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Anabolic reactions of skeletal muscles in mice following plant- and animal-based
protein intake during resistance exercise
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Abstract

The aim of this study was to demonstrate the effectiveness of resistance exercise and the intake of leucine and arginine on the ex-
pression of key factors in muscle synthesis and body function by comparing it. Experimental animals used ICR, divided into 4 groups of
10 animals per group, Control Group (CON; n=10), Exercise Group (EXE; n=10), L-Leucine+Exercise Group (LEX; n=10), It was used in
L-Arginine+Exercise Group (AEX; n=10). Resistance exercise was performed 3 times a week for 8 weeks, and leucine and arginine were
diluted to 54 g/l. and administered Oral administration 5 times a week within an hour after resistance exercise by 0.135 g/kg. In addition,
the factors related to muscle synthesis and the number of muscle bundles were analyzed using H&E staining and western blot methods.
In the group that ingested leucine and arginine, factors related to muscle synthesis were expressed, muscle strength increased, and there
was no difference between the leucine and arginine groups. These results suggest that resistance exercise and administration of leucine
and arginine for 8 weeks had a positive effect on skeletal muscle mass and strength. In conclusion, the intake of vegetable and animal
protein after resistance exercise has no difference in the expression level of factors related to muscle synthesis, and both vegetable and
animal proteins are effective in improving muscle strength and increasing muscle hypertrophy and skeletal muscle mass.
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HAdE Bigtel] that o} X590 HHOE S/} e =
o 2jo]o] A M7} P AT Westerterp-Plantenge et al.,
012. 7 9 15 AFo= UlEAQ] "4 opriel {al
(L-Leucine)e] theF g HAAJ=H], ol Hdvaline), o]aFAl
(isoleucine)®t &A A A& olv|AKbranched chain amino
acids; BCAA)S] & Aol A% Hogltk o] & FAlS &
A dld F fds & d4Muscle Protein Sythesis)e Z7HA
7= a3Ao|gta deA gi(Pasiakos, 2012).

AT =4 i Y ARTES 294 @ AF A 2
=H(Type 2 diabetes mellitus) 2 HZ7 28 oz &
ojojA|m QIZtolA siEA A&7tk (Bray et al, 2012). ©]2
AAe 7o 2 g Algto] FE wky glom, A5 Thld
Foll #Alo] Z7kskar tkvan Viiet et al., 2015). thE2<]
A wld S SRl o2 d(L-Arginine) > A 4 o
AoE 940 AEE B3l davt B3l AES ke B¢ ?
drjole] dmel] Fofdd B oo}t Tl o] FH 7
Fsthe A7FAE Bk Campbell et al, 2004). 3+ of
2714e AN ESY(Citrulline), F#o}e)(Creatine), 45} A(Nitric
Oxide)9} 22 32 tiAt 2 7=l ofsf A8 tkTong et
al, 2004). A8 Ao w2 FF of2r|de FE9 Tk =
F714Glucagon)®] w4l F7Ret SFI2(Glucose)E AEAZ|A
Ho o] o ¥EH SFIAE FOoRRE Il IS5l
of SF3 Fgo] Y 2 FAHY FES 1 gt B
Ha QloKTrabelsi et al., 1996). T3k 2184 whlEol o}=7|d
< oA AoELo] gk Fge] deta, S A R
£ WS = &9% iilannuzz et al., 200D, I1H= B+
stal ofA7kA] of271de &3l Uig AT PFE Aol
(Arakawa et al., 2007).

o5 A5 WA H9E Qdsd AM 448 UAHInsulin like
growth factor-1; IGF-DE #¥Igth IGF-12 b 71uolA|Liver
Kinase Bl [KBD¢} ZE/ZEsd &4 iZ(Cadum
Jcalmodulin-dependent protein kinase kinase 1; CamKK)- 24zt =}
=8t EHA WAl Fato, 243 vl F)ubolAl(Activated
protein kinase «1; AMPKe D} AMPK o2& <S14Hsl&HoHAtsushi
Suzuki &, 2004). LKB1ol| 23} <14k} = AMPK o 2= Atrogin-1&
FAANA 25 olgkE sty CamKKE T3l 4ksl & AMPK
¢l EFF #2 2yjvfol4l(mammalian target of rapamycin;
mTOR), 8} A& 7§A I2KEukaryotic translation initiation
factor 4E (elF4E)-binding protein 1; 4EBPD), &]x< hiA(P70-S6
Kinase 1; P70S6K)S A8t & < walighch. webA, IGF-1
o] BHIE B3 ddE AMPKE ATPY] AAY 2ns #Asio
uA] e BYshs 9Te 993t 25 olg ¢ w3} %
g% 7|9 3lal 9JtiGrahame Hardie et al., 2015).

& e AE U Aladd 7] M(signalling pathway)S ©]-&3}
o o]gl&-g{catabolism)¥} F3HH&anabolism< Fal & FES
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a3tz o]ciMcglory et al., 2017).
g9 5 o AFHT dude 5 ARt &8A4ol
7kt 2 dAe ASsketl @30t Vinod Kumar et al,
2009. < S L] S AR s FHLE A
IGF-1, Insulin, AMPKS} 22 Q1z}50] WHagtiOgasawara et al.,
2018), o]=2 T ¥4 49 24 dA=A, PI3K-PKB/Akt-mTOR
2 oA Alsded ARE A & e MR
(Bodine et al., 2001). w=bA mTORS] &L PI3Ke}F AKt 415 A
gol 9] o]FAAH, AE Yelxe & AT E Feke F
A AsAY 7o IAE L tkBumnett et al, 1998). =3
mTORe] wr&dL P70S6Ke} 4EBP1S 7fdl= SHY F 714 4l
SHY 7o ZgEo] & FAd AARH 9Ts FIYdtia
B3 v QJch(Hara et al., 1997).

b B A7e A 25 $ T 9 olErd A7 2

A7l A2 APsEe 10578 2 IR mouseE AHE3I3A
iz FHHCON; n=10), && FHHEXE; n=10), 74!
+&% HDEX; n=10), o}=7Id+-5 JHAEX n=10°=% &
A, He 7 10vHY ARSIt 2593t cage 28717
EEAE TS AR ¥ R ARE ARt A3 T
A 2 A A PR sEAEEEAYIY 53U Wl 7
=715 1247Hlight-dark cycle)
o7 AAsY, 25 2242C, $5& 50+5%9 374 A4 20
74 Kigh 5= A@AAA ARSItk Aole 9yt Alg &
Fi= 60.7%, @A 152%, F712 5%, A 2.9%Samtaco
Korea)E 24417t 2844 S1$iTh

2. 2=y

7YY AE 7Ike AR AFEES A Ul A
A AE(7]€7] 90°, Eo] ImE o] &3 At Alde] &%
= AAETE 2 RlgE 5H0E YFUrY] &5 S 7Tt
Qb F3} glo] 3= 53] AlthY] 52 AAEIReH, E AZdA
872t F 33 A &5 AN &5 e =5 HF
1= 7] 943 10mL Falcon-tubegtol]l (19t #& o] g3l 5
S zd-Eth A48FE9 IRMOne Repetition Maximum)-S 7
o] FAE IRMe2 AAsI¢on, Hx %5 Al IRM] 30% 53],
60% 43], 80% 33], 100% 18], 1 o]Foll= 2o k& =2 = 15
7h QA BEF At 1AM 3T &5 3
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g 158 WA QRS AYSYL, SANE SRS 495
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3, Hanging Test

AR &5 F T ol=rIde AAF vhe mHoA 1
Ehhe 29 WslE dopnr] fldte] Hanging TestE AAIskATt
Hanging Test= ¢folo] MIACIZ 1Im x A2 Im)9je] vh¢-25 &
HEl, ZAZHA dolo] HAS AANECR E vkt
T #Ho s Hold n7hA] ARKsecrs ZA3t] A3 g
A9 dolHE A&tk ey e A AREE 58 A
A3, Ha AR 1022 AAstel 102 ulo] Bzl vkes

of 7% ABS AN

4. Grip Test

AR & F T of=Zrde AR vk ZoA 4
Bl oY W3E dohiy] fste] Grip TestE AASHiTh
Grip Test= <folo] wi4i(2o] Imel vhe-25 S8s2 H 19
o & tdt rhg2vt HEEE 2HoE "ol wzhx|e] Azt
(se0e SA4ste] 23 gh& 43 volHz A83i3n. gy 3l
= o AR SEo® AASIaL Ha AR 1022 st
of 102 el Bofzl rhp-2=9] 79 A A& AAlsioink

5 7l ¥ of=y| Fof

Tl of2rIde S MARHRE Fst] AREsigloH,
Gagnon et al. 2002) A7Ee ARE AR 31 mouse’} 28}
7Fsd Ao S5 2 5gLE sXste 4l Fd, of2r]d
ol 7242} 0.135g/kg? = 53] TF] ST HEA| T A
7le 5 F & ARE oURE FYS ARt AAEIATE
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87 Ago] T ZFZEW Ketamineb0(Yuhan, Korea)zh
Rumpun(Bayer, Korea)e] 7:3 Hl&2 &35 vlF ks nfe29] &
7ol FARI 25 23] 7k HSoleus), FAAIKEDL), SAT
(Plantaris)}& A&ste] dstdie] FAAN7|3, 4 7HA] 80T
%4285 7|(Deep freezer, SANYO, Japan)oll B#aHs3Th

7. == 1H

F2g mREAR 3 FdE dol FHaldel 1mM PBS
(phosphate buffered saline)E 3% &<+ F4skx, 0.1M PBS9} 4%
paraformaldehyde(PFA) &3-S 108 52t #FA7IH, 149 =
22 59U B 30% sucrose Sl AN T FAE vbEY)
(Freezing micortome, Leica, Nussloch, Germany)E ©]€-5} 20um
A2 AHs}e] storing solutionol] #7435kt
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8, Western Blot analysis

AEH IH2AS Aeld F93 AR H, AR
(15,000rpm, 30WE Sl A5He A4S iz At Jd
48 samples FvIsIHTh 247 8%, 10%, 15%°] separating
gel(IM tris ph8.8, 30% acrylamide, 10% Ammounium persulfate,
TEMED)®} stacking geldM tris ph6.8, 30% acrylamide, 10%
Ammounium persulfate, 10% SDS, TEMED)E wHso] A3},
Sample “35-<H(total cytosol fraction)®} 2x sample bufferg 1:14]&
& 2 S5 3 70C oA 1087 7hdate] oS WAgA7l o

i

5ol 1023 A3tk wh7|(Dokdo-Maken) s}t oA 2 AZ<
7 & %5 100 Voltelld 902 Aol vigel & wW7kA %7

B35tk Nitro membrane(bio-rad, USA)3} Transfer buffer2 &

3M paperZ 282 A trans-blot tankol] A3+ & 100 volt
2 6087t AASITE Membraneo®  Fo] EuH  Skim
milkOW 10ml, Skim milk 0.39)8°}©.2 Blockinge A% ¥ 13 &
AZ 1000:12] FEZ 4ColA over night AIZTE o3 4204 2
AZE Bk 23 dA(EE 5000:D9F WHs-A1Z1 F Luminate Forte
Westetn HRP Substrate(Milipore, USA)ll 183F 2HAIAIA Uk
membraneS ©]u]A] 4 A|2El(Molecular Imager ChemiDoc XRS
System, Bio-Rad, USA)E ©]-&3l] #4814tk
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E 1. Primary antibody list

Antibody Catalog No. Vendor
Phospho-mTOR soo8133 et One Bctecmoiogy
Prospho-P70S6K sogatp  Srta Oz Setecndogy,
Prospho-4EBP 2855 Cell sgnaling Tectmology
Phospho-AVPKa sodgp4  oanta Gz Botedmoogy

9, H&E Staining

LS 548 BPdY|(Freezing micortome, Leica, Nussloch,
Cermany)E ©]-83te] 20umTAZ A3t slided] F2+ & 147k
Room Temp Atk DWE o83 A& 3 100% ethanolel] 1824
19, 80% ethanol 1#4 19, 70% ethanol 1£4 1HE& A &
DW= A23}%it}h. Hematoxyline €<oll 187 14 3 %, DW=
AAE oy Eosin &<fofl 183F A4 g %, DW= AlHsiaich
o]% xylene&Hell 184 3He AX TUAE YT & B3
1] 7(DM2500, Leica, Germany) 0.2 FH=3Fth

10, Ki=A{2|WE

H
Ao dojr BE 8= A=LR 20 B4 ZEI9
SPSSE o] 83l 71& EAX|(mean+SD)E AH=3lgt: 2 AAPA
ol tiste], A 7t AolE EBAE] He) dLHFEEX(one
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way ANOVA)-S A A|8}al Bonferroni” s(least sigmﬁcant difference)
HHE ol&ste] A 2F FoF A7t A& A AR ASE

AN, o] W BAA FolaE «=00= At

A7 % APsEY AT %%_‘f& ARkl v 18]
sl dddol 2 ¥ AdET=S 3AYAA Soeus, EDL,
Plantaris®] 715 43 2= <Fig 1>JJr 2t} 8571 =44
I g 3 FAHCE FOF Aoz uUehA stk Soleus:
F3,361=2.327, p=.091; EDL: F(3,36]=1.027, p=.373; Plantaris: F3,36]
=1.149, p=.343).
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Fig. 1. The effects of resistance
exercise and plant- and
animal-based protein intake on
muscle weight in mice,

(A) Soleus muscle, (B) EDL muscle,
and (C) Plantaris muscle(n=ten per
group), An independent t-test or
Bonferroni post hoc test after
one-way ANOVA,
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2. Zlek 2t Hanging Test & Grip Test 93 S2{9| w3}

ICR AL oz 857 Filg olzrde
xqaw 5 X3 3 Hanging Test®} Grip Test —3— T 5

< Hrlst A3 Hg 2, Hanging Testoll A= FHek 2+ foleh <
7} JERFA K 3,361=6.094, p=.002), Grip TestollA= %ﬂ?lr 7
)8k o7} LreRA] QLITHH3,36]=1.787, p=167). Hanging Test
9] A% A% Az CON el BlIs) LEX HeH(p=012)2 AEX 3
Hpm 00224 SAXCZ FofstAl S7185Ath

A B

J\I
id,
—m
2
B 2

100

Hanging Test(sec)
Grip Test(sec)

0

CON EXE LEX AEX CON EXE LEX AEX

Fig. 2. The effects of resistance exercise and plant- and animal-based
protein intake on motor function in mice, (A) Hanging test (B) Grip
test(n=ten per group), An independent t-test or Bonferroni post hoc test
after one-way ANOVA, “0¢.05 vs CON,
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3. Zlck 7} Phospho-mTORY)| gkl 30| B3}

IR & tdozE AT ol2r|ds 22t 77 Foleh A
A 55 AX3 I Soleus, EDL, Plantarise] P-mTOR WS
B8 A3KHg D, BE 2822004 m-TORS] & =& 3
o b BAFSE ot Aol §ilthSoleus: FI3,20)=1.217,
=.329; EDL: H3,201=0.429, p=.735; Plantaris: F[3,20]=0.666, 7=.583).

A B
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Fig. 3. The effects of resistance exercise and plant- and
animal-based protein intake on Phospho-mTOR in mice,

(A) Representative western blot image of Phospho-mTOR(n=six per
group). (B-D) Quantification of Soleus, EDL, plantris muscle, and
p-mTOR levels, An independent t-test or Bonferroni post hoc test
after one-way ANOVA,

4, Tk 2t Phospho-P70S6K2| Bhsd 70| B3}

ICR #H= EH”_E FAF olzrue Zkzb 37 B9l A5
A 5 AA3 Z Soleus, EDL, Plantaris®] p-P70S6K U %S
BX8 A3KFg 4, Soleus? Plantarisoll A g 7+ BAACE &
gk zol7} YeRFTHSaleus: F3,20=11.712, =001, Plantaris:
F[3,201=10.111, p=.00D). SFAIY, EDLAA= 48 Zfol7t el
A ekIH(3,201=0.429, 1+.620). Soleuse] AR HZF A3 CON 3
ol Hls|  LEX A (p=01D 2 AEX =000l At 7+
SAACE frofaiAl ZHasiith ®=3 Plantarise] AR A% 2
7 CON el ®ls)  EXE Athp=008), LEX HTHp=00D) 2
AEX FHp=00DolA HS 2+ BAHSE oA 7434
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Fig. 4. The effects of resistance exercise and plant- and
animal-based protein intake on Phospho-P70S6K in mice, (A)
Representative western blot image of Phospho-P70S6K(n=six per
group), (B-D) Quantification of Soleus, EDL, plantris muscle, and
p-P70S6K levels, An independent t-test or Bonferroni post hoc test
after one-way ANOVA, *p<.05 vs CON,
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upajEke.
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5. &t ZF Phospho-4EBP12| &

IR #E tioz FAl3 olzrde 247t
A 55 AXT ZF Soleus, EDL Plantaris®] p-4EBP1
BA3 AsKHg 5, BE 282204 p4EBP]1 o W FFe
At 7 BAHR %«lﬂ 2ol glAtkSoleus: F13,201-0.971,
=426, EDL: FI3,201=2.846, p=.064; Plantaris: F[3,20]=0.484, p=.697).
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Fig. 5. The effects of resistance exercise and plant- and
animal-based protein intake on Phospho-4EBP1 in mice, (A)
Representative western blot image of Phospho-4EBP1(n=six per
group). (B-D) Quantification of Soleus, EDL, plantris muscle, and
p-4EBP1 levels, An independent t-test or Bonferroni post hoc test
after one-way ANOVA,

6. ot 7 Phospho-AMPKS)| Hisd 40| 13}

IR #E& ez FAH of2r|ds 2447 774 Folok A%
=5 HAT & Soleus, EDL, Plantans«l p-AMPK &S
+ A3KFig 65, BE T5F2 A p-AMPK 9] itd 2o

43
o 7t BAFSE fo3gt o= {IthSoleus: F3,201=0.835,
1490, EDL: F3,201=0.657, p=.588; Plantaris: F[3,201=0.208, p=.890).
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Fig. 6, The effects of resistance exercise and plant- and
animal-based protein intake on Phospho-AMPK in mice, (A)
Representative westemn blot image of Phospho-AMPK(n=six per
group), (B-D) Quantification of Soleus, EDL, plantris muscle, and
p-AMPK levels, An independent t-test or Bonferroni post hoc test
after one-way ANOVA,

2t 2 W 2ok Jieo| s
IR A& W2 FAH of2rdE A7 77 Fofel A3
Soleus EDL, PlantansA = o Ji4e) ¥
= TERAgA A 7 FAZE
46¥ zto) 7k UrEP/LEKSoleus FI3,121=74.665, p=.001; EDL:
F3,121=25.594, p=.001;, Plantaris: H3,12]=27.455, p=.001). whghAd,
Soleus®] AR A Ad CON Fddol]l Hlg] EXE FHp=001),
LEX FeHp=00D % AEX FHHp=00DolA A 7 SAZo=
sl S7kekty. EDLY| AR 75 A3 CON ko] Hish
EXE HeHp=001), LEX HeHp=001) 2 AEX FeHz=00DolA F
o 2+ BAACE FosHA FTIeHAth vHAIR & Plantaris®] A
T A% A3 CON Hoel wla] EXE Hd(p=00D, LEX Hgt
(700D 3 AEX FHHp=00DoA Hd 2 SAHCE o8t
S7185
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HZ 80
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-5 40
Bz 2
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CON EXE LEX AEX

EDL muscle
% of CON)
sEEBEE

COM EXE LEX AEX

Plantaris
- ~

PLA muscle
(% of CON)
oBEZES

CON EXE LEX AEX

Fig. 7. 8 weeks of resistance training and eating plant and animal
protein increases the number of muscle bundes, (A) Soleus
muscle, (B) EDL muscle, and (C) Plantaris muscle(n=four per
group), An independent t-test or Bonferroni post hoc test after
one-way ANOVA, *p( 05 vs CON,

P ———

V. =0

< AFAIZITHYuhel Makanae et al., 2015). g3
9] F8/40] Y= g uet wild Fad =3 s B
Atk =4 A FEde AEAET P8l FIFE v
A g Utk d97F Bagd] wet A5 whiEgl of27)

24 wle) §AI3 el ARA Buel of2rde 77}
Bojalo] = Aol UL T Fo A4 BE AR B4

[e-

318 Sport Science 2021. 39(3)

T of27]d ) W] ApolE BAste] il F3lo] wx=
S AASHAE

WA, B AFolAE 87 AR 5 & FA E of2r|ds
#%)5ke] Hanging Test$} Grip TestZ AAI81%it}. Hanging Testoll
A LEX Fet AEX Fdho] CON ehol] wlel fdk 7+ BAZ O
2 9% o7} 9llem, Grip TestolAE LEX Fekat AEX 3
o] CON ol sl 289 a2 ot e 2+ TAHL
2 598 zJol= gtk m3k AEX FThe LEX Fthol Hlg) 2
o] e Aoy A 2 BAXHCE fofgk Aol ISl
EbA] FA ol2rde AHe 28 el 9 mAH, 2
g 37k Aolle A7t gle ASE YERdth Stokes et al
(0180 A &5 $ il AdHe 2 IES FIAA 29
7k 2 HldiE sk, 29l 12 2 WA AP &%
< A g & Hol 307 ol g HFHske Aol AR &%
A AF AHET Fodl 93& Baskltk Hiroyasu et al. (2018)
< AP 5 & i BHEo] &5 A v BHES HA|g
Hqerel wlsl SAZ At A 7)50] FEAThE A7 A
& HustdA AP &5 & ol A Fo49E xR
o AP 2 F AES gl JAHe A UM &5
7b 9 Ao Alsdnh AT A &5 A $E oy
AF Aol g 5 978 Bl =07t ed Z0E Alsdnk

Theo® 7R E(Solews), AAAIHEDL), ZAHPlantaris)e
w2} p-mTOR, p-4EBP1, ¥ p-AMPKE E4% As} & 7t
ofgh zpol7h YRR $EkAITE p-PT0SEKE frofgh zkol7} vl
woth e e A &5 F Tl A Al Al o
Ake] F7el PT0S6K, 4EBP19] o= <lsf vl ghado] Azt
HchJeyapalan et al, 2007). & zfole UERIA AT
p-4EBP1> F7Fsh= ZdaFo] UePARE p-PT0S6KE 7H4-st3ith.
4EBP1-& mTOR®| @&Fol whet MslabA|gt p-P70S6K e} “dwke 4
W et Zog £ wf, SHHoIAY e v JFE
= 7hsAe Bojgar QiokDeldicque et al., 2008).

=3k AMPKS] 79 $7h= AR Folg Aole gtk &%
o] =& ol 2EH 2} fiEH IGF-1912H AMPKE T3 Al
A WEZCEo} 7)%E $7MZITA Basa JtiAghanoori et
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