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Editorial on the Research Topic
Application of plant secondary metabolites to pain neuromodulation,
volume I

Pain is an uncomfortable condition that is clinically associated with many diseases
such as cancer/tumor, metabolic disorders such as diabetes, neurological diseases such as
epilepsy and chronic infectious diseases, and functional disorders (Li et al., 2019; Yang,
2019; Singla et al., 2021a; Singla et al., 2021b). The neuromodulation approach has used
electrical interfaces to modulate neuronal activity and has proven effective in treating
various neurological disorders, including chronic pain (James et al., 2018). It has been
adopted and accepted as an alternative techniques because of high attrition rates, costs as
well as regulatory conditions in case of pharmacological agents (James et al., 2018). But in
order to ascertain the aesthetic and appropriate usage of neurostimulation technique,
organizations like “The International Neuromodulation Society (INS)” have framed the
practice guidelines (Deer et al.,, 2014a; Deer et al, 2014b). Even for the cancer pain
management, “The Indian Society for Study of Pain (ISSP)” have also prepared guidelines
to cover palliative care aspects (Thota et al., 2020). As an alternative to both the synthetic
pharmacological agents as well as neurostimulaory techniques, natural products have had
alot of translational potential to reach the bedside (Singla et al., 2021b; Dangar and Patel,
2021; Swarnkar et al., 2021; Rauf et al., 2022). Infact, nature has gifted us with lot of such
type of molecules like capsaicin, resinferatoxin, morphine, lipoxin A4, cannabidiol, etc
that have a strong potential in pain alleviation (Jin et al., 2020; Singla et al., 2020; Singla
et al., 2021b). Nanotechnological approaches further augment the pharmacological
properties of the therapeutic agents (Yetisgin et al., 2020; Annaso et al., 2022). Mishra
and the team have discussed the clinical translational potential of gold nanoparticles as an
effective neuromedicines (Mishra et al., 2022). This Research Topic was thus planned to
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cover various aspects related to the plant metabolites for pain
neuromodulation to gather further insights in this direction.

Bone cancer pain is unique in that it shares salient
characteristics of neuropathic, nociceptive, and inflammatory
pain (de Clauser et al, 2020). Metformin is a semi-synthetic
analogue of the natural product present there in Galega officinalis
L. (Hardie, 2022). Qian et al. in their research article entitled
“Metformin Attenuates Bone Cancer Pain by Reducing
TRPV1 and ASIC3 Expression” studied the effects of
metformin in bone cancer pain model of rats and compared
with the results of capsazepine, a “transient receptor potential
cation channel subfamily V member 1 (TRPV1)” inhibitor and
amiloride, an “Acid-sensitive ion channel 3 (ASIC3)” antagonist.
They have observed that metformin has a capability to increase
the paw withdraw threshold, as well as able to reduce
TRPV1 expression in L4-6 dorsal root ganglions (DRG) and
L4-6 spinal dorsal horn (SDH), while reducing expression of
ASIC3 in L4-6 SDH. This suggested the potential of metformin in
alleviating bone cancer pain.

Chinese herbal medicine like Reynoutria multiflora Thunb
(Polygonum multiflorum Thunb.) is well known for multiple
therapeutic properties like Cerebral Ischemic Reperfusion Injury
(Huang P. et al, 2022), neurodegenerative diseases, and
inflammation (Feng and Bounda, 2015). It is officially listed in
Chinese Pharmacopoeeia and popularly known as “He shou wu”
in China Mainland (Feng and Bounda, 2015; Li et al., 2017). Bai
et al. in their research article entitled “Transformation of Stilbene
Glucosides From Reynoutria multiflora During Processing”
studied the transformation of stilbene glucosides and observed
the changes bewteen raw from and the processed form. They
have developed a simple and effective protocol using UHPLC-Q-
Exactive plus orbitrap MS/MS. They have also observed that the
number of transformed compounds are processing time
dependent too.

Neuropathic pain and neuroinflammation are often linked with
the nerve injuries like scientic nerve injury (Myers et al., 2006; Ellis
and Bennett, 2013; Mahmoud et al.). Literature suggested that
Potamogeton  perfoliatus L. inhibiting 5-lipoxygenase and
cyclooxygenase-2 enzymes, and thus possessing potential anti-
inflammatory and analgesic properties (Rezq et al, 2021).
Mahmoud et al. in their research article entitled “Potamogeton
L. Extract
Neuropathic Pain in Sciatic Nerve Chronic Constriction Injury-

perfoliatus Attenuates Neuroinflammation and
Induced Peripheral Neuropathy in Rats” has studied the
hydroalcholic extract (whole plant) of Potamogeton perfoliatus L.
on “sciatic nerve chronic constriction injury rat model”. They have
noticed that the extract was having multitargeted potential and
targeting various enzymes/receptors as well as pathways while
the

neuropathic pain in the tested animals.

modulating and attenuating neuroinflammation  and
Proanthocyanidin extract was reported to have anti-
hyperalgesic and anti-nociceptive potentials when tested in rat

model with neuropathic pain (Kaur et al., 2016). El-Shitany and
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Eid further confirmed the protective effects of proanthocyanidin
against cisplatin-induced liver damage through alleviation of
inflammation and modulation of NF-kfB/TLR-4 pathway (EI-
Shitany and Eid, 2017). Fan et al. in their research article
“Proanthocyanidins Inhibit the Transmission of Spinal Pain
Information Through a Presynaptic Mechanism in a Mouse
Inflammatory Pain Model” had found that proanthocyanidin
has a potent inflammatory pain relieving ability when studied in
mice with Complete Freund’s Adjuvant injection. The possible
mechanism for this effect is the modulation of PI3K/Akt/mTOR
pathway in DRGs.

Diabetic patients are commonly facing complication like
diabetic neuropathic pain (Xie et al., 2022). There are various
mechnisms channeling diabetic neuropathic pain like WNT-
mediated TRPV1 activation (Xie et al., 2022), “thioredoxin-
interacting protein (TXNIP)-NOD-like receptor protein 3
(NLRP3)-N-methyl-D-aspartic acid receptor 2B (NR2B)
pathway” (Wang J.-W. et al, 2022), P2Y,4 receptor (Wu
et al, 2022), ASKI-MKK3-p38 pathway (Wang F. et al,
2022), NLRP3 (Zhang et al, 2022), P2X7R expression (Hu
et al, 2022), along with many others. Omar et al. in their
systematic review article entitled “Tannins in the Treatment of
Diabetic Neuropathic Pain: Research Progress and Future
Challenges” had systematically analyzed the research focused
on the tannins for their alleviating effects on diabetic neuropathic
symptoms. They concluded that the effects most probably is
through the hypoglycaemic effect of these phytochemical
tannins.

Alzheimer’s disease (AD) is often associated as co-morbid
with chronic pain (Cao et al., 2019). Bhat et al. in their review
article entitled “Natural Therapeutics in Aid of Treating
Alzheimer’s Disease: A Green Gateway Toward Ending Quest
for Treating Neurological Disorders” has analysed the literature
encompassing natural anti-alzheimer’s
the
pathologies associated with Alzheimer’s disease like that

products  having

potential. In article, they have discussed various

related  to  cholinergic, tau  protein,  amyloid-p,
neuroinflammation, and oxidative stress. They had further
discussed various natural Anti-alzheimer’s agents like ellagic
acids as having anti-amyloidogenic property, punicalagin as -
secretase inhibitor, curcumin having tau hypophosphorylation
effect, along with many other Anti-alzheimer’s agents. They had
covered literature for around 24 medicinal herbs and
22 phytochemicals having potential to manage Alzheimer’s
disease.

Orofacial pain primarily affects the head, face, and neck areas
and is generally associated with inflammation (Romero-Reyes
and Uyanik, 2014). Natural products, especially terpenes are
effective in modulating orofacial nociception (Silva et al., 20165
Oliveira et al., 2020). Myrtenol in complex with B-cyclodextrin
has been able to elicit anti-nociceptive behavior and cognitive
enhancement in a chronic musculoskeletal pain model

(Heimfarth et al.,, 2020). Oliveira et al. in their brief research
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report article entitled “Myrtenol Reduces Orofacial Nociception
and Inflammation in Mice Through p38-MAPK and Cytokine
Inhibition” have evaluated the therapeutic potential of myrtenol
in reducing orofacial pain and inflammation in formalin-induced
pain model of male Swiss mice. They have further demonstrated
possible mechanisms as modulation of IL-1p levels in the
trigeminal pathway as well as p38-MAPK modulation in
trigeminal ganglia.

Consuming of various forms of ginger (Zingiber officinale Roscoe)
such as ginger extract, ginger essential oils, etc have tremendous
antineuropathic effects including thermal and cold hyperalgesia (Shen
et al,, 2022a; Shen et al,, 2022b). Shen et al. in their original research
article entitled “Gingerol-Enriched Ginger Supplementation Mitigates
Neuropathic Pain via Mitigating Intestinal Permeability and
Neuroinflammation: Gut-Brain Connection” have presented a
noteworthy role of gut-brain axis in mitigation of the neuropathic
pain that were validated by the in vivo experiments on male rats.

Chinese herbs and the traditional Chinese medicines (TCM) are
known for their role in modulating of pain and inflammation, and
most of them are now experimentally validated (Chen and Zhang,
2014; Du et al,, 2016). One such formulation is Xiongshao Zhitong
Recipe (XZR, a combination of eight botanical drugs), which is
traditionally being indicated for migraine, but mechanisms behind it
were not clear (Yang et al,, 2022). Keeping this in mind, Yang et al. in
their original research article entitled “Xiongshao Zhitong Recipe
Attenuates Nitroglycerin-Induced Migraine-Like Behaviors via the
Inhibition of Inflammation Mediated by Nitric Oxide Synthase”
have done the phytochemical characterization of this TCM using
UHPLC-LTQ-Orbitrap MS assay, and validated the antimigraine
activity of the aqueous extract obtained from XZR using their own
developed rat model with nitroglycerin induced migraine. They have
observed that the nitric oxide synthase suppression and NF-«kB
signaling pathway activation are the possible mechanisms behind
the anti-inflammatory activity of XZR.

Previous studies validated the alleviating role of terpenes in
neuropathic pain (Bortalanza et al., 2002; Borgonetti et al., 2020;
Bilbrey et al., 2021). Earlier studies have indicated that pristimerin is
having anti-inflammatory activity and possibly having it by
modulation various pathways like NF-kB pathway (Huang D.
et al, 2022), PI3K/Akt signalling (Xue et al, 2021), NLRP3
(Zhao et al, 2020), etc. Al-Romaiyan and Masocha in their
original research article entitled “Pristimerin, a triterpene that
inhibits  monoacylglycerol activity, the
development of paclitaxel-induced allodynia in mice” have

lipase prevents
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7 original research, 1 review, and 1 systematic review article.
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scholarly work in our Research Topic and we are indeed
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manuscripts. This Research Topic is providing a good
overview about the natural products having potential
types  of
neuroinflammation like bone cancer pain, orofacial pain,

against  various neuropathic  pain and
diabetic neuropathic pain, spinal pain, etc. It is thus very
important to do further translational studies to assess the

clinical level application of these natural products.

Author contributions

RS, AG, and GZ have collectively conceived and wrote the
text. All authors contributed to the article and approved the
submitted version.

Conflict of interest

All authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

chronic constriction injury model of neuropathic pain: Possible cannabinoid receptor
involvement. Psychopharmacology 239 (5), 1475-1486. doi:10.1007/s00213-021-06031-2

Borgonetti, V., Governa, P., Biagi, M., Pellati, F., and Galeotti, N. (2020). Zingiber
officinale Roscoe rhizome extract alleviates neuropathic pain by inhibiting
neuroinflammation in mice. Phytomedicine 78, 153307. doi:10.1016/j.phymed.
2020.153307

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphar.2022.912609/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.920201/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.944502/full
https://doi.org/10.35652/igjps.2022.12022
https://doi.org/10.1007/s00213-021-06031-2
https://doi.org/10.1016/j.phymed.2020.153307
https://doi.org/10.1016/j.phymed.2020.153307
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1013063

Singla et al.

Bortalanza, L. B., Ferreira, J., Hess, S. C., Delle Monache, F., Yunes, R. A., and
Calixto, J. B. (2002). Anti-allodynic action of the tormentic acid, a triterpene
isolated from plant, against neuropathic and inflammatory persistent pain in
mice. Eur. J. Pharmacol. 453 (2-3), 203-208. doi:10.1016/s0014-2999(02)
02428-7

Cao, S., Fisher, D. W., Yu, T., and Dong, H. (2019). The link between chronic
pain and Alzheimer’s disease. J. Neuroinflammation 16 (1), 204. doi:10.1186/
$12974-019-1608-z

Chen, C.-L., and Zhang, D.-D. (2014). Anti-inflammatory effects of
81 Chinese herb extracts and their correlation with the characteristics of
traditional Chinese medicine. Evid. Based. Complement. Altern. Med. 2014,
985176-985178. doi:10.1155/2014/985176

Dangar, D., and Patel, N. (2021). Anti-inflammatory effect of neuracanthus
sphaerostachyus dalz. Leaves on experimental colitis in rats. Indo Glob. J. Pharm.
Sci. 11 (01), 07-14. doi:10.35652/igjps.2021.111002

de Clauser, L., Luiz, A. P., Santana-Varela, S, Wood, J. N., and Sikandar, S. (2020).
Sensitization of cutaneous primary afferents in bone cancer revealed by in vivo calcium
imaging. Cancers 12 (12), E3491. doi:10.3390/cancers12123491

Deer, T. R., Mekhail, N., Petersen, E., Krames, E., Staats, P., Pope, J., et al.
(2014a). The appropriate use of neurostimulation: Stimulation of the
intracranial and extracranial space and head for chronic pain.
Neuromodulation appropriateness consensus committee. Neuromodulation
17 (6), 551-570. doi:10.1111/ner.12215

Deer, T. R, Mekhail, N, Provenzano, D., Pope, J., Krames, E,, Thomson, S,, et al. (2014b).
The appropriate use of neurostimulation: Avoidance and treatment of complications of
neurostimulation therapies for the treatment of chronic pain. Neuromodulation
appropriateness consensus committee. Neuromodulation 17 (6), 571-597. doi:10.1111/
ner.12206

Du, G.-H,, Yuan, T.-Y., Du, L.-D., and Zhang, Y.-X. (2016). “The potential
of traditional Chinese medicine in the treatment and modulation of pain,” in
Pharmacological mechanisms and the modulation of pain. Cambridge, MA,
United States: Academic Press, 325-361. doi:10.1016/bs.apha.2016.01.001

El-Shitany, N. A., and Eid, B. (2017). Proanthocyanidin protects against
cisplatin-induced oxidative liver damage through inhibition of inflammation
and NF-«kB/TLR-4 pathway. Environ. Toxicol. 32 (7), 1952-1963. d0i:10.1002/
tox.22418

Ellis, A., and Bennett, D. L. H. (2013). Neuroinflammation and the generation of
neuropathic pain. Br. J. Anaesth. 111 (1), 26-37. doi:10.1093/bja/aet128

Feng, Y. U,, and Bounda, G.-A. (2015). Review of clinical studies of Polygonum
multiflorum Thunb. and its isolated bioactive compounds. Pharmacogn. Res. 7 (3),
225-236. doi:10.4103/0974-8490.157957

Hardie, D. G. (2022). “A New understanding of metformin,” in Comprehensive
Pharmacology. Amsterdam, Netherlands: Elsevier, 280-300. doi:10.1016/B978-0-12-
820472-6.00099-2

Heimfarth, L., dos Anjos, K. S., de Carvalho, Y. M. B. G., dos Santos, B. L., Serafini,
M. R, de Carvalho Neto, A. G., et al. (2020). Characterization of B-cyclodextrin/
myrtenol complex and its protective effect against nociceptive behavior and
cognitive impairment in a chronic musculoskeletal pain model. Carbohydr.
Polym. 244, 116448. doi:10.1016/j.carbpol.2020.116448

Hu, Q. Q.,, Ma, Y. Q,, Fei, X. Y., Chen, L. H,, Kang, Y. R,, Li, X,, et al. (2022).
[Effect of electroacupuncture and pretreatment of electroacupuncture on pain
sensitization and expression of P2X7R in spinal dorsal horn in rats with
diabetic neuropathic pain]. Zhongguo Zhen Jiu 42 (2), 173-178. doi:10.13703/j.
0255-2930.20210208-k0004

Huang, D, Su, L, He, C,, Chen, L, Huang, D,, Peng, J,, et al. (2022). Pristimerin alleviates
cigarette smoke-induced inflammation in chronic obstructive pulmonary disease via
inhibiting NF-kB pathway. Biocher. Cell Biol. 100 (3), 223-235. doi:10.1139/bcb-2021-0251

Huang, P., Wan, H,, Shao, C,, Li, C,, Zhang, L., and He, Y. (2022). Recent advances
in Chinese herbal medicine for cerebral ischemic reperfusion injury. Front.
Pharmacol. 12, 688596. doi:10.3389/fphar.2021.688596

James, N. D., McMahon, S. B., Field-Fote, E. C., and Bradbury, E. J. (2018).
Neuromodulation in the restoration of function after spinal cord injury. Lancet.
Neurol. 17 (10), 905-917. doi:10.1016/s1474-4422(18)30287-4

Jin, J., Xie, Y., Shi, C., Ma, J., Wang, Y., Qiao, L., et al. (2020). Lipoxin
A4 inhibits NLRP3 inflammasome activation in rats with non-compressive
disc herniation through the JNKI/beclin-1/PI3KC3 pathway. Front.
Neurosci. 14, 799. doi:10.3389/fnins.2020.00799

Kaur, G,, Bedi, O., Sharma, N., Singh, S., Deshmukh, R,, and Kumar, P. (2016). Anti-
hyperalgesic and anti-nociceptive potentials of standardized grape seed proanthocyanidin
extract against CCI-induced neuropathic pain in rats. J. Basic Clin. Physiol. Pharmacol. 27
(1), 9-17. doi:10.1515/jbcpp-2015-0026

Frontiers in Pharmacology

04

10.3389/fphar.2022.1013063

Li, C,, Niu, M,, Bai, Z,, Zhang, C., Zhao, Y., Li, R, et al. (2017). Screening for
main components associated with the idiosyncratic hepatotoxicity of a tonic
herb, Polygonum multiflorum. Front. Med. 11 (2), 253-265. doi:10.1007/
s11684-017-0508-9

Li, H., Yang, T., Tang, H., Tang, X., Shen, Y., Benghezal, M., et al. (2019).
Helicobacter pylori infection is an infectious disease and the empiric therapy
paradigm should be changed. Precis. Clin. Med. 2 (2), 77-80. d0i:10.1093/
pcemedi/pbz009

Mishra, N. T. P., Yadav, S., Khantwal, M., Khan, W., and Khan, S. (2022).
Clinical translation of gold nanoparticles into effective neuromedicines:
Bottlenecks & future prospects. Indo Glob. J. Pharm. Sci. 12, 44-52. doi:10.
35652/igjps.2022.12005

Myers, R. R., Campana, W. M., and Shubayev, V. I. (2006). The role of
neuroinflammation in neuropathic pain: Mechanisms and therapeutic
targets. Drug Discov. Today 11 (1-2), 8-20. doi:10.1016/s1359-6446(05)
03637-8

Oliveira, J. P., Souza, M. T. S., Cercato, L. M., Souza, A. W., Nampo, F. K, and
Camargo, E. A. (2020). Natural products for orofacial nociception in pre-clinical
studies: A systematic review. Arch. Oral Biol. 117, 104748. doi:10.1016/j.
archoralbio.2020.104748

Rauf, A., Al-Awthan, Y. S., Khan, I. A., Muhammad, N., Ali Shah, S. U,,
Bahattab, O., et al. (2022). Vivo Anti-Inflammatory, Analgesic, Muscle
Relaxant, and Sedative Activities of Extracts from Syzygium cumini, 2022,
1-7.  doi:10.1155/2022/6307529(L.)  skeels in  miceEvidence-Based
Complementary Altern. Med.

Rezq, S., Mahmoud, M. F., El-Shazly, A. M., El Raey, M. A, and Sobeh, M. (2021).
Anti-inflammatory, antipyretic, and analgesic properties of Potamogeton
perfoliatus extract: In vitro and in vivo study. Molecules 26 (16), 4826. doi:10.
3390/molecules26164826

Romero-Reyes, M., and Uyanik, J. M. (2014). Orofacial pain management:
Current perspectives. J. Pain Res. 7, 99-115. doi:10.2147/jpr.S37593

Shen, C.-L., Castro, L., Fang, C.-Y., Castro, M., Sherali, S., White, S., et al. (2022a).
Bioactive compounds for neuropathic pain: An update on preclinical studies and
future perspectives. J. Nutr. Biochem. 104, 108979. doi:10.1016/j.jnutbio.2022.
108979

Silva, J. C., Almeida, J. R. G. S,, Quintans, J. S. S., Gopalsamy, R. G., Shanmugam,
S., Serafini, M. R, et al. (2016). Enhancement of orofacial antinociceptive effect of
carvacrol, a monoterpene present in oregano and thyme oils, by p-cyclodextrin
inclusion complex in mice. Biomed. Pharmacother. 84, 454-461. doi:10.1016/j.
biopha.2016.09.065

Singla, R. K., Agarwal, T., He, X., and Shen, B. (2021a). Herbal resources to
combat a progressive & degenerative nervous system disorder- Parkinson’s
disease. ~ Curr.  Drug  Targets 22 (6), 609-630. doi:10.2174/
1389450121999201013155202

Singla, R. K., Guimariées, A. G., and Zengin, G. (2021b). Editorial: Application of
plant secondary metabolites to pain neuromodulation. Front. Pharmacol. 11,
623399. doi:10.3389/fphar.2020.623399

Singla, R. K., Sultana, A., Alam, M. S., and Shen, B. (2020). Regulation of pain
genes—capsaicin vs resiniferatoxin: Reassessment of transcriptomic data. Front.
Pharmacol. 11, 551786. doi:10.3389/fphar.2020.551786

Swarnkar, S. K., Khunteta, A., Gupta, M. K,, Jain, P., Sharma, S., and Paliwal, S.
(2021). Antinociceptive activity shown by Aerva javanica flowering top extract and
its mechanistic evaluation. Indo Glob. ]J. Pharm. Sci. 11 (01), 33-41. doi:10.35652/
igjps.2021.111005

Thota, R., Salins, N., Bhatnagar, S., Ramanjulu, R., Ahmed, A, Jain, P., et al.
(2020). Indian society for study of pain, cancer pain special interest group guidelines
on palliative care aspects in cancer pain management. Indian J. Palliat. Care 26 (2),
210-214. doi:10.4103/0973-1075.285687

Wang, F.,, Tang, H., Ma, J., Cheng, L, Lin, Y., Zhao, J., et al. (2022). The
effect of yiqi huoxue tongluo decoction on spinal cord microglia activation
and ASK1-MKK3-p38 signal pathway in rats with diabetic neuropathic pain.
Evid. Based. Complement. Altern. Med. 2022, 2408265. doi:10.1155/2022/
2408265

Wang, J. W., Ye, X.-Y., Wei, N,, Wu, S.-S., Zhang, Z.-H., Luo, G.-H,, et al. (2022).
Reactive oxygen species contributes to type 2 diabetic neuropathic pain via the
thioredoxin-interacting protein-NOD-like receptor protein 3-N-Methyl-D-
Aspartic acid receptor 2B pathway. Anesth. Analg.  doi:10.1213/ane.
0000000000006117

Wu, B., Zhou, C., Xiao, Z., Tang, G., Guo, H., Hu, Z., et al. (2022). LncRNA-
UC.25 + shRNA alleviates P2Y14 receptor-mediated diabetic neuropathic
pain via STATI. Mol. Neurobiol. 59, 5504-5515. d0i:10.1007/s12035-022-
02925-0

frontiersin.org


https://doi.org/10.1016/s0014-2999(02)02428-7
https://doi.org/10.1016/s0014-2999(02)02428-7
https://doi.org/10.1186/s12974-019-1608-z
https://doi.org/10.1186/s12974-019-1608-z
https://doi.org/10.1155/2014/985176
https://doi.org/10.35652/igjps.2021.111002
https://doi.org/10.3390/cancers12123491
https://doi.org/10.1111/ner.12215
https://doi.org/10.1111/ner.12206
https://doi.org/10.1111/ner.12206
https://doi.org/10.1016/bs.apha.2016.01.001
https://doi.org/10.1002/tox.22418
https://doi.org/10.1002/tox.22418
https://doi.org/10.1093/bja/aet128
https://doi.org/10.4103/0974-8490.157957
https://doi.org/10.1016/B978-0-12-820472-6.00099-2
https://doi.org/10.1016/B978-0-12-820472-6.00099-2
https://doi.org/10.1016/j.carbpol.2020.116448
https://doi.org/10.13703/j.0255-2930.20210208-k0004
https://doi.org/10.13703/j.0255-2930.20210208-k0004
https://doi.org/10.1139/bcb-2021-0251
https://doi.org/10.3389/fphar.2021.688596
https://doi.org/10.1016/s1474-4422(18)30287-4
https://doi.org/10.3389/fnins.2020.00799
https://doi.org/10.1515/jbcpp-2015-0026
https://doi.org/10.1007/s11684-017-0508-9
https://doi.org/10.1007/s11684-017-0508-9
https://doi.org/10.1093/pcmedi/pbz009
https://doi.org/10.1093/pcmedi/pbz009
https://doi.org/10.35652/igjps.2022.12005
https://doi.org/10.35652/igjps.2022.12005
https://doi.org/10.1016/s1359-6446(05)03637-8
https://doi.org/10.1016/s1359-6446(05)03637-8
https://doi.org/10.1016/j.archoralbio.2020.104748
https://doi.org/10.1016/j.archoralbio.2020.104748
https://doi.org/10.1155/2022/6307529
https://doi.org/10.3390/molecules26164826
https://doi.org/10.3390/molecules26164826
https://doi.org/10.2147/jpr.S37593
https://doi.org/10.1016/j.jnutbio.2022.108979
https://doi.org/10.1016/j.jnutbio.2022.108979
https://doi.org/10.1016/j.biopha.2016.09.065
https://doi.org/10.1016/j.biopha.2016.09.065
https://doi.org/10.2174/1389450121999201013155202
https://doi.org/10.2174/1389450121999201013155202
https://doi.org/10.3389/fphar.2020.623399
https://doi.org/10.3389/fphar.2020.551786
https://doi.org/10.35652/igjps.2021.111005
https://doi.org/10.35652/igjps.2021.111005
https://doi.org/10.4103/0973-1075.285687
https://doi.org/10.1155/2022/2408265
https://doi.org/10.1155/2022/2408265
https://doi.org/10.1213/ane.0000000000006117
https://doi.org/10.1213/ane.0000000000006117
https://doi.org/10.1007/s12035-022-02925-0
https://doi.org/10.1007/s12035-022-02925-0
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1013063

Singla et al.

Xie, Y.-K,, Luo, H., Zhang, S.-X., Chen, X.-Y., Guo, R,, Qiu, X.-Y,, et al. (2022).
GPR177 in A-fiber sensory neurons drives diabetic neuropathic pain via WNT-
mediated TRPV1 activation. Sci. Transl. Med. 14 (639), eabh2557. doi:10.1126/
scitranslmed.abh2557

Xue, W, Li, Y, and Zhang, M. (2021). Pristimerin inhibits neuronal
inflammation and protects cognitive function in mice with sepsis-induced brain
injuries by regulating PI3K/Akt signalling. Pharm. Biol. 59 (1), 1351-1358. doi:10.
1080/13880209.2021.1981399

Yang, P. (2019). Maximizing quality of life remains an ultimate goal in the era of
precision medicine: Exemplified by lung cancer. Precis. Clin. Med. 2 (1), 8-12.
doi:10.1093/pemedi/pbz001

Yang, S., Chen, C, Liu, X,, Kang, Q., Ma, Q,, Li, P,, et al. (2022). Xiongshao
Zhitong Recipe attenuates nitroglycerin-induced migraine-like behaviors via the

Frontiers in Pharmacology

05

10.3389/fphar.2022.1013063

inhibition of inflammation mediated by nitric oxide synthase. Front. Pharmacol. 13,
920201. doi:10.3389/fphar.2022.920201

Yetisgin, A. A., Cetinel, S., Zuvin, M., Kosar, A., and Kutlu, O. (2020). Therapeutic
nanoparticles and their targeted delivery applications. Molecules 25 (9), E2193.
doi:10.3390/molecules25092193

Zhang, Q., Li, Q,, Liu, S., Zheng, H., Ji, L., Yi, N,, et al. (2022). Glucagon-like
peptide-1 receptor agonist attenuates diabetic neuropathic pain via inhibition of
NOD-like receptor protein 3 inflammasome in brain microglia. Diabetes Res. Clin.
Pract. 186, 109806. doi:10.1016/j.diabres.2022.109806

Zhao, Q., Bi, Y., Guo, J., Liu, Y.-x., Zhong, J., Pan, L. R,, et al. (2020). Pristimerin
protects against inflammation and metabolic disorder in mice through inhibition of
NLRP3 inflammasome activation. Acta Pharmacol. Sin. 42 (6), 975-986. doi:10.
1038/s41401-020-00527-x

frontiersin.org


https://doi.org/10.1126/scitranslmed.abh2557
https://doi.org/10.1126/scitranslmed.abh2557
https://doi.org/10.1080/13880209.2021.1981399
https://doi.org/10.1080/13880209.2021.1981399
https://doi.org/10.1093/pcmedi/pbz001
https://doi.org/10.3389/fphar.2022.920201
https://doi.org/10.3390/molecules25092193
https://doi.org/10.1016/j.diabres.2022.109806
https://doi.org/10.1038/s41401-020-00527-x
https://doi.org/10.1038/s41401-020-00527-x
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1013063

	Editorial: Application of plant secondary metabolites to pain neuromodulation, volume II
	Author contributions
	Conflict of interest
	Publisher’s note
	References


