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Sophora flavescens Extracts Have Therapeutic Effects on Overactive Bladder 

Syndrome by Potentiation of Large-Conductance Calcium-Activated 

Potassium Channel
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Abstract – Sophora flavescens Ait. (Fabaceae) is a medicinal plant widely founded in Northeast Asia, and its
dried root (Kushen) has been used as a traditional Chinese herbal medicine. The therapeutic effects of Kushen in
micturition disorder was not investigated comprehensively yet. In the present study, we examined and compared
the efficacy of three batches of Kushen extract using different ethanol content through an in vitro cell-based
assay. Among them, we chose the batch with the highest efficacy and augmented the volume of extract for
industrial purpose. The bulk extract was examined in its efficacy in the in vitro cell-based assay, and the
therapeutic effects through an in vivo behavioral assay of OAB rats. The main components of the extracts were
analyzed by liquid chromatography. Cytotoxicity of the extracts was investigated by MTT assay. The overall
efficacy of the extract was as much as, or more than, kurarinone, a potent BKCa channel activator. Thus, the
extract was a potent relaxant of urinary smooth muscle by upregulating the activity of BKCa channel. The Kushen
extract could be explored as an alternative medicine against overactive bladder patients indicating severe
dysfunction of BKCa channel.
Keywords – Sophora flavescens, Kushen, BKCa channel, channel activator, channel modulator, overactive bladder
syndrome

Introduction

The large-conductance calcium-activated potassium

channel (BKCa channel), also called Maxi-K or Slo1, is a

family of K+ channels activated by membrane depolari-

zation and an increase of intracellular Ca2+ concentra-

tion.1-3 When the channels open, potassium ions flow out

rapidly and membrane hyperpolarization is induced.4,5

This channel is related to various physiological processes

including neural excitability, the release of hormone and

neurotransmitter, innate immunity, and smooth muscle

tone.6-8 In particular, it plays critical roles in the main-

tenance of the resting membrane potential and the phasic

relaxation in urinary bladder smooth muscle (UBSM).9

When the BKCa channel expression level was down-

regulated, the UBSM appeared a hyper-contractility10

which is called overactive bladder (OAB). OAB patients

are living under constant stress due to their sensitive

bladder that contracts frequently before filling up with

urine.11 Meanwhile, activation of the BKCa channel decreased

UBSM excitability in guinea pigs by an endogenous

ligand, testosterone.12 For these reasons, the BKCa channel

has emerged as a novel therapeutic target against OAB

and its chemical activators have been reported actively.13

In our previous report, several flavonoids, a class of plant

metabolites, isolated from the roots of Sophora flavescens

Aiton (Fabaceae) significantly increased the activity of

the BKCa channel.15,16

S. flavescens Ait. is a medicinal plant widely founded
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in Northeast Asia. Its root (Kushen, 苦参) has been used

as a traditional Chinese herbal medicine for over a

thousand years to relieve fever and skin-itching. So far,

181 bioactive compounds have been identified from

Kushen, among them, alkaloids and flavonoids are the

major two chemical groups.17 Recent studies reported that

the bioactive compounds induce estrogenic, anti-tumor

and hepatoprotective effects.18-20 Although the novel

therapeutic effects, Kushen has the challenge to be

utilized as a medicine for the specified use due to its

complex composition. The bioactive compounds need lots

of costs to be isolated with high purity or synthesized due

to its structural complexity. In addition to the difficulty of

quality control, Kushen has potential toxicity in rabbits,

frogs, and mice at an excessive dosage induced by some

toxic alkaloid components.17

Herein, we wanted to validate the efficacy of Kushen

crude extracts on BKCa channel activity. We optimized the

extraction method using ethanol (EtOH) fraction to increase

the content of flavonoids presenting the potentiation effect

on BKCa channel while decreasing cytotoxicity. We wanted

to compare the effects of Kushen extracts on BKCa channel

activity to those of kurarinone, the major BKCa channel

activator among Kushen flavonoids,15 through an in vitro

cell-based assay. Furthermore, the major flavonoid com-

ponents were analyzed through high-performance liquid

chromatography (HPLC) and the therapeutic effects on the

voiding behavior of OAB rats were verified.

Experimental

General Experimental Procedures – Dimethyl sulfoxide

(DMSO) was purchased from MilliporeSigma (Germany).

Dextrin used to increase the volume of the extract was

purchased from Samyang Corporation (South Korea), and

food grade EtOH used as the extraction solvent was from

Duksan company (South Korea). Geneticin was purchased

from Gibco (USA). FluxORTM potassium channel assay

kit was purchased from Invitrogen (USA). FlexStation3

multimode microplate reader and SoftMax Pro was

purchased from Molecular Devices (USA). Xenopus laevis

(KXRCR000001) were obtained from the Korean Xenopus

Resource Center for Research. Axopatch 200B amplifier,

Digidata 1200A and Clampex 8.0 was purchased from

Molecular Devices(USA). Origin 9.1 was purchased from

OriginLab (USA).

Plant Materials – S. flavescens Ait. for the manufacture

of the Kushen extracts was cultivated in Jinju, Gyeong-

sangnam-do (May, 2018), and only the dried root part was

used.

Analytical Marker – Kurarinone standard (purity:  98%

by HPLC) used for the analytical marker was purchased

from Sigma-Aldrich (USA).

EtOH Extraction – For research in the laboratory

(small scale), the dried roots (170 g each) were extracted

with a 10-fold volume of water for 2 hours at 75 oC, then

the water extract was removed. The residue was extracted

with 10%, 20% and 30%(v/v) EtOH, respectively, for 5

hours at 75 oC. The extracts were evaporated and dried

under vacuum condition. After drying, the 10%, 20% and

30% EtOH extracts (powder), respectively, were obtained.

For bulk extraction, 400 kg of dried root was extracted

with 10-fold volume of water for 2 hours at 75 oC, and

then the extract was removed. The remaining residue was

extracted with 30%(v/v) EtOH for 5 hours at 75 oC, and

dextrin was added to the extract and mixed. This extract

was concentrated and dried, then the final product was

produced.

HPLC Analysis – For the analysis using HPLC, water

and acetonitrile of Samchun Pure Chemicals (South

Korea) and trifluoroacetic acid of Alfa Aesar (France)

were used. The chromatographic experiments were per-

formed using HPLC system (1525 μ Binary pump with a

2996 PDA detector, Waters, USA). The analytical column

was a Shim-pack GIS C18 (5 μm, 4.6 × 250 mm, Shimadzu,

Japan) and mobile phase was mixture of mobile phase A

(0.1% trifluoroacetic acid in water) and B (0.1% trifluo-

roacetic acid in acetonitrile). Elution was performed with

a linear gradient of mobile phase A and B under the

following conditions: 0→50 min, 20% B→70% B;

50→51 min, 70% B→95% B; 51→55 min, 95% B;

55→56 min, 95% B→20% B and 56→62 min, 20% B.

The flow rate was 1.0 mL/min with an injection volume

of 30 μL, and detection was performed at UV 280 nm.

MS2 Analysis – To identify each peak of the chromato-

gram, MS2 spectra were obtained through each peak

fraction. For the MS2 analysis, an ESI-MS/MS system

(AB SCIEX 3200 QTRAP MS/MS, Applied Biosystems,

USA) was used. Each peak was quantified in Product Ion

(MS2) mode in positive or negative mode.

Cell-Based Fluorescence Assay – AD 293 cells, a

derivative of the commonly used HEK 293 cell line,

stably expressing mutant human BKCa channels (hSlo

G803D/N806K)21 were maintained in Dulbecco’s Modified

Eagle medium supplemented with 10% fetal bovine

serum and selected with geneticin (1 mg/mL). The

FluxORTM potassium channel assay, a cell-based fluorescence

measurement, was used to analyze BKCa channel activity.

The experimental procedure followed the manufacturer’s

recommendation. FlexStation3 multimode microplate reader
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and SoftMax Pro were used to measure fluorescence. The

excitation and emission wavelengths were set to 485 nm

and 528 nm respectively. Fluorescence signals were

acquired every 2 s for 150 s and normalized into the

relative fluorescence unit (RFU). The initial increase of

RFU was measured during first 4 s after channel stimulation.

Voiding Behavior Assay in Rats – Spontaneously

hypertensive rats (SHRs), an OAB animal model, were

used for the voiding behavior assay.15,22 Male animals

weighing 300~350 g were used. Animals were deprived

of food and water for overnight and randomly separated

into the control group and test group. All animals were

orally administered test materials in several dosages in 5

mL of distilled water (5% DMSO and 5% Tween-80) per

kg twice between 12 h interval. Afterward, animals were

placed in an individual metabolic cage and had free

access to saline solution. The number of urination and the

urine volume were observed for 20 h after the first

administration.

Statistical analysis – Data were presented as means ±

SEM for the indicated number of independently performed

experiments. Statistical significance (p < 0.05) was assessed

by Student's t-test for the cell-based fluorescence assay,

two-way ANOVA for time trace measurement of the

behavioral test, and one-way ANOVA for 6 h measure-

ment of the behavioral test. Dunnett test was used as post-

hoc analysis.

Ethics in Animal Experimentation – All animal

experiments were conducted with approval from the

Institutional Animal Care and Use Committee of Sahmyook

University (SYUIACUC2017-020, Korea). All procedures

met the requirements of the Guide for the Care and Use

of Laboratory Animals by National Institutes of Health

(NIH No. 85–23, rev.1985).

Fig. 1. Comparison of the 10%, 20%, 30% EtOH extracts of their potentiation effects on BKCa channel in a cell-based fluorescence assay.

The change in fluorescence (RFU) over time upon treatment of the 10% EtOH (A), 20% EtOH (B), and 30% EtOH (C) extracts in
various concentration were represented. The initial increase of RFU were quantified during 4 s after stimulation (D). Each dot or bar
represents mean ± S.E.M. * p < 0.05, ** p < 0.01, *** p < 0.001 compared to vehicle group (n = 3).
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Results and Discussion

To obtain the natural flavonoids, we extracted Kushen

with 10%, 20% and 30% EtOH, respectively. Before the

EtOH extraction, Kushen was pre-treated with hot water

to remove other hydrophilic substances and to increase

the content of hydrophobic substances including kurarinone,

a potent flavonoid activator of BKCa channel.15 We analyzed

the amount of kurarinone in each extract as an active

component using HPLC. The kurarinone contents are 9.0

± 0.04 mg/g in 10% EtOH extract, 17.8 ± 0.02 mg/g in

20% EtOH extract, and 45.7 ± 0.70 mg/g in 30% EtOH

extract (Table 1). Extraction using 30% EtOH was most

efficient to obtain kurarinone based on its yield. We tested

the efficacy of Kushen extracts on BKCa channel activity

through a cell-based fluorescence assay. All of the extracts

increased the ion flux (RFU) in a concentration-dependent

manner (Fig. 1A~C). Significant increase in RFU appeared

from 300 μg/mL of the 10% EtOH extract, and from 100

μg/mL of the 20%, 30% EtOH extract. Due to the cytoto-

xicity of the extracts at higher concentration (Supplementary

data), however, the RFU actually decreased at 500 μg/mL.

At the same concentration (100 μg/mL), ΔRFU was the

highest of the 30% EtOH extract (Fig. 1D). Thus, the

30% EtOH extraction was the most efficient method to

obtain kurarinone and to potentiate the BKCa channel activity.

Next, we augmented the volume of the Kushen extract

through 30% EtOH extraction for industrial purpose. The

bulk extract was made from 400 kg of the dried roots and

obtained in approximately 60 kg. The kurarinone content

was analyzed through HPLC and the bulk extract

contained 20.0 ± 0.02 mg/g of kurarinone (Table 1). The

efficacy was examined by the cell-based fluorescence

assay. The bulk extract also increased RFU in a con-

centration-dependent manner and paxilline, a specific K+

channel inhibitor decreased this potentiation. The efficacy

was saturated from 300 μg/ml (Fig. 2), that is in the non-

toxic range of concentration based on MTT assay

(Supplementary data). Unexpectedly, efficacy of the bulk

extract was much higher than other previous extracts

(10%, 20%, and 30% EtOH extract in small scale) at the

same concentration (Fig. 3). Furthermore, we compared

the efficacy of the extracts to that of kurarinone, in a

corresponding range of concentration. The estimated

Table 1. Kurarinone contents of the Kushen extracts

10% EtOH extract 20% EtOH extract 30% EtOH extract Bulk extract

Kurarinone amount in 1 g of Kushen raw 
material (mg)

4.7 ± 0.02

Kurarinone content in dried extract powder 
(mg/g)

9.0 ± 0.04 17.8 ± 0.02 45.7 ± 0.70 20.0 ± 0.02

Kurarinone (MW: 438.51) concentration in 
100 μg/mL of extract (μM)

2.1 4.1 10.4 4.6

Fig. 2. The potentiation effects of the bulk extract on BKCa

channel in a cell-based fluorescence assay.

A. The change in fluorescence (RFU) over time upon treatment
of the bulk extract in various concentration and with 1 μM of
paxilline. The initial increase of RFU were quantified during 4 s
after stimulation (B). Each dot or bar represents mean ± S.E.M. *
p < 0.05, ** p < 0.01, *** p < 0.001 compared to vehicle group
(n = 3).
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concentration of kurarinone (MW: 438.51) in the extracts

is 2.1, 4.1, 10.4, and 4.6 μM respectively for the 10%,

20%, 30% EtOH extract in small scale, and the bulk

extract at 100 μg/mL (Table 1). However, the efficacy

was much higher than those of kurarinone at the

corresponding concentration (Fig. 3). Especially, although

the bulk extract contained only 4.6 μM of kurarinone, the

efficacy was much higher than that of 10 μM kurarinone.

It is possibly due to any other flavonoids extracted together

with kurarinone during the augmentation process. When

we compared the major HPLC peaks of the bulk extract

with references,23,24 not only kurarinone, 14 more flavonoids

were identified through their ESI-MS2 spectra (Fig. 4 and

Table 2). Among them, 7,4΄-Dihydroxy-5-methoxy-8-(γ,

γ-dimethylallyl)-flavanone, Kushenol C and Kuraridine

were previously reported to have mild potentiating effects

on the BKCa channel.16 In addition, we compared the

efficacy of the extracts to that of other BKCa channel

activators, Rottlerin and NS11021, as positive controls.25,26

Although Rottlerin and NS11021 showed significant

increase of RFU, the bulk extract at 100 μg/mL had much

higher efficacy than the activators at 5 μM (Fig. 3C, 3D).

Based on the cell-based assay, we confirmed the

efficacy of the bulk extract in an in vivo behavior test of

OAB rats, SHRs, representing a frequent voiding behavior.

The bulk extract was administrated orally and the voiding

behavior was observed in a metabolic cage. In order to

determine the daily dosage of the extracts, we performed

Fig. 3. Comparison of the 10%, 20%, 30% EtOH, bulk extracts, kurarinone, and other BKCa activators of their potentiation effects on
BKCa channel in a cell-based fluorescence assay.

A. The change in fluorescence (RFU) over time upon treatment of the 10%, 20%, 30% EtOH, bulk extract at 100 μg/mL and kurarinone
at 3~30 μM. The initial increase of RFU were quantified during 4 s after stimulation (B) and compared with other BKCa activators,
Rottlerin and NS11021 (C, D). Each dot or bar represents mean ± S.E.M. * p < 0.05, ** p < 0.01, *** p < 0.001 compared to vehicle
group (n = 3).
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the preliminary experiments with once daily adminis-

tration of 25-200 mg/kg of the extract (data were not

shown). Then, we designed the present experiment to

monitor the effects of repeated administration with low

dosage for longer experimental time. The dosage range

was set to 25-100 mg/kg in twice daily with 12 h interval

based on our preliminary results. The number of urination

and the urine volume was measured by a scale for 20 h

(Fig. 5A). As a result, the bulk extract decreased the

number of urination in a dose-dependent manner (Fig. 5B

and D) but did not affect the urine volume significantly

(Fig. 5C and E). There was a significant effect on urine

frequency after 6 h at 100 mg/kg dosage, and this effect

was persistent to 20 h. At 6 h after administration, the

number of urination was decreased from 9.8 times (vehicle)

to 4.2 times upon 100 mg/kg of the bulk extract (Fig. 6D).

Thus, the bulk extract had significant mitigating effects on

the frequent voiding behavior of OAB rats.

In our previous studies, we reported the direct activation

of BKCa channel by 6 flavonoids isolated from Kushen

and provided the potentials of these flavonoids as smooth

muscle relaxants.15,16 Since it is challenging to purify or to

synthesize these flavonoids individually with high purity,

we designed a simple method to extract the compounds,

especially focusing on kurarinone, directly from Kushen

using EtOH meanwhile reducing other hydrophilic com-

ponents. Increase of EtOH percentage during extraction

brought increase of kurarinone content together with the

efficacy of extracts. We set the concentration of EtOH for

bulk scale extraction at 30% mainly due to the safety

issues and the consideration for industrial application.

When we utilized this method on a manufacture of bulk

scale, the content of kurarinone was lowered due to

Table 2. HPLC peak profile of the bulk extract

Peak Retention time m/z [M+H]+ / [M-H]- Identification

1 13.3 min 563.0 ([M+H]+) Kushenol O

2 18.3 min 284.9 ([M+H]+) Trifolirhizin

3 19.9 min 284.8 ([M+H]+) 3,7-Dihydroxy-4-methoxy-isoflavone (Calycosin)

4 24.8 min 271.0 ([M+H]+) Genistein

5 25.7 min 371.0 ([M+H]+) Sophoraisoflavanone A

6 29.0 min 268.7 ([M+H]+) Formononetin

7 30.0 min 355.2 ([M+H]+) 7,4-Dihydroxy-5-methoxy-8-(γ, γ-dimethylallyl)-flavanone

8 31.4 min 285.0 ([M+H]+) Maackiain

9 33.0 min 455.1 ([M+H]+) Kushenol I / Kushenol N

Kurarinone 35.5 min 439.1 ([M+H]+) Kurarinone

10 40.8 min
453.1 ([M+H]+) 2'-Methoxykurarinone

439.1 ([M+H]+) Kushenol C

11 42.0 min 425.1 ([M+H]+) Sophoraflavanone G

12 50.3 min 423.1 ([M-H]-) Kushenol E

13 51.0 min 437.2 ([M-H]-) Kuraridine

Fig. 4. HPLC chromatogram of Kushen extracts and kurarinone.

A. The reference chromatogram of kurarinone. Kurarinone peak
was identified at 35.5 min.

B. The chromatogram of the bulk extract. Kurarinone component
was identified based on the retention times of reference
compound approximately 35.5 min and 13 other peaks were
detected.
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dextrin added for industrial purpose. However, the efficacy

was much higher than previous extracts and kurarinone at

the corresponding concentration. It was possibly due to

another flavonoid that potentiates BKCa channel activity

extracted together from Kushen. Moreover, the bulk

extract appeared significant effects on the voiding behavior

of OAB rats through oral administration for a few hours.

Pharmacological effects of Kushen flavonoids were

reported previously in several different contexts. Many

flavonoids show antibacterial and antitumor effects with

varying potency.17 Among the flavonoids in the Kushen

extract (Table 1), Maackiain was reported to have an

inhibitory effect on neuraminidase of influenza virus

(IC50 at 3.2 μM).27 Kushenol C has a potent inhibitory

Fig. 5. Effects of the bulk extract on the voiding behavior of OAB rats.

A. The representative trace of accumulated urine volume of SHRs upon the bulk extract administration for 20 h. The bulk extract was
orally administrated twice at 0 h and 12 h. The point of increment of urine volume was measured as urination. The number of urination
(B) and the total urine volume (C) were accumulated and represented at 3 h, 6 h, 12 h, and 20 h as a line graph. At 6 h after the first
administration, the number of urination (D) and the total urine volume (E) were represented as a bar graph. Each dot or bar represents
mean ± S.E.M. * p < 0.05, ** p < 0.01, *** p < 0.001 compared to vehicle group (n = 4~5).
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effect on human recombinant androgen receptor (IC50 of

0.85 μM).28 Various cellular effects of 2'-Methoxykurarinone

were reported, PPARα activation effect (EC50 of 11.1

μM),29 β-secretase inhibitory effect (IC50 of 6.7 μM),30

and aldose reductase inhibitory effect (IC50 of 3.77 μM).28

Sophoraflavanone G also shows various cellular functions,

PLCγ1 inhibitory effect (IC50 of 8.2 μM),31 β-secretase

inhibitory effect (IC50 of 5.2 μM),30 and tyrosinase inhi-

bitory effect (IC50 of 6.6 μM).32 Further study is required

to validate the therapeutic applicability and the potential

side-effects of Kushen extract. Based on the efficacy in

the in vitro assay with the lower cytotoxicity, and the

efficacy in the in vivo assay presented in this study, the

Kushen extract can be developed as novel nutrient

supplements or herbal medicine against OAB with severe

BKCa dysfunctions.
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