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Abstract

The purpose of this paper is to investigate potential anti-inflammatory and anti-oxidant effects of Tenebrio molitor.
Macrophage cell response by outside stimulation leads expression of pro-inflammatory cytokines, such as tumor
necrosis factor-a (TNF-a), interleukin-6 (IL-6), interleukin-18 (IL-1B), 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 7. 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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Fig. 1. The procedure for organic solvent extraction from T.
Molitor.
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Fig. 2. The procedure for water extraction from 7. Molitor.
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nitrate 2 3+ F Fo] kA3l S EQ] griess reagent(Sigma,
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g & FEA v & ARt 1241%F o] WA 7] Th
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o o ¥olA AFAIZTE 243 Foll A8E FEHE A7
sto] A3sEAth NO A4 2 24A17F F-of| supematantS
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FHEE SA5HATh
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pmol| A 1583 94 2] sisith A Eelete] d&
8% N2 bradford assayZ 7 w5te] 25 ple] TS 10%
9] SDS-PAGE 9|4 #7] @&t el Eeld ©
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blocking buffer(5% skim milk in TBST)®l| 4] incubation A]Z}
o 12k A E A st 3A7E B9 kg T, oA
10% 7tA 2.2 TBSTE 33] washing 3}3Z membrane< HRP
7} FgE Z4zke] 23} A S 1:1,0002 34 5te] 60 E<t
WE-S-A] 71t} 3%] washing &+ F davinch-k western imaging
system 7]7]& o]-&3ste] M= gl H A SHATH

PGE;%} cytokine A& 73
1 pgmLs =] IPSE 955 FEg cell Mlde] e
NS #3&lo] PGE,, IL-1B, TNF-q, IL-6 Z+7}] ELISA
kit(R&D systems Inc. MN, USA)E Al-83lo] =739t}

mRNA &2 ¥ Real-time PCR &4

Cell lysis ¥ ¢DNA 34

100 mm dishl| cell seeding= 3}aL 24A]17F F<F vl F3k
AES FEHE Aedlo] celle] FHol uhe} 24~484]

At FAAATE Fed g A AG F trizol lysis buffer
Zte] dish o] 1 mL¥ #F3ke] A EE lysis 3F § 2o
A 5% 9k WA SFSI U Trizol bufferS mL 3 chloroform
200 pL~500 ULE A 7Fske] <F 15% <t 781 vortexing
eIl ThA] Zd-2ellA] 53 WA sk e i e 7] E o
&3lo] 4Tl A 12,000~15,000 rpm &2 1587+ A A8} 31
SN 400 LLE A} tubeZ $714] isopropyl alcohol 400
LS 112 2R 2= 4o1E F LA 5-1087 731
th gko] A3 T A4l EElE SFaL wbed] vhEtol]
A= RNA pelletz 218 & 35 A A At 70%
ethanol 2 RNA pellet-2 washing 3l 512 ‘F-2 ethanolS &3
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T RNase free water®] RNA pellet= 5153t} cDNAZ
o] ML} FZ-& TOPscript” RT DryMIX(Enzynomics,
Daejeon, Korea)E ©]-&-3to] Alada}qith.

Real-time PCR

SYBR Green PCR Mastet Mix(applied biosystems, UK)E
AFg-3led cDNA2}F TOPreal™ gPCR 2X PreMIX(Enzynomics,
Daejeon, Korea), primer(Table 1)& %1l ABI step one
plus(Applied biosystem, CA, USA) 7]7|& ©]-&3to] AA|ZE
= B4 SFaL stepone Software(Applied biosystem, CA,
USA)E AFg-5te] 95Tl Al 2431 denatureA| 71 - 95Tl
Al 10Z, 60TCoAlA] 15%, 72°CollA] 2037t ¥He8te 25T
202 403 WHES AARE BA 6T

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

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

X2 Reverse GAG CGC ATT AAC CTC AGG ACC

ZAn o pE
T. Molitor®] AAF %
1,1-diphenyl-2-picrylhydrazyl(DPPH)= &2 A4S

T 2 AA7F 2P 8 free radical 241 517 nmel| A 5341

B55E YeEhl = skgtEe|th E3 glutathion, cysteinZ}

2L ggtoln| =4k Lascorbic acid 2 BHA G-l 23
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= Bol ARE R itk o] A e d3E T 718

ol A w3~ QFg s, 53] oAriA] ikt 71A F

proton-radical scavaenger®l ¢t G4 = 7] wfj o] 34

3t S Sto g A HEE F e Aol ok v

o

9| indole, uric acid, flavonoid, polyphenol 5ol = T17}+5}<]
HwA Y& ~dEd S Hols S E th 24 A% g
o] MAtFo] 5L Fig. 3¢ 2ol et Hu 5%l
1,000 pg/mLolX T. Molitor water extract(TDW)<2] 7%
22.5%% YEFEIL T. Molitor methanol extract(TM100)-<-
16.5%, T. Molitor ethanol extract(TE100) 16.2%2] ] &ll&
= YERH ST

ABTS+ radical scavenging activity assay

2,2’-azino-bis-3-ethylbenzothiazoline-6-sulphonic
acid(ABTS)= DPPHS} H| 523k de] = 9iksl 24 & 574
& g e e =M d3 A potassium persulfatet V] 2]
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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.

TE50, T. Molitor extracted with 50% Ethanol; = TE70, T. Molitor extracted with
70% Ethanol; FNTEL00, T. Molitor extracted with 100% Ethanol; [TMS0, T. Molitor
extracted with 50% Methanol; [MTM70, T. Molitor extracted with 70% Methanol;
ITMI00, T Molitor extracted with 100% Methanol; *~TDW, T. Molitor extracted
with Water, ==BHA, Butylated hydroxyl anisole.
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Fig. 4. ABTS+ radical scavenging activity of solvent fractions from
T. 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.

TE50, T. Molitor extracted with 50% Ethanol; = TE70, T. Molitor extracted with
70% Ethanol; FRNTEL00, T Molitor extracted with 100% Ethanol; ITMS0, T. Molitor
extracted with 50% Methanol; [EMTM70, T. Molitor extracted with 70% Methanol,
ITMI00, T Molitor extracted with 100% Methanol; *~TDW, T. Molitor extracted
with Water, ==BHA, Butylated hydroxyl anisole.
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Fig. 5. Superoxide anion radical scavenging activity of solvent
fractions from T. 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.

TE50, T. Molitor extracted with 50% Ethanol; | TE70, T. Molitor extracted with
70% Ethanol; [FNTEL00, T. Molitor extracted with 100% Ethanol; IBTMS50, T. Molitor
extracted with 50% Methanol; [MTM70, T. Molitor extracted with 70% Methanol;
ITMI00, T. Molitor extracted with 100% Methanol; =a~TDW, T. Molitor extracted
with Water; ==BHA, Butylated hydroxyl anisole.
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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.

TE50, T. Molitor extracted with 50% Ethanol; = TE70, T. Molitor extracted with
70% Ethanol; [FNTEL00, T. Molitor extracted with 100% Ethanol; IETMS0, T. Molitor
extracted with 50% Methanol; IMTM70, T. Molitor extracted with 70% Methanol,
ITMI00, T. Molitor extracted with 100% Methanol; »~TDW, T. Molitor extracted
with Water.

Nitric oxide A &]&4]

Macrophage cell?] RAW 264.701| 4] 22 A2 2] 9] nitric
oxide(NO)9| 7] =5 Z43517] 9lsf &, ==
MES AMelste] No9| & 543 A7 Fig. 79 2ol
Uehigieh. 2E Srfell s X o faske 2
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TDWE 25.8%°] Al &35 H3ivh
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Fig. 7. Inhibition of nitric oxide from macrophage cell (RAW 264.7)
from T. 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;  TET70, T Molitor extracted with 70% Ethanol; FERTEL00, T. Molitor extracted
with 100% Ethanol; JTMS50, T. Molitor extracted with 50% Methanol; IiTM70,
T. Molitor extracted with 70% Methanol; IlMITM100, T. Molitor extracted with 100%
Methanol;, *35TDW, T. Molitor extracted with Water.
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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. 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. 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.
Nor, Normal; Con, 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.
Nor, Normal; Con, 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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