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Medicinal plants and natural products G

for treating overactive bladder
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Abstract

Background Overactive bladder (OAB) presents a high prevalence of 16-18% worldwide. The pathophysiology

of OAB is still poorly understood while effective therapy or countermeasure are very limited. On the other hand,
medicinal plants and herbal remedies have been utilized for treating lower urinary tract symptoms (LUTS)

in both Eastern and Western cultures since ancient times. In recent years, accumulating progress has also been made
in OAB treatment research by using medicinal plants.

Methods Relevant literature on the studies of medicinal plants and herbs used to treat OAB was reviewed.
The medicinal plants were summarized and categorized into two groups, single-herb medications and herbal
formulations.

Results The present review has summarized current understanding of OAB'’s pathophysiology, its available
treatments and new drug targets. Medicinal plants and natural products which have been used or have shown
potential for OAB treatment were updated and comprehensively categorized. Studies on a wide variety of medicinal
plants showed promising results, although only a few phytochemicals have been isolated and identified. Until now,
none of these herbal compounds have been further developed into clinical therapeutics for OAB.

Conclusions This review provides the basis for discovering and designing new phytopharmaceutical candidates
with effective and well-tolerated properties to treat OAB. Increasing evidences indicate new strategies with alternative
herbal treatment for OAB have high efficacy and safety, showing great promise for their clinical use. Future studies

in a rigorously designed controlled manner will be beneficial to further support the eligibility of herbal treatment

as OAB therapeutics.
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Introduction
Lower urinary tract symptoms (LUTS) impact over 50%
of the global adult population [82]. These symptoms
emcompass storage, voiding, and post-micturition symp-
toms. Notably, overactive bladder (OAB) syndrome is
*Correspondence: classified as a specific §ubset within the d'omaln of s.torage
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OAB is reconginized as a highly prevalent, troublesome
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Integrative Hypothesis: encompasses each of the below hypotheses

Other factors: bladder outlet obstruction, inflammation, metabolic syndrome, depression, anxiety and diabetes etc.

Urotheliogenic Hypothesis:
urgency originating from the
bladder urothelium/suburothelium

Neurogenic Hypothesis: urgency
originating from the brain and
spinal cord or peripheral afferent

Myogenic Hypothesis: urgency
originating from the detrusor

terminals in the bladder

Urothelial
Dysfunction

Neurogenic
Abnormality

Decreased capacity to handle
the afferent signals

Myogenic
Dysfunction

( OAB )

Aberration in the voiding reflex leading to
involuntary detrusor contractions

Fig. 1 Pathophysiology and underlying mechanisms of OAB

and distressing condition. Its incidence tends to rise
with age and it exerts a remarkable impact on quality of
life (QOL). OAB affects both male and female equally,
resulting in a large economic burden on individuals and
society, in terms of the direct health care costs and lost
productivity.

Presently, clinical strategies for pharmacotherapy of
OAB are still limited to antimuscarinics and 3 agonists.
Due to associated risks and adverse effects of conven-
tional medicines, the use of alternative therapies to treat
diseases nowadays has witnessed a rapid increase. Com-
pared to synthetic chemicals, phytochemical compounds
from medicinal plants are usually less expensive, less
toxic and present less side effects. Ethnopharmacology
has been applying traditional medicine and natural prod-
ucts for disease management. For instance, some cur-
rently used drugs, like aspirin, artemisinin, and digoxin,
are deprived from plant extracts. Some regimens and
single-herb medications of Traditional Chinese Medicine
(TCM) have exhibited efficacy in managing symptoms
associated with OAB. Natural phytochemicals enable
the maintenance of a biological balance and avoid drug
accumulation in the body [12]. Additionally, a remark-
able increase in the use of medicinal plants and natural
products to treat OAB has been observed. [12, 34, 96].
Herein, we review and summarize the body of evidence,
obtained through traditional application and modern sci-
entific methodology, which supports the use of medici-
nal plants, natural products and herbal formulations for

the treatment of OAB. The summary and consolidation
of the existing scientific data would greatly facilitate
improvement of future research and offer OAB patients a
wider range of potentially improved alternative therapies.

Pathophysiology of OAB

At present, the etiology of OAB is largely considered
idiopathic, and its underlying pathophysiology remains
poorly comprehended, necessitating ongoing research
endeavors. Two possible origins of OAB symptoms were
proposed by the ICS: (1) reduced ability to process the
afferent signals in the brain (the neurogenic hypothesis);
and (2) abnormally enhanced afferent signals from the
bladder and/or urethra: elevated afferent activity is
considered to be associated either with aberration in
the urothelium receptor function and neurotransmitter
release (the urethrogenic hypothesis) or with aberration
in myocyte excitability (the myogenic hypothesis) [123]
(Fig. 1).

1. The urotheliogenic hypothesis

The urotheliogenic hypothesis refers to dysfunctions in
signal molecules and ion channels within the urothelium.
The urothelium not only acts as a protective barrier but
also functions as a sensor to thermal, mechanical, and
chemical stimuli. In the absence of a healthy urothelium,
there may occur an elevation in spontaneous detrusor
activity [107]. Through different receptors and transient
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receptor potential (TRP) channels, the urothelial cells
respond to mechanical and chemical stimuli such as
bradykinin, purines, norepinephrine, and acetylcholine
(Ach), stimulating nearby afferent nerves. Abnormalities
in the function of urothelium receptor and the release
of neurotransmitter as well as in the sensitivity and cou-
pling of the suburothelial interstitial result in involuntary
contractions and manifestation of OAB symptoms [123,
166].

2. The myogenic hypothesis

The myogenic hypothesis posits that impaired func-
tion of the myocytes in the detrusor muscle may cause
elevated excitability, hence leading to the occurrence
of uncontrolled contractions [123]. Studies have dem-
onstrated that myocytes obtained from the bladders
of patients with detrusor overactivity (DO) display
enhanced excitability and an amplified response to
stimuli [23]. According to Drake et al. [37], it is hypoth-
esized that DO could arise from histological alterations
in the detrusor, resulting in abnormal electrical cou-
pling of smooth muscle cells. Consequently, physiologi-
cal micromotions get synchronised and transform into
active involuntary contraction in the detrusor [59]. Blad-
der smooth muscle cells are interconnected through gap
junction channels, predominantly composed of connex-
ins, enabling their coupling. Although the involvement of
connexins (Cxs) in the pathophysiology of OAB requires
further study, Cx45 and Cx43 appear to be the most
prominent Cxs expressed in human detrusor smooth
muscle (DSM) cells [37, 111], and an increased Cx43
expression has been detected in individuals with neuro-
genic DO and urinary symptoms [8, 119].

3. The neurogenic hypothesis

The neurogenic hypothesis considers the abnormal
management of afferent signals. In this case, urgency
originates from the brain and spinal cord or peripheral
afferent terminals in the bladder. Suprapontine lesions
including cerebrovascular and neurodegenerative dis-
eases like stroke and Parkinson’s disease, could cause
aberrant central nervous system (CNS) activation and
then lead to inappropriate excitation of the detrusor. Uri-
nary retention occurs as a result of a spinal cord lesion,
which eliminates voluntary and supraspinal control over
the process of micturition [117, 123]. On the other hand,
several specific neurotransmitters and related receptors
participate in afferent signal transduction, such as mus-
carinic receptors and B3 adrenergic receptors. Among
muscarinic receptors, M, and M; are the major subtypes
expressed in the bladder [20]. Patients with idiopathic
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DO and painful bladder syndromes exhibit an elevated
expression of M, and M; receptors in the bladder, and
there is a notable correlation between the density of
suburothelial M2 and M3 receptors and clinical urgency
scores [109]. B3 adrenergic receptors is the dominant
B-receptor subtype in the bladder [163], and expression
of B3 adrenergic receptors in the bladder was strongly
correlated with OAB-related symptoms [164].

4. The integrative hypothesis

The integrative hypothesis includes each of the above
hypotheses since each of the components is likely to con-
tribute to the pathophysiology of OAB considering the
sophistication of mechanisms involved in micturition.
Various potential triggers could induce local contrac-
tions (micromotions) in detrusor which are then trans-
mitted to the bladder wall [35], resulting in occurrence of
the sense of urgency. On the other hand, different other
pathological and physiological conditions such as bladder
outlet obstruction (BOO), inflammatory reactions, meta-
bolic syndrome (such as diabetes), depression and anxi-
ety also take part in the pathophysiology of OAB [106,
137]. Therefore, when patients present OAB symptoms,
it is of utmost importance to conduct a comprehensive
evaluation aimed at identifying and ruling out potential
underlying causes.

Current treatments for OAB

Various treatment options exist for OAB considering it
involves multiple mechanisms. It is governed mainly by
the severity of symptoms and the the extent to which it
negatively affects patient’s quality of life (Table 1). Gen-
eral lifestyle changes have been suggested as a first-line
therapy in all OAB patients; while pharmacotherapy or
medications, including anticholinergics/antimuscarinics
and 5 adrenergic agonists, are the mainstream treatment
for OAB, based on their pharmacological efficacy both in
theory and clinical application. They are regarded as sec-
ond-line therapy for OAB. Third-line OAB therapy refers
to neuromodulation of the nerves that control bladder
function.

1. Lifestyle intervention, behavioral treatments and
bladder training

The lifestyle intervention includes smoking
termination, body weight reduction, timed voiding,
modifying fluid intake, eliminating bladder irritants
such as carbonated drinks and caffeine, adjusting
bowel movements to avoid constipation and sprains
during bowel movements and sleep [61, 101]. As for
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Table 1 Therapy options for OAB [1, 94]
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Level of therapy Route Treatment Proposed mechanism of action
First-line therapy Behavioral Avoidance of bladder irritants, bladder retraining, pelvic Decreases irritation
floor physical therapy and biofeedback
Second-line therapy Oral Antimuscarinics Suppresses detrusor muscle contractions
Transdermal Beta-3 Agonist Relaxes detrusor smooth muscle

Antimuscarinics

Third-line therapy* Neuromodulation

Percutaneous tibial nerve stimulation (PTNS)

Intravesical

Sacral neuromodulation (SNS)

Intradetrusor onabotulinumt oxin A (Botox®) injection

Suppresses detrusor muscle

Unknown, electrically activates somatic
afferent nerves in spinal nerve root

Unknown, electrically activates somatic
afferent nerves in spinal nerve root

Paralyzes detrusor muscle

*May be offered to carefully selected patients who have failed first-line and second-line therapy, or who are not able to tolerate medications due to contraindications

or adverse effects

behavioral treatment, patients are trained to improve
their ability to control and thereby disrupt or inhibit
detrusor contraction. Pelvic floor muscle training
(PFMT) could help inhibit pelvic floor contraction on
the detrusor, therefore, ameliorating urgency and urge-
related incontinence [99]. Bladder training is appled
for cognitively and physically capable adults to further
improve detrusor overactivity and regain continence by
training them to gradually increase time interval between
urinations [105, 121]. These practices mentioned must
be accomplished daily with motivation and patience.
If they fail to improve or control the symptoms, then
pharmacotherapy or medications are added.

2. Anticholinergic or antimuscarinics drug

Drugs that inhibit acetylcholine-induced involuntary
detrusor contractions are currently the mainstay treat-
ment options for OAB. Anticholinergics were the first
OAB pharmacotherapy on the market and present the
largest available dataset [142]. It is widely recognised
that normal bladder contraction in human is modulated
primarily by stimulation or activation of muscarinic
receptors within the detrusor muscle [17, 165]. The pre-
dominant cholinoceptors present in urinary bladder are
M, receptors, while its contraction is mainly mediated by
the minor population of M; receptors [165]. Therefore,
Mj;-selective antimuscarinic agents (such as darifenacin
and solifenacin) offer the first-line treatment for OAB,
acting through competitively antagonizing acetylcho-
line at the M, receptors in the DSM to inhibit DO [10].
However, regrettably, these M;-selective anti-muscarinic
agents clinically result in various significant adverse reac-
tiosns in many patients, including paralysis of accommo-
dation, tachycardia, constipation, and dry mouth [11].

3. B3-adrenergic agonistic drug

During the urine storage stage in the bladder, nor-
epinephrine (noradrenaline) is released by the sympa-
thetic nerves and binds to the [3-adrenergic receptors
on the DSM, exhibiting inhibitory action, which results
in the bladder relaxation [43, 57]. Mirabegron is the
only approved drug that acts as a effective and selective
B3-adrenoceptor agonist. It is thought to relax the DSM
by directly activating the 3 adrenergic receptors, which
subsequently results in elevated cAMP and adenylyl
cyclase levels in the tissue. In OAB rat models, mirabe-
gron increases the average voiding volume in each urina-
tion, decreases the frequency of non-voiding contraction
and enhances the bladder capacity without deranging dis-
charge. Mirabegron could contribute to reduced annulled
incidence; therefore, it can be applied in patients who
discontinue previous anticholinergic/antimuscarinic
therapy [14, 39, 124, 125, 141]. Common adverse effects
of mirabegron include urinary tract infections, tachycar-
dia, headache, and diarrhoea [150].
toxin A

4. Neuromodulation and onabotulinum

(Botox®) therapy

When patients fail first- and second-line OAB therapy;,
their conditions are regarded as refractory. Particularly,
these patients show inadequate response to behavioral
therapy. They also demonstrate either lack of response to
medications (at least two types) or intolerance of medica-
tions (due to contraindications or adverse effects). Neu-
romodulation or onabotulinum toxin A (Botox®) therapy
may be used for the carefully selected refractory patients.
There are three different types of neuromodulation
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therapy, namely: peripheral tibial nerve stimulation
(PTNS), sacral neuromodulation (SNS), and tempo-
rary chemodenervation of the bladder detrusor muscle.
However, the treatment benefits are often counteracted
by frequent and moderately severe adverse events such
as lead migration, pain at the stimulator and lead sites,
infection/irritation, electric shock, the requirement for
additional surgeries, urinary tract infections (UTIs), dys-
uria, and hematuria etc. Onabotulinum toxin A (Botox®)
therapy refers to injecting a chemodenervation agent,
Botox® (Allergan, Inc., Irvine, CA, USA), into the blad-
der, which was approved by FDA for idiopathic OAB in
2013. Onabotulinum toxin A is originated from a bacte-
rium Clostridium botulinum and it binds to peripheral
cholinergic terminals at the presynaptic membrane of the
neuromuscular junction to inhibit acetylcholine release.
This action causes muscle fibers paralysis until new fib-
ers grow, thus temporarily affecting the myocytes in the
bladder wall [94, 130, 153].

The current treatments for OAB present various limi-
tations or side effects in clinical use. Hence, there is a
strong rationale for the exploration and development of
novel treatment strategies that aim to optimize therapeu-
tic efficacy against OAB while simultaneously minimiz-
ing adverse reactions and side effects associated with
effective dosages. Medicinal plants play an important role
in this aspect since they have a long tradition in LUTS
treatment. The screening and mechanistic elucidation of
herbal drugs will greatly value OAB therapy.

New drug targets for OAB treatment

Increasing research suggests that the etiology of OAB is
multifactorial, necessitating the continued exploration of
new drug candidates. Several new drug targets and cel-
lular pathways in the urinary bladder to treat OAB have
been proposed recently, as follow: (1) Modulators of
cyclic nucleotide (cyclic adenosine monophosphate and
cyclic guanosine monophosphate) that mediate adeno-
sine triphosphate (ATP) release from bladder wall tissues,
such as P2X3 receptor antagonists and nitric oxide (NO)-
sensitive soluble guanylyl cyclase (sGC) activator; (2)
new targets for $3 agonists, including the bladder mus-
cularis mucosa and bladder wall blood vessels; (3) Vari-
ous TRP channels (TRPV,, TRPV,, TRPM,, TRPA,, and
TRPM,) and the effects of their mediators (antagonists)
on detrusor overactivity; (4) Large and small conduct-
ance Ca?T-activated K* channels (BK and SK channels,
respectively) and their impacts on spontaneous contrac-
tions; (5) Antioxidants that function to inhibit oxida-
tive stress pathways; (6) Antifibrosis agents that directly
or indirectly modulate the TGF-p pathway, namely the
canonical fibrosis pathway [9, 47, 158].
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Recent research shows that medicinal plants and herbs
could provide more efficacious treatment options with
less side-effects. And they have been found to act on dif-
ferent targets or pathways compared to synthetic drugs.
Current scientific evidence has demonstrated that a fair
number of medicinal plants and natural products with
efficacy of treating OAB act via one or a few of the tar-
gets mentioned above. Effects and mechanisms of various
medicinal plants on OAB treatment from existing studies
are summarized in Tables 2 and 3.

Medicinal plants and natural products for OAB treatment
Literature reviews show a significant amount of research
addressing the potential application of medicinal plants
and natural products in OAB treatment [12, 34, 96]. A
wide variety of medicinal plants have been employed to
treat OAB in various regions and countries throughout
different historical periods. Clinical evidence as well
as preclinical in vitro and in vivo investigation have
demonstrated that medicinal plants and/or their
active ingreidents are efficacious for alleviating OAB.
Additionally, herbs or medicinal plants are usually
combined into therapeutic formulas in accordance with
the theories of traditional medicine. TCM practitioners
believe in “synergistic” or “emergence” effect when
using herbal formulations, which are considered
more effective and comprehensive in the treatment of
diseases than single herbs alone. In this section, single-
herb medications and herbal formulations for OAB
treatments are reviewed and summarized in Tables 2
and 3 respectively. And the illustration of their possible
interverntion mechanisms in the unrinary bladder is
shown in Fig. 2.

Single-herb medications for OAB treatment

Alpinia oxyphylla

Alpinia oxyphylla is known as “yi zhi (228%5)” in Chinese.
For centuries, the capsular fruit of this plant has been
widely utilized in TCM to address specific symptoms of
urinary incontinence, including frequency, urgency, and
nocturia. Izalpinin, a flavonoid isolated from the fruit of
Alpinia oxyphylla, was found to antagonized Carbachol-
induced contractions concentration-dependently on rat
bladder detrusor strips, which is due to its muscarinic
receptor antagonistic action [168].

Artemisia monosperma (Wormwood)

This plant thrives extensively in the Arabian desert and
has been deemed as an antispasmodic and anthelmintic
in traditional medicine. It is also applied to treat
hypertension. An isolated flavanone from Artemisia
monosperma, 7-O-Methyleriodictyol, inhibited the
amplitude of the phasic contractions in a dose-dependent



(2024) 19:56 Page 6 of 35

Chen et al. Chinese Medicine

sd1I1S JOSNII9P SUIDIOG *¢
(INW) ®dusu

-13U0DU| AJRULIN PaXIU
1ueUIwop-A>uabin 1o

Kjua

-puadap-awi pue -as0p
A)|119B43U0D JOSNIIRP
auInJod ay) pasead9p
uoloRl) PIOUOARY Y] '€
USUIOM
|esnedouawsod ul
Aduanbayy uonunIdIW
pasnpai ‘swordwAs

gvo panoidw| ¢
asuodsal 9|112es3u0d

[8v]¢ VN'€ gvO YIm sjews) [es WSQ auiziod pacnpul Jea 9PRIIN
811 VN T -nedouswisod 07 ‘7 -|oyoequed pue Ajjed ‘spuesnoy] Jo ISY1oN
6zll'L YNl Sduis 10Sni1ap audiod | -11103]9 81 padnpay ‘| Jean ‘ueid a1 quejdiry 2e3eINsSsel) wnpuuid wnjAydokig
0q6 Ul e|O 9p3 YO pue
asuodsal ‘(eqnuo,A) Uepolel|
UOISSIWSURII0IN3U 3psnu 3]110B1IUOD JSpPPE|] ‘(1uein4) ualel ‘(esnen)
oL1] o1b12ulNd Jo apeyd0|g 4100WS Jappe|q 1ey pacnpul DY padNpay (S10BA1X3 [OURY1D) JedT 1y ‘1udry ‘eljaplig aeade|gloydn] pauibniiay bljapLg
auun jo
abeiols pasealoul pue
[PAISIUI UOIILINIDIW
pPapuUIXa ‘DN I-JosnIap
S1eJ 9jeWa) Ul Sk Jappe|q Jo apnijduwe pue = H 1leq
[£6] YN -5 pasnpul-uesowAz $3102S YMY Padnpay sqinqopnasd  ‘pIy2i0 punoib asaulyd 9e32epIYdI0 DIDLIIS DJ[113]g
(AI-SY ‘| 3pisojeb
Buiiesy punom |9pOoW 321w Adusanbaly  -ensy pue sdy ‘sapleyd HH |b bueny
[C€]  |elayI0iN JO UONRINPOW  3[eWS} gD PRoNPUI-dAD Aleunn pajelolpwy  -desAjod snjebelisy) 100y ‘Ibbueny 10 yd1mA|IN sesoulwnbaT  SnaspubIqUIBW SNjpbDIISY
skemyied
9peYdOIG [BUURYD | BD suon
yeam pue buiuado |au sdiis /sanssil -DRJIUOD JSPPE|] Padnpul (,usnqg
[8/] -UBYD d1V¥H IUBUILIOP BIA 1appe|q Aleuln iqaey |oyoeg.ed paqiyul syed |elay pal, bulueawl) soglooy 2e3deqe SLapUlf SNYIDIDdSy
swisiueydaw 1sluobejue suon qisy
178D pue dibiauljoydnue sdi1s /sanssiy -DeJIUOD JapPe|g Padnpul U034 PUB ‘POOMULIOM
[8/] ‘lenp eIA UOHRIPSN 1appe|q Aleuln 1qaey |oyoegIed PalIqIyU] sued [eUay  pliM LIOMBNW UOWWOD aeyisodwo) SUDBINA DISIWaLY
(lof¥d1poua
[€] VN 1appe|q paie|os! ey 3UO) Jappe|q padnpay  -JAYIdwW-0O-/) skied [euay POOMULIOA aeyisodwod) DWIRASOUOW DISIWIY
Apuspuadsp-uon
-BJ3U3DUO0D SUOIIDRIIUOD
uonde dsiuobejue sduis dus Jappe|q pasnpul 58 yz
[891] J103dada1 DIuLEdSN 10SNJI19p 1oppe|g 1y -|oydequed) paziuobeluy (unuidezi) anu4 1A ‘jebueeb jes|-dieys QeadelaqIbuly pjiAydAxo pluidyy
(s)wsiueyd>aw
saduaIRey  /(s)19bierdnnadessyl (s)123lqo Apmis (s)12943 pasn 1ied SweN uowwod Awey 6nip jeqiay/aueld

JUSWILIY J3PPR|g SAIIDRISAC 10} SUOIRDIPAW gJay-3|buls Z ajqel



(2024) 19:56 Page 7 of 35

Chen et al. Chinese Medicine

S9|2snW Yyioows
13pPed 343 Ut dAY2 8|

AKousnbauy

[/9]  -|92elul Ul 3SeadUl Y| SIRJ S[ISAD padnpul-dAD UOILNIDIW Pasealda (dUn3|IqoN) 1N eysemyays 2eadeiny DSsaidap SNy
S1NT yum syuaned
002 BuIAjOAUl S|l [eD
-|Ul> uBWINY pajjoluod  syusiied Ayl JO %€y Ul
-0gade|d 7 pue uado swoydwiAs dlweuAp
[og] VN 8 JO sisAjeue-elow \y  -0IN IO [eD1UlD panoidul| N4 Jaddad 11y ELEBIE=elN wnnuup wnaisdp)
SUOIIDBIIUOD
3|2SNW Y1o0ws Jappe(q
pasnpul-d1biauljoyd
pauqiyuljolpigeuue’ v
DI9d panoidul
'SPIOA SWIAep ay1 pue
‘Kep /spIoA ‘saposida
BLINIDIU PADNPRY '€
soposida aduau
Apog  -nuUodU| 964N padNpay 7
13ppe|q uewny ay1 pue dagys jo
S1eJ JBISIAN S]eud WOl Aujenb pue Ayppseds
D sduisy  ‘uted JO JUSUISSISSe-J[9S
avo pue 1uaned paroidul
suewny urlouingsielul S yumsiuaned e e ‘eUNIdOU pue Aduanbaiy
[97] % LAdYLJO uonenpon syuaned SN 0£9 T 'sapos|da aduaun
VARS VN € S1N1 A1o1oela) pUE -UODUI JO SWIN|OA pUR (@gD ‘|loipigeu
[ov] ¢ VN C SIN pasueApe Yim Jaquuinu oy “Aouabin  -ued pue JH | ‘joulgeuued
W)L VN L syusned G| 7| Aleuun paseanaqg | -0lpAyed1al) ueid 9joymn duwsH 2eadEgRUUR) DAIDS SIqQLUUDY)
11qQeI :OAIA U] S109)42
sdis sppsnul 3]110B1IUOD JSPPE|]
10SnJ19p Siel A3|meQ Aleupin pasnpuj sisiu
6/] Kemuyied Jy->  —anbeids sjew :01A U] -obe pue 543 pauqiyu| 19MO[H Bue|A-buel\ aeadRUOUUY DIDIOPO bbULUDY)
sisoydode
1oppe|q paseinalie
'sabueyd sIsoiqy [elS
-193Ul pDNPUI-XAQ pue
(SID)) SWOIPUAS d1|0g
-B13\ WOJ4 SI9pPe|g dY3
pa103301d pue ‘uonduny
skemyied sisoydode Aduapyap  -sAp abelo1s parebiiy ¢
Y3 pue eLPUOYDOUIN 7 auowlioy UeLIBAO pue Ajpuapuadap
SID9H9 SIS SIDN YUM [Spoul ey 7 -950p UOdUNYSAP
[68] ‘T -oidode-ue puesisoiqy  [9pOW el g0 PAdNPUl  JaPPe|d PdNPUI-(XAO)
[e2]°1L -lJUB ‘JUepIXOUY ‘| -asnedousw [eDIBINS | AWOID3LBAO PaI0ISAY || (©2973) Jea] £3] U23ID) 2eadeay | SISUaUIS DIfjawp?)
(s)wisiueyd>aw
sdudIRey  /(s)19bae1 dnnadessay) (s)123fqo Apnis (s)12943 pasn 1ied dweN uowwo) Ajweq 6nap jeqiay/iueld

(panunuod) g ajqey



(2024) 19:56 Page 8 of 35

Chen et al. Chinese Medicine

slpuueYd (D) M
2DURIDNPUOD ||ews pue
2b1e| JO UOIRANDY '€

UoNBUILIEXD
A11|11DBIIUOD OAIA X3
"JUSWILSI] OAIA Ul :SISP
-pe|g A1eurn 3ed 90U\ €
uswi

Apuspuadap-asop

S43 Aq padnpul suoiides)
U0 JOSN.II3P PIdNPayY '€
SOUOAR|JOSI

A0S JO 231Ul A1R13Ip YIIm
pa1e1D0SSe SeM S| (V] 4O
Sl paoNpal Y 7

YN T 9saulyd Alap[e 000z uo 151uobe Jo1dadal
RS (SDDOA)  Apnis [BUONDS-SSOID VT SJULEDSNW 3Y3 Yim
[SS11°T  sjpuueyd ,eD parelado losnJ1ep P210BJ3UOD JOSNIISP (susbonsaoifyd ‘uiis
[ozl] L 9be1|0A JO UORIQIYU| | 1qQeJ JO SALIAS Pa1e|os| | paxe[al UI9ISIuU9D | -UD) pue ulazpleq) pass ueagkos Seadeqe XOW 3UIDAID
sasuodsal
|apow 9|110BJ3U0D puUe dUE
1qqe) ¥/l oNA U T -1[dWOD J9pPEIg UO (4/1)
(Buibues-asop pue  uolsnyiadal/eluusydst Jo
paziuopuel Pa||03uod BREIEEVGIEEVEINI
-0gade(d ‘pulig-a|gnop) pa10eIUN0D) 7 wooiysnul
[06] ¢ S1039449 JUBPIXOIUY 7 p|O $1e3A 05 Z ‘5193 SINT Yum alods 7 (euUIyD Ul Z7 1Yz
L]l VN L -UNJOA J[BW 0G *|  UdW Ul SSd| paroidu] | Apoq 1ni4 °| Buj| Jo (Ueder uy) 1ysiay SeadRIRWIIPOURD) wnpion| bWIpoUDD
SNSAd Ul
[s7] VN N pasn A|jeuonipe.| sued |elay SI9NB3|D 2eadeIgny aubdp wnijpo
SIOIARYS( DAL
-dad1oou paseasnul pue
‘Aouanbaly Aeunn
paseainul ‘Ayeded
19ppe|q pasealdap ‘uon
-esuas uled paseanu| g
BEERLS)
syel A3) 92UaUNUODUI ‘BlIN1d0OU
-meg—-anbelds sjews ¢ ‘Aouanbaly ur jusw
0QgJoDvyie yum  -anoidu Juedyubis ou
[ozllc VYN 'C syusied GG¢ Jo sjeli ‘DD pasealdul pue (x1d abinds uisay ‘winiq
[zs] L VN 'L / jo sisAleue-e}aw v/ | ‘uled Jsppe|q padnpay ‘| ‘UIXojeIajuISaY) UIsaY  -ioydn3 ‘abinds ueduyy aeade|gloydng DpIdjIuIsal bigioydn3
sdlias Jappe|q pa1deiiuod
67] VN dus Jappe|q uqgey -a1d |oydeqied paxeldy (|10 [eRUSS3) s1ied [elay (1ssueu bep) niojny| QeddRIWET WINAIU WNJY21I0AD)
S109J3 9PIS OU YIM SUIOY
(paziwopuel puljq  -dwiAs Hdg panaljay '€
-91buls) sieak 0 Z pabe SSgv0 Jo
Hdg yum siusned ¢/ ¢ 22163p ay3 padnpay ¢
(s1eah 08- 1 ainssald |esyiain
[691]°€ VN € obe \0z:57 =9lrWay paonpal ‘@dueldwod
[c111¢ VN T :9|eW) SI9SIUN|OA G 7 J9ppe|q paseasdul ‘ains
111 WN'L Uqaey 'L -said J9ppe|q padnpay L (j10) paas upduwing 9e32UGINOND odad pyqinon>
(s)wisiueyd>aw
sdudIRey  /(s)19bae1 dnnadessay) (s)123fqo Apnis (s)12943 pasn 1ied dweN uowwo) Ajweq 6nap jeqiay/iueld

(panunuod) g ajqey



(2024) 19:56 Page 9 of 35

Chen et al. Chinese Medicine

S129)49 JUepIXOUE
'S2IqY JUSIays pue
JUSJ3YP WO} SI91IW
-sueJ} JO 9533l 3yl U0
uoniqiyul e

A1Anoe ulaoid JYYNS uo
Bulpuadap ssad0.id 2301
-A20Xa 9y UO adUANUI
'S2IqY JUaIaye pue
JUSJYP WO} SIa1IW

S1el Ul SIMISAD D1beyl

SI311SAD DIBeYLIOWBY YIIM
S1eJ Ul OJ parenuany ¢

[€/1'C  -SUPJ1JO3SE3]2IBYIUO  -JOWIY PIdNPUl-dAD T S)el Ul 0@ padnpul (10e1Xd
[951]°1 uonIqIyu| “L  SIes Ul O PIdNPUI-YY ‘| -y paienuany | snoanbe) 1ied |elay [logenburD asaulyD 2832850y SISUBUIYD DJJ13U]0d
suon ¢-SSvO0 pue
-e2||dwod sNopSs ou pue ‘e1Jn1o0u parosdwl
‘SLAT ps1esaun yum 91025 J00-SSdl
‘sieak g <obe  panosdwli1denxd Y] €
‘Slew) syusined Oz ‘€ Ajuapuadap
syusiied  -350P SUOIIDRIIUOD PRIE
Slew Q| 01 6 WOl -nwins-aunydsjAusyd
sdiis a1ersoud pue pPaXGIYUI UIpILeSOS| 7
19ppe|q uPWINH 7 Aduanbayy uonunoIW
siesul pasealdap ‘asuodsal
ZAKS N '€ 19ppe|q aAIsusadAY 3|110RJIUOD JSPPE|]
lecll VN T pasnpul-pioe diade 1ggel padnpulsiuobe ulpILeSoS|
(EL0Z'A0W) "1 YN'L  ‘sduisJappe|quqgqey | PaMUGIYUI 1DRIIXS 3Y] "| /10e1x3 ued sjoym |auuay boy |pIseod) seadeldy  wnojuodof wnubpasnad
S10949
Alo1eWWeyUI-uUe ‘90U uoneuln usnbaiy
-sa1d |ellsyioin ay1 Jo panoidul ‘[eAsaiul uo
[¥8] 1uaWaA0IdW| S1el YHS 9[eWd  -1NIDIW Y3 Ul pasealdu) Jea jue|d Yea1sjoag Se30PIWET SU32SaNIJ Djjlidd
Ajpied 1se3) 1e ‘si01dadal
ploido aAjoAUl UOIS
-S|uisues) A101e319Xa Uo A)11oe1UOD
Vad) 1Day9 Aougiyui sy sduis Joppe|q Aleuln ey PaONPUI-S43 PagIyu| doy bunamol4 1I0M SUYOr 1§ 2eadeduadAH wnpiogiad wnouadAH
UoRdUNJSAP Aleunn yim
pa3erosse sisjaweled
uodUNYSAp Ateun [euonows paroiduwl| ¢
vN T plIW Yam Sjeway pue UOIDHISUOD
101d9dal g-49) ay1 01 9lew asauedef ‘¢ paonpul-g-49) pue
pulq Aj32a11p Aewl 101X S|[92 9PSNW YI00Ws  [oydegied) paugiyul apis
[op1]'c  Aagess ul spunoduiod Jappe|g uewny ‘sduls  -ounwieyi-O-/ Unauwey
[c€1]°L pPa1ejai pue pe dIosIN ‘| 9|2SNWI I9PPe|q 1Y “| -10S| puUe pIde dI|0SIN “| N4 uloypdng ess ‘Allageas seadeubear|3 saplouwpy. apydoddiH
(s)wsiueydaw
sdudIRey  /(s)19bae1 dnnadessay) (s)123fqo Apnis (s)12943 pasn 1ied dweN uowwo) Ajweq 6nap jeqiay/iueld

(panunuod) g ajqey



(2024) 19:56 Page 10 of 35

Chen et al. Chinese Medicine

s103dadal djuleISNW UO

sdiis

suon
-DRJIUOD PIJNPUI-DY pue

[1Z] 199ysdnsiuobeiue 1dallg  JSPPe|q uewny pue ey joyoegied uqiyul jueid ajoym poi uap|ob ueadoing 9B3DRIDISY 02INDbIIA SIUIBDPIIOS
13ppe|q ay3 ul uonels
-jljoid ||92 paonpas pue
2IN10N13S Jaqy 3PS
(912w siel yroows paroidull
J1BISIAN 95900 padnpul ‘else|diadAy pue Al
[1¥] YN 13Ip 21e4pAyoqied-ybiy -|112BU0D Pasealdad (32e3%2 D1pidi)) 1N 01eWO] 2119pe|es 9830PUR|OS winoIsiadooA] wnupjos
S103)9 AlojeWweyul |opow $13135AD Ul asuodsal
[ov] -1JUB pue JUBPIXONUY  1BJ SIISAD padnpul-dAD 3]110B1IUOD PadNPaY pa3s ULeWA|IS 9P3DRIBISY wnubLpw WngAjS
VNS
elin1d0u pue Aouanbayy
YN'S swinAep palena|ly
swoidwiAs Aleupn yim 7-SS9vO0 pue
USWOM }NPe 9/ f 'eLIN1D0U ‘21025 10D
sieak 0G 2 9be ‘suon -5Sd| panoidwl ¢
eisediadAy  -edijdwod a19A3s ou pue 1appe|q ayl ul uonelss
oieysosd ublusg ul uon ‘SIN7 pareanun yum  -jijodd |j90 padnpail pue
-e|npoul [eubis unoejoid syusned sjpw 07 '€ 2IN10N11S Jaqy 3PS
'1039}49 SNOJRWISPa0-1Ue 191p 21e1pAyogied yroows panoiduwl
/Kiojewiweyul-nue -ybiy Aq paosnpui siel ‘eise|diadAy pue A
[0S]°G  ‘uonoe djusbolpuenuy g JBISIA\ SPW 3S30Q T -|11DBIIUOD paseaidaq T
[co1] ¥ YN¥  uonewweyul 0} paiejal uoMdUNy 3132313 Se
748 VN'€ suonipuod alesoid [19M e ISdD-HIN pue
vl YN ¢ ubiuaq dIUOILYD Yum SSdl'SLNT pue Buipioa
(1511 VN L syuaned |66 1L Jappe|q parosdw | N4 onawied mes Sewl|ed SUadal bouaIas
Jauuew juspuadap (p1oE DI0-€
-950p e Ul 9suodsai -3UaI-G '/ (81 )p-1ewl
[87] uondnpold QN SISPPe|] 1B4 JRISIM DB 9|lIRIIUOD-S4T pauqgiyul  -dosiodas-€) siied [elay abeg Jegeuul) Seade|weT DULIDGDUUI DIADS
suon
$103da231 dJULIBDSNUW UO -DBIJUOD PIdNPUI-|DY pue
[LZ] 3199y2onsiuobeiue 1dallg  JSPPe|g uewny pue ey |oyoegied paugiyy ueid 3]0y IBQ YDRWINS 199MG 9e30B|pIRIRUY D21IDWOID SIoYY
A1Ainoe
suisiueyoaw -19A0 NS paroidw| 7
(103dadal gy) druLedSNW 1Rl YHS 9PN T Jauuew juspuadapul
[SZ11°C  -hue puedjuaboinap 'z sduls  -winij24ioin Ul uolexe|ai Rt
[c6]°L VN L 13ppe|q 1el paie|os| ‘| JOSNIISP PAONPU|  (1DRIIXS Js1em) 1001 palld & ub 96 ‘'usban 'nzpny aesoulunba] apIpqo| avlviaNg
(s)wsiueydaw
sdudIRey  /(s)19bae1 dnnadessay) (s)123fqo Apnis (s)12943 pasn 1ied dweN uowwo) Ajweq 6nap jeqiay/iueld

(panunuod) g ajqey



(2024) 19:56 Page 11 of 35

Chen et al. Chinese Medicine

3|qejieAe Jou YN

SNNASAD Ul 3|IS UI0D
[og] VN VN pasn Ajjeuonipel| ‘(ewbns) doy buramol4 ulod 3|ding 983DR0O( sAbw a7
gavo
S9A0IAWI [0I1RIDASDY '€
SaNSSi
1appe|q ul uonepixo-iad
pidi| Wnas pue s|ans)
SOY paJamoy ‘Aduanbaiy
Buipion pue ainssaid
Buipioa-isod ‘suon
1Mv-d pue 1y-d 40S Jo -DBIIUOD BUIPIOA-UOU Ul
uojssaldxa uieyoid ayy Jo S9SBIDUI PISIDADY T
uonenbaiumoq ‘¢ ¢O%H Aq padnpul
S1094J9 1UBPIXO-1IUY 7 (S4) uole|NWINS p|aY e 01
9|2sNW dY1 JO ANANDR sieisoid  sduis Jappe|g pale|ost Jo
[/91]°€ CO%H JO 5109443 dA1IEP JIUOIYD YUM S1eY "€ asuodsal 9)130e)U0d
[0]'C  -IXO 3y} 01 3SPUIUAS 238l 90IW 3530 T pasealdap ayi uo (losielansay
] 'L -112 343 JO UOIID104d | Slappe|q Haqed s[eiy | S10912 9AIIDAI0Md | ‘uoisuadsns adesb) 1ni4 adein 2e3DR1IA DIJIUIA SIIA
eIsay1saue auey}
-31n ybi| Japun syes ul
Adusnbauy uoneuln pue
AJAIIDE DI2YY S|9AS] BUILIR|OYDD1eD
[scl] -edwiAs Jo uononpay S1es A9|me-anbeids  winIas pasnpal |10 e|jlueA (j10) 1nu4 B||lUBA 2832ePIY2IO pijojiup|d DjjIUDA
Bulepowsal Joppe|q Jo 009 woly bunnsas uon
uonIgiyul ay1 pue -UNnysAp Jappe|q Jo uols
[801] uonepixonuy s1el00g  -salboid ay1 parusnalg N4 A11agan|g 283DEDUT  WNSOQUIAIOD WINIUIDIDA
Sjlauueyd wnisselod Xapul A)jnow pue
p3jeAI}DE-WINID[RD dUP ‘Aouanbaly uonoeiuod
-1oNpuod -HIq JO UOIeA ‘ainssaid jujod yea|
-11DB pue S|auuRYD WNID ‘ainssaid Buj|y Jappe|q
-|e> 2dA3-7 Jo apedolg ¢ ‘Aypeded Jappe|q wnw
|auueyd wnisseyod UOI1DNIISCO MOINO -IXeW 33 padnpay ‘¢
P31BAIIDR-WN[D[ED JO UOI  [BDISSARIUI YUM SIeY T sduis
[L/]7 -BARDE puB [2UURYD WNID sduis Jappe|q 1appe|q Aleuln jo uon (auniAydoyd 74 spuN
[0/]°1L -|e>adA-7jo apeypolg °| AJeuln 1el pale|os| | -Desuod 3yl paugIyul L -UAYY) syooy yum youelg  Bui nob queld Jiquien seadeigny win) sninwipy abLpbIUfN
(s)wisiueydaw
saduaIRpey  /(s)19bieydnnadersy) (s)13fqo Apnis (s)193 pasn 1ied dWeN uowwod Aweq Bnip |eqiay/iueld

(panunuod)  sjqeyr



(2024) 19:56 Page 12 of 35

Chen et al. Chinese Medicine

ZF

awoziyy  buell buays 419buIn QeadeIaqIbuly 2|buIYO JaqIbuly
W 4£ ew Busys
awoziyy ‘suegbng piao4  aeadejnduNuery DpI130) DONYDILIID
# H oedueb
$100Y ‘9xu0nbi| asaulyD sesouiwnba SISua|pIn DZIYLAIAD
|oad
abuelo ulep (% 1d usyd
-uew paby ‘abuelo ullepuew seadeiny DIDIN131 SNIYD
¥ Y 0Bz gp ‘a1ep
UNI4 - 3saulyd ‘Uniy agning aeadRUWIRYY snydAziz snydiziz
auole )
auLRAIdoId LIM JUSWIEI) UBY) AeD H¥3w Y 1oy 100
-UJa J9119q pamoys pue sworduAs xmio_w;p 1001 19
9v0 panoiduwil auuaaidoid pue 100y s2Jey ‘wninajdng oeade|dy asuauly> wninajdng
1DAZY YUM JUsWIeai}-0) g Efi5 inb buep 100y
SWIOIPUAS Aouadyap 1UDWIIBRI SY99M {7 Ja1je TOD pue 100y ed||abuy asaulyd seadeldy sIsuauls boljabuy
10 Yum gvo yim SSav0 panoidwi Apuesyiubis ZY
susped p¢ °¢ 100 pue 100y uays uas ‘Bussuin JeadeljRly buasuib xpupy
Aouapysp awin|oA BUIPIOA 943 pasealdul se
1D Woly 3s5dejjod Jo [[3M S 8dusunuodUl 36N pue ojpyded
[€€] € wianed yum siuaned £ouabin ‘BulpioA Jo Aousnbaly sy 5100y YHnyzeq 90DRUASY  -0IODW SIPOJALAY ==
[6lc av0 9lewsy 87 ¢ panoiduul Apuedyiubis Sxds pue Hy b snaooupiq i) buel-10
[s6]°1L VN syuaned gyvo Lz 'L 1OAZS YUM 1USW1ea11-0D) °| sj00y  Bueny o yo1amy|IN aesouwnba -Wwaw snjpboiisy  -IA-buoyz-ng
(ounipaw asauly) Kieyaridoad) suonejnuwioy WL
swisjueydaw
/(s)ab.iey
SadUI9YBY Jnnadessy) (s)123fqo Apnis 12943 pasn 1ied aweu uowwod Ajwey bnip |eqiay/iueld  uonenwioq

1USW1LAIY J3PPE|] 2AIIDRISAC 10 SUOIRINWIOY [eqJaH € ajqeL



(2024) 19:56 Page 13 of 35

Chen et al. Chinese Medicine

eJyiaIn pue Jap
-pe|q ayi Ul s9pRsnW
[1€] yloows jo uonenbay

Kemyied buljeubis
L-NVOI/@1-4N pue
Jj01d3d31 |-ulupjoINau
/dS Jo uomgiyul s
uols

-52JdXxa49A0 J01da33)
€XCd PuUe [AddL 40
uonuaaaid ‘uiroid
dUDVW-gN pue

ZIN Josniiap se

|[oM se ‘uiiold
dYDVW-EN pue

TN "€XTd ‘TXed
[BSODNW JO UOIS
-S210dX2I9A0 91 JO
uoniqiyul 'y
si01dadas [AdYL pue
€XTd pue suupiA
-Ue1 Jo uoissaldxa Ul
uonINpPay '€

el

-dadas 21bsaund pue
s101d9dal dHA-+' L

[Spow 184 Hdg

S1eJ IRISIAN S[EUIS) Ul
AuAnoesadAy Jop
-Pe|q peonpul-ds

snouabox3 '
AlAIDRISAO
1appe|q buiobuo
p=aonpul-gAD Yim

S1el IRISIM 9P

UONDUNJSAP 108}
Aseunn Jamoy Jo swoldwiAs panal|ay

AuainoesadAy Jappe|q

P31B3AI||B PUR ‘JUNOWE SOY PUe ‘Uoh
-BJ3|YUl 91L20%N3)| ‘UoISSAIAXD |-V
/P-4N Jappe|q ‘AlAID. SAISU JUSIayP
JIA[Rd pasueyU-dS passaldag ‘s
Jappe|q parejnuinsaid siel uo
AAnDeIadAY PaoNpUI-uoaN|os 41y
JIpIDe pue AUAIIDRISAO JoppPe|q bul
-0BUO PadNPUI-dAD PRieIolDWY
uonn|os

41V Ag paonpul Aypeded Jsppe|q pue
‘SUWINJOA UOILINIDIW ‘[eAs1ul Bul
-PIOA P2NPaJ 3yl PR1RIOIRWY €
UoNDeIU0D

5100y
5100y
5100y

5100y

1001 paug
>Hieq paud
»ieq 100y
ded ay1 Japun
syuswe|l4

awoziyy

1004 10 Jegn |

& H oedueb
‘So110Nnbj| 3saulyd)

YE nyzieq

FH¥ b

Bueny 1o Y219y [IN
2 i

Bugy 100i-eluRydalS

Ll 1z ny ‘pooy
-SYUOW S, |9eydIuLie)
‘wtcoum oSaulyD

3]

Fy1d Inb ‘'uowreuu

X T4 1d uep

nw ‘Auoad ueinopy

¥ bulny
1001 eUIYD) 'US|90H

Sk ox 9z
‘urerued Ja1em ueisy

LTI OeA
ueys ‘wek asaulyd

263 T1 nA nyz ueys

sesoulwnba
ELEREIEMS Y
aesouiwinba

oeadewladsiusy

okade|ndunuey

oeadeinen

2831R|UOoky

2eadelodA|od

Se3dRIRWSIY

2P30P3100501(]

SISuaIDIN DZIYLIAIAD

pjpydad
-010DW $apojA1o011Y
Sna2DUDIq
-waw snjpbousy (s
¥y bue

pipupIIa) bluLYdals  1bbuenyifbued

[2DYIULIDD WNJUODY

WiNJaA WNWOWDUUD
DSO2NNIYNS DIUOIDY
J1om

(MY2S) S0203 D104

2|DIUBLIO DUISI]Y

plsoddo pai0250i]

[S#1]°S ‘s103da231 dJuLed SYHS 9jewa '€ padNpul-aul|oyd[A1938 PaqIYU| 7 dien 12u0D asaueder ueb

[88] ¥ -snw o1 buipuig 'z sdins Ausuap u101d 101d931 o555 adi A1 ‘poombop dnelsy 9P3DRUIOD) syoupyo snuioy  -OlHU-IeH

[€9] ¢ UOIS  J9ppe|q 18l PA1RIOS| T ZIN Y3 pue 34y O3 asuodsal 3|iioely (e D)/

[99] T  -saidxa19n0 J01doDa)  S1e diagelp padnpul -U0D UJ $35eaIdUl 94} pasianal Ajjen ¥ ) bueny ) uepn-bueny

1] L TN JO uoneIAg|lY | -up010zoidang | -ied ‘|aA3] 2500N|6 ewse|d paiamo || 19gN1100Y 1P ‘9A0|BX0) 3saulyD  aesdeleinydoids  bsounib biuubwiyay -Ig-19M-eg
swisiueydaw
/(s)19b64e)

S9DUIDYDY snnadessy ) (s)123fqo Apnis 12943 pasn 1ied aweu uowwod bnip |eqiay/iueld  uonenwioq

(panunuod) € ajqey



(2024) 19:56 Page 14 of 35

Chen et al. Chinese Medicine

ST Ziemnm
"UNJJ-JOAR-IAL. IO
A119q eljoubew

unJ4 ‘SUIA-BI[OUDRW  9BIDRIPUBSIYDS  SISUBUIYD DIPUDSIYDS
LFB LS
poss Aig  N1USPPO 9SauUlyD)  9BIDB|NA|OAUOD) SISUaUIY2 DINJSND
LEE 1z7Udny
'S|quUIRIg UBSIOY IO
uni4  ‘A11gyde|q Uealoy 9P22E50Y SNUDaJ02 SNgny
EL
1b nob ‘A11agyjopm
Keamured ON 41 Jo uni4 - essulyD ‘Ausg 1fon 9e32RUR|OS 35UBUIYD WINIDAT (uem Buozue,
AVENIERIVEVVERS RETIE} [opouwl 181 0Q 009 Aq 263 [T nA nyz ueys 1ZNAN) Uemy
JUBPIXOIIUR PUB 12319 PIdNPUI-UOIIDNIISGO pasned O BuljjoJ1uod Ul upeu died ‘]aui0d asaueder -buofuoakelp
(St] Alorewweyul-nuy [BJY12.N [BlLIBd  -}|OS 01 S1D3y9 dibojodeudleyd Jejiwis -024es palg ‘pooMmbOp dneIsy 9BIDRUIOD) SI/DUIDLLO SNUIOD PaYIPOW
VN'¥
SIaqy D9 f
9AJ2U Bulbewep 1no 15e9) 1€ 40§ SBnIp
-yum s101dadal SluleIsNWIUe IO
A1osuas pue sutaioid SI9¥20|g- |0 YIm SSdl 2y) pue
Janjwisuell Jo uols JUSW1ea)) 9Udsep  BLN1DOU JO $9POsIds Y10g padnpay
-saldxa paonpay ‘¢ eLINIOOU YlIM wini[2y1oin Jappe|q ul
swisiueydaw siuaned o¢ v $101dodai €X7d PUB L AYL PUB Sulury
UOoNHNIDIW UO 510949 S1el 9jeway Ul -AYde] JO UOISSIAXIDA0 PAIUIASI € , 184 7 ugb
[PJIUSD PUB X3|J21 U0 AUAIIDRIDAO JOSNIISP ewise|d Ul S|9AS| UIUO10ISS pue poss  2u) uielue(d dneisy
-1IN1DIW JU4ay9 pue padNpUl Y '€ aulwedop pasealdap ‘sapnyjduie adu paug uelued asaul - seadeulberueld poHDISD 0bDIUDYd
1U3J9}Je 9Y1 U0 S1el 9[eway Ul UOIIDRIIUOD PISEIIDIP PuUe S|eA F= X nIu Iamoy ueb
[1ol]l v $129J2 9|q1S50d ‘T gvO PadNpul Y 7 -J91U1 3|112B11UO0DIRIUI PASeaIDU| T jeyp asaueder o -pulf-eyson
[co]'e  suoinaulUaIage ) S18J gs 9jewsj ul Aideded Jappejq pue 1004 Iamoy Jeyd [elusio  seadelpueiewy  pouodof sayiupidypy (WS E T
[CLL]'C  -1SU9s-(X1Y) UIXO1esd)l  ALAIDRISAO JOppe|q  ‘SWN|OA UOILINIDIW ‘[eAsa1ul Buiploa ) UBA-ID-UYS
ezl -uisadjo uonigiyul | pacnpul vy | ‘ainssaid pjoysaiy) padueyus ‘| uep-buenH-Ig-1op-eg -Buays-ir
swisiueydaw
/(s)19b64e)
S9DUIDYDY snnadessy) (s)123fqo Apnis 1293 pasn 1ied aweu uowwod Ajwey bnip |eqiay/iueld  uonenwioq

(panunuod) € ajqey



(2024) 19:56 Page 15 of 35

Chen et al. Chinese Medicine

6V/LD1S pue

B/ UISOAU JO S|9AJ)
uolssaidxa ay Jo
UOREIPIN "¢

Yv-€9 4o

uolssaidxa pue AlARIS

IINWIS 10} dsU0dsal

UoIIDRIIUO0D SALIS INSJ Paseaidap
‘||eM J2PPRIg PAUNDIY) palenuSlie
‘UoIIeUlIN DjWeUAPOIN padueyug ‘g
Aljige uolDeIIUOD pue

2beI01s ‘|0J3U0D Jappe|q paroidu| 7

100y

1004 10 Jegn

7t oeA nm 'nyjeAn
LTI oek
ueys ‘wek asaulyd

oradeIneT

DIjojIuyaA11s DIapUIT

plsoddo pai02s0iq

[1S1]°€  -UdS U1 Ul aseanu] 7 01w dnageld ‘e AIJIGeIS J9PPeR|q PaIaA0DI ‘UOI) 9e9oeaI0350Id
[091]C uoissaidxa Slelbulby 'z -dunyJappe|q |[eJaA0 paroidul pue TIET Ul lyz L (YA B7) uepy
[S8]°L  LAdYLjoaseanaq-| |9pow 18l 009 ‘L ssa1boid gyQ umop pamos °| uni4  ‘|ebueeb jeaj-dieys 2eadelaqibuly by pjAydAxo piuidyy -uenp-ong
(AelD) 1159A33)
sAwaulyd 4o
uosseld pue
aoedeled uosse|d pue wnispld
‘ueid e 10N 9dedele) 95/010] QepIpAWT 19 SiuIpnIsa] xodpipD)
Efi5 Inb buep 100y
j00y edlj2buy asaulyd seadeldy sisuauls bajjabuy
¥ usys
N} ‘POOMISOH Yum HOM
SUO[R UDRLBJ|OS Buish UeL) wnRoI3Ps WOOIYSNIA Lo aeadelodA|od (MY3S) $020 DO
1U1X3 4218316 B 01 |9A3] 1D/4DN pue
4ON P219MO| 0S|e pue ‘(4A) dWN|oA 2Y
aupn [eliul ay ‘Aydeded Jsppe|q 100Y uys Ul ‘buasuin Seade||ely buasuib xoupy
WINWIXeW pue 3184 MOJ} AJeuln wnu
-Ixew ‘9xueljduwod Jappe|q paroidwi oelq
1| "SUOJE UIDRUSJI|OS YLIM JUSWIes)) 0}  ~9H9A IO 2Uoq
paJedwod ‘@duaunuodul Aouabin pue  PZIISSO) YL Hnb
uoneunn Jo Aousbun ‘uoneurn JueideloN  bugj‘auog suobei VN IPOISDIN SISSO DlfIsso4
[PUIN1IDOU ‘UOIIRULIN JO SI0DS Y} e
's9102s wWoldwiAs D] paroidul =S
UIDRUSYI|0S YIM JUSUIIeII-0D) T 5 nd bueyd jus ‘Gey
00 pue 100Y  199MS PIARI|-ASSeID) 9e3DRIODY SNauILIDIb sNIodY
awin|oA bulpioa ayi paroidull se P
esned l[om se edusunuodul 361N pue 100y QU 1Yz uenA aeade|ebAjod DIjoJinua} DIPBAIO] (2B
-OUaW I3)e gyO Yum Aouabun ‘Buiplon Jo Aouanbal) sy - 53 ‘PInwiIo4
[86] T syuaned gz 'z paonpal Apuedyiubls SxXds pue  Jagquieyd bbHa ase7) bH7 spuepy SIUB|) UeS
[s6] 1L VN syuaned gyvo Lz 'L 1OAZE YUM 1USW1eai1-0D) °| queideloN  ‘sinsded 663 spuey aepnuep 0234100 SIpubyy  Oelx oeld bueg
swisiueydaw
/(s)19b64e)
S9DUIDYDY snnadessy ) (s)123fqo Apnis 12943 pasn 1ied aweu uowwod Ajwey bnip |eqiay/iueld  uonenwioq

(panunuod) € ajqey



(2024) 19:56 Page 16 of 35

Chen et al. Chinese Medicine

Y bueny ep 1o

S100Y gJegnyJ asaulyD SeadeU0DA|0d 3/DUPLJO WN3YY
HE b $NaODLUDIq
S)00y  bBueny Jo Yd1aad|IN sesouiwnba -wiawi snjpbpaysy
& H oedueb
5100y ‘9xu0nbi| asaulyD sesouiwnba SIsua|pIn DZIYLAIAD
E7l wnup
WN 0] Buol ‘slBIpIRA (aueid eou) -IPLIA WnipIauUIpy
=%hugl
97 'qlaH paamalbng
1ueid 9]0y AUIYS 21NSIIH 2eade|We] DQJaH 1d03A7
Ay
BNy nj uenx 19mo|4
19MO|4 e|nu| asaueder 203DRIASY poiuodpf pjnuj
20 eny
ulk ulf ‘9pppnsAsuoy
png 1amo|4 J9A|IS-puUe-UapP|0D) aeade|jojuded p2juodpf DIadIU0T
=
19MOl4  1Z 1Yz ‘duiwsel ade) oaeadeigqny  saproujwspf biuapip
@I buoy
swordwiks gyo Bul wa1s nuw uenyd ‘'wials
-JeIOI[3UIE Ul UOJe SUIPOIHO} Uey) plouel| pauQd SIIeWS|D puUBWIY  9B3dBINdUNURY HPUDWD S13DWa|D
SAI1D9YJ3 2JOUI SBM SUIPOIS}|0} pue 2Y
1M 4O 1USWIPI10D) "SUIPOIS}|O) UBY) YR W 139 24z ‘g snqing
(EMPENIES) 'S129443 IPIS JO SDUSPIDUL JIMO| INQ ang 14 BuepY 1612GUNY) DLDJIILH
-l}jnw puljg-a|buls A2eD1J3 193eaM PUB 13SUO IDMO|S
‘PaZILIOPUEI ‘DAl ‘9duUaupUOodUl A5U3bIN pue TR E ug) (FEym
-d>adsoud ) syuaned SWIN|OA PapIoA abelaAe ‘Aouanb 1K1K 19) 1w Aejpe Jo U[r ) a|nsded
6S1] VN gvO0 9/ewa} 781 -a1) BuIpIoA ‘5580 panoidw) SEE Ke|pe ‘siea1 sqof 9p30R0( 1qol-bwA1yd0) XI10D Buoy|buI
swisiueydaw
/(s)19b64e)
S9DUIDYDY snnadessy) (s)123fqo Apnis 1293 pasn 1ied aweu uowwod Ajwey bnip |eqiay/iueld  uonenwioq

(panunuod) € ajqey



(2024) 19:56 Page 17 of 35

Chen et al. Chinese Medicine

YoM 7| pue
0 1e JuawaAoidwl JayuNng yum

10eJ1IX9 2UOD)

doy uowwod

okodeqgeuued)

snyndny snjnwng{

gvo Yum (8/-1¢ “19am | 18R 10D parejRI-gyo JO 1001X9 Jeg oewns jueibel 9e3e|pIRIRUY D21IDWOID SNYY eUILI3)
6] VN :obe) ojewsy /| | s10adse painseaw ||e parociduw| [10 p9S  updwind dipawioin 9P30e1gINdND odad 03191n2N>) 3Ul4 Nueln
S|9A3] QU OIAD Aleunn
paie|nbal-dn pue si01dadal [e2160|
-odewieyd Jappe|q Jo uoissaidxe syl
paie|nbal-umop ‘0Q panroiduw| 9
AJAIDE 9sep
-IxoladojaAW pue ‘saup0Ifd A101ew
-weyuloid ‘s|aAl| spAYspeIpuOlew
S1113SAD padnpul 1ybI1am Jappe|q Ul SaseaIdul pue
dAD YUMm s1ey ‘9 499 Ul UoIIONPaJ B3 PIUSASI] 'S
(30) bul [BAIRIUI UORLNIDIW
-A1dwis pue uoisus} -191Ul 3Y3 Ul 35B3103P 31 PISISASI
-SIPJ9AO I3ppPe|q JO 'J3pPe|q Ul S|9A3| BUIN0IAD Alojewl
[9POW IRl 'S -Wepul-0id pue ‘SISMIBW SS21IS-2A1
BIWUAYDSI JOPPe|G  -BPIXO JO 35eaIdul ay3 passaiddng 4
S109)49 2IUOIYD padNpuUl [eL1 [eDIUID B Ul
AJOYeUIWRUI-IUY ‘Q -S1S0J3[250J2Y1e JO 21025 JOD PUe SSd| padnpail ‘s|aAd) 10 WeD JeSyM UOWIOD 9890804 WinABSoD WN2Bi|
$109)43 AI0} [9POW Bl Y & DPHO-8 AJPULIN PIISMO| |9POW 1] 10RIXD usaIb
-eululejyul-iue pue syusned SINT/HA9  -gel 00dd e Ul DAHO-8 13 ew ssans |oueyly -191UIM 31e|[aquWin 9e30PD1T  DIDJjRQWIN DIYdDWIYD
JUBPIXONUY G 6 PUe OO4 [elled Jo SAIIBPIXO Aleulin 3yl pasealdaq ‘€ 1e1%0 usdse
[oLLl9 saadoud Aioy [spow 1qqel v ¢ 9NeQ pue Joueyi3 Bupjenb ‘uadsy 9e3782|ES DiNWa4) snindod
[L1°s -euwluleyul-iue pue Hdg yum XewQ ‘21025 10D ‘SSd| paroidul] ¢
[cotl v JUBPIXONUY b syuaned QoL 'z uonewwepul ehnxe
[bOL]'E 10343 JUBPIXONUY '€ Hdg S1e1s01d pue sa1es Moy Aleupn |oueyi3 1amo|4 enbseqd  aeade|nduNuery sisuapid pjjos|ng
[sellz YN T opewoldwAs yum  ‘awinjoa dieisold paroidwl ‘Hdg Jo 10B1IX  |1B13SIOY UOWWOD JO
9] "1 YN L syusned ¢z | Sw0dWAS 9AIDNIISGO PaASIRY *| |oueyl3 |IE13SI0Y P|3l4 2e30p13sINb] asuanIp wiMasinby 1e3504d1A3
VN VN (aueid e10N) an|b Aayuog
¥ buny
WNRoJ3PS 1004 eUIYD ‘USJR0H aeadelodA|od S0202 DlIOd
alodAjod ejja1quin
wniossPs ‘1oypeiq Adwin| oeadelodAlod  snipjjaquin sniodAjod
Ghgh X9z
awozlyy ‘uieiueld ia1em UBISY 2e30R1PWISI|Y 3/DIUBLIO DUISIIY
MO}
pOOJ|Q $530X3 JO UONE) sielul apIxolp
-nbai pue sbewep (eIl UOHE(|IISUI Y [eDIS9A uodJjIs yum aipipAy
[OFl]  -9Y10INn JO UOISSIWRY  -elul Ag pasnpul OJ 0Qd palenusny N VN (aueid e 10N) 2100-1jis wnuiwnly — (1¥D) oMoy
suole|nwioy D 1-UoN
swisiueydaw
/(s)1ab.iey
saduaI9)Y snnadessy) (s)129fqo Apms 12943 pasn Jied sweu uowwo) Ajiwey 6nip |eqiay/iueld  uonejnwiog

(penunuod) € ajqeL



Chen et al. Chinese Medicine (2024) 19:56 Page 18 of 35

fashion, and lowered the tone of ileum, uterus, and
urinary bladder in rats. It also relaxed the phenylephrine-
precontracted pulmonary artery and the acetylcholine-
precontracted trachea [3].

References

[148]
[128]

Artemisia vulgaris

Artemisia vulgaris is widely distributed across natu-
ral habitats gloablly, spanning Asia, Europe, North
and South America, as well as Africa [38]. It has been
employed as a culinary spice in the food industry in dif-
ferent regions worldwide. For many centuries, A. Vul-
garis has been utilized in traditional Chinese, Hindu,
and European medicine to regulate the gastrointestinal
system function and address a range of gynecological
diseases [38]. In traditional system of medicine, this herb
is considered a beneficial therapeutic agent in alleviat-
ing smooth muscle spasms [68]. In a recent research, it
was found that A. Vulgaris extract inhibited carbachol-
induced urinary bladder contractions via dual, anticho-
linergic and Ca”* antagonist mechanisms, by blocking
muscarinic receptors and influx of extracellular calcium
[78]. This indicates its potential for treatment of bladder
overactivity.

Therapeutic
target(s)/
mechanisms

NA
NA

Study object(s)
90 consecutive
female (mean age
65 years; range
40-75) with symp-
toms of OAB

150 participants
(Phase-2, parallel
double-blinded,
randomized clinical
study)

Aspalathus linaeris

Aspalathus linearis, commonly know as Rooibos
(meaning “red bush”) is a leguminous shrub indigenous
to the Cape Floristic Region of South Africa [7]. The
species complex composes of several different growth
forms, and among them the Red type has been cul-
tivated for producing rooibos herbal tea. In the last
decades, A. linaeris has become very popular for its
antioxidant and medicinal attributes [122]. In tradi-
tional medicines, A. linaeris is generally accepted as a
helpful therapeutic in relieving smooth muscle spasms
[68]. In a study with rabbit urinary bladder strips, A.
linaeris extract relaxed the bladder and inhibited carba-
chol-induced urinary bladder contractions via a domi-
nant opening of ATP-sensitive potassium-channels
and a weak blockade of calcium channels [78]. This
reveals its medicinal usefulness in hyperactive bladder
disorders.

improved quality of life, with minimal

improved PPIUS, OAB-q SF and PGI-],
side-effects

Lowered daily micturitions, nocturia
and episodes of urge incontinence,
in a greater level than Solifenacin
Succinate

Reduced urinary day frequency,
episodes of nocturia, symptoms

Effect
of urgency, total incontinence;

Part used
Root and rhi-
zome

NA

NA

Stem bark
Stem

Root

Fruit
Fruit

, Wi yao

Knotweed, knotgrass
-
A5}

Common name
Winter squash
Chili Pepper

NA

NA

Three leaved caper
Horsetail
Spicebush

I

Family
Cucurbitaceae
Solanaceae
Polygonaceae
(Not a plant)
(Not a plant)
Capparaceae
Equisetaceae
Lauraceae

Astragalus membranaceus (Huangqi)

Astragalus membranaceus, also called huang qi (EE), it
is an herb widely used in TCM and diet, and it has been
widely studied in western medicine for various disease
treatment. Astragalus polysaccharide (APS) is a type of
water-soluble heteropolysaccharide deprived from the
stems or dried roots of Huangqi [174]. Astragaloside IV
(AS-1V), a small molecular saponin, is another major
component from the aqueous extract of Astragalus
membranaceus [170]. An in vivo study reported that

Plant/herbal drug
Cucurbita maxima
Capsicum annuum
Polygonum capsi-
Vitamins (C and D)
Amino acid L-Glutam-
mina

Crataeva nurvala
Equisetum arvense
Lindera aggregata

catum

Table 3 (continued)
Formulation
NA not available

Kubiker
Urox
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both APS and AS-IV ameliorated urinary frequency on
a CYP-induced OAB female mice model via modulation
of urothelial wound healing, possibly via the increased
expression of tight junction protein ZO-2 [32].

Bletilla striata

Bletilla striata is distributed widely in eastern Asian
countries, including China, Japan, North Korea, and
Myanmar. As widely used in TCM for thousands of years,
its functions of hemostasis, detumescence, and improv-
ing one’s health have been recorded in Chinese Pharma-
copeia (2015) [69]. Besides having been employed to treat
hemoptysis, traumatic bleeding, chapped skin, swelling,
and ulcer bleeding [157], it has also been used in TCM
empirically to treat interstitial cystitis (IC). Study on
zymosan-induced cystitis in female rats [97] showed that
treatment of B. striata extract solution decreased abdom-
inal withdrawal reflex (AWR) scores and amplitude of
bladder detrusor electromyogram (EMQG). Furthermore,
it demonstrated notable improvements in OAB by effec-
tively prolonging the micturition interval and enhancing
urine storage capacity. These results implied the possible
efficacy of B. striata on treating OAB. However, more
research on OAB models and patients is required for fur-
ther validation.

Bridelia ferruginea

This tropical plant is native to Africa and has been uti-
lized in African traditional medicine to treat intestinal
and bladder ailments. Ethanolic extract of B. ferruginea
leaves inhibited KCl-induced contractile response in rat
urinary bladder smooth muscle. This effect might be
ascribed to the blockade of purinergic neurotransmission
[116]. It can be speculated that B. ferruginea leaf exact
could be useful in bladder overactivity although further
research is required to better evaluate its potential thera-
peutic application.

Bryophyllum pinnatum

Bryophyllum pinnatum is a succulent perennial plant
originating in Madagascar, whose leaf press juice was
shown to reduce the electrical- or carbachol-induced
contractile response in porcine DSM [129]. The flavo-
noid fraction of this plant lowered the porcine detrusor
contractility in dose- and time-dependent fashion [48].
In addition, results from a clinical trial with twenty post-
menopausal women demonstrated that the leaf extract
improved OAB symptoms and reduced micturition fre-
quency after 8-week treatment [18].

Camellia sinensis (Green tea)
Green tea is a widely consumed healthy beverage around
the world, known for its potent anti-inflammatory/
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antioxidant properties. Previous studies have identified
these beneficial properties and attributed them to the
presence of polyphenols in green tea. As the predominant
catechin in green tea, epigallocatechin gallate (EGCQG), is
a well-established polyphenol flavonoid with renowned
antioxidant activities. It was reported that EGCG restored
ovariectomy (OVX)-induced bladder dysfunction dose-
dependently through antioxidant, anti-fibrosis and
anti-apoptosis effects on a surgical menopause-induced
OAB rat model [72]. In addition, studies have revealed
that EGCG can enhance bladder storage function and
provide protection against interstitial fibrosis induced by
Metabolic syndrome (MetS) and OVX in rats, potentially
through the mitochondria and endoplasmic reticulum
(ER) apoptosis pathways [89].

Cananga odorata

Ylang ylang essential oil is extracted from Cananga odo-
rata, a medicinal plant grows in the north-east of Brazil.
It possesses myorelaxant and antispasmodic properties,
and it is used to relieve intestinal spasms as a smooth
muscle relaxant [100]. In vivo and in vitro studies showed
that ylang ylang essential oil inhibited urinary bladder
contractile response induced by EFS and various agonists
on rat and rabbit urinary bladders. The relaxing effect on
bladders is thought to be mediated by c-AMP pathway
[79].

Cannabis sativa

The plant Cannabis sativa, originated from Central
Asia, has been used medicinally and recreationally, also
as a source of textile fiber for thousands of years. It has
been evaluated for its protective effect against LUTS and
OAB caused by multiple sclerosis (MS). Clinical studies
consistently revealed that standardized extracts derived
from Cannabis sativa, such as Sativex, containing delta-9
tetrahydrocannabinol (THC) and cannabidiol (CBD),
have been effective in reducing incontinence episodes
in individuals with MS [24, 46, 149]. Later, a multicenter
double-blind randomized clinical trial reported that
Sativex reduced the number of nocturia episodes, voids
per day and daytime voids, and improved Patient’s Global
Impression of Change (PGIC) in patients with OAB due
to MS [76]. It was found that extract enriched with can-
nabidiol inhibited cholinergic-mediated urinary bladder
smooth muscle contraction in rats and human bladders.
This effect is modulated by TRPV1 in rats but not in
human. The inhibition was not observed in bladder con-
tractions induced by potassium chloride (KCI), electri-
cal field stimulation (EFS), or a,f-methylene adenosine
triphosphate (a,f-MeATP) [26].
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Capsicum annuum (Chili pepper)

Capsicum annuum fruit, usually termed as chili pepper,
has been broadly used as food vegetables, natural color-
ants and flavoring ingredients, as well as a crude drug in
many traditional medicine systems since ancient times
[56]. Capsaicin is an active ingredient originated from
chili peppers, found in the fleshy part of the pepper,
rather than the seeds. Intravesical instillation of capsaicin
can induce desensitization of TRPV1 receptors on affer-
ent nerves, leading to a reduction in neural firing, and
inhibition of the micturition reflex. As a TRPV1 chan-
nel agonist, capsaicin attaches to and activate the vanil-
loid receptors, leading to calcium entry through the
neuronal membrane, and then resulting in desensitiza-
tion of the nerve, hence, analgesia. Also, binding of the
receptor causes a decrease in substance P, a major pain
neurotransmitter [55]. But capsaicin often causes local
irritation and edema. Attempts to translate these desen-
sitization activity have been used to the bladder control.
In a meta-analysis comprising eight open-label and two
placebo-controlled clinical trials involving 200 patients
with lower urinary tract disorders, intravesical capsaicin
treatment for neurogenic hyperreflexic bladder demon-
strated clinical or urodynamic symptom improvement in
84.3% of the patients. However, side effects appear during
or immediately after instillation [36]. Application of cap-
saicin in overactive bladder is very much limited.

Citrus depressa

Citrus depressa (shekwasha), is a kind of citrus fruit pro-
duced in southern part of Japan. A study by Ito et al. dis-
covered that nobiletin, a polymethoxy flavonoid present
in shekwasha abundantly, significantly improved hyper-
active urodynamic symptoms in CYP-induced cystitis
rats by decreasing micturition frequency. The beneficial
effect may be partly attributed to the potency of raising
intracellular cAMP level in the bladder smooth muscles
[67].

Cucurbita pepo (Pumpkin)

Pumpkin seed oil obtained from Cucurbita pepo pre-
sents a strong antioxidant activity and valuable nutri-
tional benefits. It is useful for treating a range of diseases,
such as benign prostatic hyperplasia (BPH), urinary
disorders, hypertension, hyperlipidemia, diabetes, and
cancer [115]. In an in vivo urodynamics study on rab-
bits, it was reported that a preparation of pumpkin seed
oil reduced bladder pressure, improved bladder compli-
ance, and reduced urethral pressure in rabbits [173]. In
a study involving 45 patients with symptoms of OAB,
pumpkin seed oil was investigated and found to signifi-
cantly decrease the Overactive Bladder Symptom Score
(OABSS) without any observed adverse reactions over a
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12-week treatment period [113]. In a recent single-blind
randomized clinical trial involving 73 subjects with BPH
aged >50 years, pumpkin seed oil decreased Interna-
tional Prostate Symptom Scores (IPSS) and improved
QOL in patients, with BPH symptoms alleviated and no
side effects [169].

Cyclotrichium niveum

It is a Turkish flora widely used as tea. The essential oil
of C. niveum relaxed of carbachol precontracted rabbit
bladder strips, which showed the antispasmodic activity
of C. niveum. The essential oil also exhibited radical scav-
enging effects [29]. Results showed its possible effects on
reducing OAB symptoms, however, further studies must
be undertaken to verify this speculation.

Euphorbia resinifera (Resin spurge)

A cactus-like plant commonly found in Morocco,
Euphorbia resinifera contains the naturally occurring
constitutent resiniferatoxin (RTX), which is a potent
functional analog of capsaicin and is a potent TRPV1
agonist. By selectively binding to the TRPV1 receptor,
intravesical RTX effectively obstructs the afferent nerves
responsible for transmitting pain sensations to the brain.
A meta-analysis of seven trials involving 355 patients
diagnosed with either interstitial cystitis (IC) or DO
reported that RTX resulted in an increase in maximum
cystometric capacity (MCC) in patients with DO and
provided relief from bladder pain in patients with either
IC or DO. Nevertheless, no significant improvement in
frequency, nocturia, incontinence or first detrusor con-
traction (FDC) was observed [52]. On the other hand,
other study has presented an opposite result of higer pain
sensation, lower bladder capacity, increased urinary fre-
quency and nociceptive behaviors (such as licking and
freezing) after instillation of RTX into rat bladders [126].
RTX is rarely used clinically due to its inconsistency in
efficacy, difficulties in delivery and acute pain.

Galium aparine

It is found in North America, and it’s an annual herba-
ceous plant that grows on roadsides, pastures and uncul-
tivated places. Due to presence of hooks, this plant can’t
be consumed raw and is usually used in teas. It has been
employed in cystitis traditionally although it hasn’t been
demonstrated pharmacologically [25]. Its possible effi-
cacy of treatment OAB might be worth exploring with
scientific studies.

Ganoderma lucidum

Medicinal benefits of the fungi Ganoderma lucidum has
been widely recognized for thousands of years in East
Asia (mainly China, Japan and Korea). Its fruiting body
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is called “Reishi” in Japan and “ling zhi (:X:%)” in China.
Traditionally, it is known as “longevity-promoting-
tonic” and has been used in China in the Qi replenish-
ment, mind relaxation, as well as easing the cough and
asthma [5]. And in the modern medicine systems, it has
been applied to cure different ailments such as hepatitis,
hypertension, hypercholesterolemia, diabetes and various
cancers [127]. In a randomized, double-blind, placebo-
controlled and dose-ranging clinical study on 50 male
volunteers (>50 years old), the extract of Ganoderma
lucidum demonstrated an improvement in IPSS among
men with LUTS with no major adverse effects reported
[114]. Through an in vivo rabbit model of ischemia/rep-
erfusion (I/R), it was observed that Ganoderma lucidum
exhibited antioxidant effects, effectively mitigating the

detrimental impact of I/R-induced oxidative stress on
bladder compliance and contractile responses [90].

Glycine max (Soybean)

Glycine max is a species of legume native to East Asia,
also termed as the soybean or soya bean [152]. On iso-
lated strips of rabbit detrusor, genistein, a major dietary
phytoestrogen from soybean exhibiting tyrosine kinase
inhibitory activity, were shown to induce relaxation in
detrusor muscle contracted by the muscarinic receptor
agonist bethanechol (BE) and the purinergic P2X recep-
tor agonist a, B-methylene ATP (a, B-MeATP). Genistein
exhibited a selective reduction in peak contractions
induced by a, B-MeATP and steady-state contractions
induced by BE, possibly through inhibition of voltage
operated Ca?* channels (VOCCs) [120]. A cross-sec-
tional study involving a substantial sample of 2000 elderly
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Chinese men has shown that dietary intake of soy isofla-
vones was linked to a lower risk of LUTS [155]. Later in
another study, two soy isoflavones genistein and daidzein
were reported to dose-dependently decrease detrusor
contractions induced by EFS probably via activation of
large and small conductance K*(Ca) channels [147].

Hippophae rhamnoides (Searberry)

Seaberry or sea buckthorn obtained from Hippophae
rhamnoides, which grows in Northern Europe, West-
ern Asia, China and Canada, has shown inhibitory
effect on carbachol induced contractions in rat bladder
strips and on TGEF-B-induced constrictions in human
bladder smooth muscle cells. Triterpenoids and flavo-
noid glycosides in seaberry which include 3-O-cou-
maroyl 2,23-dihydroxy oleanolic acid, ursolic acid,
uvaol, pomolic acid, oleanolic aldehyde and isorham-
netin 7-O-rhamnoside, might contribute to this protec-
tive activity. Among them, ursolic acid (1-100 pM) and
isorhamnetin 7-O-rhamunoside (10 pM) remarkably
inhibited carbacol-induced bladder constraction [132].
In a clinical trial of seaberry extract supplementation in
Japanese men and women with mild urinary dysfunc-
tion, several emotional parameters associated with uri-
nary dysfunction were improved, suggesting that it may
be beneficial for relieving moderate urinary symptoms
[140].

Hypericum perforatum

Hypericum perforatum is a herbaceous perennial plant
originating in Asia and Europe, and it has been intro-
duced into the United States [16]. St John’s wort (SJW),
obtained from the leaves and flowering tops of H. perfo-
ratum, is a well-known successful herbal antidepressant.
The investigation on its effect on bladder contractions
showed that it inhibited EFS-contractile response in iso-
lated rat bladder smooth muscle strips. Opioid receptors
might be involved in inhibitory activity on excitatory
transmission of SJW [27].

Perilla frutescens

Perilla frutescens is an aromatic plant exhibits a wide dis-
tribution in East Asian countries, such as China, Japan,
Korea, and Vietnam. It has been cultivated as an edible
cropand used in TCM since ancient times [58]. Perilla
leaves have served in preparation of vegetable curries,
chutneys and pickles. Perilla has also been applied in
medical and pharmacological terms, for its anti-oxidant,
anti-inflammatory and anti-allergy activities. An in vivo
study [84] showed that 2-week perilla extract treatment
notably enhanced the micturition interval in female
spontaneously hypertensive rats (SHRs) without signifi-
cantly affecting maximal pressure, suggesting that perilla
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improves frequent urination, without suppressing con-
traction of the detrusor muscle. In comparison to the
control group, the perilla group displayed a reduction in
expression of nerve growth factor (NGF), tumor necro-
sis factor- a (TNF-a), interleukin-1f (IL-1p) and TRPVI,
as well as an increased level of uroplakin 3A (UPK3A).
Thin or defective urothelium was detected in the control
group, while the perilla group displayed nearly complete
preservation of the urothelial integrity. Additionally,
being the main components of perilla extract, perillal-
dehyde and perillic acid, inhibited the induction of NGF
and TNF-a by IL-1p in vitro [84]. These results imply
effects of perilla on OAB is likely be modulated, at least
partly, by improvement of the urothelial presence and by
the anti-inflammatory activities of perilla.

Peucedanum japonicum

The root of Peucedanum japonicum is traditionally used
to treat inflammatory diseases in southern parts of Japan.
Preclinical studies showed that extract from Peucedanum
japonicum inhibited agonist-induced rabbit bladder con-
tractile response and improved urodynamic symptoms in
hyperactive rat bladders with a reduction of micturition
frequency, while its active ingredient, isosamidin, dem-
onstrated the ability to reduce or mitigate phenylephrine-
activated contractions in isolated human prostate tissue
strips [65, 139]. On the other hand, clinical effects of the
extract were investigated in male patients with LUTS. It
improved urodynamic parameters and subjective symp-
tom scores without reported adverse drug reactions [74].
These investigations suggest its possible therapeutic
application in OAB treatment.

Potentilla chinensis

Potentilla chinensis is a perennial herb can be found
extensively across Korea, Japan and China. In Korea, it
has been traditionally utilized as a medicinal remedy to
treat inflammation, myalgia, scabies, and dysentery [53,
143]. Wrébel et al. found that the aqueous extract of P
chinensis alleviated retinyl acetate (RA)-induced DO in
rats, and the mechanisms may involve the extract’s abil-
ity to inhibit the release of transmitters from both affer-
ent and efferent fibers that innervate the urinary bladder,
and its influence on the exocytotic process depending
on SNARE (soluble N-ethylmaleimide-sensitive-factor
attachment protein receptor) protein activity [156]. More
recently, aqueous extract of P. chinensis (PCE) was found
to attenuate DO in rats suffering from cyclophosphamide
(CYP)-induced hemorrhagic cystitis. Considering PCE
contains an abundance of antioxidants, the protective
activities of PCE appear to be related to preventing oxi-
dative stress-dependent dysfunction of the urinary blad-
der [73].
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Puerariae lobatae (Gegen)

The Chinese herb Gegen (gé gén E4R) is the dried root
of Puerariae lobatae (wild), and has been traditionally
employed to treat a wide range of symptoms including
diarrhea, acute dysentery, deafness and cardiovascular
diseases. In an ex vivo experiment on isolated rat bladder
strips, Gegen water extract caused relaxation of detrusor
muscle in urothelium-independent fashion, and it acted
synergistically with the water extract of Salviae Miltio-
rrhizae Radix (Danshen) [92]. Later, an in vivo study
[175] showed that water extract of Gegen reduced carba-
chol-induced tonic contractions in male spontaneously
hypertensive rats (SHR) but did not alter the amplitude
of phasic contractions. Combination of Gegen and dar-
ifenacin exhibited synergetic effect on inhibition of elec-
tric field stimulation (EFS)-induced contractions. Gegen
improved DO through neurogenic and anti-muscarinic
action, more specifically, on M; receptor.

Rhois aromatica

Rhois aromatica is originated from Northern America.
Its extract was shown to inhibit carbachol and KCl-
induced contractile response in rat and human bladders.
This reduction of contractile response involved direct
antagonistic effect on muscarinic receptors and receptor-
independent mechanisms [21].

Salvia cinnabarina

It is an American species of the genus of Salvia, which is
used in folk medicine for its various bioactivities. It has
been shown that a secoisopimarane diterpenoid from
Salvia cinnabarina, 3, 4-secoisopimar-4(18), 7, 15-triene-
3-oic acid significantly inhibited EFS-contratile response
in isolated rat urinary bladder in a dose-dependent man-
ner, with a mechanism related to, at least partly, NO pro-
duction [28].

Serenoa repens (Saw palmetto)

Serenoa repens, commonly accepted as saw palmetto, is
a small, low-growing, dwarf-palm tree endemic to the
south eastern America and West Indies [4]. Traditionally,
the berries were used as a staple food and medicine.
It has been used to treat diarrhoea and stomach ache,
and served as a diuretic and sexual tonic [154]. Several
clinical studies showed that administration of saw
palmetto (Serenoa repens) extract improved the IPSS
in patients with LUTS and alleviated urodynamic
symptoms including urination frequency and nocturia
[41, 51, 74]. In a clinical research encompassed 591
patients with inflammation assosciated chronic benign
prostate conditions, saw palmetto extract (SPE)
mitigated bladder voiding, LUTS as well as erectile
function, and improved IPSS and National Institute
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of Health—Chronic Prostatitis Symptom Index (NIH-
CPSI) [51]. Another study on 20 male patients (> 50 years
old) with untreated LUTS and no serious complications
showed that 4-week SPE administration improved IPSS-
QOL score, nocturia, and OABSS-2 [74]. The efficacy
and safety of SPE (12-week treatment) were studied in
76 adult women with urinary symptoms and the results
showed SPE significantly alleviated daytime frequency
and nocturia with high safety [162]. In line with this,
preclinical study on obese male Wistar rats showed SPE
improved smooth muscle fiber structure and reduced
cell proliferation in the bladder, indicating its potential
beneficial effects on LUTS [41]. Several mechanisms of
action have been proposed for SPE, which include anti-
inflammatory/anti-oedematous effect, anti-androgenic
effect, prolactin signal mediation, and anti-proliferative
action via inhibiting growth factors [50].

Silybum marianum

Silybum marianum, known as milk thistle, is indig-
enous to Northern Africa, Southern Europe, Southern
Russia and Anatolia and also distributed in South Aus-
tralia, North and South America [102]. For thousands of
years, it has been used as a remedy for a range of liver
dysfunctions and gallbladder disorders [19]. Silymarin, a
mixture of flavonolignans obtained from S. marianum,
is the active component of this herb. It includes mainly
silybin A, silybin B, isosilybin A, isosilybin B and other
flavonolignants such as silychristin, neosilyhermin, sily-
hermin and silydianin, which are predominantly found in
the fruits and seeds of the plant compared to other parts
[75]. It was shown to reduce cyclophosphamide-induced
enhanced contractile response in CYP-induced cystitis
rat model, suggesting its possible application in treating
bladder overactivity in cystitis. This action may be associ-
ated with its antioxidant and anti-inflammatory activities
[40].

Solanum lycopersicum (Saladette tomato)

Saladette tomato, scientifically referred to as Solanum
lycopersicum, holds significant importance as one of
the key vegetable plants globally. It orginated in western
South America, with its domestication considered to
have taken place in Central America [83]. In an in vivo
study on high-carbohydrate diet induced obese Wistar
rats (male), lipidic extract of saladette tomato reduced
hyperplasia and contractility, improved fiber structure
of smooth muscle and decreased cell proliferation in the
bladder, revealing its potential protective effects on LUTS
and OAB [41].
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Solidaginis virgaurea

It is native to middle Europe, and it is the most frequently
used plant for extraction to produce preparations in phy-
totherapy to treat bladder dysfunction including the OAB
syndrome. Extract from the Solidaginis virgaurea showed
inhibitory action on carbachol and KCl-induced con-
tractile response in rat and human bladders, suggesting
its possible efficacy on treating OAB. Additionally, direct
antagonistic effect on muscarinic receptors and receptor-
independent mechanisms of Solidaginis virgaurea are
related to the reduced contractility [21].

Uncariae Ramulus Cum Uncis

Uncariae Ramulus Cum Uncis (Gambir Plant or gou
téng 3B in Chinese) is a herbal medicine that has
enjoyed broad usage in China and Japan for thousands
of years. It mainly grows in tropical regions, such as
Southeast Asia, Southeast America and Africa [171].
Rhynchophylline, as the main active component of
Uncariae Ramulus Cum Uncis, has been discovered to
inhibit the constriction of isolated rat urinary bladder
strips ex vivo, and improved urodynamic parameters
in rats in vivo, through activating calcium-activated
potassium channels and blocking L-type calcium chan-
nels [70, 71]. Rhynchophylline inhibited the intracellu-
lar-calcium-induced contractions of rat bladder strips
at a low concentration (10 umol/L), whereas it inhibited
both intracellular- and extracellular-calcium-induced
contractions at a high concentration (20 pmol/L) [70].
Based on these findings, it can be inferred that Rhyn-
chophyllineplays has the potential to serve as an alter-
native therapeutic agent for OAB treatment.

Vaccinium corymbosum (Blueberry)

Blueberries (Vaccinium corymbosum) have a rich his-
torical background of being utilized both as a food
source and for medicinal purposes in Europe and North
America. Nowadays they are widely consumed as a
health food worldwide. They are commonly considered
as one of the most abundant sources of antioxidant
phytonutrients among the fresh fruits and vegetables
that have been researched [134]. A study by Miyazaki
et al. reported that blueberries successfully averted
the onset of bladder dysfunction resulting from BOO
in rats via antioxidative effects and inhibiting bladder
remodeling, and that these two effects might act syner-
gistically to exert a preventive activity [108].

Vanilla planifolia

It is a precious orchid originating in Mexico and Cen-
tral America, and has been cultivated in various tropi-
cal regions worldwide for production of natural vanilla
flavor [22]. The scent of vanilla has been applied to treat
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sleep disorders thanks to its relaxing effect. It has been
reported that vanilla oil decreased serum catechola-
mine (adrenaline, noradrenaline and dopamine) lev-
els, increased intervals between bladder contractions,
decreased urination frequency in rats in a sleep-like
state induced by light urethane anesthesia, indicating
that it may reduce nocturia by reducing sympathetic
activity [138].

Vitis vinifera (Grape)

Vitis vinifera is a climbing vine cultivated worldwide,
and the largest fruit crop in the world [131]. It has
served as a nutritional supplement or food colouring
additive in the food industry [42]. Thanks to its anti-
bacterial activity, V. vinifera has been proposed as an
alternative to chemical preservatives [118]. The fruits of
V. vinifera, namely grapes, have extensive application in
the production of juices, wines, and raisins [133]. In the
pharmaceutical industry, V. vinifera serves as a valuable
source of raw materials renowned for their antioxida-
tive, hepatoprotective, cardioprotective, anticancer,
antiviral and antibacterial effects. The potential utili-
zation of V. vinifera or the derived active compounds
as environmentally friendly agents with antibacterial
or anticancer properties have been also reported [13,
87]. In addition, the production of cosmetics with grape
extract is specifically popular worldwide nowadays.
Raw materials deprived from V. vinifera have gained
significant recognition and widespread use in cosmet-
ics, especailly for their antioxidant, anti-ageing, UV-
protection and skin-whitening activities. Furthermore,
the safety of V. vinifera has been well-established, fur-
ther enhancing its appeal for cosmetic applications.
[131].

The protective effects of grape suspension and
resveratrol against increased contractions and voiding
frequency have been confirmed in multiple animal
studies [6, 44, 167]. Resveratrol is considered to be the
basic active ingredient responsible for the antioxidant
properties of grapes [60]. In studies carried out by
Francis et al. on H,0,-induced oxidative stress in
rabbit urinary model, it was observed that whole grape
suspension produced a higher reduction of citrate
synthase activity in muscle and mucosa compared
to resveratrol. Whole grape suspension also showed
higher protective effect than resveratrol against
choline acetyltransferase activity, which is responsible
for the synthesis of Acethylcholine and finally causes
bladder smooth muscle contractile response. It
was concluded that whole grape suspension were
more effective in ameliorating oxidative stress than
resveratrol, suggesting combinational benefits of the
active components [44, 45]. In addition, resveratrol
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was reported to improve overactive bladder via
downregulation of the protein expression level of SCF,
c-Kit and p-AKT in the bladder of rats with chronic
prostatitis (CP), and the combination of resveratrol and
solifenacin strengthened the improvement in overactive
bladder, indicating potential pharmacological synergy
as a theraputic strategy for CP patients [167].

Zea mays (Cornsilk)
Cornsilk is obtained from the female flower of corn (Zea
mays). Its application in cystitis that involves OAB symp-
toms has been reported [30, 34]. However, there are no
pharmacological or clinical studies that have been carried
out regarding this effect. It might be worth exploring.
Natural products are often classified into four groups
according to their biosynthetic origins and major
structural ~ features:  alkaloids, phenylpropanoids,
polyketides, and terpenoids[136]. From the herbs
mentioned, a number of phytochemicals have been
isolated and identified for their pharmacological activity
against OAB. Summary and classification of these
compounds are shown in Fig. 3.

Herbal formulations for OAB treatment

TCM formulations

Bu-Zhong-Yi-Qi-Tang Bu-Zhong-Yi-Qi-Tang (BZYQT)
is an herbal formula described in the Pi Wei Lun (J& B 1i£,
Treatise on Spleen and Stomach), a medical text dating
back to 1249 AD. This formulat primarily targets spleen
and stomach deficiencies, which are are considered as the
origin of various health disorders. Translated typically as
“the decoction for strengthening the center and enhancing
qi, the name Bu-Zhong-Yi-Qi-Tang encapsulates the
essence of this herbal formula (Kim et al., 2017b). This
formula consists of ten herbs, including Radix Astragali
(huang qi EEE), Rhizoma Atractylodis (bai zht BR),
Radix Panacis Ginseng (rén shén A2), Radix Angelicae
(dang gui ¥4Y3), Radix Bupleuri (chai ha 5&R), Fructus
Zizyphi (da zdo KZE), Aurantii Nobilis Pericarpium (chén
pi PR%), Radix Glycyrrhizae (gan cio HE), Rhizoma
Cimicifugae (shéng ma F+ k), Rhizoma Zingiberis (shéng
jiang #3%). In a few clinical studies carried out in China,
BZYQT showed significant efficacy in treating OAB, both
alone [91] and in combination of Sang-Piao-Xiao-San [95]
or propiverine [33]. BZYQT is believed to stimulate the
flow of Qi, which serves as essential energy for the body
to nourish the internal organs and maintain physical
activities.

Ba-Wei-Di-Huang-Wan  (Hachi-mi-jio-gan) Ba-Wei-
Di-Huang-Wan (BWDHW), also known as Hachi-mi-
jio-gan in Japanese, is traditionally applied to warm
the kidney yang and alleviating frequent urination. It is
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one of the most frequently used TCM prescription for
treating abnormal thirst, polyuria, polydipsia, and urinary
frequency with diabetes-like symptoms. The BWDHW
regimen was created by the renowned Dr. Zhongjing
Zhang (5K{#3R) over 1800 years ago. This herbal mixture
contains eight ingredients, including Rehmanniae radix
(di huang # %), Cornus officinalis (shan zha yu [LJZ£25),
Dioscoreae rhizoma (shan yao [LI2h), Alismatis rhizoma
(zé xié 1%Y5), Porica cocos (fa ling 1x%55), Moutan radicis
cortex (mu dan pi 3FXK), Cinnamomi cortex (gui
pi $3/%), and heat-processed Aconiti radix (fu zi M{¥F).
Nowadays, the granules of BWDWH manufactured by
modern pharmaceutical companies are widely used by
practitioners in Asia.

BWDHW exhibits potential in treatment for blad-
der overactivity associated with diabetes and metabolic
syndrome in rats. In streptozotocin-induced diabetic
rats, Tong et al. investigated the effects of BWDHW on
the cholinergic function of the bladder and reported
that BWDHW lowered the plasma glucose and reversed
the hyper-contractility in the bladder. Results from this
study indicated that BWDHW inhibits M, receptors
overexpression and attenuats bladder overactivity [144].
Hachi-mi-jio-gan extract (HARNCARE®, HE), a galeni-
cal made from BWDHW, was reported to inhibit ace-
tylcholine-induced contraction of rat bladder strips and
exert significant binding activity to muscarinic recep-
tors, 1,4-dihydropyridine (DHP) receptors and puriner-
gic receptors in the bladder [66]. Moreover, the effects of
THC-002, an ethanol extraction of BWDHW (HARN-
CARE®), were tested on SHRs and it was reported that
THC-002 effectively down-regulates the expression
of tachykinins and P2X; and TRPV1 receptors in the
bladder, thus inhibiting adenosine triphosphate (ATP)-
induced DO [63]. Later on, Lee et al. demonstrated that
BWDHW treatment ameliorated CYP-induced ongoing
bladder hyperactivity by suppressing protein overexpres-
sion of mucosal P2X,, P2X,, M,, and M, receptor, as well
as detrusor M, and M, receptor in rat bladders exposed
to CYP treatment. In addition, BWDHW pretreatment
reduced acidic ATP solution-induced bladder hyperac-
tivity in rats by preventing hypersensitization of TRPV1
receptor in bladder mucosa activated by acidic stimula-
tion and supressing overexpression of P2X,; receptor
in naive bladder mucosa [88]. Furthermore, Tsai et al.
demonstrated that BWDHW, through its active ingre-
dient loganin, alleviates bladder overactivity as well as
modulates substance P (SP)-induced oxidative injury and
inflammation by inhibiting SP/neurokinin-1 receptor and
nuclear factor kappa B/intercellular adhesion molecule 1
(NF-kB/ICAM-1) signaling pathways [145].
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Fangjihuangqi Tang Fangjihuangqi Tang (FHT) is
composed of four herbs: Radix Stephaniae Tetrandrae
(fang ji BA2) 12 g, Radix Astragali Mongolici (huéng qi
HEHE) 15 g, Rhizoma Atractylodis Macrocephalae (béi zht
B7R) 9 g, and Radix Glycyrrhizae (gan cio HE) 6 g. It
was first described in the ancient Chinese medical classic
Jin Gui Yao Lue (5 Z0%, Synopsis of Golden Chamber),
and has been one of the most common TCM prescription
to treat dysuria and edema for more than 1800 years. A
study on benign prostatic hyperplasia (BPH) rats showed
that 4-week FHT treatment could alleviate symptoms of
lower urinary tract dysfunction by modulating smooth
muscles in the bladder and urethra instead of lowering the
volume of the enlarged prostate itself. It was speculated
that one of the mechanisms of FHT might be related to
active ingredients with calcium channel blocking effects
and thus the constraint of the internal flow of Ca®* [31].

Ji-Sheng-Shen-Qi-Wan (Gosha-jinki-gan) Ji-Sheng-
Shen-Qi-Wan (JSSQW), also called Gosha-jinki-gan,
has gained wide application as a treatment for patients
suffering from LUTS, diabetic neuropathy, and nocturia
in China and Japan. Traditionally, it is used to treat water
accumulation caused by kidney yang deficiency. It was first
recorded in the Southern Song Dynasty (AD 1127-1279).
Containing 10 ingredients, JSSQW is a modification of
BWDHW with the addition of Plantaginis semen (ché
qian zi % BIF) and Achyranthis radix (nit xi 4=F%).

In basic research, JSSQW was found to improve
bladder hyperactivity induced by intravesical installation
of acetic acid (AA) through inhibition of resiniferatoxin
(RTX)-sensitive bladder afferent neurons in rats [172].
In a rat model of AA induced OAB, Gosha-jinki-gan-
fed rats exhibited longer intercontractile intervals and
smaller contraction amplitudes in cystometry, and
also lower dopamine and serotonin levels in plasma,
compared with untreated controls. These results imply
that JSSQW may have an impact on both the afferent
and efferent micturition reflex and may exert central
effects on micturition mechanisms. By regulating the
balance of sympathetic and parasympathetic nervous
systems to maintain a lower level of activity, it effectively
restrains bladder overactivity [112]. Moreover, a later
study demonstrated that pretreatment with JSSQW may
prevent the bladder urothelium from overexpressing
tachykinins (including neurokinin A, neurokinin B and
substance P) and TRPV1 and P2X; receptors in rats
subjected to intravesical AA stimulation. Besides, the
authors further indicated that JSSQW may reduced
expression of transmitter proteins and sensory receptors,
without damaging nerve fibers [62]. A clinical trial
reported that patients with nocturia exhibited decrease
in both nocturia episodes and the IPSS after 12-week
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JSSQW treatment [161]. Thus, as addressed in literature,
JSSQW mixtures show potential in offering alternative
therapeutic option for OAB.

Modified Ojayeonjonghwan (Wuzi Yanzong
Wan) Ojayeonjonghwan (Wuzi Yanzong Wan) consists
of five different fruits and seeds obtained from five types of
berries: Psyllium, Cuscuta chinensis Lam, Lycium chinense
Miller, Rubus coreanus Miquel, and Schisandra chinensis
Baillon. A new berry mixture formula was developed in
South Korea, and it is a modification of Ojayeonjonghwan
with Psyllium replaced by Cornus officinalis Sieb. Bae, Lee
etal. used a partial BOO animal model to demonstrate that
the modified Ojayeonjonghwan (MO) exhibited similar
pharmacologic activities to solifenacin in controlling DO
induced by BOO via anti-inflammatory effect and anti-
oxidant effects, as well as the increase of the NO pathway
[15].

Sang-Piao-Xiao-San  (Mantis Formula) Sang-Piao-
Xiao-San (Mantis Formula, E4E4HEL, SPXS) was first
described in Ben Cao Yan Yi (AREATX, Augmented
Materia Medica) in the Northern Song Dynasty (AD
960-1127) for its effectiveness in addressing conditions
characterized by heart and kidney deficiency, such as
urinary incontinence accompanied by spermatorrhea.
It is composed of Mantidis ootheca (sing pido xido 3
YE48), Radix Polygalae (yuan zhi JUE), Rhizoma Acori
Tatarinowii (shi chang pt ‘5 & 7#), Fossilia Ossis Mastodi
(Dragon’s Bone, l6ng gii }68), Radix Panacis Ginseng (rén
shén A2), Radix Angelicae (dang gui ¥4Y3), and Carapax
Testudinis et Plastrum. Sang piao xiao means “mantis eggs
in a foamy pouch” Mantidis ootheca is the main herb in
this formula. It has been discovered to induce relaxation
of vascular smooth muscle via endothelium-dependent
activation of PI3K/AKT-mediated NO-cyclic guanosine
3’,5"-monophosphate (cGMP)-protein kinase G (PKG)
signaling pathway, upregulating NO production, and
via possible involvement of K+ channel [80]. A clinical
study in patients with OAB showed co-treatment of SPXS
and BZYQT decreases urinary frequency, urgency and
urge incontinence, and enhances the voided volume and
patient QOL [95]. Lu et al., studied the effects of SPXS and
solifenacin in patients with OAB after menopause. They
reported that SPXS combined with solifenacin improved
TCM symptom scores, as well as the scores of urination,
nocturnal urination, urgency of urination and urgency
incontinence compared to treatment with solifenacin
alone. It improved bladder compliance, maximum urinary
flow rate and maximum bladder capacity, the initial urine
volume (VFD), and also lower NGF and NGF/Cr level to a
greater extent than using solifenacin alone.
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Suo-Quan-Wan Suo-Quan-Wan (SQW) is a classical
phytotherapeutic formula in TCM consisting of three
herbs: Alpinia oxyphylla Miq (yi zhi rén 2 8512), Lindera
radix (wi yao E2%), and Dioscorea rhizoma (shin
vao [LZF). SQW was first recorded in the Southern
Song Dynasty (AD 1127-1279) and has been frequently
applied in relieving nocturnal enuresis and frequent
urination. Lai et al. reported that SQW reduced TRPV1
receptors expression in rat bladders and slowed down
the advancement of bladder overactivity in a rat model of
partial BOO [85]. In a later study with TRPV1 knockout
mice, they provided additional evidence that SQW
enhances bladder function by regulating TRPV1 receptors
[86]. In another study by Xu et al.,, SQW was found to
enhance bladder control, storage capacity and contraction
ability in aging mice by increasing the sensitivity and
expression of PBs-adrenoceptor (B;-AR) [160]. Recent
research discovered SQW'’s protective effects against OAB
and bladder dysfunction in diabetic mice. SQW treatment
remarkably improved urodynamic urination with reduced
non-voiding contraction (NVC) frequency, maximum
bladder capacity (MBC), residual volume (RV), and
bladder compliance (BC), and enhanced voided efficiency
(VE). It also attenuated thickened bladder wall in diabetic
mice, decreased DSM strips contraction response for
stimuli including o, B-methylene ATP and carbachol. The
mechanism involves upregulating motor protein myosin
Va and transporter protein SLC17A9 in the bladder [151].

Wenglitong  capsule Wenglitong  capsule  (WLT)
is a medicinal preparation that contains 11 herbal
ingredients: Semen Coicis (Ma-yuen jobstears seed, yi yi
rén & 12), Bulbus Fritillariae Thunbergii (Chekiang
fritillary bulb, zhé beéi mud #fR&}), Caulis Clematidis
Armandii (Armand clematis stem, chuan mu tong JI|
Ki&), Fructus Gardeniae (Cape jasmine, zhi zi Mg
F), Flos Lonicerae Japonicae (Japanese honeysuckle
flower bud, jin yin hua $3R), Flos Inulae Japonicae
(Japanese inula flower, xudn fu hua fi€781), Lycopi
Herba (Hirsute bugleweed herb, z¢é ldn J#=2), Verdigris
(tong 10 §@LR), Radix Glycyrrhizae (Liquorice root, gan
cdo HH), Radix Astragali Mongolici (huang qi EHE) and
Rheum officinale (dd huang A ). In a clinical trial on
182 female OAB patients, treatment with WLT reduced
urgency incontinence, urinary frequency and significantly
improved OAB symptoms, while exhibiting a slower onset
and lower effectiveness compared to tolterodine, the
treatment presented a favorable profile with fewer adverse
effects. In addition, The combined administration of
WLT and tolterodine demonstrated greater effectiveness
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in alleviating symptoms of OAB compared to using
tolterodine alone [159].

Non-TCM formulations

Choreito (CRT) As a traditional Japanese (Kampo)
medicine, Choreito (CRT) finds extensive application
in Japan to treat OAB and other lower urinary tract
symptoms. CRT consists of five ingredients including
aluminum silicate hydrate with silicon dioxide, Alisma
rhizome, Polyporus sclerotium, Poria sclerotium, and
donkey glue. In rats, CRT demonstrated the ability to
reduce DO induced by intravesical AA instillation, which
appears to be mediated via alleviating urothelial damage
and regulating excess blood flow [146].

Eviprostat 'The phytotherapeutic agent Eviprostat is a
herbal remedy, consists of a mixture of whole plant extract
deprived from several plants including Chimaphila
umbellate (umbellate wintergreen), Populus tremula
(aspen), Pulsatilla pratensis (small pasque flower) and
Equisetum arvense (horsetail). This combination is blended
with wheat-germ oil. With a history of over 50 years of
prescription in Germany and Japan, it is one of the most
extensively utilized phytotherapeutics to treat LUTS in
BPH. And it is well known to exhibit antioxidant and anti-
inflammatory activities, which have been investigated
and validated in multiple studies. It was reported that
Eviprostat was found to reduce the levels of 8-hydroxy-2’
—deoxyguanosine (8-OHDG), a urinary marker of
oxidative stress, in both a rabbit model of surgically
induced partial BOO and patients with LUTS related to
BPH [104]. In another animal study on a rat model of
bladder overdistension and emptying (OE), Eviprostat
reduced inflammation and oxidative stress in OE rat
bladders. It effectively prevented the reduction bladder
blood flow (BBF) and the elevation in bladder weight,
malondialdehyde levels (a marker of oxidative stress),
proinflammatory cytokines and myeloperoxidase activity
[77]. It has also been found that Eviprostat improved
overactive bladder contractile response and down-
regulated the increased levels of cytokines associated with
cyclophosphamide-induced cystitis [110]. Clinical studies
on Eviprostat demonstrated clea improvements in various
parameters including IPSS, QoL score, and maximum and
average urinary flow rates, increased prostatic volume,
and reduced prostatic inflammation, without occurrence
of any severe adverse effects [64, 104, 135].

Granu Fink femina Granu Fink femina is obtained from
seed oil from the combination of Uromedic pumpkin
(cultivar of Cucurbita pepo), Rhus aromatica (fragrant
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sumach) bark extract, and Humulus lupulus (hop) cone
extract. A clinical study [49] on 117 women (age: 21-78
year) with OAB showed that Granu Fink femina exhibited
the ability to decrease urination frequency and reduce
the average frequency of leakages and pad usage among
patients. Notably, it significantly improved all aspects of
quality of life related to OAB after just 1 week of use, with
further enhancements observed at 6 and 12 weeks. In
addition to these positive effects, the observed excellent
tolerability profile makes it a very promising therapeutic
option for OAB.

Kubiker Kubiker (Naturmed, Montegranaro, FM, Italy)
is a new complementary and alternative medicine (CAM),
which has been proposed to treat OAB, containing
vitamins (C and D), herbas (cucurbita maxima, capsicum
annum, polygonum capsicatum) and amino acid
L-Glutammina. In a randomized, controlled clinical
study on 90 consecutive women (mean age 65 year; range
40-75) with symptoms of OAB, Kubiker was found to
reduce daily micturitions, nocturia and episodes of urge
incontinence, improve Patient Perception of Intensity of
Urgency Scale (PPIUS), Overactive Bladder questionnaire
Short Form (OAB-q SF) and Patient Global Impression of
Improvement questionnaire (PGI-I), in a more effective
level compared to Solifenacin Succinate [148].

Urox Urox is a herbal mixure of 3 phytomedicines that
have well established traditional uses, including Crataeva
nurvala (used in Ayurvedic Medicine), Equisetum arvense
(an herbal remedy traced back to ancient Roman and
Greek eras) and Lindera aggregata (wi yao B2, used in
TCM). Efficacy of Urox on a range of bladder symptoms
were studied clinically in a randomized, double-blind,
placebo controlled trial with 150 participants. The
treatment group exhibited a decrease in episodes of
nocturia, symptoms of urgency, and total incontinence.
After the treatment, notable enhancements in quality
of life were reported, accompanied by minimal adverse
effects [128].

Discussion and conclusion

In recent years, there have been notable accomplish-
ments in utilizing medicinal plants to treat OAB. This
article reviews the current application as well as pharmo-
logical and clinical studies of medicinal plants or hebal
formulations in OAB treatment, hoping to bring novel
perspectives for the management and investigation of
OAB.

Effective OAB therapy options are still very limited
while patient compliance of therapeutic regimens is quite
low. Alternative therapies are pursued by patients to miti-
gate symptoms of OAB. Accumulating evidence indicates
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the promising potential of medicinal plants and natural
products in prevention and treatment of OAB, showing
greater effectiveness and tolerability. Due to the differ-
ences in context and focus of natural product research
and the complexity of ancient medicinal theories, the
acceptability and clinical application of medicinal plants
and natural products in Western medicine are greatly
hindered. It is thus essential to conduct pharmacologi-
cal evaluation using modern scientific strategies. Isola-
tion and identification of the active ingredient(s) present
in plants responsible for their biological or therapeutic
activities are foundamentally important for understand-
ing the underlying mechanisms. The present review
shows that most of the plant extracts used to treat OAB
are aqueous extracts, while the remaining are lipidic
extracts or essential oils. Until now, only a few phyto-
chemicals have been isolated and characterized for their
pharmacological activities against OAB, and it is neces-
sary to put more efforts into making progress in this
aspect.

Limitation in study design is another obstacle for OAB
herbal treatment. Firstly, the plant species utilized in the
same treatment regimen may differ across publications,
and it is important to note that a TCM herb may not
consistently originate from a single plant species.Thus,
the botanical Latin names of the plant species should
be carefully confirmed. In addition, the quality of herbs/
plants could directly influence their pharmacological
activities and clinical effectiveness. Hence, it is crucial to
accurately identify authentic herbs/plants. Geo-authentic
plants are cultivated in their native regions, where the cli-
mate and ecological conditions are optimal for produc-
ing high-potency herbal products. The desired parts of
these plants are harvested at the peak of their season and
in a specific manner to ensure the preservation of their
medicinal properties without compromise. To ensure the
quality and safety of herbs, it is important to choose GAP
suppliers with legitimate sources of geo-authentic herbs
and GMP pharmaceutical manufacturers with estab-
lished standardization procedures.

What'’s more, various types of animal models for OAB
are utilized, each with distinct applications and scopes
[93]. Hence, how to choose an appropriate and suitable
model for medicinal plants targeting different mecha-
nisms needs further exploration.

Based on the review of existing evidence of medicinal
plants, natural products and herbal formulations
used in treating OAB, we summarized their possible
interverntion mechanisms in the unrinary bladder
(Fig. 2). Considering the complicated and elusive
pathophysiology of OAB, the mechanisms of treatment
of OAB with medicinal plants or natural products are
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complex and the exact mechanism of different agents
remains to be fully elucidated and verified.

Previous studies indicated phytochemicals from natu-
ral sources has a higher pharmacokinetic stability than
synthetic drugs in the body. Due to their nature as small
molecular compounds, natural products exhibit rapid
absorption and high permeability. It is suggested different
plant extracts components have synergistic effects ben-
eficial for their bioavailability. The precise mechanism of
action and pharmacokinetic properties including absorp-
tion, distribution, metabolism and excretion (ADME)
of biologically active ingredients should be thoroughly
investigated. Moreover, the combination of traditional
medicine or natural products with conventional chemi-
cal drugs has emerged as a novel avenue of research and
their synergistic actions have been increasingly studied in
recent years. Herbal formulations have a long-standing
history of utilization in the management of OAB, both in
traditional practices and contemporary times. In recent
years, a plethora of scientific studies have been con-
ducted to enhance our comprehension of the efficacy and
underlying mechanisms of these formulations. The effi-
cacy-enhancing and toxicity-reducing effects of different
kinds of herbal combinations are an attractive strategy,
considering the multifactorial pathogenesis of OAB and
the limitations of current available therapeutic options.

In conclusion, this review yielded an evidence basis of
various medicinal plants and natural products used for
OAB treatment. However, none of these herbal drugs
have advanced to become novel clinical therapy options
for OAB. Consequently, there is still a significant demand
for effective and well-tolerated phytopharmaceuticals in
this regard. Promising new alternative herbal treatment
strategies are emerging with high safety level and efficacy
worthy of clinical application. There is a growing aspi-
ration to foster the development of OAB management.
Nevertheless, the existing cases of medicinal plants or
natural products treating OAB are still relatively limited,
and some of them have been only used in traditional ways
without modern scientific research evidence. This review
would serve as a reference basis for researchers investi-
gating OAB and encourage more relevant pharmacologi-
cal and clinical research on those understudied natural
medicines. Clinical trials using phytochemicals or hebal
formulations against OAB are still in infancy. Future rig-
orously designed controlled studies will allow the valida-
tion of their place in the therapeutic arsenal for OAB.
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AA Acetic acid

Alpha, beta-MeATP  Alpha, beta-methylene ATP
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BBF Bladder blood flow

BE Bethanechol

Cyp Cyclophosphamide
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DHP Dihydropyridine

DO Detrusor overactivity

DSM Detrusor smooth muscle

EFS Electrical field stimulation

EMG Electromyogram

ER Endoplasmic reticulum

FDC First detrusor contraction

ICAM-1 Intercellular adhesion molecule 1
IL-1B Interleukin-103

IPSS International Prostate Symptom Scores
LUTS Lower urinary tract symptoms

MCC Maximal cytometric capacity
MS Multiple sclerosis

NF-kB Nuclear factor kappa B

NIH-CPSI National Institute of Health—Chronic Prostatitis Symp-
tom Index

NGF Nerve growth factor

NOD Neurogenic detrusor overactivity

OAB Overactive bladder

OAB-q SF Overactive Bladder questionnaire Short Form

OABSS Overactive bladder symptom score

PGIC Patient’s Global Impression of Change

PGI-I Patient ~ Global  Impression  of  Improvement
questionnaire

PPIUS Patient Perception of Intensity of Urgency Scale

Q0oL Quiality of life

RA Retinyl acetate

RTX Resiniferatoxin

SCF Stem cell factor

SLC17A9 Solute Carrier Family 17 Member 9

SNARE Soluble N-ethylmaleimide-sensitive-factor attachment
protein receptor

™M Traditional Chinese Medicine

TNF-a Tumor necrosis factor- a

TRP Transient receptor potential

TRPV1 Transient receptor potential V1

UPK3A Uroplakin 3A

Acknowledgements
This paper was proofread by Mr. lvo de Noronha Vital.

Author contributions

HXC collected, analysed and interpreted the literature data, proposed and
wrote the review. MPMH revised and proofread the manuscript. SMYL
proposed and reviewed the content of the review article. All authors read and
approved the final manuscript.

Funding

This work was supported by the Science and Technology Development Fund,
Macau SAR (File no. 0016/2019/AKP), Shenzhen Science and Technology
Innovation Commission (EF038/ICMS-LMY/2021/SZSTIC) and the University of
Macau (MYRG2020-00183-ICMS).

Availability of data and materials
All data are fully available without restriction.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no competing interests.

Received: 8 August 2023 Accepted: 2 January 2024
Published online: 27 March 2024



Chen et al. Chinese Medicine

(2024) 19:56

References

1.

2.

20.
21.

Abdel-Salam OM. Capsaicin as a therapeutic molecule. Prog Drug Res.
2014,68:311-4.

Abrams P, Cardozo L, Fall M, Griffiths D, Rosier P, UImsten U, Van
Kerrebroeck P, Victor A, Wein A. The standardisation of terminology

in lower urinary tract function: report from the standardisation
sub-committee of the International Continence Society. Urology.
2003;61:37-49.

Abu-Niaaj L, Abu-Zarga M, Sabri S, Abdalla S. Isolation and biological
effects of 7-O-methyleriodictyol, a flavanone isolated from

Artemisia monosperma, on rat isolated smooth muscles. Planta Med.
1993,59:42-5.

Agbabiaka TB, Pittler MH, Wider B, Ernst E. Serenoa repens (saw
palmetto): a systematic review of adverse events. Drug Saf.
2009;32:637-47.

Ahmad R, Riaz M, Khan A, Aliamea A, Algheryafi M, Sewaket D,
Algathama A. Ganoderma lucidum (Reishi) an edible mushroom; a
comprehensive and critical review of its nutritional, cosmeceutical,
mycochemical, pharmacological, clinical, and toxicological properties.
Phytother Res. 2021;35:6030-62.

Alexandre EC, Calmasini FB, de Oliveira MG, Silva FH, da Silva CPV,
André DM, Leonardo FC, Delbin MA, Antunes E. Chronic treatment with
resveratrol improves overactive bladder in obese mice via antioxidant
activity. Eur J Pharmacol. 2016;788:29-36.

Amor Stander E, Williams W, Rautenbach F, Le Roes-Hill M, Mgwatyu Y,
Marnewick J, Hesse U. Visualization of aspalathin in rooibos (Aspalathus
linearis) plant and herbal tea extracts using thin-layer chromatography.
Molecules. 2019;24:938.

Andersson KE. Detrusor myocyte activity and afferent signaling.
Neurourol Urodyn. 2010;29:97-106.

Andersson KE. Potential future pharmacological treatment of bladder
dysfunction. Basic Clin Pharmacol Toxicol. 2016;119(Suppl 3):75-85.
Andersson KE, Chapple CR, Cardozo L, Cruz F, Hashim H, Michel MC,
Tannenbaum C, Wein AJ. Pharmacological treatment of overactive
bladder: report from the International Consultation on Incontinence.
Curr Opin Urol. 2009;19:380-94.

AnderssonK-E AR, CardozooLD CC, DrutzHP FAE, Haab F, Navarrete

V. The pharmacological treatment of urinary incontinence. BJU Int.
1999;84:9230947.

Anjum |, Mushtag MN, Ul Hassan S. Medicinal plants used to treat
overactive bladder. Altern Ther Health Med. 2020.

Asaduzzaman AKM, Chun B-S, Kabir SR. <i>Vitis vinifera</i>

assisted silver nanoparticles with antibacterial and antiproliferative
activity against ehrlich ascites carcinoma cells. J Nanoparticles.
2016;2016:6898926.

Badawi JK, Uecelehan H, Hatzinger M, Michel MS, Haferkamp A, Bross
S. Relaxant effects of beta-adrenergic agonists on porcine and human
detrusor muscle. Acta Physiol Scand. 2005;185:151-9.

Bae S, Lee KW, Jeong HC, Park BH, Bae WJ, Han CH, Kim SW. Effects of
a combination of herbal extracts (modified Ojayeonjonghwan (Wuzi
Yanzong wan)) on partial urethral obstruction-induced detrusor
overactivity in rats: impact on the nitric oxide pathway and oxidative
stress. BMC Complement Altern Med. 2019;19:64.

Barnes J, Anderson LA, Phillipson JD. St John's wort (Hypericum
perforatum L.): a review of its chemistry, pharmacology and clinical
properties. J Pharm Pharmacol. 2001;53:583-600.

Bayliss M, Wu C, Newgreen D, Mundy AR, Fry CH. A quantitative

study of atropine-resistant contractile responses in human detrusor
smooth muscle, from stable, unstable and obstructed bladders. J Urol.
1999;162:1833-9.

Betschart C, von Mandach U, Seifert B, Scheiner D, Perucchini D, Fink D,
Geissbuhler V. Randomized, double-blind placebo-controlled trial with
Bryophyllum pinnatum versus placebo for the treatment of overactive
bladder in postmenopausal women. Phytomedicine. 2013;20:351-8.
Bijak M. Silybin, a major bioactive component of milk thistle (Silybum
marianum L. Gaernt.)-chemistry, bioavailability, and metabolism.
Molecules. 2017;22:1942.

Birder L, Andersson KE. Urothelial signaling. Physiol Rev. 2013;93:653-80.
Borchert VE, Czyborra P, Fetscher C, Goepel M, Michel MC. Extracts
from Rhois aromatica and Solidaginis virgaurea inhibit rat and human

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33

34

35.

36.

37.

38.

39.

40.

42.

Page 31 of 35

bladder contraction. Naunyn Schmiedebergs Arch Pharmacol.
2004;369:281-6.

Bory S, Lubinsky P, Risterucci AM, Noyer JL, Grisoni M, Duval MF,

Besse P. Patterns of introduction and diversification of Vanilla

planifolia (Orchidaceae) in Reunion Island (Indian Ocean). Am J Bot.
2008;95:805-15.

Brading AF. A myogenic basis for the overactive bladder. Urology.
1997;50:57-67.

Brady CM, DasGupta R, Dalton C, Wiseman OJ, Berkley KJ, Fowler CJ.
An open-label pilot study of cannabis-based extracts for bladder
dysfunction in advanced multiple sclerosis. Mult Scler. 2004;10:425-33.
Butnariu M, Samfira I. Vegetal metabolomics to seeds of galium aparine.
J Bioequiv Availab. 2013;5: e45.

Capasso R, Aviello G, Borrelli F, Romano B, Ferro M, Castaldo L,
Montanaro V, Altieri V, Izzo AA. Inhibitory effect of standardized
cannabis sativa extract and its ingredient cannabidiol on rat and
human bladder contractility. Urology. 2011;77:1006.1009-1006.e1015.
Capasso R, Borrelli F, Capasso F, Mascolo N, 1zzo AA. Inhibitory effect

of the antidepressant St. John's wort (hypericum perforatum) on rat
bladder contractility in vitro. Urology. 2004;64:168-72.

Capasso R, 1zzo AA, Romussi G, Capasso F, De Tommasi N, Bisio A,
Mascolo N. A secoisopimarane diterpenoid from Salvia cinnabarina
inhibits rat urinary bladder contractility in vitro. Planta Med.
2004;70:185-8.

Cetinus SA, Goze |, Sarag B, Vural N. Scavenging effect and
antispasmodic activity of the essential oil of Cyclotrichium niveum.
Fitoterapia. 2007;78:129-33.

Chaiittianan R, Sutthanut K, Rattanathongkom A. Purple corn silk:

a potential anti-obesity agent with inhibition on adipogenesis and
induction on lipolysis and apoptosis in adipocytes. J Ethnopharmacol.
2017;201:9-16.

Chen G, Liu H, Cheng F. Fangjihuangqi Tang improved lower urinary
tract dysfunction in benign prostatic hyperplasia rats model. J Tradit
Chin Med. 2013,33:349-54.

Chen YH, Chen WC, Liu PL, Chen HY. Astragalus polysaccharides and
astragaloside IV ameliorates cyclophosphamide-induced mouse model
of overactive bladder. Taiwan J Obstet Gynecol. 2020;59:248-55.
Cheng H, ShiY,Wei Q, Li Z, Lin X. Buzhong Yigi Decoction and
Propiverine in Treating 34 Patients with Overactive Bladder with Qi
Deficency Syndrome (¥ HP 22 5 PRIRLE ARBR & 1677 U ELRE R
X & & B 34451). Fujian J Tradit Chin Med. 2011;42:21-2.

Chughtai B, Kavaler E, Lee R, Te A, Kaplan SA, Lowe F. Use of herbal
supplements for overactive bladder. Rev Urol. 2013;15:93-6.

Coolsaet BL, Van Duyl WA, Van Os-Bossagh P, De Bakker HV. New
concepts in relation to urge and detrusor activity. Neurourol Urodyn.
1993;12:463-71.

de Seze M, Wiart L, Ferriere J, de Seze MP, Joseph P, Barat M. Intravesical
instillation of capsaicin in urology: a review of the literature. Eur Urol.
1999,36:267-77.

Drake MJ, Harvey 1J, Gillespie JI, Van Duyl WA. Localized contractions

in the normal human bladder and in urinary urgency. BJU Int.
2005;95:1002-5.

Ekiert H, Pajor J, Klin P, Rzepiela A, Slesak H, Szopa A. Significance of
Artemisia Vulgaris L. (Common Mugwort) in the history of medicine
and its possible contemporary applications substantiated by
phytochemical and pharmacological studies. Molecules. 2020;25:4415.
Emilio Sacco RB. Mirabegron, a novel, non-antimuscarinic drug for the
overactive bladder: an up-to-dated review. World J Obstet Gynecol.
2013;2:65-73.

Eser N, Go¢cmen C, Erdogan S, Buyiknacar HS, Kumcu EK,

Acikalin A, Onder S. Effect of silymarin on bladder overactivity in
cyclophosphamide-induced cystitis rat model. Phytomedicine.
2012;19:840-5.

Espinosa-Judrez JV, Colado-Veldzquez JI, Mailloux-Salinas P, Medina-
Contreras J, Correa-Lopez PV, Gomez-Viquez NL, Meza-Cuenca F, Huang
F, Bravo G. Beneficial effects of lipidic extracts of saladette tomato
pomace and Serenoa repens on prostate and bladder health in obese
male Wistar rats. J Sci Food Agric. 2017,97:4451-8.

Fiume MM, Bergfeld WF, Belsito DV, Hill RA, Klaassen CD, Liebler

DC, Marks JG Jr, Shank RC, Slaga TJ, Snyder PW, Andersen FA. Safety



Chen et al. Chinese Medicine

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

(2024) 19:56

assessment of Vitis vinifera (grape)-derived ingredients as used in
cosmetics. Int J Toxicol. 2014;33:48s—-83s.

Fowler CJ, Griffiths D, de Groat WC. The neural control of micturition.
Nat Rev Neurosci. 2008;9:453-66.

Francis JA, Leggett RE, Schuler C, Levin RM. Effect of hydrogen peroxide
on contractility and citrate synthase activity of the rabbit urinary
bladder in the presence and absence of resveratrol and a whole-grape
suspension. Mol Cell Biochem. 2014;391:233-9.

Francis JA, Leggett RE, Schuler C, Levin RM. Comparative biochemical
responses and antioxidant activities of the rabbit urinary bladder to
whole grapes versus resveratrol. Mol Cell Biochem. 2015;410:121-9.
Freeman RM, Adekanmi O, Waterfield MR, Waterfield AE, Wright D,
Zajicek J. The effect of cannabis on urge incontinence in patients with
multiple sclerosis: a multicentre, randomised placebo-controlled trial
(CAMS-LUTS). Int Urogynecol J Pelvic Floor Dysfunct. 2006;17:636-41.
Fry CH, Chakrabarty B, Hashitani H, Andersson KE, McCloskey K, Jabr RI,
Drake MJ. New targets for overactive bladder-ICI-RS 2109. Neurourol
Urodyn. 2020;39(Suppl 3):5113-s121.

Farer K, Eberli D, Betschart C, Brenneisen R, De Mieri M, Hamburger

M, Mennet-von Eiff M, Potterat O, Schnelle M, Simdes-W(st AP, von
Mandach U. Inhibition of porcine detrusor contractility by the flavonoid
fraction of Bryophyllum pinnatum-a potential phytotherapeutic drug
for the treatment of the overactive bladder syndrome. Phytomedicine.
2015;22:158-64.

Gauruder-Burmester A, Heim S, Patz B, Seibt S. Cucurbita pepo-rhus
aromatica-humulus lupulus combination reduces overactive bladder
symptoms in women—a noninterventional study. Planta Med.
2019;85:1044-53.

Geavlete P, Multescu R, Geavlete B. Serenoa repens extract in the
treatment of benign prostatic hyperplasia. Ther Adv Urol. 2011,3:193-8.
Giulianelli R, Pecoraro S, Sepe G, Leonardi R, Gentile BC, Albanesi

L, Brunori S, Mavilla L, Pisanti F, Giannella R, Morello P, Tuzzolo D,
Coscione M, Galasso F, D’Angelo T, Ferravante P, Morelli E, Miragliuolo
A. Multicentre study on the efficacy and tolerability of an extract of
Serenoa repens in patients with chronic benign prostate conditions
associated with inflammation. Arch Ital Urol Androl. 2012;84:94-8.

Guo C, Yang B, Gu W, Peng B, Xia S, Yang F, Wen D, Geng J, Zhang Y,
Zheng J. Intravesical resiniferatoxin for the treatment of storage lower
urinary tract symptoms in patients with either interstitial cystitis or
detrusor overactivity: a meta-analysis. PLoS ONE. 2013;8: e82591.

Han JS, Kim JG, Le TPL, Cho YB, Lee MK, Hwang BY. Pentacyclic
triterpenes with nitric oxide inhibitory activity from Potentilla chinensis.
Bioorg Chem. 2021;108: 104659.

Haylen BT, de Ridder D, Freeman RM, Swift SE, Berghmans B, Lee
J,Monga A, Petri E, Rizk DE, Sand PK, Schaer GN. An International
Urogynecological Association (IUGA)/International Continence Society

(ICS) joint report on the terminology for female pelvic floor dysfunction.

Int Urogynecol J. 2010;21:5-26.

Heng YJ, Saunders Cl, Kunde DA, Geraghty DP. TRPV1, NK1 receptor
and substance P immunoreactivity and gene expression in the rat
lumbosacral spinal cord and urinary bladder after systemic, low dose
vanilloid administration. Regul Pept. 2011;167:250-8.
Herndndez-Pérez T, Gbmez-Garcia MDR, Valverde ME, Paredes-Lopez
O. Capsicum annuum (hot pepper): an ancient Latin-American crop
with outstanding bioactive compounds and nutraceutical potential. A
review. Compr Rev Food Sci Food Saf. 2020;19:2972-93.

Holstege G, Mouton LJ. Central nervous system control of micturition.
Int Rev Neurobiol. 2003;56:123-45.

Hou T, Netala VR, Zhang H, Xing Y, Li H, Zhang Z. Perilla frutescens: a rich

source of pharmacological active compounds. Molecules. 2022,27:3578.

Hulls CM, Lentle RG, King QM, Reynolds GW, Chambers JP.
Spatiotemporal analysis of spontaneous myogenic contractions in

the urinary bladder of the rabbit: timing and patterns reflect reported
electrophysiology. Am J Physiol Renal Physiol. 2017;313:F687-f698.
Hung LM, Chen JK, Huang SS, Lee RS, Su MJ. Cardioprotective effect of
resveratrol, a natural antioxidant derived from grapes. Cardiovasc Res.
2000;47:549-55.

Hutchinson A, Nesbitt A, Joshi A, Clubb A, Perera M. Overactive bladder
syndrome: management and treatment options. Aust J Gen Pract.
2020;49:593-8.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Page 32 of 35

Imamura T, Ishizuka O, Aizawa N, Zhong C, Ogawa T, Nakayama T,
Tanabe T, Nishizawa O. Gosha-jinki-gan reduces transmitter proteins
and sensory receptors associated with C fiber activation induced by
acetic acid in rat urinary bladder. Neurourol Urodyn. 2008;27:832-7.
ImamuraT, Ishizuka O, Zhong C, Ogawa T, Nakayama T, Kurizaki Y,
Tanabe T, Nishizawa O, Andersson KE. An extract (THC-002) of Ba-Wei-
Die-Huang-Wan inhibits expression of tachykinins, and P2X3 and
TRPV1 receptors, and inhibits ATP-induced detrusor overactivity in
spontaneously hypertensive rats. Neurourol Urodyn. 2009;28:529-34.
Ishigooka M, Hashimoto T, Hayami S, Tomaru M, Nakada T, Mitobe K.
Clinical and retrospective evaluation of Eviprostat: a non-hormonal and
non-neuropharmacological agent for benign prostatic hyperplasia. Int
Urol Nephrol. 1995,27:61-6.

Ito Y, Kojima N, Hikiyama E, Onogi H, Yamada S. Extract of Peucedanum
Jjaponicum, an umbelliferae plant, alleviated acetic acid-induced
hypertensive bladder response in rats. Neurourol Urodyn.
2013;32:728-9.

[toY, Seki M, Nishioka Y, Kimura M, Yasuda A, Kirimoto T, Yasuda
T,Yamada S. Pharmacological effects of Hachi-mi-jio-gan extract
(Harncare) on the contractile response and on pharmacologically
relevant receptors in the rat bladder. Yakugaku Zasshi. 2009;129:957-64.
Ito Y, Woo JT, Nishijima S, Sugaya K, Yamada S. Nobiletin, a flavone from
shekwasha (Citrus depressa), alleviates hypertensive bladder response,
Proceedings for Annual Meeting of The Japanese Pharmacological
Society WCP2018 (The 18th World Congress of Basic and Clinical
Pharmacology). Japanese Pharmacological Society, pp. PO2-4-13. 2018.
Duke JA, M.JB.-G., Judi Ducelliar and Peggy-Ann K. Duke. Handbook of
medicinal herbs. CRC Press, Boca Raton. 2002.

Ji X, Yin M, Nie H, Liu Y. A review of isolation, chemical properties, and
bioactivities of polysaccharides from Bletilla striata. Biomed Res Int.
2020;2020:5391379.

Jiang HM, Fu DW, Zang LE, Si SB, Song B. Effects of rhynchophylline on
the contractions of isolated rat urinary bladder strips. Shenyang Yao Ke
Da Xue Xue Bao. 2011;28:391-5.

Jiang HM, Fu DW, Zang LE, Si SB, Song B. Effects of Rhynchophylline on
relaxation and contraction of the bladder detrusor in rats. Eur Rev Med
Pharmacol Sci. 2013;17:2190-7.

JuanYS, Chuang SM, Lee YL, Long CY, Wu TH, Chang WC, Levin RM,

Liu KM, Huang CH. Green tea catechins decrease oxidative stress in
surgical menopause-induced overactive bladder in a rat model. BJU Int.
2012;110:E236-244.

Juszczak K, Adamowicz J, Zapata t, Kluz T, Adamczyk P, Wdowiak A,
Bojar I, Misiek M, Grzybowska ME, Stangel-Wojcikiewicz K, Poleszak E,
Pokrywczyriska M, Drewa T, Wrobel A. Potentilla chinensis aqueous
extract attenuates cyclophosphamide-induced hemorrhagic cystitis in
rat model. Sci Rep. 2022;12:13076.

Kageyama S, Beppu M, Ohnogi H, Miyazaki S, Haruno A, Ito Y, Yamada S.
Clinical effects of formulated food of peucedanum japonicum extract
and saw palmetto extract in male patients with lower urinary tract
symptoms. Low Urin Tract Symptoms. 2018;10:167-74.

Karimi G, Vahabzadeh M, Lari P, Rashedinia M, Moshiri M. “Silymarin’, a
promising pharmacological agent for treatment of diseases. Iran J Basic
Med Sci. 2011;14:308-17.

Kavia RB, De Ridder D, Constantinescu CS, Stott CG, Fowler CJ.
Randomized controlled trial of Sativex to treat detrusor overactivity in
multiple sclerosis. Mult Scler. 2010;16:1349-59.

Kawai Y, Oka M, Kyotani J, Oyama T, Matsumoto S, Kakizaki H. Effect of
the phytotherapeutic agent eviprostat on the bladder in a rat model of
bladder overdistension/emptying. Neurourol Urodyn. 2013;32:1031-7.
Khan A-U, Gilani A. Urinary bladder relaxant effect of artemisia vulgaris
and aspalathus linearis. JAPS J Animal Plant Sci 2015;25.

Kim HJ, Yang HM, Kim DH, Kim HG, Jang WC, Lee YR. Effects of ylang-
ylang essential oil on the relaxation of rat bladder muscle in vitro and
white rabbit bladder in vivo. J Korean Med Sci. 2003;18:409-14.

Kim HY, Lee YJ, Han BH, Yoon JJ, Ahn YM, Hong MH, Tan R, Kang DG,
Lee HS. Mantidis ootheca induces vascular relaxation through PI3K/
AKT-mediated nitric oxide-cyclic GMP-protein kinase G signaling in
endothelial cells. J Physiol Pharmacol. 2017,68:215-21.

Kim J, Kim H, Kim KH. Effects of Bu-Zhong-Yi-Qi-Tang for the treatment
of functional dyspepsia: a feasibility study protocol. Integr Med Res.
2017,6:317-24.



Chen et al. Chinese Medicine

82.

83.

84.

85.

86.

87.

88.

89.

90.

ot

92.

93.

94.

95.

96.

97.

98.

99.

100.

(2024) 19:56

Kim MK, Shin YS, Lee JH, Cho WJ, Kim DK. The prevalence of lower
urinary tract symptoms and overactive bladder in South Korea: a cross-
sectional, population-based study. Int Neurourol J. 2022,26:31-6.
Kimura S, Sinha N. Tomato (Solanum lycopersicum): a model fruit-
bearing crop. CSH Protoc 2008, pdb.emo105. 2008.

Kitamura N, Nishino M, Fujii A, Hashizume K, Nakamura J, Kondo H,
Ohuchi A, Hase T, Murase T. Perilla extract improves frequent urination
in spontaneously hypertensive rats with enhancement of the urothelial
presence and anti-inflammatory effects. Int J Urol. 2018;25:298-304.

Lai H,Tan B, Liang Z, Yan Q, Lian Q, Wu Q, Huang P, Cao H. Effect of the
Chinese traditional prescription Suo Quan Wan on TRPV1 expression in
the bladder of rats with bladder outlet obstruction. BMC Complement
Altern Med. 2015;15:424.

Lai H, Yan Q, Cao H, Chen P, Xu'Y, Jiang W, Wu Q, Huang P, Tan B. Effect of
SQW on the bladder function of mice lacking TRPV1. BMC Complement
Altern Med. 2016;16:465.

Leal C, Gouvinhas |, Santos RA, Rosa E, Silva AM, Saavedra MJ, Barros
AIRNA. Potential application of grape (Vitis vinifera L.) stem extracts

in the cosmetic and pharmaceutical industries: Valorization of a
by-product. Ind Crops Products. 2020;154:112675.

Lee WC, Wu CC, Chuang YC, Tain YL, Chiang PH. Ba-Wei-Die-Huang-Wan
(Hachimi-jio-gan) can ameliorate cyclophosphamide-induced ongoing
bladder overactivity and acidic adenosine triphosphate solution-
induced hyperactivity on rats prestimulated bladder. J Ethnopharmacol.
2016;184:1-9.

Lee Y-L, Lin K-L, Wu B-N, Chuang S-M, Wu W-J, Lee Y-C, Ho W-T, Juan Y-S.
Epigallocatechin-3-gallate alleviates bladder overactivity in a rat model
with metabolic syndrome and ovarian hormone deficiency through
mitochondria apoptosis pathways. Sci Rep. 2018;8:5358-5358.

Levin RM, Xia L, Wei W, Schuler C, Leggett RE, Lin AD. Effects of
Ganoderma Lucidum shell-broken spore on oxidative stress of the
rabbit urinary bladder using an in vivo model of ischemia/reperfusion.
Mol Cell Biochem. 2017;435:25-35.

Li D,Wu J, Shen L, Li Y, Zhang Y. The curative effect observation of
treatment of female overactive bladder (OAB) patients with pattern of
collapse from gi deficiency by Chinese medicine Buzhong Yigi Tang (#p
RRESIIATT SRR T PR RENUE & & 3hiE 286157 SALER). Pract Clin
JIntegr Tradit Chin Western Med. 2012;2:8-9.

Liang W, Teong IW, Koon JC, Lau CB, Fung KP, Leung PC. Inhibitory
effects of salviae miltiorrhizae radix (danshen) and puerariae lobatae
radix (gegen) in carbachol-induced rat detrusor smooth muscle
contractility. Int J Physiol Pathophysiol Pharmacol. 2012;4:36-44.

LiaoY, Du X, FuY, Liu L, Wei J, An Q, Luo X, Gao F, Jia S, Chang Y, Guo M,
Liu H. Mechanism of traditional Chinese medicine in treating overactive
bladder. Int Urol Nephrol. 2023;55:489-501.

Lightner DJ, Gomelsky A, Souter L, Vasavada SP. Diagnosis and
treatment of overactive bladder (non-neurogenic) in adults: AUA/SUFU
Guideline Amendment 2019. J Urol. 2019;202:558-63.

Lin H, Chiang H-H, Chiang M-C, Chuang C-H. Assessment of Bu-Zhong-
Yi-Qi-Tang and Sang-Piao-Xiao-San for overactive bladder in clinical
efficacy (i 23R 156 ZITIH AN B ENEDUE B ER PR T 1E). )
Integr Chin Western Med. 2003;5:77-82.

Liu Y-L, Lee W-C. Traditional Chinese medicine and herbal supplements
for treating overactive bladder. Urol Sci. 2018;29:216.

Liu YC, Lee WT, Liang CC, Lo TS, Hsieh WC, Lin YH. Beneficial effect of
Bletilla striata extract solution on zymosan-induced interstitial cystitis in
rat. Neurourol Urodyn. 2021;40:763-70.

Lu, Li D, Wang L, Yuan M. Influence of Sangpiaoxiao San combined
with solifenacin on urodynamic and urinary nerve growth factor of
patients with overactive bladder after menopause (FE4ZHE AR & 27
AREAX LB ERERTE R BE B R D E R RIS EEKRAT
HISZI8). Shaanxi J Tradit Chin Med. 2018;39:1228-31.

Lucio AC, Campos RM, Perissinotto MC, Miyaoka R, Damasceno BP,
D’Ancona CA. Pelvic floor muscle training in the treatment of lower
urinary tract dysfunction in women with multiple sclerosis. Neurourol
Urodyn. 2010;29:1410-3.

Magalhaes PJC, Criddle DN, Tavares RA, Melo EM, Mota TL, Leal-Cardoso
JH. Intestinal myorelaxant and antispasmodic effects of the essential oil
of Croton nepetaefolius and its constituents cineole, methyl-eugenol
and terpineol. Phytother Res. 1998;12:172.

101.

102.

103.

104.

105.

108.

109.

110.

11,

112.

113.

114.

115.

117.

118.

119.

Page 33 of 35

Marinkovic SP, Rovner ES, Moldwin RM, Stanton SL, Gillen LM,
Marinkovic CM. The management of overactive bladder syndrome. BMJ
Br Med J. 2012;344:€2365.

Marmouzi |, Bouyahya A, Ezzat SM, El Jemli M, Kharbach M.

The food plant Silybum marianum (L.) Gaertn.: phytochemistry,
ethnopharmacology and clinical evidence. J Ethnopharmacol.
2021,265:113303.

Matsui T, Oka M, Fukui T, Tanaka M, Oyama T, Sagawa K, Nomiya M,
Yamaguchi O. Suppression of bladder overactivity and oxidative

stress by the phytotherapeutic agent, Eviprostat, in a rat model

of atherosclerosis-induced chronic bladder ischemia. Int J Urol.
2012;19:669-75.

Matsumoto S, Hanai T, Matsui T, Oka M, Tanaka M, Uemura H. Eviprostat
suppresses urinary oxidative stress in a rabbit model of partial bladder
outlet obstruction and in patients with benign prostatic hyperplasia.
Phytother Res. 2010;24:301-3.

McClurg D, Ashe R. The benefits of pelvic floor muscle training in
people with multiple sclerosis and lower urinary tract dysfunction. J
Assoc Chartered Physiother Women's Health. 2008;103:21-8.

Meng E, Lin WY, Lee WC, Chuang YC. Pathophysiology of overactive
bladder. Low Urin Tract Symptoms. 2012;4(Suppl 1):48-55.

Meng E, Young JS, Brading AF. Spontaneous activity of mouse
detrusor smooth muscle and the effects of the urothelium. Neurourol
Urodyn. 2008;27:79-87.

Miyazaki N, Katsura R, Hamada K, Suzutani T. Blueberry prevents the
bladder dysfunction in bladder outlet obstruction rats by attenuating
oxidative stress and suppressing bladder remodeling. Nutrients.
2020;12:1285.

Mukerji G, Yiangou Y, Grogono J, Underwood J, Agarwal SK, Khullar
V, Anand P. Localization of M2 and M3 muscarinic receptors in
human bladder disorders and their clinical correlations. J Urol.
2006;176:367-73.

Nasrin S, Masuda E, Kugaya H, Ito Y, Yamada S. Improvement by
phytotherapeutic agent of detrusor overactivity, down-regulation

of pharmacological receptors and urinary cytokines in rats with
cyclophosphamide induced cystitis. J Urol. 2013;189:1123-9.
Neuhaus J, Pfeiffer F, Wolburg H, Horn LC, Dorschner W. Alterations in
connexin expression in the bladder of patients with urge symptoms.
BJU Int. 2005;96:670-6.

Nishijima S, Sugaya K, Miyazato M, Ogawa Y. Effect of Gosha-jinki-
gan, a blended herbal medicine, on bladder activity in rats. J Urol.
2007,177:762-5.

Nishimura M, Ohkawara T, Sato H, Takeda H, Nishihira J. Pumpkin
seed oil extracted from cucurbita maxima improves urinary disorder
in human overactive bladder. J Tradit Complement Med. 2014;4:72-4.
Noguchi M, Kakuma T, Tomiyasu K, Kurita Y, Kukihara H, Konishi F,
Kumamoto S, Shimizu K, Kondo R, Matsuoka K. Effect of an extract
of Ganoderma lucidum in men with lower urinary tract symptoms:

a double-blind, placebo-controlled randomized and dose-ranging
study. Asian J Androl. 2008;10:651-8.

Omar NM, Sarhan NR. The possible protective role of pumpkin seed
oil in an animal model of acid aspiration pneumonia: light and
electron microscopic study. Acta Histochem. 2017;119:161-71.
Onoruvwe O, Olayinka AO, Lot TY, Udoh FV. Effects of stem bark and
leaf extracts of Bridelia ferruginea on rat bladder smooth muscle.
Fitoterapia. 2001;72:230-5.

Palmer CJ, Choi JM. Pathophysiology of overactive bladder: current
understanding. Curr Bladder Dysfunct Rep. 2017;12:74-9.

Pfukwa TM, Fawole OA, Manley M, Gouws PA, Opara UL, Mapiye C.
Food preservative capabilities of grape (Vitis vinifera) and Clementine
Mandarin (Citrus reticulata) By-products extracts in South Africa.
Sustainability. 2019;11:1746.

Phé V, Behr-Roussel D, Oger-Roussel S, Rouprét M, Chartier-Kastler E,
Lebret T, Karsenty G, Compérat E, Camparo P, Giuliano F. Involvement
of connexins 43 and 45 in functional mechanism of human

detrusor overactivity in neurogenic bladder. Urology. 2013;81:1108.
e1101-1106.

Ratz PH, McCammon KA, Altstatt D, Blackmore PF, Shenfeld

OZ, Schlossberg SM. Differential effects of sex hormones and
phytoestrogens on peak and steady state contractions in isolated
rabbit detrusor. J Urol. 1999;162:1821-8.



Chen et al. Chinese Medicine

121.

122.

123.

124.

125.

126.

127.

130.

131.

132.

133.

134.

135.

139.

140.

(2024) 19:56

Roe B, Ostaszkiewicz J, Milne J, Wallace S. Systematic reviews of bladder
training and voiding programmes in adults: a synopsis of findings from
data analysis and outcomes using metastudy techniques. J Adv Nurs.
2007;57:15-31.

Ros-Santaella JL, Pintus E. Rooibos (Aspalathus linearis) extract
enhances boar sperm velocity up to 96 hours of semen storage. PLoS
ONE. 2017;12: e0183682.

Salvatore S, DelLancey J, Igawa Y, Koelbl H, Laterza RM, Serati M, Sultan
A, Sievert KD, Lowry A. Pathophysiology of urinary incontinence, faecal
incontinence and pelvic organ prolapse, Incontinence 6th ed, 2017;pp.
361-496

Sacco E, Bientinesi R. Mirabegron: a review of recent data and its
prospects in the management of overactive bladder. Ther Adv Urol.
2012;4:315-24.

Sacco E, Bientinesi R, Tienforti D, Racioppi M, Gulino G, D'’Agostino

D, Vittori M, Bassi P. Discovery history and clinical development of
mirabegron for the treatment of overactive bladder and urinary
incontinence. Expert Opin Drug Discov. 2014,9:433-48.

Saitoh C, Chancellor MB, de Groat WC, Yoshimura N. Effects of
intravesical instillation of resiniferatoxin on bladder function and
nociceptive behavior in freely moving, conscious rats. J Urol.
2008;179:359-64.

Sanodiya BS, Thakur GS, Baghel RK, Prasad GB, Bisen PS. Ganoderma
lucidum: a potent pharmacological macrofungus. Curr Pharm
Biotechnol. 2009;10:717-42.

Schoendorfer N, Sharp N, Seipel T, Schauss AG, Ahuja KDK. Urox
containing concentrated extracts of Crataeva nurvala stem bark,
Equisetum arvense stem and Lindera aggregata root, in the treatment
of symptoms of overactive bladder and urinary incontinence: a phase 2,
randomised, double-blind placebo controlled trial. BMC Complement
Altern Med. 2018;18:42.

SchulerV, Suter K, Furer K, Eberli D, Horst M, Betschart C, Brenneisen R,
Hamburger M, Mennet M, Schnelle M, Simdes-Wist AP, von Mandach
U. Bryophyllum pinnatum inhibits detrusor contractility in porcine
bladder strips—a pharmacological study towards a new treatment
option of overactive bladder. Phytomedicine. 2012;19:947-51.

Seth JH, Dowson C, Khan MS, Panicker JN, Fowler CJ, Dasgupta P,

Sahai A. Botulinum toxin-A for the treatment of overactive bladder: UK
contributions. J Clin Urol. 2013;6:77-83.

Sharafan M, Malinowska MA, Ekiert H, Kwasniak B, Sikora E, Szopa

A. Vitis vinifera (Vine Grape) as a valuable cosmetic raw material.
Pharmaceutics. 2023;15:1372.

Shimoda H, Takeda S, Shimizu N, Hirano M, Hitoe S. Suppressive

effect of triterpenoids and a flavonol glycoside in seaberry extract

on carbacol-induced contraction of bladder smooth muscle and
TGF-B-induced contraction of collagen gel containing bladder smooth
muscle cells. J Funct Foods. 2017,31:152-9.

Singh CK, Liu X, Ahmad N. Resveratrol, in its natural combination in
whole grape, for health promotion and disease management. Ann NY
Acad Sci. 2015;1348:150-60.

Song GQ, Sink KC. Blueberry (Vaccinium corymbosum L.). Methods Mol
Biol. 2006;344:263-72.

Song, Li NC, Wang XF, Ma LL, Wan B, Hong BF, Na YQ. Clinical study of
Eviprostat for the treatment of benign prostatic hyperplasia. Zhonghua
Nan Ke Xue. 2005;11:674-6.

Springob K, Kutchan TM. Introduction to the different classes of natural
products. In: Osbourn AE, Lanzotti V, editors. Plant-derived natural
products: synthesis, function, and application. New York: Springer US;
2009. p. 3-50.

Steers WD. Pathophysiology of overactive bladder and urge urinary
incontinence. Rev Urol. 2002;4(Suppl 4):57-s18.

Sugaya K, Nishijima S, Kadekawa K, Noguchi K, Woo JT, Yamamoto H,
Matsumoto S. Vanilla scent reduces frequency of urination in urethane-
anesthetized rats. LUTS Lower Urinary Tract Symptoms. 2021;13:189-93.
SuzukiT, Otsuka A, Ito Y, Yamada S, Miyake H, Ozono S. Isosamidin,

an extract of Peucedanum japonicum, inhibits phenylephrine-
mediated contractions of the human prostate in vitro. Phytother Res.
2018;32:949-52.

Takara T, Yamamoto K, Suzuki N, Shimoda H. Seaberry extract with
ursolic acid improves anxiety about urinary dysfunction in Japanese
adults. Funct Foods Health Dis. 2017,7:901-22.

141.

142.

143.

144.

147.

148.

149.

150.

151.

152.

154.

156.

157.

Page 34 of 35

Takasu T, Ukai M, Sato S, Matsui T, Nagase |, Maruyama T, Sasamata M,
Miyata K, Uchida H, Yamaguchi O. Effect of (R)-2-(2-aminothiazol-4-
y)-4-{2-[(2-hydroxy-2-phenylethyl)aminolethyl} acetanilide (YM178),

a novel selective beta3-adrenoceptor agonist, on bladder function. J
Pharmacol Exp Ther. 2007;321:642-7.

Thiagamoorthy G, Cardozo L, Robinson D. Current and future
pharmacotherapy for treating overactive bladder. Expert Opin
Pharmacother. 2016;17:1317-25.

Tomczyk M, Latté KP. Potentilla—a review of its phytochemical and
pharmacological profile. J Ethnopharmacol. 2009;122:184-204.

Tong YC, Cheng JT, Wan WC. Effects of Ba-Wei-Die-Huang-Wan on the
cholinergic function and protein expression of M2 muscarinic receptor
of the urinary bladder in diabetic rats. Neurosci Lett. 2002;330:21-4.
Tsai WH, Wu CH, Cheng CH, Chien CT. Ba-Wei-Di-Huang-Wan through
its active ingredient loganin counteracts substance P-enhanced NF-kB/
ICAM-1 signaling in rats with bladder hyperactivity. Neurourol Urodyn.
2016;35:771-9.

Ueno M, Minagawa T, Saito T, Imamura T, Nagai T, Ogawa T, Ishizuka

O. Therapeutic effects of Choreito, a traditional Japanese (Kampo)
medicine, on detrusor overactivity induced by acetic acid in rats. Low
Urin Tract Symptoms. 2020;12:198-205.

Valeri A, Fiorenzani P, Rossi R, Aloisi AM, Valoti M, Pessina F. The soy
phytoestrogens genistein and daidzein as neuroprotective agents
against anoxia-glucopenia and reperfusion damage in rat urinary
bladder. Pharmacol Res. 2012;66:309-16.

Vecchioli-Scaldazza C, Morosetti C, Maruccia S, Casellato S, Rociola

W, llliano E, Garofalo F. A randomized, multicenter, controlled study,
comparing efficacy and safety of a new complementary and alternative
medicine (CAM) versus Solifenacin Succinate in women with overactive
bladder syndrome. Arch Ital Urol Androl. 2017;89:296-300.

Wade DT, Makela P, Robson P, House H, Bateman C. Do cannabis-based
medicinal extracts have general or specific effects on symptoms in
multiple sclerosis? A double-blind, randomized, placebo-controlled
study on 160 patients. Mult Scler. 2004;10:434-41.

Wagg A, Staskin D, Engel E, Herschorn S, Kristy RM, Schermer CR.
Efficacy, safety, and tolerability of mirabegron in patients aged >65yr
with overactive bladder wet: a phase IV, double-blind, randomised,
placebo-controlled study (PILLAR). Eur Urol. 2020;77:211-20.

Wang J, Lian DW, Yang XF, Xu YF, Chen FJ, Lin WJ, Wang R, Tang LY, Ren
WK, Fu LJ, Huang P, Cao HY. Suo Quan Wan protects mouse from early
diabetic bladder dysfunction by mediating motor protein myosin va
and transporter protein SLC17A9. Front Pharmacol. 2019;10:552.
Wagas MK, Akhtar N, Mustafa R, Jamshaid M, Khan HM, Murtaza G.
Dermatological and cosmeceutical benefits of Glycine max (soybean)
and its active components. Acta Pol Pharm. 2015;72:3-11.

Willis-Gray MG, Dieter AA, Geller EJ. Evaluation and management

of overactive bladder: strategies for optimizing care. Res Rep Urol.
2016;8:113-22.

Wilt TJ, Ishani A, Stark G, MacDonald R, Lau J, Mulrow C. Saw palmetto
extracts for treatment of benign prostatic hyperplasia: a systematic
review. JAMA. 1998;280:1604-9.

Wong SY, Lau WW, Leung PC, Leung JC, Woo J. The association between
isoflavone and lower urinary tract symptoms in elderly men. Br J Nutr.
2007;98:1237-42.

Wrébel A, Juszczak K, Adamowicz J, Drewa T, Dudka J. The influence

of Potentilla chinensis aqueous extract on urinary bladder function

in retinyl acetate-induced detrusor overactivity in rats. Biomed
Pharmacother. 2020;132: 110861.

WuY, Xiao S, Qi J, Gong Y, Li K. Pseudomonas fluorescens BsEB-1: an
endophytic bacterium isolated from the root of Bletilla striata that can
promote its growth. Plant Signal Behav. 2022;17:2100626.

Wu YH, Chueh KS, Chuang SM, Long CY, Lu JH, Juan YS. Bladder
hyperactivity induced by oxidative stress and bladder ischemia:

a review of treatment strategies with antioxidants. Int J Mol Sci.
2021;22:6014.

Xiao DD, Lv JW, Xie X, Jin XW, Lu MJ, Shao Y. The combination of herbal
medicine Weng-li-tong with Tolterodine may be better than Tolterodine
alone in the treatment of overactive bladder in women: a randomized
placebo-controlled prospective trial. BMC Urol. 2016;16:49.



Chen et al. Chinese Medicine (2024) 19:56

160.

161.

162.

163.

164.

165.

167.

168.

169.

170.

171.

172.

173.

175.

Xu YF, Liang ZJ, Kuang ZJ, Chen JJ, Wu J, Lu XE, Jiang WW, Fan PL, Tang
LY, Li YT, Huang P, Cao HY. Effect of Suo Quan Wan on the bladder
function of aging rats based on the B-adrenoceptor. Exp Ther Med.
2017;13:3424-32.

Yagi H, Nishio K, Sato R, Arai G, Soh S, Okada H. Clinical efficacy and
tolerability of Gosha-jinki-gan, a Japanese traditional herbal medicine,
for nocturia. J Tradit Complement Med. 2016;6:126-9.

Yamada S, Shirai M, Ono K, Kageyama S. Beneficial effects of saw
palmetto fruit extract on urinary symptoms in japanese female subjects
by a multicenter, randomized, double-blind, placebo-controlled study.
Nutrients. 2022;14:1190.

Yamaguchi O. Beta3-adrenoceptors in human detrusor muscle. Urology.

2002;59:25-9.

Yamamichi F, Shigemura K, Behnsawy HM, Yamashita M, Shirakawa

T, Fujisawa M. Beta-3 adrenergic receptors could be significant
factors for overactive bladder-related symptoms. Int J Clin Exp Pathol.
2015;8:11863-70.

Yamanishi T, Chapple CR, Chess-Williams R. Which muscarinic receptor
is important in the bladder? World J Urol. 2001;19:299-306.

Yoshida A, Fujino T, Maruyama S, Ito Y, Taki Y, Yamada S. The forefront
for novel therapeutic agents based on the pathophysiology of lower
urinary tract dysfunction: bladder selectivity based on in vivo drug-
receptor binding characteristics of antimuscarinic agents for treatment
of overactive bladder. J Pharmacol Sci. 2010;112:142-50.

YuY, Jiang J, He Y, Wang W, Shen C, Yang B. Resveratrol improves
urinary dysfunction in rats with chronic prostatitis and suppresses the
activity of the stem cell factor/c-Kit signaling pathway. Mol Med Rep.
2017;16:1395-400.

YuanY, Tan YF, Xu P, Li H, Li YH, Chen WY, Zhang JQ, Chen F, Huang

GJ. Izalpinin from fruits of Alpinia oxyphylla with antagonistic activity
against the rat bladder contractility. Afr J Tradit Complement Altern
Med. 2014;11:120-5.

Zerafatjou N, Amirzargar M, Biglarkhani M, Shobeirian F, Zoghi G.
Pumpkin seed oil (Cucurbita pepo) versus tamsulosin for benign
prostatic hyperplasia symptom relief: a single-blind randomized clinical
trial. BMC Urol. 2021;21:147.

Zhang J,Wu C, Gao L, Du G, Qin X. Astragaloside IV derived from
Astragalus membranaceus: a research review on the pharmacological
effects. Adv Pharmacol. 2020,87:89-112.

Zhang Q, Zhao JJ, Xu J, Feng F, Qu W. Medicinal uses, phytochemistry
and pharmacology of the genus Uncaria. J Ethnopharmacol.
2015;173:48-80.

Zhang X, Ishizuka O, Tanabe T, Satoh T, Nakayama T, Imamura T,
Nishizawa O. Effects of goshajinkigan (niu-che-sen-gi-wan) for
resiniferatoxin-sensitive afferents on detrusor overactivity induced by
acetic acid in conscious rats. Am J Chin Med. 2006;34:285-93.

Zhang X, Ouyang JZ, Zhang YS, Tayalla B, Zhou XC, Zhou SW. Effect

of the extracts of pumpkin seeds on the urodynamics of rabbits: an
experimental study. J Tongji Med Univ. 1994;14:235-8.

ZhengY,Ren W, Zhang L, Zhang Y, Liu D, Liu Y. A review of the
pharmacological action of astragalus polysaccharide. Front Pharmacol.
2020;11:349.

Zhou X, Lam WP, Tang HC, Koon CM, Cheng L, Lau CB, Liang W, Leung
PC. Effects of Gegen (Puerariae lobatae Radix) water extract on
improving detrusor overactivity in spontaneously hypertensive rats.
Phytomedicine. 2016;23:672-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 35 of 35



	Medicinal plants and natural products for treating overactive bladder
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Pathophysiology of OAB
	Current treatments for OAB
	New drug targets for OAB treatment
	Medicinal plants and natural products for OAB treatment
	Single-herb medications for OAB treatment
	Alpinia oxyphylla
	Artemisia monosperma (Wormwood)
	Artemisia vulgaris
	Aspalathus linaeris
	Astragalus membranaceus (Huangqi)
	Bletilla striata
	Bridelia ferruginea
	Bryophyllum pinnatum
	Camellia sinensis (Green tea)
	Cananga odorata
	Cannabis sativa
	Capsicum annuum (Chili pepper)
	Citrus depressa
	Cucurbita pepo (Pumpkin)
	Cyclotrichium niveum
	Euphorbia resinifera (Resin spurge)
	Galium aparine
	Ganoderma lucidum
	Glycine max (Soybean)
	Hippophae rhamnoides (Searberry)
	Hypericum perforatum
	Perilla frutescens
	Peucedanum japonicum
	Potentilla chinensis
	Puerariae lobatae (Gegen)
	Rhois aromatica
	Salvia cinnabarina
	Serenoa repens (Saw palmetto)
	Silybum marianum
	Solanum lycopersicum (Saladette tomato)
	Solidaginis virgaurea
	Uncariae Ramulus Cum Uncis
	Vaccinium corymbosum (Blueberry)
	Vanilla planifolia
	Vitis vinifera (Grape)
	Zea mays (Cornsilk)

	Herbal formulations for OAB treatment
	TCM formulations
	Bu-Zhong-Yi-Qi-Tang 
	Ba-Wei-Di-Huang-Wan (Hachi-mi-jio-gan) 
	Fangjihuangqi Tang 
	Ji‐Sheng‐Shen‐Qi‐Wan (Gosha-jinki-gan) 
	Modified Ojayeonjonghwan (Wuzi Yanzong Wan) 
	Sang-Piao-Xiao-San (Mantis Formula) 
	Suo-Quan-Wan 
	Wenglitong capsule 

	Non-TCM formulations
	Choreito (CRT) 
	Eviprostat 
	Granu Fink femina 
	Kubiker 
	Urox 



	Discussion and conclusion
	Acknowledgements
	References


