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Abstract

Oxidant stress is well-known for a pivotal parameter related to neuro-inflammatory diseases including Alzheimer's
disease, Parkinson's disease, and ALS (Lou Gehrig's disease). In order to effectively screen for anti-inflammatory
agents, we first established the infrastructure of high throughput screening for anti-oxidant agents from medicinal
insect library extracted with water, methanol, ethanol, and dimethyl sulfoxide. By the screening system, we found
that Tenodera angustipennis Saussure, Pyrocoela rupa Olivier and Papilio maackii Mntris had strong anti-oxidant
activity. Moreover, Tenodera angustipennis Saussure and Tenodera aridifolia (Stoll) exhibited protection effects
of cellular damage by treatment of an oxidant hydrogen peroxide. Together, the results suggest that some selected
hits could be a potential agent against neuro-inflammation, although the in vivo studies should be clearly tested.
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(Trolox) S°]Ath

o
ot
oot

Fatsl g4 483

AELME 2lolE8{2|e] Z=A|

2] Fo] L 247t ] ¥Z T2 &3] oF
1681 7€} libraryS A28ttt distilled water (DW),
dimethyl sulfoxide (DMSO), ethanol, methanol& ©]-&-3}]
247 FEIEE AF 0T, DW FEE2 AH 60Tl
A4 FE31AT) o] F HTS7} &8 7153k 96-well plate =
7 o 20Tl B & A3 ARE-3HtH(Table 1).

Table 1. A list of medicinal insect resources for anti-inflammatory
agent screening

No. Specie Korean Conc.
name (mg/ml)

1 Anax parthenope julius Brauer PR 260

2 Orthetrum albistylum speciosum (Uhler) 221 100

3 Statilia maculata (Thunberg) A 120

4 Tenodera angustipennis Saussure Apt 210

5 Tenodera aridifolia (Stoll) G 340

6 Velarifictorus aspersus (Walker) A5} 300

7 Gryllotalpa orientalis (Burmeister) B7oHA 190

8 Atractomorpha lata (Motschulsky) 2T 7] 90

9 Oxya japonica japonica (Thunberg) B w57 170

10 Acrida cinerea cinerea (Thunberg) HoliH] 190
1 Stethophyma magister (Rehn) EALHE 80
12 Gastrimargus marmoratus (Thunberg) T3l 270
13 Oedaleus infernalis Saussure 23| 160
14 Laccotrephes japonensis Scott Aoljn) 250
15 Ranatra chinensis Mayr AlokA ] 220
16 Muljarus japonicus (Vuillefroy) EAg} 80
17 Poecilocoris lewisi (Distant) B =4 100
18 Meimuna opalifera (Walker) ofuju] 150
19 Meimuna mongolica (Distant) HEuu] 120
20 Oncotympana fuscata Zrfw) 440
21 Cicindela (Cicindela) transbaicalica hamifasciata Kolbe 25295t 150
22 Cybister (Meganectes) brevis Aube AREWN %0
23 Hydrophilus acuminatus Motschulsky Ego] 460
24 Melolontha incana (Motschulsky) GFFo] 180
25 Allomyrina dichotoma Linn A5rER| 860
26 Anomala chamaeleon Fairmaire T g 2E5 o] 40
27 Trichius succinctus (Pallas) SEETA 50
28 Gametis jucunda Faldermann FAERA 40
29 Protaetia brevitarsis seulensis (Kolbe) FHulo| 25 A 270
30 Luciola lateralis Motschulsky ot Eo] 200
31 Pyrocoela rupa Olivier PRl 240
32 Coccinella (Coccinella) septempunctata Linn 23538 d] 60
33 Harmonia axyridis (Pallas) Ty 110
34 Moechotypa diphysis (Pascoe) ERRLIE e 360
35 Oides decempunctatus (Billberg) E R 180
36 Sipalinus gigas gigas (Fabricius) ] 0
37 Latoia consocia (Walker) 2571 H 100
38 Papilio maackii Mntris AbAH] U] 60
39 Papilio xuthus Linn ) 50
40 Pieris rapae (Linn) 3] 50
41 Eurema hecabe (Linn) e 70
7y) Sasakia charonda (Hewitson) 20 AU 40
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High throughput-compatible screening 7%

HTSE ©]&-%F hit 45 fJste] k=3 sA7-Aol
AXEo] -&atal e Al=ElS ARSI, Liquid handler
(CyBio, Jena, Germany), multi-label counter (VICTOR2, Wallac,
Turku, Finland)©} robotic arm (Thermo-CRS, Burlington,
Canada) 5©°] A& RIth o] 3%9] 7]7]+ automation
software (POLARA)Z Z3HE o] lojA] 2h2 F7telA]
Fo] 225 sl HH o= dx|Ho 1o, ofef
o oY 7HA| assayE Al&SHA 3T AU

DPPH radical scavenging assay

DPPH radical 2485 572 Tagashira2] W'HS W
ot A4S SFATH18). 4 FE=9 AlE 10 ulE 0.2
mM DPPH(1,1-Diphenyl-2-picrylhydrazyl) 190 plol| 37}s}
o AoA 307 WA & 517 nmol A FEEE SH
ST ARE H7IeHA &2 tE2TY F3xol digh
sample 2] radical 2~A&4] H|E (% inhibition)2 TF-3} 7+
o] ALkttt

Inhibition (%) = [ (Acomrol - Asample) / Acontrol)] x 100

Ferric ion reducing antioxidant power(FRAP) assay

AHE 93 RSN O 2= acetate buffer(pH 3.6, 300
mM): 10 mM2] TPTZ (2,4,6-tripyridyl-s-triazine): 20 mM<]
FeCl; - 6H,OZ 10 : 1: 19] BI&Z 4]0] A3 o] ko]
ARE-3FATE WS- (190 i) FEE(10 u)S E3st
1502 HACZ oF 258 3t 590 nmol A FHEE S48}

38 ol

o} Sl e ARkl mhE ARl s sglen, s
¥ @R 158 9 @& VIR ST 19).

Hydroxyl radical (HO) scavenging assay

Hydroxyl radical &7 &4 Fe's} H,0,7} HFS3l=
Fenton HH$-S ©]-83}4] 2-deoxyriboseS 4F3}AIA
MDA (malondialdehyde) = 3] A2 ® 1}2+= MDAE 530
nmol| A 243tk v 0 2= 50 mMe] FeSO4-7TH:0,
50 mM EDTA (ethylenediaminetctraacetic acid), 50 mM
2-deoxyrebose S 1 : 1 : 29 HIEZ 412 o2 ¥H&-4(190
uL) 7 Al £(10 lL)E 41tk ©]$ 100 mM phosphate buffer
(PH 749} 50 mM HO,E A3 ¥ F 37 ColA 4|7t
FoF ®#X|3F th2 TCA(trichloroacetic acid)®+ TBA(2-
thiobarbituric acid)E ¥r-Eol H7}slth 100TCollA 15
5t 7 3 g FollA F43] WAske] 530 nmoll A

L
FAEE 439 A AEe ABRE YA e TS
hxFo g2 % vl&E JeER)ATH20).

Linoleic acidoll cHet gtatal &M
Linoleic acid g4+ &4 A& -2 linoleic acidE 712 =

37 A28 A53 (2005)

ste] ksl AAES AAlehs WS of-8ate] ARl AR
stttk HAFsEA A (Linoleic acid)oll 213} Fell7} Felll2
2¥8l7} 5)a o] uf Fe'o] WH3-E-9) ammonium thiocyanate-S-
$o] o]& ELISACIX A&S g Aotk whg2 13}
A4 (linoleic acid)®l ¢l Fe"7} Fe"'&2 2}8}=|A] =31 Fe"
+ ammonium thiocyanate$} HH-3-3l| A] #2410 2 1H3}A|
== o2 490 nmoll A A EFgE Aolth A= (10 uL)<k
linoleic acid(100 pL)E &3 T 50 mM sodium
phosphate buffer(100 UL)E 231 40-60C2] Aol A ®ES-
AAY HHEEL 747 AITPEE Hete v AR
= 490 nmo A FFEE SAATQRD).

Hydrogen peroxide (HOo)0| 2|8t M[ZAPE x| A8
Hydrogen peroxide (H;Op)oll o3 AlZAPE A AFH-S
Mt AEZSFolA FF S SHSY-5Y cell lines At
4319t} Hj kel 0 2= RPMI 1640 (Gibeo, U.S.A)° 10%
fetal bovine serum (Gibco)¥} penicilline G(25 unit/ml),
streptomycin(0.25% ng/m)E 7}ske] ARE-SFHIL ZF M
o] wjke &% 37T, F& 95%, BAIA 5 5% wj %k
7)ol A] 3FATE MIT A #4]> Mosmann®] W ol whe},
MEE 5x104 cells/welle] H == ZA-3s}e] 200 nLA
96-well plateol] 313 Z+ A|RE 1 nLA Yo 24A]7F
HjFe % 530 nmoll A FREE SGSATH22).
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A|2=EE o] §-3te] Bt whE A7t B} He
02 APS FYsh= AT S T3 AolAT
, TR BolsHl SR = e 929 T o8
2 DW, DMSO, ethanol, methanol® Z}7z} FZ3}]
DPPH, FRAP, linoleic acid &+4}+8} assay, Z12] 3l hydroxyl
radical A A E T 22 kst S HTS A 2=H18)
sto] AAsHTh 18] MTT assayS 53l hydrogen
peroxide (H0)0l o]t MEEAAS Al €48 AE
e

DPPH &4 A3 wj% 2IdstiAM = 2=t gitst
A o g Jde] o]&% il itk DPPH(1,1-Diphenyl-
2-picrylhydrazyl) 3tgt== A 2 AA| 7} vl Hg gk 3¢t
E1d hydroxyl proton radical scavengerell ©]3llA] 2jo] n}
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2= AR} (Tenodera angustipennis Saussure), <5 o]
(Allomyrina dichotoma Linn), S=3¥+5E-0](Pyrocoela rupa
Olivier), AHA| 81U (Papilio maackii Mntris) 5©] &2
2 52 845 ekt DMSOS FEEdX = &40]
A Uko Y, AL (Tenodera aridifolia (Stoll)),
o] (Hydrophilus acuminatus Motschulsky) 54 8|23
E2 245 YERTh Ethanol 2 methanol FZ&E-ol| 4=
HIS=8H 2 24 e el o 53] A, 25
©|(Odealeus infernalis Saussure), 7373=7N(Cybister
(Meganectes) brevis Aube), F5-F 0], =HIEIEo], n}
U] (Sipalinus gigas gigas(Fabricius)), AHAH|UH] 50| &
2 G4s B FRoh FE2EH wet Afolg BYouy
H A & 45 7H1 -89i<] ethanol#} methanolol] =<1
FEEAA =2 #HUZ &A €48 JERIthFg 1).

f

T i 1t 7] T g gkl

D
Fig. 1. DPPH radical savenging acitivity.

DPPH radical scavenging activity (%) of Tenodera angustipennis Saussure (TS), Oedaleus
infernalis Saussure (OS), Pyrocoela rupa Olivier (PO), Papilio maackii Mntris (PM)
; DW( ), DMSO (I, Ethanol (), Methanol ( ) extracts, positive control ; Trolox
(£3), BHT ([ll), BHA ().

FRAP 4432 49 g S SH3ie A4Fe=
ferric  tripyridyltriazine (Fe"-TPTZ) $}-21 )
(antioxidant)ol] 2|34 F}2HA 9] ferrous tripyridyltriazine
Fe'TPTZ) A Z 2 ) FH=E SAsto] Haslas
3h= 3=l i3t $9F (ferric reducing ability)S RE
Aol A% A} methanol FEEA] ANFHo T £
S vl o 1 7 Ak, SAWH, AR, A4
THE7), HHEY), 28257, 5], =RHEC] 5
o] 53] & ZAS HALL DW FEE9| Hfoll= FAF
v, AbekA, AL, Wl bl(Acrida cinerea cinerea
(Thunberg)), 358 71U, S &8 (Papilio xuthus Linn)
5ol, DMSO FZ&E9| A%< AMt, Ak, F0l,
Alo} A8l (Ranatra chinensis Mayr), <=8 71U, 2FA| 4]
U], s3] S0, 18] 31 ethanol FEEANA+= LA}
2 (Anax parthenope Julius Brauer), A1}, Aol 2%
o, A3 o], ZRGlEC| Fo] F& &S YEHTh

nigh

AR OR F3 Gulol BAlgle] Bl T Lk R0z
& Aok, A, Sukg] Selglom, o5 e S8
3 WIER BAR0 24 48} Bk Holut 9] AHg )
5L Sl Trolox BT} B & 84< e 20 Yeiy
th(Fig. 2).
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Fig. 2. Ferric ion reducing anti-oxidant power (FRAP) assay.

Ferric ion reducing anti-oxidant power (FRAP) assay of Papilio xuthus Linn in DW
(PL:4@p), Tenodera angustipennis Saussure in DMSO (TS:@), Pyrocoela rupa Olivier
in Ethanol (PO:A\), Anax parthenope Julius Brauer in Methanol (AB:[]), Trolox (X).

Hydroxyl radical =723 432 2-deoxyribose AFs}
HE o]8-3l] MDA A5 =S 530 nmol| A SH35Th
Fe''9} H,0,7} W23l Fenton ¥H2ol] 2]3)] A= o] R
hydroxyl radical®] 2-deoxyreboseE 4FS}A|FH MDA
(malondialdehyde) 2 314171 o] o AJ/dE MDA A%
ob ARARS Bk Ab] ASAE AT wow
ARHE DA Y FAZA AE £
HES} 74 BRSe) WEe oIzl 21%lo] Bk 2
He 3l Ul MDA T= #igs AuHE, AgE ¥4
22 Ao Hl&) methanol FEES B2 APTY w27t
G VA et AS B 4 2len, BT, Bz
A|(Gametis jucunda Faldermann), 2353 d|(Coccinella
septempunctata Linn), 538 8| (Harmonia axyridis (Pallas)),
& Hrlol Q| (Oides decempunctatus (Billberg)), H
g 58 22 AFToM e FE8vl daglol
FEHOZ MDA T=7F H2 AS & 4 UrhFg. 3).
o|F B3l FEELFTFEEC] 5 WIS s Ast
Ad= 2s ¢ 5 3

Linoleic acid 3+:+3} 21312 Takao®H ¥} linoleic acid=
714 & dh= W3- A]2~H (reaction system)ol| A ¥3FEHE-2]
A& JA|S}= Nakatani 2] ferric thiocyanate W'H-S M &
ste] AR ksl A1 A (linoleic acid)oll 2J3f Fert
Fell7} Fe"& 2+8} =4 =3 Fe™= ammonium thiocyanate
o} Whg3iA FH2A 02 WA H=t o] AL 490 nmell A
J23 Aot} A3 A3}, DWS} DMSO FEEo|4 £
24E Btk DW FEE9 4¢ FAA, Eddol,
W un], Fesye]) &FQ M| (Sasakia charonda
(Hewitson)) 5°] &/d°] =4 UE}5toH, DMSO &%

T
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Fig. 3. Hydroxyl radical scavenging activity.

Hydroxyl radical scavenging activity of Statilia maculata (Thunberg) (ST), Gametis jucunda
Faldermann (GF), Coccinella septempunctata Linn (CL), Harmonia axyridis (Pallas))
(HP), Oides decempunctatus (Billberg) (OB) ; DW( ), DMSO (), Ethanol ( ),
Methanol () extracts.

Fo] So] =2 IS Byt AYHoz o g
19 ethanol®} methanol FZ59) QoA E A, LAkt

A Sol 2L BAL UBITFig 4). 5L B
54131419 BHA, BHTS} )it8) 3k ) Uhe 28} o)

aE Btk

N

Fiia Dl -y

Fig. 4. Peroxidation inhibition activity.

Peroxidation inhibiting activity of Sasakia charonda (Hewitson)) in DW (SH:4p), Odealeus
infernalisSaussure in DMSO (OS:WM), Acrida cinerea cinerea (Thunberg) in Ethanol
(AT: M), Tenodera aridifolia(Stoll) in Methanol (TS:[]), BHT(3), BHA(O).

Hydrogen peroxide (H,02)= "¢ & XIS 7R
nom, Aol BE B EAlske Edolth Egh w27
A Yol o] AEol &4 dodle Aoz deA]
A3, MEERS HESI] Al As g o] s
Jo7le Aoz deiA UTh23-25). Hydrogen peroxide®l
3t A ZAPES GASH= Ao ) 22 d9E 4
T AATE DW FEE9 -9 AXTH T 7 (Aractomorpha
lata Motschulsky), Wol7u], &5o], 338 DMSO F
259 A% Nuju|(Meimuna opalifera (Walker)), T3
4], 18] 3 ethanol¥} methanol®] 73-¢- FAlLH, Abvl,
AR, Z=REGE o], S U] FoA AZAPE A
a7F =A YEFSTHEFg. 5).

32 A127A8 A55 (2005)
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Fig. 5. MTIT assay for protection effect by hydrogen peroxide.

Statilia maculata (Thunberg) (ST), Tenodera angustipennis Saussure (TSA), Tenodera
aridifolia (Stoll) (TST), Pyrocoela rupa Olivier (PO), Sasakia charonda (Hewitson) (SH)
; DW( ) DMSO(H), Ethanol(R), Nethanol(’) extracts.

T8 FolAe AE A FAS B3l BAglo] A4
e 717k ABA3star lom gk 71EA0F olgh AhA
FEI71E AAT 5 d= g} 715S 7 o 1
U A AgelMe 2Ed s, 5, 34, 4, A9
59 2% 8dof 93l JES wo} 4k3} ~EF 0] Y
7t S7F=Eo] 1A AA AR it VeRte2E Sk
AHFE7]E AEsh7] o Hok weba L tijte 2 HlE
9 E HE C, WER7IZE, AEy 22 F71H90 it
3HES AES 53 AHFHske Ao] Basita o AR,
O dH o) AR s = AEEF vk, 53] =<1
23 Aol ool kel A (nitric oxide)o} B2 A4FS
2EY s A AA L] TlE DNA, AW 52 tiAld
FEgFS Fo] TFAAAEIAE FEAA 798y 2
AA7)15S EAZITh ol gt A 2 AF= A
7] B A7) o] FolA A 2 eI FFEEER
B A ~Ed A f E2 91 superoxide S A A|5F] <=
4 A%t B BIE 7P AFAAE HIS Al2-HS
o]-g-st] Golr 17} 51 TH26). o)) AAE T
HTS 2=38]d A|&=F9] 753 o] A|&FlE ARt 71
Hold ahks}l @48 A EAES A fraskelsr ad
He FEEAL AP, g eH, 53] Fdy
= HgZ o2 gr7} golsiths o] 3k Ak ste] vl
frejsichar AdETh ofd 919 ARdA Y E 714
E48 o]&3te o FAAR WAUZ sl A8 =

L

al rlo

(@] oF
prai =

2Fs}A Q1 ~E ¢ 2~ (Oxidative stress)= 417 @52 &
29 9 stz dEA Stk ol & A

T
— T
282 ol gale] P} BALS FaA 21k 875
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reducing antioxidant power), HO (Hydroxyl radical) 4271,
linoleic acidol] thgh &H4kst B4 55 assaystS1al hydrogen
peroxide(Hx02)0ll 93k A ZAPE 7] A4S H7] 9fs)
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