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[ Abstract] Objective To determine the contents of ferulic acid and ligustilide in 44 batches of
Angelica sinensis, screen for 59 plant growth regulators (PGRs) residues, and analyze the dose-effect relationship
between the total PGRs residues and the key efficacy components of Angelica sinensis. Methods The contents
of ferulic acid and ligustilide in 44 batches of Angelica sinensis samples from different producing areas were
determined by high-performance liquid chromatography (HPLC). Residues of 59 PGRs in the samples were
determined by liquid chromatography-tandem mass spectrometry (LC-MS/MS). Correlation analysis and
regression model fitting between the active component contents and PGRs residues were performed using
R language. Results There was a moderate positive correlation between ferulic acid and ligustilide content
(r=0.62, P<0.001). A total of 13 PGRs were detected across the 44 batches of Angelica sinensis samples, among
which sodium 5-nitroguaiacolate, sodium p-nitrophenolate, and methyl 1-naphthaleneacetate had detection
rates exceeding 95%. Correlation analysis indicated that the contents of both ferulic acid and ligustilide
generally decreased with increasing total PGRs residue concentrations. The quadratic polynomial regression
model provided a slightly better fit for the relationship compared to the linear model, exhibiting a non-linear
characteristic described as a "U-shaped" or "initially sharp then gradual decline” pattern. Conclusion PGRs
residues in Angelica sinensis have the characteristics of universality and specificity. The increase of their residual
concentrations has an inhibitory effect on the accumulation of ferulic acid and ligustilide, and there is a non-
linear attenuation relationship between them. It is recommended to strengthen cultivation supervision to ensure

the clinical efficacy of Angelica sinensis.
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Table 1. Source of Angelica sinensis
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Table 2. Mobile phase gradient elution program for
the determination of ferulic acid and ligustilide
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Figure 1. HPLC chromatograms
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Figure 2. Content distribution and correlation analysis of
ferulic acid and ligustilide

BT 55 B AR A I 1 i 2 T IE ARG (r=0.62,
P<0.001) , BEHIBEFP RS 7T G AE7E U3 R G B AR
B, PIELIR & R (0.123+0.046) %, 7E 5
ZE0 (coefficient of variation, CV ) K 37.4%; |fjih
ARNEES TR (1.732+0.742) %, CV Fy 42.8%.
XRMEARNE G EMEHER, XTS5 H
b AR E A Ko PIBRIR & o 3 2 0 A 7E
0.05%~0.25%, Ao ; BAS RS 8
AATE 1.09%~3.0%, SRUEM .

2.2 LA H59FPGRsHIMNIE
221 #dnh &

BCSIH254, BwE (G =506 ) , KSR
MK 3 g, BT 50 mL BRI AR LG
o, RS IAK 10 mL, IR HE(E 258 784,
JCE 30 ming FEEIMALNE 15 mL, RHERA,
Bk FRIZE 5 ming INATC/KBRBREE .
SAbEN . AETIR AT TR AR A MR
(4:1:1:05)65g, s HIFHEL, HER S
LERIZUE S 3 min, T UK THEH 10 min, 2.0
(1790 xg) 5 min; K% W FIHW 9 mL, &
O T 5B A e T Ak 14 0 3 R A AR UL v
e TR A), FE IR #% LRI ZURE T 5 min
ik se4, B0 (1790xg) 5 ming K28 WL
W5 mL, BEARW LT 40 CKRBERAE R
0.4 mL, IZHEMBEZE 1 mL, WHERS), F0.22 um
TALUBRE T g, HEug, RITe.

https://yxqy.whuznhmedj.com



ZHFRENG 2026 £ 4 HE 305F 4 #

222 &IEEH

3% 4 . ACQUITY UPLC HSS T3 #F
(150 mm x 2.1 mm, 3.5um) ; WahtH: & 0.05%
FHER AT 10 mmol/L HIFREE/KIEWE (A) - 1% 0.05%
R AN 10 mmol/L HREZ VAW (B) , BEAELE
Wi CHRARAR I UL 3 ) 5 Wi . 0.3 mL/min; #H& -
40 °C; #FFEE: 5L,

223 JRiEi
KB IR, 7EIE . T TR T [H

IR AR, O 2k i 22 R N AR
B Bh S 7 GST M1 GS2 43 511K 55 psiy 55 psis
FALSE 18 35 psis B FALHL R b OE B T
K+5 500 V., B -4 500 Vo RS

617

B 10; ZALIEEE A 400 °C. 59 Fh PGRs A6 =5
TNk K Kb 1N BTl R R DL 4, HE 22 S e i £,
WL 3,

%3 PGRs#% BENENRIEEERGRERF

Table 3. Mobile phase gradient elution program for the
determination of PGRs residues

A [E] (min ) T A (%) TEHHA B (%)
0~1 95 5

1~4 95—40 5—60
4~8 4036 60—64
8~8.5 36—32 64—68
8.5~9 3225 68—75
9~18 255 7595
18~20 5 95

F4 59TPGRsHIRIE A TS
Table 4. Mass spectrometry analys parameters of 59 PGRs

EY BB (mlz) FEF (mliz)  (REESE (min)  KFRHEE (V) REfRERE (V)
F5 216.3 173.9 8.39 105 24
216.3 104.0 8.39 105 40
AT L (AR ) 221.0 178.8 8.29 100 25
221.0 101.1 8.25 100 35
EE RN 481.4 3152 12.66 140 26
481.4 445.1 12.65 140 18
24-FEHZ N 4813 315.0 12.65 135 25
481.3 4454 12.65 135 17
2S5 2 N 589.4 459.4 17.80 140 18
589.4 4414 17.79 140 19
28-K B R NER 495.5 459.5 13.51 140 19
495.5 3152 13.50 140 26
TR 296.2 240.2 15.54 75 19
296.2 222.1 15.54 75 31
e 122.3 582 1.34 90 39
1223 62.8 1.34 90 30
A AL 200.0 155.0 6.95 80 20
200.0 91.1 6.95 80 36
FARNER 214.1 172.0 10.73 70 15
214.0 154.0 10.73 70 25
Ky 262.1 100.1 6.35 105 26
262.1 58.1 6.35 105 53
iz tif g 216.0 143.1 5.75 90 23
216.0 100.2 5.75 90 23
PR 2752 159.0 5.64 90 19
2752 96.9 5.65 90 30
1,3- R B 213.1 94.0 8.01 90 25
213.1 77.0 8.01 90 55
|2 239.1 165.0 9.27 80 29
239.1 138.0 9.27 80 50
[Nl 422.1 143.0 15.35 60 30
422.1 107.0 1535 60 80
U 313.1 270.0 10.69 125 33
313.1 269.0 10.69 125 47
B IS 216.0 80.7 5.65 90 30
216.0 147.9 5.65 90 19
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44
EY BB (mlz) FEF (mliz)  {REEE (min)  KFEHEE (V) REfRERE (V)
Eiineiliis 339.1 321.1 10.07 110 27
339.1 80.1 10.07 110 37
3-W5| bk 1R 176.1 130.1 5.87 85 28
176.1 103.0 5.87 85 43
3-Mg| e TR 204.1 186.1 7.04 85 20
204.1 130.0 7.04 85 38
3-M5| P R 190.1 130.0 6.39 85 30
190.1 172.1 6.39 85 13
RS 114.1 98.1 1.67 100 36
114.1 582 1.67 100 33
SRR H iR 2252 151.2 10.10 85 20
2252 1332 10.09 85 22
97 R IRy 204.1 136.0 6.63 85 22
204.1 148.1 6.63 85 19
2R 2152 141.1 11.25 85 26
2152 115.1 11.25 85 59
ZROIRH TR 201.1 141.0 10.12 80 30
201.1 115.1 10.12 80 55
E Y i 186.1 141.1 6.42 90 26
186.1 115.1 6.42 90 53
EZ 2942 70.1 10.61 100 55
2942 125.1 10.61 100 50
PEERER 213.1 157.0 6.02 80 16
213.1 139.1 6.02 80 15
FRA 255.3 153.3 13.09 90 23
2553 1353 13.09 90 20
ML IE st 137.9 120.1 2.20 70 23
137.9 92.0 2.20 70 32
A -FRE 220.2 136.2 4.97 95 24
2202 119.0 497 95 50
0 ZFm 264.3 70.1 11.93 115 54
264.3 109.2 11.93 115 29
5t -k 315.1 169.0 16.38 105 23
315.1 113.0 16.38 105 30
SR E U 253.1 207.1 8.80 90 18
253.1 69.1 8.80 90 32
s B e 292.1 70.0 11.62 115 55
292.1 43.0 11.62 115 80
Wit 263.1 204.1 6.52 -95 =25
263.1 219.1 6.53 -95 -20
6" 2 FLIES 2242 133.0 6.41 -110 -30
2242 106.0 6.41 -110 -45
- LR 228.9 171.0 6.42 -65 -20
228.9 78.9 6.42 -65 -46
A-HARA TR 185.0 127.0 6.17 —66 -20
187.0 129.0 6.18 —66 -20
VBN 198.9 127.0 7.04 -70 -19
200.9 129.0 7.04 -70 -18
A SRR 215.0 157.0 5.65 -70 -20
215.0 155.0 5.64 -70 -33
HAHNER 271.9 159.9 10.01 -85 -30
271.9 227.8 10.01 -85 -16
24-"HAR TR 218.9 160.9 7.16 -65 -20
220.9 162.9 7.16 -65 -20

https://yxqy.whuznhmedj.com



THBIIR 2026 4 4 HE 30 5% 4 8 619
Zik4
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345.1 221.1 5.47 -120 -35
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14-FR S5 B A 481.1 387.4 6.33 -170 -33
481.1 347.1 6.33 -170 34
WRA R 276.7 218.9 6.84 -70 -20
276.7 126.8 6.84 -70 —43
S—HHFEAR H AR AN 168.0 153.0 5.91 -65 -19
168.0 123.0 5.91 —65 -28
ZRE TR 185.0 127.0 6.17 -60 -19
185.0 141.0 7.78 -60 -13
2-ZRA LR 201.0 143.0 6.82 -70 24
201.0 115.1 6.82 -70 -54
X SR 40 138.0 108.0 5.98 -85 -24
138.0 92.0 5.98 -85 =31
IBE g 218.9 99.9 6.79 -65 -15
2189 70.7 6.79 -65 —44
2,4,5- =S RE L% 252.9 194.9 8.62 -65 -20
254.9 196.9 8.61 -65 -20
2,3,5- = MR R 498.7 127.1 8.42 -68 -30
498.7 454.7 8.42 -68 -13
2.8x10° e xzAE 1643
2.7x10°
2.6x10°
25x10°
24x10°
23x10°
22x10°
2.1x10° SHREM-1/662 1413 =KHMR1/802
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:; :Zi :g" SRS 113 KRR 27801 SSRH1/1639
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1.1x10° T2 H 11575
1.0x 10: 7R RBERRN-17599 o108 WWFRITIH
z:gi :g‘ 2B 2573 'wm’r””ﬂ 170K RE-1710.69
7.0% 10’ L FEHNI840 || 195 110
6.0x 10" 23 PRSE17162 T AR 1162
50107 a2 M2/ 1.58 1B EHIEM 2/ 565 /\r*l!l:zlues ; ) THTRA/1554 5B §471637
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Figure 3. Multiple reaction monitoring chromatograms of the 59 PGRs
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AL AT (L 4) o JRIEWRBERHEZ g (X+1)
AN, AR T AR A TR, (B el 2.37
R 22 0.85, Hedth o B Bl e 2 [0, 1.92] X[a],
IR AR 9 9k (i As (g, (IR i
HIEUE (n=177) DIERIKObRR. 54 %5 (5-h§%E
ARH SR LR WY ) L 57 5 (XA IR I AN )

275 (ZRCBWER ) AT A A A
54 5 57T SHEZ AT RIIRE 6, RPH
s R R A i, JDHLZE S3 (83.657 pg/kg ) . S7
(66.957 pe/kg ) M S16 (75.799 pglkg ) SFHEAH
WS E MR . 279 (ZROMHER) MR
 2.895~27.116 pg/kg.

R5 HEFWIELER

Table 5. Method validation results

A S r AMEHE (pg/l) ERMR (pgkg)  KEHBERSD (%)
e Y=154 131.X+6 764 0.999 8 0.05~200.00 0.05 4.05
AT L (AR ) Y=1734X-31 0.999 4 2.00~200.00 2.00 1.43
LN Y=2 116X+771 0.999 8 1.00~200.00 1.00 3.05
24-FEELL G Y=7 087X+745 0.999 8 0.50~200.00 0.50 5.05
TR Tk 25 25 22 P i Y=725X+154 0.999 6 2.00~200.00 2.00 9.80
28-F A B R INER Y=78 445X+15 554 0.999 9 0.05~200.00 0.05 3.77
TR Y=63 403X+2 743 0.996 4 0.05~200.00 0.05 434
R Y=52 997X+185 0.999 8 0.50~200.00 0.50 7.26
A SR Y=12 043X+1 369 0.999 8 0.20~200.00 0.20 7.47
PR R Y=48 157X+644 0.999 8 0.10~200.00 0.10 8.02
a7 Y=182 084X-3 942 0.999 9 0.10~200.00 0.10 3.28
Jiie ek i Y=11 609X-201 0.999 9 2.00~200.00 2.00 491
PEIE PR Y=346 834X+127 307 0.999 3 0.20~200.00 0.20 3.30
13- 2R IE R Y=164 373X+160 0.999 9 0.20~200.00 0.20 5.03
[ ik Y=6 217X-201 0.999 9 0.50~200.00 0.50 17.5
T e Y=29 435X+1 466 0.999 9 0.20~200.00 0.20 6.63
I M Y=11 039X+3 685 0.999 8 0.20~200.00 0.20 6.45
T S FL IS Y=110 840X+5 231 0.999 6 0.20~200.00 0.20 423
B Y=40 712X+239 467 0.999 9 0.50~200.00 0.50 4.95
3-15|k 1R Y=34 901X+135 114 0.999 5 1.00~200.00 1.00 3.24
315 T 1R Y=22 345X+58 779 0.999 8 5.00~200.00 5.00 1.85
31| 1R Y=86 303X+5 984 0.999 0 0.20~200.00 0.20 8.31
FFURES Y=24 754X+25 601 0.999 8 2.00~200.00 2.00 2.44
SRR H iR Y=30 458X+39 184 0.999 6 0.10~200.00 0.10 3.60
P P A Y=66 232X+4 986 0.999 4 0.20~200.00 0.20 491
LR LTR Y=30 313X+134 567 0.999 8 0.20~200.00 0.20 3.02
257, R Y=252 138X-190 0.998 7 0.05~200.00 0.05 471
257, T Y=71 624X+1 282 0.999 7 0.05~200.00 0.05 3.85
L Y=6 474X+423 0.999 1 2.00~200.00 2.00 3.19
EEN A Y=7 814X+3 650 0.999 9 1.00~200.00 1.00 4.96
SEFT Y=114 673X+99 921 0.998 9 0.50~200.00 0.50 3.78
g Y=34 132X+54 630 0.998 9 2.00~200.00 2.00 2.72
RAR-FEKFE Y=92 864X+1 689 0.999 7 0.05~200.00 0.05 1.95
25wk Y=170 821X-1 098 0.999 7 0.05~200.00 0.05 1.52
Jit Ak Y=35 039X-9 540 0.999 7 2.00~200.00 2.00 431
SR E U Y=36 191X+2 268 0.999 8 0.10~200.00 0.10 3.35
A Y=820X+1 142 0.999 2 2.00~200.00 2.00 432
Jh 7% 1R Y=22 209X-1 609 0.999 9 0.50~200.00 0.50 14.56
61 EE LI Y=4 062X+588 0.999 6 1.00~200.00 1.00 10.95
4R TR ¥=8 992X+558 0.999 6 0.50~200.00 0.50 6.99
4-FRE TR Y=10 507X+716 0.999 7 0.20~200.00 0.20 4.19
VAR Y=4 983X-265 0.999 8 1.00~200.00 1.00 1.74
AR R Y=49 767X+628 0.999 5 0.05~200.00 0.05 3.57
HAKRNIR Y=5 868X+249 0.999 7 2.00~200.00 2.00 5.02
24-"HAR LR Y=6233X+1 279 0.999 8 0.50~200.00 0.50 3.61
2, 4T N TR Y=43 714X+949 0.999 8 0.10~200.00 0.10 2.38
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AR B Y=10 111X+372 0.999 8 0.50~200.00 0.50 2.71
A-FARE LR Y=37 826X+169 0.999 7 0.05~200.00 0.05 6.76
SAnER Y=2 217X+450 0.999 9 1.00~200.00 1.00 7.16
IR Y=4 814X+238 0.999 9 0.20~200.00 0.20 12.33
WREET Y=40X+31 0.998 3 10.00~200.00 10.00 4.64
14- IR B R BE Y=6 899.X-84 0.999 9 1.00~200.00 1.00 4.57
AR 2 TR Y=8 275X+341 0.999 5 2.00~200.00 2.00 3.96
S-HHFEAR B AR AN Y=9 515X+1 378 0.999 4 0.50~200.00 0.50 4.40
ZRE TR Y=9 149X-109 0.999 8 0.50~200.00 0.50 10.82
2-ZREH LR Y=166 583X+1 024 150 0.999 4 0.50~200.00 0.50 2.03
XS 4k Y=70 596X+285 0.998 8 0.05~200.00 0.05 7.58
BE A Y=3 481X+248 0.999 6 0.50~200.00 0.50 9.21
2,4,5- —FRE LR Y=42 776X-750 0.999 7 0.50~200.00 0.50 12.15
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Figure 4. Concentration profiles of PGRs
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Figure 5. Linear regression analysis of PGRs concentrations and ferulic acid and ligustilide content
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Figure 6. Nonlinear regression analysis of PGRs concentrations and ferulic acid and ligustilide content
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