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Abstract

In this study, the immunoactive effect of Gryllus bimaculatus water extract (GBWE) on macro-
phages was investigated under various extraction temperature conditions. The study found that GBWE
did not induce cytotoxicity in RAW 264.7 cells within the tested concentration range. Treatment with
GBWE under different extraction conditions resulted in an increase in cytokine secretion and nitric
oxide production in the treated cells. Furthermore, the treatment with GBWE increased the expression
of surface molecules, and GBWE-treated cells showed phosphorylation of mitogen-activated protein
kinases and nuclear factor-kappa B translocation. The experimental results suggest that GBWE
exhibits immune-enhancing effects in macrophages. Notably, these effects were observed even in
GBWE extracted at low temperatures (5C and 25T) without exposure to high temperatures (75C)
typically used for extraction. These findings suggest that GBWE has the potential to be used as an
alternative protein source and functional food material with immunostimulatory properties.
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o] FTAE-Z Fl olFoiXIk(Shin, 2012). 0] F HAAIEE AUHZ JAT FLe FAlokaL, HY
24 Q1A nitric oxide(NO), tumor necrosis factor-@(TNF-¢), interleukin-6(IL-6) X! interleukin-13
(IL-18)5= #Hloto] A W Alx7o] TS Fiedte AR UHA Utk (Beutler, 2004). 25
Qo] ojef skl AT A He] AL St Thl, THIES] P4 ST Y
A4 A% (antigen presenting cell, APC)ZA HSHAANHE ZR3F 2JeS SFPohe A0 BT
HchBirk er al., 2001). FZM HAES o83t A 179 WY HojAlA dat Are] ool
B2 A A57t FFEAL 3L2H(Chirumbolo, 2012), o5 HAAY] ¥H3-Z Fieoh= WY 28
Aimmuno-modulator) 24} g2t AR o, Pk AR Bat A7 FEe] Wy
1! chKaufmann et al., 2018).
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FHZ, 0 9 MR 9 59 ofuiE AlgRtE w3t WA AlS thAIAES] F84
o] Z£%|31 IthRamos-Elorduy, 2009). A& 352 HHAQ] A5 HiAIAFC R, BIE 5412 B3f
240 Aks WA} FARIGORZ g Aito] ZHssiths A4 oS A'dHRumpold and
Schliiter, 2013). Bl&0] 7]& FAHIo] Hls] 247149 HiEgo] 2| om, Fdo| chdy} 778
Heg EnT EHT oo] B4Y, JUYHORE e 959 gAAECR YA ckUanten
et al., 2020). FHONAE F 10579 218 50l AFQJREQPA 9] AE-3H(Ministry of Food
and Drug Safety, 2022)0]| 5-E%|9.0™, 15 WEAFN(Gryllus bimaculatus)y= TFE: 218 230
HJ5) 2453} ofelz} 28 UIURS T 5kl (Ghosh ef al, 2017), o]l BAL Wela} 2L
L op|icAto] FHo10] 754 W At ] M=l UckBelluco ef al., 2013). A A4
F5etu)= gakst G4 (Cho et al., 2019), B ZA(Lim ef al., 2022) I7E BT TRIsl 7]%64
off TRE AF7F AP QLo obf] & ko] uE WY B/dof Ut At Hare vl glck

E JPoMe 25 2oE G5 WEATE] & F2EE(Grllus bimaculatus water extracts;
GBWE)& A|2Js}o] TAIA|3E2] NO, tumor necrosis factor-¢(TNF-¢), interleukin-6(IL-6) & interleukin-
13(1L-18) ¥4 53} A& #H &4 QARKcluster of differentiation; CD80/86, major histocompatibility
cmplex; MHC clsss I/11)2] '] v|A|= FF2 vl #4613 olF &3 1Y 54 7154 &4
ZH g8 Qo] F& 259 P3RS FE3}al, mitogen-activated protein kinases(MAPKs) Q1Aks}
9 nuclear factor kappa-light-chain-enhancer of activated B cells(NF-xB)2] ¥&-& T&5lo] GBWES]
UAE ) el A 718g il

1|, X2 2 diH

Wset| € FES(GBWE) M

2 Aol ARGE A EATEE @S 41 (Busan, Korea)ollA FHilisto] ARSI HEH
28 Areio) S A48 F4)7](NSG-10028S, Hanil, Seoul, Korea) 2 R8I35l 93t} 48 7]5Ratv]
30 gof] FH4E 600 mLE & 2% 5T, 25C ¥ 75T o)A 500 rpmOF WHHHI324N-2, Hanna,
Korea)dlo] &5t FE5ES #S350|(No. 4, Whatman, Kent, UK)Z o1} & 0]E 2,250 x go]
A 10271 23] YA Edoto] A5de IESIGIH:. olF A5de A A 5571(N-1300E-W,
EYELA, Singapore)E ©|83l 5535t & 52 71Rslo] -70CA Eysto] 2 Ao AREsIT.

CHAIMIZE HHQS

oA Sio] thAl AEF RAW 264.7 cell> SHE A|E 523 (Seoul, Korea)ol| A EoFio}f
ARESEATE A2 viFS Yol 10% fetal bovine serum(FBS, Gibco, Carlsbad, CA, USA), 1%
antibiotics(100 unit/mL penicillin and 100 unit/mL streptomycin)7} 238 Dulbecco’s Modified
Eagle’s Medium(DMEM) H[X|(Welgene, Seoul, Korea)E A5}, ©]&= 37C, 5% CO;
incubator(Thermo, Waltham, MA, USA)oJ|lA] vjFs}Sich.

NE MZES HIt

GBWEZ} RAW 264.7 cell HAAZE ME RZEE0] nX= GRS FotE7] Y5l MTT assayS
AAEHALE 96 well plateo]] 1 x 10* cell/well] =& RAW 264.7 cellS B33 &, 37T, 5% CO,
incubatorof|A] 12A17F B9t vidste] MEE AT BEZAFLE 500 ng/mL X9 lipopoly-
saccaride(LPS)9} %= H(500, 1,000 pg/mL)E 5T, 25C & 75C 22 GBWES A3t 5 24417
B9t wioFslitt. 1 %, 5 mg/mL 5E£9] 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide
(MTT, Sigma-Aldrich Co, MO, USA) 89S well T 20 uL &7}s}0] 2417 59t wkS-A|7] 11, ujoF
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ARG AT MIT Aot 712 A4 fomaang ol o dimethyl
sulfoxide(DMSO, Sigma-Aldrich Co.)& 100 uL® #7}3t ¥ microplate reader”](Bio-Rad Inc,

Hercules, CA, USA)E 0]-85}0] 570 nmof|A] S35 =451tk o] control(medium only)2] &
B= Fe 7202 AE AEeE vTsi

NO ks &7t

SHA APl E7HRL 2] =5 7104 ARSRE 43S 500, 1,000 pg/mLE ARESI] NO 2H[FE
Selal et A5 100 uLo] S22 Griess(Sigma-Aldrich Co,) AlokS 5}, QHAolA] 108 5
Qb ¥ES-A17] 3 microplate readerS ©]-83f 540 nmof|A] FFEE =519} o|nf NO9| BE=
sodium nitrite(NaNO,, Sigma-Aldrich Co.)& 5ol 92 HFE A o]&slo] AAIAL}.

Cytokine 2H| &5 E7t

GBWE A#|2|7} cytokine #H]0] H|Xi= kS &RIsH| Iot] enzyme linked immunosorbent
assay(ELISA)E ZQI5}91tt. 48 well plateo] RAW 264.7 cell& 5 x 10 cell/wello] HE= B35}
& 37T, 5% CO, incubatoroi| A 12A17F Bigaf MEES 5] F2RAH L) 500 ng/mL ‘5= LPSS}
RS0, 1,000 ugml)2 GBWES: A2let F 24417 59t ooyt o} A5 ohe elaleint
o Wi A AR TNF-¢, IL-6 B IL-18943e 579313t Cytokine®] §F2 ELISA
kit(eBioscience Co, San Diego, USA)S AREol0] 451900, S 450 nmoJlA] S5t
ojuf Alo]E7R19] Bk kito] FHE]o] YUE TNF-g, IL-6 L IL-152] = -89H(2,000-0 pg/mL)C.
EHE AEE #E FAS ol83lo] Allsigint

MZ B2H &4 QIXHCell surface molecules) H7t

GBWEQ] A2|7} thalMo] Al 3 &/ Qe o] njx|e e S7ol7] Hsto] RAW
264.7 cell& 7+ 48 well plateo] 5 x 10* cell/well BE2 B33+ & 37T, 5% CO, incubatorolA]
1247 vjFste] @bAs] A ZTh GBWES 500, 1,000 pg/mLe] %%, LPSE 500 ng/mL SE &
AE]et & 24417F B2t BEAIX] & AEE Bl5=si9itt. A9] 8] EolH’l A HAsk| flsto]
3|45 AJZo] 1 ug/mLe] Fey VII(BD Biosciences, San Diego, USA)S A 2jdlo] 4T oA 2087t
HESA7] &, iR EE B4 IR} BA18 915)0] anti-CD 80-PE, anti-CD86-PE, anti-MHC [ %
[I-PE(BD Biosciences)?t 22 Al 1 FAIE 1,000814] 5]4sto] k-] Aao] Aokl 308
B9t HESA]71H, o]5 AR E47)(FACS callibur, BD Biosciences)S ©J-&ato] £A4519t}.

HAE 2% 24

6 well plateo]] 2 x 10° cell/well2] ==& RAW 264.7 cellS B3=510] 1247} Bt FA5] B2
7|2 LPSE 500 ng/mLY] HE=, GBWEE 500, 1,000 ug/mLe] 5= XZ5lATt. 308 9 37T,
5% CO, incubatoro] HFSAJZl & A|EZE 43dlo] PBSE 33] A&} RIPA Buffer(Thermo
Scientific, Rockford, IL, USAYZ Z7}5t | 10,000 x gof|A] 3087t FAIEZTA] cell lysateS E2]5}
ek & Wo] TlEs Eefsy] Yokl gt Aol A SFA[10 mM N-(2-hydroxyethyl)
piperazine-N'-(2-ethanesulfonic acid)(HEPES), pH 7.9, 1.5 mM magnesium chloride(MgCl,), 10 mM
potassium chloride(KCI), 0.5 mM dithiothreitol(DTT), 1 uM leupeptin®} 0.2 mM phenyl methyl
sulfonyl fluoride(PMSF)} 2057F Heat 3 12,000 x gollA] 137+ 4] Hefsto] Axaz sle
Eelolqit). £25t S 74 25920 mM HEPES, pH 7.9, 25% glycerol, 420 mM ethylene
diamine tetra acetic acid 0.5 mM DTT, 1 uM leupeptin, 0.2 mM PMSF]22 & 2]5}o] 10,000 x gojlA]



FE 250 M2 WEHTa 229 B9 3T 51

for

2057 YA R oto] ARG 2Z5lTt. BCA protein detection kit(Thermo Fisher Scientific
Inc., Rockford, IL, USA)S AR&oto] ThlA-S Aekolal, well B 20 ugd cell lysates 10%
polyacrylamide gel®]] Z+Z loadingd}o] SDS-PAGEZ WA £&|5[%tt. ©]& polyvinylidene difluoride
membrane(Millipore, Merck KGaA, Darmstadt, Germany). 22 transferc}$1l, membrane< anti-body
o] H|E0]2] A3 HA517] 5] blocking solution(5% skim milk) 20 mLE 1A17F 52t B33tk
0] TBST(20 nM tris-HCI, 150 mM NaCl, 0.05% Tween-20, pH 7.5)% 1054 33] AJ43t 5| p-p3s,
p-ERK, p-INK ¥ [kB-¢, NF-kBS] &S =517 Yall 1X} A|(Cell Signaling Technology,
Danvers, MN, USA)E 1:3,00002 3]45}0] 24|17} 59t WkS-A|7]1, TBSTE 5871 33] AH5H9ch
0]& 22} GA|(goat-anti rabbit 1gG, Calbiochem, La Jolla, USAYE 1:3,000°2.2 3]435}o] 1A]7F 52t
HRSA]Z]1L, TBSTZ 1587t 43] M|&51H, electrochemiluminescence(Millipore Merck KGaAYS A&
3jof Qlstelsirh

SHEM
o|Ak9] AdofA HojA AI= GraphPad Prism 8.0 ZF 12 (GraphPad Prism Software, San
Diego, CA, USAYS o|-&3lo] A vz EAREX (one-way ANOVA test) O 2 EA519111, AR 719
_] Hoksk

L0J49 Tukey’s multiple comparisons testE ©]85Fd "p<0.05, “p<0.01 =L p<0.001 L
"p<0.000155A] Bl SR

. Za 2 o

GBWES| £= Z7E ME H=2
GBWEZ} A 3of| 4 9] AlZAJEE0] m|A|= FoFS Lol7] 2I5ted, RAW 264.7 celloflA] A
7R FE2ERA(ST, 25T E 75C)9] GBWES A2 & 2447t o]99] A3 BE&-Z MTT assay
£ E5) 115kt GBWEE 500, 1,000 ug/mL S5 )5k, positive control(PC)Z= TAAE
£ &X3HA]7]= Lipopolysaccharide(LPS)E 500 ng/mL 5= 2 A 2519} 1 A3}, xS 3+
S RE 2T A9 &E0] 500, 1,000 pg/mL oA 24 tiR negative control(NC) 7|50
E 100%0] 33 AlZ BEES YEHo] Al =/4do] YehA] gk Zs HESIIthFig. D).

150 ns

|_|
|_.|
H

Cell viability (%)

0
GBWE CON LPS 500 1000 500 1000 500 1000 (Mg/mL)

Temperature 5°C 25°C 75°C
Fig. 1. Effect of Gryllus bimaculatus water extract (GBWE) on macrophage cell line (RAW264.7
cells). Cell viability was evaluated in RAW264.7 cells treated with GBWE extracted at different
temperatures (5C, 25 and 75C) at concentrations of 500 pg/mL and 1,000 pg/mL, as well as
500 ng/mL of lipopolysaccharide (LPS) as a positive control. After 24 hours, cell viability was
assessed using the MTT assay, and the results are presented as mean + SD (n = 3).
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GBWES| = ZZi¥ NO =H| Rks

HiAAIE7 B-gokelE NO2k= 233t oAt Ay 22 Bvlshad], Ad Al 3 A2
AES 2ESHAY At} HiolHARTE AAE Hoske $87 4gg F3UTHBogdan er al,
2015). GBWEZ} tAA| 0] HoRES-2 RESH=AIE Lotr] 9fsf SAdo] YeEhtA] 3k 500,
1,000 ug/mL 552 GBWES} 500 ng/mL 552] LPSS RAW 264.7 cello] #2]3t & NO 449
0] 2= G SRISHATE RAW 264.7 cello]] 500, 1,000 ug/mL F=2 A€ Al 714 25253
Z(5T, 25T 9 75C)9] GBWE A2| 52 NCHH] NO#HFs°] Ao s fies= 25 wasl
AtHFig. 2). ol3t ZHE EHE, GBWEE 7|& Aol &3] ARGH 12 (150) 2=
ofeh, AL(SC) R AAR225C)FEEINE NO e a3k or fiesto] thajM|e] |enks-S
S7M7Ie AoE AmEd Kim 5(2020)0] e AEATF] 9] 22 HE A8 250 B9
Zraat ZE2] S0l 01, op|icAl 2AJo] <=5} BCAA(branched chain amino acids)E ThF
SHroto] el /dell axbaioletal Hard). oj2gt AY A--Sol 25t AaATetvle] S5t
Al gl Sl EiEo] i) WY 8442 fieoke RS § Y Zos Almdth

GBWE?| FEX71E AO|EFQI 2H| RES
795k ATt BHloks APEZRI WAAAY A4S AIRIAEA B4 #8415 B3l
£ AN EEY] S FEotL, AN HIHRSS 2Hoke A0 dA Slo] WY &4
Uehe A2 A ARSETHWang and He, 2020). HEZOE, TNF-o= TAEY] E43} 9 ZA1S
FESHL IL-6= BAIRZE ZA43fsto] A9 BAkE sk wAlo® WY Z4e =)
(Tanaka et al., 2014). IL-18%= NKAZ2] ES S5 (Ambrosini ef al., 2015)5F= 202 A#A 9lct.
OJAH A= Tl oAl E/datelo] B] EoHQl A At oz, A3 HAol|& o]
oto] &50] WojA Al glo] FF4R0 AeS PTTHHasselbalch, 2020). webA & 271
THE GBWEO]| oJ5t thalxae] gdalks waslr| 9lsl TNF-a, IL-6 X IL-159] 5|52 575131
t}. 500, 1,000 pg/mL S%=2] GBWESF LPS(500 ng/mL)E Aejst 23, BE 22T 27 (5T, 25C
9 75C)9] GBWE A2 159 Ale]E7}R1 #H]7F NCHH] F7ksk= 22 918 4= AATKFig. 3).
40
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Fig. 2. Effect of Gryllus bimaculatus water extract (GBWE) on nitric oxide (NO) production activity
of in macrophage cell line (RAW264.7cells). RAW264.7 cells were treated with GBWE extracted
at various temperatures (5C, 25C and 75C) at concentrations of 500 pg/mL and 1,000 ug/mL,
as well as 500 ng/mL of lipopolysaccharide (LPS) as a positive control. After 24 hours, nitric oxide
(NO) production in the culture supernatant was measured using the Griess reagent assay.

The results are presented as mean = SD (n = 3) and analyzed using one-way ANOVA followed
by Tukey's multiple comparisons test. Statistical significance was indicated by p<0.05, “p<0.01,

sokok sk

p<0.001 and =~ p<0.0001 compared to the control (CON) group.

=
(=]
1

NO concentration
(nmol)




FE 250 M2 WEHTa 229 B9 3T 51

for

A B Cc
1500 2500
- . -
Fl 23 200 <
£ £
3, 1000 £ ot " £
g B0 g:
= 2 =
~ 1000
IE 00 © ead e
3 2 s - 4
[= M =
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GBWE CON LPS 500 1000 500 1000 500 1000 (a/mL) GBWE CON LPS 500 1000 500 1000 500 1000 (g/mL) GBWE CON LPS 500 1000 500 1000 500 1000 (wg/mL)
Temperature 5°C 25°C 75°C Temperature 5C 25°C 75°C Temperature 5°C 25 75

Fig. 3. Effect of Gryllus bimaculatus water extracts (GBWE) on cytokine (TNF-¢, IL-6 and IL-13)
production activity of in macrophage cell line (RAW264.7cells). RAW264.7 cells were treated with
GBWE extracted at various temperatures (5C, 25C and 75C) at concentrations of 500 pg/mL and
1,000 pg/mL, as well as 500 ng/mL of lipopolysaccharide (LPS) as a positive control. After 24
hours, cytokine production in the culture supernatant was measured using an ELISA kit. The results
are presented as mean £ SD (n = 3) and analyzed using one-way ANOVA followed by Tukey's
multiple comparisons test. Statistical significance was indicated by “p<0.05, “p<0.01, “*p<0.001
and “"p<0.0001 compared to the control (CON) group.

Seo 5(2007)° W= E o FAFEt|I(Family Gryllidae)ol £dh= B2 0| (Teleogryllus
emma) FZEE0] UR-L F] HIAAIZOIA IL4, TNF-¢9] 2415 F=ste] "iks S avs
Uehl= 2108 SRIEglon, o= & Ao 2t fARE AR UERSIT mebs 12(75C)
F& 2719 GBWES TRV, A5C) E A=(25C)F= 2719 GBWE E3F tiAlA| 20 &
et B3l AlRIEZIL BHIE AaTAoR {idt 208 AlRHr:

GBWESQ| FEZXYH [HAIME ME HH &Y OIX} 2isi0) O|Xl= Fet
A 2 H AT (cluster of differentiation, CD)= HIFTFHof| weta] Al FH EXE L85}
I Aol F-8otH, HYRkSol il CD80 ¥ CD862] a2 TA2ES] H-g-S XI5},

E35A|(major histocompatibility complex, MHC) EX= HIA| Q] ZF8o] uf-$- £33t IS sttt
HUAeh 22 FEE BASE AN = MHC] S 23t E3A19] FEZ Alzato] UepRdo
EMN, THIZZ stojg 334 1 W82 &Rt Guerriero, 2019). Z17] & FE2E=FA(5T,
25C 2 757)9] GBWE A g]7} tAAE2] CD80, CD86 U MHC class I/ 2alo] m]x]= ke
gelskazzt 500, 1,000 pgml L2 A2 F, fAE 24715 Fof BEs6i9ich CD8oe] HEdS
234351 A7}, 500, 1,000 pg/mL %2 GBWE 2] 182 5T 27004 22} 65.1%, 73.4%, 25C
ZANA 62.5%, 65.7% 123 75C RANA 70.3%, 79.9%5HE NCHH| 2718t AL astqich
(Fig. 4A). CD862] & 2] A<, 500 , 1,000 ug/mL %= GBWE X 182 5T 7oA Zzt
30.1%, 53.4%, 25C ZZA9NA 57.9%, 71.1% 18|11 75C 24 60.3%, 73.3%% NCTHH] 27}
Sl 02 YERHTHFig. 4B). MHC class 19] @dE &43+ A7}, 500, 1,000 pg/mL 52 GBWE
A 282 5T 274904 ZH2F 56.6%, 66.2%, 25C RZA0A 48.9%, 52.4% 18]11 75C 7oA
60.7%, 75.4%5F NCtjH] 2715t A& #2519 thFig. 4C). MHC class [19] &2, 500 , 1,000
ng/mL §=2] GBWE A2 152 5T ZANA 27t 42.0%, 46.5%, 25C 2004 74.1%, 82.5%
8|3 75C RAA 53.2%, 69.8%5HE NCTHiE] Z71519itHFig. 4D). |3t 23kE Efg nE
Z2Z 2T ZA5C, 25T 9 75C)2] GBWEZ| TJAIA| 2] CD80, CD86 2 MHC class I/119] ¥dS
FEoks AS gRIsioinh webA 1-(75C)5&532709 GBWES 7K &, A2(5T) E =2
505322719 GBWE E3H gAAIZE &3} Al7]= A2 AlsHoh
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Fig. 4. Effect of Gryllus bimaculatus water extracts (GBWE) on surface molecules in RAW264.7
cells. RAW264.7 cells were treated with GBWE extracted at various temperatures (5C, 25C and
75C) at concentrations of 500 ug/mL and 1,000 ug/mL, as well as 500 ng/mL of lipopolysaccharide
(LPS) as a positive control. After 24 hours, cells were stained with anti-CD80/86, anti-MHC-I/II
for 30 min. Surface marker expression was measured by flow cytometer. The results are presented
as mean = SD (n = 3) and analyzed using one-way ANOVA followed by Tukey's multiple com-

parisons test. Statistical significance was indicated by “p<0.05, “p<0.01, “"p<0.001 and “**p<0.0001
compared to the control (CON) group.
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gRINES] 27] HHHESof Qlof, AL vl 24 thillAl 0JAksl § Av(extracellular regulated protein
kinase; ERK), c-Jun NH-T8& QIAFS} § 4 (c-Jun amino-terminal kinases; INK)Q} Al=l/E& 24
HaHA] 9]AKS)} § Ax(serine/theronine protein kinase; p38)2} 22 THALS F3lol= MAPKs?] Q1AKsH
L ApolE7}els} NO2| 2]E Esjo] UAES Yt ZRT s FZo|ckSymons
et al., 2006). TESF NF-kB+= inhibitor of kappa B(IkB)2} 2g=|o] B3} AJe|= ANl222o] EAst
e} 54 A=) ofs) 1] QWIS TS A BelElol ® vRa Sobh §4 WAt Q2
ZR-gslo], U712k UellE Ao|E71R1T NO2J 2H[of 32 713 l= A& defA IThLiet
Verma, 2022). %J7] AgolA Vet GBWE A 2o] oJ3t thAlH 3 E/dol7} MAPKs 145} 9 NF-
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Fig. 5. Effect of Gryllus bimaculatus water extracts (GBWE) extracted at 25C on MAPK and NF-kB
signals in macrophage cell line (RAW264.7 cells). GBWE extracted at 25C was treated at the
concentration of 500 and 1,000 pug/mL for 30 min. LPS (500 ng/mL) was used as a positive control.
Activation of (A) MAPKSs (phosphorylated ERK, JNK, p38) and (B, C) NF-kB (phosphorylated 1xB-
@, IxkB-a@ degradation and nuclear translocation of p65) signals were analyzed via western blotting.
The results are presented as mean + SD (n = 3) and analyzed using one-way ANOVA followed
by Tukey's multiple comparisons test. Statistical significance was indicated by “p<0.05, ~p<0.01,
p<0.001 and “p<0.0001 compared to the control (CON) group.
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