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Abstract: Objective: This study is to investigate the effects of Guiqi polysaccharide (GQP) on H2O2-induced premature 
senescence in normal human fetal lung fibroblast WI-38 cells. Methods: WI-38 cells were subjected to treatments 
of GQP, Angelica sinensis polysaccharide (ASP), and Astragalus membranaceus polysaccharide (AMP), and then 
treated with H2O2 to induce premature senescence. Morphological observation, MTT assay, senescence-associated 
β-galactosidase activity assessment, telomerase activity determination, cell cycle analysis, and Western blot analy-
sis were performed to evaluate cellular senescence. Results: H2O2 treatment induced premature senescence in 
WI-38 cells, as indicated by the decreased fibroblast proliferation activity and changed cellular morphology. When 
treated with GQP, ASP, or AMP, the morphological changes in WI-38 cells induced by H2O2 could be restored. SA-β-gal 
activity was elevated in H2O2-treated WI-38 cells, which could be decreased by GQP treatment. Moreover, compared 
with the normal control, H2O2 treatment significantly inhibited the telomerase activity of WI-38 cells. However, GQP 
effectively elevated the telomerase activity of these senescent cells. Furthermore, flow cytometry and cell cycle 
analysis showed that GQP treatment could abrogate the cell cycle arrest in H2O2-treated WI-38 cells, which might 
contribute to the anti-senescent effects. In addition, GQP significantly affected the p53-p21 and p16-pRb pathways 
in H2O2-treated WI-38 cells. The effectiveness of GQP was superior to AMP or ASP treatment alone. Conclusion: GQP 
has protective effects in oxidative stress-induced senescence. Our findings suggest the promising role of GQP as an 
attractive and bio-safe agent with the potential to retard senescence and attenuate senescence-related diseases. 

Keywords: Guiqi polysaccharide (GQP), angelica sinensis polysaccharide (ASP), astragalus membranaceus poly-
saccharide (AMP), cellular senescence, hydrogen peroxide, WI-38 cells

Introduction

Aging is a multifactorial process involving 
changes at the cellular, tissue, organ, and 
whole body levels, which might result in func-
tional decline, disease pathogenesis, and ulti-
mately death. Cellular senescence halts the 
proliferation of dysfunctional or damaged cells, 
which plays a critical role in aging [1, 2]. It has 
been shown that the induction of senescence 
could prevent cancer through a failsafe mecha-
nism, eliminating cells that are at risk of neo-
plastic transformation [3, 4]. Normal human 
fetal lung fibroblast cell line (WI-38), first 
described by Leonard Hayfliek [5], is one of the 
classical experimental models for studying cel-
lular aging and senescence. Currently, it is 
reported that many agents, such as hydrogen 

peroxide (H2O2), radiation, and DNA damaging 
agent, can induce premature senescence of 
WI-38 cells, which refers to shortened intrinsic 
replicate life span in cells under stress condi-
tions [6-12]. In fact, cellular senescence is a 
complex process that is characterized by phys-
iopathological changes including irreversible 
proliferation arrest, enlarged and flattened cell 
morphology, increased senescence-associated 
β-galactosidase (SA-β-gal) activity, and enhan- 
ced senescence-associated heterochromatin 
foci (SAHF) formation [6, 7, 13].

Plant polysaccharides are often identified as 
biological response modifiers or immunostimu-
lants [14, 15]. It has been shown that Chinese 
herbal medicines, Angelica sinensis and 
Astragalus membranaceus, can enrich the 
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blood, and exert anti-tumor and antioxidation 
effects [16, 17]. Polysaccharide is one of the 
main active ingredients in Angelica and 
Astragalus [16, 18]. Our previous work has 
shown that a combination of polysaccharides 
extracted from Angelica and Astragalus roots, 
Guiqi polysaccharide (GQP), exhibits a range of 
antioxidant, anti-aging, and antiviral activities 
in vitro and in vivo [19-22]. Particularly, GQP 
has been found to cause enzymatic changes in 
d-galactose-induced senescence, which might 
be beneficial in delaying senescence process 
[19]. However, the anti-senescence effects of 
GQP and related mechanisms have not yet 
been fully investigated.

In this study, WI-38 cells were treated with H2O2 
to establish in vitro premature senescence cel-
lular model, and the effects of GQP on cellular 
senescence and related mechanisms were 
then investigated. Alterations in cellular mor-
phology, SA-β-gal staining, cell cycle, and 
molecular expression in H2O2-treated WI-38 
cells were evaluated and analyzed. This study is 
the first report concerning the anti-senescence 
activity of GQP and the related mechanisms, 
which might support the role of GQP in retard-
ing senescence and attenuating senescence-
related diseases.

Materials and methods

Materials

AS and AM were purchased from Minxian 
Shunfa Medicinal Material Company (Gansu 
Minxian City, China). Water extraction, ethyl 
alcohol deposition method and Sevag method 
[23] were used to obtain Guiqi polysaccharide 
(GQP), Angelica sinensis polysaccharide (ASP), 
and Astragalus membranaceus polysaccharide 
(AMP) in College of Life Science and Engineering, 
Lanzhou University of Technology (Lanzhou, 
Gansu, China). The total carbohydrate content 
in GQP, ASP and AMP were 87.6%, 64.3% and 
75.1%, respectively, as determined by phenol-
sulfuric acid method [24]. Before use, GQP, 
ASP, and AMP were diluted in Dulbecco’s modi-
fied Eagle’s medium (DMEM) and filter-steril-
ized through a sterile 0.22-μm filter. Dimethyl 
sulfoxide (DMSO) and MTT were obtained from 
Sigma, St. Louis, MO, USA. Fetal bovine serum 
(FBS) and DMEM were purchased from Gibco, 
Auckland, New Zealand, USA. Cytochemical 
staining kit of SA-β-gal and BCA protein assay 

kit were obtained from Beyotime Biotechnology, 
Haimen, Jiangsu, China. ELISA kit was from 
R&D Systems, Minneapolis, Minnesota, USA. 
PVDF membrane was from Bio-Rad, Hercules, 
CA, USA. Rabbit anti-human anti-p53, anti-
p16INK4, and anti-β-actin monoclonal antibod-
ies were purchased from Cell Signaling 
Technology, Beverly, MA, USA. Cell plates were 
obtained from Corning, Corning, New York, USA.

Cell culture, drug administration, and H2O2 
induction

Normal human fetal lung fibroblast WI-38 cells 
were purchased from the Type Culture 
Collection of the Chinese Academy of Sciences, 
Shanghai, China. These cells were cultured in 
DMEM supplemented with 10% FBS in a 37°C , 
5% CO2 humidified incubator. Cells from 15-25 
passages were used in this study to avoid repli-
cative senescence as WI-38 cells have a mean 
life span of about 45-60 passages.

WI-38 cells were divided into the following 
groups: (1) the normal control group that was 
free from intervention; (2) the model group that 
was treated with H2O2, without drug treatments; 
(3) the GQP group that was pretreated with GQP 
and then subjected to H2O2 induction; (4) the 
ASP group that was pretreated with ASP and 
then subjected to H2O2 induction; and (5) the 
AMP group that was pretreated with AMP and 
then subjected to H2O2 induction. For drug 
administration, the culture medium was 
removed and 500 μl GQP, ASP, or AMP (diluted 
in DMEM without FBS) at indicated concentra-
tion was added into each well for 2-h incuba-
tion. For the concentration dependence assay, 
the serial concentrations of GQP were set at 0, 
0.00064, 0.0032, 0.016, 0.08, 0.4, and 2 mg/
ml; for the following experiments, the treatment 
concentration was set at 0.016 mg/ml. After 
drug administration, the supernatant was dis-
carded, and H2O2 (diluted in DMEM without 
FBS) was added to incubate the cells for 2 h to 
induce premature senescence. For the concen-
tration dependence assay, the concentrations 
of H2O2 induction were set at 0, 1, 10, 100, 
200, 400, 800, 1600, 3200, and 6400 μmol/L; 
for the following experiments, the induction 
concentration was set at 100 μmol/L. After 
induction, H2O2 induction solution was replaced 
by fresh culture medium, and the following 
assays were performed.
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MTT assay

MTT assay was used to determine the cell via-
bility [25]. WI-38 cells in 100 μl DMEM were 
seeded into 96-well plates at a density of 8 × 
103 cells/well. After drug administration and 
H2O2 induction, the medium was replaced by 20 
ml MTT (5 mg/ml) for a further incubation for 4 
h. Then MTT was removed, and 150 μl DMSO 
was added to each well. The absorbance (A) at 
490 nm was read using a microplate reader. 
The cell survival rate was calculated using the 
following equation:

Cell survival rate = Atreatment/Acontrol × 100%.

Senescence-associated β-galactosidase (SA-β-
gal) activity assessment

SA-β-gal activity was detected using a SA-β-gal 
staining kit, according to the manufacturer’s 
instructions. Briefly, WI-38 cells were seeded 
into a 24-well plate. On Day 5 after drug admin-
istration and H2O2 induction, cells were washed 
twice with PBS (pH 7.2) and then fixed with 
3.7% formaldehyde in PBS for 3-5 min. Next, 
the cells were incubated in SA-β-gal staining 
solution (1 mg/ml X-gal, 40 mM citric acid/sodi-
um phosphate pH 6.0, 5 mM potassium ferro-
cyanide, 150 mM NaCl, and 2 mM MgCl2) at 
37°C , without CO2, for 12-16 h. After rinsed 
with PBS, cells were observed under micro-
scope, and SA-β-gal positive cells were count-
ed. The experiment was performed in 
triplicate.

Telomerase activity determination

On day 5 after drug administration and H2O2 
induction, cells were trypsinized and re-sus-

pended in PBS (pH 7.2) to obtain a concentra-
tion of 1 × 106 cells/ml. Repeated freeze-thaw 
cycle method was used to damage cells, and 
supernatant was collected by centrifugation 
(5000 × g at 4°C for 20 min). Telomerase activ-
ity was detected using a human telomerase 
(TE) ELISA kit, according to the manufacturer’s 
instructions. Absorbance at 450 nm was read 
using a microplate reader. The telomerase 
activity were determined using the following 
method: the straight line regression equation 
of the standard curve was calculated with the 
standard density and the OD value, and then 
the sample actual density was calculated with 
the sample OD value and the dilution factor. 
The experiment was performed in triplicate.

Flow cytometry and cell cycle analysis

On day 5 after drug administration and H2O2 
induction, cells were trypsinized, and 1 × 106 
cells were aliquoted in a polypropylene centri-
fuge tube. The cells were washed with PBS for 
three times, and re-suspended in 0.1 ml PBS. 
Then 1 ml 75% ethanol was added, and the 
cells were stored at 4-8°C overnight. After cen-
trifugation (1500 × g at 4°C for 3 min), cells 
were collected and incubated in 1 ml DNA 
staining solution (0.1 mM EDTA in PBS pH 7.4, 
0.05 mg/ml RNase A, 50 μg/ml propidium 
iodide) at 4-8°C for 30 min. Cell cycle was ana-
lyzed using a flow cytometer (BD FACSCalibur; 
Becton Dickinson, NJ, USA), and the results 
were evaluated using cell quest software.

Western blot analysis

On day 5 after drug administration and H2O2 
induction, WI-38 cells were washed with iced 
PBS and then lysed with cell lysis buffer con-
taining protease inhibitors cocktails for 20 min. 
Cell extract was collected by centrifugation at 
12000 × g for 10 min. Protein concentration 
was determined using BCA protein assay kit. 
50 μg protein was subjected to 12% SDS-PAGE. 
Proteins were blotted to PVDF membrane by 
electrophoresis. After blocked with TBS-T (5% 
nonfat milk in 25 mM Tris-HCl pH 7.4, 3 mM 
KCl, 140 mM NaCl, and 0.05% Tween), the 
membrane was subjected to incubation with 
anti-p53 (1:1000 dilution), anti-p16INK4 (1:1000 
dilution), and anti-β-actin (1:800 dilution) 
monoclonal antibodies, respectively, at 4°C 
overnight. After washing, the immunoblots were 
then incubated with horseradish peroxidase-

Figure 1. Effects of GQP on proliferation of WI-
38 cells. WI-38 cells were treated with 0.00064, 
0.0032, 0.016, 0.08, 0.4, and 2 mg/ml GQP, respec-
tively, for 48 h. The cell proliferation was detected by 
the MTT assay, and the cell survival rate was calcu-
lated accordingly. Compared with the normal control 
group, #P < 0.05.
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conjugated secondary antibodies at room tem-
perature for 2 h. The enhanced chemilumines-

cence (ECL) method was used to detect the 
protein bands.

Figure 2. H2O2-induced premature senescence in WI-38 cells. A. WI-38 cells were treated with 100 μl H2O2 at the 
concentrations of 0, 1, 10, 100, 200, 400, 800, 1600, 3200, and 6400 μmol/L, respectively, for 2 h. Then MTT 
assay was performed to assess the cell survival rate. B. The representative morphology of WI-38 cells treated with 
10, 100, 200, and 400 μmol/L H2O2 (× 200).
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Statistical analysis

Data were expressed as mean ± SD. PASW 
18.0 software was used for statistical analysis. 
One-way ANOVA was used for the multiple com-
parisons. P < 0.05 was considered statistically 
significant.

Results

GQP promotes the proliferation of WI-38 cells

The effects of GQP on the growth and prolifera-
tion of WI-38 cells were first investigated. WI-38 
cells were treated with 0.00064, 0.0032, 
0.016, 0.08, 0.4, and 2 mg/ml GQP, respective-
ly, for 48 h, and then the cell proliferation was 
detected by the MTT assay. As shown in Figure 
1, the promoting effects of GQP on the prolif-
eration of WI-38 cells showed up at the concen-
tration of 0.0032 mg/ml (P < 0.05), and peaked 
at 0.016 mg/ml (P < 0.05), after which the pro-
moting effects started to decline. These results 
suggest that GQP treatment could promote the 
proliferation of WI-38 cells, in a dose-depen-
dent manner. Accordingly, the treatment con-
centration of GQP was set at 0.016 mg/ml in 
the following experiments.

H2O2 treatment induces premature senes-
cence in WI-38 cells

Cellular premature senescence model was 
established in WI-38 cells by H2O2 treatment. 
WI-38 cells were treated with 100 μl H2O2 at 

indicated concentrations (0, 1, 10, 100, 200, 
400, 800, 1600, 3200, and 6400 μmol/L) for 
2 h. Then MTT assay was performed to assess 
the cell viability and survival rate. Our results 
showed that the fibroblast proliferation activity 
was decreased along with the increasing doses 
of H2O2 treatment. The logarithmic doses of 
H2O2 and related cell survival death rates were 
shown in Figure 2A, indicating a LD50 value 
between 2.6 (400 μmol/L) and 2.9 (800 
μmol/L). The cell survival rates for H2O2 treat-
ment concentrations of 10, 100, 200, and 400 
μmol/L were 104.1%, 101%, 94.0%, and 85%, 
respectively. Further observation of the cellular 
morphology under H2O2 treatment was carried 
out. WI-38 cells were treated with H2O2 (10, 
100, 200, and 400 μmol/L, respectively) for 2 
h, and then cultured with normal medium. On 
Day 5, cellular morphology was detected under 
an inverted microscope. Significantly changed 
cellular morphology was observed after H2O2 
treatment (Figure 2B). Based on these results, 
100 μmol/L H2O2 was chosen as the optimal 
treatment concentration to induce senescence 
in the following experiments. 

GQP restores the cellular morphology of H2O2-
treated WI-38 cells

Effects of GQP on the morphology of H2O2-
treated WI-38 cells were next investigated. As 
shown in Figure 3, normal control cells were 
small and fusiform in shape, with clear and con-
tinuous edges. In contrary, H2O2-treated WI-38 
cells were enlarged in size, and filled with vacu-

Figure 3. Effects of GQP on the cel-
lular morphology of H2O2-treated 
WI-38 cells. H2O2-treated WI-38 cells 
were pretreated with 0.016 mg/ml 
GQP, ASP, or AMP for 2 h, and then 
morphological observation was per-
formed. A. The normal control group. 
B. The H2O2-induced model group. C. 
The GQP group. D. The ASP group; E. 
The AMP group (× 200).
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oles, implying that H2O2 induced senescence in 
these cells. On the other hand, senescent cells 
treated with 0.016 mg/ml GQP, Angelica sinen-
sis polysaccharide (ASP), or Astragalus mem-
branaceus polysaccharide (AMP) displayed 
fusiform appearance, with oval nuclei. Unlike 
H2O2-treated cells, senescent cells in the drug 
treatment groups no longer show senescent 
characteristics with accumulation of granular 
cytoplasmic inclusions. These results suggest 
that GQP, ASP, and AMP could restore the mor-

phological changes in WI-38 cells induced by 
H2O2 treatment.

GQP decreases the SA-β-gal activity in H2O2-
treated WI-38 cells

To further evaluate the protective effects of 
GQP on H2O2-induced senescent WI-38 cells, 
these cells were subsequently incubated with 
polysaccharides and X-gal substrate. Then the 
expression of SA-β-gal activity, another cellular 
senescence marker, was detected. As shown in 
Figure 4, normal control cells expressed low 
SA-β-gal activity. In H2O2-treated cells, as least 
80% cells were positive for SA-β-gal activity, 
indicating that H2O2 enhanced SA-β-gal activi-
ties in WI-38 cells (Figure 4). When cells were 
pretreated with GQP, AMP, and ASP, compared 
with H2O2-treated cells, significant declined 
SA-β-gal activities were observed (P < 0.01). 
These results indicate that GQP treatment 
could decrease the elevated SA-β-gal activity in 
H2O2-treated WI-38 cells.

GQP elevates the telomerase activity in H2O2-
treated WI-38 cells

Telomerase can elongate telomeres and delay 
cellular aging, whose activity is regulated by 
many factors. ‘To further evaluate the effects of 

Figure 4. Effects of GQP on the SA-β-gal activity in H2O2-treated WI-38 cells. WI-38 cells were subsequently incu-
bated with polysaccharides and X-gal substrate. Then the expression of SA-β-gal activity was detected. Blue-stained 
cells were identified as senescent cells. A. The normal control group. B. The H2O2-induced model group. C. The GQP 
group. D. The ASP group; E. The AMP group (× 200). F. Statistical analysis of SA-β-gal activities. Compared with the 
normal control group, ##P < 0.01; compared with the model group, *P < 0.05, **P < 0.01; compared with the ASP 
and AMP groups, &&P < 0.01.

Figure 5. Effects of GQP on the telomerase activ-
ity in H2O2-treated WI-38 cells. H2O2-treated WI-38 
cells were pretreated with 0.016 mg/ml GQP, ASP, or 
AMP for 2 h. Ultraviolet spectrophotometry was per-
formed to evaluate the telomerase activities in these 
cells. Compared with the normal control group, ##P 
< 0.01; compared with the model group, *P < 0.05, 
**P < 0.01; compared with the ASP and AMP groups, 
&&P < 0.01.
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GQP on telomerase activity in senescence, 
ultraviolet spectrophotometry was performed 
in H2O2-treated WI-38 cells. Our results showed 
that, compared with the normal control, H2O2 
treatment significantly inhibited the telomerase 
activity and the cell proliferation of WI-38 cells 
(P < 0.01). In contrast, the telomerase activities 
in premature senescent WI-38 cells were obvi-
ously increased by ASP (P < 0.05) and AMP 
treatments, respectively, which was further 
elevated by GQP treatment (compared with the 
normal control group, P < 0.01; compared with 
the ASP and AMP groups, P < 0.05) (Figure 5). 
These findings suggest that GQP could effec-
tively elevate the telomerase activities in 
senescent cells, which is superior to ASP or 
AMP treatment alone.

GQP abrogates cell cycle arrest in H2O2-treated 
WI-38 cells

Another well-known feature of cellular senes-
cence is G1 cell cycle arrest. Our results indi-
cated that GQP could promote cell proliferation. 
To investigate whether the promoting effects of 
GQP on cell proliferation is based on its influ-
ence on cell cycle, H2O2-treated WI-38 cells 
were subjected to flow cytometry analysis. Our 
results indicated that H2O2-treated WI-38 cells 

showed predominant G1 phase fraction 
(85.20%) and minimal S phase fraction 
(13.56%), compared with normal control cells 
with G1 phase fraction of 61.94% and S phase 
fraction of 21.82%, respectively (Figure 6). 
However, GQP pretreatment resulted in a sig-
nificant decrease in G1 phase fraction (36.36%) 
and a concomitant increase in S phase fraction 
(57.5%). Similar results in cell cycle were 
observed in WI-38 cells treated with AMP (G1 
phase fraction of 42.75% and S phase fraction 
of 41.12%) and ASP (G1 phase fraction of 
42.46% and S phase fraction of 43.79%), even 
though not so potent as GQP treatment. These 
results indicate that GQP treatment could 
effectively promote the cell cycle re-entry into S 
phase in senescent cells, which might contrib-
ute to its anti-senescence effects.

GQP down-regulates the expression of senes-
cence markers in H2O2-treated WI-38 cells

The p53-p21 and p16-pRb pathways have been 
shown to be closely correlated with cellular 
senescence [26]. We next examined the effects 
of GQP on the expression levels of p53 and p16 
in H2O2-treated WI-38 cells. Western blot analy-
sis showed that, compared with the normal 
control group, the protein expression levels of 

Figure 6. Effects of GQP on cell cycle of H2O2-treated WI-38 cells. H2O2-treated WI-38 cells were pretreated with 
0.016 mg/ml GQP, ASP, or AMP for 2 h. Cell cycle analysis was performed with flow cytometry. Representative 
figures were shown. A. The normal control group. B. The H2O2-induced model group. C. The GQP group. D. The ASP 
group; E. The AMP group (× 200). F. Statistical analysis of cell cycle fraction.
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p53 and p16 were dramatically up-regulated in 
H2O2-treated WI-38 cells, indicating the activa-
tion of the p53-p21 and p16-pRb signal trans-
duction pathways in these cells, which was con-
sistent with the H2O2-induced premature senes-
cence. When these H2O2-treated cells were 
subjected to ASP or AMP treatment, the expres-
sion levels of p53 and p16 were significantly 
decreased. Moreover, GQP treatment resulted 
in potent declined expression levels of p53 and 
p16 in these senescent cells, which were  
comparable to the normal control group (Figure 
7). These results suggest that GQP could  
significantly down-regulate the p53-p21 and  
p16-pRb pathways in oxidative stress-induced 
senescence.

Discussion

Aging is a complex physiological process, which 
is always characterized by progressive memory 
loss, contributing to dementia pathogenesis 
like Parkinson’s and Alzheimer’s diseases [27]. 
Nowadays, there are several popular theories 
trying to explain the aging process [26], one of 
which is the free radical theory [28]. Increasing 
evidence has indicated that oxidative stress 
plays an important role in the aging process 
[29]. Cellular senescence induced by H2O2 has 
been widely used to evaluate the anti-aging 
effects of drugs [30]. H2O2 could induce oxida-
tive stress in cells, which may involve the over-
production and accumulation of oxygen free 
radicals [31]. 

Among multiple components of Angelica sinen-
sis and Astragalus membranaceus, polysac-
charides have been considered as the most 
important gradient with therapeutic activities 
[32, 33]. However, so far, there are few reports 
in the literature regarding the anti-aging effects 

of GQP. In the present study, we investigated 
the anti-aging activities of GQP in WI-38 cells 
treated by H2O2 and the related mechanisms. 
We found the optimal concentration of H2O2 
treatment in inducing premature senescence in 
WI-38 cells, and established H2O2-induced pre-
mature senescent WI-38 cell model. H2O2 treat-
ment at 100 μmol/L could cause significant 
changes in cellular morphology and cytoplas-
mic inclusions, which were typical senescent 
features. Our results showed that GQP could 
not only dramatically restore the altered mor-
phology, but also significantly increase the cell 
viability and proliferation. The protective effects 
of GQP against H2O2-induced cellular senes-
cence were further confirmed by the detection 
of senescence markers. SA-β-gal activity is the 
most widely used indicator for cellular senes-
cence [34, 35]. Our results showed that H2O2 
led to an increase in SA-β-gal activity in WI-38 
cells, which could be inhibited by GQP 
treatment.

To further investigate the mechanism underly-
ing the anti-senescence effects of GQP, the cell 
cycle distribution was examined by flow cytom-
etry. Our results demonstrated that H2O2 treat-
ment could cause G1 cell cycle arrest and 
decrease S phase fraction cells. However, GQP 
treatment could promote the cell cycle re-entry 
into S phase in senescent cells. In addition, 
GQP could down-regulate the protein expres-
sion levels of p53 and p16 in H2O2-treated 
WI-38 cells, which might also contribute to its 
proliferation-promoting and anti-senescence 
effects. Moreover, our results revealed that the 
effectiveness of GQP was much stronger than 
AMP or ASP treatment alone. However, how 
these signaling pathways could be activated by 
GQP, ASP, and AMP is still not clear and further 
investigations are still needed. 

In conclusion, our results showed that GQP 
could restore morphological changes, decrease 
SA-β-gal activity, elevate telomerase activity, 
abrogate cell-cycle arrest, and inhibit p53-p21 
and p16-pRb pathways in H2O2-treated WI-38 
cells, superior to AMP or ASP treatment alone, 
suggesting that GQP could exert protective 
effects in oxidative stress-induced senescence. 
These results suggest the promising role of 
GQP as an attractive and bio-safe agent with 
the potential to retard senescence and attenu-
ate senescence-related diseases.

Figure 7. Effects of GQP on the expression of senes-
cence markers in H2O2-treated WI-38 cells. H2O2-
treated WI-38 cells were pretreated with 0.016 mg/
ml GQP, ASP, or AMP for 2 h. The protein expression 
levels of p53 and p16 were detected by Western blot 
analysis. 
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