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Abstract: Migraine is a common chronic neurovascular disease characterized by headaches. Calci-
tonin gene-related peptide (CGRP) signaling in the trigeminovascular system plays a critical role in
the development of migraine. The monoclonal antibodies against CGRP and its receptor have been
used clinically for the prevention of migraine; however, they may not be a cost-effective option for
patients with low-frequency episodic migraine. Thus, it is quite valuable to search for an alterna-
tive strategy to downregulate CGRP signaling. Uncariae Ramulus Cum Uncis (UR) has a long-
term history for the treatment of cardiovascular and central nervous systems disorders in China and
Eastern Asia. Several clinical studies showed that famous herbal formulas comprising UR were
able to improve headaches in migraineurs. In addition, increasing in vivo studies further indicated
that migraine-related changes, such as CGRP increase, inflammation, nitric oxide increase, and
spontaneous behavior problems could be reduced by UR extraction and its active constituents. In
this review, we summarize the pathophysiological factors affecting abnormal CGRP release in the
trigeminovascular system during a migraine, and for the first time, analyze the effects of UR on th-
ese factors and evaluate the potentials of UR for the treatment of migraine.
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1. INTRODUCTION

Migraine is a common, chronic, intermittently disabling
neurovascular disease, which is characterized by mild or se-
vere headaches. The attacks of migraine headaches usually
occur on one side of the head and last from hours to days, se-
riously resulting in a decrease in an individual’s quality of
life. The associated symptoms, including scintillations,
numbness, weakness, photophobia, nausea, and vomiting,
are common [1-3]. Before headache, up to one-third of pa-
tients have migraine aura, such as visual, tactile, or behavio-
ral symptoms. The estimated global prevalence of migraine
is 15.1% and is more prevalent than diabetes, epilepsy, and
asthma [4, 5]. Previously, migraine was considered to result
primarily from vascular dysregulation because it was
thought to arise from a spasm of a cerebral artery by local
hypoxia, followed by the headache from rebound meningeal
vasodilation [6]. However, headache onset preceded
meningeal vasodilation was observed in migraineurs, which
overthrow the previous hypothesis. Up till now, the patho-
physiology of migraine is not fully understood. Current stu-
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dies demonstrate that the onset of migraine is linked to the
abnormal secretion of calcitonin gene-related peptides (CGR-
P) from trigeminal nerves in the trigeminovascular system
[7-10], suggesting that CGRP within the trigeminovascular
system plays a central role in migraine.

Clinically, previous non-steroidal anti-inflammatory
drugs, such as aspirin, indomethacin, diclofenac, and ibupro-
fen, are generally used for relieving the pain in migraine but
cannot cure or prevent the disease [11] Table (1). Besides,
they have low efficacy and are prone to drug resistance with
adverse effects. Nowadays, CGRP targeting therapies are de-
signed specifically to act on the trigeminovascular system
and prevent migraine attacks, offering dramatic improve-
ments over existing medicine and little or no side effects.
Monoclonal antibodies targeting the trigeminal sensory neu-
ropeptide CGRP (Eptinezumab, Galcanezumab, and Fre-
manezumab) or the CGRP receptor (Erenumab) are effective
to prevent the migraine headache before they occur, whereas
CGRP receptor antagonists (Gepants) work effectively for
acute relief of migraine attacks [12]. Although anti-CGRP
therapy is the first to be used clinically for the prevention of
episodic migraine (<15 days/month) and chronic migraine
(15 or >15 days/month), these kinds of antibodies need to be
administered monthly by subcutaneous injection and may
not be a cost-effective option for patients with low-frequen-
cy episodic migraine [12]. Therefore, searching for herbal
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medicines targeting CGRP signaling may be the promising
alternative strategy for the treatment of migraine.

Table 1. Drugs for the treatment or prevention of migraine.

Drug Action Mechanism Indication
Aspirin Nonsteroidal anti-inflammatory drug [Acute treatment
Indomethacin | Nonsteroidal anti-inflammatory drug |Acute treatment
Diclofenac Nonsteroidal anti-inflammatory drug [Acute treatment
Ibuprofen Nonsteroidal anti-inflammatory drug |Acute treatment
Flunarizine Calcium channel blocker Prevention
Triptans 5-HT1B/D receptor agonist Acute treatment
Lasmiditan 5-HTIF receptor agonist Acute treatment
Gepants CGRP receptor antagonist Acute treatment
Fremanezumab| Monoclonal antibody targeting CGRP Prevention
Galcanezumab | Monoclonal antibody targeting CGRP Prevention
Eptinezumab [ Monoclonal antibody targeting CGRP Prevention
Erenumab Monoclonal antibody targeting CGRP re- Prevention

ceptor

Uncariae Ramulus Cum Uncis (UR, Gouteng in Chine-
se) is one of the medicinal herbs, which has a long-term his-
tory for the treatment of central nervous and cardiovascular
systems disorders in China and Eastern Asia [13, 14]. UR is
one of the major components of classical, traditional Chi-
nese medicine (TCM) formula Tianma Gouteng decoction/-
granule that is widely used for reducing headaches in mi-
graineurs [15, 16]. In Japan, UR is a key component of the
famous Kampo medicine formula, known as Yokukansan,
that is reported to markedly improve the frequency and
severity of chronic migraine [17]. Previous studies indicated
that UR extraction and its active components were able to re-
duce NO release [18], inflammation [19, 20], CGRP in-
crease and spontaneous behavior problems in migraine rat
model [21]. Thus, it is of great significance to preform syste-
matic analysis for the effects of UR on CGRP signaling. In
this review, we will summarize the pathophysiological fac-
tors affecting abnormal CGRP release in the trigeminovascu-
lar system during migraine, and, for the first time, analyze
the effects of UR on these factors and further evaluate the
therapeutic potentials of UR for the treatment of migraine.

2. TRIGEMINOVASCULAR SYSTEM

The trigeminovascular system consists of neurons in the
trigeminal nerve that densely innervate the meningeal vascu-
lature. The trigeminal nerve is the fifth cranial nerve (CN V)
that contains both motor and sensory nerves. The sensory
part is responsible for sensation in the face and head. The
cell body of the trigeminal nerve sits in the trigeminal gan-
glion (TG). The three major branches of the trigeminal
nerve include the ophthalmic division (V1), the maxillary di-
vision (V2), and the mandibular division (V3) that con-
verges on TG. Sensory nerve fibers related to migraine pain
are from the ophthalmic division (V1) of the trigeminal
nerve. These trigeminal nerves include thinly non-myelinat-
ed C-fibers and primary afferent nociceptive myelinated Ad-
fibers, which are pseudo-unipolar nerves, with cell bodies in
TG and bifurcated axons extending towards central and pe-
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ripheral areas [22]. This specific morphology allows the re-
lease of neurotransmitters to the peripheral and central parts
for bidirectional communication [23]. In the periphery sites,
almost all vasculatures included meningeal and cerebral ar-
teries are innervated by these sensory nerve fibers. The pro-
jections from TG converge at trigeminal nucleus caudalis (T-
NC) of the brainstem. Second order TNC neurons convey
trigeminal nociceptive transmission from the dura mater into
ventroposterior medial nucleus of the thalamus. Thalamus
has bidirectional connections with multiple functionally dist-
inct sensory cortical sites, such as the insula, somatosensory
cortex, amygdala, thus combining nociceptive inputs with
various sensory responses [24].

3. CGRP AND ITS RECEPTOR

CGRP is a member of the calcitonin family of peptides,
which was identified in 1982 [25]. It is a 37-amino acid neu-
ropeptide formed via tissue-specific alternative splicing of
mRNA. There are two CGRP isoforms, a-CGRP and B-C-
GRP (Fig. 1). a-CGRP differs from B-CGRP by three amino
acids in humans, but there are no significant differences in
the roles of a- and B-CGRP. Although the function of CGRP
is mainly associated with sensory Ad- and C-fibers, it is also
found to be linked to smooth muscles in the vasculature and
heart [26], suggesting the potential roles of CGRP in pain
sensory and cardiovascular regulation. In the trigeminovascu-
lar system, CGRP can be released from the cell body, the pe-
ripheral end, and the central end of non-myelinated C-fibers.
CGRP pro-peptide synthesis mainly occurs at the cell body
of non-myelinated C-fibers, subsequently, the pro-peptide is
cleaved into the mature form, which is stored in large vesi-
cles at the endings [27]. The activation of calcium-depen-
dent pathways following nerve depolarization mediates exo-
cytosis to release CGRP [28]. In addition, several endoge-
nous substances, such as nerve growth factors, NO, glucocor-
ticoids, and steroid hormones, are reported to promote the re-
lease and synthesis of CGRP in the sensory nerves via the ac-
tivation of the mitogen-activated protein kinase (MAPK) sig-
naling pathway [29].

CGRP triggers cellular responses through binding to the
CGRP receptor, which is composed of a calcitonin receptor-
like receptor (CRLR) and a receptor activity-modifying pro-
tein (RAMP1) [30]. CRLR is one of G protein-coupled re-
ceptors, which contains seven transmembrane domains, a
long extracellular N-terminus, and a short intracellular C-ter-
minus. RAMPI is an integral membrane protein with single
transmembrane domain with a short intracellular C-terminus
region and an extracellular N-terminal. CGRP receptor com-
plex linked to receptor component protein (RCP) can be cou-
pled with G proteins to initiate the cellular signal cascades.
CGRP receptors are found in not only the trigeminovascular
system but also other body parts, suggesting that CGRP mod-
ulates a variety of physiological functions [31].

Since CGRP receptors are present in middle cerebral,
middle meningeal, pial, and superficial temporal vessels
[32], CGRP can be released from perivascular sensory nerve
terminals to plasma, which contributes to its role in vasodi-
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Fig. (1). The roles of CGRP in trigeminovascular system. (A) Mature peptide of human a-CGRP and p-CGRP. (B) In the trigeminovascular
system, the released CGRP from non-myelinated C-fiber can bind to the CGRP receptor in vascular endothelial cells and vascular smooth
muscle cells, subsequently promote the production of NO to trigger vasodilation. In addition, CGRP bind to the CGRP receptor in the termi-
nal of nociceptive transmission from trigeminal nerves to the sensory cortex. Activation of 5-HT . receptors signaling can block the re-
lease of CGRP from C-fiber. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

lation [27]. The plasma levels of CGRP in healthy people
are quite low due to the rapid metabolic clearance of plasma
CGRP [33]. Previous studies demonstrated that the intrave-
nous injection of CGRP induced a decline in blood pressure
in normotensive and hypertensive animals and humans,
suggesting that CGRP is a strong vasodilator [34]. NO-inde-
pendent or -dependent pathways have been demonstrated to
be involved in CGRP/CGRP receptor-induced vasodilation.
In the majority of tissues, NO-independent vasodilation is
observed in the vascular smooth muscle cells, where binding
of CGRP to its receptor increases intracellular cAMP level
through G-protein coupled adenylate cyclase [35, 36]. The
increased cAMP level activates protein kinase A (PKA) and
further, in turn, phosphorylates and opens potassium-sensi-
tive ATP channels, thus relaxes vascular smooth muscle
cells. NO-dependent vasodilation occurs in the vascular en-
dothelial cells. The binding of CGRP with CGRP receptor re-
sults in the activation of cAMP/PKA/endothelial NO syn-
thases (eNOS) signaling and further promotes the generation
and release of NO, acting to relax the underlying vascular
smooth muscles. In addition to the vasodilator, CGRP from
the terminals of C-fibers also act as a pain-signaling neuro-
transmitter to sensitize the adjacent Ad fiber terminals. In
the peripheral of trigeminal nerve, myelinated Ad-fibers also
express the components of the CGRP receptor [37, 38]. The
released CGRP from the terminals of C-fibers can bind to
the CGRP receptor on the terminals of Ad-fibers for nocicep-
tive transmission [39] (Fig. 1).

4. ABNORMAL CGRP RELEASE IN THE TRIGEMI-
NOVASCULAR SYSTEM DURING MIGRAINE

During a migraine attack, the levels of CGRP in blood
from the jugular vein of patients are increased. Further
studies found that activated sensory neurons in the trigemino-
vascular system release more CGRP from their peripheral
trigeminal nerve terminals during the migraine [40]. Anti-C-
GRP monoclonal antibodies can prevent repeated CGRP-in-
duced trigeminal nociceptive transmission, but they are
large molecules that do not cross the blood-brain barrier, fur-
ther suggesting that abnormal increase of CGRP occurs in
the periphery. However, blocking CGRP by monoclonal anti-
bodies selectively reduces the migraine headache, but not
other pains [41], revealing that the effects of CGRP on the
nociceptive transmission exhibit the difference between
meningeal and non-meningeal peripheral nerves. Thus, it is
generally well accepted that CGRP-mediated nociceptive
transmission is a critical factor in the attacks of migraine.
Notably, the study of Oleson et al. indicated that direct intra-
venous injection of CGRP is able to induce the migraine-
like headache in individuals susceptible to migraine, but not
in healthy people [42], revealing that CGRP does not direct-
ly cause migraine pain. Edvinsson et al. proposed that mi-
graine attack may initiate in the regions of the central ner-
vous system (dorsal pons, hypothalamus, and thalamus); th-
ese regions activate trigeminal nerves and trigger trigeminal
nociceptive transmission [43]. The pain transmission, in turn
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Fig. (2). The pathophysiological factors involved in abnormal CGRP release in the trigeminovascular system during migraine. Pro-inflamma-
tory cytokines and NO can enhance CGRP expression during migraine. Their secretion may result from (1) the local inflammation at the end
of C-fiber and (2) satellite glial cells within TG. (3) 5-HT signaling and (4) melatonin signaling can down-regulate CGRP expression. (4
higher resolution / colour version of this figure is available in the electronic copy of the article).

stimulates the initiation regions and re-activates trigeminal
nerves. They thought that this cycle confers the persistent ac-
tivation of CGRP circuits within the trigeminal nerves to am-
plify migraine pain. However, the abnormal release of
CGRP from trigeminal nerves is also considered to result
from peripheral sensitization [44]. The peripheral sensitiza-
tion can reduce the firing threshold of the peripheral sensory
nerves to enhance the release of CGRP, and can increase the
sensitivity of peripheral afferent nerves to nociceptive stimu-
lus, thus enlarging pain signals [23]. The peripheral sensitiza-
tion is caused by the increased activity of peripheral nerves
in response to inflammation response. In addition, it should
not be ignored that other factors such as serotonin, NO, and
melatonin can affect the abnormal release of CGRP from
trigeminal nerves during migraine. Some other relevant
drugs have also proven to reduce migraine pain (Fig. 2).

4.1. Serotonin

Serotonin (5-hydroxytryptamine, 5-HT) has long been
linked to migraine pathophysiology. 5-HT is a monoamine
neurotransmitter, which is synthesized from L-tryptophan in

serotonergic neurons. Serotonergic neurons have been found
in TG and raphe nuclei located in the brainstem [45]. In addi-
tion, 5-HT is stored in platelets and is released into vessels
during vasoconstriction and migraine [46]. The injection of
5-HT relieves migraine headache in patients but triggers
some side effects such as nausea, faintness, paraesthesia,
and dyspnea [47]. 5-HT triggers diverse cellular effects via
binding to 5-HT receptors, which are a group of G protein-
coupled receptor. 5-HT,,;, 5-HT,,, and 5-HT,; receptors are
expressed in various locations of the trigeminovascular sys-
tem, including centrally in TNC and peripherally in the end
of trigeminal nerves [48, 49]. 5-HT receptor signaling can in-
hibit adenylate cyclase. Triptans are a family of 5-HT ,,, re-
ceptor agonists used to treat acute migraine [50]. They are
considered to act directly on the peripheral site of the
trigeminovascular system because their hydrophobic struc-
ture allows poor penetration into the blood-brain barrier
[51]. This type of agonist is substantiated by the efficacy of
CGRP antagonists and antibodies due to their serious cardio-
vascular side effects. Lasmiditan is a new approved 5-HT ;.
receptor agonist for the treatment of acute migraine [49]. It
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can bypass the blood-brain barrier and work in the central
and peripheral parts of the trigeminovascular system without
the adverse effects of Triptans. The activation of 5-HT ;¢
receptors signaling has been proven to be able to regulate
the release of CGRP negatively.

4.2.NO

NO is a free radical gas, which is generated from L-argi-
nine via different types of NOS. It plays distinct roles in the
endocrine, nervous, and immune systems [52]. NTG is an
NO donor and has been commonly used as an inducer for mi-
graine model in the animal studies. The administration of
NTG into animals or human migraineurs can induce mi-
graine-like symptoms, increase the generation of oxidative
stress as well as the expression of CGRP [53, 54]. NOS in-
hibitor NG-Methyl-L-arginine (L-NMMA) is reported to ef-
fectively reduce the attacks of migraine without aura [53]. In
the trigeminovascular system, NO and CGRP can amplify
each other’s levels [55]. Through acting on endothelial
CGRP receptors, released CGRP can trigger the activation
of downstream signaling cascades, resulting in the increase
of eNOS-mediated NO generation. Released NO not only
leads to vasodilation but also diffuses to the sensory non-
myelinated C-fibers endings, where it can promote the re-
lease of CGRP, revealing that the physiological NO plays a
certain role in trigeminovascular system. In addition, satel-
lite glial cells are found to distribute within TG and express
the CGRP receptor [56]. CGRP from the trigeminal nerve
can activate these TG glia cells to release NO. However, the
implication of this communication is still poorly understood.
Inflammation is the major pathological source to generate a
high level of NO (micromolar), which is considered to con-
tribute to the development of migraine and various chronic
diseases [57]. The pathological NO level is considered as
one of the major mediators in neuronal damages, including
hypoxia ischemic injury, oxidative stress, glutamate neuro-
toxicity, and neurodegeneration [58]. Increasing evidence
suggest that levels of CGRP positively correlate with inflam-
mation [59]. The pathological NO can stimulate the activa-
tion of ERK, JNK, and p38 signaling to increase the expres-
sion of CGRP [60].

4.3. Pro-inflammatory Cytokines

The levels of pro-inflammatory cytokines, such as inter-
leukin (IL)-1p, IL-6, and tumor necrosis factor-alpha (TN-
Fa), are increased during migraine attacks [5]. Satellite glial
cells, around the cell body of trigeminal nerves, are consid-
ered to secrete these pro-inflammatory cytokines in response
to CGRP [5]. Complete Freund’s Adjuvant contains inacti-
vated Mycobacterium, commonly used for a non-specific sti-
mulator of the local immune response. The injection of Com-
plete Freund’s Adjuvant to the dura mater can trigger in-
creased CGRP expression in rat TG [61]. Satellite glial cells
within TG are found to increase IL1p expression after the ad-
ministration of Complete Freund’s Adjuvant, revealing that
local inflammation causes the peripheral sensitization of
trigeminal sensor nerve and further indirectly activates these
TG glial cells. The injection of a glial inhibitor minocycline
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into rat TG site is reported to reduce CGRP-induced thermal
nociception, glial activity, and pro-inflammatory cytokines
increase, suggesting that satellite glial cells, within TG, con-
tribute to the CGRP-induced pain [62]. In addition, IL-1f
and TNFa can stimulate the expression and release of CGRP
from sensory neurons [63, 64]. Further study indicates that
anti-inflammatory agent, thymoquinone, is able to reduce
CGRP increase in plasma, TG, and brain stem in NTG-in-
duced migraine rat model [65]. On the other hand, one of the
CGRP functions may act as the mediator in the inflamma-
tion. Previous study shows that continued administration of
low concentration of CGRP into the paws of rats leads to pe-
ripheral sensitization, thereby significantly reducing the re-
sponse threshold to a mechanical stimulus [66]. CGRP can
induce the migration of eosinophil and stimulate T cells adh-
esion at the inflammation site [67]. Thus, the trigeminovas-
cular system may communicate with the immune system via
CGRP. Notably, CGRP may trigger the continued peripheral
sensitization of trigeminal nerves, probably through activat-
ing satellite glial cells or immune cells to release pro-inflam-
matory cytokines.

4.4. Melatonin

Melatonin is a biogenic hormone, which is synthesized
from 5-HT in the pineal gland. Melatonin secretion is main-
ly controlled by an endogenous circadian oscillator within
the suprachiasmatic nucleus in the hypothalamus [68]. Mela-
tonin receptors, MT1 and MT2 are G protein-coupled recep-
tors and distribute in the brain and peripheral organs [69].
Low urinary levels of the metabolite of melatonin have been
found in migraine patients [70]. Some clinical studies
suggest that melatonin can help prevent or treat migraine at-
tacks [71, 72]. Melatonin is able to decrease iNOS activity,
NO, and IL-1pB release in the cultured peripheral blood
mononuclear cells from migraine patients [72]. In addition
to anti-inflammation activity, melatonin treatment can inhib-
it CGRP-induced vasodilation in rat middle cerebral arteries
[73] and significantly reduce capsaicin-induced neuronal ac-
tivation in rat TNC [74]. Thus, melatonin signaling, having
an anti-excitatory effect on brain activity, may confer inhibi-
tory signal to the active trigeminal nerve for preventing the
peripheral sensitization [75].

5. THE THERAPEUTIC EFFECTS OF TIANMA
GOUTENG DECOCTION/GRANULE AND
YOKUKANSAN ON MIGRAINE

According to the ancient record of TCM, Tianma
Gouteng decoction/granule is a classical formula that com-
prises of UR and other herbs, wildly used for the treatment
of headaches [13, 17]. Through the analysis of Tianma
Gouteng decoction/granule by ultra-high performance liquid
chromatography coupled with quadrupole-tandem time-of-f-
light mass spectrometry, three UR components, including
rhynchophylline, isorhynchophylline, and isocorynoxeine,
were identified from 17 major peaks [76]. In clinical studies,
Tianma Gouteng decoction exhibited the high efficiency to
reduce headaches in migraine patients (93.10% in 58 cases
and 92.65% in 68 cases) [15, 16]. In NTG-induced migraine
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Table 2. The effects and composition of Tianma Gouteng decoction, Diaoteng San, and Yokukansan.

Traditional Herbal

Components
Formula

Symptom Treatment

Tianma Gouteng decoc-
tion/ granules

dix, Loranthus parasiticus, Haliotidis concha, Gardeniae fructus, Leonuri

herba, Caulis polygoni multiflori, and Poria cocos.

UR, Gastrodiae rhizoma, Scutellariae radix, Eucommiae cortex, Cyathulae ra- |Headache, dizziness, insomnia, lassitude in legs,

red tongue with scanty coating, and wiry-rapid

pulse.

Yokukansan

pleuri radix, and Glycyrrhizae radix.

UR, Atractylodis lanceae rhizome, Poria, Cnidii rhizome, Angelicae radix, Bu- | Insomnia, neurosis, night crying, and irritability

in children.

e

o o
Rhynchophylline Isorhynchophylline

u

HsC NcH,

Dihydrocorynantheine

Fig. (3). Representative chemical structures of alkaloids of UR.

rats, the isolated fraction from Tianma Gouteng decoction/-
granule could significantly decrease the frequency of head
scratching and mediate the abnormal levels of vasoactive
neurotransmitters, such as NO, and 5-HT, in serum and
brain [77]. Similarly, in patients with hypertension, Tianma
Gouteng decoction/granule is able to decrease plasma NO
[78]. NO level positively affects CGRP generation in trigem-
inal nerves, whereas reducing NO level has been proven to
reduce CGRP levels and migraine attacks [53]. These
studies support the therapeutic effects of Tianma Gouteng
decoction/granule on migraine-induced headaches. In addi-
tion, a popular Japanese Kampo formula Yokukansan also
contains UR, originally used to treat insomnia, irritability,
neurosis, and night crying in infants. Recently, several clini-
cal reports indicated that Yokukansan was effective to re-
duce the frequency and severity of migraine [17, 79, 80].
Notably, UR is the only same ingredient in both formulas
Table (2), revealing UR as a critical herb in both formulas
for the treatment of migraine.

6. CHEMICAL CONSTITUENTS OF UR

UR belongs to the plant of Rubinaceae genus, which
mainly distributes in the torrid zone and the south area of
China [81]. The extraction from dry hooked stem of three

Geissoschizine methyl ether

(o]
HsC”
Hirsuteine

H2C

Akuammigine Isocorynoxeine

types of UR, including Uncaria rhynchophylla Miq Jacks,
Uncaria sinensis (Oliv) Havil, and Uncaria macrophylla
Wall, has been wildly used for the treatment of brain and car-
diovascular diseases, such as headache, convulsions, numb-
ness, lightheadedness, and hypertension [82]. According to
the current investigation, indole alkaloids are considered as
the major bioactive components of UR, which contribute to
the therapeutic effects of UR [83-85]. The total alkaloid con-
tent in UR is about 0.2%, in which rhynchophylline and
isorhynchophylline are the major alkaloids. However, due to
quick degradation of isorhynchophylline in water, UR is usu-
ally added at last for preparing TCM decoction when the
herbs of the prescriptions are decocted. UR also contains a
variety of alkaloid structures, such as hirsutine, hirsuteine co-
rynantheine, dihydrocorynantheine, akuammigine, isoco-
rynoxeine, and geissoschizine methyl ether (Fig. 3). In addi-
tion, UR contains melatonin and trace components, such as
ptcropodic acid and mitraphyllic acid [86].

7. THE EFFECTS OF UR COMPONENTS ON IN-
FLAMMATION

The extracts of UR have been reported to reduce NO and
pro-inflammatory cytokines from various inflammation. In
the study of Kim et al., the aqueous extracts of UR dis-
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played inhibitory activities on lipopolysaccharide (LPS)-in-
duced NO production in murine RAW 264.7 macrophages
via blocking NF-kB pathway [87]. Similarly, Kang et al.
found that hexane extracts of UR reduced the generation of
NO and TNFa in LPS-stimulated murine BV2 microglial
cells via blocking the NF-kB pathway [88]. They further
thought that the anti-neuroinflammatory effects of UR ex-
tractions contribute to preventing focal cerebral ischemic in-
juries in mice. Indole alkaloids are major bioactive compo-
nents from UR extracts, which play a vital role in reducing
the inflammatory response. Rhynchophylline is one of the
major alkaloids in UR. Yuan et al. reported that rhyncho-
phylline could suppress LPS-induced inflammatory response
of mouse N9 microglia by blocking NF-kB-mediated induci-
ble NO synthase (iNOS) protein expression [89]. In the
study of Song et al., thynchophylline also reduced LPS-in-
duced inflammatory response in primary microglia by block-
ing the NF-kB signaling pathway [90]. Isorhynchophylline
is an isomeric structure of rhynchophylline that exhibited
more potent inhibition of LPS-stimulated microglial activa-
tion than rhynchophylline [89]. Jung ef al. found that hirsu-
tine could inhibit inflammation-mediated neurotoxicity and
microglial activation [20]. NF-kB is a transcriptional factor
that mediates the expression of pro-inflammatory cytokines,
iNOS, and cyclooxygenase-2 (COX-2). iNOS and COX-2
are the major enzymes for NO generation [91]. These re-
ports suggest that the UR extracts can reduce NO and pro-in-
flammatory cytokines from different inflammation via the
similar mechanism even though peripheral inflammation is
mainly involved in the initiation of migraine attack. These
anti-inflammatory activities of UR may confer to the partial
effects of the traditional herbal formula of UR on the treat-
ment of migraine.

8. THE EFFECTS OF UR COMPONENTS ON 5-HT
AND MELATONIN SIGNALING

UR has been reported to act on the 5-HT receptors.
Through a 5-HT receptor binding assay, Kanatani et al.
found that UR indole alkaloids, geissoschizine methyl ether,
corynantheine and dihydrocorynantheine, could be partial ag-
onists for the 5-HT receptor [92], revealing that corynan-
theine-type structure has the binding affinity with 5-HT re-
ceptor. Through hamster ovary cells expressing 5-HT,, re-
ceptors and competitive binding assays, Nish et al. also
found that UR extracts could exhibit a partial agonistic ef-
fect on 5-HT,, receptors [93]. Jung et al. reported that the
aqueous extract of UR exhibited the anxiolytic-like effect in
rats, whereas this effect was reduced by WAY 100635, a 5-
HT,, receptor antagonist [94]. Furthermore, through testing
the 5-HT,, receptor binding ability of alkaloids, they found
that geissoschizine methyl ether could potently bind to 5-
HT,, receptors and act as a potent 5-HT,, receptor agonist
[95]. In addition, Uncarialins A-I are newly identified
monoterpenoid indole alkaloids from UR, and were also
found to be natural agonists of the 5-HT,, receptor [96].
However, 5-HT,, receptor does not distribute in the trigemi-
nal nerves, its agonist was reported to have no therapeutic ef-
fects on migraine attacks. Notably, geissoschizine methyl
ether can also bind to 5-HT,; receptor [95] but lack further
studies to support its agonist effects on 5-HT;, or other mi-
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graine-related 5-HT receptors [95]. Interestingly, Xian et al.
reported that the intragastric administration of isorhyncho-
phylline significantly enhanced the levels of 5-HT in the
mouse hippocampus [97]. However, brain 5-HT cannot by-
pass the blood-brain barrier to affect the peripheral nerve. 5-
HT is the precursor of melatonin, revealing that isorhyncho-
phylline may enhance the generation of melatonin in hippo-
campus.

In addition to 5-HT receptors, recent studies show that
UR constituents also have agonistic activity on melatonin re-
ceptor. Through bioassay, Geng et al. found that the extracts
of UR stem and hook exhibited agonistic effects on MT1
and MT2 melatonin receptors [98]. They further identified
that two UR flavanols, catechin and epicatechin had agonis-
tic activity on melatonin receptors. In addition, Zhang ef al.
reported that the extracts of different UR species also dis-
played agonistic effects on melatonin receptors [99]. Several
new alkaloids isolated from UR show agonistic activities on
both MT1 and MT2 melatonin receptors [100, 101]. The in-
crease in melatonin signaling by these UR components may
confer inhibitory signal to the active trigeminal nerve and
further suppress the abnormal release of CGRP.

9. THE EFFECTS OF UR COMPONENTS ON CGRP
RELEASE IN THE TRIGEMINOVASCULAR
SYSTEM

The major UR alkaloid, rhynchophylline, was reported
to reduce CGRP expression via inhibiting ERK, p38, and
JNK MAPK signaling in the trigeminovascular system.
MAPK pathways are involved in the upregulation of CGRP
in the trigeminal nerve [102]. Lai et al. reported that NTG
could induce migraine-related phenotypes, such as abnormal
electroencephalogram and spontaneous behavior problems
in rats, whereas the administration of a high dose of rhyncho-
phylline attenuated them [21]. They found that rhynchophyl-
line could attenuate the concentration of CGRP in peripheral
blood in this migraine model, revealing that rhynchophylline
may inhibit abnormal CGRP release from non-myelinated
C-fibers in trigeminovascular system. Through western blott-
ing, they found that NTG significantly increased the activity
of ERK, p38, and JNK MAPKs in TNC tissue where the
CGRP-expressing trigeminal nerves also divide, whereas
rhynchophylline reduced their activation in a dose-depen-
dent manner. Furthermore, they observed that the nuclear
translocation of NF-kB increased in model group but de-
creased in thynchophylline treatment group. In sensory neu-
rons, NF-kB can positively mediate the expression of CGRP
[64]; blocking NF-kB activation has been provided to effec-
tively attenuate NTG-induced migraine [90, 103]. Thus, th-
ese studies provide the solid evidence to support the fact that
rhynchophylline can suppress CGRP expression in the
trigeminovascular system via inhibiting the MAPKs/NF-xB
pathway.

CONCLUSION

The strong evidence shows that CGRP plays a critical
role in the sensitization of trigeminal nociceptive neurons,
contributing to the pain experienced in migraine. However,
there are various pathophysiological factors affecting abnor-
mal CGRP release in the trigeminovascular system during
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migraine. Thus, it will be a promising strategy to target th-
ese factors to reduce migraine pain and frequency. Tianma
Gouteng decoction and Yokukansan composed of UR show
clinical efficacy to reduce the symptoms of migraine. Bioac-
tive components of UR have multiple beneficial effects that
include reducing inflammation-derived NO and pro-inflam-
matory cytokines, as well as enhancing melatonin signaling
(Fig. 4). These events may contribute to the down-regulation
of CGRP levels in the trigeminovascular system, suggesting
the potentials of UR for reducing peripheral sensitization
and the treatment of migraine attacks. Besides, UR also can
increase brain 5-HT level and act as the agonist of melatonin
receptors; it may be helpful to prevent migraines via enhanc-
ing the inhibitory signal from the hypothalamus. Further
studies on UR and its major components are warranted to ful-
ly illustrate the underlying molecular mechanisms, pharma-
cokinetics, and toxicological profiles of these naturally oc-
curring compounds and their potentials for the treatment and
prophylaxis of migraine.

/ UR
Local inflammation Melatonin receptor
signaling in brain

Pro-inflammatory cytokines
NO

}
CGRP expression & release?

in trigeminal nerves

Migraine attacks

Fig. (4). The effects of UR on down-regulating CGRP expression
in the trigeminal nerve via reducing inflammation-derived NO and
pro-inflammatory cytokines, as well as enhancing melatonin signal-
ing. (4 higher resolution / colour version of this figure is available
in the electronic copy of the article).
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