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2 o o] A¥oA HEF, ABHA F3 5ol sl A= E40] 7Hi=l= E2H(phloretin) - ARPF A3t 749
FAE - A9 FHe 5ol ROCKRhoAFT AAkstas) BEASIE Bo aeES ARt 714 SRlstaxt
gk ARAlelA ERlE L Wb fAEAY &4E s8] 18] 272 2719 84 1R 257157 ](myograph) 2
Qo] AE AL ofiE digl= RHlgo] T 918 1Ee SE W] QZEN SRE W9 A7
A5 BYEA710] BAEAS ArAE 292 459 (fluoride, phorbol ester)oll 23t @ 52 A5}
ROCK E+= MEK(Hlo|EAl €43} Tl 71uA] 71uA) vgds}t 22 F=71 ao|ge] #ofd 4= a2 B3t} wjet
A phloretin W7} 43t aollA19] Wuof oJ&AQl 2hE Qo] 710 R imlof v]ej&a o g Hetox ROCK
= MEK 24 Frhof| ofste] Aty o R gelo|x Hel-n] o4l A52-8-S Aot B o|gsh= AR Iy
ek, E3F phloretin thromboxane A2 FE75E JA5t ROCK ¥ MEK A& Z3lot= 713AUE 54U

ZFHof : i, g3 244, B¥+S, ROCKRhoH itekas)

Abstract This study tried to observe the ability to inhibit vasocontriction in phloretin - the primary
ingredient of apple tree leaves and the Manchurian apricot - through ROCK(Rho-associdated, coiled-coil
containing protein kinase) inactivation in rat aortae. A piece of artery that was separated from
Sprague-Dawley male rats and retained or damaged the endothelium was suspended in myograph tank with
two metal rings, the lower ring fixed to the bottom of the tank, and the upper ring connected to the isotonic
force transducer. Interestingly, phloretin inhibited fluoride- or phorbol ester-provoked contraction implying
that additional pathways dissimilar from endothelial nitric oxide synthesis such as ROCK or MEK (mitogen
activated protein kinase kinase) inactivation might be involved in the vasorelaxation. Therefore, this study
provides that phloretin participates in the reduction of ROCK or MEK activity in smooth muscle in addition
to the endothelial-dependent action of the endotheliuim in complete blood vessels, and consequently
inhibits actin-myosin interaction in smooth muscle. Furthermore, phloretin inhibited thromboxane
A2-induced contraction suggesting the mechanism including inhibition of ROCK and MEK.
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containing protein kinase)
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1. M2

F| gh=ele] =8 ARGl <
A FHo| U= A AT HIT A¥lo] o o
E £ AES UEL Jlon g dg] 9
o AFFEL 2008W9RE A} F7FstAL itk @Y
AA 2= SA0] Yoy A&HAY Heol W, A%, A
Y] e EFAA AW, HEF, ARA, ARA,
Y, e HAs 428 0ES 9 Vg AEE
A Aol AFR/NAZE BZHE I k. whebA BAA
& TE7t F851H ojHgt oF 2™ ¥ F+=
Aol vlTE A, 5, A, 194, AA &5, AEF
2, 7159 o] Ty F5E0H1]. 193 IEY
7} w3 G, S447E0S 5 A AolA v
o] &4 715 Aol 3 EUEH 7]so] oFalEh
138Y] sl 2w 5= A, HE AGA, A2
Al =84 AHA E= olkAo] ARRELL ot K
A W, AR 9 aE AR, A AR gk o
IF 52 Aol AWM E H £2 2445 LIt
H1 AlEstal §lom o|Hg Ao} A 1EY U
T 71-o] geeiA| L k.

Z=2 3 "(Phloretin) AT Prunus
mandshurica 50 &5 U=t 1 9 HE2=
diarylheptanoids[2], flavonoids, monoterpenes,
sesquiterpenoids®} stilbenes[3] S°] &RI=%oH
1 % Y59l alpinetin, dihydrochalcone (phloretin,
Fig. 1) 5ol &9, Asf 2 4lst 59 oF2jz-go] =
AoE A QUrH4l. 13 Lol T YFE &
2,4,6-trihydroxy-3-(4-hydroxyphenyl)-propiophe
none (phloretin)= ©|-&3t AolA AkSHanti-

oxidative activity), FHIE;

ut

r

rO, ek

. PS5 (anti- inflammatory
activity) 2 &5 59 2] 40| FAEATH5LE
A B S7H @3l ot dHEEE 52
Z43 2R EH(calmodulin)ol] 23t v] @419 ZHA
ZHo| EAQ1Y] QASHE Z3ol= B8 AB5leA A
20 9EstH o] EAl= A& I YA
AEZW Zgol gt 3358 W79 SHLE
A¥Aog FAFSIT B BEEL 759 AlFo] H|
2419] 20 kDa o] EAQ QAtSte] A0 7}
of o5 AL FAHATHG] 7|E AEEE AE
W Zgol29] F7keF #Agle] nl419] 20 kDa 2ol

EAQL Qlikels 2dste] YT 542 ATl

FE517]| 2 SH7-9]. v] Al FolEAY QST o
i 1| A9 A45akE 9 BEE 52 S7HI7IA
T QA4 2ol EAQI QAISRe} =59 A= AlEY
ZgolZsrel dXokA] gom msA Folo] 9%t
u] Al 2olEAQ] Qight =529 = HE Al
ZY ZgolZ &9 7t o3t AET oM
o] Z&toletal HAgETHo]. webs w| Al Zo]EA|
A S} 2 =5 JEE 2™ske F77140] A
OtE it = arachidonic acid, phosphatase inhibitor
protein- 17, Rho A(Ras homolog family member A),
guanine nucleotide-exchange factors (Rho GEFs),
ROCK(Rho-associdated,  coiled-coil  containing
protein kinase) 5ol 2Jgt 1|41 QU7 IEESE A0 o
Alo-131 F= regulated
kinase/protein kinase C/mitogen activated protein
kinase kinase (ERK/PKC/MEK/) 5°] &&=+ A€
A8 OFe BlAERA) 23 5ol Zgol TAlA
8% A== Ao WelzltH14l

oA 2 A9 F24E phloreting ARG}l
phloretin°] o3t Wxju|o&4 59 I 5 249
T B 7[R Yuof ot AskE A A4 Qo
Zgole  gdA9 sl RhoA/ROCK  E=
MEK/ERK &4 A9 98-S d¥st= Aotk &5
Ao 9t | =50 7t= AR 28T F 1|
AdRE 2dol xFE=d £FA  fluoride?t
thromboxane A,  FAKAlS]l Qg &=
RhoA/ROCK A= &3P} Zo=m(15,16] R
phorbol ester®} thromboxane A, FAFAIA] 7
7te HAERE A2E S A=Ee ZAeE Hily
A=Hl14,17] ol2gt £FZA ] o3t @ 5004
phloretin®] 9t @72 ojtof| o] A=} T
Urt= Bk Qi webs $-8& phloretino] Y
7} AA=EIL 7]50] dAE 9] o|gtof ojd I
YT A0 7oy Y= T 54
Ao Zostng Iy 7t A AL 7150l
o] ARREHULL 50 o3t 71AA ASe=
2 HYEo] HFHA AU
ololy S4skgelu ity 5 Ao
SRl A Wuj7h 4= o] 750l A==t
ek phloretino] WHogt 283t phloretin
eQlofu ARl At A a7t A4E oo 19
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o Wu7t AAEIL 7]50] AE B#olA phloretin
ol A} Uchd Wizmof ot A4 B4 Qo
phloretin®] H&of| 24 2-gsto] lolut AU
Al Agm mrh yErd Aol uetA
phloretin Foi7} @ 240 $23% AgS 35t
7|ES] Y2 AA L] HE FolA] bt AeAES
LEhd o Qiok oheft QoA EEY] Sl S
W9 £94E 2A8}aL phloretin® W] H]2J&A
g = 24 qaaet 1 AETIHE RASIIH

OH

HO OH

OH o
Chemical structure of phloretin (3—(4-
hydroxyphenyl)-1-(2,4,6-trihydroxy-
phenyl)propan—1-one).

Fig. 1.

HE

2, 49 Y

0o

2.1 MZ, A]2F gl 7|7

olgje} 72 A7} Aleko] AREE L. Potassium
chloride, sodium bicarbonate, phloretin, sodium
phorbol  12,13-dibutyrate  (PDBu),
acetylcholine, D-(+)-glucose  Sigma-Aldrich
Chemicals (St. Louis, MO, USA)o| A F+d5}o] A5
F3!, etomidate® SD (Sprague-Dawley) rat<

fluoride,

Dongwon (Dongwon, Korea)¥} Hyochang Science
(Hyochang Science, Korea)ollAl T3t} AR5t
o 1 9] B2 A% UF(GR) = SH(EP)OE A
£ttt oE2 B2 A At Krebs &R0 -&5=] 3

2 AP 2 AP Fddtnet e
o] SEAY gt &2+ (ACUC-2017-045)7}
US National Institute of Health (NIH, 1996)°] 2
o 2utE AAEEY care®t used] W guided] w

2bA = FA 200-250g2] 84 Sprague-Dawley
FA7F Addo] ol-&=HUH. A FUo| etomidate (0.3
mg/kg)o] B0 E FojEo] w1 AL F
5 AR Fo] /AL eeEtE AT FH
A7t 2= 90t Hot A2 £eEA] ok tiE
W 2 E 9t 31 FESP] Y HAS0E oA
AA B Fe2 4 fed 7F TANA A%
EI7HA] BEEHAL A7FE Krebs 8] dojFot
Krebs 899 24L& ofgxt Zth. CaCl,, 2.5;
KH;PO4, 1.2; NaCl, 115; KCl, 4.7: NaHCOs, 25;
glucose, 10; MgCly, 1.2. ti5W 1} 25 ZA
ZALE AAEAY. heW2 4 mm dol9] 1= F
A tisd 129 QFEO® pipette tipo] @olA
FHEA 3-5 3] FolA W7t E2d g AAEUL
oxide synthase (NOS) <AASl N&-
monomethyl-L-arginine (L-NMMA, 0.1 mM)°] A
S= i

nitric

23748 g8 =4

WY I& 27+ 2709 &% 12E myograph
FZQ) @E QI offjE 112 EEfE e 14
A1 9F vE= Y W] (FT03C; Grass
Instrument Company, Quincy, MA, USA)9] AZE
Aok HE71Y AS= 2S5 7] (PowerLab/8SP;
AD Instruments, Castle Hill, NSW, Australia)ol ¥
A=t Myograph 9] 21 10 mLo]aL X
Qke] §Ho] 37CTE FAIHUL EF 71A (95% 0.9
5% CO)E ZE3FE|9ITh. 1A17H] 4717HE<t 74171
Aol 2 * 9.8 mN (20922 AU} Fg717¢
S 59 1217} 1 4M phenylephrine2 & =%
+50] FSE5] =9 F 1 4M acetylcholineo] 9]3f
o == tfjv] 20% ©lot=2 o|&=E= S 7t AA
EAY 7150] A" AoE wesia Ado] Aty
Aot 0.1 M U-46619, 6 mM NaF E+= 1 M
PDBuOl o5t & 50| | 50 =E3 & 47
3] phloretin (10, 30, 100 M) £ & A5=
L9 &7t 0.1 4M U-46619, 6 mM NaF E
+ 1p#M PDBudl oJ3t 83 $55 100%& A Al
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24 SHEM
S AYATEC] mean * se. (B + BEQX)
= FAHUAY 5A4 724 AHFe Student's r-test
£ 3519 p0.055 71EoR KA |FE 2HT}
Ut Fig. 2-591419k 2ol |94 *HAIoHtt.

3. A=z

3.1 WI7E MAEL 71s0] HHME F SHOIM
fluorideOil 2I5t ~F0f| CHE phloretin®| &

A& 7 599 HFg7] AEo] 0= F 8/ AHel
S5l 9] A 2 * 9.8 mNOR 2A5H9iTh
=402 Y7t AL 75| AAE F ol
Al ROCK(Rho-associated, coiled-coil containing
protein kinase)ol Tt full activator® L&A Q=
fluoride (6 mM)°] oJ$t A= t3}| phloretine
o A= IAl B8-S Fig. 20049 Zo] YERySI
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60

% Relaxation

80 —@— Control

~O~ 0.01 mM Phioretin R wx s
—4— 0.03 mM Phloretin

100 ~57— 0.1 mM Phloretin

0 10 20 30 40 50 60 70
Time (min)

The effect of phloretin on 6 mM
fluoride—induced contraction in the
denuded muscle. After 6 mM
NaF-induced contraction had reached
plateau, phloretin (10, 30, 100 uM) was
added into organ bath. The relaxation
was expressed as a percentage of the
maximal contraction to 6 mM fluoride.
Data were expressed as means of 3-5
experiments with vertical bars showing
SEM. *P(0.05, **P{0.01, presence versus
control.

Fig. 2.

3.2 Wm7t |XIE F ZH0IM fluoridedl 2fet 5
0l CH3t phloretin?] %2

W7t AAEA] k2 5 FHlA fluoride (6 mM)
o 9J5t A=) thsf phloretin 10° M o)49] &oj
A Woj ot Hetol FAlo] 285t R4 Gl olkE
85 Fig. 301419} Zo] Yehfgitt. 121 W7t A
7 FHoxe] $247 vwA| o|gaIt tha 7t

k.

20
40

60

Yo Kelaxauon

80 —&— Control *
~{~ 0.01 mM Phloretin + Endothelium
—%— 0.03 mM Phloretin + Endothelium
100 =7 0.1 mM Phloretin + Endothelium

0 10 20 30 40 50 60 70
Time (min)

Fig. 3. The effect of phloretin on 6 mM fluoride—
induced contraction in intact muscles. After
6 mM NaF-induced contraction had reached
plateau, phloretin (10, 30, 100 uM) was
added into organ bath. The relaxation was
expressed as a percentage of the maximal
contraction to 6 mM fluoride. Data were
expressed as means of 3-b experiments
with vertical bars showing SEM. *P{0.05,
**P(0.01, presence versus control.

3.3 WOt A= 7|50 AxlE F SHEOIM
thromboxane A2 mimeticOil 2|8t =01 CHSt
phloretin®| &1}

=93 0E Y7t AAEIL 750l JAE 7 59

oA DZEo] GAAIQl U-46619 (107 M)ofl 9J3t &A=+
o sl phloretin® A 37T AU Fig. 4914
9} Zro] YEehIt. webA phloretin®] ROCK &4
3} 97 9 MEK/ERK 5°] #odst= 7t= AR
Z24 715°] Q&= AR F=Hrh
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0
c 20
=]
T 40
>
o
@ 60
(14
X 80 —&— Control =
—{~ 0.01 mM Phloretin T
100 4 —w 0.03 mM Phioretin £ i
—7~ 0.1 mM Phloretin
120 —
0 10 20 30 40 50 60 70
Time (min)
Fig. 4. The effect of phloretin on 0.1 uM

thromboxane A2 mimetic-induced
vascular contraction in denuded muscles.
After 1 uM 0.1 uM U-46619-induced
contraction had reached plateau, phloretin
(10, 30, 100 uM) was added into organ
bath. The relaxation was expressed as a
percentage of the maximal contraction to
0.1 uM U-46619. Data were expressed
as means of 3-5 experiments with
vertical bars showing SEM. *P{0.05,
**P(0.01, presence versus control.

3.4 WHIPF AR 7150| 2XE F S2HOiIA phorbol
ester®]| 25t =01 CHS phloretin?] 22
=20 Y7t AAEILL 7]5o] AAE H =9
o)A phorbol 12,13-dibutyrate(PDBu) (10 M)el| &
St =0 di3] phloretin A &7} Fig. 501412t
Zo] Atk wEkA phloretin®]l MEK/ERK S°] o]
Ste 7k vAERA AR 24 7160l U= AeE A

Zhsint.

20

40

60

o

% Relaxation

80 —— Control
—0— 0.01 mM Phloretin b %
—g— 0.03 mM Phloretin
100 4 —7 0.1 mM Phloretin

Ty

('] 1'0 2.0 3'0 4lO 5l0 6'0 7l0
Time (min)
Fig. 5. The effect of phloretin on 1 uM phorbol
12,13—dibutyrate-induced contraction in

denuded muscles. After 1 uM phorbol
12,13- dibutyrate—induced contraction had
reached plateau, phloretin (10, 30, 100 uM)
was added into organ bath. The relaxation
was expressed as a percentage of the
maximal contraction to 1 uM phorbol
12,13—dibutyrate. Data were expressed as
means of 3-5 experiments with vertical
bars showing SEM. *P{0.05, **P(0.01,
presence versus control,

4, 1F

W= ghdollA g AAS SAZ AREH
o] 713A A, 71H/AHA], 7|HA LS, HE (@A)
= S AoRE dEA glon T A+ 4
o] oot F8 AJEQl phloretinol A 4t} FA
% 4 54 2t 5o TALUL18,19] FEY &
B4 Hujo] Qg Atsha A AJAdo) oJgt &-go] At

At wEhA] ol ARl Wl E AASHL 7153
AAIGE - ol&sto] F-& &2l phloretin® F7}
714E& ZARH Hot $HH 3 =% 7140 B5A
Eojo]] o3t t]QAl go]EAQI QA &9 A
L BE Axy Zgol2 59 I7l gt Axct
EoH o] P4 Zgol2 Aot AgErto]. o
kAl T Q4] go|EXQI QS 8T 25 FEE X
Aotz F7P71do] AA = & protein kinase
C(PKC), MEK, ERKOll 93t 7h= wAlER4E A=y
arachidonic acid, Rho GEFs, Rho A, ROCK 59
oJgt m] 4l QAR aA0] A7} Lol 42
oA F83 A== Aol HEAHh dE =0l
phorbol estere= PKC, MEK, ERKO| &3t 7}+= t]A]
A AZE Z93A, fluoride, thromboxane A,
phenylephrine 52 #2454 RhoA/ROCK &4
3E B9 Zwol2 AEE Ut 49A St
[20-23].

1 % fluoride: Fig. 29} Fig. 304 2 A}
o} Zo] 2 RhoA/ROCKE LASHIA BELS &
AT G A J=T15] WEZE A= AY W
7} AAE F SWoA phloretin fluoride©]] 2t
5o ds A AEZ  YEUlTh TERA
phloretin W1 &4 AsbdA A4 2o ROCK
24 A 2t A= AR F55M fluorided] 9
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St E% YL =004 phloretin® RhoA/ROCKE
ES/NA  Agote ZoE A
Phorbol ester(PDBw)9] 7<% 7] MEK/ERK7} o]
He 9" AR4 Ol nAdRY) B2E ASst
T YIS FEAZIT dEA 91=d20,21] W
17t AAEL 7]50] dAE ] 54 phloretin
phorbol estero] 23t 59 50 s JA 2&-Z
Fig. 50lAe} o] yetiolct. webr] Fig. 49} Fig.
5014  #EH e} o] phorbol ester EE
thromboxane A; Al 23t ¢ HEE =5
A] phloretin> MEK, ERK 5= EZ/JSAA Z-&a}

£ Row Z3H9r.

5.

[N
I

2 AYNA = HEF, HETA 2% 5ol sl A=
IHE £E40 2 A 4= 9l&= phloretino 419 3%
814 7] Ao| 8] 2AFSle] M 8 phloreting ©]
PRI A=A AL TS gelstaat skl
t}. Phloretin W] oj tat A= 2jof] ExAQl 71H0
2 Yuo] v|ged o s fa A9 uN/m-247
HE-0| Al A2 AE-Z A sto] AHEol= AR 5
= $A4H 22 ROCK E2/4%}] Tojsot= A= A
ZYHth Thromboxane A; mimetic®] % ROCKE
B/JehA17]aL MEK/ERK7F Bsl= A A4 ke
AAERE) 2ES SHA HEEE AT
A QAtH22,23]. Fig. 400A1Q Zo] Edoz Y
7t AAE L 7150 AAE F FHAA dFY A
AN U-46619 (107 Mol st =0 dis)
phloretin 94 &7t Uk THAE=E
aequorin®|4 fura-2 59 FHWA=E phloreting
Ca?" o] digt &3tE Belsta 324 dvF 52
2 J4 gl o] Aazet o] 52 3ste] phloreting]
RhoA/ROCK &/ Al #-&, MEK, ERK 2|E4 7h=
nAERA A2 24 5ol s Eok 215241 o

2 shelslnA gt

2
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