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Insects have been investigated as a novel source of food and biomaterial in several recent studies.
However, their osteoblastogenic cell activity has not been sufficiently researched and so, to investigate
the potential of this natural material for promoting osteoblastogenesis, we studied the activity of
Locusta migratoria ethanol extract (LME) on MG-63 pre-osteoblast cells. The cytotoxicity and pro-
liferation effects of LME on MG-63 cells were measured by MTS assay, and there was no cytotoxicity
up to 1,000 ug/ml. With LME treatment of 500 and 1,000 ng/ml for 48 hr, cell proliferation increased
to 105% and 116% versus control, respectively. The osteoblastogenic activity of the LME was meas-
ured through alkaline phosphatase (ALP) staining at three and five days. As a result, both 500 and
1,000 pug/ml LME concentrations were seen to increase ALP activity by more than three times com-
pared with control at three and five days. In addition, the expression level of the osteogenic markers
ALP and RUNX2 was markedly increased after LME treatment. These results demonstrate that Locusta
migratoria ethanol extract promotes osteoblastogenesis as evidenced by the increased osteogenic mark-
ers and suggest that LME may be a potential agent for bone formation and osteoporosis prevention.
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rator (EYELA, Tokyo, Japan)E ©| 83t ¢x3] Hzxd &
A A7EA 20CAAM WE BAsAT

NEF

ZZ M E(human osteoblast-like cell, MG-63)&= ATCC

(VA, USA)All A T3 2.1 10% FBS (fetal bovine serum)
(Hyclone, UT, USA)$} 1x penicillin-streptomycin (Hyclone)
o] #7Fe Dulbecco’s Modified Eagle Medium (DMEM)
(Hyclone)& AH-g-3te] wl st A Al 37C, 5% CO9 Hi
Fxrde FAAT. AZTE FE3) GAEke 239 AL

Z A wiefetn A9 Ay

MZE MEES &3
EHA FEEO MG-639] A2 AEE HA & FFL
Chao &[6]¢] WH< &3t ﬁ"d‘é‘P E}. MG-63° t & &

gst7] flstel MG-
63 96-well plate (SPL hfe sciences, Korea)l 5.0x10° cells/
wellZ2 #53k] oF 80%9] confluencyol =2 w7tA 10%
FBS (Hyclone)ﬂ o1l A o A oF 24A13F 5k &3t
I F EFA FEES 100,500 2 1,000 pg/mle] FEZ
A elstal 24413t Bl 48A 3 Tk 7 W FF & MTS (3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-
(4-sulfophenyl)-2H-tetrazolium) reagent (Sigma, MO, USA)
£ AHEst Alx AEES FAsA

ALP (Alkaline phosphatase) &4 &M £3

ALP (8714 4k 23 §4) &4 E4 HAE paitro-
phenyl phosphate (p-NPP) (Sigma)<] 7h4=E-3 W
7h S Z 285 ﬂe o] &ste, 7hEdl
trophenol®] &< é goZM ALPY E4& HHH R &
dete ol XA FEE AY A 2EH 2 23 4
S HIE 93 positive control 24 50 pg/ml ascorbic acid
(Sigma)€t 10 mM B-glycerophosphate (Sigma)7} 3% =
THZ LA (DM)E A A 28t Sl TH28]. MG-63H]¢ =
96-well plate (SPL life sciences) o 1.5x10* cells/well %=
Trete] 4N i v, FEE A F2E(100, 500,
1,000 ng/ml) 3 =ZAE &3} A2 wgtste] 29 vttt w2
T Zotrr] 39 3 593t WSl M AE= PBS
(Caisson laboratories, UT, USA)Z A &3t 0.1% Triton
X-100 (Sigma)< 20 ul® &F3t] 37C, 5% CO, 271 A
307k lysis & %, 100 ul9] p-NPP (Sigma)< #5-3ko] 308
7 A A T WS $ 3 M NaOH (Sigma)2 it

2.9 A3
F 405 nmol M FFEE SH3to] ALP &40 98l p-nitro-

€ 34
phenol® A%Hd F& SHAIL °] 5 T3 ALP E2& 24
< dEsit.
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ALP (Alkaline phosphatase) staining

ALP (8714 Q14 &3 54) 84 9 2=AH 29 235 4
5E 98}7] fsto] ALP staininge &3 €4 A=E &<
3R MG-63X ZE 96-well plate (SPL life sciences)oll 1.5%
10* cells/well ¥ 2 BFata] 2447 43 &, F5d
74 %22 (50, 100, 500, 1,000 pg/ml) 2 ZZAE B3]
A= wgsto] 2¢vitt WA & ZotFH 5U7 Hj kAT
vl &2 A EE= PBS (Caisson laboratorles)i H] &AL 10%
formalin (Biosesang, Korea)< Ab-g3te] 4
BCIP/NBT substrate solution (Sigma)< %}%—6‘}04 4o
2194 1243 F AT AlE F
s &l 2EAxe £33 ALP 24

RT-PCR

MG-63 A ZZ 3x10° cells/well?] 5EZ 6-well plate (SPL
life sciences)oll #Fate] 24417 Wi gstgich. 1 & =9
F83) 22250, 100, 500, 1,000 pg/ml) D ZZAE B3y
A2 agtete] 29vit} WA & ZotFH 3¢ 3 5U7E uj st
%o} TRIzol reagent (Ambion Life Technology, MA, USA)&
Ol%o}ml RNAE E83% o1 RNAY A &L 500 34

T UV/vis #3433 =7 (Beckman coulter, CA, USA)E ©| &3}
o 260 nmol A FFEE ZAHAT. B FF RNAE DNA
reverse transcription kit (Thermo Fisher Scientific, MA,
USA)E ol&3ted ¢DNAE F483t3A 1L, qPCR Green Mix
(ENZO, NY, USA)9} Table 16l A A& primer (Bioneer,
Korea)& A48} Real-time PCR #+-&-& 33ttt Z4 3}
17 e 54 A 8L Gapdhd] B F& o] &3t
of A3l kgl

Western blot

MG-63 A ZZ 3x10° cells/well?] 5 5=E 6-well plate (SPL
life sciences)oll &F3ate] 2443 wWiFstlth. 1 & v=9
74 %22 (50, 100, 500, 1,000 pg/ml) 2 ZZAE B3]
AR wgsto 24wttt WA & Zoln 5U3F v gttt
Hj o] By &, AIEE PBS (Caisson laboratories) & Al &
& 5 protease$t phosphatase inhibitor cocktail7} #-f€
RIPA buffera Ag3ate] MEE lysis ot A RT3 A5
9 4 F BCAE ol &3t T dS AFsdet. 1 F

= Tt 1T

Table 1. The sequences of primers for RT-PCR

Primer Sequence
GAPDH F: 5¥-GAAGGTGAAGGTCGGAGTC-3
R: 5-GAAGATGGTGATGGGATTTC-3
ALPL F: 5¥-AAACCGAGATACAAGCACTC-¥
R: 5-TCCGTCACGTTGTTCCTGTTCAG-3’
Runx? F: 5-GCCTTCAAGGTGGTAGCCC-3

R: 5-CGTTACCCGCCATGACAGTA-¥

SDS-PAGE gelell 4 #7194 5< &3 9 dS A3 uhe}
£, PVDF membrane 2. & transfer 3% TF. Membrane
< 5% skim milk &% S & blocking & ¥ rabbit-anti-ALP
9 rabbit-anti-RUNX2 FA & 4Tl A overnight> 2 HH-3-A]
Ao, 2 & 7 A Ul 22 FAE A7 F ECL
kit o] &3te] ZF bandE #H&A3F T} Western blotol] AH&-3F
Al 2F2 Thermo fisher (MA, USA)Z 58 FQl 38k} AF&3}%
on, 134 FAE Cell signaling (MA, USA), 23+ &A=
Promega (WI, USA)IlA T8t AH&3tATh.

€ A% Ade 33 wrEste] Y EFEH A (meant
SD)Z Yetdllth AT o] o4& Student's t-testE &
al ARSAL, p<0.05Y w F ko] Aol7h FH Ao

e

= A FHTOERE FE58 AZE Alkaline
phosphatase (ALP), Runt-related transcription factor 2 (Runx
2) ¥ Osteoprotegerin (OPG) & B4 = 34 #d A4S
o] g xlo] F P4 AT primary osteoblast cellS T
sko] QA AFEHIL AT EFA FEE0] MG63 £
Az 24 8 SA40 vA= 9= A7) delA F=
=& 4A7E B8N Tk AR Al AEEE SH6
Atk A AEE 24 23, LMEE 1,000 ng/mle] B4 oA
MG-63 AZ S4& FuaA Qgkon, 4847 5o woka

74, 500 pg/ml# 1,000 pg/ml F=NA ooz AE
AEgo F7Hgd met EF4 FEEY AESH 5
A3 A (Fig 1). WekA o] T A2 LMES] A &

1 1,000 pg/ml ofste] FEoA s st

Alkaline phosphatase (ALP) &40 O|X|l= Y&
A7 A4t 3 & (alkaline phosphatase, ALP)= 7 <
z3tn 55 = 2A A= & o] doje
w1 g4 Frbeke AR 4 A T3] wekd 224
X9 F4E Yehe 244 Al Aol ALP &

ZH
e FH3k %-rxl TEE °l xIAX] T AF Y E
= OC:J] 5
p

BE 240 B

£ A %2 control
1 A3+ Fig 29 2

A3} 100 yg/ml FEH
Bl &A4o] #93 000 pg/ml E=olA =
CTR# o Hl3) 3] A% &4 o] }8}% 202 YERT
Positive controlZ2A4 &7 A ZFHE DMTY 242

9
=
Ml
K-y
5‘.:
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Fig. 1. Effect of Locusta migratoria extract on the osteoblastic cell
cytotoxicity. MG-63 cells were seeded into 96-well plate
(5x10° cells/well), and then treated with LME (100-1,000
ug/ml) for 24 hr and 48 hr. Cell cytotoxicity was de-
termined using 3-(4,5-dimethylthiazol-2-yl)-5-(3-carbox-
ymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium
(MTS) assay. Values are the mean + SD of triplicate. *p
<0.05, compared with the control of 24 hr. *p<0.05,
compared with the control of 48 hr. CIR, control; LME,
Locusta migratoria extract.

350 -
~300 A

=200 ¢ 03 days

© m5 days

CTR DM 100 500 1000
LME (ug/ml)

Fig. 2. Effect of Locusta migratoria extract on the ALP activity and
staining of osteoblastic cells. MG-63 cells were seeded
into 96-well plate (1.5x10" cells/well), and then treated
with LME (100-1,000 pg/ml) and ascorbic acid with £-
glycerophosphate as a differentiation medium (DM) for
3 days and 5 days. ALP enzyme activity was measured
by spectro-photometric method using p-nitrophenyl phos-
phate as a substrate. Values are the mean + SD of
triplicate. *p<0.05, compared with the control of 3 days.
#p<0.05, compared with the control of 5 days. Cells were
stained with BCIP/NBT substrate solution after fixation.
CIR, control; DM, 50 pg/ml L-ascorbic acid with 10 mM
B- glycerophosphate; LME, Locusta migratoria extract.

749 100 ug/ml &= FA3 FASH T ol o
A AFolM Bud e FA e Wahd F2E(100-150%), 2%
2 (100-140%) 2 3F(100-150%) FE=9 ALP &4 =34 2
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ol W) AA ¥ ALP A4S e Y14, 31,
36]. o213 A= ALP FAZA A FASHA e T CTR
7o HlE] DM 3% LME A g 7ellA FE40] B 5 2184
Uehgom LME A8 A 55 A0z 25 449
o g EFH FEES MG63 2ZFAH L ALP E4 &
7M1 ol whel 2EAEY B3} SIS S

ERA 25 AYsta 3 =& 59 3, MG63 ZZA|
ZRRE RNAS F238t9 & A4 2 &35t add 734
T WEtE geletaat 6t glth(Fg. 3). ALP 243 #dd
alkaline phosphatase (Alpl) fr&7¢] #&8 2 CTRT | 1l

o ¥& EAoE o a7tA FbetgloH 39 WYdS
o Bk 5YU7bA] ok Ao A P F] B 2
A& Fstint. =3 DMT 3 A AY &2 Alpl 2d %
S ShA ALP 24 3 gAS Fa £98 Ae Akt
Runt-related transcription factor 2 (Runx2)<] 2} @@ &F
< Alpl# B 24 39 w4 1,000 pg/ml F =4 CIR
wol Haf ovf A=E ¢ £ F7HES e oY 5Y
g Folle 1 wd o] 4TS R & F AT oY
Ads o 254 FEE A Runx27t AA EH o]
Ha O gFoE Alple] o] FUH AL E ARHH o
syringic acid& AH&3te] Alpl# Runx2 5 44 #dS &
T A A Run A E& o] Alpl A2 T GF
< "AH, Alple] T ol £3F 27] R 2EAEY
w35 2Hde e dre oY A+ A} fAksH

|

[¢]
50 pg/ml?% 100 pg/ml 5%
ng/ml¥ 1,000 pg/ml FEANAE F54] F259 =
uhet wE o] 7S ST 4 YA ¥, positive con-
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Fig. 4.
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5 °] Alpl ' e 7 Runx2 =
g HE
o ° _ %
g5 3 ST 4 -
g e 2 03 days z & 3 * 03 days
2 m5days .2 2 - # m5days
s 1 5 4.
[} Q
o 0 o 0 4
S . S ® O O
LSS LSS

LME (ug/ml) LME (pg/ml)

Effect of Locusta migratoria extract on osteoblatogenesis related gene expression. MG-63 cells were seeded into 6-well plate
(3x10° cells/well), and then treated with LME (50-1,000 ug/ml) and ascorbic acid with B-glycerophosphate as a differentiation
medium (DM). RNA was isolate at 3 days and 5 days after the sample treatment. The levels of Alpl and Runx2 mRNA
were determined by quantitative real-time RT-PCR. The data were normalized to Gapdh. Results are shown as the mean
+ SD. *<0.05, compared with the control of 3 days. “p<0.05, compared with the control of 5 days. CTR, control; DM, 50
ng/ml L-ascorbic acid with 10 mM B-glycerophosphate; LME, Locusta migratoria extract.

LME (ug/ml) ALP RUNX2
2 2 2
& S o & =
ESe S Eas 15
t 1 1
ALP " ww i v/ ww o -
o 05 0.5
2
= 0 0
RUNX2 " o s e s 9 O © ~E-E-K- o oo oo
o = 3383383 = 38338
o 5 o - ® S 5 (=] - ® 9
LACHN — — - - — — —_— —
B-actin LME (pg/ml) LME (ug/ml)

Effect of Locusta migratoria extract on osteoblatogenesis related protein expression. MG-63 cells were seeded into 6-well plate
(310 cells/well), and then treated with LME (50-1,000 jig/ml) and ascorbic acid with B-glycerophosphate as a differentiation
medium (DM). Protein was isolate at 3 days and 5 days after the sample treatment. The expression levels of ALP and RUNX2
protein were determined by Western blot. The data were normalized to -actin. Results of densitometric analysis of the
Western blot are also shown (right). Results are shown as the mean + SD. CTR, control; DM, 50 ug/ml L-ascorbic acid
with 10 mM B-glycerophosphate; LME, Locusta migratoria extract.

S 0A Fes oW AT HFst= AHQ Ao Adtd ferentiation by stimulation of Runx2 expression and target-
T[35]. Bl A W@ ere) 24 Ano we} TR FEEL ing of Smad7 by miR-21 in mouse mesenchymal stem cell.
o . . Cell Commun. Signal. 12, 561-573.

MG63 22 A Eo| A ALP @ RUNX29| 912 B3 & 27 J gnal. 12,

63 zﬂ - I : UNO j ;% ]E = °; 2. Baek, M., Seo, M, Kim, M. A,, Yun, E. Y. and Hwang, J.

=l A % 2 2737 =

A7Im o8 F3 MG-63 =M 22| w58 £A5ta = S. 2017. The antioxidant activities and hair-growth promo-
A7l 7MY AR os 20es dF 2 AR B¢ tion effects of Tenebrio molitor larvae extracts (TMEs). |. Life

B Ad7Te $E0EA oAn Al (I WE: PJ01311002)
o Aol o o] Fojom, ofe FA=HUD
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