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Summary
A description of aseptic plant cell culture, including a 

glossary of terms, has been given and the biosynthesis of 
phytosterols and steroidal sapogenins reviewed.

The method and conditions employed in the induction 
of callus cultures from the cotyledons of Fenugreek seed 
are described. The growth of callus cultures has been 
studied and expressed as the increase in fresh weight, when 
using partly and fully defined media with different growth 
regulator regimes.

Phytosterols and steroidal sapogenins were detected in ' 
cultures maintained for one year on the induction medium.
These compounds were isolated and identified using gas liquid 
chromatography, infared analysis and mass spectrometry, 
Unsuccessfull attempts were made to determine the small 
quantities of diosgenin and yamogenin present in the callus 
cultures by a colourimetric assay originally designed for seed 
samples, A successful assay method was devised which 
involved separation of the phytosterol and sapogenin fractions 
by adsorption column chromatography and subsequent assay of 
Doth fractions by gas liquid chromatography. The conditions 
affecting the yield of the aglycone sapogenin from the callus 
tissue have been examined.

Considerable differences were observed in the composition 
of the free sterol and sapogenin components from callus 
cultures grown either with NAA or 2,4-D. No significant 
changes in the steroid yield of cultures was caused by 
altering the vitamin formulation of the medium, introducing 
a rare amino acid isolated only from Fenugreek seed, or 
varying the light conditions under which the cultures were



grown.
Experiments were performed to select a defined medium 

for the initiation and maintenance of Fenugreek suspension 
cultures. The basal medium used for callus culture proved 
satisfactory, but a reduction in the concentrations of the 
growth regulators was necessary to induce a cell suspension. 
The sapogenin yield of the suspension cultures v;as lower 
than that of the callus culture from which the original 
explants were talien.
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PART I - INTRODUCTION 

CHAPTER i 

ASEPTIC PLAITI‘ CELL CULTURE

INTRODUCTION

Aseptic plant cell culture is the grov/ing of plant 

material under aseptic conditions on a nutrient medium. The 

term covers techniques for the culture of organised plant 

material,such as sterile seedlings and isolated plant organs, 

the culture of undifferentiated cell masses initiated from 

segments of plant tissue and the culture of cell masses derived 

from single plant cells.

Street^ has attempted to rationalise the terminology used 

in plant cell culture, which previously lacked uniformity. A 

list of the relevant terms which he has defined has been 

included,

(a) Plant culture - the culture of seedlings or larger 

plants.

(b) Organ culture - the culture of isolated organs 

including root tips, stem tips, leaf primordia, 

immature parts of flowers and immature fruits.

(c) Tissue or callus culture - tissues arising by pro

liferation from segments (explants) of plant organs.
t

(d) Suspension cultures - isolated cells or small 

aggregates remaining dispersed as they gfow in liquid 

medium.
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(e) Clone - tissue from a single explant, which is 

maintained by repeated subculture of a many-celled 

piece of the parent culture.

(f) Passage - a single incubation period between 

subcultures.

(g) ‘Established or permanent cultures - cultures 

which have been maintained through many successive 

passages.

(h) Inoculum - a fragment of the parent culture,sub

cultured by transfer to new medium (sometimes referred 

to as an explant).

(i) Organogenesis - the development of shoot buds or 

roots from tissue cultures or suspension cultures.
2Haberlandt first attempted, but failed, to grow iso

lated plant cells on a nutrient medium in 1902. In 1934 

White  ̂ reported the establishment of an actively growing 

clone induced from tomato roots. In the same year Gautheret 

established cultures ( cambium cells of Salix capraea) which 

proliferated and grew ’algae-like' growths on a solid medium 

containing mineral salts (Knop's solution) glucose, and the
3amino acid derivative cysteine hydrochloride. White's 

discovery of the importance of the B vitamins and the recog

nition oS the importance of the growth regulator, auxin,

isolated and identified as indole-3-acetic acid (lAA) led
1 % 

Gautheret ^ to include both in his media. In 1939 he

succeeded ingrowing cultures, from explants of carrot tissue,

which satisfied the two major criteria of tissue culture,

potentially unlimited grov/th and undifferentiated growth.
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Subsequent work on tissue culture, by many workers, resulted 

in cultures which were slow growing and tended towards 

differentiation with age. In 1952 Steward^ included 

coconut water in media for carrot cultures and obtained 

vigorous, undifferentiated grovrth with rapid cell division. 

This led to tlie vide use of coconut water in media and un

successful attempts were made to isolate the compound, now

called a cytokinin, responsible for the growth and cell
7

division. Work by Miller et al (1955) resulted in the 

first compound exhibiting cytokinin activity being isolated 

from the DNA fraction of herring sperm. The use in culture 

media of this compound, kinetin, with the auxin, lAA, rapidly 

led to the development of various techniques of plant cell 

culture and allowed the establishment of cultures from many 

plant species. Muir established suspension cultures in 1953

(from callus of Taget es erecta) and succeeded in groving
0cultures derived from single cells. Recently cultures

9have been established from haploid cells and plant cell 

protoplasts have been p r e p a r e d .

TISSUE CULTURE MEDIA

The unorganised tissue cultures derived from different 

plant species require similar macronutrients, micronutrients 

and an organic carbon source. The individual requirements of 

tissue cultures from different species for an organic source 

of reduced nitrogen, increased vitamin supplement, grov/th 

regulators and complex supplements (coconut water and yeast 

extract; varies. Many media have been designed to fill the 

specific requirements' of particular tissues and some.
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particularly White’s medium (1945) and Murashige and S-ioog’s 

revised tobacco medium (1962) have been used, with minor 

modilications^for cultures from a groat number of species.

GROWTH REGULATORS

Plant growth regulators are organic chemicals which 

stimulate, inhibit, or in some way alter growth and develop

ment. Growth and differentiation are controlled by the 

interaction of several different types of regulator.which
11have been conveniently classified into five distinct groups^ 

au:d_ns, gibbercllins, cytohininr, abscisic acid and ethylene. 

The requirements of tissue cultures for growth regulators 

varies with species.

Tissue cultures of Trigonella foenir.nrraecun (Fenugreek) 

grown in the experiments described in this thesis required 

both auxin and cytokinin for sustained healthy growth. The 

effects and possible mechanisms of action of auxin and 

cytokinin have, therefore, been considered.

(1) Au:ins

Au:wLns are substances which promote cell enlargement,

inhibit root growth, stimulate the production of adventitious

roots and inhibit leaf and fruit fall. The plant auxin,

identified as indole-g-acetic acid (lAA), was isolated from

yeast and fungi in 1935 and subsequently from higher plants 
12

in 1942-1946. It is synthesised from tryptophan in

plant cells and metabolised in three ways.

(i) By the mechanisms involved in growth

(ii) By enzymatic oxidation
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(iii) By detoxification through conjugation 

with other components

The mechanisms by which the natural auxin (lAA) and 
synthetic auxins (naphthalene acetic acid and 2,4-dichloro- 
phenoxy acetic acid) induce cell elongation has been 
extensively studied. The auxins increase the plasticity of 
the cell walls, which are then stretched by water uptake 
resulting from the osmotic potential of the vacuolar sapî^
The wall deformation-is thoughtto be brought about by the 
breaking of crosslinks between the cellulose microfibrils of 
the wall. Cell wall extension is irreversible and subsequent 
resynthesis of the crosslinks of the elongated wall occurs.
Auxins promote cell wall synthesis, but only after initial

13wall extension. Key obtained an increase in cellular 
protein and RNA during auxin induced cell wall extension.

14Masuda and Kamisal^a studied RNA synthesis during lAA 
induced cell wall extension in oat coleaptiles. Cell ex
tension occurred 12-13 minutes after the addition of lAA, 
whereas RNA synthesis was detected after 10 minutes. They 
postulated that lAA directly increased the template activity 
of DNA, increased the synthesis of m-RNA and the subsequent 
synthesis of protein. Increased protein synthesis was thought 
to result, in the synthesis of a cell wall degrading enzyme 
necessary for breaking the cell wall crosslinks. Increased 
amino acid incorporation was observed as a result of lAA

15treatment in pea internodes and lAA induced cell
'

extension has been inhibited by protein synthesis inhibitors,
such as chloramphenicol. Merkys et al have
shown a correlation between the binding of lAA with DNA and 
RNA conjugates and cell elongation and concluded that the
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primary step ox lAA growth acceleration was the interaction 

Ox lAA with DBA and RilA and its effect on protein synthesis. 

Galston and Davies^^ suggested that while such a mechanism 

probably explained the continued action of auxin, initially 

a different me onanism was involved. While au:sLn induced 

growth has been observed in 10 to Ip minutes in oat tissue, 

the time required for increased protein synthesis was four 

times longer. They suggested that either the initial action 

of auxin was to cause qualitative rather than quantitative 

changes in protein'synthesis, or that auxin acted on some 

pro-formed system.

Substances such as naphthalene acetic acid (NAA) and 2,t- 

dichlorophenoxyacetic acid are not found naturally in plant 

tissues, but at suitable concentrations exhibit properties 

similar to lAA. The specificity of lAA metabolising enzymes 

means that these compounds arc more persistent in their 

action and they have been widely used in tissue culture in 

place of lAA.

(2) Cytokinins

The other fundamental process of plant growth is cell

division and naturally occurring compounds which can influence

tills process are known as cytokinins. Cytokinin activity

was observed as a result of adding coconut water to culture

media. Caplin and Stew-arcf used coconut water with carrot

root cultures and obtained vigorous growth and cell division.
7As already mentioned, in 1955 miller et al isolated kinetin

(b-furfurylamino purine) which has since been widely used in
Itissue culture media. In 1964 b^tham isolated a naturally



Kinetin

C H '-C H
. (! il

R =  N H -C H g -C  T H  
O

CH-C — CH_ Zeatin
1̂1 I ^

R -  N H - C H ^ ^  n Benzylaminopurine

occurring plant cytokinin froni sweet corn which he named 

zeatin. Like kinetin, and most of the other compounds since 

-found with cytokinin activity, it was a 6-substituted aderjine 

derivative.

Apart from influencing cell division, cytokinins have 

been observed to have several other properties." Kinetin can 

cause shoot initiation, bud formation, root growth, leaf growth 

and flowering and inhibit senescence in plants. Lilce

auxins, the mechanisms of cytokinin action appears to be 

closely involved with - the regulation of nucleic acid or pro

tein synthesis. Recent work suggests that cytokinins
17have been detected by bioassay in hydrolysates of t-TkA. 

from both higher plants and animals. In serine t-KIIA the 

substance K -( (\ -isooentenyl adenine) (IPA), which exhibits 

cytokinin activity, was an integral part of the structure
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adjacent to 'he c < codon and was found to be necessary for 

attachment of the t-.n-A to the m-It.'A. A labelled cytokinin 

labelled b e n ay 1 ami no o u r i n o ; was added to callus cultures 

dependent on ononenouc cytokinin for growth. Although most 

of the added cytok.inin was degraded, was incorporated into

t-kl:A. nractionation of the t-klA showed that tîic labelled 

compound was present in only one sub-fraction,indicating 

incorporation into only certain t-kkA's. Other evidence con

tradicts those results. Attempts to show the incorporation 

of a different cytokinin ( 6 - b on nyl o.;.i n o -1 -mot hy 1 puri no) into 

t-kkA wore unsuccessful, although the substance still 

exhibited cytokinin effects on the tissue growth. It has 

been suggested that cytokinin is not incorporated into t-kkA, 

but that the presence of cytokinins in t-kkA kydrolysatos 

represents breakdown products i-ather than precursors.

The presence of IPA in t-kkA of serine may result from the 

attachment of isopentenyl groups, derived from mevalonic acid 

or A  "^-isopentenyl pyrophosphate, to a specific adenine in pre

formed t-kkA. Subsequent hydrolysis of the t-kkA might then 

release the complete IPA r.olecule. It is possible that, 

although cytokinin molecules can be extracted from t-kkA, the 

site of.action of cytokinin is elsewhere. kxperimonts with 

moss protenema showed that cytokinin caused bud formation.

The continued presence of eyeekinin was required throughout 

bud develop...ont, or the buds reverted to protoncmal filrments. 

It was found that cytokinin was only loosely bound to ’target
13cells’ anc. ceulf ce washed out. In this system Galston

II
P  r  r .  c  f ' * - '  c , "  i- '  r -  r-  - ' "t" r .  n  ' T ‘ r  v-p> o  ‘ - i  r - i - n - r -  V ' /  r -  — f  r ;  o

specific site in a responding coll. The mode of action of
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cytokinins is, therefore, not clear at the present time and 
further investigations are required.

THE APPLICATIONS OF TISSUE CULTURE

The development, over the last ten years, of reliable 
techniques and equipment for the culture and aseptic mani
pulation of tissues has increased the research into possible 
applications for tissue culture. The control of nutritional 
and environmental conditions afforded by plant tissue culture 
have already made it an invaluable technique in plant physiol
ogy and biochemistry. The possibility of using cell cultures 
for the biosynthesis of economically important plant con
stituents was recognised in the early 1950*s, but at that time
techniques were too exacting and uncertain for general use.

19The development of large scale fermentons, operational under 
aseptic conditions, has made the routine cultivation of large 
quantities of plant cells possible and product biosynthesis, 
with reference to commercial manufacture, has become relevant. 
Klein^^ has listed several advantages of plant product pro
duction by this technique.

(i) The precise control of the grov/th environment

(ii) The possibility of establishing physiologically 
and genetically uniform suspension cultures 

(iii) The elimination of problems encountered in the 
» processing of plant material, such as variation 

in uniformity and quality of rav/ materials, 
availability and damage in transport or storage

(iv) The ability to force synthesis in a given
direction by the appropriate control of grov/th 

conditions and precursors



Naturally the range of cor.ipounds detected in tissue 

cultures is large and includes alkaloids, ajjino acids, anti

biotics, carbohydrates, enzymes, flavonoids, glycosides, grouth

regulators, organic acids, phenols, pigments, proteins,
21saponins, steroids, tannins and terpenoids . To be of real 

conuiiercial value products chosen for biosynthesis by large 

scale cell culture will have to be those which are difficult to 

obtain from other sources and for which an increasing demand 

exists. Several types of pharmaceutically active substances 

satisfy these criteria, namely alkaloids, cardiac glycosides 

and steroids.

PLANT PRODUCT BIOSYNTHESIS IN TISSUS CULTURES

The biochemical potential of tissue and suspension

cultures would be expected to be genetically the saine as the
22plant tissue from which the cultures were induced. How

ever, it has proved difficult to induce cultured cells to form 

characteristic metabolites and storage products, which develop 

normally in the intact plant organ of origin. Metabolic 

activities normally appear to be mainly directed to the 

synthesis of metabolites required for growth and cell division. 

In work so far reported culturessynthesisingsolaiiaceous aika-

loids have, at best, produced lOi of the amount present’ in the 
22parent plant. In studies of the ability of Digitalis

1anata to produce cardiac glycosides yields of 0 .002-0 .02%m.f.b. 

compared with 0.1-0.2/a m.f.b. in the intact plant have been 

reported

The ability of cultures to synthesise characteristic pro

ducts has been shovm to be dependent on both the medium used
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and on the origin of the culture clone. Conflicting reports

on the ability of tobacco nith callus to produce nicotine

exist. Furuya reported the presence of 0.00^6 nicotine in

his cultures, whilst Dawson reported that tobacco callus
cultures lost the ability to synthesise nicotine after 28 days

' 22and Turner was unable to detect alkaloid in his
23tobacco culture. Buchner and Staba reported the presence of

a
12 compounds in Digitalis cultures responding to/locating 

agent on a thin layer chromatograph in a similar way to 

cardenolides. Turner^^as unable to detect similar compounds 

in his Digitalis cultures.

The two major problems in the use of tissue culture for 
product biosynthesis are, therefore, the initiation of culture 
capable of biosynthesising the desired substance and stimulation 
of the culture to produce it in economical quantities.

THE USE OF TISSUE CULTURES FOR THE.BIOSYNTHESIS .

OF STEROIDS

Since the first use of cortisone as a medicine in 1950» 

the number of pharmaceutically important steroids has expanded. 

The range nov/ includes not only corticosteroids but fertility 

control compounds, sex hormones, anabolic agents and more 

recently a general anaesthetic (Althesin). Partial synthesis 

of these .compounds from steroids obtained fro# plant and 

animal sources has proved to be cheaper than total synthesis 

and plant materials are more economical, and present fewer 

storage problems than animal tissues,as a source of raw 

material. In 1963 the world steroid consumption was equi

valent to lOOO tons of diosgenin of which it was estimated.
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was produced by total synthesis, o% by partial synthesis 

from animal sources and 893 from plant sources. It was pre

dicted that by 1973 world consumption vculd be equivalent to 
13-1-0 tons of diosgenin.

Diosgenin, or a similar compound (e.g. stigmasterol, 

hecogenin or smilagcnin) is normally extracted from the plant 

material and converted to the final pharmaceutically active 

steroid, or a close intermediate, in the country in which the 

plant grows. The export of plant material or the basic 

steroids is restricted.

The main plant sources of diosgenin are the members of

the Dioscorea species, family Dioscoreaceae. The sapogenin 

is extracted from the perennial tubers of the plants which 

slowly increase in size and may survive for up to 20 years. 

Because of the slow growth of the tuber, organised cultivation 

has not proved economical and the plants are normally 

collected from their natural habitats, the lower slopes of the 

Himalayas and the tropical forests of Mexico and Central 

America. Although this procedure has so far managed to 

satisfy world demands for steroids it is evident that, with 

increased dc..:and, an alternative source of supply wall soon 

be necessary. Alternative plant sources of diosgenin have 

been studied, including the seed of Trigone11a foenurn'raceurn,

L. also known as Fenugreek.Investigations arc being carried 

out to develop a suitable strain for cultivation of this plant 

in a temperate clii.iate but, even if successful, crop yield will 

still be dependent on uncontrollable environmental conditions.

Tissue cultures as a source of a suitable steroid for
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partial synthesis could alleviate the dependence of the 

pharmaceutical industry on foreign producers or climatic 

conditions.

The first attempts at obtaining diosgenin biosynthesis

from tissue cultures were, naturally enough, carried out vrith

the species of Dioscorea. Cultures of Dioscorea deltoidea 
25wore established and diosgenin was synthesised by uoth 

suspension and tissue cultures (13 m.f.b.). Subsequently 

cultures of Dioscorea comoosita, D. floribunda and D. suecull- 

flora wore established and diosgenin detected in the tissue 

obtained.

As wita cultures of other species, the ability of cultures

initiated from Dioscorea species to produce diosgenin was not

as great as that of the parent plants and in the case of

Dioscorea com'iosita come workers were unable to detect any
27 28diosgenin in their cultures , whilst in similar

26
cultures grown by Mehta and Staba diosgenin was detected 

( .06,j m.f.o.).

FENUGREEK TISSUE CULTURES AS A POSSIBLE SOURCE OF 

STEROIDS

Ac has been previously mentioned, Trigonella ioenumrrae.ciuw 

lias been considered as an alternative plant source for the 

ster ids needed for the partial synthesis of pharmaceutically

active steroids. The steroid constituents of this species
. n L .. ,29 30 31 32nave been exmencmvoly stuo.ied and tne major

sapogenin fraction Ix.s been shown to be a mixture of diosgenin

and its 25S-epimer yamogonin (in a ratio of 3:2), occurring as

their glycosides, both of which are acccpteble in the partial
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synthesis of steroids. The sapojenin level was found to be 

highest in the ripe seed (1-1.33 m.f.b.). The true phyto

sterols, cholesterol, ca_..pesterol and sitosterol ( A- dcsiiethyl 

sterols) have also been extracted from all parts of the plant 

in free, ester and glycoside forms.

No published information was available on the aseptic 

plant cell culture of Fenugreek in 1971. The experiments in 

this thesis describe the preliminary investigations carried 

out into the possibility of establishing Fenugreek tissue and 

suspension cultures and their use for the biosynthesis of 

sapogenin or phytosterol.

In part II, Chapter I of this thesis the selection and 

preparation of a mediumi suitable for the induction of Fenugred: 

callus cultures is reported. The techniques used in the 

induction of cultures from the cotyledons of sterile seedlings 

are also described. Chapter II reports the experiments per

formed to determine the combinations of cytokinin (provided as 

kinctin or as the complex supplement coconut water) and auxin 

^Naphthalene acetic acid (NAA) and 2,l-dichlcrophcnoxyacetic 

acid (2,.';-D)J which give the optimum growth (increase in fresh 

weight ) of t;i3 cultures. Both sapogenin ( diosgenin/yamiogenin 

mixture) and phytosterols (cholesterol, caiiipest erol, stig- 

masterol and sitosterol) wore biosyntliesiscd by the callus
Icultures and Cuaptor III gives the techniques used to isolate 

and identify those compounds from one year old cultures*.Chapter IV 

describes the unsuccessfull attempt to modify a colourimetric 

method for the assay of diosgenin and yamogenin extracted 
from young callus cultures. A G.L.C. method finally
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adopted for the assay of sapogenin and free sterol is described 

in chapter V. The use of two different auxins, naphthalene - 

acetic acid and 2,4 dichlorophenoxyacetic acid resulted in 

considerable differences in the free sterol and sapogenin 

yield from callus cultures and these are reported in 

chapter VI, Attempts were also made to alter the 

sapogenin and sterol yield of callus cultures by alteration 

of the light conditions and by adding vitamins 6r, the amino 

acid 4“kydroxyisoleucine to the medium. These experiments 

are reported in chapter VII, Chapter VIII describes the 

experiments performed to determine suitable conditions for 

the growth of suspension cultures initiated from callus 

inocula.



16PACT I - CHAPT'ER II 

THE BIOSYNTHESIS OF PHYTOSTEROLS AND STEROIDAL SAPOGENINS

The presence of 4,4’-desmethyl phytosterols and the sapo- 
genins, diosgenin and yamogenin, in tissue cultures of 
Fenugreek was confirmed in the course of the work described in 
this thesis, (Part II, Chapter III). The biosynthetic path
way of these compounds is, therefore, outlined in this chapter,

THE BIOSYNTHESIS OF STEROLS

Th e biosynthesis of the common 3p monohydroxy sterols has
33recently been reviewed by Goad and Goodwin. Sterols can

be divided into three groups on both structural and biosynthetic 
growths, (a) the 4,4’-dimethyl sterols or triterpenes; (b) the
4-methyl sterols and (c) the 4-desmethyl sterols, referred to

34by Evans as 'the true phytosterols*. Examples of each 
group are given in FigI.I . The common 4-desmethyl sterols 
normally found in angiosperms are stigmasterol, cholesterol, 
campesterol and sitosterol, the latter normally being the major 
component. These sterols have ^3-unsaturation and a 24R-con- 
figuration at C-24-.

SQUALENE BIOSYNTHESIS

The initial stages of sterol biosynthesis involve the 
formation of the C^q hydrocarbon squalene, from acetate and 

mevalonic acid,via a sequence of phosphorylated compounds. 
Cornforth et a l demonstrated with stereospecifically labelled 
^H- and ̂ ^C-mevalonic acid that the R- form of mevalonic acid 
is incorporated into terpenoids and the S-form is metabolically
inactive. The biosynthetic route to squalene was first

36demonstrated in animals but the same route has been si 
plants ' and is shown in Fig. x,2
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Fig.1 • 2 Squalene biosynthesis and cyclisation
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SQUALENE CYCLISATION

The mechanism of squalene cyclisation has been demonstrated
in rat liver to proceed, in the presence of oxygen and NADPH,
to the compound squalene-2,3-oxide.^This undergoes proton
initiated cyclisation to yield lanosterol. In algae and higher
plants cyclisation of squalene-2,3-oxide yields cycloartenol

42 43as the first identifiable product. Benveniste et al 
obtained incorporation of 1-^^C-acetate into squalene-2,3-oxide 
and cycloartenol in Hicotiana tabacuia tissue cultures and this 
v/as later confirmed vo.th tissue cultures of Agave and 
Dioscorea and using labelled mevalonic acid with Solan^om
tuberosum leaves. No lanosterol was detected in any of
this work and it was concluded that cycloartenol was the direct 
product of squalene cyclisation in these plants,(Fig.I• 2 ).

Only one OZ4. alliylation mechanism for the conversion of 
cycloartenol to the 4-desmethyl sterols has, so far, been con
sidered in detai^f.FigÂO T h e  alkylation of cycloartenol at 024. 
to give 24-aethylene cycloartenol was proposed as the first step
and this compound has been found to be vd.dely distributed in 

46plants. Déméthylation at to give rise to another widely
reported plant compound cycloeucalehol ^  and opening of the 
9B-19-cyclopropane ring to give the 4c^methyl sterol obtusi
foliol would then occur. Obtusifoliol was first isolated from
Euphorbia obtusifolia and has since been i>und in conjunction

34with cycloeucalenpl in other plants. Déméthylation of
obtusifoliol at C-ll|_ and rearrangement of the nuclear double bond 

7to would yield methylene lophenol. The various sterols
(eg campesterol) would then be formed by G/}deme thylation, to

7 5-
give 7-ene-24 methylene cholesterol, and A  to ZX nuclear
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double bond rearrangement, to give 24-21 ethylene cholesterol;

34both compounds have been detected in Digitalis purpurea.

A possible route to the sterols involving a second 
alkylation of 24-methylene lophenol at 0-28, to give 24-ethyl- 
idene lophenol has been proposed and the latter is v/idely

46distributed in higher plants, Fig. 1,4.' ZThe subsequent removal of 
the 4 *^-methyl group would give stigmasta-7,24(28)-dien-^-ol ̂  
which could progress to 28-isofucosterol via a inter
mediate stigmasta-3,72-24(28)-trien-^-ol. Finally, reduction
of the 24-ethylidene group of 28-isofucosterol would produce 
sitosterol. Reduction of the 24-ethylidene group at an earlier 
stage so that 24-ethylidene lophenol becomes stigmast-7-en-

333p-ol has also been proposed. Sitosterol would then be
produced from this compound via the intermediate

48stigmasta-3>7 dien-3p-ol. Stigmasterol would be produced
33 5 7from stigmas1a-7-en-3p~ol via spinasterol and a inter

mediate stigmasta-3,7>22-trien-3p-el. Administration of 3>- 
^^C-sitosterol to Digitalis l a n a t a plants has resulted in 
radioactive stigmasterol and dehydrogenation of saturated
sterol side chains at C-22 has been observed in clam, fungus 

49and protozoan.

The 9^,19-cyclopropane ring of cycloartenol hinders de- 
methylase- attack at the position and consequently loss of 
one of the C-4.groups occurs first. Loss of the CTlp group is 
facilitated by a bond which occurs when the cyclopropane
ring is opened. Lanosterol possesses no cyclopropane ring 
but does have a A  ̂  bond and during the biosynthesis of 
cholesterol in animal tissues the Cil̂  group is the first to be 
lost.
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The routes outlined provide only a guide to the possible

33pathways of sterol biosynthesis. Goad and Goodwin stated 
that any lack of specificity of the enzymes responsible for 
C2if-alkylation, G-if C4_L|. déméthylation, or opening of the 9^,19-
cyclopropane ring,could give diverging and converging pathways.

34Evans examined the sterols of Digitalis purpurea and 
found pairs of compounds such as obtusifoliol and 4 ^̂  -methyl 
zymosterol which suggested that méthylation of the side chain 
was also non-specific and a non-linear process. It is pro
bable that the relative importance of different routes varies
greatly from species to species and depends on the enzyme

32specificity in different plants.

THE BIOSYNTHESIS OF SAPOGENINS
50Ehrhardt et al isolated cycloartenol and 24-methylene 

cycloartenol from Dioscorea cornposita tissue cultures and 
postulated that cycloartenol might be the precursor of 
cholesterol and steroidal sapogenins in plants. The incorpor
ation of 24-tritiated cycloartenol in diosgenin, yonogenin and

51tokorogenin in tissue cultures of Dioscorea tokoro confirmed 
this hypothesis.

52In 1963 Bennett and Heftmann obtained incorporation of
4-^^C,cholesterol into diosgenin by Dioscorea sp?cullflora.
Using 4-"^C;25-^H-cholesterol with Dioscorea floribunda Joly et 

33 ’al obtained diosgenin whose labelling indicated the incor
poration of the intact cholesterol molecule into diosgenin. 
Stohs et al obtained equal incorporation pf both 4-^^C and 
26-~^C,cholesterol into diosgenin in Dioscorea deltoidea tissue 
cultures and also concluded that the entire cholesterol
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molecule was involved. The role of cholesterol as a key 
intermediate in the biosynthesis of spirostanols was thus 
accepted.

Both spirostanols and cardenolides are biosynthesised by 
species of Digitalis and the cardenolide precursor has been 
shown to be pregnenolone. To produce molecules such as
digitoxigenin, hydroxylase enzymes which introduce hydroxyl

56groups at C-12, C-14 and C-16 must be present. Hydro
genation of pregnenolone to form an A/B cis derivative also 
occurs and this is only possible via a 3-heto A4 unsaturated 
derivative, progesterone.^^ The 3-heto and 3^“
hydroxy derivatives are easily interconvertible in the plant,
e.g. 3p-H-pregnan-3p-ol-20-one and 3p-H-pregnan-3y5j20-dione in

57Digitalis plants and both are converted to digitoxigenin, Pig.1.5

Tschesbhe^^ postulated a similar 3-heto stage in the form
ation of the A/B trans spirostanol compounds. Stohs and

58El-Oleny found that tissue and leaf culture homogenates of 
Cheiranthus cheiri readily metabolised 4-^^C cholesterol to 
cholest-4-en-3-one, and suggested that the formation of this 
compound may be the first step in the synthesis of cardenolides.
In Digitalis this same compound is converted to spirostanols

56\d.a cholestan-3-one and cholestan-^-ol. •
59Marker and Lopez first postulated that steroidal sapo-

Igenins could exist in plants in a form in which the side chain
was held open by glycoside formation. In such compounds the
F ring Would be open and mild hydrolysis would yield the open
chain aglycone whilst stronger hydrolysis would close the ring

60to form a spirostan aglycone. Joly et al treated Dioscorea
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Figl.5 The hydrogenation of pregnenolone via a 3 keto 4A  intermediate
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floribunda with cholesterol and isolated the open chain
glycoside A^-furostene-3p>22,26-triol-3B-chacotrioside 26-p-D 
glucopyranoside, A leaf homogenate of the same p l a n t c o n 
verted this compound to labelled dioscin by F ring closure and 
subsequent hydrolysis of dioscin yielded diosgenin.

Bennett et al have reported that 26-^^ C ,26-hydroxy
cholesterol was converted to diosgenin by Dioscorea floribunda
and suggested that oxygenation at C-26 may be the first step in
introducing oxygen into side chain of cholesterol. Takeda*s^^
work, in which a higher incorporation of 26- % , 26-hydroxy-
cholesterol than 16 -^H,16p-hydroxycholesterol in sapogenins

31was obtained, supported this view. Tomita and Uomori
obtained incorporation of both 26-?H ,16,26,-dihydroxy chole-

3sterol and 22,16- H,16,22,26-trihydroxy cholesterol into dios
genin in Dioscorea tokoro tissue cultures. A pathway for the 
biosynthesis of diosgenin from cholesterol is given in Fig. 1,6

Heftmann et al have shown that interconversion of 23R- 
(diosgenin) to 23S- (yamogenin) sapogenins or, vice versa, can
not occur ^  vivo. Takeda %>stulated that the 23H-sapogenin 
was derived by hydroxylation of the cis-carbon at C-26 of 
cycloartenol and 23S-sapogenin by hydroxylation of the trans
carbon at C-27 (Fig. 1.7 ). All other stages of the biosynthesis 
of the two epimers would then be the same.
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Pigl.6 Summary of the data on the biosynthesis of diosgenin
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PART II CHAPTER I

THE INDUCTION OF FENUGREEK TISSUE CULTURES

THE SELECTION OF A BASAL MEDIUM FOR FENUGREEK TISSUE CULTURES

The basis of all nutrient media is a mixture of mineral 
salt3 combining the essential macro and micro elements,together 
v/ith a source of carbon, which is normally a sugar and usually 
sucrose. Supplements included in such media are vitamins, 
amino acids, auxins and related growth regulators, gibberellins, 
a chelate such as E.D.T.A., kinetin or other cytokinin and some
times a natural organic extract. The use of solutions of 
natural origin such as coconut water, yeast extract and casein 
hydrolysate is wadespread,although the desirability of fully 
defined media has led to decrease in their use. Coconut water 
is still often used in the initiation of new cultures where the 
nutrient requirement is not known and attempts have been made to 
standardise the effects of coconut water by biological assay 
and market it in the freeze-dried form.

(1) Carbohydrates
A number of carbohydrates including mono, di and poly

saccharides have been studied as carbon sources in plant tissue 
culture. Such a source has always been found necessary in 
cultures,so far reported,because of the inability of tissues 
to photosynthesise sufficiently to maintain basal metabolism. 
Sunderland  ̂ found that withdrawal of sugar from tissue 
cultures of Oxalis dispar resulted in loss of fresh weight 
increase and eventual death.

Of the many compounds tested as a carbon source sucrose
is the most successful, although sorbitol and mannitol have

2been used in some cultures. Fructose has been beneficial
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in some cases and detrimental in others.^ Dextrose,
although a good carbon source, has generally given poorer

4results than sucrose. Risser and V.'hite found that 
dextrose was the only suitable substitute for sucrose in 
spruce tissue culture while fructose, mannose and raffinose 
on]y maintained growth at 50/5 of that on sucrose.

(2) Macro nutrients
Actively growing plant tissues require a continuous 

supply of inorganic elements and the composition of the 
mineral salts must be taken into account. Apart from 
carbon, oxygen and hydrogen the essential macro elements are 
nitrogen normally added as nitrate; phosphorus added as 
phosphate; sulphur as sulphate and potassium,present as the 
major cation. Magnesium, calcium, sodium and chloride are 
also essential, but in smaller amounts. Several mixtures of 
inorganic macro nutrients are in common use and Street has 
compared those in most common use in the following table. (Table II.I)



34
Tableil.I

Comparison of media macro-nutrients used in tissue culture 
(milligrammes per litre)

Constituent Miller Nitsch
and

Nitsch
Whit e Hildebrandt 

Riker and 
Duggar

Murashige
and

Skoog

KCl 750 1500 65 65

NaNO? 600

230 250 720 180 370

NaH^PO.H^O 2 4 2 125 250 16.5 33

CaCl^ZH^O 75 440

KNO^ 2000 80 80 1900

CaCl^ 25

Na_50,2 4 200 800

NH; NO, 4 3 1650

KH^PO^ 170

Ca(K0,)4H20 300 400
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(3) Micro nutrientG

Most media contain trace amounts of certain inorganic 
nutrients. Such substances are often present as contamin
ants of macro nutrients,but they are added to all the stand
ard media. The most common additives are boron, copper, 
iodine, iron, manganese, molybdenum and zinc. It is hard to 
demonstrate the effects of micro nutrient deficiency because 
of the difficulty of eliminating them from the macro nutrients 
used. Boron deficiency has been shown in callus and root
cultures of Helianthus annus and it was manifested as a

6 ^decrease in growth rate and lignification. Street recom
mends that iron should be added as sodium ethylenediamine 
tetra acetate to ensure a uniform release over a wide pH 
range.

(4) Vitamins
The number of vitamins included in published formulations

7 8varies greatly from two or three , to a large number.
Among the most common are p-aminobenzoic acid, ascorbic acid,
biotin, choline, cyanocobalamine, folic acid, m-inositol,
nicotinic acid, pantothenic acid, pyridoxine, riboflavine and
thiamine. Studies with root cultures have revealed that

9some vitamins may be synthesised in growth.

(3) Amino acids
Thp maintenance of callus or suspension cultures may

require the presence of selected amino acids. Cultures
obtained from Ginko pollen were to require arginine

and asparagine v/as found to be highly specific in the
IIstimulation of maize endosperm growth. Steward and

12Shantz reported that tryptophan with coconut water may
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stimulate growth and Skoog and M i l l e r o b s e r v e d  an enhance
ment of cytokinin induced organogenesis in media supplemented 
with tyrosine* Glycine has been included in Murashige and 
Skoog* s medium*^ and cysteine v/as used by Y/hite. A com
plex mixture of amino acids may stimulate or inhibit grov/th, 
and, according to Harris^^ some amino acids may antagon
ise one another. Coconut water contains a wide range of
a/nino acids but in sub-optimal concentrations for an effect 

17on growth. Yeast extract and casein hydrolysate have been
used as sources of amino acid. Stimulation of growth cavsed 
by the addition of amino acid normally only occurs if an 
inorganic nitrate source is present in the medium.

(6) Growth regulating substances
Few excised tissues are capable of maintaining sus

tained callus growth in the absence of added growth factors.
5Street has placed plant tissues in four categories.

(i) Tissues which require only an auxin or related 
growth regulator 

(ii) Those that require only a cytokinin
(iii) Those that require both an auxin and a cytokinin
(iv) Tissues which v/ill only respond to media contain

ing complex natural extracts.

Most tissue culture systems include both auxin and cytokinin
in the medium and a natural extract such as coconut water is
sometimes used.

T^e auxins and related grov/th regulators normally used
are indole-^yl-acetic acid (lAA), naphthalene acetic acid
(NAA) and 2,4-dichlordphenoxyacetic acid (2,4-D). According

I8to Kef ford and Goldacre plant grov/th substances such as
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lAA, NAA and 2,4-D are correlative regulators which predispose
cells to change, the exact nature' of which is • determined by-
other chemical regulators such as the gibberellins and cyto-
kinins. Cytokinins are, by definition, naturally occurring
substances and are present in extracts from green plants but
few of the natural cytokinins have been characterised.
Kinetin has been widely used to initiate and maintain grovrth
in callus cultures and is particularly active as an inter-

7actant with lAA or 2,4-D in tobacco pith cultures. The 
plant growth regulator requirements of different species vary 
greatly in type and concentration for optimum growth, organo
genesis or biosynthesis of specific products.

MURASHIGE AND SKOOG'S TOBACCO TISSUE CULTURE MEDIUI4

(1) Composition of the medium
Of the commonly used media many are based on White's

original macro-nutrient formulation ,designed for excised root
cultures. Kildebrandt, Riker and Duggar%9 improved the
medium for specific tissues and reported two new formulations
for the optimal growth of hybrid tobacco callus and sunflower

7crown gall devised by a triangulatioh method. Heller made
detailed studies of the mineral requirements of cultures of
carrots and Virginia creeper and the medium devised gave two
or three times greater yields than White's original mediurû,

7Murashige and Skoog found that none of these available media 
provided sufficient amounts of some of the essential elements 
for optimum grovrth of Winsconsin 33 Nicotiana tabacum cultures. 
They carried out experiments using White's modified nutrient 
solution, supplemented with myo-inositol and edamin, as a
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reference medium, to devise a better medium. Preliminary 
tests showed that doubling or quadrupling the levels of 
inorganic constituents increased the yield of tissue. When 
each element v/as increased to four times the original con
centration all except sulphur gave improved yield and 
increasing all the salts gave a greater effect than increas
ing any one element. White's medium v/as found to be 
particularly deficient in nitrogen and potassium.

Iron is a critical requirement for vigorous and prolonged
growth and Murashige and Skoog supplied it as NaFe-E.D.T.A.
chelate. Alterations in the range of concentrations of
copper, iodine and molybdenum had no effect on tissue grov/th.
The pH of the medium was adjusted to 5*7 or 3»3 with IN
hydrochloric acid or potassium hydroxide. This value v/as
selected because it v/as found that more acid or basic media
tended to drift towards this region during heat treatment. A
pH of 3*8 was found to keep all the salts in soluble form and v/as
low enough to allow growth and differentiation of the tissues,

7Brain (1938) and Steinhart (1962) had found that addition 
of myo-inositol promoted growth when other conditions were 
favourable and Murashige and Skoog included it in the medium.
No other changes were made in the vitamin content of the 
White's medium.

Carbohydrate was supplied in the form of sucrose and a 
concentration of 3% v/as found to be optimal for growth.
Agar was recommended at 1 % v//v to give a suitably moist but 
rigid medium.

7Murashige and Skoog found that the optimal requirement 
for either auxin or cytokinin increased with an increase in 
the other. The effect of a given combination at intermediate
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concentrations was found to vary from one experiment to 
another. Specific levels and ratios of
lAA and kinetin affected the form and texture of the callus, 
the development of plant organs and the vigour and longevity 
of the cultures. For the continuous grov/th of firm healthy 
callus over a period of two years 0.2 mg/litre of kinetin 
and 2.0 mg/litre of lAA were reported to be satisfactory. 
Higher levels of both auxin and kinetin were required for 
long lasting subcultures (2 to 6 months) and concentrations 
as high as J>0 mg/litre of lAA and 6 mg/litre of kinetin were 
employed. NAA and 2,4-D were tested as substitutes for lAA 
and,because of the lower rates of inactivation,levels of0.03 
to 0.2 mg/litre were satisfactory for callus growth. The 
medium v/as specifically designed to provide excess inorganic 
nutrients so that unintentional addition of Scilts, in plant 
extracts being screened for growth promoting activity, would 
not effect the tissue growth response.

Murashige and Skoog*s mediucZ was thought to provide a
good basic medium for the initiation of tissue cultures from
most plant sources although modification might be necessary

20for optimum grov/th. Preliminary work had shown that it 
v/as possible to initiate and maintain tissue cultures of 
Fenugreek on this medium for a period of several months with 
Sub culturing at 30 day intervals, when a supplement of lOjo 

v/v of coconut water was included and lAA replaced v/ith 10 
ppm NAA. The composition of Murashige and Skoog*s revised 
tobacco medium (MS medium) is shown in Tableil.2» Stock
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solutions of the medium constituents were prepared, see 
Tablelll.$,and fresh medium was prepared on each occasion 
that it was required.



Table II.2

The composition of Murashige and Skoog*s Tobacco
Medium.

Mineral Salts

41

Major Elements Minor Elements
Salts mg/1 llu'I Salts mg/1 mM
NH,NO. 4 3 1630 41.2 H3BO3 6.2 100

KNO 1900 18.8 MnSO^ZfH^O 22.3 100

CaClpRH.O 440 3.0 ZnSO 4H^0 8.6 30

MgSO fH^O 370 1.3 KI 0.83 3.0

KH.PO, 2 4 170 1.23 Nal4o0, 2H.0 4 2 0.23 1.0

Na^EDTA .37.2 ^^b.20 CuSO^^H^O 0.023 0.1

FeSO^TH^O 27.8 F^O.lO CoCl.&HgO 0.023 0.1

Organic Constituents

Sucrose 30 G/1 Agar lOG/1
Edamin (opt.)* 1 G/1 Myo-inositol 100 mg/1
Glycine 2.0 mg/1 Nicotinic acid 0.3 mg/1
Indoiacetic acid 1-30 mg/1 Pyridoxin HCl 0.3 mg/1
Kinetin 0.04-10 mg/1 Thiamine HCl 0.1 mg/1
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(2) Experiment of study change in pH of media after

autoclaving
7Murashige and Skoog reported that the effect of auto- 

claving of both acid or basic media was to shift the pH to a 
value nearer to 5*7-3*8. A preliminary experiment was 
carried out to estimate the change in pH which occurred v/han 
MS medium v/as supplemented v/ith \Qf}o v/v coconut water and 
autoclaved at 15 psi for 15 mins. It was found that our 
coconut water tended to buffer the medium at pH 5*25 and
quite large amounts of IN, potassium hydroxide or
hydrochloric acid solutions were required to change the pH 
prior to autoclaving.

A series of media were prepared over a range of pH 
from 5*2 to 6.4 and the pH of the media measured before 
and after autoclaving. The results, TableII.3 , do not 
agree v/ith the results obtained by Murashige and Skoog. In 
the presence of coconut water the pH of all the media fell 
on autoclaving. A linear relationship v/as obtained between 
the initial and final pH from pH 5*2 to 6.6, Fig.11*1 The 
buffering effect of the coconut water could explain the fall 
in pH in all cases except the trial media at 5*2 which fell 
to 5*1* A tobacco tissue culture pH of 5*7-5*8 had been
used by Murashige and Skoog. For work on Fenugreek the pH
of the medium before autoclaving was adjusted to 6 which

I

gave a pH of 5*65 after autoclaving.
Several trial samples were prepared at pH 6 and auto

claved and the pH of the autoclaved media were between 5*6 
and 5*7



43
Table II.3

The effect of autoclaving on the pH of Murashige and 
SkooKS medium supple:nented vâth ICP/o coconut water

pH before 
autoclaving

pH after 
autoclaving

3.20 3.11
5.39 3.23
3.64 3.39
3.89 3.38
3.99 3.63
6.24 3.79
6.43 3.93
6.63 6.07
6.80 6.00

Slope = 0.6727
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4c:
SEED SURFACE STERILISATION

The induction of a callus from a plant part occurs when 
a sterile explant is brought into contact with a nutrient 
medium known to induce and support cell division. In the case 
of seed, the sterile explant is acquired by surface sterilis
ation vfith a chemical reagent. After removal of the reagert 
with sterile water the seed can either be germinated, and the 
required part of the sterile seedling removed, or the seed can 
be placed on the medium, in which case, the callus is form id 
from mixed cells of the whole seed. The cultures used in the 
experiments in this thesis were induced from isolated cotyledons 
from sterile seedlings.

Several reagents have been used for the surface sterilis
ation of plant tissue explants, including bromine water and

5hydrogen peroxide. An experiment was performed to see if 
these reagents would be suitable for the surface sterilisation 
of commercial Fenugreek seed, which was subject to heavy- 
fungal spore contamination, A 20 seed sample of Ethiopian 
seed Rh.2602, which was used only in preliminary work, was 
immersed in bromine water for two minutes, aseptically trans
ferred to 10 volume hydrogen peroxide for ten minutes and 
washed with two quantities of sterile water. The seeds v/ere 
placed oh sterile Murashige and.Skoog’s (MS) medium, containing 
no auxin, and incubated for five days at 25°C. MS medium was 
used to provide favourable conditions for the growth of any 
fungal, contaminants present on the seed. After five days 
incubation,16 of the seeds showed signs of fungal infection,

21 22Toplin and Gaden used a V/o v/v solution of ̂ -propio- 
lactone as a sterilising agent for liquid media. In aqueous



solution this compound was unstable with a half life of 30 
minutes at 30°C. A 20 seed sample of Ethiopian variety 
RH.2602 was immersed in a 1% v/v aqueous solution of p-pro- 
piolactone for 30 minutes at 30°C. The seeds were washed 
tv/ice with sterile distilled water and incubated on MS medium 
as before. After five days only two seeds showed signs of 
contamination and 17 of the seeds had germinated. The 
seedlings were examined after seven days and five cotyledons 
showed signs of damage by the sterilising agent. Small areas 
of the normally yellow cotyledons were brown and appeared to 
be dead. The experiment was repeated with a 20 seed sample 
of the Moroccan seed RH.2336. All the seeds germinated and 
only two cotyledons showed signs of damage. No fungal con
tamination was detected after seven days incubation. The use 
of a 1% ^-propiolactone solution for the surface sterilisation 
of seed was adopted as a routine procedure.

THE INDUCTION OF CALLUS CULTURES FROM STERILE COTYLEDONS

A ten seed sample of RH.2336 variety was surface 
sterilised and incubated on sterile distilled water containing 
1% v/v of agar in the dark at 25^C. The cotyledons were 
removed from the seedlings and transferred to MS medium in 
which the lAA had been replaced by 10 ppm NAA and kinetin 
replaced by lÔ j v/v coconut water. Five cultures were grown 
in continuous light and five in total darkness at 23^C - 1°C. 
Undifferentiated callus first beca.me apparent at the cut sur
faces of the cotyledons after I4 days. Cotyledons exposed to 
the light became green after three days and the callus cells 
induced,retained the ability to produce chlorophyll. The
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callus tissue v/as removed after 30 days and sub-cultured onto 
fresh medium. The cultures continued to grow in an 
undifferentiated state in both light and dark conditions.
High concentrations of auxin have proved inhibitory to 
chlorophyll formation in some cultures. Sunderland^found 
that 1 ppm 2,4-D or 10 ppm NAA inhibited chlorophyll formation 
in Oxalis dispar cultures, but Fenugreek cultures grown in the 
light with 10 ppm NAA were not similarly affected. The 
tissue produced by cultures grown in the dark v/as pale yellow 
or white and became brown on ageing.
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PART II CHAPTER II

THE DETERMINATION OF THE OPT'IMUM CONDITIONS FOR FENUGREEK
TISSUE CULTURE GROVjTH

PLANT GROWTH REGULATORS IN TISSUE CULTURES
7The work of Murashige and Skoog showed that the 

specific levels and ratios of lAA and kinetin affected the 
callus vigour, texture and longevity, and the development of 
plant organs from tissue cultures. The conditions required 
for the successful initiation and maintainence of cultures 
vary v/ith species of plant and organ of origin. It is 
necessary to determine experimentally the optimum concentrat
ions of growth regulators for a desired tissue response. The 
concentrations and ratio of auxin and cytokinin which produce 
the most vigorous grov/th of a tissue culture may not stimulate, 
and may even inhibit, the biosynthesis of secondary products 
characteristic of the plant of origin. In the case of 
Atropa belladonna cultures a change in hormonal balance which
induced root development in a culture also resulted in alka-

25loid production in the previously alkaloid free tissue.
24Work carried out by Krikorian and Steward showed

that the type of auxin, as well as the concentration, can
affect the secondary products biosynthesised. The alkaloids
produced- in Catharanthus tissue on two media containing ICÇ̂
v/v coconut water and either 5 ppm 2,4-D,or 3 ppm NAA,
differed. The levels of 2,4-D, kinetin and sucrose were
found to affect the quantity of Klason lignin produced by

25Acer pseudoplatanus cultures. Studies on anthocyanin
26accumulation by cultures of Haplopapnus gracilis also 

illustrated how the biosynthesis of secondary product can
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be controlled by the level of grovrth regulator. Kaul, Stohs 

27and Staba found a 2,4-D concentration of 0.1 ppm optimal for 
diosgenin production by Dioscorea deltoidea tissue and sus
pension cultures.

Work on several species has also shown that the yield of 
characteristic secondary products from tissue cultures can
vary v/ith the cultures initiated by different workers.

28
Dawson reported that Nicotiana tabacum cultures lost the

28ability to produce nicotine after 28 days whilst Furuya 
reported that 3-year-old stem callus cultures contained both 
nicotine and anabasine. It is clear that any work carried 
out on plant tissue cultures must begin vn.th a study of the 
effect of auxin/cytokinin balance on the particular tissue 
callus culture initiated.

A series of experiments v/ere,therefore, carried out to 
determine the growth response of the cultures (initiated from 
Fenugreek cotyledons) to different concentrations and to 
different ratios of growth regulators.

GROWTH RESPONSE OF FENUGREEK TISSUE CULTURES TO DIFFERENT 
COMBINATION OF GROWTH REGULATORS

(1) Growth response on induction medium
In these experiments 100 ml sterile plastic pots each 

containing 20 ml of medium and an innoculum of about 50 mg
I

(weighed accurately) of tissue were used. The response of

the tissue to these conditions was determined with the
original medium,so that a suitable growing time would be 

thedetermined fmy quantity of medium to be supplied in sub

sequent experiments. Ten replicates were grown in contin

uous light and ten in continuous dark. The fresh weight of
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each replicate was determined at intervals, by removing the 
individual tissues from their jars aseptically and weighing 
them in a tared empty sterile jar.

The growth index, calculated by the formula

Final fresh wt. - Initial fresh wt.
Initial fresh v/t.

was determined for each culture, at the time periods shown.
Tables II.4 to II.7

From graphs, Figs.%1.2 and 11,3 , it can be seen that
after an initial lag period of about 3 days, the tissue
increased in fresh weight rapidly until 43-30 days in the
light grown tissue and 33-60 in the dark grown tissue.
The initiation of the rapid grov/th rate occurred earlier in
the tissue grown in the light. The results show a linear
growth phase between 20 and 33 days for light grown tissues

29and 30 and 60 days for dark grown cultures. Caplin, in a 
similar experiment, found that the variation in growth rate 
which occurred between replicates on a given medium increased 
with age. This was not the case in this experiment, and it
can be seen that the 93?̂  confidence interval for the population
mean weight for each determination remained at approximately 
- 20̂  ̂ throughout the growth period. The growth rate of the
tissues grown in the light decreased after 40-30 days and
that of the dark grown tissues diminished after 33 days.

Murashige and Skoog*^ chose a growth period of 28 days for 
media evaluation experiments because it extended past the 
linear growth phase. For Fenugreek tissue cultures grown in 
continuous light .the linear growth phase finished after 33
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Fig. II,2The mean growth response of ten Fenugreek
tissue cultures grown in the dark on MS
medium with NAA 10 ppm and coconut
water lOfo y/'
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Fig.11.3 The mean growth response of ten

Fenugreek tissue cultures gro\m in
continuous light on MS medium110 '

with NAA 10 ppm and coconut
water 10^ v/
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days. A growth period of 35 days v/as chosen for subsequent 
experiments..

(2) Variation of NAA concentration in the induction medium
The auxin concentrations of the media used for induction 

was compared v/ith media containing concentrations of .01, .1,
1 ppm and 20 ppm to see which gave the maximum increase in 
fresh weight in a 35 day growth period. Accurately weighed 
innocula of tissue were subcultured onto the trial media and 
grown in continuous light at 25^0 for 35 days. Ten cultures 
were grown on each medium and at the end of the growth period 
each culture was harvested, weighed and the grov/th indices 
calculated, TableII

The results, Fig. II*4 show that 10 ppm NAA produced a 
significantly greater increase in fresh weight than the other 
concentrations of auxin. Tissues grown on 20 ppm were yellow 
and two had died after 35 days. Similarly .01 ppm gave poor 
unhealthy cultures, three of which had died by the end of the 
period. Concentrations of 0.1, 1.0 and 10 ppm all/§reen 
healthy cultures. No organogenesis was observed in any of 
the cultures grown in this experiment. The NAA concentration 
of 10 ppm was maintained for stock cultures and a second line 
was initiated on 1 ppm NAA because the callus formed was more 
friable In texture, and might be more suitable for the 
initiation of suspension cultures. It was also hoped to com
pare the sapogenin and phytosterol constituents of the tv/o 
cultures after sustained growth at different auxin/cytokinin 
ratios.



Table II.8
Grov/th indices of tissue cultures grown on .MS medium 
with different concentrations of NAA and 10%v/v 

coconut water

.01 ppm 
NAA

.1 ppm 
NAA

1.0 ppm 
NAA

10 ppm 
NAA

20 ppm 
NAA

70.00 33.43 102.34 138.97 134.04
44.91 74.03 79.31 220.21 108.23
14.98 60.36 126.39 189.82 113.62
34.03 28.64 97.74 136.73 98.91
29.49 91.66 93.99 73.48 118.36
26.68 44.78 93.6p 130.37 32.93
77.44 64.33 143.74 119.44 63.32
38.44 14.97 81.98 88.73 73.12
38.31 30.33 96.33 177.22 91.37
32.77 33.84 133.96 136.92 96.23

X 44.70 32.04 103.76 143.41 93.62
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Pig.II.4 Growth response to different 
concentrations of NAA
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(3) Variation of the volume of coconut water supplement in 

the induction medium

Coconut water is the liquid endosperm of the fruit of 
Cocos nucifera. V/hen the embryo grows it sends out part of 
its cotyledons into the centra], cavity a n d  forms a spongy 
cellular tissue which grows at the expense of the endosperm.

In 1941 J. van Overbeek ̂  first used coconut water as a 
growth promoting supplement. Immature excised Datura 
embryos would only grow on a basal medium when it was supple-

29mented with unautoclaved coconut milk. Caplin and Steward
found that tiny explants of secondary phloem from carrot root
grew into an undifferentiated mass at many times the basal
rate of growth if White’s liquid medium was supplemented v/ith
13/b v/v of coconut water.

Many others have found that coconut water is a stimulant,
cell

which induces and maintains growth in a variety of plant/cultures.
30Morel and V/etmore obtained the first tissue culture from a

monocotyledon by adding coconut water and 2,4-D to their
10medium. Tulecke found that it promoted growth of a tissue

culture obtained from Ginko pollen.
12,Steward and Shant% 'attempted to isolate an active 

growth promoting factor from coconut milk. They succeeded 
in isolating 1 ,3-diphenylurea but it was only active in the 
stimulation of carrot cultures in the presence of casein 
hydrolysate. They finally concluded that the activity of 
coconut water results from the interaction of a number of 
substances.

31kitsch broadly classified the constituents of coconut 
water as:
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(i) An auxin which is unidentified. The activity 

of this compound is increased by autoclaving 
due to the hydrolytic release of more auxin 
from a bound state

(ii) Cytokinin in the form of zeatin riboside

(iii) A neutral fraction of the sugar alcohols
sorbitol, scyllo inositol and myo inositol

(iv) A reduced nitrogen fraction 
17Tulecke et al have carried out extensive studies on 

the chemical composition of coconut water from both mature 
and immature fruits. They reported the presence of shikimic 
and quinic acids which in combination «with the other organic 
acids present, malic, citric, succinic and pyrrolidone 
carboxylic, were found to have grov.i:h promoting properties in 
holly stem cultures (Ilex aquifolium).

The commonly used concentration of 10̂ 6 v/v was also found 
to provide a large sugar supplement of up to l./f g/litre. The 
sugars present were sucrose (890 mg), glucose (246 mg) and 
fructose (251 mg).

The relationship between the free amino acids and vitamins
is thought to be a significant controlling factor in the growth

32of some plant tissue cultures. Paris, Duhamet and Goris 
made up media containing the vitamins and amino acids which 
are known to occur in coconut water. Crown gall tissue grew 
as well on this medium as on medium containing whole coconut 
water.' The use of amino acid or vitamins alone did not pro
duce the same response.

Tulecke^Found a high content of free amino acids in the 

endosperm of mature fruits and calculated that 10/ v/v
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supplement would provide a medium concentration of 75*7 mg/
litre of total amino acid. He identified and determined the
following amounts of the amino acids in the autoclaved water
of mature fruits, Table II. 9

12
Steward et al have also isolated the free amino acids and

none of the individual amino acids have shown any growth pro-
12moting activities although Steward did show growth 

promotion by 1,3 diphenyl urea. This substance shows a 
striking chemical resemblance to the Dupont herbicide CMU.

  H— C— H

I
1,3-Diphenyl urea C.M.U.

The vitamins of coconut water have been studied by
17Vanderbilt and those detected are shown in Table%p,%o

The mineral contents of coconut water were studied by 
McCance and Widdowson T a b l e n . n

17Tulecke observed that a ICÇo v/v supplement would only pro
vide vitamins in sub-optimal concentrations for the growth of 
most plant tissues and that the growih of a specific tissue 
might be improved by enrichment with some of these substances.

An'experiment was carried out to study the effects of 
different concentrations of coconut water supplement on the 
growrbh of Fenugreek tissue cultures. A series of media were 
prepared with supplements of 0, 5, 10, 13 and 2Cf,o v/v. No 
other source of cytokinin was added and the auxin concentration 
was maintained at 10 ppm NAA. Innocula were weighed and each
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Tablell,9

Amino acids present in autoclaved coconut 
water from mature fruit

t!---- -! Aspartic 11.4 '^g/ml
Glutamic 104.9
Serine 83.0
Glycine 18.0
Asparagine 23.3
Threonine 27.4
Alanine 198.0
Glutamine 2.0
Histidine TRACE
Lysine 13.0
Arginine 20.7
Proline 12.9
Valine 13.3
Leucine 33.0
Phenylalamine TRACE
Tyrosine TRACE .
Y  Aminobutyric 173.2
Hydroxyproline 8.2
Homoserine 8.8
Met hi 0 ni ne TRACE

Total 737.3
reproduced from ref.17



Table II.10

Vitamins present in coconut water

64

Compound pg/ml

Nicotinic acid 0.64
Pantothenic acid 0.32
Biotin 0.02
Riboflavin 0.01
Folic acid 0.003
Thiamine TRACE
Pyrodoxine TRACE

reproduced from ref.iy



Table II.II

Minerals present in coconut milk

65

Mineral Mg/IOCG

Potassium 312.00
Chloride 183.00
Sodium 103.00
Phosphorus 37.00
Magnesium 30.00
.Sulphur 24.00
Iron 00.10
Copper 00.04

reproduced from ref.17
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added to 20 ml of i;iedium in plastic sterile jars. Murashige

7and Skoog used pieces of callus weighing between 40 and 50 

mg in their evaluation of media and similar weights were used 

in this experiment. The cultures were grown in continuous 

light (provided by warm white fluorescent tubes) for a period 

of 35 days, after which they were harvested and the growth 

indices calculated, Table II.12

The results showed that the 10% v/v provided the maximum 

increase in fresh weight over the culture period. The 

yield was significantly greater than that of all but the 1%  

v/v trial medium. Fig. 11,5 It was observed that the poorest 

growth occurred in cultures with no coconut water and 

hence no cytokinin and by the end of the culture period some 

of these cultures were showing signs of dying. Fenugreek 

tissue cultures would, therefore, appear to be dependent on 

the presence of exogenous cytokinin in the medium.

A supplement of 20% v/v gave a significantly lower yield 

than lÔ o v/v and it was concluded that some factor in the 

coconut water v/as inhibitory to growth at this concentration.



Table II. 12

Growth indj.ces of tissue cultures ^rown on different 
concentrations of coconut water sunolement

67

50 ml/1 100 150 200 0

16.60 16.60 20.87 12.7 7.47
25.74 38.94 19.27 19.39 10.58
24.54 34.89 20.17 25.87 7.76
22.89 32.19 27.99 33.25 11.54
16.21 16.60 29.90 26.57 13.73
16.99 16.76 15.08 12.94 4.69
18.25 29.37 21.44 15.60 7.63
10.06 15.89 24.92 18.60 6.49
18.96 33.18 18.52 16.60 9.78
26.66 23.31 25.77 13.43 9.71

19.69 26.27 22.19 19.47 8.938

196.9 262.7 221.9 194.73 89.38
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Pig. lI.^Grow^ response to different concentrations
of coconut water
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(4) The use of 2,4~dichlorophenoxyacetic acid as a growth 

regulator

Of the growth regulators employed in tissue culture,2,4”b
27has been widely used. Kaul and Staba found that a con

centration of 0.1 ppm provided the optimum concentration for 
dijsgenin biosynthesis in Dioscorea deltoidea suspension and 
callus cultures, Heble et b± ^  ,however, report ed that dios- 
genin biosynthesis was enhanced in Solanum xanthocarpum 
tissues when 2,4-b v/as replaced by lAA or IBA,but the sito
sterol content was reduced by three-fold. Tomita et aH?^ 
cultured Dioscorea tokora cultures containing diosgenin on
Linsmeier Skoog medium vith a 2,4-D content of 10 whilst 

35Mehta and Staba used 3 Ppm 2,4-D for cultures of Dioscorea 
composita.

36More recent work by Khanna, Mohan and Nag reports the 
use of 1 ppm 2,4-D for tissue cultures of Fenugreek in an 
investigation of antimicrobials from plant tissue culture.

37Khanna and Jain adopted the same concentration in their work

on sapogenins from Fenugreek tissue and suspension cultures. 
38Brain et al employed a range of 0.1 to 1 ppm 2,4-D in sus

pension cultures of Fenugreek and obtained a maximum con
centration of 0.081/ m.f.b. of diosgenin wi.th 0.1 ppm.

A concentration of 0.1 ppm was therefore found to be 
optimal for diosgenin biosynthesis in D. deltoidea and Fenu-

I

greek suspension cultures when used with Murashige and Skoog’s
37medium. Khanna found that 1 ppm gave tissue callus cultures 

with very high (1.8% m.f.b.) sapogenin levels, but these 
results have not been confirmed by other workers.

No data was available regarding the growth response of
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Fenugreek tissue cultures to Murashige and Skoog's medium with
2.4-D as the auxin. An experiment was carried out to deter
mine the optimum, and minimum inhibitory concentrations of
2.4-D with regard to increase in fresh weight. Trial media 
containing .01, 0.1, 1 and 10 ppm 2,4-D and lÔ b v/v coconut 
water,and free of NAA,were prepared and the growth response of 
the tissue compared with a 2,4-D free control medium,contain
ing 10 ppm NAA and 10/ v/v coconut water, Table.I1I3.Tbe con
ditions employed were as in the previous experiments.

There was no significant difference in the fresh weight 
increase on .01, 0.1, 1.0 ppm 2,4-D and 10 ppm NAA, Fig.11*6 
The 10 ppm 2,4-D medium gave significantly less growth and it 
was concluded that this concentiation was inhibitory.
Increased concentrations of 2,4-D inhibited pigmentation and 
tissues of 1 ppm and 10 ppm were yellow. Tissues grown on 
.01 and .1 ppm were indistinguishable from that grown on 10 
ppm NAA.

Cultures were subsequently maintained for two years on 
MS medium with 10/ v/v coconut, water and .01, 0.1 and 1.0 ppm
2.4-D.
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Table IIJ3

The growth indices of tissue cultures grown on MS medium 

with different concentrations of 2,4-D

.01
2.4D

.1
2.4D

1.0
2.4D

10 ppm 
2.4D

10 ppm 
NAA

24.0 26.2 17.7 9.4 13.7
30.0 22.9 14.7 2.8 8.4
16.0 17.9 14.6 6.1 20.4
23.7 19.8 11.7 14.6 22.3
23.6 21.6 11.2 13.2 9.7
27.5 22.4 8.0 4.6 36.9
27.0 13.8 9.7 16.8 13.0
14.8 13.9 28.6 3.2 13.3
30.3 21.7 16.3 3.6 17.11
22.7 22.9 31.6 6.2 24.3

X 24.0 20.30 16.43 8.43 17.93
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(5) The growth response to hAA and kinetin

The use of coconut water as a supplement in the induction
of tissue cultures is widespread and it is considered by

•59Yeoman as difficult to surpass. It provides a complex
additive supplement anticipating the requirements of'the 
proliferating tissue.

Because coconut water is subject to variation and its
exact composition is not known, many workers subculture tissues
onto defined medium after induction.

The tissues cultured in these experiments were initiated
7and maintained on the Murashige and Skoog defined medium Vrâth 

a lO/o v/v coconut water supplement. After six months the 
supplement was withdrawn from some tissues and replaced by an 
alternative source of exogenous cytokinin, in the form of 
kinetin. A series of media were produced in which the balance 
of kinetin and auxin varied as is shown in Tablell.IZf.

Weighed innocula were subcultured onto the media and the 
tissues were grown, as before, for a period of 35 days. The 
cultures were harvested, weighed and the\growth indices 
calculated. Table 11,13

The results show a significantly greater increase in 
fresh weight of tissues grown with 10 ppm kinetin, at all auxin .... 
concentrations, than was achieved at any other concentration 
of kinetin, Fig. II.7 The control tissues grown on lO/o coconut 
water and 10 ppm NAA were not significantly different from 
NKJ (.1 ppm NAA and 10 ppm kinetin) or NKL (10 ppm NAA and 10 
ppm kinetin). Cultures grown on NKK (1 ppm NAA and 10 ppm 
kinetin) showed a significant difference from the control 
medium.



Table ïl.I/f

Combinations of r;AA and kinetin in trial 

media

74

K M  *
*

KinetinN^

.1 1 10

KK KK m i

0 A B G

KK KK KK
.1 D E F

KK lîK KK
1 G H I

KK KK KK
10 J K L

* mg/litre
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of NAA and kinetin
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The removal of cytokinin from the media resulted in

very little growth at all concentrations of NAA, confirming
the work vriith coconut water that the tissue required
exogenous cytokinin. In four replicates of rnvA (,1 ppm NAA
and 0 ppm kinetin) and three replicates of NKB (1 ppm NAA and
0 ppm kinetin) differentiation had talien place and primary
root structures of appro^dmately 2-4 nrn in length were
evident. No roots were observed on cultures grown on NKC
(10 ppm NAA and 0 ppm kinetin). The tissues on NKC appeared
healthier than those on NKA and NKB and resembled tissues
grovm in the presence of cytokinin in both colour and texture.
Root formation is the most common form of organogenesis in

40both tissue callus cultures and suspension cultures. The
phenomenon was first observed by Nobecourt^^in carrot cultures.

41and was subsequently reported by Skoog and Miller and 
42Torrey. Routs will form from whatever part of the plant

the explants are taken and are normally distributed irregularly 
over the surface of the callus. They resemble normal roots 
in the meristem and differentiated area behind,but the base 
ends blind in the parenchyma.

43Gautheret (1943) first showed that auxin at optimal
concentrations could induce root primordia. The classical

41example,demonstrated by Miller and Skoog ,was on pith
parenchyma of tobacco callus, . In this case high auxin and low
kinetin'levels inducedroot formation whilst a high kinetin to

40auxin ratio resulted in the initiation of shoots. Reinert
states that there are few observations v/ith other tissue
cultures supporting the principle that organogenesis is
regulated by quantitative shifts in the ratio of hormones.

40
Stichel (1959) concluded that in many of the cases of
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reported root formation the absolute concentration of the 
auxin in the medium is a controlling factor. Little is 
knovm about the influence of exogenous factors on organo
genesis. Low light intensity has been shown to stimulate 
bud formation in tobacco cultures whilst high light intensity 
will inhibit it. It has also been demonstrated that light 
can exert a positive influence on rhizogenesis in artichoke

43cultures.
It would not appear from the results of this experiment

that root induction in Fenugreek cultures is solely dependant
on the absolute concentration of auxin. No roots were
observed in any of the callus grown on media containing even
as little as 0.1 ppm kinetin. The absence of root formation
at the highest auxin level could possibly be explained by the
fact that in carrot and pea cultures auxin has proved

40inhibitory at certain concentrations. Kinetin or high
auxin concentrations therefore appear to be inhibitory to root 
formation but no definite conclusion can be drawn because the 
influence of physical factors,such as light and temperature, 
have not been studied.

None of the media at the highest auxin and kinetin con
centrations in this trial demonstrated an inhibitory effect on 
the growth of the cultures and a second experiment was carried 
out v/ith. a range of kinetin concentrations up to a maximum of 
20 ppm, Table II.I6 The largest concentration used v/ith this 
medium in the growth of tobacco callus cultures by Murashige 
and Skoog was 10 ppm.
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(6) Further investigation of the growth response to NAA and 

and kinetin

The results of the second trial are given in Table II.17 
A concentration of 20 ppm of kinetin did not produce a 

significant difference in the fresh weight increase from 10 

ppm kinetin at the NAA concentrations used, Fig.II.8,At all 
liinetin concentrations the media containing 0.1 ppm NAA gave 

lower fresh weight increases than the media containing 1 and 

10 ppm NAA. Only one medium NKBH produced a greater increase 

than the control.

It was concluded that the tissue requires an exogenous 

source of cytokinin and growth can be sustained on the MS 

medium in the absence of coconut water. The increase of 

kinetin concentration above 10 ppm gave no further increase 

in fresh weight yield under the conditions employed in the two 

experiments.

In both experiments only the medium containing 10 ppm 

liinetin and 1 ppm NAA showed a significant increase in yield 

over the control medium containing 10 ppm NAA and 10/ v/v 

coconut water.



Table II.I6

Combinations of NAA and kinetin in media used
in the second trial

\  NAA*
*

Kinetin\

.1 1 10

NKB NKB NKB
1 A B C

NKB NKB NKB
5 D E F

NKB NKB NKB
10 G H I

NKB NKB NKB
20 J K L

* mg/litre
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(7) Growth response to 2,4-D and kinetin

A similar experiment was carried out v/ith tissues grov/ing 
on MS medium with 2,4-D* In a previous experiment con
centrations of .01, .1 and 1 mg/litre had maintained the 
growth of tissues on MS medium with coconut water supplement.

After six months growth the supplement was withdrawn from 
sub-cultures of the tissue grown on .01 ppm 2,4-D. A series, 
of media, containing 2,4-D and kinetin, were prepared as shown 
in the table and cultures were grown and evaluated as b e f o r e . (Table 
Il.I^kultures grown on .01 ppm 2,4-D gave increased yield/, of 
tissue with increased kinetin, but the maximum yield,at 10 ppm 
kinetin,was not significantly better than the control, Fig.11*9 
At higher concentrations of 2,4-D, changing the amount of 
kinetin in the media had little effect on the grov/th.



Tableil.lS

Combinations of 2,4-D and Kinetin in trial 
media

\ 2 , 4 - D
N. *

*
KinetlnV

.01 .1 1

DK DK DK
0 A B G

DK DK DK
.01 D E F

.1 DK DK DK
G H I

DK DK • DK
. 1

_ _ 1 _

J K L

DK DK DK
10 M N 0

♦ mg/litre
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THE ADDITIÜ:; OF I-iFVALOdIC ACID TO THF CULTURE IlSDIUI-l

The iuccrpoPc.tion of Lievalonic acid (MVA) into the bio

synthetic pathways of the plant growth regulators has been 

demonstrated. In Gibborella fujikoroi^^ MVA was shown to be 

incorporated into the synthesis of gibberollins via a diterpone 

precursor geranyl gcranyl pyrophosphate. Tritium labelled 

mevalonate was utilised in the synthesis of abscisic acid in 

avocado pears. Chon and Hall demonstrated that the

incorporation of labelled MVA into tobacco pith cultures

partially replaced the culture requirements for cytokinin. The 
1'-2-C ‘-mevalonic acid was specifically incorporated into the

11 ( /\ "̂“-Isopcntenyl)adenosine residues of t-HHA and it was

postulated that MVA was a precursor of the natural cytokinins.
49Subsequently, McChesney ootaincd growth stimulation in some

culture medium containing the auxin and cytokijiin normally

required by the tissue. Furthermore, the optimum concentration
-7of MVA for a growth stimulation was very low (10 A) and it was

considered that MVA was acting as a hormone, rather
49nutrrent. f.cC.iesnoy deccricod th.3 type of growth stimulation

as being different to that obtained with gibberellins and con-
48curred with tne hypothesis of Cnen and Hall that i-VA was

converted to a natural cytokinin in some of the cultures examined,

The hypothesis was supported by his success in establishing a

cytohinin independent, MVA dependent,tissue culture from a
49normally cytohinin-dopondent culture. McChesney recommenced 

the routine incorporation of an MVA sup_.lr....ent ntn tdio ĉ rlr of 

slow growin j cultures \;hore the usual syntnetic c 'tohinin agents
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did not prove satisfactory.

An experiment was performed in which MVA was added to the 

MS medium, containing 10 ppm ixAA and 10>6 v/v coconut water, on 

which Fenugreek tissue cultures had been established. The 

range of concentrations employed by McChesney was adopted and 

the increase in fresh weight of cultures was recorded after a 

35 day growth period. MVA was added to autoclaved, cooled, 

medium, after sterilisation by membrane filtration, to provide 

final concentrations of 10 ^ , 10 10 10 ^ and 10 ^^moles/

litre. Tissues of known weight were grown in sterile plastic 

jars containing 20 ml of medium at 25° - 1° in continuous 

light (1500-1800 lux). Fifteen replicates were grown on each 

of the trial media and on a control medium containing no MVA 

supplement,

49McChesney examined nine different cultures for MVA 

growth stimulation, but only obtained a response from five.

The growth rates of three cultures were unaffected and with 

one culture he observed a slight inhibition of growth. Four 

of the five stimulated cultures were strains of tobacco callus, 

and cultures of different plant species, such as soybean and 

H, gracilis, were not stimulated. In the experiment with 

Fenugreek cultures, no difference in growth response between 

the trial and control cultures was observed, (Table II, 20). It 

was concluded that the medium may itself have provided the 

optimum conditions for Fenugreek callus growth and that a supple

ment of MVA was unnecessary or, one or more constituents of the 

medium may have been a limiting factor. It is also possible 

that the effect observed by McChesney is limited to certain

callus cultures, particularly those of tobacco. Mevalonic
acid was not included in the medium formulation for Fenugreek 
cultures.



Table 11.20

The growth indices of tissues groim on MS medium with 

Mevalonic acid supplements

89

MVA Moles/''litre

0 10“^^ 10"^ 10-^ 10"^ 10-5

26.4 48.8 27.2 55.2 23.1 14.4
22,7 16.8 55.2 36.2 20.4 15.5
15.5 14.5 17.5 18.9 21.6 17.4
41.0 54.0 19.9 24.6 55.8 25.5
55.9 54.0 23.2 34.1 34.6 44.5
59.7 52.6 25.1 43.2 50.8 29.4
25.5 46.5 21.2 26.9 29.1 59.5
22.2 15.2 24.2 21.0 15.4 52.7
27.9 29.4 12.9 15.9 31.0 28.6
55.5 19.5 10.5 23,1 27.0 26.6
15.0 12.2 23.6 45.7 20.7 23.2

29.5 23.6 18,1 23.7 ■ 25.0 18.3
51.8 22.7 24.5 52.5 23.9 25.7
54.1 19.4 55.8 21.4 18.4 23.8
27.5 25.8 27.1 29.6 19.1 26.9

an 28.5 26.1 22.9 50.0 26.3 25.6
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PART II CHAPTER III

THE IDENTIFICATION OF PHYT-OSTEROLS AND SAPOGENINS 
IN ONE YEAR OLD TISSUE CULTURES

THE EXTRACTION AND E)L4MINATI0N BY T.L.C. OF PHYTOSTEROL 

AND fSAPOGENIN FRACTIONS

Spirostanols and phytosterols were isolated from a one 
year old tissue culture which had been repeatedly sub
cultured at 30 day intervals. A sample of callus grovm in 
continuous light, on MS medium v/ith 10 ppm NAA and IO/3 v/v 
coconut water, was dried and hydrolysed with 2N hydrochloric 
acid. The residue v/as made alkaline, dried and extracted for 
24 hours with light petroleum. The crude extract obtained 
contained the free and aglycone phytosterol and sapogenin 
fractions.

Thin layer chromatography of the extract on a silica gel
G layer, with a solvent of hexane:ethyl acetate 4:1, gave spots
corresponding in colour reaction and Rf value to spots of

Kyclroiyjcct.standard diosgenin 0.27 and sitosterol 0.4. A crude,/petrol 
soluble extract, obtained from 2.3 S of the seed RH.2356, from 
which the tissue cultures were derived, v/as also run for com
parison. The plates were sprayed with antimony trichloride 
(300ÿ$(̂ la conc. hydrochloric acid) and the distinctive purple 
colour, given by diosgenin and phytosterol on warming, occurred 
in both the standard and unl^nown spots. The spots obtained were

I
similar in both extracts, Fig. II J%n the seed extract the inten
sity of the spots corresponding to diosgenin and sitosterol 
standards were of similar intensity. In the tissue culture
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Fig. II.10 TLC examination of crude steroid extracts from Fenugreek

tissue cultures and seed .
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extract the spot corresponding to diosgenin was weal^er than 

the spot corresponding to sitosterol. The compounds cor

responding to diosgenin and sitosterol were isolated by 

preparative T.L.C. (see experimental) from callus extract. 

Sufficient material, approximately 800 pg of phytosterol and 

200 yig of sapogenin, was collected for a G.L.C. analysis.

THE IDENTIFICATION OF PHYTOSTEROLS AND SAFOGEKINS

(1) Analysis of phytosterols by G.L.C.

Gas liquid chromatography has been used by many work'.rs

in the examination of phytosterols. The

use of OVIOI or SE30 columns is common,with
33either nitrogen, or helium,carrier gas. Grunwald preferred

to use SE30 and helium carrier gas for the analysis of free

phytosterols, because he obtained a better separation and less

tailing, vELthout the necessity of forming T.M.Si-ethers.

Y/ith nitrogen carrier gas and OVlOl stationary phase columns,
32Jefferies was unable to obtain the same retention times, or 

weight relative sensitivities as Grunwald, and found it 

necessary to form T.M.Si derivatives and reduce the length of 

the columns from 2 to 1 metre.

The 1 metre OVIOI columns did not provide a satisfactory 

separation of the phytosterol extract of callus, because of the 

presence of a second major peak- adjacent to sitosterol. Fig.II.12.
I

A pair of 6 ft stainless steel columns, packed with 
SE30 2%)& on chromosorb G 80-100 mesh, gave a satisfactory

separation with sterol T.M.Si-ethers, at their maximum
, . . . ,of, 230?’worKing -cempera-cure/vvitxi niLrogen carrier gas.

51Geuns had used 2 metre OV-l? 3/b columns for sterol 

analysis and a pair were packed and compared v/ith the



SE30 columns. The OV-l? columns gave no better separation 
than the SE30‘s and required a higher v/orhin;; temperature of 
270^0 for the same retention times. The final conditions 
chosen for the initial analysis of the sapogenin and phyto
sterol fractions v/ere; SE30 2%/j 6 ft V" coluiiins, with injection 
temperature of 280°C, oven temperature of 230°C and nitrogen 
carrier gas at 60 ml/min. All fractions were introduced as 
T .li. Si-et her s.

(2) The determination of phytostcrol retention times 
relative to cholestane

The mixed phytosterol T.li.Si-ether was prepared v/ith an 
internal standard of cholestane, and the retention times of 
unlinown peaks relative to the internal standard, compared with 
similarly treated pure sterol standards. Table Ii,2I

Four peaks were obtained, three of which corresponded to 
the standards of cholesterol, campesterol and sitosterol, 
previously reported in Fenugreek seed, Fig.dJIIt was thought 
that the major peal: adjacent to the sitosterol was either 
diosgenin impurity, or stigmasterol. The relative retention 
time corresponded exactly with stigmasterol standard and 
further investigation by T.L.C, showed no sapogenin in the 
phytosterol extract. The proximity of the stigmasterol and 
sitosterol pealis was the reason why the 1 metre OVIOI columns
proved unsatisfactory for the callus extracts (see FigJ1.1^.

52Jefferies had found that 9O/0 of the phytosterol from the seed 
v/as sitosterol and his separations were not troubled by 
stigmasterol.
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Table II.21

Relative retention times of standards and unknowns 

T.M.Si-ethers with cholestane as an internal 

standard

Mean of two determinations. 

Standards

Cholesterol 2.10
Campesterol 2.55
Stigmasterol 2.76
Sitosterol 3.16
Diosgenin/yamogenin 2.83

Phytosterol fraction 

A 2.10
B 2.60
C 2.80
D 3.30
E 2.36

Sanogenin fraction 

2.82
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(3) G.L.C. analysis of the saro^enin fraction

The sapogenin fraction,corresponding to the diosgenin 
standard,was analysed as a T.M.Si-ether,as before. The 
sample gave one peali, Fig.II*13 , and the relative retention 
time of this corresponded to that of a diosgenin/yamogenin 
standard mixture.

It was found that a T .I-i. Si-ether of the standard 
diosgenin/yamogenin mixture gave sharper peaks^with greater 
sensitivity and less * tailing’, than the free sapogenin.

The relative retention time of the sapogenin mixture was 
similar to that of stigmasterol, Table II.^ ^ n d  an infrared 
analysis v/as carried out to verify that the isolated fraction 
was sapogenin..

(4) The infrared analysis of the sapogenin fraction
34Eddy et al examined the complete spectra from 670- 

3000 cm ^ and concluded that the regions most useful for 
differentiating sapogenins y;ere 700-1400 cm ^ and the carbonyl 
region frOm I6OO-I8OO cm Wall et a]P%btained four
absorption bands in the IOOO-83O cm region of the spectrum 
highly specific for the spiroketal side chain. All four 
bands at 865» 900, 920 and 98I cm ^ must be present for a 
steroidal sapogenin v/ith an intact F ring to be present. The 
opening of the ring F results in the loss of the four bands

I

associated with steroidal sapogenin. The 3-^embered oxide 
ring E contributes little to the spectrum. The substitution 
of a hydroxyl into the methyl group causes the four 
characteristic bands of the 25-k series, e.g. diosgenin to be 
absent. Substitution in the 23-S series, e.g. yamogenin.
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results in a strong band at 911 cm and multiple bands at 
960 cm ^ and 995 cm

52
Jefferies analysed pure diosgenin and yamogenin and 

mixtures of the two. In the characteristic region IO50 cm ^ 
to 850 cm~^, see Fig.II.15» he found that pure yamogenin 
exhibited a stronger peak at 920 cm“^ than 900 cra*"̂  and in 
diosgenin the opposite applied. The 865 cm ?" band v/as sharp 
for pure diosgenin at 1 % in chloroform,but fell as the pro
portion of yamogenin in the mixture increased. The 850 cm ^ 
band for yamogenin was small and irregular and disappeared at 
a D:Y ratio of 1:1. For quantitative estimations of

56 52
diosgenin:yamogenin mixtures Wood and Jefferies both cali
brated for yamogenin on the 920 cm band and diosgenin on 
the 900 cm*"̂  absorption, the total steroidal sapogenin v/as 
calculated from the 980 cm ^ band.

In the experiments described in this thesis the T.L.C. 
and G.L.C. evidence of the presence of a mixture of diosgenin 
and yamogenin was confirmed by obtaining the spectrum of the 
fraction in the range I050-850 cm . A Hilger h800 double 
beam recording 'instrument with rock-salt prisms of 1 mm path 
length cell v/as used. A minimum concentration of 1% of 
sapogenin was required to obtain a response from the instrument 
and the, volume of the cell v/as 0.5 ml. The minimum amount 
of sapogenin mixture required v/as therefore 500 jxg,

52Jefferies had shown that the fixed oils, esters and 
sterol present in the crude extract from Fenugreek seed inter
fered with the infrared analysis of sapogenin mixtures and 

purified his extracts by adsorption column chromatography. 

Since the crude extract of tissue cultures was similar to
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diameter

that from the seed, a column 50 cm x 1.5 cm/was packed with 
activity II silica gel,in a slurry with a solvent of hexane: 
ethyl acetate 9:1,to a length of 15 cm. A crude extract, 
obtained from 10 g of dried tissue,was transferred to the 
column in a total of 5 ml of hexane:ethyl acetate 9:1 and 
eluted with the same solvent. The sapogenin was collected 
in fractions from I50 to 210 ml of solvent (see Fig.II* 14).
The use of, only 9:1 reduced the amount of pigment eluted v/ith 
the sapogenin. All traces of solvent were removed from the 
sapogenin fraction;which was dissolved in 0.5 ml of analar 
chloroform and transferred to the Hilger cell. The spectrum 
obtained is shown and compared with the spectrum obtained 
from the sapogenin of 2.5 S of seed RH.2556 obtained in the 
same way, see Figs.II.15 & II.16

(5) Diosgenin/yamogenin ratio of tissue culture and seed 
extracts

The ratio of diosgenin:yamogenin in the sapogenin 
mixture extracted from the callus tissue v/as compared v/ith the 
sapogenin mixture from RH.2556 seed. In the callus the ratio 
v/as D:Y 52:48 and in the original seed 60:40.

(6) Mass spectremetric analysis of the sterol fraction

A bulked sterol fraction (approximately 50 mg) v/as 
purified by re-crystalisation from, methanol and preparative 
T.L.C. A 20 mg fraction was recovered and the purity of the 
sample checked by converting 10 mg to the acetate derivative. 
The saDiple v/as run with a sitosteryl acetate standard, 
similarly prepared, on a 2Ĉ 6 silver nitrate plate v/ith 
benzene:hexane 1:1. No separation of the steryl acetate



FiëlI• IiToLoC. of fractions obtained from a 13 X 1.5cm coluinn activity II 
silica gel eluted with Hexane:Ethyl acetate 9:1._____

solvent front

e» 9 » 9

O o o o o O O so . fH OJ r\ in rH1 1— 1 1— 1 1— f iH rH OJ O (Do 1 1 1 1 1 1 -P  hO00 o o o O o o •H W
o\ o 1— 1 OJ m V) O

1— 1 H iH rH rH m A



Fig 11,15 The infrared, spectra of chloroform solubions of : - 
a) diosgenin; b) diosgenin:yamogenin mixture 1:2 
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Fig Ttie infrared spectra of chloroform solutions of diosgenin/ 
Ii'16 yamogenin extracts of a) fenugreek seed; b) fenugreek 

tissue cultureo
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fraction occurred and the spot detected corresponded to the 
standard (Rf O.42). G.L.C. analysis of the acetates showed 
the presence of all the pealcs previously observed. The 
retention times relative to cholestane were cholesteryl 
acetate 2.38, c.ampesteryl acetate 2,68, stigmasteryl acetate 
3.J2 and sitosteryl acetate 3*73. The T.M.Si-ethers of the 
sterol mixture was also obtained and showed the sample to ba 
pure, see Fig.II.17 The sample was sent to the Tropical 
Products Institute for mass spectrometric analysis. The riass 
spectrum of the mixture contained molecular ions at 386, +00, 
412 and 414 with their relative intensities being in the same 
order as the G.L.C. peali areas of A, B, C and D. Only the 
spectra of peaks C and D would be obtai.ned individually using 
G.L.C./mass spectrometric techniques because of the lov/ 
relative amounts of A and B present. Peaks C and D gave 
molecular ions at 412 and 414 respectively but comparison of 
the spectra with reference standards v/as not performed. The 
molecular weights of the two major pealis correspond with the 
molecular weights of stigmasterol and sitosterol and confirmed 
the earlier identification by G.L.C. retention times. From 
the presence of molecular ions at 386 and 400 in the mixture, 
coupled with the G.L.C. retention times of the minor pealis, 
it was thought that peak A was cholesterol and B was 
campesterol.
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PART II CHAPTER IV

THE DEIEmiNATION OF SAPOGENIN

THE EXT'PACT I ON OF STEROIDAL SAPOGENINS FROM PLANT MATERIAL
Much work has been done on the extraction of sapogenins

from plant sources v/ith special emphasis on the tubers of
species of Dioscorea and the seeds of Fenugreek.

57
Earlier workers extracted the saponins from powdered 

plant material v/ith a polar solvent, such as ethanol. The 
ethanolic extract v/as defatted wdLth ether and acid hydrolysed 
to release the water insoluble sapogenins. The sapogenin 
containing residue was made alkaline, dried and extracted v/ith 
an organic solvent.

58
Rothrock, Hammes and McAleer found the hydrolysis of

the saponin v/ithin the powdered plant material was more
practical. The subsequent extraction with organic solvent,
after neutralisation and drying of the material, had fewer
manipulative stages. In the extraction of diosgenin from the
Dioscorea species the method provided a very pure diosgenin
extract and they found that pulverised tuber hydrolysed with
2N acid for 2 hours gave the highest yield. Any increase in
the hydrolysis time ,or strength of the acid, reduced the amount
of diosgenin extracted.

It has been shown that spirosta-3>5-diene compounds are
'formed by, dehydrogenation of the corresponding spirostanols

59during acid hydrolysis of the saponins 
60

Yamauchi determined the conditions under, which spirosta- 
3,5-diene v/as formed from free diosgenin and a diosgenin 
glycoside, dioscin. He concluded that for the hydrolysis of 
the free glycoside, 4N aqueous sulphuric or 2N hydrochloric
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acid were the mildest reagents, producing the least diene. The 
same worker found a greater tendency for the formation of 
spirosta-3,5-diene from the glycoside, than from free dios
genin, The formation of diene was accentuated by the use of 
ethanolic acid.

Blunden, Hardman and Morrison confirmed the findings of 
58Rothrock et al concerning the optimum conditions of hydro

lysis and extraction from fresh tubers. From the difference 
of the diosgenin content obtained by densitometric TLC, and 
the value for diene plus diosgenin obtained by infrared 
analysis, they calculated that 5 to 7% w/w of spirosta-3,5- 
diene v/as produced during hydrolysis of Dioscorea tuber.

The extraction of sapogenih from whole Fenugreek seeds
52 59 62 63has been carried out by several workers. Bedou

59et al hydrolysed the seed v/ith IfN HCl for 3 hours and
obtained substantial amounts of spirosta-3,5-diene. Fazli 

62and Hardman used 2N HCl for 2 hours oh the whole seed and
calculated that only 3% of the sapogenin was converted to diene.

63 52Miller and Jefferies both confirmed that the conditions
62employed by Fazli and Hardman gave the optimum yield of 

diosgenin from intact Fenugreek seeds.
The need to neutralise acid insoluble residues after

38hydrolysis was shown by Rothrock et al and Blunden and 
111Rhodes to be necessary to stop decomposition of the sapogenin

64during drying and storage. Sofowora found lÔ o ammonia
solution to be the most satisfactory neutralising reagent and

63 52Miller and Jefferies adopted the same reagent.
The extraction of sapogenins from tissue cultures has been

50reported by several workers. Kaul and Staba refluxed the 
dried cells of Dioscorea deltoidea callus for four hours in



108
30% v/v HCl. The acid hydrolysed residue was filtered and 
washed v/ith water until the filtrate pH was approximately 7.
The washed residue was dried at 60°C for 8 hours and extracted

65with chloroform or benzene. Vagufalvi et al extracted dios
genin from ^olanum laciniatum tissue cultures. The method
involved the acid hydrolysis of dried saponin obtained by

38extracting the powdered callus v/ith methanol. Brain et al 
hydrolysed the defatted, dried callus of Fenugreek v/ith 2IT HCl 
for 2 hours and extracted for 24 hours with light petroleum.

34
T omit a et al refluxed dry Dioscorea tokbro callus v/ith 3%
w/v HCl in 70% ethanol for 5 hours. Water was added to the
ethanolic extract and sapogenin shaken out v/ith ethyl acetate.

37Khanna adopted a similar procedure for a quantitative
determination of sapogenin in Fenugreek callus.

66 32 
The method of Fazli, also adopted by Jefferies, using 2H

hydrochloric acid for the hydrolysis and light petroleum for
the extraction, v/as simple and produced small amounts of
spirosta-3,5-diene. The hydrolysis conditions of Kaul and 

50Staba appeared too severe when considering the results of60 62
earlier workers. Hydrolysis in the presence of

60ethanol was not 'considered suitable for the same reason.
During the design of the assay procedure, and the initial

attempts to screen developing tissue cultures for sapogenin,
52the hydrolysis and extraction procedure of Jefferies was

used. in the absence of sufficient cell cultures to carry out
trials it v/as the most appropriate method. The method was
later checked and the hydrolysis conditions, (21'ï hydrochloric
acid refluxed for 2 hours) were not changed although the 
solvent of extraction of the steroids was changed from light
petroleum to chloroform. It v/as found necessary to add about
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IG of Kieselguhr to the neutralised, hydrolysed residue
before oven drying to prevent caking and subsequent poor 
extraction,

THE QUAI-TITATIVL ERMIh'ATION OF STEROIDAL SAPOGENIN
(a) Infra-red spectrophotometry

Many methods have been devised for the assay of steroidal 
sapogenins in crude extracts from plants. Thé measurement of 
peak height in infra-red spectra has been used by several

55
workers. Wall, Eddy, McLennan and Klump .used an IR pro
cedure in the screening of plants for the presence of sapogenin. 
The extraction which involved the acid hydrolysis of alcoholic
extracts defatted with benzene was long and contained inherent

67
errors. Brain, Fazli, Hardman and Wood used a method
involving the acid hydrolysis of the plant material and IR
assay of the crude extract. This gave a reliable assay when

52applied to Dioscorea tubers. Jefferies found that removal
of fixed oil and phytosterol from the crude extracts was
necessary when assaying Fenugreek seed sapogenin and modified

67the method of Brain et al to include a separation of the 
sapogenin from sterol and oil by adsorption chromatography.
The method was highly reliable for extracts from 2.5g seed 
samples containing approximately 23 mg of sapogenin. The 
determinations were made on a Hilger h 800 double beam recording 
instrument fitted v/ith rock-salt cells of 0.4 ml volume. The 
minimum concentration of diosgenin/yamogenin required for a 
satisfactory spectrum was 2.3 mg/ml or 1 mg made up to cell 

volume. The normal working concentrations for the assay were 
4 mg/ml for seed extracts. The amount of dried tissue culture 
material required to provide 4 mg of sapogenin would have been
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approximately 20-25 S dry weight or 40-50 g for duplicates.
This is equivalent to 50O-6OO g fresh weight and the facilities 
for growing this quantity for each of a series of cultures in 
an experiment were not available.

(b) Thin layer densitometry
Thin layer chromatography coupled v/ith the scanning photo

electric densitometer was used in a technique developed by
68Blunden, Hardman and Morrison for the assay of diosgenin in 

Dioscorea tubers. A linear relationship was shown to exist 
between the logarithm of the weight of sapogenin applied, /Jid 
the square root of the absorbance of the spot produced. The 
experimental error of the method was found to be 7%.

The error of the assay v;as greatly reduced by the develop
ment of a template and syringe assembly which improved the

69 ,plate spotting technique, (Brain and Hardman ), coupled with 
the repeated determination of sample spots. Jefferies found 
that the method was satisfactory for Dioscorea extracts but 
required modification of the TLC solvent system for use wâth 
the complex extracts from Fenugreek seed. The method is,

52however, slow and Jefferies v/as only able to assay four 
samples a day and looked for a quicker alternative method.

Attempts were made to use the method for the determination 
of sapogenin from tissue culture extracts. It v;as found that 
the low sapogenin content in relationship to other components, 
especially phytosterol, made it impossible to obtain clearly 
defined and separated sapogenin spot^ at a concentration large 
enough for densitometric determination,without overloading the 
plate with other components. Later work showed the ratio of 
sapogenin:sterol to be 1:4 in hydrolysed culture extracts com
pared with 10:1 in seed and the method was not considered
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applicable to the assay of tissue cultures,

(c) UV spectrophotometry .
Ultra-violet spectrophotometry had been used by Walens,

70Turner and Y/all for the detection and estimation of steroidal 
sapogenins. The sapogenin v/as treated with 94% sulphuric acid 
at 40^0 for 16 hours prior to estimation. Purification of the 
sapogenin was necessary and multi-component samples required 
fractionation into single,or two-component,mixtures before 
assay. The number of steps required to achieve pure sapogenin 
from crude Fenugreek extract would have made the assay highly 
inaccurate.

For extracts of tissue culture an assay procedure must be 
sensitive to small amounts of diosgenin, preferably without the 
removal of the sterol. Both colourimetric spectrophotometry 
and gas liquid chromatography are sensitive to small amounts 
of compounds. A colourimetric method was available in which 
the presence of phytosterol did not interfere with the reaction.

(d) Colourimetry
71Yamagishi and Nal^amura assayed colourimetrically sapo

genin extracts of species of Dioscorea after acid hydrolysis of 
the extracted saponins and preliminary separation of the com
ponents by a ELorisil column. Diosgenin was estimated by a 
reagent prepared by dissol"/ing 26 g of antimony trichloride in 
5 ml of nitrobenzene and diluted with 1/lOth its volume of 
MeOH immediately prior to use. After heating at 60°C for 20 
mins the solution v/as cooled and the optical density at the A 
max of .500 nm v/as measured.

For the assay of tokorogenin / (25R)-5p-spirostan-lÿ^ 
triolj a reagent of antimony trichloride mixed with melted 
phenol in a ratio of 4:5 and with aAinax of 560nm was used.
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The method was found to be sensitive enough to detect 1%

diosgenin in a 10 mg sample (100 lug),
72Sanchez et al , also v/orking with Dioscorea, acid 

hydrolysed the saponin in the plant material and isolated the 

sapogenin by solvent extraction and thin layer chromatography. 

The diosgenin was extracted from the silica gel of the TLC 

plates with methanol. After filtration through a sintered 

glass funnel, the diosgenin was dried and treated v/ith a 

reagent of sulphuric acid-methanol 80 + 20. The resulting 

chromophore v/as determined spectrophotometrically at ĝ ax 

405 - Inm against a blanl^ after 2 hours, which v/as the optimum 
time required for the chromophore to develop a stable optical 

density.
73

Slack and Kader used 70-?2% perchloric acid which gave 

a yellow chromophore with diosgenin and a A ) 408nm in 

the assay of Dioscorea extracts that consisted almost entirely
63of diosgenin. Miller modified the procedure for the 

determination of diosgenin plus yamogenin in partially 

purified extracts from Fenugreek seeds.

THE CQLOUFIMLTPJC ASSAY OF DIOSGEIIIN AITD YAMOGEIÜN IN FENUGREEK 

TISSUE CULTURES
73

The extracts of Slack and Mader consisted almost

entirely of diosgenin v/ith traces of yamogenin, gentrogenin

(23R)-spirost-3-en-3p-ol-12-oneI and correllogenin 
r  ' 'I 63|_(23S)-spirost-3-en-3p-ol-12-oneJ. Miller found that the

plot of absorbance increase against concentration obeyed Beer 

Lambert's law for pure isomers of both diosgenin and yamogenin
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and mixtures of the two. Miller v/as therefore able to 
determine the total sapogenin content of seed extracts v/liich 
were known to contain the two isomers in the ratio of approxi
mately 3:2,as determined by the absorption column and IR

74method of Hardman and Jefferies. It was found that the 
cruae extract of seed contains phytosterol to sapogenin in the 
ratio 1:10 whereas in the tissue culture extracts this ratio 
v/as 4:1' The perchloric acid formed no chromophore v/ith 
phytosterol or gitogenin, but a colour reaction occurred v/ith

63the spirostadiene formed during hydrolysis. Killer removed 
this compound and the fixed oil, which also interfered v/ith 
the colour reaction, by adsorption column chromatography.

(a) Adsorption column chromatography of crude extracts

Thin layer chromatography of crude sapogenin extracts 
from seed, on silica gel G plates v/ith hexane: ethyl acetate 
4:1,showed that fixed oil and spirostadiene ran near the 
solvent front and diosgenin had an Rf value of 0.27

75Netting showed that the properties of silica gel are the 
same in layers and columns and hexane: ethyl acetate 19:1 v/as

63found by Hiller to remove fixed oil and diene from a column 
and leave the other components of the fraction adsorbed on the 
silica gel. No further separation of components v/as required 
and a very polar solvent v/as used to remove the extract as one 
fraction. ;from the column.

63
For 2.3 S seed samples Miller used a column of internal

diameter 1 cm packed with 6g of activity I silica gel as a
slurry in hexane: ethyl acetate 19:1. The crude extract v/as

transferred to the column 
quantitatively/with a total of 10 ml of the same

solvent. A further 90 ml of 19:1 v/as used to remove fixed
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oil and spirostadiene and this was followed by 10 ml hexane: 
ethyl acetate 1:1 and 50 ml of pure ethyl acetate to remove 
phytosterol plus sapogenin.

Insufficient quantities of tissue culture cells were 
available for use in the design of an assay and small 
quantities of seed extract were used to represent tissue ex
tracts. A 2.5 S seed sample extract was diluted to 50 ml in 
petrol and 1 ml quantities containing approximately 500 jig of 
diosgenin/yamogenin used in experimental work. It was found 
that, with a column of i.d. 0.5 cm packed with silica gel 
Activity II to a height of 24 cm, all the fixed oil and diene 
and some phytosterol could be removed v/ith 30 ml of hexane: 
ethyl acetate 9:1. A further 16 ml of hexane:ethyl acetate 
1:1 completely removed the diosgenin/yamogenin.

(b) Colourimetric assay
Miller made the extract from a 2.5 g seed sample up to 5 

ml with chloroform and added 5 ml of perchloric acid to a 20 
jil aliquot,containing approximately 100 ̂ g of diosgenin/ 
yamogenin. The assay for tissue culture extracts was modified 
so that for a 2 g callus sample the sapogenin fraction made up 
to 5 ml v/ith chloroform and aliquots of 1 ml were taken for 
assay. A 5 ml volume of perchloric acid was added to the 
sapogenin after removal of the chloroform by evaporation. The 
sapogenin and acid were agitated and centrifuged to remove a 
scum which tended to form, by depositing the scum on the upper 
part of the centrifuge tube. The determination was carried 
out after a total reaction time of 10 minutes and the absorb
ance was measured at 408 nm against a reagent blank. Deter
minations were made on a 3 ml aliquot of the perchloric acid
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solution (from the centrifuge tube) in a 1cm silica cuvette 
using an SP600 spectrophotometer.

(c) The calibration curve for the determination of Diosgenin 
and Yamogenin by the colourimetric method

63Miller obtained linear relationships for the increased 
absorbance with concentration for both isomers. He was ablo 
to determine the ratio of the two isomers in seed extracts 
from their infra red spectra and obtained a linear response 
for the isomers in the ratio found in seed extracts. The 
ratio of diosgenin/yamogenin present in tissue cultures was 
not known when the procedure was used,because no material was 
available for IR investigation. A calibration curve was 
therefore prepared using a diosgenin yamogenin mixture in the 
ratio found in the seed from which the tissue cultures were 
initiated (D;Y 3:2).

A series of standard solutions were prepared and four 
determinations were made per standard. The mean absorbance 
value for each standard was calculated and a calibration 
curve prepared. The results are shown in Table 11.22 and the 
calibration curve in Fig.II*l8
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Table 11.22

Preparation of a calibration curve for the determination of 
DiosKonin/Yamo/^enin by the Colourimetric Assay

Diosgenin + 
Yamogenin

/ng
Mean

Absorbance

10 .0491
20 .0899
30 .1349
40 • 1884
60 . 2807
80 .4078
100 .4711

Slope = .0048829

Confidence Interval
Syx^ = .0001528 

Sy^ = .0000218 

Sy = .00467



0.4 "

117

ÏÎVl8 The colourimetric assay calibration curve 
for a standard diosgenin/yamogenin mixture

0.4

o.:5

0)i
Iw
a 0.2 •

0.1 «
I

* . w ' • ' '
20 40 60 80 100

yig of diosgenin/yamogenin mixture



118
(d) Estimation of the error of the column recovery and colouri

metric determination procedure 

A standard solution containing 100 jig of diosgenin/ 

yamogenin standard and 1 mg of acid hydrolysed, sapogenin free, 

Fenugreek oil, per ml v/as prepared in chloroform, A 5 cil 

aliquot of this solution v/as added to each of ten 100 ml 

round-bottomed flasks and evaporated to dryness to simulate x 

petrol extract. The sapogenin v/as separated from the fixed 

oil by column chromatography and colourimetrically assayed. It 

v/as found that the volumetric flask used to adjust the column 

separated sapogenin extracts to volume contained A.94 ml and 

not 5 Dll. The final theoretical total sapogenin recovery v/as 

accordingly 101.2 jig/ml. Two colourimetric assay determin

ations were carried out for each of the ten samples. From the 

mean absorbance value the sapogenin present v/as calculated.

Mean Absorbance Diosgenin/Yamogenin % Recovery

.4875 101.0 99.8

.4730 98.0 96.8

.4873 101.0 99.8

.4730 98.3 97.1

.4980 103.0 101.8

.4830 100.0 98.8

.4900 101.3 100.3
! .4923 102.3 • 101.3,
' .4680 97.0 95.8
.4923 . 102.0 100.8

The. mean recovery value for the sapogenin v/as 99»24%. 
Estimation of the error for the method gave a value for the

sapogenin, at p = 0,05, of 100,4 ̂ g - 4.1% and for duplicate
results, as employed in the assay, 100.4 jig - 2.89 0̂. This
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value was the error for only the column separation and 
spectrophotometric determination and not for the complete 
extraction and assay method.

MODIFICATION OF THE PERCHLORIC ACID COLOURIMETRIC ASSAY

The foregoing assay did not prove satisfactory when 
applied to established tissue cultures of Fenugreek. The 
results of the assays of freshly initiated tissue cultures 
show a rapid fall in their diosgenin/yamogenin content com
pared with the content of the original cotyledons. Thin 
layer chromatographic examination did not indicate a similar 
fall in the other components of the crude extracts. When the 
sapogenin level fell below 0.07% m.f.b. it became impossible 
to obtain reliable duplicates. In these circumstances other 
components of the partially purified extract were thought to be 
interfering v/ith the colour reaction. Reliable duplicates 
could be obtained for low concentration of pure standard. The 
chlorophyll produced by the tissue grown in continuous light 
also interfered with the spectrophotometric determination. 
Green pigment was eluted with the sapogenin fraction during 
column separation and addition of perchloric acid to such 
extracts resulted in the formation of a thick brown scum.
Even after centrifugation, it v/as difficult to avoid trans
ferring some of the scum to the cuvette v/ith the perchloric

t

acid.

(a) Modification of the column separation procedure.
The length of the column v/as altered from 24 to 31 cm of 

Activity II silica gel and fixed oil and most of the phyto
sterol were eluted v/ith 33 f̂ l of hexane: ethyl acetate 19:1.
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Sapogenin was recovered vâth a further 50 ml of the same 
solvent. This system reduced the amount of chlorophyll 
eluted with the sapogenin.

(b) Estimation of error for the modified colourimetric method

The error for the complete assay, including modified 
column separation, v/as calculated. Sufficient dried tissue 
culture was available to allow the overall error of the assay, 
including acid hydrolysis and'petrol extraction to be found.

The dried tissue was powdered, sieved and mixed 
thoroughly to provide a uniform sample. Nine aliquots were 
talien and extracted by the method used previously. After 
adsorption column chromatography, the diosgenin/yamogenin 
content was determined. Table 11.23

The mean value for the nine samples assayed was 334 ug/g 
-26.62%. For duplicate determinations the value v/as 334 
-18.82% at p = 0.03.

The experimental error for this method was unacceptable 
and the method was not used for further assays.



Table 11.25 121
Estimation of error for the modified Colourimetric Method

Sample Sample 
wt.

% m.f.b. 
Diosgenin + 

Yamogenin

1 • 1.0646 .0394
2 0.9790 .0383
3 1.1776 .0341
4 1.1932 .0263
3 1.0884 .0382
6 1.1364 .0340
7 1.0388 .0420
8 1.0916 .0312
9 0.3946 .0349

Mean % m.f.b. = 0.0334%

Coefficient of variation = 13.31

The percentage range of error at p = .05 = - 26.616%

'• “ for duplicates = + l8 .82?b
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THE DEIZIùiINATION OF DIOSGENIN/YAMOGENIN IN COTYLEDONS DURING 
THE INDUCYlOH OF TISSUE CULTURES

An experiment v/as carried out to mdnitor the diosgenin 
content of Fenugreek cotyledons during the induction of tissue 
cultures. A sample of Ethiopian seed EH.2602 was surface 
sterilised and placed on 1% agar in distilled water and gemin
ated in the dark. After 12 hours the viable.seed had absorbed 
water and swollen. The cotyledons were aseptically removed 
from the swollen seed and cultured on MS medium containing 10 
ppm NAA and 10% v/v coconut water. After 3 days growth in 
continuous light the cotyledons had turned green and after one 
week undifferentiated cell growth had occurred at the cut edges 
of the cotyledon.

Assays were carried out on samples harvested on the first, 
third, seventh and twentieth day of growth. Thin layer 
chromatography of the sapogenins showed, as in the case of the 
whole seed, that the predominant sapogenins were diosgenin and 
yamogenin.

The assay results, TableII.24, show a high initial con
centration of diosgenin plus yamogenin of 3.38%, but after seven 
days when callus tissue had been formed by all the cotyledons 
assayed, the % w/w m.f.b. of sapogenin had fallen to nearly 
half the original value (1.93%), Fig.'H*19 A further fall in 
sapogenin content in the cotyledons producing callus tissue v/as 
recorded after twenty days. The fall in concentration could 
have been due to

(i) a ’dilution* of the sapogenin present in the
original cells by the active division and increase 

in the cell mass of the new tissue
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Table 11.24

The quantitative determination of Diosgenin/Yamogenin in 
cotyledons during the induction of tissue cultures

Days of 
Growth

%
m.f.b.

Mean 
m.f.b.

Diosgenin/
Yamogenin

%
m.f.b.

Mean 
Diosgenin/ 
Yamogenin 
% m.f.b.

1 39.341.8
40.63 3.74

3.94
3.84

3 29.1
27.8

28.43 3.32
3.43

3.38

7 18.6
18.8

18.71 1.90
2.05

1.98

20 9.4
11.8

10.60
1

0.93
0.84

0.88
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(il) utilization of saponin in furostan fora as 

available sugar and sterol, the latter by 
opening of ring E to afford 16,22,26 tri- 
hydroxy cholesterol available for metabolism 
by the plant cells. This would be a reversal 
of the biosynthetic route of sapogenins as 
demonstrated in tissue cultures of Dioscorea

76
tokoro

(iii) the diffusion of the saponin into the medium.

A second experiment was carried out to study the sapo
genin level of tissue cultures over a longer period of time.

■THE DETERkINATION OF DIOSGEhllî/YAl-iOGENIH IN YOUITG TISSUE 

CULTURES IHDUCED FROM FENUGREEK COTYLEDOHS

The experimental procedure was modified to reduce the
likelihood of contamination and the premature curtailment of 
the experiment which had occurred when using Ethiopian seed
RH.2602. The seed RH.2336 Moroccan strain was chosen because
it had a tougher seed coat than RH.2602 and surface sterilis
ation did not kill, or damage, the seed. The cotyledons were 
not removed from the soaked seed because the technique was 
impractical when dealing vd.th large numbers of seed and was 
susceptible to contamination. Seed was allowed to germinate 
and grow for a period of five days on 1 %  agar during which 
time the cotyledons emerged from the seed,making aseptic 
removal easier. Sufficient seed v;as grown to allow immediate 
assay of a sample of cotyledons consisting of one of each pair 
removed from each seed. A second assay was carried out after 
6 days when the first callus started to form, and a third assay
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at one month after the first subculture. Subsequent assays 
were carried out on cells harvested at each subculture, Table 
II.25/i'he tissues were initiated from seeds germinated in total 
darkness and from these two sets of cultures were grov/n, one 
in permanent light and the other in permanent darkness. A 
marked similarity in sapogenin level and moisture content 
occurred during the grov/bh of the two cultures over the first 
106 days. As in the original experiment,the diosgenin/ 
yamogenin level of the tissue fell rapidly in the first month.
A similar rate of fall occurred in the second month of grovrth, 
in which the tissue cultures became established and grew 
rapidly. During the third and fourth months the level 
detected appeared to remain constant. This indicated that an 
equilibrium had been achieved between the rapid growth rate of 
the tissues and the biosynthesis of diosgenin/yamogenin. No 
significant difference was found in the diosgenin/yamogenin 
content of the two cultures after 106 days, Fig. 11*20

In samples from subsequent months growth the assay results 
became unreliable. It became impossible to obtain consistent 
duplicate results. The perchloric acid reacted v/ith the 
partly purified sapogenin fraction to produce a brown scum 
which interfered with the colour reaction and could not be 
displaced by centrifugation.

Attempts to assay the harvested cells by the perchloric
t

acid method already described were stopped, but the tissues 
were maintained under the same conditions and continued to be 
sub cultured at monthly intervals.
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The determination of dios^renin/yaniogenin in young tissue 

cultures induced from Fenugreek cotyledons

LIGHT Days of 
growth

%
Ü1, f oho

Diosgenin/
Yamogenin

%m.f.b.
Mean 
m.f.b.

Mean 
Diosgenin/ 
yamogenin 
% m.f.b.

1 18.6 3.20 18.85 2.825
19.1 2.45

6 16.8 2.11 16.45 2.225
16.1 2.34

27 12.2 0.87 12.70 0.920
13.2 0.97

54 7.9 0.08 8.30 0.085
8.7 0.09

85 9.1 0.08 8.50 0.085
7.9 0.09

106 8.7 0.05 8.80 0.055
8.9 0.06

DARK Days of 
Growth m.f.b.

Diosgenin/
Yamogenin

%m.f.b.
Mean 
m.f.b.

Mean 
Diosgenin/ 
Yamogenin 
%  m.f.b.

18.6 3.20 18.85 2.8251 . 19.1 2.45
6 13.7 2.09 13.70 2.090

13.7 2.09
27 12.6 1.50 12.05 1.335

11.5 1.17
54 7.3 .07 7.25 .070
' 7.2 .07
85 6.9 .04 6.85 .045

6.7 .05
106 6.8 .04 7.20 .030

_  .7-6 .02 i
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After one years growth a faint spot corresponding to 

diosgenin standard and indicating a very low level of 
sapogenin was still detectable on tliin layer chromatograms of 
tissue culture extracts from cultures grown both in continuous 
light and in continuous dark conditions.
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PART II CHAPTER V

THE G.L.C. ASSAY OF SAPOGENIN AND PHYTOSTEROL

THE ASSAY OF DIOSGENIN/YAMOGENIN

The preliminary analysis of tissue cultures for phyto
sterol and sapogenin indicated the possible use of G.L.C. as

77a method of assay for both components. Cook used G.L.C.
for the determination of diosgenin in Dioscorea tubers. The
method involved the same type of column as that used in our
analyses (SE30). Another procedure was also devised by 

78
Rozanski who again based his method on an SE30 liquid phase 
column.

Both methods involved the assay of crude extracts of 
material v/ith a low level of minor components, which were 
unlikely to interfere v/ith the determination. The method of 
Rozanski simply involved the partition of released sapogenin 
into an immiscible xylene layer during aqueous acid-hydrolysis. 
With no further purification the xylene extract was assayed.

With a SE30 column operating at 270°C and a helium
carrier gas flowing at 60 ml/min Rozanski obtained no
separation of diosgenin and yamogenin. The yamogenin formed

52 1 1a slight shoulder on the diosgenin peak. Other workers
were also unable to separate the two isomers and assayed the
diosgenin plus yamogenin. Gas liquid chromatography has been

50used for the estimation of diosgenin in tissue cultures.
Crude chloroform extracts from Dioscorea tissue cultures were 
sufficiently pure for direct assay on a QF-1 (3%) column.
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The feasibility of assaying crude extracts of Fenugreek

52seed by G.L.C, had previously been tested. Samples were
injected onto a 1 metre column of 3% OVIOI on chromasorb G
with cholestane as an internal standard. Relative retention
times obtained were cholestane 1 (9*3 mins), diosgenin 2.84,
yamogenin 2.92 and sitosterol 3»17. Analysis of a mixture of
standard steroids in the proportions present in the seed was
carried out. Sapogenin, as diosgenin and yamogenin 3:2, v/as

52mixed with sitosterol in the ratio 10:1. Jefferies found 
that assay of the sapogenin was not accurate because of inter
ference caused by the presence of the phytosterol.

Sitosterol was the major steroidal component of the 
extract of Fenugreek callus, being approximately four times 
the weight of the sapogenin. In callus extracts the presence 
of stigmasterol as a second major sterol peak also occurred.
The retention of stigmasterol T.H.Si-ether, relative to 
cholestane v/as 2.76 and that of a diosgenin/yamogenin mixture 
2*82. The use of a crude extract for the G.L.C. assay of 
sapogenin was, therefore, not possible and a method of puri
fication of the sapogenin was designed for extracts from 2-3 g 
of callus.

(1) Adsorption column chromatographic separation of the 
sapogenin

In'the colourimetric assay method,adsorption column 
chromatography had been used to obtain a partial separation 
of the phytosterol and sapogenin fraction of callus extracts.

A column of 31 cm length with a bore of 5 mm, packed with 
silica gel of activity II, provided a separation of phytosterol
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and sapogenin, but the procedure was not reliable, being 
affected by small variations in flow rate. Although by 
doubling the solvent and time required to run a column, the 
use of activity I silica gel did provide a consistent 
separation. The amount of pigment and other compounds 
removed from the column was also reduced with activity I 
silica gel.

The final method adopted is shown in Table 11*26'

(2) G.L.C. conditions of diosgenin/yamogenin assay

The sapogenin fractions (isolated by the column chromato
graphy method) were analysed as T.M.Si-ethers on the 6 ft SE30 
column used previously. The analysis showed the presence of 
one peak corresponding to a diosgenin/yamogenin mixture and no 
trace of sitosterol, the major phytosterol component. A 
2-3 g sample of dry tissue was found to provide sufficient 
sapogenin (about 200-300 ug) for a satisfactory analysis.

The retention time of the sapogenin was long with the 
6 ft column, but it v/as used because the phytosterol fraction, 
which v/as also to be analysed, could not be separated on a 1

78
metre column. The higher temperatures available to Rozanski 
through the use of helium carrier gas allowed a retention 
time for diosgenin of 7 minutes on a 2 metre SE30 column.
After six months use, the maximum working temperature of the 
SE30 columns v/as increased from 230 to 235 with no apparent loss 
of stationary phase. This considerably reduced the retention 
time of sapogenin T.M.Si-ether to 31 minutes, compared with 27 
minutes for a 1 metre OVlOl column at 230°C used by Jefferies. 
The carrier gas flow rate was not altered for sapogenin assay 
and remained at 60 ml/min.
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Table II.26

Solvent sequence for the isolation of ehytosterol and 

sapogenin from tissue culture extracts by adsorption 

column chromatography

Eluate composition Solvent sequence Eluate assessment

Spirostadiene 
Steryl esters

3 mm X 31 cm 
Activity I 
9:1 Hex:EtAc

Fixed oil 20 ml

Sterol 33 ml Collect

Sterol or D + Y 1x3 ml T.L.C. check

Diosgenin +
Hex StAc 3: 2

Yamogenin 10 ml Collect

1x3 ml T.L.C. check
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(3) The G.L.C, determination of diosgenin/yamogenin as 

T.M.Si-ether

A linear relationship had previously been obtained for
T,M.Si-ethers of sitosterol by measuring peak area with a 

52
disc integrator. In this work the relationship of free
sitosterol over a range of concentrations gave a curve.

The disc integrator method was used to obtain a linear 
relationship for a diosgenin/yamogenin 3:2 standard mixture 
as T.ii.Si-ether over the range 100 to 1100 ug of sapogenin, 
Table 11*27 and the graph obtained is shown in Fig.II.21

(4) Estimation of the sapogenin recovery from the adsorption 

chromâtograuhy column

The recovery of sapogenin from the adsorption column 
chromatography system used, was tested. A series of eight 
columns was packed and each column loaded with a mixture of a 
standard sample of diosgenin/yamogenin mixture and acid treated, 
sapogenin-free oil. Two ml of the mixture containing 2 mg 
of oil and 200 jiQ of sapogenin was added to each column.

The columns were eluted as previously described and the 
sapogenin collected assayed by G.L.C. as T.M.Si-ether, Table 
11.28 The same standard sapogenin mixture v/as used for both 
the recovery experiment and the calibration curve.
The recovery obtained was 99 to 104% giving a mean result of 
201 pg^compared with the theoretical result of 200 jig, and a 
coefficient of variation of 2.1%.
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Tablell* 28

The recovery of dios^enin/yano^cnin from adsorption 
chromatography columns

137

Column Sapogenin yig 
mean of 2 det.

/j recovery

1 198.0 99.0
2 201.4 100.7
3 202.0 101.0
4 194.0 97.0

3 199.4 99.7
6 200.0 100.0
7 203.0 104.0
8 204.0 102.0

Mean Recovery 201 ug or 100.5̂.9
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(3) The development of the hydrolysis and extraction 

procedure for tissue cultures

In the usual procedure for seed,the saiiiplè was hydro
lysed by reflui'dLng wdth 211 hydrochloric acid for two hours. 
After filtration the acid insoluble residue was washed with 
IC/j aiûmonia solution. The alkaline residue was dried at 
60°C for 12 hours and extracted to exhaustion in a Soxlilet 
apparatus, with 1^0-60^ B.P. petroleum spirit, for 24 hours.

Unlike whole seed, the hydrolysed residue from powde:ed 
callus formed a very hard lump when dried. It was founa that 
this had to be powdered before extraction could tal̂ e place. 
Powdering resulted in significant loss of material. It was 
found that the addition of approximately 1 g of hyi'lo supercel 
per 2 g of hydrolysed callus before filtration kept the dried 
residue porous.

Furthermore, re-extraction of callus-kieselguhr residues 
with chloroform,after the 24 hour petrol extraction,resulted 
In detectable amounts of diosgenin being extracted. Extract
ion v/ith chloroform resulted in complete removal of diosgenin/ 
yamogenin in 24 hours.

The nature of the material to be extracted by the method 
outlined was different from seed and tuber tissue. Callus 
tissue Consists of undifferentiated, thin walled cells in a 
friable'mass. The ease of acid penetration and also the 
chemical nature of the saponins to be hydrolysed might be 
different.

Experiments were carried out with a series of hydrolysis 
times v/ith 211 hydrochloric acid on samples of dried tissue.

The drying of fresh tissue produced irregular lumps of
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material and these were powdered and mixed to provide a 
uniform sample for the hydrolysis experiments. After hydro
lysis and extraction the diosgenin was assayed by the G.L.C. 
method already described.

The results for the first experiment (Table 11.29 and 
Fig.II.22) show an incomplete hydrolysis after 30 minutes 

vith a maximum yield occurring at 1-̂  hours. A 
second experiment was carried out v/ith hydrolysis times ex
tended to six hours. In this experiment the yield fell after 
four hours. The results show the mean of two determinations 
at each time. A time of two hours was adopted for the hydro
lysis 01 tissue culture material.

(6.) The deterhiination of error for the extraction and G.L.C. 

assay procedure

The overall error of the assay procedure including the 
acid hydrolysis, chloroform extraction, adsorption column 
separation and G.L.C. was tested. A series of tissue 
cultures were dried, powdered, sieved and thoroughly mixed 
and ten aliquots of 2.3 g were talien and assayed for dios
genin plus yamogenin. The mean \elue for diosgenin/yamogenin 
was 130.3 ^s/g - 10.73>) TableII.30 For duplicate results,as 
employed in the routine analysis of tissue samples,the 
corresponding error was calculated to be I30.3 - 7.6%.



Table II.29

Diosgenin/yamogenin recovery from callus 
hydrolysed v/ith 2IT hydrochloric acid for 

different times

140

Mean of two determinations
Time in 
Hours

% m.f.b.
Diosgenin/
Yamogenin

% m.f.b.
Diosgenin/
Yamogenin

.0172

1 .0221 .0096

li .0223 .0098

2 .0213 .0109

3 .0107

4 .0200 .0082

6 .0069
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Pig. 11,22 The diosgenin/yamogenin recovery from
tissue cultures (two samples) hydrolysed 
with 2N HCl for different lengths of time
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THû ASSAY OF THE FREE PIIYvOSTEROL

The G.L.C. method used for the assay of sapogenin was 
adapted for the assay.of the free phytosterol. The assay 
involved the direct determination of one of the major phyto
sterol components, sitosterol. Other components in the 
fraction were estimated by comparison of their peak areas 
after correction for the relative sensitivity of each com
ponent to G.L.C. analysis.

52Jefferies had shown that a linear relationship occurred 
between sitosterol T.M.Si-ether and cholestane on 1 metre 
columns of OVIOI. A linear relationship was obtained on 
the 2 metre SEpO column used in this assay.

(1) Extraction of lipid fraction

The free sterol component was extracted from dried, 
powdered, tissue culture cells by petrol extraction for 24 
hours in a soxhlet apparatus. Subsequent extraction with 
fresh petrol had shovm that the cells were fully extracted 
after 24 hours. Examination of the crude extract showed 
the presence of no sapogenin which would interfere with the 
G.L.C. analysis,but it was necessary to isolate the sterol 
from fixed oil and other components which interfered,with 
the response of the internal standard.

(2) Isolation of the free sterol
I

The absence of sapogenin in the extracts meant that 
activity II silica gel gave a satisfactory separation of the 
phytosterol from other extract components when used in the 
coluTûn chromatography system. The columns were packed ,as 
before,with a slurry of silica gel, in hexane:ethyl acetate
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9:1, to a length of 31 cm and run vn.th the same flow rate 
of 1-1.3 ml/min.

The use of activity II silica gel reduced the time, and 
the amount of solvent, required to elute each column. The 
first 10 ml fraction of solvent contained fixed oil and esters, 
and the sterol fraction was collected in the fractions 10-4') 
ml.

No attempt was made to recover the column. It was found
to be quicker to re-pack v/ith fresh silica-gel. The use of
fresh adsorbent overcajne the problem of maintaining the 
activity of the column and the consequent use of 'wet* 
solvents.

(3) The G.L.C. determination of sitosterol as a T.M.Si-ether

The calibration was carried out by two methods. The 
peak areas were determined by disc integrator and by multi
plying peak heights by the v/idth of the peak at half the 
height, Tablell$31,A linear relationship was obtained by both 
methods, Fig.II»23Later it was found easier to assay the sito
sterol present in an extract by the latter method. The tail 
of the stigmasterol peak was often found to interfere v/ith 
the sitosterol peali and the estimation of the background 
* count' .necessary in tirie disc integrator method became
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Fig II 23 Ga-3 chromatographic calibration for sitosterol 
T.M.Si-ether by disc Integrator and peak 
measurement methods with cholestane as internal
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difficult when the stigmasterol component was large.
Employment of the alternative method overcame this difficulty 
and more consistent results were possible.

(Ij.) Estimation of the sterol recovery from the adsorntion 
chromatography column

A solution of sitosterol standard containing 500 ^g/ml 
in hexane:ethyl acetate 9:1 was prepared. To each of eight 
trial columns 0.5 cil was added with an A.gla syringe. The 
columns were run and the fractions collected and prepared for 
G.L.C, analysis. Two G.L.C. determinations were carried out 
for each recovered fraction, TableII*32

The recovery obtained using only 9:1 was 92 to 102.8;?4, 
giving a mean result of 245 |ig, compared with the theoretical 
result of 250 jJLS and a coefficient of variation of 3#55̂ .̂

(5) The determination of error of the sitosterol assay 
procedure

The overall error of the assay procedure, including petrol 
extraction and adsorption column chromatography separation, 
was tested by conducting a series of eight determinations on 
a standard sample of tissue. A 20 g sample of dried tissue . 
was powdered, sieved and thoroughly mixed. Eight aliquots 
were weighed accurately, extracted and assayed. Table 11.33» 
The mean value for sitosterol was 195«S5 ug/g - 11.13^4. For 
duplicate results, as employed in the routine analysis of 
tissue samples, the corresponding error was calculated to be

195.85 - 7.87;'.
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Table 11*32

Sitosterol recovery from adsorption chromatography
column

Column Sitosterol
recovered

% Recovery

1 257 JLig 102.8

2 248 99.2

3 240 96.0

4 230 92.0

5 248 99.2

6 257 102.8

7 240 96.0

8 240 ' 96.0

Mean recovery 245 or 98/4
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Table 11.33

The deterraination of error of the 

sitosterol assay •procedure

Sample
weight

Weight of sitosterol 
1 g of callus

% m.f.b.

1.3404 209 jig .0209

1.4136 198 " .0198

1.4448 194 " .0194

1.4821 189 ” .0189

1.4337 188 " .0188

1.3097 186 " .0186

1.2996 192 " .0192

1.3239 211 »» .0211

Coefficient of Variation = If.8^%

The percentage range of error for duplicate 

determination at P = 0.03 is 193•o5 - 7.87^6
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(6) Determination of the relative weight response of the 

phytosterols identified in culture extracts as T.M.Si- 
ethers on a 6 ft Z¥/o SE30 column

It was found that the major phytosterol present in 
extracts of tissues grov/n on NAA was sitosterol. Tissues 
grovm on 2,4-D had tv;o major peaks v/hich were identified as 
sitosterol and stigmasterol. Both tissues had minor peaks 
corresponding to cholesterol and campesterol. The response 
of the four sterols relative to the response of cholestane 
were determined. Solutions of pure standards of each phyto- 
sterol were prepared as T.M.Si-ethers with a known amount of 
cholestane as internal standard. The peak areas were 
measured for each by the disc integrator method, and the 
relative weight response calculated. The responses of the 
four phytosterols, relative to cholestane, were, cholesterol 
0.83; campesterol 0.80, stigmasterol 0.69 and sitosterol 
0.66. The relative weight response was calculated from the 
formula

Sterol peal: area x vrt. of cholestane 
v/t. of sterol x cholestane peak area

An estimation of the amount of each sterol present in an 
extract could then be made by reference to the amount of 
sitosterol present, after correction of the peak areas with 
the appropriate weight response value.
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PART II CHAPTER VI

A COMPARISON OF THE SAPOGENIN AND PHYTOSTEROL COinEin? .
OF CALLUS TISSUES GROWIi ON NAA AND 2,4-P IN

CONTINUOUS LIGHT

EXÆINATION OF THE FREE STEROL AND SAPOGENIN .

Tissues which had been grov/n for six months,on MS medium 
containing 10 ppm NAA and lOyo v/v coconut water,were sub
cultured onto HS medium containing 2,4-P at concentrations of 
0.01; 0^1 and 1.0 ppm and 10)b v/v coconut water. After a 
further six months grov/th in continuous light at 25^0,all the 
cultures, irrespective of the auxin used, afforded, by acid 
hydrolysis and TLC of the extract, both phytosterol.and sapo
genin spots. From the size of the spots on the TLC it 
appeared that the sapogenin level from cultures grown with
2,4-D was lower than from the cultures grown on NAA, but no 
difference was apparent in the phytosterol levels. No other

37differences were seen from the TLC, Khanna reported maximma 
sapogenin yield from 36 day old Fenugreek tissue cultures 
grown on MS medium containing 2,4-D. GLC assay of 36 day 
old cultures grown in the presence of the different auxins, 
showed differences in both the diosgenin and phytosterol con
tent,in that tissues grown with 10 ppm NAA were found to con-

those growntain approzdmately 0.02;j m.f.b. of diosgenin/yamogenin, but/with 
the 2,4-D,contained only trace amounts of diosgenin/yamogenin, 
which could not be quantified. Table 11*34

Tissue grown with the lowest concentration of 2,4-D 
(0.01 ppm) did appear to contain more sapogenin than tissues 
grown on the other two concentrations and an annroximate



152
Table 11.34

The diosgenin/yamogenin yield from tissue cultures 

grown on MS medium wi.th NAA or 2,4-D

(Kean of two determinations)

Auxin in the 
medium Diosgenin/ 

Yamoqenin '
%  w/w m.f.b.

2,4-D
0.01 ppm Trace .006

0.10 ppm u Trace
1.00 ppm II II

NAA 10 ppm 0.0207 0.0222
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estimation of the sapogenin recovered was :aade,

58In later work published by Brain et al it was reported 
that callus cultures grown on HS medium with 0.23 ppm,
2.4-D and 10% v/v coconut water yielded approximately 0.003%

37m.f.b, of diosgenin. Khanna, however, using HS medium and 
1 ppm 2,4-D reported a diosgenin content of 1.8% m.f.b., but 
did not name the cytokinin, if any, used. This concentration 
v/as greater than has been reported in extracts from whole 
Fenugreek seed.

The nature and amount of free phytosterol obtained from 
tissues grown with the different auxins also varied. The 
predominant free sterol from tissue grown with 10 ppm NAA was 
sitosterol. A smaller amount of stigmasterol and traces of 
campesterol and cholesterol were also detected. In contrast, 
from tissues grown with 2,4-D the major free sterol was 
either stigmasterol or sitosterol, but at all three con
centrations of 2,4-D used, larger amounts of stigmasterol 
were detected than in NAA cultures. Cholesterol, 
campesterol and two unidentified components were also detected 
in the free sterol extracts of tissues grown with both NAA and
2.4-D. The tissue grown with 0.01 ppm 2,4-D had a compara
tively higher cholesterol content than any of the other tissues, 
including that from material grown with NAA.

The sitosterol component of the free sterol fractions 
was quantitatively determined. The peak areas were 
calculated by both the disc integrator and pealt measurement 
methods and the results compared.
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Tables 11.35 & 11^36 show that the values obtained by 
measurement of peak areas were close to those given by the 
disc integrator method. Any slight overlap in the 'tails' 
of the stigmasterol and sitosterol were ignored in the esti
mation of peak area by peak measurement and by using this 
method an approximate value could be obtained for the minor 
pealc, campesterol; which was only partially separated from 
the major stigmasterol peak.

It was found that sitosterol and stigmasterol together 
represented approximately 90% of the free sterol, Tables 11.37 to

il./fOThe tissues grown on the three media with 2,4-D afforded 
more free sterol than the tissue grown on 10 ppm NAA. The 
ratio of stigmasterol to sitosterol for tissue grown v/ith 
10 ppm NAA was 0.38:1, whereas from tissue grov/n with 2,4-D 
the ratio v/as 0.86:1 (0,01 ppm), 1.37:1 (0.1 ppm) and 1:1 
(1 ppm) where the concentrations of auxin are given in 
brackets. The high ratio of stigmasterol to sitosterol 
observed in tissue grown on medium containing 0.1 ppm 2,4-D 
was accompanied by a fall in the amount of sitosterol,so that 
the total major"free sterol yield was similar to that from 
tissue grown on 0,01 ppm 2,4-D,

Since the tissues grown on media containing 2,4-D and 
NAA were both derived from the same stock culture (gro’wn on 
MS medium with 10 ppm NAA and 1C>% v/v coconut water) it v/as 
concluded that the biosynthesis of sterols v/as affected
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either by the type, or the concentration of au:d.n in the 

medium. A medium was prepared containing 1 ppm NAA and 

innoculated with tissue grown on the stock culture medium con

taining 10 ppm ixAA, It was grown alongside the cultures 

previously examined, for four months, under the same con

ditions, with subculturirg after one and tv;o months. The 

free sterol and diosgenin/yamogenin content of.the tissues was 

re-examined.

Diosgenin/yarnogenin was again detected in only trace 

amounts in tissue grown with 2 ,4-D and tissues grown with both 

concentrations of I;AA continued to synthesise diosgenin/yamo- 

genin at concentrations of about 0.02/j m.f.b. The free sterol

pattern remained essentially the same, table figs ll.l/fU5*with

relatively more stigmasterol present in tissue grown on 2 ,4-b. 

Tissue grown on 1 ppm IÎAA retained the sterol pattern observed 

in the original culture on 10 ppm KAA. The amounts of free 

sterol extracted from the cultures were different to the first 

experiments.

The ratio of stigmasterol to sitosterol of tissue grown 

on 1 ppm and 10 ppm NAA was a 32;1. In all the cultures grown 

on media containing 2 ,4-D the ratio of the two sterols v;as 

approximately 1:1. Tissues grown on 10 ppm and 1 ppm NAA 

yielded tv/ice the amount of sterol extracted previously from 

KAA grown tissue. Extracts from tissues grown onO.Ol ppm andt
1.0 ppm 2 ,4-N contained appro:cLniately less free sterol

whilst tissue grown on 0.1 ppm 2 ,4-D yielded tv/ice as much as 

previously. It was concluded that sterol and sapogenin bio

synthesis in Fenugreek tissue cultures was affected by the
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Fig.

Tns gas chromatographic analysis of T.M.Si-ethers 
of the free sterols of Fenugreek tissue cultures 

grown with N M

N M  1.0 ppm

c +  CO  o H»
o o

H*

NAA 10 ppm

40 502010

Retention time (mln.)
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Fig'II. gas chromatographic analysis of T.M.Si-ethers 
of the free sterols from Fenugreek tissue cultures

grown with 2,4-D 3  CO 
p  d -  W H-rt-cn2,4-D 0.01 ppm

01

M

0.10 ppm

1.00 ppm

X

40 600 10 20 50
Retention time (min)
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auxin used as a growth regulator. Similar effects have been 
observed in tissue cultures of Solanum xanthocarpum.̂  ̂ The 
use of lAA as the growth regulator instead of 2,4-D was found 
to result in a two-fold increase in diosgenin,but a reduction 
in sitosterol content. In Fenugreek cultures the use of 
2,+-D instead of NAA also reduced the diosgenin content.

The chemical structures of lAA and NAA are similar with 
KAA possessing a 6 membered,benzene,ring in place of the

79pyrrole ring of lAA. . Van Overbeek envisaged the primary
mode of auxin action as involving physico-chemical bonding to

the lypoprotein membrane rather than on a 
key enzyme system. Specificity would depend on the fit of 
the ring structure into its appropriate hole in the cyto- 
skeleton and projection of the carboxyl groups as a net-work 
above the membrane surface.

7QFreed et al
proposed that the predominant mechanism of action for the 
chlorophenoxyacetic acids was adsorption on a protein surface 
v/ith modification of the protein structure in such a v/ay as 
to change its enzymatic activity. The fall in sapogenin 
content of Fenugreek tissue cultures in the presence of 2,4-D 
was, therefore, possibly caused by the specific binding of the . 
auxin to a lypoprotein membrane, or/protein enzyme in the 
biosynthetic pathway of sapogenin,with consequent modification

Iof its activity. Similarly the change in free sterol con
tent of the tissue could have been caused by enzyme, or membrane, 
modification .
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80Heftmann concluded that the role of sterols in micro
organisms, plant and animals is essentially the same.
Sterols, or their immediate precursors, are the starting 
material for all subsequent steroids and one of the functions 
of sterols is to provide an inert stockpile of precursors 
that can readily be converted to biologically active 
components, ,

Sterols have been implicated in the structure of
81cellular membranes. The fungi Pythium and Phytophthera do 

not synthesise, or apparently require, sterols for membrane
82activity or vegetative growth, but Seitsma and Haskins 

found that cholesterol was taken up by these organisms and in
corporated, unchanged,into the cell membrane. The temperature 
tolerance of the organisms was increased and it was concluded 
that cholesterol reduced the cell wall permeability. The 
polyene anti-biotics are active against yeasts and moulds.
The selective toxicitj of these compounds, with relation to 
the sterol composition of the organisms affected, has been

83studied. The conclusion has been drawn that they inter

act with sterols in the cell membrane and permit the lealtage 

of material from the fungal cell. The antagonism between
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sterols and polyene antibiotics permits the reversal by

80cholesterol of the antibiotic-induced growth inhibition.
Evans demonstrated the rapid incorporation of into
the mature leaf sterols of Digitalis purpurea. He concluded 
that a rapid turnover of steroid material in the cell and 
organelle membranes took place and that sterols had a dynamic

39role in the functions of the lipo-protein membrane. Olsen 
is of I.he view that the sterols control the permeability of 
the membrane by causing the phospho-lipid molecules to pack 
together.

80Heftmann also suggested that steroids play a hormonal 
role in all cells, similar to that observed in animals, and 
this is supported by work on both plants and fungi. Animal 
steroidal sex hormones have been shown to affect flowering in

85plants. Love and Love reported that the application of 
androgens or oestrogens to the stem of Melandrium divecum
resulted in either male, or female, flower development. The
biosynthetic inhibitor, SK and F 79^7-A3, which blocks lanosterol sterol/conversion to zymosterol in animal systems, v/as shown

86to suppress floral induction in Xanthiurn. The similarity
in metabolism of fungi and plants has been demonstrated by
the synthesis of auxins, gibberellins and cytokinins by fungi.

87The fungus Fusarium synthesises gibberellin and Tanhrina
88rudebeckii synthesises lAA, Rypacek and Sladky bio

assayed growth regulators extracted from the fungus Lentinum 
tigrinus and found auxins and gibberellins present in 
vegetative mycelium and cytokinin in the primordia of caps.
Steroids have been shown to affect both vegetative and soraal 
growth in fungi. Elliot, Hendrie et al have shown that 
oospore formation talies place after three days of contact
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with the appropriate steroid.

83On work with Pythiurn, Sietsma and Haskins. added lAA
to cultures and obtained increased activity of the two
enzymes responsible for the synthesis of the two major cell
wall components. In the presence of cholesterol the branch- 

effect
ing/on hyphae, which occurred as a result of lAA stimulation, 
was removed. The sterol extract of Pisum sativum was found 
to have a stimulating effect on both the vegetative growth 
and sporulation of Phytonhthera cinnamoni. Similar effects 
were achieved when cholesterol, stigmasterol and sitosterol 
were added individually. The sterols present in plants 
may,therefore, play an active part in the regulation of all 
grov/th and metabolism and a close relationship between their 
action and that of the recognised growth regulators may 
exist. Hendrix and Guttman found that cholesterol induced 
reproduction in Pythium neriolocum was inhibited by the

QTsteroid oestradiol. In Pisum sativum ' seedlings,the 
addition of oestradiol resulted in increased auxin synthesis. 
Kopcev/icz postulated that oestrogens influenced both the 
auxins and gibberellins in plant tissues, in investigations 
into the control of growth and development through the com
bined auction of several regulating substances.

It is therefore possible that the change in sterol pat
tern observed in Fenugreek tissue cultures as a response to

r

different growth regulators may be part of a hormonal ’feed 
back' mechanism. The ratio of the different sterols could

be indicative of a very fine control mechanism of the plant 
metabolism. Some changes observed in the sterol composition
of developing plants.substantiate this hypothesis. Bush and
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92

Grunv/ald have shown that in germinating seedlings of 
Nicotiana tabacum stigmasterol was initially low,but 
increased after three to four days. The free cholesterol 
and campesterol content doubled in tliis time. Ingram et 
al^?ound a significant rise .in the cholesterol fraction of oat 
seedlings within the first two days of germination. The use 
of SKF 7997-A^ in cultures of excised tomato roots 
resulted in an inhibition of both the steroidal alkaloid

94 94synthesis and grov/th of the cultures. Roddick and Butcher 
suggest that the step inhibited may be common to certain 
growth processes and tomatine biosynthesis and that the 
compound concerned is a steroid, after zymosterol, in the

95biosynthetic pathway, It has, however, been shown that 
SK 7997-A^ and similar substances are likely to affect meta
bolic pathways in fungi (Phytophthora cactorum) that do not 
synthesise sterols; therefore care has to be talien in con
clusions derived from the use of these substances.

The relative amounts of cholesterol, campesterol, sito
sterol and stigmasterol in Fenugreek cells may,therefore, be 
related to the maturity of the cells. The sterol pattern of 
tissue grown on NAA resembles that of the extract from the. 
original mature seed in which the stigmasterol content is 
very low,
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EXAiilkATIGN OP THE BOliUD STEROLS 

96Evans concluded that in Digitalis purpurea the 
biosynthesis of sterols occurred in the free form and that 
glucoside or ester formation occurred when biosynthesis was 
complete. Free sterols were implicated in membrane
structures and sterol esters were thought to be involved

97 96in the intracellular transport of sterol. Evans
suggested that in the intact plant the glycoside sterols 
were involved in intercellular transportation from areas 
of synthesis to areas of grovrth where sterols were required 
for membrane expansion. The sterol recovered from the 
glycoside and ester fractions of the tissues grown on the 
media used in the previous experiment were examined.

(1) Examination of the glycoside sterol fractions

Powdered samples of dried tissue weighing approximately
1.5 g were extracted with light petroleum for 24 hours in 
a soxhlet apparatus to remove fixed oil, steryl esters and 
free sterol. The tissue v/as dried, in a vacuum oven, to 
remove the petrol and hydrolysed with 2li hydrochloric acid 
for 2 hours. A crude extract was obtained by extraction 
of the dried,neutralised residue with chloroform in a 
soxhlet apparatus for 24 hours. The sterol was isolated by
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adsorption column chromatography, using the method employed in 
the assay of sapogenin. After conversion to T.M.Si-ethers the 
sterol fractions were analysed by G.L.C.

The sterol fractions exhibited a similar compositor to that 
observed in free sterol fractions. In tissues grown on media 
containing NAA the major sterol component was sitosterol. 
Stigmasterol v/as the major sterol component of tissues grown on
2,4-D. The experiment provided only a qualitative examination 
of the sterols because the losses incurred in the extraction 
procedure were not known. The ratios of the two major sterols 
present in the extracts is given in Table. 11*43

(2) Examination of the sterol esters
The free sterol extracted in the lipid fraction in the pre

vious experiment was isolated from the sterol ester p.nd fixed 
oil by adsorption column chromatography. A 31 cm x 0.5 cm 
column was packed with activity II silica gel in a slurry of 
hexane: ethyl acetate 9:1. The lipid fraction v/as loaded with 
2 ml of the same solvent and eluted with a further 9 nil to re
move the fixed oil and ester fraction, leaving the free sterol 
on the column.

The oil and ester fraction was evaporated to dryness and 
refluxed v/ith 0.5Npotassium hydroxide in alcohol for 1 hour. The. 
unsaponifiable matter v/as shaken out with diethyl ether. After 
the ether fraction had been washed v/ith water the solvent was 
removed and the residue dried. The adsorption chromatography 
column procedure was repeated to isolate the sterol, a T.M.Si- 
ether v/as prepared and G.L.C. analysis performed. In the 
cultures examiined the ester fraction was very small and insuf
ficient sterol was recovered for analysis. Further v/ork is

required to develop reliable techniques for monitoring this 
fraction.



Table 11.43

The ratio of stigmasterol to sitosterol in sterol 
glycoside extracts of tissues grown on MS medium 

with 2,q-D and NAA
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Trial Ratio
Stigmasterol:sitosterol

1 ppm NAA 0.30:1
0.31:1

10 ppm NAA 0.43:10.30:1

.01 ppm 2,4-D 1.21:1
1.22:1

0.1 ppm 2,4-D 1.34:11.32:1
1.0 ppm 2,4-D 1.10:1

1.09:1



PART Zi Ci\Rore-(? Vil 17/3
ALTERATION OF THE CONDITIONS E-IPLOYED FOR TISSUE CULTURE
GROWTH
THE EFF;;.'E Oj PI: F.:':m..T LIGHT COHDITTO..S OH THE DIOSGENIN/

YAMOGEKi:: YIELD OE FENUGREEK TISSUE CULTURES

The effect of différent light conditions on the biosyn

thetic processes of sore tissue cultures has been studied.
ISunderland observed changes in the cell protein of tissues 

of Jxalis disnar, transferred from dark to light conditions, 

when chloroplast formation too]: place. The cell protein con

tent of green tissues was slightly higher and the growth rate 

lower. Ho suggested that rc-oricntation of protein synthe;is 

occurs when tissues are subjected to light.

Light conditions were found to be critical for the bio-
98

synthesis of anthocyanins by tissue cultures of five dif

ferent plants. Cultures which had been maintained in 12 hour 

photoperiods at 2300 lux, only produced anthocyanins when trans

ferred to continuous light at an intensity of 7300 lux. V/ork
99on cultures of Kalanchoi crenata has.shown an increase in

mevalonato actuating enzjcues which was thought to be directly 

connected with chloroplast formation. The introduction of 

20^^ mevalonic acid into cultures resulted in the formation of 

labelled mevalonate-g-phosphate, mevalonate-p-pyrophosphate and 

isopentylpyrophosphatc in green cultures. The compounds were 

not detected in ]:alanchoi cultures rrown in the dark after a
99

similar growth period. Thomas suggested that, as the 

chloroplasts developed, more substrate from fixation of carbon 

dioxide beca:ie available for incorporation into the terpenoid 

pathway via kVA and a resultant induced activation of pre

existing enzyme or 'de novo' enzy.::c synthesis occurred.

Previous worliers investigating the synthesis of sapo_enins
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by tissue culture systems have given few details of the light 

conditions employed, or even considered the effect of light on
46 27sapogenin synthesis. haul and Staba grew tissue and

suspension cultures of Dioscorea doltcidea under * ordinary 

room light conditions'. Tomita et al ^^^made no mention of 

light conditions in their study of diosgenin from Dioscorea 

tokoro cultures and Heble et al*'̂  ̂ specify no conditions in 

their examination of steroidal alkaloids and diosgenin from.
Q

Solanum xanthocarnum. Brain et al gave no conditions in 

their work on the steroidal constituents of Fenugreek sus

pension cultures. Khanna et al used 'normal room light' 

in early work on Fenugreek tissue cultures. In later 

investigations of the steroidal constituents of Fenugreek
37cultures, khanna and Jain specified 18 hours daily illumin- 

ation, at 1300-1300 lux, from incandescent laiups and the 

resultant cultures yielded large amounts of sapogenin.

The sapogenin content of Fenugreek tissue cultures which 

had been maintained in continuous light,or dark, conditions for 

12 months,was determined to see if the conditions affected the 

sapogenin biosynthesis. Cultures Wrich had been maintained 

by subculturing onto fresh ...edium at 30 day intervals were 

inoculated onto 100 ml aliquots of kS medium,containing 10 ppm 

ilAA and 103 v/v coconut water and ̂ rown for a period of 36 days. 

The cultures were harvested, oven dried at 60^G and assayed for 

diosgenin/yarnogenin. Sufficient fresh tissue was retained to 

inoculate fresh medium and the experiment was repeated for two 

subsequent 36 day growth periods.

The diosgenin content of tissue grown in the dark was
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lower in the first determination,but not significantly differ
ent from light grown tissue in the two subsequent determinations, 
see Table II.44* The diosgenin/yarnogenin yield of both sets of 
cultures was higher at 0.02?o ci,f.b. than that from callus 
cultures grown on the same medium, but v/ith 2,4-D, by Brain et

38 37
al ( .0033), v/hcn no light conditions were stated. Khanna et al 
reported a total sapogenin from Fenugreek callus culture of 
4.193 and a diosgenin level of 1.83 B.f.b. with 18 hour photo
periods. Another experiment was carried out to investigate 
the effect of cyclic light conditions on sapogenin yield.

Cultures were grown for 36 days under fluorescent lights 
(Ediswan warm white) at a light intensity of I30O-ISOO lux, 
with a light period of I8 hours per day at 23° - 1°. The 
diosgenin/ysmogenin content was compared with cultures grown 
in total darkness for the same period of time and at the same 
temperature. The tissues were subcultured at the time of 
harvesting and grown for a second 36 day period under the same 
conditions.

The results show a slight, but not significant, difference
in the sapogenin yield, see Tabloll.45# It was concluded that

37the light conditions, as employed by Khanna, were not a 
critical factor affecting sapogenin biosynthesis in our 
experiments.
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THE GROWTH OF FENUGREEK TISSUE CULTURES ON KS 

CONTAINING /i-HYDROXYISQLEUGINE

Plants have no essential amino acids and are able to 

synthesise their requirements from the three amino acids, 

glutamic acid, aspartic acid and alahine, which can in turn
4 .be synthesised from nitrogen in the form NH^ . The biosyn

thetic capabilities of tissue cultures cannot be presumed and 

some cultures require amino acid supplements to maintain 

growth. Glycine is commonly added to media and natural com

plex supplements, such as casein hydrolysate and yeast extract,

have been used to provide amino acid mixtures. The amino
102acids of yeast extract were studied by Sandstedt and Skoog

They found that any of the amino acids in the mixture, v/ith

the exception of isoleucine, could be omitted from their

medium v/ithout loss of growth stimulation of tobacco callus.

Isoleucine v/as found to antagonise growth inhibition by valine

in their cultures. For the growth of cell suspension
9

cultures Torrey and Reinert devised a medium containing I8 
amino acids including DL isoleucine and L-leucine.

103Furuhashi and Yatazawa showed that in some circum

stances the presence of isoleucine in a medium could adversely
I

affect the growth of rice cultures. It was found that poor 

growth, caused by the absence of methinnine, occurred only in 

the presence of threonine and lysine, possibly because the

biosynthesis of methionine is compeLlLively iniiibited by these 

two amino acids. Growth inhibition decreased on isoleucine
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deficient medium on which the threonine content of the tissue 
also decreased. It was postulated that isoleucine inhibited 
the decomposition of threonine precursor and hence inhibited 
growth.

104Fowden, Pratt and Smith have carried out an examination
of the amino acids of Fenugreek seed and isolated 4-kydroxyiso- 
leucine as the principal unbound amino acid. This amino acid 
has not previously been reported in higher plants but in 
Fenugreek it represented 30-30% of the total free amino acid 
complex of the dry seed examined. Fowden et al demonstrated 
that its precursor was isoleucine by supplying germinating 
Fenugreek seedlings wath (U-C^^)L-isoleucine, in water, for 
an initial 24 hour incubation period. After a further 24 
hours grov/th,Or 3% of the radioactivity supplied was present in 
4-hydroxyisoleucine and incorporation reached 1% after five 
days.

The structure of the compound was defined by ITmP and found 
to be as shown below.

H OH H NH2I I I I
H '— C— C— C— C— COOH

I H I
H H— C—H

i
2 amino,3 methyl,4 hydroxy,pentanoic acid
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. The two isomers (25, pR, 4R) and (2R, 3R, 4K) occur in 

Fenugreek seed and the 2S. isomer is the major component.

Abul-Futuh isolated and purified ij.-hydroxyisoleucine 
from Fenugreek seed in our laboratories,using a modification 
of the method of Fowden et al and an experiment was performed 
to monitor the growth of tissue cultures in the presence of 
this hydroxyamino acid.

105Supniewska and Dohnai analysed the free amino acids, free 
sugars and steroids of Solanum laciniatum tissue cultures. The 
amounts of amino acids present were, with two exceptions, 
smaller than in the original plant. The variety of amino 
acids detected in the tissue cultures was greater than that of 
the original plant. No steroidal alkaloids were detected in 
the tissue cultures but some of the steroids isolated from 
cultures were not synthesised in the plant. They concluded 
that the different amino acid and sugar metabolism resulted in 
changes in the steroid biosynthesis of 'in vitro' cultures.
The sapogenins and sterols extracted from cultures grown vd.th 
4-hydroxyisoleucine were, therefore, examined. The diosgenin/ 
yamogenin contents were assayed and the free plus aglycone 
sterol extracted and isolated from the hydrolysed tissue was 
examined. A quarter of the sterol fraction recovered from 
each sample was analysed by GLC and'the amounts of the major 
sterols, ’̂sitosterol and stigmasterol, present in each callus 
estimated and compared.

Cultures were initially grown on the stock culture MS 
medium, containing 10 ppm NAA and 10% v/v coconut water, and

0, 1, 10 and 100 ppm of 4-hydroxyisoleucino. Sub
cultures were grown for 56 days in 13 hour photopcriods of
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warm white fluorescent light at 25°. The diosgenin/yarnogenin
recovered from the four cultures was assayed and a small
increase in the yield from tissue grown with 10 ppm 4-hydroxy-
isoleucine was observed, Table The estimated sitosterol
yield from the hydrolysed callus of the four cultures showed
little variation, but the amount of stigmasterol, relative to
sitosterol, extracted from tissues grown with 4-hydroxyiso-
leucine was smaller than that from the control culture. The
ratios of stigmasterol to sitosterol for callus grown on the
three concentrations of 4~hydroxyisoleucine were 0.29:1,
0.31:1 and 0.32:1 compared with 0.39:1 for the control. Tables
11.47 & 11.48,A second experiment was performed v/ith a higher range of
4-hydroxyisoleUcine concentrations and the growth of the
cultures examined quantitatively. Cultures were grown on the
same medium, but with 4-hydroxyisoleucine concentration of 0,
10, 100 and 1000 ppm. All the cultures grew well and no
phytotoxicity was observed at the higher concentrations. No
significant difference in fresh weight increase was observed
and the texture and colour of the tissue produced on the three
trial media were the same as the tissue grown on the control. 
Table II.49.

The diosgenin/yarnogenin content of all the cultures grown 
in the second experiment was much lower than those in the first 
trial, but the yield from the three trial cultures was slightly 
higher than from the control, Table II.5.0# The tissue grown in 
this experiment was taken from the same stock culture that was 
used in the previous experiment and there was no apparent 
reason for the lower sapogenin yield.

The major sterols from the hydrolysed tissue were esti

mated and a decrease in the free, plus aglycone, sitosterol and
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stigmasterol content was apparent in all the cultures. The 
ratio of stigmasterol:sitosterol was calculated and was again 
lower for the cultures grown in the presence of 4-bydroxyiso- 
leucine than for the control. The estimated sitosterol con
tent showed little variation for the four media.Tables 11.51 , 11*52.

The only difference detected in the sterol metabolism of 
Fenugreek tissue cultures grown on MS medium in the presence 
of 4-hydroxyisoleucine was a change in the relative amounts of 
sitosterol and stigmasterol isolated from the free plus glyco
side bound sterol fractions. The yield of diosgenin/yarnogenin 
was slightly greater from some trial cultures and the growth 
rate of the cultures was unaffected. The estimated amount of 
sitosterol in the trial cultures v/as the Scime as that of the 
control culture, indicating that less stigmasterol was present 
in the free plus aglycone sterol fraction of tissue grown with 
if-hydroxyisoleucinc.
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Table 11.49

Growth response to 4-hydro%ylsoleucine in the media 

at different concentrations

187

Control
4-Hydroxyisoleucine

10 ppiii 100 ppm 1000 ppm

26.6 31.3 23.1 33.6
26 • 6 33.3 18.3 26.4
A4.9 20.4 33.1 23.0
23.4 33.3 48.3 46.0
37.4 34.1 12.0 33.4
44.0 39.2 67.2 28.7
24.0 13.8 37.3 21.6
33.2 40.9 14.1 22.7
43. S 27.3 43.3 23.4
36.6 24.4 61.4 30.7
47.9 24.9 ■ 32.3 22.6
33.1 21.9 18.37 43.3
33.8 17.1 28.9 29.9
43.7 36.4 49.8 46.9
40.9 19.3 31.6 19.2

37.39 29.63 34.76 30.37

F = 1.44

Fron Tables

F = 2.84 at P = «05I
not significant
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A COXPARISCi: OF TilZ -' 'FfjCT OF iV.O VIÏ/JHI: FOiliULATIONO ON 
THE ÜROV.TH, SAPOOFÏAÛ: AIIO Sj -AOL YIIiLUS OF CULTU22S

The B group vitni.J.ns hc.vc Been found in all organisms

and are constituents of fundamental tissue enzyme systems
106involved in the oxidation of foodstuffs. Intact plants are 

abJ0 to synthesise those compounds, but the addition of some 

B vitamins 'nas been shown to bo essential for the maintenance 

of growth in some plant tissue cultures. Three vitamins are 

added to most media, namely thia...ine hydrochloride, nicotinic 

acid and pyridoxins hydrochloride.

Thiamine hydrochloride (b^) was first isolated in I9II 

from rice polishings and in animal metabolism has been shown

to bo a co-enzyme for reactions which involve décarboxylation
106 , ,of acids . Pyridoxinc hydrochloride (5,), its derivatives

and their phosphates, act as co-enzymes for many of the meta

bolic reactions of amino acids, including transamination 

reactions. fhicotinic acid and nicotinamide wore found as

constituents■of the nucleotides nicotincmide-adenine-
106

dinuclcotide (FAD) and FAm phosphate (FAD?) . FAb and

FAnP act as intermediate carriers of hydrogen,released from
106suestrato by dehydrogenase enzymes

7hurasliige and She eg added only these three named vitamins 

to their -tobacco callus medium, but other workers have added 

more complex vitamin formulations in subsequent modifications
107of the medium. Lin and St aba used the follov.ing vitamins 

with FS medium for the growth of Mentha rirerita and Mentha 

soicata callus cultures.
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Lin and Staba vitamin formulation

Biotin 1.0 mg/litro of media
Choline 1.0
Folic acid 1.0
Ficotina:.:ide 1.0
Pantothenic acid 1.0
Pyridoxal 1.0
Thiamine 1.0
Riboflavin 0.1

50haul and Staba , in work with Dioscorea deltoidca

callus and suspension cultures, added a similar vitamin

solution to tjie niediu:;., but included cyanocobalamin. Torrey 
9and Reinert found that o^ission of riboflavin, calcium 

pantothenate or biotin from their suspension culture medium 

impaired the vigorous growth of Daucus carota or Convolvulus 

arvonsis.

Riboflavin has been shown to be a constituent of two co- 

enzymes involved in carbohydrate ...otabolism. Flavine mono

nucleotide (Fi-IIT) oxides I.AbH and RALPH. Flavine adenine di-

nucleotide (FAD) catalyses the oxidation of aldehydes, D-amino
106acids and lactid acid. Pantothenic acid has boon shown to 

be a constituent of co-enzyme A and cyanocobalamin(E^_)has 

a role in méthylation and transmethylation reactions.

An experiment was performed to study the effect of haul 
50

and Staba's vitamin formulation on the growth and steroid

biosynthesis of Fenugreek tissue cultures. The tissue

cultures of Dioscorea deltoidca grown on kS medium in the

presence of this formulation had yielded ly w/w m.f.b. of
17diosgenin. Tuleclie et al had reported the presence of 

trace ajuounts of folic acid, riboflavin, biotin and
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pantothenic acid , coconut water, but they concluded that at 
a concentration of j.Cp v/v in :..edium/thesc compounds were at 
concentrations wliich would not affect tissue growth. It was 
thought that the dcfr'iency of an essential vitamin in the me din: 
adopted for Fonuyrc.eh tissue cultures might be limiting the 
biosynthesis of s.^pogcnin.

In the presence of thiamine hydrochloride, pyridoxine 

hydrochloride, nicotinic acid and the trace amounts of vitamins 

present in the coconut water added to the medium, the tissue 
cultures had yielded small amounts of sapogenin. Tissue was 
grown on two bat dies of medium containing no coconut wat or but 
containin.; either the simple vitamin f oio.iulation of the MS 

medium or the complex formulation used by Maul and Staba^^Tabiell.53 
Both batches of media contained 10 ppm Iiinetin and 10 ppm IIAA 

as growth rcgulatoi-s and the cultures were grown under the same 
conditions,at ?sf̂  - 1° with l3 hour photoperiods of war... white 
fluorescent light. The experiment was continued for three 

passages of 56 days. The initial inocula for both media were 
selected from the sa:..e stock culture wkich. had been maintained 
on MS medium with 10,j v/v coconut water and 10 ppm MAA.

During the third 56 passage, weighed inocula wore grown 
on the two media and the increc.se in fresh weight of the 

cultures -compared.

The'diosgenin/ya...o_:eain content of the two cultures showed 

no significant differences over the three passages, Table 11.54 
The sterol fi-actions recovered from the hydrolysed tissues wore 
eXou.iinGd and the major sterols estimated. Tables II. 53 36 The
sitosterol com con ont in both cultures was the sai.io in all tliroe
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passages, but the stigmasterol component of the culture grovm

30with the Kaul and Staba vitamins did show a slight increase
in the second passage. The mean increase in fresh weight,
expressed as a grov/th index, of cultures grown on the two
media were the same, TableII*37 It was concluded that the

30vitamins included by Kaul and Staba in their medium for 
Dioscorea deltoidea were unnecessary for the growth of Fenu
greek cultures. The biosynthesis of sterols and sapogenins 
was also unaffected by their inclusion. Fenugreek tissue 
cultures would appear to be capable of synthesising the co
factors they require and in subsequent work,only the three

7vitamins of Murashige and Skoog’s original formulation were 
included in media.
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Table II.37

Growth response of tissues grown on MS medium with different 
vitamins added

Murashlge and Skoog’s 
vitamins

Kaul and Staba’s 
vitamins

20.5 :)̂ .2
25.1 31.0
21.8 18.9
34.2 12,9
iB.l 20.5
15.4 22.1
31.7 31.4
27.3 19.2
21.6 20,1
22.2 24.5

an 23.8
1_____ -

23.4
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PART II CHAPTER VIII

THE INDUCTION AND MAIIFfENAFCE OF SUSPENSION 
CULTURES

108Street defines a suspension culture as * cells or cell
aggregates dispersed and grov/ing in moving liquid medium* .
During incubation the amount of cell material increases for a 
limited time until the culture reaches a point of maximum 
yield of cell material. Dilution to the initial cellular con
tent by subculture, and incubation under the same conditicns, 
vn.ll result in a similar growth pattern and cellular yield.

Suspension cultures are normally initiated by placing
pieces of friable tissue (callus) culture in liquid medium.
The subculture is carried out with a pipette or syringe,fine

108enough to exclude pieces of the initial inoculum.

Suspension cultures overcome many of the inherent dis
advantages 01 solid culture media. Growth response variation,
caused by the nutrient gradients between tissue and medium, is 

108
eliminated. A similar gradient with respect to gaseous ex
change at the occluded base of a tissue culture is also 
eliminated. Static systems are subject to polarisation by
gravity, and the use of pulse or sequential feeding is

108
impossible with solid media. Systems v/hich have been (hsigned 
for largb scale batch or continuous culture are liquid sus
pension systec.s and any future commercial scale incubations vill 
be performed vith liquid systems. It was, therefore, desirable 
to determine the conditions for the growth of Fenugreek tissue 
cultures in suspension culture.
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Methods of culture

Several different systems have been developed to achieve 
movement of the liquid medium, to obtain an even distribution 
of cells and cell aggregrates, and to promote adequate gaseous 
exchange between the culture medium and air in the culture 
vessel. These can be divided into two categories; systems 
which provide either continuous immersion, or systems which 
provide periodic immersion of the tissue. In the former, 
where the tissue is always in contact with the medium, a large 
gas/liquid interface is required and the medium is shaken, or 
stirred. Such cultures are grown in flasks v/hich contain 
liquid medium occupying ZQF,o of their total volume. An orbital 
shaker operating at speeds between 30 and 100 RPM is often 
used to suspend the tissue by agitation.

The first system devised for periodic immersion was the 
Auxophyton, (Stewart Caplin and Millar 1932)^%tted with 12.3 
cm long, 3.3 cm diameter, tumble tubes containing•10 ml of 
medium and rotated at 1 or 2 RPM. At 1 RPM the explant 
spends 2/3rds of the time exposed to the air and the medium 
flows along the tube during each revolution, maintaining an 
equilibrium of gaseous exchange. Steward and Shantz*^5.ater 
used nipple flasks to culture larger numbers of explants. The 
flasks have eight or ten nipples and are designed so that the 
explants'distribute themselves in the nipples during rotation 
and arc- periodically bathed in medium.

Large batch culture systems have been devised in which 
gaseous exchange and agitation are maintained by forced
aeration, or aeration combined v/ith magnetic stirring.
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The stationary culture vessel makes instrumentation and con
sequent control of the culture conditions possible. More 
recent work has been carried out on continuous culture 
systems, which allow the establishment of steady states of 
growth and metabolism, and these have great potential in the 
industrial production of secondary plant products. In the 
two types of system devised, an open continuous system is 
used, with regulated input of nev/ medium balanced by the 
harvest of an equal volume of culture.

In the chemostat control system fresh medium input is 
maintained at a fixed rate; whilst the turbidostat control 
system maintains the culture at a fixed optical density by

n ointermittent medium input. Wilson et al modified a batch 
culture system for continuous culture with turbidostat or 
chemostat control. They found that stable cell densities 
could be achieved in a chemostat system as a result of an 
equilibrium established between the dilution rate and the mean 
cell generation time. The dilution rate determined the 
limiting nutrient in the culture and it was found that raising 
the dilution rate resulted in a faster growth rate and a nev/ 
fixed and lower cell density. A critical dilution rate v/as 
achieved when the cell growth rate was at a maximum for the 
conditions of culture and nutrient ceased to be the limiting 
factor. At this critical dilution rate a further small

t

increase in dilution rate led to the culture being completely 
v/ashed from the flask. Using Sycamore cultures Wilson found 
that at each steady state, achieved by increasing the dilution 
rate, the light absorption varied within narrow limits and 
decreased to a uniform value. A turbidostat system, whereby
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an electronic control circuit maintained a fixed culture 
optical density, provided a more critical control mechanism 
and so overcame the problem of washing out the culture. For 
a satisfactory flow control employing the turbidostat 
mechanism, a uniform cell suspension is necessary. Large 
lumps and aggregates of cells also cause blockage of tubes in 
culture vessels and present problems of sampling. For a 
batch culture, or a turbidostat continuous culture process, a 
fine uniform suspension is, therefore, desirable.

A series of experiments were carried out to try and
determine the most suitable conditions for initiating and
maintaining a suspension culture of Trigonella fnenumgraecuLi
cells. The simplest method of culturing suspensions involves
the use of Erlenmeyer flasks shalten on an orbital shalier.

I08Street has described several method by which such flasks 
may be modified, to produce closed system cultures in which 
some control of the gaseous phase can be achieved. In all 
the experiments described in this thesis the gaseous phase 
was allowed to reach an equilibrium with the atmosphere.
Closure of the flasks was by way of non-absorbent cotton wool 
plugs with alvuiiinium foil caps.

THE SELECTION OF A MEDIUM FOR SUSPSNSILON CULTURE 
108Straet has stated that although media used in many pub

lished systems are capable of supporting growth of the tissue, 
they do not provide the optimal, or simplest conditions. 
Modification,, or a complete change of medium, is often
necessary when cells from a tissue culture clone are transferred

9to suspension culture conditions. . Torry and Reinert
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found that the vitariiin requirements for rapidly grov/ing Daucus 
corota and Convolvulus arvensis suspension cultures were
different from those of the original tissue culture clone.

108Street has found that study of the auxin/cytokinin balance 
of tissue cultures and selection of a combination which pro
vides friable callus can prove useful in designing a suitable 
medium for suspension cultures. A suitable balance of growth 
hormones will give an initial inoculum which disperses easily 
in the agitated liquid medium and often gives a well dispersed 
suspension.

A series of experiments were carried out using varying 
concentrations of auxin and cytokinin in Murashige and Skoog*s 
medium to try and initiate a v/ell dispersed suspension system.

(1) The trial of MS medium v/ith 10 ppm NAA and 10̂ 4 v/v
coconut water for the induction of suspension cultures

The solid medium adopted for stock tissue cultures, containing 
10 ppm NAA and 10̂ 6 coconut water,produced a friable callus. An 
attempt was made to initiate suspension cultures in a liquid form 
of this medium. Pieces of 30 day old tissue, grown on the solid 
medium, were placed in 100 ml of liquid medium in each of ten 
Erlenmeyer flasks (230 ml). The cultures v/ere incubated at 23°, 
in continuous light, in an orbital incubator. All cultures died 
within 30 days and it v/as concluded that either the medium was 
not suitable for suspension culture, or the tissue used in the 
incubation was too old.
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(2) The trial of a series of concentrations of NAA in 

MS medium

The concentrations of NAA in the trial media v;ere reduced 
to 0.01, 0.10, 1.00 ppm and the concentration used in the 
previous experiment, (10 ppm), repeated. Tissue explants 
v/ere talien from vjgorously growing twenty day old cultures, 
weighed and transferred aseptically to the media. Ten 
replicates were grown for each trial for a period of 35 days, 
under the same conditions as before: cytokinin was provided
in a lÔ o v/v coconut water supplement in each medium.

At the end of the growth period the cultures were harvested, 
washed and dried. The dry weight of the initial explant 
material was determined at the beginning of the experiment and 
growth was expressed as

Final Dry wt. - Initial Dry wt.
Initial dry wt.

In this experiment all the concentrations of NAA supported 
growth. It was concluded that the use of younger explants 
enabled growth to be maintained at even the highest auxin con
centration of 10 ppm. The type of tissue produced changed 
with increasing concentration of NAA. Concentrations of 0.01 
ppm and 0.1 ppm gave the most dispersed tissue, which ranged 
from cell suspension, to friable lumps, up to 0.3 cm in cross- 
section. A concentration of 1 ppm produced less suspension 
and larger, less friable, pieces. No suspension was apparent 
in tissue grown on 10 ppm NAA. Hard callus-like pieces were

formed up to 2 cm in section and in some flasks the original 
explant did not disperse at all. No root formation was
observed in any of the cultures grown in this experiment.
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Trie growth response to a series of concentrations 
of NAA in MS medium
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0.01 ppm 
NAA

0.10 ppm 
NAA

1.00 ppm 
NAA

10.00 ppm 
NAA

57.6 112.5 121.0 49.9
151.4 96.7 95.7 48.8
105.3 151.2 95.5 61.8
90.5 88.4 114.7 64.1
144.2 84.1 155.8 58.2
54.2 150.5 106.4 48.9
142.8 118.55 157.9 61.1
121.5 150.2 119.2 81.5
. 84.1 96.28 105.4 20.0
106.5 128.5 126.5 50.1

105.6 111.6 117.6 52.4X

For the experiment P = 16.04 
F •= 4.5 at P = «01
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The increases in dry weight for the media are shown in 

Table II.5 8 . The cultures grown on 10 ppm showed significant

ly sy.ialler increases than the other three media, Fig. II. 26 .The 

experiment was terminated after 50 days when tissues grown on 

10 ppm ITAA showed signs of dying or were dead, although tissues 

grown on the other three media were still green and healthy.

(5) The trial of a series of coconut water concentration with 

MS medium

The concentration of l-iAA (10 ppm) used in sbock static 

cultures was unsatisfactory for initiating suspension cultures. 

Concentrations of 0.01, 0.1 and 1 ppm had produced some sus

pension in the presence of a fixed (lÔ j v/v) concentration of 

coconut water. An experiment was carried out in which the 

coconut water concentration was varied in the presence of a 

fixed concentration of auxin, to try and obtain a better dis

persion of the cells. Media were prepared containing 0, 5>

10 and 2(̂ 0 v/v coconut water and 1 ppm NAA and cultures v/ere 

grown, as before, for 32 days.

The results show, Tablell.59, that the maximum increase 

in dry cell weight was obtained with 5 and IĈ T v/v coconut 

v/ater and the yields at 0 and 20;o v/v were significantly 

lower Fig.II.2 7,Absence of cytokinin in the medium resulted 

in death"of the tissues after 20 days. Organogenesis took 

place in' the media containing 5̂ 6 and 10;̂  v/v and primary roots 

v/ere formed in seven of the cultures grown on v/v coconut

v/ater and three of the cultures grown on l(%:j v/v coconut 
v/ater. No root formation was observed in cultures grown on 

ZQf/ô v/v coconut v/ater. The formation of roots indicated that 

the auxin:cytokinin ratio was high, but increase in the



909w

Table II.59

The growth response to a series of coconut water 

concentrations

Coconut
Water

00 v/v 50 v/v 100 v/v 200 v/v

51.9 255.8 115.8 86.5

46.5 287.8 145.1 158.4

28.0 247.7 176.7 54.7

84.0 171.9 212.5 85.9

58.9 518.4 585.5 89.9

62.2 154.1 126.4 150.4

55.9 155.4 194.5 60.1

50.2 255.8 198.5 56.8

58.8 211.9 175.4 64.7

51.5 51608 200.4 68.1

X 52.8 255.4 192,8 85.55

For the experiment F = 26,75
E = 4.5 at P = .01
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Fig'll.27 Growth response of suspension cultures
to different concentrations of coconut
water and 1.0 ppm NAA
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cytokinin level, above lÔ j coconut water, resulted in poor 
grov/th. It v/as concluded that a concentration of 1 ppm NAA 
was too high for suspension culture and that concentrations of 
greater than 10̂ 6 v/v coconut water were inhibitory to growth.

No reason could be found for the lack of root formation 
in the previous experiment on media containing 1 and 10 ppm
NAA in the presence of \Qf}o v/v coconut water.

(If) The trial of a series of kinetin concentrations

The concentration of NAA v;as reduced to 0.1 ppm in this
experiment. The presence of 20>o v/v coconut water had proved
inhibitory to grovth, but because of the undefined nature of 
the supplement, it was not known if inhibition was caused by 
excess cytokinin, or the presence of other compounds. Coco
nut water was, therefore, replaced by a range of concentrations 
of kinetin (6-furfurylaminopurine). The type of tissue and 
growth on 0.01, 0.1 and 1 ppm kinetin were compared with a 
control g?own on IQ/ v/v coconut water after 35 days growth.

No organogenesis v/as observed in tissues grown on the 
reduced concentration of NAA (0.1 ppm). The dry cell weight 
increase obtained, Tablell. 60, v.ath the medium containing 1 
ppm of kinetin was significantly greater than that obtained 
with the_ other media. The grov/th of tissues in medium con
taining 0.1 ppm kinetin was similar to that in medium con
taining 10/ v/v coconut water. A concentration of 0.01 ppm 
kinetin gave significantly less increase in dry cell weight, 

Fig.II.23. The type of tissue produced by all the media was 
similar, consisting of a mixture of aggregate sizes from
suspension, to lumps 0.5 cm in cross-section. Chlorophyll 
was produced by the cells of all the cultures.
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The growth response to a series of kinetin concentrations 
in the induction of suspension cultures

212

.01 ppm 
kinetin

0,1 ppm 
kinetin

l o O  ppm 
kinetin

10/ v/v coconut 
water

40.3 46.5 549.1 236.6
62.1 163.6 169.5 52.4
49.6 73.6 296.6 185.7
58.5 101.6 218.3 137.8
73.1 143.5 222.2 58.5
44.4 148.8 229.2 85.9
90.8 69.6 113.4 102.6

41.9 357.4 409.8 46.9
15.2 122.1 298.7 152.1
54.5 124.8 271.8 118.4

I 53.00 135.14 1 282.36 117.69

For the experiment F = 12.4
F. = 4.5 at P = ,01



21?.

Fig 11. 28 Growth response of suspension cultures
to different concentrations of kinet^

and 0.1 ppm NAA
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(5) The trial of larger kinetin concentrations in KS :i:ediura

Trial media were prepared containing 1, 2, 1+ and 8 ppm 
kinetin and 0,1 ppm NAA. These were inoculated with weighed 
tissue culture fragments grown as before for a period of 35 
days. The increases in dry cell weight were compared with 
tissue grown on 10)j v/v coconut water and 0.1 ppm NAA.

There was no significant difference in the dry cell 
weight increase at the different concentrations of kinetin 
(see Table(L6I). Increase in the kinetin concentration did 
not produce a consequent increase in growth (Fig.I ). All 
the trial cultures showed a greater growth than cultures 
grown with 0.1 ppm NAA and 1Œ/ v/v coconut water.

The cultures grown on 1 and 2 ppm of kinetin produced the 
most dispersed tissue.

Summary

From the results of these experiments it was concluded 
that an NAA concentration of less than 1 ppm was required for 
the initiation of undifferentiated suspension cultures. Con
centrations of 1 ppm or greater resulted in cultures which 
produced large lumps and had a tendency to differentiate to 
form roots.

It \vas found that a supplement of the coconut water was
t

inhibitory to growth at concentrations greater than.IQ/ v/v
and high dry weight increases were obtained when the coconut
water was replaced by kinetin. Increase in the kinetin con
centration beyond 1 ppm caused no increase in growth rate but
at concentrations up to 8 ppm tissues grew healthily with no
signs of differentiation and shoot formation.



Table II.6l

Tne growth response to a series of kinetin concentrations 
in the induction of suspension cultures

215

1 ppm 
kinetin

. . .

2 ppm 
kinetin

4 ppm 
kinetin

8 ppm 
'kinetin

100 v/v 
coconut water

81.9 99.0 85.2 128,5 51.7
154.1 108.6 101.4 97.8 22.5
245.5 149.6 91.2 62.4 98.6
108.5 158.8 149.0 122,4 102.0
82.6 158.8 150.8 85.6 99.6
210.5 94.9 85.0 94,0 54.4
75.0 145.2 87.5 112.2 81.5
154.2 155.7 96.8 102.9 89.4
78.9 115.9 156.0 75.2 95.5
115.6 102.5 97.6 145.8 100.5
89.6 108.0 80.4 115.2 88.1
101.1 102.9 105.8 109.9 55.0

124.4 125.1 105.2 104.0 74.0

For the experiment F = 4,2
F = 3.7 at P = 0.01
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Fig Ï‘1, 29 Grovrbh response of suspension cultures
to different concentrations of kinetin

and 0.1 ppm NAA
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None of tiia trial media resulted in the formation of a 

uniform suspension in the first passage but 0,1 ppm NAA and 
1 or 2 ppm kinetin gave cultures in which the tissue v/as most 
dispersed.

(6) Alteration of the vitrûàin content of the suspension 
culture medium

Torrey and Reinert^ found that the addition of certain 
vitaiuins v/as essential when suspension cultures were cultivated 
from callus cultures of Daucus carota and Convolvulus arve isis. 
on media containing no complex natural supplements. The 
omission of calcium pantothenate, biotin or riboflavin from 
the medium caused a marked decrease in grov/th. Addition of 
the complex vitamin formulation ^adopted by Kaul and Staba^'for 
Dioscorea cultures, had given no significant difference in the 
growth of Fenugreek callus cultures grown on a medium contain
ing coconut water (Table II.3). The medium adopted for sus
pension cultures contained no coconut water and the Kaul and 
Staba vitamin supplement v/as added to see if change in the 
growth response occurred.

A batch of MS medium containing 0.1 ppm NAA and 2 ppm 
kinetin was prepared and to half v/as added the Kaul and StabsP^ 
vitamin solution (see page' 199) and to the other half, the 
vitamins of the normal MS formulation. Known weights of 
callus were added to ten flasks of each medium and incubated 
at 25° in an orbital incubator. The cultures in the medium 
containing the normal MS vitamin formulation grew, but the
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tissues in the trial medium all died with little or no growth.

The only differences between the two media were in the 
vitaiiiins added and it was concluded that the increased avail
ability in liquid medium of substances,caused one or more of 
the components of the Kaul and Staba formulation present at a 
to'CLc level. No further work was carried out with differen: 
vitamin formulations in liquid media and the original MS 
medium vitamins were used for subsequent work,

THE MAINTENANCE OF AN ESTABLISHED SUSPENSION CULTURE

From the results obtained in the preliminary experiments 
a medium containing 0.1 ppm NAA and 2 ppm kinetin was chosen 
for the establishment of continuous suspension cultures of 
Fenugreek. The stock callus culture, grown on MS medium with 
10 ppm NAA and 100 v/v coconut water, had consistently yielded
0.02-0.050 m.f.b. diosgenin/yamogenin and it was used to 
initiate the suspension cultures. About 300 mg of fresh 
callus was added to each of 10 flasks of medium and grown in 
continuous white fluorescent light at 25° in an orbital 
incubator. As in previous experiments,the tissue grew well 
on this medium, and produced cell aggregates and cell suspension. 
Subculturing was performed after 50 days and samples of both 
suspension and small aggregates,were transferred to flasks of 
fresh medium in about ^ ml of the exhausted medium. Only a

I

small amount of tissue was used for each inoculation, in an
attempt to obtain a well dispersed tissue growth and although
all the subcultures grew, a period of 60 days was needed 
before a satisfactory yield of tissue was achieved. Tissue
growth again consisted of a suspension and aggregates up to
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Table 11.62

The diosgenin/yaniogenin yield from Fenugreek 
suspension cultures

Sample 
v;t. in 

g

Mean ratio 
relative 

to
cholestane

Weight
diosgenin/
yamogenin

/ig

Diosgenin/ 
yamogenin 

%  v;/\v 
m.f.b.

First 30 
day
growth
period

2.3438 1.78 160 .0067

2.3-251 1.30 124 .0053

Second 60 
day
growth
period

2.5619 1.50 138 .0054

2.4647 1.38 128 .0052
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0.5 cm in cross-section. A second subculture was successfully 
performed and the cultures were growing at the time of writing 
(July 1974)• The nature of the cultures has changed and 
smaller, more friable aggregates and more cell suspension has 
been formed.

The diosgenin/yamogenin yield of suspension culture from 
the first and second grovrth periods was assayed. The recovery 
of sapogenin from the tissue was very low and the amount 
detected is estimated in Table 11.62. It was concluded that 
although the medium used was satisfactory for the growth of 
suspension cultures it was unsatisfactory for the accumulation 
of sapogenin. Callus culture tissue producing 0 .02-0 .030 w/w 
m.f.b. diosgenin/yamogenin produced even less (0.005-0.006% 
m.f.b.) when grown in the liquid medium. Furthèr investigation 
of the conditions which would encourage both vigorous growth 
and the accumulation of sapogenins in suspension cultures was 
not possible in the time available.
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■EXPERIMENTAL

PARI III CHARIER I

THE INDUCTION OF FENUGREEK TISSUE CULTURES 

MS TOBACCO TISSUE CULTURE MEDIUM

(1) The composition of stock solutions for MS medium

The ingredients listed in the macronutrients ̂ TablelU.f 
were dissolved in distilled water and the solution made up to 
500 ml and stored in reagent bottles in a refrigerator. The 
solutions were inspected at weekly intervals for biological 
contaminants and replaced if necessary. After a maximum 
storage period of two months unused solutions were discarded.
A 2 1. stock solution of the minor inorganic nutrients was 
prepared containing the quantity of each compound required for 
a 2 1. batch of medium in 10 ml. The solution was dispensed 
into 10 ml anber glass ampoules, which were sealed and auto- 
claved at I5 psi for I5 minutes. Similarly,a stock solution 
of a mixture of glycine and myo-inositol was prepared and 
stored in 10 ml ampoules. Fresh vitamin d:ock solution was 
usually prepared for each batch of medium, but was stored for 
up to three days at 2-4° on some occasions. Thiamine hydro
chloride (10 mg) was dissolved in distilled water and diluted 
to a volume of 10 ml in a volumetric flask. One ml was trans
ferred to' a 100 ml volumetric flask and pyridoxine hydrochloride 
(5 mg) arid nicotinic acid (5 mg) added. The solution v/as 
made up to volume and 10 ml added to 1 litre of mediurû, after
membrane filter sterilisation. The vitamin solution was 
added to cold sterile liquid media or, to media containing
agar, when the autoclaved flask v/as v/arm to the touch.
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Disodium etiiylcnodiaiiiine tetra-acetate solution 

(Na^EDT'A) was prepared in 500 ml stock quantities (7.46 g/1.). 
Ferrous sulphate (5.56 g/1.) solution v/as freshly prepared for 
each batch of medium. For a 2 1. batch of medium 10 ml of each of 
these tv/o stock solutions (TableIII ) were mixed 30 minutes 
before being added to the medium.

The coconut v/ater, used as a medium supplement, was pre
pared by the method recommended by Street.  ̂ A commercial 
sanpie of 100 mature coconuts was obtained and the liquid 
endosperm drained from each nut and exaiûined for biological 
contamination before being bulked. About 8 1. of coconut 
water was obtained and this was immediately boiled under 
reflux for 30 minutes, to denature the proteins present, and 
cooled. The liquid was filtered, through a filter bed of 
hyflo supercel using vacuum. The filtrate v/as mixed 
thoroughly before being dispensed in 100 ml aliquots into 
screw-cap 100 ml medical flats and autoclaved at 15 psi for 15 
minutes. The sterile coconut water v/as stored at 2-4°.

Oxoid No.l agar v/as used in most of the work although 
Difco Bact0-Agar was used in some later experiments. A con
centration of 1.0 %  v//v v/as satisfactory with Oxoid Ho.l and
1.R0 w/v v.ath Difco Agar. Analar sucrose v/as used for all 
media. .A stock solution of NAA was prepared by heating 100 
mg of NA^ with 300 ml of water, under reflux, until the solid 
dissolved. The cooled solution v/as made up to 500 ml. A 
similar procedure v/as adopted v/ith 2,4-D. Unused auxin 
solutions were discarded after one month.
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Table III.I

Stock solutions useci in the nrcnaration of MS medium

li a 0 r o n u t ri o ii t s
g/ 5 0 0 ml of stock solution nil of stock sol./

1. of medium

'r R 87.5 10
9 5 .0 10

18.5 10
KH_PO,2 4 8 .5 10
CaCl^2H^0 22.0 10

hicr0nutrionts in a 2 1. SLock solution
g/2 1. of stock solution ml of stoci sol./

1. of medium
H3EO3 2 .480

knSO,4 8 .920

ZnS0^7H^0 3 .4 4 0

kl 0 .3 5 2 / 5
NaÆoO, 2H_02 4 ^ 0.100
CiiS0^5H^0 0.010

CoCl^ 0.010
g/2 1. of stock solution

Myo-inositol 40 1
Giycin 0.8 ?

5

Vitcmin stock sol Jution ^

.Illg/j.00 ml stock solution nl/1. of niediu:n
Pyridoxine IICl 5
nicotinic acid 5 10
Thiamine IIGl 1

Ii-on Chelate
. g/ 5 0 0 ml stock solution

3 .7 3 5
FcSO^yil^O 2 .7 8 5
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The pH of the media was adjusted to 6 by the addition of 

IN potassium hydroxide solution before autoclaving. A Pye 
model 79 pH meter fitted with a rye Ingold pH electrode (model 
401) was used for pH measurement.

EXPERIIIENT TO STUDY CHANGE IN pH OF MEDIA AFTER AUTOCLAVING

A 1 litre batch of KS mediuri containing 10 ppm NAA and 
I0)d v/v coconut water was prepared from the stock solutions, 
Tablelll.I. The medium was mixed thoroughly and 9 aliquots 
of loo ml talien. The pH of the medium was 5*25 and each 
batch was adjusted with either IN potassium hydroxide solution 
or IN hydrochloric acid to give a series of media v/ith pH 
values of: 5 .20, 5.5 9, 5 .6 4, 5 .o9 , 5.9 9, 6 .24, 6.4 3, 6.63 and 
6.80. The pH determinations were carried out on a Radiometer 
Copenhagen pH meter,type Pidl 260,fitted with a type G202C 
glass electrode. The instrument was adjusted for pH measure
ment with increased accuracy of reading.

Clean 100 ml medical flats were rinsed vitli distilled 
water and dried. These wore filled vith the media (100 ml) 
and autoclaved in a Gallenkamp portable electric autoclave for 
13 minutes at I3 psi. The autoclaved media were cooled to 
room temperature and the pH re-measured.. A graph of pH after 
autoclaving against pH before autoclaving was plotted.

ASEPTIC MANIPULATIONS

All aseptic manipulations were performed in a Pathfinder 
laminar flow, clean air cabinet (Type 63T) fitted with a 
Fram 3 filter unit, complying with U.S.A. federal standard 
209A Class loo, with an air flow of 90 ft/minute. The air
flow was switched on at least 20 minutes before use and the
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cabinet swabbed with absolute alcohol immediately prior to use, 
Forceps and scalpels were heated with a spirit burner and 
quenched in sterile distilled water before use. Disposable 
plastic gloves^swabbed with absolute alcohol,were worn at air 
times during aseptic work. Sterile transparent (100 ml) 
plastic jars, fitted with metal screw-cap lids, (Richardson, 
Leicester) were used extensively as callus culture containers.

SEED SURFACE STERILISATION

A sample of 20 seeds, Ethiopian type, RK.2602, was 
immersed in 25 ml of bromine water for 2 minutes,in a sealed 
sterile plastic jar (100 ml). The sample was transferred to 
a second jar containing 25 ml of 10 volume hydrogen peroxide 
solution and left for a further 10 minutes. The seeds were 
then washed with two 25 ml quantities of sterile distilled 
water,to remove all traces of the reagents.

A 200 ml batch of MS medium, containing no auxin or vita
mins, v/as prepared and warmed v/ith 10 w/v agar until the agar 
was in solution. Twenty ml of medium were poured Into each 
of 10 glass petri dishes (BS611) which were autoclaved.
Two of the treated seeds were aseptically transferred to each 
petri dish of cold medium and incubated at 25° (L.E.E.C. PC2 
incubator). The seeds were examined daily for fungal grov/th 
and germination and the experiment terminated after 5 days.

A 100 ml volume of 10 aqueous solution of p-propiolactone 
(BKH) was prepared and 30 ml (approx.) immediately added to 20 
seeds, type RH.2602, in a sterile plastic jar. The container 
was sealed and placed in an oven at 50° for 30 minutes, with 
agitation every 10 minutes. The seeds were washed tv/ice
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v/ith sterile distilled water, and then incubated on the MS 
medium at 25° for seven days. The seedlings were examined 
for fungal contamination and damage by the sterilising agent

A 20 seed sample of Moroccan seed, type RH.2336, was 
similarly treated with ^-propiolactone and incubated for seven 
dayj on MS medium. Treatment with a 1% aqueous solution of 
^“propiolactone for 30 minutes, at 50°C, v/as adopted as a 
standard procedure for seed sterilisation.

THE INDUCTION OF CALLUS CULTURES FROM STERILE COTYLEDONS

A sample of 10 selected seeds,of Moroccan type RH.2336, 
was surface sterilised. Ten glass petri dishes containing 1% 
w/v agar in sterile distilled water were prepared and one sued 
incubated in each dish at 25° in tie dark for five days. A 
200 ml batch of MS medium (10 ppm lUiA 10;a v/v coconut water 
pH6 )containing 10 w/v of agar was autoclaved at 15 psi for 15 
minutes. Vita:rin solution, sterilised by membrane filtration, 
was added to the cooled medium and the medium aseptically 
poured into 10 sterile plastic jars (20 ml/jar). The coty
ledons were removed from the seedlings and one pair added to 
each jar of medium. The jars were sealed and five cultures 
grown for 30 days in continuous light (Ediswan 'warm white' 
65/80.. fluorescent tubes) and five in total darkness. The 
light intensity at the shelf levels in the incubator room 
was adjusted to I500-ISOO Lux using a 2.E.L. light meter and 
the room temperature maintained at 25° - 1° with a fan heater 
and water-cooled radiator.

The undiifcrcntiated tissue v;hich formed at the cut edges 
of the cotyledons v/as removed after 30 days and approximately
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50 mg subcultured into each of a series of jars containing 
fresh, sterile MS medium containing 10 ppm NAA and 10̂ 6 v/v 
coconut v/ater.
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PART III CHAPTER II

THE DEIERMINATION OF THE OPTIMUM CONDITIONS 
FOR FENUGREEK TISSUE CULTURE GROV/TH

GROWTH RESPONSE OF FENUGREEK TISSUE CULTURE TO DIFFERENT 
COMBINATIONS OF GROWTH REGULATOR

(1) Grov/th response on the induction medium

Twenty 100 ml sterile plastic jars were calibrated for a 
volume of 20 ml, to ensure uniformity of filling with medium.
A 20 ml volume of water was added to a jar and the depth of 
the liquid measured. A similar depth v/as measured and marked 
on the twenty jars to be used in the experiment.

A 100 ml vitamin solution, see Tablelll.I, and a 500 ml 
batch of MS medium (10 ppm NAA, 10?̂  v/v coconut water pH 6, 
hereafter referred to as R.S. medium) were prepared. After 
adjustment of the pH to 6 v/ith IN potassium hydroxide solution 
and addition of 1% v//v of agar,the medium v/as autoclaved at 
15 psi for 15 minutes. An Everett 10 ml,Luerlock syringe, fit
ted v/ith a Sartorious membrane filtration unit, (0.45^ pore) 
was used to introduce 5 ml of the vitamin sclution (page228 ) 
into the autoclaved medium when the flask was cool enough to be 
handheld. The vitamin solution and medium were mixed by 
swirling the flask and poured into the plastic jars and 
allov/ed t o set. Another 20 sealed sterile jars were tared 
and coded. A healthy 20 day-old subculture of callus, main
tained for 5 months on R.S. medium and grov/n in continuous 

warm white light at 25°C,was used to provide explants. Ten 
uniform explants, each approximately 50 mg in weight, were each 
placed in an empty, tared plastic jar and weighed. Ten jars
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of media were inoculated with the tissue and each coded to 
correspond with the tared jar from which the tissue was taken. 
The empty tared jars were aseptically re-sealed and retained 
for subsequent weighings. The procedure was repeated for 
the other jars of medium with ten pieces of tissue grown in 
the dark for the same length of time on the R.S. medium. The 
cultures were grown under the conditions employed for the 
original stock cultures and were weighed at intervals during 
the growth period. The growth index was calculated for each 
tissue, after each weighing ,from the formula:

Weight of tissue - Initial V/t.
Initial Wt.

A graph was plotted of the sample mean growth index 
against time for the two sets of replicates and the 950 
confidence interval calculated for the population mean.

(2) Variation of the NAA concentration in the induction 
medium

The nutrient stock solutions and sucrose (page228 ) for 
a 1 litre batch of M.S. medium, including a lÔ j v/v coconut 
water supplement, were made up to 500 ml with distilled water, 
mixed thoroughly and divided into 5 batches each of 100 ml. A 
stock solution of 200 mg/1 NAA (Sol.A) was diluted to give two 
solutions of 20 mg/1 (Sol.3) and 2 mg/1 (Sol.C). To two 
batches'of the nutrient concentrate were added 20 ml and 10 
ml of solution A. To one batch was added 10 ml of solution
B. and to the two remaining batches 10 ml and 1 ml of solution
C. All the nutrient concentrates were made up to 200 rnl with 
distilled water, the pH of each adjusted to 6 with III potassium 

hydroxide solution, and 10 w/v of agar added. The media were
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autoclavod at psi for 15 minutes, cooled and 2 ml of 
filter sterilised vitamin solution (page228 ) added. The 
media were dispensed into 100 ml sterile plastic jars in 20 
ml aliquots, allowed to solidify and the jars weighed.
Inocula of tissue grown on U . S . medium were added and the jars 

reweighed. The cultures were grown for 35 days under con

tinuous light (Ediswan 'v/arm white* fluorescent I50O-I8OO Lux) 

at 25° - 1°. The tissues were removed from the jars, 

individually weighed and the growth indices calculated.

An analysis of variance was performed on the results and 

a histogram drawn of the mean growth index of the cultures 
grown on each medium.

(3) Variation of the volume of coconut water suonleraent in 
the induction medium

The nutrient stock solutions and sucrose for a 1 litre 
batch of KS medium, excluding the coconut water supplement and 
vitcUiiins, but including 50 ml of 0.2 mg/ml NAA in distilled
water, were made up to 500 ml with distilled water. This 
nutrient concentrate was divided into 5 batches each of 100 ml 
and 10, 20, 30 and ZfO ml of coconut water added to if batches. 
All five aliquots were made up to 200 ml wath distilled water, 
the pH of each medium was adjusted to 6 v/ith IN potassium 
hydroxide, 1/ w/v agar added and all the media were autoclaved 
for 15 minutes at I5 psi. Vitaimin solution, 2 ml, was added, 
via a membrane filter, to each batch of cooled medium; 20 ml 
volumes were dispensed into 100 ml sterile plastic jars and 
allowed to solidify. Each jar of cold medium was weighed, 
inoculated with tissue grown on U . S . medium and reweighed 
immediately. The cultures were grown for 35 days in
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continuous light (Ediswan’warra white’ fluorescent I500-I0OO 
Lux) at 25° - 1^. The tissues were individually re-weighed 
and the growth indices calculated. An,analysis of variance 
was performed on the results and a histogram drawn of the 
mean growth index for the tissues grown on each medium,

(4) The use of 2,4~Lichloro~ohenoxyacetic acid as a growth 
regulator

A solution of 200 mg/1 of 2,4-D in distilled water was 
prepared (Solution A), Other solutions, containing 2,4-L 
20 mg/1 (Solution B) and 2 mg/1 (Solution C), were prepared by 
dilution of Solutions A and B respectively. Five 100 ml 
batches of double strength MS medium nutrient solution, 
including a coconut water supplement (lÔ o v/v at full 
dilution), were prepared as before. The following volumes of 
the 2,4-L solutions were each added to one batch of nutrient:
10 ml of Solution A, 10 ml of Solution B, 10 ml of Solution C 
and 1 ml of Solution C. To the other batch of nutrient was 
added 10 ml of a solution of NAA 200 mg/1. The nutrient con
centrates were made up to 200 ml and treated as in previous 
experiments. The media were dispensed into sterile plastic 
jars in 20 ml aliquots and inoculated with known weights 
(approximately 50 mg) of tissue previously grown on R.S. 
medium. ■' The cultures were grown for 35 days in continuous 
light at' 25^ - 1°, reweighed, and the relative grovrth responses 
on the different media calculated as before.
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(5) The growth response to NAA and kinetin

The method used for the preparation of the media was 

designed to keep the common constituents of the media uniform 

in each batch. The nutrient stock solutions (page228 ) and 

sucrose for a 4 1* batch of MS medium were made up to 2 1. 

with distilled water, mixed thoroughly and divided into 3 

batches,each of 6OO ml and 1 batch of I50 ml. Solutions 

containing 0.2, 0.02 and 0.002 mg/ml of NAA, in distilled 

water, were prepared and 60 ml of each added to one of the 

600 ml trial batches of nutrient solution. To the small con

trol batch of 150 ml was added I5 ml of the 0.2 mg/ml NAA 

solution. Each trial batch v/as again thoroughly mixed, made 

up to 800 ml with distilled water and sub-divided into 4 
volumes of 200 ml. Solutions containing 0.3> 0.03 and O.OO3 

mg/ml of kinetin, in distilled water, were prepared and 10 ml 

of each added to one of the 200 ml voluLies from each trial 

batch of nutrients. A 30 ml aliquot of coconut water was 

added to the I50 ml control batch of nutrient. Each volume 

of trial nutrient, and the control batch, was made up to 300 

ml v/ith dstilled water in a 300 ml Erlenmeyer flask and the 

pH adjusted to 6 with IN potassium hydroxide solution. After 

1% w/v of agar had been added, each flask was sealed and auto

claved at 15 psi for I5 minutes. A vitamin solution v/as pre

pared (page228 ) and 3 ml added to each flask of cooling 

medium,after sterilisation by membrane filtration. The trial 

and control media were dispensed in 20 ml volumies into 100 ml 

sterile plastic jars and allowed to cool until the agar 
solidified. Each jar of medium v/as weighed, a piece of

callus (50-100 mg) added and the jars immediately re-weighed.

The callus used for the inoculation was taken from stock
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cultures grown on kS medium. The fresh weights of the 

inocula were calculated and the cultures grown for 35 days at 

25° - 1° in continuous light (Ediswan ’warm white’ fluorescent 

tubes). After 35 days the tissues were removed from the jars 

and individually weighed. The growth indices were calculated 

and the results treated as before.

(6) Further investigation of the growth response to NAA and 

-kinetin

A similar procedure was followed for the preparation of 

the media in the second experiment. A concentrated nutrient 

solution was prepared (2 1. for 4 1. of medium), divided (3 

batches of 6OO ml and one control batch of I50 m3.) and the uAA 

solutions added as before. The trial batches were diluted 

(to 800 ml), sub-divided (4 x 200 .ml) and kinetin added. 

Solutions containing 0.3, O.I5, 0.075 and O.OI5 mg/ml of 

kinetin, in distilled water, were prepared and 20 ml of each 

added to one 200 ml volume of nutrient from each batch.

Coconut water (30 ml) was added to the I50 ml control batch, 

as before. The trial and control batches were diluted to 30O 

ml, the pH of each medium was adjusted to 6, 1% w/v agar added, 

the media sterilised and sterile vitamin solution added. The 

media were dispensed into sterile plastic, jars and callus 

tissue, grown on R.S. medium, added. The growth indices were 

calculated after a 35 day growth period.

(7) The growth response to 2,4-D and kinetin

Thé nutrient stock solutions and sucrose for a 5 1, batch 

of MS medium were made up to 2.5 1. w±th distilled water.

Three trial batches of 750 ml and one control batch of I50 ml 

of the solution were tad:cn. A series of solutions containing
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0 .15, .015 and .0015 mg/ml of 2,4-D in distilled water were 

prepared and 10 ml of each added to one trial batch of 

nutrient solution. A 15 ml aliquot of 0,2 mg/ml NAA 

solution was added to the I50 ml control batch. The total 

batches were made up to 1 litre with distilled water and sub

divided into volumes of 200 ml. Solutions containing 0.3, 

0 .03, 0.003 and 0.0003 mg/ml of kinetin in distilled water /ere

prepared and 10 ml of each added to one 200 ml volume of each 

trial batch of nutrient. A 30 ml aliquot of coconut water 

was added to the control batch. The trial and control 

nutrient solutions were made up to 30O ml, treated as in the 

previous experiments and dispensed into 100 ml sterile jars 

(20 ml per jar). The trial media were inoculated with tissue 

grown on MS medium.(0.01 ppm 2,4-D 10/ v/v coconut water) and 

the control with tissue grown on k.S. medium. The cultures 

were grown for 35 days in continuous light at 25° - 1° and the 

growth responses evaluated as before.



THE ADDITION OF MEVALONIC ACID TO THE CULTURE MEDIUM

A 10**̂  molar solution was prepared by weighing 0.615 g 

of mevalonic acid lactone and mailing it up to 50 ml with a 

vitamin sDlution, containing 0.05 mg/ml of pyridoxine hydro

chloride and nicotinic acid and 0.01 mg/ml of thiamine hydro

chloride, in distilled water. Solutions containing 10 

10*"̂ , lo"^ and lo"^ moles/litre were prepared by appropriate 

dilutions v/ith vitamin solution.

Six 300 ml volumes of R.S. medium containing 1% w/v of 

agar were autoclaved at 15 psi for 15 minutes in sealed 500 ml 

Erlenmeyer flasks. To each flask of cooled, sterile, medium 

was added 3 m3. of the appropriate hVA and vitamin solution 

sterilised by membrane filtration. The addition of 3 nil of 

10 ^ molar MVA solution to 300 ml of medium gave a 10 ^ molar 
medium and lo"^, lo"^, lo"^ and 10 media were similarly 

prepared. A control medium containing no MVA was prepared by 
adding 3 ml of filter-sterilised vitamin solution. The same 

membrane filter was used for all the stock solutions and these 

were added in increasing order of strength. The media were 

mixed by sv/irling the flasks and poured.in 20 ml volumes into 

lo o  ml sterile plastic jars. One weighed piece of tissue 

(approximately 50 mg each), grown for 20 days on MS medium (10
I

ppm NAA, lÔ o v/v coconut water), v/as subcultured into each jar 

and grown at 25°C - 1°C under fluorescent warm white light 

(1500-1800 lux) for 35 days. The tissues were individually 

weighed and the growth indices calculated as before.
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PART III CHARIER III

THE IDENTIFICATION OF PHYTOSTEROLS AND 

SAPOGENINS IN ONE YEAR OLD TISSUE 

CULTURES

THE EXTRACTION AND EXAMINATION BY T.L.C. OF PHYTOSTEROL 

AND SAPOGENIN FRACTIONS

A 5 g oven dried sample of tissue culture callus, from 

cultures which had been maintained for one year with,sub- 

culturing at 30 day intervals, was refluxed with 100 ml of 2N 

hydrochloric acid for 2 hours. The acid insoluble residue 

v/as filtered, (Whatman No.l), made alkaline with 10% 

ammonia solution, and dried overnight at 60° in a fan oven.

The residue formed a solid lump which was powdered and extracted, 

v/ith the filter paper, v/ith light petroleum (B.P. 40-60°) in a 

Soxhlet apparatus for 24 hours. The solvent was removed on a 

rotary vacuum evaporator (Buchi) leaving an oily residue. A 

crude extract v/as obtained from a 2.3 g sample of whole 

Moroccan seed (RH.2336) by the same method. The dried residue 

obtained after ^cid hydrolysis did not require powdering prior 

to extraction.

The petrol-soluble crude extract from the callus

was dissolved in 5 ml of chloroform and the extract from the 

seed i n 1̂0 ml of chloroform. A silica gel G T.L.C. plate 

(layer-thickness 230 ji) was activated at 110°C for one hour, 

cooled, and approximately 10 jxl of each crude extract applied 

v/ith a microcap. Standard solutions of diosgenin and 

sitosterol (1 mg/ml) were prepared and 10 jil of each applied
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to the plate. Hexane: ethyl acetate 4:1 v/as used to run the 

plate in a Desttga ’S ’ chamber to a height of 15 cm. The 

solvent v/as allowed to evaporate from the plate,which was 

then sprayed v/ith antimony trichloride 300/ v//v in concentrated 

hydrochloric acid, and heated at 100°C for five minutes to 

develop the coloured spots.

Isolation of sapogenin and phytosterol fractions by 

preparative thin layer chromatography

The crude petrol-soluble callus extract was evaporated to 

dryness and redissolved in 2 ml of chloroform. The sample 

was applied as a band to eight, 250 jj., activated silica gel G 

T.L.C. plates v/ith a melting point tube. The plates were run 

to a height of 15 cm using hexane; ethyl acetate 4:1 in an'S’ 

chamber. Each plate was covered with a sheet of glass, 

leaving a 1 inch margin at the edge exposed for spraying with 

the antimony trichloride reagent. The sprayed plates were 

heated to reveal the position of the phytosterol and sapogenin 

bands. The two bands were scraped from each plate and the 

bulked silica gel of each band, from the eight plates, placed 

in two Soxhlet thimbles which had been defatted by immersion 

in diethyl ether. The steroids were eluted from the silica 

gel v.ath chloroform in Soxhlet apparatuses for six hours. The 

solvent .was removed on a rotary vacuum evaporator and the 

extracts re-dissolved in 2 ml of chloroform.

The phytosterol and sapogenin were each re-applied to 

fresh.T.L.C. plates and the procedure repeated. The final 

residues obtained were weighed, dissolved in 2 ml of chloro

form and stored in 2.5 ml screw-cap vials ready for G.L.C. 

analysis.
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THE iL E N T IF IC L T IO N  OF "'L.TOSTBROLS AND SAFOGExllIS

(1) Anal y si s of yhyt o st-rols by G .u.C.

A PeiTiin-Elrner Fll (Mark I) dual column gas chromatograph 

was used,with a flame ionisation detector and a Leeds and 

Korthrup 'Speedomax V-', 1 mV recorder. Three sets of columns 

were used in an initial o.L.C. investigation of the fractions.

(i) A pair of 1 metre glass columns, bore 3 mm, packed

with a stationary phase of OVIOI 3%, coated on

chromosorb G high performance, 80-100 mesh support

material (Perliin Elmer). The columns were packed and
2conditioned by Jefferies

(ii) A pair of 2 metre glass columns,of 3 mrn bore 

packed with a stationary phase of OV-17 3%, coated on 

chromosorb G 80-100 mesh. The glass columns were 

made at hath University and, prior to packing, were 

washed with 0.3 N hydrochloric acid, distilled water,

0.3 N methanolic potassium hydroxide and methanol 

until neutral. The columns were packed,with a com

bination of.reduced pressure and vibration,until no 

further settling of the powder occurred. Condition

ing of the columns was carried out at 210° for 4 days, 

then at 230° and 230° for 1 day and 270° for 2 days.

The columns were not connected to the detectors during 

conditioning and a low carrier gas flow rate was used.

(iii) A pair of 6 ft stainless steel columns, bore 

inch,prepacked, by Perkin Elmer Ltd., with 2% SL'30 

coated on chromosorb G oO-lOO mesh. Conditioning was 

carried out at 200° for 4 days, then 220° and 240° for
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I day and 230° for two days, under the conditions 

previously described.
The working temperature used v/ith the columns were 230° 

for OVIOI and SEpO and 270° for OV-17. The injection block 

was maintained at a temperature of 30° higher than the column 

working temperature. Nitrogen (oxygen free) was used as the 

carrier gas because of its low levels of water (<I3 ppm 

compared with 200 ppm in ordinary grade) and its low oxygen con

tant ( 10 ppm compared with 0.3/). A molecular sieve (B.D.H.

type 3A aluminium calcium silicate pellets) was fitted into the 

nitrogen line as a further precaution against moisture. The 

flow rate of the carrier gas was measured by attaching a teflon 

capillary tube plus soap bubble flowmeter to the unlit detector, 

(«Measurements were made at the v/orking temperature of the column

because it had been found that flow-rate fell with the increase 
2in temperature.

The conditions chosen for the analysis of T,M,Si-ethers of 

the phytosterol fraction were; 6 ft. (% inch bore) SE30 2̂ -/; 

oven temperature 230° and injection block temperature 280°; 

carrier gas: nitrogen at ml/min,

(2) The determination of phytosterol retention times relative 

to cholestane

An internal standard of 20 mg, of cholestane (99/ pure, 

Applied Science Labs,) was weighed on torsion balance and 

dissolved in 20ml. of chloroform. Approximately 200 ug of the 

sterol fraction, previously prepared, was transferred to a 2 .3 ml 

vial and 0,123 ml of the internal standard solution added v/ith 

an all-glass Agla micrometer syringe ( Burroughs
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Wellcome), of tested accuracy, capacity 0.3 ml. The 

sample was evaporated to dryness in vacuo at 60° and 0.2 ml 

of reagent, bis-(trimethylsilyl)-acetamide (Phase

Separation) added. The vial was tightly sealed, left at 60°

for 30 minutes, after which, 3 |il injections of the mixture 

analysed by G.L.C., under the conditions previously 

described. Aliquots of 0.2 ml from standard sitosterol, 

stigmasterol, cscnpesterol and cholesterol solutions, 1.0 mg/ 

ml, (Applied Science Laboratories) were similarly silated and

analysed by G.L.C. The retention times of the standards

relative to cholestane were compared with the retention times 

of the components from the phytosterol extract.

(3) The G.L.C. analysis of the sapogenin fraction

The sapogenin fraction corresponding in Pf value to dios

genin was also analysed by G.L.C. as a T.m.Si-ether. The 

sample gave one peal-i and the relative retention time corres

ponded to that of the T.M.Si-ether of a diosgenin/yainogenin 

3:2 standard solution.

(4) The infrared analysis of the saporenin fraction

A 10 g sample of dried tissue culture callus, grown on 

PS medium and lO.j v/v, was hydrolysed with 100 ml of 2K hydro

chloric acid and extracted by the method previously described. 

Activity'll silica gel was prepared by aiding 30 g of 

activity' I silica gel for adsorption chromatography (Loolm) to 

3 ml of distilled water. The lumps were removed by shaiiing 

and the silica gel was allowed to stand for 1 hour prior to 

use. A glass chromatography column (30 cm long, bore 1.3 cm) 

was packed to a length of 13 cm with the activity II silica 

gel mixed to a slurry with hexane:ethyl acetate 9:1. The
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flow rate was adjusted to 2 ml/minute and the column eluted 

with the same solvent. Ten ml fractions were•collected and 

examined by T.L.C. The phytosterol was removed in the 90- 

130 ml fractions and retained for further investigations.

The sapogenin was recovered in the 130-210 ml fractions. Con

siderable aiiiounts of green pigment were present in the crude 

extract. The use of the hexane; ethyl acetate 9:1 for the 

whole elution reduced the amount of pigment removed with the 

sapogenin fraction. The solvent was removed from the bulked 

sapogenin fractions on a rotary vacuum evaporator and the 

sapogenin left at 60° under vacuum ,overnight,to remove any 

traces of solvent which would interfere with the infrared 

analysis.

The analysis was carried out on a Hilger IlSOO double beam 

recording infrared spectrophotometer,with rock salt prisms, 

under the following conditions; 1 mm path length cell; slit 

330 ju at 900 cm autoslit 23; gain 7; damping 4; scan 

speed 35 min/rev.

The sapogenin was dissolved in 0,3 ml of analar chloro

form, transferred to the cell and the spectruin run twice over 

the 1030 to 830 cm ^ region.

(3) Diosgcnin/yamogenin ratio of tissue culture and seed 

extracts
I

Jefferies obtained a calibration curve of the ratio of 

the absorbance values of the 90O cm ^ and 920 cm”^ peaks for a 

series’of diosgenin and yamogenin standard mixtures, where 
diosgenin was the .predominant compound (Fig.III.I). The

absorbance values of these peaks for the sapogenin extracts of 

callus and seed were obtained and from the ratios of
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Fi^II • IPlosgenin:yamogenin ratio graph
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•* Obtained from the absorbance ratio 900/920 against 
» D:Y ratio and is used for mixtures containing more diosgenin 

than yamogenin. Reproduced from ref.2
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absorbance at 900 en ^ 
absorbance at 920 cm ^

the ratios of the diosgenin and yamogenin components were 
calculated.

(6) Mass spectrornetric examination of the phytosterol fraction

The sterol; available from the coluran chromatographic 
separation of sapogenin, was bulked with sterol fractions 
obtained from other tissue extracts. The sterol extract 
(approx, 30 mg) was dissolved in a small amount of boiling 
methanol, (approx. 15 ml), under reflux, transferred to 5 ml 
centrifuge tubes and allowed to cool. The sterol crystals 
were collected by centrifugation, the methanol being removed 
with a pipette. The sterol v/as dried at 60°C and dissolved 
in 4 ml of chloroform,prior to further purification by pre
parative T.L.C.

Suitable T.L.C. plates were prepared by shaking 75 S of 
silica gel G,PF254“366, v/ith 165 ml of distilled water. The 
slurry v/as spread over five plates (1 mm thick) and left over
night to air-dry, prior to activation at 110^ for 1 hour. The 
sterol sample was applied as a band with a melting point tube 
and the plates run for 15 cm v/ith hexane: ethyl acetate 3:1 in 
a chromatography tank. The sterol band (Rf 0.27) was detected 
by spraying the edge of the plate with the antimony trichloride

t

reagent. The band was removed from each plate, the sterol 
eluted from the silica gel in a Soxhlet apparatus for 6 hours 
with chloroform and the composition of the extract determined 
by G.L.C. as a T.M.Si derivative.
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Approximately 20 mg of the' sterol fraction v/as recovered 

and half v/as transferred to a 25 ml round bottomed flask.
One ml of pyridine* and 2 ml of acetic anhydride were added and 
the mixture refluxed at lOO^C for 1 hour. After cooling, 3 
ml of methanol were added to the flask and solvent then removed 
under reduced pressure. The resulting acetates were dissolved 
in 1 ml chloroform. The procedure was repeated vrlth 10 mg of 
sitosterol standard.

Silica gel G, 20/ silver nitrate, plates were prepared and 
activated for 1 hour at 110^. The acetates were applied and 
the plate run with benzene:hexane 1:1 to a height of 15 cm in 
an ‘S' chamber. The plate was sprayed with 50̂ / sulphuric acid 
and heated at 110° for 10 minutes. The steryl acetate mixture 
gave one spot which corresponded with the sitosteryl acetate 
standard and had an Rf of 0.42.

The unacetylated sterol fraction was sent to the Tropical 
Products Institute,where a mass spectrornetric analysis was 
carried out on the mixture and a G.L.C/mass spectrornetric 
analysis of the major components performed.
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PARP III CHAPTER IV

THE DETERMINATION OF SAPOGENIN

THE CQEOURIMETRIC ASSAY OF DIOSGENIN AND YAMOGENIN IN 
FEIN:GREEK TISSUE CULTURES

(1) Adsorption column chromâtography of crude extracts

A 2.5 g Fenugreek seed sample was refluxed for two hours 
v/ith 2il aqueous hydrochloric acid, the acid insoluble residr.e 
was filtered (Whatman No.l), made alkaline with 10)6 ammonia 
solution and dried overnight at 60° in a fan oven. The 
residue and filter paper were extracted with light petroleum 
(40-60° b.p.) for 24 hours in a Soxhlet apparatus and the sol
vent removed on a rotary vacuum evaporator. The petrol soluble 
extract was transferred to a 50 ml volumetric flask and made up 
to volume with chloroform.

Columns for adsorption chromatography were made from glass 
diameter

tubing of 0.5 cm./ A 35 cm length of tube was heated at the 
end and drawn out to a fine tip. A glass wool plug and filter 
paper disc were inserted and pushed down to the base of the 
column. The outlet tip was closed with a piece of P.T.F.E. 
tubing, heat sealed at one end, and the column filled v/ith 
hexane:ethyl acetate 9:1. The columns were packed with

I

activity II silica gel. This was prepared by adding lÔ j v/v/ 
of distilled water to activity I silica gel for adsorption 
chromatography (W'oelm), shaking to remove lumps and allowing it ' 
to stand for two hours prior to use. A slurry of the silica 
gel in hexane:ethyl acetate 9:1 was prepared and loaded into
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the column with a fine tipped glass funnel. The P.T.F.E. 
closure was removed from the outlet tip to allow drainage of 
the displaced solvent. The column was vibrated to assist 
packing and was filled to a height of 24 cm. The flow rate 
was adjusted by filling the packed column with solvent and 
cutting off portions of the glass outlet tip until the aperture 
allowed the solvent to drain at a rate of 1-1.5 ml/minute.

A 1 ml sample of the diluted crude seed extract was 
evaporated to dryness, re-dissolved in hexane:ethyl acetate 
9:1 (2 ml) and this solution applied to the column and eluted 
with the same solvent mixture. Fractions of 5 ml volume were 
collected, evaporated to dryness under vacuum at 60° and each 
re-dissolved in 0.5 ml of chloroform. A 10 yl sample of each 
fraction was applied to a silica gel ü (250 j.i) TLC plate which 
had been activated for one hour at 120°C. Standard solutions 
of sitosterol and diosgenin were prepared (1 mg/ml) and 10 jil 
of each also applied to the plate. Hexane:ethyl acetate 4:1 
v/as used to run the plate to a height of 15 cm in a Desaga 'S' 
Chamber. The antimony trichloride reagent was used to spray 
the plate v/hich .was then heated at 100°G for five minutes to 
develop .the spots. Fixed oil, sterol esters and dienes were 
removed from the column in the O-IO ml fractions. Sterol was 
detected in the lO-tO ml fractions and sapogenin in the 35-55 
ml fractions. The procedure was repeated with three moreI
columns.

Four columns were run with 30 ml of hexane:ethyl acetate
9:1 and then with hexane:ethyl acetate 1:1. Fractions of 4
ml were collected after the solvent change. Ho sapogenin
v/as detected after the third fraction (12 ml). A procedure



252
v;as adopted whereby 30 ml of 1 was used c o remove the un

wanted components, followed by 16 ml of 1:1 to recover the 

sapogenin fraction,

(2) Colourimetric assay

A 7 g sample of dry tissue was obtained by bulking 
together small samples of dried young callus. The sam:pie was 
powdered, mixed and Ig, 2 g and L g samples weighed. The 
samples were hydrolysed, dried, powdered and extracted as 
previously described. The partially purified sapogenin 
fractions were isolated, evaporated to dryness and made up to 
3 ml in volumetric flasks. A 1 ml voliLiie of each sajnple was 
transferred to a 3 ml centrifuge tube and evaporated to dryness 
under vacuum at 60°. Perchloric acid, 70/, 3 ml, was added to 
each tube with an Oxford variable volume dispenser. The 
mixture was agitated thoroughly for one minute with a Fiscns 
V/hirlimixer to produce vortex through the entire volume. After 
centrifugation at 3000 PPM for four minutes, in an kSE Minor 
centrifuge, the tube was removed and allowed to stand for a 
further five minutes. Approximately 3 ml of this solution 
was pipetted into a 1cm silica cuvette and the absorbance 
measured at 4O0 nm,against a reagent blank, using a pye Unicam 
SP6OO U.V. spectrophotomcter, recording on a Smiths Servoscribe 
recorder.; A fifth of the sapogenin extract from the 1 and 2 g 
sasiples gave a response of suitable magnitude for an assay. A 
callus sample of weight 1-2 g dry weight was chosen for the 
nrocedure.
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(3) The calibration curve for the determination of diosgenin/ 

.yamogenin by the colourimetric method

A 20 mg saiuple of a standard diosgenin/yamogenin mixture 
3:2 (93% pure), was made up to 100 ml in a volumetric flask 
with analar chloroform. Volumes of 1, 2, 3, 4 and 3 ml were 
transferred to a series of clean, dry 10 ml volumetric flasks 
with bulb pipettes and made up to volume. Volumes of 1 anc 
3 ml were similarly made up to 20 ml in volumetric flasks. A 
bulb pipette was used to transfer 1 ml quantities of each 
solution to clean, dry, centrifuge tubes (3 ml) to give weights 
of 10, 20, 30, 40, 60, So and 100 jig of standard. The absorb
ance value for each standard was determined, in a random order, 
by the colourimetric method. ' The procedure was repeated with 
four saiuples of each standard solution and the mean absorbance 
value obtained. A graph of absorbance against weight of 
diosgenin/ya/nogenin standard was plotted.

(4) Estimation of the error of the column recovery and 
colourimetric determination

A sample of sapogenin-free Fenugreek oil was prepared by-
extracting powdered Moroccan seed, Rh.2336, wâth light petrol-
eum in a Soxhlet apparatus for 24 hours. The yellow oil was
refluxed with 211 hydrochloric acid for two hours. After
cooling,the ecidic aqueous phase was removed using a separating
funnel and the oil washed with portions of distilled water, 10̂ /
asm:onia solution and distilled water until the pH was neutral.
Excess- water wps removed by pouring the oily mixture into a 
ŵ et filter paper. The oil was dissolved in acetone and the
acetone evaporated off under reduced pressure. The resultant
clear yellow oil was examined by TLC and sterol, but no
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sapogenin, was detected.

A 3 ml sample of a uiosgeniri/yamogonin standard 
solution previously prepared (2 n g / u l  in chloroform) was 
pipetted into a clean, dry 100 ml volumetric flask. ApproizL- 
mately 100 mg of the sapogenin-free oil was weighed, dissolved 
in chloroform, transferred to the volumetric flask and the 
solution made up to volume with chloroform. A 3 ml aliquot 
of the solution was evaporated to dryness in a 100 ml round- 
bottomed flasl'i.

An activity II silica gel column was prepared, as des
cribed previously, and the sample added to the column in 1 ml 
hexane;ethyl acetate 9:1 with a pipette. The flask was 
washed with four, 1 ml, volumes of the same solvent and the 
washings were added to the running column. The sapogenin 
fraction was collected in a 20 ml sample tube and evaporated 
to dryness under vacuum at 60°. The dry fraction was dis
solved in chloroform and made up to 3 in a volumetric 
flask, Colourimetric determinations were carried out on two, 
(1 ml), samples of this solution. The procedure was repeated 
with nine columns. The volume of the 3 ml flask was checked, 
because the results obtained were higher than the theoretical 
value possible. The flask was w’ashod with chloroform, dried 
and weighed. Analar chloroform was used to fill the flaslv to 
volume and it was re-weighed. The procedure was repeated 
tv.dce and the mean weight of chloroform obtained. The true 
volume of the flask was calculated from the specific gravity 
of chloroform.
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(3) Calibration of volumetric flask

Wt. 01 chloroform in the flask: 7.2934
7.2796
7.2943

i ie a n  v k . = 7 . 2 8 9 2

Specific gravity of chloroform = 1.47''7 

True flask volume = 4«94 i:il

MODIFICATION OF THE PERC.ILORIC ACID COLOURIMETRIC ASSAY

(]-) Modification of the colu...n separation procedure

A crude extract was obtained from a 1.3 g dried sample of 
young green callus. A glass chromatography column 43 cm in 
length, bore 0.3 cm, was made and packed to a height of 31 cm 
with activity II silica gel. The extract was applied to the 
column and eluted with hexane:ethyl acetate 9:1 as before. 
Fractions of 3 ml volume were collected and exaiiined by TLC. 
Elution was continued with the same solvent until all the sterol
and s apo_ onin had been removed from the column. The sterol
was eluted in AO ml and the sapogenin was present in the 
fractions 33-50 ml. The procedure was repeated three times 
and in two columns the separation of sapogenin and sterol was 
complete with sapogenin present in only the 40-60 ml fractions. 
The procedure was adopted and the 33-60 ml fractions were 
collected' for the sapogenin assay.

(2) Estimation of tho error for the modified colourimetry

A bulked sample of dried callus tissue (10 g) was powdered 
(Janke and Kuni:el electric mill), sieved (mesh 1680 j.i) and
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mixed, to obtain a uniform sample. Nine samples were weighed 
and the dice ;~,.in/ya.;.ojenin content determined by the colouri
metric method with the modified column separation procedure.

THE DITERHLATION OF DIOSGENIN/YAIlOuENIN IN COTYLEDONS DURING 
THE INDUCTION OF TISSUE CULTURES

A sample of i[-00 selected Ethiopian seeds, RH.2602, was 
soaJ-.ed in a 1/ v/v {B-propiolactonc solution for 30 minutes at 
30°C. The seeds were washed twice with sterile distilled 
water under aseptic conditions and transferred to petri dishes 
containing sterile 1/ w/v agar in distilled water (20 seeds/ 
disli) . The seeds were incubated at 23°C for 12 hours in the 
dark. The cotyledons were aseptically removed from the viable 
seeds,which had become swollen and soft trom the uptake of 
water. One cotyledon from each seed was cultured on R.S.
'solid medium and the other cotyledon retained for colourimetric 
assay of the diosgenin content. Twenty cotyledons were placed 
on each petri dish of medium (20 ml) and half the cultures 
grown in continuous light and half in continuous darkness,at 
23° “ 1°. The moisture content of the bulked sazcple of coty
ledons retained was determined and the samples assayed for 
diosgcnin/ycLLOgenin by the colourimetric method. Cotyledons 
grown on the culture medium were dried and assayed for sapo
genin after 3, 7 and 20 days growth. The cultures chosen for
assay at ? and 20 days were those exhibiting signs of callus 
formation in the form of undifforcntiated coll mass at the cut 
edge of the cotyledon.

Fungal infection was detected in the cultures after the 
20 day sampling and the experiment was terminated.
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TUE DUPEK.INATIQN OF DIOSGENIN/YAMOGENIII IN YOUNG TISSUE 
CULTURES INDUCED FROM FENUGREEK COTYLEDONS

A sample of 300 selected Moroccan seeds, RH.2336, was 
surface sterilised as before and placed on petri dishes con
taining sterile 1/ agar in distilled water (10 seeds/plate).
The seeds were incubated for five days at 23°C in the dark.
The radicals emerged from the viable seed after two days and 
the cotyledons after four days. Fungal infection was detected 
in two dishes after five days and these were discarded. The 
cotyledons were aseptically removed from the five day old 
seedlings and half the sample grown on R.S. medium as before.
The remaining cotyledons were dried and assayed by the colouri
metric method. The cultures were grown in continuous light or 
darkness and a sample consisting of cotyledons on which callus 
growth was apparent assayed after six days. Healthy callus 
samples were excised from the original cotyledons and sub
cultured onto fresh medium after 27 days. The cotyledons and 
callus harvested were assayed as one sajmple. Subsequent sub
cultures and assays were performed at 34, 83 and 106 days.



258
PART III CHAPTER V

t h e  G.L.C. ASSAY OF SAPOGENIN AND PHYT'OSTEROL

THE ASSAY OF PIOSGENIN/YAMOGENIN

(1) Adsorption column chromatographic separation of the 
sapogenin

Five dried tissue culture callus sa/nples (3 S approx.) 
were each refluxed v/ith 30 ml of 2N aqueous hydrochloric acid 
for two hours. To prevent solidification of the dried 
residues, 1 g of hyflo-super cell (Hopkins and Williams) v/as 
added to the flasks prior to filtration. After filtration 
(Whatman No.1) and washing with lO% ammonia solution, the 
residues were oven dried at 60° overnight. The residues and 
filter papers were extracted with light petroleum (b.p. 40-60°) 
in Soxhlet apparatuses for 24 hours. After removal of the 
solvent, the extracts were dissolved in 1 ml of hexane:ethyl 
acetate 9:1.

Five 45 cm long chromatography columns (0.3 cm bore glass 
tube) were packed v/ith a slurry of activity II silica gel 
(prepared as before) in hexane:ethyl acetate 9:1 to a length 
of 31 cm. The flow rate of each column was adjusted to 
1-1.3 ml/min. and the crude extracts were each loaded onto a

I

column in 1 ml of the same solvent mixture. The flasks were 
each washed with a further 2 ml of solvent and the washings

added to the running columns. Each column v/as eluted v/ith a 
further 37 ml of the same solvent and 3 ml fractions collected 
in sample tubes. The fractions were dried under vacuum at
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60°, redissolved in 0.3 ml of chloroform and 10 jil samples of 
each applied to a series of activâted(230 jx ) silica gel G TLC 
plates. Standards of diosgenin and sitosterol were also 
applied and the plates run to a height of 13 cm v/ith hexane: 
ethyl acetate L\.:'L in an 'S' chamber. The spots were 
developed v/ith the antimony trichloride spray reagent and 
showed complete separation of sterol and sapogenin in three 
columns and incomplete separation on two columns. Sterol v/as 
found in the fractions IO-40 ml and sapogenin v/as first detected 
in the 40-43 ml fraction,where separation v/as complete. The 
procedure v/as repeated and incomplete separation occurred in 
four columns. The 33-40 ml fraction was found to contain 
both sterol and diosgenin/yamogenin. The sterol/sapogenin 
separation was not satisfactory for the GLC assay procedure 
and activity II silica gel v/as replaced with activity I silica 
gel. With the same procedure and solvent, complete separation 
of sterol and sapogenin was achieved in four trial columns.
The sterol was removed in the 23-73 ml fractions, either sterol, 
or sapogenin, in the 73-80 ml fraction and sapogenin in the 80- 
103 ml fractions. A series of six further trials were carried 
out in v/hich the solvent v/as changed to hexane: ethyl acetate 
3:2 after the first 80 ml of elution v/ith 9:1. Complete 
separation v/as achieved on all the columns and 10 ml of 3:2 
v/as sufficient to remove the sapogenin from the column.t
(2) GLC conditions of the diosgenin/yamogenin assay

Three of the sapogenin extracts obtained from the trial 
columns were prepared as T.H.Si-ethers and examined by GLC for
the presence of sterol. The SE30 2%}8 columns were used, v/ith
the conditions previously described, and no trace of the major
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sterol component, sitosterol, was detected,

A bulked sain pie of several dried callus cultures was 
powdered and mixed. Samples weighing 1, 2, 3» 4 and 6 g 
were weighed, hydrolysed and extracted as before. The 
diosgenin/yamogenin fractions were separated by column chromato
graphy, collected in 20 ml sample tubes, evaporated to dryness 
under vacuum at 60°, and quantitatively transferred to 2.5 ml 
screw cap vials in a total of 2 ml of chloroform. To each 
vial 0,06 ml of the cholestaiie standard previously prepared 
(page2q.Zf ) was added and T.H.Si-ethers were prepared. 
Injections of 3 pi were made singly from each sample and the 
relative sizes of the internal standard and sapogenin peaks 
compared. The amount of diosgenin/yamogenin extracted from 
2 or 3 S callus sanples was sufficient for an assay determin
ation with the quantity of internal standard added.

(3) The GLC determination of diosgenin/yamogenin as a 
T.H.Si-ether

A 6.65 mg sample (torsion balance) of a standard 
diosgenin/yamogenin mixture (3:2 and 95/j pure by Ik analysis) 
was weighed, transferred to a volumetric flask (calibrated 
volume 4-94 ml) and made up to volume with chloroform.

A series of 0.1, 0.2, 0.3, 0.4, 0.6 and 0,8 ml volumes 
were transferred to 2.5 ml screw-cap vials with the Agla 
micrometer syringe. To each sample was added 0.06 ml of the 
cholestane standard solution and T.M.Si-ether derivatives were 
prepared as before. Two injections from each sajnple were 
applied singly to the SE30 GLC column under the conditions 
previously described.
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Quantitation of the pealv sizes was by means of a Disc 

integrator fitted to the recorder. The integration zero was 
adjusted to coincide v.ath the recorder zero and the integrator
value per mm was obtained for each of the fifteen lines above

2the recorder zero. The values obtained were used to con
struct a graph; Fig. IIX.2, which was used to calculate the 
background integrator value under each peali. This value was 
subtracted from the total integrator value of the peak, Fig.ïI.I3 
in the Results and Discussion shows a typical trace v/ith disc
integrator value measurement. The graphical method of esti-

2
mating background count was found by Jefferies to be 
easier than using the equation suggested by Disc Instruments.

(4) Estimation of the sapogenin recovery from the adsorption 
chromâtography columns

Eight columns (43 cm on 0.3 cm) were packed with 31 cm of 
activity I silica gel. A standard solution containing 1 mg/ 
ml of the sapogenin free Fenugreek oil (page233 ) and 100 j x q /  
ml of diosgenin/yanogenin standard v/as prepared and eight 2 ml 
aliquots transferred with a bulb pipette to round bottomed 
flasks. The chloroform was evaporated off on a rotary 
vacuum evaporator and samples quantitatively transferred to the 
columns in 1 ml of hexane:ethyl acetate 9:1. The flasks were 
washed with a further 4 ^1 of the same solvent and the wash
ings added to the column. The diosgenin/yamogenin samples 
were collected and assayed by GLC as T.M.Gi-ethers.
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Fig III.2 Calculation of background value for 

the disc integrator
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(3) The development of the hydrolysis and extraction 

procedure for tissue cultures

Five samples of appro>d.iaately 2-3 S of dried callus tissue 
were hydrolysed as before, mixed v/ith hyflo supercel, filtered, 
made alkaline, and dried overnight at 60°. Extraction of the 
residues and filter papers was carried out in Soxhlet 

apparatuses for 24 hours vo.th light petroleum. The residues 
were re-extracted for a further 24 hours with analar chloroform 
and the second extracts evaporated to dryness. About 0.3 ml of 
chloroform was added to each residue and 13 pi applied to a TLC 
plate and co-chromatographed with standards of diosgenin and 
sitosterol. Three extracts showed traces of sterol and 
sapogenin.

The procedure was repeated but the initial extraction was 
carried out vrlch chloroform. The subsequent extraction vd.th 
fresh chloroform revealed the presence of no further sterol or 
sapogenin.

A 20 g sample of dried callus was powdered in an electric 
mill (Janke and Kunkel), sieved (mesh size 1680 ji), and mixed, 
to obtain a uniform sample. Ten samples of approximately 2.0g 
v/ere weighed accurately and two samples were refluxed for times , 
of 1, 1%, 2 and 4 hours with 211 hydrochloric acid, (30 ml). 
The diosgenin/yamogenin fractions were extracted and assayed.
A second series was hydrolysed for times of 1, 1%, 2, 3, 4 aud 
6 hours.

A time of 2 hours was chosen for the hydrolysis of tissue 
culture material vâth 21Ï hydrochloric acid.
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(6) The determination of error for the extraction and GLC 

assay procedure

A uniform, powdered s an pie of callus was prepared and ten,
2.5 Sj aliquots weighed accurately. The samples were hydro
lysed, extracted, the sapogenin isolated, and assayed as 
described. The % range of error for the mean of two deter
minations was calculated at P = 0.05.

THE ASSAY OF THE FPEE PHYTOSTEROL

(1) Extraction of the lipid fraction

Five samples of dried, powdered callus were extracted with 
light petroleum in a Soxhlet apparatus for 24 hours. The 
tissue was re-extracted for a further 24 hours with fresh 
petroleum. The solvent was removed from each extract on a 
rotary vacuum evaporator and each extract was dissolved in 
0.5 Ell chloroform. TLC analysis of the fractions-showed the 
presence of sterol, but absence of sapogenin, in the first 
extract. The second extract contained neither sapogenin nor 
sterol.

(2) Isolation of the free sterol

In the absence of sapogenin in the crude extract, an
activity II silica gel column, described on page 250 , was
found to'be satisfactory for the isolation of the sterol. The
fixed oil and esters were removed vdth 10 ml of solvent (hexane:
etJlyl acetate 9:1) and the sterol fraction collected in the 
subsequent 35 ml.
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(3) The GLC determination of sitosterol as a T.M.Si-ether

A standard solution of sitosterol was prepared (1.025 mg/ 
ml) and 0.1, 0.4, 0.5, 0.6 and 0.8 ml samples transferred to
2.5 ml screw-cap vials with the Agla iaicroraetcr syringe. To 
each vial was added O.OG ml of the cholestane standard, the 
solvent evaporated off, and T.M.Si-ethers were prepared. Two 
injections of each standard were singly injected onto the SE30 
column and the peak areas calculated by the disc integrator and 
pealc measurement method. In the latter method the height of 
the peali was multiplied by the peak width, at half the pealc 
height. A linear calibration was obtained by both methods.

(4) Estimation of the sterol recovery from the adsorption 
chromâtograuhy column

Eight columns (45 x 0.5 cm) were packed with activity II 
silica gel in slurry v/ith hexane: ethyl acetate 9:1. A stand
ard solution of sitosterol containing 500 jug/ml (5 %g weighed 
on the torsion balance in a calibrated 10 ml volumetric flask) 
v/as prepared in hexane: ethyl acetate 9:1 and 0.5 ml applied to 
each of the columns with the Agla micrometer syringe. The 
columns were run, as before, and the sterol fraction recovered 
assayed as T.M.Si-ether derivatives. Two determinations were 
carried out on each sample and the % recovery calculated.

(5) The determination of the error of the sitosterol assay 
procedure

A 20 g bulked dried callus sample was powdered, sieved 

and mixed. Eight aliquots of approximately 1.5 g were weighed 
and extracted with light petroleum for 24 hours in Soxhlet 
apparatuses. The sterol fractions were isolated by column
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chromatography and the sitosterol component assayed, the pealc 
areas being calculated by the disc integrator method. The %  

range of error for the mean of any two determinations was 
calculated,

(6) Determination of the relative weight response of the 
sterols identified in culture extracts

A volumetric flask ('2 ml) was calibrated, wdth chloroform, 
by weight. The true volume was found to be 1.92 ml. Standard 
solutions were prepared of cholesterol (1.22 mg/ml), campes,erol 
(1.29 mg/ml), stigmasterol (1.04 mg/ml), sitosterol (1.19 mg/ml) 
and cholestane (1.03 mg/ml). A 0.12 ml sample of cholestane 
was placed in each of four 2.3 ie1 vials and v/ith the Agla 
syringe and to each of the vials was added 0,3 oil of one of the 
other standards. T.M.Si-ether derivatives were prepared of 
each sample and the peak areas relative to cholestane determined 
by the Disc integrator measurement method. Two determinations 
were carried out on each sample and the mean ratio of sterol to 
internal standard peak area determined. The relative 
sensitivity was calculated by the formula

Sterol peak area x wt.of cholestane
Cholestane peali area wt.of sterol
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PART III C H A P T E R _ n

A COMPARISON OF THE SAPOGENIN AND PHYTOSTEROL 
CONTENT OF CALLUS TISSUES GROWN ON HAA AND 

2,4-D IN CONTINUOUS LIGHT

EXAI4INATI0N OF THE FREE STEROL AND SAPOGEI^IN

Tissue from stock callus cultures which had been grown
for six months on R.S, medium v/as transferred onto MS medium
in which the NAA had been replaced by 0.01, 0.1 or 1.0 ppm 
2,4-D. These cultures and the original stock culture were 
grown under identical conditions for a further six months.
The basal medium for all four cultures was prepared in one 
volume and mixed thoroughly before the different growth 
regulator regimes v/ere added. Subculturing was carried out
at 30-35 day intervals and the cultures were grown in 100 ml
sterile plastic jars containing 20-30 ml of medium. The 
temperature of the incubator room was maintained at 23° - 1° 
and continuous light was provided by fluorescent lights 
(Ediswan ’warm white’) at I50O-I8OO lux. After one year’s 
growth the petrol.soluble crude extract of hydrolysed tissue 
samples were examined for the presence of sterol and sapogenin 
by TLC.

Each .culture v/as subcultured onto ten, 100 ml, batches of 
the appropriate medium in 250 ml Erlenmeyer flasks (300 mg of 
tissue per flask). The cultures were grown for 56 days and 
harvested. Sufficient tissue was retained for subculturing 

and the harvested callus was dried for 48 hours in a fan oven 
at 60 . Approximately 10 g of dry tissue v/as obtained from 
each set of flasks and each sample was powdered and mixed, to
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provide a uniform batch. Two samples of about 2.5 S from each 
culture v/ere hydrolysed, extracted and assayed for diosgenin/ 
yamogenin. Tv/o 1.5 g samples were extracted with light 
petroleum for 24 hours and the free sterol fraction assayed.

A nev/ culture was initiated on MS medium (1 ppm NAA, 10/» 
v/v coconut water, pH 6.0) from the culture grown on R.S. 
medium. The five cultures were grown for a further 60 days 
in plastic jars v/ith subculturing after 30 days. Another set 
of media was prepared in Erlenmeyer flasks and tissues again 
grown for 56 days. The free sterol and sapogenin extracted 
were examined as before.

EXAI-IINATION OF THE BOUND STEROLS

(1) Examination of the glycoside sterol fractions

Dry callus samples (1.5 g) were extracted for 24 hours 
with light petroleum, dried overnight at 60° to remove all 
traces of the solvent and refluxed with 2N hydrochloric acid 
for two hours. The residues were filtered, made alkaline and 
dried as before. The residues and filter papers were 
extracted with chloroform in Soxhlet apparatuses and the solvent 
evaporated off under vacuum. The diene, sterol glycoside and 
sapogenin fractions were separated by column chromatography 
using the method described on pageI33 . The sterol fractions 
were evaporated to dryness and each transferred to 2.5 ml screw 
cap vial in 2 ml of chloroform. Cholestane internal standard 
solution was added (0.06 ml) and the samples evaporated to dry
ness. A 0.125 ml volume of BSA reagent was added to each vial 
and T.M.Si-ethers formed. The samples v/ere analysed by GLC on 
the 6 ft; SE30, columns as before.
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(2) Examination of the sterol esters

The lipid fractions (fixed oil, sterol esters and free 
sterol) extracted with light petroleum, during the isolation 
of glycoside sterol fractions, v/ere evaporated to dryness on 
the rotary vacuum evaporator. Activity II silica gel columns 
(31 cm X 0.5 cm) v/ere prepared, as before, and each lipid 
fraction applied to a column in hexane:ethyl acetate 9:1 (2 ml). 
The ester and fixed oil fraction was eluted from the column 
v/ith a further 9 ml of the same solvent mixture.

The oil and sterol ester fractions v/ere evaporated to dry
ness in 50 ml round-bottomed flasks and approximately 20 ml 
of 0.3N alcoholic potassium hydroxide solution added to each 
flask. The samples v/ere refluxed for one hour at 100° with 
frequent swirling of the flasks. The contents of each flask 
was washed into a separator with 30 ml of distilled water and, 
when cool, shaicen v/ith 3 volumes (20 ml) of diethyl ether.
The ethereal solution was washed v/ith 3 volumes (20 ml) of 
distilled water and transferred to a 100 ml round-bottomed 
flask. The ether was removed on a rotary vacuum evaporator 
and each residue dissolved in 50 ml of acetone, which v/as also 
removed by evaporation. The procedure v/as repeated with 
successive 20 ml volumes of acetone until the residue v/as dry. 
The dry residues were dissolved in hexane:ethyl acetate 9:1 and 
each applied to an activity II silica gel chromatography column 
(31 X 0.5 cm) as before. The column v/as eluted v/ith a further 
38 ml of the same solvent mixture and the fraction IO-4O ml 
collected and evaporated to dryness. Each residue was trans
ferred to a 2.5 ml screw-cap vial in 2 ml of chloroform and
T.M.Si derivatives prepared. The silated derivatives were 
analysed by GLC.
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ALTERATION O F  THE CONDITIONS EMPLOYED FOR TISSUE 

CULTURE GROWTH .
THE EFFECT OF DIFFERENT LIGHT CONDITIONS ON THE DIOSGENIN/ 
YAi-lOGENIN YIELD OF FENUGREEK TISSUE CULTURES

Callus cultures v/ere maintained on RS medium for a period of 
12 months, v/ith subculturing at 30 day intervals. The cultures 
v/era grown either in continuous light ( warm white fluorescer t), 
or in continuous darkness. Tv/o sets of ten Erlenmeyer flasks, 
each containing 100 mis, of RS medium, wore inoculated with 
tissue from the two.sets of cultures. The calluses were ;rown 
for a period of 56 days, the light-grown tissue in a continuous 
light of 150O-I8OO lux intensity. After the growth period, 
the cultures were subcultured and the harvested callus dried at 
60°j powdered and assayed for diosgenin/yamogenin. The light 
conditions described v/ere maintained for tv/o further 56 day 
passages and the sapogenin yield determined.

After three passages, the light-grown callus v/as subjected 
to cyclic light and dark periods consisting of an I8 hour 
continuous photoperiod ( 1500-I8OO lux ) followed by a 6 hour 
dark period. The diosgenin/yamogenin yield of callus grown 
under these conditions v/as assayed and compared with that of 
tissue grown in total darkness. Cultures were grown for_ 
two.56 day passages.
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THE GRO'./TH OF FENUGREEK TISSUE CULTURES ON MS MEDIUM 
CONTAINING /i-HYDROXYISGLLUCIKE

A sample of 4-Hydroxyisoleucine was extracted from 
Fenugreek seed and purified by Mr. I. M, Abul-Futuh. Three 
stock solutions each of 10 ml, containing 4-hydroxyisoleucine,
1, 0,1 and .01% w/v in vitamin solution, were prepared. A 
2 1. batch of R.S. medium was dispensed into Erlenmeyer flasks 
(250 ml) in 100 aliquots. The flasks were sealed and auto- 
claved for Ip minutes at 15 psi after the addition of 1 g of 
agar (Oxoid No.l) to each. To five of the autoclaved, cooled, 
flasks 1 ml of vitamin solution, sterilised by membrane 
filtration, was added just before the agar set. The remain
ing 15 flasks were divided into three groups and similarly 
treated with 1 ml of the amino acid and vitamin d:ock solutions.
The resulting media contained 0, 1, 10 and 100 ppm of 4-bydroxy- 
isoleucine. The same membrane filter was used throughout and 
the amino acid solutions were added in increasing order of 
strength. The cold media were inoculated with tissue grown 
on R.S. medium (approximately 400 mg per flask). The cultures 
were grown for 18 hour photoperiods, 56 days under fluorescent 
warm white lights (Ediswan I500-I8OO lux) at 25^ - 1°, 
harvested, dried and assayed for diosgenin/yamogenin. The 
sterol recovered from the hydrolysed tissue was estimated.

A second experiment v/as carried out with concentrations
I

of 1000, 100 and 0 ppm in the same medium, A 100 ml 
stock solution was prepared at each of the following con- 
centrations of amino acid; 0.5%, *05"% and .005% w/v. The 
100 ml stock solutions wore prepared «containing 5 ml of
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vitcjTiin solution having ^.05 L’;̂ ,/ml of pyr-idonino hydrochloride 

an Cl nicotinic acid and .01 thirmiirr. hydrochloride. .he

inclusion of 2. ml of this dilution into lOu ml of MS medium 

provided the required vit an in content. Each solution was 

membrane sterilised v.ith a ..airene 0.2 y disposable unit. xx 

batch of ds medium containing ihe nutrients for 2 1. was pre

pared in l6_0 ml and 8d mi cispensed into each of 2u Erlen- 
meycr flashs (250 ml). The flas/.s were autoclaved as before, 

after the addition of 1 g of agar to each. Twenty ml of 

sterilised a.iino acid solution was added to each flash of 

sterile medium v.ith a sterile disposable syringe. A set of 

five flasks was prepared for each concentration of a^ino acid.

A diluted vitamin solution, similarly treated, was added to 

five control flashs. The flasks wore inoculated with tissue 

and grown as before.

A further pCO ml of each of the four media was prepared 

and aseptically transferred to sterile plastic jars in 20 ml 

aliquots before the agar was allowed to set. A kno\;n weight 

of tissue was grown in each pot for 55 days under the conditions 

described after which each cultuz-e was weighed and the growth 

indices calculated.
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A COMPARISON OF THE EFFECT OF TV.O VITAMIN FORMULATIONS ON 

THE GROWTH, SAPOGENIN AND STEROL YIELDS OF CULTURES

A 1.5 mg sample of cyc.nocobalamin v/as weighed (torsion 

balance) and made up to a solution of 100 ml with distilled 

water in a volumetric flash. A 1 ml aliquot was transferred 

to a fresh 100 ml volumetric flask v.ith a bulb pipette. To 

the same flask was added folic acid 5 riboflavin 5 mg,

biotin. choline chloride, calcium pantothenate, pyridoxino 

phosphate and thiamine 10 mg of each,and nicotinamide 20 mg.

The solution v/as made up to 100 ml with distilled water.

A 2 litre batch of 1.3 ...odium at pH 6 containing 10 ppm

NAA and 10 ppm kinctin, but containing no vitamins, was pre

pared. Volumes, each of 100 ml, v/ere poured into 20 Erlen

meyer flasks (250 ml) and 1 g of oxoid agar No.l added to each 
flask. The flasks were closed with non-absorbent cotton wool, 

covered with foil caps, autoclaved at I5 psi for 15 minutes and 
cooled. The vitamin solution was added to the cooling medium 

first before the agar set. Sterilisation of the vitamin 

solution was done by membrane filtration with a Sartorious 

filter ' An Everette luer lock 10 ml

syringe v/as filled with the solution and the sterilised filter

unii attached. A 1 ml aliquot was added to each of 10 fla.sks

under aseptic conditions. A second 101 ml solution containing 

pyrido:une hydrochloride 5 -1,5 nicotinic acid 5 mg and 

thiamine hydrochloride 1 mg, was prepared. This solution was

added i/i 1 h.]l volu..es to each of the other 10 flasks usin - a 
fresh membrane filter unit and a clean syringe. To each

flask two pieces of tissue- (total weight approximatoly 200 mg),
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grown on R.S, medium, were added. The cultures were grovm 
in an incubator room at 25° - 1° under warm white fluorescent 
light I50O-I8OO lux with 13 hours daily periods of light. 
After 56 days healthy green tissue was subcultured into 
fresh flasks of medium (ten for each medium) and the rest of 
the tissue harvested, dried for 48 hours at 60° and assayed 
for diosgenin/yamogenin.

A second subculture was carried out after a further 56 
day culture period. During the third growth period the 
increase in fresh weight of cultures grown on the two media 
was also studied. To each of ten sterile plastic jars was 
added sterilised medium, (20 ml), containing the appropriate 
vitamins. Weighed pieces of tissue (50 mg) were added to
each jar. These cultures were grown for 35 days under the
same conditions, after which, the cultures were individually 
weighed and the growth indices calculated.
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PART III CHARTER VIII

INDUCTION AND MAINTENAITCE OF SUSPENSION 
CULTURES

THE SELECTION OF A MEDIUM FOR SUSPENSION CULTURE

(1/ The trial of MS medium with 10 pom NAA and 10:6 v/v
coconut water for the induction of suspension cultures

A 1 litre batch of R.S. liquid medium v/as prepared, and 
dispensed in 100 ml quantities into Erlenmeyer flasks (250 ml). 
The flasks v/ere sealed v/ith non-absorbent cotton wool plugs 
and foil caps and autoclaved for 15 minutes at 15 psi, in the 
absence of agar. Vitamin solution was prepared containing 
pyridoxine hydrochloride (0.05 mg/ml), nicotinic acid (0.5 
mg/ml) and thiamine hydrochloride (0.01 mg/ml). One ml was 
added, to each flask of cooled medium, after sterilisation by 
membrane filtration. Healthy pieces of tissue (approximately 
500 mg/flask) were transferred to the liquid medium from 
callus cultures,(grown on R.S. medium containing 1 %  agar), 
under aseptic conditions. The cultures were re-sealed and 
grown in a Gallenliaüip orbital incubator at 25° under con
tinuous fluorescent white light and shaken at 80 cycles/ 
minute. The experiment finished when all the cultures died.

(2) The trial of a series of concentrations of NAA in MS
I

medium

The nutrients for a 4 1* batch of MS medium, with a coco
nut water supplement equivalent to la% v/v, at normal dilution, 
were made up to 2 1. v/ith distilled water. The solution v/as 
mixed and divided into 4 batches each of 500 ml, A stock
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solution of NAA (0.1 mg/ml) v/as prepared and volumes of 100,
10, 1 and 0.1 ml v/ere each added to one of the batches of MS 
nutrient. The volume of each batch v/as made up to 1 litre, 
the pH adjusted to 6, the medium divided into 100 ml aliquots and 
dispensed into Erlenmeyer flasks, (250 ml). After autoclaving 
and the addition of vitamin solution, the media v/ere 
inoculated v/ith vigorously growing tissue (100 mg) from a 20 
day. old subculture, grown on R.S. medium. Each explant v/as 
transferred aseptically to a tared, sterile plastic jar and 
weighed before being added to the medium. The moisture con-t 
tent of tv/o representative samples of the callus tissue used 
for explants was determined by drying the weighed samples at 
60° for 48 hours and reweighing. The dry cell weights were 
calculated for the tissue explants added to the media from 
these moisture content determinations. The ten replicates 
for each medium were grown for 35 days, as before, and the ex
periment v/as stopped when cultures showed signs of dying, or 
had died. The initial tissue growth was bright green, but 
after 28 days some cultures had started to turn brown and after 
35 days some were dead. The tissue was removed from the media 
by filtration with tared filter papers (Whatman No.l) and 
washed with distilled water. After drying for 48 hours at 
60° the tissues and filter papers were weighed and the dry 
weight of the cultures calculated. The growdh index '.or each 
culture v/as determined using the expression

Final dry v/t, of tissue - Dry v/t. of initial explant 
Dry wt, of initial explant
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(3) The trial of a series of coconut water concentrations 

vD-th MS medium

Nutrients for a 4 1* batch of MS medium and sufficient 
NAA to give a concentration of 1 ppm at normal dilution, were 
made up to 2 1. with distilled water and thoroughly mixed.
Four 300 ml aliquots were each mixed v/ith one of the following 
volumes of coconut water: 0, 30, 100 and 200 ml. All four
batches were made up to a volume of 1 litre v/ith distilled 
water and the pH adjusted to 6. The media were divided into 
100 ml quantities, autoclaved, vitamins added and inoculated ' 
as before. The cultures were grown for 32 days, examined and 
harvested. The dried tissues were weighed and the growth 
indices calculated.

(4) The trial of a series of kinetin concentrations

The nutrients for a 4 1* batch of MS medium and sufficient 
NAA to give a concentration of 0,1 ppm at normal dilution, were 
made up to 2 1. with distilled water. Three stock solutions 
containing 0,01, 0,1 and 1,0 mg/ml of kinetin, (6-furfuryl 
amino purine) were prepared and 1 ml of each added to one of 
four 300 ml aliquots of the nutrient solution. To the fourth 
aliquot v/as added 100 ml of coconut water. The volumes were 
each made up to 1 litre and the pH of the four media adjusted 
to 6. The media were dispensed in 100 ml volumes into 
Erlenmeyer flasks (250 ml) and treated as before. Known 
weights of tissue, from cultures on solid MS medium (1 ppm NAA 
and IQPyo v/v coconut water), were grown for 35 days and the 
increases in dry cell weight calculated.
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(5) The trial of larger kinetin concentrations

The experimental procedure described in the previous 
experiment was repeated with four trial media containing 1, 2, 
4 and 8 ppm of kinetin and a control containing IQP/o v/v coco
nut water, A series of 1 litre batches of each medium were 
prepared containing 0,1 ppm NAA and adjusted to pH 6. The 
increase in dry cell weight of tissue inocula, from callus 
cultures grown on MS solid medium (1 ppm NAA and lOJ'o v/v 
coconut water), grown in these media, was recorded and the 
grov/th indices calculated,

(6) Alteration of the vitamin content of the suspension 
culture medium

A 2 1, batch of the suspension culture medium (MS medium 
with 0,1 ppm NAA and 2 ppm kinetin), containing no vitamins, 
was prepared. The medium was dispensed in 100 ml volumes 
into Erlenmeyer flasks (250 ml), autoclaved and cooled,

Kaul and Staba and Murashige and Skoog vitamin
solutions, Tablell 53̂  were prepared by the method previously 
described (page 226 )• One ml of the Kaul and Staba vitamin 
solution was added to each of ten flasks after filter sterilis
ation, Each of the other ten flasks was similarly treated 
v/ith 1 ml of the Murashige and Skoog solution.

The flasks were all inoculated with tissue from the same 
callus culture and incubated, as before, in an orbital 
incubator.
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THE MAINTENANCE OF AN ESTABLISHED SUSPENSION CULTURE

A 1 litre batch of MS liquid medium (0.1 ppm NAA, 2 ppm 
kinetin,pH 6) was prepared, dispensed in Erlenmeyer (250 ml) 
flasks in 100 ml volumes, autoclaved and vitamin solution 
added. Healthy tissue, from 25 day old subcultures of callus 
grovm on MS solid medium .(10 ppm NAA, 10̂ 4 v/v coconut water) 
was used to inoculate the medium (approximately 200 mg/flask). 
Cultures were grown under the conditions previously described. 
After 30 days healthy grov/th had talien place in all flasks and 
tissue v/as subcultured into fresh flasks of medium, prepared ' 
as before.

Lengths of glass tubing 25 cm long, bore 0.5 cm, were 
plugged at one end with non-absorbent cotton wool. The tubes 
were wrapped in aluminium foil and dry heat sterilised at 150° 
for 5 hours. A rubber pipette bulb was attached to the plugged 
end of the tube,which was used as a wide aperture pipette to 
aseptically transfer small amounts of tissue and exhausted 
medium to the flasks of fresh medium. Tissue was taken from 
flasks containing the healthiest looking cultures for sub
culturing. Two flasks of the initial suspension culture were 
retained un-opened for a week after subcultures were performed, 
but the rest of the tissue was harvested, washed, and dried at 
60° for 48 hours. No sign of contamination was detected in 
the subcultures after one week and the two flasks of culture 
retained were harvested. The subcultures were slow to
establish themselves and 60 day grov/th was required before they 
were again ready for harvesting, A second subculture was
carried out by the same procedure and these cultures were
successfully growing at the time of writing (July I974),
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PART III CHAPTER IX

METHODS OF STATISTICAL ANALYSIS

(i) CONFIDENCE INTERVALS

Estimating a confidence interval is the process of 
inferring, from the properties of the sample, within what 
range a parameter probably lies.^ Confidence intervals
were calculated for the data in Tables II.5& II.7 using 
the expression

= X - t (S-)

where S- = / % x  - ( ̂  x)
^ / _________ N _

a / (N-1) N

t = t-distribution at P = 0,05
X = the sample mean
jx = the true population mean
fsj = a o rrx b e .^  -« "e ç A v o o tt« S

(ii) ANALYSIS OF VARIANCE OF THE GROWTH RESPONSE OF TISSUE -

Analysis of variance ̂  was used to compare the increase in 
fresh weight of groups of callus replicates grown on different 
media. In Tablelll.^ the F value determined by the calculation
was 20.56. From Tables the critical F value at P = 0.01
(4-45) was 3*85. This means that the differences occurring 
between groups of results was greater than the differences 
occurring v/ithin groups. The minimum significant difference 
between the different groups at P = 0,05 was calculated using 
the Studentized Range Test. From Table it can be seen that 
a difference in the mean growth indices of greater than 35*86 
indicated a significant difference in growth response between 
two groups of replicates. The minimum significant difference

has been expressed on the histograms of growth response in the 
results and discussion.
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Table III.2Analysis of Variance of NAA variation in induction 

medium trial '

£  = 492185.00
(£x)2 = 19495668.85 

= 4560228.20

Preliminary calculation

Total of Number of Obs./squared Total squares/
squares items squared item observation

Grand 19495668.85 1 , 50 589915.44
Media 4560228.20 5 10 456022.82
Observ. 492185.00 50 - 1 492185.00

Analysis of Variance

1

Media
DF SS 
4 456022.82-389913.44 = 66109.38

Variance
estimate
16527.34

Error 45 492i85.00-456022.82 = 36162.20 805.60
Total 49

F = — = 20.56 sig F at P = .01
is 3*83 (tables)

Studentized Range test minimum significant difference

K = 4.0 x/ 803.6 = 35.86 
10
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Table III.3

trial

1  X = 965,6 ( £x)^ = 932518.54

ix^ = 21926.81 = 202929.067

Preliminary calculation

Total
of

squares
Number of Obs./squared Total 

items squares/ 
squared item observation

Grand 932518,54 1 50 18650.37
Media 202929.07 5 10 20292.91
Observ, 21926.81 50 _ 1 21926.81

Analysis of Variance

DF
Variance 

SS est.
Media 4 20292.91-18650.37 = I642.52 410.63
Error 45 21926.81-20292.91 = 1633.9 36.31
Total 49

F = '410,65 _ 
36.51 ■ 11.30 P = .01 F = 3.83 from tables 

.*. significant

Studentized Range Test

K = Zf.OOx /36.3I = 7.62
* /V 10

* from tables



Tablelll./f

Analysis of Variance 2,4-D growth regulator trial

Analysis

Source
Media 4 13#.9 336.2
Error 45 I818.O 40
Total 49

F = 8.4 Sig. F at P = .01
3.83

Studentized Range Test value

283

P = .05 Sig. range 9.4
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Table III.5

and kinetin

Preliminary calculation
Total
of

squares
No. of No, of obs./ 
items squared 
squared item

Total
squares/

observation
Grand 22526224.6 1 195 115519.1
Media 2550262.19 13 15 170017.5
Observ. 189005.7 195 1 189005.7 '

Analysis of Variance -•

Source DF SS Variance Estimate
Media 12 54498.4 4541.5
Error 182 18988.2 104.3
Total
c

194

F = 43.5 at P = .01 F = 2.3

studentized Range Test

P = .05 sig. range 12.34



Table III.6

Analysis of Variance for the second trial of NAA
and kinetin

285

Preliminary calculation
Total ] 

of 
squares

Nfumber of Obs 
items 

squared
./squared
item

Total
squares/
observation

Grand 20178243.68 1 195 103478.1
Media 1713689.41 13 15 114243.96
Observ. 126942.0 193 1 126942.0

Analysis of Variance

Source DE SS Variance estimate
Media 12 10767.86 897.30
Error 182 12696.00 69.73
Total 194

F = :12.89 at P = .01 F = 2.3

Studentized Range Test

P = ,05 Sig. range = 10.1



Table III.?

Analysis of Variance for the trial of 2,4-D and 
kinetin
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Preliminary calculation
Total
of

squares ,
No, of No. of obs./ 
items squared 
squared item

Total
squares/

observation
Grand 74628692.68 1 240 310932.88
Media 5588531.81 16 13 339222.12
Observ. 422879.85 240 1 422879.33

Analysis of Variance

Source DF SS Variance estimate
Media 15 48269.2 3217.94
Error 224- 62637.73 284.18
Total 239

F = 11 .32
at P := .01 F = 2.10

Studentized Range Test

P = .03 sig. range = 20.43
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(ill) CALCULATION OF ERROR FOR THE ASSAY PROCEDURE

The standard method for calculating standard deviation 
was used, ̂  involving the calculation of and
values and substitution into the expression

S^ = (^x^) - (€x)^
___________ N__

N-1

where S = the standard deviation
N = the number of samples
X = the experimental value for each sampl^

The error was expressed as a percentage of the mean, i.e. 
coefficient of variation

CY = -S. X 100
X

The % range of error at P = 0.03 was calculated from 

X - t ÇV
v r  .

where x = the experimental sample mean
t = t-distribution at P = 0.05

(iv) CALIBRATION CURVE. REGRESSION ANALYSIS

The least squares straight line was calculated using linear 
3regression analysis.

The equation for the true regression line is

y = a + bx
where a = the intercept on the y axis at 

X = o (the regression constant) 
b = the slope (the regression

coefficient)
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Since a = y - bx where x and ÿ are the means of x and y 

observations the least squares line will pass through the 
point xy.

The slope b is given by the expression

. ( g x ) ( ^ y )
b = Z/Xy - N

£’x^ - ( âx)^
N

(v) ESTIMATION OF THE ERROR VARIANCE AND CONFIDENCE INTERVAL 
FOR THE REGRESSION LINE

The error variance is given by ^

= ijTa - b /xy - (

The 95/0 confidence interval for y at x is given by

y = y - t (Sÿ) where t has (N-2) degrees of freedom.

■  J W

The calculations of the linear regression analyses for the GLC 
calibrations of diosgenin/yamogenin and sitosterol are given 
in Tables i n . 8 & III.9
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Table III.8

Calibration curve for dlosReajn/yagosenin using 
cholestane as internal standard by GLC

X I XY
135 1.48 199.8
270 3.30 891.0
405 4.81 1948.0
540 6.63 3580.2
810 10.22 8278.2
1080 13.54 14623.2

3240.0
2 , 4  ( ̂ x)(^y)â y  367.9 slope b = 2 xy - N

f 2369250.0 ^2 _ ( 3 x) 2

39.98 “

f; «  . 29520.W b . g # #  ■ .«1̂ 7
X = 540 
y = 6.66

Error variance

Syx^ = 0.1933
2

Sy^ = = .0322 Sy = 0.179

y' = 6.66 - t(0.179) t at 4DF and P=.05
. = 2.78 

= 6.66 - .49

= 6.16 - 7.15
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Table. III. 9

Calibration curve for sitosterol usinz; cholestane
as internal standard by GLC

Disc Integrator Method

^  % = 2461*44 ^ y = 26.85

2 = 1493704.36 i;y^ = 181.39

( 5Tx)^= 6058686.87 ( 2 y)^ = 720.92

xy = 16456.15

Slope = 0.01148
2Error variance Sy.x = 0,01092 Sy^ = .002 Sy = .046

Confidence interval y = 5*37 -: 0.146
or 5.37 -: 2.72^

Peak Measurement Method

â x  = 2461.44 â  y = 28.88

2  x^ = 1493704.36 3 y2 = 206.36

(^x)^ = 6058686.87 ( ̂ y)^ = 834.05

^xy = 17556.633 slope = 0.01184

2Error variance Sy.x = .0111 Sy^ = .002 Sy = .047

Confidence interval y = 5*78 - 0.149
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Table III.10

Suspension culture

The growth response to a series of concentrations of ITAA in
MS medium

Analysis of Variance

Source DF
Media 3
Error 36
Total 39

F = 16.04

SS Variance estimate
26978 8992.7
20184 560.7

At- P = .01 F = 4.51 ,

Studentized Range Test

P = .05 Range = 35*9

The grov/th response to a series of coconut water concentrations

Analysis of Variance

Source DF
' Media 3
Error 36
Total 39

F = 26.75

SS Variance estimate
224940 74980
100921.8 2803

Studentized Range Test

K = 80 P = .05
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Table III.II

The growth response to a series of kinetin concentrations
in the induction of suspension cultures

Analysis of Variance

Source DP SS Variance Estimate
Media 3 281574.3 93858.1
Error 36 271813.4 7550.3
Total 39 •

P =  •05' P = 12.43

Studentized Range Test K = 131

(
Tlie growth response to a series of kinetin concentrations
in the induction of suspension cultures

Analysis of Variance

Source DP SS Variance Estimate
Media 4 19794.15 4948.53
Error 55 64012.39 1163.86
Total 59

P  = '05 F = 4.2518

Studentized Range Test K = 50.00
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Table III.12

Growth response to 4-~hydroxyisoleucine in the media 
at different concentrations

Analysis of Variance

DF SS VE
Media 3 630 210
Error 56 8135.8 145.28
Total 59

F = 210 = 1.44
145.3

F value at P = .05 = 2.84

. . no significant difference between media
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