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SUMMARY

I. TITLE

Development of hepatoprotective materials from insect and construction of mass

rearing system

II. PURPOSE OF THE RESEARCH

Insects constitutes the largest group of extant organism, and perhaps their individual
number account for as 80% of all known fauna and are important components of the natural
ecosystem. Therefore, they are suggested to bo a useful sources of bioactive materials. At this
research we tried to screen some hepatoprotective materials from various insect resources. For
this purpose, we tested in vitro hepatic fibrosis model system, acute hepatic fibrosis system
using CCly induced hepatic damage in rat, and several enzyme inhibitors engaged in fatty liver
formation. We also tried to construct mass rearing system of useful insect for sources of
useful materials and for support the increasement of incomes of rural community by transfer

the useful insect mass rearing technique.

II. RESULTS AND SCOPE OF THE RESEARCH

1. Isolation and characterization of hepatoprotective materials from insect.
For the purpose of isolate hepatoprotective materials from insect, several insect extracts were
tested under in vitro and in vivo hepatic fibrosis model system followed by solvent extraction,
liquid chromatography, and ultrafiltration. Hydrophilic low molecular weight materials were
isolated from the larvae of Protaetia brevitarsis which showed protective effect on CCly
induced hepatic damaged rat. It found to cause significant decrease in the blood GPT and
GOT value which increased by hepatic damage on 100 mg/kg dose however, no side effect
were monitored by single administration of the sample on the dose of 1250-5000 mg/kg. It
also showed protective effect by dose dependent manner compared control animals which
administrated only alcohol diet through the tested 4 weeks by histopathological observation

and GPT and GOT values in the blood.



2. Isolation and characterization of fatty liver formation inhibitors.
Three kinds of acyl-CoA:cholesterol acyltransferases (ACAT) and a Lipoprotein-Associated
Phospholipase As (Lp-PLA2) inhibitors were isolated from the solvent extract of A. parki, P.
brevitarsis, and T. molitor. They are identified as E-3-(4-hydroxyphenyl)propen-1-ol, Acantol,
dioctyl phthalate (new), and 9,12 octadecadienoic acid by spectroscopic data analysis and

compared with literatures.

3. Establishment of mass production system for the hepatoprotective material from the
larvae of P. brevitarsis.
Mass production process of the hepatoprotective material from the larvae of P. brevitarsis was
established through water extraction of the dried larvae, lyophilization, and ultrafiltration
system. At this process we overcome the major problem by elimination of alcohol soluble
fractions of water extract first which plugged the filter and achieved optimization of the
process. By this, it was possible that scaled up more then hundred fold compared to
laboratory scale. We could get 40 g of final product per a kilogram of dried P. brevitarsis

larvae.

4. Construction of mass rearing system of useful insect.
A rearing system for P. bervitarsis larvae has been developed using fermented sawdust and
rice bran. To enhance the efficiency of fermentation, microbes related to fermenting process
were surveyed using PCR amplification, DGGE, and partial 16S rDNA sequence analysis
through the fermentation process which was added the naturally composting sawdust as
source of microbe. Again, fermentation was done using microbes as fermentation additives
which proposed acting important roles through fermentation, speculated from the information of
DGGE vprofile, such as Bacillus sp., Geobacillus sp., Streptomyces sp. and Rhanella sp.
Usefulness of them as diet for larvae was tested and so that stable supply of fermentation
diet was possible. Mixing ratio of 2:1 for sawdust and rice bran turned out to be appropriate.
When we compare fermentation product with matured rice-straw which is a major diet for
larvae of P. brevitarsis, average weight of larva was increased by 1.6g and 2.5g as a result
of 4-week rearing, and viability of larva was 90% and 92% respectively, which showed the
possibility as superior diet. We also get a similar result through production of fermented diet

and mass rearing the insect in the field.
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AAE L e 1 F Acyl-CoA : Cholesterol acyltransferase (ACAT), Lipoprotein—associated
phospholipase As (Lp-PLA») inhibitor®] %4, Low Density Lipoprotein (LDL) antioxidant®]
Mol F8&3A o]&Ha At ACATL free cholesterol2%El cholesteryl ester (CE)E &4 3}
=4 293 §428A cellular free sterold 22 F4A3th ACATE 2 /19 isozymeo] & A3}
W ACATIS A% oF 50 kDal 2 7+ Kupffer AE, 239 §EAX o] (non—mucosal
cell) -3, AGAE, FAFHAAE Fo FHLAsA Sk, ACAT2E A °F 46 kDaS =
A HAES} Ao FERAXT EA5tt. ACATIS Mxdte] ZHAHES AT g2
7}

S8l #ojsitiH, ACAT2E MEUFe ZY~HES o~y agsta AuWlda Fuss
ACATO 93] A" CE+= cytosolic droplet HEl= A @O 24 ACATLS free sterol

9 toxicityZH-H cellS H3zste A% Fvh a#v #3okdk CEY A4S macrophage WOl

CEY =2& 7[Hea AxzA o7 (7] atherosclerotic lesion®] EAoleta & 4 4= foam cell

,15,



o] Yol Fxldth wepA FAodk CESl A4S AAletarat sk defe] dsowA ACAT A
A7 A A A A 5AS Ve S UERIAT
Lp-PLAs+= Dplatelet-activating factor acetylhydrolyaseZ=% €& # <+ serine
phospholipaseZ# ¢F 80%7} LDLe| £33 Y™ A+ high density lipoprotein (HDL)3¥} very
low density lipoprotein (VLDL)®| #33}% monocytes, macrophages, T-lymphocytes®} mast
cellel 93] F= AAZFE= phospholipase Az superfamily® secreted calcium-independent
membere] i1 A& 45 kDAo|t}, FWHo| LDL, £3] ox-LDLe| =4 FWAs e 714 =
o3 27|GAR delA vk sWAE st WA AkstE LDLo|l A&%u LDLe] Al of
| 7] &l o AbstE A= BeetAl BE A A &skth LDLo| Atst/ME E 7] H7kAl Lp-PLA:
= LDLel  FEddz  FFEe]  glvrh LDLol  AtstEw @A stEo]  Abshd
phosphophatidylcholineS oxidized fatty acid®} lysophosphophatidylcholine (lyso-PC)% & 3&f gkt
O A AAE F oA BHaEe w%7F =oFA' marcrophage proliferation¥}
endothelial dysfunctionS 93t} Lp-PLA = L 2HES SAbol A Wds 23] 5¢HA
ol 9 eclo 2 pro-inflamatory agent® A|¢tE 1 9lon ZHIT Lp-PLA, AdiAle Fo= &
EEX 59 Watanave heritable hyperlipidaemic rabbite] A ¥4 (fatty streak)8/do] & A
Al e AR EHE Lp-PLA; AdiAl7F s#4st oW 3 X159 targeto 2 FHIL QT
a7k A g A mAe] F§AE fste] HAlE, AE 55 o8t B A7 o] FoA
2 Qlste] ZFol tig S Ao Awd \prtb gle Aselt
2 AT dAE 259 FRT g 2AT AR dAE A A5A S 9o

g Ao 3 TGF-f Az ddaAeo] that AsfaAl 23S 9

\
)

o
@
N
oz

O
|
ofj
L)

o
3k in vitro system, AFFA3lE AT o2 FAHATNEAS FLAZ ratE o] &3 in vivo system, L&
3 AARAL A E Do 3 targeteE  ACATH Lp-PLA, AsA &2 Sof tfst ZAS A4
3} St
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(1) Transient TGF-f %% TR FEZ 283 Eo] A4 AAA &

TGF-Bf =4 X2 EE<Q 3TP, SBE, RIIfr A Aol luciferases =R 3t Aol #o3=
Sl

ud 2AEAS YEYOR S ALYl 2 A9Y SANAY GFd FEAT 2
492 Fstol AT A 1R AXAE doletst Yol AEHAY WAl welsE We

NS FHetLA Sk AT HepG2, Hep3Bsh SAHUZTOZA fol AZ29l
Hoz TGF-f 24 ZRRHE &3, TGF-§ 28 5
o] AAAe] EZo] 7lsd HAAEZS FHREYUTE BAo] EI HZ ERK 2 JNK 243z <l

=
Q
F
\]
=2
A
N
N
-
g

)

=t

@.

@

=t

=
r>~l
D)
i)
)
N

3 AEAIEE FHHor RE AWl 99 AR olPHTtE AFEZRE A Za| A A
TGF-f dA=4d da=3 A0 o] 2d5¢] 5ojdo=® ERK ¥ JNK 848 s x4d3t
EAE 2AEY FAEA(TGE-B, Smad-3 %2 HGF 2dFAoR)o] Aejxoz Idd npg
2 oA vetvE A v AAste dAA Al pEE REs R £ de 2

4 A

et

(2) In vitro 7tR.Z

(7}) p-galactosidase activity assay

[i-galactosidase gene= reporter® ©]&3}e] AoldeE AMES A HHI= B

,18,



-galactosidase activityS SAstE2A FHA o2 M FAd g R &4 529 M

A FHe SARY ST NG

;
an)

epG2 celloll [-galactosidase A= transfection A]7]7]
18+ lipopectin®} f-galactosidase A AFE HepG2 cellol 3 7Fste] 6 AlZF B9 WAl H|

ok A= Complete Minimum Essential Medium(MEM) . 2 v} 1 apF49F v okslch 23 &)

v @AEH 30 3 =171, s g HigetHA MAEE I HAIZ FH, FFste] AR
g A5 HE crude TAhH0 7 ALE31o] fi-galactosidase activityE =4 3t}

(Y}) TGF-p A glo €3 SMAD Binding Element (SBE) activation assay

TGF-(E HepG2 A xEo| A g3t SMAD family”} activation ¥ 3 SMAD signalel] 2
3 regulation HE FHAAES wEo] yp = down regulationd WA vt} olEd d#Eo 3
A ZFo A TGF-pE AA AEL WolA F% 2aAFo] autocrinel® A4S SMAD related
signalingS stimulation A]Z1t}. SMAD Binding element(SBE) based luciferase activity assayt
TGF-foll 9& +x4 22 SBE luciferase gene®] EA3lE s HAAFES o FAEAS A
g 49 SMAD$ SBE Alolo] AAr# el Adte wa)sls= Ao wi} luciferase activity7} A&
te2A YEuA doh

SBE-Luciferase genes HepG2 cellel transfection*]7]a2 TGF-fE A &sle] SMAD
Binding Element (SBE)7} &4 3l=mA FX=24 02 uciferase FAAS g A 7Ith o] A o A

il

[i-galactosidase geneS & A9l transfection*]#] internal control® A}-83}e] o] [-galactosidase
B S HE2 07 luciferase activityE calibrationdl=td] o] &3k},

HepG2 cell2 6 well plateol] HZF38Fe] 37C, 5% CO; sloll A &4 vjkste] 60-70%
A AS3I S W, opti-MEMO 2 A2 &kal 800 ule] opti-MEM<S #71s] Et}. vl s E
[i—galactosidase, SBE luciferase, lipofectin &< 6 welldl 200 X =% H7}ste] CO.
incubatorol Al 6 AZHE<QE WHEAF]HA DNAE transfection A]Z1th HH-E-
MEMO. 2 upy a1 24 AZbget s ettt MTT assayel Al 24 €
b A#d H, TGF-B 1 w G ng)E H7bste] 24 Ak WbAI7]aL AIZE 3divh AEe
luciferase lysis bufferel @este] A2l & e s F3to] crude enzyme solution®. & il
luminometerol 4 Ao} A luciferase (A), [-galactosidase activity (B)® #HF% o= luciferase

activity (C)& Al4Hgt

Luciferase activity (C) =

,19,



W) In vivo ItE3 84 AR
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Far, A1 wpA e E 10% AFAstEAE 1 ml/kg body weight®
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0.015%
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t}. 100,000 x
o

to] LDL

[
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Q

chylomicron¥}
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L

=

=

0.05% NaN3,

o 3k

=

Ah), severe (60% ©|
[e}

L

o] A&o| webA normal (4
2

o

A}, moderate (30-60%
ok A

EaPN
T

[

0.04% EDTA,

=
o] ¢]&] NaBr (heavy density solution)

gol
44

A

Al
2]

&
=

,20,

=

A=
A
2] 7] (Beckman LB-70M Ultracentrifuge)
7+A

S

el A

o
= 71 =

& ol
A e then ge

F=2), mild (10-30%
il

| A
1

[e)
1.063 g/ml= gt

of

o) Lp-PLA; AsfA] &A
i ok

(1) LDL ¥

©

=
phenylmethylsulfonyl fluoride (PMSF)ES 4 ]

1

fLe

=]

%+ inflammatory cell infiltration (I.F.), necrosis 12| 3l fatty change
o] BdAZ HA B

g (652 Ti, 45,000 rpm), 4CellA 20 AlZF &t =

W fatty change® AL central veing

weak (10 % ©]

& eosin (H&E)S. =2

[}

o
VLDL
3 A

=



V2 = V1l xD - D1

D2 - D
V2: volume of heavy density solution
V1: initial volume of solution
D: required density (1.063)
D1: original density

D2: density of heavy solution (1.40)

o]Z thA] 100,000 x g, 4TColA 24 A7 <k 294 Bgd & Ao wWde =
o] LDLS #¥ 3t o] LDLE PBS (10 mM, pH 74)% FA&o] 1%
ACo A BAsHA 1 /5L ool AFE3FA T

(2) Lp-PLA; &4 4
Atghe] Ao zHyY EIFI LDLE AMEste] 2% sample F& A|8EE U o=E
Lp-PLA; AdiAlE &40t Lp-PLA9] 24 54 5 =12 w89 200 plol 216 mM
EDTA, 8 mM PBS (pH 7.4)¢} 10 pM PAF (["H] PAF 0.05 uCi/tube)¢t LDL 4-5 ugs X33
ol f7]1 8ol ool 20 ul [PH] PAF (250 uCi, 21.50 Ci/mmole)$} 125 uM Cold-PAF 2.5 ul
E A4Vt A gulE ¢AE] AAY F 27 mM EDTAE X &3+ 10 mM PBS (pH 7.4)
32 mlE #7Fete] micellar FH ] 71 d& FHI g (A). Al@ ol 84 LDL 20 pl (°F 4-5 p
g)2F 10 upM PAFE X3 (A)E 9 160 pl, DMSOd =91 A& 20 ul (FF % 100 mg/mDE
A7Fske] 37TColA 15 w3+ WkgAlZl & chloroform/methanol(2:1) €< 600 plE % 7}ste] 9§
S FAAAT dxzzels At DMSO 20 ulE #7bstal, Fddxee GlaxoSmithKline &
HE Fge Lp-PLA, S4A48EA SB-381320 (ICs = 55 nM)< AM&3tglom, FAdS
'Y diAlel 20 pl PBSE #H7bst A& AFEsaith Bligh®t Dyer®] ®Wiel 98] 1.500 x goll A
3 & dARdsted #fr18wEd E5S EEdd AFA(ES) 250 ple Hekar 250 ul
chloroform& H7Fsle] 919 AdS wHEeATh 2HF A4Fd 100 plE FH3A] scintillation vialell
Y31 scintillation cocktail (Lumagel, Lumac Co.) 3 mlS #7}sto] liquid scintillation counter
(1450 Microbeta Trilux, Wallac Oy, Turkuy, Finland)Z o] -&-s}o]
1-0-hexadecyl-[acetyl-3H(N)]-phosphatidylcholine 2. 2 %€ A4 ® [PH] acetateE® Z43stgow,
244 Asl=e ofgiet 22 WU ow ALksit

Sample (cpm) Background (cpm)
2 AsE(%) = 100 x [ 1- 1
Control (cpm) Background (cpm)
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2h) ofd-FAdo]: ZHZHE AoJEAL (ACAT) W A &4

(1) ACAT a499 Ax

ACAT &429o2E 3 FH(male Sprague-Dawley 150-200 g)¢] 7+& AH&E&dtt. 1 g
o 7+& 5 mle A3} £NA01 M KHPO, pH 74, 01 mM EDTA % 10 mM [
~mercarptoethanol)ol] 233t TE o] FA NS 4ToA 3000 x g 2 108 5 s,
dojzl FFHE 4TA 15000 x g=2 168 B dAEEste] FFAs Aotk FFHe 24
A7 715 o] &3le] (Beckman) 4TollA 100,000 x g 2 1 AIZF B¢ 42 ste] vlo|azE
pelletS A2 F o] 3 mlo] #&3} &do] AEYGAI7]aL 4TelA 100,000 x g=
Attt dol7 pellets 1 meo] TA3 Ao AEGAIATE dojxl degd Fof gy

% Lowry 59 WHoR S4et%, Wl $EE 4 WA 8 n/mE 2AsATh Qo At

mN

S deep—freezer (Biofreezer, Forma Scientific Inc.)oll X 23} t}.

Abgh ACATIF Abe ACAT2E &3 22 WRlez Alxsisich. Abgk ACATLH
ACAT29] @Al WA= 43S Ldotr 7] 918t baculovirus TAAAE ol &ste] At ACATI
I ACAT2 @ d& At WA A 7F cDNA library screening= %3Fo] 9o}z hACAT-1
7 hACAT-29] cDNAE baculovirus g #E] AFQjshal, sf-9 A3Ed] Z¢jste] Hloly A&
A zsAct. 1 % plaque purification B o2 Al ACAT-13 A" ACAT-29 A% ulolg
25 2Eg $ 3 A9 FEALSE AA velg 2 gd e qrtE =4t @ G E g

£ Hi-5 celld A%FF vlo]g] 22 7+ vh=% (Mutiplicity of Infection)7} 10] HE=2 79 A7

T 27CoA 3FF HoF Aehujokatdtt. o] A hACAT-13 hACAT-27F Z+zt 3 & v ¥ Hi-5
AZEZRE vlo]lazE BIS 2y 98t 500 x golA 15 23 A Rgste] AXTESS
X 0 31 hypotonic bufferdl A H49¥% Fals HHOE AXEES 720 T 100,000 x goll A 3+ A7k =

oF =44 B3t Ao wlola2E BEIFELS WA F2U 8 mg/mle] FEZE hypotonic

buffer® @Ersle] ARE H7FA] A5 aLe] B asgth

(2) ACAT A& &4 =4

LA EC] 1 mg/mle LR fiE ZY2HE 9 667 W oMEF 10 % EFE
i, AL E o] &ete] olMES FHAA AAGS

o] ~E29 H%7b 30 mg/ml7f HEE 2dewA Zy sy
TEAe Az 10 wo] FU2EE 8o 10 pe] 1 M KHPOs(pH 7.4), 5 ple] 06
mM  bovine serum albumin, microsome 10 g, sample 10 z0 2 45 09 DWE 7}l & 90
w2l EES AxeArt. EFEES 37C FL&A 30 £ =<t pre-incubation 3G T 10 x09]
(1-14C) 2 A d-CoA £H4(0.05 uCi, F¥E ¥%: 10 pM)S A7) pre-incubation mixtureo] 7}3}iL,

,22,



AdE 23ES 37C water batholl Al 30 &&<F vbSAIZHTE. =& 500 we] olAXZZ3E:
M

e =F=4 1 (v/v), 300 pe] F@ek = 200 o] 0.1 KH:PO, (pH 7.4)< 7hetal, £9&
2 vortex® ARFA EFF F, FeolA 28 B WA 200 wel AHE FF AL

scintillation bottle®] ¥ i1, scintillation solvent (Lumac) 4 ml< 7}etdth. o] E£gt&E o WAL=
S 1450 Microbeta liquid scintillation counter, Wallacoy, Finland)® Z743t%tt. ACAT A&

1 2 5 99d 1 mg @ FHE Zd2dHE SYolE da=(das/E/mg dd)= Assl

ot

) ZEFH TSRS 229 34, 9, SAEH

tad

T RS ol g3t tRT HAEE T HES Uiz 9o
ARE TGF-f =4 Z2REE &3 5ol JAA AAGn vitro AN2=d) 3 w74 IR Z(n
vivo) BA AAPPS o] gt BYBAL TRt REARES Adstn, ) vA T4 AL
%3l silica gel chromatography, reverse phase silica gel chromatography(C-18), size exclusion
chromatography, ion exchage chromatography, & " 3%, flash chromatography®} HPLC & &

ojg3sle] FAEAS EF - AGAT F EFsHHd W (Mass, IR, UV/Visible, 2D-NMR

T

s

spectroscopy, X-ray crystallography) % ©]s}et4 wWjo =z Ae|dd 54| sletd 3 4 &4

B49 542 BASY

EAAZ 3 FHo]| A FEE mixerE: o] &3] BEE3d tte AxE% 1 kg B

20 Lo Z=#F49} 20,000 unite protease (Arazyme, Insect Biotech)S #7}slo] & Erst 5 AFLo
A 2 AIRE AEEtal ol oi&F WAl 7] (Kansai NO-140)5 o] &3te] 10,000 x g2 HA4l&]
gto] s odls 3ttt A8 sAAEY] (Anfe] e E)E o] &dte] Heds vAAEE o
o, WEES Hrtste] WgeE 7hE R vEs B84 FEoE it ves B84
RES AZXI F FFHFE HUESle mola, filter paper® o #de] HAZE AA

molecular cut-off 10 kDaZ 7}A %= polysulfone ultra—filtration cassette (Sartorius)E ©]-&3}o]
filtrateE T3 3t o]& 24X W Bastds Ao o] &t e 7184 9

watA A ol &kl
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T4 w5 % AKHAT A AWVL B Aol dBe M Ao ARAE A% @

A7 & FEAdY 2 Fhe Asesk 24

oN

FA]ol] elsto] zdEglon, #4x

() AR, AAREE 2 ALSgRe]
A A7 Tt EEFLRUCIEA AR (240Wx390Lx175H mm)ell 5 whg] o] 34

Sk AL f4 ARG o) §3 M EAPI ASAR AA RIS EAYS

Alae= A3 s5EE 13¥ALE (PMI Nutrition International, 505 North 4th Street
Richmond, In 47374, USA)E WA} ZAH13.2 kGy) Biste] A AAANAL. B A +E

=25 ol&ste] A AHAI

(2) Al 44 B Fo

Wistar A1%&¢] +3 (1649-1765 g) A=5 2t o9 20 v AFEstdth 72 JHAE =
ZE 7R E At &ttt A Eae 4L &3 2tk Control
control dietE Ho3lx 2EZQ A A< F3A gz (A group)< alcohol

diet2 FoatdA HEEAS APAIFS Folad o, AFw¢ PB50 group alcohol diet}

(C group)2

-
il
it
2
_0|L
32
K

ANFEHd PBE 50 mg/kg &3 o8 Foada, 18] AF+<¢ PBI00 groupd alcohol diet$}
AlFEH PBE 100 mg/kgel &Fo 2 FoJatdrt v 13] 4 0 AFFAE HAAson, Alg
AA 2 T 4 F o 27 sIYAAY. 2 Aol A8 alcohol diet= Liber-Decarli model =

alcoholic liver disease®] Ao de AFgE 1 9dom ZF dietd A& Table 13 2t}
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® Animal ; Wistar rat [male -n=B0, n=20/group)
& Period ;4 wesks

Group  Treatments
C Control det + Sakne poo. (6 EHirsesbeesk)
A Aloshal dist + Saline poo. (6 HrmesSweek )
PE 50 Aloohol diet + PE 50 mgfeg poo (6 Bmesfweek)
PE 10D Alooked diet + PR 10D gk oo, {6 timeteessk )
et i e 1 ] e —
F A A A
e et e T Wy T
[eni— Ty — [F==71 (==

Table 1. Basal composition of experimental diets

Ingredients Control diet Ethanol diet

Casein (100 mesh) 41.4 41.4
L-Cystine 0.5 0.5
DL-Methionine 0.3 0.3
Corn oil 8.5 8.5
Olive oil 28.4 28.4
Safflower oil 2.7 2.7
Maltose Dextrin 115.2 25.6
Cellulose 10.0 10.0
Salt Mix #210011 8.75 8.75
Vitamin Mix #310011 2.5 2.5
Choline bitartrate 0.53 0.53
Xanthan gum 3.0 3.0
total 221.78 132.18

add 1 4 water 95% EtOH 67.3 ml

1 ¢ water

Q) #F % HAE =

,27,
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DNA %

Ao F=H3 FHoZHE Yeast 52 9 (Biological Procedures Online 1:
40-47)& &8sl dA DNAE FZEstvh. WA 1 g9 A6 1 mle F& 254100 mM
Tris-HCI pH 80, 100 mM EDTA, 1.5M NaCD<& 42 v f&+ 05 g¢(#74 1 mm)e H7Het
e JAE72A4 15 B3F ZeA AEsAAY. 2 F 20% SDS(sodium dodesyl sulfate)= 100 ul
H7rsltel 5 23 FrHH o2 AFEATE 65T, 1 Az A2 3 6,000 x gol A 10 B3 942
ste] I AT de AR 94 I, 1/2 F319 30% PEG (polyethylene glycol)/1.6 M
NaCl& H7bste] d4#s 3] FAFo] 42 F F20lA 2 A3k Agetaitt. L 5 o] 10,000

HES 80 we TE &5 9(10 mM Tris-HCl, 1 mM EDTA, pH
80 & IFzolx, HZE%L 05 M potassium acetateE H7}3F & 4TCo|A 5 7 wkgsla
16,000 x goll A4 3 oR
o4 1A1ZF RNaseE A 2]d th5 DNAE 20) F-3]9] Faoutss H7hstel 16,000 x gol A 30
F ARt 1 A3 Ao A-ES A 70% olehE2A AFHE vE 50 we] TE

dZdHo 7 g|A| AT}t

i
=2

o
sy

x golA AR 7 3

o
Me
)
o
o

wEshadt. ddEe F O Aedes AEE FER &1 §F 37C

[4\1

=]
RN

(4) PCRell <3t zlal A3t 16S rDNA ©H o] Z*

PCRS 93 S22 vy e AR 50 wss AT 1 e AA
DNA FZ2(50-500 ng/ubell 10¥1¢] Taq DNA @ &4 4% HMgCL d7b 5 w, 25 mMe]
dNTPs (dATP, dTTP, dCTP, dGTP) 5 1, 3.2 pmol®] W& Zejolmjel gwpak Zajo|n
Z+ 5w, 1-2 @99 Tag DNA &34 (Promega, USA)E #H7Iste] HF 50 wl o] &
E STHTE dadt. ZEelw e AeAire 16S rDNAS V3 F9jol dlFdst= 193 w4
QEE ZE5 98 EAAY. DGGEE $3 5] primer® primer 19 59 ¢}z G-C clamp

sequence’} F714 primerE AH&3Fe] PCRE 3] 3t th.

o

xg

il
)

=
oo
b

primer 1 (forward) 5'-CCT ACG GGA GGC AGC AG -3’

(E. coli 16s rDNA position 341-358)

primer 2 (reverse) 5'-ATT ACC GCG GCT GCT GG -3’

(E. coli 16s rDNA position 534 -517)

G-C clamp 5'- CGC CCG GGG CGC GCC CCG GGC GGG GCG GGG GCA CGG GGG G
Y
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PCR HF$& 94ToA 5 719 WAl (denaturation)S G838 & 94CoA 5 £ WA 65CAA
1 %2 oJd3(annealing), 72ClA 3 +2 I3 (extension)S 203 WHESHR L o] WEE-F7Ho A
2ukE o ojdg] 27 1CH ZAAZATE A 94TelA 5 Ee WA 55ToA 1 #¢] ojd

g, 72CoA 3 £9 AFS 103 HbEsta wpxjgtoz 72T A 10 #3F Aoz wigsa
4CoANA FA = St

(5) DGGE #2413 DGGE ©# 9] 97144 &4
PCR 2HE9 DGGE #41& Dcode Al2=%l(Bio-Rad, USA)& o]&3dte] #4135l
30%-70% (100% = 7 M L4 (urea) 2 40% deionized formamide)] 382 A3 uj7
8% (w/v) ofmHoe}lulo]= A (acrylamide/bis-acrylamide 375 : 1 w/w)g o] &3tk A9 %E
2 20 w9 PCR AH&E& ZH(loading) & TAE 959440 mM Tris, 20 mM acetic acid, Im M
EDTA, pH 7414 60T, 12 Azt &<t 60 Vo dststolA HAlsta d7]95 & &S SYBR
green 1olA 30 &7t dAek. 1 23 HF x27], 7] 2 BIA MR gE AdEEe Wl
=7 dEidE e B g e, oF BE A 4-10 A Aol YEhE MEES FHA S

2 2ty

_,4
ot
2
4

=
>

6) MAE T A3

DGGEe°l ¢l& &€ bands slo] &8 Z=Z band Fi9F 2o microtube©l
He T 20 we THTE HUIs 2 A7 4T WA Histe] DNAE &E39t §&
H &9S template DNAZ o] &3te] 5'-CCT ACG GGA GGC AGC AG -3'(E. coli 16s rDNA
position 341-358)E forward primer® 5'-ATT ACC GCG GCT GCT GG -3'(E. coli 16s rDNA

position 534 -517)E reverse primer® AF£3Fe] 94CoA 3 E7F pre-denaturer]71l & & 30

HJE

[4\1

cycles (denaturation at 94C for 30 sec, annealing at 55C for 30 sec, extension at 68°C for 1
min) PCRZ 333t

ZZ3H PCR &2 1.2% agarose geldlA 77| 94 &3Fo] 150~200 bp A}e] 2] bandE &
015191 3L ©]2 Big dye cycle sequencing systeml 2 FE2 A7) dS AAsAT o] Ao
A G ge] FelE A e templatee U9 2 PCRS 33k PCR product® pGEM-T Easy
Vector(Promega, Wis. USA)°l ligation 3t & Nova Blue competent cellS ©|&3to] & 2 Hd3s}

r o
QL
32
.ﬂ
)
B
)

I ampicillin(50 pg/ml)e] E3H LB HIu Ao A wjgste] Az3 S22
& 22 Plasmid Purification kit (QIAquick)E AF&3}e] 4 DNAYHS Eokt} o] EAsle] §

24 971998 e
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e
X

7L 2 fH Ve REER B,
) 25 B7ls REEZ &

7 B ZFAde] &R
Hlo

B Ao olg¥ 5% 2F T HAFFdol(Allomyrina dichotoma)$t 37 do] &4

yu

)

5

(Protaetia brevitarsis)© & A4 oln] Wzt AFAU QAFAS Fof gkt Ik A
Wolgh= o2 EEojAn RS Z37F e Box dHA Al vt AdEI =
AAoltt (F5 kgd 15-20%H). AAUFH A A H (Acantholyda parki)® 2vliv] (Cryptotympana
coreana)= FH- ATNHEY ARRE AREHIL ot JIFARSE AE o] YA FaL ofe A el

=)
o3 tFEFe NRE FHIAY. 2N AAY (Tenebrio molita)= ¥ AFAdA ¢=d7 FohAt

Ho

o] gtom & AYS ffsto] HFLE AGste] o] &3l

W) AAY (in vitro) AR EL AJ2d g1 9 GHED A

(1) TGF-J signaling promotor gene transfection®l €3+ stable cell®] A%

(7}) Transient TGF-f 24 ZZREZ o] &3 So] AdAlA AAA &4

TGF-f s}9] 59?0 SBE, 3TP, RIIE Sol4 o= st ligand7} A ¥4 22 smad 2
9} Smad 35 ZH3=AE A7) #1869 immuno-blottingS A AlEd o, HAHHo=
Adenovirus ®lo]l#] 27 H2E Smad 3 FAAE A F i A EFA 7Y AIZ] F phospho-type
9] Smad 2, Smad 3 HAAHAEE FAASH, FAld p-tyrosineo] FY ligand= ZHH=A &
sttt wikA Smad 29 AEEHA RowA, SolH o2 Smad 35 HeYHoR o)A}

AES AYe BRI, GF Afsh ART AAA 7S B e A4AS ARG

(\}) SBE, 3TP, RII A=} Transfection®] &3 Stable A|25F &9

HepG2, Hep3B, MCF7 AXFo|th7l TGF-B Transcription factor Z=ZXE<Q Smad
binding element, 3TP, RII¢} pCl-neo DNAS} #o] co-transfectione 2 A|3dlo] (G418(Geneticin)
600-1500 pg Fo2 S A S7HAZIEA Aol A= AXE colonyE A 3Fe] expansion®

A BHAEE Folstgrt. o] MEFE transient LA H ] TEA Aot AlLAQ w3 A

off
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- e
T _1_ s=2 T
(S o= )
e L
— = = st Heparrir gere s e
l
| SBE. 3TP, RII |

Fig. 1. Schematic diagram of in vitro hepatic fibrosis model system.

(2) In vitro 7tRE 84 HA
vl A3 Ao A ofe] 7FA] 2 Aol o] &H oAl THA 2FS EFE oY ZFA
24 At ster el ofgt HEARD FH (rat)oll A RS ZFES A A3 WA 3 BS
AzAR g 2ola Y 3 @ubo)| L E X (Protaetia brevitarsis) &3 F5Edo] fFollA
HRE G At Aow zAHdoM, 1 F AAMRTA FF $4% UnE 48 U
BT webn SHuel 2R #EAE PB)E daow Sd A aswd Az
S o] gl FAAANY FAHEAY B E ATt (Fig. 2)
80
@ Inhibitory activity
S 60 | @ Cytotoxicity
=
=
s 40
=
S
S
€ 2
0

1 2 3 4 5 6 7 8 9 10 11 12 13 15 16 C1 SM-1

Samples

Fig. 2. Screening of insect extracts on in vitro hepatic fibrosis model system.

(1-16, samples;, SM-1, silymarin)
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(7h) TGF-B A&l ¢ 3 SMAD Binding Element (SBE) activiation assay
RS A4S YeEdE Aol 2RA (PB) AIEE oY 7HA] WHoR FE3H
TGF- A g 93 SMAD Binding Element (SBE) activiation assayell o]-&stgich zZ-z+9
fractione L&EFE (A), 9¥FZ9L butanol FviE 3 butanolEx B), <EH
butanol €"jE8 e &= (C), 18 PBY HAAZ & dry—power (D)o|t}. S ZHlo]ZEA] A
% (PB)el tigk MTT, MTS % SRB assayg E3te] Al¥ AE& S4T § 2 AdFdAe
=

124 oz 50- 100 pg/miel s=olA S4HAAS Al 4 N

Lo
>

off
1
!
gk
o,
e
i)
tjo
_Nn_',
AC

luciferase gene transfectiond HepG2 Al ZEo] 50 pg/mlet 100 pg/mle]
stal TGF-B& reporter gene activation AlZl ¥, TGF-f] 48 9 454D A A - % ¥

EHE A X nXE 9GS FAEAT. TGF-f A E 8tA ¥s A-$ol= luciferase gene

o] i ey fstom, GHEL AHYA €EF=d (A)Z butanols (B)S F& JEAH o=
Aol YdebdS E0E 5 Ao, 53 dEFEHY &4o] v =A vEET (Fig.
3).
. A 2 B
S 30 z
S 25t s
g 20 o 15t
15 r ) 1ot
2 10 ¢ Z sl
5 85 S o
2 TGFblTGELITGED ITGFL I TGFLITGFD o TGFb|TGFb|TGFb |TGFb|TGFb|TGFb
" +
Oug/ml 100ug/ml 50ug/mi
Concentration Concentration
B C 2 D
EREY EREY
— - 2.5
g s I
1.5
2 °
= 0.5 = 0.5
© 0.0 «© 0.0
é TGFb|TGFb |TGFb|TGFb |TGFb |TGFb g TGFb|TGFb|TGFb|TGFb|TGFb|TGFb
+ - + - + - + - + - + -
Oug/ml 100ug/ml 50ug/ml Oug/ml 100ug/ml 50ug/ml
Concentration Concentration

Fig. 3. SMAD Binding Element (SBE) activiation assay of various P. brevitarsis extracts.
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3H PB Al &% chloroform, acetone, methanol 592 Z% &w& o] &3l FE2ES 3§
5 3 3 7 FEE FA4E FAEA Y. chloroform¥ acetone FEEo|A n kst A FAHS
UER Q0 H, methanol & %o 714 %3 Aslgdde Jehlgoy, SroEaolx %t}
(Fig. 4). wahx ¥ 49 Aol A4 S EA L vug FAELAS F5T 7 A
Aceton Chloroform
212 > 12
= > 1
@ 08 S 08
g 06 g 06
5 04 5 o4
©
L 02 g 02
0 0
1 2 3 4 5 6 1 2 3 4 5 6
Hexan MeOH
2‘12 >12
= =
g 08 8 08
o 06 © 06
204 Z 04
502 o2
ac T o
1 2 3 4 5 6 1 2 3 4 5 6
(-)
control control
1 3 4 6
TGF-B& - - + -
A& 50 ug/ml |50 pg/ml 100 pg/ml|100 pg/ml

Fig. 4. SMAD Binding Element activiation assay of various solvent extracts of P. brevitarsis.

t}) In vivo ZHEZ A AAY 93 tn3E FAHEZD &4
(1) Sl@uto)| 28 FH50 %27 B83 2 71Hs 34 #A
oAy 74 ZFAIRE o83 in vivo dVAFHAA Huto| R A {FFo AR &

2 (PB) 400 - 800 mg/kgs FolAl Wi -3 FHF

23E HeEtiAdG (Fig. 5).



T e tRs a9E e
H

o257 fE0 AWFEEE 200 - 400 me/kg T Aol

W (Fig. 6), +71 89 & ol &3 FE2A= Ao 48 #Fx

not shown). Wzl 2 Hulo] L
THo 2 At

TR A e RS SdEH

CCly (x100) + &35 200 mg/kg

CCly (x100)
Fig. 6. Hepatic protectitive effect of water extracts of P. brevitarsis

in CCly—induced hepatic damage.
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2 2FAEZFYH AW A4 A EZ (ACAT, Lp-PLA; AsA]) &4

(1) ZF=A2=25E ACAT AsiA] &
ACATE 2 709 isozymeo] &A3}, ACATIS &= ¢ 50 kDalo 2 7] Kupffer Al
X, 2% §EAX o] (non-mucosal cell) &, AFAE FAFAAE Fo FHLSA =4

stal, ACAT2v A 9F 46 kDalo = 22 1hAM| e} A%e] FRAZR &A%, ACATI
Az FUA2HES AT BER FAGEH wBolFrhE, ACAT2ZE ALY FolsdE

—_

= dlz=HEg st AduWA R FHsts Ves HEETh AWNE e 44 ZEddlel,
ZH2HEUAE T2 A o] Folx =, ACAT A4l g8 T3] Axy Ay Z=
glZo] ol 2HE3tH o] HAH = AS Tol Adade S FXko], ghol] A do] HH =
AG7rE A st g
222 3 A A 2F ABE o]839 rat liver microsomal ACATe®] W3+ A&
S ZA st H A, AYEHALE (A parki) 59 methanol 33 acetone E3oA Z+
2} 59%¢9F 89%¢] =& A& ol Uehlew (Table 1), o £l 4 uto]ZFx
brevitarsis)® 2w o] FEE A A dAdo] vEtwth wEkA 2 AFeA s A A

Hopuat Aol RTAE Ao /A BYBA Lol 4AE FAHRA Ak

‘_‘

o)

< (

o
Ho

Table 1. Inhibitory effects of various solvent extracts of insect resources on ACAT

Samples Inhibition (%)

(0.1 mg/ml) MeOH Ex. Hexane Ex. EtOAc Ex. Acetone Ex.
A. dichotoma 0 0 20 0
P. brevitarsis 6 21 21 16

A. Parki 59 22 46 89

C. coreana 9 24 24 15

T. molita 0 0 0 0
(2) ZEANEZHE Lp-PLA, AdA g

BEw @ AN 2F ARE o §3te] Lp-PLA, ABHE 2] ¥ A3, 7
5
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Table 2. Inhibitory effects of various

solvent extracts of insect resources on Lp-PLA2

Samples Inhibition (%)
(0.1 mg/ml) MeOH Ex Hx Ex EtOAc Ex | Water Ex | Acetone Ex
A. dichotoma 0 0 13 16 0
P. brevitarsis 24 69 34 13 58
A. Parki 29 63 53 4 45
C. coreana 0 54 53 9 60
T. molita 19 56 30 0 0
2) AR EFAERE 7175 B EZEY &8 2 AYs 7l AL
71 AR ZRFAZRE SR EY g1
H7e HeEde] Ao osf AfutolkFA] F59 84 FEEo| Wistar rats ©|
&3 in vivo AANA T FRET FHAS e oY, ofF HoR o tRT 4EH
= Gustaz sk (RS SA=Ee RGN vgs FREIE odotAlHolE, H
g 5o fuEA ARE FEISI A4S Axse] HHRISHS ZAEYS W, REE FE
oA ok 7tE S 4ol YEyoy, e EujFEEdAAeE 848 9T F AU &Y
el S ol 2] 1t AR f5S fete] AAX W 5 100 g F 2 LY SHRT
5 H7be o 2% dE8tal, ol 13,000 x golA 20 B3 gAREE sl A5 AHER
Uk zZhzbel B8S 44X 3 n vivo HHRE AL A3 Ay A (Ph-DW)O
G RS 4ol yEidS Feld F AU FHRTE o] &F & AA A 2349 =
7Fe sty 9eted AlE 100 g & 1000 unite] proteaseE #H7Fslg S w (Pb-DWP) Htl =
7Hel FEFo] 7ttt (Fig. 7). A1 &% decoagulation buffer (30 mM trisodium citrate, 26 mM
citric acid, 20 mM EDTA, and 15 mM sodium chloride, pH 4.6)° 4 F&3}3 S wo = $-3+

FZ23Y9E BAJAT (PB Buf), salte] A7
Aol FEgk Aoz FATdsterh

59 BAel dold FR4E olgdte] FEee

Pb-DWP A& #471x F Z2 &iAr7]1, olF STHTE o839 sephadex
G-25 column chromatography S 3sle] A& B3IS g&5E= £A4d wat 4 715 (Pb-DWP
-)E TEEte] 2 100-300 me/kge] Fow BAHEALS HAESe W Pb-DWP 13 2 285

A ¥ E 5ol Wistar rate]l A mild fatty change®} inflammatory cell infiltration® A7o]
Efrt= A3 Hlalste] Ph-DWP 3 #8 9] FofAlol= B9 LA Hole $3 (HRs &4
< glstat (Fig. 8).
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T ECIHTW CCl +PB-Buf

CCl,+PBE-DW CCl;+PB-DWP

Fig. 7. AtEstets Fojo] mE FA5d Sdutol A A5 &Y BEg¥ CClt
Tap; At93tetaAe 2 tap water #, CCly + PB3-3; Abd3tetaxe] 2 buffer 5%
& 9] sephadex column &4+ 3 F9, CCly + PB-DW; AlE 3 AAE 2 & F&525
i &
=]

F9], CCly + PB-DWP; Ald3let 232 2 protease A8 & FE5&
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Pb—DWP 1 Pb-DWP 3
€
S 31 Pb—DWP 2 Pb—DWP 4
Q
)
af)]
< |
1 -
O 1 T T T T T
0 10 20 30 40 50 60
Fraction No.
Group A B C D E F
T™W Pb-DWP 1 Pb-DWP 2 Pb-DWP 3 Pb-DWP 4 T™W
Treatment + + + + + +
Olive oil CCl CCly CCly CCly CCly
FC FC FC FC
(mild) (mild) (mild) (mild)
Leison Normal Normal
I.F. |.F. I.F. |.F.
(weak) (weak) (mid) (mod)

Fig. 8. Sephadex-G25 column chromatography (A) ¥ Z} 39 7FH 334 ZAF (B).

Gel filteration®l] 2¢J8l 471¢] E& oz Yo @A ZA Al group D (Pb-DWP3)l A
7HE §-43k &Aool yEld. (LF.; inflammatory cell infiltration, FC; fatty change, Nc; necrosis.

nor; normal, mid; mild, mod; moderate, sev; severe)

Pb-DWP 3 #8& +H § s24dxst oA B2 &g $ 100% == PP shd
C-18 reversed-phase column®] =51 B2 Z83] AHs & 10 - 50 &
o @AM gttt (Fig. 9). 71 4

A zsta, 74 289 e d4ds SASNS W A §E5= C1 £¥olAM normal ~
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3 7tRE Aol Yo, FAE ko trE B3 (C2-C7)olAE moderate~severe FC,

F.) % necrosis® A7AC®E TR I ZEA o] YeE}R &L

Ci 10% ca 20% 50% MeOH
C6 c7
24
€
S
&
wn
an)]
<C
1
0 & T T T T
0 10 20 30 40 50
Fraction No.
Group A B C D E F G H |
™ C1 c2 C3 C4 Ch C6 c7 T™W
Treatment + + + + + + + + +
Oliveoll cCC, c¢cC, c©o, oo, o©c, co, ccl, ccl
FC FC FC FC FC FC FC FC
(nor- (mod)  (mod)  (sev) (sev) (sev) (sev)  (mod)
mid)
Lei N | I.F. I.F. I.F. I.F. I.F. I.F. I.F.
eison orma I.F. (mid) (sev) (sev) (sev) (sev) (sev)  (mod)
(nor-
weak)  Nc. Ne. Ne. Ne. Ne. Ne. Ne.
(mid) (sev) (sev) (sev) (sev) (sev) (mid)

Fig. 9. C-18 reversed—phase column chromatography (A) % Z} 289 7lR 3 8A Z AL (B).
(LF.; inflammatory cell infiltration, FC; fatty change, Nc; necrosis. nor; normal, mid;

mild, mod; moderate, sev; severe)

C-18 reversed-phase chromatographyE &3] 4]z C1 &3 F7142 EIAAE ¢
3Fo] anion—-exchange column?l Resource Q column< ©]&33th 20 mM=Z H&3tE columnol
Cl NEE B2 59 Z=Y3ta, 4 ¥19] column volume? == A#H3 & 0-02 M NaCl linear
gradientZ24 &F3stg o, ¢1¢jo] 05 M NaCl s=2Z4 HFE £35S u EgHE 23¥E
(R1I-R4)& =H3le 1t EAS =AH&AY. 2 23 R1-R3 £ 80X weak~severe FC, LF,,

ml
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| 100
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Fig. 12. Minimate TFT capsules ©]-&3%} ultra—filtration.
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252 F59 RS 4 AR AAL A RSRE A~ES o] gg &4

AN E Bol4 &4 YRR &3ttt (data not shown). ©]# g A= Hol #ajd B4

3} Al TGF-f Aol o ©d =3+ SMAD Binding Element (SBE) activation®]
A g = Ao 7)Ao o &S YE= Zo® Hlth
A TES ol &t AFdstera Aol o k&Y HEans 4 xR HAolA o] &3t
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chromatographyoll 41 2] C1 fractionS 100 mg/kge] FEolA 7+EA B3 EHE vty 2 2
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A. CCl, + TW

B. Cl, + SM1
30 ma/kg

C. Cl, + SM2
30 ma/kg

D. Cl, + C1
100 mg/kg

Fig. 18. d@ulo| 2R x 2Ry Hed 7EIE4d (CDHY E5HAA. Clo 49 7z A F
Tl FAS RS &7 e e silymarin (SM)2] 4% 30 mg/kge] sEolA kel #H
2} (SM1, SM2)7} &A1&
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Table 3. Gross findings of male rats examined at 2 weeks (group summary).

INCIDENCE OF GROSS FINDINGS

GROUP V. CONTROL T1 T2 T3
DOSE : (mg/kg) 0 1250 2500 5000
BRAIN
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
HYPOPHYSIS
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
ADRENAL GLAND-LEFT
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
ADRENAL GLAND-RIGHT
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
LIVER
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
SPLEEN
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
KIDNEY-LEFT
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
KIDNEY-RIGHT
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
HEART
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
LUNG
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
THYMUS
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
THYROID GLAND-LEFT
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
THYROID GLAND-RIGHT
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
SALIVARY GLAND
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
TESTIS-LEFT
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
TESTIS-RIGHT
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
PROSTATE
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
SEMINAL VESICLE
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%

(END OF REPORT)
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Table 4. Gross findings of female rats examined at 2 weeks (group summary).

INCIDENCE OF GROSS FINDINGS

GROUP V. CONTROL T1 T2 T3
DOSE : (mg/kg) 0 1250 2500 5000
BRAIN
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
HYPOPHYSIS
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
ADRENAL GLAND-LEFT
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
ADRENAL GLAND-RIGHT
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
LIVER
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
SPLEEN
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
KIDNEY-LEFT
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
KIDNEY-RIGHT
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
HEART
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
LUNG
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
THYMUS
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
THYROID GLAND-LEFT
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
THYROID GLAND-RIGHT
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
SALIVARY GLAND
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
OVARY-LEFT
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
OVARY-RIGHT
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%
UTERUS
No. of Observations 8 8 8 8
NO GROSS FINDINGS 8 100% 8 100% 8 100% 8 100%

(END OF REPORT)
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Table 5. Histopathological findings of male rats examined at 2 weeks (group summary).
INCIDENCE OF HISTOPATHOLOGICAL FINDINGS
GROUP V. CONTROL T1 T2 T3
DOSE : (mg/kg) 0 1250 2500 5000
BRAIN
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
HYPOPHYSIS
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
ADRENAL GLAND-LEFT
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
ADRENAL GLAND-RIGHT
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
LIVER
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
SPLEEN
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
KIDNEY-LEFT
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
KIDNEY-RIGHT
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
HEART
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
LUNG
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
THYMUS
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
THYROID GLAND-LEFT
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
THYROID GLAND-RIGHT
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
SALIVARY GLAND
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
TESTIS-LEFT
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
TESTIS-RIGHT
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
PROSTATE
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
SEMINAL VESICLE
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
(END OF REPORT)
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Table 6. Histopathological findings of female rats examined at 2 weeks (group summary).

INCIDENCE OF HISTOPATHOLOGICAL FINDINGS

GROUP V. CONTROL T1 T2 T3
DOSE : (mg/kg) 0 1250 2500 5000
BRAIN
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
HYPOPHYSIS
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
ADRENAL GLAND-LEFT
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
ADRENAL GLAND-RIGHT
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
LIVER
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
SPLEEN
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
KIDNEY-LEFT
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
KIDNEY-RIGHT
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
HEART
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
LUNG
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
THYMUS
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
THYROID GLAND-LEFT
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
THYROID GLAND-RIGHT
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
SALIVARY GLAND
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
OVARY-LEFT
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
OVARY-RIGHT
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%
UTERUS
No. of Observations 8 8 8 8
NO HISTOPATHOLOGICAL FINDINGS 8 100% 8 100% 8 100% 8 100%

(END OF REPORT)
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Fig 2. Changes in body weights of rats with the administration with alcohol diet and
the extract of PB.
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Fig 22. Changes in serum GOT and GPT values of rats with the administration with

alcohol diet and the extract of PB for 4 weeks. **,p<0.01, significant difference from the value

for Alcohol diet+Saline.
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Fig 23. Changes in serum total protein and albumin values of rats with the

administration with alcohol diet and the extract of PB for 4 weeks.
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(a)

Cantrol diet # Salina

Bloshal digt + PR 50 mgkg Alcohol diet + PR 1060 migkyg

(b)
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Alcohed diet + PB 50 mgikg Aleahol diat + PB 100 mg'kg

Fig 24. Histopathological changes in alcohol-induced rat liver. (a) 2 weeks after
alcohol diet administration. The microvacoular fatty changes were observed around the
centrilobular lesion in all alcohol diet group. (b) 4 weeks after alcohol diet administration. The
lesion of the PB treated group reveals more mild fatty change than Alcohol diet + Saline
group. It was considered that the effect of PB for alochol-induced rat liver showed

dose—dependent manner. HE. x66.
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Table 7. The results of histopathological findings of the alcohol diet-induced rat liver.

Group 2 weeks 4 weeks
Control diet Normal Normal
Alcohol diet Fatty Change O~14+ 24

Alcohol diet + PB 50mg kg Fatty Change 1+ 1~ 24
Alcohol diet + PB 100mg/kg Fatty Change 124 1+ =~

A dek ARl SlolA A7|Rel A dage] Folw o] AwwE, AL FIAL AT 5

=
& Yotk A Jom, o vebbdE M 1 AREHE FAA/E Bk et ALD

N
Agel g BAel glolNE Fme thololEwe Fold

GOT7} BAgH o= oA UA (p<0.01) 1A

)
2

#9l total protein®} albumin® AL S A FIAL AL Fgkor)

vl A S7heE AR wEE ¢ AT =39 4 =9
7IEF A71el ob Rl SAES YERlA wgten, olEdt A¥E T = W, & Ald=dS W

& ATFolA 100mg/kg E =M= WAl oW dk o] ot W glo] tRT FaE 7HA
= =42 ddEh
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4) ZFFA AN FAE JAELY B R SHATI

7H AUFaAdE 328 ACAT AHAL £ 2 SAHTH

() AYERAAY FZFo2RE ACAT AsAl, E-3-(4-hydroxyphenyl) propen—1-ol)¢]

TAAZE AUTFEHASYE F3 100 g& TH7IEA EHete] FHE S o]E 3L
o] acetone®l Fo] 48 At wwkste] filter paper=A] o] ettt of B dFHS Y Az
13 g9 AN EE =359t ©] 2 hexane, ethyl acetate, water®A4] partitionste] A4S A4S 2
7, ethyl acetate +&olA =& o] AZHUY GAHEHE  silica gel  column
chromatographyoll 41 chloroform/methanol gradient=4] g3t &Ao] Vebd 23S 23} silica
gel column chromatography (hexane : ethyl acetate= 1 : 1) o]&3lo] HEglsdey 2 23 o
ozl AR F o 7 HE reverse phase HPLC (Hydrosphere C18, 250 x 20 mm, MeOH: H:O =
80 : 200& ol &3t =FEH AE T8t (Fig. 25).

Acantholyda parky larvae 100 g

l

Acetone Extract

l
| l

‘ Ethyl Acetate ‘ H,0

l

Silica-gel column chromatography (CHCl,/MeOH, gradient)
!
Silica-gel column chromatography (Hexane/EtOAc =1:1)

v
HPLC (Hydrosphere C-18 column 250 x 20 mm)

l

Compound A I

Fig. 25 Isolation scheme of ACAT inhibitor from A. parki.

,60,



4) 'TH-NMR (CDCls, 500 MHz) & 7.22 (2H, d, /=87 Hz , H-2, H-6), 6.71 (2H, d, ] =
87 Hz, H-3, H-5), 651 (1H, d, J=159 Hz , H-7), 615 (1H, dt, /=105, 6.1 Hz , H-8), 4.14
(1H, d, J=6.1 Hz, H-9).

5) “C-NMR (CDCl3, 125 MHz) & 1586 (C-4), 131.9 (C-7), 129.8 (C-1),1286
(C-2, C-6), 1265 (C-8), 116.4 (C-3, C-5), 639 (C-9).

6) EIMS (rel. int.) m/z [MI" 150 (55), 107 (98), 94 (40), 77 (20)
o] compound® YA TZF+ proton NMR data®} ¥ 1F F 7}A] isomero] thdt &3 55 v

3l E-isomer?]l E-3-(4-hydroxyphenyl)propen-1-olZ ZA A % 1t} (Table 8, Fig. 26).

Table 8 'H-NMR Data for E-p—Coumaryl alcohol, Z-p—Coumaryl alcohol and compound A

Proton E-isomer(s) Z-isomer(s) compound A
A 6.51 6.43 6.49
B 6.15 5.66 6.15
Chemical shift C 4.17 4.33 4.17
2,6 7.22 7.06 7.22
3,5 6.71 6.76 6.70

Fig. 26. Structure of E-3-(4-hydroxyphenyl)propen—1-ol isolated from A. parky and

structure of Z-3-(4-hydroxyphenyl)propen—1-ol.
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(t}) E-3-(4-hydroxyphenyl) propen-1-o1)¢] ACAT A& &4
288 E-p-Coumaryl alcohol®] rat microsomal ACAT A& ZAE ICs kol 181 puMo]
3 (Fig. 27), E-p-Coumaryl alcohol®] ACAT A&f|&Ado] v15z Hx ®io|th

70 r
60 -
50
40

inhibition

30

20

Fig. 27. Inhibitory activity of rat liver microsomal ACAT by

E-3-(4-hydroxyphenyl)propen—1-ol.

(2) AYEGAIHZHE Aol ACAT AsiA|, Acanthol 19 £ 2 EAFH

(7h) ACAT A A9 &2

sAAZE AYFEAAY FF 100 g EAVIEA EHste] EEE 9HEL o5 3 L
©] acetonell o] 48 AIZF wwtste] filter paper®=Al o #atitt A3E FFHS Y A xco
13 g9 A 8E 5359tk o] hexane, ethyl acetate, water 4] partitiondle] A4S #AA43 2

= =17

7} ethyl acetate =ZoA &L Ao HAEHJY FAHFES  silicagel column

o
AW
ME
o
o
N

chromatography®| 4l chloroform/methanol gradient24] &8t ZAdo]
silica—gel column chromatography (hexane : ethyl acetate= 1 : 1)& o] &3} E&&rt 2 2
¥ Adojzl PR3 o 7HE reversed phase HPLC (Hydrosphere C18, 250 x 20 mm, MeOH:
H.O = 80 : 20)& ol&3led =5 =% BE w83ttt (Fig. 28).
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| Acantholyda parky larvae 100 g |

| Acetone Extract |

v
v v
Ethyl Acetate H,O

v

Silica gel column chromatography (CHCl,/MeOH, gradient)
v

Silica gel column chromatography (Hexane/EtOAc, 1/1)
v

HPLC ( Hydrosphere C-18 column 250x20 mm )

v

Compound B

Fig. 28. Isolation scheme of ACAT inhibitor from A. parki.

() &

ox
10l
)
o
-
N
M
1%

1) 24 =xe waru

2) wA: 414

3) A CooHs00

4) 'TH NMR (CDCls, 500 MHz) 535 (1H, t, J = 2.75 Hz, H-6), 352 (1H, m, H-3), 2.27
(2H, m, H-4), 2.00 (2H, dt, J = 12.70, 3.15 Hz, H-12), 1.82 (1H, m, H-8), 1.98 and
1.51(2H, m, H-7), 1.84 and 1.01 (2H, dt, J = 9.65, 3.50 Hz, H-1), 1.81 and 1.25 (2H,
m, H-16), 1.51(1H, m, H-27), 1.58 (2H, m, H-15), 1.51(3H, m, H-11 and H-21), 1.32
(4H, m, H-24 and H-25), 1.36 (1H, m, H-20), 1.25 and 1.00 (2H, m, H-2), 1.10 (2H,
m, H-26), 1.08 (1H, m, H-17), 1.00 (3H, s, H-19), 0.96 (2H, m, H-9 and H-14), 0.90
(6H, d, J = 6.45 Hz, H-23 and H-22), 0.87(3H, d, J = 6.55 Hz, H-29), 0.86 (3H, d, J
= 6.60 Hz, H-28), 0.68 (3H, s, H-18)

5) ®C NMR (CDCls, 125 MHz) 141.43(C-5), 122.37(C-6), 72.40(C-3), 42.91(C-4),
40.45(C-12), 32.27(C-8), 32.58(C-7), 37.92(C-1), 28.90(C-16), 28.68(C-27), 24.96(C-15),
21.76(C-11), 32.58(C-21), 36.86(C-24), 24.49(C-25), 36.46(C-20), 31.67(C-2),
40.19(C-26), 56.82(C-17), 20.06(C-19), 57.44(C-14), 50.81(C-9), 19.69(C-23),
19.38(C-22), 23.48(C-29), 23.23(C-28), 12.53(C-18), 37.18(C-10), 42.99(C-13).
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6) EIMS (rel. int.) m/z 414 [M'], 396(15), 386(100), 368(70), 353(65), 329(20), 301(60),

275(85), 255(40), 247(25), 231(35), 213(50), 159(40), 107(60), 95(50), 81(45), 55(50).

o] compound® YA TZ+= proton NMR data®t B i1¥ 7]E} analogs compounds oI
ot £33 A7 S vHste]  Acanthol 1E AR HAT (Fig. 17).

o] compound®] U A|F+Z+E proton NMR data®t ¥ 7]E} analogs compounds o gt &3

282 H st Acanthol 12 ZAAH At} (Fig. 29).

Fig. 29. Structure of Acanthol 1 isolated from A. parky.

(th) Acanthol 1 ¢] ACAT A3 &7
%29 Acanthol 1] rat microsomal ACAT A& 842 ICs kol 281 uMe] %l rh.(Table

9), Abd ACAT-13 ACAT29] Asj&dd2 22k 177 M3} 131 uM = WHeRstH

Table 9. o}7+E 19 ACATO] i3t A s)gA

244 ICs (M)
Azt ACAT 281
Al ACAT-1 177
Al ACAT-2 131
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—a
X,
i
4z
i)
>
@)
>
._]
24
:oll_v“
2,
Me
AL
we
A
oX
=
ol

ofje
Do
S
S
0Q

r S IR B4kl wEE vEal, o)F 4 LY
= 8 A 7H=¢t de3%3 1L filter paper24] o #H3tutt o3 AsHSs =
AAZXE & £x217 07 hexane, ethyl acetate, butanol 52 &m|E o] &3le] EI3 & IS
AARg A butanol oA ELS Ao AZFHUT SAHEYS silica gel column

chromatography®l 4l chloroform/methanol®] &vjA & °o]&3le] &&3ta, &Aool Yetd £3&

=

27} silica gel column chromatography & ©|-&3te] #Ee|atdth 71 A3 dojd AR go=zy
reverse phase HPLC (Hydrosphere C18, 250 x 20 mm, MeOH: H,O = 90 : 10)E o] &3} <=4
=4 BE &8 dth (Fig. 30).

‘ Protaetia Brevitarsis larvae 200 g ‘

i
Heat water Extract
l * l
BuOH H,0

|

Silica-gel column chromatography (CHCIl;/MeOH, gradient)

l

Silica-gel column chromatography (CHCIl;:MeOH =5 :1)
¥
HPLC (Hydrosphere C-18 column 250 x 20 mm)

l

Compound B I

Fig. 30. Isolation scheme of ACAT inhibitor from P. brevitarsis.

(2) S AEtol A 25 Tl ACAT &4 Aslsde] +x &4

2) A= 390
3) A CoyHss04
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4) '"H-NMR (CDCls, 500 MHz) & 7.69 (2H, dd, J=4.1, 7.2 Hz , H-11, H-11"), 751 (2H,
dd, j=4.1, 7.2 Hz, H-12, H-12'), 420 (4H, d, /=9.2 Hz , H-1, H-1"), 1.66 (2H, m, H-2,
H-2"), 142 (4H, m, H-3, H-3'), 1.39 (4H, m, H-4, H-4"), 1.29 (4H, m, H-5, H-5'),
0.90 (6H, m, H-6, H-6"), 1.23 (4H, m, H-7, H-7'), 0.86 (6H, m, H-8, H-8').

5) C-NMR (CDCls, 125 MHz) & 169.7 (C-9, C-9"), 132.4 (C-10, C-10), 130.8

(C-12, C-12'), 1288 (C-11, C-11"), 68.1 (C-1, C-1"), 38.7 (C-2, C-2), 30.3 (C-3,
C-3"), 296 (C-4, C-4'), 23.0(C-5, C-5"), 14.0 (C-6, C-6), 23.7 (C-7, C-7"), 10.9 (C-8,
C-8"),
6) EIMS (rel. int.) m/z [M+H]" 391 (10), 279 (85), 167 (90), 149 (100), 113 (80), 7 0
(85), 57(90)

"H-NMR, ®C NMR, HomoCOSY, HMQC, HMBC £¢ NMR ,data®} MS data ¥ 2.1

als

it}
Sl
(ot
Y
il
il
o

tol, o] compound B¢ TZ%ZE dioctyl phatalate® ZAA3A

Fig. 31. Structure of dioctyl phatalate isolated from P. brevitarsis.

(3) Aol X2 HE B ¥ dioctyl phatalate @ = F =419 ACAT A &A

ol

Sl ato)| x| oA B ® dioctyl phatalate®t I %A= (dibutyl phthalate,
diphenyl phthalate, benzyl butyl phthalate, diallyl , dimethyl phthalate, dimethyl isophthalate,
dipropyl phthalate, diethyl phthalate, dicyclohexyl phthalate)S 433 ACAT A4S *

==

ALek A3} dioctyl phatalate= k3t ACAT A4 (ICs = 286 pM)E YEl+= ¥, f=4 &

=

o] &}yQl cyclohexyl phatalate= w9 73t A& (ICs = 8.6 pM)S YEFNATE A, dioctyl

Ty

phatalate®™ 99| cholesterolS HDLo|A LDLZ Wl @ A<l cholesteryl ester transfer
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protein (CETP) &4 Adlso] w$ %S5(ICsx = 57 uM)S T3 o, &3] BE phthalateE
EAo] Qe EATo g AAFE Aol HE phthalate FEAES o] &3 V|TAAE, AEFooF

9 oookE AUE 9% L J1x ARE ANG Ao uAth

Table 10. ACAT and CETP inhibitory activities of dioctyl phthalate and dicyclohexyl phthalate.

ICso (uM)
ACAT CETP

Compounds

C’O\/D/\/CH3 286 57
1]

Dioctyl phthalate

e
O

8.6 36.0

O
c”
Il

Dicyclohexyl phthalate

o) 28 AA Y ZEY Lp-PLA; A &4 & B o= linoleic acid9] #d

Aol o] g¥l ZAMAAY (Tenebrio molitar)= HAHAE AAgH}e] FHFozA o
I 22 AGIF T8 Tl A TEHN 27 AIER o]&HV|E ) ofH 7R EA <
arxo] QA et}

HLEFEES LpPLA; A&z
o g

o
fol
£
=2
R
>
e
f

b

%

9 A3 $Ed BHS el 2aA4YE A9
o BAAAEY ANAE e FE3} Aol hexan Fulel oJ5ke] hexan O

2EE 56 g9 FEES 858921 silca-gel column chromatography$l RP-HPLCEA <4

wAT R S 9% JP7IEAANE erer Zow wrad wdd vuste] 2 A 912
octadecadienoic acid= ¥ ¥ 3l T},

Compound - 1H-NMR: 0.88(t, 3H, J=7 Hz, CH3), 1.20-1.40(m, 14H, 7CH2), 1.63(quint.,
2H, CH2-CH2-COOH), 1.98-2.08(m, 4H, 2CH2-CH=CH), 2.35(t, 2H, J= 7 Hz, CH2-COOH), 2.77
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(t, 2H, J= 6 Hz, CH=CH-CH2-CH=CH), 5.27-5.45(m, 4H, 2CH=CH). 11.10(weak peak, COOH),
EI-Mass: [M'], m/e =280.

8% linoleic acid 3+3E-2 Lp-PLA; o ot ICs* 7t Z+Z 277 pMZE e H] 1L 3
= A FAS delila (Fig. 32) o8 7kA &7 <] linoleic acid analoguesell tgk 24 9|
At A = Al 2 sr2 A g o] vERuth ohRb cis F 9] isomerell M]3 trans Fo] Zu U

T3 A g S 1G]t (Table 11).

P

100 -
—@— 9, 12 octadecadienoic acid o
--O - 9-trans, 12-trans octadecadienoic acid -
—w— 9-cis, 11-trans octadecadienoic acid
= 80 1 —7 - 10-trans, 12-cis octadecadienoic acid
s —&— 9-12-15 octadecatrienoic acid
<~ —{1-- 11-eicosenoic acid
i 60 —&- - linoleic acid isolated from Tenebrio molitor larva
S
]
Y= .
o .
S 40+
=
< .
£
20 -
s
0 T T 9 T T
1 10 100 1000
conc. (uM)

Fig. 32. Lp~PLA: inhibitory effect of linoleic acid isolated from T. molitor and its isomers.

Table 11. IC5 values of linoleic acids on Lp—-PLAs.

ICy, (M)
Compound

9, 12 octadecadienoic acid @ 277
9, 12 octadecadienoic acid 290
9-trans, 12-trans octadecadienoic acid 182
9-cis, 11-trans octadecadienoic acid 265
10-trans, 12-cis octadecadienoic acid 269
9-12-15 octadecatrienoic acid 354
11-eicosenoic acid 354

a 912 octadecadienoic acid was isolated from Tenebrio molitor larva
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Body weight (g/larvae)

rr

120

*
>
E 60 ~
=
©
S 40 (o)
20
0 T T
0 10 15 20
Days
BEELS o4 £3) A% R B 2AL
(-0 w4 + 27, @ v + &AA + HEFH AAEY ¥t - 2 gy
-V AEEE TaEy)
Table 12. HEFWe] AFAEZA F84 HF
129 % 10078 & o2 AFSEaS o F359 74, AEE] HEE 7Y &9
ARG (A B9+ 2+~ ZEEY MBS H2Uh B v o+ 2, G 2EE, Dy Al
HEEY)
Day Sample A B C D
1% 50 50 50 50
2% 50 50 50 50
0 % 7] 3t 0 0 0 0
Total 100 100 100 100
A (g/larvae) 0.12 0.11 0.11 0.11
1% 35 33 10 35
2% 58 50 86 59
7 & 7] 3% 0 0 0 0
Total 93 83 96 94
A (g/larvae) 0.29 0.17 0.30 0.32
1% 9 10 0 10
2t 50 29 80 42
14 & 7] 3% 32 0 15 31
Total 91 39 95 83
FA (g/larvae) 0.60 0.24 0.52 0.59
1% 1 3 0 1
2% 4] 4 49 17
21 % 7] 3t 45 4 44 40
Total 86 8 93 57
A (g/larvae) 1.11 0.51 0.64 1.41
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o) FEEAETAAN WABE dFY W

EES gotry] fste 7 dadels AHT As=EHH DNAE FE3+il PCRS &3to
16S rDNA®| 54dd S FEatglon o5 DGGE BHozA #As3t (Fig. 36)
0 2 4 8 10 12 14 days

14 | e ———— s m—w

18 — = —

B | —

10 | —— — — —— T

9| — ——

g | ——

== '—' =

5 | e— =

4 | e rEwe— —— -
3| =— e —

2| — — —

1| — ——— 2

Iy xS 2R F], 2 FEEVAAN AR HUE s

% WA YEY= bandES ZEtlo] elutiong T ©] &
o] A7 8-S AAstaL database AN Folol T w2 AEAEE B
o] = type straing 274 3R Y} (Table 13).

e g vehvbe WAEES Bacillus 49 mlAEEC] 7H Bol At 9lom
A Streptomyces%: 2] WA EI Rahnnella %, Pseudomonads 42 T5E°] 99.3% o]
FAOE Ueuton we mAlESo] 7|Ed WA type straindte W AEAES 7HA
Aow ZAEJY. ol T LRIV APEUA HJA Friete] Fr HE FIAA UE

B

BEES HAdEstel WA B coagulans, G. thermoleovorans, S. bikiniensis,

ey
1
k!

0%
)
o

i

A

L M
rlr
=y

. smithii, B

circulans 5 17 HAEES FE o|F L Ut}
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.
Geobacillus% ] PIBE=S 7] 02 39 47 Streptomycess 5 Rhanellad; #+% %

= W o® FAE T (Table 14).

Table 13. FE AN Yetu= vAEZ] d5d HAd 9% 54

Percentage of 16s rDNA

Taxonomic
Band Most closely related organism sequence similarity )
(no. of bases)” SO
1 Bacillus coagulans 99.3 (161) Bacillus
2 Geobacillus thermoleovorans 95.6 (162) Geobacillus
3 Bacillus coagulans 95.2 (127) Pseudomonas
4 Streptomyces bikiniensis 99.3 (143) Streptomyces
Streptomyces somaliensis 99.3 (143)
5 Sporolactobacillus inulinus 7.1 (163) NK
6 Stenotrophomonas maltophilia 96.4 (167) Stenotrophomonas
7 Bacillus smithii 99.3 (165) Bacillus
8 Ureibacillus thermosphaericus 96.8 (159) Ureibacillus
9 Herbaspirillum frisingense 89.9 (159) NK
Herbaspirillum seropedicae 89.9 (159)
10 Bacillus thermoamylovorans 99.3 (166) Bacillus
Bacillus circulans 99.3 (166)
11 Rahnella aquatilis 100 (164) Rahnella
12 Rahnella aquatilis 100 (164) Rahnella
13 Pseudomonas thermotolerans 95.5 (158) NK
14 Pseudomonas thermotolerans 99.0 (145) NK
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Z3 110
Bacillus coagulans
Bacillus circulans
Bacillus smithii
Rhanella awuatilis

Z3 11
Bacillus coagulans
Geobacillus thermoleovorans |Geobacillus thermoleovorans
Streptomyces somaliensis

Bacillus circulans
Bacillus smithii

Bacillus coagulans
Geobacillus thermoleovorans

Bacillus smithii

Table 14. HE 3o vpeRE WA
Microorganism|Bacillus circulans
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