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AAE  dozn. Ty HES dANEs tgetrl Al
HEK293Tel #Z3#A17l two—pore K' AEE (TREK-1/-2,
TRAAK, TRESK)®| a-mangosting FoJ3] XHW, TREKZ
TRAAK 3o &43t¥ oy TRESK:= WH37E (isith
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Ech A2 #82 HEK293 Ao LA o]2dES

TRPV1Z Ec
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F7F A A o 84353k TREK-2&
Ech A9 &5 A2+ o ®Wishrt giAIwh, 2—APBY ofe}7] =4t
2 M EE] pH A3t 2oz HIE SASA AFEfelA Ech AE
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Multi—target modulation of ion channels underlying the
analgesic effects of a—mangostin in dorsal root ganglion
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1.1 A T e 14
1.1.1 f3lA= FAA =% (nociceptive pain) % FHF T

A4 (DRG).
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1.2.7 In silico ADME (Absorption, Distribution, Metabolism,
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AA : Arachidonic acid

ADME : Absorption, Distribution, Metabolism, and Excretion

AP : Action potential

BCTC:4-(3-chloro-2-pyridinyl)-N-[4-(1, I-dimethylethyl)phenyl]-1-
piperazinecarboxamide

CRAC : Ca*" release activated Ca?* channels

DMEM : Dulbecco’s modified Eagle medium

DRG : Dorsal root ganglion

Ech A : Echinochrome A

ER : Endoplasmic reticulum

FBS : Fetal bovine serum

HEK?293 : Human embryonic kidney 293

HEK?293T : Human embryonic kidney 293T

K2P : Two-pore-domain potassium channel

K. : Voltage-gated potassium channel

MTT : 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

Nav : Voltage-gated Na* channel

Orail : Orai calcium release activated calcium modulator 1

RMP : Resting membrane potential

STIM1 : Stromal interaction molecule 1

TRAAK : TWIK-related arachidonic acid activated K* channel

TREK : TWIK-related K* channel

TRESK : TWIK-related spinal cord K* channel

TRPV1 : Transient receptor potential vanilloid 1

TRPV3 : Transient receptor potential vanilloid 3

TTX : Tetrodotoxin

TTX-R : Tetrodotoxin-resistant

TTX-S : Tetrodotoxin-sensitive
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FSold I dAF 23 A8E A& AFA 9 A5k sy
2l A7E AAyEL gtk kg o B35S $skAlzl7] HlEl

AHEE = obHolY HAHRo|E Sl (NSAIDs)= AHE3 &5
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#2l o] ofE g 2 o= A =A ol Utk (Jayakar et al, 2021;
Obeng et al., 2021). v]%= 42 (unmet needs)Ql AAoA 2

ARE 9% addoln dPYL AW A8 Az ool eTAL

FEH  FAHE 313EQl a-mangostin Y FE AAY

Aol el E A A A9l Echinochorme A (Ech A

24 T 21744 (Dorsal root ganglion, DRG) ¢l 23 o &5 3
o 7

A9 SRAE dFo polelt oleAy Aol wBa ATE

A2 A9 5 9t} (Gold & Gebhart, 2010). A|3Z ¢Hgut Aeke

FA8k= K2P (two—pore domain K" channel) (Lesage & Lazdunski,

1 d &-t}] &

1



2000), B5< dAdsts /M & FEAEA Na© ¢F Ca®" #9] T2
TRP (transient receptor potential) (C. Moore et al., 2018), &l o] A]
FsAcke] JIA g o] AujA <l s sh= A g2 UER
ol&xd (voltage—gated sodium channels, Na,)©] At} ¥ A sto
Hoets AP A E (keratinocyte) U I M e 2 ¥ o
A 54 ol2AE A thekst IR AWy #wx 5 =49
2 ERJlo] = 4= 9lth (Bennett et al., 2014; Wulff et al., 2003).
ML TE o] 9l TRPV3, CRAC, TREK—29} w9 Ao
e Eo] 9l CRAC, TASK—1, TREK—-27F Yl &4 ¢l o] &) dolt},

rir

o—mangostine mangosteen® Iy o ¥t o] Q) IAE
(xanthone) 3}+3E= (Gutierrez—Orozco et al., 2014; Jinsart et al.,
1992) &4bsl, &<, pro—apoptotic, A7 HE Feof #3t AE3HH
aso] v dde Fd dFHAT (Hao et al, 2017; Ovalle—
Magallanes et al.,, 2017; Reyes—Fermin et al., 2019). 5% ##
A8 0 2= Hot plate Aoy} ¥x=22d 98 53 AFH Zdof o-—
mangostin g Al S|AENIY T2 AEFdd E2 (PGE2) 9 22
A WAAES FH7F BAFCRE FosA Ao zA gzl
g 5adE BAte Bark sttt (Jihong Cui, 2010; Sani, 2015).

Ech A= A4 Aiz vtk A9 7P eRe F53 &

o,

S, A dgto] Qe xS TR
Foste] A mAZ AR k(AL A. Artyukov et al., 2020; Egorov
etal.,, 1999; H. K. Kim et al., 2021). Ech A& A f<%°l4 bleomycin®l
o e FyT Bl A5l 9%e 71X vs A9 (Park et al,,
2021) ot&E3y IF4 (AD) A ¥5F WS f4stA7| BRE AE

Ao oAl W A 2R EAS gaAZt 47 Fuh wage



(Yun et al., 2021).

3FA T a—mangostin ¥ Ech A7} B35 9 I A3 43}
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2.1. %% (Animals)
Aol AFE3E 9-10F% CH57BL/6 AH = Fopd (thahvl =) oA
Tt o Mgty AIFESIYLs  FAHS

5 =
=438t JACUC 49 ¥3: SNU 191119-1-6).
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dtt. DRG wd AMxzE 471 fal WA AHE  isoflurane o=

SAAZL F SN dele] AR BE $EETES 9RRe

o

A 5 70% s (EtOHD)E &% F ARgsigith. A8 442 o

e FEskdA s3I TE (Sleigh et al, 2016).

1. A7 5% (ventral side) & $] %02 3o ulglgte] A7} 70% a2 =
SZ gg AR AA T 7R wERy B4 953 Zojsc)

2. 8% #A (lumbosacral joint)S 792 Z& QFoA HZF (sacrum)
=g

=

sith, thS 0 & 743 (cervical vertebrae) 9} nelF4#4E (atlantoaxial

3. HF FHel 2ol Sl AF¥xAES XA A E

A2 7] S8, oA Uk S el %

6. 3 Akl ¥+ 2 (meninges) ob#fiel Q= DRG W& HA 24 &
RorE FJAZ DRG wig FE8dch

7. %39 W DRG 7792 20 mM HEPES (Sigma Aldrich) & F7}8t Mg”", Ca*"
free Hank’s Balanced Salt Solution (HBSS) (Gibco, Grand Island, NY, USA)
Gl AxE 2

8.DRG 7419 #e o A4 FE2 vAl 7hel®2 Zehdlal, HBSS +HEPES 20

mME Y2 15 ml conical tubed] A|EEE E2t}.




2.3. IZFZAAAANE (Dorsal root ganglion, DRG) H<%¥
FINAPAE 22 3AZE Aol 12 well platee] T2 AHEH
(Marienfeld—Superior, Germany)& <#%3 0.1 mg/ml poly—D—
lysine (Gibco) ¥ %, 1A|7F FHo Laminin (Sigma Aldrich) & #
A 2] gt
MEZ e 2 opfjeke] A}E-3F 895 = DMEM (Welgene, Seoul, Korea)
2 10 % FBS (Hyclone, Logan, UT, USA)$¢ 1% penicillin—
streptomycin (Gibco, Grand Island, NY, USA)<S Yo A}g3t3it}.
Neurobasal medium (Gibco) &= B—27 supplement 50X (Gibco), 1 mM
L—glutamine (Sigma Aldrich), Ara—c (Sigma Aldrich), NGF 2.5S
(Invitrogen, USA), glial cell—derived neurotrophic factor (Sigma
Aldrich),1 % penicillin—streptomycin (Gibco) < &3%3}o] A3}

obel FPAL HAFFLA HAME Lelol W Aabolch

1. HBSS+HEPES 20 mM 7} $)+ 15 ml conical tube®l] Fo} ¥ DRG wH& 2% 3t
AR 7= 3000 rpm HE2 AEE Zhetekdl & AT HE AA T

2. Collagenase/Dispase 3 mls 2ol& § 40~6083F 37T w7 A digestions
3t & 204 vt} conical tubeE tapping 3T}

3. AAEE 7l 1000 rpm, 327 5 F A5 AS AA S

4.0.25 % trypsin—EDTA (Gibco) A ¥ 37T wjek7]el A 723k vFgtet.

5. W7ol A AdH & DMEM (Welgene)ol 10% FBS (Hyclone)”7} & ZAF
FBS7} §l& 234 22 1000 rpm, 3% 3+ A2 gt

6. 45NE 2ol § FBS7}F ¢l 1.5 ml DMEMS ¥ ol& Tt

7. DRG ¥ Alxe] d&st fEl5 98 gAaFro] I3l (Hilgenberg, Germany)-&
Abgste] gtoldllg S FHA 20H F-EHA st

8. =gt DRG wd AHXE FHus 471 M FAEEES AAeRIER
<G> AFL3E B} AFo] vl o] €3] Bovine Serum Albumin (BSA) (Sigma
Aldrich) el dto]slg & | "ojre] Fo] AVIEF
gt

9. BSA % DRG wd AxZo] EFHA AEF ZAHAHA conical tubed
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N
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i
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thojol 3lar, 1587 1000 rpm 52 A4dEe 7S AREgir)
10. FpaFre] gglow FFHE AFEA AAs] ASsAs Zojulial o] w conical
tube 7H ofefjFol] Bl A7} o] AAHA A Fo T
11. 5 ml DMEMS F#7}2 ¥ § 5 &3+ 1000 rpm 22
12. 459 & i
200 pl Aoz gfolAlg st MEXS T dtrt
13. g3 AZEZ 0.1 mg/ml poly—D-lysine (Gibco)®E ZHI ZZ AWEHY
(Marienfeld—Superior, Germany) $lo 100 pl® "ol & 37T wj7] oA
AZ7F AvEddel P Ao R Theteks wW7zkA HA 208 wigEh
14. 20% % 12 well plate©] neuro basal media 2 ml& F7}sle] A xS 7] 2}

Hm

Aoyl F Zn4

il

Neurobasal medium (Gibco)ZE

DAY 3

[Figure 1] Mouse DRG neurons cell culture.

2.4, ANEAF

Q1 7kuolAl 7 (HEK293T, HEK293) M X5 (ATCC, Manassas, VA,
USA) & 10 % FBS (Hyclone, Logan, UT, USA), 1 % penicillin—
streptomycin (Gibco, Grand Island, NY, USA)¢] 3x3¥l DMEM
(Gibco, Grand Island, NY, USA) #jF & Abgsto] delatdlvt. 52
AARANEFI] WA e AAAE seo]lHg =l ND7/23 (ECACC
General Cell Collection #92090903) A3+ UK Health Security
Agency (Porton Down Salisbury, UK) ol 4] w8}t ND7/23 A3+
10 % FBS (Hyclone), 1 % penicillin—streptomycin (Gibco), 2 mM L—

glutamine< ¥ DMEM (Welgene) BjFHN S AFE-3Y 20 % Oy, 10%
. © 11 &k
6 -’-.”'{‘:Eiitﬂ"r
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25. EZZHAUEE o] I A&

ARl TRPV1(WTRPV1) 3 TRPV3(hTRPV3) 9 AHF &3S 4l
A ow HidE HEK293T MEFE o] &3skqlth AF#e] TRPV3
(pReceiver—MO02) &= Genecopoeia (Rockville, MD, USA) oA
etk AbEe]l Orail ARFS 71237] 93] HEK293 A X
Orail (hOrail)® AFZS STIM1 (hSTIMD S FH3AAA AFS
APt TS WH= sadsy JdEFT wFdEH ARt
Wxel  TREK—1 (rKenk2, NM170242), TREK-2 (rKcnkl10,
NM023096) 18]a AF#e TRAAK (hKCNK4, NMO033310)&
ORIGENE (Rockville, MD, USA)°llA “uljstqlth. Abghe] TASK-1
(hKcnk3, NM002246)2 9= Leicester t& w2l P. R. Stanfield
W, A TRESK (mKCNK18, pcDNA 3.1)&= AAew o
WFEREE Attt rTREK-1, rTREK-2, hTRAAK, mTRESK+=
HEK293T MXEFo] dAFo=z HAdAAA AF FH4S ot
hTASK—-1& HEK 293 AxFeo] drdor HAAddAA AFE
7158ty Eekav=E AlEZe F8le7] 98l Turbofect
(ThermoFisher Scientific, Waltham, MA, USA) A]2kS A}g3}¢]
ArH oz e FEFrh % Al Turbofect 1.5 ul, DNA 0.5 ug
7213 0.1 pg 5AYFAMA (Green fluorescent protein, GFP) &
FBS 7F ¢& 100 wl® DMEM (Gibco) <kl sl o] A2eA
157 wkgAl & | o vl wjeks & HEK293T % HEK293

AL AL heele] A7,



2.6. AEEANE B4 (MTT assay)
MTT assay+ A&z MTT [3-(4,5—dimethylthiazol—2yl) —
2,5—diphenyl—2H—tetrazolium bromide] (Sigma Aldrich) & A}&-3}o]

Az AE %5 FHE SHoR AYstsle A 7Ielth

1. AZ +5 AA 96 well plate®] $ well F 8+x10° ~ 10'7}e AEE 37 C
w71l A 7190 A gt

2. A AEE 6A1ZE, 12A7E, 2427kl 9H3] a—mangosting FEHE A g st
3. k& A8 F 5mg/mle] MTT &85 Hoish ¥lo] w25 Jal Ao A2t F
37 C wjkr] el A 3—4A3F A%kt

4. MTT &9 AAT F DMSO 200 plE Azo] At o] #Aolr W
g&7] 98] ¢FulE TUE 96 well plateE ZF 7 3 37 T Hjekr] Weld 10—
15 A1

5. ELISAE AF&3te] 570 nm 3gollA MTT assay w4 2y gt}

Y& (TE2000-S, Nikon, Tokyo, Japan)e°l
AxE HHERZ L YId AHoA et HAHEAEZ FF7|
(Axopatch—200B, Axon instruments, Foster City, CA, USA) oA

U2 2Ase ofd®E YXd  wWgkr| (Digidata—1332A, Axon

NS

instruments), pClamp 10.3 ZZ13& o]&3sty] AF, ALES =4

AT V)= AR 0 A% 10 kHz 57 7|Sag0n 2KkHy

il

2

o ojut HE (loss—pass filter) & AFE3FAY. Ed v E AR
sS4 v=2A4 A 934 UHEE AF ) T 71581 feliA =
A4 AL 80% HAAxACNAN  SAsst. dAAx 715z
(conventional whole—cell mode)°l|A AFE3st FEulAd= (World
Precision Instruments, Sarasota, FL, USA)¢ +#<& MF-830
microforge® GAgste] AFggon 3 Z¢E E3)] Ggu|Ad=9

AzES 1.2-1.8 MQOE vWIEQt e Age él?i%l ey - 23 o
8 A -‘,3_-1



25 CTolM Fsk3i.

2.8. AgLHA

2 A9 e A 38 A¥ xAelA TRPVI, TRPVS, Orail, TREK—
1, TREK—-2, TRAAK, TRESK, TASK—-1, Na, A¥< 7|=39 1 A7
17 A HelA APE FAsIT AlE Wf/eF &4 A

obel %2 el

[Table 1] Al¥ W €9 (Intracellular Solution)

Solute (mM) AP TRPV1 TRPV3 Orail K2P Nav
NaCl 2 4 6 20
KC1 7 135
K—gluconate 130
CsCl 140 140 117
Cs—glutamate 130
MgATP 2 5 3 3 3
HEPES 10 10 10 20 10 5
BAPTA 20
EGTA 0.1 1 10 5 5
Glucose 10
Sodium 0.002
Pyruvate
Na—-GTP 0.3
CaCls 4.85
MgCl2 1 1 1

Orails =733t7] g8 IP; 20 pMS AlE UF gdo] F713kad o).

ME JF g9 KOH, CsOHE 77 AREste] pH 7.2 A A5}
AdS st



[Table 2] A¥ 2] &9 (Extracellular Solution)

Solute (mM) AP TRPV1 | TRPV3 Orail K2P Kep Nay
(pH5.5)
NaCl 140 140 139 135 145 145 130
KCl1 3.5 4 5 3.6 3.6 3.6
CsCl1 4
HEPES 10 10 10 10 10 5 10
MES 5
EGTA 1 1
Glucose 10 5 10 5 5 5 10
Sucrose 20
NaH2PO4 1.25
BaCl: 3
CaClz 2 10 1.3 1.3 2
MgCl2 1 1 2 1 1 1 1

ME QR g pHE NaOH, CsOHE 747t AFE3te] pH 7.4%
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oX,
<
o
>
fuied)
o
4
o
ol
ol

2
)

o—mangostine  Sigma  AldricholA  Fw3}% 3. methanol®l
&3 AIA 5,10, 50 mM stocko 2 HE & AFE 5T Ech AE
gArlotel A A A= Al AREH = Histochrome® i&%2 Ad=
213y3kth Histochrome® & &4 YEF Qtel =<1 1% Ech A (37.5

mM) 2t 43+ HEH (0.9 %, s&doez &% (10 mg/m) 8=

o]Fx tt (Yun et al., 2021). Histochrome®2 213 2z
WA AU ME QFgde] 0.1% w|wtez 3|HAA AP

TR Aol AFESE E= o= Sigma Aldricholl A F-uisk3ith



2.10. 2 =7 24

TREK—-1, TREK-2, TRAAK, Nav 1.7, TRPV1¢Y 3z %+
Protein Data Bank (https://www.rcsb.org/)olA &4t} ML3359}
A3rst TREK—1, fluoxetine¥} 433t TREK-2 TF%& T3 a-—
mangostin® AEAEE A8t dH TRAAK Fx& #ii=ef
Agets 54 AdE F4E 5 jlo] #2271 /AR TREK-1 7525
jal ARgsklth Nay 1.72% TRPV1 ol&Alde Ho% (TTX)#

MAFo] A o] AgAE]E  F3] a—mangostin® AEAE] S FA I

o

AutoDock Vina¥ o—mangostin® T2 o]&xjdxte] A3

Bia) fal AgaArh mead g A dEwd PRS2

=

AAS = 4 AFS H7Mstal Gasteiger A3E AlAtstol PDBQT
(Protein Data Bank, Partial Charge (Q), & Atom Type (T)) &
ek A AE 20 x 20 X 20 A 2 5 =7 AEE 2F
A7l & ARt A A 7x9 55 918 AutoDock
Vina®] exhaustiveness 24% A3t ZF olxEFof odty]
20709 a—mangostin 32+ TE7F BAEHRCH, dqUAFHow I
ety st 271 FF E4o AFEEH ST Discovery Studios E3 a—
mangostin¥ A4S Age= ol AL ofm|xAl VIS FA AT

gt USCF ChimeraZs ©]&3to] o] A9 ¥ a—mangostin® 3x+¢l

2.10. In silico absorption, distribution, metabolism, and excretion
(ADME) analysis.
ADME+ &<  (absorption), #3X  (distribution), ©A}

(metabolism), W4 (excretion) & kA& oulstm oz AA Al 94

11 H 2 t}f &



WA BErHew BHSHE myolth WY okEl hEEYSH
Qg meste] AW bsdel Yt BFEE AYL 5+ AR

o]
2 Ft(Daina et al, 2017). ¥ A4+= The Swiss ADME tool

l-['i

(Scripps Research Institute, La Jolla, CA, USA: ADT 1.5.6;
http://www.swissadme.ch/, Molecular Modelling Group of the Swiss
Institute of Bioinformatics)& AFE3F%] oa—mangostin®} TRPV1
AAAA BCTCell whsted  oASshglar Z2a=ie] ARg" T2

PubChem databaseollA] & git}.

2.11. BASH £4

BE A44d3+= Origin pro 16 (Origin Lab) ¥} Graphad prism
8.0.1 (Graphad software Inc. USA) % dlol¥ 4 4 EA3A}. Ho
(mean) * ¥ (Standard Error of Mean; SEM)® 3%7]3}3It},
Student—t—test2} one—way ANOVA, Tukey s post—hoc test® =74
AT FA FYAd2 xp <0.05; #xp <0.01; #xxp <0.001; ##xxp

<0.0001 = 3®7)&}9ith.
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Multi—target modulation of ion channels
underlying the analgesic effects of a—

mangostin in dorsal root ganglion neurons
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.14 &

1.1.1 §3iA= AR 55 (nociceptive pain) ¥ 5 T
X734 (DRG).
Fo2 A Zrel Fretal sl= A=l o3k 227 &4y

Q]

R4

1
d  wAEE E2Yd, g4% 2add Adow ARy

Ego R o7 = FallA= A FF (nociceptive pain) (Kosek et
=
[e)

al., 2016), <

HEg-o] ot dASA &35 (inflammatory

pain) (Grichnik & Ferrante, 1991), @ %A1 4 (peripheral nervous

system; PNS)¢} Z3FA174 (central nervous system; CNS)2]

£Ao 7 wAlEt A AA %3 (neuropathic pain) &2 FE3 4

(Paice, 2002; Prescott & Ratté, 2017; Woolf, 2011; Yaksh et al.,

olth
2015;

Yam et al., 2018). & AG+= M7HA] 55 7F-d FslA= FAA

%< (nociceptive pain) ol 58S Fo] A5 53T}

S+ A A B (nociceptive pain)S AP A o7 27 £Abo

g8 WS BFoeAd RAT AL At 574587

2454718 A0 =4
NANARE FF AAAA ol AaHtd o] W Az FHA

o] =
R

(primary afferent neuron) 8] A¥A|50] Fof Q)

2
i

PN
T

(nociceptor) & &3l 5ol @A ¥}t (Prescott & Ratté, 2017).
5

b RPN
) T

o o
e

1

(dorsal root ganglion; DRG)¢] % #oJstt} (Berta et al., 2017).

DRG¥ #F9] dorsal horn¥ @x A7 @tk Alolof =g &1 Q)

14 2] 2] &)



(Esposito et al., 2019). DRG W& AEXE F A7|7F F2 AEXES
ekl g =2 A e A T AZE TERABATE
SFANAANA dEdsts F2 viZfAIY (Harper & Lawson, 1985).
DRG wHole &% ASE dAdstes 744149 AEzAEC] B
Rom st 4 &4 22 VAR Aol Wbk As Al (AS
fibers) ¢} o8] A=l RWE&st= C—AF(C fibers) o] A5t &2H
a3ttt (Berta et al., 2017). A8 A+ (AS fibers) &= 1-5um &40 =2
%3} (myelinated) ¥ ¢lal, C-AH(C fibers)&~ 0.2—-1.5 pm
A7dow Fx3 HojgA ¥ (unmyelinated) ZgA ALHE=
545 2t 9tk (Berger et al., 2021; Berta et al., 2017; Prescott &

Ratté, 2017).

1.1.2 DRG wdA 9 &5 "/ o] F=.
DRG Yrelols %5& wfshs o2 ol&gdsol walyol glof

D2 AAGANA SFAADA7NA F5 ANE5E dds = Qv (Gold &

&Aoo 7 Hauxo] gl (Bagal et al., 2013; Li & Xu, 2015; Li et al.,
2018; Lolignier et al., 2016; Tsantoulas, 2015; Verkest et al., 2022).

TR AR 559 A HAo A K2P (two—pore domain K
channeD) & Zx 21749 $#A4& 43t (Tsantoulas & McMahon,
2014). A=o] dAAE "ol AgHr] He| Ax mHAYgs JES
BHE A FEAS EsAW, Sedde I sl

Ao Ao A7) 9 BEAQNA B 747k spike RF 2

i)

N

715 A4t (Plant, 2012). 53] DRG wdol+= TREK2 (TWIK—

15 SR



related K* channel, KCNK10) ¢ TRESK (TWIK-related spinal cord

K" channel, KCNK18) 7} @& o] glo] K2P2] oF 80% H&% W&

o

2HA ek ML b ur gk Ao 7]ojsttt (Andres—Bilbe et al.,
2020; Kang & Kim, 2006; Li et al., 2018; Smith, 2020).

Na* #} Ca’t §¢ E&9¢ TRP (transient receptor potential) =
DRG wdeolA T5S dgste 7 & 84 5 3= (Bertaet al,,
2017; Levine & Alessandri—Haber, 2007; Carlene Moore et al., 2018)
TRPV1 (Transient receptor potential vanilloid 1)¥ TRPAL
(Transient receptor potential ankyrin 1)¢] Z587]0 T2 23
= ogltt (Talavera et al., 2020; Wei et al, 2016). TRPV1S <,
AAtolAl, A Eke] Ao g ool @AdstEm A ol
A7 9490, 1 43 458718 Fdl welsdxd 55 A==
A714 AE2 HAE  (transduction) o224 FFALS FLde
AAA7MA 5 ASE HAI3sh= receptor potential S¢S 3o}
(Levine & Alessandri—Haber, 2007; Nikolaeva—Koleva et al., 2021;
Prescott & Ratté, 2017). TRPA1S DRG w#deolA =2 TRPV1Z
s A EA5H (Levine & Alessandri—Haber, 2007) 94
FEUA, AdkEQl mlH ARl o] AEFHUR] (isoflurane), %711
(lidocaine), 23X % (propofol) o] 2J&l] /sty n] wFgo], 9}AfH],
Azl wluks @9k allyl isothiocyanate (AITC)el 2|3l
ol 2xgo] &/d3tEtt (Souza Monteiro de Araujo et al., 2020).

Receptor potentiale] FEd ¢S AASH] 3 dAA A Z=2s1A
HE Aot MEAd o] Y (voltage—gated ion channel) ©] 24 3} ¥ ¢},
ddtd og A MHAAN YHEF ol2Ald  (voltage—gated sodium

channels, Na,)< oA Esd¢e] 7MA 2 dubel] A7 7]ofs)H

16 A 2-tj] &



Axete]l i3 = uw 4 % ko] Na'7F #¢lol HuA A9
activation®¥} inactivation®] A3t} (Ekberg & Adams, 2006; Yu &
Catterall, 2003).

DRG +dole= YEH ol2AEd F7% 9 F 57489 HEH
olxzdo] FE WX Utk (Black et al, 2004). Foj=
(tetrodotoxin, TTX) | W% (TTX-S) Na, 1.1, Na, 1.6, Na, 1.7}
TTX A& (TTX-R) 54& 7FA1 8& Na, 1.8, Na, 1.97F DRG
el i g sl v SFAEA (CNS) & 2241734 (PNS)
A ddEoe] 9l Nay 1.1% Na, 1.6 2= 2] PNS o= Na, 1.7,
Na, 1.8, Na, 1.97} 5S4 & c® W xo] glom 24879 435

| =93 9338S st} (Benarroch, 2015; Dib—Hajj et al.,

A
o
Y
I
in)

2010).
T3t DRG wrdell= dARbg o= TTX-S Q1 Nav 1.7¢] TTX-R<Q!

Na, 1.8, Na, 1.9 Xt} A4 @& Hoglth (Hameed, 2019). Na,

—

T2 EF ALY upstroke E UAA o} receptor potentialS

FAdsh=d =S v TTX

R EA4& Ad Na, 1.82 Na, 1.7Ht}
=2 A S 7HA A 3 wHY s A FAde 7]ofskth Na,
1.9v dF& 22 72719 DRG wdo wayo] glom F74-87]9

DAA ob el Nayzb AEHoz {FA 2% v (Benarroch,

Na, 1.7, Na, 1.8, Na, 1.9%= g5 o= <l o]z do] &A3Hrt=
AT AySo] BuE vl vl (Black et al., 2004; Gould et al., 2004).

A & HEF ol&%2 (Nay 9 79z &5 AY (+40~ +60

mV)& G4 F Nt FA4 JUE Boblz, At 9%y ek
oA Kl BYFHEA FAe AL oA Ame Py



Ay S 9A @, @A B2, firing rateo] A ETH
(Benarroch, 2015).
Tl A= A 55 T Bl Bt Be W9 ol AdE

SAY Ve FHAEY S ol2AEds HAHOR st o= AT

oMY AEHe] EASHE B dwAR A, 259 olgk FF,
T AAS Adg, FY 2d W AE T4 T A Sl A4 w4y

HAE Zta Qlth o]ld EAELS oFE i Ao o]2adoe] FQ
FAo] ¥Hol ¢SS & 4 At} (Bagal et al, 2013). ZEA2 7

ol E& nHlAHRo|E FAZEA (NSAIDs)7F F2 AAfoA] A&

AR AAs T35 e HQg oFF a5 W okE U FSHoA =
o] 43] w]&3&t} (Jayakar et al., 2021; Woodbury et al., 2018). #]
T2 (unmet needs) & =E3H7] st AM=ZL JE A 7 W B

[e]

fol
£
Y
o
i)
2
O:

AAAE Ad X8 ko] Q3
Garcinia mangostana Linn. (mangosteen)< FgolAlololA F=
fuls = ol 3Y YFoh. Mangosteen<s &= 9 FEoF X efA

ke o] Ase ARgsRled 2 4 Ax 9 95 f4d AE,

N

d

A& 7hEets)y] A HH o= oy HuE o] &3itt (Wang et al,

2017). AA7MA FEEY PFE= S3 mangosteen®] W

T29 7sel gt A7ES vt e R X 5A o] g Qlth
a-mangostine mangosteen®| Z}Ijo|A F2|¥ FAFE (xanthone)

3}etE = (Chen et al., 2018) @A4Fs}t, @93, pro—apoptotic, A7 H &

B QRS Edh %ol ued ATAES 59

)

olrt

ol



B ¥ ojgtt} (Bullangpoti et al., 2007; Reyes—Fermin et al., 2019).
Hol= hot plate Agoly 227 FE& &3t A7 BdoA o
mangostin®] &4 Z%E g¥E HAYE Hurl 9t (Cuiet al.,

2010; Sani et al., 2015). Sani ZFA= X

[t

T A AAEH)
1A1ZF Aol a—mangosting ALY FHS=E (3, 30, 100 mg/ke)
FojdAr}. Hot plate A3 Ao+ o—mangosting 60 o4 210
w7HA A4 a7l del wg A= 7Hd 7 Ads FE

FAHCE  Fo8Al  a—mangostine]  FEAST  BAAE TS

12

Al

=

= 2 833t (Sani et al, 2015). Cui ZFAAE a—
mangostin (25, 50 mg/kg) < AUl Fo (G.goste] Adsgly AT
E9HE =38t (Cui et al, 2010). = AFollA] a—mangostin &
Al Bl AEM ) T2 AEkEdd E2 (PGE2) & 22 d4F5 wiAIES
FA7F FAASR FYsA #AasS Husk nf Qv =k A
AT 24 g—mangostin®] CRAC (Ca*" release—activated Ca*"
channel) & SAAFCEA, T AME Alo]EFRRIS FH] 9 FA&
HaAths Bas o vk 9ok (H. J. Kim et al., 2021).

a8y dA7A] JAFE &5°] %+ a—mangostin® A3t 7]d 2
2% 5234 FFS vAE ol Adel i HEsk Ao ol
szl vzt gk fell Ak A 5% (nociceptive pain) A%
I 7lsk= DRG wdl o]2alde]| th3t a—mangostin® <& tjst
EFAQ okYEE A MESE HEA MRS % d=F 7
71098k Zlo]th,

ol uol7} a—mangostinel % ol2Aqd xd YW FIHE
st 2 Aol s AAE RFHESAZ A Fe A7

DRG W&l AZE AmZ Agste] 4P s B AT

19 f—'! 2-1] I Bl



o]x°] in vivo A¥oT A#HZ  ag-mangostin® HEF ZEo|
DRGw# e og olxad=ze =4S T3 f3 A= AL &5

71& s8] aLAF gk,

20 S B8 i)



1.2 2

1.2.1 ND7/23 AlZo)A o-mangostin®] 54 F7}.

o —mangostin® AEEAL Hrter] Yl MTT  (3—(4,5—
dimethyl thiazol—2—yl) —2,5—diphenyltetrazolium bromide) assay=
6, 12, 24 AlFtel AA A& s BAY WG EA LS
WMol AAAE ste]HE=l ND7/23 (ECACC General Cell
Collection #92090903) A9 a—mangostine 2+2F 1, 3, 10, 30
uM FEHE Agste] MAE AEES FAFTh 12 AgE 24 A1)
3PS vl oa—mangostin 30 uMelA  AHEZ HAo] FAFORE

FoetAl UEFSTE. WEkA a—mangosting ©] &3 AAEX FAHEHE

5] © = =] O =] =
A2 kdsHA 10 uM ok sEoA A2 sl
B. C.
6 hrs 12 hrs 24 hrs
* k %k *hkkk
1.5 15 15
> 2z >
E1'0 E 1.0 E 1.0
- ™
> = >
Zos &os 305
0.0 0.0 0.0

0 1 3 10 30 0 1 3 10 30 0 1 3 10 30
a-Mangostin (a-MG) (uM) a-MG (uM) a-MG (pM)

[Figure 2] Effect of a—mangostin on the viability of ND7/23 cells.

(A) MTT assay of ND7/23 cells treated with various concentrations of
a—mangostin for 6 h, (B) 12 h, and (C) 24 h. As shown, only 30 pM a—
mangostin was found to decrease the cell viability to below 50% after 12—
24 h. Data are expressed as mean = SEM. Data were analyzed using
one—way analysis of variance (¥#xp <0.001, ***xp <0.0001).
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4

1.2.2 DRG neuron®lA] a-mangostin 2] &gt ¢t A

SFA},

o
H

2L
&/

AAE AFHSFHAEZ o A2 DRG wHAEe <Fdd
(resting membrane potential; RMP) ¥} &% %<9} (action potential;

Askelth Az o] kA ut

>
2
o
2L
Ju
o,
N
.
o
o
=
=
0
=]
=
o
o
S
S5
é
_I_z
.ll}lt
O_u

(voltage clamp)o.Z ZH3tste] A¥xo A4S —-80 mVE 1F
(holding potential) 3}%3 37 ramp pulseE —90 mVH¥-EH +40 mV7FA] 10
Zult} 71 =38tk (Figure 3 A).

DRG ¥l o—mangostin® =5 Az FoldA AHzFs

AES U Age FAHom FEIol wgPod Am

a—mangostin 1 uM A2 A] —62.92 + 2.075 mVlA -65.21 + 2.166
mV=Z ¥ %3, 3 uM a—mangostin A2 A] —-60.56 £ 1.5584] —
66.85 £ 1.683 mV o2 FE=o] AP (Figure 3 C).

HZE FEFol| Bk ol2AE e BV s AR g A
Aok 1 o w A Asgtsto] AF/ASt #A =4 (I/V curves) &
At (Figure 3 B). thz=w 715 Aol oF =60 mV Wjele] 3049
(reversal potential) & 74+ 9% AF7F YEFS Y. a—mangostin 1
uMS A g shAl =™ tiF7te Hl&] background Ago] EAstE S
AAdL= dFCo®E HEFH o —80 mV W&o gho] S =

T3k —30 mV o]Ae At it A+ o—mangostin®l] &g 2|3k
AFe A717F oA #Asksith. wEbd DRG W AlEe] a-—
mangostin 55 Fo|HA HEstA HH At v 9£4A background

22 A 2-tj] &



Ade AF 277 B B Ky A7 FRA La @iol

AT 40 mVelA S & A7 A7]= dhxatel tinlsiA

-+

1 uM a—mangostin A2 Al 23.96 10.89% #astH, 3 WM a-—

mangostin A 2] Alofl= 31.45 += 10.49 % 743ttt (Figure 3 D).

a—mangostin FEE FolWA ZeHsts FAsA HAH A
AbEHA = e dcks ASaAA AT Slel o B3 ARE
7halFolok gtk tixol A 280 pAE ZHS W AP FEdehe
1 uM a—mangostin # 2] A] rheobase AF7} S 71&<] wel 320 pAE
ZhallopAIRE B2 A EFE Aol FAdET  ESE a—mangostine
At AF7E FAHE E)tel A= ®EE AV gEza
A= 2719 Wst Fxro o 2A 4o Hded ol Ay =4

Eeby (Ko AL fdas vt

23 A 2T} 8



A. B.

- ctrl (1) 250
_‘/l__u,,_ a-MG 0.3 uM a-MG1 M — a-MG 0.3 uM (2)
— a-MG 1M (3) 200

V-clamp
m | ) 3)

64 mV i [ S CREC 0 SIOT L I Ao [ | B SPEe | e 1 e >
0pA I= 80 60 -40 -20 0 20 40
vind: 25sec ™ 2 vV (mV)
C - wwan D. e A0my E control a-MG 1pM
-50 i -50 500 H
s 400
< -60 ,__57; = -60 — T
E — T Q S 300
E E S S
g 70 g 10 3 S 500
i — @ | -
804 = -80 .-\ {6
-90 y v -90 0

T T A 20 pA ) @
ctrl a- MG ctrl a- MG ctl 1 3 A 20 pA 80 1 F
uM 3uM I —
H K - MG (M) 0pa

[Figure 3] a—mangostin hyperpolarizes the membrane potential of DRG
neurons and increases the rheobase current to elicit an AP.
(A)Representative chart trace of whole—cell currents (Ix), demonstrating
the generation of AP from DRG neurons with 0.3 and 1 uM a—mangostin.
APs were recorded with a depolarizing current of 70 pA injected every 3
s, and then, Ix was induced by switching the voltage—clamp mode. Induced
by applying a ramp—like pulse (holding voltage —80 mV) from —90 mV to
40 mV at intervals of 10 s. (B) Current—voltage (I/V) relationship curves
obtained from the left panel. Black curves indicate the control (1), blue (2)
and red (3) curves indicate after treatment with 0.3 uM and 1 pM a—
mangostin. The upper left square shows a magnification of the currents
from —80 mV to —20 mV. (C) Summary of the RMP of DRG neurons before
and after 1 pM a—mangostin (n=18) and 3 pM a—mangostin (n=25)
treatment. (D) Summary of current density at 40 mV in the control, 1 uM
a—mangostin (n=4), and 3 uM a—mangostin (n=4) groups. (E) APs were
evoked by current injection at 280 pA in the control and at 320 pA in the
1 uM a—mangostin treatment group. (mean * SEM; ##*p <0.001, #***p
<0.0001 paired Student’s t—test).
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1.2.3 a—mangostin®] 93 TREKs ¥ TRAAKY &3}

Two—pore domain K channel (K2P)2 tlefst S 3HA ML S0
AAIA] ofoll A AEZe] Hgur At 3hS A FoRE FAT 7 UEH

716 gttt TREKs, TRAAK, TRESK 9} 22 th4°] K2P+ DRG <
background K' conductance A F2 7|oddtta L4 <t
(Benarroch, 2015; Talley et al., 2001; Yamamoto et al., 2009). 2]
U2 Ad3E F3] DRG wdel oa—mangostin FEE Ak =
At background Eo] AstEE S AR QIdth
ek DRG el 2@ s ltta &3 TREKs, TRAAK, TRESK?]
HAsE dEer] fle v Ade s

HEK293T Al¥eo] rTREK—-1, rTREK-2, hTRAAK I13i

.|_4

mTRESKE dAdoz2 HadAA HAxZ SHFHSHAZ Z7stelA
A¢k v o2 AdE 4335t Holding potentials —80 mVZE

173 ramp pulse® —100 mVFE +20 mV 7F4 500ms F<F

2L

Y= 10x HHow 7. ofEs Al Aol 7lE" 71EAQ]
A7¢ A7]= TRESKZ} TREK-1, TREK-2, TRAAKX.t} H]w %
At TREK—1, TREK—2, TRAAK®] i3t a—mangostin®] & a3}
stz 9isll zb of=2Adel wiell #F dexl #EA] ofhr]=At

m{m

(arachidonic acid, AA) 10 uM& AMxE 9] & 1-287F #7S §
0.3 uM, 1 puM, 3 uM a—mangosting TAUZ F7}ste] #FAIZI}
(Figure 4).

a—mangosting FEHE A& A A3 mTRESKE &S
Agatr] A AR Arigk vaPE W zolrk vk A
rTREK-1, rTREK—-2, hTRAAK AF°] Z7]&= 2842 10 uM AA

o

2 @4std AR AR EA fAskAl AR 2717 S

25 sH-f-Uﬁﬁl_
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G H %tk (Figure 4). Figure 49 35S A8 gz 20
mVelA 7158 AFe 715 7Ieer AdrH vusisivtt (Figure
5). TREK-1, TREK-2, TRAAK ®% 3 pM a—mangostin®] 2|3
As 27177F S7hek s dEd o glldh vk TREK-1, TREK-

27} TRAAK®R T A7Fe A717F o S-AstAl &4 31+ St

26 A 2T} 8



TREK1

a-MG
AA10 UM 03uM  1uM 3 uM o o
— u-MG 0.3 pM .
— a-MG 1M w |
— a-MG3uM 800
AA 10 uM S
- 60
w
o
<| \ ‘ ‘ ‘ | ‘ ‘
a
L |
® I I
v L IRERRNNRRRAARNA AR Rnaain N
100 sec
TREK2 .
A.A10 uM 0.3uM 1M 3uMm
—
ctrl
«-MG 0.3 uM 3000 1
— a-MG 1uM g )
a-MG 3 uM s 2000
AA10 M S 20004
5 =
: |
gl vonnd Ul h.u..nuulnllllilIlI“ AN V(mv) _ﬁ
2 OO ReE 100 -80 -60 -40 -20 O 20
C.
TRAAK —
AA10puM 0.3 uMm 1 uM 3 uM ctrl
MG 0.3 uM 500 4
a-MG 1 M o
a-MG 3 uM < 400 4
AA10 uM % 0g ,4
f
300,1’*
= ,,&?('-
E al
o
T R
LUl LLLLLLLLLLLLLLL VIMY) et e
e — T 0 1
—‘ -100 -80 -60 -40 -20 o 20
100 sec
D. trl
— fr
TRESK 4-MG 0.3 uM 150
a-MG a-MG 1 uM i
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[Figure 4] Increase in TWIK—related K* channel (TREK) —1, TWIK —related
K* channel (TREK)-2, and TWIK—related arachidonic acid activated K*
channel (TRAAK), but not TWIK—related spinal cord K* channel (TRESK)

currents by a—mangostin.

(A-D) Representative full current traces of rTREK1, rTREK2, hTRAAK and
mTRESK overexpressed in human embryonic kidney 293T (HEK 293T)
cells and relative I/V curves obtained by ramp—like depolarizing pulses of
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the whole—cell voltage clamp from —100 to 20 mV (pulse duration, 500 ms;
holding voltage, -80 mV) at intervals of 10 s. After confirming the basal
current, 10 uM arachidonic acid (AA) was applied to induce further
activation of Itrek1 (n = 6), Itreke (n = 5), and Itrask (n = 6), but not Itresk
(n = 7). After confirming the activation current of AA, it was washed away
and then 0.3, 1, or 3 uM of a—mangostin was added to the bath solution to
confirm the effect of current activation.

A. B.
TREK1 TREK2
—ctrl 1500 " — ctrl 25004 *k
a-MG 0.3 uM 30 % 20mv 0-MG 0.3 uM 5 20 mV
— a-MG 1M 1250 == — a-MG 1 uM = =
—— a-MG 3 M — a-MG 3 M 20004 3
AA10 uM = AA10 uM . =
K, fm =
o 20 S 1500 2 20
3 < E]
> P, >
3 | H
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& ]
E E
V(mv) - | : fi, 2 ]
100 20 60 0 20 - o 20 0 . 0
B B N >
& &8 & &3
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S S P
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[Figure 5] Activation of TWIK—related K™ channel (TREK)-1, TWIK—
related K™ channel (TREK) —2, and TWIK—related arachidonic acid activated
K" channel (TRAAK), but not TWIK-related spinal cord K' channel
(TRESK), by aa—mangostin.

o—mangostin activates rTREK—-1, rTREK-2, and hTRAAK at
physiologically relevant concentrations; the effect of ao—mangostin was
compared with that of arachidonic acid (AA). (A-C) Left panels: average I/V
curves recorded from voltage ramps showing the concentration—dependent
activation of TREK—1 (n = 6), TREK—2 (n = 5), and TRAAK (n = 6), but
(D) no effect on TRESK (n = 7). Right panels: amplitudes of peak currents
obtained at 20 mV normalized by the peak current of the control (mean =
SEM; #p <0.05; *=xp <0.01, paired Student’s t—test).
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1.2.4 a—mangostin®l] ¢]3 TTX— sensitive Nay &JA).
BZAFA L BZFEE7) 7 AFE ol FFRAAANA Fa A= A

X BFe AVA NEE Adstdw AE BAge] Rl Frwol

AgetA =W K2P7F &dstea AzEurdctel REs3 a4 A4 &
Skl At A A= dds dEEIT o] A4S FE o
mangosting A X A5 HHE T5 A5 JAEE Adste o=
e g A

ek S dskE YAk S At #HaHA overshoots HAY
Al71edl A7 71998k= Na, 94 a—mangosting A &atA H™ AAd
A s7E Al o] EFdst A Wl E B AoE M

a—mangostin®] &%t Na, o] g#| a3= #=3t7] 8, AAxE HH

=

FAzg Aot v ZAA AL 359 ct. K conductanceS Hj

A7) g8l CsClz A ] §942 wEo] 43¢ DRG FralolA
0

7128 B AS 71FelA 3 uM a—mangosting A S Al thx
717F A8k ¥hd, 1 uM a—mangostin A 2] Alell=
A3t (Figure 6 B). A7/2 27|18 dxvds 7+

7 7
o2 %733 W —10 mVelA 27 0.91 £ 0.061, 0.60 £ 0.053 3k
1}

29 A & 1_]| &l



DRG F¥olE= TTX-S9 TTX-R EA4S A4d NaJst B 9ad y o
9t} (Dib—Hajj et al., 2010).

a—mangostin®] o] AF A7 T4 dlel sldst= 54 Na,

ofN

FE #Qld] RuA —10 mV @Y AT 7183 300 nM TTXE Al
o1 godo] Hrbetitt. DRG r#lelAd TTX-R Na, dAFE a-
mangostine 3 pMelu A FARE AA7F ds @FE A dgdth
(Figure 6 C). W&#}A a—mangostin®] 2a] 4% Na,&= TTX-S Na,
2= 7Hgstel]l 7 Adds AT

DRG FrdlelA F=2 wd o] 9E TTX-S Na, 7 & Na, 1.6%
Na, 1.7°] & FFol Bla] AlskAl Ed o] Sli= AlZF<1 ND7/23
M3 a—mangosting A3t 1 uM a—mangostin * 2] A] W)z
I} AF 72719 Aol= gl oy, 3 uM a—mangostings Ao * 2] 3}
A =™ Na, A7 27171 oA A4t (Figure 6 D).

w2l EAS ofgd S A XL FE YXY DRG FHAA o-—
mangostin®] o3l ZAFH+= Na 8 54 T7Fc TTX-S Na, 9= &<l

& Ui
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[Figure 6] Inhibition of the TTX—sensitive (TTX—S) voltage—gated Na*
channel current (Inzv) by a—mangostin in dorsal root ganglion (DRG) neurons
and ND7/23 cells.

Whole—cell patch clamp recordings were performed on DRG neurons and
ND7/23 cells. (A) The Inav was activated by applying a multi—step
depolarization pulse protocol from —-80 to 60 mV for 100 ms. (B) I/V
relationship of Inav for the control, and 1 uM and 3 uM a—mangostin groups
(n=7). (C) Left panel: To verify the effect of a—mangostin on the TTX—
resistance (TTX—R) current in DRG neurons, the TTX—R In.v was recorded
in the presence of 0.3 uM TTX (n = 4). Right panel: Summary of the effect
of a—mangostin on the TTX—R current in DRG neurons. (D) Left panel:
Modulations of Inayv by a—mangostin evaluated in ND7/23 cells mainly
expressing TTX—S Nay channel (n = 9). Right panel: Summary of the effect
of a—mangostin on Inav in ND7/23 cells. Data are presented as mean =*
SEM. Analysis was performed by the paired Student’s t—test (x*xp <0.001;
ns, not statistically significant).
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1.2.5 A}ojale g FA3tE TRPV1Y] o3t a—mangostin®
A.

TRPV1Z &2 2A=55 74

ol

o s5& A
Y (non—selective cation channel) @ th¥%4<Ql &7z} F=gA o]t} =
2 34719 DRG w#ell 1 uM ZAPolAl S A stA =
A7 47114 TRPV1 Aldoe] &g she,

g3t defel A a—mangostine 0.3 uM, 1 uM &5 02 A }HA
HH AYApol Ao ot Ho &As dw A7]el whuls} 2z 75 *
0.3%, 85 * 0.4% ZHEZ AF7F A" A #2225 A3
(Figure 7 A, B).

TRPV1o] fHg&kA HEK293Tel A of Sliz AlzolM i Aol
of ost &g dF &49sket 7247 0.1 uM, 0.3 puM, 1 puM, 3 uM a—
mangostin =5 oA AYFe A A7 Al ddE nMIFH

HA2E T} ICs0 #h 0.43 £ 0.27 uMe]t} (Figure 7 C, D).
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[Figure 7] Effect of a—mangostin on the transient receptor potential vanilloid
1 (TRPV1) channel current.

(A) Representative full trace of TRPV1 currents in dorsal root ganglion
(DRG) neurons induced by capsaicin. Application of 1 pM capsaicin in DRG
neurons induced the TRPV1 current, and then sequentially superimposed
with 0.3 and 1 uM a—mangostin confirmed the inhibitory response of TRPV1
currents. (B) Summary of the inhibitory effect of a—mangostin on TRPV1
currents in DRG neurons. The amplitudes of the TRPV1 currents were
normalized by the capsaicin—induced current of the control (n = 5, mean =
SEM; s#xxxp <0.0001, paired Student’s t—test). (C) Treatments of 0.1, 0.3,
1, and 3 uM a—mangostin to hTRPV1—overexpressing HEK293T cells to
confirm the gradual suppression of current. Finally, BCTC was treated to
completely suppress the current. (D) Dose—response curve of the effect of
a—mangostin on the TRPV1 current recorded in hTRPV1—overexpressing
HEKZ293T cells (n = 11). (E) No response to the acid—activated TRPV1
current of HEK293T cells overexpressing hTRPV1 after treatment with
10 pM ao—mangostin. (F) Summary of the effect of a—mangostin on acid—
induced TRPV1 currents in HEK293T cells (n = 4).
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1.2.6 o]2%=2 EA E7] AlEHo|HCZE AAE a—mangosting]
2% AA.

a —mangostin¥} o] gl Ag 2] W A3 YA E AutoDock
Vinag AHg-3te]l FA&tqlth. o] g2 AAoistw o 8tz wapay
Aty Al Aol skt

TREK-1, TREK—-2, TRAAK 7|&e &84 e &35 A=
°| a —mangostine AZech AlEHlA A3 247t M H APt
o] oA g TREK—-1L —7.9 kcal/mol, TREK—2% —6.4 kcal/mol,
TRAAK> —6.0 kcal/molo]$th. TREK-12 #43% ol Qs +
7HE A Ay A #e yERAT o] TREK-1°] a—mangostin
¥} Serl31, Trp 725 7|5 3o FadT o= Qg ¢ b =AQl oy
A F9E 7] WiEolth Na, 9k TRPV1 Al 42 3%e] kystz <l
&l —7.7 kcal/mol® TREK—-13} Agodx] gho] S-AFFIT 221 Al
Hdlold 2o W= fYApolale] AFst= TRPVI 275 5 Tyr
5110l F2A%TS &l 7HF A TS A kP A o= &+

5 BT
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[Figure 8] Molecular docking simulation of ao—mangostin to the ion channels.
(A-E) Predicted binding poses and interacting residues of o—mangostin to
TWIK—related K* channel (TREK)—1, TWIK-related K* channel (TREK) —
2, TWIK—related arachidonic acid activated K™ channel (TRAAK), voltage—
gated Na® channel (Nay), and transient receptor potential vanilloid 1
(TRPV1), respectively. (F) Calculated binding energy of oo—mangostin to
each ion channel.
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1.2.7 In silico ADME (Absorption, Distribution, Metabolism,

Excretion) £4].

a—mangostin®] A A AH2lH= H4S ADMEE &3 =83t

Al 57 oFEsts 7Nto R #ASISItE. In silico ADME 4] 9
°]&t o—mangostin AT k& Ui didow AQkd + Ut

Figure 9AS K W34 FE2 FoFoiA At Zestshaed 79

Y a—mangostine Bayer 7]+& THAZ £ QAT S A kI AL

o obg AW AEL BE 4 Ak

T3l a—mangostine BOILED—Egg R 4] <3t AU &4 (3
E ) E & 7 v HFel Eo7ty =y BiRow yed %

¥ (blood—brain barrier, BBB)<> F3}3t 4= ¢l7] wj&Eol TFA74A 9
F283 Adst SAdA s kAT 4 s Aer FHHEAY (Figure

9 B).

A. B.

LIPO

| a-mangostin
FLEX SIZE

NSATU POLAR \

INSOLU

[Figure 9] In silico ADME and drug—likeness properties of ao—mangostin.
(A) Bioavailability radar of a—mangostin, where the red zone indicates
suitable lipophilicity, molecular size, flexibility, and solubility for drug
development. (B) Boiled—egg plot of a—mangostin and the potent TRPV1
inhibitor BCTC. Yellow, white, and gray areas on the plot represent the
blood—brain barrier, human intestinal absorption, and a lack of both,
respectively.
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[Table 3] In silico ADME and toxicity prediction of a—mangostin.

Formula C24H2606
Molecular weight 410.46 g/mol
Num. heavy atoms 30
Num. atom. heavy atoms 14
. . . Fraction Csp3 0.29
Physicochemical Properties NuUm_Totatable bonds 5
Num. H-bond acceptors 6
Num. H-bond donors 3
Molar Refractivity 119.99
TPSA 100.13 A2
Log Pow (iLOGP) 414
Log Pow (XLOGP3) 6.27
. _ Log Pow (WLOGP) 5.09
Lipophilicity Log Pow (MLOGP) 219
Log Pow (SILICOS-IT) 5.52
Consensus Log Pow 4.64
Log S (ESOL) -6.35
Water Solubility Solubility 18310 mg/ml; 4.46"107
mol/l
Class Poorly soluble
Gl absorption High
BBB permeant No
P-gp substrate No
CYP1A2 inhibitor No
Pharmacokinetics CYP2C19 inhibitor No
CYP2C9 inhibitor Yes
CYP2D6 inhibitor No
CYP3A4 inhibitor No
Log K (skin permeation) -4.35 cm/s
Lipinski (Pfizer) Rules Fulfilled
Ghose Fulfilled
Veber (GSK) Fulfilled
Druglikeness Egan (Pharmacia) Fulfilled
No; 1 violation:
Muegge (Bayer) XLOGP3>5
Bioavailability Score 0.55

Medicinal Chemistry

Brenk Prediction

2 alerts: isolated alkene
and polycyclic aromatic
hydrocarbon

Synthetic accessibility

3.91

Num, Number; BBB, blood—brain barrier; GI, Gastrointestinal.
Log Posw, partition coefficient of a compound between water and 1—octanol.
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1.3 1 F

e

ATE AFOZ FaA=T AAAN TS Wk 2 ol AdE
53 a—mangostin®] T = ¢3tA7|= HAE AT
IE HogF F S gyt

Zk& 2719 DRG wde AEE TRPV1 AMES A (aMolA] uM7t

o

A]), TREK, TRAAK &3} Na,&= pM &5 HY ol A A=A}
A3 AFollA] a—mangostine] ot AAAMES] Orail JAE Sl
a—mangostin®| & 95 &g #HoJgS ¥3l vf k (H. J. Kim et

al., 2021). & ¢4 A= AAAY &5

o
2

stel= A FEEE
a—mangosting ARG T ol AL WIE S o]d9 in
vivo A8 %2 4H% a-mangostin® FF 2E-o] DRGFHL o8 9]
AL =S Sote] dojd ThsAdE AASATh

o-mangosting AH#skd TRPV1I Ad SAZ <3t receptor
potential®] 4 74, TREKs¥ TRAAKS @439} TTX-S Na,9
AA A2 AEEe] kst 9 st S WA FoEA KA
= H4AA T2 e3tshs V1A e ASketh Wb a—mangostin

2z

% A5 A9 W ARAYE 342 ofe of

24 8% 9ot v bsA e Eseh

1.3.1 TREK/TRAAK &43lg &% =AY ¢4sh

AAAE P& 2dske AYE o K2Pv S8t 44 A dA
# ofeell Al AEE RMP +#]el 7]9jgtt (Benarroch, 2015; Plant,
2012).

a-mangostin FEE uM @9oA HAF FolFd TREK-1, TREK-—
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2, TRAAKS A7 S7He &dsglth. ol TREKs©] TRAAK Xt}
FEHAA &4 sk (Figure 4, 5) ol 4 =7 AlE# o] AedA
AP oG x =9 #H desh= A3 (Figure 8). 1 uM, 3 uM
a—mangosting DRG ¥l A3t ¥ RMP+= dAxF ¥it=o] o
oJ1}al, rheobase Aw/ A71E S7HA71HA G5 dLS 84T A
oS dEdgto]l HAYsHA =k AN AFE AW EE DRG

el Sk Zg2 dAdo] vEbd A2 otttk A717F A2 DRG v

gt}
of\
2
>
k1
\]
o
R
=
=
o
;2
5
Q
=)
i
(@)
@
5
2
1o,
zl
=g
=
0
i)
M
4K
o
r g
1)
ok

T

8l

o
o] 9l K2Peli= TREKs, TASKs, TRAAK, TRESK7} Stk =717}

o} A3

o

vhehel WA 7} K2P E Aol wgshs 2o *

X

%]\

o
B ose

1o
i

oA Hargizo]l DRGS} trigeminal neuron(TG) o] & ¥

AAY F7F 4719 DRG 77de TREK-29F TRESKS] o] & )
& AA8t TREK-13 TRAAKS Atjgos e H|FS 2|3t
t} (Kang & Kim, 2006; Mathie & Veale, 2015).

e B Ao A Feldt up HEK293Teol| dA|&d o7 TRESKE 3}

i3

ke
Rl

o

Mo A o—mangostin 55 ¥E TRESKS A #%#

sk

2

T gglth. o]x= 7FS DRG neuron©lA a—mangostin®l] 23 23

A}

A7
k)
i

—_L
=

ek
o

B 2 99d 7tgto] TRESKZF TREK-1/-2,
TRAAK XHt} $AeHA @ o] Q7] wlZolgta 53 4 ).

1.3.2 TTX~s Nay A#F2] 4] 3 Nay subtype <] TAA.

3 uM a—mangostin®l &3 Na, A7 A7) T4 S5dL] A &
A AreetAl vEbth Ay @Al HA gAET] wEel
rheobase A7 TY= FXHOoE Fok A AP HA &t

10 SR



Tt 3 uM a—mangostinell °Js] Aol AsiAl JAEHE A
TREK/TRAAK ¥} Na, 7t o]lFza ¥ o= Al ¥

DRG F#delE TTX-S (Na, 1.6,Na, 1.7) ¢ TTX-R (Na, 1.8) Na, =l
do] Il BlEo] vE Na, Fwel Hlal A Tddo Qv
(Benarroch, 2015). ¥ o4 += a—mangostin®l] 2l& JA =+ Na,
o] 540l TTX-S% H3AR FAHCR o' TTX-S F77}F a—
mangostin®] &a A E=A 7 s kAot AT TTX-S &

A= 7Fd Nay 1.6, Na, 1.7¢] DRG w3 ND7/23 A|3ze] Ldrb# o=

ke Fo] Q7] wiEef 2 &7 ®Fd& #8359 a—mangostin®| Na,
1.7 54 =ddy kgdgo=r Astst=A Ak 1 A3 Nast

TTXe 2= = #Fglo] a—mangostin®] ¥ 3z A3ehs A&

gelstadtt (Figure 8 D).

A9t v 27X DRG wwHell ramp pulse® 7S @l —40mV ©]
el st HefelA & AF7F 1 uM, 3 uM a—mangostinell s #
2} AF A7)7F At (Figure 3 B, D). %3 1 uM a—mangostin
Al Al st A=

A dojupA] g Ao 7 ®ol K, AF7F a—mangostine] 23 HFE

ek

He vz vaRe o Aol 9

AAE = AL F=38 5 9}t (Figure 3 E). 22443 AE=+LE Na,

inactivationZ2 -8 ¢dsHA d7/7F 3 EHEHA ot o @A d5A

ste] F4g Walshl Rk @ YFI K, FRE W8l F7b A
& AAsA et

1.3.3 A4 pHE A3 E+= TRPV1ES AR £33 A9 9
u]_
2 A= RAfolAle] o A sle TRPV1 dAR/7F a—mangostine
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nM &5E9 A3t % DRG fwHoly HEK293Te| Za o] gl A
E AR AF7 FEHAA JAEH= A dFAFA Y 2L HAL
ojale] o3 &A3tE TRPVI AfF+e s &2 FLoiax F&g

AH pHel 98 @A 3E= TRPVIS a-—

_;L

mangostine 10 pMo|
o= Lu|2F At #Hzy

ANRE B3 5 S ZHNA9 a—mangostinel] 2@ gegFS H-

32

t} (Figure 7).

TRPV1 3= g A 7dde] o] 88 Aoz AL, @ A7
FQF TRPV1S AFA| /M A FAZ 2 o] HIYAT AAH

o % TRPVIW #23} A7 JEAE AHEetA W 19s FAlst=

Romanovsky et al., 2009).
TRPV1  AgA| AFEA]  E3sta st olf2 ol 1
(hyperthermia) & %38k F-2-80] thst F=o &) RiuxEg

TRVI &4AAF (4, FEA, Aol ol wheh Adoldt whe& Bt

AL A Ak Y&l &Ad3tE = TRPV1IE Adlstes AFAE
AFERE w ol nde WHRLEsF A JERST wbd AEE BE

TRPV1 &40k Aol wel o] WA=t HAtolilel 23
st = TRPV1E ztdsh= A& A7F ok FAd =l oa 24 5t
¥l TRPV1 AgArt 1ol & WgstA ¥-g3k3ith (Garami et al.,
2010; Garami et al., 2020).

A= 55 el s 7448 7 H9AE gA4stE TRPV1=
AFAZ 3 AAANZ=H o] HAAAN 22 Zoirt Radint
(Garami et al., 2010). ¥4t dell o3 1 748 e 25

Aol =923 9ol (Romanovsky et al., 2009) A4 A A3} A4 &}
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2L

Aol TRPVLS] oAlls =4t AAeS 94 FEE 3

222 g Qs vlE #A gEo] Y= v
AFAE Mdetr] Yalxd Hafolale] oajqqt &3ty TRPVI®

J ot

EE slo] 1d FALES HAse Ao bdE XEA FHTo] =
7Fs/do] 2t (Garami et al., 2020).

g0 of= i Alel e e ofmd] dHAY TR wY
glojorstt}. [n silico ADME #41< E3]4 a—mangostin®] A<

Eaaln e Ag

o)

o}, welA a—mangostin®] Y o —mangostin

o RAE S0z AAtolde] o) FYSR TRPVIW EHow s
AFAZ Aats 2 dgHeln sl fustty (e,

1.3.4 In silico ADME #4& %% a—mangostin® ¢k /1% 715

dAHer kg Aol a5 AAH A B e o=
A 9 obE M JbsA e 918 4 9l ADME ¥4 A%l

In silico ADMEES &83)] k& o109 Eg|3dts EA ul ok

1o
o

N

M 43ttt (Daina et al., 2017). In silico ADME A]& | o]
Lipinski (Pfizer), Veber (GSK), Muegge (Bayer), Egan (Pharmacia) %
Ghose?] 7]s°]| w2} a—mangostin® ¢FE F

T AEs|ALe A AAlsk=E 7 D FS FE AT Fo7F 7bed A

A Agdel Hagt Ee3std 545 kgt

A



7} BEAlo] 2™ g—mangostine Muegge (Bayer) 9] 7|52 A9
F o2 AeksAbES] ofF Vi &8 Wl B sidl=d IR A
¥%<2l n—octanol/& &4l A (Uog Po/w) 7} Muegge ¥+ FA(-2<
XLOGP3 =5)Ktt o %8ttt (Muegge et al, 2001). & &3l=7t &
<% a—mangostin® H A& X3} (-4.35 cm/s) IFHE FX

| a9z o® A8"E 4 9t} (Table 3). JE A =4 HAHRO|E

o

gASA (NSAIDs)?! YF=Z#HY (diclofenac)> Kp #te] —4.96
cm/s Z o|=% =1 (Daina et al., 2017) a—mangostin¥} ZAFSE Zhe
ZhA L Stk okE e 7hsAd S A% 23 a—mangostin®] 54 3

SAEAMY &5 7hsA B AEAES Ak

1.3.5 a—mangostin® =A4].

MTT #4% %3] a—mangostin®] 10 uM odeldE 545 A
W3 uM oldtel A= AlE F2o] XS Hdnk 71E in vitro Ao
g2y Agdor 3o FE9o g-—mangostine ARFES BHIEE EA
S 7R3 Q= Ao ®E HIEY (Ruankham et al., 2021; Tiwari et
al.,, 2021; Yang et al., 2021). ¥} AFH A a—mangostin®] =4 3
7 AR S = 5oldo] ¢l oy (Bullangpoti et al., 2007;
Nelli et al., 2013) A|Bg3) 4= 7@ Fdkol thsh Ba&Fdo] HiE 7]
] Fof (Kittipaspallop et al., 2018) &F 54 A4 7S & wf= o]

e agefopstet

44 A 2-tj] &



1.4 2 &

HsC._CHs

[
O OH CHs
a-mangostin Hsco. > CH,
(a-MG) Ho' O o O oH 60 4

oy o

TRPV1 KaP Nay 2 o] Nav—
Heat >43C > 201 1RPV1
H+ -40+  a-mangostin
Capsaicin 0] KeP =
Chemicals -804
inflammatory response

DRG

<@

[Figure 10] Schematic illustration of the analgesic mechanism of o—
mangostin in nociceptive dorsal root ganglion (DRG) neurons.

B A= g-mangostine 93 TREK/TRAAK ¥ES &A3}sta,

TTX-S Na, 9AE &3to] AAAMES FAGS YA FAlo &

s FA AME ST EE a—mangostine 7HE # &

H7 F7 $£E4A% sl TRPV1S nM XA FEH st oA

Adg Add & ok 919 2
5

S A AHRE 7¥te® B AT E g—mangostin®]

ot

ForM FFAAZANAY 5 Al

ofe] o] AEdS £Este A HdE AEA FEAS AdE
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A 2 F
Multiple effects of Echinochrome A (Ech
A) on selected ion channels implicated in

skin physiology



214 &

2.1.1 975 U ZAZPP A E (Keratinocytes) ©o]=23]g.
Ay AAe A4 2 ARew FEd £¥ &4 9 A9 ex
FA o =S Frh Aot 93] E24, stehy A& st

R S B R P L EC I S St

_1

)
ok
)
=2
=
ol

=

Aol T 23t} (Kanitakis, 2002).

2y A Aol =  transient receptor potential vanilloid (TRPV)A <
o] g3} CRAC, K2P 5o Td o] glom ¥F o 3}, 77es,
A HEgof] Fosttt (Kang et al., 2007; Peier et al., 2002; M. Vandenberghe et
al, 2013). TRPV AY Fol|A TRPV3:= 53] i ZHAFHA A E

oA Lol Hof glo] vF AW P4 9 Ve, vF Aol &
HlF< AFA] gtk TRPV3 7585 ZAWolo]| 93t Olmsted syndrome <
M w3 e AAL 7s Aozt EA stz olof TRPV3ZE 7H &%

& i Ao Z =¥ Wt (He et al., 2015; Wang

l

Al 83759 o

sk

A3
& Wang, 2017).
ZFA A A LA TRPV3S A = A28 AXE Y ATP HES

D Eo] Wt (Mandadi et al, 2009). T3+ ZFAFA A ZAA  FHsh

TRPV3el] gaf WEHd dASHAALNO)= A ARE FAANZ|IAY

(Wang and Wang,, 2017).
Ca®" release activated Ca*" channels (CRAC)> ZHA A EZE G4 & o

v 1 y
47 .-':lx_i 'kl- o 1_._“ (] |



e I FY T VA" FEE JlowAM Zdas £Asta AE9
A Aol 7]odEtl. CRACS Orail/STIMI A2 &4 3eh=
AE2A ERO| QY Ca? AR n@E A Ca¥ §YL FrI=
SOCE (store operated Ca®" entry)ell &J&] =& }Al ¥t} CRACS ERY
Alxzute] 9l STIMIZ AlxEube] EAEH= Oarile] A& ZHgo 23|
2+ &Sk} (Prakriya et al., 2006).

Orail/STIMI 5 A= ZHs sastdM AAIYYAELE AlSsA

o[\

A 7130 A3 o] ol 2 7S Xt} (Matthieu Vandenberghe et al.,
2013). Orail/STIM1 E&A|7F &34 A5 4H AFE AAA712 A

Welx AARAAES] WG Bals fEdch oebd Wy w1y

A7 e ] RE o2 AWt Mol WA Yk 57

o
o
>
i)
1o
ol
o
i)
o2
<
«
z
i)
7
%e,
=}
P
off
o\
BN
i)
1o
old
=
i
H
o
N
o

ulff et al., 2003).
K2P % TREK, TRAAK 12|31 TRESK:= S3lAt= 724 7+zt

rRlel A AES] MAGE Hdststal FAATI=H VIoles Slow

AP AE T2 D3 E ] Qa1 WM EZoE W E o] QITh (Choi et
al., 2021; Zheng et al., 2009). Z12J1} TREK-2H.TF AL 2] EAJo] ==
Fhod st -k 7 Orail/STIMI 3| 2 e A 31tk (Vaeth et al., 2020;
Yan et al., 2019).

Orail/STIM1> Zts ASE AT C A BIRMAZY T AES V&

p

48 d &-t}] &
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g3t a4 Jsks dth g Ase T O AMES A3t 9l
A7 Al o8-S 3Fi= NFAT (Nuclear Factor of Activated T cell)& Z=4 3}
ALO] E7EQl AJAko|L; el AE FAo] T8-S Fuh THeF Orail/STIM1 9]

Smol7t YA Adol HY A4 Wl dgFe] fud + Y
!

= RddAN dFs g AT AR KB
S Th (Babaet al., 2008; Feske, 2007; McCarl et al., 2010). w2FA] Orail/STIMI
HA L] AdfAl= 9 HEe d3tstr] A AsAR 18T

o) ]:]_

b4

2.1.3 Echinochrome A (Ech A) %} 9 A3 A

+ At (Kim & Lee, 2018; Majtan et al., 2021).

Echinochrome A (6—ethyl—2,3,5,7,8—pentahydroxy—1,4—
naphthoquinone, Ech A)& &#SA FEAA FE3 Aix=
A=A g 247 F5sH FAE = €8T Ech A 4419
AR vig AAS] M RFE FET 24 o EEEA gA[okelA
Histochrome® & A A ZAZ &3t ot

Histochrome® > =9 9%, S5Wld, A& Aol U= 4 F2

EERdo Fojdle] XZAZE AL Y3 (Aleksandr A. Artyukov
49 HJ -‘“ T ]|
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et al.,, 2020; Egorov et al., 1999; Mishchenko et al., 2003), o3&
Aol ti@dste] kst €5 ROSel & wiZiE = As 28&
Tl TP a¥E /MALtE RaEo] AUTh (Ahn et al, 2022;
Jeong et al., 2014; Lennikov et al.,, 2014). X3t Ech A+ A%
Edom= ofgjgd ayrt Q= Zle® Hud vk glom g T
oA Wl Ao S4s WA= Zow dHA vt (Ohetal,
2019; Sayed et al., 2018).

Ech A& ¥7& #dd 4oz 97 AFZFolu bleomycinel] 2] 3]
FEE ¥ Ays R4 dFedE d¥Fs 7ve Bart dsld
(Park et al., 2021). UVBZ f%9 3% F w3} ¥FsH Ech A &
Tl A9 FE 4S9

T Z2F AS Wskel FEH
H3lE kA 7]= AT A RuFAT (Seol et al., 2021). T3+ Ech

£Ab}

o

Az ofEd ¥4 (AD) AF 9% WHE S3pA7] L vw AlE 3
AA 9 B FF EAs HAaA7]E 7o (Yun et al., 2021).

AN ol o] ®auE ¥R A Ech A9 A 7|dLe 3}
T AY AR BRuEHy JRF2HS FAASHE Az BEEE
2 Adel s Ech A kg ghd] @vfe] dish A7 Haug ul
IS o] gste] IH

. 2YER 2 A AAE AFHE
1AM 2o Hese] 9l TRPV3, CRAC, TREK-2 ¢} wd

ol&AE AFE FHST ¥ A7 A= AFom 7 Vel diEl

2
=
i,
o
g
o\
fol
B
=
)
ol
2
-
N
S
iy
0,
°
vl
~
2
o
2
rO
=
v
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2.2.1 Ech A9l 93 TRPV3 & CRAC &4 A
TRPV3 AFE 5437 g8 CsClz2 AxE U g9 sl 2-
APB 100 pM< A& sle] TRPV3 AFE &43A1H Y (Wang et al.,
2017). AAEZ AHEAZE —100 mV HE +100 mV 704 20 % 3t
S =2 ramp pulseE 7}ttt WA 2749 H9 2—-APBE TRPV3E
43471 & TRPV3 AARZ 4R 74aS 50 pM F7}ahod
TRPV3 AF{7F A== A& glsteltt (Figure 11 A, B). Ech A€
295 gotrr] 9l TRPV3 A7e] Aol &4 A7|7F b ekA /A
HH Ech AE 1 uM HH 30 uM7HA] £2H8 02 555 5o WA Al
o] golo] Hrpstel #FITH 1 AF Ech A ¥
TRPV3 79 A7 Az fdaxsigivh. #4249 A3dS 733 dol=
AskA A Yt
(Figure 11 C=E). ¢l A&el sl —100 mVelx 7|58 AxF =27]9
Adgs 7Isoz dwe] Aagts o 2d2E Yeblt Ul . =
A A FFE olgslo] =HE Ho A AFolA 74a 50 pMel ol

oAl AR we WA AR dhe EE3eA ICs &6 2.11 £ 1.055

kit
N
-~
o\
N
-~
Oft
Lo
e
x

a9

upxl ek 7425 50 uM A st TRPV3 AR/E

r&‘i

uM (n=6)= ==3 o} (Figure 11 E, F).
TRPV39 mt}E ZEA¢l drofenine 500 pME A #ddS wx

Ech Al oJaf A7 =A7|7F dAls = dd= dZsidtt (Figure 12).
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TRPV3-2-APB 74850 ul
u
2-APB 100 uM —
1000_ LI(S_ (1) 2-APB 100 uyM
o) :é
Al
500{=
;(d (g) y (mv)' fa¥ r '(2| 74a 50 uM
g |||III|.........,, ,,,, 100 -50_~P 50 100
m ‘ ‘““III” 100 -5004
-1000-
C. D.
+100mV
&;icﬁm\/\.mmv
-100mV 15001 (@ FAPB 100 M
1 3 10 30 o +EchA1uM
Ech A (uM) I 2-/-I\PB 100“Mi 1000] 3 g: s
o
) 5001 = (0] EenA30 M
M) oy EchA30 4
N v (?) 74a50 uM 1,0yo(mv),7// o 5'0 1(),(;)« 54:20331\4"1
s - 2
< ® @ = -500
i 10001
-1500-
E. F
2-APB 100 uM
EchA(uM) 0 1 3 10 30 +74a50uM .0 at-100 mv
0~ 1
> 2os
g =500 306 ICs:2.11 £1.055 uM
©
S -10001 04
@ 1500 £0.2
s S0.0
£ 20001 = 0.0+ . . -
< 0 1 10 10
= -2500- EchA (uM)

[Figure 11] Effects of Ech A on Itrpvs activated by 2—APB.

(A, C) An original trace of membrane current density (pA/pF)
demonstrating the activation of TRPV3 by 100 uM 2—APB and its inhibition
by 74a (A) or by Ech A (C). Vertical lines indicate current density obtained
by ramp-—like pulses from —100 to 100 mV (holding voltage, —10 mV)
applied with an interval of 20 s. I/V curves are recorded at the points
indicated by the numbers in parentheses (B, D). (E) Summary of the inward
current densities (pA/pF, at =100 mV) activated by 2—APB and with Ech A
or 74a (n=6). (F) Semi—logarithmic plot of the normalized current
according to the incremental concentrations of Ech A, and fitting with a
logistic function (ICso, 2.11%1.055 uM, n=6). The inward current at —100
mV was normalized to the maximum Itrpvs (peak inward current with 2—
APB subtracted with the residual inward current with 74a) in each cell.
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" TRPV3 - Drofenine ' ’ Drofenine 500 uM

= ooy NT EchA30 uM
&b % o EchA30 M (2) Orcerina 500 0 0

Drofenine 500 uM
) 74a 50 uM
v I

74a
50 uM

-500

-1000

| (PA/pF) @ -100 mV

-1500

[Figure 12] Effects of Ech A on Itrevs activated by drofenine.

(A) Representative trace of membrane current demonstrating the
activation of TRPV3 by 500 uM drofenine and its inhibition by Ech A or by
74a. (B) I/V curves were obtained by ramp—Ilike depolarizing pulses from —
100 to 100 mV. (C) Summary of the inward current densities (pA/pF, left
vertical axis) measured at —100 mV activated by 500 uM drofenine and with
30 uM Ech A or 50 uM 74a (n=4). Data were analyzed using one—way
analysis of variance Data represent the mean = SEM. *, p <0.05.

CRACS 71=37] Yl AlE U g9 CsCl 20 pM IPs, 20 mM
BAPTAE X833 Orail® STIM1S HEK 293 A¥e] =3 ko

-

2 FHEAANZL, AAE RHIFHAE o] FAIEH CRACS kA
F= gz ow gAsETh WA CRAC dF7F ¢kgdo=w $448 &

A8 viA o= ZEAE Y AdAAR & L Z GAClE 5 pM * 2] s)

of AFE JAsAE A7 A vt ¢kgsA FAEWE Ech A
FEE 1 uMPE 30 pM7HA 218 07 RS SR 7IEA AR 9
B golo] Hrlale] #RMT (Figure 13 C, D). —130 mV 7|50 =
et Ao Aok Sz E vkEglal (Figure 13 E) 5785 3
o B4 AFelA Gd¥el &l oAlE AR ghE WA § AR g2

FF3et] 1Cy @ 2.41 + 1.554 uME EFH0 (Figure 13 F).
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[Figure 13] Inhibitory effects of Ech A on Icrac.

(A, C) Representative traces of membrane current density (pA/pF) with
responses to repetitive ramp—Ilike voltage clamp pulses from —130 to 50
mV, 0.2 V/s (vertical lines) with CsCl pipette solution containing 20 pM
InsPs and 20 mM BAPTA. After making a whole—cell configuration,
spontaneous activation of Icrac was observed, and the concentration—
dependent inhibition of Icrac by Ech A (C) or by 5 uM of GdCl; (A, C) was
confirmed. (B, D) I/V curves recorded at the points indicated by the numbers
in parentheses. (E) Summary of the inward current densities (pA/pF)
measured at —130 mV in control, and with incremental concentrations of
Ech A (n=6). (F) Semi—logarithmic plot of the normalized current according
to the concentrations of Ech A, and fitting with a logistic function (ICsp,
2.4141.554 uM, n=6). The inward current at —130 mV was normalized to
the maximum Icrac (the peak inward current subtracted with the residual
inward current with GdCls) in each cell.
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2.2.2 Ech A°] &3 TRPV1 4.

TRPV1IZ FAbelAlel ol Ado] sttt —60 mVE A= 1l

}_.

.

AR S, AL 1 uMe A Elstel TRPVIS] WdAd AFE 243}

e

akelth. ek TRPV3SE CRACS Ad Avel @&, 30 uM Ech A&
Astd Aol Hrtekle W W& AR A717F AHAatelAlel oS
A5t AFA7] Bk thAh AFT TRPV1CS JAAl 1 uM BCTC
E AgetA ¥ AF7E A=A

A. B. N
TRPVA1 capsaicin 1 uM
b” 60 mV HP 0 NT EchA30uM
Brep “EOM capsaicin 1 uM

EchA30uM
w -50 BCTC
& o~ 1uM
3 5
S = -100-
N — o (I
100s = m
BCTC -1504
1 uM
-2004 ‘T‘
%k %k k —

[Figure 14] Effects of Ech A on Itrpvi.

(A) An original trace of the membrane current density (pA/pF) recorded at
the holding voltage of —60 mV, demonstrating the activation by capsaicin (1
uM) and the additional increase by the combined application of Ech A (30
puM). The total inhibition by BCTC (1 uM) was confirmed at the end of
experiment. (B) A summary of the inward current density of the control
(NT), Itgpvi activated by capsaicin, further increased by Ech A, and
inhibition by BCTC (n = 5). Data were analyzed using one—way analysis of
variance. Data represent the mean = SEM. *, p <0.05; ***, p <0.001; **** p
<0.0001.
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2.2.3Ech Ad] 93 TREK/TRAAK Zg# (2—APB, AA, pH 5.5)
o 5% A3t

K2PZ 7123817 98] KCIZ AZ Y §48 #$ a1 HEK293 A
o] TREK—-1 (KCNK2) ¢} TREK-2 (KCNK10)Z 323 A 7t}
—80mV A Z7A ramp pulse® —100 mVHF-E] +20 mV 7}
Al 20 23F A4S 7HYTE Ech A %25 A &8lWAl 30 uM7HA|

A o] F Flel A PAN AF Fele WHsrh gldd (Figure

15).
A. B.
EchA 1204 ns.
2APB 100 uM 1M § 3uM | 10uM , 30uM 1004
>
E 80+
,@BO—
=
%_40-
: i
=1
o~ "T-'l = 1 ! T I T T T T T 1 Ll T 1 U 0 -
Control EchA
100 ms 30 uM

[Figure 15] Ech A alone has no effects on Itreke.

(A) Representative current traces of TREK—-2 treated alone with the
concentration dependence of Ech A. (B) Summary of the outward current
densities (pA/pF, left vertical axis) measured at O mV in control, Ech A (30
pM). n=7. Data represent the ns, statistically not significant.

2—APBi TRPV3S] #8A4d ¥yt oft)gt TREK/TRAAKA: 2§
AZA &332 welth webd TREK-13 TREK-2¢] 100 uM 2—
APBE AHYstd A7 45 & 5 stk =¢AE 2-APB #4444
£ A deElelA 30 uM Ech AS FAlol AH2lskAl =W TREKsO]
FAA @A sEEA AR FEAA SUkeke AE #EE £ gl
At (Figure 16). B3 e st ddor o2 55
3uM Ech A°lA%= TREKs #-g-A|9} 37 A glsbd 30 uM Ech A # €]

oM ®el dwe 24T maprt A E AT
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A.
TREK-1

+20mV

. EchA30uM _ (4)2-APB 100 uM
R gy, 2-APB 100 uM / +EchA30 uM
(4) ]
a) 2
EchA30 uM /( )2-APB 100 uM
(2) (2) EchA30 uM
1= Nt
"""" T 2
C.- 100s D.
TREK-Z +20mV
N somy EchA30 uM L 25001
KeD) 100my o 2APB100pM o (4)2-APB 100 uM
<é- 2000+ / +EchA30uM
150
s JEaAS0 M. 500 (3)2-APB 100 uM
3 (2) EchA30 uM
g ) @ V(my (1) NT
LTSl 11 N [ T T (R Loy i g 10080 60 40 200 20

1005

E. F.
Hl | TREK1 N | TREK2
— R—" % B 1 max r?l
20001 -1.0 2000- 1.0
— _ — _
> E = > 0.8
£ 15004 = £ 15001 =
o L0.6 * o L0.6*
®21000- ® ®21000- ®
¢S L0.4 © ¢ g Lo.4°
w : 3 w . 3
['4 ns ['4 ns
£ o500 —— 02 < £ 5004 —— Lo2 <
0- [ 100 0 L Loo
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[Figure 16] Facilitating effects of Ech A on Itrexi and Itrexe with 2—APB.
(A, C) Representative traces of membrane current density (pA/pF)
recorded with KCI pipette solution in TREK—-1 (A) and TREK-2 (C)
overexpressed HEK 293 cells. I/V curves were obtained by ramp-—like
depolarizing pulses from —100 to 20 mV (B, D). (E, F) Summary of the
outward current densities (pA/pF, left vertical axis) measured at O mV in
control, 2—APB (100 uM), Ech A (30 uM), and 2—APB+Ech A (closed bars).
The normalized current (I/Imax at 0 mV, right axis) against the peak
amplitude induced by the combined application of 2—APB and Ech A is also
shown (open bars). n=6 for TREK—1 (E), and n=7 for TREK—-2 (F). Data
were analyzed using one—way analysis of variance. Data represent the mean
+ SEM. #, p <0.05; ***x p <0.0001; ns, statistically not significant.

TREK-1, TREK—-2 ¢ TRAAKS th&E X3 AWAkel olgl7]=A4F (AA)

o o Ad &Ad3s7F dojdt} (Gada & Plant, 2019; Maingret et al.,
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1999). Sk Avs}l wpz7A 2 2—APBe] Ech

=229 Ao G AA 10 pM AP Aol = BEE QI th HEK
xo s E TREK-292 TRAAK Y- AAC] o3 oA A7/7H
#7935 11, 30 pM Ech AE 37 A3t =4 A7 a717F FE

AA EAstE = Je FFsAT (Figure 17).

A. B.
TREK-2 (3)AA 10 uM
EchA30 uM —~ 800 1 +EchA30 uM
AA 10 uM LILS.
(?) E ]
(2) rﬂ/(2)AA10uM
I\HHHHMM v
s (mV
El autt] L|l|||||| ,,,,,,,,,,,,,,,,,,, A 17' T T T l(”NT
- -80 -60 -40 -20 ( 20
1005
| D.
TRAAK
NT -80mv
KC) _100mv EchA30 uM (3)AA 10 uM
+EchA30uM
AA 10 uM 7
@) /
v
3 ‘ HHHH o
3
=1 L—— (1)NT
b ||||||||||IIlHH[l“”||||||||“|||||||||,HM ........ T 20
100s
E. F.
Bl | rrex El | rrask
03 1/ ax 2= 1/l max
800 L 1.0 800 -1.0
> Lo > i
£ __ 6004 06 = € 6004 0'85
O W 3 OE 3
L 06 & oL Lo.6 &
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& " 0.4 © = . - 0.4 ©
£ 1 3 = I 1 3
2004 Lo T 200+ s =
04 0.0 0 e i-I-l 0.0
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[Figure 17] Facilitating effects of Ech A on Itreke and Itrask with AA.

(A, C) Representative traces of membrane current density (pA/pF) in
TREK—-2 (A) and TRAAK (C) overexpressed HEK 293 cells. I/V curves
were obtained by ramp—like depolarizing pulses from —100 to 20 mV. (B,

58 2 A Etekw

o



D). (E, F) Summary of the outward current densities (pA/pF, left vertical
axis) measured at 0 mV in control, AA (10 uM), Ech A (30 uM), and AA +
Ech A (closed bars). The normalized current (I/Inax at O mV, right axis)
against the peak amplitude induced by the combined application of 2—APB
and Ech A is also shown (open bars) n=5 for TREK—-2 (E), and n=5 for
TRAAK (F). Data were analyzed using one—way analysis of variance. Data
represent the mean £ SEM. *, p <0.05; *=*x%* p <0.0001; ns, statistically not
significant.

TREK—2+& MEQF-2 2Hdsl A Ade] &gl 548 A
Uil gtk A 9] pHE 7.4¢14 pH 5.5% WA =4 o3y AF
7F &AdstE ot (Figure 18). pH AHd s} =714 30 uM Ech AE F7}
b thE AEAER VAR AR A7)7F S @A sEr §HA
gk 2—APBY AAel g3 FX EAdstd AR/ 7|9k vuys Al pH

5.5¢] oJst AFel A7) S YA Ak

A. B. c.
TREK-2 -
= i xx

EchA30uM (3)pH5.5 max o

pH5.5 +EchA30 uM 600 :
> ,A\ 0.8 _
E —~ 400 =
(2)pHS. s 063
@E ®
9! 22540 04 o
........... (DINT = 02 <

135 50 60 40 20 3 20 5 0.0

pHS.5 - + +
EchA30 uM - - +

[Figure 18] Facilitating effects of Ech A on Itrexe activated by acidic pHe.
(A)Representative trace of membrane current in TREK—2 overexpressed
HEK 293 cells. (B) I/V curves were obtained by ramp—like depolarizing
pulses from —100 to 20 mV. (C) Summary of the outward current densities
(pA/pF, left vertical axis) measured at O mV in control, pHe 5.5, and Ech A
(30 uM) combined with pHe 5.5 (closed bars). The normalized current
(I/Tmax at O mV, right axis) against the peak amplitude induced by the
combined application of pHe 5.5 and Ech A are also shown (open bars, n=4).
Data represent the mean £ SEM. #*, p <0.01.
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2.2.4 Ech AZ 7}3 &43ld TREK-29] % norfluoxetine?
A a7 24

TREKe] #&3t= o8 sty o485 T ez de 2ol=
fluoxetine®] &4 OIAFEZQl norfluoxetine (NFx)i& TREK-1%}

TREK-29 a4 IgAA=Z dHAHA (Kennard et al, 2005;

Proks et al., 2021). NFxe 93t TREK A= d9&A49 F8 %A

o7 Ao B3 FFo] AR, NFxe TREKE 7i#H &3} 7]

A9 gz gy Wil gaide 23 #ES At (Pope &
X

A= 2—APB 9} Ech A°ll 25

WA NFxe] oAA a7 deA gty fet A4S gl
HEK293 Al¥e| #p&A]71 TREK—-2%= 100 uM 2—APBe]| 93] A
47 o]F 10 uM NFxell gJaf ¢+d3s] d77F A=A (Figure 17 A,
B, E). T EAE 100 uM 2—APB ¥} 30 uM Ech AS FAlo] A4
TREK-2 AF{F7F 53 &3t Fol= 10 uM NFxE A28l = d/7)
oA ¥ %] ¢rekrl. Wb, Ruthenium Red (RR, 50 uM) *] 2] Aol NFxol|

& AAEA g AF7E HA3] A EHALE (Figure 19 C, D, F).
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A. B.
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NFx 10 uM ';d (2) 2-APB 100 uM
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v
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N ' (1) NT
| ® L
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[Figure 19] Disappearance of the inhibitory effect of NFx on the Itreks
facilitated by Ech A.

(A, B) Representative current trace and I/V curve of Itreke activated by
100 uM 2—APB alone, which was almost completely inhibited by 10 pM NFx.
(C, D) Representative current trace and I/V curve of Itreke activated by 2—
APB and 30 uM Ech A, which was not inhibited by 10 uM NFx. The I/V
curves were obtained by ramp-—like depolarizing pulses from —100 to 20
mV. (E, F) Representative trace after adding 30 pM Ech A following
treatment with 10 uM NFx. (G, H) Summary of the outward current densities
(pA/pF, left vertical axis) measured at O mV in control, 2—APB, and NFx
(closed bars). Summary of the normalized current (I/Imax at O mV, right
axis) against the peak amplitude is also shown (open bars). The inhibition
by 50 uM RR is also shown in the panel (F), n=5 for (E), and n=4 for (F).
Data represent the mean = SEM. *, p <0.05; #*, p <0.01; #***% p <0.0001;
ns, not statistically significant.
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2.25 BAAYE Zdg 0|43 Ech AS] TREK-2 AF A& 9
=

AutoDock Vina® AHgste] olv] eheldl gl TREK-2 %o 7} o
AAe] A% Ae] 2 Ech Ag] A3 AAE F4ste] Algdeolds 3
Nt} Ruthenium red (RR) &= Keystone inhibitor site®] —7.0 kcal/mol,
Norfluoxetine (NFx)< Fenestration site®] —7.5 kcal/mol®] ol ~]
o=z Afstedal Ech AT —-6.5 kcal/molZ ZA#s3th (Figure

20).7

C.
E.
. Binding energy
hemicol (kcal/mol)
Ruthenium red I
(RR) 7.0
Echinochrome A 65
(EchA) ’
Norfluoxetine 75

(NFx)

[Figure 20] Molecular docking simulation of Ech A to the ion channels.
(A-D) Predicted binding poses TWIK—related K* channel (TREK) —2 with
inhibitors and Ech A, respectively. (E) Calculated binding energy of Ech A
and inhibitors to TREK—2.
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2.2.6 TASK—13 TRESK®] tj$t Ech A9 & gL

B

K2P Alde] AL Fo TASK—1, TASK—-3+ HaCaT ZA A A
°] RT-PCR #41& &3l ol&ado] Hdgo] muz3dtt (Kangetal.,
2007). w24 Ech Ael 98 TASK—1 (KCNK5)o] &34 Zlo]g}
= 7H4 sl Ade 38tk TASK—1 (KCNK5) & A% 9] o7k
gl ol ddstE= 5EAS 7H St

TASK-1 A7 A7]= AE &% pH A& 7.4 oA 85% &3+
W AF A717F S7F AR TREK, TRAAKIE= th274 TASK-1&
pH 8.5 & AFE A7|7F S7Fsk AelellA 30 uM Ech A& F7F A &3t
AL A 2717V T7FekAl &Skt (Figure 21 A, B, E).

AP AAA T B84 DRG ol vhakd K2Prt
Wy Eo] gla F& TREK-2¢ TRESK (KCNK18, TWIK-related
spinal cord K" channel) 7} #& 5o itk (Kang & Kim, 2006).
HEK293 Al3of 323 Al7] TRESKE ThE K2Po] uHls 7]& Aoz
2 9% AF7F #FHY oY Ech AS FEHEE JPS wol= AF

A7) As7E et (Figure 21 C, D, F).
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2)pH 8.5
MNT \{}vaomv ( )p
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C. D.
TRESK .
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[Figure 21] Effects of Ech A on Itaski and Itresk.

(A, B) Representative current trace and I/V curve of Itaski activated by
alkaline pHe 8.5 and the partial inhibitory effect of Ech A. (C, D)
Representative current trace and I/V curve of Itresk. Application of Ech A
had no significant effect up to 30 pM. The I/V curves were obtained by
ramp—like depolarizing pulses from —120 to 20 mV (vertical lines in (A))
and from —100 to 20 mV (vertical lines in (C)). (E, F) Summary of the
outward current densities (pA/pF, left vertical axis) measured at 0 mV
(closed bars). Summary of the normalized current (I/Imax at O mV, right
axis) against the peak amplitude is also shown (open bars). n=3 for TASK—
1 (E), and n=4 for TRESK (F). Data represent the mean = SEM. *, p <0.05;
xxx p <0.001.
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-

gk K2P9 39159 TREK/TRAAKE z+7+e] 2g#]9 Ech AS &
7l AeletA I AT AV AEskA @A =73Ets Ho) 2

Wt

2.3.1 Ech Ad] &3 TRPV3 A &3}

TRPV3= ol mlzsh vjAdgd ko] ol2Adz 2 ZHHAxE, 7
A A e W E o] ltt (Peier et al., 2002; Smith et al.,
2002; Xu et al., 2002). TRPV3®] &Ast= dH9 729 75 4
=8 3lt} (Cheng et al., 2010; Mogrich et al., 2005). TRPV32] 7]5%
5 Aoy 7|5 59 ol= Olmsted syndrome, palmoplantar
keratoderma ¢} 7 AW Q<lo] #tt (He et al, 2015; Lin et al.,
2012). B3 Foprollole & wdEE Hiyo] gl TRPV3 p.
A628T =AwWol= 318t ZHg-A|of Rbgahd W=7 Bepx = s F
<+ 2 AFAA B3k vk itk (Choi et al., 2019). TRPV3E I+

PZolu} ¥ el gFIE dAwo] Yrlel BN 17 B A¥e AL

[l

ki Wetoe Z TRPV3 JAAE Z= Ao &Aool HAFHoqlth ol

rL

oA, 21 &5 A Fdl3t acridone alkaloid TRPV3 A4 (Han et
al., 2021) 8l & AgelM 3T fFdEe=old FAHTE Ech Al <
49835 TRPV3 JAlav= 9% Aoy 7t ass sidsh=d
o]

=

ool

MEe AR el d 5 Qe AFede APk

39



2.3.2 Ech A°l] g3t CRAC A &3
B mw oAz B o] 9= CRACO] Ech Al 93] dAxEE= A

o 3R ABE S E hte oeled b FAT

32

{
AV

ot} theFst A EFol A Store—operated Ca?t entry (SOCE) 2t
M= ERQ A &E = Ca®™' store?] 172 Ca® 9 #¢S do7|A g
3 Orail/STIM1el ¢l CRACe] &/dstett (McCarl et al., 2010;

(02

Prakriya et al.,, 2006). Icpac = BHIRFAIXY T AXS AF-HAS =
DANA FEHAA WS AFZE YHebdt)h [gacd 44 EAO®

, Orail& ERQ A|xz=re) A Ca?t & 7HA|8t= STIM1 ™ &7 Agtst

o

o MxZuto] A Ca?t & AE3= pore unite]th Orail & £3F Ca®" §¢
2 Calcineurin 43 NFATS A% 24<l dephosphorylation ¥ W&
&tth. Ech Aell &3k CRACY <Al 4L & d< A3 dIAx
Ao mA ofEy vFHLo] A5 gt thaA F
th vk, =4 Fad7E okdol® curcumin T

Hx oAl CRACS SJAgtt (Shin et al., 2011). Fobv} A &AM &

O
a

Do

+
2t
fot
m{m

el b5 e o

=
]I

ot ZAF A4l CRACE <Al ezA detd B45 Asgtt (Lee et

al., 2016).

2.3.3 Ech A9l 93 TREK/TRAAKS®] & & 8743}

KCNK? %+ 4709 transmembrane domain ¥} 2702l pore-—
forming loopE ¥&2XCE 7FA1  3lal  Homodimer ©]Aut
Heterodimer®] 7402 K2PE ATt K2P& theFsh AlaLeolA
o BleEA ol AMEE RMP FA4o 7]ojgth. L/7F K2PAIES 670
] 1% (TWIK, TASK, TREK/TRAAK, TRESK, THIK, TALK) %
T/dE o] QoL sk9] 15 7He] o] de] Atk (Gada & Plant, 2019;
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Mathie et al., 2021; Sterbuleac, 2019).
Ca®"o] F35¥ TRPV3Y CRACS A &3} thEA Ech A
TREK—1 (KCNK2), TREK—2 (KCNK10) ¢} TRAAK (KCNK4) o]&
Aol z+zh ZgA (2-APB, AA) 9L AsA Hw A A=
wolth, T EAE Ech AE w&Eo=® AHstA W TREK-1,
TREK—-2, TRAAK?] &8 d7F 7] Hile #2H#] 2ttt (Figure
15-18). TASK—13 TRESK <] Ech Al 93t AR/ A7 &=
WA okttt (Figure 21). webA & 7= K2P & TREK/TRAAKY]
gk =rgtsto] Ech Aol oJgt o] 2ald 457 A ASS Halst)

TREK-13 TREK-2% thFsh &8]88h4 24 (AA, pH, PIP,, &%,
ZNAA &, 2—APB) el o3& Ad FAo] Frhsttt. TREKS of# =t
FAEC digk 7] g8 UEE vhFs Al

B

NEE B 9

z

o

st} (Mathie et al., 2021; Woo et al., 2019).

£3] 7|5 Eodwolo] 98 TREKS Eddwols AW dA9

HFEE 78 4 Qth TREK-1 Fobx AAE E3 748 A=55 w
Hodxy ®Bu 4 9 WZkekA vkgsie dR s 2xoAl

TREK—-2 siRNA =th2o] HW T35 A3 9= F7kskAl 9ot

Aol ot Wi Sk e F A F50

o\

btk Rk
AAY (McCoull et al., 2021; Noél et al., 2009). In vivo ZAANA =
TREK—-19] #-&A17 §5= ¢43tste 71de AWt 723471 B
1E AT (Djillani et al., 2019). o] A+ TREKe] MEZL X 5A
s f1e Wi AQl £40] & o vkl AJATH

shARF H TREKS #2A O % dh= 284 2 AAAL /e =

Foha o Evbaol WA Qg Al

>

28 orelera =77 Bew 4%

o7 SR



HAQ 2EA= obdAIRE Ech Aol ot A3t dR7e &4 T4 ade

TREK AES 243+= 2L oFgshd =19 Aokdtt).

2.3.4 Ech A9l 9% TREK-2 7% W3} 7}4.
TREK/TRAAK Al¥ & Ech Aell 9Jst <kgjgt# a3E DRG wd%
g AP E B dds o] 9l TREK-2 (Kang & Kim, 2006;
Kang et al., 2007) o sl FAeFAth 2-APB, AA, 2% A =
A3 o] Z47] & st 27el4] Ech Adll 98 FE Ao ® o] A
do] @437t FxE Aol #EEQA 2 A& old Aol oAl
o A el H¥Hoz #AHE s)™olgtar AQkstth. &, Ech A
A= TREK-2 Ago] @3l Aeola dd ez Hekd
AL 7bed vkl F53
TREK®] T2 7l9 7]d2 “C—type” o= A8z e o] 4o ¢
3 K" 522 o]&o] Fidt} (Proks et al., 2021). 2 +x A+9
A7) st B4 F3] TREKS M4 helixt= & o)A “up” Ae]e}
“down” el Atolelld FEE AT F Qlvk= Aol WAt 244l
TAE & ATE Tl AAGE 7 GAIRE Ech A8 A&Aol o9& 2
235 TREK-29 &43t= TREK-2 7} “up” Al o) 23s Ao
4 €t
# < TREK A4e] 2k 3 AFolrls &2 Exkebe] Aol dist
SR g4 7lsg e uth. TREKS o]F-elA Ui 3o

HA 1) Keystone A28 2} (Pope & Minor, 2021) 2) K2P %4

HU

it

pocket (Lolicato et al., 2017) 3) Fenestration site (Dong et al., 2015;

Schewe et al., 2019) 78|31 4) modulatory lipid site (Lolicato et al.,
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2017; Proks et al., 2021)7F B ¥ 3lth, TREK®] 7Pg wpg%: G4
= CAP =viqlelghs et 27 vk E=e] 79 vz 919 oA

L oolgo] AU FHE FIG F FEE mMALME AE 9 ol 7

R =

i
=

%2 (EIP) & ¥4

TREK—-29] ofgf ztgje] oigh ofejshd 542 uddls o, & A+
+ TREK-29] 3}8% SAAQl NFxe| 9ols] TREK—-29 Ww=7} ¥
FE= AoR FAEHEH o= & A9 SV dyoltt. TREK-2
A577E 2-8ARl 2-APB, AA°l oJsiMwt A77F ARE wells AAA
% NFxE A#sd TREK-2 A77F dstA A= ARt
Ech A$} z} o] 2Ad 8] z-gAlet A Agete] AFrt AT H
<= Wel= NFxol & A7/ A= #2HA ko™ Ruthenium Red
RuR) ol oJaliArt ekdstAl A77E JAE AT =AE vHro] NFxE
WA A skl TREK-2 AEs JAx2 5 Ech AE H7Fsels wel
Z odAEdd A vA 2AdstE Y (Figure 19).

RuRE t}rhekol 2 #3sl= zk:= trinuclear oxo—bridged ruthenium ©F
qlojth RuR+= CAP EH|19] 714 HF-itof 91x]8t Keystone® <A 2t

=]
ol
go Q= () HEsE W s ds FES

0{1

It A o=,

il

NFx+ fenestration Atglel] Agstt), 72 =7 24d& 53 Ech A7}
TREK-29] A&+ v Z7]:= —6.5 kcal/mol®] 1, NFxi= —7.5
kcal/molZ fFAF #9198 A3 7lsAdol 49 NFx7F th4a by A o
2 A% AUAZ A3 YA Figure 195 7N 2 713819 S o
NFxell 9]g TREK—-29 oAl A@agl= Ech Aell 93] H|7 4o =
AP =S Floleta =AY A Ajksth (Figure 20).

oM AFF5o] TREK—2E M4 helix@ 18] “up”, “down” AE|=

ol 2t (Dong et al., 2015). “down” A Ej= AXTe] FAHAFEE Hof
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T 7 WA pore helix (P2) #g] ofejell Q= fenestration A2 =
g/3%tt (Pope & Minor, 2021). TREK 9AIAl NFxi= P2 pore
helix®] w2 H&<l fenestration 2] 2 M4 “down” AEjelA 2
ettt (Dong et al., 2015). TREKS] &&x 723 54| 7|utshd
2 AFA NFx9 WHdE7

“up” 4Bl ®W Ech A9 QL Wb AR Zlojgt 4L = Ugieh

_,d
e
2
™
A
flo
,%
=
e9)
=
\]
-
EN
oL
o
(@)

<

jm)

w3l Ech A7} A9 22

714 4 9th= Rt At (Ingdlfsson et al., 2014). o] & do] &
[e)

24 48 T AA AY Fo Axue 7y B

=y
ok
o
s
|o
N
s
>

A7t == AAMF Ech A GA] 725 WA 7Fsdel g8 +5

& 4 vk 28y Ech A w2 2% TREKs9 o3t W& % frg
Rom AA 9 2-APB & #2 ZEATE = A dEs] A

o A a9E B 5 ik

9l A7915S Ej® TREK-1 ¥} TREK-29¢] th&t Ech A9 ¢ke]shA]

Aol Bedh TaA WS ol ®itd s|do] BHEe] gl

2.3.5 Ech A9 ¢J3t TRPV1 &4 &3}

TREK, TRAAK® S42A4 a39} tEo] HArte]ile] s A3ty
TRPVL Ad Al Ech AE H7bstdA Ade]l o A sHUG
(Figure 14). TRPVI1Z WAl Fafix= A Afdo]r] wel
(Benarroch, 2015). AtolAle]l a3t5 Z3hA7]= Ech A9l 282 <

A dkol HAtolith, a8 Ech AR 5o1819S wj= TRPV1o] &4

70 SR



W F O ARATE 2eI9S sbsgel Ak 3F, 2% L AW pll
Sefl o% TRPVL 8488 Egstel o

F7h %ol A RS o A7 Bt 9

2.3.6 Ech A% =A4.
Ech A& theFst A=
Holt}, & = A

AE Histochrome® ¢FA|Z UAte] ALk th4o AFE5S &3 54

A%

2 ®A9 BBE W e quinoid B

o% w|3e] Ech A% Aesh @ghAu, Ech

i)
Y

o] =S HHAHeE Fobskdtt (A. A. Artyukov et al., 2020; Egorov
et al., 1999; Mishchenko et al., 2003). Y3t Mishchenko Z15FolA &
Ech A% =4 F7lo digt d9rt FAFCE FostA E=S Hiu

t} (Mishchenko et al., 2020).
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[Figure 22] Schematic illustration of the Ech A effects on selective ion
channels.
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Abstract

Effects of a—Mangostin and
Echinochrome A on the Ion
Channels Associated with
Nociceptive Dorsal Root Ganglion
Neuron and Skin Function

KIM SUNG EUN

Dept. Biomedical Sciences

Major. Biomedical Sciences, Physiology
The Graduate School

Seoul National University

In this study, I investigated the effects of a—mangostin, a xanthone
isolated from the pericarp of Garcinia manogstana Linn (mangosteen),
and Echinochrome A (Ech A), a dark red pigment isolated form the
spines of sea urchins, on the ion channels playing key roles in the
nociception and protective functions of skin. Although previous
studies indicated anti—inflammatory and analgesic effects of the two
compounds, their pharmacological actions on the relevant ion
channels have not been conducted yet.

Whole—cell patch clamp study using mouse small dorsal root

ganglion (DRG) neurons and HEK293T cells overexpressed with
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TRPV1 and various two—pore domain K' channels (TREK-1,
TREK—-2, TRAAK, TRESK) revealed that micromolar ranges of o—
mangostin  (1-3 uM) inhibits TTX—sensitive voltage—gated Na®
channel (Nay) and TRPV1 channel, while activating TREK-1,
TREK—-2 and TRAAK. The multiple effects on the DRG neuronal ion
channels resulted in the membrane hyperpolarization and inhibition
of action potential firing as well as the nociceptive receptor potential.
Molecular docking simulation suggested that a—mangostin stably
binds with the ion channels. Furthermore, in silico ADME tests
revealed that a—mangostin satisfies drug—likeness properties.

Then I investigated the effects of Ech A on the TRPV3, CRAC,
TRPV1, TREK—-1, TREK—-2, TRAAK, TRESK and TASK—1 channels
overexpressed in HEK 293 cells. Ech A inhibited TRPV3 and CRAC
current with IC50 of 2.1 and 2.4 uM, respectively. The capsaicin—
activated TRPV1 current was slightly augmented by Ech A. Although
Ech A alone did not change the amplitude of TREK—2 current (Itgpks),
a partial activation of TREK—-2 by known agonists (2—APB,
arachidonic acid, acidic extracellular pH) could be markedly
augmented by the combined application of Ech A. Similar facilitation
effects of Ech A on TREK—1 and TRAAK were observed when
stimulated with 2—APB and arachidonic acid, respectively. On the
contrary, Ech A did not affect TRESK and TASK-1 currents.
Interestingly, the Irgpge maximally activated by the combined
application of 2Z—APB and Ech A was not inhibited by norfluoxetine,

but was still completely inhibited by ruthenium red. The selective
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loss of sensitivity to norfluoxetine suggested altered molecular
conformation of TREK—-2 by Ech A. The molecular docking
simulation also indicated a common site with similar binding energy
with norfluoxetine and Ech A.

Above studies suggest that a—mangostin might be a candidate
analgesic agent with multi—target modulation of ion channels. Also, I
suggest that the Ech A—induced inhibition of Ca?* permeable cation
channels and facilitation of TREK/TRAAK K2P channels might

underlie the analgesic and anti—inflammatory effects of Ech A.

Keywords: Pain, Analgesic effect, Keratinocyte, DRG neuron, Natural
products, Ion channels.

Student Number: 2017 - 21575
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