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A2 W% &2 Aol heart disease, stroke, end-stage renal
failure, peripheral vascular disease ¢ T8 risk factor =A]
grall dief 710%F ol #atso] ndEy wEu o Apdgiva &
HA AT (Aram V et al, 2003, Qiuping Gu et al, 2012). 23]
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migrations  Ast= ZEo] ow, CC2v+= FAK/PISK/AKT,
PGK1/ERK1/2 Az A3 4S A|5t4 neointima formations <]
Askal, CC3 S9A] PDGFOl 9t &3 H&L M XEZ9 proliferaions
AAlek= Aol o] WA A9 AT - AEHS ARA
24 7tsAdE AAl 3 vt (Ming-Jyh Sheu et al, 2013,
Xiaoping Yang et al, 2006, Yinan-Hua, 2013, Yu YM, 2010).
Curcuminoid & 7Hg d77F @eol olsl= CC1e 4= pocine
coronary arteryol A NO, cGMP, adrenergic B-receptor®] 2}-& 3}
g3 olek a7t vk delA Ak (Pei-Han Xu, 2007). gt
Ca®' release activated Ca”" channel 2 inositol triphosphate (IPs)ol
& Ca¥ Felg oAste] AEU Ca¥ & A ks Rauvh Qe
d (Dong Hoon Shin et al, 2011, J. L. Dyer et al, 2002), Ca”
A9 HE2 54 Tas 4o d JIEE AE YoM =
9o} M3 N Ho® Ca¥ F7hF dojum®E CClL o] 3 PE
AE el Ca” e Al & FUdE FeAdS A & B 5 Ak 9
L} AsARAY THsdS A skl
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Ca”e g 5o o] m$ T23 B4 J22 AL RN
calmodulin (CaM)3¥} E& A& ¥4 3 T myosin light chain kinase
(MLCK)E &3} Al7ity. &4 3std MLCKE myosin light chain
(MLC)E phosphorylation A1A F5& F&atA €tk (Horowitz et
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o] Mg= 94 Sarcoplasmic Reticulum (SR)Ulol A2 Ca* 29
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CC4+= ChromadexolA CCl1, CC2, CC3<2 Cayman chemical
company | 4] Acetylcholine, dimethylsulfoxide (DMSQ), Serotonin,
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ice—cold Krebs-Ringer %<9 (NaCl 1155 mM, KClI 46 mM,
KHoPOs 1.2 mM, MgSOs 1.2 mM, CaCl; 2.5 mM, NaHCO3 25.0
mM, disodium. Ca”~-EDTA 0.026 mM, glucose 11.1 mM, pH 7.4)
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il DMSOE 37TolA 30 &<t A& ste] TrissEDTA buffer
(56 mM Tris, 56 mM EDTA, pH 7.4)° =< 0.17 mM NADH
1.0 mlell 25 pl®] Zsds 7k & 37CelA 102 &<t wiksioh
o 7]l 37CelA w2l 7F23te] F2 100 ul® 14 mM pyruvateE
7Fstar UV spectrophotometry (Shimadzu, Japan)S AF-&3Fe] 339
nm®| A FFE FAE FASFAT FEE A4

NADH®| 43t £25 ofnjatH o= o 2iH #2ld LDHE
g2 et 34 lysophosphatidylcholine (LPC) 10 M<
7bstar 37CeolM  48A17kEst ¥le & LDHE S48t ol&

positive control® A}-& 3} th.

HEZ AEXU Z 5 level 3

ME W ZFE levels =4387] 98 fura-2 < digital imaging
WS =it gy uyet QuE AlAsa A AE H
clastase ¢t collagenaseE ©]&3dte] & AExE o3 EYAA
o 2 F HE82 A ¥ CC4E 30 min AHElsta fura2 & 29
st7] 9ste] HET MXYE 1 uM fura/2AMZ 1% bovaine serum
albumin®] *¥73%t% Physiological Salt Solution (PSS; 140mM NaCl,
5 mM KCI, 5 mM NaHCOs; 1.8 mM CaCl; 1.4 mM MgClp, 1.2
mM NaH:POy4, 11.5 mM glucose and 10 mM HEPES, pH 7.4)el 1
hr &b Wi atsivh 28l A3 =% PSSE 2 m/min® 743
A perfusiong 3] FAT ZE AL 37CoA 3 314, Cell
image= S Fluor 40X (N.A. 1.30, oil) object lens (Nickon,
Melville, NY)¢t evolve EMCCD camera (Photometrics, Tucson,



AZ)7} A2 # Nickon Eclipse Ti-U inverted microcopeE ©]-& 3}
of Hgow, FYPL  Sutter DG4 filter changer (Sutter
Instruments, Novato, CA)& ©]-83F 3L, fura-29] excitation &
3 emission 32 Zh7ZF 340/380 23] 3L 535 nm = 33 T). Image

+ Meta Imaging System (Molecular Devices, West Chester, PA)
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KH.PO4s 1.2 mM, MgSOs 1.2 mM, CaCl; 25 mM, NaHCO; 25.0
mM, disodium. Ca® -EDTA 0.026 mM, glucose 11.1 mM, pH 7.4)=
o] &3] Voltage-Operated Calcium Channel (VOCC)E A4 3} A
FE5S = 39t E3, Store-Operated Calcium Channel (
SOCC)E &% 9N Z+w il o3 da 5 g a3E5 dot
®7] 93, Ca’-free KR ¢45d zdodA dae] 1 uM
thapsigargin (sarcoplasmic reticulum Ca®'~ATPase A& A)<S 1 hr
A Aegste] SR UlF ZEs nAAAY. 1§ ] gy
CC4E 308 A2 F, vl & CC4, 25 mM Ca’'o] £¥49 KR
s o2 wAete] SOCCH o3 da =55 Fiestith



Z3d Ca’'-free KR €39 (NaCl 120 mM, KCl 59 mM,
NaH:POs 1.2 mM, MgCl, 1.2 mM, NaHCOs; 25.0 mM, EGTA 2
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Phenylephrine (PE) % Serotoning #AZZ o =& 718

= A& (Fig. 1. 2 A3 CC47F 7M4 & 83 =

ol¥l CC4¢] &7t & 75 ool o n7tg# el &4 9 0 &
olH ME HEAAA ofyw okl Hom HG Jhedt HEAA gl
&) CC4el &} 7194 (Fig. 3)3 lactatedehydrogenase (LDH)
leakage (Fig. )5 &2l 3ttt 941 CC49 a¥eo] 7194 S g2y ¢
g Ak CC4 25 M-S A A7 g 3ol A| Serotoninell ¢]g FFo] <
A HE 232 g 3 3 KR buffer® wash out & 4A]7F Holl thA]
Serotonin< 7}3ke] 4=
ol FHYo] i FEoR 35 He S F9 F 5 UAAT (Fig
3). I tg CC49] ¥] Eol& AX A4S <37 98 LDH assays
T3 3 Ay wr=dE CC4E AT ddddA LDHY #es &< & +
SATH (Fig 4). mEhA CC49l 3 5 oA ade n7tdd &4 2
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Fig 1. Effect of contraction inhibition by Curcuminoids in rat aortic
rings
After pre-treatment each Curcuminoids 25 uM was treated to
aortic rings with endothelium for 30 min and investigated
Phenylephrine (PE) and Serotonin-induced contraction. Values are
mean = SEM of three to four independent experiments. * represent
significant differences

from control (p < 0.05).
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Fig 2. Effect of CC4 on Phenylephrine (PE) & Serotonin induced contraction in rat aortic rings

After CC4 was treated to aortic rings with endothelium for 30min, dose-dependent curve of (A)
Phenylephrine and (B) Serotonin were obtained. Values are mean + SEM of three to four independent

experiments. * represent significant differences from control (p < 0.05).
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Fig 3. Washout effect of CC4 on Serotonin-induced contraction in rat aortic rings
After treatment of CC4 (25 puM, 30min), Reversible effect of CC4 on Serotonin-induced
contraction was measured 4hr after rinsing out CC4-containing KR buffer in organ bath. Values
are mean = SEM of three independent experiments * represen significant different from control and

# represent significant difference from CC4-treated group before washout (p < 0.05).
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LDH assay (A Absorbance)

Fig 4. Nonspecific cytotoxicity of CC4
Nonspecific cyototoxicity of CC4 was investigated in aortic rings using Lactate dehydrogenase (LDH) assay.
Lysophosphatidiylcholine (LPC 10*M) was treated as a positive control. Values are means + SEM of three

independent experiments. * represent significant difference from control group
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Fig 5. Effect of CC4 on Serotonin-induced contraction in aortic
ring wihtout endothelium
After CC4 was treated to aortic rings without endothelium
(denuded) for 30 min, dose-contraction curves of Serotonin
were obtained. Values are means = SEM of four indipendent

experiments. * represent significant difference from control

group
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(A) 340 nm basal 10 M (

F

Control

Ratio (340/380)

CC4

Fig 6. Effect of CC4 on Serotonin-induced intracellular calcium increase in primary rat smooth muscle cell

ARatio (340/380)

2.0

1.5 4

1.0

0.5

0.0

5 10
CC4 (1M)

25

Dose dependent effect of CC4 on Serotonin-induced calcium increase was observed in primary rat

smooth mucle cells, using fura-2 in fluorescence microscopy. (A) Representative images. (B) Calcium

level is demonstrated by difference of fura-2 ratio (340/380). Values are mean = SEM of thirty to thirty

seven independent experiments. * represent significant differences from control (p < 0.05).
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Fig 7. Effect of CC4 on extra/intracellular Calcium induced contraction in denuded aortic rings
After CC4 was treated to aortic rings without endothelium for 30 min, extracellular calcium influx, (A)
voltage-operated calcium channel (VOCC) and (B) Store-operated calcium channel (SOCC)-mediated
contraction were investigated. (C) Effect of CC4 on intracelluar calcium release induced contraction was
invesitgated in Ca”"-free buffer condition. Values are means + SEM of two to three independent experiments. *

represent significant difference from control group.
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S vl (2) CC49 E& &5 oA a3 &
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release, Voltage-Operated Calcium Channel (VOCC), Store-Operated
Calcium Channel (SOCC) E+& 9AstE 39S Wil

Ca” 2 Calmodulin?} A%ste] MLCK#t= a4E @43t A74 4
. g4 slE MLCKE MLCE phosphorylation A 7] 31 phosphorylation ¥
MLCE actin®} binding st #3 %<& deosA vk webq Ca’'g
AAlst= AL Lt AR ol T2 VA T SR oAAA L S
o HAZA = calcium channel blocker?] nifedipine, amlodipine &
S DEAAFRAZ AHEH D AT (Qiuping Gu et al, 2012). & A+
ol A o] &3 CC4 A I AFT o] Ca T7HE dAGE AL

WA Az adg AsRARZAMY N JhsAe AA ST
(Fig. 6). ¥ 5% Al Ca’2 biphasicdl T718& A& & 4 9
20 SRl e Ca” el os) dAHeR Ca FIh7h 2A Rl

I, Tl o) RE Y Cat el gste] 9l FERTE YA
A7F Ak olw) el e Zg F0& FE depolarization©] sl 2
43k e VOCC 2#a SR Wel Ca’ aigel o8] 243k =
SOCC © 93] dojdria &#HA vk (Alan Gibson et al, 1998,
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Kevin S et al, 2005). WetA 2 A= o] A 7HA] B2 F o=
ARg Adstel CCa7t B3 BT Y9 Ca¥ FHE AEhs A

dobrgli 1 A CCA7Zt BE ARE 5 Ca F7kd we @

F2S A sE Aoz WA (Fig. 7). CC48F 2ol BRE Ca® Z7}
AR

AAstE BAL oy WA @i, SR Ca” release,
VOCC, SOCCE s&dox @43t A7l 71 &3 wezl v 71 ¢l
o} SR CC49 +x ¥ oE Curcuminoid®] &3& wtgro = 5
Hom Azks] B9 olfd H So]Hel dgAls B F e RHY 7
e Az & B 5 o

A HAR CC49 =2 A4 Fggeltt. 2 Curcuminoid AlE<l
Curcumin %4 Ca’' release activated Ca® channels }Al8lE &
Alel| inositol triphosphate (IPs)e] 218 Ca* 48 & <At AX
Ca”& oA k= Burk 93 (Dong Hoon Shin et al, 2011,
L. Dyer et al, 2002), ©] 24 Curcumin 9A*] CC4%} wlzk7A] =
I & AEHY ZES7E RE H Soldom AAgva
= o Ut weEbA Curcumin® A& A4 BaolA o H& dF
stHA] A& 3P o] =S Curcumin®] plasma membraned] 5o
0] o] A YIS FEA, S oA Al WItE
of7] #tta F=3ka dtt (Dong Hoon Shin et al, 2011). CC4

[e=]
L
Al AR Rspd ol =] wjEel o]d Fgom I% W HEl A

-

A AAE ofr] st Blo] obdrt AZte] Huh T owAE
phospholipase &JAl &3& & < 3t} phospholipase= #H& I

ol oA wig Fad gS I 9 55 o7+ PE,

l
ol
.

Serotonin, Endothelin 5 S agonistE9| receptore= WH-E
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G-protein coupled receptor]l 7497} 226l receptorel agonist’}

Z9W phospholipase C7}F €43 A "o L5 #H
phospholipase C+= membrane lipid % 34l phosphatidyl-inositol
4,5-bisphosphates #allstAl =i &3] AHE= IPs, Diacyl glycerol
(DAG)E "= Wi o] &3 AHEEe dd9 s A4S AA
g3 F5S A F0 (R, Clinton Webb, 2003). 2% A4 &
A Mo A= IP; = SRY IP; receptorel] £¢] SR Ca’’ release®
g3l SR W9 Ca’s 1@ AlA SOCCe #4& f ek
(Tarik Smani et al, 2008). 18]i DAGE ditd ZEA)st=
nonselective cation channels &3} A7t AA37F o,
transient receptor potential cation channels (TRPC) 3, 6 72 7}
2 2 2 subtypeelth. ©] ¥ nonselective cation channel®] A&
F2 Na'9 FYL doA HISZ AEZ depolarization Al #
VOCCE #&43t A7t (Alexander Dietrich et al, 2006, Helliwell
RM et al, 1997, Kevin S et al, 2005). =3t Ca®  independent
Phopospholipase AsB ((PLA2B) + intracellular Ca®" store depletion
of ¢]s] &43} ¥ o] lysophospholipid® A A7 SOCC A3}
2 plasma membrane® Ca” influxZ wj7) 8tt} (Tarik Smani et
al, 2008). = phophalipase= SR Ca®" release, VOCC, SOCCE R T
A3t AE F de 2adgan & 5 9du a2dA CC4% 2
Curcumionoid A€l Curcumin®] phopohlipaseE <A dttf= H a7}
23 (Hisanori Yamamoto et al, 1997) ¢]& <AZ CC4 HA] ol %
4% A1 You Az & B F gloen od VHoR BE Ca F

7} ARE At 71 & 4 Atk &A1 Ca” independent
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phospholipase As inhibitor®l BEL°]Y phospholipase C inhibitor$!
NCDCl 9] 3l high potassium®l] 2|3+ depolarization®] Q2.7+ 4350]
AA HA ¥ the A2 o] JMEAE CC49] 71de ¢8s] A &+
= 18 S AA dx dvt  (Fig. 7, Toshio Nakaki, 1985, Zhenheng
Guo, 2003). Al A= &3 HEL M EQ hyperpolarization ©|t}. CC4
o] 2 HW 4 EZo| vanillyl groupe] Uth 3 HIZ A Eq
ol& vanillyl group®] Z3%3}+= vanilloid recepetor?] transient receptor
potential vanilloid type 1-4 (TRPV1-4)7} &A%t <del4 vt
(Xiao-Ru Yang et al, 2006). o] % TRPV 4= d3 HZ A L9
hyperpolarization® #A 7} dtt, &4 & TRPV 4 o ¢Jste] 94
Ca”e SRel 9% Ryanodine receptor® 43 A7|x, 435 ¥
Ryanodine receptore] 23] SRU¢] Ca®©] release’} Ho] 1 F99
Ca” ¥m7l dANAoR SojuE (Ca’' spark Aol dojuiA Ht)
Ca” spark= Ca” activated K~ channel (BKc, channel)S 843 A7
H&T M ES hyperpolarization A]Z1th (Scott Earley et al, 2005).
Hyperpolarization< rabbit mesenteric artery®] 4] noradrenalin (NA)e]
g% Py AAS A sto] SRUAA S Ca” release® A g}
(Takeo Itoh et al, 1992). =%t Hyperpolarization< membrane potential
of VOCCE oAt 12 SOCC2 membrane
potentialZt o] #A= HEs#] &t} SOCC7F membrane potentialdl] <3
g wkz] gveE d3x 9lom (Markus Hoth et al, 1992),
membrane potentiale] SOCCO] <18 Ca® %919 driving force®} 3
HolthE 3% 91l membrane potentialZ SOCCe| 28 Ca® &
olo] A= Waelx o1} hyperpolarization®] SOCCe] 28 Ca*

I

=t

o2
T

rr

=} O
FS
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Tl 2 dEFE AA

rr
&2

r= A 2t} (Rong Ma et al, 2000).
w2t CC47F TRPV 42 %39 hyperpolarizations €427 SR
calcium release, VOCC, SOCC EF Attt = 7Fd 9A] CC49] 71H
S A 7l ¢EsA gt

CCA7F oW 71 o= Qlgte] H] Ho]#Ql AAE Hol= A tf
At = e & 7 gk shAIRE £ Al A= CC47F VOCC,
SOCC, SR Ca”™ released] " A& A3 #&3s17] Jate] zhzte] A=
2 2438 A7 9 g9 B2 AXY Ca® levelS B Zo] oz}
A HJgdde 55 B Flojng s WAt CC47F 7hzhe] 7
ZE B3 Ca¥ level 3715 JAFT L 2 FE Yok I
9 FFHL Ca” 9FHQ A2 Ca¥ W EHQ HRE H I CCA7L
Ca” HIEAQ ARE I oA Foha ¥ VOCC, SOCC, SR
Ca” released] 93 Ca’ level 71 &
ol ARAE v& F A7 "WEold (Fig. 7). wekA CC49 714+

Wats gelar] daAE olE zzte Ang B4 A H G

mﬂ

Lk
o)
oEL

{

Qv oAy dE B 4
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Abstract

Background & Purpose: Hypertension is a major modifiable risk
factor for heart disease, stroke, end-stage renal failure and peripheral
vascular disease. A number of synthetic medicines are used to treat
hypertension. But a lot of patients discontinue anti-hypertensive
drugs because of side effect. In the last three decades, a lot of
concerted efforts have been channeled into researching the herbal
medicine with anti-hypertensive therapeutic values. Curcuminoids are
colored polyphenol compounds derived from Curcuma longa Linn,
also known as turmeric. There are four Curcuminoids, CC1l, CC2,
CC3, CC4. Based on lots of study, we conclude Curcuminoids have
possibility to be new anti-hypertensive agent. In this study, we
investigate the effect of each curcuminoid on agonist-induced
vascular contraction and its mechanism

Result: CC4 shows more potent inhibitory effect than any other
Curcuminoids. CC4 inhibits phenylephrine (PE) & Serotonin induced
vascular contraction in a dose dependent manner. This effect is not
caused by nonspecific toxicity or irreversible vascular damage. Also,
This inhibitory effect 1is observed in aortic rings without
endothelium, suggesting that the site of effect of CC4 is vascular
smooth muscle. The calcium level in vascular smooth muscle cell is

key factor in vascular smooth muscle contraction. CC4 inhibits
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increasing of intracellular calcium level by Serotonin. Calcium level
in vasuclar smooth muscle cell increases, owing to the relelase of
calcium from sarcoplasmic reticulum (SR) and calcium entry through
voltaged-operated calcium channel (VOCC) and store-operated
calcium channel (SOCC). CC4 nonspecifically inhibits all contraction

by activating SR calcium release, VOCC and SOCC.
Conclusion: CC4 inhibits vascular contracion by decreasing calcium
level in vascular smooth muscle. This effect results from

nospecifically inhibiting SR caclium release, VOCC and SOCC

Key words: Curcuminoid, Inhibiton of vascular contration, Calcium,

SR-calcium release, VOCC, SOCC

Student number: 2012-21574
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