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Abstract: Rauwolfia serpentina also known as Sarpagandha (Apocynaceae) is an integral part of Ayurvedic 

medical system in India for over centuries for the treatment of various ailments. The leaves and roots 

ofRauwolfiaserpentina contain alkaloids which are secondary metabolites. Major alkaloids identified are 

Reserpine, Rauwolfine, Serpentine, Sarpagine, Ajmaline, Yohimbine and Ajmalicine.The present paper is an 

overview of the studies concerning with physiological, biochemical and modern biotechnological approach to 

improvement of Rauwolfiaserpentina. 

Keywords: Rauwolfia serpentina; medicinal plant; micro-propagation; tissue culture; Leaf / Root explants; 

Growth regulators; Auxins; Reserpine. 

 

I. Introduction 
Rauwolfia serpentina is an important medicinal plant (shrub) belonging to the Apocynaceae family. 

This plant is occurring naturallyin India and Bangladesh and is found to grow wild in the Asian continent. It has 

been reported to contain 50 indole alkaloids that are mainly localized in the root bark[1].Among these alkaloids, 

reserpine, yohimbine, serpentine, deserpidine, ajmalicine and ajmaline are used to treat hypertension [2]and 

breast cancers[3].Reserpine, used as a natural tranquilizer was found to have several times greater hypertensive 

activity than the crude plant extract [4]. Rauwolfia serpentina holds an important position in the pharmaceutical 

world because of its  immense anti-hypertensive properties resulting from the presence of reserpine in the 

oleoresin fraction of the roots. Poor seed viability, low seed germination rate, and enormous genetic variability 

are the major constraints for the commercial cultivation of R. serpentine through conventional mode. Many 

higher plants are major sources of natural products used as pharmaceuticals, agrochemicals, flavour and 

fragrance ingredients, food additives, and pesticides [5]. The search for new plant derived chemicals should thus 
be a priority in current and future efforts toward sustainable conservation and rational utilization of biodiversity 

[6]. In the search for alternatives to production of desirable medicine compounds from plants, biotechnological 

approaches, specifically, plant tissue cultures, are found to have potential as a supplement to traditional 

agriculture in the industrial production of bioactive plant metabolites [7]. Cell suspension culture systems could 

be used for large scale culturing of plant cells from which secondary metabolites could be extracted. The 

advantage of this method is that it can ultimately provide a continuous, reliable source of natural products. The 

roots, the leaves and the juice of R.serpentina have been considered of medicinal importance from the very early 

times and have attracted the attention of the practitioners of the indigenous system of medicine. It has been used 

as an anthelmintic, as an antidote against snake bite and bites of other poisonous insects, in diarrhoea, dysentery, 

cholera and also as an ecbolic. 

Rauwolfia root is reported to contain 0.7 – 3.0 % of total alkaloids in the dry mass and the amount vary 
with time and source of collection. The rate of plant propagation is important for commercial cultivation to meet 

the pharmaceutical demand for reserpine. Chemical synthesis of reserpine has not been adopted due to its high 

cost compared to extraction from the natural source [8].While roots of R.serpentinais the main source of the 

alkaloids mentioned above, indiscriminate harvesting of the roots has threatened the survival of the plant. 

However, high demand for the alkaloids necessitates rapid production of roots within a short time frame. 

Therefore, root cultures are a potentially useful in vitro system for commercial production of secondary 

metabolites. 

Rauwolfia serpentine roots are generally obtained through shoot organogenesis[9]callus 

morphogenesis, [10]or by Agrobacterium rhizogenes-mediated transformation [11]. 

The induction of callus growth and subsequent differentiation and organogenesis is accomplished by the 

differential application of growth regulators and the control of conditions in the culture medium. With the 

stimulus of endogenous growth substances or by addition of exogenous growth regulators to the nutrient 
medium, cell division, cell growth and tissue differentiation are induced. There are many reports on the 

regeneration of various medicinal plants via callus culture. Satheesh and Bhavanandan [12] have reported the 

regeneration of shoots from callus of Plumbagorosea using appropriate concentrations of auxins and cytokinins. 

Mantell and Hugo [13] have also reported a high frequency of shoot, root, and micro tuber production from 
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Dioscoreaalatadepending on the culture medium used, the type of explant from which the calli originated, and 

the photoperiod. 

 
Regeneration through somatic embryogenesis: 
Somatic embryogenesis is a process where groups of somatic cells/tissues lead to the formation of somatic 

embryos which resemble to the zygotic embryos of intact seeds and can grow into seedlings on suitable 

medium. Plant regeneration via somatic embryogenesis from single cells, that can be induced to produce an 

embryo and then a complete plant, has been demonstrated in many medicinal plant species. Ghosh and Sen[14] 

reported regeneration and somatic embryogenesis in Asparagus cooperion MS medium. 

 

II. Genetic Transformation: 
The recent advances and developments in plant genetics and recombinant DNA technology have helped to 

improve and boost research into secondary metabolite biosynthesis. A major line of research has been to identify 

enzymes of a metabolic pathway and then manipulate these enzymes to provide better control of that pathway. 

Transformation is currently used for genetic manipulation of more than 120 species of at least 35 families, 

including the major economic crops, vegetables, ornamental, medicinal, fruit, tree and pasture plants, using 

Agrobacteriummediated or direct transformation method [15]. However, Agrobacterium mediated 

transformation offers several advantages over direct gene transfer methodologies (particle bombardment, 

electroporation, etc), such as the possibility to transfer only one or few copies of DNA fragments carrying the 

genes of interest at higher efficiencies with lower cost and the transfer of very large DNA fragments with 

minimal rearrangement[16]. 

The gram-negative soil bacteria, Agrobacterium tumefaciens, and the related species, A. rhizogenes,are 

causal agents of the plant diseases crown gall tumour and hairy root, respectively Agrobacterium rhizogenes has 
been used regularly for gene transfer in many dicotyledonous plants[17]. Plant infection with this bacterium 

induces the formation of proliferative multibranched adventitious roots at the site of infection; the so-called 

‘hairy roots’[18].This infection is followed by the transfer of a portion of DNA i.e. T-DNA, known as the root 

inducing plasmid (Riplasmid), to the plant cell chromosomal DNA. The research is going for the application of 

plant transformation and genetic modification using A. rhizogenes, in order to boost production of those 

secondary metabolites, which are naturally synthesized in the roots of the mother plant. Transformed hairy roots 

mimic the biochemical machinery present and active in the normal roots, and in many instances transformed 

hairy roots display higher product yields.  

So far, no protocol has been published for in vitro growth of R.serpentinaroots directly from leaf explants using 

growth regulators. The present study was undertaken to develop a protocol for rapid induction of R. 

serpentinaroots using the leaf of the plant as the starting material. Genetic transformation would be a powerful 
tool for enhancing the productivity of novel secondary metabolites of limited yield. Hairy roots, transformed 

with Agrobacteriumrhizogenes, have been found to be suitable for the production of secondary metabolites 

because of their stable and high productivity in hormone-free culture conditions. A number of plant species 

including many medicinal plants have been successfully transformed with Agrobacterium rhizogenes. 

 

Conservation of endangered medicinal plant using Agrobacterium species: 
Different techniques adopted so far to conserve this endangered medicinal plant, Agrobacterium 

rhizogenes-mediated ‘hairy root’ cultures of different Rauwolfia species have attracted the major attention. 

These genetically transformed ‘hairy root’ cultures have already provided much evidence of their suitability as 

an alternative production source, and offer the advantages of genetic stability and consistency in the product 

yield over a longer period of time, faster growth rate, autonomy for auxin biosynthesis and minimal nutritional 

requirements, leading to cost reduction and the potential to synthesize secondary metabolites similar to those of 

the parent plants [19]. Transgenic hairy root cultures have revolutionized the role of plant tissue culture in 

secondary metabolite production. They are unique in their genetic and biosynthetic stability, faster in growth, 

and more easily maintained. Using this methodology a wide range of chemical compounds has been synthesized 

[20, 21]. Advances in tissue culture, combined with improvement in genetic engineering, specifically 

transformation technology, have opened new avenues for high volume production of pharmaceuticals, 

nutraceuticals, and other beneficial substances [22]. Recent advances in the molecular biology, enzymology, and 
fermentation technology of plant cell cultures suggest that these systems will become a viable source of 

important secondary metabolites. Genome manipulation is resulting in relatively large amounts of desired 

compounds produced by plants infected with an engineered virus, whereas transgenic plants can 

maintainconstant levels of production of proteins without additional intervention [23].  
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Production of secondary metabolites: 
Plants are the traditional source of many chemicals used as pharmaceuticals. Most valuable 

phytochemicals are products of plant secondary metabolism. The production of secondary metabolites in vitro 

can be possible through plant cell culture [24].Successful establishment of cell lines have several advantages for 

mass cultivation of plant cells, major of those are as follows: 

1. It gives better control for scale up of cell suspension cultures under defined parameters for the   production of 

bioactive compounds. 

2. Constant regulation of conditions at various stages of bioreactor operation is possible.  

3. Handling of culture such as inoculation or harvest is easy and saves time.  

4. Nutrient uptake is enhanced by submerged culture conditions which stimulate multiplication rate and higher 

yield of bioactive compounds and  

5. Large number of plantlets is easily produced and can be scaled up. 
Since the biosynthetic efficiency of populations varies, a high yielding variety should be selected as a starting 

material. The fundamental requirement in all this is a good yield of the compound, and reduced cost compared 

to the natural synthesis by the plants. 

 

III. Alkaloids: 
Alkaloids are complex organic molecules containing a heterocyclic nitrogen ring, which have been 

widely exploited for their diverse pharmacological properties. Such compounds are produced by many different 
organisms, including animals and microbes, but a particularly diverse array of alkaloids is produced by plants. 

Alkaloids are often isolated from plants and used as pure compounds, although they may also be administered as 

crude extracts. Approximately 10% of all plant species are thought to produce alkaloids as secondary 

metabolites, where they function predominantly in defenses against herbivores and pathogens. Although such  

ecochemical functions are important in their own right, most of the interest in alkaloids stems from their potent 

and specific pharmacological effects in humans, and this is also the reason why metabolic engineering of 

alkaloid biosynthesis is an important area of research.  

 

Quantitative and Qualitative analysis of indolealkaloids: 
One of the most effective methods for the qualitative and quantitative analysis of alkaloids is HPLC 

because of its high resolution power and automatisation. Different stationary phases were used in the past for 

normal phase packing, e.g. aluminum oxide [25]and silica gel [26], or  reversed-phase materials like RP8[27] or 

RP18 [28,29]. 

In some cases ion-exchange columns were used to determine alkaloids such as the highly polar 

polyhydroxy alkaloids or opium alkaloids. The use of acetonitrile–water mixtures with ammonium formiate as 

eluent allowed the coupling to MS. When diluted hydrochloric acid  use as an eluent for ion-exchange 

chromatography, the direct measurement of biological activity could be performed after addition of phosphate to 

the obtained fractions [30]. Liquid chromatography on reversed-phase columns is nowadays ‘‘state of the art’’ 

in the analysis of natural products and especially alkaloids. The most attractive advantage of RP 

chromatography is deproto the ability to determine simultaneously a wide variety of compounds which differ 
markedly in men molecular structure, molecular mass, polarity and acidity/basicity. Only very polar compounds, 

like the above mentioned polyhydroxy alkaloids or derivatives lacking a UV absorbing chromophore are 

difficult to separate with reversed phase columns followed by conventional UV detection. To overcome these 

problems the application of gas chromatography is an excellent alternative [31]. However for HPLC-analysis of 

basic alkaloids with reversed-phase material no generally applicable method exists. As RP18 material provides 

the highest affinity to lipophilic structures, such as the carbon skeletons of monoterpenoidindole alkaloids, and 

also shows the best shielding of the silica gel [32,33], we decided to apply an RP18 column for the optimization 

of the buffer system which we had developed for a more alter a general application to alkaloid analysis. Unless 

otherwise stated, for all initial experiments we used isocratic conditions with acetonitrile and a 25 mMphosphate 

buffer as eluents. The formation of uncharged and thus more lipophilic ion pairs depends on: 

(i) The concentration of the counter-ions,  
(ii) The pH value of the buffer,  

(iii) The dissociation constant of the ion pair reagents and analytes, and 

(iv) The dielectric constant of the eluent mixture which favors the ionic mechanisms between the cationic 

alkaloids and the anionic sulfonic acid [34].The lower the dielectric constants of the solvents used, the 

higher are the formation rates of ion pairs. For this reason we chose acetonitrile as eluent and an acidic 

buffer solution which provided a strong dissociation of the sulfonic acid and a quantitative protonation 

of the basic alkaloids. 
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Conservation through cryopreservation: 
The cryopreservation of in-vitro cultures of medicinal plants is a useful technique. Cryopreservation is 

long-term conservation method in liquid nitrogen (–196 °C) in which cell division and metabolic and 

biochemical processes are arrested. A large number of cultured materials can be stored in liquid nitrogen. Since 

whole plants can regenerate from frozen culture, cryopreservation provides an opportunity for conservation of 

endangered medicinal plants. For example, low temperature storage has been reported to be effective for cell 

cultures of medicinal and alkaloid producing plants such as Rauvollfia serpentina, D. lanalta, and A. belladonna 

and Hyoscyamus spp. When plants are regenerated and no abnormality is seen either in fertility or in alkaloid 

content, the materials can be stored using cryopreservation methods. Cryopreservation has been used 

successfully to store a range of tissue types, including meristems, anthers/pollens, embryos, calli and even 

protoplasts. However, the system absolutelyl depends on the availability of liquid nitrogen methods. 

There recently optimized protocol offers an impeccable end to end method from the establishment of 
aseptic cultures to in-vitro plantlet production employing semisolid as well liquid nutrient culture medium and 

assessment of their genetic fidelity using polymerase chain reaction based rapid amplification of polymorphic 

DNA analysis. In vitro shoots multiplied on Murashigeand Skoog basal liquid nutrient medium and extraction of 

indole alkaloid particularly reserpine, ajmaline and ajmalicine and their simultaneous quantitation performe 

using monolithic reverse phase high-performance liquid chromatography (HPLC) [35]. Numerous factors are 

reported to influence the success of in-vitro propagation of different medicinal plants [36]. The effects of auxins 

and cytokinins on shoot multiplication of various medicinal plants have been reported[37], has shown that 6-

Benzylaminopurine (BA), stimulates the development of the axillary meristems and shoot tips of 

Atropabelladonna[37,38] observed a rapid proliferation rate in Picrorhizakurroausing kinetin . Direct plantlet 

regeneration from male inflorescences of medicinal yam on medium supplemented with  kinetin has also be 

reportedby[39].The highest shoot multiplication of Nothapodytesfoetida is achieved on medium containing 
thidiazuron (TDZ)[40].Similarly, it has been observed that cytokinin is required, in optimal quantity, for shoot 

proliferation in many genotypes but inclusion of low concentration of auxins along with cytokinin triggers the 

rate of shoot proliferation [41]. 

Rauwolfia serpentine was reported to contain a large number of therapeutically useful indole alkaloids 

and these alkaloids are largely located in the roots. Hence, root biomass production of this plant could be of 

economic importance. Chemically, the root contains a number of alkaloids. The Quantitative determination of 

total alkaloids in this plant in tissue culture was reported by Shimolinain 1984. Mechanism for irradiance 

skeleton formation in the biosynthesis of secologanin and  indole alkaloid in suspension culture of R. serpentine 

was well reported Uesatoin  1986. Quantitative estimation of Rutin in this plant was reported by Bharadwajin 

1988. Expression of enzymatically active cloned strictosidine synthesis from R. serpentina in Escherichia coli 

was reported by Kutchan in 1989. Biotransformation of ajmaline in plant cell culture and new indole alkaloids 

raumacline and N (β) –methyl raumaclin were reported [42] reflecting high yield formation of arbutin from 
Hydroquinone by cell suspension culture. The quality and quantity of auxins supplemented to the culture of leaf 

explants affected the type of regeneration as well as secondary metabolite production, as has been reported in 

several other organ cultures [43].The low reserpine content of the in vitro regenerated roots found in this work 

may be attributed to two factors. First, roots regenerated from leaf explants which are known for low alkaloid 

content. Second, the regenerated roots lacked a bark and the bark of the plant is reported to contain higher 

alkaloid content than the root. Chemical synthesis of reserpine has not been adopted due to its high cost 

compared to extraction from the natural source [44] while roots of R. serpentine is the main source of the 

alkaloids mentioned above, indiscriminate harvesting of the roots has threatened the survival of the plant. 

However, high demand for the alkaloids necessitates rapid production of roots within a short time-frame. 

Therefore, root cultures are a potentially useful in vitro system for commercial production of secondary 

metabolites. Direct root induction from leaf explant as a method for the rapid root regeneration has been 
reported for several plants, viz, Lycopersiconesculentum [45], Nicotianatabacum[46]and Begonia[47]. 

 

Effect of R. Serpentina on differentmedium: 
R. serpentinaexplants incubated under dark conditions produced thin roots which indicated that 

photoperiod also influences invitro root growth. Overall, therefore, the results show that solid MS media is good 

for root induction from the leaf explants of R. serpentina. On the other hand, liquid MS media inhibited 

percentage of regeneration, root growth, root length, and reserpine content. This effect may due to the 
production of some metabolites that accumulated in the liquid culture and exerted inhibitory effect during the 

course of root growth. However, this hypothesis will need to be verified in future studies. 

The cell suspensions culture of Rauwolfiaserpentina(L.) Kurzhas been established since 1980, and the 

culture is presently optimized as one of the most efficient and best characterized systems when the 

phytochemistry and enzymology of indole alkaloids, the biotransformation capabilities, and the application for 

hybrid generation is concerned [48].A series of enzymes were purified and characterized, which exhibit 
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different functions in alkaloid biosynthesis and biotransformation [49, 50, 51]. All these information prompted 

us to utilize cell suspension to biotransform Paclitaxel, which might lead to polar hydroxylated or glycosidated 

Paclitaxel derivatives. 
Large-scale plant tissue culture is found to be an attractive alternative approach to traditional methods 

of plantation as it offers a controlled supply of biochemical independent of plant availability[52, 53] detailed the 

impact of specific engineering-related factors on cell suspension cultures. Current developments in tissue culture 

technology indicate that transcription factors are efficient new molecular tools for plant metabolic engineering 

to increase the production of valuable compounds [54]. In vitro cell culture offers an intrinsic advantage for 

foreign protein synthesis in certain situations since they can be designed to produce therapeutic proteins, 

including monoclonal antibodies, antigenic proteins that act as immunogenes, human serum albumin, interferon, 

immuno-contraceptive protein, ribosome unactivatortrichosantin, antihypersensitive drug angiotensin, leu-

enkephalin neuropeptide, and human haemoglobin [55]. 

 

R. serpentina (as a therapeutic agent): 
         R. serpentina is therapeutically used as a sedative, a hypnotic drug and in hypertension. About 0.1% of the 

active principle reserpine which is an indole alkaloid is present in the root [56]. Homoeopathy is a holistic 

system of therapy which works at reinforcing the body’s own natural capacity to heal and achieve a gentle and 

lasting cure. Mother tinctures (MQ) are defined as the original tincture prepared with the aid of alcohol, directly 

from the crude drug. They are the precursors of the corresponding potencies of the respective drug and the 

starting point for the production of most homoeopathic medicines [57].Alkaloids are very important in medicine 

and constitute most of the valuable drugs [58]. 
R. serpentina is said to have the following pharmacological attributes. (1) By action on the vaso motor 

centre, it leads to generalized vasodilatation, with a lowering of blood pressure. (2) By depressant action on the 

cerebral centres, it soothes the general nervous system. (3) It exerts a sedative action on the gastric mucosa and a 

stimulating action on the plain musculature of the intestinal tract. (4) It stimulates the bronchial musculature. A 

vague reference to the use of a tincture or alcoholic extract of the root of R. Serpentina, in cases of high blood 

pressure, was made in 1942 by Paranjpe. He claimed improvement, without any statistical backing, in most 

cases of hypertension; the hypotensive action was said to be particularly gratifying in elderly subjects- and in the 

case of the diastolic pressure; the tincture was said to be a good cough-sedative and diuretic. In two cases 

reported by Paranjpe, there had been a permanent reduction of blood pressure for well over a year, on occasional 

doses of the tincture. 
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