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CHAPTER 1



1. INTRODUCTION

Smice (o mmmemorial plans bave been explomed by mankind (or varous
purposes such as nmber, medicne, food and source of dyes. In cemtan kinds of
formuiations, plants have been extensively used to get nd of several gilments by
traditienal practitioners all ever the world sz well a3 by indigenous medicinal
gystems guch az Ayweveds, Siddlba, Unand and Traditional Chopese medicine
(TCK). Plant based medicines are the primary seurce of freatment for people
living in remote places and beving no access for modem medicine, The
kncwledge of indigenous medicinal practiioners on plants and their healing
properiies = passed from generation to generation, Plamts produce o great opnmber
of secondory metaboliies (for eg  alkelods, terpenes 2nd  polyplenclic
compounds), many of which, are known to possess therapeatic applications. Plant
derived chemicals bave found distinet place in modem thempy as they have been
comsidersd very imporant leads for modern drig descovery. Compounds such &
vincristine, vinblastine, digitalin, digoxu, atopine, campiothecme. morphine,
codeine, reserping, quinine and ademisinm ane from plant edgin. Plants, either
smgly of in poly betbal formulstions, sre bemg osed tadiieaally woddwide to
combat several silments iscluding microbial diseases, snake bite, skin dieases,
diabetes, mflammation amd cancer. A vast koowledge on the therapeutic role of
plants and their bioactive principles i= gathered due to many stedics being carmed
out on medicinal and pharmacological properties of planis (MMahalaxmi et al
201%).

The plant i= a hiosynthetic laboratory, mot only for chemical compounds,
bat also pmoltinsde of compounds like glycosides, alkaloids eic. Thess exert
physiological andtherapeutic effects. Medicinal herbs constitste o effective
sgurce of tradaticnal Ay urvedic, Unani and Homeopathy) and modemn medecine,
Planis hove been an imporiant source of medicine for thousands of yeurs, There
are a mamber of svnthetic medicines which bave been denved from medicinal
herbs; Drgosin, Aspins, Epbedrine, Quinipe, Vincrstine, Vimblasupe, Taxed

Arteinisinin, Hypencn, Silymarin are some exaingles (Verma and Verma, 2010}



Synthetic dmgs are effechive in confrolling different diszases bot fhese
synthetic dmgs ame out of reach of millions of people (Rumar et al, 20000, Plants
with ther epormous arrays of sscondary mefabolifes from o reservorr of low
molecular weight organic compounds tha 3 omesdy uptapped a5 oa basis of
phannacemicals (Srvasiava n al., 1996). Medicinally, planiz are an impostant
therapewtac aid Tor o range of milovenrs (Fokrwddin er al., 2002 and plass are uses]
as a aource of many potent and powerful drgs in differemt countries (Srivastava
et al, 1996). In comemporary medicines, plants kave an exipemely impoctant
position as the raw maaterial for some bopoctant drugs. Accoeding 1o the
estimation, an arotnd 70000 plant species ave been uvzed for medicinal
parposes. Medicinal herhe provide the staming material for the symihesis of
comventional dnegs. The curatve aciion of medscusal plane is dwe 1o the presence
aof muttifaceted chemical constituents. Regarding the Indian estimation, morg than
2500 plamt species having medicinal value, Sri Lapka sronod 400 apd Mepal
around  TOO (Komar et al, 2000 The Wordd Health Orpanization (WHO)
approximations that 80% of the inhabitants of some Aszian and African countriss
at present nses herbal medicines for some aspect of primary bealth care becase of
supetar culiurl accepaability, affordabiliy, hemmer companbility with the Himan
body along with fewer side effects (Takoras et al,, 2005 Dash e al,, 2014, Parskh
or al_, 205

Ll Ulse al Rawvalfia as medicine

Rawvelfia i3 one of the apocynacecus genera that long has awaied a
taRononis fevissur Sikce the uception of the genus by Plunder i 1703 with two
species, the Inemmure as pccumulated an abupdance of novel specific epithets,
baged frequently on wenfficient matenal and offen doe to msconceived
synonyiy. The Bew [ndex’, incheding all the supplemenis, lists abouwt 175 mmes
for the workd, while the Kew and the Gray Indices together accoant for abouwt S0
mmes for the Mew World alone. Ap inadequate comprehension of the generic
characizristics also has led io the propesal of new penera, such as Ophiexylon,



Cyriosiphonin, Thssolaena and Hewrckla, 1 include the Asian amd New
Caledonian Ranvolfias. Bentham and Hooker comectly recognized the synomymy
of these genera with Bavvelbia, Plaots belopging o ofber genem, and even other
families, 1 tie past bave been described a3 Raovolfing. This Buiz and Paven
deseribed several species of Citharexyhun, a geons of Verbenaceae, as species of
Eanelfi,

Genns Rawvolfia, belonging to the famiby Apocynaceae, cotmpriies arousd
B0 species which are distributed in wopieal elimatic conditions, Traditionally, &,
serperting (L.} Bentl. éx Kwrz, commenly known &8 Sorpagandla, was reported
agaipst snakebite, imspmnia, melanchiolia, schizophirenia or mode violent memtal
disorders, dineshea, dysentery, cholers and  colic, scabies, malaria, eye
inflammanon, eic, (Dey and De, 2000, 2002}, &, serperiing a3 an economical
imporance and the root part of the plant is vsed in many Ayorvedic poly herbal
formeations (Supogandbavaiily. B resrmpilla L. popularly known as “devil
pepper® or “bestill tmee™ B oan endangered woody shrob native in tropical
Americns (Faisal et al, 2013 Ethnomedicinal importance of 8 fetrapindla was
found in terms of its wse against snakebite, to stimmlate uier-ine contractien and o
facilitate difficult chikdbirth cases |Sarmast al, 9% Dey oand De, 2007)
Moreaver, B serpenitng bas been reported for phannacolegical propenies such as
anh-bocterial, ant-mflommatory and  cyfotoxieity Doy oand  De, 20005, &
refraphyiabas also been reporied to possess andipsychotic {Gupie ot al., 2012a),
annbacterial activity and anti-inflammatory (Ganga Rao et al., 2012) propaies,

Rewvaliia (K. serpemiing] 15 an evergreen shrub thot 15 o member of the
doghane o Apocynaceae family (Endress and Brovas, 2000). 80 10 104 species
ave wcheded in the Bonolfie pesws, and they are native o wopacal and subtropical
regions of the world, including Europe, Afrca, Asis, Ausiralia, and the Cenirl
adl Sourl Aanericas (Vakil, 1955). Bmoelfic serpending 18 pative to the mosst,
deciduous forest= of southeast Asia, inclwding India, Burma, Bangladesh, 5o
Laika. and Malaysia (U5 Dept of Agncobiuee, 20030 The plant uswally grows o
a height between 66 and 90 cm and has pale green leaves that are? to 10 cm long
and 3.5 to 5.0 cm wide, The leaves are elliptical or lancoelate shaped and ocour in



whorls ot 3 to Sleaves, The plant has many siuny, blick or purple, ronnd {nts
that are approximately 0% cm in diameter. It also has small pink or shite flowers.
The plant bas a prominent oberous, soft faproct that reaches a lengih betwean 30
and 50 cm and & diameser berween 1.2 and 2.5 e, (Brijesh, 2011}

R serpennng was vsed o felk oedicine in Indin for centuries 1o el o
wide variety of maladies, including snnke and insect bifes, Tebrile condinons,
malaria, abdomisal pain, and dvsemery. It was also med as 5 wWerine sumelant,
febrifuge, amd cure for insanity, The plant wis mentioned in fadinn manuscripls as
long age as 1000 BC and is also keown as serpogeedibs and chendrika {Yamell
and Abaseal, 3000 ). The genus Bawvadffo was named in honor of thelath-century
Cerman phyiician Dr Lecabard Ravwolf, who studied plants while feavelling o
India. R. serperifng was selected for study due io s loog, tapenng, snake-like
ropts (Tyler, Brady and Rebbers, (988) The Indian political leader Mahatma
Grandli was known (o employ Earvolfia, epomedly using the root o make a wea
that he consumed in the evening to help relsx after a busy, over stimulated day
{Jerie, 2007}, The Indian physician Rustean Jol Vakil s considersd responsible for
introducing Raevedfia to Western madicing. He collected data on patients oeated
with Raiwwolfio for 10 vears, from 1939t 1949, In 1949, he puoblished a
watershed paper oo the antibypenensive properties of B serpenting in the Britizh
Medical Joumal (Ishareal, Gupta and Vakil, 2006),  He prezented his detailed
resulls from ireating 50 patients whe had high Blood pressore with the mot of
Reavevelfie, The remlis were remarkable and sagnificant. By 1949, more Than W%
of Insdann physicians were using Ravodfin m the meatment of high blood pressure.
After Vakil's original paper, more than WM sciendific amcles were published
throughour the world (Ielarmal, Gupta and Yakal, 2006,

In Avurveds, Sopagandhe is wsed for the ireatment of high blood
presgre, insoinma, asthing, acute stomachache aid painfil delivery ard fof
menial illness such as newropsychiatric discrders, psvchosis, and schizophrenin,
The root of & serpeniing 15 the gemmase sowrce doeg of Serpagomdbe. 11 1S alse
used mothe treatment of snakebite, insect songs, mental disosders, gastric tumor,

general weakness, goiter, hysteria, insomnia, insenity, lipoma, paraplegia, parg



typhioid, plss, poswnonia, spleoomsgaly, stoamach chiserder, tensillites, tmunabc
wound, mberculesis. and vertigo (Bindu et al, 2004},

Rowvolfis bas been sudied for the frentment of meptal diseases, mcloding
schizophrenta and bipolar disorder, epilepsy and seizwres. and of insompia and
sleep problemes (Healy apd Savape, 1998) One smdy found Baweifo o be
effiscrive in the treatmen of anxiefy (Lowinger, 1957c All forms of Emnolfie
were maad i that study, meluding resermpioe, alseroxylor, and the whole root, ad
all gave the same results m the contrel of over anxiety m ambulatory patients.
Rmvolfic s been stodied as a treafment for autistic children between the ages of
3.4 and % years (Lehman, Haber and Lesger, 1957) Another study found it to be
effective in treatment of delidum remens m aleohol and drug addscted parients
{Avol and Vogel, 1955). The msearclers in that stady observed a noted decrease
in agitation, exciternent, and acute halhscinatory episodes. One shxdy found that
RerevelfTe oeated migraine headaches effectively, with a noted Improvement iy
quality of life and a decréase in pain |Friedman, 19530 Apother smdy waed
Revipvedfive bo treat angina pectoris in patients with coronary artery disease, finding
a decrease Io anging sympiems and o prolonged therapeutic effect (Lewis et al,
1956) Omne-hall of the patients in that shedy wenf on o develop normal
electmocandivgrams, Inoanether study, Ranalfs wis stded o examine s
bepefits i improving prunitic and psychegenic dermatosiz {Fermrn and Pinkus,
1955}, Tt bas also been reporied 1o mprove psonaix culbrenks (Douglas Lobay,
RI) ) B

There 1= hardhy any medicine, berbal or modern, which onginated in India
more tan a cenniy ago and became o subject of intensave research and clinical
wse for more than e decades ago, m e Wearern woeld than B, sevpenting and
some of (s alkalofds (Evans, 2009).The root of ke B serpesiing Benthhas been
in uge in lodis for hundreds of pears for many unielited diseases. Vakil 1949
reviewed the literature on Rewvodifa and repocted the mention of this plant in an
ald Hinda mamascapt (1000 BC) a3 well az o the works of Chasaka (zecond
ceniury A under the Sanskrit mame of Sarpagardlie (Tandon, 2021). According
to Wilkina (Wilkins, 1954a, 1954b, 1931 1953, alkhough an ancient dmg, &



serperting did not receive aoy nofics by chmcmns o the TSA ull 1950, 5 was @
1952 that CTBA Laborforics (now Novartis) in Switzerland published the first
complele report on the solation of reserpios, its chemistry and phannacology, T
wins miroduced as the drsg Serpasi] for te tresmment of ypenension, melyeardia
and thyroexicosis {Walkins, 19548, 1954b)

L2, Chemical Comiposition

1.2.1, Rawwoffin serpentina

The meajor alkolosd present in rool, sem and leaves of the plant =
Reserpine vanes from L7 to 3.0 %, The root backs has mors than 90% of the total
alkakids m oo The minor alkolowds present m the plam are Ajmnline,
amaline, sodmaluse,  ammabamee,  chandiaee, raowolfinine,  enesticine,
rescinnamine, reserpiline,  reserpine,  Ieserpinine,  sarpagine,  serpeniine,
serpentinine, tetraphyilicine, vobimbine, 3-epl-ayohimbine. The ol contams
opduoeylin, vesin, stareh and wax (Vakil 1955, & serpenfivg 18 pich 10 vitamns.
Ascorbic acid (vitamin C) was found fo be 44.02 m g/ ldg in Rawvolfa,
serpentine and Ribofavin, thianine and wscin were also detected. The presence
of phenolic compounds in the plant indscates that this plant may be aoti-microbial
agent {Harisarmorap B b al.2009). Pure isolnted alkaloids and thewr synthetic
denvatives are used as basic medicmal agents for their analgesie, antispasmodic
and bacterscidal effects (Stary Fo 1998 and Okwue DE and Okwo ME 2004}
Flavonoxds, on the sther baad are potent water-soluble antiosidanis and fee
racdical seavengers, which prevent oXidative cell damage, have strong anticancer
activity {Okwu DWE. 2004, Salah N =t ol.1955 and Del-Riv A et al1997)
Flavonowds in intestinal ract lower the risk of hean disease. As antioxidants,
flavonoids from this plaot provide anti-inflammatory  activity wsed for the
repiment of diseases in berbal medicing (Okwo DLE, 2004). Tanmins bhave
swingent propermes, hasten the bealing of woumds amd  inflamed inucous
membrates. The lower sodinm content of sempentine might be an added advaniage

de 1o the divect relatenship of sodion inake with bypermtension oo haman (Dalsl



LK. 1972} The presence of zine in the plant conld mean that the plant can play
valuahle mles in the management of diabetes, which resolt from insolin
walfuoction (Okakn L.C and Okaks A N0, 2000 This plant 5 8 goeod source of
aseorhic acids, pboflavin, thioman and placin (Hapsaranry B, & al)) Matueal
ascorkic seud 15 viral for e body performance, Lack of ascortic acid ungairs the
mormil Fermanon of miercellolar substances throughout the bodv, including
collages, boise inatdx amd tooth dentne, defect 15 the weakening of the
endoihelial wall of the capillaes due o a reduction io the amoum of imercellular
the mouth and gastro-intesfisal fract, anemia, palos b the joints can be related o
the sssociation of ascorbic aoid and nonmal comnective tesue metabolism. Thes
fimetion of ascorbic acid alse accounts for ifs requirement for nommal wounsd
le=aling. As a result of the availability of ascorbic acid m this plant = used n
herbal medicing for the weatment of many diseases {Okwu DRE. 2604),



Chemical structores of some important Alkaloids from R, serpenting

Ajmalicise Heserpine




1.2.2 Bowvalffa tetraphyplis:

Plants produce a range of chemicals that can be divided into two
cnicgories viz. primary and sccondary mesabodites. These chemicals are known as
phyiochemicals and mosi of the secondary metabolites {with complex chemical
compogitiony, for e.g. alkaloids, terpenes and polyphenclic compounds, exen
multifold eftecis on fhe health of boman beings besides confermng resisiance o
plants that prodwce them against insecis, pathogens ond herbivores, Secondary
metabelites o plants are resiricled o distobsion within the plant Kingdom 2
some phetaholifes are present in only one plang species of 0 o related groop of
species. Membolic pathways such as shikimic acid patbway, malonie acid
pathway amd mevalonic acld pathway are responsible for synthesis of secondary
metabalites tn plants (Fichersky E and Gang DE_2000, Acamovic T and Brooker
JD 2005 Karuppusamy 5. 2008, Feupedy DO, Wightman EL 2001, Mazid M et
al 2001, Ribera AE, Zumign G.2012, Kabera FN et al.2014, Ahmed E e al 2017,
Guemnero Goet al 201808 woapdndla s shown to contaln a myvriad of secondary
metabolites, particularly slkaloids. Reserpine is an important alkaloid found in B
tetraphylla. With the help of chromatographic and spectral analyses, many
secondary compoands have hoen isolated from different pars of K. tewaphyila
and their stmacheres bave been checidated (Mnahalaxmi et al.2019) Elobs et
al 1934kzolnted reserpine fTom ropts of K. rerapdelle, Sioll and Hofmann 1993
had izolated two nlkaloids, namely, canescine and psewdo yohimbine from the
ety ol B fefrapilla, Two oester alkaleids, named 8 mopecine  and
isormescing, hove been isolated from K repropdiville (Hessomeky W, Smith
E, 19951, An alkaloid designated as Recanescine {that lack the methoxyl growp
the C-Il posifion of reserpune) with sedanive and hypolensive propesty was (solared
from B reropliplla (Mewss et al 1995 and Hochstein of al 1995, An olkaleid
designated a2 heterophyllin was izolared from roots of &, detrapindla [Hochstein e
al 1995} Rannescine {repamed as canembive), an alkaloid. was izolated from
rooli of 8, tetraphyvifa (Bhanacharjes e ol 19960 An alkaloid pseudoreserpine
poasessing hyporensnve amd sedative activity was ssolsted froon the oot of £

1



retrapinita (Klohs et al 19%57), Dijemss ot al. 1937, clucidaied the structores of
twa nlkaloids from root of & rerrapdieifa vz telaphylline and tetraphoylicine.

Belikow, 969 isolated alknlpids viz. ajmaline, ajmalicine. aricipe. reserpiline,
ovohimbine, sarpagine and reserpine from roofs and epigeal paris of &
tetrapinifa

A mew sarpagme-type alkaleid, named a5 W (@)- Demethylaccedine, was iselated
from stem bark of B retrapinafo (Martnez =i al.198%). By HPTLC apalysis,
reseTpine and ajmalicine were identified in root of & ferrapiatie {Pandey et al
2016y, Quercetin was idenfified m the leaves of B redrapdiplla by HPTLC analysss
(Sarvanaravanser Al 20FRL Alkaloids wviz, 10 methoxyietrraivdrealsmonine,
soreserpalose, ayolimbiise, reserpiling were dsolated from chlsroform fraction of
R tervaphdlle leaves by pHzeoe-refining  fait  centrifugal  parminon
chrosuatography (Maurva et al 20037 50 andolke alkaloads wizasoneserpilioe,
Inmethoxyiem hydroalsmonine, 1 h=demethoxyresemqiine, 10+
demethoecyresepiline, ayohimbawe and reserpilie have been destified from
feaver of R teweapfodla (Gupa et al2012b) A new labdane diterpene
charncterized as Af-bvdroxylambda 80178 13014 -dien- 120 13 )-0lide was isolated
from air-dried stems and branches of B &eirapdn e (Bralunschari et al. 2011). The
stady by Panda et al, 2002 revealed A varying concemimation of reserpine in
different parts of B tetraphylla, Root was shown o contain high concentrafion of
reserpine followed by stem and leaf (Mahalaxmi et al.2019)
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1.3 Fharmacology

LA Rawvelffa serpentfng

K. serpewiing holds an impodant position in the phamacawtical world doe
to the presence of wvarous alkaloids in the oleosesin fraction of the Toots
Alkaleads of this plant have a great medicinal impertance (o treat cardsvascular
dhgeqses, Jugh Blood pressurs, bypemension, amhyihmia, various  psyciisine
diseases, mental disorders. breasi concer, human promyelocytic leukemia like
diseases. Reserpine is the main alkaboid that shows highly complex pamemn of
actoviTy mainly vanation of amine concentraiaodn o brain I1 s respopsible for
influencmg the concentrabion of glveogen, acetyl chioline, g-amino by acid,
miclese scids and antidiveetic hormone, The effects of reserpime include
respuratory infubitnon, stimulaten of persialsis. myosis, relaxation of nictatieg
membeanes and aleo infleences remperanire regulating center. I mereases the
volume apd free acidity of gastre secretion. The Pitknya capsule (Unant
formulation) contains arsel (R, serpentimae) which acts as Musakkinwobunasronim
{sedative and lypoetic), Mude (Doetic), Musakkin-e- Asab (nerviee sedative)
and Mukhaddir (amesthetic). ks various pharmacological actividies inchade
antichelinerpic, hypotensiee, anticontractile, sedative, relaxant, hyperthenmic,
antidivretie, sympathomimene, hypooue, vosodialaer, sobiemets, ann-fbrdls
activity  trapquilizing agent, aoti-awhythmoe, anhfngal and pematocidal ®
serpentng 15 believed to have followed pharmacological atiributes: (1) By the
actyn on vasomoter center, a5 it leads to generalized vasodilatation by lowenng
blood pressure. (21 By depressant action on the cercbral cepters as 1t soothes the
penerhl nervows systenn (3) Ir exerts a sedanive action on the gasiric mueosa i
shows stinnelating action on the plain muaseulature of the mtestinal tract. (4} It also
siimulaies the hronchial musculamre (Mmal, e al. 2012 and Agrawal, é al
213
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The roots of Rawvalfis aregenerally vsed in medicioe, Bavelfia 15 maimnly
used for the treatment of varous central nervons system disorders associnted with
pevehosis, schizophremia, insapity, insomnia, snd epilepsy, Extracts of the roots
are valued for the reatment of musnal disorders, parncularly diardes and
dysentery and also as anailersatie. Mixed wih other plant exiracts, they have
been usedd in the reatment of cholem, colic and fever, The ool was belisved ©
stiinulate werime contritbon asd recommemded for use o child-Mel m diffenl
cases. The juice of the leaves hias been used as a remedy for opacity of the cornea
{Mimal et &l 2012). Exfracts of B serpenfing is also usefil in rreatment of other
digeases such as fever, malaria, eve diseases. popumonia, ssthins. AIDS, headachs
zkin disease and spleen disorder (Biradar ef al 200 &).

Uher propertics reported for & serpenfine am:
Antipsychotlc; Historically reserpine has alse been used for the weatment of
schirophrenia and tardive dyskinesia (Azareeal and Mittal 2003 and Kirtikar and
Bame, E293).

Insommia: Beivadfa is 8 vahenble remedy in freating “insomnia "because of its
sedative properties, The very important the Bemeeffia plant s highly bepeficial tn
treating insanity, | g of powdsred root can be taken pance a dov with 250 ml of
goat’s milk, sweetened with sugor capdy, Trestmend of Hystena: Banelfe is
useful in reating "hysieria”. 1 g of powdersd roet can be admimsiered tinee with
milk. Tremiment sbould be contioned Gl & complete care is obiined (Agaroval
and Mittal 2013 and Kirtikar and Basu, [993).

Febrifuge: T1 s used as febrifuge or fever relieving drug (Singh et al 2009,
Antk-yperiensive: T oalse used in reatment for high Blood pressure and ot has

been adapied by medical fratersity i inost countres. These alkaloids which bave
a direct effect on Hypertension have been isolated 1o i and are widely used by
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practfioners of modem medicioe, Tt relieves ifching i warixara (Sen and
Baose, 192359),

Cancer: It is also wsed in the trestment of "Ereast cancer”. Subsequent research
and anpabysis elimioating exclusion bias showed that no increase g e rate of
breast cancer sccurred in those patients using Bareolfin (Beljanski and Beljanski,
1556),

1.3.2 Rawvelfin fetropliyile
Voriws parte of & tefraphyfle are showm e exhibit a mnoge of

phamniacological activities such as antimicrobial, antioxidant, anli-inflanmatory,
cytotoxic, antihemolytic. antihypertensive, anxiolytic, nssoticidal, allelopathic,
platelet antaggregant, cardioproiective, antipsyeiolic and anliparagine activiry.
Briel descriptions on phammacelogical potemial of the plant are given here.

Animacterial activily; Whele plo as well oz different prris such as ool leal
and It of B fefraplyvlla was shown 1o be effective annbacrenal agents. Ethanol
exiract from B ferrapldle was shown o revesl marked inhibitien of gram positive
and. grani-negative bacteria| Susesl ef al2008). Aqueons extract of & ferraphylis
kaves exhibated coocentration dependent mbubition of test bactersa iz
Epcherichia eoli and Elebwiella pnawrewila (Thinekarsn et al.200%). Ethanol
exfract of leaves were effective Ly causing concentration dependent lsbition of
bacteria. Salmonells fphmiaeion aod MWicrococous bifews were Inhibited to
highest and least extent, respectively (Mandhini and Bai 2014ab Bessrpines,
polxied from keaves of & fterrapindla, wos found 1o display mhibtory sctivisy
against gram positive and gram-negative bacteria {Abubacker and Yasantha,
20011 Leal extrnct of B aemraplodla displeyed mhibition of Staphylococons aureus
and Enterabacter faecalis with marked activity against 8 eurens (Senthilmurigan
ef al. 2003}, Methopolic keaf extract was shown to be effective aguinst 5 oureas
and K. prewmoriae in a dose dependent manner (Archana and Jeyamani kandan,
2015),



Other activitizs ol B, teiraplndia reporisd are

Antifungal activiey: Seversl smcies conducted on annifengal potential of &
retrapina revealed s effectivencss apainst 8 paped of boman  and
phyopahogenic fung incleding dennatophyies and seed-borne fungl, The snsdy
carred o by Kumaran and Kaniabiran, 2003 sevealed mycoroxic effect of
elnol exmact ohiained from reols of B defraphlas agamst the growth of
Colfeiotricium copsice. Aquecus leal extract of K. tefropinlle was effecive in
causing amtifungal activity against Fusarinn fradicws and Aspergilius Taves dose
dependently (Thinakaran et al 200%). Ethanel extract from leaves was effective
againgl human pathogenic fungi viz. O afldeans, M canis, T eabeum s
Crgprocserus species (MNandhini and Bai 201 4a}.

AntHnflammatory  activity: Anti-inflammatory  activity of varioos  solvent
extructs of recl bark of & refraplyfla by cansgeenan induced mal paw edems
meedzl iz been roporied. Among exiracts. hvdro-alcoholic ond methanel axtract
displnyed significant reduction in paw sdema when comparsd o hexane and ethyl
ucetale groups (Rao e al 20121

Allelopatble activity; Allelopathic effect of agueons reot extract of & rerrapiniis
i Cicer arictimn seeds was eeporied. Treatment of extract (LPbmginl) was
showi to propsste germinstion of seeds. vigor dndex, aied seedling weight
Besidas, an inctease in fofal sugar, aoluble protedn, amine acul, DNA and BMA
content was alse olgerved The sfudy of Sangvikar aisd Wadie, 2012 revealed the
posifive effect of various solvent extracts of & ferapliidle on seedling emergence
of maize {Mandal et al 2013,

Advxiolythe activity: Anxiolytic activity was repomted for ethanol extract of &
setrapinela leaves by elevated plus maze mode! in mice. The extract was shown to
exhibit sigmificant amxiolytic achiviby. Extract treatment resulted o o sigmaficant
mereaste m the tme spent on epen anm, open anm eotoes % oand % ame spent
(5ingh etal. 2017
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Antilypertensive activiny: Antibypenensive activity of B, retrapindla in rals wis
reporied, Sedivm chlonde was admimstered in anioals fo devate svstole,
diastolie and mesn arrennl blood pressure. Admunsiration of methapolie roo

exiract resulied mosignificant decrease in systolic preszure (Gadhvi et al. 2018).

Antiwemolytic activity: Anibeoselyiic scrivity of metbanol extracr of R
serragdinila leaves using cow BRBC was reported. The extract was shown 1o cause
concenfeation dependenr ishibinon of bemolysis of RBC with 050 vahee of
13%5pp extractiml (Mabeshu et gl 2010

Amith venom activity: Aqueous and metbanol extacts of Roresraphella roon was
screensd for venom detoenifying activity in mice agninst crede venom obtained
from Iedian cobra. Both exeracts did nod prosect the mice from the ledial dozage
of cobm venom (Rajesh at al. 2013}

Cytotoxic activity: The sfudy of Kakad and Dhembarz 2014 revealed cytoboxic
activity of leaf extract of & tefrgind against chick embryo fibroblast cell line
with cell viabaliny of 50.54%, Bebern e al. 2006 evaluaed cvioosie poientinl of
R wmaplhlla by bone shnmp lethality assay. Solbvent extmcts of leat and fmoit
displaved dose dependent mortality of shrunps.

Sealutive activity: Sedative acirvity of crude exiroct obtuned from &, serraphfie
rool bark by mi hole board rechnique using mi: was detenmined. EXtract
administration resuled n a significast and dese dependent decrease e the
fecomatory activily, member of rears and member of Tead dips in rais, Further, a
decreade in fascal boluses was also observed (Madawala et al. 1994).

Anthexidant activity: Varioms parms vaz, leaf oot and foast of & defraplnflo ae
slown (o exbibit antioxidam activity. Methael extract ovained from the fnes of
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R rewaphvla was effective in scavengmg DPPH mdicals i & dose dependant
menner (OFa and Solanki, 200 6]

1.4 Spde Effects and Toxlcology

Adverse side effects of reserping include lethargy, sedation, psycliatric
depressen,  hypotension, nauwsea, womiting, abdomizal coumping,  gasiric
wlceration, nightmares, bracycardia, angiog-like symptoms, bronclospasm, skin
rash, itching, galactorches, breast enlarpement, sexual dysfunction, and
withdrawal psvchosis in | case. The most common side effect noted in all patients
was nanal congestion, scoumring in 3% to [3% of all patients (inchem. org, 2022
Adfter several months of vse, meotal depression can oocur and may persist. 'With
extremedy lorge doses, Parkinson-bike symploms, extrpytamidal reaciions, arnd
comvulsions can ocour, Allergic reactions to Mowvedfio, including asthma, are mare

Adequate doses of reserping tht prodice decremed blood pressure will
ol conse peserpae-induced gaswic ulcerations [naruraldatabase com, 2022)
Reserpine lns been observed 10 cause a4 slight edeosn i some  palients
(Krogsgadard, 1957y Posstble inferactiona with ather drugs include cardiac
glveosades, ephedra. alcobol, antpsychotic diogs, barbitarates, digoxii, divretics,
ephedrne, levadopy, monamine oxidase inhikitors, propracdol, stimuolant drgs,
and trieyclse anbdepressanis. Bmovelfie may mterset with the following lab tests,
including tests for corticosteroids, bilirubin, catecholamines, pastric acidity,
morepueplaaiee, peolactin, thyvioxoee, and vamlylmaodelie acid (Yasnell sosd
Albvascal, 2000 ).

From [95% to 1960, [5] cases of toxicity were reported in the Uniled
States fom consuming Reevelfe, and only 4% of dwese cazes were in adulis
{Baumeister o al. 2003 naturaldatabasecom. 20221 Meusen. vomiting,
hvpotension, ssdafion, ond coma kave been described by patiznts, Also sympioms
of bradycandia and facial flushing were reported. Psyvchintric depression was most
common with doses. of reserpine of greater than 0.5 mg per day and was
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significantly decreased 10 o daily dose of less than 0.25 mg of resempine, Beiween
1962 and 1965, 225 reports of accidental ingestion wese reporied in the Tnited
Stakes (mechem org, 2022 Thees cases were reported of children betwesn the apes
of 30 medths apd 4 vears who ingested reserpine n doses as high & 25 mg. All
cased were pesolved.

An issociglion dees ol appear [0 exisl between reserpine and cancer
{melenorg, 2022) Mo dncreased risk of bamh defects has been shown in female
bamans. whe consumed reserpine o any e dudng thesr pregnancy, Wo
muiagenic, genotoXic, of recombitogense effects of reserpine have been

demonstrated.

1.5 Al and olifectives of the stody

As the drug, Sorpagendia has two wild sources, nomely. B, serpenting
and & tetroplella ad both the plants are available by the atody asea, apd also
kezeping all the above facis in mind, the following objectives are taken for the
shady:

1) Te stody Morploe-Taxonowy of 8 serpenting and R tevrapicfile o) To
stwdy Phyiochemical compesition of R, serpesning and 8.
ﬂz!rrrpfr_n'l'n

L6 Skpuilfcance of the study

The present smady will significantly condribute towards diferentiation of
R sarperting and B rereopfylla ot Morpho-Taxonomy and Pliytochemical level
a5 the samples has besn taken from same phytogeographic region, The study alo
clarifies confusims prevailed between raw material collectors to choose the mw
material for Serpagandive from wild source.
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2. REVIEW OF LITERATURE

.1 Description and Disirilatian

The genus Benolfe Lo belongs o the family Apocyoacess  apd
encompasses berbs or shoubs with keaves in whords of three or four, The gepus
Ranvodfie i3 diswibuted throughout the irepical regiens of the earth, and flcontans
avariery of alkalosds The gesus oeeludes two veey Lmposant medicinal species
iE, Roevelfia serpemfing (L) Benih, ex RKurz {an Tndsan species commonly
known asSorpogondba i India) and Raoevolfic tefrapiella L. Both the species
comain bissctive alkaloids having certain biolegical activities. The roots of £
tfetraphylla are often used &5 a substinate of & serpeniing for medseinal pugose
R rerrapindla s an endangered species which i known by names viz, Wild snake
root, Devil pepper. Four-leaf davil pepper.

Ranvelfla serpeating

R serpreniiing 15 an evergreen shrub thae is member of the doghane or
Apacynaceis family, More than 100 species are incladed in the Ravvolfia geows,
and ey are native b iropical and subiropical regions of the world, including
Euwrope, Africa, Asia, Australin and ibe Central and Sowth Americn. B serpanfing
is native w the moist, deciduows forests of Southenst Asin, inclodmg India,
Burma, Bangladesh, Sri-Lanka and Malaviia, £ serpensing grows between 40 o
B0 cim in heaghe. Deaves are elliplical or lanceslate shaped, osonlly eccurred in
whorls of 3 o 5 leaflets together, pale green and 7-10 cm beng and 3.5-5.0 <
wide {Lobay J005). The plant looks atraciive due to shining natare of all parts,
and fruits are round and 0.%-006 em in diameter, It nlzo haz small pink or white
flowers. It also has promsnent wivers, soft faproed that reaches a length of 30 fo 30
cm and diameter between 1.2 to 2.5 cm (Brijesh 20 14).

21



Vernacular names:

Aszsamess; Sarpagnndhin Bengals;
Chandra

English: Bawvolfia Root

Gujrati: Sarpagandln

Hindi: Chandrabhaga “Sarpagancdha
Kanpudi; Sutrnayi

Malayalam: Amnlpon

Maruthi: Harkayva

Sanakrit: Clandraka

Tamil: Chevananalpodi Undu:
Chota chand

World distribution of K. serpesting

Soarce; https: powo, sciemce, kaw org
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Ranvelfia ferraplyfie
Rowvelfie retiegiinllo s an ever-green shrub covered with shor smoath

baws and reachung o beight of 4-6 feel, Leaves are upsqual, 5-9 x 3-4 om,
ellipticovate, acwic at apex, pubescent and usnally found in whorls of four
Flowers are cream, off-white colored, abowt Spun across, found in terminal
corvinbose oymes, Calys [obes are short, ciliae and rousd, Comolla &
approgimately 3 mm loag, lotes and mbes are shorl. Dimopes are ovoid, 2-sesded,
S-10 mim ncress, smooth jomted w the top, parple when rpe. Flowering occurs
throughour e vear {Kamble e al 20013; Bhat 2014; Pauil 2015). Smnolfis
ferrapdiile differs from B serpending 0 heving leaves o whoels of 4 and short

cormtla nbe.

Vernacnlar names:

Bengali: Bar Chandrika

English: Garden Rauvolfin

Hindi: Bagachandribea

Eannada: Doedds Chandrike

Malayalam: Pumbumbkell

Crinta: Patalagarud

Telegu: Fapninkn

Oher: Devil Root Amencan Serpentwond

Source: hebpa: S pow o aisncs kew.arg




22 Scientific classification

Rauvelfia serpeating:
Eingdom: Plantae
Phyham: ANgHspErms
Subphylum: Eudicots

Class: Asteroids

Order: Gentianales
Family: Apocyvoaceds
Crenis! Rarvoliia

Species! serpennina (L. Benth ex Kurtz

Specimen of K. serpenfing at Botanicol Survey of India

LN

Source: Botanical Survey of India
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Ramvolffa teiraphyiio;
Kingdom: Mlantas

Fh}'lllm: ARZHE LTS
Subpliylum: Eudicots
Class: Astepods
Oeder: Gentianales
Fnmily: Apocyoaceas
Gemmes: Bavvalfla
Species: ferrapiindla L

Specimen of B, retraphdin at Botanical Survey of India
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23 Use af Rawvadfin as medicineg

HRowvolffa serpenting was uaed by many plysicianstheonghont lodia in the
1240k and then was wsedthroughour 1he workd in e 19508, including in thelInited
Seates and Canada. Iv fell out of populanny whenadvesse side effects, inchuting
depresson and cancer, became associated with it Dowglas Lobay, 2015 crftically
exanined its adverse side effects, toxicology, andcarcinogenic iy amd refures the
assgociation between the plani and carcinogenicity and discusses teimponance of
comect dosing and of screening patientsio minimire the ocoorrence of depression.
He copcludeswith the recommendation of use of low dose Rawvalfie (LDBE) for
zuitphle potients with hypertension, Theplant prevides ¢linicians with a zafe and
effectiveadjunct to phammaceutical s in the treatment of highbleod pressure,

A review of curment insight fo the vses of Rovvolfia by Nitin Biradar ot al
2004, showes that the wse of fanelfe and treatment for many diseases, its botany,
clientisiry amd mode of acthon with special amphasas on tee plants role o realing
high blood pressure and hvpertension and alse crifeally examining its adwverse
side effects, wxicology and carcinogemaiy, This review suggesied some of the
newer use of Rauvolfa sementinn. This can be furmber stdied scieanfically and
cun e uzed for e benelin of bumsamity © cure (he diseases

Rajendra Bhanwarin ef al 2021, published a paper on Biclogy, Chemistry
and cwlipvation practices of Raeolfia serpenting and Rouveliio tetrapindle of as
disinetive medicinal plant for curmg boman disease. In This paper Rausalfia
planis serve a2 an excellent sowrce of vanous therapeutic agems. Beserpine of
Reaivelfie seems to be a safe amd dominant tweatment for the disorder of
bypertension, This  research work explosed the astioxidant as well as the
antidiabetic activity of the wild and cultivared variety of Rawvelfia plaot. The
stady suggested that the wnld source of the plant more potentinl too exen
antioxidant aml antidisbetic activity as compared 1¢ the cultvaied plant

Mabalaxm et al 2019, published 0 comprehensive teview on Ravvolfia
rerrapliylie®s ethoobotanical wses, pliytochemistry and phanmsacologcal activities.



An wstensive litermfere survey codufuctad s teis revaew lughlishted potential
utilization of &, tesaphole ethnemedicioally in differens parts of the coumry.
Besgides, a wast literanare lps alao vevealed pharmacological asctivites sacl s
antimicrobial, ansiodyue, asuoxidant and aon-mammarery, B feraphvlla os
shown to possess similar commercial and thempeutic propemies as that of
Ruwvollfa serpenting,

Fakaria 1 al 2016, discusses pharmacogieosy, plytochemisiry and
phannacological acuvities of Fauvolfiz letraphylla in their review o leal, stem
and roof of R tewaphvila were phamoacognostically stodied. Preliminany
phivipchemical stody of different extracts revealed that presence of varsous
phytoconstitoends like reducing sugars. carbohydrates, alkalkaids, nmino acids,
siermds, taonins, flavenowds, phenols, saponies, fixed oils, fats, goms and
mncilages,

Ammng the bigactive compeunds in Sqwealfie species indols alkaboids,
especinlly reserpane 15 mosl coimion ikl thas s ovadable anoall tee e species
of Rawvolfie found in Assam, As per the estimation Binda et al 2014, 8
fefvapivite possesses Bughest reserping conlenl comparative to ohers and the mosr
common Raivelfia species, B serpeniina reserpine comtent i comparanvely low.
Bindu & al 2014, have estimored mserpioe costent of 5 Rawnvaelfa species
collected from Kerale This stody ds the first systematic and comparstive
aepewiung of reserpite aniong the Soenvolia species i lndia.

Huasin 2t al 2015, kave condocted pliviochamical sid GO-MS analysg of
t-Hexawe extract of B serpentina from marker zample of Kathmasdu, Boot
extrnct shows the presence of alikaleids, saponins. tanoms. flavoancids and
phenels. The GC-MS analysis led fo identfication of 18 conpounds; where major
comslitwents were  X-methvibeptane (3.48%)  cis-1,3-dimethyloyelohexane
{13.66% ) 24propocymethyly oximne (245%) Hexylene Glycol [1428%),
Jmethylbeptan-2-one - (15.56%),  2,5- dimedeylhexan-34-diol — (5.70%),
iddmethylbexan-2-0l  (7.47%), | L2 - cmamethykyclopropane  [(24.33%),
Duethyl Phthalate (2.11%) and other chemical constitoents with less than 2% peak

Area.
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An o vitve and in silico apgroach for dentification of bioactive
compounds by GC-MS have been conducied along with o- amylase and
aglucesidase slubitory activity of B fetraploella and Oroxyviog iadicwn bave
been done recently by Swargiary amd Damary in 2020, B ferraphyfle species a5
collected from Kokrajhar of Assam. In this smdy GC-M% amalysis revealed four
major compoukds  in K. tetraphylia  like (Dimethyl  amioe)-T-(344-
ethyiphenoxyi2-bydrosypropy - 2-methyl-3,7-dihydro-1 H-purine -2 6-dione . tms
(K1), Chlorflurenol (B2, 2-44-Miwo-pyrazol- 1-vl} propionic acid. hydrazsde (B2},
and 8- 2-Methoxyethyl) carbazole (R4)

Fandey 1 al, 20146 have conducted 3 validated and densiteinetric HFTLC
method for the simultnnesus gquantification of reserping anpd njmalicine in
Bawvoliin serpentina and Rasvolfia tedraplylia from the samples of different areas
of Punjab and Uttarakhand. HPTLC acfivities shows that roots of B. serpenting
are eoriched in the desived constinents apd can be preparation of foromelations, 1i
was Tound that the quantity of indole alkalowds in B retraphyila was af par o R,
serpenting and con be used in the preparaion of herbal foremilation. HIFTLC of
melhaslic exmact of ool contming indole alkaloids 1e., resempine and

ajmalicine,

34 Substitation of B sepenting with R. tetraphylia

Sulaiman et al. 2020evaluated the phytochemistry and biological activities
af allied species sucl a8 Rowvolfia teirapindla L, Smnelfie fosker 5.8 Ssiniv. &
Chithra. Rawvalfia micrenine Hook £, and Revvalffa verifedflata (Louar.) Baill. and
the msult indicated that the root of & seepeniivg 15 phytochemicalby similar with
that of Eretraphyile. Chemical prefiliog vsing HPTLC showed sumilar chemical
profiles. for Rserpenting and B tetraphylla. DC/ME charactenzation of variows
species showed that most of the sctive alkaloxts s common for both B
serperima andf setrapinife. Anti-hvpertensive activity and analgesic acnviry
were evalunied 1 expermental anupal model, B serprensinag and 8. rerragindla
showed  comparaiively  sgaificant reduction s svstelic  ad  disstolic



pressure Comparable analgesic activity was also shown by R serpenfing and £
reseaphnfla, On the basis of phytechemical and pharmacelogical evaluaion, it was
conchded that the oot of B tefropkdla can be wsed ag a validated substinote for

Sarpagandha,

b
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3. MATERIALS AND METHODS

EN| Plant Material

The samples of Bmwvolfio teroplylla for e purpose of faxencasc and
phytocleical amabyeis was collected from Medicinal Plant Garden of Modh East
Herbarinm of Ayurveda Ressarch (MEHAR ), Central Ayurvada Research
Institwie, Guwahati {Lat 26" 06 57° N, Lon: %1° 46 50° E) and deat of & serpendiog
was collected from Pub Bormgson, Kammap (M) disirict, Assam (Lag-
26% et 32% N: Lom 91° 48’ 417 E). The collection was done 1n the momb of Mav,
. | el
The plant specunens were wentified ar MNogth East Hesbaripm of Aywiveda
Research {MEHAR), CARL Guwabati, Eamnep (M) district. Assam where
voischer specimens {MEHAR- 7979 apd MEHAR- T980) are deposited for fenre
reference along with in the Herbarwmn of Silapathar Science College, district

Dhemaji, &zsam,

31 Morphobogical and Taxonomical studies

R, serpeiing and B reprapiinfle were screened in wild and collected for
morphological stodies, Both species were identified. illostrated and - tacgomeonmic
details were comparsd with the help of relevant inermre ke Bimdar = al (20016},
Bhanvwarin et al, {2021}, Mahalpxmi ef al. (200%). Taxenomic keys of both species
bave been made, The plant specinens were collecied, propesly pressed, dried and

provessed as hetbardum following the standard method of berbarium preparatoen,
Morphological observations were made fo recond charactenistics of Boot, slem,
leaves, Mowers and fraiis for enumerating these alimbates Tor compatizon

Photographse eviderces of the observanon are recorded i Pl places.

Ed|



SAMPLE COLLECTION AREA

Map of Tnalks Jocatiag ®
MNorih Eost [ndin =

Map of Narih East India
lacating Assam i -

Mg of Gawakatl, Asean, locsibng (b ares of specinmun cofleetion

& Collecthon siee of & serpenriog
A Collection slie of & tetrapiiia
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A3 Anatomical stodies

The analomical snubies were pecformed for vanous pans (Nower, leal,
stein, moota) of both plants under study by tabong band cot sectioms. For e
stomaty studies the peels of fresh leaves were taken and microscopic photographs
wire ke,

The sactions were stained wil safranin and fosr green o visualize (he
amatomsical spructures. The sections aod peels were observed wmder light
micrpscope ad the plhotograpls were taken,

In leaf venaton study, ome to several leswes were collected into petri
dishes and immersed 1o 0% NaOH at room temperatore wntil they becaime
teanslucent, This step took one to three weeks, depending on species; thick,
leathery or stone-like leaves veok longer. Then the lesves were washed twice with
watar and bleached in 50% commercial bleach for 10 minutes. After another two
washing processes, thy kaves were debydmied [or 10 minukes successively in
50%% and then 73% ethanol. Leaves were then stamed by 1% Safranin in 935%
ethapol for 20 mimetes, Skined leaves were washed for 5 minnte or two,
depending oo leal thickness, with absolute sthanol 0 de-stn non vascalar
tisgues. Pholographs of venation pafterns were taken af a moge of magnificanions

{Glaalia and 5 ehan, 20200,

34 Phytochemical study

The reots of bodly the zamples weare collected and washed thorouglly wirl
ranning tap water o remove sarface dirt and dust. Then the matenials were dried
under shade for abour 30 days. The shade dried root samples were chopped and
fomyed dnto fine powder by nsing a mixer goinder, The fine powder fomn of soot
samples were wed for extract prepasation by wing the Soxhlel apparaius. 10 gm
of powdered oot wainples were fillad in the tlinble and 250 L of methasol was
wsed for methanele extract preparation. Then thimbles were placed in the Saxhlet
extractor. The appararos was fifted below with tound bottom fask that contained
the methapel solvent. Then the whok setup was heated with the manile. This
process was allowed o run for 8 hours (B cveles). The tempereome was



maintained af 42 — 50 °C, The extracts obtained wese filteved by vsing Whatman's
Mir-1 filter paper and concentrated by using rotary evagorator 10 remove the
aplvents. After complete evaporabion, each of the salvent éxtract was wesghed,
preserved ot -4 °C

3.4.1 GO MSE Anpalysis
GO M5 Analysis was carried ot using CAIF facility of Guwahati Baotech Park
Incubation Cenire at Guwahsati Biotech Padk, Guwahat, Assam.

Gas  Chromatography—Mass Spectropseny (GC- MS) is the logical
combipation of wo echmques namely Gas Clromsategraphy  and  bass
Spectrometry, where gas chromatography = used for separation propertées and
mass spectometry 15 for the detection of compound based oo thewr mass.
combination of these techniques helps to identify the different component of the
lest sample,

G- S analysis of the exiracts of the =amples wene carried ont with
Peskin Elimes (LSA) GO-MS matrminent. Model: Clanis 630 GO & amp: Clams
000 ME comprsing a liquid swo-sampder. The Sofiware used in the system is
Turbobass Ver, £4.2. The peaks were annlyzed vsing data analysis softeare
NEST-2014. The capillary colunus wsed s ‘Elte- 5M5° baving dinsensios-
Rength- 60 i, =025 mm ad film thickness: 0.25 i and the statenary phase
is 3% diphenyl 95% dimethyl polysiloxame.

GC-Protocol: Helium gas (99.99%) was used as carrier gas {i.e mobile phase} o
fiow rare of 1 mlmiln. An inpection volume of 1 pl was emploved in splitless
mede. Injecior temperaiwre is 280°C and fon-source temperaiure |B0*C. The oven
temperature was programmad at 60°C (for | min}, with an increase at the rse
0 min o 200 (hold for 3 min) then again increased at rate of 10.C/min to
3p0.C {bold for 5 min), The total man fime is ~ 349min. Selvent delay was kept for

T mimskes,

M5 Protocol: Mass Spectra was taken in Electron Impact positivelEI+) mode at 30
e, A solvent delay of B min was there For M5 scan Mass range Le 'z range is 50



a0 am. Interpeetation of the peaks appeared in the GO Chromatogram were dooe
by library search of 1he mass spectrum of cormsponding peaks using the darabase
software of Mational lnsnite Standard and Technology-2014 (WIST2014). Tee mazs
specirums of the unknown components were compared witly the spectrum known
comproents of WIST library apd the compoonds were identified with pame,

arolecular weight, empirical formula edc.

34.2  Bieactivity repovted for Major phytochemicnls

Bicactiviey reporied for Major ploriochemicals present in roots of R
Ferpentine and ® fetrapli T are reviewed from secomdany sources and reported
in fables separnkely for & F2erpeniine and R, serapldla

s



343 Glimpses of leld and laboratory work,

Taxsnomic work on sample Taxanombe work on sample




I Y

Durng illustraton of sample

Experimental stady sample Perkin Elmer GC-MS instrument
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Wil the team of Central Ayurveds Research Institate, Guwaliat
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4. RESULTS AND DISCUSSION

The results of the mxememae sudies including Morphokegy anad

Anatomical sfudies are epumerated Lo Tables for companison and preparation of

Taxaisontic key.

4.1 Comparative Morphological Study of R, serperting and B tefrapiyiia

Charadters

Hahit

Leaves

Infloescence

Stem

Fruie

B serpenting

It is an erect. pabescent, perapnial
4Eriih,

In whaorks of 3, tlan, lanceelacs,
AT,

Trrepular corymbose cymes, while
o pink, oftes tinged with violer.

Usually un-branched. slender,
green in golowr.

Tisberos with pals brown cork

Drup, singhe or iy,

Bt fa

Acamall, glaboous, perenngal
it bramched woxty shrub

Lewves (o wheels of 4,
ovntee]lipiic.

Flowers greensh-white or
creanmy=wiite in wbedlare

LR

Uzually un-branched. slender.
stranw cobared

Tuhepoes with pole vellow cork,

Drupes ovold, deep red or purple
whe ripe




Pt Plafe 1:
A vamgia ralive morphdlagical sindy of K. serpentfon and B, fefraphyifa

R. serpenting E. tetraphyila

Halsit

Taal Leaf

Flawer
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R. serpenfing R, retraphylia
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Taxonomic key

Leaf lateral veins 5-20 paira. arcasie ascending froon leal base and
descending fewapds the apex. Ovanes and fnut of coapate carpels,
often only af base, Leaves ovate or ellipiic, tomeniose when young;
corolla tnbs 2-2 mum; Fruit entice af apex

veniniearenns e PR
Leaves pamowhy  elliptic o obowate, glaboous, 7-20 o,
membranoos; coredlla ube |0-20 mma: froet focked & apex; peticle 10—
15 mmy; inflorescence solitary; peduncle, pedicel, calyx, and corolla
red or reddish; corolla Iobes | 5-35 mm; stamens inseried st meddle
of coralla niks

doenven i SEFEMITRIRAT




Phaoto Plafe 2:

Herbariam sheels of Rawvolffe serpentfng prepared ander staly

[imalwn Haprbigrium Eurpnpes RIEHLR]
Central l|'lll'"'l‘|l Masparch inutitute. Guwwhall [Asssm|, INDIA

@ NORTH EAST HERBARIUM OF AYURVEDA RESEARCH
16 E Pk, Bisketey of hpeuh Guvt of lis)

| — a L
Lot wEasw ' b e F
o e gpuosea Porpa  wi il il

o il el

14




Herbavinm shests af Rawvalfe sevpeniing prepared nnder stody

ilmim e b & s BEFHAR

Canaral Apiirvidd Risadrm it ilubs, Ousedbali |86 ki, (MDA
T T L Y e Y ——

@ HORTH EAST HERBARIUM OF AYURVEDA RESEARCH
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Photo Plafe 3:
Tustrwtions ol RervelfTe serpeniing unld 8. fetrapintio

R, serpenting
1 Flowering twig; 2: Flower: 3: Anthers; 4 Gynoecium; 5: Ovary; & Floral
Dhiagram




R Ietrapldla
1: Flowenng twig: 2: Flower, 3: Aathers: 4: Gyneeciui; 52 Owary: & Floral

Diagram




4.3 Conparative Anatamical Study of K. serpenifng ancl K. fefrapliyifa

Chayagies

Cynoecims

Andireechomn

Ovary

Stomaia

R_serpenting

Carpels-2, have n filifeem style

and barge bifid stegma: a bilscular

avary hns two ovules 1o ench
Incule

Stamsens-5. in epipetalons comdEra

are enclozed withn the dilagsd
portion of the corsla fubs

Ovary have toyo clambers

o locules ie hilocular and
comtaing v ovale i aach
locide. Flacesmaton i5 axile

Trichomes are abzem in
Epiderms.

Sfomata are paracylic that possess cae
o mare pairs of Isteral subsidiany cells
artenied paralel with he puand cells,

£ tewraphyile

The ovary 1s supenioa with
Tearpedlnry, syncarpos,

S-S, epiperkig

Orvary hive two chambers or
e 0.2, bibocialar el
copfains ome ovile in each
lrcole. Placentaton 8 axile

Upper epidennis was devodd of
sroemara aced 01 had piameroes
uniseriaee, malficellnlar
trichomes

Stomatn are of both paracytic
#nd apomocytic type. Goard
celbs are surrounded by the
saipe size, shape arangenesis
g3 the rest of the emdennal
ok,




Leal venatbon

Stem

CrossVerlae e, sl vems Reticularese, smaller vems

commecting secandnry vens. forming o network

Stemn lock of wichomes Stem views the single layer of
epklermes with missriate,
nmultecelfular tnchames

Rl shows thick streed bark and

: ; ] ] 2 Eoot shows hard, narrow suter
uniformby wide, white or pink coloured o0 wirh fow mdlsines
pheBoderm-best regien devoid of strinticas and bromm, hand,

Ao F wide phellodenm-bast region.

medﬂ.w:a] tissne, I'I:ese-:-:md.'a::.-' The spccndany xyle s
xylem s cloracterizad by Sraight ravs, mopweas large vessels, cueved
clase, comcentric growth rings and rays nnd somewhat excentric
cetre Xylee plate. Rylew plake.

Al



Photo Plafe 4:

If'.illllllul'llh'r unatimicel xllul:l.' ol K. .u'rp.:url‘i‘:rn' anil R, E'l'ru'rlhj-'ﬂa

R serpeaiing

Gymoecinm

Leaf venation

R retraphylia

Caymmecinm

Leafl vemation




T.5 al Slem

T.5 ol Stem

T.5 of Hait

T.5a0l Haot

TS5 of Ovary

T.5 of Owary

Slomala




Absence of Trichome in Presence of Trichome in
R, serpenting R. retraplipiia
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4.4 Plivtoc hemadeal analysis

The magor phvtochemicals reported 10 the root extract are smmerated m
the followmg Tables followed by Figures depinung ther presence in GO-M5

amdy. Mame of chemicals preseit 15 mantlonsd along with Mobecular fommala,

modecular weight, %epeak area and Retention tine dioing the shady.

Table 1: AMajor phivtochembcals present in roots of B serpention

SL | Mame of Compousd Molemalar i Moleular | % Feak | Ret,

N formuln | weight e | Time
I | THYMINE CeHaNO: | 126 TR NEYT
2 | -ACETYLTHYMINE CTHNAn | 168 R
T | MOLINATE GHNOS | 187 0| 128
3| 1 -DNOXEPANE. 2- ottty | 312 ETE

PERTADECYL-
5 | N4LMETHOXYCARBONYL. | CoHiNOYW | 203 L7514

I-METHYLETHYL -
METHYL-X-AFA-13-
DEXSANE

f | 4-HEFTAMNOL., &ROPYL- CiaH0 | 158 1.75 | 434

7 | QETANOIT ACIT, 2-HEXYT- C1aHzpi 218 173 14.34

B 1-ETHYL-2- CrMHigdiOeP | 126 2.895 16008
HYDROXYMETHY LIMITIAE
OLE

I E e el 126 203 | b6.008
HYDROXYMETHY LFURFUR
AL

10 | TRANS-Z-METHYE-4-M- CicHxons | 218 123 14
FERTYLTHIANE. &, 5-
DEXIEE




I

CHLOROACETIC ACID,
TETRADECYL ESTER

| CaHnCl0:

290

13

9.4

TRANS-2-MMETHY L -d-N-
RUTYT. THIANE, 5, 5-
DIOXIDE

CuHxns

133

19,034

13

C15-2-METHYL-2-
NPENTYLTHLANE, 5, 5-
DIOXIDE

CnHzales

123

19,034

14

3-THRSMS-(L,1-
DIMETHYLETHYT )=d~
TRANS-
METHOMNYCYTLOHEX ANGL

CuHe0n

186

1308

0.8

]

TRIDECANE, 2.2.4,10,12.12-
HEXAMETHYL-T43 5 5-
TRIMETHYLHEXYL |-

| CaiHs6

ERE]

13089

205

16

ONTRANE,
[DODECY LOXY IMETHYL]-

CasHurCr

i
241

1304

17

3, CI51,1-

DIMETHYLETHYL -4,
CIEMETHOXY CYC LOHEXANOL

CrafOe

18e

1309

20.54

[

ACETOFHENONE

CaiHiAk

&M

.51

22,36

19

4-METHYLE-25-
DIMETHOXYBENZALDEHY
IE

CuHiAk

15y

2.5

2236

e

A-TERT-BUTYL-4-
HYDROXY ANISOLE

150

252

2236

DIMETHOXYFHENYL)

ETHANONE

195

25

22,50




22 | CI5-1-CHLORO-5- CisHs:C 284 1.0l 31.859
OCTADECENE o [

21 | OLEIC ACID CraHs0: | 282 1.0 1,859

4 | T 628 CarHrol 430 1.0 31,859
HEFTATRIACTONTADIEN-2-
CINE

25 | 2610 14-TETRAMETHYL-7- C1sHa 148 101 31.859
(3-METHYLPENT4-
ENYLIDEME)
PENTADECANE

26 | HEPTACOSANOKC ACTD, 25- CraHsn FEL 1.76 24976
METHYL-, METHYL ESTER

27 | BETA - 170 332 L76 | 24976
MANNOFURANOSIDE, 1-0-

| (0-DNIBCENYL )

2% | LPROPYL 10-METHYL- C1aHae 244 1.7 4.9
DODECANOATE

20 | -PROPYL CaaHsn FEL 1.7 24978
HEXATOSANOATE

30 | ERCOSANOIC ACID [ [T 112 232 249533

3l | L4+1-ASCORBIC ACID 2.6- i axHasths 632 % 29,523
DHEXADECANDATE

11 | N-HEXADECANDIC ACTD C1eHa0n 256 232 29,523

13 | TETRADECANODIC ACTD CaHn0 228 EE PR

34| D-MANMITOL, 1-0-423- C2eHs 304 1.55 36 086
HYDROXYDOOOSYT -

35 | METHYL 2-HYDROXY- 21 Ha0s 342 1,35 36,084
EICOSANOATE

16 | D-MANNITOL, 1-0-(16- C27Ha £22 1.55 16 (86
HYDROXYHEXADECYL)-




Figure 1: GU-MS Cliromatogram (mvain) of roof miethanolic extvact of &
Ferpeuling
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Fignge 2:

GO-MS Cliromatogram (extended) of vood methanalic extract of

R zerpeiriing
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Fignee 3 Structure of svme chemleals veported in B serpeantiong
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Table 2:

Alajor plivitesliembeals present in voots of K fefraphylia

5L | Mame of Compouesd Molemalar | Molecular | % Peak | Ret.
Ho formtla waight APed Tisies
1 | 1-NONYLOYCLOHEPTANE Crefa 224 041 N
2 | 1=-METHYLTETRADEC5- C1eHso0n 254 041 L33
ENOIC ACID METHYL
ESTER
3 | METHYL 11-DOCOSENOATE | CuHuO: | 342 0.4l 3133
1 | OLEIC ACID CislisG: | 262 0,41 LB
3 | 1,3DIOXCOLANE, &-ETHYL-5- | CisHuFelz | 350 174 lam
OCTYL-22
BISTRIFLUOROMETHYL)-,
TRANS-
5 | 1 -DIDXOLANE, 4 ETHYL-5- | CisHzaFe0: | 350 174 501
OCTYL.2, 2.
RIS(TRIFLUOROMETHY L )=,
15
7 | 2.N-HEXYLTHIOLANE, 5. 5- CioHzolns | 204 1.74 301
DIONIDE
B C1aks0n 72 L74 |50
HYDROMYHEM ADECANOIC
ACID
9 | PROPANOIC ACTD, 3,3- CoHDES 210 306 542
SULFONYLRIS-
10 | HEXA-1.3 5 TRIVNE Cell ET1 106 | 542
11 | 123 A-TRIDECANETETROL C13Hs0 148 106 542
12 1234 CpaHa g 362 A.08 A43
TETRADECANETETROL
13 | PHENDL, 2 6-DIME THOXY- CeH 154 141 15,30
4 | 1-SILACYCLO-2.4- CHOIS | L4l 18,90




HEXAIMENE

15 | I-SILACYCLOHENA-2 5- CHS a6 14 1840
DIENE

16 | TRIFLUORCMETHYL T- C:HeF:5 150 1637 | 2056
BUTYL DISULFIDE

17 | METHYL 2 6-ANHYDRO- CiHizh 176 1637 | 2056
ALPHA -D-ALTROSIDE

18 | PROPANAMIDE. 3- CoHITND 135 1637 | 2056
CYCLOPENTYL-N-METHYL-

19 | 1 24,5=:CYCLOHEXANETETROL, CaHiAa 148 63T 20056
il. ALPHA. 2. ALPHA. 4, ALPHA.5.
BET A 5-

20 | HEPTACOSANOIC ACID, 25- Coablal 438 665 | 24.80
METHYL-, METHYL ESTER

21 | BETA-D-MANNOFURANOSIDE. 1- | CrHz0x EER TEX]
O MRUNDECENYL)-

22 | 3-O-METHYL-D-GLUCOSE CiHi0s 194 G6E | 24010

23 | DFRUCTOSE. |.3.6- Catolns | 162 GEE | 2.0
TRIDECXY-3,6-EPITHID-

24 | EPHINOSITOL CeHizle T EREE

25 | MUCORINOSTTOE. CaHaAs 186k i 1.ED 5.E3

26 | CIS-IMNOSTTOL Ul s | B} L.EBO 513

27 | INOSITOL CeHiz0s 180 180 | 5.13

28 | I-ETHOXY -2 4-HEXADIENE CaHzaly 124 133 la.05

19 | -AZIRIDINONE, 1-TERT- CoHnNG | 209 133 | 1608
BUTYL-3-{1-
METHYLCYCLOHEXYL)-

30 | 2ETHOXY-35-HEXADIENE CeHia0 126 133 | 168

61
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el
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DIMETHOXY BENZALDEHY
[3E

Crab:0s

243
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CraHzoe
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in

L)
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sz
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ek

EXTER
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Fignge 4 GU-MS Cliromatogram (mvain) of roof miethanolic extvact of &

fetraplyila
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Fignge 5: GO-MS Cliromatogram (extended) of vood methanalic extract of
R tetrapliyila
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Fignge 6 Structure of svme ¢hemleals veported in R refraphplia
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45 Bieactivity reported for Alajor phytechembicals Bioactviry repoted for
Masor phytochemicals present in mots of 8,

serpenting and B terapinfa are reviewed from secondary seurces and reporied n
the following Tables for B, sevpening and B teragphylla.

Table 3 Bioactivily reported for Major phytechemicals present in roots
of 8. serpenifing | from secondary sources|

5l | Compounds Maolecular | Maol. | %% Rt Phanmacological
Mame Formula W Peak | Time | Properises
A
F Mol CaHisM0D | 126 L.30 1285 | Asispermatogen
g herbicide,
ggrechemical
(Rirskmaha 209}
2 | LADIOXEPANE, | CxHiele | 312 L% i434 | Anti-proliferstiva
IPENTADECYL- (Koaresm atal.
ZBI6)

i FTERT-BUTYL- | CuHiwde | 184 252 | 1236 | Ant-oxddant

+-HYDROEY ANIS (Bdatsuoka. Atsako,
OLE o1 sl F99E]

4 | =HYDROXYMET | CelHatl 124 .93 F6O0 | Stop neuwon

HYLFURFURAL & APOpG0ss
( Mohamemad M ol
al. A2

i TRANS- CaoHoplnS | 218 123 1903 | Mitric exida
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Table 4:

Bioactivity reparted for Major phytechemicals present in roots
of K. refragipdla (from secondary sources)
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S SUMMARY AND CONCLUSION

Both the species of Rawvelfie commonly known as Sapagandha
belonmng o the famuly Apocynaceas are distributed w tropical chimabe
comdinons and waditionally used againa snakebite, insommia, melancholia,
scldzophrens o more vislant meearal disordess, daarrhes, dvsenery. cholera and
colic, scabies, malaria, eve inflanumation, etc. There is hardly aoy medicine,
herbal or modern, which onginated in India mofe than a cenfury ago amd became
a subject of intensive research and clivical wse for the presence of vamew of
alkaloids and medicinally importont phytochemicals. The roots of & reraplinflz
are often used as & substituee of 8 serpenring for medicinal purpose and deerefore
to stdy Morpho-Taxonomy and to study phytochemical composition of 8
serpertipg and & refrgplofte the present study was conducted,

In & zerparring. leoves inowhorls of 3, thin, lanceolate and acute; inflomscence
oreglar corvmbose cvmes, wihite or puk, oflen tioged with violet; and oots
having thetous with pale brown cork. Whersas, in 8 fetrapiifa, leaves i
whorls of 4, eeate-elliptic; flovrers presnizsh-white or creamy-white in uvmbellate
cvines: nad poots having Tuberous with pale vellow cork which are very distinct
chieracters 10 be comtidered for idennfication ia feld.

Also, R, rerraploella bears wichomes in leaves, whereas R serpemmma lacks any
trichome wm leaves,

With regards to mayor phyviochemicals reported in the present study, only
o majer chemicals are found 0 be common for both B, serpentine and
fervaphnife, Among these, 3-ler-butvl-4-hydroxyansole is reported o have
Antiogidant activities (Marsuokn, Atsuko, et al | 9960 and very recently Laldinfell,
et al. 2022 reported Olecic acid present i both the species of Rawvelfiac ase
showing  Antmicrobial,  Annfungal, esticomuobsive activity,  Anti-milesive,
Amtiallergic,

Td



Antiamalgesic,  Aatatherosclerosis,  Anesthetic, Antibelimenthic, Anlanxiety,
Antibacienal, Anuberiberi, Amibiotie, Antxancer, Anticonvalsant, Antidiabetic,
Austiciardienc, Aatifertiliny, Antigastec, Anti-lmmmatory, Anbebesimy. Anhioxidant,
Antialoer, Antinbercelloss, Anueeld, Annbeparatoxic and Antiviral sctivisies,

Also, as the phvtochemacals of specunens shows vanahbon with previowshy

reported resales, fiurtber detail snedy is needed in this regand,

Canechashon

The present study significaptly comributes towards differentiation of 8
serpentima and R, ferrgpipfla af Morpho-Taxonemy level and distinguishes both
the species with respect 1o phytochemucals present i respective roals. As the
samples has been collected from same phytogeogmphic region, this companive
phytocheuucal shudy also clanfies confusions prevailed befween both the species
both s raw material collection stage and at phytochemical level.
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