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Changes of Main Components in Angelica sinensis After Stir Frying by HPLC Fingerprint Combined with

Chemometrics

MENG Ziying'”, YANG Qiangian'”, SHI Yucun'?, DU Lidong' >, WANG Ruiqiong'>**, WU Guotai’”**°* (1.
School of Pharmacy, Gansu University of Traditional Chinese Medicine (TCM) , Lanzhou 730000, China; 2. Longyao Industry Innova-
tion Research Institute, Lanzhou 730000, China; 3. Gansu Provincial Key Laboratory of Pharmacology and Toxicology of TCM , Lanzhou
730000, China; 4. Collaborative Innovation Center for Northwest Chinese and Tibetan Medicine, Lanzhou 730000, China; 5. National
Traditional Chinese Medicine Processing Technology Inheritance Base, Lanzhou 730000, China)

ABSTRACT :OBJECTIVE To study the changes of main components of Angelica sinensis(A. sinensis) after stir-frying high perform-
ance liquid chromatography( HPLC) fingerprint combined with chemometrics. METHODS The HPLC fingerprints of A. sinensis be-
fore and after stir-frying were established. The fingerprints were analyzed and evaluated by similarity evaluation, principal component a-
nalysis(PCA ) and orthogonal partial least squares discriminant analysis ( OPLS-DA). The variable importance in the projection ( VIP)
value > 1 was used as the standard to screen the different components before and after stir-frying of A. sinensis,and paired ¢-test was
performed on the different components. RESULTS  There were 20 common peaks in the fingerprints of raw A. sinensis( RAS) and stir-
fried A. sinensis(SFAS). After comparison with mixed reference substances, eight chromatographic peaks were identified as trypto-
phan, chlorogenic acid, ferulic acid, senkyunolide I, senkyunolide H, coniferyl ferulate, ligustilide, and butyliden phthalide. PCA
(SFAS) showed that there were specific regions in the spatial distribution of principal components in the samples of RAS and SFAS.
OPLS-DA screened out three differential components of ligustilide, senkyunolide 1 and coniferyl ferulate with VIP value > 1 as the
standard. The peak areas of ligustilide ,senkyunolide T and coniferyl ferulate were significantly reduced by paired 7 test (P <0.001).
Chemometric analysis could effectively distinguish RAS and SFAS. CONCLUSION  The chemical composition of RAS changes to a
certain extent after stir-frying with soil. The established HPLC fingerprint had high similarity and could not significantly distinguish be-
tween RAS and SFAS. When combining HPLC fingerprint with stoichiometric analysis PCA,OPLS-DA and differential component dis-
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tribution t test, RAS and SFAS can be obviously distinguished , which provides a reference for studying the processing principle of SFAS

as well as data support for subsequent studies on pharmacological effects before and after processing.

KEY WORDS :Angelica sinensis; stir-fried A. sinensts; composition changes; HPLC fingerprint; content determination
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Tab.1 Source information of 16 batches of Angelica sinensis samples

No. Origin(in Chinese) Collection time No. Origin(in Chinese ) Collection time
S1 Shendu , Minxian , Gansu ( H i & IR L H#E S ) 2022. 10 S9 Dacaotan , Zhangxian , Gansu ( H i 2 5 H K B MEEE) 2023. 10
82 Zichuan ,Minxian , Gansu ( H 745 IR L)1 40) 2022. 10 S10  Sancha,Zhangxian , Gansu ( H- 45 i £ = 2 41) 2023. 10
S3 Qingshui , Minxian , Gansu ( ‘H i 24 IR B35 7K ) 2022. 10 Si1 Nanfeng, Minle , Gansu ( H 727 R AR B g F4H) 2022. 09
S4 Shili, Minxian , Gansu ( H 2l 2 - BL4) 2022. 10 S12 Fengle ,Minle , Gansu ( H 25 B4R B 32 k481 2022. 09
S5 Puma , Minxian , Gansu ( 744 IR .31 R4 ) 2022. 10 S13 Xinzhuang, Datong , Qinghai ( 75 7AF 44 il H7 46 ) 2022. 09
S6 Lyujing , Minxian , Gansu ( H i 25 IR -H- 8] H-45 ) 2022. 10 S14  Gonghe, Huangzhong, Qinghai ( 75§45 15 i [X JL A1) 2022. 09
S7 Huichuan, Weiyuan, Gansu ( H 725 1B U B 231141 2023. 10 S15  Mapo, Yuzhong, Gansu( Hif & i B D &) 2022. 09
S8 Tianjiahe , Weiyuan , Gansu ( Hifi 2/ /B R E HZE M £ ) 2023. 10 S16 Heping , Yuzhong , Gansu ( H 7i 44 i 1 H A4 ) 2022. 10
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Tab.2 Similarity evaluation results of RAS and SFAS

Similarity Similarity
No. No.
RAS-R SFAS-R RAS-R SFAS-R

S1 0. 989 0.99 T1 0.99 0.991
S2 0.997 0.998 T2 0. 996 0.997
S3 0.992 0.992 T3 0.995 0.995
sS4 0.993 0.993 T4 0.99 0. 990
S5 0. 989 0.989 T5 0.991 0.992
S6 0. 996 0.997 T6 0. 998 0.998
S7 0. 995 0. 995 T7 0.992 0.992
S8 0. 996 0.997 T8 0.997 0.997
S9 0.992 0.992 T9 0. 994 0.995
S10 0. 995 0.994 T10 0. 996 0.997
S11 0.990 0.989 Til 0.995 0.995
S12 0.974 0.973 T12 0.997 0.997
S13 0. 988 0.988 T13 0.992 0.992
S14 0.928 0.929 T14 0.996 0. 996
S15 0. 950 0.949 T15 0.993 0.992
S16 0.978 0.978 T16 0. 999 0.999
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Fig.9 Paired t-test diagram of characteristic peaks of differential components of RAS and SFAS
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Tab.3 Paired ¢ test results of characteristic peaks of differential components of RAS and SFAS

Peak Component Paired-sample test t value df P value Effective dose
13 Ligustilide RAS-SFAS 5.249 15 <0.001 1.35
8 Senkyunolide T RAS-SFAS 6. 907 15 <0.001 1.726
11 Coniferyl ferulate RAS-SFAS 8. 114 15 <0.001 2.028
26 FRMALAMEDLEFEARLEE  SXIMER FHEBDOR XIS, B
m AR AR R A 7 35 ) JICAS ] J3E F %ok IR Y00, 42
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Tab.4 Calibration curves, correlation coefficients, linear ranges of the components to be tested in RAS and SFAS samples
Component Regressione quation r? Linear range/pg + mL ~!

Tryptophan Y =15.016X -4.610 9 0.999 7 2.80 -89. 60
Chlorogenic acid Y=4.956 1X -2.281 4 0.999 6 3.30 -105. 50
Ferulic acid Y =9.855X+0.695 5 0.999 8 2.48 -79.4
Senkyunolide 1 Y =50.366X +5.471 6 0.999 8 1.35-43.16
Senkyunolide H Y =62.848X +2.554 7 0.999 8 0.52 -16.74
Coniferyl ferulate Y=10.21X +6.472 8 0.999 8 3.10 -99.30
Ligustilide Y =7.585X +22.72 0.999 8 14.78 —473.00
Butyliden phthalide Y=1.256 1X +5.776 2 0.999 4 8.20 -262.33
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R TR N AN 1 SRR B2
1R BT 20 1R P A0 TR & B F S E 43 0 ol 7. 614 4
0.0607,0.493 7. 1.423 1,0.370 1,0.228 1.
0.4169.1.069 7 mg - ¢ ', W i AL RSD 43 51 %
0.79% . 1.19% .0.89% . 1.18% . 0.49% . 0.75% .
0.72% 1. 17% , KA P ELE LR

2.6.4 fREMEIRE 1%72.4.37 07 RSN
SA S IHAE A, 4300 T 0.2 4.8 .16 24 h FAE,
25 R s g T AR RSD 4301 R BEAS TG 0. 93%

RS L8R A ER AR

BUERIR 1. 14% BUELRRPAAATR 2. 02% | T M HEA K
1.95% V) NHEE H 1.07%  VEN 2 N T
0.63% ZEJE TR 0.82% (a5 JR 0. 55% , 3B ikt
WRAE 24 h WESE .

2.6.5 JmAEEICR KEMRECH SRR S4 Y
IR AR 0.5 g, 35 9 4y, B it v fim A 25 1
IrEE 50% (100% (150% ()% IR &, $i<2. 4. 17 J5
P TR R FOR 8 AN B T B A [l iR
4% 3 K 98.98% . 99.28% . 99.25% . 100.69% .
98.59% .99.78% .101. 06% .100. 52% ,RSD {& 43 3|
F1.82% 2.31% 2.04% 1.32% 1.55% .1.65% .
1.32% 1.93% , 325,

Tab.5 The results of sample recovery rates of eight components of Angelica sinensis

Components m(Sample) /g m( Original ) /pg m(Added) /g m(Found) /g Recovery/ % Mean recovery/ % RSD/ %
Tryptophan 0.501 5 244.49 122. 15 364.71 98. 42 98. 98 1.82
0.502 0 244.73 122.15 366. 15 99. 40
0.500 1 243. 80 122. 15 365.21 99.39
0.501 2 244. 34 244.3 480. 45 96. 65
0.500 9 244.19 244.3 481.26 97.04
0.501 3 244. 39 244.3 490. 19 100. 61
0.501 8 244. 63 366. 45 618. 56 102. 04
0.500 5 244. 00 366. 45 610. 47 100. 01
0.500 2 243. 85 366. 45 600. 26 97.26
Chlorogenic acid 0.5015 115.28 57.6 173. 88 101. 74 99.28 2.31
0.502 0 115. 39 57.6 171.27 97.01
0.500 1 114.96 57.6 170. 59 96. 58
0.501 2 115.21 115.20 230. 69 100. 24
0.500 9 115. 14 115.2 232. 86 102. 19
0.501 3 115.23 115.2 226. 01 96. 16
0.501 8 115.35 172.8 288. 10 99.97
0.500 5 115.05 172.8 289. 68 101. 06
0.500 2 114.98 172.8 285.3 98. 56
Ferulic acid 0.501 5 209. 87 104. 85 314.85 100. 12 99. 25 2.04
0.502 0 210. 08 104. 85 313.67 98. 80
0.500 1 209. 29 104. 85 312.19 98. 14
0.501 2 209.75 209.7 414. 46 97.62
0.500 9 209. 62 209.7 415.70 98.27
0.501 3 209.79 209.7 421.96 101. 18
0.501 8 210. 00 314.55 525.15 100. 19
0.500 5 209. 45 314.55 523.97 99.99
0.500 2 209. 33 314.55 520. 55 98. 94
Senkyunolide [ 0.501 5 186. 53 93.2 281.13 101. 50 100. 69 1.32
0.502 0 186. 71 93.2 279. 67 99. 74
0.500 1 186. 01 93.2 280. 45 101. 33
0.501 2 186. 42 186. 4 372. 89 100. 04
0.500 9 186. 30 186. 4 378. 86 103. 30
0.501 3 186. 45 186. 4 375.16 101. 24
0.501 8 186. 64 279.6 466. 10 99.95
0.500 5 186. 16 279.6 462.23 98.74
0.500 2 186. 04 279.6 466. 67 100. 37
Senkyunolide H 0.5015 30. 63 15.3 45.80 99.17 98.59 1.55
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4F3R 5( continued )

Components m(Sample)/g m( Original ) /pg m(Added) /g m(Found) /g Recovery/ % Mean recovery/ % RSD/ %

0.502 0 30. 66 45.61 15.3 97.73
0.500 1 30. 54 45.35 15.3 96.79
0.501 2 30. 61 60. 85 30.6 98. 83
0.500 9 30. 59 60. 74 30.6 98.53
0.501 3 30. 61 60. 08 30.6 96. 29
0.501 8 30. 64 75.87 45.9 98.53
0.500 5 30.57 76.76 45.9 100. 64
0.500 2 30.55 76. 80 45.9 100. 77

Coniferyl ferulate 0.501 5 566. 88 846. 4 283.2 98.70 99.78 1.65
0.502 0 567.45 850.2 283.2 99. 84
0.500 1 565. 30 849.52 283.2 100. 36
0.501 2 566. 54 1132.6 566. 4 99.94
0.500 9 566. 20 1134.5 566. 4 100. 34
0.501 3 566. 65 1124.9 566. 4 98. 56
0.501 8 567.22 1 420. 45 849.6 100. 43
0.500 5 565.75 1389.42 849. 6 96. 95
0.500 2 565. 41 1 439. 87 849.8 102. 90

Ligustilide 0.501 5 3 849.03 5835.19 1920.3 103. 43 101. 06 1.32
0.502 0 3 852.87 5789.83 1920.3 100. 87
0.500 1 3838.29 5794.59 1920.3 101. 87
0.501 2 3 846.73 7 655.34 3 840.6 99.17
0.500 9 3844.43 7 689.59 3 840.6 100. 12
0.501 3 3 847.50 7 737.91 3 840.6 101. 30
0.501 8 3851.34 9 581.32 5760.9 99. 46
0.500 5 3 841.36 9 695.52 5760.9 101. 62
0.500 2 3 839. 06 9 699. 85 5760.9 101.73

Butyliden phthalide 0.501 5 719.03 1 088.67 359.2 102.91 100. 52 1.93
0.502 0 719.75 1074.95 359.2 98. 89
0.500 1 717.02 1075.69 359.2 99. 85
0.501 2 718. 60 1 449. 68 718.4 101.76
0.500 9 718.17 1 460. 93 718.4 103. 39
0.501 3 718.74 1 428. 56 718. 4 98. 81
0.501 8 719. 46 1.796. 88 1077.6 99.98
0.500 5 717. 60 1 809. 74 1077.6 101.35
0.500 2 717.17 1770.75 1077.6 97.77

2.6.6 FEME BI6HAEL AL 6 LY 3 3 i

VEVRE Al 4552, 417 D IR IE , SR A TS il
ARPIBR TSR B B AR AR 1S e T
PRI R H @SR BT 4r R 8 S hildr (Y
bk 16 HEA UTAE B A R TR SEIR IR B2
BRI )1 5 IR TP B 1 2R B
BRI SRR o S P2 (EH R 7.962 61,127 5
1. 108 4.0.308 6.0. 052 7 ,0. 468 4 0. 384 0 0. 268 7
mg - g, 16 it b 2 U RE i 0 T
5.487 8,0.717 3,0.533 8,0.188 9,0.034 1,
0.5314,0.4127.0.273 9 mg + g™, HerPBEA PR .
PRI AN AR PR 5 IR T AR, 5
PCA (OPLS-DA 22 S PEHCXT ¢ Kagnsti R — 2, & kil
LRI 6,

PIE 2y ek 2025 4 3 H 5 60 45 5

SR LAAE G 25 M B IUS0OR I |
ITESSUR E IE bR, R T AR 60% . T0% |
80% H i Tk H il 30 .40 50 min 75 B[] X A=
MISEEBK AR, K IR TS E T0% ke
40 min#E PR B 5l o ULEE 250,260,270 ,280
290,300 nm A [l eI I8 4 T 5 €0 3 e e 1o (LT O
R BUAE 280 nm kR H 8 2 Ho 4y 8 B g TE
REFRBE BT 5 X MG -K  CNE-1% vk LK . L M-
0.5% vk Z 1R /K . 2 JE-0. 1% B ik 7K . 2 I5-0. 085%
BAETR 7K AN [F) 37t 2 AH FAE 3L (30,35 .40 °C) (ifFHf o
(5.10.15 20 pL) #1477 RE L L, M0 € LIG-
0. 085% R 7K Ay shAH , A & 10 pL, A3 30 C
Y HPLC 254 Pk I 2o A v B 2% o R 0 T 4 56
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F6 ELVEARIPUHESARNLEMNELEE, mg g

Tab. 6 Determination results of eight components in RAS and SFAS. mg - g~

1

No. Tryptophan Chlorogenic acid Ferulic acid Senkyunolide 1 Senkyunolide H Coniferyl ferulate Ligustilide ~ Butyliden phthalide
S1 0.520 5 0.243 6 0.3511 0.2120 0.039 2 0.785 2 7.2373 0.497 5
S2 0.579 4 0.198 4 0.430 3 0.218 3 0.038 7 0.970 1 7.718 3 0.962 5
S3 0.674 0 0.162 9 0.332 4 0.239 6 0.040 5 1.1351 6.775 4 1.038 9
sS4 0.487 5 0.229 9 0.418 5 0.3719 0.061 1 1.130 4 7.6750 1.433 8
S5 0.489 4 0.208 1 0.3556 0.399 7 0. 066 5 1.2659 7.454 1 1.433 8
S6 0.631 6 0.599 5 0.336 9 0.268 5 0.048 0 1.082 2 7.142 4 0.994 3
S7 0.249 9 0.250 9 0.365 7 0.2511 0.047 3 1.390 5 9.3357 0.914 7
S8 0.5315 0.204 0 0.326 4 0.217 5 0.041 3 0.933 7 7.029 0 0.914 7
S9 0.546 1 0.210 5 0.329 2 0.193 9 0.037 8 0.658 7 6.072 4 0.987 9
S10 0.4555 0.295 2 0.443 2 0.3353 0.060 9 1.2350 10. 852 4 0.793 7
Si1 0.489 4 0.208 1 0.3556 0.399 7 0. 066 5 1.2659 7.454 1 1.433 8
812 0.3375 0.253 3 0.458 7 0.235 4 0.024 3 1.558 6 10. 447 4 0.497 5
S13 0.302 1 0.305 7 0.368 6 0.429 8 0.075 1 1.3353 10. 655 7 1.159 9
S14 0.502 7 0.516 4 0.443 2 0. 460 6 0.073 7 0.899 6 7.694 6 1.6822
S15 0.309 3 0.2557 0.407 9 0.2957 0.053 1 1.468 1 7.693 5 1.5739
S16 0.388 7 0.157 2 0.420 5 0.409 5 0.069 2 0.620 3 6.165 2 1.720 4
Tl 0.644 9 0.2775 0.434 7 0.109 7 0.019 9 0.440 9 5.266 6 0.242 8
T2 0.543 2 0.168 5 0.488 7 0.143 4 0.025 6 0.390 3 5.7950 0.605 8
T3 0.698 5 0.1839 0. 409 2 0.2314 0.037 3 0.769 2 5.8957 0.863 7
T4 0.723 0 0.234 7 0.360 0 0.189 7 0.0319 0.5110 4.653 8 0.809 6
T5 0.658 8 0.143 5 0.3511 0.184 1 0.030 4 0.499 2 4.662 3 0.688 6
T6 0.732 6 0.688 3 0.496 4 0.222'5 0.039 0 0.789 9 6.762 7 0.927 4
T7 0.276 3 0.249 2 0.422 1 0.152 4 0.029 2 0.5615 6.7775 0.249 1
T8 0.5237 0.199 2 0.422 1 0.139 4 0.0250 0.547 8 6.013 9 0.293 7
9 0.4100 0.254 9 0.4156 0.130 8 0.024 0 0.397 4 5.3030 0.6217
T10 0.586 6 0.158 0 0.442 0 0.170 9 0.0318 0.3237 4.992 4 0.777 8
Til 0. 506 2 0.239 6 0.330 4 0.2211 0.033 8 0.4377 6.886 1 0.902 0
Ti2 0.5855 0.192 7 0.397 4 0.091 3 0.040 6 0.565 0 5.5324 0.914 7
T13 0.4577 0.2113 0.382 4 0.246 6 0.043 1 0.457 7 4.748 7 0.863 7
T14 0.440 6 0.5317 0.405 1 0.317 1 0.054 6 0. 460 0 4.506 7 0.959 3
T15 0.244 3 0.390 5 0.420 1 0.2859 0.049 0 0.782 9 3.969 8 0.9211
T16 0.471 3 0.258 1 0.4258 0.1859 0.030 6 0. 606 6 6.038 7 0.8351

ARBKIN o BRI HCZE , T RES (LA PR REAT G,
20 ~52 min®BEGE ML Lo B 220 22 U B IR A E
A 20 ~25 min,26% ~46% B ;25 ~45 min,46%
B;45 ~52 min,46% ~76% B, {EMZAE T , B4 Y B
FIT I BRI 0 1 AT 45 2R W

it PCA PSS AL 2 1T | 40 5 IR fh 72
RS 6] B o3 A, AR AR A b R B
X3, fH AR A S PR B /N, PCA 2 A 77 78 = FiR
P, Al gt — 25 K Al OPLS-DA 7 #r3% , OPLS-DA 1%
Oy R T A H R IR X 7 AR, # VIP >
VA 3 A 22 5k iy 70 3 O 13 5 0 (BEAR Y
fig) >8 S (VI MR 1) > 11 S (] LR A
FATR) o BEAS PN TR 2 24 UH 25 4 d 3 S 00 45 43 g
G, FC5 ] A T T 0 T A A I 7 224 051 245 6 1) T
SR RO o O A D5 TR AL, AR
PR E5AL D A7 ARG TR T M 2, S 0 o) A
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