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in the main production areas of Gansu by UPLC
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Abstract ; In this work ,an UPLC method was developed for the simultaneous determination of 8 components in Angelica sinen-
sis in Gansu Province. Chromatographic separation was performed on a Waters ACQUITY UPLC® BEH C,; column (2.1 mm
x50 mm,1.7 pm) through a gradient delivery of a mixture of methanol and 1% acetic acid at a flow rate of 0.3 mL/min.
The column temperature was maintained at 30 °C ,and the detection wavelength was set at 270 nm. The results of method vali-
dation showed that the RSDs of reproducibility, stability , precision and recovery were all less than 3% ,and all of the analytes
exhibited good linearity (R* >0.999) in a relatively wide concentration range. Principal component analysis was further ap-
plied to study the comprehensive quality of Angelica sinensis in different producing areas and the results suggested that the
quality of Angelica sinensts in Dingxi City was better than that in other cities. In addition, the contents of chlorogenic acid, sen-
kyunolide A and ligustilide fluctuated greatly for different areas,which had great influence on the quality of Angelica sinensis.
The obtained findings provided a theoretical basis for the quality evaluation of Angelica sinensis in Gansu Province.
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Table 1  Information for A. sinensis
e 7 SRt ] %G 21713 %7 Hu %
No. Area Harvest time Longitude Latitude Height(m) Topography
1 FETY Ik B 2018 4E 10 J 104°02'50" 35°1631" 2253 Wi
2 EPE R 2018 4F 10 104°17'41" 35°10'35" 2313 6 H
3 EFE A 2018 410 H 104°24'82" 34°83'52" 2279 e
4 ETG IRE 2018 4 10 JJ 103°5625" 34°38'05" 2 387 1p:s: 1)
5 Hm e 2018 4£ 10 J 103°30'57" 34°37'15" 2 706 I iy
6 HRg e L 2018 4 10 J 103°25'47" 34°42'74" 2 839 e
7 HHE FH 2018 4 10 J] 103°5443" 34°54'43" 2 368 Wit
8 HFF iR 2018 410 H 103°5705" 34°06'58" 2291 it
9 N ARB 2018 4E 10 J 103°08'51" 36°83'42" 2514 JIIE:
10 e A 2018 4£ 10 A 102°86/38" 35°69'21" 2 397 fH
11 s ek B 2018 410 A 103°68'56" 35°15'05" 2 246 b
12 W E IGE B 2018 4E 10 102°97'14" 35°53'87" 2511 K H
13 MR 75 5B 2018 410 A 104°09'54” 34°17'03" 2 340 JI1E: A
14 Berg #LE 2018 4 10 H 104°08'05. 62" 33°09'65. 34" 1 900 13 3t
15 Mepg SCB 2018 4 10 J 104°37'15. 00" 33°07'24. 00" 1990 p7s:
16 BerE R 2018 4 10 104°49'36.17" 33°32'12. 16" 2011 1135 Hl
17 KK KRR 2018 4E 10 H 106°25'52.77" 34°47'22. 16" 2 054 11138 Hb
18 Kok ®ib 2018 4E 10 J 104°54'31.26" 34°29'51.25" 2 150 13 b
19 R IR A 2018 4£10 H 103°04'08" 37°21'82" 2 485 JIE:A
20 R AR 2018 4E 10 A 102°35'46" 37°27'83" 2380 JITE:
21 KRR B 2018 410 H 100°5328" 38°16'53" 2 667 J1l 3t
22 (<8R 2018 4F 10 100°43'43" 38°23'43" 2 558 I
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Waters ACQUITY UPLC® BEH C,, {8384 (2. 1
mm x50 mm, 1.7 pm) ; WA B HEL(A)-1% LR
K (B) ,BEEEVENE (0 ~5 min,5% —30% A;5 ~6.5
min,30% —35% A;6.5 ~8.5 min,35% —50% A;
8.5 ~14 min,50% —80% A ;14 ~ 17 min,80% A;17
~22 min,80% —100% A ;22 ~27 min, 100% —5%
A) ;i 0.3 mL/min; K5 K 270 nm; A 30
CHEMRIE 20 °C L, #iFEE 3 pl,
2.2 BilHE
2.2.1 RIS IR A

A3 IR R R | BT BRI )T 2 N R LA
TR H 78 TR A BTERBR A FAES (A NG T
065 5 R TROOE FR A, R PR, 0 R A R 1
mL 43 &4 )5 R 0. 061 0 mg  FIER % 0. 050 0 mg,
) IS 10.040 0 mg V£ )12 NS H 0.024 0
mg VEJIZ TR A 0.063 6 mg FTERER AR 0. 224
mg EEA PR 2. 00 mg, T AL 0. 032 8 mg 4%

A
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Fig. 1

UPLC chromatograms of mixed standard (A) and Angelica sinensis(B)

L SRR 2. BTBAR ;3. P15 TR L4, A1 VR HS. )15 N A6, BTBLRRIAMHTR ;7. AN 8. TR BL.
Note ;1. Chlorogenic acid;2. Ferulic acid;3. Senkyunolide I;4. Senkyunolide H;5. Senkyunolide A ;6. Coniferyl ferulate ;7. Ligustilide ;8. Butenyl phthalide.
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Table 2 The results of calibration

I =15 A

Regression equation

&Y S d (e

Compound Linear range ( p.g)
ZEJ5% Chlorogenic acid 1.525 ~61.000
BrIZER &2 Ferulic acid 1.250 ~50.000
261155 P S T Senkyunolide 1..000 ~ 40. 000
#1125 TS H Senkyunolide H 0. 600 ~24.000
) M5 A Senkyunolide A 1.590 ~63. 600
P BRRRFATITE Coniferyl ferulate 5.600 ~224.00
A PIAE Ligustilide 50. 00 ~20000
T 35ERK Butenyl phthalide 0. 820 ~32.800

0.999 9 Y=7.348 x 10°X +11.24
0.999 5 Y=2.297 x10°X +354. 1
0.999 9 Y=6.808 x10°X +163.5
0.999 9 Y=6.391 x10°X +152.1
0.999 7 Y =3E +0.6X +409.9

0.999 4 Y =3.676 x10° X-285.9
0.999 7 Y =8.927 x 10X +2668
0.999 9 Y =6.248 x 10°X-210. 8

2.3.4 JeAunk F4RK 5%

B SAERh 6 1), BB 20 5.0 o R FRAE , 705
R SRR BB PR )12 R TR 12
FH RIS AR A BTEBERRANA N A TG T
R3 MELKSEEER

Table 3  Results of recovery tests

SEORBRA NS I A T B, 452, 2. 27 TR 77 1 il 5 it
AR R, B A T R B S0 4%, 4R 42, 17 T
TEARPEREREISE o THE AR R K RSD% , 45

W2 3, A EeR

REdh b i

A

M5

[m] i 5

PR

Cjﬁ]ﬁ)ﬁ q Original amount Added amount Detected amount Recovery Average recovery (R;OD)
(m) (mg) (mg) (%) (%)
ZR R Chlorogenic acid 0.4713 0.474 4 0.950 1 0.990 8 98.70 2.70
0.4750 0.474 4 0.973 5 0.9517
0.4759 0.474 4 0.959 1 0.981 8
0.475 4 0.474 4 0.934 5 1.033 3
0.4753 0.474 4 0.959 0 0.980 8
0.4753 0.474 4 0.9590 0.980 8
PR/ Ferulic acid 0.058 6 0.059 0 0.117 1 1.008 0 96.90 2.90
0.058 7 0.059 0 0.1190 0.9779
0.058 9 0.059 0 0.118 3 0.992 8
0.0590 0.059 0 0.1210 0.9511
0.0590 0.059 0 0.1212 0.948 1
0.0590 0.059 0 0.1220 0.936 0
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2:5% 3 ( Continued Tab. 3)
wan FEf I A Wi i TR .
Compound Original amount Added amount Detected amount Recovery Average recovery (%)
(m) (mg) (mg) (%) (%)
E)IE PG T Senkyunolide 1 0.021 0 .0210 0.042 9 0.960 3 93.30 3.00
0.0210 .021 0 0.044 0 0.914 3
0.021 0 L0210 0.044 3 0.902 6
0.021 0 .0210 0.043 8 0.922 4
0.021 0 .021 0 0.043 8 0.922 4
0.021 0 L0210 0.042 6 0.973 6
VE)IIE N BE H Senkyunolide H 0.004 3 .004 1 0.008 4 1.000 0 94.90 2.80
0.004 1 .004 1 0.008 6 0.925 8
0.004 1 .004 1 0.008 5 0.9515
0.004 2 .004 1 0.008 6 0.932'1
0.004 2 .004 1 0.008 6 0.936 4
0.004 1 .004 1 0.008 5 0.947 1
VE)IIE g A Senkyunolide A 0.002 3 .002 4 0.004 7 1.008 5 98. 60 2.70
0.002 3 .002 4 0.004 7 1.005 1
0.002 3 .002 4 0.004 7 0.9950
0.002 3 .002 4 0.004 7 1.003 0
0.002 2 .002 4 0.004 7 0.960 0
0.002 1 .002 4 0.004 6 0.944 0
FRTZR R A FAITE Coniferyl ferulate  0.020 1 .026 2 0.048 6 0.919 6 92.70 2.70
0.020 1 .026 2 0.049 0 0.906 9
0.019 7 .026 2 0.047 0 0.960 1
0.017 1 .026 2 0.046 4 0.894 5
0.018 8 .026 2 0.046 9 0.9327
0.0199 .026 2 0.047 5 0.949 6
FANE Ligustilide 0.804 8 .8139 1.629 0 0.987 5 98.00 2.30
0.788 2 .813 9 1.6310 0.965 7
0.799 3 L8139 1.649 0 0.957 9
0.809 2 L8139 1.607 0 1.020 2
0.805 2 .8139 1.6320 0.984 4
0.805 2 L8139 1.648 0 0.965 7
TI#HFEZRBL Butenyl phthalide 0.014 7 .018 0 0.0329 0.989 6 98.00 2.30
0.014 4 .0180 0.033 1 0.964 6
0.014 8 .018 0 0.0330 0.9917
0.014 4 L0180 0.032 2 1.013 5
0.015 4 .0180 0.034 1 0.963 6
0.015 4 .018 0 0.034 3 0.953 4
2.4 SENE 22 R FESR RIS 3 WL, #5242, 17 T i S5 A2k HERE

W2, 2. 17, 2.2, 27 T F IR 0 IR i v

T, IAMRETT R & 4R IR 4,
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Fx4 BENELER
Table 4 Results of content determination (% )

A S o o NI R one il Y T s
No. acid acid Senkyunolide I Senkyunolide H Senkyunolide A ferulate Ligustilide phthalide
1 0.475 0.059 0.020 0.004 0.002 0.026 0.814 0.017
2 0.178 0.117 0.039 0.005 0.000 0.030 1.455 0.016
3 0. 106 0.065 0.035 0.005 0.001 0.020 0.658 0.019
4 0.178 0.117 0.039 0.005 0.000 0.030 1.455 0.016
5 0.838 0.055 0.012 0.003 0.001 0.011 0.650 0.009
6 0.414 0.074 0.022 0.004 0.001 0.036 1.005 0.023
7 0.330 0.081 0.020 0.004 0.001 0.036 1.386 0.017
8 0.185 0.026 0.003 0.003 0.001 0.015 0.887 0.005
9 0.115 0.046 0.008 0.003 0.001 0.039 1.206 0.009
10 0.642 0.065 0.000 0.016 0.001 0.005 0.243 0.229
11 0.161 0.093 0.024 0.005 0.002 0.026 1.328 0.016
12 0.784 0.097 0.000 0.025 0.002 0.010 0.163 0.167
13 0.178 0.117 0.039 0.005 0.000 0.030 1.455 0.016
14 0.408 0.059 0.027 0. 006 0.004 0.002 0.903 0.027
15 0.361 0.098 0.017 0.004 0.001 0.082 0.685 0.010
16 0.033 0.085 0.031 0.008 0.001 0.005 0.885 0.032
17 0.011 0.085 0.028 0.008 0.001 0.002 1.226 0.027
18 0.242 0.041 0.008 0.002 0.002 0.051 0.637 0.006
19 0.029 0.097 0.033 0.009 0.002 0.003 0.617 0.034
20 0.366 0.052 0.006 0.002 0.001 0.067 1.381 0.003
21 0.205 0.090 0.031 0.005 0.000 0.035 2.303 0.017
22 0.147 0.058 0.012 0.004 0.002 0.058 1.372 0.014

3.0

2.0

iy

B2 AEFXERS RS REHEE
Fig. 2 Box-plot of 8 compounds in samples from different producing areas

VE 4> 1 ~8 [A]& 1, Note:Components 1-8 are the same as Fig. 1.
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FFARRRUS W 5E 5 i M Ci % 22 AR 2
b 2 9P 1 i, P B AT 1, R 1 ) — B
B, R, P EAE 0. 75 ~ 1. 25 (30 B Py 2 7l
DI (PR 2) , FPREEE 3 A S fi, B4 5
R s A RIS AR, R R S 80y
PER TR DS B 2, UG TS
i A B PR E AR R 72 IR G AR i 3, vt
W24 4 11 R AT SRR
2.6 HURERRBIS TR HHT(PCA)

JH SPSS 19. 0 #RAERT 22 43y A [\ 72 [X. 24 J9 245 44
w1 8 AR AR A i ) S54GBSO R AT A i AL b 3
DA RS AR R AR B STk MR , 9647 3 43 43
BT A B , MR BT,
I B R A AR W 7 K U 26 b 25
AT . MR D4 4 SR T A5 S A R A
WS, S AT, E S AT R 2 AN 3
SRIRAE R T 1,55 3 A MM AR (B 1,
B 3 A~ 3 04 1 % 28 B BE U, BT 22 kR
75.358% , UL F1 7 2% Bt stikRik 8] 70% L L
1y JE A SR BR A A , SR BURT 3 AN S ST AT 4

M AT , 2500 TR L 6,

RAEE 5.6, L0 X, X, X, 03 A FW5 1F
22 3 RTR =X 2415 8 AR FR TR IA R B,
A M R AP LR A5 A TR et e R R IR
K

X, =0.209H, -0.016H, —0. 165H, +0. 26H, +
0.136H, —0.143H, —0.247H, +0.281H,

X, = —0.109H, +0.458H, +0.401H, +0.244H,
~0.073H, —0.25H, +0.078H, +0.094H,

X, =0.425H, +0.334H, - 0. 191H, +0. 1194,
~0.598H, +0.525H, +0.159H, +0. 176 H,

FEIR A 28R BN R AR AR A TR AR AL AR
R IR AR, SR 3 AN RS T 22 5T
BRREE A, 45 80 2 1 T 28 5 1T R B R A X
Xonmy = (39. 418X, +23. 828X, + 12. 112 X, )/
75. 358 MR DA L 3Rk AT BN [F] 7 XS IH 2R A 45
G BT IR T, LA A5 0 e, 3R WD 2 T 5T
Ufo HMA S X ST MWL A5 R vEik B >
SEVGEEE > EPIEYE R > EPEEE > s 5
> Ble g SCE > B AL S > B psER B > RAKIEKE
> KRR > IEE R > IEEFAAILEA > IRE
8 > AR E > He s e & > HimE e >
Hra A B > HRgikis i > KRR > skioh
B> R RE > 22 s,

RS ERSHEE

Table 5 Eigenvalue of the principal component

IR RHEA PRI Ir FIE A
. Initial eigenvalue Extraction sums of squared loading
E il
Principal component P . . . g g,
FEIEE TURR EY i FEAE(E STk STk
Eigenvalue Contribution ( % ) Cumulative (% ) Eigenvalue Contribution( % ) Cumulative( % )
1 3.153 39.418 39.418 3.153 39.418 39.418
2 1.906 23.828 63.246 1.906 23.828 63.246
3 0.969 12.112 75.358 - - -
Fz6 HIFEMSIERE
Table 6  Composition matrix of A. sinensis
& Fgr1 F g2 Fsr 3
Compound Component 1 Component 2 Component 3
2351 Chlorogenic acid 0.209 -0.109 0.425
BIERfZ Ferulic acid 0.016 0.458 0.334
VE)IE N E T Senkyunolide T 0.165 0.401 0.191
V) E TR H Senkyunolide H 0.260 0.244 0.119
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213% 6 ( Continued Tab. 6)

EY

Compound

VE)Z P A Senkyunolide A
PRI ZRER A FATHE Coniferyl ferulate
B NE Ligustilide

T HZEBK Butenyl phthalide

FHr1 F 52 F 53
Component 1 Component 2 Component 3
0.136 0.073 0.598
0.143 0.25 0.525
-0.247 0.078 0.159
0.281 0.094 0.176

xR HAERSBIREER/IHA

Table 7 Ranking of main component scores and comprehensivescores of A. sinensis

% X, X, X, Xozon Y
No. Comprehensine X Sorting
1 0.141 0.003 0.377 0.135 3
2 0.014 -0.012 0.483 0.081 4
3 0.175 -0. 009 0.428 0.157 2
4 -0.164 0.981 0.379 0.286 1
5 -0.277 0.111 0.406 -0.045 15
6 0.275 0.078 0.426 -0.051 16
7 -0.298 0.134 0.323 -0.061 17
8 -0.329 0.158 0.358 -0. 065 18
9 0.532 0.205 0.499 -0.133 22
10 -0.242 0.128 0.391 -0.023 12
11 -0.143 0.081 0.179 -0.020 11
12 -0. 181 0.059 0.237 -0.038 13
13 -0.104 0.042 0.363 0.017 5
14 -0.134 0.067 0.336 0.005 7
15 -0. 106 0.047 0.337 0.014 6
16 -0.175 0.077 0.435 0.003 8
17 -0.114 0.034 0.243 -0.010 9
18 -0.142 0.107 0.144 -0.017 10
19 -0.208 0.120 0.186 -0.041 14
20 -0.278 0.097 0.276 -0.070 19
21 -0.314 0.110 0.330 -0.077 21
22 -0.297 0. 149 0.229 -0.072 20

3 it

SR 2 A 2 M 1 A BN 2, S
KO F W BEA NG & i s, BRI 2 SNE A T 0 3
ik P T8 L I P R ST R K LR 0 iR
22 Song 26U FY s I I o G 45 K e R
SE O LRI , (4 2o A RIA B A 1 Th R, 14
Sig O LA L B SRR 7, AT 0 2% e S %0 UL 40

(OB 2 B . Chang 251" BIF 5 2% BBl 250 1 A 400 6
FUEL [ g 5 B, AR LA , 8 BT — E B R N
R I 1 T, 4003 3 L A5 B B AR, AT
ML BB SZ A5 07 , BT BRI | A A g | T e ok ik
BEIRBIR, 100 5 2 205 26 11 A A AP M A 0 A 0 2T 44 2
A A P, K A T IR, 247 0 8 s
AR, WORBIFFY e R IR BB )1 5 g
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AP T EEOR BRAE D 25 VA 25 B 38 AR IR e AT
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RN 2015 AF R [ 2 1) WG A ol 24
A HPLC {0 ) BT 2R 5 A D0 2 U 256 19 5 64
bR, RIRPEA TR, 505 B — o AR AT UP-
LC BORRIRHINE 25 9 2584 h 8 A 4abs sl & 1, 1%
Dk e DU, AR R, R LU A i 002
FAURE ARSI e o a4 P 4 4 (200 ~ 500
nm ) iy EFE BRI ITFE 270 nm LA Fe R, 76 7
RIS RE , $ 8 1 AR ) R A

ER I HTIE— R 2R ZR S PN Ok, AR
WFE LA 22 0 25 IE Y 8 AR Hm AN 25 2R S it
K ERA AR T 3 A RSN, E R
Brétfef PR B S N 258 MR G 1 By, HE
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