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Abstract

Sepsis, severe injury, and cancer are associated with loss of muscle mass. Muscle wasting in these
conditions is mainly caused by increased proteolysis, at least in part regulated by NF-kB. Despite
recent progress in the understanding of mediators and mechanisms involved in muscle wasting,
effective and universally accepted treatments by which muscle atrophy can be prevented or
reversed are still lacking. Here, we review recent evidence suggesting that curcumin
(diferuloylmethane), a component of the spice turmeric, may prevent loss of muscle mass during
sepsis and endotoxemia and may stimulate muscle regeneration after traumatic injury. Curcumin
has been part of the traditional Asian medicine for centuries, mainly because of its anti-
inflammatory properties. Studies suggest that inhibition of NF-kB is one of the mechanisms by
which curcumin exerts its ant-inflammatory effects. Curcumin is easily accessible, inexpensive,
and non-toxic even at high doses, and may therefore offer an important treatment modality in
muscle wasting and injury. It should be noted, however, that the muscle-sparing effects of
curcumin are not universally accepted, and more studies are therefore needed to further test the
role of curcumin in the prevention and treatment of muscle wasting.
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Introduction

Curcumin (diferuloylmethane), a component of the spice turmeric (Curcuma longa) and
responsible for the yellow color of curry, has been part of the traditional Asian medicine for
centuries [1,2]. The list of ailments for which curcumin has been used is long and includes
respiratory conditions, liver disorders, anorexia, rheumatism, common colds and sinusitis
[2,3]. An area in which the use of curcumin has been particularly prevalent is promotion of
wound healing [1], but it has also been used as an anti-inflammatory and anti-cancer
treatment [2,3].

Several recent studies have focused on mechanisms by which curcumin may exert its
beneficial effects. In particular, mechanisms accounting for the anti-inflammatory effects of
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curcumin have been examined. Such mechanisms include inhibition of NF-kB activity, at
least in part reflecting inhibition of IkB kinase (IKK) activity [4,5]. Inhibition of NF-kB
activity is of particular interest for the potential use of curcumin in the treatement of muscle
wasting since NF-kB activation is an important mechanism for loss of muscle mass [6-10].
Other mechanisms by which curcumin may exert anti-inflammatory effects include
activation of the heat shock response [11], inhibition of p38 kinase activity [12,13] and
oxygen free radical formation [14], and prevention of cytokine production and release [5].

The growing interest for curcumin in Western medicine is illustrated by several ongoing
clinical trials, the majority of which are being conducted in the US. In a recent review of
traditional medicines [2], seven current clinical trials were listed testing the effects of
curcumin in the treatment of colon and pancreatic cancer, Alzheimer’s disease,
chemotherapy-induced mucositis, multiple myeoloma, psoriasis, and cystic fibrosis. In
addition, a clinical trial investigating the use of curcumin in patients with familial
adenomatous polyposis is also being conducted [1].

The purpose of this review is to discuss the potential use of curcumin in prevention and
treatment of muscle wasting, in particular sepsis-induced muscle wasting. Aspects on
beneficial effects of curcumin in sepsis, other than prevention of loss of muscle mass, were
reviewed recently elsewhere [15].

Muscle wasting in sepsis and other catabolic conditions

Under normal conditions, muscle mass is maintained by a balance between protein synthesis
and degradation and muscle wasting can occur when this balance is perturbed. Muscle
wasting continues to be a significant clinical problem in patients with various catabolic
conditions, including sepsis, AIDS, severe injury, uremia, heart failure, cancer, and
starvation [16]. There is evidence that muscle atrophy in these conditions mainly reflects
increased breakdown of myofibrillar proteins [17,18] although inhibited protein synthesis
may also contribute to the loss of muscle proteins [19]. Increased protein breakdown in
atrophying muscle reflects upregulated expression and activity of multiple proteolytic
pathways, including lysosomal, calcium-calpain- and ubiquitin-proteasome-dependent
mechanisms [16-18]. Among these mechanisms, activation of the ubiquitin-proteasome
system is particularly important and is accompanied by a substantial increase in the
expression of the muscle-specific ubiquitin ligases atrogin-1 and MuRF1 [20-22].

Loss of muscle mass in catabolic patients results in weakness, fatigue, and delayed
ambulation during sickness with increased risk for thromboembolic and pulmonary
complications. Prolonged bed rest in itself accelerates the degradation of muscle proteins,
thus creating a vicious cycle [23]. The molecular regulation of muscle protein turnover in
atrophying muscle as well as the clinical consequences of muscle wasting have been
reviewed in recent papers [16-19].

A widely accepted treatment of muscle wasting is lacking

Despite substantial progress during the last two decades in our understanding of mediators
and mechanisms involved in muscle atrophy, we still do not have an effective, universally
accepted treatment by which muscle wasting can be prevented or reversed in critically ill
patients. The lack of a generally accepted treatment of muscle wasting is reflected by the
large number of different regimens that have been proposed in recent studies, including
administration of anabolic hormones [24-26], creatine [27], branched-chain amino acids
[28], and factors counteracting myostatin [29,30]. Many of these treatments may be costly,
are still experimental, and will have to await clinical testing.

Nutrition. Author manuscript; available in PMC 2012 January 14.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Alamdari et al.

Page 3

Curcumin is easily available, inexpensive and has proven non-toxic even when administered
at high doses [1,31-35]. One potential problem with curcumin is its relatively low
bioavailability, requiring high doses which may be associated with bad taste and odor
[33,34]. Ongoing research aimed at overcoming this hurdle includes development of
“nanocurcumin”, i.e., administration of curcumin at high doses in nanoparticles that are
hydrophilic on the exterior and hydrophobic on the interior [1]. The hydrophilic exterior
allows nanocurcumin to be soluble in water which makes it possible for the particles to enter
the blood stream where the biodegradable polymer nanoparticles break down and release the
drug. Interestingly, nanocurcumin has been reported to kill cultured pancreatic cancer cells
in the laboratory setting [1]. Another method to increase the bioavailability of curcumin is to
add piperine (found in black pepper) which increases the uptake of curcumin by 2,000% in
humans. This approach is used in the development of curcumin-based drugs for the
treatment of malaria [1]. Considering the growing interest for curcumin in Western medicine
and an increasing list of potential indications for its use, it can be predicted that there will be
a rapid development of new and innovative delivery systems for the drug. Because such
systems can be patented (as opposed to the use of the drug itself), more resources from
pharmaceutical companies may become available in the future for the development of
curcumin formulations.

Role of NF-kB activation in muscle wasting

The molecular regulation of muscle wasting is complex and involves activation of various
transcription factors and nuclear cofactors that regulate genes in different proteolytic
pathways [reviewed in 36,37]. Among transcription factors that are activated in atrophying
muscle, NF-kB is particularly important with several lines of evidence supporting a role of
NF-kB in muscle wasting. We reported previously that NF-kB DNA binding activity was
increased in skeletal muscle of septic rats [6]. Interestingly, the response to sepsis of NF-kB
was biphasic with an early activation and subsequent inhibition of NF-kB activity, possibly
reflecting the influence of different mediators of muscle wasting (such as cytokines and
glucocorticoids). In addition to sepsis, other catabolic conditions as well are associated with
NF-kB activation in muscle, including cancer [10], disuse atrophy [38], and muscle
denervation [39]. In other studies, treatment of cultured myotubes with TNFo and IFNy
resulted in a biphasic NF-kB activation [8], and cytokine-induced protein degradation in
cultured muscle cells was NF-kB-dependent [7]. Recent experiments, using a
pharmacological inhibitor of NF-kB, suggest that NF-kB is also involved in muscle wasting
caused by muscular dystrophy [40].

In recent experiments, genetic evidence was provided for a role of NF-kB in the
development of muscle wasting [9]. In those experiments, transgenic mice with muscle-
specific over-expression of activated IKK displayed increased NF-kB activity and a
substantial loss of muscle mass. When these mice were crossed with transgenic mice with
muscle-specific over-expression of an IkBa “super-repressor” (IkBa in which Ser 32 was
mutated, preventing phosphorylation and degradation of IkBa), NF-kB activation and loss of
muscle mass were prevented. In addition, over-expression of the IkBa super-repressor
prevented cancer- and denervation-induced muscle wasting, and the same effect was seen
after pharmacological inhibition of NF-kB with salicylate [9].

Taken together, previous observations provide strong evidence that NF-kB is involved in
muscle wasting during different catabolic conditions and that NF-kB inhibitors may be
efficacious in the management of muscle-wasting conditions. Of note, inhibition of NF-kB
activity is an important mechanism by which curcumin may exert beneficial effects. Indeed,
curcumin has been used as an “NF-kB inhibitor” in previous studies [31].
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Sepsis-induced muscle wasting is blocked by curcumin

In a recent study, we tested the effect of curcumin on NF-kB activity and protein breakdown
in skeletal muscle during sepsis [41]. In those experiments, treatment of rats in vivo with
curcumin blocked the sepsis-induced increase in muscle protein breakdown and reduced the
nuclear translocation of the NF-kB subunit p65 as well as p65 DNA binding activity.
Because treatment of incubated muscles from septic rats with curcumin reduced p65 activity
and protein breakdown, we interpreted the results as indicating that curcumin can reduce
sepsis-induced muscle proteolysis and NF-kB activation through a direct effect in skeletal
muscle. In addition, because treatment with curcumin of incubated septic muscles in which
protein breakdown had already been increased during the septic course resulted in reduced
NF-kB activity and protein degradation, it is possible that curcumin can be used both as
treatment and prevention of muscle wasting in sepsis.

An interesting observation in our recent study was that although curcumin inhibited sepsis-
induced muscle proteolysis, the treatment with curcumin did not influence the gene
expression of atrogin-1 and MuRF1 [41]. A similar disconnection between changes in
muscle proteolysis and the expression of atrogin-1 and MuRF1 has been reported in other
muscle-wasting conditions as well [12,42], suggesting that various proteolytic mechanisms
and the gene expression of certain components of the ubiquitin-proteasome pathway may be
differentially regulated.

Further support for a role of curcumin in the treatment and prevention of muscle wasting
caused by sepsis was provided in a recent study by Jin and Li [12]. In that report, mice were
treated for 4 days with curcumin followed by injection of lipopolysaccharide (LPS). The
pretreatment with curcumin resulted in a dose-dependent inhibition of LPS-induced loss of
muscle weight and protein. Of note, in the study by Jin and Li [12], treatment with curcumin
blocked the LPS-induced increase in mRNA levels for atrogin-1 but not for MuRF1, an
observation that further supports the concept that there is not an absolute correlation
between changes in muscle protein content and the expression of atrogin-1 and MuRF1 in
muscle-wasting conditions.

It should be noted that although the present review is focused on the effects of curcumin on
sepsis-induced muscle wasting (in part reflecting a long-standing interest in the catabolic
response to sepsis in our laboratory), there is evidence that curcumin may inhibit the
catabolic response in skeletal muscle during other catabolic conditions as well. For example,
Wyke et al [10] reported that treatment of cultured myotubes with curcumin prevented the
increase in protein degradation caused by a cachectic factor isolated from experimental
tumors in mice. In another study, Thaloor et al [31] found that curcumin stimulated muscle
regeneration after traumatic injury, further supporting the concept that curcumin may protect
muscle tissue from various injurious influences.

In addition to improving protein balance in skeletal muscle, there is evidence that curcumin
may protect other organs and tissues as well during sepsis. For example, in a recent study,

curcumin prevented the metabolic derangement in the liver during sepsis induced by CLP in
rats [42]. Importantly, in the same study, curcumin also prevented sepsis-induced mortality.

Curcumin may prevent sepsis-induced muscle wasting through multiple

mechanisms

Because previous studies provided evidence that NF-kB may be involved in the
development of muscle wasting during various catabolic conditions [6-10] and that
curcumin can block NF-kB activation [4,5], we hypothesized in our recent study [41] that
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treatment with curcumin would inhibit NF-kB activity in skeletal muscle during sepsis.
Indeed, results in that study [41] were consistent with inhibition of NF-kB activity after
treatment of septic rats with curcumin assessed as inhibited nuclear translocation of p65 and
reduced p65 DNA binding activity. In other studies, the effects of curcumin on protein
degradation in myotubes treated with a tumor-related cachectic factor were interpreted as
being caused by inhibition of NF-kB [10].

It should be noted that although curcumin is frequently used as an “NF-kB inhibitor”, the
drug can exert other anti-inflammatory effects as well, including inhibition of p38 kinase
activity [12,13], oxygen radical scavenging [14], and induction of the heat shock response
[11]. Interestingly, in the study by Jin and Li [12], pretreatment of endotoxemic mice with
curcumin did not inhibit NF-kB DNA binding activity but instead exerted its protective
effects by inhibiting p38 kinase activity. In our recent study [41], results suggested that
curcumin reduced p38 kinase activity in septic muscle (in addition to inhibiting NF-kB
activity), suggesting that curcumin may prevent sepsis-induced muscle wasting by multiple
mechanisms. It should be pointed out that although curcumin-induced inhibition of protein
breakdown in septic muscle was associated with reduced NF-kB and p38 kinase activities,
additional studies will be needed to test the causative link between these observations. It
should also be noted that further studies are needed to determine whether mechanisms other
than or in addition to NF-kB and p38 inhibition are involved in the anti-catabolic effects of
curcumin during sepsis and endotoxemia.

Mechanisms involved in the anti-inflammatory effects of curcumin and that may potentially
be involved in the prevention and treatment of muscle wasting are summarized in Fig 1.

The muscle-sparing effects of curcumin are not universally accepted

Although some of the studies reviewed here suggest that curcumin can exert anti-catabolic
and protective effects in skeletal muscle during sepsis, endotoxemia, after injury [12,31,41],
and perhaps in cancer-related muscle wasting as well [10], conflicting results have also been
reported. For example, treatment of rodents with curcumin did not prevent muscle atrophy
caused by unloading [38], experimental cancer [43], or muscular dystrophy [40]. It is
possible that some of the apparently contradictory results in previous reports reflect
differences in route of administration and dose of curcumin. It is also possible that the
varying responses to curcumin reflect differences in disease states causing the catabolic
response in skeletal muscle. The specificity with regards to the anti-catabolic effects of
curcumin in different conditions causing muscle wasting will be an important subject for
future studies.

Conclusions and outlook

Although only relatively few studies have been published on the potential use of curcumin
for the prevention and treatment of muscle wasting, the present review is important because
it highlights the need of continued efforts to find effective treatment of this debilitating
condition. Available results suggest that curcumin may be a potentially useful drug to
prevent loss of muscle mass, at least when caused by sepsis. It is likely that the use of this
ancient drug will continue to attract increasing interest in Western medicine, particularly as
the molecular mechanisms by which the drug acts are clarified and the methods of
administering the drug are being refined. It should be noted that this review is not claiming
that the use of curcumin to prevent and treat muscle wasting has been proven, but we believe
that early and preliminary observations are promising. If continued experiments further
support the use of curcumin in the management of muscle wasting, it may open up the
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possibility to treat muscle wasting with a drug that is easily accessible, inexpensive, and
non-toxic even at high doses.
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Inhibition of NF-xB Inhibition of p38 kinase
activity activity

Oxygen radical Induction of the heat
scavenging shock response

Fig 1.
Anti-inflammatory effects of curcumin potentially involved in the prevention and treatment
of muscle wasting.
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