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Dynamic accumulation and transformation of ferulic acid and ligustilide in root
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Abstract: Objective To analyze the accumulation rule and possible transformation mechanism of ferulic acid and ligustilide, the
main pharmacodynamic components of Angelica sinensis root. Methods The contents of ferulic acid, coniferyl ferulate and six
phthalides in roots of A. sinensis at different growth stages were analyzed by HPLC combined with the results of in vitro
transformation studies. Results The content of ferulic acid and coniferyl ferulate increased in the same direction from seedling stage
to root enlargement stage, while gradually decreased and increased from root enlargement stage to harvest stage changing in two
opposite directions. It was suggesting that there may be a process of conversion of ferulic acid and coniferyl alcohol into coniferyl
ferulate in the root of A. sinensis. The content of ligustilide and five transformed products showed an increasing trend with the
growth period, especially from the root enlargement stage to the medication stage, which accorded with the characteristics of
medication stage. The content of ligustilide was much greater than that of the other five phthalides, suggesting that the transformation
degree of ligustilide in A.sinensis in vivo was not high, and the specific transformation mechanism needs to be further clarified.
Conclusion Ferulic acid and ligustilide have different accumulation and transformation rules in different growth periods. This
study can provide theoretical support for the production, processing and quality evaluation of 4. sinensis medicinal materials.

Key words: Angelica sinensis (Oliv.) Diels; ferulic acid; ligustilide; pharmacodynamic component; transformation; senkyunolide I;

senkyunolide H; coniferyl ferulate; senkyunolide A; butylphthalide; levistolide A

WiSHER: 2021-03-03

EEUR : [FRE SRR H B2 25 BRI 7 T C TR (2017YFC1700705); Hi & #0870 — T E AR H (GSSYLXM-05);
HR P EZ R ERTAFE LI (2019FPZX-1); Hl G BB T &5 AR A R I T H  (2019B-101);  Hli B2 KA 4 dk
£TH (2Q2015-5)

fEEEN: M %, B, WEuRL, R AR R RS E VPN . E-mail: luojunnwnu@126.com

*BIEEE: EII8L 5, #dg, MELASm, WLt PR Aah 24l ssETFNITFL. Tel: (0931)8768293  E-mail: kjkfpp@163.com



* 6664 ¢

¢ES 2021FE 117 852% 218 Chinese Traditional and Herbal Drugs 2021 November Vol. 52 No. 21

i MY 25 FH RGO R 2 i AR K A v
XoF 45 b AE AR SRR P P A IR AE AR B, A
58 1 AR SR KW, Y
PR IE N, 7 AR R E P R R YRR (1 A
DRI R IA R, A% 24 F AR TG 1A Y 2438 o (P A 2R
AR TiTIX 6 245 0 S AE 25 M 0 o R e 2
TEAR N E BRI . SRR MPER T R EM
22 N AAR B, DR, B 9T 2 50 R AE 24
TR AR R IR Hp 2 B A 1) R AR N LA A X
BIFFE R 24 it SR BB 18 e FL 5 S50 B B 2
55988

MR RHE D A Angelica sinensis
(Oliv.) Diels FITHAR . 24133 B4R NE WL
B (W) 28, 5 R R0 2 3 2 8 2 Bl oy B4
(R E 2580 2020 AERGIE 24 VH & 4 R A S /b
T 0.4% (mL/g), FRTERAGDT 0.05% 3%+
R Bl 2 IAFE A R DATE 1 2H 4y BE A Y e
B R e, T2 IR A R A N B & ]k
1%A 1o BUAR 25 BT 72 IE S B 40 R A1 &5 A 1 i 22
HAT Z M EEHECS], 2 9Pl 2 3 256 i &
MBS ERAR. HAT, A% 8m LFRd 24
o] 58 R 1 B A PN R S AL IR T IR 22 o V525 0TRI 2=
A S DOMRTE 75 24 )70 L A2 A P SRR &
T, JCATL 1) A2 BT 20 1 s AT TG 1 Y RERH L T B 5 4y
AR ERER, 5] BER & BN . B AR R
PR R, BAARENRERGW, 5 KRN,
B0 7K 5 B S R A o At &5 R AR AL PR 2R BSR4
B BRI D) g 0 AR LA g8
T 05 U1 24 VA 25 0 B AR N R A & T IR 24 6
Bk H N R ER T KM T I TR, b
SEINREEARNEEERAE 1| A RO
B RAY), FEAREEACH 14 My, HpE
BASE 7R S ZER NS KCYIE RS AL FEITE
NBE 1. Z- TIRHEORBRORIE )= N e A 55 SR,k
o] 240 i A 5 A P T 224 051 2E KA AR S R B R AR A
PEFA A LR IE . BT E ST T MIA7EAN AR
K U] 2R PR R B A AV T DA B % B 3 AR B AL )
BhA S 'R, VPRS2 808 7 LR & Ak
FRR SR B S T R AE DAL, A28 R
ACHSF TE] 0 T 1) A o s B L 2 A
1 XEEHH
1.1 &8

Agilent1260 = OB AHIEAL (SEEH Agilent

B AF]D; AgilentTC-Cis i 4E (250 mm X 4.6
mm, 5pum, 3EE Agilent); KQ-500DB %A 7 i 4
B CRALTT AR AR AR]D; BP121S B+
SRR (BEESEZ R A F]D; XS-02 B2 ke
ML (IR R A R AFD.
1.2 RF

SR SLBTBRER (LS B20007). Bl BRERFA RS
(it%5 B20126). HFHANE (L5 B20492). )11 %
Wl A (k5 B21461). VNS NEE H (LS
B21462). ¥ )IIE A 1 (35 B21463). K4 IHN
fis A (5 B20927). IET ZIRKAER (35 B21649)
B g EEA AR AT, RES SIS KT
98%. il HEE. LN5. HIRIWHEFER CH/RR
FAHWRAF, BaiKbBaiKkLH & .
1.3 #HiXH)asEm

HUFZA RN “URIT 157, Rl A T2
VAT = X H R IR P28 8H QR 2380 m, Jb4h
34°49', 48 104°08). 2018 4F 4 47 % HUEE (N
156 kg/hm?, P: 144 kg/hm?, K: 60 kg/hm?) 5%
M, ZETHEERER, 20E 4 H
H. 6 A (MDD, 8 A GRIZAHD. 10 A (Bk
Zii) F11 A QRGRIAD SREUCHT AR R 10 B,
TR 4w B sy, 253 KIS VR A e )5,
i 8] S 56 = 5 i T —80 C B K R vk 48
HPLC o #r# k. ARBEF AT A A& HiR B2
RKFEEINHABREET AR EY S H A
sinensis (Oliv.) Diels HJHR o
2 7k
2.1 NTERSIARASIE

W EFRBOS EPTELR . BTSRRI MO R . A
WEE. FEIEAEE Ay PR AER Hy FE)IE W
fig TWBR 249 T A RTIE T 2R 2K BT RE S, B S mL
FREEIRT, ZEMAEERRE, BREREEETEER
fife, I8 2 2% FE RIS I &K FE 4 A 2.070 04
0.870 0. 8.256 8. 1.151 0. 1.586 2. 1.245 0. 0.685 2.
1.942 5 mg/mL X} BRSA -
2.2 HiXEAREE

HCHE i ek T A T VK 1 2 AR, 75 AH R 3
FEHURZ) S ¢ BT WA TA AR, 7R
PRI B A K. B 0.5 g KET/N=
A, M 5SmL FEJEEA (220 W, 80 Hz.
F ) FEHL 40 min, FEHLE G S BORZE 0.22 pm
ANV E IR, JEMCER T/MF A T HPLC 47



¢ES 2021F 117 855285 B 208 Chinese Traditional and Herbal Drugs 2021 November Vol. 52 No. 21

* 6665 *

Bro XM BT ERRG AL &, AFES SN 5 mL
F 2% B BREANIA TR (95 © 5) EACHIEE, LU
BRIRIAOBE KRN RTER RS, HoAth ik b
2.3 @G

K Agilent 1260 HPLC R0, 2 BHA
AgilentTC-Cis (250 mmX4.6 mm, 5 pm); JaNIAH
7 0.1%HEEK (A -2 (B), BHEBM: 0~20
min, 19%B; 20~60 min, 19%~95%B; 60~75 min,
95%~100%B; KA 280 nm; iR 30 'C, A&
Ui 1.0 mL/min, #EAEE 10 pL; Ak EILE 1.

7
A 4
5
6
1 8
23
- L
B 7
4
1
2 5 wS
10 20 30 40 50 60
t/min

1-BEERE  2-FE)E AT 1T 3-E)IE Al H 4-POBLER A M
S-FEJIIENEE A 6-IE THEOREK 7-BARNER  8-BCHIH Pl A

1-ferulic acid 2-senkyunolide I  3-senkyunolideH 4-coniferyl

ferulate  5-senkyunolide A  6-butylphthalide  7-ligustilide A

8-levistolide A

1 & (A) MHYEE (B) B HPLC
Fig. 1 HPLC chromatogram of standards (A) and A.

sinensis samples (B)
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Table 1 Regression equation of standard curve

X R [ ZMYE/(mgmL™) P
FBRRR Y=14 874 X—11.509  0.004 03~0.12900 0.998 2
FIERERFARARE  Y=28 181 X—11.887  0.001 88~0.06020 0.999 8
HARNB 7=0486.8 X—45.14  0.03438~1.10002 0.999 8
TENEHNEEA  T=16880 X—73009  0.002 64~0.084 60 0.999 9
FENEABEH  1=124253 X—14362  0.00027~0.008 64 0.999 5
ENEABEL  1=209000 X—25.48  0.00047~0.01500 0.990 0
BCYIHAEE A Y=87253X—0.5943  0.000 24~0.007 68 0.998 6
ETEFER 1=10588 X—9.6476  0.003 13~0.10020 0.999 4
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Py BER SR, 2 ARG B IR A X R S A5
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BARNEE. WCHIHAEE 8 MR IR EICR,
UM 99.88%- 99.75%- 99.91%. 99.77%- 100.91%-
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Fig. 2 Content of six components during growing periods
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SR R A BT BT, RIS S A
b A K R AL 35 (Bl 2-D~F).
34 HYMRSEKEEXES

Poisson R HT (38 2) RPFE AN
B 2R TR A A B AR BT BR IR (7 55 Pl 2R R 5 1L 1)
BT BRI A &R 20 A4 K 2 B 22 A
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Table 2 Poisson correlation analysis

. HRRE : _
A PTBLER PTELERIARAE S PTERRR A e
ER S 1.00
P BRI 0.74°  1.00
FTERRRRARATE 0.98™  0.62 1.00
KRR 0.99*  0.79" 0.97" 1.00
HANE 0927 - - - 1.00

TFRMRRBEE G RN (P<0.05), "FrHlXAMABG ¥
B (P<0.01)

“Indicates that the correlation coefficient is statistically significant (P < 0.05), **
Indicates that the correlation coefficient is statistically significant (P < 0.01)
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