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Introduction. Changes in eating habits have made gout a metabolic disease of increasing concern. Previous studies have indicated
that there are significant differences in species composition and abundance of gut microbiome in gout patients compared with
average. Considering that traditional Chinese medicine has a momentous effect in treating gout, the research study aimed to
explore the differences of genomic and metabolomics of gut microbiome before and after traditional Chinese medicine treatment
in patients with gout.Method. 30 patients with gout and 29matched controls were recruited of which 16 patients took H treatment
and 14 patients took T treatment. Stools were collected twice for patients before and after treatment and only once for controls. A
total of 89 samples were annotated with metagenomic species and functions, and the enrichment analysis of differential genes and
KO pathway was carried out. Result.The results showed a decrease in the diversity of gut microbiome in gout patients and the gene
abundance and metabolomics had great differences among study groups. The number of bacterial genera also had significant
differences among treatment groups. Moreover, among different groups, the regulation of different species was variously
correlated. The correlation between species and clinical laboratory indicators in the rising group was stronger than that in the
decreasing group and the upregulation of some strain was related to the content of urea nitrogen. Conclusion. After the traditional
Chinese medicine treatment, the glutathione pathway was significantly enriched and some pathogenic bacteria were significantly
inhibited. The study suggests that traditional Chinese medicine treatment may exert its therapeutic effect by inhibiting
relevant pathways.

1. Introduction

Gout is a metabolic disease of urate crystal deposition, which
is related to chronic hyperuricemia [1]. Environmental
factors such as eating habits can cause hyperuricemia in-
cluding red meat, seafoods, alcohol, or fructose were asso-
ciated with an increased risk of developing gout [2]; R. [3],
and genetic factors also play an important role. Compared
with healthy people, the content of uric acid in the serum

increases, which is largely related to the poor excretion of
uric acid by the kidneys and intestines [4]. When the gout
patient has a single joint inflammation reaction during the
acute attack (“gout attack”), such as severe pain in the big toe
[5], treatment is required to ensure the reduction or dis-
appearance of the acute symptoms. That is to say, when gout
attacks, what we do first is not to cure gout, but to reduce
uric acid and anti-inflammatory symptoms in the acute
phase or acute remission phase to reduce the patient’s pain.

Hindawi
Evidence-Based Complementary and Alternative Medicine
Volume 2022, Article ID 6466149, 12 pages
https://doi.org/10.1155/2022/6466149

mailto:yimao.zhuba@163.com
mailto:13823396319@163.com
mailto:wbbahu@163.com
https://orcid.org/0000-0002-6931-5030
https://orcid.org/0000-0002-1877-2776
https://orcid.org/0000-0002-1597-5930
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/6466149


If the patient with gout does not take the medicine during
the acute onset period, it will definitely not get better in 2
weeks. The clinical symptoms shown are that the uric acid
cannot be lowered and the siltation of the joint cavity of
patient is getting more and more serious. The commonly
used medication is “treatment targeting serum uric acid,”
which reduces serum uric acid [4]. In addition to the
commonly used febuxostat and allopurinol [6, 7], traditional
Chinese medicine(TCM) has been proved to be effective for
GA prevention and treatment with the advantage of Chinese
medicine according to different syndromes and the stages of
disease, the treatment methods of TCM will also greatly
reduce the patient’s suffering from the clinical effect, which
can be clearly seen that patients with gout have reduced their
joint swelling (W. H. [8]; P. [9]).

There have been many advances in the research on the
pathogenesis of gout and the effect of drugs, no matter from
the biochemical indicators, molecular mechanism, or omics
including genomics, transcriptomics, epigenomics, and
metabolomics. Research on clinical laboratory indicators of
gout has given clinical insights into the pathophysiology of
hyperuricemia and gouty arthritis. Studies have shown that
during the development of gout, the closely related mon-
osodium urate (MSU) crystals can affect the production of
certain immune cells, cytokines, and effector molecule ex-
pression, triggering both innate and adaptive immune re-
sponses [10]. The development of the genomics has brought
about the study of gout disease at the genome level, using
meta-analysis first to reveal the loci associated with crystal-
induced inflammation which is the last step in gout de-
velopment [11]. In order to study the epigenetic background
of gout inflammation independent of hyperuricemia and its
relationship with heredity, this article conducted co-meth-
ylation analysis and functional localization of the identified
loci and analysis of DNase hypersensitivity and histone
markers, together with the transcription factor mapping
identified several novel genes specific to gouty inflammation
[12].

Metagenomics with gut microbes, as a major perspective
in the study of diabetes [13], cancer [14], and mental diseases
[15] in recent years, has also been used in the study of
arthritis diseases [16, 17]. Since the gastrointestinal tract
eliminates one-third of the uric acid load [18], research on
the gut microbiota and metabolic abnormalities of patients
with gout is also attracting attention. 16S analysis provided
us a way to investigate the relationship between the primary
gout and the gut microbiota, for example, one study with
result that the diversity of both Bacteroides and Clostridium
in patients with primary gout and the difference from that of
normal individuals [19]. Other study found that the Pro-
teobacteria phylum and the Escherichia-Shigella genus were
more abundant in patients with tophaceous gout than in
controls, and some core microbiota of both gout groups
might perform functions linked to one-carbon metabolism,
nucleotide binding, amino acid biosynthesis, and purine
biosynthesis [20]. Besides, combined analysis of 16S and
metabolome by fecal samples suggested us that it may ef-
fectively characterize diseases [21]. Compared to 16S anal-
ysis, metagenomics analysis could find that the intestinal

microbiota of gout patients was highly distinct from healthy
individuals in both organismal and functional structures,
even build up a diagnosis model as a possible future ap-
plication approach, higher than the blood-uric-acid based
approach [22].

However, we found that previous studies on the gut
microbes of patients with gout, whether using16S rRNA or
metagenomics, were limited to the difference in the com-
position and abundance of the species between gout patients
and healthy controls, little using groups of patients before
and after medication to study the changes in gut microbes. If
one case group is changed into two case groups adding
before and after medicine for gout patients in the analysis,
and the control group using healthy people is compared at
the same time, it will be more clear to find differences about
the effect of the medicine on the gout patients. The purpose
of this article is to compare patients with gout before and
after medication and with healthy controls and find con-
sistent trends regardless of gene or species annotation or
KEGG function.

2. Materials and Methods

2.1. Sample Collection. We recruited 30 gout patients and 29
healthy age-matched controls from Shenzhen Traditional
Chinese Medical Hospital. All patients recruited in the
present study only suffered from gout, and carriers of any
other diseases were excluded from this study. The years of
onset are shown in Table S1 (6.33± 5.58 years, mean± SD).
These 30 gout patients were treated with different traditional
Chinese medicine H named Hushen Tongfengtai and T
named Tongfengtai for two weeks, and fecal samples were
collected before the medication named A group and after the
medication named B group, and total 60 patient samples
were taken. All recruited people including gout patients and
healthy controls were excluded from other medication.
Among them, the sampling standard for gout patients after
taking the medicine was significant released or disappear-
ance of gout symptoms, for example, the joints swelling of
gout patients was released. One fecal sample was collected
from each healthy control and a total of 29 control samples
were obtained. All total 89 fecal samples were used in our
study finally. All the enrolled personnel have been informed
and voluntarily signed the informed consent form, and the
sampling was also carried out after obtaining the ethical
approval from the Ethics Committee of Shenzhen Tradi-
tional Chinese Medical Hospital.

2.2. Metagenomics Library Construction and Sequencing.
Total DNA was extracted from each of the samples and
quality checked. An amount of 0.5 μg high-quality DNA was
used for library construction using theMGIEasy DNARapid
Library Prep Kit (BGI, catalog no, 1000006985) following the
manufacturer’s instructions. Briefly, DNA was randomly
fragmented using a Covaris LE220 ultrasonicator (Covaris,
Woburn, MA, USA) and DNA fragments ranging from 200
to 400 bp were selected and purified with AMPure XP
magnetic beads. Selected DNA fragments were then
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subjected to PE index ligation and ligated DNAwas purified.
The purified ligated DNA was subjected to form circularized
DNA and subsequent rolling circle amplification (RCA) to
generate DNA nanoballs (DNBs) and the DNBs were then
sequenced at the DNBSEQ-T1 platform generating PE100
reads.

2.3. Metagenomics Species and Functional Annotation. In
order to obtain the accurate and reliable results, the low-
quality reads were filtered out to obtain clean data by
SOAPnuke (v1.5.6) with parameters −l 20 −q 0.2 −n 0.05,
and then the human host contamination was removed by
using Bowtie2 (v2.2.5) with 90% similarity [23] to generate
the high-quality clean data for downstream analyses. Then,
the reads with high quality from each sample were aligned
against Integrated Gene Catalog (IGC, v100064) (J. [24] by
Bowtie2 (v2.2.5) with parameters --sensitive --mp 1,1 --np 1
--score-min L,0,-0.1. Moreover, we used Salmon (v0.9.1)
[25] to calculated the gene abundance for each sample.
Similarly, based on the previous species and functional
annotation in IGC database, we retrieved proteins by
matching gene ID and obtained annotation results and
generated the species, KO and pathway abundance profiles.
For biodiversity analysis, the Shannon index was usually
used on alpha diversity to evaluate the community diversity
of samples. The Bray–Curtis distance and the Jaccard dis-
tance were used on Beta diversity to measure the differences
between the samples. All the α- and β-diversity statistics
were performed by using “vegan” package of R software
(v3.6.1).

2.4. Statistical Analysis. The nonparametric test method
Wilcoxon rank-sum test and Kruskal–Wallis test were used
for the differential gene, KO and species analysis [26], while
Student’s t-test and Wilcoxon rank-sum test was used to
conduct nonparametric tests on the two groups of inde-
pendent samples and determine whether there was a dif-
ference between two groups, and Kruskal–Wallis test was
used to test the difference between three or more groups of
samples. Moreover, the p value correction is carried out by p

adjust in the R package, and the correction method is “BH”
(i.e., Benjamini-Hochberg). The correlation analysis of the
gut microbiomes and clinical laboratory indicators were
preformed using the Spearman algorithm, and only the
robust correlations with |r|> 0.40 and P< 0.05 were con-
sidered. The correlation was calculated and visualized by R
software (v3.6.1).

3. Results

3.1. Basic Data Analysis. In our study, 30 gout patients and
29 healthy controls were recruited. 16 gout patients took H
traditional Chinese medicines, and other 14 patients took T
traditional Chinese medicines. For each patient, fecal
samples were collected before and after the medication, and
we obtained total 60 fecal samples for patients including 16
HA and 16 HB samples and 14 TA and 14 TB samples. For
each healthy control, one fecal sample was collected. Total 89

fecal samples were used finally with different groups dis-
played according to different classification standards (Ta-
ble 1). After DNA extraction, library construction and
sequencing, a total of 2.06 TB data were generated for 89
samples, with average 22.44GB for each sample. Moreover,
after filtering out the low quality and duplication reads, the
clean reads Q30 were about 92.37%, with the clean data ratio
more than 91.50% (Table S1). These indicators reflected that
our data were of high-quality and enough for subsequent
analysis.

The clean reads were mapped to the human gut
microbiome integrated gene catalog (IGC) (J. [24] to gen-
erate the gene abundance profile. A total of 5,195,879
nonredundant genes were identified in 89 samples, with an
average comparison rate of 75.15%, indicating that our data
can be effectively compared to the gene set (Table S1). We
summarized the number of genes annotated at the phylum
level and the proportion of all genes through the IGC species
annotation result and found that the Firmicutes (54.48%),
Bacteroidetes (25.24%), Proteobacteria (12.29%), Actino-
bacteria (5.40%), Fusobacteria (1.11%), and Verrucomicrobia
(0.66%) have the highest proportions (Table S2). Combined
the previously published research studies about Asian gut
microbiota, we found that three phyla, Firmicutes, Bacter-
oidetes, and Proteobacteria, were the most abundant species.
According to the functional annotation results of IGC da-
tabase, 9,073 KOs were detected by matching the gene ID.
Then, we generated the species, KO, and pathway abundance
profiles by the gene abundance profile and then performed
the different analysis between groups.

3.2. Comparison of Differences between Groups. We calcu-
lated the relative abundance in group A and B and Con in the
two taxonomic levels of phyla and genus, respectively.
Among them, Firmicutes, Bacteroidetes, and Proteobacteria
with the highest proportion of genes were still the most
abundant in three groups (Figure 1(a) and Table S2). PCoA
(Principal Co-ordinates Analysis) is often used in microbial
β-diversity analysis, by entering the sample similarity dis-
tance table. We found that the distinction between group A
and B was not large, and the distinction between group A vs
Con or between group B vs Con was more obvious by
comparing group A and B and Con (Figure 1(b)), indicating
that the gut microbiota of gout patients and nongout pa-
tients were different, but the effect on the gut microbiota
between medication before and after was not significant. As
for the box plot of α-diversity analysis, we found that there
was no significant difference between group A vs B, but the
observed gene richness of group A vs B was significantly
lower than group Con, regardless without significantly re-
sults of the Shannon index (Figures 1(c) and 1(d)). It in-
dicated that the gut microbiota diversity of gout patients
(group A vs B) was lower than the healthy control samples
(group Con).

Taking into account the influence of time accumulation,
the change of gut microbiota required a process, and the
interval between our treatments is about two weeks, which
may affect the abundance of differential microbes. We
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Table 1: Sample number and group information.

Group Treatment Human no. Taking medicine Group name Sample no.

Patient
H 16 Before HA 16

After HB 16

T 14 Before TA 14
After TB 14

Control — 29 — Con 29
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Figure 1: The fecal microbiome of gout patients compared to healthy controls. (a) The species annotation results of the three groups at the
phylum level; (b) PCoA of the three groups, reflecting the similarity between groups; (c, d) Box plots reflecting alpha diversity.
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compared the microbe species, gene, KO, and pathway
abundance between different groups to detected the changes
between the gout patients and healthy groups. By separately
comparing the significantly different species between the
two groups, we found that there were more significantly
different species at the phylum level between group A vs Con
than group B vs Con (Figure 2(a)). Among them, there was a
significant difference in group A vs Con for Proteobacteria,
but not significant in group B vs Con. Although Proteo-
bacteria was not significant in group A vs B, its abundance
had changed before and after treatment (Figure 2(a)). Al-
though group A and group B did not have significantly
different species at the phylum level, we detected some
significantly different genera (Figure 2(b)). What we can
clearly see was that these differences were concentrated in
the Proteobacteria phylum, of which five genera were more
in group A and less in group B.

Meanwhile, we calculated the difference of microbe gene
abundance and KO abundance between the three groups,
and then, the pathway enrichment analysis was carried out
by using the differential genes or KOs. Based on differential
expressed genes (DEGs) between each two groups, the group
comparison DEG number of A vs Con or B vs Con was ten
times than A vs B, which indicated that the huge microbe
gene abundance difference between the gout patients and
healthy groups (Figure 3 and Figure S2A–S2C). The path-
ways included glutathione metabolism, ubiquinone and
other terpenoid-quinone biosynthesis, and tryptophan
metabolism and pyruvate metabolism which were signifi-
cantly enriched between group A vs B. Inconsistently, 45
pathways were significantly enriched between group A vs
Con or group B vs Con, including metabolic pathways,
biosynthesis of secondary metabolites, biosynthesis of an-
tibiotics, and biosynthesis of amino acids (Figure 3).
Meanwhile, only 153 differential KOs were detected between
A-B and only the pathway, glutathione metabolism was
significantly enriched, and biosynthesis of antibiotics, car-
bon metabolism, metabolic pathways, photosynthesis, and
pyruvate metabolism were common significantly enriched
between group A vs Con and group B vs Con (Figure 3 and
Figures S2D-S2E). Moreover, there were 153 KEGG on-
tologies with significant differences between group A and B,
included the previous significantly enriched pathways tau-
rine and hypotaurine metabolism [27], folate biosynthesis
[28], and fructose and mannose metabolism [29] (Figure 3).

Furthermore, we also tried to find the different species
between the H treatment group and the T treatment group
after medication. The genus relative abundance result
showed that the microbe composition between H treatment
patients and T treatment patients were similar (Figure S1A),
and before and after treatment in group T and H, we found
no significant difference whether between TA and TB or
between HA and HB (Figure S1B). For the different species
detection, the abundance of Verrucomicrobia in the Tgroup
was significantly higher than that in the H group at the
phylum level (Figure 4(a)). Moreover, at the genus level,
Butyrivibrio, Abiotrophia, Streptococcus, and Bacillus be-
longing to Firmicutes, as well as Akkermansia belonging to
Verrucomicrobia, were significantly more abundant in the T

group than in the H group. There were Desulfitobacterium
and Photorhabdus more in the H group than in the T group
(Figure 4(b)). In terms of the number of genus with sig-
nificant differences (P value ≤0.05), the T group was sig-
nificantly more than the H group, which was exactly
matched with the patient’s phenotype, that the patients of
the T group had more acute onset and more obvious in-
flammatory response than the patients of the H group. In
order to exclude the interference of the age indicator, we also
made a difference statistical analysis on all patients and all
samples of control and found that there was no significant
difference between the two groups showed by t test (P-value
>0.05).

3.3. Changes Reflected in the B/F Ratio. The B : F ratio has
been reported as an effective criterion for evaluating in-
flammation (Compare, Rocco, Sanduzzi [30]; M. [31]).
Similarly, we used the B/F ratio to evaluate the impact on the
composition and abundance of gut microbiota before and
after treatment. The upregulation and downregulation ex-
pressions of six phyla in different individuals before and
after medication, as well as the change of B : F ratio, were
counted (Table S3). After screening the samples with the
same upregulation and downregulation, the two types were
finally classified (Table S3).

By constructing the box plot of the B/F ratio of the down
group and the up group, it was found that the trends of A
and B in the down group were just opposite of those in the
up group (Figure 5). The comparison of groups A-B-Con
was performed on the down group and the up group, re-
spectively, and it was found that the trend of Bacteroidetes
and Firmicutes was relatively obvious in the down group. As
for Bacteroidetes, it decreased from group A_down to group
B_down and increased from group B_down to group Con
(Figure 6). Regarding to Firmicutes, it had the opposite
trend, which increased from group A_down to group
B_down and decreased from group B_down to group Con
(Figure 6). From these results in the down group, it can be
found that the abundance of Bacteroidetes and Firmicutes in
the patients before treatment and in the Con group appeared
to be consistent and changed after treatment. However, in
the up group, the abundance of Bacteroidetes and Firmicutes
did not change significantly in the patients after treatment
and in the Con group. Besides Bacteroidetes and Firmicutes,
the trend of four other phyla including Actinobacteria,
Fusobacteria, Proteobacteria, and Verrucomicrobia were
performed (Figure S3).

3.4. CorrelationAnalysis betweenMedical Examination Index
and Species. Based on the obtained clinical laboratory in-
dicators of 24 individuals (Table S4), correlation analysis was
performed between the medical examination index and
significantly different species (Figure 7), and also the in-
teraction networks were constructed with significantly dif-
ferent species and clinical laboratory indicators between
group A_down and B_down (Figure 8(a)) and group A_up
and B_up (Figure 8(b)). From the interaction network di-
agram, some interesting associations were found; the
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Figure 2: Difference species statistics between groups a-b-con at the genus level. (a–d) The group comparisons of a&b&con, a&b, a&con,
and b&con, respectively.
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Figure 3: Bubble chart of KEGG pathway enrichment between each two groups. (a–c) The KEGG pathway comparison enriched in
differentially expressed genes in two groups, respectively; (d–f) the KEGG pathway comparison enriched in differentially KOs in two
groups, respectively.
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association between species and clinical laboratory indica-
tors in the up group was stronger than that in the down
group, and Bacteroides had an obvious positive correlation
with UA and Cr both of which were basically significantly

correlated with the gout in the up group but had no cor-
relation in the down group; seven other species which were
Akkermansia, Bifidobacterium, Clostridium, Haemophilus,
Rhodococcus, Ruminococcus, and Phascolarctobacterium had
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Figure 4: Difference species statistics between group H vs T at the genus level. (a) The changes of gut microbiota between group H vs T
before medication; (b) the changes of gut microbiota between group H vs T after medication; (c) the changes of gut microbiota in group H
before and after medication; (d) the changes of gut microbiota in group T before and after medication.
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similar associations both in up and downgroups (Figure 8). In
addition, there were five species including Bacteroides, Bifi-
dobacterium, Clostridium, Haemophilus, and Phascolarcto-
bacterium, which had an obvious correlation with urea
nitrogen in theupgroupbutnocorrelation in thedowngroup,
andAkkermansia,Rhodococcus andRuminococcushadsimilar
associations both in up and down groups (Figure 8).

4. Discussion

TCM can benefit patients through treatment based on
syndrome differentiation, which is the unique advantage of
Chinese medicine. According to the theory of TCM,

“dampness” and “heat” are the causative factors of gouty
arthritis, which is also associated with congenital deficiency
and dysfunction of the spleen and kidney. In the acute attack
phase, the syndrome of dampness-heat toxin amassment
and dampness-heat with blood stasis are the commonest
diagnostic type. Tongfengtai is an effective herbal formula
used for treating gouty arthritis through clearing away heat,
eliminating dampness, and detoxifying, which mainly
consisted of heat-clearing and detoxifying herbs.

Pathogenesis and syndrome type transformation is an-
other vital principle based on the TCM theory, the disease
for a long time will be deficient and create a new way of
thinking for influence the spleen and kidney, or change to
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Figure 7: Correlation analysis between the medical examination index and species on the phylum level and genus level. (a) The correlation
analysis between clinical test indicators and species at the phylum level; (b) the correlation analysis between clinical test indicators and
species at the genus level. The x axis is the clinical test index; the y axis is the species name.
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Figure 8: Interaction network diagram of primary focus species and clinical laboratory indicators between group a and b on the genus level.
(a) The interaction diagram of focused species and clinical laboratory indicators by both a and b in the down group; (b) the interaction
diagram of focused species and clinical laboratory indicators by both a and b in the up group.
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blood stasis. It refers to the pathological state that manifests
in the development and change process of the evil and the
positive as both excess syndrome and deficiency syndrome
in clinical. It will be transformed to the damp-heat com-
bination of spleen or kidney deficiency syndrome, or phlegm
and blood stasis obstruction syndrome. Hushen Tongfengtai
is recommended to be used for restraining gouty arthritis
through dispelling dampness, clearing away heat in addition
to invigorating the spleen and kidney, which mainly con-
sisted of invigorating medicine besides heat-clearing and
dampness-dispelling herbs.

In the abovementioned results, we knew that the sig-
nificantly enriched pathway of genes between groups A and
B was glutathione metabolism. Glutamate involved in the
glutathione metabolism was not only a major metabolite in
the Krebs cycle and a precursor for uric acid synthesis but
also inhibited the glutamate-cystine antitransport system,
resulting in a significant reduction in intracellular gluta-
thione levels. The pathway ID ko00480 of the glutathione
metabolism had an increase in abundance from before
treatment to after treatment. K00799, as the gene related
with the glutathione metabolism, the mean of that in group
A and group B were 0.005803 and 0.011429, respectively,
which can be speculated on the correlation of the glutathione
metabolism before and after treatment in gout patients.

The known clinical laboratory indicators closely related
to gout were UA, Cr, and urea nitrogen, we have found the
association trend of different species and clinical laboratory
indicators in the up and down groups. One of the con-
clusions was that,Akkermansia reported to be closely related
to gout which was correlated with three major indicators
both in the up and down groups [20,32], of which UA and Cr
were negatively correlated, and urea nitrogen was positively
correlated. As known from previous studies, the abundance
and diversity of Bacteroides varied significantly between
individuals [19], and our conclusion was also consistent with
that. Specifically, Bacteroides was correlated with key indi-
cators in patients in the up group but not in patients in the
down group.

From the significantly different species at the genus level
between group A and group B, we found these genera mainly
belonged to the Proteobacteria phylum, of which five genera
were more in group A and less in group B, and they were all
pathogenic bacteria, so it can be easily understood that our
drugs help inhibiting the reproduction of pathogenic bac-
teria of these five genera and help patients to restore normal
intestinal levels. However, there was also a strange phe-
nomenon that Klebsiella increased in the intestines of pa-
tients after treatment with drugs, whether it was because of
the effect of the drug or because of the decreased abundance
of other bacteria, needs to be further studied.

5. Conclusion

The present study performed metagenomic analysis of gut
microbiome in gout patients with different Chinese tradi-
tional medicine treatment (T treatment and H treatment).
After the treatment, the glutathione pathway was signifi-
cantly enriched and some pathogenic bacteria were

significantly inhibited. In conclusion, the present study
suggests that traditional Chinese medicine treatment may
exert its therapeutic effect by inhibiting relevant pathways.
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