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Effects of Leejung-tang, Rikkunshito, and Bojungikgi-tang on
Transient Receptor Potential Vanilloid 4 Channels
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Division of Longevity and Biofunctional Medicine, School of Korean Medicine, Pusan National University

Received: October 29, 2018 Objectives: Metabolic syndrome is defined by a cluster of major cardiovascular risk factors:

Revised: November 21,2018 obesity, insulin resistance, dyslipidemia, and arterial hypertension. Several members of a

Accepted: November 29, 2018 large family of nonselective cation entry channels, e g., transient receptor potential vanilloid
4 (TRPV4) channels have been associated with the development of dyslipidemia and
hypertension, The purpose of this study was to investigate the effects of Leejung-tang
(Lizhong-tang), Rikkunshito, and Bojungikgi-tang (Buzhongyigi-tang) on TRPV4 channel,
Methods: Human embryonic kidney 293 cells stably transfected with the TRPV4 ex-
pression vectors were maintained in Dulbecco's modified Eagle's medium supplemented
with 10% fetal bovine serum, 1% penicillin/streptomycin, 5 #g/mL blasticidin, and 0.4
mg/mL zeocin in a humidified 20% O./10% CO. atmosphere at 37°C. Whole-cell patch
clamp recordings were obtained using an Axopatch 700B amplifier and pClamp v.10.4
software (Molecular Devices, San Jose, CA, USA), and signals were digitalized at 5 kHz us-
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Medicine, School of Korean Medicine, TRPV4 whole-cell currents at dose dependent manner, However, Bojungikgi-tang (10, 30,
Pusan National University, 49 and 50 mg/mL) inhibited the TRPV4 whole-cell currents in a dose dependent manner and
sssgggszgzlz_goklz\éfe“m_e“p’ the half maximal inhibitory concentration (IC50) of Bojungikgi-tang was 18.2 mg/mL.
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M2 T Qon olo] w} gAA AFe] FHES WA =
7heE 3 Aok thAbY AEe AdEd Ao ARy G
HAHE 2 BH(metabolic disease, metabolic syndrome)- S fiEteg A d3e] 277w 9 A8 YA
259, A, @il 5o giaeldelA Jgete A o2 w¢ FasiP.
< wet, FE T AWHALS] o] G0 g2 filE«= U344 Q—?ﬂ] % QM(transient receptor potential, TRP)
o F=H, SUAF ZE XL vinE AdaA A3 5 ol2EZE S5Ol Drosophiladll A | <21 B84
[e)

Qs Asol), A FHNAE A4 AT (photoreceptor) BEE Bl YA S8A AL
shol Aghopale] WSHE Wnk Ql7vl ZatHo R ZrkE  Hol: @4S B 19699 A AU, FF ol
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A= 1997 Caterina 5°] HF'E 20| =(vanilloid) 4~&
AE B3k o] FF AT okl flojA TRP ©] &%
2o thgt Aol HFEI Utk o] Fo] K HidE
ol &A= Aol (capsaicin)oll <3l /5= =
g el doll = REgehs 548 Ad TRP o] 25 2=
AAZIT o] £fof] HIZ7kA] X TRP o] %=+ 30
%=, 3A TRPC (canonical), TRPV (vanilloid), TRPM
(melastatin), TRPP (polycystin), TRPML (mucolipin), TRPA
(ankyrin) 2 EFE I JThY) o] 59 FEH Aol &
A SHARE U] 7H«] ok & FAE| o] glom 7} olekel=
A 7H2] I35 H S (transmembrane domain) &2 ©]F-0]
2(_1]:}_4,5)'

@ TRP ©| 2% 2E < transient receptor potential va-
nilloid 4 (TRPV4)= A A3 APE = o)A AE
Z 2 u¥gy 2 FAQE Aoz gAY,
A B Agollas el o Ao = A
L5+ ol PYE, Leejung-tang), STAHCE Ti5,
Rikkunshito), 23|71+ &% %, Bojungikgi-tang)©l
°]%k TRPV4 o] 2T ZA 9 B5S st thatd 2
o] A8 7HeAdE gstaAl gt

N

(Hankookshinyak Pharmaceutical Co., LTD., Nonsan, Korea;
http://www.hsp.co.kr/)o| A 7|5 Wro} AL&31ATt A
&=, A e, 58, diF, 9, Fx, A 252t
A k8] A Tsumura Kampo 43, Tokyo, Japan; http://www.tsu
mura.co.jp)oll Al TUst A& SRl 0.5 g/mLo]
PR =0l Fof Wil Ry ALSAT. gk o
GeplAlel] olat o] eE 2 24 AWE 50 mymLo] FE
ofl A Haro] whg-& Bl & A% 242} 10-50 mg/mL

2. M=
£ Aol A3 TRPV4 f-F A= pCDNA EEF4H| =
W E](plasmid vector)oll EZ(cloning)3F AL A&}
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3. MZH{ B Az
TRPV4E HEA7)17] fl8f A&

ney (HEK) 293 M|Z== ATCC (Manassas, VA, USA)ZH-F
43+ Th Dulbecco's modified Eagle's medium Hl <] o]

$}+ human embryonic kid-

10% fetal bovine serum, 1% penicillin/streptomycin< 7}t
3o il I T Transient transfection= 913l 2l ERT
(lipofectamin)& ©]-8-3}% 2™, HEK 293 A ZE 6-well Al
Zuj ok platesoll 5x10° A E o) 24|17 vl F3F & o] 831
t}. Transfection & 24A17te] A Th3- A& X P3tATh

4. 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetra—
zolium bromide assay (MTT assay)
M AEE SAHLS A= Hﬁokﬂ(m—weu)on A=
1 mLA E3ke] 24A17F o3 Wi & o] TR, S AR,
B Z)71e8 10, 30, 50 mg/mLE A 2F &, 37C, 5%
COEEo A 244%F WJFEE %, MTT €5 mg/mL)2 Wl
ool 01] A7 skt 2~3/\I7J Z kS AAST HA

5. MM IHX| 23O (whole cell patch clamp)

TRPV4E S3h= RS 355 A5 91 271488
4132 Axopatch 200B 5Z7](Axon Instruments, Inc., Foster
City, CA, USA)E 01%’6]'04 WA EHZE HAAEAT F
2] ¥h(glass capillary)S ©]-&3t] AT &5 2%
< o] Ago] 3-51 7} (mega-ohm)oll dNFst= HS 4
ol o] &3ttt =Hdst
ol &3t AFE =43P AL, ramp protocol (-100 mVE
FH +100 mV7HA) S o] &3ttt BE 7| shE A
P2 ALolA Als T

3 H(voltage-clamp method)S

6. AISIOH I AlQk

g9 3 A

TRPV4E &3 AF/E SA317] A3 pipette €42 120
mM L-glutamic acid, 20 mM CsCl, 1 mM MgCl,, 10 mM
ethylene glycol tetraacetic acid, 5 mM 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES), 3 mM Magnesium
Adenosine triphosphate S 383+ -8H ) CsOHE ©]-&3}]
pH 722 2E & AH8-3}3TE Bath 892 145 mM Nacl,
3.6 mM KCl, 1.3 mM CaCl,, 5 mM glucose, 1 mM MgCl,,
10 mM HEPESE 233t 895 NaOH 84 0. & pH 742
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1. TRPV47} IPLRIE HEK 293 MIE MZES0 OXf= Jg
°olF®, STAE, BFe7Igo] TRPVAZE SHLEH Al
AEE VA= FFE Ldohrr] ffst], FEREER ©]
&, STA, HEo7|'-E Fofstal 443t 3, A2 A
25 =43 A3 50 mgmLe] FE/AE A 54

UehtA] 29tthFig. 1). metA o’ oA, Bad
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2. O|=ZE0]l 2Jgt TRPV4AS| 7|5 Hat
B AgelA 7St A7 AdE 47 A% Al

b

dEF UARY 2el 0l2S=

X PS8l AHESE 71 EA Q1 WS Fig. 24,
2Boll EAISIATE Fig. 2AE A S| X EHZ A] AR
Az H 7 o] xS FAG ZlolH, Fig. 2B+ Al
TS TEE HAIRFE S A A ZREE
< BAIS Aoty LA TRPV4 o527 & 7%
SHEAE dolry] 9184 TRPVAZE ZEEE HEK 293
A|3Eol| A s A 27 S o] 88t TRPV4 2H&-AIRU
GSK1016790A 300 nM< T8 Xy TRPV4 A7{7}F 2
715592 TRPV4 Z3AQ] ruthenium redol] 23] <
A== @4 FAsATHFig. 2C). TRPVAZ} L3 E
Al Zo o] F8H(10-50 mg/mL)S FH F= sl o]
A% A7 2 WEF A7 WS} glthFig. 2B, 3A). 5
8ol o]gk ARl AF2] T 10 mg/mLAlA 100£0.3%,
30 mg/mLollA] 98.1+5.1%, 50 mg/mLolA] 96.1+6.2%A th
(Fig. 3B, 3C). o]5®-< TRPV4d o}F-8 858 A &
= Zo= Yt

3. SEXE 2lst TRPV4AL| 7S Hat
ST A 10-50 mg/mLo A& o] F®AH TRPV4 A7
o obF-¥l &V} YUATKFig. 4). Wb SRR olF
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Fig. 1, Effects of Leejung-tang, Rikkunshito, Bojungikgi-tang on cell viability of overexpressed transient receptor potential vanilloid 4 currents in
human embryonic kidney (HEK) 293 cells, HEK 293 cells were attached 6-well plate and added (A) Leejung-tang, (B) Rikkunshito, (C)
Bojungikgi-tang as indicated concentrations respectively, After 24 hour incubation, cell viabilities were measured using MTT methods, Values are
expressed as meanzstandard Deviation MTT: 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide,
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(C)

30049 GSK1016790A300 nM  Ruthenium Red 10 uM
3.6 mM KCI, 145 mM NacCl, 200+
1.3 mM CacCl,, iy
5 mM glucose, 1 mM MgCl,, 2 1004
10 mM HEPES (pH 7.4) <
= 0
-100
T T T T T 1
0 200 400 600 800
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Fig, 2, Transient receptor potential vanilloid 4 (TRPV4) regulation, (A) The components of extra- and intracellular solution, Numbers mean the
concentrations (mM). (B) The protocol to check the currents, (C) Effects of TRPV4 agonist, GSK1016790A on overexpressed TRPV4 currents in
human embryonic kidney (HEK) 293 cells,

Relative current at +100 m

Control 10 30 50

Leejung-tang (mg/mL)

Fig. 3. Effects of Leejung-tang on overexpressed transient receptor potential vanilloid 4 (TRPV4) currents in human embryonic kidney (HEK) 293
cells and the current-voltage (I-V) relationship using the whole cell patch-clamp technique, (A) Leejung-tang had no effect on the overexpressed
TRPV4 currents in HEK 293 cells at a dose dependent manner, Slow ramp depolarizations from +100 to -100 mV were applied from a holding
potential of -60 mV before (a) and during (b) treatment with Leejung-tang. (B) |-V relationships were determined before (a) and during (b) treatment,
(C) Concentration-dependent effects of TRPV4 currents by Leejung-tang.
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oA 14.1£5.3% (P<0.01)HThFig. 6A). BEZF]7|&ol 2|t
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Fig, 4, Effects of Rikkunshito on overexpressed transient receptor potential vanilloid 4 (TRPV4) currents in human embryonic kidney (HEK) 293
cells and the current-voltage (I-V) relationship using the whole cell patch-clamp technique, (A) Rikkunshito had no effect on the overexpressed
TRPV4 currents in HEK 293 cells at a dose dependent manner, Slow ramp depolarizations from +100 to -100 mV were applied from a holding
potential of -60 mV before (a) and during (b) treatment with Rikkunshito, (B) |-V relationships were determined before (a) and during (b) treatment,

(C) Concentration-dependent effects of TRPV4 currents by Rikkunshito,

Fig. 5, Effects of Bojungikgi-tang on overexpressed transient receptor potential vanilloid 4 (TRPV4) currents in human embryonic kidney (HEK) 293
cells and the current-voltage (I-V) relationship using the whole cell patch-clamp technique, (A) Bojungikgi-tang inhibited on the overexpressed
TRPV4 currents in HEK 293 cells at a dose dependent manner, Slow ramp depolarizations from +100 to -100 mV were applied from a holding
potential of -60 mV before (a) and during (b) treatment with Bojungikgi-tang. (B) |-V relationships were determined before (a) and during (b) treatment,
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Fig, 6, Responses to Bojungikgi-tang on transient receptor potential vanilloid 4 (TRPV4) currents, (A) Concentration-dependent inhibition of TRPV4
currents by Bojungikgi-tang. (B) The estimated median inhibitory concentration value for ginger was 182 mg/mL. Bars represent means+standard

errors, *P<0.05, *P¢0.01,
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of| A &4 stEm theket ﬂﬂ%’é, o€ E°] phorbol es-
ter®] 4-alpha-phorbol 12,13-didecanoate$} phorbol 12-myr-
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