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Visual Analysis of Application and Development Trend of
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Abstract The Chinese traditional medicine, agarwood, is a commonly used medicine for regulating qi, which has many clinical applications because of its unique
curative effect. In this study, CiteSpace software was used to visually analyze the application and development trend of agarwood in the literature from CNKI website
in the period of 2007 —2022. The analysis results showed that the research on agarwood has basically formed core groups of authors, and universities and their affili-
ated hospitals are main publishing institutions. Moreover, in this study, several research directions of agarwood were also summarized, including clinical research,
chemical composition, structural identification and quality standards, showing that agarwood has rich and flexible application prospects in many aspects. On this ba-
sis, several suggestions were put forward: strengthening the cooperation between universities and research institutes and building a scientific research cooperation
community, and promoting the combination of clinical research and laboratory research.
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The Chinese traditional medicine, Agarwood, also known as
Mixiang, refers to the medicinal wood of Aquilaria sinensis, a
plant of Thymelaeaceae''' | has a good reputation of " the first of
all incense" and "gold in medicine". Agarwood has always been
valued by doctors. As a common clinical medicine, its application
history has been thousands of years. The clinical application of
Agarwood was first seen in the medical book of the Liang Dynasty
in China, Supplementary Records of Famous Physicians, and its
author Tao Hongjing listed it as a top grade in the Volume of
Wood”'. Agarwood is spicy, warm, and can promote qi circula-
tion and relieve pain, nausea and asthma. In ancient times, it was
commonly used to treat symptoms such as abdominal distension,

stomach coldness, nausea, and difficulty breathing"'.

Current Research Status of Agarwood

Modern research on agarwood can be traced back to 1955,
when Li Weipu used agarwood in combination with other medicinal
herbs to treat chronic myeloid leukemia™’, opening a chapter in
agarwood research since the founding of New China. For decades,
scholars have studied agarwood in various aspects. Before 2007,
the research direction mainly focused on clinical application, such
as observing the curative effect of agarwood preparation on diseases
and summarizing the clinical prescriptions of famous and old

Chinese medicine practitioners. Based on the therapeutic charac-
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teristics of agarwood, the therapeutic methods for diseases such as

spleen and stomach diseases” ™", hiccup'”', coronary heart dis-
ease'*’ and insomnia"’’ were put forward. Meanwhile, the physical
and chemical properties of agarwood were preliminarily explored

from the chemical point of view, and it was found that agarwood
", antibacterial activity'""! and inhibition

of central system activitym].

had antioxidant activity'"

Visualized Analysis of Scientometric Analysis of
Agarwood

In order to explore the new trend and direction of agarwood
research, we made a scientific review of the scientific literature on
agarwood in recent 15 years (2007 —2022).

Bibliometric analysis methods and information visualization
analysis were applied to study related published documents. Bib-
liometric research can evaluate the research in specific fields ob-
tained in a period of time . Information visualization analysis is
a tool for detecting and displaying the bibliometric results. It is a
good choice to employ information visualization text analysis soft-

ware to visualize bibliometric results'™.

CiteSpace is one of the
most popular knowledge mapping tools, which can present relevant
information of literature in a clear and intuitive knowledge
map'®’. All the research documents of agarwood in this study

were published by CNKI database.

CiteSpace analysis, according to different analysis parts, four as-

Based on the results of

pects were obtained: growth trend analysis, keywords and keyword
clustering analysis, author analysis and institutional analysis.
Analysis on the characteristics of annual number of published
papers

The analysis on retrieved documents for the annual number of
published papers can help understand the development status of a
certain field'".
theme of " agarwood" and a time range of 2007 — 2022. Only

Documents were retrieved from CNKI with the
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"academic journals" and " theses" were selected, while confer-
ences, newspapers, and books were ignored, and unrelated papers
were manually reviewed and deleted. In the end, 1 174 valid Chi-
nese literatures were retrieved. The analysis of the annual number
of published papers, as shown in Fig. 1, exhibited that the evolu-
tion of the annual number of published papers related to agarwood
mainly experienced three stages. The first stage was from 2007 to
2009, with a relatively low number of 42 papers per year, and the
research related to agarwood was still in the exploratory stage. The
second stage was from 2010 to 2011,
the number of published papers on agarwood, showing a compound

growth rate of 36. 4%.

heat up, and more and more scholars entered the field of agar-

with a significant increase in
The research on agarwood continued to

wood. The third stage was from 2012 to 2022, with an average an-
nual number of published papers reaching 82. 6 papers, about
twice that of the first stage. In this stage, the number of papers
published in each year was over 65, and there was a sudden in-
crease in some years. In 2017, it reached a statistical peak of 101
papers, and agarwood has gradually become one of the research
hotspots. Overall, the annual number of published papers on agar-
wood shows an upward trend, with the most significant increase
since 2010. The research on agarwood has gradually attracted the

attention of many scholars.
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Fig. 1 The number of papers published on Chinese medicine agar-
wood in CNKI from 2007 to 2022

Keyword co-occurrence analysis

Keywords are the core essence of an article. By collecting
keywords from all documents within a time slice, we can analyze
the research hotspots in this field during the period, and thus pre-

dict future research directions'™®’.

When analyzing keywords,
Fig. 2 was obtained by selecting " By Degree" for Keyword Term
Overlay Labels and setting the Threshold to "7". There were 192
nodes (N) and 225 lines (E), and the network density was
and the

frequency of keyword occurrence was proportional to the size of the

0.012 3. Each individual node represented a keyword,

node, and the lines represented the connection between keywords.
Large nodes represented their importance in the research field,
and tight connection symbolized a higher frequency of co-reference.
Keyword clustering analysis

In order to perform clustering analysis on keywords,
CiteSpace clustering function was adopted to cluster the keywords

of agarwood, and nine clusters are shown in Fig. 3. The automati-
cally generated groups were integrated, and the nine clusters were
further divided into following categories

(1) Clinical research: including the clinical application and
observation of agarwood and the research of ethnic medicine.

(2) Material extraction: including chemical component ex-
traction, structure analysis and structure identification, and com-
ponent quality standards.

(3) Structural identification; mainly involving techniques for
identifying the quality of agarwood.

(4) Quality standard; mainly related to the formulation of

prescription quality standards.
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Fig. 2 Keyword co-occurrence
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Fig. 3 Keyword clustering

General Situation Analysis of Research in the
Field of Agarwood

Based on Citespaceb. 2. R4 software and bibliometric method,
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this study made a visual analysis on the characteristics, keywords,
keyword clustering, authors and institutions of agarwood docu-
ments from 2007 to 2022.

Clinical research

Agarwood is spicy, warm, and serves as an essential medi-
cine for promoting qi circulation, which is widely used in clinical
practice. From the co-occurrence analysis of keywords, the key-
words " Tibetan medicine" , " Mongolian medicine" and " Bawel
Chenxiang Powder" could be seen. From keyword clustering, the
clustering of "#0 tibetan medicine" could be seen. On the whole,
there were not many clinical studies on agarwood from 2007 to
2022, but new treatment methods were also explored. Tibetan and
Mongolian medical scholars have made great progress in the study
of agarwood, and their research focus is clinical observation and
research on prescriptions. From the analysis of related papers, it
is known that myocardial ischemia, insomnia, spleen and stomach
diseases and stroke (and sequelae) are the diseases that have
been studied more.

Myocardial ischemia refers to a pathological state in which
the blood perfusion of the heart is reduced, which leads to the de-
crease of oxygen supply to the heart and abnormal myocardial en-
ergy metabolism, which cannot support the normal work of the
heart. In the application of myocardial ischemia, Tibetan medi-
cine scholars have made in-depth analysis of many prescriptions.
Bawei Chenxiang Powder, a Tibetan medicine, is one of the tradi-
tional Tibetan medicines (prescription; agarwood, Semen Myristi-
cae, Fructus Choerospondiatis, travertine, Olibanum, Radix
Aucklandiae, Fructus Chebulae, Gossampini Flos) ®T which was
recorded in the 1995 edition of Drug Standard of Ministry of Public
Health of the Peoples Republic of China + Tibetan Medicine. Stud-
ies have shown that Bawei Chenxiang Powder can significantly im-
prove the myocardial contraction and relaxation function of acute
myocardial ischemia ™, reduce the levels of LDH and CK caused
by isoproterenol™’ | and has a protective effect on myocardial is-
chemia caused by pituitrin ', In addition, the Tibetan prescrip-
tion, Siwei Lagencaitang Powder has been found to have protective
effect on myocardial ischemia reperfusion injury'™ | and the Ti-
betan prescription, Sanshiwuwei Chenxiang Pill has myocardial
protective function and slows down the adverse effects of myocardi-

") These two Tibetan prescriptions are

al ischemia on the body
also worthy of attention.

Insomnia is a kind of sleep disorder disease, and long-term
sleep disorder can cause serious diseases such as depression, coro-

[25]

nary heart disease and hypertension In the application of in-
somnia, aromatherapy has become a research hotspot. The aroma-
therapy of agarwood is a kind of therapy that makes agarwood vol-
atilize and absorb into human body to play its role. The aroma of
agarwood plays its role through indirect absorption through skin,
ear canal inhalation and nasal inhalation™ . The Medication
methods can be roughly divided into the methods of aroma sachet,
aroma pillow, aromatherapy and aroma bath™. At present, sci-
entific research shows that agarwood aromatherapy has anti-anxiety
and anti-depression effects™ | and its mechanism is related to
regulating the balance of multiple nerve pathways and neurotrans-

7. [30]

mitter secretion'™ . Lei et a treated 120 insomnia patients

with agarwood aromatherapy. The results showed that the total
score of PSQI decreased by about 5 points, the sleep efficiency
increased by about 15% and the sleep latency was shortened by
about 15 min, after three weeks of continuous intervention. Tibet-

1. ® made innovations on the

an medicine scholar Miemiecili et a
basis of single agarwood, and tried to treat primary insomnia by
aromatherapy using Tibetan prescription Sanyiwei Chenxiang Pow-
der, and achieved good therapeutic effects.

Stroke is an acute cerebrovascular disease caused by sudden
rupture of blood vessels in the brain or blockage of blood vessels
that prevents blood from flowing into the brain, resulting in brain
tissue damage. Its sequelae also cause great harm to the human
body. At present, there is no research focus on the application of
agarwood in stroke (and its sequelae). Scholars have explored va-
rious treatment methods. For example, according to the rules of
accumulation, development and rest based on the three causes of
Tibetan medicine, Qinglam, treated post-stroke sequelae using
Qishiwei Zhenzhu Pills in the early morning (6:00 —8:00) , Ruyi
Zhenbao Pills in the morning (8:00 —10;00), Shibawei Dujuan
Pills in the afternoon (12:00 —14:00), and Ershiwei Chenxiang
Pills in the evening (18:00 —20:00), with an effective rate of
91.4% . In addition, some scholars also used Mongolian pre-
scription Zhachong Shisanwei Pills to treat stroke' ™’ | Jiangni De-
coction to treat intractable hiccup of stroke'™’ | Huoluo Pills to
treat hemiplegia ™™’ and Xiaoshuan Zaizao Pills to treat stroke ™.

Generally speaking, the clinical research of agarwood is
mostly aimed at a certain prescription/treatment, but there is still
a lack of research on physical and chemical effects. Therefore, the
analysis of the physical and chemical effects of prescriptions/treat-
ment may be a research direction in the future.

Chemical composition

Because of the various components and complex components
of traditional herbs, the exploration of effective components of tra-
ditional Chinese medicine has always been a hot spot in the re-
search of traditional Chinese medicine'”’’. Many scholars in China
and abroad have extracted and analyzed the therapeutic factors of
agarwood , and this study selected research which is more valuable
to make a statement.

Wang et al. ™' found a series of key factors of gastric ulcer,
including quercetin, B sitosterol, 6, 7-dimethoxy-2-phenethyl-
6, 7-dimethoxy-2-[ 2-( 4-methoxyphenyl ) ethyl ]

chromone, and boldine. Feng et al. ™’ found that the extract of

chromone,

peeled stem of agarwood has protective effect on myocardial ische-
mia through p53-mediated apoptosis pathway. Cao et al. "’ found
that agarwood inhibited cyclooxygenase-1 and -2 in animal myocar-
dial tissue to play an anti-myocardial ischemia role. Li"*'" found
that key factors for treating myocardial ischemia included zingibe-
rone. Meryem et al. > found that agarwood extract (AWE) could
heal the anxiety-like behavior and disordered circadian rhythm
caused by stress in animals. Bao et al. “*J found that the anti-anx-
iety and antidepressant mechanisms of agarwood might be related
to the expression of hippocampal neurotransmitters, GluR1, and
VGIuTL. Lai et al. ™ found that agarwood extract AA could im-
prove animal depression to a certain extent. Huang'®' reported
that a series of eudesmane sesquiterpene polymers linked by
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furanone spiro could effectively resist inflammation, and
chromone-sesquiterpene heteropolymers had anti-renal fibrosis ac-
tivity. Yang et al. ** found that eight 2-( 2-phenylethyl )
chromone derivatives had anti-inflammatory activity. Pang KokLun
et al. " found that agarwood extract ALE could promote the im-
mune response of macrophages by upregulating the levels of pro-
inflammatory cytokines and the expression of COX2, which might
enhance the innate immune system’s resistance to infection. Va-
sudevan et al. "™ found that methanol agarwood seeds had a pro-
tective effect on nerves and could treat memory impairment and
neuroinflammation. Tao et al. ™’ found that agarwood sesquiterpe-
nes could affect the expression of neurotransmitters by regulating

acid ( GABA ), 5-
hydroxytryptamine (5-HT) and nitric oxide (NO) in the nervous

the expressions of + -aminobutyric
system, thus alleviating oral ulcers. Thi et al. "' found that the
leaves and stems of agarwood had the characteristics of significant-
ly inhibiting Staphylococcus aureus.

It is worth mentioning that studies have shown that agarwood
also has therapeutic effects on cancer™'. Nahar et al. ™' found
that agarwood extract had a protective effect on lung cancer. Dah-
ham et al. " found that agarwood essential oil had anti-pancreatic
cancer effect. Nurhanan et al. ™' found that agarwood extract
mangiferin had anti-cancer effects. Antonio et al. ' reported that
agarwood fructan had a protective effect on animal colon cancer.
Zainurin et al. and Hye Young Park et al. ™~ found that the es-
sential oil of agarwood leaves and the alcohol extract of agarwood
had therapeutic effects on breast cancer.

Network pharmacology is a discipline that uses bioinformatics
and network analysis methods to analyze biological systems, com-
prehensively elucidate drug action mechanisms, and design multi-

target drug molecules™

. Molecular docking technique is a meth-
od of drug design that utilizes the characteristics of receptors and
the interaction between receptors and drug molecules™ . Com-
bined with the analysis of papers, it is found that the application
of network pharmacology and molecular docking technique in the
research of chemical constituents of agarwood is very rich, and
many papers are based on them. Meanwhile, it is also found that
most of the research on chemical constituents of agarwood is to ex-
plore and extract therapeutic factors of agarwood. Related research
has made gratifying progress, but it only stays in the laboratory re-
search stage, and has not yet formed clinical treatment plans
through the research results. It may be a future research direction
to construct clinical treatment schemes using the results of chemi-
cal composition research.
Structural identification

Structural identification is mainly about the identification of
the quality of agarwood. Fingerprint is a relatively new quality i-
dentification method of agarwood. Fingerprints refer to chromato-
grams or spectrograms that are obtained from certain complex sub-
stances, such as traditional Chinese medicine, and DNA and pro-
teins of certain organisms or tissues or cells, after appropriate pro-
cessing, using certain analytical methods and can indicate their

chemical characteristics'®’. The fingerprint of high-quality agar-
wood can be established based on the content of specific compo-

nents in it, and the fingerprint of low-quality agarwood is different

from that of high-quality agarwood, so the quality of agarwood can
be effectively evaluated and high-quality agarwood can be identi-
fied. Gao et al. ' used gas chromatography-mass spectrometry
combined with chemometrics to construct reliable standards inclu-
ding the correlation coefficient of GC-MS fingerprint of natural
laminwood and 22 metabolic markers of natural and artificial
laminwood, and found that the chemical composition of artificial
agarwood obtained by comprehensive excitation method ( formic
acid + fungal inoculation) was closer to that of natural agarwood
than that obtained by chemical excitation method (formic acid) ,
which provides important reference for the quality identification of
agarwood and the selection of medicinal agarwood varieties. Wu
et al. "' constructed a new method of digital chromatography-mass
spectrometry fingerprint of agarwood by using HPLC-Q-TOF-MS
technique. Agarwood was extracted with ethanol, and determined
by HPLC-Q-TOF-MS, and the HPLC-Q-TOF-MS and liquid chro-
matography-ultraviolet data were collected at the same time, and
the chromatogram of liquid chromatography-ultraviolet detection
(HPLC-UV) and the total ion chromatogram of high-resolution
time-of-flight mass spectrometry ( TOF-MS) were obtained. Each
chromatographic peak in the chromatogram was identified by accu-
rate mass number, and a digital fingerprint was established, and
unique digital information was given for each chromatographic
peak. Further, its chemical composition was reflected in a digital
form, and the molecular formula was calculated according to the
accurate mass and isotope to identify the chemical composition.
Tan et al. "’ identified the quality of agarwood by using hydrogen
nuclear magnetic resonance mode, and established the 1H-NMR
fingerprint of agarwood, and used a decision-making tree model
(AdaBoost-DT) optimized by cluster analysis (HCA), principal
component analysis (PCA) , partial least squares discriminant a-
nalysis (PLS-DA) , decision tree (DT) in machine learning iden-
tification and adaptive boosting iterative algorithm AdaBoost to
perform data analysis and performance comparison.

To sum up, structural identification, especially fingerprint,
is still a research hotspot in the field of agarwood because there are
a lot of potential technical innovations to be tapped.

Quality standards

The evaluation of the quality of agarwood preparations is also
one of the hot spots. Due to the lack of evaluation methods for a
specific preparation, scholars have explored this, in order to im-
prove the quality standards. For example, Zhang et al. " applied
thin-layer chromatography (TLC) to identify agarwood, patchouli
and Radix Aucklandiae in a preparation qualitatively, and used
high-performance liquid chromatography (HPLC) to identify agar-
otetrol in the preparation quantitatively, and an evaluation method
of Chenxiang Huaqi Capsules was constructed. The quality stand-
ards of some famous agarwood preparations are being explored,

such as Xiaoer Zhenbei Powder'®', Tanchuan Banxia Gran-

ules'®’ | Chenxiang Huazhi Pills"”" | Quanlu Pills'® | Gongliuxi-
ao Capsules[m , Tibetan medicine Jiebai Pills ( Capsules) 7 and
Mongolian medicine Shaosha-7 Pills”" .

To sum up, because there are many prescriptions of tradition-
al Chinese medicine, the components are complex, and a large

number of prescriptions of traditional Chinese medicine lack
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specific quality standards, it is still a research hotspot in the field
of agarwood to predict quality standards in the future.
Conclusions

Based on bibliometrics, in this study, we searched CNKI
Chinese literature and summarized the research progress of Chi-
nese medicine agarwood from 2007 to 2022. The number of papers
published by agarwood is generally on the rise. Since 2011, the
number of papers published by agarwood has remained above 65,
which indicates that the research of agarwood has developed rapid-
ly in the past decade. From the visual analysis, the cooperation
between scholars is relatively close, and the embryonic form of

core author groups has been formed. The keywords '

" aquilaria
sinensis" , " chemical constituents" and " data mining" had a
higher frequency. The keyword co-occurrence clustering analysis
showed that the research on agarwood focused on four aspects:
clinical research, chemical composition, structural identification,
and quality standards.

On this basis, the research hotspots in clinical research,
chemical composition, structural identification and quality stand-
ards were reviewed separately. (1) Myocardial ischemia, insom-
nia, and stroke are hot topics in agarwood disease research. Eth-
nic medicine, especially Tibetan and Mongolian medicine, has
rich research on the clinical application of agarwood. (2) In terms
of chemical research, a considerable number of therapeutic factors
have been discovered, greatly enriching the gap in the chemical
composition of agarwood, and most of them are based on network
pharmacology and the molecular docking technique. (3) Finger-
print has become a widely studied and emerging quality identifica-
tion method for agarwood, and it will still be a hot research topic
in the future. (4) Research scholars have made progress in explo-
ring the construction of quality standards for agarwood prescrip-
tions. Due to the lack of specific quality standards for a large
number of traditional Chinese medicine prescriptions, it is expec-
ted that quality standards will continue to be a research hotspot in
the agarwood field in the future.

Meanwhile, through the review of traditional Chinese medi-
cine agarwood, two problems were summarized. (1) The main
force of agarwood publications is universities (and their affiliated
hospitals) , and the number of paper published by research institu-
tes is significantly lower than that of universities, and the coopera-
tion between research institutes and universities is not close
enough. As an important link in the construction of national indus-
try-university-research system, promoting the cooperation between
research institutes and universities is conducive to promoting sci-
entific research and technological development. Therefore, future
research should consider strengthening the cooperation between re-
search institutes and universities and building a scientific research
collaboration community. (2) In clinical research, many pre-
scriptions of traditional Chinese medicine, including Tibetan med-
icine, Mongolian medicine and some therapies, have been stud-
ied, but the mechanism of action has not been deeply analyzed. In
terms of chemical composition, new therapeutic characteristics of
agarwood have been found, but they have not been used in clinic.

Therefore, promoting the combination of clinical research and

laboratory research is the direction that may be considered in the
future.

References

[1] WANG J, MEI QX. On Li Shizhen’s research and application of agarwood
and its modern value[ J]. Lishizhen Medicine and Materia Medica Re-
search, 2021, 32(5) . 1242 - 1248. (iin Chinese).

[2] BAIFP, JIN RN, TANG S, et al. Research and development of chemical
constituents and application of Chinese medicine agarwood[ J]. Chinese
Wild Plant Resources, 2022, 41(12): 61 =66. (in Chinese).

[3] DONG MY, YANG ZY, MA Z, et al. Research progress on chemical
constituents and pharmacological effects of domestic agarwood[ J]. Shan-
dong Journal of Traditional Chinese Medicine, 2020, 39(2) ; 189 —194.
(in Chinese).

[4] LI WM. Discussion on the case of chronic myeloid leukemia[ J]. Jiangxi
Journal of Traditional Chinese Medicine, 1955(7): 50 —=56. (in Chi-
nese).

[5] ZHU YD, WU ZT, QIN XH. Qin Bowei’s experience in treating epigas-
tric pain[ J]. Shanghai Journal of Traditional Chinese Medicine, 1983
(10) : 17. (in Chinese).

[6] CHEN SS, GUAN C. Treatment of 103 cases of stomach pain with Chenx-
iang Zhitong Powder[ J]. Jilin Journal of Traditional Chinese Medicine,
2001(6) : 37. (in Chinese).

[7] SONG RQ. Intractable hiccup[ J]. Shandong Journal of Traditional Chi-
nese Medicine, 1997(2): 28. (in Chinese).

[8] LU ZH, DING N. Clinical observation on 120 cases of coronary heart dis-
ease treated with Kangfuyin[ J]. Qingdao Medical Journal, 1999 (4) .
299. (in Chinese).

[9] ZHAO PH. Treatment of 50 Cases of Insomnia with Jiayi Guizang Decoc-
tion[ J]. Shaanxi Journal of Traditional Chinese Medicine, 1986 (8):
366. (in Chinese).

[10] RAJAMANICKAM S, RAMASAMY K, KS A | et al. Protective effects

of ethanolic neem leaf extract on DMBA-induced genotoxicity and oxida-

tive stress in mice [ J ]. Journal of herbal pharmacotherapy, 2005, 5

(4) .39 -50.

BEN-EFRAIM S, YARDEN A. Comments on the activity of some con-

stitutents of Withania somnifera Dun. 1. The antibacterial activity of five

[11

[

nitrogen-free substances isolated from the leaves. [ J]. Antibiotics &
chemotherapy (Northfield, Il1. ), 1962 12.

[12] LIU Q, WANG DH, LI C, et al. Synthesis and CNS activities of o-aga-
rofuran derivatives[ J]. Chinese Journal of Medicinal Chemistry, 2003
(3):8-13. (in Chinese).

[13] JIANG Y, RITCHIE BW, BENCKENDORFF P. Bibliometric visualisa-
tion: An application in tourism crisis and disaster management research
[J]. Curr. Issues Tour. , 2019(22): 1925 —1957.

[14] XIAO F, LI C, SUN J, et al. Knowledge domain and emerging trends in
organic photovoltaic technology: A scientometric review based on
CiteSpace analysis[ J]. Front. Chem. , 2017(5): 67 —67.

[15] YING P, LI F, JIA D, et al. Layer-by-Layer Self-Assembly Coating for
Multi-Functionalized Fabrics: A Scientometric Analysis in CiteSpace
(2005 -2021)[J]. Molecules, 2022, 27(19) ; 6767 —6767.

[16] CHEN CM. Searching for intellectual turning points: Progressive knowl-
edge domain visualization [ J ]. Proc. Natl. Acad. Sci. USA, 2004
(101) ; 5303 -5310.

[17] GENG YQ, ZHANG NG, ZHU R]. Research progress analysis of sus-
tainable smart grid based on CiteSpace|[ J .
2023 48.

[18] SUN L, WEI X, WANG K, et al. Research trends from 1992 to 2022 of
acupuncture anesthesia; A bibliometric analysis[ J]. Front Med ( Lau-
sanne). 2023 Jun 8; 10 1194005.

[19] MA CX. Effect of serum containing Bawei Chenxiang Powder on inflam-

Energy Strategy Reviews,

matory reaction of myocardial cells injured by hypoxia/reoxygenation



Ruitian ZHANG et al. Visual Analysis of Application and Development Trend of Agarwood Based on CiteSpace 41

[D]. Xining: Qinghai University, 2023. (in Chinese).

[20] ZOU HJ. Research progress of Tibetan medicine Bawei Chenxiang Pow-
der[J]. Chinese Journal of Ethnomedicine and Ethnopharmacy, 2014,
23(11): 6. (in Chinese).

[21] LI YF, YANG M, KOU YY, et al. Cardioprotective effects of Ba-

weichenxiang Powder on myocardial injury induced by isoproterenol in

rats[ J]. Pharmacology and Clinics of Chinese Materia Medica, 2008,

24(2): 63 -65. (in Chinese).

CHEN H, YANG M, LI YF, et al. The effect of alcohol-extract from

Baweichenxiang Powder on electrocardiogram and morphology change of

[22

[

rats with experimental myocardial ischemia[ J]. Shaanxi Journal of Tra-
ditional Chinese Medicine, 2010, 31(3) : 365 =367. (in Chinese).

[23] BAO SL. Protective effect of Tibetan medicine Siwei Lagencaitang Pow-
der on rats with myocardial ischemia-reperfusion injury[ D]. Xining:
Qinghai University, 2016. (in Chinese).

[24] WANG SY. Clinical effect of Tibetan medicine Sanshiwuwei Chenxiang
Pills on coronary heart disease[ J]. Journal of Medicine & Pharmacy of
Chinese Minorities, 2022, 28(2) :18 —19. (in Chinese).

[25] Research Group on TCM Clinical Guidelines of Insomnia Research
Group, China Academy of Chinese Medical Sciences. TCM clinical
guidelines of insomnia research group ( WHO/WPO) ( WHO/WPO )
[J]. World Journal of Sleep Medicine, 2016 (1) : 8 —25. (in Chi-
nese) .

[26] CHEN H, JIN Y. Clinical application of aromatherapy in traditional
Chinese medicine[ J]. Hubei Journal of Traditional Chinese Medicine,
2013, 35(2): 42 -43. (in Chinese).

[27] ZHENG JY, SUI H, MA MY, et al. Research progress of TCM aroma-
therapy in the treatment of insomnia[ J]. China’s Naturopathy, 2023, 31
(2): 121 =125. (iin Chinese).

[28] DONG MY, DU HT, LI XL, et al. Discovery of biomarkers and poten-
tial mechanisms of agarwood incense smoke intervention by untargeted
metabolomics and network pharmacology[ J]. Drug design, development
and therapy, 2022(16) ; 265 —278.

[29] WU YL, GONG B, LIU YY, et al. Sleep-promoting effect and mecha-

nism of agarwood powder incense inhalation[ J/OL]. Modern Chinese

Medicine; 1 -8 [2023 =08 -22]. https://doi. org/10. 13313/j. issn.

1673-4890.20220328002. (in Chinese).

LEI L, ZHANG T, GAO D, et al. The clinical effect of aromatherapy of

best agarwood production in patients with insomnia[ J]. Journal of Apo-

plexy and Nervous Diseases, 2019, 36(7) : 609 —612. (in Chinese).

MIEMIECILI, LIAO ZZ, YAO XW, et al. The effective medical record

that the treatment of primary insomnia with " Thirty-one Flavor Agarwood

[30

[

[31

[

Powder" [ J]. Chinese Journal of Ethnomedicine and Ethnopharmacy,
2022, 31(23): 90 -91. (in Chinese).

[32] QINGLAMU. Clinical observation on 108 cases of apoplexy sequelae

[

treated by Tibetan medicine[ J]. Chinese Journal of Ethnomedicine and

Ethnopharmacy, 2013, 22(4) : 8. (in Chinese).

LI YC, BAI YL. Brief introduction of Mongolian medicine Zhachong

Shisanwei Pills in whitevein disease caused by stroke paralysis [ J ].

Journal of Medicine & Pharmacy of Chinese Minorities, 2005(6): 1,

29. (in Chinese).

[34] CAO YL, HAN ZC. Treatment of 36 cases of intractable hiccup after
stroke with Jiangni Decoction[ J]. Shaanxi Journal of Traditional Chi-
nese Medicine, 2000(9) : 400. (in Chinese).

[35] CHEN R. Analysis of clinical application of Huoluo Pills[ J]. Chinese
Community Doctors, 2012, 28(13) ; 12. (in Chinese).

[36] CHEN R. Analysis of clinical application of Xiaoshuan Zaizao Pills[ J].
Chinese Community Doctors, 2011, 27(40) : 13. (in Chinese).

[37] ZENG ZL, TONG L, LIU SH, et al. Hotspots and trends of Ophiopogo-
nis Radix based on CiteSpace knowledge map[J]. China Journal of Chi-
nese Materia Medica, 2021, (24): 6549 —6557. (in Chinese).

[38] WANG PC, XIE YY, LI N, et al. To explore the mechanism of

[33

[

agarwood in treating gastric ulcer based on network pharmacology and
molecular docking technique [ J]. Traditional Chinese Drug Research
and Clinical Pharmacology, 2022, 33 (12): 1673 - 1683. (in Chi-
nese) .

FENG X, ZHANG R, LI J, et al. Syringa pinnatifolia Hemsl. fraction
protects against myocardial ischemic injury by targeting the p53-media-
ted apoptosis pathway[ J]. Phytomedicine, 2018(52) ; 136 —146.

CAO Y, WANG J, SU G, et al. Anti-myocardial ischemia effect of Sy-
ringa pinnatifolia Hemsl. by inhibiting expression of cyclooxygenase-1

[39

[

[40

[

and -2 in myocardial tissues of mice[ J]. Journal of Ethnopharmacology,
2016(187) ; 259 —268.

LI JJ. Study on the anti-myocardial ischemia effect of kaempferone, a

[41

[

characteristic component of Syringa pinnatifolia Hemsl. [ D]. Beijing:
Beijing University of Chinese Medicine, 2020. (in Chinese).
[42] MERYEM K, AKGil HC, ALPER B, et al. The anxiolytic and circadi-
an regulatory effect of agarwood water extract and its effects on the next
generation; zebrafish modelling. [ J]. Comparative biochemistry and
physiology[ J]. Toxicology & Pharmacology: CBP, 2023(269) : 109621
—-109621.
GONG B, WANG CH, WU YL, et al. Anxiolytic and antidepressant

effects of agarwood inhalation and its mechanism[ J]. Zhongguo Zhong

(43

[

yao za zhi = Zhongguo zhongyao zazhi = China journal of Chinese ma-
teria medica, 2023, 48(4) . 1023 - 1031.

[44] LAI YF, HUA LP, YANG JL, et al. The effect of Chinese agarwood es-
sential oil with cyclodextrin inclusion against PCPA-induced insomnia
rats[ J ]. Molecules, 2023, 28(2) : 635 - 635.

[45] HUANG XL. Study on chemical constituents and biological activities of
Blumea balsamifera and agarwood[ D]. Lanzhou: Lanzhou University,
2022. (in Chinese).

[46] YANG ZH, FANG HB, TAO CT, et al. Eight new 2-(2-phenylethyl )
chromone derivatives from agarwood of Aquilaria sinensis with anti-in-
flammatory activity. [ J]. Fitoterapia, 2023 (169) ; 105564 —105564.

[47] KOKLUN P, KOKYONG C, IMA SN. Immunomodulatory effects of

agarwood leaf extract on RAW264.7 murine macrophages. [ J]. Endo-

crine, metabolic & immune disorders drug targets, 2023, 23(7).

VASUDEVAN M, MINHAJUL A, KUMAR DD, et al. Neuroprotective

effect of methanolic ajwa seed extract on lipopolysaccharide-induced

[48

[

memory dysfunction and neuroinflammation: In vivo, molecular docking
and dynamics studies[ J]. Plants, 2023, 12(4) : 934 -934.

[49] TAO YS, FU KJ, DIWAS S, et al. Analgesic potential of sesquiterpenes
derived from agarwood in recurrent aphthous ulcer[ J]. Pharmaceutical
Science and Technology, 2022, 6(2).

[50] THI YV, DIEN D, MINH DT, et al. The antimicrobial activity and es-
sential oil constituents of the leaves and trunks of Aquilaria banaensis P.
H.H ( Thymelaeceae ) from Vietnam [ J]. Natural product research,
2023. 1 -9.

[51] HAS-YUN ZYH, ABBAS P, AMID A. Screening of anticancer activity
from agarwood essential oil[ J]. Pharmacognosy research, 2014, 6(3) :
191 - 194.

[52] NAHAR J, BOOPATHI V, RUPA JE, et al. Protective effects of Aqui-

laria agallocha and Aquilaria malaccensis edible plant extracts against

lung cancer, inflammation, and oxidative Stress: In silico and in vitro

study[J]. Applied Sciences, 2023, 13(10).

DAHHAM SS, TABANA MY, HASSAN AEL, et al. In vitro antimeta-

static activity of agarwood (Aquilaria crassna) essential oils against pan-

creatic cancer cells[ J]. Alexandria Journal of Medicine, 2016, 52(2) :

141 - 150.

NURHANAN M, AZAH NM, ZUNOLIZA A, et al. In vitro anticancer

activity and high-performance liquid chromatography profiles of aquilaria

[53

[

—
9
>

i

subintegra fruit and seed extracts[ J]. Journal of Tropical Forest Sci-
ence, 2017, 29(2) : 208 -214.
[55] DAVILA-CESPEDES, ANTONIO, JUAREZ-FLORES, et al. Protective



42

Agricultural Biotechnology

2024

effect of Agave sahniana Fructans in azoxymethane-induced colon cancer
in wistar rats[ J]. Natural product communications, 2014, 9(10) ; 1503
- 1506.

ZAINURIN AAN, HASHIM YHZY, AZMIN MFN, et al. Agarwood leaf
essential oil characterization and effects on MCF-7 breast cancer cells

[56]

[J]. International Journal on Advanced Science, Engineering and Infor-
mation Technology, 2018, 8(4 —2) . 1604 —1609.

[57] PARK YH, &8l ¥, LEE HJ, et al. Anticancer effect of agarwood (Ag-
uilaria crassna) on human breast cancer in vitro using immunoflores-
cence (IF) assay[J]. Bt A4 2S5l =2, 2021, 28
(1).

[58] FALAH ALSHEHRI FAEZ, ALZAHRANI FUAD M, ALKHOSHAIBAN
ABDULAZIZ, et al.

mechanism of Saudi Arabian flora against epilepsy based on data min-

Exploring the multi-gene regulatory molecular

ing, network pharmacology and docking analysis[ J]. Saudi Pharmaceu-
tical Journal, 2023, 31(9) . 101732.

[59] HARIRAM S, DEVENDER P. Unveiling the anti-convulsant potential of
novel series of 1,2 ,4-triazine-6h-indolo[ 2,3-b ] quinoline derivatives: In
silico molecular docking, ADMET, DFT, and molecular dynamics ex-
ploration[ J]. Current computer-aided drug design, 2023.

[60] ALGHAMDI SAAD, BAEISSA HANADI M, AZHAR KAMAL MO-

HAMMAD, et al. Unveiling the multitargeted potency of Sodium Dansh-

ensu against cervical cancer; A multitargeted docking-based, structural

fingerprinting and molecular dynamics simulation study[ J]. Journal of

biomolecular structure & dynamics, 2023, 11 —13.

GAO XX, XIE MR, LIU SF, et al. Chromatographic fingerprint analy-

sis of metabolites in natural and artificial agarwood using gas chromatog-

[61

[

raphy-mass spectrometry combined with chemometric methods[ J]. Jour-
nal of Chromatography. B, Analytical Technologies in the Biomedical
and Life Sciences, 2014 (967) . 264 —273.

[62] WU HQ, HUANG F, HUANG XL, et al. Research on digital

Editor: Yingzhi GUANG

0@00S00S00S00S00S00S00S00SO0SO0S00S0

( Continued from page 35)
strengthening and promoting agriculture" , and to cultivate a large
number of high-quality talents for promoting rural revitalization.
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