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Ahstract

Secondary metaboliies are imporiant bioactive compaunds, They are important constituents of crude drugs
Several plants are nich in secondary metabolites, which are pot=ntial source of drags, fragrances, pigments,
food. Movours and essendia! oils. Biotechnology assisted production of drugs from plants 15 roos o
physiological plant anatomy, fa vire culture of plant cells, the design of bicrzaciors, plant
Bioiransformation and hairy root culture. Bioactive compaunds are produce in very low guantity in plants.
It 15 odbvicus that these products are usefal o mankind and nezds to be conserved and manipulated. Many
plant species ye1 1 be investigated properly for phyiochemical constiteent and many 1o be evaluated al the
level of gene regulaton of metabolies with the advent of newsr sophisticated tools and technigues
histechneogy and tnfarmation echnology many new information may be obtained in the near furure.

Keywords: Bioactive compuaunds, secondary metabalites, boransformation

Medicinal compounds are abundant sn nature. They are
pressnt in plonts, MICFO-OCgAnISmS, AN RE-of Eanasmes,
arthropods  and  oaber cunimals,  These  bioactive
compounds are secondary metabolities e, derivatives
of primary metabolities, Apparenily they do not ke
pan in any of the fundamental melabalic processes i
plards and as° such, are relerred o s secosdary
metsbalities. Howsver, thege are nol less imypamant (han
primary metobolites and play o vitd role in medicine &
anilgesics  {moephine), anti-ssives  foodeme)
anthyperiensives . (reserpined, cordisionics  (digoxin],
anticancer apents {vinblastine, twxol) snd anii malunal
agent  [artimisin,d  guining), onfivlcer  compounds
{phenylpropenaids) and anti- HTY (coslanospermineh
eic. In this review amicle we have deali only with
bioacsive compounds that are present in higher plant
tuxa. Gererally these biouctive compounds are produce
in very low quantity in plants, howsever, as the demends
of binsctive compounds are very high, such chemacals
are extremely high priced. A list of imporiant medicinal
plants and their active principles are depigied in Table [
and Table 2 indicaes annual demand of 32 pristitised
medicinal plants

Limitation of field production of plant secondary
metLatialites

An improvement in the product formation was feli
necessary 1o accomplish the demand of mankind fn vive
growm plants has ceriain intinsic limiagons such as
production of the bicactive compounds an: seasonal in
many cases and dependant on organ development. thas
limiting the production throughout the year. Plants are
fixed in the enviromment and as such, they are ofien
subject 10 natiral calamities and pathogen attack, which
restrict the stahility of product formation. The yield
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ofien varies in differsnt ecological conditions. Some of
the most widely used drugs are soll exiracied from
whoale Plint source For example, the tropane ulkaloid;
atroping. and scopolanine, which are used in g wide
range of medicinal applicalions are extended and used in
a wide range of medicinal applicabiong arg extracted are
purified from field gross Duboica and Danera plants,
The production of these drags 15 therefore affected by
the saime vanahle that acts upon fond plant prl:-l:lu:l!inn

The idew of in virre secondary metabolite production

Higher plants are waluable and the most mmporani
producers of nawral prodects ancluding food, Tibre,
umber and oils However, seweral plants ore rich in
sccondary metabolies. which are poreniial soarce of
drugs. fragrances. pigments, food, favours and essential
ol Bipsynthews of metabolibes .:Ithuugh_ contral led
genetically, ame also alTecred sirangly by environmendal
factors and soll condinens. UNESCO (1960 has
published a survey report, which desails of old warld
medicinal plants growing in different zones belonging to
different families and prodectson of 5:|:|:|n|:l.ar:|.'
metabodites,

It was in 19505 that the potenualities of isolaed cells of
hgher plants in producing the useful metabolines were
recognieed. AL that lime the tissws cultare echnique was
mal very elaborare and thas not be taken up far general
use. Since then, technique of tssue culmare has been
developed for large-scale cultivation of plant cells and
producien of secondary metahalites has created keen
inerzst  among  the researchers. The  metsbalibes
includings ferpenaids. flavanoids, anumicrobaals e
have heen detecied from the tissues developed in vireso.

The path breaking routs on o sscondary  mecabalize
research comimenced frone the analyxis and producison
of planm drugs is markersd by medieval herbals, by the
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Table | : Examples of Crude Drags that have received clinical {pharmacolagical support for ctheir therapeube clams
(Sukh Dev, 1997; Schulz e al, 1998 and Huang, 199%)

BOTANICAL NAME ENGLISH/HINDE  KEY CONSTITUENTS  TYPE OF ACTIVITY
SANSKRIT NAME
Acorus codimeui Vacha 1 ]-'r.J.n-qu;In..'.n:
Adluriovla renlancia ¥asa W asscing Bronchodilion
Arrvules hippocasnaniem Hioese chisinul Apscing Asmmingnl, anbicdemic
Alfturme sativien Garlic Allim allinsase Chalesseral-bpwenng.
antihypertensye
Andrygraphis ganculmin Bhuinimhy Andrographolide Hepatopralective
Arctaspaphvlos ineearn Uva-urse Phenolic heterosidas Antidaie for urmnry ract
inflammabions
Arterlita @an Dinghan Arlernisimin Antimmalarial
A abtinthiam W nrmwinod Seyquierpens [acions Crasrmenresinal disorders
ARNIFaERY racemoEiy Shatavar Shatavanm-1 Antiabsoriifacient
A zadiroetan endlica Mimha Gredunan Antimalarial
B oper mmaiess Bruhmi Bacosides Munwiry enhancer
Herserhovan difTicea Pumemivs i e s, anti-inflamnatory
Hertea frondos Palasho Falasomin Arheliann
Corsia eaguenfidic Semnia Sennnanles Boweel <lammlaton.
untiabeprplivie
Cenislin arindicn Maadoakapami Asiancosites Skin daseases, psychigropic
Chamamilly recudiza Chamarmile Chamansiene, sabalol, Ani-inflamnssnny
Ivpophyllic MNavonmds gnbis puiraoid g
Crafaegus mowmgyed, O sowwaniio Hawthom Glversyl Mavonosds ™ Positive inalrgi,
procanthocyanidims ! amianrrhythmic
Crare iy ﬂ':lﬂa'q.l TurmencMandra Eaiienmain Aate- i lamumaraiy
Duieea mieel Thom-appleTHasiura Treypane alkalads Imtrmicant, narcidic.
aphaodisiac, anivspasmods,
by
Eckimacea mpyp Comelliswer Puslysaie harides e el as
Ephedri qpp Epheis Epheilnn: Brenetulilat
FaAsGECnsITIClor
Crivkpor bikiley Ciimkg Hilohalide, ginkguolsles Aili-ischoms:,
Ravy rmaiids antibvpongstie, FAF
anfapenistic, memary
vheuincer
Harpagophnriim @ rocundres Dhewal’s claw Hurpeigriside Anb-inl Lty anid
antie s yialve
Ml riveme ey sendericn Kutapa Longsame Antidysenlcrse
Hipericum perforeim i Joba's won Hypersans Arisdepprcesani
J:I']Fﬂﬂ!d AEEF L i3 Hr.rpl.-mm: A and cdher Active waipmiion ehnancer.
alkalaids facilicstes imemory el
mogoe acniwaly 1m the a[[gd
Hiimar praveng, P Quingueleling Ganseng Ginsenasades Adanragen
Fholloverhuy amanis Bhoomyazmlaks 4 Heparoprotecta
Prerarrhiza kurroa Katukaa, Kuaik: Prornside, kuticoside Hepataprotectar
Fiper merkpsream Kava Sedbwsmeine and relaied Anestheng, ansiconvulsant,
pyTanes cenaral muscle relanzn
Flanmiga paeend Favllm Mucilagos. hemicelluboses Laxaisve
Friomur africim Fgcam 7 Benign prosirasic
hyperplasig
Silebim mancause Bdlidk thisile Salymann Antrhepatotoxic, promes
ribasome formation i
prolein syntheses
Serenog repm Saw Palmena ] Benign prosiritic
hyperplases
Hwewrtia civirmwio Kairrata Chirayia T Fehrifuge
Valeriane aficimaliv Valerian Valepotmimes Hypratc
Withama raniindfe Aszhwagandhal Withanalides Aphrindisiac, fejuvenii
Ashvazandha
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Weabbir 23 Aoaieal abeimniend of 32 garioridesed medicinal planis
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discovery of morphine 0 Opiam and symhesis of
acervisalicvelic acwl. Biotechmology nsssied frodicion
of drugs from plams s ross o physwological plam
anatomy, 1 vire culure of plant cells, the design of
binreaciors,  plamd  besgransfoomalion amd  hairy oo
culture  (Whide 1938 Cautheret, 19390 Today,
recopnition of ccologic  implications  mandaes  tha
research and Development (B & D0 personnel betier
urderstamd the eyphesis and octian of plany secordary
mectablites and  puaaniee  supply,  while  guarding

nalural resoarces

Provary metabolites i plant (e, prodeins, oils and
sarches) maintain gasential  physological  processes.
Scoomglary metsholites, such s alkileids, terpenosls,
flavansils, amb o best of glycosides mediate the relation
between planes amd elseir envirnpment., Munigmalateen of
sceomilary metabolives, hevelore, not cily may chiasge
the gty and gusnny ol prosucts, botoalso sy
stpillcatly changs panl imleractisn  wdth he
R T TI

Thee HEEHHS plus o game componds lsed s socomdiry
metabaliles shivw an coormems  divessaly aiid  thas
allvwved  chewival  desengpisisi b corplenient
comvemmmil classification of plass by morplsdogscal
leatmes

Rescanch gl dbevelopiment Tor ilse prslsstion of
=sovaimlary melibidites have bei daceted promgnly

cell dechmndogies: Arpuments in support of pland cell
culiires siress the mlvantapes of year rouml avaalahaliy
of plam malerd, peoccss salalion amd ||1u.gnil'|ca|:||:-n

accemvation of chemical reactions under growth contred,

The secomdary metabodites have hagh coonomical and
pharmacdogeal  onpartasce and  the  mdasioes aic
deeply igerested o barge vanery of chemical substamcss
being prodeced by planie due 10 their besser oxicay
Thowgh these substumees are penerally exiracied frnm
plant parte, the plane tssee guliure techmgue  has
widened 1he weope and opemesd new wistes for the
prosuction of secondary mictabohies

I India, the bepginning of ihis work goes back io Biphd
when Tir G 0 Mira o8 NERI iMutional Baotanscl
Bescarch  Institmge,  Luckmow, 19790 showed  the
pr::u:ll.u;rlnn. of reserpme  nom Ramwelfia  werpenimg
tissue culture, Lans on, wock on vanous meiabodiies
wis cofmied oul oo other laberatones of Euopean
cowntries as well as o b

DilTerent appreaches for the production of secondary
melallites

Development of gl wanenal for domeéspcation and
pmErpTagagalion

Continuows  improvement il
s tholiles- throagh
engincering

plamls  Tor
sk lomal anid

secondary
senehic
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Tahle ¥ : High yickling cell Tines whech accurmulale bio-
active compeansds at level kgher the parent plam

Flant Specics Product Yield
[T diry weight}
Astini viimg Ynsnagim |1}
Berbpris pearvifidin Javomhizine 5R1
vetl Nog J17F Falmatire
Berberine
Caesia e Amibragqumoees fi.0
Corkarunihus Wi e
FOECHN Catheranthine 13
Serpeniime L5}
Agmalecan 1.0
r.rll.l\.llprl'rl: Ernefline
Iy b CI.'Fhl'lin 3.2
Coffea arahirg Caldne 1.6
Colews Mumrs Resmarine acid 15.0
Comias fapnncin Begbetine 11.4
Dhoecanes dedfotdes Dinspenin 1.5
Ephedra sp, Pseudnepedrin 235
=4
Frdin comuropias Valcraie 138
Lithatpe rmmae Bhikopnin 4.0
srrkrorhizon
Marlrayw Proiogine n4
P
Miriada civdifalic Aslbraguancoes EE
Mirnrana reinicn Micotine (124
Kieerana sabae i Micuting 34
Clutathiose
Paniy ginsrsg Crasengoside 10
Papnver Papuvurne 3
Famn | fFrsing
Understanding metabolic pathways,
Allermative  methods  using  Biareactars  (hiomass);

immobilization, organ culiere {Shortthairy roat).
MNew compouands in dsswe calivre

1. Development of seed material for domestication
and micropropagation

Planis are collected from their wild habitats for
medicingl uses. This supply is unable to mest the
demand if o plamt finds multiporpose wses or
applicatione. Under such conditions, wniform and large
supplies can be sssumed only by systematic cultvation
on a large scale. This requires planting materials such as
seeds, tubers or other vegetative parts. There are several
examples of insufficient avalability of plaming materinl
recessifating. raising i through bictechnclogical method
as the only way 10 gel a sufficient amount This
approach has be wsed for the domestication of swch
plants soch x5 Digitalis species, Dioscored species,
Chloraphynam sp. species and many others desirahle

lechmiques are baing cmployed

Under uniform culmral condition, metabolities could be
prodisced unifarmly cheaughout the year with consisient
quality, free from pesls amd diseases and - walhoual
interference  of emvironmental  hazards. Usmg  the
esablished protocol. the product synthesis can be
repriduced even in geographically distant places.

Tisswe cullure techaique as 11 dands lodoy 5 0 mere
emperical scence, because, mast of the experimental
pegulls can not wel he l::-;pl.ml.-:d. at the cellulai oF
medectlar laval. Morepver, bilogical malerizls are
widely diverse in their genstic makes up as such. they
respond dafferently under the piven situation. Therefore,
for every plant species, standardisation of mediom
compoaibion, explant types. tempersiare. photoperiod
eic. are sssential

Warsous [actors wiz. iological. chemical and physical,
play a vital role in improving product synthesis has been
illeserated  in the  following  sections.  along  with
differertiabion at the cellular and morphological levels.
Use of elicitors, precursoes etc. 10 enhance the desirable
prluct  has  alse shown o hold  promise.
Biotransformation technique hos also been esmgboyed
canversion  of  intermediory  compound  produce
abundantly in an organism o0 & desirable compournd
using an enzyme from microbial scarce (Charurved
1579

Depending an the objectives, & system viz. callus, cell
sispension or roobfshool culnare 15 used, Cnce the s
webr cultwre system is established 1t a5 osed 10 achieve
vhectives  through  defferemt opprosches vz
mecropapagation, geneid manipulation or cultivation.

Micropropagation is the most widely used application of
planl ussue cullune and micropropagston prodocols for
large no. of medicinal plants have been reporied.
Micrepropagation (s used where ever & particular
selected or unselected genolyps o muluply al an
ENOMMOoUs fale b meel the demand of cultvating o
replace the existing stock of material or for introduction
o & new stale or country for cullivetion eg. Adbmnds
ip.. Arropa beiladons. Rawvolfia serpenting, Aloe sp
Ihascorea Toribunda. Menthr. e etc, (Chanurved,
1979, Flubua er of, 2004 Margacita or al, 2005 )

L, Tmprovement — Somaclonal variation and genetic
engineering

Decline of patential For the preduction of active
principle or essential oil conbent 15 a common Tealure
with cultivation of medicinal plams and a3 comtimucus
required to maintain the high yield active constiiuents

compounds, non-conventional method of in  eiten for  commercially  viable  programmes Therefore,
Table 4; Effect of sdded precarsors on secondary product levels in the tssues

Species Precursar Metabolite Stimulation
Ruta graveslens £0H-2-Duisoline [hezamine Trace - (A%DW
f!'m'ﬁn:.m Tedg e rive Trypang Crsincleings Trace - 099 OW
Lithnipermme
eryekriehizon Phenylalanine Shikonin NMpg=120ppg' FW
Eptedra gerwrdiom Phenylalanine Ephedrine 0IT% - 0.5% DW
Capsivum fraifeicear Vanillylanime + isocapic acid Capsaicine Trace = [lyug
Catharmathus raseur Trypaaming + Secologanan Almalicines Trace - 04 me L'

4
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Tahle 5 ¢ Production of secondary mctabolies by hairy mat culiures

Flant species Aprobacierinm strain/ Ri Type of culture Specific metabndites
_ Masmid

Ariemrsin aBEind e LEA Sanz Hairy ponst Walanile aiks

AR R FTALAL LB 4t Hsiry riwats AREmetinin

ﬁrn_llpy e Thackomme ISR, Ad, R I‘I.ilr:f Tl Tr.npung atkglneds
hyoscyamane

Amgonig sllipifog il Hanry roois Indole slkaloid

A g Fepinng A rlagongens MAFF OUWNTEE Hairy rootsd repenierani 20-hvdroayecdy-sons

faeva valgans LEA Q402 Haary roots Betalin pipmens

Cuifarnmdiner rivneas LEA Qan2 Hairy roos Indale alkaloids

Cinghoma ledgenaom LEA Q402 Hary roots Chuinodisg alkalaids

Cafeus forrkohi] MAFF 113017214 Hairy rools Eorskalin

Dittsttar & I5B34, Ad, BI'9H Hairy roais Tropane alkaboid

LB A S402

Digircedia pudrparen Ad, 15834 Hairy roois Crrdenalickes

Ihebaiana s pprergidea HRI Hairy roois Teapane alkslosd

Hiwdcveunis ap Ad, LHA 407 Huiry rogis Tfhydrony-hyeseyamene

Lipoin dalois A Hairy roals Hermusulin

Nignmann sabacum Ad, LEA 0T, | 5534 B1us Hairy roais Migoning alalosls

Panar ginseng Ad, 13834 Hiiiry roors Cransemisade saponins,

AT T P T 15R34 Hairy roars Amhraguranes

Spleamn gviculors 15834, LA a0l Hairy fods Speroidal alkalouds

Sndmsum nrberosum 15834 Huiry moons Steroadal alkaloids

Vifca mimar 15R34, A4 Mulnple shisor deroved from Yincamane

. h-”r-" .
Wirksania romniierg A Haey soals Withanalides

{Sosrce: Broechnolopy Secondary Metsbolites: Eds. K G Ramawar & I D Menllon

selection through conventionsl breeding as well as in
cell culture is explored for oblaining high vielding
culivars. Oace sebected, this material is muliiplied by
the micropropagaton techmique to provide seedling
maserizls 10 the farmers ¢.g. Mentha, Citronelia and
Cymbopogon species. Though penetic engineering offers
great prosnise for improving the exisling genotype, the
work is il in infancy Bs compered fo crop plants
Genelc manipalation has besn employed to obtain hairy
root cultures of o large number of Solanaceous plams
&nd mznipulation of biosyntheric pathways o obiain =
desired preduct eg, change in flower colour by
blocking the chalcone synthase gene responsible for
fiower colowr.

A Understanding Metabolic pathways

Plant tissue culture has besn extensively wsed to
dnderstand the nuiritipn of the plant cell and the
secondary metabolites it can produce. All the earlier
work regarding the producton of the active principle
concentrated on the pagsibility of producing o compound
by e cell culture of plant species. Subsequent effarts
were devoled to learn about the faclors governing the
production of secondary merabolites (oplimization)
Later, selection of cell lines for high vield of secondary
metabalites and enzymes involved in the biosynthesis
Were investigated wsing radvpactive precarsors wherever
comsidered necessary. Growth of the cell in a totally
controlled environment of physical and chemical factors
provides an excellent syatem for studying changes in the
production of secondary mesabolites, which are always
present in small quantities, This basic information has
PFEI'-"IIII:-:! tgnificant clues for genes and  iheir
Fumu:mmg;. lending 1w genetic  manipulation  for
baosymthetic pathways 5o as 1o obtain desired products

by eather blocking a pathway or enhancing the mesabolic
reaction

4. Scaling up technology through boreactors

Flant cell culiwes grown in a Beoreactor enable bomass
production of a desired medicingl plant or 15 active
prnciple through ransformation. Such o systern has
been wse for a long ume for prodection of antibistics
using fungi. The basic technology was derived from
microbual systems and has been continuously improved
fior the growih of plant cell and organ culhares on & large
scale. Bioreaciars up to 20,000 litres have been desigred
&nd tefrad For the growth of plant cell culiares. Such a
culture System produces @ huge biomass in a short
duration {19 o 20 days) but there are siell several
challenges o resolve  before  wider  applications
However, several pharmaceuticals are produced or are
on the verge of being produced 21 the commercial bevel
wiing  large  bioreactors, E.E. Shikonin from
Lithospermum  erythrorhizan,  taxol  from  Tasur
breigfolic and between for Copiis japenica, (Paek.
2005},

5. New components'derivatives production

Plant  culivars  have produced new COMpOnents
previously ol known in the intscr plant, new derivatives
of kmown compaunds,  new  derivatives by
biowansformsiion of molecules incorparated in ke
medium. Such results provide unlimited oppormunity 1o
screen the cultivars of new compounds. Tt is presumed
that productvity of new compoundiderivati ves might he
due 10 altered gene fanction in cultured cells compared
1w the in v grawn mother plants. Produoction of new
alkalowds in cultures of Catharanthis raseur. Cchraria
elliptic.  Papover somniferun. Rula  gravenlens are
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frequently cited examples,
Production of seeondary metabolites in plants

The production of secondary melabolitzs in planis can
be understned 2 the result of plam development, swhich
illerentiale in meiadoliem as well as in morphopgencs
(Consiahel, 988} o Lhe produciien of  secondary
metabolites 15 the gxpression ol plam genome wnder
developmental controls. On the ofler hand, secondary
metahohtes  accumulates as o resule of  sieess and
dizease. Such mesabolites may be synibesised de dens
(e, by pens activablwin) and are referred o as
phytoalexing. (ther metabalites produced in response w
atress and disease resuli from stimulasion of enzyrmes
achive regolar metabolism and  are referred 0 as
phytoanticiping,  Both  concepts  anwite  pensbic
rivanipidbation (o berer undersiand the biolegy secondary
metabolines and (o inerease in yield

Today. the concept of secondary metabolite products s
dhfferentizhon peoducts s suppored by the following
ArFZUmCnes |

Stupes of plant cell cultures

An extensive sodies have boen made in varies
fuboratories world wele (o0 know when plant synthesize
secondary  metabolites.  Methodologies  have  been
designed 1o Know the stage for enhancement of
synihesis and increase yields of secondary metaboliies
i cell cultures. Following stapes when synithesize
secondary metabolites in viro. Kinetics of growth and
sec. metabolites synthesis and accumulation have long
and repeatedly been shown o co-occur with e
gationary phase of cell culiises,

A Hormengl control

Hoemonal comtrol  of  metaboliles  foemation  and
sccomalation has been well extablished for nny limes.
As a rube, deceleration of growth becauss of detection or
veduction of auxing in culiure media prompts the
appearance  of  produocis Ve pigmentstatkaloids
Cytokinins  have been  demonstrated 10 shimulate
production, as shown in cell culiures of Meconange
tabacum (Tabata et af 1971 for indele alkaloids in
cultures of Catharanthus roseus (Caren el al, 1997) or
for anthocyanins (Drecendat, [996],

Growih regulators affect growth and  synthesis of
secondary metabolites  of cultivated cells It was
reported  that the dose and  nature of  hormone
supplimeniation and the culture age have very rmarked
effect on sieroidal levels while studying the cultivated
tissues of Trigonella foenumgracum. According to them
centruin combinations of waxins and cytokining had
synergistic effect while other had antagonasiic influence
on steriodal synthesis. The nicotine synthesis m the
tobacco cell cultares is stongly inhibited by 2. 4-D
whereas if is promotesd by kinetin, The effect of growth
regulators on  secondary  metabolism  very greatly
depenids upon the kinds of metaboliles, _

Tabata and his associates observed that the synthesis of

chikondn i3 inhibited both by 2, 4-0r and NAA bur not
alfecied at all by 1AA using the Lirhospermuim sp cell

culivies. In Marindn culieres, Zeak er ol (1973
olwerved thar promotion. of anthrguinones aken place
in presence of NAA bul not in presence of 2. 4-D
Huowever, the synihesis of onthraquinonss in Cursia fari
remained sneffecive by 24-00 Brain (1976 ehserved
stimulaiory effert of 2, 4-0 in -DOPA symhesis
Although some promising  information have alrcady
been  obained, more researches  are  neoded  for
inproving beosynthetsc rase of secondary metaholibes
in vitre wung biotechnological advances.

B} Growih Facior

Biosynifetic activity of cells in a batch culture depenils
o cell growih and substrate whlizatecn Mot mach s
known abowt the correlation between the rale ol
secondary mesaholite formation and age of individual
cell in culture. However, production growth patkern
could be categories in 3 major types

First type © Product - production proceeds parallel with
cell growth for example  anbersquanones  tropaic
alkaloids =ic

Second type - Product — production is defayed until cell
growth diclines of stops g, shikonin esc

Third type - Product = production declines as the cell
grooath increases e.g.. diosgenin cic

1 Morphogenic Differentiation

I nature. certam cormgoumds ane 51l,'r'|I]1=.1u:|:|.‘| and storaed
upr only 0 somse specific plant parts vid gssential vils in
ceriain sex plands, tropane alkalolds in reots of inhacco,
andd Rates in laticifers ducts Such compounds neposiesd
in uact plants can nod be synthesized by cells in
suspension cultares but organogenesis is isduced in cell
cultures, thore are synthesized i vitrs, In Scopidiv
parviffora suspension culture, oot imidation couphed
with normal production of ropane alkaloids, alkaload
comlent increases many folds when organogencsis is
induced 1 fissue colwre of [ o,

Shikonin, a devavative, found lecalized in cork cells only
has beenn produced and cepliomally in Suspension
culwres Thes finding has opered the path for in wiere
production of ceain monolrepenes, - pinene el
withoul aepanogenesis the Mutures,

0 Effect of nutrients on prodoction of secondary
metahalites

The addition of nutriznts. growth beemones, vilaman e
in culmure media is primary aimed o increase cell
growth in cubured condition. It has been reparted that
cerlain  pumienss in o culare media  incresse  sofme
secondary metabolites while others show an inhibitory
effecr

Addition of sucrose in culture media ahove its ordinary
level ingrepse shikanin pccumulation i culosred cells,
lower concentration of sugar ncfedses production of
ubaguinane-10 in twbacco cell cultures. Carbon-nitrogen
ratio (C - N1 plays a vial rode in the imcrease prodisciion
of secondary melabolites in Sveamave s, Unforunasely
ot mch sty has been made
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Fi Emvirnmimeintal control of sccoomdary metatadiles

Lipghi i considered as an  impartanl  Envirgsnmenial
factim. whach confrols the synthess ol mosl of The
secunibary  metabalies, e wwrs AN appriciable
quaniitatsve change has been observed ool Sonreng
cell culiwres ol Mula graveslens whien grom i '|IF|'I|
and dark separately.

Lising Passbey cell culiore. Hahlbrock of af 11974 noted
a marked mcrease an the accumulation of Navone and
flavanal  glyveosides  an illuminated  cultured  cells,
speciadly with ulive violet hight Stimalanng effect of
light i the production of medicinal compound have
alzi been reporied by rescarghers

Inhebaary elffects of liyght have also boen ohserved
specially with whte end blue light on shikorin demvate
farmation im Lithorpermin 5p

Fi Plagil growth regulater and signal transductbon

A halance combination of planl ghowth  tegulators
(eyokinin and auxin} plays a0 impocant mle m
icgulstim ol cellular and subeeilular  differentianion
(S and Ramawat 19951, Inhibition of cellular and sab
celiular * dilferemiaman by 2, 4-00 has been cleasly

celablished  For  example e suxin supprosses
pmolecular  differcptiotion particalarly chlonsgles
formabion (Hamawad — cf oal 19E%an celluls

differantiation leadmg oo (facheid Turmation Ddenilon e
af 196 anid prpgun Tormation (Ramawal el ol 1989k,
Auxin wre knowii o modulale the producnon ol
seconcliry mctubolites,  directly by misdifying  ihe
prowib [Tabuta et of 1971 ) m ndircorly by mduomg ocll
differemistion (Sur and Rumway 1995 The suain 2 4,
I3 inhibits the production of alkalosls (Hanuwen o il
PR, o, by while a smdenie conceniration on TAA o
A mway enhance production of alkalowls (Hasmis s
ard Aryu 19790 The mechunisms belml the effects are
o glearly pndorsood gl it has been suppestod bl
imvelveent o membeane  lpd particularky
phosphatipid il calcism may bave vital rede

In o series of experiments it hos been extablishod that
the cytokimm and zeatin derivative enhance alicaland
production where as prescnce ol 2 4-D . mediain
alone sisppresses alkaloid production. Remeval of 2, 4-
T stimulates allocated production. With this backgroand
experiments were condocied 10 investigse the rmle of
ealgium in the cytokinin induced signals.

Tis generul of has also been reported that Taisng the bevicl
of sicrose in the culture mediam leads 10 an nirexse in
the devel of secondary mctabolism {(Yeoman and
Yeoman (9961 It has recermly been proved that the
wagar are net only imporiant enevgy sowrces and
aructural componens bal are capable of acting &
regulatiny signals thay affect the expression al 2onss
mvidved in several processes (Jang and Sheen 1547

L) Rale of genistypes

Like fu vive systems, @0 vire stody also revealed That
there are qualitative and guanhlatve differences i
sevundary meizhalite production wih the genabype o
plam onder imvestigation Insercstingly 1t s nes rue that

fgh ywelding plants produce more metibobibe wnder
culries] condimion. 0 has hewn demopateged  tha
serpenting comcendraan hos been demonsirated chai
serpentine concerdranion of cefl cultire estublhizhed from
a high welding Coraranifus  geacdype - was AN
necessanly higher tham that of cell culiure rassed from a
plant with liw cerpentine content. This e mal surpriseng
because the gem=: controlling the quanblaive feamre
arz remarkably influenced by ihe caltural environmeni
In Pegamim. o poor co-relationshp exists between
alkalond coment of calles of cell suspension cultune limes
and parent plants Ievestigabions have. revesled tha
Al bipmaps  oand  Bata groveoles  producod
characierissic secondary metabolies, i anisiits simika
i those n the plant from which they wers derived
was reporied that callus cultures of e low alkabid
comtaimmg lines of ¥ rabacam L vielded comsslerabl y
lowes mnicotine contends  than  culres from  (he
respective high alkalmd welding cultvvars which were
isngenic except for two boci for alkaloid sccumalaivn
Thus there was 3 strong cornelation between  the
migotimic condenl o callus cubtares aml ibe plaats foom
which they were derved] [0 was eporied that lwgh
pyrethmin viglding  siraims were derived  lom high
1|||:l||.||l|_: parenils .l|.l||1l:'\- al by i panien
iR Fafdpr I§ iliiian

i Bale of Slorphological and cellular diffeecntiation
in product synthesis

A mages issdvansage of plant cell culture conpared
with  the whole plaie with respect o secondiry
maighbaiism e Ihal the I'IH.I".'.}'I1I|'I|I'.. ['i"h'llli-d ul e
peatprial wif the 1|iJr|! InoauesiEm b overy phlen ol
papresaed in cubluie Furthemmore, b i desarable we wse
mrphedigee ally sinlifferemtual cells for ohe prosiuction

ol g large amwsurd Gl dearuble awtabalites ds & |:llI|:1.'IIrI|I|
egrngtive o whols  lam sonifce A present ok
wynifilarsis gul |.|||||P||:l harchesmicadl swich & medical

cimmgminds from siimple, pimay precursies supplicd m
e medoum i rirely ochieved al oo comimwrcially
segeilscam fevel in sspension cubiere On the otbier
faral 1here are many cramples, whech skow hagh
peenluctmaty ol prdiffegentiaied cells dhan k&l o he
At P]J.nl-.

Therefmre, sfudicy  Bave  Been  miliabed  wsng
dafferendnstcd cells which have goons, shoals or niher
przans, wishowt knowing Clearly thas ta what exten
sccondary metabalites depend wn the dotclopinent of
gpecific  sruciures’organs, o whether ihess  twn
procesies are genctically and/physmlogically linked

Diar and Pal | 1988 hawe dzmonsirated thar pyréthrin s
beang  swvithesived  more  n Cheesanthesnn
cingrasaefotiom caliures with sharts than the roots and
its contend s cven lower in undifferenmuned callig
culture  Simular observations wers also reponed (n
cultivars of Darurg mefefoder, where ropane alkaloid
production increased in the root and sheot forming
cultures than undiffersntiated ones

Thus o weme that iA  many cases  monphdoeeicsl
differeniiaton may be necessary o abuon higher yaeld
of secomtary metabolicss However. this i not plways
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deswrable in lurpe-scale cultivation hecise, penerally
the culture period fur differentiared Hsse 1 bwnger than
that of undiWerentinted ceble B s olwios i i shiorie
cullsre bsse s orequited o vl i paebad
combaninatbon and W lower tve prsibuctg cose

I es Kpown that essemual mils Al Navasir conmpminils in
plants accummbate in swollen feal bases in i,
seeretary diocts, lates compemmnds lound 0 Ltscifers, In
O cirenmn ictolinm, pyrethines are localized in il il
ghansds and dhacts present on the selweis ind o leawes

Bsth amaslitesd rovats ed oot calbs of Atrapa Jeelodimng
el measgrahle Quamisly of atropene whille siem gmd
beaf callus doomod posses the alknbnid

17 Balbe of elicitors

Ehcitors are o special group of triggering Inctors, which
enbance the production of bioactive compoumd. Muostly
these compounds are jsolared from ICIOOrganism snd
ars responmble for sumalating  paricolor facels
secomdary plant metabolism

Exposer of cell culture to the action of some eligitors,
sch as fungal homogenates and factor are well
documented, Using bomogenates oblained from the
pathogenic Bemrtis sp. changes were produce in
alkalodd production. The productivity of cultures
agnficantfy increased from 0.5 gL protoberberine
alkaloids w00 08 gL in which 3 ml of Borrir
hamogenate was added v 100 mb of culture mediam, 8
hrs before harvesting the B perviffora cells, In this
reatmznt, release of alkaloids into the medium was
mainly stimulated without loss of viability in Berberis
oells,

Polysacchaside ebcitors . PmS, after abtained from
Plyiopthors megasperma var, sojac when added 1o
saybean cell suspension cultures growing in dark
mduced  glycolin formaton  afier 12 hrs.  and
accumuiation thercafier. Prior 10 this development a
rapid imcrease of PAL, activity starts, reaching o
mazimum level 20 hrs after the addiion of PmsS.
Comparative density — labelling technique revealed thal
wwch ncreases in PAL activity associated wath elicited
responscs, &b parlly due o de Aove synthesis ol 1his
ENEymEe

I Bintransformation

Biransformanon s a process through which the
functional groups of organic compounds are aliered by
living cells The techaigue of bisiransformation was
imtially applicd w the microbes duc 0 & number of
inherent advantages. Atlention in recemt years his been
focused on the posshiliy of producton of bigsctive
compoands @l @ commercially sagnificant level by
inﬂu-:ing them 1o perform speciad  bioirpsadoemagies
reaclions on organic compounds added w e mediun,
This way o subsiance of Jower volee 45 ransforimed 1o
o of Begher value and s also svablable in sl
amaminl

In cases, where the Mnal desirable product s e
available from cells coliivaled im witre, dise b pos-

ER[TEssan al one or mere eneveies moihe inteninediaies
stages of the pathwiy (he slpply of pmmesdiate and e
rreeansod sl Heir comversaom g desared et can by
Measibbe. Alictmanwely  the  baotronslormation o
syathests  sibstinces,  analogues o seenmlary
metnbolites from oher plam species can resuli in the
production of aoval compounds hiterie wiknoan o
fre which have new and unique chemical and
rhurmiicabopical propertics

ki Application of cell-immohilization lechmigues

The propertees of the cell w adhers to many substanges
i nalure is known quite for sometime. Traditional use
of immuobilized Aceiobacior cells for the pradaction of
vineper is welkl-kinown,

liumobilization has been defined as a technique whach
confers a catalytically active enzyme or cell witnin g
reacter syslem and presents it eniry into the mobile
phase, which caries the substrate and the product
lmmobilization of plant eclls was salier reported by Hall
et al. 1987 They have shown that entrapmemt nf
Catharanthes roseus and Dawcus careta cells in
Aginate matrix  enhance produsct  swnihesis.  The
mechanism involved in the process is physically
restrasming the coltored cells wirham a solid matrix such
2 alginate, polyurethane e, Secondary metaholites are
geverlly associated with slow growing compact cells,
Through immobilization of calwred cells, the cell
AEgregabion process can be encouraged and the physical
comact ofien induces cyto differentiation which i turn
promote ingreased metabolite production

L} Role of Precursors

Atternpts hove been made 1o increase the contents of
secondary metabolites in plam cell cultures by feeding
related  precursors  and  ntermediates. There  are
examples of precursors . significantly  enhancing the
preduction of secondary metabolites

M) Protein and BNA

Corhorantie  rosewy cullure have been extensively
investigated (Hall ef af 19871 [i was previogsly
established that transferring callis from @ medium
containing 2, 4-D w mediom backing 2, 4-D induced
alkaboid bicsymhesis. Most auxin effects have beon
investigated 1o find oul the role of plan growth
regulitcrs  in wanseripten,  fransliton or ot
translational level. Cuelhazi ef al, (1993) analysized
total protein of O rosens cultures grown jn 2, 4[>
hujlpltrmulﬂl imechim. Total proteins pattern by pel
E]:l:lrnnphnrr_ﬁin reveal 1hal he levels af 17 pitlypepiedes
are aliered duning growith phases tssuwes. Allemation in
pirolein syathesis is also observed in cells prown ma 2 4
1 free medivm, These resalis mdicaie  thas e
allerutien o the poen poiem may alfect the n,-:g|_||_]|";|"_
ol alkaload pathwiy. Oelhuzi er al | 159904) attemmpicl by
anilyse dbe elfect of cviokinin or 2, 400 on pene
expression in O roceut cells by momitaring pol ypeptide
piitterns. Though hormwone reatments did nol achicve
drimatic changes v polypeptide pablern, accumisla i
of specilic RNA coding for 18 and 28 KD palypeplide



Secomdary metaboliies: Celiesh & Prrirgmick

was demonstrated  wnder  conditions  of  alkaloid

praliEclion in the cells
M Genetic manipulations

Biosynihesis of mest  secondary metabaliies 1= 3
coenples multisiep reaction ivalving several eeymes
ond genes. With developiment of many new techmigues
v molecular biolagy s aow Th.Hxihh.' 0 &n prisect |:-I.1nr
celly amd plants 1o enable them o perform specific
mctabalic resction, Therefore attcagits arc being made
1 aber secomdury metabolic pathways by targeied
grivctic mmipalanon, Plavt cell culiures provide an
evcellem system for incorporation and expression of
gemis regculaing secomdary metabolism There is no
el o repemenale o comiplete plint for G‘iprEIhitl-l'l of
such gemes. Yeoman and Yeoman 1'% described three
aspects of gemetic engincening for the synthesis and
secmmilation of plant cell cultures. Theses are:

Developmental regulation of penes  encoding  key
CITEYTIR S, '.'-1,1||.|F|||'Iulm|| af ﬁwnnda.r;.r mez tabalism h.:,-
adibig ovel penes and Manipulation of  secondary
mctabpdism by the down regulanon of specific pene
USInG ANKSENSE RMA technabopy

Use of malecular marker

Molecar morker such s restriction {ragment length
polvmorphism | oand random amplified  polymorplhic
DA {Wallkams er ol 19900 oppear 10 be a poseriul
ol in idenlsfication of plamt species. They have been
used [or confirmung Sonuitic hybrds (Takemon e af,
1994 and more recently Rami er al (P9F5) reporiggd tha
RAFD markers can he wtilized for penctic onabysis of
micropropagaied plantleds, This methodology alse been
ueed bo determine the variation of medicinal pars
among culllivars and varisties (Noakat e al, 1996), 10
authenticate Pamay sp, {Show and Bun 1993) and 10
evaluats penetic rélationship between the  medicingd
plant  species  and  their  sscomdary  metabelies
{Yamaraki eral, 19941 From the perissl of Inerature 1
has been appeared that very few studies have been made
pn this ares. In our engoing stedy of the application of
plam tissue culizre 1o the clonal propagastson  of
midickiizl plants we have adopred two approaches. One
approach  mvedves the propagation of vires  free
komogenous plants by meristem culiures and amether
apecls o conlirm (he hnmngumly of pnp‘u.lnticln b'ﬁl'
qualicstive aralysis of secondary melabodies i vive and
TC penerated plants, Howewver single such analvsis
resjuires & large amount of sample matenal as well as
extended prowth, We decides to apply the technique of
EAPD analysis to confirme the penstic honsgenity of
our repenerated plants, Similar reporis have been made
by Bhovama e al, 1995, 1987, [98%, Yomata of al 1991,
Hatava et wl. 1989, Negi er of (2006) investigated the
efficiency of selecuvely Amplified Microsatellie
Polymorphic loci (SAMPL) in assessing the levels of
pEneLe diversicy nmong witkpnia semaifern genolypes,
Concluding remarks

From the on gaing account i 15 clear thar o wide range

of secemdary metaholites are produced by plant cells, Tr
i% obvious that ihese praduos are useliol to mankind but

needs 10 be conservabion and manipulation. Sl e
are many plant speciss yel o be mvestigaled properly
for phytochemical constitaent and mary more el o be
cvpluated at the level of gene regulation of metbolites
with the adveni ol newer inphihlil.'al.t\d twoals  and
techiigues biolechnology and inlormalon (echnobogy
many wew iformation may be obbmed o the mear
fuiure. As the planl gels imporiance becouse of t's
medscinal valug demand hereases and resultantly the
plangs become an endangered species. Biotechnological
approaches wsed 1o produced and such compownd ol
iverest which can be exploned in drog designing und
drmg development technigues in cuning several
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