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ABSTRACT 

Astragalus polysaccharide (AP) is the extraction of 
astragalus, which is a plant used in traditional Chi- 
nese herb medicine and may increase an orgainism’s 
resistance to stress. Several earlier studies in vitro 
have indicated that AP has anti-aging activities, how- 
ever the mechanism underlyling these activities was 
unclear and remained to be elucidated. In this study, 
Using the zebrafish (Danio rerio), we evaluated mo- 
lecular mechanism of the effect of AP on zebrafish 
growth, development and apoptosis. 30 zebrafish 
embryos (24 hours post fertilization (hpf)) were ex-
posed to varying concentrations of AP (from 0.125 
mg/ml to 0.5 mg/ml) continuously for 3 days. The re-
sults of β-galactosidase (SA-β-gal) and acridine or-
ange fluorescence showed that AP can delay zebrafish 
embryos apoptosis under the concentration of 0.125 
mg/ml. In addition, the differential gene expression of 
AP treated zebrafish embryos was examined by 
RT-PCR analysis. We found that the gene expression 
of mdm2 and tert were up-regulated while bax, p21 
and p53 gene expression were down-regulated during 
early apoptosis of the zebrafish embryos mediated by 
AP. These results demonstrated that AP may play a 
role during the induction of senescence and this func-
tion might by p53-mediated pathway. 
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1. INTRODUCTION 

Chronic oxidative stress has been shown to reduce life- 
span in many sopecies and lead to accelerated aging [1- 
3]. Thus, it is understandable that many suppose that un- 
derstanding the aging process might play a majore role in 
the development of therapies to slow or alleviate age- 
related diseases, and cognitive disorders. The elucidation 

of the genetic mechanism regulating aging and senes- 
cence will greatly enhance our understanding of some of 
the most fundamental properties of higher organisms. 

With the advent of successful genetic interventions in 
aging among model organisms over the past 3 decades, 
pathways regulating aging and potential molecular tar- 
gets for interventions have been identified [4]. On cell 
level there are two kinds of senescence, replicative se- 
nescence and premature senescence (SIPS), different ty- 
pes of intrinsic and extrinsic stress signals are likely to 
converge on the activation of the p53 protein, the Rb 
protein, or both. In this manner, these two key tumor su- 
ppressor proteins might act as integrators of stress sig- 
nals, and their combined level of activation would de- 
termine the onset of senescence [5-8]. 

Medical herb has recently become attractive as health 
beneficial foods and as a source material for drug deve- 
lopment [9]. Current studies suggest that development of 
anti-aging drugs from Chinese herbs may be one of the 
possible interventions [10,11]. Crude extractions or frac- 
tions from edible antioxidant sources may help prevent 
or alleviate many reactive oxygen species (ROS) related 
diseases [12,13]. Oriental herbal medicine has been widely 
investigated for drug development because it has fewer 
side effects [14].  

Astragalus is an important invigorating medicine in 
traditional Chinese medicine, their use dates back more 
than 2000 years, and are recorded in Shen Nong’s Mate- 
ria Medica. Astragalus polysaccharide (AP) is the ex- 
traction of astragalus. Modern pharmacology indicated 
that AP has anti-decrepit effect in brain and heart tissues 
in mice [15,16]. To access more fundamental biology of 
aging and longevity in higher complex organism such as 
vertebrate, it is desirable to expand the range of verte- 
brate model systems for laboratory studies. 

Zebrafish are teleosts of the cyprinid family the class 
of ray-finned fish and are strong conservation with hu- 
mans, which makes it an excellent model organism for 
studying complex biological processes, such as angioge-  *Corresponding author. 
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nesis, senescence, and toxicity response [17,18]. And 
unlike costly and laborious mouse toxicity assays, or 
cell-based assays that do not exhibit metabolic responses, 
zebrafish bioassays permit easy evaluation of drug ef- 
fects on growth and development [19]. However, few 
studies to date have investigated the gerontology of this 
organism, which has great potential to give insight into 
organismal aging and associated diseases common to 
vertebrates [20-22]. Future studies that uncover the fun- 
damental timing senescence can take advantage of the 
genetic approaches and fundamental genomics that are 
possible in zebrafish. Moreover, rapid increases in ze- 
brafish resources will greatly assist such studies, but will 
necessitate core aging research in this animal such as that 
undertaken in our current research. In our studies, we 
performed experiments to elucidating the characteristics 
of AP on zebrafish during embryos development to ex- 
plore baseline information of normal senescence at their 
onset. We followed various senescence-associated pro- 
cesses in our experiments that pertained to cell prolifera- 
tion, senescence and some gene that might be affected by 
age or other senescence-inducing stresses expression.  

2. MATERIALS AND METHOD 

2.1. Reagents 

Purified astragalus polysaccharide (AP) bought from 
Shanxi Undersum Biomedtech Co., Ltd, China. Poly- 
saccharide from a membranaeceus was prepared by the 
method of Wang et al. [23], the dried samples (100 g) 
were ground to fine powder and put in 1.5 liter of boiling 
water and decocted for 2 h by a traditional method for 
Chinese medicinal herbs. The decoction was left to cool 
at room temperature, filtered and then freeze-dried to 
obtain crude polysaccharides were refluxed three times 
to remove lipids with 150 ml of chloroform: methanol 
solvent (2:1) (v/v). After filtering the residues were air- 
dried. The result product was extracted three times in 
300 ml of hot water (100˚C) and then filtered. The com- 
bined filtrate was precipitated using 150 ml of 95% eth- 
anol, 100% ethanol and acetone, respectively. After fil- 
tering and centrifuging, the precipitate was collected and 
vacuum-dried, giving desire polysaccharide (13 g).  

The content of the polysaccharide was measured by 
phenol sulfuric method [24]. Result showed that the 
content of the polysaccharide in the extract may reach 
98.61%. 

2.2. Embryos Handling and Treatment 

Zebrafish embryos were generated by natural pairwise 
mating as described by Westerfied. 8-hour embryos were 
distributed into 24-well microplate (MILLIPORE Co., 
Bedford, MA), 30 embryos were exposed to varying 
concentrations of AP (from 0.125 mg/ml to 0.5 mg/ml) 

continuously for 3 days, the compounds were renewed 
daily. Each series of dilutions was repeated three times 
and the standard deviation calculated for each treatment. 

2.3. SA-β-Gal Assay and Quantitation 

Zebrafish embryos were fixed in 4% paraformaldehyde 
in phosphate buffered saline (PBS) at 4˚C overnight. 
After fixation, the fish samples were washed four times 
in PBS, and incubated in 37˚C (without CO2) for 12 - 16 
h with SA-β-gal staining solution (5 mM postassium fe- 
rricyanide, 5 mM postassium ferrocyanide, 2 mM MgCl2, 
and 1 mg/ml X-gal in PBS at pH 6.0). Quanlitative 
analysis was done by stereo zoom microscope. The 
SA-β-gal pixels were selected, filtered and counted, and 
the net total number of pixels from each image was de-
termined by subtracting both the black/brown melano-
cyte pixels and the white pixels indicating light reflection 
from the total number. The filters used were tested 
against control unstained fish samples to ensure that the 
pixels filtered accurately represented SA-β-gal staining. 

2.4. AO Staining Assay and Quantitation 

Zebrafish embryos were immersed in 1 ug/ml AO (acri- 
dinium chloride hemi[zinc chloride]) in egg water for 15 
- 30 min at 28˚C and rinsed thoroughly 8 times in egg 
water. Stained embryos were anesthetized with MESAB 
(0.5 mM 3-aminobenzoic acid ethyl ester, 2 mM Na2HPO4) 
and mounted in methylcellulose in a depression slide for 
observation. Embryos without AO staining were used to 
determine baseline fluorescence. The fluorescence value 
was expressed as a relative fluorescence units (RFU = 
fluorescence reading of experimental group minus base- 
line reading of control group). 

2.5. Quantitative RT-PCR 

Total RNA was extracted from 72 hpf embryos using 
TRIZOL reagent. Quantitative RT-PCR was carried out 
on 200 ng RNA using the LightCycler RNA Amplication 
kit SYBR Green in a LighrCycler 2.0 instrument, fol- 
lowing manufacturer’s protocols. The primers used are 
shown in the reference [25]. The samples were quantified 
by comparative cycle threshold method for relative quan- 
tification of gene expression, normalized to β-actin. All 
experiments were performed at least three independent 
experiments for each RNA preparation. 

2.6. Statistical Analyses 

Statistical in figure are expressed as mean ± S.D. (n = 30) 
and differences between groups were assessed by analy-
sis of variance (ANOVA) and Student t-test. Difference 
were considered to be statistically significant if P < 0.05. 
All statistical analyses were carried out using SPSS for 
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3.2.2. Acriding Orange (AO) Staining Windows, Version 11.5 (SPSS, Chicago, IL). 
In fact, cells that are exposed to stress in culture will re- 
spond either by entry into senescence, by apoptosis 
which serves to constrain cell proliferation, or by a tran- 
sient growth arrest; the choice among these three re- 
sponses depends on the cell type, the type of stress, and 
the level of stress. Hence, senescence seems to represent 
one of several programs that can be activated by the cell 
when physiologic stress is encountered [32]. 

3. RESULTS  

3.1. Zebrafish Embryos Bioassay for Assessing 
AP Toxicity 

HDFs exposed to repeated sublethal stress under t-BHP 
display the morphological phenotype of senescence. The 
first studies were based on the description of the succes- 
sive HDF morphotypes observed during in vitro aging 
[7,26]. Using this type of classification, it was possible to 
show that, after treated with AP which has anti-oxidant 
effect. The treated embryos acquired the morphological 
features of anti-aging. After following a series concen- 
tration of AP treatment, we found that if the concentra- 
tion higher than 0.5 mg/ml, almost all the embryos were 
dead, and there is almost no difference among the lower 
concentration (0.025 mg/ml, 0.05 mg/ml, 0.75 mg/ml 
and 1.0 mg/ml, data not show), so in our experiment we 
choose three different concentration of AP, and the re- 
sults indicate that the growth and development of zebra- 
fish were inhibited at the concentration of 0.5 mg/ml 
(Figure 1). 

Following the results of SA-β-gal staining for cellular 
senescence, we adopted AO staining to test apoptosis for 
living cells. Because inappropriate cell death can easily 
be determined using acriding orange, which selectively 
labels apoptotic cells in live zebrafish embryos without 
complicated processing. Moreover, acridine orange can 
be extracted from whole embryos and quantitated using a 
fluorescence microplate reader [33]. The results indicate 
that like SA-β-gal staining, AP reduced apoptosis during 
embryos development (Figure 2(C)). But there is no sig- 
nificant difference among the treatment (data is not 
shown). 

3.3. Zebrafish Embryos for Assessing Some 
Relevant Gene Expression during 
Senescence 3.2. Zebrafish Embryos for Assessing Senescence 

The apoptoic processes in zebrafish and mammals are si- 
milar. The likelihood that the apoptosis machinery is 
conserved in zebrafish is supported by the identification 
of many apoptosis genes. Different types of intrinsic and 
extrinsic stress signals are likely to converge on the acti- 
vation of the p53 protein, the Rb protein, or both [8]. To 
further investigate p53-dependent transcriptional re- 
sponses in the treated zebrafish embryos, we examined 
the expression of p53 targeted genes using RT-PCR after 
3-days AP treated embryos. These p53-response genes 
included p21, based on its central involvement in cell- 
cycle arrest; bax, for its role in the apoptosis pathway; 
and p53 and mdm2 to explore the feedback loops down- 

3.2.1. SA-β-Gal Staining 
Cytochemically and histochemically detectable SA-β-gal 
at pH 6.0 has been shown to increase during the replac- 
tive senescence of cells in culture and in tissue samples 
[27], and has subsequently been used most widely as a 
marker of cellular senescence in several vertebrate ani- 
mal system, both in vivo and in vitro [28-30]. We stained 
AP treatment embryos and compared to the level of SA- 
β-gal staining to that non-treatment embryos. A majority 
of AP treatment embryos showed lighter staining than 
contrast. (Figures 2(A) and (B)), and this is equivalent to 
that observed in senescent mass in HDFs with an ex- 
tended life-span [31].  
 

 

Figure 1. The effect of AP on zebrafish embryos growth and development at 24 hpf. Data represent the 
mean ± SD (n = 30). Zebrafish embryos development is normal at lower concentration of AP (from 
0.125 mg/ml to 0.25 mg/ml) (a); while at high concentration of AP, the development of zebrafish em-
bryos becomes abnormal (b). 
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Figure 2. (A) Quantative apoptosis. SA-β-gal staining activity were performed in zebrafish embryos (72 hpf data represent the 
mean ± SD, n = 10) by whole body staining in control and AP treatment. Quantative analysis revealed that apoptosis decrease in a 
dose dependent; (B) Decreased apoptosis were observed by microscope in the head and yolk extension, at lower concentration of 
AP treatment decrease SA-β-gal staining; (C) AO staining were observed by microscope indicating that high concentration of AP 
(0.5 mg/ml) induced senescence ((a), (b), (c) and (d) represent the concentration of AP at 0, 0.125 mg/ml, 0.25 mg/ml and 0.5 
mg/ml respectively). 

 
stream of p53. Bax p21 and p53 gene showed down- 
regulated in treated zebrafish embryos, while mdm2 
showed up-regulated (Figure 3).  

Telomerase are responsible for repairing damaged tis- 
sues and must continually self-renew themselves and re- 
generate the progenitors for which they are programmed 
[34,35]. Findings build on seminal cell culture studies 
showing that enforced tert expression can endow pri- 
mary human cells with unlimited replicative potential 
[10]. Importantly, tert overexpression in epithelial tis- 
sues of cancer-resistant mice leads to extended median 
lifespan [11]. In our studies, after AP treatment, tert gene 
expression was also up-regulated (Figure 3). 

4. DISCUSSION 

Current studies suggest that development of anti-aging 
drugs from Chinese medical herbs may be one of the po- 
ssible interventions [10,35]. AP has a variety of biologi- 
cal activities and pharmacological functions and play an 
important role in preventing and treating various chronic 
diseases, such as diabetes, hyperlipidemia, cancer, heap- 
titis, hypo-immunity function and thromobosis [36]. Mo- 
dern pharmacology indicates that AP has anti-decrepit 
effect in brain and heart tissues in mice by increasing the 
activity of superoxide dismutase (SOD) [37,38]. It can 
also still delay cell senescence of aged mice. Although 
numerous studies have been published on human cells 
and mice examining the health aspects of AP, to our 
knowledge, there have been scarce studies to investigate 
its beneficial effects on health from the aspects of its 
antioxidant activity in zebrafish. 

Zebrafish,.which have a low background incidence of 
tumors, have been shown to be an effective model for 

testing apoptosis and toxicity response [17,18]. And 
some studies demonstrate that exposures of zebrafish 
embryos to different stress induction can trigger the ap- 
pearance of several independent biomarkers of senes- 
cence, which suggest a novel concept for low-dose drug 
testing [39,40]. Moreover, homologues of most of the 
apoptosis genes have been identified in zebrafish, and 
many drug targets are components of complex signaling 
pathway, and activation of signaling pathways lead to 
changes in multiple mRNA expression, thus the result of 
RT-PCR analysis can be used to identify the target of 
drug action efficiently.  

In multicellular organisms, the tumor suppressor gene 
p53 plays a major role in maintaining the integrity of the 
genome by responding to various types of cellular stre- 
sses and inducing cell-cycle arrest or apoptosis [41-43]. 
Mechanistically, p53 causes an arrest of the cell cycle by 
trans-activating key downstream effector’s genes, such 
as the p21 cyclin-dependent kinase inhibitor, and allow- 
ing time to repair damaged DNA [44]. Furthermore, aug- 
mented levels of p53 protein can activate apoptotic path- 
ways through both transcription-dependent and indepen- 
dent mechanisms [45]. Thus down-regulated of p53 gene 
could lead to reduce ability to activate apoptosis in cells 
that are compromised in DNA damage repair, which can 
lead to further accumulation of mutations during onco- 
genesis [46]. 

In this study, we are using a new animal model-ze- 
brafish as a vertebrate model to develop whole-animal 
bioassays for exploring the mechanism of senescence, 
and our data leads us to the conclusion that AP delay ze- 
brafish senescence by inhibition cell senescence and apo- 
ptosis in the early development, and also inhibition the  

Copyright © 2012 SciRes.                                                                       OPEN ACCESS 



G. Q. Xia et al. / American Journal of Molecular Biology 2 (2012) 103-109 107

 

 

Figure 3. Zebrafish embryos lack regulated of key downstream target genes involved in the p53 
regulatory (p53, mdm2), cell cycle checkpoint (p21), and apoptotic (bax, tert) pathways were 
analyzed in different concentration of AP treatment. Gene expression was assayed at 72 hpf. 
Beta-actin was used to control gene expression. 

 
expression of p53 and p21 genes, while activation mdm2 
and tert gene expression. And in our studies we use ze- 
brafish embryos without any stress-induction to study the 
mechanism of AP function, but if these finding are the 
same after stress-induction and how it leads to long- term 
stress-specific changes in the expression level of specific 
proteins still need to be explored. Drug targets and 
apoptosis pathways for anti-aging therapy also need to be 
elucidated in the future studies. 
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