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    Biotechnology will continue to be the frontline area for research and application in the 21st century. The potential of biotechnology is enormous, and numerous breakthroughs have benefited the humankind. Plant science research holds tremendous potential to address pressing global issues, including climate change, food insecurity and sustainability. Necessary research to generate innovative discoveries that solve urgent problems is at risk.




    India is rich in bioresources but has been slow in converting them into economic wealth through appropriate technologies. Medicinal plants are active biochemical factories of a vast group of secondary metabolites (SMS), and these are indeed basic sources of various pharmaceutical drugs. It is believed that 80% of the world's population utilises herbs, and in developing nations, its percentage could be as high as 95%. The Ayurveda market in India has been valued at INR 335 billion in 2019 and is expected to reach INR > 1000 billion by 2025. There is a growing interest in the world over photomedicines and photo-chemicals. Quite frequently, unique genotypes have to be multiplied in a pure form. Also, several medicinal plants worldwide are under threat of extinction due to climate change. Clonal propagation is important to multiply elite planting materials of selected medicinal tees and many prized herbs.




    Plant tissue culture has been viewed as a key technology for enhancing the capability for the production of large quantities of planting material of selected elite high-yielding varieties to boost production and productivity. This technology holds enormous potential for meeting the demands of both domestic and export markets in terms of high-quality planting material.




    In this context, the present book titled "In vitro Propagation and Secondary Metabolite Production from Medicinal Plants: Current Trends" edited by Professor (Dr) Mohammad Anis, Former Dean, Faculty of Life Sciences, Aligarh Muslim University, is a timely one. The book will certainly appeal to postgraduate students, researchers, biotechnologists, and industry and can be used as a reference book. We must convert our biological wealth into economic wealth and job opportunities. The book will be an important step in this era.
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    Plant tissue culture is one of the most important and useful areas of plant biotechnology, having both fundamental and applied significance. Secondary metabolites hold the key to many medicinal properties present in plants, which thus makes their production a commercial prospect. Optimization of various factors responsible for enhanced cell growth and production of secondary metabolites has become a pre-requisite for the use of bioreactors commercially. Plant cell culture provides a viable alternative over whole plant cultivation for the production of secondary metabolites. The discovery that these metabolites could be extracted from callus came at a time when there was a concern about dwindling plant resources. A continuous callus is used from such medicinal plants, and there would be no need to use field-grown plants to obtain secondary metabolites.




    There are fluctuations in the concentrations and quantities of secondary metabolites in field-grown plants as the biosynthesis of secondary metabolites, although controlled genetically, is affected strongly by environmental influence. Moreover, very little is known about the biotransformation that takes place once the crop is harvested. To overcome these limitations biotechnologist suggested the use of plant cell and tissue culture rather than to use whole plants for the extraction of certain secondary metabolites. Plant tissue culture may very well contain metabolic pathways that have been modified and/or abbreviated from that of the plant. The impact of rapid climate changes may also have an adverse effect on wild plant species leading to the loss of useful genetic material.




    In vitro cell culture and controlled environment production systems offer excellent opportunities for the selection and seasonal independent propagation of elite lines with specific, consistent levels of medicinal metabolites with minimum contamination. Additionally, the plant materials produced by in vitro techniques allow efficient application of emerging analytical methods. The impact of these techniques perhaps may be greatest in the improvement of medicinal plants since the resulting genetic diversity may open avenues for the discovery of new medicinal metabolites and treatments.




    The continued rise in consumer demand or plant-based medicines and the expanding world population have resulted in the indiscriminate harvest of wild species of medicinal plants. The impact of rapid climate changes may also have an adverse effect on wild plant species leading to the loss of useful genetic material.




    The biomass is mainly obtained through conventional methods, which pose quality issues mainly due to poor seed germination, low viability of the seeds and mainly because of environmental factors. Therefore, there is a great need to develop alternative and stable approaches by using different biotechnological approaches like cell, tissue and organ culture, which are independent of all the environmental variations and obtain uniform biomass of high quality for pharmaceutical purposes. During the last 2 decades, a large number of in vitro propagation procedures through direct and indirect organogenesis, somatic embryogenesis and also using synthetic seeds have been developed for the conservation aspects.




    Several attempts have been made to optimize the protocol for the production of biomolecules using tissue culture and also through hairy root culture (Agrobacterium rhizogenes mediated transformation). These cultural techniques can be achieved by monitoring environmental conditions like media optimization, physical conditions, use of biotic and abiotic elicitors, etc., where improved production of secondary metabolites for commercial scale can be achieved. With the significant information on gene regulation and the key enzymatic steps involved in the biosynthetic pathways, modulation in the production of bioactive content can be achieved to the levels required for the pharmaceutical industry. The present book will provide a comprehensive report on the research carried out in the area and will emphasize the future prospects that can be considered for the production of secondary metabolites or the development of elite germplasm with higher contents of secondary metabolites, which would benefit the mankind in an endurable way.




    The purpose of this book is to provide important, state-of-the-art findings on secondary metabolite production in valuable medicinal plants. We are extremely grateful to all the contributors who warmly welcomed our invitation and agreed to contribute chapters to embellish information on the subject, thus helping in this endeavor. We also appreciate their patience and cooperation in meeting deadlines and revising their manuscripts when required. We would also like to place on record our sincere thanks to Mr. Zohaib Siddiqui for preparing the layout of the contents. As usual, my wife, Humera Anis, provided much needed morale support, and grand daughter, Haniya, provided moments of joy during a bit tiring and monotonous work.




    The editors also like to acknowledge the support received from the publisher Bentham Science, Singapore.
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      Abstract




      Plants in addition to primary metabolites produce secondary metabolites which are of immense pharmaceutical importance and other industrial uses. Secondary metabolites are produced due to the stress experienced by plants in response to external triggers/agents like elicitors. Elicitation involves two types of elicitors namely biotic and abiotic. Elicitors have a vital role in plant tissue culture as these improve secondary metabolite content in cultures. Other culture conditions including volume and types of medium, duration, etc., also affect the yield of alkaloids. Extensive research has been carried out for the enhanced level of alkaloids in in vitro cultured plants. Various common elicitors used in media are methyl jasmonate (MeJA), yeast extract (YE), fungal extract, ions from various salts like CdCl2, heavy metal ions, and ionic, nonionic radiations, etc. The fungal cell wall components oligosaccharides and peptides have also been used as elicitors for the induction/enhancement of secondary metabolites in plant cell/organ cultures. The influence of sample representation of biotic and abiotic elicitors, i.e., YE, Aspergillus flavus, MeJA, CdCl2, CaCl2, has been discussed taking a few medicinals and oil yielding plants from authors’ laboratory. A direct link of stress with elicitors including plant growth regulators (PGRs) has been established showing over accumulation of proline, protein, SOD, APX and other antioxidant enzyme activity with increased levels of elicitation. Increasing demand forces researchers to conduct further investigation in this area for the production of phyto-compounds and even for viable commercial exploitation.
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      INTRODUCTION




      The plant has been used to treat a wide range of diseases like asthma, fever, stomach ache, arthritis, menstrual disorders, toothache, migraine, insect bites and helminthiasis [1]. Plants are a rich source of metabolic products, attracting the attention of workers in amending the quantity and quality of traits. The secondary metabolites are the diverse group of organic compounds produced by plants to facilitate interaction with biotic and abiotic environments in establishing defense mechanisms [2]. These products are unique sources of pharmaceuticals, food additives, flavors and industrially important biochemicals [3]. The secondary metabolites have complex structures to be manufactured by chemical synthesis and semi-synthesis, and are frequently extracted from naturally and in vitro grown cultivated plants [4]. These metabolites are produced and even over-synthesized from different medicinal plants under biotic and abiotic influences [5]. Most commonly, the strategies adopted are optimization of medium component and environmental cultural conditions, the use of high producing superior cell lines, addition/feeding of precursors, overexpression of key enzymes in biosynthetic processes, and other biotechnological and cell culture techniques [6]. In vitro methodology may offer an alternative, promising technique for the production of phyto-compounds which can further be improved by the application of elicitors [7]. Elicitors of biotic and abiotic origin have been used extensively for the enriched synthesis of a wide variety of secondary metabolites. There are several reports of enhanced synthesis of secondary metabolites in cell cultures by using elicitors, PGRs, medium, precursor feeding and other biotechnological techniques [8]. Elicitors were used as an enhanced biomass production in different in vitro cultures such as Ophiorrhiza mungos [4], Silybum marianum [9], Glycyrrhiza uralensis [10], Eruca sativa [11], Isatis tinctoria [12] and Centella asiatica [13]. As an external stimuli, the elicitors are added to the medium, change cell metabolism, cause stress in culture and activate secondary metabolite synthesis [14]. Elicitors are known to activate a range of defense mechanisms including the synthesis and accumulation of diverse defensive secondary metabolites in plants [14]. The activating mechanisms of elicitors are considered to be different, complex and unpredictable at times, in relation to metabolite synthesis [15].


    




    

      ELICITOR




      Elicitation is an important current technique in which various elements or compounds are amended to the media for improving secondary metabolites in cultures. These molecules induce stress to cultivated cells and in response to adverse situations accumulate and synthesize improved amounts of phyto-compounds [16].




      

        Classification of Elicitor




        Elicitors can be categorized into two different types biotic and abiotic elicitors. The biotic elicitors originate from the living cells of lower/prokaryotic organisms fungi and bacteria; simple sugars, polysaccharides, chitin, glucans, pectin, cellulose, MeJA, glycoproteins or intracellular proteins and peptides in are added as external regulatory molecules which regulate a number of enzymes or ion channels through receptor binding mechanism by activating/deactivating gene expression in evoking stress response [17, 18] (Table 2).




        The abiotic elicitors, on the other hand, comprise of non-biological regulatory elements. These abiotic compounds contain a wide variety of chemicals or agents including metal ions. Various metals like Cd, Pb, Ni, Ag, Fe, Co, Al, Ca have been added to the media and are noted to be very efficient in improving the yield of alkaloids in several investigated plant materials [19, 20] (Table 1). Abiotic elicitors like pH, extreme temperature, ultraviolet (UV) rays, X-rays, and Gamma rays have also been tested in several plants. Other signaling compounds often tried are salicylic acid, methyl jasmonates and NO2 for enhanced synthesis and accumulation of phyto-compounds in tested samples [21].




        

          Table 1 Various compounds (biotic, abiotic and other) and explant/ tissue used for elicitation.




          

            

              

                	Biotic Elicitor Used



                	Abiotic Factors Added



                	Explant/Tissue Used

              


            



            

              

                	Fungi: Aspergillus, Pythium, Fusarium etc;


                Cell wall components of fungi, sugars, pectin etc.


                Bacteria: Pseudomonas extract;


                Yeast extract;


                Casin hydrolysate;


                MeJA;


                Salicyclic acid;


                Peptides;



                	NaCl, KCl, CdCl2, CaCl2,,AlCl2, AgNO3CuCl2, pH, temperature, UV ray, X-rays, Gamma rays.



                	Non-, embryogenic callus, suspension, different stages of somatic embryos, nodal stem, protoplast derived tissues, plantlets.

              


            

          




        




        

          Table 2 Biotic and other factors’ induced elicitation targeting different alkaloids: A few successful cases in medicinal plants.




          

            

              

                	Elicitor



                	Plant Species



                	Culture Type



                	Secondary Metabolite



                	References

              


            



            

              

                	
Aspergillus flavus fungal extract



                	Catharanthus roseus



                	Embryogenic callus, somatic embryos



                	Vincristine and vinblastine



                	Dipti et al. 2016

              




              

                	MeJA


                MeJA



                	
Taxus baccata,Taxus x media


                Coriander sativum




                	Cell suspension


                Non-, embryogenic callus, embryos



                	Paclitaxel


                Essential oil



                	Sabater et al. 2014


                Muzamil et al. 2020

              




              

                	Salicylic acid



                	Gingko biloba



                	Cell suspension



                	Bilobalide; Ginkolide a, b



                	Kang et al. 2006

              




              

                	Bacteria extracts



                	Artemisia annua



                	Hairy root



                	Artemisinin



                	Putalun et al. 2007

              




              

                	Fungal extract



                	Panax ginseng



                	Cell suspension



                	Ginsenosides



                	Xu 2005

              




              

                	Coronatine



                	Glycine max



                	Cell suspension



                	Glyceollins



                	Fliegmann et al. 2003

              




              

                	Chitosan and chitin



                	Vitis vinifera



                	Cell suspension



                	Stilbenes; Trans-resveratrol



                	Ferri et al. 2009

              




              

                	Other cell wall


                fragments



                	Dioscorea zingiberensis



                	Cell suspension



                	Diosgenin



                	Li et al. 2011

              




              

                	Cyclodextrins



                	Catharanthus roseus



                	Cell suspension, hairy root



                	Ajmalicine, Vindoline, Catharanthine and Ajmalicine



                	Almagro et al. 2011, Zhou et al. 2015

              




              

                	Yeast extract



                	Catharanthus roseus



                	Embryogenic callus



                	Vincristine and vinblastine



                	Mehpara and Mujib 2017

              


            

          




        




        The effects of various elicitors (yeast extract, MeJA, salicylic acid, chitin, etc. ) on the enhancement of secondary compounds production have been studied in different plant groups like Solenostemon scutellarioides [22], callus cultures of Rosa hybrida [23], hairy root cultures of soybean [24], cell suspension cultures of Catharanthus roseus [25] and adventitious root cultures of Eleutherococcus koreanum [26]. Among various elicitors, MeJA has been extensively studied in enhancing secondary compounds in a number of plants like A. annua for artemisinin [27]. Various medicinal plants like Catharanthus roseus, Coriandrum sativum, Colchicum luteum, Taxus baccata, Rauwolfia serpentina, etc., have been extensively investigated in the laboratory of author for the production of secondary metabolites summarized in this present chapter.


      




      

        Elicitation and Improved Yield in Some Medicinal Plants




        Catharanthus roseus (L.) G. Don, a member of Apocynaceae, is an extensively investigated medicinal plant, producing over 130 alkaloids (Fig. 1a). Vinblastine and vincristine are the two most important alkaloids showing anti-cancerous properties; ajmalicine is antihypertensive; serpentine is sedative, while others have various other properties. Beside natural synthesis from in vivo grown plants, these compounds are also produced chemically and semi-synthetically. Unfortunately, the yield of these two alkaloids is very poor and is about 0.0005% dry weight basis. In C. roseus, different methods have been attempted for enhancing alkaloid content in tissue culture conditions. A variety of elicitors have also been tried which include methyl jasmonate [28, 29], yeast extract [7], chitosan [30], CaCl2 and NaCl as abiotic salt [31, 32] (Table 1), Aspergillus flavus as fungus biotic treatment [33] (Table 2). Heavy metals like Mn, Ni and Pb [34] & Silver nanoparticles [29]. Like other fungus, yeast extract - a biotic elicitor was used and is considered to be a useful signaling compound in improving secondary compounds. Mehpara and Mujib (2017) [7] exposed protoplast-derived tissues of Catharanthus and vinblastine and vincristine yield was quantified (Fig. 1b). Four different concentrations of yeast extract (T1 = 0.5, T2 = 1.0, T3 = 1.5 and T4 = 2.0 g/l) were added to the culture media which enhanced vinblastine and vincristine yield in germinating somatic embryos and in regenerated leaf tissues. Although the synthesis of alkaloid was noted to be treatment-specific the impact was maximum in T3 (1.5 mg/l) and about 22.74% increase in vinblastine and 48.49% in vincristine was reported in germinating stage of embryos. Antioxidant enzymes like SOD, CAT, APX and GR were high in yeast extract added media suggesting stress, and noted to be involved in enhanced levels of phyto-compounds. The amendment of yeast extract was noted to be efficient in enriching yield in a number of plants like Astragalus chrysochlorus, Gymnema sylvestre and other materials [35-37].
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Fig. (1))


        (a) Catharanthus roseus in wild (b) Callus culture in C. roseus (c) Colchicum luteum in wild and (d) Callus initiation in C. luteum. (Bar 1a=1cm, bar 1b= 2mm, bar1c=1cm and bar 1d=2mm).



        The induction of fungi/mycorrhizal fungi into the medium was noted to be efficient in inducing enhanced accumulation of ajmalicine and serpentine in C. roseus [38]; similar increased alkaloid accumulation was noted in other studied cases [39], Tonk et al. [33] investigated the influence of Aspergillus flavus fungus extract on alkaloid yield in C. roseus. Various concentrations, i.e., 0.05% (T1), 0.15% (T2), 0.25% (T3), and 0.35% (T4) of fungus extract and control (T0), were incorporated into solid MS medium and the yield of vinblastine and vincristine was measured and compared in in vitro grown tissues. The A. flavus fungal extract augmented callus biomass, and improved embryogenesis with more numbers of embryos at low levels, i.e., in T2. At the same low T1/T2 level, the percent germination of embryos, and the shoot and root growth of somatic embryos were noted high. Vinblastine yield was reported to be high in germinating embryo stages and the yield was improved further with addition of A. flavus fungus extract at 0.15%. About 7.88 and 15.50% enhancement of vinblastine and vincristine respectively was observed on A. flavus treated cultures. Various stress markers like antioxidant enzymes, proline, sugar levels etc. were checked as the amendment of fungus extract may produce stress on cultivated tissues and organs. Biochemical analyses showed higher levels of sugar, protein and proline in tested tissues including germinating embryos on A. flavus fungus added conditions. The mature, advanced embryos showed enhanced levels of SOD activity and with the addition of fungal extract, the enzyme activity was even higher, establishing a link of stress with elicitation on exposed tissues, resulting in enhanced accumulation of alkaloids (vinblastine and vincristine) especially at low T2/T1 levels. It has been observed that the fungus elicitors contain various oligo/polysaccharides or sugars and peptide like signaling molecules which promote the synthesis and accumulation of plant secondary products [40].




        In C. roseus, CaCl2 as an abiotic elicitor was used to improve the synthesis and accumulation of vincristine in embryogenic suspension culture [31] (Table 3). Various levels of CaCl2 namely 5, 25, 50, 75 and 100 mM were added to the MS medium along with control as an elicitor element. The suspension culture growth, i.e., the dry mass, packed cell volume, and colony area, increased only up to low elicitor treatment (25 mM). HPTLC investigation of harvested embryogenic tissues and the liquid medium was conducted to detect and quantify vincristine at regular intervals. Vincristine was identified only after 20 days of elicitation in harvested suspended cells and no vincristine was detected in liquid medium in which embryogenic suspension was cultured for faster tissue growth. SOD, CAT, APX and Glutathione reductase (GR) antioxidant enzyme activities were measured in response to CaCl2 exposure of tissues. All the enzymes showed increased activity with an increase in elicitor doses, the authors reported.




        

          Table 3 Abiotic compound mediated elicitation: some examples in medicinal plants.




          

            

              

                	NaCl



                	Colchicum Luteum



                	Embryogenic Callus



                	Colchicine



                	Mehpara et al. 2020

              


            



            

              

                	CaCl2




                	C. roseus



                	Embryogenic suspension



                	Vincristine, vinblastine



                	Zahid et al. 2012

              




              

                	NaCl



                	C. roseus



                	Embryogenic callus



                	Vincristine, vinblastine



                	Fatima et al. 2016

              




              

                	CdCl2




                	Rauwolfia serpentina



                	Callus, embryo



                	Reserpine, ajmalicine



                	Zafar et al. 2020

              




              

                	CdCl2




                	Allium sativum



                	Callus, different stages embryos



                	Alliin



                	Malik et al. 2021

              




              

                	AlCl3




                	Rauwolfia serpentina



                	Callus



                	Reserpine, ajmalicine



                	Zafar et al. 2017

              


            

          




        




        Allium sativum is a plant of the family Amaryllidaceae. Garlic shows antiviral, antimicrobial, antifungal, antioxidant, and anti-inflammatory activities [41]. It also possesses hepatoprotective, anticancerous and cardiovascular protection abilities [42]. These pharmaceutical medicinal importances are specifically due to organosulphur compounds, unique to Allium [43]. Over thirty different organosulphur compounds including alliin and allicin are present in garlic at high levels which produce pungent flavour while converting into diallyl thiosulfinate or allicin when cut. About one gram of raw garlic (fresh weight) contains 10 mg of alliin and this is the target point for enhancement. Moien et al. (2020) [44] investigated the influence of cadmium chloride (CdCl2) on alliin accumulation in A. sativum in various cultured tissues. The in vitro raised tissues were exposed to various CdCl2 doses i.e. 0.05, 0.1, 0.15 and 0.2 mM and the alliin yield was measured and compared by using high performance thin layer chromatography (HPTLC) method. It was noted that with a CdCl2 dose increase, the alliin yield improved, and maximum yield was noted at 0.15 mM treatment following 4 days of elicitation treatment. Of the various in vitro grown tissues, the highest amount of alliin accumulation was observed in leaves, followed by somatic embryos at the same level of CdCl2 treatment. In callus tissue, the alliin yield was relatively low compared to leaf tissues. In A. sativum, the alliin is primarily synthesized in leaves perhaps this is the reason for high alliin yield in leaves compared to other tested tissues like callus and somatic embryos [45] The catalase (CAT), superoxide dismutase (SOD) and ascorbate peroxidase (APX) antioxidant enzyme activities were monitored in different CdCl2 treated tissues as the addition of elicitor to the medium causes cellular stress. It was noted that with increasing CdCl2 level, the antioxidant enzyme activity also increased, with the highest enzyme activity in leaves after 6 days of treatment at 0.2 mM. Biochemical investigations of elicitated tissues indicate a higher accumulation of sugar, protein and proline in elevated levels of CdCl2 all suggesting the onset and presence of stress in cultivating tissues. Increased activities of enzymes and other physiological markers may be involved in scavenging stress caused by the overproduction of reactive oxygen species (ROS) generated by CdCl2.




        Rauvolfia serpentina (L.) is a member of the family Apocyanaceae. This plant contains a variety of pharmaceutically important compounds like reserpine, ajmalicine, serpentine, ajmaline, and others [46]. The plant shows its impact against several ailments i.e. it is antidiabetic, anti-inflammatory, anti-tumoric and several other protective activities. The phyto-compounds present in this plant are primarily synthesized in roots and stem; and the content level varies from 0.7–3.0% [47]. Nadia et al. (2020) [48] investigated the impact of CdCl2 on Rauvolfia serpentina alkaloid yield as the in vitro cultures with elicitation may overcome the limitations of low yield of important phyto-compounds. Different levels of CdCl2 i.e. 0.05 mM (C1), 0.10 mM (C2), 0.15 mM (C3) and 0.20 mM (C4) were added to MS and various growth parameters like callus biomass and the alkaloid yield were observed. The addition of CdCl2 at 0.15 mM enhanced callus biomass growth significantly. The quantification of reserpine and ajmalicine in different tissues was made through an HPTLC study. Among various tissues tested, reserpine content was maximum in the roots of regenerated plants. The yield of ajmalicine was, however, more in leaf derived callus; both the two phyto-compounds were synthesized and accumulated best at C3 treatment. A higher CdCl2 elicitor dose (0.20 mM) reduced the rate of callus proliferation and inhibited alkaloid yield in R. serpentina.




        The use of elicitors in tissue culture medium caused cellular stress at variable intensities as was observed in several studied plant materials. In order to monitor the plant defense responses, several stress markers have been routinely monitored. Antioxidant enzyme activities like SOD, CAT and APX were assayed in CdCl2-treated and non-treated tissues. The enzyme activity was high and increased almost linearly with increasing CdCl2 levels suggesting stress in a culture which in turn improved the yield of reserpine and ajmalicine in R. serpentina. The use of CdCl2 as an elicitor in promoting callus biomass, induction of stress in culture and in enriching secondary metabolites has been noted in several investigated plant systems [44, 49].




        Coriandrum sativum is a spice yielding plant, used almost daily in the Indian subcontinent. The coriander seeds, tender green leaves and oil all are important in the local and global markets. The yield of oil differs with coriander genotypes and is primarily influenced by a number of external factors. In current years, several biotechnological approaches have been integrated to improve plant products. Here, Methyl jasmonate (MeJA) was added to the MS medium as it behaves as an important secondary messenger and signaling molecule in enriching compounds. MeJA concentration at T1 = 50, T2 = 100, T3 = 150 and T4 = 200 μM were prepared and added to the media and the oil yield was quantified in non-embryogenic, embryogenic and other tissues through Gas chromatography–mass spectrometry (GC–MS). All the treatments had a variable influence on oil yield the addition of 150 μM MEJA was however noted to be very effective in enriching oil in coriander.




        As discussed earlier, the amendment of biotic or abiotic elicitors like MeJA generates stress in culture. The activities enzymes, i.e., SOD, CAT and APX, was measured and noted to be high in treated tissues compared to the untreated control (T0). In 200 μM treatment (T4), the CAT and SOD enzyme activity was noted to be very high in maturing embryo stages. Other stress and biochemical markers such as sugar, protein and proline were high with increasing levels of MeJA treatment. The influence of MeJA effects on the enhancement of phytocompounds utilizing in vitro cultivated cell, tissue and organ has been investigated in different plant genera [50, 51]. The induced stress in culture was perhaps responsible for excess synthesis and accumulation of coriander oils.




        Colchicum luteum Baker is a member of the family Colchicaceae (Fig. 1c). The plant is commonly distributed in sub-alpine areas, western Himalayas, Jammu and Kashmir and other adjoining areas of an altitude of 700 and 2800 m. The primary compound present in this plant is colchicine, an alkaloid extracted from corms or tubers. The plant C. luteum is used against various diseases like Behcet’s syndrome, rheumatism, gout, respiratory disorders, antinociceptive, antiinflammatory and exhibits anti-cancerous activity as it contains colchicine and demecolcine. Colchicine is a secondary metabolite (trade names are colcrys, mitigrare etc. ), also produced by Colchicum autumnale and Gloriosa superba. Several analogs of colchicine namely 3-dimethyl colchicine, colchicoside, thiocolchicocide were designed and synthesized displaying improved anticancer activity in comparison to native drugs used against certain leukemic cells and solid tumours [52]. Colchicine halts polymerization of microtubules by binding to protein tubulin, required for cell division, and hence checks uncontrolled cell division. The FDA (2009) [63] approval of colchicine as a new drug had research consequences.




        Elicitation has been practiced in several medicinal plants including Colchicum for increasing the content of secondary metabolites. Mehpara et al. (2020) [53] elicitated corm-callus of Colchicum luteum with different levels of salt (NaCl) and the colchicine yield was measured through high pressure liquid chromatography (Fig 1d). It was noted that all the treatments improved the levels of colchicine but the yield was maximum in 100 mM salt amended medium. Mahendran et al. (2018) [54] investigated the influence of various elicitors like salicylic acid (SA), yeast extract (YE), casein hydrolysate (CH), and ethylene inhibitor like silver nitrate (AgNO3) on the biosynthesis of colchicine and thio-colchicoside content. Colchicine was extracted and quantified through HPLC, column chromatography, HPTLC and TLC following chitosan treatment - a biotic elicitor [55]. Production of colchicine from Colchicum autumnale cell suspension cultures using colchicine precursors as elicitors like p-coumaric and tyramine was earlier reported [56]. Daradkeh et al. (2012) [57] reported colchicine production from cell suspension of another species of Colchicum, C. hierosolymitanum as colchicine medication is used to treat gout and other diseases like Behcet [58].




        The genus Taxus is a plant of the Taxaceae family. Out of several species found, T. brevifolia and T. canadensis produce taxol (paclitaxel) - one of the important natural drugs used to treat cancers [59]. The species of Taxus are predominantly distributed to the Himalayan range, spread over to China, Nepal and other northeast countries like Bhutan and Myanmar. Beside anti-cancerous importance, several species of Taxus have been utilized in Ayurveda and traditional medicinal practices. As the taxol is immensely valuable, people have been trying to improve the content. Mujib et al. (2020) [54] quantified the content of taxol from callus cultured in various plant growth regulators (PGRs) amended media. PGRs especially the auxins are considered to be a strong stressor and signaling element. In 2, 4-D supplemented media, the taxol yield was maximum, the next best taxol accumulation was noted in NAA - another auxin added media and the least accumulation of taxol was noted in BAP (cytokinin) supplemented media. As to monitor the level of stress in different auxins (2,4-D and NAA) and cytokinin (BAP) added conditions SOD, APX antioxidant enzyme activities and proline level were assayed. The SOD, APX and proline levels were high in callus, cultured on 2,4-D, the next best stress condition was noted on NAA added conditions, and in BAP, the stress level was low compared to auxin supplemented media. Thus a link of stress and auxin was established which in turn stimulated taxol accumulation in cultivated tissues.


      


    




    

      MECHANISM




      The schematic pathway of an eliciting mechanism following elicitor molecule treatment is presented in Fig. (2). The abbreviations used are: SAR (systemic acquired response), ISR (induced systemic resistance), ROS (Reactive oxygen species), RNS (reactive nitrogen species), NADPH (nicotinamide adenine dinucleotide phosphate), SA (salicylic acid), JA (jasmonic acid), ET (ethylene).
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Fig. (2))


      Courtesy: Ferrari 2010 [60]; Nieves et al. 2014 [61].

    




    

      CONCLUSION




      Elicitation can be used as a tool for the enhancement of secondary metabolites of interest. In addition, studying elicitor-activated biosynthesis pathways with identified signaling components could be an efficient strategy for activating defense responses in plants in order to replace or reduce chemical applications to protect crops [62]. Improvement and simultaneous amendments of secondary metabolite production may help in alleviating and in preventing diseases. It is worth mentioning that the drugs and similar other plant-based formulations are easily accepted globally because of no or fewer side effects. Research in this direction may offer other alternative treatments for diseases through clinical trials.
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      Abstract




      The present study investigated the difference in the phytoconstituents in the methanolic extract of mother and tissue cultured plants of Scaevola taccada (Gaertn). Roxb., an important medicinal plant of the Goodiniaceae family. An efficient protocol was established to rapidly multiply S. taccada using nodal explants. The explants were cultured on MS medium supplemented with different concentrations of BAP (0.5 mg/l, 2.5 mg/l, 5.0 mg/l, 10.0 mg/l), IAA (1.0 mg/l), Kinetin (1.0 mg/l), ascorbic acid (100 mg/l) and citric acid (25 mg/l). The maximum number of multiple shoots were obtained in MS medium supplemented with BAP (5.0 mg/l) in combination with Kinetin (1.0 mg/l) and additives ascorbic acid (100 mg/l) and citric acid (25 mg/l). Subculturing multiple shoots at periodic intervals of every 4 weeks produced the maximum number of shoots. The in vitro generated shoots were rooted in half-strength MS medium supplemented with IBA (0.5,1.0,1.5,2.0,2.5) mg/l NAA (0.5,1.0,2.0,2.5) mg/l. Among these, the highest root induction was obtained in IBA (1.5 mg/l) and NAA (0.1 mg/l). The rooted plantlets were transferred to pots containing a mixture of vermiculite and perlite for acclimatization for three weeks. The plants were hardened in a greenhouse and planted in open fields. Phytochemical analysis shows the methanolic extracts of the tissue cultured plants produced more bioactive compounds having various pharmaceutical importance than the mother plant.
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      INTRODUCTION




      Scaevola taccada (Gaertn.) Roxb is a hemi-sclerophyllous littoral shrub of the family Goodeniaceae. The name “Scaevola” is derived from the Greek word “Scaevus” meaning “left-handed [1], also “Scaevola” means “little hand” [2]. Traditionally, different parts of S. taccada are used for the treatment of various ailments. It has been reported to possess antiviral properties against vesicular




      stomatitis virus and herpes simplex virus-1 and 2 and also anti-fungal, digestive, diuretic, carminative and anti-cancer properties [3-5]. The fruit juice promotes menstruation and treats ringworm tinea [6]. The root extracts are employed in treating beriberi, dysentery and syphilis [7]. Due to anthropogenic pressures of deforestation activities, S. taccada has been classified as a species under the regionally extinct (RE) category [8]. Conventional propagation methods using stem cuttings and seed germination are rather slow and also depend on the healthy mother plants [9, 10]. Therefore, to reinforce the conservation, development and utilization of this valuable plant species, it is essential to establish a high-frequency in vitro regeneration protocol. Gas chromatography mass spectrometry (GC-MS) is a key technological platform for secondary metabolite profiling [11-13]. The present study aimed to identify the chemical components present in the leaf, stem and root of tissue culture raised plants and its comparison with the mother plant using GC-MS.


    




    

      MATERIALS AND METHODS




      

        Plant Material and Sterilization




        Healthy shoots of S. taccada were collected from plants grown in the Botanical garden, University of Calicut, Kerala. Young shoots with 2-3 nodes were collected and cut into small pieces containing single nodes. The explants were kept in running tap water for 1 hour followed by washing with teepol (2% v/v) solution for 10 minutes followed by two or three washing with sterilized distilled water. The explants were kept in Bavistin (2%, w/v) solution for 30 minutes and then rinsed with sterile double distilled water. Surface sterilization was carried out using 0.1% (w/v) HgCl2 for 5 minutes followed by washing with sterile double distilled water 7 to 8 times inside a laminar airflow cabinet. The surface sterilized explants were inoculated to MS medium containing different concentrations of growth hormones.


      




      

        Culture Medium and Conditions




        Murashige and Skoog’s [14] medium was used for the initiation of cultures. Shoot proliferation medium was supplemented with varying concentrations of BAP (0.5mg/l-10mg/l), IAA (1.0 mg/l), Kinetin (1.0 mg/l) either singly or in combinations with additives (50 mg/l ascorbic acid and 25 mg/l citric acid). The pH of all the media was adjusted to 5.8 before autoclaving at 121 ºC for 20 minutes. All cultures were incubated at 25±2 ºC for 16 hr photoperiods with a light intensity of 1000 µEm-2S1. The frequency of shoot and root regeneration number and length of shoot and roots were recorded after 4 weeks from the culture initiation.


      




      

        Multiplication of Shoot




        For shoot induction, MS medium was supplemented with BAP (0.5mg/l-10mg/l), Kinetin (1.0 mg/l) in combination with IAA (1.0 mg/l) and additives ascorbic acid (100 mg/l), citric acid (25 mg/l). After 4 weeks, the regenerated multiple shoots were separated and transferred to a fresh medium of the same composition to and length obtain a maximum number of shoots at a periodic interval of 3 weeks. The number of shoots and roots regenerated and the length of and roots were recorded after 4 weeks from the culture initiation.


      




      

        Rooting and Acclimatization




        Rooting of the isolated shoots was carried out in vitro and in vivo. In vitro root induction was achieved in full and half strength MS medium containing IBA (0.5, 1.0, 1.5, 2.0, 2.50 mg/l) IBA (0.5, 1.0, 1.5, 2.0, 2.5 mg/l) and NAA (0.5, 1.0, 2.0, 2.5 mg/l). Plantlets with fully expanded leaflets and well developed roots were removed from the culture bottle and washed thoroughly to remove adhered agar and transferred to sterile vermiculite and perlite mixture (50:50) moistened with 1/10 MS medium. Initially, the plants were covered with perforated plastic bags to retain moisture and kept in a growth room for 4 weeks. Successfully established plantlets were subsequently transferred to field conditions.


      




      

        Gas Chromatography - Mass Spectrometry




        

          Sample Preparation




          The samples for the GC-MS analysis were collected from the mother plants which were identified and authenticated. The tissue culture raised plants and in vitro hardened plants of 3rd, 6th and 9th month old were used for GC-MS analysis. The plant materials were washed carefully under running tap water and shade dried at room temperature and made into a powder using mortar and pestle. The dried powdered material was subjected to methanolic extraction by incubating for 24hrs on a rotary shaker. After filtering the extract, the filtrate was evaporated and concentrated by air drying. The air-dried pellet was dissolved in HPLC-grade methanol and subjected to GC-MS analysis to find out the bioactive compounds. The analysis of the methanolic extract was carried out using a gas chromatography- mass spectrometry (GC-MS) system (Shimadzu GC- 22 MS, Model Number: QP2010S) equipped with an ELITE-5MS capillary column (0.25mm Xx 30m, 0.25µm film thickness). The operating conditions were as follows: the GC temperature program consisting of 80°C for 2min, incremented at 4.25°C/min from 80°C to 260°C and held at 280°C for 2min. The injector temperature was 260°C; the sample injection volume was 1:11; and the split ratio was 100:1. Mass spectrometry conditions were: electron impact as the ion source, ionizing voltage 70 eV, source temperature 150°C, electron multiplier at 2000 eV, scan speed 1000amu/s, and scan range 50-500 amu. The constituents of the methanolic extracts were identified by comparing the retention indices and matching the recorded mass spectra of each compound with the NIST and WILEY Chemistry web book and published data [15].


        


      


    




    

      RESULTS




      

        Shoot Initiation




        Surface sterilized nodal explants were transferred to a culture medium in aseptic conditions using five different concentrations of BAP (0.5mg/l-10 mg/l) (Table 1) for culture initiation. Shoot proliferation was observed within seven to ten days. The nodal explants induced a maximum number of shoots in (0.5) mg/l BAP (Table 1), (Fig. 1A-E).




        

          Table 1 Effects of MS medium containing different concentrations of BAP on shoot induction from the nodal explants of S. taccada.




          

            

              

                	Sl No



                	BAP (mg/l)



                	Number of Shoots±SE



                	Length of Shoots±SE

              


            



            

              

                	1



                	0.5



                	3.33±0.66



                	6.33±0.33

              




              

                	2



                	1.0



                	2.67±0.33



                	5.66±0.66

              




              

                	3



                	2.5



                	2.67±0.33



                	5.66±0.33

              




              

                	4



                	5.0



                	2.33±0.33



                	5.66±0.33

              




              

                	5



                	10.0



                	2.33±0.33



                	5.33±0.33

              


            

          




        


      




      

        Multiple Shoot Induction




        The nodal explants cultured on MS medium supplemented with BAP (0.5 mg/l) kinetin (1.0 mg/l) ascorbic acid (100 mg/l) and citric acid (25 mg/l) induced multiple shoots. The additives in the medium enhanced the regeneration and multiplication of shoots. Among the various combinations of growth hormones used, BAP (5.0mg/l) and Kinetin (1.0 mg/l) produced better shoot multiplication within 4-5 weeks of culture. Multiplication of shoot cultures was achieved by repeated subculturing of the shoots. BAP at a higher concentration (10 mg/l) produced a lesser number of shoots with stunted growth. Shoot proliferation was also induced in the isolated nodal segments cultured on MS medium supplemented with BAP (2.5 mg/l) Kinetin (1.0 mg/l) ascorbic acid (100 mg/l) citric acid 25 mg/l) (Table 2). The best multiplication rate and growth performance of S. taccada were obtained in BAP (5.0 mg/l) and Kinetin (1.0 mg/l) (Table 2), (Fig. 2A-D).
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Fig. (1))


        Effects of different concentrations of BAP on shoot induction from the nodal explants of S. taccada.



        

          Table 2 Effects of different concentrations of BAP, IAA, Kinetin and additives on multiple shoot induction in S. taccada.




          

            

              

                	S. No.



                	MS Basal Medium Containing

              




              

                	BAP (mg/l)



                	IAA (mg/l)



                	Kinetin (mg/l)



                	Ascorbic Acid (mg/l)



                	Citric Acid (mg/l)



                	Number of Shoots ±SE



                	Length of Shoots ±SE

              


            



            

              

                	1



                	-



                	-



                	-



                	-



                	-



                	0.00



                	0.00

              




              

                	2



                	0.5



                	1.0



                	-



                	-



                	-



                	4.33±0.33



                	7.66±0.33

              




              

                	3



                	1.0



                	1.0



                	-



                	-



                	-



                	3.67±0.33



                	7.33±0.66

              




              

                	4



                	2.5



                	1.0



                	-



                	-



                	-



                	3.33±0.33



                	7.33±0.33

              




              

                	5



                	5.0



                	1.0



                	-



                	-



                	-



                	3.33±0.66



                	6.66±0.66

              




              

                	6



                	10.0



                	1.0



                	-



                	-



                	-



                	2.67±0.66



                	6.66±0.33

              




              

                	7



                	0.5



                	-



                	1.0



                	-



                	-



                	4.67±0.33



                	7.66±0.33

              




              

                	8



                	1.0



                	-



                	1.0



                	-



                	-



                	4.67±0.33



                	8.33±0.66

              




              

                	9



                	2.5



                	-



                	1.0



                	-



                	-



                	4.33±0.33



                	8.33±0.33

              




              

                	10



                	5.0



                	-



                	1.0



                	-



                	-



                	4.33±0.66



                	9.33±0.33

              




              

                	11



                	10.0



                	-



                	1.0



                	-



                	-



                	4.33±0.33



                	9.33±0.33

              




              

                	12



                	0.5



                	-



                	1.0



                	100



                	25



                	5.66±0.66



                	10.67±0.33

              




              

                	13



                	1.0



                	-



                	1.0



                	100



                	25



                	5.66±0.66



                	11.67±0.34

              




              

                	14



                	2.5



                	-



                	1.0



                	100



                	25



                	5.67±0.33



                	12.33±0.33

              




              

                	15



                	5.0



                	-



                	1.0



                	100



                	25



                	6.33±0.33



                	12.33±0.66

              




              

                	16



                	10.0



                	-



                	1.0



                	100



                	25



                	5.33±0.66



                	10.67±0.33

              


            

          




        




        
[image: ][image: ]


Fig. (2))


        Effects of different concentrations of BAP, IAA and KIN on multiple shoot induction from the nodal explants of S. taccada (A) BAP (0.5mg/l), (B) BAP (0.5mg/l) +IAA (1.0mg/l), (C) BAP (0.5mg/l) + Kinetin (1.0mg/l), (D) BAP (5.0mg/l) + Kinetin (1.0mg/l).

      




      

        Rooting and Acclimatization




        Elongated shoots were transferred to both half and full-strength MS medium containing different concentrations of IBA (0.5, 1.0, 1.5, 2.0, 2.5 mg/l) (Table 3) and half-strength MS medium supplemented with different concentrations and combinations of IBA and NAA. The highest root induction was observed on half strength MS medium supplemented with IBA (1.5 mg/l) and NAA (0.1 mg/l) (Table 3), (Fig. 3). The explants cultured on IBA (2.0 mg/l) developed a lesser number of roots.




        

          Table 3 Effects of different concentrations of IBA and NAA on root induction from the nodal explants of S. taccada.




          

            

              

                	Sl No



                	IBA (mg/l)



                	Number of Roots±SE



                	Length of Roots±SE

              


            



            

              

                	1



                	0.5



                	17.33±0.33



                	18.66±0.33

              




              

                	2



                	1.0



                	17.66±0.33



                	19.66±0.33

              




              

                	3



                	1.5



                	18.33±0.33



                	19.66±0.66

              




              

                	4



                	2.0



                	18.66±0.33



                	20.66±0.33

              




              

                	5



                	2.5



                	19.33±0.66



                	20.66±0.33

              




              

                	NAA (mg/l)

              




              

                	6



                	0.5



                	18.33±0.33



                	20.33±0.33

              




              

                	7



                	1.0



                	18.33±0.66



                	20.66±0.33

              




              

                	8



                	1.5



                	19.33±0.33



                	20.66±0.33

              




              

                	9



                	2.0



                	19.66±0.66



                	20.66±0.66

              




              

                	10



                	2.5



                	19.66±0.33



                	21.33±0.33

              




              

                	IBA (mg/l) + NAA (mg/l)

              




              

                	11



                	0.5+0.1



                	24.33±0.33



                	21.67±0.33

              




              

                	12



                	1.0+0.1



                	24.33±0.66



                	22.33±0.33

              




              

                	13



                	1.5+0.1



                	24.66±0.33



                	23.33±0.33

              




              

                	14



                	2.0+0.1



                	23.33±0.33



                	23.67±0.33

              


            

          




        


      




      

        Gas Chromatography - Mass Spectrometry




        The chromatogram obtained from the methanolic extract of S. taccada showed several peaks, which indicate the presence of different compounds. The compounds were identified from the database of the spectrum of known components available in the GC-MS library. Various components that were detected by the GC-MS are shown in Tables 4-9.
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Fig. (3))


        Effect of different concentrations of IBA and NAA on root induction of S. taccada (a) IBA (2.5 mg/l), (b) NAA (2.5 mg/l), (c) IBA (1.5 mg/l) + NAA (0.1mg/l), (d, e, f) Hardening and field transfer of in vitro raised plantlets.



        The phytochemical profile of the methanolic extracts of S. taccada revealed a total of 227 compounds (Tables 4-9) belonging to phenols, flavonoids, terpenoids, alkaloids, fatty acids, etc. Among the mother, tissue-cultured and acclimatized plants, the highest number of compounds (113) was detected in tissue cultured plants. Seventeen compounds were found to be common in both mother and tissue cultured plants. The results indicate the occurrence of variation in the tissue cultured plant concerning the phytoconstituent’s composition (Tables 4-9). The methanolic extract of the mother plant revealed the presence of 25 compounds. Among these 10 compounds were present in the stem, 7 in the leaf and 8 in the root respectively. The major and unique components present in the leaf, stem and root were neophytadiene, methyl margarate, methyl palmitate, linoleic acid, phytol and hexadeconic acid. The maximum number of compounds were detected in the in vitro cultured shoots, roots and leaves of the S. taccada as compared to its mother plant.




        The GC-MS analysis of the stem of both tissue cultured and acclimatized plants consisted of 68 phytochemicals (Tables 4 and 5), of these 11 compounds were common in both:octadecanal, neophytadiene, cyclohexane, cholesta-4, 6-dien-3-ol, benzoate (3-beta), docosanoic acid methyl ester, dodecanoic acid, methyl palmitate, hexadecanoic acid, hexahydrofarnesyl acetone, and linoic acid methyl ester. The number of phytoconstituents detected in the stem of in vitro raised plant is high during the 6th month and low in the 3rd month.




        

          Table 4 Phytochemical constituents detected in the stem of mother (M), tissue cultured (T) and acclimatized (A) plants of S. taccada.




          

            

              

                	Components



                	Mother + Tissue Cultured



                	
Mother +


                Acclimatized


              


            



            

              

                	3.Beta-acetoxystigmasta-4, 6,22-triene



                	-



                	+

              




              

                	4,8, 12,16-tetramethylheptaderan-4-olide



                	+



                	-

              




              

                	Cholesta-4,4, dien-3-ol, benzoate, (3 beta)



                	+



                	-

              




              

                	Cholesterol



                	+



                	-

              




              

                	Docosanoic acid, Methyl ester



                	+



                	+

              




              

                	Hexahydrofarnesylacetone



                	+



                	-

              




              

                	Methyl isostearate



                	+



                	-

              




              

                	Methylpalmitate



                	+



                	+

              




              

                	Stigmasta-4,6,22- trien-3-yl acetate



                	-



                	+

              


            

          




        




        

          Table 5 Variations in the phytochemical constituents in the stem of mother (M), tissue cultured (T), acclimatized (A) plants.




          

            

              

                	Components



                	
Tissue Cultured


                (% Quantity)



                	
Acclimatized (% Quantity)



                	
Mother Plant (% Quantity)

              




              

                	Month



                	Month

              




              

                	3rd



                	6th



                	9th



                	3rd



                	6th



                	9th

              


            



            

              

                	1



                	(-) loliolide



                	-



                	1.89



                	-



                	-



                	-



                	-



                	-

              




              

                	2



                	(22e)-Stigmasta-4, 6, 22-trien-3-yl acetate



                	-



                	4.04



                	-



                	-



                	-



                	-



                	-

              




              

                	3



                	1,2 Benzenedicarboxylic acid



                	-



                	12.72



                	-



                	-



                	-



                	-



                	-

              




              

                	4



                	1,5-Anahydro-6-deoxyhedo-2, 3-dilulose



                	-



                	-



                	15.06



                	-



                	-



                	-



                	-

              




              

                	5



                	1-Octadecanol



                	-



                	-



                	-



                	-



                	-



                	1.53



                	-

              




              

                	6



                	1 Heneicosanol



                	-



                	-



                	-



                	-



                	-



                	-



                	4.38

              




              

                	7



                	2-Hydroxy-3-(tetradecanoyloxy)propyl myristate



                	-



                	-



                	-



                	23.84



                	-



                	-



                	-

              




              

                	8



                	2-Methoxy-4-vinylpheol



                	-



                	-



                	11.2



                	-



                	-



                	-



                	-

              




              

                	9



                	2-Pentadecanone, 6, 10,14-trimethyl



                	6.17



                	-



                	-



                	-



                	-



                	-



                	-

              




              

                	10



                	3.Beta-acetoxystigmasta-4, 6,22-triene



                	-



                	-



                	-



                	-



                	1.42



                	-



                	9.24

              




              

                	11



                	4,8, 12,16-tetramethylheptaderan-4olide



                	-



                	1.90



                	-



                	-



                	-



                	-



                	3.36

              




              

                	12



                	4-methyl-2, 5-dimethoxybenzaldehyde



                	-



                	-



                	2.07



                	-



                	-



                	-



                	-

              




              

                	13



                	8-Methyl-8-azabicyclo (3,2.1) octan-3-ol



                	-



                	-



                	-



                	10.49



                	-



                	-



                	-

              




              

                	14



                	9,12,15-octadecatrienoic acid, (z,z,z)-



                	-



                	-



                	2.77



                	-



                	-



                	-



                	-

              




              

                	15



                	9-Octadecenoic acid (z)-, methyl ester



                	-



                	2.82



                	-



                	-



                	-



                	1.75



                	-

              




              

                	16



                	Cholesta-4, 6-dien-3-ol, (3-beta)



                	18.64



                	-



                	-



                	-



                	-



                	-



                	-

              




              

                	17



                	Cholesta-4,4, dien-3-ol, benzoate, 3(beta)



                	-



                	-



                	-



                	-



                	6.81



                	4.87



                	17.93

              




              

                	18



                	Cholesta-4, 6-dien-3-ol, benzoate, (e beta).



                	



                	17.93



                	-



                	-



                	-



                	-



                	-

              




              

                	19



                	Cholesta-4,6-dien-3-ol, benzoate, (3 beta)- (22e)-



                	-



                	-



                	-



                	-



                	-



                	2.26



                	-

              




              

                	20



                	Cholesterol



                	-



                	-



                	1.21



                	-



                	-



                	-



                	8.61

              




              

                	21



                	Cis-13-octadecenoic acid



                	-



                	-



                	-



                	-



                	1.71



                	-



                	-

              




              

                	22



                	Cyclohexane, Eicosyl-



                	-



                	1.56



                	-



                	-



                	1.34



                	-



                	-

              




              

                	23



                	Docosanoic acid, Methyl ester



                	-



                	1.49



                	-



                	-



                	3.44



                	-



                	3.40

              




              

                	24



                	Dodecanoic acid



                	-



                	-



                	1.80



                	-



                	2.73



                	-



                	-

              




              

                	25



                	E-Phytol



                	-



                	1.30



                	-



                	-



                	-



                	-



                	-

              




              

                	26



                	Gamma-sitosterol



                	-



                	



                	-



                	-



                	-



                	52.73



                	-

              




              

                	27



                	Heptadecanoic acid



                	-



                	-



                	-



                	-



                	-



                	1.90



                	-

              




              

                	28



                	Hexadecanal



                	-



                	1.22



                	-



                	-



                	-



                	-



                	-

              




              

                	29



                	Hexadecanoic acid



                	-



                	-



                	16.57



                	-



                	29.21



                	4.57



                	-

              




              

                	30



                	Hexahydrofarnesyl acetone



                	-



                	3.65



                	-



                	-



                	-



                	3.19



                	2.24

              




              

                	31



                	Linoleic acid, methyl ester



                	-



                	-



                	2.63



                	-



                	-



                	1.65



                	-

              




              

                	32



                	Linolsaeure



                	-



                	-



                	-



                	-



                	3.63



                	-



                	-

              




              

                	33



                	L-Proline, 5-oxo, methyl ester



                	-



                	-



                	9.25



                	-



                	-



                	-



                	-

              




              

                	34



                	Methyl arachate



                	-



                	1.24



                	-



                	-



                	-



                	-



                	-

              




              

                	35



                	Methyl isostearate



                	6.74



                	-



                	-



                	-



                	-



                	-



                	3.18

              




              

                	36



                	Methyl octadecea-9, 12- Dienoate



                	-



                	1.73



                	5.88



                	-



                	-



                	-



                	-

              




              

                	37



                	Methyl stearate



                	-



                	-



                	-



                	-



                	-



                	2.16



                	-

              




              

                	38



                	Methylpalmitate



                	28.39



                	15.17



                	4.59



                	-



                	-



                	6.89



                	5.82

              




              

                	39



                	Neophytadiene



                	-



                	2.80



                	1.25



                	-



                	3.44



                	2.28



                	-

              




              

                	40



                	Octadec-9-enoic acid



                	-



                	-



                	-



                	-



                	5.44



                	-



                	-

              




              

                	41



                	Octadecanal



                	-



                	1.74



                	-



                	-



                	1.18



                	-



                	-

              




              

                	42



                	Octadecanamide



                	-



                	1.51



                	-



                	-



                	-



                	-



                	-

              




              

                	43



                	Octadecane, 1, 1-Dimethoxy-



                	-



                	1.88



                	-



                	-



                	-



                	-



                	-

              




              

                	44



                	Octadecanoic acid



                	-



                	-



                	-



                	-



                	8.78



                	-



                	-

              




              

                	45



                	Octadecanoic acid, methyl ester



                	-



                	4.81



                	-



                	-



                	-



                	-



                	-

              




              

                	46



                	Oxacycloheptadec-8-en-2one



                	-



                	-



                	8.21



                	-



                	-



                	-



                	-

              




              

                	47



                	Palmitic acid vinyl ester



                	-



                	-



                	-



                	65.67



                	-



                	-



                	-

              




              

                	48



                	Phytol



                	-



                	1.15



                	1.49



                	-



                	-



                	1.25



                	-

              




              

                	49



                	Stigmasta-4,6,22- trien-3-yl acetate



                	-



                	-



                	-



                	-



                	-



                	1.41



                	41.83

              




              

                	50



                	Tetradecanoic acid



                	-



                	--



                	-



                	-



                	2.11



                	-



                	-

              


            

          




        




        The GC-MS analysis of the leaf methanolic extract cocnsists of 40 and 26 phytochemicals (Tables 6 and 7) in the tissue cultured and acclimatized plants. Out of these, 3,7,11,15, - tetramethyl-2- hexadecen-1-ol, 9,12,15, -octadecatrienoic acid, 6-octen-1-ol, 3,7-dimethyl - propanoate, linoleic acid methyl ester, linolenic acid methyl ester, methyl palmitate, neophytadiene and phytol are common in both tissue cultured and acclimatized plants. Among the different aged tissue cultured plants, a greater number of phytochemicals were present during the 9th month whereas, in the case of acclimatized plants more phytochemicals were seen in the 6th month. The tissue cultured and acclimatized plants showed more numbers of compounds compared to the field grown mother plant.




        

          Table 6 Phytochemical constituents detected in the leaf of mother (M), tissue cultured (T) and acclimatized (A) plants.




          

            

              

                	Components



                	Mother + Tissue Cultured



                	Mother + Acclimatized

              


            



            

              

                	3,7,11,15, -Tetramethyl-2-Hexadecen-1-ol



                	+



                	+

              




              

                	2-Tridecen1-ol



                	+



                	-

              




              

                	6-Octen-1-ol, 3,7-dimethyl, - propanoate



                	+



                	-

              




              

                	Neophytadine



                	+



                	+

              




              

                	Phthalic acid, Cyclobutyl triedcyl ester



                	+



                	-

              


            

          




        




        

          Table 7 Variations in the phytochemical constituents in the leaf of mother (M), tissue cultured (T) and acclimatized (A) plants.




          

            

              

                	Components



                	
Tissue Cultured (% Quantity)



                	
Acclimatized (% Quantity)



                	
Mother Plant (% Quantity)

              




              

                	Month



                	Month

              




              

                	3rd



                	6th



                	9th



                	3rd



                	6th



                	9th

              


            



            

              

                	1



                	(-) Loliolide



                	-



                	-



                	-



                	-



                	-



                	5.04



                	-

              




              

                	2



                	(-) -.Beta.-caryophyllene



                	-



                	-



                	5.14



                	-



                	-



                	-



                	-

              




              

                	3



                	1- Hexyne, 5-methyl-



                	-



                	4.92



                	-



                	-



                	-



                	-



                	-

              




              

                	4



                	2,3-anhytro-d-gactosa



                	-



                	-



                	6.83



                	-



                	-



                	-



                	-

              




              

                	5



                	2-Tridecen1-ol



                	1.44



                	-



                	-



                	-



                	-



                	-



                	2.56

              




              

                	6



                	3,7,11,15-Tetramethyl-2-Hexadecen-1-ol



                	-



                	38.19



                	4.25



                	-



                	4.0



                	4.32



                	47.23

              




              

                	7



                	3-Cyclopentylpropionic acid, 2-Dimethylaminoethyl ester



                	-



                	-



                	-



                	-



                	-



                	9.64



                	-

              




              

                	8



                	4-Amino-5-methyl-2(1h)-pyrimidinethione



                	-



                	-



                	2.12



                	-



                	-



                	-



                	-

              




              

                	9



                	4-Methyl-2,3-hexadien-1-ol



                	-



                	-



                	2.07



                	-



                	-



                	-



                	-

              




              

                	10



                	6 (e), 9(z), 13(e), Pendectriene



                	-



                	-



                	-



                	-



                	-



                	-



                	4.57

              




              

                	11



                	6,9-Pentadecadien-4-ol, 3-Bromo-, [s-r,s-(z,z)]]



                	-



                	3.65



                	-



                	-



                	-



                	-



                	-

              




              

                	12



                	6-Octen-1-ol, 3,7-dimethyl, - propanoate



                	3.24



                	-



                	4.60



                	-



                	-



                	-



                	5.55

              




              

                	13



                	8-Azabicyclo (3.2.1) octan-3-ol, methyl



                	31.94



                	-



                	-



                	-



                	-



                	-



                	-

              




              

                	14



                	9, 12, 15-Octadecatrienal



                	6.24



                	8.78



                	-



                	-



                	-



                	-



                	-

              




              

                	15



                	9,12, octadecadienoic acid methyl ester



                	-



                	-



                	-



                	-



                	11.85



                	-



                	-

              




              

                	16



                	9, 12, 15-Octadecatrienoc acid methyl ester (Z,Z,Z)



                	-



                	-



                	-



                	-



                	5.36



                	-



                	-

              




              

                	17



                	9,12,15-octadecatrienoic acid, (z,z,z)



                	-



                	-



                	8.58



                	-



                	2.63



                	-



                	-

              




              

                	18



                	Alpha.-amyrin



                	-



                	-



                	5.45



                	-



                	-



                	-



                	-

              




              

                	19



                	Alpha.-d-galactopyranose, 6-o-(trimethylcilyl)-,cyclic 1,2:3,4-bis(butylboronate) Bis(butylboronate)



                	-



                	-



                	2.44



                	-



                	-



                	-



                	-

              




              

                	20



                	Alpha.-tocopheryl acetate



                	-



                	-



                	2.48



                	-



                	-



                	-



                	-

              




              

                	21



                	A-neogammacer-22(29)-ene



                	-



                	



                	-



                	50.65



                	-



                	-



                	-

              




              

                	22



                	Beta.-indolylacetic acid methyl ester



                	-



                	-



                	4.88



                	-



                	-



                	-



                	-

              




              

                	23



                	Beta-friedelinol



                	-



                	-



                	-



                	5.12



                	-



                	-



                	-

              




              

                	24



                	Cis-thujan-10-oic acid methyl ester



                	-



                	-



                	3.78



                	-



                	-



                	-



                	-

              




              

                	25



                	Cyclopropanecarboxylic acid, 3-(3-butenyl2,2-dimethyl-



                	-



                	-



                	8.07



                	-



                	-



                	-



                	-

              




              

                	26



                	Diethylene glycol dibenzoate



                	-



                	4.92



                	-



                	-



                	-



                	-



                	-

              




              

                	27



                	Friedelan-3-one



                	-



                	-



                	-



                	4.59



                	-



                	-



                	-

              




              

                	28



                	Gamma-sitosterol



                	



                	-



                	-



                	18.17



                	-



                	-



                	-

              




              

                	29



                	Hexadecanoic acid



                	-



                	-



                	-



                	-



                	3.51



                	-



                	-

              




              

                	30



                	Isophyto acetate



                	-



                	-



                	-



                	-



                	13.0



                	-



                	-

              




              

                	31



                	Linoleic acid, Methyl ester



                	-



                	-



                	-



                	1.61



                	-



                	12.29



                	-

              




              

                	32



                	Linolenic acid, methyl ester



                	-



                	-



                	1.81



                	-



                	-



                	19.23



                	-

              




              

                	33



                	Loliolide



                	-



                	-



                	3.01



                	-



                	-



                	-



                	-

              




              

                	34



                	Lupeol



                	-



                	-



                	-



                	7.23



                	-



                	-



                	-

              




              

                	35



                	Methyl 12-methylteradecanoate



                	-



                	-



                	-



                	-



                	-



                	-



                	5.85

              




              

                	36



                	Methyl margarate



                	4.62



                	5.85



                	-



                	-



                	-



                	-



                	-

              




              

                	37



                	Methyl stearate



                	-



                	-



                	-



                	-



                	3.75



                	-



                	-

              




              

                	38



                	Methylpalmitate



                	-



                	-



                	-



                	3.79



                	18.98



                	10.52



                	-

              




              

                	39



                	Neocurdione



                	-



                	-



                	3.89



                	-



                	-



                	-



                	-

              




              

                	40



                	Neophytadiene



                	16.49



                	23.73



                	10.83



                	1.64



                	36.93



                	13.37



                	29.88

              




              

                	41



                	Noruns-12-ene



                	-



                	7.37



                	-



                	-



                	-



                	-



                	-

              




              

                	42



                	Octadecanoic acid, 2-(2-hydroxyethoxy) ethyl ester



                	-



                	-



                	2.15



                	-



                	-



                	-



                	-

              




              

                	43



                	Oleyl alcohol, trifluroacetate



                	-



                	-



                	2.36



                	-



                	-



                	-



                	-

              




              

                	44



                	Pentanal, 2- Methyl-



                	-



                	3.35



                	-



                	-



                	-



                	-



                	-

              




              

                	45



                	Phthalic acid, cyclobutyl tridecyl ester



                	2.74



                	2.90



                	-



                	-



                	-



                	-



                	4.35

              




              

                	46



                	Phytol



                	33.28



                	5.53



                	-



                	1.78



                	-



                	20.82



                	-

              




              

                	47



                	Phytol,acetate



                	-



                	-



                	-



                	2.26



                	-



                	-



                	-

              




              

                	48



                	Spiropentane, butyl-



                	-



                	4.02



                	-



                	-



                	-



                	-



                	-

              


            

          




        




        In comparison to the leaf and root extract, the highest number of secondary metabolites was observed in the stem extract of the 9-month-old tissue culture raised plant followed by the leaf and root of the 6-month-old tissue culture raised plant.




        The GC-MS analysis of the secondary metabolites revealed marked differences between the tissue cultured and field grown mother plant, while there was no significant difference between the stem, leaf and roots of plants regenerated in vitro. The difference in the chemical constituents of tissue cultured, field grown tissue cultured plant and mother plant could be the result of different environmental conditions and receiving an optimum supply of nutrients. In the present study, individual plant parts produced different types of secondary metabolites, for instance, the leaf showed lupeol but was not represented in the stem. Whole plant can be a better source of phytoconstituents with specific pharmaceutical importance. It is observed that the phytoconstituent during the 6th month is comparatively high when compared to the 3rd and 9th month, that could be the result of different developmental stages of plants. Secondary metabolite production can be influenced by the exogenous supply of PGRs, culturing period and external stress applied during different micropropagation stages. Therefore, under defined culture conditions, it is possible to produce plants with higher bioactive contents in a shorter period. Similar components were identified from the methanolic extract of the mother plant and tissue cultured plants even though, there is a marked difference in the percentage of the occurrence.
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