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ABSTRACT

Objective: To find the stigmasterol source of Artemisia annua L. and to study the profile of phytosterol types in A. annua hairy root cultures.

Methods: Stigmasterol content determination was done based on stigmasterol content in the methylene chloride extract of A. annua using high 
performance liquid chromatography in wild-type plant, plant tissue cultures, and hairy root cultures. The optimal resolution was achieved by 
suitability system, and stigmasterol calibration curve was generated with stigmasterol concentrations series. Phytosterol types in A. annua hairy root 
cultures were performed by gas chromatography-mass spectrophotometry.

Results: Highest stigmasterol content in A. annua is shown by hairy root cultures of A. annua in the 5th week harvesting time, which is 1.5 g/100 g (w/w) 
extract. The phytosterol profile in A. annua hairy root cultures encompassed stigmasterol 74.6%, β-sitosterol 13.5%, and campesterol 11.9%.

Conclusion: A. annua hairy root cultures in 5-week harvesting time prove its potential as stigmasterol source alternative. The highest phytosterol type 
in A. annua hairy root cultures is stigmasterol. This is the first report stigmasterol content and its phytosterol profile of A. annua hairy root cultures 
extract.
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INTRODUCTION

Stigmasterol, one of phytosterol components in plant, is the 3rd biggest 
constituent following β-sitosterol, and campesterol (3%, 65%, and 
30% respectively) [1]. Although stigmasterol has a low concentration, 
the benefit of stigmasterol is wide in our lives. Roles of stigmasterol 
have been approved such as anti-osteoarthritic by blocking cartilage 
degradation in a rabbit model of osteoarthritis [2,3] and anti-cholesterol 
by lowering blood cholesterol level [4-7]. Stigmasterol could also 
be used as food additives, as a stabilizer in ready-to-freeze alcoholic 
cocktails [8]. The highest stigmasterol content is in corn oil (61.28-
61.30 mg/100 g edible portion) [9]. Artemisia annua transformed by 
Agrobacterium rhizogenes ri strain 1601 produces stigmasterol [10], 
and the stigmasterol content was estimated to be 201 times greater 
than artemisinin content [11]. An observation was made by comparing 
between A. annua, from the wild-type plant, plant tissue cultures and 
its hairy root cultures which have no previous report. An alternative 
of stigmasterol source will bring benefit both in economical and 
environmental factors. Moreover, it uses A. annua hairy root cultures 
which have been transformed by A. rhizogenes ri strain 07-20001 [12].

METHODS

Materials
All chemicals and solvents were of analytical grade. Thin layer 
chromatography (TLC) plates were aluminum precoated with silica 
gel GF254 (Merck, Germany). Stigmasterol (Sigma, Switzerland). High 
petroleum liquid chromatography (HPLC) analysis was performed 
using Shimadzu A 200, C18 Column (X-Bridge): 250 mm × 4.6 mm. Gas 
chromatography-mass spectrometry (GC-MS) analysis was performed 
using Varian 320MS, Rtx-5MS column and helium gas as mobile 
phase. A. annua wild-type plant was obtained from the environment 
of Sekolah Farmasi, Institut Teknologi Bandung, Indonesia. Both plant 
tissue cultures and hairy root cultures of A. annua were obtained from 
Plant Tissue Culture Laboratory, Sekolah Farmasi, Institut Teknologi 
Bandung, Indonesia.

Methods [13]
Preparation of extract
A. annua wild-type (65-days age) plant’s root, stem, and leaves were 
separated (triplicated each). Each part was dried in 40°C for 12 hrs, 
followed by grinding. Powder was then macerated with methylene 
chloride (1:10) using sonicator for 15 minutes. Maceration was done 
three times to extract all stigmasterol content in plant. Macerate 
obtained was then filtered and evaporated. The concentrated extract 
was analyzed for its stigmasterol content using TLC and HPLC. Same 
protocols were applied to 16-day plant tissue cultures and 35-day hairy 
root cultures, dried at 60°C for 6 hrs.

TLC analysis
About 5 µl of sample was used for each analysis. For development, a 
mixture of ethylacetate/n-hexane (1:9, v/v) was used. Visualization was 
done under UV light (λ 254 nm) and 10% H2SO4 solution in methanol-
spray followed by 120°C heating for 3 minutes.

Stigmasterol content determination
For HPLC analysis, the following conditions were applied: 
1 ml/min flow rate, 20 µl of sample injected, detection at λ 210 nm, 
and water/methanol (1:99) as the eluent. Before injection, the extract 
was dissolved in 3 ml absolute ethanol [14]. Method validity was 
assessed based on all test parameters to cover the range of samples and 
concentration involved. Tests were done in triplicates. A standard curve 
was generated from integrated peak area and concentration of the 
same standard expressed as % recovery of the sample. The equations 
cover the range of concentration used in sample determination, having 
acceptable correlation coefficient (r>0.999) [15].

Phytosterol types determination
The preparation of sample solution (197.4 mg of A. annua hairy 
root cultures extract) was done by ultrasonic treatment; anhydrous 
methylene chloride was used as a solvent. The operational conditions 
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for the GC-MS instrument were as follows mobile phase flow rate of 
1 ml/min, column temperature of 100°C for 2 minutes, risen up to 
320°C at the rising speed of 10°C/min, and kept constant at 320°C for 
25 minutes. Ionization mode was electron ionization with electron 
energy of 70 eV. The volume of sample loaded was 1 µl.

RESULTS

TLC profile showed that the leaves, stem, and root of A. annua wild-type 
plant and plant tissue cultures both contains stigmasterol, indicated by 
a spot having the same Rf as standard stigmasterol. A. annua hairy root 
cultures show same results (Fig. 1). Linear regression of stigmasterol 

content in A. annua wild-type plant and plant tissue cultures is 
Y = 6551.79x + 2896.12 with correlation coefficient r=0.9999. Based on 
that, stigmasterol content in A. annua wild-type plant found in leaves, 
stems, and roots were 0.19±0.1/100 g extract, 0.42±0.3/100 g extract, 
and 0.19±0.0 g/100 g extract, respectively; although stigmasterol 
content in A. annua plant tissue cultures was found only in the leaves, 
that was 1.37±0.0 g/100 g extract. While stigmasterol content was not 
detected in stem and root section of the A. annua plant tissue cultures. 
The linear regression of stigmasterol content in A. annua hairy root 
cultures is 37505.58x + 663.12, with correlation coefficient r=0.9998. 
Linear regression equation proves that stigmasterol content in A. annua 
hairy root cultures was 1.57±0.7 g/100 g extract. Hence, the highest 
stigmasterol content in A. annua was found in A. annua hairy root 
cultures in the 5th week with amount of 1.5 g/100 g (w/w) extract. These 
findings are supported by the fact that based on the GC-MS spectrum 
profile, in the A. annua hairy root cultures extract, stigmasterol, 
β-sitosterol and campesterol which were found at retention time 25.4, 
25.9, and 25.2 minutes and m/z value shows the molecular weight of 
412.5, 414.5, and 400.7, respectively. Those phytosterol types were 
shown in Figs. 2-4, respectively. Based on normalized of the GC-MS area, 
the three major percentages of phytosterols were stigmasterol 74.6%, 
β-sitosterol 13.5%, and campesterol 11.9%, respectively.

DISCUSSION

The highest amount of stigmasterol content in A. annua hairy 
root cultures extract and the reason might be explained by plant 
regenerative mechanism. In case that A. annua plant was transformed 
by A. rhyzogenes ri, there is a possibility that plant was damaged by 
bacteria, and bacteria enters into as pathogen. The Squalene synthase 
(SQS) gene-silenced plants were susceptible to a wide range of 
pathogens compared to wild-type plants [16]. SQS roles in phytosterol 

Fig. 1: Thin layer chromatography profile of A. annua, 
S = Standard stigmasterol, LW = Plant leaves, LT = Plant tissue 

cultures leaves, ST = Plant stem, SW = Plant tissue cultures stem, 
RW = Plant root, RT = Plant tissue cultures root, HR = Hairy root 

cultures

Fig. 2: Gas chromatography-mass spectrometry spectrum profile of stigmasterol

Fig. 3: Gas chromatography-mass spectrometry spectrum profile of ß-sitosterol
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synthesis [17]. While phytosterols play a key role in plant innate 
immunity against bacterial. Obtaining stigmasterol from hairy root 
cultures is beneficial, since it takes little space, allows control of quality 
and safety, gives faster growth resulting in sooner harvesting time 
compared to conventional growth and relatively more environment-
friendly since it does not affect the ecosystem.

CONCLUSION

Hairy root cultures, as one of the plant tissue culture techniques, are 
one possible method to increase plant metabolite content in a plant. 
This condition was consistent with the statement that the resulting 
genetically transformed root cultures which have possibility to produce 
a high content of secondary metabolites, comparable or even higher 
compared to intact plants [18]. A. annua hairy root cultures prove to 
be a potential candidate as an alternative for stigmasterol source. The 
profile of phytosterol types in A. annua L. hairy root cultures showed 
different profile compared to common plants, the highest phytosterol 
type in hairy root cultures is the stigmasterol.
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