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Abstract

Thymus vulgaris is a Mediterranean plant that is known |t s well known that different stresses, locations
for its aroma present maximally in the leaves, st climates, microenvironment and physical and chemica
purple flowers. The aromatic is due to the esskwofla  stimuli (often called elicitors) quantitatively and
that is rich in monoterpenes and its derivativé® Major  qualitatively alter the content of bioactive secand
active ingredient that is present in the essertiblis  metabolites Elicitation is a process of induced or
thymol.. This StUdy involves the screening of SUbStanceSenhanced Synthesis of secondary metabolites by the
that increase the concentration of thymol in thanpl p|ant3 to ensure their survival persistence and
using biotic and abiotic substances. The abiofititets  competitiveness. Elicitors are molecules that skiteuthe
screened were 1mM acetic acid, manganese chloridgant defense mechanism. They are compounds of
silver nitrate, salicylic acid and methyl jasmonatile  piological or non-biological origin, which upon dauwt

the biotic elicitors used were 1 gikpergillus niger cell  with plant cells; trigger defense related compounds
free extract and yeast extract. The effect of tleit@r on through over-expression of relevant enzyMesThese
thymol concentration in the plant was evaluated24r  defense-related responses are activated througgnal s
48 and 72 h. The elicitation of thymol was detect®d  transduction pathway that includes the recognitafn
quantified using HPTLC and densitometric quantifit®  elicitors by receptors located in the plasma-meméyra
software after extraction of thymol in Dichloromatte  activation of ion fluxes across the membrane, itidnc
(DCM). The concentration of thymol in the unexposed of down-stream functions such as oxidative burbtse(
plants measures 35 mg/g dry weight of the plantthatl  radical formation) and formation of secondary
of the best abiotic eIiCitor, Silver nitrate is 9@:{@ Thus messenge?s Due to such h|gh Speciﬁcities of actions,
the highest amount (three-fold increase comparethdo  fajlure of one elicitor does not necessarily meaat the
COﬂtrO') of thymol accumulation was observed in the metabolic pathway cannot be triggered indicatir@m

Research Article

shoots after 48 hours of exposure to silver nitrate large number of elicitors have to be screened for
Keywords Thymol, silver nitrate, elicitation, HPTLC accomplishing effective elicitation process. Heitéehe
fingerprint, Thymus vulgaris. current investigation seven different elicitors @dveen
Introduction screened, of which two are biotic and five are tbim

Thymus vulgaris, belongs to lamiaceae family and is a nature. A number of analytical techniques have been
Mediterranean shrub that has a pleasant aroffiae  developed to determine the different componentsquie
aroma is due to essential oils present in freshele@and in plant extracts or essential oil obtained fronans.
purple flowers. They are used as aroma additivésad, =~ Chromatographic fingerprinting of phyto-constitueoan
pharmaceuticals and cosmeficsThe major active be used for the assessment of quality, stabilitg an
ingredient that is present in the essential oithigmof. comparison of the standardized fingerprint patternew
Thymol (2-isopropyl-5-methylphenol) is a monoterpen or modified fingerprints obtained after certainatiment
phenol predominantly present in the essential dil o to the plants They can also be used for quantification of
Thymus sps, Origanum sps, Monarda  sps, the obtained fingerprint using densitometric analys
Trachyspermum sps, etc. It is a white crystaline MATERIALSAND METHODS

substance with an aromatic odour and antisepti2.0 gm of shoots of. vulgaris L obtained from the wild
properties. It has antifungal potential agaiAspergillus ~ were placed in a 250 mL tissue culture bottle doirg
parasiticus, antioxidant effect and antimicrobial activity 50 mL of Hoagland’s mediufrand incubated at 25 °C on
The total yield of thyme essential oil is much lessl  a gyratory shaker. The shoots were harvested fiwan t
hence the amount of thymol is also less. Hence tonedia after 24, 48 and 72 hrs. These shoots seased
increase the essential oil content and thus thenshy control. To evaluate the effect of various elicstothe
Elicitation is one of the tools that can be used. shoots were exposed to each of elicitors by addinth
elicitor at fixed concentration into the medium and
incubating at 25 °C on a gyratory shaker. The shoetre

Email: taniamoses@gmail.com harvested after 24, 48 or 72 hrs of exposure.
Phone: +91 22 2515 2731 The biotic elicitors used for elicitation were Yeastract
Fax: +91 22 25150957 (YE) and mycelial extract (also called dry cell m®x) of

Aspergillus niger (AnE) at a concentration of 1g/L. Yeast
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extract powder was purchased from Himedia. Theuraillt the lanes at Rf 0.43 indicating the presence ofniiyin

of A. niger was obtained from NCL, Pune. They were the control as well as the treated shoot extract.
maintained by routine sub culture on Sabouraudar ag The area under the peak obtained from the anabjdlse
slants. The dry cell powder @& niger was prepared for plates represents the amount of thymol presenthén t
elicitation at a concentration of 1 g/L in basatdium zones after the plates were scanned using the CAMAG
(Hoagland’s Mediumf. The complete elicitation visualiser and density determined by the WinCATS
medium was autoclaved at 121 °C at 1.05 K§/éon 20 software. The concentration of thymol obtainedamts
min before inoculation of the shootsTfvulgarisL. of ug/gm of plant extracted for each treatment tesn
The abiotic elicitors were filter sterilized thrdug 0.2  compared iffigure 2. The control (untreated) shootsTof
UM bacteria-proof filter (Millipore) and added insterile  wvulgaris L shows the presence of 43.38 pg/gm, 28.5
basal medium (Hoagland’'s Medium) at their respectiv pg/gm and 33.69 pg/gm of thymol after 24, 48 andhi&2
concentrations. Different abiotic elicitors used tine of harvest. The maximum concentration (94.94 pg/gim)
basal media were 0.5 mM Acetic acid (HOAc), 0.5 mM thymol has been observed in shoots treated witm{vb
Salicylic acid (SA), 0.5 mM Manganese chloride silver nitrate after 48 hours of elicitation, faNed by 0.5
(MnCly), 0.5 mM Silver nitrate (AgNg) and 0.5 mM  mM acetate (62.07 pg/gm).

Methyl jasmonate (MeJa) From the current investigation, it can be concludeat
The harvested shoots were dried between sheethenf f 0.5 mM silver nitrate was successful in elicitifgymnol at
paper at room temperature for 48 hrs. 0.1 gm dvladt  the highest concentration within 48 hrs of exposAte24
material from each of the 24 samples were taken andirs and 72 hrs exposure, accumulation of thymadbis
crushed and subjected to solvent extraction usingvhen silver nitrate is used to elicit. Silver nirdas been
dicloromethane (DCM). The extract was resusper&Dih  proven to be a good abiotic elicitor for accumulatiof

uL of toluene and used for further analysis Spiroketal enol ether diacetylenes in Feverfewyheiot
The standard thymol was procured from Loba Chemiecultured? lettucenin A in lettucé and sakuranetin in
and prepared at a concentration of 10 pg/mL (W) i paddy leave’. The elicitor that successfully showed
toluene. 5 pL was used to load on aluminium bakéd t elicitation of thymol next in potency to silver rte is
layer chromatography (TLC) plate pre-coated wilitai  acetic acid at a concentration of 0.5 mM. Powtewal.*

gel 60F254 (Merck). 12 samples of 10 uL were appdie  have also shown elicitation of certain phytocheinica
a speed of 150 nL/sec on the plate as bands of 8 mmompounds in different plant species using acetid as
width using CAMAG Linomat V sample applicator. The one of the abiotic elicitors. Visible browning diet media
mobile phase constituted of toluene-ethyl acetat¢the  as well as the shoots was observed when acetataseds
ratio of 93:7 (v/v). After development the platesadried  as the elicitor. This is indicative of enhanced rilie
and visualized under visible light, ultraviolet (YVight oxidation which is sometimes also associated wih c
at 254 nm and 366 nm before derivatization. Theéepla deatli. Hence silver nitrate is more effective as an tibio
were derivatized by dipping them in vanillin-sulpicu  elicitor because the plant shoots have not shown an
acid (VS) reagent. The fingerprint was evaluated in visible damage or browning.

visible mode as well as UV at wavelength of 366 nm,Among the biotic elicitors tested, the highest lewé
using CAMAG Visualizer. Thymol appears as apink thymol was obtained when yeast extract was used as
coloured spot after derivatisation. The plates wereelicitor. When the shoots were exposed to 1 g/Lsyea
scanned at 530 nm using the WIinCATS and VedioSCANextract for 48 hrs, there was 2.7 times more thymol
software to determine the area occupied by thyrooésg. accumulation than the control shoots, compared gd_1

RESUL TS AND DISCUSSION Aspergillus niger extract that recorded only 1.65 times

B . 15
The shoot extracts obtained after extraction witghp  Mere thymol accumulation. Ajunglet al.™, report the

were green in colour. This is due to the simultarseo smrjlperlohrlty_ cl)f hyeast gxtraﬁt " ,'[.n E(Iealaltcnatlrcr)&el of
extraction of chlorophyll and accessory pigmentsspnt phytochemicals hyoscyamine elicitation [ivatura

in the dried plant material along with all the rpolar L compared toA. niger. Yeast extract has been used for

substances. The TLC plates were visualized afterjts ability to act as a biotic elil%itor for elicttan of
development and before derivatization under vidilglet, silymarin n Slyl_oum_ ”‘Sr'a”“m ’ Sangumarlne n
UV light at 254 nm and UV light at 366 nm. The stard Eschscholtzia californica™ and sesquiterpenes in

. . 18
thymol did not show any zone, which indicates thatg'cl(.)t'?natab%wmd hvl i K
thymol cannot be visualized under visible lightusing alicylic acid and methyl jasmonate are known as

ultra violet light. Hence derivatization was essant signaling molecules durin_g_bigtic and abiot_ic sires
After derivatization the plates were viewed undisible plants. The percentage elicitation of thymol in atisoof

light as well as UV at 366 nm Figure 1. Thymol seped T. wulgaris L was much less compared to the other
in the ‘standard’ lane as a single zone at Rf valu@.43 elicitors used (silver nitrate, acetate, yeastasttandA.

Both the plates showed the presence of pink spots! niger extract). They showed 1.5 and 1.7 fold increase
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respectively in thymol accumulation compared to thesurfaces of plant shodts Hence to overcome this

control after 48 hours of exposure.

limitation elicitors are generally applied to hydomic

system where the plants are grown in liquid meditihe

Manganese chloride at a concentration of 0.5 mMnaid

roots are exposed to the medium, they do not have

exhibit noticeable increase in thymol accumulationpigments and hence are easy to collect, dry, gaind
compared to control. The possible reason for noextract the bioactive compoufid™

elicitation could be that the concentration of namgse
chloride used was too less to induce any stresthdo 1)
plants, as manganese is one of the nutrients extjliy
plants for normal growth. Abiotic elicitation is
hypothesized to involve a number of factors like th 2)
action by secondary messenger #'Céactors affecting

cell membrane integrity, inhibition or activationf o
intracellular pathways and changes in osmotic press
acting as stress agetits

A general mechanism for biotic elicitation in plamhay  3)
be summarized on the basis of elicitor-receptor
interaction. When a plant or plant cell culture is
challenged by the elicitor an array of biochemical
activities occur, which includes binding of thecdbr to a
plasma membrane receptor or altered ion fluxessacro
the plant cell membrane. The ion flux is mediatgddms  4)
like CI' and K efflux and C&' influx. In plants, C&
transients have been found to act as second messdng

a variety of responses to environmental signatduding
pathogens. For instance, in parsley cells, an tetici
responsive calcium channel has been identified and
characterized and a transient influx of calcium bhasn 5)
found to occur within minutes after fungal elicitor
addition.

An ubiquitous feature of plant response to pathegam
elicitors is the activation of phenylpropanoid nietism

in which phenylalanine ammonia-lyase (PAL) catadyse
the first committed step of core pathway of general6)
phenylpropanoid metabolism. Branch pathways lead to
the synthesis of compounds that have diverse fumstin
plants, especially in defense such as cell wallirep
antimicrobial activity and as signaling compouhds

In case ofT. vulgaris L, thymol (an antimicrobial agent)

has been elicited in shoots when exposed to abastic
well as biotic factors. Thus silver nitrate, acetajeast 7)
extract andA. niger extract, salicylic acid and methyl
jasmonate may have been able to trigger the
phenylpropanoid pathway thereby activating the adsc 8)
of events leading to increased biosynthesis and
accumulation of thymol. The maximum exposure time,
that recorded highest accumulation of thymol ish#sfor

all the elicitors tested. The elicitors may be gpthon  9)
the whole plant from where they are directly abedrby

the roots or the plant green parts like leaves.rdtzee

also reports of elicitation obtained when the @aves
from the plant are exposed to elicitors in a ligmddium  10)
for 24-72 hour®. Applying elicitors to soil grown plants
has serious limitations with poor uptake of chenica
elicitors by the relatively impermeable hydrophobic
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Figurel
Observation of TLC platesunder visible light after derivatization using VS reagent
TLC Plate- 1 L

1=C(24hr§ 4=OHAc(24hrs) 7=StdThymol 10=MeJa(24hrs) 13=SA (24

hrs)
2=C(48hrs) 5=0OHAc(48hrs) 8=StdThymol 11=MeJa(48hrs) 14 =SA (48
hrs)
3=C(72hrs) 6=0HAc(72hrs) 9=Std Thymol 12=MeJa(72hrs) 15=5A (72
hrs)
TLC Plate-2 -{m

1=YE(24hrs) 4=MnCl,(24hrs) 7=Std Thymol 10=AnE (24hrs) 13=AgNO;(24

h)
2=YE (48hrs) 5=MnCl,(48hrs) 8=Std Thymol 11=AnE (48hrs) 14=AgNO;(48
h)
3=YE(72hrs) 6=MnCl,(72hrs) 9=Std Thymol 12=AnE(72hrs) 15=AgNO; (72
h)
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Figure 2

Comparison of concentration of thymol in shoots of T vuligaris L
when exposed to elicitors
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Abbreviation:

C = Control

OHAC = acetic acid

MeJa = methyl jasmonate
SA = salicylic acid

YE = Yeast extract

MnCl, = Manganese chloride
AnE = Aspergillus extract
AgNO; = Silver nitrate

DW = Dry weight

http://www ijddhrjournal.com. (C)Int. J. of Drug Discovery & Herbal Research BsiSi)



