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Chapter 2: Review of Literature

This chapter cites the important works related égeneration utilizing leaf and
nodal explants, HPTLC fingerprinting of shoots aiditation of metabolites using yeast

extract, salicylic acid and methyl jasmonate.

2.1 REGENERATION STUDIES

In this experiment, leaves and nodes were utiltpegstablish shoot cultures in MS
medium containing sucrose as a source of carbotegles they require continuous supply
of exogenous carbon source. Different types of aaytrates have been used but sucrose
is reported to be prominent which acts as energyceoand provide optimum osmotic
requirement of organogenesis (Verma and Dougal7/1%horpe et al., 1986; Feng et al.,
2010; Silva, 2010). Another important factor isrlgrowth regulators (PGRs) which have
important role in cell growth as well as differextton, hence becoming an important factor
which affects the regeneration undervitro condition (Trewavas, 1981). Cytokinins and
auxins are two main classes of PGRs and their maticences the organogenesis as well as
the mode of regeneration i.e. direct or indired&to@ and Miller, 1957; Christianson and
Warnick, 1985; Bhojwani and Razdan, 1996).

2.1.1 Effect of PGRs on Shoot Regeneration from L eaf Explant

Leaf is a good source for regeneration as thisaewgk easily available and the
chances of genetic variation is reduced due to mtytaf the explant which may arise
when immature explants are used (Singh et al., R@&r®ther advantage of this explant is
its usefulness in genetic transformation studiesniir et al., 2010). It has been used to
regenerate large number of shoots in many impopkamts of Asclepiadaceae family like
Tylophora indica(Faisal and Anis, 2003; Thomas and Phillip, 2008ptadenia reticulata
(Arya et al., 2003; Patel et al., 2014)eropegia spiralis(Murthy et al., 2010) and
Ceropegia bulboséPhulwaria et al., 2013b).

Thorpe et al. (1980) and Evans et al. (1983) regorthat in vitro shoot
regeneration and its proliferation mainly dependeon type and the concentration of
cytokinins. They are involved in regulation of piois synthesis which are prerequisite for
formation and functioning of mitotic spindles andnbe required for cell division and
shoot formation (Chawla, 2002; George et al., 20@82ll expansion, division and
regulation of shoot formation as well as multiplioa are the main functions of cytokinins
(Davies, 1995; Mok and Mok, 2001Bacopa monnierleaf explants when placed on MS

medium fortified with different concentrations ofABoptimum shoot regeneration was
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observed at 6 uM (Joshi et al., 2010). SimilarlySalanum xanthocarpumptimum
number of shoots regenerated when the medium wiefd with 8.8uM BA (Sundar and
Jawahar, 2011). In another study ®glophora indica 2.5 mg/l BAP proved to be
beneficial for organogenesis (Kalimuthu and Jeyaram2012). Kn is an another
commonly used cytokinin for shoot regeneration apdl induced maximum shoots from
T. indicaleaves as reported by Rathinavel and Sellath@Hi@). Leaf explant adusticia
gendarussgAgastian et al., 2006) aridnidium suffruticosunSonappanavar and Jayaraj,
2011) also formed maximum shoots when inoculatelmfortified medium. InSolanum
nigrum, Kn proved to be better for regeneration as coethbsy BA (Bhat et al., 2010).

There are many reports which document that shaggneration can be achieved
utilizing two different media. IT. indica leaf explants differentiated callus on medium
having 2,4,5-T (1QuM) and when it was transferred to medium contairbngM Kn it
induced 64.8+0.74 shoots in 85% cultures (Faisal Anis, 2003). Later Thomas and
Philip (2005) have also reportedinindicathat medium containing BA (1,oM) and 2,4-

D (7 uM) induced callus, and shoots regenerated fromhieérwit was subcultured to a
medium fortified with TDZ (8uM). Whereas Sahai et al. (2010) reported shootaticio
in presence of TDZ and multiplication in BA contaigg medium for the same plant.
Similarly in Plumbago zeylanicaallus was formed in medium fortified with BA a@gi-
D, and differentiated shoots when transferred taliome supplemented with only BA
(Lubaina and Murugan, 2012). Amudha and ShanthiIP@ave also reported fcmella
calva that the leaf explant formed callus on BAP (3 pahd NAA (2 uM) containing
medium which differentiated shoots in presence EARM).

Combination of cytokinins has been reported to agedaptimum number of shoots
in many studies like itevia rebaudianéeaf explant formed maximum shoots in presence
of BA (8.88 uM) with Kn (4.65 puM) (Sreedhar et &008). However the growth of shoots
were stunted and they were transferred to mediurtifiéal with IBA (4.92 uM) for
elongation. Similarly Jain et al. (2011) reportkdttleaves oWithania coagulangnduced
optimum number of shoots in medium having BA (22M) and Kn (2.3 uM), but were
transferred to medium having BA (2.2 uM), Kn (28)uand phloroglucinol (3.9 uM) for
further elongation of shoots. On the contrary Withania somnifera optimum shoot
regeneration was reported in medium containing BA pM with Kn at 4 uM (Joshi and
Padhya, 2010) and synergistic effect of these aytak for shoot regeneration is also
reported forAchyranthes asperandGladiolus grandiflorugShaheenuzzaman et al., 2011,
Sen et al., 2014). Whereas Seetharam et al. (2@p2yted multiplication and elongation
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of Enicostemma hyssopifoliugihoots in medium supplemented with BA and Kn. \&asr
Soniya and Das (2002) used combination of BA wittother cytokinin picloram for
regeneration ifPiper longum

Similarly the combination of cytokinin with auxis also used as they are known to
regulate each other’s biosynthesis, helps in orgamegjs, as well as in branching of
shoots (Muller and Leyser, 2011; Su et al., 208i¢via rebaudiandeaf explant formed
7.940.6 shoots in medium supplemented with comtmnaif BA (8.87uM) and I1AA (5.71
uM) (Sivaram and Mukundan, 2003). Young and old ésawf Brunfelsia calycina
differentiated shoots in different concentrationsBéf and IAA (Liberman et al., 2010).
Haque and Ghosh (2013) have reported similar regulfylophora indicain which only
young leaves differentiated shoots via indirectaogenesis on medium containing 2.0
mg/l BAP and 0.2 mg/l IAA whereas mature leavesedly differentiated shoots in
presence of only 2.0 mg/l BAP. A combination of BAd IAA also has been reported to
be beneficial forHypericum frondosun§Touchell et al., 2008) an#lypericum hybrid
variety H2003-004-016 (Meyer et al., 2009). Sintjjan many other plant species like
Cichorium intybus (Velayutham et al., 2006)Pityopsis ruthii (Wadl et al., 2011),
Spilanthes acmella(Singh and Chaturvedi, 2012%treptocarpus rexii(North and
Ndakidemi, 2012)Ajuga bracteosgKaul et al., 2013jand Bacopa monnier(Kumari et
al., 2015) this combination of PGRs was favourabieshoot regeneration.

Another commonly used auxin along with cytokinilNAA and in twoEchinacea
sp., the combination of BAP (4.44M) with NAA (0.054 uM) proved to be optimum for
shoot regeneration ik. purpureawhereas BAP (26.aM) and NAA (0.11uM) was
favourable forE. pallida (Koroch et al., 2002, 2003). Leaf explant\éérnonia cinerea
formed shoots in presence of BA (3.0 mg/l) but mplitation occurred when subcultured
on medium fortified with BA and NAA (Seetharam &t 2007). Whereas Gopalakrishnan
et al. (2009) reported that leaf explant$dimbago rosedifferentiated shoots in medium
fortified with BA-NAA, which elongated when transfed to a medium with BAP and
GA;. Leaves ofArtemisia vulgaridifferentiated callus on medium supplemented \Bith
and NAA, and this callus formed shoots when tramsteto medium wittBA and GA;
(Borzabad et al., 2010). Leaf explantrafta graveolensormed callus in medium fortified
with 2,4,5-T, which was able to form shoots wheansfered to BA and NAA containing
medium (Ahmad et al., 2010). Whereas callus forrfrech leaf explant ofLeptadenia
reticulata in medium having BAP (0.5 mg/l) and 2,4-D (0.5 Hgdifferentiated
30.70£1.70 shoots when subcultured on medium wAR B0.5 mg/l) and NAA (0.1 mg/l)
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(Patel et al.,, 2014). Combination of BA and NAA halso been reported for shoot
regeneration irPogostemon cablifPaul et al., 2010) an@atharanthus roseugverma
and Mathur, 2011).

Another cytokinin i.e. Kn is also used along withxen for shoot regeneration from
leaf explant. Leaves daCardiospermum halicacabuimnduced callus in medium fortified
with 5 uM 2,4-D which differentiated 28+1.9 shoots whenautured on medium having
Kn (8 uM) and IAA (0.5uM) (Thomas and Maseena, 2006). Reddy et al. (26€d9rted
that leaves ofColeus forskohliformed callus when placed on medium fortified with
(2.4 uM) and induced shoots when subcultured on mediupplemented with Kn (4.6
uM) and NAA (0.54uM). Whereas leaf explant diziphora tenuiorinduced callus in
medium fortified with 0.5 mg/l Kn and 1.5 mg/l NAAnder dark condition. This callus
was subcultured to medium having 2 mg/l BA for gheduction and multiplication was
achieved again in presence of Kn and NAA (Dakadi.e2014).

2.1.2 Effect of PGRs on Shoot Regeneration from Nodal Explant

Plants contain quiescent axillary buds which hawe potential to develop into
shoots under favourable conditions. In conventionathod of vegetative propagation, the
axillary buds takes over the function of the maloa when the terminal bud is
decapitated and this is the basisrofitro regeneration using node as an explant (Faisal et
al., 2007). This method is relatively easy andlsoayields plants that are genetically
identical with the mother plants (Hu and Wang, 1)9&3generation by this method has
been proved to be an effective and reliable metifadass multiplication for many plants
(Stefaan et al., 1994). Important medicinal plaitésclepiadaceae family lik€ylophora
indica (Faisal et al., 2007),eptadenia reticulatgArya et al., 2003; Sudipta et al., 2011;
Rathore et al., 2013 eropegia candelabrur(Beena et al., 2003) arCeropegia hirsute
(Nikam et al., 2008) have been regenerated throoglal explant.

Stefaan et al. (1994) suggested that BA is anieffiand a promising cytokinin for
regeneration from nodal explant. Sahoo and Cha##i8)lalso reported that axillary bud
break and subsequent development into shoots undétro conditions is a cytokinin
function. Cunila galioidesnodal explant regenerated maximum shoots when werg
placed in medium containing 8.8 uM BA (Fracaro &uotieverrigaray, 2001), whereas 5.0
UM concentration of BAP has been reported\fdex trifolia nodal explant (Hiregoudar et
al., 2006).Ceropegia hirsuteand C. spiralis nodes formed optimum shoots in medium
fortified with BAP (Nikam et al., 2008; Murthy el.a2010). Formation of 15.28+0.96
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shoots were reported Phyllanthum amarusvhen cultured in medium supplemented with
0.5 mg/l BAP (Sen et al., 2009). Thomas and Yowl{#010) have reported that higher
level of BA (17.7 puM) induced maximum shootsJiasticia gendarussaAlthough shoot
regeneration is genotype dependent, many mediglaats likeWrightia tinctoria Bacopa
monnierj Munronia pinnataand Aegle armelosegenerated maximum shoots in medium
containing BAP (Purohit and Kukda, 2004; Mohapaitnd Rath, 2005; Gunathilake et al.,
2008; Yadav and Singh, 2011). In another repd#ringi crenulatanodes regenerated
maximum shoots on MS medium containing BAP (2.0raéng with AdSQ (25.0 mg/l)
and glutamine (150 mg/l) (Singh et al., 2011b). &loexplant ofGynura procumbens
Lawsonia inermisand Veronica anagallis-aquaticalso required BA for optimum shoot
regeneration (Shahzad et al., 2011; Alizah and Mistiah, 2015; Moharana et al., 2018).
There are many reports which suggested the useA&f Br proliferation of shoots in
Acmella calvalAmudha and Shanthi, 2018tevia rebaudiangSoliman et al., 2014) and
Allamanda catharticdKhanam and Anis, 2018).

Kn and TDZ are other two cytokinins which are usealjes ofC. junceaformed
8.5%£0.3 shoots in medium supplemented with 7.5 uM (Kikam and Savant, 2009).
Sivakumar et al. (2014) have used Kn (4.36 pM)dooot regeneration from nodes of
Tinospora cordifolia but it was replaced by 8.82 uM BA for further mplication of
shoots. In a recent report étotala rotundifoliathe combination of Kn (0.25 mg/l) and
GA3 (0.25 mg/l) proved better for shoot regeneratidagan, 2017). Incorporation of TDZ
in the medium facilitated optimum shoot regeneratitom nodal explant oCineraria
maritima and Ceropegia pusillaBanerjee et al., 2004; Kondamudi et al., 2010)ensas
Jana et al. (2013) used 2-iP for nodeSaphora tonkinensis

There are many reports which suggest that a combdmaf two cytokinins is
essential for shoot regeneratidPhyla nodifloranodal explants regenerated maximum
shoots when cultured in medium fortified with comdgion of BA (2.5 mg/l) and Kn (0.5
mg/l) (Ahmed et al., 2005). Similarly Sudipta et@011) have reported the use of BA and
Kn for regeneration irLeptadenia reticulatanodal explant. The same combination has
been reported for shoot regeneration in a numbempbrtant plants likeAndrographis
paniculata (Dandin and Murthy, 2012)Catharanthus roseu§Sain and Sharma, 2013),
Chlorophytum borivilianun{Ashraf et al., 2014) anBiper betle(Elahi et al., 2017). The
report of Seetharam et al. (2002) document thattmebination of BA (1 mg/l) with IAA
(0.5 mg/l) induced 11.00+0.44 shoots from nodall&xipof Enicostemma hyssopifolium
These shoots further elongated and multiplied irdioma supplemented with BA (0.5
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mg/l) and Kn (1 mg/l). Similarly inAdhatoda vasicaAbhyankar and Reddy, 2007),
Passiflora eduliandP. foetida(Shekhawat et al., 2015a, 2015b), BA-Kn combimatias
been used for multiplication of shoots. Many woskkave reported addition of third PGR
along with BA and Kn for optimum regeneration fog.ein Asclepiadaceae membler
reticulata, medium fortified with BA, Kn and 2-ip regeneratedximum shoots (Rathore
et al., 2013).

A combination of cytokinin with low concentration @uxin results in high
frequency of shoot formation from axillary bud whitmdicates the synergistic effect of
these two groups of PGRs (Skirvin, 1988)varam and Mukundan (2003) have reported
that nodal explant abtevia rebaudiandormed optimum shoots in medium fortified with
combination of BA (1 mg/l) and IAA (0.5 mg/l). Sitarly Zehneria scabranodes
regenerated shoots in presence of BAP (5 mg/l) w#A (0.5 mg/l) (Anand and
Jeyachandran, 2004). Gopi et al. (2006) have regamaximum shoots (14.3£1.5) in
Ocimum gratissimunmodes in medium supplemented with 0.5 mg/l BAP @b mg/l
IAA. Similarly high BA and low IAA concentration pwed to be optimum for shoot
regeneration irRuta graveolengBohidar et al., 2008)Prosopis cineraria(Kumar and
Singh, 2010)S. rebaudiangAnbazhagan et al., 201} elastrus paniculatugPhulwaria
et al., 2013a) andloddalia asiaticalAnand et al., 2015). Mousa and Bakhashwain (2014)
observed that isimmondsia chinensigenotype "Hada Al-Sham" regenerated maximum
shoots in the culture medium containing low BAR{®) and high level of IAA (1QuM).

BA and NAA together are also used for nodal regatinem, as Martin et al. (2006)
reported formation of multiple shoots @ paniculatuswvhen medium was supplemented
with BA (0.05 mg/l) and NAA (0.01 mg/l). In node$ @ther species lik€entella asiatica
(Mohapatra et al., 2008 Boerhaavia diffusa(Biswas et al., 2009)Stemona tuberose
(Biswas et al.,, 2011) an®Rumex vesicariugNandini et al., 2013) also regenerated
optimum shoots in presence of BA and NAA. Node#uws$tolochia indicaformed callus
in presence of BAP (0.8 mg/l) and it differentiatgtbots when subcultured in medium
containing BAP (0.8 mg/l) and NAA (0.5 mg/l) (Patand Jayaraj, 2012). Whereas in
Vernonia cinereanodal explant, medium fortified with combinationBA and NAA have
been used for multiplication of shoots (Seetharamale 2007). Whereas nodes of
Holarrhena antidysentericaegenerated maximum shoots in medium supplemesiidd
BA, NAA along with addition of urea (100 mg/l) (Ahed et al., 2001).

Kn with IAA had synergistic effect for regeneratiom Cardiospermum
halicacabumas it formed 23+1.0 shoots from nodal explant (ke and Maseena, 2006).
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Whereas combination of Kn (10.0 mg/l), IAA (1.0 tygand AdSQ (30.0 mg/l) was
required to induce optimum shoots fr@nrebaudiangMitra and Pal, 2007). On the other
hand Mehta and Subramanian (2005) reported maxishoots inAsparagus adscendens

when placed in medium containing 04/ Kn with 0.27uM NAA.

2.1.3 Regeneration using In Vitro Nodes

When plants are not available, alternativénteivo nodes arén vitro nodes, which
have been used for induction of multiple shoots niedicinal plants (Anand and
Jeyachandran, 2004) and Hayta et al. (2011) reptinte presence of BA formed multiple
shoot. BA at 2 mg/l induced maximum regeneratiohippia albacv. Kavach (Gupta et
al., 2001), whereas iNitis vinifera cv. Napoleon medium fortified with BA (8.8M)
formed maximum shoot formation (lbafiez et al., 200Similarly in species like
Lavandula pedunculatgZuzarte et al.,, 2010)Stevia rebaudiana(Thiyagarajan and
Venkatachalam, 2012Rogostemon cablifJin et al., 2014)Paederia foetidgBehera et
al., 2018) and_awsonia inermigMoharana et al., 2018) also optimum regeneratras
achieved in medium fortified with BA. Combination bbth BA and Kn together in
medium facilitated optimum shoot regeneration fay. 8A (1 mg/l) and Kn (1.5 mg/l)
formed maximum shoots iNanilla planifolia (Abebe et al., 2009). Similarly 0.5 mg/I
concentration of both BA and Kn formed multiple st®(62.45+0.6) irP. cablin(Swamy
et al., 2010). Whereas medium supplemented with(BAg/l), Kn (1 mg/l) and NAA (1
mg/l) has been reported f¥anilla plantifolia (Renuga and Saravana, 2014) and BAP (2.0
mg/l), Kn (0.5 mg/l) and GA(2.0 mg/l) inEnicostema axillaressp.littoralis (Loganathan
and Bai, 2014).

Combinations of cytokinin with auxin have also beesported to regenerate
optimum shoots for e.g. combination of BA with 1A®as optimum foiStevia rebaudiana
(Laribi et al.,, 2012) andRosmarinus officinalis(Leelavathi et al., 2013). Whereas
combination of BA and IBA has been reported forahregeneration inWedelia chinensis
(Martin et al.,, 2003),Gentiana cruciata(Hayta et al., 2011) andolanum viarum
(Mahadev et al., 2014). Whereimsvitro nodes ofSalvia fruticosaregenerated optimum
response (3.88 shoots, 100% response) when plageddium containing combinations of
BA (0.75uM), NAA (0.1 uM) and GA; (0.1uM) (Arikat et al., 2004).
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2.1.4 Rooting of Shoots

Thein vitro shoots lack roots and have to be transferredn@@dum with rooting
hormone and generally auxins have been used farimdaction in the microshoots. The
concentration of auxin is critical to stimulate tiog as excess of the same may result in
callusing. Earlier studies reported that the auxioseased cell division or convert the cells
of shoot base into merestimatic cells; which foofiormation of adventitious root
meristem and in turn roots (Abdul, 1987; Saleh, 1)9®@nother important factor is the
concentration of MS medium salts (Murashige, 1930y especially half and quarter
strengths of MS medium are beneficial (Skirvin &ttu, 1979; Garland and Stoltz, 1981,
Zimmerman and Broome, 1981). Half strength MS mmadiartified with IBA induced 12-
13 roots inStevia rebaudiangSivaram and Mukundan, 2003), whereasTilophora
indica also shoots formed optimum roots for the same aoatibon with IBA (Faisal and
Anis, 2003; Thomas and Philip, 2005). ShootBatopa monnier(Joshi et al., 2010),
Cannabis sativdLata et al., 2010)T. indica (Verma et al., 2010; Sharma et al., 2014) and
Catharanthus roseugVerma and Mathur, 2011) have induced roots in Ya&dium
supplemented with IBA. Further reduction in stréngf the medium to quarter is also
reported to be beneficial for rooting. Shoots Aémella calvawhen placed in “aMS
medium fortified with 4 uM of IBA induced 55.4 r@dshoot (Amudha and Shanthi, 2011).
This media combination has been reported for rgoitnWrightia tinctoria (Purohit and
Kukda, 2004),B. monnieri (Mehta et al., 2012b)Terminalia bellerica(Mehta et al.,
2012c), C. roseus(Sain and Sharma, 2013) aheéptadenia reticulata(Rathore et al.,
2013). Whereas full strength MS media fortifiedwiBA was used for rooting in shoots
of Echinacea purpure@Koroch et al., 2002Munronia pinnata(Gunathilake et al., 2008),
Brunfelsia calycina(Liberman et al., 2010) andjuga bracteosaKaul et al., 2013).
Whereas ¥4aMS medium fortified with IBA (1.5 mg/l) aadtivated charcoal (100 mg/l)
induced optimum rooting in microshootslofreticulata(Patel et al., 2014).

Some of the plants rooted in medium fortified WNIAA like shoots ofPulsatilla
koreanareported to formed 14.37 roots in ¥2aMS medium fiedi with NAA (3 mg/l) (Lin
et al., 2011). Similarly NAA has been reported ooting inDecalepis hamiltoni{Anitha
and Pullaiah, 2002)Vitex trifolia (Hiregoudar et al., 2006) an8tevia rebaudiana
(Thiyagarajan and Venkatachalam, 2012). However & been proved to be better as
compared to NAA for rooting iylophora indica(Thomas and Philip, 2005¢ichorium
intybus(Velayutham et al., 2006Munronia pinnata(Gunathilake et al., 2008) amlbia
cordifolia (Khadke et al., 2013). Wheremsvitro rooting inAstragalus cariensigErisen et
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al., 2010) andr. indica(Sahai et al., 2010) have been reported in medautiied either
IBA or NAA.

2.1.51In Vitro Studiesin Hemidesmus indicus

H. indicusis an important medicinal plant and number of negation studies have
been carried out utilizing nodal explant but thisrenly one report which states the use of
leaf explant for shoot regeneration. Sreekumat. ¢2800) have reported the formation of
2.75 shoots in 70% cultures in ¥2MS medium suppleetewith combination of BA (2.22
pM) and NAA (1.07 puM). The use of nodal explant oot regeneration is documented
by several workers and formation of 8.2+0.4 shaadtk 95% frequency has been reported
by Patnaik and Debata (1996) in medium fortifiedrmiKn (1.15 uM) and NAA (0.054
HM). Later on report of Sreekumar et al. (2000)dugdMS medium with BA (2.22 uM) to
regenerate 6.6 shoots (84% response). Saha eRG@03)( observed that in medium
supplemented with BAP (2.0 mg/1) and NAA (0.1 mgiipked an optimum response for
shoot regeneration and the same has been docunigntédgahatenna and Peiris (2007).
Whereas the combination of BAP (1.0 mg/l), NAA (@ng/l) and AdSQ@ (15 mg/l) along
with elevated sucrose concentration (4%) forme® &8Hoots as reported by Misra et al.
(2003). Siddique et al. (2006) reported callus otdun from nodes when placed in
medium fortified with Kn (2.0 mg/l), NAA (0.5 mg/land PG (1 mg/l) which induced
shoots upon transferring to a medium fortified with (2.5 mg/l) and NAA (1.0 mg/l).
Siddique and Bari (2006) as well as Sundarmanitéesina (2015) have reported that Kn
and NAA proved better for shoot regeneration. Irdlial BA has been reported by
Shanmugapriya and Sivakumar (2011) and Singh €2@lL5). Combination of BAP and
Kn has been reported by Rama Devi et al. (2014yedseShekhawat and Manokari (2016)
reported media fortified with BAP, Kn and IAA for tqmum regeneration from nodal
explant.

Multiplication usingin vitro nodes have been reported by Sreekumar et al. (2000)
and reported that ¥2aMS medium fortified with BA (2j2R1) and NAA (1.07 uM) induced
optimum 9.37 shoots. Later on Nagahatenna andsP&007) observed formation of
4.47+1.64 shoots fronm vitro nodes when placed in medium supplemented with BAP
mg/l).

Patnaik and Debata (1996) reported that combinaifoldn (1.15 pM) and IBA
(7.35 uM) induced 4.4+0.5 roots in microshootdHofindicus Similarly Kn and IBA has
been reported by Siddique et al. (2006) and Siddand Bari (2006) for rooting of shoots.
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However many reports documented the use of IBA asoting hormone in different

strengths of MS media. Sreekumar et al. (2002) teddhat ¥4aMS medium supplemented
with IBA (9.80 uM) induced 12 roots (98% frequeneydd similarly report of Shekhawat
and Manokari (2016) also stated that same medengitn with IBA induced optimum

rooting. Whereas 2MS medium fortified with IBA habeen documented in earlier
reports (Saha et al.,, 2003; Nagahatenna and P&®37; Rama Devi et al.,, 2014,
Sundarmani and Hasina, 2015). Whereas “»2MS mediypplesnented with sucrose
(0.75%) along with IBA (2.0 mg/l), NAA (1.0 mg/l)nd activated charcoal (100 mg/l)
induced optimum roots (5.20+£0.84, 98% response}i@iet al., 2003). Later on Singh et
al. (2015) reported rooting in medium fortified vitAA (2.0 mg/l).

2.2 SECONDARY METABOLITE STUDIES

The shoot cultures which developed framvivo nodal were utilized to study their
secondary metabolites. First the shoots were aedlyer their chemical integrity in
comparison tan vivo shoots which was done by HPTLC fingerprinting. Tihmportant
metabolites like lupeol and rutin were quantifiedhe shoots along with elicitation using

yeast extract, salicylic acid and methyl jasmonate.

2.2.1 Qualitative Analysis of Shoots

Chemical fingerprint of plants can be developethgislifferent chromatographic
technigues which are valid method for identificates well as authentication of medicinal
plants (Valentao et al., 1999; Xie, 2001). Suchnuical identities of a particular plant can
become a biochemical marker and can be used ierélffiating the species from its
adulterant (Johnson et al., 2011). Various techesquan be adopted to analyze samples
but HPTLC is being widely used as it offers betegolution of metabolites with accuracy
(Sethi, 1996; Pawar et al.,, 2011). Comparativeefasnalysis, easy, low costing and
simultaneous detection of more samples by thisnigcie is advantageous (Wagner and
Bladt, 2001; Birk et al. 2005). It has been proikdt HPTLC is precise and liner for
identification, authentication and characterizataom in turn helps in quality control and
standardization of herbal formulations (Patil ef 2014). As analysis of large number of
sample can be done at a time, this method hasusszhto identify the metabolite content
in medicinal plants likAdhatoda vasica(Varma et al., 2011)Oroxylum indicum(Saraf

and Srinivas, 2014) ardrocus sativugMangal et al., 2018).
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This method has been used to evaluate the bicstymtpotential ofin vitro
regenerated plantsin vitro shoots of Passiflora caeruleashowed similar HPTLC
fingerprint as wild shoots and reported to be cleafty true to type in nature (Busilacchi
et al., 2008). Similarly Gunathilake et al. (20@8)alyzed three different extracts (hexane,
dichloromethane and ethyl acetate) of wild amd/itro plants ofMunronia pinnataand
observed similar chemical constituents within theo.t Similarly identical chemical
profiling between wild andh vitro derived plants have been reportedBacopa monnieri
(Patni et al., 2010)Sarcandra glabraZhu et al., 2011)Withania somnifergShetty and
Chandra, 2012) an@urculigo orchioides(Alagar et al., 2014). Sometimes variation in
HPTLC fingerprint has been reported aBinmonnierithe methanol and petroleum ether
extract shoots showed a variation between wild anditro shoots (Srivastava and
Shrivastava, 2008). Similarly Kharade et al. (204dye also reported difference in peak
areas for methanolic extract Gurcuma longgplant. Variation between wild and vitro
plant have been also reporteddmicae folium Arnicae caulisand Celastrus paniculatus
(Stefanache et al., 2014; Anusha et al., 2016) ragdntly Gantait and Kundu (2017)
reported that different storage temperature of st seeds affected HPTLC profile of
Rauvolfia serpentinaWhereas Rojsanga et al. (2017) used extractdfefelt plant parts
of in vivo plant and when compared with vitro grown callus, shoots and roots of
Oroxylum indicum These findings documented that vitro cultures synthesized
metabolites but variation in fingerprint was obsetvHPTLC fingerprint is also used for
analysis of biosynthetic potential of vitro grown rhizomes ofAsparagus adscendens
(Mehta and Subramanian, 2005) addangustifolia(Jena et al., 2018) as well as roots of

W. coagulangaindW. somnifergPreethi et al., 2014).

2.2.2 Quantification and Elicitation of Metabolitesin Shoots
2.2.2.1 Medicinal properties of lupeol

Terpenoids are the largest group of plant secondatabolites and more than
25,000 structures have been identified (VerpoanteMemelink, 2002; Lewinsohn, 2004).
They are important structural components of plaetoranes, and free triterpenes serve to
stabilize phospholipid bilayers in plant cell mewtes (Liby et al., 2007). Terpenoids are
C30 compounds arising from the cyclization of 3$-@poxy,2,3-squalene (Gurib-Fakim,
2006) which is biosynthesized through isopentempaithway and depending upon the type
of terpenoid it includes two pathways: mevalonidg®1VA) pathway (e.g. ses- and tri-
terpenoids) and methylerythritolphosphate (MEPhwaty (e.g. mono- and di-terpenoids)
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(Taiz and Zeiger, 2006). Lupe®CsoHs00, Fig. 3), a naturally occurring pentacylcic
triterpene is present in fruits, vegetables and oieali plants includingd. indicus(Moreau
et al., 2002; Chaturvedi et al., 2008; Saleem, 200%ynthesized via MEP and/or MVA
pathway (Fig. 4).

Figure 3: Chemical structure of lupeol

It has analgesic, anti-inflammatory (Fernandez let2901; Lima et al., 2007),
antioxidant (Nagaraj et al., 2000; Prasad et 8082 and cytoprotective properties (Geetha
and Varalakshmi, 2001). Along with this it has diffnt activities such as antimutagenic
(Nigam et al., 2007), hypotensive (Saleem et @032, antitumor (Hata et al., 2002;
Aratanechemuge et al., 2004), anti-asthmatic (Vasaon et al., 2008nd anti-arthritic
(Blain et al., 2009). Lupeol has beneficial effemh oxidative and inflammatory
abnormalities in the hypercholesterolemic condgi¢@udhahar et al., 2007). Saleem et al.
(2004) observed that it has antitumor effects in h&2-dimethylbenz[alanthracene
(DMBA) induced mouse skin tumorigenesis. Later agdxh et al. (2007) reported that
lupeol has anti-proliferative and apoptotic actiwithich prevent skin carcinomas.

Many studies have also reported that it has anterauis properties against various
types of cancer (Saleem et al., 2001, 2005a, 2(E); Preetha et al., 2006; Manoharan
et al.,, 2012) and it may be due to role of lup@ochctivation of different pathways which
prevents/arrest the cancer cells (Chaturvedi e2808). This compound is reported to be
non-toxic to normal cells and hence can become t@ngal chemoprotective agent
(Patocka, 2003; Saleem, 2009). Apart from this & been reported that administration of
lupeol can be beneficial for human as it normalittes serum lipid profile, triglycerides
and cholesterol levels (Sudhahar et al., 2006;Ksasal., 2008; Itoh et al., 2009).
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Acetyl CoA Glyceraldehyde 3-phosphateytulRate
l HMGS 4 DXS
HMG CoA 1-Deoxy-D-xylulose 5-phosphate
l HMGR l DXR
Mevalonic acid 2-C-Methyl-D-erythritol 4-phospba
l PMK l HDS
Diphosphomevalonate 1-Hydroxy-2-methyl-2-butengighosphate
l MVD l IDI l HDR
Isopentenyl DI Dimethylallyl IDI Isopentenyl IDI Dimethylallyl
diphosphate diphosphate diphosphate diphosphate
| |
l GPPS

Geranyl diphosphate
l FPS

Farnesyl diphosphate

lss

Squalene

lSE

2,3-oxidosqualene

l LUS

L upeol

Figure 4: Biosynthetic pathway of lupeol (adapted from KEGG)
[HMGS hydroxymethylglutaryl-CoA synthaseHMGR hydroxymethylglutaryl-CoA

reductasePMK: phosphomevalonate kinaddVD: diphosphomevalonate decarboxylase,
DXS 1-deoxy-D-xylulose-5-phosphate synthaBB{R 1-deoxy-D-xylulose-5-phosphate
reductoisomeraseDl: isopentenyl diphosphate isomerad®S 4-hydroxy-3-methylbut-
2-(E)-enyl diphosphateGPPS geranylgeranyl pyrophosphate synthaBBS farnesyl
phosphate synthasgS squalene synthas8E squalene epoxidaselS lupeol synthase]
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2.2.2.2 Medicinal properties of rutin

Flavonoids are C15 compounds which are distribtheslighout the plant kingdom
and more than 2000 different types have been iikshtiill date (Taiz and Zeiger, 2006).
The main function of flavonoids in plants is to @t it from UV rays of Sun and they are
present in flowers which aids in pollination (Gufibkim, 2006). The basic structure of
flavonoids is 2-phenyl chromane or an Ar-C3-Ar skeh and biosynthetically they are
derived from a combination of the Shikimic acid ath@ acetate pathways. In plants,
flavonoids can either occur as aglycones or asr@-glycosides. Rutin (§H30016, Fig.
5), a flavonoid is also called as vitamin P, whishpresent in many plant species
(Harborne, 1986) is synthesized via pathway reptasdig. 6.

Figure5: Chemical structure of rutin

Rutin has UV-B protective (Choquenet et al., 20@B)tioxidant (Sharma et al.,
2013b), anti-cancerous (Lin et al., 2012; Perkl.et2@14), anti-inflammatory, antidiabetic
(Lee and Jeune, 2013), anti-hypercholesterolermacSitva et al., 2001; Kanashiro et al.,
2009) and anti-asthamatic (Jung et al., 2007) iéiesv Rutin is proved to have beneficial
effect on diseases related to central nervousmyatal prevents neuroinflammation (Khan
et al., 2009; Javed et al., 2012), is an anticaantl (Nieoczym et al., 2014) and shows an
anti-alzheimer activity (Javed et al., 2012; Wangak, 2012). It has organ protective
activities (Yeh et al., 2014) like retinoprotectig€hiou and Xu, 2004), neuroprotective
(Azevedo et al., 2013), cardioprotective (Annapuetaal., 2009) and nephroprotective
(Kamel et al., 2014).
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p-coumaroyl CoA

l CHS

Naringenin chalcone

l CHI

Naringenin

l F3H

Dihydrokaempferol

l FLS

Kaempferol
F3'5'H l F3'H

Quercetin

l GTI

Isoquercetin

l FG2

Rutin

Figure 6: Biosynthetic pathway of rutin (adapted from KEGG).
[CHS Chalcone synthas€HI: chalcone isomeris&3H: naringenin 3-dioxygenaseLS.

flavonol synthase, F3'5’H: flavonoid 3',5-hydroxylase, F3'H: flavonoid 3'-
monooxygenaseGTI: flavonol 3-O-glucosyltransferaseG2: flavonol-3-O-glucoside L-

rhamnosyltransferase]

2.2.2.3 Lupeol and rutin quantification

There are few reports on quantification of lupeolniodal derived shoots 1.
indicus and its synthesis in leaf derived callus is alfected by PGRs of the medium
(Misra et al., 2003, 2005). Similarly Purohit et @015) reported lupeol in callus induced
from roots ofthe same plant, and the content enhanced uimdeitro conditions as
compared to wild roots. In other studies, calluguwebk ofVerbesina encelioide@lain et
al., 2008),Cryptostegia grandiflorgSingh et al., 2011afrataeva tapia(Sharma et al.,



Chapter 2: Review of Literature

2016) andSolanum melongené@vanitha et al., 2016) are known to synthesizeetp
whereas inGlycyrrhiza uralensisn vitro stolon was reported to synthesize it (Kojoma et
al., 2010).

There are many reports on rutin quantificatiomiwvitro shoots of different plants
andin vitro cultures have been reported to be a source for entraction as an alternative
to in vivo source inVaccinium corymbosuniContreras et al., 2015) arfechisandra
chinensig(Szopa et al., 2017). Earlier studiedHnindicushave reported rutin synthesis in
shoot as well as in callus cultures, and the conaméd according to PGRs of the medium
(Misra et al., 2003, 2005). Similarlg vitro plantlets ofHypericum perforatunev. Topas,
Fabiana imbricate Alpinia purpurataandThymus pseudopulegioidé2asqua et al., 2003,
Schmeda-Hirschmann et al., 2004; Victoério et 102 Gunaydin et al., 2017) synthesized
rutin. In many other studies, shoot cultures weikzed to quantify rutin e.g. Shilpashree
and Rai (2009) quantified rutin in shoot culturésio mysorenseWhereas in other studies
in Alpinia purpurata(Kale and Namdeo, 2015Ruta graveolengAl-Ajlouni et al., 2015)
and Saussurea involucratéKuo et al., 2015) synthesis of rutin has beerortegl in both
callus as well as shoots.

Shoot cultures are reported to be an alternativeablios or cell suspension culture
for the production of valuable metabolites (Mehaagt al., 2007). They have been used for
extraction of metabolites in medicinal plants likggeron breviscapugLiu et al., 2008),
Bacopa monnier{Parale and Nikam, 2009; Praveen et al., 2088grnia hystrix(Amoo
and Van Staden, 2013) aBdutellaria alpingGrzegorczyk-Karolak et al., 2017).

2.2.2.4 Elicitation of lupeol and rutin

Elicitors are external stimuli which are capablenofucing changes in the plant cell
and in turn lead to a series of reactions whicHasat increases secondary metabolites
production. It was noted that they bind to a recept the plasma membrane, which then
activates specific gene(s) through signal transdagtathways (Sudha and Ravishankar,
2002). Earlier study by Misra and Mehrotra (200&parted that enhancement of lupeol
and rutin usingy-rays in callus culture of. indicus Later on Singh et al. (2011a)
enhanced lupeol quantity using ergosterdCmptostegia grandifloraWhereas lupeol was
increased after UV-B radiation Witis vinifera(Gil et al., 2012) and after jasmonic acid in
Jatropha curcagZaragoza-Martinez et al., 2016).

Study onDeschampsia antarcticghoots reported that rutin quantity enhanced after
UV-B treatment (Sequeida et al., 2012). Whereais iat shoots ofRauvolfia serpentine
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enhanced when they were treated with methyl saliey{Nair et al., 2013). Other studies
were reported for callus and cell suspension cegt@ndCitrus hystrixcallus synthesize
more rutin after elicitation using agarose (Surakt 2002). Cell culture o¥itis vinifera
enhanced rutin synthesis after treatment Wtiaeomoniella chlamydospo(&ak et al.,
2014).1n vitro plantlets ofFagopyrum tataricunsynthesize maximum rutin after treatment
with SA (Hou et al., 2014) whereas phenylalaningeased rutin in callus @aussurea
involucrata (Kuo et al., 2015). @Imova et al. (2016) reported that pyrazine carbogami
derivatives increase rutin production in callusuds ofFagopyrum esculentunRecently
Sarkate et al. (2017) also reported that enhanceofenitin after YE elicitation in cell
culture of Malus domesticdflorina’, whereas the content was increased dfteatment
with biosynthesized silver nanopatrticles in cellpgrssion culture of bitter ground (Chung
et al., 2018).

2.2.2.5 Elicitation of metabolite using YE, SA andM

In the present study biotic i.e. yeast extract (4&yl abiotic i.e. salicylic acid (SA)
and methyl jasmonate (MJ) were used for elicitattdncompounds. Earlier report by
Suzuki et al. (2002) depicted that treating celbsusion cultures dfledicago truncatula
with YE increased the expression of genes relabettiterpenoid biosynthesis. Another
report suggested that contents of p-coumaric aodl faranocoumarins increased im
vitro leaves of Glehnia littoralis after treatment with YE (Ishikawa et al., 2007).
Kamonwannasit et al. (2008) observed that pseudopgjenin content iBacopa monnieri
shoots varied according to change in concentrafiih.has been reported to enhance
furanocoumarin irRuta graveleongDiwan and Malpathak, 2011), flavonoid Merwilla
plumbea(Baskaran et al., 2012) and phenol, 2, 4-bis {diniethylethyl) inOrthosiphon
stamineugRazali et al., 2017) shoots. Whereas in otheriessutlincreased the metabolite
contents in plants, like plumbagin iDrosera indica (Thaweesak et al., 2011) and
rosmarinic acid inMelissa officinalis(Nasiri-Bezenjani et al., 2014). Recently Magsood
and Abdul (2017) observed that that incorporatidnY& enhanced vinblastine and
vincristine content in protoplast derived differestages of embryo and leaves of
Catharanthus roseus

Commonly used abiotic elicitors like SA and MJ g@lant signaling molecules
which are involved in the defence response anduseel as chemical inducers under
vitro conditions for secondary metabolite product{@oyal and Ramawat, 2008). In last
decade, SA has emerged as a key signalling compwhiuth is involved in the activation
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of plant defence responses (Kang et al., 2004)x Ak al. (2000) reported that SA
increased the expression 3-hydroxy-3-methylglut@glA synthase (HMGS) and HMG
CoA reductase (HMGR) genes of mevalonate pathveapénoid biosynthesis) Brassica
juncea Kovacik et al. (2009) reported that phenolic agdntent increased after elicitation
using SA in leaf rosettes dlatricaria chamomilla In shoots of threeélypericum spp(H.
hirsutum H. maculatumandH. perforatum) SA enhanced the quantity of hypericin and
pseudohypericin (Coste et al., 2011; Gadzovsk&,e2@13). Enhancement of caffeic acid
and rosmarinic acid content ihymus membranaceu$erez-Tortosa et al., 2012),
flavanoids inCistus heterophyllugLopez-Orenes et al., 2013), withanolidesViithania
somnifera (Sivanandhan et al., 2013) and bacoside and cwigtecontent inRuta
angustifolia(Othman et al., 2015) shoot cultures after SAttneat.However Zaheer and
Giri (2015) reported that lower concentrations &f \8Bere beneficial for andrographolides
production inAndrographis paniculatahoot cultures. Whereas Patil et al. (2013) observe
that YE enhanced digoxin whereas SA enhanced bigitoxin and digoxin in shoot
cultures ofDigitalis purpurea

Whereas MJ act as the intracellular signal compsy@deelman and Mullet, 1997)
and activates genes which induces the enzymesnsigpo for the synthesis of secondary
metabolites (Kumar and Sopory, 2010). Zhao et 2018) reported that genes of
triterpenoid biosynthesis were up-regulated byitalion using MJ inGentiana straminea
Whereas study oH. perforatumreported that it increased flavonoid content (Wahgl.,
2015). MJ increased asiaticoside productionCientella asiaticaplantlets (Kim et al.,
2004), galanthamine content in shootsNafrcissus confusu@Colque et al., 2004) and
Leucojum aestivur{Schumann et al., 2013). It has also been repdotethhance carnosic
acid, carnosol and rosmarinic acid $alvia officinalis (Grzegorczyk and Wysokinska,
2009), mitragynine iMitragynaspeciosaWungsintaweekul et al., 2012), phenolic acids
in Leucojum aestivur(ivanov et al., 2013), bacoside ABacopa monnier(Sharma et al.,
2013a; Largia et al., 2015), rosmarinic, chlorogeand caffeic acids iEryngium planum
(Kikowska et al., 2015) shoots.

2.2.3 Gene Expression Studiesfor Rutin Biosynthetic Pathway

Flavonoid 3',5'-hydroxylasd-8'5'H) and flavonoid 3'-monooxygenade3(H) are
classified into cytochrome P450 family but havefatént subfamilies i.e. CYP75A and
CYP75B, respectively (Ueyama et al.,, 2002). Thesmeg are known to catalyse
hydroxylation of flavonol B-ring and converts kaeiempl to quercetin in flavonoid
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biosynthesis (Fig. 6)F3'5’H covets B ring into 3',4’,5'-trihydroxylated B-rinvhereas
F3'H converts into 3’,4’-dioxygenated B-ring (Ayabe affkiashi, 2006). Both these genes
were first studied ifPetuniasp. (Holton et al., 1993; Brugliera et al., 199®)wever there
are meagre studies carried out at the moleculael lem P450s of flavonoid pathway
especially on CYP75 family (Ayabe and Akashi, 200BXxpression of both genes in
Arabidopsisseedlings was observed in correlation between sei@nd PGRs (Loreti et
al., 2008). Similarly Wang et al. (2014) have repdrthat expression ¢i3'5’H gene is
induced by light and sucrose @amellia sinensiseedlings. Expression of another gene
l.e. F3'H was reported to increase after UV-B exposure imyhaots of Fagopyrum
tataricum (Huang et al., 2016). Callus cultures Sdilvia miltiorrhizaup-regulated=3'H
gene after elicitation with SA (Zhang et al., 2Q18jhereas recently expression of this
gene in hairy roots of buckwheat altgdtis tinctoriais reported to increase after it was
treated with ethephon and chitosan (Li et al., 20ia0 et al., 2018).



