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Abstract
Purpose Muscle atrophy is the prominent clinical feature of
cancer-induced cachexia. Zhimu and Huangbai herb pair
(ZBHP) has been used since ancient China times and have
been phytochemically investigated for constituents that might
cause anti-cancer, diabetes, and their complication. In this
study, the effects and mechanisms of ZBHP on reversal of
muscle atrophy were explored.
Methods C57BL/6 mice implanted with colon-26 adenocarci-
noma were chosen to develop cancer cachexia for evaluating
the effects of ZBHP on reversal of muscle atrophy. The body
weight, survival time, inflammatory cytokines, and patholog-
ical changes of muscle were monitored. In addition, IGF-1/
Akt and autophagy pathway members were analyzed to inter-
pret the mechanism of drug response.
Results The function and morphology of skeletal muscle in
cachexia model were significantly disturbed, and the survival
time was shortened. Consistently, inflammatory cytokines and
muscle atrophy-related atrogin-1, MuRF1, and FOXO3 were
significantly increased, and IGF-1/Akt and autophagy signal
pathways were depressed. Treatment with ZBHP significantly

alleviated tumor-free body weight reduction and cachexia-
induced changes in cytokines and prolonged survival. ZBHP
treatment not only inhibited the muscle atrophy-related genes
but also activated the IGF-1/Akt and autophagy signal path-
ways to facilitate the protein synthesis.
Conclusions The results revealed that ZBHP treatment could
inhibit the muscle atrophy induced by cancer cachexia and
prolong the survival time, and ZBHP may be of value as a
pharmacological alternative in treatment of cancer cachexia.

Keywords Cancercachexia .Skeletalmuscleatrophy .Zhimu
andHuangbai herb pair . Autophagy . IGF-1/Akt

Introduction

Cancer cachexia is a complex metabolic disorder character-
ized by body weight loss, fatigue, weakness, loss of skeletal
muscle, and adipose tissue [11]. Muscle protein wasting in
cancer cachexia is one of the most critical problem and con-
tributing to increased morbidity in patients. In fact, cachexia
accounts for high morbidity and mortality in up to 80 % with
advanced cancer patients, and almost 20 % of the death is the
direct result of cachexia-induced muscle wasting [31]. Despite
the fact that cachexia has been well investigated for decades,
the underlying mechanisms of skeletal muscle atrophy in can-
cer cachexia are poorly understood, and there are currently no
effective treatment strategies for it.

Various tumor-derived factors have been reported to influ-
ence muscle protein balance through several signal pathways,
including pro-inflammatory cytokines TNF-α, IL-6, IL-1β,
and IFN-γ [2]. TNF-α and IL-6 are the most important regu-
lators of muscle mass loss [5, 31]. Anti-IL-6 and TNF therapy
to tumor-bearing rats decreased protein degradation rates in
skeletal muscle [8, 28, 34]. Inflammatory cytokine-driven
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atrophy-related ubiquitin ligases activation is central inmuscle
atrophy [1, 12], and inhibition of inflammatory cytokines
levels has enormous potential for the prevention and treatment
of muscle atrophy. Furthermore, FOXO3 signal was seen to be
a principal protein degradation pathway in cancer cachexia
[23]. The activation of FOXO3 in atrophying muscles would
induce the muscle-specific ubiquitin ligases atrogin-1 and
muscle ring finger-1 (MuRF1) [3, 23], two important muscle
atrophy-related ubiquitin ligases.

Previous studies have demonstrated the importance of the
IGF-1 signal transduction pathway in the regulation of skeletal
muscle mass. The IGF-1 system is downregulated in cancer
cachexia [9]. Low-dose IGF-1 reduced mortality and attenu-
ated loss of bodyweight as well as musclemass in the Yoshida
hepatoma rat model [24]. Muscle loss is associated with the
IGF-1/Akt pathway through its downstream effectors FOXO
andmTOR [18]. In skeletal muscle, the biological functions of
IGF-I were able to activate the PI3K/Akt pathway, which con-
sidered as a master controller of the balance between protein
synthesis and degradation [13], and its loss of activity is suf-
ficient to initiate skeletal muscle atrophic program. While
IGF-I-induced protein synthesis is mediated by Akt phosphor-
ylation, the activation of the Akt pathway is associated with
muscle growth. These results suggested that IGF-1/Akt path-
way is involved in the regulation of the protein synthesis in
skeletal muscle.

The initiation and regulation of skeletal muscle atrophy
involve a number of independent signaling pathways.
Recent study has shown that autophagy system plays a critical
role for myofiber maintenance, and its inhibition can lead
accumulation of toxic proteins and dysfunctional organelles
that, in the end, would lead to muscle atrophy [19]. Basal
autophagy for homeostasis of skeletal muscle is helpful to
prevent accumulation of toxic proteins and dangerous dys-
functional organelles. Previous studies have shown that lack
of autophagy does not protect skeletal muscles from atrophy,
and muscle atrophy in autophagy inhibition mice is ameliorat-
ed by a low-protein diet and by genetic and pharmacologic
approaches that activate autophagy [14]. These results indicat-
ed that basal autophagy is a vital role for skeletal muscle
homeostasis during cancer cachexia.

Herbal medicines have been attracted considerable atten-
tion all over the world because of its distinct efficacy. Zhimu
and Huangbai herb pair (ZBHP) is composed of Rhizoma
Anemarrhena and Cortex Phellodendri, which has been wide-
ly used in China to treat various diseases [17, 30]. ZBHP were
phytochemically investigated for constituents that might cause
anti-cancer, diabetes, etc. [10, 15, 33]. And most importantly,
our previous study has demonstrated that ZBHP could reverse
muscle atrophy in streptozotocin-induced diabetic mice [35].
However, the effect of ZBHP on cancer cachexia-induced
skeletal muscle atrophy is unclear. In the present study, we
demonstrated that ZBHP could reverse skeletal muscle

atrophy induced by cancer cachexia, thereby dramatically
prolonging survival of the tumor-bearing animals, and these
marked effects would be seen as downregulated the levels of
inflammatory cytokines, and activated the IGF-1/Akt and au-
tophagy signals. Thus, ZBHP appears to have therapeutic po-
tential for treating various types of muscle wasting.

Materials and methods

Chinese herbal extracts

Zhimu (Rhizoma Anemarrhena) and Huangbai (Cortex
Phellodendri) were purchased from Anguo herbal medicine
market in Hebei Province, China, and were authenticated by
Chinese Materia Medica College, Tianjin University of
Traditional Chinese Medicine (TJUTCM). The extracts of
ZBHP were consistently prepared by following stringent
manufacturing practices, Zhimu and Huangbai (1:1) were re-
flux extracted with 50% ethanol, and the main components of
the extracts were detected by UPLC/Q-TOF-MS system as
previously described [35].

Animal model

Adult male C57BL/6 mice (4–6 weeks old) were obtained
from Vital River Laboratory Animal Technology Co. Ltd.
(Beijing, China). Mice were housed in a climate-controlled
room (12-h light/dark cycle with a constant room tempera-
ture), with food and water ad libitum. Experimental proce-
dures were conducted in accordance with recommendations
of the Animal Ethics Committee of Tianjin University of
Traditional Chinese Medicine (TCM-2012-010-E01). The
C26 colon adenocarcinoma (2×105)-implanted mice model
was used as previously described [29]. Mice were divided into
weight-matched groups: (1) normal control receiving water
(C), (2) C26-bearing administered with water (M), and (3)
C26-bearing treated with ZBHP (ZBHP). Mice were daily
given orally either water or ZBHP extract (104 mg/kg, equiv-
alent dose to the clinical) 1 days after implant until sacrificed.
All animals were sacrificed 19 days after C26 implanted.

Grip force assessment

Skeletal muscle strength was quantified by the grip-strength
test [6, 21]. The grip-strength device (YLS-13A, China) was
used to measure limb grip strength of the mice. Basically, the
grip-strength meter was positioned horizontally, the mice are
held by the tail by which allowed to grasp the wire of the grip-
strength device, then mice were pulled backward in the hori-
zontal plane, and the strength of the limb would be recorded.
The test was repeated three measurements per mouse, and the
results were averaged for analysis.
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ELISA assay

The blood and gastrocnemius muscles homogenate samples
were centrifuged at 3000 rpm for 15 min to separate serum.
The levels of TNF-α, IL-6, and IGF-1 in animals were detect-
ed by commercially available mouse ELISA kits purchased
from R&D Systems (USA), used according to the manufac-
turer’s instructions, and the serum from each animal (10 μl)
was assayed in duplicate.

RNA extraction and real-time PCR

Total muscle RNA was extracted with TRIzol (Roche), and
complementary DNA (cDNA) was synthesized from 0.4 μg
of total RNA using Reverse Transcriptase (Takala) Random
primer as described in the manufacturer’s instructions. After
synthesis, 5 μl of cDNAwas used in PCR reaction with gene-
specific primers, and RT-PCR analysis was carried out in
25 μl reaction systems. Values were normalized to Actin mes-
senger RNA (mRNA) amount. The sequences of the PCR
primer pairs (5′ to 3′) that were used for each gene are as
follows:

Atrogin-1
F: 5′-TGTCCTCTCACATCCGATTTTTG-3′
R: 5′-CGGTTTACTCGGCAGATCTTG-3′
MuRF1
F: 5′-CAAGTGCCAAGCAGCTAATCAA-3′
R: 5′-TCTCAAAGCCTTGCTCTGTCTTC-3′
β-Actin
F: 5′-TGCGTGACATCAAAGAGAAG-3′
R: 5′-GATGCCACAGGATTCCATA-3′

Muscle protein content

After 19 days of C-26 implanted, the gastrocnemius muscles
were quickly harvested from hind limb, and fresh muscle
weights were recorded. Then, the muscles were homogenized,
and the protein contents were determined with a Bradford
protein assay kit (Bio-Rad) according to the manufacturer’s
instructions.

Histological analysis

For the morphometric analysis, after 19 days of C-26 im-
planted, the gastrocnemius muscles were collected. The tis-
sues samples dehydrated and embedded in paraffin. Serial
sections of 5-μm thickness were cut. Three sections were
stained with hematoxylin-eosin and examined by optical mi-
croscopy (Nikon). Mean muscle fiber diameters were mea-
sured. Mean fiber diameters were measured in ten randomly
selected microscope fields.

Protein extraction and western blotting

The procedures are almost the same with previous [37, 38].
Gastrocnemius muscle samples were lysed with RIPA lysis
buffer at 4 °C. An equal amount of protein (40 μg) was frac-
tionated by SDS-polyacrylamide gel electrophoresis (PAGE)
and transferred onto PVDF membrane. Anti-FOXO3 (1:500),
Sirt1 (1:500), LC3B (1:500), Akt (1:500), Akt (p-Ser473)
(1:500), or β-actin (1:1000) antibody (Cell Signaling
Technology, Inc.) were incubated for overnight at 4 °C, and
the secondary antibody was incubated for 1 h at room temper-
ature in PBS-T containing 2 % BSA. Protein signals were
detected using ECL plus western blotting detection system
according to the manufacturer’s specifications (Millipore).
Images were scanned, and band intensities were quantified
by densitometry (Bioquant Image Analysis, Nashville, TN).

Statistical analysis

Data were expressed as means±standard deviation. Statistical
significance was compared using Student’s t test. Survival rate
difference was determined by chi-square test. Significance
was accepted at the level of P<0.05 (*) and P<0.01 (**).

Results

ZBHP reverses body weight loss and prolongs survival
in C26 Model

The C26 tumor-implanted mice model was employed in the
present study to analyze whether ZBHP might reverse muscle
atrophy. For cancer cachexia treatment, mice received ZBHP
or water after 1 day of tumor implantation. At the termination
of the experiment, the body and tumor weight were analyzed.
As shown in Fig. 1a, weight loss in these tumor-bearing mice
began around day 3 after implantation. After 19 days of tumor
implantation, tumor-free body weights in model group were
10 % lower than those in the control. However, the body
weight was significantly increased with the administration of
ZBHP (Fig. 1b). To monitor possible effects of ZBHP on
growth of the C26 tumor, we measured tumor weights. As
shown in Fig. 1c, ZBHP treatment had no effect on C26 tumor
weight.

Since the C26 tumor implanted could induce chronic loss
of muscle that most often disrupts the physiological functions
of the mice and culminating in significantly shortened survival
time [29, 36], the treatment of the drugs on the survival of
mice was checked. Chi-square test indicated that the survival
curves were significantly different among model and control
groups (P<0.01), and the ZBHP treatment group had a sig-
nificantly longer survival time than the C26-bearing mice
group (P<0.01, Fig. 1d).
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Taken together, the reversal of body weight loss of ZBHP-
treated mice were associated with a profound prolongation of
survival in the tumor-bearing animals. Thus, ZBHP was able
to reverse weight loss completely and to prolong animal sur-
vival dramatically, and most importantly, ZBHP was able to
prolong the survival by reversing cachexia-induced muscle
loss even without inhibiting tumor growth.

ZBHP suppresses tumor-induced muscle atrophy

Grip strength reflects the extent of the damage in skeletal
muscle, as evidenced by a voluntary grip-strength test, the grip
strength of the untreated C26-bearing mice declined in parallel
with the muscle weights. C26-bearing mice develop a force
20 % lower than control, and ZBHP treatment almost restored
grip strength to the normal levels (Fig. 2a). Thus, ZBHP treat-
ment caused a buildup of functional muscle in the tumor-
bearing animals to levels resembling control.

To assess the contribution of ZBHP in muscle atrophy on
C26-bearing mice in vivo, gastrocnemius muscle mass was
evaluated. The gastrocnemius were weighed and taken ho-
mogenate. As shown in Fig. 2b, c, the levels of muscle mass

and the protein content were reduced by nearly 15% in tumor-
bearing mice relative to control mice (P<0.01 or P<0.05),
indicating that C26-bearing did cause muscle atrophy in
C57BL/6 mice. Gastrocnemius muscle from C26-bearing
mice treated with ZBHP was significantly higher than untreat-
ed tumor-challenged mice (P<0.01 or P<0.05).

To determine a more general effect on skeletal muscle, the
gastrocnemius was also subjected to histological examination.
The results showed that muscles from mice-bearing C-26 tu-
mors were severely atrophic, exhibiting reduction in mean fiber
diameter in gastrocnemius, and mean diameter reductions of
these fibers were 40 % (P<0.01 Fig. 3). In contrast, the mean
diameter reduction was rather mild in the ZBHP-treated mice,
and the mean diameter was closer to normal in the samples
administrated with ZBHP (Fig. 3). These results indicated that
ZBHP could suppress tumor-induced muscle atrophy.

ZBHP reduces the elevated levels of proinflammatory
cytokines in C26 model

As reported previously, TNF-α and IL-6 were elevated in the
circulation in C26-bearing mice [2, 5]. To test whether ZBHP

Fig. 1 Changes in body, tumor weights, and survival rates in treated or
untreated C26-bearing mice. a The body weight of the mice was
measured every 2 days. b, c The weight of tumor-free body and tumors
was checked 19 days after tumor transplantation. c Survival plots for

mice, comparing model mice to those admistreated ZBHP in the C26-
bearing mice, and age-matched normal control mice were treated with
water (n=20). Data represent the mean±S.D. **P<0.01 as compared
with control, ##P<0.01 and # P<0.05 as compared with model
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treatment might be achieving its anti-cachexia effect by atten-
uating inflammatory cytokines, these major cytokines in
gastrocnemius homogenate and serum were measured by
ELISA assay. The levels of TNF-α and IL-6 were significant-
ly increased in C26-bearing mice than normal (P<0.01,
Fig. 4a–d). However, C26-bearing mice treated with ZBHP
had significantly lower levels of TNF-α and IL-6 than untreat-
ed mice (P<0.01 or P<0.05, Fig. 4a–d), and thus, they can, at
least in part, account for the reversal of muscle atrophy seen
upon ZBHP treatment.

ZBHP attenuates the accelerated muscle protein
catabolism in C26 model

Since the inflammatory cytokines were elevated in the
circulation in C26-bearing mice, which could interact with

their cognate receptors on muscle to mediate the
hypercatabolic response [13]. To determine whether the
ZBHP might regulate these critical components during
cancer cachexia, a semiquantitative RT-PCR analysis
was employed to evaluate the levels of atrogin-1 and
MuRF1 (two muscle-specific atrophy-related ubiquitin li-
gases) expression in gastrocnemius. The results showed
that mRNA levels for these atrophy-related genes in the
gastrocnemius were markedly increased above control
levels in the cachexia model mice (P<0.01, Fig. 5), but
ZBHP treatment completely abolished their induction
(P<0.05, Fig. 5).

FOXO3 activation has been shown to stimulate proteolysis
and cause atrophy. In the present study, FOXO3 expression
was investigated in the gastrocnemius tissues. As expected,
western blot analysis revealed an increase in the
gastrocnemius of C26-bearing mice (P<0.01, Fig. 6), ZBHP
treatment significantly reduced the FOXO3 expression
(P<0.05, Fig. 6). Collectively, these observations provide
strong direct evidence that enhanced FOXO3 signaling was
inhibited by ZBHP and helps to explain the profound inhibi-
tion of atrogin-1 and MuRF1 induction and these findings
suggested one mechanism by which ZBHP could prevent
the activation of key components of the ubiquitin-
proteasome pathway.

ZBHP actives IGF-1/Akt signal in C26 Model

Besides increased protein degradation through ubiquitin-
proteasome pathway, inflammatory cytokines could in-
hibit IGF-I, the main positive regulators of muscle
growth [4, 25], to stimulate protein synthesis. Low cir-
culating IGF-1 levels also were reported in cachectic
cancer patients [26]. To further explore potential mecha-
nisms for the effect of ZBHP on reversal muscle wasting,
the level of IGF-1 was checked. Consistent with the pre-
vious reports, our results showed that serum and
gastrocnemius muscle IGF-1 was markedly reduced in
the 19 days after tumor transplantation and ZBHP treatment
could increase the level of IGF-1 significantly (Fig. 4e, f).
Since IGF-1 is able to activate the PI3K/Akt pathway, and
the activity of the Akt kinase is crucially required to stim-
ulate protein synthesis and keep low degradation. The acti-
vation of Akt was checked in the present study. Indeed,
western blotting results showed that the level of Akt phos-
phorylated form was diminished in the cachexia model
mice compared to normal control mice, and ZBHP treat-
ment induced an increase in Akt activity in the
gastrocnemius (Fig. 6). These results indicated that ZBHP
treatment not only inhibited the skeletal muscle protein
degradation but also promoted the stimulated protein
synthesis.

Fig. 2 Grip strength in each groups and the wasting of gastrocnemius. a
Grip strength of the limbs were monitored every 5 days and shown.
Gastrocnemius muscle weight (b) and gastrocnemius muscle protein (c)
(n=8). Data represent the mean±S.D. **P<0.01 or *P<0.05 as
compared with control, ##P<0.01 and #P<0.05 as compared with model

Support Care Cancer (2016) 24:1189–1198 1193



ZBHP induces autophagy in C26 model

Autophagy is essential for cellular survival by clearing dam-
aged proteins and organelles. Previous study suggested that
atrophic muscles suffer from lack of autophagy [19]. Thus,
pharmacological reactivation of autophagy may ameliorate
muscle myopathy. To clarify the activity of autophagy system
in C26-bearing mice, the expression of LC3B and Sirt1 pro-
teins, which were accepted as markers of autophagy, has been
assessed in the gastrocnemius muscle on day 19 after tumor
transplantation, representing the advanced stage of muscle
wasting. As Fig. 6 showed, Sirt1 and LC3B expression was
significantly downregulated in C26-bearing mice, whereas the
expression of LC3B and sirt1 was markedly increased in re-
sponse to ZBHP treatment. These results indicated that ZBHP
treatment could activate the autophagy system in the advanced
stage of cancer cachexia.

Discussion

Muscle atrophy occurs inappropriately in many diseases, for
example during disuse, or systemic diseases such as cancer,
diabetes, and renal failure. The maintenance of skeletal mus-
cle mass is important to ensure the quality of life and even
prolong survival time of patients. Thus, to looking for efficien-
cy and low toxicity of the drug turn out to be the common

goals in contemporary cachexia therapeutic research studies.
The present study demonstrated that ZBHP treatment could
target different pathogenic mechanisms to ameliorate skeletal
muscle atrophy caused by cancer cachexia in a mouse model,
so ZBHP may be an excellent candidate for developing ther-
apeutic strategies for the tumor-induced muscle atrophy.

The C26-bearing mice showed a lethal wasting syndrome
characterized by progressive weight loss and death. In the
present study, weight loss in these tumor-bearing mice began
around day 3 after implant. However, the total weight of un-
treated C26-bearing mice was higher than control and ZBHP
treated after 15 days of tumor inoculation; this was mainly
because the speed of tumor growth was too fast. On day 19
after tumor inoculation, although there was no statistical dif-
ference of the tumor weight between each group (Fig. 1c),
there were significant differences of the tumor-free weight
among each group. The tumor-free body weights of the mice
treated with ZBHP was significantly higher than the model
group. This suggests that ZBHP treatment partially reverses
the weight loss induced by cachexia. Previous study has dem-
onstrated that prevents and reverses skeletal muscle loss could
dramatically prolong survival of the tumor-bearing animals
[36]. As expected, our results showed that ZBHP treatment
significantly prolonged the survival time of C26-bearingmice.
These results indicated that ZBHP treatment dramatically
prolonged survival, even of animals in which tumor growth
was not inhibited.

Fig. 3 Muscle histopathological
analysis of normal, tumor-bearing
mice and treated by ZBHP after
HE staining (n=5). Scale bar at
200 μm. Data represent the mean
±S.D. **P<0.01 as compared
with control, #P<0.05 as
compared with model
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The pathogenetic mechanisms by which cancer medi-
ates skeletal muscle atrophy are complex and only partially
identified, and a number of independent signaling path-
ways and multifactor were involved to initiate and regulate
skeletal muscle atrophy. Initial studies of the C26-bearing
mouse model identified a prominent role of a variety of
cytokines, especially TNF-α, IL-6, and IL-1, and seemed
to be the direct mediators that induce and aggravate muscle
atrophy [2, 5]. These inflammatory cytokines are potent
inducers of the ubiquitin ligase atrogin-1 and MuRF1,
which play a partial role in mediating skeletal muscle atro-
phy in vivo. The results obtained in the present study
showed that ZBHP administration to C26-bearing mice
significantly reduced the levels of TNF-α and IL-6.
Furthermore, FOXO3 transcription factor could activate
the muscle-specific ubiquitin ligase atrogin-1 and MuRF1
and cause marked skeletal muscle atrophy. As expected,
ZBHP treatment downregulated the expression of
FOXO3, atrogin-1, and MuRF1, and the results were

consistent with the reduction of cytokines. Otherwise,
NF-κB is an important element of muscle atrophy during
cancer cachexia. To better delineate the impact of ZBHP on
the ubiquitin-proteasome pathway, further study should fo-
cus on the NF-κB activation.

Several reports suggested that impairment of IGF-1 signal-
ing may result in muscle atrophy by enhancing the muscle-
specific ubiquitin ligases atrogin-1 and MuRF1 [16, 27].
Consistent with the previous findings, our results showed that
IGF-1 levels were significantly downregulated in C26-bearing
mice, and ZBHP treatments increased the levels of IGF-1 and
consequently led to significant reduction of atrogin-1 and
MuRF1 expression. Moreover, the reduction of FOXO activ-
ity indicated activation of the AKT signal [7, 27]. While acti-
vation of the AKT pathway is associated with muscle growth
and protein synthesis, protein degradation mediated by FOXO
is suppressed. Therefore, the phosphorylation levels of Akt are
a good prognostic marker of the muscle protein synthesis. Our
results showed that the levels of Akt phosphorylated form

Fig. 4 The levels of
inflammatory cytokines and IGF-
1 in serum and gastrocnemius
homogenate. The level of TNF-α
and IL-6 in gastrocnemius
homogenate (a, b) and serum (c,
d). The level of IGF-1 in
gastrocnemius homogenate (e)
and serum (f) (n=8). Data
represent the mean±S.D.
**P<0.01 or *P<0.05 as
compared with control,
##P<0.01 and #P<0.05 as
compared with model
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were reduced in the cachexia model compared to normal
mice; consistent with the previous studies, the present
study showed an impairment of the Akt signaling pathway
during the cachexia-induced skeletal muscle atrophy.
Accordingly, western blot analysis demonstrated an in-
crease in Akt activity in the gastrocnemius of the ZBHP-
treated mice. In short, mice treated with ZBHP had signif-
icantly better survival times, stimulated protein synthesis,
and inhibited the protein degradation. Crosstalk and feed-
back loops between the cancer-induced cytokines and IGF-
1/Akt signal pathways may be responsible for these effects.

However, there is a controversial debate, and activation of
IGF-1/Akt signaling could promote protein accumulation
in muscle. It also has the potential to promote tumor
growth. Further study should focus on the balance of reg-
ulation of the drugs.

Autophagy system is emerging as another crucial sys-
tem that controls muscle mass during cancer cachexia [31,
32]. Autophagy is required to allow the cell survival by
clearing of damaged proteins and altered organelles. And
recent data showed that autophagy inhibition induces atro-
phy and myopathy in adult skeletal muscles [20]. Since
autophagy system inhibition has been demonstrated to be
an important stimulator of muscle atrophy, the markers of
autophagy (LC3B and sirt1) were examined. The results
obtained in the present work confirmed the decline of au-
tophagy in the skeletal muscle of C26-bearing mice. The
result was in contrast with a number of reports demonstrat-
ing a negative role of autophagy system in mice cachexia
model; this is mainly because of the different stage of the
disease. The decrease in IGF-1/Akt signaling is accompa-
nied by a paradoxical decrease in autophagy in the ad-
vanced stage of muscle wasting, despite an increase in
FOXO signaling. Therefore, the role of IGF-1/Akt signal
in autophagy regulation, at least in skeletal muscle, is
much less important and does not mediate the negative
effect on the autophagy pathway [22]. Besides, myostatin
and activin are also important to regulate the muscle atro-
phy or hypertrophy [36]. We need a more precise under-
standing of the signaling pathways and its interrelation that
control the muscle atrophy in the further study.

Collectively, the findings in the present study demonstrate
that ZBHP protects against cancer-induced muscle atrophy by
activating IGF-1/Akt and autophagy signal pathways, sug-
gesting one or more mechanisms by which it is the reversal
muscle atrophy effect. ZBHP treatment would be satisfactory
in ameliorating cancer cachectic symptoms. The findings may
be important for the future therapeutics, and this formula
would be an ideal starting point for developing more effective
treatments against cancer cachexia.

Fig. 6 The expression of IGF-1/Akt and autophagy pathway members.
Histograms represent the change in each members normalized to anti-
actin antibodies (n=3). The expression of Akt and activated Akt (a),

Sirt1 (b), LC3B (c), and FOXO (d). Data represent the mean±S.D.
**P<0.01 as compared with control, #P<0.05 as compared with model

Fig. 5 Expression ofMuRF1 and atroghy-1 in gastrocnemiusmuscles of
control and tumor-bearing mice. a The mRNA levels of MuRF1 and
atroghy-1 were analyzed by RT-PCR. b The expression levels were
semiquantified by densitometric measurements, normalized with β-
actin internal control (n=3). Data represent the mean±S.D. **P<0.01
as compared with control, #P<0.05 as compared with model
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