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ABSTRACT

The genus Piper (piperaceae) is largely distributed in tropical and sub-tropical
regions of the world. It is famous as the spices king due to its pungent quality. The genus
Piper has more than 1000 species but the most well known species are P. nigrum, P.
longum and P. betle. In P. nigrum, about 51 cultivars have been reported from the
tropical and sub-tropical regions of the India. P. nigrum fruits are also used to produce
white pepper and green pepper and valued due to presence of Piperine. It has high
amount of secondary compounds such as unsaturated amides, flavonoids, lignans, long
and short chain esters, terpenes, steroids and alkaloids (Parmer et al., 1997,1998;
Navickiene et al. 2000; Facundo et al., 2005) and also having insecticidal activity (Boll
et al. 1994). On the view of above fact, the present investigation is to standardize the in
vitro protocol on plant regeneration from different explants of Piper species and
comparative analysis of secondary metabolite associated in different explants as well as
transformed and non-transformed callus and its impact on microbial activity. The shoot
multiplication was achieved in MS medium supplemented with 1.5 mg/l BAP, 0.5 mg/l
IAA and 100 mg/] adenine sulphate in Piper longum. However, the same composition
did not effect any regeneration efficiency in other species like P.betle and P.nigrum.
Among the three cytokinins used, it was observed that BAP was most suitable for shoot
proliferation & multiplication.  Inclusion of 0.5 mg/l IAA in the culture medium
showed higher percentage of shoot proliferation (83.3%) and multiplication within 8
weeks of culture. The number of multiple shoots per explant varied from 1.0 — 3.4 on
different culture medium. Callus induction and proliferation was achieved from leaf and




stem explants on MS media supplemented with 2.5 mg/l 2, 4-D within 4 weeks of
culture. Sub culturing was made every 4 weeks interval to enhance the production of
multiple shoots. The elongated microshoots were separated and transferred to different
rooting media for induction of root. The maximum percentage of rooting was achieved
on Y strength MS medium supplemented with 0.25 mg/l IBA and 2% (W/V) sucrose.
The rooted plantlets were successfully transferred to greenhouse and grown normally.
Further, the green friable calli developed from leaf tissues were used for transformation
study to compare the Piperine content in transformed and non-transformed calli, fruits,
leaf and root through TLC anf HPTLC method. Agrobacterium strain A4 harbouring root
inducing plasmid (Ri- plasmid) was used for in vitro transformation. The percentage of
Piperine content in transformed callus was 1.35% more than the non-transformed calli.
The results also indicate that the root having more Piperine content than leaf and fruits.
The phytochemical constituents such as alkaloid, steroid, Triterpenoids, glycosides,
Flavonoids, Tannins and carbohydrates were present in the Piper species. But, Saponin
and proteins were absent on the basis of chemical test. Further, the crude extracts of
P.betle, P. longum and P.nigrum were used for antimicrobial activity. The positive zone
of inhibition was observed in bacteria like Micrococcus luteus, Streptomyces
epidermidis, E.coli and fungus like Aspergillus flavus and Rhizoctonia solani. Further
work is necessary to standardize the protocol on propagation of elite clone of Piper
species and enhance the secondary metaboliote by using biotechnological tools.
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CHAPTER- 1

INTRODUCTION

Plants have been used since ancient times to heal and cure diseases and to
improve health and well being. Despite ancient nature of the tradition, medicinal
plants still form the basis of traditional or indigenous health systems and are reported
by the World Health Organization (WHO) to still be used by the majority ot the
populations in most developing countries. Medicinal and aromatic plants (MAPs) play
a significant role in meeting the demands of the traditional medicine markets which
are found both domestically in the producing and in overseas markets. Traditional
medicine, for example, which is related to Traditional Chinese medicine (TCM),
Indian Ayurveda and Arabic Unani medicine and to various forms of indigenous
medicine, as well as the complementary or alternative medicine utilized in
industrialized countries, is growing credibility in many parts of the world. The last
three decades, it has been that the substantial growth in herb and herbal product in
markets across the world. Rapidly rising exports of medicinal plants during the past
decade attests to worldwide interest in these products as well as in traditional health
systems. According to the Secretariat of the Convention on Biological Diversity,
global sales of herbal products totalled an estimated US$60 000 million in 2002. At
present, 80 percent of the population in developing countries rely largely on plant-
based drugs for their health care needs, and the WHO has estimated that in coming
decades a similar percentage of the world population may well rely on plant-based
medicines. Thirty percent of the drugs sold worldwide contain compounds derived
from plant material. As a result of the expanding interest in medicinal and aromatic
plants, new income generating opportunities are opening up for rural populations.
With many of the MAPs (medicinal and aromatic plants) gathered from the wild, the
collection and sale of MAPs is providing a complementary source of cash for many

extremely poor rural households.
1.1.  Status of medicinal crops

Nature always stands as a golden mark to exemplify the outstanding

phenomena of symbiosis. Natural products from plant have been the basis of the
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treatment of human disease. Today estimate that about 80% ot people in developing
countries still relays on traditional medicine based largely on species of plants for
their primary health care. Herbal medicines are currently in demand and their
popularity is increasing day by day. About 500 plants with medicinal use are
mentioned in ancient literature and around 800 plants have been used in indigenous
systems of medicine. India is a vast repository ot medicinal plants that are used in
traditional medical treatments (Chopra er al, 1956). The various indigenous systems
such as Siddha, Ayurveda, Unani and Allopathy use several plant species to treat
different ailments (Rabe and Staden, 1997). The use of herbal medicine becoming
popular due to non-toxicity and no side effects as compare with allopathic medicines.
This led to sudden increase in the number of herbal drug manufactures. Herbal
medicines as the major remedy in traditional system of medicine have been used in
medical practices since antiquity. The practices continue today because of its
biomedical benefits as well as place in cultural beliefs in many parts of world and

have made a great contribution towards maintaining human health.

In India, around 20,000 medicinal plant species have been recorded but more
than 500 traditional communities use about 800 plant species for curing different
diseases (Kamboj, 2000). Currently, 80% of the world population depends on plant-
derived medicine for the first line of primary health care for human alleviation
because it has no side effects. Plants are important sources of medicines and presently
about 25% of pharmaceu;ical prescriptions in the United States contain at least one

plant derived ingredient. In the last century, roughly 121 pharmaceutical products

were formulated based on the traditional knowledge obtained from various sources.

India has a rich culture of medicinal herbs and spices, which includes about
more than 2000 species and has a vast geographical area with high potential abilities
for Ayurved.ic, Unani, Siddha traditional medicines but only very few have been
studied chemically and pharmacologically for their potential medicinal value. Human
being used plants species for the treatment of diverse ailments for thousands of years.
According to the World Health Organization, most populations still rely on traditional
medicines for their psychological and physical health requirements (Rabe and Van
Stoden. 2000). since they cannot afford the products of Western pharmaceutical

industries. together with their side ctfects and lack ot healthcare facilities. Rural areas

Page | 2
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of many developing countries still rely on traditional medicine for their primary health
care needs and have found a place in day-to-day life. These medicines are relatively
safer and cheaper than synthetic or modern medicine (Ammara er al.. 2009). People
living in rural areas from their personal cxperience know that these traditional
remedies are valuable source of natural products to maintain human health, but they
may not understand the science behind these medicines, but knew that some
medicinal plants are highly effective only when used at therapeutic doses

(Maheshwari et al., 1986).

Recent estimates suggests the over 9,000 plants have known medicinal
applications in various countries, and this is without having conducted comprehensive
research amongst several indigenous and other communities (Farnsworth et al.,
1976). Medicinal plants are used at the household level by women taking care of their
families at the village level by medicine men or tribal shamns, and by the practitioners
of classical traditional systems of medicine such as Ayurvedé, Chinese medicine, or
the Japanese kampo system. According to the world Health Organization, over 4.3
billion people rely upon such traditional plant based systems of medicine to provide
them with primary health care (Attisso et al, 1983). Allopathic medicine too owes a
tremendous debt to medicinal plants; one in four prescriptions filled in a country like
the U.S are either a synthesized form or derived from plant materials (Srivastava et al,
1995). According to the International Trade Centre, the total value of imports of
starting materials of plant origin for the pharmaceuticals and cosmetics industry was
one of the order of USD 53.9 million (Attisso et al, 1983) . India was the largest
supplier by far, with 10,055 tons of plants and 14 tons of vegetables alkaloids and
their derivative (Lewington'et al, 1993). However, it is only during the last decade
that the real significance of the medicinal plants sector has begun to be realized by
mid 1980s, there was a renewed interest in natural materials and approaches to health
care, coupled with recognition that technology alone could not solve the pressing
health care needs of the world's population. The participation of various companies in

the market also attests to its new strength and importance.

By 1990. some 223 major companics worldwide were reportedly screening
plants for new leads: the figure had been low in 1980 (Aryial ¢f «/. 1993). In response

to the overwhelming interest in alternative therapies. many of the prestigious
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allopathic medicinal institutions have also recognized their importance: an example is
the National Institute of Health which created the Office of Alternative medicine in
991 to provide the public with information on alternative treatments and to assess
those therapies which have been proven successful. In 1992. about 74 species of
medicinal plants were being commercially traded in the global market (Handa er al.

1992).
1.2. Distribution of medicinal plants in India

In India, several medical systems have evolved and prominent among these
systems are Ayurveda, Siddha and the Unani Systems of Medicine. In different
civilizations the contribution of floral biodiversity to health care has been well
documented (Posey, 1999). According to Schippmann ¢ a/, (2002), more than 50000
species are used for medicinal purposes worldwide, of which almost 13% are
flowering plants. Over 8000 plant species are used in traditional and modern medicine
in India and 90-95% collection of medicinal plants was from the wild, of which more
than 70% collection involves destructive and unscientific extraction. Over
exploitation of trade species, destructive way of collection, vulnerability due to
anthropogenic pressure are some of the major threats to medicinal plants. In order to
achieve sustainable harvest of medicinal plants and other non timber forest products
(wild edibles), fuel, fodder, timber, making agricultural tools, fiber, religious and
various other purposes), a multi-disciplinary approach must be considered which
include ecological, biological, socio-cultural and economical aspects of the species
(Ghimire et al., 2004). Around 70% of Indias medicinal plants are found in tropica]
areas mostly in the various forest types spread across the western and Eastern Ghats,
Chota Nagpur plateau, Vindyas, Aravalis and Himalayas. Although less than 30%of
medicinal plants are found in the temperate and alpine areas and higher altitudes they
include species of high medicinal 'va]ues‘. Over 800 species of medicing] plants are
used in the production of traditional medicines by industry. Of these about 90, are
collected from the wild. Less than 20 species of plants are under commercial

cultivation.

Paradoxically. there are hardly any reliable data available op arca. production
and productivity of cultivated medicinal species since these are not recorded at the

grass root level for want of adequate knowledge and interest by the record keeping

),
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authorities. All species are considered as one commodity and sometime some data are

taken by some states. The area of 272.150 ha presented here for some ot the important

medicinal plants are on the basis of consolidation made from the fragmented

information available in literatures. National Medicinal Plant Board has identified

some important medicinal plants need to be cultivated (Table 1.1).

Table 1.1 Area under cultivation of important medicinal plants.

SI. | Common name Botanical name Area Cultivating states

no. (ha)

1 Psyllium Plantago ovata 55,000 | RAJ. & GUJ.

2 | Opium poppy Papaver somniferum 20,000 | M.P, U.P, RAJ.

3 Senna Cassia senna 20,000 | T.N, RAJ, UP

4 Cinchona Cinchona spp. 8,000 Darjeeling(W.B.).
T.N.

5 Ashwaganda Withania somnifera 5,000 M.P, RAJ, U.P

6 | Safed musali Chlorophytum spp. 5,000 | M.P,GUJ,U.P

7 Periwinkle Catharanthus roseus 4,000 A.P, KTK, M.H

8 | Khai katari Solanum spp 4,000 | M.H.

9 | Sarpaganadha Rauvolfia serpentina 2,500 M.P.

10 | Bael, Billi Aegle marmemari 3,000 Bihar, W.B,U.P, M.H

11 | Kalmegh Androraphis paniculta 2,000 Many states

12 | Neem Azadiachta indica 2,000 GUJ, M.H, A.P, RAJ,
KTK, T.N

13 | Pipal, pipli Piper longum 1,500 M.H, Kerala, T.N,
Assam, W.B.

14 | Guggal Commiphora wightii 2,000 GUJ, M.P, M.H, RAJ.

15 | Kaunch Mucuna pruriens 1,000 A.P, KTK, H.P, GUJ,

' M.H
15 | Tulsi Ocimum sanctum 1,000

U.P, J&K, KTK

Source: Kumar, S. (1997) CIMAP-records

T.N - Tamilnadu. U.P — Uttar Pradesh, W.B- West Bengal. A.P- AndraPradesh. H.P-

Himachal Pradesh. J&k- Jammu and Kashmir. KTK- Karnataka. GUJ.-Gujarat, RAJ.-

Rajasthan
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1.3. Importance of medicinal plants

In spite of great advances of modern scientific medicine. traditional medicine
i1s still the primary form of treating diseases of majority of people in developing
countries including India: even among those to whom western medicine is available.
the number of people using one form or another of complementary of alternative
medicine is rapidly increasing worldwide. Increasing knowledge of metabolic process
and the effect of plants on human physiology has enlarged the range of application of
medicinal plants. According to the report by the World Bank in 1997, it is apparent
that the significance of plant based medicines has been increasing all over the world.
Nearly 50% of medicines in the market are made of natural basic materials.
Interestingly, the market demands for medicinal herbs are likely to remain high
because many of the active ingredients in medicinal plants cannot yet be prepared
synthetically (Thomas et a/, 1996). The universal role of plants in the treatment of
disease is exemplified by their employment in all major systems of medicine

irrespective of the underlying philosophical premise.

In recent years, the use of herbal medicines worldwide has provided an
excellent opportunity to look for therapeutic lead compounds from an ancient system
of therapy, i.e. Ayurveda, which can be utilized for development of new drug. Over
50% of all modern drugs are of natural product origin and they play an important role
in drug development programs of the pharmaceutical industry. Epidemiological
evidence suggests that dietary factors play an important role in human health and in
the treatment of certain chronic diseases including cancer. Some dietary sources
contain antitumor compounds (Rogers et al, 1993) and such compounds are
candidates for chemo preventive agents against cancer development (Dorai er al.,
2004). The anticancer property of nutrients derived from plants as well as non
nuib:ritive‘plant derived constituents have been proved in different in vitro and in
vivo models, which had led to an increased emphasis on cancer prevention strategies

in which these dietary factors are utilized (Barnes er al, 1995). Dietary measures and

traditional plant therapies as prescribed by Ayurvedic and other indigenous systems of

medicine are used commonly in India (Singh et al. 2003).

Among various medicinal plants. piper species under family Piperaceae has

significant role in human welfare. It contains about 2.000 species ot shrubs. herbs.
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and ltanas. many of which are kevstone species in their native habitat. The

diversification of'this taxon is of interest to understanding the evolution of plants,
1.3.1.  Piper nigrum

Piper nigrum is famous as the spices king due to its pungent quality. Piper
nigrum (P.nigrum) L. is a member of family Piperaceac. The genus piper has more
than 1000 species but the most well known species are P.nigrum, P.longum and
P.betle: 51 cultivars of p. nigrum have been reported from the tropical and subtropical
regions ot India. P.nigrum fruits are also used to produce white pepper and green
pepper and are valued due the presence of piperine including its different isomers.
Black pepper can be used for different purposes such as human dietaries, as medicine,
as preservatives, as bio-control agents. This plant and its active component piperine
can stimu.late the digestive enzymes of pancreas and intestines and also increases
biliary bile acid secretion when orally administrated. Some reports have beep
demonstrated that black pépper consumption in humans increased orocecal transit
time. Piperine prevents and minimize diarrhea produced by various oil and chemicals
and also reduce intestinal fluid accumulating in mouse intestine. The active agents of
P. nigrum activates the epithelial cells in rat jejunum to permeates the uptake of
various amino acids through the activation of membranes, enhance the production of
proteins which are later used for the formation of cytoskeleton system due to surface
adsorption property. This valuable species has also the power to minimize different

mutations like ethylcarbamte induced mutation in Drosophila.

As compare to mutation, black pepper also reduced tumour formation in mice
such as Ehrlich ascites tumour and Doltons lymphoma cells. Other related activities
included Anti-inﬂammatory activity, thermogenic action, growth stimulatory activity,
anti-thyroid activity and chemo preventive. Secondary, metabolites from P. nigrum
play defensive role against infections by microbes, insects and animalg Piperamides
extracted from P. nigrum had shown insecticidal activities caryophyllene showed
anesthetic activity. Nero idol is very famous secondary metabolite of P. nigrum. used
to control mites. Another important component of pepper volatile oj] ig pipene. which
is a tamous odorants. Black pepper is important tor its medicinal value. Medicinany
black pepper can be used tor digestive disorders like large intestine toxins, different

gastric problems. diarrhea. and indigestion and also can be used against respiratory
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disorders including cold. fever. and asthma. The West African Black pepper. (2.
guineense). important as flavorant and its ditterent parts are used as internal medicine
tor curing bronchitis, gastric ulcer, rheumatism and as antiviral agent. Recently, an
interesting study has shown effects of piperine on mood and cognitive disorder.
Notwithstanding, it has been shown that enhances the bioavailability ot various
nutrients including vitamins: carotene and selenium. Most of the plant species
including piper produced secondary metabolites which help in animal metabolism and
also used as defence system against various agents such as insect feeding plants and
animals. Recently scientists from different biological fields screen plants for

identification of various secondary metabolites which can be used for preparation of

medicines and bio control agents.
1.3.2. Piper longum

Long pepper (Piper longum), (Pippali), sometimes called Indian long pepper,
is a flowering vine in the family Piperaceae, cultivated for its fruit, which is usually
dried and used as a spice and seasoning. Long pepper has a similar, but hotter, taste to
its close relative Piper nigrum - from which black, green and white pepper are
obtained. The plant is distributed from Central Himalayas to Assam, Lower hills of
Bengal, evergreen forests of Western Ghats, Nicobar Islands, Uttar Pradesh and
Nepal. The Indonesian or Malaysian long pepper is from Piper retrofractum. Pepper
long is cultivated on a large scale in lime stone soil and in heavy rainfall areas where
relative humidity. Pepper long is the dried fruit of Piper longum which is a slender,
aromatic plant with creeping jointed stems and perennial woody roots. The leaves are
>-9 cm long, 3-5 cm wide, ovate, cordate with broad rounded lobes at the base.
Female spikes are cylindrical, male spikes are larger and slender. Female spikes are
1.3-2.5 cm long, 4.5 mm diameter, fruits ovoid. yellowish orange, minute, and drupe
and are sunk in the ﬂeshy spike. The spike is red when ripe. It is used as a spicé and
also in pickles and preserves. Tﬁe fruits and roots are used as medicine for respiratory
disease and as counter irritant and analgesic for muscular pains and inflammation. It

has carminative, haematinic and anti-helminhic properties are high.
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1.3.3.  Piper nigrum

Black pepper (Piper nigrum) is atlowering vine in the tamily Piperaceac.
cultivated for itsfruit. which is usually dried and used as a apice and seasoning. The
fruit. known as a peppercorn when dried, is approximately 5 millimetres (0.20 in) in
diameter. dark red when fully mature, and, like all drupes, contains a single seed.
Peppercorns, and the ground pepper derived from them. may be described simply as
pepper, or more precisely as black pepper (cooked and dried unripe fruit), green

pepper (dried unripe fruit) and white pepper (unripe fruit seeds).

Black pepper is a stout-stemmed liana (woody vine) that may typically grows
to 4 m (13 ft), and may send out roots from leaf nodes if they touch the ground. The
leaves. which may be rather different on climbing than on flowering stems, are
typically large and heart shaped, 12.5 to 18 cm (5 to 7 in) long, with 5 to 7 prominent
palmate veins. The small flowers, which are usually monoecious (with separate
female and male flowers) but may be polygamous (with individual inflorescences that
contain both male and female flowers), are borne on spikes that are about as long as

the leaves. The fruits are small globose drupes (a fleshy fruit containing a seed with a

hard, stony covering), 3 to 4 mm (less than 0.25 in) in diameter, that ripen to

red. Pepper plant grows easily in the shade and requires little maintenance until
harvest, so they are frequently cultivated for supplemental income on even small
farms. Pepper is used in various forms. The fresh unripe green fruits may be
harvested, then pickled or freeze-dried, to make green pepper. For “black™ pepper, the
fruits are harvested green, but then sun-dried; the skin of the unripe fruits turns black
when dry. The fruits may also be allowed to ripen, after which the red skin is
removed, and the stony seed sun-dried to make white pepper. Pepper is used in
diverse dishes around the world. Before Europeans brought Capsicum peppers from

the New World, black pepper was the primary seasoning in many Indian and south-

eastern Asian dishes (Bailey et al, 1976)

This spice with its characteristic pungency and flavour is an ingredient in
many food preparations. For the common Indians. pepper is spice as well as a
medicine. White pepper ot commerce is also a product from the same pepper plant.
produced by removing the pericarp from the ripe pepper fruits. In India black pepper
is grown over area 2. 25, 327 hectares producing about 72, 465 tonnes per annum.
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The productivity of black pepper in India is the lowest (322 Ke'hay in 2007
(Dircctorate of” Arecanut and Spice Development. Calicut. Kerala. India). Crop loss
caused by Phytophthora is one ot the major production constraints in black pepper.
Piper nigrum or Black pepper oil can be used to help in'the treatment of pain relief.
rheumatism. chills. flu, colds. increase circulation, exhaustion, muscular aches.
physical and emotional coldness, nerve tonic and fevers. It furthermore increases the
flow of saliva. stimulates appetite, encourages peristalsis, tones the colon muscles and
is a general digestive tonic. Sometimes it is used in place of cubebs for gonorrhoea.
As a gargle it is valued for relaxed uvula, paralysis of the tongue. On account of its
stimulant action it aids digestion and is especially useful in atonic dyspepsia and
turbid condition of the stomach. It will correct flatulence and nausea. It has also been
used in vertigo, paralytic and arthritic disorders. It has also been advised in diarrhoea,
cholera, scarlatina and in solution for a wash for tinea capititis. Externally it is used
for its rubefacient properties and as a local application for relaxed sore throat and
some skin diseases. Its oleoresin has bacteriostatic and fungistatic properties. Black
pepper is native to south India, and is extensively cultivated there and elsewhere in
tropical regions. Currently Vietnam is the world's largest producer and exporter of
pepper, producing 34% of the world's Piper nigrum crop as of 2008. In about, 1930
Japanese immigradents who travelled through Southeast Asia introduced the plant
into Para state of northern Brazil, where it became a major crop. In India, Malaysia

and Indonesia there is tradition of commercial cultivation by smallholders.

1.3.4. Piper betle

Betel (Piper berle) is the leaf of a vine belonging to the Piperaceae family,
which includes pepper and kava. It is valued both as a mild stimulant and for its
medicinal properties. Betel leaf is mdstly consumed in Asia and elsewhere in the
.world by some Asian emigrants, as betel quid or in paan, with or without tobacco, in
an addictive psycho-stimulating and euphoria-inducing formulation with adverse
health effects. Betel is notable for staining the teeth of regular users. The bete] plant is
an evergreen and perennials creeper, with glossy heart-shaped leaves ang white
catkin. The betel plant originated from South and South East Asia There are around
2000 species of Piper betle distributed worldwide. of which 10 species are available in
Nepal. Piper betle is currently distributed in Africa. western Asia. Himgl

ava, India.
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Southeast Asia, Malaysia, China, Nepal, and Sri Lanka (Press et al, 2000). In Nepal,
the plant is widely cultivated at altitudes of 150-1400 m. Piper betle is a perennial,
climbing vine that has a deep green heart-shaped leaf. It is one of the most famous
spices in Nepal, India, and China, and is  cultivated for chewing and for traditional
aesthetical uses. Piper betle is Yellowish green to dark green in colour with glossy
upper surface. The betel leaves are aromatic with varied taste, ranging from sweet to
pungent due to the presence of essential oils. The betel leaf is a heart shaped with
different size. The size of the leaf varies with different cultivar from 7-15cm in length
and 5-14cm in width. Betel leaves are simple alternate stipulate petiolate with 0.75
to 3.8cm, ovate oblong broadly ovate cordate or obliquely elliptic entire glabrous
coriaceous 10 to 18 cm long and 5 to 10 cm broad acuminate oblique and rounded
base (Lakshmi et al,2010). According to Ravindran (2000), most of the Piper
species occur in the evergreen and moist deciduous forests of the Western Ghats of
India. Kerala supplies about 97% of the country’s pepper Production and
16 Piper spp. have been recorded from the various forest ranges of the state. Leaves
are carminative, stomachic, tonic, laxative, stimulant, astringent and antiseptic; used
for the cure of indigestion, colic, diarrhoea, pulmonary catarrh, 1aTyngitis, headache
and cough. Leaf stalks dipped in mustard oil is applied as SuP pository for rectal

evacuation in infants. Fruit with honey is a remedy for cough. ROOt is reported to

develop permanent sterility in women (Yusuf et al., 2009). Ethanolic extract of the

5. Fud : . eni .
leaf possesses significant activities against wide range of pathogenic bacteria and

phytopathogenic fungi (Anwar et al., 2007).
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As - biotechnological tools play important role for harnessing the production of
secondary metabolites. Agro bacterium rhizogenes has been used regularly for gene
transter in many dicotyledonous plants (Tepter et al, 1990). Plant infection with this
bacterium induces the formation of proliferative multibranched adventurous roots at
the site of infection, so called hairy roots (Chilton, 1982). In search for alternative to
production of desirable medicinal compound from plants, biotechnological approach
specially tissue culture are found to have potential as a supplement to agriculture in

the industrial production of bioactive plan metabolites (Ramchandra Rao and

Ravishankar, 2002)

On the view of the above fact, the aim of present study is in-vitro plant
regeneration and comparative studies of secondary metabolites from transformed and

untransformed plants of Piper species with the following objectives:

Objectives

. To standardize the protocol for regeneration of plant through in viso.

2. To standardize the protocol on genetic transformation to enhance the
secondary metabolite production.

3. To estimate the different chemical compounds and piperine content in
different Piper species by use of TLC and HPTLC method. '

4. To analyse the biochemical characterization of different species of Pipes ang
transformed and non-transformed plant of Piper betle.

5. To characterise the antimicrobial acﬁvity of the crude extract derived fropm

leaf, root, transformed and non-transformed calli of Piper species.
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CHAPTER-11

REVIEW OF LITERATURE

The genus Piper belongs to the Piperaceae and has over 2000 species
distributed in both hemispheres. They are Erect or scan dent herbs, shrubs or
infrequently trees. The Piper species have high commercial, economical and
Medicinal importance. Economically the Piperaceae is important for the pepper in the
worldwide spice markets. The ripened fruit of P. nigrum is the source of white
pepper, while the unripe fruit of the same species is the source of black pepper. A
narcotic beverage is produced in Oceania from the roots of P.methysticum. Several
species of Piper are grown domestically as house plants for their foliage. Piper
species, widely distributed in the tropical and subtropical regions of the world are
used medicinally in various manners. Plants belonging to the genus Piper are reputed
in the Indian Ayurvedic system of medicine for their medicinal properties (The wealth
of India, 1969) and in folklore medicine of Latin America and West Indies.
Chloroform extract of the stems of P. aborescens was found to display significant
activity against a KB cell culture system and a P.388 lymphocytic leukaemia system
in cell culture (Geran et al, 1972). In Jamaica, of the eleven Piper species known,
P.aduncum and P.hispidum are listed as remedies for stomach aches and as insect
repellents (Asprey et al, 1954). P. amalago, distributed from Mexico to Brazil is used
to alleviate chest pains and as anti-inflammatory agent. P.syfvaticum roots are used as
an effective antidote to snake poison in the indigenous system of Indian medicine. P.

chaba roots and fruits find numerous applications in medicine. In particular they are

useful in asthma, bronchitis, fever, pain in abdomen, as stimulant and in
haemorrhoidal afflictions (Kirtikar et al, 1933). P- brachystachyum shows insecticidal
properties (Jacobson et al, 1971), whereas P. futokadsura is a medicinal plant that

grows in Fuchein and Tajwan Provinces. The stem of P. futokadsura, known as

haifengteng is widely used in the Chinese herbal medicinal prescriptions for the
treatment of asthma and arthritic conditions; the benzene extract of its leaves showed
anti-feedant activity against the larvae of Spodoptera fitura. The West African black
pepper (P. guineense) is a woody climber distributed throughout West Africa, it fruits

have been used as a flavorant, while preparations of leaves, roots and seeds have been
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used internally as medicinal agents for the treatment of bronchitis, gastrointestinal
diseases, venereal diseases and rheumatism. The preparations obtained from the seed
kernels have been used for their counter irritant and insecticidal properties (Irvine et
al, 1961). An extract of the black pepper shows carcinogenesis in mice. The evidence
of malignant tumours and of multiple tumours was greater in the pepper treated mice
than in vehicle treated mice (Concon et al, 1979). The petrol and dichloromethane
extracts of the leaves and stems of P. falconeri have shown insecticidal activity
against Musca domestica (flies) and Aedes aegyptii (mosquitoes).The
dichloromethane extract of P. acutisleginum has also been reported to show
insecticidal activity against Musca domestica and Aedes aegyptii. The extract of P.
betle has shown antihypertensive activity and that of P. acutisleginum has shown
activity as inhibitor of aflatoxin B,-DNA binding (unpublished results from our
Laboratories). The chemistry of Piper species has been widely investigated and the
phytochemical investigations from all parts of the World have led to the isolation of a
number of physiologically active compounds viz. Alkaloids amides, propenylphenols,
lignans, neolignans, terpenes, steroids, kawapyrones, piperolides, chalcones,
dihydrochalcones, flavones and flavanones. A lot of work is going on phytochemical

investigations of Indian Piper species with an aim to develop biodegradable

insecticidal compounds and antitumor drugs.
2.1. Piper longum

Piper longum (piperaceae) is accepted source of drugs pippali and
pippalimulam throughout the country. Pippali is the fruit and pippalimulam is the root
of this plant (Sivarajan and Balachandran, 1994). The plant is a dioecious slender
aeromatic climber with woody root or perennial creeping under shrub. Fruit spikes

cylindrical berries red or black when ripe globose with aeromatic order and pungent

taste.

Piper longum L., the Indian long pepper or pipli, is the third most
economically important species of the genus Piper after P. nigrum and P. betle. The
plant grows extensively iI; the Western Ghats and north eastern parts of India aﬁd is
rich in two major alkaloids, piperine and piperidine (Kanaki et al, 2008). In traditional
and Ayurvedic medicings, mature spikes of the female plants (long pepper), thick

stems, roots and leaves are used against bronchial diseases, dyspepsia, worms and
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amoebiosis (Ghosal et al, 1996). The spikes have also been effectively used as an
anti- inflammatory, memory enhancing and aphrodisiac agent (Mujumdar ez al, 1999).
When used in conjunction with a drug piperine has been shown to improve the drug’s
bioavailability. P. longum is also gained significance in processing of essential oils

and oleoresins that are used as food additives, in pharmaceuticals and as insecticide.,

2.1.1.  Uses and benefits of long pepper

It has various uses human beings, as it helps in expelling out
the mucus accumulated in the respiratory tract. It strengthens the nervous system,
improves the gastrointestinal condition and normalizes the peristaltic movements and
the herb serves as a good digestive agent. Its oil and paste is applied on wounds and
skin-related ailments that help in suppressing pain and reducing inflammation. The
herb helps maintain the normalcy of the digestive tract and tones up the urinary tract.
Its fruits are used for respiratory tract diseases like cough, bronchitis, asthma and also
benefits in anorexia, indigestion, flatulence, abdominal pain, hyperacidity, piles,
paralysis of the tongue, diarrhea, cholera, chronic malaria, viral hepatitis, diseases of
the spleen and tumours. It is given with amalaki, to treat anaemia. The decoction of
the plant is used in sciatica and hemiplegic. The herb is mixed with honey
to control hiccups. Long pepper is used as an aphrodisiac, since it boosts
the reproductive system. It is used as 2 sedative in insomnia and epilepsy. The

infusion of the herb’s root is used after childbirth, to induce the expulsion of

the placenta.
2.1.2. Chemical compositions

Other reported beneficial effects of piper longum include analgesic and
diuretic effects, relaxation of muscles tension and alleviation of anxiety (Sunila,
. 2004) Piper extracts and piperine possess inhibitory- activities op prostaglandin and
leukotrienes COX-linhibitory effect and thus exhibit anti inﬂamrnatory activity
(Stohr et al, 2001) Recently, biochemical activities of some important medicinal
plants including Piper species and their metabolites have been described (Nongyao
Sawangjaroen et al, 2004). However, very little is done to elucidate the possible
targets of its action. The fruits of Piper longum have been widely used since time

immemorial in household spices and also in various traditional systems of medici
ne.
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According to Ayurvedic system of medicine, P. longum fruits are anathematic,
antiasthma tic, alterative, and used to treat pain, piles, insomnia, and epilepsy that is
has anticonvulsant and bioavailability-enhancing properties of the drug. The fruits
contain 1.0-2.5% volatile oil, 5-9% alkaloids, of which the major ones are piperine,
chavicine, piperidine, and piper tine, and a resin (Nongyao Sawangjaroen et al, 2004)
most of the pharmacological properties of P. nigrum fruits are attributed to a
piperidine alkaloid, piperine, which is present in the fruits in amounts of 1.7-7.4%..
Pharmacological and clinical studies have revealed that piperine has CNS depressant,
antipyretic, analgesic, anti-inflammatory], antioxidant (Sorbera et al, 2005), and
hepatoprotective (Van den Brock, et al, 1996) activities. Piperine has also been shown
to enhance the bioavailability of several drugs, for example sulfadiazine, tetracycline,

streptomycin, rifampicin, pyrazinamide, ionized, ethambutol, and phenytoin.
2.2. Piper nigrum

Black pepper known as the “king of spicesU, originated from Western Ghats
of India is the most important and most widely used spice in the world. The black
pepper of commerce is the dried, mature fruits (called berries) of the tropical,
perermial climbing plant Piper nigrum L. It belongs to the family Piperaceae. Black
pepper is a woody climber, grown in the south western region of India, comprising the
states of Kerala, parts of Karnataka, and Tamil Nadu, the entire region once known as
Malabar, a name now used restrictively to mean only the northern parts of Kerala. It is
grown as a pure crop trained on live tree supports of Erythrina indica or Garuga
pinnata and also as a mixed crop in coffee plantations and also on coconut and areca

nut trunks.

2.2.1.  Uses of black pepper

Many plant-derived molecules have shown a promising effect in therapeutics
(Lokhande er al, 2007). Among the plants investigated to date, one showing
€normous potential is the pepper family otherwise known as Piperaceae. The fruit
contain 1% volatile oil, resin, a Waxy alkaloil. It is used for several medicina]
properties. It has much pharmacological action such as antifungal, anti- inflammatory,
antioxidant and anti cancer effect (Atal et al, 1985) and it is known to have

insecticidal activity against mosquitoes and flies. The plant grows all over India, in
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evergreen forests and is cultivated in Assam, Tamil Nadu and Andhra Pradesh. P.
nigrum (black pepper) .is a monocious or decorous climbing vine native to Southern
India and Sri Lanka and is extensively cultivated there and elsewhere in tropical
regions. The short climbing stem are very flexible with leathery blackish green leaves,
they are widely cultivated in the tropics. They have several uses such as they help in
pain relief, rheumatism, chills, flu, colds, muscular aches and fever. Externally it is
used for its rubefacient and as a local application for relaxed sore, throat and some
skin disorder. It has antimicrobial ant mutagenic, antioxidant and radical scavenging
property and inhalation of black pepper oil increase the reflexive swallowing
movement (Vijayakumar et al., 2004). P. cubeba (Java pepper or tailed pepper) the
berries of P. cubeba are commonly known as cubeb. It is mostly grown in Java and
Sumatra. This is a perennial plant, with a climbing stem, round branches, about as
thick as a goose-quill, ash colored and rooting at the joints. The leaves are from four
to six and a half inches long by one and a half to two inches broad, ovate-oblong,
acuminate, and very smooth. Flowers arranged in spikes at the end of the branches;
fruit, a berry rather longer than that of black pepper. It is used to treat gonorrhea,
dysentery, syphilis, abdominal pain and asthma and has also inhibitory effect on
hepatitis-C virus protease. Choi and Hwang (2000) demonstrated anti inflammatory
and analgesic activity of methanol extract from the fruit of P. cubeba it accumulates
lignans and essential oil in a relatively high amount. The alkaloids, of which some
5,500 are known, comprise of the largest single class of secondary plant substance.
Alkaloids are often toxic to man and many have dramatic physiological activities;
hence their wide use in medicine. They are usually colourless, often optically active
substances; most are crystalline but a few (e.g. nicotine) are liquids at room
temperature. Recently, many bacterial pathogens are becoming resistant to existing
antibiotics due to their indiscriminate use in the treatment of infectioys diseases
(Davis, 1994). Therefore, there is exigency to discover new- and efficient
antimicrobials from other source such as plant. In the present study an attémpt was
made to screen different extracts prepared from dried fruit of P. nigrum, P, longum
and P. cubeba for its antimicrobial action against gram posmve and negative bacteria.

The alkaloid piperdine was purified for further studies for antltumor activity.
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2.2.2. Chemical composition of Piper nigrum

The maturity of black pepper has been studied and reported by various
workers (Sumathykutty et al, 1983). The major constituents of black pepper were
reported as starch, crude fibre and fat, but the most significant ones from the point of
view of quality was reported to be the pungent principle piperine and essential oil.
Sumathykutty et al (1983) have analysed different grades of four black pepper
cultivars i.e. ‘Panniyur’, ‘Kalluvally’, ‘Karimunda’ and ‘Kottanadan’. The volatile oil
constituents of different cultivars of black pepper have been studied by many authors.
(Menon et al., 2000) identified 55 compounds in the oils of 4 pepper cultivars namely,
‘Karimunda’, ‘Kulluvally’, ‘Arakulammunda’ and ‘Thommankodi’ by gas

chromatography (GC) and mass chromatography (MS). The main components

reported were a-pinene (2.4-11.4%), B-pinene (2.0-15.27%), -2 carene (0.1-21.0%),

limonene (9.4-21.9%) and B-caryophyllene (19.8-45.3%). Kurian et al, (2002)
reported 5% essential oil and 9.4% oleoresin in ‘Panniyur-5’. Menon et al (2002)

reported o-pinene, B-pinene, 8-3- carene, limonene and B-caryophyllene as major

compounds in ‘Karimunda’ oil. They had reported up to 45% p-caryophyllene.
Menon et al (2003) identified 55 compounds in the oil of four major black pepper

cultivars namely, “Thevanmundi’, ‘Poonjaranmunda’, ‘Valiakaniakkadan’ and

‘Subhakara’ and reported B-caryophyllene (20-3
5%). Radhakrishanan et al (2004) studied 7 black

4%), sabinene (4.5-16%), limonene
(14.9-15.8%) and a-pinene (3-6.
pepper cultivars namely, ‘Panniyur-2’, ‘Panniyur-3’, ‘Panniyur-4’, ‘Sreekara’,
‘Subhakara’, ‘KS-88’ and ‘Neelamundi’ for yield and constituents such as piperine,
oleoresin and essential oil. ‘Panniyur-4’ recorded highest yields of 2,101 kg/ha, the
lowest oleoresin of 9.2%, piperine of 4.4% and contained 2.2% of essential oil. Singh
Gurdip et al (2004) reported 49 components in pepper oil. Major components were B.
caryophyllene (247%), limonene (16.8%), sabinene (13%), P-bisabolene (7.6%) and a-
copaene (6.3%).

2.3. Piper betle

13

Piper betle Linn. is a perennial dioecious, semi woody climber ft is cultivated

in Sri Lanka, India, Malay Peninsula, Philippine Islands and East Africa. The chief
i . . . ie
constituent of the leaves of this plant is a volatile oj] known as betel oil. The volatil
L. ile

oil is bright yellow to dark brown liquid possessing a clove like flavour and consist
sts
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of terpenes and phenols. Leaves of Piper betle possess several bioactivities and are
used in traditional medicinal systems. The ant diabetic property of this plant has been
tested in normoglycaemic and strepozotocin induced diabetic rats. The water extract

in normoglycaemic rats has shown significant lowering of the blood glucose level.
2.3.1. Uses of Piper betle

The family of Piperaceae belonging to super order Nymphaeiflloraea, order
Piperales and genus Piper of family Piperaceae commonly known as pan comprises
about 10 genera, 2000 species. Thé Genus Piper (Piperaceae) is largely distributed
in tropical and subtropical regions of the world (WealthAsia, 1997). Over 700 species
of Piper betel has been distributed in both of the hemispheres of world of these,
30 species havebeen recordedin  India, 18 in Srilanka and 3 are endemic.
Piper betel is cultivated in India, Srilanka, Malaysia, Indonesia, Philippine Islands
and East Africa (Parmar et al, 1997). Different plant parts leaves, roots, stems,
stalks and fruits have been utilized. Piper betel has light yellow aromatic essential
oil, with sharp burning taste. Leaf posses activity like antidiabetic, .antiulcer,
antiplatelet aggregation, antifertility, cardiotonic, antitumour, antimutagenic,
respiratory depressant and a ntihelminthic (Majumdar ez al, 1999). Piper betel is
used  totreat  alcoholism, bronchitis, asthma, leprosy and dysepsia.  Earlier,
antiulcerogenic activity of Piper betel was attributed to its antioxidative property. A
preliminary study has reported Piper betel leaves extracts contains large
numbers of bioactive molecules like polyphenols, alkaloids, steroids, saponins and
tannins (Koff ez al, 1971). The leaves extract of have also been reported to exhibit
biological capabilities of detoxication, ant oxidation, and antimutation that
suggested the chemo preventive potential of extracts against various ailments

including liver fibrosis and carcinoma (Shun et al, 2007).

Free radicals play a vital role inmost major health problems like cancer,
rheumatoid arthritis, cardiovascular diseases, Alzheimer’s disease and other
neurodegenerative disordefs. Antioxidant that scavenges these free radicals
proves to be beneficial for these disorders as they prevent damage against cell
proteins, lipids and carbohydrates (Beris, 1991), Antioxidant activity includes free
radical scavenging capacity, inhibition of lipid peroxidation, meta]

chelating ability  and reducing capacity. Piper betel

ion

leaves are also known to
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contain significant amount of anti-oxidants like hydroxychavicol, eugenol, ascorbic

acid and b-carotene.
2.3.2. Chemical composition

Chemical studies carried out on Brazilian Piperaceae species have revealed
the occurrence of pyrones, lignoids and chromenes besides various amides bearing
isobutyl, pyrrolidine, dihydropyridone and piperidine moieties. These amides have
generated interest as a result of their potent insecticidal and antifungal properties. The
structures of the several antifungal amides N-[7-(30, 40-methy1enedioxyphenyl)-Z(Z),
4(Z) heptadienoyl] pyrrolidine, (3Z, 5Z)-N-isobutyl- 8-(30, 40- ethylenedioxyphenyl)
- heptadienamide isolated from leaves of Piper hispidum and 8(Z)-N- (12, 13, 14-
trimethoxycinnamoyl)-3-pyridin-2-one from Piper tuberculatum besides eight known
antifungal amides have already been reported. Two new amides which are N-[10-
(13,14-methylenedioxyphenyl)-7(E),9(Z)- pentadienoyl]- pyrrolidine, arboreumine
and nine known antifungal amides N-[10- (13,14- methylenedioxyphenyl)- 7(E)-
pentaenoyl]-pyrrolidine , its derivative N-[10-(13,14 methylenedioxyphenyl)-
pentanoyl]- pyrrolidine and N-[10-(13,14 methylenedioxyphenyl)- 7(E),9(E)-
pentadienoyl]-pyrrolidine; besides pellitorine , abdihydropiperine , piplartine,
dihydropiplartine, cis-piplartine (or 8(Z)-N-(12,13, 14- trimethoxycinnamoyl)-3-
pyridin-2- one) and fagaramide have also been reported recently. In addition to these
amides two cinnamoyl derivatives, methyl 6, 7, 8-trimethoxydihydrocinnamate and
methyl trans-6, 7, 8- trimethoxycinnamate have also been isolated (Bernard, et al
1999) he amides isolated from leaves of Piper arboreum and their hydrogenated
derivatives are active against the fungus Cladospbrium sphaerospermum, and the

compounds isolated from seeds and leaves of Piper tuberculatum are also active

against the fungi Cladosporium sphaerospermum and C. Cladosporioides.

2.4. Piperine content

Biological source of piperine is dried unripe fruit of Piper nigrum, piper
longum and piper clusii and also in the root of bark of Piper geniculatum belonging to
family Piperaceae. The dried unripe fruits are extracted with ethanol in a Soxhlet
apparatus till extraction is complete. The solvent ig €vaporated under vacuum in a

Rotary Thin Film Evaporator. The residue of the alcoholic extract is digested with
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dilute alkali to affect saponification, when piperine remains unaffected. The residue,
thus obtained is decanted and washed with distilled water several times. The resulting
product is dissolved in hot ethanol and on cooling the crystalline piperine separates
out. It is obtained as monoclinic prisms from alcohol having mp 130°C and is
tasteless at first, but has a burning aftertaste. Its dissociation constant pK (18°C) is
12.22. It is soluble in ethanol, chloroform, ether; freely soluble in acetic acid and

benzene; and almost insoluble in water (40 mg/L at 18°C), and petroleum ether.

()

N

ST,

piperine
Figure 2.1 Chemical structure of piperine

In biosynthesis of piperine, the piperdine ring forms part of a tertiary amide
moiety which is incorporated via piperidine itself i.e., the reduction product of D1-
piperiedine as shown under. Interestingly, the piperic acid residue in obtained from a
cinnamoyl-COA  precursor. The extension of chain is caused by virtue of

acetate/malonate and ultimately combines as its precursor with the previously

obtained piperdine nucleus.
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Figure 2.2 Biosynthetic pathway of piperine
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2.5.  Invitro plant regeneration

Plant tissue culture refers to the invitro culture of plants from different plant
parts (tissues, organs, embryos, single cells, protoplasts, etc.) on nutrient media under
aseptic conditions. In vitro cultures are now being used as tools for the study of
various basic problems in plant sciences. It is now possible to propagate all plants of
economic importance in large numbers by tissue culture. In vitro propagation of
plants holds tremendous potential for the production of high quality plant based
medicines. This can be achieved through different methods including micro
propagation Plant tissue culture is widely used to produce clones of a plant in a
method known as Micro propagation. Micro propagation of many plants including
medicinal plants have been reported (Murashige, 1962).Tissue cultures are started
from pieces of whole plants. The small organs or pieces of tissue that are used are
called explants. Explants can therefore be consisting of many different kinds. Plant
grow in external environment are easily susceptible to many diseases. The correct
choice of explants material can have an important effect on the success of tissue
culture. When cultured in vitro, all the needs of the plant cells, both chemical and
physical, have to met by the culture vessel, the growth medium, and the external
environment (light, temperature, etc.). The growth medium has to supply all the
essential mineral ions required for growth and development. In many cases (as the
biosynthetic capability of cells cultured in vitro may not replicate that of the parent
Plant), it must also supply additional organic supplements such as amino acids and
Vitamins. Many plant cell cultures, as they are not photosynthetic, also require the
addition of a fixed carbon source in the form of a sugar (most often sucrose). One
other vital component that must also be supplied is water, the principal biological
solvent. Physical factors, such as temperature, pH, the gaseous environment, light
(quality and duration), and osmotic pressure, also have to be maintained within
acceptable limits. Numerous factors were reported to influence the success of in vitro

propagation of different medicinal plants (Hussey et al, 1997).

2.5.1. Effect of Plant growth regulator on callus initiation

Callus is defined as a mass of undifferentiated loosely arranged
parenchymatous cells, which are usually rapidly dividing. The explants undergo

certain period of unorganized growth (callus) prior to shoot differentiation. Callus
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tissue is usually produced as a result of wounding or initially the explants swelled and
callus was initiated at the cut ends and spread all over the surface of explants. The
first report of viable callus culture was reported by Gautheret (1939) and White
(1939) in tobacco and carrot, respectively. After the ground breaking discovery that
callus can be generated artificially in vitro (Gautheret, 1939) and that the balance
between two plant hormones, auxin and cytokinin, determines the state of
differentiation and dedifferentiation (Skoog and Miller), callus has been widely used
in both basic research and industrial applications (George and Sherrington, 1984;

Bourgardet al., 2001).

Exogenous application of auxin and cytokinin induces callus in various plant
species. Generally speaking, an intermediate ratio of auxin and cytokinin promotes
callus induction, while a high ratio of auxin-to-cytokinin or cytokinin-to-auxin
induces root and shoot regeneration, respectively (Skoog and Miller, 1957). Since the
discovery of this regeneration system, it has been widely used, for example, in the
propagation of economically important traits and the introduction of transgenes. Other
hormones, such as brassinosteroids or abscisic acid, also induce callus and in some
species may substitute auxin or cytokinin in callus formation. However, auxin and
cytokinin have been by far the most extensively used and studied hormones in the
context of callus formation and subsequent organ regeneration. Mandolino and
Ranalli (1999) reported occasional shoot regeneration from callus. Successful
regeneration and propagation has been achieved in other fibrous plants such as sisa]
(Hazra et al., 2002) and flax (Rakousky’ et al, 1999). Conventional breeding and
biotechnological approaches, including tissue culture and transformation procedures,

could be extended to hemp breeding.
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Figure 2.3. The structure of different hormone used for in vitro culture of pllams
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2.5.2. Invitro regeneration of Piper species

Conventional propagations beset with problems of poor seed viability, low
percentage of germination and scanty, delayed rooting of vegetative cuttings.
Therefore, there is a need for alternative propagation methods (Sarasan et al., 1993).
Tissue culture techniques might be applied to generate large number of clonal
propagules (true to type). Not much tissue culture work has been done in this plant
except some reports on regeneration (Sarasan and Nair, 1991; Sarasan ez al., 1993;
Bhat et al., 1995; Philip et al., 2000). The rapid propagation of field grown plants by
shoot multiplication is reported. In vitro establishment of Piper is greatly hampered by
the high incidence of bacterial and fungal contamination (Fitchet, 1990; Philip ef al.,
1992; Anand et al., 1997). Regeneration protocols for many cultivated species of
Piper have been reported, including callus culture and somatic embryogenesis in betel
vine (Aminduddin et al., 1993), micropropagation of black pepper through shoot tip
cultures (Mathews and Rao, 1984; Philip et al., 1992) and plant regeneration from
various explants of cultivated Piper species (Bhat et al., 1995). Micropropagation of
P. barberi through shoot tip cultures raised in vitro on Woody Plant Medium (Lloyd
and McCown, 1981) was described earlier by Babu et al. (1996).

Development of a tissue culture protocol for mass proliferation and
conservation could be a viable alternative. Regeneration protocols for this plant have
been reported earlier from shoot tips, root, leaf, node and internodes (Anand and Rao,
2000; Bhat et al. 1992; Philip et al. 2000; Soniya and Das, 2002). However, none of
the reported protocols have been used for mass proliferation or for any conservation
programme. Repeated attempts at maintaining cultures for long term has met with
failure because of reappearance of bacterial infection in apparently clean cultures.
Entophytes are an important source for the appearance of bacterial infection in
established cultures in several plants (Thor;las, 2()07). Endophytes are bacterial or
fungal microorganisms that colonize the intercellular spaces in the plants without
causing any apparent damage to the host (Reiter ez al, 2002). However, under in vitro
conditions these bacteria may oytgrow the tissue cultures causing serious loss
(Thomas, 2007). Therefore, a mass proliferation protocol for this plant could not be
established because of the need of initiating fresh cultures every time. This

necessitates inclusion of a regular'step of culture indexing using bacteriological media
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for covert bacterial detection in conservation or a micro propagation programme
(Panicker et al., 2007).

Plant tissue culture refers to the In vitro culture of plants from plant parts
(tissues, organs, embryos, single cells, protoplasts, etc.) on nutrient media under
aseptic conditions. In vitro cultures are now being used as tools for the study of
various basic problems in plant sciences. It is now possible to propagate all plants of
economic importance in large numbers by tissue culture. Black pepper is also an
important traditional medicine and used to treat asthma, chronic indigestion, colon
toxins, obesity, sinus, congestion, fever (Ravindran, 2000), intermittent fever, cold
extremities, colic, gastric ailments and diarrhoea. The plant grows extensively in the
Western Ghats and north eastern parts of India (Prasad et al. 2009) and is rich in two

major alkaloids, piperine and piperidine.

The germplasm of P. nigrum conserved in natural repositories is under
serious threat from various environ- mental stresses. In addition, germplasm
conservation in a seed bank is not pragmatic due to heterozygous nature induced
through cuttings (Nair and Gupta, 2003). In vitro propagation methods provide
powerful tools for the mass multiplication and germplasm conservation of this
economically important species. To date, there have been no reports on the successfi]
in vitro regeneration of P. nigrum from leaf explants of potted plants. However,
several protocols for regeneration and somatic embryogenesis in P. nigrum from shoot
tips and nodal explants have been published (Philip et al, 1992; Bhat et a/, 1995; Nair
and Gupta, 2003). Kapoor et al, 2009 recently demonstrated that the protective effect
of piperine is most likely due to its anti- oxidant activity. Although a few reports on
the antioxidant activity of cultivated P. nigrum are available in the literature (Aziz et
al. 2009), there seems to be no mention of the influence of organogenesis on
z{ntioxidant activity in P. nigrum. In the study reported h;:re, We established an in vitro
system for the production of P. nigrum from leaf explants of potted plants and
conducted 1, 1-diphenyl-2- picrylhydrazyl (DPPHS8)-based antioxidant assays to
evaluate the antioxidant activity of the main, secondary metabolites in different in
vitro-derived tissues. Leaves were collected from potted plants of P. nigrum
maintained in the greenhouse. Leaves were sterilized according to the method of

Abbasi et al. (2010). Briefly, the leaves were immersed first in 70% (V/v) ethanol for
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60 s and then in a 0.2% (w/v) mercuric chloride (HgCl;) solution for approximately 2
min, followed by three rinses with sterile distilled water. These surface-sterilized
explants were placed on MS (Murashige and Skoog 1962) medium containing 30 g/l
sucrose, and solidified with 8 g/l agar. Different plant growth regulators (PGRs) were
added to the medium, and the pH was adjusted to 5.8. All media were autoclaved at
121% for 20 min. All cultures were maintained in a growth room at 25 +1% under a
16/8-h light/dark photoperiod with light provided by cool-white fluorescent tubes
(Abbasi et al. 2010). For regeneration, leaf explants were cut into reasonably sized
pieces, and placed onto MS medium supplemented. There has been mention of
endogenous microbial contamination causing severe setbacks to the in vitro
establishment of aseptic cultures of P. nigrum (Philip ez al, 1992; Bhat et al, 1995).
To avoid such issues, we used the valuable protocol of Abbasi et al, (2010) to
decontaminate leaf explants and observed no contamination in subsequent
experiments. The application of this decontamination protocol significantly decreased
the levels of contamination by approximately 75% (B5%; data not shown). In many of
the protocols used for decontaminating leaf explants, the explants have shown
sensitivity to the decontaminating agents. However, we did not observe any inhibitory
effect of the decontamination protocol on regeneration. The effects of various PGRs,
such as BA, GA;, 2, 4-D alone or BA in combination with 1 mg /1 GA; or 1 mg/l
NAA on indirect organogenesis were evaluated. The leaf explants of P. nigrum used
in our study responded to all of the PGRs used. The best callus induction was
recorded on MS medium supplemented with 0.5 mg/l BA alone (93%) and with 1.5
mg/l BA, 1.0 mg/l NAA. Callus induction on medium containing only 2 4-D (42%) or
GA3 (32%) was significantly lower than that in medium containing the other PGRs
,and no callus induction was observed on MS medium. However, the addition BA to
GA3-containing medium enhanced callus induction (70%) to levels comparable to
those obtained with 1.0 mg/l BA alone and 2.0 mg/l BA and 1 mg/FNAA. In a recent
study on Silybum, we reported that the addition of NAA to medium containing
BA/GA; enhanced callus induction (Abbasi ef al. 2010).

Callogenesis is considered to be a sighiﬂcant feature of indirect
organogenesis and essential for research on bio- logically active molecules in
medicinal plant species (Abbasi et al, 2007, 2010). Data on organogenesis was

determined after 5 weeks of subculture. The best perceﬁt- age shooting was recorded
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for explants cultured on medium containing the combination of 1.5 mg/l BA and 1
mg/l GA; (85%). However, the combination 2.0 mg/l BA and 1 mg/l GA; produced a
shooting percentage of 78%, which was similar that obtained on medium containing
0.5 mg/l BA (75%). In contrast, the addition of NAA to medium already containing
BA significantly inhibited shooting. Similar values have been reported for Capsicum
species (Rubluo and Barroso, 1992). However, in another study on Silybum, Abbasi
et al. (2010) made different observations regarding the incorporation of auxin in

cytokinin-containing medium.
2.6. Production of secondary metabolites

Plant éecondary metabolism produces products that aid in the growth and
development of plants but are not required for the plant to survive. Secondary
metabolism facilitates the primary metabolism in plants. This primary metabolism
consists of chemical reactions that allow the plant to live. In order for the plants to
stay healthy, secondary metabolism plays a pinnacle role in keeping all the of plants'
systems working properly. A common role of secondary metabolites in plants is
defence mechanisms. They are used to fight off herbivores, pests, and pathogens.
Although researchers know that this trait is common in many plants it is still difficult
to determine the precise role each secondary metabolite. Secondary metabolites are
used in anti-feeding activity, toxicity or acting as precursors to physical defence

systems.

Studies on plant secondary metabolites have been increasing over the last 50
years. These molecules are known to play a major role in the adaptation of plants to
their environment, but also represent an important source of active pharmaceuticals,
Plant cell culture technologies were introduced at the end of the 1960s as a possible
tool for both studying and producing plant secondary metabolites. Different strategies,
using in vitro systems, have been extensively studied with the objective of improving
the production of secondary plant compounds. Undifferentiated cell cultures have
been mainly sfudied, but a large interest has also been shown in hairy roots and other
organ cultures. Specific processes have been designed to meet the brequirements of
plant cell and organ cultures in bioreactors. Despite all of t};ese efforts of the last 30

years, plant biotechnologies have led to very few commercial successes for the

production of valuable secondary compounds. Compared to other biotechnological
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fields such as microorganisms or mammalian cell cultures, this can be explained by a
lack of basic knowledge about biosynthetic pathways. More recently, the emergence
of recombinant DNA technology has opened a new field with the po.ssibility of
directly modifying the expression of genes related to biosyntheses. It is now possible
to manipulate the pathways that lead to secondary plant compounds (Bourgaud et al,
2001).

2.6.1.  Strategies for the improvement of metabolite production in plant cell

cultures

Plant cell and tissue cultures can be established routinely under sterile
conditions from explants, such as plant leaves or stems. Strain improvement, methods
for the selection of high-producing cell lines, and medium optimizations can lead to
an enhancement in secondary metabolite production. However, most often trials with
plant cell cultures fail to produce the desired products. In such cases, strategies to
improve the production of secondary metabolites must be considered. One of the main
problems encountered is the lack of basic knowledge of the biosynthetic routes, and
mechanisms responsible for the production of plant metabolites. Where the
productivity of the desired metabolites is limited by the lack of particular precursors,
biotransformation using an exogenous supply of biosynthetic precursors may improve
the accumulation of compounds. Feedback inhibition of metabolic enzymes as well as
inhibition of membrane transport can be eliminated by the accumulation of
synthesized products in a second phase introduced into the aqueous medium. Organ
cultures often have sites of synthesis and storage of secondary metabolites in separate
compartments. Elicitors, compounds triggering the formation of secondary
metabolites, can be abiotic or biotic. Natural elicitors include polysaccharides such as
pectin and chitosan which are also used in the immobilization and permeabilization of
plant cells. Immobilization providés several advantages, such as continuous process
operation, but for the development of an immobilized plant cell culture process
natural or artificially induced secretion of the accumulated product into the
surrounding medium is necessary (Rao and Ravishankar, 2002) Manipulation of the
culture environment must be effective in increasing the product accumulation. The
expression of many secondary metabolite pathways is easily altered by external

factors such as nutrient levels, stress factors, light and growth regulators. Many of the

Page | 28



Review of Literatuwe

constituents of plant cell culture media are important determinants of growth and
accumulation of secondary metabolites. Higher concentrations of sucrose at 5% (w/v)
reduced the anthocyanin production in cell suspension cultures of Aralia cordata,
where 3% (w/v) favoured the anthocyanin accumulation (Sakamoto et al., 1995). The
ratio of the ammonium/nitrate-nitrogen and overall levels of total nitrogen have been
shown to markedly affect the production of secondary plant products. For example,
reduced levels of NH4" and increased levels of NO; promoted the production of
shikonin and betacyanins, whereas higher ratios of NH,"/NO; increased the
production of berberine and ubiquinone (Bohm and Rink, 1988, Nakagawa et al.,
(1999).

2.6.2. Production of secondary metabolites from medicinal plants

Many higher plants are major sources of natural products used as
pharmaceuticals, agrochemicals, flavour and fragrance ingredients, food additives,
and pesticides (Balandrin and Klocke, 1988). The search for new plant- derived
chemicals should thus be a priority in current and future efforts toward sustainable
conservation and rational utilization of biodiversity. In the search for alternatives to
production of desirable medicinal compounds from plants, biotechnological
approaches, specifically, plant tissue cultures, are found to have potential as a
supplement to traditional agriculture in the industrial production of bioactive plant
metabolites (Rao and Ravishankar, 2002). Cell suspension culture systems could be
used for large scale culturing of plant cells from which secondary metabolites could
be extracted. The advantage of this method is that it can ultimately provide a
continuous, reliable source of natural products.In order to obtain high yields suitable
for commercial exploitation, efforts have focused on isolating the biosynthetic
activities of cultured cells, achieved by optlmlzmg the cultural conditions, selecting
high-producing strains, and employing precursor feeding, transformation methods,
and immobilization techniques (Dicosmo and Misawa, 1995), Transgenic hairy root
cultures have revolutionized the role of plant tissue culture in secondary metabolite
production. They are unique in thgir genetic and biosynthetic stability, faster in
growth, and more easily maintained. Using this methodology a wide range of
chemical com- pounds have been synthesized (Shanks and Morgan, 1999). Advances

in tissue culture, combined with improvement in genetic engineering specifically
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transformation technology, have opened new avenues for high volume production of

pharmaceuticals, nutraceuticals, and other beneficial substances.

Large-scale plant tissue culture is found to be an attractive alternative approach
to traditional methods of plantation as it offers a controlled supply of biochemical’s
independent of plant availability (Sajc et al., 2000) detailed the impact of specific
engineering-related factors on cell suspension cultures. Current developments in
tissue culture technology indicate that transcription factors are efficient new
molecular tools for plant metabolic engineering to increase the production of valuable
compounds (Gantet and Memelink, 2002). In vitro cell culture offers an intrinsic
advantage for foreign protein synthesis in certain situations since they can be designed
to produce therapeutic proteins, including monoclonal antibodies, antigenic proteins
that act as immunogenes, human serum albumin, interferon, immune-contraceptive
protein, ribosome unactivator trichosantin, ant hypersensitive drug angiotensin,

leuenkephalin neuropeptide, and human haemoglobin (Hiatt et al., 1989).

The synthesis of bioactive compounds chemically is difficult because of their
complex structure and high cost. Wide variations in medicinal quality and content in
phytopharmaceutical preparations have been observed. They are influenced mainly by
cultivation period, season of collection. Plant tissue culture proved an important
technology being used for the conservation of -important plants either through
organogenesis, somatic embryogenesis and genetic transformation (Sajc et al., 2000).
The major advantages of cell cultures includes is the synthesis of bioactive secondary
metabolites independently from climatic and soil conditions. The negative biological
influences that affect secondary metabolites pfoduction in the nature are eliminated
(microorganisms and insects). To select cultivars with higher production of secondary
metabolites with automatization of cell growth control and metabolic processes
reéulati on, cost price can decrease and production increase (Jha et al., 2003; Junaid et
al., 2009; Junaid et al., 2010). Although the production of pharmaceuticals using plant
cell cultures have been highlighted, other applications have also been suggested as a
new route for the synthesis, products from plants difficult to grow, or in short supply,
as a source of novel chemicals and as biotransformation systems. It is expected that
the use, production of market price and structure would bring some of the other

compounds to a commercial scale more rapidly and in vitro culture products may see
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further commercialization. (Rao and Ravishankar, 2002; Junaid et al.,2009). Plant cell
culture holds much promise as a method for producing complex secondary
metabolites in vitro (Ravishankar and Venkataraman, 1993; Junaid et al, 2009;
Junaid et al., 2010).

2.7.  Agrobacterium mediated transformation and hairy root culture

The genus Agrobacterium has been divided into a number of species.
However, this division has reflected, for the most part, disease symptomology and
host range. Thus, A. radiobacter is an “avirulent” species, A.tumefaciens
causes crown gall disease, A. Rhizogenes causes hairy root disease, and A. rubi
causes cane gall disease. Transformation is currently used for genetic manipulation
of more than 120 species of at least 35 families, including the major economic crops,
vegetables, ornamental, medicinal, fruit, tree and pasture plants (Birch, 1997), using
Agrobacterium-mediated or direct transformation methods. The idea that some
species cannot accept the integration of foreign DNA in its genome and lack the
capacity to be transformed is unacceptable under the increasing number of species

that have been transformed.

A. tumefaciens has the exceptional ability to transfer a particular DNA
segment (T-DNA) of the tumour-inducing (Ti) plasmid into the nucleus of infected
cells where it is then stably integrated into the host genome and transcribed, causing
the crown gall disease (Nester ef al., 1984; Binns and Thomashaw, 1988). Virulent
strains of A.tumefaciens and A. rhizogenes, when interacting with susceptible
dicotyledonous plant cells, induce diseases known as crow gall and hairy roots,
respectively. These strains contain a large mega plasmid (more than 200 kb) which
plays a key role in tumour induction and for this reason it was named Tj plasmid or Rj
in the case of 4. rhizogenes. Ti plasmids are classified according to the opines, which
are produced and excreted by the tumors they induce. During infection the T-DNA, a
mobile segment of Ti or Ri plasmid, is transferred to the plant cell nucleys and
inte%rated into the plant chromosome. The T-DNA ﬁ'agIPent is flanked by 25-bp
direct repeats, which act as a cis element signal for the transfer apparatus. The process
of T-DNA transfer is mediated by the cooperative action of proteins encoded by genes
determined in the Ti plasmid virulence region (vir genes) and in the bacterial

chromosome. The Ti plasmid also contains the genes for opine catabolism produced
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by the crown gall cells, and regions for conjugative transfer and for its own integrity
and stability. The 30 kb virulence (vir) region is a regulon organized in six operons
that are essential for the T-DNA transfer (virA, virB, virD, and virG) or for the

increasing of transfer efficiency (virC and virE) (Hooykaas and Schilperoort, 1992;
Zupan and Zambryski, 1995).

Agrobacterium mediated gene transfer into monocotyledonous plants was not
possible until recently, when reproducible and efficient methodologies were
established on rice, banana, comn, wheat and sugarcane. Reviews on plant
transformation using Agro bacterium tumefaciens and the molecular mechanisms
involved have been published during the last years (Hooykaas and Schilperoort, 1992;
Zupan and Zambrysky, 1995). A thorough analysis of the strategies for practical
application of this methodology has been published recently (Birch, 1997).
Agrobacterium rhizogenes infects higher plants to produce so-called ‘hairy roots™
with altered phenotype from the wound sites. The transformed roots can be excised to
establish axenic root cultures and indefinitely propagated in growth regulator free
medium. The root exhibit fast, plagiotropic growth characterized by profuse lateral
branching and rapid root tip elongation (Tepfer and Tempé, 1981; Chilton et al, 1982;
Tepfer, 1984). Putatively transformed root lines can be easily screened with these
morphological markers. Foreign genes can also be introduced into transformed roots
by using binary vectors (Hamill ez al, 1988). The rapid biomass accumulation in
transformed root cultures is comparable, if not superior, to unorganized cell cultures
and the fastest biomass doubling time is 1-day in Datura stramonium (Maldonado-
Mendoza et al, 1993). The advantage of this transformation approach is that each
primary root produced at the infection site is the result of a single transformation
event a clone (Chilton et al, 1982). However, somaclonal variations in transformed
root cultures are also known (Sevén et al, 1998). Transformed root cultures have been

established in several species, including many medicinal plants (Tepfer 1989)

Manipulation of the plant genome by introducing foreign genes has become a
core tool in plant biology. Targets include enhancement in productivity by increasing
resistance to abiotic and biotic stresses as well as fundamental studies such as
identification and characterization of key regulatory genes. Plant transformation

methods in use employ Agrobacterium, micro projectile bombardment microinjecti
) on
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and electroporation of protoplasts (Otoni et al, 2006). Among these, Agro bacterium-
mediated plant transformation is the most extensively used method. It exploits the
natural ability of Agro bacterium to transform plants to complete its own life cycle
(Otoni et al, 2003). A.tumefaciens mediated transformation also leads to homologous
recombination and facilitates gene knock-out. Recently, it has been shown that the
host range of 4. tumefaciens can be extended to 80 non-plant organisms, mainly fungi
including yeasts but also mammalian cells, microalgae and prokaryotic cells.
Although the development of methods for Schizochytrium transformation hag

advanced significantly in the past few years, it remains unknown whether 4

Tumefaciens could mediate transformation in Schizochytrium.

Spontaneous and direct development of adventitious shoot buds from older
regions of transformed hairy roots in hormone- free media without any callus
formation is reported in a number of plant species like Armoracia lapathifolia,
Taraxacum platycarpum, Centaurium erythraea, Hypericum perforatum, T Indica,
Bacopa monnieri, Atropa belladonna, Plumbago indica, Brassica oleracea var.
Botrytis, B. oleracea var. sabauda, B. oleracea var. capitata, Populus tremula, Lotys
corniculatus, Ajuga reptans var. atropurpurea, etc. These adventitious shoots when
excised and cultured on hormone-free basal media regenerated into whole plants.
However, culture conditions and time required for regeneration varied from plant to
plant. Shoot regeneration from transformed roots can be light dependent or
independent. In 4. lapathifolia (Noda et al, 1991), roots maintained in dark showed
induction of shoot buds on transfer to light throughout the root except the root tips,
but no adventitious shoot bud formation took place in those kept in dark. Non-
transformed roots rarely developed adventitious shoot buds on transfer to light. LBA
9402 transformed roots of P. tremula (Tzfira et al., 1996) and A4 transformed roots of
B. monnieri (Majumdar et al., 2011) showed spontaneous shoot bud regeneration
when cultured under 16/8 h (light/dark) photoperiod. Interestingly, LBA 9402
transformed roots of B. monnieri did not show any regeneration but spontaneously
dedifferentiated into callus. In L. corniculatus and P. Indica, spontaneous shoot
organogenesis is reported, when transformed roots were transferred to continuous
light from dark. The hairy roots of P. indica did not regenerate in dark even after

application of exogenous hormones to the media. Contrastingly, in 7 fdie, a, 17 % of
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transformed root clones are reported to regenerate shoots directly on hormone-free

MS media in light independent manner.
2.7.1.  Agrobacterium- mediated transformation in Piper species

Black pepper, the ‘king of spices’ is one of the major export earning crops.
Preliminary attempts at transformation in black pepper were attempted by Sasikumar
and Veluthambi (1994, 1996) and primary transformants were obtained for
kanamycin resistance in the cotyledons using Agro bacterium tumefaciens binary
vector strains LBA-4404 and EHA-105. The optimum concentration of kanamycin
concentration (50 pg/ml) to completely inhibit callus formation and growth was also
standardised. Sim et al. (1998) reported Agro bacterium mediated transfer with GUS
marker black pepper. But regéneration of the transformed tissue has not reported.
Reports are available on optimization of Agro bacterium mediated genetic
transformation system in black pepper and related Piper species aimed towards
development of disease resistant varieties against the most dreaded disease, foot rot,
caused by Phytophthora capsici. Babu et al., (2005) successfully transformed black
pepper leaf tissues with osmotin gene, a pathogenesis-related (PR) protein known for
inducing Phytophthora resistance. Agro bacterium mediated transformation was
attempted using osmotin gene construct in pGV2260. Among the 70 putative
transgenic regenerated, five putative transgenic showed delayed responses to infection

and decreased spread of foot rot caused by Phytophthora capsici.

Asha and Rajendran (2009) reported in plant transformation in black
pepper variety Panniyur 2 via pollen tube pathway using the total exogenous DNA of
Piper colubrinum, a wild relative species of Piper resistant to Phytophthora capsici.
The resulted putative transformant seeds were germinated in vitro by embryo rescue

and the germinated plantlets were screened in vitro by incorporating the toxic culture

“filtrate of the pathogen P. capsici in the rooting media. The surviving putative

transformant plantlets were later screened artificially for disease tolerance under ex
itro conditions. 39.21% of the putative tr : .

vitro con ! (Y putative ansformants survived the screening and

RAPD analysis of these plantlets showed variation in banding pattern compared to the

DNA recipient parent P.nigrum variety Panniyur-2. Genetic transformation in black

pepper showed retarded regeneration potential from mature tissues due to associated

problems like high phenolic exudation and presence of endophytic fungi. A very
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efficient micropropagation strategy through somatic embryogenesis developed by
Nair and Gupta (2003) is promising for rapid regeneration of transformed tissues
which can ease genetic manipulations of black pepper. The utility of Coat protein of
Cucumber mosaic virus (CMV) gene (Bhat et al., 2001) in inducing virus resistance

in black pepper was being studied using transgenic pathway.

- Gene constructs were prepared in plant transformation vector (pBI 121) and
mobilized into Agrobacterium: (i) Cucumber mosaic virus coat protein (CMV-CP) in
sense and antisense orientation, (i) Portion of open reading frame (ORF) III of Piper
yellow mottle virus (PYMoV) in sense and antisense orientation. Putative transgenic
developed in black pepper (IISR Subhakara and Panniyur 1) are under evaluation
(IISR, 2011-2012). Maju and Soniya (2012) established genetic transformation
system for Piper nigrum L. var. Panniyur-1 plants by infecting seedling derived
explants with Agrobacterium tumifaciens strain EHA105 carrying binary plasmid
pCAMBIA 1301, which contains scorable marker, B-1,3-glucuronidase and selectable
marker hygromycin phospho-transferase gene (hpt) under the control of CaMV 35S

promoter. Shoots were regenerated directly from the explants containing hygroysin

(20 mg/ml) and analysed. PCR and GUS histochemical analysis confirmed the

transformation.

2.8. Characterization of secondary metabolite through chromatographic
techniques

Chromatography is a separation process that is achieved by distributing the
components of a mixture between two phases, a stationary phase and a mobile phase,
Those components held preferentially in the stationary phase are retained longer in the
system than those that are distributed selectively in the mobile phase. Ag 4
consequence, solutes are eluted from the system as local concentrations in the mobile

phase in the order of their increasing distribution coefficients with respect to the

stationary phase.

Chromatography involves a sample (or sample extract) being dissolved ip
a mobile phase (which may be a gas, a liquid or a supercritical fluid). The mobile
phase is then forced through an immobile, immiscible stationary phase. A component

which is quite soluble in the stationary phase wiil take longer to travel through it than
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a component which was not very soluble in the stationary phase but very soluble in
the mobile phase. As a result of these differences in mobilities, sample components
will become separated from each other as they travel through the stationary phase.
Techniques such as High Performance Liquid Chromatography and Gas
Chromatography use columns - narrow tubes packed with stationary phase, through
which the mobile phase is forced. The sample is transported through the column by
continuous addition of mobile phase. This process is called elution. The average rate
at which an analyte moves through the column is determined by the time it spends in
the mobile phase. HPTLC is an improved method of TLC which utilizes the

conventional techniques of TLC in more optimized way.

2.8.1. Analysis through Thin Layer Chromatography (TLC) and High
Performance Thin Layer Chromatography (HPTLC)

Thin-layer chromatography (TLC) is a chromatography technique used to
separate non-volatile mixtures. Thin-layer chromatography is performed on a sheet of
glass, plastic, or aluminium foil, which is coated with a thin layer
of adsorbent material, usually silica gel, aluminium oxide, or cellulose. This layer of
adsorbent is known as the stationary phase. The phytoconstitutes of P.nigrum and P.
longum fruits include volatile oil, other minor alkaloids such as piplartin,
piperlogumine, piperidine, starch, resin and pungent alkaloid piperine (Kokate et al,
1994; Khare er g, 2006). Piperine is the main therapeutically active constituent of
this plant. Because of its availability in the pure form it has been used as a
characterizing compound in this study. Literature survey reveals that, various
chromatographic methods such as HPTLC (Suthar et al, 2003), HPLC have been

reported for the quantiﬁcation of piperine.

Santosh e al, (2005) used HPLC method to quantify the piperine content in
Piper longum and P. nigrum using methanol and water as mobile phase. The detection
and quantification Was performed at a wavelength of 345nm. Linearity of detect or
response for piperine was between the concentrations 0.005% to 0.1%. The
correlation coefficient obtained for the linearity was 0.998. The assay value of
piperine for fruit and root of P. longum was found to be 0.879% and 0.31%. The assay
value of piperine for fruit of P. nigrum was 4.5%. The recovery value of standard
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piperine was 99.4%. Low value of standard deviation and coefficient of variation are

indicative of high precision of the method.

2.9. Antimicrobial activity

Many focus on determining the antimicrobial activity of plant extracts found
in folk medicine (Ngwendson et al., 2003), essential oils (Almas et al., 2001) or
isolated compounds such as alkaloids (Klausmeyer et al., 2004), flavonoids,
sesquiterpene lactones, diterpenes (El-Seedi et al., 2002), among others. Some of
these compounds were isolated or obtained by bioguided isolation after previously
detecting antimicrobial activity on the part of the plant. Secondary metabolites
syﬁthesized by plants serve as defence mechanism against microorganisms (Cowan,
1999). The effect of plant extract on bacteria has been studied by a large number of
researchers in different parts of the world (Reddy et al, 2009; Maheshwari et al,
1986).

Antibiotics were produced by pharmacological industries in the last three
decades. However, these antibiotics have failed to discourage the growth of many
bacteria that have genetic ability to transmit and acquire resistance to drugs. Thus,
infections with these bacteria are associated with high morbidity and mortality
especially with immune compromised patients. Biological effects of these plants on
prokaryotic and eukaryotic organisms have been discussed (Bakkali, 2008). Many
studies all over the world have been showed that these plants and their extract have
multi-antimicrobial properties. While 25 to 50 % of current pharmaceuticals are
derived from plants, none is used as antimicrobials (Cowan, 1999). On the other hand
black pepper inhibits the expansion of genes encoding the nitric oxide synthas;
(iNOS) and the cyclooxygenase-2 (COX-2) (Mueller et al, 2010). The iNOS and
COX-2 stimulate the production of many pro-inflammatory mediators such as

(Interleukin-4 (IL-4), Interleukin-10 (IL-10), Interleukin-13 (IL-13), interferon-alpha

(0-IFN)), and the transformation growth factor B-TGF (Hanada and Yoshimura

2002; Makarov, 2000).
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CHAPTER-111

MATERIAL AND METHODS

The present study was carried out at Department of Agricultural
Biotechnology, College of Agriculture, Orissa University of Agriculture and
Technology, Bhubaneswar, Odisha.

Selection of plant: Different Piper species were selected for the study i.e Piper betle,

Piper longum, Piper nigrum and Piper chaba.

Taxonomy of Plants:

Kingdom Plantae

Subkingdom Viridaeplantae

Division Tracheophyta

Class Magnoliopsida

Order Piperales

Family Piperaceac

Genus Piper L.

Species Piper betle, Piper longum,
Piper nigrum, Piper chaba.

3.1. MATERIALS

3.1.1. Plant material

The different plant species of Piper were collected from the Medicinal garden
of All India Coordinated Research Project on Medicinal and Aromatic Plants
(AICRP), Orissa University of Agriculture & Technology, in the month of August -
September 2013 and was identified and authenticated by Dr. G. Das, Associate
Professor and officer in-charge, AICRP, OUAT.

3.1.2. Explants source

Leaf, shoot tip, root and nodal explants were collected from the field grown

plants of Piper species i.e. Piper longum, Piper betle and Piper nigrum and were used
for in vitro studies. The experitnent was carried out in the laboratory of Department of
Agricultural Biotechnology, College of Agriculture, Bhubaneswar.
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3.1.3. Plant nutrient media

For in vitro studies, two basal media such as Murashige and Skoog (MS) and
Woody Plant Medium (WPM) were used to carry out the different in vitro
experiments. Woody Plant Medium (WPM) (1978) as well as Murashige and Skoog
(1962) basal salts (MS) were used supplemented with different concentration of

auxins and cytokinins.
3.1.4. Plant growth regulators

For standardization of in vitro shoot multiplication, rooting and plant
regeneration, different auxins like indole-3-acetic acid (IAA), 1-naptheleneaetic acid
(NAA) and 2, 4-dichlorophenoxy acetic acid (2, 4-D) and cytokinins like 6-
benzylaminopurine (BAP) and kinetin (Kn) at different concentration were used. The

solution was prepared as given below.
Preparation of stock solution

3.14.1. BAP: 40 mg of 6-benzylaminopurine initially dissolve in 500ul of 0.1 N
HCI and volume makeup to 80 ml with sterile distilled water.

3.1.42. Kn: 40 mg of kinetin initially dissolve in 500p1 of 0.1 N HCI and volume

makeup to 80 ml with sterile distilled water.

3.1.4.3. 2, 4-D: 40 mg of 2, 4-D initially dissolves in 500ul of 100% ethanol and

volume makeup to 80 m] with sterile distilled water.

3.1.44. NAA: 40 mg of 1- naphthalene acetic acid dissolve in 500ul of 100%

ethanol and volume makeup to 80 ml with sterile digtilled water.

3.1.4.5. IAA: 40 mg of indole-3-acetic acid dissolve in 500p1 of 100% ethanol and

volume makeup to 80 ml with sterile distilled water.

All the prepared solution was kept in the freeze for further use.
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3.1.5. Antibiotics (source: M.P. Biomedical)

Both Carbenicillin and Cefotaxime were used for the experiment were
purchased from EMERK, Biosciences, India and appropriate stocks were prepared.

Stocks of antibiotic were prepared as given below:

Carbenicillin: 1gm of carbenicillin was dissolved in 50% ethanol. Filter
sterilized by using syringe filter into sterile eppendorf tube aseptically and store at
4%. Cefataxime: 1gm of cefataxime was dissolved in double distilled water. Filter
sterilized by using syringe filter into sterile eppendorf tube aseptically and store at 4

.

3.1.6. Antimicrobial activity

The bacterial strains Escherichia coli, Micro-coccus and S. Epidermidis species
and fungal strains Aspergillus Niger, A. Flavus and R.Solani were collected from
germplasm centre of Department of Microbiology, college of Basic Sciences and
Humanities, OUAT, Bhubaneswar. Both pure culture of bacterial strains and fungal

strains were used for antimicrobial activity.
3.1.7. Preparation of standard solution “Piperine” for quantification analysis.

Piperine was purchased from M/S Sigma, USA. The standard solution was
prepared as 1mg/ml.

3.1.8. Agrobacterium strain and plasmid used

Agrobacterium rhizogenes (A4) strain harbouring root inducing plasmid (Ri-
plasmid). The culture medium for Agrobacterium A4 strains are: Nutrient agar (PH
7.2), Inéubatiqn time: 24 hours, temperature -28°c, Subculture-30 days
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3.2. Sterilization
3.2.1 Sterilization of glassware and Media

Sterilization refers to any proc®SS that effectively kills or eliminates
transmissible agents (such as fungi, bacteria, vijruses, spore forms, etc.) from a

achieved through application of heat, chemicals, high pressure or filtration.

3.2.2 Steam sterilization

A widely-used method for heat sterilization is the autoclave. Autoclaves
commonly use for steam sterilization at 121°C. To achieve ster ility, a holding time of
at least 15 minutes at 121°C. Additiona! sterilizing time is usually required for liquids
and instruments packed in layers of cloth, as they may take longer to reach the
required temperature.  After sterilization, autoclaved liquids kept in the media

preparation room for normal temperatur® for further use.
3.2.3 Filter sterilization

Hormones that would be damaged by heat irradiation can be sterilized by

mechanical filtration. This method is commonly used for sensitive pharmaceuticals
and protein solutions in biological research. A filter with pore size 45um will
effectively remove bacteria. The filtration equipment and the filters themselves may

be purchased as presterilized disposable units in sealed packaging, or must be
o
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sterilized by the user, generally by autoclaving at a temperature that does not damage

the fragile filter membranes.
3.2.4 Glassware’s used

Glassware’s like culture tubes (25150 mm) conical flasks (250 ml) petriplates
(80 mm) beakers (500ml) etc., were purchased from Borosil (India) and used for the
experiments. All the chemicals and plant growth regulators were of analytical grade

and are procured from standard chemical manufacturing companies.

3.2.5 Cleaning of glassware’s

Glassware’s were rinsed in water and then soaked in 0.15% chromic acid
overnight. The chromic acid was drained out and the glassware’s were washed with
clean soap solution. The thoroughly washed glassware’s are rinsed in distilled water
and dried in a hot air oven. The instruments like forceps, scalpels etc., were also

cleaned and dried.

3.2.6 Sterilization of glassware’s

Clean glassware’s were rinsed in double distilled water and dried in oven at 80°C
and sealed with aluminium foil, petriplates placed in autoclavable covers small
instruments like scalpel, forceps, and blade holders wrapped in aluminium foil were
autoclaved at 121°C in 17 Ibs pressure for 15 minutes. The glassware’s were then

transferred to sterile inoculation chambers.
3.2.7 Disinfection of laminar- flow chamber

All steps in this experiment like the sterilization of explants preparation,
inoculation of the nexplan.ts,v sub culturing were conducted under aseptic condition in
the laminar- flow cabinet. Before the laminar flow cabinet was used, the wo.rking
surface of the chamber is sterilized by swabbing with 70% alcohol. The chamber was
then expgsed to UV light for 15 minutes. The walls of the chambgr were also swabbed
with 70% alcohol to ensure total sterility. Before taking the materials into cabinet,

they were swabbed with 70% alcohol. In case of glassware’s, the mouth of the bottles
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Composition of basal MS medium

MACRO SALT (mg/l)
KNO; 1900
NH4 NO; 1650
MgS04.7H,0 370
CaCl,.2H,0 440
KH;,PO4 170

MICRO SALTS ' (mg/1)
MnSOs. Hao | 223
ZnS04.7H,0O 8.6
H3;BO; 6.2
KI 0.83
Na;Mo004.2H,0 0.25
CuS0,.5H,0 0.025
CoCl,.6H,0 0.025
Na,Fe-EDTA 37.24
ADDITIVES (mg/l)
Thiamine HCl 0.1
Nicotinic acid 0.5
Pyridoxine HCI 0.5
Glycine ~ 120
Myo-inositol 100
Sucrose 30000

Growth regulators like 6-benzylaminopurine (BA), 3-indolebutyric acid
(IBA), kinetin (Kn), adenine sulphate (Ads) were added to the basal medium either
singly or in various combinations. The concentrated stock solutions of all the
ingredients were prepared and stored under refrigeration. To prepare stock solution of
micro salts, all the micro salts in required quantities were dissolved in one litre of
distilled water and used as stock solution. Likewise stock solutions of all other

ingredients are also prepared and kept under refrigeration. Similarly stock solutions of
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flasks etc. are flamed before and after use. Before starting the experiment, the hands

are swabbed well with alcohol.
3.3. Preparation of explants

For the surface sterilization, the explants first were washed thoroughly in running
tap water for 30 minutes. After that they were again washed with liquid detergent
(Labolene, Qualigen, India) and Tween 20 (Himedia Laboratories, India) for 10
minutes with vigorous shaking. After washing with detergent, the explants were again
washed with running tap water to remove any traces of detergent for 30 minutes and
kept in 1% w/v solution of Bavistin (BASF India Limited) for 15 min. Further, the
explants were taken out and dipped in 70% ethyl alcohol for 30 seconds. After alcohol
dip, explants were surface sterilized with freshly prepared 0.1% (w/v) aqueous
solution of mercuric chloride for 5 minutes. Subsequently, the explants were
thoroughly washed with sterile distilled water for 2 - 3 times to remove any traces of

mercuric chloride.

3.4. Preparation of media

The basal medium used for the culture is Murashige and Skoog medium (MS,
1962) with sucrose 3% (Analytical grade, Himedia, India) and 0.8% agar
(Bacteriological grade, Himedia, India). ‘

Table 3.1 Amount of stock solutions added to the media

S no Stock solution Strength Amount to be added
(ml)
1. Macronutrients 20X 50
2. Micronutrients 1000X 1
3. Iron source | 200X 5
4. Organic supplements | 1000X 1

Agar (8g/1) and Myoinositol (100mg/1) were added separately
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growth hormones were also prepared. Cytokinins were dissolved in few drops of
acidic solutions (0.1N HCI) and Auxins were dissolved in few drops of basic solutions
(0.1N KOH), after dissolving final volume is made up with the help of distilled water
and kept at 4°c.

The medium was prepared by adding required quantities of all the ingredients
in the conical flask. After adding all the ingredients in required amounts, the final
volume is made up with the help of distilled water. pH of the medium was adjusted to
5.8 by using 0.IN KOH or 0.IN HCI. After adjusting the pH, agar (Himedia Labs
Limited, India) was added to the medium at the rate of 0.8% (w/v) for solidification of
the medium. For preparing liquid medium (wherever used) agar was not added to the
medium. After pouring media (25 ml culture tube & 100 ml flask) were tightly capped
and labelled properly. After that media was autoclaved at 121°C for 20 min at 17psi.

3.5. Standardization of regeneration protocol

3.5.1. Culture conditions
All the In vitro culture experiment was carried out aseptically in a laminar

airflow chamber and the culture were incubated in the culture room maintained at

25+2°C, under 3000 lux intensity with fluorescent tubes over 16 h photoperiod.

3.5.2. Inoculation of explants

The sterilized explants (leaf, stem and root) were inoculated in culture tubes,

flask and bottles aseptically. For inoculation explants were transferred to large sterile
glass flask with the help of sterile forceps under strict aseptic conditions. Here the
explants were further trimmed and extra outer leaves were removed to make them in
suitable sizes. Trimming and leaves were removed with sterile scalpel blade. After
cutting explants into suitable size (1-2cm), explants are transferred to culture bottles
containing MS medium with various concentration of auxins and cytokinins. After
vertically inoculating the explants in the culture vessel the mouth of tubes, flask and
bottle was quickly flamed and tightly capped to avoid entry of external air. After

proper labelling, clearly mentioning media code, date of inoculation etc. the bottles

was transferred to growth room.
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3.5.3. Callus induction

The different explants were cultured on MS medium supplemented with
different growth regulators and incubated in culture room for callus induction.
Observations were recorded on days to callus initiation, number of explants
responding, type of callus, and colour of callus, visual callus quality and percentage of
callus induction.

Response of explants to callus initiation was assessed by calculating number
of explants responded for callus initiation and expressed in percentage.
Percent calius induction=  No. of explants with callus initiation x 100
Total no. of explants cultured

3.5.4. Shoot bud proliferation |

For shoot proliferation, BA (0.25 — 4.0 mg/ml) and IAA’(0.25-2.0 mg/ml) at
different concentrations in combination with adenine sulphate (100 mg/ml) and agar
(0.8%) were used. After 4 weeks of culture period the newly growing shoots were
separated under aseptic conditions with help of sterile scalpel blade and sterile forceps
and inoculated into new tubes/bottles containing fresh solid MS basal medium with
different set of growth hormones as mentioned earlier. Two shoots per culture bottle
were used and 2-3 replicates per treatment were also used. Data were recorded every
15 days of culture and only shoots greater than 0.5cm was considered for taking data.
Every possible care has been taken to prevent any further contamination.
3.5.5. Rooting of microshoots

Newly grown shoots measuring about 1 - 2cm in length were excised
individually from the parent culture and transferred to different rooting media. Three
types of rooting medias were used one MS basal media without hormone and other
MS basal media with hormone IBA or NAA. Both liquid as well as solid mediums
were used for the experiment. Data were recorded after 15 days interval.
3.5.6. Acclimatization

After 4 weeks of culture on rooting media, the plantlets were shifted to plastic
pots for their hardening prior to final transfer to soil to natural conditions. For

hardening of plants, plants with newly formed roots were taken out from the culture
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bottles with the help of forceps with utmost care to prevent any damage to newly
formed roots and washed in tap water to remove the agar gel medium. After removing
media, plants were dipped in 1% w/v solution of bavistine to prevent any fungal
infection to newly developed plants. After bavistine treatment the plantlets were
carefully planted in plastic pots containing 1:1 mixture of soil and farmyard manure.
After planting the plants were thoroughly watered and kept under playhouse with 80%
humidity and 31°C temperature for ten days. There after the plants were shifted to
shade house with less humidity level and indirect sunlight. In shade house, watering

was made in everyday two times to prevent wilting.

3.6. Optimization for efficient Agrobacterium rhizogenes mediated

transformation method
3.6.1. Preparation of explants for the co-cultivation

Young leaves were excised from in-vitro grown shoots cut into small segments

(0.5 x 0.5 cm) and friable callus was used as explants for transformation.

3.6.2. Bacterial culture preparation

Agrobacterium rhizogenes A4 strain was used for hairy root induction in
plants. The bacteria were maintained on nutrient agar medium. The bacteria were
streak on fresh plates and incubated in 28°c. After 24 h, the single colony was
transferred to the broth medium and cultured for 48h in the dark on a rotary shaker at
90 rpm. Bacterial count was measured by OD at 620nm. The OD must be 0.5 - 0.6 i.e.
(106 cells/ml). The bacterial suspension was centrifuged at 6000 rpm for 10 min and

pellet was collected for co-cultivation.
3.6.3. Co-cultivation with the explants/calli

The prepared explants were co-cultivated with Agrobacterium. The pellet was
suspended in Liquid Plant Growth Medium (LPGM) along with 100pl
Acetosyrirfgone. The explants were injured with sterile needle’ and co-cultivation
wrapped with aluminium foils and incubated at 25°c for 30 min at 90 rpm. Afier 30

minute, the infected explants were taken out and blotted dry on sterile filter paper and
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transferred to petridish on blotting paper moistened with LPGM (liquid plant growth

medium) along with acetosyringone for incubation for a period of 48-72 hrs at 25°C.
3.6.4. Explants washing

After 2 days of incubation, the infected explants were washed with sterile
distilled water for three times followed by washing with Carbenicillin / cefotaxime (0,
100,200, 300, 400 and 500 mg/l) then the washed explants were blotted on sterile
filter paper. The individual explants were transferred onto basal MS medium placed in

the dark at 25+2°C.

3.6.5. Establishment of hairy root culture

After about 4 weeks, explants develop roots at infected sites; they were then
subculture again in MS basal medium containing 200 mg/l carbenicillin. Before
transferring to solid media, the explants were rinsed with MS liquid medium
containing carbenicillin / cefotaxime (0, 100, 200, 300, 400 and 500 mg/l). They were
subcultured at every 14 days interval. Hairy root was excised and transferred to MS
liquid medium and kept in rotary shaker at 90 rpm for 30 days. The cultures were

harvested and secondary metabolites were determined.

3.7. HPTLC analysis
3.7.1. Material

Prepared TLC plates were purchased from EMerck Bioscience (India). The
standard piperine was purchased from M/S Sigma, USA.

3.7.2. Preparation of extract of callus, leaf, fruit and root

The callus, leaf and root éamples were air dried and were macerated in morta]
and pestle to obtained a fine powder. The powdered plant material were loaded in the
soxlet apparatus and then fitted into a round flask containing methanol. The solvent
was boiled gently (60-80) over a heating mantle using adjustable rheosfat. The
extraction was continued until complete extraction was done (8-10 hrs). After

extraction, collect the extract and allow the methanol to evaporate. A dry mass of
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extract is weighed and make a stock of 1mg/ml concentration. This was used for

HPTLC analysis for presence of standard piperine.

3.7.3. HPTLC analysis
3.7.3.1. Calibration of standard graph
Stock solution (Img/ml) of standard compound piperine was prepared

individually in methanol and different concentration was spotted onto TLC plates in

order to prepare the calibration graph.
3.7.3.2. Chromatographic analysis of the samples

Aluminium plate pre-coated with silica gel 60 F254 TLC plates (10x10cm)
(EMerck, India) was used as a stationary phase. A Linomat IV (Camag, Muttenz,
Switzerland) automatic TLC applicator was used to apply samples and standards onto
the TLC plates under a flow of nitrogen gas. The application parameters were
identical for all analysis performed and the delivery speed of the syringe was 10s/pl.
The extract and standard solution were applied 1.5cm away from lower edge of the
plate with the help of micro capillary tube. The solvent system used to identify

piperine was Toluene: Ethyl acetate (7:3 v/v) under laboratory condition. The loaded

plates were then placed vertically in the chamber previously saturated with solvent

system for 30 min. After the solvent moved about 90% of length, the plates were

taken out and dried at room temperature.

Developed plates were dried in stream air and immersed in 5% concentrated

0 .
ethanolic sulphuric acid. After drying, the plates were heated at 110°c for 15-20 min.

To develop the colour of the spots. For quantitative determination, spots

corresponding to standards wWere scanned using a Camag TLC Scanner 3 at 254 nm

and 343 nm wavelength with a slit size of 6. x 0.4mm.

¢ calculated using formula
The Rf values wer Rf= Distance travelled by solute

Distance travelled by solvent

°
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3.8. Plant extracts preparation
3.8.1. Material:
The leaf, root, fruit, transformed and non-transformed calli extracts were
prepared by extraction with appropriate solvent using Soxhlet apparatus.
3.8.2. Crude plant extracts preparation
100 mg/ml of the various extract were prepared in methanol. From this stock,
different dilution was prepared.
3.9. Phytochemical analysis of extracts
The following procedures were adopted for analysing the presence of various

chemical constituents in the fractions.

Test for Steroids — The salkowski test (Ganguly et al., 1975) was adopted to analyse
the steroid content in various species of Piper. Chloroform (2 ml) and 2 ml of
concentrated sulphuric acid were added to the 2 ml of test solution, shaken and
allowed to stand. Change in the colour of lower chloroform layer to red and acid layer

to greenish yellow fluorescence indicates the presence of steroids.

Test for Triterpenoids - The salkowski test (Muller, 1967) was adopted to analyse
the Triterpenoids content in various species of Piper. Concentrated sulphuric acid (2
ml) was added to 2 ml of test solution. The solution was shaken and allowed to stand.

The colour of lower layer changes to yellow indicating the presence of triterpenoids.

Test for Glycosides - The Keller-Kiliani test was adopted to analyse the Glycosides
content in various species of Piper. Glacial acetic acid (3 - 5 drops), one drop of 5%
FeCl; and conc. sulphuric acid were added to the test tube containing 2 ml of total

solution. Appearance of reddish-brown colour at the junction of two layers and bluish

green in the upper layer indicates the presence of glycosides.

Tests for Saponin -The Foam Test (Tadhani and Subhash, 2006) were adopted to
analyse the saponin content in various plant species of Piper. Powdered extract (10-20

mg) was shaken vigorously with water (1ml). Development of persistent foam which

is stable at least for 15 minutes indicates the ﬁresence of saponin.

Tests for Carbohydrates - The Molisch’s test was adopted to analyse the

carbohydrates content in various plant species of Piper. 3 ml of Molisch’s reagent was

Page | 50



Materials & Methado
added to the 3 ml of test solution, shaken for few minutes. Then 2 ml of concentrated

sulphuric acid was added slowly from the sides of the test tube. The development of a

purple ring at the junction of two liquids indicates the presence of carbohydrates.

Tests for Alkaloids -The Dragendorff’s test (Concon et al., 1979) was adopted to
analyse the alkaloids content in various plant species of Piper. 3 ml of the test solution
was mixed with Dragendorff’s reagent (potassium bismuth iodide). Appearance of

reddish brown precipitate indicates the presence of alkaloids.

Tests for Flavonoids- The Ferric-chloride test (Voesgen et al., 1980) was adopted to
analyse the flavonoids content in various plant species of Piper. Test solution with
few drops of ferric chloride solution shows intense green colour indicating the

presence of flavonoids.

Tests for Tannins - The Ferric-chloride test (Trease and Evans, 1983) was adopted to
analyse the tannins content in various plant species of Piper. 3 ml of test solution
treated with few drops of ferric chloride solution. Development of dark colour

indicates the presence of tannins.

Test for Proteins The Biuret test (Ferdinand Rose, 1833) was adopted to analyse the
protein content in various plant species of piper. 3 ml of the test solution was treated
with 4% sodium hydroxide (3-5 drops) and 1% copper sulphate solution (3-5 drops).

The appearance of blue colour indicates the presence of proteins.

Plant constituents Test/Reagent
Alkaloid Dragendorff’s
Steroids Salkowski test
Triterpenoids Salkowski test
Gl);coside_s Keller-Kiliani
Saponin Foam
Carbohydrates Molish’s
Flavonoids Ferric-chloride
Tannins Ferric-chloride
Proteins Biuret
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3.10. Growth and maintenance of test microorganism for antimicrobial studies
Bacterial cultures like Escherichia coli, Micrococcus and S. epidermis and
fungal culture like Aspergillus Niger, A. Flavus, Fusarium, pencellium and R. solani
were obtained from the Department of Microbiology, College of Basic Sciences and
Humanities, Orissa University of Agriculture and Technology, India and were used
for antimicrobial test. The bacterial culture was maintained on nutrient broth (NB) at
37°C and fungus was maintained on Potato Dextrose Agar (PDA) at 28°C.
3.10.1. Antibacterial susceptibility test
The leaf, fruit, root and callus extracts were tested on the test bacteria using
the paper disc diffusion method. The nutrient agar plates were seeded with the 24 hr
broth culture (10° cfu /ml) of the bacteria was aseptically introduced and was poured
in the pre-sterilised petridishes and was allowed to solidify. The sterile paper discs
(5mm) were soaked in the leaf extract of different concentration viz. 20 mg/ml,
40mg/ml, 60mg/ml for 2 hours. The paper discs containing the extracts were placed at
different area on the surface of each plate. The plate was incubated at 37% for 24 h.
3.10.2. Antifungal susceptibility testing
The leaf, fruit, root and callus extracts were tested on antifungal testing by
using potato dextrose agar plétes. The PDA plates were seeded with fungal spores and
were poured in the pre-sterilized petridishes and were allowed to solidify. The sterile
paper disc (5Smm) were soaked in the leaf extract of different concentration viz. 20
mg/ml, 40mg/ml, 60mg/ml for 2 hours. The paper disc containing the extract was
placed at different areas on the surface of each plate. The plates were incubated at 28°
C for 24hr. A disc soaked in methanol was used as control. Antimicrobial activity of
the extract against the test bacteria and fungus was indicated by growth — free “zone
of inhibition” near the respective disc. Two replications per test.
3.11. Statistical analysis

As all the studies were done in laboratory under controlled condition with
maintaining temperature, light intensity and photoperiod. All the experiment is
completely randomized design (CBD). For accurate statistical analysis, each

experiment was repeated. All the data were analyzed using ANOVA test, used for
comparisons among means. )
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CHAPTER-1V

RESULTS AND DISCUSSION

Medicinal plants are gaining great interest in pharmaceutical industries for the
production of high valued secondary compounds (Rout et al., 2000: Das and Rout,
2002). There has been significant rise in number of various studies on Piper species
around the globe. Piper has recently attracted the attention of researchers because it
has a wide range of medicinal and pharmacological application. In traditional
medicine mature spike of female plant thick stem and roots is extensively used in the
treatment of bronchial disease, worms, amobiasis and aphrodisiac agent. It is widely

- used in pharmaceutical and food industry. Piper plants are important sources for

research on and development of new anticancer agents.

In vitro plant development is considerable to be completely dependent upon
the species. Single cells of the tissue can regenerate into whole plant (totipotency)
through shoot tip, leaf, roots and axillary buds or stem segment. Both intrinsic and
extrinsic factors that influence the morphogenic response of explanted tissue under
culture condition. These factors were either physical or physiological in nature
depending upon the type of explants used, media composition and culture
environment.

The culture media contains inorganic and organic salts (macronutrients,
micronutrients and vitamins) as well as energy source (sucrose), growth regulators
and agar-agar are used as nutrient source to plant. In most of the cases, Murashige
and Skoog (1962) basal medium was used for plant growth and development. Growth
regulators like auxins and cytokinins were used for shoot proliferation, adventitious
shoot develf)pment, root induction and callus proliferation. Shoots produced through
in vitro are generally easy to induction of root by manipulating the growth regulators,
nutrient media and culture condition. The resulting rooted shoots are transfer to
greenhouse for acclimatization and subsequently transferred to field condition. In
vitro culture systems are also been adapted for mass multiplication of various plant

species including medicinal and aromatic plant for propagation, conservation and
utilization of secondary metabolites.

Page | 53



4.1. In vitro regeneration.

Resulbts & Discussion

The standardization of protocol on an efficient plant regeneration is utmost

important for successful commercialization of plant and also crop improvement

through genetic transformation. The present investigation deals with the induction of

shoot multiplication either from apical shoots or axiliary buds by manipulating growth

regulators and physiological condition. Plant growth regulators concentrations in the

medium and additional media amendments also play a determining role in

morphogenesis (Narayanaswamy, 1977).

Table. 4.1. Effect of different concentrations of cytokinins on shoot proliferation

from shoot tip explants of Piper longum after 8 weeks of culture.

MS+ growth regulator mg/1 % of response N}(:. of ;nu:tlple
(Mean SE)* shoots/culture
BAP Kn Ads (Meant SE)*
0 0 0 0.0 0.0
0.25 0.5 100 13.6+0.6 a 1.5+0.2 a
0.50 0.5 100 16.8+0.3 b 1.6+0.3 a
1.0 0.5 0 23.3+0.4 ¢ 1.4+0.4 a
1.5 0.5 100 23.4+0.5c 1.6+0.5a
2.0 1.0 0 56.6+0.6 i 1.4+0.4 a
1.5 1.0 100 43.3+0.5 f 1.4+0.6 a
2.0 1.5 100 46.6+0.6 g 2.0£0.7b
0.0 1.5 0 34.3+0.7d 2.4+0.6 c
0.50 1.5 100 33.3+0.8 d 2.3+04 c
1.0 1.5 100 36.6+0.6 ¢ 2.44+0.6 ¢
1.5 1.5 100 46.8+0.5 g 2.2+0.5b
2.0 1.0 100 66.2+0.4 k 2.8+0.5 ¢
1.5 1.0 100 63.4+0.3 i 2.6+0.6 c
2.0 1.0 100 43.3+0.5f 2.5+0.8 ¢
0 2.0 0 36.6+0.7 e 1.8+0.4 b
3.0 - 100 56.5£0.6 i+ 1.6+0.5 a+
3.5 - 100 46.6+0.5 g+ 1.8+0.6 b+
3.5 2.0 100 53.3£0.4 h+ 1.4+0.5 a+
4.0 2.0 100 56.8+0.6 i+ 1.2+0.4 a+

*15 replichtes/treatment; repeated thrice;
+ - Callusing at the basal end

[

Mean followed by different letters are significantly different at the 5% level.
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Reoults & Discussion

© 4.1.1. Effect of cytokinins on shoot multiplication.

Three cytokinins (BAP, Kn and Ads) have been tested for shoot multiplication
. from apical and axillary shoots of Piper longum, Piper betle and Piper nigrum.
Among the three cytokinins, 6-benzylaminopurine and kinetin favoured maximum
rate of shoot proliferation (Tables 4.1, 4.2 & 4.3). Without cytokinin, the shoots did
not show any positive response. The medium supplemented with BAP, Kinetin and
adenine sulphate showed the maximum rate of shoot growth and multiplication.
Among the different concentrations of nutrient tried, the full strength MS medium
supplemented with BAP, Kinetin and adenine sulphate showed significant response as
compared with other treatment. The explants initially exposed ‘to tap water for
longer period and subsequently transferred to culture medium showed the positive
impact on shoot growth. The higher concentrations of BAP (2.0 mg/1) along with 1.0
mg/1 kinetin and 100 mg/l adenine sulphate showed higher response in case of Piper
Jongum (Table 4.1, Fig. 4.1A). However, the medium having 2.0 mg/l BAP + 0.5 Kn
and 2.0 mg/l Kn + 1.5 mg/l BAP + 100 mg/l adenine sulfate favoured shoot
multiplication in Piper betle and Piper nigrum respectively (Tables 4.2 and 4.3).
Low concentration of BAP was found to be ineffective for shoot induction. The shoot
of Piper longum showed maximum percentage of shoot multiplication (66.2%) on
MS medium supplemented with BAP 2.0 mg/l along with 1.0 mg/l kinetin and
100mg/ml of adenine sulphate. Increase the concentration of from 0.5 to 4.0 mg/l
BAP showed increase in the percentage of response but the number of multiple shoots
per culture was reduced. The average number of shoots varied from 1.2 - 2.8 per
culture. In Piper betle, the percentage of multiple shoot formation was 40.4% in MS
medium supplemented with 2.0 mg/l BAP along with 0.5 mg/l Kn. The average
number of shoots varied from 1.0 - 2.3 shoots per culture (Table 4.2). In case of
Piper nigrum, the maximum percentage of multiple shoot formation was 36.4 % on
MS medium supplemented with 2.0 mg/l Kn along with 1.5 mg/l BAP and 100mg/mi
of adenine sulphate. Thg average number of multiple shoots per culture was ranged
from 1.0 - 2.4 (Table 4.3). The combinations of cytokinins favour the shoot
proliferation and elongation. It indicates that cytokinin/auxin ratio being the principal

players in the induction of shoot multiplication from explants. Similar observationg
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indicating the effect of cytokinin and auxin on shoot multiplication were previously
reported in Clerodendrum colebrookianum (Mao et al. 1995), Plumbago (Rout et al.
1999), Lawsonia inermis (Rout et al. 2001), Ocimum gratissimum (Gopi et al. 2006).
The present findings suggest a high frequency of shoot production from organogenic
calli could be obtained by manipulating the growth regulators and culture condition.
There were differences between treatments both in the percentage of cultures with
response and in the mean number of shootbuds per culture. Many authors reported
that cytokinin is required in optimal quantity for shoot proliferation in many
genotypes but an inclusion of a low concentration of auxin along with cytokinin
increases the rate of shoot bud proliferation (Sharma ez al. 1993; Sharma and Singh
1997; Shasany et al. 1998; Rout et al. 2000; Rout, 2005). However, the molecular
mechanisms through which auxin-cytokinin crosstalk act in concert to exert the shoot
meristem induction are still poorly understood. A lower concentration of BA (< 3.0
mg/1) in the culture medium inhibited the growth of the shoot buds. The number of
shoot buds per culture varied from 1.8 — 28.6 in case of leaf and 2.4 0 16.2 in case of
stem in different treatments. The rate of shoot bud regeneration increased as the
number of subcultures increased. Similar observations were reported for Gentiana

kurroo (Sharma et al. 1993) and Plumbago species (Rout et al. 1999).

4.1.2. Effect of cytokinins and auxins in shoot multiplication

The combination of cytokinins and auxins also favoured positive impact on
shoot proliferation and multiplication. In the present investigation, one best cytokinin
and two auxins were tested for shoot proliferation and multiplication. Among the two
auxins tested, BAP along with IAA favoured the maximum rate of shoot
multiplication. The medium supplemented with BAP and NAA did not show any
positive response. In medium having 1.5 mg/l BAP along with 0.5 mg/l IAA showed
the highest rate of shoot growth and proliférationl in case of Piper longum (Table
4.4). Increase the concentrations of either BAP or IAA, the cultures did not showed
any more positive response. In €ase of Piper longum, the maximum percentage
(83.3%) of shoot proliferation was observed in MS medium supplemented with 1.5
mg/l BAP, 0.5 mg/l IAA and 3% sucrose within 8 weeks of culture (Table 4.4). The
average number of multiple shoots per culture was varied from 1.0 - 3.4 in different

treatments ( Fig. 4.1B) . In case of Piper betle, the maximum percentage of response
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on shoot multiple was 40% on MS medium supplemented with BAP 1.5 mg/l along
with IAA 1.5 mg/l and 0.2 mg/l NAA (Table 4.5). The average number of shoots per
culture varied from 1.1 - 1.8 shoots per culture. In case of Piper nigrum, the
maximum percentage of shoot proliferation was 34.2 % on MS medium supplemented
with 2.0 mg/l BAP along with 2.0 mg/l IAA and 0.2 mg/l NAA (Table 4.6). The
average number of shoots varied from 1.0 -1.4 shoots per culture (Fig.4.2A). The
manipulation of cytokinin and auxin helps in shoot multiplication of different
medicinal plant species was reported by various authors (Aminduddin et al., 1993;
Johri et al., 1996, Mathews and Rao, 1984; Philip et al., 1992 (Bhat et al., 1995;
Anand and Rao, 2000; Bhat ez al., 1992; Philip et al. 1992; Bhat et al. 1995; Joseph et
al. 1996; Philip et al., 2000; Soniya and Daé, 2002; Nair and Gupta 2006; Thomas et
al., 2008).

Table 4.2. Effect of different concentrations of cytokinins on shoot proliferation
from shoot tip explants of Piper betle after 8 weeks of culture.

MS+ growth regulator mg/l % of response No. of multiple
(Mean + SE)* shoots/culture
BAP Kn Ads (Mean + S.E)*
0 0 0 .00 0.0
0.25 0.5 100 No response No response
0.50 0.5 100 No response No response
1.0 ' 0.5 100 13.4+04 a 1.2+04 a
1.5 0.5 100 138052 12+05a
2.0 1.0 0 28.6+0.6 bc 1.3£04 a
1.5 1.0 100 23.3x05b 1.3+0.6 a
2.0 1.5 100 36.2+0.6 d 22+0.7b
0 1.5 0 13.8+0.7 a 1.2+0.6 a
0.50 1.5 100 16.6+0.8 a 1.3x04 a
1.0 1.5 100 16.8+0.6 a 1.3+0.6 a
1.5 L5 100 26.6+£0.5b 1.3+0.5a
2.0 0.5 0 40.4:0.4 d 2.3+0.5b
1.5 2.0 100 345+03d . 1.8+0.6 a
0 2.0 0 32.3+0.5d 1.8+0.8 +a
2.5 - 100 26.6£0.7b 1.3£0.4 a
3.0 - 100 30.8+0.6 +c 1.8+0.5 +a
3.5 - 100 b 32.340.5 +c,d 2.0+0.6 +b
3.5 2.0 100 33.6+£0.4 +d 2.0+0.5 +b
4.0 2.0 100 25.6+0.6 +b 1.3+0.4 +a

*15 replicates/treatment; repeated thrice.
+ - Callusing at the basal end

Mean followed by different letters are 51gmﬁcantly different at the 5% level.
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| 4.1.4. Effect of auxins on callus proliferation

© Results & Discussion

Callus is a mass of unorganised cells obtained from plant tissues and used for
different biological research and crop improvement program. The development of

callus is greatly influenced by the growth regulators and physiological condition.

. Generally, higher concentration of auxin in the culture medium helps to proliferate the

| growth of callus. The culture condition like temperature and photoperiod has great

potential for callus production from various explants like stem, leaf and root. In the

present study, three auxins (2, 4-D, IAA and NAA) were used for induction of callus

from leaf and stem explants of Piper species.

Table 4.3. Effect of different concentrations of cytokinins on shoot proliferation

from shoot tip explants of Piper nigrum after 8 weeks of culture.

MS+ growth regulator mg/1 % of response No. of Multiple
(Mean + SE)* Shoots/culture
BAP Kn Ads (Mean + S.E)*
0 0 0 0.0 0.0
0.25 0.5 100 NR NR
0.50 0.5 100 NR NR
1.0 0.5 100 NR NR
1.5 0.5 100 12.840.4 a +
2.0 1.0 100 20.6+0.6 d 1.0£0.4 a
1.5 1.0 100 14.3£0.5b 1.0£0.1a
2.0 1.5 100 26.6£0.6 e 2.0£0.4 b
0 1.5 0 13.3£0.7 a,b 1.0£0.6 a
10.50 1.5 100 16.3£0.8 ¢ 1.0£0.4 a
1.0 1.5 100 20.4+0.6 d 1.0£0.1 a
1.5 1.5 100 26.2+£0.5 e 1.0£0.5a
2.0 0.5 100 34.6+0.4 +h 1.0£0.5 a+
1.5 2.0 100 36.4+0.3 +i 2.4+0.2 b+
2.0 2.0 100 30.3:05+g | 21302 b+
0 2.0 0 30.6£0.7 +g 1.0£0.4 a+
3.0 - 100 20.0£0.6 d 1.6£0.5b
3.5 - 100 + +
3.5 2.0 100 + n
4.0 2.0 100 + +

*15 replicates/treatment; repeated thrice, NR — no response, + - Callusing at the basal
end Mean followed by different letters are significantly different at the 5% level.
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{'ll‘l‘he result showed that the green friable callus was developed from leaf as well as
étem after 4 - 5 weeks of culture on medium supplemented with 2, 4-D + IAA or
NAA. The callus further proliferated in subsequent subculture, the maximum
proliferation of callus was observed from leaf and stem explants in Piper betle in the
/medium containing 2.5 mg/l 2, 4-D within 8 weeks of culture (Table 4.7). The callus
f proliferation became declined if the medium having either lower concentrations of
‘Iauxm alone or without auxin. The maximum proliferation of callus from stem and
leaf explants were 73.3% and 83.4% respectively on medium containing 2.5 mg/1 2,
4-D (Table 4.7; Fig. 4.3 A & B). The combination of growth regulators like 2, 4-D,
'NAA and IAA did not show any positive impact on callus proliferation. In case of
Piper longum, the highest callus proliferation was obtained in medium having 2.0
"mg/l 2, 4D and 2.0 mg/l IAA within 8 weeks of culture (Fig. 4.4A & B). The
maximum percentage of response on callus proliferation from leaf and stem explants
were 58.3% and 54.0 % respectively (Table 4.8). On  the basis of comparative
analysis, it was observed that the medjum having 2, 4-D + 1AA showed higher callus
proliferation than the 2, 4-D + NAA or NAA + IAA. In case of Piper nigrum, the

maximum proliferation of callus from leaf and stem plants were observed in medium

having 2.0 mg/1 2, 4-D and 2.0 mg/l JAA (Table 4.9).

4.1.5. Effect of cytokinins apd auxins on callus proliferation and plant

regeneration

The proliferation of callys and plant regeneration was depended on the type of
growth medium, culture conditions and source of explant. In most of the cases, the
combination of auxin and cytokinin favoured the rate of callus growth and
regeneration of shoots from the callus. The present study indicated that the
combination of auxin and cytokinin in the growth medium favoured hlgher percentage
of callus proliferation by using both stem and leaf explants. The maximum percentage .
of callus proliferation from leaf and stem explant of Piper betle on MS medium
supplemented with 2.0 mg/1 2,4 D, 1.5 mg/l BAP and 1.0 mg/l NAA within 8 weeks
of culture. The callus was green and friable in nature. The, percentage of
organogenenic response of callus derived from leaf and stem were 63.3 % and 38.6%
respectively (Table 4.10; Fig.4.3 C, D). The calluses were again subculture into fresh

medium with same composition for shoot bud regeneration. There was no shoot bud
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regeneration observed in any of the medium tested in this study. However, the callus
proliferation and shoot bud regeneration was achieved in leaf derived callus of Piper
longum on MS medium supplemented with 1.0 — 1.5 mg/l 2, 4-D and 1.5 mg/l BAP
(Fig. 44 C, D). The stem derived callus did not produce positive fesponse with
regard to shoot bud regeneration even the culture kept for longer period or
subculture twice in same medium (Table 4.11). The subculturing of callus was made
in every 4 weeks interval. Shoot bud regeneration did not achieved in callus derived
from stem and leaf explants of Piper nigrum. The callus was compact in nature but
the organogenic shoot primordial like appearance observed during the study period.
The source of explant was important in determining the morphogenetic and
regenerative potential, which were significantly influenced by the physiological
conditions of the donor plant (Debergh and Maene, 1981; Read, 1988).

Table. 4.4. Effect of different concentrations of auxins and cytokinins
on shoot proliferation from shoot tip explants of Piper longum after 8 weeks
of culture.

MS+ growth regulator mg/1 % of response No. of multiple
(Mean + SE)* Shoots/culture.
BAP IAA NAA (Mean + S.E)*
0 0 0 0.0 0.0
0.25 0.5 - 23.4+0.6 a 1.0+£0.3 a
0.50 0.5 - 46.6:0.3 e 1.8+0.6 a
1.0 0.5 - 63.3+0.4 h 2.8+0.4b
1.5 0.5 - 83.3+0.5 j 3.4+0.5c
2.0 1.0 - 76.6+0.6 i 3.2+04 c
1.5 1.0 - 53.6+0.5 f 2.4+0.3b
2.0 1.5 - 56.2+0.6 g 2.6£0.2b
0.25 1.5 0.2 33.24+0.7b 1.6+0.6 a
0.50 1.5 0.2 34.3+0.8 b 1.6£0.4 a
1.0 1.5 0.2 56.4+0.6 g 2.6+0.6 b
1.5 1.5 0.2 62.6+0.5 h 3.0£0.5b
2.0 0.5 0.2 56.4+0.4 g 3.0+£0.5b
1.5 2.0 02 62.3+0.3 h 2.8+0.6 b
2.0 2.0 02 |- 43.3+0.5d 1.6+£0.8 a
2.5 - 0.2 36.6+0.7 ¢ 1.3+0.4 a
3.0 - 0.5 56.6+0.6 g+ 2.6+0.5 b+
3.5 - 1.0 46.8+0.5 e+ 1.84+0.6 +a
3.5 2.0 . 0.5 53.3+0.4 f+ 2.4+0.5 +b
4.0 2.0 0.5 56.6+0.6 g+ 2.6+0.4 +b

*15 replicates/treatment; repeated thrice
+ - Callusing at the basal end

Mean followed by different letters are significantly different at the 5% level.
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Maintaining the donor plants in clean and controlled environmental conditions
delivers healthy and sterile explants (Sagare ez al., 2001). The physiological age of
explants and the explant type and size are the other factors which influenced
formation of organs in vitro (Rout et al., 2000). Gunay and Rao (1978) concluded tﬁat

Kn was inefficient in inducing differentiation and reported only callus production.

Table 4.5. Effect of different concentrations of auxins and cytokinins on shoot
proliferation from shoot tip explants of Piper betle after 8 weeks

of culture.
MS+ growth regulator mg/1 Z:/I Zﬁ;eipggif I:ﬁégfszz%g%e
BAD AR NAA (Mean + SE)
0 0 0 0.0 0.0
0.25 0.5 - NR NR
0.50 0.5 - NR NR
1.0 0.5 - 16.6+0.4 b 1.2+0.4 a
1.5 0.5 - 18.2+0.5b 1.2+0.5a
2.0 1.0 - 26.2+0.6 d 1.3+0.4 a
1.5 1.0 - 22.3+0.5¢ 1.3+0.6 a
2.0 1.5 ~ - 36.4+0.6 g 1.8£0.2 b
0.25 1.5 0.2 12.6+0.7 a 1.1£0.6 a
0.50 1.5 0.2 14.6+0.8 a 1.1+0.4 a
1.0 1.5 0.2 26.6+0.6 d 1.3x04 a
1.5 1.5 0.2 40.0+0.5 h 1.8+0.5b
2.0 0.5 0.2 30.0£0.4 ¢ 1.3+0.5a
1.5 2.0 0.2 32.3+03 f 1.6+£0.6 b
2.0 2.0 0.2 344405 g 1.6£0.2 b
2.5 - 0.2 26.6:0.7d 1.3+0.4a
3.0 - 0.5 30.0£0.6 e 1.3+0.5a
3.5 - 1.0 32.3+0.5 f+ 1.6+0.6 +b
3.5 2.0 0.5 30.2+0.4 e+ 1.6+0.5 +b
4.0 2.0 0.5 24.6+0.6 d+ 1.3+0.4 +a

*15 replicates/treatment; repeated thrice, NR - No response

+ - Callusing at the basal end

Mean followed by different letters are significantly different at the 5% level.
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viaintaining the donor plants in clean and controlled environmental conditions

lelivers healthy and sterile explants (Sagare et al., 2001). The physiological age of

:xplants and the explant type and size are the other factors which influenced

‘ormation of organs in vitro (Rout et al., 2000). Gunay and Rao (1978) concluded that

<n was inefficient in inducing differentiation and reported only callus production.

Table 4.5. Effect of different concentrations of auxins and cytokinins on shoot
proliferation from shoot tip explants of Piper betle after 8 weeks

of culture.
MS+ growth regulator mg/1 % of response L
(Mean + SE)* shoots/culture
(Mean + SE)*
BAP IAA NAA
0 0 0 0.0 0.0
0.25 0.5 - NR NR
0.50 0.5 - NR NR
1.0 0.5 - 16.6+0.4 b 1.2+0.4 a
1.5 0.5 - 18.2+0.5b 1.2+0.5a
2.0 1.0 - 26.2+0.6 d 1.3+£0.4 a
1.5 1.0 - 22.3+0.5¢ 1.3+0.6 a
2.0 1.5 - 36.4£0.6 g 1.8+0.2 b
0.25 1.5 0.2 12.6+0.7 a 1.1+£0.6 a
0.50 1.5 0.2 14.6+0.8 a 1.1+0.4 a
1.0 1.5 0.2 26.6+0.6 d 1.3+0.4 a
1.5 1.5 0.2 40.0£0.5 h 1.8+0.5b
2.0 0.5 0.2 30.0£0.4 e 1.3+0.5a
1.5 2.0 0.2 32.3+0.3 f 1.6+£0.6 b
2.0 2.0 0.2 344405 ¢g 1.6£0.2 b
2.5 - 0.2 26.6+0.7 d 1.3+0.4 a
3.0 - 0.5 30.0£0.6 € 1.3£0.5a
3.5 - 1.0 32.3+£0.5 f+ 1.6+0.6 +b
3.5 2.0 0.5 30.2+0.4 et 1.6+0.5 +b
4.0 2.0 0.5 24.6+0.6 d+ 1.3£0.4 +a

*15 replicates/treatment; repeated thrice, NR - No response

+ - Callusing at the basal end

Mean followed by different letters are significantly different at the 5% level.
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Table. 4.6. Effect of different concentrations of auxins and cytokinins
on shoot proliferation from shoot tip explants of Piper nigrum after 8 weeks of

culture.
MS+ growth regulator mg/1 % of response No. of multiple
(Mean + SE)* shoots/culture
BAP IAA NAA (Mean + SE)*
0 0 0 0.0 0.0
0.25 0.5 - NR NR
0.50 0.5 - NR NR
1.0 0.5 - NR NR
1.5 0.5 - NR NR
2.0 1.0 - 18.6+0.6 ¢ 1.0+0.4 a
1.5 1.0 - 16.3£0.5b 1.0£0.1 a
2.0 1.5 - 20.6+£0.6 d 1.2+0.7 a
0.25 1.5 0.2 12.3+0.7 a 1.0+£0.6 a
0.50 1.5 0.2 18.3+0.8 ¢ 1.0£0.4 a
1.0 1.5 0.2 20.6+£0.6 d 1.1+0.6 a
1.5 1.5 0.2 22.6+0.5+ ¢ 1.2+0.5 a
2.0 0.5 0.2 24.0£04 f 1.4+0.5 a
1.5 2.0 0.2 26.6£0.3+ g 1.1£0.6 a
2.0 2.0 0.2 34.2+0.5+h 1.4+0.8 a
25 - 0.2 26.6+£0.7+ g 1.0+£0.4 a
3.0 - 0.5 28.0+£0.6+ g 1.3+£0.5a
3.5 - 1.0 18.8+£0.6+ ¢ 1.2+0.3 a
3.5 2.0 - 18.6+0.6 +c 1.0£0.2 a
4.0 2.0 - 16.0+£0.6 +b 1.2+0.4 a

*15 replicates/treatment; repeated thrice, NR - No response,
+ - Callusing at the basal end.

" Mean followed by different letters are significantly different at the 5% level.
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Table. 4.7. Effect of different concentrations of auxins on callus proliferation from
leaf and stem explants of Piper betle after 8 weeks of culture (subculture was made

every 4 weeks interval).

MS+ growth regulator mg/l | "o of response (Mean £ SE)* |\ .
Leaf Stem texture of callus
2,4-D IAA NAA
0 0 0 0.0 0.0 -

0.25 0.5 - 23.3+0.6 a NR Green friable
0.50 0.5 - 36.4+0.3 ¢ NR Green friable
1.0 0.5 - 43.2+0.4d NR Green friable
1.5 0.5 - 533+0.5f 48.2+0.4 ¢ Green friable
2.0 1.0 - 66.8+0.6 i 36.4+0.6 b Green friable
1.5 1.0 - 62.3+0.5 g 43.3£0.5d Green friable
2.0 1.5 - 68.6+0.6 j 46.6+0.6 e Green friable
0.25 1.5 0.2 33.240.7b 33.3+0.7 a Green friable
0.50 1.5 0.2 36.6+0.8 ¢ 41.6+0.8 c Green friable
1.0 1.5 0.2 46.2+0.6 e 36.4£0.6 b Green friable
1.5 1.5 0.2 54.6+0.5 f 46.6+0.5 ¢ Green friable
2.0 0.5 0.2 66.6+0.4 i 62.6+0.7h Green friable
1.5 2.0 - 52303 f 55.2+03 g Green friable
2.0 - - | 733205k | 63320.5h | Green friable
2.5 - - 83.4+0.7 m 73.310.7 i Green friable
3.0 - 05 | 76.6£0.61 | 56.4+0.6g Green friable
3.5 - 1.0 56.6+0.5 g 50.2+0.6 f Green friable
3.5 2.0 0.5 53.3+0.4 f 42.2+0.6 c Green friable
4.0 2.0 0.5 54.6+0.6 f 48.4+0.6 € Green friable

*15 replicates/treatment; repeated thrice; NR- No response
+ - Callusing at the basal end
Mean followed by different letters are significantly different at the 5% level.
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Table. 4.8. Effect of different concentrations of auxins on callus proliferation

from leaf and stem explants of Piper longum after 8 weeks of culture (subculture
wasmade every 4 weeks interval).

M+ groxgh/lregulator % of response (Mean = SE)* Colour and
24D IAA | NAA Leaf Stem texture of callus
0 0 0 0.0 0.0 -
0.25 0.5 - NR NR Green friable
0.50 0.5 - NR NR Green friable
1.0 0.5 - 13.3+0.2 a NR Green friable
1.5 0.5 - 24.3+0.4 c 26.2+0.6 b Green friable
2.0 1.0 - 32.6+£0.6 d 28.6+0.1 b Green friable
1.5 1.0 - 24.3+0.2 ¢ 23.3+04 a Green friable
2.0 1.5 - 36.6+0.1 ¢ 30.4+0.2 ¢ Green friable
0.25 1.5 0.2 20.0+0.2 b 23.3+0.8 a Green friable
0.50 1.5 0.2 26.6£0.3 b 22.4+0.6 a Green friable
1.0 1.5 0.2 46.6+0.8 h 36.6+0.9d Green friable
1.5 1.5 0.2 56.6+0.4 j 43.3+0.7 e Green friable
2.0 05 | 02 56.8+0.1 j 48.0+0.4 f Green friable
1.5 2.0 - 43.3+0.1¢g 42.3+0.1 ¢ Green friable
2.0 2.0 - 58.3+0.4 k 54.0:08 g Green friable
25 - - 46.3+0.7 g 35.3+0.3d Green friable
3.0 - 0.5 48.6+0.3 i 34.6+0.2d Green friable
35 - 1.0 36.0+£0.6 € 35.8+0.3d Green friable
3.5 2.0 0.5 40.3+0.5 f 34.3+0.3d Green friable
4.0 2.0 0.5 36.6+£0.2 ¢ 32.3+03 ¢ Green friable

*15 replicates/treatment; repeated thrice, NR- No response
+ - Callusing at the basal end

Mean followed by different letters are significantly different at the 5% level.
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Table 4.9. Effect of different concentrations of auxins on callus proliferation

from leaf and stem explants of Piper nigrum after 8 weeks of culture (subculture
was made every 4 weeks interval).

MS+ growth regulator mg/l | % of response (Mean + SE)* Colour and
Leaf Stem texture of callus
2,4-D IAA | NAA
0 0 0 0.0 0.0 -
0.25 0.5 - NR NR Green friable
050 | 0.5 - ~ NR NR Green friable
1.0 0.5 - NR NR Green friable
1.5 0.5 - 26.3+0.6 a 24.3+0.6 a Green friable
2.0 1.0 - 36.4+0.6d 28.0+0.7 ¢ Green friable
1.5 1.0 - 28.3+0.5 b 26.3+0.8 b Green friable
2.0 1.5 - 38.6:0.6 ¢ 34.3+04d Green friable
0.25 1.5 0.2 26.4+0.7 a 28.6+0.3 c Green friable
0.50 1.5 0.2 30.6+0.8 ¢ 28.8+0.6 Green friable
1.0 1.5 0.2 36.6+£0.6 d 383+0.5f Green friable
1.5 1.5 0.2 40.2+04 42.6+0.5 g Green friable
2.0 0.5 0.2 443+04 g 46.2+0.4 1 Green friable
1.5 2.0 - 53.3+0.3 i 48.6+0.8 j Green friable
2.0 2.0 - 62.6+0.6 k 53.3+0.5k Green friable
2.5 - - 433+04 g 46.4+0.7 i Green friable
3.0 - 0.5 52.6+0.5i 53.4+0.6 k Green friable
3.5 - 1.0 56.4+0.6 j 44.6+0.5h White Green
3.5 2.0 0.5 46.6:0.3 h 38.4+0.5 f White green
4.0 2.0 0.5 42805 g 36.4+0.4 ¢ White green

*15 replicates/treatment; repeated thrice, NR- No response.
+ - Callusing at the basal end .

Mean followed by different letters are significantly different at the 5% level.
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| Table 4.10. Effect of different concentrations of cytokinins and auxins on callus

proliferation and plant regeneration from leaf and stem explants of Piper betle after
| 8 weeks of culture (subculture was made every 4 weeks interval).

MS+ erowth 1 Organogenic response (%) No. of shoot
growth regulator mg/1 (Mean + SE)* buds/culture
Leaf Stem (Mean & SE)*
2,4-D BAP NAA Leaf  Stem

0 0 0 0.0 0.0 0.0 0.0

0.25 0.5 0.5 0.0 0.0 0.0 0.0
0.50 0.5 0.5 0.0 0.0 - -
1.0 0.5 0.5 26.3+0.4 a 23.3+0.6 a - -
1.5 0.5 0.5 28.2+0.5b | 24.6+0.4b - -
2.0 0.5 0.5 36.6+0.6 d 28.6+0.5 ¢ - -
1.5 1.0 1.0 26.6+0.5 a 23.3+04 a - -
2.0 1.5 1.0 48.0+0.6 € 35.0£0.4d - -
0.25 1.5 1.0 28.3+0.7b 23.6+0.3 a - -
0.50 1.5 1.0 33.2+0.8 ¢ 28.4+0.5 ¢ - -
1.0 1.5 1.0 46.6+0.6 € 36.6£0.7 d - -
1.5 1.5 1.0 56.6£0.5g | 43.0£0.6e¢ - -
2.0 0.5 1.5 63.3+04 i 48.6:0.3 g - -
1.5 2.0 1.5 46.4£03 e 43.3+0.5¢ - -
2.0 2.0 1.5 53.3+0.5f | 44.3x0.8e - -
2.5 - 1.5 42.6+0.7d | 42.3+0.7¢ - -
3.0 - 1.5 56.8+0.8 g 46.2+0.4 f - -
3.5 - 2.0 60.0+1.0h | 43.3+09e - -
3.5 2.0 2.0 53.3+04f | 52.3+0.6h - -
4.0 2.0 2.0 56.6+0.6 g | 52.3+0.8h - -

*15 replicates/treatment; repeated thrice.
+ - Callusing at the basal end
Mean followed by different letters are s1gmﬁcantly different at the 5% level.
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Table 4.11. Effect of different concentrations of cytokinins and auxins on callus
proliferation and plant regeneration from leaf and stem explants of Piper longum after
8 weeks of culture (subculture was made every 4 weeks interval)

Organogenic response (%) No. of shoot buds

MS+ growth regulator mg/1 (Mean + SE)* /culture

Leaf Stem (Mean & SE)*

2,4-D BAP NAA Leaf Stem

0 0 0 0.0 0.0 0.0 0.0
0.25 0.5 0.5 0.0 0.0 - -
0.50 0.5 0.5 0.0 0.0 - -
1.0 0.5 0.5 0.0 0.0 - -
1.5 0.5 0.5 22.3+0.5a | 20.4£0.6 a - -
2.0 1.0 0.5 36.6£0.8¢e | 28.2+0.4d - -
1.5 1.0 1.0 30.4+0.5c | 32.3x0.5¢ - -
2.0 1.5 1.0 42.6+0.3g | 40.0+0.7 f - -
0.25 1.5 1.0 23.3+£0.8a | 23.8¢0.5b - -
0.50 1.5 1.0 | 26.6£0.6b | 28.4+0.4d - -

1.0 1.5 46.6+0.6 h | 23.3+0.6b 24+05a -

1.5 1.5 36.3£0.5¢ | 28.0+0.4d 22+04a -
2.0 0.5 1.5 30.0+£0.4 c | 26.6+0.7 ¢ - -
1.5 2.0 1.5 33.3+0.3d |, 26.0£0.3 ¢ - -
2.0 2.0 1.5 38.6+0.5f | 27.8+0.9d - -
2.5 - 1.5 42.2+0.7g | 38.6+0.5f - -
3.0 - 1.5 36.6+0.6 e | 33.4+09e - -
3.5 - 2.0 36.3+0.7¢ | 32.4+0.6¢ - -
3.5 2.0 2.0 43.6£0.8 g | 40.6+0.5f - -
4.0 2.0 2.0 52.4+0.61 | 43.3+0.7 g - -

*15 replicates/treatment; repeated thrice.
+ - Callusing at the basal end
Mean followed by different letters are significantly different at the 5% level.
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Table. 4.12. Effect of different concentrations of cytokinins and auxins on callus
proliferation and plant regeneration from leaf and stem explants of Piper nigrum after

8 weeks of culture (subculture was made every 4 weeks interval)

MS-+ Organogenic response (%) No. of shoot
growth regulator mg/1 buds/culture
(Mean + SE)* (Mean + SE)*
2,4D | BAP | NAA Leaf Stem Leaf Stem

0 0 0 0.0 0.0 0.0 0.0

0.25 0.5 0.5 0.0 0.0 0.0 0.0
0.50 0.5 0.5 0.0 0.0 _ _
1.0 0.5 0.5 0.0 0.0 - -
1.5 0.5 0.5 20.6+0.5 a 18.4+0.7 a - -
2.0 1.0 0.5 26.2+0.6 ¢ 23.4+0.5b - -
1.5 1.0 1.0 32.6+0.5d 30.3+0.6 ¢ - _
2.0 1.5 1.0 433+08¢g | 36.6+09¢g _ _
0.25 1.5 1.0 23.8+0.7 b 28.0+£0.6 d - -
0.50 1.5 1.0 26.6+0.8 ¢ 25.2+¢0.7 ¢ - -
1.0 1.5 1.0 30.8+0.6 d 32.6+£0.4 f - -
1.5 1.5 1.0 36.8+0.5 f 32.0+£0.8 f - -
20 0.5 1.5 433+09 ¢ 36.8+0.6 g - -
15 2.0 1.5 53.3+0.8 i 48.3+0.5 j - -
2.0 2.0 1.5 44.0+0.7 h 43.3+0.8 i - -
25 - 1.5 42.3+05 g 38.3+0.5h - -
3.0 - 1.5 37.4+0.8 f 36.6+0.8 g - _
3.5 - 2.0 34.8+05¢ 32.3+0.6 f - -
3.5 2.0 2.0 42.8+09¢g | 40.6+0.8h - -
4.0 2.0 2.0 45.3+0.7 h 42.8+0.4 1 - _

*15 replicates/treatment; repeated thrice.
+ - Callusing at the basal end
Mean followed By different letters are significantly different at the 5% lével.
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Fig. 4.3. Callus induction from leaf explants of Piper betle on
MS medium supplemented with 2.5 mg/l 2,4-D after 4 weeks
(A) and after 8 weeks (B) of culture. Callus proliferation on MS
medium supplemented with 2.0 mg/l 2,4-D, 0.5 mg/| BAP and
1.5 mg/l NAA after 8 weeks of culture.



Fig. 4.4 . Callus indyction from leaf (A) - (Sjt:ln;h( | e
Piper longum on MS medium suppleme“te ith 2.0 Tng/l 2,4-
D, 2.0 mg/l 1AA after 8 weeks of cultur®" Sl.'tOOt bud initiation
from callus after 8 weeks (C,D) on M3 medium supplemented
with 1.0 mg/12,4-D and 1.5 mg/| pAP and 3% sucrose.



Results & Discussion
4.1.6. Effect of auxins on root induction
The process of in vitro root initiation, development and elongation normally

The healthy

microshoots were separated from the clump and transferred to different medium

require medium supplemented with auxin (Azad et al, 2003).

having various concentrations of auxins with 2% (w/v) sucrose for induction of
rooting. No rooting was observed in basal full strength or half strength MS media
without growth regulators. The maximum percentage of rooting was observed in half
strength MS media supplemented with 0.25 mg/l IBA and 2% sucrose. The medinm
supplemented with NAA also favoured the induction of rooting but the efficiency was
more in IBA containing medium. The higher percentage of rooting was 73.3% in
case of Piper longum (Table 4.13, Fig. 4.1C) and 33.3% in case of Piper nigrum
(Table. 4.14; 4.2C). Abbasi et al (2010) reported that the micro shoots obtained from
in vitro either shoot multiplication or adventitious shoot regeneration were rooted in
/2 and %4 MS basal medium under light (16 h photoperiod) and dark culture

conditions. 100% rooting response was observed under dark incubation.

Table. 4.13. Effect of different concentrations of auxins on root induction from
microshoots of Piper longum after 4 weeks of culture.

& MS: égr(yi)vs(rtvzl/\rggslllll:rtgge(mg/l) % of response No. of roots/ Days to
N — (Mean + SE)* microshoots rooting
0 0 0.0 - -
0.25 0 233+0.6 a 22405 a 28
0.50 0 26.6+0.5b 23+0.4a 26
1.0 0 43.3+0.4d 3.4+03 a 25+
0 0.25 73.3+:0.6 g 4.5+0.6 b 20
0 0.50 56.6x0.7 f 42+05b 22
0 1.0 43.3+0.6 ¢ 3.4+0.6 a 25+
0.25 0.25 46.6+0.8 e 3.8+£0.7 a,b 26+

*12 replicates/treatment; repeated thrice.

+ - Callusing at the basal end

Mean followed by different letters are significantly different at the 5% level.
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Fig. .4.1 In vitro Shoot multiplication of Piper longum.

A. Shoot proliferation on MS medium supplemented with 2.0 mg/I
BAP + 1.0 mg/l Kn + 100 mg/l Ads + 3% sucrose after 4 weeks of culture
(Bar= 10 mm), B. Induction of multiple shoots on MS + 1.5 mg/| BAP + 0.5
mg/l IAA after 4 weeks of culture (Bar= 10 mm), C- Induction of rooting
from microshoot on 7% MS + 0.25 mg/I IBA + 2% sucrose (Bar = 20 mm), D.

In vitro raised plantlets established in polyglass with soil manure after one
month of transfer (Bar= 100 mm).



Results & Discussion
4.1.7. Acclimatization of in vitro raised plantlets.

The rooted plants were transferred to plastic pots containing mixture of sand:
soil: FYM (1:1:1) and kept in green house with 85% humidity for acclimatization.
About 90% of the plantlets were established in the green house within 1-2 weeks of
transfer. The plant grew well and attained 6 — 8 inches within 4 weeks of transfer
(Fig. 4.1D & Fig. 4.2D). The prevailing conditions (humidity and temperature) of
transplanting season greatly influenced the initial survival of potted plantlets (Azad et
al., 2003). The plantlets were transplanted to soil and acclimatized in the growth

chamber under high humidity conditions. The rooted plants were transferred to field

nursery for hardening (Anand and Rao, 2000).

Table 4.14. Effect of different concentrations of auxins on root induction from
microshoots of Piper nigrum after 4 weeks.

Y, MS+ growth regulat
’ (m g/l)gioz% Slsciszor % of response No. of roots/ Days to
(MeantSE)* microshoots rooting
NAA IBA
0 0 0.0 - -
0.25 0 13.3+0.6 a 2.1+0.5a 28
0.50 0 23.3+0.5b 22404 a 24
1.0 0 - 33.3+04d 3.4+0.3b 22
0 0.25 23.3+0.6 b 2.2+0.6a 23
0 0.50 26.6+0.7 ¢ 2.4+05a 25+
0 1.0 23.3+0.6 b 2.2+0.6 a 28+
0.25 0.25 26.6£0.8 ¢ 2.4+0.7 a 24+

*12 replicates/treatment; repeated thrice.

+ - Callusing at the basal end

Mean followed by different letters are significantly different at the 5% level.
4.2. Development of transform calli of Piper betle.

The friable calli derived from leaf éi(plants of Piper betle was co-cultivated
with Agrobacterium rhizogenesis (A4 strain) for induction of roots to synthesize the
higher amount of secondary r{letabolite (Fig. 4.5 A & B). The transformed calli were
subsequently transfer to different antibiotic solution to stop the infection. T;
standardize lethal dose of carbencillin and cefotaxime, the putative transformed

tissues were cultured on MS medium without sucrose and growth regulators and
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Fig. 4.2.In vitro Shoot multiplication of Piper nigrum.

A. Shoot proliferation on MS medium supplemented with 2.0 mg/I
BAP + 1.0 mg/I IAA, 3% sucrose after 4 weeks of culture (Bar= 20 mm),
B &C. Induction of rooting from microshoot on % MS + 0.25 mg/I IBA
+ 2% sucrose (Bar = 20 mm), D. In vitro raised plantlets established in
polyglass with soil manure after one month of transfer (Bar= 70 mm).



Reoults & Discuosion

inclusion of different concentration of carbencilin or cefotaxime (0, 100, 200, 300,
400 and 500 mg/l). The results showed that the agrobacterium growth was not
inhibited in medium having 100 and 200 mg/l carbencilin or cefotaxime. The
treatment with 300 mg/l carbenicilin or cefotaxime appears to have a slightly toxic
effect over the calli causing loss of chlorophyll, but the agrobacterium infection was
not able to inhibit. The medium having 500 mg/l carbenicillin or cefotaxime had a
deleterious effect. The growth of agrobacterium was fully control over infection in
transformed calli. Therefore, 500 mg/l carbenicilin was used as a selection agent

(Table 4.15). The co-cultivated callus was grew on this concentration of carbenicilin

which considered as a putative transformants.

Table 4.15. Detection of lethal concentration of Carbenicillin and Cefotaxmine
in selection medium (MS + 2,4-D 2.5 mg/l).

Carbenicilin | "°SM?8 O | Cefotaxmine | Percentage of Appearance ofthe calli
(mg/1) survival (mg/1) calli survival
0 98 0 100 Green colour

100 60 100 75 Dark green

200 46.65 200 48.28 Light green

300 36.65 300 38.62 Pale green

400 13.33 400 13.33 Yellowish green
500 0 500 0 White

*20 replicates/treatment; repeated thrice.

4.2.1. Co-cultivation period and infection time

The co-cultivation period and infection time are crucial for  survival of
transformed calli. A separate experiment was conducted to find out the infection time
and co-cultivation period to achieve the good transformation study. The friable calli
were immersed with Agrobacterium (A4 strain) suspension under shaking condition
for 10, 15, 20 and 30 minutes for 48 h, 72h and 96h. The transformed calli were
transferred to MS medium supplemented 500 mg/l cefotaxime or carbenicillin for
different periods and times. The survival percentage of calli without bacterial growth
was maximum after 48 hours of co-cultivation on medium having 500 mg/l
cefotaxime for 30 minutes incubation Igeriod. However, about 53.3% of calli were
survived without bacterial growth after 48hours of co-cultivation on medium having
500 mg/1 carbenicillin for 20 min. incubation (Table 4.16). The factors like explant
types, agrobacterium strain, growth medium, growth hormone and pH were showed
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l

great influences on hairy root development. The time of exposure of A. Rhizogenes
and co-cultivation period also played an important role in induction of hairy roots.
Infection time of 20 - 30 min and co-cultivation period of 2 days were found to be
optimum for induction of transformed root cultures. (Dupre et al., 2000; Giri e? al.,
2001, Kumar et al., 2006; Azlan et al., 2002; John et al., 2009, Falasca et al., 2000;
Danesh et al., 2006). *

Table 4.16. Effect of infection time and co-cultivation period for transformation

Response after 20 days
. Co-cultivation ) - Piper betle 3 -
Infection . After 2" washing of After 2° washing of
time (min) ?E:;:; cefotaxime carbenicillin
Alivc; without % (.)f Alive % of survival
bacterial growth Survival

10 48 4.33 433 4.67 46.7
72 4.33 43.3 4.67 46.7

96 3.33 333 3.67 36.7

15 48 4.33 43.3 4.33 43.3
72 3.33 333 3.33 33.3

96 3.33 333 3.67 36.7

20 48 4.67 46.7 5.33 53.3
72 4.33 43.3. 4.67 46.7

96 3.67 36.7 4.67 46.7

30 48 5.00 50.0 4.33 43.3
72. 5.33 53.3 3.33 33.3

96 4.33 43.3 3.67 36.7

10 calli /treatment; repeated twice

4.3. Screening of piﬁerine content through TLC and HPTLC analysis.

The piperine content was examined in different species of Piper through TLC
and HPTLC analysis. The piperine content varied from species to species and also
. differs in the source of explant. The root having higher content of piperine (Table
| 4.17). Two peaks were observed during the chromatography ,analysis i.e. piperine -1
& piperine-2-as reported earlier (Hamrapurkar et al., 2011; Reshmi et al., 2010). The
piperine content was maximum in P.chaba fruit as compared with other three species.
However, the piperine-2 content was more in P.nigrum fruit (Table 4.17; Figs 4.9-
4.11). On the basis of TLC and HPTLC analysis, it Was observed that there were two
compounds such as Piperine-1 and Piperine-2 obtained from the leaf, root,
transformed and non-transformed callus extract of Piper betle as compared to

standard (Fig.4.9). The TLC analysis showed thét the Rf value of Piperine -1 and
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Fig.4.5A.
Transformed calli
developed from
leaf explants of
Piper betle co-
cultivation with A4
strain after 8
weeks of culture
on MS medium
supplemented with
2.5 mg/l 2,4-D and
3% sucrose.

Fig.4.5B.
Transformed calli
developed from leaf
explants of Piper
betle co-cultivation
with A4 strain after
8 weeks of culture
on MS medium
supplemented with
2.5 mg/l NAA and
3% sucrose.



Results & Discussion
Piperine -2 ranged from 0.39 - 0.40 and 0.42 — 0.46 respectively (Table 4.18). On the

basis of HPTLC analysis, it was observed that the transformed calli having higher
content of piperine (0.56%) with the unit of 10187.4 AU as compared with root, leaf
and non-transformed calli extracts. (Figs. 4.10 & 4.11). The piperine-2 content was
maximum in transformed calli extract as compared with non-transformed calli, leaf
and stem extract. Pino et al. (2003) observed that the major components of the
essential oil obtained from the aerial parts of P. nigrum were gluulol, a-pinene, B-
caryophyllene and a-terpinene. Piperine was the first amide to be isolated from piper
species. Piperine the major active principle of black pepper, is closely related in
structure to the known natural carcinogens-safrole, estragole and methylengenol
which are also widely distributed in spices and plant oils.

Table 4.17. Comparison of piperine content in leaf, fruit and root of Piper longum,
Piper nigrum, Piper chaba and Piper betle. The data represent the mean value of two
independent experiment.

Sample (mg/ml) Piperine 1 Piperine 2
(5pl used in each . .
case) Rf Areaunit | Content(%) Rf Areaunit | Content (%)
Standard 0.42 0.48
piperine (0.37-0.45) 27923.9 1.0 (0.45-0.56) 26133.00 1.0
' 0.39 0.46
P. longum leaf (0.33-0.40) 11558.8 0.41+£30 (0.40-0.51) 30056.40 1.15+10
’ 0.43 0.49
P. longum fruit (0.34-0.45) 22651 0.82+24 (0.45-0.58) 30052.30 1.14+£90
0.50
* * *
P. longum root (0.22-0.59) 102265.10 3.91+13
0.53
. * » *
P. nigrum leaf (0.47-0.54) 1504.80 0.05+72
. . 0.51
* * *
P. nigrum fruit (0.23-0.63) 116432.80 4.45+50
. 0.45 0.48
P. nigrum root (0.22-0.48) 73451.9 2.63%10 (0.48-0.59) 37297.90 1.42+72
0.44 049
P.chabaleaf | 40047y | 720100 | 025478 (0.47.53) 4126.7 0.15£79
. 0.50 0.54
P.chaba fruit | o 4705y | 1068540 | 382466 | %o | 302624 115279
P. betle leaf - * * 0.50 8582.50. 0.32+84
(0.41-0.54)
P. betle root * * e 0.50 6551.6 0.25+06
(0.39-0.51)

*- Not present

4.4. Phytochemical analysis of different Piper species and transformed and non-

transformed calli of Piper betle.

Nine phytochemicals such as alkaloid, steroids, triterpenoid, glycosides,

saponin, carbohydrates, flavonoids, tannins and proteins were quantified on the basis
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Fig. 4.6 TLC analysis of piperine content (P-1 & P-2) in leaf,
root and fruit of different Piper species

A- standard piperine, B- P.longum (Leaf extract), C- P.longum
(Fruit extract), D- Plongum (root), E- Pnigrum (Leaf, F-
P.nigrum (Fruit), G- P.nigrum (root), H- P.chaba (leaf ), I-
p chaba (Fruit), J- P.betle (leaf), K- P.betle (root).
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Results & Discussion

of various tests (Gangully et al., 1975; Muller et al., 1967; Tadhani & Subhash, 2006;
Concon et al., 1979; Trease and Evans, 1983). The present study is to analyse the
phytochemical constituent in different species of Piper, transformed and non-
transformed calli of Piper betle. The result showed that the alkaloid and steroid
content were present in all the Piper species as well as transform and non-transformed
calli of P.betle (Table 4.19). The saponin was absent in all the species of Piper
including transformed and non-transformed calli. The protein was present in leaf and
fruits of P.longum and Piper nigrum and it absent in P.betle including transformed
and non-transformed calli.

The flavonoid content was high in leaf and root of

P.nigrum and transformed calli of P.betle.

Table 4.18. Comparison of piperine content in leaf, root, transformed and non-

transformed calli of Piper betle. The data represent the mean value of two
independent experiment

Sample (mg/ml) Piperine 1 Piperine 2
(5pl used 1)11 each Rf Area unit | Content (%) Rf Area unit | Content(%)
case
Standard piperine 0.40 18175.5 1.0 0.46 14097.7 1.0
(0.35-0.43) (0.43-0.53)
P.betle leaf 0.39 1999.6 0.11%+10 0.46 1339.8 0.09+50
(0.35-0.43) (0.43-0.49)
P.betle root 0.36 45194 0.24+86 0.42 2975.7 0.21+11
(0.31-0.40) (0.40-0.47)
Transformed callus 041 10187.4 0.56+05 0.47 19162.7 1.35+92
(0.34-0.43) (0.43-0.53)
Untransformed callus 04 9284.1 0.51+07 0.45 14010.3 0.99+38
(0.34-0.42) (0.42-0.52) :

4.5. Antimicrobial study of the extract derived from leaf, root, transformed and

non -transformed callus of piper species.

The antimicrobial activity was tested as per the zone of inhibition formed by the

tissue extract against bacteria and fungus. Leaf, root, transformed and non-transform
calli extracts of Piper betle: were tested against the pathogenic bacteria namel~y
Escherichia coli, Micrococcus luteus, Streptomyces epidermidis and fungal culture of
Aspergillus niger, Aspergillus flavus and Rhizoctonia solani at different
concentrations (0, 20, 40, 60 mg/ml). The plant extracts showed antibactesjal activity
against all bacteria tested in the present study. The zone of inhibition was maximum
in all the bacterial strains in the concentrations of 60 mg/ml of root extract of P.betle

i.e 22 mm in case of Micrococcus, 18 mm in case of S.epiderdimis and 14 mm in case
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Fig. 4.10. HPTLC analysis of piperine content (P-1 & P-2) in leaf
extract (B), root extract (C ) of Piper betle as compare with
standard (A)
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Fig. 4.11. HPTLC analysis of piperine content (P-1 & P-2) in
transformed callus (D) and non-transformed callus (E ) of Piper
betle as compare with standard (A)



Results & Discussion

@l E.coli (Fig. 4.12). However, the extract derived from transformed calli has also
showed significant zone of inhibition i.e 19mm, 17 mm and 13 mm against
Micrococcus, S.epiderdimis and E.coli respectively (Table 4.20). Bacteria are

prokaryotes with thin cell wall and relatively simple genetic system, which enhance

asy penetration of bioactive substances, leading to manipulation of genetic system as
result of bioactive interruption. Gram-positive bacteria possess a permeable cell wall
that usually does not restrict the penetration of antimicrobials as does the gram-
v( egative bacteria. The structural composition and arrangement of the cell wall of
gram-negative bacteria is such that does not easily permit the penetration of the
%)ioactive compounds. Grampositive bacteria are of a single layer, whereas the
gramnegative cell wall as multi-layered structure (Lambert, 2002; Russell, 2002;
Cetin and Gurler, 1989). In addition microorganisms show variable sensitivity to
chemical substances related to different resistance levels between strains (Ogundare et
-I'al., 2006). It may be also noted that some compounds do not shows antimicrobial
activity, this may be because the active compound. Lack of activity can thus only be
proven by using large doses. Alternatively, if the active principles are present in high
i[enough quantities, there could be other constituents exerting anatagonistic effects or
negating the positive effects of the bioactive agents (Jager et al., 1996; Taylor et al.,
2001). The zone of inhibition was observed in different fungal strains such as 4.

; Flavus and R. Solani. There was no zone of inhibition occurred in case of Aspergillus
| Niger. (Fig. 4.12). The zone of inhibition was maximum in A.flavus and R.solani
l’against 60 mg/m] of the root extract and transformed callus of P.betle (Table 4.20).
:These results show that organic extracts particularly alcoholic exhibited better
| antibacterial principles either polar or non-polar are effectively extracted only through
. the organic solvent medium (Essawi and Srour, 2000). The antibacterial activity of
- plant extracts was not likely to be due to any one main active constituent but to the
combined action of additional other compounds (Bai, 1990: Essawi and Srour, 2000).
- The aqueous extracts appear to have less antibacterial activity than any of the organic
extracts. This is interesting in that the traditional method of treating a bacterial

infection was by administering a decoction of the plant or apart there by boiling it in

*

b . . .
water, whereas according to our results an organic solvent is better, hence, this may

be more beneficial.
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Results & Discussion

Table.4.19. Phytochemical analysis of leaf (L), fruits (F), root (R), transformed (T) and non-
transformed (NT) calli of Piper betle and other Piper species.
The data represent the mean value of two independent experiment.

Plant Piper longum Piper nigrum Piper betle

constituents L | F|R| L F R L | R | NT T
Alkaloid ++ ++ + =+ | =+ |+ + ++ + ++

| Steroids +—=+ | =+ | + | =+ |+ + ++ + ++
| Triterpenoid ++ + | +H+ | =+ + + ++ + ++ —+
| Glycosides =+ | | - - + - + T + —+
‘ Saponin _ _ _ B B _ ~ B - N
| Carbohydrates H |+ |+ | | | | T+
| Flavonoids + +H | ++ + |+ + ++ ++
Tannins +H+ [+ | | + H+ | | ++
Proteins +H+ | ++ - ++ + - - - - -

+ - Low, ++ - Medium, +++ - High

Table. 4.20. Antimicrobial activity of different explant extract, transformed and untransformed calli of
Piper betle. The data represent the mean value of two independent experiment.

Plant Different plant Concentration Zone oi: mhlblt.lon
species extract used (mg/ml) - Bacterlal‘Stral.ns. .
Micrococcus S. epiderdimis E.coli
0 0 0 0
20 7mm 10mm 8mm
Leaf 20 16mm 13mm 9mm
60 17mm 15mm 10mm
20 9mm 12mm 11mm
Root 40 20mm 16mm 13mm
Piper betle ’ 60 22mm 18mm 14mm
20 8mm 11mm 9mm
Transformed 40 18mm 14mm 12mm
Callus
60 19mm 17mm 13mm
20 7mm 10mm 9mm
U““i“aflﬁ’s‘med 40 17mm 14mm 10mm
60 17mm 16mm 12mm
Plant Different plant | Concentration Zone of inhibition
species extract used (mg/ml) Fungal strains
A. flavus A. niger R. solani
Piper Leaf 0 0 0 0
betle 20 6mm NA 7mm
40 9mm NA 8mm
60 11mm NA 10mm
Root 20 8mm NA 9mm
40 11mm NA 10mm
60 13mm NA 12mm
Transformed 20 8mm NA 8mm
Callus 40  * 12mm NA 8mm
60 14mm NA 11mm
Untransformed 20 6mm NA 8mm
callus 40 Tmm NA 8mm
60 11mm NA 11lmm




Fig. 4.12A. Antibacterial activity (1- Control Methanol (1mg/ml), 2-
20mg/ml extract, 3- 40 mg/ml extract, 4- 60 mg/ml extract)

Effect of leaf extract of P.chaba on Microccous (A), fruit
extract of P. nigrum on Streptomyces epiderdimis (B), leaf
extract of P.betle on E.coli (C).

Fig. 4.12B.Antifungal activity (1- Control Methanol (1mg/mi), 2-
20mg/ml extract, 3- 40 mg/ml extract, 4- 60 mg/ml extract)

. . C

Effect of leaf extract of P.chaba on Aspergillus flavus (A), leaf
extract of P. longum on Aspergillus nizer (B), leaf extract of
P.betle on Rhizoctonia solani (C ).




CHAPTER-V

SUMMARY AND CONCLUSION

Medicinal plants are gaining great interest in pharmaceutical industries for the
production of high valued secondary compounds (Rout et al., 2000: Das and Rout,
2002). There has been significant rise in number of various studies on piper species
around the globe. Piper has recently attracted the attention of researchers because it
has a wide range of medicinal and pharmacological application. The genus Piper
(Piperaceae) is largely distributed in tropical and subtropical regions of the world.
" The genus has more than 1000 species but the most well known species are
P.nigrum, P.longum and P.betle. In P.nigrum, abot 51 cultivars have been reported
' from the tropical and sub-tropical regions of the India. The fruits of P.nigrum are also
. used to produce white pepper and green pepper and valued due to presence of
5 piperine. It has high amount of secondary compounds such as unsaturated amides,
flavonids, lignans, long and short chain esters, terpenes, steroids and alkaloids and
also having insecticidal activity. On the view of above fact, the present study is to
standardize the in vitro protocol on plant regeneration of different Piper species and
~ comparative analysis of secondary metabolite content in different explants as well as

 transformed and non-transformed calli of Piper betle.

Three cytokinins (BAP, Kn and Ads) have been tested for shoot multiplication
from apical and axillary shoots of Piper longum, Piper betle and Piper nigrum.
Among the three cytokinins, 6-benzylaminopurine and kinetin favoured maximum
~ rate of shoot proliferation. Without cytokinin, the shoots did not show any positive
response. The medium supplemented with BAP, Kinetin and adenine sulphate showed
 the maximum .rate of shoot growth and multiplication. Among, the different
| concentrations of nutrient tried, the full strength MS medium supplemented with
" BAP, Kinetin and adinine sulphate showed significant response as compared with
~ other treatment. The medium having 2.0 mg/l BAP + 0.5 kinetin and 2.0 mg/l Kn +
1.5 mg/1 BAP + 100 mg/1 adenine sulfate favoured shoot multiplication in Piper betle
and Piper nigrum respectively The shoot of Piper longum showed maximum
- percentage of shoot multiplication (66.2%) on MS medlum supplemented with 2.0
mg/l BAP along with 1.0 mg/l Kinetin and 100 mg/ml of ademne sulphate. Increase

Page | 77



the concentration of BAP from 0.5 to 4.0 mg/ml showed increase in the percentage of
response but the number of multiple shoots per culture was reduced. The average
number of shoots varied from 1.2 - 2.8 per culture. In Piper betle, the percentage of
multiple shoot formation was 40.4% in MS medium supplemented with 2.0 mg/l BAP
along with 0.5 mg/l Kn. The average number of shoots varied from 1.0-2.3 shoots per
culture. In case of Piper nigrum, the maximum percentage of multiple shoot
formation was 36.4 % on MS medium supplemented with 2.0 mg/l Kn along with 1.5
mg/l BAP and 100mg/ml of adenine sulphate. The average number of multiple
shoots per culture was ranged from 1.0 - 2.4. The combination of cytokinins and
auxins also favoured positive impact on shoot proliferation and multiplication.
Among the two auxins tested, BAP along with IAA favoured the maximum rate of
shoot multiplication.  In medium having 1.5 mg/l BAP along with 0.5 mg/l IAA
showed the highest rate of shoot growth and proliferation in case of Piper longum. In
case of Piper longum, the maximum percentage (83.3%) of shoot proliferation was
observed in MS medium supplemented with 1.5 mg/l BAP, 0.5 mg/l IAA and 3%
sucrose within 8 weeks of culture. ~ The average number of multiple shoots per
culture was varied from 1.0 - 3.4 in different treatment. In case of Piper betle, the
maximum percentage of response on shoot multiple was 40% on MS medium
supplemented with BAP 1.5 mg/l along with JAA 1.5 mg/l and 0.2 mg/l NAA. The
average number of shoots per culture varied from 1.1 - 1.8 shoots per culture. In case
of Piper nigrum, the maximum percentage of shoot proliferation was 34.2 % on MS
medium supplemented with 2.0 mg/l BAP along with 2.0 mg/l JAA and 0.2 mg/l
NAA. The average number of shoots varied from 1.0 -1.4 shoots per culture.

The development of callus is greatly influenced by the growth regulators and
physiological condition. The result showed that the green friable callus was
developed from leaf as well as stem after 4 - 5 weeks of culture on medium

supplemented with 2, 4-
observed from leaf and stem explants in Piper betle in the medium containing 2.5

mg/1 2, 4-D within 8 weeks of culture. The callus proliferation became declined if the
medium having tither lower concentrations of auxin alone or without auxin. The

iferation of callus from stem and leaf explants were 73.3% and

D + IAA or NAA. The maximum proliferation of callus was

maximum prol
83.4% respectively on medium containing 2.5 mg/l 2, 4-D. On the basis of

comparative analysis, it was observed that the medium having 2, 4-D + IAA showed
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higher callus proliferation than the 2, 4-D + NAA or NAA + IAA. In case of Piper
nigrum, the maximum proliferation of callus from leaf and stem plants were observed
in medium having 2.0 mg/1 2, 4-D and 2.0 mg/l IAA. Shoot bud regeneration did not
achieved in callus derived from stem and leaf explants of Piper nigrum. The callus

was compact in nature but the organogenic shoot primordial like appearance observed

during the study period.

The friable calli derived from leaf explants of Piper betle was co-cultivated
with Agrobacterium rhizogenesis (A4 strain) for induction of roots to synthesize the
higher amount of secondary metabolite. The transformed calli were subsequently
transferred to different antibiotic solution to stop the bacterial infection. To
standardize lethal dose of carbencillin and cefotaxime, the putative transformed
tissues were cultured on MS medium with different concentration of carbencilin /
cefotaxime (0, 100, 200, 300, 400 and 500 mg/l). The results showed that the
acterium growth was not inhibited. in medium having 100 and 200 mg/I

agrob
carbencilin or cefotaxine. The medium having 500 mg/1 carbenicillin / cefotaxime had
a deleterious effect. The growth of agrobacterium was fully control over infection in
rransformed calli. Therefore, 500 mg/l carbenicilin was used as a selection agent.
Infection time of 20 - 30 min and co-cultivation period of 2 days were found to be

optimum for induction of transformed root cultures.

The healthy microshoots were separated from the clump and transferred to

different medium having various concentrations of auxins with 2% sucrose for

induction of rooting. The maximum percentage of rooting was observed in half

strength MS media supplemented with 0.25 mg/l IBA and 2% sucrose. The higher

percentage of rooting was 73.3% in  case of Piper longum and 33.3% in case of Piper
nigrum. The rooted plants were transferred to plastic pots containing soil mixture and
kept in green house with 85% hUIIlldlty for acclimatization. About 90% of the

plantlets were established in the green house within 1-2 weeks of transfer.

The piperine content was varied in different species of Piper. The
resultindicate that the rootsb having higher content of piperine than leaf and noﬁ-
transformed calli. On the basis of TLC and HPTLC analysis, it was observed that
there were two compounds such as Piperine-1 and Piperine-2 obtained from the leaf,

root, transformed and non-transformed callus extract of Piper betle as compared to
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standard. The TLC analysis showed that the Rf value of Piperine -1 and Piperine -2
ranged from 0.39 - 0.40 and 0.42 — 0.46 respectively. On the basis of HPTLC
analysis, it was observed that the transformed calli having higher content of piperine
(0.56%) with the unit of 10187.4 AU as compared with root, leaf and non-transformed
calli extracts. The piperine -2 content was maximum in transformed calli extract as

compared with non-transformed calli, leaf and stem extract.

The phytochemical analysis showed that the alkaloid and steroid content were
present in all the Piper species as well as transform and non-transformed calli of
P.betle. The saponin was absent in all the species of Piper including transformed and
non-transformed calli. The protein was present in leaf and fruits of P.Jlongum and
Piper nigrum and it absent in P.betle including transformed and non-transformed

calli. The flavonoid content was high in leaf and root of P.nigrum and transformed

calli of P.betle.

The antimicrobial activity was tested as per the zone of inhibition formed by the
issue extract against bacteria and fungus. Leaf, root, transformed and non-transform
salli extracts of Piper betle were tested against the pathogenic bacteria namely
Escherichia coli, Micrococcus luteus, Streptomyces epidermidis and fungal culture of
dspergillus niger, Aspergillus flavus and Rhizoctonia solani at different
soncentrations (0, 20, 40, 60 mg/ml). The zone of inhibition was maximum in all the
sacterial strains in the concentrations of 60 mg/ml of root extract of P.betle i.e 22
nm in case of Micrococcus, 18 mm in case of S.epiderdimis and 14 mm in case of
E.coli. However, the extract derived from transformed calli has also showed
significant zone of inhibition i.e 19mm, 17 mm and 13 mm against Micrococcus,
S.epiderdimis and E.coli respectively. The zone of inhibition was observed in
fifferent fungal strains such as A. Flavus and R. Solani. There was no zone of
inhibition occurred in case of Aspergillus Niger. The zone of inhibition was maximum
i;l A flavus and R.solani against 60 mg/ml of the root extract and transformed callus of
P.betle. The antibacterial activity of plant extracts was not likely to be due to any one
main active constituent but to the combined action of additional other compounds.
The aqueous extracts appear to have less antibacterial activity than any of the organic
extracts. This is interesting in that the traditional method of treating a bacterial

infection was by administering a decoction of the plant or apart there by boiling it in
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water, whereas according to our results an organic solvent is better, hence, this may
bl

be more beneficial.

In conclusion, the outline of protocol offers a potential system for
improvement, conservation and micro-propagation of Piper species from leaves, stem
and internodal explants. Further research and conservation of all plant species

including medicinal plants is needed to preserve nature’s natural drugs. Advances in

plant tissue culture will enable rapid multiplication and sustainable use of medicinal

plants for future generations.

Page | 81



CHAPTER- VI

REFERENCES

Abbasi, B.H., Ahmad, N., Fazal, H. and Mahmood, T. (2010) Conventional and modern
propagation techniques in Piper nigrum. Jour. Med Plant Res., 4:007-012.

Abbasi, B.H., Ahmad, N., Fazal, H. and Mahmood, T. (2010) Conventional and modern
propagation techniques in Piper nigrum. Journal of Medicinal Plants Research,

4(1), pp. 7-12,

Abbasi, B.H., Khan, M.A., Mahmood, T., Ahmad, M., Chaudhary, M.F. and Khan, M.A.,
(2010) Shoot regeneration and free-radical scavenging activity in Silybum
marianum L.Journ. Plant Cell Tissue Org Cult., 101 (3), 371-376.

Abbasi, B.H., Saxena, P.K., Murch, S.J and Liu, C.Z. (2007) Echinacea biotechnology:
challenges and opportunities. Jour. In Vitro Cell Dev Biol-Plant., 43:481-492.

Adhikari, P., Chowdhury, D., Baneerji, ] and Chatterjee, A . (1998) Antifertility effect
of crude alcoholic extract of Piper betel stalk. Indian Journal of

Physiology and Allied Sciences., 52: 22-7.

Adhikary, P., Banerji, J., Choundhuri, D., Das, A.K., Deb, C.C., Mukherjee, P. and
Chatterjee, S.R. (1990) Effect of oral administration .qf stalk_of leaves of
Piper betel Linnon oestrous cycle and its antifertility activity in rats.

Indian Journal of Physiology and Allied Sciences., 44:116-23.

Ale cio, Bolzani, A.C. and Young, M.C.M. (1998) Antifungal amide from leaves of Piper
hispidum. Journal of Natural Products., 61, 637-639.

Almas, K. (2001) The antimicrobial effects of seven different types of Asian chewing
sticks In: Odontostomatology Tropical., (24), pp- 17-20.

Subramanian, Balakrishnan, M., Visvanathan, R and

P.H.A., Shinoj, i
Amaladhas, ) ) Performance evaluation of a cleaner-cum-grader

Sreenarayanan, V.V. (2004
for Black peppers. Jour. Plant Crop., 32(1):32-36

M. and Balasubrahmanyam, V. R. (1993) Regeneration

o i 1. K., Anis,
Aminuddin., Johri, J. &, AnS Curr. Sci., 65, pp.793-796.

of Piper betle from callus tissue. Jour.

Farah, D. (2009) Antimicrobial activity of some plant

R and
Ammara, H., Saima, hepatoprotective effects. Jour. Mefl. Plant Res., 3(1) pp.

extracts having
020-023.

sonkar, A.J, Padma, P.R. and Bhide, S. (1989) Protective effect of
hydroxychavicol, a phenolic component of Piper betel leal against WK

Page | 31



References

tobacco-specific carcinogens. Fundamental and Molecular Mechanisms
of Mutagenesis., 210: 249-53,

Anand, A and Rao, C.S. (2000) A rapid in vitro propagation protocol for Piper barberi
‘ Gamble, a critically endangered plant. In vitro Cell. Dev. Biol. Plant, 36, pp
61-64. T

‘Anand, A., Parani, M. Rao, C. S., Latha, R. and Balakrishna, P. (1997)
Micropropagation and genetic fidelity studies in Piper longum. In: Edison, S;
Ramana, K.V; Sasikumar, B; Nirmal Babu and Santhosh, J. E (eds.),
pp-Calicut: Indian Society for Spices.,54:94-97.

Anwar, F., Latif, S., Ashraf, M. and Gilani A.H. (2007) Moringa oleifera: a food plant
with multiple medicinal uses, Phytotherapy Research., 21: 17-25.

 Arambewela, L.S., Arawwawala, L.D. and Ratnasooriya, W.D. (2005) Antidiabetic
activities of aqueous and ethanolic extracts of Piper betle leaves in rats, Journal

of Ethnopharmacology., 102: 239-245.

Arau Junior, Da Cunha, E.V.L. and Chaves, M.C. (1997) Piperdardine, a piperidine
alkaloid from Piper tuberculatum. Journal of Phytochemistry., 44: 559-561.

(1993) Diverted Wealth: The Trade in Himalan Herbs. Journ. Himal., 6(1): 52-

' Aryal, M.
| 58.

Asha, S and Rajendran, P.C. (2009) Putative transgenic plants thrgugh in planta
transformation against Phytophthora foot rot in black pepper (Piper nigrum L.).

Journ. Asian J. Biosci., 4 (2):135-141.

Asprey, G. F and Thornton, P. (1954) In: Medicinal Plants of Jamaica , West Indies
Medicinal Journal, Kingston, Jamaica.

Asprey, G.F. and Thornton, P. (1954) Medicinal plants of Jamaica, 11 West Indian
Medicinal Journal., 3 (1):19-54.

i iochemical basis of enhanced drug

CK, Dubey, RK and Singh, J. (1985) Biochemica | SHne

Atal, bioavaﬂﬁ bility by piperine: evidence that piperine is a potent inhibitor of drug
metabolism. Journ. Pharmacol. Exp. Ther., 232 (1): 258-62.

' ., In; Bannerman RH, Burton
' _(1983) Phytopharmacology and Phytotherapy., :
utisso MjA [éds ] '1)‘radithioIr)1al Medicine and Health Care Coverage. World Health

i Organization,Geneva.

Begum F. (2003) Rapid Clonal propagation of a

i N. and . .
Azad, MAK., Amin T da Vasica Nees using Tissue Culture sTechnique.

medicinal plant — Adhato
Journ. Biol. Sci., 3(2): 172-182

|
i

Aziz. F.. Morwood. M.J. and Van den Bergh, G.D. (2009) Palaenotology and
,{\Z T Archaeoloéy of the Soa Basin, Central Flores, Indonesia, Indonesian

Geological Survey Institute, Bandung, pp. 41-58.

I

Page | 8%



References

zlan, G.J., Marziah, M., Radzali, M i
» M 1, M, , M. and Johari, R. (2000 i
minima hairy roots culture for the production of P)h Izs;la}bhs;nnent OfPhy’SdliS
and Organ Culture., 69: 271-278. ysalins. Plant Cell, Tissue

abu, K.NI;, Minoo, D., Geetha, S.P., Samsudeen, K., Rema. J.. Ravi
Jeter, K.V. (1998) Plant Biotechnology- Its role in im avindran, P.N. and
ourn. Indian Journ. Agri Sci., 68(8): 533-547. provement of Spices.

3abu, N., Ramakrishn
» Nos a, N. K. R., Johnson, G. K. and Ravindran
. ’ . av .
barberi Gamble — a redescription of the species witllll1dl~ o T N, (1992) Piper
Journal of Spices Aromatic Crops., 1:88-93. a note on the karyotype.

yabu, N., Ramakrishna, N. K. R., J
) . , N. K. R., Johnson, G. K. and Ravi .
barberi Gamble — a redescription of the species witrllld;arr:;t:oljﬂf; 91<92) Izzper
aryotype.

Journ. Spices Aromatic Crops., 1:88-93.

jabu, N., Ramakrishn
» Nos a, N. K. R., Johnson, G. K. and Ravind .
barberi Gamble — a redescription of the species with ;arlzéti’-of-ﬂii%?;; Pt;per
otype.

Journ. Spices Aromatic Crops., 1:88-93.

3abu, N., Rema, J., Pillai, S. R. D., Samsudeen, K
’ ] . ] ‘9 ) . . oy N . and R .
Micropropagation of an endangered species of Piper ?g:lbd;‘:‘ln’G :mg (199_6)
conservation. Indian Journ. Plant Genet. Resources., 9:179-182 ¢ and its

3abu, N., Rema, J., Pillai, S. R. D., Samsudeen, K. and Ravindran, P. N. (1996
Micropropagation of an endangered species of Piper barberi ,Gar.nble. and i )
conservation. Indian Journ. Plant Genet. Resources, 9:179-182. e

3ai, D. (1990) Traditi i ial : 2
( 56:5)02 raditional Chinese Material : A respect and prospect. Planta Medica,

976) Ethel Zoe Hortus Third. A concide dictionary of

3ailey, Liberty Hyde and Bailey. (1
plants cultivated in the United Stetes and Canada. Macmillan Publishing

Company. New York., P. 98.

Baker, J.T., Borris, R.P., Carte, B., Cordell, G.A. and Soejarto, D.D. (1995) Natural
product drug discovery and development: New perspective on international
collaboration. Journ. Natl Prod., 58: 1325-57.

erbeck, D. and Waomar, M. (2008). Biological effects of

Bakkali, F., Averbeck, S., Av o
ew. Food and Chemical Toxicology, 46 (2): 446-475.

essential oils -A revi

and Klocke, J.A. (1988) Medicipal, aromatic and industrial materials
Biotechnology 1 Agriculture and Forestry. Medicinal and

ajaj, Y.P.S. (ed.). Vol. 4, pp. 1-36.

Balandrin, M.J.
from plants. In:

Aromatic Plant, B
o, M. J. and Cavalheiro, A. J. (1999) A chromene and prenylated

Baldoqui, D.C., Kat
duncum, Phytochemistry., 51:899-902.

benzoic acid from Piper a

Page |§Y



Stepenences

BalZ R (1 ) he Healin i 1 I I
5 999 l g POWCI‘ Of Essent al O S S e(l = 1
I’ , . . 1 11 | 1 t o LOtUS PreSS: win akeS,

Banerjee, A., Sharma, R., Chisti, Y. and Banerjee, U.C. (2002) Botryococcus braunii:
renewable source of hydrocarbons and other chemicals. Crit Rev BiotC::lcl:’}qlﬁ;)Ia

22:245-79.

Barnes, P.J., Belvisi, M.G., Mak, J.C., Haddad, E.B. and O’Connor, B. (1995)
Tiotropium bromide (Ba 679 BR), a novel long-acting muscarir;ic a'ntagorisi
for the treatment of obstructive airways disease. Life Sciences., 56: 853 — 855

Barnes, S. (1995) Effect of Genistein on in vitro and in vivo Model
’ sof C .
Nutr., 125:777-83. ancer. Journal of

Beris, H. (1991) Antioxidant affects a basis of drug selection. Journ. Drug., 42: 569- 605
H.G. and Chauret, D. (1999) Insecticidal defenses of

Bernard, C.B., Krishnamurty,
neotropics, Journal of Chemical Ecology., 21, 801-814.

Piperaceae from the

Bhardwaj, R.K., Glaeser, H.. Becquemont, L., Klotz, U., Gupta, S.K. and Fromm
M.F. (2002) Piperine, a major constituent of Black pepper, inhibits human P-,

glycoprotein and CYP3A4. Journ. Pharmacol. Exp. Ther., 302 (2): 645-50.

antimalarial activity of extracts of three plants

lia, N. (2001) In vitro
f India. Am Journ. Trop Med Hyg, 65(4):304—

Bhat, P G and Suro
e traditional medicine 0

used in th

308
Bhat, S.P., Chandel, K.P.S. and Malik ,S.K. (1995) Plant regeneration from various
explants of cultivated Piper species. Jour. Plant Cell Rep., 14: 398-402.

Bhide, S.V., Zariwala, M.B., Amonkar, A.J.and Azuine, M.A. (1991) Chemopreventive
efficacy of a Piper petel leaf extract ~ against benzoapyrene induced
for stomach tumors  in mi f Ethnopharmacology., 34: 207-13.

. (1988) Cell biology of agrobacterium infection and

Annual Review of Microbiology, 42, p. 575-606.

ce. Journal 0

Binns, A.N. and Thomashow, M.F
transformation of plants.

ion: Problems and strategies for practical application.

Birch, R.G. (1997) Plant transformat :
Journ. Annual Review of Plant Physiology and Plant Molecular Biology.,

48:297-326.

ms and strategies for practical application.

Birch, R.G. (1997) Plant transformation: Proble
d Plant Molecular Biology, 48:297-326.

Annual Review of Plant Physiology an

8) Cell culture and somatic cell genetics of

Bohm, H., Rink, E. and Betalainesm. (198
p. 449 — 63

plants,vol. 5. New York: Academic Press, P

ntier, E. (2001) Productionof plant secondary

Bourgaud, F., Gravot, A., Milesi, S. and Go
161: 839-851.

miets S E . P . 2
netabolites: a historical perspective. Plant Sei.,

Page | 65



References

3ower, R. and Birch, R.G. (1992).Transgeni
, , R.G. . genic sugarcar 1 i i jecti
bombardment. The Plant Journal, 2: 409-416 = pams s e

“etin, T.E and Gurler, N. (1989) Bakterilerilerin antibiyoti
. rler, N. iyotiklere d ili ini
yapilmasi. KuKem Dergisi, 12:2-5. g re duvasrliic deneyinin

“etin, T.E. and Gurler, N. (1989) Bakterilerin antibiyoti 1
. s ; yotiklere duyaarlilik -
yapilmasi. Kukem Dergisi, 12: 2-5. yaarlilik deneyinin

“hen, S.J., Wo, B.N., Yeh, J.L., Lo, Y.C., Chen, LS. and Chen, I.J.  (1995) C-fiber
evoked autonomic cardiovascular effect of after injection of Piper betel inflores

cence extracts. Journal of Ethnopharmacology., 43: 183-8.

etit, A., David, C., Casse-Delbart, F. and Tempé, J. (1982)

“hilton, M.D., Tepfer, D.A., P
genes inserts T-DNA into the genomes of the host plant

Agrobacterium rhizo
root cells. Nature., 295:432-434.

“hilton, WS., Tempé, J., Matzke, M and Chilton, MD. (1984) Succinamopine: a new
crown gall opine. Jour. Bacteriol, 157(2):357-362

“hoi, S.M., Son, S.H., Yun, S.R., Kwon, O.W., Seon, J.H and Paek, K.Y. (2000) Pilot
scale culture of adventitious roots of ginseng in a bioreactor system. Jour. Plant

Cell Tiss Org., 62:187-193.

hopra, 1.C. (1956) In Glossary of Indian medicinal plants,

“hopra, R.N., Nayar, S.L.and C
nd Industrial Research, New Delhi.1; 197.

Council of Scientific a
Cleyn, R. and Verzele, M. (1975) Constituents of peppers- Spectroscopic structure
clucidation of piperine and its isomers, Journ. Bulletin de la Socie” te Chimique

de Belgique., 84, 43 5-438.

Concon, J. (1979) Black pepper (Piper nigrum) Evidence of carcinogenicity. Nutr.
Cancer, 1: 22-26.

Cordell, G.A. (2000) Biodiversity and drug discovery a symbiotic relationship. Journ.
Phytochemistry., 55: 463-480.

cts as antimicrobial agents. Clinical Microbiology

Cowan, M.M. (1999) Plant produ
Reviews, 12: 564-582

Das, B., Kashinatham, A and Srinivas, K.V. (1996) Alkamides and other constituents of
Piper longum, Planta Medica., 62, 582-583.

Das, G. and Rout G.R. (2002) Direct plant regeneration from leaf explants of Plumbago
species. Plant Cell Tissue Organ Cult., 68: 311-314. °

(1992) Micropropagation of Agave sisalana. Plant Cell, Tissue and Organ

Jas, T.
Culture., 31: 253-255.

Page | 24



Refenences

i
{Davis, J. (1994) Inactivation of antibiotics and the dissemination of resistance gene.
? Science., 264: 375-385.

?Debergh, P., Harbaoui, Y. and Lemeur, R. (1981) Mass propagation of globe artichoke
(Cynara scolymus). evaluation of different hypotheses to overcome vitrification
with special reference to water potential. Physiologia Plantarum, 53, 181-187.

;Dicosmo, F. and Misawa. M. (1995) Plant cell and tissue culture: Alternatives for
‘ metabolite production. Biotechnol. Adv., 13 (3): 425-453,

Dorai, T. and Aggarwal, B.B. (2004) Role of chemopreventive agents in cancer
therapy. Journ. Cancer Lett., 215:129—40.

Duh, C.Y., Wu, Y.C and Wang, SK. (1990) Cytotoxic pyridone alkaloidsfrom Piper
aborescens, Journ. Phytochemistry., 29, 2689-2691.

Dupre, P., Lacoux, Jgrome, Godfrey and Dominique. (2000) Genetic transformation
of Ginkgo biloba by A. tumefaciens. Physiologia Plantarum, 108: 413-419

El Hamss, R., Idgomar, M., Alonso Moraga, A. and Mufioz, S.A. (2003) Antimutagenic
properties of bell and Black pepper. Journ. Food chem. Toxicol., 41(1): 41-47.

Essawi, T. and Srour, M (2000) Screening some Palestinian medicinal plants for
antibacterial activity. Journa] of Ethanopharmacology, 70: 343-349.

Faas, L., Venkata§amy, R-,' Hi(!er, R.C., Young, A. R. and Soumyanath, A. (2008) In vivo
evaluation of piperine and synthetic analogues as potential treatments for

vitiligo using a sparsely pigmented mouse model, British Journal of
Dermatology., 158 (5): 941-50.

Farnsworth, N.R. and Morris, R.-W. (1976) Higher plants the sleeping giant of drug
development. Am J Pharm Sci Support Public Health, 148(2):46-52.

Ferreira, D. and Roux, D.G. (1980) Phytochemical deoxygenation of an ketol: the
dihydroflavonol flavanone conversion. Journal of Chemical Society Perkin
Transactions., I 4, 1003-1006.

Filho, R.B., Souza, M.P. and Mattos, M.E. (1981) Piplartine dimer A, a new alkaloid
from Piper tuberculatum, Phytochemistry., 20, 345-346,

Fisse, J., Braut, F., Cosson, L and Paris, M. (1981) .Etude in vitro des capacités
organogénétiques de tissus de Cannabis sativa L.; Effet de différentes
substances de croissance. Plantes Médicinales et Phytotherapie., 15: 217-223.

Fitchet, M. 1990) Establishment of P. nigrum in vitro. Journ. Acta Hortic., 275: 285~
291.

Ganguly R., Mishra P. and Sharma A. (1975). Indian J. Microbio. 41: 211-213.

Page | 8%




‘ References

jGantet, P. and Memelink, 'J - (2002) Transcription factors: tools to engineer the production
: c5>f gharmacologwally active plant metabolites. Trends Pharmacol. Sci.. 23: 563
‘ 69. . Sci., 23: 563-

Gautheret, R.J. (1939) Sur la possibflite de realiser la culture i ; -
’ ndefihie des t
tubercules de carotte. C.R. Acad, Sci. (Paris). 208: 118-120 fe des tissus de

'Gayoor Ali, Igbal, M and Srivastava, P.S. (1999) A viable approach for
micropropagation of Bacopa monnieri grown under salt stress. Plant Tissue
Culture and Biotechnology: Emerging Trends: 211-219,

‘Gemborg, O.L., Miller, R.A. and Ojima, K. (1968) Plant cell cultures. Nutrient
requirements of suspension cultures of soybean root cells. Exp. Cell Res., 50:
151-158. » OV

George, E.F. and Sherrington, P.D. (1984) Plant propagation by tissue culture-Hand book
and directry of commercial laboratories. Exegetics Ltd. England.; 32: 348-352

George, P.S. and Ravishankar, G.A. (1997) In vitro multiplication of Vanni o
’ ; i ) ila plant
using axillary bud explants. Plant Cell Rep., 16(7): 490-494, Plantifolia

Geran, R.I, Greenberg, N.H, Macdolnald, M.M, Schumacher, AM and Abbott, B.J
(1972) Protocols for screening chemical agents and natural products ag,ain.st
animal tumors and other biological systems. Cancer Chemother Rep., 3: 1-103

Ghimire, S.K., McKey, D. & Aumeeruddy, T. Y. (2004) Hete oo

’ .3 >t rogeneit

ethnoecologlcal knowledge and managementof medicinal plangts iny thlz
Himalayas of Nepal: implications for conservation. Ecology and Society

(2004)., 9(3): 6.

Ghoshal, S., Kﬁshn?, B.N and Lakshmi, V. (1996) Antiamoebic activity of Piper longum
fruits against Entamoeba histolytica in vito and in vivo. Ethnopharmacol., 50:

167-170.

Giri R. K., Rajagopal, V. and Kalra,V. K. (2004) Curcumin, the active constituent of
turmeric, inhibits amyloid peptide induced cytochemokine gene expression and
CCR5-mediated chemotaxis of THP-1 monocytes by modulating early growth

response-1 transcription factor. Jour. Neurochem., 91, 1199-1210

Gopi, C., Nataraja, Y.and Ponmurugan, P. (2006) In vitro multiplication of Ocimum
gratissimum L. through direct regeneration. Afr. Jour. Biotechnol. 5: 723-

726.

and Ma.xted, N. (2001) Geographlc IllformatiOn

. . A-,° Hijmans, R.J.
Guarino, L., Jarvis, J ¢ of plant genetic resources. In: J

Systis (GIS) and the conservation and us
Engels et al., pp- 387-404.
tioxidant and radical scavenging activities of Black pepper seeds.

| - The an
Gulein, 1. (2005) Food Sci. Nutr., 56(7): 491-499.

Journ. Int. Jour.
Page | €3



Refenences

Gunay, A.L and Rao, P.S. (1978) In vitro i
plant regeneration from hypocotyl and
cotyledon explants of red pepper (Capsicum). Plant Sci. Lett.,11:365-372.

Gupta, A.K. (1986) Quality St . .
Voll, 168-173. ~ndards of Indian Medicinal Plants, ICMR, New Delhi.

~ Gupta, SK, .Bar.lsal, -P" Bhgrdwaj, RK. and Velpandian, T. (2000) Comparative
apt1noc1f:ept1ve, .ant?nﬂamma.tory and toxicity profile of nimesulides vs
nimesulide and piperine combination. Pharmacol Res.; 41:657—662.

Hamburger, M and Hostettmann, K. (1991) Bioactive plants: i
> ) L plants: The link between
Phytochemistry and Medicine. Phytochemistry., 30: 3864- 3874

Hamill, J.D., Evans, D., Robins, R.J., Rhodes, M.J.C., Prescott, A. and Martin, C. (1988)
Foreign gene insertion into hairy roots with binary vectors and Agrobacterium
rhizogenes: potential for genetic manipulation of plant secondary metabolism
in culture. In: Manipulating secondary metabolism in culture, Robins, R.J and
Rhodes, M.J.C (eds.)., pp 145-153.

Hamrapurkar, P.D., Jadav, K. And Zine, S (20110 Quantitative estimation of piperine in
P.nigrum and P. longum using HPTLC. Journal of Applied Pharmaceutical
Science 01 (03); 2011: 117-120

Hanada, T. and Yoshimura, A. (2002) Regulation of cytokine signaling and inflammation
Cytokine & Growth Factor Reviews, 13 pp. 414-421

Handa, S.S. (1992) Medicinal Plants based Drug Industry and Emerging Plant Drugs. The
trade in Himalayan Herbs, Journ. Himal., 8(17): 22-27.

Hazra, S.K., Das, S. and Das, AK. (2002) Sisal plant regeneration via organogenesis.
Journ. Plant Cell, Tissue and Organ Culture., 70: 235-240.

Hemphill, J.K., Turner, J.C. and Mahlberg, P.G. (1978) Studies on growth and
cannabinoid composition of callus derived from different strains of Cannabis
sativa. Journ. Lloydia., 41: 453-462.

Hiatt, A., Cafferkey, R. and Boedish, K. (1989) Production of antibodies in transgenic
plants. Nature., 342: 76-78.

Hiatt, H.M., Barnes, B.A. and Brennan, T.A. (1989) A Study of Medical Injury and
Medica Malpractice , New England Journal of Medicine 321(7):480-84.

Hilip, V.J., Joseph, D., Tﬁggsa G:S. and Dickinson, N.M. (1992) Micropropagation of
Black pepper (Piper nigrum Linn) through shoot tip cultures. Plant Cell
Reports., 12:41-44.

Homans. A.L. and Fuchs, A. (1970) Direct bioautography on thin-layer chromatograms as
" 4 method for detecting fungitoxic substances. Journal of Chromatography., 51,

327-329.

Page| 8%




' Hooykaas, P.J.J. and Shilperoort, R A.

References

. . (1992) Agrobacterium and plant genetic
engineering. Plant Molecular Biology., 19:15.38. .

Hussey, B.M.J., Keighery, G.J., coy
Weeds: A Guide to the Sens, R.D., Dodd, J. and Lloyd, S.G. (1997) Western

g eed . . .
Western Australia, Victq, fia Pzr‘iyggzt:r; Australia. Plant Protection Society of

of Ghana. Oxford University Press, Amen House,

Isao, K. (1984) Molluscicidal apnq inse

ct’ . o e, . . .
Fagara macrophyll, g icidal activities of isobutylamides isolated from

Xperientia., 40, 340-341.

Jacobson, M. (197!1) Occurrepce

of a pungent insecticidal principle in American
coneflower roots. Science s

» 120:125-129.

Jagdale, S.C., Kuchekal, B.S., Chabugkar, A R, Lokhande, P.D. and Raut, C.G. (2009)

AntiOxidant activity of Pipey jopgym L. Int.J.Biological chemistry., 3(3), 119-
125.

Jager, AK, Hutchings, A and van Staden, J. (1996) Screening of Zulu medicinal plants
for prostaglandinsynthesis inhibitors. Ethanopharmacol. 52: 95-100.

Jager, A K., Hutchings, A. and van Staden, J. (1996) Screening of Zulu medicinal plants
for prostaglandin synthesis inhibitors. Ethnopharmacol. 52: 95-100

Jamwal, D.S. and Taneja, 8.C. (1993) Impairment of UDP-glucose dehydrogenase and

glucuronidation activities in Iiver and small intestine of rat and guinea pig in

.

vitro by piperine. Journ. Biochem. Pharmacol., 46 (2):229-38.

Jayaprakasha , G-K. Jayaprakasha, R.P. and Singh, K.K.( 2001) Sakariah Antioxidant
activity of grape seed (Vitis vinifera) extracts on peroxidation models in vitro.
Food Chemistry., 73 (2001): 285-290.

Jha, M.K., Sondhi, O-A-K. and Pansare, M. (2003) Solid waste management —a case
* T tudy. Indian Jounal of Environmental Protection 23 (10):1153—1160.

Johnson. J. J., Nihal, M., Siddiqui, I. A., Scarlett, C. O., Bailey, H. H., Mukhtar, H., and
" Ahmad, N. (2011) Enhancing the bioavailability of resveratrol by combining it
with piperine. Journ. Bioscience., 30: 1-20. -

! .d‘ A.. Bhatt, M.A,, Mujib, A. and Sharma, M.P. (2006) Somatic embryo
o rczyliferation maturation and germination in Catharanthus roseus Plant Cell
"I;‘iss. Org. Cult, 84:325-332

A.. Mujib, A~ Bhat, MA,, Sharma, M.P. and Samaj, J. (2007) Somatic
e;nbryogenCSiS and plant regeneration in Catharanthus roseus. Biol. Plant, 51

(4) :641-640-

Junaid,

Page | Yo



References

| Junaid, A., Mujib, A., Fatima, S. and Sharma, M.P. (2008) Cultural conditions affect
somatic embryogenesis in Catharanthus roseus L. (G.) Don. Plant Biotechnol.
Rep, 2 :179-189

Junaid, S. and Khan, A. (2009) In vitro micropropagation of Khalasah date palm (Phoenix
dactylifera L.). An important fruit plant J. Fruit Oma. Plant Res., 17 (1):5-17

Junaid, S., Rakesh, K.N., Dileep, N., Poornima, G., Kekuda, T.R.P. and Mukunda, S.
(2010) Tota¥ phenf)lic content and antioxidant activity of seed extract of
Lagerstroemia speciosa L. Chemical Science Transactions.; 2(1): 75-80

Kamboj, V.P. (2000) Herbal medicine. Journ. Cur. Sc. 78(1): 35-39.

Kamboj, VP. (2000) Herbal Medicine. Current Science., 78 (1): 35-39.

Kanaki, S, Niranjan, R.M. (2008) Phytochemical Standardization of Herbal Drugs and

I;glgyherbal Formulations. Bioactive Molecules and Medicinal Plants., pp. 349-

Rapoor. Hé%;rril;:fyh’afd’ Singh, G., De Heluani, CS. and Lampasona, M.P. (2009)
In vitro antioxidant activity of volatile oil and oleoresins of

Black pepper (Piper nigrum)_ J Agnc Food Chem., 575358_5364

., Sahin, F., Giilli vy
Karaman, /L,ltimic?obial i‘:ll‘l:lltc;,o é\/l., Ogiitei, H., Sengiil, M and Adigiizel, A. (2003)
Ethnopharmacol., 2837- 1a.lgue0us and methanol extract of Junipelis oxycedrus.

Katerere, D.R., Gray, AL, N . L
pentacyclic trit ash, R.J and Waigh, R.D. (2003) Antimicrobial activity of

63- 81-88. crpenes isolated from African Combretaceae. Phytochemistry,

Kelkar ,S.M. and Krishnamurthy, K V. (1998) Adventitious shoot regeneration from root,

internode, petiole and leaf explants of Piper colubrinum Link
Rep., 17:721-725. P P ink. J. Plant Cell

Kelkar, S.M., Deboo, GB and Krishnamurthy, K.V. (1998) In vitro plant regeneration
from leaf callus in Piper colubrinum Link. Plant Cell Reports, 16: 215-218.

Kelly K. (2009) History of medicine. New York: Facts on file; pp. 29-50.

Khare. R Keblinski, P. and Yethiraj, A. (2006) Molecular dynamics simulations of heat
’ .,and momentum transfer at a solid—fluid interface: relationship between thermal

and velocity slip. Int J Heat Mass Transf 49(19-20):3401-3407

Indian Medicinab Plants, edited by L. M. Basu,
B.D. (1 d: Central Council for Research in Ayurveda
f Health & Family Welfare), Govt. of

. Basu,
Kitikar, K. R- and 35501 133. Allahaba

ed., pp- :
¢29LndSiddh§, (Deptt. of AYUSH, Min. 0

India.

B.D (1933) Indian medicinal plants. Vol 2, 77.

Kirtikar, K. R. and Bas® Page | %\



References

Klausmeyer, P., Chmurny, G.N., McCloud, T.G., Tucker, K.D. and Shoemaker, R.H.
(2004) A novel antimicrobial indolizinium alkaloid from Aniba panurensis
Journal of Natural Products., 67, 1732-1735.

Koff. R.S., Gordan, G. and Sabesin, S.M. (1971) D-galactosamine hepatitis
hepatocellular injury and fatty liver following a single dose. Journ.
Proceedings in Society of Experimental Biology and Medicine., 137 : 696 - 701

Kokate, C.K., Purohit, A.P. and Gokhale, S.B. (1994) Phaqnacognosy. Nirali Prakashan,
Pharmacognosy, 20th Ed, Nirali Publication, India.

Nagasudha, B and Mishra, S.H (2006) Protective
erculina turpethum linn. against paracetamol
arm. Sci., 68(1): 32-35.

Kumar, S.V., Sujatha, C., Syamala, J.,
effect of root extract of Op '
induced hepatotoxicity in rats. Indian Jour. Ph

Kurian, P.S., Backiyarani, S., Josephrajkumar, A. and Murugan, M. (2002) Varietal
evaluation of black pepper (Piper nigrum L.) for yield, quality and anthracnose
disease resistance in Idukki district, Kerala. Jour. Spices Aromatic Plant Sci.,

11:151-154.

) Comparative Morphoanatomy of Piper bettle L.

Lakshmi, B. S. and Naidu, K. C. (2010 .
mi cultivars in India, Journ. Annals of Biological Research., 1(2) , pp.128-134.

la, S. (2012) Antiulcer

) ; . P, Neelapy, N. and Muyva y '

Lakshmi, chv?t IZI:(;YFIIE;{% /Iinalysis of Mangifera infilca L. Leaves. International
J oumalyof Pharmaceutical and PhytOphannacologlcal Research; 1(4):146-155.

cability and uptake of biocides and antibiotics in

Lambert, P, (520) Cell® i YCObacteria. J. Appl. Microbiol. 92: 465-545.

Gram-positive bacteria and m
te. P. J. And Nychas, G. J. E. (2001) A study of

tration and mode of action of oregano essential
1., 91, 453-462.

Lambert, R. J. W., Skandamis, P- N., CO(I’l
the minimum inhibitory cOnce iy
oil, thymol and carvacrol. J Appl Microbio

. . tiplatelet effect of aqueous inflorescence Piper
Lei, D.  (2003) Antioxidant and antp d Chemistry.,51: 2083-2088.

i d an
betel extract. Journal of Agrlcultural Foo

Lewi . w of the Importation of Medicinal Plants and Plant
&Wlngtonl’:x/:;-ac(t]s?ggo) gurI;;:lCambridge, UK: TRAFFIC International., 37 pp-
c., 30,421 — 427,
Lloyd, G. & McCown, B. (1988) Int- plant Prop. Soc. Pro
mercially feasible micropropagation of mountain

w .C* Com
pove-© ;\:L(.LT\\A ([;(JIXZ ;Z;,-;;Z'ilt))y use of shoot tip culture. Journ. Int. Plant Prop. Soc.

Proa., 30: 421-427.

Kodam, K.M and Kuchekar, B.S. (2007) Antibacterial

okhande, P.D., Gawai, K.R., .
longum. Journ. pharm. toxicol., 2(6): 574-579.

activity of extract of Piper

Page |41



References

MaheShwag.’ f K., Si{}gh’ KK. dand Saha, S. (1986) Ethnobotany of tribals of Mirzapur
istrict, Utta ; : (
Lucknow. r pradesh, Economic  Botany Information Service, NBR],

Maju, T. T. and Sonira, E. V. (2012) In vitro regeneration system for multiplication and
transformation in Piper nigrum L. Int. Journ. Med. Arom. Plants., 2(1):178-
184. T

Majumdar, B., Chaudhuri, S.R and Roy, A. (2002) Potent antiulcerogenic activity
of ethanol extract of leaf of Piper betel Linn. by antioxidative
mechanism. Indian Journal of Clinical Biological Chemistry., 17:49-57.

Makarov, S. S. (2000) NF-kappaB as a therapeutic target in chronic inflammation: recent
advances. Molecular Medicine Today 6: 441-448. :

Maldonado Mendoza, LE., Ayora Talavera, T. and Loyola Vargas, V.M. (1993)
Establishment of hairy root cultures of Datura stramonium characterization and
stability of tropane alkaloid production during long periods of subculturing.
Journ. Plant Cell Tiss Org., 33:321-329

Mandolino, G. and Ranalli P. (1999) Advances in biotechnological approaches for hemp
breeding and industry. In: Advances in hemp research, P.Ranalli (ed.), The

Haworth Press Inc., pp.185-212.

Mandolino, G., Carboni, A., Bagatta, M., Moliterni, V.M.C. and Ranalli, P. (2002)
Occurrence and frequency of putatively Y chromosome linked DNA markers in
Cannabis sativa L. Euphytica, 126: 211-216.

Mandolino, G., Carboni, A., Forapani, S., Faeti, V. and Ranalli, P. (1999) Identification
of DNA markers linked to the male sex in dioecious hemp (Cannabis sativa

L.).Theor. Appl. Genet. 98: 86-92.

»Llandolino, G., Carboni, A., Forapani, S., Faeti, V. and Ranalli, P. (1999) Identification
of DNA markers linked to the male sex in dioecious hemp (Cannabis
sativa L.). Theoretical and Applied Genetics. 98:86-92

“ho, F., Wetten, AH., Fay, M. and Caligarip, D.S. (1995) In vitro ;
Clerodendrum colebrookianum Walp.: A potential natural angizpaileon. of
medicinal plant. Plant Cell Rep.,14: 493-496. ypertension

,r;%aYa, Iwashitaa.. Nobuaki, Oka., Satoko. and Norimichi, Nakah |
. des ’ ’ > ata. 1
longuﬂx)rrune, a constituent of Piper longum L., inhibits rabbit plat:legzazogggz?i):;
as a thromboxane A2 receptor antagonist, European J
570:38-42. pean Journal of Pharmacology.,

’f@lew, P. J. and Mathe;v P. M . (1992) Cytological studi '
R _ ,P.M. 1€s on Pj j
species endemic to Western Ghats. Journ. Spices Aromaticlléerg:scz r[fgll — 833Tafe

jew, P. J. and Mathew, P. M. (1992) Cytological studies .
it A [ 0 P .
species endemic to Western Ghats. Jour. Spices Aromartlic girp:arll-)gril g3a rare

Page| 29



References

Mathews, V. H. and Rao, P. S. (1984) In vitro responses in black pepper (Piper nigrum).
| Curr. Sci., 53:183-186.
:
'Mathur, S., Gupta, M.M and Sushil Kumar. (2002) Expression of growth and bacoside A
in response to seasonal variation in Bacopa monnieri accessions. Journal of
Medicinal and Aromatic Plant Science., 22(4A):320-26.

|
|
'Matsui, T., Ebuchi, S., Kobayashi, M., Fukui, K., Sugita, K., Terahara, N. and
‘ Matsumoto, K. (2002) Anti- hyperglycemic effect of diacylated anthocyanin
derived from Ipomoea batatas cultivar Ayamurasaki can be achieved through
the alpha-glucosidase inhibitory action. Journal of Agricultural and Food

Chemistry., 50: 7244-7248.

Matthews, V.H. and Rao, P.S. (1980) In vitro Multiplication of Vanda Hybrids through
Tissue Culture Technique. Plant Sci. Lett., 17: 383-389.

Maxwell, A. and Rampersad, D. (1991) A new dihydropiplartine and piplartine dimer
from Piper rugosum, Journal of Natural Products., 54, 1150-1152.

Mazumder, R., Enlfsson, P.G. and Lenhardt, N. (2012) Palaeoproterozoic sedimentation
on the Singhbhum craton: global context and comparison with Kaapvaal R.
Mazumder, D. Saha (Eds.), Palaeoproterozoic of India, vol. 365Geological
Society of London, Special Publications pp. 51-76

McMahon, J.B, Currens, M.J, Gulakowski, R.J, Buckheit, R.W.J, Lackman, S.C, Hallock
Y.F and. Boyd, M.R..(1995) Michellamine B., a novel plant all;aloi(i inhjbits,
human immunodeficiency virus-induced all killing by at least two distinct
mechanisms. Antimicrobial Agents Chemotherapy., 39: 484-488

McNamara, F.N., Randall, A., Gunthorpe, M.J. (2005) Effects of piperine, the pungent
component of black pepper, at the human vanilloid receptor (TRPV1) . Br.
Journ.. Pharmacol., 144(6): 781-90.

Menon, A.N., Padma.kumari,‘ K.P. and Jayaleksmy, A. (2003) Essential oil composition
of four major cultivars of black pepper (Piper nigrum L.). IIL. Journ. Essent
Oil Res.,15:155-157

. Menon, A.N., Padmakumari, K.P., Jayaleksmy, A., Gopalakrishnan, M. and Narayanan,
C.S. (2000) Essential oil composition of four popular Indian cultivars of black
pepper (Piper nigrum L.). Jour. Essent Oil Res.,12:431-434.

Mueller, L.A., Tanksley, S.D. and Giovannoni, J.J. (2005) The Tomato Sequencing
Project, the first cornerstone of the International Solanaceae Project (SOL).
Comp. Funct. Genomics 6:153-158.

Mujumdar, A.-M., Dhule, J.N., Deshmukh, VK. and Naik, S.R. (1999) Effect of piperine
on bioactivity of oxyphenylbutazone in rats. Journ. Indian Drugs., 36(2), 123-

126.

Page | 94




Murashige, T. and Skoog F
with tobacc S F. (19 2) A revised mediu .
O tissue Cultureg. pp s ed medium for rap;4
Nair, R. R. and Gupta, §.
black pepper (Pq,De.r (2_003) Somatic embryogenesis and
germinating seeds a::(ligrum L.): Direct somatic embryyo
Biotechology, 78:4; 6~420lntogeny of somatic embryqg,

Plant regeneration in
genesis from tissues of
Journ. Hortic. Sci. &

Nair, R.R. and Dutta, S, (2005
embryogenesis in black l:;ffeCt of explants and geno

Pper (Piper nigrum L.), C tYPes on primary somatic

Ytologia., 70: 195-202.

, S. :
Narayanasgagfls}i Baj(;jgzgcgs)l.{;genfranon of plant from tissue cultures I - Reinert,J. and
organ culture, 179-248pp 'ed and fundamental aspects of plant cell tissue and

Nayak, P., Behera, P.R, Thirunay,
plant regeneration thyrg

epicotyle explants of
Hort., 123: 473-473.

ukkarasu, M. and Chand, P.X. (2009), High frequency
ugh adventitlous multlple ShOOtS organogenesis in
Indian gooseberry (Emblica officinalis Gaert). J. Sci.

Nester, E.W., Gordon, MP., Amasino, R M. and Yanofsky, MLF. (1984) Crown gall:

1 i : . .
;rg(?;esc’;l_ :ll';nd thSlologlcgl analysis. Annual Review of Plant Physiology.,

Ngwendson, J.N., Bedir, E., Efange, M., Okunji, C.O. and Khan, LA. (2003)
Constituents Of_P eucedanum zenkeri seeds and their antimicrobial effects.
Journ. Pharmazie., 58 | 587-589

Nirmal Babu, K., Nair, R.R., George, J.K. and Ravindran, py. (1992) Piper
- barbari Gamble—a re-description of the species, with a note op the karyotype.
Journal of Spice and Aromatic Crops., 1:88-93

Noda, H. and Nakashima, N. (1995) Non-pathogenic reo viruses of leaf hoppers and plant
hoppers .

bno. H. and Omura T. (1991) A reovirus in the brown plant

: i
Noda, H., Ishikawa, K., H ta lugens J. Gen. Virol., 72:2425-2430

hopper, Nilaparva

Page | A5



References

jaroen., Kitja .

Nongyao, fg\g;legrl o fnJm: %We&mg]aroen .and Pathana ’P°°npanang, (2004) Effects
on caecal amoebiag;g in per sar Mmentosum root and 0]

Uercys | :
ICe. Journal of Ethno pharmp, infectoria nut gall

- cology., 91, 357-360.
Ogundare, A.O., Adetuyi, F C and Al

. . i -
Vernonia tenoriang, pg J. Biréi,::}?g; FSAI 6(22? 16 6)6“;‘ntlmlcrobial Activities of

Omote, Y., Tazawa, H., Fujinuma, . .
Bulletin of Chemicg] SOCietyand Sugiy

(1969) g
of Japan

ama, N. ) thesi ) .
42, 569-570 - rthesis of pipataline.

i i, M., Ishih
Otani ,T., Iwasaki, M., ara, ) g .
Public Health Center.B asazuki, S., Inoue, M. and Tsu

gane, S. (2006) Japan
: ased Prog ective Study Group, p; .
subsequent risk of Colorectg) cap;ceirvihe Ja};)an Pll:bl]i)letary Jibar intake and

prospective study. Int jo, - Cancer. 119: 1475-1480 = Health Center-based

Pan; B., Thomas, P'a Janakir
Panicker, oytokinin levels on in y; am, T. apd Venugopalan, R (2007) Influence of

tro pro i uckeri ¢
Swarna’ and activation of Propagation of shy suckering chrysanthemum * Arka

43:614-622. endophytic bacteria. Journ. I Vi Cell Doy Biol.,

Park, C., Moon, D., Rhu, C.H, ¢y,
Induces Anti-Proliferatiq,
through Activation of Oy
Bull., 30: 1317-1323,

i, BT, Lee, W.H. and Kim, Gy, (2007) B-Sitosterol
N and Apoptosis in Human Leukemic U937 Cells
Spase-3 and Induction of Bax/Bcl-2 Ratio. Biol Pharm

Parmar, V.S., Jain, S-C. and Bisht g g (1997) Phytochemistry of genys Piper. Journ.
Phytochemistry, 46: 597.¢74

Philip, S., Banerjee, NS and Das, MR (2000) Genetic variation and micropropagation
in three varieties of Pipe,. longum L. Journ. Current Sci., 78: 169-173.

Philip, V. J., DominiC, J» Triggs, G. 8. and Dickinson, N. M. (1992) Micropropagation of

black pepper (Piper nigrum L.) through shoot tip cultures. Plant Cell Rep.,
12:41-44;

Philip, V.J, Joseph, D~ Triges, G.S. and Dickinson, N-M. (1992) Micropropagation of
P .b,lack pepper (Piper nigrum Linn) through shoot tip cultures. J. Plant Cell Rep.,
12: 41-44.

: i R. (1991) Initiation and pattern of
A - whitehead, R.A. and Kinghton, D p
Phillips, G.n]3g~;ogene sis in Wound healing in the rat. Am. Jour. Anat., 19 (3):257-262.
a

) s. A.M. and Lissi, E.A. (2003) 8-Hydr.0).(y~1,3,6.pyrene trisulfonic acid
P]IIO, E., CamPOiI;e) bleaching by 2,2'-azobis(2-am1d1n opropane) derived peroxy]
(pz}';rllls Int J Chem Kinetics., 35: 525-531 .
ra .

99) The Cultural and Spiritual Values of Biodiversity. Nairobi
Posey, D./:xl.((lgya). United Nations Environment Programme.
enya):

Page | 96



References

Prasad, T. S. K., Goel, R., Kandasamy, K., Keerthikumar, S. and Mathivanan, S. (2009)

Human Protein R . .
Dl7lI5n7 n e eference Database update. Nucleic Acids Research.; 37,

P .R., Shrestha, K.K.
ress, J R;)lfmt: Sofa Nepal.alllliti?;?ﬁ;g’}\"lv([m()o) Annotatedchecklist of the flowering
ofBotany, Tribhuvan Universityr,yKatﬁrsr(:aurrlrcli,u nggc;r; end Central Department

Rabe, T. and van Staden, J. (1997 Ani ) o
T edioinal PUrDOSes. Jou)rna tibacterial activity of South African plants used for

L of Ethnopharmacology., 56, $1-87.
Rakousky, S., Tejklova, E., Wejg

. ner, 1. Wi B
(1999) Hygromycin g , > “Viesnerows, D, Kocébek, T. and
Plantarum., 42: 361369, alternative in flax transformant selectiggd%iiiﬁghi

Rashmi, S.K., Sthaya, E., Suganya pey;
> bl ;! e .
and its antiprolifera V1, R (2010) Isolation of piperdine from P.nigrum

tive activities, A f
4(8):562-573. + African Joumal of Pharmacy and Pharmacology,

Rao, S. R. and Ravishankar, G.A., (2002) Plant ce]] : ‘ ~
secondary metabolites. Biotechnol. A dv. 20:10?_111?;('33- Chemical factories of

Ravindran, P.N. (2000) Black Pepper, Piper n; ] )
Amsterdam, The Netherlands., 553 p. grum. Journ. Harwood Acadiic,

Ravindran, P.N., Nair, M-K. and Nair, R.A.(1978) Two taxa of P; j
: ’ per (Piperac
Gjlent Valley Forest, Kerala. Journal of Economic and Taxonomiceagf)tfr?;n

10:167-169.

Ravishankar, G.A. apd Rao, S. R (2000a) Biotechnological production of phyto-
ph armaceuncals. Journ. Biochem. Mol. Biol. Biophys., 4: 73-102.

Ravishankar, G.A. and Rao, S. R. (2000b) Biotransformation of protocatechuic aldehyde
and caffeic acid to Yamllm and capsaicin in freely suspended and immobilized
cell cultures of Caps1cum frutescens. Journ. Biotechnol., 76: 137-146.

Ravishankar, G.A., Sharmé, K.S., Venkataraman, L.V. and Kadyan, A.K. (1988) Effect
of qutritional Stress on capsaicin production in immobilized cell cultures
of Capsicum annuum. Curr. Sci., 57: 381-383

Clarke, C- and Mazumder, R. (2009) Temporal constraints on the evolution
e Singhbhum Crustal Province from U-Pb SHRIMP data,in: D. Saha, R.
Mazumder (Eds.), 'Pe}leoproterozoic Supercontinents and Global Evolution,
International Association for Gondwana Research Conference Series, Abstract

volume, vol- 9 pp. 17-18

Reddy, S.M.,
of th

Page | 9%




References

Reddy, S.M., Mazumder, R., Evan
, . . , R., s, D.A.D. and Collins, A. (2009) P i
Supercontinents and Global Evolution, vol. 323Geolc§gical)8021izf)(r)lgf(‘) tf(r)(r)fi(:)ls

Special Publication pp. 1-26

Reiter, B.,b Pfeif:er, u., Sch\.;v.ab, 'H. and Sessitsch, A. (2002) Response of endophytic
acterial communities in potato plants to infection with Erwinia carotovora

subsp. atroseptica. Journ. Appl Environ. Microbiol., 68 : 2261-2268.

Renata, Vasques da Silvaa., Hosana, M., Debonsi, Navickienea. (2002) Antifungal
amides from Piper arboreum and Piper tuberculatum, Journ. Phytochemistry

59, 521-527.
Rogers, A.E., Zeisel, S.H. and Groopman, J. (1993) Diet and carcinogenesis. Journ.

Carcinogenesis., 14: 2205-17.
Rout , G.R., Saxena, C., Samantaray, S. and Das, P. (1999) Rapid clonal propagation of
Plumbago zeylanica Linn. Plant Growth Regul. 28: 1-4.
Rout G.R. (2005) Micropropagation of Clitoria ternatea Linn. (Fabaceae) — An
important ,medicinal plant. In vitro Cell. Dev. Biol. — Plant. 41: 516-519.

Das, P. (2000) Biotechnology of the banana: a review of

Rout, G.R, Samantaray, S and
Biol., 2:512-524

recent progress. Plant
In vitro micropropagation of

ay, S. and Das, P. (2001) -
a Tropical, 49: 957-963.

Rout, G.R., Das, G., Samantar . .
Lawsonia inermis (Lythraceac). Revista de Biolog

Rout, G.R., Samantaray, S. and Das, P. (2000) In vitro manipulation and propagation of
medicinal plants. Biotechnology Adv. 18: 91-120
resistance in pacteria: Introduction. J. Appl.

15-35.
E. E. (2002) Mycobacterium and the

Russell, A.D. (2002) Antibiotic and biocide
Microbiol symposium supplement; 92:
Russell, D. G., Mwandumba, H. C. and Rhoades,

coat of many lipids. /. Cé/! Biol,, 158, 421-426.

kinin ind
. C and Tsay, HS: (2000) Cytok uced
Sagare, A.Sl:),m Eteii Y.L,bLln ,TI.GC;ESChen cplant regenerat6ign13;n llgorydahs S
embryoge . 160:139—
(Fumariaceae;y— f medicinval plant. Plant S¢t -

G. (2000) Bioreactors for plant

vic,
ako chem. Eng., 4: 89-99.

ak , Nov .
dlo\éﬁnfjci'k f.urther research. Journ- Bio
1995) Sex associated DNA

Satoh, S- ( )
andis cativa L. Plant and Cell Physielogy.,

Sajc, L., Grubisic, D. an
engineering: an out

omeda,

Sakamoto, K., Shimomura, K- K
plant,

sequence in a dieecious
36:1549-1554.

. (2003) Modulation of oxidative

and puglend?, .e;el leaf in streptozotocin induced

Santhakumari, P., Prakasam, A. h Piper b
stress paramet with PiPe - 373-
parametegs by treatment W - oslogy., 35 373-8.

diabetic rats. Indian Journal of P
Page | 9%



References

Gondwana Research, 10pp. 256266

n, . h bl b *

Spices Arom. Crops., 2: 3440

40:13-16.

Schi .
Ppmann,th U.,' Leaman, Q.J: and Cunmnghaxp, A.B., (2002). Impact of cultivation and
gathering of medicinal plants on biodiversity: global trends and issues. In:
Biodiversity and the Ecosystem Approach in Agriculture, Foresiry .ami

Fisheries. Food and Agriculture Organization (FAO), Rome.

Kook Kim., Koanhoi, Kimc.,Chang-Duk Jun., Jeong, Min
Lee and Mun, Chual Rho. (2008) Alkamides from the fruits of Piper lo;zgum
and Piper nigrum displaying potent cell adhesion inhibition, Journ. Bioorganic
& Medicinal Chemistry Letters., 18, 4544-4546.

man Caldentey, K.M. (1998) Somaclonal variation in
derived hairy root clones of Hyoscyamus

Seung, Woong Lee., Young,

Sevén, N., Hiltunen, R., Oks
transformed roots an
muticus. Journ. Planta

d protoplast-
Med., 64:37-4.

) Plant hairy root culture. Journ. Curr. Opin.

Shanks, J.v and Morgan, J. (1999
Biotechnol.,10: 151-155.
Sharma. N.. Ch Lo A, (1993) In vitro propagation of Gentiana
, N., Chandel, K.P.S. and Paula, Hro b
kurroo: an indigenous threatened plant of m cinal importance. Plant Cell
Tiss. Org. Cult. 34: 307-309.
gh frequency 7

M. (1997) Hi
BM. ( Plant Cell Rep. 17: 68-72.

vitro multiplication of disease-

Sharma, TR. and Singh,

free Zingiber officinales ROSC¢-
S . , S, yYadav, V, Sharma, S. and Kumar, S. (1998)
hasany, A.K, Khanuja, S.P.S; nzina(:\;ajr‘l{{ 5 s amvensis e odes. J Biosci, 23: i

High regenerative 1
646. :
: jendran,
Shoba, G., Joy, D., Joseph, T- Maject ;\:ﬁnalzzzﬁeﬁcs 0
foence of piperine 01t Prey 64 (4): 3536

human volunteers: Journ. planta Med-
Lp., - Ju,
. el, ’ .
Shun, C.Y., Chau, J.W., JIng pi J'L;;Ie Jeaf extract against
iper  Archives of Tox!

Protection effect of piper *
induced liver fibrosis in T4%"

R and Srinivas, P.S. (1998)
f curcumin in animals and

L.H. andFen, P.C. (2007)
carbon tetrachloride-

cology., 81: 45-55.

Page| 44



References

Singh, B., Bhat, T.K. and Singh, B. (2003) Potential therapeutic applications of some
anti nutritional plant secondary metabolites. Jorun. Agric Food Chem.,

51:5579-97.

Singh, G., Marimuthu, P., Catalan, C and Lampasona, M.P. (2004) Chemical antioxidant
and antifungal activities of volatile oil of black pepper and its acetone extract.

Journ. Sci Food Agric., 84:1878-1884.

Singh, G., Marimuthu, P., Catalan, C., de Lampasona, M.P. (2004) Chemical antioxidant
and antifungal activities of volatile oil of black pepper and its acetone extract. J

Sci Food Agric., 84:1878—1884.

Sivarajan, V.V. and Balachandran, 1. (1994) Ayurvedic Drugs and their Plant Sources,
Delhi: Oxford and IBH Publishing.

Soniya, E.V. and Das, M.R. (2002a) In vitro micropl.‘OPagaﬁon of Piper longum—an
important medicinal plant. Journ. Plant Cell Tissue Organ Cult., 70:325-327.

tro micropropagation of Piper longum — an

Soniya, E.V. and Das, M.R. (2002b) In vi
| (20020) 11, Tiss. and Org. Cult., 70: 325-327.

important medicinal plant. Plant Ce

Soniya, E.V. and Das, M.R. (2002c). In vitro organogefleSiS and genetic transformation in
popular Cucumis S(ativus ghrough Acrobacterium tumifaciens. Ind. J. Exp. Biol.,

40: 329-333.
L. (2005) Celgosivir-glucosidase inhibitor.

S i ila,
orbera, L.A., Castaner, J., Garcia Capdevila the Future., 30, 545-552.

Antihepatitis-C virus drug. Drugs of
. . t principle-piperine: A review of
Srinivasan, K. (2007) Black pepper and 1t -pmllgelr{evlzews in II:“ood Science and
~ diverse physiological effects. Cntica
Nutrition., 47 (8): 735-48.
Srivastava, J rt, J. & Vi er, N. (1995) Med-icj’;al Hlanis: G"m;’l";{g sR ?11:0;’;
avab ; Ll,ambent, WashiriZttI::yI)’C USA; Agricu tural and Natural Reso
evelopment. , D.Lo
Department, The World Bank-
W Rockel, P. (2001) A plasma membrane
Stohr, C., bStrulzie, F., Marx,f (t}.i)Ullﬂcr}:)(,)ts 'ca.talyses the formation of nitric oxide from
ound enzyme of tobacco
nitrite. Planta 212: 835-841. SO _
' sy Comste e
Stohr, J.R.,-h Xiasr(])},ll lP;.G and th?er, Ii,}gstag andin a?ggleukomene biosynthes
their inhibitory activity on 75, 133-139-
Journal of Ethanopharmacology~ '~ :
e : in Veles and its region from the past

. ultyre : .13-34.
StO]anoski, N. (1999) DevelotEment of hei;}g;cs()ci ety of science and art., 35:13-3

Y% .
to the end of the 20 century attempt to regenerate roots in Root

i 1983) » A7 s. etc. Coconis 12, p- 2
Sumathykutty, Amma, B. and Patil 15151)1’; hormones, phenols, etc

: onut pa
(Wilt) affected co° Page | [c0



Refenences

uma y Utty’ (' ] I)'\alara;nall, K., P?dmakumari, K.P., Narayana.n C S and Mathew
G. ; l X ] gl ’
I elfulnel., 28 (3 l): 119-122 1 1 p W ' !

Sunila, E.S. and Kuttan
> B.S. , G. (2004). Imm i
Ton . bl unomodulatory and antitumor activity of Pip
gum Linn. and piperine. Journal of Ethnopharmacology., 90 339—34%f e

Suthar, A.C., Sohoni -
C., Sohoni, D.P., Banavalikar, MM and Biyari, MX. (2003) HPTLC method
Drugs. 40(12), 692-694. nt Piper species and their mixtures. Journ. Indian

Tadhani, M.B. and S
] L _ In Vitro Antimicrob . .
rebaudiana Bretoni Leaves. Trop, J. Pharm. Res., 5( 1)(:) 512;-?6?“’[}, of Stevia

Tadhani, M.B., Pate,]
obon dian,a };:i and iubhash, R. (2007) In vitro antioxidant activities of Stevia
ves and callus, Joyr. Food Composit. Anal., 20:323-329.

Taylor, J.L., Rabe
va’l idation, o?-& MC_Gra‘IN, T.. and Jager, L.J. (2001) Towards the scientific
aditional medicinal plants. Plant Growth Regul. 34: 23-37.

Taylor, M. and T
vitro rana, L ( 1998) Decontamination of Kava (Piper methysticum) for in
propagation, Journ. Acta Hortic., 461:267-274-
Tepfer. . .
pfer, DA (1%842 Qeneth transformation of several Species of higher plants by
fgrl‘(l) acterium rhizogenes: phenotypic consequences and sexual transmission
of the transformed genotype and phenotype- Cell, 37:959-967
T .
epfer, D. (1989) Ri T-DNA from Agrobacteriumm thizogenes: a source of genes having
apphcz-mons in rhizosphere biology an lant development, ecology and
evolution. In: Kosuge T, Nester E (€ds) plant-microbe interactions, vol 3.
McGraw Hill, New York, pp 294-342
Tepfer, D. (1990) Genetic transformation of several species of higSer plants by
Agrobacterium rhizogenes: phenot ic consequences and sexual transmission
rhizogenes: phenotyP'e " nepy  37:959-967.

of the transformed genotype and phenotype: -
par des racines transformes

Tepfer D , . ’ i
, D. and Tem 81) Prod of d’agropin®
pé, J. (1981) Pro ua;;:;ogenes D iche Ad. CR Acad Sci 292:153-

sous I’actiond’Agrobacterium r

156 :
| A. and Raf M.M. (1996) Antibacterial activity of plants

Thomas, E.S., Sh
y LoDy anmugal’n, ' :15-2 '
belonging to Zingiberace family. Bomedi.; 16(2,3): 15-20
ve alcohol defying Bacillus spp-

Thomas, P. (2007) Isolation antg ,ider_l;ifiﬁzfreoof seedless watermelon. Curr Sci., 92:
in vi

. covertly associat
983-987. -
1.C (1983): Textbook of Phaﬂnacogn(')sy,

22.
Page| |l

dn., Bailliere

T
Iease, G. E., Evans,

Tindall, London; PP- 21-



References

Trichopoul;?g,_? and Willett, W.C. (1996) Nutrition and cancer. Cancer Causes Cont.,

Tzfira, T., Zuker, A & Altman, A. (1998) Forest-tree biotechnology: genetic
transformation and ist application to future forests. Trends in Biotechnology,

16 (19): 439-446

Van den, Brock'., Buttefs, T.D. and VanBoeokel, C.A. (1996) Synthesis of alpha-
gluf:osldase I inhibitors showing antiviral (HIV-1) and immunosuppressive
activity. Journal of Pharmacy and Pharmacology., 48:172-178.

Vanisree et al., (2004) Studies on the production of some important secondary

metabolites. Bot. Bull. Acad. Sin., 45:1-22.

004) Antioxidant efficiency of Black

Vijayakumar, R.S., Surya, D and Nalini, N. (2
diet induced oxidative stress. Journ.

pepper and piperine in rats with high fat
Redox Rep., 9(2): 105-110.

A. and Reddy, S. (2012) A review on

Vishwanath, J., Baddam, G., Kumar,
1 Journal of Drug Development and

Hepatoprotective plants. Internationa

Research.,4(3) 1-8.

White PR., (1939) Potentially unlimited growth of excised plant callus in an artificial
nutrient. Amer. Jour. Bot., 26:59-64

William,W., Netz. D.F. and Seidel, J.L. (1993) Isolation of piperine from Black pepper.

Journ. Chem., 70 (7): 598.
duction of monoclonal antibodies by

and Doran, M.P. (1997) Pro 54(5): 401-415.

Wongsamuth, R. )
hairy roots. Biotechnol. Bioeng.
3.U. (2009) Medicinal plants of

tobacco
and ChOWdhurY7
794 pp 55-62.

DNA from 4 grobacteriu

Yusuf, M., Begum, J., Hoque, M.N.
Bangladesh. BCSIR Chittagong:
Transfer of T-

ambryski, P-C- (1995) ;
. Plant Physiology- 7:1041.104

m to the

Zupan, J.R .and Z
plant cel

Page | [0V



APPENDICES

Appendix I.

Preparation of LPGM (Liquid Plant Growth Medium)
LPGM was prepared same as MS medium except sucrose and agar

Appendix - II

Yeast extract mannitol agar (YEMA)

Chemical Quantity
Yeast extract 0.1g
Mannitol 1.0g
KH,PO, 0.05g
MgSo047H,0 0.02g
NaCl 0.01g
Agar 1.5g

By adding all chemical in 100ml of D/W media was autoclaved and used for next
purpose.

Appendix -II1

Nutrient agar (100ml)
Chemical Quantity
Beef extract 0.1g
Yeast extract 0.2g
Peptone 0.5g
NaCl 0.5g
Agar 1.5g

By adding all chemical in 100ml of D/W media was autoclaved and used for next
purpose-

Appendix -1V

Potato dextrose agar

Chemical Quantity

Potato infusion 0.2g

Dextrose : 1 0.02g

Agar 0.02g

Dextrose Agar (100ml)
i i for next

By adding all chemical in 100ml of D/W media was autoclaved and used for n
purpose.
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Appendix -V

LPQM (Liquid Plant Growth Medium)
Liquid MS Medium + 2 mg/l BAP + 200Mm Acetosyringone

VVVVVVVVVVVYVVVVVYVVVVYYVY

- Appendix -VI
Mobile Phase for HPTLC
Toluene: Ethyl acetate (7:3)
Toluene - 70ml
Ethyl acetate -30ml

Spraying reagent for HPTLC
Ethanol : Sulphuric acid

Ethanol -95ml
HzSO4 - 51’1’11

Appendix VII: Equipments used

Autoclave (Arch Tech)

B.O.D. incubator (Remi)

Deep freeze -20 0C (Blue star)
Electronic balances (Sartorios)
Hot air oven (Wiswo)

Laminar flower (Clear)
Microwave ovens (Samsung)
Magnetic stirrer (Remi)
Microscope (Zeiss)

PH meter (EU-Tech)
Refrigerated Centrifuges (Remi)
Refrigerator (Whirlpool)

UV transilluminator (UVI Tech)
Vortex mixer (Geni)

Ice maker (orumsem)

Incubator shaker (Pelican)

Mini centrifuge (Biofuge)
Spectrophotometer (BL-190)
Wwater bath (GFL) N
Water purification system (Borosil)
Lyophilizer (Christ)

Rotary shaker (Remi)

loY-



