View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Research Online

University of Wollongong

Research Online

Faculty of Science, Medicine and Health -

Papers: part A Faculty of Science, Medicine and Health

1-1-2016

Effects of chitosan and salicylic acid on Stemona alkaloid production in
hydroponic culture of Stemona curtisii Hook. f.

Jiraporn Palee
Chiang Rai Rajabhat University

Srisulak Dheeranupattana
Chiang Mai University

Sunanta Wangkarn
Chiang Mai University

Stephen G. Pyne
University of Wollongong, spyne@uow.edu.au

Alison T. Ung
University of Technology Sydney, alison_ung@uow.edu.au

Follow this and additional works at: https://ro.uow.edu.au/smhpapers

b Part of the Medicine and Health Sciences Commons, and the Social and Behavioral Sciences

Commons

Recommended Citation

Palee, Jiraporn; Dheeranupattana, Srisulak; Wangkarn, Sunanta; Pyne, Stephen G.; and Ung, Alison T.,
"Effects of chitosan and salicylic acid on Stemona alkaloid production in hydroponic culture of Stemona
curtisii Hook. f." (2016). Faculty of Science, Medicine and Health - Papers: part A. 4207.
https://ro.uow.edu.au/smhpapers/4207

Research Online is the open access institutional repository for the University of Wollongong. For further information
contact the UOW Library: research-pubs@uow.edu.au


https://core.ac.uk/display/81227112?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://ro.uow.edu.au/
https://ro.uow.edu.au/smhpapers
https://ro.uow.edu.au/smhpapers
https://ro.uow.edu.au/smh
https://ro.uow.edu.au/smhpapers?utm_source=ro.uow.edu.au%2Fsmhpapers%2F4207&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/648?utm_source=ro.uow.edu.au%2Fsmhpapers%2F4207&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/316?utm_source=ro.uow.edu.au%2Fsmhpapers%2F4207&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/316?utm_source=ro.uow.edu.au%2Fsmhpapers%2F4207&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ro.uow.edu.au/smhpapers/4207?utm_source=ro.uow.edu.au%2Fsmhpapers%2F4207&utm_medium=PDF&utm_campaign=PDFCoverPages

Effects of chitosan and salicylic acid on Stemona alkaloid production in
hydroponic culture of Stemona curtisii Hook. f.

Abstract

The objective of this study was to investigate the effects of the elicitors, salicylic acid (SA) and chitosan,
on the improvement of Stemona alkaloid production in hydroponic cultures of S. curtisii. In vitro plantlets
were used as plant materials. The elicitors were added into the culture medium and samples of the roots
and medium were collected on week 2 and 4 after the elicitor addition and then analyzed for Stemona
alkaloid production by high performance liquid chromatography (HPLC). This study revealed that both SA
and chitosan increased production of three Stemona alkaloids and that chitosan is better than SA for the

enhancement of the production of these alkaloids. The elicitation by 20 mg LT of chitosan for 4 weeks
induced highest amount of oxyprotostemonine (274.31 ug g'1 DW) stemocurtisine (35.46 g g'1 DW) and

stemocurtisinol (99.48 ug g'1 DW), which were 1.9, 2.0 and 1.5 fold higher than that of the control,
respectively.
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ABSTRACT

The objective of this study was to investigate the effects of the elicitors, salicylic acid
(SA) and chitosan, on the improvement of Stemona alkaloid production in hydroponic
cultures of S. curtisii. In vitro plantlets were used as plant materials. The elicitors were added
into the culture medium and samples of the roots and medium were collected on week 2
and 4 after the elicitor addition and then analyzed for S#mona alkaloid production by high
performance liquid chromatography (HPLC). This study revealed that both SA and chitosan
increased production of three Stemona alkaloids and that chitosan is better than SA for the
enhancement of the production of these alkaloids. The elicitation by 20 mg L' of chitosan
for 4 weeks induced highest amount of oxyprotostemonine (274.31 pg ¢! DW) stemocurtisine
(35.46 pg ¢! DW) and stemocurtisinol (99.48 pg ¢! DW), which were 1.9, 2.0 and 1.5 fold
higher than that of the control, respectively.
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1. INTRODUCTION

Stemona curtisii is an insecticidal plant
belonging to the monocotyledon family
Stemonaceae. This family is the only
source of Stemona alkaloids [1]. Three kinds
of Stemona alkaloids (stemocurtisine
oxyprotostemonine and stemocurtisinol)
have been isolated from the root extracts of
S. curtisii |2-3]. These extracts had insecticidal

activity against Spodoptera littoralis [4] and

larvicidal activity against Anopheles mininus
[3]- In addition, the use of S. curtisii extracts
as a biopesticide were reported [5], which
revealed that this pesticide was effective
against Phyllotreta chontanica, Plutella xylostella,
Lipaphis erysimi, Trichoplusia ni and Spodoptera
littoralis in agricultural field trials.
Hydroponics have become an important
technique to enhance the production of
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secondary metabolites in several plants, for
example, genistein in Lupinus lutens |6] and
isoflavones in Pueraria Montana [7]. Moreover,
the treatment of plants with various elicitors
has been an effective strategy for improving
the production of secondary metabolites in
plants. Many elicitors such as salicylic acid (SA),
chitosan or yeast extract were confirmed as
effective for the enhancement of Stemona
alkaloid production from 7z witro cultured
Stemona plants [8-9]. Although past studies
have examined the effect of elicitors in tissue
cultures, no previous investigations have
examined their effects in hydroponic cultures.
Hence, the purpose of this study was to assess
the effects of the elicitors SA and chitosan on
the improvement of Stemona alkaloid
production especially oxyprotostemonine
stemocurtisine and stemocurtisinol in
hydroponic cultures of S. curtisii.

2. MATERIALS AND METHODS
2.1 Plant Materials and Hydroponic
Culture

The intact plants of S. curtisii (a voucher
specimen No. 17581) were collected
in Thailand.
Micropropagation of . curtisii was used to

from Trang Province

produce plantlets following the method
described by Palee et al. [10]. The in vitro
shoots of S. curtisii were cultured on
Murashige and Skoog (MS, 1962) [11] solid
media containing 1 mg L' naphthalene acetic
acid (NAA) for 8 weeks to induce roots.
After that, eight week—old plantlets were
used as plant materials, which were transferred
into the modified hydroponic culture
(Figure 1). These plantlets were first washed
with running tap water to remove agar from
the roots, then soaked with 0.2% solution of
fungicide (Carbendazim) for 30 minutes, and
then finally transplanted to hydroponic trays
having a mixture of perlite and vermiculite
in the ratio of 1:1 (w/w). The hydroponic
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were aerated by bubbling

systems
compressed air through the nutrient solution.

2.2 Feeding of Elicitors

The elicitors, consisting of chitosan at
concentrations of 10, 20 and 50 mg L
or SA at concentrations of 100, 200 and
500 uM, were added into the culture medium.
Non elicitor treatment was the control
conditions. The fifteen plantlets in each
treatment were kept in the greenhouse for
4 weeks at a temperature range 25-30 °C
and 11-13 h photoperiods. Samples of the
roots and the culture medium for each
treatment were collected two times on weeks
2 and weeks 4 after adding the elicitors and
were then analyzed for the presence of the
Stemona alkaloids, oxyprotostemonine
stemocurtisine and stemocurtisinol by high
performance liquid chromatography (HPLC).

2.3 Root and Medium Extraction

Fresh roots were cut into small pieces
and dried in the oven at 35-40 °C. Then,
the dried roots were powdered and extracted
3 times with methanol (MeOH). For medium
extraction, the culture medium for each
treatment was extracted 3 times with
dichloromethane (DCM). The solutions of
the roots and medium extracts were filtered
and evaporated to give a crude extract
which was dissolved in 1 ml. MeOH and
1 ml. water before extraction with DCM,
and then the organic phase was evaporated
to give a partially purified extract (DCM crude
extract). Finally, the DCM crude extracts of
the roots and the culture medium were
analyzed by HPLC.

2.4 Quantification of Stemoma Alkaloids
by HPLC

Analytical HPLC was performed using
an Agilent 1200 series. Chromatographic
separation was achieved with a C , column
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(Inertsil ODS-3, 5 pm, 4.6 L.D. X 150 mm,
GL sciences Inc., Japan). The mobile phase
was Milli-Q) water and MeOH (HPLC grade)
(30:70, v/v), at a flow rate of 1 mL min™
with an injection volume of 20 uL and UV
detection at 297 nm [12]. Standards of
oxyprotostemonine, stemocurtisine and
stemocurtisinol were separated and purified
by column chromatography from S. curtisii
root extract, with purities of approximately
97.3, 92.1 and 96.3% (based on peak area),
respectively. Quantification was based
on the external standard method using
calibration curves. Standard solutions of
oxyprotostemonine, stemocurtisine and
stemocurtisinol were prepared in methanol.
Hach concentration of standard solution was
injected onto the HPLC column in triplicate.
The retention times of oxyprotostemonine,
stemocurtisine and stemocuttisinol were 2.9,
3.4 and 4.8 min, respectively. The mean peak
areas for each concentration were calculated
and the standard calibration curves were
constructed by plotting concentrations against
the peak areas.

2.5 Statistical Analysis

The experiment was laid out in
completely randomized design(CRD).
All experiments were conducted in three
replicates with 15 plantlets per treatment.
The values are expressed as the Mean®SD.
The data were analyzed using one-way
analysis of variance (ANOVA) and then
followed by the Turkey test. All statistical
tests were considered significant at P < 0.05.

3. RESULTS AND DISCUSSION
3.1 Influence of Chitosan on Stemona
Alkaloid Production

The accumulation of the S7eona alkaloids
namely oxyprotostemonine stemocurtisine
and stemocurtisinol in the roots and medium

Chiang Mai J. Sci. 2016; 43(5)

are shown in Table 1. It was found that the
clicitation by chitosan enhanced the
production of these three Szemona alkaloids
in the roots and also stimulated the secretion
of these alkaloids into the medium. The
highest contents of total oxyprotostemonine
(274.31 pg ¢! DW), stemocurtisine (35.46 pg
g' DW) and stemocuttisinol (99.48 ug ¢! DW)
were observed from treatment with
20 mg L' chitosan for 4 weeks, which were
1.9, 2.0 and 1.5 fold significantly higher
than the control, respectively. The positive
effects of chitosan on Stemona alkaloid
production were also reported by Chaichana
et al. [9] and Jadwadtanakul [13] in tissue
cultures of Stemona sp., where the highest
contents of 1”, 2’-didehydrostemofoline
and stemofoline were found from treatment
with 25 mg L' chitosan for one week.
Chitosan has been used as a strong elicitor
to improve the production of secondary
metabolites in tissue culture and hydroponic
culture of numerous plants, for example,
Lupinus Iutens 6], Plumbago rosea |14], Ocimum
bastlicum [15] and Withania sommnifera |16].
Fan et al. [17] demonstrated that chitosan not
only enhanced the production of triterpenoids
in cell suspension cultures of Betula platyphylla
but also increased the activity of enzymes
involved in triterpenoid biosynthesis, Ze.
phenylalanine ammonia lyase, superoxide
dismutase, endochitinases and exochitinases,
which were 1.6 - 3.0 fold when compared to
unelicited cells. Likewise in hairy root cultures
of Armoracia lapathifolia, Flocco and Giulietti
[18] reported that total peroxidase activity
increased about 170% after 48 h of elicitation
with chitosan at 100 mg L". Thus, in the
present study, chitosan may be stimulating the
activity of enzymes involved in Stenona alkaloid
biosynthesis, resulting to the enhancement of
oxyprotostemonine, stemocurtisine and
stemocurtisinol production in S. eurtisi.
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Table 1. Effects of chitosan concentration
roots and the culture medium.
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on Stemona alkaloids accumulation in S. curtisii

week | Concentration | Oxyprotostemonine content Stemocurtisine content Stemocurtisinol content
of chitosan (ng g' DW) (ug g' DW) (ug g' DW)
Root | Medium Total Root [Medium| Total Root | Medium | Total
Control 158.05+ 517t 163.22+ | 13.34£ | ND* 13.34% | 57.66% 145 | 59.11+
3.28¢ 0.03 3.26° 0.35¢ 0.35¢ 1.19¢ 0.03¢ 1.19
2 10 mg L 134.33+ 4.78% 139.11% | 13.20% ND 13.20£ | 49.96% 0.77+ | 50.73+
2.90¢ 0.09° 2.93% 0.51¢ 0.51¢ 0.60° 0.03¢ 0.57°
20 mg L 115.53+ 6.14% 121.67f | 9.52% ND 9.52+ 39.40+ 155+ | 40.95+
1.80¢ 0.06¢ 1.75" 0.56° 0.56¢ 0.98¢ 0.02° 0.96¢
50 mg L' 126.27+ 6.19% 13246t | 893 | 211 | 11.04% | 72.63% 122+ | 73.85+
2.16% 0.09¢ 2.19% 0.05¢ 0.02 0.07% 0.68¢ 0.04¢ 0.63¢
Control 135.44+ 5.50% 14094t | 17.59% ND 17.59% | 64.20% 121+ | 65.41%
0.73¢ 0.05¢ 0.78¢ 0.59¢ 0.59¢ 1.21¢ 0.04¢ 1.25¢
4 10 mg L 120.56+ 8.17t 128.73t | 17.55% ND 17.55% | 80.36% 154+ | 81.90+
1.84¢ 0.07¢ 1.86¢ 0.26¢ 0.26¢ 1.44° 0.02° 1.42°
20 mg L 260.51+ | 13.80% 274.31% | 35.40% ND 35.46% | 96.69+ 279t ] 99.48+
1.71* 0.08* 1.66* 0.65" 0.65* 1.21° 0.02° 1.22
50 mg L' 182.28+ 8.93+ 191.21% | 22951 | 1.34% | 24.29% | 92.23%+ 225+ | 94.48%+
2910 0.06 2.94° 0.78 0.01° 0.79 1.21% 0.04° 1.23

The experiments were conducted in three replicates. Each replicate had 15 plantlets per treatment. * ND = Not-

detected.

* Values expressing the Mean * SD followed by similar letters in a column indicates as non-significantly difference at

P < 0.05 (ANOVA; Turkey test).

3.2 Influence of Salicylic Acid (SA) on
Stemona Alkaloid Production

The effects of SA on Stemona alkaloids
production in the modified hydroponic
culture of . curtisii were also examined.
Data in Table 2 revealed that the elicitation
by SA for 4 weeks had a positive effect
on the enhancement of the production
of the Stemona alkaloids in the roots.
This also stimulated the secretion of
oxyprotostemonine and stemocurtisinol
into the medium, however SA did not
affect stemocurtisine secretion that may be
cause from the amount of stemocurtisine
in the roots is much less. The highest amounts
of total oxyprotostemonine (213.37 pg g’
DW) and stemocurtisine (33.30 ug g DW)
were observed from the culture treated
with 100 uM SA for 4 weeks, which were
1.5 and 1.9 fold significantly higher than that
of the control, respectively. The elicitation
by 500 pM SA for 4 weeks showed the
highest amount of total stemocurtisinol (96.20
ug ¢! DW), which was 1.5 fold significantly

higher than that of the control. The stimulating
effect of SA on Stemona alkaloid production
has been reported in §. curtisii root
cultures, whereas the highest amount of
oxyprotostemonine, stemocurtisine and
stemocurtisinol were found in the treatment
with 500 uM SA for 16 weeks [8]. For i vitro
cultures of Stemona sp., the elicitation by
100 uM SA for one week revealed the
highest amount of Stemofoline and 17,
2’-didehydrostemofoline, which were 1.6
and 1.7 fold higher than the control,
respectively [19].

Salicylic acid is an important stress-
signaling molecule in plant resistance to
pathogens and other stress factors [20-21].
SA and its chemical derivatives, acetylsalicylic
acid and trifluoroethyl salicylate have been
reported to enhance the production of
secondary metabolites in various plants
[22-24]. The stimulatory effects of SA on
secondary metabolite production may be due
to the stimulation of biosynthetic enzymes
[25-26]. In Capsicum frutescens, 200 uM SA
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enhanced capsaicin production in the cell
and stimulated the release of capsaicin into
the medium. The total capsaicin content
was the highest on the 12" day of culture,
which correlated with higher activity
of capsaicin synthase in the capsaicin
biosynthetic pathway [27]. Kang ez al. |28]
reported that the highest amount of

Chiang Mai J. Sci. 2016; 43(5)

scopolamine in the adventitious roots of
Scopolia parviflora was found in the roots
treated with 1.0 mM SA for 24 h, which
was associated with the over expression
level of the key enzymes, putrescine IN-
methyltransferase and hyoscyamine
6B-hydroxylase in the biosynthesis of

tropane alkaloids.

Table 2. Effects of SA concentration on Stemona alkaloids accumulation in S. curtisii roots and

the culture medium.

week | Concentration | Oxyprotostemonine content Stemocurtisine content Stemocurtisinol content
of chitosan (ng g' DW) (ug g' DW) (ug g' DW)
Root Medium Total Root |Medium| Total Root | Medium | Total
Control 158.05% 517t 163.22+ | 13.34% | ND* 13.34%+ | 57.66% 145 | 59.11%
3.28¢ 0.03¢ 3.26¢ 0.35" 0.35 1.19% 0.03° 1.19%
2 100 M 189.60% 3.75% 193.35+ | 13.83+ ND 13.83+ | 62.13% 0.39f | 62.52+
1.87° 0.01° 1.87° 0.28< 0.28 0.60< 0.03f 0.63
200 oM 140.89% 3.40% 144.29% | 16.32% ND 16.32+ | 54.28+ 0.71£ | 54.99+
1.43¢ 0.01# 1.43¢ 0.54% 0.54* 0.76¢ 0.02¢ 0.79¢
500 oM 138.85% 2,18t 141.03% | 17.93% ND 17.93+ | 56.79% 036 | 57.15%
3.13¢ 0.01" 3.12¢ 0.20¢ 0.20° 0.91¢ 0.02f 0.93¢
Control 135.44% 5.50% 140.94% | 17.59% ND 17.59% | 64.20% 121 | 65.41%
0.73¢ 0.05¢ 0.78¢ 0.59¢ 0.59¢ 1.21° 0.04¢ 1.25¢
4 100 M 202.61+ | 10.76% 213.37+ | 33.30% ND 33.30+ | 7293+ 2.63t | 75.56%
1.15° 0.05* 1.19° 0.58* 0.58* 1.03° 0.04° 0.99°
200 oM 172.09% 6.39% 178.48% | 24.72% ND 24.72+ | 77.12+ 1.84 £ | 78.96%
3.46¢ 0.07° 3.45¢ 0.58¢ 0.58¢ 1.48° 0.02° 1.48°
500 oM 17617 6.67% 182.84% | 28.64% ND 28.64% | 95.07x 113 | 96.20%
1.82¢ 0.07° 1.88 0.95" 0.95" 0.80° 0.03¢ 0.83

The experiments were conducted in three replicates. Each replicate had 15 plantlets per treatment. * ND = Not-

detected.

* Values expressing the Mean = SD followed by similar letters in a column indicates as non-significantly difference at

P < 0.05 (ANOVA; Turkey test).

Figure 1. The modified hydroponic culture.
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4. CONCLUSIONS

Elicitation by chitosan and SA had a
positive effect on the enhancement of the
production of the three Szemona alkaloids,
oxyprotostemonine, stemocurtisine and
stemocurtisinol in the modified hydroponic
cultures of S. curtisii. Treatment with
20 mg L' chitosan for 4 weeks showed the
highest amount of total oxyprotostemonine,
stemocurtisine and stemocurtisinol, which
were 1.9, 2.0 and 1.5 fold higher than the
control, respectively.
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