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Elicitation of A. membranaceus hairy root cultures with silver nitrate was performed to improve 
astragalosides production. A significant suppression of hairy root growth in all the treatment was 
observed. In contrast, upon elicitation with silver nitrate, the accumulation of all astragalosides was 
enhanced. Especially, the treatment silver nitrate at 117.8 µM to the culture revealed the highest 
enhancement of four astragalosides yields. These results suggest that silver nitrate can be employed as 
one of the strategies to enhance the accumulation of astragalosides in A. membranaceus hairy root 
cultures. Silver nitrate triggered improved production of astragalosides, a level about 2-fold higher than 
that of the control. In addition, a simple and effective system for improved accumulation of bioactive 
astragalosides has been established. 
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INTRODUCTION 

Astragalus membranaceus which is frequently 
used in traditional medicine for centuries has been 
focused due to its various beneficial effects. Many 
studies have demonstrated multiple 
pharmacological activities, such as anti-oxidative, 
antibacterial, anti-inflammatory, 
immunomodulation properties, and so on (Yang, 
et al, 2013). Besides, extracts of A. 
membranaceus roots are potential for the 
treatment of many diseases and comprise 
biologically active constituents, including tri 
terpenoid saponins, isoflavonoids, 
polysaccharides. Of these, astragalosides are 
thought to be the principal bioactive compound in 
the extracts. Astragalosides are the cycloartane-
type triterpene saponins and contribute to diverse 
human disorders (Kwon, et al, 2013). However, 

low quantity in natural or cultivated plants and 
complex structures of astragalosides limit their 
commercialization. Recently, several studies have 
investigated to establish alternative methods for 
sustainable production of astragalosides because 
of great interest and demand (Jiao, et al, 2016).  

Hairy root cultures derived from infected plant 
materials by Agrobacterium rhizogenes 
synthesize the same bioactive phytochemicals as 
those accumulated in intact plant (Zehra, et al, 
1999). Due to high genetic and biochemical 
stability, rapid growth rate without phytohormones, 
and independence from outdoor conditions, in-
vitro hairy root culture is effective and alternative 
system to produce useful secondary metabolites 
(Piñol, et al, 1999).  

Elicitors are commonly described as 
molecules that evoke the formation of 
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phytoalexins as well as any defense responses in 
plants (Pitta–Alvarez, et al, 2000). They are 
divided into two major groups, including microbial 
and non-microbial origins (biotic and abiotic 
elicitors) (Savitha, et al, 2006). Elicitation to plant 
cell cultures is beneficial for improved 
biotechnological production of valuable secondary 
metabolites and has demonstrated its various 
effects in many different species (Chen, et al, 
2001, Savitha, et al, 2006). In present study, the 
effects of silver nitrate on growth rate and 
astragalosides accumulation in A. membranaceus 
hairy root cultures have been investigated. 

 
MATERIALS AND METHODS 

Induction and growth of hairy roots 
In previous study, we have established a hairy 

root culture of A. membranaceus to produce 
astragalosides. The establishment and 
maintenance of the hairy root cultures were 
carried out according to Park et al. (2015) (Park, 
et al, 2015). 

Elicitation 
Elicitation was conducted with silver nitrate. 

Stock solutions were prepared by dissolving in 
distilled water. The solutions were filtered by 0.45 
μm syringe filter (Sartorius Stedim Biotech GmbH, 
Goettingen, Germany). Each elicitor was treated 
in the following final concentration: 5.89, 29.45, 
58.9, 117.8, and 176.7 µM. For elicitation, 200 mg 
of fresh hairy roots were transferred to 30 mL of 
half-strength MS liquid medium in 100-mL flasks. 
The elicitors were added to 20-day-old cultures 
and these were incubated at 25°C, in gyratory 
shakers at 100 rpm with a 16-h photoperiod by 
using cool white fluorescent lamps at a flux rate of 
35 µmol s

-1
 m

-2
. After 72 h of treatment, hairy root 

cultures were harvested. Untreated hairy roots 
were used as the control. 

Determination of dried weight from hairy root 
cultures 

Dried weight of hairy roots was determined as 
follows. Hairy roots were collected and rinsed with 
tap water. Samples were freeze-dried at -80°C for 
3 days. Then, dried weight was measured from 
hairy root cultures.  

Extraction of hairy root cultures 
Dried samples were ground into a fine 

powder. 100 mg of sample was extracted with 1.5 
mL of methanol using an ultrasonic bath for 60 
min. The samples were voltexed every 20 min 

during sonication. Then, centrifugation at 4,000 
rpm at 25°C for 10 min was carried out and the 
supernatant was filtered through a 0.45-μm PTFE 
syringe filter (Advantec DISMIC-13HP; Toyo 
Roshi Kaisha, Ltd., Tokyo, Japan). 

Astragalosides analysis using HPLC 
HPLC analysis was performed in Futecs 

model NS-4000 HPLC apparatus (Daejeon, 
Korea) with C18 column (250 x 4.6 mm, 5 μm; 
RStech; Daejeon, Korea). A gradient of 0.3% 
formic acid water (A) and acetonitrile (B) was 
used with a flow rate 1 mL/min at an oven 
temperature of 30°C. The injection volume was 20 
μL. The drift tube temperature for ELSD was 70°C 
and the nebulizing gas flow rate maintained 3.0 
mL/min. Astragaloside components were 
identified by comparing reference to the retention 
time and quantified using a standard curve. The 
external standards, astragaloside I, II, III, and IV, 
were obtained from ChromaDex (Irvine, CA, 
USA). 

Statistical analysis 
All experimental procedures were performed 

in three biological replicates. Data were 
statistically analyzed by the SPSS statistical 
software 22 (SPSS Inc., Chicago, USA). 
Differences between means were confirmed by 
analysis of variance (ANOVA) with Duncan’s 
multiple range test on the level of significance 
declared at P<0.05. 
 
RESULTS AND DISCUSSION 

Hairy root cultures of A. membranaceus were 
treated with five different concentrations (5.89, 
29.45, 58.9, 117.8, and 176.7 µM) of silvier 
nitrate. Overall, silver nitrate was detrimental to 
hairy root growth, particularly after treatment of 
176.7 µM which indicated 249 mg, about 66% of 
untreated control value (Figure. 1). The dry 
weights were decreased with all silver nitrate 
concentrations. Furthermore, inhibited growth rate 
of hairy roots was strongly dose-dependent.  

Numerous studies have well determined 
improved secondary metabolites by elicitation with 
different elicitors in various plant species 
(Namdeo, 2007). Elicitor-induced responses are 
affected by several factors, including elicitor 
concentration, exposure time of elicitor, age of 
culture, nutrient composition, quality of cell walls, 
and so on (Ganapathi and Kargi, 1990). 

In contrast, the use of silver nitrate resulted in 
improved production of astragalosides (Figure. 2).  
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Figure. 1. Effect of silver nitrate on biomass production in the hairy root cultures of A. 
membranaceus. The x-axis represents the concentrations of silver nitrate (0, 5.89, 29.45, 58.9, 117.8, 
and 176.7 µM). Values are means of three independent replicates results and error bars indicate standard 
deviations. Means followed by different letters are significant different at P < 0.05 by Duncan’s multiple 
range tests. 

 

 
Figure. 2. Effect of silver nitrate on astragalosides accumulation in the hairy root cultures of A. 
membranaceus. The x-axis represents the concentrations of silver nitrate (0, 5.89, 29.45, 58.9, 117.8, 
and 176.7 µM). Values are means of three independent replicates results and error bars indicate standard 
deviations. Means followed by different letters are significant different at P < 0.05 by Duncan’s multiple 
range tests. 
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Silver nitrate at 117.8 µM gave the highest 
contents of all astragalosides. The contents of 
astragaloside I, II, III, and IV indicated 2.09-, 1.36, 
1.41-, and 1.63-fold higher amounts than the 
control hairy roots at 117.8 µM treatments, 
respectively. However, there was a decreased 
tendency in contents of astragalosides at 176.7 
µM silver nitrate treatment. 

Silver ion, one of heavy metal ions, is the 
most effective stimulant for enhanced secondary 
products yield in plant tissue cultures (Choi, et al., 
2001, Threlfall and Whitehead, 1988). However, it 
has reported that heavy metals, particularly at 
relatively large doses, lead to adverse effects on 
the culture, such as inhibited biomass production 
(Furze, et al., 1991, Pitta–Alvarez, et al, 2000). 
For instance, Zhang et al have investigated that 
silver nitrate treatment suppress the hairy root 
growth, but stimulate the secondary metabolite 
production in Salvia miltiorrhiza (Zhang, et al., 
2004). At low concentrations, metal ions may 
trigger growth inhibition and enhanced membrane 
permeability, but not cell death or severe 
membrane damage (Ebel and Mithöfer, 1998). 

CONCLUSION 
In conclusion, different concentrations of silver 
nitrate were treated to increase astragalosides 
productivities in A. membranaceus hairy root 
culture. It indicated negative effect on growth rate 
in all treatments. However, silver nitrate triggered 
improved production of astragalosides, a level 
about 2-fold higher than that of the control. These 
results suggest that silver nitrate can be used to 
stimulate astragalosides accumulation. In 
addition, a simple and effective system for 
improved accumulation of bioactive 
astragalosides has been established. 
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