:' frontiers ‘ Frontiers in Pharmacology

’ @ Check for updates

OPEN ACCESS

EDITED BY
Qi Liang,
Air Force Medical University, China

REVIEWED BY
Guozheng Huang,
Anhui University of Technology, China

*CORRESPONDENCE
Leilei Chen,
leileichen2019@qdu.edu.cn
Yingjuan Liu,
liuyingjuan829@163.com
Junxia Xie,
jxiaxie@163.com
jxiaxie@public.qd.sd.cn

RECEIVED 22 May 2024
ACCEPTED 15 July 2024
PUBLISHED 31 July 2024

CITATION

Chen L, Liu Y and Xie J (2024), The beneficial
pharmacological effects of Uncaria
rhynchophylla in neurodegenerative diseases:
focus on alkaloids.

Front. Pharmacol. 15:1436481.

doi: 10.3389/fphar.2024.1436481

COPYRIGHT

© 2024 Chen, Liu and Xie. This is an open-
access article distributed under the terms of the
Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Pharmacology

TYPE Mini Review
PUBLISHED 31 July 2024
pol 10.3389/fphar.2024.1436481

The beneficial pharmacological
effects of Uncaria rhynchophylla
In nheurodegenerative diseases:
focus on alkaloids

Leilei Chen?3*, Yingjuan Liu'?3* and Junxia Xie'?3*

YInstitute of Brain Science and Disease, Qingdao University, Qingdao, Shandong, China, 2Shandong
Provincial Collaborative Innovation Center for Neurodegenerative Disorders, Qingdao University,
Qingdao, Shandong, China, *Shandong Provincial Key Laboratory of Pathogenesis and Prevention of
Neurological Disorders, Qingdao University, Qingdao, Shandong, China

With the intensification of aging population, the prevention or treatment of
neurodegenerative diseases, such as Parkinson’s disease and Alzheimer's
disease, has drawn more and more attention. As a long used traditional
Chinese medicine, Uncaria rhynchophylla (Miq.) Jacks., named Gouteng in
Chinese, has been reported to have an effective neuroprotective role in
neurodegenerative diseases. In this review, the beneficial pharmacological
effects and signaling pathways of herbal formulas containing U.
rhynchophylla, especially major compounds identified from U. rhynchophylla,
such as corynoxine B, corynoxine, rhynchophylline, and isorhynchophylline, in
neurodegenerative diseases, were summarized, which not only provide an
overview of U. rhynchophylla for the prevention or treatment of
neurodegenerative diseases but also give some perspective to the
development of new drugs from traditional Chinese medicine.
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Introduction

Neurodegenerative disease refers to mitochondrial defects, autophagic-lysosomal
pathway dysfunctions, synaptic toxicity, and liquid-phase transitions in pathological
protein aggregation with neuroinflammation that targets different brain regions in the
central nervous system (CNS), accompanied by a progressive loss of neurons in the affected
regions (Gan et al,, 2018; Peng et al., 2020). As the second leading cause of morbidity and
mortality worldwide, neurological diseases have drawn much attention, and the related
pharmacological and nonpharmacological interventions to improve the symptoms of
neurodegenerative disease have been investigated. Traditional Chinese medicines have
long been used in the treatment of neurodegenerative diseases. One of the good examples is
U. rhynchophylla (Miq.) Jacks., named Gouteng in Chinese. U. rhynchophylla (Uncaria
rhynchophylla) possesses many medicinal values, such as arresting convulsions, treating
gastric problems, reducing the body heat, and suppressing liver hyperfunction in traditional
Chinese medicine. Clinically, it has a role in treating hypertension, dizziness, epilepsy, and
cardiovascular diseases (Yang et al., 2020). In recent years, U. rhynchophylla formulas and
its major chemical compounds have shown protective effects on different models of CNS
(Ndagijimana et al.,, 2013; Zhang et al., 2015; Kim et al., 2022).
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U. rhynchophylla

Uncaria rhynchophylla can play antineurodegenerative roles in
compatibility with many Chinese herbs. Baichanting Compound
(BCT), a combination of U. rhynchophylla (Miq.) Miq. ex Havil,
Acanthopanax senticosus (Rupr. and Maxim.) Harms, and Paeonia
lactiflora Pall, mitigates the development of Parkinson’s disease
(PD) in alpha-synuclein transgenic mice by regulating the
composition and metabolism of the gut microbiota and
inhibiting oxidative stress (Lu et al, 2024). Yi-Gan-San, a
traditional prescription consisting of U. rhynchophylla (Miq.)
Miq. ex Havil.,, Bupleurum chinense DC., Angelica sinensis (Oliv.)
Diels, Ligusticum wallichii Franch., and Poria cocos (Schw.) Wolf,
can improve various behavioral and psychological symptoms of
dementia and also showed neuroprotective effects on many
neurodegenerative disorders (Yang et al, 2023). Goutengsan, a
Chinese herbal formula containing U. rhynchophylla, has shown
a protective role against AP-induced cell damage, and the major
compounds identified from the Goutensan extraction, including
rhynchophylline,  isorhynchophylline, ~ corynoxeine,  and
isocorynoxeine, also showed a protective role (Huang et al,
2017). This extraction has shown a neuroprotective role in
Alzheimer’s disease (AD) with evidences of significant inhibition
of AP aggregation and accumulation in the cortex and subiculum,
alleviating synaptic and neuronal loss and improving impaired
hippocampal neurogenesis in the 5 x FAD mice (Shin et al,
2018).
isorhynchophylline improved cognitive function in mice with

Extracts containing rhynchophylline and
Alzheimer’s-like symptoms and can inhibit the formation and
destabilize the preformed fibrils of AP protein (Guo et al., 2014).
Moreover, intracellular calcium overloading and tau protein
hyperphosphorylation in PC12 cells can also be inhibited by
rhynchophylline and isorhynchophylline (Xian Y.-F. et al., 2012).
Furthermore, the inhibitory effect of U. rhynchophylla on the
aggregation of both AP and tau was confirmed in 3 x Tg mice
with both AP and tau pathology (Kim et al., 2022). It is reported that
U. rhynchophylla is an effective anxiolytic agent and acts via the
serotonergic nervous system (Jung et al., 2006).

The medicinal uses of Uncaria species have resulted in the
identification of more than 200 chemical compounds, including
flavonoids, indole alkaloids, phenylpropanoids, and triterpenes.
Tetracyclic oxindole alkaloids are regarded as the main bioactive
constituents acting on the CNS (Zhang et al,, 2015). Based on a
network pharmacology analysis, 90 anti-AD targets related to
alkaloids were identified,
correlated with AP and tau pathology. KEGG pathway
enrichment analysis revealed that the enrichment of AD

of which 28 were significantly

(hsa05010) was the most significant in alkaloids against AD.
(hsa04728) and the
cholinergic synapse (hsa04725) pathways were also significantly

Moreover, the dopaminergic synapse
enriched, suggesting UR alkaloids targeting multiple pathological
processes exert AD-resistant effects (Zeng et al., 2021). Combined
ingredients target the AD target-pathway network characterized by
UHPLC-Q-Exactive Orbitrap MS; many targets of U. rhynchophylla
were found to be significantly bound up with tau, AB, or Ap and tau.
The neuroprotective roles were verified by its reversal of the
hyperphosphorylation of tau induced by okadaic acid in SH-
SYS5Y cells (Jiang et al., 2023).
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FIGURE 1
Structures of corynoxine B, corynoxine, rhynchophylline, and
isorhynchophylline from PubMed.

Alkaloids

Alkaloids with the blood-brain barrier permeability are the
main active pharmacological components of U. rhiynchophylla. In
this review, we summarize the studies about alkaloids against
neurodegenerative  diseases,

focusing on corynoxine B,

corynoxine, rhynchophylline, and isorhynchophylline (Figure 1).

Corynoxine B

Autophagy is a major pathway to promote the clearance of
misfolded pathological proteins, and an autophagy inducer has been
suggested to be a potential therapeutic strategy for
neurodegenerative diseases. Corynoxine B is the first identified
alkaloid extracted from U. rhynchophylla with the effect of
autophagy induction. Both Beclin-1 and HMGB 1/2 are required
for corynoxine BF02Dinduced autophagy. Although corynoxine B
did affect the protein level of Beclin-1, however, corynoxine
B-induced autophagy was completely inhibited after knockdown
of Beclin-1 (Lu et al,, 2012). Furthermore, corynoxine B was found to
improve the impaired cytosolic translocation of HMGB 1 induced
by a-synuclein and block the interaction between a-synuclein and
HMGSB 1, thereby restoring the autophagy flux (Song et al., 2014). In
the SH-SY5Y cells with manganese exposure, corynoxine B also
showed a neuroprotective effect by restoring the deficient autophagy
and disturbing the HMGB 1-a-synuclein interaction (Yan et al,
2019). Recently, corynoxine B was found to directly bind with
HMGB 1/2 near the Cl06 site, enhancing the interaction
between Beclin-1 and HMGB 1/2, thereby inducing autophagy
and promoting the clearance of a-synuclein in both Drosophila
and mice PD transgenic models with overexpression of a-synuclein

(Zhu et al,, 2023). Due to the relatively low brain permeability and
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bioavailability, the application prospects of corynoxine B in the PD
or AD prevention or treatment will be limited. Therefore,
modifications of corynoxine B were performed. CB6 is a
derivative of corynoxine B with an N-propyl group modification
and is brain-permeable. CB6 induced autophagy through activation
of the PIK3C3 complex and promoting PI3P production, which
exerted neuroprotective roles in both MPP*-induced cell model and
MPTP-induced mice with PD (Zhu et al., 2022). Considering the
advantages of exosomes, which could be modified with target-
specific receptor ligands on the surface, to cross the blood-brain
barrier and then be uptaken by autologous cells, corynoxine B was
carried by the Fe65-engineered HT22 hippocampus neuron cell-
derived exosomes and delivered to the APP-overexpressed neuron
cells in the brain of AD mice, where corynoxine B blocked the
interaction between Fe65 and APP and induced autophagy, thereby
ameliorating cognitive decline and pathogenesis in AD mice
(Iyaswamy et al., 2023).

Corynoxine

Corynoxine is an enantiomer of corynoxine B, which could also
induce autophagy in neuronal cells and promote the clearance of
both wild-type and A53T mutant a-synuclein in inducible
PC12 cells (Chen et al., 2014). However, the manners of these
two oxindole alkaloids to induce autophagy are different.
Corynoxine induces autophagy through the Akt/mTOR pathway,
while corynoxine B induces autophagy in a Beclin-1-dependent
manner (Lu et al., 2012; Chen et al, 2014). In order to identify
the key regulator in the processes of corynoxine- or corynoxine
B-induced autophagy, we developed a novel network-based
algorithm which was named in silico Kinome Activity Profiling
(iKAP) and found that MAP2K2/MEK2 (mitogen-activated protein
kinase 2) and PLK1 (polo-like kinase 1) were significantly
upregulated by corynoxine, but not corynoxine B, and the effects
of corynoxine in the clearance of APP or a-synuclein were
diminished after inhibiting the activity of MAP2K2 and PLK1
(Chen et al, 2017; Chen and Xie, 2018). Furthermore,
MAP2K2 was validated to be essential for the induction of
autophagy, while PLK1 is involved in the maturation of
autophagosomes (Chen et al, 2017; Chen and Xie, 2018). In
addition to cell models, the effects of corynoxine on the PD or
AD animal models were also evaluated. In both the rotenone-
induced rat model of PD with acute toxicity and rotenone-
induced mice model of PD with chromic toxicity, corynoxine has
been proved to not only decrease a-synuclein aggregates through
mTOR-mediated autophagy but also diminish neuroinflammation
(Chen et al,, 2021). Corynoxine could activate TFEB/TFE3 through
inhibiting the signaling pathway of Akt/mTOR and induce neuronal
autophagy that promotes the clearance of APP-CTFs and improves
the learning and memory function in the 5xFAD mice model;
however, the process of corynoxine-induced APP-CTF clearance
was abolished by knockdown of TFEB/TFE3 (Guan et al., 2024).
Corynoxine also exerts antitumor effects in pancreatic cancer
through ROS-p38-mediated cytostatic effects (Wen et al., 2022)
and in the non-small cell lung cancer through the AKT-mTOR/
GSK3B pathway (Hou et al, 2024). Recently, together with
isorhynchophylline and corynoxine, two new oxindole alkaloids,
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which were named macrophyllines C and D, were isolated from
Uncaria macrophylla, and macrophyllines D, isorhynchophylline,
and corynoxine have showed anti-HIV activities with ECs, values of
11.31 +3.29 uM, 18.77 £ 6.14 uM, and 30.02 + 3.73 uM, respectively
(Liang et al., 2023).

Rhynchophylline

Rhynchophylline, a tetracyclic oxindole alkaloid component isolated
from U. rhynchophylla (Miq.) Jacks., shows efficacy against CNS
disorders such as epilepsy, drug addiction, neurodegenerative disease,
cerebral ischemia, and vascular dementia, by modulating
neurotransmitters, suppressing calcium channels, and inhibiting
inflammation (Tognolini et al, 2014; Zhang et al, 2019).
Rhynchophylline has exhibited neuroprotective effects in both cell
and animal models of PD. Rhynchophylline prevented neurotoxicity
and apoptosis caused by 1-methyl-4-phenylpyridinium ion (MPP®) in
primary cerebellar granule neurons. The transcription factor myocyte
enhancer factor 2D (MEF2D) was identified as the target through the
luciferase reporter gene assay, possibly via the inhibition of the PI3-K/
Akt/GSK3p cascade (Hu et al, 2018). In 1-methyl-4-phenyl-1,2,3,6-
hydrochloride (MPTP)-induced

rhynchophylline presented neuroprotective roles through reducing

tetrahydropyridine mice,
the loss of dopaminergic neurons and reversing the secretion of
inflammatory cytokines. Based on a mass spectrometry-based
metabolomic ~ strategy, retinol metabolism, arachidonic acid
metabolism, glycerophospholipid metabolism, and purine metabolism
were recognized as the main targets to ameliorate metabolic disorders in
PD (Zhang et al., 2023). Due to the blood-brain barrier (BBB), more
than 98% drugs cannot penetrate it, which significantly hampers their
effectiveness for PD patients. Lin et al. designed a thermosensitive gel for
brain targeted delivery of rhynchophylline through intranasal
administration. The cross-linked gel with good adhesion and
sustained release properties showed remarkable bioavailability and
brain targeting than those of oral administration. Sustained drug
delivery of rhynchophylline after nasal administration effectively
alleviated the symptoms of PD (Lin et al, 2023).

Rhynchophylline, as an inhibitor of ephrin type A receptor
4 precursor (EphA4) tyrosine kinase, was found to rescue the
impairment of synaptic plasticity in the hippocampus and
improve cognitive dysfunctions in a mouse model of AD known
as APP/PS1 transgenic mice (Fu et al, 2014). Furthermore,
rhynchophylline not only ameliorates amyloid plaque burden but
also reduces inflammation, mainly by regulating the ubiquitin
proteasome system, angiogenesis, and microglial functional states
(Fu et al,, 2021). Excessive activation of microglial cells has been
implicated in neuroinflammation of the progression of
(LPS)-stimulated

markedly

neurodegeneration. In  lipopolysaccharide

primary  microglia, rhynchophylline suppresses

inflammatory responses by reducing the production of
proinflammatory factors, such as nitric oxide (NO), tumor
(TNF-a), interleukin-1f  (IL-1p), and

prostaglandins E2 (PGE2), and down-regulating the mitogen-

necrosis  factor-a
activated protein kinases (MAPK)/NF-«kB signaling pathways
(Song et al., 2012). However, the application of rhynchophylline
for AD treatment is limited by the low water solubility and
bioavailability in brain tissue. The efficiency was improved by
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loading rhynchophylline to mPEG-PLGA nanoparticles, which
coupled with Tween 80 further for brain targeting delivery (T80-
NPS-RIN).
nanoparticle delivery system exhibited good biocompatibility and

According to the pharmacokinetic effects, the

increased the effect of rhynchophylline in vivo without hemolysis
(Xu et al, 2020). In addition, intraperitoneal administration of
AP1-42-induced  cognitive
ARE activity.
Rhynchophylline also restored the expression of Nrf2 and its

rhynchophylline  ameliorated

impairment by  improving promoter
downstream proteins in the frontal cortex and hippocampus of
AB1-42-treated mice, suggesting rhynchophylline as a potential

agent against AD via Nrf2-ARE activation (Jiang et al., 2021).

Isorhynchophylline

Isorhynchophylline is the steric isomer of rhynchophylline at
spiro C7-position of the oxindole moiety. (Yuan et al, 2009). It
showed similar inhibitory activity for NO production by LPS-
activated rat primary cortical microglia (Yuan et al, 2008).
However, in LPS-activated mouse N9 microglial cells,
isorhynchophylline showed more potent inhibition of microglial
activation. In addition, the modulatory mechanism in activated
microglia showed a slight difference. Isorhynchophylline had a
better effect on ERK phosphorylation and IkBa degradation, while

isorhynchophylline was more potent in inhibiting p38 MAPK

phosphorylation. The different data suggest that different
microglial cells may show various sensitivities to the C-7
configuration of rhynchophylline (Yuan et al, 2009).

Isorhynchophylline has been demonstrated to exert distinct anti-
AD effects on several models of AD. Isorhynchophylline inhibited
Ap(25-35)-induced neurotoxicity in PC12 cells via inhibiting
oxidative stress and suppressing the mitochondrial pathway of
cellular apoptosis (Xian Y. F. et al, 2012). Further study
demonstrated that the protective effects of isorhynchophylline
against Af325-35-induced injury in PCI2 cells were related to the
enhancement of p-CREB expression via the PI3K/Akt/GSK-3f

(Xjan et al, 2013). In addition,
administration ameliorated the cognitive

signaling  pathway
isorhynchophylline

deficits and neuronal apoptosis in the hippocampus induced by
AB25-35 in the rats. Isorhynchophylline suppressed tau protein
hyperphosphorylation at the Ser396, Ser404, and Thr205 sites.
PI3K/Akt/GSK-3p signaling pathways are intimately involved in
the neuroprotection of isorhynchophylline (Xian et al, 2014). In
TgCRNDS8 mice, isorhynchophylline was proven to ameliorate
cognitive deficits and amyloid pathology. Isorhynchophylline not
only reduced the levels of AP40, AP42, and inflammatory factors
but also modulated the amyloid precursor protein (APP) processing
and phosphorylation by decreasing the level of p-site APP cleaving
enzyme-1 (BACE-1) and increasing the level of insulin degrading
enzyme (IDE), a major AB-degrading enzyme. It also inhibited the
phosphorylation of tau at the sites of Thr205 and Ser396.
Furthermore, isorhynchophylline markedly inhibited the Ap-
induced JNK signaling pathway in primary hippocampus neurons
(Li et al, 2019). There was no difference in the extent of protection
against the neuronal damage between rhynchophylline and
treatment in in vitro ischemia-induced

isorhynchophylline
neuronal damage in the hippocampus (Kang et al, 2004). In
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addition, rhynchophylline has a noncompetitive antagonistic effect
on the NMDA-type ionotropic glutamate receptor on in vitro
ischemia-induced neuronal damage in the hippocampus in a
receptor expression model of Xenopus oocytes (Kang et al., 2004).

Prospects

In addition to alkaloids, other active compounds isolated
from the U. rhynchophylla
neuroprotection in AD. Hirsuteine and four uncarialins,

also showed potential
identified from U. rhynchophylla, showed distinct agonistic
effects against the 5-HT1A receptor with the methods of
molecular docking and site-directed amino acid mutation
(Liang et al, 2019; Yu et al, 2021). BACE-1 is a type-1
membrane-anchored aspartyl protease, which is involved in
the production of AP peptide species by cutting the amyloid
precursor protein (APP) to release the C99 fragment for
subsequent y-secretase cleavage (Maia and Sousa, 2019). By
phytochemicals using in silico drug discovery analysis, 3F061-
dihydro-cadambine was testified as novel inhibitors against
BACE-1 (Arif et al, 2020).
proteinF02Dligand interaction analysis displayed catechin in

Molecular docking and
U. rhynchophylla as a potent inhibitor of acetylcholinesterase
(AChE) for the treatment of AD (Chen et al., 2016). Uncarinic
acid C was identified as a specific inhibitor of the nucleation
phase of AB42 aggregation that is present in U. rhynchophylla
(Yoshioka et al., 2016). All these evidences have proven the
beneficial pharmacological effects of U. rhynchophylla in AD or
PD, and further investigations that focus on the modifications of
active compounds from U. rhynchophylla to promote the brain
permeability might increase their bioavailability. In addition,
chemical synthesis or modification based on these compounds
may be a promising drug development strategy for the
prevention or treatment of neurodegenerative diseases.
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