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Anti-Oxidative and Anti-Inflammatory Activities of Euptelea Pleiosperma Ethanol Extract
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In this study, the anti-oxidative and anti-inflammatory activities of Euptelea pleiosperma ethanol extract (EPEE) were evaluated
using in vitro assays and cell culture model systems. EPEE possessed a more potent scavenging activity against 1,1-diphenyl-
2-picryl hydrazyl than the ascorbic acid used as a positive control. EPEE effectively suppressed lipopolysaccharide (LPS), in
addition to hydrogen peroxide induced reactive oxygen species on RAW 264.7 cells. Furthermore, EPEE induced the
expression of the anti-oxidative enzyme heme oxygenase 1 (HO-1) and its upstream transcription factor, nuclear factor-E2-
related factor 2 (Nrf2), dose and time dependently. The modulation of HO-1 and Nrf2 expression might be regulated by
mitogen-activated protein kinases and phosphatidyl inositol 3 kinase/Akt as their upstream signaling pathways. On the other
hand, EPEE inhibited LPS induced nitric oxide (NO) formation without cytotoxicity. Suppression of NO formation was the result
of the down regulation of inducible NO synthase (iNOS) by EPEE. Suppression of NO and iNOS by EPEE may be modulated
by their upstream transcription factor, nuclear factor kB, and AP-1 pathways. Taken together, these results provide important
new insights into E. pleiosperma, namely that it possesses anti-oxidative and anti-inflammatory activities, indicating that it could

be utilized as a promising material in the field of nutraceuticals.
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5 A 2 =2RH F8A47
F27 AYLRE FUoH] 154 ARZA Y A5
S BAIBHE AT} B o] Rolx| 1 QITHI6, 17, 26].

) 32 2] cellular defensive phase 2 detoxifying antioxidant
enzymel 2 242 A heme oxygenase (HO)-1, NADP)H
dehydrogenase 1 (NQO1), thioredoxin reductase 1 (TrxR1)2]
T ASHd AEgAE Wojsts S8t 7|H F stu=E
t}oF3t carcinogen® 2B A|ZE K 35} chemoprevention
of a3 %5 Fote AL = LA Slrhs, 33]. 53
Ao A F 3t t}oFst dietary phytochemical2 nuclear
factor E2-related factor 2 (Nrf2)o] 2J3] ZZ == phase 2
d S7HE FOl
chemopreventive function& WEF M extracellular signal-
regulated kinase (ERK), cjun N-terminal kinase (JNK), and

detoxifying antioxidant enzyme2]



p387} Z+S mitogen-activated protein kinases (MAPKs)%}
phosphatidylinositol 3-kinase (PI3K)/Akt$} 7+ AFOlAl S
A7) d 9 gaFS w13, 18, 20, 28]. ©] &3 chemo-
preventionS AR} AL 7|22 dfo] gFol Wt o]}
5, 9 AEHA 3 =3 T 9 2 A& 7| -
T AT AEs= AR YA Qo] I S840 HE A
2|1 QITH4, 14, 27, 31].

A W EF 932 o4 A Z (macrophage)ol| A TH=F A3
AtEl= F% w7} Q1 R} (inflammatory mediators)2 H-E &
@ =)= inducible nitric oxide synthase (INOS)Z X.§
AYALE] = nitric oxide (NO)Q} cyclooxygenase 2 (COX-2)2
g AALE = prostaglandin E2 (PGE2) 50| thEZ o]t}
E Ao 3 BF YAE AF wWAUAE tumor
necrosis factor o (TNF-00), interleukin 18 (IL-18) 53} &
2 Abo| E7RRlE AY4atsto] theFdt AE Bh= YoxitH14,
15]. 9% §h3-9 dEZHQ A2 AdA F sl RAW
264.7 murine macrophage®] lipopolysaccharide (LPS) %
9 dF #9 AAE AHshd INOS ¥ COX-28 Hd =
o 9Js NO% PGE2 5 8% w4 44 2L o] & &
g AbO| BRI BHHlE e EAT 4= 9loy ojgd &
o w2 fEAH EF FAANEZAZE7] M nuclear
factor (NF)-kB¢} activator protein (AP)-1¢] oJ&] 2 & E =
AOoZ FEA QUTh20, 22, 28]. 2B = o]23t FF i
Aoh 1 AT ADARE EIH O Aofd 4 Gl B
=0l €5Y A 9 ARE AT 2A2A 2 Qo

Euptelea pleiosperma= Eupteleaceael}o] &3t= Y4
ou GEBoTE BT} FopAlol A4, 2 57 U 9
Zatol Aol B3t 2 4§ 7HsdtH, 234 729
AAL okgo R dHA Yoyt I FAHQ Aol sl
+ 48 Bt glew, 53] FAst 9 FEF adtol i)
A Ad g v gltk oo B dAFtoA= A &
Aot A BG A4 o] 3o 2 E. pleiosperma
95% o¥& FEE(EPEE)C] E43 Ats 2 d5 &
A& in vitro assay system L cell culture model system
= ol &5t EAFo =M 7|5 22 &8 74

& 3 Huz sy
e g

E. pleiosperma F&29| M=

2 Aol A A&7 E. pleiosperma 95% olgE&
(EPEE)2 &= 3stA74, s Y ELA 3| BAH
TUESFHE FBM123-004)3t] ARgatgich Az 4
T ARE 95% &S S 235t 45°CollA 3Y 7t
o 2&2% Y5t 50| B ARE filter2 o
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DPPH radical A7 &M =X2 E5t EPEEQ| gtsks
24

FArsh g9 28 714 3 Shel AABAES A Y
oA BAAEHE free radicald] AAE FTATL2HN free
radicalo]] &3t =3ket A& AT} FAbst &89
8 ARZANY HAAF5E 53] AAEC] HA35 F4kst
3] 240 wo] AF§E T 9L00i[7], 1,1-diphenyl-2-picry]
hydrazyl (DPPH) radical 275 42 o]&3s}o 4314
t}. DPPHE H| & QHA St free radicalZ24, ascorbic acid,
tocopherol, polyhydroxy 3% 3t5ha, WIS ofvlRe] 9
3 gtEo] A2 o] BME = A& o] &3ty FHAtst

YHE D3 ST 5 G SAC) ABAY A
HIE AmAol B 7] Wo] Hol o] ST G

B olTH[11].

DPPH radical scavenging activity %42 $|3] EPEES
E=15(0.1024-12.8 pg/mD)E H e o Fu|Eal 96
well plateo] et &35 1.5%x 10 M DPPH 40 plo}
7 AR 160 WIS BRI TGRS Ao A 3087 9S4
71 %, multi-plate reader (Paradigm, Beckman, CA,
USA)E o]-&3to] 520 nmo|l A FFE=E SH5IAT. A&
£ A7VehA| 2 34 dixZ3} vt free radical &4
s WEESE YW, 50% A8 5 =(Inhibitory
Concentration, ICs0)S AAFSH T thF A Ql SFALSHA 2
DPPH radical &7 4 && A kA gjrgo=z =32 A}
L5 agcorbic acidE # vl EAs4th. DPPH

radical £7%59] 9B FAL 33} 2},

DPPH radical scavenging activity (%) =
{1-(A-B)/C}*x 100

A: sample absorbance at 520 nm
B: color control absorbance at 520 nm
C: control absorbance at 520 nm

RAW 264.7 murine macrophage?| Hi2¥

FAe 2 FEF B4 AE AP EEAZ murine
macrophage cell line¢?l RAW 264.7& American Type
Tissue Collection (ATCC®, TIB-71™, Manassas, VA,
USA)ZHE F1¢3}o 10% fetal bovine serum (FBS) &
penicillin/streptomycin (Pen/Strep)©] Z3tE DMEM Hj X
o Al FE A TH[23].
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EPEEC| MZMEE 24

g B4 29 A ARTE AEAESY DAL dae o
Q3T FA) AT EHLS FUHA g Ar e 5
%2 Z%sl7] 913 EPEES] o A% 54 $% §2E
53 +F3FAT. 1.0x10° cellS 24-well
tissue culture plate®]] £3F3}4] 24A|7F FoF H2HA| 7|11
EPEE A7 24A)7F & WST A|¢Fo] & vjx]| 2 wA|5}] b—}
AlZE Fe WS AIZl o multi-plate readerE ©]-§-3t
450 nmo| A SR EE ZAFGTh o] T EALS QHElA]

A

% v MM 2de s

WST assayS

EPEEQ| reactive oxygen species (ROS) scavenging
activity 241

ROSE THeF A AF A] DNA, protein, lipld% EZ g YA
W EAte] A3k ‘*‘?%’% Waho] ohFet Aol Yol
S BR ROS &A% #itetsd s8% Z]:ﬁi gggrt
[19]. Hydrogen peroxide (HyOs)= W E & 2l ROS £ 3}t
2 229 AtsHso #9857 93 B2 dAFolA ROS &
Exﬂi /\]-ﬂE]_]_ Qlth[29, 30, 32]. T3t 1 &4 A2 A

= F8 QA< lipopolysaccharide (LPS)

r ]:Hﬁ}-] %ﬂ% ou o3 ASHE AEH A 3 99
‘_31-3;]7;] 0101 b‘l—A]-g].‘_—_ 1 3= A _F{-ug
0}7] Tl?l 12 o] ARSE I UL, 21]. & AFolA =
EPEE7} B838t 3hakshs2 Hy0, ¥ LPSE §=3F ROS &Y
Aoll A&7} v|A= Gk Sl 4515 o|& Y8 RAW
264.7 cello] cell permeable fluorescent dye?l 50 uM2]
dichlorofluorescin diacetate (DCFH-DA)E 2A|7F ¢ A
A2et & AASIL 500 uMS] Hy0, 32 1 pg/mle| LPSE
T AR A AT F A= o3 ROS A4 oA
52 multiplate readerE ©]-&3l fluorescence S-S F3
2ot

T
i
O
o

IMSE SA HO-1, TrxR1, NQO1 & 11 HARRIXIRI Nrf2
| 2 2HS 2

KPS| §143F 849 7104 dohar) 919 A4 3
A8t @29 HO-1, TrxR1, NQO1TF 1 AAFlAel Nrf2_—]
AR Ao o owd Hd HMIE Western blot
hybridization® 2 HA 3} th. HO-13} p-p38, p-JNK, p-
ERK, 18] 1l p-Akt9] Ux}8}A = Cell Signaling Technology
(MA, USAHZHRE FASAL, p-Nrf29] dAFA =
Calbiochem (CA, USA)Z X E Y3t ¥ 21, TrxR1, NQO1,
Nrf2, Actin® UX}3}FA| ¢} anti-goat, anti-rabbit, 1231
anti-mouse 52 ©]2}8A+= Santa Cruz Biotechnology (CA,
USA)o A skl ARESHATE A= A7 2 v Al
Zo|A gL ££3510] bradford assay® G 25

[o ol

http://dx.doi.org/10.4014/kjmb.1403.03002

ZA% & 50 ug? &AL 10% sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE)Z 7|9
%3} nitrocellulose membrane®] blottingdt & 1:1,000-
5,0002. 2 3] A3t Al chul A o] A x}3HA) 2} hybridization
3} th. Membrane washing & horse radish peroxidase
(HRP)7} F2H o] 2184 (1:1,00002 3 Al7F F¢t HE-E-A]
7l & chemiluminescence detection system (FluoChem®
FC2, Alphalnnotech, USA)S o]-&35}o] gl wiadg BA
St

EPEES| NO #d dxls 4

E A2 free radical F 3tHel NO= A WA F&
B AZASALRAZA BEIN} 3 AR A A3 2
Eeao] g8 E3) 9% % AE 24k Aelo] Brii0]
o]2I% NO A4 oAl e] HAL Park (2310 S ¥
sl 433t Fct. RAW 264.7 cellS 24-well tissue
culture plate®] well & 1.0 x 10° cell S seedingd}o] &+
A7l 2 1 ug/ml®] LPSE A 2|ste] NO BAE frEshal 4
E &5 93 NO A Ad52 Griess reactions £
SIEREr Y
EPEEQ]

EPEE7} 5.8 NO 414 o149l 714.& ¥rel7] 913
NO A3Al 9] a4 chalz o] iNOSe Thld Whe2 B35t
t}. 3t EPEES] 23t NO A4 ¥ iNOSe ¥ A 85|
NF-kB 9 AP-19] oJsff 28€ 754 gotr] $Jsf LPS
Z {5 NF-kB p65%} inhibitory kBoo (IkBa), 18] 11
AP-19] subunit?l c-Jun® Q1Atsto] EPEEY} v X]+= J 3
2 B A3t Western blot hybridization2 ¢ 3t iNOS,
p-p65, p-IkBo, 18] p-c-Jun®] U2}&HA|= Cell Signaling
Technology (MA, USA)Z Hg 1¢5to] AF&31ch A&
A7t B g Az Gl dE 5519 bradford
assay® T =5 2% ¥ 50 ug ¢S 10%
SDS-PAGEZ Z7]%9%3}1 nitrocellulose membrane®]
blottingdt & thAF ©hull 2] o] 3}F4| 9} hybridizationd} % th.
Membrane washing & HRP7} tagging® O|Z}SAZ 3t A
7t 59 WFS-A]7] 3 chemiluminescence detection system

2 ol gsto] BN WAL BT

Sz Y 71N 2

I:'||0|E‘| X2l ¥ SA4 2

=AY A= 4 33 oY i = &5t ¢
L o] E HH(mean) + EEFH }(standard deviation,
SD)E UYEHSIaL, B8 A &A 2 Tl HlolHE Al
Alstgt ZF glolH ] B4 242 SPSS 20.0 softwares
0]-23} unpaired Student’s t-testS Z3) p Zko] 0.05 B|T+



(b < 0.05)21 A% f940] Uk RAo2 B,
Za gy

EPEEQ| sitsls BA

EPEE®] 3Hitdls B4 47 9 I A=E dofir] §d)
HA FAstEe F8 AFE F ¢l DPPH radical
scavenging activityS A3ttt 1 23} Table 19 AA]
% vfe} Zo] EPEEY] 5% F7te] what 733t radical &4
52 249 0.1024, 0.512, 2.56, 12.8 ug/mle] A& A 2|9
9)s] DPPH radical &A%©°] Z+z} 26.11, 40.49, 93.83,
98.00%% UEtY 50% &A s=E UeWE ICs dtel
0.88 ug/mlz YA 2Fo=2 AFESE ascrobic acid, &
vitamin C9] ICsy Zt%] 1.53 ug/ml Bt =2 FA S Ho
o et Akt EAEE gelst gt o]l EPEE7L
B3 ek AE 9 7|AS NE oA Sl g
/0] A7 = et

EPEES| ROS scavenging activity 24

DPPH radical scavenging activity £4-2 53] EPEE7}
B4 BS PAES] R w2t 1 Hg WS
o ZpA|5] doti7] s WA RAW 264.7 cellof thE22l
APSHE AEE A §EQIAR] Hy009 LPSE 22t A 2|5y
EPEE9] 2]3F ROS scavenging activitysS &4tttk 1
23} Fig. 10 AAE vel Zo] Hy0.9 LPSOl| 9fsf 212}
=% ROS A4o] EPEES] H2lo] 93] antg o= Asis)
L Ao Yeht EPEE7} DPPH radical #4t ofyg} A=
AEA A Hy0.9F LPSe] o fr=® A4St AEg A ®
g antH o FarFs gelstln.

EPEE7} ksl §4A HO-1, TrxR1, NQO1 & AHQ| At
QIX} Nrf2e| W0l ojxl= &

7ot GAshs Ha3t A fEl AR Eo] Nrfof ot
FArs aaA Y HE =S B9 €4S Uit Ao

Table 1. DPPH radical scavenging activity of EPEE.

Reagent Concentration Inhibition rate
(ug/ml) (%)

EPEE 0.1024 26.11 £ 0.89

0.512 40.49 £ 0.93

2.56 93.83 £ 0.40

12.8 98.00 + 0.61

Ascorbic acid 0.512 31.90 £ 0.02

(Positive control) 256 96.47 + 0.13

12.8 98.41 + 0.17
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Fig. 1. Effect of EPEE on H;0,- (A) and LPS- (B) induced ROS
scavenging activity in RAW 264.7 cells. Values are represented
as the mean £ SD (n = 6). *, #Significantly different from the vehi-
cle control [0, HoO, or LPS (-)] and H,O,- or LPS- induced control
[0, H2O; or LPS (+)], respectively (p < 0.05).

A 0 10 25 50 (ug/ml of EPEE for 6 hr)
Noor [F )

N2 | o w— — o—

p-Nrf2

B 0 15 30 60 120 360 (min at 50 pg/ml of EPEE)

NQ01|——_—__|

TrxR1 | TP S e — e— a— |

Actin

I D S G S S — |

Nrf2 ;'-—-'-G-;ﬁ
p-Nrf2 n““iii

Fig. 2. Modulation of anti-oxidative enzymes, HO-1, NQO1,
TrxR1, and their upstream transcription factor, Nrf2 protein
expression and phosphorylation in RAW 264.7 cells by EPEE.
(A) Dose dependency and (B) time course study. Actin was used
as an internal control.
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oz d7E 53 urd Qo wpet EPEE7} B3 F4tshs
o] 28 7)|Z-& orolr 1R} FFTH9, 27]. o2 &) HER
QL FAS BAER WAG 3 FAks TA o] 93 F

Z dHgo] §EE+= Al 849 HO-1, TrxR1, NQO19] Tl
A 9 g A9 AAFIAR] Nrfeo] ohaizl whd ol 9l AF
Sto] EPEE7} vl A& 9&F< 243t At 1 23 Fig. 2A
of AlAE B2 o] 6417 FF 10-50 pg/mle| A= A2
o o8 A &4 %F HO-19) *ﬁ_o] A 2742 Ber »
2oty et HO-19f AF9] A 1AFQ] Nrf2o] whijdl i3 s
QIAkeL T3 S7HEE Ao 2 yEft EPEES] 9% HO-19
E F7H7F Nef29] Hd S7F 2 Atste] o3 werd 7t
s4& EYTh ol %‘_J}% AlZbe] Wsto] w2 UH
S BET Fig. 2B A= FARE Y& o 50 pg/mle]
EPEES AIZt E2 A A3 Al 84 F HO-19| 2H o
Z7kete o2 Ueiten ol Nif2e] #hd 27heh A4
shollA] 7918 o2 BErE ek, 6.

gl
4
= 3}

EPEEJ} MQIASHEIOIXIQ MAPKs®} PI3K/Akte] QIAt
stof| ojxl= St

EPEE7} 243 4tehs 9] AAAZHE7|AS Yot

7] $18) p38, INK, 12 1 ERK 5 9] MAPKs$} Akt9] <1
Abstoll EPEE7} vl A= F3-& 43 A3t Fig. 39 A A
g B} Zro] 6A17F T4 10-50 pg/mle] Al = A 2ol o3
4% B QAT F7tEE AoR yeigen 1 Fx 9
AL tha 2}olE B p-387} JNKE S EOEH Q] QA
3}e] 715 B oy ERK9F Akt A 2ol daglol
FARE A= QIAEE Ui ol E ZTHE 4
EPEE®] 3Aksbs0] HO-13} 1 A AARRIALQ] Nrf2¢] dt
d 7S S8 vetue 283 99 24 o] MAPKs}
PI3K/Akte} ZH-2 A9IA 3 A 1A o3 Uetd 7He A
< g5kt

EPEEQ| NO MM Xslis =M
EPEE7} @4tehs #ul oh 2t 3435 24 E3 H 43

0 10 25 50 (ug/ml of EPEE for 6 hr)
p-p38 | = w-— -

P-INK | o o e

p-ERK | — — ——

p-Akt [ === ———

Actin | e — - |

Fig. 3. Effect of EPEE on the phosphorylation of MAPKs and
PI3K/Akt signaling molecules in RAW 264.7 cells. Actin was
used as an intemal control.
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A& goti7] fs) "A NO Al nA= &3E Lot
B3tk LPSE AF& F=3 7 gl A Z3F RAW 264.7
cellf Al 5= EPEES A2 mhE NO A9 H3tE
A% 23 Fig. 40 AIAIE vheF o] 10-50 ug/mlo| A=
A2l s MEFGY FEglel =& NO A4
Adlse ZHen ol NO A4 &l iNOSe| TdA
sollA 715k A= yEyttt. o2tk 29E S EPEE
7t ASH AEY A Bk oby st G54 A=l HiRt HelE

=% Baahe Fshen

EPEE7} NF—kB & AP—12| QIASI0]| Ol HEk B
EPEE7} iNOSe] @ Ado] o2 NO A4 oA

A 140
120
& 100
£ 80 |
8
2 60
3 40
20
0
0 0 10 ‘ 25
LPS (-) LPS (+)
EPEE (ug/ml)
B s
*
40 A
E 30 A+
2
o 20 A
2
10 -
o -
0 0 ‘ 10 ’ 25
LPS (-) LPS (+)
EPEE (ug/ml)
EPEE (ug/ml) - - 10 25 50
LPS (1 pg/ml) - + + + +
iNOS | — ey . - W%J

Actin | e a——— — —— |

Fig. 4. Effect of EPEE on cell viability (A), LPS-induced NO
formation (B), and iNOS protein expression (C) in RAW 264.7
cells. (A, B) Values are represented as the mean + SD (n = 3). *,
#Significantly different from the vehicle control [0, LPS ()] and
LPS-induced control [0, LPS (+)], respectively (p < 0.05). (C) Actin
was used as an internal control.



EPEE (pg/ml) - - 10 25 50 100
LPS (1 pg/mli) - + + + +

P-p65

p-IkBa |
p-c-Jun A el R =

Fig. 5. Modulation of EPEE on the upstream signaling path-
way for anti-inflammatory activity in RAW 264.7 cells. Actin
was used as an internal control.

FEE R et FHF BA4Y ARz AL HA
NF-kB9} AP-19] A#AE Foti 7] 3 EPEEZ} LPSe]
98 =% NF-xB p652} IkBa, 12|31 AP-19] subunit
% 8tUQl c-Jun? ARGt H| 2= FFE BASHAT. 1
A3} Fig. 50l AIAIE BFel Zo] 2417t 5¢He] LPS A 2] o
o8 S == A AAFolz}e] 0lAHE7} EPEE %9 27}
ot foFo g JA|E= ALR Yt o2t At
EPEEY] ¢35 &40 95 A9z dgIA=e 949
9] 24 717& 3 o]Fod 7%“ = AlAFsELTE

0|49 23+ 53 EPEE7} &2 4tsts 3t o%‘%— %P
H.Q_ Eoiﬂ-.g. ;‘q o7 QLOI o]-Oﬂ Otr] O]E—]b']- 73_,_]__1:
a7 g 2L 7154 HolHE #5334 SAl9 6&?
Ay Bf 71548 2QEAY &8 AT 2ARER
ol8d & UZ AL E woH

2 o

E dFAE Euptelea pleiosperma o|EE F&25
(EPEE)EZ] JASt s FdE YA in vitro assay
system @ cell culture model system= ©]-&35}o] EA5I%
t}. H# EPEEQ 3}4t3l5-S DPPH radical scavenging
activity® 4%t A3} radical 2459 A=/t FA gz

0 2 AM23} ascorbic acid Rt =2 42 Ho o 7}
3t A S H O3S Felst ). T3 RAW 264.7 A
FE o] 83 Hy0, ¥ LPSY fxof 93] A4E ROS tf
T AASS BAT AN E FEIZH 2T 275
L Hgr}. o} oy &} E¥32l ‘81-}\]—§].‘ %_ 3U=E Z
AEol gt FAitsts Ao Y F2 Ydo] fFEHE
hemeoxygenase 1 (HO-1) @ 1 HA} ?_]Z ¢l nuclear
factor-E2-related factor 2 (Nrf2)2] T2 dldo] EPEES)
Aol 3 SelHo2 28-S Hgow ofee HO-1 2
Nrf29] Hg #sh= G4 HGA ] MAPKs 9 PISK/Akt
o osf 24E 7t E4th ¢ H EPEE7} LPSY] ¢
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rk

3 =8 NO 440 nAE JF BT 27 proE
29l NO A4 Asj5g Hylon o= NO 44 cha el
iNOS9] dHd Ao A 7]¢13S sHolstgrt. o] e
EPEES] NO A4 oA a3l g2 AR AGA 2l

KB 4 AP-19] 28& 53 Aol /M54 B 0131?&
2372 B9 EPEES) 2 A3 395 S AL
oz gastgen FF 7154 2424 f4a7 242
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