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Antioxidant and Anti-Inflammatory Activities of
Extracts from Eugenia caryophyllata Thunb.
Hee-Kyung Oh*

Department of Food and Nutrition, Jangan University

Abstract

The objective of this study was to investigate the antioxidant and anti-inflammatory activities of Eugenia caryophyllata

Thunb. water and 70% ethanol extracts. The content of total polyphenol was significantly higher in water extract than in
70% ethanol extract. The DPPH radical scavenging activity of water extract was similar to that of Vit. C at a concentration
of 1,000 pg/mL. The ABTS radical scavenging activities of water and 70% ethanol extract were similar to that of Vit. C at
a concentration of 1,000 ug/mL. SOD-like activity of water extract was higher than that of 70% ethanol extract at a
concentration of 1,000 ug/mL but lower than that of Vit. C. The DPPH radical scavenging activity, ABTS radical scavenging
activity, and SOD-like activity increased as concentrations of water and 70% ethanol extracts increased. Cell cytotoxicity was
not observed at all concentrations except at 100 ug/mL concentration of water extract. Inhibitory activity on NO production
effect of water extract was significantly higher than that of 70% ethanol extract. These results show that E. caryophyllata
Thunb. has potent biological activities, and their activities were different depending on extraction solvent.

Key Words: Eugenia caryophyllata Thunb., ABTS radical scavenging, Superoxide dismutase-like activity, anti-
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o] IFEHA HAEE o] 8-et &A) 7 A7t &ds] 71
&Y= h:‘r(Seo et al. 2011; Lee et al. 2005).
o) ARE]ol|A] ofe] 7EA] RISl o8] Fro] st
T ETeh Ui S dke] A4S 7K ik &
T Al 3, sk, Al 246 B4 4 el o

t:o

&l *@*117} Aol 35 5
el &= SAlolth(Kawamata et al. 2000). ©] ZgolA &
/‘é’,\}i%‘—A A Z21 nitric oxide(NO):= cytokines®| U 7+
ol &l thAMEe} -2 HAAE o) A= 2=
A B e B o] T3 4TS ri(Aktan

2004; Yoon et al. 2009; Farhk et al. 2010) A RE =

sl A4 NO= 7418 A7) 5
ki3 0}‘43} AEA AF ‘3}0 = JZ_Z%‘O] €—/‘<} E’% At W
o] & ZFANA BHEY, FHAS 2 o 58 doitia
KAl ] 2ATHLiao et al. 2011). ol 7w AFA 2
e Ams G932 Al ol 9, 149 o
WA 5 ZFORA AR PR FAHES &
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3 Qo] B} Qbdd JAS X FA|Q] 2AE AAECA
= AF7F s o] FoA 3L A TH(Makins et al. 2003;
Dogne et al. 20006).

8K Eugenia caryophyllata Thunb.)2 E-%2] 733t gk}
2 BkS 7 AL Yl EF ST (Myrtaceae)ol] &3¢t FE A&
wEo £Oo g AT UFOZ AME| I Tk(Singh et
al. 2009). =7 A AMFagd 74} o s E
Qe AT ARESIAL Jlom FH AR Q1% AA1Ee
WHolZ GFe] AR AL S7FekL e FAloltt. A
o) it AFAARE S} N, dulely s, FAE
= 5 ot 28-S AU o] HA 71548 AR B
IE3 Jrh(Kang et al. 1999; Dong et al. 2004; Lee et
al. 2004; Singh et al. 2009). FFe] FH PP E A
/8121 eugenole] €A 1o eugenol®] A AT
2E kslaak(to et al. 2005), FHF T Oztuurk et al.
2005), & ¥HKaur et al. 2010), &H+2H-8-(Wang et al.
2010) 5 Thdst AFEo] RaE Qi) ek, HEe] Ak
st g4 thgk AAelM = o] I H W3
AR F2S FExd 59 2 et st
AFEo] tha tZ2A BAEtH(Lee & Yoon. 1993; Ahn
et al. 2000; Dong et al. 2004). A F Q] = thF-Eo]
B I FE2=2 ol&d T2 A ARgshaL e

o =
2

=
T FEud Hue] FE2EES =07 8

Bge 72
AL e §71800) 70% olBem FEH 4T F2
23t vlaste] HFL F-85 A8 A% FE2A U

asol gk #3124 AA7F 8 3H(Dong et al.
2004; Han et al. 2013). W2px] 2 AFodx= F3e] o]§
7S =o)7] flEt] s EF 2 ofleks FEEY] free
radical 22715 % LPSZE &/43}le RAW 264.7 cellS o] &
g NO B4 A& AstaL Hrlste] 717 7158 A%
o U S e R |

& ABE ATt B,

R

=28

B Ago| A AL8-38t H &K (Eugenia caryophyllata Thunb.)
& AmyAjopte® 20159 FU7HNA P st A
A7 20°CelA ¥s Basilth ARS] = FEee 4
ZAIE 100 g G F7F5 1,000 mLE 7F1aL, 90°CollA] 124]
7+ ERF 33 AAAZ & FESIATE AR oEE FEE
S ZAZANE 100 g% 70% ethanol 1,000 mLE 7}ste] 2
ZollA 12A17F FRF 33] IAAZ & FEEATE G 3
oeke FEE-S 7H7zF No 2. filter paper (Advance Co.,
Tokyo, Japan)Z &J3st & 40°C 8- “JollA] rotary vacuum
evaporator (N-1000S-W, EYELA, Tokyo, Japan)Z &vl&
AASAL eSS § 54712 (Bondiro Vacuum Freeze-

¢

(o3

Dryer, Iishin Lab Co., Ltd, Seoul, Korea)d}2Z —70°Cell 4
T HA3st] AEE ARSI

2. = polyphenol &2f

Z polyphenol &2 Folin-Denis WH(1912)°] weh =
SFAT). Test tubeol]l A]E 1mL3} Folin reagent 2 mLE
& 5 ARl 387 ZAE B 10% Na,CO; 2 mL3
71819, o5 &8 3 30°CollA 4027 A s 0,
UV-visible spectrophotometer (UV-1601PC, Shimadzu, Kyoto,
Japan)E ARE-3H] 760 nmollA FEEE ST 7=
A& tannic acid (Sigma-Aldrich Co., St. Louis, USA)2]
Aol oJst] ks HEsHinh

ot ox

3. DPPH radical 2=

4 A4 2 e FEE2] DPPH radical 275
Blois®] W (1958)2 WA std AT A8 FE=
1 mL2} 0.2mM 2,2-diphenyl-1-picrylhydrazyl (DPPH) 1 mL
< test tubedl] FHlaL & S vhy AolA 3027F WhS
A1 % UV-spectrophotometer (UV-1601PC, Shimadzu,
Japan)E ©|-8-3le] 517 nmelA] S8 =E S5t w=of ot
& DPPH radical 22755 SRlsIint. o, 2444 HluE
Asked A FAsIAIQL Vit CE o] g3le] FYUS o w
ST AT (1AE-7H] 3=/ 7

o] E345)x1009] o]ate] Alakste] VR

4. ABTS radical 1=

ABTS radical 27152 Roberta et al.(1999)2 3 3}
2339tk 7.4 mM 2,2-azino-bis(3-ethylbenzthiazoline-6-
sulfonic acid; ABTS)®} 2.6 mM potassium persulphateS
S B ol 12417F WEEAIZ] F 735 nmellA 3
el 1z0.10] HE= 343t} 845 ABTS &9 0.5
mLoll 7} S A8 0.5 mLE 7lsle] gl 30827k ut
$A171 & UV-spectrophotometer (UV-1601PC, Shimadzu,
Japan)E ©]-&-3}d 735 nmollA SEE=E =435I T). ol
2o HlaE flste] §4 AIskARL Vit. CE ©]-§-sted
FU3 whgo g =A3Ath. ABTS radical 27%5& (1-4]
7HEe] FRE/AHTEY] S8 )x 10000 ofste] ALt
stod LrERT

fr
et

5. SOD A& (Superoxide dismutase-like activity)
SOD fFAFEHY =48 Marklund®t Marklund®] "
1974y ¥ st SAsoh 24 AaFS st
(H202)2 HZA7|= W85 Z1) sl pyrogallol®] A%
£ S743to] SOD AR R VeIt 94 5 A
F 40pLel pH 8.0o% HA3 Tris-HCI buffer (50 mM
tris amino-methane, 10 mM EDTA, pH 8.0) 120 L2} 7.2
mM pyrogallol 20 pL-& 7Fste] 20°C 1027+ ¥H-3-A17] 4,

[e:




IN HCI 20 ulLE 7}ste ®EE-E AAIZ1 $ UV-spectro-
photometer (UV-1601PC, Shimadzu, Japan)E ©]-8-3}
420 nmollX FBEE S35t olu, &4de] BlwE flst
of 3 ASHAIRI Vit. CE ol&ate] FLg o R &
g3teich. SOD FARA S (1A 837 §3=/737F
T-9] F85=)x1000] eJste] Alskste] yeRT.

6. NZ=Y =F

Aglol AFE3E mouse A E Raw 264.7 A= 10%
FBS (fetal bovine serum, Gibco)2} 1% penicillin®} streptomycin
o] H7F¥ DMEM (Cellgro Mediatech, Manassas, VA,
USAPIAIE ©]&ste] 37°ColA 5% CO, 7oA wi%fs
Atk MEZEALS Cell Counting Kit-8 (CCK-8) A]9FS- o]
&3l ME AEES 439 96 well plated] Raw
264.7 M EZ 5.0x10* cells/well2 EF3F0] 241 7F S<t j|
& 3 o ASdS AASIAL 7 sEEE SIS AE (uy
mL)E 2lated 24A7F vl Faiaint. vigfe] S £ ZF well
o CCK-8 (Cell Counting Kit-8, Dojindo Laboratories,
Japan) 10 pL& X2]5ted 37°Col| A 2A17F F<t widet &
WY = E microplate reader (Molecular Devices, USA)Z

450nmellA F3=E 5433

7. NO MM Xalf &1t £H

24 well plateol] 2x10° cells/mL2] Raw 264.7 A|XE ¥
3L 24A17F ERE etk AR E sEHE AT A A
st T3 9% WS f= UAR! lipopolysaccharide (LPS)E
1 pgmLe] T2 A gk F 37°Col|x] 24A17F St vl
SFATE Al wi e A5l Griess reagent (Nitiric Oxide
detection kit, iNtRON, Korea)S 1:1 H]& 2 ¥& A7l &
microplate reader (Molecular Devices, USA)S ©]-83}]
560 nmeA 535 43T

8. EAIX2]

EE BAAEE SPSS Win. 20.02 ARS8l 41513 tt
7 Al tigh g2 e BEARE JEpI o™ A E
7ke] zpo] 55 ANOVA(One way analysis of variance)
£ ¥ ¥ Duncan’s multiple range teste} t-testE ©]-8-3h]
p<0.05 FF<EollA ZF A Ejzke] foldS AR

m, Zxp 9 vt

1. & polyphenol &2k
B I+ 9 70% e FE52 73 F polyphenol
S =43 A= <Table >3 2o}, FE2582 I
FEET 70% et FE2E00A 27 32.04% 2 31.09%
o2 YepfSlth. & polyphenol FHS ¢ FEE0]
23926 mg/g, 70% Ne-E FEE°] 18521 mg/ge® I

2o &0l IGE Fefol st %

o2
09
fol
B
&

<Table 1> Total polyphenol content of E. caryophyllata Thunb.
extract by water and 70% ethanol

Total polyphenol

Extract solvent Yield(%
C4) (mglg DW)
Water 32.04 239.26+11.05"2
70% ethanol 31.09 185.21+8.68"

YMean+SD

DValues represent an average of three determinations.

Means in the column with different superscripts are significantly
different by Student’s t-test at p<0.05.

FEEZ 0% et FZE) vlste] F polyphenol &
o] frejFez EA UETHp<0.05).
Koh et al.(2005)2} Kim et al.(2001)2] A2 3o 23}

HAEd FEE FE L L. 2 2 728 F
2]

o,
)

927 o] 3= T o= B2 2olE B
3 HAEG oL B Aas §ulj7ke] F& FEo] I
ZFo] U] 2kt Ahn et al(2000)3} Dong et al.(2004)<]
AelA G Ae] FE25ES E, WEhE £02 =
UeRdTh L B 1 AIE Euje] SA0] Eolds
& 80| SV, ol 784 ZTE sRtES ol
o 784 E4o] HIF8viET &olaA §&EH7]
ol Aow ®Hr 3, Kwondt Park(2008)2] <17
LuAFZE4] phenold IEE o] & FEFERT
70% ANeHEFE=olA =4 debthal B sto] 2 A
olXE Age] = Sl FAHEWA EF 70% ol &
wiol] FE3te] 7154 a5 Bl

2135 FolA de] Fx5o U= A2 phenol a2
A

X 2 4

shu olde] AR X8 R 3RS Eekal Sl 2
EAE-S W3, phenolics hydroxyl”]E 7HA| 2L 917] W&
o free radical 27A 7%, A A B A AE] vke x|

7150l $rate] tdst AYEdS ZHEthKim et al
2003; Choi et al. 2005). YWHH S =2 phenol SF3tE-2 Fo]
u A} Agtete] WA 24 SRS 7397 Bol =
‘dgulol] & Zerhal Biste] 2 AA oA A3k
polyphenol $H&e] 70% AEkH T & Svjolq o =4 Y
it AFE S S5 ATk (Woo 1995).

53

2. DPPH radical s

A €5 2 70% e FE= TEE gElety
DPPH radical &275& S48 A3 <Table 2>9} 2t}
RE ANBoAN FZ2E 57} 718k wel DPPH radical
2ATE FHoE Ul oH FroEdl] TS B
ATHpP<0.05). 100~500 pg/mLe] =X HF & FEE9]
745 24.62~88.07%%] 2SS Ho] RO AMESH Vit
CrEth =7 YERET, 1,000 pg/mLe] F5=olA 92.00%2] 4
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<Table 2> DPPH radical scavenging of E. caryophyllata Thunb. extract by water and 70% ethanol (%)

Concentration (pg/mL)

Extract solvent

100 250 500 1000
Water 24.62+0.35"942) 53.37+0.58 88.07+1.34% 92.00:£0.09**
70% ethanol 23.29+0.26% 48.70+0.36" 73.88+0.18"" 88.67+0.17*"
Vit. C 11.37+0.19% 26.56+1.87C 51.23+0.63¢ 92.93+0.68**

YMean+SD
DValues represent an average of three determinations.
IMeans in the column (A-C) and row (a-d) with different superscripts are significantly different by Duncan's multiple range test at p<0.05.

<Table 3> ABTS radical scavenging of E. caryophyllata Thunb. extract by water and 70% ethanol (%)

Concentration (pg/mL)

Extract solvent

100 250 500 1000

Water 35.07+0.01"82) 67.07+0.34"8 93.05+0.41%® 93.87+1.19*
70% ethanol 44.26+0.15% 79.15+0.084 93.36+0.10"® 94.01£0.25*
Vit. C 25.11+0.40°¢ 62.97+0.05"¢ 94.01+0.20 94.174+0.30™

"Mean+SD
DValues represent an average of three determinations.
IMeans in the column (A-C) and row (a-d) with different superscripts are significantly different by Duncan's multiple range test at p<0.05.

ASE Ho] gxFo g ARES Vit. €& §9)AQ 27t ¢l radical 2A%5S FojFo=z % }ohi ©m, DPPH radical 2~

o] v*h& kst S-S e ATHp<0.05). ELs T A} o] FEEHA 7 B Ath(p<0.05). ¥ &
94 70% AEE FE=0) Hlst & FEE0lA w2 24 70% & FZ= 1,000 ug/mLoﬂAi 93.87%, 94.01%2]

S YEeRHATE. Dong et al.(2004)2] Aol e Ge] =, 2 2SS eI e, tiza Vit C8F fAReE &
Uﬂ‘::}% 2 ofH|2 FZE9)4 DPPH radical &71%°] 212 S HATHp<0.05). F= 1003} 250 pg/mLAA 70% g
36.1, 309, 29.7%= & FZE9|A radical &7%°] 7+ & FEEL B FEE59 v]s] ABTS radical Aﬂ o] &7

S5a Vet Ao masslon, ol & A vehgon] tzEdl Vit CRH ES 27%S yepit

A & F=ElA DPPH radical 2275°] 70% olghe 5 (p<0.05). 500 pg/mLAAM = E4 2 70% oﬂ%% FEE
EEET s veRd Aot frAkE RS B HJ8] thztQl Vit. CollX] ABTS radical £~71%5°] 7Hd =
oA ) =38} £33} o] U= free radicalS AT Al YERETH(p<0.05).
A AT Tl AW = st B B ABTS radical 275 DPPH radical 2453 &2 =
22 H|£8 02 radicald] UIsle] 24 A4S UE 5 PE It ESSIPALCYS }\7433:1,/\49_ = o)) 2= glomz A
Atk ksl FAdS =45k W el Y52 DPPH radical £ HE7T "o} o] WS potassium persulfate9}2] W3-
2% AL Bl Zidste] 7Y de] AREE WHe ol AFE Fol2(ABTS)S tsde 71 =29 <9
2 kst 24 o3k HARgedol ofs) xH kst Asnt &l A A3t radical 5-F2] A1 HFAo] GAlE= A1S o]
S| HoJsl= AR free radicale] oA AEES 7HHF o 23 =4 WhHolth(Van et al. 1999). Choi et al.(2003)<
Z ZHsh= WHoItHKim et al. 2009). X3k, Kang et al. ABTS radical &24%°] 738t 2} €4 FEE°I|4 DPPH
(1996 DPPH radlcal 2ASE phenol E@_Oﬂ gt &4k radical 2AF % =A YEIAL 7 W 7hl =2 A4l
spzl8-9] R H2A FEEY phenol EE FZ=7F S7F5l 7} EAee RE e, o83 A3= ABTS radical &
w2} DPPH radical 227%©] S7Fichal Barsiqint. o2 Asol 58 B & FEF== 1,000 ppmolA] DPPH
st Axe A & FEE04 polyphenol T S7I= <13l radical 275 % A Yehd 2 A7rAde} fAeE A
DPPH radical &275°] st Wvebrd & A+234¢} & HERH AT
AFst3iTt.
4. Superoxide dismutase(SOD) FAFEH
3. ABTS radical 2= 4% 45 % 70% oﬂ%% FEE9 T8 25y
A 5 2 70% oNEE FEE TEE 25t SOD fAFHAS 3+ A3= <Table 4>¢} 7it}, 44 4

ABTS radical 275

\_ =
se 2 5571 271 w2} SOD RS
A% 9 0% oEE FEE gov FEozEdl AP Bl

=743 A= <Table 3>3 72}, 70% oErS =ZE
=7t S71stel weEtk ABTS folHoz Z7}a)
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<Table 4> SOD-like activity of E. caryophyllata Thunb. extract by water and 70% ethanol (%)

Concentration (pg/mL)

Extract solvent

100 500 1000
Water 29.70+0.09"4A? 35.63+1.12F 46.30+2.90°® 62.24+1.72°®
70% ethanol 22.73+1.979® 32.14+1.67°® 39.27+2.71%8 48.38+1.59%C
vit. C 27.06+0.69% 56.41+0.38 72.93:+£0.32%4 75.83+£0.43*

"Mean+SD
DValues represent an average of three determinations.

IMeans in the column (A-C) and row (a-d) with different superscripts are significantly different by Duncan's multiple range test at p<0.05.

(p<0.05). 250~500 pg/mLolA E3} 70% oehe &7kl
SOD AR/ o] &<l Zpo]7} Holx] e¥tom, thxwt
ol Vit. Cell Hlal e FAksiAd-S YERN A Th(p<0.05).
1,000 pg/mLe] sEo|A & FEE SOD FAMEAS
62.24%= 70% olere FZE vlal] EA vehsko, o
221 Vit Coll Hlal w2 ke S vl ATh(p<0.05).

Superoxide dismutase( SOD)= AUjol| £33t superoxide
anion radicalZ} W3t ISAE A= FAks &
22 484 UrkLing et al. 2011). AR E F3Fae
THA] catalased] 9]3led Falish & EAlo} AHAEAIZ HZA]
A SRR E AEZE Wolsh HEZ AAE Hos)
= H oA gt 2 F83F giolrt. SODe Aol H
wA F e R dou ¢z ofslE R oleldt TS
Bl 4= 9= SOD FAFAdel tigh A7t Fa= AL 9l
t}. SOD FAKHA]-S 444 F2 hydrogen peroxide (H,0,)
2 AZA7IE WSS Zu) 3= pyrogallole] AAHS =
GHOZA superoxide®] A3} A 2E-S dolw F e
W o|th(Benzie et al. 1996). Jeon et al.(2012)°] H.ilo|
o]aH 15.625~1,000 pg/mL F=oIM F2 70% oehe F
ZE37} aqueous - E2] SOD FAFRAS =43 A3 7t
7} 1.242.2~36.2+1.3%, 1.4+0.3~42.1£7.7%2.2 ¥ A+24
o} o] FEE FEIF F7HTE SOD fAR o] ok
z]‘_—: =T olZ Ao 7353}% H??\U]-

T o171 v

N =

A G 4 70% NeE FZE29] nitric oxide (NO) A8
A JAE Lol r] 2l LPSE 2|3k RAW264.7 XS
oz 243 A3 <Figure 2>¢F 722t} LPSE A 2)3h
RAW264.7 A= 2T NO9| Aol F71sil o,
A 4 2 70% e F5E2 10~100 pg/mL 5=

120 -
B Water

B EtOH
100

oo
Q
!

Cell Viablitys)
[=)]
[=]

20 A

LPS(-) LPS{+) 10 20 30 40 50 70 100
pg/mL

<Figure 1> Cytotoxicity of E. caryophyllata Thunb extract by water
and 70% ethanol in RAW264.7

DValues are means+SE.

DValues represent an average of three determinations.

Al NO o] ol oz adhe A3 BT (p<0.05).
FE==90 E NO AN JA|=zE vwsl] HH, 10~40
ug/mL FEoA 70% o|ghe FEEof H]sle] & FEE9
Al NO A Al a7t fode=z 9 YeEpdth
(p<0.05). 53] & F==°] 7% 10~70 pg/mLelA =4
Ao H4o] HEEA| gkgkon, ol HF & FEE9
NO A7} 5402 213 cell population®] #]3}ol| A
7191514 Fethe AS 8]l she A3etal AlsHTh
A MEZ A ojudt 7| -2 HelE 7 e Hs
o] dold ), t¥d A= FE1A F nitric oxide (NO)
= WAME, THIE, ZEAE SollA A= o] dHEElelE
FolAY TS AAANZI= 71%S gt NO= inducible
nitirc oxide synthase (iNOS)ol| €]3] A= )2 AZ]
79~ LPSell <2J& iNOS7F & E th(Aktan et al. 2004;
Farlik et al. 2010). 3|5}, A3dE] oA iNOSel l&l A
¥ NO= HERES XA Wt ofue} dA5wl7iA 9
S et d5s Ash7IE Ao=E deiAd Aok
(Oztuurk et al. 2005; Yoon et al. 2009). A HE F=8nj
of M} FEES] NO A4 oAl a3l 2fol& HolF
TAF| oJEhH, Tt SuE FE3 vEg] FEEE

o r2
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<Figure 2> Inhibitory activity of E. caryophyllata Thunb extract by water and 70% ethanol on NO production

DValues are means+SE.
DValues represent an average of three determinations.

3weyalues with different superscripts indicate significant differences at p<0.05 by Duncan's test.
Y*Significant differences in comparison to Eugenia caryophyllata Thunb extracts at p<0.01 by Student’s t-test.

70% e FE2E2 G555 vs] NO A4 A &
ol A Yelgoy, FE5E9] 5% FxolAM AEEAES
UEPA Y. B 7S THPark et al. 2015). 2 A4 zko) A
= AT =& FEEZ 70% oekE FZ=0l vls] NO AA
AA o] =A Yelom, o= dAE] FF &vjol
w2} NO A4 A &40 J3S vAe Z o2 AlsE).

T7F Z715el wet DPPH radical 2275
< ooz STk em, 53] 1,000 pg/mLAlX g &
FEELS 92.00%22 Vit.Co ¥5=2d AATES B
ABTS radical 227153 SOD fAEAE A d4¢ ¢
70% oNerEe] FErt TS kst &40 E=A YE
Sk 2 70% ollehE FEE 1,000 ug/mLel ABTS
radical &27%2 Vit. CoF AR @48 BTk 1,000 ng/
mLe] F=olA B FEES] SOD FARALS 70% ek
FEE90 v3] =A el Vit Coll b3 v kst
A4S YeERRQITE 100 pg/mL 52 & FE2ES A9siL
= 95 2 70% A FEFE 10~70 pg/mLs ol Al E
AEE sk EER] Godrh. B 5 2 70% ek
FZEL 10~100 pg/mL F=0M NO A Ho| folxo=w
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