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INTRODUCTION

Hemidesmusindicus (L.) R. Br. (Asclepiadaceae) is a slender, lati@fis, semi erect
shrub and is used traditionally used in treatmédrgyphilis, loss of appetite and rheumatic
fever (Nadkarni, 1989), rat bite poisoning and paor sting (Sharma et al., 1979). The major
chemical constituents of the plant are lupeol, Nani rutin, 2-hydroxy-4-
methoxybenzaldehyde afiesitosterol (Chatterjee and Bhattacharya, 1955y&uhanian and
Nair, 1968; Gupta et al., 1992; Nagarajan and R2@)3). Lupeol is a pentacyclic
triterpenoid, which is commonly present in manyeeds, fruits, vegetables and is also
present in some medicinal plants includkgndicus (Moreau et al., 2002; Saleem, 2009). It
has antioxidant, anti-inflammatory and anti-canasrproperties (Lee et al., 2007; Saleem et
al., 2004). Whereas rutin is a flavonoid, whichalso present in many plants and it has
antioxidant (Sharma et al., 2013), anticancerowsk(fet al., 2014), anti-inflammatory and
antidiabetic properties (Lee and Jeune, 2013). @ukigh medicinal valueH. indicus is
indiscriminately collected from the natural halstaind is now a rare species (Sreekumar et
al., 2000). This creates gap between demand armlysapthe raw material, which can be
filled by plant tissue culture technique (Baskagaal., 2015).

In vitro regeneration can be achieved using differet exddah amongst them leaf
(Raghu et al., 2006; Joshi et al., 2010) and nedplants (Baskaran and Jayabalan, 2005;
Sujatha and Kumari, 2007) are commonly used tobkskashoot cultures. Plant cell and
tissue culture can be used as an alternative sdorabe production important metabolites
(Vanisree and Tsay, 2004). However, many a timesastonal variation can be occurred
which affects the biosynthetic potential of vitro grown plants (Mohanty et al., 2011).
Hence an assessment of genetic stabilitinofitro regenerated plants is necessary and this
can be done through chemical, biochemical or mdédeccharacterization (Xiaogiang and
Gang, 2006; Singh et al., 2010). Chemical integegn be assessed using different
chromatographic techniques but amongst them higtonpeance thin layer chromatography
(HPTLC) has advantages like, more samples can laéyzed simultaneously with less
solvent, and is fast and economical (Gan and Y862@rivastava, 2011; Siddiqui et al.,
2017).

However, many a times vitro cultures produces lower yield of metabolites which
can be overcome by feeding the cultures with elisitwhich helps in enhancement of
metabolites (Zhao et al., 2005). Elicitors at appiaie concentrations might act as signalling

molecules which could be perceived by a receptesgnt on plasma membrane and thus



initiate the signal transduction network involvirggulation of gene expression responsible
for biosynthesis of compounds (Zhao et al., 2008)s technique has been proved to be an
effective for enhancing the production of differes¢condary metabolite groups like

alkaloids, terpenoids, flavonoids, coumarins andnglic compounds (Brader et al., 2001;

Wang et al., 2001). There are many types of eligitsut amongst them, yeast extract and
methyl jasmonate are commonly used for elicitabbrsecondary metabolites (Chen et al.,
2001; Yang et al., 2008; Belhadj et al., 2008; Divead Malpathak, 2011; Thaweesak et al.,
2011).

Keeping this in mind, present study focused onmeggion potency of leaf and nodal
explants ofH. indicus to generate shoots, which can be used as anatlierrio wild plants
and also help in conservation of this important iwied! plant. Also the shoots developed
throughin vitro technique were assessed for their biosynthetienpial as well as they were
subjected to elicitor treatment. At last the gemgression studies will be done using
molecular biology tool.

The objectives of this study were the following:

OBJECTIVES

» Development of shoot cultures from leaf and nodalants
* Isolation and quantification of lupeol and rutinrmin vivo andin vitro shoots
» Elicitation and quantification of lupeol and rutmshoot cultures

» Identification of expressed genes using moleculak t

MATERIALSAND METHODS
Establishment of Shoot Cultures
Plant Material: Leaves and Nodes

M ethodology:

Healthy twigs were collected from the Botanical @&ar and Arboretum of
The M.S. University of Baroda

l

Leaves and nodes were excised and kept in runapgater for 1 h

|

After 1 h, they were washed thoroughly using labele
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The detergent was removed using tap water andyfinaked with D/W
Leaves and nodes were surface sterilized usingtiayD.01%) and HgGl(0.1%)

Leaves (1 crf) containing midrib and nodes (2-3 cm) were inomdan Murashige and
Skoog’s (1962) medium (MS) fortified with sucro884) and different plant growth
regulators (PGRS)

PGR combinations used for leaf explant-
» Control:
v Basal MS medium without PGRs
> Individual cytokinins:
v BA (5-30 uM)
v' Kn (5-30 uM)
v TDZ (0.1, 0.15, 0.2 uM)
» Individual auxins:
v 1AA (0.1-2 uM)
v NAA (0.1-2 uM)
v' 2,4-D (0.1-2 pM)
» Combination of cytokinins:
v BA (5-30 pM) + Kn (5-30 pM)
» Combination of cytokininswith auxins:
v BA (5-30 pM) + IAA (0.1-2 uM)
v' BA (5-30 uM) + NAA (0.1-2 uM)
v Kn (5-30 uM) + IAA (0.1-2 uM)
v Kn (5-30 pM) + NAA (0.1-2 uM)

PGR combinations used for nodal explant-
» Control:

v Basal MS medium without PGRs
> Individual cytokinins:

v’ BA (5-20 uM)

v Kn (5-20 uM)

» Individual auxins:



v 1AA (0.5-2 uM)
v NAA (0.5-2 uM)
» Combination of cytokinins:
v' BA (5-20 uM) + Kn (5-20 pM)
» Combination of cytokininswith auxins:
v BA (5-20 uM) + 1AA (0.5-2 puM)
v BA (5-20 pM) + NAA (0.5-2 uM)
v Kn (5-20 pM) + IAA (0.5-2 uM)
v Kn (5-20 pM) + NAA (0.5-2 uM)

Rooting
Methodology:

Healthyin vitro shoots (> 3 cm) were harvested and leaves fron2{8sodes were removed
Shoots were then treated with bavistin (0.01%)
Shoots were placed in different strengths of M8itignedium fortified with PGRs
Media:
» MS /¥%MS | ¥sMS basal medium-Control
» MS /¥2MS | ¥aMS medium fortified with IBA (1-25 uM)

» MS /¥2MS | ¥aMS medium fortified with NAA (1-25 pM)

Chemical Profiling of Shoot Cultures
M ethodology:

1 g dried powder ain vivo andin vitro shoots were taken

l

Hexane (10 ml) was added and kept in water bafio 4C for 10 min
The extract was filtered and the procedure wasatepegwice using same

The filtrate was collected in evaporation dish #melsame procedure was repeated using

ethyl acetate and methanol

l



The extracts were kept overnight at room tempeedturevaporation and next day the marc

was reconstituted to 1 ml using the respectiveesdb/and analyzed using HPTLC

> Mobile phases:

» Hexane extract- Toluene : Methanol (9:1 v/v)

* Ethyl acetate extract- Toluene : Ethyl acetaternfto acid (6.5:2.5:1 v/v)

» Methanol extract- Toluene : Ethyl acetate : Foraum (6.8:2.5:0.7 v/v)
» Derivatizing agent: Anisaldehyde-sulfuric acid

» Plateanalysis: 525 nm using CAMAG TLC scanner 3 linked to winCA3&tware

Quantification of L upeol and Rutin

In vivo as well asin vitro shoots ofH. indicus were extracted using hexane (for
lupeol) and ethanol (for rutin) as procedure giabove. For lupeol quantification Toluene :
Methanol (9:1 v/v) and for rutin, Ethyl acetate utBnol : Formic acid : O (5.2:3:1:0.8)
was used as mobile phase. The plates were desdatind scanned at 525 nm for lupeol

guantification, whereas for rutin quantificatioretplates were scanned at 254 nm.

Elicitation of Shoot Cultures
Eight weeks old shoots from MS + sucrose (3%) +(B&uM) + Kn (5 pM) medium

were used for elicitation experiment. After eigheeks the shoots were inoculated in liquid
medium of same PGR concentrations, and were hadedter 1, 2, 3 and 4 weeks which
were control for the study.

For elicitation using methyl jasmonate, 50 and u®0 concentrations were added in
liquid medium and eight weeks old shoots were sitin@d in that. For yeast extract
elicitation, different concentrations (25, 50, 18t 200 mg/l) were used in the medium. The
shoots were harvested at same intervals and weee, dgsowdered and extracted using

solvents as mentioned above.

RESULTS

Establishment of Shoot Cultures
L eaf explant

Basal MS medium when tried, it failed to inducey amorphogenic response in leaf

explants ofH. indicus. When basal medium was fortified with differentncentrations of



cytokinins and auxins individually and in combimais induced non-regenerative callus in
most of the combinations. Only the medium fortifiedh BA (20 and 25 uM) + IAA (0.1-2
1M) induced a morphogenic nodular callus.these medium, shoot bud regeneration was
initiated within three weeks which subsequentlyaleped into shoots during fourth week.
They proliferated and elongated with simultaneousignching till eight weeks. Optimum
regeneration i.e. 19.67 + 0.81 shoots/explant (10@%ponse) was achieved in medium
fortified with BA (20 uM) + IAA (1 uM).

Nodal explant

Nodal explants oH. indicus when inoculated in basal MS medium, it regeneratdy
0.58 + 0.14 shoots. To achieve multiple shoot fdroma the basal MS medium was fortified
with different concentrations and combinations GH&. Amongst all the combinations tried,
combinations of BA (5-20 uM) with Kn (5-20 uM) ewatk better response. In these
combinations, bud break was observed within a welkich elongated and formed shoots
during second week along with bud break from thpogfie node. These shoots elongated
during third week and multiple shoot formation waiimultaneous branching was observed in
the fourth week. After four weeks, cluster of slsoals transferred to the same combination
which helped in further multiplication and elongattiof shoots. At the end of eight weeks, all
the combinations formed healthy shoots with optimuwmber of shoots 11.00 + 0.24 was
observed in medium supplemented with BA (10 pM) End5 pM).

Rooting
Elongated shoots were then transferred to liqulsl idedium (full, half and quarter

strengths) fortified with different concentratio(-25 pM) of IBA and NAA. Basal MS
medium (control) and medium with lower concentnasioof IBA (1-6 uM) failed to induce
roots within four weeks. Increasing the IBA concatibns (8-25 uM) evoked rooting in
shoots, however variation was observed amongst .thggtter rooting was observed in
quarter strength of MS medium and optimum rootih@0@o) with 8.83 = 0.28 roots/shoot
was observed in medium fortified with IBA (20 pM)thin four weeks. When NAA was
used, meagre response was observed in almosteatiotihbinations tried. Maximum 3.42 +
0.55 roots (91.67%) were formed within four weekdull MS medium fortified with NAA

(8 uM). Rooted plantlets were transferred to arttweol cup containing cocopeat:sand (1:1)

and covered with polythene bag for hardening utateconditions.



Chemical Profiling of Shoot Cultures

In the present studyn vitro shoots from MS + sucrose (3%) + BA (10 uM) + Kn (5
uM) and MS + sucrose (3%) + IAA (2 uM) were haredsiand subjected to chemical
profiling using HPTLC. All the extracts were sulid to chromatographic separation on
TLC plates and similar profiles were observed ithba vivo andin vitro shoots (eight and
sixteen weeks old) for all the extracts after darzation. Densitometry analysis after
derivatization showed variation in peak number arehs between the vivo andin vitro
shoots derived from medium fortified with auxin. ¥as profiling ofn vitro shoots from

optimized (cytokinin based) medium was almost saimib the profiling ofn vivo.

L upeol and Rutin Quantification

HPTLC densitometic analysis of hexane extract akad 0.185 £ 0.00 mg/g lupeol
guantity inin vivo shoots, whereas in eight weeks old shoots it wa870+ 0.01 mg/qg.
Whereas when ethanol extract was analyzed, onhaaxofin vivo shoots showed presence

of rutin. Spectral analysis for rutin from vivo shoots will be confirmed.

Elicitation of Shoot Cultures

* Yeast extract

Dried biomass (1 g) was extracted using hexane aiftekr development and
derivatization, band of lupeol was observed in thkk samples. Densitometric analysis
revealed that lupeol content varies according toetiand amount of yeast extract
concentration in the medium; and 1-2 fold increiasiepeol content was observed in treated
cultures.

When ethanol extract was analyzed, bands were mresall the samples at similar
Rf as standard and when densitometric analysisalesdtepeak similar to peak of standard
sample. But when spectral analysis was done, teetrgpdid not match to the standard
spectra of rutin. Hence the band observed at 254msmilar Rf as standard was not rutin

and it was absent in all the elicited samples.

* Methyl jasmonate
When methyl jasmonate was added in liquid meditma shoots turned brown within
1 week of culture in the concentrations tried. Ef@re further quantitative analysis for

lupeol and rutin was not possible.



Further investigation on gene expression analgsising carried out for isolation of
MmRNA from elicited shoots and further gene expressanalysis will be done using

molecular tool.

DISCUSSION

In the first experiment, leaves were used to estalsdhoot cultures and regeneration
was achieved in medium fortified with cytokinin amdixin. Cytokinin to auxin ratio is
known to influence the regenerative modes (diremdirect) and it also regulates the type of
organ differentiation (Skoog and Miller, 1957).dar study, MS medium fortified with BA +
IAA evoked an organogenic response from leaf expéand similar hormone combination
was reported to be optimum for regeneration in {sldike Brunfelsia calycina (Liberman et
al., 2010),Withania somnifera (Dewir et al., 2010) andjuga bracteosa (Kaul et al., 2013).
Earlier study on leaf explants &f. indicus by Sreekumar et al. (2000) is contrary to our
findings, they reported regeneration of 2.75 shaot8A (2.22 uM) + NAA (1.07 uM).
Another study onH. indicus by Shanmugapriya and Shivakumar (2011) reportdidisca
formation in presence of individual cytokinin (BABhd auxins (2,4-D, 2,4,5-T, IBA, NAA,
IAA), and is similar to findings of the presentdyu

In next set of experiment, nodes were utilized gboot culture establishment and
medium fortified with BA (10 uM) and Kn (5 uM) waproved to be optimum for
regeneration. This is may be due to the fact thabkmins are known to release bud
dormancy and promote axillary bud outgrowth (Shim@&ato et al., 2009; Yaish et al., 2010).
The combination of BA and Kn is also reported fptimum regeneration in plant species
like Artemisia vulgaris (Sujatha and Kumari, 2007pjper longum (Soniya and Das, 2002),
Eclipta alba (Baskaran and Jayabalan, 2005) &wertia chirata (Balaraju et al., 2009).

Shoots developed through vitro regeneration were then utilized for rooting stadie
For this, different strengths of medium were tréexdrooting is known to affected by nutrient
salts of the medium (Murashige, 1979). Half or ¢grastrength of MS medium has proved to
be beneficial for rooting of shoots (Skirvin and U CHL979; Garland and Stoltz, 1981;
Zimmerman and Broome, 1981). In our study optimwoting was observed in “uMS
medium fortified with IBA, which is similar to repts for Crotalaria verrucosa (Hussain et
al., 2008),Sevia rebaudiana (Patel and Shah, 200%¢mella calva (Amudha and Shanthi,
2011) andCamellia sinensis (Bidarigh and Azarpuor, 2013).



After shoot culture establishmem, vitro shoots were analyzed for their biosynthetic
potential using HPTLC fingerprinting. Similarly, plants likeAsparagus adscendens (Mehta
and Subramanian, 200%)¢lastrus paniculatus Willd. (Martin et al., 2006)Bacopa monnieri
(Patni et al., 2010) andfthania somnifera (Shetty and Chandra, 2012), HPTLC has been
used to compare the fingerprints of wild andvitro shoots. When lupeol was quantified in
shoot cultures, high lupeol content was observedeadium fortified cytokinins as compared
to in vivo shoots. The reason is may be due to the fact diikinins are known to
express/up-regulate genes involved in many secgndatabolite biosynthetic pathways by
repressing certain macronutrient transporters (Sbéea et al., 2006). Coste et al. (2011)
have reported that medium fortified with combinatmf cytokinins (BA and Kn), increased
the synthesis of hypericin and pseudohypericinultuces ofHypericum hirsutum (L.) and
Hypericum maculatum Crantz. In shoot cultures dfl. indicus, high lupeol content was
obtained inin vitro shoots as compared to wild shoots, similarly &tial. (2011) have also
reported high withanolide contentiimvitro regenerated leaves as compared to wild leaves of
Withania coagulans (Stocks) Dunal. PGRs are known to affect the seagndnetabolite
synthesis undan vitro conditions (Dornenburg and Knorr, 1995; Lee et2011). Misra et
al. (2005) also reported that PGRs affected luggothesis inn vitro shoots ofH. indicus
(L) R. Br.

CONCLUSIONS

In the present study, shoot cultures were estaddlistsing leaf and nodal explants of
H. indicus. However when leaves were used as an explamgénerated shoots via indirect
organogenesis which can be a source of somaclanains. When nodal explants were used
for shoot culture establishment, direct organogeness observed which ensured clonal
multiplication. Generation of true-to-type planssdesirable for conservation and also it can
become an alternate to wild plant for secondaryabudite production. Hence nodal cultures
were further taken up for further secondary metébaitudies. HPTLC fingerprinting oh
vivo andin vitro shoots revealed that profiling is almost similar ieth the samples. Lupeol
guantification revealed that the medium fortifiedhacytokinins (BA and Kn) played a vital
role in shoot regeneration as well as metabolijgghgsisin vitro. At last, the elicitation
studies revealed that lupeol content can be inett&s shoot cultures dfi. indicus using

yeast extract as an elicitor.



As in vitro shoots are true-to-type in nature hence this pobtbas a potential for
mass cultivation as well as beneficial for harmagsmportant metabolites from cultures as
an alternative to wild shoots. This will help tocdease the threat on natural population of the

species and aid in conservation.
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