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Abstract: Objective To establish a HPLC method for the determination of ferulic acid, senkyunolide I, senkyunolide H, coniferyl ferulate,
ligustilide and butylidenephthalide in Danggui (Angelicae Sinensis Radix) using quantitative analysis of multi-components by a single
marker (QAMS). Methods The analysis was performed on a Waters X-Select CSH column (250 mmX4.6 mm, 5 pm), with 0.085%
phosphoric acid (A) and acetonitrile (B) as mobile phase at the flow rate of 1 mL/min for gradient elution, as well as the wavelength was 265
nm and the column temperature was 40 “C. Results All calibration curves showed good linearity (R2>>0.999) within the concentration
range. Ligustilide was used as the internal reference standard, and five relative correction factors (RCF) of ferulic acid, senkyunolide |,
senkyunolide H, coniferyl ferulate and butylidenephthalide to ligustilide were calculated, which were 1.073 4, 0.564 8, 0.468 1, 0.926 2 and
1.083 5, respectively. Their content in Angelicae Sinensis Radix was determined by both external standard method and QAMS method.
There were no significant differences between two methods. Conclusion The method of QAMS for six components determination in
Angelicae Sinensis Radix was established, which can be used for the quality control of Angelicae Sinensis Radix.
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Table 1 Information of Angelicae Sinensis Radix
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Fig.1 Chromatograms at 255 (A), 265 (B), 275 (C), 285 (D) and 300 nm (E)



¢EH 2024108 $53% H20H Chinese Traditional and Herbal Drugs 2022 October Vol. 53 No. 20 * 6357 »
A B 5
5
I |
4 |
4 2 w
1 2 3 ‘- 6 | S I ‘ 8
'8 12 16 20 24 28 32 38 42 48 8 12 16 20 24 28 32 38 42 48
t/min t/min
1-FUERER  2-VE )1 BE | 3PS B H o A-BTERRRIAAEE  5-BEANEE  6- | RIEARAL
1-ferulic acid 2-senkyunolide I 3-senkyunolide H 4-coniferyl ferulate 5-ligustilide 6-butylidenephthalide
2 3SYHEAER (A) FREXES (B) B HPLC &iLE
Fig. 2 HPLC chromatograms of No. 3 Angelicae Sinensis Radix sample (A) and reference substances (B)
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Table 2 Liner correlation, limit of detection and limit of quantitation of six components
G EYEpp 2 MV (ug-mLY) R2 Flfmg  EEFR/ng
Pl 2R R Y=13 106 X—3 508.4 1.58~12.63 0.999 4 26.72 89.06
FENE NS | Y=23996 X—4 150.4 2.03~16.25 0.999 6 13.91 46.37
FENE NS H Y=29 926 X—1 832 0.37~2.93 0.999 5 11.73 39.09
RAT B FR A AT Y=14943 X—14 893 6.95~55.58 0.9994 23.21 77.36
BN Y=13 975 X—58 664 40.21~321.70 0.999 5 24.30 80.99
TIRAERER Y=12 544 X—8 568.9 4.21~33.71 0.999 6 27.87 92.90
252 MHEERK AEUIE RS0 KT I EIR A 51 98.45%. 97.04%.
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3 TREMUEEFGEIEHNSHET R EREF
Table 3 RCFs determined by different instruments and columns.
s ik f HATEEIN
Bl SRR 3 A P f P01 e | sk g f P11 ol Hi ik o f B SRR AR B A f TR A

Waters2998 PDA Wiaters X-Select CSH-1 11214 0.568 4 0.4659 0.946 0 1.1596

Wiaters X-Select CSH-2 1.1076 0.562 3 0.493 4 09441 1.1320

Waters X-Select CSH-3 1.092 7 0.555 2 0.467 7 0.942 3 11323
&y SPD-20A Waters X-Select CSH-1 1.052 8 05714 0.4616 0.908 1 1.0243

Wiaters X-Select CSH-2 1.0241 0.567 2 0.459 6 09117 1.026 0

Waters X-Select CSH-3 1.0417 0.564 2 0.460 6 0.904 9 1.026 8
PEIE 1.073 4 0.564 8 0.468 1 0.926 2 1.0835
RSD/% 3.66 1.01 2.73 2.14 5.92
272 MEAFREBREMNMER R HE—&  BRSWEE. SEARNERAT W EIRB AR, 1H5Ef

WA A, 20 H1#60.95. 1.00. 1.05 mL/minffifA
FURE T IE BT BRER 7)1 25 BRI )1 25 I BRH
R ZRERFARATE . BEA BT SRR I e T A
T EME 4 581,125 0. 0.578 1. 0.474 5.
0.960 3. 1.153 9, RSD4} %I 50.82%. 1.63%. 7.75%-
2.50%7F11.27%. 25 REK LR — G &R kX
by R E AR RN K

2.7.3  MEAFEAEEHE KR R 6"
G, 4> HIFEFEIR 35, 40, 45 CI%ME R
e PTERRG . )15 MR PR N EEH . B2k

P 4E 439 91,120 3. 0.569 4. 0.473 3. 0.947 5.
1.139 9, RSD4} 4 42.88%- 1.60%- 1.46%-. 0.70%
F1L.76%. 45 RFPLER—G @R AH AR A F,
A 5L 149 AR A 5o FAEL 1 2 T AN K
28 HmHEENE

K BT R AR AR T QAMS V25 43 Sl Wl e
T 3L HY AR ER . PRI EAEE L RIS A
Bis H. FTEERRAARANR . A P R AL T M5 2 2R BRI
T, WK 4. SRER 2 MOTETNAE N AR
T2

R4 HEAERT 6 MLEWHEE (n=3)

Table 4 Contents of investigated compounds in Angelicae Sinensis Radix (n=23)

FIZERR/(mg g4 IS NEE 1/(mg g

N NEE Hi(mg g7Y) Rl 2 B P AR BE/(mg g 71)

é =

i QAMS  4Mhivk QAMS SbRE QAMS SbRiE QAMS SR
1 0285 0285 0.781 0.781 0.149 0.149 3.034 3.032
2 0442 0441 0.746 0.746 0.138 0.138 1.670 1.669
3 0365  0.365 0.406 0.406 0.084 0.084 1.476 1.475
4 0352 0352 0.476 0.476 0.090 0.090 1672 1.671
5 0283  0.283 0.633 0.633 0.113 0.113 2.649 2.648
6 0438  0.438 0519 0.520 0.089 0.088 3.001 3.000
7 0454 0454 0.479 0.479 0.089 0.089 0.769 0.769
8 0502 0501 0.826 0.826 0.156 0.156 4.837 4.835
9 0535 0535 0.494 0.495 0.093 0.093 0.747 0.747
10 0350  0.350 0.422 0.422 0.087 0.087 0.816 0.816
1 0508  0.508 1.105 1.105 0.212 0.212 6.469 6.466
12 0455 0455 0.417 0.417 0.075 0.075 0.756 0.756
13 0360  0.360 1.048 1.048 0.197 0.197 3.062 3.060
14 0360  0.360 0.398 0.398 0.071 0.070 0.601 0.601
15 0356  0.355 0.771 0.772 0.148 0.148 4.669 4.667
16 0390  0.390 1.151 1.151 0.232 0.232 3.173 3.171
17 0473 0473 0.541 0.541 0.105 0.105 1.275 1.274
18 0425 0425 0.806 0.806 0.138 0.138 1.251 1.250
19 0375 0375 0.908 0.908 0.162 0.162 1.834 1.833
20 0368  0.368 0.404 0.404 0.074 0.074 0.577 0.576
21 0461  0.460 1.058 1.058 0.200 0.200 4.146 4.145
22 0359  0.359 1.096 1.096 0.207 0.207 5.670 5.668
23 0507  0.506 0.710 0.711 0.114 0.114 1.309 1.308
24 0361  0.361 0.450 0.451 0.087 0.087 4.144 4.142
25 0334 0334 0.223 0.223 0.045 0.045 2.851 2.849
26 0368  0.368 0.874 0.874 0.139 0.139 2.178 2177
27 0291 0291 0.163 0.163 0.025 0.024 3.999 3.997
28 0.8  0.185 0.319 0.319 0.062 0.062 8.973 8.969
29 0509  0.509 0.350 0.350 0.072 0.072 3.589 3.587
30 0448  0.448 1.174 1.174 0.228 0.228 5.186 5.183
31 0501  0.500 1.240 1.240 0.216 0.216 2.855 2.854
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i, )
.. Z-BEA Y ig/(mg g7Y) Z- T IGE B (mg g7h) MBTEERR/(mg g7h) HOKEE/(mg g7Y)

AMRTE QAMS AR QAMS AR QAMS CANRER

1 13.519 0.867 0.866 3.319 3.318 15.315 15.314
2 10.441 0.990 0.989 2.112 2.111 12.315 12.314
3 9.457 0.587 0.587 1.841 1.840 10.534 10.534
4 7.936 0.698 0.697 2.024 2.023 9.200 9.199
5 11.698 0.796 0.795 2.932 2.931 13.241 13.240
6 13.603 0.836 0.835 3.439 3.438 15.047 15.047
7 6.203 0.839 0.838 1.223 1.223 7.610 7.609
8 19.244 1.046 1.045 5.339 5.336 21.272 21.270
9 6.281 0.789 0.788 1.282 1.282 7.657 7.656
10 6.409 0.749 0.748 1.166 1.165 7.667 7.666
1 29.650 1.455 1.453 6.977 6.974 32.422 32.420
12 6.516 0.781 0.780 1.211 1.210 7.790 7.789
13 15.283 1.202 1.201 3.422 3.420 17.731 17.730
14 5.025 0.959 0.957 0.962 0.961 6.452 6.451
15 19.051 1.034 1.033 5.025 5.022 21.004 21.003
16 14.351 1.148 1.146 3.563 3.561 16.882 16.880
17 8.128 0.775 0.774 1.748 1.747 9.549 9.548
18 9.167 1.251 1.249 1.676 1.675 11.363 11.361
19 10.702 1.045 1.044 2.209 2.208 12.817 12.816
20 5.799 0.817 0.816 0.944 0.944 7.094 7.093
21 19.680 1.185 1.184 4.607 4.605 22.123 22122
22 24.250 1.190 1.189 6.030 6.027 26.743 26.742
23 11.983 1.101 1.100 1.815 1.814 13.908 13.907
24 18.081 0.796 0.795 4.505 4503 19.415 19.415
25 16.036 0.573 0.573 3.185 3.183 16.878 16.877
26 12.463 1.317 1.316 2.546 2.545 14.794 14.792
27 15.584 0.452 0.451 4.290 4.288 16.224 16.223
28 31.470 0.698 0.697 9.159 9.155 32.549 32.549
29 18.864 0.821 0.820 4.098 4.096 20.107 20.106
30 21.847 1.354 1.352 5.634 5.631 24.603 24.602
31 15.800 1.286 1.285 3.356 3.354 18.543 18.542

3 Wit FIZEER . BEANEEN THERIKE ERE, m&

TS Ah EEAFEE VLIRSS, KB L
GRE, AT RN M R, Ak
BOFR T X RS SR AR AT A, X 2 IARE PR Sk
PEEATRAL, FEARRRECT . FRECE AT
B[] 3 AN T . ASSEES By S 8% 1 Rl SR B
PRI ZE 5, I HH T Brl R R A AT T A B SRR (1) 45
G T M, HE2#Or NbTER, H
IR BOT IR B UK . TR A SR U R
e, MIERERERENE, ASTot ikt e S U E
NIRRT 5. TR SR (R Rk b, A
SEUG LG IE TR 150 304 45. 60 min 4 AT .
SE LR BAHERE 15 min X A B BE R 1 B BURCR B i
B 30 min X RERE R AR BUSUR B 4F, 47675
FE P 7R B 1] 4 30 min

FESRUE T, ALIHE L T A FRER 7
BRI T0%HBE. 80% HIE . 90% HI I |
4l H B2 RN 959% FH i -5% H R 1A T 131, 70% . 80% HH
i T ] 280 R P B 6 e v, T BT B R A AL R TE. 95%
HH - 5% H RIS W cfe e, PR R . M

e HE T 95% HEE -5% HI R VA VAT 24 VA B S UV
Al B LT S AR I 95% H I -59% I R T4
TR 75 HEEX 30 min.

A SIS S ST ) e OO 0 1 S 1 RN 24
b 6 MRS ENE, AR E A RS AR
HEPR A 7 RE . MR T 7R 2 U E B A R AR
fith b, MFTEERR U S BT ERIR, JFEHGIN 1 KBRS AL
SR NFRER, AT DL DDA T AR ) 2 A 250 T
NIRRT S .

FlBAR ALY EAREEFZFR
Sk
[1] " EZ [S]. —#&6. 2020: 28.

[21 BRLSE, B3, ZREHEMNTT SR 0] RA™
YIwt 5t 571 K&, 2004, 16(4): 359-365.

[3] Chen X P, Li W, Xiao X F, et al. Phytochemical and
pharmacological studies on Radix Angelica sinensis [J].
Chin J Nat Med, 2013, 11(6): 577-587.

[4] Chang C W, Chen Y M, Hsu Y J, et al. Protective effects
of the roots of Angelica sinensis on strenuous
exercise-induced sports Anemia in rats [J]. J



* 6360 »

¢EH 2024108 $53% H20H Chinese Traditional and Herbal Drugs 2022 October Vol. 53 No. 20

(5]

(6]

[7]

(8]

(9]

[10]

[11]

Ethnopharmacol, 2016, 193: 169-178.

Zhuang C, Xu N W, Gao G M, et al. Polysaccharide from
Angelica  sinensis  protects  chondrocytes ~ from
H202-induced apoptosis through its antioxidant effects in
vitro [J]. Int J Biol Macromol, 2016, 87: 322-328.

Lee J, Choi Y'Y, Kim M H, et al. Topical application of
Angelica improves
inflammation in  mice with atopic dermatitis-like
symptoms [J]. J Med Food, 2016, 19(1): 98-105.

E22, W, 205 20 % G sl i B R 1 5 K R
LA RFOK B RIER T RIE R [J]. Hp [ sE
U5 7 4458, 2018, 24(2): 123-127.

Hua Y L, Yao W L, Ji P, Integrated
metabonomic-proteomic studies on blood enrichment
effects of Angelica sinensis on a blood deficiency mice
model [J]. Pharm Biol, 2017, 55(1): 853-863.

EwepE, U, RITR, &5 R IHA B0 E R
T2 ot 2R MUAE S5 e s R AR REAL B sEme [3]. b o
2415 B 2% i, 2018, 25(2): 51-54.

Li SL, Yan R, Tam Y K, et al. Post-harvest alteration of
the main chemical ingredients in Ligusticum Chuanxiong
Hort. (Rhizoma Chuanxiong) [J]. Chem Pharm Bull
(Tokyo), 2007, 55(1): 140-144.

Li SY, YuY, Li S P. Identification of antioxidants in
essential oil of Radix Angelicae Sinensis using HPLC
coupled with DAD-MS and ABTS-based assay [J]. J

Agric Food Chem, 2007, 55(9): 3358-3362.

sinensis pruritus  and  skin

et al.

[12] Chen C, Wu C H, Lu X H, et al. Coniferyl ferulate, a

[13]

[14]

(15]

[16]

(17]

(18]

[19]

strong inhibitor of glutathione S-transferase isolated
from Radix Angelicae Sinensis, reverses multidrug
resistance and downregulates P-glycoprotein [J]. Evid
Based Complement Alternat Med, 2013, 2013:
639083.

Lu G H, Chan K, Leung K, et al. Assay of free ferulic
acid and total ferulic acid for quality assessment of
Angelica sinensis [J]. J Chromatogr A, 2005, 1068(2):
209-2109.

g, EamdE, XI0EE, 5 BEZ G “BACRER”

W [J]. H %24, 2016, 47(15): 2701-2706.

SR, ERIE, FHOR, S R PR ik
WAL [3]. PaEBHR R, 2017, 30(10): 22-26.

R, Bdd, SRA, & Z-TEANERRER )
UPCL-QTOF-MS # NMR kg% [J]. 252K,
2013, 48(6): 911-916.

Yan R, Ko N L, Li S L, et al. Pharmacokinetics and
metabolism of ligustilide, a major bioactive component in
Rhizoma Chuanxiong, in the rat [J]. Drug Metab Dispos,
2008, 36(2): 400-408.

FRR, BREH, KoM, & WS IHEREILRER
Brd [J]. HEH A&, 2011, 36(6): 657-658.

Hou J J, Wu W'Y, Da J, et al. Ruggedness and robustness of
conversion factors in method of simultaneous determination
of multi-components with single reference standard [J]. J
Chromatogr A, 2011, 1218(33): 5618-5627.

[riEs it B E00]



