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Abstract

The aim of this study was to investigate the antioxidant and intracellular anti-inflammatory efficacy of hardy kiwifruit
extracted with hot water (HKW), 70% ethanol (HKE), and 70% acetone (HKA) in RAW 264.7 macrophages. In
order to evaluate the anti-inflammatory effect of hardy kiwifruit extracts, RAW 264.7 macrophages were stimulated
with lipopolysaccharide (LPS) to induce the production of inflammation-related factors, which were measured by
Western blotting and real-time PCR methods. i-NOS, COX-2, NF-kB protein, and mRNA expression showed a
concentration-dependent anti-inflammatory effect. The decreases in the mRNA expression levels of interleukin-13
(IL-1B), interleukin-6 (IL-6), and tumor necrosis factor-a (TNF-a) were concentration-dependent in HKE. Further,
the antioxidant effects of hardy kiwifruit on the total polyphenol contents, electron donating ability and ABTS+
radical scavenging activity were evaluated. The total polyphenol contents of HKW, HKE, and HKA were 15.54:+0.29,
14.41+0.26, and 16.82+0.27 mg TAE/g, respectively, whereas the electron donating abilities at 1,000 pg/mL of
HKW, HKE, and HKA were 30.8, 36.1, and 37.4%, respectively. The ABTS+ radical scavenging activity was
fond to be concentration dependent. The nitric oxide (NO) production inhibition activities at 2,000 ug/mL of HKE
was 42.8%. In conclusion, anti-oxidant and anti-inflammatory test results indicate that hardy kiwifruit can be used
as potential anti-inflammatory agents via NF-kB inhibition.
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Fig. 1. The procedure for water and organic solvent extraction of
hardy kiwifruit (Actinidia arguta).
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2-picryl-hydrazyl(DPPH) 5 Sigma-Aldrich Co.(St. Louis,
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buffer, lipopolysaccharide, protease inhibitor, nuclear and
cytoplasmic extraction reagents 5+ Sigma-Aldrich Co.(St.
Louis, MO, USA)°l| A F+3}te] AF-8-3}1 T} Western blot
< 9% i-NOS, COX-2, NF-kxB ¥ secondary antibody+
Santa Cruz Biotechnology(Paso Robles, CA, USA)°| A
skl

ALSE M= U Al
AE AEE SHo| A8¥ AEZFE macrophage
cellRAW 264.7)= American Type Culture Collection
(Manassas, VA, USA)°l A -] AHE-SHSITE Al <
< 913t Dulbecco’s modified eagle medium(DMEM), fetal
bovine serum(FBS)< GE Healthcare Life Sciences(Logan,
UT, USA)ol|A] FQ3te] AM8-31 2™, 0.25% trypsin-EDTA,
0.4% trypan blue stain< Gibco BRL Co.(Grand Island, NY,
USA)olA F9iste] AMS-8FS L, 3-[4,5-dimethylthiazol-
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2-y1]-2,5-diphenyl-tetrazolium bromid(MTT)+ Sigma-Aldrich
Co.ollA Fiste] A&k

AF ol ALBE 7171

B A3¥o] ALE-E 7]7]= UV/VIS spectrophotometer
(Hitachi, Tokyo, Japan), polarization microscope(Olympus
BX 51, Tokyo, Japan), western imaging system(CAS-400SM,
Davinch-K, Seoul, Korea), rotary vacuum evaporator(EYELA,
Tokyo,
Gimpo, Korea), microscope(Olympus, Tokyo, Japan), CO,

Japan), centrifuge(Hitachi), freeze drier(Ilshin,

incubator(Hanbaek Scientific Co., Bucheon, Korea), pH
meter(Metrohm, Herisau Switzerland), BOD Incubator
(Hanbaek Scientific Co.), autoclave(Hanbaek Scientific Co.),
ELISA reader(Molecular Devices, San Jose, CA, USA)S A}
&3ttt
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A AFF 5 (electron donating ability, EDA)-2 Blois(19)2]
HhH S W3 sle] 243519Ith HKW, HKE, HKA, 2 EGCG,
BHAX 70% ethanoldl] 24 &le] AF&-alith zF Al g8
7} 02 mM®e] DPPHE 1:1 H]| &2 Y3 okl & §3 %
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ABTS cation radical scavenging activity ¢l
ABTS" radical & ©] 83+ 3Hitsle] =% 2 ABTS' radical
decolorization assay %% (20)°l &3t 573319t} HKW,
HKE, HKA, % EGCG, BHAE SH5°l 84 3lo] Alg-3}
%tk 7 mM ABTS$} 2.4 mM potassium persulfateS S+
o] Aol A 24417t F<t W] 5te] ABTS' radicals &4
A1Z1 & ethanol 2 3]A13}o] ABTS+ &9 100 Lol A&
100 uLE ©lste] 13 &<t A& & 5335 734 nmol| A
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(KCLB)°ll A 43} 1L 10% Fetal bovine serum(FBS)<2}
1% penicillin-streptomycin®| 3 7}<€ DMEM "X & A&
At AEe= 37C 2 5% CO0llA] vl <gsldth.

MTT assayoll 2§t M= MEE &2l
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SIITE WA, RAW 264.7 U2 A £ E 96-well plate©]] 5x10*
cellswello] E| == 180 L E53l1, Al 8BS FEHE 24|
(sol. DMEM)3}Y] 0.02 mL H7}8F & 37C, 5% CO,
incubatorol| A 24A|7F vl Bl Th @171l 5 mgimlL F%=
A MIT 9 002 mL #7}8le] 44171 ket 3 o
AL A AL 7t welld 0.15 mLe] DMSOE 7}eto] A&
oA 30437t WS- A]Z] T ELISA reader® 540 nmolA]
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Nitric oxide &3
Nitric oxide(NO) =% & Al Zuj g NOo 4+
nitrite and nitrate 2A] 274 5} TH22). Nitrateol] T3} nitrate
2 3E Fof 3t FEQl griess reagent(Sigma)E A8
3l o™, 6-well plateol] 5x10° cellfwell-S 10% FBS7} %3}
H A E AFE-ste] 2441 7F vl A7) T DMEM HIA| &
Sl = =R 343 A|S(HKW, HKE, HKA)E 1431
ot A7k 3, LPS 1 pg/mLe] ¥ %2 normald-S A 2| g
= welld] 24/\17J ot AFFAIZATh Al E wj gl S Ko}
griess reagent® 10:3F WH3-A1Z1 $of] 540 nmol| A F3 %=
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Western blot
i-NOS, COX-2 @ d & FS <1ty fJal, RAW
264.7 2 A S DMEM HIA| & A}8-3Fe] 5x10° cellsjwell
TH 6-well plateol] 3 F3}3L 5% CO, incubatorol] A 24417t
EF vj ket &, Al DMEM HiA| 2 3] A gk HKW 3
HKE, HKAE 100, 500, 1,000, 2,000 %=+ 100, 500, 1,000
pg/mLE 1 A7 Bk 2183k & i-NOS, COX-29] Z$-&
1 pg/mLe] LPSE H7}a}od] 24/\] T Eet ASAIA uﬂL NF-
kB, p—IKB ﬂ-ﬂﬂz] tﬂ-—aq o]: ;:Lo ‘AOH}\'] A ,q] 1><106
cells/well7H=- 100 mm dishol| Xq Z3}31 2424 7F 50} v ok
g % DMEM H|X|Z 3|43t HKEZ 2,000 pg/mL = 1
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AIZE FRE AEe &, 1 pg/mLe] LPSE F7kste] 1417t
B A=A BlA]E A At phosphate buffered
saline(PBS) & 23] A& 3}, I-NOS, COX-29] Tz o] v
& oF 3+olo] 7-$-= RIPA buffer® F33F & U4 £
= AA pellet= Al A 21, NF-«B, plkBe] T2
ok ﬁo]-% 4§+ nuclear and cytoplasmic extraction
reagentss &85t Al2e] Az} Thil Ao Felsieith 1
o] %, Brad-ford ¥ o2 Thl A& A &Fslal, BSA thH]
10 pg/mLe] @A 10% SDS-PAGE®! A 7 7] 53]
2ottt 229 ol & PVDF membrane©l] 71 ©f
S 2129 2] membranes 5% skim milk(sol. TBST) & 2A]3t
52t blockingdt Th 107t} tris buffered saline with
tween 20(TBST)Z 33| A&tk 13} &A= 1:1,0000.2
3| Adsted Al 2o A 2A)7F <t incubation A|ZTE 1 &
TBSTZ 1083} 33] 4|2 3 T membrane= horseradish
peroxidase(HRP)7} 3 7}7+9] 22} @Al & 1:1,0002.2
3| sto] 1413t F1F ¥HEAIZi T 10% 0t TBST= 33
A28ttt Davinch Western™ imaging system(Seoul,
Korea)= ©| &3} protein Wd S =% 3FiTh

cDNA &4

100 mm dish] 1x10° cells/well?HE 3 F-2 3kal 24A]3F
&<}t vjFgt & DMEM HiA| &2 3|48k A 5 (HKW, HKE,
HKA)E 1*12& <t 37T, 5% CO; incubatorol| A ¥ ¥ <
%, 1 ug/mLe] LPSE H7lsto] 24413 A5 A Z o 45
< A A S F Trizol lysis buffers 2+2te] dish ©f] 1 mLA
wote] AAEE lysisgh & A2ellA 5 1t WA ST
Trizol bufferE lysate®] 1 mL % chloroform 0.2-0.5 mL&
A7sle] oF 15% F<F 781 vortexing 3l FaL THA] A2
ANA 53 WA BT DA 71 E o] &ate] 4T A
12,000-15,000 pm 2.2 1583t 2AJ8kaL 35 04 mLE
A tubeE 27441 isopropyl alcohol 400 L&} 1:12 4 A9
Al Aol 5 Ad2olA] 51083 Tk o] g 5
Al A4Sl S Skl tubed] HEHel S1& RNA pellet=
RIeH & FFA= xﬂﬂ 31T} 70% ethanol = RNA pellet
< washing |53 ‘F-2 ethanolS &3 ¥ RNase free water
o] RNA pellete F9 Tt} cDNAZ S| HZHAe} S5
TOPscript ™ RT DryMIX(Enzynomics, Daejeon, Korea)Z
o]-gste] AlgPatqiTt.

Real-time PCR

SYBR Green PCR Master Mix(Applied Biosystems, Foster
City, CA, USA)E A&-3l] cDNA$} TOPreal™ gqPCR 2X
PreMIX(Enzynomics), primer(Table 1) 2l ABI step one
plus(Applied biosystem, Foster City, CA, USA) 7]17]& ©o]-&
ste] AAIZE H&F £492 3kaL StepOne Software(Applied
Biosystems) S AF-8-3}o] 95T A 2487t denaturer] 7] 3

oA 10%, 60T A 15%, 72°CollA] 20%7t
4 =]

T
5%%&13

ﬂom

Table 1. Sequences of PCR primers used for quantitative
real-time PCR

Gen Primer Sequence
NOS Sense 5 " -ACATCGACCCGTCCACAGTAT-3 ’
Antisense 5" -CAGAGGGGTAGGCTTGICTC-3
Sense 5 " -TCCCTAAAGGAAAAGTGGGACC-3 ’
cox2 Antisense 5" -GAGCGCATTAACCTCAGGACC-3
L1 Sense 5 ’/-GCACTACAGGCDCCGAGATGAA - 3,'
Antisense 5 * -GTGGTTGCTTGGTTCTCCTTGT - 3
L6 Sense 5 " -CTTGGGACTGATGCTGGTGACA-3 ’
Antisense 5 " -GCCTCCGACTTGTGAAGTGGTA-3 ’
NFa Sense 5 " -CCGCTCGTTGCCAATAGTGATG-3
Antisense 5’ -CATGCCGTTGGCCAGGAGGG-3
GAPDH Sense 5: -TGACCACAGTCCATGCCATC-3 ’,
Antisense 5 " -GACGGACACATTGGGGGTAG-3
SAXE

o

RE AEL 33] vHEsie] 539 915—’ O A= FEk
e SPSS T2 1dS
2t A 2] 7-7te] vJ % (*p<0 05, **p<0. onE=ES
3] E-4HE-2] (analysis of variance, ANOVA) 5 Turkey test
=

g YA

2 g g

£ Zaluls SEE e
Hydroxyl7] & 2t= phenow s13tE2 thilz
=3 2gsto] Hat gl oste] Fatks), &
T TS AeEd S Uehle Zew 4

30 ot g
o o@ Mr
oo 3%

Fig. 2. Anti-inflammatory mechanism of hardy kiwifruit (Actinidia
arguta) through inhibition of NF-kB.
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Table 2. Polyphenol contents of hardy kiwifruit (Actinidia arguta)

Solvent type of extract Polyphenol contents (mg TAE/g)”

Water extract 15.5410.29%
70% Ethanol extract 14.4120.26
70% Acetone extract 16.82+0.27

TAE standards for tannic acid equivalents.

JAll value are expressed as MeanzSD of triplicate determinations.

IDifferent superscripts within the column are significantly different at p<0.05 by
Duncan‘'s multiple range test.
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Fig. 3. Electron donating ability of hardy kiwifruit (Actinidia
arguta) extracts.

I HKW, hardy kiwifruit extracted with water, IBIHKE, hardy kiwifruit extracted with
70% ethanol; [JHKA, hardy kiwifruit extracted with 70% acetone; [JEGCG,
Epigallocatechin gallate; [ ]BHA, Butylated hydroxyanisole.

Data are presented as meantSD of three independent experiments. Values different small
letters represent statistical differences at p<0.05.
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Fig. 4. ABTS' radical scavenging activity of hardy kiwifruit
(Actinidia arguta) extracts.

Il HKW, hardy kiwifruit extracted with water; [IHKE, hardy kiwifruit extracted with
70% ethanol; [TJHKA, hardy kiwifruit extracted with 70% acetone; [JEGCG,
Epigallocatechin gallate; [ ]BHA, Butylated hydroxyanisole.

Data are presented as mean+SD of three independent experiments. Values different small
letters represent statistical differences at p<0.05.
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Fig. 5. Cell viability of RAW 264.7 macrophage cells treated with
hardy kiwifruit (Actinidia arguta) extracts.

[ HKW, hardy kiwifruit extracted with water; Jll HKE, hardy kiwifruit extracted with
70% ethanol; I HKA, hardy kiwifruit extracted with 70% acetone.

C, control: untreated group other than DMEM.

Raw 264.7 cells were treated with 5, 10, 25, 50, 100, 200 ug/mL of HKW, HKE
and HKA dissolved in DMEM media, and the cells were further incubated for 24
h. Data are presented as meantSD of three independent experiments (significant as
compared to control. *p<0.05, **p<0.01).
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Fig. 6. Inhibition of nitric oxide by hardy kiwifruit (Actinidia
arguta) extracts in RAW264.7 macrophage cells.

[ HKW, hardy kiwifruit extracted with water; ll HKE, hardy kiwifruit extracted with
70% ethanol; [0 HKA, hardy kiwifruit extracted with 70% acetone.
N, normal: LPS not induced group; C, control: LPS induced group.
RAW 264.7 cells were treated with 5, 10, 25, 50 ug/mL of HKW, HKE and HKA
dissolved in DMEM media for 1 h prior to the addition of LPS (1 pg/mL), and the
cells were further incubated for 24 h. Data are presented as meantSD of three independent
experiments (significant as compared to control. *p<0.05, **p<0.01).
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Fig. 7. Inhibition rate of i-NOS, COX-2 protein expressions in RAW 264.7 macrophage cells by hardy kiwifruit (Actinidia arguta) extracts.
(A) HKW, hardy kiwifruit extracted with water; (B) HKE, hardy kiwifruit extracted with 70% ethanol; (C) HKA, hardy kiwifruit extracted with 70% acetone.

N, normal: LPS not induced group, C, control: LPS induced group.

Data are presented as meantSD of three independent experiments (significant as compared to control.
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Hardy kiwifruit(Actinidia arguta)2l FAZ0s
1,1-Diphenyl-2-picrylhydrazyl(DPPH)= E.2}& =
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2 3287 2 Aol gl Aoz #IF 5 ol Uz
91 EGCGS BHAE 1,000 ugf mLoﬂf\i 27} 75.1% 90.9%
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ABTS™ radical scavenging activity assay
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= AauHo|th A8 A potassium persulfate 2t ABTSE
v} S A wgsiel JSA g frEA



570

e

A F A5 A A25H A5E (2018)

Cytosol Nuclear

LPS (1 pg/mL) + + + LPS (1 pg/mL) - + + +
HKE (ug/mL) 2000 - HKE (ug/mL) - - 2000

PDTC (ug/mL) - - 100 PDTC (ug/mL) - - - 100
p-IxB-a (O) | - NFAB(N) [ s e w|

NE-KB (C) [ s

——

ﬁ-actin(C)I —— — — —I

Bp-IkB-a
BENF-«B

Protein expression levles (%)

N C

2000 PDTC100
Concentration (ug/mL)

PCNA(N)| ~-——|

120

BNF-xB

Protein expression levles (%)

N C 2000
Concentration (ng/mL)

PDTC100

Fig. 8. Inhibition rate of p-IxB-a, NF-xB protein expressions in RAW 264.7 macrophage cells by hardy kiwifruit (Actinidia arguta) 70%

ethanol extract.
N, normal: LPS not induced group; C, control: LPS induced group.

RAW 264.7 cells were treated with 2,000 pg/mL of HKE dissolved in DMEM media for 1 h prior to the addtion of LPS (1 upg/mL), and the cells were futher incubated

for 1 h. Data are presented as meantSD of three independent experiments (significant as compared to control. *p<0.0:

ABTS'2 =™ HEMA sleor WaiH
hydrogen donating antioxidant} chain breaking antioxidant
REE ZHE ot 54 etk BE¥v o) ABTS
radical scavenging activity= Fig. 49 YERAQITE F 1 5=
2l 1,000 pg/mLellA] HKWe| 73-9- 99.9% = WEFstil HKE
= 99.8%, HKAE 99.8%°] A#l&5 HAFUTL o=
1,000 pug/mL2] EGCGS} BHA®] 99.83%, 99.8% ] &l & <}
GALSE 7] 22 g EED}EH FEEY =2
ABTS' &tz 2AFE S ST + AT

Macrophage cell(RAW 264.7)2 M= MEE &ol
EZt FEE<| 23 macrophage celle] A X A&
= MIT assay & &3l &<1gt A7E Fig. 59 YERAAT

= &Y, sedE 349 23 HKWS HWEE 5%

2,000 pg/mL7HA 90% ©l’de] AEES B HKA~

1,000 pg/mL7HA] 90% ©]/g<] *E»»ge Hylow o|F&

g3t A& <l nitric oxide =73 2 western blot, real-time PCR

2 AEYEE S Fastd 28S 33

Nitric oxide XNali&ME

Macrophage cell3] RAW 264.714 EFt}ef 2] nitric
oxideNO)2] A FEE Sd3s17] 98l Svld, v =E=
AME-S AHeste] No9| A3l&d &S 5793 2 Fg 69
2ol eItk B &ujollA & o|EH o= FHas)
= A3= H93 HKW, HKEE= 7t &8l H 5wl
2,000 pg/mLolA 20.0%, 42.8%2] A EIHE HI o
HKAE #3125 %<l 1,000 pg/mLeA] 10.1%Z HKE >

| +p<0.01).

HKW > HKA 22 NO9 As|a4S Bt
Western blot& &8t i-NOS
2@ qHE

EFU FEE0l 23 RAW 264.7 24| Lol A A5
A 714S B7] 938 i-NOSe] whlA ke 9 cOX-29)
1HS S43% A7 Fig 73 2ol YERIth HKW=
2,000 pg/mLellA] i-NOS & A|&o] 23.6%= 579+ U
31, COX-29] & A &L 437% % =4 H Ut HKE=
2,000 pg/mLellA] i-NOS & A &o] 551%= S =AU
a1, COX-29] ¥ A &L 62.7% % =4 = ATt HKAE
1,000 pg/mLolA] i-NOS & A|&0] 24.1%2 SH = A
1, COX-29] &Hd A &L 51.8%% SH T ALt upehA
HKE > HKA > HKW o2 thilz w3 oz go]
=A JEhgen, FE5 1t Blwd 2 Aozt et
Aoz Alg¥EY. T3 HKEE %79 ammonium
pyrrolidinedithiocarbamate(PDTC)Oﬂ Huslole 52 8%

S HYormz BEFT] AlE U NFxB #Hd oz
“% AS5A Aol E719] mRNA 2 3 24 9|8 HKER
Aelsto] S48t

2 COX-2 protein

Western blotg S8t M=Zs| U ME
protein &#& &l

ZoflM 2] NF-xB

AA W oA E= Fig. 29k Zo] 2/J3kd uf Lpsel
oJ gk Al 3zute] TLR4 =8-A|e] &/l 23t 1B qIttetz
ARl NF-kB7F /‘ﬂi«l Yoz frH ] i-NOS,



Anti-inflammation effect of Actinidia arguta extract by suppressing NF-kappaB pathway

120
Bi-NOS
e
z 100
%
Z% %
s <
s
7
Qo6
7S
-2
2 < 40
]
=
é 20
0
N c 500 1000 2000 PDTC100
Concentration (ug/mL)
120
— L3187
@
5 100
D
PN
3w
ER]
=3
iR
=3
2 Sa
=]
=
)
& 20
0
N c 500 1000 2000  PDTC100
Concentration (ug/mL)
120
< BTNF-a
:
-
é =
g
g
g8
B
z °
=
£
=]
=
Y
~

c

500 1000 2000 PDTC100

Concentration (pg/mL)

571

120
el BCOX-2
= 100
<
E =
El
EE 80
o
w60
o <
o
¥ W
2
=
& 20
0
N c 500 1000 2000 PDTC100
Concentration (ug/mL)
120
_ BIL6
o
7 100
S
é S 80 *
=
i :
60
o
o X *
E< w
=
i)
K2
*
0

500 1000 2000 PDTC100

Concentration (ug/mL)

Fig. 9. Inhibition of inflammatory gene mRNA expressions in RAW 264.7 macrophage cells by hardy kiwifruit (Actinidia arguta) 70%
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N, normal: LPS not induced group, C, control: LPS induced group.

Raw 264.7 cells were treated with 500, 1,000, 2,000 pg/mL of HKE dissolved in DMEM media for 1 h prior to the addition of LPS (1 pg/mL), and the cells were further
incubated for 24 h. Data are presented as meantSD of three independent experiments (significant as compared to control. *p<0.05, **p<0.01).
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