Reference

REFERENCE

Abdul-Hameed, Z. H., Bawakid, N. O., Alorfi, H. S., Sobahi, T. R., Alburae, N. A., Abdel-Lateff, A.,
Elbehairi S. E. 1., Alfaifi M. Y., Alhakamy N. A., & Alarif, W. M. (2022). Monoterpene indole
alkaloids from the aerial parts of Rhazya stricta induce cytotoxicity and apoptosis in human
adenocarcinoma cells. Molecules, 27(4), 1422.

Aboul-Maaty, N. A. F., & Oraby, H. A. S. (2019). Extraction of high-quality genomic DNA from
different plant orders applying a modified CTAB-based method. Bulletin of the National
Research Centre, 43(1), 1-10.

Abuzenadah, A. M., Al-Sayes, F., Mahafujul Alam, S. S., Hoque, M., Karim, S., Hussain, I. M., &
Tabrez, S. (2022). Elucidating antiangiogenic potential of Rauwolfia serpentina: VEGFR-2
targeting-based molecular docking study. Evidence-Based Complementary and Alternative
Medicine, 2022.

Adeniyi, A. A., Brindley, G. S., Pryor, J. P., & Ralph, D. J. (2007). Yohimbine in the treatment of
orgasmic dysfunction. Asian journal of andrology, 9(3), 403-407.

Afagnigni, A. D., Nyegue, M. A., Djova, S. V., & Etoa, F. X. (2020). LC-MS analysis, 15-lipoxygenase
inhibition, cytotoxicity, and genotoxicity of Dissotis multiflora (Sm) triana (melastomataceae)
and Paullinia pinnata Linn (Sapindaceae). Journal of tropical medicine, 2020.

Agrawal, S. (2019). Rauvolfia serpentina: a medicinal plant of exceptional qualities. Alternative
Medicine & Chiropractic Open Access Journal, 2(2), 180016.

Ajanal, M., Gundkalle, M. B., & Nayak, S. U. (2012). Estimation of total alkaloid in Chitrakadivati by
UV-Spectrophotometer. Ancient science of life, 31(4), 198.

Akhtar, N., & Mirza, B. (2018). Phytochemical analysis and comprehensive evaluation of antimicrobial
and antioxidant properties of 61 medicinal plant species. Arabian journal of chemistry, 11(8),
1223-1235.

Al Ghasheem, N., Stanica, F., Peticila, A. G., & Venat, O. (2018). In vitro effect of various sterilization
techniques on peach (Prunus persica (L.) Batsch) explants. Scientific Papers, 227.

Alagesaboopathi, C. (2009). An investigation on the antibacterial activity of Rauvolfia tetraphylla dry
fruit extracts. Ethnobotanical Leaflets, 2009(5), 11.

Alatar, A., & Faisal, M. (2012). Encapsulation of Rauvolfia tetraphylla micro shoots as artificial seeds
and evaluation of genetic fidelity using RAPD and ISSR markers. Journal of Medicinal Plants
Research, 6(7), 1367-1374.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

192



Reference

Alavi, M., & Varma, R. S. (2021). Antibacterial and wound healing activities of silver nanoparticles
embedded in cellulose compared to other polysaccharides and  protein
polymers. Cellulose, 28(13), 8295-8311.

Al-Laith, A. A., Alkhuzai, J., & Freije, A. (2019). Assessment of antioxidant activities of three wild
medicinal plants from Bahrain. Arabian Journal of Chemistry, 12(8), 2365-2371.

Almatroudi, A. (2020). Silver nanoparticles: Synthesis, characterisation and biomedical
applications. Open life sciences, 15(1), 819-8309.

Alshahrani, M. Y., Rafi, Z., Alabdallah, N. M., Shoaib, A., Ahmad, I., Asiri, M., Gaffar Sarwar Zaman.,
Shadma Wahab., Mohd Saeed., & Khan, S. (2021). A comparative antibacterial, antioxidant,
and antineoplastic potential of Rauwolfia serpentina (L.) leaf extract with its biologically
synthesized gold nanoparticles (R-AuNPs). Plants, 10(11), 2278.

Alurappa, R., & Chowdappa, S. (2018). Antimicrobial activity and phytochemical analysis of
endophytic fungal extracts isolated from ethno-pharmaceutical plant Rauwolfia tetraphylla L. J
Pure and Applied Microbiology, 12(1), 317-332.

Amabile, M. 1., De Luca, A., Tripodi, D., D’Alberti, E., Melcarne, R., Imbimbo, G., & Molfino, A.
(2021). Effects of inositol hexaphosphate and myo-inositol administration in breast cancer
patients during adjuvant chemotherapy. Journal of Personalized Medicine, 11(8), 756.

Amorim, E. L., Nascimento, J. E., Monteiro, J. M., Peixoto Sobrinho, T. J. S., Aradjo, T. A., &
Albuquerque, U. P. (2008). A simple and accurate procedure for the determination of tannin
and flavonoid levels and some applications in ethnobotany and ethnopharmacology. Functional
Ecosystems and Communities, 2(1), 88-94.

Andrade, J. M., Faustino, C., Garcia, C., Ladeiras, D., Reis, C. P., & Rijo, P. (2018). Rosmarinus
officinalis L.: An update review of its phytochemistry and biological activity. Future science
OA, 4(4), FSO283.

Anemone, A., Capozza, M., Arena, F., Zullino, S., Bardini, P., Terreno, E., & Aime, S. (2021). In vitro
and in vivo comparison of MRI chemical exchange saturation transfer (CEST) properties
between native glucose and 3-O-methyl-D-glucose in a murine tumor model. NMR in
Biomedicine, 34(12), e4602.

Anitha, K. and Ranjitha, M. (2006). In vitro flowering of Rauvolfia tetraphylla L. — an important
medicinal plant. Journal of Phytological Research, 19(2), 237-240.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

193



Reference

Anitha, S., & Kumari, B. R. (2006). Reserpine accumulation in NaCl treated calli of Rauvolfia
tetraphylla L. Science Asia, 32, 417-419.

Anitha, S., & Ranjitha, B. D. (2006). Stimulation of reserpine biosynthesis in the callus of Rauvolfia
tetraphylla L. by precursor feeding. African Journal of Biotechnology, 5(8), 659-661.

Archana, K., & Jeyamanikandan, V. (2015). In vitro antibacterial, antioxidant and a-amylase inhibition
activity of medicinal plants. Journal of Chemical and Pharmaceutical Research, 7(4), 1634-
1639.

Asmono, S. L. (2020). In Vitro Regeneration of Stevia rebaudiana Bertoni from internode and leaf
explants using different concentrations of BAP (6-Benzyl Amino Purine). In IOP Conference
Series: Earth and Environmental Science (Vol. 411, No. 1, p. 012004). IOP Publishing.

Ata, A., Tan, D. S., Matochko, W. L., & Adesanwo, J. K. (2011). Chemical constituents of Drypetes
gossweileri and their enzyme inhibitory and anti-fungal activities. Phytochemistry Letters, 4(1),
34-37.

Atal, C. K. (1959). A phytochemical investigation of Rauwolfia decurva Hook. Journal of the
American Pharmaceutical Association, 48(1), 37-38.

Aye, M. M., Aung, H. T., Sein, M. M., & Armijos, C. (2019). A review on the phytochemistry,
medicinal properties and pharmacological activities of 15 selected Myanmar medicinal
plants. Molecules, 24(2), 293.

Balavaishnavi, B., Kamaraj, M., Nithya, T. G., Santhosh, P., GokilaLakshmi, S., &Shaik, M. R. (2024).
Regulation of hippo signaling mediated apoptosis by Rauvolfia tetraphylla in triple-negative
breast cancer. Medical Oncology, 41(5), 1-14.

Bandeira, L. G., Bortolot, B. S., Cecatto, M. J., Monte-Alto-Costa, A., & Romana-Souza, B. (2015).
Exogenous tryptophan promotes cutaneous wound healing of chronically stressed mice through
inhibition of TNF-a and IDO activation. PloS one, 10(6), e0128439.

Bansal, T., Alaniz, R. C., Wood, T. K., & Jayaraman, A. (2010). The bacterial signal indole increases
epithelial-cell tight-junction resistance and attenuates indicators of inflammation. Proceedings
of the national academy of sciences, 107(1), 228-233.

Barouti, N., Mainetti, C., Fontao, L., & Sorg, O. (2015). L-tryptophan as a novel potential
pharmacological treatment for wound healing via aryl hydrocarbon receptor
activation. Dermatology, 230(4), 332-339.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

194



Reference

Basiri, Y., Etemadi, N., Alizadeh, M., & Alizargar, J. (2022). In vitro culture of Eremurus spectabilis
(Liliaceae), a rare ornamental and medicinal plant, through root explants. Horticulturae, 8(3),
202.

Batool, A., Parveen, S., Shafig, N., Rashid, M., Salamatullah, A. M., Ibenmoussa, S., & Bourhia, M.
(2024). Computational study of ADME-Tox prediction of selected phytochemicals from Punica
granatum peels. Open Chemistry, 22(1), 20230188.

Bazzaz, B. S. F., Khameneh, B., Ostad, M. R. Z., & Hosseinzadeh, H. (2018). In vitro evaluation of
antibacterial activity of verbascoside, Lemon verbena extract and caffeine in combination with
gentamicin against drug-resistant Staphylococcus aureus and Escherichia coli clinical
isolates. Avicenna journal of phytomedicine, 8(3), 246.

Behera, D. R., & Bhatnagar, S. (2017). Macrofilaricidal activity of leaf extracts of Rauvolfia tetraphylla
L. against bovine filarial parasite Setaria cervi. International Journal of Pharmacognosy and
Phytochemical Research, 9(9), 1217-1222.

Behera, D. R., Dash, R. R., & Bhatnagar, S. (2016). Biological evaluation of leaf and fruit extracts of
Wild snakeroot (Rauvolfia tetraphylla L.). International Journal of Pharmacognosy and
Phytochemical Research, 8(7), 1164-1167.

Betul, A. K. I. N. (2020) Tissue Culture Techniques of Medicinal and Aromatic Plants: History,
Cultivation and Micropropagation. Journal of Scientific Reports-A, (045), 253-266.

Bhardwaj, N., & Yadav, M. (2016). Evaluation of the chemical composition of Rauwolfia serpentina
and Leucas aspera — a comparative study. World Journal of Pharmacy and Pharmaceutical
Sciences, 5(10), 914-920.

Bharti, N., Kapoor, B., Shaunak, 1., Sharma, P., & Sharma, R. (2018). Effect of sterilization treatments
on in vitro culture establishment of tomato (Solanum lycopersicum L.). International Journal
of Conservation Science, 6(5), 1165-1168.

Bhusare, B. P., John, C. K., Bhatt, V. P., & Nikam, T. D. (2020). Induction of somatic embryogenesis
in leaf and root explants of Digitalis lanata Ehrh.: Direct and indirect method. South African
Journal of Botany, 130, 356-365.

Bindu, S., Rameshkumar, K. B., Kumar, B., Singh, A., & Anilkumar, C. (2014). Distribution of
reserpine in Rauvolfia species from India—HPTLC and LC-MS studies. Industrial Crops and
Products, 62, 430-436.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

195



Reference

Bitombo, A.N., Zintchem, A.A.A., Atchadé, A.D.T, Moni Ndedi E.D.F., Khan A., Ngono Bikobo,
D.S., Pegnyemb, D.E., & Bochet, C.G. (2021). Antimicrobial and cytotoxic activities of indole
alkaloids and other constituents from the stem barks of Rauvolfia caffra Sond (Apocynaceae).
Natural Product Research, 36(5), 1-9.

Bdckers, M., Paul, N. W., & Efferth, T. (2021). Butyl octyl phthalate interacts with estrogen receptor
a in MCF-7 breast cancer cells to promote cancer development. World Academy of Sciences
Journal, 3(2), 1-1.

Boga, M., Bingiil, M., Ozkan, E. E., & Sahin, H. (2019). Chemical and biological perspectives of
monoterpene indole alkaloids from Rauwolfia species. Studies in natural products
chemistry, 61, 251-299.

Booth, C. 1971. Methods in Microbiology, Academic Press, New York. VVol.4. 795P.

Bourjot, M., Leyssen, P., Eydoux, C., Guillemot, J. C., Canard, B., Rasoanaivo, P., & Litaudon, M.
(2012). Chemical constituents of Anacolosa pervilleana and their antiviral
activities. Fitoterapia, 83(6), 1076-1080.

Bradai, F., Almagro-Bastante, J., & Sanchez-Romero, C. (2023). Effect of sucrose preculture and
culture inoculum density on cryopreservation of olive somatic embryos. Scientia
Horticulturae, 322, 112385.

Brahmachari, G., Mandal, L. C., Gorai, D., Mondal, A., Sarkar, S., & Majhi, S. (2011). A new labdane
diterpene from Rauvolfia tetraphylla Linn. (Apocynaceae). Journal of Chemical
Research, 35(12), 678-680.

Bunkar, A. R. (2017). Therapeutic uses of Rauwolfia serpentina. Int J Adv Sci Res, 2(2), 23-26.

Cancelieri, N. M., Vieira, I. J. C., Schripsema, J., Mathias, L., & Braz-Filho, R. (2002). Darcyribeirine,
a novel pentacyclic indole alkaloid from Rauvolfia grandiflora Mart. Tetrahedron
letters, 43(10), 1783-1787.

Cardoso, J. C., Sheng Gerald, L. T., & Teixeira da Silva, J. A. (2018). Micropropagation in the twenty-
first century. Plant cell culture protocols, 17-46.

Carey, M. P., & Johnson, B. T. (1996). Effectiveness of yohimbine in the treatment of erectile disorder:
Four meta-analytic integrations. Archives of sexual behavior, 25(4), 341-360.

Casas, A. I., Hassan, A. A,, Larsen, S. J., Gomez-Rangel, V., Elbatreek, M., Kleikers, P. W., Guney,
E., Egea, J., LOopez, M.G., Baumbach, J. & Schmidt, H. H. (2019). From single drug targets to

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

196



Reference

synergistic network pharmacology in ischemic stroke. Proceedings of the National Academy of
Sciences, 116(14), 7129-7136.

Chambhare, M. R., & Nikam, T. D. (2022). Influence of plant growth regulators on somatic
embryogenesis in Niger (Guizotia abyssinica Cass.): an edible oilseed crop. Journal of Crop
Science and Biotechnology, 25(2), 225-232.

Chandra, S., Chatterjee, P., Dey, P., & Bhattacharya, S. (2012). Evaluation of in vitro anti-
inflammatory activity of coffee against the denaturation of protein. Asian Pacific Journal of
Tropical Biomedicine, 2(1), S178-S180.

Chang, C. C,, Yang, M. H., Wen, H. M., & Chern, J. C. (2002). Estimation of total flavonoid content
in propolis by two complementary colorimetric methods. Journal of food and drug
analysis, 10(3).

Chang, K., Chen, M., Zeng, L., Lan, X., Wang, Q., & Liao, Z. (2014). Abscisic acid enhanced
ajmalicine biosynthesis in hairy roots of Rauvolfia verticillata by upregulating expression of
the MEP pathway genes. Russian journal of plant physiology, 61(1).

Chaves, N., Santiago, A., & Alias, J. C. (2020). Quantification of the antioxidant activity of plant
extracts:  Analysis of sensitivity and hierarchization based on the method
used. Antioxidants, 9(1), 76.

Chhetri, D. R. (2019). Myo-inositol and its derivatives: their emerging role in the treatment of human
diseases. Frontiers in pharmacology, 10, 1172.

Chiamenti, L., Silva, F. P. D., Schallemberger, K., Demoliner, M., Rigotto, C., & Fleck, J. D. (2019).
Cytotoxicity and antiviral activity evaluation of Cymbopogon spp hydroethanolic
extracts. Brazilian Journal of Pharmaceutical Sciences, 55.

Chuaijit, S., Punsawad, C., Winoto, V., Plaingam, W., Kongkaew, I., Phetcharat, A., Ichikawa, T.,
Kubo, M., Kawakami, F., Tedasen, A., & Chatatikun, M. (2024). Leaf extract of Garcinia
atroviridis promotes anti-heat stress and antioxidant effects in Caenorhabditis
elegans. Frontiers in Pharmacology, 15, 1331627.

Chunhakant, S., & Chaicharoenpong, C. (2019). Antityrosinase, antioxidant, and cytotoxic activities
of phytochemical constituents from Manilkara zapota L. bark. Molecules, 24(15), 2798.
Ciofalo, F., Levitt, B., & Roberts, J. (1966). Some aspects of the anti-arrhythmic activity of

reserpine. British Journal of Pharmacology and Chemotherapy, 28(1), 44.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

197



Reference

Clark, W. C., Pass, P. S., Venkataraman, B., & Hodgetts, R. B. (1978). Dopa decarboxylase from
Drosophila melanogaster: purification, characterization and an analysis of mutants. Molecular
and General Genetics MGG, 162, 287-297.

Copeland, K. K., Santos, I. R., Torres, A. G., Gomes, J. V., de Almeida, F. T., Fagg, C. W., & Simeoni,
L. A. (2020). Induction of callus in leaf explants of Crinum americanum L.
(Amaryllidaceae). European Journal of Medicinal Plants, 31(11), 49-56.

Corbin, C., Lafontaine, F., Sepulveda, L. J., Carqueijeiro, I., Courtois, M., Lanoue, A., Dugé de
Bernonville, T., Besseau, S., Glévarec, G., Papon, N., Atehortla, L., Giglioli-Guivarc, N.,
Clastre, M., St-Pierre, B., Oudin, A., & Courdavault, V. (2017). Virus-induced gene silencing
in Rauwolfia species. Protoplasma, 254, 1813-1818.

Crossley, B. M., Bai, J., Glaser, A., Maes, R., Porter, E., Killian, M. L., & Toohey-Kurth, K. (2020).
Guidelines for Sanger sequencing and molecular assay monitoring. Journal of Veterinary
Diagnostic Investigation, 32(6), 767-775.

Croze, M. L., & Soulage, C. O. (2013). Potential role and therapeutic interests of myo-inositol in
metabolic diseases. Biochimie, 95(10), 1811-1827.

CT, S., CK, J., Unnithan, J. K., KM, P., & Balachandran, I. (2020). Identification of suitable substitute
for Sarpagandha (Rauvolfia serpentina (L.) Benth. ex Kurz) by phytochemical and
pharmacological evaluation. Beni-Suef University Journal of Basic and Applied Sciences, 9(1),
1-11.

Daina, A., Michielin, O., & Zoete, V. (2014). iLOGP: a simple, robust, and efficient description of n-
octanol/water partition coefficient for drug design using the GB/SA approach. Journal of
chemical information and modeling, 54(12), 3284-3301.

Dar, S. A., Nawchoo, I. A., Tyub, S., & Kamili, A. N. (2021). Effect of plant growth regulators on in
vitro induction and maintenance of callus from leaf and root explants of Atropa acuminata
Royle ex Lindl. Biotechnology Reports, 32, e00688.

Darkazanli, M., & Kiseleva, I. (2021). New surface sterilization protocols for isolation of endophytic
bacteria from plants (black turtle beans, peas, and barley). InAIP Conference
Proceedings (\Vol. 2388, No. 1, p. 040010). AIP Publishing LLC.

de Almeida, P., Boleti, A. P. D. A., Rudiger, A. L., Lourenco, G. A., da Veiga Junior, V. F., & Lima,
E. S. (2015). Anti-inflammatory activity of triterpenes isolated from Protium paniculatum oil-

resins. Evidence-Based Complementary and Alternative Medicine, 2015.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

198



Reference

De Luca, V., Marineau, C., & Brisson, N. (1989). Molecular cloning and analysis of cDNA encoding
a plant tryptophan decarboxylase: comparison with animal dopa decarboxylases. Proceedings
of the National Academy of Sciences, 86(8), 2582-2586.

De Masi, L., Castaldo, D., Pignone, D., Servillo, L., & Facchiano, A. (2017). Experimental evidence
and in silico identification of tryptophan decarboxylase in Citrus genus. Molecules, 22(2), 272.

Dey, A., & Pandey, D. K. (2014). HPTLC detection of altitudinal variation of the potential antivenin
stigmasterol in different populations of the tropical ethnic antidote Rauvolfia serpentina. Asian
Pacific journal of tropical medicine, 7, S540-5545.

Dharmadeva, S., Galgamuwa, L. S., Prasadinie, C., & Kumarasinghe, N. (2018). In vitro anti-
inflammatory activity of Ficus racemosa L. bark using albumin denaturation
method. Ayu, 39(4), 239.

Dharshini, S., Manoj, V. M., Suresha, G. S., Narayan, J. A., Padmanabhan, T. S., Kumar, R., &
Appunu, C. (2020). Isolation and characterization of nuclear localized abiotic stress responsive
cold regulated gene 413 (SsCor413) from Saccharum spontaneum. Plant Molecular Biology
Reporter, 38, 628-640.

Drigo, R. T. D. S. C., Becker, A. C., Riesco, M. L. G., Mascarenhas, V. H. A., & Nick, J. M. (2024).
Wound-healing properties of Stryphnodendron adstringens (barbatiméo) in skin and mucosa
injuries: a scoping review protocol. JBI Evidence Synthesis, 10-11124.

Elias-Arnanz, M., Padmanabhan, S., & Murillo, F. J. (2010). The regulatory action of the myxobacterial
CarD/CarG complex: a bacterial enhanceosome?. FEMS microbiology reviews, 34(5), 764-
778.

Ellis, L. D., Berrue, F., Morash, M., Achenbach, J. C., Hill, J., & McDougall, J. J. (2018). Comparison
of cannabinoids with known analgesics using a novel high throughput zebrafish larval model
of nociception. Behavioural Brain Research, 337, 151-159.

Elmorsy, E. M., Al-Ghafari, A., & Al Doghaither, H. (2023). Role of mitochondrial disruption and
oxidative stress in plasticizer phthalate-induced cytotoxicity to human bone
osteoblasts. Toxicology Research, 12(5), 765-774.

Eurlings, M. C., Lens, F., Pakusza, C., Peelen, T., Wieringa, J. J., & Gravendeel, B. (2013). Forensic
identification of Indian snakeroot (Rauvolfia serpentina Benth. ex Kurz) using DNA

barcoding. Journal of Forensic sciences, 58(3), 822-830.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

199



Reference

Evans, W.C. (1997). Trease and Evans pharmacognosy 14" Edition. Harcourt Brace and Company.
Asia Pvt Ltd. Singapore. 343p.

Facchiano, A. (2017). Bioinformatic resources for the investigation of proteins and
proteomes. Peptidomics, 3(1), 1-10.

Facchiano, A., Pignone, D., Servillo, L., Castaldo, D., & De Masi, L. (2019). Structure and ligands
interactions of Citrus tryptophan decarboxylase by molecular modeling and docking
simulations. Biomolecules, 9(3), 117.

Facchini, P. J., Huber-Allanach, K. L., & Tari, L. W. (2000). Plant aromatic L-amino acid
decarboxylases: evolution, biochemistry, regulation, and metabolic engineering
applications. Phytochemistry, 54(2), 121-138.

Fadaeinasab, M., Basiri, A., Kia, Y., Karimian, H., Ali, H. M., & Murugaiyah, V. (2015). New indole
alkaloids from the bark of Rauvolfia reflexa and their cholinesterase inhibitory
activity. Cellular Physiology and Biochemistry, 37(5), 1997-2011.

Faisal, M., & Anis, M. (2009). Changes in photosynthetic activity, pigment composition, electrolyte
leakage, lipid peroxidation, and antioxidant enzymes during ex vitro establishment of
micropropagated Rauvolfia tetraphylla plantlets. Plant Cell, Tissue and Organ Culture
(PCTOC), 99(2), 125-132.

Faisal, M., & Mellas Anis. (2002). Rapid in vitro propagation of Rauvolfia tetraphylla L.- An
endangered medicinal plant. Physiology and Molecular Biology of Plants, 8(2): 295-299.

Faisal, M., Ahmad, N., & Anis, M. (2005). Shoot multiplication in Rauvolfia tetraphylla L. using
thidiazuron. Plant Cell, Tissue and Organ Culture, 80(2), 187-190.

Faisal, M., Ahmad, N., & Anis, M. (2006). In vitro plant regeneration from alginate-encapsulated
microcuttings of Rauvolfia tetraphylla L. American Eurasian J Agric Environ Sci, 1(1), 1-6.

Faisal, M., Alatar, A. A., & Hegazy, A. K. (2013). Molecular and biochemical characterization in
Rauvolfia tetraphylla plantlets grown from synthetic seeds following in vitro cold
storage. Applied Biochemistry and Biotechnology, 169, 408-417.

Faisal, M., Alatar, A. A., Ahmad, N., Anis, M., & Hegazy, A. K. (2012). Assessment of genetic fidelity
in Rauvolfia serpentina plantlets grown from synthetic (encapsulated) seeds following in vitro
storage at 4 C. Molecules, 17(5), 5050-5061.

Faisal, M., Alatar, A. A., Ahmad, N., Anis, M., & Hegazy, A. K. (2012). An efficient and reproducible
method for in vitro clonal multiplication of Rauvolfia tetraphylla L. and evaluation of genetic

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

200



Reference

stability using DNA-based markers. Applied Biochemistry and Biotechnology, 168(7), 1739-
1752.

Fan, J., Fu, A., & Zhang, L. (2019). Progress in molecular docking. Quantitative Biology, 7, 83-89.

Faujdar, C. (2021). Evaluation of in-vitro cytoprotective, wound healing and antioxidant effects of
Ocimum sanctum leaf Extract Chetna. Current Trends in Biotechnology and Pharmacy, 15(3),
248-255.

Feng, Y. X, Lu, X. X,, Du, Y. S., Zheng, Y., Zeng, D., & Du, S. S. (2022). Sesquiterpenoid-rich
essential oils from two Magnolia plants: contact and repellent activity to three stored-product
insects. Journal of Oleo Science, 71(3), 435-443.

Finar, I. L. (1986). Stereo chemistry and the chemistry of natural products. VVol. 2. Logman, Singapore.
518p.

Franke, J., Kim, J., Hamilton, J. P., Zhao, D., Pham, G. M., Wiegert-Rininger, K., & O'Connor, S. E.
(2019). Gene discovery in gelsemium highlights conserved gene clusters in monoterpene indole
alkaloid biosynthesis. ChemBioChem, 20(1), 83-87.

Froger A, Hall, J. E. (2007) Transformation of plasmid DNA into E. coli using the heat shock method.
JoVE. 1(6): e253.

Gao, Y., Yu,A.L, Li,G.T., Hai, P, Li, Y., Liu, J. K., & Wang, F. (2015). Hexacyclic monoterpenoid
indole alkaloids from Rauvolfia verticillata. Fitoterapia, 107, 44-48.

Gao, Y., Zhou, D. S., Hai, P., Li, Y., & Wang, F. (2015). Hybrid monoterpenoid indole alkaloids
obtained as artifacts from Rauvolfia tetraphylla. Natural Products and Bioprospecting, 5, 247-
253.

Gao, Y., Zhou, D. S., Kong, L. M., Hai, P., Li, Y., Wang, F., & Liu, J. K. (2012). Rauvotetraphyllines
AE, new indole alkaloids from Rauvolfia tetraphylla. Natural products and
bioprospecting, 2(2), 65-69.

Geissler, M., Burghard, M., Volk, J., Staniek, A., & Warzecha, H. (2016). A novel cinnamyl alcohol
dehydrogenase (CAD)-like reductase contributes to the structural diversity of monoterpenoid
indole alkaloids in Rauvolfia. Planta, 243, 813-824.

Gerdakaneh, M., & Mozaffari, A. A. (2021). Plant regeneration via direct somatic embryogenesis in
three strawberry (Fragaria ananassa Duch.) cultivars. Agrotechniques in Industrial
Crops, 1(3), 103-109.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

201



Reference

Giani, A. M., Gallo, G. R., Gianfranceschi, L., & Formenti, G. (2020). Long walk to genomics: History
and current approaches to genome sequencing and assembly. Computational and Structural
Biotechnology Journal, 18, 9-19.

Gill, S. C., & VVon Hippel, P. H. (1989). Calculation of protein extinction coefficients from amino acid
sequence data. Analytical biochemistry, 182(2), 319-326.

Ginwala, R., Bhavsar, R., Chigbu, D. G. 1., Jain, P., & Khan, Z. K. (2019). Potential role of flavonoids
in treating chronic inflammatory diseases with a special focus on the anti-inflammatory activity
of apigenin. Antioxidants, 8(2), 35.

Goddijn, O. J., Lohman, F. P., de Kam, R. J., hilperoort, R. A., & Hoge, J. H. C. (1994). Nucleotide
sequence of the tryptophan decarboxylase gene of Catharanthus roseus and expression of tdc-
gus A gene fusions in Nicotiana tabacum. Molecular and General Genetics MGG, 242, 217-
225.

Gongora-Castillo, E., Childs, K. L., Fedewa, G., Hamilton, J. P., Liscombe, D. K., Magallanes-
Lundback, M., & Buell, C. R. (2012). Development of transcriptomic resources for
interrogating the biosynthesis of monoterpene indole alkaloids in medicinal plant species. PloS
one, 7(12), €52506.

Goorani, S., Zangeneh, M. M., Koohi, M. K., Seydi, N., Zangeneh, A., Souri, N., & Hosseini, M. S.
(2019). Assessment of antioxidant and cutaneous wound healing effects of Falcaria vulgaris
aqueous extract in Wistar male rats. Comparative Clinical Pathology, 28, 435-445.

Gorai, D., Sarkar, A., & Singh, R. K. (2013). Antibacterial activity of some medicinal plants available
in Panchet and Panchokot Hills, Purulia, West Bengal, India. Der Pharmacia Lettre, 5(6), 20-
23.

Grada, A., Mervis, J., & Falanga, V. (2018). Research techniques made simple: animal models of
wound healing. Journal of Investigative Dermatology, 138(10), 2095-2105.

Green, M. R., & Sambrook, J. (2019). Nested polymerase chain reaction (PCR). Cold Spring Harbor
Protocols, 2019(2), pdb-prot095182.

Guarnieri, G., lervolino, M., Cavallone, S., Unfer, V., & Vianello, A. (2023). The Asthma-Polycystic
Ovary Overlap Syndrome and the Therapeutic Role of Myo-Inositol. International Journal of
Molecular Sciences, 24(8), 6959.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

202



Reference

Guex, N., Peitsch, M. C., & Schwede, T. (2009). Automated comparative protein structure modeling
with SWISS-MODEL and Swiss-PdbViewer: A historical perspective. Electrophoresis,
30(S1), S162-S173.

Gunther, J., Lackus, N. D., Schmidt, A., Huber, M., Stodtler, H. J., Reichelt, M., & Kollner, T. G.
(2019). Separate pathways contribute to the herbivore-induced formation of 2-phenylethanol in
poplar. Plant Physiology, 180(2), 767-782.

Guo, J., Gao, D., Lian, J., & Qu, Y. (2024). De novo biosynthesis of antiarrhythmic alkaloid
ajmaline. Nature Communications, 15(1), 457.

Gupta, J., & Gupta, A. (2015). Isolation and identification of flavonoid rutin from Rauwolfia
serpentina. International Journal of Chemical Studies, 3(2), 113-5.

Gupta, J., Gupta, A., & Gupta, A. K. (2015). Extraction and identification of flavonoid natural
antioxidant in the leaves of Rauwolfia serpentina. 1JCS, 3(1), 35-37.

Gupta, N., Jain, V., Joseph, M. R., & Devi, S. (2020). A review on micropropagation culture method.
Asian Journal of Pharmaceutical Research and Development, 8(1), 86-93.

Gupta, S., Shanker, K., & Srivastava, S. K. (2012). HPTLC method for the simultaneous determination
of four indole alkaloids in Rauwolfia tetraphylla: A study of organic/green solvent and
continuous/pulse sonication. Journal of pharmaceutical and biomedical analysis, 66, 33-39.

Gurning, K., Situmorang, R. F. R., Sinaga, E. T., Singarimbun, N., Sinaga, S. P., & Silaban, S. A. R.
O. N. O. M. (2022). Determination of Tannins Content and Antibacteria Activity Test of
Ethanol Extract of Sirih Merah (Piper crocatum Ruiz and Pav.) Leaf from North Sumatera
Province Indonesia. Oriental Journal of Chemistry, 38(4), 967.

Guruprasad K, Reddy BB, Pandit MW (1990) Correlation between stability of a protein and its
dipeptide composition: a novel approach for predicting in vivo stability of a protein from its
primary sequence. Protein Eng Des Sel 4(2): 155-161.

Haniffa, M. A., & Kavitha, K. (2012). Antibacterial activity of medicinal herbs against the fish
pathogen Aeromonas hydrophila. Journal of Agricultural Technology, 8(1), 205-211.

Harbone, J.M. and H. Baxter. 1993. Phytochemical Dictionary: A handbook of bioactive compounds
from plants. Taylor and Francis Ltd. London. Washington DC, USA. 755p.

Harisaranraj, R., Suresh, K., & Saravanababu, S. (2009). Evaluation of the Chemical Composition

Rauwolfia serpentina and Ephedra vulgaris. Advances in biological research, 3(5-6), 174-178.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

203



Reference

Harisharanraj, R., Suresh, K., & Saravanababu, S. (2009). Rapid clonal propagation Rauvolfia
tetraphylla L. Academic Journal of Plant Sciences, 2(3), 195-198.

Haruna, M., Nakhooda, M., & Shaik, S. (2024). Development of seed germination and in vitro
propagation protocols for Vitex doniana. South African Journal of Botany, 167, 399-409.

Hassan, A., Elebeedy, D., Matar, E. R., Fahmy Mohamed Elsayed, A., & Abd El Maksoud, A. I. (2021).
Investigation of angiogenesis and wound healing potential mechanisms of zinc oxide
nanorods. Frontiers in pharmacology, 12, 661217.

Hatano, T., Kagawa, H., Yasuhara, T., & Okuda, T. (1988). Two new flavonoids and other constituents
in licorice root: their relative astringency and radical scavenging effects. Chemical and
pharmaceutical bulletin, 36(6), 2090-2097.

Heendeniya, S. N., Ratnasooriya, W. D., & Pathirana, R. N. (2018). In vitro investigation of anti-
inflammatory  activity and evaluation of phytochemical profile of Syzygium
caryophyllatum. Journal of Pharmacognosy and Phytochemistry, 7(1), 1759-1763.

Heikrujam, J., Kishor, R., & Mazumder, P. B. (2020). The chemistry behind plant DNA isolation
protocols. Biochem. Anal. Tools—Methods Bio-Molecules Stud, 8, 131-141.

Heinrich, M., Mah, J., & Amirkia, V. (2021). Alkaloids used as medicines: Structural phytochemistry
meets biodiversity—An update and forward look. Molecules, 26(7), 1836.

Helan Chandra, J., & Vignesh, T. (2016). In vitro and In silico Study of Ethanolic Leaf Extracts of
Rauvolfia Canescens. Research Journal of Chemistry and Environment, 20 (8), 31-37.
Hemashekhar, B., Chandrappa, C. P., Govindappa, M., & Chandrashekar, N. (2019). Endophytic
fungus Alternaria spp isolated from Rauvolfia tetraphylla root arbitrate synthesis of gold
nanoparticles and evaluation of their antibacterial, antioxidant and antimitotic

activities. Advances in Natural Sciences: Nanoscience and Nanotechnology, 10(3), 035010.

Hesami, M., Daneshvar, M. H., & Yoosefzadeh-Najafabadi, M. (2018). Establishment of a protocol for
in vitro seed germination and callus formation of Ficus religiosa L., an important medicinal
plant. Jundishapur Journal of Natural Pharmaceutical Products, 13(4).

Hmidani, A., Bourkhis, B., Khouya, T., Ramchoun, M., Filali-Zegzouti, Y., & Alem, C. (2020).
Phenolic profile and anti-inflammatory activity of four Moroccan date (Phoenix dactylifera L.)
seed varieties. Heliyon, 6(2), e03436.

Hong, B., Gao, J., Wu, J., & Zhao, C. (2012). Chemical constituents from Rauvolfia verticillata and
bioactivities research. Chemistry of Natural Compounds, 48, 276-280.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

204



Reference

Hong, B., Li, W., Song, A., & Zhao, C. (2013). Determination of indole alkaloids and highly volatile
compounds in Rauvolfia verticillata by HPLC-UV and GC-MS. Journal of chromatographic
science, 51(10), 926-930.

Hoque, R., Borna, R. S., Hoque, M. I., & Sarker, R. H. (2020). In vitro Plant Regeneration of Rauvolfia
tetraphylla L.: A Threatened Medicinal Plant. Plant Tissue Culture and Biotechnology, 30(1),
33-45.

Hossain, M. A., Disha, N. K., Shourove, J. H., & Dey, P. (2020). Determination of antioxidant activity
and total tannin from drumstick (Moringa oleifera Lam.) leaves using different solvent
extraction methods. Turkish Journal of Agriculture-Food Science and Technology, 8(12),
2749-2755.

Hussain, S. A. (2021). Effect of Silicon lons on In Vitro Morphogenesis in Rauvolfia tetraphylla Using
Shoot Tip Explants. Propagation and Genetic Manipulation of Plants, 153-162.

Hussain, S. A., Ahmad, N., & Anis, M. (2018). Synergetic effect of TDZ and BA on minimizing the
post-exposure effects on axillary shoot proliferation and assessment of genetic fidelity in
Rauvolfia tetraphylla (L.). Rendiconti Lincei. Scienze Fisiche e Naturali, 29, 109-115.

Igbal, A. A. M., Khan, F. A. K., & Khan, M. (2013). Ethno-phyto-pharmacological overview on
Rauwolfia tetraphylla L. Int. J. Pharm. Phytopharmacol. Res, 2(4), 247-251.

Igbal, A. A. M., Khan, F. A. K., Ansari, I., Quraishi, A., & Khan, M. (2013). Ethno-Phyto-
Pharmacological Overview on Rauwolfia densiflora (Wall) Benth. ex Hook. f. International
Journal of Pharmacutical and Phytopharmacological Research, 2(5), 372-376.

Jadaun, J. S., Sangwan, N. S., Narnoliya, L. K., Tripathi, S., & Sangwan, R. S. (2017). Withania
coagulans tryptophan decarboxylase gene cloning, heterologous expression, and catalytic
characteristics of the recombinant enzyme. Protoplasma, 254, 181-192.

Jakaria, M. D., Tareq, S. M., Ibrahim, M., & Bokhtearuddin, S. (2016). Rauvolfia tetraphylla L.
(Apocynaceae): A pharmacognostical, phytochemical and pharmacological review. Journal of
Chemical and Pharmaceutical Research, 8(12), 114-120.

Janssen, A.M., Scheffer, J.J.C., Baerheim Svendsen, A.B. 1987. Antimicrobial activities of essential
oils. A 1976-1986 literature review on possible applications. Pharmaceutisch Weekblad.
Scientific Edition, 9(4): 193-197.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

205



Reference

Javaid, A., Ferdosi, M. F., Khan, I. H., Shoaib, A., Hafiz, M. S., & Hassan, M. A. U. (2021).
Biochemical analysis of flowers of Vinca major, a medicinal weed plant of hilly areas of
Pakistan. Pakistan Journal of Weed Science Research, 27(4), 537.

Jay Prakash, Smita Shenoy, K Nandakumar, Archana P R, Richard Lobo, Vasudev Pai, (2023) High-
Performance Thin-Layer Chromatography and GC-MS Profile of Aegle marmelos (L.) Correa
and Tamarindus indica (L.). Eur. Chem. Bull,12(10), 9453-9464

Jensen, W. A. (1962). Botanical histochemistry. WH Freeman, San Francisco.

Jin, H., Deng, Z. C., & He, H. (2014). Effect of explant types and plant growth regulators on direct
regeneration in medicinal plant Pogostemon cablin. Plant Omics, 7(5), 322-327.

Jin, U. H,, Lee, S. O,, Sridharan, G., Lee, K., Davidson, L. A., Jayaraman, A., & Safe, S. (2014).
Microbiome-derived tryptophan metabolites and their aryl hydrocarbon receptor-dependent
agonist and antagonist activities. Molecular pharmacology, 85(5), 777-788.

Jorgensen, K., Morant, A. V., Morant, M., Jensen, N. B., Olsen, C. E., Kannangara, R., & Bak, S.
(2011). Biosynthesis of the cyanogenic glucosides linamarin and lotaustralin in cassava:
isolation, biochemical characterization, and expression pattern of CYP71E7, the oxime-
metabolizing cytochrome P450 enzyme. Plant Physiology, 155(1), 282-292.

Kad, A., Pundir, A., Sharma, S., & Sood, H. (2017). Development of suspension cultures and ex-vitro
rooting in Rauwolfia serpentina for rapid and large-scale multiplication. Int. J. Innov. Res. Sci.
Eng. Technol, 3(1), 135-143.

Kademani, A. J., Mallikarjunagowda, A. P., Umesha, K., & Anilkumar, S. (2017). Effect of different
propagating media and plant growth promoting Rhizobacteria on Rooting of Stem Cuttings and
Survival Rate of Cuttings in Sarpagandha (Rauvolfia tetraphylla). International Journal of
Pure Applied Bioscience, 5(6), 1436-1440.

Kadri, K. (2019). Polymerase chain reaction (PCR): Principle and applications. Synthetic Biology-New
Interdisciplinary Science.

Kalaiarasi, R., Prasannaraj, G., & Venkatachalam, P. (2013). A rapid biological synthesis of silver
nanoparticles using leaf broth of Rauvolfia tetraphylla and their promising antibacterial
activity. Indo Am J Pharm Res, 3(10), 8052-8062.

Kalam Khan, M. (2013). Rauvolfia tetraphylla L.: A Comprehensive Review. International Journal of

Pharmaceutical Sciences Review and Research, 23(1), 79-84.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

206



Reference

Kamath, S. D., Arunkumar, D., Avinash, N. G., & Samshuddin, S. (2015). Determination of total
phenolic content and total antioxidant activity in locally consumed food stuffs in Moodbidri,
Karnataka, India. Advances in Applied Science Research, 6(6), 99-102.

Kan, L. L. Y., Chan, B. C. L., Leung, P. C., & Wong, C. K. (2023). Natural-Product-Derived
Adjunctive Treatments to Conventional Therapy and Their Immunoregulatory Activities in
Triple-Negative Breast Cancer. Molecules, 28(15), 5804.

Kang, M., Fu, R., Zhang, P., Lou, S., Yang, X., Chen, Y., & Liu, J. (2021). A chromosome-level
Camptotheca acuminata genome assembly provides insights into the evolutionary origin of
camptothecin biosynthesis. Nature communications, 12(1), 3531.

Kang, S., Kang, K., Lee, K., & Back, K. (2007). Characterization of rice tryptophan decarboxylases
and their direct involvement in serotonin biosynthesis in transgenic rice. Planta, 227, 263-272.

Kanji, S., & Sainsbury, M. (1974). Carapanaubine: An oxindole alkaloid from Bleekeria
vitiensis. Phytochemistry, 13(2), 503-504.

Kar, M. K., & Panda, T. (2023). Phytochemical constituents and medicinal applications of Rauvolfia
tetraphylla L. in the Bhadrak region of Odisha, India.

Kashani-Amin, E., Tabatabaei-Malazy, O., Sakhteman, A., Larijani, B., & Ebrahim-Habibi, A. (2019).
A systematic review on popularity, application and characteristics of protein secondary
structure prediction tools. Current drug discovery technologies, 16(2), 159-172.

Kavitha, R., Deepa, T., Kamalakannan, P., Elamathi, R., & Sridhar, S. (2012). Evaluation of
phytochemical, antibacterial and antifungal activity of Rauvolfia tetraphylla. Int. J. Pharm. Sci.
Rev. Res, 12, 141-144.

Khan, H., Saeedi, M., Nabavi, S. M., Mubarak, M. S., & Bishayee, A. (2019). Glycosides from
medicinal plants as potential anticancer agents: emerging trends towards future drugs. Current
medicinal chemistry, 26(13), 2389-2406.

Kobayashi, Y., Kaufman, D. L., & Tobin, A. J. (1987). Glutamic acid decarboxylase cDNA: nucleotide
sequence encoding an enzymatically active fusion protein. Journal of Neuroscience, 7(9),
2768-2772.

Kokate, C.K. 1999. Practical pharmacognosy, 4" Edition. Vallabh prakashan Publications, New Delhi,
India. 115p.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

207



Reference

Krishnasamy, L., Chandramughi, V. P., Ramesh, T., & Jayanthi, K. (2023). Green synthesis,
Characterization of Silver Nanoparticles and Antimicrobial Activity using Rauvolfia
tetraphylla L. Research Journal of Biotechnology Vol, 18 (4), 126-132.

Kruglova, N., Zinatullina, A., & Yegorova, N. (2023). Histological Approach to the Study of
Morphogenesis in Callus Cultures In Vitro: A Review. International Journal of Plant
Biology, 14(2), 533-545.

Kumar, C. A, Bindu, S., Chitra, C. R., & Mathew, P. J. (2011). Taxonomic significance of fruit and
seed morphology in identification of South Indian Rauvolfia (Apocynaceae). Rheedea, 21(2),
160-166.

Kumar, S., Kumari, D., & Singh, B. (2022). Genus Rauvolfia: A review of its ethnopharmacology,
phytochemistry, quality control/quality assurance, pharmacological activities and clinical
evidence. Journal of Ethnopharmacology, 295, 115327.

Kumar, S., Singh, A., Bajpai, V., & Kumar, B. (2016). Identification, characterization and distribution
of monoterpene indole alkaloids in Rauwolfia species by Orbitrap Velos Pro mass
spectrometer. Journal of Pharmaceutical and Biomedical Analysis, 118, 183-194.

Kumar, S., Singh, A., Bajpai, V., Srivastava, M., Singh, B. P., Ojha, S., & Kumar, B. (2016).
Simultaneous determination of bioactive monoterpene indole alkaloids in ethanolic extract of
seven Rauvolfia species using UHPLC with hybrid triple quadrupole linear ion trap mass
spectrometry. Phytochemical Analysis, 27(5), 296-303.

Kumar, S., Singh, A., Bajpai, V., Srivastava, M., Singh, B. P., Ojha, S., & Kumar, B. (2016).
Simultaneous determination of bioactive monoterpene indole alkaloids in ethanolic extract of
seven Rauvolfia species using UHPLC with hybrid triple quadrupole linear ion trap mass
spectrometry. Phytochemical Analysis, 27(5), 296-303.

Kumar, S., Stecher, G., Li, M., Knyaz, C., & Tamura, K. (2018). MEGA X: molecular evolutionary
genetics analysis across computing platforms. Molecular biology and evolution, 35(6), 1547-
1549,

Kumara, P. M., Shaanker, R. U., & Pradeep, T. (2019). UPLC and ESI-MS analysis of metabolites of
Rauvolfia tetraphylla L. and their spatial localization using desorption electrospray ionization
(DESI) mass spectrometric imaging. Phytochemistry, 159, 20-29.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

208



Reference

Kumari, R., Rathi, B., Rani, A., & Bhatnagar, S. (2013). Rauvolfia serpentina L. Benth. ex Kurz.:
phytochemical, pharmacological and therapeutic aspects. Int J Pharm Sci Rev Res, 23(2), 348-
355.

Kyte J, Doolittle RF (1982) A simple method for displaying the hydropathic character of a protein. J
Mol Biol157(1): 105-132.

Lai, D., Maimann, A. B., Macea, E., Ocampo, C. H., Cardona, G., Picmanova, M., ... & Rook, F.
(2020). Biosynthesis of cyanogenic glucosides in Phaseolus lunatus and the evolution of
oxime-based defenses. Plant Direct, 4(8), e00244.

Laskowski RA, Swindells MB (2011) LigPlot+: Multiple ligand—protein interaction diagrams for drug
discovery. J Chem Inf Model 51(10): 2778-2786.

Laskowski, R. A., Furnham, N., & Thornton, J. M. (2013). The Ramachandran plot and protein
structure validation. In Biomolecular forms and functions: a celebration of 50 years of the
ramachandran map (pp. 62-75).

Lazaris, S. (2020). A Companion to Byzantine Science. Brill.

Lezin, E., Carqueijeiro, I., Cuello, C., Durand, M., Jansen, H. J., Verges, V., Birer Williams C, Oudin
A, Dugé de Bernonville T, Petrignet J, Celton N, St-Pierre B, Papon N, Sun C, Dirks RP,
O'Connor SE, Jensen MK, Besseau S, & Courdavault, V. (2024). A chromosome-scale genome
assembly of Rauvolfia tetraphylla facilitates identification of the complete ajmaline
biosynthetic pathway. Plant Communications. 8;5(4):100784.

Li, Y., Kong, D., Fu, Y., Sussman, M. R., & Wu, H. (2020). The effect of developmental and
environmental factors on secondary metabolites in medicinal plants. Plant Physiology and
Biochemistry, 148, 80-89.

Liang, C. C., Park, A. Y., & Guan, J. L. (2007). In vitro scratch assay: a convenient and inexpensive
method for analysis of cell migration in vitro. Nature protocols, 2(2), 329-333.

Liang, X., Hu, C., Liu, C., Yu, K., Zhang, J., & Jia, Y. (2020). Dihydrokaempferol (DHK) ameliorates
severe acute pancreatitis (SAP) via Keapl/Nrf2 pathway. Life Sciences, 261, 118340.

Liao, Y. K., & Wu, Y. H. (2011). In vitro propagation of Platycerium bifurcatum (Cav.) C. Chr. via
green globular body initiation. Botanical studies, 52(4).

Liagat, H., Kim, K. J,, Park, S. Y., Jung, S. K., Park, S. H., Lim, S., & Kim, J. Y. (2021). Antioxidant
effect of wheat germ extracts and their antilipidemic effect in palmitic acid-induced steatosis in
HepG2 and 3T3-L1 cells. Foods, 10(5), 1061.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

209



Reference

Lin, C., Chen, Y., Lin, Y., Wang, X., Hu, L., Cao, Y., & Chen, Y. (2021). Antistress and anti-aging
activities of Caenorhabditis elegans were enhanced by Momordica saponin extract. European
journal of nutrition, 60, 1819-1832.

Liu, W., Chen, R., Chen, M., Zhang, H., Peng, M., Yang, C., & Liao, Z. (2012). Tryptophan
decarboxylase plays an important role in ajmalicine biosynthesis in Rauvolfia
verticillata. Planta, 236, 239-250.

Lobay, D. (2015). Rauwolfia in the treatment of hypertension. Integrative Medicine: A Clinician's
Journal, 14(3), 40.

Lopez-Meyer, M., & Nessler, C. L. (1997). Tryptophan decarboxylase is encoded by two autonomously
regulated genes in Camptotheca acuminata which are differentially expressed during
development and stress. The Plant Journal, 11(6), 1167-1175.

Lorrai, R., Cavaterra, D., Giammaria, S., Shardella, D., Tundo, G. R., & Boccaccini, A. (2024). Eye
diseases: when the solution comes from plant alkaloids. Planta Medica. Apr 2.

Loyola-Vargas, V. M., & Ochoa-Alejo, N. (2018). An introduction to plant tissue culture: advances
and perspectives. Plant cell culture protocols, 3-13.

Lu, X., Wang, J., Al-Qadiri, H. M., Ross, C. F., Powers, J. R., Tang, J., & Rasco, B. A. (2011).
Determination of total phenolic content and antioxidant capacity of onion (Allium cepa) and
shallot (Allium oschaninii) using infrared spectroscopy. Food Chemistry, 129(2), 637-644.

Luciani, G. F., Mary, A. K., Pellegrini, C., & Curvetto, N. R. (2006). Effects of explants and growth
regulators in garlic callus formation and plant regeneration. Plant cell, tissue and organ
culture, 87, 139-143.

Luikham, S., & Bhattacharyya, J. (2024). On the traditional medicinal plants and plant-derived natural
drugs used by indigenous people of Nagaland, India. Natural Product Research, 1-16.

Mace, M.E. 1963. Histochemical localization of phenols in healthy and diseased tomoto roots.
Phytopathology, 16: 915-925.

Madhuranga, H. D. T., & Samarakoon D. N. A. W. (2023), In vitro anti-inflammatory egg albumin
denaturation assay: Methodology. Journal of Natural and Ayurvedic Medicine, 7(3): 1-6.

Magaldi, S., Mata-Essayag, S., Hartung, de, Capriles, C.H., Pérez, C, Colella, M.T., Olaizola, C. and
Ontiveros, Y. 2004. Well diffusion for antifungal susceptibility testing. International Journal
of Infectious Diseases. 8(1): 39-45.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

210



Reference

Mahadik, S. M., Sawardekar, S. V., Kelkar, V. G., & Gokhale, N. B. (2020). In vitro regeneration
technique in Rauwolfia serpentina and quantification of reserpine. Int J Chem Stud, 8, 520-525.

Mahalakshmi, S. N., Achala, H. G., Ramyashree, K. R., & Prashith Kekuda, T. R. (2019). Rauvolfia
tetraphylla L. (Apocynaceae)-a comprehensive review on its ethnobotanical uses,
phytochemistry and pharmacological activities. Int J Pharm Biol Sci, 9(2), 664-682.

Mahesh, R., Kumar, N. N., & Sujin, R. M. (2008). Molecular analysis in Rauvolfia tetraphylla L. using
RAPD markers. Ethnobotanical Leaflets, 2008(1), 149.

Maheshu, V., Sasikumar, J. M., Darsini, D. T. P., & Aseervatham, G. S. B. (2010). In vitro antioxidant
activity and polyphenolic contents of Rauvolfia tetraphylla L., Rhinacanthus nasutus Kurz. and
Solena amplexicaulis (Lam.). Int. J. Biomed. Pharm. Sci, 4, 81-86.

Malematja, R. O., Bagla, V. P., Njanje, I., Mbazima, V., Poopedi, K. W., Mampuru, L., & Mokgotho,
M. P. (2018). Potential hypoglycaemic and antiobesity effects of Senna italica leaf acetone
extract. Evidence-based complementary and alternative medicine, 2018.

Mandal, A., & Chakraborti, P. (2021). Allelopathic influence of Rauwolfia tetraphylla L. for enhancing
the seedling root vigour of gram (Cicer arietinum L.). Indian Journal of Agricultural
Research, 55(4), 478-482.

Mandal, A., Tarai, P., Kaushik, S. K., Mahata, A. C., & Chakarborti, P. (2013). Allelopathic action of
Rauwolfia tetraphylla L. root extracts on gram (Cicer arietinum L.) seeds. Journal of Crop and
Weed, 9(2), 72-75.

Manoj VM, Anunanthini P, Swathik C. Peter, S. Dharshini, Ashwin Narayan J, Manickavasagam M,
Sathishkumar R, Sursha GS, Hemaprabha G, Bakshi Ram, Appunu C (2019) Comparative
functional analysis of Glyoxalase pathway genes in Erianthus arundinaceus and commercial
sugarcane hybrid under salinity and drought conditions. BMC Genomics 19: 986.

Mansour, K. A., Elbermawi, A., Al-Karmalawy, A. A., Lahloub, M. F., & EI-Neketi, M. (2022).
Cytotoxic effects of extracts obtained from plants of the Oleaceae family: bio-guided isolation
and molecular docking of new secoiridoids from Jasminum humile. Pharmaceutical
Biology, 60(1), 1374-1383.

Martin, N. J., Ferreiro, S. F., Barbault, F., Nicolas, M., Lecellier, G., Paetz, C., & Raharivelomanana,
P. (2015). Indole alkaloids from the Marquesan plant Rauvolfia nukuhivensis and their effects

on ion channels. Phytochemistry, 109, 84-95.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

211



Reference

Martin, N. J., Prado, S., Lecellier, G., Thomas, O. P., & Raharivelomanana, P. (2012).
Nukuhivensiums, indolo [2, 3-a] quinoliziniums from the Marquesan plant Rauvolfia
nukuhivensis. Molecules, 17(10), 12015-12022.

Masani, S., Shah, P., Saroj, S., & Rajput, S. J. (2016). Stability indicating assay method development
and validation of edoxabantosylate monohydrate: a comprehensive study involving impurities
isolation, identification and degradation Kinetics determination in various conditions.
Education, 20109.

Maswada, H. F., & Maswada, H. F. (2013). Assessment of total antioxidant capacity and antiradical
scavenging activity of three Egyptian wild plants. Journal of Medical Sciences, 13(7), 546-554.

Maurya, A., Gupta, S., & Srivastava, S. K. (2013). Large-scale separation of antipsychotic alkaloids
from R auwolfia tetraphylla L. by p H-zone-refining fast centrifugal partition
chromatography. Journal of separation science, 36(2), 407-413.

Mazutti da Silva, S. M., Rezende Costa, C. R., Martins Gelfuso, G., Silva Guerra, E. N., de Medeiros
Nobrega, Y. K., Gomes, S. M., ... & Magalhdes, P. D. O. (2018). Wound healing effect of
essential oil extracted from Eugenia dysenterica DC (Myrtaceae) leaves. Molecules, 24(1), 2.

Mbakazi, Y., Kappo, A. P., Soyingbe, O. S., Nety, N. S., Makhafola, T. J., Chukwuma, C. I., &
Mongalo, N. I. (2022). GC/TOF-MS-based phytochemical analysis, in vitro antiproliferative
effects, antioxidant, and antibacterial activity of Sarcophyte sanguinea subsp. piriei (Hutch.) B.
Hansen. South African Journal of Botany, 150, 752-758.

Mbuni, Y. M., Wang, S., Mwangi, B. N., Mbari, N. J., Musili, P. M., Walter, N. O., Hu G, Zhou Y, &
Wang, Q. (2020). Medicinal plants and their traditional uses in local communities around
Cherangani Hills, Western Kenya. Plants, 9(3), 331.

McNutt, A. T., Francoeur, P., Aggarwal, R., Masuda, T., Meli, R., Ragoza, M., Sunseri, J & Koes, D.
R. (2021). GNINA 1.0: Molecular docking with deep learning. Journal of
cheminformatics, 13(1), 1-20.

Mehrotra, S., Srivastava, V., Rahman, L. U., & Kukreja, A. K. (2013). Overexpression of a
Catharanthus tryptophan decarboxylase (tdc) gene leads to enhanced terpenoid indole alkaloid
(TIA) production in transgenic hairy root lines of Rauwolfia serpentina. Plant Cell, Tissue and
Organ Culture (PCTOC), 115, 377-384.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

212



Reference

Merlin, F. P., Ratnasooriya, W. D., & Pathirana, R. N. (2020). In vitro investigation of sunscreen
activity and evaluation of phytochemical profile of methanolic leaf extract of Rauvolfia
tetraphylla. Journal of Pharmacognosy and Phytochemistry, 9(2), 2063-2067.

Meyers, J. R. (2018). Zebrafish: development of a vertebrate model organism. Current Protocols
Essential Laboratory Techniques, 16(1), e19.

Mirahmadi, H., Spotin, A., Fallahi, S., Taghipour, N., Turki, H., & Tabaei, S.J.S. (2015). Cloning and
sequence analysis of recombinant Plasmodium vivax merozoite surface protein 1 (PvMSP-142
kDa) In pTZ57R/T vector. Iran J Parasitol. 10(2): 197.

Mirke, N. B., Shelke, P. S., Malavdkar, P. R., & Jagtap, P. N. (2020). In vitro protein denaturation
inhibition assay of Eucalyptus globulus and Glycine max for potential anti-inflammatory
activity. Innov. Pharm. Pharmacother, 8, 28-31.

Mohammed, A. E., Abdul-Hameed, Z. H., Alotaibi, M. O., Bawakid, N. O., Sobahi, T. R., Abdel-
Lateff, A., & Alarif, W. M. (2021). Chemical diversity and bioactivities of monoterpene indole
alkaloids (MIAs) from six Apocynaceae genera. Molecules, 26(2), 488.

Mohti, H., Taviano, M. F., Cacciola, F., Dugo, P., Mondello, L., Zaid, A., & Miceli, N. (2020). Silene
vulgaris subsp. macrocarpa leaves and roots from morocco: Assessment of the efficiency of
different extraction techniques and solvents on their antioxidant capacity, brine shrimp toxicity
and phenolic characterization. Plant Biosystems-An International Journal Dealing with all
Aspects of Plant Biology, 154(5), 692-699.

Mongalo, N. I., McGaw, L. J., Finnie, J. F., & Van Staden, J. (2017). Pharmacological properties of
extracts from six South African medicinal plants used to treat sexually transmitted infections
(STIs) and related infections. South African Journal of Botany, 112, 290-295.

Morris, G. M., Huey, R., & Olson, A. J. (2008). Using autodock for ligand-receptor docking. Current
protocols in bioinformatics, 24(1), 8-14.

Mosmann, T. (1983). Rapid colorimetric assay for cellular growth and survival: application to
proliferation and cytotoxicity assays. Journal of immunological methods, 65(1-2), 55-63.

Muniandy, K., Gothai, S., Tan, W. S., Kumar, S. S., Mohd Esa, N., Chandramohan, G., Al-Numair,
K.S. & Arulselvan, P. (2018). In vitro wound healing potential of stem extract of Alternanthera
sessilis. Evidence-based complementary and alternative medicine, 2018.

Murashige, T and F. Skoog, 1962. A revised medium for rapid growth and bioassays with tobacco
tissue cultures. Physiol. Plant, 15: 473-497.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

213



Reference

Muthukumar, B., Nandini, M. S., Elumalai, P., Balakrishnan, M., Satheeshkumar, A., AlSalhi, M. S.,
& Malik, T. (2023). Enhancement of cell migration and wound healing by nano-herb ointment
formulated with biosurfactant, silver nanoparticles and Tridax procumbens. Frontiers in
Microbiology, 14.

Nabi, N. G., Shrivastava, M., Khan, A. A., Rashid, A., & Dar, S. H. (2018). Organogenesis in callus
derived from leaf explants of Spilanthes acmella Linn: An endangered medicinal plant. Journal
of Pharmacognosy and Phytochemistry, 7(1), 01-07.

Nair, V. D., Panneerselvam, R., & Gopi, R. (2012). Studies on methanolic extract of Rauvolfia species
from Southern Western Ghats of India—In vitro antioxidant properties, characterisation of
nutrients and phytochemicals. Industrial Crops and Products, 39, 17-25.

Nandhidha, R., & Punnagai, K. (2022). Evaluation of anti-inflammatory and wound healing potential
of sodium glucose co-transporter2 (SGLT2) inhibitors. Research Journal of Pharmacy and
Technology, 15(10), 4457-4462.

Nandhini, V. S., & Bai, V. G. (2014). Secondary metabolites screening from in-vitro cultured Rauvolfia
tetraphylla by HPTLC-MS: A special emphasises on their antimicrobial
applications. International Journal of Advances in Pharmaceutical Analysis 2014b, 4(2), 81-
87.

Nandhini, V. S., & Stella Bai, G. V. (2015). In-vitro phytopharmacological effect and cardio protective
activity of Rauvolfia tetraphylla L. South Indian Journal of Biological Sciences, 1(2), 97-102.

Narayan, J. A., Dharshini, S., Manoj, V. M., Padmanabhan, T. S., Kadirvelu, K., Suresha, G. S., &
Appunu, C. (2019). Isolation and characterization of water-deficit stress-responsive a-expansin
1 (EXPAL) gene from Saccharum complex. 3 Biotech, 9, 1-13.

Naz, F., Kumar, M., Koley, T., Sharma, P., Haque, M. A., Kapil, A., Kumar, M., Kaur, P., &
Ethayathulla, A. S. (2022). Screening of plant-based natural compounds as an inhibitor of FtsZ
from Salmonella typhi using the computational, biochemical and in vitro cell-based
studies. International Journal of Biological Macromolecules, 219, 428-437.

Neema, M., Aparna, V., & Chandran, K. P. (2022). Contrast analysis recommends flame sterilization
for surface depuration in coconut (Cocos nucifera) meristem culture. Current
Horticulture, 10(1), 41-44.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

214



Reference

Negi, J. S., Bisht, V. K., Bhandari, A. K., Bisht, D. S., Singh, P., & Singh, N. (2014). Quantification
of reserpine content and antibacterial activity of Rauvolfia serpentina (L.) Benth. ex
Kurz. African Journal of Microbiology Research, 8(2), 162-166.

Neumann, KH., Kumar, A., Imani, J. (2020). Introduction. In: Plant Cell and Tissue Culture — A Tool
in Biotechnology. Springer, Cham Pp 459. https://doi.org/10.1007/978-3-030-49098-0_1

Njeru, S. N., & Muema, J. M. (2021). In vitro cytotoxicity of Aspilia pluriseta Schweinf. extract
fractions. BMC Research Notes, 14(1), 1-4.

Nurokhman, A., Faizah, H., Sugiharto, S., Utami, E. S. W., & Manuhara, Y. S. W. (2019). Effect of
plant growth regulator and explant types on in vitro callus induction of Gynura procumbens
(Lour.) Merr. Research Journal of Biotechnology, 14(9), 102-107.

Nurwahyuni, I., Situmorang, M., & Sinaga, R. (2020). Plant regeneration through callus cultures from

leaf explant of Sumatra Benzoin (Styrax benzoin). International Journal of Forestry
Research, 2020, 1-7.

O'Connor, S. E., & Maresh, J. J. (2006). Chemistry and biology of monoterpene indole alkaloid
biosynthesis. Natural product reports, 23(4), 532-547.

Oguntibeju, O. O. (2018). Medicinal plants with anti-inflammatory activities from selected countries
and regions of Africa. Journal of inflammation research, 307-317.

Okur, M. E., Ayla, S., Cigek Polat, D., Giinal, M. Y., Yoltas, A., & Biceroglu, O. (2018). Novel insight
into wound healing properties of methanol extract of Capparis ovata Desf. var. palaestina
Zohary fruits. Journal of Pharmacy and Pharmacology, 70(10), 1401-1413.

Oladeji, O. S., Adelowo, F. E., Ayodele, D. T., & Odelade, K. A. (2019). Phytochemistry and
pharmacological activities of Cymbopogon citratus: A review. Scientific African, 6, e00137.

Oloche, J. J., Asalu, A. F., & Ghotosho, G. O. (2022). Acute and Sub-Acute Effects of Morinda lucida
Benth Stem Bark Methanolic Extract on Blood Cytometry, Blood Chemistry and
Histoarchitecture of Wistar Rats. Tropical Journal of Natural Product Research, 6(4).

Omara, T., Kiprop, A. K., Ramkat, R. C., Cherutoi, J., Kagoya, S., Moraa Nyangena, D., Azeze Tebo,
T., Nteziyaremye, P., Nyambura Karanja, L., Jepchirchir, A., Maiyo, A & Chepkemoi Koske,
M. (2020). Medicinal plants used in traditional management of cancer in Uganda: a review of
ethnobotanical  surveys, phytochemistry, and anticancer studies. Evidence-Based

Complementary and Alternative Medicine, 2020, 1-26.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

215


https://doi.org/10.1007/978-3-030-49098-0_1

Reference

Ordzhonikidze, K. G., Igonina, E. V., Zhoshibekova, B. S., & Abilev, S. K. (2021). Comparative Study
of the DNA-Damaging Activity of Epichlorohydrin Using Escherichia coli Biosensors and the
Comet Assay Method in Mice. Russian Journal of Genetics, 57, 1035-1041.

Otimenyin, S. O., & lor, L. D. (2021). Medicinal plants used in the management of psychosis.
In Complementary Therapies. IntechOpen.

Oza, N., & Solanki, H. (2016). Estimation of antioxidant activity and total flavonoid content of selected
medicinally important plants. Prevent, 2(1).

PA, Hosamani. (2023). Antimicrobial activity of leaf extract of Rauwolfia tetraphylla L.
(Apocynaceae). Life sciences leaflets, 155, 1-6.

Padmalatha, K. (2006). Genetic diversity in Rauvolfia tetraphylla L using RAPD markers. Journal of
Plant Biotechnology, 33(2), 139.

Pandey, D. K., & Dey, A. (2016). A validated and densitometric HPTLC method for the simultaneous
quantification of reserpine and ajmalicine in Rauvolfia serpentina and Rauvolfia
tetraphylla. Revista Brasileira de Farmacognosia, 26, 553-557.

Pandey, R., Gupta, S., Shukla, V., Tandon, S., & Shukla, V. (2013). Antiaging, antistress and ROS
scavenging activity of crude extract of Ocimum sanctum (L.) in Caenorhabditis elegans
(Maupas, 1900). Indian Journal of Experimental Biology, 51, 515-521.

Pandey, V., Cherian, E., & Patani, G. (2010). Effect of growth regulators and culture conditions on
direct root induction of Rauwolfia serpentina L. (Apocynaceae) Benth by leaf
explants. Tropical Journal of Pharmaceutical Research, 9(1).

Panggabean, N. H., Nurwahyuni, I., & Basyuni, M. (2022, December). Histological analysis of somatic
embryogenesis from shoot explant of oil palm (Elaeis guineensis Jacq.). In IOP Conference
Series: Earth and Environmental Science (Vol. 1115, No. 1, p. 012073). IOP Publishing.

Pant, K. K., & Joshi, S. D. (2008). Rapid Multiplication of Rauvolfia serpentina Benth. ex. kurz through
tissue culture. Scientific World, 6(6), 58-62.

Park, S., Kang, K., Lee, K., Choi, D., Kim, Y. S., & Back, K. (2009). Induction of serotonin
biosynthesis is uncoupled from the coordinated induction of tryptophan biosynthesis in pepper
fruits (Capsicum annuum) upon pathogen infection. Planta, 230, 1197-1206.

Patel, M. B., Poisson, J., Pousset, J. L., & Rowson, J. M. (1964). Alkaloids of the leaves of Rauwolfia
vomitoria Afz. Journal of Pharmacy and Pharmacology, 16(S1), 163T-165T.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

216



Reference

Patel, U. D., Patel, H. B., & Javia, B. B. (2013). Antimicrobial potency of Rauvolfia tetraphylla and
Jatropha curcas. Wayamba Journal of Animal Science, 5, 723-728.

Paul, A. M., & Xauvier, F. J. (2020) Phytochemical screening and antioxidant activity of leaf extract
prepared by soxhlet extraction of selected members of Apocynaceae, International Journal of
Pharmaceutical Science and Research, 11(3), 1290-1295.

Peng, W., Li, D., Zhang, M., Ge, S., Mo, B., Li, S., & Ohkoshi, M. (2017). Characteristics of
antibacterial molecular activities in poplar wood extractives. Saudi Journal of Biological
Sciences, 24(2), 399-404.

Pintaudi, B., Di Vieste, G., & Bonomo, M. (2016). The effectiveness of myo-inositol and D-chiro
inositol treatment in type 2 diabetes. International Journal of Endocrinology, 2016.

Plna, K., Osterman-Golkar, S., Nogradi, E., & Segerback, D. (2000). 32P-post-labelling of 7-(3-chloro-
2-hydroxypropyl) guanine in white blood cells of workers occupationally exposed to
epichlorohydrin. Carcinogenesis, 21(2), 275-280.

Poupon, E., & Nay, B. (Eds.). (2011). Biomimetic organic synthesis. John Wiley & Sons.

Prasad, A. D., Shyma, T. B., CL, D. S., Gopal, S., & Kumar, K. (2013). Preliminary phytochemical
screening and bioactivity of selected Indian medicinal plants. International Journal of
Phytomedicine, 5(1), 01.

Prathapa Reddy, M., Shantha, T. R., Rama Rao, V., Shiddamallayya, N., & BK, B. (2020).
Pharmacognostical standardization of Vanasarpagandha (Rauvolfia tetraphylla L.) root.
International Journal of Herbal Medicine, 8(6): 12-14.

Prieto P, Pineda M, Aguilar M. Spectrophotometric quantitation of antioxidant capacity through the
formation of a phosphomolybdenum complex: Specific application to the determination of
vitamin E. Anal Biochem. 1999; 269:337-41.

Purvis, M.J., D.C. Collier and D. Walls. 1966. Laboratory techniques in Botany, Butterwork and Co.,
(Publishers) Ltd., London. 419p.

Qiao, C., Chen, F., Liu, Z., Huang, T., Li, W., Zhang, G., & Luo, Y. (2022). Functional characterization
of a catalytically promiscuous tryptophan decarboxylase from camptothecin-producing
Camptotheca acuminata. Frontiers in Plant Science, 13, 987348.

Raaman, N. 2006. Phytochemical techniques. New India Publishing agency, New Delhi, India. 306 p.

Radha, M. J., & Basha, P. M. (2020). Hepatotoxic evaluation of Di-n-butyl phthalate in Wistar rats
upon sub-chronic exposure: A multigenerational assessment. Toxicology Reports, 7, 772-778.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

217



Reference

Rajapaksha, D. C., Edirisinghe, S. L., Nikapitiya, C., Dananjaya, S. H. S., Kwun, H. J., Kim, C. H., &
De Zoysa, M. (2020). Spirulina maxima derived pectin nanoparticles enhance the
immunomodulation, stress tolerance, and wound healing in Zebrafish. Marine drugs, 18(11),
556.

Ramakrishna, S., K. G. Prasanna nans R. Rajan. 1994. Textbook of medicinal biochemistry. Orient
Longman, New Delhi, India. 582p.

Ramalakshmi, S., & Muthuchelian, K. (2011). Analysis of bioactive constituents from the leaves of
Mallotus tetracoccus (roxb.) Kurz, by gas chromatography-mass spectrometry. International
Journal of Pharmaceutical Sciences and Research, 2(6), 1449.

Ramandi, A., Javan, I. Y., Tazehabadi, F. M., Asl, G. I., Khosravanian, R., & Ebrahimzadeh, M. H.
(2019). Improvement in seed surface sterilization and in vitro seed germination of ornamental
and medicinal plant-Catharanthus roseus (L.). Chiang Mai Journal of Science, 46(6), 1107-
1112.

Ramu, Arun Kumar, Daoud Ali, Saud Alarifi, Mohamed Hussain Syed Abuthakir, and Bakrudeen Ali
Ahmed Abdul. Reserpine inhibits DNA repair, cell proliferation, invasion and induces
apoptosis in oral carcinogenesis via modulation of TGF-f signaling. Life Sciences 264 (2021):
118730.

Rao, B. G., Rao, P. U., Rao, E. S., & Rao, T. M. (2012). Evaluation of in-vitro antibacterial activity
and anti-inflammatory activity for different extracts of Rauvolfia tetraphylla L. root bark. Asian
Pacific Journal of Tropical Biomedicine, 2(10), 818-821.

Ratnam, D. P. S. K. (2021). Studies on phytochemical, antimicrobial activity and micro propagation of
medicinal plants from Eastern Ghats of Andhra Pradesh. Asian Journal of Pharmacy and
Technology, 11(2), 111-115.

Rauf, M. A., Zubair, S., & Azhar, A. (2015). Ligand docking and binding site analysis with pymol and
autodock/vina. International Journal of Basic and Applied Sciences, 4(2), 168.

Ren, J., Karna, S., Lee, H. M., Yoo, S. M., & Na, D. (2019). Artificial transformation methodologies
for improving the efficiency of plasmid DNA transformation and simplifying its use. Applied
microbiology and biotechnology, 103, 9205-9215.

Ribatti, D., Annese, T., & Tamma, R. (2020). The use of the chick embryo CAM assay in the study of

angiogenic activiy of biomaterials. Microvascular Research, 131, 104026.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

218



Reference

Richardson, R., Metzger, M., Knyphausen, P., Ramezani, T., Slanchev, K., Kraus, C., &
Hammerschmidt, M. (2016). Re-epithelialization of cutaneous wounds in adult Zebrafish
combines  mechanisms  of  wound  closure in  embryonic and  adult
mammals. Development, 143(12), 2077-2088.

Richardson, R., Slanchev, K., Kraus, C., Knyphausen, P., Eming, S., & Hammerschmidt, M. (2013).
Adult zebrafish as a model system for cutaneous wound-healing research. Journal of
Investigative Dermatology, 133(6), 1655-1665.

Rohela, G. K., Bylla, P., Korra, R., & Reuben, C. (2016). Phytochemical screening and antimicrobial
activity of leaf, stem, root and their callus extracts in Rauwolfia tetraphylla. International
Journal of Agriculture & Biology, 18(3), 521-528.

Rohela, G. K., Bylla, P., Pendli, S., Korra, R., Gandu, R., & Reuben, C. (2021). High performance
liquid chromatography based quantification of reserpine in Rauwolfia tetraphylla L. and
enhanced production through precursor feeding. Acta Chromatographica, 34(2), 120-129.

Rohela, G. K., Jogam, P., Bylla, P., & Reuben, C. (2019). Indirect regeneration and assessment of
genetic fidelity of acclimated plantlets by SCoT, ISSR, and RAPD markers in Rauwolfia
tetraphylla L.: an endangered medicinal plant. BioMed research international, 2019, 14.
https://doi.org/10.1155/2019/3698742

Roubal, F. R., & Bullock, A. M. (1988). The mechanism of wound repair in the skin of juvenile Atlantic
salmon, Salmo salar L., following hydrocortisone implantation. Journal of fish biology, 32(4),
545-555.

Rout, G. R. (2006). Effect of auxins on adventitious root development from single node cuttings of

Camellia sinensis (L.) Kuntze and associated biochemical changes. Plant growth
regulation, 48, 111-117.

Roy, A., Jauhari, N., & Bharadvaja, N. (2018). 6 Medicinal plants as. Anticancer Plants, 2, 109.

Roy, I., Magesh, K. T., Sathyakumar, M., Sivachandran, A., Purushothaman, D., & Aravindhan, R.
(2023). Evaluation of wound healing property of the ethanolic extract of Glycyrrhiza glabra on
vero cell lines using in vitro scratch assay test. Journal of Pharmacy and Bioallied
Sciences, 15(Suppl 1), S630-S635.

Ruddaraju, L. K., Pammi, S. V. N., sankar Guntuku, G., Padavala, V. S., & Kolapalli, V. R. M. (2020).

A review on anti-bacterials to combat resistance: From ancient era of plants and metals to

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

219


https://doi.org/10.1155/2019/3698742

Reference

present and future perspectives of green nano technological combinations. Asian Journal of
Pharmaceutical Sciences, 15(1), 42-59.

Sabu, A., Selvaraj, J., Gayatridevi, R., & Dilipan, E. (2023). In-vitro anticancer activity of Rauvolfia
tetraphylla extract on mcf-7 breast cancer cell lines. Bioinformation, 19(1), 43.

Sakr, D. E., & Sayed, R. M. (2018). Morpho-histological observations on somatic embryogenesis in
mature embryo derived callus of Oryza sativa L. cv. Sakha 101. Journal of Scientific Research
in Science, 35(part 1), 126-141.

Saleh B, Huma N, Azhar A, Galani S (2023) Cloning of brazzein gene (sweet protein) into PBI121
vector through prokaryotic expression system. J Anim Plant Sci 33(3): 715-721.

Salmerén-Manzano, E., Garrido-Cardenas, J. A., & Manzano-Agugliaro, F. (2020). Worldwide
research trends on medicinal plants. International journal of environmental research and public
health, 17(10), 3376.

Sambrook J, Fritsch EF, Maniatis T (1989) Molecular cloning: a laboratory manual (No. Ed. 2). Cold
spring harbor laboratory press.

Satyanarayana, B., Kasturi, P., & Devi, P. S. (2018). Phytochemical and HPTLC studies on three
medicinally important plants Rauvolfia tetraphylla, Phyllanthus niruri and Carissa
carandas. International Journal of Research in Pharmacy and Chemistry, 8(1), 44-51.

Sehgal, A. A, Li, Y., Lal, B., Yadav, N. N., Xu, X., Xu, J., ... & van Zijl, P. C. (2019). CEST MRI of
3-O-methyl-D-glucose uptake and accumulation in brain tumors. Magnetic resonance in
medicine, 81(3), 1993-2000.

Shah, S. M. A, Naqgvi, S. A. R., Munir, N., Zafar, S., Akram, M., & Nisar, J. (2020). Antihypertensive
and antihyperlipidemic activity of aqueous methanolic extract of Rauwolfia serpentina in albino
rats. Dose-Response, 18(3), 1559325820942077.

Shahid, A., Ahmad, N., Anis, M., Alatar, A. A., & Faisal, M. (2016). Morphogenic responses of
Rauvolfia tetraphylla L. cultures to Cu, Zn and Cd ions. Rendiconti Lincei, 27, 369-374.

Shaibi, K. M., Leeba, B., Jamuna, S., & Babu, R. (2022). Phytochemical analysis, in vitro antioxidant,
and wound healing activities of Turbinaria ornata (Turner) J. Agardh from Gulf of Mannar,
India. Applied Biochemistry and Biotechnology, 194(1), 395-406.

Shamon, S. D., & Perez, M. 1. (2016). Blood pressure-lowering efficacy of reserpine for primary

hypertension. Cochrane Database of Systematic Reviews, (12).

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

220



Reference

Shariff, N., Sudarshana, M. S., Umesha, S., & Hariprasad, P. (2006). Antimicrobial activity of
Rauvolfia tetraphylla and Physalis minima leaf and callus extracts. African Journal of
Biotechnology, 5(10), 946-950.

Sharma, N., Sistla, R., & Andugulapati, S. B. (2024). Yohimbine ameliorates liver inflammation and
fibrosis by regulating oxidative stress and Wnt/B-catenin pathway. Phytomedicine, 123,
155182.

Sheik, S. S., Sundararajan, P., Hussain, A. S. Z., & Sekar, K. (2002). Ramachandran plot on the
web. Bioinformatics, 18(11), 1548-1549.

Shimokawa, T., Yoneda, K., Yamagata, M., Hayashi, K., & Tomita, S. (2020). Yohimbine ameliorates
lipopolysaccharide-induced acute kidney injury in rats. European Journal of
Pharmacology, 871, 172917.

Shipley, A., Arida, J., & Almeria, S. (2022). Comparative Evaluation of an Easy Laboratory Method
for the Concentration of Oocysts and Commercial DNA Isolation Kits for the Molecular
Detection of Cyclospora cayetanensis in Silt Loam Soil Samples. Microorganisms, 10(7),
1431.

Siddiqui, M., Bhatt, H., Judd, E. K., Oparil, S., & Calhoun, D. A. (2020). Reserpine substantially lowers
blood pressure in patients with refractory hypertension: a Proof-of-Concept Study. American
Journal of Hypertension, 33(8), 741-747.

Sievers F, Higgins DG (2018) Clustal Omega for making accurate alignments of many protein
sequences. Protein Sci 27(1): 135-145.

Singh, A., & Verma, O. P. (2017). Optimization of B-Glucosidase assay and protein estimation from
various parts of Rauvolfia tetraphylla. Journal of Pharmacognosy and Phytochemistry, 6(5),
1622-1624.

Singh, A, Tripathi, S., & Singh, P. (2019). Anticonvulsant activity of Rauwolfia tetraphylla leaf extract
in swiss albino mice. Asian Journal of Pharmaceutical and Clinical Research, 12(2), 377-380.

Singh, M. (2017). Evaluating the therapeutic efficiency and drug targeting ability of alkaloids present
in Rauwolfia serpentina. International Journal of Green Pharmacy (I1JGP), 11(03).

Slinkard, K., & Singleton, V. L. (1977). Total phenol analysis: automation and comparison with manual
methods. American journal of enology and viticulture, 28(1), 49-55.

Soni, R., Jaiswal, S., Bara, J. K., & Saksena, P. (2016). The use of Rauwolfia serpentina in hypertensive
patients. J Biotechnol Biochem, 2(5), 28-32.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

221



Reference

Sarensen, M., Neilson, E. H., & Magller, B. L. (2018). Oximes: unrecognized chameleons in general
and specialized plant metabolism. Molecular Plant, 11(1), 95-117.

Souri, E., Amin, G., Farsam, H., Jalalizadeh, H., & Barezi, S. (2022). Screening of thirteen medicinal
plant extracts for antioxidant activity. Iranian Journal of Pharmaceutical Research, 7(2), 149-
154,

Sridevi, D., Shankar, C., Prakash, P., Park, J. H., & Thamaraiselvi, K. (2017). Inhibitory effects of
reserpine against efflux pump activity of antibiotic resistance bacteria. Chem. biol. lett, 4(2),
69-72.

Stander, E. A., Lehka, B., Carqueijeiro, 1., Cuello, C., Hansson, F. G., Jansen, H. J., & Courdavault, V.
(2023). The Rauvolfia tetraphylla genome suggests multiple distinct biosynthetic routes for
yohimbane monoterpene indole alkaloids. Communications Biology, 6(1), 1197.

Strawbridge, R., Javed, R. R., Cave, J., Jauhar, S., & Young, A. H. (2023). The effects of reserpine on
depression: A systematic review. Journal of Psychopharmacology, 37(3), 248-260.

Stryker, Z. 1., Rajabi, M., Davis, P. J,, & Mousa, S. A. (2019). Evaluation of angiogenesis
assays. Biomedicines, 7(2), 37.

Subramanyam, K., Subramanyam, K., Rajasekhar, P., Reddy, C. S., & Anil, N. (2013) Assessment of
Genetic Diversity among Rauvolfia serpentina Accessions Using Random Amplified
Polymorphic DNA (RAPD) Markers. Medicinal and Aromatic Plant Science and
Biotechnology, 7(1), 28-32.

Suffredini, 1.B., Sader, H.S., Gongalves, A.G., Reis, A.O., Gales, A.C., Varella, A.D. and Younes, R.N.
2004. Screening of antibacterial extracts from plants native to the Brazilian Amazon Rain Forest
and Atlantic Forest. Brazilian Journal of Medical and Biological Research. 37: 379-384.

Siintar, 1. (2020). Importance of ethnopharmacological studies in drug discovery: role of medicinal
plants. Phytochemistry Reviews, 19(5), 1199-12009.

Suresh, K., Babu, S. S., & Harisaranraj, R. (2008). Studies on in vitro antimicrobial activity of ethanol
extract of Rauvolfia tetraphylla. Ethnobotanical leaflets, 12, 586-590.

Sveen, L. R., Timmerhaus, G., Krasnov, A., Takle, H., Handeland, S., & Ytteborg, E. (2019). Wound
healing in post-smolt Atlantic salmon (Salmo salar L.). Scientific reports, 9(1), 3565.

Sveen, L. R., Timmerhaus, G., Krasnov, A., Takle, H., Stefansson, S. O., Handeland, S. O., & Ytteborg,
E. (2018). High fish density delays wound healing in Atlantic salmon (Salmo salar). Scientific
reports, 8(1), 16907.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

222



Reference

Swargiary, A., & Roy, M. K. (2021). Antioxidant properties and in vitro effects on amphistomes of
certain medicinal plants of Assam, 89-101.

Tajner-Czopek, A., Gertchen, M., Rytel, E., Kita, A., Kucharska, A. Z., & Sokot-Letowska, A. (2020).
Study of antioxidant activity of some medicinal plants having high content of caffeic acid
derivatives. Antioxidants, 9(5), 412.

Tanga, A. J., Yan, G. R., & Zhenga, C. B. (2024). Effects of various pre-treatments on dormancy-break
and seed germination of Saussurea veitchiana (Asteraceae), an endemic medicinal herb of
southwest China. Seed Science and Technology, 52(1), 11-16.

Tasleem, M., Alrehaily, A., Almeleebia, T. M., Alshahrani, M. Y., Ahmad, I., Asiri, M., & Saeed, M.
(2021). Investigation of antidepressant properties of yohimbine by employing structure-based
computational assessments. Current Issues in Molecular Biology, 43(3), 1805-1827.

Telega, L. M., Berti, R., Blazhenets, G., Domogalla, L. C., Steinacker, N., Omrane, M. A., Meyer PT,
Coenen VA, Eder AC, & Dobrossy, M. D. (2024). Reserpine-induced rat model for depression:
Behavioral, physiological and PET-based dopamine receptor availability validation. Progress
in Neuro-Psychopharmacology and Biological Psychiatry, 111013.

Tettevi, E. J., Kuevi, D. N. O., Sumabe, B. K., Simpong, D. L., Maina, M. B., Dongdem, J. T., & Ocloo,
A. (2024). In Silico Identification of a Potential TNF-Alpha Binder Using a Structural
Similarity: A Potential Drug Repurposing Approach to the Management of Alzheimer’s
Disease. BioMed Research International, 2024.

Thakur, R., Jain, N., Pathak, R., & Sandhu, S. S. (2011). Practices in wound healing studies of
plants. Evidence-based complementary and alternative medicine, 2011.

Thomas, V., & Dave, Y. (1990). Structure and Development of Drupe in Rauvolfia tetraphylla
|. Nelumbo, 32(1-4), 145-150.

Thorpe, T. A. (2007). History of plant tissue culture. Molecular biotechnology, 37, 169-180.

Timmins, P. (1974). Root alkaloids of Rauwolfia oreogiton. Planta Medica, 26(06), 170-173.

Torrens-Spence, M. P., Chiang, Y. C., Smith, T., Vicent, M. A., Wang, Y., & Weng, J. K. (2020).
Structural basis for divergent and convergent evolution of catalytic machineries in plant
aromatic amino acid decarboxylase proteins. Proceedings of the National Academy of
Sciences, 117(20), 10806-10817.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

223



Reference

Torrens-Spence, M. P., Lazear, M., von Guggenberg, R., Ding, H., & Li, J. (2014). Investigation of a
substrate-specifying residue within Papaver somniferum and Catharanthus roseus aromatic
amino acid decarboxylases. Phytochemistry, 106, 37-43.

Tripathi, M. K., Tiwari, G., Tiwari, S., Tripathi, N., Mishra, N., Tomar, Y. S., Uikey, D. S., & Tiwari,
S. (2022). Plant regeneration in Rauvolfia serpentina (L.) Benth via organogenic mode. book:
Research Aspects in Biological Science, 7, 124-155.

Tripathi, S., V. Prakash, and V. Morya, (2022). An overview of Natural Medicinal Plant Extraction,
Isolation and Characterization Methods in Improvement of Medicinal Research. International
Journal of Scientific Development and Research, 7(11): 842-856.

Tsuji, J. (2002). Transition metal reagents and catalysts: innovations in organic synthesis. John Wiley
& Sons.

Tuite, J. 1969. Plant pathological methods — fungi and bacteria. Burgess publishing Company,
Minneapolis. 231p.

Tung, N. K. T., Dung, D. T., Kiem, P. V., Hang, D. T. T., Nhiem, N. X., The, N. V., & Tai, B. H.
(2024). Alkaloids and Lignans from the Aerial Parts of Rauvolfia tetraphylla Inhibit NO
Production in LPS-activated RAW 264.7 Cells. Chemistry & Biodiversity, e202302123.

Twilley, D., Rademan, S., & Lall, N. (2020). A review on traditionally used South African medicinal
plants, their secondary metabolites and their potential development into anticancer
agents. Journal of ethnopharmacology, 261, 113101.

Uniyal, S. K., Singh, K. N., Jamwal, P., & Lal, B. (2006). Traditional use of medicinal plants among
the tribal communities of Chhota Bhangal, Western Himalaya. Journal of ethnobiology and
ethnomedicine, 2, 1-8.

Van de Velde, F., Esposito, D., Grace, M. H., Pirovani, M. E., & Lila, M. A. (2019). Anti-inflammatory
and wound healing properties of polyphenolic extracts from strawberry and blackberry
fruits. Food research international, 121, 453-462.

Van Wyk, B. E., & Wink, M. (2018). Medicinal plants of the world. CABI

Vaou, N., Stavropoulou, E., Voidarou, C., Tsigalou, C., & Bezirtzoglou, E. (2021). Towards advances
in medicinal plant antimicrobial activity: A review study on challenges and future
perspectives. Microorganisms, 9(10), 2041.

Varma, A., Padh, H., & Shrivastava, N. (2007). Plant genomic DNA isolation: an art or a
science. Biotechnology Journal: Healthcare Nutrition Technology, 2(3), 386-392.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

224



Reference

Verma, A., Malik, C. P., Gupta, V. K., & Sinsinwar, Y. K. (2009). Response of groundnut varieties to
plant growth regulator (BAP) to induce direct organogenesis. World Journal of Agricultural
Sciences, 5(3), 313-317.

Verma, O. P. (2017) Comparative study of alkaloids from different parts of Ravolfia tetraphylla,
Journal of Pharmacognosy and Phytochemistry, 770-772.

Verma, R. K., Gupta, S., Gupta, M. M., & Srivastava, S. K. (2012). A simple isocratic HPLC method
for the simultaneous determination of antipsychotic indole alkaloids in Rauwolfia
tetraphylla. Journal of liquid chromatography & related technologies, 35(7), 937-950.

Vezikov LV, Simpson M. Plant Alkaloids Toxicity. 2023 Apr 29. In: StatPearls [Internet]. Treasure
Island (FL): StatPearls Publishing; 2024 Jan—. PMID: 36508538.

Vijay, K. R, Patil, U., & Patil, S. B. (2016). In vitro antioxidant activity of Rauvolfia tetraphylla L.
leaf and fruit extracts. Journal of Applied Pharmaceutical Science, 6(10), 34-38.

Villar, R., Calleja, J. M., Morales, C., & Céaceres, A. (1997). Screening of 17 Guatemalan medicinal
plants for platelet antiaggregant activity. Phytotherapy Research: An International Journal
Devoted to Medical and Scientific Research on Plants and Plant Products, 11(6), 441-445.

Vimalraj, S., Pichu, S., Pankajam, T., Dharanibalan, K., Djonov, V., & Chatterjee, S. (2019). Nitric
oxide regulates intussusceptive-like angiogenesis in wound repair in chicken embryo and
transgenic Zebrafish models. Nitric Oxide, 82, 48-58.

Vinay, K. N., Lakshmi, V. V., & Satyanarayan, N. D. (2015). HPTLC fingerprint profile of n-hexane
extract of Rauwolfia tetraphylla Linn. International Journal of Pharmacy and Analytical
Research, 4(4), 411-417.

Vinay, K. N., Lakshmi, V. V., Satyanarayan, N. D., & Anantacharya, G. R. (2016). Antioxidant
Activity of Leaf and Fruit Extracts of Rauwolfia tetraphylla Linn. International Journal of
Pharmaceutical sciences and research, 7(4), 1705 -17009.

Vinay, S. P., Nagaraju, G., Chandrappa, C. P., & Chandrasekhar, N. (2019). Rauvolfia tetraphylla
(devil pepper)-mediated green synthesis of Ag nanoparticles: applications to anticancer,
antioxidant and antimitotic. Journal of Cluster Science, 30, 1545-1564.

Vinay, S. P., Nagarju, G., Chandrappa, C. P., & Chandrasekhar, N. (2019). Enhanced photocatalysis,
photoluminescence, and anti-bacterial activities of nanosize Ag: green synthesized via

Rauvolfia tetraphylla (devil pepper). SN Applied Sciences, 1, 1-14.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

225



Reference

Vinay, S.P., Nagaraju, G., Chandrappa, C.P. and Chandrasekhar, N. 2019. Rauvolfia tetraphylla (Devil
Pepper)-mediated green synthesis of Ag nanoparticles: applications to anticancer, antioxidant
and antimitotic. Journal of Cluster Science. 30(6): 1545-1564

Vitta kavya, Raju darla, Narra Pavan Kalyan, H.Nandini Bai, N. Kavitha. (2021). Recent Advances of
Plant Tissue Culture in Pharmaceuticals and Opportunities. International Journal of Allied
Medical Sciences and Clinical Researchl, 9(2): 320-335.

Wagner, H. 1993 Pharmazeutische Biology, 5" Edition, AUFI. 15 BN 3-437-20 498-X. Gustav fisher
Vwelag, Stuttgart, Germany.

Wagner, H., X.S. Bladt, Z. Gain and E.M. Suie. 1996. Plant drug analysis. Springer Veralag, Berlin,
Germany, 360p.

Waldi, D. 1965. Spray reagents for Thin Layer Chromatography. In Egon Stahl (Ed.). Thin Layer
Chromatography- A Laboratory handbook. Academic press Inc., Publishers, New York, U.S.A.
491.

Wallace AC, Laskowski RA, Thornton JM (1995) LIGPLOT: a program to generate schematic
diagrams of protein-ligand interactions. Protein Eng Des Sel 8(2): 127-134.

Wang, H., Liu, J., Li, T., & Liu, R. H. (2018). Blueberry extract promotes longevity and stress tolerance
via DAF-16 in Caenorhabditis elegans. Food & function, 9(10), 5273-5282.

Wang, Q., Zhang, L., & Pang, P. (2023). Dihydrokaempferol attenuates LPS-induced inflammation
and apoptosis in WI-38 cells. Allergologia et Immunopathologia, 51(6), 23-29.

Wani, S., Kaloo, Z. A., Shah, M. A., & Banday, S. (2018). Influence of explant and plant growth
regulators on callus mediated regeneration in Lavatera cashmeriana, Cambess. Journal of
Pharmacognosy and Phytochemistry, 7(3), 326-336.

WHO. The WHO Traditional Medicine Strategy 2014-2023: A perspective December 2014Science
346(6216):S5-S6

WHO. World Health Organization. General Guidelines for Methodologies on Research and Evaluation
of Traditional Medicine. 2000.

Wu, H., Jiang, F., Yuan, W., Zhao, Y., Liu, N., & Miao, X. (2024). Rauwolfia polysaccharide can
inhibit the progress of ulcerative colitis through NOS2-mediated JAK2/STAT3 pathway. Plos
one, 19(4), e0301660.

Xhulaj, D. B., & Doriana, B. (2019). Effect of plant growth regulators on In Vitro plant regeneration
of wheat (Triticum aestivum L.) from embryo explants. J. Anim. Plant Sci, 29, 1616-1621.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

226



Reference

Yadav, A., & Mohite, S. (2020). Screening of In-vitro anti-inflammatory and Antibacterial assay of
Malvastrum  Coromandelianum. International Journal of Pharma Sciences and
Research, 11(4), 68-70.

Yamazaki, Y., Sudo, H., Yamazaki, M., Aimi, N., & Saito, K. (2003). Camptothecin biosynthetic genes
in hairy roots of Ophiorrhiza pumila: cloning, characterization and differential expression in
tissues and by stress compounds. Plant and Cell Physiology, 44(4), 395-403.

Yamin, R., Mistriyani, S., Ihsan, S., Armadany, F. I., Sahumena, M. H., & Fatimah, W. O. N. (2020).
Determination of total phenolic and flavonoid contents of jackfruit peel and in vitro antiradical
test. Food Res, 5(1), 84-90.

Yaseen, H. S., Asif, M., Saadullah, M., Mahrukh, Asghar, S., Shams, M. U., & Yaseen, M. (2020).
Methanolic extract of Ephedra ciliata promotes wound healing and arrests inflammatory
cascade in vivo through downregulation of TNF-a. Inflammopharmacology, 28, 1691-1704.

Yeasmin, S., Banu, T. A., Goswami, B., Sarkar, M. M. H., Jahan, I., Habib, A., & Akter, S. (2022). In
vitro Regeneration of Strawberry Plant from Leaf Explants via Callus Induction. Plant Tissue
Culture and Biotechnology, 32(1), 67-75.

Yogeshwari, G., Jagruthi, C., Anbazahan, S. M., Mari, L. S. S., Selvanathan, J., Arockiaraj, J., &
Ramasamy, H. (2015). Herbal supplementation diet on immune response in Labeo rohita
against Aphanomyces invadans. Aquaculture, 437, 351-359.

Zahid, M., Lodhi, M., Afzal, A., Rehan, Z. A., Mehmood, M., Javed, T., & Dessok, E. S. (2021).
Development of hydrogels with the incorporation of Raphanus sativus L. seed extract in sodium
alginate for wound-healing application. Gels, 7(3), 107.

Zhang, J., Hu, C., Li, X., Liang, L., Zhang, M., Chen, B., ... & Yang, D. (2021). Protective effect of
dihydrokaempferol on acetaminophen-induced liver injury by activating the SIRT1
pathway. The American Journal of Chinese Medicine, 49(03), 705-718.

Zhang, Y., Yan, G., Sun, C., Li, H., Fu, Y., & Xu, W. (2018). Apoptosis effects of dihydrokaempferol
isolated from Bauhinia championii on synoviocytes. Evidence-Based Complementary and
Alternative Medicine, 2018.

Zhao, D., Hamilton, J. P., Pham, G. M., Crisovan, E., Wiegert-Rininger, K., Vaillancourt, B., & Buell,
C. R. (2017). De novo genome assembly of Camptotheca acuminata, a natural source of the

anti-cancer compound camptothecin. Gigascience, 6(9), gix065.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

227



Reference

Zheng, Y., Chen, M., Yang, C., Ming, X., Liu, X,, Lan, X., & Liao, Z. (2011). Cloning and
Characterization of 'MECS' and 'HDS' Genes from Rauvolfia verticillata. Plant Omics, 4(2),
82-90.

Zhou, Z., Chen, B., Chen, S., Lin, M., Chen, Y., Jin, S., Chen, W. & Zhang, Y. (2020). Applications
of network pharmacology in traditional Chinese medicine research. Evidence-Based
Complementary and Alternative Medicine, 2020.

Zingue, S., Njuh, A. N., Tueche, A. B., Tamsa, J., Tchoupang, E. N., Kakene, S. D., & Njamen, D.
(2018). In vitro cytotoxicity and in vivo antimammary tumor effects of the hydroethanolic
extract of Acacia seyal (Mimosaceae) stem bark. BioMed Research International, 2018.

Zirihi, G. N., Mambu, L., Guédé-Guina, F., Bodo, B., & Grellier, P. (2005). In vitro antiplasmodial
activity and cytotoxicity of 33 West African plants used for treatment of malaria. Journal of
ethnopharmacology, 98(3), 281-285.

Zwadlo-Klarwasser, G., Gorlitz, K., Hafemann, B., Klee, D., & Klosterhalfen, B. (2001). The
chorioallantoic membrane of the chick embryo as a simple model for the study of the angiogenic
and inflammatory response to biomaterials. Journal of Materials Science: Materials in
Medicine, 12, 195-199.

Enhancing In vitro Propagation Efficiency and Exploring Wound Healing Therapeutic Potential of Rauvolfia tetraphylla L.: A Multifaceted Approach

228



@

Avinashilingam Institute for Home Science and Higher Education for Women

Deemed to be University Estd. u/s 3 of UGC Act 1956, Category A by MHRD
Re-accredited with A++ Grade by NAAC. CGPA 3.65/4, Category | by UGC
Coimbatore - 641 043, Tamil Nadu, India

(Reg. No. 623/PO/ReBi/S/02/CCSEA)

Certificate

This is to certify that the project proposal no AIW:IAEC.2023:10 entitled In vitro Plant
Regeneration of an endangered medicinal plant of Rauvolfia tetraphylla L. and its Biological
activities submitted by Ms. Lavanya N has been approved/recommended by the IAEC of
Avinashilingam Institute for Home Science and Higher Education for Women, Coimbatore
(Organization) in its meeting held on 14/03/2023 (date) and 50 Nos Zebra fish (Danio rerio) and
TL/Ek (Fish) (Number and Species if animals) have been sanctioned under this proposal for a
duration of next 12 months.

Authorized by Name Signature Date

Chairman: Dr. Anitha Subash GPD: s swnsaupiasns  Swmasomwssbonmns se

Member Secretary: Dr. R. Nirmaladevi @ 1?' }(-HBJ)'OlK

Main Nominee of Dr. V. M. Berlin Grace i ).{(J,".'T ........ .Z/:f .'f.('j::j’.'.'-.‘":w}l\;ﬁ
CCSEA:




Avinashilingam Institute for HomeScience and Higher Education for Women
(Deemed to be University Estd. u/s 3 of UGC Act 1956, Category ‘A’ by MHRD
Re-accredited with A++ Grade by NAAC. CGPA 3.65/4, Category I by UGC
Coimbatore - 641 043, Tamil Nadu, India

Appendix L2

(Item No 5 of
Check List) Details of Research
Publications
S.No Article Journal Other Detalls | Published In UGC-
Vol/No/Page | CARE /Scopus
No/ Year Indexed/ Web of
Science
! Functional dhawmcten zatign
of Promiscrong Souswel of &
206le L) Se oP«s
Eryptophan decavborylud o 4 d
irdele allcateids Sm.‘ ; 2024
s, Raatlfia L)mvevsda . Crenn)
{&M[‘,‘”’u’ l. Science .
2 shsi‘sl»\fi Of The Jouwmal
V\((vepoaoﬂon,fmaﬁc o plant 40 (1) UGie - CARE
Qm tu.(( ard Plant Sltence (- 29 G\‘bour: A
e et |Resea | 200
PQM{ Rowwa(.fﬂ'o.
-tg{'vop‘-\:(ut L.,

*Proof of list of Journals from Internct to be attached along with copies of reprints.

Scholar : -
Supérvisor :L,/ﬁ/ b ) M
| o o\ o \}Qr\ :

Checked By:

HoD/Dean of Respective School

s



Tre scholan Miss. lovonga, N Rob publiched fios anticle.

) Hha,-ﬁbu9uﬁﬁa éou&noiéi

. Touswnal & kf.n:a Saud Unlx/ensi%_ el o
Science - 1& ndexed 1n Scopurt Faom 2009 ¢ }xﬁ&emi

. TRe Jouwwnal 4 Plonk Swence Resemsch - it indoxed

wvd actve n Ude Casie Gocosp T faom Seplerben 2019

s Psmenk She 3@%\ acceptonce. For Peor paper— Forom /ﬁ‘ws

}OWU,OL. Moulr vesified.

Ther be Considere.
o 3 3=

o5 Ok- 222




Jour Pl Sci Res 40 (1) 1-27 2024

Insights of Micropropagation, Somatic Embryogenesis and Plant Regeneration from
an Endangered Medicinal Plant Rauvolfia tetraphylla 1.
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Murugavelu' and Swarna Lakshmi Selvaraj’

!Department of Botany, Avinashilingam Institute for Home Science and Higher Education for Women,
Coimbatore, Tamil Nadu, India.
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Rauvolfia tetraphylla L. is a medicinal plant renowned for its pharmacological properties, faces threats
due to habitat destruction and over-exploitation. This study targeted to explore micropropagation
techniques to mitigate these challenges and investigated seed germination, callus formation from
various explants, direct organogenesis, and somatic embryogenesis. Surface sterilization methods were
optimized to enhance seed germination rates. The seed coat is hard it prevents the seed germination,
to overcomethe seed dormancy and the seeds were treated with 4°C for 48 hours. The germination of
83.33% was achieved after the partial seed coat removal. Callus formation was induced from leaf, node,
internode, and root explants using different hormone combinations. Maximum callus formation was
observed on MS medium amended with 2,4-dichlorophenoxyacetic acid and 6 — benzyl amino- purine
(2,4-D+BAP) in all explants. Hormone combinations also influenced direct root and shoot formation,
with higher concentrations promoting greater responses. Somatic embryogenesis was induced in leaf and
root explants using 2,4-D and BAP. Optimal concentrations (1.5 mg/L each) resulted in the formation
of globular stage embryos. Histological analysis revealed distinct cellular processes during somatic
embryogenesis, including embryo differentiation. It emphasizes the importance of hormone optimization
and provides insights into the stomatic embryogenesis driving the plant regeneration in R. tetraphylia,
offering valuable contributions to tissue culture protocols and conservation efforts for the endangered
medicinal plant.

Keywords: Rauvolfia tetraphylla, Micropropagation, Plant growth regulator, Somatic embryogenesis,
Histology.

INTRODUCTION wide range of medicinal properties Bapat et al, (2023);
Betiil, (2020). There has been an increasing interest
in the use of plant tissue culture for the conservation
of endangered plant species found in tropical forests,
wetlands, and deserts. Coelho et al, (2020) discussed
the several techniques used for the conservation of
endangered plant species through tissue culture.
It has become an essential tool in many areas of
plant science, including plant breeding and genetic
engineering, enhancement of secondary metabolites

and conservation of endangered plant species as well

Plant tissue culture is a method of growing plant
cells, tissues or organs in a controlled environment
on a nutrient culture medium. It is a widely used
technique in plant breeding, genetic engineering
and biotechnology Hussain et al, (2012). The
significant applications of plant tissue culture is
in the micropropagation of plants Caponetti et al,
(2018). Micropropagation is the process of producing
many genetically identical plants from a small piece
of tissue. This technique is especially useful for the

propagation of rare and endangered plant species, as
well as for the commercial production of ornamental
plants and fruits. Chokheli et al, (2020).

Ithas also been used in the production of secondary
metabolites such as alkaloids, flavonoids, terpenoids,
and phenolic compounds. These compounds are used
in the pharmaceutical and food industries and have a
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as in the production of genetically modified crops,
ornamental plants and fruits Tripathi et al, (2021).

Rauvolfia tetraphylla L. is a medicinal plant
belonging to the family Apocynaceae. It is native to
India and other parts of Southeast Asia. The plant is
widely used in traditional medicine to treat various
ailments such as hypertension, mental disorders, fever,
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and malaria. The major bioactive compounds found in
R. tetraphylla are indole alkaloids, which are known
to have various pharmacological properties such as
hypotensive, sedative, antipsychotic, antimicrobial,
anti-inflammatory, and anti-cancer activities. The
plant contains several important alkaloids, including
reserpine, ajmaline, and serpentine, which have
been extensively studied for their pharmacological
properties Mahalakshmi et al, (2019).

The plant faces threats due to habitat destruction
and over-exploitation for medicinal purposes. Its
shrubby nature and restricted distribution increase its
vulnerability to human activities Hoque et al, (2020).
The dependence of pharmaceutical companies on
resources from wild plants contributes to the rapid
decline of this endangered species Nair et al, (2013).
The combination of indiscriminate collection and
limited cultivation has resulted in its scarcity, leading
to its endangered status in India Swarup & Arora,
(2000). In Previous study Anitha et al, (2023);
Faisal et al, (2006); Faisal & Anis, (2002) in vitro
plant regeneration of R. fetraphylla were evaluated,
but there have been no reports of somatic embryo
formation from callus culture.

The aim of the study is focusing on the
medicinal significance of R. tetraphylla and explored
micropropagation. The study is not only investigated
the germination potential of naturally occurring seeds
but also developed an effective protocol for in vitro
seed germination and regeneration of R. tetraphylla.
There is a lack of extensive information regarding
the optimization of in vitro somatic embryogenesis of
R. tetraphylla. This study represent the first report
on the histology of somatic embryogenesis in
R.tetraphylia.

MATERIALS AND METHODS

Collection of Plant Source

Rauvolfia tetraphylla seeds were collected from Top
slip, Pollachi, Western ghats, Coimbatore, Tamil
Nadu, India.

Preparation of Tissue Culture Media

To prepare the Murashige and Skoog (MS) (1962)
medium for tissue culture, a mixture of six stock
solutions was thoroughly combined with sterile
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distilled water. Sucrose (30 g/L) and 0.1% meso-
inositol (100 mg/L) were added, along with the
necessary plant growth hormones. The pH of the
medium was adjusted to 5.7 using 1N HCI or NaOH
before autoclaving. Agar (8 g/L) was added to solidify
the medium, which was then poured into culture vials
and autoclaved at 15 Ib pressure for 15 minutes at
121 °C.

Auxins - 2,4-D (2,4-dichlorophenoxyacetic acid),
IAA-(Indole -3- acetic acid) and IBA (Indole -3-
butyric acid) and cytokinin’s - BAP (6 —benzyl amino-
purine) and KIN —Kinetin (6-furfurylaminopurine)
are the plant growth hormone were prepared and
stored at 4 °C.

Seed Inoculation

The in vitro seed germination begins where the
seeds were surface sterilization by adding 2-3 drops
of Tween-20 and shaking them continuously for
10 minutes. Then, they were rinsed with sterilized
distilled water. Followed by the seeds were immersed
in 1% Sodium hypochlorite solution for 10-20
minutes and washed with sterilized distilled water
2-3 times. Subsequently, the seeds were treated with
a 0.1% HgCl, solution by gently shaking them for
1-3 minutes and washed 3-5 times with distilled
water. Afterward, the sterilized seeds were placed
in a sterilized glass bottle containing autoclaved
distilled water and incubated at 4 °C for 2 days. A
small incision was made at a side of the seeds, were
inoculated on MS basal medium without plant growth
regulators (PGRs) and to facilitate seed germination.

Callus Induction and Development

For callus induction, fully expanded leaf, node,
internode and root explants of R. tetraphylla
(6-month-old) were inoculated on MS medium with
various PGRs such as auxin (IAA, IBA, 2,4-D),
cytokinin’s (BAP and KIN) and their concentration
(0.5-2.5mg/L). The cultures were incubated at 25+2
°C and 16/8 hrs. (light/dark) photoperiod of cool
white light was provided from 2000 lux fluorescent
tubes. The initiation of these inoculated explants was
observed after 7" day onwards. The induced calli
were sub-cultured at an interval of 21 days on the
same medium. Data on callus induction from three
replicates were recorded.
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Direct Root Induction in Leaves and Node

Leaf and node explants were inoculated on MS
medium supplemented with IAA, 2,4-D+BAP,
IAA+BAP and IBA+BAP for direct root induction
from the explants. Data on direct root induction from
leaves and node from three replicates were recorded.

Multiple Shoot Formation

Node explant of R. tetraphylla was inoculated on
MS medium amended with various concentration
and combination of growth hormones such as
BAP, 2,4-D+BAP, IAA+BAP and KIN+BAP are
used for direct shoot induction without intervening
callus. Developed shoot were sub-cultured on fresh
MS medium every 28 days with the same growth
regulators for further shoot elongation.

Histological Analysis

Histological studies were evaluated on somatic
embryogenesis of leaf explant from R. tetraphylla
at 10™, 20™, 30™, 40", 50%, 60" and 70" days. The
samples were fixed on FAA solution contain 95%
ethyl alcohol: glacial acetic acid: formaldehyde:
water (10:1:2:7) for 48 hrs (Liao & Wu, 2011). The
samples were dehydrated in tertiary-butyl-alcohol
and 70% alcohol (60%, 70%, 80%, 90% &100%) for
12hrs each and infiltrated by xylene in the oven at
50 °C. Then the samples were embedded in paraffin
wax and blocks were sectioned using microtome. The
sections were stained with 1% safranin and observed
under light microscope.

Statistical Analysis

All the in vitro analysis were done in triplicate and the
statistical software SPSS was used for the statistical
analysis. P value < 0.05 was considered significant.

RESULTS AND DISCUSSION
Surface Sterilization of Seeds

The effect of surface sterilization on R. fetraphylia
seeds using Sodium hypochlorite (NaHCl,) at a
concentration of 1% and Mercuric chloride (HgCl,)
at a concentration of 0.1% was investigated. The
maximum 98.44% percentage of sterile plantlets
were observed when seeds were treated with 20
min NaHCI, and 3 min of HgCl, of R. tetraphylla
(Table 1a). By effectively eliminating contaminants,

the sterilization process improves the chances of
successful germination and subsequent growth,
ensuring the production of healthy and viable plants.

Similarly Bharti et al, (2018) investigated
the sterilization of NaHCI, on tomato plants and
maximum was achieved using 10% NaHCI, for 8
minutes on true leaf (77.08%) and epicotyl (66.66%),
10 minutes on hypocotyl (74.30%), and 6 minutes
on cotyledon (61.80%). In the same way, Ramandi
et al, (2019) focused on Catharanthus roseus (L.) and
emphasized the importance of surface sterilization
using NaHCI, and HgCl,. It observed a combination
of 5% NaHCI, for 10 minutes and 0.3% HgCl, for 6
minutes resulted in significantly lower contamination
percentages (14.66%) compared to the control
(94.66%).

Darkazanli and Kiseleva (Darkazanli &
Kiseleva, 2021) determined sterilization of NaHCI,
on the germination rate of Phaseolus vulgaris and
Pisum sativum seeds. It revealed that increasing
the concentration of NaHCI, and prolonging the
immersion times had detrimental effects on the seeds,
resulting in a darkened appearance and a decline in
the germination rate. Optimal germination, with
a rate of 100% was achieved when the seeds were
immersed in 20% NaHCI, for 5 minutes. Surface
sterilization reduce microbial contamination,
increase the percentage of sterile plant materials,
promote successful in vitro culture establishment
and isolation of endophytic bacteria. Optimization
of the sterilization protocols based on specific
concentrations and time duration enhances the in vitro
germination percentage and viability of the seedlings.

Seed Germination

Seed germination of R. tetraphylla aimed to improve
the seeds germination rate, which have a naturally
hard seed coat that hinders germination. A slight cut
on a side of sterilized seed and removed the hard seed
coat. Uncut seeds were used as a control. Prior to
cutting, the seeds endured a cold treatment at 4 °C for
2 days. Cold-treated, pre-cut seeds were inoculated
on MS basal medium without any PGRs. Seed
germination percentage were observed that 83.33%
(Table 1b) at 7" day of inoculation. In contrast, the
uncut seeds did not germinate due to the presence
of the hard seed coat. (Fig.1) in the study depicts
various stages of in vitro seed germination and the
development of plantlets.

The Journal of Plant Science Research



4 Lavanya Nallasamy, Amutha Swaminathan, Deepika Krishnamoorthy, Girija Sangari Murugavelu

and Swarna Lakshmi Selvaraj

g

Fig. 1: Seed Culture of Rauvolfia tetraphylla (a) On the day; (b) 7™ day; (c) 17* day; (d) 27® day;
(e) 34™ day; (f) 55" day; (g) 77 day; (h) 105" day; (i) 124 day; (j) 152 day; (k) 184" day

The cold treatment played a significant role in
break seed dormancy and facilitated germination by
seizing the barrier of the seed coat. It concluded that
the hard seed coat is indeed a significant obstacle for
seed germination in R. fetraphylla. In the previous
research, Hoque et al, (2020) achieved the in vitro
seed germination for R. fetraphylla and exposed
cold-treated for 7 to 10 days, then the pre-cut seeds
were inoculated on agar-solidified MS medium with
3% sucrose without any PGRs and noted that 78.00%
of the seeds were germinated. Similarly, in this
present study, the seeds were exposed only 2 days of
cold conditions, maximum germination percentage
of 88.00% was achieved.

Callus Induction and Development

In vitro callus were raised from leaf, node, internode
and root and inoculated on MS medium supplemented
with various growth hormone such as IAA, IBA, 2,4-

The Journal of Plant Science Research

D, BAP, KIN and combination of these hormones at
different concentration and exhibited initial response
approximately after 7 days of culture, there was
characterized by dedifferentiation and multiplication
of parenchymatous cells and formation of mass of
undifferentiated cells under the controlled conditions.
MS basal medium was used as a control and did not
elicit any response from the explants.

Callus Formation from Leaf Explants

The table 2a presents the percentage of callus
formation observed in leaf explants when treated with
various hormone combinations and concentrations.
The results (Fig. 2a) demonstrate the impact of
different hormone treatments on callus induction.
The maximum callus formation of 88.62% was
observed in leaf explants on MS medium with
2,4-D+BAP (2.5 mg/L each). It indicates that the use
of specific hormone combinations and concentrations
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significantly influenced callus formation in leaf
explants. In arelated study, Nabi et al, (2018) analysed
leaf explants of Spilanthes acmella L. are found that
a combination of 2,4-D (0.5-2.0 mg/L) with 0.5
mg/L of BAP induced a maximum callus formation

(70.5%) on MS medium containing 1.5 mg/L 2,4-D
+ 0.5 mg/L BAP. In this study, the highest response
was observed at a concentration of 2.5 mg/L for both
2,4-D and BAP.

Fig. 2a: Effect of different plant growth hormones on callus formation from leaf
of Rauvolfia tetraphylla L.

Callus formation (a) 15" day (b) 27" day (c) 45" day (d) 60" day (e) 75™ day of inoculation on MS +
2,4D+BAP (f) MS medium with IAA+ 24D after 12 weeks of culture (g) MS medium with ITAA+IBA
after 12 weeks of culture.

In the same way, Copeland et al, (2020)
investigated callus formation in leaf explants of
Crinum americanum L and highest callogenesis
(71.67%) were observed in a MS medium with 2,4-

D (2.5 mg/L) and BAP (10 mg/L). The effectiveness
of 2,4-D as an auxin in stimulating and improving
callogenesis in vitro is well-established. Similarly, the
results obtained in this study support the stimulatory

The Journal of Plant Science Research
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effect of 2,4-D on callogenesis induction in leaf
explants of R. tetraphylla, the maximum percentage
of callus induction (67.22%) was observed at 2.5
mg/L 2,4-D. Nurwahyuni et al, (2020) analysed
an callus culture in Styrax benzoin and maximum
callus formation 76.25% was achieved in young leaf
explants at 3 mg/L BAP and NAA in MS medium.
Furthermore, Yeasmin et al, (2022) demonstrated
callus formation in leaf explants of strawberry, with
the highest response (77.1%) observed in the MS
medium with 2.0 mg/L BAP and 0.5 mg/L IBA.

Callus Formation from Node Explants

The (Table 2b) presents the percentage of callus
formation observed in node explants of R. tetraphylila
when treated with different PGRs at wvarious
concentrations. The results (Fig. 2b) demonstrate
the effect of these hormones on callus induction in
node explants. The combinations of PGRs enhanced
callus induction compared to individual hormone
treatments. The maximum callus formation of 83.45%
was observed in node explants when a combination
of 2,4-D+BAP (2.5 mg/L each).

Fig. 2b: Effect of different plant growth hormones on callus formation from node
of Rauvolfia tetraphylla L.

Callus formation (a) on 7" day of inoculation (b) 4™ week of subculture (c) MS medium with 2.5 mg/L of
2,4-D+BAP after 8 week of culture (d) MS medium with 2.5 mg/L of IAA+ 2,4-D after 8 week of culture (e) MS
medium supplemented with 2.5 mg/L of IBA+2,4-D after 8 weak of culture

The Journal of Plant Science Research



Insights of Micropropagation, Somatic Embryogenesis and Plant Regeneration from 7
an Endangered Medicinal Plant Rauvol fiatetraphylla L.

Nurokhman et al, (2019) analysed the impact
of PGRs on node explants of Gynura procumbens
(Lour.) Merr. and maximum callus induction were
obtained on MS medium at 2,4-D (0.1 mg/L) and
BAP (0.1 mg/L). The combination of 2,4-D and
BAP established remarkable callus formation in R.
tetraphylla compared to other growth hormones. Wani
et al, (2018) on Lavatera cashmeriana examined the
effect of PGRs on callus induction of node explants
exhibited 86.5% callus regeneration on 2,4-D (2.0
mg/L). In this study, the application of 2,4-D (2.5
mg/L) resulted in a callus formation percentage of
46.55% in the nodes of R. tetraphylla.

Callus Formation in Internode Explants

The (Table 2c) represents the percentage of
callus formation observed in internodal explants
of R. tetraphylla when treated with MS medium
at different concentrations of PGRs. The results
demonstrate a detailed relationship between the
concentrations of PGRs and the formation of
callus in internode (Fig. 2¢). The maximum callus
induction (79.66%) was exhibited on MS medium
with 2,4-D and BAP at 2.5+2.5 mg/L in internodal
explants of R. tetraphylia.

Fig. 2c: Effect of different plant growth hormones on callus formation from
internode of Rauvolfia tetraphylla L.

Callus formation of internodal explant of R. tetraphylla on (a) 15 days of inoculation (b) 4 weeks of culture (c)
6 weeks after culture (d) 8 weeks after inoculation on MS medium with 2.5 mg/L of 2,4-D + BAP (e) 8 weeks after
inoculation on MS medium with 2.5 mg/L of IBA +2 ,4-D

Hesami et al, (2018) explored callogenesis in
Ficus religiosa and investigated the effects of the
interaction of PGRs (2,4-D, BAP, IBA, NAA) on
MS medium in different explant (leaf, petiole, root,
internode). It revealed that a combination of 2,4-
D (0.5 mg/L) and BAP (0.05 mg/L) consistently
promoted the highest callus across all explants.
Nurokhman et al. (Nurokhman et al., 2019)
investigated callus induction of petiole explants in

Gynura procumbens at various combinations (2,4-
D, TAA, NAA, BAP, KIN) of PGRs and showed
maximum callus formation (100%) on MS medium
with NAA (0.5 mg/L) and BAP (0.5 mg/L).

Asmono (Asmono, 2020) assessed the internode
and leaf explants of Stevia rebaudiana Bertoni at
different concentrations of BAP (2, 3, and 4 ppm).
It revealed that both leaf and internode explants
exhibited a remarkable capacity for callus formation,

The Journal of Plant Science Research
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with a 100% success rate. The synergy between 2,4-D
and BAP proved highly effective PGRs in internode
of R. tetraphylla, enhancing the percentage of callus
formation in comparison to alternative combinations.

Callus formation from root explants

The root explants showed best response in MS
medium with various concentrations of PGRs. The
table 2(d) presents the percentage of callus formation
observed in root explants of R. fetraphylla when

treated with different PGRs. These results shed light
on the impact of these hormones on callus induction
in root explants (Fig. 2d). When combinations of
2,4-D+BAP (2.5 mg/L) observed maximum 84.11%
callus formation compared to other hormones in root
explants. Luciani et al, (2006) analysed the effect
of PGRs in root-tips of garlic and maximum callus
induction (56%) was observed in MS medium with
2,4-D+BAP (0.045 uM). In this study, 84.11% callus
formation from root of R. tetraphylla were achieved
on MS medium with 2,4-D and BAP (2.5mg/L each).

Fig. 2d: Effect of different plant growth hormones on callus formation from
Root of Rauvolfia tetraphylla L.

Callus formation of root explant on (a) 15 days of inoculation (b) 3 weeks of culture (c) 4 weeks after culture
(d) 6 weeks after inoculation (e) 8 weeks after inoculation MS medium with 2.5 mg/L of 2,4-D+BAP (f) 8 weeks
after inoculation on MS medium with 2.5 mg/L of BAP

The Journal of Plant Science Research
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Dar et al, (2021) employed callus cultures
from root explants of Atropa acuminata at various
concentrations of PGRs (BAP, NAA, Kn, and 2,4-
D) in MS media and maximum callus development
(100%) was achieved in BAP (0.5 mg/L) + NAA
(1.0 mg/L). Similarly, Basiri et al, (2022) analysed
callus induction of Eremurus spectabilis M. Bieb
using tuberous root explants. The maximum callus
induction 76.67% were achieved on MS medium
with BAP (10.0 mg/L). During this study, it found
that R. tetraphylla root exhibited 51.41% of callus
formation when cultured on MS medium with BAP
(2.5mg/L).

Direct organogenesis
a. Direct root induction in leaves

The effect of different PGRs on direct root
formation in leaf of R. tetraphylla were investigated
using IAA and a combination of 2,4-D, BAP and
IBA (Table 3a and Fig. 3a). The maximum root
formation 62.58% was observed in 1.5 mg/L IAA
and 0.5 mg/L BAP on MS medium compared to
other growth hormone (IAA, 2,4-D+BAP, and
IBA+BAP of R. tetraphylla.

Fig. 3a: Effect of different plant growth hormones on
direct root formation from leaf explants of Rauvolfia tetraphylla L.

(a) On 7™ day of inoculation on leaf explant (b) 15" day after inoculation (c) 3 weeks after culture
(d) 4 weeks of inoculation (e) 5 weeks of inoculation (f) 6 weeks of after culture

The Journal of Plant Science Research
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Similarly, Pandey et al, (2010) evaluated
the leaf of Rauwolfia serpentina (L.) Benth and
inoculated on MS medium supplemented with single
and combination PGRs. It revealed that the best
combination for inducing roots in R. serpentina using
the leaf explant was MS media supplemented with
para-amino benzoic acid (PABA) 1 mg/L, along with
NAA (4 mg/L). However, when the same combination
of PABA + NAA and IBA + NAA was used in liquid
MS medium observed poor regeneration rate with
smaller numbers of roots. In our study, IAA and
BAP combinations showed maximum root induction

in leaf explant of R. tetraphylla compared to other
hormones.

Direct root generation in node

The impact of PGRs on direct root formation in
node explants of R. fetraphylla were analysed using
different growth hormone such as TAA, 2,4-D + BAP,
TAA+BAP, and IBA + BAP (Table 3b and Fig. 3b).
The maximum root formation 83.16% was observed
in MS medium with IAA (1.5 mg/L) and BAP (0.5
mg/L) showed promising results of R. tetraphylla.

Fig. 3b: Effect of different plant growth hormones on direct root formation from
node explants of Rauvolfia tetraphylla L.

(a) on the day of inoculation of nodal explant (b) direct root formation in nodal explant after 3 weeks of
culture (c) 6 weeks of culture (d) 8 weeks of culture (e) rooting of in vitro regenerated shoots in MS medium
supplemented with 1.5 mg/L of IBA & 0.5 mg/L of BAP

In the same way (Rout, 2006) focused on
induction of rooting from node of Camellia sinensis
var. TV-20 under optimum condition. The nodal
cuttings endured pre-treatment with three different

The Journal of Plant Science Research

types of auxins (IAA, NAA, and IBA) at various
concentration. It was observed that IBA exhibited
a positive response of rooting compared to other
growth hormone (IAA and NAA). The maximum
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root percentage 92.6% was observed at 75 ppm IBA
on MS medium after 3 weeks. Furthermore, in our
study, a combination of IBA and BAP (2.5 mg/L)
demonstrated 63.16% root formation in node explants
of R. tetraphylia.

Direct shooting and Multiple shoot formation

To investigate the effect of different PGRs on direct
shooting and multiple shoot formation in nodal
explant of R. tetraphylla using BAP in combination

with 2,4-D, IAA, and KIN respectively (Table 4 a &
b). Results revealed that increasing concentrations
of BAP had a significant impact on both direct
shooting and multiple shoot formation (Fig. 4 a & b).
The combination of IAA and BAP on MS medium
established highest shoot formation 83.44% at 1.5
mg/L JAA+BAP. For multiple shoot formation, the
maximum percentages 88.44% at 1.5 mg/L IAA+BAP
on MS medium of R. tetraphylla compared to other
plant growth hormone.

Fig. 4a: Effect of different plant growth hormones on direct shoot induction from
nodal explants of Rauvolfia tetraphylla L.

Root formation of nodal explant (a) on the of inoculation (b) 3 weeks of culture (c) 4 weeks after culture (d) 5
weeks after inoculation (e) 6 weeks after inoculation

The Journal of Plant Science Research
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Fig. 4b: Effect of different plant growth hormones on multiple shoot induction from nodal
explants of Rauvolfia tetraphylia L.

(a) multiple shoot induction from nodal explant cultured on MS medium after 7" day of culture (b) multiple
shoot induction from cotyledonary node explant cultured on MS medium supplemented with 2,4-D + BAP after 4
weeks of culture (c) shoot elongation on in vitro generated shoot after 6 weeks of culture

Verma et al, (2009) evaluated the regeneration
response of cotyledonary node explants obtained
from germinating seeds of peanut (4rachis hypogaea
L.). When MS medium supplemented with BAP at
concentrations ranging from 1 to 50 mg/L, multiple
shoots were observed to emerge. Among the various
concentrations, the highest production of multiple
shoots occurred at 15 mg/L in all variety peanut.
Specifically, in this study R. tetraphylla, 55% of
multiple shoots were observed on MS medium with
BAP (1.5 mg/L).

Xhulaj and Doriana (Xhulaj, 2019) evaluated
multiple shoot regeneration of the Triticum aestivum
L. from mature embryos without the formation of
callus at various combinations of PGRs (2,4-D, IBA,
NAA, and BAP). The highest efficiency of direct
shoot regeneration was observed on MS medium

The Journal of Plant Science Research

supplemented with BAP (2 mg/L) and 2,4-D (0.6
mg/L). In this study, R. tetraphylla showed the
maximum direct shoot (78.44%) and multiple shoot
induction (73.44%) was obtained on MS medium
combined with BAP+2,4-D (1.5 mg/L).

Somatic Embryogenesis

To assess the impact of PGRs on somatic
embryogenesis of R. fetraphylla, leaf explants
were cultured on MS medium with different PGRs.
Preliminary experiments identified 2,4-D and BAP
(Fig. 5) as the most effective auxin and cytokinin
at an optimal concentration of 2.5 mg/L. Based on
this analysis, further experiments were focusing on
leaf and root explants, and they were transferred to
combination of MS medium containing different
concentrations of 2,4-D and BAP (0.5 to 1.5 mg/L).
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Fig. 5: Heat map of different plant growth hormone on callus formation
from leaf, node, internode and root of Rauvolfia tetraphylla

Morphology of somatic Morphology of somatic
embryogenesis in leaves of R. embryogenesis in root of R.
tetraphylla. Somatic embryo cluster tetraphylla. somatic embryo

with well-formed globular embryos
after 4 weeks in maturation conditions
of leaf explant on the edge of the distal
region

from root explant after 4
weeks of culture

Fig. 6: Somatic embryogenesis from leaf and root of Rauvolfia tetraphylla L.
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After a 4-week culture period, the explants
demonstrated the formation of globular stage
embryos (Fig. 6). It indicates that the highest
embryogenesis was observed on MS medium
with BAP+2,4-D (1.5 mg/L). It suggests that
these two plant hormones are favourable for
the development of somatic embryos through
direct somatic embryogenesis. In Gerdakaneh
and Mozaffari (Gerdakaneh & Mozaffari, 2021)
achieved plant regeneration through direct somatic
embryogenesis in strawberry (Fragaria x ananassa
Duch.) leaf blades on MS medium supplemented
with Thidiazuron (TDZ) at concentrations of 1,
2, 3, and 4 mg/L, both alone and in combination
with different concentrations (0, 0.25, 0.5, and 1
mg/L) of 2,4-D. The maximum somatic embryo
was obtained on MS medium containing TDZ (3
mg/L) and 2,4-D, (0.25 mg/L) which resulted in
the highest induction of embryogenesis.

Chambhare and Nikam (Chambhare & Nikam,
2022) explored the effects of PGRs (BAP, kinetin,
IAA, NAA, 2,4-D) on the induction of direct
somatic embryogenesis in leaf explant of Guizotia
abyssinica. It revealed that MS medium containing
BAP (1.0 mg/L) along with TAA (0.5 mg/L)
observed the maximum somatic embryogenesis.
Interestingly, the similar result was observed in
this present study, there is no previous report of
somatic embryogenesis of R. tetraphylla.

Similarly, Pant & Joshi (Pant & Joshi, 2018)
analysed somatic embryogenesis of Rauvolfia
serpentina from nodal explant and maximum
organogenesis was obtain on MS medium with
NAA and BAP. In the same way, root explant
showed maximum embryogenic calli on MS
medium with NAA + BAP (4.0 mg/L each) (Afrin
et al.). Furthermore, in cotyledon and embryo
established embryogenesis on MS medium with
2,4-D (1.0 mg/L) + BAP (0.5 mg/L) (Uikey et al.,
2016). The combination of 2,4-D (1.0 mg/L) +
BAP (0.5 mg/L) used in Rauvolfia serpentina for
somatic embryogenesis, the same combination of

The Journal of Plant Science Research

2,4-D and BAP exhibited the favourable induction
for somatic embryogenesis of R. tetraphylla.

Endangered plant species facing threats due
to habitat destruction or overexploitation can be
rapidly multiplied from a small amount of tissue
through micropropagation and preserving their
genetic diversity. Similarly, somatic embryogenesis
facilitates to propagate large numbers of
genetically identical plants from a single parent,
aiding in the conservation of unique genotypes and
facilitating the propagation of species with low
seed viability and producing disease-free plants
from sterile tissue cultures. They are essential tools
in conserving plant biodiversity and promoting
sustainable management of plant resources.

Histology of somatic embryogenesis

Histological analysis revealed the defined cell
division process in R. tetraphylla leaf explant
callus, exhibiting eukaryotic cell division. Initially,
cells form with distinct organelles (Fig. 7a) such as
the nucleus, nucleolar membrane, and cytoplasm,
setting the stage for mitotic division during
interphase (Fig. 7b). Early and late prophase follow
(Fig. 7c-d), characterized by nucleus replication.
In metaphase (Fig. 7e), chromosomes align at the
cell’s centre, and during anaphase (Fig. 7f), the
nucleus divides. Telophase (Fig. 7g) results in
the formation of two distinct nucleus envelopes.
Cytokinesis (Fig. 7h) completes the process as a
cell plate forms in the middle and divides into two
daughter cells. The undifferentiated mass of callus
cells demonstrates pluripotency and totipotency,
potentially developing into various cell types and
showing differentiation capabilities. Callus cells,
under suitable in vitro conditions, contribute to
understanding cell differentiation. Subsequent
in vitro stages reveal different morphogenesis
pathways such as organogenesis and somatic
embryogenesis, eventually leading to complete
plant regeneration in favourable in vitro conditions
are known as in vitro plant regeneration (Kruglova
etal., 2023).
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Fig. 7: Histology of cell division

(a) Cell wall; (b) Interphase; (c) Early Prophase; (d) Late Prophase;
(e) Metaphase; (f) Anaphase; (g) Telophase; (h) Cytokinesis

Histological analysis during somatic
embryogenesis revealed that within four weeks of
culturing explants on a callus induction medium,
somatic embryo development started at the outer
edges of proliferated calli, while non-embryonic
cells were found in the inner regions (Fig. 8a).

Embryogenic cells at the outer layer were small,
isodiametric with dense cytoplasm and a central
nucleus while non-embryogenic cells were larger,
vacuolated and had nuclei near the cell wall which
have no specific structure formation was perceived
(Sakr & Sayed, 2018).

The Journal of Plant Science Research
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Fig. 8: Histology of somatic embryogenesis of Rauvolfia tetraphylia L.

Explant were cultured on MS medium with 2,4-D + BAP and observed histology of somatic embryogenesis for
10, 20, 30, 40, 50, 60 and 75 days (a) culture on 10 days showing Primary callus containing meristematic clusters
on the periphery (arrows) (callus distal region) (b) culture of 20 days showing proembryo with suspensor (c)
culture on 30 days Proembryo showing multicellular suspensor (d) culture on 40 days showing a well-developed
globular somatic embryo in the region of embryogenic callus and protoderm (e) culture on 50 days showing a
heart-shaped somatic embryo (f) culture on 60 days showing somatic embryo in torpedo state (g) culture on 75
days showing provascular band (h) root primordia (i) morphology of root organogenesis (j) shoot primordia
through meristematic nodules (k) morphology of shoot organogenesis.

Somatic embryo differentiation began with  led to the presence of a protoderms around the
smaller meristematic cells in the primary tissue, globular embryo (Fig. 8b). In the nodular calli,
characterized by dense cytoplasm and large, round,  areas with high mitotic activity and isodiametric
stained nuclei. Additionally, organized cell divisions  cells with prominent nuclei were observed. The

The Journal of Plant Science Research
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initiation of pro-embryogenesis was linked to the
presence of nodular calli, leading to the formation of
induced pro-embryogenic masses (PEMs). Globular
somatic embryos (gSEs) arising from PEMs showed
radial development, with differentiation of primary
meristematic tissues including the fundamental
meristems and the suspensor (Fig. 8c). Subsequent
embryogenic stages saw a reduction in suspensor
mass. During the development of embryogenic calli
(EC), the transition from globular to torpedo-shaped
embryos occurred gradually, featuring a distinct
polar structure (Fig. 8d-f). In longitudinal sections
of embryos at the early differentiation stage, vascular
tissue (vt) (Fig. 8g), root primordia (rp) (Fig. 8h-i)
and shoot primordia (sp) (Fig. 8j-k) were clearly
visible.

Similarly, Panggabean et al, (2022) found that
embryogenic callus retains its nodular structure
due to active meristematic cell division. Sample
preparation involved dehydration, FAA fixation,
paraffin infusion and staining with safranin dye. It
developed epidermal tissue from the protoderm,
originating through a periclinal cleavage during the
proembryonic-to-globular transition. This method
supports the proliferation of the original cell mass,
giving rise to new calli lineages, especially the
embryogenic yellowish nodular lineage, from which
somatic embryos develop.

CONCLUSION

The study focused on enhancing germination
rates of R. tetraphylla seeds by addressing seed
coat impermeability through surface sterilization,
cold treatment, and partial seed coat removal. It
underscored the significance of overcoming this
barrier to facilitate seedling development. In tissue
culture, various plant growth regulators influenced
callus formation on leaf, node, internode and
root, with hormone combinations impacting shoot
formation, notably BAP, 2,4-D+BAP, IAA+BAP, and

KIN+BAP. Optimal hormone concentrations played
a crucial role in promoting root and shoot formation.
Preliminary experiments identified 2,4-D and BAP
as effective auxin and cytokinin at 2.5 mg/L on MS
medium. Further experiments revealed a synergistic
effect conducive to somatic embryo development on
MS medium with BAP (1.5 mg/L) and 2,4-D (1.5
mg/L). Histological analysis provided insights into
cellular processes during somatic embryogenesis,
emphasise the differentiation of somatic embryos
and the development of vascular tissue, root and
shoot primordia. Therefore, Plant tissue culture is an
advanced technique for in vitro plant regeneration
from endangered medicinal of R. tetraphylla. In
future, Rauvolfia tetraphylla will be investigated for
advanced physiological responses by testing with
different plant growth regulators.
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Table 1a: Effect of Surface Sterilization of Rauvolfia tetraphylla L. Seeds with Sodium Hypochlorite
(1%) and Mercuric Chloride (0.1%)

S. No. NaHCl,/Min HgCl,/Min Percentage of Sterile Plantlets
1 10 1 84.11 £ 0.59
2 15 2 91.55+0.36
3 20 3 98.44 £ 0.37

The Journal of Plant Science Research
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Table 1b: Effect of germination of Rauvolfia tetraphylla L. seeds

S. No No. of Seed tested No. of seed germination Percentage of germination Mean + SD
1 control 0 0 0
2 25 22 88
3 20 15 75 83.33+4.74
4 30 25 83.33
Table 2a: Effect of Different Plant Growth Hormones on Callus Formation from
Leaf of Rauvolfia tetraphylla L.
Hormones Concentrations (mg/L) Callllis ARG IIE) SED CD
eaf explants
0.5 22.40 +0.39*
1.0 28.62 +0.41°
IAA 1.5 35.51£0.34° 0.4323 CD (P <0.05) =0.9633**
2.0 42.40 £+ 0.39¢
2.5 51.37 £ 0.42¢
0.5 19.86 + 0.40?
1.0 25.75 +£0.50°
IBA 1.5 30.58 £0.38° 0.4526 CD (P <0.05)=1.0084**
2.0 37.41 +0.38¢
2.5 41.93 £0.25¢
0.5 34.48 £0.34°
1.0 38.62 £ 0.41°
2,4-D 1.5 44.00 £ 0.66¢ 0.6055 CD (P <0.05) =1.3491**
2.0 55.73+£0.61¢
2.5 67.22 £0.52¢
0.5 25.51+0.34°
1.0 36.83 £ 0.55°
BAP 1.5 43.58 £0.38° 0.5028 CD (P <0.05)=1.1202**
2.0 50.20 +0.53¢
2.5 58.58 + 0.38¢
0.5+0.5 35.08 £0.44°
1.0+1.0 43.44 £0.37°
TAA+IBA 1.5+1.5 51.55+£0.36° 0.4387 CD (P <0.05)=0.9775**
2.0+2.0 59.58 +0.38¢
2.5+2.5 71.55 £ 0.36°
0.5+0.5 44.46 £ 0.35°
1.0+1.0 50.08 £ 0.61°
[AA+2,4-D 1.5+1.5 61.37+£0.42° 0.4972 CD (P <0.05)=1.1079**
2.0+2.0 66.53 £ 0.35¢
2.542.5 72.40 £ 0.39¢
0.5+0.5 38.62+041°
1.0+1.0 45.51 +£0.34°
IAA+BAP 1.5+1.5 52.40 £ 0.39¢ 0.4255 CD (P <0.05) =0.9481**
2.0+2.0 57.59+£0.39¢
2.5+2.5 66.55 +0.36°
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Hormones Concentrations (mg/L) Caﬂ:;:g?;;lgzz(%) SED CD
0.5+0.5 33.76 £ 0.82?
1.0+1.0 41.63 £ 1.11°
IBA+2,4-D 1.5+1.5 49.88 £ 1.25° 1.1452 CD (P<0.05)=2.5518**
2.0+2.0 58.77 £ 0.81¢
2.5+2.5 66.99 + (.88°
0.5+0.5 46.55 +0.36°
1.0+1.0 55.51 £0.34°
2,4-D+BAP 1.5+1.5 67.59 £ 0.39¢ 0.4666 CD (P <0.05)=1.0396**
2.0+2.0 76.18 £0.54¢
2.5+2.5 88.62 + 0.4'e

Values represent mean + standard deviation of three replicates per treatment. Group e has the best treatment compared to other
treatments. Means with columns with same letter are not significantly (P < 0.05) difference according to Duncan’s Multiple Range Test

** Significant

Table 2b: Effect of different plant growth hormones on callus
formation from node of Rauvolfia tetraphylla L.

2 s
Hormones | “CLIN™ | Nedeexplants | SEP &
0.5 11.37 +£0.422
1.0 14.48 +0.34°
IAA 1.5 16.55 +0.36¢ 0.4275 CD (P <0.05)=0.9526**
2.0 21.37 +0.42¢
2.5 23.44 £ 0.37¢
0.5 08.44 £0.37°
1.0 13.45+0.36°
1.5 20.16 £ 0.55¢ 0.4663 CD (P <0.05)=1.0390**
2.0 23.44 +0.37¢
2.5 26.58 £ 0.38°
0.5 22.40 £ 0.39°
1.0 26.55 +0.36°
2,4-D 1.5 31.37£0.42¢ 0.4308 CD (P <0.05) = 0.9599**
2.0 38.62+0.41¢
2.5 46.55 + 0.36¢
0.5 26.55 +0.36°
1.0 33.44 £0.37°
BAP 1.5 37.59 £ 0.39° 0.4186 CD (P <0.05)=0.9327**
2.0 47.58 +0.38¢
2.5 55.51 £ 0.34¢
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- TS
Hormones | "R O e explants. | SED €D
0.5+0.5 27.59 +£0.392
1.0+1.0 33.45+0.36°
TAA+IBA 1.5+1.5 38.62+0.41° 0.4246 CD (P <0.05) = 0.9460**
2.0+2.0 44.48 +(.344
2.5+2.5 51.41 £ 0.38¢
0.5+0.5 35.51 £0.342
1.0+1.0 42.40 +0.39°
IAA+2,4-D 1.5+1.5 46.55 +0.36° 0.4189 CD (P <0.05)=0.9333**
2.0+2.0 53.44 +£0.374
2.5+2.5 62.41 £ 0.38°
0.5+0.5 28.62+£0.41?
1.0+1.0 33.45+0.36°
IAA+BAP 1.5+1.5 41.38 £0.41°¢ 0.4302 CD (P <0.05)=0.9586**
2.0+2.0 46.58 £0.38¢
2.5+2.5 53.41 £ 0.38¢
0.5+0.5 30.58 £0.38
1.0+1.0 35.51 £0.34°
IBA+2,4-D 1.5+1.5 42.50 £ 0.33¢ 0.4197 CD (P <0.05)=0.9351*%*
2.0+2.0 48.61 £0.414
2.5+2.5 56.55 + 0.36°
0.5+0.5 45.51 £0.34*
1.0+1.0 53.44+0.37°
2,4-D+BAP 1.5+1.5 61.37 £0.42° 0.4234 CD (P <0.05)=0.9435**
2.0+2.0 72.40 + 0.394
2.5+2.5 83.45+ 0.36°

Values represent mean + standard deviation of three replicates per treatment. Group e has the best treatment compared to other
treatments. Means with columns with same letter are not significantly (P < 0.05) difference according to Duncan’s Multiple Range Test

** Significant

Table 2¢: Effect of Different Plant Growth Hormones on Callus Formation from
Internode of Rauvolfia tetraphylla L.

. —
Hormones | TSN | Cnternode explants | SEP &
0.5 05.51 +0.34°
1.0 11.37 +0.42°
IAA L5 16.55 + 0.36° 0.4051 CD (P < 0.05) = 0.9027+*
2.0 22.40 + 0.39¢
2.5 28.08 +0.27¢
0.5 03.94 + 0.40°
1.0 10.50 = 0.33
IBA 1.5 17.59 +0.39° 0.4020 CD (P < 0.05) = 0.8957+*
2.0 23.44+0.37¢
2.5 30.16 + 0.22¢
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- TS
Hormones | CMCEINE™ | ternode explants. | SEP cp
0.5 43.44 £0.37¢
1.0 48.62 £0.41°
2,4-D 1.5 54.48 £ 0.34° 0.4854 CD (P <0.05) = 1.0815%*
2.0 59.33 £ 0.44¢
2.5 65.14 + 0.56°
0.5 38.46 + 0.30?
1.0 44.48 £ 0.34°
BAP 1.5 50.50 + 0.33¢ 0.4051 CD (P <0.05)=0.9026**
2.0 56.55+0.36¢
2.5 62.40 + 0.39¢
0.5+0.5 16.55+0.36*
1.0+1.0 22.40 £ 0.39°
IAA+IBA 1.5+1.5 28.62 £0.41¢ 0.4254 CD (P <0.05)=0.9478**
2.0+2.0 32.50+£0.33¢
2.5+2.5 37.59 £ 0.39¢
0.5+0.5 33.44 +£0.37°
1.0+1.0 43.44 £0.37°
IAA+2,4-D 1.5+1.5 48.62 £ 0.41° 0.4206 CD (P <0.05)=0.9372**
2.0+2.0 56.55+£0.36¢
2.5+2.5 66.51 = 0.34°
0.5+0.5 40.70 + 0.46*
1.0+1.0 44.48 £ 0.34°
IAA+BAP 1.5+1.5 50.70 & 0.46° 0.4547 CD (P<0.05)=1.0132%**
2.0+2.0 55.51 £0.34¢
2.5+2.5 61.37 £ 0.42¢
0.5+0.5 47.59 £0.39*
1.0+1.0 54.48 £0.34°
IBA+2,4-D 1.5+1.5 58.62 £ 0.41° 0.4249 CD (P <0.05)=0.9468**
2.0+2.0 63.44 £0.37¢
2.5+2.5 68.41 + 0.38¢
0.5+0.5 33.81 £0.542
1.0+1.0 40.41 £0.38°
2,4-D+BAP 1.5+1.5 49.50 +0.33¢ 0.5106 CD (P <0.05)=1.1378%**
2.0+2.0 61.37+£0.424
2.5+2.5 79.66 + 0.55¢

Values represent mean + standard deviation of three replicates per treatment. Group e has the best treatment compared to other
treatments. Means with columns with same letter are not significantly (P < 0.05) difference according to Duncan’s Multiple Range Test

** Significant
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Table 2d: Effect of Different Plant Growth Hormones on Callus Formation from
Root of Rauvolfia tetraphylla L.

3 s /0
Hormones | “"CEI™ | “* Root explants — =
0.5 02.40 £ 0.39°
1.0 04.48 +0.34°
IAA 1.5 08.62 +0.41°¢ 0.4230 CD (P <0.05)=0.9426**
2.0 13.44 £ 0.37¢
2.5 16.55 + 0.36¢
0.5 01.45+£0.36°
1.0 03.51 £0.34°
IBA 1.5 07.58 £ 0.38¢ 0.4231 CD (P <0.05) =0.9427**
2.0 11.38+0.41¢
2.5 15.58 + 0.39¢
0.5 13.44 £0.37¢
1.0 15.51 £0.34°
2,4-D 1.5 17.59 £ 0.39¢ 0.4172 CD (P <0.05) =0.9296**
2.0 20.50 + 0.33¢
2.5 22.41 £0.38°
0.5 27.58 £0.38*
1.0 33.45+0.36°
BAP 1.5 38.62 £ 0.41° 0.4240 CD (P <0.05) = 0.9447**
2.0 44.48 + 0.34¢
2.5 51.41 £0.38°
0.5+0.5 15.51 £0.34¢
1.0+1.0 20.41 +0.38°
IAA+IBA 1.5+1.5 27.59 £0.39¢ 0.4249 CD (P <0.05) = 0.9466**
2.0+2.0 33.44 +£0.37¢
2.5+42.5 38.62 +0.41°
0.5+0.5 07.22 +£0.52°
1.0+1.0 11.00 + 0.66°
IAA+2.4-D 1.5+1.5 17.59 £ 0.39¢ 0.5500 CD (P <0.05) =1.2256**
2.0+2.0 23.44 +£0.37¢
2.5+2.5 30.50 + 0.33¢
0.5+0.5 04.48 £ 0.34°
1.0+1.0 08.62 +£0.41°
IAA+BAP 1.5+1.5 15.51 £0.34¢ 0.5244 CD (P<0.05)=1.1685**
2.0+2.0 21.03 +0.69¢
2.5+2.5 26.55 + 0.36¢
0.5+0.5 05.51 £0.34°
1.0+1.0 11.38 £0.41°
IBA+2,4-D 1.5+1.5 16.55 £ 0.36¢ 0.4985 CD (P<0.05)=1.1108%*
2.0+2.0 22.40 + 0.39¢
2.5+2.5 27.88 £0.88¢
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. —
Hormones | SO | O oot explants. D ‘n
0.5+0.5 44.48 = 0.34°
1.041.0 50.41 +0.38"
2.4-D+BAP 1515 61,37+ 0.42° 04906 | CD (P<0.05)=1.0930%*
2.0+2.0 72,40 + 0.39°
25425 84.11 = 0.59°

Values represent mean + standard deviation of three replicates per treatment. Group e has the best treatment compared to other
treatments. Means with columns with same letter are not significantly (P < 0.05) difference according to Duncan’s Multiple Range
Test

** Significant

Table 3a: Effect of Different Plant Growth Hormones on Direct Root Formation from
Leaf Explants of Rauvolfia tetraphylla L.

. Direct Root formation (%)
Hormones CO“:;:‘;E; 1ons Leaf explants
SED CD
0.5 03.44+£0.37
IAA 1 09.50 £ 0.33 0.4132 CD (P<0.05)=1.0110
1.5 16.55+0.36
0.5+0.5 13.44 £ 0.37 CD (P<0.05)=1.4213
2,4-D+BAP 1.0+0.5 20.00 + 0.66 0.5808
1.5+0.5 26.55+0.36
0.5+0.5 3744 +£0.37 CD (P <0.05)=1.0191
TAA+BAP 1.0+0.5 62.58 £0.38 0.4165
1.5+0.5 87.50 £ 0.33
0.5+0.5 13.16 £ 0.55 CD (P <0.05) = 1.2460
IBA+BAP 1.0+0.5 25.66 £ 0.44 0.5092
1.5+0.5 35.50 £ 0.33

Values represent mean + standard deviation of three replicates per treatment. Group e has the best treatment compared to other
treatments. Means with columns with same letter are not significantly (P < 0.05) difference according to Duncan’s Multiple Range Test

** Significant

Table 3b: Effect of Different Plant Growth Hormones on Direct Root Formation from
Node Explants of Rauvolfia tetraphylla L.

) Direct Root formation (%)
Hormones Con:ggtff)t tons Node explants
Mean + SD SED CD

0.5 02.50 £0.33°

IAA 1 12.83 +£0.77° 0.5971 CD (P<0.05)=1.4610
1.5 37.58 + 0.38°
0.5+0.5 33.77+0.81°

2,4-D+BAP 1.0+0.5 50.00 + 0.66° 0.7644 CD (P <0.05)=1.8705
1.5+0.5 62.77 £ 0.51°¢
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) Direct Root formation (%)
Hormones Contzilgtff)t tons Node explants
Mean + SD SED CD
0.5+0.5 24.00 £ 0.66°
IAA+BAP 1.0+0.5 52.50 +0.33% 0.6383 CD (P<0.05)=1.5619
1.5+0.5 83.16 + 0.55¢
0.5+0.5 32.43 £0.95°
IBA+BAP 1.0+0.5 47.50 +0.33° 0.7504 CD (P<0.05)=1.8363
1.5+0.5 63.16 + 0.55¢

Values represent mean + standard deviation of three replicates per treatment. Group c has the best treatment compared to other
treatments. Means with columns with same letter are not significantly (P < 0.05) difference according to Duncan’s Multiple Range

Test

** Significant

Table 4a: Effect of Different Plant Growth Hormones on Direct Shoot Induction from
Nodal Explants of Rauvolfia tetraphylla L.

. Node
Hormones Con:fl:lgt;f)twns Direct shooting (%)
Mean = SD SED CD

0.5 25.50+0.332

BAP 1 41.55+£0.36° 0.4132 CD (P <0.05)=1.0110**
1.5 58.44 + 0.37°
0.5+0.5 42.40 £ 0.49°

2,4-D+BAP 1.0+1.0 58.41 £0.38° 0.4703 CD (P <0.05) = 1.1509**
1.5+1.5 78.44 £ 0.37¢
0.5+0.5 46.55+0.36°

IAA+BAP 1.0+1.0 67.21 £0.52° 0.4735 CD (P<0.05)=1.1587**
1.5+1.5 83.44 £ 0.37¢
0.5+0.5 38.44+0.37°

KIN+BAP 1.0+1.0 54.01 £ 0.68° 0.7165 CD (P <0.05) = 1.7534**
1.5+1.5 75.00 £ 0.66¢

Values represent mean + standard deviation of three replicates per treatment. Group ¢ has the best treatment compared to other
treatments. Means with columns with same letter are not significantly (P < 0.05) difference according to Duncan’s Multiple

Range Test

** Significant

Table 4b: Effect of Different Plant Growth Hormones on Multiple Shoot Induction from
Nodal Explants of Rauvolfia tetraphylla L.

. Node
Hormones Confglgtff;lons Multiple shoots (%)
Mean = SD SED CD
0.5 21.55+0.36°
BAP 1 38.44 +£0.37¢ 0.5808 CD (P<0.05)=1.4213**
1.5 55.00 + 0.66¢
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. Node
Hormones Confﬁ:lgtff;lons Multiple shoots (%)
Mean + SD SED CD
0.5+0.5 41.00 + 0.66°
2,4-D+BAP 1.0+1.0 56.55+0.36° 0.5808 CD (P<0.05)=1.4213**
1.5+1.5 73.44 £ 0.37°
0.5+0.5 55.00 = 0.66°
IAA+BAP 1.0+1.0 72.22 £0.52° 0.6227 CD (P <0.05) =1.5237**
1.5+1.5 88.44 + 0.37°
0.5+0.5 43.44 £ 0.37°
KIN+BAP 1.0+1.0 61.00 = 0.66° 0.5808 CD (P<0.05)=1.4213**
1.5+1.5 76.55 + 0.36°

Values represent mean + standard deviation of three replicates per treatment. Group c¢ has the best treatment compared to other
treatments. Means with columns with same letter are not significantly (P < 0.05) difference according to Duncan’s Multiple Range Test

** Significant
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ABSTRACT

The enzyme Tryptophan decarboxylase (TDC, EC 4.1.1.28) gene facilitates the conversion of tryptophan to
tryptamine. A new gene encoding TDC was identified from the alkaloid producing plant Rauvolfia tetraphylla by
transcriptome analysis, termed as RtTDC. It contains 1,500 base pair which encodes an open reading frame for
499-amino-acid polypeptide with molecular mass of 55729.29 kDa and isoelectric point of 5.37. Multiple
sequence alignment and phylogenetic tree analysis showed the closest similarity (95.3 %) with the TDC from the
Rauvolfia verticillata. This enzyme has property of recombinant tryptophan decarboxylase from R. tetraphylla was
characterized. The potential activity of tryptophan decarboxylase specific to L-tryptophan may contribute to the
biosynthesis of indole alkaloids in R. tetraphylla. The finding of tryptophan metabolites in R. tetraphylla plants is a
novel report, lead to hypothesize the existence of TDC enzymatic activity, from which aromatic amino acid
decarboxylases is formed. These results support the in-silico annotation of the examined protein sequences of
R. tetraphylla as TDC and suggest the involvement of TDC enzymatic activity in this plant. Molecular modeling of
the TDC gene evidencing the reliability, stability and the structural similarities of the R. tetraphylla TDC gene
with R. verticillata TDC gene. The L-tryptophan used as ligand in docking analysis to verify the TDC gene
enzymatic activity for synthesis of Indole alkaloids. High performance liquid chromatography data analyses of
RtTDC catalyzed reaction mixture confirmed the catalytically decarboxylative activity of RtTDC.

1. Introduction

being discovered and studied. Currently, around 60 alkaloids from
plants have been approved as drugs in different countries (Cordell et al.,

The plant Rauvolfia tetraphylla L. belongs to the family Apocynaceae,
commonly known as ‘Devil Pepper’ and ‘Be Still Tree’ has interest
because of its capacity to produce compounds with medicinal properties.
R. tetraphylla has been traditionally used for medicinal purposes in
various regions of India and it is sometimes utilized as a replacement for
R. serpentine (Mahalakshmi et al., 2019). The Malaraya tribes of Tamil
Nadu use a decoction of the bark of R. tetraphylla as an external appli-
cation to treat chronic cutaneous diseases and eliminate parasites.
Moreover, an extract of this plant is blended with castor oil to form a
liniment, which is recommended for specific types of chronic and re-
fractory skin ailments (Vanjari et al., 2022).

A wide range of alkaloids with modern biological effects are still

Peer review under responsibility of King Saud University
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E-mail address: dramuthaswaminathan@gmail.com (A. Swaminathan).

https://doi.org/10.1016/j.jksus.2024.103182

2001). Indole alkaloids are a group of alkaloids that contain an indole
structure. Numerous compounds were identified as alkaloids, which
contain isoprene groups and known as terpene indole or secologanin
tryptamine alkaloid. Indole alkaloids are a major class of alkaloids found
in several important plant groups, particularly in the Catharanthus and
Rauvolfia plants from the Apocynaceae family. These plants have been
scientifically studied for their pharmacological properties, with some
undergoing clinical trials and others already approved for medicinal
usage (Murugesan & Kaliappan, 2023).

The biosynthesis of indole alkaloids, which are the secondary plant
metabolites primarily accumulated in plants, is mainly regulated by the
enzyme tryptophan decarboxylase (Jeevanandham et al., 2022).
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Rauvolfia species are capable of synthesizing secondary metabolites,
known as monoterpenoid indole alkaloids (MIAs), which exhibit
remarkable biological activities. Indole alkaloids are a diverse class of
plant metabolites that have various biological activities, such as anti-
cancer, anti-tumour, anti-microbial, anti-inflammatory, and anti-viral
properties (Lorensen et al., 2023). Over the past few decades, biosyn-
thesis pathways of terpenoid indole alkaloids (TIAs) have been partially
elucidated in Catharanthus roseus (L.) G. Don, a medicinal plant that
contains various alkaloids (Liu et al., 2021). These mechanisms are
believed to be similar in Rauvolfia species (Liu et al., 2012). Recently,
(Stander et al., 2023) also identified enzymes in R. tetraphylla respon-
sible for yohimbane monoterpene indole alkaloid biosynthesis.

R. tetraphylla is known to produce secondary metabolites such as
ajmaline, alstonine, aricine, lankanescine reserpine, reserpiline, deser-
pidine, isoreserpine, sarpagine, rauvotetraphyllines, serpentine, and
yohimbine (Lorensen et al., 2023; Mahalakshmi et al., 2019). It remains
a fascinating plant species due to its production of unique heterocyclic
alkaloids with monoterpene indole skeletons. These compounds have
generated significant interest from both biological and therapeutic
perspectives. Reserpine is a significant indole alkaloid synthesized by
R. tetraphylla. It is commonly used to treat hypertension and several
psychiatric illnesses by serving as a tranquilizing agent. The biosynthesis
of reserpine initiates from tryptophan, which serves as the starting
material (Anitha & Ranjitha, 2006). In the quest for an effective strategy
to source pharmaceutical indole alkaloids, exploring the molecular
techniques of R. tetraphylla biosynthetic pathway for indole alkaloids
offers a promising avenue to boost their production and meet pharma-
ceutical demands.

Tryptophan decarboxylase (TDC) is an enzyme involved in the
biosynthesis of indole alkaloids (Goddijn et al., 1995). L-tryptophan is
the substrate that converted into tryptamine by TDC through a decar-
boxylation reaction. This study was carried out with a primary objective
to explore the potential of R. tetraphylla for alkaloid biosynthesis using
TDC gene and docking analysis.

2. Materials and methods
2.1. Genomic DNA extraction and PCR amplification

Total genomic DNA of the R. tetraphylla was extracted from young
leaf tissues by using DNeasy plant Mini Kit (Qiagen, Germany). Purified
total DNA was quantified and its quality verified on 0.8 % agarose gel.
The gene sequence of R. verticillata was retrieve from the NCBI
(ABP96805.1) to design the primer for identifying the RtTDC. The target
gene was amplified with specific Forward primer 5-ATGGGCAGCATT-
GATTCAACAG-3' and Reverse primer 5-TCAAGCTTCCTTGAG-
CAAATCA-3' using PCR amplification (Dharshini et al., 2020). All the
PCR products obtained by TDC gene were resolved by electrophoresis on
0.8 % agarose gel in 1x TBE Buffer, stained with ethidium bromide and
gel documentation system was used for further calibration.

2.2. DNA elution and ligation

The amplified fragment of TDC was extracted from the gel using
QIAquick Gel Extraction Kit (Qiagen, Germany) and ligated into
PTZs7R/T vector using InsTAclone PCR Cloning Kit (Thermo Fisher
Scientific, USA). The isolated DNA fragment was cloned into the
pTZs;R/T vector (Mirahmadi et al., 2015). Following this, the vector
containing the inserted DNA was transformed into DH5a Escherichia coli
strain (Froger & Hall, 2007). A single transformed colony from each
ampicillin-containing plate was selected and transferred to separate PCR
tubes. Colony PCR was performed and the desired DNA fragment was
confirmed by electrophoresis using 1 % agarose gel run at 70 V for 30
min. The transformed bacteria were cultured and the plasmid containing
the cloned DNA fragment was isolated by QIAprep Spin Miniprep kit
(Qiagen, Germany), following established plasmid isolation procedures

Journal of King Saud University - Science 36 (2024) 103182

(Sambrook et al., 1989).

2.3. Gene sequencing

The isolated plasmid was sequenced using the Sanger sequencing
method, which is a widely used DNA sequencing technique. Sequencing
was performed using the BigDye Terminator kit v. 3.1 and cleaned up
with BigDye XTerminator v. 3.1 (Applied Biosystems, Foster City, CA).
The DNA fragment is sequenced by adding a mixture of dideoxy nucle-
otides (ddNTPs) to the reaction, which terminate the DNA synthesis at
each nucleotide. The resulting fragments are separated by size and
analysed to determine the sequence of the DNA fragment (Crossley et al.,
2020). The M13 primer is a commonly used primer in Sanger sequencing
that anneals to the pTZs7R/T vector and sequence the cloned DNA
fragment. After obtaining the sequencing results, Snap gene viewer was
used to analyse the sequence and obtained the complete sequence of
TDC.

2.4. Computational analysis of the gene sequence

Sequence similarity analysis between RtTDC and other TDCs from
plants was performed using the basic local alignment search tool
(BLAST) provided by the National Centre for Biotechnology Information
(NCBI) (https://blast.ncbi.nlm.nih.gov/Blast). Nucleotide and amino
acid sequences were aligned using CLUSTALW2 (https://www.ebi.ac.
uk/Tools/msa/clustalw2). To identify the coding sequence, the open
reading frame (ORF) finder graphical analysis by NCBI (https://www.
ncbi.nlm.nih.gov/projects/gorf) and ExPASy Bioinformatics resource
portal of the Swiss Institute of Bioinformatics (https://www.expasy.or
g/proteomics/) are used.

2.5. Protein sequence and structure prediction

The protein sequence of the TDC gene was determined using the
Translate tool. The homology-based 3D model for the RtTDC protein was
generated through the SWISS-MODEL (https://swissmodel.expasy.org),
utilizing the 6eew.1.A structure as a template. The conserved regions
and multiple sequence were identify using MUSCLE (Sievers & Higgins,
2018). The phylogenetic tree was built using Megal1 software (Kumar
et al., 2018). The Neighbour-Joining (NJ) method with 1000 bootstrap
pseudo replicates was used to carry out the phylogenetic analysis. The
physiochemical properties were assessed using Expasy’s ProtParam
server (https://us.expasy.org/tools/protparam.html). Secondary struc-
ture of TDC were analysed by HNN (https://npsa-pbil.ibep.fr/cgi-bin/np
sa_automat.pl?page=/NPSA/npsa_hnn.html)  (Hierarchical = Neural
Network) (Kashani-Amin et al., 2019). Using the ProtScale program
(https://web.expasy.org/protscale/), a Kyte and Doolittle hydropathy
plot was generated (Kyte & Doolittle, 1982).

2.6. Ligand-receptor interactions through molecular docking and
visualization tools

To investigate the interaction between a gene’s protein and a ligand,
it is essential to obtain the receptor (TDC) through a 3D model and the
ligand (L-Tryptophan) from the pubchem database (https://pubchem.
ncbi.nlm.nih.gov/). Docking has been carried out by Autodock vina
following the protocol described by Morris et al., (Morris et al., 2008).
Visualization of the docking results is achieved using PyMOL software,
allowing them to explore the complex 3D structures and interactions
between the ligand and receptor (Rauf et al., 2015). To evaluate the
interaction between the substrate Trp and the enzyme binding site,
docking simulations were conducted using Ligplot + with the best 3D
model of TDC (Laskowski & Swindells, 2011).
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Fig. 1. Electrophoresis of PCR products from genomic DNA on 1 % agarose gel of known molecular weight. Lane 1: DNA molecular weight marker (DNA ladder mix —
1 kb ladder, Gene Ruler); Lane 2&3: A total of 20 uL of PCR product amplification of TDC gene stained with ethidium bromide; Lane 4-7: Colony PCR for the
confirmation of transformation; Lane 8&9: Isolation of Plasmid after plasmid extraction process by QIAprep Spin Miniprep kit.
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Fig. 2. Ramachandran Plot analysis for structural 3D model protein of
TDC gene.

2.7. TDC enzymatic assay

The catalytic activity of TDC from R. tetraphylla was evaluated using
the established procedures (Islas et al., 1994; Jadaun et al., 2017).
Frozen leaves (2 g) were mechanically pulverized in a cold mortar and
pestle, followed by homogenized with 1.25 mL of 0.1 M HEPES buffer at
pH 7.5. The homogenate was centrifugated at 12,000 rpm for 30 min
and the supernatant was immediately utilized for the enzyme source.
The TDC assay mixture (100 pL) comprised enzyme extract (25 pL), 4 pM
Pyridoxal 5-phosphate (PLP) (25 pL), 5 mM L-tryptophan (25 pL) and 50
mM HEPES buffer (25 pL). The reaction mixtures were incubated at 37
°C for 30 min. Then the reaction was stopped by adding 100 pL of pre-
chilled methanol to precipitate proteins. Followed by centrifugation at

12,000 rpm for 10 min, the supernatant was used for further High-
Performance Liquid Chromatography (HPLC) analysis to confirm the
tryptophan converted into tryptamine in the presence of TDC enzyme.
The HPLC system employed a C;g column and the mobile phase,
composed of solvent A (Acetonitrile) and solvent B (H2O containing
phosphoric acid) at 280 nm. All enzymatic reactions were analysed in
triplicate and Tryptamine served as the standard for comparative
analysis.

3. Results and discussion
3.1. Isolation of TDC gene

TDC is a key enzyme in the biosynthesis of monoterpenoid indole
alkaloids (MIAs) (Liu et al., 2012) and plays a crucial role in the me-
dicinal properties of R. tetraphylla. TDC genes have been identified in
several plant species, including R. verticillata (ABP96805.1). In our
study, TDC sequence from R. verticillata was used to design primers for
PCR amplification of TDC from R. tetraphylla. PCR amplification was
performed using specific primers designed to target the TDC gene
(Fig. 1). PCR product was sequenced and confirmed as the TDC gene as
well as submitted to NCBI (Accession No: OR105870). It showed a high
degree of sequence similarity 95.39 % between the TDC sequences of
R. verticillata and R. tetraphylla, suggesting that the TDC gene is
conserved across different species within the genus Rauvolfia.

TDC are a class of PLP-dependent enzymes responsible for catalysing
the conversion of tryptophan into tryptamine (O’Connor & Maresh,
2006). The TDC-encoding gene was first isolated from Catharanthus
roseus, a plant known for producing the antitumor monoterpene indole
alkaloid vincristine (De Luca et al., 1989). Several TDC genes have been
cloned from various plants, such as Capsicum annuum, Ophiorrhiza
pumila, Oryza sativa, and R. verticillata, using a homology cloning strat-
egy (Park et al., 2009).

TDC-encoding gene from R. verticillata was cloned and exhibit cata-
lytic activity (Liu et al., 2012). Pepper fruits (Capsicum annuum) were
found to contain TDC-encoding genes, namely CanTDC1 and CanTDC2.
CanTDC1 gene showed three times higher specific catalytic activity
compared to CanTDC2 (Park et al., 2009). The genome of Oryza sativa
holds a sum of seven TDC genes, with only the genes OsTDCAK31 and
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Fig. 3. Multiple amino acid residue sequences alignment of biochemically characterized plant TDCs. (a) TDCs are from Catharanthus roseus, Rauvolfia verticillata, and
Rauvolfia tetraphylla. (b) Phylogenetic tree showed an occurrence and evolutionary relationship between TDC from different plant species. The tree was built using
Megall software. Bootstrap values are all above 95%. COFCA- Coffea canephora, CAPAN - Capsicum annuum, SOLLC - Solanum lycopersicum, SOLTU- Solanum
tuberosum, ORYSJ- Oryza sativa, CATRO-Catharanthus roseus, RAUVE- Rauvolfia verticilla, TDC RT - Rauvolfia tetraphylla, 9ROSI - Castanea mollissima, CANSA -

Cannabis sativa, CAMAC - Camptotheca acuminata.

Table 1

Physiochemical characters as predicted by Expasy’s Prot-param program.

Protein

Tryptophan
decarboxylase

Sequence Length

Molecular weight

Theoretical Pi

Total number of negatively charged residues (Asp +
Glu)

Total number of positively charged residues (Arg + Lys)

Extinction Coefficient

Instability Index

Aliphatic Index

Grand average of hydropathicity (GRAVY)

499 amino acids
55729.29 kDa
5.37

61

48
70860 M~ lem™!
47.92
94.19
0.029

OsTDCAKS53 exhibited effective expression in Escherichia coli. It was
confirmed that these genes exhibited catalytic decarboxylation activities
towards L-tryptophan, leads to one or more TDC-encoding genes in a
specific plant species (Kang et al., 2007).

Camptotheca acuminata Decne. is known for producing the renowned
antitumor compound camptothecin, has been found to possess TDC
genes such as CaTDC1 and CaTDC2. The decarboxylation activity of
CaTDC1 and CaTDC2 towards L-tryptophan has been substantiated,
resulting in the integration of the decarboxylation product camptothecin
(Lopez-Meyer & Nessler, 1997). CaTDC3 from C. acuminata was cloned
through heterologous overexpression and functional characterization, it
was confirmed that CaTDC3 exhibits catalytic decarboxylation activity
toward L-tryptophan (Qiao et al., 2022).
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Fig. 4. Hydropathy plot of residues 1 to 499 of sequence Emboss.001 using Kyte and Doolittle hydropathy parameter.
PDB ID 6EEW.
Table 2

The value of amino acid composition in protein along with absolute counts of
residues and their percentage and it composed of 20 amino acids.

S.No Composition of amino acids Percentage
1 Ala (A) 40 8.0
2 Arg (R) 23 4.6
3 Asn (N) 16 3.2
4 Asp (D) 26 5.2
5 Cys (C) 9 1.8
6 Gln (Q) 9 1.8
7 Glu (E) 35 7.0
8 Gly (G) 25 5.0
9 His (H) 10 2.0
10 Ile () 25 5.0
11 Leu (L) 57 11.4
12 Lys (K) 25 5.0
13 Met (M) 17 3.4
14 Phe (F) 23 4.6
15 Pro (P) 25 5.0
16 Ser (S) 41 8.2
17 Thr (T) 32 6.4
18 Trp (W) 9 1.8
19 Tyr (Y) 14 2.8
20 Val (V) 38 7.6

3.2. Model building and evaluation

The unknown 3D structure of R. tetraphylla TDC monomer was
modelled using comparative protein modelling, with the crystallo-
graphically solved structure of C. roseus as the template. It is valuable
when experimental structural data for the target protein is unavailable,
providing valuable insights into protein structure and function in the
field of structural biology (Facchiano, 2017).

The amino acid sequences of TDC from R. tetraphylla that currently
lack structural data in the RCSB Protein Databank (PDB) were obtained
using SWISS-MODEL. The best template was selected based on high
score, lower e-value, and maximum sequence identity, and utilized as a
reference structure to construct a 3D model (Waterhouse et al., 2018).
The target protein under consideration is Aromatic-L-amino-acid
decarboxylase, with a Uniport ID of P17770 and consists of 500 amino
acids. For structural modelling purposes, the crystal structure of
C. roseus TDC is being utilized as a template and is represented by the

The Global Model Quality Estimate (GMQE) for the template stands
at an impressive 0.97, indicating high confidence in its overall quality.
The Template-Target Sequence-Overlap Quality (QSQE) score is calcu-
lated to be 0.88, suggesting significant structural similarities between
the target protein and the template. Furthermore, when comparing the
sequence of the target protein to that of the template, there is a sub-
stantial sequence identity of 88.96 % and indicates a strong relationship
between the target and template.

The quality of the homology models was evaluated using the Saves
server, with a focus on the Ramachandran plot (Fig. 2) and is a valuable
tool for determining the stereochemical quality of protein structures by
analysing the distribution of phi (¢) and psi (y) angles of the protein
backbone (Sheik et al., 2002). It provides insights into the conforma-
tional stability and overall reliability of the modelled protein structures
(LASKOWSKI et al., 2013). The Ramachandran plot demonstrated that
over 90 % of the residues in the modelled proteins occupied the “fav-
oured” and “allowed” regions of the plot, indicating their reliability and
structural accuracy. To further validate the stability of the modelled
proteins, the Deep View Swiss PDB viewer (Guex et al., 2009) was
analysed for steric hindrances between residues in the models. The
absence of steric hindrances suggests that the modelled protein struc-
tures are free from clashes representing their stability and suitability.

3.3. Multiple sequence alignment of RT TDC were performed with RvTDC
and CrTDC

The cloned gene of RtTDC encompasses 1,500 bp and encodes a TDC
containing 499 amino acid residues with high similarity to those of
RvIDC. In the multiple sequence alignment of TDC sequences from
R. verticillata (Rv), R. tetraphylla (Rt), and C. roseus (Cr), a functional and
highly conserved region was identified (Fig. 3a). Conserved regions in
the alignment are areas where the amino acid residues are highly similar
across the different sequences, suggesting that these regions have
important functional or structural roles that are conserved throughout
evolution. The identification of such a conserved region in the TDC se-
quences is significant because it indicates that this region plays a critical
role in the function of TDC. The conserved region is involved in the
catalytic function of the enzyme, which is the conversion of L-trypto-
phan to tryptamine is a key step in the biosynthesis alkaloids.


http://S.No

L. Nallasamy et al.

Journal of King Saud University - Science 36 (2024) 103182

10 20 30 40 50 60 70

hchhehhhhhhh chhhhhhhhhhhhhhhhhhhhh
PESLDKIIDEIQKDIIPGMTNNMSPNFY&FFPﬂTVSSﬂﬂFLGEMLSTALMSUGFTNVSSPA&TELEMIVM
hhhhhhhhhhhhhhh chhh hchhhhhhhhhhhhh chhhhhhhhh
DwLAQMLKLPKSFMFSGTGGGVIQNTTSESILETIIAQRERALEELGVDSIGKLVCYGSDQTHTMFPKTC
hhhhhhhh hhhhhhhhhhhhhhhhhh: h
KLAGISPNNIRLVPTTAETDFGIAPEVLRRMVEADVAAGLVPLFLCATLGTTSSTATDPVDTLSEIANEF
ee hhhhhhhhhhhhhhhhhhhhheee« hhhhhhhhhhhh
NIWMHVDAAYAGSACICPEFRHYLDGVERVDSLSLSPHKWLLAYLDCTCLWVKKPYLLLRALTTNPEYLK
hhhhhhhhhh: hh “hhe hhhhhhhh hhhhcchhhhhhhh
NKQSELDKVVDFKNWQIATGRKFRALKLWLILRSYGVENLQSHIRSDVAMAKMFEDFVRSDPRFEVVVPR

eeeect

[=1=1=1-1-T4

ceeeec

egeeg

F=1-]

hhhhhhhhhecccchhhhhhhhhhhhhhhhhhh
eeeeeee hhhhhhhhhhhhh
LTSDLLKEA

hhhhhhh:

“hhhhhhhhhhhhhhhhhhhhhe o

eeceeeeecechhhheeee

hhhhhhhhhhhhhh

L [EE

150 200 250

il

il

350 400 450

2 "

Hr

I
fﬂ gV }t I’h "U” ) L

mﬁ;

! J\\ L\ \J'& /i 4&‘

50 100 150 200 250

300 400 450

Fig. 5. The HNN software was used to predict the secondary structure of the TDC gene. (a) Structural codes in blue (h-Helix), orange (c-coil), red (e-sheet). (b)
Secondary Structure prediction of TDC gene sequence of 499 amino acids in Rauvolfiate traphylla. Lines in different colours represent different secondary structures.
Blue line indicates o helix; red line indicates extended strand and purple line indicates random coil. (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this article.)

The similar pursuit unveiled that RtTDC show resemblances in amino
acid residues with plant TDCs. Among the enzymatic mechanisms of
TDCs from plant (Liu et al., 2012; Lopez-Meyer & Nessler, 1997), it is
predictable that Lys319 plays a key role in RtTDC as the catalytic amino
acid. RtTDC is grouped in the same clade as functionally characterized
TDCs from C. roseus (CrTDC) (De Luca et al., 1989), Ophiorrhiza pumila
(OpTDC) (Yamazaki et al., 2003), R. verticillata (RvTDC) (Liu et al.,
2012) and Gelsemium sempervirens (GSTDC) (Franke et al., 2019). These
TDCs have been known to participate in the biosynthesis of indole al-
kaloids. It suggests that RtTDC likely shares a similar catalytic function
with these characterized TDCs.

3.4. Phylogenetic tree with related sequences

Phylogenetic tree showed three clades (Fig. 3b), in which one of the
branches show common ancestors for R. tetraphylla (RtTDC), C. roseus
(TDC CATRO), R. verticillata (RAUVE) and Oryza sativa (ORYSJ). Among
them RtTDC exhibited close relationship with RAUVE. The results from
the neighbour-joining phylogenetic analysis of 12 demonstrative species
within flowering plants suggest that R. tetraphylla is closely related to
R. verticillata. C. roseus, R. verticillata (Liu et al., 2012), Oryza sativa
evaluated the TDC catalyses to produce Indole alkaloids.

3.5. Physicochemical characterization of TDC

The physicochemical properties of TDC were predicted using
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Table 3 instability index is 47.92 indicates a moderate propensity for protein

Binding energy and RMSD (in A) value of docking obtained from crystal struc- instability, suggesting potential sensitivity to environmental factors.

ture of 3D model protein and substrate (L- tryptophan as ligand). The aliphatic index is computed to be 94.19, characterizes the pro-
Rank  Sub- Run  Binding Cluster Reference Grep tein thermostability, as it represents the relative volume of aliphatic side

Rank Energy RMSD RMSD Pattern chains. The Grand Average of Hydropathicity (GRAVY) is 0.029,

1 1 14 _4.69 0.00 28.56 RANKING reflecting the overall hydrophobicity. The Kyte and Doolittle hydro-
2 1 27 —4.58 0.00 61.50 RANKING phobicity plot of RtTDC protein showed a pattern of high hydropho-
3 1 4 —4.49 0.00 40.28 RANKING bicity with the GRAVY value and hydrophobic residues (Fig. 4). These
3 2 19 —4.25 0.35 40.19 RANKING parameters provide valuable information about the protein biophysical
3 3 47 -3.58 1.78 40.42 RANKING . e .
4 1 16 _4.49 0.00 54.44 RANKING properties, stability, and solubility.
5 1 39 _4.48 0.00 60.37 RANKING The amino acid composition of the TDC protein is presented in
5 2 8 -4.39 1.39 59.42 RANKING Table 2. It provides valuable insights into the protein primary structure,
6 1 45 447 0.00 49.99 RANKING shedding light on the relative abundance of each amino acid residue
7 1 2 ~4.40 0.00 49.03 RANKING . . . . L
8 1 1s 415 0.00 4881 RANKING present. Leucine (L), alanine (A), serine (S), valine (V), glutamic acid
9 1 40 411 0.00 61.04 RANKING (E), threonine (T), glycine (G), aspartic acid (D), proline (P), isoleucine
10 1 23 —4.09 0.00 36.98 RANKING (D), lysine (K), and methionine (M), phenylalanine (F), arginine (R),

asparagine (N), tyrosine (Y), cysteine (C), glutamine (Q), histidine (H),
and tryptophan (W) are the 20 amino acids, among them leucine is the
most abundant, with a total count of 57 residues constituting 11.4 % of
the protein.

The hydropathy profiles of C. roseus TDC and D. melanogaster DDC1
proteins showed 39 % structural similarity. The deduced amino acid
sequence of C. roseus TDC revealed an unexpected similarity to animal
DDC in the secondary structure of conserved domains (De Luca et al.,
1989; Goddijn et al., 1994). The comparison of Campotheca TDC1 and
Catharanthus TDC revealed a significant 69 % identity between the two

Expasy’s Prot-param program (Table 1). The protein sequence length is
499 amino acids and molecular weight is 55,729.29 Daltons. The
theoretical isoelectric point (pl) is 5.37, indicating that protein may be
acidic. TDC contains a total of 61 negatively charged residues and 48
positively charged residues. The balance between positively and nega-
tively charged residues contributes to the overall charge of the protein
under specific conditions. The extinction coefficient of the protein is
determined to be 70,860 M~ cm™!, a value often utilized for quanti-
fying the protein concentration in UV absorption measurements. The

(a) 4 HIS203

Fig. 6. Pharmacophore model of TDC gene derived from 3D model and its mapping with L- tryptophan ligand. (a) The active amino acids were mapped to the best
pharmacophore model. The pharmacophore model was illustrated using Catalyst notation, which encompassed of hydrogen bond acceptor, hydrogen bond donor and
hydrophobic region. (b) Hydrogen Bond Interaction of RtTDC protein (Receptor) and L-tryptophan (Ligand); hydrogen bond is showed in yellow dotted line;
Hydrogen bonds are observed in Lys319, Phe101, His458 and Thr204 amino acids residues. (c) Ligplot diagram using the model RtTDC and highlights the interaction
with Trp Ligand. The ligand is depicted with bold (blue-coloured) bonds, while the hydrogen-bonded residues from the protein are represented with thin (brown-
coloured) bonds. Dashed lines illustrate the hydrogen bonds formed between the ligand and the protein. Additionally, hydrophobic contacts made with the protein
are indicated by spoked arcs pointing towards the ligand, and corresponding spokes on the ligand atoms reveal which atoms are engaged in these contacts. Likewise,
spokes pointing towards the contact atoms mark the atoms in the hydrogen-bonded groups engaged in hydrophobic contacts. The residue names are annotated with
letters in parentheses, indicating the corresponding chain identifiers. The diagram showcases the catalytic triad comprising Lys319, Phel01, His458, and Thr204,
along with the ligand’s TRP residue snuggled within the enzyme’s highly hydrophobic specificity pocket in the active site. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 6. (continued).

sequences. This high level of sequence conservation highlights the po-
tential functional importance of this region in the catalytic activity and
stability of TDC enzymes (Lopez-Meyer & Nessler, 1997). It showed that
amino acid composition provides information for understanding its
chemical nature and potential implications for its function and
structure.

3.6. Secondary structure prediction of TDC

The secondary structure of TDC gene R. tetraphylla protein sequences
were calculated using HNN (Fig. 5 a and b) and reveals the distribution
of various structural elements. The most predominant secondary struc-
ture is alpha helix (Hh), which comprises 253 residues, accounting for
50.70 % of the protein. The protein contains 61 residues in the extended
strand (Ee) conformation representing 12.22 %. The majority of the
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Fig. 7. In vitro decarboxylation of tryptophan to tryptamine. HPLC traces of decarboxylation reaction mixture catalysed by RtTDC (panel I) and panel II represent

standard tryptamine.

protein, consisting of 185 residues (37.07 %), is categorized as random
coil (Cc).

In this study, isolated and characterized a full-length cDNA encoding
TDC from R. tetraphylla, marking the first time this gene has been studied
in this species. The deduced amino acid sequence of RtTDC exhibited
significant similarity to TDC counterparts found in other species. Prior
research on RvTDC (Liu et al., 2012) has shown that the Lys319 residue
directly participates in binding to PLP-binding site. It is conserved in
other decarboxylases, including 3,4-dihydroxyphenylalanine (DOPA)
decarboxylases from C. acuminata (Lopez-Meyer & Nessler, 1997),
D. melanogaster DDC (Clark et al., 1978), feline glutamate decarboxylase
(Kobayashi et al., 1987) and periwinkle TDC (De Luca et al., 1989),
strongly suggests that lysine-319 of TDC is responsible for binding to
PLP. The conservation of lysine-319 in the PLP binding site emphasizes
the importance of conserved domains in facilitating subunit assembly,
catalytic function, and substrate specificity of TDC enzymes.

3.7. Ligand binding to TDCs from R. tetraphylla by molecular docking

Molecular docking was analysed by utilizing the predicted three-
dimensional structure of RtTDC and L-tryptophan as the substrate. The
results of the highest scoring ligand are summarized in Table 3. The
table contains rankings and properties of substructures based on Binding
Energy, Cluster RMSD (Root Mean Square Deviation), and Reference
RMSD. The top-ranked substructure is listed with Sub-Rank 1, Run-Rank
14, a Binding Energy of —4.69, and Cluster RMSD and Reference RMSD
values of 0.00, 28.56, respectively. Pharmacophore is a critical concept
in docking studies as it refers to the set of molecular features that are
essential for a ligand to bind to a receptor (Fig. 6a). Understanding the
pharmacophore enabled to design and modify ligand to improve binding
affinity and selectivity for the target receptor, leading to more effective
and safer drugs.

The aromatic amines are produced through the catalytic action of
ubiquitous aromatic amino acid decarboxylases (AADCs), a group of

PLP-dependent enzymes. Despite having similarities in terms of exten-
sive amino acid residue, subunit structures, and kinetic properties,
AADCs demonstrate significant variations in their substrate specificities.
(Facchini et al., 2000). In the case of AADC in plant, they have developed
with changes in function and substrate preference. (Giinther et al.,
2019). The naturally occurring amines obtained from plants are known
for wide range of metabolic pathways, mostly contributing to the syn-
thesis of alkaloids (Torrens-Spence et al., 2020). The identified and
functionally characterized one or more AADC-encoding genes from a
single plant, suggesting the increase in gene families of whole-genome
duplication in the process of evolution (Kang et al., 2021).

The protein-ligand docking is to predict the orientation and posi-
tioning of a ligand in the binding pocket of a particular receptor. It in-
volves the formation of hydrogen bond interactions between the protein
and the ligand (Fig. 6b). The docking simulations with Trp revealed a
complex network of interactions involving multiple amino acids besides
the binding site residues. Fig. 6¢ showed the amino acid residues of the
RtTDC binding pocket involved in the interaction with the substrate Trp
according to the results of molecular docking simulations. The analysis
of C. roseus TDC binding to L-tryptophan was also performed (Facchiano
et al., 2019), showing the same amino acid residues (Lys319) as those of
RtTDC interacting with Trp in the docking simulations.

3.8. TDC enzymatic assay

The enzymatic decarboxylation activity of R. tetraphylla were ana-
lysed to investigate the role of TDC in the terpenoid indole alkaloid
biosynthetic pathway. The assays involved the incubation of L-trypto-
phan, PLP and enzyme extract. HPLC analyses revealed the presence of
an enzymatic reaction product in the RtTDC catalyzed reaction mixture
(Fig. 7). The HPLC retention time of the enzymatic reaction product was
found to be identical to that of authentic tryptamine. It demonstrates
that the enzymatic product generated by RtTDC is indeed tryptamine,
confirming the enzyme’s role in the decarboxylation of L-tryptophan, a
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crucial step in the biosynthesis of alkaloids in R. tetraphylla.

The investigations into TDC activity in various plant systems reveal
its pivotal role in the biosynthesis of indole alkaloids. In Catharanthus
roseus transformed root culture, TDC demonstrates a coordinated in-
crease in activity with the accumulation of alkaloids ajmalicine and
catharanthine, emphasizing its regulatory function in the indole alkaloid
pathway (Islas et al., 1994). Additionally, TDC activity in Citrus x limon
seedlings, evidenced by the conversion of deuterium-labelled trypto-
phan to tryptamine and subsequent methylation, expands our under-
standing of TDC across plant genera (De Masi et al., 2017). The CaTDC3
in C. acuminata further emphasizes the enzyme’s versatility, showing
strict stereoselectivity for L-tryptophan and catalytic promiscuity to-
wards various tryptophan derivatives (Qiao et al., 2022). These in-
ferences shed light on the multifaceted nature of TDC, providing insights
into its catalytic capabilities and broadening its applications in plant
alkaloid metabolism.

4. Conclusion

The wide range of tryptophan-indole metabolism in plants leads to
the production of indole phytochemicals in different plant genera.
Specifically, within the Apocynaceae family, Rauvolfia species such as
R. tetraphylla, R. serpentina, and R. verticillata are known for producing
indole alkaloids, with mechanisms involved in their synthesis. TDC is
catalytic enzyme plays a crucial role in conversion of tryptophan to
tryptamine tailored to the biosynthetic pathway of different plant spe-
cies for production of various indole alkaloids. Understanding the cat-
alytic properties of TDC from R. tetraphylla is essential in elucidating
these processes. This study represents a total genomic DNA of TDC gene
from R. tetraphylla with 1500 base pair. The potential activity of TDC
were analysed by molecular docking and enzymatic assay to conform the
alkaloid biosynthesis of R. tetraphylla. Based on this new study, it’s
conceivable that RtTDC could play a significant role in the biosynthesis
of indole alkaloids, paving the way for novel approaches in the drug
development of fast tissue regeneration. It facilitates an alternative
means of producing valuable indole alkaloids for wound healing drugs.
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