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CHAPTER - I

IMTRODUCTlOft ,

The Euphorbiaeeae are a large family comprising about 
220 genera and WO species Chillis 1373)* But the enact number 
of genera and species varies according to different authors# 
Lawrence (1551) recognised 283 genera and 7300 species# Good 
(1^53) gives the mister of genera as 300 genera incorporating 
3730 species* and ranks it as the sixth largest family of 
/♦ngiosperms#

The family is of cosmopolitan distribution hut concentrated 
mainly in the tropics and extending into the temperate regions 
of northern and Southern hemispheres# The most familiar members 
of this large, widely distributed, family are the herbaceous 
and cactus like Euphorbias# Fifteen genera have more than 100 
species each and the larger ones include Euphorbia (1600 sp#), 
Croton (700)* Phvllanthus (430), Acalveha (430), Giochldlon 
(280), Kaearangst (240), Msnlhot (160), datrooha (ISO) and 
Trails (140)#

Many members are broad leaved shrubs and trees whilst a 
few other genera are cricoid in habit# Traaia and related 
genera are stem climbers* Members forming the section 
xvloohylia have their Ultimate branches leaf like (Phyllodades), 
the leaves being reduced to scales#
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The only character which hinds all the members of the 
family, is the superior, tricarpeUary* synearpus pistil with 
three separate styles* The inflorescence varies from large 
terminal dichasial panicles (J&tropfaa^ to sclitory axillary 
flowers (Phyllanthus) and * super evolved* flower like cyathiua* 
The flowers range from elaborate* penta&erous pentecycLic, 
hermaphrodite ones to monochlasydous or aehlyaedous, unisexualv 
few or one meabered structures with or without vestige&X organs 
of the other sex* Due to this diversity in floral and morpholo­
gical structure* the taxonomic positions assigned to the family 
in different systems of classification show ouch variation*

1*1 Placement of the Euohorbiaceae

Be&thaffi and Hooker (1862-83) placed the Buphorbiaceae in 
the series unisexuales of the group aonocblamydeae alongwith 
the urtleaceee, casuarinace&e and sons aBcntlferoms families* 
wetteatein (1931) included them in the order Tricoectae and 
considered then as a primitive family allied to centroepersal es* 
BaHion (1874) placed the -Hiphorbiaceae next to the Gerani&ceae* 
Sngler and Prantl (1897) as well as sessey (1951) and lawmwet 
(1951) considered Buphoroiaceae as closely related to 
Gerani&ceae group of families and treated their tricocceee as 
a suborder of Gerald as j while Handle (195$) kept the Tricocceae 
an independent order* pull# (1937) put fricoeceae between. Geren­
tal es and Mai vales* Hutchinson (1969) placed the family singly 
in the order Euphorbia!ea while Hailier (1912) placed the
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Eupfaorbiaceae along with the paeeiXlor&ceae, lUrnareeeae and 
ahlicaeeae in the passlon&les of pelypetalae (fable - 1),

fable • 1* Placement of the luohorblaceae by & £m taxonosiata

; ORPER sub-order Panlilcs

1» 3eatha© & Unisexual•• 
Hooker

(1662-83)
EuphorbiaceaePlatanaceaeUrticaceae,Caeuarinaceae.

2« hngler & Geranialee frieocceaeFrantUiaS?)
3* Hallieri 1912) Paesionale* -

4* 3easeyll915) Geroiaiea -

Euphorbiaceae

Fassifloraceae 
Euphorbiaeeae 
Xuntaraceae galicaeeae
EuphorolaceaeCailitrlehaceae

3« Cronquist 11968)

6* Hutchinson
11969)

7* Takhtajan 
11930)

Euphorbiales

Euphorbia!cs 

Euphorbia!es

Buxacsae Euphorbiaeeae Daphniphyllaeeae 
Acxtexieaceae 
Pandacea#
Euphorbioceae

Euphorbiaeoae
PandaeeaeBichapetalaceae
Aextoscicaceae*

X*2# Intrafstalllal classification

Kuell-Arg( 1883) established two groups* stenolobeae 
and platylobese within this family# the forcer characterised 
by the cotyledons narrower than the radicle end the latter by 
cotyledons broader than the radicle* fh© stenolobeae were
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divided further into 3 tribes caletieae, Rlcinocarpeae and 
Asphereae, the first with two ovules in each loculus of the 

ovary# the second and third with one ovule* She piatylobese 

were divided into trices the phyilantheae# Bridelieae* crotoneae# 
Acalypheae# Hippoaaneae# Oalechasipies® and Euphorbitse* Xhe 
first two tribes had two ovules per loculus and the rest had 

only one in each loculus*

Pax (1837) maintained ateaolobeae and platylobese but 

reversed the sequence by placing the stead, obese at the end*
He has also divided platylobeae into two subfamilies# phyllanth- 
oideae and Corotoaoideae# He further divided phyllantholdeae 
into 3 tribes; phyllaatheae # Bridelicae and Capfeiphylleae end 
Crotonoldeae Into 8 tribes via* Crotoneae# Aculyphaae, Jatropheae# 
Manihoteao# cluytieao, Gelonieae, tlippoieaneae end Euphorbieae*

Similarly pax end Hoffmann (1331) divided the family 

Euphorbiaceae into two sain taxa on the basis of eaibryo . 
characters vix* platylobeae (cotyledons much broader than the 

radicle) and atenolobeae (cotyledons as broad as radicle) * 

fhe platylobaae wore divided into two subfamilies the 
phylianihoideae (3 tribes) and crotoaoideae (8 tribes) # while 

stondlobese are divided into two subfamilies# the Frosnthero* 

ideas and Ricinoearpoideae*

Recently debater (1375)# using paiynoiogical characters 

classified the fussily into 3 subfamilies; the phyllanihoideae#
01dfieldoideae # Acslyphoiaeae# crotoaoideae and Euphorbioideae*
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fh* phyllanthoidea© was furrier subdivided into 13 tribe* the 

Aeaiypfaoldeae into 18, th# crotonoideae into tl and the 

Euphorbioideae into 5 tribes*

SaUlon (1858) in hie "Etude general*® due group© des 

Euphorbi&ces" recognised \Z series for the family mphorbiaceae* 
Xhere were no well defined tribes or divisions* Later BalIXon 
himself gave a more detailed account of the family in the 5th 
volume of his "Historle des Plantes U874), wherein he recognis­

ed 150 genera including Daphniphylluia C^aphniphyllaceae) * 
eallitriche 1callitrichaceae) and Dichapetalaceae• Boissisr 
11879) divided the sub order Euphorhiaceae Into two tribes viz« 

Euphorbieae* the male flowers without a calyx (calycuius) and 

Anthosteaeae# the sale flowers with a distinct calyx*

Bentham (1862-83) also grouped the plants belonging to 

the faaily into six tribe* the Euphorbie&e* Stenolobeae,

Buxoae, Phyiiantheae* c&liariaee and crotoneae* She crotoneae 
was further divided into & subtribes? Jatropheae, Eucrotoneae* 
Cfarozophoreae* Adrianeae, Acalypfaeaej GelenieaSp Plukeoetiea# 

and Hippoaaneae# She tribe Buxcae# since Benthos 11* c«) had 

mostly been treated as a separate faaily, although it was 
included within Euphorblaceae in Engler and Prantt*# "Pflan- 

zenfamilien". She tribe Crotoneae is distinct from most of 
the remainder of the family by the presence of single ovule in 

each loculus of the ovary in contrast to the two ovules*

Hutchinson 11969} recognised 40 tribes which ore
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fable - 2m A. tm ..taxeamalQ. tureaSs«a$.>.. ..at the family 
Euphorbiaceae

Family 
Mb*

t. Beutha® & Hooker
(1862-83)

2* Ma8U«ArgU865>

i Euphorblaceae 
t (a) Euphorbieae

(b) Steaolobeao

(c) Buxeae
(6) Phyllaatheae 
(#) Goliarleae 

(£) Crotoaeae, 

Srlbc i Crotoaeae
Bub tribes $ (1) Jatropheae

(2) Lucrotancao

(3) Chroaopiioreae
(4) Plukenetiea#

(5) Adrla&CB*
(6) AcaLyph*o*«

Faolly s Eupkorbiaceae
Group s (i) Btenotobeae

(a) Gaieties*
(b) Bicinocarpeae 
(«) Araphereae

Group i (ii) Pa^feyiobeae
(a) Fhyliantheae

(b) Brideliea*
(c) Crotones*

(d) Acaiypbeae
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fable - 2 (Contd.)

3. Boisaier (1879)

4* Fax & HoXimn (1931)

5* Hutchinson (1969)

6* Wester (1975)

(e) Mipposaneae
it) Oalachaspleaa
(g) Euphorbieae

Suborder t Eupfaorbieae
Tribes t Euphorbieae

Anthoatcaeae
t Eupborbiaceae

Taaa (1) Pi£tylobeae
aubiasily t (1) Pfcyllanthoideae

(3 tribes)
(2) Crotonoideae 

(8 tribes)
fax* (ii) steaolobeae
Subfamily (1) rjaeatheroidea e

(2) Hicinocarpoideae
Family t Bupisorblaeeae (40 tribes)

Gloohideae —^Suphorbieae
Easily s Euphorbiaceae
Subfamily $ (1) Phyllanthoide&e

(13 tribes)
01 dfieldoideae
Acalyphoideaei13 tribes)
Crotonoideae ( !* H }
£uphorfeioi6cae(3 tribes)
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arranged in « probable p&yphyletic sequence by placing tribe 
Glochideae in the beginning and Euphorbieae at the md 
Viable - 2).

It is clear Iron the above account that the status and 
delimitation of subfamilies and the tribe within this large 
family remained always coatroversal* ho two classification 
are similar even in the treatment of the isa^or taxa* the 
conflicting views aired by the taxonomists came in way of 
understanding the true evolutionary trends and interrelation* 
ships operating within the family* In the present work chemical 
characters have been resorted to examine the existing clnssi- 
flcatory scheme* and to assess the relationships existing & 
between the taxa* All the available iuphorbisces© members 
have been screened for various chemical markers like flavonoids, 
Phenolic acids* Prc&nthoeyanidins, Iridoiae» Saponins and 
Alkaloids* She chemical data thus obtained have been consid* 
•red along with data from other disciplines* A cladistic 
analysis of the various genera has been attempted in this 
dissertation to chart out the probable course of evolution 
within the family*

the present dissertation merely represents a beginning in 
that direction* In this time bound Ph*D* programme of two 
years 6? members belonging to 29 representative genera of the 
i&phofbiaceae have been screened* Initially the only 
consideration has been to set the ball rolling by screening
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all the plants* which could he relatively easily collected 
from diverse geographical areas of India* The work is to 
he continued to include as many taxa ae possible with the 
help of various governmental and private agencies* Conclusions 
tentatively drawn on the basis of a small sample will have 
to be tested and confirmed or rejected in the lig&t of 
further work*

1*2 The Chemical characters used in the present study;

The extensive use of chemical data in systematica led to 
the recognition of Chemosystematics or Chemotaxonoay as one of 
the disciplines of Taxonomy* During the past 25 years 
comparative Phytochemistry has been accepted by may plant 
taxonomists as a auxiliary tool valuable to plant d&ecifiest* 
ion* During this period there was' a progress in the chemistry 
of natural products which was overwhelming and the data on 
the distribution of ches&cal compounds found a place in the 
taxonomic deliberations* This is well exemplified by papers 
of Heywood U975)» Turner (1S&3)* Eubltzkl (1969), K©euce( 1970) 
and Cronquist (1968)* A large part of the recent cheaotaxo- 
nomie literature has been produced by organic chemists* 
Biochemists and plant physiologists who became interested in 
the natural classification of plants*

The two classes of compounds which are being used for 
taxonomic and evolutionary purposes are (1) the high molecular
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weight and essentially polymeric molecules sueh es nucleic 
adds and proteins and (2) relatively low molecular weight non* 
polymeric^* tabolie and products such as non-protein esaino acids*

alkaloids* flavanoida# betalains, glycosides* terpenoids etc*
/

commonly referred to as secondary constituents*

*♦3*1 glavonoids

Among the various secondary constituents* flavonoids are 
recognised as being the most valu&ale systematic marker in 
Plants (Gardner* 1977# Cronquiat* 1977)* they have the advantage 
qi universal distribution and great ease of detection and the 
ente on their distribution can fee interpreted in terms of 
phylogeny* Har&ome (1967) end Swain (1975) have studied these 
aspects in detail and proposed evolutionary schemes for flavono- 
ids* Swain i1975j presents a tree showing the evolution of the 
flavonoid molecule in terns of modification to the afciycon* and 
glycosylation patterns* fhe criteria for assigning advanced vs 
primitive status in. flavonoids is based on 11) the prcsece of 
these compounds in prisiitlve vs advanced plants (2) relative 
position of the flavoaoid in the biosynthetic pathway (3) 
correlations between flavcnoid distribution and evolutionary ■=• 
trends in morphological and/or other cechanical characters* 
Haroome (1967) provided an evolutionary sequence for flavcnoid 
characters (fable 3 & 4) based on the biosynthesis as well as 
correlation studios*

She term flavonoids in e wider sense includes not only
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the 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 (A) a Cg-Cj fragment 
(Phenyl propane unit) that contains ring and (ii) a Cg 
fragment the ‘A1 ring. These two are of different biosynthetic 
origin (Geisman, 1962).

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 Angiosperms. 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

V
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with, anthocyanins they exert a bluing effect in flower color. 

Flavone itself occurs in primrose flowers and its various 

hydroxylatea and methoxylated derivatives contribute to the 

light yellow color of many flowers. Apigenin, luteolin are the c. 

two hydroxy flavones widespread in plant kingdom. They occur 
methoxylated and/or glycosylated. The glycosylatin normally 

occurs at Cy and the sugar component may be a simple sugar like 

glucose, galactose or rhamnose or a disaccharide.

Flavonols are 3-OH 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.

Theythree common members of this group are kaempferol, 

quercetin and myrecetin. Rutin,3-0 rutinoside of quercetin,is 

known as the vitamin P (permeability factor).

OH

Rufin
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Proanthocyanidins are 16 dymers of flavones devoid of the 

Keto group at and possess a saturated fragment. They are 

optically active. The activity is due to the asymetric nature 

of C2 and Cy They are colourless common in woody species. -A 
proanthocyan!din molecule may be a dimer of flavon 3,4-diol or 

contains a catechin and a flavan 3,4-diol. These compounds as 

the name suggests yield anthocyanidfns on acidic or alkaline 

hydrolysis along with complex polymeric structures known as 

pblobaphenes or “tannin reds**. The polymeric probaphenes and 

the proanthoeyanidin form the condensed tannins. The production 

of anthocyanidin from a flavon 3,4-diol is as follows*

Because of this reaction the proanthocyanidins were known as 
leucoanthocyanidins. Proanthocyanidins seldon occur as 

glycosides. The linkages between the two monomer most often is 

a C-C linkage.
«*•

*
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1.3*2 Phenolic acids

This group includes both the benzoic and cinnamic acids 

^pnenyl propanes). P-OH Benzoic acid, vanillic and syringic 

acid residues are present as components of lignin and so are 

located in almost all angiosperms.

HO- W
COOH

p-Hydroxybenzoic lR=R*sH) 
Protocatechuic CR»0H}R*H) 
Vanillic tR=OMe, R’sH ) 
Syringic (R* R^-OMeJ

Gentisic and protocatechuic acids 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 

commonly 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, Asclepias. Calotropis and 

Vinca. Gallic acid along with the dimeric ellgic acid form the 

non-sugar (aglycones) components of gallo-and ell agi tannins.
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1.3.3 Irldolds

Iridoids are a group of monotropenoid 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.

1.3.4- 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 

located in plants.

Hydrolysable tannins are conplex molecules containing several

V
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aolecules of a phenolic acid (gallic add# ellagic acid ate*) 
esterifiad to different positions of the sugar molecules and 
among theaselves* Condensed tannins are polyphenols of complex 
structures which on hydrolysis give polymeric phiobapheaones and/ 
or enthocyanias*

The hydrolyzable tannins are abundant in the leaves while 
condensed tannins are often concentrated in the wood! usually 
a single species contains only one of these groups but there 
are instances where both types of tannins co-occur in the same 
plant.

the association of proanthocyanin© and tannins with the 
woody habit has been established* Highly advanced herbaceous 
taxa are devoid of tannins or proantfaocyanins* Tannins normally 
correlative well with th© more pricsitive characters In 
angiosperaa#

1*3*5 uasonins
Saponins are the glycosides which show ability to 

haemolyse blood cells in solution* They possess a ©toroid or 
a triterpenoid# ©glyceric linked to an oligosaccharide• The 
steroidal ©aponins arc common in aonocote while the triter­
penoid caponins ara found in dicots. Their taxonomic value • 
is less at a higher level of hirarc$iy although they say be used 
as useful • chemical character at lower levels of classification*
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Saponin based on hecogenln

1.3*6 Alkalolds

Alkaloids are secondary plant products which contain a 

heterocyclic nitrogen. Alkaloids 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 their presence 

is a family character. The difficulty in identifying them and 

their unstability in the laboratory conditions reduced 

the acceptability of these compounds in chemotaxonomy.

V
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'Table - 5# Previous, Chemical work

wimmim
iS* **ase of the,,Plant Organ examined Chgaical. Constituents
1. Croton obioawifolius IVg Quercetin*isorhasnetia 

Quercetin 3*i*lactoside
2* c.sparsiflorus Ivs Quercetin 3-rhasnosyl 

glucosida
3m Euohorbia draetmcu**1aides Whole plant 

fruit
Derivatives of kaempferol 
Quercetin* Daphnetin

4* g.grancullita Whole plant Eilaglc acid* rutin 
Quercetin & Apigenla
7 glucoside

5s Euphorbia Hirta Dried defatted 
& powdered

Kaeapferol

6» E.hVQariciilolia WholeWplant Quercetin-3-oc ~b 
gainctopyranoside

7* hevea orasiliensls lve Vltysln* isovitexin
8* Jatropba curcas Ivs Apigenin, vitexin
9* J.gossvoifoiia Ivs Apigenin# vitexiss& 

isovitaxln*
10. Ilanihot utiiissiisa Ivs Quercetin 3-rhasnoayl 

glucosido
11. Ptayllanthya esfellca Ivs Eliagio acid, kaeapferol

3-gLucoside
12* Phylianthus nirusr| Ivs Quercetin, isoquercetin 

Butin
13* sapium aeblferu® Quercetin & quercetin 

3-giucoalde
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Table * 5 (contd#)

sr«Ko. iteme of the plant Organa examined Cbealcal constituents

1* Croton sparsi-XXorus Its* stem j3 • sitosterol 
taraxerd

2* EUDhorbia dracuncu* ioides
Fruit Sitosterol* Kyricyl

alcohol

5. Euohorbia Ddcherrioa m Cholesterol
4# E.px49taer£tsa Latex Setosterd
5* Euohorbia tiruealli Bark Cydoarterol» 

24-oethylena cyclo- 
artenol~s •sitosterol

6. X» i Latex Tirucdld
7* Hevca braslllexusls . Ergosterol
a* Mura crepitans m Cyd oar tend * 

24-aethylene 
cyd carter; ol

9* Jatropha curcas Seeds ^•sitosterd*
•glucose of •

£ •aitosterd
10* Sapiu® sebii’erum Ivs* stem Morentenioi* Koreatenone
ii. B*sebiferua Bark Rorentend, Morentenone
12, Phyllanthus reti- 

culatus
iVfi sitosterol

Ai-KAOILS

1* Acaiypha indica •a Tiracetonadne

2. Croton sparsiilorus Whole plant crotoeparim*
K•©ethyl, Crotosparine* 
Crotosparinine* 
kH&ethyl» 
Crotosparinine* 
Sparsiflorine
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Table * 2 (Contil*)

jS£si&* Rase of tfee plant organa axaainad

3» Croton tiallm •

Chemical consttuants

Crotonosino,
iUcinlne


