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ABSTRACT

The present study was conducted on an importadicmeal plant namelyTylophora indica
(Burm. f) Merrill belonging to family Asclepiadaceavith an aim to establish an efficient and
reproducible in vitro protocol for its mass cloning and evaluation ofiraicrobial and

antioxidant potential of in vivo and in vitro plant

Tylophora indica is commonly known as ‘Antmool’ or ‘Dama Bel’ antis known to have
several pharmacological effects including anti-asttic, anti-inflammatory, antioxidant,
diuretic, antimicrobial, anti-leukemia, immunosuggsive, anti-tumor and anti cancerous. Due to
the lack of adequate propagation efforts and oysogation of natural wild populations.
indica is rapidly disappearing and is now listed as dni® plant species in India vulnerable to
extinction. Therefore, we present an efficient aggroducible protocol for the mass propagation
of this plant undem vitro conditions.

Leaf explants were excised from 5 year old fieldwn healthy plant and thereafter planted on
variously supplemented Murashige and Skoog’'s (M8Yiom forDe novo adventitious shoot
formation directly from the leaf explants. MS madiaugmented with BAP either alone or in
combination with adenine sulphate was most effecitivinducingde novo adventitious shoots
through the formation of meristemoids from leaf lexys, where uncountable numbers of green

healthy shoots developed on subsequent subcigturin

The regenerated shoots were carefully rescued fhenculture vessels and subjected to rooting
on half strength MS medium or MS medium suppleneentéh either IBA or IAA. The best
rooting response (95%) was observed on MS mediwpplemented with IBA where cluster of
long healthy roots was formed. Half strength M&diam also showed equally good response
inducing rooting in 88% of cultures but the numbéroots formed were less. Rooted plantlets
were successfully acclimatized through various daity stages and were successfully
transferred to the field conditions depicting 90%vesal rate with no phenotypic variations
observed.

The other objective of the present study was tduex@ the antimicrobial potential of natised

micropropagated plants ofylophora indica against bacterial Saphylococcus aureus and



Escherichia coli) and fungal strainsAgpergillius niger andPenicillium species). Antimicrobial

activity of crude leaf extract was investigatechgsagar well diffusion method.

All the extracts showed inhibitory activity for obacterial and fungal strains but very less
inhibitory activity was observed fdgscherichia coli. The extract prepared by method Rao and
Brook, 1970 exhibited a higher inhibition againsittb bacterial and fungal strains at all
concentrations (25ug/ml, 50 pg/ml and 100ug/ml) and the methanol extract exhibited a
significant inhibition activity agains®. aureus, Aspergillius niger andPenicillium species. Least
activity was observed by acetone extract of batkitro andin vivo raised plant offylophora

indica at all concentrations against bacterial as weluagal strains.

In current study, antioxidant activity (DPPH asshg¥ been carried out for the crude extract of
roots ofin vitro raised plant of Tylophora indica. The methanokawtt of roots have exhibited
significant antioxidant activity in DPPH method. él'lnesults indicates that the extracts firmly
posses strong antioxidant effects. The higher faglécal scavenging activitye. 75% was seen
at 1000ug/ml concentration. The results obtained from thesent study indicates that the
Tylophora indica, the plant root extract can be potential sourceaitiral antioxidant activity.
For appropriate determination of antioxidant cafyadhe extraction technique, its conditions,

solvent used, and particular assay methodologingyertant.



Introduction

Plants, since classical times have been used gfobsla safe natural source of medicine for
maintaining human health and improving the quatifyhuman life. Herbal medicine is the
antiquated form of health care known to man ardetlare about 9000 plants that the man kind
is aware of which show numerous medicinal applicediin various cultures and countries
(Farnsworth and Soejarto., 1985Rlants synthesize and cumulate a variety of biwact
compounds which help to provide protection to th@npand are valuable to humans as a
primary line of defense to combat disease. Herbadlionmes have been used for the basis of
treatment and aid for various diseases and othgsigbgical conditions in traditional methods
exercised such as Unani, Siddha and Ayurveda (Atah, 2011).

The age old traditional value is attached with tieebal products and has gained tremendous
importance in the present century. The two largesntries of Asia i.e. India and China have the
richest arrays of relatively well-known medicindhpts (Kalaet al., 2006). The on growing
demand of medicinal plant from herbal products i do various reasons including their
effectiveness, easy availability, low cost and kdioey faith in herbal medicine. Natural
products derived from nature have provided the detepstore house of remedies from herbal
medicines to cure all elements of mankind (Kunetal., 2011). Allopathic medicines may cure

a vast range of diseases but the side-effectstauniigh prices are causing many people to return
to herbal medicines (Kakt al., 2006).

According to the World Health Organisation (W.H.Q@yrrently 4.3 billion people or 80% of
world’s population primarily depends on plant-dedvmedicines or use herbal medicines for
their primary health care needs because it has id® affects. Presently about 25% of
pharmaceutical recommendation in the United statesain at least one plant-derived important
ingredient which shows that plants are useful smwt medicines. Medicinal plants play an
important role to develop various types of drugsiribg 1950-1970 in USA drug market,
approximately 100 drugs were introduced from tlanfd including deserpidine and reserpine. In
modern therapeutics, plants based drugs providstanding contribution; for example:
serpentine was isolated froRauwolfia serpentine in 1953 from the root of Indian plant for the

treatment of hypertension and lowering blood pressitihe numbers of plants have been found



to possess significant antimicrobial, antidiabetnd antioxidant properties (Hasetmal., 2009).
The isolation and extraction of biological activarpounds from plants are responsible for use
them directly or indirectly as new drugs. As a feghere is a global triumph in the trade of
medicinal plants.

Global view of Medicinal plants

Global market for medicinal plant is approximatél$ $14 billion per year and it is expected
that the sale of medicinal plants will cross US #l6on in 2050. The global market for herbal
medicinal plant is very large. In India, the medadi plant related business is estimated to be
around US $ 1 billion per year. The real significarof herbal medicinal plant sector has begun
to be realized only during the last few decades/éStavaet al., 1995). It is approximated that
about 25-30% of modern medicines are derived dyrectindirectly from medicinal plants. The
industries of herbal products comprises a numberingdr related sub sectors including
Functional foods; Nutraceuticals; Herbal tears;i¢&hOTC medicines; Phytochemicals; Aroma
therapy; Flavours and Fragrances; Spices and Culireabs (Kumarét al., 2011).

Functional

Culinary Nutraceut

Flavours and

frangrances medicines

Phytoche
therapy micals

Fig.1: Overview of the Different Sub-Sectors of the Herbadustry. (Adapted from Denzil
Phillips International Ltd. UK.)



According to World Bank reports, business in meditplants, raw materials and botanical drug
products are growing at annual growth rate of 3566. The herbal products industries share
approximately US $62 billion with good growth padiah Currently, India exports botanical
products largely to United States accounting farualb0% of total exports. The major importer
of herbal drugs is Japan, Hong Kong, Korea and&oge making 66% share of china herbal
drug export (Kumaret al., 2011). Drugs derived from plants are also very jpmpum Germany
and Russia. The herbal drugs derived in India B@®exported to various countries and imported
from other countries which are given in Table 1 g&f@et al., 2009). The highly detailed report
of world herbal products present in the market risnarily available in North America and

Europe.

Table.1 Medicinal plants parts exported and imgbftem and in India

Exporting of Herbals Importing of Herbals

Botanical names Parts used Botanical names Parts used
Acorus calamus Rhizome Aloe vera Dried leaf
Afgemone Mexicana | Fruit Adhatoda roots Whole plant
Curcuma amada Rhizome Cinnamomum iners Bark, leaf
Curcuma longa Rhizome Curcuma aromatic Rhizome
Curcuma aromatic Wild turmeric Garciniaindica Fruit

Cassia lanceolata Leaves Gloriosa superb Tuber, seed
Glycyrrhiza glabra Root Juniperus communis | Fruit
Withania somnifera Vegetable rennet Myrica nagi Bark

Myrica nagi Leaf Srycnos nux-vomica | Bark, seed
Piper longum Fruit Phyllanthus amarus Fruit

Rubia cordifolia Madder root Ricinus communis Seed
Symplocosracemosa | Bark Rauvolfia serpentine | Root
Terminalia chebula Bark, seed Tylophora purpuria Root
Swerita chirata Whole plant Ocimum sanactum Leaf

Zinger officinale Rhizome Vincarosea Leaf, seed, stem
Wedelia calendula Leaf, root Withania somnifera Tuber




The demand of medicinal plants has escalated tot&@obillion (Glaser., 1999) where as herbal
remedies in European market stands at US $ 7ibrbils 1of 1997. The import of herbal drug
preparation stands at first with 46% which is ety 16 % for USA, 10.6% for Australia,
further having Indonesia with 8.1% and at last 3ft#oindia (Samy and Gopalakrishnakone.,
2007).1t was found that by 1990; around 2000 corngsawere marketing herbal medicines alone
in the Europe and approximately 2223 major comgas@eening plants for new leads were
reported worldwide (Tewari., 1996).

Status of medicinal plants in India

India records for about 8% of the total global dgence. India is the largest producer of
medicinal herbs and therefore known as the ‘botngarden’ of the world(Samy and
Gopalakrishnakone., 2007). Approximately 45,000 cg®e of plants are found along the
intercontinental hotspots in the province of Eastdimalayas and Andaman and Nicobar Islands
and Western Ghats. India has far reaching, safehastdric practice record of medicinal plants
perceived through Siddha, Homeopathy, Ayurvedic Bndni systems of health care (Vaidya and
Devasagayam., 2007 and Chaturwdil., 2007).

In India, out of 17,000 species of higher plantsany 7500 species find their use as medicinal
plants. It is the highest proportion of medicindhmns known for medical purposes in any
country of the world (Table 2). In Indian sub-cometit, the oldest form of medical system
Ayurveda, has alone reported around 2000 mediqlaaits followed by Unani and Sidha. In
Indian Himalayas, about 8000 species of angiospeB® species of Pteridophytes, 44 species
of gymnosperms have been reported out of which ¥pé8ies are utilized as medicinal plants. It
has been reported that the maximum species of madtiglants found in Uttaranchal Pradesh,
followed by Sikkim and North Bengal.



Table.2 Distribution of medicinal plants

Country Total number of | % of medicinal | Number of Source

native species in plants medicinal plants

flora species reported
World 297000 10 52885 Schippmanret al,. 2002
India 17000 14 7500 Shiva 1996

. . Samantt al,. 1998
Indian Himalayas 8000 22 1748

Source: Fictitious data, for illustration purposes only

The Himalayan region is also rich in diversity oédicinal plants. 62 species of medicinal plants
are endemic to the Himalaya and over 200 speciesnedicinal plants of Himalaya are
consumed raw, boiled, roasted, fried, cooked asal @lilized in the form of spices, oils, jams or
pickles (Kalaet al., 2006). A large number of medicinal plants which exéensively used by the
pharmaceutical companies are supported by Uttaghrioh the preparation of drugs in Indian
system of medicine (Dhat al., 2002).

India has rich biodiversity approximately 95% ofdizénal plant species are collected from the
wild or forest. The several medicinal plants aratocwously exploited from the wild which has
led to the substantial loss of their habitats dyrine past 15 years. The growing demand of
medicinal plants is putting a heavy strain on tee af existing natural resources and causing a
number of plant species to be either menaced egoezed as endangered species (lak.,
2006).

Medicinal plants and Plant Tissue Culture

In growing world population, there is an uncontdllexploitation of natural resources. As a
result wild stock of medicinal plant species hasrbearkedly dwindling. In order to meet the
rising demand in pharmaceutical companies for giased drugs is creating heavy strain on
high valued medicinal plants. To prevent this alagn situation, the unconventional

biotechnological approaches have been used. Himuet culture an advanced biotechnology
approach has been used for crop improvement anthueorming the traditional plant breeding

methods (Rani and Ran2010).

Most of the medicinal plants do not produce seadtheir seeds are too small which don’t

germinate or have low seed viability. Moreover sieed progenies are highly heterozygous and



are not true-to-type, hence mass propagation afades free planting material is the general
problem. Likewise, most of the medicinal plants ac¢ enable to vegetative propagation by
grafting or cutting. Due to lack of proper cultivat practices, destruction of plant habitats, and
the illegal and indiscriminate collection of plaritem natural habitats, many medicinal plants
are severely threatened. Advanced biotechnologiedhods of culturing plant cells and tissues
provide new means of conserving and rapidly profpagavaluable, rare, and endangered plant
species. (Faisal and Anis., 2005, Nayestia ., 2014).

Micropropagation

Micropropagation is the process of vegetative ghoartd multiplication from plants tissues. It is
carried out in aseptic and favorable conditiongmwth media, using conventional plant tissue
culture techniques. Plant tissue culture technigubased on the concept of totipotency; the
ability of plant cells and tissues to develop imthole new plant. In conventional cultivation
many plants do not germinate, flower and produee seder certain climatic conditions or have
long periods of growth and multiplication. Micropemgation ensures a good regular supply of
medicinal plants, using minimum space and time.

The advantages @f vitro propagation or micro propagation of medicinal plarg listed below:

. Enhances the rate of multiplication.

. Environment can be controlled or altered to nseetific needs of the plant.

. Plant available all year round for nursery picichn.

. Identification and production of clones with nled characteristics.

. Production of secondary metabolites.

. New and improved genetically engineered plantlmproduced.

. Stocks of germplasm can be maintained for maaysy

o N o o~ WN PP

. Preservation of genetic material by cryopregewma(Sidhu., 2010)

Techniques of Micropropagation:

Three main techniques used for plant propagati@®rin vitro conditions are:

1) Enhanced axillary shoot proliferation: Micropropagation through apical and axillary shoot
proliferation which is the most popular method é@mmmercial production of plants. It is the

most efficient and reliable method for clonal prga@on because the cells of meristems are



diploid and are very least susceptibility to genethanges. Hence, ensures the genetic stability
of clones.
2) De novo formation of adventitious shoots
» Directly from the explants like root, stem, petidksaf lamina, flower partsr
* Indirectly from callus cultures obtained from thesglants. Plants obtained through calli
may not be true elites because of high incidengeobfploidy and aneuploidy associated
with callus cells and plants obtained from it.
3) Somatic or non-zygotic embryogenesis
Somatic embryogenesis is the process of a singleocea group of cells initiating the
developmental pathway that leads to the reprodeiciegeneration of non- zygotic embryos,
capable of germination to form complete plantlftsese embryos like structures are bipolar
units containing root and shoot axis and can devetdo fully functional plants under

appropriate conditions.
Major steps in Micropropagation:
Stage 0 Selection of healthy mother plant

Stage | Isolation of Explant

Trimming

Sterilization ofpant

T

A\
Detergent wash Sterilization with chemicafstioxidants

v
Establishment of treated explant on nutriestiuce medium




Stage Il Transfer to multiplication medium

From nodal explant and shoot tip
Multiplication of Shoot Directly from explants

Indirectly from callus

Somatic embryos formation from catliexplant

Stage Il Developed shoots were transferred to rooting medium
Platdle
Stage IV Acclimatization by various hardening pEes

l

Transferred to naturaldieonditions
Fig. 2 Schematic representation of various stages of Mropagation

Antimicrobial activity of medicinal plants

Medicinal plants have been used for treatment vérs¢ human diseases because they contain
components which are having therapeutic poter@afrently, traditional medicines are accepted
as an alternative form of promoting health carestiduet al., 2000). The clinical potency of the
already present antibiotics is being jeopardizethieyupcoming multi drug resistance pathogens.
The bacterial and the fungal pathogens have emeaagedmber of new defense mechanisms
against antimicrobial agents as well as resistandbe old and the newly produced drugs are
also accelerating day by day. The increasing lo@ak of chemotherapeutics and antibiotic
resistance which is displayed by the pathogenicrahial infectious agents has led to the
screening of several medicinal plants for theireptl antimicrobial activity. There are several
reports in the literature with regard to antimidedbactivity of crude extracts prepared from
plants. There are various reports in the literaabbeut the characterization of medicinal plants
that may inhibit the bacteria, for exampl&scherichia coli, Baccillus species, and

Staphylococcus aureus. Natural products provide unlimited opportunities feew drug leads,



either as pure compounds or as standardized pténaices, because of the unmatched availability
of chemical diversity (Parekh and Chanda., 2007).

Antioxidant activity of medicinal plants

Free radicals causing a number of disorders in hsniike arthritis, atherosclerosis, central
nervous system injury, cancer, gastritis and AIDSee radicals cause depletion of immune
system antioxidants and induce abnormal proteirtseyTare generating due to polluted
environment, chemical toxins, radiations, spicy dedp fried foods. The enzymes catalase and
hyperoxides present in human body function as ahtauntioxidant because they convert into non
radical forms. Butylated hydroxyl anisole (BHA),thlated hydroxyl toluene (BHT), and gallic
acide esters are synthetic antioxidants and hase $gspected to cause negative health effects to
humans. Synthetic antioxidants also have low sbtyband moderate antioxidant activity.
Therefore, strong restrictions have been placedheimn usage and people are shifting towards
natural antioxidants produced by medicinal plaktedicinal plants have therapeutic potential of
antioxidant activity in reducing free radicals. Tedne, fruits, vegetables and spices are well
known traditionally used antioxidants are alreadypleited commercially (Pourmorad al.,
2006).

Antioxidant compounds present in various medicpiahts and used as natural antioxidants. The
compounds which can inhibit the oxidation of otlmolecules and play vital role as health
promoting factors are known as antioxidant compsuiidhe demand of antioxidants has been
increasing due to its high capacity of scavengmeg fradicals related to several diseases. The
working of antioxidants is that the electrons ameating to free radicals and are convert them to
harmless molecules. This harmless molecule protetis from oxidative damage which further
leads to aging and various diseases. Phenolic,gmtigohenols and flavonoids present in plants
scavenge free radicals (Bhatiaal., 2013). A rapid, easy and sensitive method faioaidant
activity of plant extracts is free radical scavemgiassay by using 1, 1-diphenyl-2-picryl
hydrazyl (DPPH) radical spectrophotometrically. BPRdicals obtained one more electron and

the absorbance of sample decreases in the prestagantioxidant (Pourmoraatial., 2006).



OBJECTIVES

The present investigation was carried out on aromapt medicinal plantylophora indica.
The main objectives of the present investigatian ar
* To do mass cloning ofylophora indica by De novo adventitious shoot induction from
leaves
» To compare the antimicrobial potential of nativel amcropropagated plants of indica
* To evaluate the antioxidant potential of the rodtact of micropropagated plants Bf
indica



Review of Literature

The clonal propagation of selected phenotypes igsaential step in most of the plant breeding
programs to produce plants with desirable charsties. The plants which are sexually
propagated produce a high degree of heterogertetyisg lot of variations in habit, growth and
yield. The plants produced through asexual repribalu@re genetically identical to the parent
plants and therefore maintain the special charaaitthe cultivar. Then vitro tissue culture
technigue has an innovative access to morphogeinegstigations and permits a living system
to be studied under controlled environmental coowt The advanced Plant Tissue Culture
techniqgue has come out as a promising techniquebtain genetically true elites rather than

having indifferent populations.

Micropropagation orn vitro propagation is the miniature adaptation of conesad propagation
technique which is conducted under aseptic conditid he technique of micropropagation is
based on the concept of totipotency that everyafethe body is capable of giving rise to new
plant under appropriate nurture conditions as @gad by Gottlieb Haberlandt. The clonal
propagation technique is the backbone of plani¢issulture in today’s scenario and emerged as
a powerful technique for the improvement of fordsbyticulture, field and plantation crops
producing high quality planting material. The aecated and mass production of number of
important plants such #&opulus, Fressia, Eucalyptus, Albizzia and various medicinal plants and
fruit tress has been done by well established igcenof micropropagation. In this technique a

small piece of tissue can be used to produce tinoigsaf plants.
Three main techniques of Micropropagation are:
1. Enhanced axillary shoot proliferation from apicatls and axillary buds

2. De novo formation of adventitious shoots either directlprfr explant or indirectly

through callus

3. Somatic or non-zygotic embryogenesis



De novo adventitious shoot formation
Directly from explants

De novo adventitious shoot formation directly from roogtiple, stems, floral parts and leaf
lamina is considered as the most reliable and w#utechnique for clonal propagation. This
technigque has been successfully usedroitro propagation of many horticulture, ornamental
and medicinal plant species. Choice of explantstardione regime to which the explants are

subjected to, are two important factors in thaatitn of adventitious shoot formation.

De novo adventitious shoot formation through direct orggeesis is regarded as the most
reliable method for mass propagation because itoldghgenetic uniformity among the
progenies. Many medicinal plants such Wéthania somnifera (Kulkarni et al., 2000),
Ophirrhiza (Begumaet al., 2009, Embelia ribes (Annapurna and Rathore., 201®sorela
corylifolea (Baskaran and Jayabalan., 2010) @adsia angustifolia (Siddiqueet al., 2010) have

been prosperously propagaieditro by de novo direct adventitious shoot formation.

Bera and Roy 1993 standardized the protocoirfatro propagation offylophora indica by de
novo adventitious shoot formation from mature leaf expd subjected on MS medium
supplemented with 22 uM in combination with 0.65 [denine sulphate. Chaudhaati al.,
2004 standardized the protocol for the formatiomrgianogenic nodular meristemoids from root
explants of T. indica when subjected to MS medium in combination withp2er 6-
Benzylaminopurine. The meristemoids showed two tgberesponses- direct formation of
somatic embryogenesis in 39 % of root explants gtrabt bud formation in 42% of explants.
Waseenet al., 2009 described the regeneration capabilitZlafysanthemum from leaf discs by

using different types of auxins.

Kauret al., 2011 b & c established a protocol fi& novo adventitious shoot formation from the
root and stem explants @f indica on 8.8 UM BAP, whereas leaf explants gave the lesstts
on 9.8 UM BAP in combination with 1.35 uM adeningpbate (Kaurt al., 2011 a).The use of
cytokinins showed promotory effect on a number efdininal plants species for the formation
of de novo adventitious shoot formation employing differemdkiof explants (Hiregoudat al.,
2003; 2006 and Loet al., 2005).



Pretto and Santarem., 2000 described BAP to be effgsitive in promoting shoot regeneration
from leaf segement oHypericum perforatum. Thangavelet al., 2011 reported that in
Plectranthus barbatus, 6.9 uM of Kinetin was most effective in inducing an aage number of
19.7 + 2.08 shoots per explants whereas MS medi88+M BAP in conjunction with 7.35
uM NAA produced 15.0 £ 2.20 shoots per explant.

According to Yildrum and Turker., 2009extensive shoot regeneration was observed in
Filipendula ulmaria from root, leaf and petiole explants when TDZ wagdiin combination
with I1AA and GAS3. InGaultheria fragrantiss ma, thidiazuron (TDZ) alone was most effective in

inducing direct shoot regeneration from leaf artdrimode explants (Ranyapleigal., 2011).
Antimicrobial activity of medicinal plants

It is admitted that the study on medicinal plargsaatimicrobial agents is important to know the
real value of medicinal flora but the use of inexgee and standard efficient methods are
essential for investigation. As we all know thék use of medicinal plants for treating various
types of diseases is as old as human species. ajoe morbidity and mortality cause among the
population is due to infectious diseases in deveppcountries. This is the reason that
pharmaceutical companies have been inspired toupeodew antimicrobial drugs, especially

due to constant development of microbes resistemtraditional antimicrobials.

Medicinal plants (Eight) which are traditionallyagsin South Africa reported by Moet al,.
2008 and reported that these eight medicinal plaatge antimicrobial activity against oral
infections. It is found that for plant extractsagr negative bacteria was more challenging as
compare to gram positive bacterizaccharis trimera (Carqueja), a medicinal plant also shows
antimicrobial actions against both gram positivechsuas Streptococcus uberis and
Saphylococcus aureus and gram negative bacteria includescherichia coli and Salmonella
gallinarium and are sensitive to this herb (Avanahal., 2000 and Silva and Junior., 2010).

Furthermore, study carried out an essential oiPdfrgonium graveolens (geranium) which
shows low values of MIC against various bacteriehsas Staphyloccous aureus (0.72 mg/ml),
bacillus subtilis (0.72 mg/ml) and Bacillus cergi@®36 mg/ml). However, oregano oil also
effective against the same bacteria, but also simdwnicrobial activity against Escherichia coli.
(Rosatcet al., 2000).



Hasanet al., 2008 reported the antimicrobial activity of ethbm@xtracts and hot water of six
medicinal plants, which were used to prevent lidamage. The extracts of these medicinal
plants Acacia Arabica, Emblica offficinlis, Cardus marianum, Sphareranthus hirtus, Nymphaea
lotus and Cinchorium intybus) were tested against two fungal strains and seeaeterial strains
by agar well diffusion and microdilution method. 8Manhibited microbes are found to Be

typhi, E.coli and P. aeroginosa.

Reddyet al., 2009 investigated the antimicrobial, antifeedamd antifungal activity of pure and
crude extracts offylophora indica. The highest antifeedant potential was observedrbge
extracts of leaves again§podoptera litura rather than root and stem extract. The highest
antibacterial activity again& aureus, B. subtilis, P. aergenosa andM. luteus, was exhibited by
crude extract of leaves. The crude extract or mor@pound ofT.indica was found to be not
effective againsk.coli even at higher concentrations. On the other hamiifungal activity was
showed by both pure compounds and crude extrachsigsspergillus fumigates, Aspergillus
niger andTrichoderma viridae. The strong antifungal activity was shown by purenpound as

compared to crude extract.

Ponnanikajamideest al., 2013 reported that crude extracts were prepareduing different
solvents such as Ethyl acetate, Isopropyl alcohdlBenzene frontylophora asthmatica leaves
which showed the antibacterial activity againseatious bacteria includdglcoli, S. typhi andS.
aureus at different concentrations. typhi was found to be more inhibited in all extracts as

compared to others.

Deshwal et al., 2013 selected alcoholic and aqueous extracts rautaifrom both
micropropagated and parenigdpohora indica plant for evaluating the potential activity by aga
well diffusion method against various fungal steaincludedCandida parapsillosis, Candida
krusei, Aspergillus flavus, Aspergillus niger, Candida albicans, Penicillium speciesFusarium
species Alternaria species andrhizopus species. The significant activity of leaf extradt o
micropropagated raised plants was seen ag@argtida parapsilosis. The alcoholic stem extract

and aqueous leaf extract do not show significatiwigcagainst fungal strains.



Antioxidant Activity

Since the classical times, various types of heplaits have been used to maintain health and for
prevention from primary diseases. Oxidative streas developed as a major player in the
pathogenesis of various diseases in model orgarasmsell as humans. As we all know that,
number of medicinal plants produce antioxidantvégtiand represent as a source of new
compounds with favorable antioxidant property. Endays there has been an escalating interest
in worldwide to found medicinal plants with antidant activity that are having lesser side
effects.

Singh et al., 2013 evaluated the strong antioxidant activitysof medicinal plantsL@ntana
camara, Acacia Arabica, Cinnamomum zeylanicum, Saraca indica, Vaccinium oxycoccos and

Glycyrrhiza glabra) with their pharmacological and phytochemical atpe

Ju et al.,, 2014 reported that different extracts (water, raeth, acetone and ethanol) bf
aromatica showed antioxidant activity at various concentragio.e. 50%, 75% and 100%. The
ethyanol extract at 100% concentration showed maxinantioxidant activity, 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radical scavenging atyivand reducing power which suggests that

Limnophila aromatic can be used to reduce oxidative stress.

Pourmardet al., 2006 reported relative antioxidant activity ionge Iranian medicinal plants.
Extract ofM. officinalis showed four times maximum antioxidant activity (6550.018 mg/ml)
than antioxidant BHT (butylated hydroxy toluene) Dy?PH assay. The presence of higher

amount of phenolic compoundsih officinalis leads to potent free radical scavenging activity.

Bhatiaet al., 2013 standardized the protocol for investigabbantioxidant activity of alcoholic
and aqueous leaf extract of medicinal playibphora indica by different type of assays (LPO,
SOD and CAT). The aqueous extract showed bettéritgcthan alcoholic extractTylophora
indica represents higher amount of superoxide dismutadecatalase activity with lesser LPO
level concluded the strong antioxidant activity.

Mini et al., 2012 determined the potential antioxidant actiwfyTylophora indica by in vitro
radical scavenging DPPH assay. The crude extrampaped in different solvents included

petroleum ether, Dichloromethane, ethyl acetatetham®l and aqueous extract. Out of all



extracts, ethyl acetate and methanol extract shdvgliest activity i.e. 81pg/ml and 87ug/ml
IC50 values respectively. The presence of tylophdine hydrochloride in methanol extract

showed favorable antioxidant activity with 25 pgi@b0 value.

According to Gunasekaragt al.,, 2015 Extract ofTylophora indica was considered for its
antioxidant potential using Nitric Oxide (NO) andPPH assay. Methanol extract at all
concentrations (50 pg/ml, 100 pg/ml and 150 pgaidwed strongest activity and least activity
was seen by hexane extract. Moderate antioxiddvitgavas observed by both Chloroform and
ethyl acetate. By this study, it was suggestedIdatextract offylophora indica has potent free

radical scavenging activity and has suitable fourkei research.



Materials and Methodologies

Choice of material

Tylophora indica (Burm.f) commonly known as ‘Antmool’ or ‘Dama Bel'’ a medieaily
important plant belonging to family Asclepiadaceees selected as an experimental material. It
is a threatened medicinal climber shrub found i@ ghain and hill forests of Southern and
Eastern India overspread up to an altitude of 9QGumpta., 2008 This indigenous medicinal
plant has multifarious uses and has been useditraally as a folk remedy for the treatment of
various ailments like bronchitis, bronchial asthnagsentery, inflammation, dermatitis and
allergies (Singlet al., 2009, Rani and Ran&010, Kauret al., 2012 and Anjunet al., 2014).

Morphology

The plant is a perennial branched climber haviegdgr, twining stem with long fleshy roots.
The stems are glabrous and elongate in naturele@lives are ovate oblong to elliptic oblong and
acute at the tip. The size of leaves is 5-10 cn2y5.7 cm. Flowers are bisexual, minute,
greenish yellow from outside and purplish from withnd grow in umbellate cyme (Figs. 3 &
4). The roots are stout and cord like. (Kirtikadd@asu., 1991 and Nenefal., 2004).
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Fig.3 Tylophora plant in vegetative stage Fig.#ylophora plant in blooming stage



Habitat

Tylophora indica, an indigenous medicinal plant is found in the=fts, plains, hilly slopes and
outskirts of the forests with optimum temperatuaaging from 5- 35°C and annual rainfall of
500-2500 mm (Faisal and Anis., 2007). In open latsl narrow valleys this plant forms dense
patches in the forest with moist and humid condgiol he plant shows undersized growth in the

areas with lesser rainfalNadkarni., 1976).

Distribution

It is indigenous to India, native to the plains dmldl forests and habitats up to an elevation of
1260m in the sub Himalayan tract from Uttar PradéshMeghalaya and in Central and
Peninsular India. It also harbors in North-East @whtral India, Eastern, Bengal and parts of
South India.Tylophora comprises about 50 species which are distributettopical and sub-
tropical, Africa and Australia and approximately 8gecies are found in China (Nergaal.,
2007). Some of the species found in India argophora rotundifolia, Tylophora
indica/asthmatica, Tylophora apiculata, Tylophora hetero-phyla, Tylophora anomala, etc.

Propagation of Tylophora

The conventional propagation ©findica occurs through seeds but seeds are too smallael h
low seed viability and germination. The plant i amenable to vegetative propagation through
grafting or stems cuttings as they fail to prodpoeper roots (Thomas and Philip., 2005). Due
to the shortage of high quality planting materc@mmercial cultivation of this valuable plaht
indica is uncommon and its overexploitation and indisarate use have rendered the species

highly vulnerable to extinction (Faisal and An007).

Medicinal Importance

Tylophora indica seems to be good remedy in traditional medicinms tiie treatment of
bronchial asthma, inflammation, bronchitis, ander@y. It is used for different types of
treatments such as whooping cough, cold, dysenit@y fever and arthritis. It is also used as
anti-psoriasis. The roots and leaves are usefalsairce of bioactive compounds and are known

to have expectorant, laxative, purgative diaphorstimulant and cathartic properties. (Vergha



al., 2010). This plant is also prominent as a bloodfijgurand observed as one of the best

indigenous substitute for ipecauahna (Rami., 2015).

Active Ingredients

The leaves and roots of this medicinally importplaint contain various active alkaloids like
34 epatoprote (£2H2704N), tylophorinine (GsH2s04N) and anticancerous tylophorinidine
(C22H2204N). These potent alkaloids exhibit various bioladiand pharmacological activities
and endowed this plant with a variety of medicwvale to cure various ailments (Verrezal.,
2010).The alkaloid tylophorine which is the majanstituent is responsible for strong anti-
inflammatory and immunosuppressive action (Gopsdtranet al., 1979). The other chemical
constituents found in this plant are septicinetyisarebrine, sterols, wax, resins, 34epatoprot
and tannins. The non alkaloidal compounds are @stated fromTylophora indica which
include quercetin, kaempferol, sigmasterol, tea@atmtanol, octaosanyloctacosanoate
tyloindane, coutchone, pigments, glucose, calciaits spotas)O 9—msium and chloride. The
alcoholic extract of dried root powder by procedssteam distillation gave p- methoxy

salicyaldehyde and a little amount of oily mattéivéanet al., 2015).

Pharmacological activities

Tylophorine which is the major alkaloid dfylophora indica has various pharmacological
activities like anti-tumor and cancer cell inhibiti bothin vivo andin vitro (Donaldsonet al.
1968 and Liet al., 2001), anti-leukemia properties (Gelletrtl., 1962). It is the key component
in the process of inflammation. It is traditionallge in the treatment of asthma and also in anti-
allergic medication.

The various extracts dfylophora indica such as aqueous and alcoholic show 34epatopnatecti
activity (Gujratiet al., 2007). Studies revealed that the alkaloid§ybdphora inhibit the cellular
immune responses and thus show immunomodulatonyitgctstimulant of adrenal cortex
(Udupaet al., 1991), diuretic activity (Meeret al., 2009), anti-amoebic (Bhutast al., 1985),
anti-bacterial , anti-fungal properties (Redaal., 2009) and antioxidant activity (Bhaghal.,
2013)



Chemical structure of alkaloids
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Toxic effects

The plant may also produce some unwanted secomdf@cts like giddiness and drowsiness. In
some cases, loss of taste for salt, tightness rimathor chest, mouth pain vomiting, upset
stomach, temporary nausea, rashes or itchy or ewsKkin may occur. The prior studies showed
that the extracts ofylophora indica are producing toxic effect only in extremely hidpses. The
smaller doses produce therapeutic effect and deefeaconsuming. This plant or herb should
not be used by the pregnant lady or nursing wordkitdren or individuals with severe liver or
kidney diseases (Gupéhal., 1979).



Experimental Requirements

Glassware

All glassware used for experimental work was maaefuborosilicate glass. The glassware used
for work included test tubes (25 x 125; 25 x 150 )noonical flasks (100 ml, 150 ml, 250 ml,
500 ml, 1000 ml, and 2000 ml), tissue culture lesitbeakers (100, 200, 250, 500 and 1000 ml),
glass pipettes (1 ml, 2 ml and 5 ml), round bdidsk (250 ml and 500 ml), separating funnel
(125 ml and 250 ml), reagent bottles (100 ml, 20@&mna 500 ml) and Round bottom flasks (125
ml and 250 ml). In addition other glassware inchlideetri dishes, measuring cylinders and
volumetric flasks. The other material used for expental work comprised Rotary flash
evaporator, Elisa plate reader, magnetic stirrérw@ll titer plate, cotton, tissue roll, aluminum
foil, surgical blades, forceps, disinfectants, lge&tmortar and spatula.

Before use, the glassware was thoroughly washddtegpol detergent (10 %) and then washed
in running tap water. These were then treated @htiomic acid solution (mixture of ICR,O7 +
H,SO, 1:3ratio) for 24 hours, followed by thorough waghiunder running tap water. Distilled
water was poured in every culture vessel which tigigly plugged. Plugs were made out of
absorbent surgical cotton wrapped in muslin cldBlassware was steam sterilized in an

autoclave at a pressure of 1.1 kg/cm2 for 15 - Rutes and oven dried prior to use.

Culture media

For micropropagation work, Murashige and Skoog P)9@edium (MS), was used. Media
stocks wergrepared in double distilled water (Table 1). Gahgr4 times major elements, 100
times minor elements and 10 times organic constituef stock solutions were made. All the
stock solutions were stored in refrigerator at 4°These stocks were mixed in desired
proportions only before us&tock solutions of auxins like naphthalene acetid §NAA), 2, 4-
dichloro phenoxy acetic acid (2, 4- D), indole &&c acid (IAA), indole 3- butyric acid (IBA) and
cytokinins i.e. kinetin (K), benzyl amino purine AB) and adenine sulphate were prepared and

stored at 4° CThe stock solutions were stored only for 15 days.



Table.3Composition of Murashige and Skoogs medium (1962)

Ingredients

Concentration(mg/ml)

Major elements:

(NH4)NOs 1650
KNOs 1900
CaCbk.2H20 440
MgSO:.7H20 370
KH2PQu 170
FeSQ,4H0* 27.8
NaEDTA 37.3
Minor elements:

MnSO:.4H20 22.3
ZnSOL7H20 8.6
H3BOs 6.2
KI 8.3
NaMo0O4.2H0 0.25
CuSQO.5H0 0.025
CoCb.6H0 0.025
Organic constituents:

Myoinositol 100
Glycine 2.0
Nicotonic acid 0.5
PyridoxineHCL 0.5
ThiamineHCL 0.1
Sucrose 20,000
Agar 10,000




*Ferric Na EDTA is added freshly to the medium .(0e04 gm/l) because it act as a chelating

agent and keeps iron in dissolved form so thabésdhot get precipitated in the medium.

All the constituents were mixed in definite amousicept agar and volume was adjusted by
adding distilled water. The pH of the solution veakusted to 5.8 by using 0.1N HCL or NAOH
depending upon high or low. In each conical fla8&0Mml) definite aliquots of medium were
distributed, generally 100ml medium was dispersedach flask. About 20mland 40 ml medium
was added in each culture tube and culture battigsectively. Vessels were plugged with non
absorbent cotton plugs and autoclaved at 15 Ib@/R#°C) for 15-20 minutes. After autoclaving
test tubes were placed over racks in a slantingiposto give slanted surface to the agar media.
MS medium enriched with different concentrationd aombinations of auxins and cytokinins
was used for adventitious shoot formation and naptif microshoots. The details of plant

growth regulators (PGRs) combinations used arengbetow:

MS medium

MS medium + NAA (5.37uM- 21.48uM)

MS medium + NAA (5.37uM- 21.48uM) + K (4.65uM- 1814

MS medium + NAA (5.37uM- 21.48uM) + BAP (4.44uM-.TBuM)

MS medium + 2, 4-D (4.55uM- 18.2uM)

MS medium + 2, 4-D (4.55uM- 18.2uM) + K (4.65uM-.68M)

MS medium + 2, 4-D (4.55uM- 18.2uM) + BAP (4.44uM-76M)

MS medium + BAP (4.44uM- 22.2uM)

MS medium + BAP (4.44uM- 22.2uM) + Adenine sulph@t&5uM- 5.4 M)
10.MS medium + Kinetin (4.65uM-18.6uM)

11.MS medium + Kinetin (4.65uM-18.6uM) + Adenine sudpd (1.35uM- 5.4uM)
12. Half strength basal MS medium

13.MS medium + IBA (4.92uM- 19.68uM)

14.MS medium + IAA (5.71uM- 22.84uM)

© © N o gk~ wDhPE



Inoculation

To maintain aseptic conditions, all the experimentarks were carried out in laminar air flow
fitted with a bactericidal ultraviolet tube (15Wgeak emission 2537A). The floor of the
inoculation chamber was cleaned or scrubbed wsué paper dipped in alcohol. The all other
accessories used in experimental work such as Igessd instruments (spatula, blade, forceps
and scalpel etc.), matchbox, tube containing 7086ohall etc. were also cleaned with spirit to
remove all contaminants. The Petridish containmegt material to be inoculated was covered
with a piece of black paper to protect it from tteemful radiations or effects of ultraviolet rays.
The Ultraviolet (UV) tube was kept on for one hour.

Surface sterilization of Inoculum

Plant tissues were also sterilized before they vpdgeed over the medium. Explants such as
leaves were taken from healthy mother plant groviinthe field (both native anih vitro) and
washed thoroughly under running tap water for 3@utds by placing them in culture bottles
covered with net to remove all microbes and dustiighes from the surface of explants. It was
followed by washing with teepol solution 1% (v/@y fLO minutes followed by thorough washing
with tap water. Thereafter, bavistin (0.1% w/v)traent was given for 10-12 minutes to remove
fungal contamination followed by repeated washimgth tap water. Final sterilization was
carried out by giving treatment with 0.05-0.1% (Waqueous solution of mercuric chloride for

2-5 minutes in laminar air flow followed by3-4 wesgs with autoclaved distilled water.

Cultural or Growth Conditions:

Inoculated cultures were maintained in plant grokettm in controlled conditions of
temperature at 25+2°C. The source of illuminatiasyrovided by 4 feet wide cool white
fluorescent tubes of 40W with intensity of 50pumdalsh The intensity of illumination was 12
hours light regime followed by 12 hours of darkness



Adventitious Shoot induction

For De novo adventitious shoot formation and proliferationg feaf explants were cultured on
MS medium enriched with different auxins and cytaks. Best results occurred on 6-
benzylamineopurine either alone or in conjunctiathvadenine sulphate. Initially the nodular
meristemoids were formed from the cut ends of #a. |After some time, the entire surface of
the explant was covered. Furthermore, these memistis developed into green leafy shoots and
proliferated. The number of shoots increased aftbsequent subculturing on the same medium.

The number of shoots formed per explant was recoafter 3, 5, 7 and 11weeks respectively

Rooting

Root induction was carried out on half strength abaslS medium and MS medium
supplemented with IBA (19.68uM). Regenerated shaei® rescued from tissue culture bottles
and placed upward in the half strength MS mediu8rmedium augmented with IBA.

Acclimatization

For acclimatization, plantlets were carefully takem from the culture medium and washed
under tap water to remove agar sticking to thene plantlets were then transferred to plastic
cups containing potting mixture of soil: vermicorsp@l:1) and covered with perforated plastic
bags to maintain internal humidity and aeration avete kept inside the growth room for
another 15 days. The plastic bags were removed ¢ugye and kept as such in the growth room
for another one week. The harden plantlets wene titamsferred into poly bsags containing same
potting mixture and kept in the growth room forther 15 days. By this time, the plants formed
new leaves and become photosynthetically activéerAhat, the plants were transferred into
earthen pots containing mixture of soil: vermicosip(8:1) and maintained in greenhouse for

another 2 weeks before their final transfer to ojpeld conditions.

Extraction of Plant extract
Leaf extract was prepared from leaves of 5 yearhadithyin vitro raised field established
plants maintained at Thapar University Campus &AUO and also fromn vivo raised plants

maintained at Punjab agricultural university, Lwatta. The roots were taken framvitro raised



plants of Tylophora indica. The collected leaves and roots were thoroughlghed under
running tap water to remove dust particles, micsodyed other impuritieS.he dried leaves were
finely grounded using pestle and mortar and sidheough mesh size of 1 mm. Leaf extract

from dried powder was made using different extoacprotocols which are as follow

Extraction Procedure 1 (Bhatiaet al., 2013)

The leaves oTylophora indica were taken from botin vitro andin vivo plants and were washed
with running tap water. The leaves were dried in &io oven at 37°C for 3 days. The dried
leaves were crushed to powdered form. 6g of drimeder was put in 80 ml of methanol and
acetone each for obtaining extracts. The mixture placed on the magnetic stirrer for 48 hours.
The extract obtained was filtered using Whatmaherfpaper and then sterilization was done by
using Millipore filters of pore size 0.22um. Thetaibed extract was evaporated by using a
rotary evaporator (rota evapo) to get the crudeaekt The extract was then stored at 4°C for

further use. The similar procedure was repeateéxXtaction of roots ain vitro raised plant.

Extraction Procedure 2 (Rao and Brook method, 1970)

Method of Rao and Brook, 1970 was used for makeaj extract100g of dried powder was
washed twice with 50 ml hexane to remove the adyponents. The powder was then extracted
thrice in cold conditions by 100 ml of 1% aceticdam methanol, with each extraction lasting
for a day. The rotary flask evaporator was used rwethanolic fraction at 50°C. The
concentrated fraction was obtainéithe concentrated fraction was further extractedubiyng
equal proportion of ethyl acetate: HCL (1:1) thtieees. The two immiscible layers were formed
after shaking in the separatory funnel. Acid layess collected from the two layers and pH was
adjusted to 8.5-9.0. The acid layer was also etadathrice with chloroform (50ml each).
Aqueous layer formed contained the yellow pigmemd alkaloids passed into the chloroform
layer. The chloroform extracts were concentratedgusotary flash evaporator and digested with

50 ml of hot methanol. The mixture was cooledeféid and further analyzed.



Antimicrobial testing
Antimicrobial activity of leaf extract was testedainst different types of bacterial and fungal

strains by using Agar well diffusion method.

Preparation of Muller Hinton Agar (MHA) and Saboured Dextrose Agar (SDA)
Table.4 Composition of MHA and SDA

Ingredients for gm/I Ingrdients for gm/l
MHA SDA
Beef extract 2gm Dextrose 40.00 gm
Acid hydrolysate of 17.50 gm Mycological peptonel0.00 gm
casein (enzymatic digest of

casein and animal

tissue)
Starch 1.50 gm Agar 15.00 gm
Agar 17.00 gm Distilled water 1000 ml
Distilled water 1000 ml
Procedure

1. 38g of MHA and 65g of SDA was suspended in one tfalistilled water respectively.

2. Suspended medium was heated with frequent agitaiod boiled the medium
completely till the clear solution was formed.

3. pH adjusted to 5.6 at 2& for SDA and 7.3 + 0.1 at 25°C for MHA medium.
4. Autoclave at 121°C for 15 minutes and then cootesbom temperature.

5. Sterilized petri plate was taken and poured MHA 8@XA into in on a level, horizontal
surface to give uniform depth.

6. Allowed it to cool at room temperature.
7. Stored the plates at 2-8 °C for antimicrobial testi



Bacterial strains

Antibacterial testing was done against one grantigesacterial culture such &saphylococcus
aureus and one gram negative bacterial cultdseherichia coli.

Escherichia coli

Domain : Bacteria

Phylum : Proteobacteria

Class : Gammaproteobacteria

Order : Enterobacteriales

Family : Enterobacteriaceae

Genus Escherichia

Species coali

Staphylococcus aureus
Domain : Bacteria

Phylum : Firmicutes

Class : Bacilli

Order : Bacillales

Family : Staphylococcaceae
Genus Saphylococcus

Species aureus

Test for antibacterial susceptibility

Muller Hinton agar medium was used for the antibaat activity. The three sets of plates were
made for methanol extract, acetone extract anceteact prepared by using Rao and Brook
method of bothin vitro andin vivo raised plants. The suspension culture of usinganic
organisms was made in normal saline and thenigegtil The prepared suspension was adjusted
it to 0.5 Macfarland standard (108Cfu/ml) (NCCL®0R). From the stock solutions of 5mg/mli
serial dilutions were made to 25ug/ml, 50ug/ml a6@ug/ml. All MHA plates were labeled
properly and were uniformly inoculated with testrororganisms by using a autoclaved cotton.
The cotton was dipped into the suspension and ssedhbhiformly on the surface of all MHA



plates so that lawn can observed. Wells of 0.5mamditer was made by using sterile cork borer
and 0.1 ml of each concentration of different esttnaere dropped into each appropriate well.
The solvents which were used for extraction weseetkas control for each organism. The plates
were kept in refrigerator for one hour so that @sttican diffuse properly into the agar. After that
plates were incubated at 37°C for 24 hours to olestite zone of inhibition. By measuring the

diameter of zone of inhibition antimicrobial actiwivas determined. (Aibinet al., 2007).

Fungal strains:

Antifungal testing was done agairsgpergillus niger andPenicillium species.

Test for antifungal susceptibility

Sabouraud Dextrose Agar (SDA) medium was used fdifuagal susceptibility testing.
Similarly antibacterial testing, the three setlates of methanol, ethanol and acetone extract
respectively and one set plate for Rao and Broothotkextract were prepared and agar well
diffusion method was used for testing.

The fungal strains maintained on SDA plates ancedtat 4°C after growth for further use. The
sets of SDA plates were inoculated with fungal sasppns by using sterile cotton swabs. The
wells of 5mm diameter were made on each plate lmgusterile borer. From the stock solution
of 5 mg/ml serial dilutions were made to 25ug/nlpu§/ml and 100ug/ml. 20ul of each extract
was poured into each well with the help of micrapip. Blank control was also taken depending
upon the plant extract. All the plates were kephim upright position to diffuse the solution into
the medium. After 5-10 minutes, the plates werelated aerobically at 25°C in BOD incubator
for 24-72 hours. The diameter of zone of inhibitiems measured against fungal strains
(Deshwalet al., 2013).



Estimation of Antioxidant activity

In vitro DPPH free radical scavenging assay:

The crude extract of roots aoh vitro raised plant ofTylophora indica was prepared for
antioxidant activity by DPPH assay. The abilityaoitioxidant activity was investigated using the
2,2-diphenyl-1- picrylhydrazyl (DPPH) assay, ddsed by Blois (1958). The DPPH estimation
was performed at different concentrations of thenge (200pug/ml, 400ug/ml, 600ug/ml,
800ug/ml and 1000ug/ml) by using methanol to makehe volume. Each concentration was
added in 96 well microtiter plate and 0.1mM fresphgpared DPPH was added to each well.
The blank was prepared without using sample. Plagge wrapped with the aluminum foil and
incubate at 25°C for 30 minutes. Ascorbic acid wsed as a positive control. The absorbance of
reaction mixture was measured at 517 nm by usin@AElplate reader (Molyneux., 2004). The

scavenging activity was measured in percentagehabition by using following formula:

(A of control)— (A of Test) X100
(A of Control)

% of Inhibition=



Results and Observations

Objective 1. To do mass cloning ofylophora indica by De novo adventitious

shoot induction from leaves

Leaf explants of 3-5mm in size were excised fromtumea healthy field grown plants of
Tylophora indica. The leaf explants were planted on MS medium srpphted with different
growth regulators either alone or in conjunctiothweach other for direate novo adventitious

shoot induction.

De novo adventitious shoot formation

Murashige and Skoog’s medium augmented with differauxins like NAA (5.37uM-
21.48uM), 2, 4-D (5.37uM- 21.48uM) either alone ior conjunction with cytokinins like
Kinetin (4.65uM- 18.6puM) or BAP (4.44uM- 22.2.2u M) Adenine sulphate (1.36uM- 5.4uM)
were used foDe novo direct adventitious shoot induction. Likewise M&dium supplemented
with different cytokinins like Kinetin (4.65uM- 18.1M) or BAP (4.44uM- 22.2.2uM) either
alone or in combination with Adenine sulphate (iLBB 5.4pM) was used for regeneration of
adventitious shoots from leaf segments. Out oftedse supplements, best results were observed
on MS medium supplemented with BAP either alonénactonjunction with Adenine sulphate.
Forty replicates were used for each treatment aoll experiment was repeated thrice.
Tylophora indica exhibited high propensity dbe novo adventitious shoot formation from the
leaf explants on MS medium supplemented with 8.8BRAP. Nodular meristemoids developed
from the cut ends as well as abaxial and adaxifécel of leaf explant after 10 days of culturing
(fig.5). After 2 weeks, the entire surface of leatplant was covered with these nodular
meristemoids (fig.6). Initially, 8-9 microshoots erged from these nodular meristemoids after
21 days (fig.7) leading to the formation of 17-2®ats after 5 weeks of culturing (figs. 8 & 9).
The shoots multiplied prolifically forming 50-55 @bts per flask after 11 weeks (fig.10). The
proliferation rate of nodular meristemoids and ghocreased tremendously after first
subculturing forming innumerable number of shofits {1 & 12). The shoots elongated further
forming numerous green leaves (fig.13). Figure égicts large number of healthy green leafy

shoots formed ready to be transferred to the rgotindia.



Fig.5 Formation of nodular meristemoids (arrow headsnfteaf segment on MS + BAP (8.8 uM) ai
10 days of culturindrig.6 Nodular meristemoids (arrowheads)covering the estirface of leaf explan
after 3 weeksFig.7 Sprouting of shoots (arrowheads) fi the meristemoidsFigs.8 & 9 Further
proliferation of shoots with well developed leaadter 5 week



=

Fig.10 Prolific shoots formation after 11 weeks of cultigr Figs.11 & 12Subculturing and proliferation
of numerous shoots on MS + BAP (8.88 uMig.13 Elongation of shoots developing numerous leaves
Fig.14 Large number of healthy green leafy shoots formed



Leaf explants cultured on MS medium augmented wihuM and 17.76 uM BAP also induced
the formation of nodular meristemoids but the numiifemeristemoids formed were less and
sprouting of shoots took much longer time.

The leaf explants cultured on MS medium supplentemtgh BAP (22.2 pM) in combination
with lower concentration of Adenine sulphate (1188) produced the largest number of shoots.
Nodular meristemoids differentiated from the entiué surface of leaf explant after 8-10 days of
culturing (fig.15) and whole surface of leaf lamivas covered with nodular meristemoids after
4 weeks of culturing in 100% of the cultures (fig).1lnitially, only 2-3 shoots were sprouted
after three weeks of culturing because the formadfonodular meristemoids was slow initially.
By 4" week the entire surface of the leaf segment wagred with nodular meristemoids
leading to vigorous shoot induction (figs. 17 & I8)ming 18-20 shoots per flask after 5 weeks
(fig.19). Thereafter the shoots multiplied proldity forming more than 70 shoots per flask after
11 weeks (fig.20). These shoots were proliferatethér on subculturing and developed into
new leaves (figs.21 & 22). The shoots elongateth&urforming numerous shoots in 100% of the
cultures (fig 23). Repeated subculturing accelérétte formation of shoots in large number and
there was no decline in shoot proliferation evaarahany subcultures (Fig.24)



Fig.15 Formation of nodular meristemoids (arrow headgjnfieaf segment on MS + BAP (22.2uM)
Ad.sul.(1.35uM)Fig.16 Nodular meristemoids covering the entire surfazeo(v heads) of leaf explants
on MS + BAP (22.2uM) Ad.sul.(1.35uM) after 4 week&igs.17 & 18Sprouting of shoots (arrow heads)
from meristemoids after 3 & 4 weeks respectivély.19 Prolific shoot formation after 5 weeks.



Fig.20Prolific shoots formation on MS medium + BAP (32M\) . Ad.sul.(1.35uM) Figs.21 & 22
Subculturing and proliferation of numerous shoate MS + BAP (22.2uM). Ad.sul.(1.35uM)
Fig.23 Elongation of shoots developing numerous leaW&s24 Formation of large number of

healthy leafy green shoots.



Effect of different concentrations of BAP eithepr or in combination with adenine sulph
on directde novo adventitious shoot formation from leaf explant epitted inFigure 25 and
Table. 5

Growth No. of % of Average no. of shoots per explan
Regulators explants Explant
(UM) cultured showing
shoot
induction
3 weeks ' 5 weeks| 7 week | 1lweeks
BAP (4.44) 40 80 5 15 23 32
BAP (8.88) 40 10C 9 17 25 54
BAP (17.76) 40 95 7 24 39 37
BAP (22.2) + 40 10C 2 18 50 More than
Adenine 70
Sulphate(1.35)

Direct shoot induction from leaf explan

70
70
60 - 54
50 -
40 - 3 37
30 -
20 -
10 -
0 T T T

BAP (4.44)  BAP(8.88) BAP(17.76) BAP (22.2) +
Ad. Sul.(1.35)

Hormone concentration (UM

No. of shoots per explant

Fig. 25



Rooting of Microshoots

Elongated shoots were carefully rescued from tHei@ubottles and each shoot was carefully
inoculated upright in the half strength MS mediunM$s medium supplemented with either IBA
(4.92uM- 19.68uM) or IAA (5.71pM- 22.84uM). Bestoting occurred on 19.68 pM IBA,
where rooting initiated after 13 days of culturég(#6). The roots multiplied further forming a
bunch of short, thick roots in 95% cultures (Fig.Z2llhe roots elongated further and a cluster of
30-35 thick, stout roots was formed (Fig.2Bpots were also formed on half strength basal MS
medium, where 2-3 roots emerged in 88% of theuces(Fig.29). Further elongation of the roots
occurred but the roots formed were long and thiggBO &31). Figure 32 depicts a complete

plantlet with well developed shoot and root systeady to be transferred to the soil.

Effect of culture media on rooting from regeneragbdots is depicted in Table.6 and Figure 33.

Growth % age of Average no. of roots/ explants Average length of roots/
regulators | shoots Explant
forming (cm)
roots
One Three Five One Three Five
week weeks weeks week weeks weeks
Half 88% 1 3 5 2.7 6.5 7.7
strength
MS
medium
MS 95% 11 27 35 1.3 2.8 7.5
medium
with IBA

(19.68uM)



Fig.26 Formation of thick-branched roots on MS mediunthwBA (17.24 uM) Fig.27 Further

growth and elongation of rooEg.28 Clusters of roots formed at the base of shBm.29 Initiation
of roots from basal end of regenerated shoot ohdra@ngth MS mediunfrig.30. Further elongation

of roots after 3weeksig.31 Formation of numerous roots on half strength M$liona



No. of Roots/explant

Half strength MS ~ MS medium with
medium IBA (19.68uM)

Growth reguators 33

Fig.32 An isolated complete plantlet showing well develbpeot systerrFig.32 Effect of different

growth media on rooting
Acclimatization and Hardening

After the complete plantlet formation, the regenesenere established in the soil. In orde
acclimatize, the rooted plantlets were carefulipoged from the culture vesselsing forceps to
avoid any mechanical damage to roots. The plantlete washed with distilled water to remc
any agar sticking to them. Plantlets were transteio plastic cups covered with perfora
plastic bags to maintain aeration and internal llity and kept under the culture conditions

15 days (Fig.34). The plastic bags were removeuh filwe cups which were kept as such in

growth room for another one week (Fig.35). Themp were monitored and watered after e
3 day. Thereafterhe plantlets were shifted to poly bags containimg $ame potting mixtul
and w kept in the growth room for another 2 wedkg.(36). The hardened plantlets were t
transferred to green house for 2 weeks before fimair transfer to full sunlight odoor (Fig.37).

90% survival rate was observed when plants wensfeared to field conditions (figs.38 & 3



Fig.34 Plantlet transferred to plastic cups covered wétfqrated plastic bags for initial acclimatizat
Fig.35 Plantlets in plastic cups containing potting mirtand kept at growth rooFig.36 Plantlet in
poly bags under growth room conditicFig.37 Hardened plantlets in green hou



Figs (38 & 39 Well acclimatized plants in open field conditi



Objective 2: To compare the antimicrobial potential of native and

micropropagated plants of T. indica

Preparation of crude extract of Tylophora indica

The leaf extracts ah vitro andin vivo plant of T. indica were prepared by using two methods,
one method was according to Bhatial., (2013) in which methanol and acetone solvents were
used for extraction of leaves. The obtained comagah of extract was largely dependent upon
the solvent used. The extraction yield of leaf &sttrof bothin vitro andin vivo by using
methanol and acetone solvent was different. Theeamnation of yield obtained by methanol
extract forin vitro andin vivo raised plant was 250 mg/ml and 120 mg/ml respelgtiand yield

of acetone extract of boih vitro andin vivo was 130 mg/ml and 125 mg/ml respectively. The
root extract was also prepared by same method atldamol solvent was used for extraction of
roots. The extraction yield of root extract iof vitro raised plant was 170mg/ml. The other
method used for extraction of leaves was Rao amdlBs method, 1970. The extraction yield
by this method was very high as compared to firsthmd. The yield obtained fom vitro raised

plant was 532 mg/ml and fom vivo was 392 mg/ml.
Antimicrobial testing

Results obtained in the present study indicate that tested medicinal plant extracts of
Tylophora indica exhibited potential activity against tested baatesuch asStaphylococcus
aureus and very less activity shown agairscherichia coli. The antifungal activity was also
observed againstspergillus niger and Penicillium spp. When tested by Agar well diffusion
method, the methanol extract ©flophora indica showed highest activity against bacteria and

fungus.
Antibacterial susceptibility test

The crude extract was prepared by using differeiviesits, out of which the extract prepared by
Rao and Brook method shown highest overall actioftin vivo raised plants again§t aureus

i.e. showed 25mm diameter of Zone of inhibition(Fig,4bllowed by the methanol extract and



Acetone extract. The least activity of crude extracepared in acetone and extract prepared by
Rao and Brook method af vitro raised plants having concentration 25ug/ml comeéinoh with
zone of inhibition 12mm and 11 mm respectively. Tdwf extract of bothn vitro andin vivo
prepared in acetone solvent showed similar actadtgoncentration 100ug/ml agairgstaureus

of 20mm zone of inhibition. The extract prepared Rgo and Brook method also showed
significant activity againsS aureus at all concentrations.e. 19mm at 25ug/ml, 20mm at
50pg/ml and 25mm at 100pg/ml (Fig.40)

The crude extract ofylophora indica represented very less activity agaifstherichia coli.
The methanol extract and acetone extradnofivo raised plants did not showed any zone of
inhibition but the extract prepared by Rao and Rroeethod, 1970 of botm vivo raised plants
showed activity againgE.coli at concentration 50pg/ml and 100pg/ml of 12mm a&dchm
respectively (Fig.42). The methanol extracirofitro raised plants ofylophora indica showed
highest activity of 16mm againg&.coli at concentration 100pg/ml followed by acetone and

extract prepared by Rao and Brook method (Fig.43).

Table.7 Zone of inhibition (mm) of different concentrat®rof various extracts against

Staphylococcus aureus andEscherichia coli.

Extracts | Concentration Staphylococcus aureus Escherichia coli
S (ng/mi — TR
(g/mi) Zone of inhibition (mm) Zone of inhibition (mm)
Invitro Invivoraised| Invitro Invivo raised
raised plants plants raised plants plants
Methanol 25 18+1.5 12+2.0 00 0+0
50 19+1.0 18+2.0 12+2 00
100 23+2.1 19+2.0 15+1.5 00
Acetone 25 12+1.5 14+1.0 0+0.6 0+0
50 16+1.0 18+1.0 00 0+0
100 20+2.0 20+0.6 11+1 00
Rao and 25 11+1.0 19+2.0 141.2 1+1.2
Brook 50 2115 20%2.0 9+15 12+15
100 22+1.5 25+1.0 12+1.5 17+1.5

Values are mean of Zone of inhibition (mm) + Standdadeviation of mean values



Fig.40 Zone of inhibition of different concentrations pg/ml, 50pug/ml and 100ug/ml) of methar
acetone extract and the extract prepared by Ra@esruk method of botin vitro andin vivo plants ofT.
indica againstS. aureus. Fig.41 Zone of inhibition of different concentrations pg/ml, 50ug/ml and
100ug/ml) of extract prepared by Rao and brook otetsfin vivo plant ofT. indica

Fig.42 Zone of inhibition of different concentrations pg/ml, 50pug/ml and 100ug/ml) of methar
acetone extract and the extract prepared by Ra®eruk method of botiin vitro andin vivo plant ofT.

indica againstEscherichia coli. Fig.43 Zone of inhibition of different concentrations pg/ml, 50pg/mli
and100ug/ml) of methanol extract in vitro plant ofT. indica



Antifungal susceptibility test

Antifungal activity of leaf extract offylophora indica showed significant activity against
Aspergillus niger andPenicillium spp. The crude extract prepared in different sdatvehowed
significant activity at different concentrationsvéall highest activity was shown by methanol
extract of bothin vitro andin vivo raised plants at all concentrations (8bnl, 50pg/ml and
100pg/ml) agains@spergillus niger. The maximum activity was shown by the extracppred by
Rao and Brook method ah vitro raised plants at concentration 100ugiml the zone of
inhibition made was of 38mm again&spergillus niger. The second largest activity against
Aspergillus niger was shown by methanol extract of vivo raised plants at concentration
100pg/ml and measured zone of inhibition of 36mitofeed by Acetone extract dh vitro
raised plants of around 35mm. The methanol expegpared ofn vivo raised plants recorded
higher zone of inhibitiom.e. 30mm, 31mm and 36mm agaispergillus niger as compared to
in vitro raised plants at 25ug/ml, 50ug/ml and 100pg/mlicentration respectively. The
minimum zone of inhibition measured was around 10 of acetone extract oh vivo raised

plants against fungusspergillus niger.

The crude extract ofylophora indica againstPenicillium spp. shows significant activity. The
extract prepared by Rao and Brook methodnofitro raised plants shows powerful activity as
compared to other extracts at all concentratioms, haximum activity of 33mm observed at
concentration 50pug/ml followed by 100pg/ml and 2BpigThe prominenet activity of methanol
extract ofin vivo raised plants was also recorded agaksticillum spp. at concentration

100pg/ml of around 32mm, 27mm at 50pg/ml and 23mr@5aig/ml. The least activity was

measured 8mm at concentration 25ug/ml of acetom@atxof in vitro raised plants against

Penicillium spp.



Table.8 Zone of inhibition (mm) of different cond¢eations of various extracts against

Aspergillus niger andPenicillium spp

Extracts | Concentrations Aspergillus niger Penicillium spp.
(Hg/ml) Zone of inhibition (mm) Zone of inhibition (mm)
Invitro In vivo raised Invitro Invivo raised
raised plants plants raised plants plants
Methanol 25 19+1.2 30+1.0 13+1.0 23+1.2
50 27%1.0 31+1.2 17+1.0 27+1.5
100 30£1.5 36+0.6 14+0.6 32+1.5
Acetone 25 1915 10:1.5 8+1.0 10:1.0
50 27+1.0 15+1.5 13+1.5 12+0.6
100 351.0 30t1.5 28t1.0 15+1.0
Rao and 25 16£1.5 19+1.0 30:0.6 1521
Brook 50 22:0.6 26t0.6 33t1.2 20t1.5
100 38£1.0 31+1.2 32+1.0 25+0.6

Values are mean of Zone of inhibition (mm) + Standdadeviation of mean values



Fig.44 Zone of inhibition of different concentrations pg/ml, 50pg/ml and 100pg/ml) of methal
extract of bothin vitro andin vivo plant ofT. indica againstAspergillus niger. Fig.45 Zone of inhibition
of different concentrations (Rg/ml, 50pg/ml and 100ug/ml) of acetone extracbathin vitro andin
vivo plant of T. indica againstAspergillus niger Fig.46 Zone of inhibition of different concentratio
(25ug/ml, 50ug/ml and 100pg/ml) of extractpreparedRap and Brook method of th in vitro andin
vivo plant ofT. indica againstAspergillus niger Fig.47 Zone of inhibition of extract prepared by Rao i
Brook method ofn vitro plant of T. indica at concentration 100ug/ml agaidspergillus niger.



Fig.48 Zone of inhibition of different concentrations pug/ml, 50ug/ml and 100ug/ml) of acetone ext
of bothin vitro andin vivo plant of T. indica againstPenicillium spp Fig.4€ Zone of inhibition of
different concentrations (%/ml, 50ug/ml ad 100ug/ml) of extract prepared by Rao and Broothod
of bothin vitro andin vivo plant of T. indica againstPenicillium spp Fig.5C Zone of inhibition of
different concentrations (2®/ml, 50pug/ml and 100ug/ml) of methanol extractbothin vitro andin
vivo plant of T. indica againstPenicillium sppFig.51 Zone of inhibition of extract prepared by Rao
Brook method ofn vitro plant of T. indica at concentration 100ug/ml agaif&nicillium spp.



Objective 3: To evaluate the antioxidant potentialof the root extract of

micropropagated plants of T. indica

Antioxidant activity

The root extract ofn vitro raised plant ofTylophora indica showed promising antioxidant
activity. Ascorbic acid (Positive control) exhilite76% scavenging activity which is the
promising activity for scavenging of free radical$ie root extract was analyzed at five different
concentrations.e. 200 pg/ml, 400 pg/ml, 600 pg/ml, 800 pg/ml an@A@g/ml. the results of
the DPPH assay are shown in Table.9 and depictéigiune.52. As the concentration of root
extract increases the scavenging activity was &sod to be increases. Highest scavenging
activity was 75% at concentration 1000 pg/ml andiest activity was observed 63% at
concentration 200ug/ml. This shows that the scawgngctivity of root extract offylophora

indica was found to enhance e in a concentration depemadgmber.

Table.9 Antioxidant activity of root extracts ©findica- DPPH assay

Concentration Scavenging
(ug/ml) activity (%)
Ascorbic acid +
DPPH 76
200 + DPPH 63
400 + DPPH 69
600 + DPPH 70
800 + DPPH 74
1000 + DPPH 75
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