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ABSTRACT

Higher plants produce various secondary metabolites that are used widely as food additives, food colorants, pharmaceuticals, pesticides and
fragrances. ‘Ocimum’ of Lamiaceae is famous around the world for its diverse and rich source of pharmaceutical, culinary and aromatic properties.
Biotechnology brought in plant cell culture technology and has been considered for long, an attractive alternative source to whole plants for the
production of valuable secondary metabolites. This review focuses on the importance and aim of these plant cell cultures, strategies developed over
years for the improved production of secondary metabolites; both in quality and quantity, plant cell cultures established successfully on an industrial
scale and of how the same could be applied to the genus Ocimum. Recent findings in Ocimum basilicum L., Ocimum sanctum L. and Ocimum gratissimum L.

cell culture technology have also been taken into consideration for this review.
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INTRODUCTION

For centuries, mankind has been totally dependent on plants for
food and shelter. In addition, plants are also a valuable source of a
wide range of secondary metabolites which are used as
pharmaceuticals, agrochemicals, flavors, fragrances, colors,
biopesticides and food additives. Over 80% of the approximately
30,000 known natural products are of plant origin[1] and many of
them are unique to the plant kingdom and are not produced by
microbes or animals[2]. These secondary metabolites perform no
direct metabolic function in plants but fulfill specific ecological
functions such as maintaining aesthetics of the plant, attracting
insects for pollen transfer, animals for consumption of fruits and as
defense mechanism in conditions of stress, wounding or pathogen
attack[3]. Despite advancements in synthetic chemistry, biological
sources are usually preferred due to lesser side effects and better
biodegradability[4,5]. Extraction of these secondary metabolites
from naturally grown whole plants on a commercial basis involves
large-scale crop cultivation[6]. But with the increase in world
population, less availability of cultivable land, fast disappearance of
natural habitats for medicinal plants, environmental and geopolitical
instabilities make it increasingly difficult for the acquirement of
plant derived compounds|[7].

Biotechnology offers an opportunity to exploit cell, tissue, organ or
the entire organism by in vitro studies and to genetically manipulate
them to get desired compounds. Plant cell cultures prove an
attractive alternative source to whole plant for the production of
high-value secondary metabolites[8,9]. The evolving commercial
importance of secondary metabolites in recent years has resulted in
the possibility of altering the production of bioactive plant
metabolites through cell culture technology to a stage where they
are yielded more cheaply rather than extracting the whole plant
grown under natural conditions or by synthesizing the product[7].
An important requirement for the improvement of secondary
metabolite synthesis in plants is the understanding of metabolic
pathways and the enzymology of the biosynthesis of products of
interest. However, the knowledge of plant metabolic pathways is
still very limited.

THE ROYAL PLANT - BASIL

Basil is the popular name given to any aromatic herb belonging to
the genus Ocimum of Lamiaceae family[10] known widely for their
pharmaceutically important plant species[11]. The word “Basil” is
derived from the Greek word “Basilica” which means the royal
plant[10]. Ocimum is an extremely versatile group consisting of
about 160 species[12] with a geographic distribution spread over
tropical, sub tropical regions of Asia, Africa, South and Central
America with the main centre of diversity being in Africa[13]. Plants

belonging to this genus are predominantly shrubs, undershrubs and
herbs and are perennial, triennial or biennial in habit and rich
sources of major secondary metabolites such as phenols, flavonoids,
alkaloids, terpenoids and essential 0ils[10]. Ocimum is
conventionally propagated through seeds and the seedling progeny
show variability due to cross-pollinating nature of the plant[14].
Inter specific hybridisation and polyploidy, common occurrences
within this genus have created taxonomic confusion, making it
difficult to understand the genetic relationship between basils[15].
The morphological diversity within basil species has been
accentuated by centuries of cultivation with great variation in
pigmentation, leaf shape and size and pubescence and by the
existence of chemotypes or chemical races within species that do not
differ significantly in morphology[16].

This genus has a long history of being used as pharmaceutical
agents[17,18], as flavoring agents in soups, salads, confectionaries,
cheese, meat, dental and oral products and as fragrances in
perfumery[19], herbal toiletries and aromatherapy treatment[20].
The economically important parts are leaves and tender shoots[10].

Ocimum basilicum L.

0. basilicum also called as the “Common Basil” or the “Sweet Basil” is
a native of tropical Asia and grown in several regions of the
world[21]. It is herbaceous and 20 - 60cm in length[22]. Sweet basil
is cultivated worldwide as a garden ornamental, culinary herb and
as a source of essential oils to be used in foods, flavors and
fragrances. The presence of essential oils and their composition
determine the specific aroma of plants and the flavor of the
condiments[23,24,25]. Historically, due to its pleasant aroma, basil
has been widely used in religious rituals in various cultures and
times[26,27,28]. The essential oils extracted from leaves and flowers
are used as flavoring in liquors and for fragrance in perfumes and
soaps[29,30].

Variable uses of sweet basil depend on variable varieties. There are
several types of ornamental basils. Basil with all its varieties is a
popular herb known for its flavorful foliage. The popularity of basil
has led to the introduction of many products into the market
place[31,32]. As a pot herb, O. basilicum has a trade value of 15
million USD per year[13]. Scented basils are used fresh or dried in
potpourri, jellies, honeys, vinegars and baked foods[33]. Fresh and
dried sweet basil is used widely in the Mediterranean kitchen such
as tomato products, vegetables, salads, pizza, meat products, soups
and marine foods[16,23,34,35,36].

Sweet basil is also a well known as a plant of folk medicinal value
and has been accepted officially in a number of countries[34,37].
Traditionally, basil has been used as a medicinal plant in the
treatment of headaches, coughs, diarrhea, constipation, warts,
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worms, and kidney malfunction. Major aroma compounds from
volatile extracts of basil present antioxidative activity[38]. The plant
is stomatic, antihelminthic, antipyretic, diaphoretic, expectorant,
carminative, stimulant and pectoral[39,40]. Basil tea when taken hot
is good for treating nausea, dysentery and flatulence. The oil of
sweet basil is also used for the alleviation of mental fatigue, colds,
spasms and as a first aid treatment of wasp stings and snake
bites[41].

Ocimum sanctum L.

0. sanctum called as the “Holy Basil” in English and “Tulsi” in Hindi is
an erect, soft, aromatic herb or undershrub and is commonly
cultivated in gardens[17]. It is a 30-75cm high erect herb which is
grown practically in every part of India. Its odor and taste are
aromatic and sharp. Two types of O. sanctum are met within
cultivation in India namely, the ones with green leaves called as “Sri
Tulsi” and the ones with purple leaves called as “Krishna Tulsi"[42].
Holy basil is held sacred by Hindus all over the world due to its
manifold curative uses[43].

Several medicinal properties have been attributed to Tulsi. Different
parts of Tulsi plant such as leaves, flowers, stem, root, seeds are
known to possess therapeutic potentials and have been used by
traditional medical practitioners, as expectorant, analgesic,
anticancer, antiasthmatic, antiemetic, diaphoretic, antidiabetic,
antifertility, hepatoprotective, hypotensive, hypolipidmic and
antistress agents. Tulsi has also been used in the treatment of fever,
bronchitis, arthritis, convulsions, gastric  and hepatic
disorders[42,44]. Herbal preparations containing Tulsi have been
suggested to shorten the course of illness, clinical symptoms and
biochemical parameters in patients suffering from viral
hepatitis[44]. The leaf juice along with Triphala is used in Ayurvedic
eye drop preparations recommended for glucoma, cataract, chronic
conjunctivitis and other painful eye diseases. The juice of fresh
leaves is used to treat chronic fever, dysentery, hemorrhage and
dyspepsia. A decoction of Tulsi leaves is a popular remedy for
cold[42,44]. Tulsi leaves also check vomiting and act as
antihelmintic[45]. As a prophylactic against malaria, fresh Tulsi
leaves are taken with black pepper in the morning[42]. Ayurvedic
preparation containing O. sanctum, Allium sativum, Piper nigram and
Curcuma longa has been shown to possess anti-malarial activity.
Tulsi extracts and essential oil have also been found to possess
insecticidal and larvicidal activities against mosquitoes. Aqueous
extract of Tulsi is found effective against viral encephalitis[44].
Aqueous decoction of whole plant has been said to control diabetes
mellitus[46]. Paste of Tulsi leaves are found effective in the
treatment of ringworm and other skin diseases. Tulsi has also been
recommended as an antidote for dog bite, scorpion bite and insect
bite in traditional systems of medicine[42,44,45]. The fresh leaves
and flower tops have been used as antispasmodic agent[42,44]. The
seeds are mucilaginous and demulcent and are used to treat
disorders of the genitourinary system. The leaves of Tulsi plant have
also been shown to possess good antistress, analgesic,
antihyperlipidemic, antioxidant potentials in experimental
animals[44,47,48,49,50]. Leaves and seeds of Tulsi plants have been
reported to reduce blood and urinary uric acid level in albino rabbits
and possess diuretic property[51]. Gastric ulceration and secretion
are reported to be inhibited by Tulsi in albino rats[52]. 0. sanctum
has also got anti fertility effect[53].

The slightly hairy, pale green leaves of holy basil are also used as a
flavoring agent in Southeast Asian cuisine, especially in Thai stir-
fries. Holy basil leaves are spicy and have lemony notes[54], and
many Indians consume small quantities of the young leaves either as
an offering after divine worship in temples or as a food additive[55].

Ocimum gratissimum L.

0. gratissimum is otherwise called as the “Camphor Basil” in English
and “Ram Tulsi” in Hindi. The plant grows to a height of one to two
feet. The leaves taste like cloves and hence used for flavoring of
vegetables. It is a valuable multi-purpose medicinal plant. The whole
plant and the essential oil are used in traditional medicine especially
in Africa and India[45,56].
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Extracts of the plant have been used in the treatment of treatment of
upper respiratory tract infections, diarrhea, headache, fever,
ophthalmic and skin diseases and pneumonia[57,58]. Extracts
contain antimicrobial activity[59], antibacterial activity[60],
antifungal activity[61], antimalarial activity[62] and antiprotozoal
activity[63]. O. gratissimum is associated with chemopreventive,
anticarcinogenic, free radical scavenging, radio protective and
numerous other pharmacological uses[56]. Earlier reports have
shown the smooth muscle contracting lipid soluble principles and
antimutagenic activity in organic solvent extracts of 0. gratissimum
leaves[57,64]. This medicinal plant also acts as an antibacterial,
antifungal, antimicrobial, antihelmintic agent[60,65,66,67]. The
aqueous leaf extract and seed oil have shown antiproliferative and
chemopreventive activity on HeLa cells[68]. Aqueous extract of
0. gratissimum leaves have been reported to inhibit tumor growth
and angiogenesis[69].

Eugenol, thymol, citral, geraniol and linalool have been extracted
from the essential oil of 0. gratissimum[70]. Essential oils from the
plant have been reported to possess an interesting spectrum of
antifungal properties[71]. O. gratissimum is germicidal[60,63] and
widely used in toothpastes and mouth washes as well as some
topical ointments. It is used as an excellent gargle for sore throats
and tonsillitis. The plant extract is used against gastrointestinal
helminths of animals and man[72]. In addition, its carminative
properties make it a good choice for stomach upsets. The plant is
also used for the treatment of rheumatism, paralysis, epilepsy, high
fever, diarrhea, sunstroke, influenza, gonorrhea and mental illness.
In addition, the plant is also used as a spice and condiment in the
southern part of Nigeria[70].

PLANT TISSUE CULTURE AND ITS AID TO THE WORLD OF
PLANT SCIENCE

There is an increasing concern through out the world about the
uncontrolled exploitation and depletion of earth’s natural resources.
Current progress in genetics and biotechnology is highly adopted
upon the use of in vitro culture[73]. Hence, the application of plant
tissue culture has gained major industrial importance in three main
areas. One, in breeding and genetics, two, used as model systems for
the study of plant cell genetics, physiology, biochemistry and
pathology and three, for the production of secondary metabolites
from organ or liquid cell cultures[74].

It is unlikely that tissue culture would compete economically with
the agricultural methods for the production of food substances from
plants. But, they can do so for secondary metabolites as extraction of
these from whole plants is extremely expensive[75,76] and hence
much exploitation has been made in recent years on plant cell
cultures.

COMMENCEMENT OF CELL CULTURE TECHNOLOGY

At the beginning of the century, Haberlandt attempted cultivation of
isolated plant cells, but cell division was never observed in these
cultures[77]. In the 1930s, the first in vitro cultures were
established[78,79] and this was followed by a period of
development of culture media and cultivation methods[80].
However, low yields of secondary metabolites in these suspension
cultures were clearly a bottleneck for commercialization and the
prospect of the use of plant cells for chemicals production was
unimaginable. In those early efforts, plant cells in culture were
treated in direct analogy to microbial systems, with little knowledge
of plant cell physiology and biochemistry or the influence of
bioreactor operation on the physiologic state of such systems.
Strategies to optimize growth and product formation were
developed separately during the period between 1975 and 1985 and
in the year 1982, at least 30 compounds were found to be
accumulated in plant culture systems in concentrations equal to or
higher than that of the plant[81]. Considerable progress has been
made since then to stimulate formation and accumulation of
secondary metabolites using plant cell cultures.

Cell cultures have a higher rate of metabolism than intact
differentiated plants because the initiation of cell growth in culture
leads to fast proliferation of cell mass and to a condensed
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biosynthetic cycle. This is the most important advantage of plant cell
cultures as secondary metabolite formation can take place within a
short cultivation time[82]. Plant cells are biosynthetically totipotent,
retaining complete genetic information in each cell of the culture
and hence be able to produce the range of chemicals found in the
parent plant. The advantages of this technology over the
conventional agricultural production are as follows - Independent of
geographical and seasonal variations and various environmental
factors, a defined production system ensuring continuous supply of
products of uniform quality and yield, possibility of production of
novel compounds that are not found in the parent plant,
independent of political interference, efficient downstream recovery
and rapidity of production[2]. A number of plant cell cultures have
been established successfully such as production of vanillin from
Vanilla planifolia[83], mint oil from Mentha piperata[84] and some
at an industrial scale eg, rosmarinic acid (yield 36% DW) from
Salvia officinalis[85] and shikonin (yield 12.4 % DW) from
Lithospermum erythrorhizon[86]. However, there are still problems
in the production of metabolites by cell cultures due to instability of
cell lines, low yields, slow growth and scale-up problems[87].

PLANT CELL CULTURES SO FAR

Certain metabolites in certain plant cell cultures have already been
proved to show a higher accumulation than those obtained from
parent plants[74]. The possibilities achieved so far through plant cell
culture technology include food additives such as anthocyanins from
Vitis vinifera[89], vanillin from Vanilla planifolia[83], garlic from
Allium sativum[90], sweetener stevioside from Stevia rebaudiana
[91], aromas and fragrances such as aromas of cocoa and coffee
produced from the cell cultures of Tlaeobroma cacao and Coffea Arabica
[92], pigments such as Shikonin from Lithospermum erythrorhizon
cell cultures[88] and pharmaceuticals such as the high-value anti-
cancer drug paclitaxel produced from Taxus brevifolia cell
cultures[93].

STRATEGIES FOR IMPROVED PRODUCTION OF SECONDARY
METABOLITES

The strategies adopted in plant cell culture technology for
enhancement of secondary metabolite content in less amount of
time and in increased product volumes include screening and
selection of highly productive cell lines[94,95], manipulation of
nutrients[96] which may include sugar[97], nitrate[98], growth
regulators[99] and precursor feeding[100]. Optimizing the culture
environment such as light, temperature, medium pH and oxygen
have also been examined for their effect upon secondary metabolite
accumulation in many types of cultures[101].
Permeabilization[102,103] and in situ product
removal[104,105,106] have also been reported for the successful
recovery of secondary metabolites.

Elicitation has been one of the most effective strategies for
improving the productivity of bioactive secondary metabolites[107].
Secondary metabolites serve as defensive, protective, or offensive
chemicals against environmental stress, microorganisms, insects,
and higher herbivorous predators. When infected by pathogenic
microorganism, plants respond with rapid activation of various
spatially and temporally regulated defense reactions and thus the
induction of synthesis of secondary metabolites. Elicitors may be
formed inside or outside plant cells. Elicitors have been used to
stimulate secondary metabolite product formation in plant cell
cultures by reducing the process time for increased culture volumes
and high product concentrations[7]. This has opened a new area of
research having important economical benefits for bio
industry[108]. Various elicitors such as chitosan, $-glucan, and yeast
extracts, as well as plant hormonal chemicals such as jasmonic acid
(JA) and MeJA have been used to induce biotic and abiotic stresses
upon plants[109]. In many cases, elicitors used in cell culture are
Me]JA, salicylic acid, chitosan, and heavy metals[110].

Depending on their origin, elicitors are classified as biotic and
abiotic. Biotic stress can be caused by bacterial, viral, or fungal
attack, as well as by biotic elicitors[111]. Abiotic elicitors are
substances of non-biological origin such as chemicals like inorganic
salts, heavy metals, chemicals that disturb membrane integrity,
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physical factors like mechanical wounding, ultraviolet irradiation,
high salinity, high or low osmolarity, extreme temperature (freezing,
thawing) and high pressure. Several parameters such as elicitor
concentration and selectivity, duration of elicitor exposure, age of
culture, cell line, growth regulation, nutrient composition, quality of
cell wall materials, and substantial enhancement of product
accumulation have been reported[110].

THE ELICITORS - MeJA AND CHITOSAN

Shikimate pathway is often referred to as the common aromatic
biosynthetic pathway, even though all aromatic compounds are
synthesized by this route. The pathway converts the primary
metabolites phosphoenol pyruvate (PEP) and erythrose-4-
phosphate to chorismate, the last common precursor for the three
aromatic amino acids phenylalanine (Phe), tyrosine (Tyr) and
tryptophan (Trp). These aromatic amino acids are central molecules
in plant metabolism. Besides functioning as building blocks of
proteins, the three amino acids also serve as precursors for a variety
of plant hormones, such as auxin and salicylate and for a very wide
range of aromatic secondary metabolites with multiple biological
functions and biotechnological value in the health promoting,
medical and food industries[112,113,114].

Transcriptional regulation of the shikimate pathway and aromatic
amino acid metabolism in plants has so far not been studied
extensively. However, the expression of 3-deoxy-d-arabino-
heptulonosate-7-phosphate synthase (DAHPS) gene encoding the
first enzyme of the shikimate pathway was reported to be induced
by MeJA[115,116], Endogenous jasmonic acid (JA) and its volatile
component MeJA are plant hormonal signals derived principally
from linolenic acid through the octadecanoid pathway and
controllers of secondary metabolites as well as defense
system[117,118]. Under stress conditions such as wounding and
pathogen attack, volatile MeJA could be released into the air from
wounded plants and the wounding signal transferred to other
healthy plants. In turn, the healthy plants that receive the signal
often respond through their defensive systems with increasing
secondary metabolites. This could explain for the trigger of
secondary metabolite production on elicitation with exogenous
MeJA[119].

In addition, endogenous JA and MeJA have also been found to get
accumulated after treatment of cell cultures with fungal elicitors
such as chitosan[120,121] triggering the start of shikimate pathway
and thereby the production of secondary metabolites.

MeJA

Addition of MeJA to a broad range of plant-cell suspensions has
resulted in higher accumulation or de novo synthesis of secondary
metabolites[120]. The effect of MeJA on the production of bioactive
chemicals and gene expression in sweet basil was investigated[122].
The total amount of phenolic compounds was found to be
significantly increased in sweet basil after 0.5 mM MeJA treatment.
Among the phenolic compounds, rosmarinic acid (RA) and caffeic
acid (CA) were identified, and their amounts were increased by 55
and 300%, respectively. An increase in the total terpenoid content
was also observed respectively.

The effect of Me]A vapors on content of phenolic compounds such as
free phenolic acids, total quercetin, and total phenolics in etiolated
buckwheat seedlings was studied. Low concentration of MeJA
(108 M) was observed to stimulate the accumulation of chlorogenic acid
in hypocotyls and cotyledons and a moderate dose of MeJA (106 M) for
the sysnthesis of cinnamic acid (CA) synthesis in cotyledons. MeJA had
stimulatory effect on caffeic acid forming, but inhibited synthesis of
vanillic acid in hypocotyls and cotyledons[123].

Me]A was found to enhance capsaicin production in cell suspension
cultures of Capsicum frutescens Mill[124]. MS media supplemented
with 3 mg/L picloram and JA in dark conditions was found useful for
the production of silymarin (an isomeric mixture of flavonolignans)
and growth in cell suspension cultures of Silybum marianum[125].

In bioreactor cultures of Eleutherococcus senticosus, eleutheroside
content increased significantly by elicitation of MeJA. The highest
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total eleutheroside (7.3 fold increment) and chlorogenic acid (3.9
fold increment) yield was obtained with 200 pM MeJA
treatment[126]. Two and five fold increases in serpentine and
ajmalicine were obtained when MeJA was added to Catharanthus roseus
cell cultures on day 6 of growth at a concentration of 10uM and 100
uM[127].

Cell suspension cultures of Taxus canadensis and Taxus cuspidata
rapidly produced paclitaxel (Taxol) and other taxoids in response to
elicitation with MeJA. The greatest accumulation of paclitaxel
occurred when MeJA was added to cultures at a final concentration
of 200 pM on day 7 of the culture cycle. The concentration of
paclitaxel increased in the extracellular (cell free) medium to 117
mg/day within 5 days following elicitation, equivalent to a rate of
23.4 mg/L per day[128].

Ginsenoside accumulation in Panax ginseng was enhanced by
elicitation with MeJA (range 50 - 400 pM). However, fresh weight,
dry weight and growth ratio of the cells was strongly inhibited by
increasing MeJA concentration. The highest ginsenoside yield was
obtained at 200 pM of MeJA[129].

When investigated for induced resistance in eggplant with respect to
cell wall strengthening and defense enzyme activation affected by
Me]JA, an increase in total phenolic content of eggplant roots by the
elicitor was significantly higher along with lignin deposition in the
cell wall of eggplant roots. Phenylalanine ammonia-lyase (PAL)
activity also showed an increase of 3.5 times by MeJA at 36 h of
elicitation, respectively. The activities of polyphenol oxidase (PPO),
cinnamyl alcohol dehydrogenase (CAD) and catalase (CAT) were
also increased several folds by the elicitors. Accumulation of
phenolics and lignin in high amounts, together with higher level
activity of major defense enzymes in response to the elicitors were
suggested to bolster eggplants in mounting practical and effective
resistance against Ralstonia solanacearum, the devastating wilt
pathogen[130].

Three blackberry cultivars (Chester Thornless, Hull Thornless and
Triple Crown) were used in elicitation experiments. Blackberries
treated with MeJA (0.01 and 0.1 mM) had an enhanced content of
flavonoids and increased antioxidant capacity than untreated fruit.
Extracts of treated fruits showed enhanced inhibition of A549 cell
and HeLa 60 leukemia cell proliferation and induced the apoptosis of
HeLa 60 cells[131].

Chitosan

Chitosan and its derivatives have been reported to elicit secondary
metabolite formation in plants and plant cell cultures. Application of
chitin and chitosan to soybean leaf tissues were reported to cause
increased activity of PAL and tyrosine ammonia lyase (TAL)
enzymes involved in the shikimate pathway. Total phenolic content
of soybean leaves increased following chitosan and chitin oligomer
treatments, showing a positive correlation between enzyme activity
and total phenolic content[132].

The addition of chitosan, to the culture of Panax ginseng hairy roots
caused growth to decrease for a less extent and an increase in total
ginseng saponin with the increase in elicitor concentration[133].

Chitosan induced elicitation responses in dark-incubated Cocos nucifera
endosperm cell suspension cultures led to the rapid formation of
phenylpropanoid derivatives. An enhanced accumulation of p-
hydroxybenzoic acid as the major wall-bound phenolics was evident.
This was followed by p-coumaric acid and ferulic acid. Along with
enhanced peroxidases activities in elicited lines, the increase in
activities of the early phenylpropanoid pathway enzymes such as
PAL, p-coumaroyl-CoA ligase (4CL) and p-hydroxybenzaldehyde
dehydrogenase (HBD) in elicited cell cultures were also
observed[134].

Modified MS medium supplemented with 100 mg/L chitosan
induced significant increment in the cell biomass while higher
amount of chitosan (150 mg/L) was found to induce the highest
production of 9-hydroxycanthin-6-one (0.44%) when studied for the
effect of different elicitor on cell biomass and alkaloid production in
Eurycoma longifolia cells[135]. Chitosan was also reported to
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increase the content of root scopolamine and hyoscyamine and
promoted the release of both alkaloids in hairy root cultures of
Brugmansia candida[136].

Anthraquinones obtained from madder roots have been used for
various pharmaceutical purposes. Chitosan was found to be the best
biotic elicitor among nine plant derived and microbial derived
polysaccharides tried. When elicited with 25 mg/L chitosan, the
total production was increased approximately two times in a seven
day culture as compared to that in the non elicited cells. Maximum
anthraquinone colorants were obtained with 3 day treatment of
chitosan[137].

Indirubin and indigo-related compounds are of significant interest
as natural colorants and for the treatment of chronic granulocytic
leukemia. The effect of chitosan on indirubin production in
Polygonum tinctorium cells was investigated. The optimum
concentration of chitosan for indirubin production was found to be
200 mg/L, at which the specific indirubin concentration (indirubin
concentration per unit weight of cells) was 5.17 mg/gm dry cell
weight (DCW). Indirubin production was enhanced by 72% when
the cells were cultured in the presence of 200 mg/L of chitosan for 5
days using SH[138] medium supplemented with 2.72 mM calcium
chloride and 5 mM indole[139].

Chitosan has recently been reported to act as a plant growth
promotor in some species including orchids. The degree of
deacetylation and concentrations of chitosan have varying effects on
the growth and development of orchid cultured in vitro. It has also
been shown that application of chitosan to Dendrobium orchid
plants tended to increase the size of open florets and length of the
inflorescences but did not affect the display life of cut orchids[140].

Combination of MeJA and chitosan

There are reports on combined elicitor effects of cell cultures and
some have turned successful than the individual elicitor treatments.
Podophyllotoxin aryltetralin lignin serves as a commercial precursor
of semi-synthetic etoposide and teniposide, important drugs in the
treatment of testicular tumors, small cell lung cancer and acute
leukemia[141]. Podophyllotoxin production was however increased
in Juniperus chinensis cell suspension cultures by the combination of
MeJA and chitopentaose (chito-oligosaccharide obtained by the
partial hydrolysis of chitosan) rather than individual elicitor
treatments. A 15 fold increase was observed than the control[142].

To stimulate the production of taxol (paclitaxel) by cell suspension
cultures of Taxus cuspiata var. nana, two kinds of elicitors and a
biogenetic precursor were used in Gamborg’s B5 culture medium.
The amount of taxol produced was greatest (16.6 mg/L) when the
cell suspension cultures were treated with the combination of
chitoheptaose (8 mg/L) and jasmonic acid (21 mg/L). The
productivity was 4.1 fold greater than the control[143].

Taxus chinensis suspension cells were cultured in the modified
Gamborg’s B5 medium. Addition of 50 mg/L chitosan, 60 uM MeJA
and 30uM Ag* resulted in the greatest paclitaxel production, at 25
mg/L in the cultures, being almost 40 times higher than that of the
control culture, 10 times higher than that of the culture exposed to
Ag*, 6 times higher than that of the culture elicited by chitosan and
almost double that of the culture elicited by MeJA[144].

THE NEW EPOCH - BASIL CELL CULTURES

Following reports on successful elicitation of plant cell cultures
using MeJA and chitosan, efforts were made to do so the same in the
Ocimum species. Cell suspension cultures of three Ocimum species
viz., O. basilicum L., 0. sanctum L. and O. gratissimum L. were newly
established and their cell growth cycle was studied[145]. The
growth characteristics of Ocimum cell suspension cultures when
treated with elicitors, MeJA and chitosan individually and in
combination were also studied. When used individually, MeJA and
chitosan were found to enhance accumulated cell biomass but when
administered in combination there was no significant enhancement.
Reduction in cell growth was not observed in combined elicitor
treatments. Of the two elicitors, MeJA was found to strongly
influence cell growth with 25 uM accumulating highest biomass at
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12 h for O. basilicum and 48 h for O. sanctum, while 50 uM at 8 h was
found to be optimal for obtaining maximal enhancement of biomass
for 0. gratissimum. This study demonstrated that these elicitors
could effectively enhance cell biomass content in lesser time and
hence can be used for effective induction of phytochemicals
considered economically important such as eugenol, methyl eugenol,
methyl chavicol, linalool, thymol etc., from O. basilicum L., O. sanctum L.
and O. gratissimum L. cell cultures[146].

CONCLUSION

In the light of total absence of research on plant cell cultures of
Ocimum, this review could be one of the many resources that could
be used to broaden the road for Ocimum plant cell culture
technology. Having discussed the importance and need of cell
culture technology for plants rich in secondary metabolites, the
successful attempts achieved so far, the many number of species and
great wealth of medicinal, culinary and aromatic properties found
within the genus Ocimum along with the modest start of research
conducted on three of its species namely, O. basilicum L., 0. sanctum L.
and O. gratissimum L., a significant volume of research could be
opened in the field of production of secondary metabolites from
in vitro cell cultures of Ocimum species alone. Successful
establishment of cell cultures of various other Ocimum species could
lead to attempts aimed at increased production of major secondary
metabolites in less time. Screening and characterization of many
economically important individual compounds from these improved
cell cultures would again open up another whole world of significant
research. A detailed and intricate study of the metabolic pathways
will serve to hit on the targets in demand and increase their
production on an industrial scale.
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