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In this study, the effect of chronic alcohol intake for 4 weeks on the 
muscular atrophy factors of rat skeletal muscle was studied using 
6-week-old growing Sprague-Dawley rats. Experimental animals were 
classified into a control group and an alcohol intake group. The alcohol 
intake group consumed alcohol orally at a concentration of 3-g/kg body 
weight every day for 4 weeks. The control group consumed tap water 
in the same way. After 4 weeks alcohol ingestion, glucose, total choles-
terol, triglyceride, and high-density lipoprotein cholesterol in serum lev-
els were measured. Western blot was performed to detect the expres-
sions of muscle RING-finger protein-1 (MuRF1), protein kinase B (Akt), 

phosphorylated Akt (p-Akt), forkhead box O (FoxO), phosphorylated FoxO 
(p-FoxO), p38, and phosphorylated p38 (p-p38). Results of this experiment 
showed that chronic alcohol intake enhanced triglyceride concentra-
tion. Chronic alcohol intake increased MuRF1 expression to promote 
muscle proteolysis and decreased p-Akt/Akt ratio and p-FoxO/FoxO ra-
tio to inhibit skeletal muscle growth. Therefore, alcohol consumption 
has been shown to cause muscle atrophy.
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INTRODUCTION

It has been reported that alcohol consumption in adolescence 
inhibits normal brain development, leading to a decrease in atten-
tion and concentration, as well as severe cognitive loss and visual 
impairment (McQueeny et al., 2009). The hippocampal volume 
of adolescents who consumed chronic alcohol was reduced by about 
16% compared to normal adolescents (De Bellis et al., 2000). In 
addition, chronic alcohol intake was reported to have problems 
with language ability as well as deterioration of the adolescent’s 
learning ability and concentration (Brown et al., 2000). 

Alcohol administration at a concentration of 6 g/kg increased 
the concentration of triglyceride in the mouse liver rapidly within 
8 hours after ingestion, indicating the possibility of future fatty 
liver lesion expansion (Kaiser et al., 2009). As the intake of alcohol 
increased, the concentration of triglyceride in the liver increased 
higher, and it was reported that there was a high correlation be-

tween alcohol intake and fat accumulation in the liver (Donohue 
et al., 2012).

Muscle RING-finger protein-1 (MuRF1) is upregulated during 
skeletal muscle atrophy. Therefore, degradation of the myosin 
heavy chain, a major component of sarcomere, is an important 
mechanism for degradation of skeletal muscle under atrophic con-
ditions. MuRF1 has been shown to be upregulated during dener-
vation, glucocorticoid administration, immobilization, and cast-
ing (when a limb is cast for immobilization). All these treatments 
cause skeletal muscle atrophy (Olivé et al., 2015). As the intake 
alcohol concentration increased, the expression of proteolytic fac-
tors in muscle such as muscle atrophy F-box (MAFbx) and MuRF1 
in skeletal muscle of adult rats increased (Vary et al., 2008).

Protein kinase B, also known as Akt, is the collective name of a 
set of three serine/threonine-specific protein kinases that play key 
roles in multiple cellular processes such as glucose metabolism, 
apoptosis, cell proliferation, transcription and cell migration. There 
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are three different genes that encode isoforms of protein kinase B. 
These three genes are referred to as Akt1, Akt2, and Akt3. Akt1 
is involved in the cell survival pathway by inhibiting the process 
of apoptosis. Akt1 can also induce protein synthesis pathways and 
thus is a key signaling protein in cellular pathways leading to skel-
etal muscle hypertrophy and general tissue growth. A mouse mod-
el in which the Akt1 gene is completely deleted exhibits growth 
retardation and increased spontaneous apoptosis in tissues such as 
the testis and thymus (Chen et al., 2001). Akt2 is an important 
signaling molecule in the insulin signaling pathway. The role of 
Akt3 is less clear, but appears to be primarily expressed in the 
brain.

The forkhead box O (FoxO) transcription factor plays a key role 
in an evolutionarily conserved pathway. FoxO proteins are involved 
in a variety of cellular functions and have clinical significance, in-
cluding cell cycle arrest, cell differentiation, tumor suppression, 
DNA repair, lifespan, diabetic complications, immunity, wound 
healing, metabolic regulation and consequent treatment of several 
types of disease. Akt is a signaling pathway as a key regulator of 
FoxO that performs a variety of functions in organisms (Tia et al., 
2018).

Chronic alcoholic myopathy is one of the most frequent and 
profound signs of chronic alcoholism. The disease is characterized 
by marked atrophy of motor muscles containing predominantly 
fibers expressing the myosin isoform of type I fast (Shenkman et 
al., 2013). Although many studies have been reported on the his-
tologic and biochemical changes of skeletal muscle in adult and 
old rats according to alcohol intake, there are very few reports of 
changes in skeletal muscle according to alcohol intake using grow-
ing rats. Therefore, in this study, the effect of chronic alcohol in-
take for 4 weeks on glucose, total cholesterol, triglyceride and 
high-density lipoprotein cholesterol in serum level was measured 
and protein expression related to skeletal muscle atrophy in grow-
ing rats was studied.

MATERIALS AND METHODS

Animals and treatments
In this experiment, male Sprague-Dawley rats (Samtaco Bio 

Korea, Hwaseong, Korea) were used. A total of 18 experimental 
animals were purchased, and they were bred for 4 weeks in an ani-
mal breeding room, classified into a control group (n=9) and an 
alcohol intake group (n=9). The alcohol intake group was orally 
administered with alcohol (3-g/kg body weight) at 9 am every day, 
and the same amount of tap water was orally administered in the 

control group. This experiment was approved by the Research 
Ethics Committee of Eulji University (EU-2021-4-15).

Blood sampling and serum component analysis
After breeding for 4 weeks, the animals were anesthetized using 

ether, and blood was collected from the left ventricle using a dis-
posable syringe and placed in a tube for serum separation. Blood 
was centrifuged at 700×g for 15 min using a refrigerated centri-
fuge at 4°C to separate serum. The concentrations of glucose, total 
cholesterol, triglyceride and high-density lipoprotein cholesterol 
in serum were analyzed by enzymatic method using a commercial 
kit (Asan Pharm., Seoul, Korea) with a spectrophotometer (Bio-
chrom Ltd., Hollston, MA, USA).

Muscle tissue pretreatment
After removing all tendon tissues of the soleus muscle, cyto-

plasmic extract buffer was added 9 times the muscle tissue weight, 
and then homogenization was performed for about 10 sec using a 
polytron homogenizer (Biospec Products, Bartlesville, OK, USA). 
After homogenization, the supernatant was extracted by centrifu-
gation at 10,000×g for 5 min. Meanwhile, the precipitate was 
centrifuged at 10,000×g for 5 min after adding nuclear extract 
buffer to extract the supernatant and used as a sample for protein 
expression. Protein concentration was quantified using the Brad-
ford protein assay kit (Bio-Rad, Hercules, CA, USA) using bovine 
serum albumin as a standard concentration.

Western blotting
Western blot was performed using the soleus muscle. Proteins 

were electrophoresed on a 12% running gel. After electrophoresis, 
the gel was transferred to polyvinylidene diflouride membranes 
(Millipore, Bedford, MA, USA) at 4°C for 12 hr using a blotting 
device. Blocking was performed for 1 hr with 5% bovine serum 
albumin diluted with Tris-buffered saline in Tween-20 at room 
temperature. Primary antibodies against Akt, phosphorylated Akt 
(p-Akt), FoxO, phosphorylated FoxO (p-FoxO) (Cell Signaling, 
Beverly, MA, USA), MuRF1, p38, and phosphorylated p38 (p-p38) 
(Abcam, Cambridge, MA, USA) were prepared using 5% bovine 
serum at room temperature. The secondary antibody was reacted 
with horseradish peroxidase-conjugated anti-goat IgG (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) or horseradish peroxidase- 
conjugated anti-rabbit IgG (Santa Cruz Biotechnology) for 1 hr, 
respectively. Thereafter, each protein band was identified using an 
enhanced chemiluminescence kit (GE Healthcare, Buckingham-
shire, UK).
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Data analysis
The data processing was analyzed using SPSS ver. 16.0 (SPSS 

Inc., Chicago, IL, USA) and all data was shown as the mean stan-
dard error of the mean. Independent specimens were performed to 
verify the difference between groups, and the statistical signifi-
cance level was set to P<0.05 level.

RESULTS

Effect of alcohol intake on blood composition
As a result of ingestion of alcohol for 4 weeks, the changes of 

glucose, total cholesterol, triglyceride, and high-density lipopro-
tein cholesterol in serum are presented in Table 1. Only triglycer-
ide concentration in the alcohol intake group was increased when 
compared to the control group.

Effect of alcohol intake on MuRF1 expression 
As a result of ingestion of alcohol for 4 weeks, MuRF1 protein 

expression in the muscle was high as 132.4%±6.02% in the alco-
hol intake group when the control group was set at 100% (Fig. 1).

Effect of alcohol intake on ratio of p-Akt/Akt expression
As a result of ingesting alcohol for 4 weeks, the change in 

p-Akt/Akt ratio of the muscle was low as 0.73±0.03 in the alco-
hol intake group when the control group was set to 1 (Fig. 2).

Effect of alcohol consumption on ratio of p-FoxO/FoxO 
expression

As a result of ingesting alcohol for 4 weeks, the change in 
p-FoxO/FoxO ratio of the muscle was as low as 0.51±0.04 in the 
alcohol intake group when the control group was set to 1 (Fig. 3).

Effect of alcohol consumption on ratio of p-p38/p38 
expression

As a result of ingesting alcohol for 4 weeks, the change in 
p-p38/p38 ratio of the muscle was 0.98±0.11 in the alcohol in-
take group when the control group was set to 1, indicating no 
difference (Fig. 4).

Table 1. Blood composition after alcohol intake

Variable Control 
group

Alcohol intake 
group

Glucose (mg/dL) 148.3± 3.47 155.6± 2.87
Triglyceride (mg/dL) 58.7± 6.29 71.3± 13.45*
Total cholesterol (mg/dL) 43.1± 1.09 44.5± 1.40
High-density lipoprotein cholesterol (mg/dL) 29.9± 1.13 33.5± 0.80

Values are presented as mean± standard deviation.
*P< 0.05 compared to the control group.

Fig. 1. Effect of alcohol intake on muscle-specific RING finger protein 1 
(MuRF1) expression. Data are mean± standard error of the mean. *P< 0.05 
compared to the control group. CG, control group; AG, alcohol intake group.
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Fig. 2. Effect of alcohol intake on ratio of phosphorylated protein kinase B 
(p-Akt)/Akt expression. Data are mean± standard error of the mean. *P< 0.05 
compared to the control group. CG, control group; AG, alcohol intake group.

1.2

0.9

0.6

0.3

0
AGCG

*

Ra
tio

Fig. 3. Effect of alcohol consumption on ratio of phosphorylated Forkhead box 
protein O (p-FoxO)/FoxO expression. Data are mean± standard error of the 
mean. *P< 0.05 compared to the control group. CG, control group; AG, alcohol 
intake group.
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DISCUSSION

In the present study, alcohol intake for 4 weeks increased the 
triglyceride concentration in the blood. In an animal experiment 
on rats chronically ingesting 36% alcohol for 4 months, fatty acid 
metabolism in the liver was reduced by an increase in serum tri-
glyceride concentration (Romero et al., 2014). 

In the present study, MuRF1 protein expression in the alcohol 
intake group was significantly increased compared to the control 
group. It was reported that MuRF1 and MAFbx expression in-
creased in an experiment in which skeletal muscle atrophy was in-
duced (Bodine et al., 2001). Vary et al. (2008) showed that the 
expression of MuRF1 protein was significantly increased in an ex-
periment in which skeletal muscle was treated with alcohol at a 
concentration of 75 mmol/kg for 24 hr in an animal experiment.

In the present study, p-Akt/Akt ratio in the alcohol intake group 
was significantly decreased compared to the control group. Akt 
has been reported to play an important role in the growth of tis-
sues such as bone and muscle tissue (Peng et al., 2003). Blaauw et 
al. (2009) reported that phosphorylation of Akt acts as an import-
ant factor in muscle tissue hypertrophy in a study using Akt trans-
genic mice. As a result of treatment with insulin growth factor-1 
in a study using myocytes, and in a study using the gastrocnemius 
muscle in the growth phase, it was reported that the expression of 
p-Akt and p-insulin growth factor-1 was promoted, thereby pro-
moting muscle fiber hypertrophy (Stitt et al., 2004). It has been 
suggested that Akt has a direct association with tissue growth 
(Stitt et al., 2004). Various molecular biological approaches are 
also being made in relation to alcohol intake. As a result of inges-
tion of alcohol (3.5 g/kg of body weight) in rats, phosphorylation 
of Akt in brain was reduced (Laguesse et al., 2017). 

In the present study, p-FoxO/FoxO ratio in the alcohol intake 
group was significantly decreased compared to the control group. 
Insulin inhibits FoxO transcription factors, which down-regulate 
the expression of genes involved in metabolism, cell cycle arrest, 
and apoptosis. FoxO turns on a feedforward loop that is relayed by 
p38 and serves to amplify both Akt activation and FoxO repres-
sion. In conclusion, key signaling pathways are activated in he-
patocytes via nuclear FoxO (Naïmi et al., 2007). Overexpression 
of the predominantly negative form of FoxO suppressed gene ex-
pression associated with ethanol-induced autophagy and enhanced 
ethanol-induced apoptosis in primary hepatocytes, suggesting that 
FoxO is a key factor in regulating ethanol-induced autophagy and 
cell survival. (Ni et al., 2013).

In the present study, p-p38/p38 ratio in the alcohol intake group 
was not changed compared to the control group. Phosphorylation 
of p38 was increased in the skeletal muscle of rats weighing 400 g, 
in which 36% of daily total calories were replaced with alcohol for 
12 weeks, and at the same time, the muscle cross-sectional area 
and muscle weight were decreased (Clary et al., 2011). However, 
there was no change in the phosphorylation of p38 in this experi-
ment.

As a result of this experiment, chronic alcohol intake in growing 
rats promoted muscle protein degradation by increasing MuRF1 
protein expression and inhibited skeletal muscle growth by de-
creasing the p-Akt/Akt ratio and p-FoxO/FoxO ratio. Therefore, 
it was shown that alcohol intake induces muscle atrophy. 

CONFLICT OF INTEREST 

No potential conflict of interest relevant to this article was re-
ported.

ACKNOWLEDGMENTS

The authors received no financial support for this article.

REFERENCES

Blaauw B, Canato M, Agatea L, Toniolo L, Mammucari C, Masiero E, Abra-
ham R, Sandri M, Schiaffino S, Reggiani C. Inducible activation of Akt 
increases skeletal muscle mass and force without satellite cell activa-
tion. FASEB J 2009;23:3896-3905. 

Bodine SC, Latres E, Baumhueter S, Lai VK, Nunez L, Clarke BA, Pouey-
mirou WT, Panaro FJ, Na E, Dharmarajan K, Pan ZQ, Valenzuela DM, 
DeChiara TM, Stitt TN, Yancopoulos GD, Glass DJ. Identification of 

Fig. 4. Effect of alcohol consumption on ratio of phosphorylated p38 (p-p38)/
p38 expression. Data are mean ± standard error of the mean. CG, control 
group; AG, alcohol intake group.

1.2

0.9

0.6

0.3

0
AGCG

Ra
tio



https://www.e-jer.org    239https://doi.org/10.12965/jer.2244314.157

No SH, et al.  •  Alcohol and muscle atrophy-related proteins

ubiquitin ligases required for skeletal muscle atrophy. Science 2001; 
294:1704-1708.

Brown SA, Tapert SF, Granholm E, Delis DC. Neurocognitive functioning 
of adolescents: effects of protracted alcohol use. Alcohol Clin Exp Res 
2000;24:164-171. 

Chen WS, Xu PZ, Gottlob K, Chen ML, Sokol K, Shiyanova T, Roninson I, 
Weng W, Suzuki R, Tobe K, Kadowaki T, Hay N. Growth retardation 
and increased apoptosis in mice with homozygous disruption of the 
Akt1 gene. Genes Dev 2001;15:2203-2208.

Clary CR, Guidot DM, Bratina MA, Otis JS. Chronic alcohol ingestion ex-
acerbates skeletal muscle myopathy in HIV-1 transgenic rats. AIDS 
Res Ther 2011;8:30. 

De Bellis MD, Clark DB, Beers SR, Soloff PH, Boring AM, Hall J, Kersh A, 
Keshavan MS. Hippocampal volume in adolescent-onset alcohol use 
disorders. Am J Psychiatry 2000;157:737-744. 

Donohue TM Jr, Osna NA, Trambly CS, Whitaker NP, Thomes PG, Tode-
ro SL, Davis JS. Early growth response-1 contributes to steatosis de-
velopment after acute ethanol administration. Alcohol Clin Exp Res 
2012;36:759-767. 

Kaiser JP, Beier JI, Zhang J, David Hoetker J, von Montfort C, Guo L, Zheng 
Y, Monia BP, Bhatnagar A, Arteel GE. PKCepsilon plays a causal role 
in acute ethanol-induced steatosis. Arch Biochem Biophys 2009;482: 
104-111.

Laguesse S, Morisot N, Phamluong K, Ron D. Region specific activation 
of the AKT and mTORC1 pathway in response to excessive alcohol 
intake in rodents. Addict Biol 2017;22:1856-1869. 

McQueeny T, Schweinsburg BC, Schweinsburg AD, Jacobus J, Bava S, 
Frank LR, Tapert SF. Altered white matter integrity in adolescent binge 
drinkers. Alcohol Clin Exp Res 2009;33:1278-1285. 

Naïmi M, Gautier N, Chaussade C, Valverde AM, Accili D, Van Obbergh-
en E. Nuclear forkhead box O1 controls and integrates key signaling 

pathways in hepatocytes. Endocrinology 2007;148:2424-2434. 
Ni HM, Du K, You M, Ding WX. Critical role of FoxO3a in alcohol-induced 

autophagy and hepatotoxicity. Am J Pathol 2013;183:1815-1825. 
Olivé M, Abdul-Hussein S, Oldfors A, González-Costello J, van der Ven 

PF, Fürst DO, González L, Moreno D, Torrejón-Escribano B, Alió J, 
Pou A, Ferrer I, Tajsharghi H. New cardiac and skeletal protein aggre-
gate myopathy associated with combined MuRF1 and MuRF3 muta-
tions. Hum Mol Genet 2015;24:3638-3650.

Peng XD, Xu PZ, Chen ML, Hahn-Windgassen A, Skeen J, Jacobs J, Sund-
ararajan D, Chen WS, Crawford SE, Coleman KG, Hay N. Dwarfism, 
impaired skin development, skeletal muscle atrophy, delayed bone 
development, and impeded adipogenesis in mice lacking Akt1 and 
Akt2. Genes Dev 2003;17:1352-1365.

Romero F, Shah D, Duong M, Stafstrom W, Hoek JB, Kallen CB, Lang CH, 
Summer R. Chronic alcohol ingestion in rats alters lung metabolism, 
promotes lipid accumulation, and impairs alveolar macrophage func-
tions. Am J Respir Cell Mol Biol 2014;51:840-849. 

Shenkman BS, Lomonosova IuN, Lysenko EA, Kazantseva IuV, Zinov’eva 
OE, Iakhno NN. Proteolytic signaling mechanisms in skeletal muscles 
in patients with alcohol-induced muscle disease. Fiziol Cheloveka 
2013;39:112-118. 

Stitt TN, Drujan D, Clarke BA, Panaro F, Timofeyva Y, Kline WO, Gonza-
lez M, Yancopoulos GD, Glass DJ. The IGF-1/PI3K/Akt pathway pre-
vents expression of muscle atrophy-induced ubiquitin ligases by in-
hibiting FOXO transcription factors. Mol Cell 2004;14:395-403.

Tia N, Singh AK, Pandey P, Azad CS, Chaudhary P, Gambhir IS. Role of 
Forkhead Box O (FOXO) transcription factor in aging and diseases. 
Gene 2018;648:97-105. 

Vary TC, Frost RA, Lang CH. Acute alcohol intoxication increases atro-
gin-1 and MuRF1 mRNA without increasing proteolysis in skeletal 
muscle. Am J Physiol Regul Integr Comp Physiol 2008;294:R1777-1789. 


