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Quality characteristics of Angelicae Sinensis Radix from different producing
areas based on HPLC fingerprint and multi-component quantitative analysis

YANG Yan, YU Chun-giang, GUO Zi-xian, WANG Meng-yue, LI Xiao-bo
School of Pharmacy, Shanghai Jiao Tong University, Shanghai 200240, China

Abstract: Objective To establish fingerprints of Danggui (Angelicae Sinensis Radix, ASR) from different producing areas and
determine the contents of its main components, combined with chemometric analysis, to establish "identification marks" of Angelicae
Sinensis Radix from different producing areas. Methods The fingerprints of Angelicae Sinensis Radix in Gansu, Sichuan and
Yunnan were established by HPLC-DAD method, and the content of index components was determined. On this basis, the similarity
evaluation system software (2012 version) combined the principal component analysis (PCA), partial least squares discriminant
analysis (PLS-DA), and fisher linear discrimination analysis (FLDA) and other chemometric methods were used for the pattern
recognition research. Results The fingerprints were co-calibrated with 13 common peaks in Angelicae Sinensis Radix from
different regions. Eight chromatographic peaks were identified by reference. The 27 batches of Angelicae Sinensis Radix samples had
similarities above 0.90; The contents variation ranges of chlorogenic acid, ligustilide I, E-butenylphthalide, total ferulic acid (total
amount of ferulic acid and coniferyl ferulate converted), and Z-ligustilide were 0.10—0.52 mg/g, 0.10—0.24 mg/g, 0.19—0.54 mg/g,
1.42—2.66 mg/g, 21.75—29.15 mg/g, respectively. PCA and PLS-DA results showed that Z-ligustilide, E-ligustilide, coniferyl
ferulate, and ferulic acid were the different components of ASR from different places of origin, among which Z-ligustilide can be
used as the component identification mark of Gansu ASR, E-butenyl phthalide can be used as the component identification mark of
Sichuan ASR,; total ferulic acid can be used as the component identification mark of Yunnan Jianchuan ASR. The content of the index
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components was linearly discriminant. The correct rate of self-discrimination was 96.3% and the correct rate of cross-validation was
92.3%. Conclusion The established HPLC fingerprint is combined with content determination, PCA and PLS-DA indicators to
comprehensively and effectively explore the quality characteristics of Angelicae Sinensis Radix in different production areas, confirm the

iconic ingredients of Angelicae Sinensis Radix from various production areas, and provide technical support for the production area

origin and quality control of Angelicae Sinensis Radix.

Key words: Angelicae Sinensis Radix; HPLC; fingerprint; chlorogenic acid; ferulic acid; senkyunolide I; senkyunolide H; coniferyl

ferulate; chemometric
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24 5 1% FH O iR 18], 29 2 () R s 4
B 7R R bR (BTERRR, BEARNERSE) i
TR, BHETIEHAT TS EIES 454 &
N R WA T B AR A A6, R,
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8T, 45 A E R Bt Cprincipal component
analysis, PCA) . flii 5 /)y 3¢ 1% (partial least squares
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7 (fisher linear discrimination analysis, FLDA)
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F1 AE~H 27 HRGEFGMHERHNERER
Table 1 Detailed information of 27 batches of Angelicae
Sinensis Radix samples from different producing areas

EIie] P FE R LA S IR)
S1 HRURE R )1 HR 2018-09-20
S2  Hr ik L v R H¥ 2018-09-25
S3  HiRIREH# S H¥ 2018-09-15
S4 HiNREZRZT 2 H¥ 2017-10-20
S5 HflikE A E HR 2017-10-30
S6  DUJI4pRE LS B HF 2018-10
S7  UJI4RpA L= E H¥ 2018-11
S8 DU)I4pRE LS B H¥ 2018-11
S9 DU JII4RRHFRE H¥ 2017-11
S10 VU JII4RRA-FRE H¥ 2017-11
S11 mEEMTE & H¥ 2018-09
S12 mHEMLERE HF 2018-09
S13 mEMILERE H¥ 2018-09
S14 =EENTL EARFEZ 2017-12
S15 = ihE EHEEBE 2016

S16 R PRYEG EPS 2017-12
S17 = ihid b Em B 2017-10
S18 mEAHBKL  LESERFEEIFRR  2016-10
S19 =g KHEIR EPS 2017

S20 mEIAHS)I FETE RS R 2016

S21 mEKHEINIES EARFZ 2017-12
S22 mHRHEEINIEZKE HX 2017-12
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S24 g KHRESK H¥ 2017
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S26 mE KHEEISE AR 2018-11
S27 mERMEIIRE  ESlE R 2018-11
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Wikl Ay (b ARRA ] BI-500A BUEMAEAL
(FEAATD; Agilent 1200 & B0MAH A (DAD
for Wl 2% ) (3 E %P A A D)5 Agilent Eclipse
XDB-C18 (150 mmX4.6 mm, 5pum) {oifk: (3
E RS A (RN DB

2 HiE

21 REMMBRERNHIE

WP BRIR . SRR BIBRERRAAMAEE . VIS A
B | TIRAORER, Z-BE AN ERE S, RS FRE, N
N\ FP I B RS B VAR JEE 93 79 O 0.666., 0.724 0.770,
0.696. 0.664. 0.536 mg/mL ¥V &% I8 s, 1x
2T UKFE %

22 HimiEmReH&

HOCQIHZ ML 0.1 g, FEEME, BT 10mL &
FERE S, A5 mL HEE, FoEME; KEET
FeM A, B Lh, SO E R R SR, FRERE R
B, FAWERTIHNG, B, SRR
FHIERE ST -

23 BIEEH

it H: N Agilent Eclipse XDB-Cyg (150 mm X
4.6 mm, 5um), JBIAA 0.19%BEIER (A -4
i (B), fRF & 1 mL/min; BiEESENE, 0~20 min,
5%~30% B; 20~40 min, 30%~65% B; 40~45
min, 65% B; 45~50 min, 65%~100% B; 50~53
min, 100% B; 53~58 min, 100%~5% B, 58~
65min, 5% B; Al K 254, 278, 316. 327 nm;
FEER 35 °Cs HEFERL 10 Pl
2.4 F[EFEH YIRS HPLC B EIIE MR
241 FEEERLE EES N S27 KFIMIAREML
019, KEZEME, 1% “2.27 T F &M & AR A
W, WSEITEEEAER “2.37 TR, ESEHEEE 6 1K,
I3 RS LA I R B R S AR . 45 R R
B ILH IEA R B IS E] i) RSD<<0.85%, &%ILA &
FERTHIE AR RSD<<2.0%, I 284G 25 B R I«
242 HEMRAE &5 N S27 AR ML)
0.1g, WEME, PAT 610, 4% “2.27 T %A
RS, TE TR “2.37 TUR, 43
THE S LA W R R I R] S5 W T AR, 45 R g% 3L
A UG ARG B B TR] ) RSD<<1.0%, #5445 & AR
HHIETHAR A RSD<1.2%. F A iR E LRI
243 FoEtERE  EEGN S 9 S27 I VARE S 4
0.19, IEEME, % “2.27 Wi T &M & a0 M
Wi, 29T 0. 2. 4. 8. 16. 24 h #ERE, I J7 ik

AR “2.37 WU, THE &S I 1) O/ BY I [A] Jg i
AR . 25 3% S5 W () AH X IR BB ] 1) RSD <
1.8%, &AL IR IA I AR E) RSD<<2.5%.
BERSLAE 24 h WEASE

244 FROUENEM S AR ST o
FEBFRIL 27 QA2 MR, 4% “2.27 TUF %A%
il 2% e A VA R VA, e VAR 23 TR .
BT RE S AR A SN E K2 L L Sl S
R CHp 2 0t 48 S S AU AN RS0 (2012
FROY AR, SRS, RS D 3Eh 0.5
min, EH S1EAZIRERE (R, A4 IHZ5H
TR GBI, FEHATARARE TH . R R0 13 AN
A T A S N SPSS (23.0 iliA). SIMCA-P
(13.0 fRAS BT PCA Githordt. B 51,
i SIMCA-P AT B A0 PLS-DA 43#7,
HBEAT B S IE R A# . f#H Prism GraphPad 8.0 /£ /&,
25 1EHRHRSEENE

251 ik

(1) PR “2.17 TR AR &% I
SVAGIAT R EER RS, TEHIN 6 I ASFR B R &
Mo SRR . T 2,37 TR &R HEATIE, DA
R R IR B R ALFR (XD, DA% S0 M S e T RO
WABKR (YD) Zefllbnitk ik, TH5 B0 FE Rk %
RE (), ZRNER 2, FHSTERETEE N LT
KRARILT,

(2) BARKIIPE (LOD): X I 5t ¥ i F B
Z A, 1R 2.37 TR 4TI E , AE MR EL (SIND
31 IR AN LOD, 45 W% 2.

(3) HfRERMR (LOQ): ¥t iAMREZL
By, $%I8 “2.37 TURAEATIE, DMEMELL (SIND
910 ¢ 1 B RETRIREEAE N LOQ, 455 LR 2.

(4) FEEEERLS: I 'T S27 W4 AFE 2y
019, FEERRE, % “2.27 TR 5 FH] & MR iE
W, MEITEESAER “2.37 TR, ELEHEEE 6 1K,
I3 ATE RS A U ) R FE I [R) 5 TR AR . 45 SRR B
FIEEER . PBERRAAMANG . ZRIRPR. Z-BEA NG, 7
JIENER 1. E-THEIRER RSD KA 0.67%-
0.63%. 0.43%. 0.98%. 1.20%, 0.48%, ZH{¢#s
W% R AT

(5) EEMRK: EIRT S27 KA R
0.1g, MEME, PAT 6147, 4% “2.27 T %M
ARSI, WE AR “2.37 TR, 43
THE LG ORI ) S A, 45 BRI &3t
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Rz2 kMXFH. LOD M LOQ EBEL
Table 2 Detailed information of standard curve, LOD and LOQ

ot BRI b it il 2% r L PEYEH (g mL™Y) LOD/(g mL™Y) LOQ/(g mL™Y)
R BE R Y=35.3 X—40.8 0.999 2.66~666 0.006 2 0.016 6
R R ER A A1 T Y=31.0X—575 0.999 3.10~770 0.0398 0.1207
2R Y=225X—61.4 0.998 2.90~724 0.014 6 0.036 5
Z-BE RN B Y=14.1 X-+6.00 0.998 2.14~664 0.059 6 0.177 4
PN TR | Y=41.9X—175 0.999 2.78~696 0.016 5 0.0523
E- T M52k Y=18.7 X—17.5 0.996 2.66~664 0.026 7 0.085 4

A U (AR X 5 B I ) £ RSD<<1.0%, %3445 I f AH
T TH R RSD<1.2%. FWIATTEEE LM RIT.

(6) FaEMilE: EHgR5 N S27 I 454 i
21019, FEERRE, % “2.27 TR 2AFH & 4080
WL AT 0. 24 4. 8. 12 . 24 hidkkE, Wl
TSR “2.37 BT, &S W fR B B )
JVETHIAR o &5 B &S W IR AR X LR B B[] 1) RSD <
1.8%, &I I AT AR I RSD<<2.5%. K
B L 24 h NEEE .

(7D IAEE RIS ARG : B S27 52494 40 0.1
g, FEEWE, it 6, MmEAELLL 1K
I AL 2 73 O RS, 3% “2.27 TR 4644
H S A R, e ik “2.37 TR, 4
B T W R B I TR S0 TRIAR, THE & oy
(R INRE [ IS AN RSD fE . FIIBRER Bl SRR FA AT «
SRIEIR . Z-BEANER. VR AEE 1 E- 1M ERORER
(R INARE RS 2R 4351l 95.5%. 93.2% - 95.4% . 95.0%.
91.1%.93.2%; RSD {H 7354 1.28%+1.17%-2.01%-
0.77%. 3.37%. 2.18%.
252 FESIE: BCYIEFEMSZ 019, FEME,
2 “2.27 TR A A& ALl am v, e I ik %A
7] “2.37 WUR, idgUEmR, febrfith &t B84
MRS B 25 5
3 ERESH
3.1 HPLC {5 EERIEL

W 27 e S HE S 2 g fR SUE
AU PR R GE7, @Er 27 HERE LY HPLC $R4X
BIE (1D, L S1 v REE, B R D BE N
0.5 min, DAk ot iE s (F2), 355
T B PRI (1) 13 ANt il 0 A LA U B VA 0] HE
AV, %R “2.37 TR b AR bR, it
B0 BRI TR s I e A D SCHR B R AL R
N 8 Mk, Ho 2 SIENSRERR, 3 SR
RZRER, 4 SUERVENSNER 1, 5 SRS N
B H, 9 S RRIELRAAMIES, 10 SN E-SEA N

PPN S S, S1

0 6 12 18 24 30 36 42 48
t/min

E1 27 #XZYV3 HPLC e &L
Fig.1 HPLC fingerprint of 27 batches of Angelicae Sinensis
Radix

N

9

!
SR
1 4
Pl e s

0 6 12 18 24 30 36 42 48

t/min
2-LREEE 3-PUERER  A-FE)ISNEE | S-PE)IESNER Ho 9-Fak
FRFAMARE  10-E-BiANEE 11-E-TH3ERRK  12-Z- B AN

2-chlorogenic  acid 3-ferulic  acid 4-senkyunolide |

5-senkyunolide H 9-coniferylferulate 10-E-ligustilide

11-butylidenephthalide 12-Z-ligustilide

2 HYFZM HPLC M RIBLEE (FPAECE)
Fig. 2 Reference HPLC fingerprint of Angelicae Sinensis
Radix (median method)

e, 11 5N E-TI2ORAR, 12 5808 Z-5AR N
Mo BEAS AR A H IR R A 5 ELE T AR 5 LEAOK,
TERNS L, TR AT I AN DR B I [R] S AR
W T AR o
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32 A[EF=E# AR FERIR R

321 MUY SRA (R 2t ir RS AL
TN RGEHAT: (2012 RRO) Xt 27 FEIRI 242584 0k
BHEIAT T, AR SIERE (B D, HHHES
IABEVEANGE R, 25 50 27 Y2 & 0k B
BAFELE 0.900~0.998. #HtikZidt 5 ERE S1 ik
iNf, S6. S7. S15. S18. S20. S21. S24. S26 AHALE
BONBEL RSP T2 WA E 5
322 PCA @I FEM /IR T 4 NMRHE
HRT L MERSY, BEZM e s B A 1
FRAEME (R 4) TIA1, 4 AR 1 R T 2 Uik
FikF| 85.260%, Ui 4 AN EMALE R 3 AN 7F
Hi ) R SR B R R R B BEA .

HPE 1A ES TR 34.751%:; 5 2 N FE
BT TR ER N 31.718%; A 3. 4 A E L vTk
35N 10.595%. 8.197%. HERDHEE (£ 5)
RIS FEG ST 4 D F RO A F I TTIRER,
1 EWRS EEMRERTIE 2~4, 10~12; 2 2 F
S EEAE T 4~8. 13; B3 WA MMERE
BOREE 9. 12, 13; 3 4 FRROMEEEIR
HUg 1. FRRAZ o8t 994 SIMCA-P
14.0 Xt 13 NI IEIET PCA 04T (B 3), ATl
FE S BE 5> R 328 25 1959 S1~S5, 5 2 58 S6~
S10, %5 3 2Ky S11~S27, /s B 5414
P R R B, RUIET 4 A3 s AT AR
27 HEURFF: i (1) B4 =

x4 HEAGMIEYEIE L BIEFHEE
Table 4 Characteristic values of common peaks in HPLC fingerprint of Angelicae Sinensis Radix

P BIAE R SR T A
it T2 H 5 HI% ST %2 TR % Bt TEAS % BT ZE5THRAR %

1 4518 34.751 34.751 4518 34.751 34.751
2 4123 31.718 66.469 4.123 31.718 66.469
3 13717 10.595 77.064 1.377 10.595 77.064
4 1.066 8.197 85.260 1.066 8.197 85.260
5 0619 4.762 90.022
6  0.449 3.458 93.480
7 0327 2513 95.993
8 0.221 1.701 97.693
9 o017 0.903 98.597

10 0.087 0.673 99.270

11 0.053 0.405 99.675

12 0.025 0.193 99.868

13 0.017 0.132 100.000

®x5 HBEMSIER

Table 5 Component matrix of common peaks

o ES Y
553 g 1 > 3 7
1 RN 0.369 —0.632 0.214 0561
2 SRR 0.769  —0.141 -0.327 —0.019
3 FBERR 0.833 -0.204 0.128 0.419
4 DA 0.702 0.493 —0.439 —0.082
5 F)IEAEEH -0.292 0.820 —-0.156 0.224
6 KRfFA -0.318 0.852 —0.040 0.176
7 KRN 0.280 0.856 —0.010 0.010
8 Kfgh -0.170 0.873 0.086 0.271
9 FABEERIAAA TS 0.441 0.243 0501 —-0.617
10 E-BEANME 0.931 0.165 —-0.133 —0.131
11 E- T HasEPRRK 0.867 0.351 -0.160 0.024
12 Z-BEARNEE 0.680 0.142 0.630 0.073
13 KB -0.110 0.545 0.539 0.096

t[3]
105 A2-101234 56 7
30 25 20 15 =5 e LRty
» |4 W)
i 5 =W
90 | | |
hd WD ' ® 2

B3 27 #bRHVEFER S 4R
Fig. 3 Principal component analysis of 27 batches of
Angelicae Sinensis Raidx
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323 PLS-DA 1 PLS-DA =450 K (& 4) a4,
3 MIHATIAEIX 43, 5 PCA 45—, HAHIH
SR NG, M bEid T SR A
B (Variable importance in the projection, VIP)
8 (5, PLVIPERT 1 MbsitE, fdkn] DAERN=
i[RI A B X 3 () 25 e ds, SRR Z-BEAR AR
(VIP=208), E-HANEE (VIP=1.83), FiZLEFAHANG
(VIP=L175), 4HFRR (VIP=100) 4 M&zen LA
(XM EREERRbR, 5 e R
33 AEF#HEFANKERS S EMERFIH 57
Hr e
331 HHEH 6 MEMESTENE  HY4H
HPLC fRgUiE St Hail e 13 MEE Ly, A1
VIP H KT 11 4 MZEFMERGr, Ho g N R
Z B E BUONR A S, b E BE ke, e
Ziptrp S A AE R R BT ER R AA AR T AN AR e
Gy A B ERTR SAARARE, E SC50 R Bl B R A A
1.393 09*to[1]
100 0 *100( 1-40 —20

100 020 49 g =E’7ﬁ
80 7L00m -
60 ‘28
40 40
20| 50
ol ] 10
20 -20
-40 © —40
—60 - /o . -60
80~ N80
V. 01,018 22*t[2]
1.001 314[1] _zg 300
—20". ;
0 0
20
40100

60

4 27 #% Y3 PLS-DA B85y E
Fig. 4 PLS-DA scores of 27 batches of Angelicae Sinensis

Radix
-10

12 10 9

o Rk MDD
v o v o v _

VIP[2+1+0]

0
-0.5

2 11 4 3 1
VarID (Primary)

5 13 8 7 6

5 27 #RHY3 13 MIHEBUE VIP B
Fig. 5 VIP values of 13 common peaks of 27 batches of
Angelicae Sinensis Radix

MR & B OSBRI 55 A 5 R SRR
AT NG, BLCRRTERER ” FoR. BRI AR
FEIE 7B A SR EER . Z- B AN, 4t
JRRR A&, [ 25 R 5 TP RS A 1
E-THAE AR ARt L2 ARy, Btk — It
IFEENE, FRNE 6, A AR 1l
FHRAT B RER . BTS20 e R
FHLRIE (18 6), AT BYAA %7 b 9 AR A 22 ik
7y WU o R R 4E 0.30 mg/g PAL,
Bpkm T HAR L (P<0.05), WI{ENIX 40P )14
5 Hopt = 24— ER s FENTS AR |
A 73 T 0 PR AE 7 B Rl i 24 ) v o B o Kl ey, 3K
# 0.24 mg/g; DU X I o E-T 00 28 ke ik
AHRLE 050 molg DL L, T ARG (P<
0.000 1), tm Ay X 73 DU ) 1 24 V3 55 FoAt 7= s 224 U 1
— MR, HONIRE H IS 2 02~03
mg/g, AN ZE R AHE, =X S16. S18. S19.
&6 HUFhIEFRRONESR

Table 6 Determination results of marker components in
Angelicae Sinensis Radix

FiES8(mg g7
Y FRIBER (FUBRR+
SAIERS L1 e | T L o v
SRR VNI E R | E- TR 5K W) Z-EARNEE

S1 028 0.12 0.30 1.90 29.15
S2 021 0.18 0.23 1.58 27.39
S3 0.16 0.15 0.28 2.46 2112
S4 014 0.17 0.20 1.80 24,55
S5 025 0.15 0.27 2.19 25.06
S6 045 0.10 0.50 1.83 24.28
S7 052 0.14 0.53 1.49 22.93
S8 041 0.16 0.54 2.66 21.20
S9  0.38 0.12 0.48 2.39 26.02
S10 0.39 0.14 0.54 2.45 21.26
S11 011 0.11 0.21 1.42 23.61
S12 0.23 0.18 0.31 2.14 25.08
S13  0.30 0.11 0.21 1.96 23.34
S14 011 0.20 0.34 1.84 24.69
S15 0.12 0.18 0.24 1.82 22.31
S16 0.26 0.24 0.39 2.09 25.41
S17 0.15 0.20 0.29 1.98 22.77
S18 0.22 0.18 0.42 1.73 23.98
S19 0.10 0.17 0.31 2.21 21.75
S20 0.20 0.10 0.36 1.64 23.47
S21 0.20 0.20 0.38 2.04 24.70
S22 0.13 0.17 0.19 2.12 22.14
S23  0.27 0.13 0.23 2.58 23.37
S24 0.18 0.12 0.45 1.80 26.01
S25 0.19 0.15 0.29 2.54 24.91
S26 0.21 0.19 0.25 257 23.40
S27 051 0.17 0.20 2.58 23.92
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Fig. 6 Determination results of marker components of HPLC fingerprint from Angelicae Sinensis Radix
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Fig. 7 Centroid of canonical discriminant function
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