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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/l 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 lAA 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/I 2, 4-0 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 Y2 strength MS medium supplemented with 0.25 mg/l IBA and 2% (W N) sucrose. 
The rooted plantlets were successfully transferred to greenhouse and grown nonnally. 
Further, the green fiiable calli developed from leaf tissues were used for transfonnation 

study to compare the Piperine content in transfonned and non-transfonned calli, fruits, 
leaf and root through TLC anfHPTLC method. Agrobacterium strain A4 harbouring root 
inducing plasmid (Ri- plasmid) was used for in vitro transfonnation. The percentage of 
Piperine content in transfonned callus was l.35% more than the non-transfonned 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- t 

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 tonn the basis of traditional or indigenous health systems and are reported 

by the World Health Organization (WHO) to still be used by the majority of 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 fonns of indigenous 

medicine, as well as the complementary or altemative 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 tor many 

extremely poor rural households. 

1.1. Status of medicinal crops 

Nature always stand~ as a golden mark to exemplify the \llltstanding 

phenomena of symbiosis. Natural products .thllll plant have been the basis of the 
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treatment of human dist'ase. Tllday estimate that about ~()I/ n of people III dc\c1nping 

c(luntlies still relays on traditional medicine based Im-gely llll species of plants for 

their primary health care. Herhal 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 of medicinal plants that are used in 

traditional medical treatments (Chopra et ai, 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 pharmaceutical prescriptions in the United States contain at least one 

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

were fonnulated 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 Ayurvedic, U~ani, Siddha traditional medicines but only very few have been 

studied chemically and phannacologically for their potential medicinal value. Human 

being used plants species for the treatment of diverse ailments for thousands of years. 

Ac~ording to the World Health Organization, most populations still rely on traditional 

medicines f()r their psychological and physical health requirements (Rahe and Van 

Stoden. 10(0). since they cannot afford the products of Western phannaceutical 

industries. together with their side effects and lack of healthcare faci I ities. Rural areas 
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of many den~loping countries still rely on traditional medicine tix their primary health 

care needs and have tl1Und a place in day-ta-day life. These medicines are relatively 

safer and cheaper than synthetic or modern medicine (Ammara el al .. 2009). People 

living in rural areas from their personal expelience 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 Ayurveda, 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 aI, 

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 l11illion (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 aI, 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 ofvatious companies in 

the market also attests to its new strenbJth and importance. 

By 1990. some 223 major companic!' worldwide were repol1edly screening 

plants till' new leads: the tigure had been 10\\ in 1980 (Aryial ('/ ((/. }9(3). In response 

to the O\'erwhelming interest in alternati\"t~ therapies. many of the prestigious 
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allopathic mcdicinal institutions ha\'c also rccognil.cd their importancc: an cxample is 

thc National Institute of Health which created the Ofticc of Alternative medicine in 

1991 to provide the public with intol111ation 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 el al. 

1992). 

) .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 el al. (2002), more than 50000 

species are used for medicinal purposes worldwide, of which almost 13% are 

tloweling 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 torest products 

(wild edibles), fuel, fodder, timber, making agricultural tools, tiber, religious and 

various other purposes), a multi-disciplinary approach must be considered which 

include ecological, biological, socia-cultural and economical aspects of the species 

(Ghimire et al., 2004). Around 70% of Indias medicinal plants are found in tropical 

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 value~. Over 800 species of medicinal plants are 

used in the production of traditional medicines by industry. Of these about 90% are 

collected fi'Olll the wild. Less than 20 species of plants are under commercial 

cultivation. 

Paraduxica/lv. there are hardlv anv reliahle data C1\ailahle OIl '11''''1 1'1') ') t' 
• - - l ~'. I ( (. lie Ion 

and producti\ity nf cult,ivated medicinal species since these are Ilnt reCI lrdcd at the 

grass root le\ el t()r want of adequate knowledge and interest hv the record k' ' 
- t:epll1g 

Pa!!e I ~ 
~ , 
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authorities. All species arc considered as one commodity and sometime SllnK' data an: 

taken hy some states. The area of 172.150 ha presented here tor some of the imp0l1ant 

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

intonnation available in literatures. National Medicinal Plant Board has identitied 

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

Table 1.1 Area under cultivation of important medicinal plants. 

81. Common name Botanical name Area Cultivating states 
no. (ha) 
I Psyllium Plantago ovata 55,000 RAJ. & GUJ. 

2 Opium poppy Papaver sOl1ln(ferllm 20,000 M.P, U.P, RAJ. 

3 Senna Cassia selIna 20,000 T.N. RAJ, UP . 
4 Cinchona Cinchona spp. 8,000 Darjeeling(W.8.). 

T.N. 
5 Ashwaganda Withania sOl11n(/era 5,000 M.P, RAJ, U.P 

6 Safed musali Chlorophytlll11 spp. 5,000 M.P, GUJ, U.P 

7 Periwinkle Catharalltlzlls rosells 4,000 A.P, KTK, M.H 

8 Khai katari Solanllm spp 4,000 M.H. 

9 Sarpaganadha Rallvoljia selpentina 2,500 M.P. 
10 Bael, BiIli Aegle marmemari 3,000 Bihar, W.B,U.P, M.H 

II 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 OCil1l11111 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. (,UJ.-Gujarat. RAJ.­

Rajasthan 
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1.3. Importance of medicinal plants 

In spite of great adnlllces of Illo(il:rn scientific medicine. traditional medicine 

is still the primary t()J111 of treating diseases of majority of people in de\'e!oping 

countries including India; even among those to whom western medicine is available. 

the number of people using one t01111 or another of complementary of aIternati\'e 

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 matetials. 

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 al. 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 tor therapeutic lead compounds from an ancient system 

of therapy, i.e. Ayurveda, which can be utilized tor 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 aI, 1993) and such compounds are 

candidates for chemo preventive agents against cancer development (Dorai ef al .. 

2004). The anticancer property of nutrients derived from plants as well as non 

nutritive, plant derived constituents have been proved in di~ferent ill vitro and in 

vivo models, which had led to an increased emphasis on cancer prevention strategies 

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

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

medicine arc used commonlv in India (Sim~h cf al. 20(3). 
~ ~ 

Among \arious medicinal plants. piper species under family Piperaceae has 

signiticant role in human welfare. It contains about 2.0()() species of shrubs. herbs. 
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and lianas. Illany of which ,Ire KC:,StOI1C spccles III their natin? hahitat. Thc 

di\crsitication of this taxon is of interest to understanding the evolution of plants. 

1.3.1. Piper l1igrlll11 

Piper nigrum is famous as the spices king due to its pungent quality. Piper 

nigrum (P.l1igrum) L. is a member of family Piperaceac. The genus piper has more 

than 1000 species but the most well known species are P.nigrul1l. P./ol/gum and 

Pbetle: 5 I cuItivars of p. ni,!:,Tfum have been reported from the tropical and subtropical 

regions of India. Pl1igrlll11 fmits 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 stimulate the digestive enzymes of pancreas and intestines and also increases 

biliary bile acid secretion when orally administrated. Some reports have been 

demonstrated that black pepper 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 nigrul71 activates the epithelial cells in rat jejunum to penneates the uptake of 

various amino acids through the activation of membranes, enhance the production of 

proteins which are later used for the fonnation 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 tomlation in mice 

such as Ehrlich ascites tumour and DoItons lymphoma cells. Other related activities 

included Anti-inflammatory activity, thennogenic action, growth stimulatory activity, 

anti-thyroid activity and chemo preventive, Secondary, metabolites 'from P 111'g . rllm 

play defensive role against infections by microbes, insects and animals Piperamides 

extracted ft'om P nigrlll11 had shown insecticidal activities caryophyllene showed 

anesthetic activity. Nero idol is \crv famous secondary metabolite of /J 11[·,a. d 
' " " ,..,11/117, use 

to control mites. Another imp0l1ant component of pepper volatile nil is 1)I'}) 'h' I 
' ene, \\ IC 1 

is a t~11l10LlS odorants. Black pepper is impOliant il)r its medicinal \'due IV \.. I 
c ,'let 1Cll1a Iy 

black pepper can he used t(X digcstin: disorders like large intestine toxl'n' d't'.C . 
S, I leI ent 

gastric problems, diarrhea, and indigestion and also can be used a,uainst ' 
b respiratory 
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disorders including cold. fe\er. and asthma. The \Vest African Black pepper. (p 

gllil1(,(,llse). imp0l1ant as tlavorant and its different parts are used as internal medicine 

for 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 of 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 /Ol1g1l11l 

Long pepper (Piper longllll1), (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 

5-9 em 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 spice and 

also in pickles and preserves. The fruits and roots are used as medicine for respiratory 

disease and as counter irritant and analgesic tor muscular pains and inflammation. It 

has carminative, haematinic and anti-helminhic properties are high. 
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1.3.3. Piper Ilig/'lllll 

Black pepper (Pipe,. lIigrul1lj is a tlowering \"lI1e 111 the family Piperaceae. 

cultivated t(X itsti-uit. which is usually dried and llsed as a apice and seasoning. The 

fruit. known as a peppercom 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 em (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 truits 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 f,'TOWS 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 

truits 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 trom 

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 tlavour is an ingredient in 

Illany tood preparations. For the common Indians, pepper is spice as well as a 

medicine. White pepper of commerce is also a product tJ-t)1ll the same pepper plant. 

produced hy removing th~ pericarp from the ripe pepper fruits. In India hlack pepper 

is grmvn over area 2. 25. 327 hectares producing abollt 72. 465 tonnes per annum. 
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The proLiu(ti\'ily of hlack pepper in India is the lu\\'cSl (322 Kg hal in 2007 

(Directorate of Arecanut and Spice Development. Calicllt. Kerala. India). Crop loss 

caused hy Phytophthora is one of the major production constraints in black pepper. 

Piper l7igntl11 or Black pepper oil can he used to help in"the treatment of pain reliet: 

rheumatism. chills. flu, colds. increase circulation, exhaustion, muscular aches. 

physical and emotional coldness, nerve tonic and fevers. It furthennore 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 especiaJly 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. Extemally it is used 

for its mbefacient 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. Cun'ently Vietnam is the world's largest producer and exporter of 

pepper, producing 34% of the world's Piper Jligrum 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 hetle 

Betel (PipeI' betle) 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 mostly 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 fonnulation with adverse 

health effects. Betel is notable for staining the teeth of regular users. The betel plant is 

an evergreen and perennials creeper,. with glossy hem1-shaped leaves and white 

catkin. The hetel 111ant oriuinated from South and South East Asia ThcI'c "I' I o ' (t e arOU\1( 

::WOO spceic:-: u f Pi IK~r betle distrihuted worldwide. of which 10 species 'II'" ,,' I hi. ' . ( \: ,1\ <11 a C III 

Nepal. Piper betic is cunenth' distri'buted in Afl"jea. western Ash HI'ITI I 
'. ' • c. a aya. India. 
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Southeast Asia, Malaysia, China, Nepal, and Sri Lanka (Press et aI, 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 (Lakshmj et al,201O). 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, iliarrhoea, pUlmonary catarrh, laryngitis, headache 

and cough. Leaf stalks dipped in mustard oil is applied as suppository for rectal 

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

develop permanent sterility in women (Yusuf et ai., 2009). BthaIlolic extract of the 

leaf possesses significant activities against wide range of pathogenic bacteria and 

phytopathogenic fungi (Anwar et al., 2007). 

l 

~ 4~ , II '411.. . 
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:\s biotccilllological tools play importallt role tllr harnessing the product ion ill' 

secondary metabolites. Agro bacterium rhizogcnes has been uscd regularly t(l(' gcne 

transfer in many dicotyledonous plants (T epter el al. 1090). Plant infection with this 

bacterium induces the t()J111ation of proliterati\'c 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 bioactivc plan metabolites (Ramchandra Rao and 

Ravishankar, 2002) 

On the VIew of the above fact. the a1111 of present study is in-vitro plant 

regeneration and comparative studies of secondary metabolites from transformed and 

untransfonned plants of Piper species with the following objectives: 

Objectives 

I. To standardize the protocol for regeneration of plant through in vitro. 

2. To standardize the protocol on genetic transfonnation to enhance the 

secondary metabolite production. 

3. To estimate the different chemical compounds and plpenne content 111 

different Piper species by use ofTLC and HPTLC method. 

4. To analyse the biochemical characterization of different species of Piper and 

transfonned and non-transfonned plant of Piper betle. 

5. To characterise the antimicrobial activity of the crude extract derived from 

leaf, root, transfonned and non-transfonned calli of Piper species. 



CHAPTER-II 

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. nigrom 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 ai, 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 aI, 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 ai, 1933). P. brachystachyum shows insec~icidal 

properties (Jacobson et ai, 1971), whereas P. Jutokadsura is a medicinal plant that. 

grows in Fuchein and Taiwan Provinces. The stem of P. Jutokadsura, 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 

ai, 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 ai, 1979). The petrol and dichloromethane 

extracts of the leaves and stems of P. fa1coneri have shown insecticidal activity 

against Musca domestica (flies) and Aedes aegyptii (mosquitoes).The 

dichloromethane extract of P. acuti~/eginum 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 in the Western Ghats and north eastern parts of India and is 

rich in two major alkaloids, piperine and piperidine (Kanaki et ai, 2008). In traditional 

and Ayurvedic medicin~s, 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 ai, 1996). The spikes have also been effectively used as an 

anti- inflammatory, memory enhancing and aphrodisiac agent (Mujumdar et aI, 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 a 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 tensiQn and alleviation of anxiety (S '1 urn a, 
- 2004) Piper extracts and piperine possess inhibitory- activities on prostaglandin and 

leukotrienes COX-linhibitory effect and thus exhibit anti inflammato .. ry actIVIty 
(Stohr et aI, 2001) Recently, biochemical activities of some important d" 

me lcmal 
plants including Piper species and their metabolites have been des crib d (N 

e ongyao 
Sawangjaroen et ai, 2004). However, very little is done to elucidat th . 

e e possIble 
targets of its action. The fruits of Piper longum have been Widely u d' . 

. se smce tIme 
immemorial in household spices and also in various traditional system f '. 

S 0 medlCtne. 
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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 aI, 2004) 

most of the pharmacological properties of P. nignlm 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 eNS depressant, 

antipyretic, analgesic, anti-inflammatory], antioxidant (Sorbera et ai, 2005), and 

hepatoprotective (Van den Brock, et aI, 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 spices 0, 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, 

perennial climbing plant Piper nigrum 1. 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 ofKarnataka, 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 Garoga 

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 et al., 2007). Among the plants investigated to date, one showing 

enonnous potential is the pepper family otherwise known as Piperaceae. The fruit 

contain 1 % volatile oil, resin, a waxy alkaloili. It is used for several medicinal 

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 infectious diseases 

(Davis, 1 994}. Therefore, there is exigency to discover new' and efficient 

antimicrobials from other source such as plant. In the present study an attempt was 

made to screen different extracts prepared from dried fruit of P. nigrum P I , . ongum 
and P. cubeba for its antimicrobial action against gram positive and negatl'v b . . e~ma 

The alkaloid piperdine was purified for further studies for antitumor activit y. 
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2.2.2. Chemical composition of Piper nigrunl 

The maturity of black pepper has been studied and reported by various 

workers (Sumathykutty et ai, 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%), ~-pinene (2.0-15.27%),0-2 carene (0.1-21.0%), 

limonene (9.4-21.9%) and ~-caryophyllene (19.8-45.3%). Kurian et ai, (2002) 

reported 5% essential oil and 9.4% oleoresin in 'Panniyur-5'. Menon et al (2002) 

reported a-pinene, ~-pinene, 0-3- carene, limonene and ~-caryophyllene as major 

compounds in 'Karimunda' oil. They had reported up to 45% ~-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 ~-caryophyllene (20-34%), sabinene (4.5-16%), limonene 

(14.9-15.8%) and a-pinene (3-6.5%). Radhakrishanan et al (2004) studied 7 black 

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, I 0 1 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~­

caryophyllene (24%), limQnene (16.8%), sabinene (13%), ~-bisabolene (7.6%) an,d a­

copaene (6.3%). 

2.3. Piper betle 

• 
Piper betle Linn. is a perennial dioecious semi wood I' b '. . , y c 1m er. It IS cultIvated 

in Sri Lanka, India, Malay Peninsula, Philippine lsi d d . . an s an East Africa. The chief 
constituent of QIe leaves of this plant is a volatil '1 kn 
., . e 01 own as betel Qil. The volatile 

011 IS bnght yellow to dark brown liquid poss' I . 
essmg a cove hke flavour and consists 
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of terpenes and phenols. Leaves of Piper betIe 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 belle 

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. The 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 have been recorded in India, 18 in Srilanka and 3 are endemic. 

Piper betel is cultivated in India, Srilanka, Malaysia, Indonesia, Philippine Islands 

and East Africa (Parmar et ai, 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, anti tumour, antimutagenic, 

respiratory depressant and a ntihelminthic (Majumdar et ai, 1999). Piper betel is 

used to treat 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 ofbioactive molecules like polyphenols, alkaloids, steroids, saponins and 

tannins (Koff et ai, 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 ai, 2007). 

Free radicals playa vital role in most major health problems like cancer , 
rheumatoid arthritis, cardiovascular diseases, Alzheimer's disease and other 

neurodegenerative disorders. 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 capElcity, inhibition of lipid peroxidation, metal Ion 

chelating ability and reducing capacity. Piner betel leaves 
r 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 ami des have 

generated interest as a result of their potent insecticidal and antifungal properties. The 

structures of the several antifungal amides N-[7-(30, 40-methylenedioxyphenyl)-2(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 tuberculaturn besides eight known 

antifungal amides have already been reported. Two new amides which are N-[ 1 0-

(13, 14-methylenedioxyphenyl)-7(E),9(Z)- pentadienoyl]- pyrrolidine, arboreumine 

and nine known antifungal amides N-[l0- (13,14- methylenedioxyphenyl)_ 7(E)­

pentaenoyl]-pyrrolidine , its derivative N-[ I 0-( 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 arnides isolated from leaves of Piper arboreum and their hydrogenated 

derivatives are active against the fungus Cladosporium sphaerospermum, and the 

compounds isolated from seeds and leaves of Piper tubercula tum 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 o"fbark of Piper geniculaturn belonging to 

family Piperaceae. The dried unripe fruits are extracted with ethanol in a Soxhlet 

apparatus till extraction is complete. The solvent is evaporated 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 l30°C and is 

tasteless at first, but has a burning aftertaste. Its dissociation constant pK (l8°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. 

o 
o~o . ___ .__ l.A > 
piperine 0 

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 D 1-

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. 

I Biosynthesis of Piperine I 

Figure 2.2 Biosynthetic pathway of piperine 
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2.5. In vitro plant regeneration 

Plant tissue culture refers to the in vitro 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 ai, 1997). 

2.5.1. Eff~t of Plant growth regulator on callus initiation 

Callus is defined as a mass of undifferentiated loosely arranged 

parenchynwtous cells, which are usually rapidly dividing. Th~ 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 aI., 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 trans genes. Other 

honnones, 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 sisal 

(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. 

Ethylene Cytoldnlns Jasmooic Acid 

Bras$lnosterolds G.bberelhns AbsclSie ACId 

Figure 2.3. The structure of different hormone used for in vitro culture of plants 
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2.5.2. In vitro 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 et a/., 1993; 

Bhat et a/., 1995; Philip et a/., 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 et a/., 

1992; Anand et a/., 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 a/., 1992) and plant regeneration from 

various explants of cultivated Piper species (Bhat et a/., 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 a/. (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 (Tho~as, 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 et ai, 2002). However, under in vitro 

conditions these bacteria may oVtgrow 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), intennittent 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 gennplasm conservation of this 

economically important species. To date, there have been no reports on the successful 

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 ai, 1992; Bhat et ai, 1995; Nair 

and Gupta, 2003). Kapoor et ai, 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 organogenesi~ on 
~ 

~tioxi~ant activity in P. nigrum. In the study reported here, w~ established an in vitro 

system for the production of P. nigrum from leaf explants of potted plants and 

conducted I, I-diphenyl-2- picrylhydrazyl (DPPH8)-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% (wlv) mercuric chloride (HgCh) 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°c for 20 min. All cultures were maintained in a growth room at 25 ±Ioc under a 

16/8-h light/dark photoperiod with light provided by cool-white fluorescent tubes 

(Abbasi et af. 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 et ai, 1992; Bhat et ai, 1995). 

To avoid such issues, we used the valuable protocol of Abbasi et ai, (20 10) 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, GA3, 2, 4-D alone or BA in combination with I mg II GA3 or I mgll 

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/1 BA alone (93%) and with 1.5 

mg/1 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 ~lone and 2.0 mg/l BA and 1 mg/I- NAA. In a recent 

study on Si1ybum~ we reported that the addition of NAA to medium' containing 

BAlGA3 enhanced callus induction (Abbasi et al. 20 I 0). 

Callogenesis is considered to be a significant feature of indirect 

organogenesis and essential for research on bio- logically active molecules in 

medicinal plant species (Abbasi et ai, 2007, 2010). Data on organogenesis was 
.. . 

determined after 5 weeks of subculture. The best percent- age shooting was recorded 
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for explants cultured on medium containing the combination of 1.5 mg/I BA and 1 

mg/I GA3 (85%). However, the combination 2.0 mg/I BA and I mg/I GA3 produced a 

shooting percentage of 78%, which was similar that obtained on medium containing 

0.5 mg/I 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 secondary 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 playa major role in the adaptation of plants to 

their environment, but also represent an important source of active phannaceuticals. 

Plant cell culture technologies were introduced at the end of the 1960s as a possible 

tool for both studying afid 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 studied, but a large interest has also been shown in harry· roots d th • anoer 
organ cultures. Specific processes have been designed to meet the· requirements of 

plant cell and organ cultures in bioreactors. Despite all of these efforts of the last 30 

years, plant .. biotechnologies have led to very few commercial ~uccesses 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 possibility 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 ai, 

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 provid~s sev~al 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 l\ecessary (Rao and Ravishankar, 2002) ManipUlation Qf 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 



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 N03 - promoted the production of 

shikonin and betacyanins, whereas higher ratios of N~ + IN03 - 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 optimizing the cultural conditions, selecting 

high-producing strains, and employing precursor f~eding, 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 th~ir genetic and biosynthetic stability, faster in 

growth, and more easily maintained. Using this methodology 'd 
a WI e range of 

chemical com- pounds have been synthesized (Shanks and Morgan, 1999). Advances 

in tissue culture, combined with improvement in genetic . . 
engmeenng, specifically 
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transfonnation technology, have opened new avenues for high volume production of 

phannaceuticals, 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 

phytophannaceutical 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 transfonnation (Sajc et al., 2000). 

The major advantages of cell cultures includes is the synthesis ofbioactive secondary 

metabolites independently from climatic and soil conditions. The negative biological 

influences that affect secondary metabolites production 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 
~ . 

regulatio~, cost price can decrease and production increase (Jha ~t 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 plan~ difficult to grow, or in short supply, 

as a source of novel chemicals and as biotransfonnation 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 d t pro uc s 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 et 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 Ti plasmid or Ri 

in the case of A. 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 nucleus and 

integrated into the plant chromosome. The T-DNA fragment is flank d b 2 
~ ~ e y 5-bp 

direct repeats, which act as a cis element signal for the transfer appar tu Th 
a s. e process 

ofT-DNA transfer is mediated by the cooperative action of proteins encoded by genes 

determined in the Ti plasmid virulence region (vir g~nes) and in the bacterial 

chromosome. The Ti plasmid also contains the genes for opine t b l' 
ca a 0 Ism 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, com, 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 Tempe, 1981; Chilton et ai, 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 binaiy vectors (Hamill et ai, 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 I-day in Datura stramonium (Maldonado­

Mendoza et ai, 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 ai, 1982). However, somaclonal variations in transformed 

root cultures are also kno~ (Sev6n et ai, 1998). Transformed root cultures have been . 
established in several species, including many medicinal plants (Tepfer, 1989). 

Manipulation of the plant genome by introducing fo~el·gn h b genes as ecome a 
core tool in platl.t biology. Targets include enhancement in p~ d t·· b· . 

. . . ..0 UC IVlty Y mcreasmg 
resistance to abiotIc and biotic stresses as well as fund I . amenta studies such as 
identification and characterization of key regulatory PI . genes. ant transformatIon 
methods in use employ Agrobacterium, micro pro1ectile bombardm t . .. . 

. J en , mlcrOlfljectton 
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and electroporation of protoplasts (Otoni et al 2006) Among th A b . ,. ese, gro acterlUm-
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 ai, 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 A. lumefaciens 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 has 

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

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 lapathi/olia, 

Taraxacum platycarpum, Centaurium erythraea, Hypericum peiforatum, T. Indica, 

Bacopa monnieri, Atropa belladonna, Plumbago indica, Brassica oleracea var. 

Botrytis, B. oleracea var. sabauda, B. oleracea var. capitata, Populus Iremula, Lotlls 

cornicu/atus, Ajuga replans var. alropurpurea, 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 A. lapathifolia (Noda el ai, 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 

transfonned 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 transfonned roots were transferred to continuolls 

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 T. Indica, 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-I05. The optimum concentration of kanamycin 

concentration (50 p.glml) 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 regeneration 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 con~truct 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 

vitro conditions. 39.21% of the puta~ive transformants survived the screening and 

RAPD analysis of these plantlets showed variation in banding pattern c d th ompare to e 
DNA recipient parent P.nigrum variety Panniyur-2 Genetic transc.o t· . bl 

• l~ rma Ion In ack 
pepper showed retarded regeneration potential from mature tissue d t . . s ue 0 associated 
problems like high phenolic exudation and presence of endophytic fungi. A very 

Page 134 



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 (Rhat 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, (ii) Portion of open reading frame (ORF) III of Piper 

yellow mottle virus (PYMo V) 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-l plants by infecting seedling derived 

explants with Agrobacterium tumifaciens strain EHAI05 carrying binary plasmid 

pCAMBIA 1301, which contains scorable marker, ~-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.S. 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. As a 

conaequence, 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 slunple extract) being dissolved in 

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 will 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 ofTLC in more optimized way. 

2.S.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 ai, 

1994; Khare et ai, 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 ai, 2003), HPLC have been 

reported for the quantification of piperine. 

Santosh et ai, (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 

correl~tion coefficient obtained for the linearity was 0.998. The assay value of 

piperine for fruit and root ofP. longum was found to be 0.879% and 0.31 %. The assay 

vall\.C of piperine for fruit of P. nigrum was 4.5%. The r~covery 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 ai., 2003), essential oils (Almas et ai., 2001) or 

isolated compounds such as alkaloids (Klausmeyer et at., 2004), flavonoids, 

sesquiterpene I actones , diterpenes (Et-Seedi et at., 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 

s~thesized 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 at, 2009; Maheshwari et ai, 

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 synthase 

(iNOS) and the cyclooxygenase-2 (COX-2) (Mueller et ai, 2010). The iNOS and 

COX-2 stimulate the production of many pro-inflammatory mediators such" as 

(Interleukin-4 (IL-4), Interleukin~ 1 0 (IL-IO), Interleukin-13 (IL-13), interferon-alpha 

«(1-IFN», and the transfonnation growth factor ~-TGF (Hanada and Yoshimura , 
2002; Makarov, 2000). 
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