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Abstract Dioscorealide B is an important secondary

metabolite isolated from Dioscorea membranacea Pierre

ex Prain & Burkill. The effect on secondary metabolite

content of different concentrations of two elicitors [jas-

monic acid (JA) and salicylic acid (SA)], and of medium

status and JA exposure period were investigated. In the JA

and SA concentration experiment, 6-week-old shoots were

cultured on MS medium supplemented with 8.87 lM BA

(6-benzyladenine) in combination with 100–500 lM JA or

50–200 lM SA for 3 weeks. MS medium supplemented

only with 8.87 lM BA was used as a control. The highest

dioscorealide B content was recorded in the 100 lM JA

shoots. To determine the optimal medium status and JA

exposure period, shoots were cultured on solid and in liquid

MS media supplemented with 8.87 lM BA and 100 lM JA

for 2, 3, 4 and 5 weeks. No interaction was found between

the medium status and the elicitor exposure period in the

dioscorealide B production. Shoots cultured on the solid

MS medium supplemented with 100 lM JA had a higher

dioscorealide B content (0.57 ± 0.35% w/w) than those

cultured in liquid medium (0.36 ± 0.40% w/w) and

5-week JA exposure produced the highest dioscorealide B

content of 1.05 ± 0.15% (w/w).
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Abbreviations

BA 6-Benzyladenine

FW Fresh weight

JA Jasmonic acid

MAP Months after planting

MS medium Murashige and Skoog medium

Introduction

Dioscorea membranacea Pierre ex Prain & Burkill is a

rhizomatous perennial (Huber 1998) which has a distribu-

tion ranging from mixed deciduous forests to lower

mountain evergreen forests (Wilkin and Thapyai 2009).

The rhizomes of this medicinal plant have been used to

treat dermopathy, lymphopathy, leprosy, venereal disease

as well as inflammation, cancer and AIDS (Itharat et al.

2003, 2004; Saetung et al. 2005; Tewtrakul et al. 2006).

The important secondary metabolite isolated from the

rhizomes is dioscorealide B (Sukkarn and Itharat 2009).

This compound exhibits high cytotoxic activity against

lung cancer cells (CORL-23) and breast cancer cells

(MCF-7) but is less toxic to normal cells (Itharat et al.

2004). The rhizomes of D. membranacea have been

extensively used by Thai traditional doctors as ingredients

in many medicinal preparations (Tewtrakul and Itharat

2006). As the demand for D. membranacea has increased,

the plant populations in the forests have dramatically

decreased (Rithichai et al. 2013). This plant species typi-

cally propagates vegetatively by rhizome, but with poor

multiplication rates, resulting in insufficient supply to the

pharmaceutical industry. Moreover, the secondary
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metabolite content from natural propagation varies

according to the growing conditions and is usually slow to

accumulate. As reported by Rithichai et al. (2013), culti-

vated rhizomes 15 months after planting (MAP) showed a

lower dioscorealide B content of 2.7% (w/w), while the

mother rhizomes collected from the forest had a higher

content of 4.0% (w/w).

Plant tissue culture is an alternative technique used to

produce secondary metabolites in many medicinal plants

(Sauerwein et al. 1991; Amoo et al. 2012; Tan et al. 2010;

Jirakiattikul et al. 2016). The advantages of this technique

over conventional production are independence from

environmental factors, continuous sourcing of products of

consistent quality and quantity, and production of novel

compounds (Ramachandra Rao and Ravishankar 2002).

In vitro shoots of D. membranacea have been successfully

regenerated but microrhizomes could not be induced under

aseptic conditions (unpublished data). Therefore, in vitro

shoots of this plant species were used to determine the

secondary metabolite content. Boonyuen et al. (2014)

reported that the 4–12-week-old regenerated shoots of D.

membranacea contain 0.03 ± 0.02–0.97 ± 0.00% (w/w)

of dioscorealide B, lower than those of the 15 MAP rhi-

zomes or the mother rhizomes reported by Rithichai et al.

(2013). Zhao et al. (2005) revealed that low yield of sec-

ondary metabolites is a major limitation of cell or organ

cultures. This problem can be overcome by stimulation

with elicitors, which induces the expression of defense-

related genes and stimulates defense-related secondary

metabolic pathways (Qian et al. 2006). Jasmonic acid (JA)

and salicylic acid (SA) are biotic elicitors that have been

applied to enhance secondary metabolite production under

aseptic culture in medicinal species including Hypericum

perforatum (Walker et al. 2002), H. hirsutum and H.

maculatum (Coste et al. 2011), Morinda elliptica (Chong

et al. 2005), Panax ginseng (Yu et al. 2002) and Rubia

cordifolia (Bulgakov et al. 2002). However, there have

been no reports of the use of JA and SA as elicitors in D.

membranacea under aseptic conditions. Thus, the objec-

tives of the present study were to investigate the effects of

the JA and SA concentration, medium status and JA

exposure period on the dioscorealide B content, total

phenolic content, and DPPH radical scavenging activity in

shoot cultures of D. membranacea.

Materials and methods

Plant materials, medium and culture conditions

Rhizomes of D. membranacea (Fig. 1a) were collected

from their natural forest environment in Chumphon pro-

vince, Thailand and planted in a greenhouse at Thammasat

University, Pathum-thani, Thailand. Young aerial shoots

(Fig. 1b) were collected, cut into pieces with a single lat-

eral bud and surface sterilized in sodium hypochlorite

(Clorox�) using a two-step procedure: 10% and 5% (v/v)

sodium hypochlorite with a few drops of Tween-20 for

15 min and 10 min, respectively. Next, they were rinsed

twice in sterile distilled water and inoculated vertically

onto solid MS medium supplemented with 8.87 lM BA (6-

benzyladenine) and 3% sucrose for shoot induction. The

pH of the medium was adjusted to 5.8 with 1N NaOH and

gelled with 0.8% agar before autoclaving at 121 �C for

15 min. The cultures were maintained at 25 ± 2 �C under

a 16/8 h (light/dark) photoperiod using cool white fluo-

rescent tubes. After shoots developed, single nodes were

cut and cultured on the same medium. Subculturing was

performed every 6 weeks to obtain the explants for the

experiments.

Fig. 1 Dioscorea membranacea: a rhizome; b aerial shoots growing in the greenhouse; c six-week-old shoots on MS medium supplemented

with 8.87 lM BA were used as the explants for elicitation
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Preparation of elicitors

Jasmonic acid (Sigma) was prepared following the method

of Wiktorowska et al. (2010) and salicylic acid (BDH

Prolabo) following Wang et al. (2004). Both chemicals

were dissolved in 70% (v/v) ethanol and further diluted in

distilled water to give final stock concentrations of

4.75 mM JA and 0.1 M SA. Filter sterilized stock solutions

of each elicitor were made using a 0.22 lm syringe filter

and added to the culture medium.

Experiment 1: JA and SA concentration

Six-week-old in vitro shoots of D. membranacea cultured

on MS medium supplemented with 8.87 lM BA (Fig. 1c)

were taken to determine the shoot fresh weight (FW). They

were then transferred to culture on solid MS medium

supplemented with 8.87 lM BA in combination with 100,

250 and 500 lM JA or 50, 100 and 200 lM SA for

3 weeks. MS medium supplemented only with 8.87 lM

BA was used as a control. The experiment was arranged in

a completely randomized design (CRD) with seven treat-

ments and three replicates. The shoot FW of each treatment

was recorded and the increase rate (mg/shoot/day) was

calculated as follows (Marcelis 1993 cited in Wien 2002):

FW increase rate

¼ FW of shoots at harvest time � FW of inoculum shoots ðday 0Þ
21 days of culture

Shoots were dried at 50 �C for 48 h and powdered to

determine the dioscorealide B and total phenolic contents.

The antioxidant activity was also determined using DPPH

radical scavenging assay after elicitation with JA and SA.

Experiment 2: Medium status and JA exposure

Six-week-old in vitro shoots of D. membranacea were

cultured on solid and in liquid media supplemented with

8.87 lM BA and 100 lM JA (the results from experiment

1) for 2, 3, 4 and 5 weeks. The shoots were dried at 50 �C
for 48 h and the dioscorealide B content was analyzed. The

experiment used a 2 9 4 factorial in CRD with three

replications.

Secondary metabolite determination

The method for preparation of plant extract was modified

from Rithichai et al. (2013). Two grams of ground dried

shoot sample were extracted over 3 days using chloroform

at a ratio of 1:3. This procedure was repeated two more

times on the residues. The extracts were filtered and

evaporated at 50 �C. All extracts from each treatment were

combined and stored at - 20 �C until analysis.

HPLC, as described by Sirikatitham et al. (2007) and

Rithichai et al. (2013), was used to determine the diosco-

realide B content. Plant extract samples were prepared and

the analysis was performed in triplicate.

Total phenolic content was measured using the Folin–

Ciocalteu method as described in Jirakiattikul et al. (2016).

Gallic acid was used as the standard. Total phenolic con-

tent was expressed as milligrams of gallic acid equivalent

per gram of dry extract (mg GAE/g dry extract). All tests

were performed in triplicate.

The DPPH radical scavenging activity of the extracts

was determined based on the methods of Yamasaki et al.

(1994), as described by Jirakiattikul et al. (2016). BHT

(butylated hydroxyltuluene) was used as the standard. Each

sample was determined in triplicate and the EC50 value

(effective concentration of sample required to scavenge

DPPH radicals by 50%) was calculated using a regression

equation.

Data analysis

Data obtained were subjected to analysis of variance using

SAS version 9.0. Differences between means were assessed

by Duncan’s new multiple range test at a 0.05 probability

level.

Results and discussion

Experiment 1: JA and SA concentration

After the in vitro shoots had been cultured on media con-

taining JA and SA at different concentrations for 3 weeks,

significant differences were found in the FW increase rates

under the different treatments. The control treatment had

the highest FW increase rate of 8.80 ± 0.50 mg/shoot/day,

which was not significantly different from the 100 or

500 lM JA cultures (7.64 ± 0.42 and 8.19 ± 0.71 mg/

shoot/day, respectively). The 50, 100 and 200 lM SA

shoots showed the lowest FW increase rates of

4.68 ± 0.63, 4.57 ± 0.86 and 4.32 ± 0.69 mg/shoot/day,

respectively. (Figure 2a). This indicated that JA had weak

effect on shoot growth of D. membranacea whereas SA

had a negative effect. The results were inconsistent with a

report on H. hirsutum and H. Maculatum, in which JA

significantly inhibited shoot biomass but the effect of SA

was insignificant (Coste et al. 2011). This suggests that

plant growth response to elicitors may vary among plant

species. Elicitor retardation of plant cell or shoot growth

has been observed in other species such as R. cordifolia
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(Bulgakov et al. 2002), P. ginseng (Yu et al. 2002) and

Salvia miltiorrhiza (Chen and Chen 2000).

The effect of JA and SA on the dioscorealide B content

of D. membranacea shoots is shown in Fig. 2b. It was

found that the addition of 100 lM JA induced an increase

in dioscorealide B content of 0.59 ± 0.08% (w/w), or 1.51

times that of the control (0.39 ± 0.17% w/w). At all SA

concentrations (50–200 lM), the production of dioscore-

alide B (0.15 ± 0.06–0.23 ± 0.06% w/w) was signifi-

cantly lower than that of the control. The effect of these

two elicitors on total phenolic content and DPPH radical

scavenging activity was also investigated. Phenolic com-

pounds are secondary metabolites and play important roles

in antioxidant activity (Matkowski 2008; Saxena et al.

2012) However, the total phenolic contents and DPPH

radical scavenging activities in the D. membranacea shoots

did not vary significantly with the elicitor type or con-

centration. The levels of total phenolic content were

47.44 ± 9.25–53.54 ± 3.85 mg GAE/g dry extract

(Fig. 2c) and the DPPH radical scavenging activities with

EC50 ranged from 51.45 ± 3.32 to 61.35 ± 7.99 lg/ml

(Fig. 2d). The results revealed that JA and SA had no effect

on the total phenolic content or DPPH radical scavenging

activity in the D. membranacea shoots. However, SA had a

deleterious effect on dioscorealide B production, while JA

as an elicitor enhanced the production of dioscorealide B

under aseptic conditions, especially at a concentration of

100 lM JA. This suggested that the effectiveness of elic-

itation depends on the elicitor used and its concentration.

This is in agreement with Vasconsuelo and Boland (2007)

and Coste et al. (2011) who reported that elicitation of

secondary metabolite is a very complex process which

depends on several factors: elicitor specificity, concentra-

tion of elicitors, stage of plant growth, contact time with

the elicitor and culture conditions. JA and its derivatives,

such as methyl jasmonate (MeJA), have been recom-

mended as key signal compounds and are involved in the

part of the signal transduction pathway that leads to

accumulation of secondary metabolites (Gundlach et al.

1992; Mizukami et al. 1993; Yu et al. 2002). It has also

been reported that JA is an effective elicitor of secondary

metabolite production of numerous medicinal plants under

aseptic conditions. However, the optimal concentration of

JA depends on the plant species. In a study of M. elliptica,

the highest anthraquinone level was obtained by supple-

mentation of 50 lM JA on day 12 and harvesting on day 15

(Chong et al. 2005). Wiktorowska et al. (2010) reported

that elicitation with 100 lM JA for 72 h produced the
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Fig. 2 a fresh weight increase rate, b dioscorealide B content, c total phenolic content and d DPPH radical scavenging activity of D.

membranacea shoots after elicitation with JA and SA at different concentrations for 3 weeks
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greatest accumulation of oleanolic acid in cell suspension

cultures of Calendula officinalis. Yu et al. (2002) reported

that the addition of 2 mg/l JA to the culture medium

increased the ginsenoside yield of P. Ginseng, and Blando

et al. (2005) showed that supplementation with 50 lM JA

enhanced cyanidin 3-glucoside synthesis in callus culture

of Prunus cerasus. In the present study, the highest

dioscorealide B [0.59 ± 0.08% (w/w)] content occurred

when the 6-week-old D. membranacea shoots were cul-

tured on solid MS medium supplemented with 8.87 lM

BA and 100 lM JA for 3 weeks. However, the most

appropriate medium status or optimum JA exposure period

for elicitation of dioscorealide B in shoot cultures of D.

membranacea had not yet been determined. Therefore, the

effects of these two factors were investigated in a second

experiment.

Experiment 2: Medium status and JA exposure

As the first experiment had revealed that JA had no effect

on total phenolic content or DPPH radical scavenging

activity, in this experiment only dioscorealide B content

was determined after 6-week-old in vitro shoots of D.

membranacea were cultured on solid and in liquid media

supplemented with 8.87 lM BA and 100 lM JA for 2, 3, 4

and 5 weeks. No interaction was found between the status

of the medium and the elicitor exposure period (Table 1).

This suggests that the effect of the medium status on the

dioscorealide B content did not depend on the elicitor

exposure period. Shoots cultured on the solid medium had

an average dioscorealide B content of 0.57 ± 0.35%, (w/

w), which was significantly higher than those cultured in

liquid medium (0.36 ± 0.40% w/w), suggesting that the

solid medium is appropriate for dioscorealide B elicitation

by JA in shoot cultures of D. membranacea. As noted

above, the culture condition is one of many factors that

have an effect on secondary metabolite enhancement

(Vasconsuelo and Boland 2007; Coste et al. 2011). Studies

using a solid medium for elicitation have investigated a

number of plant species, including R. cordifolia (Bulgakov

et al. 2002), Dionaea muscipula and Drosera capensis

(Krolicka et al. 2008) Bacopa monnieri (Largia et al. 2015)

and Silybum marianum (Gabr et al. 2016). Medicinal plants

cultured in liquid medium have included M. elliptica

(Chong et al. 2005), Artemisia annua (Putalun et al. 2007),

C. officinalis (Wiktorowska et al. 2010) and H. hirsutum

and H. maculatum (Coste et al. 2011).

The exposure period was also demonstrated to play a role

in dioscorealide B production. Shoots treated with 100 lM

JA for 5 weeks exhibited the highest content of

1.05 ± 0.15% (w/w) while those elicited for 2 and 3 weeks

showed the lowest contents at 0.15 ± 0.14 and

0.24 ± 0.15% (w/w), respectively. The results indicated that

the elicitor exposure period or contact time with the elicitor

had an effect on the dioscorealide B content of D. mem-

branacea shoots. Vasconsuelo and Boland (2007) reported

that the time required for high secondary metabolite accu-

mulation is distinctive in each plant species. Many studies

have investigated the different periods of elicitor exposure

needed to enhance the production of secondary metabolites.

Yu et al. (2002) reported that total ginsenoside and Rb group

ginsenoside was maximized when adventitious roots of P.

ginsengwere cultured on medium supplemented with 2 mg/l

of JA for 7 days. In A. annua, hairy roots cultured in � MS

liquid medium containing 150 mg/l of chitosan for over

6 days resulted in the highest artemisinin production (Pu-

talun et al. 2007). The production of hypercin and pseudo-

hypericin in H. hirsutum increased when shoots were

cultured in liquid medium supplemented with 50 lM SA for

28 days (Coste et al. 2011). In addition, anthraquinone pro-

duction of Robia tinctorum was markedly enhanced after

24 h of treatment with 200 mg/l chitosan, but no further

enhancement was noted when exposure was extended to 48 h

(Vasconsuelo et al. 2003). The optimal elicitor exposure

period therefore depends on the plant species and must be

independently determined for each system. In conclusion,

production of dioscorealide B in D. membranacea shoots is

enhanced by culturing the shoots on a solid MS medium

supplemented with 100 lM of JA, with a culture period of at

least 5 weeks.
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