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Abstract

This study was conducted to investigate the effect of chronic alcohol supplementation on muscle atrophy in growing
rats. Eighteen male Sprague Dawley rats were randomly divided into two groups: CG group (control group, n=9)
and AG group (alcohol supplemented group, n=9). Alcohol group (3 g/kg BW) was orally supplemented every day.
After the experimental period, serum components and muscle Akt, p-Akt, FoxO, p-FoxO, MuRF1, and P38 protein
expressions were analyzed. In the results, the values of EDL and soleus muscle weights of AG group did not have
significant differences compared to the value of the CG group. In the serum components, the value of the serum
TG concentration of AG group was significantly increased compared to the value of the CG group. The value of
the p-Akt/Akt and p-FoxO/FoxO of the AG group was significantly decreased compared to the value of the CG
group (p<0.01). The MuRF1 protein expression of AG group was significantly increased compared to the value of
the CG group (p<0.01). However, the values of p-P38/P38 between two groups did not have any significant differ-
ence. From these results, it was suggested that 4 weeks of chronic alcohol supplementation induced muscle atrophy
via activated protein degradation pathway involving the inhibition of Akt phosphorylation and increased FoxO and

MuRF1 protein expression of muscle in growing rats.
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A tHBrown et al., 2000).
AL F oF A s WejAE ek
ByE7 Aot 6gkg BWe 5= F4 43
gk 6% mh-2ollA Mg triglyceride (TG)
3 8r7F Bt 5438 Tt A SR HALE Q)5 (Kaiser
et al, 2009), 3-970 L% whe-2ollA d3E HF
S/VEFE M3 TG =71 © =4 S7kst
325 A tH(Donohue et al., 2012). gt 6-85-
g up-2 AFoA 20% TEo] EAE AdFH = Hxe A
EF=zZ]o}o)| Reactive oxygen species (ROSYE S =
Z&le] v EZE g ole] Aol& ZZA]7]H alveolar macro-
phageE °}3FAIZITI Y. M 73} tH(Liang et al., 2014).
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B ETHNI et al., 2013). 28] 3 3F ] FZ 2o L=
< Fo 57t S7FETE muscle RING-finger protein-1
(MuRF1), MAFbx$} 7Z+& atrogeneS 2] W& o] F71sle=
Aog WIET AT Vary et al., 2008). 3HH, 4IL A
F ot AEE AALZoAA, AL 20t 70th7EA o] &
L HFZ Qs 9=F29 type I 2A4FT H15E 2
FoME < I WA AU VeSS, MuRF13
MAFbx mRNA 'Z& o] F7}813l e, type 13} type 1T &
T 9)%% FolME MuRF1ZH MAFbx mRNA @H&lo] 7+
259 B 3.5 t(Shenkman et al., 2013).

1257 & I3 36%E 4I2=E HFHT AT 400¢g
AFol Aol 3% =42 P38e Q) Frtsy, &
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B Ao = 6573 % SDA 8F(Samtaco Bio Korea,
Hwaseong, Korea) 187}2]& 157+ 37 48 o CGE
(Control group, n=9), AG+*(Alcohol supplemented group,
n=9)0 2 {Fsto] 457 AREIITE AR e A

% 23£1°C, FE 50£5%% AW 1241 7ke] W et
F715 A8kt T3 AR 717F F9F &3 AIN-76 3
FHole AHEE AF7 7Fe st =S sl AF 710
Aolage (HE7INFY AT F7REAEN T
o] JHF) ez Axtsto]l bk AGES WL
3 A7k o] EHE ol-&38te] 3 gkg BWE| 99% ol g2
(Sigma-Aldrich, St. Louis, MO, USA)S A+ Fo&3e
M, CGES LS o =g 47 T8t 4
T AL TR 5, 120708 FE AEolA dEH=E vt
7 AejolM A HeA 138 FAIE ©]&-38te] 8 mLA
AP T 700 x g2 1548 7F G4 Este] @Y &
st €% 8 242 T 245 B4 A7 -80°C
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g% Wl glucose == glucose oxidase & peroxidase2]
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500 nmoll A} ¥ =3} tHMorin & Prox, 1973). €3
W TG &%=+ lipoprotein lipase2] ZF-&°f 2] 7<4=%3]
Ho] FEMEe] FAE T glycerol kinase2} ATPL] 2H-&-
o 93l Hitstrirt AT peroxidasee] EA 3l
N-ethyl-N-sulfopropyl-m-toluisine>} 4-aminoantipyrineS ¥
st F§ste] A4 AAE PG wf o] HA AAE 550
nmol| A B4 =23} th(Ekindjian & Duchassaing, 1979).
&3 W Total cholesterol (TC) &=t 3 F9] o2H =27
Fd 28| E°] cholesterol esterase % cholesterol oxidase <]
3 A" FakslEAT) peroxidase] EA ol 4-amino-
antipyrine?} phenolS 48} HAIA 7]=8 AN ALE
A o o] A AMAE 500 nmol| A B SA S Th
(Steele et al., 1980). @3 U High density lipoprotein
cholesterol (HDLC) &%=+ Phosphotungstic acid®} Mg**2]
280 2 Jow density blipoproteing HA A7l Fol A=
o (supernatant)S TC2} L3 LT E o] &3t 500 nmoll
A WA =31 Th(Steele et al., 1980). RE S5 AES
FA4E kit (Asan pharm, Seoul, Korea)g ©]&3}o] &3
= Al(Biochrom WPA, Hollston, MA, USA)E ©|-&-3}¢]
A8k

e EASIRN P

Soleus =59 A Afle 1 24S BF AAT ¥+, 2
& A Z9) cytoplasmic extract buffer (10 mM HEPES, pH
7.9, 10mM KCI, 0.1 mM EDTA, 0.3% NP-40, 1% protease
inhibitor cocktail, 1% phosphatase inhibitor cocktail (Sigma-
Aldrich, St. Louis, MO, USA)E %7}t % polytron homo-
genizer (Biospec Products, Bartlesville, OK, USA)E ©]&
sl 22 S &3t 3 Tl 10,000 x gol| A 5E7F A4
T3t AEFAE FE3AT 3 pelleto] nuclear
extract buffer (20 mM HEPES, pH 7.9, 0.4 M NaCl, | mM
EDTA, 25% glycerol, 1% protease inhibitor cocktail, 1%
phosphatase inhibitor cocktail (Sigma-Aldrich, St. Louis, MO,
USA)E #718F 10,000 x goll A 587F 4] 2|t
AE5de FE9ty @ d FEE Biorad Bradford
Protein Assay kit (Bio-rad, Hercules, CA, USA)S ©]-8-3}
o] A sttt

Western Blotting

izl 0. 7] J%F Fof polyvinylidenediflouride mem-
branes (PVDF, Millipore, Bedford, MA, USA)°| E# 29
st om, ArLof A Tris-buffered saline in Tween-20
(TBST)E 3413} 5% BSAZ 1A17F &2 &tk 12+
A= Akt, phospho-Akt™*”, FoxOl, phospho-FoxO1™2/
3a™2 (Cell Signaling, Beverly, MA, USA), MuRF1, P38
23] 3L phospho-P38™8Y182  (Abcam, Cambridge, MA,
USA)E AHg-3te] AF20lA4 TBSTZ 3|4 5% BSAC
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3| 3te] Zbzb 24 7HE S WHe-A)Z oW 2%} &A= HRP-
conjugated anti-goat IgG (Santa Cruz, CA, USA) =+
anti-rabbit IgG (Santa Cruz, CA, USA)S A}&3to] z+7;
1IN 7HEeF WAl Z Yk, 2 F ECL kit (GE Healthcare,
Buckinghamshire, UK)& ARg-3te] 7} dhild o] mic s &
Aotd o d4d FE-2 Imagel program (Imagel, NIH,
Bethesda, MD, USA)S &3l ztzte] @il 3y s=&

Haisit.

XEX2| 2y
B Ao 28 AyE EAZ2 33 SPSS 16.0 (SPSS
inc., Chicago, IL, USA)S o] &3le] A3l o E b

oJB] = meantSEZ UER oW, H7F Aol & 73%0}7]
95l EYRE 3RS ANGAL BATE fol5E

2 p<0.05 FEo2 A3 Th

HF, AOo[MF 2, 4
45 = AF & AT, HeldHE, Aol 2&
%7 % H3h= Table 19] YERARATH

CGT-o] 7] AFL 24194479 g0 & UEIton HF
AT 360.443.14 0] RN 2™ AGH] AT 24224571 g
o7 Yehy, HF 5L 36224508 ¢ 2 CGEH AG
= 7kl xﬂvOﬂH el gk xfol 7k IdTh /Aol v
g EEE ARl 4Rl S R & AolA da
< Al og BMIHskE Ao, A% 43g A
FA7F A5 wiste] FH8 dQle] ofyepi g HPAF
(French et al., 2010)9} A AxE Ye ) T8
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Table 1. Characteristic of body weight, food intake, feed
efficiency ratio and tissue weight

CG AG
Initial weight (g) 241.9+4.79" 24224571
Final weight (g) 360.4+3.14 362.2+5.08
Food intake (g/day) 19.9+0.8 18.7+£0.47
Feed eftficiency ratio (%) 24.1£0.91 23.5+0.67
EDL? (mg) 165.0+3.80 159.3+3.50
Soleus (mg) 168.3+2.44 158.8+2.12
PFTY (g) 4.8+0.81 4.9£0.35
EFT? (g) 5.140.33 4.8+0.14™
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RE ASZ HI(Ren et al, 2012) dto] B A4 }9}

A A3E YEld T 28 o) g FolA OGS
19.9+0.8 g/day, AG-S 18.7£0.47 g/day & 23+ o7}
UehA] gkotom 2o] @&l E CGES 24.1£0.91%,
AGTE 23540.67%= F Poﬂ fré] g Zpol7} et
A eFskrt. weba vhA ;} AHE AT Hstel 43S
HXA] ek FoR F E} gy, 2 H202 74
H extensor digitorum longus (EDL) <5 ZFolA CGH
165.043.80 mg, AG 159.3+3.50 mgO. & Fr&]alA] 2gke
o, F2 X202 TAFH soleus ZHEHINHE CGH
168.3+2.44 mg, AG 158.8+2.12mgo & YEh} <43 &
A&l ofal sl o fold ztol= YER A &%
ok A AFolA FF A 80 g FFELE 1 o] v
AdILS AF 3 AAlAIA Type I 272 It HF
o] °F 10-20% ZAsITty Biga ,\l_‘:’_Uﬂ(Preedy et
al., 2003), 37F "1 100% %}i%% 100 mL g3 4
AeAXZ= ZAFe JdHA ] 10-40% T2 i
(Shenkman et al., 2013)83 B &ttt webr, B A3
oA 4F7He] I SAHFHTE 252 A g ZAZY
FTHS FosH BN o] SRS &
A3 717ke] HE5PE 7l o2 dekE)

477 43 A we o & WshE Table 290

d3F glucose T == CGolA] 148.3+3.47 mg/dl, AG
2 155.6+2.87 mg/dIS 2 AGTS] o] Frlsd oy, &
o3 ztol& UATH HRlE o g A Aol o

100 g/wk ©l8te] L= AHF JtollA Ad=d A
IS 53] 8% glucoses =7 A OH,| 130 g/wk
dol dEE AA Aol e led A o] STt
85 glucose FE=7} 27}92“‘:]'51 B E 3 9l tH(Dixon et
al.,, 2002). ¥ AFANA S5 glucoses =7t F2l5HA S71
S e A A7) AFANAM 4F7F 3 g/daye] EF
= AFA7H A=Y AdAE 2l e SET d2S
T 2 AF s 5T Z o R AoEn. o, 83
GsLtE CGTo] 58.7+6.29 mg/dl, AGw©] 71.3+13.45
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Table 2. Serum components levels

CG AG
Glucose (mg/dI) 148.3+3.47" 155.6+2.87
TG? (mg/dl) 58.7+6.29 71.3+13.45™
TC*(mg/dl) 43.1+1.09 44.5+1.40
HDLC (mg/dI) 29.9+1.13 33.5+0.80

YValues are mean + SE in each group (n=9).
PEDL: extensor digitorum longus muscle
JPFT: perirenal fat tissue

YEFT: epididymal fat tissue

Jsignificant level, *p<0.01 vs CG group

YValues are mean = SE in each group (n=9).
ITG: triglyceride

ITC: total cholesterol

YHDLC: high density lipoprotein cholesterol
significant level, *p<0.01 vs CG group
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mg/dlE AGT] TGEE7F skl S7Hp<0.01) g A
o2 Uehgth olE 36% FEE Y97 Fow &
&S AT AF= 7] AL A 75 oEkE <l
3l dH TGEE7F frolatAl S7ket A A2k L] shH
(Romero et al., 2014), A421& tdo =z 3k A3 AFoA]
5 TG =7t 16% o1dd of #dsdst i 93
o] Z7Vsl= AL E YERETHConsortium & Collaboration,
2010). °o|gs Ax= T ¢FZE HFHZ A EH TG
TEe TP AR A% Iy gES TUMIIE AE
olm it} FH B A TCEENA CGES 43.1£1.09
mg/dl, AGT-S 44.5+1.40 mg/dlE JERY St Aloldl]
o127 $lSlth =3 HDLC %04 CG2 29.9+1.13
mg/dl, AGT-S 33.5+0.80 mg/dlE % o 7holl 2]k 2}o]
7F YERA] ekttt ol AxbE 10-125% 9] mhe-2]
1097k 31.5%2] ¢=& 43 2594 €% TC % HDLC
FE7F oAl S71eHA 22 A3KGu et al., 2015)%} 4
ML 36%2] T2 T dEE HFH 2ol EH
TCE=A+ Aol7t ¢l tHRomero et al., 2014)E AP A
T dRet= AHEA, SF A A0 S A
7F €3¢ TC % HDLCSt 722 A ehild s wsto]=
A FEFE vAA BUSS AP E Ao do
Ass T3 & g

o
uj, 3771 SF oA 3g/day®
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Akt 2! p-Akt CHHZ! g5

B oA Adl Akt (Fig. 1AYE AGEolA CGZol H]s|
90.5+3.72% FFLE F sl A (p<0.01)dtAoH, p-
Akt @A (Fig. 1B)> AGTolA 72.3+4.32% 22
oAl ZA(p<0.01)3FATh 183l p-Akt/Akt (Fig. 1C)
AGTAA 73.0£3.00% T50 2 Gol8kA 7 (p<0.01)3t
At 24 A #- As A= 4# %l Akt= phosphati-
dylinositol 3-kinase (PI3K)2] downstream®]™, Akte] <14t
k5 B8l 232 o] o]Fo] At} Akt w229 Hjof
£ o] &3 Ao ZAZ, W T 24 A 83 o
FS- 3l (Peng et al., 2003), AktF-HAHE LSS o] &
FZAS Bl FE AFelA Akee] QMAkshE FA S
of 8%t A= & X th(Blaauw et al.,
Myocyte$} 8-105% w2~ M50l IGF-1& FoIg <
T A p-IGFRS}F p-Akt HHE Fall 2AF HldIZE 4o
UE 202 ®IuEo|(Stitt et al, 2004) Akt7} =42 A
Aol AF A Aol AeS SRS Uk A £
S e 857 35.5%2] v L3e AF 3 Aol
] IGF-132} IGF-1 receptor (IGF-1R)] Zrz-of 2]s] Akt
2 p-Akt To] JA|Eo] FAZ H5S Tt G
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Fig. 1 Akt, p-Akt and p-Akt/Akt protein expression in Soleus muscle. *p<0.01, significant difference between CG and AG groups. Data

are mean+SE. CG: control group, AG: Alcohol supplement group.
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Ane el mepd, 2 dve) 437 979 W
Ge A7 BA22) Ak Ak BE DAE ol 2
A2 4 dAs BAS 95 FU8 Ao B

FoxO, p-FoxO, MuRF1, p-P38 2! P38 CHHZ! b5

E A A3}, FoxO @& (Fig. 2A)S AGEolA CGH
o Wlsl 1264+9.75% T= o2 F2lstA S 7Hp<0.01)3}
Ao, pFoxO T (Fig. 2B)> AGTolA 73.33.89%
FEOE FoloHA T (p<0.01)sFth. 22| AGES] p-
FoxO/FoxO (Fig. 2C)7} 51.0£4.00% F522 #2317
22 (p<0.01)3+3 t}.

AP AT myocyte] C2C21 Al Eo)| dexamethasone
07 25 H5E FEHAS W FoxO% atrogin-1 & o]
7kt myotube®] ST A o] 7HAw 7:‘?Jré UrE}LH“q
TH(Sandri et al., 2004) TS myocyte9} 8-10F% vl
H| &2 [GF-1S 3 Ao FoxO& p-Akt m@g_
=3 A= o —5743 Ba7F A s A2 B I(Stitt
et al, 2004)5 o] p-Akte} FoxO2 APAE U=3Hth
Wb, B AFoME AGEAA 259F 73 Fo] e
AL AGT2] FoxO 28 Z7HFig. 2A)%}F p-FoxO & 9]
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Z2(Fig. 2B)ell 9J&ll A2 95 dAJo] Yetia
E A

ki, & A A3 MuRF1 (Fig. 2Dy AGEollA] 132.39
+6.02% TFEOE FosHAl S7Hp<0.0D)3kdth Ay AT+
ol A1 C2C21 myotube} WF-2= ZFZA ol immobilization,
denervation, hindlimb suspension ~Z2] 3 dexamethasone *
22 FAZ 955 FEsdS W, MuRFIZ MAFbx %
o] Frtete] A2 BalE Fedtty gEson
(Bodine et al., 2001), AF <] =& 2ol 75 mmolkge] &=

2 2407k Rolale] TAE AFL REG APATA
MuRF1 2&0o] Z7KVary et al,, 2008)3fe] & A9} A
Aske A2 YR

C2C21 myocyte9} 8-1057% wl$-2~ %74301] dexametha-
sones At EA4Z AFS =T A7olA FoxO%
MuRF1 2do] Z7eto] fRIFARISIE Sa =42 15
o] frtE T LM u(Stitt et al., 2004). wEbA E AF
o] FoxO 3 Z7KFig. 2A)= MuRF1 %3 Z7K(Fig.
2DyE Sk, A7) dFe] B =2 dHe =
AZ2] FoxO¢h MuRF1 #do] Z7tslo] F4 =3
4 e ofv]gitt
a3 B AT A3 P38 W (Fig. 2By CG-ell H]s|

(A) FoxO (B) p-FoxO (C) p-FoxO/FoxO
150 120 12
— 120 —_ _
e g 80 * e
§ 90 § § *
5 5, S
S 30 b R
0 0 00
G AG CG AG AG
(D) MuRF1 Cytosol Nuclear
e CG AG cG AG
g 100 P3 WD W 0 W e
S p-P3s [ p-roxo S
o
R B-actin N 1 Rr1 I —
, B-actin NG
AG
(E) P38 (F) p-P38 (G) p-P38/P38
120 120 12
2 2 2
- < 80 « 08
c < c
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5 5 ., 5,
® ® ®
0 0.0
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Fig. 2 FoxO, p-FoxO, p-FoxO/FoxO, MuRF1, P38, p-P38 and p-P38/P38 protein expression in Soleus muscle. *p<0.01, significant
difference between CG and AG groups. Data are meantSE. CG: control group, AG: Alcohol supplement group. FoxO: Forkhead box

protein O, MuRF1: muscle RING-finger protein-1.
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AGOA 102.4+1.80%, p-P38 & (Fig. 2F)2 AGT-olA]
102.0£8.98% 2] 3L p-P38/P38 (Fig. 2G)S & o+ 7ol
o] gt Zfo] 7k GIATE A aY Aol <5k P38 Qliksl= BA
oAl ROSO| ZE# & Asto|a WA, Al ZAPE S
ot WY E T ATHPark et al., 2014). o]k ©]3}
§2 859 P92 E o83 HO, FoZ ROSE %
Aol A P38e] Atsle] F7keb P382] downstream?]
atrogin-1 'I&e] ofa T Fa)) Aodg 7]xde] 31

£ Ao® GHEATHLI et al, 2005). 22 B A 4
3, &g A3 el ok P3gel EAst= Aol e AL
2 Uethth ek A7) A5 Y e Aol
3 P38¢] &4 stH = p-

o L o

Akt9} p-FoxO2] 4 =
|3, FoxO ¥ MuRF1 ¥3S T3 = Bt =
w59

Aeo] ZA4Z f150] i

A e
RF-7S1A5A2A01023758).
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