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This study was conducted to explore new nutraceutical resources from the plant kingdom possessing
biological activities. To fulfill this purpose, the anti-oxidative and anti-inflammatory activities of Decaisnea
insignis ethanol extract (DIEE) were evaluated. First, DIEE possessed potent scavenging activity against
1,1-diphenyl-2-picryl hydrazyl (DPPH), similar to ascorbic acid used as a positive control. Moreover,
DIEE inhibited lipopolysaccharide (LPS)- and hydrogen peroxide (H:O»)-induced reactive oxygen spe-
cies (ROS) in RAW 264.7 cells. Furthermore, DIEE induced the expression of an anti-oxidative enzyme,
heme oxygenase 1 (HO-1), and its upstream transcription factor, nuclear factor-E2-related factor 2
(Nrf2), in a dose-dependent manner. The modulation of the HO-1 and Nrf2 expressions might be
regulated by mitogen-activated protein kinases (MAPKs) and their upstream signaling pathways. On
the other hand, DIEE suppressed LPS-induced nitric oxide (NO) formation without cytotoxicity. The
inhibition of the NO formation was the result of the down-regulation of inducible NO synthase (iNOS)
by DIEE. The suppression of NO and iNOS by DIEE might be modulated by their upstream tran-
scription factors, nuclear factor kB (NF-xB), and activator protein 1 (AP-1) pathways. Taken together,
these results provide important new insights that D. insignis possesses anti-oxidative and anti-in-
flammatory activities. Therefore, it might be utilized as a promising material in the field of nutraceuticals.
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g gitgtee BT Aedd &9 Aol WS¢ ot
T}H20, 21, 34].

EAS] ANE Ho] o|A3airA gag E/\(Cellular
defensive phase 2 detoxifying antioxidant enzyme)® %2
% heme oxygenase (HO)-1, NAD(P)H dehydrogenase 1
(NQO), thioredoxin reductase 1 (TrxR1) 59 F+E& 43}
A 2EY2E Woldte 8% 714 T stuE gdd AR
Ao ZHE MEE H3ste 884 B35 7|7 (chemopre-
vention)o] $2¢ H&& Ith[7, 43]. 53 AA F9 TS
& 48254224 &4 (dietary phytochemical)2 nuclear
factor E2-related factor 2 (Nrf2)o] 93} 2A =& o4t &
A gits 540 WY F7HE Fe g4 HE vss
UER M extracellular signal-regulated kinase (ERK), c-jun
N-terminal kinase (JNK), p383 2-& mitogen-activated pro-
tein kinases (MAPKs)9} phosphatidylinositol 3-kinase (PI3K)
[Akteh 2 FHATADIIA Y] dEFE W=T17, 22, 24,
38]. ol#e 3183 H3E VAL 3 A4S V) 2E JY
& 9 A% AdaA 28, k8 59 4 2 A7

NARE F5Agete A0g WAL glo] 1 FaAol
u) - FTH4, 18, 36, 41].
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AYE oYy 9. AA W €5 wHee HHAE
(macrophage)?l A % A4tE = 95 vf7) QA (inflamma-
tory mediators)® 5-E wjA 5= inducible nitric oxide
synthase (iNOS)ell 9]3 A 4+5 &= nitric oxide (NO)¢} cyclo-
oxygenase 2 (COX-2)ZHE A4HE prostaglandin E2
(PGE2) 5ol A oltt. o2& &5 w/HA A= tumor ne-
crosis factor a, interleukin 18 53 22 Alo]E71Q19] A A
< fedte ggd 95 wes dou18, 19 €5 S
o AE A9A % 3 RAW 2647 F U4 A EF (murine
macrophage)®l @5 % <124 lipopolysaccharide (LPS)
2 A8 iINOS ¥ COX-29 W3 $xo od NOs
PGE2 59 9% WALA7} A AHHY of& Ao &7
THE S7FE 293 ol d dd Y W 45 A
579 7)4 nuclear factor (NF)-kB$ activator protein
AP)-19] 93] 2H = MAPKs ¥ PI3K/Akt =& #dj3l=
102 4A Arh24, 29, 30, 37, 38]. T EE HZ ujfel
At I AANSALII A S ARHOE AAT F UE &
AEol 459 A 2 AEE AF 2AEA F5 T2 YT
Decaisnea insignis= Lardizabalaceae¥} o 43t o &5
oW FofAot Ay, F= F=, vlknt g s Eetof drf
TETT GubAl Fol= 5 WA 8 mol L, /A7 = 62
ojm, 9€ oA 10€ Atelo] HE Rt e A& 7hsot
SR AdEE FEo dHA oy I FAAY &
ol fajAde &zl vk lom A2l da) Zud A
g AFsttt oo B Ao AAdA FfT A
Bf x4 MEe 02 D jnsignis 5% o && FF
=(DIEE)°] B F4tst 8l FE35 24 TN
7154 AAEAY &8 TheAde &8 ZuA it

—

>,\I

=

ox H

WE ¥
D. insignis FEE9 NZx
B A7 A&3 D, insignis 95% o &< 3% & (DIEE)
< A TEATY, A= LA BAEAA A (2
FH T FBMI123-007)3t AH&stsion 1 3+ 34 L b
3 2ot oA fgoR ALEHE AR ¢ D in-
signis A3 -2 £718 Axdt £ &, 5% gL E &

\O

W& 3tef 45Tl A 3Y3E 158 253 FZ(sonication) ¥
A AAANI = AR S o7 1034 WEst FE8 3T
F2o| 2 ARE EHE diste o glofa 45T
of A 7+9hE 3 (N-1000SW, EYELA, Japan)d & 52 Az
(FDU2100, EYELA, Japan)3te] A8 X7bA] 4Tl Bttt

J N

1,
DIEEY] &4tsls B4 §5F 92 I A5EE golry] Y3
gatslse] 8 AE2 451 Y= DPPH U Z &A%

—

-diphenyl-2-picryl hydrazyl (DPPH) 2lC|Z &

or

0

DPPH #tZ 475 £%4< 98 DIEEE ¥%(0.512~
128 pg/ml) BE w&2o] 5o FHSL 96 well plate]
mego] &3% 1.5x10* M DPPH 40 pls} 2+ Al & 160 plE
T EFYE A2A 3027 $EAZ F, multi-plate
reader (Paradigm, Beckman, CA, USA)E ©] &34 520 nm
A FRAEE FAHNAT. AEE FUleA 42 4 d=x
T3 tHlstel Afud 24 =S EER YEl L,
50% 47 ¥ % (Inhibitory Concentration, ICs)E A 4+3t ST
x4 F4stA = DPPH 2tHZ £7% 34 A &4 o
ZTE FE ALHE o}2F2WAHE A vl EAEQ0
M S 33 WE 499 HAgor Y.

RAW 264.7 F| CHAIMIZFO| H{QF

st 9 dHS Y AE AY RdAE H AR
%91 RAW 264.7% American Type Tissue Collection (ATCC®,
TIB-71™, Manassas, VA, USA)Z -8 F8ta] 10% 48 o}
& A (fetal bovine serum) % penicillin/streptomycin®] =3
¥ DMEM HIA & A3t 37C, 5% CO;, 3ol A o F3L4
oH31].

DIEEQ| MZE SM 75 &4

g4 24 7Y A ART AZAEE WA FF &
deta, AE A4S it ge A A vE8 24
7] 918l DIEE]| o3 AlZ 54 f% fF7E
soluble) tetrazolium (WST) &41& &3l +3 33
F 84 tetrazolium G 22 A Aolde Axg W33l 4
A formazane AASEE, AR AA Y AZ FAo] ¥
SAR FoAA wob A2 Bol o] &HI e FHOITHIO,
26]. 1.0x10° cell 24-well tissue culture plateo] HZF3}o] 24
A7t & F2A 713, DIEE A 2] 2443 73 5 WST Al ef
of £ MAZ wAste] § AT F 37CAM WA ths
multi-plate readerg ©] 83} 450 nmol A FFEE SH
At S 33 vk A FAFg o yehlen 5
e FEsA e v BHdA o F AFS FPs5h
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443} 2 (hydrogen peroxide, H,Op)& U
StUE AA o a"’ﬂhﬂ THeE A ¥
ROS FrEAZ AEH 1 w3
o AE 98 S 74 O}E T OJZ]'OJ LPS+
T T AAE A5y ~EH A B fLste
A Qo] gitsts 3 FEF S tHE] AT
o 44‘154 TH1, 27]. & QT ol ¥ DIEEZ} 243 &4t
35S H,0, 2 LPSE # 58 ROS Aol A7} vA& 9
F& Tl AR 1S s RAW 264.7 A 5ol A&
A E 8 3% 5 (cell permeable fluorescent dye)$l 50 uM9] di-
chlorofluorescin dlacetatea M7 B A AL & AAs

105 mM9 H:0; & 1 pg/mle] LPSE % ¥ A 29
A A dF F A5 ROS A4 975 AEE multiplate
reader ©| &% ¥4 Z4 S T3 £4sAth 4 ¢S 33
HhE A3 HagoE eyl

il

sakst @4 HO-1, NQO1, TrxR1 L MEAIRIX} Nrf2
9| s XES BN
DIEEQ] @43} &4 71 A& dolry] &) tEaQl &4

3} 491 HO-1, NQO1, TrxR13% 1 A9 A A1 A2l Nrf29)
ANE Aol o duld 2d W3 E Western blot &4 3}
(hybridization)= #4383tk B3 Nrf2/HO-12.2 0] o]
T s aade) ARG eR 4l MAPKs
9} PI3K/Akt9] <4tst= g4 4384t HO-1% p-p3s,
pINK, p-ERK, 221 p-Akte] 4#8 A& Cell Signaling
Technology (MA, USA)ZF8 T8t 1, p-Nrf29] 443
A= Calbiochem (CA, USA)ZHEH F93%21, NQOI,
TrxR1, Nrf2, Actin® ¥ 2+8A ¢k anti-goat, anti-rabbit, 12|
1 anti-mouse 9| ©]Z& A+ Santa Cruz Biotechnology
(CA, USA)el A Fste] AbEstith AR Ag] & wjef Al
Zo A Gl A& FZ310] Bradford assay® 9l d FEE
ARE F, 50 pg® @A 10% sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE)ZE 71 7]
% &3} nitrocellulose membrane®] blottingdt ¥ 1:1,000~
50000 343 oy S dxpA e EA ST
horse radish peroxidase (HRP)7} §2+¥
s e

Membrane A %
o] 23| (1:1,000)2 & AlZF F3 8- A7) 3
4 (chemiluminescence detection system, FluoChem® FC2,
Alphalnnotech, USA)< ©] &34 dijd oy E434
o 4o A3E 38 W AYS B fo4 v w
g HIE 9T F gxFA dolHE AR

DIEES| NO MM N5 &4

g EAH Atz F studl NOw AA WA 838
Hli SAGEHEA &t ARG Ak A AsHE 2EH
s i 95 2 AE &9 Aol Hrh14]. o]

j_
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3 NO A4 A5 B4L Park 53119 W& Wdso
T T. RAW 2647 AEFE 24-well tissue culture
plateo] well & 1.0x10° cell & £3F3}o] wj¥a F, 1 pg/ml
o LPSE A gt NO HA S sty 4AT 5 5%
3 AE AP 9 NO A Al Griess reactions 5
& EAstA S 33 HHE Ago HgoE e
Ak

0>
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3}

ox. l'?.!
_12 FIII

=1po)

NO A4 %«l 714 &l
NO A4 d4 &9 d 3l INOse| &34 ‘%}?83 S
o =& DIEEOH o NO A4 % iNOSe| &3 s
NF-kB % AP-19] o3 2449 7b54 & ¢otrr] A3 LPS
2§59 NF-«B p659} inhibitory kBa (IkBa), 18 2 AP-1
9] subunitd] cJun®l 14+stel DIEE/}F A& Y& £4
Sttt ol oF 37 NF-kB 3 AP-19] 4924 AAE &
MAPKs % PIBK/Akte] <143} =& 374 435
Western blot hybridization< ¢ iNOS, p-p65, p-IkBa, 1
23 p-c-Jun® YA & Cell Signaling Technology (MA,
USA)E HE FHUste] A&staint. Alg A7t 2 ¢
/‘ﬂﬁ‘)ﬂ A q““’éi F%3}4 Bradford assay® T3 5%

2 ARF % 50 ugd A& 10% SDS-PAGER 4719 %
5‘}1 nitrocellulose membrane®| blotting3 & o4 &2
o] &9 &4 3t Membrane A4 $ HRP7} H2H

OJAFAR F A FX WA F FLAHEFHE
&ato] T BHS BAeT 2499 A 33 wE
2 ERC A R

492 B3 M 9 I W
[e]

A EolHE AAEAT

£ % (mean)+E FH *}(standard deviation,
SD)E YEtHlaL, 2} HlolE 9] FA &4 SPSS 20.0 soft-

unpaired Student’s ttest® 53 p #tel 0.05

AT Tl e Aor #dEAT

wareE ©] &3

1) T (p<0.05) 1

X

9

DIEEQ| &itsts B4

DIEEY| @443t B #5% 9 1 AEE doli7] A3
HA gkl F9 A% F Ul DPPH 22 &7 %5
< EAsAY. 1 A3 0512, 2.56, 12.8 ug/mle] DIEE 9
3} DPPH &0 2A% 9 A =7} 42 3456, 67.00, 97.14%
Z UEhY DIEE7} w29 &4Q 743 4tds s Badhe
gl et th(Table 1). DIEEC] o1& 50% 22 &7 $5&

HERIE Gy e 149 pg/mi2 4 UIETFR AE T o}
2N, & e Col 137 pg/mist FAHE AR BHE
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Table 1. DPPH radical scavenging activity of D. insignis ethanol
extract (DIEE)

Concentration Scavenging

Reagent PN
(ng/mi) activity (%)

0.512 34.56+1.25

DIEE 2.56 67.00+1.64

12.8 97.14+0.08

- 0.512 30.10£0.15
PAS.Ct(.’rbIC actldl 256 77.80+0.10
(Positive control) 128 97.49+0.06

BT, o] DIEE/} 243 d4tetse A= 9 7| AS AE
FEAM stz sy

DIEEQ| ROS 47is 24
DPPH &tz &A% &4 93 DIEE7} 723 d4tsts
< BAg Aol glgd wet 1 #8 /jde F 9 A
A3 Lolr 7 %sﬂ ™ % 1 RAW 264.7 A|ZF o 229 4
32 AEﬂ

iﬂ‘s —‘:“—1 A DIEE«I *ﬂ+ﬁ*é %—‘?—%— A2 A 2443

As fatA ¢ Sith(Fig 1A). &
Zt =8 ROS A4 o] DIEEY] zﬁM 98 & «1” o=
aRdo g AsHe Ao Z YElEt(Fig 1B, 1C). °1 & %
& DIEEZ} DPPH 2ttjZ ik ofUet M $F A HO.9%
LPSel 93] fr=d A3a ~Eg s w3 a3 07 7HAaA

A< FAdstgi

DIEE7} %o“._*if 24 HO-1, NQO1 TrxR1 & &9 &

7] # °‘°}Em} A TH12, 36]. ©
HO-1, NQO1, 718 1 TrxR1¢] @A wds} 1
W"L A9 Nrf29] @ d &g g <l4ksle] DIEEY} 7|
FEFE EAH T 10~50 ng/mle) A EE 617 Fet
Zb o Ao Fd S EA% A3 Fig 20 A

> Ny oo _\O,L
orr do
o ok
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=
to ot
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=
)
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%E} Lakls OME} HO- 14 Ao AL 7
A ugd 3 oMz w3 EroEFog =5}
53 25 ug/ml o) oA % 2742 Bef HO-1Y
w39l GAsHA UEsT o] @3 A3}E S35 DIEEY
S50l HO-19 ¥ £ 58 %9 Yehie], HO19 ¥
FrEs Nif29] 23 S7hs A4dstolA 719 Ao &
HAT2, 7.
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Fig. 1. Effect of DIEE on viability (A), HyO»- (B), and LPS- (C)
induced ROS scavenging activity in RAW 264.7 cells. (A)
Cells were treated with the indicated concentration of
DIEE for 24 hr and viability was determined by WST
assay. ROS scavenging activity of DIEE against HO; (B)
and LPS (C) was analyzed using a cell permeable probe,
DCF-DA. Values are represented as the mean *+ SD (1F6).
*, #Significantly different from the vehicle control (-/-)
and H;O» or LPS-induced control (-/+), respectively

(p<0.05).

DIEE7} AASHEQIXIOl MAPKs®t PI3K/Aktel 2l
AEt0) 0jXl= HE

DIEE7} B f3 84kst59 4905 4271de dotny)
915 p38, INK, ERK 59 MAPKs®} Akte] ¢14+s}ol DIEE7}
A= 9% E43AH. 50 ug/mld ARE A g3t 15,
30, 60, 120, 360 2% & 24 AZH AR Qs A= S
4% 23 Fig. 39 A4 € whek Zo] DIEES] A gl o4
p387 INKe| S14tst7h 7h & Bﬂlﬁ}—a— Hylom 53 p3sY
A7k A8 A 60 FHE FEHT SIS BT ol
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HO-1 | = v e |

Nqo1 [ SRR

TrxR1l | e e c

Actin | N — — ‘

Nrf2 |lh=m . ﬂiﬂ"‘."iz

p-Nrf2 |

*“'"—"‘

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 DIEE. Protein expression and phosphorylation
was analyzed by Western blot hybridization. Actin was
used as an internal control.

§ A5 Fa DIEES &4Fshsol HO-13% 1 A9 A A~
ol Nrf29] 2@ Z71E 3l dehur 13d g9 FAo
AT ALAA p38 MAPKS 93] 24€ 7MsA & &
sttt ROSell o Al gl 22 &4bol tj gk o] 7] 4l
gatst A4 Td FEo 3ol MAPKsY 4tste 8
g AsHE 71A F shdoln, 4719 A#E F3f DIEES]
oG itsts T v A a4 F2E L £ SFE
7} vp7kA 2 MAPKs/Nrf2/HO-12.2 o]ojx& d#@ 9| Al
SR 71AS Fa ol Fold The A S FAsAT6, 13, 25
35].

DIEEQ| EZE &d BN

A A 2Ef2E @F 2 A HA o %
A glom AgA B Ao tFEgo] 43 Fitdts
53 FHT 28-S YepAT11, 20, 21, 34]. DIEEZ} y_%f&
& gatstsol 4719 A ARE Bl A wet &
A% A =F YA E gotry] 93 1A NO A4
AA T EA3AT LPSE A5E FE% 3 dAAzs

P-P33 — s D

p-JNK

pERK | eSS S S

P-Akt | e e c— - — —

Actin — —

Fig. 3. Effect of DIEE on the phosphorylation of MAPKs and
PI3K/Akt signaling molecules in RAW 264.7 cells.
Phosphorylation of upstream signaling molecules was
analyzed by Western blot hybridization. Actin was used
as an internal control.
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RAW 2647914 &% ¥ DIEEY] A o] ©E NO A4 %<
HstE 4% A3 Fig. 49 AR wke} o] 25, 50, 100
ng/mle] As Ao os FEEHA NO AR A&s
BHyom o= NO AA 993l iNOSY &d A d o A 71
2l ékh AOZ YEPRth o8& ZA%4E %3 DIEEZ} d4ts)
T ORT ol FAF 4 I EFFgEe U
DIEE ST MO MRASHEIIH B4

DIEE7} INOSY #d A& 53¢ NO A dATE By
of met FAF FA Y AT AL A0 NF-kB AP-19]
ARAS ARy Y DIEEY A7} LPSel o8 f5d
NF-kB p659} 1kBa, 18] 3 AP-19] subunit & 343l c-Jun

A 140

120 -

g

80

60

Cell viability (%)

a0
20

0

DIEE (ug/ml) - - 10 25 50 100
LPS (1 pg/ml) - + + + + +
B 40
*
30
E #
= L
-c-; 20 #
=
10

DIEE (ug/ml) - - 10 25 50 100
LPS (1 pg/ml) - + + + + +
C Dt (1g/ml) - - 10 25 50 100
LPS (1 pg/ml) - + + + + +
iNOS | ————— |

Actin ‘ ~——— ‘

Fig. 4. Effect of DIEE on viability (A), LPS-induced NO for-
mation (B), and iNOS protein expression (C) in RAW
2647 cells. (A) Cells were treated with the indicated con-
centration of DIEE with or without LPS for 24 hr, and
viability was determined by WST assay. (B) Modulation
of LPS-induced NO formation by DIEE was analyzed
by Griess reaction. (C) iNOS protein expression was an-
alyzed by Western blot hybridization. (A, B) Values are
represented as the mean + SD (z=3). *, #Significantly
different from the vehicle control (-/-) and LPS-induced
control (-/+), respectively (p<0.05). (C) Actin was used
as an internal control.
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A DIEE (ug/ml) - - 10 25 50 100
LPS (1 pg/ml) - + + + + +

leBa‘ - ~|I-Iilll —— - q--‘

p-c-Jun| “—---~-|
Actin | S G G S G — |
B DIEE (pg/ml) - - 10 25 50 100
LPS (1 pg/ml) - + + + + +

p-p38 | R |

pERK | T S S |

pJNK|

P-Akt| -u‘-“uu--—- e |

Actin | ——-———|

Fig. 5. Modulation of DIEE on upstream signaling pathways
for the anti-inflammatory activity in RAW 264.7 cells.
Phosphorylation of upstream signaling pathways such
as NF-kB, AP-1 (A) and MAPKs, PI3K/Akt (B) was ana-
lyzed by Western blot hybridization. Actin was used as
an internal control.

o aasel WA 9FE BARET 1 A% 240 5
o LPS AT 48 £ A BAdAs L) DI

F29 7o we foF oz dAHE AoE Yyt
(Fig. 5A). =3 NF-kB ¥ AP-19 9% % HOI MAPKs
2 PI3K/Aktel 98 2HHAY F3ARAH L M-l o
ATEZ 53 88 H ol uwet DIEE7F MAPKs 2 PI3K/ Akt
Adatste] pA = dF S ¢4 EAsA T 1 A3 Fig 5B
A AN E whel o] MAPKsS! p-38, JNK, ERK9] Ql4t3te 2
WstE Holz ¢gfokal Aktd <I4tstE LPS$ 97 DIEES
AYaAE A$olnt 2EE(50, 100 pg/ml)ol A tha Za
st S HYn. ojgs Ad= DIEEY FAF &40
NF-kBSt AP-19] 39dsde =4 7122 58 o Fo|2d
7Hs & AAe T

&¥ MAPKs % PBK/Aktd] Q143le g48 a47%
243 AA HO1 59 F5E 927/ iHH LPS 59 ¥%5
A A 93 F=H0o] NFkB 9 AP-19 435 E 53

é_

AEZ U §58es fridte 7H0ER 4
MAPKs ¥ PIBK/AktE 4tstsS R{a Al
A At} frEE A
HAE A4St FrH o] Fitg g %
Aol oa A4tsrt A H = dot. o] 21 MAPKs ¥
PI3K/Akte] T 7}11 At 7122 gaks 9 e F 49
717 o] MAPKs 5& Akt ©3 Nrf2/HO-19] %9 NF-x

Bo| Asfehs ojdd W& Faf o] FolEe o4y AT 2
32 53| AAsta QTH13, 25, 28].

oo AH#E Tl Aol Ael Bud u gle AAa
AR D. insignis7t 73 tsed FE5 B LTS
Ao gelstg o, ol & Ae A hAle] thgt Al
227154 HolHE 758 A &5 A2 Hf
158 AARAY BEE AT ZAARR 888 F U
AE wadn. =% ARA D insignisdl W& 71573
B 9 24 AL B4 dd A7 Arete] A&
ATFE Tl D nsignit BT hFd g4 2 1A
NAVUES B A &4 A8 Ee-y =% I8

g Aoz A4dn,

o] AT AYEAAYE . BaRdA Y 9y a4
Bl ALY (RIC08-06-07) Tl th 3w E-2upo] @ AApd 2 4
£3 AYAHY Agoz o
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