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Abstract. - OBJECTIVE: Hyperuricemia
(HUA) is a metabolic disease caused by abnor-
mal purine metabolism in the body. It also shows
a trend of high incidence among younger people
worldwide. More and more studies have shown
that natural products can be used to treat HUA,
and the literature in this field has been increas-
ing in recent years. However, few bibliomet-
ric analyses have systematically examined this
field. Our study aims to analyze the published
literature to identify trends and hotspots in nat-
ural product therapy for HUA, present the re-
search status and summarize critical topics.
MATERIALS AND METHODS: A literature
search was conducted through the Web of Sci-
ence Core Collection (WOSCC) database, using
Bibliometric R, VOS Viewer, and CiteSpace to ex-
amine the eligible publications. A total of 1,201
publications (1,040 articles and 161 reviews) con-
cerning natural product therapy for HUA research
between 2000 and 2021 were ultimately included.
RESULTS: In recent years, research articles
in this field have increased. China and the Unit-
ed States are the main driving forces in this field
and have a high academic reputation. China pub-
lished the most relevant articles, while the United
States cited the most. Chinese Acad Sci is the in-
stitution with the most relevant research results.
Flavonoids, xanthine oxidase, antioxidant activ-
ity, and gout are the current research hotspots
and future research trend topics.
CONCLUSIONS: Our results provide a gener-
al overview of the leading research directions of
natural products in HUA research. The mecha-
nisms of natural products, especially those relat-
ed to xanthine oxidase, antioxidant activity, and
gout, may soon become hot spots and should
be closely watched. The field of natural product
therapy for HUA is going through rapid develop-
ment, and our research provides a valuable ref-
erence for clinical researchers and practitioners.
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Introduction

With the changes in the dietary structure of
modern people, the incidence of hyperuricemia
(HUA) is increasing yearly. HUA is a metabol-
ic disease caused by abnormal purine metab-
olism in the body. According to statistics, the
total prevalence of HUA in China is 13.3%".
The absolute majority in the United States is
also 14.6%?, showing a trend of high incidence
among young people worldwide. HUA is the
biochemical basis of the pathogenesis of gout.
Gout occurs when urate is deposited in human
tissues, causing damage to the body. At the same
time, HUA is also closely related to chronic
kidney disease, cardiovascular and cerebrovas-
cular diseases, and metabolic syndrome. The
pathogenesis of HUA mainly includes primary
HUA, secondary HUA, increased uric acid pro-
duction, and decreased uric acid excretion. The
onset of HUA is also accompanied by hyper-
tension, obesity, atherosclerosis, etc., posing a
threat to human life safety.

Currently, the clinical treatment of HUA is
mainly based on small-molecule synthetic drugs,
such as allopurinol and febuxostat, which inhib-
it the production of uric acid, and benzbroma-
rone, which promotes the excretion of uric acid.
Although these drugs have apparent effects on
reducing serum uric acid levels, there are ad-
verse reactions such as severe allergic reactions
and liver and kidney damage. Natural products
have a wide range of sources, low toxicity, and
side effects, and they are an essential source of
drug discovery. More and more natural organisms
have been found® to have a wide range of uric ac-
id-lowering activities and high safety. It has be-
come an important direction for the discovery of
new drugs for the treatment of HUA. In recent
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years, natural products have had a remarkable
curative effect in treating HUA, and they have
gradually become dominant drugs. Studies*'’
have shown that natural product extracts, includ-
ing Shanchahua, Danshen, Yejuhua and Rougui,
Tianyeju, Mugua, Juhua, Lamuye, Xunma, Qinpi,
Duzhong, Tufuling, Qincaizi, Shihu, etc. can in-
hibit the production of uric acid and promote the
excretion of uric acid, thereby reducing uric acid.
At present, the more widely studied natural prod-
uct monomers also have good uric acid-lowering
activity, and compounds such as flavonoids, sa-
ponins, and coumarins are outstanding, including
quercetin, galangin, apigenin, chrysin, luteolin,
herbalin, osthole, diosgenin, ellagic acid, etc'®-2,

Bibliometrics is an interdisciplinary science
that quantitatively analyzes knowledge carriers,
taking the literature system and bibliometric
characteristics as the research object. Biblio-
metrics has been carried out in a wide range of
research topics, including the medical field*.
Several bibliometrics tools have been developed
and are frequently used, including VOS View-
er, CiteSpace, Excel, etc. These tools enable re-
searchers to quickly assess the discipline’s current
state and identify hotspots, especially for novice
and non-specialist researchers®*%. In recent years,
several papers have been published on natural
products for the treatment of HUA. However, to
our knowledge, there has yet to be any study that
outlines it from a bibliometric perspective. There-
fore, we performed a bibliometric analysis to un-
derstand the research trends of natural products
in the treatment of HUA from multiple aspects,
including the number of papers published each
year, prolific countries, essential journals, key
references, and research priorities. This study is
intended to be a reference for clinical researchers
and practitioners.

Materials and Methods

Data Source

Data were downloaded from the Science Ci-
tation Index (WoSCC) on the day of December
31, 2021. The following search terms were used:
TS=(“Natural Product*” OR “Natural Com-
pound*” OR “Natural Molecule*” OR “Phyto-
chemical*” OR “Secondary metabolite*”) AND
TS=(“Acid, Uric*” OR “2,6,8-Trihydroxypu-
rine*” OR “Trioxopurine*” OR “Potassium*” OR
“Urate*” OR “Urate, Potassium*” OR “Ammoni-
um Acid Urate*” OR “Acid Urate, Ammonium*”

OR “Urate, Ammonium Acid*” OR “Sodium
Urate Monohydrate*” OR “Monohydrate, Sodium
Urate*” OR “Urate Monohydrate, Sodium*” OR
“Monosodium Urate Monohydrate*”” OR “Mono-
hydrate, Monosodium Urate*” OR “Urate Mono-
hydrate, Monosodium*” OR “Sodium Acid Urate
Monohydrate*”” OR “Sodium Urate*”” OR “Urate,
Sodium*” OR “Monosodium Urate*” OR “Urate,
Monosodium*” OR “Sodium Acid Urate*” OR
“Acid Urate, Sodium*” OR “Urate, Sodium
Acid*” OR “Hyperuricemia*”). Non-English lan-
guage, non-article, and non-review publications
were excluded. All data, including titles, author
information, abstracts, keywords, journals, and
references, were downloaded on the same day*.
This query yielded 1,201 records, which were ob-
tained for this study. Data involving full records
and cited references were downloaded in txt for-
mat. Microsoft Excel Office 2019 was applied to
manage data. The study was performed following
the PRISMA guidelines (Annex 1).

Data Collection

All records were retrieved from WoSCC, in-
cluding the annual number of publications, output
by country, institution, journal, author, frequency
of citations, etc. Data was converted into Micro-
soft Excel 2019, VOS Viewer, and CiteSpace V to
analyze fundamental indicators.

Statistical Analysis

Annual publication production, total and av-
erage citations, citations per article, and com-
plete citations by country were analyzed and
plotted using Microsoft Excel v. 2019 and or-
ganized the essential characteristics of publi-
cations and citations data. Statistically signifi-
cant differences between means are marked in
each graph. p <0.05 was considered statistically
significant. VOS observers were used to create
network visualization maps to analyze collab-
orations among countries, institutions, and au-
thors of highly cited literature. In addition, the
VOS Viewer can categorize keywords with high
co-occurrence frequency into several clusters
and simultaneously color them according to the
time course. Co-occurrence analysis identified
research hotspots and trends. We choose “author
keywords” as the unit of analysis. We performed
citation analysis of journals and clusters using
CiteSpace V, which captures keywords with
strong citation bursts and builds a visual map of
all entries. The surge in citations is a key indica-
tor for identifying emerging trends.
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Results

Publication Output and Temporal Trend

After analysis, 1,201 publications met the in-
clusion criteria, including 1,040 articles and 161
reviews. The annual production of publications in
this field of study increased steadily until 2008,
and since then has grown substantially from 2009
to 144 in 2020, more than seven times the annual
production in 2008 (Figure 1A).

Distribution by Country/Region
and Institution

All publications were distributed to 94 coun-
tries/regions and 1,729 institutions (Supplementary
Table I and Supplementary Table II). China has
the highest document production with 180 copies
(14.98%), followed by the United States (151 cop-
ies, 12.57%), India (128 copies, 10.67%), Brazil (63
copies, 5.25%), and Japan (58 copies, 4.83%) (Fig-
ure 1B). We further identified the top 10 countries
with the highest number of citations, with the United
States ranking first (7,555 times), followed by China

(3,558 times), India (1,897 times), Germany (1,639
times), and England (1,468 times) (Figure 1C). All
articles were cited 28,030 times, and the H-index
was 77. After our analysis, we found that the number
of publications in the United States is not the highest
among all countries and regions. Still, citations are
the highest, nearly twice as high as second-ranked
China. At the same time, it is found that the num-
ber of publications in Germany and England is 54
and 29, but with 1,639 and 1,468 citations, indicat-
ing higher sources in these two countries. A global
visualization map was used to indicate the research
depth of each country or region in this research area,
with darker colors showing higher publication vol-
ume in that country or region (Figure 1D).

Using VOS Viewer to investigate internation-
al collaborations, we constructed a network visu-
alization map for publications on natural product
therapy for HUA research. Figure 2A shows coop-
eration among countries that have published more
than ten documents (33 of 94 papers). Countries
with higher co-occurrence rates are classified as
the same color. Countries with similar colors,
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Figure 1. Trends in the number of publications and analysis of country/regions in natural products on HUA research. A, The
annual worldwide publication output. B, The annual national publication output of the 10 most productive countries/regions.
C, The 10 most-cited countries/regions. D, Regional distribution.
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Figure 2. VOS Viewer network visualization map of country/regions and institutions involved in natural products on HUA
research. A, Collaboration analysis of countries/regions. Of the 94 countries/regions, 33 had at least 10 publications. B, Col-
laboration analysis of institutions. Of the 1,729 institutions, 37 had at least 5 publications.

which we consider more closely partnered, form
clusters. The width of the line represents the size of
the collaboration. The USA has the highest overall
link strength, which indicates that it is involved in
the most collaborations with the rest of the world
(Supplementary Table III). The ten institutions
with the most relevant research results are shown
in Table I. Leading institutions are Chinese Acad
Sci (27), King Saud Univ (20), Univ Sao Paulo (12),
and Univ Porto (11). We performed a co-authorship
analysis using the VOS Viewer to reveal potential
collaborative relationships between institutions
(Figure 2B, Supplementary Table IV).

Distribution by Journal

1,201 papers on natural products for the treat-
ment of HUA were published in 558 academic jour-
nals. This study lists the 10 most productive journals
(Figure 3A). Journal of Ethnopharmacology pub-

lished the most papers (26 publications), followed
by Molecule (25 publications), Evidence-Based
Complementary and Alternative Medicine (19 pub-
lications), Tetrahedron Letters (16 publications),
and Journal of organic chemistry (14 publications).
These are the 10 journals with the most locally cit-
ed source (Figure 3B), Journal of Agricultural and
Food Chemistry local cited source is the highest
(1,331 times), followed by Food Chemistry (1,176
times), Journal of Ethnopharmacology (884 times),
Journal of the American Chemical Society (872
times), Journal of Organic Chemistry (757 times).
The results of Web of Science categories show that
Pharmacology Pharmacy and Plant Sciences have
the highest proportions (194, 16.15%), followed by
Food Science Technology (169, 14.07%), Chemistry
Medicinal (136, 11.32%) and Biochemistry Molecu-
lar Biology (123, 10.24%) (Figure 3C, Supplemen-
tary Table V).

Table I. Top 10 productive authors and co-cited authors in natural products on HUA Research.

Rank  Author Count Rank Co-cited author Citation
1 Gasparotto Junior A 9 1 Sarker U 152
2 Oba S 7 2 Aoac 73
2 Rouphael Y 7 2 Ueda M 73
2 Sarker U 7 4 Molander GA 70
5 Calloi Palozi RA 6 5 Bubnov YN 57
5 Saito N 6 6 Denmark SE 54
5 Signor Tirloni CA 6 7 Nicolaou KC 53
5 Suwanborirux K 6 8 Wang Y 51
5 Ueda M 6 9 Singleton VL 48

10 Cho SS 5 10 Harborne JB 40
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Figure 4. VOS Viewer network visualization map of co-cited authors of the articles related to natural products on HUA re-

search. Of the 5,956 co-cited authors, 69 had at least 20 citations.

Distribution by Author

In our study, 5,986 authors contributed to all
outputs (Supplementary Table VI). Table I lists
the 10 most prolific authors. With 9 publications,
Gasparotto Junior A has the highest number of
publications, followed by Oba S (7 publications),
Rouphael Y (7 publications), and Sarker U (7
publications). Calloi Palozi RA, Saito N, Signor
Tirloni CA, Suwanborirux K, and Ueda M (6 pub-
lications) tied for fifth. Network visualization of
the cited authors is shown in Figure 4. The most
significant nodes are associated with the most
frequently cited authors, including Sarker U (152
citations), Oac A (73 citations), Ueda M (73 ci-
tations), Molander GA (70 citations), and Bubn-
ov YN (57 citations). Two of the 10 most prolific

authors (Sarker U, Ueda M) are among the most
frequently cited (Supplementary Table VII).

Analysis of Cooperative Relationship

In our research on HUA treatment with natural
products, we found that research in this field has
more cooperation in various countries and regions.
Figure 5A shows the cooperation relationship of
different countries on a global scale. The coun-
try of the corresponding author is analyzed in this
study (Figure 5B). We found that 153 of the 180
publications have authors from the same country,
and the results of the multiple country publications
analysis show that China (27 publications) and the
United States (25 publications), and other coun-
tries/regions have published more papers.
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Figure 5. Regional distribution (A), and the country of the corresponding author (B), related to natural products on HUA

research.

Analysis of Keyword Co-Occurrence
Clusters

We created a keyword co-occurrence knowl-
edge map using the VOS Viewer with 110 terms
(defined as terms with more than five occurrenc-
es). The size of the circle indicates how often the
keyword appears; the more significant the pro-
cess, the more frequently the keyword appears.
Keywords for natural product treatment HUA are
shown in Figure 6A. Figure 6B shows an overlay
visualization of keywords arranged by time. Pur-

2838

ple, blue, green, and yellow on the time course
correspond to the occurrence of keywords in the
average time from earlier years to the most recent
years. In the current research stage of HUA, “an-

tioxidant activity”, “uric acid”, and “gout” are the
main topics in this field.

Analysis of Burst Keywords

We use CiteSpace to detect emergent key-
words, identify hotspots, and research fronts over
time. Among the top 100 most cited keywords in
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Figure 6. Analysis of keywords in publications related to natural products on HUA research. A, VOS Viewer network visu-
alization map of keywords. B, VOS Viewer overlay visualization of keywords by time.

this field, we are particularly interested in those
that have exploded since 2000 (Figure 7). “pro-
tein” (burst strength of 6.28), “potassium chan-
nel” (burst strength of 6.3), etc. are the most
concerned; research results in recent years have
shown that “flavonoid” (burst strength of 4.34),
“xanthine oxidase” (burst strength of 3.73) and
“plant growth” (burst strength of 4.26) are the
critical points of the current study.

Discussion

This study identified 1,201 publications related
to natural products in HUA research through the
Web of Science Core General Information Col-
lection database from 2000 to 2021. The annual
publication output increased steadily. Referring
to the distribution of countries/regions, China
and the United States were the main driving force
with a high academic reputation in natural prod-
ucts on HUA research, which was confirmed by
the following characteristics: number of publica-
tions, number of citations, H-index value, the to-
tal and citations per publication (CPP). In recent
years, publications on natural product treatment
for HUA have increased yearly, and annual pub-
lications in China have also increased substan-
tially. Although China’s total publication volume
exceeds that of the United States, the CPP of
Chinese publications is lower. The United States
ranks first in the world in terms of total citations.
It indicates that China and the United States influ-
ence the natural product treatment of HUA. Ger-

many and England have a relatively small number
of publications, which has gradually increased
in recent years, and the total number of citations
is among the highest in the world. It reflects the
significant progress these countries have made in
this field, closely related to their strong coopera-
tion with the United States.

General Trends, Influential Countries/
Institutions/Authors, and Academic
Collaboration in Natural Product
Treatment of HUA Research

In addition, most of the top ten productive col-
leges and universities are from the United States,
which shows the solid academic influence of the
United States in this field. The Chinese Academy
of Sciences is the most productive institution in
the world. It cooperates closely with many oth-
er Chinese institutions, which shows that it has
a high academic reputation in this field in China.
At the same time, it shows that it produces more
high-quality publications and plays a crucial role
in promoting the development of the area.

1,201 papers on the treatment of HUA with
natural products were published in 558 academ-
ic journals, among the 10 most active journals,
Journal of Ethnopharmacology (26 publications),
Molecule (25 publications), Evidence-Based
Complementary and Alternative Medicine (19
publications), reflecting that they are both es-
sential information resources. In addition, most
of the literature focuses on three categories, in-
cluding pharmacology, chemopharmaceuticals,
and biochemical molecular biology, suggesting
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Top 19 Keywords with the Strongest Citation Bursts
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Figure 7. Keywords with periods of burst from 2000 onward among the top 19 burst keywords in articles related to natural

products in HUA research.

that these categories are highly recommended for
tracking knowledge of natural substances in HUA
research. Journal of Agricultural, Food Chemis-
try, Food Chemistry, and Journal of Ethnophar-
macology are the journals with the most locally
cited sources in this field, and this also shows that
researchers can focus on the information in these
journals and keep abreast of the latest research
trends in this field.

In the research of the treatment of HUA with
natural products, it is found that various countries
and regions have more cooperation, and China has
the full publications and multiple country publica-
tions. This shows that China has a strong influence
in this field and at the same time cooperates with
other countries. Most collaborations have contrib-
uted to the advancement of research in this field.

Topics Evolution and Future Outlook

Co-occurrence and burst analysis of key-
words are widely used to identify research
hotspots and predict research fronts***. This
study tracked the thematic evolution and future
outlook of natural product therapy HUA research
from multiple perspectives and various visual-
izations. The burst analysis of keywords shows
that flavonoid and xanthine oxidase are strong
burst terms in the study of this field in recent
years. Trending topics extracted from keywords
show flavonoids, xanthine oxidase, phytochemi-
cals, and antioxidant activity as the latest issues
of HUA research. Indicating that these may be
emerging topics in HUA research on natural
products, its future research frontiers may be as
follows (Figure 8):
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Figure 8. The trend topics related to natural products in HUA research.
1) HUA and flavonoids duction of uric acid from xanthine. It plays a

2)

Flavonoids are two benzene rings with pheno-
lic hydroxyl groups (A and B rings) connect-
ed through the central three carbon atoms and
have special biological activities. Research?
shows that flavonoid compounds generally
have inhibitory effects on xanthine oxidase
activity, and different flavonoids have differ-
ent inhibitory abilities on xanthine oxidase
activity. Flavonoids are the strongest, followed
by flavonols. Data analysis showed that hydro-
phobic force is the leading force for binding
flavonoids to xanthine oxidase, and the dou-
ble bond between C-2 and C-3 that maintains
the planar structure of flavonoids is the key to
inhibiting the activity of xanthine oxidase. In
addition, because xanthine oxidase contains
a molybdenum pterin active center, hydrogen
bonds are easily formed between the hydrox-
yl moieties on flavonoids C-5 and C-7 and the
active site of xanthine oxidase, and the inhibi-
tory ability of the activity of xanthine oxidase
is also vital. It can be used to prevent and treat
HUA caused by the elevated expression level
of xanthine oxidase®”*.

HUA and xanthine oxidase

Xanthine oxidase is a vital purine metabo-
lizing enzyme that converts hypoxanthine
to xanthine, which further catalyzes the pro-

3)

4)

crucial role in the pathogenesis and treatment
of HUA. Currently, the most commonly used
xanthine oxidase inhibitors are allopurinol and
febuxostat, which can reduce uric acid. The
xanthine oxidase inhibitory activity is also
widely used in screening uric acid-lowering
drugs. In-depth research on xanthine oxidase
can contribute to developing the field of natu-
ral product treatment of HUA and further pro-
mote the conversion of natural products into
new medicines to prevent and treat HUA*-#,
HUA and antioxidant activity

HUA is closely related to oxidative stress. Ox-
idative stress is the body’s imbalance of ox-
idation and anti-oxidation, resulting in acute
tissue damage or potential damage caused
by increased reactive oxygen species genera-
tion or reduced clearance. Uric acid acts as a
pro-oxidant to amplify oxidative stress dam-
age in the body. This suggests that antioxidant
activity is vital in treating HUA with natural
products and may also serve as a way to screen
urate-lowering drugs. Oxidative stress may
exist in the HUA state, and antioxidant activi-
ty is crucial in HUA treatment*-.

HUA and gout

Gout is a progressive and disabling metabolic
disease related to high blood uric acid and urate
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deposition. It has become the second-larg-
est metabolic disease in China and shows a
trend of high incidence among young people
around the world. The guideline' for the diag-
nosis and management of hyperuricemia and
gout in China refers to “subclinical gout” as
HUA with uric acid crystals without clinical
symptoms. As a result, it has broken through
the previous knowledge of joint localization
of gout. It regards urate deposition diseases
such as HUA and gouty arthritis as different
clinical stages of a disease. This shows that
HUA and gout are closely related, and HUA
is also the biochemical basis of gout***. In the
research and development of uric acid-lower-
ing drugs, their anti-inflammatory activity can
be further screened to further exert the drug’s
efficacy and protect patients’ health. To our
knowledge, this bibliometric analysis is the
first to explore natural product development
and trends in HUA.

Limitations

This study also has certain limitations. First,
the data in this study were only extracted from the
WoSCC database, as we consider this database to
be a reliable service for publications and citations.
However, it may contain fewer documents and
journals than other databases like Google Scholar
or Scopus. Second, non-English articles were ex-
cluded from the database and analysis, potentially
leading to source bias. Furthermore, we selectively
analyzed the features of the information. There-
fore, we may overlook some key points and details.

Conclusions

The number of annual publications on nat-
ural product therapy HUA research has grown
between 2000 and 2021. China has the most sig-
nificant number of publications, while the United
States is most frequently involved in international
cooperation. The Chinese Academy of Sciences
is the institution that contributes the most, taking
the lead in research cooperation. Keyword analy-
sis showed that exploring flavonoid “xanthine ox-
idase” is still a hotspot for future HUA research.
Future research direction about HUA may be re-
lated to phytochemistry, flavonoids, xanthine ox-
idase, antioxidant activity, and gout. This study
will provide valuable research references and cut-
ting-edge directions for future researchers in the
field of HUA.
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