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Appendix 1
Phosphate Buffered saline (PBS)

NaCl : 8g
KCl : 02¢g
Na,HPO,4 : 144 g
KH,PO4 : 02¢g
Dissolve in 1 litre double distilled water and pH adjusted to 7.4
Appendix 2
Phosphate buffer
A) KH,PO4 916 mg
B) Na,HPO, : 950 mg

Dissolve both in 100 ml double distilled water separately. Take 8.5 ml of solution A
and add

91.5 ml of solution B and pH adjusted to 7.8

Appendix 3
KH,PO, - KOH buffer
A) KH,PO4 : 0272 ¢g
B) KOH : 0.112 g

Dissolve both in 100 ml double distilled water separately. Mix both the solutions
and pH adjusted to 7.4

Appendix 4
Tris-HCI buffer
Tris- HC1 : 1.575 ¢
Dissolve in 100 ml double distilled water and pH adjusted to 7



INTRODUCTION

Man has been dependent on plants in nearly evgrgca®f life from
time immemorial. The World Health Organization (WHEg8timates that
about 65-80% of the world’'s population in develgpioountries, due to
poverty and lack of access to modern medicine, relietugixely on plants
for their primary health care needs (Calixto, 2005). Ieide, tens of
thousands of higher plants and several hundlveer plants are currently
been used by humans for a wide variety of purpdSege antiquity, man has
used plants to treat common infectious diseases and gbthese traditional
medicines are still included as part of the tuabitreatment of various

maladies (Rios and Recio, 2005).

Ayurveda, accepted to be the oldest treatise on meslysaém, based
on lifestyle, diet and herbs, came into existemceabout 900 B. C. The
demand for plant based therapeutic agents hasasenl manifold in both
developing and developed countries due to the growseggnition that they
are non-narcotic, having no side-effects and areyeasdilable at affordable
prices. The healing techniques and preventive methbds/wveda include
many herbal formulations that possess long téemalth promoting and
medical qualities, which can help to access our bodgisate healing
intelligence by strengthening the immune systeme €bmplexity of the
newly deriving diseases in the current depletingirenment causes rapid
expansion in the number of medical prescriptions also accelerates the
acceptance of various forms of alternative medicinestrof them employing

herbs of some form.

Nature has bestowed on us a very rich botanicaltiyeahich includes
a large number of medicinal and aromatic plants. Throuiglthe centuries,

herbalists have used specific herbs or combinationsedss to treat various
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diseases. Natural products, their derivatives amalogs represent ové&0%

of all drugs in clinical use, with higher plant derivedhtural products
representing 25% of the total (Balandetal., 1993). According to the WHO,
around 85% of the traditional medicine involves the aof plant extracts
(Farnsworth, 1988). Although synthetic drugs andbamtics brought about a
revolution in controlling different diseases, plants ogcapsignificant place
in modern medicine as judicious use of medicimatbs could even cure

deadly diseases that have long defied synthetic drugs.

Herbal remedies are natural products derived fptamts and plant
extracts that have been traditionally used to tv@atous diseases or to
promote general health (Tapsglal., 2006). Herbal medicines are the result
of therapeutic experiences of generations padcticing physicians of
indigenous systems of medicine over hundreds of yeaighey are known to
be the oldest health care products that have beeseinvarldwide as folklore,
traditional or ethnic medicines. The popularity aateptability of herbal
medicines are mainly due to the toxicity and undesirable sftects of the
synthetic allopathic medicines. Natural products from pldrave provided
the pharmaceutical industry with one of its most imparsources of lead
compounds. Investigation into the natural productd @aditional medicines
to explore the possibility of developing potent drdgsm local resources
should be given priority (Umadevi, 2000). Up to 40%nabdern drugs are
derived from natural sources, using eitlibe natural substance or a
synthesized version (Hsie#t al., 2008). The plant-based formulations have
been found to be effective against mild or chronic aitmeand have proved

biologically more compatible with human system.

Medicinal plants constitute a very important natural ues® of India,
making it one of the richest plant based ethno-mediealitions in the world

(Rajasekharan and Ganesan, 2004). The marketaditional drugs has



enormously increased in India during the last tvecadies(Mukhopadhyay,

2002); on recognition of the fact that many drugs manufactured from
synthetic raw materials and are considered to befeur{&mjamani, 2001).
The global market for medicinal plants and herbal wiediis estimated to
worth US $800 billion in the North-Eastern Stateslrafia (Syiemet al.,

1999). But, unfortunately, crude drug scenario ididnis much unorganized
and unsystematic (Agarwal, 1998). Despite the fact ¢h@ country has a
well recorded and well practiced knowledge of indigenowedicare system,
we have not yet been able to capitalize on this richdggj mainly due to the

non-availability of standardized herbal drugs and tfegimulations.

Majority of the crude drugs available in the market anepbed by
crude drug suppliers who procure the materiaimfrcollectors and the
collectors in turn collect them from the wild (Athneetal., 1987). The
collectors as well as the crude drug sellers gamerally uneducated and
ignorant about the botanical identity of the miedic plants. Thus, the
materials supplied in many cases can be either iotalty or unintentionally
adulterated. Botanical names are very rarely usedideutthe scientific
community (Narayanat al., 1997), and hence there can be several names in
vernacular languages used to denote a single crude Thegphysicians are
not directly linked to the plants or the manufactirgrho only know the
common names which changes frequently. Thusetierevery chance for
misinterpretation of the plants to be used as raw mataiaices of the drugs.
Proper identification of the plant source and isohatad the genuine raw
material from the adulterants or impurities are esseptialequisites for the
preparation of genuine drugs. According to Rad &avithramma (2001),
problems in the identification of the medicinal plantséhked to the increased
use of adulterants. Physical verification is also very difti mainly because
the plant part used in many cases like rhizomes,, bhatks etc. show close

similarity with that of the adulterants or substitutébus the only way to
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discriminate the adulterants would be Ispemical, anatomicaland

pharmacognostical examinations (Raghunathan and M®&2).

Manufacture of Ayurvedic drugs has become an inamorindustry.
The recent global resurgence of interest in herbalicimees has led to an
increase in demand for them. But unfortunatelymroercialization of the
manufacture of these medicines to meet this incread@mgand has resulted
in a decline of their quality. This necessitates agentr need to evolve a
systematic approach to develop well-designed methosalogor the
standardization of herbal raw materials and herbal ftatioms to ensure their

reproducible and safe therapeutic effects (Rajani amalk{a2008).

Quality control standards of herbal drugs have becames relevant
now because of the increased commercializationowhdlations based on
medicinal plants (Yadawt al., 2009). This necessitates an urgent need
control and guarantee the quality of such preparatitmough systematic
scientific studies including chemical standardizatiomldgical assays and
validated clinical trials (Firenzuoli and Gori, 2000). Theited States Food
and Drug Administration (USFDA) and European Agenaytfe Evaluation
of Medicinal Products (EMEA) have drafted guidelines anious aspects of
quality control of medicinal plants and among thesee tbhemical
standardization of a herbal formulation with respect it® major
phytoconstituent (preferably active) has emerged as thst isought after
parameter (Bansal and Bansal, 2011). Numerous separaethods coupled
with mass spectrometric detection (MS) are enggloyor herbal drug
analyses and standardization (Chest al., 2009). Application of
chromatographic techniques ensures consistencythe quality of drug
material (Uniyal and Uniyal, 2002). The pattern oftspabtained after TLC is
suitable for monitoring the identity and purity of drugsd for detection of

adulterants and substitution. Though most of the widebd uug plants are

to



amply described in the various pharmacopoeiasiy gtandards in termsf
chemical markers and Thin Layer Chromatography (Tfi@gerprints have
yet to be established (Yadat al., 2009). International Union of Pure and
Applied Chemistry (IUPAC) also have published a teciinfeport on safety,
efficacy, standardization and documentation of Herbmedicines
(Mosihuzzaman and Choudhary, 2008).

Acanthaceae is a large pantropical family comprisingua 357 genera
and 4350 species (Mabberley, 1987). The membershaedly distributed in
the tropics and subtropics and are also found in tleditérranean regions.
The members of Acanthaceae are chiefly perennialedron unarmed herbs
or shrubs or rarely trees. The family is characteribydthe possession of
simple opposite decussate leaves, presence dfeswaodes, cystoliths in
vegetative parts, prominent bracts and bracteoles astlynmlabiate corolla
with bilocular ovary. In India, the family is represet by 427 species falling
in 81 genera (Santapau and Henry, 1973). The imgogemera coming under
Acanthaceae areédcanthus, Andrographis, Barleria, Thunbergia, Ruellia,
Justicia, Ecbolium, Strobilanthes etc. The Acanthaceae family is an important
source of several indigenous therapeutic drugs. Thaopharmacological
knowledge of this family requires urgent documentatiomj@te a lot of its
species are at the verge of extinction (Correa andnfdca, 2012). Though
several members of Acanthaceae are reported to beiusetlitional Indian
herbal and folk medicines, relatively few appearhive been analysed in
detail. Authentic phytochemical standards are not availablentmy of the

members of this medicinally important family.

‘Sahachara’ is a well known Ayurvedic drug widely disagainst
rheumatism and neurological disorders such as paiapbnd sciatica. This
drug is also used for curing ulcers, glandular Bngs, poisonous affections,

itching, leprosy, other skin diseases, cough, edeowdh tache, gum diseases



and to strengthen nerves (Sivarajan and Balachand@94). The officiapart
of the drug is the root which is used as mmgor ingredient of several

important Ayurvedic preparations.

The correct identity of the species to be used as ‘$Sanac is
controversial as several confusing Latin nanmese been assigned to
‘Sahachara’ in various texts and Ayurvedic treatié®arrier, 1996). The
crude drug ‘Sahachara’ is marketed as dried rootishemce it is impossible
to ascertain the proper identity of the plant source fibund that a variety of
herbs of the family Acanthaceae are being usedthe plant source of
‘Sahachara’ in different regions. At least around tdffiergnt species are
presently in use under the name of ‘Sahachara’ berdiit people. Many
physicians are of the opinion that the drsigould be equated with
Strobilanthes, but the synonyms and qualities ascribed to ‘Sahaclaeahot
mentioned in the case &robilanthes, while they are cited foBarleria by
others. On the basis of Ashtangahrudayakosam, mbggicians in Kerala
equate Ecbolium viride with ‘Sahachara’. In Ayurvedaviswakosam,
B. cristata is equated with ‘Sahachara’. But in Kerala,cristata is not used
medicinally; it is treated only as a garden pldnt.Kerala, Strobilanthes
ciliatus is used mostly as the plant source of ‘Sahachara’.tiButMalayalam
name ‘karinkurinji’ is not quite appropriate f& ciliatus because its flowers
are white (Nair, 2004). According to Kirtikar and Badi9§7), only the bark

and the flowers o8. ciliatus are of some medicinal value.

None of the above plants exactly matches with allitdéecations given
in the synonyms. All of them have been in use as ‘SalmatHor years in
different places. Though plant taxonomy can very wafpport the evolution
of unambiguous standards for plant sources of drilngsgenuineness of the
correct source plant have to be decided offlgr gopharmacological and

adequate clinical trials. So, comparative pharmgomdd investigations of



these herbs are critical to find out which one aghtmem possessesurative
properties and are therapeutically more efficacio(Sivarajan and
Balachandran, 1994).

According to the texts, ‘Sahachara’ is a gregariousbshraving sharp
piercing structures like spines and occurring in fudkposed habitats like
deserts, naked hill tops or the tidal areas along thesast (Sivarajan and
Balachandran, 1994). The distinction of differentietaes of ‘Sahachara’ is
mainly based on flower colour and these varieties Heeen equated mostly
with species oBarleria. Kerala physicians, on the other hand recognize tw
varieties, the dark variety and the white variety. Adotg to Van Rheed’s
Hortus malabaricus, E. viride had been the accepted source of the drug in
those days. Nevertheless, currently in Ker8ailiatus is increasingly being
used as the source of ‘Sahachara’. An examinatiotheo market samples
brought to light that roots oftrobilanthes heyneanus has also been used
widely as ‘Sahachara’ in different formulations (Sivamagnd Balachandran,
1994). According to Naiet al. (1985b), the synonyms and descriptions of the
source plants of the drug are applicable to these spetse. Several other
authors are of the opinion that yet another plant ainitaceaeyiz., Justicia
betonica also can form the source of the drug (Sivarajan andcBandran,
1994).

Plant derived compounds play a vital rale drug discovery
programmes as many novel compounds héeen discovered and
successfully utilized by the pharmaceutical industryth@ manufacture of
drugs. The large scale use of medicinal plants and hertb®e preparation of
drugs are increasing due to the growing concdérutathe side effects of
chemicals and synthetic substances. The extracts pfsplhat are found to
have specific disease curative properties are incrglgsibeing used to

manufacture effective drugs. More than 50% of all sasful modern drugs



in clinical use are of natural product origin (T@indaret al., 2001). Thestudy

of crude drugs of vegetable origin, which forms #warce of majority of
Ayurvedic medicines, is an unavoidable part in the ecad learning of
indigenous drugs. Immediate effort should be made tklgathe issues
pertaining to the controversy of identification of Ayudi@ drugs, their illegal
substitutions and adulteration prevalent in the watarlwhich is a huge
problem faced by the Ayurvedic physiciansd apharmaceutical firms
(Ansary, 2005).

To develop new drugs that satisfy the requirementgshef modern
treatment, the pharmacological properties of the plaedrio be evaluated.
The assurance that the medicinal herbs are safetieéfeand are constantly
active is equally important as the identification, isolatiod aeharacterization
of their active principles. Therefore, before commegciany chemical
investigations, it is necessary to check the presuméditamf the plants.
Experimental evidence suggests that many plants of thdyf#woanthaceae
possess a wide range of biological and pharmacologictvities that may

provide protection and cure against several human atbne

Herbal medicines are frequently used taoattrehronic diseases
compared to modern medicines (Calixto, 2000) and abrsbrdiseases have
an element of increased inflammatory response in camrfiloe generation of
free radicals in excess can cause oxidatdemage to functional
macromolecules such as DNA, proteins and lipids leatiinmany diseases
such as age-related disorders, cancer, atherosclernsis;odegenerative
diseases and inflammation (Cai al., 2004; Draglandet al., 2003).
Antioxidant compounds from plants can minimize tyeneration of free
radicals and alleviate diseases caused by oxidatives g&k&simoladunet al.,
2010; Ozeret al., 2010).



The inflammatory process may be defined as a segueheventshat
occurs in response to noxious stimuli, infectiantrauma (Calixtoet al.,
2004). Sometimes, inflammation seems to prodecents that are quite
serious and become chronic like occurrence of rheumatditditis and hay
fever which may be life threatening (Denko, 1992; Sirgghal., 2008a).
Infections and inflammations have long been recognizecklated to cancer
also. There is extensive data demonstrating the roleflainmation in the
establishment, progression and complicatioofs various malignancies
(Rayburnet al., 2009).

Various synthetic anti-inflammatory drugs have beenuse; both
steroidal and non-steroidal. The non-steroidal anti-inflatony drugs
(NSAIDs) are among the most commonly used drugs pbest worldwide
for pain, inflammation and fever. Though these hpw&ent activity, long-
term administration required for treatment of airodiseases can cause
several adverse effects that include hirsutism, Cushinigabitus,
hypersensitivity reactions, peptic ulceration, hyperglyeenosteoporosis,
various immunodeficiency related problems as wslltaxic effects on the
gastrointestinal tract, kidney and cardiovasculatesys(Beget al., 2011;
Arya and Arya, 2011). The greatest disadvantaf¢éh® modern synthetic
drugs lies in their toxicity and reappearance ofmEpms after
discontinuation. Therefore, the screening and devetoprof drugs for their
anti-inflammatory activity is the need of the hour anddhleave been many
efforts for finding anti-inflammatory drugs from in@igous medicinal plants
(Srinivasanet al., 2001).

The mechanism of inflammation injury is attributed, in p&otrelease
of reactive oxygen species (ROS) from activated traphils and
macrophages. In addition, ROS propagate inflalromaby stimulating

release of cytokines such as interleukin-Iimnotu necrosis factor, and



interferon which stimulate recruitment of additibnaneutrophils and

macrophages. Thus, free radicals are importaetliators that provoke or
sustain inflammatory processes and consequently, theitraheation by

antioxidants and radical scavengers can attenuate médion (Geronikaki

and Gavalas, 2006).

The market for use of herbal drugs in the treatménnhftammatory
diseases constitutes 83% worldwide and is exgpetdereach a value of
around more than 95% in the forthcoming years dueh#r increased
acceptability (Bent and Ko, 2004; Baalla and Nace, 2000).
The inflammatory mediators induce the formation of thezyere
cyclooxygenase-2 (COX-2) in different inflammatory etatRecently many
natural products are being evaluated for their abitlityselectively inhibit

COX-2 and hence could be used as drugs for candeAlaheimer’s disease.

Natural products with anti-inflammatory activity hawveng§ been used
as a folk remedy for inflammatory conditions such a®fgvpain, migraine
and arthritis. Plant-derived bioactive compoundih anti-inflammatory
effects can act as potential source for the developwfepharmaceuticals for
treating rheumatoid arthritis, asthma, Alzheimer's diseasestiple sclerosis
and ulcerative colitis (Polyat al., 2002). The inflammatory response of a
tissue is regulated by a variety of regulatory @ which are the actual
potential targets of the anti-inflammatory drugs. Thei-afilammatory
treatment given to such auto-immune diseases helpoveycome the
accompanying tissue damage and pain tagreat extent. The anti-
inflammatory bioactives of plant origin anrincipally phenolics and
flavonoids and their effects can be attributed partlyheartinhibition of COX
and Lipoxygenase (LOX), thereby hindering prostaglanaind leukonetrine

synthesis.
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Cigarette smoking and chronic inflammation -otmajor cause®f
cancer has strong free radical components in their amesin of action.
Recently, the studies on oxidative stress and itsrseglveffects on human
health has become a subject of considerable inteRestctive intermediates
in oxidation processes, particularly free radicale aeceiving increased
attention in biology, medicine and foochemistry, as well as in
environmental areas (Jayaprakas#taal., 2006). ROS are produced by
cellular metabolism and by exogenous agents in the dédilsse ROS can
induce oxidative damage to biomolecules and tissues whit¢arn leads to
cardiovascular and neurodegenerative diseaggammation, arthritis,
diabetes, asthma and others. At least two majorlgmzb in human ageing
and cancer are mediated by ROS induced DNA damagengK and
Chattopadhyay, 2007). As antioxidants can decreassudi damage by
scavenging/neutralizing ROS, they can be of great valupreventing the
onset and the propagation of several oxidative dise@tsfsdh et al., 2009).
Therapeutic effects of several medicinal plants whigh @ammonly used in
folk medicine against many diseases are usuallybated to their phenolic

contents and antioxidant properties (Coetial., 2007).

Chemical profiling is a versatile technique and can used in
standardization by generating fingerprints through ed#ft analytical
procedures (Mukherjee, 2002). The pattern gedion through
chromatography can be used to discriminate diffeiends of samples of
traditional herbal medicines investigated (Gati al., 2010). Following its
widespread application in the quality control assessmércrude drugs and
foods, chemical fingerprinting has recentiypined increased attention
(Tao et al., 2011; Zhenget al., 2009; Locatelliet al., 2009). A
chromatographic fingerprint of a herbal medicine éheomatographic pattern
of the extract of some pharmacologically active or inactishemical

components. By using reliable chromapgic fingerprints, the
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authentication and identification of herbal medésincan beaccurately
conducted (Patil and Shettigar, 2010; Liaet@l., 2004). Fingerprint analysis
by HPTLC has become an effective and powethdl for linking the
chemical constituent profile of the plants with botanicahidye and for the
estimation of chemical and biochemical markersrifiddha and Devaki,
2012b). HPTLC fingerprint is suitable for rapid anchgle authentication and
comparison of the subtle difference among samplgh identical plant
resource but different geographic locations and hémeevery important tool
in herbal drug industry (Soni and Naved, 2010). Ib afers better resolution
and estimation of active constituents with reasonableracg in a shorter

time.

Chemical features of medicinal plants serag a fundamental
determinant of their pharmacological properties (Lovkeval., 2001). The
rapid vanishing of the biodiversity rich tropical forestsd other vegetation
calls for an urgent isolation and identification of bioastnatural products.
The characterization of metabolites in complex xtanes requires
sophisticated hyphenated techniques with good sensitindysalectivity. The
plant kingdom represents an extraordinary reservbinowel molecules that
can be a possible source of new and promis&agl compounds to be
introduced into therapeutics. Therefore, naturally origidaagents with very
little side effects are the need of the hour to substithmical therapeutics
(Conforti et al., 2008).

Of the plant species so far been estimateddwme, only a very
meager number have been explored phytachéyn and the fraction
subjected to bioassay or pharmacological screeningvén much lower.
Techniques like GC/MS and LC/MS provide a great deahfofmation about
the presence and nature of constitutioh crude plant extracts.

Mass Spectrometry (MS) is a highly sensitive anctidigetool for identifying
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organic compounds when coupled with separatechniques like GQr

HPLC. GC and GC-MS are the most common, ummausly accepted
methods for the analysis of volatile constituents of henbxadlicines. For the
detection of volatile non-polar compounds, Gas Chromafy/Mass
Spectrometry (GC/MS) has been applied successfully antinely. MS
detection of non-volatile polar molecules is not simple aedahds the
coupling of High pressure Liquid Chromatography (HPL®@j)th Mass
spectrometer. The hyphenation with MS provides reliatfi@mation for the
qualitative analysis of the complex constituents (€eal., 2008; Nikamet

al., 2012).

During the last decade, Liquid Chromatography/ Mapsc8ometry
(LC/MS) techniques were developed employing soft iat@n methods like
electrospray or photoionization and mass spectromdiave become more
sophisticated and robust for daily use. LC/MS can bexremely powerful
technique for screening crude plant extrastish the right ionization
conditions carefully optimized (Hostettmamand Wolfender, 2001).
The combination of the high separation efficiermyHPLC with MS has
made possible the acquisition of information about LCkp#anterest within
a complex mixture as plant extracts. LC/MS has been prowdme highly
useful in the field of analytical phytochemistry since i80s. This progress
has been achieved because of its unequalled sensitffigient detection,
high speed and wide applicability over a langember of biochemical
purposes including natural products monitorimgpd drug discovery
(de Hoffmann and Stroobant, 2007).

Plants produce a great variety of organic camgs that are not
directly involved in primary metabolic processes of gtownd development.
Secondary metabolites are low molecular weight compoordarring within

the plant kingdom derived from the primary metabolitdsre than 1,00,000
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structures have already been described (Buckingh094; Croteatet al.,

2000). These plant metabolites are grouped as alkalgigsysides, phenols,
flavonoids, tannins, mucilage, essential @i. Due to their large biological
activities, plant secondary metabolites have besed ufor centuries in

traditional medicine.

Among the several hundreds of secondary metabolitesdfan a
medicinal plant, the main effective compounds are cale/e constituents.
Quantification of the active ingredient is the first stepstandardization of
herbal drugs and among the vast diversity of phytsitiments reported so
far, there has been a growing interest in phesplincluding flavonoids,
because of their health promoting functions (Qstral., 2004; Cheret al.,
2006a) and significant biological activities (Riolsb and Bean, 2004).
Phenolics and flavonoids are known to be responsiblecémferring the
medicinal herbs much of their curative properties. €héso classes of
compounds are well reputed for their antioxidant and-iaflammatory
properties and therefore can lower the riskscafdiovascular diseases,
arthritis, chronic inflammation and cancers (Cletral., 2005; Zhanget al.,
2005). Their inhibition of the enzymes COX and LOX reswla decrease of
platelet activation and aggregation. Thus it is responsibtetheir anti-
inflammatory activity leading to protection againstdgavascular diseases
and cancer chemoprevention. Phenolics and flavonoelkreown to exhibit
many other biological activities like antiviral, antimicrdbiantihepatotoxic,
antiosteoporotic, antiulcer, immunomodulatory, antifs@tive and
apoptotic activity (Kimet al., 2004; Tapiercet al., 2002; Yaoet al., 2004;
Sadiket al., 2003).

Though the members of Acanthaceae are widelyesepted in our
flora and are of considerable medicinal and ethnigoitance, yet very little

attention has been paid to their cytological analysisy Y&w detailed studies

14



have so far been conducted on the chromosanadysis of thedifferent
species used as the source plants of ‘Sahacharan \Evere the chromosome
numbers have been determined, the knowledge congerthie details of
karyotype pertaining to chromosome measurements is aitily finsufficient.
Cytology is used as a dependable tool for solving taxan@roblems and for
elucidating systematic relationships, phylogeny andluéen of related
plants. Information regarding chromosome number, dgloistructure and
morphology has been of considerable importance in rstateding their
relationships and delimitation of taxa. The chrom@sonumbers tend to
exhibit a greater consistency than any otherackar since they are an
integral part of the genetic system (Yoshikane andhiMap1991; Den Hartog
et al., 1979). Therefore, it can be used in the same wakieasnorphological
characters for identification and standardirati Chromosome research
requires a study of the morphology of the individual ochmsomes.
Karyological studies can reveal the variations lmomosome number and
size and suggest the direction of chromosomalugon in specific taxa
(Jones, 1979). Karyotype analysis with computer b&3edmosome Image
Analysis System (CHIAS) proves to be a powerful tmostudy chromosome
morphology with great precision and speed. The imagmethods are
indispensable in routine chromosome analysis such gstgpmg, detection
of chromosome aberrations and also in the basic clsvome research (Fukui
and Nakayama, 1998). Hence a comprehensive studyneofchromosome
constitution of the source plants of ‘Sahachara’ has béen carried out to
understand the cytogenetic constitution with thelp of chromosome

imaging.

To facilitate the continued development of high-qualiipadulterated
drugs that will boost up the credibility of thestgyn, further extensive
research deep in the field of medicinal and aromatiatplare needed. The

standardization of the herbal drugs can be doyetaking up critical
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pharmacognostic studies using botanical, pharmgmab and chemical

parameters.

Since authentic phytochemical standards are yet to bllaeafor the
various species that are used as ‘Sahachara’, prgseete is no definite way
to ascertain the quality equivalence of théerent species used as
‘Sahachara’,ie., whether they are with more or less the samentirely
different properties and chemical quality spectrum. Pphesent study looks
forward to a detailed karyomorphological, phyiemical and
pharmacological investigations of the source plaitsSahachara’, that are
common in Kerala. This could be helpful in gaining mar®imation about
the plants that are being used under the name of tipslgrodrug used in

large quantities by the Ayurvedic industry of India.
The present investigation aims to fulfill the followingjettives:-

. Chromosome imaging and karyomorphological analysitewf plants
of Acanthaceae that are used as the source plaf8aludichara’.

. Pharmacological investigations of the plants dwmyeening their
comparative antioxidant and anti-inflammatory activities.

. Chemical fingerprinting of the plants by HPTLC.

. GC-MS and LC-MS analyses of the root methaneldtracts for

further chemical characterization.

. Measurement of total phenolic and flavonoid contdrihe extracts.
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REVIEW OF LITERATURE

The production, consumption and internationade in medicinal
plants and phytomedicines are growing and expectagtae in future quite
significantly. Medicinal plant based drugs have theaatlge of being simple
and effective with broad spectrum activity with an eagé on the preventive
action. The search for herbal remediesd amatural substances and
understanding their mechanism of action in the bady on the rise, but
unfortunately, the area of our indigenous medicaltesys dealing with
Ayurvedic drugs has not received adequatentdh it deserves. The
availability of good quality raw materials free from adrdtgs in sufficient
quantity has been one of the chronic problems of thgoppharmaceutical
industry. Presently no quality standards have beemn fige the raw materials
and so one finds wide variations in the quatipecifications (Narayana,
1998). A great deal of adulteration and substitution it widh commercially
available raw drugs owing to the confusion caulsgdthe different local
names these plants are known by and also due todhvarse geographical
locations. This confusion demands an urgent need fadatdization of the

real drug and identification of its substitutes and adlatts.

There is a growing interest in the imgagion of secondary
metabolites from food stuffs and other plants as piatietiterapeutic agents
against several human ailments. Chemical profiling is raatée technique
and can be used in standardization by generdimgerprints through
different analytical procedures (Mukherjee, 200&kile the plants under
study are found to have varied therapeutical propemiegtochemical studies
are very much essential for standardization andicgtn on a scientific
basis for identifying the active chemical components (Soarsan and
Sasidharan, 1997).
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In the context of the present work which deals wvitie cytogenetic,
phytochemical and pharmacological aspects of felantg of Acanthaceae
used as the source plants of an important Ayurvddig ‘Sahachara’, the
gquantum of research output already available on thewlagical studies,
antioxidant as well as anti-inflammatory potential angitpthemical analyses

are reviewed in chronological order.

A. CYTOGENETICAL STUDIES

Despite its considerable size, cytological knowledge ofnBteceae is
relatively scanty (Danieét al., 1984). Eventhough many of the Acanthaceae
are increasingly being used in traditional, tribal and ethredicines, yet very
few attempts have been done on their detadled critical karyological
studies. The family includes many plants with allegedkloric use as
antioxidant and anti-inflammatory agents with great potetaidde evolved as
novel therapeutic agents. Many members of the fanailyeteen explored for
their activities against the damaging effects of freécedsl and inflammation
which could be helpful in the development of novel and gréw drugs with

low toxicity.
a CYTOLOGICAL STUDIES

Chromosome number provides indispensable informatin genetic
discontinuities within and among species (Sengla@l., 1989). Surveying
available genome size and chromosome data of thedeina plants can
provide valuable and consistent information that can ledl dsr solving
taxonomic problems, and for elucidating systematic icelahips, phylogeny

and evolution of related plants.

Although many workers have attempted cytological stidiaf
Acanthaceae, there have not been any proper cytigenmeestigations as far

as the South Indian taxa are concerned (Gowjatarand Subramanian,
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1983). Most of the chromosome studies of the famifre carried oufrom

the North and Central India with only few scattered reppfsom South India.

Chromosome analyses previously conducted in Aeaptte suggest
that the family is polybasic and reveals the presefigeaontinuous series of
basic numbers between x = 7 and x = 34 (Govindarajah Subramanian,
1983).

A more or less comprehensive study abiromosomes in the
Acanthaceae was made by Grant (1955). He reporteimdsome counts of
105 species and varieties representing 8Berg and suggested that
poyploidy, and more commonly aneuploidy wemesponsible for the

occurrence of diverse chromosome numbers in theyfami

Chromosome numbers and meiotic abnormalities werenods in a
few members of Acanthaceae by Joseph (1964). Cytalbgitalysis of some
species representing the subtribes Barlerieae, Andioigege, Eujusticieae
and Dicliptereae of the Justicieae of Bentham & Hookas carried out by
Dutta and Maiti (1970). Their study suggests that Barleriesathe most

primitive subtribe of Justicieae.

Chromosome counts of 30 species belongiog 16 genera of
Acanthaceae from South India have been made by Gaowjada and
Subramanian (1983). Chromosome numbers detedmimethe study range
from 2n = 16 to 2n = 60. The commonest basic numbertlza ancestral basic

number in the family were suggested to be x = 16xand respectively.

Saggoo and Bir (1986) reported meiotic studies in certeembers of
Acanthaceae includinBarleria species. They found some relationship among
the different taxa and made comparison between plant &atbiincidence of

polyploidy in perennial and shrubby species to anmauma herbaceous ones.
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The observations on the chromosome numbeBaoferia speciesrevealed

their diploid nature in spite of being shrubby.

Another worth mentioning study on the chromosome yamal of
Acanthaceae was carried out by Dargiedl. (1990). They made a total of 72
meiotic chromosome counts for 58 taxa asgmting 23 genera of
Acanthaceae from the United States. Among these, 4dtsavere reported
for the first time. He noted constancy of awhosome numbers on some
genera while variation in chromosome number doepolyploidy and

aneuploidy occurs in others.

Karyotypes of six species @arleria L. occurring in South Indiaiz.,
B. acuminata, B. buxifolia, B. gibsoni, B. involucrata var. elata, B. noctiflora
and B. strigosa were studied by Ranganath and Krishnappa (1990). gihou
all species revealed the same chromosome number fPn each species is
distinct in respect of relative positions of centromenesence/absence and

position of satellites and total haploid chromatin length.

Cytology of eight species dBarleria from South India has been
reported by Devi and Mathew (1991). All the speciesestigated had n = 20
or 2n = 40. Meiosis was normal in all, except onecigseB. courtallica) in
which univalents, bivalents, trivalents and tetrawalewere consistently
noticed. Somatic chromosomes were large sized, tle karyotypes were

fairly symmetrical and unspecialised in all excBpacwninata.

Karyomorphological studies were conducted iftrobilanthes
glandulifera and S tashiroi by Kanemoto (2001). Chromosome numbers of
both the species were noted as 2n = 30. Both the pléoised similar
karyomorphological features like the interphase nuabéi the simple

chromocenter type, mitotic prophase chromosomes gbritneémal type and a
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gradual size variation in mitotic metaphada@omosomes with a paiof

satellite chromosomes.

Meiotic chromosome numbers were reported for 12 ispein eight
genera of Acanthaceae from Madagascar €@Dar2006). Chromosome
numbers of 11 species are reported for the first.tikenew chromosome
number (n = 30) is reported idusticia. Systematic implications of the
chromosome counts are addressed and basic chromosamigers for these

eight genera of Malagasy Acanthaceae are discussed.

Sharmaet al. (2010) recently investigated the chromosome numbe
chromosome associations, chiasma frequency, tewédsicrospores and
pollen grains oB. cristata andB. prionitis. The chromosome number in both
the species was 2n = 32. They also noted minute difesein the frequency
of univalents and ring or rod bivalents among the tweceges. No changes
could be observed in the frequency of occurrenceh@sma per chromosome

in the two species.

Detailed karyomorphological analysis & grandiflora has been
carried out by Gosawt al. (2011). The species showed 2n = 44, which is the
highest chromosome count for the genus sordported. The study also

revealed that the karyotype Bf grandiflora is moderately symmetrical.

Cytological investigations on some North Indian Biellatae were
carried out by Bala and Gupta (2011). Among a totalld species of
Acanthaceae investigated, 7 were found to be diplaids4apolyploids. The
meiotic chromosome number (n) Bf cristata was determined as 19. They
also reported that the meiotic chromosome number of haicia diffusa

and Srobilanthes alatus is n = 16.

Cytomorphological studies on 30 populations of 26 spedt the
gamopetalae from Western Himalayas were donesbptaet al. (2012).
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The chromosome number Bf cristata was reported to be 2n = 40. It halso
been reported that out of the two populationsSoélatus studied, one was
revealed to be diploid (2n = 2x = 16) and the secomel was found to be
tetraploid (2n = 2x = 32).

Cytological studies oBarleria spp. was conducted by many scientists.
Chromosome complements of n = 12, 15, 16, 17, 1820%nd 21 have been
reported by several investigators (Grant, 1955; Galtlbl1985, 1988;
Govindarajan and Subramanian, 1983; Moore, 1973; Da2060Q). However,

most counts have been either n = 20 or 2n = 40.

Cytological works orEcbolium are very few and diploid chromosome
numbers of 2n = 36, 40 and 44 have been repo@domosome number
reports onSrobilanthes are also relatively little. The haploid chromosome
numbers so far reported in the genus are n = 913,114, 15, 16, 20 and 21,
the most common being 16. The highest chromosomebauneported for the
genus is 2n = 60 by Iwatsul@bal. (1993).

Although a wide range of chromosome numbers, fromto n = 31,
has been reported for species Jafticia, n = 14 appears to be the most
common number (Daniedt al., 1984). The species,J. betonica has been
cytologically studied by many workers in the past aasl been shown to have
the diploid chromosome number of 2n = 34. But, adiogr to Subramanian

and Govindarajan (1980), the sporophytic count. dsEtonica is 2n = 28.

Chromosome number reports of different members of dghaera
Barleria, Ecbolium, Justicia and Srobilanthes published so far are recorded
in Table 1.
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Table 1. List of chromosome number reports of different species of the

genera Barleria, Ecbolium, Justicia and Strobilanthes

BotanicalName 2n n Author Year
Genus:Barleria L.
B. acanthoides Vahl 20 Khatoon & Ali 1993
B. acuminata Wight 40 Krishnappa & Basavaraj 1982
20 Saggoo 1983
40 Ranganath & Krishnappa| 199(Q
40 Devi & Mathew 1991
B. buxifolia L. 40 Krishnappa & Basavaraj 1982
40 Subramanian & 1980
Govindarajan
20 Saggoo 1983
40 Govindarajan & 1983
Subramanian
20 | Saggoo & Bir 1986
40 Ranganath & Krishnappa| 199(
20 | Devi & Mathew 1991
40 20 | Ranganath 1981
B. courtallica Nees 20 | Saggoo & Bir 1982
20 | Saggoo & Bir 1986
40 Devi & Mathew 1991
B. cristata L. 20 Saggoo 1983
20 | Saggoo & Bir 1986
20 | Daniel & Chuang 1989
40 Devi & Mathew 1991
20 | Khatoon & Al 1993
20 Sharma 1970
20 | Vasudevan 1976
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B. cuspidata Heyneex 40 Subramanian & 1980
Nees Govindarajan
20 Saggoo 1983
40 Govindarajan & 1983
Subramanian
20 | Saggoo & Bir 1986
40 20 Devi & Mathew 1991
B. gibsonii Dalzell 40 Krishnappa & Basavaraj 1982
40 Ranganath & Krishnappa| 1990
20 | Vasudevan 1976
40 Ranganath 1981
B. involucrata Nees 40 Govindarajan & 1985
Subramanian
B. involucrata var. elata 40 Krishnappa & Basavaraj 1982
C. B. Clarke 40 Ranganath & Krishnappa| 1990
40 Ranganath 1981
B. longiflora L. f. 40 Govindarajan & 1985
Subramanian
B. micans Nees 20 | Danielet al. 1990
20 | Daniel & Chuang 1993
B. noctiflora L. 40 Krishnappa & Basavaraj | 1982
24 Govindarajan & 1983
Subramanian
40 Ranganath & Krishnappa| 199(
20 | Devi & Mathew 1991
40 Ranganath 1981
B. prionitis L. 20 Saggoo 1983
40 Devi & Mathew 1982
20 | Saggoo & Bir 1986
40 Devi & Mathew 1991
40 | 20 | Sarkaetal. 1980
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20 | Vasudevan 1976
B. repens Nees 20 | Daniel & Chuang 1998
B. senensis Klotzsch 16 | Danielet al. 2000
B. strigosa Willd. 40 de la Bathie 1950
40 Krishnappa & Basavaraj 1982
40 Ranganath & Krishnappa| 1990
B. tomentosa Roth. 40 20 | Devi & Mathew 1991
Genus:Ecbolium Kurz
E. linneanum (L.) Kurz 40 Subramanian & 1980
Govindarajan
36 Devi & Mathew 1982
44 Govindarajan & 1983
Subramanian
18 | Sharma 1970
E. syringifolium (Vahl) 18 | Daniel 2006
Vollesen
Genus:Justicia L.
J. adenothyrsa (Lindau) 28 Danielet al. 1990
T. F. Daniel
J. adhatoda L. 17 | Daniel & Chuang 1998
J. alopecuroidea T. F. 28 Daniel et al. 1990
Daniel
J. anagalloides (Nees) 36 18 | Ensermu 1990
T. Anderson
J. angustibracteata 14 | Daniel 2000
Leonard
J. aurea Schltdl. c.11 | Daniel 2000
J. betonica L. 34 Krishnappa & Basavaraj 1982
28 Subramanian & 1980
Govindarajan
17 Saggoo 1983
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34 Devi & Mathew 1982
34 Govindarajan & 1983
Subramanian
17 | Bir & Saggoo 1981
17 | Saggoo & Bir 1986
17 Daniel 2000
17 Danielet al. 2000
17 | Daniel & Chuang 1998
34 17 Ranganath 1981
34 17 Bir & Saggoo 1979
J. brandegeeana Wassh. 14 | Daniel & Chuang 1989
&L.B.Sm.
J. brasiliana Roth. 14 | Hunzikeret al. 1985
28 14 | Piovano & Bernardello 1991
J. brevipila Hedren C.26 Hedren 1989
J. californica (Benth.) D. 14 | Danielet al. 1984
N. Gibson
J. calyculata M. Deflers 18 Ensermu 1990
J. candelariae (Oerst.) 14 Daniel 2000
Leonard
J. candicans (Nees) L. D. 14 | Danielet al. 1984
Benson 14 | Daniel & Chuang 1993
J. carnea Lindl. 17 Daniel & Chuang 1989
J. caudata A. Gray 14 | Danielet al. 1990
14 | Daniel & Chuang 1993
14 Daniel & Chuang 1998
J. comata (L.) Lam. 28 Daniel 2000
J. costaricana Leonard 14 | Daniel 2000
J. cufodontii (Fiori) 22 Ensermu 1990
Ensermu
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J. dejecta var. albipila 13 | Daniel 2006
Benoist
J. diclipteroides subsp. c.26 Hedren 1989
aethiopica Hedren
J. diclipteroides subsp. c.26 Hedren 1989
nierensis Hedren
J. diffusa Willd. 18 Krishnappa & Basavaraj 1982
9 Saggoo 1983
9 Devi & Mathew 1982
9 Bir & Saggoo 1981
9 Khatoon & Ali 1993
18 9 Ranganath 1981
18 |9 Sidhu 1979
18 |9 Bir & Sidhu 1980
9 Vasudevan 1976
J. diffusa var. prostrata 9 Bir & Saggoo 1981
Roxb. ex C. B. Clarke 9 Bir & Saggoo 1979
J. exigua S. Moore 14 | Renarctt al. 1983
14 Ensermu 1990
J. extensa T. Anderson 34 Daniel & Chuang 1998
J. flava (Forssk.) Vahl 26 Podlech 1986
J. fortunensis T. F. Daniel 14 | Daniel & Wasshausen 199(
& Wassh. 14 | Daniel & Chuang 1993
J. fulvicoma Schitdl. & 14 | Danielet al. 1990
Cham. 14 | Daniel & Chuang 1998
J. galapagana Lindau 24 | Daniel 2000
J. gendarussa Burm. f. 30 Krishnappa & Basavaraj 1982
30 Ranganath 1981
30 Sarkaret al. 1980
14 | Vasudevan 1976
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J. gilliesii (Nees)Benth. 28 Piovano & Bernardello 1991
J. glabra K. D. Koenig ex | 54 Krishnappa & Basavaraj 1982
Roxb. 54 Ranganath 1981
J. glamea Rottler 13 Saggoo 1983
J. glauca Rottler 36 Krishnappa & Basavaraj 1982
26 Govindarajan & 1985
Subramanian
13 | Saggoo & Bir 1986
26 Ranganath 1981
J. herpetacanthoides 14 | Daniel 2000
Leonard
J. heterocarpa subsp. c.26 Hedren 1989
petterssonii Hedrén
J. hyssopifolia L. c.70 Sudaet al. 2005
J. insolita Brandegee 12 | Danielet al. 1984
J. insolita subsptastensis 12 | Daniel 1997
(Brandegee) T. F. Daniel
J.isthmensis T. F. Daniel 14 | Daniel 2000
J. japonica Thunb. 18 | Khatoon & Ali 1993
J. ladanoides Lam. c.28 Hedren 1989
c.40
J. latispica Gamble 18 Krishnappa & Basavaraj 1982
18 Ranganath 1981
J. leonardii Wassh. 14 | Daniel & Chuang 1998
J. linearis B. L. Rob & 14 | Danielet al. 1990
Greenm.
J. masiaca T. F. Daniel 14 Daniel 2000
J. matammensis 14 | Ensermu 1990
(Schweinf.) Oliv.
J. micrantha Wall. 18 Krishnappa & Basavaraj 1982
9 Devi & Mathew 1982
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9 Ranganath 1981
J. montana Wall. 30 Krishnappa & Basavaraj 1982
30 Ranganath 1981
J. nuttii C. B. Clarke 22 Ensermu 1990
J. odora (Forssk.) Lam. c.26 Hedren 1989
14 | Danielet al. 2000
J. oerstedii Leonard 22 | Danielet al. 2000
11 | Daniel 2000
J. oranensis De Marco & 14 | Piovano and Bernardello 199]
T. Ruiz
J. ornatopila Ensermu 22 Ensermu 1990
J. palmeri Rose 14 | Daniel 1997
J. pectoralis Jacq. 11 | Danielet al. 1990
11 Daniel & Chuang 1993
J. peploides (Nees) T. 18 9 Khatoon & Ali 1993
Anderson
J. petiolaris (Nees) T. 26 | Danielet al. 2000
Anderson
J. procumbens L. 36 Krishnappa & Basavaraj 1982
18 | Biretal. 1982
18 Govindarajan & 1985
Subramanian
36 18 Ranganath 1981
J. procumbens var. 9 Devi & Mathew 1982
latispica C. B. Clarke
J. prostrata Gamble 18 Krishnappa & Basavaraj 1982
Saggoo & Bir 1983
Saggoo & Bir 1986
18 9 Ranganath 1981
18 Sarkaret al. 1980
9 Sarkaret al. 1978
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J. pubigera Wall. 14 | Saggoo & Bir 1983
14 | Bir & Saggoo 1981
14 | Vasudevan 1976
J. purpusii (Brandegee) D 14 | Danielet al. 1984
N. Gibson
J. quinqueangularis 9 Saggoo & Bir 1983
Koenig 18 Govindarajan & 1985
Subramanian
18 Sareen & Sanjota 1976
9 Vasudevan 1976
J. reflexiflora Vahl 14 | Danielet al. 1984
J. rhodoptera Baker 30 | Daniel 2006
J. salviiflora Kunth 12 | Danielet al. 1984
J. schoensis Lindau c.32 Ensermu 1990
J. secunda Vahi 14 | Danielet al. 1990
14 Daniel 2000
J. simplex D. Don 18 Krishnappa & Basavaraj 1982
18 9 Saggoo 1983
18 | Bir and Saggoo 1981
9 Saggoo & Bir 1986
18 9,18, Ranganath 1981
18 Sarkaret al. 1980
18 | Vasudevan 1976
J. sonorae Wassh. 11 | Danielet al. 1984
11 Danielet al. 1990
J. squarrosa Griseb. 28 14 | Piovano & Bernardello 199
J. striata subsp. c.26 Hedren 1989
austromontana Hedrén
J. striolata Mildbr. c.50 Hedren 1989
J. tenella (Nees) T. 26 Gadella 1982
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Anderson 26 Gadella 1977

J. tranquebariensis L. f. 26 Ranganath 1981

J. trinervia Vahl 34 Krishnappa & Basavaraj 1982

34 Ranganath 1981

J. tweediana (Nees) 56 Piovano & Bernardello 1991

Griseb.

J. unyorensis var. c.26 Hedren 1989

keniensis (Rendle) Hedrér

J.vahlii Roth Devi & Mathew 1982

J. vahlii var. scindica Khatoon & Ali 1993

Malik & Ghafoor

J. ventricosa Wall. ex 15 | Saggoo 1983

Hook. f.

J. whytei S. Moore C.26 Hedren 1989

J. wynaadensis B. Heyne | 28 Krishnappa & Basavaraj 1982
14 | Saggoo 1983
14 | Saggoo & Bir 1982
14 | Saggoo & Bir 1986

28 14 Ranganath 1981

Genus:Strobilanthes

Blume

S alatus Nees 16 | Bir & Saggoo 1981
16 | Bhatet al. 1975
16 | Vasudevan 1976

S asperrimus Nees 16 | Devi & Mathew 1997

S atropurpureus Nees 16 | Saggoo 1983
16 Daniel & Chuang 1998
16 | Vasudevan 1976

S barbatus Nees 32 Govindarajan & 1985

Subramanian
S callosus Nees 14 | Saggoo & Bir 1982
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S consanguineus Clarke 16 | Saggoo & Bir 1982
S cusia (Nees) Kuntze 32 Geet al. 1987
32 Iwatsuboet al. 1993
S dalhousieanus (Nees) Bir & Saggoo 1981
C. B. Clarke Vasudevan 1976
S discolor T. Anderson 22 11 | Pandey & Pal 198
S dyerianus Mast. 15 | Daniel & Chuang 1998
S glandulifera Hatus. 30 Kanemoto 2001
S heteromallus T. 16 | Devi & Mathew 1997
Anderson
S heyneanus Nees 16 Devi & Mathew 1997
S homotropus Nees 42 Govindarajan & 1983
Subramanian
S isophyllus (Nees) T. 20 | Govindarajan & 1985
Anderson Subramanian
S japonica (Thunb.) Mig. | 30 Iwatsuboet al. 1993
S kunthianus T. Anderson| 32 Govindarajan & 1983
Subramanian
16 Devi & Mathew 1997
S lawsoni Gamble 30 Govindarajan & 1985
Subramanian
20 Devi & Mathew 1997
S lupulinus Nees 15 Devi & Mathew 1997
S luridus Wight 32 Govindarajan & 1983
Subramanian
S oliganthus Miq. 60 Iwatsuboet al. 1993
S pentastemonoides 13 | Saggoo & Bir 1982
(Nees) T. Anderson
S pulneyensis C. B. 40 Govindarajan & 1983
Clarke Subramanian
S scaber Nees 16 | Saggoo & Bir 1981
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S tashiroi Hayata 30 Kanemoto 2001
S wakasana Wakasugi & | 30 Iwatsuboet al. 1993
Naruh. 30 Wakasugi & Naruhashi 1993
S wallichii Nees 16 | Saggoo & Bir 1982
20 | Vasudevan 1976
S wightianus Nees 30 Govindarajan & 1983
Subramanian
16 | Devi & Mathew 1997
S zenkerianus T. 32 Govindarajan & 1985
Anderson Subramanian

b. ANTIOXIDANT AND ANTI-INFLAMMATORY STUDIES

Plants and plant derived drugs play a dominant rolecurrent
therapeutics (Kworet al., 2007). However, the lack of scientific and cheahi
data in support of better understandings ef ¢ffficacy and safety of the
herbal drugs has become the major hindrance taskeof traditional herbal
preparations. Hence, it is necessary to conductemohemical and
pharmacological studies both at organism and mtdedavels to investigate

the untapped potential of the herbal drugs.

All cells of the human body are exposed to oxidatstress, and thus
oxidation and free radicals may be an importantseain the onset and
progression of several human diseases (Areesal., 1993). Likewise,
inflammatory processes are involved in the pathegisnof the most common
chronic and non-communicable diseases. The an#aisd are known to
alleviate oxidative stress by scavenging the fradicals (Sardas, 2003).
Antioxidant and anti-inflammatory agents are faméntal in prevention of
carcinogenicity, cardiovascular and neurodegeiver changes associated

with ageing.
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Nair et al. (1985a) conducted studies on some South Indmanket

samples of Ayurvedic drugs, including those of ‘Salaaah

Shanthaet al. (1988) carried out detailed pharmacognostical ssudfe
the roots ofStrobilanthes heyneanus. They identified some of the diagnostic
features of the drug like the presence of pigmentetblitys in the cortex and
pith region, yellow coloured cell contents in the cortegiae, thick walled

and oval-elongated stone cells in the cortex region

The hydroalcoholic extract ofusticia pectoralis and its main
constituents, coumarin and umbelliferone were stud@@d possible anti-
edema activity, employing carrageenan and dextran guewma in rats (Lino
et al., 1997). All the tested extracts presented a sigmfi@anti-edema effect
in the carrageenan model but only coumarinldcalecrease the rat paw
volume in the dextran model, and this effect was notrebdewith the other

two treatments.

The total antioxidant activity of leaves &f crispus was investigated
by Ismail et al. (2000). Proximate analyses and total antioxidant activitygusin
ferric thiocyanate and thiobarbituric acid methoslesre employed in the
study. The study revealed that the catechinS. afispus leaves showed good
antioxidant activity and consumption of the leaf extrdally (5 g/day) as a
herbal tea could contribute to the additional nutrients arttbxidants needed
in the body to enhance the defense system, espetoaligrds the incidence

of degenerative diseases.

The anti-inflammatory activity of the 95% ethanol esttrabenzene
fraction and isolated triterpenoids &fcallosus were investigated by Singh
al. (2002). In the carrageenan-induced paw edema inf&giom model,
taraxerol isolated frons callosus showed a high reduction of edema. The

anti-inflammatory activity of taraxerol was appdres early as 1 h after
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carrageenan injection and was maintainectil the experimentwas

terminated at 10 h. The anti-inflammatory effefttaraxerol (48.61%) is
similar to that of the positive control, indomethacin (48).7 These results
confirm the use of this plant in folk medicine as ati-enflammatory herbal

drug.

The 'TAF' fraction from the hydromethanolic rext of Barleria
prionitis whole plant has been reported to have prominent ardirmhatory
activity against different acute and chronic inflammationduced by
carrageenan, histamine and dextran (Sirghal., 2003). The anti-
inflammatory activity in adrenalectomised rats was maintastealving that
the effect of fraction, 'TAF' is not activated the pituitary-adrenal axis.
‘TAF' also showed inhibition of vascular rrpeability and leucocytes

migrationin vivo into the site of inflammatory insult.

Agarwal and Rangari (2003b) evaluated the anti-infietory activity
of lupeol and 1%-H-lupeol isolated from the roots &robilanthes callosus
and S ixiocephala respectively using carrageenan induced rat pdema
model for acute inflammation and cotton pellet granulonmmeh for chronic
inflammation. The results showed that lupeol at the flo$200, 400 and 800
mg/kg produced a dose dependent inhibiiien 24%, 40% and 72% whereas
19 o-H- lupeol showed 21%, 47% and 62% inhibition after24n acute
model of inflammation. In chronic model of granulomauph in rats, lupeol
exhibited 33% and 18-H lupeol, 38% reduction in granuloma weight. In the
arthritis model, lupeol and 18H- lupeol exhibited 29% and 33% inhibition

respectively after 21 days of treatment.

Sanmugapriyaet al. (2005) screened the aqueous and alcoholic
extracts of the whole plant dtisticia prostrata for their acute and sub-acute

anti-inflammatory activities using carrageenan-induaeute inflammation
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and cotton-pellet-induced granuloma (sub-acutéanmiation), respectively,

in rats. At the dose of 500 mg/kg p.o., bettiracts showed maximum
inhibition (51.39% and 62.5%, respectively) in rat pagema volume at the
first hour of carrageenan-induced acute inflammatibn.the cotton pellet
granuloma assay, the extracts at the dose of 500 mgkgsyppressed the
transudative, exudative and proliferative phases ofnetinmflammation. The

study proved that the extracts were able to reduce pik peroxide content
of exudates and liver. They were also able to normdhieeincreased activity
of acid and alkaline phosphatases in serum and lofercotton pellet

granulomatous rats. Preliminary phytochemical screenihghe extracts

revealed the presence of lignans, triterpenes and pbesmhpounds in the
agueous extract, whereas phenolic compounds and glgsos the alcoholic
one. The anti-inflammatory effects produced by the etdrat the dose of 500
mg/kg, p.o. was comparable with the referenceg ddiclofenac sodium

(5 mg/kg p.o.).

Ho et al. (2003) reported the anti-inflammatory potential ot th
methanolic leaf extract d®robilanthes cusia to decrease the paw edema
induced by carrageenan in rats. The inafiimmatory effect of the

methanolic extract db formosanus was investigated by Kaet al. (2003).

Antioxidant activity and cytotoxic effect of essential fodm S. crispus
has been studied by Rahmetal. (2006). The study revealed thatcrispus
oil has the potential to be used as a nutraceutical eogplt due to its

antioxidant activity as well as for the prevention ofjeieerative diseases.

The antiproliferative properties and antioxidantivégt of various
types ofS crispus tea has been investigated by Mohd Fadzetilgl. (2006).
A nutraceutical herbal tea from the young and old leafeS. crispus was
developed, and the potential antiproliferative props and antioxidant

activity in vitro has been studied. The results showed $hatrispus tea
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inhibited the proliferation of human hormonepededant breast canceell
lines only but not the non-hormone dependant breaster cell line. The
antioxidant activity was determined using ferric reducargioxidant power
and DPPH free radical scavenging assay. The reshtisied that the hot
water extract ofS crispus tea has high antioxidant activity especially the

unfermented tea from old leaves®fcrispus.

A study was conducted to assess the anti-inflammatotgnpal of
methanol extract of aerial parts Bérleria lupulina in acute and sub-acute
inflammation models of albino rats by Subiaal. (2005). The extract in all
the tested doses caused pronounced inhibition of camageand serotonin
induced paw edema volumes when compared with the adofithe extract
could also significantly reduce granuloma weight in ¢b#on pellet induced
granuloma model when compared to the standard gmdomethacin. The
extract demonstrated protection against ;,G@duced lipid peroxidation as

well.

Antioxidant potency of 70% aqueous ethanolic ekt@icleaves of
Justicia gendarussa was investigated by Mruthunjaya and Hukkeri (2007
employing DPPH radical scavenging, nitric oxidBlO) scavenging,
B-carotene linoleic acid module systefix CLAMS), hydroxyl (OH) radical
scavenging and anti-lipid peroxidation.s§Gralues were determined in each
experiment. Also, ferric ion reduction capacity of agts in presence and

absence of chelating agent (EDTA) also was determined

Wanikiat et al. (2008) studied the anti-inflammatory activity of
B. lupulina extract employing two neutrophyll dependent acute mnfteatory
models, carrageenan induced paw edema and ethgiopade induced ear
edema in rats. The underlying cellular mechanisms atse Wwrought out by
investigating the effects of the extract on human wopliyll responsiveness

by analyzing the myloperoxidase (MPO) activity. Theract could induce
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powerful dose dependent inhibitory effectsbioth edema models irats.
Moreover a significant reduction in MPO activity in thélamed tissue was
noted which indicates that the anti-inflammataffect of the extract is

mediated by reduced neutrophyll migration.

The anti-inflammatory activities of extracts fromfeliént parts of
threeBarleria species of South African origin were investigated by Ambo
al. (2009). All the extracts showed broad-spectrum actidioenl activity with
minimum inhibitory concentrations ranging from 0.0596t85 mg/ml. Good
activity (>70%) was shown by 12 out of 21 crude extragats the
cyclooxygenase-1(COX-1) assay while 10 extracts stogeod activity in
the COX-2 assay. All the petroleum ether extracts (®xBe prionitis stem)
exhibited good inhibition of prostaglandin synthesisQOX-1. The results
demonstrated the therapeutic potential of these plants astiamflammatory
agent and also that the effect is mediated by ithibition of the COX

enzymes.

Antioxidant activity of aqueous and methanolic extractsioled from
leaf, stem and flower ajusticia spicigera and their contents of phenolic
compounds and flavonoids were evaluated in a studynignézet al. (2009).
The amount of total phenolic compounds was determuimgdg the Folin-
Ciocalteu reagent. Total flavonoid content was evabliatvith aluminium
chloride under basic conditions. The results revealetl ¢ktracts prepared
with methanol possess a higher antiradical actiigntthe aqueous one. The
leaf and flower extracts were found to have more aiulamt activity than the
stem extract prepared with the same solvent. The rgsidise the ability of
J. spicigera to be used against various free radical-related afi@mmatory

disorders.

The anti-inflammatory activity of agueous extractBofcristata leaves

in different experimental screening methods has beeortezh (Gambhirest
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al., 2009b). The aqueous extractBofcristata leaves at doses of 125, 25Mhd
500 mg/kg body weight was evaluated in acute inflammgatoodels against
carrageenan induced paw edema in rats, prostaglaimdhitstory activity and
acetic acid induced capillary permeability in mice. Thécome of the study
showed significant inhibition of edema induced by cares@n, prostaglandin

activity and vascular permeability in mice.

Gambhire et al. (2009a) evaluated the anti-inflammatory activity of
methanolic extract oB. cristata leaves usingn vivo andin vitro methods. In
thein vivo inflammation testsB. cristata leaf methanolic extract could inhibit
edema produced by histamine and serotonin in radsreduce acetic acid-
induced vascular permeability in mice, dose dependeftiyhein vitro tests,
the probable supporting mode by which the extractiatesl its effects on
inflammatory conditions was studied on red blood cells GRBexposed to

hypotonic solution and thermally induced protein deraton.

Gambhire et al. (2009c) carried out extensive assays on anti-
inflammatory and antioxidant potential of different extsaand fractions of
B. cristata using acute and chronic models dhflammation.
Anti-inflammatory activity of petroleum ether, chlorofio and methanol
fractions ofB. cristata extract were studied by carrageenan induced rat paw
edema and cotton pellet induced granuloma method at #eldweels of 50,
100 and 200 mg/kg body weight. Results of the swliywed that chloroform
fraction has moderate anti-inflammatory activity wheremathanol fraction
showed significant and dose dependent anti-inflammatoiiyitg, in both the
models studied. Methanol fraction at the dose of 20kgngnd indomethacin
(10 mg/kg) significantly inhibited (65.21% and 69.07&spectively) rat paw
edema at the end of 4 h after carrageengection. In the cotton pellet
induced granuloma method, all the three fractions andmetitacin showed

significant activity when compared with control grougethanol fraction

39



(200 mg/kg) showed maximum inhibition of 62.37% {wetton) andb3.84%
(dry cotton) where as indomethacin (10 mg/kg) show@d4% (wet cotton)

and 59.61% (dry cotton) inhibition of cotton pellet iodd granuloma in rats.

Gambhireet al. (2009b) has also analyzed the free radical saamgn
activity of B. cristata aqueous extract using DPPH (1,1-diphenyl-2-picryl
hydrazyl) and NO (Nitric oxide) radicals. TheglGralues for the percentage
of inhibition of the formation of the two radicalsere 206.61 pg/ml and

289.01 pg/ml respectively.

Sawarkar et al. (2009) investigated the antioxidant activity tbke
aqueous and hydro alcoholic extracts of the leaveB. girandiflora by the
ferric thiocyanate (FTC) and thiobarbituric acid (TBAgthods. FTC method
was used to measure the amount of peroxide formedegbrtmary stage of
linoleic acid peroxidation. The leaf extracts were foumgdssess significant
antioxidant activity when compared to the standafdamin C and the
activity was found to be more for the hydro-alcohaidract, when compared

to the aqueous extract.

Crude extracts (dichloromethane and methanol) of 20 plafts
Acanthaceae were screened for their antiplasmodidgtoxic, antioxidant
and radical scavenging activities by Charodncta al. (2010). The
methanolic extracts oB. cristata, Justicia procumbens and Strobilanthes
auriculatus were shown to exhibit excellent antioxidant propedrty the

ORAC antioxidant assay.

Jaiswal et al. (2010a) carried out a comparative study aa tibtal
phenolic content, reducing power and free radical stging activity of aerial
parts ofB. prionitis. They evaluated the antioxidant activity of 50% ethanolic
extract of leaf, flower and stem & prionitis by usingp-carotene bleaching

assay, reducing power and free radical scamgngctivity (DPPH and
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hydroxyl radical scavenging activity). The aotphenolic content alswas
analyzed by the Folin—Ciocalteu colorimetric methode Téaves exhibited
free radical scavenging activity as evidenced by the IOy values in both
DPPH (336.15 pg/ml) and hydroxyl radical (568.65 pytméthods. The total
phenolic content oB. prionitis leaves was found to be 67.48 mg/g gallic acid

equivalent.

Jaiswalet al. (2010b) reported the anti-inflammatory activity @%b
methanolic extract of the flower @&. prionitis. The extract in doses of 50,
100 and 200 mg/kg caused a dose-dependent inhilmfiewelling caused by
carrageenan equivalent to 17.8-48.6% protection anavexho46.2-36.4%

protection from inflammation in cotton pellet granuloma.

Lalitha and Sethuraman (2010) reported anti-inflammatartyvity of
the roots ofE. viride. The ethyl acetate fraction of the root extract was
administered orally to rats. The anti-inflammatory activity wagermined by

carrageenan-induced paw edema and cotton pelletlgraaunodels.

The anti-inflammatory activitiy of ethanol extract dadrial parts of
Justicia gendarussa in animal models was demonstrated by Jothimanivannan
et al. (2010) using carrageenan-induced rat paw edemacatidn pellet
granuloma method. The study was carried out in twaedfft dose levels of
250 and 500 mg /kg orally. The extract at the dos®&Qff mg/kg showed
maximum inhibition of 52% in carrageenan-induceaw edema and 45%

inhibition in dry weight cotton pellet granuloma formation

In a study by Muslimet al. (2010), validation of GC-TOF mass
spectrophotometric methods  for  quantitative determinatioof
phytoconstituents in methanolic and aqueous extrac® @ispus was done.
The antioxidant properties of standardized methanolic andoag extracts of

S crispus were assessed using DPPH free radical, xanthine oxmlassty
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and 3-carotene-linoleate model system. The etstraisplayed verytrong
inhibitory activity towards xanthine oxidase enzyme, howevéhey
demonstrated moderate antioxidant properties, which is esadeiy the
qguenching of DPPH free radical and preventing the hiagcof 3-carotene

by linoleic acid.

The anti-inflammatory activity ofusticia pectoralis has been reported
by Locklearet al. (2010) using cyclooxygenase-2 (COX-2) enzyme ittiloito
assay for evaluating its anti-inflammatory préoyperThe extract inhibited
COX-2 catalytic activity with 1G, value of 4.8 pg/ml revealing its significant

anti-inflammatory effect.

There have been many previous reports on the anéiokidnd anti-
inflammatory activities ofl. gendarrussa. The anti-inflammatory activity of
the leaves ofl. gendarussa has been measured by carrageenan induced rat
paw edema, formalin-induced paw edema and cotton ppietuloma after
extracting with ethanol (Shikhet al., 2010). Krishnaet al. (2010) reported
the antioxidant potential of stem methanolic extractl.offendarussa. The
crude methanolic extract was fractionated in petroleunmr,etidoroform and
methanol fractions. The marc remained was further exttastéh double
distilled water. All fractions and the aqueoestract were tested for
antioxidant activity. Among the different fractionsethanolic fraction

showed the highest antioxidant activity.

The anti-inflammatory activity of. gendarussa leaf methanolic extact
was evaluated in Freud’s complete adjuvant inducediticthats. The results
of the study suggested that the anti-inflammatory meshaofJ. gendarussa
leaf extract may be through its free radical scavengoiyity, its stabilizing
action on lipid peroxide and increased antioxidant lev@lsnnaet al., 2011).
Antioxidant activity of leaf extract od. gendarussa was assayed by Krishna

et al. (2009) by DPPH free radical scavenging, hydrogemxide scavenging
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and reduction of ferric ion in presence and absaideDTA, and theresults

indicated that the methanolic extract has good antioxidaititg.

The antioxidant potential of methanolic extract Egbolium viride
roots was investigated by employing three differientitro methods such as
DPPH radical scavenging activity, nitric oxide radisevenging activity and
reducing power assay (Balal al., 2011). Total flavonoid content was also
determined by colorimetric method. The extract was dotm be rich in
flavonoid content (78 = 4.8 mg quercetin equivalemirg weight of extract).
Results obtained in the present study reveal mhetthanolic extract of

E. viride possess significant antioxidant potential.

The whole plant extracts d. prionitis was reported to show potent
antioxidant activity (Chetasmt al., 2011). The radical scavenging potential of
the aqueous and alcoholic extracts of the whole plantarvalyzed using the
DPPH radical, ABTS radical, hydroxyl radical, reduripower and nitrous
oxide scavenging assays. The ethanol extract wasnshmle more potent in
scavenging the free radicals than the aqueotrsicex The total phenolic
content also was determined during the study which shalatp correlation

with the antioxidant activity.

The antioxidant properties of petroleum ethdichloromethane,
ethanol and methanol extracts from different part®.gbrionitis, B. greenii
and B. albostellata were studied (Amocet al., 2011). In the DPPH radical
scavenging assay, different parts Rdrleria species showed g values
ranging from 6.65 to 12.56 pug/ ml. The extract coulddrabout a reduction
of the ferric ion/ferricyanide complex to the fesoform and reduce the
carotenoid bleaching rate suggesting the presence iokigiaint compounds.
The phytochemical studies confirmed the presencflawbnoids, iridoids,
tanninsetc. which might be responsible for the observed bickgactivities

of the extract.
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Khobragade and Bhande (2012) reported thesepoe ofreactive
oxygen scavenging agents in the extracB.gbrionitis leaf methanolic extract
which can disrupt the membranes of bacteThey investigated the
antioxidant and anti-inflammatory potentials Bf prionitis leaf extract using
DPPH and anti-denaturation assays respectively. Thbhamaic extract of
B. prionitis exhibited radical scavenging activity in a concentrationedepnt
manner with an Igy value of 0.30 = 0.02 mg/ml compared to L-ascorbid ac
(ICso= 0.5 + 0.01 mg/ml)and anti-inflammatory activity with percentage
inhibition of 85.77% which was comparable to stand#ydprofen which

showed 90.0% of inhibition at the same dose.

The effect of hydro-alcoholic extract & prionitis whole plant on
inflammatory mediators and cell membrane in respdns®xic chemicals
was evaluated (Majet al., 2011). The membrane stabilization and mast cell
protection activity of the extract was studied. The extedcthe dose of 10
pnag/ml could significantly reduce the rat mesenteric matdegranulation up
to 64.91% and prevented hypotonic solution induced hgsisolof rat
erythrocytes by 27.10%. The results of the studyaaokear evidence for the

anti-inflammatory activity oB. prionitis whole plant.

Amid et al. (2011) observed antioxidant activity of leaves, cahlusl
suspension culture af. gendarusa via DPPH radical scavenging assay. The
assays were conducted on aqueous and methanolic textfaleaves, callus
culture and cell suspension culture. Callus induced ow MAowed higher
phenolic content and antioxidant activity as compared to tieeiduced on
2,4-D.

Banuet al. (2011) studied the total phenolic content of the methan
extract of the leaves darleria montana which was assessed by using Folin-
Ciocalteau method employing gallic acid and tannic acidhascalibration

standards. The antioxidant potential of the methanolic exatso was also
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measured using hydrogen peroxide scavenging andHDRiethod. The
methanolic extract oB. montana leaves showed prominent gvalue of 51
png/ml by hydrogen peroxide method and 68 pg/ml by DRithod, and the
standard ascorbic acid showed agylalue of 9 ug/ml by hydrogen peroxide
method and 16, value of 7.8 pg/ml by DPPH method.

Chemical constituents and biological activities of sgeaf Justicia
were reviewd by Correa and Alcantara (2012). &h&-inflammatory and
antioxidant activities of various phytochemical constitsereported from the
species ofJusticia like coumarin, flavonoids, alkaloids, triterpenes and
lignans have been described in detail. Banesjex. (2012) has reviewed the
traditional uses, phytochemistry, pharmacology and itgxiof B. prionitis
and has highlighted the different phytochemicahstituents and the wide

range of pharmacological properties of the plant.

Various extracts ofB. prionitis roots were screened for anti-
inflammatory activity using carragennan induced rat pdene at the dose of
200 and 400 mg/kg orally (Khadse and Kakde, 20The aqueous extract
was found most active; it was then fractionated intg fogjor fractions (FR |
to IV) and were screened by the same tests. Resutgeshthat at a dose of
400 mg/kg FR-1ll & IV showed significant activity with0.64% and 55.76%
inhibition of edema respectively at the end of 4 haspared with reference

drug indomethacin with 60.25% inhibition of edema.

The antioxidant property of aqueous andareshc extracts of
S crispus leaves has been reported by Qaedeml. (2011). Antioxidant
activity was evaluated by DPPH and ferric resycantioxidant power
(FRAP) assays. The results showed that ethanol extragtiaged high

antioxidant activities, when compared to aqueous extract
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The inhibitory effect of ethanolic extract df gendarrussa leavesin
nitric oxide (NO) production, inducible nitricxide synthase (iINOS) and
matrix metalloproteinase-9 (MMP-9) gene expressionsewstudied in
lipopolysaccharide (LPS) stimulated macrophage cell RA&V 264.7. The
extract (200-50 pg/ml) attenuated NO prddac from macrophages
simulated with LPS. Moreover, it significantly suppress&éDS mRNA
expression and also downregulated the MMP-9 geneession in the
macrophages. The results revealed the modulatory funofidghe extract in
inhibiting NO, INOS and MMP-9, and demonstrate the -arftammatory

properties of). gendarussa (Varmaet al., 2011).

In a study by Uddiret al. (2011), the crude methanol extract as well as
the petroleum ether, carbon tetrachloride and chlamofsoluble fractions of
the whole plant ofl. gendarussa were studied for antioxidant activity. Among
the different fractions tested for antioxidant activilgaximum activity was
observed with the chloroform fraction with s§Cvalue of 18.80ug/ml
followed by the two other fractions carbon tetrachlori@.00 pg/ml) and
petroleum ether (37.64 pg/ml) soluble fi@wdi exhibiting significant

antioxidant activity as well.

The antioxidant potential of ethanolic extract qlusticia
tranquebariensis by eight differentin vitro models such as DPPH radical,
ABTS radical, Ferric reducing power, chelatinility of ferrous iron,
reducing power, hydroxyl radical, hydrogen peroxatel nitric oxide radical
scavenging activity was analysed, and the resu#tee compared with the
standard antioxidants like butylated hydroxyanisole (BHAY ascorbic acid.
The alcoholic leaf extract was found to be more effeciivthe ABTS radical
scavenging activity and its percentage of inhibitiwas 75.7+0.3 for 300
pg/ml (Suriyavathanat al., 2011).
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The antioxidant screening alusticia wynaadensis leaf extractwas
carried out by Medapa&t al. (2011) and the observed high antioxidant
property has been suggested to be due to the presépbenolics, flavonoids

in the extract as well as its catalase and peroxidasgrenactivities.

The ethanolic extract oE. linneanum was tested for antioxidant
activity in Swiss albino mice and found to possess laigtioxidant potential
when compared to the control ascorbic acid (Kbaal., 2013). Dipankar and
Murugan (2012) reported tha vitro antioxidant property of leaves and stem

extracts ofE. linneanum.

Narmadha and Devaki (2012a) evaluated the antiokidativity of
ethanolic and aqueous extracts Bf cristata leaves and reported good
scavenging activity of the ethanolic extract in DPPHI aaBTS radical

scavenging and FRAP assays.

Yadav et al. (2012) reported the antioxidant activity offateed
methanol extract oBarleria noctiflora leaf and root extracts using DPPH
radical scavenging activity, Fechelating activity assay, nitric oxide radical
scavenging activity, ABTSradical cation decolourisation assay, superoxide
anion and hydrogen peroxide radical scavengaajvities. The extracts
showed good antioxidant capacity in DPPH radical scavgngssay, when
compared to otheim vitro models and the I values were found to be 150
png/ml in leaf extract and 140 pg/ml in root extracte Tatal phenolic content
using Folin-Ciocalteu reagent indicated that 1 mg af kend root extracts
contain 368 pg and 481 ug gallic acid equivalents asal the total flavonoid
content was found to be 240 pg and 410 pg respectiwdly quercetin
equivalence. The results also indicated that the antioxigatgntial of the

root extract is high, when compared to the leaf.
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Marathakamet al. (2012 investigated the phytochemicabnstituents
and in vitro antioxidant potential of different extracts of aerprts of
Justicia beddomei. All the extracts were evaluated for the@otential
antioxidant activities using DPPH, hydroxyl radical, sup&le anion radical
scavenging abilitiesp-carotene-linoleic acid model, reducing power ability
and total phenolic and flavonoid contents. The pheraolid flavonoid content
was found to be highest in methanolic extract and $owe petroleum ether

extract.

The anti-inflammatory function and mechanism(s) ofcacbf an ethyl
acetate fraction isolated from methanolic extraci.afendarussa roots (EJG)
was studied (Kumaet al., 2012). Anti-inflammatory studies were conducted
on rats using partitioned fractions. In carragedndneed rat paw edema,
ethyl acetate fraction brought about 80% and 93% edehilition at 3rd and
5th h at a dose of 50 mg/kg, when compa@dother extracts and the
standard. They also investigated whether the extradbit®ilthe release of
cyclooxygenase (COX), 5-lipoxygenase (5-LOX), intekiee6 (IL-6) and
nuclear factor kappa B (NEB) in LPS stimulated human peripheral blood
mononuclear cells (hPBMCs). Results showedt tthe extract dose
dependently inhibited LPS-activated COX, 5-LOX, IL-6,damNF«B in
hPBMCs. EJG also reduced LPS induced levels of INOSGIDH-2 mMRNA

expression in hPBMCs.

Desuet al. (2011a) has conducted-vitro anti-inflammatory and anti-
osteoarthritic studies of ethanolic extractsSofobilanthes kunthianus and S
cuspidatus using ‘Human RBC membrane stabilization method’ and ‘Rabb
cartilage explants culture method’ respectively. Theltesavealed that both
the extracts have anti-inflammatory and anti-ostea#idhactivity in another
study by Desuet al. (2011b), where the anti-inflammatory effecof

S kunthianus and S. cuspidatus dried leaves alcoholic extracts has been
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studied by ‘Carrageenan induced rat paw edema mietiral ‘Cottonpellet

induced granuloma formation’ in rats.

The in vitro grown stem and leaf derived calli df gendarussa
obtained on solid MS medium supplemented with NAA+BAP wetacted
in ethanol, methanol and ether. A significantly highesncentration of
phenolics was observed in the solid grown stem caltime@ed in methanol
and solid grown leaf callus extracted in ethanol. High#B8PH scavenging
activity was observed with methanol extracts of stemivee callus cultured
on solid medium at the concentrations of 145.0000 51g/ml (Bhagya and
Chandrasekhar, 2013).

The methanol extract of the whole plantBfprionitis was subjected
to screening for anti-inflammatory activity using cgeanan-induced rat paw
edema model (Singlet al., 2013). The methanol extract showed 51.39%
inhibition with the administered dose (500 mg/kgp.) as compared to
88.54% of edema inhibition by 20 mg/kg of the standadbmethacin.

The protective efficacy o8trobilanthes callosus against the acute and
chronic inflammation was assessed on rat model (Kustaal., 2013).
Inflammation was induced by carrageenan and Freucalsplete adjuvant
model in plantar surface of the rats. The ethanol,rofdom and petroleum
ether extracts in three different doses (1000 zand 400 mg/kg) were
administered orally. Only the petroleum ether ext@€&0 and 400 mg/kg)
showed statistically significant effect at every intervéllb in carrageenan
induced model. In Freund’'s adjuvant model, petra ether and ethanol
extract (200 and 400 mg/kg) have shown statisticaliyiBcant effect. The
chloroform extract was shown to be effective onlyhet dose of 400 mg/kg.
The findings of the study clearly show the promising affic of S callosus

against acute and chronic inflammation.
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Malarvizhi et al. (2013) evaluated the protective effect of ethanahd
aqueous extract of leaves &f viride on acetaminophen induced toxic
hepatitis. Oral administration of acetaminophah the dose of 2g/kg
decreased the activities of antioxidant status and incrdasddperoxidation
in hepatic tissue of rats. Treatment wWiEhviride extracts at the dose of (200
& 400 mg/kg p.o.) significantly ameliorated the toxic niasiations to
normalcy. The aqueous and ethanolic extractg. airide could attenuate the
induced hepatic oxidative damage possibly by modulatingd¢higities of the
antioxidant status and membrane bound phosphatases mhg@dipxidation,

by acting as a potent scavenger of free radicals.

The phytochemical screening and evaluation of antaxidactivity of
Barleria mysorensis leaves were carried out by Jingt al. (2012).
Antioxidant study was performed with DPPH assay ametal chelating
activity. Analysis of total phenolic cotent of the extractsvedso done, which

revealed significant amount of phenolics in the extract.

Preliminary phytochemical screening, quantitative dateation of
secondary metabolites and vitamins as well easluation ofin vitro
antioxidant activity of the ethanolic extract Bf cristata leaves have been
carried out by Amutha and Doss (2009). Phytochemszakening revealed
the presence of alkaloids, flavonoids, glycosideaponins, phenols and
tannins. The 50% ethanolic extract of leaves showedifisignt antioxidant
activity which was presumed to be due to the occuerent secondary

metabolites in the extract.
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B. PHYTOCHEMICAL STUDIES

Phytochemical attributes of various medicinal paate based othe
nature and constitution of secondary metabolites preasethem. Recently,
there is a growing interest in correlating phytochemiaaisttuents of plant
with its pharmacological activity (Vaidya and Antarkd§94). Owing to the
new attraction for natural products, it is important tovelep a better
understanding of their mode of biological actifmm new applications in
human health, agriculture and the environment. Some @ tleonstitute
effective alternatives or complements to synthetic comgsiof the chemical

industry, without showing the secondary effects (Caeswh Riley, 2003).

The earliest work on the isolation of chemical constitsieinbm the
genus Srobilanthes dates back to 1979 wherein tryptanthrin, a quinazoline
alkaloid has been isolated from the leavestobbilanthes cusia (Honda and
Tabata, 1979).

B-sitosterol and three triterpenoids namely lupeol, betaid lupenone
were isolated from the roots db cusia by Rong et al. (1987). Two
quinazolinone alkaloids 4(3H)-quinazolinone, 2, 4 (1H)-3quinazolinedion;
two indole alkaloids indigo, idirubin and three triterpeniz., lupeol, betulin
and lupenone were isolated from the whole planSotusia by Li et al.
(1993).

The analysis of extracts from the South American plapéctoralis by
de Vries et al. (1988) resulted in the identification of coumarin,
dihydrocoumarin, umbelliferone and 3-(2-hydnotxenyl)propionic  acid
along with other compounds by gas chromatography@magectrometry
(GC/MS); the acids and phenolic compounds were derivatizgth

diazomethane. GC/MS of simple coumarins, phenylpropiagcids and their
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hydroxylated isomers was performed after derivéibmathroughmethylation

and trimethylsilylation.

The essential oil fron®. callosus from Central India was analyzed by a
combination of GC, GC/MS and NMR. The oil obtainednfrpre-flowering
plants was found to possess compositional differencethab from post-
flowering plants. The oil from post-flowering plantentained trans-sabinene
hydrate (3%), cis-sabinene hydrate (9%), terpinen-4-@41 alpha-terpineol
(5%) and methyl chavicol (24%). The oil from pre-flower plants contained
trans-sabinene hydrate (5%), cis-sabinene hydrate )(14%inen-4-ol (23%)
and o-terpineol (5%). Methyl chavicol was not detectied pre-flowering
plants (Weyerstahdt al., 1992).

Four iridoid glucosides isolated from the leavesBoflupulina have
been identified as 6-p-methoxy-cis-cinnamoyl-&-acetylshanzhiside
methyl ester, &-p-methoxy-trans-cinnamoyl-&-acetylshanzhiside methyl
ester, 60-p-cis-coumaroyl-80-acetylshanzhiside methyl ester andO4-
trans-coumaroyl-&-acetylshanzhiside methyl ester and their structureg hav
been elucidated (Tuntiwachwuttiket al., 1998).

Two new iridoid glycosides, together with the known cononpds
barlerin and verbascoside, were isolated fiBmprionitis by Chenet al.
(1998). The new iridoid glycosides were determinied be 60O-trans-p-
coumaroyl-80-acetylshanzhiside methyl ester and its cis éoioy using
spectroscopic, especially 2D NMR, data. A 3:1 mixtur¢he two was shown
to have potentn vitro activity against respiratory syncytial virus with &C
2.46 pg/mL and 165 42.2ug/mL.

Venkata Raoet al. (1999) identified campesterol, stigmasterol and
[B-sitosterol as minor components of a sterol mixture whiey isolated from

the stem and root extract Bf longiflora by GC-MS. The extracts were
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subjected to column chromatography and thdt tte the isolation ofour
anthraquinones. A pentacyclic triterpene namely #minigdlas also isolated

with its isomer faradiol.

Two new lignan glycosides, 4-O-[alpha-L-arabinopysaidl’ "—2")-
beta-D-xylopyranosyl-(1' 55" ")-beta-D-apiofuranosyl]diphyllin (ciliatoside
A ) and 4-0O-¢, [beta-D-apiofuranosyl-(1' +»3' ")-alpha-L-arabinopyranosyl-
(1" 2" ")][beta-D-xylopyranosyl-(1' " —5' ")]-beta-D-apiofuranosylg,
diphyllin (ciliatoside B) with potent anti-inflammatorgffect were isolated
from the whole plant ofl. ciliata (Day et al., 2000). The structures of the
compounds were determined by extensive speatndl chemical methods.
Both the compounds strongly inhibited the accumulationN@¥(2)(-) in
lipopolysaccharide-stimulated RAW 264.7 cells in acanration-dependent
manner with 1G, values of 27.1 + 1.6 and 29.4 + 1.4 uM, respectively

Chemical composition o8& crispus leaf extract was determined by
Ismail et al. (2000). Mineral content was determined using &btemic
absorption spectrophotometer, whereas the water-soluliemins were
determined by means of the UV-VIS spectrophotometerarfuit C) and
fluorimeter (vitamins B and B). Catechin, tannin, caffeine and alkaloid
contents were also studied. The dried leaves contairfeghaamount of total
ash (21.6%) as a result of a high amount of mineiradtuding potassium
(51%), calcium (24%), sodium (13%), iron (1%) andgbthorus (1%). High
content of water-soluble vitamins (C, B1 and B2) cbuated to the high
antioxidant activity of the leaves. The leaves asotained a moderate
amount of other compounds such as catechins, alkalcédfeine and tannin,
contributing further to the total antioxidant activityat€chins ofS. crispus
leaves showed highest antioxidant activity when compéregerbamate and

vitamin E.
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From the aerial part oB. lupulina, 18 compounds were isolatdxy
Kanchanapoomet al. (2001) among which 13 are known compounds. The
newly identified compounds are  8-O-acetyl-6-Qrsp-
coumaroylshanzhiside, saletpangponosides A—C and &@Qtamussaenoside.
The known compounds included iridoid glucosides, phepyopanoid
glycosides, lignan glucoside, aliphatic glydes and benzyl alcohol
glycoside. The structural elucidations were based atys@s of physical and
spectroscopic data. The methanolic extract of aeridl gfaB. lupulina was
suspended in water and defatted with diethylethee ddueous layer was
subjected to column chromatography using a higidyous copolymer of
styrene and divinylbenzene, and eluted wittOHMeOH and MgCO,
successively. The fraction eluted with MeOH wapeatedly subjected to
column chromatography using silica gel and octadecylsilida gel, then by

preparative HPLC-ODS to obtain 18 compounds.

The phytochemical investigation of roots $fcallosus revealed lupeol
as a major ingredient to the extent of 50% of the totablsetm ether extract.
Stigmasterolp-D-glucopyranoside, crassifolioside and few phemnypanoid
glycosides were also isolated from the chloroform atingl eacetate extracts
of S callosus by Agarwal and Rangari (2001).

Agarwal and Rangari (2003a) has carried out the nanlu
chromatographic studies of the essential oil frodme flowering tops of
S ixiocephala and isolatedB-caryophyllene, fenchyl acetate, cadinol and a

new sesquiterpene ixiocephol. The structure of ixibok was structurally

elucidated from its UV, IR'*H NMR, **C NMR and mass spectral data.

Two new anthraguinones have been isolated fi®&nprionitis and
characterized as 1,8, dihydroxy -2,7-dimethyl djGethoxy anthraquinone
and 1,3,6,8-tetra methoxy-2,7-dimethyl anthraguinogeGhnga Rajuet al.
(2002).
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Kanchanapoomet al. (2004a) isolated four triterpenoidglycosides
(justiciosides A-D) from the aerial portion 4f betonica. Their structures
were established through chemical and NMR spectpis@nalyses as olean-
12-ene-3,3B,110,28-tetraol 28-B-D-glucopyranosyl-(32)-p-D-
glucopyranoside, olean-12-enp;3B,11a,28-tetraol 28-B-D-
glucopyranosyl-(4>2)-p-D-glucopyranosyl-(4>2)-p-D-glucopyranoside,
1la-methoxy-olean-12-eneB13B,28-triol  28-Of-D-glucopyranosyl-(32)-
B-D-glucopyranoside and didmethoxy-olean-12-eneB13p3,28-triol 28-O4-
D-glucopyranosyl-(32)-3-D-glucopyranosyl-(32)--D-glucopyranoside

respectively.

A phenylethanoid (4-hydroxyphenylethyl 4-O-betagdcopyranosyl-
(1—>3)-O-alpha-L-rhamnopyranoside) and an iridoid (10-@3f-coumaroyl-
eranthemoside) were isolated from an enBrestrigosa plant together with
verbascoside, isoverbascoside, decaffeoylverbascogiflyoniresinol &-O-
B-D-glucoside, apigenin 7-@-L-rhamnosyl-(1-->6)-OB-D-glucoside, 7-O-
acetyl-8-epi-loganic acid and (3R)-1-octen-3-dD3-D-xylosyl-(1-->6)$-
D-glucoside. The structural elucidations were basedammaiyses of physical

and spectroscopic data (Kanchanapasral., 2004b).

A new indolo[3,2b]quinoline alkaloid glycoside, jusbetonin (1), and
three known alkaloids, namely, H&quindoline (2), 61-quinindoline (3), and
5H,6H-quinindolin-11-one (4) have been isolatédm the leaves of
J. betonica. The structure of (1) was established on the basiEDoand 2D
NMR (*H-H COSY, HMQC and HMBC) and HRFABMS data. Compound
(1) is the first example of a glycosylated alofi3,2-b]quinoline alkaloid,
while compound (4) was isolated for the first tifnem a natural source
(Subbarajuet al., 2004).

Three phenylethanoid glycosidesiz.,, B-[(3',4-dihydroxyphenyl)-
ethyl]-(4"-O-caffeoyl)- B-D-glucoside (desrhamnosylacteosidep-[(3',4'-
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dihydroxyphenyl)-ethyl]-(3-O-L-rhamnosyl)-(4-O-caffeoyl)$-D-glucoside
(acteoside) andB-[(3',4-dihydroxyphenyl)-ethyl]-(3,6"-O-L-dirhamnosyl)-
(4"-O-caffeoyl)$-D-glucoside (poliumoside) were isolated ar€ntified
from the callus cultures dB. cristata (Abd ElI-Mawla et al., 2005). The
structures of the isolated compounds wereablished by spectroscopic
evidence (UV, 1D and 2D-NMR and ESIMS) and furtleenfirmation has
been done by comparison with authentic samples. arheunt of the above

compounds in the callus culture was determinedgusiRLC.

Three new triterpenoidal glucosides, justidesi E, F and G were
isolated from the aerial portion Jf betonica (Kanchanapoonet al., 2005).
Their structures were established throughemical and spectroscopic
analyses and showed an unusual A-nor-B-homo oled2ame skeleton type
for the aglycone moiety as A-nor-B-homo-oleai®,12-diene-8,110,28-
triol 28-O{-D-glucopyranosyl-(3>2)--D-glucopyranoside, A-nor-B-homo-
oleanan-10,12-dieneB3l1a,28-triol  28-Of-D-glucopyranosyl-(32)-B-D-
glucopyranosyl-(32)-p-D-glucopyranoside and  &imethoxy-A-nor-B-
homo-oleanan-10,12-dieng;31a,28-triol 28-O$-D-glucopyranosyl-(+2)-
B-D-glucopyranosyl-(3>2)-p-D-glucopyranoside respectively.

Khare (2007) has reported that the roots Bf cristata contain
anthraquinones and flowers contain apigenin, nanimg quercetin and
malvadin. Leaves and stems Bf prionitis showed the presence of iridoid
glucosides, barlerin and acetyl barlerinowdrs contain the flavonoid
glycoside, scutellarin-7-neohesperidoside. Thesgnce of3-sitosterol also

has been reported.

Ata et al. (2007) carried out detailed phytochemical gsial of the
crude ethanolic extract d@. prionitis that led to the isolation of six natural
products viz., balarenone (1), pipataline (2), lupeol (3), piside A (4),
prioniside B (5), and prioniside C (6). Compounds415, and 6 were new
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natural products, while 2 and 3 were already kno@ompounds 1-6vere
screened for glutathion&transferase (GST) acetylcholinesterase (AChE)
inhibitory activities and found to be active in these bsags. Pipataline (2)
was isolated on a large scale and it exhibited moderatetbiity in both the

enzyme inhibition assays.

Ata et al. (2009) carried out phytochemical studies on the elf@no
extract of the aerial parts &. prionitis that resulted in the isolation of a
phenyl ethanoid glycoside, namely, barlerinoside alavith six iridoid
glycosides, namely shanzhiside methyl esteQ-tans-p-coumaroyl-80-
acetylshanzhiside methyl ester, barlerin, acetylbarléfimethoxydiderroside
and lupulinoside. Among them barlerinoside was sigaifity active in GST
inhibition assay with an 1§ value of 12.4 pM but weakly active in AChE
inhibition assay. The other compounds also exhibitecrdifit levels of GST,
AChE inhibitory activities. All of these natural produst®re also evaluated
for free radical scavenging activity and only compbul was found to be
significantly active in this assay with angiGsalue of 0.41 pg/ml. Rest of the
compounds were weakly active in this assay witky M@lues in the range of
5-50 pg/ml.

Jimenez et al. (2009) estimated the total phenolic and flavonoid
contents of extracts af. spicigera. The total phenolic content ranged from
1.33-5.01 g gallic acid equivalents/100 g dry weightaflLand flower extracts
obtained with methanol or water had higher amounts ofglleecompounds
than stem extract. Total flavonoid content was éetw0.18 and 1.30 g
catechin equivalents/100 g dry weight and the ordemfethanol extracts is
leaf > flower > stem, whereas for the aqueous exttadssequence is stem >
flower > leaf. This is the first study describing thdi@didant activity from

J. spicigera. Phenolic compounds and flavonoids contribute to ttiivigy.
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Kpoviessiet al. (2009) analyzedusticia anselliana essential oilsrom
fresh aerial parts and roots by GC and GC/MS. Thdysisarevealed the
presence off-phellandrene (51.2%)¢-2-carene (43.4%), dihydrotagetone
(0.4%) and propyl butyrate (0.3%) in the aerial partshereas,
phenylacetaldehyde (39.2%p-3-carene (31.7%), 6-methyl-5-hepten-2-one
(16.4%) andr-phellandrene (12.6%) were detected in the roots.

A new iridoid glycoside and three known iridoglycosides were
isolated from the aerial parts & trispinosa by Harrazet al. (2009). The
structure of the new compound was determined ad hamnopyranosyl-8-
O-acetylshanzihiside methyl ester. The known compsumere identified as
6,8-0,0-diacetylshanhiside methyl ester (acetyl bareri 8-O-
acetylshanzhiside methyl ester (barlerin) and shanzhisidthyl ester, which
were isolated from the plant for the first time. Theictures of the isolated
compounds were elucidated by spectroscopic evidene&)ly one- and two-

dimensional proton and carbon-13 NMR spectroscopy.

Balakrishnanet al. (2010) conducted preliminary phytochemical and
pharmacognostic studies & viride to set scientific parameters to ensure its
quality by identifying the true plant material. IPninary phytochemical
profile and the necessary pharmacognostic standardsvétuating the plant
material have been established. Various parameters ticphology,
microscopy, powder analysis, fluorescence ratteristics and physico-
chemical constants of the roots were studied and thgndstic features are
documented. Many of these diagnostic elements amdliminary
phytochemical profile were found to be useful evidenfoe further scientific

investigations of this medicinal plant.

The bioactive flavonoid compounds 8f crispus leaves obtained by
supercritical carbon dioxide (SC-GOextraction were investigated and the

obtained crude extract yields were comparedorioter to select the best
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operation parameters (Liz al., 2010). Since carbon dioxide isnan-polar
solvent, ethanol was used as co-solvent to increaspadlaety of the fluid.
The studied parameters were pressure (100, 1502@@dar), temperature
(40, 50 and 60°C) and dynamic extraction time @0,and 80 min). The
optimum extraction condition occurred at 200 bar, 50°€ @ min. Based on
the mean value, pressure had dominant effect omttraction yield. HPLC
was used to determine the major bioactive flambncompounds from
S crispus. Under the optimum conditions, eight flavonoid comis were

identified; they were (+)-catechin,— ()-epicatechin, rutin, myricetin,
luteolin,

apigenin, naringenin and kaempferol.

Reneela and Sripathi (2010) conducted phytochemical igatish on
the stems ofS ciliatus. The separation of the chemical components was
carried out by chromatography and structurésthe compounds were
elucidated by spectroscopic methods including nuclear etiggresonance as
well as mass spectrometry. The compounds were idehtifise lupeol,

stigmasterol, betulin and stigmasterol glycoside.

A total of ten biological compounds were isolated frtma leaves of
B. montana by using GC-MS analysis (Natarajahal., 2011). Among them,
benzaldehyde,2-hydroxy-6-methyl- and urs-12-en-24@d,3-0x0-,methyl

ester,(+)- were identified as major compounds.

Maji et al. (2011) carried out preliminary phytochemical asmlyof
hydro-methanolic extract oB. prionitis whole plant which revealed the

presence of glycosides, flavonoids, steroids andites.

Pino (2011) studied the volatile -constituent®mf leaves of
J. pectoralis var. tipo grown in Cuba. Thirty-two compounds were identified
from the volatile oil, of which the most prominent were auoal (45.9 %), 1-
octen-3-ol (8.4 %) and coumarin (7.4 %).
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Wang et al. (2011) developed HPLC fingerprints for thouality
evaluation ofJusticia procumbens and its compound preparation, Jian-er
syrup, together with the simultaneous quantificatioreight arylnaphthalide
lignans (6'-hydroxy justicidin B, 6'-hydroxy justicidin, &'-hydroxy justicidin
C, justicidin B, chinensinaphthol methyl ether, justicidin taiwanin C and
neojusticin A). For fingerprint analysis, 17 peaksraveselected as the
characteristic peaks for the evaluation sdfmilariies among different
J. procumbens samples collected from different places. The new otkthas
successfully applied for the chromatographic fingetpramnalysis and
simultaneous determination of eight lignans in desnpound preparation,
Jian-er syrup. All the results indicated that HPLC fingetp assay in
combination with multi-marker determination affodda useful method for

the quality control ofd. procumbens and its compound preparation, Jian-er

syrup.

Olean-12-en8-24 diol, auranamide, aurantiamide acetate,3®
dihydroxy-olean-12-en-28-oic acid and quindoline wéselated from the
dichloromethane extract of the stemsJafticia secunda (Calderonet al.,
2013). Liquid chromatography with ultravioleind mass spectrometric
detection was used to acquire more knowledge of the ichkmomposition
of this extract and to monitor variations in profilesboth the isolated and the
other non-identified compounds ih refractifolia and J. graciliflora. The
compound classes, phenolic and olefinic amidesjldyltyramine amides,
2,5-diaryl-3,4- dimethyltetrahydrofuranoid lignans, ppde alkaloids,
phenylalanine derivatives, conjugated ynones, indoldum@o alkaloids,
triterpenes and pigments, were tentatively identified dasethe LC—-DAD-
APCI-MS analysis. The most frequently encountered ppamd among the
species was auranamide while the distribution of quindoWas limited to

J. secunda.
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A detailed phytochemical screening (qualitative apuntitative)and
HPTLC analysis of various phytochemicals of the cregtgacts ofB. cristata
leaves have been carried out by Narmadha and Dér8kPb). The different
analyses revealed the presence of amino acids, foattades, flavonoids,
proteins, phenolic groups, saponins, steroids, tanamusterpenoids. Among
the different crude extracts tested, most of the qathgmicals were found to
be present in the ethanolic and aqueous extracts. Udndtitptive analysis of
secondary metabolites was done by usingethe#o extracts. In the
qguantitative assays, the ethanolic extract showed highest content of
alkaloids (1.43 £ 0.02), phenols (0.725 + 0.01), dla®ids (0.47 + 0.05) and
proteins (42.5 + 5.13). HPTLC profile of the ethanadixtract support the
presence of alkaloids, flavonoids and phenolic compsuiieg quercetin in

the leaf extract of this plant.

Two phenolic compoundsP{coumaric acid and:—tocopherol), two
flavonoidal compounds (luetoline and 7-methoxy luag)l and two iridoidal
glycosides (barlerin and schanshiside methyl esterg lieeen isolated from
leaves ofB. cristata and their structure were established by spectral asalys
(Hemalathaet al., 2012). Chromatographic resolution of petroleum ether
extracts furnished two phenolic compounds, whickrewcharacterized as
p-coumaric acid and- tocopherol, whereas ethyl acetate extract resulted in
two flavonoidal compounds, which were further identifiaad characterized
as luteoline and 7-methoxy luteoline and fialfrom ethanolic extract
yielded another two new iridoidal glycosides likerléan and shanshiside

methyl ester respectively.

Lupeol was found to be the major constituentSotiliatus and was
isolated from the petroleum ether extract of hgyats of S ciliatus by

column chromatography and identified by IR, NMR, an& Npectral data
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(Venkatachalapathi and Ravi, 2012). It was quagdifin the petroleunether
extract by HPTLC method and found to be 0.16 + 0.02%.

Sarpate and Tupkari (2012) established a sensitive pegformance
thin layer chromatographic method for quantificatioh lupeol which was
isolated from the methanolic extract of dried stem povaded. callosus. The
developed HPTLC technique is precise, specificcurate and shows
remarkable stability indicating that it can be used the routine quality
control analysis and quantitative determination of lupeoim dried stem

powder ofS. callosus for further scientific work.

According to Correa and Alcantara (2012), aagrdiversity of
chemical classes have been reported to be presdm spécies alusticia by
several authors, mainly alkaloids, lignans, flavonoidd &@npenoids (iridoids,
diterpenoids and triterpenoids). Other chemicaksea have been isolated
from species ofJusticia such as essential oils, vitamins, fatty acids
(docosanoic acid) and salicylic acid. Theerastls like campesterol,
stigmasterol, sitosterol and sitosterol-D-glucosiderewalso been isolated
from the leaves and roots of different species. Theratbmpounds reported
to be present in species ddisticia are coumarin, flavonoids, alkaloids and

triterpenoidal glycosides.

Ghule et al. (2012) has developed a method for the quality comtro
B. prionitis which can be employed profitably in place of HPLC. Adieas
well as sensitive and reproducible high-perforoean thin-layer
chromatography (HPTLC) method for the simultaneousntfigation of
shanzhiside methyl ester (SME) and barletime active principles of
B. prionitis was validated. The marker compounds were isolatedfigd and
authenticated by spectral analysis. Precoated gkte60 ks, TLC plates
were used as a stationary phase and chlorafeethanol (80:20) as the

mobile phase. The method was validated in tesméinearity, precision,
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robustness, accuracy and limits of detectioand quantification.
Quantification was performed in the absorbance modevnatvalength of 240
nm using Deuterium lamp. The percentage recoverieSSKME and barlerin
were in the range of 99.20 to 99.54% and 98.93 to 98.d&spectively. The
content (%w/w) of SME and barlerin was found to be 4.91% ang9%

respectively, in methanol extract Bf prionitis.

The chemical composition by GC-MS analysis amtibacterial
property ofB. lupulina essential oil were reported by Sarmetdal. (2012).
The main components of the essential oil included cytéot®yl,1-dimethyl-
2-octyl, 2-Hexyl-1-octanol, 1, 2-benzenedicxylic acid, mono(2-

ethylhexyl) ester and 1-hentetracontanol.

The active compound ecbolin A (a furofuran typfe lignan) was
isolated from ethyl acetate extract Bf viride roots using chromatographic
techniques (Ceciliat al., 2012). The dried powder & viride roots has been
subjected to sequential extraction with different sdlvein the increasing
order of polarity. The ethyl acetate extract exhibisaghificant antimicrobial
activity and hence it was subjected to column chrografhy, and a single
crystal obtained from fraction 7 was identified ab@mn A, a furofuran type
of lignin. The electron impact mass spectrum of ecbdinndicated the
molecular weight of 444.05 corresponding tiee molecular formula
C,3H,404. The structure of ecbolin A reported in the study wasmared and
confirmed with previous reports. The compouecbolin A inhibited the

growth of gram positive bacteria, gram-negative béctend several fungi.

Tanakaet al. (2004) found a new lignin, (+) lyoniresinol 30-3-D
apiofuranosyl-(1-2)-3-D-glucopyranoside and two nephenylethanoid
glycosides, [2,(3,4-dihydroxyphenylethyl)]-3-O-adpiofuranosyl-(1-4)-4-O-
caffeoyl)-R-D- glucopyranoside (cusianoside A) and[2,(3,4-
dihydroxyphenylethyl)]-3-O-3-D-xylopyranosyl-(1-3)O-caffeoyl)- 3-D-
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glucopyranoside (cusianoside B) together with fmewn compounds$upeol,
(+)-5,5-dimethoxy-9-O- R-D-glucopyranosyl lariciresln (+)-9-O- B -D-
glucopyranosyl lyoniresinol, (+)-5,5-dimethoxy-9-Of8 -D-glucopyranosyl
secoisolariciresinol and acetoside frd8robilanthes cusia. Seco-pregnane
steroid glaucogenin C and its monosugar-glycoside cytuside A have been
isolated from the whole plant & cusia. These compounds were found to be

specifically active against the group of positive strandARMNuses.

Rahmat et al. (2006) investigated the chemical constits,
antioxidant activity and cytotoxic activity of essential obrfr S. crispus by
GC-MS analysis. The analysis revealed the presen@S abmponents. The
main constituents of the oil were phytol (46.01%), 2ewcadione (5.84%),
a-cadinol (3.47%), megastigmatrienone (1.21%), 2,3-diblydnzofuran
(1.68%) and eugenol (1.08%).

Ponnamma and Manjunath (2012) analyzed the methanctiace of
Justicia wynaadensis by GC-MS and twenty four compounds were identified.
The major constituents present were dihydrocoumarirytoprand palmitic
acid. Significant quantities of linoleic acid, stearic acghualene and

phytosterols such as campesterol and stigmasterol werpraisent.

A simple HPTLC method was developed by Amutha and D28%2)
to determine the saponin profile Bf cristata crude leaf methanolic extract.
The HPTLC chromatographic plates were derivatingth anisaldehyde —
sulphuric acid reagent, dried and scanned at 500 nrsafoonins. The green,
violet, yellow, brown coloured zones at Rf value 0.2832, 0.4, 0.46 and
0.64 present in the chromatogram confirm the presesfcsaponins in the

sample.

Preliminary phytochemical screening and GC-MS8alysis were

carried out to identify the phytoconstituents Bf montana (Sriram and
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Sasikumar, 2012). The analysis revealed thsepee of coumarinsterol,
quinone, flavonoids, alkaloids, terpenoids and tannin irptaet. The GC-MS

analysis of the extract retrieved 26 compounds.

Koay et al. (2013) carried out detailed phytochemical investigeatid
S crispus leaves. The air-dried leaves were extracted seqientiath
hexane, dichloromethane and methanol. Each of the cextraurified by
chromatographic techniques has led to the isolation ofptatcosanol,
tetracosanoic acid, stigmasterol from the hexane a&xteamixture of fatty
acid esters ofp-amyrin, taraxerol, taraxerone, another mixture of faityd
esters of taraxerol from the dichloromethane extract dralcetyl-2,7-
dihydroxy-1,4,8-triphenyloctane-3,5-dione and stgterol  p-D-
glucopyranoside from the methanol extract. The strastof the compounds
were elucidated with the aid of spectroscopic technigiiesGC-MS, MS,*H
and™*C NMR) and also by comparison with the previously pligis data.
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MATERIALS AND METHODS

Karyomorphological analysis, antioxidant as wellaasi-inflammatory
assays and phytochemical characterization oftava belonging to four
genera of Acanthaceae that are used as the soums pfathe Ayurvedic
drug ‘Sahachara’ were undertaken during the curremlysietails regarding
the assays conducted and their experimental procedueedescribed in this

session.

Experiments of the present study were carried @& Cell and
Molecular Biology Division, Department of Botany, Uaisity of Calicut,
Kerala, India and also at Amala Cancer Research Cehtmssur, Kerala,

India. The experiments performed in the investigationuntelthe following:-

1. Karyomorphological analysis of the six taxa bglog to four genera
of Acanthaceae.

2. Antioxidant and anti-inflammatory assays of rootthaeolic extracts
of these taxa.

3. Characterization of the methanolic extractsth® plants by Gas
Chromatography — Mass Spectrometry (GC-MS), High dPexdnce
Thin Layer Chromatography (HPTLC) and Liquid Chromatpbsa —
Mass Spectrometry (LC-MS).

4. Estimation of the total phenolic and flasidn content of the

methanolic extracts.

1. PLANT MATERIALS

Barleria cristata L., B. prionitis L., Ecbolium viride (Forssk.) Alston,
Justicia betonica L., Srobilanthes ciliatus Nees andS. heyneanus Nees were

used for current study (Plate 1). The plantgeweollected from wild
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populations, from different parts of Kozhikodend Wayanad districtef
Kerala, India and were kept in the net hoastached to Department of
Botany, University of Calicut. The plants were authetg@taby Dr A. K.
Pradeep, Assistant Professor, Department of Botanyetsity of Calicut,
where voucher specimens were deposited. Voucher ensidilotted to each

plant is given in brackets.
Barleria cristata L. (CALI- 123738)

Common names: Philippine violet/Bluebell Barleria/Sahachaiatribution:
Common in deciduous forests in all dry plains and distnp to about 3,000

ft. Also grown as an ornamental.

An erect or diffuse herb up to 1 m tall; ns¢e adpressedly hairy,
densely hairy at the nodes, bracts and bracteoley. dpeaves elliptic-oblong
to lanceolate, 6.3-13 cm long and 2.5-4.5 cm wideteaou acuminate, hairy
on both sides. Flowers bluish-purple, pink or whitebgscent outside, borne
in 1-4 flowered axillary and terminal spikes; bracts &oiate, serrate-dentate;
calyx lobes 4, spinous-ciliate; corolla funnel-shapedp Isubequally 5-lobed.
Fruits (capsules) 1.6 cm long, ellipsoid or long, aattéoth ends, 4-seeded,;
seeds 4 mm in diameter, orbicular, compressed, silky-h&lowering from
September to November and fruiting from OctoberJanuary in central

Indian deciduous forests (Parrotta, 2001).
Barleria prionitis L. (CALI- 123737)

Common names: Porcupine flower/Sahachara. Disiviou The plant is
found in all plains and districts, especially in the Dacaad Carnatic, chiefly
on waste lands and road sides. It is also distribirtedfrica, tropical Asia,

Sri Lanka and Malacca.
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A much branched, usually prickly shrub up to 3 rh taith whitish
stems and rounded branches. Leaves opposite, ellgatiominate, lineolate,
bristle-tipped, entire, 9-18 cm long and 2.5-5.7 wide, glabrous above,
young leaves often pubescent beneath. Flowers ongeilgey or cream
coloured, sessile, borne in axillary foliaceous bristle-tipgeects. Fruits
(capsules) ovoid, 1.8-2.5 cm long with a tapering bezlseeded; seeds
compressed, ovate, clothed with silky appressed hd&lswering from
September to December and fruiting from January to Aprientral Indian
deciduous forest areas; in this region the plant idelesffrom January to
April or May (Parrotta, 2001).

Ecbolium viride (Forssk.) Alston (CALI- 123739)

Common  names: Green  Shrimp Plant/Greelce  Crossandra/
Odiyamadantha/Neelakarinkuruniji. Distribution: &lsu seen in waste
places and exposed habitats. Distributed in @mké&, India, Africa and

Malaya.

Woody undershrub, leaves simple, opposite, elliptidegvabtuse or
acute, base narrowed down to a short petiole, 115xcehs, glabrous green
above, pale beneath; flowers greenish blue in termipies,; bracts large,
green, orbicular or lanceolate; calyx lobes 5, subedaaceolate, glandular,
pubescent; corolla tube slender, long, limb disgndiilabiate, upper lip
linear, lower lip spreading, 3-lobed; stamens 2, atthdctethe base of upper
lip, exerted; capsule clavate, compressed; seedsbRular, tuberculate on

curved retinacula (Sivarajan and Balachandran, 1994).
Justicia betonica L. (CALI- 123740)

Common name: White shrimp plant/Squirrel’s tail/Sahachattkaunji.
Distribution: A pantropical species, found in all distsi in waste lands and

forest clearings.
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Gregarious tall shrub; leaves simple, oppositeg{petioled, ovate-
lanceolate, 22 x 7 cm, entire to crenate dentglabrous; flowers white
speckled with pink in long terminal bracteate spikes; terand bracteoles
similar, leafy, elliptic to ovate acute, white with greenvesr calyx lobes 5;
corolla tubes short, limb distinctly bilabiate; rsems 2; clavate; seeds

spinulose when wetted (Sivarajan and Balachandrarg)199
Strobilanthes ciliatus Nees (CALI-123736)

Common name: Karvi, Karimkurinji/Sahachara. Distributiobhe plant is
common in Western Ghats, S. Canara to Travancore,ergeen forests up
to 4,000 ft.

Gregarious shrub, often growing in large colonig'gm and leaves
dark green; leaves simple, opposite, elliptic-acuminagerate, 17 x 5 cm;
flowers pale rose in short, glandular, bracteate, dellesqkes; calyx lobes
five, lanceolate, acuminate; corolla base cylindricpenppart companulate,
spreading; stamens didynamous; ovary 2-celled with ovules in each;
capsule clavate, slightly exerted from the glandular frgitcalyx (Sivarajan
and Balachandran, 1994).

Strobilanthes heyneanus Nees (CALI- 123735)

Common name: Karvi or Karimkurinji. Distribution: Mogtfound in South-
West India.

An undershrub, about a meter high, with grooved steften covered
with hairs. Oppositely arranged, unequal, ovateelaare hairy and have
serrated margin. Blue urn-shaped flowers 1-1.2lang, occur in axillary
spikes. Five sepals are united at the base.eFldube is swollen in the

middle, and has 5 rounded petals. The swollem igawhitish in color.
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Stamens 4, filaments hairy at base. Capsule 6-8longy oblong,4-seeded.

Flowering: September-October (Http

2. METHODOLOGY
In the present investigation, the methods adopted to retheal
cytogenetical and phytochemical aspects of members ahthaceae used
as the source plants of the drug ‘Sahachara’ apeastandard references

guoted there-upon.
A. CYTOGENETICAL ANALYSIS

In  the present  study, cytogeneticahnalyses comprise

karyomorphological studies, antioxidant and antiaimimatory assays.
a. KARYOMORPHOLOGICAL ANALYSIS

Karyomorphological studies are of paramount drtgnce, as they
often provide authentic information pertaining tbrotnosome structure,
number and their general gross morphology (Darlingtod La Cour, 1970).
Besides being helpful in elucidating phylogenetic d aevolutionary
relationships between species of plants, karyotypdysisacan contribute
cytological data for the important drug plants Ayfurveda whose correct
identity is in dispute. In order to a@tety ascertain chromosome
homologies and differences, several indices are ubgd measuring

chromosomes as a whole and their arms (Duncan and,Sritg).
i MITOTIC SQUASH PREPARATION

Vegetative cuttings were taken from the experimeptahts at their
nodes and planted in sand, in wide shallow pots. Youeglthy root tips
were collected from the plants under study at the gesfmwing peak mitotic
activity (9-10 am). They were thoroughly washed inildgst water and were

subjected to pre-treatment in cytostatic chemicals. Satusagelous solution
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of para-dichlorobenzene (PDB) alone and PDB aloitg a/trace ofaesculine
were used for pre-treatment of different species.tf@ament results in better
separation of individual chromosomes, helips the identification of
chromosome arms and ensures a high freguesfc metaphase stages
(Sharma, 1991).

The pre-treatment solution was initially chilled to 0-5°@ fomin and
the root tips were dipped in it. This was kept at 12-1fC1-2 h to obtain
best results. After pre-treatment, root tips wereroilighly washed with
distilled water and were fixed in modified Carnoyfsid (1 acetic acid: 2
ethyl alcohol) for 2 h. Fixed root tips were transéerrto 70% alcohol and

stored under refrigeration.

Mitotic squash experiments were conducted with tHp b&improved
techniques (Sharma and Sharma, 1990). The fixed rootvgps washed with
distilled water and hydrolyzed in 1IN HCI for 25-30 nahroom temperature.
Traces of acid were removed by thorough washing dighilled water. After
hydrolysis, the root tips were stained in 2% acetoionréer 2-3 h, destained
and squashed in 45% acetic acid. All the slides weaarnsxl in Olympus
microscope CX 21 and the photographs were taken wiyim@is Camedia

C-4000 Zoom digital compact camera attached to theoswope.
ii. KARYOMORPHOMETRICAL ANALYSIS

Karyograms were generated from the photomicrograptts the aid of
computer based programmes such as Adobe PhotostpCAD and a data
based analyzing system (Microsoft Excel). Photograjaen were scanned
and stored as digital images. These digital images wemnserted to gray
scale images using Photoshop program. Identificationbeunwere allotted
to each chromosome and then loaded to AutoCAD for kaoyphometrical

analysis. Centromeric position of each chromosomas determined, from
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which arm lengths of each were measured and ceatronindices were

calculated. On the basis of arm ratio and centrom@daes, homologous
chromosomes were identified and classified accortihngbraham and Prasad
(1983). The images were reloaded to Photoshop and drarys as well as

idiograms generated.

Karyotype formula was expressed depending upon thgtHemwf
chromosome, position of the centromere and presencabsence of the

secondary constriction.

Disparity index (DI) of the chromosomes were calculateith the
method of Mohanty et al. (1991) by using the formula,

Longest chromosome — shortest chromosome
DI = %100
Longest chromosome + shortest chromosome

The variation coefficient (VC) among the chromosome mlements

was determined after Verma (1980) as follows,

Standard Deviation
VC = %100
Mean Length of chromosomes

The total Forma percentage (TF %) or mean centromeriexindlue

was calculated after Huziwara (1992) by the formula,

Total sum of short arm length
TF % = X 100
Total sum of chromosome length

All the numerical data were prepared after compaatteast five well

spread metaphase plates.
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Table 2. Details of chromosome nomenclature in relation to centromere location based on arm ratios and

centromeric indices (Abraham and Prasad, 1983)

: Ry R2 1 2
Nomenclature Notation
gl l/s 100 s/c 1001/c
Median M nm 1.00 1.00 50.00 50.00
Nearly median nsm(-) 0.991t0 0.61 1.01to 1.63 49.99 to 38.01 50.01 to 61.99
Nearly submedian SM 0.60t0 0.34 1.64 to 2.99 38.00 to 25.01 62. 00 to 74. 99
Submedian nsm(+) 0.33 3.00 25.00 75.00
Nearly submedian nst(-) 0.32t00.23 3.01t0 4.26 24.99 to 18.20 75.01t0 81.80
Nearly subterminal ST 0.221t00.15 4.27 10 6.99 18.19to0 12.51 81.81t0 87. 49
Subterminal nst(+) 0.14 7.00 12.50 87.50
Nearly subterminal nt 0.13t0 0.07 7.01to 14.38 12.49 10 5.01 87.51 t0 94.99
Nearly terminal T 0.06 t0 0.01 14. 39 to 19.99 5.00to 0.01 95.00 to 99.99
Terminal 0.00 o 0.00 100.00
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b. ANTIOXIDANT AND ANTI-INFLAMMATORY ASSAYS

It is worthwhile to investigate the various biologi potentialitiesof
plants so as to provide scientific justification to their useiridigenous
healthcare systems. The studies on overall antioxidantaatidnflammatory
activities of species that have long been used as tnaaitremedies could be
supportive in order to validate their uses as remedidesoxidation and
inflammation related disorders. Moreover, such studiesatsm point out the
necessity of further investigations on such least eggdi®species with a view
of identifying their curative and defensive abilities pbisileading to new

remedies for various chronic disorders.

. PREPARATION OF ROOT METHANOLIC EXTRACTS

Roots of the six species of plantsed in the study were collected
thoroughly washed and shade dried. The dried roote waigopped into small
pieces and powdered. 50 g each of the dried powdsrewtiacted with 500
ml of 100% methanol for 6 h in Soxhlet apparatus. Txieaet so obtained
was then cooled, filtered and evaporated toeby in a water bath by
complete removal of methanol. The concentratettags were stored in
amber coloured bottles at%n a refrigerator.

ii. DRUG PREPARATION FOR IN VITRO STUDIES

Stock solutions of the drugs were prepared by hisgp 10 mg of
methanolic extract of the six plants under study in 20@imethyl sulphoxide
(DMSO) and made up to 1 ml with distilled water. Variollstans of all the

stock solutions of the six plant extracts were thengregpin distilled water.
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iii.  ANTIOXIDANT ASSAYS

Concentrations of the methanolic extracts irmpgirom 10 to140
pa/ml were used for thim vitro antioxidant assays. Triplicate determinations

were made for all the experiments.
DPPH radical scavenging assay

DPPH (2,2-Diphenyl-1-picrylhydrazyl) radical scaging activity was
determined by the method proposed by Coeufal. (2007). Commercially
available stable free radical DPPH, soluble in amth was used for the
assay. 100 pl of the extract solution in methanolasibus concentrations was
mixed with 1 ml of 100 puM freshly prepared solution@®PH in methanol.
The reaction mixture was incubated at room temperatutderdark for 20
min and thereafter its absorbance was measured atrfl&gainst the blank.
For the control, 1 ml of DPPH solution in methanol waisxed with 100 pl
methanol and the absorbance of the solution was recafied 20 min as
earlier. The decrease in optical density of DPPH oritiaddof test samples in
relation to the control was used to calculate ah@oxidant activity, as

percentage inhibition of DPPH radical, which was ghlted as follows:

control — Jells!Eu:ﬂ[:lle

A

Percentage inhibition = ¥ 100

control

where AontroliS the absorbance of the blank control (DPPH radical solutio

without test sample) ands4vpiis the absorbance of the test sample.

ABTS radical scavenging assay

In this assay, the extract was allowed to react with AB&Sstable free
radical derived from 2,2'-azino-bis(3-ethylbenzthiams-6-sulphonic acid) or
ABTS (Long and Halliwell, 2001). The assay mlien the antioxidant

capability of the samples to inhibit the oxidation of ABRSABTS' radical
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cation. Ammonium persulphate (2.45 mM final concatin) was added ta
stock solution of ABTS in deionized water (7 mM). Tleaction mixture was
left to stand at room temperature overnight (12~16 hhéndark before use.
ABTS and persulphate react with each other lgadm the incomplete
oxidation of ABTS to generate ABTS radical. Thesultant intensely
coloured ABTS solution (stable for 2 days) was diluted with 0.01RBS
(phosphate buffered saline), pH 7.4, to give an alasmd value of ~0.7 at
734 nm. Different concentrations of the extract npd were added to 1 ml of
ABTS radical solution. Decrease in absorbance wassuned by a
spectrophotometer at 6 min after initial mixingingsPBS as reference.
A control reaction was carried out by taking the absoce of ABTS solution
without the test sample. The ABTS radical-scavengirtgigcof the samples

was expressed as follows:

A

control — “*zample

A

Percentage inhibition = #* 100

control

where AontroliS the absorbance of the blank control (ABTS radicautsar

without test sample) ands4ypils the absorbance of the test sample.
Superoxide radical scavenging assay

Superoxide radicalO, ) scavenging activity was estimated by the
riboflavin photoreduction method as described by Ghrd and Fridovich
(1969). The scavenging activity of the extracts on sapde anion radicals
was determined by light induced superoxide generatidh riboflavin and
subsequent reduction of nitroblue tetrazolium (NBT)he Teaction mixture
contained EDTA (6 uM) containing NaCN (3 pg), ribefta (2 uM), NBT
(50 uM), phosphate buffer (67 mM, pH 7.8) and varioascentrations of the
extract in a final volume of 3 ml. The tubes containing r&ction mixture

were uniformly illuminated under incandescent larap I5 min. The optical
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density was measured at 530 nm before and afteniitlation. Thepercentage
inhibition was evaluated by comparing the absorbaralae of the control

tubes and experimental tubes as per the formula givembe

. g oD of th trol—-0D ofthe treated
24 of inhibition = T oenome T x 100

0D ofthe control

Hydroxyl radical scavenging assay

Hydroxyl radical scavenging activity of the test matewals measured
by studying the competition between deoxyribose tastl compounds for
hydroxyl radicals generated from the *FAscorbate/EDTA/HO, system
(Fenton reaction) as described by Elizabeth and Ra®0}19 The hydroxyl
radicals attack deoxyribose eventually resulting in themétion of
thiobarbituric acid (TBA) reacting substancesThe reaction mixture
containing deoxyribose (2.8 mM), ferric chloride (0aM), EDTA (0.1 mM),
H,0O, (1.0 mM), ascorbate (0.1 mM), KRAO, - KOH buffer (20 mM, pH 7.4)
and various concentrations of the extract irfin@l volume of 1 ml.
The reaction mixture was incubated for 60 min atC37The thiobarbituric
acid reacting substances formed was estimated by TB#od of Ohkawaet
al. (1979). The hydroxyl radical scavenging activity waestermined by
comparing absorbance value of control wittat of treatments. The
percentage inhibition of hydroxyl radicals in the reactiartune is given by

the formula,

.  ngn 0D of the control —0D ofthe treated
%p of inhibition = 100

0D ofthe control

Lipid peroxidation assay

Lipid peroxidation was induced in rat liver homogenhyethe method
described by Bishayee and Balasubramanian J1971the presence of
different concentrations of the test material and ed&ch by thiobarbituric
acid reactive substances by the method of Ohkewal. (1979). Different
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concentrations of the test material was incedbatvith 0.1 ml of rativer

homogenate (25%) containing 30 mM KCI, Tris-HCI buffed M, pH 7.0),
ascorbic acid (0.06 mM) and ferrous ion (0.16 mMitotal volume of 0.5
ml at 37C for 1 h. At the end of the incubation period, HKof the reaction
mixture was treated with 0.2 ml SDS (8.1%), 1.5 ml TE@A8%) and 1.5 ml
acetic acid (20%, pH 3.5). The total volume was madeupml by adding
distilled water and kept in a water bath af®@%or 1h. After cooling, 1 ml
distilled water and 5 ml butanol-pyridine mixture (1%/Y¢) was added. After
vigorous shaking, the tubes were centrifuged anduthper layer containing
the chromophore was read at 532 nm. The percentagehibition of lipid

peroxidation was calculated as before.

. g oD of th trol—-0D of the treated
24 of inhibition = T oe e N x 100

0D ofthe control

Statistical analysis

Each data represents the arithmetic mean + standand(8E) of three
independent experiments. For statistical analysisg-way analysis of
variance (ANOVA) was conducted employing Tukeyaider HSD test
(Sokal and Rohlf, 1981) to analyze significant ddfezes between means.
Results with P < 0.05 were considered to be statistisadjgificant. The 50%
inhibitory concentration (I€yvalue) for each plant extract was determined by
performing linear regression analysis. All statisticalgses were carried out

by using the computer software SPSS 20.0 for Windows.
iv.  ANTI-INFLAMMATORY ASSAYS
Drug preparation and administration for in vivo studies

The stock solutions of the drug fom vivo studies were prepared by
suspending the methanol extracts of the six plantscahthaceae in 10 ml of
1% gum acacia. It was done by dissolving 19§ of the extracts in a
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minimum known volume of methanol and wpeured into abeaker
containing 100 mg gum acacia dissolved in 10 ml phatgpbuffered saline
(PBS) by boiling. After boiling, the stock solutions neemeasured to confirm
that the volume of methanol added was eliminated bpaation. From the
stock solution the required doses for each experini200 and 250 mg/kg
body weight) were made by dilution in PBS. Thegdwas administered
orally to Swiss Albino mice (8-10 week old and wenghi20-25 g). The

standard group was administered with diclofenac intrapesaion
Experimental animals

Swiss Albino mice of either sexes belonging to the ggpoup of 8-10
weeks, which weighed 20-25 g were purchasexn fthe Small Animal
Breeding Station, College of Veterinary and Animal ScéenMannuthy,
Thrissur. The animals were maintained under sterilizedirenmental
conditions (22-28, 60-70% relative humidity, 12 h dark/light cycle) ded
with standard rat feed (Sai Feeds, India) and wadketibitum. All animal
experiments of the present study were carried oth e prior approval of
the Institutional Animal Ethics Committee (IAEC) (Lic Nb49/1999) and
were conducted strictly according to the guidelinegshef Committee for the
Purpose of Control and Supervision of Experimentsaoimals (CPCSEA)

constituted by the Animal Welfare Division, Governmehtndia.
Evaluation of anti-inflammatory activities of the extracts
Carrageenan induced acute inflammation

The anti-inflammatory activities of the extracts were eat@d by the
carrageenan-induced paw edema test in mice (Adegemli, 2002). Swiss
Albino mice were divided into 4 groups comprisiof 5 animals in each
group. In all groups, acute inflammation was indubgdnjection of 0.02 ml

freshly prepared 1% suspension of carrageenan nmaicsaline on the sub-
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plantar region of the right hind paw of mice (Wint& al., 1962). Groupl
remained as control for carrageenan which receivedstime experimental
handling as those of the test groups except tti@atdrug treatment was
replaced with appropriate volumes of the dosing vehiate, 1% gum acacia.
Group Il was the positive control, administered with thenddad reference
drug diclofenac (10 mg/kg body weight (b. wt) inedmpneally. Group Il
and IV received 100 and 250 mg/kg b. wt of extracillprl h before
carrageenan injection. The paw thickness was meahduhebefore and at 0, 1,
2, 3, 4, 5 and 24 h intervals after carrageenanirastmation using digital
calliper. The percentage of inhibition of paw thicknesss walculated using
the formula given below:

(tC, - tCy) — (AT, —tTy)

24 inhibition of paw thickness = * 100
(t’cn - t‘cl}j

where, t@ = paw thickness of control animal before induction;, t€ paw
thickness of control animal at particular time pointy t paw thickness of
treated animal before induction and, faw thickness at particular time point

of treated animal.
Formalin induced chronic inflammation

The anti-inflammatory activity of the various extracts ingaformalin
induced chronic inflammation was evaluated (Rbwl., 1982). Single dose
of 0.02 ml of freshly prepared 1% formalin was udedinduce chronic
inflammation in mice. The animals were divided intoréups of 5 animals
each. Group | was kept as untreated vehicle comtnol received 1% gum
acacia in PBS for 6 days orally. Group Il was tedawith standard drug
diclofenac 10 mg/kg b. wt for the same period intrapedally. Group 11l and
IV were treated with the extracts in 1% gum acacia in PB®@ mg/kg b. wt

and 250 mg/kg b. wt respectively for 6 dayslly. Drug treatment was

80



started 1 h prior to formalin injection and contdufor 6 consecutivelays
(Chau, 1989). The thickness of the paw was measbeéore injection and
every day for six days after formalin injection usingligital calliper. The
percentage inhibition was calculated using the sanmular given earlier:

(ﬂ:n - tﬂ,}] - (t‘Tn _tTuj

24 inhibition of paw thickness = * 100
(t’cn - t‘cl}j

where t@ = paw thickness of control animal before inductio@, £ paw
thickness of control animal at particular time pointy t paw thickness of
treated animal before induction and, tf paw thickness at particular time

point of treated animal.
Statistical analysis

The experimental results are expressed as mean * staedar (SE)
of five scorings. Statistical comparisons between diffegroups were made
by conducting one-way ANOVA followed by Dunnett’s ttéBunnett, 1955).
Differences with p < 0.5 between the experimental gsoand control group
were considered statistically significant. Ad#itatistical analyses were

performed by using the computer software SPSS 20.W/indows.
B. PHYTOCHEMICAL ASSAYS

The phytochemical research approach is consideredctigéfe in
discovering bioactive profile of plants of therapeutic amance (Masih and
Singh, 2012).

1. PREPARATION OF METHANOLIC EXTRACTS

One gram of the dried powdered drug of the roots @stracted using 25
ml methanol for 6 h in a Soxhlet extractor. The extraas then cooledijltered

and concentrated to dryness in a vacuum evapordtoe extract washen
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dissolved in 10 ml methanol (HPLC Grade, dkgr It was thenfiltered

through 0.20 mm membrane filter. This extract was usetht analysis.
2. PHYTOCHEMICAL ASSAYS OF METHANOLIC EXTRACTS

Methanolic root extracts of the source plants of ‘Shhea’ were
screened for the presence of various bioactive phytociaéntompounds.
Specific qualitative and quantitative tests were performeadeitify bioactive

compounds of pharmacological importance through si@hchethods.

a. HIGH PERFORMACE THIN LAYER CHROMATOGRAPHY
(HPTLC) ANALYSIS

Standard preparation: 0.1 mg/ml standard lupeol solutias pvepared
in methanol (Analytical Grade; Merck (India) Limited).

HPTLC analysis of the extracts was performed on siliea6§ ks,
TLC plates (10 x 10 cm; Merck, Darmstadt, Germany)!l df the samples
and standard lupeol were applied to the plates as diargs by means of
CAMAG Linomat V sample applicator with a bandwidof 6 mm. The
distance between the tracks was 5 mm. Platege developed in a TLC
chamber previously saturated with the solvent systemeneluethyl acetate
in 8:2 ratio. Development distance was 90 mm. The develpfee was then
dried and derivatized using Anisaldehyde-Sulphuriad a(A-S) reagent.
Detection was performed with a CAMAG TLC Scanrg at 366 nm.
R¢values of major bands were determined. Using the spat paired affinity

indices (PAI) were calculated using the formula:

No. of spots common to A & B
PAI = X 100
Total no. of spots
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b. GAS CHROMATOGRAPHY-MASS SPECTROMETRY (GC-
MS) ANALYSIS

The Gas chromatography — mass spectrometry (GCavi8lysesvere
performed on a Varian model CP-3800 GC interfaceth \&i Varian Saturn
2200 lon Trap Mass Spectrometer (ITMS) operating a\V7@nd 250°C,
equipped with a CP-1177 Split/Splitless capillary injectod £&ombi PAL
autosampler. A cross linked FactorFour capillary colukia,5ms with 30 m
x 0.25 mm ID and 0.25 um film thickness was utilized. Heliwas used as
the carrier gas at a flow rate of 1 ml/min. Injectiasime was 1pul. The split
ratio was 1:20. The temperature programme for thenchtographic analysis
was set at 61T for 1 min (initial) and then heated up at a rate &/@iin to
280°C. Run time was 40 min. Quantification was penfed using percentage
peak area calculations and identification of individuanponents was done
using the NIST MS Search. The relative concentratioeach compound in
the methanolic extract was quantified based on the peakirtegrated by the

analysis programme.

c. LIQUID CHROMATOGRAPHY-MASS SPECTROMETRY (LC-
MS) ANALYSIS

The experiment was carried out using an Agilent 1Bty Bio-
inert Quaternary LC equipped with an Agilent 6120 Sef@emdrupole MS
System with Agilent MassHunter Workstation software. €Theomatographic
separation was achieved on a reverse-phas¢éenfgZorbax-C18 11QR
analytical column (100 x 4.6 mm ID., 3.5 um) opedasét 40°C. Elution was
achieved with a gradient mobile phase consisbhgleionized water (A),
methanol (B) and 0.05% formic acid (C) at a flow rate0.7 mL/min. The
gradient system used was as follows: MobilasphC was held constant
throughout the run and a linear gradient of B from @#% from 5 to 10

min, increased to 9%—-10% for 18 min, and then helb&b for 7 min. From
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25 to 28 min it was 89% and then from 28 to 32 ®@% and held athe

same composition till 40 min. Mode of injection was ALSu{@dmatic liquid

sampling). Electrospray ionization (ESI) was used asirttesface and was
operated in positive selected ion monitoring (SIM) modee &nalytes were
monitored by tandem-mass spectrometry with pesitielectrospray
ionization. The injection volume was 10 ul. The probe teaipez was set at
500°C and needle voltage was set at 20 V. The colageowas set at 50 V

for all Selected lon Monitoring (SIM) scans.
d. DETERMINATION OF PHENOLICS AND FLAVONOIDS

Phenolic and flavonoid compounds are widely disgki®eer the plant
kingdom and are generally accepted as contributiwgartds the beneficial
pharmacological properties of several plant speciesy &ne proven helpful
in preventing the deleterious consequences of ox&latvess by virtue of
their manifold protective biochemical function¥he analysis of total
phenolics and flavonoids of indigenous plant speciesldvine helpful in

identifying potent sources of such health promotingtpthemicals.
i ESTIMATION OF TOTAL PHENOLIC CONTENT

Total phenolic content of the root extracts was determusadg Folin—
Ciocalteu reagent based assay as described by Ouetshdti (2012) using
gallic acid as a standard. An aliquot of diluted samplieaek was added to
0.5 ml of distilled water and 0.125 ml of the Folin—Ciocalteagent (1 N).
The mixture was shaken and allowed to stand for 6 nefgré addition of
1.25 ml of 7% NgCQOs,. The solution was then adjusted with distilled water to
a final volume of 3 ml and mixed thoroughly, anddhior 90 min at ambient
temperature in dark. After incubation, the absorbanc&@tnm was recorded
against blankj.e., distilled water. Total phenolic content of the extraets

expressed as milligrams of gallic acid equivalents gram of dry weight
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(mg GAE/g DW) of the extract through the calibratiourve with gallicacid.

All samples were analysed in triplicates.
il ESTIMATION OF TOTAL FLAVONOID CONTENT

The aluminium chloride colorimetric method with some rfiodtions
was used to measure the total flavonoid contentlgflaht extracts (Oueslati
et al., 2012). Quercetin was used as the standardedbmation of total
flavonoids. An aliquot of diluted sample or standard sotutd quercetin was
added to 75 pl of NaN{Osolution (7%), and mixed for 6 min, before adding
0.15 ml AICk (10%). After 5 min, 0.5 ml of 1 M NaOH solution wasdad.
The final volume was adjusted to 2.5 ml, thohdpgmixed, and the
absorbance of the mixture was determined at 510 nmsigaireagent blank
of methanol. Total flavonoid content was egped as mg quercetin
equivalent per gram of dry weight (mg QE/g DW), throupk calibration

curve of quercetin. All samples were analysed initgtes.
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RESULTS

The current study, which is designed to carry dw¢ tytogenetic
analysis, antioxidant and anti-inflammatory assaysvel$ as phytochemical
characterization of the six taxa of Acanthaceae (Platased as the source
plants of an important Ayurvedic drug ‘Sahachara’, ugid to light the

following cytogenetical and phytochemical findings.

A. CYTOGENETICAL ANALYSIS

In the present investigation, cytogenetical analysis cE@&@r
karyomorphological analysis together with the antioxidasbd anti-
inflammatory assays. Karyomorphological analysis rexk#he existence of
distinct cytotypes in all the taxa as revealed by thepecsic

karyomorphometrical details (Plates 2-7; Tables 3-9).

Antioxidant assays revealed the specific mechanism obraaf the
root methanolic extracts of the six taxa used as thesqlants of ‘Sahachara’
in preventing the oxidation of cellular and genetmmponents (Figs 7-
11; Tables 10-15).

Anti-inflammatory assays brought to light the specifidigbof the root
methanolic extracts of these six members of Acamshe in effecting the
cessation of inflammation and thereby checking/limiting tall@nd genetic

damage in the test organism (Figs 12-23; Tables 16-27)
a KARYOMORPHOLOGICAL ANALYSIS

Analysis of the chromosome constitutionf ¢he six taxa of
Acanthaceae used as the source plants of the 8algathara’ waperformedby
mitotic squash preparations. The root tip meristaweye examined fothis

purpose. The present study revealed a detailecbkamsphological analysisf
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the plants investigated. Chromosome numbers Edbolium viride and
Srobilanthes ciliatus are reported for the first time. Though chromosome
numbers have already been reported in the rest of dpecies,
karyomorphometrical data has been rather lacking ist mb them. Results
were confirmed by screening several sampiefiected from different
locations and subsequently grown in the net house oafepnt of Botany,

University of Calicut.

The observed somatic chromosome numbers of the pheers found
to range from 2n = 28 to 2n = 40 and a= follows. Chromosome
complement analysis revealed 2n = 40 eaclB#oteria cristata (Plate 2) and
B. prionitis (Plate 3), 2n = 36 ifEcbolium viride (Plate 4), 2n = 34 idusticia
betonica (Plate 5), 2n = 28 ir®trobilanthes ciliatus (Plate 6) and 2n = 32 in
S heyneanus (Plate7). Except those dB. cristata and B. prionitis, the
karyotypes of all others were characterized by tlesgmce of comparatively
smaller chromosomes. All the plants possessed a ityajufr chromosomes
with nearly median primary constriction. Veryfew chromosomes
could be observed with nearly submedian primamystection (Tables 3-8).
The karyotype oft. viride showed only chromosomes with nearly median
primary constriction. The chromosomes with seeoydconstriction were

found to range from 4-6 in the different plants (Table 9

The cytological analysis of the plants rewkalthat the total
chromosome length of different plants investigated rdrfgem 138.9312 pum
to 22.9642 um. The highest value of average chromedemgth noted in the
study is 3.4733 um fdB. cristata and the lowest value is 0.6754 um found in
J. betonica. The chromosome length varied from 4.9287 pum t@1B14um.
the disparity index ranges from 38.77 to 26.89, the tranecoefficient from
22.77 to 17.71 and the total forma percentage fros24th 41.49 (Table 9).
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The detailed karyotypic descriptions of chromosadergth andother
karyotypic features among the different plants arewshin Tables 3-8.
Summarized data of the karyomorphometric featisegiven in Table 9.
Photomicrographs, karyograms and idiograms of mitotic pheise stages of

the six taxa are also given (Plates 2-7).

b. ANTIOXIDANT AND ANTI-INFLAMMATORY ASSAYS
. ANTIOXIDANT ASSAYS

The antioxidant activities of the crude methanolic extratteoots of
the six taxa of Acanthaceae, used as the source platite dfug ‘Sahachara’
in Ayurveda were determined by five differemt vitro assays. The extracts
were evaluated for their free radical scavengauwgivities against DPPH
radical, ABTS radical, superoxide radical, hydroxyl ratliand inhibition of
lipid peroxidation. The methanolic extracts showetept antioxidant activity
at concentrations ranging from 20-140 pg/ml (Figs-I19Tables 11, 13-15).
In the case of ABTS radical scavenging assay, p@etivity was shown at
concentrations ranging from 10-70 pg/ml (Fig. 8pl€al2). Analysis was
performed in triplicate and the d{values of the different extracts were

calculated.
DPPH radical scavenging activity

Being a stable organic free radical, DPPH igueatly used to
determine radical scavenging activity of natural couwmgls. In its radical
form, DPPH absorbs at 517 nm, but upon reduction waithantioxidant, its
absorption decreases due to the formation ohdtsradical form (Blois,
1958). Thus, the radical scavenging activity in thesgmee of a hydrogen
donating antioxidant can be monitored as a decreasbsarbance of DPPH
solution. In the present study, all extracts wesand to be effective

scavengers against DPPH radical and thetivitees increased in a
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concentration dependent manner (Fig. 7; Table Bajleria prionitis was
found to be the most efficient scavenger of DPPH radwih an inhibition
of 47.70 £ 0.25% at the concentration of 20 pug/ml (@dl). It also revealed
an 1G, of 31.06 £ 1.28 pg/ml, followed bB. cristata (ICso= 34.46 + 0.89
png/ml) (Table 10). The kg values for the inhibition of DPPH radicals
calculated for the different extracts are as follo®sgiliatus (37.38 = 1.11
pag/ml), E. viride (74.90 + 1.62 pg/ml)). betonica (91.57 + 1.39 ug/ml) and
S heyneanus (103.92 + 1.55 pg/ml).

ABTS radical scavenging activity

ABTS assay is an excellent tool for determining #rgioxidant
activity of hydrogerdonating and chaibreaking antioxidants (Leong and
Shui, 2002). Methanolic extracts of six taxa of Acanthacstudied exhibited
excellent scavenging activity against ABTS radicalsegated in the system
(Fig. 8; Table 12), that increased in a ddspendent manneB. prionitis
displayed high ABTS radical scavenging activity withiahibition of 45.86 +
0.74% at a concentration of 10 pg/ml (Table 12) and shawviGgvalue of
12.89 + 3.46 pg/ml (Table 10). The lowest activity wasvah by J. betonica
with an IGgvalue of 86.20 + 2.11 pug/ml. The antioxidant potenteditof the
other plants also was quite good withsd@alues of 13.99 + 2.91, 18.65 +
295, 57.30 + 291 and 71.58 * 1.28 ug/espectively forB. cristata,

S ciliatus, E. viride andS heyneanus.
Superoxide radical scavenging activity

All the extracts showed effective scavenging capacities the
superoxide radicals generated by the riboflavin plediaction method that
showed positive correlation with concentration. The peege inhibition of
the various extracts at different concentrations is samsed in Fig. 9 and

Table 13. The activity showed positive correlatianth concentration.
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The highest inhibition of 34.16 + 0.95% at a corcaion of 20 pg/miwas
shown by the extract dB. cristata (Table 13). Among the various extracts,
B. prionitis andB. cristata were better radical scavengers )€ 44.54 + 2.90
and 55.23 + 1.81 pug/ml respectively) (Table 10). T®wy values for the other
extracts areS ciliatus (61.76 + 2.68 pg/ml)E. viride (81.51 + 2.38 pg/ml),
S heyneanus (84.17 + 1.77 pg/ml) andl betonica (110.34 +1.72 pg/ml).

Hydroxyl radical scavenging activity

All the extracts exhibited significant inhibitory effects degradation
of deoxyribose induced by hydroxyl radicals generatelly
Fe**lascorbate/EDTA/KD, system (Fig. 10; Table 14) in a dose dependent
manner. Srobilanthes ciliatus was the most efficient scavenger, with an
inhibition of up to 40.77 £ 1.06% at a concentratior2@fug/ml (1G, = 54.58
+ 0.94 pg/ml). The least active wasbetonica, which could cause only 9.53
+ 0.70% inhibition at the same concentrationsgl€ 117.49 + 1.30 pg/ml).
B. prionitis and B. cristata were also found to be fairly effective with g
values of 70.10 + 1.73 and 74.84 + 2.13 pug/ml reppedyg (Table 10). The
ICs50 values forS. heyneanus and E. viride were reported to be 105.58 + 2.60
and 108.3 £+ 0.94 pg/ml respectively, showing moderateity. As in most
of the other assays, the minimum activity was shownd.lyetonica with an
ICso value of 117.49 + 1.30 pg/ml.

Inhibition of lipid peroxidation

The root methanolic extracts of all the six taxa causephificant
inhibition of lipid peroxidation induced by Fein rat liver homogenate (Fig.
11; Table 15). Among the plants studid],cristata and B. prionitis showed
promising results when compared to others. At dbse of 20 pg/ml, the
highest inhibition of lipid peroxidation (33.77 +56%) was shown by
B. cristata (IC5o = 55.59 + 1.44 ug/ml) which was followed B/ prionitis
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(IC50 = 69.12 £ 3.04 ng/ml). Scavenging activitieskofviride, S ciliatus and
S heyneanus are more or less comparable withsd&alues of 72.80 + 1.71
ug/ml, 72.82 + 1.55 ug/ml and 73.85 + 1.18 ug/mipezsively. J. betonica
(IC50=95.76 £ 1.11 ug/ml) was found to be the least acthes(Gable 10).

Results obtained from the antioxidant assays cleadyepthat though
all the six taxa are found to be having positive effeptemising results are
shown byB. prionitis, B. cristata, S ciliatus andE. viride. The 1Gg values of
S heyneanus and J. betonica appear to be considerably high when compared

to the others, suggesting lower antioxidant potential.
ii. ANTI-INFLAMMATORY ASSAYS

Among the many methods used for screening nofiflammatory
drugs, one of the most commonly employed technigaebased upon the
ability of such agents to inhibit the edema produced enhimd paw of the
rat/mouse after injection of a phlogistic dgeihe anti-inflammatory
activitity of the crude methanolic extracts of roots ok tkix taxa of
Acanthaceae, used as the source plants of the &aftpthara’ in Ayurveda
has been determined by twovivo models of inflammationyiz., carrageenan
induced (acute) and formalin induced (chronic) paw edem@wiss Albino
mice. Treatment groups such as solvent control andiymsibntrol included
in both the assays were common for all tiee @ants investigated.
A statistically significant reduction in the edema voluwes shown by all the
six taxa of Acanthaceae in carrageenan as aglformalin induced paw
edema models (Figs 12-23; Tables 16-27).

Carrageenan induced acute inflammation

Carrageenan-induced rat paw is the most suitableriexgental model
to evaluate the anti-edematous effect of natural predigrianayagaret al.,

2006). The sub-plantar injection of carrageemaio the mice hind paw
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elicited a local inflammatory response that waaximal at the "8 h after
carrageenan injection. The paw edema was found to dectbaen and was
quantified by measuring changes in thickness of fadtp

A notable increase in paw edema volume was observedinmalsnin
the control group from Sito 5" h, with a maximum edema paw volume of
3.71 + 0.12 mm observed in the control miBeh after the carrageenan
injection while the diclofenac treated (10 mg/kg b. wt p.ogugs showed
significant (p < 0.001) inhibition of paw edema throaghthe period of study
with a maximum inhibition of 70.81% at th& 8 (Figs 12, 14, 16, 18, 20, 22;
Tables 16, 18, 20, 22, 24, 26). The swelling of pave waarly completely

reduced in diclofenac administered mice during thB.5

Oral administration of animals with root methanolic extrawftsll the
six taxa at doses of 100 and 250 mg/kg b. wt causednp inhibition of
carrageenan induced inflammation right from tfénto 8" h. The extracts of
B. prionitis (Table 18) andS ciliatus (Table 24) at the dose of 250 mg/kg
b. wt were found to cause significant reduction in ealeafter 5’ and 4" h of
carrageenan injection. The lower dose of these déstrd®0 mg/kg b. wt)
could also bring about a considerable decrease in palirgy. The extracts
of B. cristata and E. viride at the dose of 250 mg/kg b. wt induced moderate
inhibition of paw edema (Tables 16, 20).

In the control group, the paw thickness increased by £.8.08 mm at
the 3 h after the injection of carrageenan. The inflatony response to sub-
plantar carrageenan injection was significantigduced especially by
B. prionitis, S ciliatus andE. viride extracts at doses of 100 mg/kg and 250
mg/kg b. wt given orally 1 h prior to carrageenan, thet time course of their
anti-edema effects varied slightly. As the control animalsveddoa maximum
difference in paw thickness at th& B, the inhibition of edema response was

most marked at the™3h. Compared to the control animals, significant
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reduction in paw swelling was evident in #ile treated groups thatas

notable right from the™ h of injection.

The anti-inflammatory effects of higher doses tbé extracts of
B. prionitis and S. ciliatus were comparable to that of the standard group
administered with diclofenac (10 mg/kg b. wt) as a norestal anti-
inflammatory drug (70.81%) (p < 0.001). The perceataghibition of
inflammation forB. prionitis was 62.77% (p < 0.001) for 100 mg/kg and
72.26% (p < 0.001) for the dose of 250 mg/kg b. (¥ty. 14; Table 18) and
that for S ciliatus was 55.47% (p < 0.01) and 72.99% (p < D).Ofor
100mg/kg and 250 mg/kg b. wt (Fig. 20; Table 24peesively. The marked
decrease in paw edema volume caused by the high (866emg/kg b. wt)
treatment of both these extracts was even greater tlaaroliserved for the

diclofenac treated group.

Though comparatively lesser, the anti-inflammatory @#ef the other
plants were also commendable. The extradE.ofiride brought about marked
inhibition of edema that was practically highly sigragind when compared to
the control. Treatment witk. viride extract at doses of 100 mg/kg and 250
mg/kg b. wt resulted in considerable inhibition of paw $weg| i.e., 49.64%
(p < 0.01) and 63.50% (p < 0.001) respebtivéFig. 16; Table 20).
The methanolic extract d. cristata also showed good inhibitory effect that
was moderately significant. The extract could bring uhdba reduction in
inflammatory response at the doses of 100 mg/kg afdn2¥'kg b. wt with
the percentages of inhibition of 49.63% (p < 0.01) &4db4% (p < 0.001)
respectively at the3h following carrageenan injection (Fig. 12; Table 16).
The inhibitory effects ofs heyneanus closely follow that ofB. cristata with
37.22% (p < 0.01) and 53.28% (p < 0.01) inhibitiontled paw edema at the
doses of 100 mg/kg and 250 mg/kg b. wt respectiiéiy. 22; Table 26).
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The least reduction in edema and so thest laati-inflammatory
activity was shown byl. betonica extract. The percentage of inhibition
produced by the lower dose of the extract was tagis8cally significant
(34.31%), whereas the higher dose could bring abaanaiderable decrease
(45.25%; p < 0.01) in the volume of paw edema (E8).Table 22).

Formalin induced chronic inflammation

Formalin-induced paw edema is one of the most effectige veidely
used experimental models for assessing chrami@mmation. The sub-
plantar injection of formalin in Swiss albino mice producedofound
inflammation (swelling and erythema) in the hind pawnoice and was
quantified by measuring changes in thickness of footjmasecutively for six
days. The effect of the various extracts on formalotuced inflammation was
expressed as percentage inhibition of the extracts in thteotostandard and

different treated groups calculated on tfed@y.

In the formalin induced paw edema test for chronitammation, paw
edema was induced by formalin injection on the first dag the extracts
were administered orally at doses of 100 mg/kg artdr2§/kg b. wt daily for
six days. As a consequence of the inflammatory respotie paw edema
volume was increased in control animals, the iftiensf which was
consistent throughout the period of study. Thiéerédnce in paw edema
volume in the control group on th&' @ay was 1.83 + 0.06 mm, whereas in
the standard group,e., the diclofenac treated group, the difference in edema
volume was much lesser (0.86 £ 0.06 mm; p < 0.00Ilasg 53.01% of
inhibition (Figs 13, 15, 17, 19, 21, 23; Tables 19, 21, 23, 25, 27). On the
6" day there was significant (p < 0.001) reduction in paenea of diclofenac

(10 mg/kg b. wt) treated animals in comparison touthigeated control group.
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The present investigation demonstrates thgifggant inhibition of
paw edema volume upon the administration of all theesixacts in a dose
and time dependent manner. The results obtained frenfiotmalin induced
paw edema analysis of the methanolic extracts oftasta of Acanthaceae
were in tune with that obtained from the carrageemduced acute paw
edema test. The anti-inflammatory effects of both theesla100 and 250
mg/kg b. wt) of most of the extracts started 2-3 ddtes ormalin injection.

The high percentage inhibition of paw swelling recordednioe pre-
treated with the extracts d@. prionitis and S ciliatus clearly demonstrates
that these two plants are highly potent nmodulating the various
inflammatory responses in formalin induced edema dk Whe percentage
reduction in paw edema shows significant differenceshé groups treated
with both the low and high dosesg., 100 and 250 mg/kg b. wt of these plant
extracts when compared with the control group. 8sed of 100 and 250
mg/kg b. wt,B. prionitis produced 39.34% (p < 0.01) and 51.91% (p < 0.001)
inhibition on the & day. (Fig. 15; Table 19). The mice treated with extract of
S ciliatus too showed notable reduction in paw edema induced byaln
with percentage inhibition 37.70% (p < 0.01) and 4%7%p < 0.001)
respectively at the doses 100 and 250 mg/kg b. wtthe &' day (Fig. 21;
Table 25).

Similar to the carrageenan induced paw medetest, the anti-
inflammtory activites against formalin induced paw ederin8.q@rionitis and
S ciliatus were followed byB. cristata and E. viride extracts, which
registered moderate inhibitory effec®. cristata extract at the doses of 100
mg/kg and 250 mg/kg significantly reduced the paw teds by 31.14% (p <
0.05) and 45.90% (p < 0.001) when compared withctiv@rol group (Fig. 13;
Table 17). The extract oOE. viride also could decrease formalin induced

inflammation to a great extent with percentage itibii of 32.24% (p <
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0.01%) and 43.17% (p < 0.001) respectively in bdfrkg and 250mg/kg
treated groups (Fig. 17; Table 21).

Though moderately active, the anti-inflammatomactivities of
S. heyneanus and J. betonica were lesser when compared to that of the other
plants. S heyneanus showed statistically significant reduction in paw
thickness by 30.05% (p < 0.05) and 39.34% (p < Or@%pectively for the
low and high doses of treatments (Fig. 23; Table ZRge group that was
subjected to low dose treatment with betonica showed no significant
difference in the anti-inflammatory activity (23.50%hem compared with
the control. The higher concentration of the extraé0(mg/kg b. wt) showed
34.43% (p < 0.01) reduction in paw thickness (Fig.Tidhle 23).

The results of the present study clearly illustratat ®wiss Albino
mice treated with methanolic extractsBfprionitis, S. ciliatus, E. viride and
B. cristata had promising results in anti-inflammatory assays. &fiects of
B. prionitis andS. ciliatus extracts are more pronounced and were comparable
to the standard drug, diclofenac. Both the spegvere found to be very
potent in inhibiting inflammation as the mice pretreated withlower as well
as the higher doses of these extracts showed a egtigible increase in paw
edema after the injection of the respective phlogistic tagenboth acute and
chronic models of inflammation. The maximum antianimatory effect was
seen in mice administered wit ciliatus extract (250 mg/kg b. wt) on
carrageenan induced paw edema test andmioe administered with
B. prionitis extract (250 mg/kg b. wt) on formalin induced paw eddsst. In
both anti-inflammatory tests, the lowest activity was olestrin J. betonica
(100 mg/kg b. wt).
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B. PHYTOCHEMICAL ASSAYS
a  HIGH PERFORMACE THIN LAYER CHROMATOGRAPHY
(HPTLC) ANALYSIS

The HPTLC studies on the methanolic extracts otiggeusedunder
the name ‘Sahachara’ in Ayurveda, using lupeokhas marker compound
revealed major significant spots which appeared attaBp®0.63, 0.48 and
0.38 and other less evident ones (Plates 8Thble 28). The HPTLC
photographic plate represents the detailed chemicallgrafithese six plants
(Plates 8-10). The 3D space visualisation of the mhtograms of the six
extracts and the lupeol marker is displayed in Plate hé&.pEak densitogram
display of standard lupeol (Fig. 24) and those afheaxtract showing the

peak of lupeol are also given (Figs 25a-c).

HPTLC studies indicated relatively good amount of varigbiéimong
the different species that are used as ‘Sahachara’, egérd to spot number
and pattern. Out of the six taxd, betonica had the maximum number of
spotsi.e., 13, whileB. cristata and S heyneanus had the miniumum number,
8. A unique fingerprint profile with specific as well asstthguishing bands
has been revealed for each of the species, which isdigtidifferent from
those of the others. By comparing the spot data, aarappidea about the
relative similarity and differences between the differeatks in the HPTLC
profile also has been made. The data of the HPTLC rfomge patterns of the
different species are presented in Table 28. Thélggogenerated in HPTLC
analysis at 366 nm before derivatization, after dé@ation with A-S reagent

at daylight and 366 nm are given in Plates 8, 9 anc4fectively.

Lupeol is a pharmacologically active triterpenoid witmense anti-
inflammatory properties and is reported to possess ioaledéffects against a
range of disorders (Saleem, 2009). Several plants uséolk medicine to

treat inflammatory diseases have been shown to colua@ol as one of their
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active principles (Gallo and Sarachine, 200B)e presence of lupedias
been previously reported fro® ciliatus and B. prionitis and is regarded as
one of the active ingredients of the above plants (Mackalapathi and Ravi,
2012; Kosmulalagest al., 2007). Hence in the present study, lupeol wasl use
as the phytochemical marker for HPTLC profiling. A phyteciical marker

iIs any chemical constituent in a medicinal plant that cansee to verify its
potency or identity. Standard lupeol is run along wite samples to evaluate
its presence in the different extracts. The ltesaf the HPTLC analysis
revealed the presence of lupeol atORB3 after spraying with anisaldehyde
sulphuric acid reagent and viewing in day light andU%t366 nm (Fig. 24).
The identity of the peak of lupeol in the sample solutions easgirmed by
comparing the retention factor ;{J{Rvalue of the samples with that of the
standard solution of lupeol having the same(lRgs 25a-c). The methanolic
extracts of all the taxa showed the presence of lugéa.HPTLC fingerprint
reveals that the relative intensity of the band corredipgnto standard lupeol
varies in the different plants. The difference in the sizéhe lupeol peak is
very evident in the individual chromatograms of diéf&r extracts given in
Figs 25a-c. The most prominent peak was foumdhe chromatogram of
S ciliatus. The chromatogram d. prionitis also showed rather intense peak

for lupeol. The size of the peak was found to bentiremum inJ. betonica.

The data from the HPTLC studies of the root methanolicaets was
used to calculate the paired affinity indices (PAI) for therent species.
The PAI values represent the percentage chemical siyilzetween any two
species. The PAI between different species arengivelable 29. The results
obtained from the HPTLC analysis showed that thereonly moderate
similarity between the different species tlmke used as ‘Sahachara’.
Maxiumum similarity of the spots was found vbet¢n B. cristata and

B. prionitis as well as betweeS8. ciliatus and S. heyneanus (70%). E. viride
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and J. betonica share the least similarity among the differextracts
(19.04%).

b. GAS CHROMATOGRAPHY-MASS SPECTROMETRY (GC-
MS) ANALYSIS

The chemical compositions of root methanolic extradftsix taxa of
Acanthaceae used as the source plants of the Ayundrdig ‘Sahachara’
were revealed by GC-MS. A wide spectrum of cltamicompounds was
detected in the methanolic extracts from the roots of th@aats. The
components identified by GC-MS analysis with their petags composition
are listed (Table 30). The gas chromatograms of tHerelift extracts are
shown in Figs 26-31 and the mass spectra of the congs identified in the
GC-MS analysis are shown in Figs 32 (i-xvi). The tetamber of chemical
components detected by GC-MS was found to6®erepresenting about
91.14-99.18% of the methanolic extracts. The compounds fthe six
methanolic extracts could be assigned to seliferent classes: phenols
(9.49-60.35%), terpenoids (23.27-58.50%), polyphend&00-18.32%),
phytosterols (0.52-12.50%), fatty acid esters (0.089%), coumarins (0.00-
7.75%), Furans (0.00-11.58%) and other miscellaecompounds (1.40-
14.53%) (Table 31).

Sixteen compounds were detected from the melibamxtract of
B. cristata corresponding to 94.94% of total extract. The major poments
identified were estragole (51.10%p-eudesmol (7.41%), lupeol (6.34%),
canthaxanthin (5.08%), desaspidinol (4.72%) and sgeal@t.14%). The
methanolic extract oB. prionitis showed nineteen compounds accounting for
98.1% of the total extract with desaspidinol (35.20%)drbcinnamic acid
(13.66%), lupeol (6.44%), 5-quinolinol (4.95)upenone (4.57%) and
betulinic acid (3.95%) as the main constituents. Tyédatr compounds

were detected from the root extractBfviride corresponding to 91.14% of
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the total (Table 30). The extract contained lupsggtate (18.4%)soeugenyl
acetate (9.12%)p-spinasterol (8.69%), lupeol (5.73%¢p;cadinol (5.53%),
estragole (4.79%) and betulinic acid (4.76%) as the nwajomponents (Table
30).

The root methanolic extract a. betonica shows 28 compounds
accounting for 97.44% of the total extract with ye8htoxy methyl furfural
(11.58%), lupeyl acetate (8.25%), 2-tert-Butyl-4-metiphanol (7.60%),
geranyl linalool (6.62%), isoeugenyl acetate (4.53%2-Acetyl-4-
methylphenol (4.15%) as its main constituenBixteen compounds
amounting to 99.18% were identified from thetrmoethanolic extract of
S ciliatus. The main constituents in the extract were lup@d.70%),
syringol (26.61%), phytol (5.33%), desaspidinol (3.76%pktulinic acid
(3.66%), sclareol (3.42%)y-spinasterol (3.42%), lupeyl acetate (3.31%) and
B-sitosterol (3.15%). I heyneanus, twenty six compounds were identified
corresponding to 95.82% of the total extract. The ekitaatained syringol
(15.34%), Ilupeol (12.25%), a-spinasterol (10.39%), 4-methyl-2-tert-
octylphenol (7.12%) and 3-methoxycatechol (4.35%)f the major

components (Table 30).

The composition analysis of methanolic extracts of tixetaxa of
Acanthaceae by GC-MS revealed that phenols predominetB. cristata,
B. prionitis and S heyneanus while terpenoids form the major fraction in
E. viride, J. betonica and S. ciliatus. Though terpenoids predominate in
S ciliatus, phenols are also abundantly present. Substantial rasoof
terpenoids were found i. cristata, B. prionitis and S heyneanus also.
Polyphenoles have been detected in all the extracts teXcepride, the
maximum content of polyphenols was shownByrionitis. Fatty acid esters
are reported fromB. cristata, B. prionitis, E. viride, J. betonica and

S heyneanus. All the extracts showed the presence of phytosterolarying
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amounts. Moderate to lesser amounts of other tasseks of compoundsiz,

coumarins and furans have also been seen in diffptants (Table 31).

C. LIQUID CHROMATOGRAPHY-MASS SPECTROMETRY (LC-
MS) ANALYSIS

The chemical constitutions of the methanolic extracts>obkpecies of
Acanthaceae used as the source plants of the drug t&akhaén Ayurveda
revealed by LC-MS are presented in Tables 32-37% Téspective liquid
chromatograms of the different samples are shawirigs 33-38. A wide
spectrum of phytochemicals was detected in the melicaextracts obtained
from the roots of these plants. The compounds fromntethanolic extracts
could be assigned to six general classes of compoy@siolics, terpenoids,

flavonoids, fatty acids, esters, steroids and others.

The LC-MS analysis of the methanolic extractBofcristata revealed
seventeen compounds, out of which phenolic compopneldominate (Table
32). Flavonoids and fatty acids are also present igiderable amounts. The
major components identified are methyleugenol (25)168achidonic acid
(10.81%), quercetin (10.75%), coumaric acid (2@% farnesyl butanoate
(5.54%), B-sitosterol (5.23%), cinnamic acid (5.10%) ancedue (4.18%)
(Table 32). The LC-MS analysis &. prionitis shows fifteen compounds
(Table 33) with a high proportion of phenolics, thawvids and terpenoids.
Among these catechin (20.67%) and betulinic acid1@®@) are the main
constituents. The other active ingredients were barleBr0{%b), B-sitosterol
(10.42%), a-tocopherol (7.92%) and lupeol (4.93%) (Table 33@venteen
compounds were detected from the methanolic extra&. eifride. Phenolic
compounds constitute the principal category of compisnanE. viride. The
other classes of compounds like flavonoids, terpsiand fatty acids are also
seen in lesser amounts. The major constituents areacmu@cid (11.79%),
wogonin (11.52%), myricetin (11.07%), catechin9p86), ascorbic acid
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(7.73%) and linoleic acid (6.90%). Stigmaste(d.79%), cinnamicacid
(4.42%) and hydronaphthoquinone (4.15%) are alsseptein significant
quantities (Table 34).

The methanolic extract af. betonica revealed twenty two compounds
of which terpenoids and steroids are the major claséempounds. The
main constituents identified are spinasterol (23.62%), urswid (22.93%),
cannabidiol (8.88%), betulinic acid (6.26%), sinap{e06%) and coumaric
acid (4.78%) (Table 35). The LC-MS analysis of thetharolic extract of
S ciliatus revealed thirteen compounds of which terpenoids, phegoli
flavonoids and steroids are present in higher amodits chief constituents
are lupeol (15.35%), asiatic acid (15.12%pumaric acid (10.42%),
cannabidiol (9.59%), ethyl-isoallocholate (8.27%)d sinapine (6.97%)
(Table 36). Fifteen compounds were identified from theth@nolic extract of
S heyneanus. Terpenoids form the major class of compounds. Thén ma
constituents include asiatic acid (24.61%), ursolicl §289.10%), quercetin
(7.74%), arachidonic acid (7.61%), cinnamic acid (6.88) coumaric acid
(6.41%) (Table 37).

d. DETERMINATION OF PHENOLICS AND FLAVONOIDS

Methanolic extracts of six species of Acanthaceae tlaused as the
source plants of the Ayurvedic drug ‘Sahachara’ wememened for their total

phenolic and flavonoid content (TPC and TFC respebt).

TPC of extracts and ethyl acetate fractions was meahsoyeFolin-
Ciocalteu (F-C) reagent in terms of gallic acid equivalBAE) (standard

curve equation: y = 0.03x — 0.08?=R1; Fig. 39). A linear calibration curve of

gallic acid, in the range of 10-30 pg/ml with coefficiefitdetermination (B
value of 1.00, was obtained (Fig. 39). The TPC \alokthe various extracts
ranged from 3.14 + 0.22 to 22.64 + 1.93 mg GAE/g bWWhe extract (Table
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38). The methanolic extract & prionitis revealed the highest totphenolic
content 22.64 + 1.93 mg GAE/g DW, approximately ofdfmore than the
methanol extract al. betonica with 3.14 + 0.22 mg GAE/g DW. The TPC of
the methanolic extract d@. cristata (19.34 £ 0.40 mg GAE/g DW) was also
quiet high, indicating considerable amount of nphes. The TPC of
S ciliatus (15.91 = 0.70 mg GAE/g DW) and that Bf viride (15.16 + 1.28
mg GAE/g DW) were comparable as there was no signifid#ference (P >
0.05) between the two. The extractSheyneanus also displayed good TPC
value of 10.80 + 0.60 mg GAE/g DW.

The total flavonoid contents, that were measurgd aluminium
chloride colorimetric technique in terms of quercetiquivalent (QE) (the
standard curve equation: y = 0.004x + 0.017=F.991; Fig. 40). The result
showed thas. ciliatus had the highest TFC value among the samples (6.36 +
0.46 QE/g DW) (Table 38). Total flavonoids B prionitis extract was also
quite high (5.84 = 0.26 mg QE/g DW) and is comparabléh&d of S ciliatus
with no significant difference (p < 0.05). The flavothaiontent of the other
plant extracts in the descending order were 3.803%,08.72 + 0.21, 3.63 *
0.11 and 1.89 + 0.30 mg QE/g DW respectively Borcristata, E. viride,

S heyneanus and J. betonica (Table 38). The flavonoid contents of the first

three plants are more or less comparable (p < 0.05;yFkamer HSD test).
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DISCUSSI ON

The present work includes an attempt to study theomosome
constitution of six taxa of Acanthaceae (Plate 1) thatugesl as the source
plants of a well known Ayurvedic drug ‘Sahachara’meooonly used against
inflammatory disorders and the antioxidant and antiimffeatory analyses of
their root methanolic extracts. Efforts have alserb done to identify the
phytochemical constituents that are responsible HerMtiological activities
observed. The study also envisaged developmenhearhical fingerprints of
the taxa through HPTLC, GC-MS and LC-MS, through by Wwhike taxa
could be easily identified and discriminated from @rther. The results

obtained were analyzed and are discussed hereunder.

A. CYTOGENETICAL ANALYSIS

In angiosperms, the species of several families, botbtydéclons and
monocotyledons are found to exhibit a direct relationshgiween their
phylogeny and cytogenetical constitution. Thieromosomes being the
carriers of heredity, both structural and nunarichanges in them can
influence the genetic-evolutionary process. A detailgdgenetical analysis
can serve as a useful tool to understand sgfitemelationships and for
tracing the direction of evolution (Love and Love, 1975).

Some of the major karyotype characteristics of conside
evolutionary and taxonomic significance are (1) d#fees in the absolute
chromosome size, (2) differences in the position of teatromere, (3)
differences in total chromatin length (4) differencesaryotype formula and

(5) number as well as position of satellites.
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a. KARYOMORPHOLOGICAL ANALYSIS

Detailed chromosomal analyses were conducte®aiteria cristata,
B. prionitis, E. viride, J. betonica, Srobilanthes ciliatus and S. heyneanus.
Chromosomal survey, which primarily is the determinat@inchromosome
number and meiotic behaviour, is an important step idergtanding the
cytogenetic constitution of species, relationship amorg tand to provide a
base for the future improvement programmes (Gill and Hilhg1998).
Chromosome number counts have provided indispensalitemiation on
genetic discontinuities within and among species ($empal., 1989). As
intraspecific cytological variations can occur in planeécsgs (Ebertet al.,
1996; Murray and Young, 2001), cytological attributesdntebe taken into
account when conservation strategies are planned storagion of depleted
populations (Murray and Young, 2001). Detailed kargetynformation has
shown to yield useful and dependable data tfacing the direction of
karyotype variation and for assessing thature and magnitude of
chromosome structural alterations within and beetw species in plant

families (Sreekumari and Mathew, 1992).

In the present investigation, chromosome numbersrrdated for the
different plants are 2n = 48(cristata andB. prionitis), 2n = 28 & ciliatus),
2n = 32 & heyneanus), 2n = 36 E. viride) and 2n = 34 ], betonica) (Plates
2-7). The details of karyotypes of the taxeameined are summarised in
Tables 3-8. The respective karyograms and idiogramgiaen in Plates 2-7.
The mitotic and meiotic chromosome countsBofcristata, B. prionitis and
J. betonica and the meiotic chromosome numberSheyneanus have been
reported by earlier workers. However, most of thdieracytological studies
were confined to mere chromosome counts with onlytgcanformation on
karyomorphology. The results of the present study aonfire findings of the

earlier reports and represent a detailed karyomorphologiwastigation of
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the plants pertaining to chromosome lengtd ather karyomorphometric

attributes.

When examining the chromosomes of Acanthaceae their sinalbind
the diversity of their numbers among taxa are readipagmt (Grant, 1955).
The small size of somatic chromosomes gégermade studies of
chromosome morphology of Acanthaceae rather impract&ecording to
Daniel et al. (1990), the somatic chromosomes of Acanthaceaeoften
clumped, making accurate chromosome number deteromsatiifficult. In
the present study, the small size of chromosomes waslcinoticeable in the

karyotypes ofl. betonica, E. viride, S ciliatus andS. heyneanus.

Most of the chromosomes observed in the study wede sttaped,
apparently with narrow constrictions. The size of theomosomes showed
gradual reduction from the largest one to the smallestionall the plants
investigated (Plates 2-7). Data with respect to the lenftbhromosomes,
short arm and long arm lengths was accurately meashbredgh analysis of
the digitalized image. Average chromosome length (ACL) anthl
chromosome length (TCL) were found to be much higheB. prionitis and
B. cristata, when compared to the other taxa. The diffeagnen the
chromosome length and volume may be attributedlifferent content of
protein and DNA, along with differential spiralization danondensation of
chromosomes. Chromosomal differences reflect timeldmental changes in
morphological, physiological and biological charextahat result from
different gene action and expression (Sharma and Z¥)2). The alteration
of a chromosome segment may affect several gandsthereby leads to

several sets of phenotypic characteristics (Zéta., 2005).

Forma percentage or centromeric index is used tssil
chromosomes based on centromere. Derived paraméerslisparity index

(DI) and coefficient of variation (VC) are used to trdbe symmetry of the
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karyotype. The size variations of the chromosomesreflected indisparity

indices (DI). Higher the variation in the size of theochosomes, disparity
index tends to achieve high values. Vamatiooefficient reflects the
distribution of chromosomes of different size aroundnean value. High
variation coefficient therefore reflects the hegeneity of the karyotype.
These derived parameters along with other quantitative atatalescribed in

detail for all the plants investigated (Tables 3-8).

Though the six members of Acanthaceae studied exhiterehces in
karyomorphometric parameters, the predominantechoomosomes with
nearly median centromeres and the higher valuesF8b suggest that the
karyotypes are cytologically more primitive thanvaced. Among the six
taxa studied, the karyotypes @& cristata and B. prionitis seem to be
comparatively more advanced because of their heteoogerhromosome
complements and fairly high variation coefficient (VC)Jues. But the large
sized chromosome is a rather primitive characThe karyotypes of
S ciliatus, S. heyneanus, E. viride and J. betonica are characterized by the

small size of the chromosomes (Plates 4-7).
Barleria cristata

Chromosome number was found to be 2n = 40 and tpa#es of
chromosomes with secondary constriction were deted®ate( 2). Earlier
workers reveal the existence of meiotic chromosomuenber 2n = 20
(Sharma, 1970; Vasudevan, 1976; Saggoo, 1983; &aggd Bir, 1986;
Daniel and Chuang, 1989; Khaton and Ali, 1993) and 240=Devi and
Mathew, 1991) inB. cristata. Hence the somatic chromosome number of

2n = 40 inB. cristata is confirmed.

Among the 40 chromosomes observedircristata, 34 chromosomes

are with nearly median centromeres and 6 with nearhmedian centromeres
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(Table 3). The chromosome length ranges betwee284.94m to 2.174%um.
TCL was found to be the maximum in  B. cristata (138.9312 ym). DI and
VC values were the highest observed (38.77 and 223gectively) in the
study whereas the TF value was somewhat low (42.54n veoenpared to
B. prionitis. The ACL was found to be 3.4733 pum.

B. prionitis

Chromosome number was found to be the same as tltooistata,
i.e, 2n = 40 (Plate 3). Meiotic studies conduclsd Vasudevan (1976),
Saggoo (1983) as well as Saggoo and Bir (1986) re2ea 20 and mitotic
analyses by Sarkast al. (1980) and also by Devi and Mathew (1982, 1991)
disclose 2n = 40 irB. prionitis. Moreover, n = 20 and 2n = 40 are the
widespread chromosome counts found in the g8aukeria (Table 1). So it
seems probable that during karyotype evolutiolBarferia, the chromosome
counts with 2n = 40 and n = 20 might haveobe the principal and

recognized chromosome complement in the genus.

In the present studyB. prionitis showed a high TCL of 129.3066 um.
Two pairs of chromosomes with secondary constrictionevabserved. ACL
was found to be 3.2327 um. The range of chromostength (RCL) was
identified between 4.9330 um to 2.2728 um. DI and VQe&lwere quite
high with 36.92 and 22.56 respectively. The TF% vakss calculated as
43.04. The karyotype d. prionitis consists of 36 chromosomes with nearly
median centromeres and 4 chromosomes with nearly slilimeentromeres
(Table 4).

Ecbolium viride

The somatic chromosome numberbofviride was found to be 2n = 36
(Plate 4). The existence of gametic chromosomeber of n = 18 in

E. lineanum (Sharma, 1970) anB. syringifolium (Daniel, 2006) and somatic
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chromosome number of 2n = 36 E lineanum (Devi and Mathew,1982)
reveals that this number prevails in the gefabolium. Thus there is every
possibility for the occurrence of 2n = 36Enviride, which seems to be a new

report.

The karyotype ofE. viride has two pairs of chromosomes with
secondary constriction. The TCL (45.0734 um) is muchketothan that of
B. prionitis and B. cristata. The ACL is 1.252 um. The chromosomes are
relatively small sized with the size ranging from 1.768® to 0.9209 um.
The DI and VC values are 31.38 and 18.66 respeygtivelThe TF% value
calculated was the highest recorded (44.52) in thaystGhromosomes with
nearly submedian centromeres were altogether absenalbofl them were

found to be with nearly median centromeres (Table 5).
Justicia betonica

Chromosome number was 2n = 34 showing two pairs afrcbsomes
with secondary constriction (Plate 5). Barring one previceport of 2n = 28
(Subramanian and Govindarajan, 1980), the prevatgtdtic chromosome
number (Bir and Saggoo, 1979; Ranganath, 1981; Bedi Mathew, 1982;
Krishnappa and Basavaraj, 1982; Govindarajan anda$adnian, 1983) and
meiotic chromosome number (Bir and Saggoo, 1979; 188hganath, 1981;
Saggoo, 1983; Saggoo and Bir, 1986; Daniel anda@)) 1998; Daniel,
2000; Danielet al., 2000) inJ. betonica is 2n = 34 and n = 17 respectively.
Apart from four speciesviz, J. adhatoda (Daniel and Chuang, 1998),
J. carnea (Daniel and Chuang, 1989)). extensa (Daniel and Chuang, 1998)
and J. trinervia (Ranganath, 1981; Krishnappa and Basavaraj, 1982) thi
chromosome number is uncommon among the 87 spetidssticia that has

been cytologically worked out (Table 1).
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The shortest chromosomes reported in the presady streobserved
in J. betonica (size ranges from 1.0294 pum to 0.4814 pum). TCL waly o
22.9642 um. The ACL was 0.6754, the least vakpmorted in the study.
The DI and VC values were high and were calculated@27 and 22.28
respectively. The TF value was also shown to beyfdiigh (44.11). The
karyotype consists of 32 chromosomes with nearly medémromeres and a

single pair of chromosomes with nearly submedian cerdres (Table 6).
Strobilanthes ciliatus

Chromosome number was found to be 2n = 28 and taios pof
chromosomes with secondary constriction wereserved (Table 6).
Previously, chromosome counts were not madé&. iniliatus and hence the
somatic chromosome number of 2n = 28 is a novebrteut of the 30
reported taxa oBrobilanthes that had been investigated cytologically, only
one plantviz, S callosus (Saggoo and Bir, 1982) is with the meiotic

chromosome count of n = 14 (Table 1).

The chromosomes 08 ciliatus are smaller when compared to
B. cristata and B. prionitis with a TCL of 40.8232 um. The ACL was 1.458
pum. DI and VC values were calculated as 30.81 ang82fespectively. The
TF value was 42.40. The chromosome complement ¢sespr 26
chromosomes with nearly median centromeres andhromosomes with

nearly submedian centromeres (Table 7).
S. heyneanus

The karyotype shows a diploid chromosome numbe2rof 32, four
of which were found to be having secondary constric{Plate 7). An earlier
study conducted by Devi and Mathew (1997) thus cosfirtne present
chromosome count of 2n = 32 8 heyneanus. Majority of earlier workers

reports the existence of the same chromosome coutnt ef32 and n =16 in
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other species oftrobilanthes (Table 1). Thus it seems probable tlis
chromosome complement is a dominant and establishednoine karyotype

evolution ofSrobilanthes.

In the present study, RCL was between 1.1058 pumGaB@i71l pum in
S heyneanus. The ACL (0.863 um) was less than thatSo€tiliatus. The TCL
was estimated to be 27.6154 pum which is gqute when compared to
S ciliatus. DI was calculated as 26.89, which is very low wleemimpared
with other taxa. The lowest VC value among the studied t@as found in
this plant (17.71). The TF value (%) calculated wasldlest among the six
plants (41.49). In the chromosome complememt, twengit chromosomes
possess nearly median centromere while four show nesulymedian

centromere (Table 8).

The cytogenetical study revealed a wide spectainthromosomal
data among the six taxa studied, in the parameiers total chromosome
length, average chromosome length, range of chram®skength, disparity
index, variation coefficient and TF value (%). The TCL different plants
investigated ranges from 138.9312 um to 22.9642 pabl€T9). The highest
value for ACL is 3.4733 pum, and the lowest is 0.676#%. The range of
chromosome length varied between 4.9330 — 2.2728 pm0&94 — 0.4814
pum. The DI value ranged from 26.89 to 38.All the plants showed
moderately high TF (%) values, ranging from 41t4944.52 and the VC
values were found to be ranging from 17.71 tor22 All the karyotypes
invariably possess a majority of chromosomes withrlpaaedian primary

constriction.

Karyotype analysis swings around the concept that stncal
karyotypes are more primitive than asymmetrical onesiteshohromosomes
are advanced than longer ones, chromosomes withameentromere and

arms of equal length are more primitive than miosomes with arms of
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unequal length and higher basic chromosommbeus are evolvedrom

lower ones.

Among the six taxa investigate®, cristata showed highest DI value
(38.77) andS heyneanus showed lowest DI value (26.89) (Table 9).
Normally a low DI value corresponds to the homogenetychromosomes
and a high disparity index value corresponds to tlierbgenous assemblage
of chromosomes (Mohantst al., 1991). The comparatively higher values of
DI estimated also . prionitis and J. betonica suggest the heterogeneity of
the respective chromosome complements. The &eg® that are
heterogenous both cytologically and genetically are idensd important in
the evolution of the species. The karyotype homogengit$. ciliatus and
S heyneanus was confirmed by a low DI value (30.81 and 26.89eesively)
(Table 9). In addition to these, both the karyotypes shamh TF% values.
An increase in the mean centromeric index value esgpits a highly
symmetrical karyotype, which is often considerasl a primitive feature
(Sharma and Sharma, 1984; Vasil'edal., 1985). Therefore, bot8 ciliatus
and S heyneanus seem to possess primitive karyotypes wiirly

symmetrical chromosome complements.

Variation coefficient (VC) is the most reliable karyomorpimctal
parameter because it is calculated considering thehlefghe chromosomes.
Moreover, the lower value of the variation coefficierst veell suggests the
homogeneity and primitiveness of the kbampyes (Stebbins, 1959).
The maximum VC value is showed by three plamig,, B. cristata,

B. prionitis and J. betonica and the minimum is its. heyneanus. The highest
content of chromatin material was found Bn cristata. Though it is a
primitive feature, the karyotype d. cristata shows rather high DI and VC
values. The karyotype @& ciliatus shows a lower chromosome number and

was characterized by a moderately higher TF% vala®I€r9).

112



All the karyotypes in general, are characterizedhgygraduablecrease
in chromatin length. A decrease in chromatin length & oihthe factors
responsible for evolution of higher plants (Sharma anadri8a, 1984). Most
of the chromosomes are nearly metacentnith very few nearly
submetacentric ones. Excessive number of nearlyaeetric chromosomes
reveals a primitive evolutionary status (Levitsky, 193Advancing evolution
leads to sub-terminal and terminal centromeres. DM@ values denote
primitive homogenous nature of the karyotypes (Vert@80). Change of the
centromere from median to sub-median and increasedd#fierence between
different chromosomes of the same set are the two pbasiesses responsible
for karyotype speciation and this is often consideas a potential factor in

the evolution of species at the diploid level (Mathew &hdmas, 1974).

Majority of the chromosomes of the karyotypes beltmghe nearly
median group which suggests that the plants hohdpamatively primitive
position by revealing a more symmetrical karyotyple Thnoderately higher
values of TF % in general also support the eleméndymmetry in these
karyotypes. A TF% (mean centromeric index) of 50 ingplibat all the
chromosomes have median centromeres and is thusdeator of absolute
symmetry of the karyotype. A TF% of zero implies thiattlee chromosomes
possess terminal centromeres and the karyotype exltibmplete asymmetry
(Kapoor, 1977). The comparatively higher TF%ueal and nearly median
centromeric position of majority of chromosomes andltveer value of the
variation coefficients indicate that all the taxa includedhe study possess

more or less primitive karyotype features.

Though the chromosomes 8f prionitis and B. cristata are much
bigger in size compared to those of the others, yet shewed the greatest
size difference between the different chromosomesirrgd (1991) reported

that a karyotype which is characterized by great diference among the
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chromosomes is an asymmetric one. The least differen size ofdifferent
chromosomes is noted id. betonica. This species shows somewhat
symmetric karyotype. The chromosomes Jofbetonica are extremely small
and homogeneous, with nearly median to nearly sufianecentromeres.
Moreover, the lower range of chromosome length, l@asiation coefficient,
and high total forma percentage (Table v@Jues confirm karyotype

symmetry.

A decrease in total chromosome length LJTCand average
chromosome length (ACL) found i@ ciliatus, S. heyneanus, J. betonica and
E. viride are considered as higher karyomorphometrical charsiits.
Reduction in chromosome length in the karyotype isighly advanced
evolutionary feature (Sharma and Sharma, 1984gn thoughE. viride
shows advanced karyotype features, a low DI valu81088 and high TF%
value of 44.52 reveal its karyotype homogeneiBoth advanced and
primitive features denote that the taxon is actively in@dhin karyotype

evolution.

Basic chromosome number is one of the most widelyl u$saracters
in biosystematic studies for formulating phylogenetic sfaimins and hence
can be considered as a dependable and stable markée afirection of
evolution (Jones, 1978). Basic chromosome nusnlaeée considered to be
having tremendous taxonomic and evolutionary digante. Basic
chromosome numbers varying from 5 to 9 are congida® primary base
numbers in ancestral forms of angiosperms. Basicnobsome numbers have
been implied in the determination of systematic positioma tdxon at higher
taxonomic levels (Raven, 1975). These basic numbers oftey lead to

polyploidy and aneuploidy.

Previous studies reveal the existence of diverse pyirmad secondary

basic chromosome numbers in the family. Grant (1986posed the base
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numbers of 5, 6, 7, 8, 9, 10 and 11 in Acanthacesth, most speciestudied

occurring in the series, x = 7, 8 or 9. Pidy and more commonly
aneuploidy were responsible for the diversity of chramnmes numbers in the
family (Grant, 1955). Daniekt al. (1984) also was of the opinion that
polyploidy appears to be frequent in the family anduploidy may also have
been important in the origin of some genera. The basibeux = 7 seems to
be primitive for the family, from which the widespread=x14 would have

been derived (Piovano and Bernardello, 1991)niébaand Chuang (1993)
also proposed that the primitive basic number of ¥ is the probable

ancestral base number for the family.

According to Govindarajan and Subramanian (1983),At&nthaceae
show a wide range of basic numbers from x = 8 to34=and the commonest
basic number in the family is x = 16. The basic chrames number, x = 8 is
assumed to be the original basic number of the famnlg that x = 16 is
derived by polyploidy. They suggested that evolutadran aneuploid series
(x =13, 15, 17, 18, 19, 20, 21, 22, 25, 26, 28,a8d0 34) from the original
number x = 8, followed by polyploidy might well hagesen rise to the wide
range of basic numbers now observed in the family. Basiobers 17 to 34
may have arisen by diphasic amphidiploidy, by combimatbany two basic
numbers or by gain or loss of chromosomes followintygloidy. Mehra and
Bawa (1969) believed that basic nhumbers higher thanl3, are secondary
polyploids derived by compounding of lower numbefsradated or extinct
taxa. This is evidenced by the study of frequency ipfol chromosome
numbers in various species of Acanthaceae they studiee constancy of
chromosome numbers within many genera of Acanthaeeak between or

among morphologically similar genera often suggestsemtess of the taxa.

Barlerieae are the most primitive subtribe among thesticieae

(Acanthaceae) (Dutta and Maity, 1970). Though chsmm@® complements
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of n = 12, 15, 16, 17, 18, 19, 20 and 21 have heported forBarleria
species (Grant, 1955; Moore, 1973; Goldblatt, 19B%8), howevermost
counts have been either n = 20 or 2n = 40. In theeptestudy, counts of
2n = 40 forB. cristata andB. prionitis agree with most of the previous reports
of the same or related species. Gosal. (2011) reports that the karyotypes
of most of the Barlerias are fairly symmetrical anelitlsomatic complements
being predominated by m-type chromosomes. Augaérof the literature
shows that among the Indian Barlerias, 2n = 40eésntfost common somatic
chromosome complement, though 2n = 32, 36 and 44 Ao been reported.
All these counts can be descending aneuploidvatems of the n = 20
condition (Ranganath and Krishnappa, 1990). De (1966pested that all the
known numbers in the genus are derived from alteratwf the basic number
of x = 15. As 2n = 40 is found in most of the spect&Barleria studied so far
(Table 2), it is, however, premature at present to dralefinite conclusion on
the basic number of the genus when the cytologicalrnmdton available is
meagre. Besides, some of the earliest counts needdonfiemed employing

recent techniques.

According to Devi and Mathew (1991), thgrobable basic
chromosome number could be x = 10 among spedidBarleria. All the
known species hence could be tetraploids based on x #nlibe present
investigation, karyotypes of both these plants werendouo be fairly
asymmetrical and unspecialised. However, each taxandmginct in respect
of the relative positions of the centromedength of the individual
chromosomes and the total length of haploid set. The kargat§B. prionitis
was shown to be more symmetrical with most of themlmsomes showing
more or less equal arms when compared to thd. afistata. The highest
number of nearly sub-metacentric chromosomes wagl not8. cristata; i.e.,

6 pairs. The presence of relatively long chromosoraed a relatively high

basic number of x = 20 makdarleria a distinct taxon among Acanthaceae
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(Ranganath and Krishnappa, 1990). Daniel and Chuflff9, 1998)
summarized all the previously reported chromosome ntsribeBarleria and
noted the prevalence of n = 20 among species of thesgend the likelihood
of x = 20 as a basic number in the genus. In the preseastigation, the
chromosome number of 2n = 40 estimated in the kapgstyfB. cristata and
B. prionitis might have derived from the secondary basicorabsome
number of ¥ = 20, which in turn might have originated from tpemary

basic number of x= 10 by protoautoploidy, as evidenced by earlier rispor

The chromosome complement count of 2n = 36 reveaeé.fviride
is the first report for the species and it agrees wmitist of the previous counts
for the genus. The chromosome number 2n = 3B. ofride agrees with the
view of Daniel (2006) that x = 18 is the ibashromosome number of
Ecbolium and might have originated from the primary base numbe= 9.
Doubling of the primary base number due to prdwmaaidy leads to the
formation of the secondary basic numbgr=x18 from which the normal
chromosome number of 2n = 36 might have originated.thle present
investigation, the evolution of somatic chromosomember in the two
species ofBarleria and E. viride seems to be following the same pattern of
protoautoploidy from the primary basic chromosomenber, even though

their base numbers are different.

According to Govindarajan and Subramanian (198&8th euploidy
and aneuploidy might have played an important ialethe origin and
evolution of the species &robilanthes. The normal chromosome number of
S ciliatus, 2n = 28 seems to be apparently originated by thubldw of the
primary basic number of;x= 7, which has been suggested to be commonest
in the family. According to Fernandes and Leitao (1984¢ secondary base
number, %X = 16 in S heyneanus might have arisen from the primary base

number x = 8, through autopolyploidy.
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Govindarajan and Subramanian (1983) have reported sbmatic
chromosome number af. betonica as 2n = 34. The results of the present
study are in agreement with this report. The chromosoumeber of 2n = 34
in J. betonica could arise in various ways. Danilal. (1984) suggested that
although a wide range of basic chromosome numbessbban reported for
species oflusticia, x = 14 appears to be the most common number. Acbasi
chromosome number of x = 7 would appear to be pightbable fordusticia,
as suggested by Piovano and Bernardello (1991) asaselaniel (2000).
The other possible base numbersJodticia, according to Daniel (2000)
include 6 (although not much known in the geousfamily), 9 and 11.
Whatever be the basic number, given the diversity afbers now known for
the genus, it appears evident that both dysploidy eandoidy could have
been important components of evolution within the geAugolybasic origin
also is highly probable by the joining of two primary éasimbers x= 8 and
X; = 9 leading to the formation of the secondagpmiver % = 17 by
amphiploidy (Sharma and Sharma, 1984), doubling,of 17 forms cells
with 2n = 34 chromosomes (Grant, 1981). AccordingJones (1978) and
Evans (1988), amphidiploid origin of basicrathosome number is a
primitive condition. A chance for the origin of * 17 through a ‘polyploid
lift" from x, = 8 or by a ‘polyploid drop’ from x= 9 is another possibility
(Jones, 1978). Daniel (2000) discussed theersity, frequency and
taxonomic distribution of chromosome numbers redorter the genus
Justicia. He noted that x = 7 would appear to be thsicbchromosome
number for the genus, and that n = 14 is by far the em®monly reported.
It also suggests that both aneuploidy/dysploidynd euploidy have
accompanied evolutionary diversification of the genus.

The base number x = 7 has been suggested as theabrizasic
chromosome number for the family (Grant, 1955). Adoag to Piovano and

Bernardello (1991), the base number of x = 7 witk X4 in the greatest
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number of genera seems to indicate that the basiutipe number forthe
family Acanthaceae could be x = 7, from which thelegipread x = 14, as
well as the other base numbers, could have been deriaen compared
with the probable basic number of x = 7 for the familypst of the counts
reported here are relatively high. The high basic rersilsuggested for most
genera undoubtedly result from ancient polyploidizatioBiven the variation
in chromosome numbers reported within the numerspscies and genera
(Table 1), it is likely that chromosomal alterasiomnight have been
responsible for the proliferation in numbers of taxa is targe family. Long
(1970) also has suggested that aneuploidy may benabp® for the large

number of genera and species in the family, Acarthac

According to Danielet al. (1984), the presence of a prominent basic
chromosome number for most genera is evidentspite of an array of
numbers in some large genera  (eJggticia and Barleria), a single basic
number predominates. The heterogeneity of chromosamers inJusticia
may be indicative of a polyphyletic assemblage or msayply indicate
evolution of chromosome number after tleigin of the genus.
This variability is also typical of many other genera (@&rd955) and of the

family Acanthaceae as a whole (Piovano and Bernardedgl).

Structural rearrangements of chromosomes happdangdliaryotypic
evolution which keeps the chromosome number constaininduce variation
in terms of Kkaryotype organization, karyotype Byatry, average
chromosome lengtletc. Changes in chromosome length may arise due t
difference in the DNA and protein content and alsotrayslocations and
deletions. The data obtained in the present study ardicagn for effective
breeding programmes, genetic diversity analysis andidelticn of the

phylogeny and the species origin of the respectivatpla
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Karyomorphological studies are of considerable irtgyae in ordeto
throw light on the phylogenetic relationships among taixfiowvering plants
(Iwatsubo and Naruhashi, 1991). Like many other laagd predominately
tropical families of flowering plants, the Acanthaceae aenpoorly known
cytologically (Daniel, 2000). The karyotypic variationsseltved among the
plants here could not be correlated or interpreted regalar evolutionary
order as they belong to four different genekmong the two species of
Barleria, more primitive features were exhibited By prionitis when
compared toB. cristata. In the case ofSrobilanthes, more advanced
characters were shown I8/ heyneanus when compoared t8. ciliatus. In the
present investigation, majority of karyomorphological tieas reveal the
homogeneity of all the taxa investigated. The karymmological diversity
found in the six taxa of Acanthaceae can be best epldy assuming that
these plants are still in an active phase of karyotypeluBen and their
evolutionary status appears to be enigmatic. Theatsofor E. viride and
S ciliatus are the first reported chromosome numbers tli@se taxa. As
detailed cytogenetic studies had not been attemptadopsly on any of
these plants, the aim of this work was to provide ledmme and complete
cytological information on the taxa that would contribute the better
understanding of the chromosomal constitution of thHfermint taxa that are

used as the source plants of the drug ‘Sahachara’.

b. ANTIOXIDANT AND ANTI-INFLAMMATORY ASSAYS
. ANTIOXIDANT ASSAYS

Free radicals have been implicated in the pathmdbgprocesses of
various serious diseases such as cancer, coroeary tisease, Alzheimer’s
disease, neurodegenerative disorders, atherosclerosataracts and
inflammation (Juan and Chou, 2010). Reactive @rygpecies (ROS) are

continuously produced during regular physiologipabcesses, have very
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short half life and hence are very reactive, caysilular injuries leadingo

the accumulation of lipid peroxides in biologicalembranes, inducing
oxidative damage in crucial biomolecules and form thennraisponsible
elements for numerous degenerative diseases (Ray arsaiu2002; Yadav
et al., 2012). Overproduction of ROS and free radicals nesylt in oxidative
stress resulting in a number of pathological conditi@ffecting components

of the electron transport chain, ultimately leading to celtldea

According to Winrowet al. (1993), the inflammatory process is often
associated with free radical damage and oxidasivess. Narmadha and
Devaki (2012a) suggested that free radicals playimportant role in the
etiology of many autoimmune disorders like urhatoid arthritis. The
generation of oxygen free radicals is kmowo be involved in the
development of several systemic inflammatorgsponse syndromes.
In addition to their actions as noxious mediators generbyethflammatory
cells, these molecules play also a crucial role corttriguto the onset and
progression of inflammation in distant organs (Closa Balth-Puy, 2004).
Reactive free radicals are produced during the psoogsflammation by the
mast cells, neutrophils and macrophages ansl phoduction of ROS
contributes to expand the inflammatory response i($t¢dirput et al., 2011,
Noufou et al., 2012).

Antioxidants are free radical scavengers (FRS) whichctfan as
inhibitors at both initiation and propagation stages of deggive diseases
and consequently play an important role in the protectbrhuman body
against oxidative damages by blocking the chain iediaby high energy
molecules (Govindarajaet al., 2005; Cespeclest al., 2008). According to
Stangl et al. (2006), the active principles found in several arndiart herbs
are known to react directly with ROS and thus can cedthneir destructing

activity. The proper and judicious use of herbs isrofteen successful in the
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treatment of many adverse health conditions calseftee radicals ands

essentially ascribed to their radical scavenging activitidshough many
promising synthetic antioxidants are currently usgdinst various human
ailments, their pro-oxidant or cytotoxic nature hagher concentration

prevents them from long term use.

Plant extracts with high level of polyphenolic compourstiew good
antioxidant activity inin vitro systems (Shukleet al., 2012). There are
increasing evidences that natural antioxidants ptese spices, herbs and
medicinal plants may be useful in preventing the detaisriconsequences of
oxidative stress. Many plant species in Acanthaceae haen investigated
for their antioxidant properties and their actigenstituents have been
suggested to be contributing to their radical scavenginlity (llangoet al.,
2009; Thangavel and Gupta, 2010).

Having in mind the significance of oxidative stress amitammatory
process in the development of many severe chrdiseases, it would be
worthwhile to investigate the antioxidant and anti-inflammatactivities of
these plant species which are used as the esopllants of the drug
‘Sahachara’ and also to probe the correlation betwbege activities. The
models for scavenging free radicals aredelyi used to estimate the
antioxidant properties in a relatively short time with hrghability (Reische
et al., 2002). Ikramet al. (2009) suggested that it is important to use different
assays, instead of relying on a single one g$sess and compare the
antioxidant capacity. The antioxidant potential of the roatharelic extracts
of six taxa of Acanthaceae was evaluated employingargety ofin vitro
methods that includes assessing their ability to scaveageus free radicals

and to inhibit lipid peroxidatiomn vitro.

The effective concentration for radical scavengingvayg (ICsg) is the
concentration of the extract at which the antioxidanivigtis 50%, i.e., the
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amount of each extract needed for 50% scavengin@mdus radicals anfbr
causing 50% inhibition of lipid peroxidation. A lowerslGralue corresponds
to higher antioxidant activity of the extracts awde versa. All the
methanolic extracts showed moderate to good antioxidgrdcitees against
different reactive oxygen species, although with d#fife efficiencies (Figs 7-
11; Tables 10-15). The scavenging effect of extramseased with increasing
concentration. The potent antioxidant activities diggayy the various
extracts shows their ability to protect various biomoleculesn oxidative
damages. Of the plants investigat®&l, prionitis, B. cristata and S. ciliatus

seem to be most promising.
DPPH radical scavenging assay

2,2-diphenyl-1-picrylhydrazyl (DPPH) is a stablenthetic radical that
does not disintegrate in water, methanol or ethaAkédy et al., 2013). The
model system for scavenging DPPH free radicalsan easy, rapid, and
sensitive way to survey the antioxidant activity of ac#me compound or
plant extracts (Othmasmt al., 2007). The DPPH method is one of the most
preferred antioxidant assays because it is highly reliabtedoes not require

a special reaction and device.

DPPH shows a strong absorption band 587 nm in visible
spectroscopy because of the odd electron. As this etebcomes paired off
in the presence of a free radical scavenger, thergtimo diminishes and the
resulting decolorization is stoichiometric with respéat the number of
electrons taken up (de Oliveighal., 2009). In the presence of an antioxidant
agent, a solution of DPPH radicals prepared in meth@ncbnverted into its

reduced form, DPPH-H (diphenylhydrazine) molecules.

In the present study, all extracts were found to becaffe scavengers

against DPPH radical and their activities increased idose dependent
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manner (Fig. 7; Table 11). The root meth&naxtract of B. prionitis
exhibited the highest DPPH antiradical propertiegh an 1Gg of 31.06 £
1.28 pg/ml, followed byB. cristata and S ciliatus. The extract of
S heyneanus displayed the weakest 4¢of DPPH radical scavenging activity
(103.92 + 1.55 pg/ml) (Table 10). Maximum DPHR# scavenged byB.
prionitis (84.73 £ 1.31%) andB. cristata (85.97 + 1.05%) at a concentration
of 140 pg/ml (Table 11). Free radical scavengers doaatelectron to the
free radical, causing the disappearance of DPPH raslieddsorbance. The
disappearance of DPPH radical is directly proportionaltii® amount of

antioxidants present in the reaction mixture.
ABTS radical scavenging assay

The peroxidase substrate 2,2'-azino-bis(3-ethylbéaathine-6-
sulphonic acid) (ABTS), forming a relatively stable gadication (ABTS)
upon one-electron oxidation has become a popular sidor estimation of
total antioxidant capacity (Tirzitis and Bartosz, 2010kaBhing of a pre-
formed solution of ABTS radical has been extensivedgduto evaluate the
antioxidant capacity of complex mixtures and individuampounds. The
radical is generated directly in a stable form prior to treacwith putative
antioxidants. The pre-formed radical monocation (AB)I® generated by
oxidation of ABTS with persulfate and is reduced the presence of
hydrogen-donating antioxidants to an extent dependimghe activity and
concentration of the antioxidant as well as the duration hef reaction.
Antioxidant activity can be determined by the decolorizatirthe ABTS,
through measuring the reduction of the radical catisnthe percentage
inhibition of absorbance at 734 nm.

ABTS radical cation is reactive towards most antiontda\Walker and
Everette, 2009) and is applicable for bdigpophilic and hydrophilic

antioxidants (Aghdanet al., 2011). It is more reactive than DPPH radical,
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and unlike the reactions with DPPH which involvesatém transferABTS
radical scavenging activity involves an electron trangfrocess (Srikantbt
al., 2010).

The free radical scavenging activity of theraots show a higher
efficiency in ABTS assay with much lower §Cvalues (Table 10). The dose
dependent inhibition of ABTS radicals by various extrastshown in (Fig. 8;
Table 12). As in the case of DPPH radical scavengihg, highest activity
was noted inB. prionitis, B. cristata and S ciliatus extracts which could
produce more than 90% radical inhibition at the doseOgii@/ml (Table 12).
The most effective scavenger wBsprionitis extract with an 1G, of 12.89 +
3.46 pg/ml. The extract d@. cristata also was an efficient scavenger with an
ICso Of 13.99 + 2.91 ng/ml. The Kgof S ciliatus extract was also quite low
when compared to the other extragts,, 18.65 + 2.95 pug/ml (Table 10). The
root methanolic extract af. betonica registered the lowest activity with the
highest 1G, value of 86.20 + 2.11 pg/ml.

Superoxide radical scavenging assay

Molecular Q is reduced to @ (superoxide) when it absorbs an excited
electron. Superoxide is known to denature enzynoeglize lipids and
fragment DNA (Smirnoff, 1993). Superoxide radical® generated during
the normal physiological processes mainly in mitochondma reacts with
sensitive and critical cellular targets. Despite its ingotent in many
pathological processes, superoxide itself is considesesl vaeak oxidant. But
it can give rise to the more toxic hydroxyldicals, singlet oxygen and
hydrogen peroxide damaging biomacromolecules diremtlyndirectly with

severe consequences (Letal., 2004).

Superoxide dismutase is a group of enzymaintioxidants that

dismutase the two otherwise repulsive supdexradicals to hydrogen
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peroxide (Jojo, 2007). It is considered asti@ess protein synthesized
response to oxidative stress, found virtually alh aerobic organisms. In
higher plants, superoxide dismutase enzymes (SODs)samtexidants and
protect cellular components from being oxidized by RG8o(et al., 2008).
SODs catalyze the production of @d HO, from superoxide, which results

in less harmful reactants, thus protecting the cell fsoymeroxide toxicity.

In vitro superoxide radical scavenging activity is measured by
riboflavin/light/NBT (nitro blue tetrazolium) reduction ethod which is the
most popular one. Superoxide anions were generatedebguto oxidation of
riboflavin in presence of light and assayed by reductbNBT. The decrease
of absorbance at 560 nm with antioxidants thus indicatesdhsumption of

superoxide anion in the reaction mixture.

Results of the present study showed that incubation A& of six
different taxa of Acanthaceae could scagertje superoxide radicals
generated in the system. Addition of the variousaex$r showed decrease in
absorbance corresponding to their concentration (FigVl@imum inhibition
was noted irB. prionitis extract at 140 pg/ml concentration (94.21 + 0.89%)),
followed byB. cristata, S ciliatus, E. viride, S heyneanus and J. betonica in
the descending order (Fig. 9; Table 13). The superoradécal scavenging
activity displayed by the extracts was absolutely similathed observed for
ABTS radical. The Ig, for inhibition of superoxide radicals &. prionitis,

B. cristata and S. ciliatus were calculated as 44.54 + 2.90, 55.23 + 1.81 and
61.76 + 2.68 pg/ml respectively (Table 10).

Hydroxyl radical scavenging assay

The hydroxyl radical is an extremely reactive ciggge capable of
reacting with and damaging all surrounding biomadéscu(Tirzitis and

Bartosz, 2010). It is widely implicated as the most potxidant and the
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major damaging species in the free radical pathol@heejaet al., 2011).

Halliwell and Gutteridge (2006) stated that generatbmydroxyl radicals is
crucial for the irreversible damage inflicted by oxidatsteess. They are the
most reactive ones, reacting with every non-selectivapooind in its way

and almost every biological membrane causing lipidxidation.

Ferric EDTA when incubated with J&, and ascorbic acid at pH 7.4
leads to the formation of hydroxyl radicals in freglution by the Fenton
reaction and can be detected by their ability to degmeexyribose into
fragments that on heating with thiobarbituric acid (TB#d low pH form a
pink chromogen (Aruomaet al., 1989). According to Babet al. (2001),
hydroxyl radical scavenging capacity of an extractiigectly related to its
anti-oxidant activity. In the present study all therasts inhibited hydroxyl
radical mediated deoxyribose degradation in oacentration dependent
manner (Fig. 10; Table 14% ciliatus was found to be the most powerful
scavenger of the hydroxyl radical ¢Cvalue 54.58 + 0.94 pg/ml), with an
inhibition of up to 78.83 + 0.63% at a concentrationl4®ug/ml (Table 14).
It is worth mentioning tha& ciliatus showed an inhibition of 40.77 + 1.06%
at a concentration as low as 20ug/ml (Table T#)s was followed by
B. prionitis andB. cristata with 1Csy values of 70.10 = 1.73 and 74.84 + 2.13
na/ml respectively (Table 10). The weakest sugee was found to be
J. betonica that produced 57.72 + 1.72 % inhibition at 140 pg/nal(€ 14).

Lipid peroxidation assay

Lipid peroxidation is a key process in mapgthological events
induced by oxidative stress. The unsaturated fatty anid®ll membrane on
oxidation lead to the formation and proliferation lipid peroxides. The
oxygen uptake, structural rearrangements of uretaetl fatty acids and

eventual damage of membrane lipids lead to productiamadondialdehyde,
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which contributes to carcinogenesis, mutagenasid cell toxicity (Miyake
and Shibamoto, 1997).

Malonaldehde, resulting from the peroxidation ofoldmical
membranes is a major reactive aldehyde. It can react \Bith and produce a
red coloured product. Addition of Féascorbate to the liver causes increase
in lipid peroxidation. The antioxidant fractions presanthe various extracts
could very well lower malonaldehyde production and thas prevent cell
damage caused by peroxidation of membrane lipids.

The various extracts have showed good ability to inhilgoid I
peroxidation at all concentrations (Fig. 11; Talld). The extracts of
B. cristata and B. prionitis were found to be superior to the others in
inhibiting lipid peroxidation. Methanolic extract &. cristata (IC5o 55.59 +
1.44 pg/ml) was the most efficient in inhibiting lipid peradidn, while the
weakest inhibition and hence the least antioxidant activig shown byd.
betonica (IC5095.76 + 1.11 pug/ml) (Table 10). The effectBfprionitis (ICsq
69.12 + 3.04 pg/ml) follows that d@. cristata. The inhibitions produced by
S ciliatus (ICsg 72.82 + 1.55 pg/ml)E. viride (ICso 72.80 + 1.71 pg/ml) and

S heyneanus (ICs, 73.85 = 1.18 pg/ml) were more or less comparable.

The data of the present study shows that root methaextiects of the
six taxa of Acanthaceae, used as source splahtthe Ayurvedic drug
‘Sahachara’ displayed strong vitro antioxidant activities as measured by
their scavenging abilities against DPPH, ABTS, superoxade hydroxyl
radicals and inhibition of lipid peroxidation (Figs 7:1Tables 10-15).
Significant free radical scavenging activities were sidwy all root extracts,
though those ofl. betonica and S heyneanus were comparatively lower.
B. prionitis was revealed to be the most effective scavenger efr&dicals in
ABTS, DPPH and superoxide radical assays. Maximaohibition of lipid

peroxidation was recorded in the reaction mixture inadatith B. cristata
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extract. Hydroxyl radical activity was found to thee maximum inS ciliatus
followed by B. prionitis and B. cristata. The minimum antioxidanactivities
were shown byJ. betonica in all the assays except in DPPH radical

scavenging assay where the lowesj, Malue was exhibited b$ heyneanus.

The free radical scavenging activities of acanthacetargphave been
reported by a number of authors. According Sewadogoet al. (2006),
members of Acanthaceae are good sources of arsiosidand suggest their
use in the treatment of cardiovascular and antisnmfte@tory diseases. Amoo
et al. (2011) studied the antioxidant effects of three gseof Barleria, viz.,

B. prionitis, B. greenii and B. albostellata. Many authors like Jimene& al.
(2009), Marathakanet al. (2012), Suriyavathanet al. (2011), Medapaet al.
(2011), Muslimet al. (2010) and Chetast al. (2011) have studied the free
radical scavenging activities of aerial parts of sdvacanthaceous plants and
reported positive correlation between the content ohglies and flavonoids
with antioxidant activities. In most of the studi¢se alcoholic extracts
showed better results than other solvent extracts ingudgueous extract.
It has been suggested that the extracts of acanthapémuis likeB. lupulina,
Clinacanthus nutans, B. prionitis, B. cristata and J. wynadensis are potential
scavengers of free radicals which may be responsfble their anti-
inflammatory and other beneficial pharmacological effd@Wanikiatet al.,
2008; Khobragade and Bhande, 2012; Gambétiad., 2009b; Medapat al.,
2011). Thangavel and Gupta (2010) recently isolatedi-imflammatory
compounds from Andrographis stenophylla through activity guided
fractionation. Ataet al. (2009) investigated the enzyme inhibitory and free
radical scavenging activities of the chemical constitueftB. prionitis and
concluded that barlerinoside showed higher potential obxdtant property

with an 1Gg value of 0.41 mg/ml.
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In the light of the antioxidant studies conductesing the abovdive
different assays, it can be concluded that the premtimntioxidant potential
exhibited byB. prionitis, B. cristata and S ciliatus as well as the moderate
antioxidant effects shown by other species maydbe to terpenoids,
flavonoids, phenols and sterols present in niethonolic extracts. Many
studies in the literature present positive correlatibasveen the quantity of
phenolic and flavonoid constituents and free radicavenging effects,
suggesting that phenolic and flavonoid content of thatpmantribute directly
to the antioxidant activity (Lesjadt al., 2011; Racet al., 2010; Nabavet al.,
2009). Yoshida and Niki (2003) have shown the antaideffects of the
phytosterols like sitosterol, stigmasterol, and campdstagainst lipid
peroxidation. Vivacons and Moreno (2005)soa have suggested the
preventive effects, at least in part of phytosterols lIgimsterol on the

development of diseases due to ROS.

Shahidi and Marian (2003) reported that differen@@santioxidant
activities of plant extracts could be dte different qualitative and
quantitative composition of their phenolic ddonents. The phenolic
compounds are reported to eliminate radicals due to hiyeroxyl groups
which contribute directly to the antioxidant effectsystem (Soobrattegt al.,
2005; Hossainet al., 2011). According to Hagermaat al. (1998), high
molecular weight and the proximity of many aromaticgs and hydroxyl
groups are more important for the free rddiseavenging activity by
phenolics than their specific functional groups. de Olaseiral. (2009) also
has suggested that polyphenolic compounds possesssthgenging effects
by virtue of their chelating of redox-active metal ionsactivation of lipid
free radical chains and also by prevention of hydropide conversion into

reactive oxyradicals.
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The free radicals such as ROS are produagihgl the proces®f
inflammation by the mast cells, neutrophils anthcrophages. This
production of ROS contributes to expand the inflammatesponse (Harput
et al., 2011). Hence, free radical scavenging agtiwof the methanolic
extracts may be one of the basic reasons for therdlammatory activity of
these extracts. The observadvitro activities suggest that the investigated
plant extracts could exert protective effects againglative and free radical
injuries occurring in different pathological conditions. Withis respect, the
most promising plants in the present investigation appedre B. prionitis,

B. cristata andS ciliatus as revealed by their low kgvalues.
ii. ANTI-INFLAMMATORY ASSAYS

Inflammation, which is functionally a protective respen can be
considered as a complex series of events dbaelop when the body is
injured either by mechanical or chemical agents by d-destructive
(autoimmune) process and the cardinal sighsinflammation include
swelling, redness, heat, pain and altered function (iylam et al., 2012).
Inflammation is an important physiological reaction dunmgich leukocytes
infiltrate at the site of injury and release mediatoet tielp in decreasing the
inflammatory response, aiming to perform the dfuadction of limiting
damage and promoting tissue repair (Katral., 2009). Inflammation involves
macrophage and lymphocyte activation along with theaseleof pro-
inflammatory cytokines such as tumor necrosis factddFjto, interleukin
(IL)-1B, and IL-6 as well as inflammatory mediators such & B&ind
prostaglandin E2 (PGE2), that are synthesizedinojcible nitric oxide
synthase (iNOS) and cyclooxygenase-2 (COX-2) (O'SimebMurray, 2008).

There are two fundamental types of inflammation: auté chronic.
Acute inflammation is a short term process whishcharacterized by a

vascular response and initial recruitment of polymorpiotear granulocytes,
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typically neutrophils, followed by monocytes, whidifferentiate locallyinto
macrophages. This leads to a co-ordinate activatibrvadous signalling
pathways that regulate expression of both pro- and antlammatory
mediators. Briefly, after a tissue is injured, there isrmnease of blood flow
into the area, followed by an increased permeabilitythef capillaries that
permit plasma proteins and leukocytes to leave the latron. If the
inflammatory process persists, chronic inflammation takesepl&hronic
inflammation indeed can be defined as a prolonged, gd&aed and
maladaptive response that results in cellular destn, and is associated
with many chronic human diseases. The hallmark obrgbrinflammation is
the infiltration of mononuclear immune cells (monocytesacrophages,
lymphocytes, and plasma cells). These cells areitedrirom the circulation
by the steady release of chemotactic factorslddeHeras and Hortelano,
2009).

However, excessive or persistent inflammation causesrgety of
pathological conditions and so has become dwmeisf of global scientific
research (Fawolet al., 2010; Adedapat al., 2008). Sometimes, it seems to
produce events that are quite serious and becomaichike occurrence of
rheumatoid arthritis and hay fever which may be lifeatering (Singhet al.,
2008a). According to Let al. (2003), chronic inflammatory diseases remain
one of the world’s major health problems. Apart froneumatoid arthritis,
inflammation processes are implicated in many oth@emlerative diseases
also, such as shoulder tendonitis, gouty arthritdynpyalgia rheumatica,
heart disease, asthma and cancer (Polya, 2003; laateak, 2007).

Most clinically important medicines for treatment of imflanation-
related diseases belong to steroidal or stemvidal anti-inflammatory
chemical therapeutics. These have potent activigget long-term

administration is required for treatment of chronic diseaséhe use of non-
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steroidal anti-inflammatory drugs (NSAIDs) is lbed by a highoccurrence
of intestinal side effects and mucosal erosions thatpragress into ulcers
(Sawadogoeet al., 2011). These conventional drugs either are toemsipe or
toxic or are not commonly available to the rural folks t@nstitute the major
populace of the world. Apart from the NSAIDs variousticosteroids too are
primarily used as anti-inflammatory agents but thsteroidal agents also

have severe adverse effects (Begl., 2011).

One fifth of the world’s elderly suffer with arthritis @ryet the issues
they face get little attention and remedy other than ssyngptomatic relief
from the pain. Arthritis is the result of extreme joint inflaation; it is a
chronic and disabling autoimmune disease thagresses very rapidly
causing swelling and tissue damage in the joints. Helogs and its isolated
constituents can play vital role in the managémesf arthritis
(Murugananthanet al., 2013). According to Bangt al. (2009), there are a
number of herbs that work synergisticaltp reduce chronic joint
inflammation, such as in osteoarthritis and rheumatoid #sthiihe six taxa
of the present investigation have long been used in thgeinous system of
medicine and are well known folk remedies #othritic and rheumatic
disorders among the local people. The reseamtth plants with alleged
folkloric use as anti-inflammatory agents shouléréfore be viewed as a
fruitful and logical research strategy in the searchniw anti-inflammatory
drugs (Gupteet al., 2006).

The most widely used primary tests to screeti-ilftammatory
property measure the ability of a compound to reducal ledema induced in
the mouse/rat paw by injection of an irritant ag@ninter et al., 1962).
Edema formation in the paw is the result of a synergieetween various
inflammatory mediators that increase vascute@rmeability and/or the

mediators that increase blood flow. Anti-inflammatoryiaty of the extracts
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was examined by employing two widely used antianfinatory models:

carrageenan-induced acute and formalin-induced chpawcedema in Swiss
Albino mice. The oral administration of the extractsuld significantly

reduce the paw edema in a dose-dependent mannethrthe inflammation
models, hence corroborating the previoussenations on the anti
inflammatory properties of the source plants (Figs.232-Tables 16-27).
Among the six taxaB. prionitis and S ciliatus demonstrated maximum

activity and hence they prove to be highly potent arfit&anmatory agents.
Carrageenan induced acute inflammation

Carrageenan-induced rat paw edema is a widely usedo model to
predict the value of anti-inflammatory agents, whastt through inhibiting
the mediators of acute inflammation. Carrageenan-indbaed paw edema in
rat is a biphasic event. The early phase of the inflatomais due to the
release of histamine, serotonin and similar substaandsthe later phase is
associated with the activation of kinin-like substandes, prostaglandins,
proteases and lysosome (Thomaeizal., 2010). The late phase is sustained
by prostaglandin release and mediated by bradykininjkokeienes,
polymorphonuclear cells produced by tissue mdwagps (Georgewill and
Georgewill, 2010). The first phase begins immediatelierafnjection of
carrageenan and diminishes in 2 h. The second piegges at the end of first

phase and remains througH B up to &' h.

The sub plantar injection of carrageenan produced a éasaha in rats
that increased progressively around 1-2 h; the degfepaw swelling was
maximal at the 8 h after injection of carrageenan. However, after e,
edema decreased but remained obvious. Among the sixstagied, the anti-
inflammatory activitiy ofS ciliatus was the most pronounced followed by
B. prionitis, E. viride, B. cristata, S heyneanus and J. betonica in the

decreasing order compared to the control group (Higsl14, 16, 18, 20, 22;
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Tables 16, 18, 20, 22, 24, 26). Treatmeith whe methanol extractef

S ciliatus and B. prionitis revealed significant reduction in paw volume after
carrageenan injection, in both the phases (1-5 h).r&kelts of the study
reveal that the extracts have non-selective inhibititory eff@cthe synthesis
and/or the release of the mediators of inflammatiespecially the cyclo-
oxygenase products. Suppression of the 1st phasebendye to inhibition of
the release of early mediators, such as histamine eantbgin, and the action
in the 2nd phase may be explained by an inhibition ofloegrygenase.
According to Justet al. (1998), the significant inhibition caused bye th
extracts at 250 mg/kg b. wt dose towards the latesghaf the experiment

probably involve arachidonic acid dependent neutropiabilization.

In the carragenin-induced edema, doses&. dfiliatus extract exerted
the maximum effect (Fig. 20; Table 24), followed By prionitis (Fig. 14;
Table 18) both at early as well as late stages of inflaromatidicating the
potency ofS ciliatus andB. prionitis to inhibit probably histamine, serotonin
and kinins that are involved in the early stage ofaggnin induced edema.
The extracts that were found to be further inhibiting Istage of the edema
may be due to its ability to inhibit prostaglandin which iwn to mediate

the second phase of carrageenan induced inflammation.

The inflammatory effect induced by carrageenan is &ssacwith free
radicals and in a number of pathophysiological conuti@ssociated with
inflammation or oxidant stress, these ROS have begpoped to mediate cell
damage. From the results of the present study itbeaconcluded that the
probable mechanism of anti-inflammatory action of théracts may be
mostly due to the influence on the second phase o&nmflation, the
cyclooxygenase (COX) pathway as is evident by their makinhibition of
inflammation at the end of the third hour after the treatméth carrageenan
(Figs 12, 14, 16, 18, 20, 22).
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The inhibitory effect ofB. prionitis and S. ciliatus could be seemight
from the very beginning, immediately after the injectiof carrageenan, even
before the inhibitory effect of standard diclede is noted (Figs 14, 20;
Tables 18, 24). Exudation which is a consequence ofeased vascular
permeability is considered a major feature of acute nmflation that results
in edema. Histamine and other mediators of inflammatiarease vascular
permeability at various times after injury. Chemically ingldicvascular
permeability can cause an immediate reaction and itg gdnibition by the
extracts suggests that administration of the ewstraof S ciliatus and
B. prionitis could effectively suppress the exudative phade acute

inflammation induced by carrageenan.
Formalin induced chronic inflammation

Inhibition of formalin induced paw edema in mice ioof the most
suitable test procedures to investigate anti-arthaic anti-inflammatory
agents as it closely resembles human arthritis (Greenwal®91).
Subcutaneous injection of formaldehyde into hind pawnmaée produces
localized but persisting inflammation. According to Wheehl#eeto and
Cowan (1991) the effect of formalin is biphas&n early neurogenic
component, followed by a later tissue mediateesponse. Chronic
inflammation which is characterised by infiltration of danthgéssue by
mononuclear cells such as macrophages, lynyé®cand plasma cells,
together with tissue destruction arises if there is coatiaurelease of pro-
inflammatory mediators (Serhaa al., 2007). The activating inflammatory
cells act as potential endogenous sources of a varietR G, including
superoxide anion, hydrogen peroxide and nitmkide which can produce
tissue damage and are the main culprits of cellulastoamation in chronic
inflammation (Kundu, and Surh, 2005).
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The root methanolic extract dB. prionitis showed thehighest
inhibition of chronic inflammation and a notable reductio edematous paw
volume was observed by th& day, which was quite comparable with that of
the standard drug diclofenac (Fig. 15; Table 19). Theeal@gmatous response
shown by the different extracts against formalin argemar less similar to
their anti-inflammatory activities shown against carrageeffrégs 13, 15, 17,
19, 21, 23; Tables 17, 19, 21, 23, 25, 27). The maxinanti-inflammatory
potential was shown bf. prionitis extract with a highly significant (p <
0.001) decrease in paw volume till 24 h at both theeslowhich is suggestive
of its long lasting action. The activity & ciliatus also was quite high,
comparable to that dB. prionitis. The lowest anti-inflammatory effects were
shown byS. heyneanus (Fig. 23; Table 27) and. betonica (Fig. 19; Table
23), but the anti-edematous effect shown by therd58t mg/kg b. wt was

statistically significant.

In carrageenan induced acute inflammation, the percerdagrease in
the edema volume at 250 mg/kg b. wt wasthe order ofS ciliatus >
B. prionitis > E. viride > B. cristata > S heyneanus > J. betonica and in
formalin induced chronic inflammation, it was in the ordé B. prionitis >
S ciliatus > B. cristata > E. viride > S heyneanus > J. betonica. No
significant differences were observed betwegncliatus, B. prionitis,

B. cristata and E. viride with regard to their ability to decrease paw edma
volume at the dose of 250 mg/kg b. wt in both the assalyeir effects were
well comparable with the standard drug diclofenac r{igdkg b. wt) also. But

S ciliatus (55.47% and 37.70%) aril prionitis (62.77 and 39.34%) gave the
most promising inhibitions even at the low e@ofl00 mg/kg b. wt)
respectively for carrageenan and formalin modeb$ inflammation
respectively (Tables 24, 18). The extractsSoheneanus and J. betonica
displayed minimum activities with the latter being treast effective in

suppressing inflammation. The inhibitions producedJbyetonica at the
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lower concentration were not significant wheompared to thecontrol
(Tables 22, 23). Yet significant decrease (.€1) in paw volume was
observed at its higher concentration. The responsBsanistata andE. viride

to inflammation in both the models were moderate.

There are quite a few reports on the anti-inflamnyatactivities of
acanthaceous plants. Evaluation of anti-infimmatoryperties of the aqueous
and alcoholic extracts @. cristata leaves has been carried out by Gambhire
et al. (2009a, 2009b, 2009c). The studies were conducsiag petroleum
ether, chloroform and methanol f@wd of aerial parts of
B. cristata. The methanol fraction was revealed to be the mostct@fe in
suppressing inflammation. Amoet al. (2009) suggested that the anti-
inflammatory effect ofBarleria species is mediated by the inhibition of the
cyclooxygenase enzymes. The experiments conducteddjyet al. (2011)
validated the anti-inflammatory activity & prionitis whole plant extract and
also provide evidence for its membrane stabilization aast roell protection
activity. Singet al. (2013) reported the anti-inflammatory propedi the
whole plant ofB. prionitis. Lalitha and Sethuraman (2010) reported anti-
inflammatory activity of ethyl acetate fractiof mots of E. viride,
determined by carrageenan-induced paw edema and quettet granuloma

models in rats.

Though there are not many reports on the anti-inflatony properties
on species oftrobilanthes, there are still quite a few. The protective efficacy
of Srobilanthes callosus against acute and chronic inflammation has been
assayed by Kumaet al. (2013). Ho et al. (2003) found that the methanol
extract of Strobilanthes cusia leaf reduced the paw edema induced by
carrageenan in rats to a significant exténtvitro anti-inflammatory and anti-
osteoarthritic effect of ethanolic extracts 8frobilanthes kunthianus and

Strobilanthes cuspidatus was reported by Deset al. (2011a). Though there
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are numerous reports on the anti-inflammatorgperties of variousother
Justicia species, no reports are available regarding the mftdirnhmatory

activity of J. betonica.

Khadse and Kakde (2011) suggested that inhibition rostpglandin
synthesis may be the major mechanism behindatiteedematous effect
shown by aqueous extract fractionsBaileria prionitis roots. Wanikiatet al.
(2008), based on the anti-inflammatory activities of inera of Acanthaceae,
stated that the powerful anti-inflammatory properties tioé extracts are
associated with reduced neutrophil migration and sdiatesl, in part, by
inhibition of neutrophil responsiveness. The extractsndidaffect neutrophil
viability, but treatment of neutrophils with the extracts eddependently
inhibited N-formyl-methionyl-leucyl-phenylalanine  (fMA)  induced
chemotaxis, superoxide anion generation, and myelopesidad elastase

release.

According to Winrow et al. (1993) and Gutteridge (1995), the
mechanism of inflammation injury is attributed, intpdo release of ROS
from activated neutrophils and macrophages. This pveduction leads to
tissue injury by damaging macromolecules dipld peroxidation of
membranes. ROS affect virtually every step the development of
inflammation and propagate inflammation by stimulatinigase of cytokines
such as interleukin-1, tumor necrosis factor, amrferon. Joint fluid
analysis in patients with osteoarthritis showed loa@ncentrations of the
SOD suggesting an increase in oxidative derivatives twoiing to damage
(Reganet al., 2008). Thus free radicals are important mediatioa$ provoke
or sustain inflammatory processes and, consequethidyr neutralization by
antioxidants and radical scavengers can attenuate midon (Jianget al.,
2013; Geronikaki and Gavalas, 2006). In the presentsimgation also, the

results obtained from the anti-inflammatory assays weres raptess in tune
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with the results observed for the antioxidaadsays. As there igood
correlation between the antioxidant and anti-inflammatactivities, it can be
concluded that the free radical scavenging propertyhefextracts must be
contributing significantly to their anti-inflammatory qperty as well. The best
anti-inflammatory activities were exhibited . prionitis, S ciliatus,

B. cristata and  E. viride which were found to have the highest antioxidant
effect. This result suggests that the anti-inflatonya activity could be

possibly attributed to the free radical scavenging #gtof the extracts.

Considering the production of arachidonic acid metag®litia COX-2
enzyme, that is the main responsible factor for bothyeartl delayed phases
of the carrageenan induced inflammation, it can belaedad that the anti-
inflammatory activities of the extracts may probaldg related to the
inhibition of the synthesis or release of COX-2 produtiamsa and Kuttan,
(2011) also assumed that the anti-inflammatorypenty of plant extracts
result mainly from the inhibition of some key enzymesd amediators such as

INOS, COX-2 and proinflammatory cytokines.

Tumour Necrosis Factor (TNk)-is a multifunctional cytokine that
mediates key roles in acute and chronic inflammatiohast the capability to
induce the expression of other proinflammatocytokines, such as
interleukin-1 (IL-1) and several chemokines leadingcomplications like
septic shock, rheumatoid arthritis, psoriatic arthritis arfthmmatory bowel
disease (Palladinet al., 2003).In vivo and in vitro studies support the
concept that plant-derived compounds can exert theectsffthrough the
modulation of the cytokines system (Calixéb al., 2004). Similarly,
histamine is an important inflammation mediator, patent vasodilator
substance that increases the vascular permeabilitgufdéxanet al., 2007).
Since the extracts effectively suppressed the edemaiatiyatages, it shows

that the anti-inflammatory action of the extracts is #®uit from inhibiting
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the synthesis, release or action of inflammatorydiaters such akistamine,

serotonin and prostaglandins.

According to Arslanet al. (2010) and Govindappa&t al. (2011),
triterpenoids, polyphenols and flavonoids contribute sigmifily to the
antioxidant and anti-inflammatory activities of plant exts. Anti-
inflammatory activity of many plants has been attributedhtr high sterol
and triterpene (Paducé al., 2007) as well as to the glycosides or steroids
present in the extract (Rosh al., 1971). These compounds are known to
possess anti-inflammatory, analgesic and antipyretfectsf due to their
inhibitory effect on enzymes involved in the synthesis mflammatory
mediators (Oweyelet al., 2005). Singtet al. (2002) observed the remarkable
anti-inflammatory property of the terpenoid fractioolé&ed fromS. callosus
in carrageenan-induced paw edema test. Agaawal Rangari (2003b)
reported anti-inflammatory and antiarthritic activities of kipand 19a-H-
lupeol isolated respectively from the rootsStallosus andS. ixiocephala in

both acute and chronic models of inflammation.

Recent studies conducted by Waroktal. (2010) suggested the role
played by several polyphenolic compounds itingcas potent cyclo-
oxygenase inhibitors. The anti-inflammatory propertgdsflavonoids also
have been extensively studied and beneficial effecte haen demonstrated
in many animal models (Talhoukt al., 2007). The anti-inflammatory
activities demonstrated by the extracts hence may b&deto their phenolic
and/or flavonoid content. These components in theaetgtrcould be serving

as natural antioxidants to protect cells against inflammatanyage.

As the extracts could significantly inhibit the free radicatissuggests
that the oral administration of the extracts might inhibg release of free
radicals during inflammation and contributes teinforce the anti-

inflammatory effects. Among the six extracts duse the study, the
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antioxidant and anti-inflammatory activities 8f ciliatus and B. prionitis
were better and stronger than the others. No sognif difference wasound
in their potency to inhibit the paw edema induced by cemagn as well as
formalin. The main active compounds revealed to beeptes these extracts
like lupeol, catechinetc. either singly or in combination with het
compounds might be contributing to these activitiegssible synergestic
actions of other components in the extracts should aldakiea into account.
The study is thus a confirmation for the use of the plagtdhe traditional

healers to treat inflammatory diseases.

The studied pharmacological activities clearly indicate thatroots of
both B. prionitis and S. ciliatus can be used as the source plants of
‘Sahachara’, as these plants showed the mashiging activities in the
various antioxidant and anti-inflammatory assays whielmaehstrate them

highly effective in the treatment of chronic inflammt diseases.
B. PHYTOCHEMICAL ASSAYS

The traditional medicinal system is facing a serious problef
standardization as the same name being used for hdrbgs of diverse
botanical origin and vice versa. This causes conside@biéusion and there
is an urgent need for identification and standardizatiothefreal source of
the drug. The full potential of the herbal market ismhanot realised due to
lack of knowledge of the chemical composition of most aleffroducts.
According to Heyman and Meyer (2012), the growth pué of the herbal
medicine industry can only be achieved if the compasitbherbal medicine

is standardised to ensure proper quality control anduextability.

With this background, the present study attempts to camuy
phytochemical studies of the six taxa used as ‘Sahddmar@C-MS and LC-
MS analyses and development of HPTLC fingetp profile of their
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methanolic extracts. The estimation of total phenahd flavonoid contendf

the root methanolic extracts of the six plants also has barried out.

a. HIGH PERFORMANCE THIN LAYER CHROMATOGRAPHY
(HPTLC) ANALYSIS

Evaluation of a crude drug is an integral part of dsthing its correct
identity. Phytochemical evaluation is one of the toolsdioality assessment,
which includes preliminary phytochemical screening, cheofoipg and
marker compound analysis using modern analytical tgalesi In addition to
morphological markers, anatomical, cytological, béwultal and molecular
markers are also recently being used for characterizat@mwomatographic
fingerprint analysis of herbal drugs represeatsomprehensive qualitative
approach for the purpose of species authenticatioaluaon of quality and
ensuring the consistency and stability of hlerbaigs and their related
products (Xieet al., 2006). A chemical fingerprint is a unique pattern that
indicates the presence of multiple chemical markers withiangke. Correct
botanical identification and authentication of crude plardtemals is an
important part of standardization and quality controkraflitional drugs and

chemical markers play a crucial role for the samee(Zzuoli and Gori, 2007).

Chromatographic fingerprint uses chromatographic techsiqte
construct specific patterns for recognition of herbalgdr The developed
fingerprint pattern of components can then be usedetermine the absence
or presence of markers of interest. High perfocean thin layer
chromatography (HPTLC) is an immensely valuable foolchromatographic
fingerprinting which can be visualized and stored astreeic images
(Mariswamy et al., 2012). Although HPTLC technique has a few limitasion
such as the limited developing distance and lower pfétzeacy, it is still an
effective tool for quality evaluation of herbal gsudue to its simplicity,

precision, reproducibility, low operating cost and shoslgsis time. HPTLC

143



is a widely accepted technique and has been suigkgsstilized in the
development of chromatographic fingerprints for méoyanical drugs (Chen
et al., 2006b; Anandjiwalaet al., 2007; Qianet al., 2007). The other
advantages of HPTLC are the simplicity of the samplpgration and the
possibility of analyzing several samples of herbadprcts simultaneously in
a short time. In addition, HPTLC could provide adse information and
parameters for comprehensive identification and diffigaéon of two closely
related herbal medicines (Ratheteal., 2011). HPTLC methodology workable
at microgram and nanogram scale requires far lesgrsobonsumption than
the HPLC method.

The HPTLC profile of six taxa of Acanthaceaez., B. cristata, B.
prionitis, E. viride, J. betonica, S ciliatus and S heyneanus, used as the
source plants of an important Ayurvedicugd ‘Sahachara’ has been
established in the present study. A rapid, simplevatid HPTLC method has
been undertaken for the phytochemical profiling aftrextracts of the six
taxa. The identification and documentation of the bandslymed by the
individual extracts was carried out by comparison ofirtig values.
Chromatographic fingerprinting can be used fa #ssessment of quality
consistency and stability of herbal extracts or prodbgtsisible observation
and comparison of the standardized fingerprint pattRajkmar and Sinha,
2010). The generated HPTLC fingerprint (Plates 8, 9,méy be helpful in
the identification and differentiation of the different s plants known as

‘Sahachara” from each other and also from otheredrdgs and adulterants.

The HPTLC analysis of methanol extracts of the six taaegnajor as
well as minor (less prominent) spots. The HPTLC studiere conducted
using lupeol as the marker compound to evaluate itepcesin the different
extracts. The R (midvalue) of the standard lupeol was foundb& 0.63

(Table 28). The peaks with; Ringing between 0.61 to 0.63 are considered to
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be indicative of lupeol. All the six plants inviggtted in the presergtudy
showed the presence of lupeol. The different speties/esd varying number
of peaks ranging from 8 to 13 (Plates 8, 9, 10; @&i8). The root methanolic
extract of J. betonica showed the maximum number of peaks,, 13,
followed by E. viride with 12 peaks. Extracts d. prionitis and S ciliatus
showed 9 peaks each. The least number of peaks wand fnB. cristata and

S heyneanus (8 each).

In HPTLC, the sample in question is separated into it&uen
biochemical spectrum, the colour bands of which aga gtanned in order to
obtain the fingerprint. A two-dimensional spectrograpim@age analysis of
the chromatographic plate using a computerized densitoroate provide a
useful profile of the sample under test. The HPTanalysis of the root
extracts indicated good difference among thga that are used as
‘Sahachara’. Though HPTLC fingerprint revealed cmd) number of peaks,

only few were common to these taxa.

The TLC plate after development was derivatized \wgitiisaldehyde
sulphuric acid reagent. As already mentioned, HPTL®@diprints revealed
variability with regard to spot number and pattern in alldixetaxa examined
(Table 28). The bands at 13 and 0.63 were common to all the plants. Five
taxa, viz, B. cristata, B. prionitis, J. betonica, S ciliatus and S. heyneanus
shared the band at R.19. The band at:F.09 was common t8. cristata,

B. prionitis, E. viride and J. betonica. The band at R0.48 was present in
E. viride, J. betonica, S. ciliatus and S. heyneanus. The band at R0.70 was
shared byB. cristata, B. prionitis, E. viride and S. ciliatus (Table 28). Root
extracts ofB. cristata showed a unique band at ®37. Extract oB. prionitis
showed a unique band af ®50, wherea®. cristata and B. prionitis shared
two common and specific bands at 08 and 0.51. The extract Bf viride
showed six unique bands af ®12, 0.24, 0.52, 0.53, 0.66 and 0.68. Seven
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unique bands at.04, 0.14, 0.16, 0.25, 0.40, 0.49, and 0.64 vedrzerved
in J. betonica. Extracts ofS ciliatus and S. heyneanus displayed one unique
band each at{0.07 and 0.33 respectively (Table 28). The rest @f thands

have been shared with the other plants.

The band at R0.64 and R0.49 were unique td. betonica. These
bands could be visible after derivatization and the spdi; 8t64 was very
prominent and dark brown in colour whereas the banB; 8t49 was light
brown and less prominent. The planbetonica could be easily distinguished
from the others by the presence of these two bandsthégslates have been
derivatized (Plate 9). Similarl§ ciliatus is unique by the characteristic red
coloured bands that were visible under UV 366 before derivatisation
(Plate 8). It also showed an intense purple spot; Bt4R after derivatization
in visible light (Plate 9). The extract 8f prionitis showed an intense yellow
spot at R0.50 which was highly characteristic and was abserdllither
taxa. This unique yellow spot &. prionitis was visible only under UV 366

before derivatization (Plate 8).

The HPTLC profile of the leaf ethanolic extractBfcristata has been
generated in a previous study by Narmadha aadald (2012b). They
prepared separate profiles for alkaloids, flavonoidsd @imenols in the extract
by running the extracts along with standard compoumdsir study included
the leaf extracts only. The fingerprints generated ftbe root methanolic
extracts in the current study prove their assumption fihgerprint analysis
by HPTLC can be an effective and powerful tool for Ilikithe chemical

constituent profile of the plants with botanical identity.

Because common bands and differentiating baaits be useful for
identification and authentication of herbal drugs, the HPTprofile of root
methanolic extracts of the six plants of Acanthacstudied could play an

important role in correct identification and authenticatiminthe crude drug
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‘Sahachara’, as besides the two common bands @t and 0.63pbtained
for all the six taxa, there were many other bands ctersiic to individual
samples by which they can easily be identified and discédted.

Marker compound means chemical constituents withimedicinal
plant that can be used to verify its identity pmtency. Ideally, chemical
markers should be unique components that cotdriba the therapeutic
effects of an herbal medicine. As only aakmumber of chemical
compounds were shown to have clear pheotagical actions, other
chemical components are also used as markers. Irysdidicult to identify
correct marker compounds for all traditional medicin@lscause some have
unknown active constituents and others have maltgidtive constituents.
Hence it is very important to obtain reliable chromatpbra fingerprints of a
herbal medicine that represent pharmacologically actwe chemically
characteristic component of the particular herbal digothaniet al., 2012;
Patil and Shettigar, 2010). I p

Lupeol is a pharmacologically active pentacyclic triterpénogported
to possess many beneficial effects as a therapewadiqeeventive agent for a
range of disorders (Manjula al., 2013). It has been extensively studied for
its inhibitory effects on inflammation and reported todavwide spectrum of
medicinal properties that include prominent antamxidand anticancer
activities along with its immense anti-inflammatory paoEn(Chaturvediet
al., 2008; Saleem, 2009). Lupeol is a multi-target agedttt wnmense anti-
inflammatory potential targeting several key molecwathways (Saleem,
2009). Geetha and Varalakshmi (2001) have repdhatlupeol can decrease
paw swelling in rats by 39%, compared to 35% for stendardized control
compound indomethacin. Lupeol is also atemtia hytochemical in

controlling arthritis also (Geetha and Varalakshmi, 999
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Several plants employed in folk medicine to tre#gtammatory and
arthritic symptoms have been shown to contain lupeol asobtieeir active
principles. Since lupeol was reported earlier from sofhe taxa of present
investigation (Venkatachalapathi and Ravi, 2012; Koslagéaet al., 2007;
Reneela and Sripathi, 2010) and as no other marker eodpchave so far
been reported from any of these taxa, lupeot wsed as the marker

compound for the HPTLC analysis of the root extracts.

All the samples investigated, showed the peak at0B3 which
corresponds to lupeol indicating its presencealin the taxa. But the
comparative thickness of the lupeol band in the diffeteacks corresponding
to various taxa was found to vary (Figs 25a, 25b,.Zbbjs indicates that the
relative amount of lupeol varies in the different estisa A very dense band of
lupeol was shown by the track correspondingStailiatus, showing it to be
one of the major active ingredients. A previous studydooted by Reneela
and Sripathi (2010) reported lupeol to be the major tdoest of S ciliatus.
The results of the present study thus confirm that lupeght be one of the
active compounds conferring this important medicinal tplas apparent
pharmacological propertie§ ciliatus could be easily identified from others
with the help of this exclusive thick band of lupeol in theomatogram. The
chromatogram oB. prionitis also showed a fairly thick band of lupeol at R
0.63, though not as prominent as thaBSofiliatus. Similar bands at the same
R value, corresponding to lupeol were noted in othentplalso. With regard
to the width of lupeol bandB. cristata, S heyneanus and E. viride are
comparable, showing moderate thickness. Hence alpltms investigated
showed fair to good amount of lupeol excdptbetonica where the band
specific to lupeol at f0.63 was characteristically very narrow, accounting for

its low levels of anti-inflammatory potential displayedthe current study.
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The Paired Affinity Index (PAIl) values calculateéised onHPTLC
data showed moderate to low chemical similarity amongéake (Table 29).
Highest affinity was observed betweBncristata and B. prionitis as well as
betweenS. ciliatus and S. heyneanus, i.e.,, 70% each. The rest of the taxa
showed very low similarity percentages in betweenyiagrfrom 19.04% to
38. 46%. The data from the HPTLC analysis showed velgtiow chemical
affinity between B. prionitis and S. ciliatus. However, both these plants
displayed maximum activity in antioxidant and anti-inflaatory assays
conducted, indicating that both are chemically quitéerent, though their
pharmacological properties are comparable. Evewmigth B. prionitis and
S ciliatus showed a PAI value of only 38.46, they exhibit averagmeilarity
among them, when compared to the values obtained foottiex taxa. The
lowest PAI value and hence the lowest similaritgs wnoticed between
E. viride and J. betonica (19.04%), even when both showed the highest
number of unique spots among the plants studied (TableT2@®ugh good
difference in spot number and pattern was observedihgedifferent plants
exhibited few common or shared bands (Tal8@ Zhe low PAI values

obtained reflect the relative average to low affinities betwihe taxa.

By means of data analysis system and optimized expemmnent
conditions, HPTLC is a feasible technique for vallgpment of
chromatographic fingerprint to characterize complex dedxtracts just like
HPLC and GC (Chert al., 2006b). Furthermore, the colourful picture like
HPTLC image provides extra intuitive parameters afble colour and or
fluorescence and, unlike HPLC and GC, HPTIcan simultaneously
determine different samples on the same plate. urfigue feature of the
image of HPTLC, coupled with the digital scanning profdettractive to the
herbal analysts to construct herbal chromatograpimigerprints that can be

used in routine quality control of herbal materials aisd & suitable for rapid

149



screening of large number of plant samples. Morgotres analysis caibe

performed without any special sample pre-treatment also.

The developed HPTLC chromatograms of root methanolicaets of
B. cristata, B. prionitis, E. viride, J. betonica, S ciliatus and S. heyneanus
may be treated as chromatographic fingerprints amtbldoe used efficiently
for the quality assessment of the drug, ‘Sahachdasides being specific
and precise, HPTLC as a tool is easy to carry outcastl effective. Such an
HPTLC fingerprinting can be effective in differentiating ttexa and hence
act as biochemical markers for these medicinally ingmr plants in the
pharmaceutical industry and plant systematic studies.d€ieloped HPTLC
fingerprint provides information about the relativienigrities among the
source plants and can therefore be successfully dpfdiédentify the source

plant in the raw drug form.

The overall quality of a herbal medicine may bee@#d by many
factors, including seasonal changes, harvesting timeyaiidin sites, post-
harvesting processing, adulterants or substitwesraw materials, and
procedures in extraction and preparation. HPTLC fipget has better
resolution and can be done with reasonable accuracyshorer time. The
optimised chromatographic fingerprint is not only @ternative analytical
tool for authentication, but also an approach to expesyarious patterns of
chemical ingredients distributed in the herbal drugd &m preserve such

database for further studies.

b. GAS CHROMATOGRAPHY-MASS SPECTROMETRY (GC-
MS) ANALYSIS

GC-MS instruments have long been used for identiboatof large
number of components present in natural and biologicstesys (Binitet al.,

2010). GC and GC-MS are unanimously accepted metluvdbd analysis of
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volatile constituents of herbal medicines, duehiirt sensitivity, stabilityand
high efficiency (Nikamet al., 2012). The hyphenation with MS moreover
provides reliable information for the qualitative analysis the complex
constituents (Teet al., 2008).

The GC-MS analysis of the methanolic extracts of the six tavealed
variation in their chemical composition (Figs 26-38bles 30, 31). A wide
range of chemical constituents was detected in ntle¢hanolic extracts
obtained from the roots of these plants (Figs (i32vi). A total of 63
compounds were identified representing aboutlfdl- 99.18% of the
methanolic extracts. The chemical constituents frometbgential oils could
be assigned to eight different classeg,, phenols, terpenoids, polyphenols,
phytosterols, fatty acid esters, coumarins, furand miscellaneous (Table
31). Previous reports on the GC-MS analysisthe extracts of the

investigated taxa were found to be rare, barringrgyorts on related species.

The methanolic extract dBarleria cristata was characterized up to
94.94% and it comprises of sixteen compounds (Tables3B). The major
components identified were estragole (51.10@6gudesmol (7.41%), lupeol
(6.34%), canthaxanthin (5.08%), desaspidinol (4.72%) ssnlene (4.14%)
(Table 30). The GC-MS data of the present ystugveals that phenols
(60.35%) predominated iB. cristata and terpenoids form the next major
fraction (24.65%), while coumarins and furans coott be detected in the
species (Table 31). The methanolic extract Bafleria prionitis shows
nineteen compounds accounting for 98.1% tloé total extract with
desaspidinol (35.20%), hydrocinnamic acid (@%Jp lupeol (6.44%),
5-quinolinol (4.95%), lupenone (4.57%) and hLetal acid (3.95%) as its
main constituents (Table 30). About 36.72% of the deteatomponents
constitute phenols. Terpenoids form the next frac{@522%), followed by
18.32% polyphenols (Table 31). Phytosterols datly acid esters also
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constitute minor fractions of the extract Bf prionitis. In this speciesalso
furans were found to be absent whereas it alsmws small amount of

coumarins (1.44%).

A recent study conducted by Nidhi and Kumar (2013)ctvtanalyzed
the methanolic extract d. prionitis reported the presence of 27 biologically
active components and some of the constituents couldurel fim common.
Earlier workers like Sriram and Sasikumar (2012), Ngeret al. (2011) and
Raoet al. (1999) had reported GC-MS studies on different igigecf Barleria
like Barleria montana and Barleria longiflora. Sriram and Sasikumar (2012)
carried out phytochemical screening and GC-M@lyais of the ethanol
extract of the leaves d@. montana and revealed the presence 26 compounds
which included coumarin, sterol, quinone, flavosoiclkaloids, terpenoids
and tannins. Natarajamt al. (2011) isolated a total of ten biological
compounds from the leaves Bf montana by using GC-MS analysis. Ra®
al. (2010) carried out phytochemical examinatioh B. longiflora that
included GC-MS analysis of stem and root extracts apdrted the presence

of quinones, terpenes and a mixture of various sterols.

The GC-MS characterization of methanolic extracEdbolium viride
has revealed twenty four compounds correspondin@1t@4% of the total
(Table 30, 31). The extract contained lupeyltaee (18.4%), isoeugenyl
acetate (9.12%)p-spinasterol (8.69%), lupeol (5.73%yp;cadinol (5.53%),
estragole (4.79%) and betulinic acid (4.76%) as the nwajomponents (Table
30). The major fraction of essential oil was terpenoid pmumds (43.17%),
followed by fatty acid esters (16.89%) and phytadte (11.66%). Phenols
also constitute 9.49% of the extract (Table 31). Chaudbuml. (2011)
investigated the phytochemical compositionEgbolium linneanum by GC

and reported the presence of alkaloids, terpenoids,esmatids and ethers.
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Evaluation of methanolic extract alusticia betonica revealed the
presence of twenty eight compounds amounting to49%.4f the total extract
with 5-hydroxymethylfurfural (11.58%), lupeyl acetd825%), 2-tert-butyl-
4-methoxyphenol (7.6%), geranyl linalool (6.62%) aisdeugenyl acetate
(4.63%) as its main constituents (Table 30). Termn@R3.27%), fatty acid
esters (17.44%) and phenols (16.29%) were the pnea@oitncompounds in
J. betonica (Table 31). In addition, furans (11.58%) were alstedted in
J. betonica. Though there are no previously published reportarckgg the
GC-MS analysis ofl. betonica, few reports are available on other species.
de Vrieset al. (1988) analysed the extracts Jukticia pectoralis by GC-MS.
Ponnamma and Manjunath (2012) investigated the phytpoonds present
in the methanolic extract afusticia wynaadensis by GC-MS analysis and
identified twenty four compounds among which dihydrocoumaphytol and
palmitic acid were found as the major components. Pifdl(Ranalyzed the
volatile constituents from leaves &f pectoralis var. tipo by GC-MS. Thirty-
two compounds were identified, of which the most pr@ninwere nonanal,

1-octen-3-ol and coumarin.

The methanolic extract ditrobilanthes ciliatus was characterized by
the presence of sixteen compounds that constitute 99at8be extract. The
main constituents detected in the extract were luf@®.7%), syringol
(26.61%) and phytol (5.33%) (Table 30). Terpenoidsstitute the major part
(58.5%), followed by phenols (30.37%). Lessenounts of phytosterols
(6.57%) are also detected in the extract. Snheyneanus the twenty six
compounds that were identified amounts to 95.82% efttital extract. The
extract contained syringol (15.34%), lupeol (12.25&&3pinasterol (10.39%),
4-methyl-2-tert-octylphenol (7.12%) and 3-methoxgchol (4.35%) as the
major components (Table 30). The main groups of comg®uhat could be
detected in the extract were phenols (27.45%) andreig® (25.78%). This
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was followed by phytosterols (12.50%) and minoroants of polyphenols
(4.46%) and fatty acid esters (4.27%) (Table 31).

Previous reports on the phytochemical analysis Strobilanthes
species were found to be rare. The essential oil fooallosus from Central
India was analyzed by a combination of GC, GC/MS alMRN(Weyerstahl
et al., 1992). Koayet al. (2013) carried out phytochemical studies on the
extracts ofStrobilanthes crispus leaves using IR, GC-MS, MSH and *C
NMR techniques and identified several terpenesy fatids, fatty esters,
ketonesetc. Rahmatet al. (2006) investigated the chemical constituents of
essential oil fromS crispus by GC-MS analysis. The analysis revealed the
presence of 28 components among which the main cadstiwere phytol,
2-undecanone,o-cadinol, megastigmatrienone, 2,3-dihydrobenzofuramd

eugenol.

C. LIQUID CHROMATOGRAPHY-MASS SPECTROMETRY (LC-
MS) ANALYSIS

LC-MS technologies are extremely important for chamazation and
quantification of herbal medicines because full charaeton of these
products is a desirable goal (Waetgal., 1997). It is ideal for the analysis of
complex mixtures of compounds which are commofdynd in biological
matrices such as plant tissues. Herbal drugglysior in combinations,
contain countless number of components in complexesir which no single
active constituent is responsible for the overall effjcaather the complex
interactions of numerous ingredients in combination couteis towards the

therapeutic efficacy.

One of the advantages of LC-MS is that separation stnactural
elucidation of compounds can be achieved in a continmeasner without

the need for purification or derivatization stepsal{&nbachet al., 2009)
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Though GC-MS and LC-MS have been found suitabletlierdetermination
of phenolic acids, LC-MS is a good choice for thenisquantitative analysis
of phenolic acids, while GC-MS is a useful method for thecurate
quantification of low molecular weight phenolic acidsivikmpolo et al.,

2007). A major drawback of GC is the need for ublgt as it limits the

range of compounds that can be analyzed.

Methanolic extracts of six taxa of Acanthaceaseduas the source
plants of the Ayurvedic drug ‘Sahachara’ were subgedte LC-MS analysis
and revealed the existence of several potential chemrcadiples (Figs 33-
38). Previous reports on the LC-MS analysistled investigated taxa or
related taxa was found to be rare, barring the repmrtspecies oflusticia
(Calderonet al., 2013) andarobilanthes crispus (Hanisaet al., 2012).

The methanolic extract @. cristata which was explored through LC-
MS analysis disclosed seventeen phytochemicals, anvamgh phenolic
compounds exhibit dominance, followed by flavonoids,yfaitids, tepenoids
and phytosterols (Table 32). Methyleugenol, a phermimpound was found
to be the most abundant among the constituents thatidextfied (25.16%).
The other major compounds detected were quercetilgchwh a flavonoid
(10.75%), the fatty acid arachidonic aditl0.81%) and the phenolic
compound coumaric acid (10.42%). Cinnamic acid (5.10@e}itosterol
(5.23%) and farnesyl butanoate (5.54%) were dtier major components
(Table 32).

The phytochemical constitution &. prionitis detected through LC-
MS reports the presence of fifteen phytochemicahpmments (Table 33).
LC-MS ascertains flavonoids as the major class of congmuymesent in the
methanolic extract oB. prionitis followed by terpenoids. Apigenin, luteolin,
catechin and luteone seems to be the prominentnfléd® present in the

methanolic extract oB. prionitis, as revealed by LC-MS analysis. The
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analysis exposes catechin (20.76%) as well asibigticl acid (20.14%)in
sizeable amounts, barlerin (13.079%)sitosterol (10.42%) and-tocopherol
(7.92%) in moderate amounts and lupeol93%), apigenin (3.38%),
conessine (3.23%), myricetin (2.81%) and luteolin §2}) in lesser amounts
(Table 33).

Ecbolium viride methanolic extract which was explored through LC-
MS analysis disclosed seventeen phytochemicals, anwamgh phenolic
compounds exhibited dominance, followed by flavonoid&l @erpenoids.
Moderate amounts of fatty acids have also bdetected (Table 34).
Coumaric acid (11.79%), wogonin (11.52%) and neynic (11.07%) were
found to be the probable compoundsEnviride as revealed by LC-MS
analysis. Ascorbic acid (7.73%), catechin (8.9286d quercetin (8.01%)
were also detected in moderate amounts. The fattyliacigic acid (6.90%),
cinnamic acid (4.42%) and stigmasterol (4.79%) were seégsser amounts.
Compounds like vanillic acid (3.76%), oleic acid (3.)6%p-hydroxymanool
(3.34%), taxifolin (3.67%) and chlorogenic ac@l1(/%) were detected in

minor amounts.

Phytochemical assessment of the root methanoliaaxwof Justicia
betonica exposed the highest number of compounds detected aaibmige
taxa. Out of the 22 compounds, phytosterolsl #&rpenoid compounds
formed the major portion, followed by lesser amouritplenolics and small
amounts of flavonoids, esters, fatty acids and phefibéble 35). When
compared to the other taxa, the proportion of phermmimpounds was much
lesser inJ. betonica. The chief constituents ih betonica as revealed by LC-
MS were spinasterol (23.62%) and ursolic acid .92%). The
sesquiterpenoid, cannabidiol was found in good ant$0(8.88%). Another
major compound detected was sinapine (6.06%). The &a&id, arachidonic

acid as well as the phenolic compound, coumaric atsd was detected in
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moderate amounts (5.45% and 4.78% respBit The rest ofthe

compounds were all present in minor amounts.

LC-MS analysis of the methanolic extract &frobilanthes ciliatus
revealed thirteen compounds, the lowest number nateoh@ the six taxa.
The major classes of compounds detected wemgertoids, followed by
phenols. Appreciable amounts of flavonoideren also detected. The
triterpenoid compounds lupeol (15.35%) and asiatid t5.12%) were
found to be present in highest quantiti€oumaric acid (10.42%),
cannabidiol (9.59%), sinapine (6.97%) and gallic 46i@9%) were found in
moderate amounts. The other important compoundsctédtevere quercetin
(4.24%), chlorogenic acid (4.61%), cinnamic acid @86) anda-tocopherol
(6.71%). Luteolin (3.51%) and spinasterol (3.82%8re also detected in

lesser amounts (Table 36).

S heyneanus extract revealed the presence of fifteen compsund
(Table 37) out of which terpenoids were found to betnamminant, followed
by flavonoids and phenolic compounds. Among theetesjml compounds,
asiatic acid (24.61%) and lupeol (5.33%) were of carsiole biological
importance. Similarly the presence of the terpenoidolic acid (19.1%), the
phenolic compounds like cinnamic acid (6.59%) and coiomecid (6.41%)
and the flavonoidsviz., quercetin (7.74%) and taxifolin (3.11%) welsoa
detected. The minor and trace phytochemicals detected the methanolic
extracts of S heyneanus include luteone, diosmetin, farnesyl butanoate,

geranyl linalool, ellagic acidtc. (Table 37).

157



d. ANTIOXIDANT AND ANTI-INFLAMMATORY ACTIVITIES
OF COMPONENTS OF THE ROOT METHANOLIC
EXTRACTS

The strategic screening programme for phytochemicand
pharmacological activities of plants used in traditional icied has provided
scientific evidence for their rational use in vamion and treatment of
infections and oxidative stress related disga Many plant derived
compounds have been shown to possess significanbxi@nt, anti-
inflammatory and other therapeutic effects that they reprepetential
molecules for the development of new drugs, which cteldargeted against

the treatment of chronic inflammatory states.

According to Preethét al. (2009), plant extracts containing flavonoids,
terpenoids, coumaringtc show promising anti-inflammatory activity by
modulating the activity of pro-inflammatory cytokines adlwas by inhibiting
the expression of COX-2. Phenolics, flavonoids and tegsnare potent
antioxidants and their chemo-preventive properties anergly believed to
be due to their ability to scavenge endogenous ROS. Tifteyact with
important cellular targets, mainly by controlling thene expression of
relevant key pro-inflammatory substances involved e tgenesis and

maintenance of inflammation (Calixab al., 2003).

The root methanolic extracts of the six taxa, used esdlirce plants
of the drug ‘Sahachara’ and which could elicit varyohegrees of antioxidant
and anti-inflammatory activities contain a wide rarajebiologically active
phytoconstituents, well known for their antioxidantti-emflammatory and
other pharmacological properties, that act either intisoleor in combination

with other constituents.
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The highest activities, in all the assays were ldigg by extractof
Barleria prionitis and Srobilanthes ciliatus. The activities ofB. cristata,
Ecbolium viride and S. heyneanus were found to be moderate, yet good. The
extract ofJ. betonica seems to be the least potent with the lowest antioxidant
and anti-inflammatory activities among the daxa studied. Plant
polyphenols, terpenoids, flavonoids and sterols wéee major classes of
compounds detected from the phytochemical analysiseoflifferent extracts.
The protective effect of plant polyphenols against oxwatas well as
inflammatory damages of the tissue has well beaurdented in various
assay models. Sergemt al. (2010) proposed phenolic compounds as an
alternative natural approach to prevent or treat chrofianmmatory diseases
as they are considered to possess marked anti-inflomynaffects. The
pharmacological actions of phenolic antioxidants stem Imdiom their free
radical scavenging and metal chelating properties as asetheir effects on

cell signalling pathways and on gene expression.

The next category of compounds adding to the therapgutperties
of the extracts can be flavonoids. Flavonoids aoadily distributed in plants
and have been reported to have markeditro andin vivo antioxidant and
anti-inflammatory properties (Soetan, 2008). Studiessofall et al. (2004)
suggested the direct correlation between tatalioxidant activity and
flavonoid content. Apart from the above classes offmumds, terpenoids are
also detected in substantial amounts in the extractstributing to the
observed biological activities. Terpenoids are one ofntlest extensive and
varied structural compounds occurring in nature, disptpya wide range of
biological and pharmacological activities. De las Heaad Hortelano (2009)
suggested the clinical potential of terpenoids to inhibit €ignaling pathways
involved in the inflammatory response of the body sushNaclear Factor
(NF)B.
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Lupeol was found to be one of theoldgically active major
compounds present invariably in all the extractspelol exhibits a broad
spectrum of biological activities and can be used a@hemopreventive to
avoid several diseases (Gallo and Sarachine, 200@eol is a multi-target
agent with immense anti-inflammatory potential targeting kegleoular
pathways. Fernandezt al. (2001) stated that the application of the
pentacyclic triterpenes could decrease edema formatnhaneffect is likely
to involve decreased prostanoid production. It is notdwothat lupeol at its
effective therapeutic doses exhibits no toxicity tenmrad cells and tissues
(Wal et al., 2011). Lupeol showed significant inhibitory activity ags
intracellular ROS generation (Jahal., 2012). Roots o&trobilanthes callosus
and S ixiocephala have long been used for inflammatory disorders Ik fo
medicines and their medicinal property is thought tocheferred by lupeol
(Agarwal and Rangari, 2003b). Several plants useddigenous systems of
medicine to treat inflammatory diseases are shown ttaicofupeol as one of
their active principles. According to Gallo and Sarachin®920lupeol has a
different mode of action in comparison with the conwamal NSAIDs that

are non-specific COX inhibitors and cause peptic uleeras side effect.

Substantial amounts of biologically active phytosterahd fatty acids
are also found to be present in the extracts. Mudliah. (2010) reported the
presence of phytosterols such as alpha-sitosterol, ckenpk phytol and
stigmasterol in the methanolic and aqueous estraétS crispus and
suggested that these might contribute to the antioxidawoperty. The
therapeutic potential of spinasterol against neurodggtve diseases has
been reported by Jeors al. (2010). Therapeutic activities of fatty acids like
anti-inflammatory, antioxidant, free radical scaveggimnti-hyperlipidemic
activities have been suggested by many workers éBalg, 2011; Singlet al.

2008b). Several fatty acids, including linoleic daamyristic acid, palmitic
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acid and stearic acid have been found to exhilditiaflemmatory properties
by inhibiting COX-1 and COX-2 activities (Ringboehal., 2001).

Majority of the antioxidants including quercetin andeblin act by
affecting the NReB pathway and inhibiting NO production. Quercetin
suppresses COX-2 expression by inhibiting tyrosine kimasnportant for
induction of COX-2 gene expression (Leeal., 1998). Quercetin has a
higher reduction potential, so can decrease oxidativesss and increase

antioxidant enzyme activity (Zharegal., 2011).

Reports on the antioxidant and anti-inflammatory naturé o
phytochemicals are many such as catechins (Babu ian@Q08; Lotitoet al.,
1999; Medvidovic-Kosanovicet al., 2010; Nakanishit al., 2010), luteolin
(Dillard and German, 2000; Calixte al., 2003), apigenin (Leet al., 2007;
Begum and Prasad, 2012), wogonin (@hial., 2001; Yanget al., 2013),
gallic acid (Jianget al., 2011; Deng and Fang, 2012), chlorogenic acide(Li
al., 2009; Kanget al., 2010),a-tocopherol (Onyeikest al., 2010),B-sitosterol
(Dillard and German, 2000; Nirmadt al., 2012), gallic acid, myricetin,
quercetin (Soobratteet al., 2005), ferulic acid (Balasubashiet al., 2004)
and betulinic acid (Reciet al., 1995; Moghaddarst al., 2012).

The other phytochemicals reported to have repatgtxidant and
anti-inflammatory activities include quinolinol composn@Chobotet al.,
2011), asiatic acid (Ramachandran and Saravanan,),2@b8maric acid
(Pragasanet al., 2013), methyl eugenol (Miguel, 2010; Clabial., 2010b);
cinnamic acid (Sova, 2012), lupeyl acetate (Luceittal. 2010), spinasterol
(Jeonget al., 2010), ascorbic acid (Rizz al., 2008) and myricetin (Chat
al., 2010a; Moser, 2008).

The analysis of the phytochemical constitution of theaex$ revealed

that the methanolic extracts of the taxa used inptiesent investigation
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contain the aforesaid compounds, which may exerinthltifaceted actioon
the free radicals and hence is contributing to the higioxadant and anti-
inflammatory potentials observed in the study. The vanatio the activity
may be due to the difference in the relative proportiomative components
and the type of the constituents present in the respdethae Interaction with
other elements of the mixture is another factor that atsy contribute to free
radical scavenging activity (Caste al., 2006; Jimenezt al., 2009). The
relatively high antioxidant and free radical scaweggactivity of extracts
containing low phenolic content suggests that the typepleenolics is
determinant for these activities rather than tlemounts (Confortiet al.,
2008). Thus it can be concluded th&e combined action of the active
ingredients present in the various extractsoough their free radical
scavenging and inhibition of mediators of inflammatispexially cytokines
and prostaglandins may be conferring the anti-inflatoryaactivity (Preethi
et al., 2009).

Catechin along with betulinic acidj-sitosterol, a-tocopherol and
lupeol might be the probable reason for the high ai@mt and anti-
inflammatory potential ofB. prionitis. The LC-MS data revealed that
betulinic acid, catechin, barlein afiesitosterol were the major components in
B. prionitis extract. The GC-MS analysis detected desaspidinol,
hydrocinnamic acid, lupeol, 5-quinolinol and lupendneB. prionitis. The
pharmacologically active compounds detected withhible of both GC-MS
and LC-MS assays i ciliatus include lupeol, coumaric acid, cannabidiol,
asiatic acid, gallic acid, syringol, phytol, betulinic adidsitosteroletc. The
high anti-inflammatory activity shown b$. ciliatus may be caused by the
presence of larger proportion of lupeol. Methyleudemstragole, quercetin,
coumaric acid, cinnamic acid, arachidonic acid, llppesitosteroletc. were
the biologically active components obtained by thetgttyemical analyses of

the methanolic extract d3. cristata. In E. viride lupeyl acetate, isoeugenyl
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acetate,a-spinasterol, lupeol, coumaric acid, myricetimpgonin, betulinic
acid, ascorbic acid, catechin, quercetic. were found to be present as
revealed by GC-MS and LC-MS analyses, which mightdsponsible for the

fairly good antioxidant and anti-inflammatory activitidsserved in the study.

e. DETERMINATION OF TOTAL PHENOLICS AND
FLAVONOIDS

Phenolic compounds are plant substances which possessimon an
aromatic ring bearing one or more hydroxyl groupser&hare about 8000
naturally occurring plant phenolics and abdalf of this number is
flavonoids (Harborne and Herbert, 1993). Plant polypke and flavonoids
have drawn increasing attention due to their potenitoxidant properties
(Okpuzaret al., 2009) and their marked effects in the prevention asfous
oxidative stress associated diseases. Hence the prégéntatso attempted
an assessment of total phenolic and flavonoid corgémihe root extracts of

the six taxa studied.

The Folin—Ciocalteu assay for total phenolic content gavegeneral
measure of phenolic content (Samappito and Butkhup, )28&h6 is used
routinely in characterizing and standardizing botangahples. The method
iIs based on oxidation of phenolics by a molybdotungstatéolin—Ciocalteu
reagent to yield a coloured product witha, 745 — 750 nm. Total flavonoid
content was determined in the sample extracts by reacitbnsadium nitrite,
followed by the development of coloured flavoraldminium complex
formation using aluminium chloride in alkaline conditionhigh can be

monitored spectrophotometrically at maximum wavelengtG1&f nm.

There have been many reports on members of Acarabdoeing rich
sources of polyphenolic compounds (Sawadegal., 2006; Ahmadet al.,

2013). Though there are reports on the total phemwoictflavonoid content of
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the related species of the taxa investigated, waly few studies havbeen
made on the taxa under study, barring the reportsaisival et al. (2010a),
Chetanet al. (2011), Narmadha and Devaki (2012a) and Betbal. (2011).
In the above studies also, the phenolic and flavondichasons of the leaf or
the whole plant alone has been carried out, with little attemmade on the

analysis of the root extracts.

The content of total phenolics and flavonoids of the cbfie extracts
are summarized in Table 38 and expressed agjatig acid equivalent
(GAE) and mg quercetin equivalent (QE)/g DW of the aots, respectively.
The total phenolic content was expressed by referend¢bketstandard curve
(y = 0.030x — 0.080, & 1; Fig 39). The amount of total phenolic compound
was calculated quite high in the root extracBoprionitis (22.64 + 1.93 mg/g
of gallic acid equivalent). Extract &. cristata roots showed the next highest
total phenolic content (19.34 + 0.40 mg GAE/DW) anticaidant activity.
The extracts ofS ciliatus (15.91 £ 0.70) ancE. viride (15.16 + 1.28) also
showed relatively high phenolic contendowever, the extract of
S heyneanus showed an average value of phenolic content (10.86@)0The
total phenolic content ofl. betonica was significantly lowest and hardly
accountable for the presence of phenolics when cadp@ that of the other
taxa (Table 38).

The total flavonoid content was expressed as quereetirvalents by
reference to standard curve (y = 0.004x + 0.017=R2991; Fig. 40). Similar
to phenolics, the content of total flavonoids also wasdoto vary, with
S ciliatus (6.36 £ 0.46 mg QE/g DW) extract containing the hgjHavonoid
content among the various extracts. This wdkwed by B. prionitis,
B. cristata, E. viride, S heyneanus and J. betonica in the decreasing order.
The methanolic root extract d@. prionitis has also shown good flavonoid

content. The total flavonoid content Bf cristata, E. viride and S. heyneanus
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was moderate and does not show significant difftsseramong onanother.
In one gram each of the above three extracisre than 3.5 mg QE of

flavonoids was detected (Table 38).

These findings show the richness of crude extractB. girionitis on
phenolic content which was roughly 2-fold and 8-foldHheig than those of
S heyneanus and J. betonica extracts respectively (p < 0.05). The best
antioxidant activities were exhibited By prionitis, B. cristata, S ciliatus and

S heyneanus which were found to have the highest phenolic contksat a

Natural phenolics have been reported to inhibitstaption factors
closely linked to inflammation like NkB (Tsoyi et al., 2008), pro-
inflammatory cytokines release (Karlsehal., 2007) and enzymes such as
COX-2 (Hou et al., 2007), lipoxygenases (LOX) (Horg al., 2001) and
inducible nitric oxide synthase (iINOS) (Perg@aal., 2006), which mediate
inflammatory processes. Polyphenolic compounds seemate an important
role in lipid oxidation stabilization also (Gurseyal., 2009). Hagermast al.
(1998) suggested that high molecular weight and gheximity of many
aromatic rings and hydroxyl groups are more importanttiie free radical-

scavenging activity by phenolics than their specific fuoral groups.

The flavonoid compounds perform antioxidant function otigh
suppressing ROS formation, scavenging ROS andategu or protecting
antioxidant defenses (Zhargg al., 2010). COX is an enzyme that plays an
important role as inflammatory mediator and is invdlve the release of
arachidonic acid, which is a precursor for biosynthesiprostaglandins and
prostacyclin. Pharmacological inhibition of COX can proviééef from the
symptoms of inflammation and pain and this is the rapim of action of
well known class of drugs known as non-steroidal -eflammatory drugs
(NSAIDs) like aspirin and ibuprofen. Many flavonoids harewn to inhibit
the COX pathway and blocking the release of @&anlt acid. Another
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mechanism by which flavonoids act is theirggested ability toinhibit
neutrophil degranulation (Nijvelddt al., 2001).

Data in the literature about the relation betweencentration of
phenolic compounds and antioxidant activity are comttady. According to
Plazonicet al. (2009), the protective role of flavonoids and phenatids in
carcinogenesis, inflammation, atherosclerosis andrthosis appear to stem
from their high antioxidant capacity. More recently, sal/eesearchers have
shown a correlation between total phenolic content arnidxahant activity
(Plazonic et al., 2009; Wojdyloet al., 2007). While some authors have
observed high correlation, others find no directrelation or only a very
weak one (Czapecket al., 2005; Wonget al., 2006). Gursoyet al. (2009)
explained this poor correlation might be becao$ehe antioxidant action
being raised by other biologically active substand@arqoy et al., 2009).
According to Thangavel and Gupta (2010), though phemompounds may
contribute directly to antioxidant free radical scaweggactivity, there are
reports indicating that terpenoid compounds also caoiritbto antioxidant
activity. Stratilet al. (2007) suggested that we cannot exclude the presanc
additional antioxidant components in the extracts dwald contribute to
these differences because some non-phenolic compaamdalso reduce the
Folin reagent. The free radical scavenging potentiamsel to be dependent
not only on the amount, but also on the type of theofiaids or phenolics

present in the extract.

In the current study, however, the scavenging ptasedisplayed by
the different extracts appear to be almost relativehéotbtal phenolic and
flavonoid content. The extracts which had highenolic and flavonoid
content showed good percentage of inhibition. Tigh inhibition values
shown byB. prionitis extract in antioxidant and anti-inflammatory assays

might be due to the high concentration of phenolic camge present in the
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extract. The root methanolic extracts &f betonica exhibited minimum
percentage of inhibition in the assays. This might bealmex of the lower
level of phenolic and flavonoid content. In any waye da their unique action
mechanisms and significant vivo activity, phenolics and flavonoids are
considered to be reasonable candidates for the dewetdpof new anti-
inflammatory drugs that could exert a chemo-preventivde rtowards

cardiovascular and degenerative diseases.
The highlights of the present investigations are:

. The chromosome complements of six members of Aeaeibe,yviz.,
Barleria cristata (2n = 40),B. prionitis (2n = 40),Ecbolium viride (2n
= 36), Justcia betonica (2n = 34),Srobilanthes ciliatus (2n = 28) and
S heyneanus (2n = 32), used as the source plants of an itapb
Ayrvedic drug ‘Sahachara’ was revealed.

. The karyomorphometric features like totalrooosome length,
average chromosome length, range of chromosome |engtare of
primary constriction, number of chromosomes with seaond
constriction, disparity index, variation coefficient andtat forma
percentage of the six taxa exhibited variations. Thgadtgpe formulae
of all the six taxa were established.

. The antioxidant and anti-inflammatory activities of thet methanolic
extracts of the taxa were assessed using differeay aystemsn vitro
and in vivo. The methanolic extracts of all the six taxa showed
significant, but varying degrees of pharmacologicalvéas in all the

assays used.

. The different antioxidant assays used in the siugly ABTS, DPPH,
superoxide and hydroxyl radical scavenging and inbibitof lipid
peroxidation revealed that all the selected taxa could wetl inhibit
the various free radicals and lipid peroxidatiofhe maximum
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antioxidant activity was shown W. prionitis followed byB. cristata

andS. ciliatus. The lowest antioxidant effect was shownJopetonica.

The methanolic extracts of all the six taxa weceeened for anti-
inflammatory  property using carrageenan inducefacute
inflammation) and formalin induced (chronioflammation) paw
edema models in Swiss Albino mice. A staafijic significant
reduction in the edema volume was shown by all the sia. tdhe
extracts ofB. prionitis and S ciliatus were demonstrated to be highly
effective in bringing down inflammation in both #&Euand chronic
models. Moderate activity was shown Bycristata andE. viride. This

was followed byS. heynenaus andJ. betonica.

Chemical analysis of the root methanolic extrastthg HPTLC,

GC-MS and LC-MS techniques revealed chemicalmplexity,

variability as well as affinity among the taxa. Alletlsix taxa were
chemically characterized.

Chemical fingerprints have been generated farh eaxon using
HPTLC that can be used for identification and qualitgleation of the
plants used as ‘Sahachara’. HPTLC chromatograms |ezl/éiae highly

unique profiles generated for each taxon. Usingimple HPTLC
analysis of the root extracts, the plants that are asé8ahachara’ can
be easily distinguished from each other.

Lupeol was used as the marker compound in the amalich is

considered as one of the pharmacologically importagtedients of
the taxa investigated. HPTLC profiles showed the presaidupeol

band in all the chromatograms, with the mostmgment band in
S ciliatus.

GC-MS analysis of the methanolic extracts of the sia tdetected 63

components of which phenols, terpenoids, polyphermhytosterols,
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fatty acid esters and organic acids form th&or classesPhenols
predominated inB. cristata, B. prionitis and S heyneanus while
terpenoids form the major fraction iB. viride, J. betonica and
S ciliatus.

. LC-MS analysis of the extracts identified manypldgically active
phytochemicals in the root methanolic extracts of th@aats which
could be assigned to the five major classes of comoupldenolics,

terpenoids, flavonoids, fatty acids and fatty acidrsste

. The measurement of total phenolic and flavonoahtent of the
various extracts was also undertaken during the stulye phenolic
and flavonoid content was found to vary, which coattount for the
distinct antioxidant and anti-inflammatory activities of tHdferent
samples. The total phenolic content Bf prionitis extract was quite
high, followed byB. cristata andS. ciliatus. The methanolic extract of
S ciliatus revealed the highest total flavonoid content, followsgd b
B. prionitis. Methanolic extract o. betonica showed the least content

of total phenolics and flavonoids among all the extracts

As a conclusion of the present investigation, the dw@grphometric
analysis of the taxa investigated revealed their chromesaonstitution,
chromosome architecture and karyotype formulaedeAsitometric HPTLC
analysis was performed for the developmentclodracteristic fingerprint
profile for each taxon. Most of the taxa, which are usethe source plants of
‘Sahachara’ exhibited excellent antioxidant and anti-mffeatory activity.
However, B. prionitis as well asS ciliatus were found to be outstanding in
reducing both acute as well as chronic inflammatwith relatively the
highest content of phenolics and flavonids awhimight be the probable

reason for the manifestation of their prominent effettss potency may be
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exploited for their chemoprotective effects the treatment ofvarious

inflammatory disorders with an element of oxidative stiedbeir pathology.

The outcome of the study thus suggests that it is apptegdoause the
roots of bothB. prionitis and S ciliatus as the source of ‘Sahachara’ as these
plants showed the most promising activities in the antséoidand anti-
inflammatory assays and the highest content of actiygopbnstituents, that
could make them highly effective in the treatmentcbfonic diseases like
rheumatism that result from the damaging effects of fragdicals and

inflammation.

In the changing global scenario the interest tosvapthnts with
medicinal value is increasing substantially in the primargitheare system,
both in the developed and developing countries. EButtgsearch should
concentrate to isolate and characterize the active chenmicaipbes in these
taxa. Efforts can then be made to find out phmebable mechanism of

observed activities followed by clinical drug experingent
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SUM M ARY

A large proportion of the world relies on the fitemhal systemsof
medicines to meet their primary health care needs. dignleparations with
known efficacy in traditional system of medicinaugh be proved through
scientific experiments and tested both in animals andams. The strategic
screening programme for phytochemicals and pheoiogical activities of
plants used in traditional medicine has provided sciengifiiclence for their
rational use. Recent studies emphasize teaurrent inflammations
associated with oxidative stress form the underlyingseeof various chronic
diseases. The strategy for reducing inflammation @xdation status by the
use of natural products thus could lead to effectiwevgmtion or treatment of

these diseases.

The Acanthaceae family is an important source of re¢uberapeutic
drugs and many of its members are extensively useilldsre medicines
worldwide. ‘Sahachara’ is a well known Ayurvedic druged against
rheumatism and neurological disorders. The root iffieial part that forms
the major ingredient of several important Ayurvegieparations. A great
deal of adulteration and substitution is met with manythef commercially
available raw Ayurvedic drugs owing to the confusionsealuby the different
local names these plants are known by. The correctitigeri the species to
be used as ‘Sahachara’ is controversial as a vaoietyerbs of the family

Acanthaceae are being used as the plant source ofupeSithachara’.

The present investigation is a preliminary effortctaracterize the
cytological constitution by a detailed karyomorphometrigalgsis and to
evaluate the antioxidant and anti-inflammatory potentialssiaf taxa of
Acanthaceae that are commonly used as the souroe gilé&Sahachara’yiz,

Barleria cristata, B. prionitis, Ecbolium viride, Justicia betonica,
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Srobilanthes ciliatus and S heyneanus. The present study also ainte
investigate their major active chemical principleat tare responsible for
these activities and to quantify the total phenolics andfiaids in their root
methanolic extracts. The study also attempts to provideemical
fingerprinting of root methanolic extracts of differesource plants by
HPTLC with a view to discriminate the different souptants that might help

their differentiation from one another.
A. METHODOLOGY

Mitotic observations of the root tip cells of the above dmve been
carried out. Young healthy root tips were collectedrfrall the six taxa and
mitotic studies were conducted with the help of improveghniques.
Karyograms were generated from the photomicrograpiih the aid of
computer-based programs such as Adobe oftngh, AutoCAD and
Microsoft Excel. On the basis of arm ratamd centromeric indices,
homologous chromosomes were identified. Karyotype @temvas calculated
depending upon the length of the chromosome, postionentromere and

presence or absence of secondary constriction.

The antioxidant activity of the crude methanolic extradtsoots of the
taxa was determined by fiv@ vitro assays. The extracts were evaluated for
their free radical scavenging activities against DPPH rBdARTS radical,
superoxide radical, hydroxyl radical and inhibition of digperoxidation. The
methanolic extracts of all the six taxa were screemedanti-inflammatory
activity using carrageenan induced acute inflammation famdalin induced

chronic inflammation models in Swiss Albino mice.

In order to identify the active chemical compds behind the
antioxidant and anti-inflammatory activities, chemical prolirof the

methanolic extracts were carried out with the help G-MS and LC-MS
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analysis. HPTLC analysis of the methanolidraots was alsgerformed
using lupeol as the marker compound. The determinatiadhe total phenolic
and flavonoid contents of the extracts was also camigdrespectively by

Folin—Ciocalteu and aluminium chloride colourimetric huoets.
B. UPSHOTS OF THE WORK

Detailed chromosomal analyses were conducted foffitsietime in
B. cristata, B. prionitis, E. viride, J. betonica, S ciliatus and S heyneanus.
The six taxa studied exhibit distinct karyomorphologicaktdees. The
chromosome counts of the different plants were as fsll@vcristata (2n =
40), B. prionitis (2n = 40), S ciliatus (2n = 28),S heyneanus (2n = 32),
E. viride (2n = 36) andl. betonica (2n = 34). The number of chromosomes
with secondary constriction range from two to six. Kaeyotype formulas of
the different plants were found to be 34nm + 6 nsm@hn3 + 4 nsm(-), 26
nm + 2 nsm(-), 28 nm + 4 nsm(-), 36 nm and 32 n@&Rsm(-) respectively
for B. cristata, B. prionitis, S ciliatus, S heyneanus, E. viride andJ. betonica.
The karyotypes were characterized by the presensgnafi chromosomes in
general, except those Bf prionitis andB. cristata. The karyomorphometrical
characters point towards the more primitive staitighe karyotypes. The
variations displayed by these karyotypes could notdoeelated or interpreted
in an evolutionary order with respect to the six platsiong the 6 taxa,

B. cristata andB. prionitis showed the most asymmetric karyotypes.

Experiments conducted to investigate the antioxidant amdi-
inflammatory nature of the different taxa yielded positresults. The oral
administration of the methanolic extracts (100 mg/kg ab@d &g/kg body
weight) of all the taxa inhibited the formation of diffetdree radicals as well
as lipid peroxidation. ABTS and DPPH radical scavengictivity was found
to be maximum irB. prionitis, followed byB. cristata, S ciliatus, E. viride

and the least activity was noticedSnheyneanus andJ. betonica. B. prionitis
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was the most potent in scavenging superoxide addoRyl radicals alsothe
radical scavenging properties of the other extractsateon accordance with
the results obtained for the other radicals. Maximum itibib of lipid
peroxidation was shown b¥. cristata, followed by B. prionitis and
S ciliatus. The results demonstrate that promising resultsshovn by
extracts ofB. prionitis, S. ciliatus, B. cristata and E. viride, as revealed by

their low 1G, values.

The oral administration of the different extracts Idoyproduce a
significant reduction in paw edema volume in the treatachas both at the
low as well as high doses of the extract given. Témuilts obtained for the
anti-inflammatory assays were in agreement with thatirddafor antioxidant
assays. Among the six taxa studi&dprionitis and S ciliatus were found to
possess maximum activity in the carrageenan inducet atilammation as
well as in formalin induced chronic inflammationodels. The percentage
inhibition of paw edema at the higher dose was corypar® the response of
the standard group (diclofenac 10 mg/kg b). Wiithis was followed by
B. cristata, E. viride and S. heynenaus which exhibited moderate inhibition.
The least reduction in edema and so the leasn@o was shown by

J. betonica extract in both the models used.

A densitometric HPTLC analysis of the methanolic ettreof taxa
used as ‘Sahachara’ was performed for the developroércharacteristic
fingerprint profile, which makes their identification dancharacterization
possible due to the improved reproducibility of HPTLIe HPTLC studies
using lupeol as the marker compound revealed majmifisgnt spots and
other less evident ones. HPTLC studies indicated relatigebd amount of
variability among the different species used as ‘Sadwac, with regard to
spot number and pattern. The fingerprints of the differextracts have been

established and the generated profiles are revealdz thighly unique for
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each taxon which may be used as marker for ideatiin. Themethanolic
extracts of all the taxa showed the presence of lupgw data from the
HPTLC studies were used to calculate the paired affintices (PAI) for the
different species. The results obtained from the HPTh&lyais showed that
there is only moderate similarity between the differemicegs that are used as

‘Sahachara’.

Exploration of methanolic extracts of the six plants by-K8E analysis
revealed 63 components in which the major classes pieenols, terpenoids,
polyphenols, phytosterols, fatty acid esters, coumpaand furans. Phenols
dominated inB. cristata, B. prionitis and S. heyneanus while terpenoids form
the major fraction irE. viride, J. betonica and S. ciliatus. Substantial amount
of phenols too is detected B ciliatus along with terpenoids. Relatively
higher amounts of terpenoids were foundBincristata, B. prionitis and
S heyneanus. Polyphenols have been detected in most of the exteantt the
maximum content of polyphenols was shownBoyrionitis. Fatty acid esters
are reported fromB. cristata, B. prionitis, E. viride, J. betonica and
S heyneanus. All the extracts showed the presence of phytosterolgrying
amounts. Lesser amounts of coumarins and furans alsseobserved in some

plants.

The several compounds detected by LC-MS inrtw methanolic
extracts fall in five major classes: phenolicgpeaaoids, flavonoids, fatty
acids, esters and steroids. The phytochemarlysis through LC-MS
analysis revealed that the major active components im#tbanolic extracts
of the six taxa were; methyleugenol, arachidonic agugrcetin and coumaric
acid in B. cristata; catechin, betulinic acid, barlerin arfidsitosterol in
B. prionitis;, coumaric acid, wogonin and myrcetin kb viride;, spinasterol
and ursolic acid in). betonica; lupeol, asiatic acid and coumaric acid in

S ciliatus and in the case d& heyneanus, asiatic acid and ursolic acid
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predominated. These components either ysimgl in combinationare

responsible for the pharmacological effects displayethé potential taxa.

Methanolic extracts of the roots of these taxa were esonined for
their total phenolic and flavonoid content, which wasnid to vary among the
different extracts. The methanolic extractBfprionitis revealed the highest
total phenolic content. The total phenolic contenBotfristata also was quite
high, followed by those o®. ciliatus, E. viride and S heyneanus. The extract
of S ciliatus showed the highest flavonoid content among the six tixa.
followed by B. prionitis, B. cristata, E. viride, S heyneanus. Methanolic
extract of J. betonica showed the least content of total phenolics and

flavonoids.
C. CONCLUSION

Analysis of the results of the present study togethign the previous
reports proved that the extracts of the six taxa usdbeasource plants of the
drug ‘Sahachara’ or some of its major components aldtig minor ones act
as potential active principles involved in the scavengihgeactive oxygen
species and free radicals involved in the generatiah maintenance of the
various inflammatory mediators. As inflammatory proessare involved in
the pathogenesis of the most common chronic non-comcahla diseases,
these antioxidant and anti-inflammatory agents could flrelamental in

prevention of carcinogenicity, cardiovascular androdegenerative changes.

The study confirms that all the taxa are good souofeantioxidants
and support their role in treating inflammatory diseaBath B. prionitis and
S ciliatus exhibited best scavenging effects and also rate sources of
highly active chemical principles contributing ttheir potent anti-
inflammatory responses, substantiating their usethe preparation of

Ayurvedic formulations of which the drug ‘Sahaehais an important
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constituent. The use @. cristata and E. viride as the source dBahachara’
can be justified because of their moderate protectifertsf against oxidative
damages and inflammations. But as the chemical cotmpof the different
plants shows more differences than similarities, argngits of using them as
‘Sahachara’ should be done only after detailed scruamy analysis, with a

view not to alter the curing properties of the drugrtg great extent.

The outcome of the study thus establishes that it isopppte to use
both the roots oB. prionitis and S. ciliatus as the source of ‘Sahachara’ as
these plants showed the most promising activities in ttiexadant and anti-
inflammatory activities that could make them highly effestin the treatment
of chronic diseases like rheumatism that result fromdémaging effects of
free radicals, having an inflammatory response in tpathology. However,
further detailed studies with respect to the other mphaological actions of
these plants and isolation and characterizion df #heive principles and

finding out their synergistic mechanisms of action are aksential.
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Table 16. Effect of Barleria cristata root methanolic extract on carrageenan

induced paw edema in mice

Initial paw | Paw edema Dl.fference
in paw op e
Treatment Srouns edema volume edema Inhibition
group volume after 3" h (%)
(mm) (mm) volume
(mm)
Control 2.344+0.05 371+0.12 1.37+£0.08 | -
Diclofenac (10 mg/kg 0.40
b. w) 2.39+0.8 2.79+0.04 0.07"" 70.81
B. cristata (100 278023 | 3.47+0.05 | 0.69+021" 49.63
mg/kg b. wt)
B. cristata (250 0.56
mg/kg b. wt) 2.51+0.11 3.07+0.14 0.06"" 54.64

Data represent the mean + SE (n=5); 'p < 0.05, "p < 0.01, ""p < 0.001 compared to control
(One way ANOVA, Dunnett’s test).

Table 17. Effect of B. cristata root methanolic extract on formalin induced paw

edema in mice

Initial paw | Paw edema Dl.fference
in paw o
Treatment groups edema volt}llme on edema Inhibition
volume 6" day (%)
(mm) (mm) volume
(mm)
Control 2.04 £0.04 3.87+0.03 |1.83+£0.06 |------—---
Diclofenac (10 mg/kg 0.86 +
b. wt) 2314001 [3.17+0.04 [0.06 53.01
B. cristata (100 .
mg/kg b. wt) 2.46 £ 0.06 3.72+0.07 | 1.26+0.09 |31.14
B. cristata (250 0.99*** +
mg/kg b. wt) 2.53+£0.08 3.52+£0.07 |0.10 45.90

Data represent the mean + SE (n=5); p < 0.05, "p < 0.01, ""p < 0.001 compared to control
(One way ANOVA, Dunnett’s test).




Table 18. Effect of Barleria prionitis root methanolic extract on carrageenan

induced paw edema in mice

Initial paw | Paw edema Dliflfer:;ce
edema volume P Inhibition
Treatment groups volume after 3 h edema (%)
(mm) (mm) volume ’
(mm)
Control 2.34 +0.05 371+0.12 | 1.37+0.08 |  ---ommmm-
Diclofenac (10 mg/kg 0.40 =
b. wi) 2.39+0.8 2.79 +£0.04 0.07"" 70.81
B. prionitis (100 0.51 +
me/ke b. wi) 245+0.16 | 2.96+0.14 0.3 62.77
B. prionitis (250 0.38
me/ke b. wi) 2.51+0.08 | 2.89+0.20 0.18™" 72.26

Data represent the mean + SE (n=5); p < 0.05, p <0.01,  p < 0.001 compared to
control (One way ANOVA, Dunnett’s test).

Table 19. Effect of B. prionitis root methanolic extract on formalin induced paw

edema in mice

Initial paw | Paw edema Dl.fference
in paw e ey
edema volume on Inhibition
Treatment groups volume 6 day edema (%)
volume
(mm) (mm) (mm)
Control 2.04+0.04 3.87+£0.03 1.83+£0.06 |  -—-mmmm--
Diclofenac (10 mg/kg 0.86 +
b. wt) 2.31+0.01 3.17+0.04 0.06"" 53.01
B. prionitis (100 2424003 | 353+0.10 | 1.11+0.10™ 39.34
mg/kg b. wt)
B. prionitis (250 0.88 +
me/ke b. wi) 2.48 £0.06 336+0.19 0.15"" 51.91

Data represent the mean + SE (n=5); *p < 0.05, **p <0.01, ***p < 0.001 compared to
control (One way ANOVA, Dunnett’s test).




Table 24. Effect of Strobilanthes ciliatus root methanolic extract on carrageenan

induced paw edema in mice

Initial paw | Paw edema Dliflfer:nce
T edema volume dp W Inhibition
reatment groups volume after 3™ h edema (%)
(mm) (mm) volume
(mm)
Control 2344+0.05 | 3.71+0.12 | 1.37+0.08 |  -—------
Diclofenac (10 mg/kg 0.40 =
b. wt) 2.39+£0.8 2.79 +£0.04 0.07"" 70.81
g' ;’;gat“s (100mgke | 5331011 | 2.94+0.13 | 0.61+0.06™ 55.47
S. ciliatus (250 mg/kg 0.37 +
b. wt) 2.33+0.08 | 2.70+0.09 0.13" 72.99

Data represent the mean + SE (n=5); p < 0.05, p<0.01,  p <0.001 compared to
control (One way ANOVA, Dunnett’s test).

Table 25. Effect of S. ciliatus root methanolic extract on formalin induced paw

edema in mice

Initial paw | Paw edema Dliger::;ce
Treatment srouns edema volume on o dsma Inhibition
group volume 6™ day volume (%)
(mm) (mm) (mm)
Control 204+£0.04 | 3.87+£0.03 | 1.83+0.06 |  ----—-----
Diclofenac (10 mg/kg 0.86 +
b. wt) 2.31+£0.01 | 3.17+£0.04 0.06"" 53.01
g' %‘””S (100mgke |4 754 0.04 | 2.86£0.23 | 1.14+024" 37.70
S. ciliatus (250 mg/kg 1.70 + 0.07 2624005 0'92*f§ 49 73

Data represent the mean + SE (n=5); *p <0.05, **p <0.01, ***p <0.001 compared to
control (One way ANOVA, Dunnett’s test).




Table 26. Effect of Strobilanthes heyneanus root methanolic extract on

carrageenan induced paw edema in mice

Initial paw | Paw edema Difference in
edema volume Inhibition
Treatment groups volume after 3 h paw edema (%)
volume (mm)
(mm) (mm)
Control 234+005 | 3.71+£0.12 | 137£0.08 |  -meememee
bDisif)fenaC (10mgke | 539,108 | 2.7940.04 | 0.40+0.07" 70.81
S. heyneanus (100 237+0.06 | 323+0.07 | 0.86+0.11° 37.22
mg/kg b. wt)
S. heyneanus (250 2.40+0.03 | 3.04+0.17 | 0.64+0.17" 53.28
mg/kg b. wt)

Data represent the mean + SE (n=5); *p < 0.05, **p <0.01, ***p < 0.001 compared to
control (One way ANOVA, Dunnett’s test).

Table 27. Effect of S. heyneanus root methanolic extract on formalin induced

paw edema in mice

Initial paw | Paw edema Dl.fference
in paw e
Treatment groups edema volume on edema Inhibition
group volume 6™ day (%)
(mm) (mm) volume
(mm)
Control 2.04 £0.04 3.87+0.03 1.83+0.06 |  --—-—-----
Diclofenac (10 mg/kg 0.86 +
b. wi) 2314001 | 3.17£004 | 000 53.01
S. heyneanus .
(100 mg/kg b. wt) 2.37+0.09 3.66 £0.05 | 1.28+0.11 30.05
. heyneanus 253007 | 3.64+0.03 | 1.11+0.08" |  39.34

(250 mg/kg b. wt)

Data represent the mean + SE (n=5); *p <0.05, **p <0.01, ***p <0.001 compared to
control (One way ANOVA, Dunnett’s test).




Table 20. Effect of Echolium viride root methanolic extract on carrageenan

induced paw edema in mice

Initial paw | Paw edema Dliffer::vce
edema volume P Inhibition
Treatment groups volume after 3 h edema (%)
volume
(mm) (mm) (mm)
Control 2.34£0.05 371 +£0.12 1.37+£0.08 |  -———mm-
E ‘sigfenac (10mgke | 5394080 | 2794004 | 0.40+0.07" 70.81
E. viride (100 mg/kg | 5 164 610 | 2.87+0.11 | 0.69+0.06" 49.64
b. wt)
E. viride (250 mg/kg 0.50 +
b. wt) 2.14+£0.04 2.64£0.04 0.06"" 63.50

Data represent the mean + SE (n=5); p < 0.05, p<0.01,  p<0.001 compared to
control (One way ANOVA, Dunnett’s test).

Table 21. Effect of E. viride root methanolic extract on formalin induced paw

edema in mice

Initial paw | Paw edema Dlit:eraeilvce
Treatment srouns edema volume on o dsma Inhibition
group volume 6™ day volume (%)
(mm) (mm) (mm)
Control 204+0.04 | 3.87+0.03 | 1.83+0.06 |  ---------
Diclofenac (10 mg/kg 0.86 +
b. wt) 231+0.01 | 3.17+0.04 0.06"" 53.01
f‘ Vvvlgide (100mgke | 5041004 | 3484013 | 1.2420.13" 32.24
E. viride (250 mg/kg 1.04 +
b. wt) 2.23+0.07 | 3.27+£0.13 0.10™ 43.17

Data represent the mean + SE (n=5); p < 0.05, p<0.01,  p<0.001 compared to
control (One way ANOVA, Dunnett’s test).




Table 22. Effect of Justicia betonica root methanolic extract on carrageenan

induced paw edema in mice

Initial paw | Paw edema Dl.fference
in paw o
Treatment groups edema volume edema Inhibition
group volume after 3 h (%)
(mm) (mm) volume

(mm)
Control 234+£0.05 | 3.71+0.12 | 1.37+0.08 |  ------m--
Diclofenac (10 mg/kg 2394080 | 2.79+0.04 0.40 £ 70.81
b. wt) 0.07
J- betonica (100 2214006 | 3.11£0.06 | 090007 | 3431
mg/kg b. wt)
J. betonica (250 220£0.05 | 2.95+0.06 | 0.75+0.077 | 4525
mg/kg b. wt)

Data represent the mean + SE (n=5); p < 0.05, p<0.01,  p<0.001 compared to
control (One way ANOVA, Dunnett’s test).

Table 23. Effect of J. betonica root methanolic extract on formalin induced paw

edema in mice

Initial paw | Paw edema Dl.fference
in paw oy e
Treatment Srouns edema volume on edema Inhibition
group volume 6™ day (%)
(mm) (mm) volume
(mm)
Control 2.04+0.04 3.87+0.03 1.83+£0.06 | e
Diclofenac (10 mg/kg 0.86
b. wt) 2.31+0.01 3.17+0.04 0.06™" 53.01
J. betonica (100 2.14+£0.06 | 3.54+0.04 | 1.40+0.06 23.50
mg/kg b. wt)
J. betonica (250 2132007 | 3332018 | 1204020 | 3443
mg/kg b. wt)

Data represent the mean + SE (n=5); p < 0.05, p<0.01,  p<0.001 compared to
control (One way ANOVA, Dunnett’s test).




Table 10. In vitro antioxidant activities of root methanolic extracts of the six taxa used as ‘Sahachara’

IC 50 (ng/ml)
Plants DPPH.radical ABTS.radical Sulge(;'i(;);ilde Hydroxy] radical pertf;(iipdi:tion
scavenging assay | scavenging assay scavenging assay scavenging assay assay
B. cristata 34.46 £ 0.89 13.99 +£2.91 5523 +1.81 74.84 £2.13 55.59+1.44
B. prionitis 31.06 £1.28 12.89 +£3.46 44.54 +2.90 70.10 £ 1.73 69.12 + 3.04
E. viride 74.90 £ 1.62 57.30+2.91 81.51 +£2.38 108.3 £ 0.94 72.80+£1.71
J. betonica 91.57+1.39 86.20 £ 2.11 110.34 +1.72 117.49 +1.30 95.76 £ 1.11
S. ciliatus 3738 +1.11 18.65+2.95 61.76 £ 2.68 54.58 £0.94 72.82 £1.55
S. heyneanus 103.92 + 1.55 71.58 +1.28 84.17 +1.77 105.58 +2.60 73.85+1.18

ICsp - Concentration of the samples causing 50% inhibition of radicals
Values are expressed as mean + standard error (SE) (n=3)




Table 13. Scavenging effects of root methanolic extracts of the six taxa used as ‘Sahachara’ on Superoxide radical in

vitro at different concentrations

Plants

% Inhibition of extracts against Superoxide radical at different concentrations (ng/ml)

20 40 60 80 100 120 140

B. cristata | 34.16+0.95% | 49.02+0.65¢ | 52.40+0.78° | 76.32+123¢ | 81.86+0.27¢ | 83.90+1.09° | 88.12+0.88 ¢
B. prionitis | 27.79+0.98° | 4252+1.16° | 5471 +125° | 69.01+1.74° | 71.53+0.45° | 80.98+1.18° | 94.21+0.89 ¢
E. viride | 19.81+£0.66*" | 30.94+0.32" | 3550+0.75% | 5827+1.50" | 61.84+0.98" | 63.40+1.71" | 7548 +0.82°"
J. betonica | 1493+ 1.11% | 28.69+1.05% | 32.42+0.74% | 4443 +1.59" | 48.63+1.03° | 51.44+1.26" | 57.71 £ 0.38 *
S. ciliatus | 21.09+1.70° | 39.59+0.49°¢ | 56.56 +1.18° | 63.22+0.89°° | 7091 +1.55° | 79.18 +1.42° | 83.67+0.82°
S. heyneanus | 31.09+1.28°% | 37.86+0.79° | 41.80+1.16° | 46.25+1.87" | 4935+0.68" | 62.63+1.41° | 71.84+ 0.85°

Values are expressed as mean + standard error (SE) (n=3)
Means in a column followed by the same superscript letters are not significantly different (P < 0.05, one-way ANOVA,
Tukey—Kramer HSD test).




Table 15. Inhibitory effects of root methanolic extracts of the six taxa used as ‘Sahachara’ on lipid peroxidation in

vitro at different concentrations

% Inhibition of extracts on lipid peroxidation at different concentrations (ng/ml)

Plants
20 40 60 80 100 120 140
B. cristata 33.77+0.56 % | 46.84+0.35° | 54.06+0.73° | 60.27+0.86°Y | 65.21+0.56° | 70.81 £0.63 ¢ | 74.43 +1.24°¢
B. prionitis 19214123% | 33.71+£043% | 54.77+1.05° | 61.59+040¢ | 63.89+£1.23° | 76.40+£0.65% | 76.98+0.42°
E. viride 27.21+043°%° | 3821+1.68° | 42.32+0.85° | 58.61 +£0.37°Y | 61.73+0.82°° | 69.60+0.47° | 71.90+0.16°
J. betonica 22714091 | 31.64+£0.94% | 34.92+£1.16° | 47.66+0.56" | 50.97+0.14% | 59.76+0.30° | 63.73+1.01°
S. ciliatus 26.84+0.86° | 32.74+0.50% | 44.93+0.28" | 58.12+0.92° | 62.30+0.99° | 71.97+0.48° | 74.62 +0.57 "¢
S. heyneanus | 30.74+0.42°% | 42.98+0.89° | 45.45+0.34° | 53.77+0.66° | 58.13+0.36" | 63.82+1.34" | 67.63+1.04°

Values are expressed as mean + standard error (SE) (n=3)
Means in a column followed by the same superscript letters are not significantly different (P < 0.05, one-way ANOVA,
Tukey—Kramer HSD test).




Table 14. Scavenging effects of root methanolic extracts of the six taxa used as ‘Sahachara’ on Hydroxyl radical in

vitro at different concentrations

% Inhibition of extracts against Hydroxyl radical at different concentrations (ug/ml)

Plants
20 40 60 80 100 120 140
B. cristata 22.02+1.00° | 30.82+0.18° | 46.08+0.90% | 57.39+0.74% | 71.48+0.70% | 76.65+0.40° | 82.24+0.16¢
B. prionitis 18.57+0.59° | 30.86+1.09° | 48.73+0.63¢ | 52.70£0.47° | 67.08+2.21°% | 72.93+0.97°%° | 77.23+£0.79°
E. viride 21.76 £0.55° | 27.72+0.60° | 30.75+0.52° | 39.42+0.55% | 48.03+0.78*® | 53.22+1.26% | 62.17+0.52°
J. betonica 9.53+0.70% | 16.28+1.08% | 24.78 +0.29° | 39.75+0.83% | 43.40+0.59° | 49.95+0.52° | 57.72+1.72°
S. ciliatus 4077 +1.06¢ | 42.36+0.77¢ | 51.99+0.67° | 59.63+0.90% | 63.42+0.33°¢ | 71.06+0.37° | 78.83+0.63 ¢
S. heyneanus | 9.26+0.55% | 17.55+0.78* | 37.19+0.51° | 44.84+1.43° | 51.81+1.07° | 53.83+147% | 59.59+1.16*"

Values are expressed as mean = standard error (SE) (n=3)
Means in a column followed by the same superscript letters are not significantly different (P < 0.05, one-way ANOVA,
Tukey—Kramer HSD test).




Table 11. Scavenging effects of root methanolic extracts of taxa used as ‘Sahachara’ on DPPH radical in vitro at

different concentrations

% Inhibition of extracts against DPPH radical at different concentrations (ug/ml)

Plants
20 40 60 80 100 120 140
B. cristata 43.95+036% | 5224+0.35° | 59.89+0.62° | 63.34+0.62¢ | 75.68+0.637 | 78.66+0.81% | 85.97+1.05°
B. prionitis | 47.70+0.25% | 54.75+0.22° | 56.81 £0.29¢ | 63.69+0.63“ | 65.85+0.91°% | 76.18+0.89°¢ | 84.73+1.31°
E. viride 22.15+0.58% | 34.56+0.28 | 45.85+0.22° | 55.88+0.49° | 64.39+0.56° | 68.69+0.40° | 73.85+0.35°
J. betonica 24.99+0.18° | 38.57+1.03° | 39.95+0.72° | 48.07+1.09° | 54.53+0.23° | 5827+1.02% | 61.92+0.81°
S. ciliatus 4339+025% | 51.48+£0.83° | 5529+1.04¢ | 63.75+129¢ | 68.24+0.79¢ | 73.580.88° | 74.70 +0.47 °
S. heyneanus | 29.56+0.35° | 3325+ 1.12° | 36.64+0.42" | 40.60+ 133" | 4434+039" | 58.04+1.08" | 61.58+0.67"°

Values are expressed as mean + standard error (SE) (n=3)
Means in a column followed by the same superscript letters are not significantly different (P < 0.05, one-way ANOVA,

Tukey—Kramer HSD test).




Table 12. Scavenging effects of root methanolic extracts of the six taxa used as ‘Sahachara’ on ABTS radical in vitro
at different concentrations

% Inhibition of extracts against ABTS radical at different concentrations (ug/ml)

Plants
10 20 30 40 50 60 70

B. cristata | 43.58+1.26° | 64.87+0.17° | 70.55+1.45° | 85.11+0.54° | 90.80 +0.68 ¢ | 93.04+0.31° | 96.66 +0.53 °
B. prionitis | 45.86+0.74°Y | 68.56+0.62" | 81.47+0.67¢ | 85.38+0.30° | 91.47+0.45% | 9441 +£0.32° | 96.06+0.78 °
E. viride 28.80+0.28% | 42.65+0.58° | 44.68+1.14° | 70.70+0.48° | 76.32+0.48° | 79.39+0.63° | 84.59+2.01°
J. betonica | 31.97+037° | 33.76+043° | 38.59+1.03" | 4444+0.69" | 4829+0.32° | 65.16+0.44" | 72.82+0.71 °
S. ciliatus | 47.97+024% | 51.57£0.76% | 73.76£0.53°¢ | 81.59+£0.35% | 91.17+0.29¢ | 92.79+£0.99° | 9433 +0.28 ¢
S. heyneanus | 22.76 +0.45% | 30.74£0.56° | 42.67+0.50*" | 58.79+£0.20° | 62.10=0.90" | 77.06 £ 126" | 84.46+0.64°

Values are expressed as mean + standard error (SE) (n=3)
Means in a column followed by the same superscript letters are not significantly different (P < 0.05, one-way ANOVA,
Tukey—Kramer HSD test).




Barleria cristata with 2n = 40 chromosomes

Somatic chromosome number

Karyotype formula

Chromosomes with secondary constriction
Range of Chromosome Length (RCL)
Total Chromosome Length (TCL)
Average Chromosome Length (ACL)
Disparity Index (DI)

Variation Coefficient (VC)

TF value (%)

40

34 nm + 6 nsm(-)

6

4.9287 um to 2.1745 pm
138.9312 pm

3.4733 um

38.77

22.77

42.54



Table 3. Detailed karyomorphometric data of B. cristata with 2n = 40

No. c S 1 R, R, I; I, Nature
of of PC
Chr. | (nm) (nm) (um) (s/1) Ws) | (s/c%) | (Vc%)

2% 4.9287 1.7626 3.1666 0.5567 | 1.7962 | 35.76 64.24 nsm(-)
2% 4.7575 1.908 2.8495 0.6695 | 1.4934 | 40.1041 | 59.8949 | nm
2 4.5834 | 2.0537 2.5297 0.8118 | 1.2317 | 44.8073 | 55.1926 | nm
2 43754 | 2.0119 2.3635 0.8512 | 1.1747 | 45.9820 | 54.0179 | nm
2% 4.0420 | 1.8620 2.1800 0.8541 | 1.1708 | 46.0663 | 53.9337 | nm
2 4.0338 1.4217 2.6121 0.5442 | 1.8373 | 35.2446 | 64.7553 | nsm(-)
2 3.8313 1.8500 1.9813 0.9337 | 1.0709 | 48.2864 | 51.7135 | nm
2 3.7566 1.2289 2.5277 0.4861 | 2.0568 | 32.7130 | 67.2869 | nsm(-)
2 3.5138 | 1.4544 2.0594 0.7062 | 1.4159 | 41.3910 | 58.6089 | nm
2 3.3825 1.3129 2.0696 0.6343 | 1.5763 | 38.8144 | 61.1855 | nm
2 3.2769 1.5966 1.6803 0.9501 | 1.0524 | 48.7288 | 51.2771 | nm
2 3.2580 | 1.2936 1.9644 0.6585 | 1.5185 | 39.7053 | 60.2946 | nm
2 3.0231 1.3884 1.6347 0.8493 | 1.1773 | 45.9263 | 54.0736 | nm
2 2.9920 | 1.4481 1.5439 0.9379 | 1.0661 | 48.3990 | 51.6009 | nm
2 2.8546 1.1383 1.7163 0.6632 | 1.5077 | 39.8759 | 60.1240 | nm
2 2.7732 1.3867 1.3865 1.0001 | 0.9998 | 50.0036 | 49.9963 | nm
2 2.7192 1.2790 1.4402 0.8880 | 1.1260 | 47.0358 | 52.9641 | nm
2 2.7084 | 1.1145 1.5939 0.6992 | 1.4301 | 41.1497 | 58.8502 | nm
2 2.4807 | 1.0536 1.4271 0.7382 | 1.3544 | 42.4718 | 57.5281 | nm

2 2.1745 | 0.9878 1.1867 0.8323 | 1.2013 | 45.4265 | 54.5734 | nm

Chr. — Chromosome, ¢ — total length of chromosome, 1 — long arm length, s — short arm
length, R, — arm ratio 1, R; — arm ratio 2, I, — centromeric index 1, I, — centromeric
index 2, PC — primary constriction

*Chromosomes with secondary constriction




Barleria prionitis with 2n = 40 chromosomes

Somatic chromosome number

Karyotype formula

Chromosomes with secondary constriction
Range of Chromosome Length (RCL)
Total Chromosome Length (TCL)
Average Chromosome Length (ACL)
Disparity Index (DI)

Variation Coefficient (VC)

TF value (%)

40

36 nm + 4 nsm(-)

4

4.9330 um to 2.2728 pm
129.3066 pm

3.2327 pm

36.92

22.56

43.04



Table 4. Detailed karyomorphometric data of B. prionitis with 2n = 40

No. c s 1 R, R, I I,
of
Chr. | (nm) (uwm) (uwm) (s/D (I/s) (s/c%) | (V/c%)

Nature
of PC

2% 4.9330 | 2.2863 2.6467 | 0.8638 | 1.1563 | 46.3470 | 53.6529 nm
2% 4.6165 2.1295 2.487 0.8562 | 1.6788 | 46.1280 | 53.8719 nm
2 4.021 1.8576 2.1634 | 0.8586 | 1.1646 | 46.1974 | 53.8025 nm
2 3.8313 1.6574 2.1739 | 0.7624 | 1.3116 | 43.2594 | 56.7405 nm
3.7729 1.7824 1.9905 | 0.8954 | 1.1167 | 47.2421 | 52.2692 nm
3.6819 1.7574 1.9245 | 09131 | 1.0950 | 47.7307 | 52.2692 nm
2 3.3629 1.5474 1,8155 | 0.8523 | 1.1732 | 46.0138 | 53.9861 nm
2 3.2900 1.3971 1.8929 | 0.7380 | 1.3548 | 42.4650 | 57.5349 nm
2 3.2763 0.8857 23906 | 0.3704 | 2.6991 | 27.0334 | 72.9664 | nsm(-)
2 3.2150 1.1515 2.0610 | 0.5587 | 1.7898 | 35.8443 | 64.1556 | nsm(-)
2 2.9882 1.2663 1.7219 | 0.7354 | 1.3597 | 42.3766 | 57.6233 nm
2 2.9621 1.4644 1.4977 | 0.9777 | 1.0227 | 49.4379 | 50.5621 nm
2 2.9878 1.3181 1.6697 | 0.7894 | 1.2667 | 44.1160 | 55.8839 nm
2 2.7457 1.1421 1.6036 | 0.7122 | 1.4040 | 41.5959 | 58.4040 nm
2 2.6480 1.2455 1.4025 | 0.8880 | 1.1260 | 47.0355 | 52.9645 nm
2 2.5872 1.0327 1.5545 | 0.6643 | 1.5052 | 39.9157 | 60.0842 nm
2 2.5534 1.1261 1.4273 | 0.7889 | 1.2674 | 44.1019 | 55.8980 nm
2 2.5352 0.7570 1.7782 | 0.4257 | 2.3490 | 29.8595 | 70.1404 nm
2 2.3721 1.0255 1.3466 | 0.7614 | 1.3131 | 43.2317 | 56.7682 nm

2 2.2728 0.9988 1.2740 | 0.7839 | 1.2755 | 43.9457 | 56.0542 nm

Chr. — Chromosome, c¢ — total length of chromosome, 1 —long arm length, s — short arm
length, R, — arm ratio 1, R, — arm ratio 2, I; — centromeric index 1, I, — centromeric
index 2, PC — primary constriction

*Chromosomes with secondary constriction




Ecbolium viride with 2n = 36 chromosomes

Normal somatic chromosome number
Karyotype formula

Chromosomes with secondary constriction
Range of Chromosome Length (RCL)
Total Chromosome Length (TCL)
Average Chromosome Length (ACL)
Disparity Index (DI)

Variation Coefficient (VC)

TF value (%)

36

36 nm

4

1.7630 pm to 0.9209 pm
45.0734 pm

1.252 pm

31.38

18.66

44.52



Table 5. Detailed karyomorphometric data of E. viride with 2n = 36

No. c S 1 R, R, I; I, Nature
of of PC
Chr.| (mm) | (m) | (m) | ) | (Us) | (s/e%) | (Ve%)

2% 1.7630 | 0.7352 1.0341 0.7109 | 1.4065 | 41.5531 | 58.4468 | nm
2% 1.6774 | 0.7254 0.9520 0.7619 | 1.3123 | 43.2455 | 56.7545 | nm
2 1.5236 | 0.5893 0.9343 0.6307 | 1.5854 | 38.6781 | 61.3218 | nm
2 1.4207 | 0.6144 0.8063 0.7619 | 1.3123 | 43.2462 | 56.7537 | nm
2 1.3767 | 0.6593 0.7174 0.9190 | 1.0881 | 47.8898 | 52.1101 | nm
2 1.3420 | 0.6315 0.7105 0.8888 | 1.1250 | 47.0563 | 52.9433 | nm
2 1.3252 | 0.6548 0.6704 0.9767 | 1.0238 | 49.4114 | 50.5885 | nm
2 1.2647 | 0.6164 0.6483 0.9507 | 1.0517 | 48.7388 | 51.2611 | nm
2 1.1974 | 0.5924 0.6050 0.9791 | 1.0212 | 49.4738 | 50.5261 | nm
2 1.1773 | 0.4853 0.6920 0.7013 | 1.4259 | 41.2214 | 58.7785 | nm
2 1.1518 | 0.5138 0.6380 0.8053 | 1.2417 | 44.6084 | 55.3915 | nm
2 1.1293 | 0.4657 0.6636 0.7017 | 1.4249 | 41.2379 | 58.7620 | nm
2 1.0689 | 0.4580 0.6109 0.7497 | 1.3338 | 42.8477 | 57.1522 | nm
2 1.1011 0.4708 0.6303 0.7469 | 1.3387 | 42.7572 | 57.2427 | nm
2 1.0792 | 0.5301 0.5491 0.9653 | 1.0358 | 49.1197 | 50.8802 | nm
2 1.0286 | 0.4634 0.5652 0.8198 | 1.2196 | 45.0515 | 54.9484 | nm
2 0.9889 | 0.4323 0.5566 0.7766 | 1.2875 | 43.7152 | 56.2847 | nm
2 0.9209 | 0.3955 0.5254 0.7527 | 1.3284 | 42.9471 | 57.0528 | nm

Chr. — Chromosome, c¢ — total length of chromosome, 1 —long arm length, s — short arm
length, R, — arm ratio 1, R, — arm ratio 2, I; — centromeric index 1, I, — centromeric
index 2, PC — primary constriction

*Chromosomes with secondary constriction




Justicia betonica with 2n = 34 chromosomes

Normal somatic chromosome number
Karyotype formula

Chromosomes with secondary constriction
Range of Chromosome Length (RCL)
Total Chromosome Length (TCL)
Average Chromosome Length (ACL)
Disparity Index (DI)

Variation Coefficient (VC)

TF value (%)

34

32 nm + 2 nsm(-)

4

1.0294 pm to 0.4814 pm
22.9642 pym

0.6754 pm

36.27

22.28

44.11



Table 6. Detailed karyomorphometric data of J. betonica with 2n = 34

No. c S 1 R, R, I; I, Nature
of of PC
Chr.| (mm) | (m) | m) | @) | Us) | (s/e%) | (Ve%)

2% 1.0294 | 0.4443 0.5851 0.7593 | 1.3169 | 43.1610 | 56.8389 | nm
2 0.9003 | 0.4018 0.4985 0.8060 | 1.2406 | 44.6295 | 55.3704 | nm
2% 0.8718 | 0.3444 0.5274 0.6530 | 1.5313 | 39.5044 | 60.4955 | nm
2 0.7988 | 0.3929 0.4059 0.9679 | 1.0330 | 49.1862 | 50.8137 | nm
2 0.7257 | 0.3451 0.3806 0.9067 | 1.1028 | 47.5540 | 52.4459 | nm
2 0.6899 | 0.2684 0.4215 0.6367 | 1.5704 | 38.9041 | 61.0958 | nm
2 0.6718 | 0.2903 0.3815 0.7609 | 1.3141 | 43.2122 | 56.7877 | nm
2 0.6672 | 0.3123 0.4549 0.8799 | 1.1364 | 46.8075 | 53.1924 | nm
2 0.6527 | 0.2954 0.3573 0.8267 | 1.2095 | 45.2581 | 54.7418 | nm
2 0.6440 | 0.2950 0.3490 0.8452 | 1.1830 | 45.8074 | 54.1925 | nm
2 0.6239 | 0.2625 0.3614 0.7263 | 1.3767 | 42.0740 | 57.9259 | nm
2 0.5858 | 0.2223 0.3635 0.6111 | 1.6351 | 37.9481 | 62.0518 | nsm(-)
2 0.5578 | 0.2483 0.3095 0.8022 | 1.2464 | 44.5141 | 55.4858 | nm
2 0.5374 | 0.2552 0.2822 0.9043 | 1.1057 | 47.4879 | 52.5121 | nm
2 0.5296 | 0.2333 0.2484 0.2963 | 0.7873 | 44.0521 | 55.9478 | nm
2 0.5146 | 0.2199 0.2947 0.7461 | 1.3401 |42.7322 | 57.2677 | nm
2 0.4814 | 0.2330 0.2484 0.9380 | 1.0660 | 48.4005 | 51.5995 | nm

Chr. — Chromosome, ¢ — total length of chromosome, 1 —long arm length, s — short arm
length, R, — arm ratio 1, R, — arm ratio 2, I; — centromeric index 1, I, — centromeric
index 2, PC — primary constriction

*Chromosomes with secondary constriction




Strobilanthes ciliatus with 2n = 28 chromosomes

Normal somatic chromosome number
Karyotype formula

Chromosomes with secondary constriction
Range of Chromosome Length (RCL)
Total Chromosome Length (TCL)
Average Chromosome Length (ACL)
Disparity Index (DI)

Variation Coefficient (VC)

TF value (%)

28

26 nm + 2 nsm(-)

4

1.9178 pm to 1.0145 pm
40.8232 pm

1.458um

30.81

20.28

42.40



Table 7. Detailed karyomorphometric data of S. ciliatus with 2n = 28

No. c S 1 R, R, I; I, Nature
of of PC
Chr. | (nm) (um) (um) (s/M) Ws) | (s/c%) | (Vc%)

2 1.9178 | 0.7951 1.1227 0.7082 | 1.4120 | 41.4589 | 58.5410 | nm
2% 1.8469 | 0.7310 1.1159 0.6550 | 1.5265 | 39.5794 | 60.4201 | nm
2 1.8307 | 0.7299 1.1008 0.6630 | 1.5081 | 39.8700 | 60.1300 | nm
2% 1.7884 | 0.8586 0.9288 0.9254 | 1.0805 | 48.0653 | 51.9346 | nm
2 1.6235 | 0.6300 0.9935 0.6341 | 1.5769 | 38.8050 | 61.8677 | nm
2 1.4788 | 0.5639 0.9149 0.6163 | 1.6224 | 38.1322 | 61.8677 | nm
2 1.3813 | 0.6660 0.7153 0.9310 | 1.0740 | 48.2154 | 51.7845 | nm
2 1.3492 | 0.4958 0.8534 0.5809 | 1.7212 | 36.7477 | 63.2523 | nsm(-)
2 1.3057 | 0.6044 0.7013 0.8618 | 1.1603 | 46.2893 | 53.7106 | nm
2 1.2996 | 0.5413 0.7583 0.7138 | 1.4008 | 41.6512 | 58.3487 | nm
2 1.2710 | 0.5254 0.7456 0.7046 | 1.1419 | 41.3375 | 58.6624 | nm
2 1.2318 | 0.5888 0.6430 0.9157 | 1.0920 | 47.7997 | 52.2003 | nm
2 1.0724 | 0.4981 0.5743 0.8673 | 1.1529 | 46.4472 | 53.5527 | nm
2 1.0145 | 0.4254 0.5891 0.7221 | 1.3848 | 41.9319 | 58.0680 | nm

Chr. — Chromosome, ¢ — total length of chromosome, 1 — long arm length, s — short arm
length, R, — arm ratio 1, R, — arm ratio 2, I, — centromeric index 1, I,— centromeric
index 2, PC — primary constriction

*Chromosomes with secondary constriction




Strobilanthes heyneanus with 2n = 32 chromosomes

Normal somatic chromosome number
Karyotype formula

Chromosomes with secondary constriction
Range of Chromosome Length (RCL)
Total Chromosome Length (TCL)
Average Chromosome Length (ACL)
Disparity Index (DI)

Variation Coefficient (VC)

TF value (%)

32

28 nm + 4 nsm(-)

4

1.1058 pm to 0.6371 pm
27.6154 pm

0.863 pm

26.89

17.71

41.49



Table 8. Detailed karyomorphometric data of S. heyneanus with 2n = 32

No. c S 1 Ry R, I, I, Nature
of of PC
Chr. | (um) (um) (um) (s/) (I’s) (s/e%) | (I/c%)

2% 1.1058 | 0.4703 0.6355 | 0.7400 | 1.3512 | 42.5302 | 57.4697 | nm

2 1.0638 | 0.4074 | 0.6564 | 0.6206 | 1.6111 | 38.2966 | 61.7033 | nm

2% 1.0473 ] 0.3982 | 0.6491 0.6134 | 1.6300 | 38.0215 | 61.9784 | nm

2 0.9984 | 0.4978 | 0.5006 | 0.9944 | 1.0056 | 49.8597 | 50.1402 | nm

2 0.9847 | 0.4565 0.5282 | 0.8642 | 1.1570 | 46.4592 | 53.6407 | nm

2 0.9477 103798 |0.5679 | 0.6687 | 1.4952 | 40.0759 | 59.9240 | nm

2 0.9150 | 0.3899 | 0.5251 0.7425 | 1.3467 | 42.6120 | 57.3879 | nm

2 0.8946 | 0.3441 0.5505 | 0.6250 | 1.5998 | 38.4641 | 61.5358 | nm

2 0.8632 103600 |0.5032 | 0.7154 | 1.3977 | 41.7052 | 58.2947 | nm

2 0.7884 | 0.2869 | 0.5015 | 0.5720 | 1.7479 | 36.3901 | 63.6098 | nsm(-)

2 0.7445 103098 | 0.4347 | 0.7126 | 1.4031 | 41.61182 | 58.3881 | nm

2 0.7333 | 0.2953 0.4380 | 0.6742 | 1.4832 | 40.2700 | 59.7299 | nm

2 0.7153 | 0.2673 0.4480 | 0.5966 | 1.6760 | 37.3689 | 62.6310 | nsm(-)

2 0.6855 10.2994 | 0.3861 0.7754 | 1.2895 | 43.6761 | 56.3238 | nm

2 0.6831 | 0.2883 0.3948 | 0.7302 | 1.3694 | 42.2046 | 57.7953 | nm

2 0.6371 102774 ]0.3597 | 0.7711 | 1.2966 | 43.5410 | 56.4589 | nm

Chr. — Chromosome, ¢ — total length of chromosome, 1 —long arm length, s — short arm
length, R, — arm ratio 1, R, — arm ratio 2, I; — centromeric index 1, I, — centromeric

index 2, PC — primary constriction

*Chromosomes with secondary constriction




Table 9. Summary of karyomorphometric features of the six taxa used as the source plants

of the drug ‘Sahachara’ in

Ayurveda
Karyotype | No.of Chr. | TCL (um) | ACL (um) RCL (nm) DI vC TF % Karyotype formula
with sec.
constr.

B. cristata 6 138.9312 3.4733 4.9287—2.1745 38.77 22.77 42.54 34 nm + 6 nsm(-)
(2n = 40)
’é‘ :ii%i)tis 4 1293066 | 32327 | 4.9330-22728 | 36.92 22.56 43.04 36 nm + 4 nsm(-)
E. viride
(2n = 36) 4 45.0734 12520 | 1.7630-0.9209 | 31.38 18.66 44.52 36 nm
J. betonica
(2n=34) 4 22.9642 0.6754 | 1.0294-04814 | 36.27 22.28 44.11 32 nm + 2 nsm(-)
S. ciliatus
(2n=28)

4 40.8232 14580 | 1.9178-1.0145 | 30.81 20.28 42.40 26 nm + 2 nsm(-)
S. heyneanus
(2n = 32)

4 27.6154 0.8630 | 1.1058-0.6371 | 26.89 17.71 41.49 28 nm + 4 nsm(-)

Chr. — Chromosome, sec. - secondary, constr. - constriction




Table 32. Phytochemical constituents of root methanolic extract of Barleria cristata revealed through LC-MS

SI. No. RT Chemical constituents | Class of compounds | Molecular formula | Molecular mass (g/mol) Pea(l;/oa)rea
1 1.069 Cinnamic acid Phenolic compound CyoHgO» 148.16 5.10
2 1.328 Coumaric acid Phenolic compound CyoHgO3 164.16 10.42
3 11.584 Methyleugenol Phenolic compound C11H140; 178.22 25.16
4 13.713 3-Acetylcoumarin Coumarin C11HsOs3 188.17 3.05
5 15.010 Ferulic acid Phenolic compound Ci10H1904 194.18 1.84
6 16.061 | Caryophyllene oxide Sesquiterpenoid Ci5H40 220.35 1.59
7 16.808 Myristic acid Fatty acid Ci4H230, 228.37 3.76
8 17.294 Farnesyl acetate Ester C17H230, 264.4 1.92
9 26.700 Farnesyl butanoate Ester C19H3,0, 292.45 5.54
10 26.931 Ellagic acid Phenolic compound C14H¢Og 302.19 2.31
11 27.589 3B-Hydroxy-manool Diterpenoid CyoH340, 306.48 1.78
12 28.273 Quercetin Flavonoid Ci5H007 302.23 10.75
13 28.600 Arachidonic acid Fatty acid CyoH3,0, 304.46 10.81
14 29.429 Myricetin Phenolic compound C15H1005 318.23 3.12
15 30.549 Luteone Flavonoid CyoH 5306 354.35 4.18
16 31.252 Lupeol Triterpenoid C3oHs500 426.72 3.44
17 31.980 B-Sitosterol Steroid Cy9Hs500 414.71 5.23




Table 33. Phytochemical constituents of root methanolic extract of Barleria prionitis revealed through LC-MS

S1. No. RT Chemical constituents | Class of compounds | Molecular formula | Molecular mass (g/mol) | Peak area (%)
1 1.328 Coumaric acid Phenolic compound CyHgO3 164.16 1.53
2 17.742 Apigenin Flavonoid Ci5H;00s 270.24 3.38
3 17.992 Salicin Phenolic compound C13H:307 286.26 343
4 18.328 Luteolin Flavonoid Cy5H;00¢ 288.24 2.16
5 22.199 Catechin Flavonoid Ci5H140¢ 290.27 20.67
6 29.429 Myricetin Phenolic compound Cy5H;0Og 318.23 2.81
7 29.901 Crocetin Tetraterpenoid Ca0H2404 328.4 1.54
8 30.549 Luteone Flavonoid Ca0H1506 354.35 2.50
9 30.634 Conessine Steroid alkaloid Co4H4oN» 356.58 3.23
10 31.066 Diferulic acid Phenolic compound CyoH;50s 386.35 2.27
11 31.252 Lupeol Triterpenoid C;30H500 426.72 4.93
12 31.980 B-Sitosterol Steroid C29H500 414.71 10.42
13 32.157 Betulinic acid Triterpenoid C30H4503 456.70 20.14
14 32.317 Barlerin Ester Ci9H23012 448.41 13.07
15 32.406 a-Tocopherol Phenol Cy9H500, 430.71 7.92




Table 34. Phytochemical constituents of root methanolic extract of Echolium viride revealed through LC-MS

SI. No. | RT Chemical constituents CO?I::isll(l)li;ls D/flgl{(;::ll:zr MOIEI;I]I?;‘DHI ass Pea(l;/oa)rea
1 1.069 Cinnamic acid Phenolic compound CyoHgO, 148.16 4.42
2 1.328 Coumaric acid Phenolic compound CyoHgOs3 164.16 11.79
3 8.559 Hydronaphthoquinone Quinone compound CioHsO, 160.12 4.15
4 9.259 Vanillic acid Phenolic compound CsHgO4 168.14 3.76
5 10.771 Ascorbic acid Phenolic compound CsHgOg¢ 176.12 7.73
6 22.199 Catechin Flavonoid C15H140¢4 290.27 8.92
7 22.825 Linoleic acid Fatty acid Ci3H3,02 280.45 6.90
8 22.985 Oleic acid Fatty acid Ci3H340, 282.46 3.16
9 23.101 Wogonin Phenolic compound Ci6H120s 284.26 11.52
10 26.406 | (13E)-labda-7,13-dien-15-o0l Diterpenoid CyoH340 290.48 2.96
11 27.589 3B-Hydroxy-manool Diterpenoid CyoH340, 306.48 3.34
12 28.180 Taxifolin Flavonoid CisH2,07 304.25 3.67
13 28.273 Quercetin Flavonoid Cy5H;007 302.25 8.01
14 29.429 Myricetin Phenolic compound Ci5H100g 318.23 11.07
15 30.777 Chlorogenic acid Phenolic compound Ci6H1g09 354.31 2.17
16 31.066 Diferulic acid Phenolic compound CyoH;50g 386.35 1.64
17 31.475 Stigmasterol Steroid CyoHys0 412.69 4.79




Table 35. Phytochemical constituents of root methanolic extract of Justicia betonica revealed through LC-MS

SI. No. RT Chemical constituents | Class of compounds | Molecular formula | Molecular mass (g/mol) Pez;lo( Af;rea
1 1.069 Cinnamic acid Phenolic compound CoHgO, 148.16 2.33
2 1.328 Coumaric acid Phenolic compound CoHgOs 164.16 4.78
3 16.808 Myristic acid Fatty acid C14H230, 228.37 1.67
4 17.134 Reservatol Phenol C14H,0; 228.24 2.67
5 17.294 Farnesyl acetate Ester C17H250, 264.40 2.47
6 17.620 Naringenin Flavonoid C5H 205 272.25 0.96
7 17.742 Apigenin Flavonoid Ci5H;0Os 270.24 0.33
8 17.992 Salicin Phenolic compound Ci3H1507 286.26 0.78
9 20.712 Eriodictyol Flavonoid C15H120¢4 288.25 0.85
10 25.536 Geranyl linalool Diterpenoid CyoH340 290.48 1.28
11 28.417 Cannabidiol Sesquiterpenoid C,1H300; 314.46 8.88
12 28.600 Arachidonic acid Fatty acid C20H3,0, 304.46 5.45
13 28.806 Sinapine Alkaloidal amine Ci6H24NOs 310.37 6.06
14 29.429 Myricetin Phenolic compound Ci5H10Og 318.23 1.59
15 29.901 Crocetin Tetraterpenoid Cr0H2404 328.40 0.7
16 30.549 Luteone Flavonoid CyoH 1506 354.35 0.86
17 30.777 Chlorogenic acid Phenolic compound Ci6H1309 354.31 2.31
18 31.475 lupeol Triterpenoid Cs30Hs500 426.72 2.35
19 31.980 B-Sitosterol Steroid Cy9H500 414.71 0.87

20 32.157 Betulinic acid Triterpenoid C;30H4305 456.70 6.26
21 33.943 Spinasterol Steroid CyoH4gO 412.69 23.62
22 34,525 Ursolic acid Triterpenoid C30H4503 456.70 22.93




Table 36. Phytochemical constituents of root methanolic extract of Stribilanthus ciliatus revealed through LC-MS

SIL No. RT Chemical constituents | Class of compounds | Molecular formula | Molecular mass (g/mol) Pea(l(;)z;rea
1 1.069 Cinnamic acid Phenolic compound CoHgO, 148.16 5.10
2 1.328 Coumaric acid Phenolic compound CyHgO5 164.16 10.42
3 1.658 Gallic acid Phenolic compound C7HgOs 170.12 6.29
4 18.328 Luteolin Flavonoid Ci5H1006 288.24 3.51
5 28.273 Quercetin Flavonoid C15H1004 302.23 4.24
6 28.417 Cannabidiol Sesquiterpenoid C,1H300; 314.46 9.59
7 28.806 Sinapine Alkaloidal amine Ci6H24NOs 310.37 6.97
8 30.777 Chlorogenic acid Phenolic compound Ci6H 1309 354.31 4.61
9 31.252 Lupeol Triterpenoid C3oHs500 426.72 15.35
10 32.406 a-Tocopherol Phenol Cy9Hs500, 430.71 6.71
11 32.517 | Ethyl iso-allocholate Steroid Ca6Ha405 436.62 8.27
12 33.943 Spinasterol Steroid Cy9Hy40 412.69 3.82
13 34,717 Asiatic acid Triterpenoid C30H450s5 488.70 15.12




Table 37. Phytochemical constituents of root methanolic extract of Strobilanthes heyneanus revealed through LC-MS

SL No. | RT Chemical constituents coﬁ::i)su(:li;ls Nfl((;l{zz::r MO]‘E;?;?JI;II ass Pea(l;/oa)rea
1 1.069 Cinnamic acid Phenolic compound CyHgO» 148.16 6.59
2 1.328 Coumaric acid Phenolic compound CyHgOs 164.16 6.41
3 25.536 Geranyl linalool Diterpenoid CyoH340 290.48 2.65
4 26.147 Vernolic acid Fatty acid Ci3H3,03 296.44 4.08
5 26.406 | (13F)-labda-7,13-dien-15-ol Diterpenoid CyoH340 290.48 3.97
6 26.700 Farnesyl butanoate Ester C19H3,0, 292.45 1.60
7 26.752 Diosmetin Flavonoid Ci6H 12056 300.26 4.13
8 26.931 Ellagic acid Phenolic compound C14HeOg 302.19 1.27
9 28.180 Taxifolin Flavonoid Cy5H 204 304.25 3.11
10 28.273 Quercetin Flavonoid C15H 1004 302.23 7.74
11 28.600 Arachidonic acid Fatty acid Ca0H3,0, 304.46 7.61
12 30.549 Luteone Flavonoid CyoH30s¢ 354.35 1.80
13 31.252 Lupeol Triterpenoid C;30H500 426.72 5.33
14 34.525 Ursolic acid Triterpenoid C30H430; 456.70 19.1
15 34.717 Asiatic acid Triterpenoid C30H4305 488.70 24.61




Table 30. Phytochemical constituents of methanolic extracts of the six taxa used as ‘Sahachara’ revealed through GC-MS

analysis
Peak area (%)
S1 .
RT Constituents
No. B. cristata | B. prionitis | E. viride | J. betonica | S. ciliatus | S. heyneanus

1 1.695 | Estragole 51.1 - 4.79 - - -

2 4.236 | m-Guaiacol 1.69 1.52 - - - -

3 6.839 | Syringol - - - - 26.61 15.34
4 7.414 | 5-Hydroxymethylfurfural - - - 11.58 - 3.21
5 8.585 | Hydrocinnamic acid 1.68 13.66 - - 2.34 -

6 8.594 | 2-Acetyl-4-methylphenol - - - 4.15 - -

7 8.613 | 3-Methoxycatechol - - - - 0.36 4.35
8 8.634 | 4-Vinylguaiacol - - - 0.84 - -

9 9.565 | 5-Quinolinol - - - - - 2.39
10 9.665 | 3,5-Dimethoxyphenol 3.14 4.95 - - - -
11 9.705 | 4-Chromanol - - - 2.07 - -
12 10.958 | 3-Acetylcoumarin - 1.44 - - - 3.64
13 10.979 | Methyl p-coumarate - - 0.69 1.67 - -
14 11.220 | Isoeugenyl acetate 1.84 - 9.12 4.63 - -




Peak area (%)

1\?(: RT Constituents B. cristata | B. prionitis | E. viride | J. betonica | S. ciliatus | S. heyneanus
15 11.907 | Ferulic acid - 2.31 - - - -
16 | 11.994 | 2-Hydroxycinnamic acid - 2.35 - 1.92 - -
17 | 12.858 | Coniferol - - - 0.67 - 2.42
18 13.124 | Hydronaphthoquinone - - - - 0.28 4.16
19 | 13.172 | Methyl p-hydroxycinnamate - - - - - 2.04
20 | 13.502 | Caryophyllene oxide - 3.62 - - - -
21 13.702 | 2-Tert-butyl-4-methoxyphenol - - 0.74 7.6 - 4.06
22 | 13.904 | 1-Benzoylpiperidine 2.15 - 1.64 - - -
23 15.140 | 4-Acetoxycinnamic acid - - - 4.09 - -
24 | 15.188 | B-Eudesmol 7.41 - - 0.48 - -
25 | 15.204 | 2-Chloro-4-methylquinoline - - 1.63 - - 1.02
26 | 15.953 | Myristic acid - - 0.93 - - -
27 | 16.017 | p-Methoxybenzylidine p-aminophenol - - - 1.63 - 0.93
28 16.300 | p-Dodecylphenol 0.90 - - - - -
29 | 16.623 | Tridecanedioic acid - - - - 0.76 1.13
30 | 16.861 | Desaspidinol 4.72 35.20 3.96 - 3.76 -
31 | 20.349 | 6-Nitrocoumarin - - - 1.88 - -




Peak area (%)

1\?(1 RT Constituents B. cristata | B. prionitis | E. viride | J. betonica | S. ciliatus | S. heyneanus
32 | 20.693 | 2,6-Di-tert-butylphenol 1.94 - - - - -
33 | 20.743 | Nerolidol 1.68 - 1.69 - - -
34 | 21.185 | t-Cadinol - - 5.53 - - -
35 | 21.451 | a- Terpinyl acetate - - - - - 2.81
36 | 22.693 | 4-Methyl-2-tert-octylphenol - - - - - 7.12
37 | 22.890 | Methyl tridecanoate - 1.97 - - - -
38 | 23.438 | Methyl isoheptadecanoate - - - 42 - -
39 | 24.431 | Methyl palmitate - 1.00 2.95 - - 1.34
40 | 24.982 | 1-Eicosanol - 0.91 291 - - -
41 | 25.864 | Geranyl linalool - - - 6.62 0.92 -
42 | 26.024 | Methyl linoleate - - - 1.47 - -
43 | 27.349 | Methyl oleate - 1.48 - - - 2.93
44 | 27.362 | Ethyl linoleate - - - 3.34 - -
45 | 27.743 | E-8-Methyl-9-tetradecen-1-ol acetate - - - 4.52 - 1.48
46 | 28.153 | trans-Farnesol - 3.80 1.16 0.79 - -
47 | 28.286 | Octyl 4-methoxycinnamate - - 1.78 - - -
48 | 28.464 | Eicosane - - 2.13 1.64 - -




S1

Peak area (%)

No. RT Constituents B. cristata | B. prionitis | E. viride | J. betonica | S. ciliatus | S. heyneanus
49 | 29.175 | Phytol - - 2.04 - 533 3.20
50 | 29.746 | Coumafuryl - - - 4.2 - -
51 | 29.915 | Succinic acid, butyl 2-hexyl ester - - - 3.8 - -
52 | 29.934 | Sclareol - - 0.82 - 3.42 1.39
53 | 30.266 | Tricosane - - - 4.51 - -
54 | 32.957 | Squalene 4.14 - - - 2.82 231
55 | 36.042 | B-Sitosterol 0.52 3.05 2.97 1.57 3.15 2.11
56 | 37.318 | Betulinic acid - 3.95 4.76 - 3.66 -
57 | 38.839 | Lupenone - 4.57 - - 0.34 1.09
58 | 39.563 | y-Tocopherol - - - 3.55 - -
59 | 40.696 | a-Monopalmitin 0.61 - 3.04 - - -
60 | 48.725 | a-Spinasterol - 3.04 8.69 2.19 342 10.39
61 | 52.757 | Lupeol 6.34 6.44 5.73 3.58 38.70 12.25
62 | 55.095 | Lupeyl acetate - - 18.4 8.25 3.31 2.39
63 | 58.667 | Canthaxanthin 5.08 2.84 3.04 - - 0.32
Total 94.94 98.10 91.14 97.44 99.18 95.82




Table 31. Percentage composition of various classes of compounds detected in the methanolic extracts of the six taxa used as
‘Sahachara’ revealed through GC-MS

SL No. Class of B. cristata B. prionitis E. viride J. betonica S. ciliatus S. heyneanus

Compounds (%) (%) (%) (%) (%) (%)

1 Phenols 60.35 36.72 9.49 16.29 30.37 27.45
2 Terpenoids 24.65 25.22 43.17 23.27 58.5 25.78
3 Polyphenols 1.68 18.32 - 6.68 2.34 4.46
4 Phytosterols 0.52 6.09 11.66 3.76 6.57 12.50
5 Fatty acid esters 2.45 4.45 16.89 17.44 - 4.27
6 Coumarins - 1.44 0.69 7.75 - 3.64
7 Furans - - - 11.58 - 3.21
8 Miscellaneous 5.29 5.86 9.24 10.67 1.40 14.53
9 Undetected 5.06 1.90 8.86 2.56 0.82 4.16

Total 100.00 100.00 100.00 100.00 100.00 100.00
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Fig. 12 Graph showing the effect of Barleria cristata extract on
carrageenan induced inflammation
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Fig. 13 Graph showing the effect of B. cristata extract on formalin
induced inflammation
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Fig. 14 Graph showing the effect of Barleria prionitis extract on
carrageenan induced inflammation
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Fig. 15 Graph showing the effect of B. prionitis extract on formalin
induced inflammation
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Fig. 20 Graph showing the effect of Strobilanthes ciliatus extract on
carrageenan induced inflammation
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Fig. 21 Graph showing the effect of S. ciliatus extract on formalin
induced inflammation
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Fig. 22 Graph showing the effect of Strobilanthes heyneanus extract on
carrageenan induced inflammation
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Fig. 23 Graph showing the effect of S. heyneanus extract on formalin
induced inflammation
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Fig. 16 Graph showing the effect of Echolium viride extract on
carrageenan induced inflammation
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Fig. 17 Graph showing the effect of E. viride extract on formalin induced
inflammation
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Fig. 18 Graph showing the effect of Justicia betonica extract on
carrageenan induced inflammation
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Fig. 19 Graph showing the effect of J. betonica extract on formalin
induced inflammation
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Fig. 9 Graph showing the in vitro superoxide radical scavenging activity of the extracts of six taxa of Acanthaceae
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Fig. 11 Graph showing the in vitro inhibition of lipid peroxidation by the extracts of six taxa of Acanthaceae
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Fig. 10 Graph showing the in vitro hydroxyl radical scavenging activity of the extracts of six taxa of Acanthaceae
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Fig 7 Graph showing the in vitro DPPH radical scavenging activity of the extracts of six taxa of Acanthaceae
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Fig. 8 Graph showing the in vitro ABTS radical scavenging activity of the extracts of six taxa of Acanthaceae
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Table 28. Data showing presence/absence of bands in the HPTLC
chromatogram of the six taxa used as ‘Sahachara’

Ry B. cristata | B. prionitis | E. viride | J. betonica | S. ciliatus | S. heyneanus

0.04 - - - + - -

0.07 - ] - ] + ]

0.08 + + - - - -

0.09 + + + + - -

0.10 - - -

+
+
+

0.12 - - + - - -

0.13 + + +

0.14 - - ;

0.16 - - -

+ ]+

0.19 + +

0.24 - - + ] ] ]

0.25 - - - + - -

0.33 - - - - ] +

0.37 + - - - - -

0.38 - + - -

0.39 - - + -

0.40 - - ; + ; -

0.48 - - + + + +

0.49 - - ] + i ]

0.50 -

0.51 +

0.52 - -

0.53 - -

+ 1+ |+
1
1
1

0.63 + +

0.64 - -

0.66 - -

0.68 - -

+ |+ ]+
1
1
1

0.70 + +

Total
bands




Table 29. Paired Affinity index (PAI) from HPTLC data of the six taxa

used as ‘Sahachara’

1BC 2BP 3EV 4JB 58C 6SH
1BC 100.00 70.00 25.00 23.53 30.76 23.07
2BP 100.00 23.52 22.32 38.46 30.79
3EV 100.00 19.04 31.25 25.00
4JB 100.00 23.52 29.47
5SC 100.00 70.00
6SH 100.00

1. BC- B. cristata
BP - B. prionitis
EV - E. viride
IB - J. betonica
SC - S. ciliatus

AN

SH - S. heyneanus




Table 38. Total phenolic and flavonoid contents of root methanolic

extracts of the six taxa used as ‘Sahachara’

Phenolic content

Flavonoid content

Extracts
(mg GAE/g DW) (mg QE/g DW)

B. cristata 19.34 +0.40 ¢ 3.80+0.31°
B. prionitis 22.64+1.93¢ 5.84+0.26°
E. viride 1516 +1.28°¢ 3.72+021°
J. betonica 3.14+022° 1.89+0.30°
. 6.36 + 0.46 ©

S. ciliatus 15.91 £ 0.70
S. heyneanus 10.80+0.60 ° 3.63+0.11°

GAE — Gallic acid equivalents; QE — Quercetin equivalents

Values are expressed as mean + standard deviation (n=3)

Means in a column followed by the same superscript letters are not
significantly different (P < 0.05, one-way ANOVA, Tukey—Kramer HSD

test)




