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Abstract: The poor stability of the ligustilide (LIG) makes its quantitation in Angelica sinensis (AS) difficult.
This study establishes a chemical conversion method for the determination of ligustilide content in AS and proposes
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a national pharmacopoeia standard. Mechanical agitation and sonication of a powdered AS extract in a methanol/
cyprolamine mixture facilitated the stabilization and transformation of ligustilide. Using an external reference
HPLC-DAD method, the cyclopropyl-ligustilide (L1Gc) content in the mixture could be determined. The content of
ligustilide was greater than 1.0% based on 144 AS specimens including 68 obtained from the originally planted
areas of Qinghai and Gansu Province; 55 specimens were obtained from Minxian and Weiyuan County medicine
markets, and 21 specimens for which the storage period reached or exceeded 1.5 years. According to the Hong
Kong Chinese materis medica standards, the content of ligustilide in AS should not be lower than 0.6%. The
developed method could also be applied to the quality control of other Chinese medicinal materials (such as
Ligusticum chuanxiong) or Chinese patent medicines in which ligustilide is the main component.
Key words: ligustilide; chemical conversion; quality standard; Angelica sinensis; liquid chromatography
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Figure 1  Principle of indirectly determination of ligustilide (LIG) in Angelica sinensis (Oliv.) Diels through the chemical transformational

method
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Table 1  Optimization of chemical reaction time conditions for
indirect determination of ligustilide content in Angelica sinensis

. Serial Initial stiring  Ultrasound Secondary
Variable . . . . L .
number time/min time/min  stiring time/min

Initial stiring 1 15 15 45
time 2 30 15 45
3 45 15 45

4 60 15 45

5 75 15 45

6 90 15 45

Ultrasound 7 15 5 45
time 8 15 10 45
9 15 15 45

10 15 20 45

11 15 25 45

12 15 30 45

Secondary 13 15 5 15
stiring time 14 15 5 30
15 15 5 45

16 15 5 60

17 15 5 75

18 15 5 90

Table 2 Optimization of transform conditions by Box-Behnken
design for the indirect determination of ligustilide content in

Angelica sinensis

Serial Time/min Temperature/°C  Amount added/mL
number (A) (B) (©)
1 75 30 2.2
2 60 30 2.4
3 60 25 2.2
4 60 30 2.4
5 60 30 2.4
6 45 25 2.4
7 45 30 2.6
8 75 30 2.6
9 60 25 2.6
10 60 30 2.4
11 45 35 2.4
12 60 35 2.2
13 45 30 2.2
14 60 30 2.4
15 75 25 2.4
16 60 35 2.6
17 75 35 2.4

RARANEE X B A EHARE K& B E A
B MEWRFRIEE A Py R 6 HE 8.35 mg TN 5 mm %
WEE H, IR = H A ZE R N bR (We=99%) 12.5 mg,
F1 CDCl, 0.6 mL & fi, Wl € R &7 8 *H NMR, 4% 2 5
(2) X B A N BE 40 B2 FE bR e (BE AR R SR B A
a5, 2 B8 30Hk t H NMR BOAR E 77 1 AT 1290)

s
— X MsxmS
Ns
Ag
— X MsxmS

Ne )

Wq (%) = X W (%)

Ag: FEANES T+ 6 6.2 (2dt, J = 4.0, 12.0 Hz, H-6,
1H) R 715 S A ng: % 58 B8 AR A AR 2015 5 AR
IR THG Mg: BEAR NS FEXT 71 R & Ag: AR
=HREIE ST H56.03 (s, H-2, 4,6, 3H) M 755
AN THIAR, ng: PNRR = AL AR5 S5 1)
JR TR0 Mg: BRI = A SR AR X 4 F & mg: BR
H ) R AR A o0 R Jo 5 mgr PR ERCERS 9 B 2 = AR
FERTR R W% W hR¥ = A BRI &E 5 &
(99%); Ws%: B 7 A T 0] L it f) BSR4l

8 WL 42— 2H 24 U9 S = M RE AR, AR 75 8 A BV
(500 W, 100 MHz, 20 °C, 30 min) “F-47 6 ZH #E 472544
RS 10 BB R EY, T8 E T AR 0 0 B A A g T R
i AT B R, R UM R AR ST IZ A AP AT 6 4
AT EREWE .

FFHEEIENEHAAM P REANEES 2/
BZFR A S B0 E (0 A4 27 e A0 A I 2% 14, X 68 1 H
TR T AR PR 5 b Y A SR AR 1Y 2 A 2 M R AR (55
P i A S AR AR CHEZH) S 21 4 7 Ak 24 13
IMFEAR (1.5 4 K UL LAk ) JEAT AR BRI & &
Mg, AT B35 1 22 R AT R E TS .

#HR
1 &Mt

36 3 e KR A I A K 330 AT 232 nm 4 AR N
BEAS PTG A TN BE AR ) E A DU K 2 H R EY
W) R ARV W HPLC-DAD 61 45 5 LI 2A (tey 6 =
18.1 min, tgy . = 10.7 min), ¢ 24 232 nm 4 )5 H fig 2
B 631 Bt = 10.7 min & B i 0%, DL 232 nmAE N
AT B A1 5 A T K AN 52 B U b oAt 2% R T
Pt; e 232 nm AR S R GRS 1], DAD U Al S
TUIR TN B A 35 05 9 B — A0 545 29 330 nm T 4
A T VRV T, TG R P R £ 0, 45 A 1 2B Xt
sl VA TR HH B AN DA T A A B AN T e g T A DA £
P LR VN TSN A e AR S AN EINTSE W N <]
AL AR R .
2 FHEFER
21 SZMXFR DI EEAR AR (X) NE
AR B, 0 W I T AR (Y) A IR AR Bk AT 4 M [ )3 AT 4L
O, B LR a7 RN Y = 31.807X + 74.987, R2 =
0.999 9. ¥ 1A B AN JE £ 15.625~1 000 pg-mL™* Py,
ok g mARA RIFHILEXR.
22 WBEE HNZEAUEHHRSD = 0.803%, % i
IR EE AR 52 75 5 FVCAS NS 5 B R, 7 & [ 24
(2020 hix) 5 sl e ik EOR
23 EM SR 2 1% RSD = 0.995%, 3



ARMGRE A5 b 27T A ik R 42 00 58 5 V1 240 v 245 280b 600 B AS WA g 5 2 F) D5 VA 0 7 B 3 1 - 845 -

A 1000, & =
= |'|
800 |
| ||
|
B0
3: | ||‘ a
E 4004 b
e
200 d
e
0. f

0o 5 10 Is 20 25
1/ min

—=— LIGe

T0004 » - LIG

& 5000 |
= 4000 /
<
2 30001

04 -'ll - . — s

0 10 20 30 40 S50 60 70 80
1/ min

Figure 2 Typical HPLC chromatogram (A) and chromatographic peak areas in DAD detector of analytes (B). a: LIG reference substance

chromatogram at 330 nm; b: LIGc reference substance chromatogram at 232 nm; c: The chromatogram of the AS extract before LIG reac-

tion at 232 nm; d: The chromatogram of the AS extract before LIG reaction at 330 nm; e: The chromatogram of the AS extract chromato-

gram (LIGc) after LIG reaction at 232 nm; f: The chromatogram of the AS extract chromatogram (L1Gc) after LIG reaction at 330 nm
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Figure 3 Optimization of chemical transformational conditions for indirect determination of ligustilide content in Angelica sinensis. A:

The effect of react temperature on the conversional rate; B: The effect of the addition amount of cyprolamine on the conversional rate; C:

The effect of stirring time on the conversional rate; D: The effect of initial stirring time on the conversional rate; E: The effect of ultrasound

time on the conversional rate; F: The effect of the stirring time again on the conversional rate
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Figure 4  Statistical results of chemical transformational indirect method for determination of ligustilide content in Angelica sinensis speci-

mens. A: Statistical results of scatter plot among different specimens; B: Statistical results of boxplot among different specimens
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