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The effect of flavonoids on the TREK-1 channel

Yangmi Kim" and Kyung-Ah Kim®
'Dept. of Physiology, College of Medicine, Chungbuk National University
“Dept. of Biomedical Engineering, College of Medicine, Chungbuk National University

9F TREK-1 g2 two-pore w3l ZEg (K2P) AYRA AW pH, AlZate] A4, S323} A4 25,
a4l oA, AAAIEOIRHol old) % XAET. TREK-1 ALe Felg ol5o] ols] AAEe] FHAT o
JubHSle ZATTh AT TREK-1S YA SHIZOME Jueso] Shlsddth olajgh FRAE Byel,
TREK-1 Aol tfet Sehricol= mals 7o) deiala) stch 2 A7) Bae drlueisd wyl ol sl
excised inside-out patch”]%¥]-& ©]-&38}o] TREK-1 9L ZAsH= ZetHo|=8 48l 7otk TREK-1 Ado|
W% CHO AEoA ddAd HF 1y LS o] 835to] #FT (curcumin), EGCG (epigallocatechin-3-gallate), #|=
AEl (quercetingo] el TREK-1 A4e] Aetaats F@sidc. AZAEs Aqulel Autaiis segon sy

O} EGCGE 79| 3lEER] ¢kt H2AE, EGCG, #AFRIel AdA Hd A= (relative channel activity)+
73 £ 23% (m=5), 91 + 32% (n=7), % *+ 5.6% (n=4)7}A 7F43}%ck CHO A|Zo| vralE TREK-1 Ao tfat #
Ful, FE2AE, EGCGY ICso= 27t 1.04 £ 0.19 xM, 1.13 £ 026 xM, 13.5 £ 220 xM o]Qith o|g|3t il =
Shrico]Er} TREK-1 A9 ofAahul, o] 28e A4 EL Fopamols Seputo|=o] okelalal 21§ Fo| 3}
Rl A A,

X to

>
2

Abstract TREK-1 channel is a member of the two-pore domain potassium (K2P) channel family that is regulated
by intracellular pH, membrane stretch, polyunsaturated fatty acids, temperature, and some neuroprotectant agents.
TREK-1 channel can influence neuronal excitability by regulating leakage of potassium ions and resting
membrane potential. TREK-1 channel has been shown to be overexpressed in prostate cancer cells. Although the
importance of these properties, relatively little is known about flavonoid effects in the regulations of TREK-1
channel. The purpose of the study was to screening of flavonoids as the TREK-1 channel modulator using one
of electrophysiological techniques such as excised inside-out patch configuration. We demonstrated blocking
effect on TREK-1 channel by flavonoids such as epigallocatechin-3-gallate (EGCG), curcumin and quercetin in
CHO cells transiently expressing TREK-1 channel. The inhibition of TREK-1 channel by quercetin and curcumin
was reversible, whereas EGCG was little reversible. Quercetin, EGCG and curcumin decreased the relative
channel activity to 73%, 91% and 94%, respectively. The half-inhibitory concentration (IC50) of curcumin,
quercetin and EGCG was 1.04 = 0.19 ¢ M, 1.13 £ 026 x M and 13.5 = 220 x M in CHO cells expressing
TREK-1 channel, respectively. These results indicate that flavonoids might regulate TREK-1 and this regulation
might be one of the pharmacological actions of flavonoid in nervous systems and cancer cells.
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1. M2

TREK-1 9L two-pore =] 2] 3EENE g (two-pore
domain potassium channel, K2P) & 3 & A YElE 4= =
Az 219] 3} & Al szut A1, B3} A AR S7, Al
20 pHe) 4bgsh, £20] F7bol wkgstol obgel gt
(resting membrane potential)2 A4S Ml o2} FFE}
Ho|E Z& AR dgEHo) 93t 417 EEEE 2 -
Ao el gt TREK-1 R =0 gl 4
<=t Al tigt A3, 55l tet WA, - -2A el
gt S 7HAIH, SEA] B2 HA |
= ZIE QATH2-4]. 2] 5] TREK-1 A
Hakoh et A YA bl Aol A = i

fd
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g0l A= RATHS]. TehA B2 ARl o] A
Aol oFAlof] thet AMS A|&=3EITH4, 6, 7). 7L A=
3|ulA] ml3| A #dt o} 2} chloral hydrate, trichloroethanol
22 B3 vl A o] SJaiA = g/dsbge] Bal EGlar
[8], Z$|=4 41743} (amyotrophic lateral sclerosis)2]
ABAR AGEHA ARAME EdERTAR g
riluzoleo]] &J3f| &3} F-& &<l SFTHI]. 7T AFA| 2
ARG ORE R AR sipatragineY} lamotrigine, ~12] 31
F&AI Q1 fluoxetinof] &Jsf A F o] B E] T} 7). o] 2]
TREK-1 24 9] Ae|e}2] ofgo] 7= A A tpefet &3
oAl o] A d-& EH O 7 sh= GAA B AAAIE Fe
A7 A= o] AL leH10,11].

O3 A% F PR & Aol A= TREK-1 219 2] 3
H o & 5= ZekH o] =8 gAate] TREK-1 Ajd o] &
A T AAAZA Y 7H AT Eeti o] B
AbgolA] o] 22 &3} o] Yol 3-8 stel= Al =7t &
HHRE T 12-16]. B3 ZetE o] E= HAFE =
0|1l 2 HFetALRrE o] A HolgtH SA oL 2ol
Elo] 7] wiitol Ad 2-A 24 A 7hs/d o] A A
Jolgh= o)Al A of 2H-8-5}7] ol ¥H-3- 5=t
ChE TREK-1 A 28|24 o] 88 2 912 Aol

ZetR 0|29 Afdof o3t 24 & 7= cystic fibrosis
CI' A9 (CFTR, cystic fibrosis transmembrane conductance
regulator) [17], inositol 1,4,5-triphosphate receptor Ca>” 2|
[18], Ca*"-activated K~ 9 [19], Kvis A9 [20], hERG
(human Ether-a-go-go Related Gene) ZJd[21], Kvi4 '
[22], Ca™" A [23] 5 chet S70] A& EA 0 & 5l
A= ATk o] F A Eehi o] Bt BAppoll A A
o] gli= thakst ol 2 Ad g8 skl Q52 BAH o
2 Aol gl TREK- 1= 2H S & A= A

2ol & A2 A|Astet
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2 Aol AFEEE gt eo]E= A4, EGCG, HE
Alglolct. #F9 (curcumin, diferuloylmethane)2 413}
(Curcuma longa) 2] B0 A He|¥ slehE2 A 712 A
o|m[13, 14], EGCG (epigallocatechin-3-gallate)+= =x}o]|
T2 Sode Eoulzela24], HAEAY (quercetin,
3,5,7,3,4-pentahydroxyflavone)> oF}, Ak}, 2} 18|31 &
2 X Eo] wol 9l Ed|Hlizolri25]. o] FetH olE
S Ao A= HARIAL, A QIAY, B, Ao BRI
ol 244-& 2Ask= AlZY AT HRE o]-85fo] 7
&, Ak}, 3o, FY A5 aaE EhdH26-30]. =
ol A= CHO A 22o] W& ¥ TREK-1 Aol Zape
Lol=of ot A AVHE T Ad ol A ZAFSHATH

2. Mz o W

2.1 TREK—-12| &&

EAMH-E 93] CHO (Chinese Hamster Ovary) Af| 3
= 35 mm v FFg Aol A2} 50-80% A E7kA] A w7t
] 10% fetal calf serum (Life technology, Calsbad, CA, USA)
2 42 o-MEM2 AR&-3}o] v oF5}9I Tt pcDNA3.1 vector
(Life technology, Carlsbad, CA, USA)°] S 24 % TREK-1
(Genbank accession No: AF385402)2 Lipofectamine (Life
technology, Calsbad, CA, USA)S o]-&3}o] EHATA 5}
Atk 1 7148 Q951 Lipofectamine, green fluorescence
protein (GFP) Z2}2 1] = DNA, TREK-1 Z2}%1]= DNA
£ Opti-MEM (Life technology, Calsbad, CA, USA)2 $H7|
0] 6A17E 52k 5% CO, WeF7| ol A] EjeFsh et 64171
20% fetal calf serum©] 5°]%)+= o-MEM BjFH 1 mlS ¢
ol Sh5EaE Sk wjoFstsih. A1 el e Eel /] 22 5
7198141 HEL 0.25% EA (trypsin) .2 A 2]5he]
Poly-D-lysine (Sigma, St Louis,MO, USA)©] 2% 12 mm
frelgHiag &4 Aol AMgsHsith E-A A 2 A
E7baEkio| 2o 1 AR SRE 2~3 U S Aol A
B3It B4l A 2] A5 T3 d S35} (single channel
kinetics)<> H8}A] 2R3t Th 2 AF ol ARS-E AT, H=A
El, EGCG: Sigma (St.Louis, MO, USA)oJJA G-]5}o]
dimetyl sulfoxide (DMSO)°]| f&5-6] ARE-3}¢ 11, = gol.o
A8 A whEo] ARSIt Sl 2 ARS-E DMSO0Y] |
RS 0.1%2 WA Sk, DMSOL chel 2 efsle

JTFS T4 s

o\

2.2 M7|Mg|st=ol ghH

=HAHE o

Aol Agd &l T fFEIAd= (pipette) T A EUY
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(bath) -&-98-& 150 mM KCI, 1 mM MgCl,, 10 mM HEPES, 5
mM EGTA 2 7AISF 3L, pHe= 7.22 &4 3lo] AME-51
. @A A F (single channel current)= B4 314 H
(voltage clamp technique) 52] 3}l MF 14 7| H (patch
clamp technique)& ©]-8-5F0] 7| Z3}FGITH31]. LA
FE 715 ol FEldT2 2-3 MQ A A& A
B33, AFR7IE Alols AHLA FE7](patch clamp
amplifier, Axopatch 200B, Axon Instruments, Union City,
CA, USA)=E GQ seal o]/2] ] o]/e] At 7| 53531k
== 10 kHzo] AZ7 H]-&-2 digidata interface (Digidata
1322A, Axon instrument, Union City, CA, USA)E 0]-85}9]
Aarel ofl Attt A= 817 (TE 2000, Nikon,
Japan)& 0§50 A0 g go] SRl Aol A 7] 5513
I (29 1), 7|18 5= AlS = 8-pole Bessel filter (-3dB,
Frequency Device)S ARE-5}o] 2 kHzol| A BE 3}t =2
E gloJgl= pCLAMP X213 (version 9.02, Axon
instrument, Union City, CA, USA)S- 0]-8&3}o] 2435}t

= glojel AR 27| amplitude, pA), '] HF
2 A7k (dwell time B+= mean open time, ms), ©|-23d &
AE (NP, N& 0| 2529 &=, Por= /32 712 A9 &
4 gE)E AT BE AEE Aol A Al3gskeiTh
(23-25 °C).

[ 1] W71425k4] 7]8A4] TREK-10] #pUEE CHO
ME| mok

[Fig. 1] Morphology of TREK-1 overexpressing CHO
cells during electrophysiological recordings

2.3 Hlo|f 24

TREK-1 250l thet Sefi o] = 9] F-Jkg Tlgf =
£ 12]7] 93 Origin software (OriginLab, Corp,
Northampton, MA, USA)oA4] Hill
1/(1+(ICso/[FL])") A& AR&-SHATE y= A Ad 24
L5 YEhH, ICso= Evhi =0 Eof 23] TREK-1 Ad
0] 50% A== Fhol™ ne2 Hill /A4, FLE Sehi
Lol FEo|th BE A& Byt + SEMORE YER Gl
o} EohE ol & X 2| A o] Wit ghat Seh o] & A%
H3+4k9] Z}o]+= unpaired (independent) Student’s t-testE

equation, y =

AMEEIT, P 0.05 0|3l BAsHA 0 2 §elalgirt.

3.1 TREK—-1 Btz (single channel)?| &

urEol AAp

TREK-19] S A %15+ (single channel current) & 7|5
&}7] 93l excised inside-out patch =5 ARE-3}91 11, Al 3£
Wl (bath) § 23} A28} (pipettc) 912 5317 150 mM
KCI -85 A1-8-310] 7]E3}%Ic}. Inside-out patch T =0
A £3% (negative voltage) © 2 BFASHS T43HEl 3
A5 (inward current) % ofefuaro.2 el A5} 715
=, QY (positive voltage) &2 BHASMS 1A SHH 2
3} 7] F(outward current) = $]Z& 0 2 Hol= A&7} 7| 2%
o}, 223 2004 "close™= 0] B ©Ju]31o] "open
Ado] AR ofulaiet. 18] 2 TREK-1 A5l whel
9 PARS hehl Zlolch saslel uhe helAd o) oyt
(18 2A)} A 72 27| 3]AE 1% (amplitude histogram)
(L% 2A-1) 2D 9] FFHAA|LE (mean-open time) (TLFH
2A-2), AF-AYG =4 (2E 2A-3), 2251 v mhE
A AT (NP 244 et et (18 2). 15
o] 17] ) 17} B ARAIEE 60 mVO] 4 B415
A (1% 2 A-1 T} A-2). ©F 80 pS (picosimen) 2] &= =9}
0.7 ms W2]2] dwell timeS 712 ©tdzjgo] 7|2 Qith
upEIgtel mHE AR AHGLE AL A BOF (linear shape) S
Bl (717 2A-3), TREK-1-2 2R ¢Fo] F71ekol| whet &
g Sy w7t 27hE i (18 2A-4).

TREK-1-2 A2 AHd pHell 917FHA] ¥E-g-8}aL, A2
ko] Aof ojsf 23t B AES 7RI QlTh32]. 1
ez I 5us 2elsty] flsf Al pHE 7.2 oll4 6.0
© & 4Mg3} A|7]H TREK-1 2'd o] S =7} 12.44) F7}
SFAAL, A= pHE 7.2 2 Bto] =1 Zgdo] oA ¥ of
A o2 BB ESITH (1™ 2B). R A= [
=5 Bl SUS 7Ioke] AlZuhE Q191422 -5 mmHg,
-10 mmHg, -20 mmHg 2 712 0 2 AHA|AFH 54to]
7¥all AR e¥okE wf o} 2+2t 2.0 wl, 8.7 v} 25.4u)744] 5
7} 3FTh (1" 10). o] 2|3t A3b= CHO Al|3Zof TREK-1
o] AW S AASIAL T Bt o] RuET
TrAFSFATH33, 34]. TREK-1 W E 2] 82, & S F=
7] = AlZoA ofEdt ARE 71EHA ik
(n=10).
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[Fig. 2] General electrophysiological characteristics of
TREK-1 using single recording
techniques

channel

3.2 TREK—10|| gt SafE-0|=2| St

TREK-1& 2&sk= et o585 AMsh7|9lsl ¥
A 77| 2348 BT, 7A770] che TREK-19)
o1 731 2008 W Enyeart 50] 324152 ALZ|A whole
cell configuration } 0 & 1 31 S} v} QITH{11]. & A3 o
A A (single channel) =Fof| 4] #]5F712] TREK-19]|
gt A S ARSI #5771 20 uMS Al Z ol A 2|5}
W A9 AZZ} 86 pSollA] 60 pSoE AT, ZHA
H AR AFUS AAN & Foll= 7\4324 e8] o)
A= GFRATh (GE 1, n=3). A AP & ?‘_*]7&4
H3LE 0.57 + 0.04msol| 4] 0.1 ms H = Q’\ﬁ}?& A

2 AAN 2 Folw A 2] oz sl 1%6}31
o (F 1. o] o3t Ak A o] o] AR ES N7
o AEsel 43 5 Y-S AT AT Hel F
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Qg o] A A (relative channel activity)= 94.0 £
5.6% (n=4) 7}A| ZFas}E T (18 3A9} 3D). o] &g &4
Ao YRS (number of open channel) Q] 7H4> 9 2

g17)0] 7hao] 7] 13k} (18 4A-17H4A-2).

[£ 1] Sepuico|Co] ofgh TREK-19] T2 A5l
=7] Wsk 9 g gy AR Wk
[Table 1] Change in mean open time and single channel
current amplitude of TREK-1 by flavonoids

B g7 P EUARE
pPA = SE. n ms*S.E. n
Control -5.26 £ 0.25 4 0.57 + 0.04 3
Curcumin -4.01 £ 0.09 4 045 + 0.14 3
Wash -4.41 + 0.56 4 0.48 = 0.10 3
Control -4.88 £ 0.20 5 0.88 £ 0.20 5
Quercetin -4.47 + 0.17 5 0.76 + 0.11 5
Wash -4.87 £ 0.18 5 1.02 + 0.17 5
Control -5.06 £ 0.13 5 0.84 + 0.19 7
EGCG -3.70 + 0.26 5 0.74 + 0.18 7
Wash -4.17 = 040 5 0.72 = 0.16 7
Control CUﬂmin 20 M wash
Tmin | 5pa

B Control _Quercetin 100 uM wash

20pA " \“

30 sec
Control EGCG 50 pM wash
C o mmEmmeE e Weslt
‘ l — 1 20pA
30 sec
D
1.04

(n=5)

(n=4) (n=7)

Relative channel activity
(=]
o

<
o
1

Control Curcumin EGCG Quercetin

[33 3] TREK-1¢] gt EetE-0]=9] Fi}
[Fig. 3] The effect of flavonoids on TREK-1
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the-o AlEo] 2tea)2 A 9]t mRA| AL Gl =4}
] 4891 EGCGO| tht TREK-19] th3t B3-S 261
t}. TREK-1 g 9] A== EGCG 50 uM 2]-8 7 84 pSoj|
A EGCG % 2] % 61 pS7HA| ZH4:41%) 2. EGCGE A 7|5}
o] %= 68 pS 71A] Hfoll 385 %] Skt (n=7, 21 3C). 0| ]
3t &M= TREK-10] t3 EGCGE] H3h=7} 754l H}
L3 7FFo)A] S-S AAKS) B AUARE EF
EGCG #2] & ¥4 43tk (& 1). 0|23t 2} 3t
EGCG@} #|5710] TREK-1 dof t-% 73317 Agte o]
Ade 2dst Y22 AT ol2fst ARtz ¢l
EGCG A 2] 22| a1d o] A& EA = =91.0+£3.2% (LF
3C2} 3D) 7}A] AT

H2AEL 2 Ca’-activated K Y (Kea) S SAI3}
A7) Ao 2 G A ITH35]. TREK-10]4] F= Al 100
UM 2 81 pS F7]9] AFE 75 pSLZ ot ghaA|Z ok
A DS A A = A2 A 202 3] 8EG) o]
2|3t A3t A2AES Yol 71 H oz st A
S AR 9] FFATAIZIE 0.88 + 0.20 mso]| 4]
0.76 £ 0.11 ms2 A t7F 258 1.02+0.17ms T =
7ol BRIEUTHn=5, & 1). oA2] Aih= H2Aee
EGCGU #5713} @] TREK-1 Adof| 7pejz] o= 2hg-
5o TREK-1 A do]l 47 2gFstar 47 A dollA sfzle
%= 9182 AJASITL F 2 A Elo) o] gt Al A FA == 73.0
+2.3% (n=5)2Z 4] EGCGY} AF k= TREK-1 24| &
71 A ek (217 3B} D).

3.3 TREK-10ll cigt E2tEL0|E9| sE 9
=4

Al FF9 EetE o] Eof &J3j| TREK-10] A== A
< ZR1 3F B & TREK-1 Ad gl tfgh Zafi o]
L9 Fof e Ay S L] HILE AT (1Y
4). 19 4= EofH ool E e of uh2 TREK-19 2d &
AE H3LE A trace2 YERH ST 18 4A9] 19
2 NS gsto] 19 19 4A-13F 17 4A-200 4] Kol
A o] AFE] st 57kt 374 o4 A4S Hold
Ado] shnt 2/d-& Vet aL Slek ARl &2 &, g
AE A9 4271 FolmS ERISHATH (T H 4A-1 THA-2).
7511 2] ICso ZHS 1.04 + 0.19uM ©] 1T} (1 4B).

E3HEAE AR A E HEAR o] FA =] S
7S B4E e E o 9 Ado] A =AY Foio
ol 1 47t EolEo] Ad ] E/dol WoliE & 4= 9S8l
th & AEANY 527} mobd4E A3 Adart &
ol 5o A Ad GAETF EolHES & = Sl A=
AELO] ICsp ZF2 1.13 £ 0.26 uM o]t} (23 4C<} D).

EGCG Ag ol A= AEAH Y AFRT} f-AFSHA] 24
Ad ] =71 ZolFma Al A28 EGCG 28 Alofl+=
AE = EAR L AT A7 o = d S &
T AT} AEE S EGCGOolA = ZA 7 S0l
Ad o] Eolmd & 4= Ul (I 4E-1, E-2, E-3).
EGCGOJICs) 32 13.5 £2.20 uM 2 32 5 Qit}.

B
£
=
T 1.04 — -
E N
§05 AN
° N
2 00 i
?“: 0.01 0.1 1 10
'3 Curcumin(uM)

. . . e Close
| open

open

1 5pA

20 pM curcumin 50 ms

- » I
bty MMWWMMWWMWM dose

5uM T T T
50 UM FTe—r T ; ™
100 M =t T
— 5pA
D z 200 ms
g 1.0#
° N
E
s o.sr‘ b
RN
3
£ oo‘ et
s S04 41 10 100
o Quercetin(uM)
E z
O pM iy M-, S
05 uM " v 3
SUM  emr———— £ 5
50 pM s
O
100 uM T5pA 5 8177 70 700
200 m$ g EGCG (uM)
0 uM EGCG

P T3, et o
St Al

- open
E-2 05HMEGCG pens

close

e o wﬂopem
WA A e open.
100 uM EGCG
E-3 . VAR R Close
5pA open,
50 ms

[O8 4] TREK-19 gt St o|=d] 5 oEy
[Fig. 4] Dose dependency of flavonoids on TREK-1
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CHO Ajatof zpg&st gdAqd 715
TREK-1 g EHUP;'{# ,EGCG, A=A el 2
Bio|=o] o ETHE 1M Faol 4] LhEhEe 3}
c}.

Zehuieo| 2] FH oA Ffol vk e
Uehlls Zlez deA Qltk Sefi ol =0 EHfz}
24 A= Ad Sl whet 28] thEA UEhH, o
gH o2 AET A A7 24 o A d o] #arof wet o
H7HA] 205 nEsfor & Ao A A=AEY
Ao g E Ca2+-actlvated K A'd (Kca)o]H CFTR CI
A, Ca® A, 183 Kyis Aol e A2AEe] Hd

2 EAIS}H A7) A4 [20, 23, 35, 36], A AA| S| Fato]Al
4 1 F(glycine-induced current, Igy) [37], 5-HT--3-2F
& A5 (Isur) [38], acetylcholine 7= mj7f o] &A=
(acetylcholine receptor mediated ion current, Iaa) [3912} 2+
o] AL &2l o8l v 7 = A= H=A R 98]
AR} o] 2|7k Bl TREK-1E oA = A Ee= g
‘golehz T 7HA &ikE ol 35 AlART shA|Rk
A=A o3 Ad 4 Bik= A=A o] A Z 4| Ca™
& ST A7IE Aog delA glo] Al Ca’ofl 23] =
A H= A olehd A=Al o3 2/ 3} 4= ATH40].
129 TREK-1-2 A U Ca” ofli= 278 7] gk A o]
7] wizoll Ad B A= wi Al o= AL A Bt
234 99ek

TREK-10]| tfgt EGCGE] A ait= AAFollA 11 QT
%=t (LQT syndrome)} A3/do] ¢li= hERG AJ'd ol A]
o] ket GARFTH21]. 3HA9k TREK-1 J9-& 50% ©f
Ashs = (IC)¢] 13.5 £2.20 uML hERG AF-9] 1Cs0
6.0 uM [21] 2o} 2 ¥R = =) 3]k o A 3] EGCG=
TREK-1 Zde]l thaff uM =20 &2 AA|5}7] wjizof 2'd
A A =M= AL A2 AZHE o2 52 THE
THAAE S HolA F2Y H Kas9] ICs 101.2 pMof H]
BHEL 10 ] o} ke 5201122 Bl el shofetial,
olA Y Ad Fioll wheh Eeki o] = F dof| 285
T tar] g St eleg YHer 7<4f—“‘l
2 734719 TRy 24 o whet 4 o] B aesho]
1w} ok e 4= 9Le-g AAkeT

A5R10) o] digt &3} w3t copsiey. CFTR CI
g4 2] AYY diFEY AE, & Kaal22),
Ca’"-release-activated Ca’™* Z'd (CRAC) [18] 123 KAl
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