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Pain is associated with many health problems and a reduced quality of life and has been a common reason for seeking
medical attention. Several therapeutics are available on the market, although side effects, physical dependence, and
abuse limit their use. As the process of pain transmission and modulation is regulated by different peripheral and central
mechanisms and neurotransmitters, medicinal chemistry continues to study novel ligands and innovative approaches.
Among them, natural products are known to be a rich source of lead compounds for drug discovery due to their chemical
structural variety and different analgesic mechanisms.
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| 1. Caffeoylquinic Acid

5-caffeoylquinic acid (1, 5-CQA) is the commonest individual chlorogenic acid (CGA) M found in plants, fruits, and
vegetables, particularly in green coffee beans (Coffea arabica L. and Coffea canephora Pierre ex A.Froehner, Rubiaceae),
but also in some types of berries (blueberries, blackberries, blackcurrants), apples, and pears 2. It is a polyphenol formed
by the esterification of caffeic acid with quinic acid (Figure 1) and makes up 70-80% of total CGAs. Due to its
polyphenolic structure, 5-CQA has been demonstrated to have potent anti-inflammatory, antigenotoxic, and antioxidant
properties, acting as a free-radical scavenger.

S-caffeoylquinic acid (1)
Figure 1. Coffea arabica L. and Coffea canephora Pierre ex A.Froehner and 5-caffeoylquinic acid chemical structure.

Despite the fact that 5-CQA is quite ineffective in acute pain, it presents anti-edematogenic and antinociceptive activities
in animal models of carrageenan-induced inflammation and formalin-induced pain, respectively, with a mechanism of
action that could be due to the inhibitory activity on peripheral TNF, NO, and several interleukins . Bagdas et al.
demonstrated that a single i.p. administration of 5-CQA (50, 100, and 200 mg/kg) produced a dose- and time-dependent
antihyperalgesic effect comparable to gabapentin in CCI neuropathic pain; moreover, after 14 days an i.p. treatment at the
dose of 100 mg/kg, attenuated mechanical hyperalgesia and ameliorated histopathological changes without affect motor
function M. I.p. 5-CQA (100 mg/kg) chronic treatment (14 days) also exerted antihyperalgesic effects in a model of STZ-
induced diabetic neuropathic pain &, In addition to the TNF- and NO-mediated mechanism of action, recent studies
demonstrate that 5-CQA enhances K-selective voltage-gated channels (Kv) activities both in Ix o and I v channels in rat
trigeminal ganglia neurons, gradually decreasing neuron excitability in trigeminal hyperalgesic conditions, such as in
neuropathic and inflammatory pain S,

A central mechanism of action has emerged in several studies. I.t. administered 5-CQA (at the dose of 0.5, 1, or 2 mg)
had analgesic effects on mechanical, thermal, and cold hyperalgesia in a CCI rat model. This effect was significantly
reversed by bicuculline, a GABA receptor antagonist. Conversely, strychnine (glycinergic antagonist), methysergide and
ondansertron (serotoninergic antagonists), yohimbine (adrenergic antagonist), and naloxone (opioid antagonist) did not
affect 5-CQA action, thus suggesting a GABA-mediated central mechanism of action. Additionally, i.p. or oral 5-CQA
administration exerted anxiolytic and reduced brain damage in rats &, Finally, it has recently been demonstrated that 5-



CQA forms a stable interaction with glutamate AMPA receptor at the GIuAl subunit, mainly through Van der Waals and
electrostatic interactions. 5-CQA binding leads to GIuAl expression inhibition, reducing the abnormal AMPA receptor
activation in neuropathic pain &,

| 2. Puerarin

Puerarin (2, 8-C-glucoside of daidzein (4',7-dihydroxy-isoflavon)) is one of the major isoflavonoids (a polyphenol sub-class
derived by 3-phenyl-chromen-4-one skeletal structure) isolated from the root of the Pueraria lobata (Willd.) Ohwi.
(Fabaceae) (Figure 2), also known as Gegen in traditional Chinese medicine, is an early medicinal herb frequently used
to treat fever, diarrhea, emesis, cardiac dysfunctions, liver injury, weight loss, and toxicosis.
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Puerarin (2)
Figure 2. Pueraria lobata (Willd.) Ohwi. and its major constituent structure.

It is known that puerarin (2) inhibits calcium influx, improves microcirculation, reduces insulin resistance, scavenges ROS,
and counteracts cell death. It is available in different dosage forms for clinical applications 9. It has been extensively
studied as an anti-inflammatory and antioxidant compound 121311141 and in recent years, its role in pain pathways has
been investigated. In burn injury rats, puerarin (2) (100 mg/kg/day i.p., 30 min before burn for 3 days) decreased the up-
regulated expression of P2X3 receptor protein and its mRNA in DRG neurons and reduced the primary afferent
transmission on P2X3 receptor in DRG, leading to an improvement of thermal and mechanical hypersensitivity 2. The
same effect was observed in DRG of CClI rats after chronic i.p. treatment, confirming that puerarin (100 mg/kg/day i.p. for
14 days) can alleviate P2X3 nociceptive transmission in primary afferent neurons 18],

Puerarin’s (2) pain-relieving effect is not only due to ATP channel modulation but also to the interaction with other pain
transmission mechanisms. Studies on paclitaxel-induced neuropathic pain in rats showed that local (i.pl.) injection of
puerarin (2), dose-dependently, attenuated paclitaxel-induced mechanical allodynia and thermal hyperalgesia through
DRG Na, channels blockade. This effect was stronger in neuropathic animals than in the controls, suggesting a use-
dependent blocking at the B1 subunit of the Na,1.8 channels 17, In the same animal model, a single i.p. injection of
puerarin (2) (10, 20, or 40 mg/kg) produced a short-term analgesic effect, meanwhile repeated doses of puerarin (2) (20
mg/kg, i.p. for consecutive 21 days) prevented the development of paclitaxel-induced neuropathic pain. This prophylactic
effect of puerarin was associated with suppressed paclitaxel-induced transient TRPV1, and calcitonin gene-related
peptide and substance P up-regulation in the dorsal root ganglia 8. Concurrent effects on TRPV1 were also observed in
a PSNL rat model, with a dose-dependent amelioration of mechanical allodynia and thermal hyperalgesia. In neuropathic
pain models, i.t. puerarin (2) (4-100 nM for 7 days) had a dose-dependent effect comparable to fluorocitrate. It could
inhibit spinal overexpression of cytokines and spinal glial activation, and up-regulate anti-inflammatory factors, suggesting
a regulatory action on the neuroinflammatory process involved in neuropathic pain development 1929 pyerarin (2)
alteration of TNF and IL-13 expression has been recently hypothesized to occur through TGF-/Smad signaling activation.
These results are corroborated by previous findings in spared nerve injury models, where intragastrically administered
puerarin (2) was seen to act as a dual anti-depressant and analgesic agent comparable to ibuprofen and citalopram via
ERK, CREB, and BDNF pathways 24,

| 3. Sinomenine

Sinomenine (3) is an alkaloid extracted from the roots of Sinomenium acutum Rehder & E.H. Wilson (Menispermaceae)
(Figure 3), originally used in Japan and China to treat rheumatism.



Sinomenine (3) N-Desmethyl sinomenine (4)
Figure 3. Sinomenium acutum Rehder & E.H. Wilson and its major alkaloids structures.

Besides its antirheumatic activity, several studies have demonstrated sinomenine’s (3) efficacy in acute and chronic pain
treatment during the last decade 2. Sinomenine (3) is less unsafe if compared with opioids due to the absence of central
inhibitory effects, which, albeit at a high dose (160 mg/kg, i.p.), could generate sedation and motor impairment. In rats,
LDsgqg of sinomenine (3) is 535 or 580 mg/kg for i.p. or s.c. application, respectively. When administered chronically (150
mg/kg/day for 6 consecutive weeks), no irreversible organic damage was generated. In STZ-induced diabetic neuropathic
pain, sinomenine (3) 30 mg/kg i.p. for 4 weeks) significantly decreased P2X3 receptor expression in DRG by reducing p38
MAPK activation and phosphorylation 23], The amelioration of mechanical and thermal hyperalgesia was reversed by the
co-treatment of P2X3-expressing engineered HEK293 cells with A317491, a P2X3-specific antagonist. Sinomenine (3)
was found to reduce cellular excitability in small-sized DRG neurons via voltage-gated sodium channels 24, In the SNL rat
model, i.t. administered 20 mg/kg/for 3 or 28 days, sinomenine (3) alleviated apoptosis on DRG cells, confirmed in in vitro
tests. It also down-regulated the expression of phosphorylation p38 MAPK, CREB, c-fos, CAMKII, NF-kB, COX-2, TLR4,
IL-1B, and IL-17a in DRG cell and rat spinal cord tissue 22, In the CCI rat model, chronically p.o. administered daily for 14
days at 20 mg/kg or 40 mg/kg, sinomenine (3) dose-dependently decreased thermal hyperalgesia and mechanical
allodynia. It also modified the inflammatory response, reducing pro-inflammatory cytokines’ (such as TNF, IL-13, and IL-6)
MRNA expression 28, In the same animal model, sinomenine (3) (two-week daily i.p treatment) was found able not only to
reduce neuropathic pain symptoms but also to prevent the development of depressive-like behavior without tolerance.
Sinomenine (3) effects were also blocked by the co-administration of bicuculline, a selective GABA, receptor antagonist
(27 showing a GABA,-mediated mechanism of action. Additionally, it was confirmed that the sinomenine (3) mechanism
of action is independent of the opioid system since its activity was not reversed by concurrent naloxone administration and
did not affect locomotor activity. Concordant findings were obtained with photochemically-induced spinal cord ischemic or
sciatic nerve injury in rats and mice, with no apparent withdrawal symptoms following the end of i.p. or p.o. sinomenine (3)
administration with gabapentin or ligustrazine hydrochloride 28129, Sinomenine (3), at less than % of the effective dosage,
potentiates gabapentin or ligustrazine hydrochloride, achieving the same antinociceptive efficacy through its
neuroprotective anti-oxidant effects or also through GABA, receptor activation, with minor adverse effects. The enhanced
activity is believed to be pharmacodynamic and not pharmacokinetic because of the insignificant drug accumulation and
the reduced active metabolite formation B9, Also, the active metabolite, N-demethylsinomenine (4, Figure 3), showed an
interesting activity in the neuropathic pain model 211,

In a study conducted by Zhou et al. BY, acute treatment with N-demethylsinomenine (4) (10-40 mg/kg, i.p.) attenuated,
dose-dependently, mechanical allodynia both in CCI neuropathic pain and CFA inflammatory pain in mice, with a potency
slightly higher than sinomenine. During the repeated treatment, N-demethylsinomenine (4) maintained its anti-allodynic
effect without producing a carry-over effect. Pretreatment with bicuculline almost completely blocked N-
demethylsinomenine (4) (40 mg/kg) anti-allodynia, both in CCI and CFA-treated mice.

Several sinomenine derivatives have been designed as anti-inflammatory agents, with NF-kB targeting for rheumatoid
arthritis treatment (Figure 4). Compared with sinomenine, some of these derivatives showed improved activities, while
others exhibited similar activity against NF-kB. In particular, the introduction of a substituted 1, 2, 3-triazole group with a
proper length greatly enhanced the activity of these title compounds. In particular, compounds 6a—-w showed higher
activity, while compounds 5a—o showed similar activity against NF-kB 221,
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Figure 4. Structures of sihomenine derivatives.

| 4. Cedrol

Cedrol (7, Figure 5) is a natural sesquiterpene with several biological activities, including antibacterial, sedative, anti-
tumor, and regulation of the autonomic system B3l It is mainly extracted from Juniperus species (Cupressaceae) and
Zingiber officinale Roscoe (Zingiberaceae) (Figure 5) that, in traditional medicine, have been used to treat cystitis,
arthritis, gout, and other inflammatory conditions. Essential oils obtained by steam distillation from the ripe, non-fermented
cones of Juniperus communis L. are included in the European Pharmacopoeia 4. Modern pharmacology has confirmed
anti-obesity, antitumor, anti-ischemic, and anti-inflammation activity of Z. officinale Roscoe [33],

Cedrol (7)

Figure 5. Juniperus communis L. and Zengiber officinale Roscoe and cedrol structure.

The anti-inflammatory and antioxidant effects have been considered responsible for cedrol action on neuropathic pain. In
the CCI model, when i.p. administered at the dose of 40 mg/kg, cedrol alleviated mechanical and cold allodynia and heat
hyperalgesia. Moreover, spinal TNF, IL-6, and MDA levels were lower, while thiol content was higher with respect to the
treated group, highlighting its anti-inflammatory and antioxidant effect.

Cedrol has also been studied in rheumatoid pain. When p.o. administered at 20 mg/kg, it was found to inhibit chronic
inflammation and pain in a dose-dependent manner with rapid onset and long duration, also ameliorating paw edema and
arthritis score. The hypothesized mechanism of action was the inhibition of phosphorylated JAK3 protein through H-bond
formation with ARG953 and ILE955 in the JAKS3 active pocket. JAK3 pathway inhibition leads to the block of pro-
inflammatory mediators’ secretion, therefore attenuating rheumatoid arthritis symptoms. It also decreased serum CFA,
TNF, IL-1B3, and MDA levels, while increasing thiol and SOD and GPx levels [36],

When re-crystalized using the cooling crystallization method with seven separate solvents, three crystal cedrol
polymorphs emerged. They were separately evaluated in carrageenan-induced mouse paw edema, xylene-induced
mouse ear edema, cotton pellet-induced mouse granuloma, and hot plate and acetic acid-induced mouse writhing. Form 1
emerged as the most effective pain relief at the oral dose of 20 mg/kg 4.

| 5. Genistein

Genistein (8) is an isoflavone first isolated from Genista tinctoria L. (Fabaceae) (Figure 6), and widely distributed in fruits,
leguminous plants, seeds, and vegetables such as barley meal, broccoli, caraway, cauliflower, clover seeds and sprouts,
and sunflower. The major source of genistein is soybean, a cholesterol-free and high-protein legume. Naturally,



isoflavones are usually associated with a glycosidic moiety; they are generally available as free aglycones only after food
processing.
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Figure 6. Genista tinctoria L. and the structure of genistein.

Preclinical studies have highlighted the antibacterial, antiviral, anti-inflammatory, antioxidant, estrogen- and angiotensin-
like, and anti-cancer effects of genistein 8. Its antinociceptive effect in chronic pain emerged first from a study by Shir et
al., who observed that soy diets suppress the development of neuropathic pain behavior in rats undergoing PSNL injury
(39 |n STZ diabetic neuropathy, chronic s.c. genistein administration (3 or 6 mg/kg daily, for three weeks, from the 2nd to
the 5th week after STZ) relieved peripheral painful neuropathy, reverted pro-inflammatory cytokine and ROS
overproduction, and restored NGF content in the sciatic nerve. Furthermore, it restored GSH content and GSH/GSSG
ratio, improved antioxidant enzyme activities, and decreased ROS and lipoperoxide levels in the brain and liver. Finally, it
restored INOS and eNOS content and SOD activity in the thoracic aorta 2%, Genistein pain-relieving effects were also
mediated by NF-kB, IL-1B3, and IL-6 down-regulation both in peripheral and CNS. Studies on CCl-mouse and PNI-rat,
such as sciatic nerve crush injury and complete sciatic nerve transection, have attributed genistein activity to several
pathways 2142 The main target of genistein has been found to be ER, with a higher affinity for ERB than ERa. Co-
administration of a specific ER antagonist prevented both genistein anti-allodynic and anti-hyperalgesic action, whereas
a specific ERa antagonist was ineffective 42, ERP receptor is highly expressed peripherally by immune cells and
Schwann cells and centrally by neurons, microglia, and astrocytes. The concomitant administration of a non-selective ER
antagonist reversed only the anti-allodynic effect, suggesting other pathways through which genistein exerted its effects,
in particular, its anti-inflammatory and immunomodulatory effect. S.c. administered genistein has been shown to cross the
BBB, so exerting its effect both peripherally and centrally. When chronically i.p administered in nerve-injured rats (once a
day for 11 days, starting from the third day after surgeryat doses of 1, 3, 7.5, 15, and 30 mg/kg), it promoted nerve
regeneration, proven by an enhancement in GAP-43 and MBP immunoreactivity. It also reduced IL-1 and TNF levels in
injured nerve specimens, similar to gabapentin treatment. A significative motor improvement and paw-withdrawal
threshold were also assessed, confirming the positive effect of chronic genistein in neuropathic pain 2. Calcium voltage-
gated channel Ca,3.3 has recently been found to be another target for genistein. Genistein directly blocks the activity of
the human Ca, 3.3 channel through polar interactions involving three hydroxyl groups and an aromatic interaction with the
fused rings 3!,

| 6. Solasodine

Solasodine (9, Figure 7), one of the main components of the ethanolic extract of Solanum virginianum L. (Solanaceae), is
commonly known as kantakari and is one of the active ingredients of the Ayurvedic medicine Dashamula, traditionally
used to treat nerves and nourish muscle tone.

Solasodine (9)

Figure 7. Solanum virginianum L. and the structure of solasodine.

The entirely plant has been used for its antiasthmatic, anti-inflammatory, antinociceptive, antioxidant, and
hepatoprotective activities. It has been demonstrated that p.o. administration of the ethanolic extract of S. virginianum L.
dose-dependently attenuated CCI neuropathic pain 4. An increase in paw withdrawal threshold was seen at both the



tested doses, 100 and 200 mg/kg in cold and hot plate test, confirming a reduction in thermal allodynia comparable to the
standard drug pregabalin (10 mg/kg). The antinociceptive effect was also assessed through Von Frey’s filaments and
Randal-Selitto test. Ethanolic extract did not impair motor performance. The pain-relieving effect has been associated
with solasodine (Figure 7), a steroidal glycoalkaloid with potential anticonvulsant 2 antinociceptive 48, and
neuroprotective effects [44. In vitro analyses also showed that CCl-induced reductions in SOD, catalase, and GSH levels
were significantly refurbished by solasodine, while MDA and nitrite levels were decreased concomitantly to IL-13 and TNF
levels. The interaction with Ca, and Na,1.7 channels was hypothesized as two possible mechanisms of action. Molecular
docking studies have assessed the binding to the Ca, 2.2 and 2.3 channels and their inhibition through competition with
Ca?*/N-lobe, but not to the Nay1.7 channel.

| 7. Sanguinarine

Sanguinarine is a benzyl isoquinoline alkaloid (10, Figure 8) extracted from the root of Papaveraceae plants, whose
pharmacological activities such as anti-hypertensive, anti-microbial, anti-platelet, anti-trypanosome, anti-tumor, and anti-
osteoclast formation have been assessed. It is the main active ingredient of Macleaya cordata (Willd.) R.Br.
(Papaveraceae) extract, and of Sanguinaria canadensis L. roots (Papaveraceae) and Argemone mexicana L. seeds
(Papaveraceae).

Sanguinmrine (10)

Figure 8. Macleaya cordata (Willd.) R.Br., Sanguinaria canadensis L., Argemone mexicana L. and structure of
sanguinarine.

Previous studies have found sanguinarine as the main component (51.6%) of the alkaloid-rich fraction extract of the aerial
parts of Fumaria officinalis L. (Papaveraceae), widely used in inflammatory and painful conditions 8!, Sanguinarine is a
toxic polycyclic ammonium ion with no capability to penetrate the BBB. Sanguinarine anti-inflammatory activity has
already been assessed 49 and its effects on neuropathic pain have been evaluated only recently. In CCI rats, i.p.
sanguinarine (1.00, 2.50, and 6.25 mg/kg from the day of surgery every three days) increased the mechanical withdrawal
threshold and thermal withdrawal latency. In addition, it inhibited the activation of microglia and decreased the expression
of phosphorylated-p38 and TNF, IL-13, and IL-6 in CCI spinal dorsal horn in a dose-dependent manner, thus, identifying
microglia activation and p38 MAPK pathway as sanguinarine routes of action B, Inhibition of phosphorylated-p30 and
NF-kB p65 were also assessed BI. A recent study assessed sanguinarine as a full selective agonist of the TRPAL
channel (ECsp 0.09 mM), causing an increase in intracellular calcium levels and up-regulation of mouse dorsal root
ganglion excitability 2. Mutagenesis studies have confirmed that Cys421, Cys621, Cys641, Cys665, and Lys710 mediate
the TRPA1 activation elicited by sanguinarine synergistically. In particular, Cys621 may play a central role because the
current was abolished completely by C621A mutation, while the others were still functional with dramatically reduced
currents.

| 8. (-)-Cassine

(-)-Cassine (11) is a piperidine alkaloid isolated from flowers, fruits, and leaves of Senna spectabilis (DC.) Irwin &
Barneby (synonym of Cassia spectabilis, Figure 9), an arborous species of Fabaceae. S. spectabilis (DC.) lrwin &
Barneby has a traditional use as an anti-microbial, anti-tumoral, anti-ulcerogenic, laxative, analgesic, and anti-
inflammatory traditional medicine.
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Figure 9. The structure of (=) cassine and the arborous species Senna spectabilis (DC.) Irwin & Barneby by which it is
extracted.

Anti-inflammatory, antioxidant, and antinociceptive activity of (-)-cassine and (-)-spectaline (59), a co-metabolite of (-)-
cassine, were evaluated B3, The total synthesis of (-)-cassine has been reported via a diastereoselective Pd(ll)-catalyzed
cyclization strategy B4, It has been evaluated in acute and chronic pain models, demonstrating that this active metabolite
has systemic, spinal, and supraspinal anti-nociceptive properties. In CFA-induced chronic inflammation, (-)-cassine
reduced mechanical hyperalgesia, with minor efficacy if compared to gabapentin.

When p.o. administered at different doses (3, 30, or 60 mg/kg) on the 5th day after neuropathic pain induction in a mice
model of PSNL, (-)-cassine markedly reduced mechanical hyperalgesia. Its analgesic effects have been linked to the
inhibition of TRPV1 and TRPAL1, down-regulation of COX-2, MAP/ERK pathway, and NF-kB expression in the spinal cord.
TRPV1 and TRPA1 targeting has been demonstrated by inhibition of the licking induced by the TRPA1 agonist
cinnamaldehyde and by attenuation of cold hyperalgesia tetrafluoroethane-induced.

| 9. Hautriwaic Acid

Hautriwaic acid (12) is extracted from Eremocarpus setigerus (Hook.) Benth. (Euphorbiaceae), also known as Croton
setigerus, and Dodonaea viscosa Jacq. (Sapindaceae) (Figure 10), a medical plant traditionally used for its anti-diarrheal,
antibacterial, analgesic, antiviral, antiulcer, antioxidant, anti-inflammatory, and gastroprotective activities.

Hautriwaic acid (12)
Figure 10. Eremocarpus setigerus (Hook.) Benth. and Dodonaea viscosa Jacq., and the structure of hautriwaic acid.

D. viscosa Jacq., active principles are mainly terpenoids and flavonoids, among which the diterpene hautriwaic acid (12)
has been demonstrated to have important anti-inflammatory and hepatoprotective activities 5. This diterpene, isolated
from dichloromethane extract, showed marked edema reduction (comparable to indomethacin) when topically (0.25, 0.5,
and 1.0 mg/ear) or i.p. chronically (15 mg/kg once daily for 10 days) administered in 12-O-tetradecanoylphorbol 13-
acetate mice ear edema model B8, In an experimental model of rheumatoid arthritis induced by kaolin/carrageenan
injection in the right knee of mice, p.o. administered hautriwaic acid (12) was shown to have an immunomodulatory effect
by reducing pro-inflammatory cytokines (IL-1B3, IL-6, and TNF) levels and enhancing IL-10 activity, with an activity
comparable or higher than diclofenac, used as a positive control. It has recently been demonstrated that hautriwaic acid
exerts a positive effect in an experimental model of HIV-induced neuropathy, but not in paclitaxel-induced neuropathy, by
inhibiting TTX-S sodium channels in small diameter DRG neurons.

| 10. Tanshinones and Phenolic Acids

Dry root and rhizome of Salvia miltiorrhiza Bunge (Figure 11), a perennial herb belonging to le Labiatae family, are
commonly known as Dan Shen, a medicament listed in the Chinese Pharmacopoeia traditionally used to treat
cardiovascular diseases, chronic hepatic failure, and diabetes.



Figure 11. Salvia miltiorrhiza Bunge.

The main active ingredients of Dan Shen are diterpene tanshinones and phenolic acids. There have been more than 40
tanshinones isolated from Dan Shen, among which are cryptotanshinone (13), 15,16-dihydrotanshinone | (14), miltirone
(15), tanshinone | (16), and tanshinone Il A (17), that possess significant antioxidant, anti-inflammatory, and antineoplastic
activities (Figure 12).
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Figure 12. Structure of active tanshinones.

Phenolic acids with antioxidant, anticoagulant, and cell protection activities 57 include caffeic acid monomers as well as
oligomers, salvianolic acids, rosmarinic acid, and lithospermic acids. Salvianolic acid A (18) and B (19) are the major
water-soluble constituents, and their content in S. miltiorrhiza Bunge is more abundant than in other Labiaceae species
(Figure 13). S. milthorizza Bunge extract has been evaluated on a monosodium urate-induced pain mice model, showing
its antinociceptive and anti-inflammatory activity mediated by the reduction in LPS-induced NO release 58],
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Figure 13. Structure of active phenolic acids.

In the last decade, several studies have also evaluated the potential analgesic properties of the association (mixture
extract, ME) between S. milthorriza Bunge and Agrimonia pilosa Ledeb. extracts, and of some of the abovementioned
active ingredients of Dan Shen individually. A. pilosa Ledeb., belonging to the Rosaceae family, is distributed over eastern



Asia and eastern Europe. It has been used as a traditional medicinal herb to treat abdominal pain, sore throat,
headaches, and parasitic infections. Several studies have shown A. pilosa Ledeb. antioxidant, antinociceptive, anti-
inflammatory, and anti-allergic effects. A. pilosa Ledeb. has been reported to produce an anti-nociceptive effect in ICR
strain mice in both tail-flick and hot-plate tests B2, A study by Hwang et al. (89 evaluated several mixture ratios, defining
the 1:1 ratio of a 50% EtOH extract of A. pilosa Ledeb. and an 80% EtOH extract of S. milthorriza Bunge., as the mixture
extract with the most significant therapeutic potential for treating gout pain. In a mice osteoarthritis pain model, one-off
and one-week p.o. treatment with ME reduced pain thresholds in a dose-dependent manner. ME also reduced plasma
TNF, IL-6, and CRP levels. In LPS-stimulated RAW 264.7 cells, ME inhibited the release of NO, PGE2, LTB4, and IL-6,
increased the phosphorylation of PPAR-y protein, and downregulated TNF-a and MAPKs proteins expression in a
concentration-dependent (from 1 to 100 pg/mL) manner. Furthermore, ME ameliorated the progression of ear edema in
mice. Furthermore, repeated administration of ME for 7 days (once daily) showed a profound antinociceptive effect,
suggesting that ME did not induce antinociceptive tolerance. In a mouse collagen-induced arthritis (CIA) model, both oral
single and repeated treatments with ME decreased pain threshold, attenuated CRP, TNF, IL-6, COX-1, COX-2, and NF-kB
levels in plasma and ankle tissue (11,

10.1. Tanshinones: Cryptotanshinone

Cryptotanshinone (13, Figure 12) belongs to the tanshinones diterpenoid family, and is one of the main active compounds
isolated from the root of S. miltiorrhiza Bunge. Recent studies have shown that cryptotanshinone effectively protects
against cardiac dysfunction and plays a potent role in anti-tumorigenesis without affecting the survival of noncancerous
cells. Furthermore, it ameliorates the symptoms of rheumatoid arthritis by suppressing proinflammatory cytokines in rats
(621 |n a mouse oxaliplatin-induced neuropathic pain, a single cryptotanshinone administration (30 mg/kg p.o.) significantly
reduced pain threshold without motor or neuronal alterations; 7 days repeated administrations of 10 mg/kg highlighted its
effectiveness and potency. Cryptotanshinone was also found to selectively interfere with NF-kBp65 expression €3] In CCI
neuropathic pain, chronic p.o. cryptotanshinone administration suppressed the increase in IL-1f3, IL-6, TNF, PI3K/Akt
signaling, determining an overall improvement in the paw withdrawal mechanical threshold and thermal withdrawal
latency.

10.2. Tanshinones: Tanshinone IIA

Tanshinone Il A (17, Figure 12) is one of the major diterpenes extracted from the roots of S. milthorizza Bunge. Several
studies have exploited its analgesic activity in cancer-induced bone pain, inflammatory pain, pancreatitis-induced pain,
and visceral pain. In rat STZ-induced neuropathic pain, tanshinone Il A significantly improved mechanical allodynia and
thermal hyperalgesia. Through electrophysiological and biochemical methods, it was elucidated that tanshinone II A
normalized the altered activity of primary sensitive neurons by lowering the enhanced TTX-R and TTX-S sodium channel
currents 84, In mouse oxaliplatin-induced neuropathic pain, 7-day repeated p.o. tanshinone Il A administration (10 mg/kg
p.o.) significantly reduced pain thresholds. This compound was also found to be non-toxic since it did not induce motor or
neurological impairment. Contextually, Dan Shen and its active constituents showed remarkable and selective inhibitory
activities on glioblastoma cells lines LN-229 (IC5q: 50.0, 48.2 and 51.9 pM respectively for Dan Shen standardized extract,
tanshinone Il A and cryptotanshinone), next to healthy but high proliferative cell lines enterocytes (ICso > 250 uM for
tanshinone Il A and cryptotanshinone) and keratinocytes (ICsg > 100 and 97 uM respectively for tanshinone Il A and
cryptotanshinone), highlighting Dan Shen neuroprotective properties. Tanshinone Il A selectively interfered with NF-kB
p65 expression (with a specular and significant modulation of IKBa) in the CNS.

Tanshinone Il A i.p. administration (10, 25, and 50 mg/kg) 30 min prior to and daily after operation for 14 days), dose-
dependently, also inhibited SNL-induced mechanical hyperalgesia and, as revealed by OX42 levels, it effectively
repressed the activation of spinal microglial activation. Meanwhile, tanshinone 1l A also decreased the expressions of
inflammatory cytokines TNF and IL-1p in the spinal cord. Furthermore, tanshinone Il A inhibited oxidative stress by
significantly rescuing SOD activity and decreasing malondialdehyde. Moreover, tanshinone Il A depressed SNL-induced
MAPKs activation, thus acting as an immune response down regulator 2. In the same rat pain model, tanshinone Il A
was also found to act through the JNK pathway and decreased MCP-1 release, dose dependently. Co-treatment of
tanshinone Il A and JNK inhibitor (SP600125), did not significantly increase mechanical PWT and MCP-1 expression
compared with the tanshinone Il A-treated group (€8],

10.3. Phenolic Acids: Salvianolic Acid A

Salvianolic acid A (18, Figure 13) is extracted from the aqueous faction of S. milthorrizha Bunge roots. It has antioxidant
activity, inhibits hepatic fibrosis, liver injury, and thrombosis, protects the heart and brain from damage, and restores
vascular reactivity in diabetic rats. When administered (1 and 3 mg/kg p.o.) in STZ-induced diabetic rats for 10 weeks



after overt diabetes, salvianolic acid A increased peripheral blood perfusion and vascular activities, improved peripheral
nerve function, and decreased vascular eNOS expression and blood glucose, lipid, von Willebrand factor (vWf), and
malondialdehyde levels. The beneficial effects of salvianolic acid A on plantar microcirculation and peripheral nerve
function in diabetic rats have been attributed to improvements in lipid and glucose metabolism, the inhibition of AGEs
formation, and the development of oxidative stress-related nervous and vascular damage 7.

10.4. Phenolic Acids: Salvianolic Acid B

Salvianolic acid B (19, Figure 13) is the enantiomer of salvianolic acid A, extracted from the aqueous faction of Salvia
milthorrizha Bunge roots. It was evaluated in rat CCl-induced neuropathic pain, demonstrating its effectiveness in
reducing mechanical hyperalgesia when administered i.p. at the dose of 100 mg/kg. Due to the poor chemical stability and
bioavailability of salvianolic acid B, liposomes were developed as drug carriers for parental administration. According to in

vivo studies, encapsulation, especially into PEGylated liposomes, increased and prolonged the antihyperalgesic activity
l68],

| 11. Caffeic Acid Phenylethyl Ester

Caffeic acid phenethyl ester (20, Figure 14) is the main ingredient of Chinese propolis (i.e., honeybees make propolis
from resins of Populus % canadensis Moench, Salicaceae), which has been widely used in traditional Chinese medicine to
treat various diseases 89, It has antioxidative, antitumor, and anti-inflammatory effects. For instance, it was reported that
caffeic acid phenethyl ester exerted therapeutic effects on atherosclerosis and Alzheimer's disease 9. Caffeic acid
phenethyl ester also ameliorated LPS-induced microglial activation and motor incoordination and, at the dose of 25 mg/kg,
i.p., for 7 days, relieved neuropathic pain behaviors induced by CCI in mice (22, It also inhibited CCl-induced activation of
microglia, suppressed the phosphorylation of p38 mitogen-activated protein kinase, inhibited the translocation of NF-kB
and decreased the expression of proinflammatory cytokines tumor necrosis factor-a, IL-13, and IL-6.

»

Caffeic acid phenethyl ester (20)

Figure 14. Populus x canadensis Moench and the structure of caffeic acid phenethyl ester.

| 12. Fruticuline A

Salvia lachnostachys Benth (Lamiaceae) is a herb native of Brazil. Its ethanolic extract from leaves (SLE) contains several
triterpenes and diterpenes, among them, fruticuline A (21, Figure 15), a norabietane diterpenoid, emerged for its anti-
inflammatory (paw edema and pleurisy induced by carrageenan injection) and antihyperalgesic effects 2731,

Fruticuline A (21)

Figure 15. Salvia lachnostachys Benth and structure of fruticuline A.

Crude SLE contains about 3% of fruticuline A (21). In a study by Santos et al. SLE (100 mg/kg, p.o. route) was evaluated
for its effects on SNI in rats 4. The oral administration of SLE for up to 15 days significantly inhibited SNI-induced
mechanical hyperalgesia and decreased immobility in the FST. In the formalin test, SLE and fruticuline A significantly
reduced the frequency of paw licking during the first and second phases and decreased edema. SLE and fruticuline A did
not alter the locomotor analysis (open field test without clonidine treatment), validating the absence of toxicity.



| 13. Gallic Acid

Gallic acid (22, Figure 16) is a polyphenolic compound found in a wide variety of fruits, nuts, and plants, such as Cornus
officinalis Torr. ex Dur. (Cornaceae), Eucalyptus globulus Labill. (Myrtaceae), galinuts (Quercus infectoria G. Oliver,
Fagaceae), rhubarb (Rheum officinale Baill., Rheum palmatum L., Polygonaceae), and sumac (Rhus chinensis Mill.,
Anacardaceae). It is also the principal antioxidant component of tea extract and several Ayurvedic herbs 2 and a
component of Qufeng Zhitong capsules, a traditional Chinese medicine also clinically used for neuropathic pain 81,
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Gallic acid (22)

Figure 16. Structure of gallic acid.

Experimentally, gallic acid (22) has been documented to produce cardioprotective, anti-diabetic, anti-hyperlipidemic, anti-
inflammatory, anti-depressive, and neuroprotective effects without any serious toxicity (no observable adverse effects at
5000 mg/kg per o.s.) AZ8IZABY |ts analgesic properties have been widely studied in acute BY as well as chronic and
neuropathic pain models. In a study conducted by Kaur et al. L0 j.v. treatments with gallic acid (22) (20 and 40 mg/kg for
10 consecutive days) attenuated paclitaxel-induced pain behavior and related biochemical changes, suggesting gallic acid
(22) ability to prevent neuronal firing, neurodegeneration, and neuroinflammation. Gallic acid (22) has been shown to
inhibit histamine release, free radical scavenging action, oxidative stress, neuroinflammation and cytokine production,
thermal and mechanical hyperalgesia and allodynia, tissue total calcium, TNF and the calcium influx TRPA1-mediated.
Moreover, gallic acid (22), p.o. administered, decreased the spontaneous nociception triggered by allyl isothiocyanate,
cinnamaldehyde, and H,0,. Carrageenan-induced allodynia and edema were largely reduced by the pretreatment with
gallic acid (22). It was also capable of decreasing cold and mechanical allodynia in a CCI neuropathic pain model. It has
been found that gallic acid (22) acts by inhibiting the NF-kB/STAT pathway through the P2X7 receptor. In a model of
visceral pain, gallic acid (22) or P2X7 shRNA treatment could diminish spinal cord, DRG, and hippocampus P2X7 receptor
expressions. Treatments with gallic acid (22) and P2X7 shRNA successfully increased the hippocampus BDNF level in
comorbid rats, also indicating alleviated depression B2, In CCI neuropathic pain, i.p. gallic acid (22) (100 mg/kg) for 1
week increased mechanical withdrawal threshold and thermal withdrawal latency accompanied by inhibition of the
upregulated expression of P2X7 and TNF at both mRNA and protein levels and reduced NF-kB and phosphorylated-
STAT3 in the dorsal root ganglia. At the same time, gallic acid (22) significantly decreased the co-expression of P2X7 and
glial fibrillary acidic protein in the dorsal root ganglia. In addition, gallic acid (22) could suppress the ATP-activated current
in HEK293 cells transfected with the plasmid expressing P2X7 but had no effect on the ATP activation current of P2X7-
mutant plasmid (with the point mutation sequence of the key site where gallic acid (22) binds to the P2X7 receptor). The
underlying molecular mechanisms have been addressed to the downregulation of P2X7 receptor expression, reduction of
mature TACE release, inhibition of TNF-a expression, and suppression of the NF-kB/STAT3 signaling pathway (€3],

| 14. 1Isosakuranetin

Isosakuranetin (23, Figure 17) is a flavanone found in many plants such as citrus fruits (Citrus sinensis (L.) Osbeck and
Citrus paradisi Macfad, Rutaceae) and Brazilian green propolis (Baccharis dracunculifolia DC. Asteraceae) B4, recently
described as transient receptor potential melastatin 3 (TRPM3) blocker in in vitro studies 5. When i.p administered, it
elicited antinociceptive effects in mouse hot plate assay and in a chemical-induced inflammatory pain model.
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Isosakuranatin (23)

Figure 17. Citrus sinensis (L.) Osbeck, Citrus paradisi Macfad, Baccharis dracunculifolia DC., and the chemical structure
of isosakuranetin.



In CCl, peripheral neuropathy i.p. isosakuranetin (1.5, 3, or 6 mg/kg) dose-dependently alleviated mechanical, thermal,
and cold hyperalgesia in the von Frey test, Hargreaves’ plantar test, and cold plate test, respectively. In the rotarod test, at
tested doses, isosakuranetin did not significantly affect motor performance, confirming the absence of toxicity [B8l,

| 15. Chlorogenic Acid

Sideritis bilgeriana P.H.Davis belongs to the Lamiaceae family (Figure 18). The aerial parts of plants are used in teas and
natural remedies to relieve colds, gastrointestinal symptoms, and inflammatory processes 71,
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Chlorogenic acid (24)

Figure 18. Sideritis bilgeriana P.H.Davis and chemical structure of chlorogenic acid.

The methanolic extract of S. bilgeriana P.H.Davis has been evaluated through HPLC analyses, and chlorogenic acid (24,
Figure 18) has been found to be its main active component. The methanolic extract of S. bilgeriana P.H.Davis activity was
evaluated in several pain models, showing to reduce (at the doses of 50, 100, and 200 mg/kg, p.0.) mechanical
hyperalgesia, MPO activity, and pain behavior. In the carrageenan-induced pleurisy, methanolic extract of S. bilgeriana
P.H.Davis (100 mg/kg p.o. 60 min. before the injection of carrageenan) significantly reduced leukocyte
(polymorphonuclear) count and TNF and IL-1f levels in the pleural cavity such as analysis of bone marrow showed a
decrease in of pro-inflammatory IL-6 cytokine and NF-kB factor level. In the PSNL model, at the same dose, mechanical
and thermal hyperalgesia were reduced on the first day and during the 7 days of evaluation. Moreover, the methanolic
extract of S. bilgeriana P.H.Davis treatment produced no noticeable side effects, motor impairment, and gastric or hepatic

injury.

| 16. Daturalactone, 12-Deoxywithastramonolide, and Daturilin

Datura stramonium L. (Solanaceae) (Figure 19) is a renowned medicinal herb from the Solanaceae family. In Ayurvedic
medicine, D. stramonium L. is described as a useful remedy for various human illnesses B8, |ts pharmaceutical actions
are antiasthmatic, anticancer, antimicrobial, antifungal, anti-epileptic, and anti-inflammatory B,

Figure 19. Datura stramonium L.

A study conducted by Chandan et al. 2% identified three lactones, daturalactone (25, D1), 12-deoxywithastramonolide (26,
D23), and daturilin (27, D27), as C28 steroids based on an ergostane skeleton (Figure 20) that showed inhibition of NO
and pro-inflammatory cytokines (IL-1, IL-6, and TNF) released by LPS-activated J774A.1 macrophage. D1, D23, and D27
(20 mg/kg) were able to reduce pain and inflammation in tail-flick, acetic acid-induced writhing, vascular permeability
assays, and carrageenan-induced rat paw edema in mice. Docking analysis showed that these three compounds actively
bind to COX-1, COX-2, LOX-1, NF-kB, and iNOS, validating their anti-inflammatory effects.
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Figure 20. Daturalactone (D1), 12-deoxywithastramonolide (D23), and daturilin (D27) chemical structures.

17. Glycyrrhizin, Carbenoxolone, Licochalcone A, Isoliquiritigenin, and
Isoliquiritin

Licorice, also known as kanzoh, gan-cao, sweet root 24 and yasti-madhu, is one of the most popular traditional herbal
medicines in the world 22, There are approximately 29 species of Glycyrrhiza (Fabaceae) worldwide, including 15 species
with medicinal value. These species occur on all continents, except Antarctica, across 41 countries. Only one licorice is
recorded in Indian pharmacopeia, two species are recorded in the US and Japanese pharmacopoeias, and three species
are recorded in most national pharmacopoeias: Glycyrrhiza glabra L., Glycyrrhiza uralensis Fisch. ex DC. and Glycyrrhiza
inflata Batalin. These three medicinal licorice species are mainly distributed in Eurasia, especially Central Asia. The main
morphological differences between them are in leaves, inflorescences, pods, and seeds, and they can be distinguished by
ITS and psbA-trnH sequences 231, G. uralensis Fisch. ex DC., in combination in equal amounts with white peony root
(Paeoniae lactiflora Pall., Paeoniaceae), is a well-known Chinese herbal formula (Shaoyao-Gancao Decoction,
Shakuyaku-Kanzo-to in Japanese), commonly used to relieve myalgia, arthralgia and neuropathic pain, including
paclitaxel 24!, and CCI neuropathy 231,

The roots and rhizomes of licorice have long been used worldwide as a natural sweetener and traditional medicine used
mainly for the treatment of peptic ulcer, hepatitis C, and pulmonary and skin diseases, although clinical and experimental
studies suggest that it has several other useful pharmacological properties such as anti-inflammatory, antiviral,
antimicrobial, antioxidative, anticancer, immunomodulatory, hepatoprotective, and cardioprotective (98] Conventional
extraction methods for licorice include ultrasonication, heat reflux, dispersive liquid—liquid micro-extraction, and
molecularly imprinted solid-phase extraction. G. glabra L. has the highest concentration of triterpenoids and G. uralensis
Fisch. ex DC. has the highest concentration of flavonoids 4. Licorice constituents such as glycyrrhizin (28, GLA, Figure
20) and its derivatives (29-33), and other licorice-derived compounds, such as glabridin and isoliquiritigenin exert these
effects via a range of mechanisms, including HMGBL1 inhibition, gap junction blockade, and a2-adrenoceptor antagonist.

17.1. Glycyrrhizin

Glycyrrhizin (27), also known as glycyrrhizic acid (Figure 21), is a triterpenoid saponin and is the main active compound.
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Figure 21. Structure of glycyrrhizinic acid and its derivatives.

It constitutes approximately 10% of the licorice root dry weight, where it is present as a mixture of potassium, calcium, and
magnesium salts. Glycyrrhizin is a 3-amyrin-type triterpenoid saponin, which nhumerous preclinical and cell studies report
to have antiviral, neuroprotective, and potent anti-inflammatory properties. In Japan, glycyrrhizin has been used for more
than 60 years to treat human chronic hepatitis. In STZ-induced neuropathic pain, glycyrrhizin treatment (five days/week
for four weeks at a dose of 50 mg/kg per day i.p.) inhibited the increases in TLR4, NLRP3, and CXCR4 expressions and
improved mechanical and thermal pain threshold. Immunohistochemical studies revealed that glycyrrhizin prevented the
release of HMGB1 as well as H3K9 acetylation [28],

Several glycyrrhizin derivatives have also been studied in neuropathic pain models. In particular, ammonium
glycyrrhizinate (28) was proven to have a cytoprotective effect on the neuroblastoma SH-SY5Y cell line after high-glucose
administration. Also, in an in vivo experiment, a short-repeated treatment with ammonium glycyrrhizinate (i.p. injected at
the dose of 50 mg/kg, 15, 17, and 19 days after the STZ administration) was able to attenuate neuropathic hyperalgesia in
STZ-induced diabetic mice 22, In a study by Akasaka et al. 299 several synthetic derivatives (Figure 20) of glycyrrhizin
were evaluated and it was observed that the disodium salt of olean-11,13(18)-dien-3(3,30-O-dihemiphthalate (32) inhibited
the mobilization of Ca?* induced by substance P, neurokinin A, and neurokinin B in CHO-K1 cells expressing the human
NK1, NK2, and NK3 receptors, respectively. In the capsaicin inflammatory pain model, compound 32 suppressed flinching
behavior in a dose-dependent manner, and it was also effective in suppressing pain-related behaviors in the late phase of
the formalin test and reducing thermal hyperalgesia in the neuropathic pain state caused by sciatic nerve injury.

17.2. Carbenoxolone

Carbenoxolone (34, Figure 22) is a glycyrrhetinic acid synthetic derivative with a steroid-like structure (Figure 21) used
for the treatment of peptic, esophageal, and oral ulceration and inflammation. It exerts its analgesic effect by decoupling
the gap junction.

Figure 22. Chemical structure of carbenoxolone.



When i.t. administered (1, 5, and 25 pg) in SCI neuropathic pain mice during the induction period, performed twice a day
at 8 A.M. and 6 P.M. on postoperative days 0 to 5, carbenoxolone dose-dependently attenuated the development of
bilateral thermal hyperalgesia and mechanical allodynia and significantly reduced bilateral increase in GFAP-
immunoreactive staining and the number of pNR1-ir cell profiles in spinal cord dorsal horn. In contrast, carbenoxolone
treatment during the maintenance phase on postoperative days 15 to 20 had no effect on the established thermal
hyperalgesia and mechanical allodynia, nor on spinal GFAP expression or the number of pNR1-ir cell profiles 194,
Anyway, repetitive i.t. carbenoxolone treatment through days 14-16 post-SNL did not cause acute desensitization or
tachyphylaxis to its pain-inhibiting effect 192, Carbenoxolone has also been demonstrated to attenuate facial mechanical
hypersensitivity as well as the accompanying central sensitization of functionally identified malate dehydrogenase
nociceptive neurons induced by trigeminal nerve injury 1021,

17.3. Licochalcone A

Licochalcone A (35, Figure 23), the main phenolic constituent of licorice, has a variety of bioactivities, such as anti-
inflammatory, neuroprotective, and anti-cancer properties. It decreased the expression of inflammatory factors by
inhibiting MAPK and the AKT/NF-kB pathways and repaired the blood—milk barrier damage caused by inflammation.
Licochalcone A (35) also inhibited JNK1, providing neuronal protection against excitotoxic insults 041,
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Licochalcone A (35) Isoliquiritigenin (36)
Figure 23. Chemical structure of licochalcone A and isoliquiritigenin.

In CCI neuropathic pain, i.p. administered (after CCI surgery from the 4-th day to the 10-th day twice daily at the dose of
1.25, 2.50, and 5.00 mg/kg), it significantly attenuated pain in a dose-dependent manner, ameliorating the mechanical
withdrawal thresholds and thermal withdrawal latencies. Additionally, licochalcone A (35) administration also effectively

blocked microglia activation, suppressed p38 phosphorylation, and the release of inflammatory factors such as TNF, 1I-1p3,
and 1L-6 (1051,

17.4. Isoliquiritigenin

Isoliquiritigenin (36, Figure 23) is a flavonoid from G. glabra L., known to have various pharmacological activities,
including antibacterial and anti-inflammatory effects. Isoliquiritigenin (36) has been reported to inhibit Na,1.4, Ca%*
channels, and NMDA receptors, thus, presumably supporting its analgesic effect. In small- and medium-sized cultured
trigeminal ganglion neurons, the compound suppressed, dose-dependently, Na, currents in many neurons (78%) and K,
currents in all neurons. In behavioral experiments, local treatment with isoliquiritigenin (36) suppressed nociceptive
behaviors in response to oral ulcer development or to nociceptive TRP channel agonists 191, Additionally, in vivo

isoliquiritigenin (36) could cause a significant reduction in the acetic acid-induced writhing response and hot-plate test
107

17.5. Isoliquiritin

Isoliquiritin (37, Figure 24) is a flavonoid glycoside compound from G. uralensis Fisch. ex DC. (Figure 24) that possesses
a variety of biological and pharmacological effects, such as anti-tumor, pro-angiogenic, antifungal, antigenotoxic, and
neuroprotective actions, suggesting disease-modifying and health-promoting properties. Additionally, it possesses
antidepressant-like properties (1081,



OH o)
\OH x
o o i HO . OH

Isoliquiritin (37)

Figure 24. Glycyrrhiza uralensis Fisch. ex DC. and chemical structure of isoliquiritin.

In CCI neuropathic pain, chronic treatment with isoliquiritin (37) (5, 15, and 45 mg/kg, p.o., twice per day for two weeks)
ameliorated, dose-dependently, behavioral hyperalgesia to thermal (heat) stimuli and allodynia to tactile stimuli.
Isoliquiritin (37) antihyperalgesic and antiallodynic actions were totally abolished by the chemical depletion of spinal
serotonin by p-chlorophenylalanine but potentiated by 5-HTP (a precursor of 5-HT). Consistently, isoliquiritin-treated
neuropathic mice showed escalated levels of spinal monoamines, especially 5-HT, with depressed MAO activity.
Moreover, isoliquiritin antihyperalgesia and antiallodynia were preferentially counteracted by systematically or spinally 5-
HT1A receptor antagonist WAY-100635. Isoliquiritin (37) was also able to correct co-morbid behavioral symptoms of
depression and anxiety evoked by neuropathic pain 129,

| 18. Agarwood

Agarwood is the wood of different species of the genus Aquilaria Lam. (Thymelaeaceae), especially splint wood
containing penetrated black resin. It has been employed in traditional medicines as an aphrodisiac, sedative, cardiotonic,
and carminative 119 The economic interest in agarwood has been directed towards its heavy and dense resin, formed in
the tissues of the stem after an injury. Recently, several pharmacological actions of agarwood have been investigated,
such as anti-diabetic, anti-cancer, cytotoxic, antioxidant, and especially anti-inflammatory 111[112|[113]114]  qemonstrated
by pre-clinical studies. In Figure 25, the chemical structures of the major compounds found in agarwood are presented:
neopetasane (eremophilane) (38), B-agarofuran (39), (-)-guaia-1(10),11-dien-15-al (40), 2-(2-phenylethyl)chromone (41),
mangiferin (42), iriflophenone 3,5-C-B-diglucoside (43), genkwanin 5-O-B-primeveroside (44), stigmasterol (45), 3pB-
friedelanol (46), 4-hydroxybenzoic acid (47), syringic acid (48), and isovanillic acid (49) 111,



R &K

Neopetasane (38) B-agarofuran (38) Guala-1(10),11-dien-15-al (40}

2-(2- phenylethyljchromone (41) mangiferin (42)

HO

Iriflophenone 3,5-C-B-diglucoside (43) Genkwanin 5-0-f-primeveroside (44)

47: Ry=H,R;=0H, Ry=H 4-Hydroxybenzolc acld
48: R, =0CH,, Ry=0H, R =0CH, Syringic acid
Stigmasterol (45) Ap-friedelanol (46) 49: A=H, Az=0CHy, Ry=0H Isovanillic acld

Figure 25. Chemical structures of major compounds found in agarwood.

The latest investigations on agarwood have disclosed that sesquiterpenes and 2-(2-phenylethyl) chromone derivatives are
the two predominant constituents 124! In particular, the 2-(2-phenylethyl)chromone, with a phenylethyl substituent at the
C-2 position, is involved in its anti-inflammatory activity 1131, The ethylacetate soluble fraction from a 95% EtOH extract of
the resinous wood of Aquilaria sinensis (Lour.) Spreng. was found to inhibit NO production in LPS-stimulated RAW264.7
cells. Furthermore, nine undescribed sesquiterpene derivatives were isolated and identified from Aquilaria malaccensis
Lam. All nine compounds were screened for their anti-inflammatory activities, and one of these showed potential NO
inhibitory effects [L161[117],

| 19. Leucodin and a-Santonin

Plants of the Asteraceae family displayed mainly antimicrobial and analgesic activities, and for this reason, they were
used in traditional medicine for long time. The most known is Artemisia annua L. (Asteraceae), used for its anti-malarian
activity due to a sesquiterpene lactone, named artemisinin 228, Artemisia californica Less. (Asteraceae) (Figure 26) was
an important remedy for headache. A. californica Less.’ leaves and stems decoction were used externally for colds,
asthma, and arthritis 2] In recent years, an alcoholic liniment of this plant showed encouraging data in pain patients
affected by arthritis, muscle and ligament strains, bruises, broken bones, low back pain, and cancer. This plant is rich in
flavonoids, terpenoids, alkaloids, phenols, and polyacetylenes. These constituents can inhibit NO production, opening the

possibility of anti-inflammatory uses 129 Among the sesquiterpene lactones, leucodin (50, Figure 26) presents a



cyclopentadienone rigid ring system that may react with thiols in proteins to provide its biological activity. Literature studies
report that leucodin (50) can inhibit COX-2 and inducible NO synthase, thus showing an anti-inflammatory profile. Another
constituent of Artemisia species is a molecule called a-santonin (51, Figure 26), used as an anthelminthic, then removed
from the market for its hazards to patients’ health.
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Figure 26. Artemisia annua L., Artemisia californica Less. and chemical structures of leucodin and a-santonin.

To date, a-santonin (51) is a promising agent for the synthesis of new derivatives with anti-inflammatory and cytotoxic
activity. It showed, in fact, strong anti-inflammatory, antipyretic and analgesic properties against carrageenan-induced
edema in rat paw. Nowadays, the specific mechanism of action is not entirely clear, but it may be due to the suppression
of kinin and prostaglandin formation 2211,

| 20. B-Caryophyllene

The sesquiterpene hydrocarbon (E)-p-caryophyllene (52, Figure 27) is one of the most interesting natural compounds
employed for inflammatory and neuropathic pain treatment. Regarding the chemical structure, (E)-B-caryophyllene (52) is
a bicyclic sesquiterpene found in the essential oils of many different spice and food plants such as Aquilaria crassna
Pierre (Thymelaeaceae) and Cannabis sativa L. (Cannabaceae). Moreover, (E)-B-caryophyllene is known as the major
component of marijuana essential oil. In particular, it is a secondary metabolite belonging to the group of terpenes present
in both vegetative and reproductive parts. It is mainly involved in plant defense and attraction. It is approved to be used as
a natural flavoring agent by the FDA.

(E)-B-caryophyllene (52)

Figure 27. Aquilaria crassna Pierre, Cannabis sativa L. and (E)-B-caryophyllene structure.

Recently, much evidence has suggested that it has a protective role, also with beneficial effects against different diseases,
especially in pathologies characterized by chronic inflammation 122, Specifically, (E)-B-caryophyllene (52) is a CBR2
receptor selective full agonist. Several studies showed that (E)-B-caryophyllene (52) is able to reduce the expression of
cytokines and attenuate mechanical allodynia in animal models of paclitaxel- and diabetic-induced neuropathic pain. (E)-
[B-caryophyllene (52) suppressed cytokine expression, phospho-ERK1/2 levels, and decreased COX-2 and iNOS
expression, which could suppress NF-kB activation and consequently promote analgesia 123l In a mouse model of
antiretroviral drug-induced neuropathic pain (E)-pB-caryophyllene (administered by oral gavage at a loading dose of 50
mg/kg and a maintenance dose of 25 mg/kg twice daily for 5 days or at a dose of 25 mg/kg once after neuropathic pain)
decreased mechanical allodynia 224, and in CCl-induced neuropathic pain, dose- and time-dependently, in both male and
female mice, it showed a good potency in reversal thermal hyperalgesia in comparison with mechanical allodynia 225, |n
the formalin test, (E)-B-caryophyllene (52), orally administered at the dose of 5 mg kg2, is antinociceptive in the late
phase of the formalin test after acute treatment 228 without gastric damage. The data related to both in in vivo and in vitro
studies show that (E)-B-caryophyllene (52) is a good candidate in the treatment of chronic inflammation of its specific
molecular targets and low toxicity. Mainly, specific (E)-p-caryophyllene-mediated CBR2 receptor activation plays an anti-
inflammatory activity through the modulation of NF-kB and PPARy 124, (E)-B-caryophyllene is also characterized by good

lipophilicity, so it easily penetrates cell membranes 128, Moreover, literature data report that the inclusion complex



containing (E)-B-caryophyllene (52) and B-cyclodextrin significantly increased the oral bioavailability of the drug over the
free (E)-B-caryophyllene.

Recently, (E)-p-caryophyllene (52) was combined with other natural products, such as carnosic acid, in a single
formulation named Noxiall® used as a food supplement. Carnosic acid, present in Rosmarinus officinalis L. (Lamiaceae)
and Salvia officinalis L. (Lamiaceae), has antioxidant and anti-inflammatory properties. Its anti-inflammatory action is
based on COX-2 inhibition, IL-18 and TNFa reduction, and leukocyte infiltration attenuation into the damaged tissues. The
potential analgesic and anti-inflammatory efficacy of this mixture was evaluated in animal models of neuropathic pain. The
results showed that this formulation is able to reduce the mechanically-induced allodynia in CCI mice. This effect is dose-
dependent, is maintained for the full treatment period and not subjected to rapid tolerance development. The formulation
efficacy was comparable to that of gabapentin and pregabalin, approved as first-line treatment of neuropathic pain.
Moreover, if co-administered with pregabalin, it enhanced the efficacy of the gabapentinoid, showing a potential role in the
treatment of neuropathic pain 123, A probable synergistic effect of the combination of (E)-B-caryophyllene (52) and
docosahexaenoic acid on the modulation of inflammatory pain responses was also evaluated. The obtained data showed
the combination of the two compounds caused a marked reduction of formalin-induced pain responses 139,

| 21. Crocin

Crocin (53, Figure 28) is the digentiobiosyl ester of all-trans-crocetin (8,8'-di-apocarotene-8,8'-dioic acid) ester that is the
major yellow pigment in gardenia yellow and saffron, isolated by Gardenia jasminoides J. Ellis (Rubiaceae) fruits and
Crocus sativus L. (Iridaceae) stigmas, respectively 131, Concerning the chemical structure, crocin is a diester composed
of the disaccharide gentiobiose and the dicarboxylic acid crocetin. These constituents are radical scavengers [132],

Crocin {53)

Figure 28. Gardenia jasminoides J. Ellis, Crocus sativus L. and the structure of crocin.

A range of scientific evidence shows that crocin (53) possesses various pharmacological effects, such as protection
against cardiovascular diseases, tumoricidal action, neuroprotective, antioxidant as well as anti-inflammatory properties
(133]1134]  gpecifically, its antioxidant properties are mediated through the modulation of GPx, GST, CAT, and SOD. The
literature shows that crocin has a relevant anti-inflammatory activity in several human systems, such as respiratory,
nervous, gastrointestinal, cardiovascular, urogenital and musculoskeletal 133, Experimental evidence suggests that
antioxidant/anti-inflammatory properties of crocin contribute to its anti-nociceptive effects. Crocin (53) possesses
beneficial effects against STZ-induced cold allodynia and edema in rats. Also, in rats, intra-fourth ventricle injection of
crocin (10 and 40 pg/rat) in a model of capsaicin-induced orofacial pain, as well as i.p. injections (12.5 and 25 mg/kg) in
i.pl. injection in formalin-induced pain, displayed anti-nociceptive effects. Crocin (53) also enhanced morphine-induced
antinociception 1381 A recent study also reported that crocin (53) showed beneficial effects during critical phases of
chronic pain development, probably reestablishing sensory and motor neurons in the rats with SCI, without effect on
spinothalamic neurons 237, The administration of a CB receptor antagonist reduced the antinociceptive effects of crocin,
suggesting a CB receptor involvement (38l |n another study, it was shown that crocin reduced CCI neuropathic pain, but
was reversed by atropine, demonstrating the interaction with the cholinergic system. Additionally, different studies have
highlighted that simultaneous administration of crocin (53) and morphine after induction of CCl could attenuate morphine

tolerance, suggesting a good strategy to prevent the development of morphine tolerance in neuropathic pain treatment
139



| 22. Kirenol

Siegesbeckia orientalis L. (Asteraceae) is an annual herb mainly distributed in Central China. Its aerial part has been
usually employed in the treatment of arthritis, hypertension, malaria, neurasthenia, and snakebite. Traditional Chinese
medicine reports that S. orientalis L. is topically used as an analgesic and anti-inflammatory agent in the treatment of
snake bites, cutaneous disorders, and rheumatic arthritis. The aerial part of this plant is mainly composed of ent-kaurane,
ent-pimarane type diterpenoids, and sesquiterpenoids. Kirenol (53, Figure 29), the main ent-pimarane type diterpenoid
present in S. orientalis L., is defined as the most important anti-inflammatory and anti-rheumatism active constituent. It
was selected as the reference substance to quantify and qualify S. orientalis L. in the Chinese Pharmacopoeia. In recent
years, the topical effects of kirenol (54), have been investigated to evaluate its inflammatory and analgesic response in
vivo, employing the carrageenan-induced rat paw edema model and formalin test.

Kirenol (54)

Figure 29. Siegesbeckia orientalis L. and kirenol structure.

Data demonstrated that kirenol (54) presents analgesic and anti-inflammatory activities and can be employed as a remedy
for topical pain and inflammation 249, Recently, a new study was carried out to clarify the mechanisms underlying the
anti-inflammatory and analgesic influence of active components of Siegesbeckia pubescens Makino (Asteraceae). This
study demonstrated that its monomer active components (kirenol, darutoside, and hesperidin) can inhibit inflammatory
infiltrates and COX-2 expression nociceptive stimulus-induced effects, thus, exhibiting significant anti-inflammatory and
analgesic effects 1411,

| 23. Geniposide

Geniposide (55, Figure 30), a iridoid (monoterpenoid) glycoside, is one of the main glycosides of Gardenia jasminoides
J.Ellis (Rubiaceae) (Figure 30), which is mainly employed in Chinese traditional medicine for its homeostatic,
antiphlogistic, antinociceptive, and antipyretic properties 421,
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Figure 30. Gardenia jasminoides J.Ellis and geniposide structure.

Recently, it was demonstrated that the activation of spinal GLP-1Rs, specifically expressed in spinal dorsal horn microglial
cells and up-regulated after peripheral nerve injury 2431 with the peptidic agonist exenatide produced antinociception in
chronic pain. Spinal GLP-1Rs could be a potential target for chronic pain treatment. In a recent study, the antinociceptive
activities of geniposide (55), as a possible small molecule with GLP-1R agonist profile, was evaluated. Geniposide (55) is
able to exert complete protection against hydrogen peroxide-induced oxidative damage in humans, showing a protective
action against oxidative stress. S.c. (3, 10, 30, 100, or 300 mg/kg) and p.o. geniposide (55) (10, 30, 100, 300, or 1000
mg/kg 1 h before formalin) dose-dependently blocked the formalin-induced tonic but not the acute flinching response. It



was suggested that geniposide (54) is able to produce antinociception during persistent pain by activating the spinal GLP-
1Rs and that the iridoids, represented by geniposide (55), are orthosteric agonists of GLP-1Rs 142 Geniposide (55) also
reduces the expression of inflammatory cytokines and could increase the pain threshold in CCI rats by inhibiting TNF-a
expression in the ipsilateral or contralateral dorsal root ganglia. It was also found that geniposide (55) may exert anti-
inflammatory effects through EGFR and that geniposide (55) reduced the expression of inflammatory factors and
improved pain threshold in CCI by inhibiting Ca2* channel activity 1441,

| 24. Scopoletin and Spinasterol

Polygala sabulosa A. W. Bennett (Polygalaceae) is a small herb diffused in the Southern Meridional Highlands of Brazil.
The plants of the genus Polygala are employed for disorders of the bowel and kidney as a tonic remedy, topical
anesthetic, and expectorant. Chemical studies carried out on different species of the genus Polygala showed the
presence of different classes of constituents, such as coumarins, saponins, lignans, flavonoids, and mainly xanthones
(Figure 31). The possible antinociceptive activity of i.p. injection of the hydroalcoholic (CH,Cl,, EtOAc, n-BuOH) extract
(1-100 mg kg™1), aqueous fraction and pure compounds (0.001-10 mg kg™!) obtained from the whole plant P. sabulosa A.
W. Bennett was investigated in acetic acid-induced visceral pain in mice, where they caused a relevant dose-dependent
antinociceptive response.
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Figure 31. Polygala sabulosa A. W. Bennett and structures of major constituents in Polygala.

The CH,Cl,, EtOAc, and n-BuOH fractions were more potent than the hydroalcoholic extract and aqueous fraction.
Scopoletin (56) and spinasterol (57, Figure 31) have been identified as the active principles of the plant, indicating these
constituents or their derivatives for possible use in the development of new analgesic drugs 145!, Moreover, it was shown
that the antinociceptive effects of P. sabulosa A. W. Bennett hydroalcoholic extract are associated with glutamatergic
transmission inhibition, which is pro-inflammatory cytokines-dependent 1481,

| 25. Saikosaponin A

Radix Bupleuri (Figure 32), named also with the Chinese name Chai hu, is the dried root of Bupleurum chinense DC., an
herbal plant of the Apiaceae family, distributed mainly in Hubei and Sichuan Provinces of China. Traditionally, it has been
employed for the treatment of the common cold with fever, hepatitis, kidney syndrome, and inflammatory diseases 44,
Saikosaponins are the major chemical constituents of Radix Bupleuri, and they possess anti-inflammatory, immune-
regulating, antibacterial, and antiviral activities 148l Among saikosaponins, saikosaponin A, a triterpenoid saponin (58,
Figure 32) is the major active constituent with anti-inflammatory activity.

Salkosaponin A (58)

Figure 32. Bupleurum chinense DC. and structure of saikosaponin A.



Zhou et al. evaluated the effects of saikosaponin A on CCI neuropathic pain induced 122 and the involved molecular
mechanisms. The results showed that saikosaponin A (6.25, 12.50, and 25.00 mg/kg i.p., once daily for 14 days) is able to
reverse CCl-decreased mechanical and thermal withdrawal threshold, to inhibit CCl-increased levels of TNF-a, IL-13, and
IL-2, and to decrease the expression of p-p38 MAPK and NF-kB, able to induce the expression of various pro-
inflammatory genes, including those encoding cytokines and chemokines, in CCl-induced in the spinal cord.

| 26. (-)-Spectaline

(-)-Spectaline (59, Figure 33) is a piperidine alkaloid isolated from Cassia leptophylla Vogel (Fabaceae) (Figure 33),

mainly used in traditional medicine for antimicrobial, laxative, antiulcerogenic, analgesic, and anti-inflammatory properties
[150]

(-)-Spectaline (59)

Figure 33. Cassia leptophylla Vogel and (-)-spectaline structure.

The possible antinociceptive activity of (—)-spectaline (59) was investigated on capsaicin-induced pain. Hot plate and tail
flick tests were also performed to determine whether the antinociceptive effect of (-)-spectaline (59) was due to a central
or peripheral mechanism. The obtained results showed that (-)-spectaline (59) did not induce a pain latency increase in
the hot plate and tail flick test. Conversely, it was observed that (-)-spectaline (59) (1.6 mg/paw) affected capsaicin-
induced pain, suggesting that this compound may directly interact with the primary afferent-mediated transmission of pain
signals and that it could directly interact with the vanilloid system or with excitatory amino acids by binding to their
receptors 1211,

| 27. Fisetin

Bauhinia glauca (Figure 34) belongs to the Leguminosae family, consisting of about 300 species, whose stem bark and
leaves are widely used in oriental medicine to treat different inflammatory disorders like backache, rheumatic arthritis, and
hemostasis swelling. B. glauca ssp. hupehana (Craib) T.C.Chen was reported, for the first time by Xu J. et al., for the pain-
relief action both in chemical and thermal nociceptive stimuli in mice 132, They used an ethanol extract of aerial parts
(from which were isolated different chemical compounds: peperomin B and fisetin (60), followed by quercetin (66),
luteolin, and garbanzol) that, at a dose of 100 mg/kg, p.o., administered in acetic acid-induced writhing and hot-plate test
in mice, exhibited an anti-nociceptive effect. Interestingly, it was also found involvement of ATP-sensitive K* channel
pathway, since only glibenclamide, but not naltrexone pretreatment, was able to revert its antinociceptive activity, thus,
excluding opioid system involvement. Among the active principles of B. glauca ssp. hupehana (Craib) T.C.Chen, fisetin
(3,3',4',7-tetrahydroxyflavone) (60, Figure 34), a flavonoid compound able to overcome the BBB, is one of the most
studied for its analgesic, antidepressant, and neuroprotective action.

Fisetin (60)

Figure 34. Bauhinia glauca ssp. hupehana (Craib) T.C.Chen and chemical structure of fisetin.

It was deeply investigated fisetin (60) analgesic action in the CCI model (15 and 45 mg/kg administered p.o. twice a day
for 3 weeks) 1531, They demonstrated a significant reduction of thermal, but not mechanical hyperalgesia and discovered
that the compound interacts with the serotonin system, inhibits MAO-A activity, and activates 5-HT; receptors at the spinal
but not at the supraspinal level. They also confirmed fisetin (60) antihyperalgesic action (15-45 mg/kg) on thermal



hyperalgesia and mechanical allodynia in diabetic neuropathic pain model, by its antioxidant activity in dorsal root ganglia
and spinal cord of mice, but not supraspinal GABA, receptor involvement.

| 28. Betulinic Acid

Hyptis emoryi Torr., belonging to the Lamiaceae family, is a perennial shrub widely present in many U.S. states such as
Arizona and Colorado, also known as desert lavender. It is used as an anesthetic to treat gastric disorders. Essential oil is
rich in flavonoids and lignans, while the major chemical compound of the aerial part is betulinic acid (61, Figure 35), a
pentacyclic triterpenoid with anti-bacterial, anti-cancer, anti-HIV, anti-diabetic, and anti-inflammatory activities, but also
with protective action against Alzheimer’s disease and atherosclerosis.

Betulinic acid (61)

Figure 35. Hyptis emoryi Torr. and betulinic acid structure.

It was studied for its analgesic effect due to interaction with Ca®* channels, especially N- and T-type. Bellampali et al.
found that only betulinic acid (61) was obtained from a H.s emoryi Torr. extract in comparison with oleanolic and ursolic
acid, was able to inhibit evoked Ca?* influx 124, They demonstrated that betulinic acid (61) principally interacts with
Cav3.2 (T-type) and Cav2.2 (N-type), which activity is increased in afferent pain fibers in several chronic pain conditions,
also resulting in a decreased depolarization-evoked CGRP release. It does not interact either with the opioid receptor, as
demonstrated by binding studies, nor with the Na* voltage channel. In a different animal model, such as chemotherapy-
and HIV-induced neuropathy, i.t. injection of 2 pg/5 pL of betulinic acid significantly reverted mechanical allodynia
compared to the control group, with a peak at about 120 min after its administration in both assays. Furthermore, in PSNL,
a model of neuropathy that involves Cav2.2 channel’s plasticity, i.t. injection of 2 pg/5 pL of betulinic acid (61), after 7 days
PSNL induction, significantly reverted mechanical allodynia 2 and 3 h after administration, in comparison with the vehicle
group. Thomas et al. confirmed the anti-inflammatory activity of betulinic acid (61), isolated from Uapaca staudtii Pax
(Phyllanthaceae) ethanol extract, using fresh egg albumin-induced hind-paw and xylene-induced ear edema in mice 152,
However, betulinic acid (61) shows poor water solubility and a short half-life, hence, it is not possible to use a systemic
administration route.

| 29. Quercetin and Kaempferol

Albizia anthelmintica Brongn is a tree widely diffused in tropical Africa and South America regions that belongs to the
Fabaceae family, traditionally used to treat depression, cough, diarrhea, and rheumatism. Albizia species are rich in
phenolic and triterpenoids saponins, known for their anti-inflammatory and antioxidant action.

Mohamed et al. isolated several compounds from A. anthelmintica Brongn alcoholic extract, such as gallic acid (22),
quercetin (62), kaempferol (63), and their glucoside derivates (Figure 36). The ethanolic extract evaluation showed a
dose-dependent antinociceptive effect in acetic acid-induced writhing test and an anti-inflammatory activity in
carrageenan-induced hind paw edema. Isolated chemical compounds, quercetin (62) and kaempferol glucopyranoside
exhibited a better scavenging activity compared to extract in diphenyl-picrylhydrazine assay 156,



Kaempfarol (63)

Figure 36. Albizia anthelmintica Brongn, quercetin and kaempferol structure.

Experiments performed on methanol leaf extract of A. anthelmintica Brongn focused on flavonoids and galloyl glucoside
derivates, such as quercetin O-galloyl-glucoside that showed the best binding to several key inflammation enzymes like 5-
LOX, COX-1 and COX-2 while, among phenolic compounds, eucomic acid exhibited the best binding value, but lower
than the former compound. Moreover, they found that only the highest dose of the extract (400 mg/kg), orally
administered, was effective in later phases of edema (up to 24 h), suggesting an effect on leukocyte migration. The lower
dose (200 mg/kg) showed a significant antinociceptive effect in acetic acid-induced writhing in mice and a prolonged but
delayed, effect in the hot-plate test. Finally, they demonstrated a similar antipyretic action for both doses in Brewer’s yeast
induced pyrexia in mice up to 24 h after administration (57,

| 30. Incarvillateine

Incarvillea sinensis Lam. (Bignoniaceae) (Figure 37), also known as Jiaohao, is a wild plant diffused in the northern area
of China, conventionally used as crude drug in rheumatism management and relieving pain. This plant is characterized by
several antinociceptive active principles.

Figure 37. Incarvillea sinensis Lam.

Over the years, several novel monoterpene alkaloids and macrocyclic spermine alkaloids have been discovered and
characterized. One of these, a monoterpene alkaloid named incarvillateine (63, Figure 38) (1281 was demonstrated to
have a relevant antinociceptive effect in the formalin test. Incarvillateine (63) is obtained via dimerization of incarvine C
(64, Figure 37), a hydroxycinnamate derivative of incarvilline. Its structure is characterized by a bicyclic piperidine moiety
bearing five contiguous stereocenters (159,
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Figure 38. Structures of incarvillateine and incarvine C.

The correlation between the incarvillateine structure (63) and antinociceptive activity was evaluated. The data clearly
showed that an important factor in the antinociceptive effects was the presence of a monoterpene alkaloid and a dimeric
structure carrying a cyclobutane ring in its component 160,

Incarvillateina (63) analgesic action was focused and incarvillateine, i.p. administered, exhibited a significantly dose-
dependent antinociceptive effect in acetic acid-induced writing, confirming previous studies 284, In SNI- and paclitaxel-
induced neuropathic pain, incarvillateine (63, 20 mg/kg i.p.) showed a potent anti-allodynic effect without tolerance
development. Moreover, they showed an anti-hyperalgesic and a mild but significant antiedema action in the CFA-induced
paw model. The lack of effects in the hot-plate test, the lack of tolerance, and the lack of naloxone antagonism on
incarvillateine (63) antinociceptive effects indicate no involvement of the opioid system in its analgesic action. Instead, the
adenosine system, in particular the A; receptor seems to be involved in its analgesic effect, as also confirmed by DMPX
(3,7-dimethyl-1-propargylxanthine) administration X621,

Recently, it was highlighted that the derivatives of cinnamic acid dimers, which are structurally similar to incarvillateine
(63), showed potent antinociceptive action. Therefore, incarvillateine analogs were synthesized using the cavitand-
mediated photodimerization method, which utilizes a macromolecule (y-cyclodextrin) to control the excited state reactivity
of photoactive compounds. The pain response was evaluated by using formalin-induced licking behavior in the hind paws
of mice. The results suggest that incarvillateine showed potent non-opioid antinociceptive action mediated predominantly
through adenosine 3 receptor action 1631, On the other hand, Kim et al. also confirmed that incarvillateine monoeseter
derivate showed a potent analgesic action related to the adenosine system, but their results indicated that only

incarvillateine (63) suppressed locomotion, suggesting an A, receptor involvement, also confirmed by DMPX antagonism
162

Only in 2009 was it possible to totally develop an enantioselective synthesis of incarvillateine 182! and immediately, this
compound attracted considerable attention. Seo et al. described an enantioselective synthesis of 7-epi-incarvillateine as
the key intermediate to obtain (-)-incarvillateine and other components extracted by /. sinensis Lam., like (-)-incarvilline
and (+)-incarvine C (stereoselective synthesis of 7-epi-incarvilline), although Wang et al. indicated that the cyclobutane
ring is indispensable for the antinociceptive effect. Moreover, Huang et al. synthesized six analogs of incarvillateine (63)
focusing on these two derivates 65 and 66 (Figure 39) that demonstrated a higher inhibitory activity than incarvillateine
(63) in an acetic acid-induced test. Then, they evaluated both compounds in inflammatory and neuropathic pain models.
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Figure 39. Structures of incarvillateine analogs.

Results obtained in the formalin test showed that incarvillateine (63) showed a higher antinociceptive effect in both phases
than two derivates, but in the SNI model, the two derivatives, especially compound 65, showed a more powerful and
longer-lasting anti-allodynic effect (1631,

| 31. Quercetin

Quercetin (62) 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-chromen-4-one, present in Salvia officinalis L. (Lamiaceae)
(Figure 40) is an element of flavonoid family compounds, which includes over 8000 compounds widely found not only in
several plants, but also in aliments such as red wine, vegetables, and beer. Flavonoid's effect against cardiovascular
diseases, cancer, oxidative stress, and anti-inflammatory action is well known. Among them, quercetin (62) is considered



a strong antioxidant thanks to its scavenging action principally ascribed both to the catechol group and OH group at the
C3 position.

Figure 40. Salvia officinalis L.

Starting from the 1990s, several studies have evaluated the antinociceptive effect of quercetin (62) L88I[L67I[168] Fijlhg et al.
first investigated i.p. quercetin’s antinociceptive mechanism and, interestingly, they found a significant effect in capsaicin,
glutamate, and in the second phase of the formalin test, but not in the hot-plate test, suggesting that the opioid system is
not involved in quercetin’s analgesic action. Naloxone pre-treatment did not revert its antinociceptive effect, while the pre-
treatment with methysergide and ketanserine reverted its action, indicating a serotonin system involvement 169, During
the following years, several studies confirmed quercetin’s analgesic action in chronic pain models, including diabetic-,
CCl-, cancer- and chemotherapy-induced neuropathic pain L7 Among several mechanisms that can explain
quercetin’s analgesic action, the most reported 1721731 gre antioxidant and anti-inflammatory activities together with a
mast cell membrane stabilization and PKCe-dependent TRPV1 expression 174, Ji C. et al. confirmed the quercetin anti-
inflammatory action through pro-inflammatory cytokines, such as TNF-a, IL-1b, CCL-2, and MMPs, level reduction, but

also inhibition of TLR and NF-kB through TAK-1, signaling pathways 1751,

Muto et al. showed that the immune system, which plays a pivotal role in neuropathic pain conditions LZ8IL7 could be
another action site of quercetin (62). Indeed, they demonstrated that quercetin (62) treatment reduced GFAP levels in
astrocytes of the ipsilateral L5 dorsal root ganglia SNI mice compared to control 178, |n addition, Yang et al. discovered a
significant decrease of both mRNA and protein expression of the P2X, receptor, upregulated and involved in the
increased mechanical and thermal hyperalgesia, followed by inhibition of p38MAPK signaling, in a mouse model of
diabetic neuropathic pain. Interestingly, this receptor is also highly expressed in satellite glial cells of DRGs, confirming
quercetin’s action in immune cells 179, Moreover, Fang et al. demonstrated that quercetin (62) treatment in spinal cord
injury significantly restored M1/M2 polarization of macrophages, preventing necroptosis of oligodendrocytes and
ameliorating the demyelination of spared axon 89,

References

1. Clifford, M.N. Chlorogenic acids and other cinnamates—Nature, occurrence, dietary burden, absorption and
metabolism. J. Sci. Food Agric. 2000, 80, 1033-1043.

2. Pimpley, V.; Patil, S.; Srinivasan, K.; Desai, N.; Murthy, P.S. The chemistry of chlorogenic acid from green coffee and its
role in attenuation of obesity and diabetes. Prep. Biochem. Biotechnol. 2020, 50, 10969-10978.

3. Dos Santos, M.D.; Almeida, M.C.; Lopes, N.P.; de Souza, G.E. Evaluation of the Anti-inflammatory, Analgesic and
Antipyretic Activities of the Natural Polyphenol Chlorogenic Acid. Biol. Pharm. Bull. 2006, 29, 2236—-2240.

4. Bagdas, D.; Cinkilic, N.; Ozboluk, H.Y.; Ozyigit, M.O.; Gurun, M.S. Antihyperalgesic activity of chlorogenic acid in
experimental neuropathic pain. J. Nat. Med. 2013, 67, 698—704.

5. Bagdas, D.; Cinkilic, N.; Ozboluk, H.Y.; Ozyigit, M.O.; Gurun, M.S. Antinociceptive effect of chlorogenic acid in rats with
painful diabetic neuropathy. J. Med. Food 2014, 17, 730-732.

6. Kakita, K.; Tsubouchi, H.; Adachi, M.; Takehana, S.; Shimazu, Y.; Takeda, M. Local subcutaneous injection of
chlorogenic acid inhibits the nociceptive trigeminal spinal nucleus caudalis neurons in rats. Neurosci. Res. 2018, 134,
49-55.

7. Zhang, Y.J.; Lu, X.W.; Song, N.; Kou, L.; Wu, M.K; Liu, F.; Wang, H.; Shen, J.F. Chlorogenic acid alters the voltage-
gated potassium channel currents of trigeminal ganglion neurons. Int. J. Oral Sci. 2014, 6, 233—-240.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Hara, K.; Haranishi, Y.; Kataoka, K.; Takahashi, Y.; Terada, T.; Nakamura, M.; Sata, T. Chlorogenic acid administered

intrathecally alleviates mechanical and cold hyperalgesia in a rat neuropathic pain model. Eur. J. Pharmacol. 2014,
723, 459-464.

. Zhu, W.; Wu, F,; Hu, J.; Wang, W.; Zhang, J.; Guo, G. Structural Investigation of the Interaction Mechanism between

Chlorogenic Acid and AMPA Receptor via In Silico Approaches. Molecules 2022, 27, 3394.

Zhu, W.; Wu, F.; Hu, J.; Wang, W.; Zhang, J.; Guo, G. Puerarin: A review of pharmacological effects. Phytother. Res.
2014, 28, 961-975.

Ullah, M.Z.; Khan, A.U.; Afridi, R.; Rasheed, H.; Khalid, S.; Naveed, M.; Ali, H.; Kim, Y.S.; Khan, S. Attenuation of
inflammatory pain by puerarin in animal model of inflammation through inhibition of pro-inflammatory mediators. Int.
Immunopharmacol. 2018, 61, 306—316.

Du, K.; Wu, W.; Feng, X.; Ke, J.; Xie, H.; Chen, Y. Puerarin attenuates complete Freund’s adjuvant-induced trigeminal
neuralgia and inflammation in a mouse model via Sirtl-mediated TGF-31/smad3 inhibition. J. Pain Res. 2021, 14,
2469-2479.

Zhang, L.; Liu, L.; Wang, M. Effects of puerarin on chronic inflammation: Focus on the heart, brain, and arteries. Aging
Med. 2021, 4, 317-324.

Xie, H.T.; Xia, Z.Y.; Pan, X.; Zhao, B.; Liu, Z.G. Puerarin ameliorates allodynia and hyperalgesia in rats with peripheral
nerve injury. Neural Regen. Res. 2018, 13, 1263-1268.

Xu, C.; Li, G.; Gao, Y,; Liu, S.; Lin, J.; Zhang, J.; Li, X.; Liu, H.; Liang, S. Effect of puerarin on P2X3 receptor involved in
hyperalgesia after burn injury in the rat. Brain Res. Bull. 2009, 80, 341-346.

Xu, C.; Xu, W,; Xu, H.; Xiong, W.; Gao, Y.; Li, G,; Liu, S.; Xie, J.; Tu, G.; Peng, H.; et al. Role of puerarin in the
signalling of neuropathic pain mediated by P2X3 receptor of dorsal root ganglion neurons. Brain Res. Bull. 2012, 87,
37-43.

Zhang, X.L.; Cao, X.Y.; Lai, R.C.; Xie, M.X.; Zeng, W.A. Puerarin Relieves Paclitaxel-Induced Neuropathic Pain: The
Role of Nav1.8 31 Subunit of Sensory Neurons. Front. Pharmacol. 2019, 9, 1510.

Wu, Y.; Chen, J.; Wang, R. Puerarin suppresses TRPV1, calcitonin gene-related peptide and substance P to prevent
paclitaxel-induced peripheral neuropathic pain in rats. Neuroreport 2019, 30, 288—294.

Xie, H.; Chen, Y.; Du, K.; Wu, W.; Feng, X. Puerarin alleviates vincristine-induced neuropathic pain and
neuroinflammation via inhibition of nuclear factor-kB and activation of the TGF-B/Smad pathway in rats. Int.
Immunopharmacol. 2020, 89 Pt B, 107060.

Liu, M.; Liao, K.; Yu, C.; Li, X,; Liu, S.; Yang, S. Puerarin alleviates neuropathic pain by inhibiting neuroinflammation in
spinal cord. Mediat. Inflamm. 2014, 2014, 485927.

Zhao, J.; Luo, D.; Liang, Z.; Lao, L.; Rong, J. Plant Natural Product Puerarin Ameliorates Depressive Behaviors and
Chronic Pain in Mice with Spared Nerve Injury (SNI). Mol. Neurobiol. 2017, 54, 2801-2812.

Jiang, W.; Fan, W.; Gao, T.; Li, T.; Yin, Z.; Guo, H.; Wang, L.; Han, VY.; Jiang, J.D. Analgesic Mechanism of Sinomenine
against Chronic Pain. Pain Res. Manag. 2020, 2020, 1876862.

Rao, S.; Liu, S.; Zou, L.; Jia, T.; Zhao, S.; Wu, B.; Yi, Z.; Wang, S.; Xue, Y.; Gao, Y.; et al. The effect of sinomenine in
diabetic neuropathic pain mediated by the P2X3receptor in dorsal root ganglia. Purinergic Signal. 2017, 13, 227-235.

Lee, J.Y.; Yoon, S.Y.; Won, J.; Kim, H.B.; Kang, Y.; Oh, S.B. Sinomenine produces peripheral analgesic effects via
inhibition of voltage-gated sodium currents. Neuroscience 2017, 358, 28—36.

Wang, X.; Liu, Y.; Zhang, H.; Jin, J.; Ma, Y.; Leng, Y. Sinomenine alleviates dorsal root ganglia inflammation to inhibit
neuropathic pain via the p38 MAPK/CREB signalling pathway. Eur. J. Pharmacol. 2021, 897, 173945.

He, N.; Qu, Y.J.; Li, D.Y,; Yue, S.W. RIP3 Inhibition ameliorates chronic constriction injury-induced neuropathic pain by
suppressing JNK signaling. Aging 2021, 13, 24417-24431.

Zhu, Q.; Sun, Y.; Zhu, J.; Fang, T.; Zhang, W.; Li, J.X. Antinociceptive effects of sinomenine in a rat model of
neuropathic pain. Sci. Rep. 2014, 4, 7270.

Gao, T.; Shi, T.; Wang, D.Q.; Wiesenfeld-Hallin, Z.; Xu, X.J. Repeated sinomenine administration alleviates chronic
neuropathic pain-like behaviours in rodents without producing tolerance. Scand. J. Pain 2014, 5, 249-255.

Gao, T.; Hao, J.; Wiesenfeld-Hallin, Z.; Wang, D.Q.; Xu, X.J. Analgesic effect of sihomenine in rodents after
inflammation and nerve injury. Eur. J. Pharmacol. 2013, 721, 5-11.

Gao, T.; Shi, T.; Wiesenfeld-Hallin, Z.; Li, T.; Jiang, J.D.; Xu, X.J. Sinomenine facilitates the efficacy of gabapentin or
ligustrazine hydrochloride in animal models of neuropathic pain. Eur. J. Pharmacol. 2019, 854, 101-108.



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47

48.

49.

50.

51.

Zhou, Z.; Qiu, N.; Ou, Y.; Wei, Q.; Tang, W.; Zheng, M.; Xing, Y.; Li, J.J.; Ling, Y.; Li, J.; et al. N-Demethylsinomenine,
an active metabolite of sinomenine, attenuates chronic neuropathic and inflammatory pain in mice. Sci. Rep. 2021, 11,
9300.

Chai, X.; Guan, Z.; Yu, S.; Zhao, Q.; Hu, H.; Zou, Y.; Tao, X.; Wu, Q. Design, synthesis and molecular docking studies
of sinomenine derivatives. Bioorg. Med. Chem. Lett. 2012, 22, 5849-5852.

Sakhaee, M.H.; Sayyadi, S.A.H.; Sakhaee, N.; Sadeghnia, H.R.; Hosseinzadeh, H.; Nourbakhsh, F.; Forouzanfar, F.
Cedrol protects against chronic constriction injury-induced neuropathic pain through inhibiting oxidative stress and
inflammation. Metab. Brain Dis. 2020, 35, 1119-1126.

Ozek, G.; Schepetkin, I.A.; Yermagambetova, M.; Ozek, T.; Kirpotina, L.N.; Almerekova, S.S.; Abugalieva, S..;
Khlebnikov, A.l.; Quinn, M.T. Innate Immunomodulatory Activity of Cedrol, a Component of Essential Oils Isolated from
Juniperus Species. Molecules 2021, 26, 7644.

Zhang, Y.M.; Shen, J.; Zhao, J.M.; Guan, J.; Wei, X.R.; Miao, D.Y.; Li, W.; Xie, Y.C.; Zhao, Y.Q. Cedrol from Ginger
Ameliorates Rheumatoid Arthritis via Reducing Inflammation and Selectively Inhibiting JAK3 Phosphorylation. J. Agric.
Food Chem. 2021, 69, 5332-5343.

Forouzanfar, F.; Pourbagher-Shahri, A.M.; Ghazavi, H. Evaluation of Antiarthritic and Antinociceptive Effects of Cedrol
in a Rat Model of Arthritis. Oxid. Med. Cell. Longev. 2022, 2022, 4943965.

Wang, J.W.,; Chen, S.S.; Zhang, Y.M.; Guan, J.; Su, G.Y.; Ding, M.; Li, W.; Zhao, Y.Q. Anti-inflammatory and analgesic
activity based on polymorphism of cedrol in mice. Environ. Toxicol. Pharmacol. 2019, 68, 13-18.

Sharifi-Rad, J.; Quispe, C.; Imran, M.; Rauf, A.; Nadeem, M.; Gondal, T.A.; Ahmad, B.; Atif, M.; Mubarak, M.S.; Sytar,
O.; et al. Genistein: An Integrative Overview of Its Mode of Action, Pharmacological Properties, and Health Benefits.
Oxid. Med. Cell. Longev. 2021, 2021, 3268136.

Shir, Y.; Campbell, J.N.; Raja, S.N.; Seltzer, Z. The correlation between dietary soy phytoestrogens and neuropathic
pain behavior in rats after partial denervation. Anesth. Analg. 2002, 94, 421-426.

Valsecchi, A.E.; Franchi, S.; Panerai, A.E.; Rossi, A.; Sacerdote, P.; Colleoni, M. The soy isoflavone genistein reverses
oxidative and inflammatory state, neuropathic pain, neurotrophic and vasculature deficits in diabetes mouse model.
Eur. J. Pharmacol. 2011, 650, 694—-702.

Ozbek, Z.; Aydin, H.E.; Kocman, A.E.; Ozkara, E.; Sahin, E.; Bektur, E.; Vural, M.; Kose, A.; Arslantas, A.; Baycu, C.
Neuroprotective Effect of Genistein in Peripheral Nerve Injury. Turk. Neurosurg. 2017, 27, 816-822.

Valsecchi, A.E.; Franchi, S.; Panerai, A.E.; Sacerdote, P.; Trovato, A.E.; Colleoni, M. Genistein, a natural phytoestrogen
from soy, relieves neuropathic pain following chronic constriction sciatic nerve injury in mice: Anti-inflammatory and
antioxidant activity. J. Neurochem. 2008, 107, 230-240.

Rangel-Galvan, M.; Rangel, A.; Romero-Méndez, C.; Davila, E.M.; Castro, M.E.; Caballero, N.A.; Meléndez
Bustamante, F.J.; Sanchez-Gaytan, B.L.; Meza, U.; Perez-Aguilar, J.M. Inhibitory Mechanism of the Isoflavone
Derivative Genistein in the Human CaV3.3 Channel. ACS Chem. Neurosci. 2021, 12, 651-659.

Verma, S.; Kuhad, A.; Bhandari, R.; Prasad, S.K.; Shakya, A.; Prasad, R.S.; Sinha, S.K. Effect of ethanolic extract of
Solanum virginianum Linn. on neuropathic pain using chronic constriction injury rat model and molecular docking
studies. Naunyn Schmiedebergs Arch. Pharmacol. 2020, 393, 1715-1728.

Chauhan, K.; Sheth, N.; Ranpariya, V.; Parmar, S. Anticonvulsant activity of solasodine isolated from Solanum
sisymbriifolium fruits in rodents. Pharm. Biol. 2011, 49, 194-199.

Pandurangan, A.; Khosa, R.L.; Hemalatha, S. Antinociceptive activity of steroid alkaloids isolated from Solanum
trilobatum Linn. J. Asian Nat. Prod. Res. 2010, 12, 691-695.

. Lecanu, L.; Hashim, A.l.; McCourty, A.; Giscos-Douriez, |.; Dinca, I.; Yao, W.; Vicini, S.; Szabo, G.; Erdélyi, F.; Greeson,

J.; et al. The naturally occurring steroid solasodine induces neurogenesis in vitro and in vivo. Neuroscience 2011, 183,
251-264.

Raafat, K.M.; El-Zahaby, S.A. Niosomes of active Fumaria officinalis phytochemicals: Antidiabetic, antineuropathic,
anti-inflammatory, and possible mechanisms of action. Chin. Med. 2020, 15, 40.

Wang, Q.; Dai, P.; Bao, H.; Liang, P.; Wang, W.; Xing, A.; Sun, J. Anti-inflammatory and neuroprotective effects of
sanguinarine following cerebral ischemia in rats. Exp. Ther. Med. 2017, 13, 263—-268.

Li, P.; Wang, Y.X.; Yang, G.; Zheng, Z.C.; Yu, C. Sanguinarine Attenuates Neuropathic Pain in a Rat Model of Chronic
Constriction Injury. BioMed Res. Int. 2021, 2021, 3689829.

Yu, C.; Li, P.; Wang, Y.X.; Zhang, K.G.; Zheng, Z.C.; Liang, L.S. Sanguinarine Attenuates Neuropathic Pain by Inhibiting
P38 MAPK Activated Neuroinflammation in Rat Model. Drug Des. Dev. Ther. 2020, 14, 4725-4733.



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

73.

Laines-Hidalgo, J.I.; Mufioz-Sanchez, J.A.; Loza-Mdller, L.; Vazquez-Flota, F. An Update of the Sanguinarine and
Benzophenanthridine Alkaloids’ Biosynthesis and Their Applications. Molecules 2022, 27, 1378.

Da Silva, K.A.; Manjavachi, M.N.; Paszcuk, A.F.; Pivatto, M.; Viegas, C., Jr.; Bolzani, V.S.; Calixto, J.B. Plant derived
alkaloid (-)-cassine induces anti-inflammatory and anti-hyperalgesics effects in both acute and chronic inflammatory
and neuropathic pain models. Neuropharmacology 2012, 62, 967-977.

Makabe, H.; Kong, L.K.; Hirota, M. Total synthesis of (-)-cassine. Org. Lett. 2003, 5, 27-29.

Salinas-Sanchez, D.O.; Zamilpa, A.; Pérez, S.; Herrera-Ruiz, M.; Tortoriello, J.; Gonzélez-Cortazar, M.; Jiménez-Ferrer,
E. Effect of Hautriwaic Acid Isolated from Dodonaea viscosa in a Model of Kaolin/Carrageenan-Induced Monoarthritis.
Planta Med. 2015, 81, 1240-1247.

Salinas-Sanchez, D.O.; Herrera-Ruiz, M.; Pérez, S.; Jiménez-Ferrer, E.; Zamilpa, A. Anti-inflammatory activity of
hautriwaic acid isolated from Dodonaea viscosa leaves. Molecules 2012, 17, 4292-4299.

Ma, X.H.; Ma, Y.; Tang, J.F,; He, Y.L.; Liu, Y.C.; Ma, X.J.; Shen, Y.; Cui, G.H.; Lin, H.X.; Rong, Q.X.; etal. The
Biosynthetic Pathways of Tanshinones and Phenolic Acids in Salvia miltiorrhiza. Molecules 2015, 20, 16235-16254.

Feng, J.; Byeol, K.S.; Jung, L.H.; Min, S.S.; Sung, L.S.; Won, S.H. Effects of Salvia miltiorrhiza Bunge extract and its
single components on monosodium urate-induced pain in vivo and lipopolysaccharide-induced inflammation in vitro. J.
Tradit. Chin. Med. 2021, 41, 219-226.

Feng, J.H.; Kim, H.Y.; Sim, S.M.; Zuo, G.L.; Jung, J.S.; Hwang, S.H.; Kwak, Y.G.; Kim, M.J.; Jo, J.H.; Kim, S.C.; et al.
The Anti-Inflammatory and the Antinociceptive Effects of Mixed Agrimonia pilosa Ledeb. and Salvia miltiorrhiza Bunge
Extract. Plants 2021, 10, 1234.

Hwang, S.H.; Kim, S.B.; Jang, S.P.; Wang, Z.; Suh, H.W.; Lim, S.S. Anti-Nociceptive Effect and Standardization from
Mixture of Agrimonia pilosa Ledeb and Salvia miltiorrhiza Bunge Extracts. J. Med. Food 2018, 21, 596—604.

Feng, J.H.; Jung, J.S.; Hwang, S.H.; Lee, S.K,; Lee, S.Y.; Kwak, Y.G.; Kim, D.H.; Song, C.Y.; Kim, M.J.; Suh, HW.; et
al. The mixture of Agrimonia pilosa Ledeb. and Salvia miltiorrhiza Bunge. extract produces analgesic and anti-
inflammatory effects in a collagen-induced arthritis mouse model. Anim. Cells Syst. 2022, 26, 166—-173.

Zhang, W.; Suo, M.; Yu, G.; Zhang, M. Antinociceptive and anti-inflammatory effects of cryptotanshinone through
PI3K/Akt signaling pathway in a rat model of neuropathic pain. Chem. Biol. Interact. 2019, 305, 127-133.

Di Cesare Mannelli, L.; Piccolo, M.; Maione, F.; Ferraro, M.G.; Irace, C.; De Feo, V.; Ghelardini, C.; Mascolo, N.
Tanshinones from Salvia miltiorrhiza Bunge revert chemotherapy-induced neuropathic pain and reduce glioblastoma
cells malignancy. Biomed. Pharmacother. 2018, 105, 1042—-1049.

Ri-Ge-le, A.; Guo, Z.L.; Wang, Q.; Zhang, B.J.; Kong, D.W.; Yang, W.Q.; Yu, Y.B.; Zhang, L. Tanshinone IIA Improves
Painful Diabetic Neuropathy by Suppressing the Expression and Activity of Voltage-Gated Sodium Channel in Rat
Dorsal Root Ganglia. Exp. Clin. Endocrinol. Diabetes 2018, 126, 632—639.

Cao, F.L.; Xu, M.; Wang, Y.; Gong, K.R.; Zhang, J.T. Tanshinone IlA attenuates neuropathic pain via inhibiting glial
activation and immune response. Pharmacol. Biochem. Behav. 2015, 128, 1-7.

Tang, J.; Zhu, C.; Li, Z.H.; Liu, X.Y.; Sun, S.K.; Zhang, T.; Luo, Z.J.; Zhang, H.; Li, W.Y. Inhibition of the spinal astrocytic
JNK/MCP-1 pathway activation correlates with the analgesic effects of tanshinone IIA sulfonate in neuropathic pain. J.
Neuroinflamm. 2015, 12, 57.

Yang, X.Y.; Sun, L.; Xu, P.; Gong, L.L.; Qiang, G.F.; Zhang, L.; Du, G.H. Effects of salvianolic scid A on plantar
microcirculation and peripheral nerve function in diabetic rats. Eur. J. Pharmacol. 2011, 665, 40-46.

Isacchi, B.; Fabbri, V.; Galeotti, N.; Bergonzi, M.C.; Karioti, A.; Ghelardini, C.; Vannucchi, M.G.; Bilia, A.R. Salvianolic
acid B and its liposomal formulations: Anti-hyperalgesic activity in the treatment of neuropathic pain. Eur. J. Pharm. Sci.
2011, 44, 552-558.

Zhang, P.; Tang, Y.; Li, N.G.; Zhu, Y.; Duan, J.A. Bioactivity and chemical synthesis of caffeic acid phenethyl ester and
its derivatives. Molecules 2014, 19, 16458-16476.

Pavlikova, N. Caffeic Acid and Diseases—Mechanisms of Action. Int. J. Mol. Sci. 2022, 24, 588.

Cheng, H.; Zhang, Y.; Lu, W.; Gao, X.; Xu, C.; Bao, H. Caffeic acid phenethyl ester attenuates neuropathic pain by
suppressing the p38/NF-kB signal pathway in microglia. J. Pain Res. 2018, 11, 2709-2719.

Santos Oliveira, C.; Alvarez, C.J.; Pereira Cabral, M.R.; Sarragiotto, M.H.; Salvador, M.J.; Alves Stefanello, M.E. Three
new diterpenoids from the leaves of Salvia lachnostachys. Nat. Prod. Res. 2022, 36, 5600-5605.

Piccinelli, A.C.; Figueiredo de Santana Aquino, D.; Morato, P.N.; Kuraoka-Oliveira, A.M.; Strapasson, R.L.; Dos Santos,
E.P.; Stefanello, M.E.; Oliveira, R.J.; Kassuya, C.A. Anti-Inflammatory and Antihyperalgesic Activities of Ethanolic



74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Extract and Fruticulin A from Salvia lachnostachys Leaves in Mice. Evid. Based Complement. Altern. Med. 2014, 2014,
835914.

Santos, J.A.; Piccinelli, A.C.; Formagio, M.D.; Oliveira, C.S.; Santos, E.P.; Alves Stefanello, M.E.; Lanza Junior, U.;
Oliveira, R.J.; Sugizaki, M.M.; Kassuya, C.A. Antidepressive and antinociceptive effects of ethanolic extract and
fruticuline A from Salvia lachnostachys Benth leaves on rodents. PLoS ONE 2017, 12, e0172151.

Bai, J.; Zhang, Y.; Tang, C.; Hou, Y.; Ai, X.; Chen, X.; Zhang, Y.; Wang, X.; Meng, X. Gallic acid: Pharmacological
activities and molecular mechanisms involved in inflammation-related diseases. Biomed. Pharmacother. 2021, 133,
110985.

Liao, Y.C.; Wang, J.W.; Zhang, J.L.; Guo, C.; Xu, X.L.; Wang, K.; Zhao, C.; Wen, A.D.; Li, R.L.; Ding, Y. Component-
target network and mechanism of Qufeng Zhitong capsule in the treatment of neuropathic pain. J. Ethnopharmacol.
2022, 283, 114532.

Kaur, S.; Muthuraman, A. Ameliorative effect of gallic acid in paclitaxel-induced neuropathic pain in mice. Toxicol. Rep.
2019, 6, 505-513.

Wu, Y,; Li, K.; Zeng, M.; Qiao, B.; Zhou, B. Serum Metabolomics Analysis of the Anti-Inflammatory Effects of Gallic Acid
on Rats with Acute Inflammation. Front. Pharmacol. 2022, 13, 830439.

Naghizadeh, B.; Mansouri, M.T. Protective Effects of Gallic Acid against Streptozotocin-induced Oxidative Damage in
Rat Striatum. Drug Res. 2015, 65, 515-520.

BenSaad, L.A.; Kim, K.H.; Quah, C.C.; Kim, W.R.; Shahimi, M. Anti-inflammatory potential of ellagic acid, gallic acid
and punicalagin A&B isolated from Punica granatum. BMC Complement. Altern. Med. 2017, 17, 47.

Trevisan, G.; Rossato, M.F,; Tonello, R.; Hoffmeister, C.; Klafke, J.Z.; Rosa, F.; Pinheiro, K.V.; Pinheiro, F.V.; Boligon,
A.A.; Athayde, M.L.; et al. Gallic acid functions as a TRPA1 antagonist with relevant antinociceptive and
antiedematogenic effects in mice. Naunyn Schmiedebergs Arch. Pharmacol. 2014, 387, 679-689.

Wen, L.; Tang, L.; Zhang, M.; Wang, C.; Li, S.; Wen, Y.; Tu, H.; Tian, H.; Wei, J.; Liang, P.; et al. Gallic Acid Alleviates
Visceral Pain and Depression via Inhibition of P2X7 Receptor. Int. J. Mol. Sci. 2022, 23, 6159.

Yang, R.; Li, Z.; Zou, Y.; Yang, J.; Li, L.; Xu, X.; Schmalzing, G.; Nie, H.; Li, G.; Liu, S.; et al. Gallic Acid Alleviates
Neuropathic Pain Behaviors in Rats by Inhibiting P2X7 Receptor-Mediated NF-kB/STAT3 Signaling Pathway. Front.
Pharmacol. 2021, 12, 680139.

Vega-Villa, K.R.; Remsberg, C.M.; Takemoto, J.K.; Ohgami, Y.; Yafiez, J.A.; Andrews, P.K.; Davies, N.M. Stereospecific
pharmacokinetics of racemic homoeriodictyol, isosakuranetin, and taxifolin in rats and their disposition in fruit. Chirality
2011, 23, 339-348.

Straub, I.; Kriigel, U.; Mohr, F; Teichert, J.; Rizun, O.; Konrad, M.; Oberwinkler, J.; Schaefer, M. Flavanones that
selectively inhibit TRPM3 attenuate thermal nociception in vivo. Mol. Pharmacol. 2013, 84, 736—750.

Jia, S.; Zhang, Y.; Yu, J. Antinociceptive Effects of Isosakuranetin in a Rat Model of Peripheral Neuropathy.
Pharmacology 2017, 100, 201-207.

Cavalcanti, M.R.M.; Passos, F.R.S.; Monteiro, B.S.; Gandhi, S.R.; Heimfarth, L.; Lima, B.S.; Nascimento, Y.M.; Duarte,
M.C.; Araujo, A.A.S.; Menezes, |.R.A.; et al. HPLC-DAD-UV analysis, anti-inflammatory and anti-neuropathic effects of
methanolic extract of Sideritis bilgeriana (lamiaceae) by NF-kB, TNF-q, IL-1p and IL-6 involvement. J. Ethnopharmacol.
2021, 265, 113338.

Soni, P.; Siddiqui, A.A.; Dwivedi, J.; Soni, V. Pharmacological properties of Datura stramonium L. as a potential
medicinal tree: An overview. Asian Pac. J. Trop. Biomed. 2012, 2, 1002-1008.

Gaire, B.P.; Subedi, L. A review on the pharmacological and toxicological aspects of Datura stramonium L. J. Integr.
Med. 2013, 11, 73-79.

Chandan, G.; Kumar, C.; Chibber, P.; Kumar, A.; Singh, G.; Satti, N.K.; Gulilat, H.; Saini, A.K.; Bishayee, A.; Saini, R.V.
Evaluation of analgesic and anti-inflammatory activities and molecular docking analysis of steroidal lactones from
Datura stramonium L. Phytomedicine 2021, 89, 153621.

Shang, Z.; Liu, C.; Qiao, X.; Ye, M. Chemical analysis of the Chinese herbal medicine licorice (Gan-Cao): An update
review. J. Ethnopharmacol. 2022, 299, 115686.

Asl, M.N.; Hosseinzadeh, H. Review of pharmacological effects of Glycyrrhiza sp. and its bioactive compounds.
Phytother. Res. 2008, 22, 709-724.

Yan, B.; Hou, J.; Li, W.; Luo, L.; Ye, M.; Zhao, Z.; Wang, W. A review on the plant resources of important medicinal
licarice. J. Ethnopharmacol. 2023, 301, 115823.



94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Hidaka, T.; Shima, T.; Nagira, K.; leki, M.; Nakamura, T.; Aono, Y.; Kuraishi, Y.; Arai, T.; Saito, S. Herbal medicine
Shakuyaku-kanzo-to reduces paclitaxel-induced painful peripheral neuropathy in mice. Eur. J. Pain 2009, 13, 22-27.

Zhang, J.; Lv, C.; Wang, H.N.; Cao, Y. Synergistic interaction between total glucosides and total flavonoids on chronic
constriction injury induced neuropathic pain in rats. Pharm. Biol. 2013, 51, 455-462.

Yang, R.; Yuan, B.C.; Ma, Y.S.; Zhou, S.; Liu, Y. The anti-inflammatory activity of licorice, a widely used Chinese herb.
Pharm. Biol. 2017, 55, 5-18.

Bell, R.F.; Moreira, V.M.; Kalso, E.A.; Yli-Kauhaluoma, J. Liquorice for pain? Ther. Adv. Psychopharmacol. 2021, 11,
20451253211024873.

Thakur, V.; Sadanandan, J.; Chattopadhyay, M. High-Mobility Group Box 1 Protein Signaling in Painful Diabetic
Neuropathy. Int. J. Mol. Sci. 2020, 21, 881.

Ciarlo, L.; Marzoli, F.; Minosi, P.; Matarrese, P.; Pieretti, S. Ammonium Glycyrrhizinate Prevents Apoptosis and
Mitochondrial Dysfunction Induced by High Glucose in SH-SY5Y Cell Line and Counteracts Neuropathic Pain in
Streptozotocin-Induced Diabetic Mice. Biomedicines 2021, 9, 608.

Akasaka, Y.; Sakai, A.; Takasu, K.; Tsukahara, M.; Hatta, A.; Suzuki, H.; Inoue, H. Suppressive effects of glycyrrhetinic
acid derivatives on tachykinin receptor activation and hyperalgesia. J. Pharmacol. Sci. 2011, 117, 180-188.

Roh, D.H.; Yoon, S.Y.; Seo, H.S.; Kang, S.Y.; Han, H.J.; Beitz, A.J.; Lee, J.H. Intrathecal injection of carbenoxolone, a
gap junction decoupler, attenuates the induction of below-level neuropathic pain after spinal cord injury in rats. Exp.
Neurol. 2010, 224, 123-132.

Xu, Q.; Cheong, Y.K.; Yang, F.; Tiwari, V.; Li, J.; Liu, J.; Raja, S.N.; Li, W.; Guan, Y. Intrathecal carbenoxolone inhibits
neuropathic pain and spinal wide-dynamic range neuronal activity in rats after an L5 spinal nerve injury. Neurosci. Lett.
2014, 563, 45-50.

Wang, H.; Cao, Y.; Chiang, C.Y.; Dostrovsky, J.O.; Sessle, B.J. The gap junction blocker carbenoxolone attenuates
nociceptive behavior and medullary dorsal horn central sensitization induced by partial infraorbital nerve transection in
rats. Pain 2014, 155, 429-435.

Chu, X.; Ci, X.; Wei, M.; Yang, X.; Cao, Q.; Guan, M.; Li, H.; Deng, Y.; Feng, H.; Deng, X. Licochalcone a inhibits
lipopolysaccharide-induced inflammatory response in vitro and in vivo. J. Agric. Food Chem. 2012, 60, 3947-3954.

Li, P; Yu, C.; Zeng, F.S.; Fu, X.; Yuan, X.J.; Wang, Q.; Fan, C.; Sun, B.L.; Sun, Q.S. Licochalcone A Attenuates Chronic
Neuropathic Pain in Rats by Inhibiting Microglia Activation and Inflammation. Neurochem. Res. 2021, 46, 1112-1118.

Miyamura, Y.; Hitomi, S.; Omiya, Y.; Ujihara, |.; Kokabu, S.; Morimoto, Y.; Ono, K. Isoliquiritigenin, an active ingredient
of Glycyrrhiza, elicits antinociceptive effects via inhibition of Nav channels. Naunyn Schmiedebergs Arch. Pharmacol.
2021, 394, 967-980.

Shi, Y.; Wu, D.; Sun, Z.; Yang, J.; Chai, H.; Tang, L.; Guo, Y. Analgesic and uterine relaxant effects of isoliquiritigenin, a
flavone from Glycyrrhiza glabra. Phytother. Res. 2012, 26, 1410-1417.

Zhou, Y.Z.; Li, X.; Gong, W.X.; Tian, J.S.; Gao, X.X.; Gao, L.; Zhang, X.; Du, G.H.; Qin, X.M. Protective effect of
isoliquiritin against corticosterone-induced neurotoxicity in PC12 cells. Food Funct. 2017, 8, 1235-1244.

Yu, C.; Zhang, Y.; Gao, K.X.; Sun, H.T.; Gong, M.Z.; Zhao, X.; Ren, P. Serotonergically dependent antihyperalgesic and
antiallodynic effects of isoliquiritin in @ mouse model of neuropathic pain. Eur. J. Pharmacol. 2020, 881, 173184.

Chinese Pharmacopoeia Commission. Pharmacopoeia of the People’s Republic of China; China Medical Science and
Technology Press: Beijing, China, 2010; pp. 172-173.

Hashim, Y.Z.; Kerr, P.G.; Abbas, P.; Mohd Salleh, H. Aquilaria spp. (agarwood) as source of health beneficial
compounds: A review of traditional use, phytochemistry and pharmacology. J. Ethnopharmacol. 2016, 189, 331-360.

Chen, H.Q.; Wei, J.H.; Yang, J.S.; Zhang, Z.; Yang, Y.; Gao, Z.H.; Sui, C.; Gong, B. Chemical constituents of agarwood
originating from the endemic genus Aquilaria plants. Chem. Biodivers. 2012, 9, 236—250.

Wang, S.L.; Hwang, T.L.; Chung, M.l.; Sung, P.J.; Shu, C.W.; Cheng, M.J.; Chen, J.J. New Flavones, a 2-(2-
Phenylethyl)-4H-chromen-4-one Derivative, and Anti-Inflammatory Constituents from the Stem Barks of Aquilaria
sinensis. Molecules 2015, 20, 20912-20925.

Dai, H.F.; Liu, J.; Zeng, Y.B.; Han, Z.; Wang, H.; Mei, W.L. A new 2-(2-phenylethyl)chromone from Chinese eaglewood.
Molecules 2009, 14, 5165-5168.

Zhu, Z.; Gu, Y.; Zhao, Y.; Song, Y.; Li, J.; Tu, P. GYF-17, a chloride substituted 2-(2-phenethyl)-chromone, suppresses
LPS-induced inflammatory mediator production in RAW264.7 cells by inhibiting STAT1/3 and ERK1/2 signaling
pathways. Int. Immunopharmacol. 2016, 35, 185-192.



116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Wagh, V.D.; Korinek, M.; Lo, LW.; Hsu, Y.M.; Chen, S.L.; Hsu, H.Y.; Hwang, T.L.; Wu, Y.C.; Chen, B.H.; Cheng, Y.B.; et
al. Inflammation Modulatory Phorbol Esters from the Seeds of Aquilaria malaccensis. J. Nat. Prod. 2017, 80, 1421—
1427.

Ma, C.T.; Ly, T.L.; Le, TH.V,; Tran, T.V.A.; Kwon, S.W.; Park, J.H. Sesquiterpene derivatives from the agarwood of
Aquilaria malaccensis and their anti-inflammatory effects on NO production of macrophage RAW 264.7 cells.
Phytochemistry 2021, 183, 112630.

Willcox, M. Artemisia species: From traditional medicines to modern antimalarials—And back again. J. Altern.
Complement. Med. 2009, 15, 101-109.

Adams, J.D. The Use of California Sagebrush (Artemisia californica) Liniment to Control Pain. Pharmaceuticals 2012,
5, 1045-1053.

Messaoudene, D.; Belguendouz, H.; Ahmedi, M.L.; Benabdekader, T.; Otmani, F.; Terahi, M.; Youinou, P.; Touil-
Boukoffa, C. Ex vivo effects of flavonoids extracted from Artemisia herba alba on cytokines and nitric oxide production
in Algerian patients with Adamantiades-Behcet’s disease. J. Inflamm. 2011, 8, 35.

Al-Harbi, M.M.; Qureshi, S.; Ahmed, M.M.; Raza, M.; Miana, G.A.; Shah, A.H. Studies on the antiinflammatory,
antipyretic and analgesic activities of santonin. Jpn. J. Pharmacol. 1994, 64, 135-139.

Sharma, C.; Al Kaabi, J.M.; Nurulain, S.M.; Goyal, S.N.; Kamal, M.A.; Ojha, S. Polypharmacological Properties and
Therapeutic Potential of -Caryophyllene: A Dietary Phytocannabinoid of Pharmaceutical Promise. Curr. Pharm. Des.
2016, 22, 3237-3264.

Scandiffio, R.; Geddo, F.; Cottone, E.; Querio, G.; Antoniotti, S.; Gallo, M.P.; Maffei, M.E.; Bovolin, P. Protective Effects
of (E)-B-Caryophyllene (BCP) in Chronic Inflammation. Nutrients 2020, 12, 3273.

Aly, E.; Khajah, M.A.; Masocha, W. 3-Caryophyllene, a CB2-Receptor-Selective Phytocannabinoid, Suppresses
Mechanical Allodynia in a Mouse Model of Antiretroviral-Induced Neuropathic Pain. Molecules 2019, 25, 106.

Bilbrey, J.A.; Ortiz, Y.T.; Felix, J.S.; McMahon, L.R.; Wilkerson, J.L. Evaluation of the terpenes B-caryophyllene, a-
terpineol, and y-terpinene in the mouse chronic constriction injury model of neuropathic pain: Possible cannabinoid
receptor involvement. Psychopharmacology 2022, 239, 1475-1486.

Klauke, A.L.; Racz, |.; Pradier, B.; Markert, A.; Zimmer, A.M.; Gertsch, J.; Zimmer, A. The cannabinoid CB: receptor-
selective phytocannabinoid beta-caryophyllene exerts analgesic effects in mouse models of inflammatory and
neuropathic pain. Eur. Neuropsychopharmacol. 2014, 24, 608—620.

Berger, G.; Arora, N.; Burkovskiy, |.; Xia, Y.; Chinnadurai, A.; Westhofen, R.; Hagn, G.; Cox, A.; Kelly, M.; Zhou, J.; et al.
Experimental Cannabinoid 2 Receptor Activation by Phyto-Derived and Synthetic Cannabinoid Ligands in LPS-Induced
Interstitial Cystitis in Mice. Molecules 2019, 24, 4239.

Berger, J.; Moller, D.E. The mechanisms of action of PPARs. Annu. Rev. Med. 2002, 53, 409-435.

Fotio, Y.; Aboufares El Alaoui, A.; Borruto, A.M.; Acciarini, S.; Giordano, A.; Ciccocioppo, R. Efficacy of a Combination
of N-Palmitoylethanolamide, Beta-Caryophyllene, Carnosic Acid, and Myrrh Extract on Chronic Neuropathic Pain: A
Preclinical Study. Front. Pharmacol. 2019, 10, 711.

Fiorenzani, P.; Lamponi, S.; Magnani, A.; Ceccarelli, I.; Aloisi, A.M. In vitro and in vivo characterization of the new
analgesic combination Beta-caryophyllene and docosahexaenoic Acid. Evid. Based Complement. Altern. Med. 2014,
2014, 596312.

Kalantar, M.; Kalantari, H.; Goudarzi, M.; Khorsandi, L.; Bakhit, S.; Kalantar, H. Crocin ameliorates methotrexate-
induced liver injury via inhibition of oxidative stress and inflammation in rats. Pharmacol. Rep. 2019, 71, 746-752.

Kocaman, G.; Altinoz, E.; Erdemli, M.E.; Gul, M.; Erdemli, Z.; Gul, S.; Bag, H.G. Protective effects of crocin on
biochemistry and histopathology of experimental periodontitis in rats. Biotech. Histochem. 2019, 94, 366—-373.

He, S.Y.; Qian, Z.Y.; Tang, F.T.; Wen, N.; Xu, G.L.; Sheng, L. Effect of crocin on experimental atherosclerosis in quails
and its mechanisms. Life Sci. 2005, 77, 907-921.

Hatziagapiou, K.; Kakouri, E.; Lambrou, G.l.; Koniari, E.; Kanakis, C.; Nikola, O.A.; Theodorakidou, M.; Bethanis, K.;
Tarantilis, P.A. Crocins: The Active Constituents of Crocus sativus L. Stigmas, Exert Significant Cytotoxicity on Tumor
Cells In Vitro. Curr. Cancer Ther. Rev. 2019, 15, 225-324.

Hashemzaei, M.; Mamoulakis, C.; Tsarouhas, K.; Georgiadis, G.; Lazopoulos, G.; Tsatsakis, A.; Shojaei Asrami, E.;
Rezaee, R. Crocin: A fighter against inflammation and pain. Food Chem. Toxicol. 2020, 143, 111521.

Erfanparast, A.; Tamaddonfard, E.; Taati, M.; Dabbaghi, M. Effects of crocin and safranal, saffron constituents, on the
formalin-induced orofacial pain in rats. Avicenna J. Phytomed. 2015, 5, 392-402.



137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

Karami, M.; Bathaie, S.Z.; Tiraihi, T.; Habibi-Rezaei, M.; Arabkheradmand, J.; Faghihzadeh, S. Crocin improved
locomotor function and mechanical behavior in the rat model of contused spinal cord injury through decreasing
calcitonin gene related peptide (CGRP). Phytomedicine 2013, 21, 62-67.

Vafaei, A.A.; Safakhah, H.A.; Jafari, S.; Tavasoli, A.; Rashidy-Pour, A.; Ghanbari, A.; Seyedinia, S.A.; Tarahomi, P. Role
of Cannabinoid Receptors in Crocin-Induced Hypoalgesia in Neuropathic Pain in Rats. J. Exp. Pharmacol. 2020, 12,
97-106.

Safakhah, H.A.; Damghanian, F.; Bandegi, A.R.; Miladi-Goriji, H. Effect of crocin on morphine tolerance and serum
BDNF levels in a rat model of neuropathic pain. Pharmacol. Rep. 2020, 72, 305-313.

Wang, J.P.; Zhou, Y.M.; Ye, Y.J.; Shang, X.M.; Cai, Y.L.; Xiong, C.M.; Wu, Y.X.; Xu, H.X. Topical anti-inflammatory and
analgesic activity of kirenol isolated from Siegesbeckia orientalis. J. Ethnopharmacol. 2011, 137, 1089-1094.

Li, Y.S.; Zhang, J.; Tian, G.H.; Shang, H.C.; Tang, H.B. Kirenol, darutoside and hesperidin contribute to the anti-
inflammatory and analgesic activities of Siegesbeckia pubescens makino by inhibiting COX-2 expression and
inflammatory cell infiltration. J. Ethnopharmacol. 2021, 268, 113547.

Gong, N.; Fan, H.; Ma, A.N.; Xiao, Q.; Wang, Y.X. Geniposide and its iridoid analogs exhibit antinociception by acting at
the spinal GLP-1 receptors. Neuropharmacology 2014, 84, 31-45.

Gong, N.; Xiao, Q.; Zhu, B.; Zhang, C.Y.; Wang, Y.C.; Fan, H.; Ma, A.N.; Wang, Y.X. Activation of spinal glucagon-like
peptide-1 receptors specifically suppresses pain hypersensitivity. J. Neurosci. 2014, 34, 5322-5334.

Zhang, D.D.; Chen, Q.Q.; Yao, L. Geniposide Alleviates Neuropathic Pain in CCI Rats by Inhibiting the
EGFR/PI3K/AKT Pathway and Ca2+ Channels. Neurotox. Res. 2022, 40, 1057-1069.

Meotti, F.C.; Ardenghi, J.V.; Pretto, J.B.; Souza, M.M.; d’Avila Moura, J.; Junior, A.C.; Soldi, C.; Pizzolatti, M.G.; Santos,
A.R. Antinociceptive properties of coumarins, steroid and dihydrostyryl-2-pyrones from Polygala sabulosa
(Polygalaceae) in mice. J. Pharm. Pharmacol. 2006, 58, 107-112.

Ribas, C.M.; Meotti, F.C.; Nascimento, F.P.; Jacques, A.V.; Dafre, A.L.; Rodrigues, A.L.; Farina, M.; Soldi, C.; Mendes,
B.G.; Pizzolatti, M.G.; et al. Antinociceptive effect of the Polygala sabulosa hydroalcoholic extract in mice: Evidence for
the involvement of glutamatergic receptors and cytokine pathways. Basic Clin. Pharmacol. Toxicol. 2008, 103, 43-47.

Li, X.; Chen, W.; Chen, D. Protective Effect against Hydroxyl-induced DNA Damage and Antioxidant Activity of Radix
glycyrrhizae (Liquorice Root). Adv. Pharm. Bull. 2013, 3, 167-173.

Lu, C.N.; Yuan, Z.G.; Zhang, X.L.; Yan, R.; Zhao, Y.Q.; Liao, M.; Chen, J.X. Saikosaponin A and its epimer
saikosaponin d exhibit anti-inflammatory activity by suppressing activation of NF-kB signaling pathway. Int.
Immunopharmacol. 2012, 14, 121-126.

Zhou, X.; Cheng, H.; Xu, D.; Yin, Q.; Cheng, L.; Wang, L.; Song, S.; Zhang, M. Attenuation of neuropathic pain by
saikosaponin a in a rat model of chronic constriction injury. Neurochem. Res. 2014, 39, 2136-2142.

Jafri, M.A.; Jalis Subhani, M.; Javed, K.; Singh, S. Hepatoprotective activity of leaves of Cassia occidentalis against
paracetamol and ethyl alcohol intoxication in rats. J. Ethnopharmacol. 1999, 66, 355-361.

Alexandre-Moreira, M.S.; Viegas, C., Jr.; Palhares de Miranda, A.L.; Bolzani Vda, S.; Barreiro, E.J. Antinociceptive
profile of (-)-spectaline: A piperidine alkaloid from Cassia leptophylla. Planta Med. 2003, 69, 795-799.

Xu, J.; Zhao, Q.; Wei, L.; Yang, Y.; Xu, R.; Yu, N.; Zhao, Y. Phytochemical composition and antinociceptive activity of
Bauhinia glauca subsp. hupehana in rats. PLoS ONE 2015, 10, e0117801.

Zhao, X.; Li, X.L.; Liu, X.; Wang, C.; Zhou, D.S.; Ma, Q.; Zhou, W.H.; Hu, Z.Y. Antinociceptive effects of fisetin against
diabetic neuropathic pain in mice: Engagement of antioxidant mechanisms and spinal GABAA receptors. Pharmacol.
Res. 2015, 102, 286-297.

Bellampalli, S.S.; Ji, Y.; Moutal, A.; Cai, S.; Wijeratne, E.M.K.; Gandini, M.A.; Yu, J.; Chefdeville, A.; Dorame, A.; Chew,
L.A.; et al. Betulinic acid, derived from the desert lavender Hyptis emoryi, attenuates paclitaxel-, HIV-, and nerve injury-
associated peripheral sensory neuropathy via block of N- and T-type calcium channels. Pain 2019, 160, 117-135.

Thomas, P.; Essien, E.; Udoh, A.; Archibong, B.; Akpan, O.; Etukudo, E.; De Leo, M.; Eseyin, O.; Flamini, G.; Ajibesin,
K. Isolation and characterization of anti-inflammatory and analgesic compounds from Uapaca staudtii Pax
(Phyllanthaceae) stem bark. J. Ethnopharmacol. 2021, 269, 113737.

Mohamed, T.K.; Nassar, M.l.; Gaara, A.H.; El-Kashak, W.A.; Brouard, |.; EI-Toumy, S.A. Secondary metabolites and
bioactivities of Albizia anthelmintica. Pharmacogn. Res. 2013, 5, 80-85.

Sobeh, M.; Rezq, S.; Sabry, O.M.; Abdelfattah, M.A.O.; El Raey, M.A.; El-Kashak, W.A.; El-Shazly, A.M.; Mahmoud,
M.F.; Wink, M. Albizia anthelmintica: HPLC-MS/MS profiling and in vivo anti-inflammatory, pain killing and antipyretic
activities of its leaf extract. Biomed. Pharmacother. 2019, 115, 108882.



158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

Chi, Y.M.; Nakamura, M.; Yoshizawa, T.; Zhao, X.Y.; Yan, W.M.; Hashimoto, F.; Kinjo, J.; Nohara, T.; Sakurada, S.
Pharmacological study on the novel antinociceptive agent, a hovel monoterpene alkaloid from Incarvillea sinensis. Biol.
Pharm. Bull. 2005, 28, 1989-1991.

Ichikawa, M.; Takahashi, M.; Aoyagi, S.; Kibayashi, C. Total synthesis of (-)-incarvilline, (+)-incarvine C, and (-)-
incarvillateine. J. Am. Chem. Soc. 2004, 126, 16553—-16558.

Nakamura, M.; Chi, Y.M.; Yan, W.M.; Yonezawa, A.; Nakasugi, Y.; Yoshizawa, T.; Hashimoto, F.; Kinjo, J.; Nohara, T,;
Sakurada, S. Structure-antinociceptive activity studies of incarvillateine, a monoterpene alkaloid from Incarvillea
sinensis. Planta Med. 2001, 67, 114-117.

Wang, M.L.; Yu, G.; Yi, S.P.; Zhang, F.Y.; Wang, Z.T.; Huang, B.; Su, R.B.; Jia, Y.X.; Gong, Z.H. Antinociceptive effects
of incarvillateine, a monoterpene alkaloid from Incarvillea sinensis, and possible involvement of the adenosine system.
Sci. Rep. 2015, 5, 16107.

Kim, J.; Bogdan, D.M.; EImes, M.W.; Awwa, M.; Yan, S.; Che, J.; Lee, G.; Deutsch, D.G.; Rizzo, R.C.; Kaczocha, M.; et
al. Incarvillateine produces antinociceptive and motor suppressive effects via adenosine receptor activation. PLoS ONE
2019, 14, e02186109.

Priebe, A.; Hunke, M.; Tonello, R.; Sonawane, Y.; Berta, T.; Natarajan, A.; Bhuvanesh, N.; Pattabiraman, M.; Chandra,
S. Ferulic acid dimer as a non-opioid therapeutic for acute pain. J. Pain Res. 2018, 11, 1075-1085.

Zhang, F.; Jia, Y. Total synthesis of (-)-incarvilline and (-)-incarvillateine. Tetrahedron 2009, 65, 6840-6843.

Huang, B.; Zhang, F,; Yu, G.; Song, Y.; Wang, X.; Wang, M.; Gong, Z.; Su, R.; Jia, Y. Gram Scale Syntheses of (-)-
Incarvillateine and Its Analogs. Discovery of Potent Analgesics for Neuropathic Pain. J. Med. Chem. 2016, 59, 3953—
3963.

Song, B.W.; Tian, W,; Liu, Y.X.; Chen, Z.W.; Ma, C.G.; Fang, M. Studies on the analgesia of quercetin. J. Anhui Med.
Univ. 1994, 29, 168-170.

Gong, S.; Zhang, Y.Y.; Yu, G.D.; Gu, Z.L.; Qian, Z.N. Observation of analgesic action of quercetin. Chin. Trad. Herb.
Drugs 1996, 27, 612—-613.

Anjaneyulu, M.; Chopra, K. Quercetin, a bioflavonoid, attenuates thermal hyperalgesia in a mouse model of diabetic
neuropathic pain. Prog. Neuropsychopharmacol. Biol. Psychiatry 2003, 27, 1001-1005.

Filho, A.W.; Filho, V.C.; Olinger, L.; de Souza, M.M. Quercetin: Further investigation of its antinociceptive properties
and mechanisms of action. Arch. Pharm. Res. 2008, 31, 713-721.

Kandhare, A.; Raygude, K.; Kumar, V.; Rajmane, A.; Visnagri, A.; Ghule, A.; Ghosh, P.; Badole, S.L.; Bodhankar, S.
Ameliorative effects quercetin against impaired motor nerve function, inflammatory mediators and apoptosis in neonatal
streptozotocin-induced diabetic neuropathy in rats. Biomed. Aging Pathol. 2012, 2, 173-186.

Calixto-Campos, C.; Corréa, M.P.; Carvalho, T.T.; Zarpelon, A.C.; Hohmann, M.S.; Rossaneis, A.C.; Coelho-Silva, L.;
Pavanelli, W.R.; Pinge-Filho, P.; Crespigio, J.; et al. Quercetin reduces Ehrlich tumor-induced cancer pain in mice. Anal.
Cell. Pathol. 2015, 2015, 285708.

Valério, D.A.; Georgetti, S.R.; Magro, D.A.; Casagrande, R.; Cunha, T.M.; Vicentini, F.T.; Vieira, S.M.; Fonseca, M.J.;
Ferreira, S.H.; Cunha, F.Q.; et al. Quercetin reduces inflammatory pain: Inhibition of oxidative stress and cytokine
production. J. Nat. Prod. 2009, 72, 1975-1979.

Borghi, S.M.; Pinho-Ribeiro, F.A.; Fattori, V.; Bussmann, A.J.; Vignoli, J.A.; Camilios-Neto, D.; Casagrande, R.; Verri,
W.A., Jr. Quercetin Inhibits Peripheral and Spinal Cord Nociceptive Mechanisms to Reduce Intense Acute Swimming-
Induced Muscle Pain in Mice. PLoS ONE 2016, 11, e0162267.

Gao, W.; Zan, Y.; Wang, Z.J.; Hu, X.Y.; Huang, F. Quercetin ameliorates paclitaxel-induced neuropathic pain by
stabilizing mast cells, and subsequently blocking PKCe-dependent activation of TRPV1. Acta Pharmacol. Sin. 2016, 37,
1166-1177.

Ji, C.; Xu, Y.; Han, F; Sun, D.; Zhang, H.; Li, X.; Yao, X.; Wang, H. Quercetin alleviates thermal and cold hyperalgesia
in a rat neuropathic pain model by inhibiting Toll-like receptor signaling. Biomed. Pharmacother. 2017, 94, 652—658.

McKelvey, R.; Berta, T.; Old, E.; Ji, R.R.; Fitzgerald, M. Neuropathic pain is constitutively suppressed in early life by
anti-inflammatory neuroimmune regulation. J. Neurosci. 2015, 35, 457-466.

Lee, S.; Zhao, Y.Q.; Ribeiro-da-Silva, A.; Zhang, J. Distinctive response of CNS glial cells in oro-facial pain associated
with injury, infection and inflammation. Mol. Pain 2010, 6, 79.

Wu, B.Y.; Yu, A.C. Quercetin inhibits c-fos, heat shock protein, and glial fibrillary acidic protein expression in injured
astrocytes. J. Neurosci. Res. 2000, 62, 730-736.



179. Yang, R.; Li, L.; Yuan, H.; Liu, H.; Gong, Y.; Zou, L.; Li, S.; Wang, Z.; Shi, L.; Jia, T.; et al. Quercetin relieved diabetic
neuropathic pain by inhibiting upregulated P2X4 receptor in dorsal root ganglia. J. Cell. Physiol. 2019, 234, 2756—-2764.

180. Fan, H.; Tang, H.B.; Shan, L.Q.; Liu, S.C.; Huang, D.G.; Chen, X.; Chen, Z.; Yang, M.; Yin, X.H.; Yang, H.; et al.
Quercetin prevents necroptosis of oligodendrocytes by inhibiting macrophages/microglia polarization to M1 phenotype
after spinal cord injury in rats. J. Neuroinflamm. 2019, 16, 206.

Retrieved from https://encyclopedia.pub/entry/history/show/124732



