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ABSTRACT
Article Received on o ) ) )
20 Oct 2015, An efficient protocol was developed for in vitro regeneration of
Revised on 10 Nov 2015, Solanum trilobatum (L.) is a perennial deciduous armed shrub

Accepted on 30 Nov 2015 belonging to the family solanaceae. Shoot tip explants of Solanum

trilobatum were cultured on MS basal medium supplemented with

*Correspondence for different concentrations of BAP and KIN ranging from 0.5 - 2.5 uM/L
Auth : . . -

Hinor for multiple shoot induction. The two cytokinins tested, BAP was
S. Subbaiya ) o )
P.G. and Research found to develop in shoot multiplication and higher number of shoots
Department of Botany, from the shoot tip explants when compared to KIN. Higher number of
H.H. The Rajah's College shoots was produced from all the concentrations of both BAP and KIN.
(Ul The highest frequency (100%) of shoot induction and maximum

Pudukkottai - 622 001,

number of shoot (8.4+1.51) was observed on 2.0 uM BAP with shoot
Tamilnadu, India.

length of 4.94+0.20 c.m. in KIN 1.5 pM/L to produce maximum
number of shoots (6.4+1.81) in the shoot length of 4.66+0.37 and the shoot induction
frequency is 100%. The isolated shoots were transferred to MS basal medium supplemented
with different concentrations of IBA and NAA ranging from 0.5 - 2.5 uM/I for root induction.
The rooted plantlets were successfully transferred in soil through hardening and established
in the field.
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INTRODUCTION
Taxonomic classification of Solanum trilobatum L.

Kingdom: Plantae

WWwW.wjpr.net Vol 4, Issue 12, 2015. 1954



Subbaiya et al. World Journal of Pharmaceutical Research

Division: Tracheophyta
Class: Magnoliopsida
Order: Solanales
Family: Solanaceae
Genus: Solanum

Species: Solanum trilobatum L.

Synonyms:

SynonymSolanum canaranum Mig.

Solanum fuscum B.Heyne ex Wall., nomen nudum

Solanum griffithii (C.B.Clarke) Kuntze

Solanum hainanense Hance

Solanum maingayi Kuntze

Solanum miyakojimense T.Yamaz. & Takushi

Solanum procumbens Lour.

Solanum prostratum Raeusch., nomen nudum

Solanum sarmentosum Nees

Solanum trilobatum var. griffithii C.B.Clarke

Common Names :

Kannada : Kakamunji,Ambusondeballi

Malayalam:
Tudavalam,Mothirangani,Puttacunta, Tutavalam, Thothuvala,Putricunta,Putharichunda
Marathi : Mothiringnee, Thoodalam

Oriya : Bryhoti

OthersThai : Nightshade,Purple Fruited Pea Eggplant, Thoodhuvalai
Sanskrit : Agnidamini,Achuda,Agnidamani,Vallikantakarika,Alarka
Tamil : Sandunayattan,Nittidam,Surai, Tuduvalai

Telugu : Mullamusti,Alarkapatramu,Kondavuchinta

Nature has a source of medicinal agents for thousands of years and an impressive number of
modern drugs have been isolated from natural sources, many based on their use in traditional
medicine. The World Health Organization (WHO) has also recommended the evaluation of
plants for effectiveness against human diseases and for the development of safe modern

drugs.’™! Solanum trilobatum Linn (Family: Solanaceae), a thorny creeper with bluish white
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flower and grows as a climbing under shrub. It is one of the important medicinal plant, more
commonly available in Southern India and has been used in herbal medicine to treat various
diseases like respiratory problems, bronchial asthma and tuberculosis.””! This plant is well
known in Ayurveda and Siddha systems. In Sanskrit it is known as ‘Alarka’, in Telugu
‘Alarkapatramu’, in Tamil ‘Tuduvalai’ and in Malayalam ‘Tutuvalam’. The roots, berries and

flowers are used for cough.®!

Botanical description

Solanum trilobatum Linn (Solanaceae), the nightshade, (order Solanales), with 102 genera
and nearly 2,500 species. It is a prickly diffuse, bright green perennial herb, woody at the
base, 2-3 m height, found throughout India, mostly in dry places as a weed along roadsides
and waste lands. The plant having much branched spiny scandent shrubs. Leaves are deltoid
or triangular, irregularly lobed. Flowers are purplish-blue, in cymes. Berry are globose, red or

scarlet.

Fig.1. Morphological features of Solarnnum trilobatum 1.. a. Habit ;
b. Close-up view of a single flower ; ¢c. Young fruit ; d. Mature fruit

Fig.1. Morphological features of Solanum trilobatum L.
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Traditional Uses

Plants are playing an important role in the health of millions of people’s life in many villages
of India in their day to day life by its traditional usage. S. trilobatum is reported to cure
numerous diseases viz., respiratory problems and bronchial asthma. S. trilobatum was
reported to harbour hepatoprotective activity, antimicrobial activity, larvicidal activity,
antidiabetic activity, cytotoxic activity and anticancer activity. The leaves and stem of S.
trilobatum are reported to possess antimitotic, anti-inflammatory and anti-ulcerogenic
properties. The leaf extracts are used to increase male fertility and to cure snake poison.!! It
is used with ghee in siddha for treating tuberculosis, as decoction in case of acute and chronic
bronchitis, root and berries for treating cough.®! The major alkaloids identified in the
alcoholic extract from leaves and stem part of S. trilobatum has been shown to possess
antimitotic and antimicrobial activity against bacteria and fungi. Biological screening of the
alkaloid mixture of this plant revealed anticancer activity against certain type of cancer and

its effectiveness as an adjuvant in cancer chemotherapy.

Distribution

The Plant Solanum trilobatum L. spread over in throughout India, growing wild.

Medicinal Properties
Plant pacifies vitiated pitta, kapha, cough, bronchitis, dyspnoea, anorexia, worm infestation,
skin diseases, hemeplegia, edema, urinary calculi, amenorrhea, and urinary tract disorders.

Whole plants are used for many medicinal purpose.[’®

Phytochemical Studies

Phytochemical screening of various extracts such as chloroform, ethanol, water of S.
trilobatum revealed the presence of secondary metabolites such as Steroids, triterpenoids,
sugars, Reducing sugars, phenolic compounds, tannins, anthroquinone, amino acids,
Saponins.”! Phytochemical analysis of dried powder of S. trilobatum leaves showed the
presence of carbohydrates, saponins, phytosterols and tannins, where as the stem portion
possess carbohydrates, saponins, phytosterols, tannins, flavonoids and cardiac glycosides.
Alkaloides such as soladunalinidine and tomatidine(4) were isolated from the leaf and stem
of Solanum species. S. trilobatum contains chemical compounds like Sobatum(1), B-

solamarine, solasodine(2), solaine(3), glycoalkaloid and diosogenin(5).[”
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Micropropagation

Micropropagation is referred to as the true-to-type clonal propagation of any selected
genotype under the in vitro condition by plant tissue culture technique. It is often associated
with mass production of plants at a competitive price. This is one of the many plant tissue
culture techniques wherein plants can be produced either through organogenesis or somatic
embryogenesis at large scale. Practically any part of a plant can be induced to regenerate into
complete plant under in vitro condition. They can be multiplied and rooted under in vitro or
ex vitro condition or can be made into artificial seeds for automated sowing of these

propagules under natural conditions.

These new aseptic propagation methods are reliable and present a new tool in the plant
propagation industry for those with the inclination to use them. Grains with increased yield,
trees with better form and faster growth, plants with disease resistance, uniform crops able to
be harvested at an optimum time, plants with known characteristics that are able to be better
marketed are the advantages accrue as the advance of technology goes on.

Micropropagation provides a fast and dependable method for production of large quantity of
uniform plants in a short time throughout the year. This technique ensures round the year
propagation with high multiplication rate that could be utilized in scaling up the production at

commercial level. Hitherto plants impossible to propagate are now being done with ease.

Endangered species are being proliferated and taken off the 60 endangered list even though
they are no longer found in their native habitat. Clonal propagation through tissue culture,
popularly called, micropropagation, can be achieved in a short time and space. Thus, it is
possible to produce plants in large numbers from a single individual. Use of plant tissue
culture for micropropagation was initiated by Morel (1960) ™ who found that this is the only
commercially viable approach for orchid propagation. Micropropagation technology owns
unique distinction as the quick and easy method of deriving plants with identical genetic
constitution.*? 1 It has a significant impact on plant breeding, horticulture and medicine.
This technique is an alternative method of propagation as there is an increase in the
propagation rate of plants, availability of plants throughout the year, protection of plants
against pests and pathogens under controlled conditions and the availability of uniform clones
and uniform production of secondary metabolites.™* Uniformity in the plantlets obtained
through micropropagation technique and the year round availability of the plantlets
surpassing field dormancy make tissue culture technique as attractive alternative to the
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conventional methods of propagation. Somaclonal variations are observed in the plantlets
when they are regenerated from the callus but when plants are regenerated from apical or
axillary buds or meristems, these are morphologically almost identical among themselves and
also the parent plant. The In vitro morphogenic processes are usually affected by physical
environment, growth regulators,**" ' carbon source,**® gelling agent!**"?! and explant
type and origin.??2 |t is well known that cytokinins suppress the growth of apical
meristems and instead induce excess formation of lateral meristems, resulting in multiple

shoots. The cytokinin—auxin combination has also been used widely for shoot regeneration in
various protocols.[23]’[24]’[25]’[26]’ [43],[44],[45],[46],[47]

In recent years, several diseases and microbial infections such as respiratory infections,
bacterial meningitis more developed population increased day by day. Plants have been an
integral part of human civilization. Medicinal plants have also been relied upon by over 80%

of the world population for their basic health care needs.

Medicinal plants have attracted global interest as they constitute a rich treasure improve of
cultural information and are source of natural products, which provides health security to
millions to in rural communities. Nowadays has been renewed interest in natural medicines
that are obtained from plant parts or plants extracts. Nearly 40% or more of the
pharmaceuticals currently used in Western countries are derived or at least partially derived

from natural sources.

Indiscriminate exploitation coupled with lack of attention to the development of cultivation
practices has resulted in considerable depletion of the wild stock of many medicinal herbs.
Preservation of germplasam collections and micro propagation of economically important

plants are of utmost important.

Traditional healers found more medicinal plants which are highly effective to treat various
diseases and also it is necessary to prove scientifically in order to develop new drug
molecules.””! Solanum trilobatum Linn (Family: Solanaceae) is one of the important
medicinal plant, more commonly available in Southern India and has been used in herbal
medicine to treat various diseases like respiratory problems, bronchial asthma and

tuberculosis.
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Micropropagation is a plant tissue culture technique used for producing plantlets and implies
the culture of aseptic small sections of tissues and organs in vessels with defined culture
medium and under controlled environmental conditions and has become an increasingly

important tool for both science and commercial applications in recent years.

Increased demand due to medicinal properties and depletion of natural sources has initiated
the development of plants through micropropagation,.”® Only limited success has been
reported for in vitro micropropagation and organogenesis of S. trilobatum,.? There are only
a few reports on S. trilobatum for micropropagation to propagate plants from leaf and node
explants. Increasing human and livestock populations have already affect either status of wild
plants, particularly those used in herbal medicine. In this present study an attempt was made
to standardize the protocol for micropropagation of S. trilobatum by using different plant

growth regulators and to evaluate the activity from in vitro growing plants.

MATERIALS AND METHODS

Source of Explants

The field grown Solanum trilobatum L. (Solanaceae) was selected for the source of explants
in the present Study. Shoot tip regions with axillary bud of two weeks older plants were used

as explants for micropropagation.

Culture Medium

The nutrient medium consists of inorganic salts, carbon source and organic supplements. In
addition, vitamins and growth regulators are also added to the medium. In the present study,
the basal medium consists of the mineral salts and organic nutrients of Murashige and Skoog
(MS) salts with B5 vitamins are used. For convenience, throughout this chapter, MS medium

with MS salts plus Bg vitamins is being referred as MS medium. The basal medium is

supplemented with various concentrations and combinations of different growth regulators.

Growth regulators
The prwsent study the hormone concentration was used in uM (micromole). These growth
regulators were used as supplement to the basal medium individually as well as in different

combinations.

Cytokinins - BAP (6-benzylaminopurine)
KIN (6-furfurylaminopurine)
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Auxins : IBA (Indole butyric acid)
NAA (Naphthalene acetic acid)

The present study was performed in the basal medium with MS salts, B5 vitamins, 3%

sucrose and 0.8% agar.

The basal medium was variously supplemented with factorial combinations of different
growth regulators ranging from 0.5 — 2.5 uM/L BAP or KIN alone for shoot multiplication or
in combination of both the cytokinins. After adding all the supplements (various
concentrations of different hormones) to the basal medium, the pH of the medium was
adjusted to 5.8. The molten medium was dispensed in culture tubes or culture bottles or

conical flasks and was capped with cotton plugs.

Sterilization of Culture Medium and Glassware's

The culture medium containing high concentration of sucrose supports the growth of several
microorganisms. These microbes generally grow much faster than the explants and finally
spoil the culture. So it is very essential to maintain a complete aseptic environment inside the

culture tube. Therefore, the culture medium, glassware's, forceps and scalpels was sterilized

by autoclaving at 1.06 kg cm2 and 121°C for 15 min. As well as the same procedure to
follow the sterilization of. During this period much care was taken to avoid denaturation of
growth regulators and vitamins that were incorporated into the medium. The culture tubes left
free until agar in the medium become solidified. Then the tubes were transferred to

inoculation chamber for inoculation.

Sterilization of explant

The explants were taken from the field grown mature plants. The explants consisting of the
nodal regions with axillary bud were surface sterilized by rinsing in running tap water for 30
minutes. Then they were washed in an agitated solution of liquid detergent (Teepol) for 5
minutes and followed by distilled water for 2-3 times for removing the traces of liquid
detergent. After thorough washing, the materials were taken in to the Laminar Flow Chamber
where they were disinfected with 70% alcohol for 30-60 seconds followed by 0.1% mercuric
chloride for 3-5 minutes. Finally, the materials were thoroughly rinsed with sterile distilled

water for 4-5 times to remove the traces of mercuric chloride.

WwWw.wijpr.net Vol 4, Issue 12, 2015. 1961




Subbaiya et al. World Journal of Pharmaceutical Research

Inoculation Procedure

Before starting inoculation all the requirements such as culture tubes, containing media, spirit
lamp, sterile water, glassware and explants, were placed in the laminar air flow chamber. The
platform surface of the chamber was swapped with 70% alcohol. After swapping the chamber
with 70% alcohol, the UV light was switched on for 30 minutes. After 30 minutes, the UV
light was switched off and the white fluorescent light was switched on. Before inoculation,
hands were rinsed with absolute alcohol. The instruments were sterilized by dipping in

absolute alcohol followed by flaming and cooling.

The inoculation was carried out in the vicinity of flame. The surface sterilized explants were
aseptically transferred to the respective culture media in the Laminar Flow Chamber. The
explants were taken out from beaker and at the same time the cotton plug of the culture tube
was slightly opened in front of the spirit lamp flame, the explant was put it the medium and
immediately covered with cotton plug. The explants with nodal regions were inserted in the
medium vertically. Cultures were transferred to fresh media with the same hormone

concentration at 4 week intervals.

Culture Conditions

The cultures were maintained in a culture room at 25+2°C under 16 hr photoperiod with a

light intensity of 30-40 pM m-2 s-1 supplied by cool white fluorescent tubes. These growth

conditions were referred to as standard culture conditions for in vitro studies.

Culture Maintenance

The nodal explants regions, were initially cultured on MS solid medium in test tubes. After 4
weeks, the initiated shoot multiples were subcultured on MS basal medium fortified with the
same growth regulator concentrations and combinations or whichever is the best for further
multiplication. To facilitate higher number of shoot formation, the explants were also
subcultured on conical flasks and/or culture bottles which can provide more space and more

medium for growth and multiplication.

Rooting

In vitro raised shoots of 2 cm and above were excised from the culture tube or culture bottle
and subcultured into MS medium fortified with 3% sucrose (w/v) and 0.8% agar (w/v). The
medium was further supplemented with different concentrations (2.0-10.0 uM) of IAA, IBA
or NAA. The root number and length were measured in each culture medium.
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Hardening and Acclimatization

Plantlets with well-developed roots were dislodged from the culture medium and roots were
washed gently under running tap water to remove the adhering medium. Plantlets were
transferred to plastic cups (10 cm diameter) containing autoclaved garden soil, farmyard
manure and sand (2:1:1). Each plantlet was irrigated with distilled water every 2 days for 2
weeks followed by tap water for one week. The potted plantlets were initially maintained
under culture room conditions (3 weeks) and later transferred to normal laboratory conditions
(2 weeks).

The potted plantlets were initially covered with porous polyethylene sheets to maintain high
humidity and were maintained inside the culture room. The relative humidity was reduced
gradually. After 30 days the plantlets were transplanted to the field under shade for 3 weeks

and then transplanted to the soil for further growth and development.

Experimental Design, Data Collection and Statistical Analysis

The design of all the experiments was a complete randomized block and each experiment
consisted of five explants per flask and five replicate culture flasks per plant growth regulator
treatment. The parameters recorded were frequency (number of cultures responding in terms
of multiple shoot proliferation and root development), number of shoots per explant, shoot
length, number of roots per shoot, root length and survival rate (%). All of the experiments
were repeated five times. The analysis of variance (ANOVA) appropriate for the design was
carried out to detect the significance of differences among the treatment means were
compared using Duncan’s Multiple Range Test (DMRT) at a 5% level of signiﬁcance.[m]
RESULTS AND DISCUSION

Shoot tip explants of Solanum trilobatum L. were cultured on MS basal medium
supplemented with different concentrations of BAP and KIN of both these cytokinins ranging
from 0.5 - 2.5 pM/L for shoot multiplication. Multiple shoots were initiated within 12 days
of inoculation. Maximum number of shoots was observed in 20-30 days. The data in respect
of shoot induction frequency, number of shoots and length of shoots on different

concentrations of each hormone on nodal explants were presented in Table 1 and Fig.2.
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Table 1. Effect of different concentrations of cytokinins on shoot induction from the

shoot tip explants of Solanum trilobatum L.

-- 80 5.4+1.14 3.62+0.32
— 85 5.2+1.64 3.96+0.59
- 90 5.8+1.92 4.32+0.55
-- 100 8.4+1.51 4.94+0.20
- 85 6.2+1.30 4.48+0.44
0.5 uM 85 6.2+2.38 3.98+0.21
1.0 uM 90 5.2+1.30 4.06+0.20
1.5 uM 100 6.4+1.81 4.66+0.37
2.0 uM 85 4.6+2.07 4.32+0.60
2.5 UM 90 5.8+1.48 4.22+0.28

Mean tstandard deviation of 5 replicates per treatment in three repeated experiments

Fig.2. In vitro rapid multiplication of Solanum trilobatum L.. from
shoot tip explants a. Shoot induction from the shoot tip explant ;
b. Shoot multiplication; c. Isolation of shoot ; d. Rooting ; e. Hardening

Fig. 2. In vitro rapid multiplication of Solanum trilobatum L. from the shoot tip explants
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Higher number of shoots was produced from all the concentrations of both BAP and KIN.
The highest frequency (100%) of shoot induction and maximum number of shoot (8.4+1.51)
was observed on 2.0 uM BAP with shoot length of 4.94+0.20 c.m. in KIN 1.5 uM/L to
produce maximum number of shoots (6.4+1.81) in the shoot length of 4.66+0.37 and the
shoot induction frequency is 100%. The isolated shoots were transferred to MS basal
medium supplemented with different concentrations of IBA and NAA ranging from 0.5 - 2.5

uM/L for root induction.

The basal medium fortified with different concentrations of KIN induced less number of
shoots when compared to BAP. Maximum number of 10.6 shoots per explant was induced
on MS basal medium containing 8 uM KIN and mean shoot length 5.78 cm. These results
showed that both the cytokinins tested were found to initiate and proliferate shoots from the
nodal explants. However, BAP was found to be more suitable than KIN for shoot

multiplication.

In micropropagation technique, shoots are directly induced from the nodal explant with
axillary buds where meristematic tissue is present. This technique is primarily used to
produce pathogen free plantlets. Nowadays, it is widely used to get a mass propagation within
a short period. Since the meristematic region is the very active site, the axillary buds are
readily proliferated. The efficiency of shoot multiplication depends on plant growth
regulators and types of explants.2% B34

In many plants, multiple shoots were obtained from the shoot tips or axillary buds by
administering BAP or KIN.PFABSHMBEIEE 0 the present study nodal explants with
axillary bud were taken as explants source. The nodal explants showed active site of positive
morphogenetic response and readily developed multiple shoots. The propagation rate and
morphogenetic response significantly varied to a greater extent according to the explant type.
Shoot tips have always been preferred for in vitro studies because they can be handled easily
and restore their regeneration potential over other explants. Some earlier findings showed that

more number of shoots were produced from the nodal explants.!®®! (281 39]

Shoot responses from node explants were tried in different concentrations; in this study it was
found that BAP 2.0 mg/l with MS medium showed good response to shoot induction from
node explants.[*! similar reported the BAP with MS medium, in this concentration the node

explants of S. trilobatum showed better multiple shoot within 20 days after inoculation. BAP
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and MS medium individually and in combination induced a higher frequency of adventitious

shoots from single explants of S. xanthocarpum,.t* 42

CONCLUSION

Micropropagation was carried out from the nodal explants with axillary buds of Solanum
trilobatum Linn. Nodal explants with axillary buds were grown on MS basal medium
supplemented with different concentrations BAP or KIN. Of the two cytokinins BAP was
found to induce more number of shoots from nodal explants when compared to KIN. The MS
basal medium supplemented with 2.0 uM/L BAP showed the maximum number of 8.4+1.51
shoots per nodal explant and 1.5 pM/L KIN produced the maximum number of 6.4+1.81
shoots per node.

REFERENCES

1. Natarajan D, Kamalanathan D. J. Pharma. Res. 2012; 5(2): 825-827.

2. Ramakrishna S, Ramana KV, Mihira V, Kumar PV. Res. J. Pharma. Biol. Chem. Sci.

2011; 2(1):701-705.

Gandhiappan J, Rengasamy R. Adv. App. Sci. Res. 2012; 3(3): 1538-1544.

Kumar SRS, Priya LC, Rao KVB. Pharmacologyonline. 2011; 3: 1336-1341.

Swathy B, Lakshmi SM, Kumar AS. Int. J .Bio. Pharma. Res. 2010; 1(1): 7-12.

Kumar SRS, Sakthivel M, Karthik L, Mythili S, Sathiavelu A. Asi. J. Plant Sci. Res.

2011; 1(1): 48-56.

7. Kirthikar KR, Basu BD. Indian Medicinal Plants, International Book Distributors,
Dehradun, 2005.

8. Chopra RN, Nayar SL, Chopra IC. Glossary of Indian Medicinal Plants. 2006; 230.

9. Annamalai P, Khosa RL, Hemalatha S. Ira. J. Pharma. Res. 2009; 8(4): 269-273.

10. Chinthana P, Ananthi T. J. Chem. Pharma. Res. 2012; 4(1): 72—74.

11. Morel, G. 1960. Producing virus-free Cymbidium. Amer. Orchid Soc. Bull. 29: 495"497.

12. Zobel B (1981). Vegetative propagation in forest management operations. Proc. 16th
South tree improvement Conf., Blackburg, VA, 149-159.

o g ~ w

13. Hussey, G. 1986. Problems and prospects of in vitro propagation of herbaceous plants,
pp. 69"84. In: Plant Tissue Culture and its Agricultural Applications. Withers, L. A. and
Alderson, P. G. (eds.). Butterworth, London.

14. Bajaj,Y.P.S., Furmanowa, M. and Olszowsks, O., Biotechnology of the micropropagation

of medicinal and aromatic plants. In: Biotechnology in Agriculture and Forestry,

WwWw.wijpr.net Vol 4, Issue 12, 2015. 1966



Subbaiya et al. World Journal of Pharmaceutical Research

Medicinal and aromatic Plants I. (ed.) Bajaj, Y.P.S.). Springer - Berlin, Heidelberg, New
York, Tokyo, 1988; 4: 60-103.

15. Skoog, F. and Miller, C.O., Chemical regulation of growth and organ formation of buds
in plant tissue. In: Plant Growth Substances. Skoog, F., Ed. University of Wisconsin
Press, Madison. 1957; 263-285.

16. Thorpe TA. Organogenesis in vitro. Structural, physiological and biochemical aspects.
Int. Rev. Cytol., 1980; 11A: 71-77.

17. Biahoua A, Bonneau L Control of in vitro somatic embryogenesis of the spindle tree
(Euonymus europaeus L.) by the sugar type and the osmotic potential of the culture
medium. Plant Cell Rep., 1999; 19: 185-190.

18. Fuentes S.R.L., Calheiros M.B.P., Manetti-Filho J. and Vieira L.G.E. The effects of silver
nitrate and different carbohydrate sources on somatic embryogenesis in Coffea
canephora. Plant Cell Tiss. Org. Cult., 2000; 60: 5-13.

19. Ladyman, J.A.R. and Girard, B. Cucumber somatic embryo development on various
gelling agents and carbohydrate sources. Hort. Sci., 1992; 27: 164-165.

20. Charumathy, J., S. Alagumanian, M.Jeyaseelan and M.V.Rao. 2004. Somatic
embryogenesis in Solanum trilobatum (L.). In: Recent Trends in Biotechnology, Edited
by M.K.Rai, N.J.Chikhale, P.A. Wadegaonkar, P.V.Thakare and A.P. Ramteke, Jodhpur,
Scientific, X:232p. ISBN: 81 —7233 — 369 — 2.

21. Sharma, P. and Rajam, M.V. Genotype, explant and position effects on organogenesis and
somatic embryogenesis in eggplant (Solanum melongena L.). J. Exp. Bot., 1995; 46: 135-
141.

22. Petersen KK, Hansen J and Krogstrup P. Significance of different carbon sources and
sterilization methods on callus induction and plant regeneration of Miscanthus X
Ogiformis Honda ‘Giganteus’. Plant Cell Tissue Organ Cult., 1999; 58: 189-197.

23. Knittel, N., Escandon, A.S. and Hahne, G. Plant regeneration at high frequency from
mature sunflower cotyledons. Plant Sci., 1991; 73: 219- 226.

24. Baker, C.M., Mufioz-Fernandez, N. and Carter, C.D., Improved shoot development and
rooting from mature cotyledons of sun flower. Plant Cell Tiss. Org. Cult., 1999; 58: 39-
49.

25. Joshi, M. and Dhar, U. In vitro propagation of Saussurea obvallata (DC.) Edgew. an
endangered ethno religious medicinal herb of Himalaya. Plant Cell Rep., 2003; 21: 933-
939.

WwWw.wijpr.net Vol 4, Issue 12, 2015. 1967



Subbaiya et al. World Journal of Pharmaceutical Research

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Dhar U. and Joshi M. Efficient plant regeneration protocol through callus for Saussurea
obvallata (DC.) Edgew. (Asteraceae): effect of explant type, age and plant growth
regulators. Plant Cell Rep., 2005; 24: 195-200.

Abishek mathur, Gautam K. Singh, Satish K. Verma, Sajad Yousuf, Aprajita Bhardwaj,
Santhosh K. Singh, GBKS Prasad and Dua V.K, Der pharmacia Sinica, 2011; 2(2): 270-
275.

Manisha Sharon, Indira L, Dhumne, Madhuri Sharon. Adv.Appl.Sci.Res, 2010;1(2): 41-
46.

ArumIlmozhi B and Ramanujam MP, J.Bot.club, 1997; 14(122): 55-56.

Patnaik, J. and Chand, P.K. Micropropagation of Hemidesmus indicus (L.) R. Br. through
axillary bud culture. Plant Cell Rep., 1996; 15: 427-430.

Sivakumar, G., S. Alagumanian and M. V. Rao. High Frequency in vitro Multiplication of
Centella asiatica: An Important Industrial Medicinal Herb. Eng. Life Sci., 2006; 6(6):
597-601.

Kackar, N.L., Solanki, K.R., Singh,M. and Vyas,S.C. Micropropagation of Prosopis
cineraria Ind. J. Exp Biol., 1991; 29: 65-67.

Varghese,S.K., Inamdar,J.A., Kalia, K., Subramanina,R.B. and Nataraj, M.
Micropropagation of Aegle marmelos (L.) Corr. Phytomorphology, 1993; 43(1&2): 87-
92.

Bennet, 1.J., McComb,J.A., Tonkin, C.M. and McDavid, D.A.J. Alternating Cytokinins in
Multiplication Media Stimulates In vitro Shoot Growth and Rooting of Eucalyptus
globulus Labill. Ann. Bot., 1994; 74: 53-58.

Kumar, S., Chander, S., Gupta, H. and Sharma, D.R. Micropropagation of Actinidia
deliciosa from axillary buds. Phytomorphology, 1998; 48(3): 303-307.

Sahoo, Y. and Chand, P.K., In vitro multiplication of a medicinal herb, Tridax
procumbens L. (Mexican daisy, coat buttons) : Influence of explanting season, growth
regulator synergy, culture passage and planting substrate. Phytomorphology, 1998; 48(2):
195-205.

Baskaran, P. Jayabalan, N. An efficient micropropagation system for Eclipta alba - a
valuable medicinal herb. In Vitro Cell. Dev. Biol. Plant. 2005; 41: 532-539.

Jain, N. and Babbar, S.B. Regeneration of 'juvenile’ plants of black plum, Syzygium
cuminii Skeels, from nodal exp of mature trees. Plant Cell, Tissue and Organ Culture,
2003; 73: 257-263.

WwWw.wijpr.net Vol 4, Issue 12, 2015. 1968



Subbaiya et al. World Journal of Pharmaceutical Research

39.

40.

41.

42.

43.

44,

45,

46.

47.

Tefera W, Wannakrairoj S. Micropropagation of krawan (Amomum krervanh Pierre ex
Gangnep). Sci. Asia 2004; 29: 9-15.

Lavanya, A. R., S. Alagumanian, M.Jeyaseelan and M.V.Rao. 2004. In vitro
organogenesis in Solanum trilobatum (L.). In: Recent Trends in Biotechnology, Edited by
M.K.Rai, N.J.Chikhale, P.A. Wadegaonkar, P.V.Thakare and A.P. Ramteke, Jodhpur,
Scientific, X:232p. ISBN : 81 -7233 — 369 - 2.

Pawar PK, Pawar CS, Narkheede BA, Teli NP, Bhalsing SR and Maheswari VL (2002),
Indian J.Biotech, 2002; 1: 201-24.

David Raja H., K.Senthilarasu and D.l. Arockiasamy. Micropropagation of Solanum
trilobatum from shoot tip explants. World J. of Pharm. And Pharmaceutical Sci., 2015; 4:
1730-1734.

S. Alagumanian, S. Subbaiya, T. Nagarajan, M. Senthilkumar and R. Packiyaraj. In Vitro
Studies and Agrobacterium Mediated Transformation in Tylophora indica L. (Burm. F.)
Merr. Int. J. Curr. Res. Biosci. Plant Biol., 2014; 1(3): 110-116.

S. Alagumanian, T.Nagarajan, S.Subbaiya, R.Packiyaraj and M.Senthilkumar. In vitro
Studies and Agrobacterium Mediated Transformation on Solanam nigram L. Int. J. Curr.
Microbiol. App. Sci., 2014; 3(10): 790-798.

Alagumanian, S., V. Saravana Permual, R. Balachandar, K. Rameshkannan and M. V.
Rao. Plant regeneration from leaf and stem explants of Solanum rilobatum L. - A
Medicinal Herb. Current Science. 2003; 87(1): 1478 -1480.

Abubacker M.N. and S. Alagumanian. In vitro Organogenesis of Various Explants of
Azadirachta indica A, Juss (Neem), Plant Tissue Culture. 1999; 9(2): 177-180.
Arumugam, S, S. Alagumanian and M.V. Rao. Shoot differentiation and development
from cotyledon and hypocotyl explants of Aegle marmelos (L.) Corr. J. Swamy Bot.
Club., 1997;14: 108 -112.

WwWw.wijpr.net Vol 4, Issue 12, 2015. 1969



