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Biological Activity of Fermented Gryllus bimaculatus extracts

In-Sun Park’, Hyeon-Ji Lim®, Seung-Il Jeong*, and Chan-Hun Jung*
Jeonju AgroBio-Materials Institute(JAMI), Jeonju 54810, Korea

Abstract — Gryllus bimaculatus extract (GbE) have reported that anti-inflammatory activity by suppression of pro-inflam-
matory cytokines. However, the effects of fermented Gryllus bimaculatus extract (FGbE) have not yet been investigated. In this
study, we evaluated the anti-inflammatory and anti-wrinkle effect of the fermented Gryllus bimaculatus extracts using Bacillus
subtilis (JB PMB-18) in RAW264.7 cells. Both GbE and FGbE exerted no cytotoxic effects until 1000 pg/mL concentration.
FGDE decreased NO production and decreased iNOS and COX-2 mRNA levels in a concentration-dependent manner. In addi-
tion, the protein production of inflammatory cytokines TNF-o, IL-1B and IL-6 was effectively reduced compared to the GbE.
Inhibitory activities of elastase and collagenase associated with skin wrinkle improvement were measured to be 45% and 69%,
respectively, at a concentration of 500 pg/mL in FGbE. From these results, FGbE can be used as a health functional food and
skin functional cosmetic materials for preventing inflammatory diseases because it has excellent anti-inflammatory and anti-

wrinkle effects.

Keywords — Gryllus bimaculatus, Gryllidae, Fermentation, Anti-inflammatory, Anti-wrinkle, Cosmetic materials
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IR A AR} B RgA ol =EE o] Qo] o]=HH
FoEE ey AEYaE gReslE £330 w3}
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type-1 collagenase®] A3 5719} matrix metalloproteinases
(MMPs : collagenase, elastase 5)2] W& o] S71=H 23]
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2 dd ZallE st vReEs "oy vl
EAAS of713ttY kA collagen S EX 8 AL
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T 2%((vivyE 0.5 g AEFATE] F2E 100 mLol HE
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o2 Witsle] 48 AI7F FoF Ha ) o e ES
8,000 rpm, 205 Y4EEE B8 B84 BAS AASKA

Table I. Primer sequences used for real-time PCR
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, FedE FF43Ete] 045 um EHO| o3 & 54 Az

0.35 g(7& 70%)= Ao Agdel ARl

M= vk — m}-9-2 o 2] Al E(murine macrophage cell
line) RAW264.7 M E = §h=A 523 (Korea Cell Line
Bank, KCLB, No. 40071)°14] &% ®9kom Al wjgds
$13+ 10% FBS(fetal bovine serum; HyClone, GE Healthcare
Life Sciences, South Logan, UT, USA)°] &% DMEM
HX] (Welgene, Seoul, Korea)g ARE-3sle] 37°C, 5% CO, &
2710 vijeFate], 3dol| g HA A S Tyt

MZ SN TIL -RAW264.7 A EZ 5x10" cells/well2
96 well platedl] H-5-514] 2471 7F B2t v gste] oy slst
%, @3] Z¥ ¥ DMEM ujA| o AHAFen] FE2&
(GbER} e AT FZ2E(FGbE)S 5= (50, 100,
500 2 1,000 pg/mL)= 3]A3ted 100 uLA g 24 A7k
vj ket et vl A A% & 5 mg/mLe MTTS 7z}
wellell Y31z 4o & & X7 2t vt &, s
A AL DMSOE 100 w4 E5-31] welloll 4499 A4
AE EF =9 F, microplate reader(Multiskan Go,
Thermo Scientific, Waltham, MA, USA)Z ©] &3} 570 nmo]|
A EFTE =439}

" o--= T

% p

AFAES o) = N EA 2] FHmrieze) FYw)
x 100

NO MM o4& I} - RAW264.7 A EZ 5x10* cells/mL
FEZ 96 well platel] E53109 24 AJ7F FF vjsied <t
A3}5 T d3o] ZA¥E DMEM wjx|ol] A7 sEeia 3
Z=(GbE) ¢y AT FE=(FGbE)S 5=
(50, 100, 500 2 1,000 pg/mL)E 3|4 sle] 2] 3, 24)7F
Foll LPS(1 pg/mL)yE 2|3l 24A17F v gstaict. A d=
NO$] %2 Griess Reagent System(Promega, Madison, WI)
Alokg o]gale] Alaugd Fof] EAISHE NO, o FH=
=230k, Al i 25 50 plell Griess A1F 100 pL
2] 3 302 WZ 540 nmollH S35 Sk

COX-2, iNOS MY oix| EMTII —RAW264.7 MEE
1x10° cells/mLEE2 6 well plated] 531 2417 5
QF wiekste] QHgsket &, o] Zd¥ DMEM HlX|e]

Gene Sequence (5°-3°)

Forward CTC TAC AAC AAC TCC ATC CT

Mouse COX-2
Reverse ATT CTG CAG CCA TTT CCT TC

) Forward CGA AAC GCT TCA CTT CCA A

Mouse iNOS
Reverse TGA GCC TAT ATT GCT GTG GCT
Forward CGG TTC CGA TGC CCT GAG GCT CTT

Mouse B-actin
Reverse

CGT CAC ACT TCA TGA TGG AAT TGA
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BT FEE(GbE)F B AT FEE
(FGbEYZ &= (50, 100, 500 2 1,000 ug/mL)Z 3]43}
of Al #, 227+ Foll LPS(1 ug/mL)— A2 ste] wjoks
ATE. 24717F 5w eF HHXle A2 (12,000 P, 3+)o}
o 04017“ pellets RNA Z 7|EE o|§3l F&

#2239 1 pg F=2 RNAE cDNA 34 ¥ primer,
mﬁ‘—r, master mixS TAE cDNAS} £33} total
volumeS 20 pLE 23Ut} 2 5 iNOS, COX-29] #4

A R gelssl,

HEM AMOIEFII(TNF-, IL-1p X IL-6)2] MM K|
M I -RAW264.7 M EZ 5x10° cells/mLE =2 24
well platedl] FF3810] 248178 FF vl &ksle] Qg slst &,
o] Z¥¥ DMEM ulA] o] 87 5e}n| %%(GbE)
3} g AE ) ZZE’(FGbE)~ F5H (50, 100, 500
2 1,000 p/mL)E A5t A7) &, 247+ Fo LPS(I
pg/mLyE 22lste] v FaiaiTt. 24417 ? ok WA=

AE2](12,000 rpm, 33) 3t Aozl A el AEA A}
o|E7RRle] AN s s /‘Miﬂ‘ﬂ% Enzyme-
Linked Immunosorbent Assay(ELISA) kit(R&D systems Inc,
Minneapolis, MN, USA)E o|-&35}o] H&s192™ standard
o 3 TF=A R Zke] 0.9 o])\l—o]O-h;]_

Elastase2| Xoll &4 =M —Elastase A3l S
EnzChek” Elastase Assay Kit(ThermoFisher Scientific)&
olg3le] AT, T FEE(GHER} LA
W7 5e] FE2(FGbE)S] HF-5=7} 100, 500 pg/mL 5
7t =A EAek o kit W 7] EJJ— clastase enzymeS 96-
well plateel] F37 25°CellA 5027 wHSAIH . &4 =3
o|E #A7|5 o831 Ex/Em=505/515 nm HgolA FF
S =43} elastase A3l 4 FAE(% Elastase inhibition
activity)= Tht 7o) AlRtsisith

@)

Cell viability (%)

50 100 500 1000 50 100 500 1000 (wg/ml)
GbE FGbE
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Elastase®] |2l (%)= {1-(S-B)/C} x 100

(S: A1F9] &4, B: blanke] —E—%RE, C: control®] S-°3%)

CoIIagenase-I &l 8N &8 - Collagenase A3l &>
EnzChek® Gelatlnase/Collagenase Assay Kit(ThermoFisher
Scientific)E ©]-&3td £A 5T BB AT FEE
(GbE)a} s 7 Fetr| FZ2E(FGLE)S] HEs%E7
100, 500 pg/mL =7} A A8 oL, kit W) 713}
collagenase enzyme2 96-well plateol] 23 25°CollA 1A]7F
HREAIZT. &8 ZE0lE F47]E ol8sle] Ex/Em=495/
515nm oA 8BS A3} Collagenase A3 T4
HAE (% Collagenase inhibition activity)y= The 720] 7|
AFskaATt.

Collagenase #|3ll €73 (%) =

(S: M52 &3, B: blanke] 53

EA| *2| —GraphPad Prism 5(Graphpad Software, SanDiego,
CA, USA) I EQJo]E o] &3l FAEAS A8t
dlo]g] 7ke] felX= One-way ANOVAS] Turkey-Kramer
methodE F3l p<0.05 F==ollA] 7531

{1-(S-B)/C} x 100
F=, C: control®] S-3%)

Z1 o

WS Ady S0l FEE2 MESY H &y &
AR T FEE] Axg dgo) o IS Yol
7] f1&te] AFEAE A AT LA BAstar B.
subtilis 75(JB PMB-18)2 AF&-3to] 2rg 2 F| 5-g)n

FEES FHeH AT 1ZZU(GbE)Jr g

[utok
0z

.
[S)

50
r

WA T FZE(FGbE)] a5 ¥wH7) sp7] ¢sl, |
A MTT ¥ S ©]&3t Hli%*é-% 15T FEE
o] RAW264.7 Al Zo) that NE EALS Ao FE2ES

251 (B)

NO production (4 M)
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GbE FGbE
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Fig. 1. Cytotoxicity and anti-inflammatory effects of GbE & FGbE in RAW264.7 cells. (A) Cells were treated without or with the
indicated concentration of extracts and cell viability was determined by MTT assay. (B) Effects of GbE & FGbE on LPS-induced
NO production in RAW 264.7 cells. RAW 264.7 cells were pre-treated with various concentration (50, 100, 500 and 1000 pg/mL)
of extracts for 2 hr before being incubated with or without 1 pg/mL LPS for 24 hr. The NO production were measured using Griess
reagent system. Values are expressed as mean = SD of three independent experiments; *p<0.05; **p<0.01; ***p<0.001 versus LPS alone.
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Fig. 2. Anti-inflammatory effects of GbE & FGbE in LPS-stimulated RAW264.7 cells. Cells were pre-treated with indicated con-
centration of GbE & FGbE for 2 hr and then incubated with 1 pg/mL of LPS for 24 hr. (A, B) Relative mRNA levels of iNOS
and COX-2 were determined by Real-time PCR. (C, D, E) Secretion level of TNF-a, IL-1p and IL-6 was determined by ELISA kit.
Values are expressed as mean + SD of three independent experiments; *p<0.05; **p<0.01; ***p<0.001 versus LPS alone.
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NO 55 ZA2AAT T 55 1,000 pg/mL
ZAgA] LPS ©5 X2 the] 29.8% 7] 7 EHE,
g A7) FEE 1,000 pg/mL AHEA] 79.1% 7

2 JHE HolFo] g e T FEE &
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Aoz By Aty weby AEFEge] 2582 NOY
A A @3t 242 A &4 iINOS 2 COX-29] e %
Az #Ado] YA ZAFEIA T Real-time PCRS -3
INOS ¥ COX-2¢] mRNA < 243 A3 BEAT
N FEE3} wg a7 F2ES LPS f=d COX-

2, iINOS®] mRNAEES THAAZ o, &g 7 Fe]
4 AFE 100 pg/mLAlA B AFE] giv]sle] COX-2
£ 55.0% U 74893, INOS A= 46.1% B 4k
FA7F YEPATHFig. 2A, B). 1813t Axe AE 7S
2 kg )R] FEE0] INOS 2 COX-2¢] mRNA
TTg JAFOEN NOAE S A & A5 AlAE
stal e ¥ A9S 23t S7HE S JERITH

gk thE A1 %ﬂ%—é AP|EFIRICE d# 7] TNF-q, IL-

F oM A s A=
ZAG EAI7I AL Lﬂ:} % op7lell FEHre-S EXgch >
olzgt f‘i}?%% B9E FUH R dotry] flste] LPS
7 M| ZeM AEAFE] FE2E(GER} U
*é}%‘%l%ﬁw %%%(FGbEH BSA Al E7RI el
ek oA A4S ZARIITE 2 A3, LPS W5 A 2] 7ollA
TNF-a(Fig. 2C), IL-1p(Fig. 2D) 2 IL-6(Fig. 2E) Alo] E7}
¢l W] AAsA F7HIN e FEE A & 9
FH 07 AP|EFR] THS A JA|shs oz Hol
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pg/mL =4 oFF AR X2]sA] %2 control w3} H]S:
St AT AlolEFIRIO] ZAE|o] Mg § A 7] 5l
FEEA ] FA5 Fo] SXES & F Utk
WS MMt FEEQ -’F—% M &5 - Elastin,
fibronetin, collagen 52| T}
elastase= T4~ 7170l &%
A& FAskE vl =55 £ 2eu Aot AAAE elastase=
5 X198 aEY P25 Adsly Die] @ ARE
% V\"] AoEAN AR F5L 53/‘3 iy AT 2
B AT Y] 371 75dE Rl §19
Ael & Br7HE FE o 5 N ESS Hrkekit
B A FE] FE5E(GbE) 2R BT FE=
(FGbE)Z- 100, 500 ug/mL F== A 2lste] Ade Az},
H G oAM= elastase A3l &4 T7F YERA] 2824
g AT FEEAA TR OEF O E 30~65%
A&9] elastase®] T4 A& HATH(Fig. 3A).

o] F2 EAsks 712 @S collagen I+ 3
) z7¢] Aot oA FgEm P IS A=A sl A
23HA st 9L g} Collagenase= A2 Aol 2]t

ROS(Reactive oxygen species) 2 23] o]gt ~E# A
o7 82le o3l EXdo] F7I8IAL collagens: H3ll3t] T+
23] gslo] HE Aotk AT s ZZ‘:'(GbE)-\J-

w ET e FEE(FGbE)E collagenase-/] Al &

35 =243 A3} Fig. 3B9 o] AEAFE] FEEA
a7 e ggror, g s 55

£ 100, 500 pg/mL F=NA 30% ©17d<] collagenase A3H
43S YERAITE. 500 pg/mL FEME 60% o] ¢4
gk Al d S VERIL o] = el wEbA Ad ] et
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=0 FEMAAAEA S 8 73 AAKET

]ii
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100+
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g 8 8

Collagenase inhibitory activity(%)
2
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Fig. 3. Inhibitory activity of GbE and FGbE on elastase (A) and collagenase (B). Values are expressed as mean = SD of three inde-

penden.
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