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ABSTRACT

Objective: The present study aimed to determine the effect of two elicitors namely Methyl Jasmonate (Me]) and Salicylic acid (SA) on adventitious
root production of Psoralea corylifolia L. as the elicitors and at different concentrations.

Methods: Adventitious roots of P. corylifolia L. were treated with different concentration of elicitors such as Me]J (10, 20, 30 and 40 uM/1) and SA
(50, 100, 150 and 200 uM/1) to enhance the psoralen contents. After the treatment, psoralen content was analyzed through the analytical HPLC
experiments (Methanol: Water (50:50) at 0.8 ml/min! flow rate and the injection volume as 20 pl).

Results: Me] and SA treatments at the concentrations of 30 uM/1 and 150 uM/1 respectively were found to increase the net wet weight of
adventitious root production to 8 fold at 8 hours of elicitor treatment periods. Further, the quantity of psoralen was determined from the elicitors
(Me] and SA) treated roots and mother plant through the analytical HPLC experiments in order to estimate the psoralen content and it was found as
3.73 mg/ml], 0.015 mg/ml and 0.56 mg/ml respectively.

Conclusion: In the present study we achieved enhanced production of psoralen through abiotic elicitors (Me] and SA) treatment and concluded that

the MeJ at 30 pM/1 concentration shows significant enhancement of psoralen production.
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INTRODUCTION

Medicinal plants are the natural sources for different forms of
alkaloids and chemical substances which are being used to cure a
variety of diseases among human beings worldwide. Psoralea
corylifolia Linn. (Fabaceae) is an important medicinal plant used in
folk, siddha and ayurvedic system of medicine. It is an endangered
and rare herbaceous medicinal plant distributed in the tropical
region of the world [1]. From time to time, the fruits, seeds and roots
of P. corylifolia have been examined and a large number of
pharmacologically important compounds have been reported [2].
This plant species is also characterized by the presence of essential
oil, terpenoids and resins. In addition, the most important
compounds are such as alkaloids, flavonoids, glucosides, essential
and fatty oils, resins, gums, mucilage, tannins and etc. are also have
largely used in pharmacology. These active principles might present
in the storage organs of plants viz roots, seeds, leaves and etc [3].

This plant contains major bioactive compounds such as psoralen,
isopsoralen, angelicin and daidzein [4]. Among them psoralen is one
of the important pharmacological active compounds and it is used to
treat various skin diseases such as psoriasis, mycosis, fungoides and
eczema [5]; [6]. Psoralen and isopsoralen are being investigated
against several diseases including AIDS [7]. It is also used in
indigenous medicine as the laxative, aphrodisiac, anthelmintic,
diuretic and diaphoretic in febrile conditions [8]. These compounds
are specially recommended for the treatment of leucoderma,
leprosy, psoriasis and inflammatory diseases of the skin and
prescribed for both oral administration and external application in
the form of a paste or ointment [9]; [10].

Elicitor treatment is one of the effective strategies for improving
secondary metabolites production in in vitro plant cell culture [11].
Exogenous application of Methyl Jasmonate (Me]) and Salicylic acid
(SA) are involved in the signal transduction pathways that induce
particular enzymes to catalyze biochemical reactions to produce
defense compounds with lower molecular weight in plants like
polyphenols, alkaloids, quinines, terpenoids, and polypeptides [12].
The accumulation of secondary metabolites in plants is part of their
defense response, which triggered and activated by elicitors and acts

as signal compounds of plant defense responses. There are
voluminous literature showing that the positive influence of Me] and
SA on an enhancing secondary metabolites production in cell culture
[13]. In our previous study on rapid seed germination and highest
survival rate of seeds of P. corylifolia was achieved by heat treatment
at 70 °C [14]. The effect of abiotic and abiotic elicitors at various
concentrations on total isoflavonoid accumulation was studied in
the hairy root culture of Pueraria candollei [15]. SA has been
identified as a stress signaling molecule involved in plant defense
responses [16] and enhance the production of phytoalexin in
suspension culture [17]. Sivanandhan et al, [18] reported that the
different concentrations of Me] and SA were increased the
secondary metabolites level in adventitious root formation of
Withania sominifera L. Me] is involved in signal transduction
pathway which induces the enzyme to catalyze biochemical reaction
[19] and SA is also involved in stress signaling pathway, plant
resistance to pathogens and other environmental stress factor [20].

Field-grown plants are more prone to attack by pests which
consequently affect the quality and quantity of psoralen production.
Hence it is desirable to depend on in vitro cell culture for avoiding any
contamination during plant growth and yield of psoralen. So the present
study was aimed to enhance the production of psoralen content through
elicitors treatment in in vitro root culture of P. corylifolia.

MATERIALS AND METHODS
Seed material

P. Corylifolia seeds were kindly provided by Department of Plant
Physiology, Jawaharlal Nehru Krishi Vishwa Vidyalaya (JNKVV)
Jabalpur, Madhya Pradesh, India.

Aseptic seed germination

Healthy seeds were washed thoroughly once in tap water for 10
minutes, followed by soaking in soap solution (2% Teepol -
commercial soap solution) for 5 minutes and then the seeds were
kept under running tap water for 30 minutes. After washing, the
seeds were disinfected with 70% ethanol for 45 seconds and rinsed
with double distilled water for 3 times, followed by exposure in



0.1% (w/v) aqueous mercuric chloride for 5 minutes. After
decanting the mercuric chloride solution, the seeds were rinsed 5
times in sterile distilled water and then disinfected seeds were
inoculated in test tubes containing moistened cotton for seed
germination. Initially the cultures were maintained in dark condition
for 48 h at 25+2°C and then under 16 h photoperiod conditions with
the light intensity of 3000 lux. All the surface sterilization and
inoculation works were performed under aseptic condition. Before
inoculation, the test tubes were autoclaved at 121°C for 15 minutes
with 1.06 Kg cm2 pressures (15 lb). After germination, healthy and
vigorously growing seedlings were selected and used as the source
of explants.

Root culture

The trimmed leaf explants from 20 days old in vitro seedlings were
inoculated in MS medium. The leaf explants were inoculated in
rooting medium containing 3% sucrose, NAA (0.5-2.5 mg/l), IAA
(0.5-2.5 mg/1) and IBA (0.5-2.5 mg/1). The cultures were maintained
in dark condition for 48 h at 25+#2°C and then under 16 h
photoperiod conditions with the light intensity of 3000 lux. After the
production of roots from explants, they were transferred into liquid
root culture medium containing 3% sucrose, NAA (0.5-2.5 mg/1),
IAA (0.5-2.5 mg/1) and IBA (0.5-2.5 mg/1).

Optimization of elicitors concentrations

Different concentrations of Me]J viz.,, 10, 20, 30 and 40 uM/l and SA
viz., 50,100, 150 and 200 uM/1 were used along with optimum auxin
concentration. The culture was maintained in an orbital shaker at
120 rpm/min. The 28t day of liquid root culture was exposed for 8 h
contact time with the elicitors for the production of psoralen. After 8
hours of elicitor treatment, the root samples were collected,
extracted with methanol and stored at - 20°C. All the experiments
were conducted in triplicate.

HPLC analysis of elicitor treated root samples

After the elicitation treatment, the root samples were taken from the
liquid root culture medium, dried and ground to fine powder. The
powder was extracted with 10 ml methanol using sonication for 30
min. The extracted material was then subjected to dry at 50°C for 1
week and then the sample was again dissolved in 5 ml methanol and
centrifuged at 8000 rpm for 25 min. The supernatant was then
filtered through 0.22 uM membrane filter and it was subjected to
HPLC analysis (Waters, C18 silicon column, reverse phase,
Australia). The analytical HPLC experiments were performed in
Methanol: Water (50:50) at 0.8 ml/min-! flow rate and the injection
volume was set as 20 pl (Fig. 1 - 4) [26-27].

Estimation of Psoralen from Elicitors Treated Root Samples:

Estimation of psoralen content in the treated root samples was
compared with the mother plant and calculated by the following
formula.

Sample arca STD weight Sample Dilation
Sample concentration = - bR - e b
Mean STD Area STD Dilution ‘ Sample Weight
“ ) L
RESULTS AND DISCUSSION

The present study was carried out to identify the role of Me] and SA
for enhanced production of psoralen in adventitious root culture of
P. corylifolia. The leaf explants were inoculated on MS medium
supplemented with auxins at different concentrations. The medium
containing 3% sucrose with NAA 0.5mg/l], IAA 1.0mg/l and IBA
1.5mg/1 were found as the optimum concentration for the high
number of root induction. The production of psoralen was
influenced by the age of the culture and elicitation period, and by the
different concentrations of two elicitors (Me] and SA). The 28t day
liquid culture, treated with the Me] for 8 h contact time showed
better results than SA in terms of visible changes in root morphology
such as color and texture of the root and increased weight.

Table 1 and 2 indicates that the best result was observed in 30 uM/1
of Me] and 150 puM/l of SA respectively. The best concentration
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alone was repeated for further evaluation in order to find the
optimal time periods. In which, the best result was observed in 30
uM/1 of Me] treated roots after 8 hours of elicitation treatment and
obtained 2.76 fold increase in weight (Plate 1).

Table 1: Effect of different concentrations of Methyl Jasmonate
for adventitious root production in MS liquid medium

Concentration Inoculated Harvested Fold

(/D Root Weight Root Weight Increase
(g) (8)*

10 3 5.033 £ 0.15 1.67

20 3 5.96 +0.15 1.98

30 3 8.3+0.2 2.76

40 3 5.5+0.2 1.83

*values are represented as Mean + SD

Table 2: Effect of different concentrations of Salicylic Acid for
adventitious root production in MS liquid medium

Concentration Inoculated Harvested Root  Fold

(wM/1) Root Weight (g) Weight (g)* Increase
50 3 3.99+0.15 1.32
100 3 43+0.2 1.43
150 3 6.033 £ 0.15 2.01
200 3 55+0.3 1.83

*values are represented as Mean * SD.

Plate: 1. Effect of different concentrations of elicitors treatment
(28t day old culture and 8 h contact time) on in vitro
adventitious root growth of Psoralea Corylifolia L.

a to d - Me] treated adventitious root (a, 10 pM/1; b, 20 uM/J; c, 30
uM/1; d, 40 uM/1)

e to h - SA treated adventitious root (e, 50 uM/]; f, 100 uM/]; g,
150 uM/1; h, 200 uM/1)
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Addition of Me] and SA showed enhanced root growth which
subsequently increased the psoralen content in adventitious root
culture of P. corylifolia. Bulging of root was observed after 8 hours of
contact time with MeJ at 30 pM/I and SA at 150 pM/1 concentrations
showed profuse root growth.

Amit Shinde et al., [21-23] reported that the addition of SA at 1 mM
concentration stimulated high accumulation of isoflavones in hairy
root culture of P. corylifolia after 2 days of elicitation, but further
increasing the concentration of SA beyond the optimal concentration
and incubation period it found that the reduction in root growth and
psoralen accumulations. Elicitor treatment has been proved to
enhance the production of secondary metabolites in adventitious
root culture of some important medicinal plants [11]. Me] and SA
were used as elicitors for higher production of with anolides in
adventitious root culture of Withania somnifera [24]. Similarly, Me]
was showed to induce inulin accumulation at 150 uM/1 in combination
with Aspergillus niger extract in Helianthus tuberosus [25].

HPLC analysis of elicitor treated root sample
Psoralen standard chromatogram (RT 20.628)

HPLC analysis of methanolic extract of Me] treated root samples
showed a single peak at the retention time of 21.622 and estimated
psoralen concentration is found as 3.73 mg/ml. SA treated root
sample peak at the retention time of 21.651 and estimated as the
concentration of psoralen is as 0.015 mg/ml. Comparatively, we
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obtained mother plant root sample peak at the retention time of

21.312 and estimated the concentration of psoralen is as 0.56
mg/ml. This HPLC analysis showed that Me] treated root samples
indicated the good results when compared with SA (Fig 1 - 4).

Aute-Scaled Chromatagram
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Fig. 1: Psoralen Standard Chromatogram
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Fig. 2: Root Sample Chromatogram from the MeJ Treated Plant
30 uM/1

Baskaran and Jayabalan [26] performed HPLC analysis of psoralen
from both in vitro and ex vitro grown P. corylifolia plants and
reported that the psoralen content was high in vitro grown plants
when compared to ex vitro grown plants. The analytical HPLC
experiments was performed in Methanol: Water (50:50) at 0.8
ml/min! flow rate and the injection volume was set as 20 pl. HPLC
analysis of psoralen was performed for in vitro ex vitro grown roots
and seeds part of P. corylifolia plants [27].
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Fig. 4: Root sample Chromatogram from Mother Plant control

In the above said factors, the elicitors treatment is important to
improve the secondary metabolites production in medicinal plants. In
earlier reports stated the psoralen is very important in pharmaceutical
and medicinal industries to prevent and cure some of the skin
diseases. So the psoralen production is commercially very important
for pharmaceutical industries. In this present study, two types of
elicitors were used for improving the psoralen production in P.
corylifolia. In which, Me] treated roots shows best result in psoralen
production. Me] 30 pl/l treated roots produced 3.73 mg/ml of
psoralen concentration when compared with the SA and mother plant.

CONCLUSION

Psoralen is the major compound present in root parts of P.
corylifolia. In the present study we achieved enhanced production of
psoralen through abiotic elicitors (Me] and SA) treatment. Leaf
explants from 20 days old in vitro raised seedlings were cultured on
MS medium containing 3% sucrose, 8% agar along with NAA 0.5
mg/l, IAA 1.0 mg/I and IBA 1.5 mg/I for root induction. These roots
were transferred to suspension culture medium containing the
above said plant growth regulators. After 28t day mass production
of roots, MeJ (30 pM/1) and SA (150 uM/1) were added to determine
the increase in root weight and accumulation of psoralen. After 8
hours of elicitation period, root samples were extracted and
subjected to HPLC analysis and psoralen content was determined as
3.73 mg/ml in Me] treated root sample, 0.015 mg/ml in SA treated
root sample and 0.56 mg/ml in control plant. From the present
study, it is concluded that Me] at 30 uM/1 concentration showed the
best result for enhanced production of psoralen.
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