Journal of Pain Research Dove

ORIGINAL RESEARCH

Bibliometric Analysis of Global Research on

Transient Receptor Potential Vanilloid | in the
Field of Pain

Sisi Wang®', Wen Wang?, Xiangming Ye'

I Center for Rehabilitation Medicine, Rehabilitation & Sports Medicine Research Institute of Zhejiang Province, Department of Rehabilitation Medicine,
Zhejiang Provincial People’s Hospital, Affiliated People’s Hospital, Hangzhou Medical College, Hangzhou, Zhejiang, People’s Republic of China;
2Department of Preventive Treatment Center, Quzhou Hospital of Traditional Chinese Medicine, Quzhou, Zhejiang, People’s Republic of China

Correspondence: Xiangming Ye, Department of Rehabilitation Medicine, Zhejiang Provincial People’s Hospital, | 58 Shangtang Road, Gongshu District,
Hangzhou City, Zhejiang, People’s Republic of China, Tel +86 571 87692748, Email yexmdr@hotmail.com

Background: Transient Receptor Potential Vanilloid 1 (TRPV1) is a heat-activated cation channel modulated by inflammatory
mediators, which is closely related to pain and serves as a potential analgesic target. However, the bibliometric analyses summarizing
TRPV1 in the field of pain are scarce. This study aims to summarize the current status of TRPV1 in pain and the potential research
direction.

Methods: Articles regarding TRPV1 in the pain field between 2013 and 2022 were extracted from the Web of Science core collection
database on 31 December 2022. Scientometric software (VOSviewer and CiteSpace 6.1.R6) were used to perform bibliometric
analysis. This study provided data on the trend of the annual outputs, countries/regions, institutions, journals, authors, co-cited
references and keywords.

Results: A total of 2462 publications related to TRPV1 in the field of pain were extracted from 2013 to 2022, which were written by
12,005 authors of 2304 institutions, 68 countries/regions in 686 journals, with 48,723 citations totally. The number of publications has
grown rapidly over the past 10 years. Most publications were from the USA and China; the Seoul Natl Univ was the most active
institution; Tominaga M published the most papers and Caterina MJ was the most productive co-cited author; The top-contributing

LI

journal was Pain; The most cited references was the article authored by Julius D. “Neuropathic pain”, “inflammatory pain

LIS

, “visceral
pain” and “migraine” were the most common types of pain in this field. The mechanism of TRPVI in pain was one of the main
research directions.

Conclusion: This study presented an overview of the major research directions of TRPV1 in the pain field by bibliometric methods
over the past decade. The results could reveal the research trends and the hotspots in the field and provide helpful information for
clinical treatments of pain.
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Introduction
Pain is newly defined as an unpleasant sensory and emotional experience associated with, or resembling that associated
with, actual or potential tissue damage.! According to the duration, etiology and location of pain, it can be divided into
acute and chronic pain, inflammatory and neuropathic pain, peripheral and central pain. Epidemiological researches
showed that more than 20% of adults suffer from pain globally,> which will not only induce both physically and
psychologically unbearable suffering, but also cause huge economic problems in society worldwide.®> Therefore, it is an
urgent problem to clarify the underlying mechanism of pain.

Transient receptor potential (TRP) channel is the main temperature and pain receptor in the human body.*> TRPV1,
a member of TRP channel family, is a non-selective cation channel that transmits calcium ions.® It was discovered by
David Julius, the Nobel Prize winner in physiology or medicine in 2021.” TRPV1 is mainly distributed in small and
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medium-sized nociceptive sensory neurons, which can be activated by heat and capsaicin to cause pain and is one of the
targeted analgesic mechanisms recently.®* ' Therefore, TRPV1 is of great significance in the field of pain research. Over
the past decade, a large number of articles have demonstrated that TRPV1 participates in the pain process.'''* However,
no systematic analyses of these publications have been performed. This study aims to conduct a bibliometric analysis
specifically on the relationship between TRPV1 channels and pain, in order to comprehensively explore the research
hotspots and trends in this field.

Bibliometrics is an interdisciplinary science that utilizes mathematical and statistical methods to quantitatively
analyze all knowledge carriers. Some scholars apply bibliometrics to study the research progress of TRP channels and
predict future development, but no bibliometric study has been conducted on TRPV1 in the pain field. In this study, we
performed a bibliometric analysis to systematically evaluate the studies of TRPV1 in the pain field from 2013 to 2022 by
VOSviewer and CiteSpace, comprehensively reveal the latest hot spots and trends in this field and provide reference for

clinical and scientific research in the future.'>!®

Material and Methods

Date Collection

Raw data were collected from the Science Citation Index Expanded (SCI-expanded) of the Web of Science Core
Collection (WOSCC) database on 30 Dec 2022. Search strategy was as follows: TS = (“Transient potential vanilloid
receptor 17 OR “Transient Receptor Potential Vanilloid 1”7 OR “TRPV1*” AND “Pain”). The publications time of
the literature ranged from 2013 to 2022. Only original articles and reviews included, and no restrictions on
language. After removing duplications, a total of 2462 records were retrieved, including 2096 articles and 366
reviews.

Visualized Analysis

GraphPad prism 9 was used to account the annual publication output. VOSviewer and CiteSpace software are widely
used to visualize and analyze research trends in scientific literature. In this study, all downloaded publications were
imported to VOSviewer to obtain the network visualization map (country/region, institution, author and cite-author,
journal and cited-journal, keywords). In addition, CiteSpace (6.1.R6) software was employed to obtain the network
visualization map (cited references and the citation burst of keywords), with the parameters were set as below: Time
slicing: from 2013 to 2022; Years per slice: 1 year; Selection criteria: k = 25, and pruning (minimum spanning tree,
pruning sliced networks). Other parameters were set according to the CiteSpace manual for different situations. Nodes
and links compose of visualization knowledge maps. Each node in the map represents an element. The size of node
represents the frequency of occurrence or citation. The thick lines between the nodes signify cooperation. The colors of
nodes indicate different years. In VOSviewer, the circle and label form an element, and the size of the element depends
on the degree of the node, the strength of the connection, and the amount of citation, etc. The color of the element
represents the cluster to which it belongs.

Results

General Data and Annual Output

A total of 2462 publications related to TRPV1 in the pain field from 2013 to 2022. These publications were written by
12,005 authors from 2304 institutions in 68 countries/regions, and were published in 686 journals, with 48,723
citations totally. As shown in Figure 1A—C, the number of publications has shown an upward trend over the past
decade, with the number bottoming out in 2014 and peaking at 302 in 2020. The citations of publications in 2013
increased from a total of 226 to 8853 citations in 2022 (an average of 19.79 times per year), and the numbers had
a significant increase over time. Furthermore, articles account for approximately 85% in terms of paper type
(Figure 1D), which indicating that more attention was paid to the original studies in the research of TRPV1 in the
field of pain.
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Figure | Global trend of TRPVI research in pain field. (A) Annual output from 2013 to 2022. (B) Article citations per year from 2013 to 2022. (C) Annual output and
citations from 2013 to 2022. (D) Document type of TRPVI research in pain field. Brown represents articles and White represents reviews.
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Distribution of Countries and Institutions
Geographically, all publications related to TRPV1 in the pain field in the last 10 years were distributed among 63
countries/regions. Table 1 lists the top 10 countries/regions ranked by the numbers of publications in the field. Among
them, USA had the highest output with 743 papers (30.18% of 2462 papers), followed by Peoples R China (n=479,
19.46%) and Japan (n=250, 10.15%). Considering the citations, USA (20,789) also ranked first among the countries,
followed by People’s R China (6760) and Germany (4834). Figure 2 shows the network map of countries with more than
30 publications. The three largest nodes respectively represented the USA, China and Japan for their huge number of
publications. The USA had the strongest total link strength (TLS, TLS = 459), indicating the USA had the most frequent
collaboration with other countries. And the closest cooperation was between the USA and China (TLS = 95).

A total of 2304 institutions made significant contributions in this field. The top 10 publications of institutions related
to TRPV1 in the pain field are shown in Table 2. Most of them were located in the USA (n = 6) and followed by China (n

Table | The Top 10 Countries According to Publications from 2013 to 2022

Rank Country/Region | Number of Publications | Total Citations | Total Link Strength
| USA 743 20,789 459
2 Peoples R China 479 6760 177
3 Japan 250 4374 97
4 Germany 214 4834 232
5 Brazil 142 2404 75
6 South Korea 141 2259 99
7 Italy 136 3043 135
8 England 132 3428 154
9 Canada 93 2571 97
10 Spain 70 1393 76
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Figure 2 A country cooperation map related to TRPV| research in field of pain from 2013 to 2022.

= 2). Seoul Natl Univ (Korea, 56 publications) ranked first, Duke Univ (USA, 43 publications) and Washington Univ
(USA, 40 publications) came second and third, respectively. Besides, the most citations was Duke Univ (USA, 1999
citations), followed by Harvard Med Sch (USA, 1100 citations) and Johns Hopkins Univ (USA, 1041 citations). Figure 3
shows the co-authorship network among institutions with 10 or more publications. The institutions formed four clusters

with different colors and collaboration among institutions in the same region is more active.

Authors and Co-Cited Authors

A total of 12,005 authors in the field of TRPV1 research in pain were analyzed. Table 3 shows the 10 most prolific
authors and co-cited authors in this field. As shown in the data, Tominaga M, a professor of National Institute for
Physiological Sciences in Japan, is one of the discoverers of TRPV1 (capsaicin receptor), mainly focused on the role of

TRP channels in nociception,'” "

published the largest number of papers (24 publications, 577 citations), followed by
Blumberg PM (21 publications, 221 citations) and Ferrer-Montiel A (21 publications, 402 citations). As for the co-cited
authors, Caterina MJ ranked first with 1528 co-citations, followed by Szallasi A (560 co-citations) and Tominaga M (521
co-citations). Furthermore, VOSviewer software analyzed the information regarding authors and co-cited authors, then
constructed a visual map to explore influential researchers and potential collaborators (Figure 4A and B). The 53 authors

with more than 10 publications and the 88 co-cited authors with more than 100 co-citations formed several clusters,

Table 2 The Top 10 Most Productive Institutions from 2013 to 2022

Rank Institution Number of Publications Total Citations Location
| Seoul Natl Univ 56 897 Korea
2 Duke Univ 43 1999 USA
3 Washington Univ 40 997 USA
4 Harvard Med Sch 36 1100 USA
5 Univ Fed Santa Catarina 34 591 Brazil
6 Peking Univ 33 704 China
7 Univ Pittsburgh 33 908 USA
8 Univ Maryland 32 760 USA
9 Johns Hopkins Univ 30 1041 USA
10 China Med Univ 28 386 China
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Figure 3 An institution cooperation map related to TRPVI in field of pain from 2013 to 2022.

respectively. There was minor collaboration among clusters, but authors from the same cluster cooperated relatively
closely.

Journals and Co-Cited Journals

All 2462 articles were published in a total of 686 journals. The networks shown in Figure 5 reflect the collaboration
among journals (Figure 5A) and cite-journals (Figure 5B). Table 4 shows the top 10 prolific journals and co-cited
journals. The publishing countries of these journals were mostly located in England (n=5) and the USA (n=4). Among
them, Pain (IF 2021=7.926, USA), the most authoritative journal in the field of pain, had the largest number of
publications (85) and the most citations (2435), followed by Mol Pain with 76 publications and 1379 citations (IF
2021=3.37, England), Int J Mol Sci with 72 publications and 633 citations (IF 2021=6.208, England) ranked third. A total
of 8010 journals were cited in the 2462 articles. The top 3 co-cited journals were Pain (IF 2021=7.926, 6874 co-
citations), J Neurosci (IF 2021=6.709, 6047 co-citations) and Nature (IF 2021=69.504, 4510 co-citations), respectively.

Table 3 The Top 10 Active Authors and Co-Cited Authors in Research of TRPVI in the Field of Pain from 2013 to 2022

Rank Author Publications Citations Rank Co-Cited Author Co-Citations
I Tominaga, M'71931:32 24 577 I Caterina, M)>% 1528
2 Blumberg, PM 21 221 2 Szallasi, A 560
3 Ferrer-Montiel, A 21 402 3 Tominaga, M'7~19:31:32 521
4 Lee, |83 19 208 4 Bautista, DM 420
5 Lin, YW 19 317 5 Gavva, NR 397
6 Chung, MK 18 305 6 Nilius, B 382
7 Di Marzo, V 18 352 7 Ji, RR 354
8 Ferreira, | 18 372 8 Jordt, SE 344
9 Naziroglu, M 18 731 9 Julius, D* 333
10 Reeh, PW 18 588 10 Cavanaugh, D) 246
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Figure 4 Map of productive authors and co-cited authors related to TRPV| in field of pain from 2013 to 2022. (A) Co-authorship network visualization map of authors. (B)
Co-citation network visualization map of authors.

A B oo -

clogetes  Sioorganged chem

proceedings of the national academy oficiences of the united states of america Jiestggrmatcls © anest@gology
investopleh vis st encs g
anthritigres ther . i anestiggnalg
journal of ggin research ® langet ;1 g Jdtingncol
pharmacological research . hat revgeurosdl R /4 i cephgoigia
) drugs bloshys| bioorg meghchem lett o
cirges. \ 4 . neusplos
et cogrnat cggmun @ eur | HITAcOl 5 g e . o
frontiers in moleg@lar neuroscience nature comeunications 2 ()
life Stlences 2 front molpeurosci eurred chem Pl s bidfes g
jimawnol & o o kb tHer Jallergy i imm
4
D
acta derpvenereol  * & ki headpche
. g : 2 3 pharm@olres i 3 o
mternanonalJourn*molecular sciences , brainesesich Pres oric) ol o el
S @K R o 1 -
neurogasiroentespiogy and m . eurpain
neurogastroentesplogy and morilty swe © nat @liosci ¢ O 5 neuggnem Srriies S
| asetameinign /) A e
P‘le y neurophamacology [ran— R D | bemed e .
p mole pain bd . 5 £ elfe expiigurol
rontiers inphysiology > “biol pherm bull natl Ciusa T neurophgiinacolggy .
o= < / Jreugysiol " pramscopioctemve
] . Wdhepiiy ¢ v @ e
4. 0 Jourarobliiroscienie Sovisgams o ompsey BT e
scientil 0] 2
figep . PRSI @S Z ¢ Jares
R bioorganic & medicipal chemistry letters oo 3 neul. lett @
.
Jeobsa B arepenss deiengl] med parcphemacology
journal of biolagical chemistry: B A .uwdrn ] 5
exidence-based complementary and alternative medicine o A 50 S
Jt e neu*nce i
y o fa@h] e ™) St
jourmal of desfat research prifshijournaligpharmacology e——— Johpeut ancourse_ ¢
frontiers in giarmacology . jbi‘m e Jethnopgermacol
neurogastioent ki ¥ i » !
comgeurol
o e enge,
european jgimal of pain american journal of physiology-gastrointestinal and liver physiology Ay, N an L e/
/ | physighlondo i urjphy ®
neurgggience molesules B e ghysiol Job . SrEainhy C
biochem gpph res co fmungpnarmacol
jurglogy ®
wora) asiroetero celrep © neurdgeport guceicacids res

‘european journalof pharmacology nat chem biol®

gastroenterology am  phygiolrenal

é% VOSviewer e e ®

aliment pparm ther
neuroscience letters

Figure 5 Map of journal and co-cited journal related to TRPVI in field of pain from 2013 to 2022. (A) Map of journals on TRPVI in pain field. (B) Map of co-cited journals
on TRPVI in pain field.

The co-citations of all of the listed journals were greater than 2000 and seven of the top 10 co-cited journals were top
journal in their respective field.

Co-Cited References

A total of 2462 articles were visualized and analyzed by CiteSpace. By analyzing the literature with high citation, the key
knowledge base of the field can be obtained. The top 5 co-cited references are listed in Table 5 and the network of co-
cited references is presented in Figure 6A. The most cited article is a review of TRP ion channels that can activate
sensory neurons to produce acute or persistent pain, published in 2013 by Julius,?® the Nobel laureate, with 125 citations,
indicating that the article has a greater influence and provides a theory foundation in this field. Other three co-cited
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Table 4 The Top 10 Journals and Co-Cited Journals in Research of TRPVI in the Field of Pain from 2013 to 2022

Rank Journals Publications | Citations Country IF* co-Cited Journals | Co-Citations IF¥#

| Pain 85 2435 USA 7.936 Pain 6874 7.926
2 Mol Pain 76 1379 England 3.37 ] Neurosci 6047 6.709
3 Int ] Mol Sci 72 633 USA 6.208 Nature 4510 69.504
4 Sci Rep 64 1172 England 4.996 p Natl Acad Sci USA 3692 12.779
5 Plos One 58 1329 USA 2.766 ] Biol Chem 3402 5.486
6 ] Neurosci 43 1573 USA 6.709 Br ] Pharmacol 3071 9.473
7 Br ] Pharmacol 41 1332 England 9.473 Neuron 3007 18.688
8 Neurosci 40 812 England 3.708 Neurosci 2417 3.708
9 Front Pharmacol 39 348 Switzerland 5.988 Mol Pain 2396 337

10 Eur | Pain 37 749 England 3.651 Plos One 2105 2.766

Notes: #Abbreviation for Impact Factor of 2021.

Table 5 The Top 5 Co-Cited Reference in Research of TRPVI in the Field of Pain from 2013 to 2022

Rank Citations Author Year Source Co-Cited Reference
I 125 Julius D*° 2013 Annu Rev Cell Dev | TRP Channels and Pain®
Biol
2 72 Liao MF?! 2013 Nature Structure of the TRPVI ion channel determined by electron cryo-

microscopy2I

3 71 Cao EH?? 2013 Nature TRPVI structures in distinct conformations reveal activation
mechanisms??
4 66 Vandewauw 2018 Nature A TRP channel trio mediates acute noxious heat sensing®
23
5 61 Gao Y*2 2016 Nature TRPVI structures in nanodiscs reveal mechanisms of ligand and
lipid action®?

references were all published in Nature: In 2013, Liao®' determined the structure of TRPV1 using electron cryo-
microscopy. In the same year, Cao®* suggested a dual gating mechanism and accounted the reason for rich physiological
modulation exhibited by TRPV1 and other TRP channels. In 2018, Vandewauw> found that the initiation of the acute
heat-evoked pain response in sensory nerve terminals depends on a triad of TRP ion channels: TRPM3, TRPV1, and
TRPAI.

The citation bursts of references refer to those that are frequently cited in a certain period of time. The top 25
References with the strongest citation bursts are shown in the Figure 6B. Among them, “Julius D, 2013, ANNU REV
CELL DEV BI, V29, P35572° had the highest burst strength with 29.11, followed by “Cao EH. 2013, NATURE, V504,
P113”,%% with the burst of 18.84. And the reference “Vandewauw I, 2018, NATURE, V555, P662”2* ranked third with the
burst strength of 18.38. Interestingly, the references with high burst strength were also the most frequently cited
references, indicating the great impact of these papers in the field.

Furthermore, we performed a temporal co-citation analysis (Figure 7). We found the early research in this field
primarily focused on “heat” (cluster #1), “TRPV1 antagonists” (cluster #5), and “pruritus” (cluster #6). However, these
themes were gradually replaced by new themes over time. Recently, researchers had focused on “neuropathic pain”
(cluster #0)”, indicating that “neuropathic pain” is a new hotspot and direction in the TRPV1-related pain field in recent
years. Table 6 showed the top 5 most cited papers from research on TRPV1 in neuropathic pain. Among them, the most
cited article is a research article, which confirms that TRPV1 channel is a potential detector of harmful stimuli and

. . .24
a biomarker of neuropathic pain.
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Figure 6 The analysis of cited references related to TRPV1 in field of pain from 2013 to 2022. (A) The network visualization of the publications. (B) The top 25 references
with the strongest citation bursts from 2013 to 2022. The red segment of the blue line denoted the burst duration of a reference.
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Figure 7 Timeline view of co-cited references related to TRPVI in field of pain from 2013 to 2022. The cluster with warmer color and larger nodes contained more
publications, indicating that this clustering issue was the hotspot in this field.

Analysis of Keywords

By analyzing the keywords from publications of TRPV1 in the field of pain, we can inspect the research hotspots and
predict the emerging trends during certain a period of time. 145 keywords with more than 30 occurrences were extracted
from 2462 publications. The top 20 frequency keywords are shown in Table 7 and VOSviewer generates the network
visualization map in Figure 8. The top 5 keywords were “trpv1” (605 times), “pain” (398 times), “capsaicin” (225 times),
“trpal” (145 times), “neuropathic pain” (131 times). Further analysis of the keywords shows that “neuropathic pain”,
“inflammatory pain”, “migraine”, “visceral pain” and “osteoarthritis” are the most common pain types. The mechanism
of “oxidative stress”, “substance p”, “calcitonin gene-related peptide”, “apoptosis” and “nerve growth factor” are most
frequently listed (Table 8).
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Table 6 The Top 5 Co-Cited Reference in Research of TRPVI on Neuropathic Pain

Rank | Citations Author Year Source Co-Cited Reference

| 43 Marrone MC?** 2017 Nat Commun TRPVI channels are critical brain inflammation detectors and

neuropathic pain biomarkers in mice?*

2 41 Brederson |D* 2013 Eur | Pharmacol | Targeting TRP channels for pain relief>?

3 27 Kim YH>* 2012 Neuron TRPVI in GABAergic interneurons mediates neuropathic mechanical

allodynia and disinhibition of the nociceptive circuitry in the spinal cord™

4 24 Li Y** 2015 J Neurosc The Cancer Chemotherapeutic Paclitaxel Increases Human and Rodent

Sensory Neuron Responses to TRPV| by Activation of TLR4>®

5 21 Basso L*¢ 2017 Curr Opin Transient Receptor Potential Channels in neuropathic pain®®

Pharmacol

Table 7 Top 20 Keywords in Terms of Frequency in Research of TRPVI in the Field of Pain from 2013 to 2022

Rank Keywords Frequency Rank Keywords Frequency
| Trpvl 605 I Transient receptor potential vanilloid | 54
2 Pain 398 12 Analgesia 50
3 Capsaicin 225 13 Spinal cord 47
4 Trpal 145 14 Inflammatory pain 43
5 Neuropathic pain 131 15 Itch 43
6 Inflammation 128 16 Resiniferatoxin 43
7 Nociception 118 17 Trpm8 42
8 Dorsal root ganglion 80 18 Dorsal root ganglia 41
9 Hyperalgesia 80 19 Chronic pain 40
10 Trp channels 73 20 Oxidative stress 40

Furthermore, we also constructed a network map to visualize the clusters of keywords by Citespace (Figure 9). #0
labeling the “receptor” was the largest cluster, followed by “nerve injury” (cluster #1), and “ion channel” (cluster #2).
Additionally, “postherpetic neuralgia” (cluster #3), “endocannabinoid system” (cluster #4), “irritable bowel syndrome”
(cluster #5) and “vanilloid receptor” (cluster #6) were also the main research directions. Among them, several
physiological processes including clusters #1, #3, and #5 were the research hotspot in this field since 2013.

The top 25 keywords with the strongest citation bursts from 2013 to 2022 are shown in Figure 10. Among them,
“vanilloid receptor 1”” was the first burst of keyword that began in 2013 and the most recent burst was observed in 2018,
which had a duration with 5 years. “Animal model” ranked first with a strength of 8.11. Notably, “pharmacology”,

CEINT3

“binding”, “mouse model”, “acid” and “allodynia” has burst recently and attracted widespread public attention hitherto.

Discussion

TRPV1 is an ion channel protein that is widely expressed in sensory nerve endings and plays a crucial role in sensing and
transmitting pain signals. It can be activated by various stimuli, including heat, acid, and chemicals, resulting in calcium
influx and changes in signal transduction that elicit pain responses. Moreover, TRPV1 can modulate neurotransmitter
release to affect pain transmission and modulation. Therefore, it serves as a pivotal player in the regulation of
nociception. Global trends in TRPV1 research are mainly focused on identifying novel therapeutic targets and assessing
the therapeutic potential of TRPV1 antagonists for pain management.”> >’ A comprehensive understanding of current
trends in TRPV1 research related to pain will facilitate identification of potential partners and institutions, providing
a new perspective for developing novel therapies and drugs that selectively target this receptor. We conducted this study
to systematically reveal the research trends of TRPV1 in the field of pain. To the best of our knowledge, this is the first
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Figure 8 Map of keywords related to TRPVI in field of pain from 2013 to 2022.

comprehensive bibliometric study in this field. In this study, we used biometric methods to study the papers related to
TRPVI in the pain filed between 2013 and 2022.

General Information, Countries/Regions and Institutions Analysis

The number of academic publications reflects the current pattern of TRPV1 research in the pain field, is one of the most
significant indicators of bibliometrics. A total of 2642 publications were identified in this study. Figure 1 shows that the annual
output generally maintained an increase trend in the past decade, with a linear increase in the average number of articles
citations. From 2013 to 2020, the number of publications and citations in this field increased rapidly, indicating that TRPV1 in
the pain field is widely concerned during this period. Then, the average number of publications has decreased year by year
since 2020 and the potential reason may be related to the decline in the number of milestone scientific discoveries in this
research field. Thus, more efforts should be taken to push forward further research in this field.

Research on TRPVI in the field of pain has attracted the attention of 68 countries/regions worldwide. From the
geographical distribution of countries, the USA had the largest number of publications and citations, indicating the great
interest of American researchers in the field, and the USA was the research leader among the countries. It is worth noting
that the analysis shows that the USA attaches great importance to academic cooperation with other countries, such as

Table 8 The Top 5 Pain Type and Mechanism Related to Natural Products in Cancer Research

Rank Pain Frequency Rank Mechanism Frequency
| Neuropathic pain 131 | Oxidative stress 40
2 Inflammatory pain 43 Substance p 24
3 Migraine 34 3 Calcitonin gene-related 24
peptide
Visceral pain 30 Apoptosis 22
Osteoarthritis 22 5 Nerve growth factor 22
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Figure 9 The cluster of keywords related to TRPVI in field of pain from 2013 to 2022. The cluster with warmer color and larger nodes contained more publications,
indicating that this clustering issue was the hotspot in this field.

China and Japan. China ranked second among countries in the number of publications and citations. Interestingly, the
closest cooperation was between the USA and China.

Furthermore, most of the 10 top institutions that published the most papers were from the USA, indicating that the
American scientists made a huge contribution in this field. The Seoul Natl Univ in Korea was the most productive
institution worldwide, which depended on the contribution of Lee J, the fourth most-published author, who focused on
the discovery of novel TRPV1 agonists or antagonists and exploring their potential analgesic effects.”* > In addition,
Duke Univ ranked second among the top 10 most productive institutions with the most citations and had active academic
collaboration with other institutions, which means the institution has a high academic reputation in this field and plays
vital roles in the cooperation. However, global cooperation between institutions was characterized by geography, so
efforts should be made to strengthen global cooperation to carry out higher quality academic results.

Journal and Cited Journal, Author and Cited Author, Cited-Reference Analysis
The research of TRPV1 in the pain field in the past ten years was mainly published in neuroscience and pain-related
journals. Pain (IF 2021 =7.926), is an official publication of the international association for the study of pain and
publishes original research on the nature, mechanisms and treatment of pain, ranked first both in publication journals and
co-cited journals. In addition, for the cited journals, Nature (IF 2021 =69.504) was the core citation source journals of
TRPV1 in pain research, and four articles among the top 5 co-cited references were published in Nature, indicating these
journals have an essential influence in the field.

As for author analysis, Tominaga M was the most productive author published the largest number of papers. His
articles focused on the mechanism of capsaicin receptor in pain.*'*? Caterina MJ ranked first among the top 10 co-cited

33 mainly

authors, who had published two academic articles in top journals of Nature (in 1997) and Science (in 2000),
due to his pioneering discovery that the TRPV1 can be activated by thermal stimulation and is essential in thermal
hyperalgesia. What cannot be ignored is that the corresponding author of the two articles is Nobel laureate Julius D. His
paper entitled “TRP Channels and Pain” had the highest frequency among the top 5 co-cited references and the highest
strength of bursts. The paper proved the TRP ion channels can activate sensory neurons to produce pain,”® providing
a theoretical foundation for the research of TRPV1 in the pain field. Besides, the timeline view of co-cited references
reveals that “neuropathic pain” (Cluster #0) is highlighted with the brightest color and largest nodes, containing the most
publications. This suggests that the TRPV1 pathway plays a crucial role in regulating the underlying mechanism of
neuropathic pain. In a word, these influential authors will be potential collaborators and these publications will provide
in-depth insights for the further research of TRPV1 in pain field.
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Top 25 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 2013 - 2022
sensing ion channel 2013 7.65 2013 2014
capsaicin receptor trpvl 2013 7.14 2013 2014
sodium channel 2013 6.64 2013 2015
vanilloid receptor 1 2013 5.64 2013 2013
molecular mechanism 2013 5.25 2013 2014
activated ion channel 2013 5.25 2013 2015
thermal hyperalgesia 2013 5.99 2014 2015

messenger rna 2014 5.77 2014 2016
primary sensory neuron 2013 5.42 2014 2015
nervr injury 2015 6.24 2015 2018

agonist 2015 5.52 2015 2016
phosphorylation 2015 5.21 2015 2017
mechanical hyperalgesia 2014 6.49 2016 2017
acid amide hydrolase 2016 6.05 2016 2018

target 2017 6.7 2017 2018
brain 2017 6.7 2017 2018
protein 2016 5.84 2018 2020
stimulation 2018 5.22 2018 2019

cannabinoid receptor 2016 5.13 2018 2019
animal model 2015 8.1 2019 2020
pharmacology 2019 8.02 2019 2022
binding 2019 7.26 2019 2022
mouse model 2019 6.35 2019 2022
acid 2014 7.42 2020 2022
allodynia 2020 7 2020 2022

AR

Figure 10 Top 25 keywords with the strongest citation bursts from 2013 to 2022. The red segment of the blue line denoted the burst duration of a keyword.

Keyword Analysis

Keywords can reflect a hot topic in academic field and are of great importance to researchers. In the research related to

EE N3

TRPVI in the field of pain, the high-frequency keywords included “trpv1”, “pain”, “capsaicin”, “neuropathic pain”,

EEINNT3 LR N3 G

“nociception”, “dorsal root ganglion”, “trp channels”, “spinal cord”, “inflammatory pain”, “itch”, “resiniferatoxin”, and
“oxidative stress”. Most keywords are located in the middle of the density map, which also reflects the research hotspots

LERNT3

in this field. Further analysis of keywords showed that “neuropathic pain”, “inflammatory pain” and “migraine” were the
most studied pain types, “oxidative stress”, “apoptosis”, “substance p” (SP), “calcitonin gene-related peptide” (CGRP)
and “nerve growth factor” (NGF) were the most widely studied mechanisms related to the TRPV1 in the pain field. As
illustrated by the Keywords, this field is mainly concerned with the functional effects of TRP channel by multiple
mechanisms such as “oxidative stress” and “apoptosis”, as well as regulating the expression of neuropeptides (such as SP
and CGRP), and neurotrophic factor (such as NGF), which eventually leads to the occurrence of different pathological

pains 3%
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In the cluster analysis of keywords, the research of TRPV1 in the pain field were divided into seven categories

CEINNT3

(Figure 7), describing the internal knowledge structure of certain research field, including “receptor”, “nerve injury”, “ion
channel”, “postherpetic neuralgia”, “endocannabinoid system”, “irritable bowel syndrome” and “vanilloid receptor”.
Endocannabinoids modulate a variety of fundamental physiological processes, including pain and inflammation, anxiety
and depression, etc.***' Mechanism studies have proved that endocannabinoids are the endogenous ligands of the pain-
mediating receptors - TRPV1. Various factors between the endocannabinoid system and the TRP channel, such as
bradykinin, cytokines, SP, and NGF, can strongly sensitize the sensory nerves, leading to hyperalgesia by changing the
threshold and sensitivity of the TRP channel to thermal and mechanical stimuli.***> Meanwhile, previous studies have
confirmed that the endocannabinoid system is associated with various pain, including neuropathic pain, inflammatory
pain and migraine.***® Therefore, the endocannabinoid system is considered to be a key mediator of TRPV1 in pain
regulation. Recently, several studied have implicated that the endocannabinoid system is associated with pain-depression
comorbidity.*’**® Nowadays, the comorbidity of depression and chronic pain is highly prevalent in patients. Thus, more
and more researchers have begun to pay attention to psychological problems such as depression or anxiety caused by
chronic pain. These results indicate that pain-depression comorbidity is expected to gradually become a new direction of
TRPV1 in the field of pain. In addition, postherpetic neuralgia and irritable bowel syndrome are major clinical diseases,
especially the former, which has an enormous impact on the life of patients. TRPV1 has been reported as a potential
therapeutic target of postherpetic neuralgia, for the damage of TRPV 1-positive sensory neurons and nerve terminals can

induce thermal sensory impairment and tactile allodynia,**~°

which are the main clinical symptoms of postherpetic
neuralgia.”’ And “allodynia” is one of the current burst keywords, indicating that the role of TRPV 1 in allodynia such as

postherpetic neuralgia will be the hotspot and research trend in the future.

Strength and Limitations

Generally speaking, this study is the first bibliometric to systematically analyze TRPV1 in the field of pain over the past
decade. In this review, the research hotspots and trends in this field are reviewed. In addition, various methods were used
to analyze the data and provide comprehensive and objective guidance for the field.

However, there are some limitations in our study. First, we only extracted data from the WOSCC database, which
makes our findings potentially not comprehensive. Second, some data were not standardized, which could lead to biased
results. For example, “trpv1” and “transient receiver potential vanilloid 1" are regarded as different keywords by analysis
software. In addition, research topics do not guarantee that each paper is entirely relevant to the topic, but the overall
situation and trends in the field can still be described.

Conclusion

In conclusion, the study reveals an increase in TRPV1 research in the pain field from 2013 to 2022. Our results shows
that USA is a leading contributor and main collaborating center in this area of research. Geographical location plays
a significant role in global institutional cooperation, thus efforts should be made to strengthen international collabora-
tion. Tominaga M and Caterina MJ ranked first among the top 10 most productive author and co-cited authors,
respectively. They are potential collaborators in the future. Additionally, the current focus of TRPV1 hotspots in pain
research is to explore its potential mechanisms in various types of pain, including neuropathic pain (such as
postherpetic neuralgia), inflammatory pain, visceral pain and migraine. Related mechanisms include oxidative stress,
endogenous cannabinoid system, neuropeptides (eg, SP and CGRP) and neurotrophic factors (eg, NGF). The global
trend in this field still centers on understanding the mechanism and therapeutic targets of TRPV1. In summary, this
study has provided potential collaborators, research trends and hotspots of TRPV1 in the field of pain, provides a new
perspective for finding novel analgesic targets in clinical research, and finally provides a new therapy for clinical
treatment of pain.
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