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Summary Skeletal muscle plays crucial roles in locomotion, protein reservoir, and main-
tenance of metabolic homeostasis. Loss of muscle, known as muscle atrophy, causes the
metabolic diseases such as type 2 diabetes mellitus, hypertension, and so on. Therefore,
great efforts have been devoted to prevent the muscle atrophy. Policosanols are a mixture of
long chain fatty alcohols extracted from various natural sources. They have long been used
as functional foods to lower the level of serum lipids, including triacylglycerol and choles-
terol, and to protect against inflammatory stress. In this study, we examine the protective
effect and molecular mechanism of Cuban policosanol on skeletal muscle cell death and
mitochondrial dysfunction using lipopolysaccharide-treated C2C12 cells. Our results
demonstrated that policosanol significantly rescued cell survival (40% vs. 88%; LPS vs.
LPS+policosanol) via activation of the Akt pathway, resulting in inhibition of apoptosis
(p<0.05). Moreover, policosanol restored the LPS-induced repression of collagen by two
fold (0.33£0.04 vs. 0.67=0.03 compared to that of control; LPS vs. LPS+policosanol) via
activation of ERK-mTOR-p70S6K pathways. In addition, policosanol increased the mito-
chondrial fusion by regulating the activities of DRP1 and Mfn2, leading to ameliorate the
mitochondrial dysfunction induced by LPS. Improved mitochondria function increased the
oxygen consumption rate with glucose as fuel source, indicating that policosanol could shift
the glucose metabolism from lactate fermentation, induced by lipopolysaccharide, to oxida-
tive phosphorylation. Thus, policosanol is a promising agent for preventing the inflamma-
tion-induced muscle cell death and mitochondrial dysfunction.
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Skeletal muscles are the most abundant tissues in
humans and other mammals. They play a pivotal role in
regulating mammalian locomotion and protein reser-
voir. In addition, they also regulate glucose, lipid, and
protein homeostasis to prevent the development of met-
abolic diseases, such as obesity, hypertension, and type
2 diabetes (1). Therefore, skeletal muscle health is a cru-
cial marker of underlying human health conditions.

The skeletal muscle mass is maintained by a balance
between the anabolic and catabolic metabolisms of
muscle proteins (2). Muscle growth is mainly promoted
by hormonal signaling and nutritional supplementation
(3, 4); insulin, growth hormone, and insulin-like growth
factor 1 (IGF1) are the main hormones that promote
muscle growth (4). These anabolic hormones activate
the PI3K/Akt signaling pathway to induce protein syn-
thesis during the development and regeneration of
skeletal muscles (3). Several pathological conditions,
including cancer, infection, diabetes, physical inactivity,
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aging, and malnutrition, induce muscle loss, which is
defined as muscle atrophy (5). Skeletal muscle atrophy
is a complex process that changes the muscle fiber type
(6), impairs muscle strength (7), and promotes protein
break-down (8). Muscle atrophy is mainly induced by
an impaired insulin signaling pathway and occurs via
cell death and protein degradation processes, such as
activation of ubiquitin-proteasome and autophagy-ly-
sosome systems (5). Atrogin-1/MAFbx and MuRF1 are
two major ubiquitin E3 ligases involved in ubiqui-
tin-proteasome-mediated muscle atrophy (9). Expres-
sion of these E3 ligases are up-regulated by the FOXO
family of transcription factors via impairment of the
PI3K/Akt pathway in diabetic patients and inflamma-
tion (10, 11).

Mitochondrial quality control in cells is essential for
adaptation to cellular energy requirement, apoptosis,
and metabolic regulation in response to physiological
stress. The mitochondrial length is dynamically con-
trolled between elongation and fragmentation by fusion
and fission reactions. For example, mitochondria dam-
aged by reactive oxygen species or inflammation are
fragmented by fission and subsequently removed by
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autophagy or mitophagy (12). Thus, the mitochondrial
dynamics are tightly regulated by a mitochondrial qual-
ity control system comprising of the dynamin-related
protein 1 (DRP1), optic atrophy protein-1 (Opa-1), and
mitofusin 1/2 (Mfn1/2) (12). Parra et al. demonstrated
that insulin induces mitochondrial fusion via over-ex-
pression of Mfn2 and Opa-1 and activation of the Akt-
mTOR signaling pathway (13).

Policosanol is a mixture of long-chain (C20-36) fatty
alcohols obtained from natural sources such as rice
bran, wheat, sugarcane, and beeswax (14). Generally, it
has been used as a functional food because of its vari-
ous health benefits such as prevention of hyperlipid-
emia, hypercholesterolemia, hyperglycemia, microbial
growth, and inflammation (15). Recently, it has been
reported that Cuban policosanol shows anti-aging and
tissue regeneration effect in hyperlipidemic zebrafish
(16) and anti-hepatic inflammation by prevention of
reactive oxygen species (ROS) in spontaneous hyperten-
sive rats (17). However, the anti-inflammatory mecha-
nism of policosanol remains yet to be elucidated. Thus,
we hypothesized that the anti-inflammatory properties
of policosanols could prevent skeletal muscle cell death
and mitochondrial dysfunction in inflammatory condi-
tions such as sepsis and insulin resistance.

Although it has been reported that octacosanol in-
creases running endurance time in trained rats (18),
there is no further report that policosanol has a preven-
tive effect on the skeletal muscle impairment induced by
aging and diseases. In this study, we therefore explored
whether Cuban policosanol has protective effect on
skeletal muscle cell dysfunction induced by lipopolysac-
charide (LPS) using C2C12 mice skeletal cells. We also
examined the effects of policosanol on regulating mito-
chondrial dynamics and the Akt and mTOR signaling
pathway and revealed the possible mechanism underly-
ing the function of policosanol in preventing skeletal
muscle dysfunction.

MATERIALS AND METHODS

Materials. Cuban policosanol was obtained from
Rainbow & Nature Pty, Ltd (Thornleigh, NSW, Austra-
lia) (19). The policosanol is composed as followed:
1-tetracosanol (C24H49OH, 0.1-20 mg/g); 1-hexacosa-
nol (CaHs30H, 30.0-100.0 mg/g); 1-heptacosanol
(C27Hss0H, 1.0-30.0 mg/g); 1-octacosanol (CogHs7OH,
600.0-700.0 mg/g); 1-nonacosanol (C29Hs9OH, 1.0—
20.0 mg/g); 1-triacontanol (C30He1OH, 100.0-150.0);
1-dotriacontanol (Cs2HesOH, 50.0-100.0 mg/g); 1-
tetratriacontanol (Cs4He9OH, 1.0-50.0 mg/g). Dulbec-
co’s Modified Eagle Medium (DMEM) and fetal bovine
serum (FBS) were purchased from Hyclone Laboratories
(Logan, UT, USA). Bacterial lipopolysaccharide (LPS),
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT), PI3K inhibitor (Ly294002), and other
chemicals were purchased from Sigma-Aldrich (St.
Louis, MO, USA). Inhibitors of p38 (SB202190) and
ERK (PD98059) were purchased from Abcam (Cam-
bridge, UK). Antibodies against p-Akt (Ser473), Akt,
BAX, Caspase-3, DRP1, p-DRP1 (Ser616), p-DRP1

(Ser637), p-JNK (Thr183/Tyr185), JNK, phospho-p70
S6 kinase (Thr389), p70 S6 kinase, p-ERK (Thr202/
Tyr204), ERK, p-p38 (Thr180/Tyr182), p38, Bcl-2,
mitofusin-2, p-mTOR (Ser2448), mTOR, ATF4, MyoD,
and GAPDH were purchased from Cell Signaling Tech-
nology (Danvers, MA, USA); mouse-MuRF1 and anti-
rabbit secondary antibodies were purchased from Santa
Cruz Biotechnology, Inc. (Santa Cruz, CA, USA).

Cell culture conditions. We cultured the C2C12 mouse
myoblast cell line in high glucose (4.5 g/L.) DMEM sup-
plemented with 10% FBS, 100 pug/mL streptomycin,
and 100 U/mL penicillin (Gibco, Grand Island, NY,
USA) in a 5% CO; humidified incubator at 37°C. Cells
were sub-cultured before they reached 70% confluence.

Cell viability analysis. We evaluated cell viability by
the MTT assay. To this end, we seeded 3 X103 cells/well
in 96-well plates and incubated them for 24 h. Subse-
quently, we treated the cells with LPS and policosanol
and further incubated them for 24 h. Following this,
the cells were washed with serum-free medium and
stained with MTT by the manufacturer’s instruction.
After 2 h incubation, the MTT staining solution was
removed and formazan was dissolved in 150 uL of
extraction solution (4 mM HCI, 10% Triton-X100, and
90% isopropanol) for 15 min. Cell viability was deter-
mined by measuring the absorbance of the formazan
crystals at 590 nm using VersaMax microplate reader
from Molecular Devices, LLC (San Jose, CA, USA).

Cell apoptosis measurement. We evaluated LPS-in-
duced cellular apoptosis using the Muse® Cell Analyzer
(Luminex Corp., Austin, TX, USA). We seeded 1X10°
cells/well in 6-well plates and incubated them for 24 h.
Post incubation, the cells were treated with LPS and
policosanol or DMSO and were further incubated for
24 h. Apoptotic cells were detected using Muse® Annexin
V and Dead Cell assay kit (Luminex Corp.).

Immunofluorescence assay. We incubated 2X10° cells
on glass in a 6-well plate. Upon reaching the 80% con-
fluence, the cells were treated with LPS and policosanol
or DMSO and incubated for 24 h. Subsequently, the
cells were fixed with 4% paraformaldehyde for 15 min
and permeabilized with 0.1% Triton X-100 for another
15 min. Following this, the cells were immunostained
overnight with TOM20 antibodies at 4°C and were sub-
sequently incubated with Alexa Fluor-568-conjugated
secondary antibodies for 3 h at room temperature. Cell
nuclei were stained with DAPI, and cell images were
visualized using the Olympus IX-81 fluorescence micro-
scope (Olympus Imaging, Center Valley, CA, USA).

Western blotting. To isolate proteins for western blot-
ting, we seeded 5X10° cells/dish in 100 mm culture
dishes. Once 80% cell confluence was reached, cells
were pretreated with policosanol for 1 h before LPS
treatment and further incubated for 24 h. Subsequently,
the cells were lysed with RIPA buffer (Thermo Scientific,
Waltham, MA, USA) containing 10 mM B-glycerophos-
phate, 50 mM potassium fluoride, 1 mM sodium ortho-
vanadate, 0.5 mM EDTA, 1XXpert protease inhibitor,
and 1Xphosphatase inhibitors. Protein concentrations
were determined by the BCA protein test kit. Proteins
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Preventive effect of policosanol on LPS-induced cell apoptosis in C2C12 cells. (A) MTT analysis. C2C12 cells were

cultured in 96-well plates for 24 h. The cells were treated with LPS with/without policosanol at indicated concentration
for 24 h and MTT analysis was carried out. Precipitated formazan was dissolved and its concentration was determined by
spectrophotometry. (B) Western blot analysis. Extracted proteins (20 ug) isolated from C2C12 cells were separated on a
10% SDS-PAGE gel and transferred to a PVDF membrane. Western blotting was carried out and protein bands were
detected using ECL. Numbers are the mean fold-intensity (n=3) of each band compared to control. (C) Flow cytometry
analysis for cellular apoptosis. LPS-induced cellular apoptosis was evaluated using Muse® Cell Analyzer. The data for cell
viability and apoptosis are represented as the mean=*SE (n=3). Statistical analysis was performed by One-way ANOVA
test and p=0.05 was considered as statistically significant. The character of a, b, and ¢ means the statistically different

group.

(20 ug) were separated by 10% SDS-PAGE and trans-
ferred to polyvinylidene fluoride (PVDF) membranes
using submerged electro-transfer method. These mem-
branes were blocked with a 5% skimmed milk in tris-
buffered saline (TBST) solution, containing 0.05%
Tween-20, for 1 h. Thereafter they were incubated over-
night with a specific primary antibody at 4°C. On the
following day, the membranes were washed with TBST
solution and incubated with horseradish-conjugated
secondary anti-rabbit IgG or anti-mouse 1gG antibodies
for 1 h at room temperature followed by washing the
membrane with TBST. Protein bands were visualized
using the ECL reagent and band intensity was analyzed
using Image] software (Ver. 1.53; NIH, Bethesda, MD,
USA).

Measurement of the oxygen consumption rate. Oxygen
consumption rate (OCR) of intact cells was measured
using a Seahorse XF24 Extracellular Flux Analyzer
(Seahorse Bioscience, Santa Clara, CA, USA). In brief,
2X10°3 cells/well were seeded in an XF24 cell culture
plate and incubated for 24 h. Cells were incubated with
LPS and policosanol or DMSO for 24 h. Prior to the
measurement, the cells were kept in DMEM containing
25 mM glucose and 1 mM pyruvate. After equilibra-
tion, OCR measurement was carried out by injecting
electron transporter chain inhibitors in the cells; 1 uM
Oligomycin, 5 uM CCCP, and mixture of Rotenone
(1 uM)+Antimycin (5 uM). OCR data were normalized

by cell number after DAPI staining.

Measurement of the lactate concentration in cells. To
measure lactate production in C2C12 cells, we cultured
the cells in complete DMEM till 80% confluence was
reached. Subsequently, cells were washed with Hank’s
balanced salt solution (HBSS) and kept in DMEM with-
out pyruvate and serum. These cells were pretreated
with 50 ug/mL of policosanol or DMSO for 1 h, follow-
ing which the cells were treated with 100 ng/mL of
LPS. Post 24 h of incubation, the culture media were
collected and deproteinized using perchloric acid (6%
final concentration). Following this, cell lysates were
centrifuged at 10,000 Xg for 10 min and the superna-
tants were neutralized using 30% KOH solution. The
neutralized solutions were centrifuged for 10 min at
10,000 Xg. The lactate concentration was measured
enzymatically using a spectrophotometer (20).

Statistical analysis. Obtained data were expressed as
mean*SE. Statistical analysis was performed by One-
way ANOVA test and a value of p=0.05 was considered
as statistically significant.

RESULTS

Policosanol prevents LPS-induced apoptosis in C2C12 cells
To investigate the anti-inflammatory effect of polico-
sanol, we first tested cell viability by the MTT assay. We
observed that policosanol inhibited LPS-induced cell
death in a dose-dependent manner (Fig. 1A). Moreover,
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Fig. 2. Effect of policosanol on mitochondrial dynamics. (A) Change in mitochondrial morphology. C2C12 cells were
treated with LPS and policosanol for 24 h, fixed with 4% paraformaldehyde, and immunostained with TOM20 antibody.
Fluorescence was detected using a fluorescence microscope. (B) Western blot analysis of p-DRP1(S637), p-DRP1(S616),
and Mfn2. Extracted proteins were separated on a 10% SDS-PAGE gel and transferred onto a PVDF membrane. Western
blotting and protein bands were detected using ECL. Numbers are the mean fold-intensity (n=3) of each band compared
to control. Statistical analysis was performed by One-way ANOVA test and p=0.05 was considered as statistically signifi-
cant. The character of a, b, and ¢ means the statistically different group.
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policosanol treatment significantly increased the phos-
phorylation of Akt and expression level of Bcl2 (an
anti-apoptotic protein). This led to a reduction in
caspase 3 expression (a marker of apoptosis) in a dose-
dependent manner. Thus, we inferred that the protec-
tive effect of policosanol might be because of the activa-
tion of the Akt signaling pathway (Fig. 1B). Addition-
ally, we validated the anti-apoptotic effect of policosanol
by fluorescence-activated cell sorting using Annexin V
and 7-AAD. Consequently, we found that policosanol
inhibited LPS-induced early- and late-apoptosis in C2C12
cells (Fig. 1C). These observations strongly indicated
that policosanol had a preventive effect on LPS-induced
cell death.
Policosanol prevents the mitochondrial fragmentation in-
duced by LPS in C2C12 cells

Mitochondria is fragmented when inflammatory con-

ditions, such as type 2 diabetes, cancer, sepsis, and mus-
cle atrophy, induce endoplasmic reticulum (ER) stress
(21). Therefore, we examined the policosanol effect on
LPS-induced mitochondrial dynamics in C2C12 cells. In
this regard, we performed immunofluorescence staining
of the mitochondrial outer membrane protein, TOM20.
As shown in Fig. 2A, policosanol prevented the LPS-in-
duced mitochondrial fragmentation in C2C12 cells via
inhibition of phosphorylation of DRP1 at Ser616, a
mitochondrial fission-promoting phosphorylation site
(Fig. 2B). In addition, policosanol increased the phos-
phorylation of DRP1 at Ser637, an inhibitory phos-
phorylation site for mitochondrial fission, and increased
the expression of Mfn2 in a dose-dependent manner.
These observations suggested that Cuban policosanol
ameliorates the mitochondrial dysfunction upon LPS
treatment cells.
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Policosanol increased the oxidative phosphorylation of glu-
cose metabolism in the LPS-treated C2C12 cells
Subsequently, we evaluated the OCR in C2C12 cells
to determine whether policosanol ameliorated mito-
chondrial dysfunction in LPS-induced C2C12 cells.
With glucose as an energy source, policosanol adminis-
tration significantly increased the basal OCR and the
maximal OCR, both of which were lower in LPS-treated
cells than those in control cells (Fig. 3A). In addition,
we observed that ATP generating OCR increased in pol-
icosanol-treated cells compared to that in LPS-treated
cells by dose-dependently. This observation indicated
that policosanol rescued mitochondrial dysfunction
induced by LPS. Mitochondrial dysfunction could alter
the glucose metabolism from oxidative phosphorylation
(OxPhos) to lactate production (22, 23). Policosanol
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Fig. 4. Effect of policosanol on the Akt and MAPK pathways

and the regulation of protein metabolism. Proteins extracted
from C2C12 cells were separated on a 10% SDS-PAGE gel and
transferred onto a PVDF membrane. Western blotting was car-
ried out and protein bands were detected using ECL. (A) Effect
of policosanol on the MAPK pathways. (B) Effect of policosanol
on the signaling pathway for protein synthesis and degrada-
tion. (C) Effect of protein kinase inhibitors on the expression of
collagen in C2C12 cells. Cells were pretreated with each inhibi-
tor 1 h prior to treatment with policosanol and LPS. After 24 h
incubation, the proteins were isolated for western blot analysis.
The concentration of protein kinase inhibitor was as follows;
PI3K (Ly294002; 100 uM), Erk (PD98059, 20 uM), p38
MAPK (SB202190, 20 uM), and mTOR (rapamycin, 5 uM).
The data are represented as the mean fold-intensity (n=3) of
each band compared to control. Statistical analysis was per-
formed by One-way ANOVA test and p=0.05 was considered as
statistically significant. The character of a, b, ¢, and d means
the statistically different group.
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significantly reduced the LPS-induced lactate produc-
tion in C2C12 cells by dose-dependent manner (Fig. 3B)
which due to increase the OxPhos, indicating that poli-
cosanol improves the mitochondrial function.
Policosanol increases the expression level of collagen in LPS-
treated C2C12 cells via activation of the ERK-mTOR-
p70S86K signaling pathway

In order to reveal the molecular mechanism underly-
ing the preventive effect of policosanol on LPS-induced
inflammation, we monitored protein metabolism (syn-
thesis and breakdown) and the MAPK signaling path-
ways, which are the inflammatory signaling pathways
(8, 23). Among the MAPK proteins, only JNK was phos-
phorylated upon LPS treatment, whereas phosphoryla-
tion status of p38 and ERK were unchanged (Fig. 4A).
However, we observed that phosphorylation of p38 and
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ERK was increased in a dose-dependent manner upon
policosanol treatment. On the other hand phosphoryla-
tion of JNK was unchanged upon policosanol treatment
(Fig. 4A). Additionally, policosanol up-regulated the
Akt and the mTOR signaling pathways, leading to
increase in the phosphorylation of p70S6K and the
expression of MyoD, a key regulator of muscle differen-
tiation and protein synthesis (24) (Fig. 4B). Addition-
ally, policosanol down-regulated the ATF4, an ER stress
maker, and the MuRF1, an E3 ligase, indicating that
policosanol prevents the LPS-induced ER stress and the
ubiquitin-dependent protein degradation (Fig. 4B).

Next, we investigated the impact of kinase inhibitors
on the beneficial effect of policosanol on the protein
metabolism in LPS-treated C2C12 cells. ERK inhibitor
(PD98059) and rapamycin, but not the p38 inhibitor
(SB202190), significantly inhibited the policosanol-in-
duced mTOR/p708S6K signaling pathway in LPS-treated
C2C12 cells, leading to down-regulate the expression of
collagen A1 (Fig. 4C). Surprisingly, the PI3K inhibitor
could not inhibit policosanol-induced mTOR activation
(Fig. 4C), suggesting that policosanol activates the
mTOR by the PI3K-independent manner. These obser-
vations suggested that policosanol may exhibit multiple
functions to regulate cell survival and protein metabo-
lism in C2C12 cells.

DISCUSSION

This study aimed to determine whether policosanol
has a protective effect on the deteriorative cellular func-
tions induced by LPS using skeletal myoblast C2C12
cells. Previously, we had reported that LPS induces the
apoptosis in myoblast by the ROS dependent manner
(23). In this study, we showed that policosanol signifi-
cantly ameliorated LPS-induced cellular dysfunction via
activation of the Akt-dependent anti-apoptosis pathway
and restoration of mitochondrial functions, which pre-
sumably resulted in reducing of the ROS stress (Fig. 1B,
Fig. 2B, and Fig. 5). Furthermore, policosanol improved
the LPS-induced impairment of protein metabolism in
C2C12 cells via activation of the Akt-p70S6K and ERK-
mTOR-p70S6K and inhibition of ROS induced the
expression of E3 ligases (Fig. 4 and Fig. 5).

Previously, several reports have shown that policosa-
nol exhibits anti-diabetic effects by increasing insulin
sensitivity and improving metabolism (25, 26). In this
study, we also observed that policosanol increased phos-
phorylation of Akt in LPS-induced insulin-resistant
C2C12 cells, leading to increased cell survival. Since
insulin resistance is associated with accelerated muscle
loss in type 2 diabetes mellitus (27, 28), activating insu-
lin signaling by policosanol presumably activates cell
proliferation in skeletal muscle. However, our findings
and previous study (26) could not reveal the exact
molecular mechanism underlying policosanol-mediated
Akt phosphorylation. In Fig. 4C, we observed that PI3K
inhibitors could not inhibit the activation of mTOR
induced by policosanol treatment in C2C12 cells, indi-
cating that policosanol may phosphorylate Akt (Ser437)
in a PI3K-independent manner. IKKe, TBK1, and DNA-
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Fig. 5. Proposed model for the protective effect polico-
sanol on the apoptosis and the dysregulation of protein
metabolism induced by LPS in the skeletal muscle cells.
Cuban policosanol activates the Akt-p70S6K signaling
pathway and the Erk-mTOR-p70S6K signaling path-
way, leading to protect the cell death, the mitochon-
drial dysfunction, and the dysregulation of protein
metabolism induced by LPS in C2C12 cells.

PK also phosphorylate the Akt (Ser437), which are not
inhibited by PI3K inhibitor (29). Therefore, further
study is required to elucidate how policosanol activate
Akt signaling pathway.

Since mitochondria play pivotal roles in multiple bio-
logical processes, including cellular bioenergetics, sup-
plying building materials, and apoptosis, it is crucial to
maintain these mitochondrial functions. For example,
impaired insulin signaling and oxidative stress translo-
cates DRP1 onto the mitochondria and inhibits Mfn2,
causing mitochondrial fragmentation and cellular dys-
function (30, 31). In this study, we found that policosa-
nol prevented LPS-induced mitochondrial fragmenta-
tion by down-regulating fission-promoting and up-reg-
ulating fusion-promoting phosphorylations on DRP1.
Additionally, policosanol increased the mitochondrial
fusion by up-regulating Mfn2 expression. Moreover,
up-regulation of the insulin signaling pathway may
induce mitochondrial elongation; a number of studies
have reported that change in mitochondrial morphol-
ogy is closely associated with mitochondrial function
(30, 32). Indeed, we found that policosanol significantly
improved the OCR in LPS-treated C2C12 cells. Further-
more, impaired mitochondrial function shifts glucose
metabolism from oxidative phosphorylation to lactate
production (23, 33). Our study indicated that policosa-
nol increases oxidative phosphorylation, resulting in
decrease of lactate production and improvement of
mitochondrial dysfunction.

The MAPK cascades play crucial roles in the regula-
tion of most cellular processes, including cell prolifera-
tion, differentiation, stress responses, and metabolic
adaption (34). Three classes of MAPKs, such as ERK,
JNK, and p38 are identified in mammals. Each MAPK is
differentially involved in the regulation of cell cycle,
apoptosis, gene expression, and enzyme activity. More-
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over, studies have reported that lipopolysaccharides
induce tissue inflammation via the TLR4-MAPK signal-
ing pathway (35, 36). For instance, LPS significantly
induces the JNK pathway, inhibiting the Akt-mTOR sig-
naling pathway, which presumably induces muscle
atrophy. Contrastingly, activation of the ERK stimulates
cell growth and differentiation (34). In the present
study, we demonstrated that policosanol activated the
ERK, Akt, and mTOR signaling pathways, suggesting
that policosanol prevented LPS-induced apoptosis in
skeletal muscles and increased cell survival (Fig. 1).

Skeletal muscle mass is regulated by a dynamic bal-
ance between anabolic and catabolic protein metabo-
lism. Insulin and IGF1 are known to activate both the
ERK and the PI3K-Akt-mTOR pathways to increase
muscle mass. Impairment of these pathways induces
muscle atrophy by activation of ubiquitin- and autoph-
agy-dependent protein degradation (5). Numerous
studies have reported that activation of ERK increases
collagen synthesis in fibroblast cells (37-39). In this
study, we also demonstrated that policosanol activated
the ERK-mTOR-p70S6K and Akt-p70S6K pathways,
which in turn restored the protein metabolism in C2C12
cells. We confirmed this result by using an ERK inhibi-
tor, which inhibited the policosanol-induced collagen
synthesis (Fig. 4C). In addition, policosanol prevented
the LPS-induced expression of E3 ligases, well agreed to
other study (10). Numerous studies have reported that
activation of p38 MAPK increases protein synthesis by
up-regulating translation initiation (40) and rRNA pro-
cessing (41). In contrast those reports (40, 41), our
observation was that activation of the p38 MAPK path-
way by policosanol might not be involved in promoting
protein synthesis because a p38 MAPK inhibitor could
not inhibit collagen synthesis in C2C12 cells (Fig. 4C).

In conclusion, Cuban policosanol stimulates the Akt
signaling pathway to prevent the LPS-induced apoptosis
and the Erk-mTOR-p70S6K pathway to prevent the
LPS-induced protein degradation in C2C12 cells, which
presumably due to ameliorating mitochondrial dysfunc-
tion. Although precise molecular mechanisms underly-
ing the involvement of Cuban policosanol in the protec-
tion on skeletal muscle remains to be determined, our
data showed Cuban policosanol are potent anti-inflam-
matory molecules, which protect the skeletal muscle
damage induced by sepsis, aging, and metabolic dis-
eases. However, further study is required to examine the
beneficial effect of policosanol on muscle atrophy using
in vivo models.
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