
ICEE R % B R

237 e tklEe BRI (1511100,
ST IS 04 4y 8. 12, 24 h FERENIE. I1E
Fr oK #-6,8--C-HIE BT . 2K 3-6-C-Blfu A h-
8-C-H AT HE LT o 73 25 -6-C- 1 % i -8- C- il oz A1 i
T HLIRFE . PR ER-6-C-ARHE-8-C-HI A M. Sr4L
FAF S B TR S R 2 2R -3-O-ZE B g T A )
RSD 735114 1.99%. 1.67%- 1.64%. 1.29%. 0.35%.
1.91%- 1.98%- 1.98%. &M I I Ab 2 (1) (3 i 4
WAE 24 h MR .

238 HEEMRAE WEFE -tk (S
150211R502) (A 43 K 6 1, 4% “2.17 F1“2.3.2”
TR 1 2% 7 v A SR S v, 0 BRI 2

AT 8 Fofr e P 15 ~F-$4) 0 [ AR 1) RSD 439314 1.70%
1.79%- 1.71%- 1.67%- 1.58%- 1.71%- 1.89%- 1.77%,
P A0 T M R A

239 IFERICRIRES RS B IR IDOE B O E
MpTFF %59 6 4, I AL RICR SE56 FH (1R &
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XTI (AR ER-3-0- 28/ 11.72
pug/mL. K95 1.83 pg/mL. 38 %5-6,8--C-7]
ZPPET 1.85 pg/mL. J7 3K 5 -6-C-il hAr b -8-C-Hi %4
BT 0.87 pg/mL. I35 £ -6-C-H 45 BE-8-C- B S 411 b
1 0.66 pg/mL. #EIFIHF 5.16 pg/mL. 3¢ %-6-C-A
B -8-C-H 2R 1.34 pg/mL A4 HF 9.42 pg/mL
(A REE R0, BEREI e, THELRICR . 453 8 Pl
T 7 1)~ 3 (R 43 99 4 101.87%  96.60% -
102.88%-. 103.29%. 100.31%-. 98.36%- 96.45%.
96.84%; RSD 7344 1.02%- 0.92%- 1.38%- 1.42%.
2.48%-. 1.70%- 1.36%- 0.78%. Z&WHA J5 ik KIHENf
JE R4
2.3.10 MXHRIER PRI DI A S, 1%
A, A 7 B R £ 10, g R
* 1,

Ti=[fi=ASCHN(A/C))

Ci=fiX Cs X (4i/A4s)
A WS EETTRL, CoNSIYTIRIREE, A N AR A
Syt BRI TR, Gy R U R A o Bk

WA “2.3.37 TN O A A IR AT R
EFE 5 KA FRMAR I &, #8AFEAR (30, 35,
40 CH. AFIEFERE (100 150 204 25 puL). A
A AR (0.9, 1.0 1.1 mL/min) FIAR[F (43

¥ (Kromasial C;gs« Phenomenex Cg #1 H JHF} %
Cig) XAHX R IER 7RI sgm, 2580 1, AN
) RSD<5%, ULWHMLTiEm iy, e, It
T A R A A 2 K7 S 35 -6,8- - C- i 4 Bl
. AR F-6-C-FlHATBE-8-C-HI A . g % -
6-C-H % 5 -8-C-B R AL S 11 | 3 55 -6-C- A HE-8-C-
AR AR B a AR R4 %-3-0-
ZEEREE AR R E 2300 1.01. 0.60. 0.76+
2.02.1.05.1.14 11 2.42, AHMN[¥) RSD 7393l 4 1.72%-
1.36%. 1.65%- 1.68%. 1.35%. 1.53%FH1 0.75%,

RSD /T 2%, 1B 5 i H B4 B AR A 1
DAl T

2311 OREEREN E - E OSSR, Bl
AEDOT LR B IF ) o] USRI S DA T Rl . S i
Firh, DU A S, HAR 7 Fls i i AR O
BRI TRV 4 SRR 20 SAFIN 2 2 A 6O B ) 1]
ARAEE N, BT DA SR EAT o il e 1) 8 437

2.3.12 QAMS LH4hrik (ESM) e 45 R iR
P 2.3.27°00 R vkl A 10 #Egalm s, &
“2.3.37I0 T i 4k H ESM Al QAMS JlE,

P 8 Tl (R0 g S5 R WA 3. A& 3 AT
A1, QAMS 5 ESM Ml fH A — 2 (i 22 <1%),
F W] QAMS 45 B Al 4,

F1 DUMHEXRREASREMNKRERTF

Table 1 RCEF based on vitexin reference substance

B2 15ES Jilh Salfs Julfs Jalfs Salfe Sdfy Jalfs

HERE B /UL 10 1.00 0.61 0.78 2.02 1.06 1.15 2.44
15 1.03 0.60 0.76 2.01 1.06 1.14 2.40

20 1.00 0.59 0.76 1.99 1.05 1.11 2.43

25 0.99 0.60 0.75 2.07 1.03 1.14 2.41

RSD/% 1.72 1.36 1.65 1.68 1.35 1.53 0.75

KR/ C 30 0.95 0.59 0.72 1.92 1.04 1.13 232
35 1.00 0.61 0.78 2.02 1.06 1.15 2.44

40 1.04 0.60 0.77 1.99 1.05 1.12 230

RSD/% 4.52 1.67 425 2.60 0.95 1.35 3.22

AR B/ (mL min ") 0.9 0.99 0.59 0.76 1.93 1.05 1.11 2.34
1.0 1.00 0.61 0.78 2.02 1.06 1.15 2.44

1.1 0.97 0.59 0.77 2.09 1.04 1.13 236

RSD/% 1.55 1.94 1.30 3.98 0.95 1.77 222

iR (Cle) (EREY S 1.00 0.61 0.78 2.02 1.06 1.15 2.44
g 2 0.98 0.60 0.75 1.97 1.04 1.14 242

O3 3 1.04 0.63 0.82 2.10 1.10 1.17 2.53

RSD/% 3.07 2.54 4.54 3.03 2.88 1.35 2.62

1 F2E2R-6,8-—-C- A BT 2- /73R -6-C-PUHAFHE-8-C-A 4T 3- /T2 3R -6-C- A Bl-8-C-PT i AFpli 1 4-HJFHY  5-/F 3 3R-6-C-ARHE-8-C-

WA 6-SALIITT

T-ERGH 8-SR A R-3-0-EHWAT, K2, 30

1-apigenin-6,8-di-C-B-D-glucopyranoside  2-apigenin-6-C-a-L-arabinopyranosyl-8-C-B-D-glucopyranoside ~ 3-apigenin-6-C-B-D-glucopyranosyl-8-C-

a-L-arabinopyranoside 4-vitexin

glucopyranoside  8-isorhamnetin-3-O-B-D-rutinoside, same as below

5-apigenin-6-C-B-D-xylopyranosyl-8-C-B-D-glucopyranoside

6-isovitexin 7-kaempferol-3-O-B-D-
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Table 2 Peak identification by relative retention time
’ R B B i
R tity tlty tlty . JZEEE = telty ity ts/ty
HEFE & /uL 5 0.69 0.84 0.88 1.07 1.12 1.49 1.56
10 0.69 0.84 0.88 1.07 1.12 1.49 1.56
15 0.69 0.84 0.88 1.07 1.12 1.49 1.56
20 0.69 0.84 0.88 1.07 1.12 1.49 1.56
RSD/% 0.07 0.04 0.03 0.04 0.02 0.07 0.08
AR/ (mL-min ") 0.9 0.70 0.85 0.89 1.08 1.13 1.50 1.56
1.0 0.69 0.84 0.88 1.07 1.12 1.49 1.56
1.1 0.69 0.84 0.88 1.07 1.12 1.51 1.59
RSD/% 0.92 0.66 0.56 0.35 0.52 0.62 0.95
ki C 30 0.69 0.84 0.88 1.07 1.12 1.49 1.56
35 0.69 0.84 0.88 1.07 1.12 1.49 1.56
40 0.69 0.84 0.88 1.06 1.12 1.49 1.57
RSD/% 0.37 0.15 0.32 0.57 0.04 0.11 0.35
(G A 1 0.69 0.84 0.88 1.07 1.12 1.49 1.56
% FE 2 0.70 0.82 0.87 1.07 1.13 1.48 157
(i 3 0.68 0.84 0.88 1.07 1.11 1.45 152
RSD/% 1.31 1.19 0.84 0.39 0.65 1.33 1.69
R3 QAMS 5 ESM BRI EM R EFIMT 8 MEMEFHNE
Table 3 Contents of eight flavone glycosides determined by QAMS and ESM
PR s FRRSCRERS FRRSCARG oy otioes) s iloes)
15 Hfmee") CHR e ) CHTAR mge ) AR (mge) Fiitfimeg )
QAMS ESM QAMS ~ ESM  QAMS ESM  QAMS ESM QAMS ESM QAMS ESM QAMS ESM QAMS ESM
50 136 059 038 04 04 048 050 046 047 200 203 040 040 212 215 T8 7%
s 187 055 054 041 042 03 037 020 020 309 315 054 055 33 340 1038 1050
s 1m 055 054 053 054 061 06 065 065 277 28 059 060 300 3M4 104 1055
513 168 075 073 045 046 059 060 0% 054 24T 283 04T 048 264 267 939 99
15114 218 087 086 062 063 076 078 083 08 334 340 067 069 38 3 1310 1325
sl 231 096 095 068 069 079 081 089 08 350 35 010 00 38 3% B3R 1385
5l16 236 094 093 068 070 075 077 08 08 365 3m 070 070 392 398 138 1402
517 247 091 090 064 065 028 029 191 191 364 3 06 064 392 398 1440 1455
15118 23 096 094 065 066 080 082 L4 L4 369 375 0 075 414 40 144 1458
15119 233 098 096 066 067 00 082 LIS LIS 3T 38 0B 0 44 419 1450 1464
3 e IR, AR PR AR, 78
AHF0KH UPLC-Q-TOF-MS $iAR, &G40 #. WAy, Wi 255 0l B oo e diA 7 e 50
I A0S B, DUORS AR G 23 o it . SR AR IR0 IFH, ARTT ARG, SR B E MpTFF

FHO AR B IS 1) BL Sz MS F1 MSE J5i i 22 i 8 40 45 )
MpTFF [¥] 8 R i 134T T #aIh, K ESM #l
QAMS M & & 7 A 7.93 ~14.64 mg/g Al
7.85~14.5mg/g. AL, ASZE R ILA FAE bR
BYIRE 8 AT oy AT I FR A, Kl 1-B
AT DA W, A I A7 AE - L PR B 2 R B
3 T8 JREBSE 2 A R e 1) B I T 2R 4

oy Py

He &

(5 S A A E T 85% LA B,

X} MpTFF 8 st il 1 & () 0 A 1Ml 5, AN S 4t
SEI HPLC F3 M7 77 V52 AT R A 52 0, AR
PR A S R € B A o R X A58 1 BT 1 5 T ¢
/No I 10 $EIK I MpTFF A 5 8 Fofr it il 15
BN RIL, K ESM Al QAMS I 5E il 45 5 vy
50, YR QAMS 4T MpTFF 8 i 17
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R RS VE 2 a4, O HRROCRITI
AUIFIT R BLE T Hedity o

QAMS 2 T £F A JRE L R IR 22 Fi s Jog e 42 A 48X
2o AEBRZ AR IO R, %5300 2R A i
RRHR ] T RGN TER . QAMS FEAIR .
AL > L, =Rl A
JTHAATIGE, XTSRS HETOE
BRI 5 D0 5 SR ML T P 2 ) 2015 SR hi
B A R QAMS H2 I 258 L W ALl i
PRI B D o AR Pl A 1) A4 i
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