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Salidroside is a active constituent of traditional herbal medicine Rhodiola rosea, responsible for the 
neuroprotective, antidepressant, anxiolytic and anti-tumor actions. However, the mechanism of its 
anticancer effect is unclear as there have little molecular studies regarding cell migration, invasion, cell 
cycle, induction of apoptosis in healthy and cancerous cells. Hypoxia-inducible factor-1α (HIF-α) plays 
an important role in tumor growth, angiogenesis and lymph node metastasis of non-small cell lung 
cancer (NSCLC). Thus, the present study aims to investigate changes from hypoxia-inducible factor-1α 
(HIF-α) of NSCLC A549 cell after using salidroside treatment by quantitative polymerase chain reaction 
(QPCR) and western-bolt on mRNA level and protein level, respectively. The results demonstrated that 
HIF-α was significantly down-regulated in salidroside treatment group in comparison to the A549 group 
on mRNA level (P < 0.05), on protein level, HIF-α was also highly decreased in salidroside treatment 
group in comparison to control group. The present study provides improvement in understanding the 
molecular pathogenic mechanism of lung cancer and development salidroside as effective anticancer 
drugs. 
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INTRODUCTION 
 
The genus Rhodiola is an herb species that is widely 
distributed at high altitudes regions in Asia and Eastern 
Europe known as traditional medicine (Guan et al., 2012). 
It is believed to possess numerous physical and mental 
adaptogenic benefits, such as antiradiation (Goel et al., 
2006), antioxidant (Schriner et al., 2009; Zhang et al., 
2007), antifatigue and adaptogenic (Perfumi and Mattioli, 
2007; Spasov et al., 2000), and antiinflammation (Pooja 
et al., 2009). In addition, few reports on the anticancer 
effect of Rhodiola extracts have been reported (Kormosh 
et al., 2006; Ming et al., 2005; Udintsev and Shakhov 
1991). Salidroside(p-hydroxyphenethyl-β-D-glucoside, 
C14H20O7) a phenylpropanoid glycoside extracted from 
Rhodiola rosea and regarded as the most important 
bioactive  component  (Li  et  al.,  2007).  Salidroside  has 
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been reported to have various pharmacological 
properties including anti-aging, hepatoprotective, 
antivirus, antioxidative effect, and anticancer (Yu et al., 
2008; Perfumi et al., 2007; Skopińska-Rózewska et al., 
2008). A recent study showed that Salidroside inhibit the 
growth of different human lung cancer cell lines( Xiaohua 
et al., 2010), however, the detail molecular detail 
mechanisms of its anticancer was unclear due to absent 
available reports in this field. 

Hypoxia is a characteristic of all solid tumors. Under 
hypoxic conditions, tumor cells are deprived of oxygen 
due to a limited blood supply resulting from the abnormal 
tumor microvasculature (Zheng et al., 2012). Hypoxia-
inducible factor-1α (HIF-1α) is a transcription factor that 
regulates the pathways involved in tumor cell survival, 
proliferation, angiogenesis, invasion and metastasis, 
thus, the inhibition of HIF-1α has been suggested to be a 
promising therapeutic strategy for human lung cancer, 
therefore, considering the importance of  overcoming  the  



 
 
 
 
therapeutic resistance of lung cancer and the possible 
role of HIF-1α in treatment failure, we investigated 
whether salidroside could modulate the HIF-1α 
expression in the NSCLC cell line. 
 
 
MATERIALS AND METHODS 
 
Salidroside (purity 99%) was brought from National Institute for the 
Control of Pharmaceutical and Biological Products (Beijing, China). 
Salidroside was purified by high performance liquid 
chromatography (HPLC) and then dissolved in 0.9% normal sodium 
(NS) and stored at 4°C.Tris–HCl, EDTA, SDS, phenylmethylsulfonyl 
fluoride (PMSF), bovine serum albumin (BSA), leupeptin, nonidet p-
40, deoxycholic acid, sodium orthovanadate, aprotinin and 
polyclonal antibody against β-actin were purchased from the 
Sigma-Aldrich Chemical Co. (Sigma, USA). 

Protein assay kits were obtained from Bio-Rad Labs. (Hercules, 
USA). Dulbecco's Modified Eagle Medium (DMEM), fetal-bovine 
serum were obtained from Gibco-Life Technologies. HIF-1α 
polyclonal antibodies were purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA). Anti-mouse secondary 
antibodies were purchased from QIANGEN Life Science Products, 
Inc. (Germany). 
 
 
Cell culture and drug treatments 
 
Human NSCLC A549 cell was obtained from ATCC (Manassas, 
USA) and were cultured in growth media prepared according to 
ATCC recommendations and supplemented with 10% FBS, 2 mM 
glutamine and 100 U/ml penicillin–streptomycin mixed antibiotics. 
A549 cell was maintained at 37°C in a humidified atmosphere of 
5% CO2. The concentration of 18.0 µg/ml will get a good result on 
the pharmacological action of salidroside according to the former 
researches (Xiaohua et al., 2010). 
 
 
Cell viability assay 
 
Viability of A549 cells was determined by MTT assay after treatment 
of salidroside cells were seeded into sterile 96-well plates at a 
density of 1×104cells/well and allowed to adhere. Then cells were 
treated with the appropriate salidroside solution in the concentration 
of 18 μg/ml for 48 h. The cell proliferation KitI (3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide; MTT) from 
Roche (Switzerland) was used to measure cell viability. In brief, 10 
μl of the labeling solution was added into each well of the 96-well 
plates. After 2 h incubation in the CO2 incubator, 100 μl of the 
solubilization solution was added to dissolve purple crystals, which 
are the products of MTT substrates. The absorbance was 
measured at 570 nm on a plate reader (Perkin Elmer, German). The 
cell viability was expressed as:  
 
Cell viability = Optical Density (OD) of drug treated samples/OD of 
control sample × 100. 
 
 
Real-time quantitative RT-PCR 
 
Total RNA was isolated from cells with a TRzol (Invitrigen, USA) as 
described in the online supplement. The mRNA levels were 
analyzed by real-time quantitative RT-PCR using a Bio-Rad Cycler 
system (Bio-Rad,USA). mRNAs were reverse-transcribed into 
cDNAs by Superscript II reverse transcriptase (Invitrogen, USA) 
according to the manufacturer’s directions. 

In short, the specificity of primers was tested by running a regular  
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polymerase chain reaction (PCR) at 42°C for 60 min and 65°C for 
15 min  followed  by electrophoresis on an agarose gel. Real-time 
PCR was performed using a SYBR supermix kit (Bio-Rad) and run 
for 40 cycles at 95°C for 10 s and 55°C for 15 s, and extension at 
72°C for 20 s.  

Each 2 μl PCR mixture contained cDNA template, 
SYBRsupermix kit, and 0.5 μM of each gene-specific primer. 
Specific primers were designed using Beacon Designer 2.0 
software. The sequences of specific primers for gene are as 
follows: 5′-CTGACCCTGCACTCAATCAA-3′ (HIF-1α forward) and 
5′-CTTTGCTTCTGTGTCTTCAGC-3′ (HIF-1α reverse), 245 bp. The 
sequences for the house keeping gene, GAPDH, are as follows: 5′-
CGGAGTCAACGGA-TTTGGTCGTAT-3′ (GAPDH forward) and 5′- 
AGCCTTCTCCATGGTTGGTGAAGAC-3′ (GAPDH reverse), 306 
bp. PCR efficiency was examined by serial dilution of the cDNA, 
and PCR specificity was checked by melting curve data. Each 
cDNA sample was triplicated and the corresponding no-RT mRNA 
sample was included as a negative control. The primers of GAPDH 
were included in every plate to avoid sample variations. The mRNA 
level of each sample for each gene was normalized to that of 
GAPDH mRNA. 
 
 
Western blot analysis 
 
A549 cells were treated with salidroside at the concentration of 20.0 
µg/ml for 36 h and then harvested together with the control groups. 
Bradford protein assay method was used to determine the protein 
concentrations. Total protein extracted (20 µg) was boiled at 100°C 
with loading buffer for 5 min, and then subjected to 12.5% SDS-
PAGE. After electrophoresis, gels were briefly equilibrated in 
transfer buffer then transfered onto nitrocellullose membranes. 
Transfer was performed at 70 V 2 h at 4°C. After blocking in 5% 
Nonfat milk for 1 h, membranes were incubated overnight at 4°C 
with primary antibody (Santa Cruz, CA, USA) in 0.5% blocking 
solution.  

After washing with PBS, the membranes were incubated with 
secondary antibody (Qiangen, Germany) for 1 h at room 
temperature, washed again with PBS, took photos with film 
exposures for analysis. The purities of cytosolic fraction were 
confirmed by Western blotting using anti-β-actin antibody as a 
loading control. Protein levels were quantitated by densitometry 
using Alphalmager Series 2200 software. 
 
 

Statistical analysis 
 

The statistical package SPSS 11.5 (SPSS Incorporated, Chicago) 
was used for all analysis. Student’s t test was used to determine the 
significance of differences among the groups. All values were 
expressed as mean ± SD. In general, p values less than 0.05 were 
considered statistically significant. 

 
 
RESULTS 
 

Salidroside inhibits cell proliferation in A549 cell 
 

A549 cancer cells was treated with concentration of 18 
μg/ml salidroside for 48 h. Cell viability was determined 
by MTT assay. As shown in Figure 1, the percentages of 
cell survival were reduced gradually with increase in the 
salidroside treatment time extends (p<0.05) compared to 
control cells (without salidroside), which indicate that 
salidroside inhibits the proliferations of A549 cancer cells 
in time-dependent manners. 
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Figure 1. Growth inhibition action of salidroside on A549 human cancer cell lines.  After cells were 
treated with 18 μg/ml salidroside for 0, 24, 48, and 72 h, cell viability was measured by MTT assay, 
different mark represent the significant difference at p<0.05. 

 
 
 

 
 

Figure 2. The protein expression of HIF-α in A549 cancer cell after salidroside treatment for 48 h. 
(A) The expression of HIF-α in A549 cell by western bolt; (B) The integrated density value of HIF-α 
mRNA in A549 cell, different letter represent the significant difference at p<0.05.  

 
 
 
Effects of salidroside on mRNA expressions of HIF-
1α in A549 cells 
 
In order to detect the mRNA expression of HIF-α in A549 
cancer cell after salidroside treatment, real-time 
quantitative RT-PCR was performed. As shown in Table 
1, HIF-α mRNA levels was significantly decreased after 
salidroside treatment compared to control group (p<0.05), 
which showed that salidroside treatment could down-
regulate HIF-α mRNA expression in A549 cancer cell. 

Effects of salidroside on protein expressions of HIF-
1α in A549 cells 
 
Western-bolt were performed to detect HIF-α protein 
expression after salidroside treatment in A549 cancer 
cell. As shown in Figure 2, HIF-α protein levels was 
significantly down-regulate after salidroside treatment 
compared to control group (p<0.05), which was comply 
with the result salidroside treatment can decrease HIF-α 
mRNA expression in A549 cancer cell. 

 
 
 
 

 
 
 
 
 

Hour 

0                         24                   48                     72 



 
 
 
 

Table 1. The mRNA expression of HIF-α in 
A549 cancer cell after salidroside treatment 
for 48h by qPCR, different letter represent 
the significant difference at p<0.05.  
 

Group x  
± s(copy/μg RNA) 

Control   48523.24
 
± 18354.25

A 

 Salidrosid 25438.38
 
± 12315.76

B
 

 
 
 

DISCUSSION 
 
In recent years, phytochemicals have been widely 
recognized as newer prevention and therapeutic 
approach for various human cancers (Wong et al., 2009; 
Marchetti et al., 2007). Salidroside is one of the main 
active constituent compounds of the genus Rhodiol, used 
for thousands of years in China for treating various kinds 
of diseases (Yu et al., 2008; Perfumi et al., 2007; 
Skopińska-Rózewska et al., 2008). A few research results 
indicated that salidroside possessed anti-tumor 
properties and inhibit the growth of cancer cells, but 
lacking for the enough information to further verify the 
anti-proliferative action of salidroside on cancer cells. In 
present study, our results showed that salidroside 
inhibited the growth of A549 cancer cells in time-
dependent manners, which was comply with previous 
study that salidroside inhibited the growth of lung cancer 
cells in concentration- and time-dependent manners( 
Xiaohua et al., 2010). 

HIF-1α is one of the most important regulatory 
molecules that respond to hypoxia for cell survival and 
angiogenesis (Harris, 2002). The expression of HIF-1α is 
related to differentiation, metastasis and clinical stage of 
lung cancer (Boset al., 2003). Previous studies have 
shown that an elevated level of HIF-1α was correlated 
with radio-resistance and chemo-resistance that led to a 
poor prognosis (Hockel et al., 1999; Zhang et al., 2007). 
Moreover, HIF-1α overexpression has been reported to 
correlate with tumor progression and an unfavorable 
prognosis in several types of cancer (Welsh et al., 1999; 
Semenza, 2007). So, HIF-1α seems to be a potential 
target for enhancing the therapeutic efficacy against 
many tumor cells. In present study, our results showed for 
the first time that treatment with salidroside decreased 
HIF-1α protein accumulation on mRNA level and protein 
level, which is help to study anticancer molecular 
mechanism of salidroside. 

In summary, the present study demonstrated that HIF-α 
was significantly down-regulated in A549 cancer cell after 
salidroside treatment in comparison to the control group, 
which demonstrated that salidroside decrease HIF-α 
expression in cancer cell. The current study also provides 
an effective approach for treating cancer method, 
however,   the detail   molecular   mechanism of HIF-α 
decreased by salidroside in lung cancer cell was unclear, 
which will depend on further study in future. 
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