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Purpose: Edible insect extracts have been used as an alternative source for medicinal supplements due to
their significant antioxidative and anti-inflammatory activity. Recent studies have reported that anti-mi-
crobial peptides from insects have neuroprotective effects on dopamine toxins. The purpose of this study
was to investigate the protective functions of mealworm (Tenebrio molitor) extract (MWE) on N-meth-
yl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced cellular toxicity in SH-SY5Y neuroblastoma cells.
Methods: Cellular toxicity induced by the MPTP toxin and the impact of MWE on cell survival were ana-
lyzed using MTT assays. DAPI staining was performed to observe apoptotic phenomena caused by MPTP.
Changes in caspase-3 activity and protein expression were observed using enzyme activity assays and
western blot assays, respectively.

Results: MWE exerted significant antioxidant activity, which was measured by both DPPH and ABTS radi-
cal assays, with a dose-dependent relationship. Furthermore, MWE resulted in cellular proliferation in SH-
SY5Y cells in a dose-dependent manner. Furthermore, MWE pretreatment significantly inhibited
MPTP-induced cytotoxicity, with a dose-dependent relationship. The morphological characteristics of
apoptosis and increased reactive oxygen species induced by MPTP were also significantly reduced by
MWE pretreatment.

Conclusion: MWE treatment significantly attenuated MPTP-induced changes in the levels of proteins asso-
ciated with apoptosis, such as caspase-3 and PARP. These findings suggest that MWE exerts neuroprotective
effects on human neuroblastoma SH-SY5Y cells subject to MPTP-induced dopaminergic neurodegeneration.
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of 7} AT, w1 BAol e ARFATE 3] ofH7] o
2ol o] Al et of2] A+ Kol /EE =, AFEE ol
A]

&oto] BHE HElojA 32 S35 9loH catecholamine’d 417
TS AgHoz nystE Aoz & N-methyl-4-phe-
nyl-1,2,3,6-tetrahydropyridine (MPTP)gl= E4-& 0|83t 171
& A% wdo] 714 wo) AGE T I, In vitro 11L& BEE
© SH-SY5Y ABA 235 o|-&sto] MPTPO] ol {5 A=
APd @io] g AR, Rt oFE W AR 4 B
9 A EYuE F2E52 Y BdS {8scke MPTPA 9
ot AAEAES BEFO0E A e BSoke= 3 Qe oz
B,

Syt A WE7], @, AeFolaE A7), ZAAX Y
5, AEATY], | £RA] {5, F-E0] 75, ol
FHEAA Y F5EA £9), 48 A7), EFA(21 TAF %)
T % 10%0] ARUEE AME 7Fsd AEEF0E AR RE
QIguroitt. A82S52 AH[LOoE AR & Qo] YAdHA =}
Ao 7 ggo| 7l5slr] Yo 4l FFLCEN 259 A835t
ot #AE AQdo] A AAZFCE FEER Zsta ok A8E%
2 FITHoRL Q53 LY ES BRI o] 255 283
7154 2R Agst7] 43 A7t ZEs] ool 1 Yk,

YoM A g2 g oz A 80| T7] Y& AP
7 507 o AEH AMGHOl goH, LEugiAE R
 FAHo| oF 9589 SR dH &5 D FA7F AEEof
Aok HE 50l 2% 7 A RS AH R fstal 7]
54 2A = JNdSt] 93 A7F o] o]Fojx| 1 9tk £3] ¥
A7BA S EFOR JF A7} the o] oA I 5357} thee
SEH0] 9lom, o] F AE RS Fupl& Bk} A X (i)
54 A &I} So] B,

@A 2 (Tenebrio molitor)s BEHE AAZ] 2F0
2, ZWIAA L gk gZole 9 15 mm F=oln, & Y
7o) LS (FEAA )T} v o] 52 Aol o] . 7+
AAA 2] 4352 ¥ mealworm)o|z} 511, §52 HAH7]7} =
71742 Holet &% of whet 18-199 g gt} dYL thFrc &
& ofu]ieAbS ol sl 91, Sl Hlol B} A4 F
o] o, HEtYl At E, Alo|4f Fo] Hwy FHI HoRE F
FA Q1 o] gk, ol9l Beste], ZMAA 7} A ko]
e 22 il AR AR YRR 7M7) FrHa B71E 0] 1|
o] Al Aho = 73t glo, 20164 Al LSURE AlE
30| TEE RN AAAX 9 &-gof| et Tilo] ForA L gL
AW, ZAA A2 S ool A kg0 & A8t o= =8
AARAE FEE(mealworm extract, MWE)9] 7|54 d32+=
At 9 AS 53t A% JiA, @A5Y A, S838 &
Ro] ey ZgEo] B E et

LN
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= o HEFo] =(antimicrobial peptide)= vlolZA 2
Al ZEeR £23Z B30l flste] 23004 A F=EE A
L MAA 2, T4, TS, P} 71558 7N I &
g 255 St Helo|=EL AR 47 I APHol| Foigt
the A0 HuEglow, 53] gt feto| =0 /g7t et
o|EFo] SH-SY5Y NZF9] £EE& £31% &yt ohfzt MPTP]|
Ao FEE= in vitro & B A AN 2] AFEE A5t

Lt AFAFHE0] RuEYH . 2y MWE A7} in vitro
& BEoA AGAIES AbPdo]| H| A= Bdbe BaEA] ook
o} wEbA B A9 222 MPTP A7EA 23k SH-SY5Y Al
230 47 9 APEol| ZAAAY $84 FEE0] vA= TS
stz skt

CHeat s

1. AMof A 2|

Dulbecco’s Modified Eagle’s Medium (DMEM), fetal bovine se-
rum (FBS), antibiotics-antimycotics ¥ trypsin-ethylenedi-
aminetetraacetic acid (EDTA) 5-& Thermo Fisher Scientific Inc.
(Gibco, Grand Island, NY, USA)ZX€ #1515t} 2,7 -dichlo-
rodihydrofluorescein diacetate (DCFH-DA), 3-(4,5-dimethylth-
izol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), N-meth-
yl4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), sodium dodecyl
sulfate (SDS), dimethyl sulfoxide (DMSO), 4’,6-diamidi-
no-2-phenylindole (DAPI) 5-2 Sigma-Aldrich Chemical (St.
Louis, MO, USA)Z+H Fst3tt. Nitrocellulose paper (Hy-
bond-C, RPN303C)= Amersham Biosciences Co. (Amersham,
UK)olA #43t3tt. Anti-cleaved caspase-39} anti-PARP
(poly(ADP-ribose) polymerase) FA| 5 Cell Signaling Tech-
nology Inc. (Beverly, MA, USA)Z%H Fdst92oH, an-
ti-B-actin PA|+= Santa Cruz Biotechnology (Santa Cruz, CA,
USA)oIA skt

2. M|ZEHHQE

At AR RARF SH-SY5Y A2 A 25323 (Korean
Cell Line Bank, Seoul, Korea)ol| 4] ¥ofitekow 10% FBS9} 1%
antibiotics-antimycotics7} ¥ DMEM H]2| & Ag5to] 37C
9} 5% CO, 2704 wigstict. dFLo] 28 HH 07 0.05%
trypsin-EDTAE AMg-sto] A st o, sigdS wAt
% log phasedl] 9= MEZE ARSI TH AlZE 1x 10° cells/mL
2 seedingslo] 24417 HujF &, 10% FBS7} =3+ DMEM Hj
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3.

0!

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical £75-& 452
82288 obAAINO,) BEE 7|F0E 10, 50, 100, 200
ppm FEE 34510, 2t7ke] 3]49 A2 50 uLet DPPH 49
50 pLE &8st FARZANA 3087 WA AZ] &, Spectra-
MAX M2 multi-mode microplate reader (Molecular Devices,
Sunnyvale, CA, USA)E ©]-§5}9 517 nmol|A &= (optical
density, OD)2 Z43Ath AlR8E F7lsHA = 4 dizxZ3
H|wato] fEj2t]Zd A4/ (radical scavenging activity)S Thar
T} o] Altsto] WE-E(%)E HER ATt
OD517 of control - OD517 of sample

DPPH radical scavenging activity (%)= OD517 of control x 100

ABTS radical 2752 7.4 mM ABTS €%0j 2.6 mM K25208
£ Edsto] FAZRANA 12417 A §EEAIZ1 £ 734 nmojl4 OD
Zkol 0.700+0.057} E|l== ABTS §Hg 3|45t0] AM&3tAT
ABTS €9 180 pLe} Z+2+9] 3]44 Al 20 uLE E3sto] Az
ZAoA 1587 §AA1Z1 &, SpectraMAX M2 multi-mode micro-
plate reader (Molecular Devices)S ©]85t%] 734 nmo4 ODE
S50t A EE 7oA g /8 dix2<3} v wsto] f2jgit]
Z 2ASEE oS3} Zo] Absto] SE-E(0n)= UEH Sl

0OD734 of control - OD734 of sample
0OD734 of control

ABTS radical scavenging activity (%) = % 100

4. ZMAXE| FE2 HZE

£ Aol AMSSE ZAAA Bl ALER A4 AR 2
SAREAI A Aol YAl s (Heuknong Co. Ltd,,
Namwon, Korea)ol| 4] £ giokon, s2A54oA 4" Z
AAAE AR @ 2 A2 7L (Rural Development Admin-
istration 2015)° 273te] 2 oj4} Axlg ZAAA S AAA
A0 F45451, -70C 2A4L Y53 (Nihon Freezer, Tokyo,
Japan)oll 4] 24417 o4 FEAI . 40 g 52 ZAAAZE 0.1%
acetic acid - 50 mM phosphate buffer (pH 7.4) € 100
mL (weight/volume)ol] 931 114 Ba7]|2 35 5 BH5t9ict.
ZAAAY BHAE ohA] 223 E47]0A 387 oA F7HH 0
2 B4siint. 28AAY EHAS 4CoA 197 AT &
12,000 rpm O & YA E 5o} 435t 3l5to] AR ARE-5HA
o} 879 ASAMWE)S tHA] PBS -§-90f| 34 3]45}0] A4l
Aol ARg-3HA

5. HE 54 U MEE =Y

SH-SY5Y AlZ9] ZAEL AEZE 24-wells ZF0]E] 1x10°
cells/mLA BF35}0] 24417 A vjdsl MWES 5, 10, 25, 50
uL 802 747k Agotal 57 vigstalet. v 584 MTT
(0.5 mg/mL) €& 713kl 37ColA 4X17F viF3I ATt A5
2 79 27 AASR Aokl Aol ofs) B45 Beb 284
formazan DMSOZ &-8fi5t9it}. Formazan9] & Spectra-
MAX M2 multi-mode microplate reader (Molecular Devices)
£ 0]&5to] 570 nmoj|A ODE Z74st5irt. Al2AYEE(cell via-
bility)& the:3} o] Atsto] MEE0HZ EAISIALE.
OD570 of treated cells

1l viability (%) =————————x 100
Cell viability (%) OD570 of control cells x

MPTPe]| o3t SH-SY5Y A2 0] AE& ¥ish= & =igd SH-
SY5Y Al%o] MPTPE 1 mM3} 2 mM 52 12417k X3k o}
2 MTT assayS AAI519.00, MPTPo] 93t 4173540 MWE
o] &= A wiokE A= 5, 10, 25, 50 uL o2 147F AX
23 ot MPTPE 1 mM B2 mM & 12417 AA]§ oha
MTT assays A5t

6. DAPI S

HZE DAPI-#ehe(1 pg/ml) G902 HH5}1, DAPI-Hghe
SdoF 37CoA 1587 FAstgon, GME AlxE= WeEE
AlF st Olympus IX71 33817 (Olympus, Tokyo, Japan)S
o]-g-5to] A3 9| P AsHE Wl

7. MZE L 2EMAT =Y

MPTPo] 9Jgt A= W &J4tAF(reactive oxygen species, ROS)
9| & 4317 Y3te] ¥ probe DCFH-DAE 0|43t}
¥]g} 229 DCFH-DAE: X 4 ROS9} ure3}le] §3-g ut
sz 2',7'-dichlorofluorescein (DCHE H¥=|o] 9] FFS
etk Al i) ROS9 & S457] 915t SH-SY5Y A5
djFeta 2 mM MPTP ¥ 59 25 ul. MWEE 6A1ZF A Egt &,
20 uM DCFH-DAE #7Isto] 37Col|lA 3027k vjg & PBS
(pH 7.4)2 AFs}tx Olympus IX71 @373 (Olympus)o. &
AlZ U] ROSY A F=E T o]F DMSO G402 A
25 &3fsto] Al W DCF 3335 SpectraMAX M2 multi-
mode microplate reader (Molecular Devices)E ©]-&5}] exci-
tation T 485 nme} emission T 524 nmol|A] &35t
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8. Caspase-3 24 &3

Caspase-3 /4d&742 Colorimetric Caspase-3 Assay Kit (Aba-
cam, Cambridge, MA, USA)E o|-§51] A5}t AxAL
Wol webA AEZGES 55191, Bradford HAMHS o4&
sto] A EE SA5FA. 50 plo] AlZ-E&51E(F 50 ugel o
W)} 50 pLe 2x reaction buffer @ 5 uLe 4 mM DE-
VD-pNA substrates 23510] 37CoA 17t Bttt En-
zyme-catalyzation ¥°] %<4 p-nitroanilineE SpectraMAX
M2 multi-mode microplate reader (Molecular Devices)E o]-&
5to] 405 nmol|A] £4519.0H, caspase-3 &2 thaat 2ol A
Absto] W2 (%)= Ut
ODA405 of treated cells

Caspase-3 activity (%) = 0ODA405 of control cells x 100

9. HojEEM

HAYFIMES ¢J5te] SH-SY5Y MZEE cover slip (Marienfeld,
Lauda-Konigshofen, Germany)& 22 24-well plate (Falcon;
BD Biosciences, Franklin Lakes, NJ, USA)ol| 4] vkt A efol A]
MWE 10-25 uL -8%3& AX|stal 547+ FA| 51t sjgFAS A
Asta PBS (pH 7.4 33] Al&& stal, PBSe]l 344171 4%
paraformaldehyde (pH 7.2) Ho.2 4204 1087t 14L& 31
t}. PBSZ 1N A|Asle] W & PBSE 3|43t 0.1% Triton
X-100 o] anti-Ki67 &A(1:500, rabbit-polyclonal; Abcam,
Boston, USA Iowa)E 1:3009] s & 3]4slo] SH-SY5Y Al
9} o] 2447k B3t 204 BHEAIFATE ¥He-Z vhEl SH-SY5Y
AM|Z= PBSZ 33] A5t thA] PBSO 1:5009] =& 3|45k
Alexa Fluor 488 anti-rabbit immunoglobulin G (Molecular
Probes, Eugene, OR, USA)9} g7 1417t Bt ALo)4] ¥h3-g
AlZAtk 3 GAS 9Jslo] DAPI (1:5,000; Molecular Probes)=
1587k 4204 @S stgict. EA4E A2 Olympus IX71 §
Fu]Z(Olympus)yS o]-g-5t] T&5gct.

10. Immunoblot 24

A ZE ice-cold PBS (pH 7.4)Z A|235}32 RIPA lysis buffer2 &
S FlollA] 3087t &3l%t T, AZLIEELS 4T, 14,000 rpmof A
1587 YAEsIgt. 53 did 9] k= Bradford T2
UL ol8st] EASHH L FF9 S-S SDS-polyacryl-
amide gel electrophoresisZ 71953ttt H7]| G5 gelolAl
nitrocellulose membrane©] T3-S HoJA|F 1L, 5% skim milk

7} €89 Tris-buffered saline + Tween-20 20 mM Tris-HCI,

84 https://doi.org/10.22537/jksct.2023.00021

150 mM NaCl, pH 7.6, 0.05% Tween-20; TBS-T)Z H]50]3]
23S QA FT 1 F g o] IdS BAsH] Ao, 14 A
(1:1,000)8 ¥r-gA13 2™, peroxidase’l 0] A+ 2% FA]
(1:2,000)2 1417k M2 gt o} TBS-TZ A3 ¢ ¥ ECL kit 1
B7F v3-A1#A FUSION Solo S (Vilber Lourmat, Marne-la-
Vallée cedex, France)S 0]-&3t0o] E4 HukS ¢halzl it A
Z13sl gt Sl Wie 9] A= Quantity ONE ver. 4.6.6 soft-
ware (Bio-Rad, Hercules, CA USA)E o]-8-5}o] AFslslAtt.

1. SH Xz

HAE 2 33 o9 HHAA AA2HE AL
GraphPad Prism software ver. 6.0 (GraphPad Software, San
Diego, CA, USA) 2272 55t $7 A 2J5}to] mean * stan-
dard deviation® 2 7|E35}9ict. AAT 7H9] {24 AAL Stu-
dent t-tests 53l A5t M, p<0.059 F-LolA FAH {2
o] e Ao st

21

1}

ol

1. ZMAXE| FEE2 it}

DPPH #tjzd £2AWL g4tst 549 AR50 Qs W
% 3IME 9 WS oflR 411 o] ZpAjo] S EE= T
£ ARE oto] FatsksE SHste ot & AddAE
MWE9| 282 §34'4(5-25 uL)2 DPPHO gt gojzd 47
e AT A3, 87 JEH o7 FUol: TS BYlor 25
pLe) FE=olA 77.3%-6.3%2] 2762 HAtH(Fig. 1A). T,
ABTSHo| MWES] ABTS 2it]Z 4752 DPPH £A53} H]
S3H7 S JEFH oz ZU8k0] 25 ul 8ol A] 47.9%-1.1%2
275 BYrkFig. 1B).

2. ZMAXE| FEE22| SH-SYSY MESA! sat

MWES®] SH-SY5Y Al%9] 240 u]xx &7}2 B7}s17] el
MWES 5-50 uL €20 2 a5} 63 3 MTT HAS 5o Al
TAPEES SA5HAE. MWER 5-25 ul7H] £3F oj&2 oz A
EAPEE0] F7I8IALH, 55] 25 ul £ Al 5744 Hi220 pb)zt
H] ko] 125.8%*3.3% Z7F5kHp < 0.01). L&t 50 uL §3F
o] MWE A3 49+ A ZAZEZo] 25 3ick(Fig. 2B). MWE
9 MzZ4] 5315 AERIsH ] 9o MWEE 72413 A3 &, &
AFF s o AZEEY ArduEel Kie7 @ad Id
WS 24/ 2008 @R Aokl MWES A A|s14]
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Fig. 1. Antioxidant capacity of mealworm extract (MWE) with different volumes (5, 10, and 25 uL), which was measured using the DPPH assay (A)
and the ABTS assay (B). Values are presented as meantstandard deviation, and the number of measurements in each group was 3.

AL iz AZE Ki67 T4 AIE S 20.5+4.70191.01 25 uL
MWES AX3}A] 5132 o Ki67 e %4 AE 471 33.2+5.2
2 BAF o7 g8t 718t rhp < 0.05) (Fig. 3).

3. MPTP2 QEE SH-SY5Y HIZO| MZSA0 That 2
2| 2520 &1t

MPTP9] A8t £4F0 2 {iEl= A4 54 gk SH-SY5Y Al
29| JE&S B Y8 1 mMI} 2 mM =& MPTPE 12
Az AEE &, @A T 9 MIT AAR AZBEE8E 24
stk MTT ZAAIA MPTP 527t 3718445 N2gEE&o]
=wozA o7 Qo514 Z4Eo] 1 mM MPTP A% A] MPTP
< AXBHA] 2 34 R BEE&(100%) ] 67.2+5.3, 2
mM MPTP AX] A 45.2%+ 4.5%2] A ZYZE-2S W FrhFigs. 4,
5). MPTP2] A=A 23t SH-SY5Y AlZ9] & & 720 o
& MWEQ] 835 A7) 18] SH-SY5Y Al&Zo] 10-50 uL &

o8 MWES 1A7F AAEst 1 mM Bt 2 mM 5E2
MPTPE 12417 A gt & A ZYEE&-S 57513t MPTPY A
g APZR} 10 L} 25 uL MWESH MPTPES SA|o 4 2]&
A 2ol MWEE 1 mM ¥ 2 mM 5%E9] MPTP |3t k&
HRoA NEYEEo] &7 JEF o2 [F95tA F7IsHAt
(p<0.01). £3] 2 mM MTPT HX|3t A=A 10 uL} 25 uL
MWEE NZAHZ8S 7+t 78.2%+ 7.1%9}F 88.2% + 5.5% EA13
o2 JostA F7HIFETHp <0.01). g, 2-5 pL 89 MWEE
MPTPo| 93j ZHAH NEAFEES F2AsHA S7HI71A] FoH3e
H, 50 pL &3FoAEe AEZPEE 745 I3 FHTHp <0.05)
(Figs. 4, 5).

4. MPTPOl 22t SH-SY5Y MZE i ROS &30l gt Z44A

Mol =E22 81t

MPTP& Al W a]EZE o} 7|5 ol E 2 ste] ROSE LA
oto] Ashg AEF A A4S 2doke o0& EHA gick. MPTP
o oJ3t Al W ROS A& A&317] 2 mM MPTP #3] 64171
DCFH-DAE AA]5}1 2417t o] JFdng oz dastyich
MPTPS HX|3H4] 948 tzAR70o] AZoA= ROSO| 93t
DCF @go] & #25x gokort MPTPI A& Ao A]
ROS9| 9J3k DCF9 #3g3Fo] fosHA S71st5e™ 83 spec-
trophotometer& A3l 7ol DCFo| 338 Hsl9e o &
4 dz#9 DCF g3 vlwsto] MPTPTF A3 ¢
325.1%%20.2% 5715t THp <0.01). 22k 10 uL3t 25 pL
MWES A 23 3¢ MPTPe] 9Js] 57+ DCFY] g3l &
9J5lA ZAastHen 2.5% (volume/volume) MWE H%] A] tiz
9] W@} v wslo] 120.5%+32.8%2 MPTPF {23 4$-
o} vl wate] BAH R-2l5kA ZAstHTHp <0.01) (Fig. 6).

5. MPTP MZS 0] ©/3 SH-SYSY MEXZA Chat 24y
K2 2520 51t

MPTPZ =¥ SH-SY5Y AlZAFEA] gt MWES] &35 =
A7 915 DAPI @& Ba Al 9] Jejsts s At
Fig. 7014 vehd el Zoh. MPTPE X251 %2 54 diz
9] M= Foj| 4= DAPI GMo] Astal FUsHA TR JYAEL, 2
mM MPTPE X5l 1247 ATHE N EAE HE0] &=
(condense)=|HA] DAPIC] 314 F71ol| wh2 Yo] Fr g7t a4
T} 59| BAo]| AlEAE4E(apoptotic body)2] FAo] Ags}
A TEERQI 28Uy MWES M2 3¢ sro&goz ol

https://doi.org/10.22537/jksct.2023.00021 85



J Korean Soc Clin Toxicol 2023;21(2):81-91

JKSCT

140

120

100 J | ‘ |
0 5 10 25 50

o °

o2}
o
1

N
o
L

Cell viability rate (% O uL control)
o
o

N
o
1

MWE (uU)

Fig. 2. Effects of mealworm extract (MWE) on the cellular proliferation of human neuroblastoma SH-SY5Y cells. (A) Photographs showing
morphological differences of the cells 6 days following the application of MWE with different volumes of 0, 5, 25, and 50 L, respectively. (B)
Histography showing changes in cell viability, which was measured by the MTT reduction assay. Values are presented as meantstandard devia-
tion, and the number of measurements in each group was 3. MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide. *p<0.05 and
*p<0.01 (represents a statistically significant difference between 0 pL MWE and 10 pL MWE or 25 uL MWE).

0 pL MWE

W W s
o o o »

25 pL MWE

No. of Ki67 (+) cells
- N
o O

.
o O
L !

A

©

MWE-0 MWE-25

Fig. 3. Effects of mealworm extract (MWE) on the expression of
Ki67 protein, a cellular marker for cellular proliferation on SH-SY5Y
cells. (A) Photographs showing expression patterns of Ki67 protein
in the nuclei, which was detected using an Alexa 448 secondary an-
tibody (green color) 6 days following treatment with MWE (0 pL and
25 1L, respectively). (B) Histogram showing changes in Ki67-positive
cells between O uL MWE and 25 uL MWE, which was calculated us-
ing Image Analyzer from images captured with 200x magnification.
Values are presented as meantstandard deviation, and the number
of measurements in each group was 3. *p<0.05 (represents a statis-
tically significant difference between 0 uL MWE and 25 pL MWE).

gk AlZAEAKapoptosis) foll oJgh 50| Jeshy W} 7t
ast9low, £35] 5-25 uL T4 H&t FastrkFig. 7).
MPTPZ =¥ SH-SY5Y A|ZX}EAL] tigt MWES] JA|&
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Fig. 4. Effects of mealworm extract (MWE) on morphological changes in SH-SY5Y cells 24 hours following treatment with 1 mM MPTP (A) and
2 mM MPTP (B). (A, B) Photographs were captured with 100x magnification. The control group contained normal SH-SY5Y cells with MPTP

treatment. MPTP: N-methyl4-phenyl-1,2,3,6-tetrahydropyridine.
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Fig. 5. Effects of mealworm extract (MWE) on the survival rate measured by the MTT reduction assay of SH-SY5Y cells 24 hours following
treatment with 1 mM MPTP (A) and 2 mM MPTP (B). The control group contained normal SH-SY5Y cells without MPTP treatment. Values are
presented as meantstandard deviation, and the number of measurements in each group was 3. MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide, MPTP: N-methyl4-phenyl-1,2,3,6-tetrahydropyridine. *p<0.05 and **p<0.01 (represents a statistically significant differ-

ence between 0 uL MWE and 10 uL MWE or 25 pL MWE).
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Fig. 6. Effects of mealworm extract (MWE) on the generation of reactive oxygens species (ROS) in SH-SY5Y cells 12 hours following treatment
with 2 mM MPTP. (A) Photographs showing changes in the cellular generation of ROS detected by DCF-DA dye with different volumes (0, 10,
25 pL) of MWE 6 hours following MPTP treatment. (B) Histogram showing changes in the intensity of DCF-DA dye analyzed using fluorescence
spectrophotometry in each volume of MWE following MPTP treatment. The control group contained normal SH-SY5Y cells without MPTP treat-
ment. Values are presented as meanstandard deviation, and the number of measurements in each group was 3. DCF-DA: 2',7'-dichlorofluores-
cein diacetate. **p<0.01 (represents a statistically significant difference between 0 uL MWE and 10 uL MWE or 25 pL MWE).
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Fig. 7. (A-D) Effects of mealworm extract (MWE) on morphological
changes in nuclei stained with DAPI dye in SH-SY5Y cells treated
with different volumes (5, 10, 25 pL) of MWE 24 hours following
treatment of 2 mM MPTP. Photographs were captured with 100x
magnification. The control group contained normal SH-SY5Y cells
with MPTP treatment. DAPI: 4',6-diamidino-2-phenylindole, MPTP:
N-methyl4-phenyl-1,2,3,6-tetrahydropyridine.
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Fig. 8. Effects of mealworm extract (MWE) on changes in the activi-
ty of caspase-3 on SH-SY5Y cells 24 hours following treatment with
2 mM MPTP. Caspase-3 activity was measured using a colorimetric
caspase-3 assay kit. The activation was measured as the increase
in activity (%) with respect to control cells (100%). The control
group contained normal SH-SY5Y cells without MPTP treatment.
Values are presented as meantstandard deviation, and the number
of measurements in each group was 3. MPTP: N-methyl4-phe-
nyl-1,2,3,6-tetrahydropyridine. *p<0.05 and **p<0.01 (represents
a statistically significant difference between 0 pL MWE and 10 pL
MWE or 25 pL MWE). **p<0.01 (represents a statistically significant
difference between control and 0 L MWE).
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Fig. 9. Effects of mealworm extract (MWE) on changes in the expression level of procaspase-3 and PARP after treatment with 2 mM MPTP.
(A) Images showing protein bands of procaspase-3, PARP (118 kDa), and beta-actin that were revealed by western blotting analysis. Beta-ac-
tin was used as a loading control. (B) Histography showing relative expression levels of procaspase-3 and PARP by densitometric analysis. The
control group contained normal SH-SY5Y cells without MPTP treatment. Values are presented as meantstandard deviation, and the number
of measurements in each group was 3. PARP: poly (ADP-ribose) polymerase, MPTP: N-methyl4-phenyl-1,2,3,6-tetrahydropyridine. *p<0.05 and
**p<0.01 (represents a statistically significant difference between 0 uL MWE and 10 uL MWE or 25 pL MWE).
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