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Salidroside alleviates cachexia symptoms in mouse
models of cancer cachexia via activating mTOR signalling
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Abstract

Background Cachexia has a devastating impact on survival and quality of life for many cancer patients and contributes to nearly
one-third of all cancer deaths; also, it is associated with poor responses to chemotherapy and survival. A better understanding of
the underlying mechanisms of cancer-associated cachexia (CAC), coupled with effective therapeutic approaches, will improve
management of progressive functional impairment in cancer patients. Salidroside, a phenylpropanoid glycoside in Rhodiola rosea
L, has been reported to possess potential anti-fatigue, anti-ageing, and anti-Alzheimer’s disease properties. It is widely consumed
as a nutritional supplement, but its effects on CAC and the possible mechanism remain a mystery.

Methods In the murine models of cachexia induced by CT-26 and Lewis lung carcinoma (LLC) tumour, respectively, main fea-
tures of CAC were determined after treatment of salidroside or chemotherapy. In vitro experiments were performed using mu-
rine C,C,, myotubes, which were treated by tumour necrosis factor-a. Levels of several critical muscle-related signal proteins
such as mammalian target of rapamycin (mTOR), p-mTOR, and myosin heavy chain (MyHC) were examined using western blot
both in vitro and in vivo.

Results In the present study, we showed the exciting effect of salidroside on the treatment of CAC. In CT-26 and LLC
models, respectively, salidroside treatment could effectively preserve the tumour-free body weight, decrease loss of ad-
ipose and gastrocnemius muscles, alleviate tumour burden, and prolong their survival time. Additionally, in combined
chemotherapy, salidroside could synergistically enhance the anti-tumour activity of cisplatin, especially decreased or
eliminated chemotherapy-induced cachexia. Further analysis demonstrated that salidroside could significantly increase
expression of mTOR, p-mTOR, and MyHC in gastrocnemius muscle. Also, results in vitro showed that salidroside could
not only obviously increase mTOR, p-mTOR, and MyHC expression in C,C;, myotubes but also effectively rescue their
down-regulation induced by tumour necrosis factor-a.

Conclusions In the current study, the exciting effect of salidroside on CAC suggested that salidroside supplementation might
be a promising approach for a multi-targeted therapy for the treatment of CAC.
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Introduction skeletal muscle wasting but also is associated with poor re-

sponses to chemotherapy and survival.'™ In 2014, current
Cachexia is a multi-factorial wasting syndrome that not only statistics showed that a total of 1665540 new cancer cases
has a dramatic impact on patient quality of life through and 585720 deaths from cancer are projected to occur in

© 2016 The Authors. Journal of Cachexia, Sarcopenia and Muscle published by John Wiley & Sons Ltd on behalf of the Society of Sarcopenia, Cachexia and Wasting Disorders
This is an open access article under the terms of the Creative Commons Attribution-NoDerivs License, which permits use and distribution in any medium, provided the
original work is properly cited and no modifications or adaptations are made.


http://creativecommons.org/licenses/by-nd/4.0/

Salidroside alleviates cachexia symptoms in mouse models of cancer cachexia

225

the USA.? However, up to 80% of cancer patients suffer from
cachexia, resulting in weight loss, a reduced quality of life,
and a shortened survival time. And cachexia contributes to
nearly one-third of all cancer deaths.*> Most commonly, it
is characterized by a significant reduction in body weight
resulting predominantly from loss of adipose tissue and
skeletal muscle, and in a formal consensus process, cancer-
associated cachexia (CAC) was defined as a multi-factorial syn-
drome defined by an ongoing loss of skeletal muscle mass
(with or without loss of fat mass).®™° Although appetite stim-
ulants or nutritional support could help reverse the loss of fat,
the reversal of muscle mass wasting is more difficult and
remains a challenge in CAC patient care.**? A better under-
standing of the underlying mechanisms, coupled with effec-
tive treatment options, will improve management of wasting
in cancer patients.™® Recently, growing evidence has shown
that natural products, especially plant products, display che-
mopreventive effects and play key roles in prevention and
treatment of disease.’® And attention has been directed to-
wards natural products found in certain herbs as treatment
of CAC.®>™* salidroside, one of the major phenylpropanoid
glycosides found in Rhodiola rosea L, is consumed almost daily
in many fields worldwide, especially in cosmetics and food ad-
ditives. Previous studies showed that salidroside has been
identified possessing potential anti-fatigue and anoxia,*®
anti-ageing,®® and anti-Alzheimer’s disease properties.?%?!
Here, we showed the exciting effect of salidroside on CAC
and its possible mechanism both in vitro and in vivo.

Results

Anti-cachexia efficacy of salidroside in CT-26 or LLC
model

In 2011, a panel of experts participated in a formal consensus
process to develop a framework for the definition and classi-
fication of CAC. Finally, in the international consensus, CAC
was defined as a multi-factorial syndrome characterized by
an ongoing loss of body weight and skeletal muscle mass (with
or without loss of fat mass).® Here, to assess the anti-cachexia
potential of salidroside, we used two different cachexia
models in mice induced by CT-26 and LLC tumour, respec-
tively. As shown in Figures 1 and 2, two models of CAC were
established, respectively, which were characterized by obvi-
ous decreases of total body weight, tumour-free body weight
and food intake, and significant loss of gastrocnemius muscle
and fat mass compared with the negative group. Excitingly,
salidroside could distinctly improve chief features of CAC in
a dose-dependent manner. First, in CT-26 CAC model, com-
pared with the control group, although the salidroside-treated
groups just showed a certain degree of anti-tumour effect, the
mean tumour volume was diminished by approximately 50%

even at dose of 120 mg/kg (Figure 1B), and the difference in
total body weight was also not significant (Figure 1C);
salidroside could significantly preserve fat mass (Figure 1A)
and increase the tumour-free body weight (Figure 1D), espe-
cially the mass of gastrocnemius muscles (Figure 1E) in a
dose-dependent manner, which implied that salidroside could
distinctly improve main features of CAC in mice. Additionally,
compared with the control group, salidroside-treated groups
showed obvious improvement of food intakes, as shown in
Figure 1F; on 16th day, clear differences were found between
salidroside-treated groups and the control group, and finally,
food intakes of salidroside-treated groups tend to be much
more than the control group. Furthermore, general lifetime
measurements were performed, and results showed that
salidroside could significantly extend their survival time
(Figure 1G). These results showed that salidroside had an ef-
fective anti-cachexia activity in CT-26 CAC model. Second, in
LLC CAC model, consistent with the data above, the similar
results were obtained (Figure 2A—G). Taken together, these
results indicated that salidroside had an effective anti-
cachexia activity in CAC models in vivo, including increasing
quality of life and prolonging survival time.

Anti-cachexia efficacy of salidroside in combined
chemotherapy

To further investigate the anti-cachexia effect of salidroside
in vivo, combined chemotherapy was performed in the
models of cachexia induced by CT-26 and LLC tumour, respec-
tively. As shown in Figure 3, in CT-26 CAC model, salidroside
could not only still exert significant and stable anti-cachexia
effects like above but also assist to enhance anti-tumour
activity of cisplatin (DDP). Here, although not statistically
significant, to a certain degree, we observed that tumour-free
body weight and gastrocnemius muscle weight tended to
be lower in DDP-treated groups than the control group
(Figure 3D, E), implying that DDP might induce some degree
of cachexia to mice at the concentrations employed in this
study. Notably, different from the anti-cachexia activity of
salidroside, when DDP significantly inhibited the growth of
tumour (Figure 3B), it resulted in obviously loss of total body
weight (Figure 3C) and fat mass (Figure 3A) as compared with
the control group, both of them were consistent with main
features of CAC. Excitingly, compared with the DDP group
or salidroside group, the combined therapy group showed
much better effects on cachexia, suggesting that salidroside
could not only significantly enhance anti-tumour activity of
DDP (Figure 3B) but also obviously alleviate DDP-induced
cachexia, including preservation of total body weight (Figure 3C),
tumour-free body weight (Figure 3C, D), adipose and gastrocne-
mius muscle mass (Figure 3A, E), and assist DDP to prolong
survival time of mice (Figure 3F). Additionally, pathologic analysis
showed that salidroside could significantly ameliorate or eliminate
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Figure 1 Therapeutic efficacy of salidroside in the model of cachexia induced by CT-26. Cachexia was induced in BABL/c mice by subcutaneous in-
jection of CT-26 cells, which were characterized by obvious decreases of body weight and food intake and significant loss of gastrocnemius muscle
and fat mass compared with the negative control. Tumour-bearing mice were treated with NS, salidroside (60 mg/kg/day), and salidroside (120 mg/
kg/day), respectively. Effects of salidroside on the main features of cachexia were examined, including (B) tumour growth, (C) body weight, (D) tu-
mour-free body weight, (E) gastrocnemius muscle, (A) fat mass (bottom, epididymal WAT; top panel, gonadal WAT), (F) food intake, and (G) sur-
vival. Data were presented as mean £ SEM (*P < 0.05, **P < 0.01, ***P < 0.001). WAT, white adipose tissue. Negative, the healthy BABL/c mice.
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the DDP-induced nephrotoxicity, suggesting that it had a good ca-
pability of reducing side effects in tumour chemotherapy in vivo
(Supporting Information Figure 1). Furthermore, in LLC CAC
model, consistent with data in CT26 CAC model, the similar results
were also obtained (Figure 4A-F, Supporting Information Figure 1).
Collectively, the results above showed that the combined therapy
was proved more effective, which prolonged survival and im-
proved quality of life in CAC models compared with other groups,
demonstrating the ability of salidroside to assist DDP to exert
more effective anti-cachexia activity in vivo.

Up-regulation of mTOR, p-mTOR, and MyHC
expression induced by salidroside in gastrocnemius
muscle

All these data above suggested that salidroside could effec-
tively improve CAC in vivo. To further investigate the possible
anti-cachexia mechanism of salidroside, the levels of several
critical muscle-related signal proteins such as mammalian tar-
get of rapamycin (mTOR), p-mTOR, and myosin heavy chain
(MyHC) in gastrocnemius muscle were determined by western
blot. Previous studies have indentified that loss of mTOR in

skeletal muscle could result in a severe myopathy, thereby fur-
ther extending the list of disorders related to mTOR dysfunc-
tion.2%2® Here, as shown in Figure 5C, D, our result showed
that salidroside could significantly increase expressions of
mTOR, p-mTOR, and MyHC in gastrocnemius muscle compared
with the control group, suggesting that it is possible that
salidroside could improve CAC via increasing mTOR, p-mTOR,
and MyHC expression and thereby improving muscle nutrition.

Effect of salidroside on mTOR, p-mTOR, and MyHC
expression in C,C;, myotubes

To further determine the effect of salidroside in vitro, firstly,
proliferation of C,C;, myoblast cells treated by salidroside
was examined using CCK-8 assay. Although not statistically sig-
nificant, to a certain degree, we observed salidroside promoted
proliferation of C,C;, myoblast cells, and the OD values deter-
mined by the CCK-8 tended to be higher in salidroside-treated
groups than the control group (data not shown), implying that
there was no evidence for toxicity of salidroside to myoblast
cells at any of the concentrations employed in this study. Addi-
tionally, the C,C,, murine myoblast cells were induced by 2%
horse serum to differentiate into myotubes, and as illustrated
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Figure 2 Therapeutic efficacy of salidroside in the model of cachexia induced by LLC. Like CT-26 model above, effects of salidroside on the main
features of cachexia were examined, including (B) tumour growth, (C) body weight, (D) tumour-free body weight, (E) gastrocnemius muscle, (A)
fat mass (bottom, epididymal WAT; top, gonadal WAT), (F) food intake, and (G) survival. Data were presented as mean*SEM (*P < 0.05,
**p < 0.01, ***P < 0.001). WAT, white adipose tissue. Negative, the healthy C57BL/6 mice.
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in Figure 5A, results showed that salidroside could significantly
raise levels of mTOR, p-mTOR, and MyHC in murine myotubes.

Effect of salidroside on mTOR, p-mTOR, and MyHC
expression in C,C;, myotubes in the presence of
TNF-a

Additionally, to further verify the effects above, in a model of
muscle atrophy in vitro that has been proved valid by Helen L.
EIey24 and Kamran A. Mirza,'® as illustrated in Figure 5B, our
results showed that levels of mTOR, p-mTOR, and MyHC were
significantly decreased in myotubes treated with tumour ne-
crosis factor-a (TNF-a) (50 ng/mL) for 6 h, and of note, all of
which were also effectively rescued by salidroside treatment
for 24 h, suggesting that it is possible that salidroside could
improve muscle nutrition via increasing mTOR, p-mTOR, and
MyHC expression.

Discussion

Cachexia (Greek for ‘bad condition’) is a devastating syn-
drome most common in patients with cancer, which has a
dramatic impact on patient quality of life and survival.>>?®

The most important features of cachexia are a significant
reduction in body weight and loss of skeletal muscle mass
(with or without loss of fat mass),>>* implying a tumour-
associated metabolic condition that specifically targets
muscle.?>?”?® Because weight loss shortens the survival time
of CAC patients and reduces performance status, effective
therapy would prolong patients survival and improve quality
of life.* In recent years, attention has been directed towards
natural products found in certain herbs as treatment of CAC.
Salidroside, one of the major phenylpropanoid glycosides
found in R. rosea L, is consumed almost daily as a nutritional
supplement in many countries and has been identified
possessing potential anti-fatigue and anoxia,*® anti-aging,*®
and anti-Alzheimer’s disease activities.?>** To investigate
the anti-cachexia effect of salidroside and its possible mech-
anism, in the present study, experiments both in vitro and
in vivo were performed, and results have showed that
salidroside treatment could effectively improve major charac-
teristics of CAC. In general, in two CAC models, results indi-
cated that salidroside preserved the tumour-free body
weight, improved the mass of gastrocnemius muscles and
food intake, decreased loss of adipose, and importantly, ex-
tended their survival time. However, salidroside just showed
some degree of anti-tumour effect even at dose of
120 mg/kg, suggesting that salidroside-exerted anti-cachexia
effect did not seem to be solely decreasing tumour size but
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Figure 3 Anti-cachexia efficacy of salidroside in the combined chemotherapy in CT-26 models. Here, cachexia model induced by CT-26 was
established again, and further study of combined chemotherapy was performed to focus evaluations of anti-cachexia efficacy of salidroside. Tu-
mour-bearing mice were treated with NS, DDP (3 mg/kg/4 days), salidroside (120 mg/kg/day), and combination of salidroside (120 mg/kg/day)
and single dose of DDP (3 mg/kg/4 days), respectively. Effects of salidroside on the main features of cachexia were examined, including (B) tumour
growth, (C) body weight, (D) tumour-free body weight, (E) gastrocnemius muscle, (A) fat mass (bottom, epididymal WAT; top panel, gonadal WAT),
and (F) survival. Results are expressed as mean = SEM (*P < 0.05, **P < 0.01, ***P < 0.001). WAT, white adipose tissue; NS, the control group; DDP,

cisplatin.
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might be nutritional supplementation on muscle. Besides,
some of the findings have been noteworthy; in combined
therapy, salidroside displayed exciting effects, and it could
synergistically enhance the anti-tumour activity of DDP, espe-
cially decrease or eliminate DDP-induced cachexia, like im-
proving tumour-free body weight and loss of adipose and
gastrocnemius muscle mass and prolonging survival time.
Notably, although DDP is used extensively for the treatment
of a variety of solid tumours,? clinical data showed many
substantial short-term and long-term side effects, which
affected the quality of life in cancer patients, and these
chemotherapy-induced toxicities need to be recognized,

prevented, and optimally managed. In recent years, many re-
searchers or institutions appeal for paying more attention to
quality of life in cancer patients than just killing cancer it-
self.3° Here, our data also indicated that DDP-induced ca-
chexia, including loss of body weight, tumour-free body
weight, fat and gastrocnemius muscle mass, and the com-
bined therapy, was proved more effective, which prolonged
survival and improved quality of life compared with other
groups in CAC models; additionally, pathologic analysis
showed that salidroside could significantly ameliorate or
eliminate the DDP-induced nephrotoxicity. All of which
displayed the ability of salidroside to assist DDP to exert more
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Figure 4 Anti-cachexia efficacy of salidroside in the combined chemotherapy in LLC models. Like CT-26 model in combined chemotherapy above,
here, LLC models were established again, and the combined chemotherapeutic efficacy of salidroside and DDP was examined with focusing eval-
uations of anti-cachexia efficacy of salidroside. Groups were designed like the combined chemotherapy in CT-26 models. Anti-cachexia efficacy of
salidroside was determined, including (B) tumour growth, (C) body weight, (D) tumour-free body weight,(E) gastrocnemius muscle, (A) fat mass
(bottom, epididymal WAT; top, gonadal WAT), and (F) survival. Results are expressed as mean+SEM (*P < 0.05, **P < 0.01, ***P < 0.001).

WAT, white adipose tissue; NS, the control group; DDP, cisplatin.
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effective anti-cachexia activity in vivo, suggesting that
salidroside might be clinically efficacious as promising addi-
tions to therapeutic strategies for CAC patients.

Given that muscle structure, mass, and composition are
critical for motility, whole body metabolism, and viability,
and in CAC, muscle atrophy commonly occurs, and its loss
could result in weakness and inability to carry out normal ac-
tivities, and even death due to multiple organ failure.?® Defi-
nition of CAC also underscores that loss of skeletal muscle
mass is the most important element of its major characteris-
tics.® Hence, drugs targeting skeletal muscle-related pathway
hold promise in treating CAC. As a conserved Ser/Thr kinase,
mTOR is a central regulator of cell growth by integrating sig-
nals from nutrients, growth factors, and energy status, and

Valérie Risson et al. have demonstrated that the loss of
mTOR in skeletal muscle could result in a severe myopathy,
thereby further extending the list of disorders related to
mTOR dysfunction.?? To deeply explore the anti-cachexia
mechanism of salidroside, the levels of several critical
muscle-related signal proteins such as mTOR, p-mTOR, and
MyHC were determined in gastrocnemius muscle in two
CAC models. On the one hand, in the models of cachexia in-
duced by CT-26 and LLC tumour, respectively, our findings
indicated that levels of mTOR, p-mTOR, and MyHC were sig-
nificantly decreased in gastrocnemius muscle while effec-
tively rescued by salidroside treatment, suggesting that
down-regulation of mTOR and p-mTOR expression might con-
tribute to these disorders, consistent with the previous
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Figure 5 The possible anti-cachexia mechanism of salidroside. Levels of several critical muscle-related signal proteins including mTOR, p-mTOR, and
MyHC in gastrocnemius muscle and C,C,, myotubes were determined by western blot. (A) Effect of salidroside on mTOR, p-mTOR, and MyHC ex-
pression in C,C;, myotubes, which were treated by salidroside at different concentrations (10, 20, and 40 pg/mL) without serum for 24 h. (B) C,C;,
myotubes were stimulated with TNF-a (50 ng/mL) for 6 h and then treated by salidroside at different concentrations (10, 20, and 40 ng/mL) for 24 h,
and then mTOR, p-mTOR, and MyHC expressions were determined by western blot. (C, D) Up-regulation of mTOR, p-mTOR, and MyHC expression
induced by salidroside in gastrocnemius muscle in the model of cachexia induced by CT-26 and LLC as compared with the control group, respec-
tively. Pairs of total protein were normalized by B-actin. Correspondingly, quantification of western blot analysis images was performed using Im-
age J software (NIH, Bethesda, MD, USA) from three or more independent experiments and was presented in graphical form (*P < 0.05). Statistics
were carried out with a two-tailed Student’s t-test. Ctrl, the control group; DDP, cisplatin; mTOR, mammalian target of rapamycin; MyHC, myosin

heavy chain; TNF-a, tumour necrosis factor-a.
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studies that have indentified that mTOR inhibition could
cause decreases in body weight, food intake, and fat mass
in the rodent models.3 On the other hand, although not
statistically significant, to a certain degree, we observed that
salidroside promoted proliferation of C,C;, myoblast cells
in vitro (data not shown), implying that there was no evidence
for toxicity of salidroside to myoblast cells at any of the
concentrations employed in this study. Correspondingly,
we found that salidroside could significantly raise mTOR,
p-mTOR, and MyHC levels in C,C;, murine myotubes. Addi-
tionally, in the further experiments, in a model of muscle atro-
phy in vitro that has been proved valid by Helen L. Eley*® and
Kamran A. Mirza,® our results also showed that salidroside
could effectively rescue the significantly decreased levels of
mTOR, p-mTOR, and MyHC in myotubes induced by TNF-a
(50 ng/mL), implying that it is possible that salidroside could
improve muscle nutrition via increasing mTOR, p-mTOR, and
MyHC expression.

Collectively, our study revealed the exciting effect of
salidroside for the treatment of CAC, and the improvement

of CAC by salidroside might contribute to its ability to up-
regulate mTOR, p-mTOR, and MyHC expression; it is possible
that salidroside proves clinically efficacious as valuable
additions to multi-targeted therapeutic strategies for CAC
patients.

Materials and methods
Reagents and antibodies

The primary antibodies against mTOR, p-mTOR, and B-actin
were acquired from Cell Signaling Technology (Beverly, MA)
and antibodies against MyHC from Abcam (Cambridge,
USA). Anti-mouse and anti-rabbit 1gG antibodies conjugated
with horseradish peroxidase were purchased from Zhongshan
Biological (Beijing, China). Salidroside (purity > 98%) provided
by Chengdu Must Bio-technology Co. Ltd (China) was
prepared in medium (serum free) at a concentration of
3 mg/mL until use.
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Cell lines and culture

The murine colon tumour cell line CT-26 and murine Lewis
lung carcinoma cell line LLC were obtained from the American
Type Culture Collection (ATCC, Manassas, VA), and C,Ci»
myoblast cell line was from The Cell Bank of Type Culture
Collection of Chinese Academy of Sciences. Cells were cultured
in either Dulbecco’s modified Eagle’s minimal essential
medium or RPMI-1640 (Gibco, USA) supplemented with 10%
foetal bovine serum (Biowest, France), 100 units/mL penicillin,
and 100 units/mL streptomycin at 37 °C, in a humidified atmo-
sphere containing 5% CO,. To generate C,C;, myotubes, con-
fluent cultures of C,C;, cells were grown in Dulbecco’s
modified Eagle’s minimal essential medium with 2% horse
serum for 6—8 days, with medium changes every 2 days, and
the myotubes remained viable for a further 2-3days. We
found that C,C;, myotubes generated from early passage
(<10 passages after purchase) C,C;, myoblast cells yielded
most consistent results.

Western blotting

Muscle tissues from animals were ground in liquid nitrogen,
and then proteins were extracted using M-PER ®Mammalian
Protein Extraction Reagent (Pierce, Thermo), following the
manufacturer’s instructions and quantified by the Nanno
Drop 2000/2000c (Thermo). Samples were separated by 8%
or 10% sodium dodecyl sulfate polyacrylamide gel electro-
phoresis, transferred to polyvinylidene fluoride membranes
(Millipore), and the membrane was blocked in 5% BSA at
37°C for 2h and subsequently probed by the following pri-
mary antibodies: anti-MyHC (diluted 1:1000; Abcam) and
anti-mTOR/p-mTOR (diluted 1:2000; Cell Signalling Technology).
Blots were incubated with the respective primary antibodies
overnight at 4°C. After washing three times in Tris-buffered
saline with Tween 20, the blots were incubated with secondary
antibody (diluted 1:10000; Zhongshan Biological) conjugated
to horseradish peroxidase for 2 h at 37 °C. Finally, blots were
visualized by enhanced chemiluminescence reagents
(Amersham Biosciences). B-Actin was used as an internal
control.

Animal studies

All animal care and experimental procedures were approved
by the Institutional Animal Care and Treatment Committee
of Sichuan University. Four to five weeks old healthy female
BABL/c and C57BL/6 mice were purchased from the Institute
of Laboratory Animal Sciences, CAMS&PUMC (Beijing, China).
The animals were maintained in conditions of constant
temperature and humidity with a regular light:dark cycle
(light on from 08:00 a.m. to 08:00 p.m.). BABL/c mice were

inoculated with CT-26 cells (1.0 x 10%/100 pL), while C57BL/6
mice with LLC cells (7x10°/100 uL), both of them were
injected s.c. into the right flank. Nine days after inoculation,
tumours were palpable (about 5mm in diameter) in BABL/c
and C57BL/6 mice, respectively. Tumour-bearing mice were
randomly divided into three groups (n=9 per group). In a
separate survival experiment with BABL/c and C57BL/6 mice
(n=10 mice per group), survival time of mice was observed
to evaluate the life-prolonging effect. Treatments were given
i.p. with the control group, salidroside (60 mg/kg/day), and
salidroside (120 mg/kg/day) for 25days in BABL/c tumour
model, while for 20 days in C57BL/6 model. Tumour volumes
were calculated using the formula: tumour volume (mm?3)
=0.52 x length x width? in which length and perpendicular
width were measured by a vernier calliper. The body weights
of the mice were measured every 5-day post-tumour implan-
tation, and food intake was measured daily. In the end, mice
were sacrificed, both tumours and gastrocnemius muscles
were removed, weighed, and quickly frozen in liquid nitrogen
for subsequent analysis. Tissues of kidney from mice of each
group were fixed in 4% polyformaldehyde, paraffin
embedded, then 4-um-thick sections were stained with
haematoxylin/eosin, and histopathological changes were
evaluated. Also, gonadal and epididymal adipose tissue was
also determined by visual inspection.

Combined chemotherapy

CT-26 and LLC models were established again to have further
studies of the combined chemotherapeutic efficacy of
salidroside and DDP. For this reason, we still focused the eval-
uations of anti-cachexia efficacy of salidroside. Tumours were
generated according to the method previously described by
CT-26 and LLC tumour models. The different thing was that
four experimental arms were studied: (i) animals receiving
control group only (control); (ii) animals receiving sali-
droside (120 mg/kg/day) alone; (iii) animals receiving a
single DDP alone (3 mg/kg/4 days); and (iv) animals receiving
a combination of salidroside (120 mg/kg/day) and single
dose of DDP (3 mg/kg/4 days). The groups consisted of nine
mice each; different from salidroside, DDP was given i.p. for
25 or 20days (3 mg/kg/4days), respectively. Finally, the
same measurements above were performed. Also, in a
separate survival experiment with BABL/c and C57BL/6
mice, survival time of mice was observed to evaluate the
life-prolonging effect.

Statistical analysis
All values were reported as means +SEM. Statistical analysis

was performed using GraphPad Prism 6 software. Normal dis-
tribution and homogeneity of variances were performed
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using Shapiro—Wilk test and Levene’s test in SPSS Statistics,
respectively. Comparisons between values from two
groups were performed using Student’s t-tests and multi-
ple groups by analysis of variance. Significance level was
set at P < 0.05.
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