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Abstract

[ Objectives ] To establish the HPLC-DAD fingerprint of Xueshuan Xinmaining Capsule (XXC). [ Methods ] The chromatographic

conditions for the analysis of XXC solution were as follows: XSelect HSS T3 column; acetonitrile-0. 1% phosphoric acid water was used as mo-

bile phase, gradient elution; flow rate; 1.0 mL/min; column temperature 30 °C ; The injection volume is 10 L. The quality of XXC samples
produced by different manufacturers was evaluated by similarity evaluation and cluster analysis. [ Results] In the HPLC-dad fingerprints of 15

batches of XXC, 23 common peaks were identified and 9 peaks were identified, and the similarity was greater than 0.95. According to the re-
sults of cluster analysis, 15 batches of XXC samples could be divided into two categories, S2, S5, S6, S7 and S8 batches belonged to category
I, and the rest batches belonged to category II. [ Conclusions] In this study, a representative and universal identification method of XXC

HPLC-DAD fingerprint was established. The method has high precision, stability and repeatability, is simple and reliable, and provides a pow-

erful reference for further improving the quality evaluation system of XXC.
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1 Introduction
Xueshuan Xinmaining Capsule (XXC) consists of ten Chinese herb-
al medicines, including as Chuanxiong Rhizoma ( Chuanxiong) , So-
phorae Flos (Huaihua) , Salviae Miltiorrhizae Radix Et Rhizoma
(Danshen ) ,
(Renshen Jingye Zongzaogan) ,

Total Ginsenoside of Ginseng Stems and Leaves
etc. It has effects in invigorating
qi, promoting blood circulation, inducing resuscitation, and re-
lieving pain. This prescription composition follows the qi-blood
syndrome differentiation theory of The Medical Classic of the
Yellow Emperor, and is mainly used for treating cardiovascular
and cerebrovascular diseases caused by atherosclerosis due to qi
deficiency and blood stasis. Clinically, this drug has significant
efficacy in the treatment of cerebral infarction, cerebral thrombo-

sis, coronary heart disease,
[1-8]

angina pectoris and other symp-
toms . The total flavonoids, salvianolic acid B, Salviae Milti-
orrhizae Radix Et Rhizomone IIA, cholic acid, muscone and oth-

-13]

er components'’ in the prescription have been studied in the

literature to evaluate the quality of the product, but the content
determination of a single component is difficult to reflect the over-
all quality of the product. As a quality control method, finger-
print technology has the benefits of simplicity, accuracy and con-
venience, and can be used to study and evaluate the quality of
multi-medicinal materials and multi-components of traditional
Chinese medicine preparations as a whole. However, the finger-
print of XXC has not been reported.

In this study, high performance liquid chromatography-diode
array detector (HPLC-DAD) was used to establish the fingerprint
of XXC, and the Similarity Evaluation System for chromatograph-
ic fingerprints of Traditional Chinese Medicines ( TCM) (2012

Edition) and cluster analysis were used to evaluate it, which pro-

vided a scientific basis for the comprehensive control of the quali-
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ty of XXC products.

2 Materials

2.1 Instruments and reagents Shimadzu HPLC LC-20AT
(Shimadzu Corporation, Japan), XSelect HSS T3 (250 mm x 4. 6
mm, 5 wm) column, acetonitrile ( chromatographic pure, Fisher
Company) , electronic balance ( METTLER TOLEDO XP105).
Ultrasonic instrument (5510E-DTH) , methanol ( chromatographi-
cally pure, Fisher Company) , DK-98 electric heating thermostatic
water bath,

methanol ( analytically pure, Beijing Chemical

Plant) , other reagents are analytically pure, and the experimental
water is Wahaha purified water.
2.2 Drugs Reference standard ferulic acid ( batch No. ;

110773201614, purity: 99% ), ginsenoside Rgl ( batch No. ;
110703202034, purity: 94% ), ginsenoside Re ( batch No. .
110754-201827, purity: 93.4% ), ginsenoside Rbl (batch No. ;
110704-202129, purity: 94.3% ) from China National Institute for
Food and Drug Control; salvianolic acid B ( batch No. ; MUST-
19062808, purity: 99. 79% ), ginsenoside Rd ( batch No. ;
PS010161, purity: 95% ), rutin ( batch No. : MUST-20030218,
purity: 99.47% ) , Salviae Miltiorrhizae Radix Et Rhizoma ketone
ITA (batch No. :MUST-15092512, purity: 99.08% ) from Cheng-
du MUST Bio-Technology Co., Ltd.; the reference substance
quercetin ( batch No. ; AFBLO851, purity: 98% ) was obtained
from Chengdu Alfa Biotechnology Co. , Lid. 15 batches of XXC
were purchased from Manufacturer A (No. S1-S4) , Manufacturer
B (No. S5-S8) , Manufacturer C (No. S9-S11) and Manufacturer
D (No. S12-S15). The batch numbers of SI to S15 are 102200902,
102210502, 102200703, 102220501, 210703, 220304, 220806,
221108, 211103, 220606, 221004, 220106, 220903, 230201,
and 230204, respectively.

3 Methods and results
3.1 Chromatographic conditions XSelect HSS T3 (250 mm x
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4.6 mm, 5 um) column was used; the mobile phase was acetoni-
trile (B) and 0. 1% phosphoric acid solution (A), gradient elu-
tion; 0 —10 min, 5% -12% B; 10 =20 min, 12% B; 20 - 30
min, 12% -18% B; 30 =45 min, 18% B; 45 —55 min, 18% -
24% B; 55 - 90 min, 24% —40% B; 90 — 110 min, 40% -
65% B; 110 — 125 min, 65% —95% B; 125 — 130 min, 95% B;
detection wavelength 210 nm; volume flow rate 1.0 ml/min; in-
jection volume 10 pL; column temperature 30 °C.

3.2 Preparation of sample solution

3.2.1

acid, rutin, quercetin, salvianolic acid B, Salviae Miltiorrhizae

Mixed reference solution. Separately weighed ferulic

Radix Et Rhizomone IIA | ginsenoside Rgl, ginsenoside Re, gin-
senoside Rbl, dissolved a proper amount of ginsenoside Rd in
methanol in different volumetric flasks to obtain reference solutions
with concentrations of 49.6, 232.8, 225.4, 201.6, 208.1, 139.9,
212.9,201.8 and 199.5 wg/mL, respectively. Precisely weighed
1 mL of each reference solution, put it into the same 10 mL volu-
metric flask, diluted it with methanol to the desired scale, and
shook it up to obtain the mixed reference solution.

3.2.2 Test solution. Pulverized the contents of 10 capsules of
XXC (batch No. ;1022105021 ), took about 1 g, weighed accu-
rately, put into a 25 mL volumetric flask, added methanol to the
desired scale, performed ultrasonic treatment ( power 490 W, fre-
quency 50 kHz) for 30 min, then used methanol to fix the scale,
shook up, and filtered with 0.22 pm microporous membrane, then
the test solution was obtained.

3.2.3 Test solution of single medicinal material. Took nine me-
dicinal materials ( Chuanxiong Rhizoma, Salviae Miltiorrhizae Ra-
dix Et Rhizoma, Hirudo ( Shuizhi), Root of Pubescent Holly
(Maodongqing ) , Sophorae Flos, Bufonis Venenum ( Chansu),
Borneolum Syntheticum ( Bingpian), Moschus ( Shexiang), and
Bovis Calculus Artifactus ( Nivhuang), to prepare the extract
powder of each single medicinal material according to XXC prepa-
ration process. Prepared the test solution of each single medicinal
material and Total Ginsenoside of Ginseng Stems and Leaves ac-
cording to the preparation method in Section 3.2.2.

3.3 Methodological investigation

3.3.1 Precision test. Took an appropriate amount of XXC sam-
ple (batch No. ;1022105021 ), prepared the test solution accord-
ing to the preparation method of the test solution in Section 3.2.2,
injected the sample for 6 consecutive times according to the chro-
matographic conditions in Section 3.1, and recorded the retention
time and peak area of the common peak. The results showed that
the RSD values of retention time of the common peaks were less
than 0. 57% , and the RSD values of peak area were less than
2% , indicating that the precision of the instrument was good.
3.3.2 Repeatability test. Took 6 portions of XXC sample (batch
No. ;1022105021 ), prepared the test solution in parallel accord-
ing to the method in Section 3.2.2, determined according to the
chromatographic conditions in Section 3.1, and calculated the re-

tention time and peak area of each common peak. The results

showed that the RSD values of retention time and peak area of the
common peaks were less than 0.38% and 3% , respectively, indi-
cating that the method had good repeatability.

3.3.3 Stability test. Took appropriate amount of XXC sample
(batch No. ;1022105021 ), prepared the test solution in accord-
ance with the method in Section 3.2. 2, injected and analyzed at
0, 3,6,9, 12, 24 and 48 h, respectively according to the chrom-
atographic conditions in Section 3.1, and recorded the retention
time and peak area of the common peak. The results showed that
the RSD value of retention time was less than 0.36% , and the
RSD value of peak area was less than 3% , indicating that the so-
lution was stable within 48 h.

3.4 Generation of fingerprint and identification of common
peaks Took 15 batches of XXC samples from different manufac-
turers to prepare the test solution according to the test solution
preparation method described in Section 3.2.2, injected the sam-
ple for detection according to the chromatographic conditions in
Section 3.1, and recorded the chromatogram. The Similarity Eval-
uation System for chromatographic fingerprints of Traditional Chi-
nese Medicines (TCM) (2012 Edition) issued by the State Phar-
macopoeia Committee was used. The HPLC-DAD profiles of 15
batches of samples were analyzed. Sl was used as the reference
chromatogram, the time window width was set as 0. 1 min, and the
median method was used for multi-point correction and chromato-
graphic peak matching to determine 23 common peaks and gener-
ate the reference fingerprint, as shown in Fig. 1.

3.5 Similarity evaluation Using the Similarity Evaluation
System for chromatographic fingerprints of Traditional Chinese
Medicines (TCM) (2012 Edition) ™', we evaluated the similarity
between the fingerprints of 15 batches of XXC samples and the ref-
erence fingerprints, and the results are shown in Table 1. Accord-
ing to the results, the similarity between the 15 batches of samples
and the control was 0.994, 0.957, 0.993, 0.996, 0.999, 0.995,
0.989, 0.993, 0.992, 0.989, 0.991, 0.996, 0.998, 0.998, and
0.998, respectively, all greater than 0.95. The results showed that
the quality of XXC among different batches was stable.

Table 1 Similarity of fingerprints of 15 batches of XXC

No. Similarity No. Similarity No. Similarity
S1 0.994 S6 0.995 S11 0.991
2 0.957 S7 0.989 S12 0.996
S3 0.993 S8 0.993 S13 0.998
4 0.996 39 0.992 S14 0.998
S5 0.999 S10 0.989 S15 0.998

3.6 Identification and attribution of common peaks
3.6.1

solution, injected the sample for determination according to the

Identification of common peaks. Took the mixed reference

chromatographic conditions in Section 3.1, and compared the gen-
erated chromatogram with the reference chromatogram. Chromato-
graphic Peak 5 was identified as ferulic acid, chromatographic

peak 6 was rutin, chromatographic peak 12 was ginsenoside Rg 1,
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Fig.1 Fingerprint of 15 batches of XXC under 210 nm

chromatographic peak 13 was ginsenoside Re, chromatographic

peak 14 was salvianolic acid B, chromatographic peak 15 was
quercetin,, chromatographic peak 16 was Rbl, and chromatograph-
ic peak 17 was Rd, chromatographic peak 23 was tanshinone IIA ,
and the results are shown in Fig.2 -3.

3.6.2 Atiribution of common peaks. Prepared the sample solu-
tion of medicinal materials of each unit according to the method in
Section 3.2.3, injected the sample for determination according to
the chromatographic conditions in Section 3.1, and recorded the
chromatogram. According to the retention time and ultraviolet
spectral information, the chromatogram of each single medicinal
material were compared with the XXC, and the attribution of the
common peaks in the fingerprint was determined, as shown in
Fig.4. As shown in Fig. 4, peaks 2, 10, 11, 14, 21, 22 and 23
were attributed to Salviae Miltiorrhizae Radix Et Rhizoma,
peaks 4, 5, 18, 19 and 20 were attributed to Chuanxiong Rhizo-
ma, peaks 1, 3,6, 7, 8, 9 and 15 were attributed to Sophorae
Flos, and peaks 12, 13, 16 and 17 were attributed to Total Gin-

senoside of Ginseng Stems and Leaves.
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Fig.2 Overlay of HPLC control characteristic chromatogram of 15
batches of XCC
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Fig.3 HPLC-DAD chromatograms of mixed reference substances
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Fig.4 Chromatogram of each common peak attribution in fingerprint of XXC

3.8 Cluster analysis In this study, the common peak area in
the fingerprint of 15 batches of XXC samples was used as the varia-
ble, the squared Euclidean distance was used as the measure, and

SPSS 21. 0 statistical software was used for data clustering analy-

sis!]

when the squared Euclidean distance was 20,

. The results are shown in Fig. 5. The results showed that

the 15 batches of

samples could be divided into two categories, S2, S5, S6, S7 and
S8 batches were category I, and the rest batches were category 11.
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In Category I, except that the manufacturer of S2 is A, the manu-
facturers of other batches are B. The batches of Category Il sam-
ples include manufacturers A, C and D, and the samples of the
same manufacturer are basically clustered in the same category.
Combined with the similarity analysis results, it can be seen that
the similarity between the peak area of the common peak of the
second batch and the peak area of the common peak of other bat-
ches fluctuates, which may be related to factors such as the quality
and origin of medicinal materials in different batches of manufac-

[16]

turers . In general, the correlation results between samples ob-

tained by cluster analysis and similarity calculation are consistent.
Language family diagram using average connections (between groups)
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4 Discussion

In the establishment of method, we investigated the type of chrom-
atographic column ( XSelect HSS T3, Welch ultimate XB C,
Waters XBridge C ;) , the extraction method (ultrasonic, reflux) ,
the mobile phase ( acetonitrile-0. 1% phosphoric acid, acetoni-
trile-0. 1% acetic acid, methanol-0. 1% phosphoric acid) , extrac-
tion solvent (50% methanol, 75% methanol, methanol) , and de-
tection wavelength (190 =300 nm). Finally, we determined the
chromatographic conditions in Section 3. 1 and the preparation
method of the test solution in Section 3.2.2.

In this study, we selected different batches of XXC samples
from different manufacturers for fingerprint study, and established
a representative and universal XXC fingerprint identification meth-
od, which provided an important reference for the promotion of the
technology and the formulation and improvement of XXC enterprise
standards, statutory standards and other standards.

The results of cluster analysis showed that there were some
differences between XXC produced by manufacturer B and that
produced by manufacturers A, C and D. Through analysis, we be-
lieved that the reasons are as follows: there are differences between
manufacturer B and other manufacturers in the production process,
which may be reflected in the production process, equipment mod-
el, power system, etc. ; there are differences in the quality of APIs
used by manufacturer B and other manufacturers. The S2 batch
produced by Manufacturer A and the other three batches produced
by Manufacturer A belong to different categories, which may be

caused by the quality difference of APIs, and the specific reasons
need to be further studied.

In this study, the XXC fingerprints established by different
batches of XXC samples from different manufacturers are univer-
sal, but in the process of cluster analysis, it is found that there are
some differences in the peak areas of different batches of samples
from different manufacturers. This suggests that fingerprint similar-
ity evaluation can be used for rapid identification of products, but
the overall quality of a product needs to be evaluated by multiple
means and from multiple perspectives.

5 Conclusions

In this study, high performance liquid chromatography-diode array
detection (HPLC-DAD) was used for the first time to establish a
fingerprint of XXC!""'.
fied, and 9 chemical components were identified by comparing

A total of 23 common peaks were identi-

with the reference chromatographic peaks. The similarity between
the fingerprints of 15 batches of XXC samples and the reference
fingerprint was greater than 0.95, indicating that there was a high
similarity among the batches. The results of cluster analysis were
basically consistent with the results of similarity evaluation, which
showed that the chemical components of different batches of XXC
based on fingerprints were consistent. In conclusion, the XXCH-
PLC-dad fingerprint established in this study can more comprehen-
sively reflect the consistency and stability of product quality among
multiple batches, and it is expected to provide a scientific basis for
further research and clinical application of the product.
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tion, agency, and ownership >’

S Conclusions

A thorough systematic review and meticulous meta-analysis have
been conducted to evaluate the impact of virtual reality-based mir-
ror therapy on upper extremity function in cerebral ischemic stroke
patients. The key findings reveal that this therapy significantly en-
hances FMA-UE and Box and Block Test ( BBT) scores, while no
statistically significant difference was observed in Manual Function
Test (MFT) scores. Further, a subgroup analysis indicates that
immersive VR-MT outperforms non-immersive VR-MT in impro-
ving FMA-UE scores, when compared to traditional mirror thera-
py, suggesting a potential advantage of immersive virtual reality
therapy in upper extremity rehabilitation.
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