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Abstract: Objective According to quality markers (Q-Marker) theory, to establish a whole set of quality control methods for
Danggui (Angelica Sinensis Radix, ASR) on the basis of effective components-bioactivity-efficacy network correlation analysis and
determine Q-marker affecting the quality of ASR. Methods Combined ASR components characterization with principal component
analysis (PCA), the differential active components among 15 various habitats materials were directly evaluated, regarding the
initially-selected components as the bio-efficacy components for quality control of ASR. Based on correlation analysis principle, the

screening and evaluation models of active ingredients in vitro and in vivo were established by digging inter-relationship of
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components to determine the Q-marker of ASR. Meanwhile, the simultaneous determination methodology for the Q-Marker was
established. Results With UPLC-TOF/MS technique and pharmacokinetic parameter prediction, 11 bio-efficacy components with
potential drug effect activity were found. After being analyzed by the bio-efficacy components-bioactivity network integration
analysis, ferulic acid, Z-ligustilide, and levistilide A were chosen as the Q-Marker for quality control of ASR. By using the
established quantification method, the linearity coefficients of three Q-Marker were over 0.99. With a highly precision, repeatability
and stability results, the average recoveries of three Q-Marker in the samples were ranged from 99.18% to 100.25%. Conclusion
Based on the concept of bio-efficacy components-bioactivity network correlation, UPLC-TOF/MS was used to discriminate the
Q-Marker of ASR, in order to preliminarily identify the source of chemical constituents closely related to the efficacy of ASR, which
can provide relevant statistics for the overall quality control of ASR.

Key words: Angelicae Sinensis Radix; quality marker; bio-efficacy components; activity; efficacy; ferulic acid; Z-ligustilide;

levistilide A; associated network; UPLC-TOF/MS
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Table 2 Optimization results of chromatographic conditions

Ak A4 N SR r @ HCRF/( X 108)
ZMRG 0.1% A ER /K I 121 6438 0.029 0 1287.70 121
0.2% F R /K I 110 34.83 5.22X1073 663.95 1.10
0.05% L BR/KVE W 93 8635 5.65X107 113145 0.93
0.1% LK 97 6739 2.70X 107 946.70 0.97
0.2% LR 89 4422 2.69X1073 743.56 0.89
FEi/C 25 80 5136 1.30X1073 971.32 0.80
30 90  61.06 0.1920 960.81 0.90
35 84 6236 3.83X 107 934.22 0.84
PRFAAR F/(mL-min ") 0.2 77 69.62 4.15%1073 1118.80 0.77
0.3 88  70.90 0.0719 1001.71 0.88
0.4 87  46.80 0.067 1 949.47 0.87
0.5 83 53.69 0.065 4 859.57 0.83
IKABAIAE e 95% 95 2732 0.1720 849.64 0.86
98% 114 57.98 0.248 0 997.30 0.90
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1-chlorogenic acid 2-umbelliferone 3-scopoletin = 4-ferulic acid 5-p-coumaric acid 6-senkyunolide I ~7-scoparone 8-coumarin 9-cinnamic

acid  10-psoralen  1l-bergapten  12-isopimpinellin

17-linoleic acid  18-methyl linoleate

13-3-N-butyl-4,5-dihydrophthalide

14-osthole  15-Z-ligustilide ~ 16-levistilide A

E1 ZHV3Z%H UPLC/Q-TOF-MS BEFii IDA 1REUEE (A) & 15#t (S1~S15) AE~=H#Z VT4 UPLC I6EE (B)
Fig. 1 UPLC/Q-TOF-MS ion flow IDA extraction spectrum of ASR (A) and UPLC fingerprint chromatograms for 15

batches (S1—S15) of ASR from different habitats (B)
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Table 3 Common components among 15 batches of ASR

‘ MS/MS (IE BT 30) \
s GBI fr/min RSD/% 7l MM THRE —— — ZH R
RERST FHETF BT
1 SR 4414001 029  CiHisOo  354.095 1 355.1  163.0,135.0,117.0 10
2 BN 4374002 056  CoHeOs3 162.0317 163.0  135.0,117.0,103.0 11
3 REENM 5.61£0.02 031  CioHsOs 192.042 3 193.0  178.0,150.0,133.0, 122.0 11
4 BERRR 5.68+0.01 023  CioHwoOs  194.0579 195.0  177.0,145.0, 117.0 11-13
5 XEER 6.20+0.02 030  CoHsO3 164.047 3 165.0  137.1,109.1, 105.0 14
6 FENEABST 6761001 011  Ci2HisOs  224.1049 225.1 207.1,189.1,119.1,105.1  11-13,15
7 AR 6.81£0.05  0.69  CiiHi004 206.057 9 207.1  161.1,119.1,105.1 11
8 ABHHE 7584001  0.13  CoHe¢O2 146.036 8 147.0  129.0,101.0 13
9 PR 7.60+£0.01  0.10  CoHsO» 148.052 4 149.0  131.0,121.0,103.0 16
10 FMEIRHR 7.96+0.01 0.15  Ci1iH¢Os 186.031 7 187.0  131.0,115.0 13
11 HFEEAE 825+0.01  0.13  Ci2HsOs 216.042 3 217.0  202.0,174.0 13
12 RHETABE 8.86+0.01  0.13  Ci3H1oOs 246.052 8 246.0  232.0,217.0 13
13 PEEAGEEA 10444001 013 Ci2HicO2 192.1150 193.1  175.1,147.1,137.1,105.1 17
14 IBRFE 11.15+0.02  0.14  CisHi603 244.109 9 245.1 2271 13
15 Z-BANBE 11474002 013 CipHuO2  190.099 4 191.0  143.1,130.1 11-13,18
16 FERHHNEE A 13.9740.01  0.10  CaH2s0s  380.198 8 381.2  335.1,191.1,173.1 11-13,15
17 R 16.5940.01  0.08  CisH»nO2  280.2402 2812 263.2,2452 12
18 WMERFEE  18.502£0.02  0.10  CioHO2  294.2559 2052 263.2,2452,175.1 12
F4 HAUERSTHESER
Table 4 Bio-efficacy components selection results
I o 5 CAS e EMAFR OB/% DL HRIE (1D
4 537-98-4 FIEERR (ferulic acid) 39.56  0.06 TCMSP (MOL000360)
5 4501-31-9 S EEMR (p-coumaric acid) 4598  0.04 TCMSP (MOL000397)
6 94596-28-8 PENIEEE T (senkyunolide 1D 4680  0.08 TCMSP (MOL002143)
7 120-08-1 T W (scoparone) 7475  0.09 TCMSP (MOL001999)
10 66-97-7 WEHEE (psoralen) 33.06  0.10 TCMSP (MOL001950)
11 484-20-8 HFH NS (bergapten) 4221 0.13 TCMSP (MOL001945)
14 484-12-8 ¥ERF % Costhole) 3875  0.13 TCMSP (MOL000614)
15 551-08-6 Z-B KA RE (Z-ligustilide) 53.72 0.07 TCMSP (MOL002122)
16 88182-33-6 R ITAEE A (levistilide A) 215 0.82 TCMSP (MOL002102)
17 60-33-3 W2 (linoleic acid) 4501  0.15 TCMSP (MOL000432)
18 112-63-0 TR FE (methyl linoleate) 4193 0.17 TCMSP (MOL001641)

(1) BRI 224 SR 77398 B0 0 7 B JiEbk 52
BoriEE G A IS KRB CKRIERN 1 S,
M., BRAMAGHH, HHe X, =
RO TT, A2 TIERRT 1 FITRS T 4K

BEATL 3 A0S

PEPELL ig BILINEE R, BHFIEAN S gked),

RS 2H R s HEE

g5 TAEARUE PR K,

B IR B B A AN A 25 240K R B TR X
i (0.5 m?X 1.3 m) BRI 5 /7 /KL HRdE AT 1 B
PEUFIK, &M 1, AKX 20 min, KiR (25+
2) Co @EMNASE, FEA R KRR ER 5%IHHE
WEpk B, AT U RN ER I S E YRR T
KRR, PLKRUIAIKIE 3 s RIFLAE 1795 .
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Fig. 2 Comparison of in vitro anti-oxidant activities for 15
bathes of ASR extract

95 57 SN . MG NS 250 KRR E T
SIS HL N, JEIE KRR TS
BN GR, ERHIR 2 d, HESY 10 m/min,
B 20 min, HLEHEN 000 3E NG FAFE 0°,
10°, 30°, ¥i 15. 20. 25 m/min F£F%, % 15 %
BZ AL TER I 7 SN AT 45 min (9E 57 L, BR
2 R B A DLE A AR o R R R, DA
KRR FFRFEIZ 3] .

(2) FBbRA: VRIT A RS, K ERARAER ML 0.5
mL, i85 M3, A% A B H K S AL P
(glutathione peroxidase, GSH-Px) &k, &5 L x + 5
Fone KH SPSS 19.0 it 4K AbHEL I, 11 &
PORLR H R 2 7 Z 534 (analysis of variance,
ANOVA), P<0.05 NZERH G5 .

SEREIR, SR b, AR A ALK R
GSH-Px 3P 2 [EK (P<<0.01). SHAIHAMLEL,
B KRS GSH-Px iEMEY B ETE (P<
0.01). B& S1. S9. S11. S15 ftikz54 5%} iE 4HAH
PTG 3 75 b, AR 25945 25 )5 s GSH-
Px it TR R4 (B 3D,

2.4.3  HUHZKIRPIRT S MK BRAE R AT

H IR/ %

wn
(=3
(=]

= B

24007

2

= 300

% 200 i .
A © I
T 1007w i R AT
© 9

M B S1 S2 S3 S4 S5 S6 S7 S8 S9S10S11S12S13S14S15

HxtHd b "P<0.05 TP<0.01; SEEALLE: *P<0.05
#Pp<0.01
*P < 0.05 P <0.01 vs control group; *P < 0.05 *P < 0.01 vs

model group

3 15 StV AHR B E R d A A B AR
Fig. 3 Comparison of in vivo anti-bloody deficiency and ir

vivo anti-bloody stasis effects for 15 bathes of ASR extract

(1) BRI 25200, SEFTHTT T, H25HT
IERLET 1 A T 9HKEY), ig AIEN S g/kg d),
RS MO 2 45 T SRR 2K, 3k 2 /1231, 45
GG, BB & 25 232K R4 0 se 2R 1
% 0.8 mL/kg, 2 h ¥ KERIEN 0~2 CIKKH
JEPK S min, 551 IRG TG FREE 3h, FRIK
SRR NIRRT AR . o IR 5 F) 455
BRAERIK, REATUHOKIFK. bEE, 2R
K. WITEE ARG, KRIRAERML 0.5 mL, &I
. A4 GSH-Px 51 .

(2) fEtakaill: S5 PAx 5 Fm. KH SPSS
19.0 itk F A HE R, THETRESR RN ETT
ZHT (ANOVA), P<0.05 NZERAGITFE L.
ZER TN, SXIRALLE, ALK R MIE GSH-Px
R FERFK (P<0.01). HEMAMLEL, FRkeS
24 KRS GSH-Px G R T . B 1~4.
6. 7 HIREEZJE MG GSH-Px &1k s % R 4H 4b
(P<<0.05. 0.01), ALK 5%} R AR LT 2 3% 2%
5 (E 3D,

2.5 U3 Q-Marker fifik

P RAEEIM 15 HECHSIAKIEYI ) UPLC-TOF-
MS/MS f5r % 8 HdE . mAMITEATEE . RN BTR
IS MERHE SN Simea-pl4.1 BB TR LI R4S
PA K A #5 /N e [8] VA 43 #fr - (partial least squares
regression, PLS) 115 . Zbriifl. X bR
FEMTAL B R E fG . T2 nguit A, IREET 2
AN TG PLS B8 . Sy T 4R B3 % 4 % 1)
HME R, WY PLS 45 8, 2 & ik &
AT, SRECH I ZE R KA DG BT %
E (B 4-A).

F, DAAREHEEEMEFSSFR VIP (variable
importance in projection) ik &G YITE RS
WEEE, e VIP KT 1 A YIERETER
Q-Marker. &5 5243 2| B H R E A IEDA 34,
SRR ST NTEE A (VIP: 2.752), Z-BA N
(VIP: 1.710) FAFIZERZ (VIP: 1.663) (& 4-B).
P A G S RSN R E . UL 5
GSH- Px i1 . HUIMHE GSH-PX 35 PEHEAT PLS Bk
PR, AR . &SR, WIRTR. Y
FAREE Ay Z-Bi A P TR A R P G -5 4k 9 A A4
TEIE R IEADG, HARREEI KT 0.6, UiEH FiR
AT m AR T 24 3 ) A= P PR AT 35 B
BN (R 5).
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A Rk, AREE (FPEZGH) 2020 ERRIGRIIZ5H
o FREshifE, G50 LR TS, RN I Py
fﬁ?@; A\ Z-BARNBEFIBTELRGX 3 Pk G0k e
5 p— ﬁém*émalggﬁwg j‘ﬁ‘/'u\af@ﬁﬁ??% Q-Marker. e
£ BEAE @ | WIE 2.6 Y3 Q-Marker M E 7 3EF 55 E
0.4 T P 2.6.1 AmiEsam & W “2.1.4”7 IﬁTﬁfi
Z%MJ%@ 2,62 HEX M%%%ﬁﬁ%ﬁ% WW%M\
08— Yy : - MHANER A T Z-FEAR BRI G B, REEAROE,
we[1] BESEENF, I 70% 5 EE ) R Eﬁ W5 N
I B 2.5 0.1+ 1.5 pg/mL (7RG X G S g &, BIS.
3 2.6.3 MM
g2 (D EEFEFAM: 8IS TR ESI
" E%?&ﬁﬁﬁﬁ%,@Wﬁﬁﬁ%&@%M
0 (multiple reaction monitoring, MRM). &-FLZ%
e 22 Eef P2 EEEC RETIEEHLE, T 74 5500 V; TEM 550 °C,
ELEEpELEHE=ZH GS1 M1 GS2 AE/L, B 344.738 kPa (50 psi),
TN £ 2 = CUR 241.316 kPa (35 psi). LA&W0E 5L RA4E
B4 15 HAABHRSES PLS B8 (A) 71 VIP 55 Z4)(: DP. CE Alfilf4# ith 4 11 HEL & Ccell exit potential,

& (B)
Fig. 4 PLS analysis with loading plot (A) and VIP bar
chart (B) among different batches of ASR

=5

BB S I

CXP) 458, WE 6 fin.
(2) WiAHZAE: % “21.3 (2)7 WG &4
HEATIE .

RAEEY PLS KEKSH

Table 5 Correlation matrix among bio-efficacy components, anti-oxidant activities, anti-bloody deficiency activities, and

anti-bloody stasis activities

s FY S LGS OH #1573 ‘ waxﬁﬁ‘
ABTS-* DPPH: P P (BuEs7)
4 P 2R R 0.932 252 0.931 122 0.917 102 0.885 668 0.891 943
5 IR 0.672 990 0.669 642 0.641 980 0.669 149 0.629 120
6 FENE AN 0.411 998 0.400 324 0.362 240 0.398 402 0.360 696
7 VR A TR 0.257 649 0.234 257 0.216 020 0.250 427 0.206 434
10 EHEER -0.908400  —0.882 460 -0.962 160 -0.912 970 -0.911 610
11 s A T -0.818920  —0.811 370 -0.808 710 —0.770 010 —0.780 710
14 R T & 0.626 962 0.609 030 0.711 230 0.620 978 0.666 001
15 VA ¥ NulE 0.936 587 0.932 766 0.964 786 0.911 845 0.941 551
16 R4 U9 A T A 0.653 140 0.700 294 0.643 397 0.587 500 0.649 001
17 G R 0.257 503 0.298 527 0.188 650 0.244 603 0.232 839
18 SV IHT R Y 0.808 347 0.840 457 0.767 596 0.758 904 0.764 905
*6 PUERER. Z-ZEAMES. EXRLITRNES A TRERVSH
Table 6 MRM parameters for ferulic acid, Z-ligustilide and levistilide A
&Y fr/min BT (m/z) FET (m/z) DP/V CE/eV CXP/V
R B2 5.66 195.0 177.0 70 13 5
Z-BEAR AR 11.47 191.0 115.0 70 56 12
KK AR A 13.90 381.2 191.1 71 22 9
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2.6.4 ZMERFRFEH, MHRAERER R
3 i Q-Marker JB G0 HE il i 2 VA, FR BRAR AL 43
Mr AT IR, % “2.1.3 (2)7 il &R,

DA TRIRUAMALER (), SRRV IR B R AL
O ZiltadE TEMZ . 13 3 Fiib &g
N 0.176~36.000 ug/mL, H Xl Y 2656 R K i

CABRAHERE it AR N G, AR AN [R] J5T & FE 1)
TRA IR, R IREREL (SIND >3 THEA
fR, 3% SIN>10 tHEE IR . AJ7ER R
0.08~0.63 pg/mL, E&FRFE 0.15~1.28 pg/mL. 3
Flt Q-Marker IIZR 17 2 AHOC R EL 728 HBR 22
EERIE 7.

*7 Y33 Q-Marker HE M5 KIMEE. v WHRMEERR

Table 7 Linearity, regressions coefficients, limits of quantification, limits of detection of three Q-Marker

A& AR r EMEE (gml ™) EHBR/(ugml ) @ ER/(ugmL )
BeT B 1 Y=152307 X+83.023  0.9911 0.8~8.0 0.21 0.73
Z-BEAR NG Y=7X10° X+36 657 0.9962 3.6~36.0 0.63 1.28
HESVETS]IEPN Y=3X107 X—17 213 0.9994 0.176~1.760 0.08 0.15

2.6.5 LREMERK % “2.13 ()7 @ik, o
SR S Y S O VAV TR A R AR AR
AR B 25 N R AR RE b, 5 R LI S
CELR 3 PR Z M BT, ERESAR AL
DA 3 Fft s o3 i 0 TH B3 KT 8000, 74 58 K,
Ui % B JE I R .

A Z-B AR A g

Bl 2RR
BRI B A

B Z-B K A g

Bl B2
R4 U B A

0 5 10 15 20 25
t/min

E 5 EEXEE Q). HEAMKE B) KA RER
(C) &K UPLC-MS/MS 12BN E TR &

Fig. 5 UPLC-MS/MS extract ion profiles of mix reference
substances (A), ASR sample (B) and negative control (C) for

ferulic acid, Z-ligustilide and levistilide A

2.6.6 FEEERE BURAXIRME, % “2.13
(2)7 TN ik 25 ESME 6 IR, CRIETAN . 45
FIR 3 A AR B I 1] RSD 7E 0.01%~0.07%,
T RSD 7F 0.78%~1.44%, 45 BRI B ks 2%
A=Y/
2.6.7 EEMHRE  HUE-HAHSE, % 2147
T34 6 A B VA R R TR K A
& “2.1.3 (207 EIEFAERENE, dRETRIE
THER RSB SR ER 3 A FIR ] RSD
£ 0.07%~0.15%, UETHIFL RSD 7£ 0.19%~1.05%,
GERRIZIEEE M R
2.6.8 FRoEMEiREe  HU “2.6.77 TR ARR M A BGE
B, 2HTEIEKE 0. 3. 6. 12, 18, 24, 36.
48 h, % “2.1.3 (2)” @ik dEREm e, 03k
AR 455 BIR 3 AN PR B I [H] RSD £E 0.86%~
1.49%, WETHFY RSD 7E 1.16%~1.49%, 455k
AR AT E IR NE 48 h WA E .
2.6.9 INFEEIUERIREE RS EAREUE O A A =
IR 0.2 g, PATFREL 6 17, 4% “2.1.47 TR
T PR S, LA R 2 B S IR
L1 EREIION OO0 R R VR A0 R VA
% “2.1.3 (207 AAGKAFEREIE, CRIERRT
THEINAE ISR . FIZRER . Z-BEAS P B FIRK 24 U
i A BRI 0FE IR 53 008 100.25% 99.18%.
100.15%, RSD 4354 0.32%+ 0.87%. 1.23%.
2.6.10 SHCFEMME B 1S MM EES, S
S 3 A Ptk ot AR R B TR B B VAR 2 L
PRV 2 uL, FENRA IR, el
N, MRS RS R S RS R, 4
R 8.
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* 8 15 YA M Z-RANEE. FERELFIE L YINES

REMNELER (xts5,n=3)

Table 8 Ferulic acid, Z-ligustilide and levistilide A contents

for 15 batches of ASR (X £ 5,n=3)

iR/ (mgg™")

.
o SRR WCHITREE A
S1 19.114+0.038 0.789£0.050 0.373£0.009
S2 19.302+0.111 0.6831+0.080 0.271£0.009
S3 18.303+0.069 0.651£0.013 0.330£0.001
S4 21.5294+0.079 0.999+0.018 0.316£0.007
S5 17.728 £0.095 0.713£0.011 0.188+0.004
S6 23.08940.137 0.9961+0.014 0.24710.002
S7 25.1274+0.126 0.9841+0.019 0.21710.002
S8 19.290+0.021 0.823+0.011 0.159+0.001
S9 18.9724+0.039 0.570£0.010 0.256£0.005
S10 21.32240.056 0.736+0.001 0.18010.002
S11 17.864£0.062 0.47110.080 0.093+0.001
S12 21.4647%0.112 0.8361+0.060 0.2041+0.004
S13 23.2434+0.054 1.060£0.016 0.231+0.001
S14 21.9984+0.013 0.93440.039 0.211£0.003
S15 19.894+0.083 0.72110.007 0.163+0.002

3 g
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