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RESULTS

The distribution of various flavones, flavonols, glycoflavones,
praanthocyanidins, phenolic acids, aucubins and alkaloids among
the 99 members belonging to the Acanthaceae is presented in  the

Tables 3, 4 and 5.

0f the 99 taxa scroened, 76 contained various flavonoids,
such as flavones, flavonols, glycoflavones and

proanthocyanidins.

Flavones :

The Acanthaceae appears to be flavone-rich. 0f the 14
flavane aglycones obtained, four were é&-axygenated, found in 28
plants and é—deoxygenated flavores were observed in 53 taxa. In
thirteen plants, 6é—deonygenated flavones co-occuwrred with 66—
oxygenafed flavones and in five plants, they occurved with
glycoflavones whllé é—deaxygenated flavones co-ococuwrred with

proanthocyanidins in only one plant i.e. £!?trarja crenata Vahl.

Flavones wundoubtedly formed the predominant flavonaid
pigment in this family.They are echioidin, apigenin, acacetin,
7'-0Me luteolin, 3'-0OMe luteolin, 7,4'-di0OMe luteolin and
7,3"y4"'~tri0Me luteolin. The é~oxygenated flavones seen were
scutellarein, 6-0Me scutellarein, 66-0H luteolin and &-0OMe

luteolin.

Flavonols:

Flavonols were comparatively negligible in this family. They
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were observed in only & plants. These compounds werse found
entirely absent in both the subfamilies, Nelsonicideae and
Thunbergioideae. The coﬁpounds lacatea weres guercetin,
kaempferol, ayricetin, 3'—-0Me quercetin and 7-0Me kaempferol.
Quercetin and its methoxylated derivative (3'—-0Me gquercetin)
were found in 3 plants sach. Both these compounds were co-—
occurring in dicliptera verticiliata , Faempferol along with

quercetin is seen in Adbstoda zeplarnica whereas amyricetin

pcocurred along with quercetin in Aewpria repgens .

Blvcoflavongs @

Glycoflavones were found in 17% of the plants screened. The
glycoflavones, identified include vitexin, isovitexin, 4&'—-0Me
vitexin, 6-0Me vitexin and 7-0Me vitexin. Vitexin and isovitexin
were the major compounds found in ten plants, whereas 4'—0Me
viteuin was located in four plants. The rest of the two i.e. é&-
BMe vitexin and 7-0Me vitexin were rare compounds found in one
plant each. These compounds were found co-occurving with

flavones and flavonols.

Froanthocyvanidins =

The single occurrence of proanthocyanidins in the family
was in Flytraria crenata belonging to the subfamily

Nelsonioideaes.

Phenolic acids:

Of the 19 phenolic acids obtained, fourteen were benzoic

acids and five, cinnamic acids. Benzoic acids include salicylic,
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0O benboic, o-pyrocatechuic, gentisic, protocatechuic, a-
resorcylic, e—0H, 4-0CHy ~benzoic, 2-0H, S5—-0CH3 benzoic,
vanillic, syringic, 3-0H, 4-0CHz benzoic, 3-0H, 5-0CHz benzoic,
phloretic and melilotic acids and the five cimamic acids were
caffeic, o-coumaric, ¢ coumaric, ferulic and sinapic acids.
Vanillic and syringic acids were the two prominent benzoic acids
which occurred in the family. They were found to be present in
all the three subfamilies screened. g~0H Benzoic acid had more
than 83%% Ffrequency of distribution, whereas gentisic and
melilotic acids were located in movre than 3@% of the plants

studied. Of the five cimnmamic acids identified, g—coumaric and
ferulic acids were present in 24% and 2&6% of the plants
respectively, showing major veccocurrences in the family. o
Coumaric -acid found. to be present  only in the subfamily
Acanthoideae. The rare phenolic acids of the family were o~

pyvocatechuic, &-~0H, S-0CH3 benzoic, 3-0H, S~0CHy ben=zoic,

phloretic and sinapic acids.
Iridoids =

Aucubins were the iridoids located in three plants 7z,

Stavrogyne glutinogsa, barleriz prionitsis and Acantbus

flicifollius.

Alkaloids ¢

Alkaloids were detected in various parts of 19 plants . Both
the subfamilies Nelsonioldeae and Acanthoideas possessed them

whereas Thunbergilordeae were devoird of these compounds.
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Subfamily Nelsonioideae @

This subfamily was represented by fouwr plants. They were
Elytraria crenata , fNelsonia campesiris , 8elsonia cangscenss
and Stavrogyrne glutinosa ; All the four ﬁlants contained &-—
deoxygenated flavones. A glycoflavone, vitexin was located in
flytraria crenata. 6-0Oxyflavones were found to be absent in this
subfamily. Sfaurogyne glutinesa contained aucubing and éJptraria
Crenads contained proanthocyanidins. The later plant gave a
positive test for alkaloids. High concentrations of alkaloids
were found to be present in roots and leaves. No other plant

from the subfamily Nelsonioideas showed the presence of

alt.aloids.

Subfamily Thunbergioideae :

The & species of the genus 7duvnsergra screened for their
various chemical components were 7hvnterglia alsfa , Thurnbergls
coccinea o JTohunbergis srecta  Jhonbergria Laevis sy Jhunberpia
grandifiore and 7Thurnbergia ayscerensis . The flavonoids present
were in  the form of flavones and glycoflavones. The flavones
prasant in three plants, 7Tduvrorrgia alats , 7 .coreinra  and
7 werecta were the derivatives of apigenin. The other three
plante were devoid of flavones. Javnberglia alsts and 7 .coccinega

were containing 4'-0CHg apigenin, whereas 7 .erecfs contained 7-

OCHy apigenin.

The glycoflavones pregsent were vitexin and isovitexin
located in 7.erecta , 7 .ograndiriorae , 7 .lasvis and 7 .eypsorensis

and were found to be absent in 7 .alafe and I @ ines . These
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plants were devoid of flavonols or proanthocyanidins. Altogether
B phenolic acids were found to be disiributed in Thunbergioideae.
Gentisic acid and syringic acids were present in all the plants
screened, while only 7 .lgaevis showed the absence of syringic
acid.) 2-0OH Benzoic acid, ferulic and vanillic acids were found
only in 7 .alatre and 7 .ceccinea Protocatechuic aclid was found to
be absent in 7.coccines only. 2-0H, 4-0CH3 Benzoic acid was
found in 7 .grendfirflora , 7.coccines and 7 .apsorensis whereas
3-0H, 4—~0CHg benzoic acid was present in 5 eracta and
7 wysoreansis .

This taxon, the subfamily Thunbergioideae, do not possess
the characteristic compounds of the Acanthaceae, i.e. the 6~

oxyflavones, aucubins and proanthocyanidins and was thus

distinct from the later.

Subfamily Acanthoideae =

o

Most of +the ftribes of the gsubfamily Acanthoideae 1S
represented by at least one plant in the present study. Among
the 8§ plants studied in the subfamily, 47 plants contained &-
deoxygenated flavones and 23 plants contained b—oxygenated
flavones. Glycoflavones were founa in 18 plantg only. Six plants
contained flavonolsl and 2 plants contained iridoids (mainly
aucubins) and proanthocyanidins were found absent in
Acanthoideae. The anthocyanidins were found present only in  the
tribe FPseuderanthemeae. In 1@ planta,-é-decxyflavanes occurred
together with 6&-oxyflavones. Most of the plants with &
deoxyflavones and glycofliavones belonged +to the tribes

Hygrophileae, Acantheae, Odontoneminae and Andrographideas. The
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two tribes, Acantheae and Odontoneminae, showed the co-
goocurrence gf b&— deoxyflavones and flavonols in various plants,
whereas the trribe Justicieae showed their co-occurrence in
Afhatods replanica . b-Oxyflavones and glycoflavones co-occurred
in different plants of the itribes Hygrophileae, Odontoneminas
and Justicieae. Flavonols and glycoflavones occurred together in
Adbatods reyplenice of the tribe Justicieae. Thus, Adbéatoda
replanics contained 2 different types of compounds &-
deoxyflavones, glycoflavones and flavonols. Iridoids were found
co-ococurying with &—deoxyflavones in Acsnfhus jjj:jfﬂjjaé (tvribe
Acantheae) and with 6-—oxyflavones in farleria priornifis (tribe

Barlerieae).

The phenolic acids were distributed abundantly in the
subfamély Acanthoidéée. The tribe Fetalidieas did not show the
presence of benzolic acids whereas tribe Trichanthereae did not
contain cimamic acids. The plants from the $ribes Acanthease,
Odontoneminae and stticieée were céntaining the flavonols and
phenolicx acids together whefeas glycoflavones co-occurred with
phenclic acids iﬁ the tribes Hygrophileae, Acantheae,

Andrographideas, Odontoneminae and Justicieae.

Of the 18 plants with alkaloids 4 were from the Lribes
Justicieae and Odontoneminae each, 3 were from the tribe
Andrographideas, 2 were from Barlerizae and one each from the

tribes Trichanthereae, Strobilantheae, Ruelliesae, Acantheaes and

fisystasiesae.

On the whole, the presence of b—deoryflavones, &

oxyflavones, glycoflavones,alkaloids and phenoclic acids was more
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in this subfamily Acanthoideae. Tribes Ruellieae and Barlerieaes
were rich in é—deoxyflavones. In comparison to the other tribes
of the subfamily Acanthoideas, Odontonemiae and Justicieae were
rich in glycoflavones. More over, flavonols detected from these

two tribes form a major part of their occuwrrence in the family

Bcanthaceas.

Tribe Trichanthereae :

Sancheria noebilis VAar. glaucophydla was the sole
representative studied i1n this tribe. The plant possessed, a
single flavonoid, &6-0OMe scutellarein, a é-ouxygenated flavone. It
also contained vanillic acid and syringic acid but was devoid of
cimamic acids. Alkaloids were present in the plant but in very
low concentratidns. Iridoids, proanthocyanidins and saponins

were found to be absent.

Iribe Hygrophileae :

Three species of Ayogrophila viz. #aurricovlata,
#igusdrivalivrs  #.serpyllovm, Asteracantbe longirfolries and one
species of feeiadslphis i.e. # .polypsperea , ware studied in this
tribe. Thé plants showed‘ all the 3 gréups of flavonoids.
SyorophHils auricvlara contained apigenin and acacetbtin,
Adorgirol/re contained apigenin and wvitexin and isovitexin
(glycoflavones) whereas 4 .pvadrivalvis contained scutellarein
and &~-0OMe luteoclin (b-ouygenated flavones). In #.serpyliuvam .
only ane flavonoid compound was seen in  the form of

scutellarein. +UH Benzoic, gentisic, protocatechuic., 2-0H, 4-

OCHg benzoic, wvanillic, syringic, 3-0H, 4-00Hy benzoic,
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melilotic, p-coumaric, eo-coumaric, ferulic and sinapic acids
ware the phenolic acids abserved in these plants. The plants

were devoid of flavonols, irideoids, saponins and alkaloids.

Tribe Petalidieae :

This tribe was represented by the plant Petalidrun
barleriaides. This plant showed the presence of single flavonoid
;ype i.2. &-oxygenated flavowne, i1n the form of scutellarein. The
plant was devolid of iridoids, alkaloids, saponins and phenolic

acids.

Tribe Strobilantheae :

Larvia (13, Gantelbva (1), Goldrfusia (1), &ilgirianttrvs (2),
Thelvpaspalell), Healfgraphis (3) and Strobilanthrusx (8) were the
genera studied in this triﬁe.‘Df the 11 plants studied, 9
contained b—~deoxyflavones agd in fouwr plants they wWen e
accompanied by &—oxygenated flavones. Major é~deoxyflavone found
was acacetin whereas major é&-ouyflavone Tfound was L—-UiMe
scutellarein. dlarviae calless and ThHelepaspale ixiocephHaels did
not contain é—deouyflavones but contained b-oxyflavones.
Wilgririanthys warresnstis contained alkaloids 1in a very low
concentration and in the rest of the members of the tribe, they
were absent. Saponins and iridoids were found to be absent in
this tribhe. Caffeic acid which was otherwise abssnt in the tribe
was noticed in Wilgiriantovs warresrpsrs . Similarly, e-coumaric
acid was found in Sétredbrlernthvs wightrianvs . The plants were
ei1ther devoid of cimamic acids or when present, were
represented by lesser components whereas benzolic acids were

found to be very common. in this tribe.
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Tribe Ruellieas :

Dagdalzcanthvs (1), Erartbonya (3 and
Avelliz (7)) were the three genera analyzed from this {ribe. Of
the twelve plants studied, nine contained oé-deouyflavonges and
three 6t—onygenated flavones . All the three plants containing 6-
oxygenated flavones also possessed b-deouyflavones. Avellia alds
and A .fvberasa were containing similar flavonoids except for the
scutellarein derivatives 1.e. A. alba contained &—0OMe
scutellarein and A&. fvberose contained scutellavein. éErarnthsavae
nervosve and  £. purpurescence  contained a single, similar
flavoneid compound in the form of acacetin whereas AQuellrisz
baikeldi and R. coloratrs contained two similar flavonoid compound
in the form of apigenin and acacetin. éfregrnfosevn rosevm shawed
the rare compound 7,3',4'-tri0OMe luteolin whereas £, rossva
showing 7,4'—-di0OMe luteolin was the unique incidence 1n the
tribe. None of these plants contained glycoflavones, flavonols,
proanthocyanidins, iridoids or saponins. In its phenolic acid
distribution, the tribe was rich in -benzoic acids showing
prominent occurrence of p—~0H Benzoic, vanillic, syringic and
melilotic acids. Cinnamic acids were found in the form of p-

coumaric acid and a single occurrence of go-coumaric acid.

¢

"Tribe Barlerieae =

This tribe was represented by 13 plants belonging to three
genera 1.e. farlerizl8), Llepidagathrs (3) and Nevracartbus (2.
O0f these, seven contained é~deoxygenated flavones. Alongwith
acacetin, the major flavone, luteclin and 7-0Me luteolin were

found present in farlerie cristfatra whereas apigenin and 3'-0OMe
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luteolin co—occwrred In deplidagathis bandrasrsis Blatter. In
8 .pratrensis luteolin was present. In a single plant i.e.
Sarieria strigesa var. terafnalis , a single b&-deoxyflavone
occurred in  the form of 7,3';4'—triOMe luteolin showing 1its
unique occurrence in the tribe. Raest of the plants contained
apigenin or acacetin. In Lepidagathis cristeta and L. cusplidala
they co—occurred with 6~ox;genated flavmneg. Apart from these
two plants, é-oxyflavones such as scutellarein or H&—-0OMe
scutellarein were present in  three more plants as ma jor
compouwnds. In devracaentbos sphasrestachyrus , scutellarein and 6-
OH luteolin co—-occurred . Blycoflavones and flavonols were found
to be absent in the tribe. Eucept for Serleriaz prionifris , all
the other plants did not show the presence of the iridoids.
Barlaria priorifis also contained alkaloids in low concentration
as compared to devracentovs sphasrostacorvs which contained
higher concentration of alkaloids. The members of this *tribe
were also devoid of saponins.. Benzoic acids were found to be
present 1n all the plants screened. The prominent benzoic acids
were p-0H benzoic, vanillic, syringic and melilotic acids
wheresas protocatechuic, 8-0H, 4~-DCHg benzoic and 2-0H, S5-0CHy
benzoic acids were rare in occwrence. Cimnamic acids were
represented by both ortho— and para coumaric acids in seven

plants of the tribe.

Tribe Acantheaes =

0f the three genera analyced, Acarnfhuvs and Lrossandra were
represented by only a single species each, whereas &lepharsis,
the third genus was represented by five species. All these

plants were lacking the é—oiygenated flavones whereas 4 plants
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were found to have &-deoxyflavones. Apigenin and acacetin were
the major éb~deoxyflavones in the tribe. Along with these two
compounds, 3'-0Me luteoclin was observed in deanfhus 1licifolivs.
This plant was found to contain iridoids also. In Slepharis
madaraspétsnsis s 7-DMe apigenin and 7-0OMe luteolin co-occurved
with vitexin and iso-vitexin, the glycoflavones. Unigque
occuwrrence of the flavonol, 38'-0Me quercetin observed in
Blepharis aelluginifolia . This plant showed the presence of
alkaloids in low concentration. The tribe showed the presence of
#—0OH ben=zoic, wvanillic and syringic acids as major benzoic
acids. Vanillic acid was not cbserved in 8Jepbaris reperns where
as syringic acid was found absent in 4. asgperriaeg and
8 . Jipsarifulia The cimamic acids identified were g—coumaric
acid in Acanthys Ilicifeliuvs and Lrossandra ovndvlaefolia
caffeic acid in 8lspharis melluvginifelia ;5 ferulic acid in 4.
asdaraspatensis and &. wollvginifolia and sinapic acid in

Acanthus Flicifolivs.
Tribe Aphelandreae :

Aplrelandra tetragons was the sole representative studied in
this f$ribe. This plant a single flavonoid acacetin . It also
contained p-0H bentoic, vanillic, syringic and melilotic acids
as benzoic acids co-occurring with ferullé acid which 15 a
cinnamic acid. Iridoids, proanthocyanidins, saponins and

alkaloids were found absent in the plant.

Tribe fndrographideae :

This $ribe was represented by & plants. These plants showed
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two groups of flavonoids i.e. 6-deoxyvgenated flavones and
glycoflavones. The plant, /rndonessiella eochHiolides contained
echioidin whevreas Andrographis parnicviata was having acacetin
along with echioidin. Sreasdkanpis neilgbherryersis contained
apigenin and 4'—-0Me vixetin., Ffaplarntbodes verdicillaris was
showing a single glycoflavone, 4-0Me vixetin., The 6—oxygenated
flavones and flavanols were found abzment in all the plants
screensd. Andrograplhis serpopllrirolia and Polopacantlhus
rhessifiore showed negligible amount of flavonoids. The presence
of alkaloids was also a prominent feature of the ftribe with
Andrographlis panrculata , Andrographis serpyllifolrs and
Indonessiella echicides containing them. Saponins and iridoids
were not observed in this tribe. The phenolic acids of both the
types i.e. benzolc acids and cinnamic acids were seen. In
Andrographis serppllifolia s Breackanpla nallpbherryensis and
Phlogecantbhys thassifloers they occurred together. The cinnamic
acids were represented by g-coumaric and ferulic acids. All  the
plants contained p-0H benzoic, vanillic and syringic acids as
major benzolc acids along with others except in faplarnthodes
verdicillaris where the syringic acid was found absent. Out of
the total 99 plants screened phloretic acid was seen only in

Bremekanpia neilgherryensis .

Iribe Asxstasieae‘:

Three species of thé gegera Asystastia wére screened i1n  this
tribe. None of the piants contained é~oxygenated flavones,
glycoflavane%, flavoﬁals, iridoids and saponins. The &~
deorygenated flavones and phenolic acids were found to be

present in the <fribe. Aspsfasra garngelia was containing
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apigenin, 7-0Me  apigenin and 3'-0OMe luteolin whereas 4.
fravancoria possessed acacetin. The tribe Asystasieae showed
vaery few phenclic acids. 4.gangeétlia showed gentisic, vanillic
and syringic acids co-occurring with caffeic acid. A
Fravancoria showed only two benzoic acids i.e. s~0H Benzoic and
vanitllic acids and 4. dalzrelliare was having only vanillic acid.

A. dalrelliana gave positive test for alkaloids.

Tribe Graptophvlleag :

This tribe is represented by two species of the genus
Fraptophyllium and a species of the genus Ffachpstachys . The
flavonoids could not be identified in this tribe due to the
trace amount of these compound in the plants. All the three
plants showsed both the types of phenolic acids. The genus
Graptophyllva showed the presence of gentisic, vanillic,
syringic and melilotic acid while 4. pictva differed from the
other twa species, in having protocatechuic acid. The
protocatechuic acid was replaced by 4~0OH benzoic acid in
Pachysitachys Juvtez. The civmamic acids of genus Sraptophyllive
was g-coumaric acid and in Pachpstactkys futes they were was
reproesented by ecaffeic and Fferulic acids. The iridoids,

alkaloids and saponins were found to be absent in the plants

scyreenaed.

Tribe Pszuderanthemeae =

Of the fouwr species aof Pseyderarnttbeanvm screened, bhree
contained 6b-deoxyflavones. Acacetin was found to be present in
P ualbropurpvrean var. warlegastfee and f. reticolve whergas

P sTnvatyam was found to have luteolin. But P.afropurpureva
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lacked any kind of flavonoids. These plants possessed
anthocyanins such as cyanidin and delphinidin. All the plants
contained both, benzoic and cinnamic acids. 2 .afropurpursvm  and
P Btropurpureun var., variegatfva contained £2-—0H benzoic,
vanillic, syringlec and melilotic acids along with g~coumaric and
ferulic acids but later differed iv having additional acids i.e.
gentisic and protocatechulc acids. 2.reficolva contained p-0H
benroic, protocatechuic, wvanillic, syringic, p-coumaric and
farulic acids whereas #Ff.sripvatvm had gentisic, vanillie,
syringic and ferulic acids. Iridoids, saponins and alkaloids

were found to be abgent from this tribe.

Tribe Odontonemeae :

This tribe was represented by the genera Jdiclipters (2>,
Rbinacanthus (BY, Aungia (B), fcéolivam (L)Y and Perisitrophs (1),
This tribe showed all the four types of flavonoids i.e. 66—
deoxygenated flavones, é-oxygenated flavones, flavonols and
glycoflavones. 6-0OMe scutellarein and é—oxyflavone were found to
be present only in Réirnacantbébus pasvbvs. The s—deoxyflavone,
acacetin, was noticed in Ddicliptera roxberghiesrz. Acacetin,
apigenin, 3'-0OMe luteolin and 7,4'-diOMe apigenin were the
flavones of bfobolive linneanym. This plant contained
glycoflavones, 7-0OMe vitexin, and &'-0Me vitexin. dicliptera
werticil/ara possessed quercetin and 3'~-0Me guercetin whereas
Avnpia regens contained quercetin and myricetin. But
ARlrinscanttvs coarenlis showed only 3'-0Me quercetin. Alkaloirds
ware present in 56% of the plants, screened in the tribe.
ﬁjcjjpfera roxbyrghians and Perisfrophe bicalyrvlats showed low

concentration of alkalolds as compared to Auvrgie pecéinatse  and
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Ectboliva 2inneanve. The phenolic acids were found variously
distributed in the tribe, showing acids as major benzoic acids

and ferulic acid as major cinnamic acid.

Tribe Justicieae =

The genera studied in this tribe wevre Adhatods (1),
Beloperons (2), Jacebiniz (BY and Justicrie (18). Thaese plants
were showing various flavonoids, phenolic acids and alkaloids.

Acacetin was seen in fowr plants i.e. Adnatoda replernicas s

Jacobinia boliviensris L, Justicia wmicranthes and Justicia
gEndaryssa. The sole &-oxyflavone, of the tribe, &-UMe
scutellarein, was noticed in Jacobrnie COrned, Justicia

alfcranthe and Justlicie glabra . Adbatoda reylenica was also
found to have two different flavanols Kaempferol and guercetbin
along with the glycoflavone, vitexin. Justicia oefonice was
another plant showing the presence of, a flavonol, 7-0OMe
Faempferol. {aempferol and 7-0Me kaempferol were found only in
this +tribe of the family Acanthaceae. Jacebinis oolivienssis is
found to have 4'-0OMe vitexin as glycoflavone. Qostellviaria
Japanica contained 6-0Me vitexin but 7. ¢reppuiberensis showed
the presence of vitexin and iso-vitexin. All the plants of the
tribe screened showed abundant phenolic acids except Jeusticia
negsil and Justicia pracvadens var.siaplexy which were  lacking
civnamic aclds. Aostellvlaria Jagenice and J. tranguiberensis
gave a positive test for alkaloids. Saponins, iridoids and

proanthocyaniding were found to be absent from this tribe.
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CLADISTICS =

The cladogram in the form of Wagner tree is presented 1n
Fig.l1 to 4 and the dendrogram derived from the cladogram 1is
given 1n Fig.5. The 99 plants screened fall in to 4 groups.
However, none of these groups fall into any taxon prescribed by
the earlier taxonomists. A closer look on the tree reveals that
a number of plants grouped in various taxa occupy the same
clades. It is also true that some of the taxa which are
considered closer lie in different branches. Since the detailed
analysis of the tree would produce more questions from the

traditional tasxonomist it is not presented here.
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TABLE 3
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