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Abstract

Angelicae sinensis radix is commonly used in Chinese medicine and is also widely used as a spice and condiment in many
countries. Due to the different geographical sources and processing methods, the contents of chemical components are dif-
ferent and affect the quality of Angelica sinensis radix. A simple and efficient method was established to comprehensively
evaluate the quality of Angelica sinensis radix by combining HPLC fingerprint and single-standard multi-component quan-
titative analysis. With ferulic acid as a single marker, the contents of eight main active ingredients, including ferulic acid,
senkyunolide I, senkyunolide H, coniferyl ferulate, E-ligustilide, E-butylidenephthalide, Z-ligustilide, and Z-butylideneph-
thalide, were simultaneously determined in 30 min by reliable relative correction factor. The overall chemical profiles of
Angelica sinensis radix were compared by fingerprint similarity evaluation, the specific content level of each component
was compared by simultaneous content determination of multiple components of a single standard, and the specific different
components of Angelica sinensis radix before and after processing were analyzed by chemometrics. The established method
was successfully applied to the quality evaluation of 44 batches of Angelica sinensis radix from 4 different origins and 45
batches of Angelica sinensis radix with different processing methods. This study proposed a simple, rapid, low-cost, and
reliable quality comprehensive evaluation method for ASR from different origins and processing methods, which may be
readily transferred and applied to other industries.

Keywords Angelicae Sinensis radix - Origin - Chemometrics - Fingerprints - Single standard to determine the multi-
components
Introduction

Angelicae sinensis radix (ASR), the dried root of Angelica
sinensis (Oliv.) Diels (family Apiaceae), known as Danggui
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and treat gynecological diseases [1]. It is also a traditional
spice and condiment, widely consumed in China, Japan, the
United States, and the European Union [2]. ASR has various
cooking and processing methods with different effects. For
example, making ASR tea and cooking porridge can regulate
menstruation, stewing with ASR can enhance flavors and
warm the body to prevent repeated attacks of blood defi-
ciency, wine-processed ASR can enhance ASR to promote
blood circulation [3].

More than 168 compounds have been isolated and iden-
tified from ASR, mainly including organic acids and their
esters (such as ferulic acid and coniferyl ferulate), phthal-
ides (such as ligustilide, butylphthalide, senkyunolide, and
butylidenephthalide), and polysaccharides, which account
for the main bioactivities and pharmacological properties,
such as enhancing immunity, anti-inflammatory, anti-fibro-
sis, antioxidant activity, anti-platelet aggregation activity,
and neuroprotective effect [4—6]. The quality of ASR is
easily affected by weather, origin, harvesting season, pro-
cessing technology and other conditions [7]. For example,
the ASR genuine origin is recognized as Gansu, and the
contents of volatile oil and ferulic acid in Gansu ASR were
higher than those in other producing areas [8]. At present,
Chinese Pharmacopoeia, European Pharmacopoeia, British
Pharmacopoeia, Japanese Pharmacopoeia and Hong Kong
Chinese herbal medicine standards have included ASR, most
of which use the contents of ferulic acid or ligustilide for
quality control. However, ferulic acid is also a quality con-
trol index component of Chuanxiong Rhizoma and Ligustici
Rhizoma et Radix, which means it lacks specificity for ASR.
Another issue of using ferulic acid is that coniferyl ferulate,
another major compound in ASR, is only stable in acidizing
solvents and easily hydrolyzed to ferulic acid and coniferol.
It means the ferulic acid measured in most current methods
may come from its prototype in ASR, and the decomposed
coniferyl ferulate. Nevertheless, the comprehensive quality
control of ASR and its processed form is still insufficient,
especially for pharmacopeia. Therefore, more components
should be paid attention to in evaluating the quality of ASR,
rather than just Z-ligustilide or ferulic acid.

Various detection methods have been developed to evalu-
ate the quality of ASR more comprehensively from multi-
ple angles to improve the quality control of ASR, including
LC, LC-MS/MS, and GC/MS for fingerprint chromato-
gram or multi-component determination [9]. For example,
Zhang et al. established an HPLC-UV fingerprint with
12 common peaks in 65 min to evaluate the water decoc-
tion of ASR [10]. Razmovski-Naumovski et al. quantified
three components (caffeic acid, ferulic acid, and Z-ligus-
tilide) using the UPLC-UV method in 30 min to analyze
the equivalence between granules and crude drugs of ASR
[11]. Using the UHPLC-MS/MS method, 13 components,
including 8 phthalides (senkyunolide I, H, A, butylphthalide,
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Z-ligustilide, butylidenephthalide, neocnidilide, and levisti-
lide A) and 5 phenolic acids (chlorogenic acid, caffeic acid,
vanillin, ferulic acid, and coniferyl ferulate), were simulta-
neously determined to analyze different parts (head, body,
and tail) of ASR [12]. A comprehensive two-dimensional
gas chromatography (GC x GC) combined with high-reso-
lution time-of-flight mass spectrometry was developed to
investigate the effect of sulfur fumigation on the volatile
components of ASR [13]. To minimize the expend of stand-
ards, a single standard to determine the multi-components
(SSDMC) method was developed, on the one hand, to deter-
mine four components (ferulic acid, senkyunolide I and H,
and Z-ligustilide) for comparing the decoction pieces of
Chuanxiong Rhizoma and ASR; on the other hand, to deter-
mine three components for discriminating sun-dried and
sulfur-fumigated ASR; in addition, reliable markers were
screened to identify the amount of excipients added, process-
ing time and temperature in wine-processed ASR [14-16].

Among all analytical techniques, HPLC fingerprinting is
a convenient and reliable method to evaluate the quality of
Chinese herbal medicine and has been widely used in the
analysis and identification of traditional Chinese medicine
[17]. Therefore, in the current study, a simple and efficient
method was developed, in which the content of 8 main
components of ASR was determined by HPLC based on the
method of fingerprint and SSDMC using ASR from different
places of origin and processing methods. Through analyz-
ing and mining the data with the chemometrics method, the
main differential components of ASR from different origins
and processing methods were identified to provide data sup-
port for the overall quality evaluation of ASR beyond the
traditional Z-ligustilide or ferulic acid.

Materials and methods
Reagents and materials

As reference substances of ASR, ferulic acid (FA) was
obtained from National Institutes for Food and Drug Control
(Beijing, China); senkyunolide H (SH) was obtained from
Weikeqi Biological Technology Co., Ltd. (Sichuan, China);
and Z-ligustilide (ZL) was prepared by Shanghai Standard
Technology Co., Ltd. Other reference standards, including
senkyunolide I (SI), coniferyl ferulate (CF), E-ligustilide
(EL), E-butylidenephthalide (EB), and Z-butylidenephthal-
ide (ZB) were prepared in our lab. The purities of all these
substances were > 98%, except for ZL, the purity of which
was 90.23%. Acetonitrile of HPLC grade was obtained from
Honeywell (NJ, USA). Formic acid for HPLC was purchased
from Roe Scientific Inc. (USA). Water for HPLC was puri-
fied by a Milli-Q Synthesis A10 System (Bedford, MA,
USA). All other reagents were of analytical grade.
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Forty-four batches of ASR medicinal materials were
purchased from four origins. In addition, 15 batches of
ASR medicinal materials were prepared into correspond-
ing 15 batches of ASR raw decoction pieces and 15 batches
of wine-processed ASR. ASR raw decoction pieces are to
remove impurities from ASR medicinal materials, wash
them clean and dull, and then cut thin slices and dry.
Wine-processed ASR is to slice Angelica first and then add
Huangjiu to mix well, fry dry after a low heat, and cool.
The detailed information about these samples is listed in
Table S1.

Apparatus and chromatographic parameters

The quantitative assay was performed on an Agilent 1260
series HPLC system (Agilent Technologies, Palo Alto CA,
USA), comprising an online vacuum degasser, an autosam-
pler, a column temperature controller, a quaternary gradi-
ent pump, and a diode array detector, controlled by Agilent
ChemStation software (B.04.03-SP1). An Agilent Eclipse
Plus C,g (4.6 X150 mm, 3.5 pm) column at the tempera-
ture of 30 °C was applied for analysis. The detection wave-
length was set at 274 nm. The mobile phase consisted of
(A) acetonitrile and (B) 0.1% formic acid water solution
used a gradient elution of 8% A at 0-3 min, 8-47% A at
3-15 min, 47% A at 15-30 min, 47-100% A at 30-30.1 min,
100% A at 30.1-35 min, 100-8% A at 35-35.1 min, 8% A at
35.1-40 min. The flow rate was 1.2 mL/min and the injec-
tion volume was 5 pL. The integration parameter (slope sen-
sitivity/peak width/area reject/height reject) was 5/0.05/5/1.

Data processing and chemometric analysis

Sample similarity was calculated using the Similarity Evalu-
ation System of Traditional Chinese Medicine Chromato-
graphic Fingerprint software (Version 2012.130723, Chinese
Pharma-copoeia Commission, Beijing, China). SIMCA soft-
ware (Version 14.1 Umetrics, Umea, Sweden) was used for
principal component analysis (PCA) and partial least squares
discriminant analysis (PLS-DA) chemometric analysis of the
samples.

Preparation of solutions
Preparation of standard solutions

Eight standard stock solutions were prepared for standard
curve test by dissolving reference standards respectively in

methanol—formic acid (95:5, v/v), and a series of the mixed
standard solutions were diluted.

Preparation of sample solution

All samples were coarsely powdered and prepared as fol-
lows: To 1.00 g of powered raw or wine-processed ASR
samples, 25 mL of a mixture of methanol and formic acid
(95:5, v/v) was added and weighed. Then, the mixture was
sonicated (42 kHz, 135 W, BRANSON 5510E-DTH) for
30 min and allowed to cool, weighed the mixture again
and replenished the weight with the same solvent, and last,
mixed well, and then passed through a membrane filter with
0.45-pm pore size, discarded the first 1 mL of the filtrate,
and collected the successive filtrate as the sample solution.

Calculation of conversion factors and relative
retention time

For the SSDMC method, conversion factor (F) and relative
retention time (RRT) of each analyte were calculated accord-
ing to the equations reported previously [18]. Specifically,
three independent calibration curves covering seven gradient
concentrations were used, and FA was chosen as the single
standard. Thus, the F value of other analytes was calculated
by the ratio of the average slope value of FA and the analyte
in the equation of linear regression (Eq. 1).

Fy = Average slop of FA/Average slop of analyte (analyte)

ey

To identify the peaks in the chromatogram, the relative

retention time (RRT) was calculated by the ratio of retention
times of the analyte and FA (Eq. 2):

RRT = [anal_\‘lc/tFA (2)

Validation of the method

The method was validated for linearity, accuracy, preci-
sion (intra-day and intermediate precisions), specificity,
and robustness. The results of the precision and accuracy
calculated by the SSDMC method were compared with the
results calculated by the traditional external standard method
(ESM) using the following equation (Eq. 3):

Difference (%) = (Valueggy,—Valuesspyc)/

(Valueggy + Valuesspyc) x 100% )
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Table 1 Regression equations,

. . . Analytes Regression equation r linear range (pg/mL) F RRT

correlation coefficients, linear

ranges, F, and RRT for SSDMC Average RSD (%) Average RSD (%)
FA Y =8.7805X+7.1226  0.9999 23.5-587.5 1.0000 O 1.000 0

Y =8.5212X+0.3858 0.9999 1.21-60.67 1.0000 O 1.000 0

SI Y =16.2301X+0.2884 1.0000 0.61-30.54 0.5176  2.47 1.192 1.57
SH Y =18.3699X+0.7010 1.0000 0.58-28.88 0.4585 0.23 1.206 2.95
CF Y=11.3923X-1.5422  1.0000 16.36-498.00 0.7883 5.41 1.807 1.22
EL Y =9.1491X+0.9653 1.0000 1.16-58.06 0.9096  0.40 2.316 1.39
EB Y =8.9235X-3.4523 0.9993 2.74-68.40 0.9536 0.34 2.400 1.52
ZL Y =10.1767X+5.5884 0.9997 21.10-527.46 0.8745 0.98 2.550 2.57
7B Y =8.9025X-0.4548 1.0000 1.18-58.80 0.9906 4.25 2.618 2.98
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Table 2 The results of the validation for the method

Stability (RSD %)

Intermediate precision (RSD %)

Intra-day precision (RSD %)

Accuracy (%)

Analytes

sample solution

Standard
solution

Columns

Analysts Equipments

ESM SSDMC Difference (%) Days

SSDMC

ESM

SSDMC ESM SSDMC ESM SSDMC ESM  SSDMC

ESM

1.61
0.59
0.75
1.05
1.27
1.30
0.95
1.04
0.93

1.46
0.59
0.33
221
0.32
0.47
1.27
1.88
0.23

2.86
2.32
1.81
2.86
1.33
4.45
1.55
4.96
1.5

2.86
2.25
1.69
497
1.43
4.24

2.3

2.16
1.47
241
2.69
2.67
4.01
2.38
3.79
1.87

2.16
1.85
1.77
2.65
2.69
222
1.84
2.74

1.83
0.88
0.95
1.46
1.96
1.48
1.82
2.09
1.69

1.83
0.88
0.95
1.46
1.96
1.48
1.82
2.09

2.71
1.78
1.54
2.05
2.06
1.17
1.7

2.26
1.6

2.71
1.78
1.54
2.05
2.06
1.17
1.7

2.26
1.6

1.52
1.47
4.82
1.97
1.66
1.54
1.58
2.37
1.61

1.52
1.39
4.54
1.86
1.57
1.46
1.49
2.24

/

99.20

FA

2.05
2.33
0.75
0.90
0.00
1.03
0.52
0.62

SI

SH
CF

EL
EB
7L

99.71

98.80

5.7
1.48

7B

1.87

1.69

1.52

Sum

Results and discussion
Optimization of sample preparation

Different solvent compositions, extraction methods, extrac-
tion volume, extraction time, and extraction frequency were
investigated to obtain optimal and robust sample preparation
methods (Table S2). Among them, the solvent composition
was the most important factor which would affect the stabil-
ity of the sample solution. The results showed that the peak
area of FA and CF would only be stable when formic acid
was added to the extraction solvent by inhibiting the hydrol-
ysis of CF into FA, and can better reflect the actual content
of the original components in ASR. (Table S3 and S4). Thus,
a mixture of methanol and formic acid at a ratio of 95:5 was
optimized as the solvent. Other factors with different levels
could produce similar effects, and ultrasonication once time
with 25 mL solvent in 30 min was selected as the optimal
sample preparation method.

In this study, ferulic acid was used as a single marker,
and SSDMC was used to determine the contents of 8§ com-
ponents simultaneously, which was simpler and more effi-
cient and minimized the cost of standard products. The
eight components concerned in this study were ferulic acid,
ligustrone I, ligustrone H, coniferyl ferulate, E-ligustilide,
e-butenylphthalein, Z-ligustilide and Z-butenylphthalein,
which included the main chemical components in ASR.
The content of the ingredients changed significantly with
different origins and before and after wine production, and
the content of these ingredients reflected the quality of ASR.

Optimization of chromatographic parameters

For the fingerprint chromatogram and SSDMC method,
detection wavelength was one of the key factors that would
influence the value of conversion factors. In this study, the
UV spectrums of the eight analytes were different (Fig. 1A).
For FA, CF, ZL, and EL, the maximum absorption wave-
length was 312—-328 nm, while for SI, SH, ZB, and EB, it
was 260-280 nm. To obtain the best fingerprint chromato-
gram, 274 nm was selected as a compromise to balance the
chromatographic response of peaks.

Seven different C,3 columns with the same size
(4.6 X 150 mm) were selected and compared with acetoni-
trile—0.1% formic acid as mobile phase. All seven columns
obtained similar chromatograms and showed good robust-
ness, and finally, the Agilent Eclipse Plus C g (4.6 X 150 mm,
3.5 um) was selected (Table S5).

Other chromatographic parameters, such as mobile phase
system, flow rate, and column temperature, were also ana-
lyzed for the optimized fingerprint chromatogram.
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Fig.2 The specificity test.
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The single reference standard used in the SSDMC method
is generally selected from the constituents of the medicinal
preparation being investigated. The standard should meet
four requirements, namely (1) abundant in the sample, (2)

stable, (3) easy to access, and (4) have a maximum UV
absorption [19]. Comparing the chemical structures and the
UV absorption of the eight analytes (Fig. 1), FA and ZL
were the best candidates. Considering the stability of ZL
[20], FA, one of the most pharmacologically active compo-
nents, was chosen as the single standard.

Table 3 Similarity results

Source NO Batch NO Similarity Source NO Batch NO Similarity

of ASR samples from four

producing areas Gansu S1 Gl 1 Sichuan S2 C2 0.989
Gansu S2 G2 0.999 Sichuan S3 C3 0.999
Gansu S3 G3 0.997 Sichuan S4 C4 0.995
Gansu S4 G4 0.990 Sichuan S5 C5 0.996
Gansu S5 G5 0.990 Sichuan S6 C6 0.999
Gansu S6 G6 0.993 Sichuan S7 Cc7 0.999
Gansu S7 G7 0.998 Hubei S1 HI 0.982
Gansu S8 G8 0.998 Hubei S2 H2 0.997
Gansu S9 G9 0.998 Hubei S3 H3 0.997
Gansu S10 G10 0.998 Hubei S4 H4 0.998
Gansu S11 Gll1 0.998 Hubei S5 H5 0.988
Gansu S12 G12 0.975 Hubei S6 H6 0.999
Gansu S13 Gl13 0.998 Yunnan S1 Y1 0.992
Gansu S14 Gl4 0.998 Yunnan S2 Y2 0.997
Gansu S15 Gl15 0.999 Yunnan S3 Y3 0.992
Gansu S16 Gl6 0.995 Yunnan S4 Y4 0.997
Gansu S17 G17 0.995 Yunnan S5 Y5 0.995
Gansu S18 Gl18 0.999 Yunnan S6 Y6 0.999
Gansu S19 G19 0.997 Yunnan S7 Y7 0.985
Gansu S20 G20 0.999 Yunnan S8 Y8 0.996
Gansu S21 G21 0.997 Yunnan S9 Y9 0.990
Sichuan S1 Cl 0.982 Yunnan S10 Y10 0.996
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In this study, eight components were assayed, but their
peak area varied greatly. The peak areas of FA, SI, SH, EL,
EB, and ZB varied in a range of 10-500, while it varied in
a range of 200-5000 for CF and ZL. Therefore, the single
marker of FA must be tested in two ranges. The linear range
of each analyte was decided by the range of peak area, and
the test range for the eight analytes was shown in Table 1. A
series of standard solutions for the eight analytes was used
to determine the linear regression equation. The results
were summarized in Table 1. All the correlation coefficients
exceeded 0.9996, except for EB. To calculate and validate
the ruggedness of FA, three independent chromatography
systems (Table S6) were investigated using a series of stand-
ard solutions. The experiments were repeated three times

for each system. Thus total of nine standard curves were
obtained for each analyte, except for FA, which obtained
18 standard curves. As shown in Table 1, the Fs were in the
range of 0.4-1.0 indicating good robustness of Fs.

Relative retention time

The relative retention time of the eight components is shown
in Table 1. Three independent chromatographic systems
were used to detect the relative retention time, and the results
were shown in Table S7. There was no significant difference
in the relative retention time measured by different instru-
ments (RSD <2.0%).

Fig.3 The control chromato- A =
gram fingerprint of ASR from Gansu ZYL
four different origins (A-Gansu, \
B-Sichuan, C-Hubei, D-Yun- CF ‘
nan) 1s.81 1 ‘
Sl EL
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' o [sH " EB|| zB
Mo % O ST W [ SRSV ISR | (P | (W) Y
B Sichuan ZL
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FA Sl
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- J.w,A,_\_.".g_)_.y_ww‘fj ‘Y‘, EES RN TR || AR Roacopihme
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Table 4 Similarity results of contrast fingerprint of ASR from Table 5 Similarity results of the ASR medicinal materials, ASR raw
Sichuan and Gansu provenance and ASR medicinal materials and decoction pieces and wine-processed ASR samples
ASR raw decoction pieces

Source NO Batch NO Similarity
Source NO Batch NO Similarity
ASR S1 ASR45 1
Sichuan and Gansu S1 Cl 0.968 medicinal materials S2 ASR46 1
S2 C2 0.995 S3 ASR47 0.999
S3 C3 0.997 S4 ASRA48 1
S4 C4 0.995 S5 ASR49 0.999
S5 C5 0.992 S6 ASR50 0.999
S6 C6 0.986 S7 ASRS51 0.999
S7 C7 0.995 S8 ASR52 0.999
ASR S1 RASRI 0.989 S9 ASRS53 0.999
medicinal materials S2 RASR?2 0.987 S10 ASR54 0.999
and ASR raw decoction pieces ’
P S3  RASR3 0.987 S11 ASRS5 1
S4 RASR4 0.986 S12 ASR56 1
S5 RASRS5 0.991 S13 ASRS57 0.999
S6 RASR6 0.983 S14 ASRS58 0.999
S7 RASR7 0.985 S15 ASRS59 1
S8 RASRS 0.987 ASR raw decoction pieces St RASRI 0.997
S9 RASR9 0.986 S2 RASR2 0.998
S10 RASRI10 0.986 S3 RASR3 0.997
S11 RASRI1 0.968 S4 RASR4 0.995
S12 RASRI12 0.973 S5 RASRS5 0.998
S13 RASRI13 0.970 S6 RASR6 0.999
S14 RASR14 0.960 S7 RASR7 0.999
S15 RASRI15 0.978 S8 RASRS 0.999
S9 RASR9 0.999
S10 RASRI10 0.999
. . S11 RASRI11 0.994
Validation of the method
S12 RASRI12 0.997
. . S13 RASR13 0.995
For accuracy, three different levels, which are 50% (5 mL), 14 RASR14 0.989
100% (10 mL), and 150% (15 mL) of the standard solutions S5 RASRIS 0'998
of FA (10 pg/mL) and ZL (341.5 pg/mL), were added into . 4 ASR S| WASRI 0'991
the flasks with the moderately fine powder of ASR (500 mg), wine-processe '
. . . . S2 WASR2 0.991
followed by the preparation of sample solutions using opti-
. . . .. . S3 WASR3 0.991
mized extraction method and analysis. Triplicate experi-
. S4 WASR4 0.995
ments at each level were established to conduct the recovery
. S5 WASRS 0.989
test. The results showed that the recovery of FA was in the S6 WASR6 0.998
range of 96-103% (RSD <3.0%). And the recovery of ZL $7 WASR7 0.993
was in the range of 96-104% (RSD <3.0%) and 95-104% S8 WASRS 0.995
(RSD < 3.0%) when calculated by ESM and SSDMC meth- ’
. . S9 WASR9 0.999
ods, respectively. The results in Table 2 showed that the 310 WASR10 0.998
SSDMC method could achieve an accuracy identical to that S11 WASR11 0.986
achieved with the ESM method. ’
. . . .. S12 WASRI12 0.998
The intra-day and intermediate precisions were chosen to
. .. . . S13 WASRI3 0.992
determine the precision of the method. Intra-day precision
.- . . . S14 WASR14 0.990
was assessed by the repeatability using nine test solutions of
S15 WASRI15 0.991

the same sample, covering three different concentration lev-
els (0.5 g, 1.0 g, and 1.5 g) and triplicate experiments at each
level. The results (Table 2) showed excellent repeatability
with the RSD of each analyte less than 3.0%, and the differ-
ence between the sum value for eight components calculated
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Fig.4 The control chromatogram fingerprint of the ASR medicinal materials (A), ASR raw decoction pieces (B) and wine-processed ASR sam-

ples (C)

by the ESM and SSDMC method was less than 1.0%, which
showed the SSDMC method could achieve intra-day preci-
sion identical to those achieved with the ESM method.

The intermediate precision was evaluated by changing
the main factors: different days, different analysts, different
equipment (Agilent 1260, 1100, and 1200), and different
columns (Agilent Extend C 4, Agilent Plus C,q, and Waters
SunFire C,3), with triplicate experiments for each analysis
conditions. The results showed that ESM and SSDMC meth-
ods were repeatable at different analysis conditions (Table 2)
and interchangeable with the difference of the sum value of
less than 0.21% (data not shown).

The specificity of the method was assessed by comparing
the chromatograms of the blank solvent, standard solution,
and sample solution. The results (Fig. 2) showed that the
peaks in the chromatogram of the sample solution corre-
sponded in time with the peaks in the chromatogram of the
standard solution.

The stability of the standard and sample solutions was
investigated. It was carried out by comparing the peak areas
of eight analytes in the chromatograph of the same standard
or sample solution at different times at room temperature.
Stability was evaluated by calculating the RSD (%) of the

peak area obtained. The standard solution and the sample
solution were stable within 48 h (RSD% < 3.0) (Table 2).

The robustness of the established method was evaluated by
examining its stability with the small variations of procedural
parameters, including column, flow rate (+0.2 mL/min), col-
umn temperature (+5 °C), and equipment, using a single-fac-
tor experiment. The sample solution, the mixed standard solu-
tion, and the single standard solution of ZL (40 pg/mL) were
respectively injected with 5 L in triplicate. The RSD of both
the content of ZL and the eight analytes was less than 3.0%,
which showed the robustness of the method in all designed
ranges of the HPLC parameters. The content differences of
both ZL and the eight analytes calculated by the ESM and the
SSDMC method were less than 2.0%, which showed that the
SSDMC method was practicable (data not shown).

The reference standard extract solution of ASR (15 mg/
mL) was injected with 5 pL five times to evaluate the system
suitability parameters, which were specified as follows: the
tailing factor of ZL should be less than 1.5%, the relative
standard deviation should be less than 3.0%, the number of
theoretical plates should be more than 60000, and the resolu-
tion between ZL and ZB should be more than 1.5.
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Table 6 Individual and total contents of the eight analytes in ASR samples from four producing areas

No Source  Content by SSDMC (%) Total contant
FA SI SH CF EL EB ZL ZB ESM (%) SSDMC (%) Difference (%)

ASR_01 Gansu 0.0221 0.0355 0.0076 0.1710 0.0829 0.0112 0.8615 0.0207 1.2449 1.2125 1.32
ASR_02 Gansu 0.0356 0.0416 0.0089 0.1660 0.1186 0.0153 0.8724 0.0226 1.3163 1.2811 1.36
ASR_03  Gansu 0.0337 0.0309 0.0068 0.2549 0.2176 0.0225 1.3283 0.0314 1.9822 1.9261 1.44
ASR_04 Gansu 0.0402 0.0415 0.0076 0.2043 0.1489 0.0207 0.7100 0.0422 1.2492 1.2155 1.37
ASR_05 Gansu 0.0432 0.0243 0.0046 0.0600 0.0196 0.0114 0.3921 0.0396 0.6103 0.5949 1.28
ASR_06 Gansu 0.0296 0.0333 0.0073 0.2360 0.0991 0.0172 0.7867 0.0452 1.2875 1.2543 1.31
ASR_07 Gansu 0.0602 0.0297 0.0073 0.2031 0.0825 0.0136 1.1935 0.0242 1.6575 1.6140 1.33
ASR_08 Gansu 0.0385 0.0158 0.0036 0.1756 0.0992 0.0123 0.9868 0.0176 1.3873 1.3495 1.38
ASR_09 Gansu 0.0406 0.0217 0.0050 0.1619 0.0941 0.0121 0.9472 0.0209 1.3397 1.3034 1.37
ASR_10 Gansu 0.0471 0.0696 0.0146 0.1618 0.0750 0.0138 0.9027 0.0264 1.3439 1.3109 1.24
ASR_11 Gansu 0.0518 0.0842 0.0159 0.1977 0.1198 0.0165 1.2189 0.0360 1.7861 1.7406 1.29
ASR_12  Gansu 0.0203 0.0036 0.0000 0.1951 0.0231 0.0088 0.5054 0.0108 0.7859 0.7670 1.22
ASR_13  Gansu 0.0361 0.0543 0.0124 0.2168 0.1483 0.0166 0.9515 0.0212 1.4965 1.4572 1.33
ASR_14  Gansu 0.0333 0.0270 0.0058 0.2445 0.1597 0.0167 1.2528 0.0212 1.8109 1.7611 1.39
ASR_15 Gansu 0.0403 0.0265 0.0058 0.1749 0.0823 0.0125 0.9940 0.0247 1.3981 1.361 1.34
ASR_16  Gansu 0.0351 0.0226 0.0038 0.0680 0.0211 0.0082 0.4677 0.0175 0.6606 0.6439 1.28
ASR_17 Gansu 0.0456 0.0833 0.0172 0.1952 0.0980 0.0166 0.9869 0.0468 1.5271 1.4895 1.25
ASR_18 Gansu 0.0388 0.0479 0.0108 0.1980 0.0628 0.0126 0.9989 0.0246 1.3983 1.3944 0.14
ASR_19 Gansu 0.0376  0.0607 0.0133 0.1440 0.0391 0.0108 0.8142 0.0209 1.2323 1.1405 1.87
ASR_20 Gansu 0.0310 0.0340 0.0072 0.1323 0.0627 0.0105 0.6811 0.0176 0.9986 0.9764 1.12
ASR_21 Gansu 0.0261 0.0471 0.0106 0.1165 0.0430 0.0111 0.6397 0.0217 0.9358 0.9158 1.08
ASR_22  Sichuan 0.0282 0.0020 0.0000 0.1080 0.0131 0.0089 0.2687 0.0240 0.4643 0.4529 1.24
ASR_23  Sichuan 0.0241 0.0054 0.0000 0.2740 0.0847 0.0170 1.1759 0.0144 1.6328 1.5954 1.16
ASR_24  Sichuan 0.0346 0.0516 0.0111 0.1175 0.0454 0.0127 0.7206 0.0320 1.0513 1.0254 1.25
ASR_25 Sichuan 0.0268 0.0074 0.0017 0.2573 0.0781 0.0170 1.1645 0.0167 1.6063 1.5695 1.16
ASR_26  Sichuan 0.0318 0.0100 0.0018 0.0887 0.0260 0.0115 0.3229 0.0295 0.5215 0.5224 0.09
ASR_27 Sichuan 0.0284 0.0023 0.0000 0.2146 0.0177 0.0125 0.7013 0.0179 0.9918 0.9946 0.14
ASR_28 Sichuan 0.0319 0.0066 0.0011 0.1679 0.0554 0.0130 0.6496 0.0140 0.9240 0.9394 0.83
ASR_29 Hubei 0.0370 0.0156 0.0034 0.0558 0.0119 0.0108 0.2595 0.0442 0.4496 0.4383 1.27
ASR_30 Hubei 0.0367 0.0175 0.0027 0.1425 0.0362 0.0126 0.5643 0.0245 0.8587 0.8371 1.27
ASR_31 Hubei 0.0384 0.0321 0.0087 0.1481 0.0569 0.0118 1.0391 0.0194 1.3859 1.3544 1.15
ASR_32  Hubei 0.0426 0.0129 0.0024 0.1376 0.0274 0.0139 0.5838 0.0279 0.8679 0.8485 1.13
ASR_33  Hubei 0.0736  0.0185 0.0043 0.0579 0.0120 0.0139 0.4286 0.0247 0.6497 0.6335 1.26
ASR_34 Hubei 0.0333  0.0053 0.0016 0.2596 0.0569 0.0150 0.9695 0.0124 1.389 1.3536 1.29
ASR_35 Yunnan 0.0484 0.0227 0.0053 0.2337 0.2670 0.0185 1.1435 0.0175 1.8101 1.7567 1.50
ASR 36 Yunnan 0.0534 0.0468 0.0104 0.1991 0.1261 0.0226 0.9165 0.0313 1.4443 1.4063 1.33
ASR_37 Yunnan 0.0421 0.0209 0.0057 0.1347 0.1660 0.0139 0.8498 0.0149 1.2856 1.2481 1.48
ASR_38 Yunnan 0.0307 0.0287 0.0066 0.2947 0.0735 0.0174 1.0490 0.0356 1.5755 1.5361 1.27
ASR_39  Yunnan 0.0358 0.0552 0.0102 0.1665 0.0546 0.0176 0.7708 0.0442 1.1802 1.1549 1.08
ASR 40  Yunnan 0.0344 0.0176 0.0030 0.1777 0.0519 0.0134 0.7397 0.0271 1.0929 1.0649 1.30
ASR_41 Yunnan 0.0462 0.0140 0.0024 0.1067 0.0169 0.0056 0.3167 0.0183 0.5397 0.5269 1.20
ASR_ 42 Yunnan 0.0402 0.0135 0.0021 0.0986 0.0263 0.0134 0.4291 0.0280 0.6382 0.6511 1.00
ASR_43  Yunnan 0.0268 0.0008 0.0021 0.1884 0.0162 0.0108 0.5796 0.0135 0.8246 0.8383 0.82
ASR_44  Yunnan 0.0312 0.0049 0.0015 0.2432 0.0533 0.0141 0.9083 0.0116 1.3013 1.2681 1.29
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Fig.5 The scatter plot of each content for the eight analytes in ASR samples from four different sources

Fingerprint analyses of Angelica sinensis radix
in different producing areas and processing
methods

Forty-four batches of ASR fingerprint data from four pro-
ducing areas were imported into the software Similarity
Evaluation System of Traditional Chinese Medicine Chro-
matographic Fingerprint in AIA format for processing,
and corresponding control fingerprints were obtained. The
fingerprint similarity of 21 batches of ASR from Gansu
provenance was above 0.975, the fingerprint similarity of 7
batches of ASR from Sichuan provenance was above 0.982,
the fingerprint similarity of 6 batches of ASR from Hubei
provenance was above 0.982, and the fingerprint similarity
of 10 batches of ASR from Yunnan provenance was above
0.985, indicating relatively high sample similarity (Table 3).
From the control fingerprints of the four producing areas, it
can be seen that the content of SI in ASR from Gansu and
Yunnan provinces is higher than that of FA, while the con-
tent of SIin ASR from Hubei and Yunnan provinces is oppo-
site (Fig. 3). It may be because Yunnan ASR is the result of
the introduction of Gansu ASR to form a certain planting
scale, so it is more similar to Gansu ASR. The contrast fin-
gerprint of ASR from non-genuine origin in Sichuan and
ASR sinensis from genuine origin in Gansu was compared,
and the similarity was above 0.968 (Table 4), indicating that
the similarity was not the best method to distinguish the

origin, and then we could try to distinguish by stoichiometric
method.

The influence of different processing methods on the
quality of ASR was evaluated using the Similarity Evalu-
ation System of Traditional Chinese Medicine Chromato-
graphic Fingerprint software to analyze the data of ASR
and corresponding raw decoction pieces and wine-processed
ASR. The fingerprint similarity of 15 batches of ASR medic-
inal materials was above 0.999, the fingerprint similarity of
15 batches of ASR raw decoction pieces was above 0.989,
and the fingerprint similarity of 15 batches of wine-pro-
cessed ASR was above 0.986, and the similarity was high
(Table 5). As can be seen from the control fingerprint, CF
and ZL contents in raw slices and wine-processed are signifi-
cantly lower than those in ASR medicinal materials, which
may be due to the unstable nature of ASR and the loss of
components during processing (Fig. 4). The similarity of fin-
gerprints between ASR raw decoction pieces and ASR was
above 0.960 (Table 4), indicating that the similarity could
not distinguish different processing methods of ASR.

Determination and stoichiometric analysis
of Angelica sinensis radix content in different
producing areas and processing methods

ESM method and SSDMC method were used to determine
44 batches of ASR samples from different origins. The
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Fig.6 The stoichiometric analysis of ASR from four different origins

results (Table 6) also showed that the total content obtained
by SSDMC was similar to that obtained by ESM, with differ-
ences of less than 2.0% between the two methods. The total
content of the eight analytes was in the range of 0.4-2.0%.

By further comparing the scatterplot of the contents of 8
analytes in ASR samples from four producing areas, it can
be seen that the contents of each component are different in
different producing areas, among which the average contents
of FA, SI, SH, and ZB are the lowest in Sichuan produc-
ing area, and the average contents of CF, EL, EB and ZL
are the lowest in Hubei producing area. Gansu as a genuine
producing area, the content is higher and the quality is bet-
ter (Fig. 5).

Further stoichiometric analysis was carried out for dif-
ferent origins. In order to observe the overall profile of the
data and whether there were abnormal data, unsupervised
PCA was performed on the data. The results showed that the
samples could be divided into four categories according to
the origin of ASR. PCA only gave a preliminary overview
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of the similarities and differences between samples and did
not show the main differences. In order to further under-
stand the differences between the different origins of ASR,
a supervised PLS-DA model was established. According to
the three-dimensional score chart, the four producing areas
of ASR can be clearly distinguished, and the results are con-
sistent with PCA. According to the VIP value in the PLS-DA
model, the main difference in components is screened. There
are three components with VIP value greater than 1, namely
SI, ZL, and CF (Fig. 6).

In addition, the method can also be used to identify the
quality of different processing methods, and the contents
of 8 components in 15 batches of ASR medicinal materi-
als, corresponding to 15 batches of ASR raw decoction
pieces and wine ASR were determined (Table 7). The
scatterplot shows that the contents of SI, SH, and ZB in
ASR medicinal materials, ASR raw decoction pieces, and
wine ASR were gradually increasing, and the difference
between SI and ZB is the most significant. The limit of SI
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Table 7 Individgal and total No Content by SSDMC (%)

contents of the eight analytes

in the medicinal materials, raw FA SI SH CF EL EB 7L 7B

decoction pieces and wine-

processed ASR samples ASR_45 0.039 0.043 0.010 0.100 0.044 0.012 0.758 0.031
ASR_46 0.035 0.032 0.008 0.090 0.033 0.009 0.664 0.024
ASR_47 0.038 0.028 0.007 0.076 0.031 0.009 0.563 0.023
ASR_48 0.039 0.028 0.008 0.090 0.035 0.009 0.657 0.023
ASR_49 0.042 0.030 0.008 0.076 0.027 0.009 0.596 0.025
ASR_50 0.026 0.032 0.008 0.129 0.040 0.009 0.799 0.027
ASR 51 0.029 0.034 0.008 0.133 0.052 0.010 0.852 0.027
ASR_52 0.028 0.042 0.010 0.137 0.045 0.011 0.847 0.031
ASR_53 0.029 0.037 0.009 0.134 0.042 0.010 0.880 0.030
ASR_54 0.031 0.035 0.008 0.144 0.055 0.010 0913 0.029
ASR_55 0.038 0.028 0.008 0.098 0.046 0.010 0.663 0.023
ASR_56 0.035 0.039 0.011 0.101 0.036 0.010 0.673 0.028
ASR_57 0.036 0.037 0.010 0.085 0.038 0.010 0.590 0.028
ASR_58 0.038 0.035 0.010 0.089 0.027 0.009 0.654 0.027
ASR_59 0.039 0.031 0.008 0.108 0.038 0.009 0.709 0.025
RASR_01 0.026 0.023 0.004 0.114 0.027 0.009 0.666 0.022
RASR_02 0.026 0.026 0.005 0.116 0.028 0.009 0.696 0.024
RASR_03 0.030 0.038 0.007 0.122 0.038 0.010 0.802 0.032
RASR_04 0.030 0.040 0.007 0.130 0.042 0.011 0.826 0.035
RASR_05 0.030 0.033 0.006 0.120 0.034 0.010 0.757 0.028
RASR_06 0.035 0.036 0.007 0.084 0.030 0.011 0.598 0.032
RASR_07 0.034 0.033 0.007 0.085 0.028 0.010 0.607 0.031
RASR_08 0.033 0.038 0.007 0.083 0.035 0.010 0.622 0.031
RASR_09 0.033 0.035 0.007 0.081 0.031 0.010 0.602 0.031
RASR_10 0.034 0.037 0.007 0.088 0.033 0.010 0.603 0.029
RASR_11 0.040 0.054 0.010 0.071 0.023 0.011 0.501 0.035
RASR_12 0.039 0.052 0.009 0.073 0.023 0.010 0.532 0.035
RASR_13 0.039 0.056 0.010 0.070 0.023 0.011 0.501 0.037
RASR_14 0.040 0.056 0.010 0.068 0.023 0.012 0.485 0.037
RASR_15 0.038 0.048 0.009 0.074 0.023 0.010 0.528 0.033
WASR-01 0.032 0.049 0.011 0.108 0.034 0.010 0.664 0.034
WASR-02 0.032 0.049 0.011 0.102 0.031 0.010 0.635 0.034
WASR-03 0.030 0.046 0.010 0.102 0.031 0.009 0.627 0.032
WASR-04 0.033 0.053 0.012 0.101 0.032 0.010 0.629 0.037
WASR-05 0.031 0.049 0.011 0.107 0.032 0.010 0.667 0.034
WASR-06 0.036 0.046 0.010 0.059 0.021 0.009 0.476 0.035
WASR-07 0.037 0.045 0.011 0.062 0.023 0.009 0.497 0.035
WASR-08 0.037 0.048 0.011 0.052 0.021 0.009 0.461 0.036
WASR-09 0.035 0.045 0.010 0.059 0.021 0.009 0.474 0.035
WASR-10 0.037 0.046 0.011 0.056 0.021 0.009 0.480 0.036
WASR-11 0.041 0.060 0.013 0.055 0.021 0.010 0.454 0.039
WASR-12 0.037 0.052 0.011 0.063 0.021 0.010 0.478 0.035
WASR-13 0.040 0.059 0.013 0.054 0.019 0.010 0.448 0.038
WASR-14 0.040 0.058 0.013 0.051 0.019 0.010 0.439 0.038
WASR-15 0.040 0.055 0.012 0.054 0.020 0.010 0.456 0.037
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content is 0.044%, and the limit of ZB content is 0.032%,
which can distinguish ASR medicinal materials and wine
ASR decoction pieces. The contents of CF, ZL and EL
in ASR medicinal materials, ASR raw decoction pieces
and wine ASR decreased gradually (Fig. 7), which may
be due to the instability of heat during processing. For
example, CF is easily decomposed into FA and coniferyl
alcohol by heat, and the content of CF decreases. Due
to the low polarity and the volatility of ligustilide, the
content of ligustilide may be reduced during processing
due to thermal instability. In addition, the reduction of its
content may also be related to storage time because the
ligustilide is unstable, so with the extension of storage
time even the content of ligustilide in medicinal materials
will decrease. The contents of senkyunolide and Z-butyl-
idenephthalide increased may be due to the solubility of
the added Huangjiu.

PCA and PLS-DA were performed on the data combined
with the stoichiometric method, and the results showed that
ASR, raw decoction pieces, and wine-processed ASR were
obviously divided into three groups (Fig. 8). The PLS-DA
results showed that the data were reliable and not saturated
after 200 predictions. According to the VIP value in the
PLS-DA model, the main differential components were
screened. There were three components with VIP values
greater than 1, namely ZL, SI, and ZB.

Conclusion

In this study, a fingerprint-based method for identify-
ing chemical component data with a single standard to
determine the multi-component quantitative analysis
method was established by combining data analysis and
chemometrics. The content variation of each component
was clarified, which provided data support for the qual-
ity control of ASR. From fingerprints of ASR of differ-
ent places of origin, the results showed that the ratio of
FA and SI peaks from Gansu and Yunnan Provinces is
opposite to that in Hubei and Sichuan, which may be the
result of the introduction of Gansu cultivation in Yunnan,
indicating chemical composition of ASR from Gansu and
Yunnan Provinces was similar. The content of ASR com-
ponents in Gansu Province was significantly higher than
that in the other three regions, indicating that the quality
of the genuine producing areas was the best. The differ-
ential components were SI, ZL, and CF by stoichiometric
analysis. The contents of CF, EL, and ZL in ASR, raw
decoction pieces, and wine-processed ASR were gradu-
ally decreased, which may be related to the addition of
yellow rice wine. Through stoichiometric analysis, ASR
with different processing methods could be distinguished,

and the main difference components were ZL and CF. It
was shown that fingerprint chromatography and a sin-
gle standard to determine the multi-components method
combined with chemometrics analysis are practical and
efficient. It provides strategies for the quality control of
the main characteristic components of ASR of different
origins and processing methods and also provides refer-
ences for the overall quality control of similar edible and
medicinal materials.
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