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(57) Abstract: The present invention relates to a composition capable of activating BK ¢, channels, containing an extract of Sophora
Aavescens as an active ingredient. The composition of the present invention can effectively activate BK ¢, channels and can be used
in the prevention or treatment of various diseases caused by an inactivation or an activation decrease of BK ¢, channels.
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ol WA BKCA A €438 24 E

4H(Sophora flavescens) F& = 2
S} A1 4= 9= A =0 #gk Aol

T AEE Ca-254 KA E(BKe, A )2 2 = BU/E= A Z W Cazol
oaf €443} ¥ a1, K+ o] 28 M X vhe 7R A e S 2 71 TH(Cui et al. 2009;
Yang et al. 2015). BK¢, Al €2 v} BFQl o] 534 A 3 (excitable cell) 2
H] &5 A1 A ¥ (nonexcitable cell)ol| 4] d&] @&l =™, A A AL EA HPg(Raffaelh
et al. 2006), 38 &% 2] 4= (Brenner et al. 2000; Herrera et al. 2000), 2 =714 3l &
] & (Meredith et al. 2006)2 EZ3§18}= 2 Q3 Al ]84 3 o] 40
HAAF T BKe, AL 9] 7] 54 ol = -4 (epllepsy)(Lorenz et al. 2007; Du et al.
2005), 27| F-# (erectile dysfunction)(Werner et al. 2005) X 2714
1k (overactive bladder; OAB)(Meredith et al. 2004)3} -2 22 Ao 219107
el A

OAB+= dubd o2 Z7lw v = W A ZEHIE & zH= @ o d Uhurinary
urgency) 2] E Aol 9 &l 57 %] 2] X th(Cerruto et al. 2012). OAB% oF 17%2] A Ht

AA QT A R oA Bl Gk v, A8 1 8 F7HEHH(Coyne et
al. 2013). &} F 227 A, = 3-2F-8 9F&(mixed-action drug) ¥ p-ol =@ €™
FEA A E sk, Hd e e YA E E B E 8= OABel o ¢
E5 o @ Zef A7} 9lth(Abraham et al. 2015). H] 3 OAB X &.2] 41 0]
b ok sto] Xk, RAg F A ks aso] AU e
A (long-term compliance problem)$] ¢ 91| ¥ T(Jayarajan et al. 2013). 12 T
2 o =2 w33 3 gk (urinary bladder smooth muscle; UBSM)E EFIE 3}3_’
tgo] A& OABOﬂ o gk Al x| &84 A X 7F A7 8 -E T OABY
} 1-?_/\1-1 o] ;q = tﬂx% Elr;q] oﬂ}q H]—?Jr K+ ;zH vo xq 01/\1— N k3| oﬂ}q =
7FeAL R, ey ;q:Ly;};qL olA}A o 7 A K+ Ald o A4 e
IMA A= A2~ 3 2352 A T (Andersson et al. 2013).

BKc, A E-2 7 el st o =2 S a3t K+ A d 59 shitolar, A7 2
A o)l A 2] UBSM 7|52 24 3t} (Petkov et al. 2014). BKc, 3 €2 UBSMell A
2 ¥ Tl (Hristov et al. 2011). % ¥-=1 2 Al 3 ] Ca2+ .50l 2l &l 5538}
zzl/ké 3El Aol 93, BKe, A Y A 31= obg et A 9l o] §-%] 2 UBSM 454
5 (phasic contraction) & & Uah= A4 &5 A 9o H & A= dHA 9
]H 7FEY Tl So] 49 452 BK, Aol FHAd 2 A1 =%
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3] (contractility) 7FAxol o3l T2k H S drfi= A S BasHS AL, BK,,
A I = 759 W7ol OAB Aol ot = vk Al
H o] = tH(Werner ME et al 2007). 28] 2.2, W21 4] BKc, 7€ 9] 3}381%]
g4 )l o 3 UBSM 93 57} 715510}, A4 BKe, Al 9] @3 84 %)
313t Eo| 15 9o Wt o] 9k F ool thshe] KB o] 9ka1(dela Pena et al. 2009;
Layne et al. 2010; Ahn et al. 2011;La Fuente et al;Park et al. 2014), Tl %-©] OAB
Aol ek X & gl e 24 11 7k Ad o] AAE Y 1Y BKe, A E
g 2ke] 85 2 5 o] E(specificity)i= LE Q] 9734 o] & thgh w-A 24
ol 91 Th(Nardi et al. 2006; Bentzen et al. 2014). 18] L& =2 Eo| & zk1
U U 852 28 A8 BKe, e 244 S =S H a7k v

[6] 2 Dé”ﬂ"ﬂ xdiﬂoﬂ A T =i 2 5 wdo] FxEar 1189
FAE] ATH IGH = H S5 JIA] W& LA EA &
A Aol R Ao o] &obE ) Wobd] R 2 9
W-&o] B} g &stA A E o

[7]

1}
=

o] AL T
&% 74

TAAES A AFE A e ZUHT DAY TUNE 292D

rle

[8]
[9] b, B

[10] g o] v & 54> 2 A (incontinence), 7714

13 (bladder overactivity)
(erectile dysfunction) -7 7|8 7] 25

U‘“‘l OE

E v ZAES A=
ATk

(1] el e 5 g o] Fe shy)e] whedel A A, A THe 2w
DERCRS Rk R =

[12]

[13] e ol med, & iy 1TSS FRAL SR ¥
BKCa A g &7 A|s}-vhed A ef, A8k = Ao ot == A 58 ofA|8H4]

(14 PR A FEE A

[15] HE g 2158 B, 9] 2
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[23]

[24]

[25]

= 2w A E 34 SHcardiovascular disease), H = d=E e A3 FE
2 2 A 3klower urinary tract disorders), 7|37, B-oF L B-ol & AH|, 1+
EEEEL Y

4} &7 = (membrane depolarization)Z} M| E U] Cax 5% 2] T 7F= BK =&

Maxi-K ¥ =2 &2 & A 54 S 712 ZH45-8HA4] §}_t4 TEME

) ' (large-conductance calcium-activated potassium(BKc,) channels)S-
24 s}A] 71 th(Salkoff, et al., 2006; Cui, et al., 2009). %= &+ A d &2 417 A| 3£ 9
=45 (neuronal excitability), 217 A& &2 ¥H], H A x o -5 H

TR A 3ol T3} Z 4 (frequency tuning)ol| Al F8.3F A 2] g4 75 ES

T3 slo] dH A 3 E}(Brenner, et al., 2000; Nelson, et al., 1995; Fettiplace and
Fuchs, 1999). BKc, A € 52 53-8 A (pore-forming) a-A B FH E e} =44
A B 6L E 2 AT BRe, A1 8] o B 6L E i 78] 2 5

S EZ A ¥ (Catterall, 1995) C-2 k-2 K+ A = A (K+ Conductance domain;
RCK) 5=H918 24 3= 270 o] 2HR1IAE £ ez ], o] &2 Al £ Ca

F o] Hb-S-3hi= Al o] E ¥ (gating ring)S & A 3} (Jiang, et al., 2001). BKc,

Ad -2 8], B 59 7d H(coronary artery spasm), 24! 3 (urinary
incontinence) 2 -2 2174 5H4 A= Aol IHA S zhi= X5 B o)
2 4 91 TH(Ghatta, et al., 2006). BKe, A E o] AP vf-f-223=

22 (incontinence), 214 HF g (bladder overactivity) 2 7] *- 7 (erectile
dysfunction) 2 S5 UYEFH & A o] &4 ) 2 (Meredith, et al., 2004;
Werner, et al., 2005)°] & 3|5 A| 7| A} DA 3} A7 02 A 47| AEEE oW
EEAREE T Aol EEA AT e BKe, AE S Vs ol A &5
A Z ZF(cerebellar ataxia) X 2] o] -5 A $H(paroxysmal movement
disorders)S Z#F = 9lthE Ao el 9o, 4] A3k 5o 27284
EAlo] = 4= 9l th(Lee and Cui, 2010). BKc, A 2] A=K F& S

SN 71 RS2 ob/ 0 24 A S o sk A 71tk whebAL, BK,,
Aol BAE A 3= FEA )= B2 A £ T E-A (excitability) S
AEAT T BBEALES NS RN A2 o) HEL FolB 5
3l

G A A o] gof "4l d 7 Z(cardiovascular disease)"-= A4, A v, o

2 Hol d 3t F(vasculature) o] 9 &S 1] X = RS AEHE B

O

= T w1 7o ]
o] &&= AREA QN o=, A = Fabol] S A= AW ES £3HE
o] AAHA e FAT, FHIAT, ol EA TUANE,
SEUAR SY AR S 8 ARLE, B dE A2 s B
S8 A A obg 2 Bobd g4, HES, e AR, 0B 4
i E A S AEN A 9 DU AHE FAT G o] Bl
M Ry AR 2l
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i A
6] Hungel W R 9F /1% AR ) drhkg, A9F, AR EE
A F ] EE RS (ptilosis), A A & F(siderosis), T3 F, %
(byssinosis), A} 2 3 0] = Zx(sarcoidosis), W & &%, #3715, 54
T (acute respiratory distress syndrome; ARDS), =4 3| £=/d-(acute

lung injury; ALD), 54 = A 7234 =4 3 7hAd 5 414 # 2 $H(chronic

A A7) 2] = (wheezy) 71841 9, 715 A opbRbg = A5 ob g, i ThA
& et 713, 71 & Hoekgof ok3), 7 A
HA D FAAEE ] S5 7 AEs L
[27] B Aol gof netit a7 g A Wik,
Zh] = ARl gl oSl & =
CuwhEbA], Boalbg o] s @ 7 A3k wkvlA] vk (overactive bladder),
v, B9 A vk (unstable bladder), W = - 2} A} (detrusor
hyperreflexia), 7-2F4 5 Xc(sensory urgency) 2 Wl #ehsAd o] T4 &2
1A ¥ (urinary bladder), 24 = 7184 @ 2 (urge urinary
incontinence), 2~ E #| 24 Q 2! ¥ (urinary stress incontinence), =% 1l &, ¥l &
7] A 8h(dribbling), i F R/E= 88 T HIER MRE AT HE
7hellobst o 9f 22 H A vlx A4S st sHF 82 A8 4,
TLE AL Wl B/ a9 A TS SR IR, o 8 2 A sk
=

o
=
=%, 971<= ¥ (Parkinson's disease), &

-

o
%
|

I

= 1 Thu ,
L= A a8 236, o]l A X 9= A A SHA &a)ol Awpg
WY = NG e TS g Aok BE S 22 dae A EA 9,
A Fd, WA B S, 2 A5 S o] H A Y (spastic
bladder)& F g2 = SUTh & g o] oWl Fa ool mpE, Fuky el s 2
A Bl g, EobA A W, A RIA vl e, vl T QY (detrusor
instability), W s 2 ZHHEAL, ZHZHA) S, @ A1 71HbA] @ A1 ~E g A4
LA, A7 A4 2 A (relfex urinary incontinence), =& Wl 1z, Wl .= 27| A3}

il 3= Aol (dysuria) 2 7 14 W (spastic bladder)e ¥ g6} A| 7, o] of] 4 ] =
A& ol

[28] B g M| A 2] 8-of 7] A (erectile dysfunction)"-> A 1l g3 of] = H-5H
U715 5V Al sk oA A E21%] 5 A E, o] = W3 A 29
71 ©]“J(endothelial cell dysfunctions)¥} 2 5] &} A A #=] o] At}

[29] g o] BKe, A o] -3 A E A3 Aol = A= B3 Foll(pain
disorders); W& ¢Hof, B-oba-gl 7hubgoll, A3 ¥ 32 5, =38l E-QK(performance

2

anxiety), 2|4 & 2~ E ¥ 2 ol (posttraumatic stress disorder), 54 2~ E 7 2 HE-E-
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[30]

[31]

[32]

[33]

ol (adjustment disorder), 7174 %4 2 /4 4 <ll (hypochondriacal disorder), -2l
ol FEe3EFT H

2()
H

54 ¥ X Z(phobia) - EQFH EQh-7hyd AE]; &
i 2y B RkA A wk2) o) xF A 4] W2} (secondary generalised seizure),
X A}

my 0ot
r> My 2 oo
o

q
Z}(absence seizure), v 7Tl 2F(myoclonic seizure), Ftl 22} (clonic
seizure), 7 2] 22K (tonic seizure), 7 Z] ZFoH ¥F2H(tonic clonicseizure) 2 54
H-ZH(atonic seizure) S 3 &8l 14 -2 (generalised seizure) -2 {HA &
hVA 'o‘]—O]»X] U]— O] oﬂ 6}79 Q = 7/i o

Tl 54 v A Bk =,
tel A7) A B F2 TRk =, @ B ARt ofy g}, A
Al o5 @ X3 Y& A RE, o] g = A& oYt}

Lot 55 = 18-S FHksE Aol 2, o & 5] &4 F 3 (musculoskeletal
pain), % § & %-(post operative pain) ¥ % 5 (surgical pain)Z} £ 4
%_%_; 1{1—/%] (?g %_/Ké %_%_ ]7-] ];H _”_m],ﬂ A~ 31]—14 O 1;_( *ﬂ-XJ Oﬂ) /\] 7:] bﬂ Z/K‘]
T, 22 3 2174 F(post herpetic neura1g1a)

2221 74 ¥ S (trigeminal neuralgia) 2 2747 F-A] &5 (sympathetically

maintained pain)) ¥ &3 AHAH 5L A -Cr’rEL 5 5-%(fibromyalgia) 7} -2 74

1% 4o

ZES, A, 09, o] i

()

T HFEH AAE T (M R A BT B H/EE
™ E <4 (theumatic fever)¥} 22 AHe o] & 2/t = 744,
= F A AH(influenza) == LREA Q1 7H7] o} -8 th & vlol e 2~ Tl 1 A vk
78 2 F B A8 8 18 S B (sprains) R # (strains);
%3 (myositis); 2178 F-(neuralgia); 719 (synovitis); FVFE] 2~ I A& EZ 351
HAA =4 AE e B A ¥4 Z (degenerative joint diseases) ;
F%(gout) Z 7F2 A & 3% (ankylosing spondylitis); 71 93 (tendinitis);
- 23 < (bursitis); 714 (psoriasis), % Xl (eczema), & 2 3] %S (dermatitis) 7
22 93 A A 5 S (sports injuries); 2 T L X3 B o2
o7 ¥ &= &4 B2 &5 2ESHA R o]l g = A& of Tt

g o] ofA| st 2B AR o] 9ol ofA|T A o & § &= HAE
ESgT), g o] oFA A A Eoll 23 E = oA s 07 5] 8y =
HARE AA Aol FH R o) = AR HES HAER S,
FAR SN E, T E, AW, ofgbAlof AL, Q1AL e, V| H ol E, Aetd,
1—1“\}7&/\,“] NEye, AERES B A, Y

g
ru}a
T ox
ox,
12
ol
i
j >
M ru}m
_VE

v d
=5 L 2B EE A 0| E, A
/\Eﬂo}e’* ‘j}lLﬂff A vl LA 55 £33, ol A H = A1
ol & g o] ofA|sHA A =& 3V AR E ol 9 &2A, A,
Al A, #5344, AEA, BEA o= 7R 23 5 vk A g
ofA| st 4 o & 5] -8 % = @A 2 Al A= Remington's Pharmaceutical Sciences (19th
ed., 1995)0l] “AI 8] 7] Al = o] 9}

kg of ofA st A A = 9 Zjl?:l]_:_]__ Fol g Al A 3t I, Fol WhA, 2k

33
ol
HU
I
é
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19 = 0.001-1000 mg/kg(H] )] .
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ddmHE T TR AT

[38] g o] o oo Qloj A, 2w o] A =2 BK, A 9
AEE-HNG-V) A AAE &4 S (negative voltage) WaF o 2 o] F A 71T},
AEE-HAG AAAAE 24 A BT o= oA ZIth= 41& A d o 7
A& P A S EH BK, A E S S48 A7tk A s Ve

[39] 2o o & A YHjo mEW, Uy aaFEES AR
3 g}3= 2 4 i (incontinence), 714 W3 (bladder overactivity) 2 7]
A (erectile dysfunction) 57 7N A8 7154 A% 2= A 33

[40] 2 g ol 715 AlE 2 A F AX A FAA R HUbE = AR S
Egel, o & Eof, @A B s, AW, J A D 2 A E EEgo
oA, B AAE A ZE = A g0l = adi ol 9ol A s dd
GrdtEs FrFAT RN 3 At o & 5o, A ©HestES
T AbFbEfo| (| A, FF A A, TYE Q A %) AL el E (| AT,
BEX FARQ A ) Sl ZeATH ol =AY, 9 2E-,
AZFEUAER 5 W Gda @i, Ade s, A28 E, dgd2d s )&
et Arl A=A A Al A, BF-aE, 2EB ol FE5E 5) B
A Al (A A, A, of 20 E R ) S o] 8 7 AT

[41]
i o] § 7}

[42] + g el 54 R ol & sorshy the Aok

[43] @ 2 FYE A FEFES FaAE o= T3HE BKCa Al Y B4 A3k-ad
A, Agk = A o] o I ARG oA 4] A =& Al TS

[44] (b) ¥ g2 3 A (incontinence), 1A Hl33(bladder overactivity) 2 7]
-7 (erectile dysfunction) 7 7148 7154 A& 2 EE A& gl

[45] () & o 2AES o] 838HH, BKe A= a2 o2 A3 Al
3L, BKe, A 8] 243} He= & A stol] whef WAl ah= oh ke 4ol A,
= vhefst AW ] oW s X5 o] 83 o Aok

[46]
T e A

[47] & M 3E-7|HE S BAS o] 831 70% Al WS 2 FE a4 FEEY

o = © =9 alw =
BKc, Al 2 2 E Hetdit) a4t #5559 BK, A E 24 o = 32
&= ¥ o] BKCa A 2 (G803D/N806K =
-719E & 3 (FluxOR™)- A1 o] o] 83} 31T 10 - 1000 ug/mLe] a4t =25 A 2] A

o
2
o
)
o
i
i
ﬂ
ol
rlr
o>
o
[\
\O
W
7
|

=

g F H3LE A4 &3 §-Yl(relative fluorescence unit, RFU) 2. Z 4] YERH I T}
Aero FEESAY Ad suM HF 52 o] HAE- 4R
$-HHE ] a1, A= B ] (stimulus buffer) S 12039l 3715131 tF. DMSO(1%,
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[48]

[49]

[50]

[51]

[52]

27 A FEEY A QRS Fabg e Ay o] g Asd]
5 5-9E F7HE YERATE P A 0 & Elwl o] BK,, MY S A SHE AD293
ATE e 550 Felg=o s Agsty 32 A= U% 33
Edo]l 25 et 203 Ft 71E A1E A2 Foll, Ti-3H- A= Wi &
A5ttt Al 2SS H| 3 F 24 9 1% DMSO(L) £+ tHE 5529
F-eh2] =(M: 3 uM, @: 5 uM, A: 10 uM, ¥: 30 uM) 9| E A afell A bl Al Z T
AEEE w3 Fohe] =5 uM)# 37 BKe, A'E AFAIS] 24 & (paxilline) 1
uM 2 1 FA ZTH(e). &= 39 B HE 559 Febg] ol A 9] # & RFU
S7Fe Yt ol 2] sKSEM)E YEt Y At 5= Fhefe] =2
sleh 25 Ve

L3 gt FEEY Foby e Gl s E Y 24 S g A34E ek
50 ug/mL¥} 100 pug/mL 2] 70% ol & F&E& 2L 10 =1
™ F-A AL ] E TS ¥ stk 10 uM ekl = v 23 TS
el = a4t FEEY] SR E FRlEsith

547 71X A BKe, A AR Feb] ol o8 74 2 3t E vEbd
BKCa A dell ol & 28 oY 7] thE tholog]-E5-E A& 7 F 05 A
UER St o] AFE-100 mVE] EF-(holding) H o ZHE] 100 mV <]
50-ms 22§} 22 v Z2epe} V]S vk A FE 589 EJAE(100mV A
2 F0.8ms)oll A ATt 72t g A/ Edlo] ~(a-d)i= SRR FAE
FRANENAM ] ARFE vepdth

557 XA BKe, A A7 AF-Ad B AR A B e
Fehel =] 235 vetith =59 A o E Fehe] v F 50 A 9 3 uM[Ca>];
o] 42 BKe, A A2l th3k Edlo] &8 YEHIT o] 2 A2 100-ms A
¥l g A2 §A T A /FE -80 mVell A 200 mV7EA] 10 m
7153FRTh Bf A2 -100 mV AT 5 52 B A EE-AHSNG-V) #HA) 4]
Fed = a5 e Y A s A A-Hd AFEZREH Ao AFe
H 5| Edlo) 29 Ao Aol oall Frraia v 4o 7z 52 v
Fete] = Fhol A o A xS vebdt: v 3] 2(M, n=12), 3 uM(®, n=8), 5
uM(A, n=12), 10 uM(V¥, n=8) & 20 uM(#, n=4). = 5] C3= Avk-F ] ALV,
del Febel o e vebdi e o] A7) 7S5 V9 SEM R
Hg vebdoh 27352 25 59 ol A EE &=7 d(Boltzmann
function)(P=[1/(1+exp{(Vin-V)/k}])E ©]-&38Fo] 3| W gFe=n Al

%6 7 A4 BKCa A 79 @A 8} D v 2 3} Abo] Fetel =9 adE
HERdTE & 69 A W BE HFE(HA) =20 uM e FebE] (3 ) o'
A eie o 243HA) 2 124 3B)Y R Edlo] 2 YEITE 100
mVel X @& Ax Edo] =S5 H| sttt = 62 C E D= UHE 559
Fefe] ol A o] 43t B v 3t A - gl S JEH 7S5 S
H] 3] £ ([, n=12), 3 uM(M, n=8), 5 uM (@, n=12), 10 uM (A, n=8) X 20 uM (®,

=

| M
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[53]

[54]

[55]

n=4)g YELA T A ZFAF 452 Clampfit Z 2 1808 o] 8- X 5= 1.
T (y(0=Aexp(-t/t +O)E ©]-&3to] BE 59 HolE A ES 3 &/ =
Z O ZHE AU

578 & BKe, A e Febg o 535 YT 79 A9] 779
T2 = vE Al A o BKe, A E Y AF A @A e AR VS
Uebdlth A E 3 Ca (T3 Car T 5)E 10uME LGN AL AFE

£ Askel A Fehe] o] Akl H xR V5389 aL, o] o) A Fekel (5
uM) 2] EA St A 71 &3kt Fheke]l = S NS M Lo S gl AT
A4S @A BKe, ALY &3l S vERaL, e 9 S vERd T
L 79 BEdd-AE AR Ao Sk 35 vebdnh A
i (urinary) A F-0Z2 10 uM Al E W Caz g0l A 243}t
FE =(0)] A stoll A Ald AFE Hx2E V)58 H, 5 uM
Fobg] (@)= AE et W d -2 242 75 mV(n=4), 50 mV(n=5), 25
mV(n=5), -25 mV(n=3), @ -50 mV(n=2) t}. L 3= Abo]] A B H Z}
t] o] H & 7}-9-A] ¢F $F9*(Gaussian function)E o] §35}e] € H & X E 72
BB o R RE ATt g Ade] AEEE Ay 3= 9 H
LRI E o] galo] 23Tl & 79 €= v BKe, A E 9 A&
M7 (P 3] Fete]l =9 a5 VeEpdh /I 7HsAd & = 79
Boll Al o} & Edlo]| 2E o] &3t S48t @ BKe, A E o] A=Y
ol &4 i EHE o T7HE Fetgl ol gl A (O 5 uM FrebE] =& A 7 g
AEfel A (@) A 8EaL, 1 dolH EQJEE E =7} 814> (Boltzmann function)(P,
=[1/(1+exp{(Vio-V)/k} Dol & &l | & A Zt} &= 79] D= 50 mVell A4 9] 5 uM
Fepel = FEACHE Ebol ) H EA(shd E o] )2 BKe, A 2
N gd-Ad AFE Jebdh 579 B 50 mvel A 2] 5 uM T2t 2] #=2
EEA R Ty 2 EAGHH R ) el A o] @l BKe, A2 Bt
N-AIZEE G FH ) -AIE G S]] 3 E vebdth A2k
13 2 = HF+SEM0=5)E YEd T

L8 wed Y E B ~E Rl o] AChol o3&l F i 5o gt
Fetg=o 595 et} = 82 AT FhElkE]l =2] o H] nl Y (preincubation)
F5ol b2 AChel 2l3le] §- ¥ tE 5 Ed o] ~E el = 82] Bi=
ACh-F5¥ 5 Aol Fetgl = o f5d o]¢k HAE 8] &S vebdth
Zyzro] wief) 1l 2 = 63] A9 o] HF+SEMS HERITE AL 2 F AL
Fatd e Ay AdS vedh

Lo HEY MR FF Ao Fekele=o 23E YEdT 299 A&
F-2}2]+=(0.5 2 5 mg/kg)®l 7 W F F2] WKY 2 SHRO| Wl R1% 4o
Fete = a95 eI Y v WIS 3A[ 7 ok #HEEgith 1 99 B
W & 358 vebdit) 2H2) o] 7] 5 B v 5(WKY) B3 7(SHR) 5 & 9
H A +SEME HHEFA TH("P<0.001).

M o
i

[N

~J

|
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[56]

[571 o] 3}, Ao & F-5o] B aamg

ot
N
o
°

[/;:_1/\] o 1: A A5 =4
712% 31%4H(Sophora ﬂavescens) 200 g o] Eﬂﬁ}oﬂ = = 70% o eFe-& 7}l
F 3 B FAE Sk Ao wol 84 A 90°C, 3R FE ST
FEEL AHAE o] &l LH H J%lﬁ 5% 7] (rotary vacuum
evaporator) & A-8-ato] 5583t 91 ¢ %LS W o s EV\] 23] ¢
HHEskgl o Bl B S5 Al & H HA dxste] Ak & FEE 20 g
70% EtOH T3 & 24 g8 A3t}
[63] DA FEE Fa AR Febele % o] 9] f- %A= Sophora Flavescens 9]
2] 91 a4k (Kushen) 2 2 -8 A A 8} 1 th(Jung et al. 2008). F-&}&] = 2
SRt E 52 25 8§90 2 4 9] DMSO(dimethyl sulfoxide)(Sigma-Aldrich) ]l
& A AT
4-F 22 T(EYEF 2 E)-10H-H 27 2[3,2-b] 1 &-1-7H5 A AHCTBIC)
e DMSO Well &-&f Al %t

1_,

e BN
(e, B
o %

R )

i
[,

[64]

[65] [ A] ol 2: A 3wl <)

[66] Wl BKe, MY & dst=, 72 ¥l HEK293 Al 321 AD-293 xﬂ}:(Lee et
al.,, 2013)E 10% Hlo}Ad A 2 ﬂ"ﬁ A 21 1 mg/ml Al Y| E] 21(Gibco)©] B.Z
DMEM(Dulbecco's Modified Eagle's medium)®ll %1 t}. 37°C, 5% CO,<] 7]'}\
20 M EES st

[67]

[68]

[69]

Alef 3: &g A B ol B E4]]

A o] Bch A (G803D/NBO6K) = g g A o =2 W= AD-293 Al EE
-718F #-A1of] o] &3} % th(Lee et al., 2013). T EF 20000 A| £/9-& 96-Y
-H} (clear-bottom) ], = €]-D-2}o] 21(Sigma-Aldrich) 0.2 Z & ¥ 52]-¢
& @ o] E(black-wall assay plate)(Corning Incorporated) 7l 5 &3} T}

2 aak FEE] Fa AR Fehel=9 85 ¥4 ¢l FluxOR™
Al (Invitrogen)& ©] &3}t A Z=2be] v & A 3o we} A ES
th: A iA1= FluxOR™ &34 A2 2 -3t 259 B9 8o /U =

oy

gt

\I

O -2
e,

=]

=
\=]
b

UL U W
@ ooy 2 Lk

Ot
S
38
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[70]

[71]

[72]
[73]

[74]

[75]
[76]
[77]

WA 8 Az, Wo] Q1= 2 A 1A ZF B v ST vl -, 2 B E
sk B o] A9l = 3Rt E 52 & -5 54 B 9 (assay buffer) 100
ul/ 2 233 3 2040 A 304 Fot v %kﬁ piae

3142l 70% of ¥ -

L5 G A A A7 &
HF el 2] Al DMSO«] ‘ﬂlgol HAE ‘ﬂ«ﬂ«] 1%7P HX] R o}oﬂu}
o & E9] 1000 ug/ml ] Al &2 5, 100 mg/ml %—%% & NE FHE v 7 400
uloll 4 ul A 7Fsk o 224 1/100 8] A 8lof 0] 83151 a1, 100 ug/ml Al 5.2] 729100
mg/ml FEE &N DMSOE 712 o] 1/10 4*4 g 10 mg/ml FEE §A&
2] & ¥ 5 400 plel] 4 ul 748224 1/100 8] Al 8}e] o] 83151t} DMSO(1%)+=
H] B[ &0, o] & B HAE 3=l o] &4kt BKe, A 2o &A= A
%2 &<1% CTBIC(Cormemis et al. 2005; Lee et al. 2012)& &4 2724
o] &35ttt FF 54 & &, Hx =3l AlHUX] TM HI ol B e =
HE|-Y = vlo] g 2 &9 o] E 8] (BioTek Instrument Inc., Winnoski, VT) % Cen5
AXEAE o] 83151 a1, 3714 Q1 H-2A] o] Flexstation 3 'HE]-F. =
njo] 7 2 &7 o] E ¢ (Molecular Devices) 2 SoftMax®Pro iiE Ul [ R=apdwds
o]ttt ¥3F Alﬂﬁ% 485 nm9 ©17] 9pg H 528 nm o WE 9ol A
A} EF o] 22 373t A= v | (stimulus buffer)ol 2] OH - H=L351 o)
%*53}914. FFAl1d % T Hel A SABA T A= HEH = X%j/l 8] A
2% &bl 103 R 71 % A X Hleoll thek A= WA E 7t 3391 vl
107}, Zl?/] X}:L 3 ] A 203 7F vl 23 2 1 3 FlexStation 301 of ¢
A= HH S T 160% &<t vj 237}t

33 A1 /] %E}% Al & 33 9] (relative fluorescence unit)(RFU %= F/F,,
714 Foi= 24 @34 Edlo] 29 H A& F3F gholth® Yetl sl Fefe] = 2
o] o] FLA ] BKe, MY 243} a5 A FA o2 vlalstr] 8, H & 33
T7HE A 2 A Fo] A A ZAEE o] §sto] ALlstgiar, A9
&= 3 Z OriginPro 9.1(OriginLab Corp., Northampton, MA)& ©|-8-3}¢]
oz 59k

- MN'
m{n

c =
(e)
3
o9
tjo -
1
O
<
w .
@)
=
5
(e)
3
Q.
2
L
L

L_‘ﬂ

[BAld 4: 314 F2EH F8 A8 Febd e 9 FE5E 79 FluxOR™ -4
A3} ¥ 3l
A FEET FR AN FEEE gd 2559 A58 8] A 10
uM Frete] = v 28k § FF e UEhl = gk FEE Y s E glesith
50 pg/mL7} 100 pg/mLe] 70% o &8 %= % 10 uM F-2+2] =& 22} FluxOR
e K I e o= R =

[ Al @l 4: Xenopus 'FE. A 3 Yol A o] 4% BKe, Ade] 7154 44
BKc, A 'd a-A EAH(Slol)= ©]F & & 8li=(heterologously expressing)
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[78]

[79]
[80]
[81]

Xenopus laevis 'F . A 3£ E #1 7] A €] (electrophysiological) 7] 5 ©f] 0] S
R A EE WE pNBC1.0Z o] 83 2 E(rat) BKe, A2 a-AE {9
AuEaY 2 7sAd 2de T By 9 th(Ha et al., 2000). - ‘?j}“é ol A
o]-&% Slo12] /¥ 4K 3= GenBankel] ¥H&l HZ AF135265% & 7] ¥ o] 9
Ze}2~1]) = DNAE Notl A& 845 o] &3] A A a1 R4
RNA(cRNA)E mMessage Machine(Ambion)& ©| 83} DNA2] A3 & e 2 F-F

FEE QA= AR 2 A ol & 71 m7G(5)ppp(5)GE] E Al Bkl A T7 RNA
=3 g A E o) &35t A ST

3 Al 71 X laevis(Xenopus I, Dexter, MI)2] A~ %] (ovarian lobes) & 2 - F
ZH Ol X VWA VIS G R AEE 232 o= A A5ttt A7 g GEAEE
Ca-3Z 2] IR A 3= & A (oocyte Ringer's)(OR) Wl &F 1l %] (86 mM NaCl, 1.5 mM
KCl, 2 mM MgCl, 2 10 mM HEPES, pH 7.6)% ©o] Al At} G E A E & 3 mg/ml
7 -8l & A (Worthington Biochemicals)E $H-f-8}= Ca?-3Z 2] OR Wl #|
Woll A 1TAIZE 304 W A] 241 & <F vl @F k= Aol ol dE A xS dx
A 3 (follicular cell) T8 M AT 18 F G REAEE Ca2-3Z ] OR v #| &
ND-96 "l %](96 mM NaCl, 2 mM KCl, 1.8 mM CaCl,, | mM MgCl,, 5 mM HEPES,
2 50 g/ml ZIEFFol A, pH 7.6)% R 9 &4 A] Al sl th A A g R A EE
ND-96 1| #] o] A] 18°CE R ch FEAEE AL 2 A o] L2 aF 753t
¢+ Sh(stabilization) A ZI T}, Q8 3} 5, Zh2b o] WA Lol th &, A A A 24
7158 A8 50 nl wEHOLA-Z Y = W9 3 ¥ cRNA th e 50 ng 2
n}o] 77 2 t] 2~ A (Drummond Scientific, Broomall, PA)E ©] 83 v -ad
7152 3 1 ng(50 nl wE @ oFAl-Z 2] & el A 2)& FU3F3ATE cRNA

-1 =
oy WA EE 18°Co A 1 %] 39 7F ND-96 Hl| 2] ol A 1) &kA] At}
x| -2 A7 A Ao, EAFE Q] P (vitelline membrane) <
1] H|-74 X (fine forceps)Z -5 22 A A3} ST},

(Aol 5: A7 e84 715 2 o] B 4]
27 o X o) 2 (Ha et al., 2000) O}TA}olE-OHc g ol A 7] 7k
)| X]-& ¥ 3 (gigaohm-seal patch-clamp) W& o] &35}o] B& AX A A7 7|5
! 7SS sl ok 2] 9B ES B A (borosilicate)
3] 7]

mn
ﬂil

=
5] (WPL, Sarasota, FL)Z 8] A 2349131, 5h %] 7] 2-2 918 2 U 4] 4 Mae)
= E-38 A ] (fire-polished) 3} 3}

1_,

A-Ad 7152 fEl, 2 A

°. =S
YAEE L4 YA s MQ A o2 38 Hslal, A7 4 wol=2E
A 7171 A3l 1 Hh(beeswax) 2.2 ¥ 3151 . Axopatch 200B 53 7] (Axon

)

Instruments) & ©|-&3}o] 29 AFE FFA|F AL, 4-= Wl A E B (four-pole Bessel
filter) & ©]-&3}o] 1 kHzoll Al A 5>3}-F-31} LB Y Al # ™ (low-pass filtered),
Digidata 1200A(Axon Instruments)E ©]-83}¢] 10 Q1 E/ms H| & =2

A SRA A

m
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[82]

[83]

[84]
[85]
[86]

s o] A3 U] Caoll A, 100 mVE H3] Adg v A Qe o8], @ BK
e A EE GolsHA A A ZTH b d-Ad < 9, d A 2 N A
Alole] A ks, Arte] v M { % Z(unitary current amplitude)©ll A 2] 4 7+&

A a0 ol A4sach A Adel gAY AL LS A4
A, 7F9-2 ¥ ¥ (Gaussian distributions) 2 | B ¥ S| AE 13 o g2 E Y
A7 o W F& AL, T Hstol el o A7E =483
SEIALLE gAY IARYH A dAEH BKe, AL AAA AFE
-100 mV 9] R.F # 9 (holding petential) ZFE ¥ A f-F 3132 H 2o o 5
10 mV <-%-(increment) 2. = T 7} -80 W #] 200 mV ¥ ¢ 2] ¥ A ¢ 7} A]

2 sA 7T @ BKCa A o)l thaf 7] =4 i 3 w3 ol HE ]

=4 B9l (dwell-time)> A8 8] 2 E 17 MRS o] &ato] #4515t A7

TAER]] B A S A g A E- A o] 38 W (simplex-least-squares fitting

2
o

C

methods)(Clampfit, Axon Instruments)= ©|-83}o] ©d X2 & A F ],
= 90-69) ¥ Fol M o] 31203 24 A% o] A 2hakaol 9183,

el Zde-2Ads F2doln A E o @455 WA shr] A, b 3
AANA A 75 9 g 8N 52 84T (nenpermeant) 0] 2 0 Z A
FF AU EE ettt Al 2 MEe] &IN5 ] HAeHA g &
oo A& -3tk 120 mM ZHF = F 24| ©] E, 10 mM MHEPES, 4
mM KC1, 2 5mM MEGTA, pH 7.2. & 7%= X & [Ca¥]|.& Al &317] |38, Al &
Y 8H o= H7et 4 sk ol & Ca2= 3 = 13 MaxChelator(Patton et al.,
2004; http://maxchelator.stanford.edu/) & ©]-&3}o] AlALel gl A9 S &&
A vlastr] flal, Al ] §olo] FAGAEE HA AddEol 44
o] &ttt AP A N AZE o 374, of| 71t Clampex 8.0 *=+= 8.1(Axon
Instruments) 2 Origin 9.1(OriginLab Corp., Northampton, MA)E -2 d 2
AN )% dlole] e A5 A5z o £ AT, vol el
H+SEm="5 ¢ 7|52 H)EA aofaglar, AR o) 2 FHE -3 A (paired
Student's t-test) = ©|-&38}o] B) &G} 0.050)81] p-FL-S EA| A 0 &2 F-o 3
o2 kST

[ Aol 6: W33 &t ol 524 ¥ (isometric tension) 7] 5]

UBSM 239 s34 4= 7|5 T 4o ] o2 523853 th(dela Pena
et al. 2009; Kullmann et al. 2014). 271 tll, =7 SpragueDawley 2} E(300-350 g)&
CO, A 0 = AN At 17 =, g2 AAshaL, ] el 2E o Aol
ko R B atelglrh o2 2x8 mm), Vel ¥ SE G 44 vhgE 5l 3w g
¥ 3171 (force-displacement transducer) Ao ol] S 2] @A 3L, 10 m19] = 3
89 (Krebs solution)((mM): 118.4 NaCl, 4.7 KCI, 1.2 KH,PO,, 1.2 MgSO,, 25.0
NaHCOs, 2.5 CaCl,, ® 12.2 =53 2 2~; pH 7.35-7.40)2 §H-31+=
257 o ¥1(37°C) 471 (organ) ¥ 2= (bath) Woll AEAI AT A7) A7) v ~E

0
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[91]

[92]
[93]

[94]

—'E%% 95% 0, 2 5% CO,°] TFES o] &afo] A4 02 AF AN
7kl UBSM ~EH-S 1.0 g2 49 53

5 & (equilibration) A A tF. & Tk, 248 A A3 3 & o (Krebs

solution) ©. & H| 15%-v}c}t Al H 8} ar, 71 A A3 L 1.0 g7hA 243 B g

F 2GS A% o] /15t oA E A el B

Aol o3 P SIA AT Ak FEE frE AR Fekel=o] st ad s

A7 9l ell, oAl E Rl o] H7bel] ohA] Sl o B 45 302kt

-l Ok/\]Zﬂ,\j_’(pre—mcubated) Y 5 Fapg] =] S48kl A

b E - F 5 o] 55 W o] MRH YT, op AR F 0] 550z

71138k e o MOJH/] HAE 742 A o] Yh(relaxation) S X AT} 7}

Nl zol Mo shpel 2EYE Ak th2 A ekt S

Aed o)) 4 ] ¥ 3}E Lab Chart Software(Version 7, AD Instruments) & ¢1 =5 A1 71

735 H of] ‘2% Power Lab Data Acquisition System(ADInstruments)-& ©] -85}

715819l t). Hlol B & 7 +SE(m=DSM ~E § o] )& A @ oFsl gl i, AX| &

2FHE -34S o]&38ko] vl sttt 0.05 o8] p-ahS SAIA o= {2l

o _{\1

(A7

1.%%-83%%*4%01 gk SLA}S 'i“ﬂBKc A &4 gl

A FEEE 2 = e A& AL A E-TIEE A
o] &3}e] 2Helslgl u} FluxORTMT—I aﬂr 1 HERA AT 5 12 DMSO
1% A A 919 9] 1%2] DMSO th % 7-0] L, CTBICL o] ] 717* of &elxl 2

Y5 BAR P P20 o FHHATL 50 pg/ml AF F RN A, T ol
B U] A, 1000 g7k 3552 A €A 22 S

%%ﬂgﬁﬂﬁﬁﬁ%%%ﬂ%%&‘%%ﬂkﬁaaiA
ﬂa]:_g]& HlAl 0 2 T+ @J}o]

5 BKc, Ad A AA] 1 uM
%%——ﬂﬂlﬂ] 91311 %Xjﬁl A vk 2 s o] Febe] ol 2o &)

[\®]
Y
b
Ay
e
i
_E
y
b
Ay
e
i
-3
b
i)
rit
2
1o,
ox
e
-4
k)
&
i
T
ws]
g
2
g
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[95]
[96]
[97]

[98]
[99]
[100]

3. BKe, A& AAA At el itk =22 53
/H] 2 7] HP/] TI+-8 3 1",& Ad O] e A~ 1é(high throughput screening)oﬂ
= ]],

B AR A
DA T 22 Xenopus Y A Ao o] F4 o2 WA | E BK,
AL@Slon®] a A BFW ge] Fehele] adhE SA4ststolnh AN 4 A
Aho) A\ zh-ol &4 e, 3 M A Fu) Care] EAI ol A o ALo] - o} :
Hj el ol o) A o] A A (excised) U HAEES o]go}oq A S R E: &
2~ HlY A F(small tail Current)7]- Fzko]l Al 8] & Ao 9 & §ukE] =
HEH O (B = 49] a), Al E o5 Hell tlgh 5 pg/mle] Febel =] =
HA-A 55 Ao A o2 thas] A 7Tz 49 b R o).
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oo Aol S kD A A2 el ) B ol 5 A g
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o ¥ At v F F o s Ol g W54 vk, BKe, A H o] ©-7F81E, 2.78+0.95
Z 2 90.06£12.21 == 77 41 & ¢ /«] A s 2= sl oS
Adet AAE QAo =-okk J X] V[ F-E o] §8ho] Fefel=s Al X
o 2] A2 el S ul, BKe A Aol fol 9 Walrt 2 ) bkl
e mg o2l d AnE S Fehe)izo] BK, AU B4 AE Hho 2ty
MG 0w e 0w A & Arkiz AL e,

i

4. BKc, S AAA A7 Ao a4t FE5E9

U2 2 BKe, 9] a4t FE -5 3] vzt SS ATkl
2AgE " o] Alg]=of 98] BKe, g2 &3 ¥ 9lar, @4 3hw A2 9]
Fetg) o T s 0}01]*1 AR AFE 71 Es . Fahel e R0t
F7hekel ek, Ad A Tl W HStel A 48k a1, v & 3 8]
H| A sl th= slo] 3 Hﬁ“ BIoF(Z: 5 5A). = 4Bl A, A1 A A BKe, A E
Aol ZSk-olE FA gk A = -ANG-V) A=A YEr A Y. et =S
HANAOR GVABE FZ07 o]FA7 2, A A EE(G) S &FH-9&
WA 0 2 FIRAIZITE G-V BHAol A o] Frete] -0l o] B A o'
AEFIIA R AL, &= 5CN A A3 A ZA T 20 uM FHete] = o] EA)Shell A,
Auk-gA H NV )2 1074422 mVERE] 27.743.0 mV7HA] &2 ko =
el 80 mV ol T Frefe] =2 3k A Ao R A d Y Ao HEE(G/G
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et &2 e ETE G A AT E 6A). %’-E‘rﬂfﬂ dl 71
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Feabe] o ATt v & Aol Al FEfE 7HA AL oS el A
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el A ALt ¢ BKe, AE 2 10 uM AL F ] Caz+9] EA] Sholl A
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2 ASSRAY 0 A B AYS IR AR ST
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Fabe] o Al R A Aol B o E Ao R SHEQ AL, BT
8}<=(Boltzmann function) = 3 ®A| A2 & 7C). Foff 7iube] dubo)
855 = AU V2 dHb2Ad 3 AN (V)2 TR Tol A 68.7+3.7 mV, 5 uM
Fabg] =2 EA8te A 43.742.1 mVol A2 & 7D). o] e A &5,
AAA AE AFel QojA ojn AgE HAER 2 A ste] g Ad
ALo G3ks = glol, Fekel o] A Y W 7hsAd & S 7= Al
ol 3l BKe, e A 4= dvhi= A s vebdt), 1 % Fakg =9 EA
Jo] & BKe, L ES] A A 5E AT Fefel =] oY BKe, A€
POE W9 54 o2 F7HA717] witol], ¥ i o] EAES, /o 2 3ol
FHe] A 9l Al - AA Lol A vl E 4= = 50 mVollA el gdd-Ad 7 E5ER
Algkst R Th(Fr2: 5 7D). H o # H-Al ko] Febg] = o] FEA] Al 3.69+0.80
ms©®| 3L 5 uMe] F-ehE] =2 EA Al 3.60+4.1 ms® A ¥ = bl E
TRHEE- AL ZFE 232} 2.98+0.34 ms 2 5.7740.90 ms & & S H AT FE: 1 TE).

o] gt A& Fefel=o Aol /W FHE A 7] AL, 17 S 2=
Aol ) v &S A N AFhel] FES F flo] HAA = RS
et L, vol 7t AN A H i 7159 A3 E gt

~J

Ot

E b Ao ek a4t = 5
a4t FEE o] o] ¥ A 2 ¥l (heterologous system) ol 2
A I %

1E_]_ %Zﬂ BKCa iﬂg%
| 2SN 717] W, 3L S ol T Y Y2

Sl

, 21-& in vivo©l A

3! ix} a3t} ol Al e Z-(ACh)--2H2] UBSM 2] 423 0]]
ARl FehEl = A%S FRlshy] 8, HE v
=513tk 1 uM ACho] 3] =1 e 2 o]l uh&

21 o+ & (plateau levles) HAE f e HEHA (& &

8A), F-ete] =& o] 83 249 A gl= 7oA ACh-FEe] F5&

A et o] & T a= 8] B = A 2ol ¥]ete] 100 uM F-ete] =l A
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A | 2t 22 oA o] 5 Hbgol A = fro g W Tt gladT.
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VERA QL Sabe) o] Eojo] ol e, vl i Bl S o A o] B 3k xho] AL WKY
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