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The buphorbiscesae are a large family comprising #2 about
220 genera and 4000 apecies (willis 1973). Out the exact number
of genera and species varies acgoréing to different suthors,
Lawrence {(1951) recovgnised 283 genera and 7300 species. Good
{1953} gives the number of genera as 300 genera incorporating
5750 species, and ranks it as the sixth largest fawily of
ARgLlosperas.

The family is of cosmopolitan distrivution but concentrated
sainly in the tropics and extending into the temperate regions
of Northern and Southern hemispheres, The most familiar members
of this large, widely dislributed, family are the horbacecus
and osctus like Euphorbiss. Filiteen genera have more than 100
species each snd the larger ones include Buphorbis (1600 spe),
Croten (70C), Ehyllanthug (480), acslypha (430), Glochidion
(280}, racerangs (260}, kanthot (160}, Jatropha (150) end
Ixagia (140}

Many members are broad leaved shrubs and trees whilst a
few other genera are ericeid in habzt; Irsgia and related
gecera are stez clicbers. lewbers farming the section
zylophylla have their ultimate branches leaf like (Phylloclades),
the Leaves being reduced to scales.



The only character which binds all the zembers of the
facily, is the superior, tricarpellary, syncarpus pistil with
three separate styles. 7be inflorescence varies from large
termdnal dichasial panicles (Jatropha) to solitory axillary
flowers (Phyllanthus} and 'Super evolved' flower Like cyathium,
The flowers range from elahar&te, pentaczerous pantacydlic.
harﬂaghrodxte ones %o munnchlamydaus or achlymedous, unisexual,
Lfew Or One membered structures with or without vestigeal organs
0z the other sex. Due to this diversity in floral and morpholoe
#lcal structure, the taxonomic positions assigned to the family
in different systems of classification ghow much varlation.

I.1 Placement of the Zuchorbisceae

denthan an& Hogker (1862-83) plased the Euphorbiacese in
the ssries unisexusles ¢ the group monochlamydeae alopgwith
the urticacese, casuarinaceae and some amentiferous facillies,
wattestein (1931} included them in the order Tricoccese and
considered them as a primitive family allied to centrosperzales.
Baillon (1874) pleced the Suphorblaceae next to the Geranisceae,
Engler and Prantl (1857) as well as Seasey (135%) and Lawrence
{1951) considered Euphorbiacese as closely related to
Geranliaceae group of fgmiliea and treated their tricoccenre as
& suborder of Gernialeaj while Fendle (1959) Rept the Tricocceae
&n independent order, Pulle (1537) put Tricoccere betueen Geranw
iales aﬁﬁ #alvales. Hutchinsen (1369) placed the fanpily singly
in the order Fuphorbialea while Halliex (1512) placed the



Evpherbiaceae along with the passifloraceae, Turnaraceas and
salicaceae in the passionsles of polypetalae {(Tsble = 1),

Tuble « 1. [lacement of the Xuohorbiscese by & few taxoncmists

) CRUER Subsorder Fapilies
1» Benthar & Unisaxusl es - ﬁupﬁerbiaceae
Hooker  [latanacese
(1862-83) ‘ \ Casuarinaceae.
Ze ingler & Geranlales Tricoccese Huphorbisceae
Prantl{1857) |
3» Hallier{1512)} Fassionales - Fegaifloraceae
Zuphorbiaceae
Turneracene
Salicacene
&e Bensey(1915) Gerolales - Euphorosiaceae
litrichaceae
5¢ Cronquist Eughorbisles - Buxacsae
{14968} Euphorolacese
. ’ Laphniphyllaceae
sextoxlcaceae
Fendaceae
&. zutchingon Euphorbiales - Euphorblaceae
K L 196%) ,
7+ Takhtajen fuphorbiales - Euphorsiacaae
(1580) ‘ Pandaceae
. Dichapetalaceae
Aextoiicacean,

Te2, Intraferiiisl classification

Muell=arg(1665) egtablished two groups, stenolobose
and platylobese within this family, the forwer characterised
by the cotyledons narrower than the radicle end tho lotter by
cetyledons broaﬁaé than the radicle. 7The ztenoclobeae were



divided further into 3 tribss calaiicne. Kicinocarpene and
Ampherese, the first with two ovules in esch loculus of the
OVAIY, the aecond and third with one ovule. The platylobeae
were divided into trives the phyllantheas; Sridelisas, Crotonene,
sAcalyphéae, Hippomaneas, Uslechampiese and Zupihorbiese. 7The
Lirst two tribes had two ovules per loculus and the rest had
only one in each loculus,

Pax (1857) saintained stenoclobeae and platylcbeae bub
reverszed the sequsnce by placing the stenclobeae at the end.
He has also divided platylobeae into two subfazilies, phyllanthe
oldese and (orotonoidead, He further divided phyllantholidese
into 3 tribes; phyllantheme, Bridelicae and Daphiphylleae and
Crotonciceae into & trives viz, Crotonese, acalychese, Jatropheae,

Fanthoteae, cluyticae; Gelonlese, Hippomanene and HEuphorbleae,

Similarly pex end Hoffmann (1951) divided the family
Euphorbiaceae into two zain taxa on the basis of ecubyyo .
characters viz. platylobzae {(cotyledons much broader than the
radicle) and stenclobene {cotyledons as broad ss radicle).
The platyl cbhene ware divided into two subiamilies the
phyllanthoideae (3 tribes; and crotonoideae (8 tribes), while
stenclobeae are divided into two subfamilies, the Prosntheroe
ideae and Ricinoecarpoidese,

Hecently webster (1575}, using palynologlcal charscters
clagaified the family iato 5 subfanilies; the phyllantholdeae,
Olé:iélﬁai&&ae, Acelypholdeas, Crotonoldeae and Buphorbiclidesae,



The phyllanthoideae was further subdivided into 13 tribes the
Acalypholdeze into 18, the Crotonoideae inte 11 and the
Buphosbioldeae into 5 tribes. '

Baillon (1858) in his "Etude generslse due groupe des
Euphorblaces® recognised 12 serdes for the fanily Zuphorblaceae.
There were no well defined tribes or divisions. Later Balllon
limsell gave a moye detailed account of the family in the 5th
voluse of his "Historie des Plantes (1874), wherein he recognise
ed 150 genera including Daphniphyllum (caghniphyllaceas),
¢allitriche (eailiirichaaeae) and Dichapetalaceac, Bolasisy
\1875) divided the sub order Luphorbiacese into two tribes vize
Euphorbieae, the male flovers without a calyx {(ecelyculus) and
inthoptemene, the zmale flowers with a diatinet calyx.

Benthan {1562«83) also grouped the plants belonging to
the fasdly into six tribes the Zuphorbleae, Stenclobese,
Buxeae, Phyllantheae, Galiariees and Crstuaeae.\ The {robongee
wag further divided into & subiribesj Jatropheas, LucTotongas,
Chrozophoreae, idriancce, Acslypheae, Celonieae, Flukeneticae
and Hippomaneaes The tribe Duxcme, since Bentham (l,cs) had
mostly been treated ap & separate fazily, although it was
included within Luphorbieceas in ingler and Prantl's “Pflane
zenfamilien", The tribe Crotoneme ls distinct from moat of
the remainder of the famdly by the presence of single ovule in
sach lLocuiug of tho ovary in contrast to the twdo ovules,

Hutechinson (1569) recognised 40 tribes which ars



Tatle » 2, A fogw
1s Bentham & Hooker Pamily
(1862e83)

Tribe
Iribe
Subtribes

Ze Musllesapgli865} Parily
Group
Group

-

o treptuents of the fapily

Buphorbiaceae
{a) Euphorbievae
(b) Stensleheas
{c) Buxese
(6) Phyllanihsae
(e) Galiariese
(£} Crotoneaa,
rotoneaa
(1) Jatropheae
(2) zuorctoneae
{3) Chrozophoreag
{4) Flukenestiecae
(5} adrisncee
(6} acalyphenes
Euphorblaceae
(1) stenclobeoae
(a) Caletieae
(bj hicinocarpeae
() Amphercae
(11) raltylobeae
{a) Fhyllantheae
(b} Bridelieae
(e} Crotoncae
{d) Acalypheas



Table = 2 {Contd,)

3. Dolssier (1875)

&, Pax & Hoffman (193%)

5. Hutchinson {1963

6. viebster (1975)

suborder 3
Tribes H

Taxa (4)
Subfamily s

Taxa {11)
Subinsily

Papily » t

Family ]
Subfaadly 3

(e} Hippomaneae
{£) palechasplece
(8) Euphorbiese
Euphorbieag
Euphorbisae
Anthostensae
Eupherbiaceas
paltylobene

(1) Phyllanthoidese
{3 trives)

{2) Crotonoidese
(8 tribes)

Stencl cheae
(1) EFeantheroideaes
{2) Aicinecarpoideze

Euphorbiaceue
(40 tribes)

Gl oghideas — Suphorbieae
Euphorblaceze

{1) Phyllanthoidese
{13 trives)

OLdfieldoddeas

Acalyphoideae{ 18 tribes)
Crotonoldeae { ¥ %
Euphortioddese(s tribes)



arranged in a probable polyphyletic sequence by plocing tribe
Glochidese in the beginning and Suphorbieae at the end
{Tﬂbla - 23’

It 1s clear from the above account that the status and
delisitation of subfamilies and the tribe within this large
fanily resalned alvays controversals NoO two classification
are similar even in the treatsent ef‘the rajor taxze, The
condlicting views aired by tihe taxcnomists cnme Ln way of
understanding the true eveluticnery trends and interrcelations-
ships operating witiiln the fnmily. In the present work chemical
characters have been resorted to exauine the exiating clLassie
Iicetory schemes and to assgess the relationships existing o
betwern the taxa. ill the avallable Euphorbluacess mechers
have been screened for various chemical oarkers like flavoneids,
Phentlic acids, Proanthocyaniding, Iridolds, Saponins and
Alkaloids, The chesdcal data thus obtained have been conside
ered along with datm from other disciplines, A cladistic
analysis of the various genera has Deen attempied in this
dgissertation tov chart out the probavle course of evelution
within the family,

The present dissertation merely represents a begiznning im ¢
that directions In this time bound Fh.b, prograspe of two
yeaks 67 members belonging to 29 represcatative gennra of the
Euphorblaceae ha§a beer zereensd, Initially the ﬂgly
consideration nas been to get the ball relling by sereening



;&1 the plants, which ¢ould be relatively esasily collected
Irom diverse geographical areas of india, The work is to

be continued to lnclude as many texa as pbasible with the
help of varisus governmental and private aganaiea. Conclusions
tentatively drawn on the basis of a small sarple will have

to be tested and confirzed or regected in the Light of
further work.

1.3 Zhe Ghemical characters used in the present study:

The extensive use of chemicel data in systematics led to
the recognition of Chenosystesatics or Chewnotaxonomy zs one of
the discizlines of Taxonomys During the past 25 years
comparative Phyinahemistry has Desn aceepted by many plent
taxonomdcts as & suxilisry tocl valuable to plant clageificete
lon, During this period there was & progress in the chemistry
of natural products which was overwhelming and the date en
the distribution of chesdcal compounds found a place in the
tax¢nﬁ$1c deliberations, This 13 well exemplified by pavers
of Heywood (1573), Tumer (1963), Kubitaki (1969), Hesuse(1370)
and Cronguist {(1968). A large part of the recent chemotaxow
nepic literature has been produced by organic chemists,
Blochemisgtes and plant physicloglsts wio becene interested in
the natural classification of planta,

The two classss of compounds which are being used fLor

taxononic and evolutionary purposes are (1} the high molecular
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veight and eseentially polysmeric mdléculea such as nucleic
aclde and proteins and (2 relatively low molegular weight none
polymericaetabolic and products such as noneprotein arino acids,
'alkaloida; flavonolds, betalains, glycosides, terpencids etce
cexmonly referred to as sscondary constituents. |

I.5.1 Flavonolde

arong the various secgondasry constitusnts, flavonolds are
Yecogniged as belny the a0st valuable systematic marker in
Hants (Gardner, 1577, Cronquist, 1577). fThey have the advantage
of Undversal distrihutiaa and great ease of detection and tha'
data on thelr distribution can be interpreted in terms of
phylogeny. Harborne (1367 and Swain (1575) have studied these
aspects in detail and propossd evolutionary scheues £or £1avonoe
ids. Swaln (1975) presents a tree ghowing the svolution of the
flavonold mclecule in terms of modification to the aglycone and
glycosylation patters. The criteria for assigning advanced vs
primitive status in flavonolds is based on {1) the presece of
these compounds in prisitive vs advanced plants (2} relative
positien of the flavonold in the biosynthetic pathway (3)
correlations between fiavenocdd distribution and evalutienary -
trends in morphological and/or other mechenical characters.
haroorne (1967) provided an evolutionary sequence for flavonolid
gcharacters (Table 3 & 4) baaed on the blosynthesis as well as

correlation studiecs,

The terns fliavonoids in a wider sense includes not only
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tge compounds based on flavone (2-phenyl chromone) skeleton,
but also a number of related or derived compounds like
anthocyanins, isoflavones, neoflavones etc, The flavone °
skeleton may be considered as containing (1) a Cg=C3 fragment
(Phenyl propane unit) that contains 'B' ring and (ii) a Cg
fragment the 'A' ring. These two are of different biosynthetic
origin (Geisman, 1962).

Flavone skeleton

Flavonoids often occur as glycosides in plants, but a
number of them are present in the free state too. The sugars

involved in glycoside linkages are the usual ones.

Flavones and flavonols, together known as anthoxantins
(yellow flower pigments) are oy far the most abundant groups
of flavonoids in Anglosperms. Most of them, especially of the
latter group, are yellow in color and are responsible for

many colors ranging from yellow to white, When they co-occur

-
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wlith anthocyaning they exert a bluing effect in flower calo}.
Flavone itself occurs in primrose flowers and its various
hydroxylated and methoxylated derivatives contribute to the
light yellow color of many flowers. Aplgenin, luteolin are the =
two hydroxy flavones widespread in plant kingdom, ‘they occur
methoxylated and/or glycosylated. The glycosylatin normally
occurs at C7 and the spgar component may be a simplé sugar like

glucose, galactose or rhamose or a disaccharide.

Flavonols are 3-0H flavones. They are darker in color
and contribute to the deep yellow color of many flowers. The
Properties of these compounds are very similar to flavones.
Thevthree common members of this group are kaempferol,
guercetin and myrecetin. Rutin,3-0 rutinoside of quercetin,is

known as the vitamin P (permeability factor).

|

Rutin
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Proanthocyanidins are 16 dymers of flavones devold of the
Keto greup at Ch and possess a saturated C3 fragment, They are
optically active. The activity is due to the asymetric nature

of C, and C,. They are colourless common in woody species. -A

2 3

proanthocyanidin molecule may be a dimer of flavon 3,4~diol or
containg a catechin and a flavan %,4-diol. These compounds as
the mame suggests yield anthocyamidins on acidic or alkaline
hydrolysis along with complex polymeric structures known as

phl obaphenes 6r “tannin redst. The polymeric probaphenes and
the proanthocyanidin form the condensed tannins, The production

of anthocyenidin from a flavon 3,4-dicl is as followst

Flavan-3,4~diol Anthocyanidin

Because of this reaction the proanthocyanidins were known as
leucoanthocyanidins., Proanthocyanidins séldonioccur as
glycosides, The linkages between the two monomer most often is
a C~C linkage.
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I.3.2 Phenolic aclds

This group includes both the benzdéic and cinmamic acids
(phenyl propanes). p=OH Benzoic acid, vanillic and syringic
acld residues are present as compdnents of lignin and so are

located in almost all angiosperms.

HO COOH

-4

p-Hydtoxybenzoic (ReR'zH)
Protocatechuic (R=OH, REH )
Vanillic (R=0OMe, R:H )
Syringlc (Rs R OMe)

Genfisic and protocatechulc aclds are the two other phenolic
acids common in higher plants. The gentisic acid has an unusual
hydroxylation pattern which is not directly related to either
commorly occuring flavonoids nor the lignin (Ibrahim et al.1962).
Salicylic acid and the related pyrocatechuic acid seem to be
characteristic constituents of certain groups like Ericaceae, as

also of other genera like Populus, Ascleplas, Calotropis and

Vinca. Gallic acid along with the dimeric ellgic acid form the
non-sugar (aglycones) components of gallo~-and ellagitannins,
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I.3.,3 lridolds

Iridoids are a group of monof.ropenoid lactones present
in many of the advanced orders of dicotyledons. These compounds
mostly occur in plants combined with sugar (glycoside)., The
presence of these compounds in a given group of plants is
considered by many (Hegnaur, 1966b, 1969, 1971; Kubitzki, 1969;
Meeuse, 1970; Bate-Smith 1972; Swain, 1966; Jensen et al, 1975)

to be a valuable chemical character.
I.3.4 Tannins

Tannins are polyphenolic constituents having an astringent
taste and ability to convert animal hydes to hard stable leather.
Two groups of tannins, hydrolysable and condensed have been
loca‘be‘d in plants.

CH

00 OH
CHz ooc@ou OH |
o ‘
OH

HO OH
HO coo \}\ ooc@w
HO \°R om
w@m

OH

Hydrolysable tannins are complex molecules containing several

-«

Gallotannin
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molecules of a phenolic acid {(gallic acid, cllaglc acid etc.)
esterilfiad to different positions of the sugar mclecules and
among themselves. Condensed tanning are polyphencis of complex
structures which on hydrolysis give polymeric phlobaphencnes and/
or snthocyanine, “

ihe hydrolysable tannlns are adcundant in the leaves wiile
condensed tannins are often concentrated in the woody usually
a8 single specles conteins only one of these groups but there
RIe Snstaﬁces whare both types of tanning cow-ocour in the nane
plant,

The ssscciation of proanthocoyaning and tanning with the
woody habit has been established. Highly sadvanced herbacecus
taxa sre devold of tanning or proanthocyanins. Taunins norzally
correlative well with the moye primltive characters in

anglosporings
I»3.5 gapesing | .

Seponines are the glycosldes wilch show ability to
hasuolyse blood cells in atlutions They possess a storcid or
a triterpencid, aglycone linked to an oligosaccharide. The
sterpidal saponins are common in sonocote while the triteprw
penoid sagoning are found in dicata; Thedr taxcnooic value
is less at a higher level of hirarchy although they cay be used

a8 usglul ‘chemical characher at lower levels of classilication.
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Oligosaccharide-0

Saoponin based on hecogenin

I.3.6 Alkalolds

Alkal oids are secondary plant products which contain a
heterocyclic nitrogen., 4lkalolds have a limited distribution in
the plant Kingdom and their utility as chemical characters are
confined to the families which contain them. In families like
the Menespermaceae,'Solanaceae and Convolvulaceae thelr presence
is a family character. The difficulty in identifying them and
their unstaﬁility in the laboratory conditions reducel.:

the acceptability of these compounds in chemotaxonomy.
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Table = 5, frevicus Chemical uork

FLAVONCILS

Hoe iame of fhe Plant Orgen examined gheulcal Constituents

1« Croton gblongifolius lvs Quercetingiserhannetin
‘ s tuercetin J-galactoside
2e Cesparsifliorus lve Guercetin J-rhasnogyl
glucoelde
3¢ Euohoroia dracuncye whole plant Derivatives of keenpfarol
T loides fruit Guercetin, faphnetin
Le EZepranculéta vhole plant Ellagic acid, rutin
‘ Guercetin & Aplgenin
7 glucoside
5. huphorbis Hirta Dried defatted Keewpfercl
) & powdered
Ge Hehyparicifolia ¥hol.ewplont GUErCEtineSwoC =L
, galactopyranoslde
7+ lieves brasiliennis 1lve Vitexin, isovitexin
8. Jatropha gurcas ivs Apigenin, vitexin
Ss  Jegoss olla : lvs © Aplgening vitexink
isovitexin.
10, flenihot Utilissima lvs Guercetin J-rhamnosyl
glucoside
11. “hynanti gs exblica lvs Ellsgloc acid, kacupfercl
Jwglucoside ’
12+ fhyllanthus pirurg lva Quercetin, isoguercetin
R Rubin !
1% Sapium sebiferum wuercetin & quercetin

Zmglucnside
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Table = 5 {Contds)

SILHCLS
Srsfic, Hamg of the plant Organg ¢xamined Chemicsl constituents
%«  Croton sparsiflorus  lvs, sten B = gitostercl '
ES taraxerocl
2 Euphorbia CUKIClle Frult Sitogtercl, Lyricyl
’ _eém%" alcohol
8., Luphorbis pulgherriua = Chol esterol
by  Eopulcherrims  Latex Setosterol
5« Euphorbia tirucaslli  Bark Cycloarterol ,
. 2hamothylone cyclow
artenoles esitosterol
6.  Eetirucalll Latex  Tirucallol
7. Hevea brasiliensis - Ergosterol
8e Hura crepitans - Cycloartenol,
2&e-nethyl ene
cycloartencl
9« Jatropha curcaes Seeds pwsitosterd ,
wglugose of -
B =3itosteroal
10 Sapium sebiferus ivs, stem Morentenol, Horentenons
19s  Sesebiferun Bark Morehtandl, lMorentenone
12+ Fhyllanthus retie lve sitosterol
ik &
ABKALOLUS.
1o Acalyphe indica - Tiracetonasine

£« Croton sparsifloprus Whole plant Lrotosparine,

- T Hemethyl, Crotosparine,
Crotosparining,
ié-um’khyl.
Crotosparinine,
Sparsiflorine
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