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Increased Muscle Mass after Resistance Exercise Training and

Ingestion of Silkworm Pupae Powder (Bombyx mori L.) in ICR Mice
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ABSTRACT: Edible insects are an interesting alternative global food resource. The purpose of this study was to investigate whether
ingestion of silkworm (Bombyx mori) pupae powder with and without resistance exercise training (isometric contraction training)
increased muscle mass in ICR mice. To achieve this, 28 ICR mice were grouped into control (CON), resistance exercise training (EX),
silkworm pupae powder ingested control (SP), and silkworm powder ingestion with resistance exercise training (SPEX) groups. The
change in body weight ratio was significantly decreased in the EX and SPEX groups compared to the CON and SP groups. Total blood
protein levels were the highest in SPEX mice compared to those in other groups. The albumin concentration increased only in the EX
group. Blood GOT and GPT levels were not significantly affected. Changes in Akt and Gsk-3(3 protein expression were not significant
but there was a tendency for Akt to increase and for Gsk-3[3 to increase following the ingestion of the powder. The size of the
gastrocnemius muscle increased significantly in response to resistance exercise training only. Furthermore, the ingestion of silkworm
pupae powder tended to increase muscle mass without significance. These results suggested that the ingestion of silkworm pupae powder
with resistance exercise training might enhance muscle mass without hepatotoxicity. However, future study may be needed to obtained
detailed results and practical suggestions.
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22325, AFSEE= 60% Y- 2]S 92 A]7]31 08:00-20:00
T 12AIZE 7HA 0 = - of7 1S 2Eskinh ATk ot
4]o]Z(Control diet: CON), LHF4]o] + #8-2-5(Control diet
+ Resistance Exercise: EX), Yol d]7]4d 3w Silkworm Pupae
diet: SP), t=ollHE)] 71443 + A3ke&-5(Silkworm Pupae diet +
Resistance Exercise: SPEX).© & JLE3}ITH

2 AFe AR FEAE-EIYSel s Sl
UK 3 KNU 2015-120).

Alo] 242 AIN-762 vl O & slo] Hd| 7] B2 7142
I} 1:1 2 2)3ste] 2ASF L] ol 7] 2 by /d-S Eelgh
Z| A3 1.5 g/kg/d 0.2 A A|E] 3 9)3(Zhou et al., 2006),
Ao]o] AAFH= 27 08:000] 230 g 4 a1l ghH 35513
o, 52 A 58 3kl Ao] 242 Table 13} e} E3E,
A5 G99 A wTrlA ARSEE ol L] ®Y|) 71 E AR

Table 1. Experimental diet composition (g/kg diet)

Constituents Control diet PSJIIDI:ZZE
Casein 200 -
Silkworm Pupae - 200
Sucrose 200 200
Corn starch 400 400
Corn oil 60 60
Lard 40 40
Cellulose 50 50
Mineral mix* 35 30
Vitamin mix* 10 5
D,L-methionine 3.5 3.5
Choline 1.5 1.5

*AIN-76 formular.

shgom, We)7|E Aolol A7kst] Sla) Az o] Hak
2 73t 5 ool A7kstelck B AR AR Tel 45
252 FEAY AT ol By aka gl Ag 5 2%
(SFDKS 10K, A1 SlA| U o], chebulh @ Abg-5teict
2su

A3 2-5(Fig. 1) AR 678 0] F| 1S i H 8
i ARgstl o, v XA o g Kl E Srtske] &
FAEE 150004 35:7F 34 &5 13 F241& 33 WHesta, 4
FoA 677 = 4t 5 182 7412 33 REESHITh mhA|
97550} 80l = 5 25 12 FA1S 33 HhESHlt: -5
M2 Kriiger et al. (2013) 2] WH-S W slo] Afsl o, &
B Table 29} 2tk

HE=H

S Ead, e d o4 10A]of A3 o=
o

ZA45to] FUT B FAL 5 YIS shih

12A]7F A 4] 3 Ethyl Ether (N0.548, Duksan, Korea)E- |

Fig. 1. Resistance exercise model.

Table 2. Eight-week resistance exercise program

Exercise duration ~ Exercise time

Set (time) Rest (min)

(weeks) (min)
0-3 3 3 1
4-6 4 3 1
7-8 5 3 1

Bombyx mori powder ingestion and muscle mass increasing 3
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3 B A7HA] WSIL(NF-400SF, HFC, Japan)ol X315}l
13 2AE A &5t HA| Aol S FAAIZ] $-80C
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&L A A7HA] Hastith

spo] vl E2eE JFst] Sstol 4 XS wa Aol
A 518 Bol &3 F HE Y| BAbm e SABIA 71915
ol-g3to] eIk 2% 2910] 942 Fol7] 913 & e
A} Hl ] B R91E Aol U G A2
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Z thal(total protein: TP), &H-T(albumin: Alb), GOT,
GPT z+= FAH o o3t B4 kit (oFAHA| ok, thghal=h) & o]
f5}o] E33S1% A(UV-mini-1240, Shimadzu, Japan)S A&

[e}
sfo] FUES BASH Ao FRE AAAS 0]

3+ & 7} AZ-2 ELISA plateo] 200 pl & ¥ o]4 595 nm 2] &
=& =43} th2, Laemmli sample buffer2 4 o] A &S
TREQICE Thild B8 915101 10% sodium dodecyl sulphate
(SDS)-polyacrylamide gelof] T2 A=Z-2- 77} 15 1l £ loading
& 70l 100 VollA) 7] E5tol RS elslaict. Tl
2 22] 3 polyvinylidene difluoride membranes © 2 7]
5 100 Voi 2J5fl 147} 5-2F membrane & 2 o] A Zl Tk o]
7} B4 3 5% BSA7} 323+ blocking buffer (TBST buffer;
50 mM Tris-hel, 150 mM Nacl, and 0.05%, Tween 20)< ©]-&
ko] 147+ 3057+ blocking S AA3HT: 12} aF4(Akt,
Gek-3B)2 717Fe] wo] wa 514 & % 47C o4 over-night
Al1Z1 & TBST (5% tween-20)5 ©]-83}0] 1027} 53] washing
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chemilumine scene (ECL) kit-2- ©]-8-8}l membrane-2 254 A| 71
& X-ray filmo]| @A} TS band 2] density+< image j (NIH ver.
1.48, USA)Z ]85} band/B-actin 0.2 A F813iTh

A=x2|

AATFO) G0 Windows& £ 7| = 13 SPSS/PC +
18,08 o] Gelon], wE A A HEw RERAR U
BRI 7} 15 0] ol A Slalo] ABAHLAS A1)
S191). £ SJF o7} Lreht g o] cHaA] = least significant
different (LSD) HH © 2 A}ZAAS AA|5HITh BE o] &
ol p<.05 0|5tz ATk

Ak 7ko] A% MEke-S v wa) B CON-S 30.04%, EX
©} SP, SPEX= 712} 14.60, 14.42, 14.32% = 218 A of| H]3}o]
A ol 242k Z7Fa A 0.2 Uebidek(Fig. 2). ] Aol
= CONe| H|g}o] EX7}-R-2J51HA] Wk o m(p<0.05), SPo]| H
sto] SPEX7} f-95HA & Ao & YeRth(p<0.05). E3L
EXe]| H|5}o] SPEX7} W2 78k K 8o n, CONoJ| H|s}of
SP SJA] FYsHA Yebgt o U f-2Jak= UrERA] grotth

35 % —

Body weight increase (%)

CON EX SP SPEX

Treatment

Fig. 2. Differences in the body weight ratio depending on different
dietary protein sources in trained and untrained ICR mice. Bars
represent mean = standard deviation. CON: control group; EX:
exercise training group; SP: silkworm pupae ingested group; SPEX:
silkworm pupae ingested with exercise training group. *p < 0.05.
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et 7+9] total protein2] == CON 4.69 g/dlof| H]5}]
SPEX20] 5.48 g/dI 2 9-0]517 3-8 710 & LpehtrkFig. 3).
Fe7ke] 2tol= CONoj| H]sto] SPEX7} f-2J5kA| &= 3keH,
EX 1 SP 1} SPEX] 3571 A5 & A0 Liefytet
(p<0.05).

et 7F2] albumin %= %= SPEX A|3+0] 2.87 g/dIZ CON
wolut ohE Fete] vlste] &7 l/}E]r"}‘:]ﬂ:ig 4). ek 71k
Aol SPof| H|ste] EX7} frolohA &2 2oz "}E}‘leo ™
(7<009, 5P ¥Ifo| PEX7F o S 432 5
(p<0.05). T3} EXo] H]3}o] SPEX7} =& Agke 1o
B

6.0

———

r
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SPEX

n

-~
%

Total protein concentration (g/dl)

~
IS

Treatment

Fig. 3. Differences in the blood total protein concentration in
response to different dietary protein sources in trained and untrained
ICR mice. Bars represent mean + standard deviation. For treatments,
refer to Fig. 2. *p < 0.05.

Albumin concentration (g/dl)
> > o o w >
= n N 2 % [
s =

CON

Treatment

Fig. 4. Differences in the blood albumin concentration in response
to different dietary protein sources in trained and untrained ICR
mice. Bars represent mean * standard deviation. For treatment,
refer to Fig. 2. *p < 0.05.

A 712 GOT F =5 H|wsf H QLS wf CONof| Blste] EX
4 SP, SPEX7} & 49HS WO, ek 7k9] folahs Ut
EFLEA) gRgtom, 59l et Ao Eak ek gktet
(Fig. 5).

GPT 5=+ EX0|| H|5}o] SPEX&= & o= Ueh
o1, SPi= CONe| HJ3}e] W& 45rS BairkFig. 6). 1oLk
Aok 7k0] §oJRHE LhebA glgror, 8565l o et
2F oz glgick

14.2 1

GOT concentration (Karmen)

13.0

CON SPEX

Treatment

Fig. 5. Differences in the GOT concentration in response to
different dietary protein sources in trained and untrained ICR
mice. Bars represent mean + standard deviation. For treatment,
refer to Fig. 2.

134

GPT concentration (Karmen)

CON SPEX

Treatment

Fig. 6. Differences in the GPT concentration in response to
different dietary protein sources in trained and untrained ICR
mice. Bars represent mean * standard deviation. For treatment,
refer to Fig. 2.
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Arbitrary unit

CON SPEX

Treatment

Fig. 7. Differences in Akt protein expression in response to
dietary protein sources in trained and untrained ICR mice. Bars
represent mean * standard deviation. For treatment, refer to Fig. 2.

46kDa [HEEE——

pactin [

Arbitrary unit

CON SPEX

Treatment

Fig. 8. Differences in Gsk-3[3 protein expression in response to
different dietary protein sources in trained and untrained ICR
mice. Bars represent mean * standard deviation. For treatment,
refer to Fig. 2.

j_E']L]— ZlTh7ko] Solxji= LpERLIR] QFom, S%.0 Hoj T

SolRtE ¢lolth. AThe] GSK-33 wha wdeEe Sp
CONOﬂ Hjsto] Whe AR vebtom, SPEX= EXof H|s)
o] 32 S HYIthFig. 8). Leuh ko] o)Ak vEt
UHA] ehgkom], @55l theh f-oake §igick

=Z=Z9| x|

Zeho] oFz wjE L8RS EX= CONO H]ato] 52k
o] ke 71 0 & ey} O 1), SPEX= SPof| H|5}o] L8aFo]
2 710 & YePdtiFig. 9). SPEXE EX0l| H|alo] =& A3k
< W9l ou}, 9olalA] AFokrh T3 SP= CONO H]3lo] =8
S By FAk= il
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Muscle weight (g)

SPEX

Treatment

Fig. 9. Differences in gastrocnemius muscle weight in response
to different dietary protein sources in trained and untrained ICR
mice. Bars represent mean * standard deviation. For treatment,
refer to Fig. 2. *p < 0.05.
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I} A A AT 1 QITh= Akpinar et al. (2014)9] 15 & df,
2 Aol A SEPX7FEX O] H] 5k EF i) tha & 7
e Bdrhe A2 ol §ld)7] 2 A 37170 oheRt A
W] AR Eol0] T8 LS ATHE UEE S 98 20
e} 71e 4= 912 Flolet A ek

Akt+= protein kinase B2}1l = E2|H, =3}0] 7} o= o
A U= 5 Hl(wasting)i= Akt-mTOR 9] 41 5.9F T o]
o, FAkAY A= &, A 50 = Qlsto] ZE9Hd o]
Z71oh= Al B o] J3FS Ztl(Zacharewicz et al., 2014). &
ol Az Akt7E 3eolis]] 2 3390] eJslo] tha Z71e
ASN 736];5 Eocl ouq .,L_ tﬂb‘ﬂo]-oﬂ L] ‘IH 7]_11. oo 17}_4
AR Bt} o] 9] A3 Zacharewicz et al., 2014)
oflA] UEEfE el 2o Q154 Hak 5ol SJIAE Akt
mTOR A150f 958 o] T840l J41E 4= ek 2
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A = ke AL A|ARsTEaL & 4= Qle). T3 Spillane et al.
(2014) 8] Haro A= 155 AFA 5ol olsto] 5 Akt
SR whslo] Zbgat BAI0] & 2% Bl ol folat

A Zo1S1ek sl S1ck olsk AL} PHLPPI (PH
domain leucine-rich repeat protein phosphatase)2] 2] 2]
3 AktE QI9A ez FSAIFE d-pol= Ao el g
o] §-0J517| Z7F5hh= B al(Moc et al., 2015) = Qlch what
A - QAPOIAE GolBtAl = ghgroLt, A F7hoHe A3
59T 2 ol el 7] 32 427 28 Alo] 23]
oJ&t 4= Q)& Aol wetE o) *‘XﬂiYeo etal. (2013)2 ol
7] 2 A FH ol 2Jste] L5 S 7ol it AvE 2argt

[¢]
RSIEL Ol RALEA £EERS YalSILE 3 o

3 277} ERLA] @Rgko B 5i(Souza et al., 2014)% 2
Aap4 SETANA Lhebd 4 9l Anfe} Ak e
Yeo et al. (2013)9] Aol A= FAAY P Foltt
Avfo| L tht Ao} 91 4 gLok, Yrol Wil 7] Hvhe
K31et A5l L5 UHE Rlet Hsko] uistel fols 57
shgone B Aste] 7S AR AR,
ok AT o] RS vl BelaQ) Gsk-3B
(Glycogen synthase kinase-3 beta)+= & ¢Lof| A t2ko] 1
afo] Lpuix) JetollA olalAli igkort Zasks RS
BT Gsk-38E & BN E B3lE Z1A1A 24 NEE
HATH= C-Myb 2] 2Ha o] 3K Kitagawa et al., 2010)= 57
U2l Gsk-33.9] Z7H 28T S oA A7k 3 5= 9.
Liuetal. (2013)2 7|7t EH =Y 50| dZsto|HE F1F
& #19] Gsk-3pE SlAsichn Basigon, 5144 2]
(Downhill running) & 255k 250l % Gsk-3B 2 24
Gsk-3B] Eh Walo] §-oj8i) FAssrie e o))
(Amin et al., 2014). 0|9} 3-A}5}A| Fang et al. (2013)2] &0
A= ERET S5o] Gek3B2] QA elAlsigitkn B
AL B ), 5 Gok-3B9] BAE oAsto] 8 Th
e 7 & e Ao ) e U2 Aol A]
£ ol J|7] Bt A F o) o)t Gsk-332) 7ha Hato]
EF7] wimoll A3 o] Avfehs ARk & = QLo
chs SAFE ] Lhebt Zolah Tl o] g 3
2ol 2siA] Gsk-33 T A IH o] f-2J5kA A= 1o
o, 0|5 F3to] 28 Z7HE B gkl Qlok(Yeo etal., 2013).
ojE Hige ® & Aol A et 57 S7k= 2wl 28l
*1 %943} S7HS Btk T3 SPEX A 7P W 2539
Fo] Btk 212 ol ¥ld|7] A 5ek 2-52] ¥agol,
TS nhero.E Meje v wabe el 28 Sl
o B Aoz ek, T, 289 BAlo] AT v
= bl whiako) gelgt Aol 7} Lhehbx) igron of
g A1 49) 177} BRE A0 A,
ol sk, sl W) L3k 259 54 919
Ao 2 A AF st Bt Ao|als A2 A
ok ek ol dE S A5k 25si] S1sie ol
el e T T SR A e
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