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Abstract 
Secondary metabolites are important bioactive compounds. They are important constituents of crude drugs. 
Several plants are rich in secondary metabolites, which are potential source of drugs, fragrances, pigments 
food. flavours and essential oils. Biotechnology assisted production of drugs from plants is roots in 

physiological plant anatomy, in vitro culture of plant cells, the design of bioreactors, plant 
biotransformation and hairy root culture. Bioactive compounds are produce in very low quantity in plants. 

It is obvious that these products are useful to mankind and needs to be conserved and manipulated. Many 
plant species yet to be investigated properly for phytochemical consituent and many to be evaluated at the 

level of gene regulation of metabolites with the advent of newer sophisticated tools and techniques
biotechnology and information technology many new information may be obtained in the near future. 

Keywords: Bioactive compounds, secondary metabolites, biotransformation 

often varies in different ecological conditions. Some of 
the most widely used drugs are still extracted from 
whole Plant source. For example, the tropane alkaloid; 
atropine and scopolanine, which are used in a wide 

range of medicinal applications are extended and used in 
a wide range of medicinal applications are extracted are 

purified from field grass Duboisa and Datura plants.
The production of these drugs is therefore affected by 
the same variable that acts upon food plant production.

Medicinal compounds are abundant in nature. They are 

present in plants, micro-organisms, marine-organisms, 

arthropods 
compounds are secondary metabolities i.e., derivatives
of primary metabolities. Apparently they do not take 
part in any of the fundamental metabolic processes in 
plants and as such, are referred to as secondary 
metabolities. However, these are not less important than 
primary metabolites and play a vital role in medicine as 

analgesics 
anthypertensives (reserpine), cardiotonics (digoxin). 
anticancer agents (vinblastine, taxol) and anti nmalarial

agent (artimisin,
tphenylpropanoids) and anti- HIV (castanospermine) 
etc. In this review article we have dealt only with 

bioactive compounds that are present in higher plant 
taxa. Generally these bioactive compounds are produce
in very low quantity in plants, however, as the demands 

of bioactive compounds are very high, such chemicals
are extremely high priced. A list of important medicinal

plants and their active principles are depicted in Table 1 

and Table 2 indicates annual demand of 32 prioritised

medicinal plants. 

and other animals. These bioactive 

(morphine) anti-tussives (codenie) The idea of in vitro secondary metabolite production 

Higher plants are valuable and the most important 
producers of natural products including food, fibre, 
umber and oils. However, several plants are rich in 
secondary metabolites, which are potential source of 

drugs, fragrances, pigments, food, flavours and essential
oils. Biosynthesis of metabolites although, controlled 
genetically, are also affected strongly by environmental 
factors and soil conditions. UNESCO (1960) has 
published a survey report, which details of old world 
medicinal plants growing in different zones belongingto 
different families and production of secondary 

quinine), antiulcer compounds 

metabolites. 

It was in 1950s that the potentialities of isolated cells of 
higher plants in producing the useful metabolities were 
recognized. At that time the tissue culture technique was 
not very elaborate and thus not be taken up for general

use. Since then, technique of tissue culture has been 
developed for large-scale cultivation of plant cells and 
production of secondary metabolites has created keen 
interest among he researchers. 

includings terpenoids, flavonoids, antimicrobials etc. 
have been detected from the tissues developed in vitro. 

Limitation of field production of plant secondary 
metabolites 

An improvement in the product formation was felt 

necessary to accomplish the demand of mankind In vivo 

grown plants has certain intrinsic limitations, such as 

production of the bioactive compounds are seasonal in 

many cases and dependant on organ development, thus 

imiting the production throughout the year. Plants are 

ixed in the environment and as such, they are often 

subject to natural calamities and pathogen attack, which 

restrict the stability of product formation. The yield 

The metabolites 

The path breaking route on secondary metabolite 
research commenced from the analysis and production 
of plant drugs is marketed by medieval herbals, by the *Corresponding author: 

E-mail: pdgbot@yahoo.com 
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Table 1: Examples of Crude Drugs that have received clinical /pharmacological support for their therapeutic claims 
(Sukh Dev, 1997; Schulz et al., 1998 and Huang. 1999) 

BOTANICAL NAME ENGLISHHINDI KEY CONSTITUENTS TYPE OF ACTIVITY 

SANSKRIT NAME 
Acorus calamus Vacha Tranquilizer 

Adhatoda zeylancia Vasa Vasicine Bronchodilator 

Aesculus hippocastanum Astringnt, antiedemic 

Cholesterol-lowering. 
antihypertensive

Horse chestnut Aescine 
Allium sativum Garlic Allin allinsase 

Androg raphis paniculata Bhuinimba Hepatoprotective 
Antidote for urinnry tract 

Andrographolide 
Arctostaphylos uva-urs Uva-ursi Phenolic heterosides

inflammations 

Artemisia annua Qinghao Artemisinin Antimalarial 
A. absinthium Wormwood Sesquiterpene lactons Gastrointestinal disorders 

AsparaguS racemosus Shatavari Shatavarin-I Antiabortifacient 

Azadirachta indica Nimba Gedunin Antimalarial 

Brahmi Bacopa monnieri 

Boerhavia diffusa 

Buttea frondosa 

Cassia angustifolia 

Bacosides Memory enhancer 
Punarnava Diuretic, anti-inflammatory 

Palasha Palasonin Anthelmintic 

Senna Sennosides Bowel stimulator, 

antiabsorptive 
Centella asiatica Mandookaparni Asiaticosides Skin diseases. psychotropic 

Anti-inflammatory 
antispasmodic 

Chamomilla recutita Chamomile Chamazulene, bisabolol, 
lypophyllic flavonoids 

Crataegus monogyna, C. oxycantha Hawthorn Glycosyl flavonoids ? 

procanthocyanidins?
Positive inotropie, 

antiarrhythmic 
Curcuma longa Turmeric/Haridra Curcumin Anti-inflammatory 
Datura metel Thorn-apple/Dhastura Tropane alkaloids Intoxicant, narcotic, 

aphrodisiac, antispasmodic. 
anodynous 

Echinacea spp. Coneflower Polysaccharides 
Ephedrine 

Immunomodulator 

Ephedra spp Ephedra Bronchodilutor 
Vasoconstrictor 

Ginkgo biloba Ginkgo Bilobalide. ginkgolides. 
tlavonoids 

Anti-ischemic, 
antihypoxidotic, PAF 

antagonistic, memory 
chnancer 

Harpagophyatum procumbens Devil's claw Harpagoside Anti-inflammatory and 
antiexudative 

Hollarrhena antidysenterica Kutaja Conessine Antidysenteric
Antideppressant 

Active cognition chnancer 
facilitates memory and 

motor activity in the aged 

Hypericum perforatum 
Hyperzia serrata 

St. John's wort Hypericins 
Huperzine A and other 

alkaloids 

Panax ginseng, P. Quinquefolius 

Phyllanthus amarus 
Ginseng Ginsenosides Adaptogen 

Hepatoprotector 
Hepatoprotector 

Bhoomyaamlaki ? 

Picrorrhiza kurroa Katukaa, Kutki Picroside, kutkoside 

Piper methysticum Kava Methysticine and related Anesthetic, anticonvulsant. 
PyTones central muscle relaxant 

Psyllium 
Pygeum 

Plantago Ovala Mucilages. hemicelluloses Laxative 
Prunus africana ? Benign prostratic 

hyperplasia 
Antihepatotoxic, promotes Silybum marianum Milk thistle Silymann 

ribosome formation and 

protein synthesis 
Serenoa repens Saw Palmetto Benign prostratic 

hyperplasia 
Febrifuge Swertia chirayita Kairata, Chirayata 

Valeriana officinalis Valerian Valepotriates Hypnotic 
Withania son1nifera Withanolides Ashwagandha/ 

Ashvagandha 
Aphrodisiac, rejuvenator 
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Table 2: Amal demand of 32 prioritised medicinal plants 

SI.No. Annual Growth Deand (in tonnes) 
2001-2002 

Species 
2004-2005 Rate (%) 

Anla 22729.5 41782.9 22.5 
Ashok 70513 3 10724.2 5.0 

Ashwapaundha 7028.7 9127.5 9.1 

AuS 270.1 448.4 18.4 
5381.2 7084.5 9.6 

Bhuni amalaki 2212.6 2985.3 10.5 
Brali 3822.5 6621.8 20.1 

Chandan 635.2 1073.1 19.1 

Chirata 965.2 1284.7 10.0 
Dauu haridra 187.3 1829.4 15.5

Giloe 2258.3 2932.6 9.1 

N.A 
1505.0 

Gudnar N.A. N A. 

2548.9 19.2 Guggal 
Isabgol 

Jatamansi 
N.A. N.A. N.A. 
674.9 866.8 8.7 

Kalihari 65.4 100.5 15.4
7 Kalmegh 2005.0 2197.3 3.1 
8 Kesar N.A N.A N.A. 
9 Kokum N.A N.A. N. A. 

20 Kuth 1414. 1826.3 8.9 
Kutki 220.3 317.0 12.9 

Makoy 
Mulethi 

2077.9 2192.2 1.8 

873.4 1359.8 15.9 
4 Patharchur 37.8 60.8 17.2 

3992.5 16.3 Pippali 
Safed Musali 

6280.4 

26 N.A N.A. N.A. 
27 Sarpgandha 423.6 588.7 1.6 
28 Senna 6462.5 1677.3 21.8 
29 Shatavari 10924.1 16658.5 15.1 

30 Tulsi 3296.8 5402.9 17.9 

31 Valsnabh 322.3 3426.8 0.0 

32 Viavidang N.A N.A. N.A. 
(Source National Medicinal Plants Board, Ministry of Health and & Family Welfare, Department of AYUSH, GovL. of India.) 

cell technologies. Arguments in support of plant cell 

cultures stress the advantages of year round availability 
of plant material, process isolation and magnification
accentuation of chemical reactions under growth control. 

discovery of morphine in Opium and synthesis of 

acetylsalicyclic acid. Biotechnology assisted production
of drugs from plants is roots in physiological plant 
anatomy, in vitro culture of plant cells, the design of 

bioreactors, plant bioransformation and hairy root 

culture (White 
recognition of ecologic implications mandates that 

research and Development (R & D) personnel better 
understand the synthesis and function of plant secondary 
metabolites and guarantee supply. while guarding 

The secondary metabolites have high economical and 
pharmacological importance and the industries are 
deeply interested in large variety of chemical substances 
being produced by plants due to their lesser toxicity. 
Though these substances are generally extracted from 

plant parts, the plant tissue culture technique has 
widened the scope und opened new vistas for the 

production of secondary metabolites. 

1939; Gautheret, 1939). Today. 

nalural resources. 

Prunary metabolites in plant (i.c., proteins, oils and 

starches) maintain essential physiological processes.
Secondary metabolites, such as alkaloids, terpenoids, 
lavonoids, and a host of glycosides mediate the relation 

between plants and their environment, Manipulation o 
secondary metabolites, therefore, not only may change 
the quality and quantity of products, but also may 
Signilicantly change plant interaction with the 

In India, the beginning of this work goes back to 1964 
when Dr. G. C. Mitra at NBRI (National Botanical 
Rescarch Institute, Lucknow, 1979) showed the 

production of resepine from Rauwolfia serpentina 
tissue culture. Later on, work on various mctabolites 
was carried out in other laboratories of Europecan 
countries as well as in India. 

Cnvironment. 
Different approaches for the production of secondary 

The 20,000 plus organic conpounds listed as secondary 
metabolites show an enormous diversity and thus 

allowed 

metabolites 

Development of seed material for domestication and 

micropropagation. 
chemical description to conplement 

cOnventional classification of plants by imorphological 

features Continuous improvement of plants for secondary 

metabolites-through
engincering. 

somaclonal and genetic Research and devclopment for the production of 
Secondary metabolites have been directed primarily t 
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Table 3: High yielding cell lines which accumulate bio- 
active compounds at level higher the parent plant 

techniques are being employed. 

Under uniform cultural condition, metabolities could be 

produced uniformly throughout the year with consistent 

quality, free from pests and diseases and without 
interference of environmental hazards. Using the 

cstablished protocol, the product synthesis can be 

reproduced even in geographically distant places. 

Plant Species Product Yield 

(% dry weight)_ 
Visnagin Ammi visnga 

Berberis panvifolia 
cell line 177 

0.31 
Jatrorrhizine 5.83 

Palmatine 
Berberine 

Tissue culture technique as it stands today is a mere 

emperical science, because. most of the experimental 
results can not yet be exploited at the cellular or 
molecular level. Moreover. biological materials are 
widely diverse in their genetic make up as such, they 
respond differently under the given situation. Therefore, 
for every plant species, standardisation of medium 

composition, explant types, temperature, photoperiod 

Cassia tora Anthraquinones 
Vindoline 

6.0 
Catharanthus 

roseus Catharanthine 0.13 

Serpentine 
Ajmalicin 

0.8 
I.0 

Cephaelis Emetine 
Ipecacuanha 

Coffea arabica 
Coleus blumei 

Cephaelin 
Cafteine 

2.2 
1.6 

Rosmarinic acid 15.0 
etc. are essential. 

Coptis japoncia 
Dioscorea deltoidea 

Berberine 

Diosgenin 
Pseudoephedrin 

114 
Various factors viz. biological, chemical and physical. 
play a vital role in improving product synthesis has been 
illustrated in the following sections, along with 
differentiation at the cellular and morphological levels. 
Use of elicitors. precursors etc. to enhance the desirable 

product has also 
Biotransformation technique has also been employed in 
conversion of intermediary 
abundantly in an organism to a desirable compound 
using an enzyme from microbial source (Chaturvedi 

1979). 

1.5 

Ephedra sp. 2.25 

Fedia comucopiae 
Lithospermum 
erythrorhizon 

M 

Valtrate 1.38 
Shikonin 14.0 

shown o hold promise. cleaya 
microcarpa 

Morinda citrifolia 

Protopine 0.4 

compound produce Anthraquinones 
Nicotine 
Nicotine 

18.0 
Nicotiana rustica 0.29 

Nicotiana tabacum 3.4 
Glutathione 

Panax ginseng 

Papaver 
somniferum 

Gnsengoside 
Papavarine 

27.0 
Depending on the objectives, a system viz. callus, cell 
Suspension or root/shoot culture is used. Once the in 
vitro culture system is established it is used to achieve 

objectives 
micropropagation, genetic manipulation or cultivation. 

5.6 

Understanding metabolic pathways. through different approaches viz. 

Alternative methods using Bioreactors (biomass); 
immobilization, organ culture (Shor/hairy root). Micropropagation is the most widely used application of 

plant tissue culture and micropropagation protocols for a 

large no. of medicinal plants have been reported. 
Micropropagation is used where ever a particular 
selected or unselected genotype to multiply at an 

enormous rate to meet the demand of cultivating to 

replace the existing stock of material or for introduction 
to a new state or country for culti vation eg. Adhatoda 

sp., Atropa belladona, Rauvolfia serpentina, Aloe sp. 
Dioscorea floribunda, Mentha sp. ctc. (Chaturvedi
1979; Zhihua et al, 2004; Margarita et al. 2005.) 

New compounds in tissue culture. 

1. Development of seed material for domestication
and micropropagation 

Plants are collected from their wild habitats for 
medicinal uses. This supply is unable to meet the 
demand if a plant finds multipurpose uses or 
applications. Under such conditions, uniform and large 
Supplies can be assumed only by systematic cultivation 
on a large scale. This requires planting nmaterials such as 

seeds, tubers or other vegetative parts. There are several 
examples of insufficient availability of planting material 
necessitating, raising it through biotechnological method 
as the only way to get a sufficient amount. This 

approach has be used for the domestication of such 
plants such as Digitalis species, Dioscorea species, 
Chlorophytum sp. species and many others desirable 
compounds, non-conventional method of in vitro 

Somaclonal variation and genetic 2. Improvement 

engineering 
Decline of potential for the production of active 
principle or essential oil content is a common feature 
with cultivation of medicinal plants and a continuous 
required to maintain the high yield active constituents 
for commercially viable programmes. Therefore 

Table 4: Effect of added precursors on secondary product levels in the tissues 

Species 
Ruta graveolens

Cinchona ledgeriana
Lithospermum
erythrorhizon
Ephedra gerardiana
Capsicum fruitescens
Catharanthus roseus 

Precursor 
4-OH-2-Quinoline 

Tryptophan 

Stimulation 
Trace 0.6%DW 

Metabolite 
Dictamine 

Quinoleines Trace 0.9% DW 

Phenylalanine Shikonin 37 Hg-126 ug g' FW 

Phenylalanine 
Vanillylanine + isocarpic acid 

Tryptamine + Secologanin 

Ephedrine 
Capsaicine 
Almalicine 

0.17%-0.5% DW 
Trace 10 yg 

Trace 0.6 mg L" 
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Table 5: Production of secondary metabolites by hairy root cultures 

Agrobacterium strain/ Ri 

plasmid 
Plant species Type of culture Specific metabolites 

Ariemisia absinthiumn LBA 9402 Volatile oils Hairy root 

Hairy roots 
Hairy roots 

Artemisia annua LBA 9402 Artemisinin 
15834, A4, 8196 Tropane alkaloids 

hyoscyamine 
Indole alkaloid 

Atropa belladonna 

Amsonia ellipitca 
Azuga reptans 
Beta vulgaris 
Catharanthus roseuS 

Hairy roots 
Hairy roots/ regenerants 
Hairy roots 
Hairy roots 
Hairy roots 
Hairy roots 
Hairy roots 

A4 
A. rhizongens MAFF 0301724 

LBA 9402 
20-hydroxyecdy-sone 
Betalin pigmens 

LBA 9402 Indole alkaloids 
Cinchona ledgeriana 
Coleus forskohtii 
Datura sp. 

LBA 9402 Quinoline alkaloids 
MAFF 03-01724 

15834, A4, 8196 
LBA 9402 

Forskolin 

Tropane alkaloid 

Digitalis purpurea 
Duboisia nmyoporoides 

Hyoscyamus sp. 
Lippia dulcis 
Nicotiana tabacum 

A4, 15834 
HRI 

Hairy roots 
Hairy roots 
Hairy roots 
Hairy roots 
Hairy roots 

Hairy roots 
Hairy roots 
Hairy roots 
Hairy roots 
Multiple shoot derived from 

hairy 
Hairy roots 

Cardenolides 
Tropane alkaloid 

7-B-hydroxy-hyoscyamine A4, LBA 9402 

A4 Hernanduclin 
A4, LBA 9402, 15834, 8196 
A4, 15834 

Nicotine alkaloids 
Panar ginseng Ginsenoside saponins, 

Anthraquinones 
Steroidal alkaloids 

Rubia inciorum 15834 
15834, LBA 9402 
15834 

Solanum aviculare 
Solanum tuberosum Steroidal alkaloids 

Vincamine Vinca minor 15834, A4 

Withania somnifera A4 Withanolides 
(Source: Biotechnology Secondary Metabolites: Eds. K.G.Ramawat & JD Merillon.) 

selection through conventional breeding as well as in 
cell culture is explored for obtaining high yielding 
culivars. Once selected, this material is multiplied by 
the micropropagation technique to provide seedling 
materials to the farmers e.g. Mentha, Citronella and 

Cymbopogon species. Though genetic engineering offers 

great promise for improving the existing genotype, the 
work is still in infancy as compared to crop plants. 
Genetic manipulation has been employed to obtain hairy 
root cultures of a large number of Solanaceous plants 
and manipulation of biosynthetic pathways to obtain 
desired product e.g. change in flower colour by 

blocking the chalcone synthase gene responsible for 
flower colour. 

by either blocking a pathway or enhancing the metabolic 

reaction. 

4. Scaling up technology through bioreactors 

Plant cell cultures grown in a Bioreactor enable biomass 

production of a desired medicinal plant or its active 
principle through transformation. Such a system has 
been use for a long ime for production of antibiotics 
using fungi. The basic technology was derived from 
microbial systems and has been continuously improved 
for the growth of plant cell and organ cultures on a large 
scale. Bioreactors up to 20,000 litres have been designed 
and tetrad for the growth of plant cell cultures. Such a 

culture system produces a huge biomass in a short 
durauon (10 to 20 days) but there are still several 
challenges to resolve before wider applications. 
However, several pharmaceuticals are produced or are 

3. Understanding Metabolic pathways 
Plant tissue culture has been extensively used to 
understand the nutrition of the plant cell and the 
secondary metabolites it can produce. All the earlier 
work regarding the production of the active principle 
concentrated on the possibility of producing a compound 
by the cell culture of plant species. Subsequent efforts 
were devoted to learn about the factors governing the 

production of secondary metabolites (optimization). 
Later, selection of cell lines for high yield of secondary 
metabolites and enzymes involved in the biosynthesis 
were investigated using radioactive precursors wherever 

considered necessary. Growth of the cell in a totally 
controlled environment of physical and chemical factors 
provides an excellent system for studying changes in the 
production of secondary metabolites, which are always 
present in small quantities. This basic information has 

provided significant clues for genes and their 
functioning, leading to genetic manipulation for 
biosynthetic pathways so as to obtain desired products 

on the verge of being produced at the commercial level 

using large bioreactors, 
Lithospermum erythrorhizon, 
breisfolia and between for Coptis japonica. (Paek, 
2005). 

Shikonin from e.g, 
taxol from Taxus 

5. New components/derivatives production 
Plant cultivars have produced new components 
previously not known in the intact plant, new derivatives 

compounds, 
biotransformation of molecules incorporated in the 
medium. Such results provide unlimited opportunity to 
screen the cultivars of new compounds. It is presumed 
that producti vity of new compound/derivati ves might be 
due to altered gene function in cultured cells compared 
to the in vivo grown mother plants. Production of new 

alkaloids in cultures of Catharanthus roseus, Ochrosia 

elliptica, Papaver somniferum, Ruta graveoleus are 

of known new derivatives by 
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cultures. In Morinda cullures, Zenk et al (1975) 

observed that promotion of anthraquinones taken place 
in presence of NAA but not in presence of 2, 4-D. 

However, the synthesis of anthraquinones in Cassia tora 
remained ineffective by 2,4-D. Brain (1976) observed 
simulatory effect of 2, 4-D in 1-DOPA synthesis. 
Although some promising information have already 
been obtained, more researches are needed for 

improving biosynthetic rate of secondary metabolites in 

in vitro using biotechnological advances. 

frequentdy cited examples. 

Production of secondary metabolites in plants 

The production of secondary metabolites in plants can 
be understood as thc result of plant development, which 
differentiate in metabolism as well as in morphogenes 
(Constabel, 1988) or the production of secondary 

metabolites is the expression of plant genome under 
developmental controls. On the other hand, secondary 
metabolites accumulates as a result of stress and 

disease. Such metabolites may be synthesised de deno 
(i.e.. by gene activation) and are referred to as 
phytoalexins. Other metabolites produced in response to 
stress and disease result from stimulation of enzymes 
active regular metabolism and are referred to as 

phytoanticipins. 
manipulation to better understand the biology secondary 
metabolites and to increase in yield. 

B) Growth Factor 

Biosynthetic activity of cells in a batch culture depends 
on cell growth and substrate utilization. Not much is 

known about the correlation between the rate of 
secondary metabolite formation and age of individual 

cell in culture. However, production growth pattern 
could be categories in 3 major types: 

Both concepts invite genetic 

Today, the concept of secondary metabolite products as 
differentiation products is supported by the following 

First type Product production proceeds parallel with 

cell growth for example antheraquinones ropane 

arguments alkaloids etc. 

Second type Product - production is delayed until cell 

growth declines or stops e.g., shikonin etc. 
Stages of plant cell cultures 

An extensive studies have been made in varies 

Third type 

growth increases e.g., diosgenin etc. 

Product production declines as the cell laboratories world wide to know when plant synthesize 

secondary metabolites. Methodologies have been 

designed to know the stage for enhancement of 

synthesis and increase yields of secondary metabolites 

in cell cultures. Following stages when synthesize 

secondary metabolites in vitro. Kinetics of growth and 

sec metabolites synthesis and accumulation have long 
and repeatedly been shown to co-occur with the 

stationary phase of cell cultures. 

C) Morphogenic Differentiation 

In nature, certain compounds are synthesized and stored 

up only in some specific plant parts via. essential oils in 

certain sex glands; tropane alkaloids in roots of tobacco; 

and latex in laticifers ducts. Such compounds reported 
in intact plants can not be synthesized by cells in 

suspension cultures but organogenesis is induced in cell 

cultures. there are synthesized in vitro. In Scopolia 

parviflora suspension culture, root initiation coupled 
With normal production of tropane alkaloids; alkaloid 

content increases many folds when organogenesis is 

induced in tissue culture of D. innoxia. 

A) Hormonal control 

Hormonal control of metabolites formation and 

accumulation has been well established for many times. 

As a rule, deceleration of growth because of detection or 

reduction of auxins in culture media prompts the 

Shikorin, a devivative, found localized in cork cells only 

has been produced and ceptionally in suspension 
cultures. This finding has opened the path for in vilro 

appearance of products viz. pigments/alkaloids. 

Cytokinins have been denmonstrated to stimulate 

production, as shown in cell cultures of Nicotiana 

tabacum (Tabata et al. 1971) for indole alkaloids in 

cultures of Catharanthus roseus (Careu et al., 1997) or 

for anthocyanins (Decendit, 1996). 

production of certain monotrepenes, d- pinene etc. 

without organogenesis the futures. 

D) Effect of nutrients on production of secondary 

Growth regulators affect growth and synthesis of 

secondary metabolites of cultivated cells. It was 

reported that the dose and nature of hormone 

supplimentation and the culture age have very marked 

effect on steroidal levels while studying the cultivated 

tissues of Trigonella foenumgracum. According to them 

centrain combinations of auxins and cytokinins had 

synergistic effect while other had antagonastic influence 

on steriodal synthesis. The nicotine synthesis in the 

tobacco cell cultures is strongly inhibited by 2, 4-D 

whereas it is promoted by kinetin. The effect of growth 

regulators on secondary metabolism very greatly 

depends upon the kinds of metabolites. 

metabolites 

The addition of nutrients, growth hormones, vitamin etc.

in culture media is primary aimed to increase cell 

growth in cultured condition. It has been reported that 

certain nutrients in culture media increase some 

secondary metabolites while others show an inhibitory 
effect. 
Addition of sucrose in culture media above its ordinary

level increase shikanin accumulation in cultured cells, 

lower concentration of sugar increases production of 

ubiquinone-10 in tobacco cell cultures. Carbon-nitrogen 

ratio (C: N) plays a vital role in the increase production 
of secondary metabolites in Sycamove sp. Unfortunately 

not much study has been made. Tabata and his associates observed that the synthesis of 

shikonin is inhibited both by 2, 4-D and NAA but not 

affected at all by IAA using the Lithospermum sp. cell 

6 
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E) Environmental control of secondary metabolites high yield1ng plants produce more metabolite under 

cultural condition. It has been demonstrated that 
Light is considered as an important environmental 
factor. which controls the synthesis of most of the 

secondary metabolites, in vitro. An appriciable 

quantitative change has been observed in oil content in 

cell cultures of Ruta gruveolens when grown in light 

and dark separately. 

serpentine concentrauon has been demonstrated that 

Serpentine concentraion of cell culture established from 

a high yielding Catharanthus genotype was not 

necessarily higher than that of cell culture raised from a 

plant with low serpentine content. This IS not surprising 

because the genes controlling the quantitative teature 

are remarkably influenced by the cultural environment. 

In Peganun. a poor co-relationship exists between 

alkaloid content of callus of cell suspension culture lines 

and parent plants. Investigations have revealed that 

Ammi Visnaga and Ruta graveolens produced 
characteristic secondary metabolites, in amounts similar 

to those in the plant from which they were derived. It 

was reported that callus cultures of two low alkaloid 

containing lines of N. tabacum L. yielded considerably 
lower nicotüne contents than cultures trom the 

Using Parsley cell culture. Hahlbrock et al (1974) noted 
a marked increasc in the accumulation of flavone and 
flavonol glycosides in illuminated culrured cells, 

specially with ultra violet light. Stimulating effect of 

light on the production of medicinal compound have 

also been reported by researchers 
Inhibitory effects of light have also been observed 
specially with white and blue light on shikonin derivate 

formation in Lithospermum sp. 

respective high alkaloid yielding cultivars which were 

ISogenic except for two loci for alkaloid accumulation 
Thus there was a strong corelation between the 

nicotinic content of callus cultures and the plants from 

which they were derived. It was reported that high 

PyTethrin yielding strains were derived trom h1gh 

yielding 
cinerataefolum. 

F) Plant growth regulator and signal transduction 

A balance combination of plant growth regulators 

(cytokinin and auxin) plays an important role in 

regulation of cellular and subcellular differentiation 

(Suri and Ramawat 1995). Inhibition of cellular and sub 

cellular differentiation by 2, 4-D has been clearly 

established. For example the auxin suppresses 

differentiation particularly 

al 

parents plants of Chrysanthemum 

molecular chloroplast 
H)Role of Morphological and cellular differentiation 

in product synthesis 

formation (Ramawat et 1989a). cellular 

differentiation leading to tracheid formation (Merillon et 

al 1986) and organ formation (Ramawat et al 1989b) 

Auxin are known to modulate the production of 

secondary metabolites, directly by modifying the 

growth (Tabata et al 1971) or indirectly by inducing cell 

differentiation (Suri and Ramwat 1995). The auxin 2. 4. 
D inhibits the production of alkaloids (Ramawat et al 

1989, a, b) while a moderate concenration on IAA or 

IBA may enhance production of alkaloids (Ranawat 

and Arya 1979). The mechunisms behind the effects are 

not clearly understood and it has becn suggested that 

involvement of membrane 

phospholipid and calcium may have vital role. 

A major disadvantage of plant cell culture compared 
with the whole plant with respect to secondary 
metabolism is that the biosynthetic potential of the 

potential of the plant in question IS very often not 

capressed in culture. Furthermore, it is desirable to use 

Torpholog1cally und1tterential cells for the production 

of a large arnmount of des1rable metabolites as a potential 
alternative to whole plant source. At present total 

synthesss of conplex biochemical such as medicinal 

compounds from simple, primary prccursors supplicd in 
the medium is rarely achieved at a conmercially lipid particularly 

signiticant level in suspension culture. On the other 

hand, there are many examples, which show high 

productivity of undifferentiated cells than that of the 

intact plants 

In a series of experiments it has been established that 

the cytokinin and zeatin derivative enhance alkaloid 

production where as presence of 2, 4-D in medium 

alone suppresses alkaloid production. Removal of 2, 4. 

D stimulates allocated production. With this background 

experiments were conducted to investigate the role of 

calcium in the cytokinin induced signals. 

initiated using Therefore, studies have 
differentiated cells which have roots. shoots or other 

been

organs, without knowing clearly that to what cxtent 

secondary metabolites depend on the development of 

specific structures/organs, or whether these two

processes are genetically and/physiologically linked. 

Dhar and Pal (1988) have demonstrated that pyrethrin is 

Chrysanthemum 

In general it has also been reported that raising the level 

of sucrose in the culture medium leads to an increase in 

the level of secondary metabolism (Yeoman and 

Yeoman 1996). It has recently been proved that the 

Sugar are not only important energy sources and 

Structural components but are capable of acung as 

regulatory signals that affect the expression of genes 

involved in several processes (Jang and Sheen 1997). 

synthesized in being 
cinerariaefolium cultures with shorts than the roots and 

more 

ts content is even lower in undifferentiated callus 

culture. Similar observations were also reported in 

culüvars of Darura metaloides, where tropane alkaloid 

production increased in the root and shoot forming G) Role of genotypes 
cultures than undifferenüated ones. 

Like in vivo systems, in vitro study also revealed that 

there are qualitative and quantitative differences in 

secondary metabolite production with the genotype of 

plant under investigation. Interestingly it is not true that 

Thus it seems that in many cases morphological 

differentiation may be necessary to obtain higher yield 
of secondary metabolites. However, this is not always 
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desirable in largc-scale cultivation bccausc, generally 
the culture period for differentiated tissue is longer than 
that of undiffercntiated cclls. It is obvious that a shorter 

cxpression of one or more enzymcs in the intermediates 
stages ol the pathway the supply of immediate and near 

precursor and thcir conversion to desired product can be 

possible. 

syntliesis substanccs, analogues 
metabolites from other plant species can result in the 
production of noval compounds hiterto unknown in 
nature which have new and unique chemical and 
pharacological properties. 

culture tissue is required to avoid microbial Alternatively the biotransformation of 
contamination and to lower the production cost. 

or secondary 
Tt is known that esscntial oils and lavour compounds in 
plants accumulate in swollen leat bases in onion, 
secretary ducts, latex compounds found in laticifers. In 
C. cinerariacfolium, pyrethrins are localized in thec oil 
glands and ducts present on the achens and on leaves. K) Application of cell-immobilization techniques 
Both isolated roots and root callus of Aropa belladonna 
contain measurable quantity of atropine while stem and 
leaf callus do not posses the alkaloid. 

The properties of the cell to adhere to many substances 
in nature is known quite for sometime. Traditional use 
of immobilized Acetobactor cells for the production of 
vineger is well-known. ) Role of elicitors 

Elhcitors are a special group of triggering factors, which 
enhance the production of bioactive compound. Mostly 
these compounds are isolated from microorganism and 
are responsible for stimulating particular facets 
secondary plant metabolism. 

Immobilization has been defined as a technique which 
confers a catalytically active enzyme or cell witnin a 

reactor system and presents its entry into the mobile 
phase, which carries the substrate and the product 
Immobilization of plant cells was ealier reported by Hall 
et al., 1987. They have shown that entrapment of 

Exposer of cell culture to the action of some elicitors, 
such as fungal homogenates and factor are well 

documented. Using homogenates obtained from the 

pathogenic Borytis sp. changes were produce in 
alkaloid production. The productivity of cultures 
significantdy increased from 0.5 g/L protoberberine 
alkaloids to 0.8 g/L in which 3 ml of Botrytis 
hamogenate was added to 100 ml of culture medium, 8 
hrs before harvesting the B. perviflora cells. In this 

treaumen, release of alkaloids into the medium was 

Catharanthes roseus and Daucus carota cels in 
alginate matrix enhance product synthesis. The 
mechanism involved in the process is physically 
restraining the cultured cells within a solid matrix such 
as alginate, polyurethane etc. Secondary metabolites are 

generally associated with slow growing compact cells. 
Through immobilization of cultured cells, the cell 
aggregation process can be encouraged and the physical 
contact often induces cyto differentiation which in turn 

promote increased metabolite production. 
mainly stimulated without loss of viability in Berberis 
cells. L) Role of Precursors 

Polysaccharide elicitors PmS, after obtained from 
Phytopthora megasperma var. sojae when added to 
soybean cell suspension cultures growing in dark 
induced glycolin formation after 12 hrs. and 
accumulation thereafter. Prior to this development a 
rapid increase of PAL, activity starts, reaching to 
maximum level 20 hrs after the addition of PmS. 

Attempts have been made to increase the contents of 
secondary metabolites in plant cell cultures by feeding 
related precursors and intermediates. There are 
examples of precursors significantly enhancing the 

production of secondary metabolites 

M) Protein and RNA 

Catharanthus roseus culture have been extensively 
investigated (Hall et al 1987). It was previously 
established that transferring callus from 
containing 2, 4-D to medium lacking 2, 4-D induced 
alkaloid biosynthesis. Most auxin effects have been 
investigated to find out the role of plant growth 

regulators in transcription, translation or post 
translational level. Ouel hazi et al., (1993) analysized 
total protein of C. roseus cultures grown in 2. 4-D 

supplemented medium. Total proteins pattern by gel 
electrophoresis reveal that the levels of 17 polypeptides 

are altered during growth phases tissues. Alternation in 
protein synthesis is also observed in cells grown in a 2 4 
-D free medium. These results indicate that the 

alteration in the protein pattern may affect the regulation 
of alkaloid pathway. OuelhazI et al (1994) attempted to 
analyse the effect of cytokinin or 2, 4-D on gene 

expression in C. roseus cells by monitoring polypeptide 

paterns, Though hormone treatments did not achieve 
dramatic changes in polypeptide pattern, accumulation 

of specific RNA coding for 18 and 28 KD polypeptide 

Comparative density - labelling technique revealed that 

such increases in PAL activity associated with elicited 

responses, as partly due to de novo synthesis of this 

enzyme 

medium 

J) Biotransformation 

Biotransformation is a process through which the
functional groups of organic compounds are altered by 
living cells. The technique of biotransformation was 
initially applied to the microbes due to a number of 
inherent advantages. Attention in recent years has been 
focused on the possibility of production of biouctive 
compounds at a commercially significant level by 
inducing them to perform special biotransformation 
reactions on organic compounds added to the medium. 

This way a substance of lower value is transformed to 
one of higher value and is also available in substantial 

amount.

In cases, where the final desirable product is not 
available from cells cultivated in vitro, due to non- 
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needs to be conservation and manipulation. Still there 
was demonstrated under conditions of alkaloid 

are many plant species yet to be investigated properly 

for phytoch 

evaluated al the level of gene regulation of metabolites 
with the advent of newer sophisticated tools and 

techniques biotechnology and informaion technology 
many new information may be obtained in the near 

future. As the plant gets importance because of it's 
medicinal value demand increases and resultantly the 

plants become an endangered species. Biotechnological 

approaches used to produced and such compound of 
interest which can be exploited in drug designing and 

drug development techniques in curing several 

production in the cells. 
cal constituent and many more yet to be 

N) Genetic manipulations 

Biosynthesis of most secondary metabolites 1s a 

complex multistep rcaction involving several enzymes 

and genes. With development of many new techniques 

in molecular biology it is now possible to enginecr plant 

cclls and plants to enable them to perform specific 
metabolic reaction. Thercfore attempts are being made 

to aller secondary metabolic pathways by targeted 

genetic manipulation. Plant cell cultures provide an 

CXcellent system for incorporation and expression of 

genes regulating secondary metabolism. There is no 

nccd to regeneratc a complete plant for expression of 

such genes. Yeoman and Yeoman 1996 described three 

aspccts of genetic cngineering for the synthesis and 

accumulation of plant cell cultures. These are: 
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