ISSN(Print) : 1738-7248, ISSN(Online) : 2287-7428
Koreegn J. )Food Preserv. ( ): E =i U}Ell AlZTY %g%ﬂrm

24(6), 842

https: 1/doi. org/10 1 10(}2/kjfp 2017.24.6.842

The Korean Society of Food Preservation

Antioxidant and anti-inflammatory effects of phenolic rich

Sang Suk

Hylotelephium erythrostictumn extracts

Kiml*, Kyung Jin Parkl, Seung Eun Leez, Jeong Hoon Leez,
Young Hun Choi’

'Citrus Research Institute, National Institute of Horticultural and Herbal Science, RDA, Jeju 63607, Korea
Department of Herbal Crop Research, National Institute of Horticultural and Herbal Science, RDA, Eumseong 27709, Korea

b= &20| E2 Hylotelephium erythrosticum FE22|

Bk W B g

Abstract

Hylotelephium erythrostictum is commonly used as a medicinal herb. In this study, H. erythrostictum leaf (HEL),
branch (HEB), root (HER), and above ground (HEAG) extracts were evaluated for their antioxidant properties.
The antioxidant activities were assayed by three methods based on scavenging of DPPH, ABTS and superoxide
anion radical. HEAG extract showed the highest DPPH, ABTS, superoxide anion radical scavenging activities. HEAG
extract also exhibited the highest phenolic content (230 mg/g gallic acid equivalent). In our research for
anti-inflammatory ingredients, the extract of HEAG inhibited the generation of nitric oxide (NO) in lipopolysaccharide
(LPS)-stimulated RAW264.7 macrophage cells. To test the inhibitory effects of HEAG on pro-inflammatory cytokines,
we conducted ELISA assay for the measuring the generation of tumor necrosis factor (TNF)-a, IL (interleukin)-13,
and IL(interdeukin)-6 in LPS-stimulated RAW264.7 macrophage cells. In these assays, HEAG ethanol extract showed
a dose-dependent decrease in the production of TNF-a, IL-13, and IL-6. Based on these results, extract of HEAG
could be the efficient candidate for anti-inflammatory agents.
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Sl Sote thdA 2207 97 ‘/}a} Aol A
A8k ghel = AAxleldtn EEe HOM|E
(Hylotelephium erythrostictum)= 7-3Fa1 2} 3l T H 2]
H 52 959 X5l AR Bl d& W2l e =4he-
I AE AL ste AR deA Vit A= Moyt
=% EXS uf AREsHH, & AW F3E HV|n
5 shsdd AHEs7| = gth9). & AFelA = kst
A 2] HAE oA LS Asl HHE FEE
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W] E(H. erythrostictum) 2], 4, %7] 2]
52 Ao 5578 < *LEXP &
& ol ARSI B Aol A}
Z7] FEEL 50CA 100% ol &t
wHEsto] FEH3a, JJr %1*&%‘—5 100% uﬂE‘r
h &<t 33] whEste] FEate] A= QTh

DPPH radical scavenging &4 &3X

DPPH(1,1-diphenyl-2-picryhydrazyl) 2}t]Z &7 &4 4
3L Blois W (10)S o] &3] AFE-3IIT 02 mME &
H]¥l DPPH 180 uL9} A1 20 WLE 413 A4 1027t
A8 & SpectraMax” M3 Multi-Mode Microplate
Reader(Molecular Devices, Sunnyvale, CA, USA)E A}-&-3}
o 517 nm A FFEE 575t DPPHY| &3%=7}
50% & & o) Yehde AR FESCoE #A] st3le
B, 7} Al 33 MRS AAG) BARES TaC
o] w AM8-¥ RO 2= vitamin C(Sigma-Aldrich,
AHgesih

Damstadt, Germany)E

Asample-Ablank
Acontrol

Scavenging effect(%)=(1- )*100

S

Acontrol : DPPH §d9] &34 %
0 Gl 1

Asample : DPPH £93} A& Hh-3-9 9]
Ablank : A|EE =91 &1 §F =

pEs o 1

ol

o

ABTS radical scavenging €4 &3
ABTS(2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic

acid)-diammonium salt) radical 2~7 &2 7.4 mM ABTS

9} 2.6 mM potassium persulfate S 3 T A2 Aol A

15717t <t W23k radical S ?‘ﬂ*ﬂ]ﬂ % o] g5 734
mmel A EFE Fke] 07010027} H = 1|5 h S
E ABTS €9 180 Lol F=E 20 uLE 7lke] A Lol A
15% B<k W23k oS 734 nmol| A S F =S 235tk
ABTS radical 271842 A& 9] 7ok #3745
Abole] FH = AolE WE-ERZ YERYAT

Scavenging effect(%)=(1- C )x100

A : ABTS 3%
B : ABTS9} A& HHgd9o 3
sy

C: A&E =2 & %

o)

Superoxide radical scavenging B4 &3
Superoxide radical 2~ 2/d-2 Liue] ¥ 11)° w2t &
otk =HE A8 20 plel 30 mMe| Tris-HCI,
buffer(pH 8.0) 100 pL2} 100 tMS] phenazine methosulfate
(PMS)Z ¥ 1L blankE 560 nmel|A =743t} 1 o3 500
M nitro blue tetrazolium(NBT) 40 pL¢+ 500 pM 3
-nicotinamide adenine dinucleotide(NADH) 20 LS &£3}3k
T FAEE =43t} &, v §4% 0 2 PMS/NADHE &
el superoxide radical > NBTE A}5219] formazan© 2
A7, A9 H formazans Z73817] 13 560 nmell A
10 B3F Whge] FHEE S AR speronide
radical & 7{ Sﬂ—/\é [e] [(g:" /\]JJ_ _‘_24 7]_ o /\] JJ_)/D:J/L
TAIEFH7H*1009] 2o 2 ALlatdth

FRAPYoll 2|5t gtatsl 2N FH

FZ 5| g FRAP(ferric reducing antioxidant power)R
o ¢t ghaks}l g4 300 mM acetate buffer(pH 3.6), 40
mM HClel &al3F 10 mM TPTZ(2,4,6-tripyridyl-s- triazine)
2o @ 20 mM FeCly TH,OZ ZH2} 10:1:1 (vjvjv)e] H] &=
E3bete] 37Ce] 7oA 7H23k 315 FRAP 7149l o
2 A3 Th 96 well plateol] AlZ 40 1L, FRAP 7|2
100 L ¥ 7/ 200 ULE 22 &3kste] 37 CollA 4%
ZF RESAIZL % 503 nmolld EHEE S eelon,
FeCly-TH,0E ETEZ R 3fo] d& a3 zs

] Albskivh

2 Folin- Den1s

= 4o total Volume°] 1 mL7]- = A O}M
t}. &d7]9l| Folin-ciocalteus’ phenol reagent 100 LE 3 7}s}
o] A 2olA] 5E3F W T NayCOs §(7%, wjv) 200 1L}
ST 700 ILE WOl A20A A7 vAIZ . 3=
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= SpectraMax® M3 Multi-Mode Microplate Reader
(Molecular Devices, Sunnyvale, CA, USA)E ©]-&3}o] 720
nmel| A S48+ 1L, gallic acidE ©]-&-3to] 233 2FH
AHAE ol sl FEEY F Eejuls T U
th & Z}Rwol= 32 Moreno 5(13)9] WS o] &
sto] A FsIAth &5 15 pLol diethylene glycol 150
1L, 1 N NaOH 15 [LZ F7}eto] £313at & AFLo)A 14]7F
HE-3-A]7] 31 UV-spectrophotometerS AFH8-3}o] 420 nmol| A
THE=E =33} Querceting EFEZE R A X
AR TS o] g3t FEE F THExolE FFE

e A

M| ZHfj 2

Korean Cell Line Bank(KCLB, Seoul, Korea) 2 F-E] £
wlo}l A}-8-3F RAW264.7 murine macrophage cell& 37T,
5% CO, 32719141 1% penicillin/streptomycin} 10% fetal
bovine serum(FBS)©] $5}+= Dulbecco’s modified Eagle’s
minimal essential medium(DMEM, Gifco BRL, Grand Island,
NJ, USA) WA & AHg-sto] kst om, 3L g 4
Altate] AR&-sEA T

Nitric oxide(NO) &3

RAW264.7 A Zel[4e] NO A2 &elstr] flal 24
well platee] 1.5x10° cellsymL 2.2 #5383 & 184]7F wj ks
o FHeFATE FRE Al Eel 1 pg/mLe] lipopolysaccharide
(LPS, Sigma-Aldrich, Damstadt, Germany)$} A] &2 ] 2]}
o 24A17F W F T AE g FEAE o] 83t NO<
AA3E gelslAtt NO2| A4S Griess reagentS AH&-3f
o] BT 540 nmol| A ZA skt

Pro-inflammatory cytokine A A &3

Pro-inflammatory cytokine <A &4 A2 ¢
RAW264.7 Al EZ 24 well plated]] 1.5x10° cellymLE =5
3to] 18AIZF MlYF 3 E coli f+2]l LPSE 1 ng/mLE #&]3sf
o] cytokine®] /4= =3tk Cytokineo] A4 Al
o =R AIRE Arlste] 24A1Z Wi F FEAE
o]-g-3sto cytokine A4 A 2 S AL Mouse
TNF-a(Invitrogen Corp., Carlsbad, California, USA), IL-13
(R&D System Inc., Minneapolis, Minnesota, USA),
IL-6(Invitrogen Corp., Carlsbad, California, USA) ELISA kit
g Abgdtol ZH stk

Mz MEE 53

RAW264.7 M| 3ol thgk A=A 3 7h= 24 well plate]
1.5x10° cellsymLE #-F3to] 18417k vk & LPSZ 1 1
gmLet Al BE A2|ste] ThA] 24417 Wl & A E A4S
75tk 24A1 2 vl kel A 2o WST-1 reagent(Roche

Applied Science, Mannheim, Germany)E 10%(v/v)= 7}t
ool 4A17E 71 vl R 5 440 nmell A FFE=E S50

RE A 33] o] WHaste] o] Folxom, AF At
= 7t g5 wet Pk FHAE e AT
ko] zto]i= SAS package(Statistical Analysis Program,
version 9.1)5 A}8-3}%] Duncan’s multiple range test® 1
< vl wste] YERQI R, p<0.05 FoA BAA f9AS
A% sk

HoH|E FY FESS i EM

7rg Ag WA o] JS n|H e Aoz g St
2 BEH AAE 2t Qe Boby e BAR AE 1A
ARSI A vkgeHA "ok S84 AE A g ol 1
H7 5 o 2 2 Auksl, ol WA DNA ¥3 5
doA A5 9, w3}, dRES A s 5o 7
AW S fakeles Ao dEA th(14-16). o]H e 24
2k ek Heu)E FEE2] kel S A7 At
Folol] 2]3} free radical 2 BAS 33T 4 & DPPH,

ABTS, superoxide anion radical A A3} 4+3}, -9 Wk&-
W7l &S o] &3 FRAPE 433t Alge 52
F FE2E2YddA G H2 Fov| & YE(HER), =7|
(HEB), Y (HEL), A|4*H(HEAG) %52 A &3t oH,
Hod Hol H|E FEE(100 pgmL)2] F4tsl 245 =%
sto] Do) 7H S B & ddete] AA)skstaat

SFTh

Table 1. Anti-oxidative activities of HEAG. SCsy value in DPPH,
ABTS, and superoxide anion radical scavenging activities of
HEAG

HEAG AA"
DPPH 1695+2.33 8.78+0.89
SCx” (ug/mL) ABTS 11.24+0.98 55140.63
Superoxide anion  24.93+2.54 1,259:87.35

UAscorbic acid.
P50% Radical scavenging capacity.

HeHE 7918 FEE°] DPPHS} ABTS radical &7
< golE 27 Fig. 1A9} Zo] 100 pg/mLe] FXolA
DPPH radical £~7]%5& 22} HER 50+4.8%, HEL 32+3.5%,
HEB 5+3.8%, HEAG”} 87+6.1% % YElL o, x| A5 3
=&¢ HEAG F&=9 240] 7P +33ith ABTS
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Fig. 1. DPPH (A), ABTS (B), and superoxide anion (C) radical scavenging activities and FRAP(D) of HER, HEL, HEB, and HEAG.
The data represent the meantSD of triplicate experiments. *p,0.05, **p,0.01, versus control.

radical &7 &4 <A Fig. 1BoA 9} Zo] HEAGE
96+5.7% % 7} =tom HER 87+2.5, HEL 65+3.4%,
HEB 16.3+2.1, HER®| 87+6.9%°] ABTS radical £~7 273
< 13l T3} superoxide anion radical 424 5= DPPHS}
ABTS®| A 9} H] =3} 0 2 HEAG FZ &4 81+4.4%
2 7V 5% gz &A% S B2 HEB 254
Me A% e AT 5 fIlthFg. 10). 571748 Al 29
B 9 HELH WA APEE S4do A
superoxide anion radical-> =3}9} TAE At} QE3-9] F)A]
A A hydrogen peroxide, hydroxyl radical, singlet
oxygen 52} &2 ThE A4k Fe] A Tefste] #]
4, Tl DNA ol 2k &35 fieshs Zlo=2 o
2] 2AtH(17,18).0] 21 3} superoxide anion radical 5-< &4
SPEE o 2A"ETGE Burl glen19), ¥ A3
A3} A|74H-F%591 HEAG|A DPPH, ABTS, superoxide
anion radical 227 5] ¥ A& F Fejvs o] =71

=l Ao g FSHr

TS FRAP assay©l] 93t Hofv] & 79 FE2E59
ikl &S S5t th(Fig. 1D). FRAP assay+ ferric
(Fe’") TPTZ complex”} ferrous(Fe™) Fej & $hld ) uhay
St A IS S = 593 nmollA] 235t o
gtz A Y] bl SR A o vAYSEY
ksl =30l th(20). FRAP assay 23 HEAG 3%

g

100 pg/mLolA] 455421.3 Fe’ imol/g .2 71 =gkow,
o]&= th 272 vitamin C9] # 2] %% 15 ng/mL(487+33.4
Fe™ 1moljg)} H]523t o g ahiks} ehajo) wj¢- $-4=3t
= & F AAJk HHE R FE2ES o] &3 st
A SH oM 23 252 HEAGS] E4do] 7P ¢
313 2. HEAGS] DPPH, ABTS, superoxide anion radical
9] 50% A~A Z/dQ1 SCso(ug/mL)< Tablelol| 4] £} o] z}
7} 16.95+2.33, 11.24+0.98, 24.93+2.54% }E}SIT
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#o Shiz ket $AYw 25 /3 gk olele
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Ho| & AAE FEEMHEAG) A gallic acidE 7]|5%
A® AHgSte] S SFSith(Fig. 2). HEAGE] ¥ Z2lv=
shaF2- 238.5+18.9 mg/g gallic acid equivalent® & 3|
£ Yehlidlth ol #4kst &4Jo] 38kl phenolic
compoundE THEFralal Sl Ao= del g &
£(150+19.4 mg/g gallic acid equivalent)} H] waj A = =&
FAolth2l). 3 AR R AHE Hed e
T /M 2 2559 shu= @34 e w5
ShHEQl St o] =(22-24)9] &2 quercetine 7]
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Fig. 2. Total flavonoid and total polyphenol contents of HEAG.

Total flavonoid and polyphenol contents were expressed as quercetin and gallic acid
equivallent, respectively. The data represent the meantSD of triplicate experiments.
#p<0.05, **p<0.01,
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Fig. 3. Inhibitory effects of HEAG on the production of NO in
LPS-stimulated RAW264.7 murine macrophage cell.
RAW264.7 cells were treated with extracts and LPS (1 pg/mL) for 24 h. LPS(-), PBS

without LPS; LPS (+), PBS with LPS. The data represent the meantSD of triplicate
experiments. *p<0.05, **p<0.01, versus LPS alone.
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Fig. 4. Inhibitory effects of HEAG on the production of TNF-a (A),
IL-6 (B), and IL-18 (C) in LPS-stimulated RAW264.7 murine
macrophage cell.

RAW264.7 cells were treated with extracts and LPS (1 pig/mL) for 24 h. The concentrations
of TNF-a , IL-6, and IL-13 were measured by ELISA. LPS(-), PBS without LPS;

LPS (+), PBS with LPS. The data represent the meantSD of triplicate experiments.
*p<0.05, **p<0.01, versus LPS alone.
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