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CHAPTER < I
INTRODUCT $OI

It £50UT GUGGUL, CoEMIPHORS HIGHTII (Azmott) Bhanderd

The penus Commiphors (Family @ Burseraccae) comprising
of ebout 165 spccies of splny, balsapifeorous trees ond shrubs
ig foirly distributed in Africa ond troplcol aAsla. feny of
the gpecics yleld resins of comsercisd importonce. About Live
specilces ocowr in Indie of wihich Comminbors wpishtii (Armmott)
Shandari wnd Commiphors yroxbupshil yield Indien Baellium
{monymous, 1950j

Commiphora wishtil is a small tree with spinescent
branches occurring in the arid, rocky tra¢ts of Hajasthan,

forth Gujarot, and cogtal oress of Spurnshtia and Kutcll
(Figc 1“1)0 . .
Sempdohors wightid is o source of Indian bdelliumg a

gun=resin {guggul) obtained by incisicn of the berk. Each
plant yviclds about 0,75 to 1 kg of guspul collected during
the montas of November to June. The gusmeresin occurs in the
fora of conglomerates of toars, pale yellow brown or dull
green ia coleur with(a bittef ogromatic teste and balsamie

SAOTY

This iz the gugeul of commerco, which is very lorgely

used in incense industyy end z2s a fLixotive in perfubery



Fig. I=-1 Commiphora wightii (Arnott) Bhandari
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industrics. The classical Ayurvedic litereture (Fig, I-p)
cledme 1ts officaey in a voapicty of metabollic dicorders
especielly racumatoid arthritis and obesity. 1t is astringent,
antiseptic and anti-infloarmsziory. Uhen token internelly, it _
acts as a bitter, stomachic and carninativey stimuloting the
appetite and improvieng the digestion. The resin is used in
the form of a lotion for indolent ulcers and as a gargle in
treating caried of the teoth, weak and spongy gumg, pyorrhocgs
chronic tongilitis, pharengytis and uwlcerated throgt

(snonymous, 19503 1972).

Inhalgtion of the fumes from burnt guggel is recommended
in hay fever, acute and chruvnic nesal catarmh, caronic laryngitic

chrenic bronchitias and phthisis {Anonymous, 195C3 1972).

However, the cuwrrent interest in tidg plent is on account
of snticholestercl activities feund.in guggul. Modern
phormecological lavestigations have revesled sipnificont anti-
1ﬁflammatoxy, antlerheungtic (Gujrat et al., 19604 Sontho-
kumeri cb al., 1964; ond Satyaveti gb al., 1989 a) nad
hypocholesterolenic/hypolipuenic activity (Behta et zl., 1968;
Satypvati ot ale, 1969 b3 and lielhotra gt gg:”'ié?@) for the
crude dyugs 58 well a8 for certain fractions, thug loanding

support to the ancient clsoimsg,
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Fig, I-2 The classical Ayurvedic literature
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Further anti=inilasmatory, antieartbritic and anti=
‘rheumatic sctivity have been confirmed (Arore gt pl., 19713
Srivestsva gt al., 1984). Thus, the cledms of Ayurveda about

ity woe are well supporteds

ﬁatyave;ti et '_a_l_. (1969 a) carried out investigati§na on
the effect of the oleowresin of Qg@n&m ¥ightil on the
serunm ond tissue lipids, particularly the scrum cholesterol,
1lipid-phosphorus and cmleatex:‘ﬂj./?hosphclipm rotio which has
been claimed to play a significent vole in the pathogencedis
of atherosclercsis. The olecwresin was found not only to lower
~the serun cholesterol in hypercholesterolemic rabbits, but
also to preteet the enimels sgeinet hypercholesicerolemla
induced by hydrogenated lvegeatabﬁ.a oil and crbiestaml v
(Satyaaira't:i‘ &t alsy 1969]b)a |

Andon exchange property detested by means o2 chloride
retention aud bile acld Sequestyating activity in the oleos
resin f;-actiag; suggested thet it cets by o mechenism similar
to chalg%yéam&m, an anion cxohenge resin deve&o;ied’ by
 Tennet £t al, (1§§§). malﬂaﬁyraminef has been reported to act
by binding with i?ile acids and accelerating i:he exeretion of
cholesteral and bile acids. Nityenand and Kepcor (1971) have
re:poréc}d that both the alcoholie extract of resin and &
steroid froction (ketonic Lfraction) have a hypoc?fmlheétemlemic



|
eftect, Hypocholesterolemic effect of the fraction was found
to be more marked than the alcoholic extract, They have further
reported that in the presence of resin and steroid, in in vitro
experiments, no significant inhibition of (cetate«-‘tomc
incorporation into cholestercl was found suggesting that the
hypolipaemic effect of the ketonic fraction is unlike to be
the effect of Clofibrate (CFIB~P=-chlorophenoxyisobutyrate),
The latter i3 known to inhibit cholesterol synthesis. thus
causing mterference in lipoprotein formmation and npid
turnover. Tripathi et 21. (1975) reported significant reduétion
in levels of serum cholesterol, phospholipids and triglyceroids
by oral administration of the keto steroid from Commiphora
wightii, They further investigated the thyroid stimulating
action of zeguggulsterone by administrating z-guggulsterone

to albino rats (Tripathl gt al., 1984),

Dr, Sukh Dev and cow-workers (Maltichem Research Centre,
Nande;sari, Dist. Baroda) undertook a systematic chemical
1nvestigatior; (Patil gt al., 1972, 1973; Prasad and Sukh Dev,
1976; Bajaj gt al., 1981; and Bajaj and Sukh Dev, 1982)
especially with a view to isolate and characteélse 6o§xpound(a)
responsible for hypocholesterolemic/hypolipaemic activity,

. These investigations were carried out in collaboration with
the pharmacological group headed by Dr, 8. Nityanand (at time
Central Drug Research Institute, Lucknoﬁ) who was ras;‘)pnsi ble
for the pharmacologli cﬁl screening of different fractions/pure
compounds (Sukh De'v, 1983). |



The term gun~resin '(guggul) Indicates that it consists
of two components, the gum ond the resin. Gum consists of
polysaccharide materiel; while the resin materisl, mainly
lipoidic thot can be separated from the gum by solvent
extraction, Guggul, is o complex mixbure of sterolds,
diterpmoms.l aliphatic esters, carbohydrates and a vaxfi»z-zty
of inorgenic ions, besides minor amounts of sesenin and
other unidentified constituents (Patil gt gl., 1972).

The gum=resin was fractionated by successive solvent
triturations into a petroleun ether frection, an Ethyl acetate
fractlion end an Gthyl acclate insoluble residues The Ethyl
acetate insoluble fraction wes a cerbohydrate (gum portion
of the gumwresin) studied carlier by Bose and Gupta (1964,
1966), ond was found to be toxic. The Petroleun cther froction
co}atained‘ esgentially ditexziezzaids, besides )a sroll quantity
of cholesterols It contoined o pew cembrenold h;fﬁmcarbon
tCembrene A'y the di‘«;erpéne alc;;hol ‘mulkulol’,

The Ethyl acetate soluble portion YGuggulipld' cerricd
both the hypocholesterolemic end antiinflemmatory asctivity,
It was further separated inie basos, aclds and the neutral
fractions, The neutral fraction carried pmctiéally all
hypocholestorolemic activity, while the seids displayed
significant entiwinflamnatory activity, the basic fraction
showed nong of the two getivities (Sukh Dev, 1983).-



It was soon found that the neutral fraction contained
several ketones, and hed significant lipldwlowering activity,
and hence thig Lraction wes further segregoted into ketonic
and rnon=ketonic fractiong with the ald of senicarbazide on |
silica gel (Singh et ale, 1981), The nonwketonle frection
though devold of any significent liﬁidﬂlowering setivity,
none-the«less appeared to .exerg a synergistic action on the
biclogical activity of the ketopde fraction, \

Cuggn.l hes érovea €0 be a rich source of steroids. 4t lecst
ten steroids have been isolated end characterised (Fige 1=3).
Besides, cholestercl, gugsulstercleI, = II end =III are the
Cop Bterolds; whercas the remaining onos are pmghfane
derivatives: Z-Guggulsterone and E~Qugpgulsterone, which
together cﬁ»ﬁstitnte somg 2 per ¢ont of gum 'rea.i.n are
responsible for the lipid-lovering activitys zfsaéaqver, thoy
appear to offer economdcally viable eltémative 48 row
material for synthesis of importent corticas%;émida& drugs
- such o8 dexamethasone and hetamﬁhasm?e (Sukh Devy 1983)e

Though Z~ end E= Guggulsterones exhibited the lipidelowering
activ&t?. since the totel ethyl aeecctate extract of the gumercsin
{guggulipid) slso had comparable activity, further work with
a view ¥0 cvolve a drug had been carried out en *Guggulipid’,
Fig. Xwg gives some ccmgmratim: Qaté on Yguggulipdd! emi
enother welleknown hypocholesterolemic drug, 'clofibrate!



.SAI0¥3LS &b
u<ommo o N mo 5

Cd

70 774 N.Nu

A-loeisinbbng g I- 10483s|nbbng -y

€0 97y Ly
AI- p4ssinbbng 4 HO I[-10483s5]nbbng ¢
0 0
;67 1z J3WO0S|  SI9
he 0 H ™0 g o8y K
HO 0 o
H joJalsinbbng -z - -9 H suoualsinbbng -3 7
0
JBUIOS! SUDJ|
€0 774 Liy | Co 8y Ky

[1]-104835|nbbng g H suou9isinbbng -7 7y



N

COMPARISON OF EFFICACY OF GUGGUUIRPID
AND CLOFIBRATE (Normal rdss; 30-day odministration)

orug Dose Lowaring of Serum Lipids (%)
mg./kg. | Cholestaro! Trigiycorides

Gugouiipid 80 23 21
Cilofibrate %0 27 ( 22
Gugguiipld 100 34 26
Clotibrots 100 39, 30
Gugqulipid 50

+ + i 4% 33
Ciotidrote 80 '

Doto by C.O.R.I. { Dr S Nityanond)

Fig. -4
Fig, I-4 Comparative data on efficacy of f guggulipid!
and 'clofibratet.



{cthyl x:»chlaméhemxyiﬁobutymﬁe)q. A8 can be seen
Tgugoulipdd® hes pronownccd sctivitye

‘Cipla' Laboratorics, Bombay, which hes obtalned the
techinology for mamifecture of *gugpulipid' from the Centrel
Drug Rescaprch Institute, Lucknow, hes esteblished the drug's
cholesborol lowering bm@eﬂies. fCuggulipid® has been widely
tested for its efficiency and safety on humen voluntoers.
Recently 'Cipla® hes introduced the drug 'Guggulipid! in the
Indten market, ' | |

Anvther group of workers (Purushothemen gnd Chondraw
sekharen, 1976) hed reported the isolation and identification
oxﬁtm more swi'ols, viz, Gugpulasterol IV and Suggulstercl V
from the neutrol fraction, while Kakrenl (19&31) ldentificd
the sajor favoneid compounds of the flovers of Co wigotid
as quercetin end its derivatives.

Tree exudates are naotursel products secreted by a tree
usuelly im response to wounding end include tiue gums, mssizia,*
guineresing, oleo-resins and mucileges, True guns are
hydrophilic¢ carbohydrates sSuch as gum=karaya and gumeghattie
Resine are complex substances containing & variety of
compounds. mainly lipgiém in noture, and are scluble in meny
orgam.é solvents (Dell and HeComb,y 1978), The gunm resing are
& naturel mixture of gum end resin, An olev-resin is a
nptural mixture of essentisl oil ond resin,

1



Gunms and guo=resing exude from the plant x:arts‘ normelly
through the injured reglions, Ihe exudation mey be inmediste
or delayeds, In the former condition, the plant orgen has @
natural tissue systen and metebolism Loy producing gum or
guaeresin, In the latter condition, where exudstion is delayed,
the systen is induced due to injury snd hence a delayed
response (Shah, 1983), It is induced mainly by sechonical
injury, physiclogical g&r@rba%ien. nicroorgenisms, drought,
minerpl deficiencies, auxing end ethylene,

Gum«-arésin conals An G, wightil ocour im all the plant
part;s;‘ rr.méaver;. they are more aburkiant ime the bark of the
stem (Setle gt sliy 1977). The gume-resin cenals ere lined by
& layer of epithelisl cells, poosibly the principal oite of
syﬁthesi:s and secretion of gumwresing These cells are
characterised by dense aytoplasm. canspicueu&. nuclel and
high levcls of nucledc acms, pmteins, lipids umi carbow
hydratess The mode 0f developmnt of & gwaweain duct in
‘Ce wightii is schizogenous (Seﬁa £t gley 1977). As both gum
end resin ere produced similteneously in the ducts, it is
obvicus that fw sjmtems are operating in the epithelisl
cel%.s for their synthesis {Shah and Setia, 1976),

The epithelial cells shoved strong activity of peroxidase
ond acm’ phogphatase. Higher levels of omylase as well as
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lipane were observed in the opithelial ¢ells indleating tho
breakdown and conversion of starch end lipld into gun and
resin compounds (Shah gt gl.s 1980). Nair et els (1981 a) .
observed g moss dissolution of cells gt the site of injury. |
The introcellular spaces show the prescoce of gum as weil as
resin droplets. Since piaamﬁgz&mata are absent é&z the inner
tengentiel wall of the epitheldel cell in G, mipntil (Setin
gt ale, 1977), the only pathuay through which thé séerebaxy
products een be tronsferrced into the canal lumen is through
the wall (Neir et gl., 1981 b; Bhatt, 1987),

Upon incision of the duct, '!;he; gunwregin present in the
duct exudes out and gets herdened after exposure to air, Gume
resin 1s produced by the plent for clégggiag the wound, for
keeping the water balence and preventing Aéathogen entry.

'_ Gumercoin is exploited commercizlly by the tribes as
well as various organisctiens for its medicinal application.
Between 400=-500 quintals of guzgul is collected sonuslly
from the Saurashira coaet and utch aress, It is gathered by
local tribes 'Waghirs®,

‘ The plaont,; ‘therafore, not only provides employment to -
local tribel populstion, but also supplies an essential rew
meteriol for the industries and 18 cxtensively used in the
medicines.
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I»2 PLANT TISSUE AND CELL CULTURE ¢ REVIEW OF LITERATURE

I-2.a Genersl

Recent advences made in the field of Flant Cell and
Tissué Culture have resulted in the utilization of this
tecinology for basic and spplied resesrch in a range of
diaczpnne:;biochmtstry, genetics, developmental physiology,
cell biology, agriculture and horticulture,

The term *Flant Tissue and Cell Culture' broadly refers
to the in yitrp and aseptic cultivation of any plant part,
organ, tissue, c&ll, now even protoplast, wherein their
growth and nutrition, metabolism and morphogenetic pattern
can be examined under s wide variety of deliberately varied
conditions on a defined nutrient medium (és.cndi and Thorpe,
1981). Any given tismia composed of 1iving cells is & suiteble

explant tor the initiation of plant tissue culture whzcn
pemits mvestigations at many levels ergam.zatzm
including e¢allular and molecular.

Since Schleiden (1838) and Schwann (1839) put forth
call theory, proncuncing the cell as a basic unit of life,
extensive data has accumulated regerding the strusture of
the cell, Today, we know the cell as a very important unit
bubbling with metebolic activity, meticulously organised
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and m&isﬁ.ag of many organeliles with specific functions

leading to the synthesis of primary and secondery metabolites,
differentiation, maturation and reproduction.

~ Fortunately, plant c¢ells unlike animal cells have an

. i{nherent capacity to produce whele plants, a property which
led to the prineiple of totipotency, This idea which was
fivst conceived by Haberlandt (1902) has now become &
reanty whereby somatie cells given the praper nuwuenal
and mvironmental sonditions can be made to organize,
differmtia‘ba end ultizately pmﬁuca whole planneta under
an aseptie atmosphers. In 1922, wrking mdepandmﬂy.
Robbins and Kotte reported some suceesa uith gmwma
isclated root upa. but the ﬁx'st successtul repwt of A
eantinuoualy groving culwea o:t tomato roet ti.ps was made
by White in 1934 ('a?hite. 1934). Visble ‘callus cultux’e rom
pmeambial tissue of hybrid Nigotisna M X .“.’.- AangegorfLil
~ wes reported by White in 1923 (White, 1939)» Ms the sane

| ti.me, Gautheret (19393) and Nobe Court (1939) ueparately :
reported proliferation of darrot m;mzts. ‘ Sgnce then a
large number of reports has been published on the
‘estabnsfxaeat of callus q:lturga Irom a8 ﬁ’helc.xfange of

~ planta be}onginé to different ‘apeeies. .

Van Overbeek et al. (1941) suggested the importance of
cogenut milk in culturing the plant tissues whioh proved a
turning point in the field of embrye ulture, The growth of
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single cells by placing them on a actively growing ‘nurse’
culture was an impartant observation mede by Muir et al,
(1954), An useful biological tachnique of cloning large
.numbers of single cells of mgnar)planta was, housver,
developed in 1960 by Bargmann (Bergmann, 1960).

| The classic experiments conducted i:y Skoog and Miller
showed that the differentiation of roots and shoots in
tobaceo pith cultures was a function of auxineeytokinin
 ratio (Skoog end Miller, 1957). Auxins and cytokinins had
proved a poverful stimulus to future work on piant'tiame
culture, The first report of anbrycgenesis in culiured
tissues appesred in 1958 by Steward and his collaborators
which arcused considerable interest (Steward et alsy 1958).

These findings made tissue culture a tool of great
practicel spplication, Soon after, Morel (1960) by meristem
"culture opened up orciid industry leading to clonal
propagation possibilities and producticn of disease-free
plants (Murashige, 1974, 1978): Murasbige was instrumentel
in giving the teohnique of in yitro culture a status of &
viebla practical approach {Ggutheret, 1985), |

The horizon widened with time from horticultural plants
vie orop plents to forest and fruit trees, This aspect with
reference to woody trees has been deald with in greater
detail later, since it is directly connected with the present
thesis, | |
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The meristen culture technique is used for virus
eradicetion and has had important oconsequence at the egonomic
level, This method could however, not only supplement but
prebably obviste thermotherapy in many cases (SpiegeleRoy
and Kochba, 1977) with the possibility of elimineting a
greater range a.t: viruses (Navarro gt gl,, 1975 and Wang
and Huang, 1975). This has also enebled plants o be
froed from other pathogensy inecluding virolds, mycoplasuas,
bagteria end fungi (¥ekley, 1973), B

For geneticista and plant breeders, induction of
hapleids through anther culture (Cuba and Meheshwari, 1964)
and isolated microgpore culiure moetheds avre gignificant -
achievenents over the gonventionel methods often laborious
and time consuping, Leter work of Bourgin and Nitsch (1967)
confirmed the totipstency of pellen grains, Androgenesis
allows the production of haploid and doubled haplold plants,
important in plant breeding :mm young pollen grains, It |
also provides a base for outsgenesis and selectlon in the
vegetative phasa (Baja3, 1983),

Plant e¢¢ll and Tissve Cultures are a source of encrmous
genetic variability, Pleat improvencat via sopaclenal |
variation may be exploiting genatie changes thet preaxiat in
the whole plant or chenges that ecour in cultured cells
(Barbier and Dulica, 1580), Further, mutegenesis can be
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induced in plant cells ;xfnciently by using physical and
chemical mutegenic treatments, The most common mutants
isclated in vitrp that are econemically valuable are
resistance to phytotoxins (Gengenbach and Green, 1975),
herbictdes (Chaleff and Parsons, 1978), salinity and
¢hilling resistance (Nabors et al,, 1980), Many other

mutants, while not of direct economic lmportence, may de
" useful as seleetive markers in somatic hybridization,

New crop verieties with enhanced disease resistance
could also be cbtained by employing selection pressures to ‘
plated cells (Selvarandiyen et gl,, 1987; Widholm, 1977) -~
end dual cultures, lMoreover, this could be used ‘tn
investigate numerous aspects of homt pathogen interactions
(Ingram and Rebertson, 1965; Ingzram, 1980). '

Another major bresls through in the field of plant tiasue
culture during recent years has been thé isolation, culture
and fusion of protoplasts, paving the way to one of the most
importaut research field of genetic engineéring and somatic
hyoridization (Cocking, 1972; Bajads 1977) |

Today, several somatic hybrida have been produced
between sexuelly compatible and sesually incompatible garenta. ‘
These techniques have great value in studies on plant |
improvenent by cell modification end somatic hybridization
and also for fundemental problems in empexfs.rﬁental plant
biology (Cocking et al., 1581),
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The emphasis, however, has shifted from transfer of
entire 'genome' by somatic hybridization to isolation of
specific 'genes', and tagging them ¥o a suitable vestor, for
transfusion of desired f:mita from the wild and incompatible
planis to the cultiveted apecies,

Furthermore, the increasing competence to manipulate
plant DNA and genes has led to the application of cell
culture in genetic engineering of higher plants, All in ell,
1t is now readily apparent that cell culture is the key=
stone for the progress in plant biotechnology (Evans et 8ley
1583),

I=2, D

Clonal, Fropagation

Plant population derived from & single individual by
agsexual reproduction constitutes a clone, In nature ¢lonal
- propagaticn occurs by apeamixis and/cer vegetative
reproduction from any plant part like stem, leaf and root,
It can slso be induced by rooting of cuttings, grafting,
layering and aiwlayering.

Interest in the use of tissue culture techniques as an
alternative to traditional asewual multiplication methods is
spreading rapidly. The aize of the propagule in culture is
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so minute, that the in wvitro ase:mal propagation technique |
has been referred to as 'micropropagation’,

The 'micropropagation' teckniques offer the following

potential advantages over the conventionel practices of
asexual propagation (Ha and wang, 19833 Bhojwani and
Razdan, 1983; Murashige, 1577; Donge and Durzen, 1982),

Te

2

S

4,

5s

6.

In relatively short time and space, large musber of
plants can be produced starting from & single individual,

'tfian& plant 'spe‘oma are highly reaistant to conventional

bulk propagation practices, In yitrs propsgation
provides a possible alternative nethod for these
species, | /

To preduce, maintain, multiply ond trensport pathogene
free plants gafely and economically, '

International or regional exchange of genetic stocks
is expedited and rendered safer, The sterile atatus of
the culture aliminates the danger of disease mtroduct;an..

Cryogenic prosetvation of plant germplasm is distinotly
poesibla,

Tissue culture plant multiplication can. continue
throughout the year irrespeciive o;' the sesson,
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8.

s

10,

1.
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An enhanced rate of in vitrp plant sultiplication
reduces considerably the period betueen the selection
and release of new cultivar,

Methods are availsble to £ree plents from virue diseases
by meristen culture, Employing this technigue, virus
free plants can be produced in large number, ’

In vitro propagation from adult trees gives the sane
upright growth hebit end freedem f£rem virus, with the
added advantage of elonal propagation of the 'ellitet

trees,

Micropropagation is extremely important in the caaé of
dioecious species where geed progeny ylelds 50% males
and 50% femalegy but plants of one of the sexes are

more desirable commercially, such as papayad, earphy ©tCes

With jn vitro “echniques greater manipulative control
over ¢ells and tissues is availeble,.

There are three possible approaches available for

dn vitre propagule multiplication @

1.

Induced proliferation of the shoot apex or the axillary
buds to produce muldiple shoots that can eventually be
ragted,
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2» Production of adventitious shoots directly from
excised plant perts or from callus; the shoots can
then be rooted.

3. Induction of somatic embryogenesis directly from the
explant or from callus and/or suspension culture,

~ Each method of propagation has its merits and.

shorteomings (Minocha, 19380), Since a clear distinction
between forest and nonforest (e.g. frult and ornemental)

. trees is dAifficult and since the techniques and problems
of propegation are largely the seme for both, tissue
culture of both forest and nonforest speclies will be
digcoussed, However, 1t is atienpted to use literature
pr@feraﬁly dealing with foz**éat e apecles,

Enhanced axillary braneggng

Two nethods are in use s
(1) shoot tip culture, and .
(4¢1) single nede culture,

Both depend on stimulating axillary shoot growth by overcoming
the dominance of the shoot apical meristem, In culture lateral
buds and stem terminals, contsining quiescent or active shoot
tips, are stimulated of thelr sxillsry branching procesa by
furnishing a suiteble nutrient medium (Murashige, 1977).
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The method stznds out among others because of (George
and Sherrington, 1984; Hussey, 1978; Hu and Wang, 1983;
Murashige, 1974) i |

' 1. The high frequen_cy.
2. An acceptable level of genetic: stabi.iity.
. 3. Its applicability to a large and diverse number
of species,
4, Success in propagation of older trees,
. 5. Its economic feasibility,

Gupta et al, (1980) reported multiple shoot formation

from‘ seedling explants and mature treeé of Tectona grandis L.
Other reports on mature forest trees are Eucalyptus
gitriodars Hook (Gupte gt gl., 1981); Bucalyptus torelliena
and Bucalyptus gemsldulensis (Gupta et al., 1983), Bucalvptus
grendis L. (Rao and Venkateswara, 1985; Lakshmi Sita and
Shobha Reni, 1985); g!a}_w sissco (Datta et a1., 1983),
Quercus robus L. and Tilia gcordata Mill, (Chalupa, 1984);
Leucaena leucocephale (Goyal et al,, 1985; Dhawan and.
 Bhojwani, 1985); Halesia garolina L, (Brand and Lineberger,
1986), Cinnamomum zeylanicum (Ral et sl., 1987); DBopulus
alba X P, grendidentala (Chun gt al., 1986); Juglans pigra
(Heile-Sudholt gt al., 1986); Fagraea fragrans (Lee and Rao,
1986); Carob (Thomas and Mehta, 1982),

Apple rootstocks produced by exillary shoot
proliferation appeared to be true to the parental materisl
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i

as assessed by morphological characteristics (Jones gt al,,
1977). Sutter and Barker (1985) reported tﬁat-the plants of
Liguidambar styracifiua derived from micropropagation were
phenotypically similar to the parent plants.

"Produgtiog of adventitious shoots :

- Shoots or buds arising from any place othef fhan leaf
axil or the shoot apek are termed adventitious ahootg or
buds, This.can pbaceed‘either directly on pieces of tissue
or organ or }ﬁdirectly on uncrganised callus tissues or in

suspension cultures,

’Direct adventitious : 't tiati H

Formation of shoots and roots from hypocotyl 6f;gggggggg
.. gineraria was studied by Goyal and Arya (1981). Arﬁold -
(1982) observed induction of adventitioﬁs bud piimordia on
' of Pices abis

newly isolated embryosj/when cultured on media containing
\oytokihin. Ramawat an& Arya (1982) reporfe§ that with the
increase in size of the explant, number of shoots per'
explant also inoreased in Albizia lebbeck. In Paulownis,
organs such aé hypocotylé. cotyledons and shoot tips
regenerated roots and shoots on defined media in vitro,

(Marcotrigiana and Stimart, 1983).

In yitro organogenesis and multiple plgntlef formation
directly from fregments of mature cotyledons was reported in
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" Anacardium occidentale L, by Philip (1984). Another reports
of adventitious shoot formation on embryo-free cotyledens
are by Kouider et al. (1984) on Red Delicious apple and
Kim gt al, (1985) on Morus alba L.. 4rnold and Eriksson
(1985) reported development of adventitious buds on embryos
of Picea abies after a pulse treatment with BA, Ishii (1986)
found Campbell and Durzan's basic medium optimum for
adventitioug bud induction on Jjuvenile seedlings of

Hinoki cypress (Chamaecyparis obtusa). Maximum shoot
proliferation from juvenile and mature tissues of Comellia
sagangua was obtained when GAB»was incorporated in media
with BA and NAA (Torres and Carlisi, 1986),

Indirect organogenesis 3

It has been increasingly clear in recent years that
through plant regeneration from in vitro cultures a vast
reservolr of genetic variab;lity is available,ténned as
*Somaclonal varlation' by Larkin and Scowcroft (1981).

The diverse variation characteristic of the plants obtained
from differentiated cell cultures might be of great use to
plant breeders (Reisch, 1983),

Callus establishment from Pinus sirobus and P, gchinata
and a limited amount of differentiation and shoot
regeneration from Pinus strobus was reported by Kaul and
Kochﬁar (1985), Geier (1986) found regeneration from
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Anthurium scherzerianum callus to be highly dependent on
genotype and leaf age, He also observed that of the various
medium factors tested, the NHANOB level had the most
significant effect on callus and shoot formation., Fink gt al.
(1986) reported shoot organogenesis when the callus derived
from iﬁternodes of actively elongating shoots of the

hybrid cultivar 'Ploneer!' elm was transferred from a
primary mediumlcontainihg various cyfokinins ﬁoia gsecondary
medium with reduced level of BA, Plantlets, isolated roots,
leaves and shoots were differentiated in‘various callus
cultures derived from root, hypocotyl, cotyledon and leaf

of seedlings of Punica g ranatum (Jaidka and Mehr&, 1986).
High freguency shoot regeneration from 9allus and suspension
cultures of queking aspen (Populus iremeloldes) was
obtainéd by lNoh and Minocha (1986).

However, reports on the organogenesis in callus
cultures obtained from mature trees are very few, Jaiswal
and Narayan (1985) reéorted regeneration of shoots in the
callus cultures derived from stem segments of adult plants
of Flcus religiosa, Regeneration of shoots and their
subsequent rooting from callus cultures of Dalbergla
latifolia Roxb, was reported Sy Lakshmi sita gt al., (1986)
and Rao (1986),
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Somatic embryogenesis

. Somatlic embryogenesis offers tremendous potential for
the large-scale production of plant material (Ammiratco and
Styer, 1985). It can proceed in two ways. Either directlj
frbm sporophytic or gametophytic cells of a cultured
explent or indirectly from an unorganized callus or cell

suspension,

A shoot bud or an embryo are distinguishable on the
basis of recognizable morphologlcal differences between the
two, The formal is a monopeolar structure, It develops
procambial strands which establish connection with the
pre-existing vascular tissue dlspersed within the callus
or the cultured éxplant. On the other hand, an embryo is a
bipolar structure with a c¢losed radicular end, It has no
vascular connection with the maternal callus tissue or the

cultured explant (Haccius, 1978; Bhojwani and Rezdan, 1983).

Direct embryogenesis

Embryo formation freguently occurs in certain explants,
preferably Jjuvenile tissues. Occurrence appears to be
11mited to the tissues that were pre-embfyogenetically
determined (Georée and Sher;ingtoq, 1984),

Hypocotyl explants of seedling of the legumincus tree
Alblzzia leﬁbeg showed signs of cracking after 2 weeks in
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culture and young' embryoids subsequently emerged (Gharyal
and Maheshweri, 1981), Somatic embryos have also been
observed on the needles of cultured shoots of various
gymnosperm trees (Bonga, 1977a).

" Somatic embryos are frequently formed on the nucellus
tissue of cultured owules, Instances have been especially
recorded in Citrus species (Rangaswamy, 1958; Mzﬁ‘a and
Chaturvedi, 1972), Conditions for induction and growth of
nucellar callus and efficient acmat;c embryogenésis was
reported by Litz et al, (1984) in Mangifera indica,

Indirect embryogenesis

Indirect formation of somatic embryos. from calius or
suspension culture is observed more freguently., Although
primary callus arising from an explant may show no
morphogenetic capacity, it can sometimes be induced to
give rise to ne'w anbryoaehic tissue by transferring to
inductive media, e; 8. in Sentalum album L. when the
established callus cultured on 2,4-D and kinetin was
transferred to a medium suﬁplemented with gibberellic acid
(GAg), embryoids developed in the callus (Lakshmi Sita
et a1,, 1979). In-Sapindus trifoliatus L. reduction of
2,4-D conc during subsequent subcultures resulted in
formatiox; of embryoids; which developed further when
traﬁsferred to a medium containing BAP and Kn and then to
a hormone free medium. Unless S-methyl tryptophan was
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added and the level of sucrose raised, the embryolds began
to recallus (Desal gt al., 1986), Somatic embryes derived
from callus of Christmas palm, developed and matured on a
hormone-free, glutamine=-containing medium (Srinivasan et al.,
1988), In Dggdrocalamus strictus callus cﬁlture was obtained
on B5 medium aupplemented with 2,4~D, On transfer %o a
genmination medium (B5 1iquid, high sucrose, IBA and

o(-NAA) embryoids deveEOped into plantlets (Rao gt al,,1985).

!

High frequency somatic embryogenesis offers the
opportunity to develop an artificial seed production,
using the fluid drilling technique '

nal propagation gpecies

‘The gradual commercial applicatim of tissue culture to
herbaceocus ornamental plants brought serious attention to
tissue culture as a possible means of propagaﬂng tree
species (Mott, 1981), In recent years the micropropagat;ion
- methods have been applied successfully to many f;‘uit,

ornamental and some of the forest trees as already stated,

Initially, these methods met with 1ittle success with
trees, particularly in-adult form‘; upto some years ago,
reports mostly related to seed or seedling material (Winton,
1978). These ploneering studies greatly encouraged morease&
efforts, Methods of cultﬁre‘l in yvitro have now been applied
successfully to a wide range of species including many adult
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trees (Mascarenhas et al,, 1983;.Sankara Rao and Venkateswara,
19853 batta &t al., 1983; Marcotrigieno and Stimert, 1983; .
Desai et al., 1986; Paily and D'souza, 1986). Even though
considerable pfogreés_has<been mede in developing miero-‘
meﬁh&da for meny tree species, they are still not available
for SOme lmportent species (George and Sherrington, 1984)

~ and there remains much s¢ope fnr 1mprov1ng these methods |

on the commercial scale,

, The pqtenttal useiulness of these techniques for the‘
production of tree species has been discussed‘ip a number of
reviews (Bonga, 1977b; Tsai-Ying Cheng, 1978; Aﬁbptt. 19783
Minocha, 1980; Sommer and Caldas, 19813 Rao and Lee 1982;
Jones, 1983). . .

Although there could be dangers form susceptibility to
pests and diseases if monoculture of a long-lived tree crop '
were to be practiced, they can be minimised by the planting

of more than one clone at any one time,

Even though, the knoﬁledge obtained from the successful
propagation of scores of herbacecus glant species by cell

| and tissue culture, provideﬁ bagls for the research on tree

species, tissue culture of woody species has lagged behind

that of herbaceous species. The main reasons for that are

as follows :



1. Inherent difficulties with trees :

a. Most tree populations are Highly heterogenous resulting
in a high variability in culture response (Sommer and
Caldas, 1981). Each specles presents somewhat unique f
problems for determining its need for propagation by tissue

culture.

b. 2Gett1ng adventitious shoot primordia or buds in culture
is not so difficult as getting them to elongate and becanme '
plants ready to soil (Mott, 1981), '

-Ge A tree does not express.its full genetic potential
till it reaches the mature sge (David,‘1982). So micro-
propagation of mature treeg selected on the basis of

superior phenotypes is desirable,

d. Long reproductive cycles of trees place severe
limitations in the field study,

e, Greenhouse materlal is even hardiy available from
mature trees and explants have to be taken from field
grown trees, Consequently considerable physiological

variation in explants can be expeoted. o

f. Endogenous microbiel contaminants are often present,
especially in tissues of field grown maferial.'ﬁemoval of
these contaminants is often difficult or impossible and

high contamination rates are common (Banga and Durzan,1982).
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2. Problems associated with transplanting and hardening
of plantlets :

Plantléts produced in vitro must be acclimatised to
withatand the less humid, warmef tenperatures and higher
light intensities existing ocutside, Plantlets removed from
cultures are usually susceptible to desiccation and wilting
because of their highly succulent nature, inadequate covering
etc. and excessive water loss before roots can become
éhysiologically functional after transplanting and

adaptation to stressful environment.

3. Production costs :

The use of tissue culture should be compatible with or
offer advantages over conventional systems of propagation
(Brown and Sommer, 1982), Mass generation of plantlets.
trangplanting and hardening off oparatiqns}prior to
establishment in the field are highly labour intensive, and

require constant supervision,

Thus many problems of propagation are pecullar to woody
specles and attempts to solve them using tissue culture
methods have been often disappolnting, But the nature cf
the problems dectates that tissue culture should find its
place in practlcal nursary stock production (Abbott, 1978).
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Fggést trees

Forest trees represent a renewable resource of fiber,
chemicals and energy. The éteadily increasing use of forest
products worldwide, forces the view of forests as a crop to
be managed and harvested efficiently., The long period of
growth of trees and the pronounced Juvenile-mature phases
A, \cf growth typicel of forest speeies present some formidable
obstacles to rapid genetic 1mprovemegnt. During the maturation
. process, several physiologlcal changes teke place in the
tree that} affect the in vitro behaviour of the tree explants,

Present research has shown that treatment of- the
plants before excisi.on of the explant (heavy and repeated
pruning of the tree and in yitro culture, as well as
manipulation of the environment after regeneration will
occesionally result in the resppearance of juvenile
behaviour (Bonga, 1982). But the knowledge of the
physiclogicel and biochemical basis of rejuvenation 1s
incomplete (Kester, 1976)., Study of biochemical markers
of morphogenesis such as IAA-peroxidese pelationa_ (Johnson
and Carlson, 1978) and the biochemical basis for
rejuvenation phenomen/a would appear to reguire some

priority as research topics (Jones, 13983).
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Current Trends and Prospects .

Recent progress has been excellent and already the
success of in vitro propagation of adult trees is bringing
important practical benefit (Jones, 1983). In the near |
futﬁre, it is concelvable that some of the limitations in
hybridi zation of tree species will be overcome by the
production of mutants and polyploid types through . -
regeneration of the qellia. In the longer term application
of pollen culture and protoplast culture technigues would be
expected to transform possibilities for the breeding of
trees as for other crops, Already there have been some
significent achievements with trees in respect of such

methods,

With Coffea arabica haploid callus and subsequent
formation of embryolds were observed (Sondahl and Sharp,
1977). Nair et al. (1983) reported induction of haploid
plants from anther callus of Anngna gguamosa. Gautam’ &t al,
(1987) observed green nodules and root formation in cellus
derived from anthers of Azadirachta indice., Culture of
endosperm, has so f’ax’i been reported in more than forty
species in anglosperms, Plantlets via embryoid' formation
in endospern derived callus has been obtained in some
species viz, ,ga,s_r_g_g sp. (Wang and cﬁang, 1978). ‘

" Morphogenesis and plant regeneration from cultured
endosperm of Emblica officinalig was reported by Sehgal |
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and Klurana (1985), Nair et al, (1986) reported the
differentiation of callus and formation of triploid roots
" and shoots from endospex;m of Annona squamosa, Prakash
Kumar et al, (1985) observed high degree of aneuploidy in
thelcallus‘ cells from the cellular endaéperm of 22&‘2 |

g;gi‘fgga.

" Gebr and Tisgerat (1984) reported a short-lived
embryogenic callus produced from protoplasts derived from
date palm callus, Citrug sinensgis L. was the first arboreous
. angiosperm species for whic{z a reproducible procédure for |
the regeneration of functlonal plants f}om isolated
protoplasts was reported (Vardi et al., 1975). In
subsequent studies the protoplast to plant system was )
extended to several other Citrus species and cultivars from
which nucellar-callus could be derived, Furthermore, Citrus
protoplasts were utilized to obtain socmatic-hybrid plants,
Vardt et al., (1986) developed the protoplast to tree system
in Microcitrus to render this genuz an efficient protoplast-
fusion partner to produce somatic t;ybrids and cybrids
between Microcitrus and Citrus cultivars, Gupta and Durzen
(1986) described a method of isolation and culture of
protoplaata from callus, cell auSpension s Cotyledons and

needles from mature trees of sugar pine (Pinus lamber ;g_g )e
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Seguentlal Consideration :

Normally, the process of plant multiplication in vitro
must proceed through a series of steps, each ;ith a
distinct objective and sometimes speclific set of
requirements (Murashige, 1977; de Fossard, 1985).

The following steges are recognised :

Stage '0' : Mother plant selection and preparation

Before micropropagation commences, careful attention
should be given to the selection of a mother plant which is
typical of a vaiiety éhd is disease free, It may be
advantageous to‘treat the plant in some way to make

in vitrg culture successiul.
Stage 'I' : Culture Establishment

The concern in ‘Stage I is the freshly excised tissue.
The aim is to achievé prolonged survival of an infection-free
plant explant in vitro, Completion of stage 'I' is determined
variously, such as growth of shoot tip, multiple shoot
 formation or formation of callus, Frequently, difficulbies
may be encountered in achieving disinfection.

Many plants are rich in polyphenolic ¢ompounds. After
tissue injury, such compounds get oxldized and the tissue -
turns brown or black, The oxldation products are known to

inhibit enzyme activity, reduce growth and darken the tissue
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and cuiture media, imposing a seriocus block in the

establishment of primary culturesa.

.Some of the procedures used by various workers to

combat this problem are :
1. Adding antioxidants to culture media

‘2. Presoaking explants in antioxidant before

inoculations such as ascorbic acid, PVP, etec,

3. Incubatlon during the initisl period of primary
cultures in reduced light or darkness ‘

4, Frequent trangfer of explants into fresh medium
(Bu and Wang, 1983),

Stage 'I1' ¢ Multiplication of Progagﬁle : y

The main objective of this stage is to produce the
maximum number of useful propagule units. According to the
procedure of multiplication, this is followed by the newly
derive& axilléry or adventitious shoots or embryoids. The
multiplication rate is malnly governed by composition of
medium, growth supplements and physical factors sﬁch as
light, state of medium, température. |

Stage 'III! : Preparation for growth in the natural
environment

Stage TII a': The elongation of buds formed during
tStage II?
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Stage '1IT Db' : Rooting of Stage 'III a' shoots ip yitre

or extra yitrum
(Debergh and Maene, 1985),

Stage 'IV' : Transfer to tpe Natural Environment

The method whereby plantlets are transferred from the
in yitro to the extra vitrum extornal environment is
extremely 1§portant. Factors that should be congidered in
trangplantation arelinfectiogs and desiccation, Stefilizing
the soil mixture eliminates serious infection ﬁrobiems.’
Excessively high water ioss(wae recorded from the leaves
of vlants immediatély after tradaﬁlanfing'(Brainefd and’
PFuchigami, 1981). Such a high rate of water loss is
related %o : |

a, Shootg.developedlin culture have often been produced
in high humidity snd low light intensity, This results in
the reduced quantities of epicuticular wax (Grout and
Aston, 1977; Sutter and Langhens, 1979).

b, The high volume of mesophyll intercellular spaces
(Brainerd et 2l,, 1981), and

!

¢. The slowness of stomatal response to water stress

) ] :
- (Brainerd and Fuchigemi, 1981), To compound the problem,
the xylem tissue in the regenerated plants formed a closed

system agross the base of the shoot prior to root formation,
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~The de nove formed roots, arising from callus, have poor

© connections to the main vascular'systen‘of'the shoot
(Grout and Aston, 1977). Such a structuring is .of no
consequence in culture but it severely restricts acbopetal

water transport after transplantation.

\ A period of humidity ecolimstion is required for the
newly trénsterred plantlets to adapt to the outside

environment, The application of an antl-transparent

.film to the leaves hes been reccmmended in this stage

(Selvapandiyan et _ql_ s 1988).

The details of the stages ares not described here,
sipce they have been covered in the sections where the

present results have been discussed.



37
I-2,¢c Secondary Metabolites

" Plants have been for a long time of great importance,
not only as food sources but also as a rich source of
-supply of a wide ratige of chemicals. These are seeondary
metabolites which include pharmaceuticala. 1nsecticides,

" ‘flavours, fragrance. colaurs and enzymes,

.The term secéndary metal;olites or. secondery products
ihclude those compounds which ere not thought to be essentisl
to all plant cells or compounds without any clear funo‘tion
in the vital primary processes of plant cells, This
deﬁnition also mcludes compounds such as 1ign1ns and
flewer pigments which have known function‘si (Butci;e;‘. 19773
Staba,’ 1950). Primsgry and secondary metabolites have the
,roliowiﬂg characteré (dampbell. 1%#); '

Primary metabolites ¢

1. Relatively simple chemical composition.'

2, Produced by biosynthetic pathway that is neither
“usually lengthy nor 1nvolved,

3. Attributed readily to a role in the physiological

mak e-np,

&, Turn over ac.tiveljr through interactions of these
bilosynthetic pathways with catabelic processes,

' 5, Present throughout the 1ife cyéle,

6., Necessary for growth,
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Secondary metabolites :
1. Complex chemical compounds,

2. Produced by biosynthetic pathways that are involved
and often lengthy,

3. Relatively free of‘turn,over.

4, Difficult to integrate meaningfully into the
immediate general physiology of the producer,

5 th necessary for the growth of producer,

6., Normally produced only after the rapid growth phase
-of the organism has passed.

It is not always possible to assign a natural préduct
unequivocally te elther of these categories, The difficulty
is, both these metabolites are derived biosynthetically
from the sa@e precursor and are essentiaitr for survival,
While primary metabolites essentially provide the 'basis for
growth and reproduction, the secondary metaboliteé provide
basis for adaptation and interaction with the environments
(Créoomo,g§|§;,, 1681). These are not only 'sources of
reserve materials but also contribute ﬁo specific functions
to plants as follows (Jalal, 1981),.

1.  Secondary metabolites like pectin give mechanical
strength to.plants,

2. Some of-the poisonous alkaloids and non~protein

amine aclds fepal insectaxénd herbivorces, e.g.

¥
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alkaloids present in the seeds of legume species are
lethal to the larvae of seed eating bettle,

3. Some compgunés have adverse effect on other plant
species growing neerby and thus discourage competing
plant species e,g. The compound Juglene produced by
walnut tree,

4, - Compounds like isoflavones help the plant in
resisting microbiel infections,

S« Coloured pigments such as anthocynins and some

cerotenes attract pollinators and symbionts,

While the demands of,these‘drug and economically
important compounds yielding plants are increasing, the
plant resources are fast diminishing, mainly due o' human
disturbance of the natural environment end ruthless
exploitatidn. On the other hand, inspite of advances in
" the knowledge of microbial and chemical production methods,
.plants are still a source of’eompounds which are too
complex or expensive to produce in any other way (Mehta,
1984; Dixon, 1985). | |

The demonstration of biochemicsl potential following
. the morphological totipotency of piant gells gréwn in
culture, has led researchers to resort to plant cell and
tissue culture systemg for the production of useful
ecmpoundé (Mehta and Staba, 1970), The feeling of using
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plant tissue cultures as an alternative to whole plants as
a source of these compounds came from the demonstrations
that plant cells can be grown in suspension in the same

way as microorganisms,

The major advantages cell culture systems confer over
the conventional cultivation of wholeplants are as follows
\(Y‘I’abata, 1977; Zenk and Deus, 1982; Fowler, 1983; Crocomo
et gl., 1981), o -

?. Useful compounds could be proﬁgced under cgontrolled
nutritionsl and environmental conditions, independent

~of climatic changes and soil condltions, Further, it
would also pré;ide freedom from political 1nter:erence.

2 Cultured cells would be free of contemination by

microbes and insects,

3. Once the procedure is established, the desired
~compounds can be produced round the year.

4, Tﬁe biotransfhxmation and biosynthetic pathway can
" be easily manipulaeted. '

5 Possibility for automation of cell culture system
will reduce labour cost. ‘

6. By rational regulation of growth and metabelism, the
production of desired compounds could be enhanced,

7. Technology 18 now available for the relatively large
scale production of plant cell suspensions from batch
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‘1

§u1fures.ohemostat5'and turbudostats.‘tc industrizal
bloreactors, Thié permits to enhance the yield of
desired compounds,

Cells in culture can be genetically modified and those
that accumulate specific intemediates and metabolites
can be isolated, '

: During the last three decades, a wide variety of plants

have been cultufed on. chemically defined media, The list of

compounds already shown to be produced in static or

submerged culture is quite 1mpressive and 1ncludas H

T

2.

3.

50
6.

produeed in culture or when the& are, the yieids ere

Flavonoids : flavones, flavonols, chalccnes, isoflavones,

anthecynins and tanninsy .
Anthraguinones and Naphthogquinones,
Coumarins and lignins,

Isoprenoids : latex, monoterpenes,. sesquiterpenes,
diterpenes, sterols, sterpidal alkaloids and

earctenblds.

Fatty aclda and relatéd compounds,

'Flavones and sweétners (Fowler, 1983, Staba. 19803
I',Butcher. 1977).

In meny cases, tha desired products are eiiper not

:extremely low. Various techniques and methods have been

¢ f
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tested and described to improve the synthesis of valuable
metabolites in cell “cultures. These include : Optimization
of media and growth conditions, type and concehtration of
horﬁones, physical environment, feeding of precursors and
manipulation of biosynthetic pathways, as well as clone
selection and genetic improvement (Rokem gt zl,, 1985),
Optimization of the nutrient regime is obviously the

key factor in enhencing product yield (Fowler, 1983).

The step-wise strategy developed now includes the
following steps @

1. Selection of high yielding plant,

2. Egtablishment of cell cultures from the selected
3. Development of an optimum growth medium (without

consideration of secondary natural product formation),

4, Development of methods to induce secondary product

‘formation,

5,  Clonal selection of stable and high yielding cell

lines and'

- 6, Develcpment of optimum production medium,

With adaptation of this approach, it has now become
possible to produce desired compounds from many cultures in
vémounts as high as and in some cases even higher than in

the parent plant.



Factors affecting products produced 3

Genetic, morphological and biochemicel factors do
affect the ability of plant tissue cultures to produce
significant amount of product, The expression of fheae
factors 1s interrelated (Staba, 1977). |

Genetie Factors : The variation in yield of desired
compound include the species, the 1ndlv1dua1 plant and
perheps the speaﬁc part of the plant from which the
culture was :I.m.tiated (Dougall, 19@5). Further, there is
évidenca for différéricea in jield between cell_é in a
population (which can be exploited as somaélonsl variations),

sz&, e origin : Generalli high yielding parent plant is
chosen to start the culture with, This was a major point
of controversy for some years, From the Kinnersley and
‘Dwgali‘—s work (1630), it was evident that the cultures
dérivedlfrom a high yielding N. ga-bagg‘ um plant gave high
yield of nicotine. Zenk et 5;. (1977) {also concluded that
high yielding Catharanthus roseus plants tend to give ‘
high yielding cultures. However, the comrerae is also true
in a few cases (Daugall, 1985).

g;ant tissue part : The plant tissue part selected for
culture may be critical for product formation, It has been
reported that, the root-synthesized tropane (West and Mika,
1957) and reserpine (Mitra and Keul, 1964) 'glkaloids are



best produced by root derived callus cultures, The
artemisinin content was observed to be consistently
below 1 mg¥% for shoot cultures when the variability in
artemisinin content was determined in cultur'es of
different parts of Artemisia annua seedling (Martinez
et al., 1986),

'‘Varient! cell lines : Because of the heterogenity
assoclated with cultured plant cells, the selection of

- ¢cells producing high amounts of secondary metabolites has
been mede possilble (Yamada and Fujita, 1983). There are
-two possibilities for the smell amounts of the desired
compounds produced by the cultures. First, all cultured
cells produce only insignificant emount of the desired
product, or scgond, most of the cultured cells do not
have the biochemical pptential to produce and accumulate
the products, but therelare_a few 'varianf' cé;ls prezent
which produce the compounds &t high concentration, By
means of radioimmunoassay technigues, it was possible to

show that the second case‘is valid,

By determining the heterogenity within the culture by
cloning and measuring the yield given by the various
subliﬁes, a high yielding clone or subline can be
selected (Dougall, 1985). In selecting specific cells, the
two methods generally used are cell-aggregate cloning and
single;cell cloning,



The cell-aggregate cloning method has been successfully
used to obtain high anthocyanin producing cells from
Buphorbia milli by Yamamoto et al. (1981), Other reports
are by Sato and Yamada (198&),‘Watanabé and Yamada (1982);
Mizakemi et al, (1978) reported the isolation of cell line
“of Lithospermum erythrorhizum with a high pigment content of
shikonin by repeated clonal seleo%ioga Sareen and Khanna
(1986) analysed the different coloured strains of Papaver
somniferum showing maximum yield of codeine, the ine and
narceine in dark grey coloured strain, whereas the amount
of papaverine and oxalate was found to be maximum in light
grey coloured strain, These methods are based on the
visual selection of coloured cell aggragates‘and no
analytical methods were used for the selection.

Through the use of semi-automated Radioimmunocassay (RIA)
technique, Zenk et al.. (1977) carried out extensive studies
on the selection of Catharanthus roseus cell strains
capable of producing the useful alkaloids serpentine and
ajamalicine, Suspension cultures of Anchusa officinalis
established by clonal propagation of microspectrsphoto-
metrically anelyzed single cells were found to broducg
rosmarinic acid at different levels (Ellis, 1985),
Matsumoto gt al. (1980} succeeded in producing highly
producing strain (UQ-10) of tobaceo cultured cells by
cell cloning techn%que. producing Uniguinone=-10,
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The biosyﬁthetic capacity of cultured cells may be
improved by the artificial induction of genetic mutation
(Nishi et gl., 1974). It is possible that the frequency
of obtaining mutant cells may be markedly increased by
mutation treatment of haploid cells (Widholm, 1977).

Morphological Differentiation

In higher plents, there are certain compounds which
are synthesized or accumulated only in particular organs or
tissues, The failure of unorganized cclls or cultures to .
produce these compounds suggest that morphological
differentiation of specific organs or tissues are requ;ped
for their formetion, Inductioﬁ of differentiation in
unorganized cultures induces production of desired
compoﬁnds, .8, the differentiated tlssues of Sglanum
nigrum produced significantly more solascdine than the
callus (Bhatt gt al., 1983), In Selanum dulcamara culiures
also the alkalold accumulation could be enhanced by the
induction of organogenesis (Emke and Eilert, 1956).
Manoharan et al. (1987) observed an association between
greening and shoot diffegentiaticn with an increase in
the content of total lipid and the gelactolipid fraction
in Datura innoxia cultures. On the other hand, cases are
now known -in which unorganized tissué will produce
compounds found exclusively in specific Q?gansléissues of
intact plant., This is chemical differentiation without®



morphological differentiation; e,g, Sugisawa and Ohnis

(1976) showed that cells of Perilla frutescens, leaves
culture contained as much essential oil as the intact

‘However, since some of the organized tissues have
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] eaves,

better

ability to produce the desired‘compounda‘ and since selection

can be done from organized tissues €0 increase product
e.8g. Scopolamine from Hyoscyamus niger root suspension
cultures, a need has arisen to grow even the organized

yields

tissues

economically on large scale (Staba, 1985), Hamill gt al,(1986)

established 4 Hairy root' cultures of Beta yulgaris end|

_;__gg_gg rgat;ga which synthesised thelr characterist:
secondary products, the betalain p:!.gments and nicotine

{a

slkaloids respectively, at levels comparable with those
of in vivo roots from the same veriety, Heble and Stabf;
'(1980) established the shoot cultures of Dioscorea camposita

and demonstrated their abili.ty to synthesize diosgenin,
The amounts of atropine and scopolamine was observed t
same or ever htgher ‘than plants in hairy root;j culture
Atropa be;}._adgg‘a (Kemada et al., 1586), Ushiyama et all

(1986) studied large scale production of Panax ginseng'

root by 301, 2 ki and 20 kl fermentors, Essential oil
production from in vitre - grown ‘shoots and callus of

Rosmarinus officinalis was studied by Jain et al. (198

o be

of

e
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Biological Controls : ,

The blosynthetic activity of cultured cells usually
varies with cell growth and substrate utilization. Kinetic
studies of the rates of cell growth and product formation
are essential to obtain a basic understandmg of secondary
metabolite production.

Experimental data on the time~course of product
formation indicates that productegrowth patterns may be
classified into three major types : ‘

1.  Product formation proceeds almost in parallel with
cell growth,

2., Product formation is delayed until c¢ell growth declines

or ceases,

3. Production curve is diphasic and lags behind the growth
curve (Crocomo gt al., 1981). -

Generally, 2 primary metabolite is syntheaized as a
;ii.rect result of metabolic processes and correlates with
increase in dry weight, In ocontrast, a secondary metabolite
is generally not formed as a direct result of metabolism and
accumulation of these metaholites ténda to lag behind the
cell growth, It is characteristic of many plant cultures
that, after a phase of rapid cell division on a batch

culture system, the growth rate slows down and secondary



i
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product formation end other features of. cell specialisation
begin (Luckner et al,, 1977). o

At any one stage of culture, the accumulation of
secondary metabolites is the result of a dynamic belance
between biosynthetic, biotransformationel and bicdegradative

processes,

Environmentsal Control : | | .

Factors in the external cultural environment

1. Light, photoperiodicity, lightequality and light .
intensity influence the behaviour of cultures (Se!.bert\ and
Kadkade, 1980). ~I*t: hag been shown.in a number oi’ cultures
that light generally stimulates the formation of compounds
including conteroids, flavonoids, polyphenols énd plasto-l
quinones (Tabata, 1977). Ruiz and Valad(ez (1985) reported
that in Gomphrena globéss calius cultures blue light 1s
gssential for obtaining goed growth and pigmen'é:ed callﬁa ,
cultures containing betacyanins. Morris (1986) obscrved
serpentine as major alkalold in the light and éjmalicide in
derk in the cellus cultures of Catharanthus roseus. In
contrast to these triggering effects Bf light, several

© reports indicate that iight can have mhibitcry effect,
e,g. suppressed alkaloid production in Sgopolia perviflora
cultures (Tebata gt al., 1972). Photodegradation of certaln
metabolites and/or enzymes may be responsible for the



higher levels of accumulation éf secondary metabolites
under dark rather than light conditions, although there
is no direct evidence to substantiate this (Mantell and
Smith, 1983), :

Ienperature

Little information is available on temperature optima
for secondary metabolite production. Nettleship and Slaytor
(1974) showed that optimum growth of Peganum cellus
cultures occurred at 30°C, while meximum alkaloid
pro@uction was attained at 25°C,

Fact t 5 er'n. rajl_environment :

The facters associated with culture itself i.e, the
growth’medium, the metabolic stage of cells and the gaseous
environment above the culture surface form complex multie

component entities,

Growth regulators

Nature and concentration of auxins and kinins have a
marked effect on the primary end secondary metabelism.
This aspect hag been discussed in many reviews e.g. Staba
(1980), Mantell and Smith (1983),

In most studies, auxing have been supplied to cultures
in combination with cytokinins, Ravishankar and Mehta (1979)



reported that a combination of 2,4-D with ké&ftin enhaneed‘}/
growth and ecdysterone in Iriantheme "mman
cultures, Callus cultures cf Saffron grcwn on MS medium

ortulacas:

supplemented with 2,4~D and kinetin, when transferred onto
indolebutyric acid-kinetin containing media, produced
pigmentation and showed metabolites comparable to authentic
saffron (Venkataraman et al., 1987). |

Not much study has been devoted to the effect of other
growth regulators éuch as gibbere;lic acld CGA3). abseisic
acid (ABA) ethylene and Z~chloroethylirimethyl ammonium
chloride (CCC), A favourable effect of Gay was observed in

uinine production in leaf shoot organ sultures of Cinchona
ledaeriana (Chung and Staba, 1987), Ohlsson gt al. (1986)
reported increases in growth and cardenclide accumulation

when the cultures of Digitalis lanata were grown with GA3.
Maero and Micronutrient

Thls aspect has been reviawed in detail by Dougall
(180).

‘ denerally,,increased levels of nitrate, potassium and
phosphate tend to support rapid cell growth, while
depletion or deficiency of some of these is assoclated with
growth limitation and concomitantlsecondary metaboliam,

The nature and concentration of sugar generally affects
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the yield of secondary product, In general, raising the
initial sucrose levels leads 1:6 an increase in the see&ndary
metabolite yields in culture., Perhaps the effect of high
initial levels of sucrose '15 to raise the osmotic potential of
‘media. In Diosgorea suspension cultures the initial sucrose
concentration ;Lntluencea the rate of synthesis and finsl
concentration of diosgenin (Rokem gt al,, 1935).

Procursors :

Among attempts to increase the potential of plant cell
cultx:;res to produce particular metabolites, have been those
involving the fgéding of cultuf'ea with kr;awn precursors
end/or intermediates with the intention of stimulating
pérticular enzy:ﬁe pathways, How;aver. administration of a
direct precursor does not alwayé produce the desired effect,
and finding the most efficient precursor compound may
sometimes prove to be difficult,

’ ’ Kha;'ma and Khanga (1976) observed considerable increase
in growth, free ascorbic acid and pyrethrins, when tisgue
cultures of Tagetes erecta L, were fed -\‘eith various
concentrations of exogenous ascorbic acid. The accumulation
of betacyanins could be increased by féeding tyrosine to
the cell culture of Che_x_zgggg‘ ium rubrum (Bex':u;n gﬁ 9;_.’; 1986).

The internal cultural snvironmental factors will be
discussed in more details in Chepter VI,
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Elicitors :

Of late elicitors find applieatioga 1A'studies on
the biosynthesis of divef'se secondary metabolites in vitro,
Looking‘at the literature of phytopathogen-host-interaction,
1t becomes clear that a large number of secondary natural
products are phﬁtoalexins; i,e. secondary metabolites
synthesized in plants due to physical, chemical, microe
: biologigal.and fungal damage of tpe plant,

Recently a review has been published discussing the
stimulation of alkaloid accumulation in Papaver somniferum
and Catharanthus roseus cell cultures by elicitors (Eilert
et 2., 1987), | |

Industrialization

Certain pharmaceutically important chemicsls such as
shikonins, digoxin, vinblastlne, berberi.ne and rosmarinic
acid have been successfully produeed by cell cultures in
bioreactors under precise growth conditions (Heble and
Chadha, 1987). The industrial production of useful secondary
products by qeli cultures has been realised ;t:i':rough the
developmen‘q of adequate culture media, elucidation of
regulgtory factors qf the secondary metabolism, selection
of specific c¢ells and the establishment of two-atage culture
media, Since 1984, Shikonin produced by the large-scale ’
culture of Lithospermum cells hes commercially been used
for cosmetics. -



34

In order to be useful as an alternative industrial
source of secondary compounds, cell cultures must satisfy

several requirements,

1. The rates of cell growth and biosynthesis should be high
enough to give a good yield of final produc§7

2, -Its accumulation in the cell or release into the medium

should be rapid in comparison to its degradation,

3, To get a constant yleld of product, the cells must be
genetically . stable, )

4, The production must be profitable including the inherent
cost of culture medium and the extraction and purification

procedures (Tabata, 1977),

When grown in bioreactors, the differences between
plant cell suspensions and microbial culture become

significant,
1. Growth rate of plant cells 1is #éry sloq,

20 Requiremenf of high inoculum density of plant cells
in order to obtain growth, '

3. The large size of plant cells in culture assoclated
“with a rigid cell wall and large vacuole makes them
sengitive to sheag,'

4, Problems in mixing, sampling and aeration are caused
due to the formation of cell aggregates, Preoduction

of extracellular polysaccharides also poses problemg,
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5  Requirement of oxygen is very low and high airation
rates may have a deleterious effect on growth and

product formation,

In spite of all these difficulties, still there are
gome examples of large scale preduction of sscondary products
by using techniques such as phase partition and ajir«lift
bioreactors. Hegarty et al. (1?85) carried out investigations
to examine the effect of aeration on the growth of ‘
Catharanthus roseus suspension cultures in airlift
bioreactors. émiﬁh'gﬁ‘gl. (1986) selected cell lines which

naturally over-produce catharanthine (important in the
biosynth;sis of vinblastine and vincristine) and also
illustrated the scaling up from %0 ml cultures, through 11,.
10 1, and 30 1 to full pilot scale of 200 1.

Ipmobilization of cells :

Plant cells have been successfully 1ﬁmobilized in a
numbér of matrices either by entrapment in a polymeric
network or by growth into preformed structures, Cells are
conmonly immobilized by entrapment in calcium alginate,
potassium currageenan or in agarose beeds, For plant cells
attachment’to solld supports by adsorption or covalent

ecoupling has ~ proved to be unsuitable,

The main reasons for the use of immobilized plent
¢ells as an alternative to mass cell culture for production
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of secondary metabolites are :

1. To reuse biomass which is expensive to produce,

2. To separate physically cells from the medium and

hence from products,

3, To utilize efficiently expensive fermentors by using

high biemass/low vélume vessels,

4,  The cells being trapped in a rigid base, the problem

of disintegration etec, are gvercomed,

5. To operate a continuous process.

(Brodelius and Nilsson, 1982),

Immebllization may provide a method of exploiting the
improved biosynthetic capacity of slow gfowing, aggregated
or partially differentiated tissue cultures (Lindsey and
Yeoman, 1983), Immobilization of plant Pells i3 seen as an
intermediate gtate between homogencus suspension culture '
and the highly differentiaeted tissue matrix of the whole
plant (Morris et el., 1985; Brodelius and Nilsson, 1980),

\

The possibility of immobilizing pertially
differentiated celery cultures was studied by Watts and
Collin (1985). The immobilized cells of Coffea arabica
produced considerably more alkaloids than the freely
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‘suspended cells (Haldimann and Brodelius, 1986),

It is essential'ggat. in the Operatign of an
immobilized cell system, at least some of the product is
released from the cells into the medium, where 1t can be
recovered, sinee thé products being preferentially
accumulated .in the va#gole. liberation of products is
difficult., In such cases two stage culture system
consisting of repeated product accumulation and product
release phase have been used, However, treatments used in
the product release phase must retain membrane integrity,
or ensure rapid repair of membrane function., From the
industrisl point of view, the mosp successful type of
reactor is the expanded or fluidised bé& reactor,

The use of microbes as carriérs of plant genetic
information is an attractive in terms of large scale
fermentation, But before such a leap forwerd in-
technology could oceur, & thorough understending must
be gelned of the enzymes involved in the synthesis of
the compounds together with the genetic gdhtrol (Misawa
and Semejima, 1978).
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I-2.,4 Steroids :

Sterolids belong to a large group of compounds known as
terpenoids or isoprenoids, Terpenes are formed by the
polymerization of isoprene units and sterolds are triterpenes
or triterpenoids, They have the perhydro=1,2-cyclopentano~
phenanthrene ring structure (Grunwald, 1980; Lalitha and
Ramasarma, 1987).

Sterols : Sterols are secondary alcohols., The hyﬁrocarbog
skeleton has a secondary hydroxy group at C-3. with few |
éxceptions. angular methyi grohps at C~10 and C=13 and
generally an 8 to 10 carbon chain at C-17. The hydroxy, the
two metﬂyl groups and the C-17 side chain &ll have the |
p-erientAtian. The various sterols found in plants differ
in the number of carbon atoms in the C-17 side chain,

Distribution

Sterols have been isolated from & large nhmber of
specles and probably eccur in 2ll anglosperms and
gymnosperms, The phytosterols are ubiquitous in higher
plants and probably also~1ﬁ'p1ant tissue cultures (Grunwald,
1980; Butcher, 1977). _

Biosynthesis :A

The formation of squalene is through the familiar
pathway i,e. through acetate, acetoacetate, hydroxymethyl-
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glute\mfe acld, mevalonic acid, 1sopentyl pyrophosphate,
3 }dimethylallyl perphosphate. geranyl pyrophosphate,
: farnesyl pyrophosphate and squalene (Fig. I-5) (Jacobsohn,
1970; Goad and Goodwin, 1972; Grunwald, 1975).,

" The cyclization of squalene to form i:he cyclopentano-
phehanthrene ring syq'tem is via squaléne-z. 3-0xide
(Bemfeni.ste and Massy Westropp, 1967; Reid 1968), However,
the major difference is the ‘gqrma'i;ion' of cycloartenocl
(Rees et al,, 1968) instead of lanosterol aafin animals, |
Experiments with 'radiéacﬁive \sterpi préoursors suggest that'
cyéloartenol 1s a branch point, nc;t only for cholesterol
f synthesls, but also for the' synthesis of other major
phytosterols, (Benvmiate gt al,, 1966; Ehrhardt gt al.,
1967; Knapp and Nicholas, 1971),

Cultures of N. tabaoum and Rubus W have
provided excellent experimental systems for studying phytoe
sterol biosynthesis, When 14C labelled acetate, mevalonate
and other sterol precursors are lncubated with callus
tissues they are efficiently incorporated into the
intermediates of the stercl blosynthesis (Benveniste, 1968;
Helntz gt ;_a_l_;. 1972). After a detailed series of studies
the scheme shown in Fig, I-{ was proposed as the pathway,

. for sterol biosynthesis, | |



60

Acetyl - CoaA

« o

Flavonolids HB Fatty acids
T cool-)
0O
HMG-CoA ~
503ﬁ
c Zeatin ~———3 tRNA
r cool=) N A CHy
Mevalonate ‘KO NHCHZCH=C‘“p
H
N4 vz I “
IpP —— A
Monoterpenes&——— Geranyl-PP Isopentenyladenine

Diterpenes (e,g. Gibberellic

1\ acid)

Sesquiterpenes €— Farnesyl-PP ———»Geranylgeranyl-FP

Ubiquinone
Plastoquinone/
Isoprenoid

Polymers

Polyprenols

ABA C N
' Chlorophylls
. Phylloquinone
Squalene '
Tocopherol
Steroids Phytoene
Saponins Carotenoids
Fig 1-%.

Fig. I~5 General patiwmay for isoprenoid biosynthesis in plants,
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g, I-g , \ "~ (Butcher, 1977)

_Physiological function $

It is probable that they sre essential components of
many cellular membranéé, Thus in a strict sense they are
not secondary products, however, thelr role has nqt been
unequivocally established and the kinds and proportions of
the sterols vary considerably from one plant species to
another. The most widespf'éad sterols are Pa-éitasterol.
Stigmasterocl, eamﬁesterol and cholesterol (Butcher, 1977).
Sterols have at least two functlons :

1.  Ag precursors in the formation of other steroids -

2 As components of membrane,
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It has been suggested that the interaction of sterols
with phospholipids stabilizes membranes and thereby controls
permeability (Grunwald, 1971). For effective phospholipid
interaction, the C-3 hydz;oxyl group of sterol molecule

must be free and cannot be subetituted,

The importance of sterols in the function of membranes
in several biological systems has been demonstraféd. E;ilx.pin,
a polyene antibiotic, is known to complex with sterols and
couses cellular leekage which can be reversed by addition of
gterols (Mudd and Kleinschmidt, 1970). The emount of leakage
induced with filipin in wheat endosperm of different sterol
phenotypes is directly related to its free sterol conc
(Carboners et al., 1975). Sterols also restored the X* and
NOE uptake capability in pea stem sections treated with
filipin (Hendrix and Higinbotham, 1973), The saponin,
digitonin, forms equimolar inscluble complexes with free
sterols, and when added to chloroplasts inhibits oxyzen
evolution' (Robinson and Wiskich, 1975), Cholesterol as well
as CaClz, the cll.assical membrane stabilizer, reversed
phytochrome~-induced anthocyanin production in red cabbage,
probably by acting at the membrane level (Bassim and
Pecket, 1975), ;

Exposure of plants to ozone increases cell permeability
and it is interesting to note that ozone-treated plants show

a decrease in free stercls and an increase in steryl

=3
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glycosides (Tomlinson and Rich, 1971). Antisenescent
cempounds prevent or minimize ozone damage and plants
treated with N-6-~benzyladenine and kinetin did not show

the decrease in free sterols (Tomlinsom and Rich, 1973).

Garg and Paleg (1986) observed the sterol levels

(Sitosterol, cholesterol, campesterol and stigmastercl)
much higher in the shoot apex than those in the leaf in
Lolium temulentum plants during floral develcopment. A much
. greater proportion of cholesterol was found in the shoot
apex reflecting a specific association of cholesterocl with
meristematic and/or reproductive tissues. Quenther and
Guenther (1985) investigated dicsgenin and sterols from
Costus spiralis rhizomes, The amounts of free and esterified
sterols increased towards the heartwood in Pinus sylvesiris,
but, in contrast, steryl glycosides decréased

simulteneously (Saranpad, | 1987).

' The widespread sterols, /B-siﬁoéterol, stigmasterol and
campesterol have been isolated from cultures of Nicotiana
tabacum (Benveniste gt al., 1966), Digécorea tokoro (Tomita
&t al., 1970), Withania somnifera (Yu gt al., 1974), Paul's
~ scarlet Rose (Williams and Goodwin, 1965), Iylophora indica
(Benjamin and Mulchandani, 1973), Helfanthus annuus
(Butcher et al., 1974); Morus alba (Kulkerni et al., 1970),
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Datura tissue cultures (Nag; 1975), Lyeium barbarum L,

(Nag and Harsh, 1982a), Dioscores floribunda (Khanna gt al.,
“1986). Solanum mammosum (Gunawan end Isnaeni, 1986),

~ Solanum aviculare (Galanes ,gﬁ 2l., 1984), Solanum nigrum
(Bratt and Bhatt, 1984a), arid zone plants (Nag and Harsh
19820), |

Brain and Lockwood (1954) studied the effect of hormonal
control on steroid level in tissue cultures from Trigggella‘

‘ foeﬂumgraecum. ‘Heble gt al.- (1976) 1solatad several sterols
from the callus cultures. derived from the hypocatyl of ’
germinated seedlipgs_of the plant, Ho;arrpena antidysenterica,

. of which the predominant ones were 1dent1fipd gé'ch§1esterol.
Shemethylene cholesterol, B-isofacosterol, s;ﬁosterol,and
stignastercl, Khanne ot a1, (1975) xfeport_éd 'ef:egts.' of
various hormones on production of;sapogen;qs'and sterols in
Trigonella fosnumgraecum L.,susﬁension cultures. Bhatt and
Bhatt (1984 a) observed that sterols (Cholesterol,
,campestebclf stigmasterol and sitosterol) were sbout three
times higher in the differentiated cuiturgs‘(foots aq&
shoots) ef'gglgggé,gigégg than in the undifferentiated'
eultures (cellus), They further. studiéd the }@gﬁlation of
sterol biasynthesis in Solanum species and reporied that
cholesterol iqhibited conversion of acetate to mevalonate.
which is taken as evidance of a negative feedback control
an sterol biosynthegis (Bhatt and Bhatt, 1984 b).
:Chglesterol was found to be & predominant sterel (&2% of



total sterol) in the leaves of intact ‘plar‘lt of Solanum
dulcamara L., but its level reduced to 1 to 7% in cell
suspension culture (Bhatt ot gl,, 1986). Khanne and
Purohit (1983) carried out studies on steroidal sapogenins

from Yucca gloefolis L. in vivo and in vitrg tissue cultures,

Metabolism of steroids in plant ﬁ_ gsue cultures s

As an experimental tool, plant tissue cultureg offer
great convenience in fhe addition of precursors and
steroidal substrates when investigating biotransformations.
However, in using ti.seug cultures one may encounter a
situation where one or none of the steroid metabolizing
enzymes nonﬁally found in 1ntact,plén§s are absent in the
corresponding tissue as?ateés (Stohs, 1977). Basically three
approaches have been used to investigate the blosynthetic
and metabolic poter_xtial of plant tissue cultures with

respect to steroids :

1 The isolation and identification of the steroids
' produced bi callus and suspension cultures,

2, The use of tissue cultures to study the biosynthetic
pathways of steroids, frequently employing rad;.oactive

_praecursors,

3.  The incubation of tissue cultures with steroidal
subgtrates in ox“der to develop potentially useful
modifica'pions, and to inveefigate the general steroid
metabolizing enzyme systems present, ~
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Gravea and Smith (1967) studied the transformation of
pregnenolone and progesterone by cultured plant cells from
a range of dicotyledonous plants, Steroidal metabolism in
plent tissue cultures has been reviewed in details by
Stohs and Rosenberg (1975) and Stohs (1977).

The use of soﬁe inhibitors of plant sterol biosynthesis
proved evidence that active sterol synthesls is essential
for plant cell growth and division, Stercls are apparently
required for membrane structures but . there is also e
specific need for 2h-alkylstercl before cell division can
proceed (Goad, 1987). Inhibition of plant sterol
blosynthesis by Paclobutrazol and its effect on cell growth
in suspension culture of Celary was studlied by Haughan
et al. (1987). |
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I-3 PRESENT INVESTIGATIONS ‘
As mentioned in Section I=1, guggul, the oledresin-gum

complex of Commiphora wightii has numerous applications in

pharmaceutical and perfumery industries, It is also an

important source of foreign exchange (Farocogil, 1979),

Most of the tree populations inhabit inhospitable areas
where conventional agriculture is not feasible and there are
' no methods available for 1ts cultivation, The available
literature on this plant reveals that even tﬁough subgtantial
work has been carried out on the chemical and pharmdceutical
investigations of the gumeresin and on the histocheamical
agpects on the development of resin-ducts (éection - I),
there are no repopts available about tﬁe studies on tissue
culture aspects of this plant. The present work was carried

out with two main objectives.

Te To screen the 'guggul' tree population from different
arid and semiarid zones and identify elite plants,
To work out igtvivo and in yltro methods for
.propagating them,

2, To raise the content of active principle - Guggulsterone

Z and E in the cell and tissue cultures,

The sctive princlple was observed to be present at a
very low concentration in the cell cultures. Initial
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experiments designed to increase the ¢ontent by cultural
manipulations were not successful., Since S«C=3 gterols

act as precursors of this compound, experiments were planned
to raise the content of [B-Ce3 sterols in the culture,

' With the above mentioned objectives in mind, various
experiments were conducted and the results obtained are
presented in the Chapters III, IV, and V as outlined below,

Chapter ITI

III-1 Studies on identification of Elite plants,

III-2 In yivo propagation by stem cuttings and by

germinating seeds
I1X-3 In vitro propagation from seedling material,
I1I-4 Clonal propagation of Elite clones,

III-5 Studies on morphogenesis in callus cultures,

Sheoter IV

IVet Studies on growth of callus cultures
IV.2 Studies on nutrition of callus cultures,

IVa3 Studies with suspension cultures,
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Chapter V-

V-1 Studies with different parts of a plant and callus
derived from these parts regarding /9-0~3 aterol
production,

V«»II Effect ot Cultural parameters on growth and /B-C~3

' sterol production in aus;;ansion cultures,

V=-III Effect of ethephon on guggulaterone production in

cell cultures,
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