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A B S T R A C T

Polygonum Cuspidate (P. cuspidatum) is a traditional topical preparation of Chinese medicine. The aim of this
study was to develop HPLC fingerprints for P. cuspidatum Powder and P. cuspidatum Ointment, as well as to
determine the total stilbene and total anthraquinone contents in them. A XB-C18 column (250 mm � 4.6 mm, 5
μm) was used with a mobile phase consisting of 0.1% phosphoric acid solution-acetonitrile and a gradient elution.
The flow rate was 1.0 ml/min and the detection wavelength was 286 nm. The column temperature was 30 �C and
injection volume was 10 μl. The similarity evaluation system for chromatographic fingerprint of traditional
Chinese medicine (2012 edition) was employed to confirm the common peaks at 13 batches of samples and to
assess the similarity. The study revealed that 20 common peaks were identified in both P. cuspidatum powder and
P. cuspidatum ointment, with a similarity greater than 0.95. Amongst them, seven components were attributed and
confirmed, which were identified as polydatin, resveratrol, emodin-8-glucoside, aloe-emodin, rhein, emodin and
physcion. Under the established conditions of the chromatography, quantitative analysis of six components could
be well separated, and had a good linearity and linear range, the precision, repeatability and stability were good.
The method's efficacy in assessing the quality of P. cuspidatum powder and P. cuspidatum ointment is validated,
and it can be employed for quality control purposes.
1. Introduction

Polygonum cuspidatum ointment, made from sassafras and paraffin,
is a traditional Chinese medicine external preparation commonly used in
surgery and dermatology in the affiliated hospital of Zunyi Medical
College. It has the effects of clearing away heat and toxic materials,
reducing swelling and setting pain, and is used for the treatment of local
inflammation of the skin such as sore, which are red and swollen without
ulceration.1–4 P. cuspidatum, dry rhizomes and roots of P. cuspidatum Sieb.
et Zucc, is the monarch drug of the preparation. Its taste is slightly bitter,
slightly cold, returning to the liver, gallbladder, lung, with the effect of
choleretic yellowing, clearing away heat and detoxification, dispersing
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phlegm and relieving pain, relieving cough and removing phlegm.
Clinically used for joint pain, damp heat jaundice, amenorrhea, symp-
toms, cough, water and fire burns, puff injury, swollen sores and other
diseases.5–7 P. cuspidatum mainly contains chemical components such as
stilbene, anthraquinones and flavonoids, and has various pharmacolog-
ical effects and stilbene mainly includes compounds such as resveratrol
and polydatin with antitussive, metabolic regulation, neuroprotection,
anti-inflammatory, anti-oxidation, anti-shock, etc8–10; Anthraquinones
mainly include emodin, rhein, aloe-emodin, physcion, emodi-
n-8-O-μ-D-glucoside, etc., which have antibacterial, immunomodulatory,
antitumor and anti-fibrotic properties.11–15 High-performance liquid
chromatography (HPLC) fingerprint color of traditional Chinese
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Table 1
Gradient elution program.

Time (min) A (%) B (%)

0 15 85
15 20 80
25 30 70
40 50 50
41 70 30
51 80 20
60 80 20
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medicine can comprehensively reflect the chemical composition infor-
mation, reflecting its inherent overall quality, and is suitable for the
quality control of P. cuspidatum, an active ingredient with many active
ingredients. At present, some researchers have done fingerprint research
on P. cuspidatum.16–19 In this experiment, the HPLC method was used to
study the fingerprint of P. cuspidatum powder and P. cuspidatum ointment.
The contents of six components in P. cuspidatum powder and
P. cuspidatum ointment were determined, which provided a reference for
comprehensive and effective control of the quality of the preparation.

2. Experimental

2.1. Apparatus and materials

1260 type HPLC instrument, including DAD detector (Agilent, USA);
HH-S6 two-column square water bath (Zhengzhou Changcheng Branch
Industry and Trade Co., Ltd.); ME204E electronic balance [METTLER
TOLEDO Instrument (Shanghai) Co., Ltd.]; BT125D electronic analytical
balance (Sartorius, Germany); Exceed-Cd-20 laboratory ultra-pure water
machine (Chengdu Aike Water Treatment Equipment Co., Ltd.); TD5A-
WA centrifuge (Shanghai Luxiangyi Centrifuge Instrument Co., Ltd.).

P. cuspidatum ointment [Pharmaceutical Department of Affiliated
Hospital of Zunyi Medical College, Batch NOs. 20171229, 20180118,
20180119, 20180124, 20180125, 20180213, 20180320, 20180321,
20180327, 20180328, 20180816, 20180823, 20180828, (S1–S13),
specification is 40 g/Box]; P. cuspidatum powder; borneol (Batch NO.
Z51022577), purchased from Sichuan Qingshen Kanghua Pharmaceu-
tical Co., Ltd.; sesame oil (Batch NO. 2015111), purchased from Chen-
gyangqi Condiment Factory, Nanming District, Guiyang City; paraffin
wax (Batch NO. 20140809), purchased from Nanchang Baiyun Phar-
maceutical Factory; Polydatin reference substance (Batch NO.
AF8071101, purity, 99.87%), emodin reference substance (Batch NO.
AF7021741, purity, 98.89%), aloe emodin reference substance (Batch
NO. AP7112011, purity, 98.57%), resveratrol (Batch NO. AP7091921,
purity, 99.88%), physcion (Batch NO. AP7081509, purity, 99.85%),
rhein (Batch NO. AP8041804, purity, 99.49%), emodin - 8-glucoside
(Batch NO. PRF9050423, purity, 97%), all purchased from Chengdu
Aifa Biotechnology Co., Ltd.; acetonitrile is chromatographically pure,
petroleum ether, ethanol Analytically pure, water is redistilled water.

2.2. Preparation of P. cuspidatum ointment

According to the prescription dosage of P. cuspidatum ointment, the
raw materials and medicines were weighed: P. cuspidatum fine powder
23 g, borneol 3 g, sesame oil 70 g and solid paraffin was 4 g. The sesame
oil and solid paraffin wax were put into the enamel container, heated to
pan-blue smoke, and stopped heating The mixture of oil and wax is
lowered to about 80 �C, slowly adding the ice chips that have been
ground into a fine powder and stirring well, then slowly adding the
P. cuspidatum powder that has been taken, and at the same time stirring in
the same direction, cooling to 50 �C, that is 100 g P. cuspidatum ointment.

2.3. Chromatography conditions

Chromatographic analyses were carried out on an Ultimate XB-C18
(250 mm � 4.6 mm, 5 μm) The column temperature was 30 �C; the flow
rate of the mobile phase was 1.0 ml/min; the detection wavelength was
286 nm, and the injection volume was 10 μl. The mobile phase comprised
acetonitrile (A) and 0.1% phosphoric acid (B). The elution procedure is
shown in Table 1.

2.4. Preparation of solution

Mixed reference solution. Precisely weighed the reference substance
polydatin, resveratrol, emodin-8-glucoside, aloe-emodin, rhein, emodin
and physcion 5.95 mg, 0.62 mg, 2.16 mg, 0.31 mg, 0.31 mg, 3.02 mg,
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3.00 mg were placed in a 10 ml volumetric flask, and diluted with 65%
ethanol to obtain a single control mother liquor. Each sample was taken
from 1 ml to 10 ml volumetric flask, using 65%. Diluted to volume with
ethanol to make 59.5 μg, 6.2 μg, 21.6 μg of leptin, resveratrol, emodin-8-
glucoside, aloe-emodin, rhein, emodin and physcion per 1 ml 31 μg, 31
μg, 30.2 μg, 30.0 μg of mixed control solution.

Samples solution. Weigh 5 g of P. cuspidatum extract and degrease it
(20 ml of petroleum ether, sonicated for 20 min, power 30 Hz, suction
filtration, 60 �C to dry the remaining petroleum ether in the residue),
accurately weigh thedegreased 0.1 g of paste, add 30 ml of 65% ethanol,
sonicate for 20 min (power 50 Hz), centrifuge at 2000 r/min for 10 min,
accurately extract 2.5 ml of the supernatant into a 10 ml volumetric flask,
add 65% ethanol to Gradation, constant volume, shake, 0.45 μm micro-
porous membrane filtration, take the filtrate, that is. The sample treat-
ment of P. cuspidatum powder is the same as this method.

Negative control samples solution. Weigh the borneol and other excip-
ients except the P. cuspidatum powder according to the prescription
amount, and make a negative sample according to the preparation pro-
cess of the tiger sticky paste under “Preparation of P. cuspidatum oint-
ment”. A negative control solution was prepared according to the method
under “Samples solution".

2.5. Establishment of fingerprints

Precision test. Take the appropriate amount of the test solution (S1)
under “Samples solution”, and measure it continuously for 6 times ac-
cording to the chromatographic conditions under “Analytical condition”.
Calculate the total of the fingerprints with reference to the retention time
and peak area of polydatin. The relative retention time and relative peak
area of the peak. As a result, the relative retention time of the 20 common
peaks was RSD<1.24% (n¼ 6), and the relative peak area of each shared
peak was RSD <2.97% (n ¼ 6), indicating that the precision of the in-
strument was good, which was consistent with the fingerprint
measurement.

Stability test. Take the appropriate amount of S1, place it at room
temperature for 0, 3, 6, 9, 12, 24 h, and measure according to the
chromatographic conditions under “Analytical condition”. The retention
time and peak area are used as a reference to calculate the relative
retention time and relative peak area of each common peak in the
fingerprint. As a result, the relative retention time of the 20 shared peaks
was RSD <1.25% (n ¼ 6), and the relative peak area of each shared peak
was RSD <2.63% (n ¼ 6), indicating that the test solution was basically
within 24 h Stable.

Repeatability test. Weigh accurately the same sample S1, prepare the
test solution according to the method of “Samples solution”, a total of 6
parts, and then test according to the chromatographic conditions under
“Analytical condition”, with the retention time and peak of polydatin.
The area is a reference, and the relative retention time and relative peak
area of each common peak in the fingerprint are calculated. As a result,
the RSD of the relative retention times of the 20 shared peaks was
<1.22% (n ¼ 6), and the RSD of the relative peak areas of the respective
shared peaks was <2.89% (n ¼ 6), that the method was excellent in
repeatability.
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2.6. HPLC fingerprint generation and similarity, shared peak correlation
analysis

Generation of HPLC fingerprints. Take appropriate samples of 13
batches of samples, prepare the test solution according to the method of
“Samples solution”, and then test according to the chromatographic
conditions under “Analytical condition”, and adopt the “Chinese medi-
cine chromatographic fingerprint similarity evaluation system” (2012
edition). The HPLC spectra of 13 batches of samples were analyzed. The
S1 sample was used as the reference map, and the time window width
was 0.50. The fingerprint was generated by multi-point calibration
method. See Figs. 1 and 2.

Similarity analysis. The fingerprint pattern common pattern of 13
batches of P. cuspidatum and P. cuspidatum powder was generated by the
Chinese Traditional Medicine Chromatographic Fingerprint Similarity
Evaluation System (2012 edition). After the chromatographic peaks were
automatically matched, the HPLC spectra of 13 batches of samples were
compared and analyzed and the overall similarity evaluation was carried
out. As a result, the similarity range of 13 batches of P. cuspidatum
samples (S1～S13) was 0.953–1.000, and the similarity range of 13
batches of P. cuspidatum powder samples (S1～S13) was 0.960–1.000,
indicating that the quality of 13 batches of samples was stable, as shown
in Table 2, Table 3.

Analysis of common peak correlation data. The HPLC chromatograms of
13 batches of samples were compared and analyzed using the TCM
Chromatographic Fingerprint Similarity Evaluation System (2012 edi-
tion). As a result, 13 batches of samples had 20 common peaks. Seven
common peaks were identified, namely, polydatin (peak 3); resveratrol
(peak 6); emodin-8-glucoside (peak 8); aloe-emodin (peak 15); rhubarb
Acid (peak 16); emodin (peak 17); physcion (peak 20). Among them, the
peak of the polydatin is large and stable, and the resolution is good.
Therefore, the peak No. 3 (polydatin) is selected as the reference peak,
and the relative retention time and relative peak area of other common
peaks relative to the peak No. 3 are calculated. See Table 4, Table 5,
Table 6, and Table 7 for details.
2.7. Determination of main components in P. cuspidatum and
P. cuspidatum powder

Specificity test. The reference solution and the test solution are sepa-
rately taken up, and the chromatograms of the reference substance and
the test sample are compared according to the chromatographic condi-
tions under the “Analytical condition". The results are shown in Fig. 3.

Linear range investigation. Take 7 ml of the mixed reference solution
under “Mixed reference solution”, dilute to a 10 ml volumetric flask with
65% ethanol, and dilute step by step according to this gradient to prepare
a mixture of 6 gradient series of standardmixed linear solutions. Take the
appropriate amount of the above solution, and perform the injection
measurement according to the chromatographic conditions under
“Preparation of P. cuspidatum ointment”. Linearly return the mass con-
centration of the component to be tested (x, μg/ml) as the abscissa and
the peak area (y) as the ordinate to obtain the regression equations of
polydatin, resveratrol, emodin-8-glucoside, aloe-emodin, rhein, emodin
and physcion are shown in Table 8.

Precision test. Take the appropriate amount of the test solution S1 under
Transfer rate of total stilbene ¼ Total stilbene contentP: cuspidatum ointmen �mP: cuspidat

Total stilbene contentP: cuspidatum � �
mP: cuspidatum ointm

Transfer rate of anthraquinone ¼ Total anthraquinone contentP: cuspidatum ointmen �m
Total anthraquinone contentP: cuspidatum � �

mP: cuspid
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“Samples solution”, and measure it continuously for 6 times according to
the chromatographic conditions under “Analytical condition”, and record
the peak area. As a result, the RSDs of the peak areas of polydatin,
resveratrol, emodin-8-glucoside, aloe-emodin, rhein, emodin and phys-
cion were 0.21%, 0.73%, 0.27%, 1.03%, 0.93%, 0.36%, and 1.44% (n ¼
6), respectively, indicating that the instrument has good precision.

Stability test. Take the appropriate amount of S1, place it at room
temperature for 0, 3, 6, 9, 12, 24 h, and measure the chromatographic
conditions under “Analytical condition” to record the peak area. As a
result, the RSDs of the peak areas of polydatin, resveratrol, emodin-8-
glucoside, aloe-emodin, rhein, emodin and physcion were 0.32%,
0.67%, 1.38%, 0.65%, 2.26%, 1.91% and 2.35% (n ¼ 6), respectively,
indicating that the test solution was stable for 24 h at room temperature.

Repeatability test. Weigh accurately the same batch of samples S1, a
total of 6 parts, according to the “Samples solution” method to prepare
the test solution, and then according to the “Analytical condition” under
the chromatographic conditions of the injection test, record the peak area
and calculate the sample content. As a result, the average content of the
peak area of polydatin, resveratrol, emodin-8-glucoside, aloe-emodin,
rhein, emodin and physcion were 32.705, 7.645, 35.166, 2.454, 6.550,
6.550, 5.684 mg/g, RSD were 0.79%, 0.61%, 0.61%, 0.80%, 0.72%,
0.72%, 2.52% (n ¼ 6), respectively. This indicates that the method is
reproducible.

Sample recovery rate experiment. Take a suitable amount of S1, a total
of 9 parts, respectively, add low, medium and high quality polydatin,
resveratrol, emodin-8-glucoside, aloe-emodin, rhein, emodin and the
appropriate amount of physcion reference substance, according to the
“Samples solution” method to prepare the test solution, and then ac-
cording to the “Analytical condition” under the chromatographic con-
ditions of the injection test, record the peak area and calculate the sample
recovery rate. The results are shown that the sample recovery rate of the
polydatin, resveratrol, emodin-8-glucoside, aloe-emodin, rhein, emodin
and physcion were 99.25%, 99.52%, 99.93%, 99.97%, 99.75%, 99.13%
and 99.26%, RSD were 0.75%, 1.08%, 1.35%, 0.75%, 1.23%, 0.80% and
0.94%, respectively. This indicates good accuracy of the method.

Determination of sample content. Take appropriate samples of 13
batches of samples, prepare the test solution according to the method of
“Samples solution”, and then measure the chromatographic conditions
under “Analytical condition”, record the peak area and calculate the
content of polydatin and resveratrol in the sample. The contents of
emodin-8-glucoside, aloe-emodin, emodin and physcion ether are shown
in Table 9 and Table 10.

Calculate the transfer rate of total stilbene and total strontium during
the preparation of P. cuspidatum according to Equation (3) and Equation
(4) (in accordance with the prescription of P. cuspidatum, the proportion
of P. cuspidatum powder in the P. cuspidatum is 23%), and the result is 13
batches of P. cuspidatum. The transfer rates of stilbene and total quinones
are shown in Table 11.

Total stilbene content ¼
�
cTotal stilbene � 10

2:5
� 30

��
m� 100%# (1)

Total anthraquinone content ¼
�
cTotal anthraquinone � 10

2:5
� 30

��
m� 100%#

(2)
um ointmen

en � 23%
�� 100%# (3)

P: cuspidatum ointmen

atum ointmen � 23%
�� 100%# (4)



Fig. 1. Fingerprint of 13 batches samples of P. cuspidatum ointment.

Fig. 2. Fingerprint of 13 batches samples of P. cuspidatum power.

Table 2
Similarity evaluation of 13 batches of P. cuspidatum ointment samples.

NO. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 R

S1 1.000 0.980 0.992 0.961 0.962 0.992 0.990 0.993 0.989 0.989 0.955 0.953 0.953 0.985
S2 0.980 1.000 0.986 0.995 0.995 0.985 0.993 0.991 0.985 0.988 0.983 0.983 0.982 0.997
S3 0.992 0.986 1.000 0.965 0.967 1.000 0.998 0.999 0.999 0.999 0.962 0.961 0.960 0.991
S4 0.961 0.995 0.965 1.000 1.000 0.965 0.978 0.974 0.966 0.969 0.985 0.985 0.985 0.989
S5 0.962 0.995 0.967 1.000 1.000 0.966 0.979 0.975 0.967 0.970 0.985 0.985 0.985 0.990
S6 0.992 0.985 1.000 0.965 0.966 1.000 0.997 0.999 0.999 0.999 0.964 0.963 0.962 0.991
S7 0.990 0.993 0.998 0.978 0.979 0.997 1.000 0.999 0.998 0.999 0.972 0.971 0.971 0.996
S8 0.993 0.991 0.999 0.974 0.975 0.999 0.999 1.000 0.999 0.999 0.969 0.968 0.968 0.995
S9 0.989 0.985 0.999 0.966 0.967 0.999 0.998 0.999 1.000 1.000 0.964 0.964 0.963 0.992
S10 0.989 0.988 0.999 0.969 0.970 0.999 0.999 0.999 1.000 1.000 0.968 0.967 0.966 0.993
S11 0.955 0.983 0.962 0.985 0.985 0.964 0.972 0.969 0.964 0.968 1.000 1.000 1.000 0.988
S12 0.953 0.983 0.961 0.985 0.985 0.963 0.971 0.968 0.964 0.967 1.000 1.000 1.000 0.987
S13 0.953 0.982 0.960 0.985 0.985 0.962 0.971 0.968 0.963 0.966 1.000 1.000 1.000 0.987
R 0.985 0.997 0.991 0.989 0.990 0.991 0.996 0.995 0.992 0.993 0.988 0.987 0.987 1.000
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Table 3
Similarity evaluation of 13 batches of P. cuspidatum power samples.

NO. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 R

S1 1.000 0.999 0.999 0.967 0.973 0.998 0.998 0.997 0.994 0.997 0.960 0.961 0.960 0.991
S2 0.999 1.000 1.000 0.970 0.975 0.998 0.999 0.999 0.995 0.998 0.961 0.962 0.961 0.992
S3 0.999 1.000 1.000 0.972 0.977 0.999 0.999 0.999 0.996 0.999 0.964 0.966 0.965 0.994
S4 0.967 0.970 0.972 1.000 0.999 0.977 0.975 0.978 0.981 0.977 0.986 0.987 0.988 0.989
S5 0.973 0.975 0.977 0.999 1.000 0.981 0.979 0.982 0.984 0.981 0.988 0.989 0.989 0.992
S6 0.998 0.998 0.999 0.977 0.981 1.000 1.000 1.000 0.999 1.000 0.969 0.971 0.970 0.996
S7 0.998 0.999 0.999 0.975 0.979 1.000 1.000 0.999 0.998 0.999 0.969 0.970 0.969 0.996
S8 0.997 0.999 0.999 0.978 0.982 1.000 0.999 1.000 0.998 1.000 0.970 0.972 0.971 0.997
S9 0.994 0.995 0.996 0.981 0.984 0.999 0.998 0.998 1.000 0.999 0.975 0.976 0.976 0.997
S10 0.997 0.998 0.999 0.977 0.981 1.000 0.999 1.000 0.999 1.000 0.970 0.971 0.971 0.996
S11 0.960 0.961 0.964 0.986 0.988 0.969 0.969 0.970 0.975 0.970 1.000 1.000 1.000 0.986
S12 0.961 0.962 0.966 0.987 0.989 0.971 0.970 0.972 0.976 0.971 1.000 1.000 1.000 0.987
S13 0.960 0.961 0.965 0.988 0.989 0.970 0.969 0.971 0.976 0.971 1.000 1.000 1.000 0.987
R 0.991 0.992 0.994 0.989 0.992 0.996 0.996 0.997 0.997 0.996 0.986 0.987 0.987 1.000

Table 4
Relative retention time of common peaks of 13 batches of P. cuspidatum ointment.

Peak No. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13

1 0.191 0.190 0.191 0.191 0.190 0.190 0.190 0.191 0.191 0.191 0.190 0.191 0.190
2 0.668 0.666 0.666 0.667 0.665 0.666 0.667 0.668 0.668 0.667 0.667 0.667 0.667
3 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
4 1.426 1.423 1.426 1.424 1.423 1.421 1.421 1.423 1.425 1.423 1.423 1.425 1.422
5 1.587 1.586 1.590 1.585 1.585 1.582 1.582 1.587 1.586 1.586 1.586 1.588 1.584
6 1.732 1.729 1.734 1.731 1.731 1.728 1.726 1.730 1.732 1.729 1.730 1.733 1.728
7 1.935 1.932 1.939 1.930 1.930 1.927 1.928 1.934 1.936 1.932 1.932 1.936 1.929
8 1.977 1.974 1.981 1.973 1.972 1.969 1.970 1.976 1.978 1.975 1.974 1.978 1.971
9 2.117 2.113 2.121 2.112 2.111 2.109 2.109 2.116 2.118 2.115 2.113 2.118 2.110
10 2.129 2.125 2.133 2.123 2.122 2.135 2.120 2.128 2.129 2.127 2.125 2.131 2.122
11 2.154 2.150 2.158 2.149 2.148 2.146 2.145 2.152 2.154 2.151 2.150 2.155 2.146
12 2.191 2.186 2.195 2.184 2.183 2.181 2.182 2.189 2.191 2.188 2.186 2.191 2.182
13 2.299 2.294 2.303 2.318 2.294 2.291 2.289 2.296 2.299 2.296 2.295 2.300 2.292
14 2.357 2.353 2.362 2.354 2.350 2.348 2.348 2.355 2.357 2.354 2.353 2.358 2.349
15 2.444 2.439 2.448 2.453 2.437 2.435 2.433 2.441 2.443 2.440 2.438 2.444 2.435
16 2.595 2.589 2.599 2.588 2.587 2.586 2.584 2.591 2.594 2.590 2.603 2.609 2.598
17 2.931 2.924 2.935 2.923 2.921 2.920 2.919 2.927 2.929 2.926 2.924 2.931 2.919
18 2.961 2.942 2.954 2.941 2.939 2.938 2.937 2.945 2.947 2.944 2.942 2.949 2.937
19 3.135 2.960 2.972 2.959 2.956 2.955 2.955 2.963 2.965 2.962 2.960 2.967 2.954
20 3.345 3.336 3.349 3.338 3.335 3.333 3.331 3.341 3.348 3.339 3.339 3.346 3.331

Table 5
Relative retention time of common peaks of 13 batches of P. cuspidatum power.

Peak No. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13

1 0.190 0.190 0.191 0.190 0.189 0.190 0.191 0.191 0.191 0.190 0.191 0.190 0.190
2 0.668 0.667 0.667 0.666 0.667 0.667 0.667 0.668 0.667 0.668 0.666 0.667 0.668
3 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
4 1.422 1.424 1.425 1.422 1.420 1.421 1.426 1.426 1.426 1.423 1.424 1.423 1.423
5 1.585 1.588 1.589 1.583 1.580 1.583 1.589 1.589 1.591 1.586 1.586 1.584 1.585
6 1.728 1.731 1.732 1.728 1.726 1.729 1.734 1.732 1.734 1.730 1.730 1.731 1.729
7 1.931 1.935 1.939 1.928 1.923 1.928 1.940 1.936 1.937 1.932 1.932 1.931 1.930
8 1.973 1.978 1.981 1.970 1.965 1.970 1.982 1.978 1.979 1.974 1.974 1.973 1.972
9 2.112 2.117 2.120 2.109 2.104 2.109 2.123 2.118 2.119 2.114 2.114 2.112 2.111
10 2.124 2.129 2.132 2.121 2.114 2.120 2.134 2.130 2.130 2.126 2.125 2.123 2.122
11 2.149 2.154 2.156 2.147 2.141 2.146 2.159 2.154 2.155 2.150 2.151 2.148 2.148
12 2.186 2.190 2.194 2.181 2.175 2.181 2.196 2.191 2.192 2.186 2.187 2.184 2.184
13 2.293 2.298 2.301 2.291 2.286 2.291 2.304 2.299 2.300 2.295 2.296 2.293 2.292
14 2.352 2.357 2.360 2.348 2.341 2.347 2.364 2.358 2.358 2.353 2.354 2.350 2.350
15 2.438 2.443 2.445 2.451 2.444 2.434 2.450 2.443 2.444 2.439 2.440 2.436 2.435
16 2.588 2.594 2.596 2.586 2.579 2.585 2.601 2.595 2.595 2.590 2.590 2.586 2.586
17 2.923 2.929 2.932 2.920 2.910 2.919 2.937 2.930 2.931 2.923 2.925 2.919 2.920
18 2.941 2.947 2.951 2.938 2.928 2.937 2.956 2.948 2.949 2.941 2.943 2.937 2.938
19 2.958 2.965 2.969 2.955 2.945 2.954 2.974 2.966 2.967 2.959 2.961 2.955 2.956
20 3.335 3.342 3.346 3.333 3.322 3.333 3.352 3.345 3.345 3.337 3.339 3.331 3.333
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Table 6
Relative peak area of common peaks of 13 batches of P. cuspidatum ointment.

Peak No. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13

1 0.077 0.055 0.073 0.055 0.050 0.066 0.062 0.068 0.665 0.065 0.046 0.045 0.043
2 0.066 0.115 0.069 0.146 0.139 0.071 0.070 0.067 0.602 0.072 0.088 0.090 0.091
3 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
4 0.073 0.105 0.095 0.110 0.109 0.072 0.096 0.072 0.879 0.072 0.119 0.116 0.118
5 0.096 0.123 0.094 0.134 0.136 0.091 0.096 0.093 0.842 0.091 0.067 0.067 0.067
6 0.439 0.231 0.455 0.106 0.115 0.451 0.390 0.408 4.145 0.430 0.116 0.115 0.114
7 0.021 0.029 0.021 0.014 0.013 0.021 0.013 0.021 0.187 0.020 0.021 0.022 0.022
8 0.937 0.996 0.950 1.002 1.003 0.910 0.972 0.955 8.496 0.921 0.725 0.721 0.721
9 0.145 0.122 0.140 0.104 0.106 0.110 0.132 0.131 1.185 0.126 0.148 0.143 0.132
10 0.021 0.023 0.021 0.027 0.026 0.015 0.024 0.025 0.214 0.022 0.016 0.015 0.011
11 0.016 0.013 0.017 0.014 0.011 0.020 0.018 0.020 0.177 0.020 0.010 0.010 0.015
12 0.161 0.115 0.164 0.113 0.112 0.143 0.161 0.166 1.464 0.159 0.092 0.094 0.092
13 0.018 0.025 0.021 0.017 0.012 0.017 0.016 0.017 0.158 0.017 0.014 0.014 0.014
14 0.043 0.050 0.049 0.055 0.054 0.042 0.047 0.043 0.383 0.040 0.063 0.062 0.063
15 0.046 0.047 0.023 0.017 0.012 0.036 0.033 0.037 0.332 0.039 0.029 0.029 0.029
16 0.031 0.023 0.029 0.015 0.014 0.035 0.028 0.047 0.266 0.038 0.026 0.020 0.022
17 0.284 0.216 0.295 0.150 0.159 0.288 0.226 0.252 2.388 0.258 0.135 0.131 0.128
18 0.033 0.026 0.036 0.023 0.029 0.022 0.016 0.016 0.137 0.015 0.018 0.016 0.018
19 0.048 0.085 0.086 0.082 0.071 0.093 0.084 0.092 0.472 0.054 0.035 0.036 0.038
20 0.033 0.042 0.033 0.043 0.018 0.053 0.032 0.030 0.298 0.032 0.030 0.027 0.022

Table 7
Relative peak area of common peaks of 13 batches of P. cuspidatum power.

Peak No. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13

1 0.070 0.076 0.071 0.047 0.057 0.066 0.067 0.070 0.063 0.068 0.038 0.040 0.039
2 0.073 0.067 0.070 0.148 0.145 0.070 0.070 0.070 0.067 0.067 0.123 0.121 0.120
3 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
4 0.076 0.086 0.097 0.115 0.115 0.094 0.071 0.097 0.068 0.094 0.120 0.121 0.121
5 0.094 0.097 0.095 0.139 0.137 0.093 0.093 0.096 0.092 0.093 0.075 0.077 0.076
6 0.493 0.477 0.472 0.181 0.182 0.459 0.464 0.440 0.430 0.449 0.146 0.149 0.148
7 0.020 0.021 0.021 0.032 0.032 0.013 0.020 0.014 0.021 0.021 0.009 0.012 0.012
8 0.936 0.976 0.953 1.004 0.977 0.939 0.926 0.962 0.926 0.946 0.713 0.724 0.731
9 0.131 0.143 0.137 0.105 0.107 0.127 0.125 0.132 0.124 0.127 0.131 0.136 0.140
10 0.020 0.022 0.021 0.014 0.027 0.024 0.024 0.023 0.023 0.023 0.016 0.018 0.018
11 0.017 0.016 0.017 0.012 0.013 0.019 0.019 0.016 0.022 0.021 0.010 0.010 0.011
12 0.140 0.151 0.141 0.092 0.096 0.137 0.140 0.146 0.143 0.144 0.062 0.065 0.063
13 0.023 0.023 0.023 0.034 0.017 0.020 0.021 0.021 0.018 0.021 0.016 0.016 0.017
14 0.038 0.039 0.035 0.015 0.041 0.034 0.036 0.040 0.030 0.028 0.034 0.037 0.031
15 0.056 0.019 0.036 0.035 0.035 0.034 0.035 0.031 0.039 0.038 0.023 0.023 0.024
16 0.046 0.051 0.049 0.023 0.020 0.038 0.040 0.048 0.030 0.038 0.019 0.021 0.021
17 0.787 0.797 0.757 0.520 0.561 0.689 0.697 0.715 0.611 0.703 0.470 0.477 0.462
18 0.069 0.077 0.073 0.055 0.060 0.057 0.056 0.063 0.044 0.050 0.018 0.022 0.022
19 0.130 0.093 0.084 0.069 0.074 0.077 0.089 0.050 0.052 0.051 0.033 0.036 0.034
20 0.151 0.164 0.179 0.117 0.109 0.156 0.140 0.145 0.125 0.151 0.116 0.117 0.131

Fig. 3. HPLC chromatograms of various constituents. a Mixed reference substance, b Test sample, c Negative control, d Blank control, 3 polydatin, 6 resveratrol, 8
emodin-8-glucoside, 15 aloe-emodin, 16 rhein, 17 emodin, 20 physcion.
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Table 8
The linear correlation equations of seven components.

Compounds Calibration R2 Linger range (μg/ml)

Polydatin y ¼ 13.221x - 11.439 0.9992 10.000–59.500
Resveratrol y ¼ 24.514x - 2.7849 0.9991 1.563–9.300
Emodin-8-glucoside y ¼ 11.556x - 2.9182 0.9990 7.261–43.2
Aloe-emodin y ¼ 6.6786x þ 1.5024 0.9996 0.625–3.720
Rhein y ¼ 6.7888x þ 0.5186 0.9995 0.625–3.720
Emodin y ¼ 22.459x - 28.875 0.9990 3.045–18.120
Physcion y ¼ 3.1089x - 3.2766 0.9990 3.025–18.000

Table 9
Results of contents determination of P. cuspidatum ointment [n ¼ 2, mg/g].

NO. Polydatin Resveratrol Emodin-
8-
glucoside

Aloe-
emodin

Emodin Physcion

1 75.241 �
1.261

25.560 �
1.701

67.462 �
0.401

4.373
� 3.264

34.817
� 1.139

4.273 �
2.726

2 72.332 �
0.899

25.532 �
3.387

66.146 �
4.025

3.979
� 3.225

34.438
� 1.983

4.128 �
0.298

3 73.968 �
4.573

25.219 �
0.538

66.260 �
4.916

4.437
� 1.377

34.733
� 2.218

4.138 �
0.794

4 74.400 �
0.175

25.736 �
1.025

66.715 �
0.051

4.926
� 3.433

34.247
� 0.071

3.933 �
0.104

5 71.095 �
0.575

24.469 �
0.206

64.304 �
1.693

4.303
� 1.987

33.199
� 0.827

3.915 �
1.503

6 78.202 �
0.481

25.107 �
3.027

67.303 �
4.973

4.180
� 0.146

34.388
� 2.205

3.968 �
1.587

7 75.338 �
0.777

26.277 �
1.461

64.575 �
1.403

3.107
� 3.016

34.757
� 0.283

3.423 �
1.520

8 75.438 �
2.027

25.951 �
2.242

67.392 �
0.619

3.954
� 1.340

35.515
� 1.453

4.137 �
1.952

9 66.524 �
1.649

23.612 �
2.053

59.659 �
1.305

3.775
� 2.590

30.378
� 0.842

4.094 �
1.170

10 69.253 �
4.160

24.182 �
0.851

62.297 �
4.917

4.306
� 0.000

32.165
� 3.444

4.147 �
1.289

11 69.077 �
0.357

23.745 �
1.601

61.981 �
0.515

3.857
� 1.902

31.744
� 0.373

3.627 �
0.038

12 72.539 �
3.994

25.316 �
3.143

64.938 �
4.871

4.130
� 3.258

32.915
� 3.072

4.090 �
0.837

13 75.531 �
0.376

25.920 �
0.734

67.789 �
0.264

4.064
� 1.957

34.493
� 0.078

4.090 �
0.368

Table 10
Results of contents determination of P. cuspidatum power [n ¼ 2, mg/g].

NO. Polydatin Resveratrol Emodin-
8-
glucoside

Aloe-
emodin

Emodin Physcion

1 330.675
� 1.341

133.323 �
4.950

290.442
� 1.300

16.993
�
1.278

149.028
� 3.241

34.626
� 4.423

2 313.875
� 1.917

127.992 �
0.321

286.045
� 0.047

13.686
�
3.650

153.317
� 1.316

35.182
� 3.130

3 331.399
� 0.321

132.300 �
0.564

297.666
� 2.929

10.892
�
1.901

156.724
� 3.409

39.559
� 3.052

4 379.649
� 1.169

58.520 �
0.419

353.912
� 0.309

5.278
�
1.321

120.770
� 0.228

26.913
� 3.661

5 374.705
� 4.544

60.171 �
1.527

336.901
� 2.268

12.080
�
0.282

128.383
� 0.389

24.944
� 1.658

6 333.003
� 4.536

131.585 �
1.701

304.320
� 0.632

11.709
�
0.300

145.791
� 0.284

37.492
� 0.513

7 323.382
� 0.235

127.484 �
0.467

280.502
� 2.697

10.266
�
0.174

138.376
� 0.697

32.554
� 1.711

8 321.417
� 3.713

128.971 �
4.061

292.542
� 0.417

13.576
�
2.288

153.221
� 1.672

38.732
� 3.281

9 323.276
� 4.812

124.525 �
3.343

284.086
� 2.270

11.371
�
3.473

141.481
� 3.800

36.658
� 0.778

10 309.020
� 0.674

118.134 �
1.245

273.753
� 0.861

10.265
�
1.180

140.013
� 0.462

35.549
� 2.303

11 319.408
� 3.916

129.411 �
4.106

294.132
� 5.431

11.493
�
3.086

165.817
� 3.995

39.311
� 2.429

12 321.318
� 3.237

130.059 �
2.766

298.731
� 3.425

12.026
�
1.522

170.955
� 1.669

39.319
� 2.173

13 341.547
� 2.278

135.058 �
0.550

312.323
� 0.423

13.389
�
2.963

183.155
� 1.477

41.254
� 0.268
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2.8. Chemical recognition pattern

Analysis of significant differences. Using SPSS 24.0 statistics software, a
single-factor anova analysi spree was used to significantly vary the con-
tent of 6 components in 13 batches of the P. cuspidatum ointment. Results
show that the P-values of Polydatin, Resveratrol, Emodin -8-glucosin,
Aloe-emodin, Emodin and Physcion, all less than 0.05, indicating a sig-
nificant difference in the content of the 6 components between batches.

Cluster analysis. The contents of P. cuspidatum power and P. cuspidatum
ointment samples from different batches were analyzed by JMP 13.0 Pro
statistical software, using Ward joint solution to draw system clustering
tree diagram. As can be seen in Fig. 4, P. cuspidatum power and
P. cuspidatum ointment does not show the characteristics of different
batches, that is, did not divide the samples of similar batches of time into
regular groups, did not clearly indicate which batch of sample quality is
good, which is inferior, but any one batch of P. cuspidatum power and
P. cuspidatum ointment have good and bad quality.

Main component analysis. JMP 13.0 Pro statistical software was used to
analyze the contents of different batches of P. cuspidatum power and
P. cuspidatum ointment samples, calculate the principal component score,
draw the distribution of samples in the two-dimensional space. As can be
seen from Fig. 5, the samples of different batches showed irregular dis-
tribution on the principal component score chart, and did not show the
regular distribution of samples of similar time and different batches,
which was consistent with the result of cluster analysis. The results
showed that the quality of P. cuspidatum power and P. cuspidatum
257
ointment was different in different batches with similar time, and the
quality of P. cuspidatum power and P. cuspidatum ointment was different
in different batches.

3. Conclusions

In this experiment, 13 samples of P. cuspidatum ointment and
P. cuspidatum powder prepared at different times were selected and
determined by HPLC. The stilbene (including polydatin and resveratrol)
and anthraquinones (including emodin-8-glucoside, aloe-emodin,
emodin and physcion) were used as evaluation indexes. Under the aid of
the chromatographic fingerprint similarity evaluation system of tradi-
tional Chinese medicine, HPLC chromatographic fingerprints and control
fingerprints of P. cuspidatum powder and P. cuspidatum were established,
and their resolution and repeatability were good, which provided quality
monitoring means for Huzhang plaster. Comparing the fingerprints of
P. cuspidatum samples, it can be seen that there are 20 common peaks in
the fingerprints of 13 batches of P. cuspidatum powder and P. cuspidatum
collected, and the overall picture of the main peak group is basically the
same. Using the method compared with the control, the attribution of 7
peaks was determined, namely, polydatin, resveratrol, emodin-8-
glucoside, aloe-emodin, rhein, emodin and emodin. Among them, the
No. 3 peak polydatin has good separation and the peak area is stable, so it
is selected as the reference peak. Through the study of the fingerprints of
P. cuspidatum and P. cuspidatum, similarity range of 13 batches of
P. cuspidatum powder and P. cuspidatum ointment samples were
0.960–1.000 and 0.953–1.000, respectively, indicating that the chemical



Table 11
Transfer rate of total stilbene and total anthraquinone in 13 batches of
P. cuspidatum ointment (%).

NO. Total stilbene Total anthraquinone

1 94.465 � 1.006 98.204 � 0.945
2 96.312 � 2.817 96.780 � 2.347
3 93.003 � 3.615 94.360 � 0.147
4 99.367 � 0.823 94.202 � 0.181
5 95.617 � 4.184 91.541 � 3.693
6 96.723 � 3.140 95.689 � 4.756
7 97.991 � 0.102 99.701 � 0.973
8 98.297 � 2.284 92.641 � 3.962
9 87.587 � 3.725 90.507 � 3.074
10 95.106 � 3.007 97.734 � 4.976
11 89.979 � 3.297 88.405 � 3.120
12 94.247 � 0.673 88.489 � 1.622
13 92.559 � 1.567 87.290 � 1.367

Fig. 4. Systematic clustering of different batches of P. cuspidatum power and
P. cuspidatum ointment.

Fig. 5. Analysis of the main components of different batches of P. cuspidatum
power and P. cuspidatum ointment.
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compositions of different batches of P. cuspidatum powder and
P. cuspidatum were basically the same. The technical indicators of the
established fingerprints are stable and reproducible.

The results of UV experiments in the earlier stage show that the low
temperature preparation process can better avoid the damage of the total
stilbene and total strontium components of the heat sensitive component,
and the transfer rate is above 89%, indicating that the preparation pro-
cess is reasonable. In this experiment, after the 13 batches of
258
P. cuspidatum powders were added to 80 �C sesame oil to form an oint-
ment. The total stilbene and total sputum transfer rate were (87.587 �
3.725–99.397 � 0.823) % and (87.290 � 1.367–99.701 � 0.973) %,
respectively. In the range, it indicates that the low temperature prepa-
ration process does not destroy the stilbene and anthraquinone compo-
nents in the P. cuspidatum powder. In the early stage of the experiment,
HPLC was able to detect rhein in P. cuspidatum powder and P. cuspidatum.
Content of rhein in 13 batches of P. cuspidatum powder ranged from
1.149 to 3.330 mg/g, and the content of rhein in 13 batches of
P. cuspidatumwas 0.501–2.323 mg/g, the content is very low. In the later
stage of the experiment, the rhein in the P. cuspidatum powder and the
P. cuspidatum extract could not be detected by HPLC. It has been reported
in the literature,20,21 and the solvent extraction method was used to
separate the free hydrazine from the leaching solvent, which greatly lost
the rhein. The reason for this result may also be that the P. cuspidatum
powder and the P. cuspidatum ointment have been placed for too long.
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