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Effects of Supercritical Fluid Marc Extracts from Actinidia polygama Max.
on Inflammation and Atherosclerosis
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Abstract The fruit of Actinidia polygama, Mock-chun-ryo in Korea, has been used as traditional medicine for abdominal
pain, rheumatic arthritis, and stroke. In a previous study, the ethanol extract of A. polygama Max. showed anti-
inflammatory activity in RAW 264.7 cells. In this study, we investigated the anti-inflammatory and anti-atherosclerosis
effects of supercritical fluid marc extracts from A. polygama Max. Anti-inflammatory extracts were produced from super-
critical fluid extraction of the silver vine under the following conditions; pressure, 1,500-4,500 psi, temperature 35-55°C
and extraction time 1-2 hr. To evaluate the anti-inflammatory and anti-atherosclerotic effects of the extracts, we studied
nitric oxide (NO), prostaglandin E, (PGE,), and tumor necrosis factor-alpha (TNF-a) levels in RAW 264.7 cells and MMP-
9 activity in human aortic smooth muscle cells (HASMC). The Marc 11 extract inhibited the production of NO, PGE,,
and TNF-a. by lipopolysaccharide in RAW 264.7 cells. Moreover, the marc 11 extract inhibited TNF-o~induced MMP-9
activity in HASMC. These results indicate that the Marc 11 extract of 4. polygama Max. has the potential for use as an

anti-atherosclerosis agent.
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e f-9¥ monocyte”} macrophage® 318taL B Yozt A
AL 225l foam cello] E[HA o]E0] FAE]o] Pkl fatty
streakS FASA "ok FASE T cell 2 foam celk cytokines

2 growth factorE WIS o8] FF54 WEEES EEAA
PEH3-2 AEA1F1H smooth muscle cell®] 5248 fx=35k] &
o] FAANCEZN o] Fobx] JAlTH e A%E
%ko] fI9lo] FTh4). Atherosclerotic plaque®] 373
aged} T cello] AHtE oz FAo3l 9o o3 LA
adhesion molecules, proinflammatory cytokines, chemokines,
matrix metalloproteinases(MMPs) 5¢] HSHH3} FF5 S7HA
A TSk ¥4 9 ool APAA FFS vRILG). &
5] MMPs= 59733kl #H®E Ae]E7FIQ] tumor necrosis
factor(TNF-ar), interleukin(IL)-1o,, IL-1B3} chemokinesq! IL-8 5

o= macroph-
o] &0

L

.

o ols) RS F2 CAHE, SrIAE, BEEA LN
WRETE). F7H8 MMPse] T2 welRgel S8 R A

2 FHO Mx22] 7] (extracellular matrix, ECM)°] &3l ¥]o] &
& AES FFE viiskA ok webx] BE2A 2 3
Weh(intima)2- 2 f=E31ed 52 (proliferation)sk=8 MMPs7} F&.

& A% S, ok Be ApAe] Aslo] Hn FAslE
S ASAATH7S). A2 olHE AGUAZ ol B
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fratEl s BA) AR W7o WA X A o)

g A= FdstA AP AT3).
WA, AN kel (Actinidia polyamay= THAU-(7]F-2])2H(Actinidi-
aceae)°ll &3t 9 WA AEQ Mueuiel FA=E, olo T
T QRO 2E A, Fod AR dhE wd) {712 vjel
C, el A, HIEM P o] $HtEo] e Zom 4R Ao
o, A7 4Ex a2 E AZLE), shid@Ez) vl
1AM IREEA) BT ATHY). T3 T 2%, Frl
B2 B3EY, HEFT X5 ARHALH10), FHE &9, JF,

Boo &3 vk 4eA Aok(l).
olAY e =2 7I54S UepAIT o8 83 ek
gt 7154 AEOIY NES O 2AHAES Estlaa & 7]
THog FsslA @2 vt ] EAS YERY] Wi @
2 Aofo] wrErt. AT AoElE 2UA M A5, s
QRS g2 fREEA gl &

13)
MMP-9¢] W&o] Z715ithe B (12)0] wet 954 cytokined!
TNF-0.& BEZA X A sl L= FHAsAA 2%l

JHCk ™ FEE M=

Az el Mo 1 kg FUSI 7PEA PAlste] gt
=, MaEl AL 10wl 70% A8 Teke] A
oA 24717 B¢t AA s F 33 WHE FEIYTE FEAL
o] 3}%](Whatman No. 3, Maidstone, England)S A}&-3le] 23] of
Fata, “4eH-2 rotary vacuum evaporator(UNI TRAP UT-1000,
Eyela, Tokyo, Japan)Z 55°CollAl F=3 & 4 7Axst it
g =5 3069 g2 S5

B

T

AA FEE M=

ZJAF-AFZ7X (SFT-100XW, Supercritical Fluid Technolo-
gies, Inc., Newark, DE, USA)S AM-3}>] Table 19] 7S =E 7))
g E 2 = AR 40gS 100mLe] FE2Z] ¥ o
A3 L9l o] FEFA(Table 1)014 €O, F5& 2mL/
minZ dynamic mode®llA] &3} Th.

=A g FEE M=

294 FEL st F2 FARESL, Atk 1 FA 108
W2l 70% 2854 7iete] A0l 24A17F Bt B A5t
Z 33] §HE FEth FEAS AR E AREate] 23] o3}
Sl A5 N-S rotary vacuum evaporator® S55°COlA F=3F 3
54

Azsiel Agaiar.

Table 1. Conditions of supercritical fluid extraction

—

[¢]

Extraction condition
Temperature (°C) 35,45, 55
Pressure (psi) 1500, 3000, 4500
Time (hr) 1,2

MZEF HHeF

A AlE (murine macrophage cell line)] RAW 264.7 Al
EF= 3 MEF S3Y(KCLB, Seoul, Korea)S ZH-E| H-ofdle
o, 10% FBS(fetal bovine serum)®} 1% antibiotics(penicillin/
streptomycin)E %7}t DMEM(Gibco-BRL, Rockville, MD, USA)
HjA & o] &3t 5% CO,7t EA18k= 37°C incubatorell A 1Y
o 2~33] Alt) wigsAct TS Alge] dlEd BEZ MEF
¢l Human Aortic Smooth Muscle CellstHASMC)2 Bio-Whit-
takerAH(Walkersville, MD, USA)ZH-E H-frtol AL&3}5th
HASMC2 DMEMell 10% FBS®} 1% antibiotics7t 7Fel #i#]
olx 37°Ce] 5% CO, WiF710A 2-3de] ghH 4 Ar) wj st
ATt

NEzSH &4

A5 NEEAS 2487 Y8l MTT(3-(4,5-dimethyl-thiazol-
2-yl)-2,5-diphenyltetrazoliumbromide) assayS AAlsle] 243
RAW 264.7 M3E 1x10° cells/well, HASMC 1x10* cells/well-S
96 well plateol] #5313, 37°C, 5% CO, incubatorollX] 24A17+
Bt meFstA T, vl St RAW 264.7 A= serum free WA Z
WAE 3 LPS(100 ng/mL)$}t AEE A28k, wiekst HASMC
= AEE AEe &, 47 2477 widFste] 5 mg/mLe] MTT &
A 10uLE 7 wellel YL incubatoroll A 4417F 59t vl T
Wik F8 3 A5NS AASIE ZF wellel 100 pLe] DMSOZ
H7ksted A formazan A4S 83lA1AH microplate reader®
550 nmelX FEEE SN, MESLE AR FEEE
zxwe] F4%o) oIk WE&E Jepdot.

Nitric oxide(NO) MMZF =X

NOXAAZ =4S Griess Reagent System®] WH(13)o] whel
RAW 264.7 A|ZFZE 1x10° cells/wellZ 96 well plateol] F5-5}¢7
24X7F Hjk3E & LPS(100 ng/mL)9} 5 sample X2]3lo] 24
AlZF wlFstd Tk M2uleF 235 100 uLE 96 well plated]] 3
ataL, of7]ell FFe] Griess AloFS ol 107F WAl &
microplate readerE ©]-&3l] 540 nmollA FHEE =)
Nitrite?] FZ(uM)E sodium nitrite(NaNO,)E AM&-38lo] 4L &
+ AT} vlaste] A=ttt

Prostaglandin E,(PGE,) MM &4

Al gl Wel PGE, &5 54317] 18 commercial com-
petitive enzyme immunoassay kitE Cayman Chemical(Ann Arbor,
MI, USA)IA FSiate] ARsiict. 2F AR 55 22 LPS
E AHee wgdg o83t PGE, S99 ARSI vl Yk
< goat anti-mouseZ coating®l 96 well plateol] Z}7} 50 uLA
loading3}32, 7]l primary antibody solution 50 uL9} PGE,
conjugate 50 uL? 7}sle] 4°Coll A overnightA] ZITF Washing
buffer® 43] M|23}3L substrate solution2 200 ulLA *&]3sle] 50-
6037+ WESAIZT 5 50 ule] stop solutionS *2]3F % 405 nm
oMM FFEE SASAUT

Tumor necrosis factor-alpha(TNF-o)) M2 =X

A2 g o] cytokines®] FE 5793171 913l Enzyme-
likned Immunosorbent Assay(ELISA)YE =3)33ith. 2+ A8 &
ZE 52 LPSE A g ugdS o]§sle] TNF-o Z4 ARE
SAth wgdS H-st T2 8|43 & cytokine® 2 coating
¥ 96 well plateell 50 uL® F7}ste] 4°CollAl overnight* ZTh.
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washing buffer2 33] A o5, 100 uLe] streptavidine-HRP
solutiong A g ated 1A17F B Ao wh-gAZl & ThA
washing buffer2 33] A H3}ATE 7]l di2-ethylhexyl)-2,4,5-
trimethoxybenzalmalonate(TMB) substrateS- 100 uL? *2]3}e 5-
308-7F WES-A1Z1 5 100 ple] stop solutiong *]2]3F 3 450 nm
oA FFE=E SHIAT

Gelatin zymography assay

MMP-92] 2448 olr 7] 913 gelatin zymographyS A A]3}
ATk 6 well plateo] 10% FBS7} #7}El DMEM #| oS ©]§
ste] HASMCE 3x10° cells/well®] FE=2 24A17F F<F F-2A71
% FBS7I §l= 784 sigd oz ZdolE v A8 TNF-a
(100 ng/mLYE AZ3I3Th. 24A7F 3 v S-S Hst 0.1%
gelating ¥3H3 SDS-polyacrylamide gel2 ©]-&-3le] A7]95S
AABIATE H7G9E0] B & gl SDSE A|A3] {3
washing buffer(2.5% triton X-10002 30% 5<¢F Al23 3 reac-
tion buffer(10mM CaCl,, 0.01% NaN;, 50mM tris-HCI, pH
7.5 247 7+E<t 37°C incubatoroll X HESAIA 7|HESNE =
SRt W83k gelS 0.2% Coomassie brilliant blue &40 2 &
A, 10% methanol®} 10% acetic acid= 2335l MMP-99]
24 AEE s

o1- — v

Western blot analysis

h FEE0] MMP-9 @l ko n|XE IS FARH]
218 western blotS 33T WA wigEH MEE I]S55ke

lysis buffer(50 mM tris, 150 mM NaCl, 5mM EDTA, 0.5% NP-
40, 100mM PMSF, 1 pg/mL aprotininys ¥l 4°CellA 30&7+
A S g AZTE 13,000 pmo R 1587 AR s ] 4
AS AL TS BCA protein assays ©]-&3fe] ThlaS A s}
Atk ©E-S 10% SDS-polyacrylamide gelol] 71953k, A
719%5S sfo] Hald G ES immobilon-P transfer membrane
(Millipore, Bedford, MA, USA)3} transfer buffer(20% methanol,
25mM Tris-Hel, 192mM glycine)E AF&-314] 180 mA°lA] 90+
ZF oA AT A&t 578 v gk Aot ol gk
o|xF FAE WEEAIZIZL TTBSSE AT & wix|dto] S/

Z M|A3}2L membraned] ECL(enhanced chemiluminoesence) &<

o

S E¥8, Xeray filmell =Zdte] 43 5 filmde] band &
—E 3
sy 2o

Oz 228 Aee] AP Ut EAAZE Sudent's

ttest® HIWBIATE. FAIXE] F parel 0.05 RV 7-9-(p<0.05)
A frelge] vk B4 s

e
A

S

Table 29} 7o) 5
g 37kl AoE UEion,
S7VE Hadhe Aol Et 3t
BE FEAZ] AojAFE Sk 53] 45,
1 3,000 psiol Al 4,500 psiE Z7}8 ¢ S=8-0] 2}
Z7ehe S JeERlon) 45°C, 4,500 psie] 3% 14]
Al 0.65+0.03%0114 2A17F 2 Al 0.72+£0.04%= A|7H
=70 A FUIA ¥e A= Yehth

ol oft oft ot
Sorlo 2 2
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Table 2. Yield of supercritical fluid extraction (%)
Temperature Pressure Time
(9] (psi) No. 1 hr No. 2 hr
1500 1.0.15+0.02 2.0.31+0.07
35 3000 3.0.38+0.01 4.0.52+0.02
4500 5.0.50+0.03 6. 0.55+0.09
1500 7.0.09+0.01 8.0.18+0.04
45 3000 9.0.34+0.06  10.0.48+0.04
4500 11.0.65+0.03  12.0.72+0.04
1500 13.0.02£0.00  14.0.07+0.01
55 3000 15.0.31+£0.03  16.0.49+0.02
4500 17.0.36+£0.01  18.0.76+0.11
25, o, FEARE JEste] £ w 45°C, 4,500 psioll A 14]
7 B9k FEehe Aol g wEAE Ao Buen 2§ o
TolME 4500psi o132 2AE sl Hofof & Zlojt}.
JHcke = FEE ¥ XAl 2 F£EE0| Nitric oxide £

e O|xls A

AEHhgo]l dojud o2 7R HFAAE (proinflammatory
mediators)©] THEO]X]=d], H5UAAel= inducible nitric oxide
synthase(iNOS)oll ]34 RFHE©IR]= nitric oxide(NO)} cycloox-
ygenase-2(COX-2)9 ]34 ¥FEX]= prostaglandin E,(PGE,) 5
o] AUTH(14,15). ol2fet AF e HFWEL] FARIAKI nuclear
factor-kBONF-kB)E ZA3A71W, 2 A3} #Heke] NO9}t PGE.Z
Agste] dES doinh g AIRAAE AFA AllEFR]
(proinflammatory ~ cytokines)?] tumor necrosis factor-o TNF-ar),
interleukin-1B(IL-1B) 5°] ZZETH(16-18).

81X 2 2~ (reactive nitrogen species)®] dhjolH, JFHR-o] &
23 ZAgAxE LA nitric oxideNO)l| thak FE2E9] 27
95 BES A3 gizTolA LPS f=el 9§ NO A 2ol
oF 45 uMeo|ATt. olof HlF YA oY FEECIV v FE=
S 27} 500 pg/mL, 100 pg/mLO2 A 25tS w, 2ot vt

ZE 70% ©]de] NO 2AZAES Bl 252

AtKTable 3). Z 5 NO &AZAo] 5313l FE5E°] 7}
& 9 115 AYEle o AEE 79

Z2E5S e 4 FEES vas
10, 100 pg/mLS AHst9e W, T4 FE2E9
Z} 4.61, 19.00%% YERN NO &784do] uju|dlk Ho|loy
AA € 11 FEE] A, 2 36.63, 79.58%S LFERA
NO £AZ4S BtKTable 4). wWakd Moeis F3
vl 29U 4 FEE] 9538 NO &A%S 7KHe
Eltom o]l5 FolM 95% olAte] A AE&S
Y F2EY 9= = AE AELY Haoks AAgS
HojFr)

o 4

%

KeR
=

4o

[

T
i=]
=

=13
=

JHCkef =RAA|
0|Xl= A&k
RAW 264.7 A Ze] 100 ng/mLe] LPSE A2|3S |, PGE,2
A oF 200 SUkEIeH, stk B 11 FEES 77 10,
100 ug/mLE A 3PS W PGE, &2 <F 740, 500 pg/mLe] &
TE wo] ¥ 11 FEE0] 90% o3¢ PGE, A JAE A
ChFig. 1A). =3 LPS A Aol TNF-o= E#HHOE FEHA

11 £520| PGERI TNF-02 MM
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Table 3. Effects of SFE (oil and marc ext.) from Actinidia polygama Max. on cytotoxicity and LPS-induced NO production in RAW 264.7

cells
0Oil Cell survival rate NO inhibition rate Marec ext. Cell survival rate NO inhibition rate
(500 pg/mL) (%) (%o)* (100 pg/mL) (%) (%)
1 79.64+17.49 56.06+£2.25 1 96.59+1.05 76.72+7.48
2 89.65+2.64 41.3845.53 2 92.234+0.87 77.25£5.56
3 95.83£2.75 28.49+£2.91 3 93.37+0.50 80.07+2.83
4 97.77+1.13 50.52+3.36 4 96.63+3.09 69.83+9.56
5 105.00+0.64 59.30+2.62 5 93.99+1.14 62.93+6.24
6 101.07+0.50 62.87+2.23 6 93.04+2.06 65.39+4.93
7 93.72+10.76 69.72+3.02 7 97.43+2.68 78.76+4.57
8 98.21+1.11 58.13+4.27 8 94.69+4.53 66.32+4.20
9 73.90+£22.74 67.90+£3.24 9 94.49+1.50 74.09+5.10
10 91.58+1.40 49.78+5.00 10 99.92+0.78 78.43+2.86
11 102.724+2.23 72.30+0.56 11 98.17+1.71 79.58+3.35
12 101.73+1.92 70.92+3.41 12 96.03+1.26 64.90+2.75
13 103.24+1.25 77.14+5.59 13 93.49+2.08 83.34+8.74
14 101.99+0.23 74.96+2.88 14 92.67+1.05 73.57+£2.88
15 105.74+0.31 55.05+3.57 15 100.26+3.64 74.88+6.25
16 102.44+0.88 44.84+1.83 16 99.65+2.12 60.50+0.52
17 96.87+4.15 48.13+4.60 17 100.70+0.76 74.93+£3.97
18 100.97+1.64 64.14+2.23 18 98.99+4.55 86.65+5.87

*The culture supernatants were isolated and analyzed for nitrite levels. Data represent the meantSEM of three independent experiments (n=3).

Table 4. Effects of ethanol extract and SFE (marc extract 11)
from Actinidia polygama Max. on cytotoxicity and LPS-induced
NO production in RAW 264.7 cells

Concentration Cell survival rate NO inhibition

Sample (ug/mL) %) rate (%)*
O oxt 10 95.32+5.06 4614091
ext. 100 102.73£0.28 19.00+2.34
Marc ext. 10 96.184+4.23 36.63+4.00
No. 11 100 98.17+1.71  79.5843.35

*The culture supernatants were isolated and analyzed for nitrite levels.
Data represent the meantSEM of three independent experiments

oun, v 11 FEES AYIS o, 10 ugmLe] FroAM= B
Z 9L XA X2, 100 pg/mLe] FEIA TNF-a] A
AL oF 50% o)’ A HTHFig. 1B).

0:

[e)

FE2 9 AFol sk A=A wolwkge] SR, A%
Aoge W, ¥E, T, TF, 153N T 4ol YERt
w, cytokines, PGE,, lysosomal enzyme, free radical 5 UTFgH
uH7Haﬂ°1 Fodslar ATk(15). RAW 264.7 AlZF] Arie) =
A o FE2EE AP, LPSE At d5E e §
HZ21A:1 NO, PGE,2] /%‘/‘* 22]3 proinflammatory cytokines
¢l TNF-c o] A#S 4% 2+, Mokl g 11 #5582 LPS
2 fxd 9% JdAES TAHOE A= Z0E e

Mk =A g 11 FE20| MMP-92| &0 DIXl= A&

Akl g 11 FE2E9 MMP-92] B4l mxle J¢S =4
sl7] fla A= £+ga MTT assay® #&3+ A7}, of F&E&
25, 50 100 uygmLe] Fx=lA HASMCO] st Al AE&e 7}
7k 94.6, 95.7, 87.3%= ENSITHFig. 2A). WA AdExoA
vt FEE52 HASMCO disll A 548 HolA| &9t
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Fig. 1. Effects of SFE (marc extract 11) from A. polygama Max.
on LPS-induced PGE, (A) and TNF-a (B) levels in RAW 264.7
cells. The culture supematants were isolated and analyzed for PGE,
and TNF-o levels. Data represent the meantSEM of three
independent experiments (n=3). *p<0.05, *<0.001 when compared
the groups treated with LPS (100 ng/mL) alone.

11 FE2ES MMP-9 &4 miXe 93 %01'17] Skl
zymographyE AAITH AF, TNF-aF U522 % °ll
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Fig. 2. Effects of SFE (marc extract 11) from A. polygama Max. on the growth of HASMC and TNF-a-induced MMP-9 expression. Cells
were treated with the indicated concentrations of extract for 24 h. Cell viability was determined by an MTT assay (A). Cells were treated with
the indicated concentrations of extract in the presence of TNF-a (100 ng/mL) for 24 h. The conditioned medium was prepared and used for
gelatin zymography (B). MMP-9 protein levels were measured by western blotting. 3-Actin was used as an internal control (C).

MMP-90] 7t A& AT = YAk ol 1 F
w2 A3 A3 25 ug/mlel FEdAE MMP-9
s7h et 50, 100 pg/mLe] FEoIA MMP-99] Edo] &3t
o7 7hrHES FRISIITHFig. 2B). 3 v 11 F=E2] MMP-
9 Z4 JA g7t MMP-99] T W o] 7hae] ofsk AU
& Z2AKSH7] 918 western blotting WHOZ MMP-99] thaz Bk
S =439k HASMCOl TNF-02 ©5% A3 ZoMe
g wdo] FrkEe™, ¥k 11 FEE 50, 100 pg/
A FE EFH o MMP-99] wHlE wHEo] oA
Q15 tHFig. 2C). WA ¥ 11 FEE-2 TNF-ool 2|3
MMP-99] 848 JAIFo =R HE2AE7T 3] Y
o2 {53t F2ehs A& HolE Zeolzt A

Aoz o ¥ 11 FEES LPSE f=d 95 AA
=2 BHHOE AAANZIeH, TNF-ool 28] S7H MMP-99]
4e Ak FoE Yeht sUAstE ¥R 18st o,
59 v ASA Aske] o) X8 IS

N
]

A

i}
o
it o

™

ol\

7}

2
o

Ny Actinidia polyama Max.y= %, FrlE2s #HA, HE
F A5 AMEEROH, HE 249, 2T, FFd &t Ak
g Aot o] A I skE AU o] 7154 AE
oyt A58 =g Mt & wf B Aoke] wEr). whEh
A A E 29A FEste] F3 s s, B ATl

e FAES olgste] (hFEES Axs)
o Aok A 4 F=
= < Bl A3, sl

11 F&5 10, 100 pgmLe] FZolA 36.63, 79.58%<] NO
2ABHE Hol FA FEZEE61, 19.00%)] W3] DA Ee
NO AAEHE BYTh 3k RAW 264.7 Al EF 7Tie) 2
A E 11 FEES AL, LPSE At %S fUst &
A5AAQl PGE,2] A4, |3l proinflammatory cytokines$l
TNF-a®] =S S48 23, /ick) 9 11 F5&82 LPSE
LEH d4F dAES 2R ATE AR YEith
sk uk 11 259 MMP9 49 tXs F¢S gotrr] 9
3l zymographyE HAISH A3}, FEE 50, 100 pg/mlLe] F=ol
Al MMP-99] /o] aRHor HAgE SRISHICH, MMP-
99] whild T AAES RIS ABH R vk =
11 FEE2 LPSE =¥ 95 dAES AR5 = izl

o 0%

¢

Ueht Su7stE NRe vE, &, P, B 5 0y

[e} o
A% Aol d} Awol ERHoR ALY F UL RO
= A7pE.
INETE

B R BPFINEY U/ A% 20104
LI ERA A ATV =B FELYE 9T §
Pl AR E Ao} SRSl FAEHUT,
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