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Abstract: Objective To compare the chemical composition and find the chemical makers for quality evaluation of Angelica dahurica and
Angelica dahurica var. formosana by fingerprint, multi-component determination and chemometrics, so as to provide technical methods and
data support for the quality control of Baizhi (Angelicae Dahuricae Radix). Methods In this present study, an accurate and reliable
fingerprint of Angelicae Dahuricae Radix was established based on HPLC. Furthermore, nine bioactive coumarins, including xanthotoxol,
oxypeucedanin hydrate, byakangelicin, xanthotoxin, bergapten, oxypeucedanin, imperatorin, phellopterin and isoimperatorin in A. dahurica
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and A. dahurica var. formosana samples were simultaneously determined. Moreover, chemometrics method, such as hierarchical clustering
analysis, principal component analysis and partial least squares discriminant analysis were performed to compare and discriminate A.
dahurica and A. dahurica var. formosana samples, and explore the chemical markes for quality evaluation of Angelicae Dahuricae Radix.
Results The specific fingerprints of Angelicae Dahuricae Radix were obtained, and a total of 11 common peaks were marked. The
established fingerprint method could be used for quality control of Angelicae Dahuricae Radix. The quantitative and chemometrics analysis
results indicated the contents of bioactive coumarins were notably different between A. dahurica and A. dahurica var. formosana samples,
and five coumarins including bergapten, phellopterin, isoimperatorin, oxypeucedanin and xanthotoxin were selected as quality markers for
responsible for the significant differences between A. dahurica and A. dahurica var. formosana, which could be used for the quality
evaluation of Angelicae Dahuricae Radix. Conclusion The differences of chemical components of A. dahurica and A. dahurica var.
formosana were determined based on fingerprint, multi-component determination and chemometrics, which might provide detailed
information and acceptable analysis methods for the identification of botanical origins and quality evaluation of Angelicae Dahuricae Radix.

Key words: Angelica dahurica (Fisch. ex Hoffm.) Benth. et Hook. f.; Angelica dahurica (Fisch. ex Hoffm.) Benth. et Hook. f. var.

formosana (Boiss.) Shan et Yuan; fingerprint; isoimperatorin; oxypeucedanin; xanthotoxin; chemometrics
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ex Hoffm.) Benth. et Hook. f. var. formosana (Boiss.)
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Table 1 Sources of A. dahurica and A. dahurica var. formosana
(e kel FEHUE R SRS ] £ FEidn s FEHLE R SRS 1] AR
B1 G 2020-09 S H1 il 2020-09 NS
B2 R 2020-09 A1 H2 gl 2020-08 NS
B3 G 2020-09 A1t H3 gy 2020-09 PLEIE
B4 ) 2020-09 A H4 n 2020-09 L HEIE
B5 Wk 2020-09 A H5 n 2020-08 L EIE
B6 bz 2020-09 A H6 n 2020-09 L HEIE
B7 bz 2020-09 S H7 g1 2020-08 MLAIE
B8 bz 2020-09 A1 H9 ipl| 2020-09 NS
B9 B 7S 2020-08 A1 H8 gy 2020-08 BLEIE
B10 b 2020-08 A1 H10 g1 2020-09 brE e
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Fig. 1 HPLC fingerprints of 10 batches of A. dahurica and
10 batches of A. dahurica var. formosana
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Table 2 Similarity of 10 batches of A. dahurica and 10
batches of A. dahurica var. formosana

P 5 NS AL e LA
B1 0.952 H1 0.956
B2 0.951 H2 0.963
B3 0.983 H3 0.940
B4 0.939 H4 0.956
B5 0.930 H5 0.959
B6 0.952 H6 0.979
B7 0.952 H7 0.984
B8 0.950 H8 0.970
B9 0.970 H9 0.949
B10 0.955 H10 0.955
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Table 3 Regression equations, correlation coefficients (R?), linear ranges, limit of quantification and limit of detection of the

nine quantified coumarins compounds

D% EVEYE R? MEVEREI/(mg LY EEMR/(ugmL™?) AR/ (ug mLY)
TEAEE T Y=9.95X106 X+7731.06  0.9990 0.66~85.00 0.18 0.06
KEEATHMEE  Y=2.82X108X—7045.11  0.999 8 0.90~115.00 0.09 0.04
EETEEN Y=2.45X107 X+3132.25  0.999 9 0.94~120.00 0.23 0.09
TEMEE = Y=2.67X106 X+27 132.45 0.999 1 0.94~120.00 0.20 0.06
A P T Y=3.39X107 X+16 064.48  0.999 2 0.47~60.00 0.21 0.06
AAHTIAZER Y=2.28X107 X+71903.53  0.999 2 3.13~400.00 0.17 0.06
KRR HA 2 Y=1.06X107 X+38394.67 0.999 2 1.72~220.00 0.28 0.09
MEER Y=2.34X107 X+47 383.07 0.999 2 1.99~255.00 0.35 0.16
SRRATHAZR Y=2.83X107 X+56 286.43  0.999 3 2.03~260.00 0.15 0.06

HAAETEIAES. AR TERER. BTN
e FALRTEIER . BRATHAZ . WIS 3 0 5 R AT )
Z I RSD 143 74 1.13%. 1.00%. 1.03%. 0.99%.
1.02%. 1.00%. 1.19%. 0.99%. 0.99%.
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FYEER fEER . AR, ST R

KK AT 25 BB 22 R0 S BR AT 25 1) RSD {23 51N
1.25%. 0.37%. 0.47%. 0.48%. 0.24%. 0.48%. 0.40%.
0.38%. 1.84%, KM MIAEAE 24h 2 NEAR
TP AR T

254 HEEMWKE HERIEIEBLFE MM A6
#y, B4 059, % “2.37 TR 7 PATH & AR
MR, ERE AT, AR AT E S EE RR
&, R RS R E 45 R RSD, E 5
HEME. SR ERIEMED . K& R N EE.
FRYIHE . R TR SRR
KK T HH 2%« B 5 2% R S5 RKCRTAH 2R 1 RSD E 4331
4 0.45%. 0.37%. 0.41%. 0.30%. 0.19%. 0.25%.
0.17%. 0.16%. 2.11%, KHHATE HEEA RIT
[ E .

255 MFEEMCERRES  REEFRELEATE BL KAk
K6, By 025 g, AN 9 MEE RIS
ST AIE R, 4% “2.37 TR ik d] R A
HEFEHT, DR AR TR, T &
. RIS S5 BB RTEMER . KE
FALRTTANES . A4 R P S,

AALHATEAR . BRATEAR . SR T RRATEH R T
SEEINRE RIS Z 53 BN 101.69%. 98.25%. 99.56%.
102.11%. 104.47%. 101.79%. 100.47%. 101.97%.
102.79%, RSD {H7#N 1.43%. 1.38%. 0.81%-
0.81%. 1.47%. 1.54%. 2.73%. 1.43%. 1.34%, #*
BF P e 3 P 2 Bl S 7 VA HERA P R A
25.6 FEMEERNE %M “2.37 OUF 7k %
10 fit A 1E (B1~B10) F1 10 itk A 1= (H1~H10)
FES AR T, X IR “2.17 TR Bl ki AT
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B TE 256 FR A6 B8 L ) HPLC Wl 3 iR,
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K 4.

HE S5 AT, A IEAIRT AR MR TR A
HHTER 9 P Z =B FrillEi) 9 e R

8 10 11
) JlJ' — 23 ; 52 E n.I‘w - '\ A A
B 9
t |
10 11
A 2 56 )|
8
C
| 9011
) 34 Il 6 A 1 | 1
0 5 10 15 20 25 30 35
t/min

B3 HIiE (A MBIE (B) MEAXER (C) &iLE
Fig. 3 HPLC chromatograms of A. dahurica (A) and A.
dahurica var. formosana (B) and mixed standards solution
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F4 AEMMBEAMD IMBERLRSIENESER (n=3)
Table 4 Contents of nine coumarins compounds in A. dahurica and A. dahurica var. formosana samples (n = 3)

iR Bl (ng 971

ek — — — o~ — ‘
TEWET AKEEATTHARE A% EMER BTFHEAE SAaTiis BRarHE s »EriHE a8 =

Bl  469.65 645.51 61166  102.45 29421 164237 569150 1239.08 921.78 11618.22
B2  496.01 738.29 648.06 12615 34603 196128 688341 144399 110152 1374475
B3 44212 605.20 519.61 7395 21866 2061.89 5162.80 1169.35 762.40 11015.96
B4 442.40 631.63 44152 8077 30515 694719 478403 1877.81 100100 16511.51
B5  312.95 549.30 41843  205.48 312.36 171743 731296 1667.82 924.41 13421.14
B6  371.13 282.65 21257 14316 30548 5361.88 436530 147096 101173 13524.85
B7  379.48 194.13 13492 91.39 34062 587563 472028 172626 118905 14651.77
BS  340.14 242.67 21106  77.62 29877  6012.90 469676 170018 118333 14763.42
B9  386.18 245.33 189.05  132.38 299.00 459873 441578 142020 103883 12726.37
B10 389.72 240.84 16340  101.93 31593  5262.69 433059 151383  1037.75 13356.67
HL 22338 535.54 34847 3113 15446  1347.75 449409 102254 73137 888873
H2  362.62 314.61 266.54 5497 119.98  1253.84 399648  927.49 579.39  7875.92
H3  57.24 461.66 20408 1545 80.26 86316 303699  749.40 551.58  6019.81
H4e 7577 707.78 32695 3274 169.55  1302.53 3390.77 1020.66 694.61 772134
H5  258.99 437.60 17791 49.84 12386  1329.32 4077.61 1008.15 692.24 815552
H6  120.41 41356 21064 2952 13950 145409 398260  920.02 67545 794579
H7 34234 430.44 24631 4396 15277 148623 376174 950.85 664.74  8079.39
H8  236.42 519.68 308.99  29.60 157.27 128489 3759.81  956.43 622.26  7875.36
H9  266.92 424.90 199.24 4150 136.77 122876 454495 1019.15 640.28  8502.47
H10 28250 705.62 46820  26.00 17555 128809 360252 951.33 47852 7978.32

18 000- . SERE TP (6019.81~8 888.73 png/g)-

= % sl e _

15 000 i 26 ETUFHEZNIARERALEAMINTES
o S 1 ELER
g 12000 % N e
S o00c] ST HE o 9 1 E— R B IERIRT B E A A F B R E
£ o :Ef;i WM BT IR, W —FH 2 A ER, TR
e okafing BAREY, 2R EESTERLE, BHE

3000 1T , ‘o e
SR b B A TN SN 0 TN s A N B | 7 e
04

B4 BEMNMBEDMPIMETRLERINEE
Fig. 4 Contents of nine coumarins compounds in A.
dahurica and A. dahurica var. formosana samples

Aoy, BT R I 5 2 B BRI E
ik, AN 4 330.59~7 312.96 pglg
F1 3 036.99~4 544.95 pg/g; I HIEFINTATEZM
B R 5K, 25 73.95~205.48 pg/g
15.45~54.97 pg/g. H—1HE T HHIEFBEEZHH 9
MEURIAE, SRR A IHEHEZER, d
=254 (11 015.96~14 763.42 pg/g) I E 2RISR

Wtk B TE, BUITIE R 9 M & K
VEEANAZE, XN AIEMN AT 0N

HH# .
2.6.1 FEMr  REEIMTR—FE HATC T E 1)

AT R 2ETTIE, 2% “DILSER” RN HEY)
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dahurica var. formosana samples
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