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Abstract
anti-inflammatory and cardiovascular protection. It has important therapeutic effects and health benefits for various chronic diseases. This study aimed to analyze the
studies on E. brevicornu Maxim from 2003 to 2022 with bibliometric analysis. [ Methods | Publications related to E. brevicornu Maxim was retrieved in Web of Sci-
ence Core Collection (WoSCC) from January 1, 2003 to November 19, 2022, and analyzed in Microsoft Excle, CiteSpace, and VOSviewer. [ Results] In total,

1 317 documents were extracted from the WoSCC database. The growth rate of the publications showed a rapid increase from 2017. China provided the most docu-

[ Objectives | Epimedium brevicornu Maxim is a well-known plant having the concomitant function of both medicine and foodstuff with the bioactivity of

ments, and Chinese Academy of Medical Sciences, Fudan University and Chinese Academy of Sciences contributed more papers. Wang Ying from Chinese Academy
of Sciences was the most productive author, and the Journal of Ethnopharmacology was the most co-cited journal. The words "icariin" , "activation" , "oxidative
stress" , "apoptosis" , " proliferation" , " osteogenic differentiation" and " flavonoid" were frequently occurred in the abstract and title of articles. Cluster analysis of
keywords demonstrated "hippocampal neuron" , "efficient production" , "liquid extraction" , "bone regeneration" and "leukemia cell growth" were the hot topics
from 2003 to 2022. The focus of the research has changed from the liquid extraction of flavonoids to the inflammatory response and metabolism, while cognitive defi-

cit has emerged as a recent research hotspot. [ Conclusions ] The research on E. brevicornu Maxim has been expanding, and more studies are related to signaling

pathways and metabolism diseases.
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Epimedium brevicornu Maxim has been used as a kind of me-
dicinal and edible material over 2000 years in China'''. With the
development of new technology, more and more active components
of E. brevicornu Maxim were detected, and the extracts of this ge-
nus has shown activity on many diseases such as atherosclero-
sis””!, and are effective in regulating bone metabolism in osteopo-

61 alleviating asthma'*’ | and resisting viruses'’.

rosis

Bibliometrics analysis provides an objective assessment of the
literatures in quality and quantity with mathematical and statistical
methods™®’.
and individual studies makes the trends and hotspots in specific

Additionally, the fre-

quencies of keywords appearing in the included articles in recent

This comprehensive analysis of the academic groups
field clearly and easy to understanding!”.

years reflect the future trends in particular field®' .

Citespace is a document visualization analysis software,
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which is suitable for bibliometrics analysis and data visualization,
and could make a visual analysis on scientific studies in our inter-
esting field and uncover the hotspots and directions of the re-
search’” "’ VOSviewer was developed by Van Eck and Waltman
from Leiden University for mapping bibliolmetric analysis re-
sults'™. This software could construct visual network by relation-
ship among the included data. Citespace and VOSviewer are effec-
tive methods for evaluating the authors, countries, journals, cita-
tions and institutions of the studies and facilitate comprehension a-
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'. The research on E. brevicornu Maxim has been in-
creasing rapidly recent years. However, this type of bibliometric
study is absent. To fill the research gap, Citespace and VOSview-
er were employed to conduct on analysis study based on the Web

of Science Core Collection ( WoSCC).

Materials and Methods
Search strategy

Literature was obtained from the Web of Science Core Collec-
tion (WOSCC). The search formula was Topic = (" Epimedium
brevicornu Maxim" OR " Epimedium sagittatum Maxim" OR " Epi-
medium pubescens Maxim" OR " Epimedium koreanum Nakai"
OR "icariin" ). The results of searching were confined by lan-
guage (English), publication year from January 1, 2003 to No-
vember 19, 2022. 1 513 records were identified ( Fig. 1) and
1 317 records were included for biblimetric analysis by Citespace

(V6.1 R4) and VOSviewer (version 1.6.18). The records were
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manually input into Microsoft Excel 2017 for graphical analysis on
the numbers of published paper each year (Fig. 2) .
Data analysis

All included records were saved as plain text formation, in-
cluding authors, titles, abstracts, keywords and cited references.
And then, CiteSpace was employed to detect and visualize the au-
thor, countries/regions and institutions collaboration, keywords
co-occurrence, cluster and burst, co-cited references, and citation
burst. The time span was set as 2003 — 2022, and 1 year per
slice. Network pruning was based on the preliminary analysis re-
sults to choose Pathfinder Network ( PFNET).

used to identify the institution cooperation among different clusters

VOSviewer was

and authors’ relationships in the studies of E. brevicornu Maxim

and visualization map of co-citation journals.

Web of Science Core Collection, Topic = ("Epimedium
brevicornu Maxim" OR " Epimedium sagittatum Maxim
" OR " Epimedium pubescens Maxim" OR " Epimedi
koreanum Nakai" OR "icariin"”

Excluded publications:

Article; Early Access (n=9)
Article: Proceedings Paper (1=3)
Atrticle; retracted publication (n=2)
Correction (n=10)

Correction; early access (n=1)
Editorial material (n=4)

Letter (n=3)

Meeting abstract (1=55)
Proceeding paper (n=9)
Retraction (n=6)

Review (n=94)

Total publications (=1 513)

| Retained publications Articles (n=1 317) |

Bibliometric analysis (Citespace, VOSviewer and
Microsoft Office Excle 2017)

Fig. 1

Flowchart for the publications selection included in this
study

Results and Analysis
Publication trends and output

Literature related to E. brevicornu Maxim generally showed
an upward trend in the past 20 years, and reflected the develop-
ment profile of E. brevicornu Maxim (Fig. 2). Publications about
E. brevicornu Maxim general started from 2003, and increased
slowly before 2011, but after then, a rapid growth appeared from
2012 to 2015, especially after 2016,
reached in 2022, with 170 articles.

and the highest value was
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Fig. 2 Number of publications annually related to E. brevicornu

Maxim (2003 —2022)

Analysis on collaboration among institutions

A total of 403 institutions were included, and the institutions
with more than 10 documents were represented in Fig. 3A. The
cooperation clusters were mapped in Fig. 3B, with the size of
nodes meaning the number of documents of each institution. The
top 25 institutions were represented in Fig. 4. Peking University
started the E. brevicornu Maxim studies earlier than others, but
the documents decreased after 2012. Tianjin Medical University,
Wenzhou Medical University, King Abdulaziz University, Zunyi
Medical University, Guangzhou University of Chinese Medicine
and Nanjing Forestry University have more contributions in recent
years. Chinese Academy of Medical Sciences, Fudan University,
Peking Union Medical College and Chinese Academy of Sciences
have more contact with other institutions.
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Fig. 3 A visual map of institutions associated with E. brevicornu
Maxim generated by Citesapce (A) and VOSviewer (B)

In Fig. 3A, the nodes represent institutions; lines connecting
the nodes reflect the collaboration network ; and each color repre-
sent different year (2003 —2022),

gray to red. The thickness of lines between the nodes represent the

and the color changes from

strength of their cooperation, and thicker lines mean closer and
more cooperation. In the Fig. 3B, bigger nodes represent more
cooperation with other institutions, and different colors mean clus-
ter of an intimate relationship.
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Top 25 Institutions with the Strongest Citation Bursts

Institutions Year Strength Begin End 2003 - 2022
Peking Univ 2003 6.49 2003 2012
Zhejiang Univ 2004 5.52 2004 2008
Chinese Univ Hong Kong 2004 5.05 2004 2012
Shenyang Pharmaceut Univ 2005 6.48 2005 2011
Nanjing Univ 2005 4.23 2005 2010
Natl Yang Ming Univ 2006 3.45 2006 2010
Chinese Acad Med Sci 2006 3.25 2006 2010
Peking Union Med Coll 2007 3.21 2008 2009
Zunyi Med Coll 2005 3.84 2010 2014
Fudan Univ 2004 4.97 2011 2015
Jiangsu Prov Acad Chinese Med 2008 5.52 2012 2017
Dalian Med Univ 2012 3.59 2012 2015 . e—
Tongji Univ 2013 4.01 2013 2019 ——
Shandong Univ 2014 4.57 2014 2016 ——
Wuhan Univ 2015 3.23 2015 2019 ——
Zunyi Med Univ 2015 5.99 2016 2022 ——
Jinan Univ 2010 4.48 2016 2018 —— s
Guangzhou Univ Chinese Med 2016 3.41 2016 2022 e ——
Beijing Univ Chinese Med 2006 3.3 2016 2018
Huazhong Univ Sci & Technol 2012 7.39 2017 2020 ———
Ningbo Univ 2017 3.52 2017 2019 P
Tianjin Med Univ 2019 4.77 2019 2022 [RE—
Wenzhou Med Univ 2017 4.67 2020 2022 ———
King Abdulaziz Univ 2020 3.74 2020 2022 —
Nanjing Forestry Univ 2020 3.49 2020 2022 —

Fig. 4 Top 25 institutions with the strongest citation bursts

Analysis of countries/regions

As presented in Fig. 5, a total of 59 countries were included
(supplementary Table 2). China provided the most documents,
and Japan, USA, Australia, Saudi Arabia and Iran were the top 5

countries with the strongest citation.
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Colors of lines mean different years, from gray to red (2003 —2022) ; and

the thickness of lines represents the cooperation strength between each

other.

Fig. 5 Visualization map of the countries/regions collaboration in-
volved in E. brevicornu Maxim research

Analysis of authors

From 2003 to 2022, the authors who published literature re-
lated to E. brevicornu Maxim are listed in Fig. 6. As shown in
Fig. 6A, Wang Ying from Chinese Academy of Sciences is the
most productive author with 24 articles, followed by Dong
Jingcheng from Fudan University with 20 publications as of No-
vember 19, 2022. Other authors with more than 10 publications
include Shi Jingshan (14 papers) from Zunyi Medical University,
Jia Xiaobin (14 papers) from China Pharmaceutical University,
Zhang Feng (11 papers) from Zunyi Medical University, Wu

Jinfeng (11 papers) from Fudan University, Sun E (10 papers)
from Nanjing Medical University. In Fig. 6B, the relationships a-
mong authors are clustered by different colors, with the node size
representing the cooperation degree. Fig. 7 shows the top 14 au-
thors with the strongest citation bursts. Liu ZQ had the most cita-
tions from 2003 to 2006, while Zhang Feng shows more citation re-
cords in recent years.

In Fig. 6A, bigger font of name means more documents, and
colors of lines mean different years. In Fig. 6B, bigger nodes re-
present more documents, and different colors mean cluster of
cooperation.
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Fig. 6 Inter-author collaborative map conducted by CiteSpace (A,
threshold =5) and VOSviewer (B)

Top 14 Authors with the Strongest Citation Bursts

Authors Year Strength Begin End 2003 - 2022
Liu, ZQ 2003 4.35 2003 2006
Lou, YJ 2004 3.25 2004 2005

Wu, Jinfeng 2011 5.37 2011 2014
Dong, Jingcheng 2011 3.38 2011 2016
Sun, E 2012 5.2 2012 2014
Zhou, Feng 2012 3.11 2012 2014
Wang, Ying 2008 6.69 2013 2015
Huang, Wenjun 2013 3.21 2013 2015
Shi, Jingshan 2016 4.38 2016 2020

il

Zhang, Li 2016 3.88 2016 2017
Yang, Li 2016 3.83 2016 2018
Gong, Qihai 2016 3.06 2016 2019
Li, Mei 2017 3.51 2017 2019
Zhang, Feng 2015 3.62 2018 2020
Fig. 7 Top 14 authors with the strongest citation generated by

CiteSpace
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Analysis of journals

The distribution of academic journals related to E. brevicornu
Maxim studies is illustrated by a dual-map overlay of journals™™' in
Fig. 8A. Citing journals are in the green frame on the left, and the
cited journals are in the red frame on the right side. Each node in
the map represents a journal. The length of each ellipsoid indicates
the number of authors in each journal, and the width of the ellipsoid
corresponds to the number of papers published in each journal. As
displayed in the map, two colored primary citation pathways reveal
that E. brevicornu Maxim studies published in the molecular, biolo-
gy, environmental , toxicology, nutritional and genetic fields are ci-
ted by researches published in biology and immunology journals.
And the journal of ethnopharmacology (875 citations), European
journal of pharmacology (825 citations), phytomedicine (853 cita-
tions) , journal of biology chemistry (616 citations) and Plos one
(713 citations) have more cited records (Fig. 9). Fig. 8B lists the
top 25 cited journals with strongest citation bursts. Journal of Chro-
matography A had the most strength in early E. brevicornu Maxim
research from 2003 to 2006, and the journal of front in pharmacology

bursts in recently studies.

Top 25 Cited Journals with the Strongest Citation Bursts

B Cited Journals Year Streagth Begin End 2003 - 2022
J CHROMATOGR A 2003 2968 2003 2013
ARZNEIMITTELFORSCH 2003 1666 2003 2012
J CHROMATOGR SCT 003 987 2003 2015
PHYTOCHEMISTRY 004 3321 2004 2013
PROG DRUG RES 004 2543 2004 2013
PLANTA MED W08 B! 2008 DN r—
ZHONGGUO ZHONGYAO ZAZHI 2000 1896 2008 01—
ASIAN J ANDROL W05 1416 2005 015 —
PHARM PEOPL REP CHIN W05 1305 2005 201 m—
CHINA J CHIN MAT MED W05 988 2005 01 e—
J PHARMACEUT BIOMED 005 232007 00—
PHARMAZIE 2005 19.59 2007 2013 —
PHARMACOL BIOCHEM BE 000 165 2007 2016 e
UROLOGY 000 1533 2007 2016 —————
FEBS LETT 2008 1081 2008 2016 e —
e} F 40 CHINA JOURNAL OF CHINESE MATERIA MEDICA 2008 1032 2008 2013 —
BRAIN RES W07 984 2008 2016 e ———
PHYTOMEDICINE 006 1226 2009 2014 ————
CHINESE MED J-PEKING 2003 1073 2009 2016
BIOCHEM BIOPH RES CO 006 1028 2009 2012 e
SCIENCE 2000 1295 2010 2015 —
JSEX MED 2012 945 2012 2015 —
J PHARM PHARMACOL W07 948 2013 2016 e —
FRONT PHARMACOL 017 2673 2020 2022 —
AGING-US 200 1018 2020 2022 —

A Dual-map overlay of journals related to E. brevicornu Maxim studies, in
which citing journals are located on the left, and journals appear on the
right, and colored paths represent the citation relationship; B: Top 25 cited
journals with the strongest citation bursts from 2003 to 2022 year.

Fig. 8 Distribution of academic journals related to E. brevicornu
Maxim studies
Analysis of cited references and reference bursts
The authors and related references cited more than 20 times are
listed in Fig. 10A, and the top 25 references with the strongest cita-
tion bursts are shown in Fig. 10B. The paper authored by Li CR
et al. "™ is the most highly cited. The paper summarized the

literatures related to the pharmacological effects of icariin, such as

osteoprotective effect’® | neuroprotective effect'”’, cardiovascular

protective effect'® ™" | anti-cancer effect'”

effect'”
[26]

, anti-inflammation
immunoprotective effect™ and reproductive func-
tion"™". And it also discussed the pharmacokinetic properties of bio-
active ingredients in Herba Epimedii. The second most cited paper
is "The effect of icariin on bone metabolism and its potential clinical
application" by Wang Z et al. published in 20187’ The review
provides a comprehensive survey of icariin on its structure and func-
tion, effect on bone metabolism™®" | and potential for clinical appli-
cation. The included previous studies in this paper demonstrate that
icariin promotes bone formation by stimulating osteogenic differenti-

ation of BMSCs ( bone

cells) ™~ | while inhibiting osteoclastogenic differentiation™" and

marrow-derived mesenchymal —stem

the bone resorption activity of osteoclasts™ . The third most cited
article, "The genus E. brevicornu Maxim; An ethnopharmacological
and phytochemical review" by Ma HP et al. published in 20117
summarized the ethnopharmacology, the biological activities and the
correlated chemical compounds of E. brevicornu Maxim species, as
well as the anti-osteoporosis, immunological function modulation,
anti-oxidation and anti-tumor, anti-aging, anti-atherosclerosis and

anti-depressant activities in pharmacological actions.
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Each node represents one journal, and the size of nodes represents the fre-
quencies of citations.
Fig. 9 Visualization map of co-citation journals devoted to
E. brevicornu Maxim studies conducted by VOSviewer

Analysis of research hotspots and frontier

Keywords co-occurrence and cluster analysis map was conduc-
ted by CiteSpace (Fig. 11A). A total of 571 keywords were extrac-
ted, with the the top 10 being " icariin" (273), " expression"
(262), "in vitro" (206), "cell" (160), "differentiation" (154),
"activation" (126), "oxidative stress" (123), "apoptosis" (118),
" proliferation" (117), "osteogenic differentiation" (117) and "fla-
vonoid" (101). These keywords reflect the topic of studies related
to E. brevicornu Maxim focused on the compounds such as icariin
and flavonoid, and the research models were cellar and in viiro. Re-
lated mechanisms involved differentiation, apoptosis and oxidative

stress in the formation of bone. Cluster analysis based on the
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statistical method of classifying data revealed the research distribu-
tion on particular subjects™'. Fig. 11A displays the top 10 clus-
ters, namely, cluster O (hippocamal neruon) , cluster 1 (efficient
production) , cluster 2 (liquid extraction), cluster 3 ( gene ex-
pression) , cluster 4 (osteogenic differentiation) , cluster 5 (em-
bryonic stem cell ), cluster 6 ( bone regeneration), cluster 7
(12r3-myb transcription factor), cluster 8 ( mesenchymal stem
cell ) and cluster 9 (leukaemia cell growth) from 2003 to 2022.
The keywords busts could detect the sudden increase in frequency
within a short period, and reflect the research hotspots and trend
at that time, and the top 25 keywords with the strongest citation
bursts are listed in Fig. 11B.
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B Top 25 Keywords with the Strongest Citation Bursts

Mok K (2010)
Zhang X (2014) Zhao ) (2008)
wagiLol  MaNp@oL) TMPDQOID e o1y
Lal YX (2018) UGWQR014) CaoH(@2012) Nian H (2009)
Wu YQ (2015) Chung BH (2008)
A umaas e LuB) 2010) 590 1G (2013) Meng FH (2005)
Indran IR (2016) A3 ) Wu H 2003)
Zhai YK (2014) Py h ’S‘W&"?”
Wang Z (2018) .
. Zhang DW (2008)
Wel QS (2016) v Vo Shen P (2007)
Tan HL (2016) 2 2
Tang YB (2015) X g b
He €Y (2020), 2B
Hsieh TP (2011)
LuB@OIS)
Chen WF (2017)  Zhang L (2014) -
— Xiong DQ 2016)  Angelonl C 2019) wang GQ (2018) M9 LG (2013)
fang) @017y, enR@OIS i o1e) Ma HP (2011)
Song YHQ016) Jin ) 2019) LiCR (2015)  rany o1ty
L1-Shitany NA 20195, cx (2016) Hsieh TP (2010)
Chen Y) (2016) Zhou JM (2011)
H Xu €Q (2010)
Coting
B Top 25 References with the Strongest Citation Bursts
Retervaces Yeur Strongth Begla End 2000 3022
Wa N, 2000, FROG DRUG RES, Veo, PI 2008 1294 2004 008

Meng I 2008, PHYTOMEDICINE,

1954 207 210
1258 207 211
107 2007 2012
1044 2007 2010

VA2, P19, DOL 10,1016/ phymed 2004 03,007, DO )
06
007
008
Zaang DW, 2008, PYTOMEDICINE, V1S, P55, DOI 10,1016 phymod 2007 04,002, DO 8 995 e 1)
207
008
2009
008

L 10, 2006, ) CHROMATOGR A, V110Y, 344, DOL 10,1046 cheoena 2008, 11 036, DOL
Shen P!, 2007, PHYTOCHEMGSTRY, VS, P1445, DO 101016/ physochem 07,0300, DOL
Wing YK, 2005, FHARMACOL RES, VS2. P14, DOT 10,1016/ phes. 2008.02.023, DOL

Haang ), 2007, LIFE SC1, V¥1, PX2, DOL 10,1016/ M 2007.07.015, DOY 1038 200 2012

Jin 1, 2019, EUR J PHARMACOL, VI42, P20, DOI 10,1016/ jphar 2018.10.006, DO W 956 My N2
E3-Shitany NA. 2019, BIOMED FHARMACOTHER, V120, PO, DOL 10.1016) Nopha 2019.109%67, DO{ 2019 984 2020 2022

——
Cheng 1. 008, BOCHEM BIOPH RES €O, V26, I4OI, DOF 10,1016 bhee 308.09.001, DO 1108 2009 1) -——
Nian M, 2009, PHYTOMEDICINE, V16, 120, DOF 10,1016 phymed 008.12.006, DO 1517 0 14 —

Zaan . 2008, BIOCHEM BOPH KES €0, V349, P44 DOI 10.1014) bbes 208.02.084, DO 19 M0 ) Pu—

X CQ, 2910, EUR § PHARMACOL, V642, P146, DOL 10,1016 ejphar 2010.08.012, DY EU TS TR ———
Musch TP, 2010, PHYTOMEDICINE, V17, NI4, DOL 101006 phymed 2009 08 007, DO{ nmo 156 201 018 —.

Ma HP, 2011, 1 ETHNOPHARMACOL, VI3, PS19. DOE 10 1016/) jep 2011 01 001, DOS o 09 22 i JP—
Heeh TP, 2011, PIYTOMEDICINE, VI8, P176, DOL 10,1046 phymed. 201004003, DO{ EITNTE S TP —

Mok SK. 2000, BRIT J PHARMACOL, V159, P99, DO 101111 1765181 2009 00993 x. DOL nmo 1500 2 o8 —

Ma P, 911, J CELL BIOCHEM, V112, F916, DO 10.1002)ch 2307, DO{ TR TN e —
Lis 0, 2011, BRAIN RES, V1375, P99, DOF 10,1016/ esowes 2010.12.083. DOL M 1008 M2 W6 a—

Ming LG, 2013, 1 CELL PHYSIOL, V228, PS13, DOK 10.10025p 24158, DOY WY 997 0y W8 e
Song LG. 013, EUR J PHARMACOL, V714, P13, DO 10,1016 ejphar 2011.08.039. DO WIS 1542 M8 18 A
Zhai YK. 2014, BONE, V6, P189, DOL 10,1016 hose 2014 06,016, DOL 21298 08 209 e
L4 CR. 2018, LIFE SC1, V126, PS7, DOL 10,1016 15 2015.01 006, DO WS N2 W6 2N ——
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A Network visualization of co-cited authors and references in each year;

B: Top 25 references with the strongest citation.

Fig. 10 Visualization network of co-cited authors and references
regarding E. brevicornu Maxim

The keywords timeline picture in Fig. 12 illustrates the evo-

=

lution of high-frequency keywords. As shown in Fig. 12, the
hotspots in the studies of E. brevicornu Maxim changed in each
cluster from 2003 to 2022 year. In the beginning of 2003, studies
on E. brevicornu Maxim focused on the liquid extraction of fla-
vonoid, bone regeneration, antioxidant and apoptosis in vitro ex-
periments. Then, the study hotspots developed to the field of in-
flammatory response, signaling pathway and stem cell. Metabolism
and cognitive deficit have grained significant attention in recent
research.

Keywords Year Strength Begin End 2003 - 2022

nitric oxide 2003 463 2003 2014

sparation 2003 4.11 2003 2010

chromatography 2004 587 2004 2013

capillary zone clectrophocesis 2004 372 2004 2009

flavonol glycoside 2005 £.37 2008 2012

glycoside 2005 453 2005 2009

™ 2008 443 2005 2014

extract 2006 £24 2006 2015

herba epimedii 2007 7.35 2007 2013

cell 2008 4.1 2007 2010

embryoaic stem cell 2008 4.31 2008 2015 s
extraction 2009 481 2000 2011 R —
performance liquid chromatography 2009 367 2009 2015 S ——
disease 2012 385 2002 2017 —_—
peoe 2013 461 2013 2015 e
mxe 2000 437 20014 2018 e —
dysfunction 2009 429 2004 2016 — s
marrow stromal cell 2012 697 2016 2018 S —
stroeal cell 2017 441 2007 2019 L
regencration 2013 392 2017 2020 ——
pathogencsis 2017 39 2007 2018 ——
protect 2009 4587 2018 2020 —— —
metabolism 2017 438 2008 2022 ——
osteoarthriti 2019 373 2009 202 PR
system 013 369 2009 2022 ——

A Visualization map of keywords cluster generated by CiteSpace; B: Top

25 keywords with the strongest citation.

Fig. 11 Analysis of keywords in studies related to E. brevicornu
Maxim
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Fig. 12 Timeline visualization of keywords clusters
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Discussion

In this research, we obtained 1 513 papers on E. brevicornu
Maxim from 2003 to 2022 based on the web of science core data-
base, and screened manually. Visualization analysis were conduc-
ted by CiteSpace 6. 1. R4 and VOSviewer (version 1.6.18). Pub-
lication distributions, author cooperation, cited references and re-
search trends were evaluated. Hotspots were identified by keyword
co-occurrence analysis in each period and demonstrated the evolu-
tionary path of E. brevicornu Maxim studies in recently.
General information

In 2003, only four articles focused on E. brevicornu Maxim,
and the main studies were related to the method of separated and
determined the flavonoids in E. brevicornu Maxim'™ ™ | and oth-
er biological activity of icariin, such as mechanism of therapeutic

%7 And the papers in-

action of icariin on erectile dysfunction
creased slowly before 2011, and the year 2012 was a turning point
for this research field, when more and more researchers focused on
the E. brevicornu Maxim, leading to a rapid upward trend. The
number of publications reached 122 in 2017, and the largest num-
ber of 170 appeared in 2022.

According to the authors’ analysis, the researcher of Wang
Ying from Chinese Academy of Sciences ( Wuhan Botanical Gar-
den) made the most contributions with 24 papers, followed by
Dong Jingcheng from Fudan University ( Huashan Hospital ) with
20 published articles. Notablely, Wang Ying’s work includes the
development of an ultrasonic-assisted extraction method for epime-
din A/B/C and icariin from Herba Epidmedii™ ' | the investi-
gation on the compatibility of calcinated antler cancellous bone

scaffolds with icariin™*’

[41-42]

, the flavonoid biosynthesis and regula-

[43]

tion and the bioactive components ™" in E. brevicornu Max-

im, the discovery of R2ZR3-MYB transcription factors regulating
the flavonoid pathway **' , and isolation of the genes encoding fla-
vonoid 3’-hydroxylase (F3’H) and flavonoid 3’, 5’-hydroxylase

45-47]

(F3°5°H) involved in the flavonoid biosynthetic pathway' ,

[48] [49]

the flavonoid absorption and metabolism ™" in osteoporosis rats

and zebrafish model ™’ | and intestinal absorption mechanism"" .
Genetic and environmental variations contribute to the Chemotypic

[52]

and genetic diversity in Epimedium sagittatum ™. The research

on E. brevicornu Maxim populations found significant concentra-

. . . . . . 53
tion variations in main flavonoids™>"

The medicinal component
variation in a specific local geographic accession of E. sagittatum
was found in Luotian county of Hubei Province ( China) which had
a much higher content of total flavonoids and polysaccharides™’.
Icariin have benefits in osteoporosis patients through regulating the
balance of the EphB4/Ephrin-B2 pathway"™* | 12 polymorphic mi-

S
", and the genome

crosatellite loci were developed for epimedium"
composition and structure of the E. sagittatum genome were dem-
[56]
onstrated ™ .
Dong’s studies focused on the bioactivity of icariin, such as
neuroprotective effects by against the apoptosis through blockade of

p38 MAPK phosphorylation™’, anti-inflammatory, anti-tumor

effects by inhibited the activity of STAT3 and AKT through down-
regulate the expression of IL-10, IL-6, SI00A8/9 and TNF-« in

) . [58-59
vitro and vivo" ]

Icariin significantly inhibits social defeat-
induced increases of corticosterone and IL-6 levels'”" and anti-de-
pressant-like effects by restoring the negative feedback regulation
of the hypothalamic-pituitary-adrenal axis'®’, and attenuated the
airway hyperreponsiveness and chronic airway inflammatory chan-
ges in murine asthma model* >’ through regulate the response of
Th17/Treg balance'®" | anti-cancer effects through cell cycle regu-
lation , apoptosis[m , angiogenesis and metastasis via JAK2-
STAT3, MAPK-ERK and PI3K-AKT-mTOR signaling path-
ways ™| and icariin also displayed the anti-inflammatory
effects'®’ by inhibiting inducible NO synthase and cyclooxygenase-
2 protein expression“)ﬂ , prevent excessive corticosterone induced
cell death via activation of PI3-K/ATK pathway ' | and anti-neu-
roinflammatory effects via suppressing HUGB1-RAGE and TLR4-
XBPI1S related NF-kB signaling pathways'” ) Icaritin could at-
tenuate cigarette smoke-induced inflammation, airway remodel-
ling'®’ and oxidative stress by quenching reactive oxygen species
(ROS) and up-regulated glutathione ( GSH) through PI3K-AKT-

70 - Lo
71 anti-inflammation in monocytes

Nif2-dependent mechanism
via the CD14/TLR4 signaling pathway'”". The icariin quality and
quantity were identified in Bu-Shen-Yi-Qi-Fang, a traditional Chi-
nese formula used for asthma' ™ | which protected the lung injury
by enhanced the expression of glucocorticoid receptor o ( GRav)
and inhibited the expression of NF-kB p65, c-Jun, Stat3, IL-6,
and TNF-a in acute lung injury model of mice'”’.

China is the most productive country (1 255 articles), and
followed by South Korea (83), USA (75), India (30) and Aus-
tralia (23). Among the top 10 countries/regions, China also has
the most cooperative relationships with others, and the highest
centrality (0.93) also suggest that Chinese researchers have sig-
nificant impact in this field and a widely cooperation with others.
Chinese academic of science has the most published products
(70), and Peking university has the highest centrality (0.24) as
demonstrated that more cooperation with other institutions. Three
journals, namely, The European Journal of Pharmacology, PHY-
TO medicine and Journal of Ethnopharmcology, have the most ci-
ted counts, over 500 respectively, implying a significant role in
this study field.

Hotspots and frontiers

Keywords burst detection reflects the hotspots of the resear-
ches in an particular field. The keyword cluster analysis reveals
the knowledge structure, and timeline maping illustrates the evolu-
tion of new hotspots. These information are also the most valuable

in the bibliometric analysis' ™

. According to the visualization of
keywords-cluster analysis (Fig. 11 A), the top 10 cluster " #1
hippocampal neuron" , "#2 liquid extraction" , "#3 gene expres-
sion", " #4 osteogenic differentiation" , " #5 embryonic stem
cell", "#6 bone regeneration" , "#7 12r3-myb transcription fac-

"

tor" , "#8 mesenchymal stem cell" , "#9 leukaemia cell growth"
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mainly constructed the knowledge structure.

The studies related to E. brevicornu Maxim based on the
numbers of publications could be divided into three period: the
beginning phase (2003 — 2011), acceleration phase (2012 -
2016) and rapid development phase (2017 —2022). During the
first period, "extract" , "flavonoid" , "model" , "cell", "expres-
sion" , "activation" , " growth" , "absorption" and "in vitro" were
the mainly rising keywords, and reflected that the research were
associated with the compounds of E. brevicornu Maxim and the
preliminary effectiveness of them. In the acceleration period
(2012 -2016) , the articles published every year raised from 60 to
120, and the keywords covered " signaling pathway" , " injury" , "
system" , "inflammatory response" , "stem cell" , "in vivo" , "in-
hibitor" , " protein" , "nf kappa b" , "mouse model" , demonstra-
ting that the research trends are changing to the bioactivity of the
compounds. From 2017 to now, the studies of E. brevicornu Max-
im focused on the " cognitive deficit" , " metabolism" , " contrib-

ute" , " osteoarthriti" , " system" and so on, and studies on the

relationship between E. brevicornu Maxim and diseases are becom-
ing new hotspots.

As shown in Fig. 11B, "nitric oxide (NO)" was the most
hot study area from 2003, and related articles decreased from
2014, mainly including osteogenic activity related to NO signal
pathway and PI3K/AKT pathway ™ | therapy of ulcerative coli-

tis ', protects murine chondrocytes from inflammation re-

sponse’ ", neroprotective effects””®’ | protection against duck virus

hepatitis by antioxidant properties' ™ and so on. In the following

"

several years, more studies focused on the " extraction" of

[80]

E. brevicornu Maxim' ™" , such as the contents of "flavonol glyco-

side"™  the method of " performance liquid chromatogra-

phy" ™) "and from 2012, the attention of scientists moved to
pharmacological effects and pharmacokinetic properties of E. brev-
icornu Maxim in some diseases, such as endothelial cell " dysfunc-

84-85 . 86 -87]
(848 regeneration " . , " marrow stromal

[88] n [89-91]

"

tion and bone

" osteoarthriti

cell" and "metabolism" ™" in
Limitations

In this bibliometric analysis, CiteSpace and VOSviewer were
both applied to simultaneously survey the hotspots and cutting-
edge metabolomics in the field of E. brevicornu Maxim. However,
limitations should be explained. First, research data were collect-
ed from a single source, and the WOSCC database, some studies
published in non-SCI journals or other database were excluded,
and only English articles were included which might lead to source
bias. Second, literature related to this field is updating continu-
ously and dynamically, and some rapid updating hot topics and re-
search frontiers in E. brevicornu Maxim might have been missed.
These limitations may slightly impact the analysis results but are

unlikely to change the main trends in this paper.

Conclusions

Our study provide a bibliometric analysis for understanding

the research topics, hotspots, and development trends in
E. brevicornu Maxim. Literature information of different coun-
tries, institutions, authors, and journals were evaluated in
this study. The study of E. brevicornu Maxim began to get atten-
tion in 2003 and focused on compound extraction, and then ex-
plored to pharmacological and related diseases treatment. Our
study provides mainly information about E. brevicornu Maxim, and
current research hotspots showed that flavonol analog benefits in
marrow stromal cell may be a potential therapeutic method in

osteoarthritis.
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ensures optimal emergence, and light irrigation is carried out if
needed. Precision supplementary seeding is implemented when
emergence rate is not high enough.

(2) Weed control. Weeding should be conducted on sunny
days between mid-November and mid-December.

(3) Fostering strong seedlings. Strong seedlings are indica-
ted by robust stems, six leaves with one central leaf, and 5 -7
secondary roots.

(4) Winter irrigation. Watering should be carried out in a
manner of spray or micro-spray irrigation from late November to
early April.

(5) Frost prevention. Fertilizers and water are applied in
early spring to mitigate frost damage and promote recovery.
Spring management

(1) Green-up stage. The growth of wheat seedlings should
be closely monitored, and light irrigation is adopted to improve
cold tolerance accordingly.

(2) Jointing to flowering stage. It is necessary to ensure ade-
quate nutrition and water, so as to strengthen stalks and increase
spike number.

(3) Flowering to grain-filling stage. Root and leaf health
should be maintained to avoid early senescence and promote grain
filling.
Harvesting ~ Wheat harvesting typically commences in early
June , though regional climatic variations and varietal-specific mat-
uration periods dictate precise scheduling. Mechanized harvesting
systems enhance operational efficiency while reducing field losses,
but they necessitate rigorous post-harvest protocols where immedi-
ate drying becomes critical to inhibit mycotoxin formation and pre-

serve germination viability.

Conclusions
Wheat quality and yield significantly influence China’s agri-
Advanced

cultural development. cultivation techniques and
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efficient management practices are necessary for high-quality
yields. Adopting techniques adapting to local conditions and effec-
tively managing the field are key to successfully cultivating the
wheat variety New Century 999 and enhancing disease control

measures.
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