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Abstract
Gout has become a global problem, antiuric acid formula (AAF) is a clinical prescription highly effective in reducing 
uric acid levels. In order to find its quality control standards and contribute to the treatment of gout in the future, we 
adopted high-performance liquid chromatography and orbitrap liquid chromatography–mass spectrometry to establish 
fingerprints of 13 batches of AAF. The different batches of AAF were tested the activity of inhibit uric acid by the xanthine 
oxidase inhibition experiment. Grey relational analysis and bio-activity validation to assess the spectrum–effect rela-
tionship. Finally, we choose puerarin, calycosin-7-O-beta-d-glucoside and puerarin apioside as the AAF quality control 
component, and its average content is 6036.006 μg/g, 296.113 μg/g and 878.285 μg/g. As the quality control components 
of AAF, puerarin, calycosin-7-O-beta-d-glucoside and puerarin apioside can be of great significance for the treatment of 
gout and gout related research.
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1 Introduction

Gout and hyperuricemia are common metabolic disorders 
in humans. Up to 2017, the incidence of gout in China was 
second only to that of diabetes mellitus, and gout has 
become the second most widespread metabolic disease 
[1, 2]. The prevalence of gout is increasing worldwide, 
and gout has become a global problem [3]. Drugs such 
as allopurinol, febuxostat, and probenecid are commonly 
used to reduce uric acid levels, but their long-term use may 
cause adverse reactions [4], such as rashes, abnormalities 
in liver function, allopurinol hypersensitivity, and blood 
abnormalities, in particular, allopurinol hypersensitivity 
syndrome. These serious adverse events are rare but can 
be fatal [5]. The first record of gout in traditional Chinese 

medicine (TCM) can be traced back to the beginning of 
the Warring States Period (approximately 403–222 BC) in 
the Spiritual Pivot of Huangdi’s Internal Classic [6]. TCM has 
been employed in China to alleviate gout, as recorded in 
the Synopsis of Prescriptions of the Golden Chamber [7, 8] 
from the Han Dynasty.

Many Chinese medicines could lower uric acid levels 
[9], including Jiawei Huoxue Simiao decoction, Bixie Chubi 
decoction, and Xiezhuo Chubi decoction. We found that 
a formula composed of Puerariae Lobatae Radix, Fructus 
Mume, Ecklonia kurome, Apium graveolens, and Semen Coi-
cis can significantly reduce the content of uric acid in the 
body [10]. This formula, which is termed Antiuric Acid For-
mula (AAF), has anti-inflammatory and analgesic effects, 
and was proved to be of nontoxic grade in terms of acute 
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toxicity. For example, the maximum dose in mice reached 
1379 times than the adult dose [11]. Previous studies have 
shown that its active ingredient inhibits xanthine oxidase 
and reduces the extent of inflammation. This indicates that 
the formula is a potential antiuric acid drug However, the 
formula consists of five traditional Chinese medicines, and 
we did not know which was the effective ingredient or 
could serve as a quality marker. So the identification of 
the effective ingredient and a quality marker for quality 
control became the key to further study.

In the screening of the effective ingredient and qual-
ity control markers of traditional Chinese medicines, most 
researchers have employed TCM fingerprint technology 
[12]. However, the fingerprints of traditional Chinese medi-
cines cannot explain the correlations between the finger-
prints and the efficacy of these medicines. The fingerprints 
of traditional Chinese medicines were chosen as the basis 
of research, and the chemical composition and pharmaco-
logical action of these medicines were related by analyti-
cal methods. A model relationship between the chemical 
composition and pharmacological action was thus con-
structed and was termed the spectrum–effect relationship 
[13]. In recent years, many studies of single traditional Chi-
nese medicines and compound preparations have been 
carried out with regard to their spectrum–effect relation-
ships [14–16].

Previous research has investigated the pharmacody-
namics and safety of AAF by animal experiments [10]. The 
quality markers of the formula were the most important 
aspects that remained for follow-up study. We first estab-
lished the fingerprint of AAF and performed a similar-
ity evaluation. On the basis of a combination of in vitro 
experiments on the inhibition of xanthine oxidase and 
grey correlation, the common peaks in high-performance 
liquid chromatography (HPLC) fingerprints were identified, 
and the contributions of the corresponding compounds to 
the inhibition of xanthine oxidase were analyzed. Finally, 
Orbitrap liquid chromatography–mass spectrometry 
(LC–MS) was used for qualitative analysis to identify the 
main index components and to establish standards for the 
quality control of AAF, which provided a basis for formulat-
ing standards for the quality control of other traditional 
Chinese medicines.

2  Materials and methods

2.1  Reagents and materials

The AAF clinical prescription was obtained from the Affili-
ated Hospital of Chengdu University of Traditional Chinese 
Medicine. It is a medicine and food homology prescription 

with an extraction rate of 15:1 by water extraction and 
spray drying.

The 13 batches of AAF samples (AAF01–AAF13) were 
provided by Shanghai Tianyuan Vegetable Products Co., 
Ltd. (Shanghai, China). Information on these samples 
is given in Table  S16. xanthine, xanthine oxidase, and 
allopurinol were purchased from Sigma-Aldrich Com-
pany (Shanghai, China). The reference materials, namely, 
puerarin (CAS# 3681-99-0), ononin (CAS# 486-62-4), caly-
cosin-7-O-beta-d-glucoside (CAS# 20633-67-4), puerarin 
apioside (CAS# 103654-50-8), berberine (CAS# 2086-83-
1), palmatine (CAS# 3486-67-7), glycitin (CAS# 40246-10-
4), and magnoflorine (CAS# 2141-09-5), were purchased 
from Chengdu Pufei De Biotech Co., Ltd. (Sichuan, China). 
Methanol and acetonitrile were purchased from Fisher Sci-
entific International, Inc. Formic acid was purchased from 
Chengdu Chron Chemicals Co., Ltd. The ultrapure water 
used in the experiments was purchased from A.S. Watson 
Group (Hong Kong) Ltd. All other reagents and chemicals 
used were analytically pure.

2.2  Experimental method for inhibition of xanthine 
oxidase

The xanthine oxidase inhibition experiments were carried 
out in the laboratory with reference to methods described 
in previous research [10]. The uric acid production was 
calculated according to the increasing absorbance at 
290 nm. In 96 well plank, 99 μl pH = 7.4 0.02 M PBS buffer, 
1 μl sample buffer, 50 μl 2 mM fresh xanthine dilute in 
PBS buffer with little NaOH, 50 μl 0.08 U/mL xanthine oxi-
dase, The mixture was incubated for 30 min at 37 °C, five 
biological duplications. The inhibition ratio is expressed 
in % =  Acontrol −  Asample/Acontrol × 100%, control is 1 μl PBS 
buffer.

2.3  Preparation of sample solutions and reference 
standard solution

Sample powders used in precision weighing experi-
ments were diluted to 0.01 g/mL with 80% methanol( 
methanol:water = 4:5 v/v), 100 Hz ultrasonically extracted 
for 30 min at 25 °C, centrifuged at 5000 rpm at room tem-
perature for 5 min.

The reference materials, namely, puerarin, ononin, cal-
ycosin-7-O-beta-d-glucoside, puerarin apioside, berber-
ine, palmatine, daidzin, and magnoflorine, were diluted 
to form a 0.2 mg/mL mother solution with 80% metha-
nol, further diluted to a concentration of approximately 
1 μg/mL with pure water, filtered through a 0.22 µm filter 
membrane.
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2.4  Instruments and conditions

The HPLC analysis was carried out using an Agilent 1200 
high-performance liquid chromatograph (Agilent Technol-
ogy, Beijing, China) with a diode array detector (Agilent Tech-
nology, Beijing, China) and an Agilent Eclipse C-18 column 
(250 × 4.6 mm, 5 m). The mobile phase comprised water (A) 
and methanol (B), the detection wavelength was 290 nm, 
the column temperature was 25 °C, the flow rate was 0.8 mL/
min, the injection volume was 10 µL, and the detection time 
was 60 min. The gradient elution procedure was as follows: 
0–15 min: 20% B; 15–35 min: 30% B; 35–50 min: 60% B; and 
50–60 min: 95% B. The mass spectrometry was carried out by 
a Thermo Scientific Q Exactive Plus four-stage time-of-flight 
mass spectrometer, and a Waters ACQUITY UPLC CSH C-18 
column (100 × 2.1 mm, 1.7 m) was used. The mobile phase 
comprised acetonitrile (A) and water (B) and contained 
0.1% formic acid. The gradient elution sequence was as fol-
lows: 0–2 min: 5% A; 2–47 min: 95% A and 47–50 min: 5% 
A. The injection volume was 5 µL, the flow rate was 0.3 mL/
min, and the column temperature was 40 °C. In the HPLC 
verification process, the contents of the reference com-
pounds were determined by an Agilent Eclipse C-18 column 
(250 × 4.6 mm, 5 m). The elution gradient, flow rate, and col-
umn temperature were the same as those used in the above 
HPLC analysis.

2.5  Similarity analysis

The fingerprints of the 13 batches of AAF were compared 
and analyzed by the system for the similarity evaluation 
of chromatographic fingerprints of traditional Chinese 
medicines (version 2012). When matching results were 
obtained, a control map of the HPLC fingerprints was gen-
erated by software calculations, and the common peaks 
were calibrated.

2.6  Grey relational analysis

According to the preliminary method devised by the 
research group for analyzing sequences [10], the correla-
tion coefficients and degrees of correlation are calculated, 
and the degrees of correlation are ranked from the highest 
to the lowest. The correlation order is thus obtained, which 
can directly represent the degrees of correlation between 
subsequences and the parent sequence. The greater is 
the degree of correlation, the closer is the relationship 
between the subsequence and the parent sequence. On 
this basis, relationships between common characteristic 
peaks in HPLC fingerprints and the related clinical efficacy 
can be established.

3  Results and discussion

3.1  Fingerprints of AAF

The conditions employed to obtain the HPLC fingerprints 
and the methodology adopted in obtaining the test results 
[10] are shown in Figures S1–S6. The HPLC fingerprints and 
control fingerprints of 13 batches of AAF were obtained by 
similarity analysis and shown in Fig. 1. The results of the 
similarity matching are shown in Tables S7. It can be seen 
that the similarity between the different batches of AAF 
was high, and the similarity values were all greater than 
0.8. Ten similar peaks were identified from the similarity 
analysis. The results of the statistical analysis of retention 
times and peak areas are shown in Tables S8 and S9.

3.2  Results for the spectrum effect of AAF

3.2.1  Results of xanthine oxidase inhibition tests

The prototypical xanthine oxidase inhibitor allopurinol has 
been the cornerstone of the clinical management of gout 
and conditions associated with hyperuricemia for several 
decades [17]. AAF can inhibit the activity of xanthine oxi-
dase, althoungh the effects not good as allopurinol, as 
shown in Table 1.

3.2.2  Results of analysis of grey degree of association

Grey correlation analysis, which has been widely used in 
various fields, is an effective means of studying fuzzy sys-
tems [18–20]. When grey correlation analysis is carried out, 
transformation of the mean values is first performed to 
make the dimensions consistent. In particular, the aver-
age value for each sequence needs to be obtained, and 
then the original data for each corresponding sequence 
are divided by the average value. The resulting quotients 
constitute the mean sequence, as listed in Table S10.

The absolute differences between the rates of inhibition 
of xanthine oxidase and the results of normalization of the 
relative areas of the ten common characteristic peaks in 
the HPLC fingerprints are shown in Table 2.

According to the formula used for calculating the cor-
relation coefficient, when the resolution coefficient ρ is 
0.5 the optimal result is obtained, and hence we used 
ρ = 0.5 in this experiment. The correlation coefficients for 
the relationships between the ten common characteristic 
peaks and the rates of inhibition of xanthine oxidase were 
obtained by this formula, as shown in Table 3. The degrees 
of correlation were calculated and the results were sorted, 
as shown in Table 4. The ten common characteristic peaks 
exhibited high degrees of correlation with the rates of 
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inhibition of xanthine oxidase. The contributions of the 
compounds corresponding to the ten common peaks to 
the inhibition of xanthine oxidase were investigated as 
follows: peak 10 > peak 9 > peak 1 > peak 8 > peak 7 > peak 
5 > peak 2 > peak 4 > peak 6 > peak 3. The degrees of cor-
relation between peak 10, peak 9, peak 1, peak 8, peak 7, 
peak 5, and the effect of AAF were all greater than 0.85. 
This shows that the ingredients corresponding to these 
six peaks are highly correlated with the pharmacodynamic 
effect of AAF.

3.3  Identification of index components 
and establishment of quality standards

The data were processed through TraceFinder 3.3 software 
[21]. The settings used for the screening parameters are 
shown in Table S11. The result of the software matching 
is then manually screened to filter the data of "all frag-
ment ions match", and peaks for which the retention time 
was too short were excluded (retention time was < 1 min, 
insufficient resolution on the column). According to the 
results of the software calculations, the parent and frag-
ment ions of each inferred substance were located on 
the total ion chromatogram, and the main fragment ions 

Fig. 1  High-performance liquid chromatography (HPLC) fingerprints of Antiuric Acid Formula (AAF). a HPLC fingerprints of AAF batches (S1–
S13: AAF01–AAF13); b Comparative HPLC fingerprint of AAF (1–10: common peaks)
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Table 1  Rates of inhibition of 
xanthine oxidase by samples 
with different concentrations 
(mean ± standard deviation) 
(n = 5)

Sample Inhibition rate (%) at respective concentration (μg/mL)

5 10 15 25 50 100

Allopurinol 5.50 ± 0.93 6.33 ± 0.81 8.65 ± 1.13 10.43 ± 0.77 13.85 ± 2.01 23.97 ± 2.95
AAF01 4.51 ± 0.69 5.45 ± 0.71 7.54 ± 0.78 8.38 ± 2.20 10.30 ± 0.28 11.55 ± 0.48
AAF02 3.83 ± 1.13 4.79 ± 1.81 6.36 ± 2.75 8.36 ± 1.52 10.41 ± 1.60 11.98 ± 1.15
AAF03 3.60 ± 0.54 5.19 ± 1.75 6.19 ± 0.75 6.78 ± 1.04 8.79 ± 1.66 9.87 ± 2.06
AAF04 3.06 ± 1.36 4.47 ± 0.97 5.47 ± 0.15 7.19 ± 0.33 7.91 ± 0.77 10.02 ± 1.36
AAF05 4.20 ± 0.51 5.15 ± 0.68 6.78 ± 0.89 8.35 ± 1.21 9.25 ± 1.94 10.28 ± 2.66
AAF06 3.67 ± 0.90 4.59 ± 0.89 5.01 ± 1.27 6.18 ± 1.53 7.02 ± 0.33 9.52 ± 1.65
AAF07 4.18 ± 0.54 5.61 ± 0.86 7.28 ± 1.03 8.03 ± 0.44 12.22 ± 1.54 14.31 ± 2.48
AAF08 4.07 ± 1.44 5.95 ± 1.64 6.96 ± 1.42 9.48 ± 0.89 10.91 ± 0.65 13.23 ± 0.40
AAF09 4.02 ± 0.42 5.32 ± 0.89 6.50 ± 0.65 7.56 ± 1.42 8.53 ± 1.63 10.52 ± 1.44
AAF10 3.97 ± 0.54 5.35 ± 0.53 6.54 ± 1.03 7.94 ± 1.01 9.80 ± 0.16 11.46 ± 3.15
AAF11 4.20 ± 0.65 6.56 ± 1.36 7.27 ± 1.72 8.67 ± 0.86 9.89 ± 1.82 10.70 ± 2.76
AAF12 4.49 ± 0.33 5.01 ± 0.82 6.15 ± 1.51 7.27 ± 1.80 8.67 ± 1.33 11.88 ± 1.91
AAF13 3.88 ± 0.66 5.80 ± 1.34 6.56 ± 0.89 7.90 ± 0.78 8.32 ± 1.17 10.45 ± 2.07

Table 2  Absolute differences 
between xanthine oxidase 
inhibition rates and normalized 
peak areas

Batch number Peak number

1 2 3 4 5 6 7 8 9 10

AAF01 0.100 1.569 2.802 1.541 0.299 1.886 0.312 0.157 0.101 0.078
AAF02 0.106 1.552 2.751 1.540 0.292 1.867 0.306 0.150 0.096 0.141
AAF03 0.117 1.575 2.796 1.600 0.310 1.917 0.333 0.166 0.092 0.106
AAF04 0.109 1.595 2.781 1.558 0.305 1.887 0.324 0.163 0.115 0.162
AAF05 0.086 1.205 4.191 1.380 0.273 1.531 0.125 0.118 0.006 0.056
AAF06 0.100 1.229 4.175 1.392 0.277 1.550 0.134 0.124 0.010 0.058
AAF07 0.068 1.509 2.776 1.537 0.267 1.858 0.282 0.126 0.074 0.071
AAF08 0.072 1.533 2.780 1.532 0.275 1.862 0.291 0.134 0.084 0.114
AAF09 0.093 1.569 2.864 1.597 0.305 1.924 0.323 0.163 0.108 0.001
AAF10 0.086 1.542 2.797 1.555 0.292 1.878 0.309 0.151 0.112 0.131
AAF11 0.061 0.756 5.537 1.112 0.249 1.057 0.006 0.053 0.086 0.013
AAF12 0.031 0.761 5.548 1.109 0.200 1.064 0.012 0.041 0.071 0.002
AAF13 0.038 0.762 5.593 1.097 0.209 1.082 0.007 0.053 0.092 0.023

Table 3  Correlation 
coefficients for relationships 
between characteristic 
peaks and xanthine oxidase 
inhibition rates

Batch number Peak number

1 2 3 4 5 6 7 8 9 10

AAF01 0.986 0.498 0.352 0.503 0.870 0.450 0.864 0.950 0.985 1.000
AAF02 0.993 0.503 0.357 0.505 0.882 0.454 0.875 0.965 1.000 0.971
AAF03 0.984 0.501 0.355 0.497 0.872 0.449 0.860 0.953 1.000 0.990
AAF04 1.000 0.502 0.359 0.509 0.884 0.457 0.875 0.965 0.996 0.966
AAF05 0.964 0.637 0.334 0.605 0.887 0.580 0.946 0.950 1.000 0.977
AAF06 0.959 0.632 0.335 0.603 0.887 0.577 0.944 0.948 1.000 0.978
AAF07 1.000 0.503 0.350 0.498 0.880 0.449 0.872 0.961 0.996 0.998
AAF08 1.000 0.500 0.351 0.500 0.878 0.450 0.870 0.960 0.992 0.972
AAF09 0.939 0.477 0.333 0.473 0.825 0.427 0.816 0.898 0.930 1.000
AAF10 1.000 0.505 0.354 0.503 0.878 0.453 0.869 0.958 0.983 0.971
AAF11 0.981 0.787 0.334 0.715 0.919 0.725 1.000 0.983 0.972 0.997
AAF12 0.989 0.785 0.334 0.715 0.933 0.723 0.996 0.986 0.976 1.000
AAF13 0.989 0.788 0.334 0.720 0.933 0.723 1.000 0.984 0.971 0.994



Vol:.(1234567890)

Research Article SN Applied Sciences           (2021) 3:661  | https://doi.org/10.1007/s42452-021-04248-6

generated from the parent ion were identified. Twelve 
possible components with moderate retention times 
were found. Reference materials were analyzed under the 
same chromatographic and mass spectrometric condi-
tions, and the retention times corresponding to the chro-
matographic peaks and the mass/charge ratios (m/z) of the 
parent and fragment ions were compared. Each reference 
standard was matched with a component correspond-
ing to a peak in the fingerprint using the corresponding 
results of analysis by HPLC. The substances that were 
successfully compared were analyzed by HPLC together 
with the corresponding reference substances, and the 
respective fingerprints were matched. For each success-
fully matched substance, the standard curve was drawn, 
its content was determined, and a quality control standard 
was established.

Orbitrap LC–MS analysis can be carried out in posi-
tive or negative ion mode. In negative ion mode, most of 
the peaks are the same as in positive ion mode, but the 

number of peaks is smaller, the peak shape is worse, and 
the peak intensity is lower, as shown in Fig. S7. Hence, posi-
tive ion mode was used to analyze the index components.

3.3.1  Qualitative analysis of the primary mass 
spectroscopic peaks

Under the set experimental conditions, each sample was 
analyzed to obtain its total ion chromatogram, as shown in 
Fig. 2. The m/z values of the parent and fragment ions were 
completely matched with those of the corresponding par-
ent and fragment ions recorded in the OTCML database. 
The first 12 components were selected according to the 
intensity of the corresponding peak in decreasing order: 
see Table S12. These 12 components were initially chosen 
for verification.

3.3.2  Verification of major mass spectrometric peaks

Nine reference solutions were analyzed to verify the main 
mass spectrometric peaks, as shown in Table  S13 and 
Fig. S8. Puerarin, berberine, palmatine, daidzin, magnoflo-
rine, calycosin-7-O-beta-d-glucoside, ononin, and puerarin 
apioside all coincided with the sample in terms of reten-
tion time and m/z values of the parent and fragment ions. 
However, the retention time of vitexin in the sample was 
inconsistent with that of the reference, which excluded the 
possibility that component 5 was vitexin. According to the 
OTCML database and m/z values of fragment ions listed in 
the literature, as shown in Table S15, it was suggested that 
component 5 should be an isomer of vitexin, which was 
suspected to be genistein-8-C-glucoside [22].

Table 4  Order of degrees of correlation between characteristic 
peaks and xanthine oxidase inhibition rates

Correlation ranking Peak number Degree of 
correlation

1 10 0.986
2 9 0.985
3 1 0.983
4 8 0.959
5 7 0.907
6 5 0.887
7 2 0.586
8 4 0.565
9 6 0.532
10 3 0.345

Fig. 2  Total ion chromatogram of the sample solution
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3.3.3  HPLC verification of eight components

The remaining reference materials, namely, puerarin, 
berberine, palmatine, daidzin, magnoflorine, calyco-
sin-7-O-beta-d-glucoside, ononin, and puerarin apioside, 
were verified by HPLC. As a result, only puerarin, ononin, 
calycosin-7-O-beta-d-glucoside, and puerarin apioside 
exhibited strong UV absorption under the verification 
conditions, and their control fingerprints could match the 
sample fingerprint. These compounds corresponded to 
peak 3, peak 9, peak 8, and peak 7, respectively, as shown 
by Fig. 3.

3.3.4  Determination of four identified components

HPLC analysis of solutions of the four remaining reference 
compounds was performed with different concentration 
gradients. Standard curves with peak area as the longitudi-
nal coordinate and concentration as the transverse coordi-
nate were obtained, and the corresponding linear regression 
equations were deduced, as shown in Fig. S9 and Table 5.

The contents of the four verified ingredients in the 
test sample are shown in Table  S14. The content of 
puerarin in AAF was 4319.118–8324.784  μg/g, with 
an average value of 6036.006  μg/g. The content of 
puerarin apioside was 535.988–1786.615  μg/g, with 
an average value of 878.285  μg/g. The ononin content 
was 77.946–353.845  μg/g, with an average value of 
232.944 μg/g. Finally, the calycosin-7-O-beta-d-glucoside 
content was 213.181–345.337 μg/g, with an average value 
of 296.113 μg/g.

The results showed that the data for puerarin, ononin, 
calycosin-7-O-beta-d-glucoside, and puerarin apioside 
matched the fingerprint of the sample. The other four refer-
ence materials may not exhibit UV absorption and cannot 
give rise to chromatographic peaks under the conditions 
used for verification, and hence they cannot produce control 
fingerprints that could match the fingerprint of the sample. 
However, the differences between the contents of the four 
main index components in different batches of AAF were 
large, which may have been caused by differences in the 
sources of the original drugs and differences in the process 
and yield in production. Among these four components, 
the difference in the content of ononin was the largest. In 
view of this, ononin is not recommended as a quality control 
standard.

3.3.5  Experimental validation of three bio‑active 
components

To further investigate the inhibition of xanthine oxidase 
on three interested compounds, allopurinol as positive 
control, stabler AAF01 as total component reference. To 

verify the inhibition of xanthine oxidase of low, medium and 
high proportion gradients of puerarin, puerarin apigenin, 
calycosin-7-O-beta-d-glucoside, the results are shown in 
Table 6. The three components has xanthine oxidase inhibi-
tory effect, and has a certain concentration dependence, 
although the effect is not as good as AAF compound or 
positive drugs.

4  Conclusions

AAF is widely used in clinical treatment of hyperurice-
mia. In previous, we has investiated its related efficacy 
and acute toxicity through animal experiments in vivo 
[11], confirmed AAF is safe and non-toxic in the range 
of clinical dosage, and has obvious antiuric acid, anti-
inflammatory and analgesic effect. The similarity value of 
13 batches of samples could reach more than 0.8. How-
ever, the common peak area of different batches of AAF 
is quite different, so the quality cannot be controlled by 
fingerprint alone, it is necessary to analyze the pharma-
ceutical effect.

Considering the animal experiments in vivo are time-
consuming and expensive, we use the inhibition rate 
of AAF on xanthine oxidase as the source of pharmaco-
logical data. The contribution of the fingerprin common 
peak to the inhibition of xanthine oxidase was obtained 
by grey correlation degree method. Spectral effect analy-
sis shows the contribution the order of the four main 
components to reducing uric acid ranges was as follows: 
Ononin > Puerarin apioside > Calycosin-7-O-beta-d-glu-
coside > Puerarin. However, the content of Ononin in dif-
ferent batches of compound is quite different, it was not 
recommended as a quality control index. Therefore, the 
quality control standard of AAF was established by using 
Puerarin, Calycosin-7-O-beta-d-glucoside and Puerarin 
apioside.

It has been reported that puerarin reduces uric acid 
production by inhibiting xanthine oxidase activity [23], 
and promote uric acid excretion in tubular epithelial cells 
[24]. The use of puerarin as anti-hyperuricemia agent 
is consistent with previous studies [25]. Studies have 
shown that calycosin-7-O-beta-d-glucoside alleviates 
antioxidant stress and protects the integrity of the myo-
cardium, neurons, and blood–brain barrier [26–28], but 
its role in uric acid or hyperuricemia is rarely reported. 
It is also the first report that puerarin apigenin has the 
effect of reducing uric acid, and specific mechanisms 
need to be followed up.

Some quality control methods, like Ultrahigh-perfor-
mance liquid chromatography have been widely appli-
cated for compound drugs, however index components 
identified by these methods reflect the compositions of 
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Fig. 3  HPLC chromatograms of a puerarin apioside; b calycosin-7-O-beta-d-glucoside; c puerarin, d ononin
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medicinal materials or compounds and cannot be corre-
lated with the efficacy of drugs. Grey correlation analysis 
does not require too much sample size, which is suitable 
for real-time and rapid analysis. It is an effective means 
to study fuzzy systems such as traditional Chinese medi-
cine and compound. Although the nonlinear relation-
ship between factors is easy to produce wrong analysis 
and judgment, its evaluation method is simple to calcu-
late, the information reflected in the evaluation process 
is comprehensive and complete, the evaluation results 
are accurate and effective, and can reflect the advan-
tages and disadvantages of different grade samples. It 
is a simple and effective evaluation method.

In present study, a combination of fingerprints and grey 
correlation analysis was employed to identify the compo-
nents that contributed to the fingerprints and the active 
ingredients that inhibited xanthine oxidase. This method 
will provide new ideas for the study of quality markers in 
TCM, and contribute to the study of gout.
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wave length, Fig. S6 Methodology investigation, Fig. S7 
Pattern of positive and negative ions in samples, Fig. S8 
Mass spectra of 9 standard products, Fig. S9 linear regres-
sion curve, Table S1 Retention time of stability test (n = 5), 
Table S2 Peak area of stability test (n = 5), Table S3 Reten-
tion time of precision test (n = 5), Table S4 Peak area of pre-
cision test (n = 5), Table S5 Retention time of repeatability 
test (n = 5), Table S6 Peak area of repeatability test (n = 5), 
Table S7 Similarity Matching Results of the HPLC Finger-
print of the AAF, Table S8 Retention time of mutual peaks, 
Table S9 Peak area of mutual peaks, Table S10Normalized 
results of relative peak area, Table S11 Setting of screening 
parameters, Table S12 Parameters of LC–MS, Table S13 9 
Parameters of LC–MS, Table S14 Result of content deter-
mination, Table S15 Parameters of LC–MS in references, 
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Table 5  Data for linear regression of standard curves for reference 
compounds

Material Regression equation R2

Puerarin y = 1202x + 17.22 0.9997
Puerarin apioside y = 993.49x + 37.24 0.9989
Ononin y = 1403.2x + 3.44 1
Calycosin-7-O-beta-d-glu-

coside
y = 2249.3x − 20.5 1

Table 6  The xanthine oxidase inhibition activities of interested 
compounds

Concentration gradients for the three compounds are set by value 
rages of proportion in the AAF compound, as shown in Table S14

Sample Concentration (μg/
mL)

Inhibition rate (%)

Allopurinol 1 8.55 ± 0.38
10 11.99 ± 1.52
100 43.48 ± 1.21

AAF01 1 6.98 ± 1.80
10 9.59 ± 1.71
100 21.05 ± 1.14

Puerarin 4 7.75 ± 1.47
60 12.67 ± 0.58
800 18.21 ± 0.67

Puerarin apigenin 0.5 6.63 ± 1.54
10 11.75 ± 0.64
150 17.05 ± 0.89

Calycosin-7-O-beta-
d-glucoside

0.2 8.15 ± 0.55
2.5 14.67 ± 1.41
30 18.13 ± 0.13

http://www.mdpi.com/xxx/s1
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