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The Antioxidant Activity and Protective Effects on Skin Cell Lines of
Solvent Fractions from Gryllus bimaculatus

Kyong Kim, Yoon Sin Oh*

Department of Food and Nutrition, Eulji University

ABSTRACT

Oxidative stress caused by reactive oxygen species (ROS) is a key mechanism of skin aging, and the use of antioxidants
is an effective strategy to prevent the symptoms associated with ROS-induced skin aging. The components rich in
polyphenolic compounds with antioxidative activity were identified by fractionating an aqueous ethanolic extract of Gryllus
bimaculatus (AE-GBE) using solvent using hexane, chloroform, ethyl acetate, butanol, and water. Their ability to migrate
H,Os-induced oxidative stress in human dermal fibroblasts (HDFs) was then evaluated. The butanol fraction of AE-GBE
had the highest polyphenol content and antioxidant effect, followed by the ethyl acetate and water fractions, suggesting that
the likely antioxidant components are polar components. Furthermore, the butanol, ethyl acetate, and water fractions
effectively reduced intracellular ROS production and DNA damage in HDF cells caused by HyO,. Overall, these findings
suggest that the butanol fraction of AE-GBE shows promise as a natural insect-derived antioxidant material, capable of
suppressing oxidative stress by showing a stronger antioxidant effect under HyO, stimulation than the other fractions.
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ZHE?1 0,7, *OHF AJA| A3 AT Te] whgofA
frei¥l ROO-, RO+, ROOH ¥ HOCI 55 dZ+=th &4
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1988; Frippiat et al. 2001). £3] 3|4-2] aatsl woja|2~H)
o] B7¥S v w3lE w=A P27 (Rittié & Fisher
2002; Mukherjee et al. 2006) 4§ 7tx 2 A s
st Sl 2 defidl T3 22 Axe] 71d oy
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90%7HA] A ste Ao 2 B I HTHRemacle et al. 1992;
Rizvi & Maurya 2007). WA =5 2ol whe kst
B4 Adg AYE flsl st BHY BES Axsta
Ue Aolth. T2 20| FurHe stEdE= HER]
AE-CS ET5E, WEPIEE, FEAloRd, 34129l Q10,
STERRE, Ga]EAE Sol UATE Aol A wEA 2
=7] wjol AFOR HES] dFalokshs ARl S
ok 223 A kst S8o] Akl ot S &
o=t vl g ARIsHAlE i ARE Al Foll Fol &

£ AEEA S e S 8l I EEEA AEE
A% 545 vekd F dvks Bat Qo] ARl 9
o] Fo7F Fasirt. aeste] L FY AFold dA
oA frefgk skl gk At FES] KA 9l
(Branen 1975; Farag et al. 1989; Lee et al. 2011). &)
7H] G A REEAS T2 A E] AAYEER]
golEANAS FHOE s ddE, qY R A &
Aol #ek A7E dlF-Eoltk(Osborn-Barnes & Akoh
2003; Dziato et al. 2016).
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5715 AFE I Gryllidae)l] 4381 oFgtid 2521
APAATZ] (Gryllus bimaculatusy= 380 2= )AL 7t
Ak, A EEE 82T e eluslon, Al
AXo R A8z Bo] duA AHIFER0E o83 T}
G A B 75 BEARA E87A7F = Bt

532 JrHAhn et al. 2015). ABAFEI = 30 UL 2
HIEN-S BG35PH, 53] SFEFX]=(Glutathion)°] 53l &
5]__0_ HEO 51— )\1_9_ :L oi OLE:]XﬂU]-(Park & Yun
2018). AA7HA] BaLE Ao ofe|ehd aeE
WA AN, st 9 s 7 7 7ls A, YA
, &3 =3} o] UK Ahn et al. 2015; Chong et al. 2017;
Hwang et al. 2019; Han 2021; Lim & Byun 2021).

el FE=EFE s 2 5T U A7
Es] BAHI vk HEog 7hed Follute] 5
(Bombyx moriy TFe] Arol|A] ksl ado] RarE
O™ (Liu et al. 2018; Wu et al. 2021), FFEd o] FF
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7450} E}(Kim et al. 2024b).

AT FE = gofehd] ZixiEnt ot e dMls
2 ZAm YL 2A 9 870 HeiiE F53
ATHKiIm et al. 2020). HZ F-2= 70% ek 4d
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1. A2t
2 Aol ARE AT (Gryllus bimaculatusy= 73
EE G ] ¢

A3k o2 uRg oA Aol A8}

% Ethanol, Hexane, Chloroform,
Ethyl acetate, n-butanol> =7 Merck KGaA (Darmstadt,
Germany)2] ¥4 S5 (EMSURE, <% 99%)S ARt}
Dulbecco’s modified eagle’s medium (DMEM), 1X Trypsin-
EDTA solution, Dulbecco’s phosphate buffered saline (DPBS)

2 penicillin streptomycine Welgene (Daegu, Korea)ol| 4]

AL Fetal bovine serum (FBS) Gibco BRL
(Grand Island, NY, USA)°llA Y3t} Folin-Ciocalteu’s
reagent, L-ascorbic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH),
hydrogen peroxide (H,O,)+= Sigma Chemical Co. (St. Louis,
MO, USA)NAN 7zt F3te] ARE-3FA T} 2',7-dichloro
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dihydrofluorescein diacetate (DCFH-DA)T Molecular Probes
(Thermo Fisher Scientific, USA)*| A 3-(4,5-dimethylthiazol-2-
y1)-2,5-diphenyl-2H-tetrazolium bromide (MTT)= Duchefa
(Biochemie BV, Haarlem, Netherlands)ol| A T3l A&
ol AHEEISITH

2. AE-GBE = F&=2| =A| & =0l £&|(Solvent partition)
AE-GBE (aqueous ethanollc-Gryllus bimaculatus extract)
NE F2 WHe old A whH ¥ ZHKKim K et al. 2023).
F7l1en E3E0] AZ= AE-GBES 108132 S/ &
3 & Fae] 38 92k (n-hexane), FZZ¥E(CHCly), °ll
aoPHIEHO]E(EtOAC) FE-S-(n-butanol)] grje] A4S o]
g3lo] SRHOR FH30) PYEL AT RE FYS 2

s Al 8 REG ARE ol F 55 U 5
A7zt 4°C o]tz W7 Hykshas Aol ARg-SFiTt.

w
01-4 0|,,

Z2)8E g% B4 Folin-Ciocalteu WS 283}
3199 tHAinsworth & Gillespie KM 2007). 3-8 2]t
A FALE gallic acids AHE-3SI3A T Smg/m T
Al 22} 0.005- 1mg/mL W99 F]A
A 100 L FH g ¥ Folin-Ciocalteu’s phenol A]2F
100 uLE E3sE & AeA 308 <t WHAI7]AL 750
nm oM FFEE SAAT S8 EF AF
Aol didete] Alg gd FHratal A= gallic acid®] ¥
(GAER! mgo 2 #Hitste] & Egjvls ks ot
DPPH free radical 22715 42 Blois?] WHS 8-83l
=431 tHBlois 1958). WEheS: g-<lo =21 0.1 mM DPPH
£ 180 uLet 1, 5, 10 mg/mLe] == 833 FE5 20
uLE £ £ 517 nmeollM 855 A6 2 AEs
33] WHE AES AAste] HARS 7819 vitamin C
= ok Uz o 2 ALESte] vBlw AFsIHT 7 oo
radical 227152 T 2ol ofal] AlLtste] WiEEE YERY
Aom 7k Al=9] radical 27%F WEEC] 50%Y W] A=
FE(Cs)E 3T

DPPH radical A48 (%)=100—-(A 5 H7-9] S4%)/
ANE TS S8 5)%100
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4. M= et

Primary Dermal Fibroblast Normal, Human, Neonatal
(HDFn, ATCC PCS-201-010) 2120} Z3]of|A] H-2]3t Al
FFE Wdet, 95 =3h, A A, A dg 2 A4St
—2— ESHeE 9 Aol ARgHETE Al XEE 37°C, 5% CO,

Fralelelell Al 10% FBS2F 1% penicillin-streptomycin®©]
Iﬁl DMEMelIA 52 9 fAl8k3inh, v eF viAl= 3w}
WAL AE7F 80-90% =gshd Ak v stk
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5. MZ dZEr 3

AlFe] AE 54 W7 MTT Aok ol&3ate] S4315
TH(Vistica et al. 1991). 96 well plate (SPL Lifesciences,
Gyeonggi, Korea)oll 1.0x10* cell/well®] =2 HDF A3
2 2447 EZAZ) F 10-1000 mg/mL Atole] 6 7He] &
T2 24N7F At AkskA ’\Eﬂﬂ—’l"ﬂ oJgk AlE &4
BEE3% 99} 7+& ko] HDFA|EE 2447 B9t vjeks}
of ¥232071 5 A EE 22t 50, 100, 200 pg/mLe] FEZ
e|3te] 24X|7F 1L H Fopdnh. 1 the Atshs] 2E#~
g fdsh7] f15te] 1mM H,0,5 2417k H2lskdth. v
<5 ¥ DPBSZE 23] H] st & 0.5 mg/mL MTT Al¢FS
100 LA &3 star 2417 vieFek 5 whg-olls AlAsIL A3
% formazan A =0]7] 98] 2-propanolS & (100
mL) #7Fe & 560 nmo A4 S =(TECAN Group Ltd,
Shanghai, China)& 7435t}

6. ML L BA3AkA 2

ABIREY S fE T AE W @] BHE fls) A
s} ghglol]l WzHst ¥ ©3% DCFH-DAE AHE-3FATHKIm
et al. 2024a). HDF A|3ZE 96-well black with clear flat
bottom plate (Corning, Corning, NY, USA)ll 2.0x10* cells/
welle] T2 5 F 2443 BA & AEE 7750,
100, 200 pg/mLe] =2 x5t 2477k <t vl kst
o 2ty ARk REYAE fEe] flste] 1mM
H,0,5 2A%F A 2]3lSitt. AlZ= DPBSE 33 A4S
A% ¥ 10uM DCFH-DAZ A3 & We ztsly
37°CollA 3087 WESAIZ] H ex. 485 nm, em. 530 nm I}
7] fluorescent microplate reader (TECAN Group Ltd,

Shanghai, China)s AM&-ste] AW 3348 SA AT

7. ELISA assay

HDFAIEZE 6 well plateol] 5.0x10° cells®] L= HF35}
o] 24717k PGS} & AXE T2 ARE 2487 B A
25kl 1 mM H,0,5 2417 AElete] ABlEEdAE fi
A7tk DPBSE AlZ ¥ AEE 1x trypsin-EDTA 2] 2
Balat AH3gE & A Eo| 200 pLe] lysis buffers 718t
o Zg&ellA 30 minZk ¥RSAIT] F HAlEE sl e
9] Cytoplasmic histone-associated DNA fragments= AFZ
3t M|aLe] H&FsE 218 Cell death detection ELISA plus
kit (Roche Molecular Biochemicals, Mannheim, Germany)

£ ARESte] AT FE2E AEE £8 Az
Hol| w2} A 51.o A5l 20 uLE streptavidin®] &
H 96 well platedl] &7132 AAJE Wil w2}t WEgAIZ] &
405 nmellN S35 A3

8. EH|XZ|
A719] BE AY A= 33 oY vbE Agsidlor B

AE 7S meantstandard deviation (SD)Z YER SATE

&

c
A BA4S SPSS 20.0 AZEo](IBM SPSS ver. 20.0.0
for Windows; IBM Co., Armonk, NY, USA)E A&-3}%
A Fo8E 4 FAF FAH(ANOVA)L & 753 }‘)\A—L—
F940°] = 7% Duncan® thE H$ 7% (Duncan’s
multiple range test)¥} student’s t testE ©]-83} p<0.05
TFrollM A B atst S Bl o 7hel At
Ae Foi& A AlFE Altste] 2483t

oftt rid

70% olehEE F=E 4
gsto] kst 24 2]
AeoAHo|E, FE-E, EF 'E‘;' I = 1'6& &, AE- GBE
2 g gl EYES F Eeus g ilslss ¥
7¥sl9ith. <Table 1>¢] EAISHZ, AE-GBE 23 E9| F
E9E = (mg GAE/g ex.)y2 21.78 mg GAE/go]3lom
Here 235o] 3287 mg GAE/gO 2 1.514] A Jebst
3 & B3 Eo] 26.12 mg GAE/gr o 2 Yehdth thgo s
| 2859 3418l G35 DPPH radical scavenging &
3] ICs %}\'( g/mL}QE H] gk 7§J_’Jr Feke> o oA
;\1 2 Jehgth & Zgu|sdge] 7
=7 ‘/}E}k}‘}i‘ﬁ e EEolA] 0.22 mgmLe] ICs, 3t
2 DPPH radical £A%°] 718 =4 vehdol wet aikst
P FejulE g He] AT =28 ERIE 3
o soj= A (Pearson’s correlation)Z LERH 2
7+ r=0.809 (p<0.05)Z L}EFATE AE-GBE2] £vfd 3
st AFE S, st S 7R EjEls QRS WS
AETE A4 ke 242 F8T F Jden 53
e TEEY s ICs w & FE=21 AE-GBE
o] ICsowkel 23af0ll e X0l Y 2o R AL
S5 A A=A Vit Co ICs @ 1/5 7o =
HwA o gkl S JIX T LS o 2= 9r). Zg]

1= omTm=

He 33HE-e A EAQ] 22 AMHEZA] phenolic hydroxyl
718 7 BR e gl AviRAlEd A Aeste] 2t
& Wk A 7R Aol tekRt S vehlis
A rsA| A Z-8-3tk(Manach et al. 2005).

LERE FE S Yelr de @i,
Phytophagous) .= thAtel] oJsl| #lE4 31gaoe] =
2y, 73t I Folx Aol drkal B ETH(Nino et al.
2021).

52019y FHZ oA AFoE 7HE 489 28
L% Protaetia brevitarsis +%, Allomyrina dichotoma
[e] %94 1%1. 2y
ikt T8-S vl

1

%, Gryllus bimaculatus 2 Tenebrio molitor

A 7R Ee] 7 o
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<Table 1> Total phenolic content and DPPH scavenging activity of the crude extract and solvent fractions from aqueous ethanolic Gryllus

bimaculatus extract (AE-GBE)

ol
Material Total phenolics

(mg GAE/g of extract)

DPPH radical scavenging

sq %
activity ICso ¥ (mg/mL) Pearson’s r

AE-GBE (crude extract) 21.78+0.10™
- n-hexane ft. 3.10£0.16¢
- chloroform ft. 5.06+0.16°
- ethyl acetate ft. 15.61+0.04°
- n-butanol fr. 32.8742.30*
- water fr. 26.12+0.16°
vitamin C -

5.06+0.19°
14.61+0.30
25.98+0.69°
0.27+0.11¢ 0.809
0.22+0.04¢
0.710.07¢
0.04+0.00

"Expressed as mg of gallic acid equiv/g of dry weight of residue.

Concentration of extract residue required to inhibit 50% of the control calculated from linear regression equation in semilogarithmic manner.
*Pearson’s correlation analysis between total phenolic content and antioxidant activity of solvent fractions of ADLE measured by DPPH method
Each data value is meantSD of three replicate experiments. The all data were analyzed statistically through Duncan's multiple range test

(p<0.05).

A} Gryllus bimaculatus 7R E0] TFE 2]-8-3130]] H
3 =2 9] bl F8HS BYdS EIstti(Jang et
al. 2019). A ¥ A7Ae] M= AT E 3
Ag mEo itz AL ¥ikele] 24 o] Ao

e} S8 A9 oA Seow Pl FAv) ek

PAKR= il—O]E]OiE]-(Zlehnska et al. 2017). 87 520 ]
o‘T‘, Fulyl Bul chulg 2o BJAL g} 52 Hol=
Z)u)s defo] ABA Gyol} gankE EHa | A]A

HIQl, SFEFE, WES o, ofAX 2 HAL Fo] FHsle]
DPPH #t]Z 245 BYS B vb AUTHKim et al.
2020) T 59 °ﬂ:vL°ﬂ7‘1‘C AEATEE SHRT ol=3)t
& TEHoR FEale] st SAS FrleS “H &
= -4 T2 o7 st S-S YERHSleH, JehEE
g TR 548 AT dHE BAeithKu & Kim
2023). Di Mattia et al. (2019)y2 W57], o, AFEH]
M FE2E FEA Aol L#llA] F29] sujo) sidehe 3
Ak 7RI dEglon 230 ZEjuls el H
] AAtslso] =4 Bt oA 2% EelEs A4
it o9l e 4 7RI F Avkal FA sk 91‘:]'
F2l¢] AFellM= AE-GBE®] clEoMH|o|E, FEks, &
9] & EYEolA HlwA =& ZYvs I A &
ksl 3= HAS BN Gryllus bimaculatus®] FAYeE2
2 H| w3 SAEEEY 7FsA S AAske vloltt

2. AE-GBE 2018 Z&|22| L1EIAEr| A0 2fEt
25 s3t

gl Mg Ao A HDF Al ¥o| AE-GBE ZFZE&
(crude extract)& 10, 20, 50, 100, 200, 500, 1,000 mg/mL
o] =R 2407 X5l AE AEES RIS W Al
EEARL = AoF 38k vl JThKim et al. 2023). 7
& ¥% 27904 71 §UHEHEL ol gale] MEEAS

FMEZ=Y

ENEEER R L
oMAHIO|E £= 1,000

500 mg/mL ©]/9] T 2 o
mg/mLoA A EZA] % 7=
< Alflstaie UHAlE w5 HelolA 548 UERA
UATH<Figure 1A> Y- &vff F=2] M7}t AxEe] 52
%Q ST e @S ERlsislon o= A9

S G ARl 710Eke AR o4 4 UTHKim et
al. 2020).

"1@}’“‘53‘“/\ Z7AL Park 59 HuE Fast] 1 mM
H,0, =2 F =3l th(Park et al. 2019). <Figure 1B>9]]
A AA " éﬂr% 2ol HyO,® =3t 4hst 2EHAe
HDF A XZAEES oF 22.6% (p<0.001 vs. CON) A3}3}13
o} Al Ed 2 HE 54l Ul AE-GBE ¥ #3&9]
B3 33E griel] flal AlE 538 VERAA] edom A
F F4olx= Jgo] e F=2 50, 100, 200 mg/mLe] &
=2 2407 A A ol HyO,= 247 59t 2EH A
=5 9tk 2 43 AE-GBE= 1 mM H,0, T X2l
o] wlajl AlE AHEZS 50, 100, 200 mg/mLe] Fx=oA z+
7} 343% (p<0.05), 46.8% (p<0 001), 51.4% (p<0.001)%
el or odolMEHIE, FEkE, & #YES 5 oEF
(dose-dependent) o2 AMStAE G 2of Tt HEZH T I A=
HA HZ Kim et al. (20242)2] Aol|r = o Aupd
< RdE AT SuiFEE EYE die &
23t S AFgk A, oldoMAHo|E 8 Eo] 7Y -+
e st a9 vERdS BAskel

FElo dFAHeE Eeuls ‘6‘%% TR FEE0]
7P AR sl gL oHoAElolE, FERs, B
& Atololl TAIA AT 1ok ZE]aL 100, 200 mg/

mLE =0~ HDFA|E thet Al X352 X a7el s, &~
Efﬂl* A= (H0,)0 ek Al ZAEEAAM T ol dotae]o]

TEE, & TYEAM vt AERS g9E YERY
%1‘:}.

&2 L
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<Figure 1> The protective effect of AE-GBE fractions by solvent
against oxidative stress-induced cytotoxicity in HDF
cells.
(A) Cytotoxicity of AE-GBE and its solvent partition on HDF cells.
HDF cells were treated with different concentrations of six points
(10~1000 pg/mL). (B) Effect of AE-GBE and its solvent fractions on
the hydrogen peroxide (H,0O,)-induced oxidative stress in HDF cells.
Cell viability was evaluated using MTT assay. The bar graph
represents the mean+SD of at least three independent experiments.
Statistical analysis was performed, with *p<0.05 and ***p<0.001
indicating significant differences from the untreated control (CON),
and #p<0.05, #p<0.01, and **p<0.001 indicating significant differences
from the H,O, treated only.

3. AE-GBE 28/ 29| MStAEF|A S04 CHSE Intracellular

ROS A7{ &4 2! DNA 24 X5l g2t
2'.7"-Dichlorodihydrofluorescein diacetate (DCFH-DA)7}
Az W] 84 kel vhgsl 3522 DCFE Alslse ¢
£ o83t AE-GBE % &vid {-gEo] HDF A=W
2 AT (ROS) AN MAlE S AT <Figure
2A>0| A9} Zro] 1 mM H,0,2 Hel| AlXe 23} H]
3ke] ROS Aol 220% (p<0.001) Z7159 o™ AE-
GBE Aol 2Jal] 42.0% (p<0.001) F2|3lA] 7H23813aL ol
oo E, n e, & - EdA 2 34.0% (p<0.001),
46.0% (p<0.001), 42.4% (p<0.001)¢] ROSHA2] TAE
golslgiet. o] Axe A <Table 1>9] Z@jvlE g3}
DPPH &%l o3t ksl el #aAdo] s &
T Atk IR (H0,) = AlaEe] A A 28]al =
o 83k QAo AkshE AEw 2o o A2

Wake UEH <t F sholeh. MM H0%

.

oj

o
Ho

(A) 3.0 -
— *kk
]
3
2= #
0 2.0 i #HE HHHE
Ot
X o
- O
25
25 104
8o
s
=S
£
0.0
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<Figure 2> Effect of AE-GBE and its solvent fractions on intracellu-

lar ROS production and DNA damage.
HDF cells were pretreated with AE-GBE and its solvent fractions at
100 pg/ml for 24 h, and then exposed to 1mM H,O, for another 2 h.
Cells were exposed to H,DCFDA for 30 min. Treated cells were
collected and DCF fluorescence was measured by fluore-spectro-
photometer (A). The degree of DNA damage was analyzed using the
Cell Death Detection ELISA kit (B). Data presented are the mean+
SD (n=3-5). Statistical analysis was performed, with ***p<0.001
indicating significant differences from the untreated control (CON),
and *p<0.001 indicating significant differences from the H,O,
treated only.

At A AE U =2 oz w55 fAsk weald
Y= DNAY| 48 A =M ol A9, Mxd 1%
hild DNAZ AP A 724 Halz Q18 48 it
gto ZM A XEALS F =30k (Seifried et al. 2007). AE-GBE
2 7 gu FEEo] HDFMEAA 4lsls ZE# 2] of3)
F7H S-S Ao R TS <Figure 2A>EFH
ol3l5ith. B8k H,0,0 ¢J5) Yojili= DNA ©sHDNA
fragmentation) =0l gt AE-GBE ¥ 1 #3=59]| ¢
AgIAE 243 AF<Figure 2B>, 1 mM H,0, 2= 3.0
v} A% F57Hp<0.001)¥ U= FX5= AE-GBE *2]¢]| 23]
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