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77¢] A
o 2wl ¥4 9 AT 546 vAE 9%

o] Ao M= 857t AP & Al Aok, FAY Foirt & A Az Zujdof ojugt kS
<A st I 580 st AdEES SDA A FA 32k & AR en | dl&T(CON),
T=(E), +%% Adold FAT(EC), &5 A otel, {4l FAT(ECL) 22 ER/3IATH A &
AR o7 77 FiFe nEld dAste] AltElg L2w WS o &st9on (5 33]), BxA
= 3Yloele 250mg/kg, Aot + 7412 250+ 250mg/kge] F< vld 774 T8t A48 A3
< Aol Ael 7] vl folstAl S7etAn(p(.001), CONTY HFo] A £5& 4
| Aol AFEG FolstA 2ol Uzth(p(.05). plantaris FAIE Exe] CONl B3| 2|3t
taom (p{(.05), FHL 2§%Ae &%& AAIE Al Jdeo] CONZo g fefshAl F7hatsint
X.05). B3 Eato] ECH, ECLe Rt frolstA S7ktidth(xX.05). Hoi2d & A4 5= AAIg Al
[t 25 A8 27)df vla) fofatA S7katd o (p(.001), ek 2+ 2fol= gl Phospho—Akt e >
%z ojgt EC+3 ECL©] Tr46} Al 7;.55;} o1 (X.05), Phospho-mTORE <&k 2ol 7} §lo]
= o5 4 *7}9} g g 384l Ojd*.:: B XA gk, F=7}
A Al Ao gHY 28y Al XW 494 phospho-mTOR
W o] Frlehe Aee BYoZH 1 7}%/‘3% Q ]SL T U3, Fd e dd e #ofste=
= Al 2

A =2 sof] M2 WFAG FPTH A G, 2 T2
et & 9la, vobrh A, gell, Al B e #d
AA = 9 el =AZo] EASHH, AF & Zretha Baskylet, weba oheket Aus oiel
45%5 AASte 71 2 AATAY LA2EAM FAUE T EO UL #E el A&HeR 28 A L T
BHEa AN E fAE 9 itk vARE, sl & ZAT)) 93 o] Faskn | Hoh gapbHl Wy

oD, wofl osf T 28T i 2 V)% BAs7] 91 ARl A7 g skt
o ZaE AAH A% B2 P A 77| TAZE e AT A-gHo] Hold Ao 7
wj ol ake] A7) "ojrma] Al Hrt. Kell et al.(2001) G golut 71414 Fatell waA whgated AL 4%
o 28TFS 2T 2 7SS A AL B AZItH(Egan & Zierath, 2013: Schoenfeld, 2010
9 duds AP eart Ao, 3UE e AINF 234, 2007). 2 F AP L5 242
d FtEs S Eo] Aadvy Hustgrh Ed = o A E fEstn, S A Hduks BAES
T/ E AR A glow, ek AlX yejo] Al
29 :2013. 12. 09. sAY EdEs S/, 9d dAs A

A

g9 :2014. 02. 11. . .
899 : 2014 03. 11. phosphoinositide 3 kinase(PI3K)-protein kinase

*Zixfodé‘ﬂ : 8+ (hpark @khu.ac.kr). B(PKB/Akt)-mammalian target of rapamycin



(mTOR) Aladg 425 A= Ao Husx
A Miyazaki & Esser, 2009: Bodine, 2006:

5& FAAZITHGe & Chen, 2012; Wullschleger
a

SO R 8F7te] At Bl 3] A SEe A
g Hornberger & Farrar(2004)2] 794+ flexor
hallucis longus(FHL) &5< FA7} 37% Z7}aH
=R A =

w3 Jorstd Wz WS EAE 29 Z7let

2 FHAY FFS A 0 A ATE

o] olalm ofe] ook BzA 3 A o}el (creatine) o
BEA

o O

%] F7teF 29 el Bt e AR Hauy
tH(Cooper et al., 2012: Kreider, 2003). 2|

< T2 2H A 370] ofnAiel ZE]4l, of
2719, e edezRe FHAY, 79 3G
B AEFS AATEN & F de oAt Ak
AzH A VA2 JAEE 243 A7),
myogenic factor 5(Myf5), myogenic differentiation
1(MyoD), myogenin, myogenic factor 6(Myf6)<}
22 thek3k myogenic regulatory factor3} sH7 2
dato] N2E 7S HEAY &S 42 25 AN
o 7lodste e HauHia 9lew(Olsen et al.,
2006 Willoughby & Rosene, 2003), insulin like
growth factor 1(IGF-1)°|u Sl&d, AFS2E |
2BEXHEY 22 Aodg 5245 S7HA PISK-
Akt-mTOR 225 A7 A2 HuHa 3l
tH(Burke et al., 2008; Deldicque et al., 2007;
Deldicque et al., 2005).

T o0& B2A F Ul 74 (leucine) & T d &
TA Bt o wAke] dZ o 24 o] AFA (isoleucine)
W (valine) 2 &7 #AA Kz =4H(branched chain
amino acids: BCAA) e Al 71 o] A%
wo} k. FAE o] opnjAt F 45t mTOR
ANsAG AR5 A=Feta, 2 d FAol Frlsh &

WA Ll S FaAA 25F Sk SHARA B E
T ez geld gitk(Jewell et al., 2013:
Pasiakos, 2012: Meijer & Dubbelhuis, 2004).
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#Est] EFHA A wE  additive effect Ee
synergistic effect®& Z=AE fFHstazl st
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| digt 45718 AN &, A3
5ol HS w B AYS At A

= 7t 25 9 2~37Y U] cageoll ¥
on, &% 22~24T, £% 50~60%, %=
A7t light-dark cycle® FA13t91, AFRE Thild
20%., A 4.5%, A1+ 6%, & 1%, 25 0.5%, Q!
%= 29 AEE FFATEFEIY, Korea). 20|
9 FEAHATFS ad libitumC 2 ST

—
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QA2 Z7M AT o|Ad AXe &5 F3AHY
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90%= 131, 100%2 13, 1 o]l 30g4 F7Ist
of At 49 25 e £ A48 S5k
=% A7 103] vlRtelH2tE IRMAA F8& £8
dslen, 8FAME & £5de 237 A9 s
IRMAAA] AN G &, &5 Fake 33 &% 57t &
1037} == sl
HEH F0{

Agotel s FA2 F PALRRE ZH%ol A8t

Hom, HXAE = 4] 478 FHE o]&oto nf
d 77 ettt ®RE2AlE Gagnon et al.(2002)
9} Pasiakos & McClung(2011)e] A+E Zad}e]
dubd oz defzl SD F 9 o] el wa} Fofat
Atk EC#2 Adolel 250mg/kg body weigh®] %
< ECL#E Fdeold 250mg+e/‘1250mg/kg body
weight®] ¥F& Fostditt. Fol Al ]“ & F 45%
oy 2 stFor, TEE A ¥

TUg At A . %
CONT I Ex e #& Alztd] 2 77 Fosiginh.

=21
+ guillotines ©]-&-3t4 "}-':r*}” 0}"31’/} e
tte] o)A soleus, plantaris, flexor hallucis
(FHL), extensor digitorum longus(EDL)<
k. 4% A FAE FH5tn dAALE

SAIZL & A AR -T0TCA Basisitt

\_/

CHY £5 U MY
@ALE R3] A4 207 1 B

W2 10mg¥ % 80mgS FHIE H,
lysis buffer(# 17081, Intron Biotechnology, Korea)
2.4m05 A7Fske] homogenizer® & 23S 2438}
At 2 o 4TA 13,000 rpmeZ 58E3F YA
28 & 439g Bradford B (1976) w2} &
uAZe Psde. B wde wo gaa) o
QAa7] flsiel AARBEE AN B 2ngg
HI8E & 12 gAl19] phospho-Akt (Serd73) (#9271,

rll HE

Cell Signaling, USA)$ phospho-mTOR (Ser2448)
(#2971, Cell Signaling, USA)E 1:100 (20ul) 2
2 3435t 4TAA overnight ¢ ¥HSAIAT 1
o5 Protein G PLUS-Agarose(Santa Cruz Bio-
technology, USA)E 40l €12 4°CollA TA| overnight
St M-S AR, L oS 4CoA 2,500 rpm o2 5
PR @ & doJA pellet= 1X PBS £9o2
43] AlHsted MES g 53

Western blot

@l de 10% SDS-polyacrylamide gelellA] 80V
oA 90& Bt W79 ES st 15VelA 60% 3t
membranel.Z H|A AT}, 5% skim milk7} 3 7H
fHo 7 GOE S ALl A blocking 3T L &
3% skim milkel] 1:5002.2 3149 12} 34| phospho
-Akt (Serd73) (#9271, Cell Signaling, USA)S$}
phospho-mTOR (Ser2448) (#2971, Cell Signaling,
USA) £ H7tate] 4T A overnight ok uks
AR 12 dAE 9k A7 F 3% skim milkel
1:10002-= 3]4A171 22} 84| horseradish peroxidase
-conjugated goat anti- rabbit IgG (#7074, Cell
Signaling, USA)E A-&A 60% ¢ WA AT
ECL solution (WSE-7120S, ATTO, Japan)2.& 4
Aslo] ImageMasterTM 2D Elite software, version

3.1(Amersham Pharmacia Biotechnology, UK) 2
= c}uﬂ;ﬂ le;qo 5].0 ], I;}

A2 A2l H SA

o] AT A3 ¢ 01%_ ARE SAS 9.2 BA 2o
A8t s 71 FAIA (mean, SD)E AtEst
Aot A2 JJEH‘_ﬁ H(4)x717H8) RHEZ7g o <]
3l o] FEA (repeated two-way ANOVA) S 2A|3}
fom JLAEENI} ol AT O AfolE FAHCR

gRlsly] Aated Fot 1t Aol= Tukey, A17] It Aol =
contrasts °]&3to] ARSAES AAE A 1 2
%] T4, phospho-Akt, phospho- mTOR w2 1t
ol tigk o] & B3] sl LLHFEAN (one-way
ANOVA) = A&at9la, ¥4 27 SA-c= frofsh
Aol 7} RS 735 Tukeys ]88t A& AAISH
Aot 7Mde] g 7L a=.052 A3



AEFE AT vl 18], BLE A7t 43t
At (2 Dol AIAIE vpe} o] BE Joke A 2]
o waj Aze] FstA F7FIATH(.001). A¥ 35
A fol g Aol glo] Hlszgt Al S/ Bglon)
3FAHE & ECLe] CONwl B8] folah v A
= 7k 29oH(X.05), hFaEE EC2¥ ECL
o] CONwol &) foaiA v A5 3715 29ldt
(X.05). 8FA el e APA 55 AAZ BT, ECE,
ECLato] CONl Hlal| fefsiAl W& A5 Z7He B9
TH(.05). A 55 A% B, ECE, ECL 3t
o] foJ3t Aol QISITt. soleus® EDLY $A1E= Hdt
b felak atol7h gigle plantaris ¥ E]
CONTET folabA A Yebtth(X.05). FHL F71
T A T AAE Al Fde] CONTETE f-28H
=7 Jebtom (X.05), &5 AAE Jd HoME E
To] EC, ECL Bt o8t #A Webth(X.05).
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0 1 2 3 4 5 6 7 8 (week)

a8 1. 8Fzte| 4 OFY AMA| = A

st CON(HZED),

E(28d), EC(25+320lelx), ECL(2&+Z20tE!
+&7A13). Mean+SD
* p<.001 vs O week, T p<.05 vs other groups
x 1. 25 A (mg/ g
CON E EC ECL
Soleus 0.39+0.04  0.39+005  0.38+0.03  0.39+0.04
Plantaris ~ 1.05£0.10 1.18+0.10"  1.13+0.05 1.12+0.06
FHL  136£005 177:006° 167+007% 168:008"
EDL 048+0.03  049+0.05  048+0.05  0.48+0.02

Mean=SD. # p<.05 vs CON. ¥ p<05 vs E.

A TE& AT Al S AF 27] vl 3
AeH (p€.001), Het

22 1RMel frejshAl 571t
2 felg Aol Gat2d 2)
1500
B 100 | *
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o *
© 900
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E .
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gl 2. 87| MM 231 Feolgl, /A Mx| = Fch=2=2(g)
o #sl Mean=SD.
* p< 001 vs O week.
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mTORE & 7+ frof gt Aol = AR, BA|E +
7} AN EFE Fteke AEde EATHa™ 3.4).

p-Ale N — —

actin ——

k] 40000 -
<
-
o
£ -
S F 1
E ' 30000 4
£ . .
=
2 &
S 5 20000
ag
m
Y
T
o 10000

o

E EC ECL

CON

T2l 3. phospho-Akt EHHE &ts
x p<05 vs CON.

. Mean+SD.



25000

Ser2448 phosphorylation of mTOR
(Arbitrary units)
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uiar et al.(2010)3 de Campos-

(2011)9] At dAete 2ozA A
TEE Az W] JYE MAAE, FhH0
2 AX G BEA= AT st oud JIFE nx|A|
%S ZOoE AlRHT

AP Tee 29

EAAAG Ag
Ferraz et al.
'GL/H

W gye 3h 24

[e:

ak*‘A]?]L Aoz BHuen Ut (Egan & Zierath,
2013; Hornberger & Farrar, 2004; Baar &
Esser, 1999). ¥ dA7oA Yehd plantaris$t FHL
FA9 fofet S7F 9Al, 857t A Fol JEF
= Wol U7} e Ao 2 AL ET, 22y 24|
G A Sl tek G Yeie B, 7t
Ao ® A BHEA FFe gloleH, 38l 25

B™ Nissen & Sharp(2003)2] H|

Hz2A Z Agoteld 7219 taabEel B-Hydroxy-B
-methylbutyrate (HMB) 7} A ] gol F7ke} 24
o] FAHAN J&FE A E Aoz HuH 1 ot

’]Hoﬂﬂ] =& AT glol A
&Fo] FrostA St

Young & Young(2007)=
gobelnhS 53 A x| ¢t A}

3L, Jowko et al.(2001)¢] dTFA = 200) A9l &
AL giaro Aoy HMBE 33 EoF Baka x| g

2|
23, Aot A3 Az HMB A3 Heke] AA
o] x| AA R fefatA Frlstgen, 53
Agolgld} HMBE HZAA G Htol|A B2AE 7}
AH S WEY o & AR
ZA9 AH7E 25 S &
o2 Hyyz Y}

Ty H2 A+ HXAE
Y ATLES AHEH Aguiar et al.(2011)9] A+

T A5 A er Ay oRl(0.5g/ke/day)# 4
AL £%(hday/week) = HF B BFA A3 A}
9 2eo = Qg fojg 2 Ao F7het Sl
= F7HR o & AR g Ay ofrle] F = A
o, S oz §41(0.135 g/ke/day)t
e 149 B¢ EFHAT Nicastro et
(2012)¢] AFAAME AFd 5 ZAAZ Qg
AN W, FHez AR
1o

gii EqJ— }\}]\O-], i

N

O uH
,
3

[ i w
r

=

m o -

plantarls A Sk
Al g3 yehuA &
A9} vgt A3E BT

o 24 G | H 24
AP E Afoe 444 A2l o gt additive
effect = synergistic effect® YERA] ¥ 72
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P e A e AR JANE AP 59 4
BaA o] JPET Fhd o A7) FEste] F7}
2 AR BxAd et gk nH|g Ao &

T3k soleus9t EDL 254 2] gt zto]7F Yeh}
A Be AE B ATl AHEE Hornberger &
Farrar(2004)9] &% T2 EZd g3 we Hog
2otk Al &) &% 544 A =32¢ FHL
o] 74 Bol AHESIL, B5e] A5 2529 soleus
o} 2RA Y wj2ZFF S HEde= EDL 259 AMES
Aol frofet Myt YehA] &2 Ao Aladt

Aot e AT W ATP ATES S7MIA 74
& 2 FYTEE P E AR BuHa gle
] (Cooper et al., 2012; Kreider, 2003), 741 =3}
& ol &4E 25& wEA I5AA 5T
S PIAIE Aoz HuFm Ith(Stark et al.,
2012: Drummond et al., 2009). A%+ & A7
A vehd o 289 43 9] 25 FA9 22} vt
W Z F7HH 02 A e BxA| o] e YERYA]
eFUTH

&

A FAE ZZAN7IY, A 2N =

o F3= At 2ATY 2715 ST =
Byea ot A3 53 dF Al olge ¢
A NsHdE ARE A Al AoRE By
1 StH(Egan & Zierath, 2013: Ge & Chen,
2012; Bodine, 2006). Bolster et al.(2003)%}
Chalé-Rush et al.(2009)¢] Aol = d#E o
o2 43 YA S5H AEAY e 2= AR
A3} Akt mTOR @ o] fofstA F7181%
3, mTORS] 8k¢] 11 S6K1 i i mEet <]
s S7He ol A o] & A AL XA
71e 8% AFA LS ARG T A ofRl & A
A gt Safdar et al.(2008) 2} Deldicque et al.(2007)
o] AT}t FA1S A3 Haegens et al.(2012), Han
et al.(2008)2] AToX% Akt, mTOR, p70S6K<]
Hrgo] folat S7HeS Bastal 9lo], A olelz)
FAL 9] 2 i d 3 Skl 34491 ks vA|
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o
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= Aol e BEXAE F71 AA S phospho-
mTOR @94 o] Frlete Aaks EQl Wi,
phospho-Akt @& W& folslA 7HAg Aoz
el ol AddTFEde FE4oE Y5k 4
B2, ZF oty 2l Bhgshe Aol ME T
27] W&ol phospho-Akt$} phospho-mTOR &
HHY =7 dAokA] 2 ZAow AFRHET Bolster
et al.(2003)9] ATl = AFAE ez A4 A
P Tee AN o 2F A%, F4 bE, 108,
15%, 30%, 60004 Akt mTORY] Hd & #aeh
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The Effect of Dietary Creatine and Leucine Supplementation on Protein
Synthesis and Functional Properties of Skeletal Muscle During 8 Weeks
of Resistance Exercise

So-Eun Jeon, Gin-A Ok, & Hyon Park
Kyung Hee University

The purpose of this study was to examine the effect of dietary creatine and leucine supplementation on
protein synthesis and functional properties of skeletal muscle during 8 weeks of resistance exercise. Thirty two
male Sprague-Dawley rat(5 weeks old) were randomly divided into four groups(8 rats per group): sedentary
control group(CON), execise group(E), exercise with creatine supplementation group(EC), exercise with creatine,
leucine supplementation group(ECL). Exercise groups were trained to climb a ladder with a weight secured to their
tails(3day/week). The supplementation was administrated daily through oral gavage. Creatine supplementation was
given at 250mg/kg/day. Creatinetleucine supplementation was given at 250+250mg/kg/day. All exercise groups
presented significantly lower epididymal fat mass than CON(p<.05). E presented significantly higher plantaris mass
than CON(p<.05). All exercise groups significantly presented higher FHL mass than CON(p<.05) and E presented
higher FHL mass than EC, ECL(p<.05). EC, ECL presented significantly lower expression of Akt/PKB protein than
CON, E(p<.05). There was no difference in the expression of mTOR protein. The results suggest that the creatine
and leucine supplementation does not promote any additional hypertrophic effect on resistance trained skeletal
muscle. But, creatine and leucine supplementation might have a potential benefit on skeletal muscle hypertrophy

through the activation of protein synthesis.
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