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Abstract—Plant tissue culture technique combined with 

elicitors is required to produce plant secondary metabolites. The 

results showed that both elicitors (methyl jasmonate and 

salicylic acid) could enhance the production of Stemona 

alkaloids in the Stemona sp. culture. Among these elicitors, 

salicylic acid was found to be the most effective elicitor. The 

plantlet which was elicited with 100 µM salicylic acid for 1 week 

showed an increase of 1′,2′-didehydrostemo-foline and 

stemofoline production at 1.69 fold and 1.61 fold higher than the 

control, respectively.  

 

Index Terms—1′,2′-didehydrostemofoline, stemofoline, 

methyl jasmonate, salicylic acid.  

 

I. INTRODUCTION 

Stemona alkaloids are valuable secondary metabolites 

produced from Stemona spp. The pure alkaloids and extracts 

derived from the leaves and roots of Stemona species have 

been shown to have insect toxicity [1], as well as antioxidant 

[2] and antitussive activities [3]. Many Stemona alkaloids 

derived from Stemona species in Thailand have been reported, 

such as stemocurtisine, stemocurtisinol, oxyprotostemonine 

and stemokerrin [4]. An unidentified Stemona sp. was 

collected from Mae Moh District, Lampang, Thailand (this 

voucher specimen was deposited at the Herbarium (number 

25375) of the Department of Biology, Chiang Mai University) 

from which the isolation of 1',2'-didehydrostemofoline has 

been reported [5]. It has been shown that 

1',2'-didehydrostemofoline, when compared to the other 

Stemona alkaloids, has the highest inhibitory activity against 

acetylcholinesterase. Thus indicating this compound as a 

potential therapeutic agent in the treatment of the initial 

symptoms of Alzheimer's disease [6]. Stemofoline, another 

Stemona alkaloid found in Stemona sp., also has inhibitory 

activity against acetylcholinesterase [7]. Further, stemofoline 

was able to significantly increase the sensitivity of the 

anticancer drugs, vinblastine, paclitaxel and doxorubicin, to 

drug resistant cancer cells [8]. For these reasons, these 

valuable Stemona alkaloids are of interest in the applications 

of plant tissue culture techniques because alkaloid production 

from plants grown in nature has not always been considered 

reliable. Plant tissue culture techniques employing elicitors 

has been widely used to enhance the production of secondary 
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metabolites.  

Elicitors are chemicals or biofactors derived from various 

sources that can induce physiological changes of the target 

living organism. In a broad sense, elicitors for a plant refer to 

chemicals from various sources that can trigger physiological 

and morphological responses and phytoalexin accumulation. 

It is well known that treatment of plants with elicitors, or any 

attack by incompatible pathogens, causes an array of defense 

reactions, including the accumulation of a range of plant 

defensive secondary metabolites, such as phytoalexins in 

intact plants or in cell cultures [9]. Elicitors can be abiotic or 

biotic and act individually or in combination to turn on the 

biosynthesis of molecules that may only be produced in small 

amounts or may even produce new compounds [10]. Biotic 

elicitors such as methyl jasmonate (MJ) and salicylic acid (SA) 

are used in combination with the culture for the highest level 

of production. For example, MJ was found to enhance the 

taxol productivity of Taxus cuspidata suspension cultures 

[11]. This study proposes to investigate the effects of elicitors 

on alkaloid production from Stemona sp. 

 

II. EXPERIMENTAL SECTION 

A. Plant Material 

Stemona sp. was collected from Mae Moh District, 

Lampang, Thailand. Shoot tips and axiliary buds were surface 

sterilized with 15% clorox solution for 20 minutes followed 

by being washed three times with sterilized distilled water. 

After sterilization, shoot tips and auxiliary buds were cultured 

on MS [12] agar medium supplemented with 3 mg/L 

benzyladenine for multiple shoot induction. For root 

induction, single shoots were transferred to half-MS medium 

supplemented with 2 mg/L indolebutyric acid [13]. The 

cultures were placed in a growth room at 25 ± 2°C under a 16 

h per day photoperiod. 

B. Feeding Elicitors  

Eight-week-old in vitro Stemona plantlets were cultured in 

liquid MS medium supplemented with various concentrations 

of MJ or SA for one and two weeks at concentrations of 0.1, 

0.3, 0.5 and 1.0 mM. The control treatment was cultured in 

liquid MS medium without any elicitor being added. MJ 

solution was purchased from Aldrich and filtered through a 

0.2µm syringe filter (Filtrex syringe membrane filtration). SA 

was dissolved in distilled water. All culture experiments were 

performed in triplicate. Roots from all treatments, as well as 

the cultured medium, were extracted and analyzed for 

Stemona alkaloid production. The total Stemona alkaloid 

production was expressed as the sum of the amount of 

alkaloid in the root and the medium. 

Effects of Methyl Jasmonate and Salicylic Acid on 

Alkaloid Production from in vitro Culture of Stemona sp.  

Natthiya Chaichana and Srisulak Dheeranupattana 

International Journal of Bioscience, Biochemistry and Bioinformatics, Vol. 2, No. 3, May 2012

146



 

 

 

C. Stemona Alkaloids Extraction and Analysis 

Dry roots of Stemona sp. were ground and extracted three 

times with methanol (Merck, HPLC grade, Germany). The 

solution was filtered and evaporated to give a crude extract, 

which was extracted again with dichloromethane (DCM) 

(Merck, HPLC grade Germany). The crude DCM extract was 

dissolved and filtered with 0.45µM membrane filter. Finally, 

Stemona alkaloids were quantified by HPLC (Agilent 1200 

series, Palo Atto, CA, USA). Data acquisition and analysis 

were performed using the Agilent chemstation software. An 

Inertsil C18 ODS-3 5µm particle size, 4.6×150 mm column 

(GL sciences Inc., Japan) was used. A mixture of methanol 

and water was used as the mobile phase under gradient elution 

conditions with a flow rate of 0.5 mL/min. The gradient 

conditions are shown in Table I. Detection of compounds was 

made at 297 nm. A 20 µL of the sample was injected into the 

chromatography system. The analysis was achieved within 27 

minutes. Stemona alkaloids were identified after comparison 

of the retention times of the standards. The retention times of 

the 1′,2′-didehydrostemofoline and stemofoline standards 

were 11.5 and 18.2 minutes,  respectively. Quantification was 

then achieved by comparing the areas of the corresponding 

peaks of the standard curves. The standard curves were 

prepared in the concentration range of 25-1000 mg/L. 

D. Research location 

This research was studied at Plant Tissue Culture 

Laboratory, Department of Biology, Faculty of Science, 

Chiang Mai University, Chiang Mai, Thailand. 

E. Statistical Analysis 

Statistical significance was determined by analysis of 

variance (ANOVA) with adjustments for multiple 

comparisons with Turkey’s test. Differences referred to as 

significant had a P-value of less than 0.05. Data were 

expressed as the average of three separate experiments.  

 
TABLE I: THE HPLC GRADIENT FLOW CONDITIONS FOR STEMONA 

ALKALOID SEPARATION. 

 

III. RESULTS AND DISCUSSION  

MJ and its relatives from the oxylipin family originate from 

lipid-derived compounds. They are involved in several plant 

processes, such as growth and development [14]. After 

treatment with various concentrations of MJ, the root growth 

of the cultures during 1- and 2-week periods are shown in 

Figure 1 (a). It was found that the root growth decreased when 

compared with the control culture. In previous reports, MJ 

also inhibited the root growth in adventitious root cultures of 

Scopolia parviflora [15]. For Stemona alkaloids biosynthesis, 

the total alkaloid production of MJ treatments is shown in 

Figure 1 (b-c) and Table II (a-b). The experiment shows that 

1.0 mM MJ with a 1-week culture period resulted in the 

highest production of 1′,2′-didehydrostemofoline and 

stemofoline with 1.16 fold and 1.42 when compared with the 

control, respectively. Similar results showed that tropane 

alkaloids were induced by MJ in jimsonweed (Datura 

stramonium L.) and these results also indicated that MJ 

enhanced PMT (putrescine N-methyltransferase) activity and 

key alkaloid biosynthetic enzymes, due to the increase of 

mRNA of PMT [16]. In addition, MJ was shown to induce the 

accumulation of secondary metabolites by turning on the 

transcription of several genes involved in their biosynthesis 

[17]. The Stemona alkaloid content secreted into the medium 

is shown in Table II (a-b). One week old cultures treated with 

MJ gave the secretion of stemofoline, while 

1′,2′-didehydrostemofoline was not secreted into the medium. 

It seems to be similar to the secretion and accumulation of 

terpene indole alkaloids in the hairy roots of Catharanthus 

roseus treated with MJ. The terpene indole alkaloid content 

accumulated in the roots and it was also secreted into the 

medium [18]. Moreover, the exogenous application of MJ 

also stimulates the biosynthesis of alkaloids in many plants, 

such as Eschscholtzia californica [19] and Atropa baetica 

[20]. 

SA is one of numerous phenolic compounds, defined as 

compounds containing an aromatic ring with a hydroxyl 

group or its derivative, found in plants. Exogenously supplied 

SA was shown to affect a large variety of processes in plants, 

including stomatal closure, seed germination, fruit yield and 

glycolysis [21]. To investigate the effect of SA on root growth 

and the production of Stemona alkaloids, we employed the 

same method used for MJ. Figure 2 (a) shows the effect of SA 

on root growth. SA slightly decreased the root growth in many 

concentrations and especially at 1.0 mM concentration. In 

general, SA elicitation has a negative effect on growth. In an 

earlier study, it was reported that SA treatment also slightly 

inhibited the growth of Salvia miltiorrhiza cell cultures [22]. 

In addition, it was found that increasing the SA concentrations 

in the media strongly suppressed the growth of Rubia 

cordifolia callus cultures [23]. The total Stemona alkaloid 

accumulation is shown in Figure 2 (b-c) and Table III (a-b). It 

was found that Stemona alkaloids increased after being 

cultured for 1 week, however the production after a 2-week 

culture period with decreased. 0.1 mM SA resulted in the 

highest level of 1′,2′-didehydrostemofoline and stemofoline 

production at 1.69 fold and 1.61 fold respectively, when 

compared with the control. Similarly, in the results found in 

the alkaloid accumulation of suspension-cultured 

Dendrobium huoshanense, it was revealed that 0.1 mM SA 

could enhance the accumulation of alkaloid 1.6 fold when 

compared with the control [24]. Moreover, SA at a 1-week 

culture period was appropriate for producing the tropane 

alkaloid content of Atropa belladonna root cultures. This 

research also studied alkaloid released into the medium. The 

result revealed that SA stimulated the release of tropane 

alkaloid  from the roots into the medium by up to 90% after 1 

week [25]. For this experiment, SA also resulted in the 

stimulation of stemofoline into the medium (Table III (b)). To 

support the result, the effect of SA on the tropane alkaloids 

scopolamine and hyoscyamine in hairy root cultures of 

Brugmansia candida was investigated and it was found that 

all concentrations of SA treatment released both the alkaloids 

Time 

(min) 

Methanol (%) Water (%) Flow rate 

(mL/min) 

7 70 30 0.5 

7.5 10 90 0.5 

12 10 90 0.5 

13 70 30 0.5 

20 70 30 0.5 
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into the media [26]. In addition, SA also forced the release of 

the other Stemona alkaloids into the medium [27]. These 

positive results are probably associated with SA emerging as a 

key-signaling component involved in the signal transduction 

pathways of plant defense mechanisms [28].  

 

(a) 

 

(b) 

 

(c) 

Fig. 1. The effects of various concentrations of methyl jasmonate on root 

growth (a), total alkaloid production of 1′,2′-didehydrostemofoline (b) and 

total alkaloid production of stemofoline (c). The data show the mean of the 

triplicates. (The light bar and the dark bar represent one week and 

two-week culture periods, respectively.)  

 

 (a) 

 

(b) 

 

(c)  

Fig. 2. The effects of various concentrations of salicylic acid on root 

growth (a), total alkaloid production of 1′,2′-didehydrostemofoline (b) and 

total alkaloid production of stemofoline (c). The data show the mean of the 

triplicates. (The light bar and the dark bar represent one week and 

two-week culture periods, respectively.)  

 
TABLE II: THE EFFECTS OF VARIOUS CONCENTRATIONS OF METHYL JASMONATE ON 1',2'-DIDEHYDROSTEMOFOLINE (A) AND STEMOFOLINE (B) PRODUCTION. 

THE DATA SHOW THE MEAN OF THE TRIPLICATES AND THE ±S.D. VALUES ARE PRESENTED FOLLOW BY SIMILAR LETTERS IN A COLUMN DO NOT DIFFER 

SIGNIFICANTLY AT P< 0.05.  

 

MJ 

1 week cultured period 2 week cultured period 

Growth 

(g DW) 

Root extract 

(mg/g DW) 

Medium 

extract  

(mg/g DW) 

Total  

(mg/g DW) 

Growth 

 (g DW) 

Root extract 

(mg/g DW) 

Medium 

extract  

(mg/g DW) 

Total  

(mg/g DW) 

(a)         

Control 
0.152±0.065

a 
0.311±0.063a 0.030±0.014a 0.341±0.060a 0.221±0.119a 0.404±0.084a 0.002±0.001a 0.406±0.083a 

0.1 mM 
0.121±0.065

a 
0c 0b 0c 0.158±0.062ab 0b 0a 0c 

0.3 mM 
0.132±0.079

a 
0.275±0.042ab 0b 0.275±0.042ab 0.146±0.059ab 0.324±0.104a 0a 0.324±0.104a 

0.5 mM 
0.099±0.068

a 
0.282±0.069ab 0b 0.282±0.069ab 0.115±0.067b 0.137±0.065b 0a 0.137±0.065bc 
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1.0 mM 
0.129±0.039

a 
0.396±0.043a 0b 0.396±0.043a 0.118±0.052b 0b 0a 0c 

(b)         

Control 
0.152±0.065

a 
0.759±0.087ab 0.451±0.090a 1.210±0.170ab 0.221±0.119a 1.402±0.136ab 0.027±0.008a 1.429±0.134ab 

0.1 mM 
0.121±0.065

a 
0.589±0.136ab 0.027±0.003b 0.615±0.133ab 0.158±0.062ab 0.495±0.101b 0a 0.495±0.101b 

0.3 mM 
0.132±0.079

a 
1.662±0.211ab 0.014±0.003b 1.676±0.207a 0.146±0.059ab 1.393±0.189ab 0a 1.393±0.189ab 

0.5 mM 
0.099±0.068

a 
1.380±0.411ab 0.018±0.007b 1.398±0.408ab 0.115±0.067b 1.052±0.272ab 0a 1.052±0.272ab 

1.0 mM 
0.129±0.039

a 
1.702±0.769a 0.015±0.002b 1.716±0.767a 0.118±0.052b 1.759±0.826a 0a 1.759±0.826a 

 
TABLE III: THE EFFECTS OF VARIOUS CONCENTRATIONS OF SALICYLIC ACID ON 1',2'-DIDEHYDROSTEMOFOLINE (A) AND STEMOFOLINE (B) PRODUCTION. THE 

DATA SHOW THE MEAN OF THE TRIPLICATES AND THE ±S.D. VALUES ARE PRESENTED FOLLOW BY SIMILAR LETTERS IN A COLUMN DO NOT DIFFER 

SIGNIFICANTLY AT P< 0.05.   

SA 

1 week cultured period 2 week cultured period 

Growth 

(g DW) 

Root extract 

(mg/g DW) 

Medium 

extract  

(mg/g DW) 

Total  

(mg/g DW) 

Growth  

(g DW) 

Root extract 

(mg/g DW) 

Medium 

extract  

(mg/g DW) 

Total 

 (mg/g DW) 

(a)         

Control 
0.152±0.065ab

c 

0.311±0.063bc

d 
0.030±0.014a 

0.341±0.060b

c 
0.221±0.119a 0.404±0.084a 0.002±0.001a 0.406±0.083a 

0.1 mM 0.172±0.015a 0.576±0.036a 0b 0.576±0.036a 0.211±0.017a 0c 0a 0c 

0.3 mM 0.132±0.012bc 0.135±0.033ef 0b 0.135±0.033d 0.180±0.009bc 0.104±0.027bc 0a 0.104±0.027bc 

0.5 mM 0.157±0.008ab 0.347±0.105bc 0b 0.347±0.105b 0.191±0.010bc 0.210±0.024b 0a 0.210±0.024b 

1.0 mM 0.117±0.008c 
0.194±0.096cd

e 
0b 

0.194±0.096c

d 
0.139±0.007c 0.172±0.012b 0a 0.172±0.012bc 

(b)         

Control 
0.152±0.065ab

c 
0.759±0.087a 0.451±0.090a 1.210±0.170a 0.221±0.119a 1.402±0.136a 0.027±0.008a 1.429±0.134a 

0.1 mM 0.172±0.015a 1.884±0.641a 0.061±0.003b 1.945±0.640a 0.211±0.017a 1.577±0.170a 0.048±0.006a 1.625±0.175a 

0.3 mM 0.132±0.012bc 1.194±0.130a 0.069±0.007b 1.263±0.136a 0.180±0.009bc 1.188±0.116a 0.076±0.035a 1.264±0.098a 

0.5 mM 0.157±0.008ab 1.734±1.274a 0.041±0.002b 1.775±1.274a 0.191±0.010bc 1.232±0.217a 0.022±0.005a 1.255±0.216a 

1.0 mM 0.117±0.008c 1.014±0.239a 0.108±0.010b 1.122±0.239a 0.118±0.052b 0.869±0.099a 0.064±0.002a 0.934±0.101a 

 

IV. CONCLUSIONS 

Treatment of Stemona sp. cultures with methyl jasmonate 

and salicylic acid resulted to enhance Stemona alkaloid 

production. The highest Stemona alkaloid accumulation was 

found in the culture using 100 µM salicylic acid. This 

treatment resulted in the production of 

1′,2′-didehydrostemofoline and stemofoline in 1.69 fold and 

1.61 fold higher amounts than the control, respectively. 
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