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Abstract

The purpose of this paper is to investigate potential anti-inflammatory and anti-oxidant effects of Zenebrio molitor.
Macrophage cell response by outside stimulation leads expression of pro-inflammatory cytokines, such as tumor
necrosis factor-a (TNF-q), interleukin-6 (IL-6), interleukin-18 (IL-1), and trigger expression of genes which are
affected by inducible nitric oxide synthase (INOS) and cyclooxygenase-2 (COX-2), resulting in formation of
inflammatory factors like nitric oxide (NO) and Prostaglandin E; (PGE2). Cell viability was determined by MTT
assay. In order to investigate anti-inflammatory agents, the inhibitory effects on the production of lipopolysaccharide
(LPS)-induced NO in RAW 264.7 cells were examined. 7. Molitor significantly decreased the production of NO
in a dose-dependent manner, and also reduced the expression of iNOS, a COX-2 protein. As a result, the levels
of protein such as PGE;, iNOS, COX-2 and MARKSs were significantly reduced compared to non-treated group
in T. Molitor water extract (TDW) treated group. Also, antioxidant effect of 7. Molitor were investigated using
DPPH, ABTS+ and superoxide anion radical scavenging activity tests in cell-free system. Antioxidant activity of
T. molitor was found low in the DPPH radical scavenging test while high in the ABTS+ and superoxide anion
radical scavenging activity tests. These results show that TDW could be an effective anti-pro-inflammatory and
anti-oxidant agent.
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toluene(BHT) 2] =57 3 &4kshAl| ok okt 2] &9
A3} 2o AEA d8d ®Wo] E9Jd+ ascorbic acid,
tocopherol, phenolic compound, flavonoid 52| 1A &3}
A7E ATH).

¢ S(inflammation)©] & A #| L}
st =4, Al 59 owgt 714291 WS 714
Q= A 5 AAstel= 4] 77 o] macrophage
U mast cell 52 NPT P T AsHg =2
¢l histamine, serotonine, bradykinin, prostaglandins(PGs),
hydroxyeicosatetraenoic acid(HETE), leukotrieneZ} 22 &
o 5“3 EAR I8l duFaol STkl A5 st

| €T} macrophage= 7271 A Zﬂ wrojof] FQ3gk ok
< o diEAd A% wZIEY nitric oxide(NO)Z}
cytokine AJAJoll #Hod3ti34). 13 23 Al 1f(gram-negative
bacteria)2] A3 2]49tel] E2)3}= lipopolysaccharide(LPS)
= macrophage %=+ monocyte©l| 4] interleukin-1a(IL-1q),
interleukin-1B(IL-10), interleukin-6(IL-6), interleukin-8(IL-8),
tumor necrosis factor-a(TNF-a)2} 22 cytokine= 571A]7]
€ Aew A Ak5,6). 1 Tl % TNF-a9} IL-las
Z27] A= gk A5 FERIAEA E8]E a3, oo R
IL-69} IL-8] HH S Fieste] T &< f H‘?ﬂu}a -9).
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Fig. 1. The procedure for organic solvent extraction from 7.
Molitor.
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Fig. 2. The procedure for water extraction from 7. Molitor.
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FEs 38 Nk

AT =% Aol ARE A2 pdimethylaminobenzaldehyde,
sodium nitrite, griess reagent, ripa buffer, lipopolysaccharide,
protease inhibitor &+ sigma chemical Co., Ltd.(St. Louis,
MO, USA)ellA 4 to] AR&-8l1H PGE»9} cytokine =
%2 913 ELISA kiti= R&D systems Inc.o|A] F913k31 2
] iNOS, COX-2, 22} antibody+= santa cruz(Biotech, CA,
USA)ell A 43ttt

AE 54 FH AH&E AEF Z A

A2 AEE 5% ol AH8-H Al 5= macrophage cell
(RAW 264.7)= american type culture collection(Manassas,
VA, USA)ollA F-9dsto] ARgetATh Al = 913
dulbecco’s modified eagle medium(DMEM), fetal bovine
serum(FBS)> LONZA Co.olA T3t Al&3le
0.25% trypsin-EDTA, 0.4% trypan blue stain- gibco BRL
Co.(Grand Island, NY, USA)9|A F43dte] AFE3FA 11,
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium
bromidMTT)+< sigma chemical Co., Ltd.(St. Louis, MO,
USA)oll A 43t AHE-aHA

Add AL&E 717

B2 23] AME-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, Japan), centrifuge(Hitachi, Tokyo, Japan),
freeze drier(Ilshin, Gimpo, Korea), microscope (Olympus,
Tokyo, Japan), CO, incubator(Hanbaek Scientific Co.,
Bucheon, Korea), pH meter(Metrohm, Herisau Switzerland),
BOD Incubator(Hanbaek Scientific Co., Bucheon, Korea),
autoclave(Hanbaek Scientific Co., Bucheon, Korea), ELISA
reader(Molecular Devices, California, USA)S A3} t}

(<)

4 2} *5-(EDA, electron donating ability)-< Blois(15)<]
WS WYste Sttt 24 AlEE&A7 0.2 mMe
1,1-diphenyl-2-picrylhydrazyl(DPPH)E 1:1 H]-&
HHE & 8% 517 nmell A Stk AAlgol e AR
S Mk FA7RY] F8E AAEE YERIT
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ABTS+ radical scavenging activity 7%

ABTS+ radicalZ ©| 83 dibksld =32 ABTS+:
decolorization assay WH(16) ol ]3] 43It 7 mM
2,2-azino-bis(3-ethyl-benthiazoline-6-sul fonic acid)®} 2.4
mM potassium persulfate S Z3oto] A0 A 24A17F F<F
Wxste] ABTS+ = FAAIZISE ethanolZ 5] 45t
ABTS+: 100 pLol Al & 100 uLE ©lste] 13 ¢k #kx) 3k
:?: %%E 734 Ilmoﬂ}‘i :147§ O]’M

B AR FYE
TR E IR
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Superoxide anion radical &A% =%

Superoxide anion radical 22752 nitroblue tetrazolium
(NBT) SHA7)ol &l S48tk 2 A58 0
mL<} 0.1 M potassium phosphate buffer(pH 7.5) 0.6 mL
xanthine(0.4 mL)Z} NBT(0.24 mM)S <1 7|2 | mLE
A 7}3}aL xanthine oxidase(0.049 U/mL) 1 mLE 7}5le] 3
7CoNA 2087 WHEAIZL ¥ 1 N HCHS: 1 mL 718ke] Whe-2
FTEANZ v, W Fofl A superoxide anion radical
o] ¥& F4= 560 nmolA F 3k

2AE(%)=(1—

M=z =4 &3

PERD:

B Ao o] 83k RAW 264.7 A 2] vk 10% FBST
1% penicillin/streptomycin(100 U/mL)< % 7} DMEM H]
A& AFESFH o™, 37T, 5% CO» incubatordl] 2 -2-A]#A

At v ¥k

MTT assay ° 9% A X 54 =3

MNE =4 =32 Carmichael(18)2] Wil wlg} =% 3}

Atk Z+ AEF RAW 26472 96 well platec] 5x10°
cellsywelle] Z) A 0.18 mL EF3}31, A B85 5= HE 24|
ko] 002 mL A7Fek & 37T, 5% COsincubatorol] 4] 24A] 7+
Hjketint. o719 5 mgmL FEE A3 MIT &Y
0.02 mL F7}sle] 4A|3F vl ket 3 HH‘”EOu A Azt 2t
welld DMSO 0.15 mLE 7}sto] 2 LoA 3087t vk

A1Z] 5] ELISA reader® 540 nmol| 4] 6‘%5% Eklpia=e
AZ 54 S AE589] Hrlret FH7e] S35

Hags YeRfodH.

A 253 (%)=(1—
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Nitric oxide A3l& &%

Nitric oxide(NO) =72 cell®] supernatantol] 4] NO2| <F
< nitrite and nitrate =A] 572 3FTH(19). Nitriteol] o $F
nitrate = SHE Fo] B g FEQI griess reagent(Sigma,
Darmstadt, Germany)S A6 21, 6 well plate©] 2x10°
709} cell& confluence”} 80% % i, PBSZ 2% washing
& & FEA wiAE AREste] 124131 o] AT B
lipopolysacchride(LPS) 10 pg/mL<- control & % FE well
o ot ¥olx ASAIZTE 2413 Foll A|REE FEHE A7
sto] AFFATE NO A 2 244]7F £ supernatants
o} griess regent® 107 ¥Hg-A1Z] ol 540 nmei|A]
FrE Sk

n’.]o{r

Western blot2 53 @¥93 Id 3%

cell 2 A}7}# PBSE 23] A% % RIPA buffer 10 mLol
complate mini 1 tab= 7} Ao 2 &84 4T 12,000
pmol| A 1583 A4 F2] etith A4 Eelete] 4
g2 bradford assay = % Foto] 25 o] A S 10%
©] SDS-PAGE 9|4 77| @&t Eelstict Leld &
-5 PVDF membrane®] &7 th A-&cA 30% &<t
blocking buffer(5% skim milk in TBST)®l| 4] incubation A]Z}
th 12 A E S8k 3A13F Bt vhE-g T, ThA|
10% 7H2 2.2 TBSTZ 33] washing 3}31 membrane-S- HRP
7F S8 42ke] 221 A 1:1,0002 ]2 5ke] 60%- B3t
HE-$-A| 7t} 33] washing 3 ¥ davinch-k western imaging
system 7]7]& o]&3dte] M= &<l 9 F&F STt

PGE,$} cytokine A3 &4 &3

1 igmLE=9] LPSE d55 F=g cell Y] 45
AN #sto] PGE,, IL-18, TNF-q, IL-6 2+7}¢] ELISA
kit(R&D systems Inc. MN, USA)S A}g-ste] =% 619

mRNA £z2| ¥ Real-time PCR &4

Cell lysis @ cDNA 34

100 mm dishl| cell seeding< Skl 24A]7F F< vl Fgh
MES FEHE A3t celle] FHoll whel 24~484]
b FANZTE AT HE A A F trizol lysis buffer
9] dish ] 1 mL¥ 538t A EZE lysis 3 T “F-2]
£ 5k kx| 3191t} Trizol bufferE mL B chloroform
200 pL~500 uLE #7}ske] <F 15% H<t 71317 vortexing
AL ThA] 2ol A 5t WA sk FAEE7]E o
f£3ko] 4ColA 12,000~15,000 rpm o= 1587 A A8k
SN 400 ILE A} tubeZ $714] isopropyl alcohol 400
LS} 1% 2A 2= A AolE § dedllA 5-1083F T3
ok ko] A7 FUH DAEeE St tubed] viE
24 RNA pellet= &R13 & FSA-& A AT 70%
ethanol 2 RNA pellet-S washing 3l 511 ‘#-2 ethanol= &3¢

S
offl o

1

N
>

N
w N

>

% RNase free watere] RNA pellet2 5] £t} cDNAZ
o] AL} ZZ-2 TOPscript” RT DryMIX(Enzynomics,
Daejeon, Korea)E ©]-&-3}o] A3l

Real-time PCR

SYBR Green PCR Mastet Mix(applied biosystems, UK)S
A}-g-81] cDNAS} TOPreal™ gPCR 2X PreMIX (Enzynomics,
Daejeon, Korea), primer(Table 1)& % 3. ABI step one
plus(Applied biosystem, CA, USA) 71715 ©]-&3}o] 2|7t
2= £4& 31aL stepone Software(Applied biosystem, CA,
USA)S A-g-3}] 95Tl 287t denatureA] 2] 2= 95°Ce]
A 10%, 60TollA 152, 72°CollA] 2023t vheahe 2=
S22 403] B A3ES EA G

Table 1. Sequence of the primers used for iNOS and COX-2

Gene Primer Sequencs(5'—3’)

) Forward ACA TCG ACC CGT CCA CAG TAT

N0 Reverse CAGAGG GGT AGG CTT GTC TC
Forward TCC CTA AAG GAA AAG TGG GAC

X2 Reverse GAG CGC ATT AAC CTC AGG ACC

Za g o
T. Molitor®] AA3%
1,1-diphenyl-2-picrylhydrazyl(DPPH) & & A& =
£ 2 AA7} 9P 3 free radical 24 517 nmell A 54291
BE5E Y= ggEolt) E3 glutathion, cystein?}
& &3loln| = 4k3} L-ascorbic acid 2 BHA Sl 23|
Shelw]o] A B2 ofe] AjdA dikstEd e gelst
= Bol AHEE I Stk o] AL g3 59 718
uoll A wl-g- b sk, 53] oAiriA] kst 714 F
proton-radical scavaengerol] ©|}e] BAE] 7] wfj o ik
sl 29S Sto =z A #EE e o] ok v
ol indole, uric acid, flavonoid, polyphenol 5l &= §17}+8}o]
Hu A §e ~g9EDS Hol= B E lth 2 AAE
o] HAFol5E Fig. 3¢ 2ol et Hx 5=l
1,000 pg/mLollX T, Molitor water extract(TDW)<| 7§
22.5%% YENEI T Molitor methanol extract(TM100)-
16.5%, T. Mblitor ethanol extract(TE100)< 162%2] #3l&
= VeI AT

ABTS+ radical scavenging activity assay

2,2’-azino-bis-3-ethylbenzothiazoline-6-sulphonic
acid(ABTS)= DPPHS} M| 523t 2l =2 3413t 242 54
& 9l Wi ezA 29 A potassium persulfate2} 7]



894

120
§100 %
I z z E
280t z z s 5
2 s 5 E E
g0 : ¢ = E
H I S s 5 E E
w 0 r z E e E . E ;&
z E 11 1TEaE o i\s Tvﬁ
. P o T NS T 1 NS T = =
0 =, T ﬁ ﬂ= = \= |

5 10 50 100 500 1000

Concentration (pg/mL)

Fig. 3. Electron donating ability of solvent fractions from 7. Molitor
extracts.

Data are presented as meantSD of three independent experiments. Values with different
superscripts within the same sample content are significantly different at p<0.01.

TES0, 7' Moliror extracted with 50% Ethanol; [ TE70, 7' Molitor extracted with
70% Ethanol; FENTEL00, 7 Mblitor extracted with 100% Ethanol; ITMS0, 7 Mblitor
extracted with 50% Methanol; MiTM70, 7. Molitor extracted with 70% Methanol;
ITMI00, 7 Molitor extracted with 100% Methanol; »~TDW, 7. Molitor extracted
with Water; ==BHA, Butylated hydroxyl anisole.
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radical scavenging activity:= Fig. 4] YERNITE 1 F=
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Fig. 4. ABTS+ radical scavenging activity of solvent fractions from
T. Molitor extracts.

Data are presented as mean+SD of three independent experiments. Values with different
superscripts within the same sample content are significantly different at p<0.01.

TES0, 7 Molitor extracted with 50% Ethanol; | TE70, 7 Molitor extracted with
70% Ethanol; FENTEL00, 7 Mblitor extracted with 100% Ethanol; ITMS0, 7 Mblitor
extracted with 50% Methanol; IMTM70, 7. Molitor extracted with 70% Methanol;
ITMI00, 7 Moliror extracted with 100% Methanol; =~TDW, 7. Molitor extracted
with Water; ==BHA, Butylated hydroxyl anisole.
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I} fARRE o2 B3 WEkS 50%, 70% FEE2] o
GrteteS gl 4= Qdddth

Superoxide anion radical A 3l &4

Superoxide anion radical-> %714 A|E2Q] &4 F W] EA
2 gAM A= F40) v A radical 24 =glo}
HHE Abgrgo] MMAGA O Hodsta lvh e
superoxide anion radical<= hydrogen peroxide, hydroxyl
radical, singlet oxygen 52} 22 & /4] A
Hofste] 214, T, DNA Sl Al &8 feshe
Ao & delx] rH20,21). Superoxide anion radical-S NBT
o} wh-gste] AL wA Hev AR ol kst B0
Z7)3FH superoxide anion radical-NBT complex @412 W
alste] Aol SAE 31(22) H5A S}9HEE0] superoxide
anion radical& A£AITE R AtH23). HuFv=
1,000 pgmLoA E5FEE°] 624%, WE< 50%7F 57.1%,
e 70%7} 53.5% % @S FEeRy duFer F
< 2 S Bt 2 A2 9 superoxide anion radical

A& &4 Fig. 59 YERASITE
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Fig. 5. Superoxide anion radical scavenging activity of solvent
fractions from 7. Molitor extracts.

Data are presented as meantSD of three independent experiments. Values with different
superscripts within the same sample content are significantly different at p<0.01.

TES0, 7 Molitor extracted with 50% Ethanol; |~ TE70, 7 Molitor extracted with
70% Ethanol; FENTEL00, 7 Mblitor extracted with 100% Ethanol; [NTMS0, 7 Mblitor
extracted with 50% Methanol; [MlTM70, 7. Molitor extracted with 70% Methanol;
ITMI00, 7' Molitor extracted with 100% Methanol, %xTDW, 7. Mblitor extracted
with Water, ==BHA, Butylated hydroxyl anisole.

7. Molitore| 8HdZ &5

Macrophage cellRAW 264.7)2] A X =4 &<l

AR FZEE] 2|3 macrophage cell®] A|EZ A=
&S MIT assay 5 53l &1 A7E Fg. 60 UeERAIT
= &, FEdE 343 243 F= 10, 25, 50, 100
pg/mLel Al 5 95% o] 4] AE&-S H L nitric oxide
=7 2 western blot, real-time PCR2 ¢ 47]9] F+7to.&2
st AEE skt
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Fig. 6. Cell viability of solvent fractions from 7. Molitor extracts
of macrophage cell (RAW 264.7).

Data are presented as meantSD of three independent experiments. Values are relative
to the control. *p<0.01 indicate a significant difference from the LPS-treated control.

TES0, 7 Moliror extracted with 50% Ethanol; [ TE70, 7' Molitor extracted with
70% Ethanol; FENTEL00, 7 Molitor extracted with 100% Ethanol; ITMS0, 7 Mblitor
extracted with 50% Methanol; ITM70, 7 Molitor extracted with 70% Methanol;
ITMI00, 7 Molitor extracted with 100% Methanol; »~TDW, 7. Molitor extracted
with Water.

Nitric oxide A3l &4

Macrophage cell¢] RAW 264.79l| 4 22 A 2] 2] 9] nitric
oxide(NO)2| A =5 4317 fla S, s=H=
MEZ Aelste] NO9| = =4 A7 Fig. 79 20|
UERRITE BE &ujjdA vk o)EH o= Jhadhe 2
I}E BH¥ Hi FE 100 pg/mLo|A TMS50S 23.5%,
TDW= 25.8%°] A3 &HE HITh

PGE,%} cytokine A 3] &4

Macrophage cell¢l RAW 264.70|4 ZA A= 2] <]
prostaglandin E2(PGE,)$} pro-inflammatory cytokine2] &/
< AAst=R] dsty] Y8l TNF-o, IL-16, IL-6 18] 1
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Fig. 7. Inhibition of nitric oxide from macrophage cell (RAW 264.7)
from 7. molitor extracts.

Data are presented as meantSD of three independent experiments. Values are relative
to the control. *p<0.01 indicate a significant difference from the LPS-treated control.

Con, NO level of LPS-treated control; = TE50, T. Molitor extracted with 50%
Ethanol, ' TE70, 7 Mblitor extracted with 70% Ethanol, FRRTEL00, 7 Mbiior extracted
with 100% Ethanol; ITMS0, 7 Molitor extracted with 50% Methanol; [IlTM70,
T Molitor extracted with 70% Methanol; IMITMI100, 7 Molitor extracted with 100%
Methanol, »~TDW, 7 Molitor extracted with Water.

PGE,Z ELISA kit2 53 243591 1 272 Fg. 8,99
HERN AT RAW 264.75 ©]-&-3F NOA 847 TDW7} 7}
 ASAAE s s, ol weka TDwRE
AEe 73 3t TDWE A 2lg A2 PGE22] 745
S 100 pg/mLelA 36.2%2] A3l&2 Ho 913 TNF-a
£ 653%, IL-1BE 723%, IL-6= 692%2] A &A1 &<l
skl

Western blot2 £3F iNOS 2 COX-2 &8 oA &
AR gl 2g NO| A3l 7178 H7] 9]al iNOS<]
chil g 44S Hokal, PGEC Ad] ZARE H7] 93]
COX-29] Wa-& =43 A3 Fig. 10,113} o] YeERAA
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Fig. 8. Inhibition rate of solvent fractions from 7. Molitor water extract on macrophage cell (RAW 264.7).
Data are presented as meantSD of three independent experiments. Values are relative to the control. *p<0.01 indicate a significant difference from the LPS-treated control.

Nor, Normal; Con, Control.
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Fig. 9. Inhibition rate of solvent fractions from 7. Molifor water extract on macrophage cell (RAW 264.7).

Data are presented as meantSD of three independent experiments. Values are relative to the control. *p<0.01 indicate a significant difference from the LPS-treated control.
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Fig. 10. iNOS protein and COX-2 protein expression rate of methyl alcohol from 7. Molitor 50% methanol extract on macrophage cell

(RAW 264.7).

Data are presented as meantSD of three independent experiments. Values are relative to the control. *p<0.01 indicate a significant difference from the LPS-treated control.
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Fig. 11. iNOS protein and COX-2 protein expression rate of water from 7. Molitor water extract on macrophage cell (RAW 264.7).
Data are presented as meantSD of three independent experiments. Values are relative to the control. *p<0.01 indicate a significant difference from the LPS-treated control.
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Fig. 12. Effect of TDW on iNOS, COX-2 mRNA expression in macrophage cells. macrophage cells were treated for 24 hr with 7. Molitor
water extract. Total RNA extracted from macrophage cell was analyzed by Real-time PCR.

Data are presented as meantSD of three independent experiments. Values are relative to the control. *p<0.01 indicate a significant difference from the LPS-treated control.

Nor, Normal; Con, Control.
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