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Taxonomy is a science that includes identification
nomenclature and classification of objects, and is usually
restricted to objects of biclogical origing when limited to
plants, it is often refercred to as Systematic Botany, The
early history of devejlopment of botanical science is nothing
but a history of development of plant taxonomy. The classi-
fication of iAngliosperms presents to the taxonomist the
greatest problem in Systematic botany, This group ia 8o large
and there are 80 many variations that at first it seams almost
impossible to arrange the hetrogenous collection in a satisfac-
tory order, Long, long ago, some men gave for the first time
certain nams to some plants and classifled it as ‘suitable for

musan food',

The primitive men learnt the uses of mors and more
plants especially, those which are suitable for food, and gave
some sort of classificaticn tbethem, 1In the early stages of
aivilization man soon recognized the xinds of plants he could
eat, and thoss which he could use as fuel and which would poison
him, These early groupings were practical and determined largee
1y by their economic importance, Theywere not based entirely
on morphology but also on smell, taste and nutritive value,



From that pariod to presant day, the developm-nt of
taxonomy has witnessed a series of changes, Many different
classifications of pl.nts have been proposed, They are recoge
nizable as being or spproaching one of thrce typess artitficial,
natural and phylogenetic, An artificial system classifies
orgunisms for convenience primarily as an :4d to identification,
-nd usually by means of one or a few characters, A natural
system reflects the situastion as it is bolﬁ%ud to exist in
nature and utilizes all informations availabie 4t the time, -
phylogenatic system classifies org nisms according to their
evolutionary sequence, it raeflects genetic rclationships, and
it enables one to determinae at & glance the ancestors or

derivatives of any taxon,

ne are still a long way from a perfect arrangemont, but
the most approved modern system differs from the .nclent
grouping of plants by Aristotle and Theophr.ustus into trees,
shrubs and herbs mainly in the subordination of the obvious to
the really iaportant, Continued cbservations forced certain
fascts on the pbservers’ minds, and the genius of individual
~orkers by supplying s broad generil view brought the facts

more and more into a systemg

Englor and Prantl (1887-1899) in their famous book
*Die Raturlichen Pflanzen fumilien” classified all dicotyledo-

rous plants into two series i,e, ~Archechlamydae and Metuchle

MYy AeW,



The latter series aleo named as Sympetalase, Sympetal.e
possess ten orders .nd Tubiflor:e constitute one of them,
occupying 6th position and comprise of highest number of
families (i,e, 20 fomilies) under 7 sub-orders,

1. Convolvulineae e Convolvulacede, Polemoniace.e
2, Horaginineue = Hydrophyllacese, Boruginace.e
3. Verbenine -e » Verbonaceue, Labist.e

4. Solanine.e = Nolanusce.e, 80lanace @, SCrow-

phulariace e, Bignoniasce.s,
Pedaliaceqse, Mairtyniace.e,
Orobanchacsas, JUesneri.cese,

Columaliaceae, Lentibulariace e,

Globul arfacece,
Se ~ganthinesw = Acanthace.e
6, Myoporine.e = Myoporaceae
Te Phryminece « Phrymaceae

Plants of this order :rae usuilly herbaceous, r.rely
woody., Leaves mostly simple, opposite or slternate, Flowers
bisexual, actinomorphic or Zygocmogphic, hypogynous, r.rely
epigynous, tetracyclic, Pet.ils united to form a tube,
induplicate valvite in bud, St.mens 4, epipet.lous, ovary
bicarpellary with a8 meny cellsy Ovules many or few in each

cell with one integument onlys placentation murginel,



According to Randle, Tubiflorae from a natural group
illustrating the development from a regular tetracyclic isosta=-
menous flowers of & highly specialized zygomorphic type with
reduction in the androecium to four or two numbers,

Several lines of development may be traced from the
regular isostemonous flowered farilles, In Polemoniaceas the
tendeancy to Zygomorphy 18 light; the position of micropyle
resembles that in Conyolvulaceae, Hydrophyllaceae recall
Polemoniaceae in the plan of the regular flower, but the Ovary
is bicarpellary and bilocular, instead of tricarpellary as in
Polemoniaceae, On the other hand they approach Boraginaceae in
the tendency to arringe the flowers in & scorpioid cyme, the free
quent presence of a ring of scales on the corolla-tut:e and the
position of the Ovule with an upwardly directed microphyle, In
Boraginac@ee thers is a tendency to Jygomorphic development of
corolla, but the chief point of interest is the grest and
constant reduction in the pistil, the originally bilocular Ovary
is divided by a later formed partition into 4 one-Ovuled portions,

The two closely allied families Verbenaceas and Lamiaceae
iliustrate the perfection of Zygowmorphic type. In Verbenacease
the two carpels unite to forr an originally bilocular Ovary;
each chamber has two ovules, and later is divided by a septum
into 4 chambers, In Lamiaceas tﬁe reduction and specialization
of ovary has become complete, The bilocular ovary with a gyno=



basic style becomes divided into 4 one=ovuled chambers,

Another line of development within the series may be
traced from Solanaceas with gsnerally regular isostamencus
flowers and a bicarpellary, generally bilocular, ovary with
numercus ovules, The tribe Salpiglossideae forms a link with
Sorophul ariacese, Gesneriaceae, & mainly tropical family, has
e marked tendency to epigynyy the closely allied Orobsnchaceae,
also with a unilocular many ovuled ovary, represents the genera
of Scrophulariaceasey while the family Lentibulariaceae, with
generally a markedly 2-lipped corolla and reducticn to 2
stamens, Pedaliscese shovw specialiszstion of the fruit, Bigno=-
niacese are evidently allied; the plan of the flower is that
of Scrophulariscese, but the woody habit, often climbing, and
ng%od capsular fruit with flattened winged seads suggest an
affinity with Apocynaceae,

~«canthaceas, while showing a similar floral plan have
8 highly specislized flower and fruit, as indicated by the
great vaeriety in the development of the stameans and a remark-
able mechanism for the dispersal of the seads in the most of
the gensra, It is difficult to suggest & point of origin
among polypetalous dicotyledeons for the Tubiflorse,

There has alvays been a controversy and diversity of
opinion regarding the assemblaye of large number of families



in this order, According to Randle (1938) "Tubiflor.e is a
natural assesmblage of related families", wettstein (1935)
considered the Tubiflorae with much the same circuscription

a8 given by Engler with the aexception that Fogquieraceae were
placed in Parietales and Plantaginacece ware included here,
Randle alsc trested in the sams way except that Convolvulacsue
were segregated ss Convolwulales and neither Foquieraceas nor
Lenncaceae were treated in Tubiflorse, 7This seyregation of
Convolvulaceae is due to the presence of latex «nd placentationsg
the large embryo with folded cotyledons 1s 130 a nstable
feature, Takhtajan (1958) trected thesc fanilics under 3
orders namely Polemoniales, Scropmilariales und Lamimles.
Cronquist (19357) had placed these families under Polemoniailes,
Lamiales snd Scrophulariales and pointed out that Lamimles and
Scrophulariales originated from Polemoniales,

Huctchinson (1959) splitted the Tubiflourec into 7 orders
vis, Bignoniules, Verbancles, 32lanales, Farsonales, -olemonialed
Boraginales,lLamiales, Bignonialas und Verbensles are placed
in Lignosae while the othar five in Harbaceae, Vurbsnales and
Lamiales culminate their respective lines of evolution,
Boraginaceas is splitted by Hutchinson into thretiaceae and
Boraginaceas, the former having been placed in Verbenales and
the latter family in a separate order of 4its own i{,0, Borsginales
This order Boraginales in the Herbaceas is sandwitched between
Polemoniales and Lamiales,



Hutchinson also splitted Convolvulacsaue into Convolvul acece
and Cuscutaceie, the former being includod in Solanales und
the latter in Polemoniales, The splitting of Convolvulace.ue
has besn suprorted by many taxonomists but the sepuarstion of
Enhretiacese from Boraginace.se on account of woody and herbase

ceous habit has been a subject of much controversy .nd debate,

It is evidant from the foregoing introductory remarks
that there has beon a considerusble diversity of opinion
regarding the systematic and phylogsnetic position of most of
the familics included 4in Tubiflorase,

The subject of phytochenistry, has developed in recent
years 8 distinct discipline, somewhere inbetweon natural
product organic chemistry and plant biochemistry and is closely
related to both., Petiver (1699) stat:.d that morphologically
similar plants produce constituents (chemical) with simil.r
therapeutical effects, Hoffman (1846) discussed the chemicul
charagteristic faatures of flowering plants und said that
phytochemistry offured the opportunity to check the artificiasl
classification, Greshoff (1909) asserted that Bilochemists und
Phytochemists had to investigate evolution.ry tendencies of
metabolic pathways snd roups of chemically related plunts,

It is concerned with the enormous variety of organic
substances that are elaborated and accumulated by plants and
de.ls with the chemical structures of these substances,

their biosynthesis turnover and metabolism, their n.tural



distribution and their biological function., One of the
challanges of phytochemistry 18 to carry out all the sbove
operations on vanishingly small amounts of material,

The range and number of discrete molocular structures
produced by plants i» huge snd such is the prescnt r.te of
sdvance of our knowlaedge of them that a major problem in
phytochemical rescarch is the collation of existing dats on
each particular class of compound, It huss be.n estimated
that there .ire now ower 5500 known plant alkaloids and such
is the pharmacological interest in novel alkaloids thast new
ones are being discovered and described, possioly at the rite

of onc a day.

Chemotaxonomy is snd applied branch of Botany in general
and plant taxonomy in particular with extremely useful and
pirticular iims, It is well known and established f.ct that
chemotaxconomy provides a wide range of new source of characters
and thus biochemical systematics hos come to occupy a major
role, This has been possible due to the development of rapid
and efficient screenin; technigues such as chromatography and
electrophoresis resulting in guick and authentic identification
of a large number of organic compoundss There are ¢ nu

There are a number of chemigal constituents in pl.ants
such as phecolic compounds, terpenoids, orgsnic acids, lipids,

carbohydrotes and their derivatives, the macromolecule of plunts,



nucleic acids, proteins nd polysaccharides,

The term phenolic compound cmbraces a whole runge of
plant substances which possess in common an «romatic ring
bearing one or more hydroxyl substituents, #Phenolic subst.nces
tend to be witer soluble since they most frequantly occur
combined with sugeR as glycosides u:nd they are usuaslly
located in cell vacuole, -wong the natural phenolic compounds,
of which over a thousand structures are known, the flavonoids
form the largest group but simple monocyclic phencls, phenyl
propancids and phenolic quinones all exist in consideravle
numbers, Sevaral important groups of phenolic materi:ls in
plants e.g. the lignins and tannins are peolyphenolic .nd
pccasional phenclic units are sencountered in proteins,

alkaloids and among the tarpenoids,

The function of some clusses of phonolic compounds are
well established (e.g, the lignins as structural meterial of
the caell wallpy the anthocyanins as flower pigments :nd
authroquinones as root pigments), Flavonols appeer to be
important in, regulating the growth in the pea plant
{(Galston, 1969) and thelr presence in Spinach chloroplaests
(Oettmeier and Heupel, 1971) hass suggestod thut they may be
involved in photosynthesis; neither of thess fuctions, however
has yet been firmly established,
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Phenols are very susceptable to ensymic oxiduation and phende
14ic materiasls may be destroyed during {solstion procedure,
due to action of specific ‘phenoclase’ enzymes present in

all plunte.

The major phenolic constituents of pl:nts will be

divided into two main groupss

(1) Phenolic ~cid and Coumarinsy (C6-Cl and C6eC3
structures),

(2) Flavonoid compounds, including anthocyanidinsg
(C6=C3C6 structures),

The families 0f phenolic acids are commonly found in
plants, a range of substituted bengoic (CteCl) acid derivie
tivas and those derived from cimmamic (C6«~C3) acids which
are very vide spread, Both types of phenoclic acid usually

occur incConjugated or esterified form,

The flavonoid. compounds {nclude by far the larjest
and moat diverse range of plant phoenolics, Flavonoids
include the red and blue anthocyanin pigmoent of flowaers, the
yellow flavones, and less common, e aurones, chalcoones gand
isoflavones, These compounds h.ve apacial interest since
they have been used ancicnt times to dye cloth -nd more
recantly provided one of the earlieat introductions of

biochemical genetics and chemical plant texononmy,
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The plant amino 2¢ids are conveniently divided into
two groups, the 'protein' and ‘non protein' acids, although
the line of demarcetion betwecn the two groups is not very
sharp and methods of identifying and separating both
groups are essentially the same, 7The protein amino acids
are generally recognised to be twenty in number snd are
those found in acid hydrolysates of plant proteins. In
general, glutamic and aspagrtic acids, and their acid amides
glutamine and asparagine, tend to be present in largye
amount than the other since they represent a stor:je form

of nitrogen.

The detailed chemotaxonomical invastigations on
Tubifiorse are nmissing in thw literatura, It is, therefore,
considared proficable to undertake a detailed chemotaxonomical
swudy on some selected genera of Tubifloras in ordexr to
judge phyletic snd systematic relationships with the ultimatse
aim €O resclve the existing diversity,



REVIEW OF LITERATURE

In the begining chemotaxonomy was used as an applied
science with extremely practical aims and benefits, Nemiah
Grew (1673) gave a modern shape to the grouping of plants by
writing "An Idea of & Phytological History Propounded”,
Later in 1696 James Petiver, emphasized that hecsbs of same
make work the sams effects, Rudolph Jacod lameratius (1696)
gave the same hypothesis as that of Jawmes Petiver and also
mantioned the connectiocn betweem forms of plants and their
piroperties in his book "De Convenientia plantarum in fruti-
fication et viribus“”,

In 1404, A.P. de Candole published the "sSasal Sur les
propristies medicales Jdes plantes comparees avec leurs formes
extarieures et leur classification naturelis”, «nich assumed
the status of next milestone in the history of chemotaxonomy.

His second edition of ‘Essai’ appeared in 1816, He
remarked that composition of plants do not have much impact of
soil when grown on different soil. There was no distinction
bstween Jasamineas and Oleinese in the first edition, He
traated them in a single group but in his second edition he
remarked that even insects can detect the difference of

Jasmineae from Oleineae,

In 1830, Lindely worked on Hydrocyanic acid (HCN) and
regarded them as valuable tools for taxonomy., He examined that
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the fruit being drups, their bark yielding gum and the presence
of hydrocyanic agid gave some results. On the basis of these
character he distinguished Amygdalas from RosSacease and Pomacesae,.
He also mentioned that the cyanogenstic plants are toxic,

In 1847, Rochleder published a treatise on Phytochemistcy
in the form of "Beitrage sur Phytocheamie” and in 1854 "Phyto-
chemie”, In a paper Rochleder emphasised that both chemist and
botanist should know the chemistry and botany, without the
knowledge of thess two sciences it would not be possible to work
on c¢hamotaxonomy.

A long series of papers was published by Gulliver from
1861 to 1880, On the basis of raphides distribution, he pointed
out that there are J} orders (families) of British dicotyledons
families which can be charactsrized as raphis bearer, and thess
are Balsaminaceas, Onagraceas and Rublacess,

Helen C, des Abott (1880) pointed out that "There has
been comparatively very little study of chemical prineiples of
plants from a purely bc'uuaical view, It promises to become a
new field of research”, According to her theory of evolution
in plants, life may best be illustrated on the basis of chemical
constituents of plant form,

Greshoff (1891) observed that alkaloid Laurotetanine is
always present in the members of Laursgeas. He noted the
presence of alkaloid in Hegnandie, lllegera, GYEQGARDUS,CaSSYEha
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Baker and Bmith (1097), during their investigation of
essentisl 0il of Eucalyptus and its relatives, found that thers
i8 a close connection between chemistry of the oils and the
taxonomy of the plants yielding them,

Truel) (in 1904, 1907 o, b, 1910) published ¢ papers
pextaining to the role of KCH,

Greshoff (1909) noted the occurance of tannins, alkaloids,
cyanogenstic compounds and saponins in a wids variety of plants,
He found a high cona, of NCH in the leaves of (Plantanum agerifo-
14a Willd,). He also defined a "comparative phytochemistry as
the knowledge of the comnection between the natural relationship
of plants and their chemical composition”, and said that “every
agcurate description of a2 genus or a new species should be
accompanied by a short chamical description of a plant”,

In the year 1910, Gorter investigated chlorogenic acid and
its distribution in nature,

Twenty six papers have been published by Mc Nalr from 1916
to 194% and recently besn reprinted in 1968, He was an eminent
scisntist who published papers on taxonomic usefulness of varia-
tions of fat or oil contents im plants, In a peper which appeared
in 1929 he said that 83 families contain more than 300 oils, fats
and waxes in relation to climate end taxonomy. He classified
oils into 3 catsgories such as drying oil, semi drying oil and
non=drying oil., He xlsc pointed out the other features such as
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iodine numbers, saponification values and specific gravities,
Mc Nair drew the conclusion on the plants of tropical habitat
store fats or non-drying oils of higher melting points than the
plants of tamperata regions,

In 1935 he switched over to the alkaloids and noted that
each species of ths sames genus has different groups of closely
related alkoloids, Many members of same family may contain a
single alkaloid but its occurence may be rarely observed in more
than one family (eg., Protopine in Papaveraceae),

The alkaloids, flavonoids, Glyceroides 4nd volatile oils
have been used as an aid to taxonomy, Mc Najr (1935), while
discussing "Angliosperm phylogeny on the chemical hasis® said
that "Plants can be classified chemically in accordance with the
substance mads by them, 8Such a chemical classification may be
compared with or used as supplement to morphological classifica-
tion and may be of some importance in the development of the true
natural system of Angliosperm Phylogeny", e also said that
chamical products of more highly evolved plants have larger
molecules, and the iodine mumber of glycerocids is higher in the
more highly evolved groups, The above stated facts support the
argument that herbaceous plants are more advances in origin and
trees are more primitive, The Ranunculacese ars mors asdvance
than Magnoliasceas and Barberidasceas,

On the basis of ais chemical investigation of plants he
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argued that dicotyledons sre more advancs than monocotyledons
and group sympetalas is the most advanced,

Bate Smith (1761.74) studied the systematic distribution
of phenolic gonstitusnts of plants and their taxonomic signifi-
cance in dicotyledons and monocotyledons,

Riley and Bryants (1961), by using paper chromatography
separated 9 species of ¢4 genera of family Iridaceae without
identifying the chemical sulotunces present in 1it,

Harborne (1965) wrota s paper entitled "Comparative
biochenistry of flavonoids<l Distribution of chalcone and auxone
pigments in plants®, 1In this paper he described the distributior
of Aureusidin 6-glucoside (aurewsin) in the Scrophulsriaceae,

He concluded that the vellow flavonoid pigwments (eg. chalcones
and aurones), because of their relatively infrequent occurence
in nature, are of much greater phytochemical inter. st thdm are
the widely distriputed carotencild pliguents, Pigmoents of
chalcones Hr aurons typas weia notod in the petals £ eight
nlants in the course -£f a Systematic chesaical survey of
nearly two hundred sSps. belonging to angiosperm families,
particularly in the order Tubifloras, The discovery of 1508
alivurposide as the yellow ¢olou.ing matter in four ungalated
nlants is therefore ~f some note, It is interesting that
Pagsenia troliiqides contains this pigment while another sps.
of the same genus 1,0, P.lutag contain only carotenoius as

yellow flower pigment,



He reported for the first time the aurone cerunoside
in Limonium (Plumbaginaceae) and Chirita (Jesneriaceae), The
occurence of an aurons in Shirjits is not unexpected since
the Gesneriaceas .nd Scrophiul ariace«e are very clos:ly allied,
baing placed closs togethur in the order Tubiflorae by most
systematics, Othaer chemical similarities between these two
tarilies are known og, the occurince of 4'« methoxylateu

flavones and of quinonas,

In ths same veasr, 1365, Desborough and Raloquin carried
out disc electrophoreais on 16 species of §gol.nux for separs-
tion of tuher protains, Comparieon of resulting protein
patterns wore usad to datect possible diffcrances between
specien, In somd in3tances, interspecific hybrids uppsar ¢
have a greater numbder of bands than either parsntal species,
The availability of a large number of tudber bearing Sglapum
Sps,, interspscific hybrids, and their derivastives representing
different ploidy levels provides an excellent source of material
for both geneatic and taxonomic studies,

vWellburn and Hemaing (1966) published a paper on the
occurence and seasonal distribution of higher Isoprenoid
alcohwls in the plant kingdom, Mixture of highar Isoprencid
aloohols have besn detsctod in leaves of oleven ungioSperms
examined, In four of thasec plants, the total sount of these
isoprencid aleohols wvas found to risc as the leaves aged,
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Higher isoprenocid alochols were also found in the algae,

chlorells pyrencidogy., but not detected in the eleven
Cryptogames examined,

Desborough and Peloquin (1966) isclated the esterase
isozymes from Sglapnup tubers,

snother paper on comparative bicchemistry cf Flavone
cids was published in 1967 by Harborme, He exumined the

flavonodd patterns in the bignoniscese amni the Gusneriaceqe,

J=Desoxanthocyanins which characterize the subtamily
Gesnerclolieae of the Gesneriaceas have becn reported once in
tha closely related Bignoniaceae, in Agzrabldaed. - research
of 16 rep:esentative ;sps, has now falled to reveal any
further occursnces of these rare plant pigment £ the
Bignoniacoam, An examination of the other flavoniids in
leaves and petals of bignoniads showed that most sps, conte
ained flavonas rather than flavonols., This result links the
3ignoniaceae with families such as the Acunthanceae and
Gesneriaceae, which also have flavonea as reg.lar leaf or
petal constituents and separates its clearly from predome
inantly flavonol containing families, such ug Sclsnaceae and
Convolvulaceas, 6-hydroxyflavon is cleatly a com wn structural
feature of Bignoniaceae flavorida, Tnias ilsvonolu is also

present in the Lablactue, dcruphulaciacesaa ana Jei.enaceae,



In this papsr he vorked out the 27 of Gesneriaceae
and Concluded that Pieldis. Jerdomds Rhabdothamnys and
Zitanotrichuym are taxonomicslly “"difficult” i,e, they are
difficult to place with certainly in either of the two sub -
families, In case of Jegrdonis, 4t is not clear <hether it has
been placed in the rght fanily (it could be a member of
Scrophulariaceae), The chemical data regrettably do not
helg much in placing these anamolous tuxa, Thus Titano-
Scichym has yellow carotencvid pstal pigments characteristic
of the Gesnerioidease, but lacks ledesoxanthocyanins, the
most taxonomically significant pigment in the subfamily,
Similarly Jerdonia contain cyanidin 3« sambubjoside found
also in Asgchynanthus, which places it in the Cyrtandroideses,
but this glucoside type is also knownin Scrophulariaceae,

In 1968, Abraham and Kirson et.al, published their
work in the form of & chemotaxonomic study of withania
somnifera (L.) Dun, According to their description the:e
exists three chemical types of withanis somnjifers, Solanaceas,
each contalning different stervidal lactones of the .ithan-
olide typs, they h.ve been called types I, II and 11I,
NMorphological differences could not be detected betwsen the 3
types, although sach of them has a definite and se arate
area of distribution, Ho quantitative ontogene: ic changes
in the withanolide content could be observed,
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According to Jamieson and Reid (1969) the leaf lipids
of 5 members of family Boraginaceas contain relatively high
proportions of q,:-x.m-ue and Oatadecatstrasnoic acids,
Variations in the proportions of polyunsaturated acids are
found during the growiag season., A larges number of branched-
chain ssturated ascids are found as trace components of
M. scorpioides leaf lipids, Herbin and Robins (1969) dese-
ribed the patterns of varistions and development in leaf wax
alkanes, Alkene production in Sglandrs grandiflors coatinues
throughout the life of the leaf, the chain length increasing
with age, Ho relationship is apparent between the chain
length of alkanes and alkanoic acids contained in the cuticular
vax of a sexies of Alge.

In 1969, Bakxer and Holloway compared the composition of
the cutin from the cuticle of 24 Anglosperm leaves and fruits
by GLC. Monocbasic acids, specially haxa.ecanoic, are impor-
tant constituents of cutin. Wide varieties of cutin composi-
tion occur among different species, within species and between
leaves and fruits of the same species,

Smith ot. al. (1971) carried out the fdentification of
Eupalitin, Eupatolitin and Patuletin glycosides in Ipomonsis
aggregsta (Polemoniaceas), The G-methoxylated flavonols are
important taxonomic markers in the family, occuring as they
40 in the 18 known genera, The most significant systematic
point about the presence of patuletin in this family Polemoni-
acese not the cbwvious link with the composite(most of the
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members contains S~hydroxyflavonols), but, instead the impe
lied 1link with those families in the Tubiflorae ~hich contain
6=-hydroxyflavones (notably the Bignoniaceae, Globuleriaceae,
Buddlei:iceae, Labistas and Scrophulariaceas), Acoording to
Takhtajan and Cronquist Polemoniacese placed in a separate
order Polemoniales whike Engler included it in Tubiflorae

and the chemical evidence is now more in favour of this
tradional systenm,

In the same year Harborne car:ried out the examination
of few such families, eog. Umbelliferae, Bignoniaceas,
Gesnariaceas and Acanthaceae for flovones such as luteolin,
The present syrvey of 6-hydroxylutiolin and Scutellarein in
the Tybifloras is also of somes taxonomic interest in thast
it confirms the inclusion of two families, the Buddleiaceae
and Plantaginaceae previously separated from this order,
within the group, The reason for including Flantaginaceae
within the order is the presence of 6-hydroxyluteolin in

Elantago.

Lowry (1972) said that the occurence of *normal’
J<hydroxylated anthocyanins in 8 Malaysian species of the
CGesneriaceae supports the important chumotaxonomic results
for this family, HNew compounds found in Chiritd, Djigissan-
dra and D4JdymoCgrpug are the glucosides ot cyanidin pi ;mants

which may have some systematic valus,
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Gilbert's paper on Chalcone glycosides of Aptirrhipue
Beiug vas published in the year 1973, He pointed out that

three chalcones have been found in yellow flowers of
A« pafup, tvo of which have been identified.

Anjansyulu g%. 3. (1974) described the lignans of
Guelins asiatics.

Gibbs (1974) comprised his work in the form of & book
entitled “Chemotaxonomy of Rlowering Plants“, In this book
he conoluded the Tubiflorae in the following ways

a, Yoquirsceas 1s the only family with ellagic acid,
otherwvise it fits well here,

b, Convolvulaceas i3 the only family with ergoline
alkaloids,.

Ce. Boraginaceaes 1is the only family in the order that
has Pyrrolizidine alkaloids, and in great number
LeBornesitol is widely distributed in it, The
seod fats of this family have some unusual fatty
acids,

d, Verbenaceae shares with Lamiacese in & number of
terpenoid substances,

e, Lamiacese appears to have the 'reffinose-family’
of oligossocharides well represented, he fecls sure
thst further investigstions of cother families in
the Tubifloras vwould show them to occur widely in the

group,
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f. Solansceas is particularly rioh in alkaloids, at
least twelve groups being known to occur in it,
g« Scrophmilariacess is having the plants with cardio~-
tonic substances specially the two closely related

genera Digitalis and Isoplexis,

he The seed fats of several members of the family
Bignoniaceas have been shown to have unusual fatty
acids,

i. A careful study of ‘raphides®’ and/or ‘acicular fibres'
of the family Acanthecesas using fresh material is
desizable,

j« Gesneriacese has most interesting flavonoids, One
wonders how widely some of them are distributed,

Keeton and Xoogh (1973) isolated & mixture of nealkanss,
four psntagcyclic triterpenes, and the butyrete of germanical
from the Asclepiadagesus, The structure of thess have also
been established,

Chen and Chen (1976) identified GeMsthoxybensolinone
d triterpencids from roots of Soopearis dulgige These axe
important from taxonomic point of view,

Powell and his co-workers (1976) described the strudte

ure of a unique lignan diester from §alvie plebeis seeds, 1In
the seme year Goets et. 3l. identified a new C«Glycosylflavone

from Geptiens ssglepiedes.



The distribution of the first 8 triterpene alcohols in
the secds of slewen plants belonging to seven geners of
Solanacese family vas determined by Itoh and Co-workers in
1977,

Nixolin et. al. (1973) identified Ipopurpuroside, a
new glucoside from Jpomogs pUIpDUreg. The results of acid
hydrolysis together with chsmical and spectroscopic analysis
have shown that it consists of gluooss, rhamnose and
6=deoxy-Daglucose glycosidically linked to ricinoloic acid,
The acyl group remowed by alkaline hydrolysis was identified as
methyl butyric acid, The carboxyl group of ipopurpuroside is
esteriiied,

In 1978, Murphy carried out the imsunochemical Compae
risons of Ribulose biphosphate carboxylases using antisera to
Tobacooipinach enzymes, There were close antigenic similae
rities between tobacco enaymes, onzymes from other msmbers
of the Solanacesae, and enaymes from mambers of the Nolanaceae,
Cuscutaceae, and Coavolvulaceas, There were xelatively close
similarities hetween spinach enayme and snaymas from two other
members of the Chanopodiaceae, There were relatively great
differences between tobacco enayme, spinach enaywe, and most
other enzymes tasted, The ensymes from most of the ingliosp-
erms tested were as different from tobbaao enzymes .nd almost
as different from spinach enzymss a3 were enzymes from the
gymnosperas,



Boulter g%, al. (1979) found out the relaticnships
betwcen the partial amino acid sequences of plastocyanin
fran menbers of ten families of flowering plants, They
el50 included Sarcphularisceae and Sclanacess here, In the
ssveral topclogies gensrated during the courss of this inve-
stigation, the amino acid sequences from members of $Solan~
aCeae wWare always separsted from those of Asteraceas, Murthe
ermore, it was always possible to separate some of the
families into three groups: (1), Asteraceasy (2). Solanacsas,
Scrophul ariaceae, Plantaginacaas and Caprifoliaceasap (3),
Febacsae and Rosaceaas,

The chemical analysis of the neutral extracts of
Batureis galeaintha and 8, gracea aerial parts afforded
besides calaminthadiol, a new triterpene, isccalaminthadiol
which belongs to the 3, 4 « 8620 « 12 -~ ursane class, The
isclation of isocalaminthadiol and calaminthadiocl may const-
ituts a velid index for the chamotaxonomic characterisation
of the genus $atureia,

In 1979, samples of leaves, flowers snd whole plants
were takeh from clonal stock of Hedegma drvmondii by Firmage
and Irving to determine the effact of Aevelormental stage
on the moacterpene profile, Thd results are discussed in
ralation to biogenetic pathweys an? implicetions for taxos
romic work, In the same year ¥hoss et. 8l. carried out the
isolation of bergenin from the roots of YibRInum nervosum.
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Sendra and Cunat (1960) analysed the phenolic fmaction
of Qorjdothymus gapitatus essential eil (Spanish origanum oil)
and indicated seven major components, One of them is well
known Carvacrol and among the others there are one di-isopro-

pylphenol and S5 methyldl.dsopropoylphencls, which were

found for the first time Srom o potural source,

Kakeo gt. al. (1960) identified the structure of
Sclanaviol, 4 new stercudal alkeloid irom $olapum aviculage.
In the same year Ghosal and colleagua isclated & new furow
furano lignaas from Jystica sipplex (Acenthacese). The
composition of the sasencial oil of $ajvis stepophylla

was investigated by Jaquier ¢t. ak. (1920). The oil contains
& hich percentage of «-bRizsdoleol 3nd mannol which are mainly
responsible for its characteristic smell,

A chemical analysis of the natural extract of Satyreis
galemipthes and S. grages serial parts afforded, besides
Calaminthadiol, a new triterpens, isocalaminthadiol. The
isolation of these was dons by Romeo gt, &l. (1980) and may
constitute & valid indicator for the chemotaxonomic character-
ization of the genus Baturedia.

Escanmilla and Rodrigues (1980) isolatad two new diter-

panoid acetates from Sideritis seggate. Piossi gat. al. isol-
ated kaurronoid diterpenes from 8tighyg lapata.in 1980,



Jain gt. 3l. (1980) isclatad a novel-nor-harmal
alkaloid from the roots of Adhsthods Yasigs. In the same
yoar Rodriques and Ssvons gave the structures of 2 new
diterpencids, galeopsin and pregalecpsin, isolated from
asrial parts of Galeapgis sacustifalis (Lamiacess), Tomes
and Perreres (1980) isclated two new flavone glucosides
from $ideritis leucanthe and their structures were also
established,

Agoording to Xaasan gt. 3l (1980) the occurence of
the unusual flavones from Qgimus ganum have a taxonomic valwve,
Both nevadesin and salvigenins are rare flavones,

Evans and Somanabandhu (1950) worked on some species
of Solanaceas, In 49 species of fSglapnup they found that
Cuscohygrine have been dstected in 25, Solanine and related
amines in 17 and Solanine derived amides in 16, 5 species
of Cyphomondrs wers examined and all containsd both amines

and amides, From roots of MsrgaArsnthuS 201a3R%Geus cuscohy-
grine has been isolated which too probably occurs, in the

roots of Lycispthes rmtonnsttilie The distribution of these
compound throughout the taxa oould bes of chemotaxonomic

value,

In 19806, Homberg and Geiger reported the Flourescence
speatra of 100 flavones, absorbed om cellulose, with anivithe

L]



out Shift reagents, The correlation between Fluorescence

and structure of thess compounds is also discussed. Salama
9%+ ale (1981) ideatified s lignea glucoside from Euphrasis
Iostkovisps. Its structure was elucidated by spectroscopic

Apparso gt. 3l (1981) extracted alliem from dried
leaves of Adenocplymms alljscsun (Bignonisceas), previously
xnown from Allium species, Husain amd Markham (1961) in a
leaf flavonoid survey of Originium. discovered that flavons
Ceglucoside, vicenin-2, was gestricted to the sectioa
Majorana. This being the first report of a glycoflavone in
the Laniaceas,

Elliger and colleagwe (1981) found that the Caffiec
acid esters of a mixture of glucaric acid and lactons forms
ooour in tomato (Lysopersicon ssgulentun) leaves, Hydrolysis
of :uhese materials yeilded only caffisc acid and gluwoaric
acid, The esters desoribed are imhibitory to the growth and
development of the tomato fruitworm (elisthis ges) and
represent one of the several resistance factors of the plaat.

Bianeo gt. al. (1981) identified S iridoids from the
whole plant of Qdoptites YerRs. OCosvami et. al.(1981) isol-
ated 4 nev compounds in trace amouat from the lesves and
characterised them by spectral studies, Only eleven Flavonoids



have been isclated previocusly from Didymocerpus pedigellata.
Recently in 1981, Rathore gt. al. reported a new flavone

from the leaves of this plant, This led to a chemical
reinvestigation of D. pedicellsts to identify didywocarpin
and other related minor components, A nev flavoneglucodide
was isolated by Ripperger (1981) from the asxial parts of
Bisrsmbergis hippomsnics. Two new quinones, echinone and
echinofuran, have besn isolated by Inouye et. al. (1961)
from callus cultures of Eghius lyooneis slongwith severasl
acyl esters of shikonin, Tha structures of both quinones
hawe besn established by spectroscopic methods and by
chemical degradastions,

Husain and Marxham (1981) published a8 paper entitled
‘*The glycoflavone Vioenin-2 and its distridbution in related
genera within the Lamiaceasi, This flavone Ceylyooside,
vicenine2, was found to be restricted to the section

Rajorana,

Evans and Ramsey (1981) examined the alkaloids of
the Solanaosas tridbe Anthocercideas, All 20 sps, of the
tribe contained tropane alkaloids, Agthocergis was charao-
terized by a wide range of alkaloids, The taxonomically
reinstated genus QYphanthegy showed phytochemical simila-
rities to Dyboisis in producing tobacco slkaloids (Niootins
and Anabasine) and tropans csters involving Cy and Ce agids,

Apthotroche species all produced hyoscymine and sccumulate



its apo~and narederivatives, In sccordance with the new
taxonomic revision of the tridbe, the alkaloid spectra of
gxemmosolon 4nd Cremidium resembled those of Cyphenthge
sps.

Kubo ot. gl. in 1982 described the chemotaxenomic
significance of Ent Xsurens diterpenss in varieties
Rabdosis umbrosus. In this quantitetive identification
of six enteXaursne diterpenes, by resexve phesa HPLC,in
crude ether oxtracts of a single leaf of 5 major Rapdosia
pmbrosusg varicties ace described, These diterpenes are
significent chamosystenatic markers smong these plants,

In 1982, four of the six electrophorstically distin-
guishakle isc-ansynes cof the Lelsctste dohpdrogenase from
rotato tudbsrs wera purified by Mayr gt. dles from crude
axtragts, Thay ave composed of mixture of different sube
Unitna, Sincs the isoanaynes agree bargaly with respect to
thair enaymetic propecties und to thsir primary structure as
suggested from fingerprinting and amino scid analysis, it
was suggestsd that the varjations of thes sudbunits were
caused by proteglytic processing in-vive rather than by
different genetic coding, The amino acid sequence of the
substrate binding region (Arg. 6 peptide) shows a homolegy
to that of Le]lactate Hghydrogenases of animals and bacteria



indicating & common origia of plant, snimal and bacterial
ensymes,

Broucks gt. gl (1983) reported three highly oxye
genated flavomes from the leaves of Thypus Yulgeris for
the first time in this genus, 7Their structures were
determined by spectroscopic msthods, Huising gt. a).(1962)
carried out & chemotaxonomical investigation of the Symp-
hytus officinale polyploid cemplex and §. sgperus
(Boraginaceas). Nateo gt. 3l. (1983) found out 56 components
in the essential oils from 12 samples of Sderitis hirsuta.
™he correlations among their conocentration in the oils are
also discussed in their paper,

The compositions of leaf surfesoce gums of various
Hicetisns sps., grown under similar field conditions, have
been analysed by Heeman and colleague in 1983 and these
are compared with some }iigotiang sobacoug cultivers, Diter-
penes could only be datected in the sxtracts of two of the
16 Jigotisng species; labonoids have been dtected for the
first time in o Si0entosa. The relative quantitative
daistributions of n- and methyl - branched alkanes in the
leaf surfaoce gums proved to0 he specific for different species.
De Pascual g. gl. (1983) ideatified the twenty components
in Lavanduls latifolis essential oil (spike oil). One of
ths compounds, espliegol (s~terpinecl), is a new natural
product,



Koivai and colleagus (1983) carried out fatty acid
analysis in seeds of 62 Jigotisna sps. and leaves in $6
Bigotisns sps., 7The total fatty eaid coantent onadry wt,
basis ranged from 25 to 40X of seeds and from 2.1 to 4.4
of green leawes, Linolenate was the dominont fatty acid
in the leaves of all sps, studied, comprising S0-63% of
the total fatty ecid content., In seads of most sps,
Linoleate predominated, constituting 69=-79% of the total
fatty acid content, 14 of 2! sps. in the section

Suavenlenten and one species in the section Naectrifloreq
had relatively high proportions (10-30%) of linolenate.

Jonss and Hughes (1983) recorded the ascorbic acid
(Vit. C) content of the leaves of 213 Angiosperm sps, The
nutritions)l and taxonomic significance of the results was
also discussed in their paper "Foliar ascorhic acid in some
Anglosperma®,

Peres and Neguerusla (1984) cbtained essential oils
from three population of Thyms Yilloeus subsp. lusitanious
by using vapour phase chromatographic patterns, 7Two infra-
spacific chemovars and two chamoforms, could be distinguished,

Kodama gt. al. (19684) reported glucosides of Ionone-
related compounds in saveral Higotiasns,K species. <~glucosides
vere isclated from fresh lsaves of Nicotiang rustige, two or
more of the glucoeides wers shown @ be present and the amounts
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measured in N. alats, H. pepanda, N. justigs, M. undulass,
Mo 290umipets, H. sYlvestris end M. tsbacup. No glucosides
were detected in K. papigulaty.

Demtoft at. gle (1985) worked out iridoid glucosides
from Utriguleris sustrolls and Pinguiculs yulgaris. They
aoncluded that the iridoid found in lentibulariaceas belonged
to structural types comason in Sarophulariacease and related
famil ies,

Akhila and Nigem in 1988 published a paper related to
the sssentiual oil of Pggostemon gebline In this paper they
pointed out that Gas chromatographic and mess spectro-scopic
analysis of the Indian pstohouly oil revealed the presence
of 39 volatile compounde among which 4 monoterpsneé
hydrocarbons, 9 sesguiterpene hydrocarbons, 4 epoxides,
$ sesquiterpsne alochols, 1 norsesquiterpene aloohol, 2 808«
quiterpene kstonss and 3 sesquiterpena ketoalcohols vere
identified, Nine pesaks remained unidentified,

Aquino et. 3l. (1985) determined the free amino acids
from the aqueocus extract of Erythraga gentaugiuyme. They also
described the chemical composition and biological properties
of the ssme plant,

A new pragnane ester jenin, plocigenin, and a new
pregnane ester diglycoside, plocin, were isolated from the



dried twigs of PeEiplecs gatephylls by Deepak and colleague
in 1935,

Xhomova gt. gl (1983) determined the composition of
vaxes from waste products of the manufacture of Lavender and
sage 0ils by using TIC, GLC, UV, IR and mass spectra, Seven
classes of compounds were found, The total acids of sage
waxss contained 21 components and the Iavender coil 19 compo~
nents. The treatasnt of the vaxes with H.O. in an acid medium
during the manufacture resulted in ths dastruction of chloro-
phylls and in & change in tha degre2 of unsaturation of the
total fatty acids,

S8ingh and Tandon (1985) determined the diterpenes from
Colaus forsikahlil wd carried cut the stersocheaistry of the
eazbonyl chromatophore, 7They congluded that the stereochemis-
try around the csbonyl chromophore im coleonol, caleol,
coleosol, eoleonol D, doleonol £ and coleoncl ¥ is the same
but there are differsnces in the stersoelsctronic environe
ment of the cerbonyl chromophors,

A phytochemical study on 12 spscé#s ot the genus
Sidexitis orowing in Spain was carried out by Villar gt. al.
(1985), The essential oil comtent was determined and the
presence of alkzlcids, tannins, anthraquinones, saponins,

steroide, triterpenss and coumirinsg was inveatigated,



Jamureen<o a6d collesgue (1965) found cut the compc
sition of the essential oil of Sslvia gapedihil. Date were
presented on the basis of guantitative and qualitative composi-
tior of the oil, Ninteen compounds (90,3%) wero icentiiied
and Gh SBSUEPTION Wis @.i6 a8 to the clagsiiication of

& others,

Elelegoumy §t. 3). (1986) extrected the leaves of
Phlomis aured for flavonoids und observed that they contain
the S=glucosides, T-rutinosides and 7epeCoumaryl glucosides
of naringenin, apigenin, late-1i> znd chrysoeriol, nispidin
T«givoosids, luteolin 7T«diglucosides, vicenine2 and lucenine2,
The microscopic halir. on cha leaves only contained the
Tenanioylucosides and thedr acylated derivatives, P. £1900088
showad a aleilar flavonoid pattern, but with no £lavoaones,

Harbone and his co-workexs in 1936 carciad out &
chesotaxonomic study of flavonoids from Zuropsan Tewgrium
Sps. They concludsd that a sucvay of azrial Sissues of 42
Zuropeen taxc 2f e geaus Tduorig has rovealad tiw wide-
syread prasence of five aurface flavonoids airsiliol, oirsie
pazitin, cirsilinecl, salviganin and 9 hydrosy-8, 7, 3%, §'«
tetramethoxyflavone, The latter two compounds are useful
texonoaic markers in that sslvigenin is charaateristic of sps,
of section Polimm, vhile Shydroxye6, 7, 3!, 4°~ tetramethe
oxyflavone is completely confined to sps, of the other $§
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sections surveyed, Elevea flavone glycosides, four flavonol
glycosides and the glycoflavone vicenin-2 wers found to
ocCcur as vacuolar constituents, One of the flavone ¢lycos-
ides, cirsimamitin 4'~glucoside, only occur in the species
3. axduind, while two others, hypolactin and isamutsllarein
T=s0etyl-allosylglucosides, are characteristic of the
closely related T. ghapaadrys and I. webbispup. G-liydroxy-
luteoclin is widely present a8 the 7«glucoside and T-rhamno-
side, the latter compound being a new glycoside, In general,
the chemical results are correlated with sectional classifi-
cation and usefully indicate that at last one taxom, I.
SOERegtuN., 18 misplaced within the genus, Phyletically the
restriction of flavonol glycosides mainly to section Teucrium
suggests that this may be basic group within the genus,

Barberan and colleagus in 1986 published a peper
entitled ‘A chemotaxonomic study of flavonoids in Thymbrs
gapitats. According to them the ocacurence of the compounds,

S, 6, 4'atrinydroxy-7, 3'«dimethonyflavons, 5, Gpflihydroxy-

7. 3', 4'= trimethoxyflavone, luteclin, diosmetin, vicenin-2
and luteolin 7erutinoside supports the imelusion of this

plant in the genus Thymbgs, rether then Thymus e« Sorvdothrmus.
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Chemotaxonomy {8 a field of Scientific investigation
which has attracted students and researchers from diverse
academic disciplines, It can be said that chamotaxonomic
investigations are hybrid in naturs, since they provide a
point whers chemical und botanical researches converge,
Hybrids are often characterized by hybrid vigour but uniortumately
natsly hybrid sterility is quite 48 common, Both the contri-
butors to this discipline taxonomy and chemistry heed to be
thoroughly understood and well planned before a productive

chemotaxonomic exercise could be underctaken,

1t may be useful before, dealing with ap lications and
methods of chemotaxonomy in detail, to present a plan of an
idealized chemotaxonomic investigation, which § :dicates where

prcblems of understunding snd methodology may arise,

Seven main stages can be recognized in a chemutaxonomic
investigation which reconcil 8 the necessity for informed
chemical procedure and & project uesign which satisfles formed

taxonomic requirements, These are:;

a) choice of group, texonomic survey and sound sampling,

b) Choice, mastery and modificetion of suitable chemicul

technigques in a pilot survey,

c) Complete analysis of all samples,
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d) Bdlection of suitable group/ group of chemical
compounds,

e) Interpretation and comparison with data from all
other sources,

€) Readjustment of classification if necessary.

g) Establishment of aay evolutionary relationship 1if
indicated by the new data

These all stages are rarely ingorporated in chemotaxonomic
work, but the results of such investigation are mot very mmch
relisble,

The proposed work will be carried ocut according to the
plan laid dowm in the following pages:

THRE PLANT MATERIAL:

Ideally, fresh plant tissue should be used for phytochemical
snalysis and the material should be killed by immersing in alecohol
within minutes of collection, This is not possible for the
materials which axre not available at hand and may have to be
supplied by a collector from a long distance, In such a situation
the shade dried material stored in plastic bags remains suitable
for analysis for several days, Plants may also be dried before
extraction, This drying procedurs should be carried out under
controlled conditions to avoid too many chemical changes, The
plants should be dried as quickly, as possible without using high



tenperature or sun ligh, in & good air draft or in shade,
These, thoroughly dried, plants can be stored befors analysis
for a long period,

It is important to cbserve that the material should not
be contaminated with other plants, The plants should also be
free from all type of disesses, Totally misleading results can
not be ruled out, if these prescautions are not strictly observed,
This 48 becsuse of simple reason that the metabolic byeproducts
of micxo organisms are much different from those of angiosperms,

In chamotaxonomical studies the plant must be identified
by an acknowledged authority. The identity of the magterial shoul
either bs beyosd Qquestion or it should be possible for the
identity to be estublished by a tanonomic expert, 80, it is now
usual practice to deposit voucher specimen of a plant examined,
in a zrecognized herbarium for future reference,

EXTRACTION

Node of mwuou’moammmdvam
content of the plant material being extracted and on the type of
substance to be isclated, In general, it is desirable to °*Kill’
the plant tissue, 1,8, prevent enzymic oxidation or hydrolysis
oacuring. Alcohol, is & good all purpose solvent for preliminary
extragtion,

When isclating substances from gresn tissue, the success
of the extraction with alcohol is Airectly related to the axtent
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of chlorophyll removal from the tissue, WwWhen the tissus debris
is completely free of greea ocolour, all the low molecular weight
compounds are supposed to have besn ramoved,

The classical chamical procedure for obtaining organic
constituents from drfed plant tissue 18 to continuously extract
powdsred material in a Soxhlet apparatus with a series of solvents
starting im turn vith sther, petroleum ¢nd chlorcfom =nd then
using aloohol and ethyl scetate, 4n extruct obtained is clurified
by filtration through celite on a water pusp and then concentrated

in vacuwo,

The ususl sethod of extraaction for different chemical
groups 4is summarised below:

OR OF WAROIDS s

For non=flavanoidic and resinous matter the fresh plant
tissue or dried powder of the plant tissus is treated with
pstroleum ether (60-809C) and benszens; till the solvent is ocolour-
less, After this, the extracted material is completsly exhausted
with hot acetons (56.86,3° C) or alecohol ( ) and the
extract is oconcentrated first at atm, pressure and then under
reduced pressure, The gummy mass obtained is subjected to thin
laysr chromatography (TLC),

EXTRACTION OF AMINO ACIDS;

Dried powder of seeds is washed with chloroform or
henzene, Then tha treztdd powder is completely exhausted with
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hot acetone or alaochol, The acetone extracts are concentrated
first at atmospheric pressure and thea under reduced pressure,
To the Ary extract 4% isoprephyl aloohol 18 added and decanted,
The residue is subjected to TILC,

METHODS OF SEPARATION:
ettt

The separation and purificstion of the plant constituents
18 mainly carried out by using ons or the other or & combination,

of three ahromatographic techniques:
CHROMATOGRAPHY 1

The term ahromatography denotes a procedurs in which a
sélution of substances to be separasted is passed in a direction
detexmined by the arrangement of the apparatus, over a more or
less fimely divided insoluble organic or imorganic solid as
stationary phase, resulting in cetention of the individual compo-
nents at different distances,

Chromatography is based upon the principle that the
components of the mixture can be separated from one another and
concentrated into sones, by passing the mixture through two phase
systems, one of the phase acts a8 a carrier for the mixture and
the other exsrts a differentisl restraining effect on the component
The 4ifferent types of chromatography may be grouped according to
the phases, (liquid/solid chromatography, 1iquid/ligquid chrometo-
graphy and gas/liquid chromatography), physical principles or the
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same feature of the techaique such as:

1, Paper chromategraphy (PC)

3. Thin layer chromatography (TLC)
3, Gas 1iquid chremstography (GLC)
4. Column ahromatography

TiC, GLC and PC will De used in this project, The choice of
the techniques depends largsely on the solubility properties and
volatilities of the compounds to be separated, FPC 48 particularly
applicable to water soluble plant constituents, namsly the carbo-
hydrates, amino sgcids, nucleic acid bases, organic acids and
phenolic compounds, TIC is the method of choics for separating all
1ipid soluble components, i.s, the lipids, steroids, carotencids,
simple Quinones and chlorophyll. By contrast, the third technique
GLC £inds 1ts main application with volatile compounds, fatty acids
wmono and sesquiterpenes, hydrocarboms and sulphur oompounds,
Finally it may be pointed out that there is considerable overlap
in the use of the above techniques and often o combination of FC
and T1.C or TLC and GLC may be the best approusch for separating a
particular class of plant compounds,

All the above techniques can be used both on a micro and
®macro scale, Ths techniques to be used are cutlined in the coming

PREPARATION OF THE SUSPENSION /D PILLING THE SPRE-DER:
atbepan - - S T e -

25 gms, of silica gel G is evenly mixed with 50 ml.distilled
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watar by vigorously shaking in a stoppered conical flask for

about 3 to 10 min, Owing to its plaster of paris contents the
fairly thin suspension sets within a few minutes, It 1s then
immediately transferred €0 the opsn spreader which has already
been set for a desired layer thickness.

COATING OF THE PLATES:

After preparing the suspension, it is poured into the
spreader and the slurry can be seen coming out, the process of

spreading 18 begun, For this it is best to stand by the centre
of the tray, hold the spreader vith both hands and draw it across
the plates to the further end plete without applying much pressure
To test the evenness of the plates, the spreader can be drawn
across thea before the suspension is added, wWhan the and plate
has beea reached, the lever is again Surnad to tha right, which
prevents any liquid still remeining in the spreader from rumaing

over,

At the time of coating of the plates, the cover serev by
the dide of the arrov 18 undone and the tipping mechanism is taken
for clearing the parts of ths apparatus,

All the parts of the apparatus are thoroughly brushed
under running vatar and then rinsed with distilled water, it is
particularly important not to knock the surfaces that fora the

coating slit, theredby damaging or scratching them., They have to
be perfectly smooth,



Harrow platss den be coated more evenly if they are laid
lengthwise in the direction of coating,

TREATMENTS OF PLATES APTER COATING

DRYING ¢
ADEREPARET

For the prooess of drying the plates are left as such until
their surface has becoms completely dry (about 10 min.). It s
advisable €0 loave them ¢veraight to dry in air,

ACTIVATION S

These campletely dried plates are placed in a drying cabinet,
Time and temperature of heating are detsrmined by the required
sctivity of layer, Generally, 120° C temperature is required to
agtivata the plates and zbout half an hour is sufficient for this
activation,

STORAGE s

Since active plates become desctivated in moiet air, they
are #tored over a desiccant in a desicgator of 30 Cm, internal
diamater or in a plate cabinet., If hot plates are placed, in &
desicator the tap must be left open, so this is provided with a
short drying tubs f£illed with silica gel.

The coated platas must be protected as much as possible
against laboratory fumes and mechanical damage,

TESTING THE SILIC~ GEL G PLATES:

The layers should be uniform in appearance by both transmitte
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and reflected light, The surface must be smooth with no cocarse
grains visible, They must adhere sufficiently well so that they
are not markedly damaged if rubbed lightly with the finger. To
obtain & sharp boundary, about 2 mm, o0f sach edgs of the layer
can be scrapped off with a spatula or with & thumb and fore
gingex,

SPOTTING:

The first requirement for a good chromatogram is that the
siss of the spot should be as small as possible. The solution
of the sample to be analysed is put on the film about 15 mm,from
the edge of ths filr by gently Arappiny ths licuid from a capill.
afy. The process »f sgpotting should be carrvied out in a gentle
gurrent of aly to incfease the rate of evaporation of the solven!
It is also better to keop on hlowing the spot gently so as to
minimize the size of the spot.

SFOT 81Z8»

Measurement of the spot area is 4 simple swmiguantitative
method, sincte this ares is rejated to the amount applied,

In order %o msasure the spot, the chromatogram is trans-
ferzed to transparent graph paper and the area is determined in
m,m. 4,

The waipht of a substance is then plotted against area
on a calibrztion curve, 8ince the sbsolute areas are affected
by the thickness and activity of the layer, the most agourate
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results are obtained by running known amounts on the same chroma-
togram and comparing amounts on this single chromatogram,

However, it is gemerally sufficient to derive mean values
for eath concentration from dsterminastions under standard comditic
on several identical treatment plates of equal thickness,

Templ ates can 2180 be prepared for each substance instead
of calibration curves, Holes of suitable sises are cut out of
foil or graph paper and the corresponding weights of compound are
written along sie, PFor evalgation, the template is laid over the

developed ahromatogram 8o that the area of the hole corresponds a1
alosely as possible to that of the spot,

SOLVENTS

Only very pure solvents must be used in chromatography
othervise the results abtained are not free from errors, Different
solvent systems will be first tried on microscopic slides evenlly
coated with silica gel, These slides will be coated by dipping
technique, 7The slurry will be prepared in chloroformy/Methanol
( 70/30 ). These plates may be used after drying over a hot plate
from 1«3 minutes, This rapid and simple techniqye does not
require the use of applicator, glass platss of specific dimsnsion
or prolonged drying period, Some of the solvent systems that will
be used are given in table-I,

The rate of migration of a compound on a given absorbent
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depends upon the solvent used, the soclvent can be arranged in
ordsr of eluting power, Mixture of two OFr more solvents of
different polarity often gives better results,

All solvents must be dry and pure, Benzens or chloroform
(containing ethanol) are the best initial solvents for aixture of
unknown substances., I1If the substances remain near the baseline
vhen chrumatographed, either a more strongly elutive solvent is
chosen Or & more strongly elutive component is added to the solve
being used, If the substance migrates too rapidly (near the
solvent front) a weaker sluotive solvent is used, The series of
solvents in order of increasing eluctropic power is given below,

ELUOTROPIC SERIRS QOF SOLVENTS

Increasing Eluotropic Power Petroleum sther
Cyclohexane
Trichloroethylens
Toulene
Sensens
Chloroform
Diethylethex/ethyl acetate/
Pyzridine
Acetone
D-propancl
Sthanol
Hethanol
nater
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DEVELOPMENT s

There are many techniques of the development of chromato-
gram, The techaique which is genarally used is ascending technig
In this techaique after spotting, the chromateplates are placed i:
developing chammber contajaning sufficient amount of suitable solven
The lower edge of the film should be dipped in the solvent and the
atmosphere in the jar ahould also be saturated with solvent vapous
To avoid irregularities in migration of the solvent, the chromato-
plates should always be developed against the direction of applica
tion of the layer and to obtain straight solvent fronts, the
sdsorbent should be scrapped off the edges of the plites before
chromatography, and the chromstoplated should not touch the sides
of the jar,

TIME ARD DISTANCE OF DEVELOPMENT s

It is obvious that the time required for development will
depand on the distance to be travelled by the front, Generally, ¢
solvent front asocends very rapidly in the begining and then slows
down, The optimm distance for the front to travel is about 10 Ca
There are many factors which influence the rate of advancement of
solvent front such as particle size of adsordent, thickness of
adsorbent f£ilm, the atmosphers in the developing jar, the angle of
the chromatoplates and the solvent,

SPRAYING s

There are many compounds which are not characterized by
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the possession of colour or strong absorption in U,V, fluorescenod
They have €0 he rendered visible by special detection reagents
which ars uwsually applied to the laper by means of spray., The
resul tant products thus forwed often fluoresce or absord in U,V,
lignt,

Highly aggressive reagents such as conc, sulfuric acid,
chromic acid, nitric acid, peraohloric acid etc, Can be sprayed
onto inorganic layers and any organic aompound charred by finally
heating at high temperasture,

RE VALUR smw !IMZl

The naxt step involves the calculation of Rf valus, The
Rf value is the relation between the distance of the centre of
the spot from starting point and the distance of the solvent front
from the starting point so,

Distances of ths substance from the sturt
Rf value = e

Distange of ths solvent from tha froat

T™he difference in the rate of movement of the componants
are gaused by their various paertition coefficients i,e, their
differential solubility in the mobile and starting phases,

The Kf value is cunstant for each ocompound oanly under
identical sxperimentz:l conditions., It depends upon a numder of
f£actors of which the following may be mentioned,
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« Quality of the layer material

-~ Activation grade of the layer

« Laysr thickness

= Quality of the solvent

« Chamber saturation

« Chromatographic techniqe

« Distance of the starting point from the solvent front
- Ppresence of Impurities

« Concentration of the substance applied

« Other substance present

TARIR « 2
APCPRORY A 2

Solvents Preportions Applicetions
Acetic Acid a-608 All types,
Aoetio soid-iCle 3083110 Anthocyanidines, flavones
Nater (Forestal . - .
ey ) Xyeones, phenclic acids,
Amyl Alcoheole 43133 A e,

11 types
Water

MAmyl Alcohole Saturated with Flwnolic awmines, pheno
Amonia oF Methe 26«8 K Dase mmino aaids, ‘ 11

Bensene-Acetic 637:3 or Phenolic acid, pheno amino
Aeid-Water 12847213 acid, e He
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Solvents Propostions Applicstions
Butanol~Agetic 4313350 (upper All types both glycesides
Agidelater layer homo= and aglycomes,

genous mixte

wre og.6:1¢2)
Putanocl-Ethanol- $:132 or 131 Phenols, acids, ainnamic
water or Amonis '} agid esters,
Chlorotorm-Agetic 2i1l;} Plavonoids, glycosides,
Acide¥Water shenlic 221ds, phenolic

Wwines,

Ethanol «Asmonia~ 3932313 Phenolc acids,
nater
Ethyl Acetate- 31113 o Phenols, aanthocyanins,
roomic or Acstic 1032:3 flavonols, glycosides, amino
AcideWater phencls,
Pormde Acid«iiCle $522d anthocyanins, flavones,
water

Pet, Ether alone Saturatud Aathraquinones,
or mixed with

Methanol

Phanol~vater and Saturated Flasvonoids, anthocyanins,
dil., 8cid(0.1-20 phenolic aminas,

Agetic or KCl)

isopsopanclevater 352 or Aany f£lavonoids and

or Dil,acid(Pormic 133 anthocysnins,

or HC1)

Bensene~Pyridine- 3631935 Biflavonyls,

Pormic Ahcid

Toulene=-Ethyl Pore- $Si1dsl Biflavonyloe,

nibke Formic Acid

Beasens«Dionane- 912%:4
Agetic Agid

Bensene-~Msthancl~ 451834 Phenols,
Agetic icid

Benssne<iethanol 955
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Distribution

Characteristics
Properties

rlavonols

Flavones

Glyceflavones

3iflavonyls

Chaloones and
Auronss

Scarket, red, mauve

and blus flower pig~

ments, also in leaf
and other tissues,

Nainly ceolourless,
in 'wart woods and
in leafes of woody

plast,

Mainly colourless
Goepigment in both
cyanic and acyanic
flowers, widespread

in leaves,

As flavonols.

As flavonols,

Colourless almost
antirely coanfined
to the gymnosperns,

Yellow flower
aents, 00cas

presant in othes

tissues,

iy

water solubls, visible
nax,%3% to 343 L. Y]
mobile in BAW on paper,

Yeild anthocyanidine
(colour extractable into
Amyl Alooha)l when tissue
is heeated for 0.% hrs,
in M, KCA,

After acid hydrolysis
bright yellow spots in
UV light oa Forestal
ahromatograms, spectral
max, 350 to 386 nm,

Aftar acid hydolysis
bright yellow spots on
Forestral chromatograms,
spectral aax, 330 to 350
nm,

Contain C«C linked sugar,
mobile in water unlike
nocmal flavones,

On 3A# cdhromstograms
dell sbsoxbing spots of
very high Rf,

Give red colour in
Asmonia (celour change
can be obsarved in
Situ, visible max,

370 to 410 mm,
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Flavonoid Distribution . Characteristic.

Class Properties

rlavonones Colourless in leaf Give intense red
and fruit ( &= colours with Mg/HCl,
3ly in Citzus). occasionally an intense

bitcter taste,

Isoflavones Colourless, often Mobile on paper in
in ¥oot only comm~ Water, no specific
on in one femily, colour tests available,
the Leguninosae,

PHENOLYC COMPOUNDS ¢

The term phanolic compounds comprises a wide range of
plant substances which possess in common an aromatic ring
bearing one or more hydroxyl substitusnta, Phenclic substane
ces are water soluble and most frequently occur combined uith
sugar as glycosides and they are ususlly located in the
cell vacuole, Among the natural phenclic compounds, the
flavonoids form the largest group but simple monocyclic
phenols, phenyl propanocids and phenolic quinones all exist
in considerable number. The lignins, melanins und tannis are
polyphenolic materials in plants while the phenolic units are
encountered in proteins, slkalocids and among the terpencids
as well. Phenols are very sublseptibde to enzymic oxidatioa
and phenolic material may be lost during isolation proceduras,
dus to the action of specific ‘phenclase’ enzywme present in
all plants. Extraction of the phenols from plants with boiling



alcohol normally prevents ensymic oxidation and this
procedure should be adopted routinely.

The majority of phenolic compounds (and especially
the flavonoids) can be detected on chromatograms by their
colours or fluorescences in UV light, the colours peing
intensified or changed by furring the chszowmatuyrams with
smmonis vapour. The phenolie pigments are visible and
coloured and are thus particuvlarly casy to monitor during
their laclation and purification.

All phanolic compouis are aromacic in nature, so that
thay all show intense absoption in the UV region of the
spectrum, The mein emphasis will be given to the flavonoids

of scme genera of Tubiflorae,

TARLE o 111 mwm
F_F . ] 1S3 i

M | —
Colowr s wisn B

orange Dull orange, MNus Anthocyanidines
red or mauve 3=glycosides,
Red mauve Fluorescent yellow Blue Most anthocyanidin
cerife or pink 3, S<diglycosides,
Bright yellow Dark brown Dark S-fiydroxyl ated
or blagck brown or flavonols and
bl ack flavonesy soms
chalcone glyeo=
sides,
Dark red Host chalzones.
or bright

orange
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sible Siig!g In UV 1é§§g Indication
colour. 3
Dark yellow or Bright orange Aurones,

yellow green

Very pale Dark browm
yellow

None Dark mauve

Faint blue

Dark mauve

or red

Bright yellow
or yellow
brown

Vivid yellow
green

Dark brown
Paint brown

Intense blue

Pale ysllow
or yellow
green

NMost flavonol glycow
sides,

Most flavons glycoe
sides,

Biflavonyls and
unus:ally substituted
flavones,

Most isoflavone and
flavonols,

S-Decxyiso=-flavones
and 7, 8-dihydroxy-
£l avanches.
Flavanonss and flava-
naonnl 7e-glycosides,

DETZ2TICN OF FLAVCOCNOIDS:

The flavonoids aré a group of some 730 naturally

occuring plant constituents whose structures are derived in

one way or another from the aromati: nucleus of flavan or

2«-phenyl bensopyran,

Flavonoids are usually divided into

classed depencing on the oxidation level of the central pyran
ringes The two most important classed beiry the flavonols and
the anthocyanidins. Ilavonoids occur in plienls in combined or
protectad formy the aglyconas, bheing phenolis, are presumebly-
toxic to the tiving cells 2nd may be normally isolated only
from dzald tissues (eg. heart wood)., When analysing flavonoids,



it 49 usually better to examine the aglycones present in
hydrolysed plant extracts bdfore oonsidering the complexity
of glycosides that may be present in the original extract.

Attachment of sugar renderxs these compounds water sole
uble, and flavoncids are mostly located in the cell vaguoles,
Less frequently, flavonoids occur with the majority of
hydooxyl groups protedted by methylation (eg. im citrus fruits)
and suth compounds are lipid soluble and are presumably conte
ained in the cytoplasm,

The anthocyanidins are as a rule intensely coloured
sybstances and their glycosides, the anthocyenins, are résp-
onsible for most scaried, red, mauve, purple and blue colours
in flowers, fruits and leaves of higher plants, Other flavoe
noid elasses, particularly chalcones, aurones snd certain
flavonols make a significant contribution to yellow colouration
in sany species,

Flavonoids contain conjugated arcmatic systems and thus
show intense sbsorption bands in U,V. and visible regions of the
spectrum, Flavonoids are present in all vascular plants, but
some classes are more widely distributed than other; while
flavones and flavonols are universal, isoflavones and biflae
vones are found in only few plant families,

BXAMINATION OF FLAVONOIDS IN ALCOMOLIC PLANT EXTRACT:
T™he majority of flavonoids being water soluble, are
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isolated from fresh plant tissue by extracting with hot
alechol or from dried material with hot aqueous alcohol; the
few which are 1ipid soluble require separate treatment,
Alcoholic extracts, after washing to remove chlorophylls,
l1ipids and 8o forth, are concentrated and flavonoids are then
obtained by crystallization or following chromatographie
separation,

Aanthocyasnines, cations probably present in cell sap in
association with organic acid anioms, are unstable as the
chlorides, By using methanolic or ethanolic acid HCl as the
emtracting medium, this group of compounds is extracted,

An intsstimable advantage of the flavonoids is that
they 58 Badily detected on chromatogram, without the use of
chitmogenic sprays, Many are coloured and the remainder can
be viewed by means of U,V, light, In addition, most undergo
characteristic reversible colour changes when treated with
RH3, -

Partition chromatography is carrised out on paper with
solvent such as butancleacstic acid-water, while absorption
chromatography is carried out on a paper and uses Uscus
solvents (water alons or vwith varying amounts of acetic aeid),
Thin layer chromatography is also commonly employed, but the
most popular adsorbent is cellulose, & material wich gives
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wiry similar separations to those on paper, Other TIC
adsorbents are silics gel (for methylated flavonoids, isof-
lavones and 80 on) and Polysmide (for flavonoid glycosides),

1. A small amcunt of plant tissus (usually)leaf or
flower) is immersed in 2 M HC) and heated in & test tube for
30-40 min, at 100°%,

3. The cooled extract is then filtered if necessary
and extracted with ethyl acetate,

3, If the solution is coloured (either because the
original tissue was coloured with anthocyanins or because
colour has formed from leucoanthooyanidin during acid treatment)
then the aqueous extract is further heatsd to remove the last
traces of ethyl acetate and re~extracted with a small volume
of amyl alcohol.

4. The sthyl acetate éxtract is concentrated to dryness,
taken up in 1-2 drops ethanol and the aliquot chromatographed
one-dimensionally, aloangwith the authentic markers, in five
solventss Forestal (acetic acid-cone, NHCl-water; 10:3:30),
$0% HOAc (50X aqueous acetic acid), Ban (nebutancleacetic acide
watery%:11:3, top layer) PhOH (Phencl saturated with water) and
water,



S, The amyl alcohol extract, which should be coloured,
is concentrated to dryness, taken up in a few drops of 1%
methanolic HCl and aliquot chromatographed in Forestal and
in Formic soideconc, HCl=-watexr; $:2:3,

The chemotaxonomic psoblems that will not be solved by
TLC alone, GLC will be used, In GLC the adsorbent liquid
on an inert material served as stationary phase while gas
serves a8 mobile phase and the substance to bs separated

ere are in the form of vapowrs,

In GLC a mixture of vapours is resclved into its
components as it is carried in a stgpeam of gas through a
column filled with either an adsorbent or an inert material
coated with a liquid stationary phase,

The gas filled chromatography is essentially a piece of
long narrow (1/4" 1d4) glass, copper or stainless steel tubing
filled with stationacy phase, .he carried gas under constant
pressure passes through the colwsmn, carrying along the infected
Vapours. As the sspaxated components leaves the columna, they
are carried through a detecting device and thence are wented
into the atmosphers or passed into collecting vessels, The
whole unit is maintained at a deséred operating temperasture by
use of heaters or vapour jackets,
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DETECIION OF AMINQ ACIDS:

Nitrogen first appears im organic form as glutamic
acid, the key reaction being the transfer of ammonia to -
ketoglutarate, catalysed by glutamic dehydrogenase, The plant
amino acids are conveniently divided into two groups, the
‘protein' and'’‘non protein’ acids, although the division
between the two two groups is not sharp enocugh and methuds of
identifying and separating both groups are essentially the

The protein amino acids are jenerally recogniszed to be
twenty in number, and are those found in acid hydrolysates of
plant proteins, They also occur in the free amino acid pool
of plant tissues at concentration varying betwacn 20 to 200 g
fresh weighty there are considerable guantitative variations
from tissue to tissue, de ending on the metabolic status of

the plant in question,

Only one of the 'none-protein'’ amino acid is regularly
present in plants that is ubiquitous ceamino-butyric acid, The
remainder of which over 200 structures are known, are of more
restricted occurance, Most are structursal analogues c¢f cne
or other of the twenty °‘protein'’ amino acid,

Amino acids are colourless iomic compound, They are
all water-gsoluble, although the degrese of solubility varies,
Thei® melting points are very highe They can be esterified,
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The esters are more volatile than the free and thus can be
separated by GLC,

‘Heutral’ amino acids are those in which the amino
groups are balanced by an equal number of acidic group., Basic
amino acids have an additional free amino group while aecidic
anino acids have an additional acidic group.

A great variety of different procedures are described in

the literature, although the fundamental approach has changed
little from that used in the very early days of PC,

In spite of the fact that it is possible to separate
the 20 protein amino acids by one dimsnsional chromatography
(Hanses g%. 81.}961), the normal practice is to employ two
dimensional separations, It is most frequently carried out
on paper or on thin layers of silica gel G, cellulose or
silica gel-cellulose mixturs, For PC the best solvent pair is
nebutanoleacetic scid-water (BAW) and phenol water, The same
pair may be use for TIC on silica gel G, but for TLC on
microcrystalline cellulose, replacement of BAaW by chloroforwm
methanol = 24 NH4ON (232:1) as the first solvent is recommended
(Brenner st. &l. 1969).

One advantage of using PC is that a concentrated agqeecus



62

alooholic plant extract can be applied directly to the

papsr for separation, By contrast, TLC systems are sensitive
to the presente of salts and sugars that may contaminate a
crude plant extract, and purification on ion exchangs resins
is a normal pre-requisite for good ssparations (Breaner,

S%. 2l. 1969). But, in such purification, care must be taken
to avoid losing material on the adidic amd basic ion exchange
resins which are used,

One procedure which eliminates the necessity of
prebiminary purification is conversion of the amino acids to
their dinitrophenyle (DNP) derivatives and their subséquent
separxation on TLC, These derivatives are yellow compounds,

DEVELOPMCNT

The standard reagert for amino acids is ninhydrin,
which is commercislly available in a form ready for spraying on
the chromatograms of plates, Alternatively, it may be preps-
red fresh as a 0,1% solution of ascetone, Aftsr spraying the
paper of plate is heated for 10 minutes at 105°% when most
amino acids give purple or grey blus golours., Development
of colour may be achisved without heating the plates, if
Cadmium acetate is added to ninhyd rin, 112 ml, of a soln, of
Cadmium acetate (1 g.) in water (00 ml.), acetic acid (20 ml,)
and acetone (1 ml.) i» used for dissolving 1 g, ninhydrin and
the paper or plate is dipped in this reagent, On leaving thé
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chromatogram over-night in the dark in a closed vessel

aotaining H2804, the amino acids appear as dark red spots
on & white backgroud,

TABLE = IV_(Harborne, 1973)

Amino Acid Ninhydrin €olour

Glycine RedeViolet
Alanine

Serine

Crysteine

Theonine Violet
Valine

Aspartic a¢id BlueeViolet
Asparagine Orange Brown
Glutamic acid

Glutamine Violet
Agginine

Lysine

Prolein Yellow
Phenyl-al anin

Tyrosine

Tryptophans

Histidine

Grey-Violet




The best proceduse for achieving sharp separstions of
comnon amino acids is the combined use Of electrophoresis
and TIC,

In this procedure the crude extract is applied as &
narrow band (2.3 Cm,) mear one cormer of a plate spread with
cellulose MN3IO0, wvhich has beon dried at room temperature,

8 marker spot of thionin (Michroms dye no,21S) is placed
at the opposite end of the plate,

The plate is sprayed lightly with formic acideacetic
acid buffer (pH 2,0). Using a wick of Alalysis tubing and
Whatman 3 MM paper (held &n place by glass strips), the plate
is developed horizontally in the same buffer at 1000 Vv,
(10-20 mA) in & Shandon cooled plate electrophoresis tank
for 23«35 min, (thionin sarker moves ca, 4-B Cnm,).

The plate is blown dry and the bands which have sepa-
rated are reduced to spots by dipping the plate (turned thr-
cugh 90°) in distilled water and albwing it to develop to 2.5
Cme, the plate is re-dried,

The plate is then developed twice in the second
direction with methyl ethyl kestone=pyridine=water-n-propyl
acetate-acetic acid pyridine (120:160:201431) for 4 hours.



The plate {s developed with the ninhydrinecadmium
reagont, A gypical saparation is aschieved by this proceduro,

Ga8 LIQUID CHROMATOGRAPHY (GLC) ¢

This technique Gan not be applied directly to amino
acids bscause they are 0 involatile, In recunt years,
succetsful separations by €18 have bewn obtained using
tenporature programsaing on their decivutdivas, for example,
on tim Keacetyl-neamyl astors, Thenre are prepared from the
auline 3cids by successive trectmunt with amyl alechol and
anhydrous BBr &nd then with acetiec anhydride, GiLl i3 carried
out on & column of Chromosorb ¥ (60«80 mesh), coeted with 1%
polycthans glycol (cexbo was 1546 or 60G0), with tempsratuie
between 125% and 155° and flow rates of 60 to 240 ml./min,

CUARTITATIVE YA {1 8

ihe high zesolutdon provided by FC or TLC mékes them
en attractive methot t be used for guentitutive detscmindtion,
it is simple to Ltalin he papes oF piete with ninhydrineunder
srandariiged condlitions, eiluote of sor«pe Off the various
coloured components und weasure théir coniceniration ssparately
fiow their visible colour in ths spectrophotometer, A good
altermative s first to prepare the Dinitrophencl (DNP) dexive
atives of the amino «2ids i{n the crude extraot, sseparate ths
derivatives by two-dimsntional chromatography and since they
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are yellow in colour, determine their concentration directly
without further staining.

Nomeprotein amino acids frequently occur in high
concentration in seeds and many srveys have carried out on
seed extracts, The typical extractiom procedure used by
Dunnill and Powden (1963), is as follows:

finely grounded secd powder (1g.) is shaken with 75%
ethahol (3% ml,) for ons day, The supernatant, after centrie
fugation is applied to a small column (12x0,8 Cm,) of
Zeokardb 225 (M' form im 75% ethanol) to retain organic acids,
it is wvashed vwith aqueows ethancl and then elueted with
aquesus ethanc)l containing 2 K NHgOM (25 ml,).

This eluote is concentrated and applied to 2 J mm,
shast of filtar paper for chromatography, the volume applied
being equivalent to 0.25 g. seeds,

Two-dimsndional PC i3 the most widely used technique
for detecting noneprotein amino acids in plants., 75» phenol-
water (smmonia vapour), followed by butanoleacetic acidewater
(900310:29) as o pair of solvents) ethyl acetate-pyridine-
water (2:11:2) and butanol = 3 M NH OM (top layer) as a second
pair sre used, One~dimensional PC in several solvents is
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somstinmes sufficient 80 separate different non-protein amineo
saids,

DETEZCTIONS

One of 't.hc sasiest ways of recognizin, many noneprotein
amino acids is by their typical colour response to ninhydrin,
Instead of giving the usual purple colour, they may turn green,
brown or deep red, This is often how they are first detected
during two-dimensional chromatographic screening prograsmes,
It 4is often useful, with certain types of amino acids, to empky
more specific colour reagents, The Sakaguchi reagent, for
example is specific for arginine and its derivatives while
Fearon's PCAP reagent is specific for the guanidine compound,
canevanine and deaminocanavanine,

The formation of psrsistent foams during plant
extraction or during the concentration of plant extracts is
reliable evidence of presence of saponins, Indeed, if large
large quantities of saponin occur in & plant, it is 4ifficult
to successfully concentrate aguecus alcoholic exgracts, even
vhen using a rotary evaporator, A simple test for saponins
is therefore, to shake up an agqueous alcoholic plant extract
in a test tube, and note if a persistent foam is formed above
the liquid surface, Saponins can also be tested for in crude
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extracts byltheir ability to hssmolyse blood cells, Howe
ever, it is usually preferable to confirm such simple tests
by TLC and by spectral msssuremsnts,

To test for sapogenins, dried tissus is hydrolysed with
molar HCl for 2«6 hr, neutralized and the s0lid dried and
axtracted with petroleum, This extract is teken to dryness,
and the residus Adissolved in chloroform and the IR spesctrum
determined, The same solution is then concentrated and subjece
ted to TILC on silica gel in solvents such as acetons=haxane
(411), crlorvform=carbon tetrachloride-acdtone (23241),
Sapogenins are then detected as pink or purple spots by spray-
ing the plates with antimony chloride in conc, HCl and heating
at 1009 for 10 min, The different sapogenins are not easily
separated from each other by TLC, For separating diosgenin
frog ysmogenin, it is necessary to carry out ocontinucus
developwment with methylene dichloride-sther (4:1) for 8 hrs.

Saponine are much more polar then the sapogenins
because of their glycosidic attachments and they are more
easily separated by PC em by TLC on cellulose, However, TILC
on silica gel is successful in such solvents as butanol
saturated with water or chloroformemsthanol-water (13:57:2;

lower layer),

Besides these techniques some very simple and quich
tasts, which were used by Gibbs, can also be applied to many
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chemotaxenomic problems, 7These tests can be employed to
dstect the presencs or absence of certain groups of compounds
in & number of families, genus and sven soms specédés, Some
such quiak tests are as follows:

1, The presence or absence of polyenclases in plants
can be detected by cigarette test as well as hot water test,

2. The leuccanthocysnins may be detected by using the
HC1l/Methanol test,

3, Cyanogenic glycosédes can be detected by HCHN test,

If & cyanogenic glyocoside containing plant is hydrolysed it
gives free HCR whiéh may be detected by HCH test,

4, Juglone Test A Band can be used to detect the
naphthaquinone flavonoids and sesculin or similar coumarin
respectively from the family Juglandaceae,

S. According to Bate-Bmith, Leucoanthocyanin Test A,
can detect the presences or absence of aucbin type glycosides in
plants., Tunmann (1931) noticed that presence or absence of
syringin (egiycoside) can be detected by Syringin Test A,

6, Ehrlich tsst can indicate the presence or absence of
succubin or similar substances,

T+ Aurones in many familiss can be detected by Aurone



B8, The prasence or absence of syringaldehyde can be
detected by using Maule test, S3Schinoda test can be used to
destect leucoanthocyanin, flavonoids, alkaloids,

9. Anthraquinone test Can ba used to detect anthra-
quinone,

10, Oxalic acid can be detected by Oxalate test,
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