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ABSTRACT
Pharmaceutically significant secondary metabolites or phytopharmaceuticals include alkaloids, glycosides, flavonoids, volatile
oils, tannins, resins etc. Currently, most of these secondary metabolites are isolated from wild or cultivated plants because their
chemical synthesis is either extremely difficult or economically infeasible. Biotechnological production in plant cell cultures is an
attractive alternative, but to date this has had only limited commercial success because of a lack of understanding of how these
metabolites are synthesized. Plants and/or plant cells in vitro, show physiological and morphological responses to microbial,
physical or chemical factors which are known as ‘elicitors’. Elicitation is a process of induced or enhanced synthesis of secondary
metabolites by the plants to ensure their survival, persistence and competitiveness. Here, we discuss the classification of
elicitors, their mechanism of action, and applications for the production of phyto-pharmaceuticals from medicinal plants.
KEY WORDS: Biotic-Abiotic elicitors, Elicitation, Phyto-pharmaceuticals, Plant cell cultures, Secondary metabolites
INTRODUCTION
Plants form an important part of our everyday diet, and plant
constituents and their nutritional value have been intensively
studied for decades. In addition to essential primary
metabolites (e.g. carbohydrates, lipids and amino acids),
higher plants are also able to synthesize a wide variety of low
molecular weight compounds – the secondary metabolites.
Plant secondary metabolites can be defined as compounds
that have no recognized role in the maintenance of
fundamental life processes in the plants that synthesize them,
but they do have an important role in the interaction of the
plant with its environment. The production of these
compounds is often low (less than 1% dry weight) and depends
greatly on the physiological and developmental stage of the
plant (1, 2).
Higher plants are rich source of bioactive constituents or
phyto-pharmaceuticals used in pharmaceutical industry. Some
of the plant derived natural products include drugs such as
morphine, codeine, cocaine, quinine etc; anti-cancer
Catharanthus alkaloids, belladonna alkaloids, colchicines,
phytostigminine, pilocarpine, reserpine and steroids like
diosgenin, digoxin and digitoxin. Many of these
pharmaceuticals are still in use today and often no useful
synthetic substitutes have been found that possess the same
efficacy and pharmacological specificity (3). Currently onefourth of all prescribed pharmaceuticals in industrialized
countries contain compounds that are directly or indirectly,
via semi-synthesis, derived from plants. Furthermore, 11% of
the 252 drugs considered as basic and essential by WHO are
exclusively derived from flowering plants (4). Plant-derived
drugs in western countries also represent a huge market
value. Prescription drugs containing phytochemicals were

© 2007 Phcog.Net , All rights reserved.
Available online:http://www.phcogrev.com

valued at more than US$30 billion in 2002 in the USA alone
(5). Many plants containing high-value compounds are difficult
to cultivate or are becoming endangered because of overharvesting (4). Furthermore, the chemical synthesis of plantderived compounds is often not economically feasible because
of their highly complex structures and the specific
stereochemical requirements of the compounds. The
biotechnological
production
of
valuable
secondary
metabolites in plant cell or organ cultures is an attractive
alternative to the extraction of whole plant material.
However, the use of plant cell or organ cultures has had only
limited commercial success. This is explained by the empirical
nature of selecting high-yielding, stable cultures and the lack
of understanding of how secondary metabolites are
synthesized or how their synthesis is regulated (6, 7). Many
biotechnological strategies have been hypothesized and
experimented for enhanced production of secondary
metabolites from medicinal plants. Some of these include
screening of high yielding cell line, media modification,
precursor feeding, elicitation, large scale cultivation in
bioreactor system, hairy root culture, plant cell
immobilization, biotransformation and others (8-12).
Cell cultures have been established from many plants but
often they do not produce sufficient amounts of the required
secondary metabolites (11, 13). However, in many cases the
production of secondary metabolites can be enhanced by the
treatment of the undifferentiated cells with elicitors such as
methyljasmonate, salicylic acid, chitosan and heavy metals
(14-16). In some cases, secondary metabolites are only
produced in organ cultures such as hairy root or shooty
teratoma (tumor-like) cultures. For example, hairy roots
produce high levels of alkaloids (7), whereas shooty teratomas
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produce monoterpenes (17). However, there are a few
examples of using plant cells as factories successfully to
produce high-value secondary metabolites. These include
shikonin production by cell suspension cultures of
Lithospermum erythrorhizon and berberine production by cell
cultures of Coptis japonica (18). Rosmarinic acid production
by cell cultures of Coleus blumeii has also been achieved on a
large scale, and sanguinarine, which has market potential in
oral hygiene products, has been produced by cell cultures of
Papaver somniferum (19, 20). An example of a high-value
drug produced partially from plant cell cultures is paclitaxel,
an anti-cancer drug originally extracted from the bark of 50–
60 year old Pacific yew trees (Taxus brevifolia). In spite of
these few successful cases, the production of secondary
metabolites in cell or organ cultures is far from trivial and
several technical bottlenecks such as low productivity and
process technological issues (e.g. bioreactors and cultivation
conditions) need to be solved. This review discusses
elicitation as an approach for enhanced production of
secondary metabolites from medicinal plants. Definition of
elicitors, classification of elicitors, mechanism of elicitation,
characteristics of elicitors and their application on medicinal
plants have been highlighted.
Elicitors and Elicitation
An ‘elicitor’ may be defined as a substance which, when
introduced in small concentrations to a living cell system,
initiates or improves the biosynthesis of specific compounds.
Elicitation is the induced or enhanced biosynthesis of
metabolites due to addition of trace amounts of elicitors (21).
Classification of Elicitors
Elicitors can be classified on the basis of their ‘nature’ like
abiotic elicitors or biotic elicitors, or on the basis their
‘origin’ like exogenous elicitors and endogenous elicitors.
Table 1 represents the classification of elicitors. Abiotic
elicitors’ are the substances of non-biological origin,
predominantly inorganic salts, and physical factors acting as
elicitors like Cu and Cd ions, Ca2+ and high pH whereas ‘biotic
elicitors’ are substances with biological origin, they include
polysaccharides derived from plant cell walls (pectin or
cellulose) and micro-organisms (chitin or glucans) and
glycoproteins or G-protein or intracellular proteins whose
functions are coupled to receptors and act by activating or
inactivating a number of enzymes or ion channels (22).
‘Exogenous elicitors’ are substances originated outside the
cell like polysaccharides, polyamines and fatty acids whereas
‘endogenous elicitors’ are substances originated inside the
cell like galacturonide or hepta-β-glucosides etc. Examples of
biotic and abiotic elicitors for secondary metabolite
production have been presented in Table 2 and Table 3
respectively.
Mechanism of elicitation in plant cells
‘Elicitor’ for a plant refers to chemical from various sources
that can trigger physiological and morphological responses
and phytoalexin accumulation. It may include abiotic elicitors
such as metal ions and inorganic compounds and biotic
elicitors from fungi, bacteria or herbivores, plant cell wall
fragments as well as chemicals that are released at attack
site by plants upon pathogen or herbivore attack. It is well
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known that the treatment of plants with elicitors or attack by
incompatible pathogen causes an array of defense reactions,
including the accumulation of a range of plant defensive
secondary metabolites in intact plants or in plant cell
cultures. Even after the intensive research on the effect of
biotic and abiotic elicitors on the production of secondary
metabolites in plants, the exact mechanism of elicitation is
poorly understood. Various mechanisms in this regard have
been hypothesized like messenger Ca2+, factors affecting cell
membrane integrity, inhibition/ activation of intracellular
pathways and changes in osmotic stress etc.
This review summarizes some general mechanism of
biochemical responses performed by plant or plant cells when
challenged by the elicitor. Some researchers hypothesized the
binding of the elicitor to a plasma membrane receptor for
elicitation process (63-68). The Ca2+ influx to the cytoplasm
from the extracellular environment and intracellular Ca2+
reservoirs was reported by Gelli et. al. (69). Some groups
highlighted the rapid changes in protein phosphorylation
patterns and protein kinase activation as mechanism of
elicitation (70-72). While others observed mitogen-activated
protein kinase (MAPK) stimulation and G-protein activation
(73-78). Armero and Tena (79) suggested cytoplasm
acidification caused by H+-ATPase inactivation, whereas the
decrease in membrane polarization, extracellular increase of
pH has been reported in elicitor treated plant tissues Pugin
et. al. (80) and Bolwell et. al. (81). Apostol et. al. (82)
explained the production of ROS such as the superoxide anion
and H2O2 that might have a direct antimicrobial effect as well
as contributing to the generation of bioactive fatty acid
derivatives. Similar observation of ROS involvement in the
cross-linking of cell-wall-bound proline-rich proteins H2O2 can
act as a secondary messenger and it is involved in the
transcriptional activation of defence genes (83). In another
hypothesis, accumulation of defence-related proteins
pathogenesis related proteins such as chitinases and
glucanases, endopolygalacturonases that contribute to the
release of signalling pectic oligomers (endogenous elicitors),
hydroxyproline-rich glycoproteins, and protease inhibitors
(84). Hypersensitive response to cell death at the infection
site was observed by some groups (64, 76-78). Transcriptional
activation of the corresponding defense response genes for
elicitation process has been reported (85-89). The exact
mechanism of elicitation is the study of these events and
their interconnection and intercorrelation between them is
highly complex and is still under investigation. All elicitors do
not follow the same sequence of events but varies with their
origin,
specificity,
concentration,
physiochemical
environment, stage of their growth cycle, nutritional uptake
etc.
Characteristics of Elicitors
The enhanced production of the secondary metabolites from
plant cell cultures through elicitation has opened up a new
area of research which could have important economical
benefits for pharmaceutical industry. 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,
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Table 1. Classification of elicitor for the production of secondary metabolites
A) Nature of Elicitor
Biotic elicitors
- Directly released by microorganisms and
recognized by the plant cell (enzymes,
cell wall fragments)
- Formed by action of microorganisms on
plant cell wall (fragments of pectins etc.)
- Formed by the action of plant enzymes on
microbial cell walls (chitosan, glucans)
- Compounds, endogenous and constitutive in
nature, formed or released by the plant cell
in response to various stimuli.

Abiotic elicitors
- Of physical or chemical nature working via
endogenously formed biotic elicitors
- UV light
- Windfall
- Denatured proteins (RNase)
- Freezing and thawing cycles
- Non essential components of media (agarose, tin, etc.)
- Heavy metals
- Chemicals
- With high affinity to DNA
- With membrane-destroying
activities like
detergents: xenobiochemicals
- Fungicides (Maneb, Butylamine,
Benomyl)
- Herbicides (Acifluorofen)
B) Origin of Elicitor
Exogenous elicitors
Endogenous elicitors
- originated outside the cell, including the reaction
- formed via secondary reactions induced by a signal of
immediately or via endogenous mediators
biotic or abiotic nature in the cell - dodeca-β-1,4-D- Polysaccharides: Glucomannose, Glucans, Chitosan
galacturonide
- Peptides as poly cations: Monilicolin, Poly-L-lysine,
- hepta-β-glucosides
Polyamines, Glycoproteins
- alginate oligomers
- As enzymes: Polygalacturonase, Endopolygalacturonic acid lyase, Cellulase
- Fatty acids: Arachidonic acid, Eicosapentanoic acid
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Figure 1. Chemical structures of some compounds commonly used as elicitors for the elicitation of secondary
metabolites from plant cells.
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Table 2. Biotic elicitors and production of secondary metabolites
Sl. No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
Sl.
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Plant species
Arabidopsis
Bidens pilosa
Brugmansia candida
Capsicum annuum
Catharanthus roseus
Catharanthus roseus
Catharanthus roseus
Carthamus tinctorius
Cicer arientium
Cupressus lusitanica
Datura stramonium
Dioscorea deltoidea
Glycine max
L. erythrorhizon
Medicago sativa
Medicago sativa
Medicago truncatula
Papaver somniferum
Petroselinum crispum
Phaseolus vulgaris
Ruta graveolens
Salvia miltiorrhiza
Silybum marianum
Various plant cells
Plant species

Arabidopsis
Atropa belladona
Catharanthus roseus
Catharanthus roseus
Capsicum annuum
Capsicum frutescens
Coleus blumei
Coleus forskolin
Cupressus lusitanica
Datura stramonium
Daucus carota
Glycyrrhiza echinata
Hyoscyamus albus
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Product
Camalexin, indole glucosinolates
Phenylheptaryn
Hyosujamine
Capsidol
Indole alkaloids
N-acetyl-tryptamine
Ajmalicine
Polyacetylenes
Medicarpin, Maackiain
Beta-thujaplicin
Lubimin
Steroid (Diosgenin)
Glyceollin
Shikonin
Isoflavonoid
Phytoalexins
Beta-amyrin
Morphine, codeine
Enzymes
Krevitone
Rutacridone epoxide
Diterpenoid tanshinones
Silymarin,
Enzymes and sec. metabolites

Biotic Elicitor
Erwinia carotovora.
Fungal culture filtrate
Hemicellulase
Cellulase
Fungal elicitor
Pythium aphanidermatum
Trichoderma viride
Fungal polysaccharide
Ascochyta rabiei
Fungal elicitor
Fungal spores
Fungal mycelia
Fungal glucan
Agaropectin
C. indemuthianum
Fungal elicitor
Yeast elicitor
Vertcillium dahliae
Fungal Elicitor
Fungal polysaccharide
Chitosan
Yeast elicitor
Yeast extract
Erwinia carotovora

Table 3. Abiotic elicitors and production of secondary metabolites
Abiotic Elicitor
Oxidative stress, amino acid starvation
Cu 2+, Cd 2+
Diethyl amino ethyl dichloro phenyl ether
Vanadium sulphate
Arachidonic acid
Curdlan, Xanthan
Methyl jasmonate (MeJA)
Methyl jasmonate (MeJA)
Methyl jasmonate (MeJA)
Metal ions: Al3+, Cr3+, Co2+ Ni2+ ,Cu 2+, Zn 2+
Salicylic acid
Na-alginate
Copper sulphate

Reference
(23)
(14)
(24)
(25)
(26)
(27)
(10)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)
(37)
(38)
(39)
(40)
(41)
(42)
(43)
(44)
Product

Camalexin
Tropane alkaloids
Indole alkaloids
Catharanthine
Capsidiol, Rishitin
Capsaicin
Rosmarinic acid
Forskolin
β-thujaplicin
Sesquiterpenoids
Chitinase
Echinatin
Phytoalexin

Reference
(45)
(46)
(46)
(47)
(48)
(49)
(50)
(51)
(30)
(52)
(53)
(54)
(55)
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14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
S. No.
1.
2.
3.

4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Hyoscyamus albus
L. erythrorhizon
Medicago truncatula
Panax ginseng
Rauvolfia canescens
Silybum marianum
T. canadensis, T. cuspidata
T. wallichiana
Taxus chinensis
Taxus spp.
Valeriana wallichii
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Methyl jasmonate (MeJA)
Activated carbon
Methyl jasmonate (MeJA), UV light
Low-energy ultrasound
Jasmonic acid
Methyl jasmonate (MeJA)
Methyl jasmonate (MeJA)
Methyl jasmonate (MeJA)
Trifluoroethyl salicylate (TFESA)
Arachidonic acid
Colchicine

Phytoalexins
Benzoquinone
Triterpene β-amyrin
Saponins
Secondary metabolites
Silymarin
Taxoids
Taxanes
Taxuyunnanine C (Tc)
Taxol
Valepotriates

Table 4. Secondary metabolite production by cell cultures of medicinal plants
Plant
Elicitor
Catharanthus roseus
Alteromonas macleodii,
Alginate oligomers
Acridone expoxide
Ruta gravelones
Fungal poly saccharide
Ajmalicine
Catharanthus roseus
a) Pythium sp.
b)Yeast elicitor, MeJA
c) Trichoderma viride
d)Pythium aphanidermatum
e) Jasmonic acid
Alkaloids (tropane)
Datura stramonium
Phytopthora megasperma
Anthraquinones
Morinda citrifolia
Chitin 50
azadirachtin
Azadirachta indica
Jasmonic acid, salicylic acid
Berberine
Thalictrum rugosum
Sacharomyces cerevisiae
Capsidiol
Capsicum annum
Trichoderma viride
Capsidiol, debneyol, scopoletin,
Nicotiana tabacum
Phytopthora cryptogea
nicotine
Yeast extract
Cryptogein
Cellulase, MeJA
Codeine, morphine
Papaver somniferum
Fungal spores
Diosgenin
Dioscorea deltoida
Rhizopus arrhizus
Diterpenoid tanshinones
Salvia miltiorrhiza
Yeast elicitor
Secondary metabolite
5'-phosphodiesterase (PDase)

Glyceollins, apigenin, genistein,
luteolin
Hyoscyamine, scopolamine
Indole glucosinolates, Camalexin
Isoflavonoids
Kinobeon A
Methoxymellein, 4-hydroxybenzoic
acid
Raucaffrincine
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(56)
(34)
(32)
(57)
(58)
(43)
(59)
(51)
(60)
(61)
(62)
Reference
(105)
(41)
(106)
(107,108)
(10, 91)
(96)
(26)
(109)
(110)
(111)
(149)
(112)
(113)
(114)
(115)
(116)
(38)
(32)
(117)

Glycine max

β-glucan, MeJA

(118, 119)

Hyoscyamus niger, H. muticus
Arabidopsis thaliana
Lotus corniculatus
Carthamus tinctorius
Dacus carota

Fungal elicitor, MeJA
Fungal, MeJA
Glutathione
Blue green algae
Fungal elicitor

(120)
(23)
(121)
(122)
(123, 124, 125)

Rauwolfia canescens

Yeast elicitor, MeJA

(58, 126)
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20.
21.
22.

Rishitin
Rosmarinic acid
Rosmarinic acid

Jimson weed
Coleus blumei
Ocimum basilicum

Copper sulphate
Yeast elicitor
Aspergillus niger

(127)
(50)
(128)

23.

Salidroside

Rhodiola sachalinensis

Aspergillus niger, Coriolus versicolor,
Ganoderma lucidum

(129)

24.
25.
26.
27.

Sanguinarine
Sanguinarine
Sanguinarine
Saponin

Eschscholtzia californica
Papaver bracteatum
Sanguinaria canadensis
Panax ginseng

28.
29.
30.
31.
32.

Lycopersicon esculentum
Ammi majus
Hyoscyamus muticus
Lithospermum erythrorhizon
Glycyrrhiza glabra

33.

Scopoletin
Scopoletin
Sesquiterpenes
Shikonin
Soyasaponin
5-deoxyflavonoid
Stilbene, resveratrol, anthocyanins

Yeast extract
Dendryphion
Verticillum dahliae
Oligogalacturonic acid
Low energy ultra sound
Fungal elicitor, MeJA
Enterobacter sakazaki
Rhizoctonia solani
Endogenous source
MeJA

Vitis vinifera

MeJA, ethylene

34.
35.

tanshinone
Taxol

Salvia miltiorrhiza
Taxus chinensis

hyperosmotic stress, yeast elicitor
fungal elicitation

36.

Taxol, baccatin III

Taxus brevifolia,T. cuspidate

Fungal elicitor

37.

Taxuyunnamine C Tc

Taxus Chinensis

Trifluoroethyl salicylate (TFESA)

Tcibulin, tcibulin2
Thiophene

Allium cepa
Tagetes patula

Ca , cAMP
Furasium conglutanis A. niger

41.

Tropane alkaloids

Brugmansia suaveolens

42.

β-Thujaplicin

Cupressus lusitanica

Spodoptera frugiperda
Methyl jasmonate
Fungal and MeJA

Capsicum annum
(cells)
Carthamus tinctorius
Catharanthus roseus
(hairy roots)
Catharanthus roseus
(Cell culture)
Catharanthus roseus (cells)
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(135)
(136)
(120)
(137)
(138)
(139, 140)
(141)
(142)
(143, 144, 145)
(60)

+

39.
40.

Species

(130)
(131)
(132)
(52, 133, 134)

Table 5. Comparison of production of secondary metabolite after elicitation
Elicitor
Products
Product
concentration in
control
Trichoderma viride (crude)
Capsidiol
0
Blue green algae (crude)
Penicillium sp.
(crude)
Alteromonas macleodii,
alginate oligomers

Kinobeon A
Alkaloids (indole)

Pythium sp. (crude)

Ajmalicine

5'-phosphodiesterase
(PDase)

(146)
(94, 147)
(148)
(30)
Product concentration
after elicitation

Reference

1mg per flask

(112)

0.6mg/L
3mg/gm
dry weight
0.022 U/ml.

5.78 mg/L
9mg/gm
dry weight
to 0.235 U/ml.

(130)
(140)
(105)

0

400mcg/L

(106)
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79 (µg g -1 DW)

166 (µg g -1 DW)

6.

Catharanthus roseus (cells)

Trichoderma viride

Ajmalicine

7.

Catharanthus roseus (cells)

Alkaloids (indole)

50µmol/L

75µmol/L

(96)

8.

Beta-thujaplicin

0

187 mg/g dry weight

(30)

9.

Cupressus lusitanica suspension
cultures
Datura stramonium (cells)

Pythium aphanidermatum
(crude)
fungal elicitor

Alkaloids (tropane)

(139)

Dioscorea deltoida (cells)
Eschscholtzia californica (cells)

Diosgenin
Sanguinarine

0.85mg/gm
dry weight
134mg/L
20mg/L

4.27mg/gm dry weight

10.
11.

230mg/L
60mg/L

(32)
(130)

12.

Hyoscyamus muticus
(hairy roots)
Jimson weed
(hairy roots)
Lithospermum erythrorhizon
(cells)
Lotus corniculatus
(hairy roots)
Morinda citrifolia (cells)

Phytopthora megasperma
(crude)
Rhizopus arrhizus (crude)
Yeast extract
(crude)
Rhizoctonia solani

Sesquiterpenes

0

(120)

Copper sulphate

Rishitin

0

1mg per 10gm
fresh weight
traces

Endogenous (crude)

Shikonin

0

28µgm/ 10ml

(149)

Glutathione
(abiotic)
Chitin50 (pure)

Isoflavonoids

0

(121)

Anthraquinones

Yeast extract

Sesquiterpenes

Phytopthora cryptogea (crude)
selenium

Capsidiol
ginseng saponin

3µg/gm
fresh weight
1µgm/gm
fresh weight
0
control levels

Dendryphion
(crude)
Verticillium dahliae (cells)

Sanguinarine

160 µg /gm
fresh weight
7mcg/gm
fresh weight
87µgm/gm
fresh weight
25µg/ml
1.33 times control
levels
450µg/gm
fresh weight
15 mg/gm
fresh weight
12µg/gm
fresh weight
0.55gm per 100gm dry
wt
3.5µmol/gm
dry weight
21.9 mg/gm dry weight

(60)

2% of dry weight

(149)

140nmol/gm

(127)

13.
14.
15.
16.
17.

20.

Nicotiana tabacum
(hairy roots)
Nicotiana tabacum (cells)
Panax ginseng
(hairy roots)
Papaver bracteatum (cells)

21.

Sanguinaria canadensis (cells)

22.

Sanguinaria canadensis (cells)

23.

Tagetes patula
(hairy roots)
Tagetes patula
(hairy roots)
Taxus chinensis
(Cell culture)
Thalictrum rugosum (cells)

18.
19.

24.
25.
26.
27.

Thorn apple
(hairy roots)
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Verticillum dahliae
(crude)
Furasium conglutanis
(crude)
Aspergillus niger (crude)
Trifluoroethyl salicylate
(TFESA)
Sacharomyces cerevisiae
(crude)
Cadmium chloride

Dopamine
Sanguinarine
Thiophene
Thiophene
Taxuyunnanine C (Tc),
Berberine
Sesquiterpenes

50µg/gm
fresh weight
3mg/gm
fresh weight
3µg/gm
fresh weight
0.2gm per 100gm dry
wt
1.5µmol/gm
dry weight
14.0 mg/gm dry
weight
0.5% of
dry weight
0

(10)

(127)

(110)
(114)
(113)
(150)
(131)
(132)
(132)
(94)
(147)
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substantial enhancement of product accumulation etc. has
been reported (90). Some of these parameters were
highlighted on elicitation of Catharanthus roseus cell
suspension cultures for the production of active compounds.
i) Elicitor concentration
Elicitor concentration plays a very important role in
elicitation process. Namdeo et. al. (10) reported higher
accumulation of ajmalicine in C. roseus cultures when treated
with different concentrations of elicitor extracts of T. viride,
A. niger and F. moniliforme. Ajmalicine accumulation was
higher in cells elicited with higher concentration (5.0 %) of
elicitor extracts as compared to lower concentration (0.5%).
However, increasing the concentration further upto 10.0 %
adversely affected the accumulation of ajmalicine. These
results are also supported by the findings of Nef-Campa et al.
(92), Rijhwani and Shanks (26). High dosage of elicitor has
been reported to induce hypersensitive response leading to
cell death, whereas, an optimum level was required for
induction (93-95).
ii) Duration of elicitor exposure
In a study, cells of C. roseus exposed with elicitor extracts of
T. viride, A. niger and
F. moniliforme for 24h, 48h, 72h
and 96h. About 3-fold increase in ajmalicine production by C.
roseus cells elicited with extracts of T. viride for 48 h,
whereas, about two-fold increase was observed in cells
elicited with A. niger and F. moniliforme (10, 91). However,
further increasing exposure time resulted in decrease in
ajmalicine content. Similar results were reported by Rijhwani
and Shanks (26) Moreno and co-workers (96) and Negeral and
Javelle (97).
iii) Age of culture
Age of subculture plays is an important parameter in
production of bioactive compounds by elicitation. In a study,
C. roseus cells of 20-day-old cultures showed higher yields of
ajmalicine on elicitation. Highest ajmalicine (166 µg-1 DW)
was accumulated in
20-day-old cells elicited with extracts
of T. viride followed by 90 and 88 µg g-1 DW ajmalicine in
cells elicited with A. niger and F. moniliforme respectively
(10, 91). Similar observations were reported from various
workers Rijhwani and Shanks (98) Ganapathi and Kargi (90).
iv) Nutrient composition
Composition of medium or selection of medium also played a
vital role for elicitation process. Ajmalicine accumulation was
observed more in Zenk’s (99) production medium as compared
to Murashige and Skoog’s (100) medium Namdeo et. al. (10,
91). Similar observations were reported from various workers
Rijhwani and Shanks (98) Ganapathi and Kargi (90).
Apart from these characteristics, the efficiency of elicitation
also depends on elicitor specificity, cell line or clones of
microbial elicitor used, presence of growth regulators,
nutrient composition of the medium, and the environmental
conditions.
Elicitation and production of secondary metabolite by plant
cell cultures The living plants may be considered as a biochemical factory
not only for the production of primary metabolites like
sugars, amino acids and fatty acids but also for the production
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of secondary products of pharmaceutical significance such as
alkaloids, glycosides, flavonoids, volatile oils, tannins, resins
etc. Secondary metabolites may represent chemical
adaptations to environmental stress, or they may serve as
defensive, protective or offensive chemicals against
microorganisms, insects and higher herbivorous predators.
They are some times considered to be waste or secretary
products of plant metabolism.
In spite of the progress made in organic synthesis or semisynthesis of a wide range of compounds similar to those
produced by the plants, extraction of secondary metabolites
from plants is still of considerable commercial importance. A
large number of these metabolites are difficult or virtually
impossible to synthesize at economic values. In several cases,
the natural product is more easily accepted by consumers
than an artificially produced one. Both reasons, objective and
subjective, explain that natural extraction still applies to a
large number of aromas or fragrances which are the result of
a mixture of hundreds of different compounds as is the case
of jasmine and strawberry, or to biochemicals that have
complex molecular structures (e.g. some alkaloids and
glycosides).
There is great interest in developing alternatives to the intact
plant for the production of plant secondary metabolites. This
originally had centered on the use of tissue and cell cultures
though the most recent approaches involve applying
molecular biology techniques to enhance the metabolic
pathways leading to specific compounds.
When infected by pathogenic microorganism plants, respond
with rapid activation of various spatially and temporally
regulated defense reactions. These responses include
oxidative cross linking of cell wall proteins, production of
phytoalexins, hydrolytic enzymes, incrustation of cell wall
proteins with phenolics and finally hypersensitive death of
plant cell. Microbial invasion of plants induce the synthesis of
anti-microbial secondary metabolites in the same way as
stress factors like UV-irradiation, osmotic shock, fatty acids,
inorganic salts and heavy metal ions induce the synthesis of
secondary metabolites in plants. The molecules that stimulate
the production of secondary metabolites are termed as
elicitors. Both biotic and abiotic elicitors induce product
accumulation not only in intact plants or plant organs but also
in plant cell cultures as a result of their defensive, protective
or offensive reactions (26-27, 30, 90, 98, 101-104). Table 4
illustrates different plant species producing various secondary
metabolites on elicitation with different elicitors.
Most of the strategies employing fungal elicitors utilize fairly
undefined mixtures such as autoclaved fungal homogenate
(151) or fungal culture filtrates (61, 152). With the
consideration of several parameters such as elicitor
specificity and concentration, duration of contact and quality
of cell wall materials, substantial enhancement of product
accumulation has been reported (90). The enhancement of
production of secondary metabolites after elicitation is
compared with that of control is exhibited in Table 5.
CONCLUSION
Secondary metabolites or bioactive constituents or phytopharmaceuticals occurring in intact plants are employed

76

Pharmacognosy Reviews
Vol 1, Issue 1, Jan- May, 2007
either directly or indirectly by a large number of
pharmaceutical industries. The supply of these secondary
metabolites is however, often having many limitations. It is
widely recognized that cultured plant cells represents a
potential source of phyto-pharmaceuticals but very few cell
cultures synthesize secondary metabolites in comparison to
those produced in intact plants. Over few decades many
strategies
like
media
manipulation,
phyto-hormone
regulation, precursor feeding, plant cell immobilization,
biotransformation and bioconversion, hairy root cultures and
genetically modified cells etc. have been tried but failed to
synthesize the desired products in appreciable quantity and at
competitive economic value. This reflects the poor
understanding of basic secondary metabolic regulation in
plant cell cultures. Elicitation of plant cell culture system
may be promising as it showed favorable results in
fermentation of antibiotics and many other fermented
products. Though, elicitation enhances secondary metabolism
in plants or plant cells in vitro but the exact mechanism of
elicitation is not exactly understood. This provides an
opportunity for intensive research in the field of biosciences
for exploitation of plant cells for the production of secondary
metabolites. Combined efforts of experts of Plant science,
Pharmacognosy, Microbiology, Phyto-chemistry, Biochemistry,
Molecular biology, and Fermentation technology can exploit
the potential of plant cells for the production of plant
secondary metabolites.
REFERENCES
1.
2.
3.

4.
5.
6.
7.

8.
9.
10.

11.
12.

13.
14.
15.
16.
17.

18.

K.M. Oksman-Caldentey1 and D Inze. Plant cell factories in the post-genomic era:
new ways to produce designer secondary metabolites. Trends Plant Sci. 9 9 (2004).
Dixon, R.A. Natural products and plant disease resistance. Nature 411, 843–847
(2001)
M.F. Balandrin and J.A. Klocke. Medicinal, aromatic and industrial materials from
plants. In Biotechnology in Agriculture and Forestry. Bajaj, YPS (Ed.). Vol. 40,
Springer Verlag, Berlin. pp 1-35 (1988).
S.M.K. Rates. Plants as sources of drugs. Toxicon (39): 603–613, (2001)
I. Raskin, et al. Plants and human health in the twenty-first century. Trends
Biotechnol. 20: 522–531(2002)
R. Verpoorte and J. Memelink. Engineering secondary metabolite production in
plants. Curr. Opin. Biotechnol. 13: 181–187 (2002)
N. Sevo´n and K.M. Oksman-Caldentey. Agrobacterium rhizogenes-mediated
transformation: root cultures as a source of alkaloids. Planta Med. 68: 859–868
(2002).
H. Dornenburg and D. Knorr. Strategies for the improvement of secondary metabolite
production in plant cell cultures. Enz Microb Tech 17: 674-684 (1995).
S.B. Bhalsingh and V.L. Maheshwari. Plant Tissue Culture-A Potential Source of
Medicinal Compounds, J Sci Indust Res 57: 703-708, (1998).
A. G. Namdeo, S. Patil, D. P. Fulzele. Influence of fungal elicitors on production of
ajmalicine by cell cultures of Catharanthus roseus. Biotechnol Prog 18: 159-162,
(2002).
S. R. Rao and G. A. Ravishankar. Plant cell cultures: chemical factories of secondary
metabolites. Biotechnol. Adv. 20: 101–153, (2002).
M. Vanishree, C. Y. Lee, S. F. Lo, S. M. Nalawade, C.Y. Lin, H.S. Tsay: Studies on
the production of some important metabolites from medicinal plants by plant tissue
cultures. Bot Bull Acad Sin 45: 1-22, (2004).
K. M. Oksman-Caldentey and R. Hiltunen. Transgenic crops for improved
pharmaceutical products. Field Crops Res. 45: 57–69, (1996).
F. DiCosmo and M. Misawa. Eliciting secondary metabolism in plant cell cultures.
Trends Biotechnol. 3: 318–322, (1985).
J. Ebel and E.G. Cosio. Elicitors of plant defense responses. Int. Rev. Cytol. 148: 1–
36, (1994).
A. Poulev et. al. Elicitation, a new window into plant chemodiversity and
phytochemical drug discovery. J. Med. Chem. 46: 2542–2547, (2003).
A. Spencer et al. In vitro biosynthesis of monoterpenes by Agrobacterium
transformed shoot cultures of two Mentha species. Phytochemistry 32: 911–919,
(1993).
Y. Fujita and M. Tabata. Secondary metabolites from plant cells – pharmaceutical
applications and progress in commercial production. In Plant Tissue and Cell Culture
(Green, C.E. et al., eds), 169–185, Alan R. Liss (1987).

© 2007 Phcog.Net , All rights reserved.
Available online: www.phcogrev.com

PHCOG REV.
An official Publication of Phcog.Net
19.

20.
21.
22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.
42.

43.

44.

B. Ulbrich, et al. Large scale production of rosmarinic acid from plant cell cultures of
Coleus blumei Benth. In Primary and Secondary Metabolism of Plant Cell Cultures
(Neumann, K.H. et al., eds) Springer Verlag, 293–303, (1985).
U. Eilert, et al. Stimulation of sanguinarine accumulation in Papaver somniferum cell
cultures by fungal elicitors. J. Plant Physiol. 119: 65–76, (1985).
R. Radman, T. Saez, C. Bucke, T. Keshavarz. Elicitation of plant and microbial
systems. Biotechnol Appl Biochem 37: 91-102, (2003).
C. Veersham. In Elicitation: Medicinal Plant Biotechnology, CBS Publisher, India
270-293, (2004).
G. Brader, E. Tas, E.T. Palva. Jasmonate-dependent induction of indole
glucosinolates in Arabidopsis by culture filtrates of the nonspecific pathogen Erwinia
carotovora. Plant Physiol 126: 849–60, (2001).
I. Sandra, P. Alvarez, A.M. Giulietti. Novel biotechnological approaches to obtain
scopolamine and tryosumine: the influence of biotic elicitors and stress agents on
cultures of transformed rats of Bygumansia candida. Phytotherapy Res 12: 518-520,
(1988).
M. Patrica, L. Moctezuma, L.E. Gloria. Biosynthesis of sesqutiterpenic Phytoalaxin
captidiol in elicited root cultures of chilli peppers (C. annum). Plant Cell Rep 15:
360-366 (1996).
S.K. Rijhwani and J.V. Shanks. Effect of elicitor dosage and exposure time on
biosynthesis of indole alkaloids by Catharanthus roseus hairy root cultures.
Biotechnol Prog 14 (3): 442-449 (1998a).
U. Eilert, F. Constable, W.G.W. Kurz. Elicitor-stimulation of monoterpene indole
alkaloid formation in suspension cultures of Catharanthus roseus, J Plant Physiol
126: 11-12, (1986).
K.G. Tietjen, D. Hunkler, U. Matern. Differential response of cultured parsley cells to
elicitors from two non-pathogenic strains of fungi-I, Identification of induced
products as coumarine derivatives, Eur J Biochem 131: 402-423, (1982).
W. Barz, S.I. Daniel, W. Hinderer, U. Jaques, H. Kebmann, J. Koster, K. Tieinann.:
In Application of Plant Cell and Tissue Culture, pp. 179, Yamada, Y, (eds) CIBA
Foundation Symposium No. 137, Wiely Chichester (1988).derivatives, Eur J
Biochem 131: 402-423, (1982).
J. Zhao, K. Fujita, J. Yamada, K. Sakai. Improved beta-thujaplicin production in
Cupressus lusitanica suspension cultures by fungal elicitor and methyl jasmonate.
Appl Microbiol Biotechnol 55: 301–5, (2001).
M.I. Whitehead, L.A. Atkinson, R. D. Threlfall. Studies on the biosynthesis and
metabolism of the phytoalexin lubimin and related compounds in Datura stramonium
L. Planta 182: 81-88, (1990).
J.S. Rokem, J. Schwarzberg, I. Goldberg. Autoclaved fungal mycelia increase
production in cell suspension cultures of Dioscorea deltoida. Plant Cell Rep 3: 159160, (1984).
A. Hille, C. Purwin, J. Ebel. Induction of enzymes of phytoalexin synthesis in
cultured soybean cells by an elicitor from Phytophthora megasperma var. glycinea,
Plant Cell Rep, 1: 123, (1982).
H. Fukui, N. Yoshikawa, M. Tabata. Induction of shikonin formation by agar in
Lithospermum erythrorhizon cell suspension cultures. Phytochemistry, 22(11): 2451,
(1983).
H. Kessmann, R. Edwards, P.W. Geno, R. A. Dixon. Stress Responses in Alfalfa
(Medicago sativa L.): V. Constitutive and Elicitor-Induced Accumulation of
Isoflavonoid Conjugates in Cell Suspension Cultures. Plant Physiol 94 (1): 227-232,
(1990).
T.J. Walton, C.J. Cooke, R.P. Newton, C.J. Smith. Evidence that generation of
inositol 1, 4, 5-trisphosphate and hydrolysis of phosphatidylinositol 4, 5-bisphosphate
are rapid responses following addition of fungal elicitor which induces phytoalexin
synthesis in lucerne (Medicago sativa) suspension culture cells. Cell Signal 5(3): 34556, (1993).
C.D. Broeckling, D.V. Huhman, M.A. Farag, J.T. Smith, G.D. May, P. Mendes, R.A.
Dixon, L.W. Sumner. Metabolic profiling of Medicago truncatula cell cultures
reveals the effects of biotic and abiotic elicitors on metabolism. J Exp Bot 56(410):
323-36, (2005).
P.F. Heinstein: Future approaches to the formation of secondary natural products in
plant cell suspension cultures. J Nat Prod 48: 1-9, (1985).
J.M. Henstrand, K.F. McCue, K. Brink, A.K. Handa, K.M. Herrmann, E.E. Conn.
Light and Fungal Elicitor Induce 3-Deoxy-d-arabino-Heptulosonate 7-Phosphate
Synthase mRNA in Suspension Cultured Cells of Parsley (Petroselinum crispum L.).
Plant Physiol 98(2): 761-763, (1992). of secondary natural products in plant cell
suspension cultures. J Nat Prod 48: 1-9, (1985).
R.A. Dixon, P.M. Dey, D.L. Murphy, I.M. Whitehead. Dose responses for
Colletotrichum lindemuthianum elicitor-mediated enzyme induction in French bean
cell suspension cultures, Planta 151: 272, (1981).
U. Eilert, A. Ehmke, B. Wolters. Elicitor-induced accumulations of acridone alkaloid
epoxides in Ruta graveloens suspension cultures. Planta Med 50: 508-512, (1984).
Q. Yan, Z. Hu, R.X. Tan, J. Wu. Efficient production and recovery of diterpenoid
tanshinones in Salvia miltiorrhiza hairy root cultures with in situ adsorption,
elicitation and semi-continuous operation. J Biotechnol 119(4): 416-24, (2005).
M.A. Sanchez-Sampedro, J. Fernandez-Tarrago, P. Corchete. Yeast extract and
methyl jasmonate-induced silymarin production in cell cultures of Silybum marianum
(L.) Gaertn J Biotechnol. 22; 119 (1): 60-9, (2005).
Y. Liu, Y. Cui, A Mukherjee, A.K. Chatterjee. Characterization of a novel RNA
regulator of Erwinia carotovora spp. Carotovora that controls production of
extracellular enzymes and secondary metabolites. Mol Microbiol 29(1): 219-34
(1998).

77

Pharmacognosy Reviews
Vol 1, Issue 1, Jan- May, 2007
45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.
63.
64.

65.

66.

67.
68.
69.

70.

71.

72.
73.

J. Zhao, C.C. Williams, R.L. Last. Induction of Arabidopsis tryptophan pathway
enzymes and camalexin by amino acid starvation, oxidative stress, and an abiotic
elicitor. Plant Cell 10(3): 359-70, (1998).
T.K. Lee, T. Yamakawa, T. Kodama, K. Shimomura. Effects of chemicals on alkaloid
production by transformed roots of Atropa belladona. Phytochemistry 49 (8): 23432347, (1998).
J.I. Smith, N.J. Smart, M. Misawa, W.G.W. Kurz, S.G Tallevi, F. DiCosmo.
Increased accumulation of indole alkaloids by some cell lines of Catharanthus roseus
in response to addition of vanadyl of vanadyl sulphate. Plant Cell Rep 6: 142-145
(1987).
T. Hoshino, M. Chida, T. Yamaura, Y. Yoshizawa, J. Mizuatani. Phytoalexin
induction in green pepper cultures treated with arachidonic acid, Phytochemistry
36(6): 1417-1419, (1994).
T.S. Johnson, G.A. Ravishankar, L. V Venkataraman. Elicitation of capsaicin
production in freely suspended cells and immobilized cell cultures of Capsicum
frutescens, Food Biotechnol 5: 197-205, (1991).
E Szabo, A Thelen, M Petersen. Fungal elicitor preparation and methyl jasmonate
enhance rosmarinic acid accumulation in suspension cultures of Coleus blumei, Plant
Cell Rep 18: 485-489 (1999).
C. Prasad Babu. Elicitation of tissue cultures for production of Biomedicines, Ph. D.
Thesis Kakatiya University, Warangal, A.P., India (2000).
D.R. Threfall and I.M. Whitehead. The use of biotic and abiotic elicitors to inducethe
formation of secondary plant products in cell suspension cultures of Solanaceous
plants. Biochem Soc Trans 16: 71-75, (1988).
S.S. Muller, F. Kurosaki, A. Nishi. Role of salicylic acid and intrercelluar Ca2+ in the
induction of chitinase activity in carrot suspension culture. Physiol Mol Plant Path
45: 101-109, (1994).
S Ayabe, K Lida, T Furuya: Stress induced formation of echinatin and a metabolite 5prenyl licodine in cultured Glycyrrhiza echinata cells. Phytochemistry 25: 2803-2806
(1986).
C.J. Mader. Effects of jasmonic acid, silver nitrate and L-AOPP on the distribution of
free and conjugated polyamines in roots and shoots of Solanum tuberosum, in vitro. J
Plant Physio 154: 79-88 (1999).
M. Kuroyanagi, T. Arakava, Y. Mikami, K. Yoshida, N. Kawahar, T. Hayashi, H.
Ishimaru. Phytoalexins from hairy root culture of Hyoscyamus albus treated with
methyl jasmonate. J Nat Prod 61: 1516-1519, (1998).
J. Wu and L. Lin. Elicitor-like effects of low-energy ultrasound on plant (Panax
ginseng) cells: induction of plant defense responses and secondary metabolite
production. Appl Microbiol Biotechnol 59(1): 51-7, (2002).
H. Gundlach, M.J. Muller, T.M. Kutchan, M.H. Zenk. Jasmonic acid is a signal
transducer in elicitor-induced plant cell cultures. Proc Natl Acad Sci U S A. 15, 89(6):
2389-93, (1992).
R.E.B. Ketchum, D.M. Gibson, R.B. Crouteau, M.L. Shuler. The kinetics of taxoid
accumulation in cell suspension culture of Taxus, following elicitation with methyl
jasmonate. Biotech Bioeng 62(1): 97-105, (1999).
Z.G. Qian, Z.J. Zhao, Y. Xu, X. Qian, J.J. Zhong. Novel chemically synthesized
salicylate derivative as an effective elicitor for inducing the biosynthesis of plant
secondary metabolites. Biotechnol Prog 22(1): 331-3, (2006).
C. Veersham, V. Srinivasan, M.L. Shuler. Elicitation of Taxus Sp. cell cultures for
production of taxol. Biotechnol Lett 17: 1343-1346 (1995).
H. Becker and S. Chavadej. Valepotriate production of normal and colchicine treated
cell suspension cultures of Valeriana wallichi. J Nat Prod 48(1): 17-21 (1985).
J.J. Cheong and M.G. Hahn. A specific, high-affinity binding site for the heptaglucoside elicitor exists in soybean membranes. Plant Cell 3: 137-147 (1991).
E.G. Cosio, T. Frey, R. Verduyn, J. van Boom, J. Ebel. High affinity binding of a
synthetic heptaglucoside and fungal glucan phytoalexin elicitors to soybean
membranes. FEBS Lett 271: 223-226, (1990).
C.W. Basse, A. Fath, T. Boller. High affinity binding of a glycopeptide elicitor to
tomato cells and microsomal membranes and displacement by specific glycan
suppressors. J Biol Chem 268: 14724-14731, (1993).
T. Nürnberger, D. Nennstiel, T. Jabs, W.R. Sacks, K. Hahlbrock, D. Scheel. Highaffinity binding of a fungal oligopeptide elicitor to parsley plasma membranes
triggers multiple defense responses. Cell 78: 449-460, (1994).
D.M. Braun and J.C. Walker. Plant transmembrane receptors: new pieces in the
signaling puzzle, Trends Biochem Sci 21: 70–73 (1996).
U. Hanania, and A. Avni. High-affinity binding site for ethylene-inducing xylanase
elicitor on Nicotiana tabacum membranes. Plant J. 12: 113-120, (1997).
A. Gelli, V.J. Higgins, E. Blumwald. Activation of Plant Plasma Membrane Ca2+Permeable Channels by Race-Specific Fungal Elicitors. Plant Physiol 113: 269-279,
(1997).
G. Felix, D.G. Grosskopf, M. Regenass, T. Boller. Rapid changes of protein
phosphorylation are involved in transduction of the elicitor signal in plant cells. Proc
Natl Acad Sci USA 88: 8831-8834, (1991).
J. Yang, M. Yu, Y. N. January, L. Y. January. Stabilization of ion selectivity alters by
pore loop ion pairs in an inwardly rectifying potassium channel. Proc Natl Acad Sci
USA 94: 1568-1572, (1997).
T Romeis. Protein kinases in the plant defense response. Curr Opin Plant Biol 4:
407–414, (2001).
M.J. Droillard, S. Thibivilliers, A.C. Cazale, H. Barbier-Brygoo, C. Lauriere. Protein
kinases induced by osmotic stresses and elicitor molecules in tobacco cell
suspensions: two crossroad MAP kinases and one osmoregulation-specific protein
kinase. FEBS Lett 474: 217-222, (2000).

© 2007 Phcog.Net , All rights reserved.
Available online: www.phcogrev.com

PHCOG REV.
An official Publication of Phcog.Net
74.

75.

76.
77.

78.

79.

80.

81.
82.
83.
84.
85.

86.

87.

88.
89.
90.
91.

92.

93.
94.
95.

96.

97.

98.

99.

100.
101.

102.

G. K. Agrawal, R. Rakwal, H. Iwahashi. Isolation of novel rice (Oryza sativa L.)
multiple stress responsive MAP kinase gene, OsMSRMK2, whose mRNA
accumulates rapidly in response to environmental cues. Biochem Biophys Res
Commun 294: 1009-1016, (2002).
W. B. Kelly, J.E. Esser, J.I. Schroeder. Effects of cytosolic calcium and limited,
possible dual, effects of G protein modulators on guard cell inward potassium
channels. Plant J 8: 479-489, (1995).
S. Luan. Protein phosphatases and signaling cascades in higher plants. Trends Plant
Sci 3: 271-275, (1998).
G.B. Mahady, C. Liu, W.W. Beecher. Involvement of protein kinase and G proteins
in the signal transduction of benzophenanthridine alkaloid biosynthesis.
Phytochemistry 48(1): 93-102, (1998).
W. Roos, B. Dordschbal, J. Steighardt, M. Hieke, D. Weiss, G. Saalbach. A redoxdependent, G-protein-coupled phospholipase A of the plasma membrane is involved
in the elicitation of alkaloid biosynthesis in Eschscholtzia californica. Biochim
Biophys Acta 1448(3): 390-402, (1999).
J. Armero and M. Tena. Possible role of plasma membrane H+-ATPase in the
elicitation of phytoalexin and related isoflavone root secretion in chickpea (Cicer
arietinum L.) seedlings. Plant Science 161: 791-798 (2001).
A. Pugin, J.M. Frachisse, E. Tavernier, R. Bligny, E. Gout, R. Douce, J. Guern. Early
Events Induced by the Elicitor Cryptogein in Tobacco Cells: Involvement of a Plasma
Membrane NADPH Oxidase and Activation of Glycolysis and the Pentose Phosphate
Pathway. Plant Cell 9: 2077-2091, (1997).
G.P. Bolwell, V.S. Buti, D.R. Davies, A. Zimmerlin The origin of the oxidative burst
in plants. Free Radical Research 23: 517–532 (1995).
L. Apostol, P.F. Heinstein, P.S. Low. Rapid stimulation of an oxidative burst during
elicitation of cultured plant cells. Plant Physio l90: 109-116, (1989).
P.S. Low, J.R. Merida. The oxidative burst in plant defense: function and signal
transduction. Physiol Plant 96: 533-542 (1996).
N. Benhamou. Elicitor-induced plant defense pathways. Trends Plant Sci 1: 233240(1996).
X. Huang, E. Kiefer, U. von Rad, D. Ernst, I. Foissner, J. Durner: Nitric oxide burst
and nitric oxide-dependent gene induction in plants. Plant Physiol Biochem 40: 625–
631 (2002).
C.R. Schopfer, G. Kochs, F. Lottspeich, J. Ebel. Molecular characterization and
functional expression of dihydroxypterocarpan 6a-hydroxylase, an enzyme specific
for pterocarpanoid phytoalexin biosynthesis in soybean (Glycine max L.). FEBS Lett
432: 182–186, (1998).
D. J. Ebel and D. Scheel. Elicitor recognition and signal transduction. In Genes
Involved in Plant Defense, T. Boller and F. Meins, (Eds) Vienna: Springer-Verlag,
pp. 184–205 (1992).
Q. Zhu, W. Droge-Laser, R.A. Dixon, C. Lamb. Transcriptional activation of plant
defense genes. Curr Opin Genet Dev 6: 624-630, (1996).
J. Memelink, R. Verpoorte, J.W. Kijne. O.R.C. Anization of jasmonate-responsive
gene expression in alkaloid metabolism. Trends Plant Sci 6: 212–219 (2001).
G. Ganapathi and F. Kargi. Recent advances in indole alkaloid production by
Catharanthus roseus (Periwinkle). J Exptl Bot 41: 259-267 (1990).
A. G. Namdeo. ‘Investigation on pilot scale bioreactor with reference to the synthesis
of bioactive compounds from cell suspension cultures of Catharanthus roseus Linn.
Ph.D. Thesis, Devi Ahilya Vishwavidyalaya, Indore, M.P. India, (2004).
C. Nef-Campa, M.F. Trousot, P. Trouslot, and H. Chrestin. Long-term effect of a
Phythium elicitor treatment on the growth and alkaloid production of Catharanthus
roseus cell suspensions. Planta Med. 60(2): 149-152 (1994).
D.B. Collinge and A.J. Susarenka. Plant gene expression in response to pathogens.
Plant Mol. Biol. 9: 389-410 (1987).
U. Mukandan, and M.A Hjorosto. Effect of fungal elicitor on thiophene production in
hairy root cultures of Tagetes patula. Appl. Microb Biotechnol 33: 145-147 (1990).
I. A. Roewer, N. Cloutier, R. Van der Heijden. Transient induction of tryptophan
decarboxylase (TDC) and strictosidine synthase, (SS) genes in cell suspension
cultures of Catharanthus roseus. Plant Cell Rep 11(2): 86-89, (1992).
P.R.H. Moreno, R. Van der Heijden, R. Verpoorte. Effect of terpenoid precursor
feeding and elicitation on formation of indole alkaloids in cell suspension cultures of
Catharanthus roseus. Plant Cell Rep 12: 702-705, (1993).
J. Negeral and F. Javelle. Induction of phenyl propanoid and tyramine metabolism in
pectinase or pronase elicited cell suspension culture of tobacco. Physiol Plant 95:
569-574, (1995).
S.K. Rijhwani and J.V. Shanks. Effect of subculture cycle on growth and indole
alkaloid production by Catharanthus roseus hairy root cultures. Enz Microb Technol
22 (7): 606-611, (1998b).
M.H. Zenk, H. El Shagi, H. Arens, J. Stockigst, E.W. Weiler, and D. Deus, (1977):
Formation of indole alkaloids serpentine and ajmalicine in cell suspension cultures of
Catharanthus roseus. In Plant Tissue culture and its Biotechnological Application.
Barz, W., Reinhard, E. and Zenk, M.H. (eds.), Springer-Verlag, Berlin. pp 27-44.
(1977).
T. Murashige, F. Skoog, A revised medium for rapid growth and bioassays with
tobacco tissue cultures. Physiol. Plant 15, 473-479 (1962).
R.A. Dixon. Plant tissue culture methods in the study of phytoalexin induction. In
Tissue Culture Methods for Plant Pathologists. Ingram DS and Helgeson JP (Eds.).
Blackwell Sci. Publ. Ltd., Oxford. pp 185-196 (1980).
F. DiCosmo and G.H.N. Towers. Stress and secondary metabolism in cultured plant
cells. In Phytochemical adaptation to stress. Timmerman BN, Steelink C, Loewus FA
(eds.), Plenum Publishing Corp. pp 97-175 (1984).

78

Pharmacognosy Reviews
Vol 1, Issue 1, Jan- May, 2007
103.

104.

105.

106.

107.

108.

109.

110.
111.

112.

113.

114.
115.

116.

117.

118.

119.

120.
121.

122.
123.
124.

125.
126.
127.
128.

129.

130.

131.

132.

P.R.H. Moreno, R. Van der Heijden, R. Verpoorte. Cell and tissue cultures of
Catharanthus roseus: A literature survey: II. Updating from 1988 to 1993. Plant Cell
Tiss Org Cult 2(1): 1-25, (1995).
C.K. Kokate, A.P. Purohit, S.B. Gokhale. Medicinal Plant Biotechnology. In
Pharmacognosy, Kokate CK, Purohit AP, Gokhale SB (eds) 18th ed. Nirali Prakashan,
Pune. pp 65-96 (2002).
H. Aoyagi, C. Akimoto-Tomiyama, H. Tanaka. Preparation of mixed alginate
elicitors with high activity for the efficient production of 5'-phosphodiesterase by
Catharanthus roseus cells. Biotechnol Lett. 28(19): 1567-71, (2006).
F. DiCosmo, A. Quesnel, M. Misawa, S.G. Tallevi. Increased synthesis of ajmalicine
and catharanthine by cell suspension cultures of Catharanthus roseus in response to
fungal culture-filtrates. Appl Biochem Biotechnol 14: 101-106, (1987).
F.L.H. Menke, S. Parchmann, M.J. Mueller, J.W. Kijne, J. Memelink. Involvement of
the octadecanoid pathway and protein phosphorylation in fungal elicitor-induced
expression of terpenoid indole alkaloid biosynthetic genes in Catharanthus roseus.
Plant Physiol 119: 1289–96, (1999).
J. Zhao, W. Zhu, Q. Hu. Enhanced catharanthine production in Catharanthus roseus
cell cultures by combined elicitor treatment in shake flasks and bioreactors. Enz
Microb Technol 28(7-8): 673-681, (2001b).
F. Kurosaki, A. Yamashita, M. Arisawa. Involvement of GTP-binding protein in the
induction of phytoalexin biosynthesis in cultured carrot cells. Plant Sci 161: 273–8
(2001).
H. Dornenburg and D. Knorr. Elicitation of anthraquinones in Morinda citrifolia cell
cultures. Food Biotechnol 8:57-65 (1994).
R. K. Satdive, D.P. Fulzele, S. Eapen. Enhanced production of azadirachtin by hairy
root cultures of Azadirachta indica A. Juss by elicitation and media optimization. J
Biotechnol. 1: 128(2): 281-9 (2007).
C.J.W. Brooks, D.G. Watson, I.M. Freer. Elicitation of capsidol accumulation in
suspended callus cultures of Capsicum annum. Phytochemistry 25: 1089-1092
(1986).
M. Milat, P. Ricci, P. Bonnet, J. Blein. Capsidiol and ethylene production by tobacco
cells in response to cryptogein, an elicitor from Phytophthora cryptogea.
Phytochemistry 30: 2171-2173 (1991).
MS Wibberley, JR Lenton, SJ Neill: Sesquiterpenoid phytoalexins produced by hairy
roots of Nicotiana tabacum. Phytochem 37: 349-351 (1994).
G. Taguchi, T. Yazawa, N. Hayashida, M. Okazaki. Molecular cloning and
heterologous expression of novel glucosyltransferases from tobacco cultured cells
that have broad substrate specificity and are induced by salicylic acid and auxin. Eur
J Biochem 268: 4086–94 (2001).
D. Lecourieux, C. Mazars, N. Pauly, R. Ranjeva, A. Pugin. Analysis and effects of
cytosolic free calcium increases in response to elicitors in Nicotiana plumbaginifolia
cells. Plant Cell 14: 2627-41 (2002).
Y. Qiong, Z. Hu, R. Xiang, J. Wu. Efficient production and recovery of diterpenoid
tanshinones in Salvia miltiorrhiza hairy root cultures with in situ adsorption,
elicitation and semi-continuous operation. J. Biotech. 119: 416–424, (2005).
T.L. Graham, M.Y. Graham. Signaling in soybean phenylpropanoid responses:
dissection of primary, secondary, and conditioning effects of light, wounding, and
elicitor treatments. Plant Physiol 110:1123– 33 (1996).
L.V. Modolo, F.Q. Cunba, M.R. Braga, I. Salgado. Nitric oxide synthase-mediated
phytoalexin accumulation in soybean cotyledons in response to the Diaporthe
phaseolorum f. sp. meridionalis elicitor. Plant Physiol 130: 1288– 97 (2002)
G. Singh. Fungal elicitation of Plant Root Cultures-Application to Bioreactor Dosage.
Ph.D. Thesis, Pennsylvania State University, USA (1995).
M.P. Robbins, J. Hartnoll, P. Morris. Phenyl-propanoid defense response in
transgenic Lotus corniculatis 1. Glutathione elicitation of isoflavan phytoalexins in
transformed root cultures. Plant Cell Rep 10: 59-62, (1991).
N. Hanagata, H. Uehara, A. Ito, T. Tekeuchi, I. Karube. Elicitor of red pigment
formation in Carthamus tinctorius cultured cells. J Biotechnol 34: 71-77 (1994).
M. Petersen and M.S.J. Simmonds. Rosmarinic acid. Phytochem 62: 121–25, (2003).
F. Kurosaki, Y. Tsurusawa, A. Nishi. Breakdown of phosphatidylinositol during the
elicitation of phytoalexin production in cultured carrot cells. Plant Physiol 85: 601–4,
(1987).
F. Kurosaki. Role of inward K+ channel located at carrot plasma membrane in signal
cross-talking of cAMP with Ca2+ cascade. FEBS Lett 408: 115–9 (1997).
S. Parchmann, H. Gundlach, M.J. Mueller. Induction of 12-oxo-phytodienoic acid in
wounded plants and elicited plant cell cultures. Plant Physiol 115: 1057–64 (1997).
I.M. Whitehead and D.R. Threlfall. Production of phytoalexins by plant tissue
cultures. J Biotechnol 26: 63-81(1992).
H. P. Bais, S. Travis, P. W. Herbert, J. M. Vivanco. Root specific elicitation and
antimicrobial activity of rosmarinic acid in hairy root cultures of Ocimum basilicum
Plant Physiol. Biochem. 40: 983–995, (2002).
X. Zhou, Y. Wu, X. Wang, B. Liu, H. Xu, Salidroside Production by Hairy Roots of
Rhodiola sachalinensis obtained after Transformation with Agrobacterium
rhizogenes. Biol Pharm Bull. 30 (3): 439-42 (2007).
S.K. Byun and H. Pedersen. Two-phase air-lift production of benzophenanthridine
alkaloids in cell suspensions of Escherichia californica. Biotechnol Bioeng 44: 14-20.
(1994).
S.D. Cline and C.J. Coscia. Stimulation of sanguinarine production by combined
fungal elicitation and hormonal deprivation in cell suspension cultures of Papaver
bracteatum. Plant Physiol 86: 161-165, (1988).
S.D. Cline, R.J. McHale, C.J. Cosica. Differential enhancement of
benzophenanthridine alkaloid content in cell suspension cultures of Sanguinaria

© 2007 Phcog.Net , All rights reserved.
Available online: www.phcogrev.com

PHCOG REV.
An official Publication of Phcog.Net

133.

134.
135.

136.
137.

138.

139.

140.

141.

142.

143.

144.

145.
146.

147.

148.

149.

150.

151.

152.

canadensis under conditions of combined hormonal deprivation and fungal
elicitation. J Nat Prod 56: 1219-1228, (1993).
X. Hu, S.J. Neill, W. Cai, Z. Tang. Hydrogen peroxide and jasmonic acid mediate
oligogalacturonic acid-induced saponin synthesis in suspension-cultured cells of
Panax ginseng. Physiol Plant 118: 414– 21, (2003a).
X. Hu, S.J. Neill, W. Cai, Z. Tang. Nitric oxide mediates elicitor-induced saponin
synthesis in cell cultures of Panax ginseng. Funct Plant Biol 30: 901–7, (2003b).
I. Thoma, C. Loeffler, A.K. Sinha, M. Gupta, M. Krischke, B. Steffan.
Cyclopentenone isoprostanes induced by reactive oxygen species trigger defense gene
activation and phytoalexin accumulation in plants. Plant J 34: 63–75, (2003).
Staniszewska et. al.: Elicitation of secondary metabolites in in vitro cultures of Ammi
majus L. Enz. Microb. Tech., 33: 565-568, (2003).
H. Fukui, M. Tani, M. Tabata. Induction of shikonin biosynthesis by endogenous
polysaccharides in Lithospermum erythrorhizon cell suspension cultures. Plant cell
Rep 9: 73-76 (1990).
H. Hayashi, P. Huang, K. Inoue. Up-regulation of soyasaponin biosynthesis by
methyl jasmonate in cultured cells of Glycyrrhiza glabra. Plant Cell Physiol 44: 40411 (2003).
A. Aziz, B. Poinssot, X. Daire, M. Adrian, A. Bezier, B. Lambert. Laminarin elicits
defense responses in grapevine and induces protection against Botrytis cinerea and
Plasmopara viticola. Mol Plant-Microb Interact 16: 1118–28, (2003).
D.G. Puig, M.L. Perez, M.D. Fuster, A. Ortuno, F. Sabater, I. Porras. Effect of
ethylene on naringin, narirutin and nootkatone accumulation in grapefruit. Planta
Med 61: 283–5, (1995).
M. Shi, K.W. Kwok, J.Y. Wu. Enhancement of tanshinone production in Salvia
miltiorrhiza hairy root culture by hyperosmotic stress and yeast elicitor. Biotechnol
Appl Biochem. Oct 3, 122-126, (2006)
C. Wang, J. Wu and X. Mei. Enhancement of Taxol production and excretion in
Taxus chinensis cell culture by fungal elicitation and medium renewal. Appl. Microb.
Biotechno. 55: 404–410, (2001).
Y. Yukimune, H. Tabata, Y. Higashi, Y. Hara. Methyl jasmonate-induced
overproduction of paclitaxel and baccatin III in Taxus cell suspension cultures.
Nature Biotechnol 14: 1129- 32, (1996).
J. Hefner, R.E. Ketchum, R. Croteau. Cloning and functional expression of a cDNA
encoding geranylgeranyl diphosphate synthase from Taxus canadensis and
assessment of the role of this prenyltransferase in cells induced for taxol production.
Arch Biochem Biophys 360: 62–74, (1998).
J. Luo, L. Liu, C. D. Wu. Enhancement of paclitaxel production by abscisic acid in
cell suspension cultures of Taxus chinensis. Biotechnol Lett 23: 1345–8 (2001).
Z.M. Kravchuk, H. Perkovs’ka, O.P. Dmytriiev. Role of active forms of oxygen in
the induction of phytoalexin synthesis in Allium cepa cells. Tsitol Genet 37: 30 –5
(2003).
R.M. Buitelaar, E.J.T.M. Leenen, G. Geurtsen, E. de Groot, J. Tramper. Effects of
addition of XAD-7 and of elicitor treatment on growth, thiopene production and
excretion by hairy roots of Tagetes patula. Enz Microb Technol 15: 670-676 (1993).
M.N. Alves, A. Sartoratto, J.R.Trigo Scopolamine in Brugmansia suaveolens
(solanaceae): defense, allocation, costs, and induced response. J Chem Ecol. 33(2):
297-309, (2007).
C. Funk, K. Gugler and P. Brodelius: Increased secondary product formation in plant
cell suspension cultures after treatment with yeast carbohydrate preparation (elicitor).
Phytochemistry 26: 401-405, (1987).
G.T. Jeong, D.H. Park. Enhanced secondary metabolite biosynthesis by elicitation in
transformed plant root system: effect of abiotic elicitors. Appl Biochem Biotechnol.
129-132: 436-46 (2006).
M. Yoshikawa, N. Yamaoka, Y. Takeuchi. Elicitors: Their significance and primary
modes of action in the induction of plant defense reactions. Plant Cell Physiol 34:
1163-1173 (1993).
G. Pasquali, O.J.M. Goodijn, A. Dewail, R. Verpoorte, R.A. Schilperoort, J.H.C.
Hoge, J. Memelink. Coordinated regulation of two indole alkaloid biosynthetic genes
from Catharanthus roseus by auxin and elicitors. Plant Mol Biol 18: 1121-1131
(1992).

******

79

