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ABSTRACT

The present study was aimed to develop an effioggmbducible protocol for the large scale
propagation of medicinally important Boerhaaviafd#a L using the shoot-tip, nodal, inter-
nodal and leaves as explants. Highest percentage ®0.68 for nodal segments and 95.6 +
0.82 for Shoot tip) of multiple shoot proliferati¢tv.4 +0.64 for nodal segments and 7.83 *
0.38) was observed on MS medium augmented witmd/bof BAP. The maximum number
of shootlets regeneration (11.6 £0.38) was obsgfvem MS medium supplemented with 3.0
mg/l of BAP. Maximum percentage (73.2 + 0.47) adatkets was observed in MS medium
supplemented with 3.0 mg/l of BAP. Highest pergmtamaximum number of
rootlets/shootlet and mean length of rootlets wasserved in ¥2 MS medium supplemented
with 1.0 mg/l of IBA.

INTRODUCTION

Boerhaavia diffusgNyctaginaceae) is a medicinal herb, commonly knaspunarnava. It is
common in India, Bangladesh and other tropicalaegiof Asia and grows wild in different
forests and village groves. The whole planBofdiffusais a very useful source of the drug
punarnava, which is documented in India Pharmadapag a diuretic [1]. The roots and
leaves with flowers have been found to be highliepb[2]. Roots of this plant contain anti-
fibrinolytic agent and it is effectively used asaaative and diuretic in dropsy and anasarca,
ascites, jaundice, asthma and in scanty urine,nai@agonorrhoea and blood purifier. The
active constituent of the drug is the alkaloid, gunavine, the total alkaloid content of the
roots being about 0.04%. Plant powder is used agaipdominal tumour and cancer. It is
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also useful in curbing epilepsy, dysentery andamiinatory renal diseases [3]. In Ayurveda,
B. diffusawas used as an adjuvant in the treatment of pulmgdn@erculosis in addition to
chemotherapy [4]. Flowers and seeds are used asaceptives [5]. It was used in renal
ailments as diuretic [6] and to treat seminal weskrand blood pressure [7]. It is also used in
the treatment of stomach ache, anemia, cough, amudda potent antidote for snake and rat
bites and nephritic syndrome [8], hepatitis, gddidder abnormalities and urinary disorders
[9]. Pharmacological studies have demonstrated plo@iarnava possesses punarnavoside,
which exhibits a wide range of properties - diwetnti-inflammatory, antifibrinolytic [10],
antibacterial [11), anti-hepatotoxic, anthelmirfebrifuge, anti-leprosy, anti-asthmatic, anti-
urethritis, anti-lymphoproliferative activity [12]anti-metastatic [13], immunosuppressive
activity [14], Anti-diabetic activity, Anti-oxidanactivity [15] and immune-modulation [16].
The plant was also found to be a valuable sourcenedlicinally important secondary
metabolites including Punarnavine, borhavine [H@ntriacontanep-sitosterol and ursolic,
punarvoside [10] and boeravinone [18]. The root8otliffusaare a rich source of a basic
protein or antiviral agent, which is used for inshgcsystemic resistance in many susceptible
crops against commonly occurring viruses viz., gap@ng spot virus [19], cucumber green
mottle mosaic virus [20], mung bean yellow mosdrts, bean common mosaic virus [21]
and water melon mosaic virus [19]. Usually the plan propagated through seeds and
creeping stem nodes. Mass scale collection ofplast by local herbalists and Ayurvedic
and Unany companies from natural habitats is lepthna depletion of this plant speci@s.
diffusais propagated by seeds, but the seed viabilifyom and has very low germination
percentage. Under such a situation it is importardevelop techniques for rapid and mass
propagation of this species to meet up the commleneied and also for protecting from the
depletion from the nature [22[n vitro micropropagation technique has been proved to be
very efficient for mass propagation of rare andasmyred plant species [23]. Accordingly
such technique has been reliably used in propagationany medicinal plant species [24-
28]. A massive study on the phytochemistry and plagology ofBoerhaavia diffusavere
available on hand and few attempts were mad @iiro regeneration oBoerhaavia diffusa
using leaves and stem (nodes and shoot tip) aamsdR2, 29-34]. With this background the
present study was aimed to develop an efficientodggcible protocol for the large scale
propagation of medicinally importafoerhaavia diffusausing the shoot-tip, nodal, inter-
nodal and leaves as explants.

EXPERIMENTAL SECTION

Young shoots oBoerhaavia diffusavere collected from the herbal garden attachethéo
Department of Biotechnology, Muthayyammal ColleBasipuram, Namakkal, Tamil Nadu,
India and. Young shoots washed with running tapewédr 5 min and treated with 0.1%
bavistin for 1 min and rinsed twice with distilledater. Then the explants were surface
sterilized with 0.1 (w/v) HgGlsolutions for 3-8 min aseptically. After rinsingdimes with
sterile distilled water nodal segments, shoot tiesves and inter-nodal segments were
separated and trimmed into 1cm in length and usdteaexplants. The explants were placed
vertically (Shoot tip and nodal segments) on sbigal Murashige and Skoog [35] medium
supplemented with 3% sucrose, 0.6% (w/v) agar (lddM, Mumbai) and different
concentration (1.0 mg/l to 5.0 mg/l) of BAP and Hilone for direct regeneration. Inter-nodal
and leaves segments were cut into 0.7 cm in leagthcultured horizontally on Murashige
and Skoog solid medium supplemented with 3% sucigeéed with 0.7% agar and different
concentration (1.0 mg/l to 5.0 mg/l) of 2, 4 - Dher alone or in combination. After few
weeks, thein vitro proliferated callus cultures were sub-cultured coMS medium
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supplemented with BAP, Kin, and NAA either aloneirrcombinations for organogenesis.
Each and every experiment was performed with tphicages and repeated thrice. The callus
cultures were maintained for a period of over 1(hths by periodic sub-culturing with 2 to 4
weeks intervals on to fresh multiplication mediuror rooting, then vitro raised shootlets
were sub-cultured on %2 strength MS medium supplésdewith various concentrations of
auxins. The pH of the medium was adjusted to 5f8rbeautoclaving at 12C for 15min.
The cultures were incubated at 25 %2under cool fluorescent light (2000 lux 12 h/day
photoperiod). For acclimatization, the plantletehwivell developed roots (5 cms) were
removed from culture tubes, washed in running tapewto remove the remnants of agar
and plantlets were planted separately oneQocth diameter polycup filled with potting
mixture river sand, garden soil and farm yard manir1:1). Plants were in mist chamber
with relative humidity of 70% plants were irrigatedth 10 x liquid MS media (5ml) at 8 hrs
intervals for 2 weeks and establishment rate wesrded and tabulated.

RESULTS

The rate of explants survival were varied with cartcation of mercuric chloride and
sterilization time, 0.1% HgGfor 4 min showed highest percentage (92%) of salviate of
explants. 0.1% HgGlfor less than 3 min showed high percentage (90%)mafrobial
contamination, above 3 to 4 min exposure showedemabe percentage (75 — 80) of survival
it was observed that at 5 min sterilization witi%. HgC}, hundred percentage microbes
free explants but the mortality rate explants wigh lip to 95 to 100%.

Proliferation of multiple shoots was observed witgh frequency from nodal segments and
shoot tips within three days of inoculation. Themeplants were capable of directly
developing multiple shoot on MS medium containingfedent concentrations and
combinations of cytokinin, BAP and Kin. MS mediunupplemented with various
concentration of BAP and Kin stimulated the shdsetl®rmation with varied percentage
(Table -1). Highest percentage of shootlets foroma{97.2 + 0.68 for nodal segments and
95.6 + 0.82 for Shoot tip) maximum number of shetstlper explants (14.4 + 0.64 for nodal
segments and 7.83 = 0.38 for shoot tip) were oleseon MS medium augmented with 1.5
mg/l of BAP (Fig. 1. a-e).

Table 1 Effect of different concentrations of cytoknin for multiple shoot induction from shoot tip and
nodal explants ofBoerhaavia diffiusa

MS+Cy_tokinin Mean % of Shoot Mean Number of Shoots/ Mean Length of Shootlets
Conc. in mg/| formation + S.E explants
BAP Kin Node Shoot tip Node Shoot tip Node Shootgi
0.5 0.0 | 63.7+0.36| 54.6+0.62 2.8 £0.24 23+0.23 4014 3.2+0.31
1.0 00| 79.3+0.64| 68.5%0.73 6.6 + 0.43 45+0.26 5@336 4.3+0.27
15 00| 97.2+x0.68| 95.6x0.82 144+x064 7.8x0.38 5HB26 5.6 £0.26
3.0 00| 73.6+x0.56| 71.4+0.64 7.4 +0.53 52+0.34 602#H 5.2+0.19
4.0 0.0 | 648+x0.49| 68.4=0.36 7.2 £0.39 48+041 5228 5.4+0.21
5.0 0.0 | 52.4+0.64| 59.3%0.61 5.8 +0.4] 27+0.36 40136 4.6 +0.34
0.0 0.5 | 46.3£0.38 | 48.2+0.53 2.1+0.22 1.1+031 3.8+0.47 20136
0.0 1.0 | 71.3+0.64| 73.4x0.67 2.4 +0.39 1.8+0.26 40126 4.1+0.35
0.0 15 ] 92.6+0.83| 88.2+0.69 3.6 +0.37 221041 ARH 4.9+0.22
0.0 30| 726+0.47| 71.8+0.52 3.4 +0.37 24+052 5@42 5.2+0.37
0.0 4.0 | 61.5+0.28| 63.4%0.53 2.6 +0.42 231041 4026 4.4+0.32
0.0 5.0 | 45.7+0.53| 49.7+0.38 2.2 +0.36 1.8+0.23 4% 35+041
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Highest percentage of callus (83.6 + 0.59 in imedal segments and 91.7 + 0.46 in leaves)
induction was observed on MS medium supplemented @6 mg/l of 2, 4-D (Fig. 1. f).
Calli obtained from the inter-nodal and leaf expdamwere tested for shoot regeneration
(Table 1). The maximum number of shootlets regdimerd11.6 + 0.38) was observed from
MS medium supplemented with 3.0 mg/l of BAP (Figg.lh). Maximum percentage (83.2
0.47) of shootlets was observed in MS medium suppiged with 3.0 mg/l of BAP.

Thein vitro raised shootlets were sub-cultured on % strengthmvdium augmented with
various concentrations of IAA and IBA. At"9day, thein vitro raised shootlets were
producedin vitro rootlets without any callus proliferation (Fig. ). Highest percentage,
maximum number of rootlets/shootlet and mean lemdtlootlets were observed in %2 MS
medium supplemented with 1.0 mg/I of IBA (Table &iter 15 daysijn vitro raised plantlets
were hardened in polycups containing a mixturetefile garden soil: sand (3:1) covered
with polypropylene bags and irrigated with 10 xutid MS liquid medium.

Fig. 1.Invitro Propagation of Boerhavia diffusa L
a - Multiple shootlets initial stage — Shoot tip; b- Multiple shootlets initial stage — Nodal segmesf ¢ —
Multiple shoot lets after 10 days - Shoot tip; d ad e - Multiple shoot lets after 10 days — Nodal setents; f
— Callus induction from Leaves and Inter-nodal segmnts; g and h — Multiple Shootlets regeneration frm
the semi-friable callus of Leaves and Inter-nodalesgments; i -In vitro derived plantlet with shootlet and
rootlets and j - Hardened plants in Poly Cups.
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The plants were kept in a culture room for 15 d&igty five percentages of plants were

successfully established in polycups (Fig. 1. jiteA15 days the polycups hardened plants,
were transferred to pots and kept in green housgy Percentages of plants were well

established in the green house condition.

Table 2: Effect of 2, 4-D on Callus production fromthe Leaves and Inter-nodal segments @oerhavia

diffusa
MS + Mean percentage of callus

2,4-D in?juction igS.E. Type of Callus

in mg/l Inter-nodal Leaves Leaves Inter-nodal
0.0 00.0+0.0 00.0+0.0 NIL NIL
0.5 83.6 £ 0.59 91.7 +0.46 Friable Semi-friable
1.0 78.9+£0.87 77.4+0. 67 Friable Semi-friable
1.5 73.8+0.73 74.3+£0.68 Friable Semi-friable
2.0 68.9 £ 0.81 68.9 £ 0.62 Friable Semi-friable
25 67.3+0.54 64.4+0.64 Semi-friable Semi-fiegab
3.0 64.4 + 0.68 58.7 + 0.56 Semi-friable Semi-fiegab

Table 3: influence of plant growth regulators on Oganogenesis oBoerhavia diffusa L

MS + Cytokinin Mean % of Shoot Mean Length of Mean Number of
Conc. in mg/l formation + S.E Shootlets Shootlets

BAP Kin

1.0 0.0 43.8 £ 0.62 4.2 +0.38 6.2 £0.46
2.0 0.0 67.4 +0.59 6.4+0.71 7.1+£0.53
3.0 0.0 83.2+0.47 7.3+0.53 11.6 £ 0.38
4.0 0.0 68.4 + 0.53 5.4 +0.42 6.4 +£0.23
0.0 1.0 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
0.0 2.0 28.7 +0.74 2.3+0.24 3.5+0.47
0.0 3.0 32.1+0.63 2.7 £0.56 3.9+0.61

Table 4:Effect of Auxins on rooting onin vitro derived shootlets oBoerhavia diffusa L

MS + Auxin Conc. | Mean % of Rootlet Mean Length of Mean Number of
in mg/l formation + S.E Rootles Rootlets
IBA IAA
0.5 0.0 84.8+0.71 3.6+0.42 8.3+0.53
1.0 0.0 94.8 +0.48 6.7 £0.27 12.1+0.72
1.5 0.0 86.7 + 0.62 5.4+0.42 9.4 +£0.83
0.0 0.5 68.4 + 0.54 0.00 + 0.00 0.00 + 0.00
0.0 1.0 74.8+0.61 3.1+0.37 5.2+0.71
0.0 15 62.7 + 0.58 2.4 £0.58 4.7 +0.48
DISCUSSION

High period of exposure with mercuric chloride leatle browning of explants and death.
Our results were in agreement with Johnson obsens{36]. They reported that surface
sterilization exceeding 5 minutes was lethal tolaxs. In the present study also we
observed above 5 min exposure with 0.1% mercuilaricle was lethal to nodal, inter-nodal
and shoot tips dBoerhaavia diffusaFor young leaves 3 min sterilization with 0.1%rougic

chloride was optimal and showed highest percentd@xplants survival. Biswas et al., [22]
observed MS medium augmented with 3.0 mg/l of BA®s wptimal concentration for the
multiple shoot proliferation with 53%. They obsedvenly 2.20 + 0.12 shoot per nodal
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segments. Roy [33] observed the highest perceri@neof shoot induction and average of 5
+ 0.2 shoots / shoot tip and 12 £ 0.3 shoots / hofiB. diffusacultured on MS + 1.5 mg/I
BAP + 0.5 mg/l NAA. In addition, he failed obsertree multiple shootlets formation in the
medium containing Kn alone. But in the present wtwe observed the highest percentage
(97.2 £ 0.68 for nodal segments and 95.6 = 0.85fwot tip) of multiple shoot proliferation
(14.4 £ 0.64 for nodal segments and 7.83 + 0.38&fwot tip) on MS medium augmented
with 1.5 mg/l of BAP (Fig. 1. a-e). Our results wein agreement with the previous
observation orCanavalia virosg[37], Wadelia canlendulacef88], Justicia jendarussa and
Adenia hondald39], Baliospermum montanufd0], Solanum anguiyiPhyllanthus amaraus
and Jasminum calophyllunj36]. The present study results are superior ® phevious
observation of Roy [33] and Biswas et al., [22].¥itaum length of shootlets 6.2 + 0.34 and
5.6 + 0. 26 were observed in MS medium augmentead &0 mg/l of BAP in nodal and
shoot tip respectively (Table-1). Of the two cytuhki tested, BAP is considered one of the
best cytokinin for achieving the multiplication amilcropropagation oB. diffusa

MS medium fortified with 2, 4-D elicited better ted response compared to other hormones
tested. Our results were directly coincided andpkmpented to Sudarshana et al., [34]
observation inB. diffusa. In addition, they observed the callus inductionthwiaried
percentage in Kin, IAA and BAP supplemented medidine present study is better than
Sudarshana et al., [34] observation, they obseR&gercentage of callus induction from
leaves segments cultured on MS medium augmentdd 2utD. The callus obtained from
leaf was semi-friable in nature and light pale geish brown, where as the callus obtained
from the inter-nodal segment was dark yellowishwbraand semi-friable. Similar kinds of
observations were observed Hassiflora mollissimaWithania somnifera, Rhinacanthus
nasutus Passiflora edulisRauvolfia tetraphyllaand Physalis minima[41- 45]. The Kin
supplemented medium also induced the callus witledgercentage; the calli derived leaves
showed green in colour and semi-friable and delaiedshoot proliferation. The effect of
Kin on callus induction was reported by Raital, [46] in Plumbago zeylanicaln the
present study we observed callus induction on M$liume supplemented with Kin. Our
result was directly consonance with the Reiual., [47] observation oRlumbago zeylanica
Sudarshana et al., [34] observed highest perceri@gef shootlets proliferation and 2.66 +
1.44 mean numbers of shootlets per culture fromdhees derived calli d. diffusain MS
medium augmented with 3.0 mg/l of BAP in combinatwith 1.0 mg/l of NAA. But in the
present study we observed that when the callusowtisred with BAP combination with
NAA showed the shootlets with basal callus. We olestthe maximum number (7.3 £ 0.53)
of shootlets per culture in MS medium augmenteth 80 mg/l of BAP. Our results were in
agreement with the previous observationJosticia jendarussand Adenia hondald39],
Baliospermum montanund0], Solanum anguiyi Phyllanthus amarausand Jasminum
calophyllum[36].

We have developed am vitro reproducible protocol for large scale multiptioa of
medicinally important plarBoerhaavia diffusaising nodal, shoot tip, leaves and inter-nodal
segments. This protocol can be used reliably pimpagation in a commercial scale and
ex situ conservation of this important medicinal mla

REFERENCES

[1] Chopra GL(1969) Angiosperms. Systematics and Life Cycle. S. N&gi@o., Jalandhar,
Punjab, India. pp. 361-365.

344



Wesely EGet al J. Chem. Pharm. Res., 2010, 2(5):339-347

[2] CSIR (1988) The wealth of India: Raw Materials Vol. VII B. G$§I New Delhi, India.
p.174.

[3] Ghani A (2003) Medicinal plants of Bangladesh with chemical cdngsbns and uses.
Asiatic Society of Bangladesh, pp. 128-129.

[4] Kant S, Agnihotri MS and Dixit K%2001) Clinical evaluation oBoerhaavia diffusas
an adjuvant in the treatment of pulmonary tubersigl®hytomedic®2(1 &2): 89-94.

[5] Joshi SG2000)Medicinal plants. Oxford and IBH Publishing CotPud. 66, Janapath,
New Delhi 110001. pp. 295-296.

[6] Anand RK (1995) Biodiversity and tribal association &oerhaavia diffusan India-
Nepal Himalayan Terai Region. Flora & Fauhd 67-170.

[7] Gaitonde BB, Kulkarni HJ and Nabar S{1974) Diuretic activity of punarnava
(Boerhaavia diffusp Bulletins of the Haffkine Institute (Bmbay, I&ji2: 24.

[8] Singh RH and Udupa KN1972). Studies on the Indian indigenous drug punarnava
(Boerhaavia diffusp Part IV: Preliminary controlled clinical triahinephritic syndrome.
Journal of Research in Indian Mediciiie 28-33.

[9] Mudgal V (1975) Studies on medicinal properties Qonvolvulus pluricaulisand
Boerhaavia diffusaPlanta Medica28: 62-68.

[10] Jain GK and Khanna NM1989) Punarnavoside: A new antifibrinolytic agent from
Boerhaavia diffusd. Indian Journal of Chemistr28(B): 163-166.

[11] Olukoya DK, Tdika N and Odugbemi (L993) Antibacterial activity of some medicinal
plants from NigeriaJournal of Ethnopharmacolodg3Q: 69-72.

[12] Mehrotra S, Singh VK, Agarwal SS, Maurya R and &timRC (2002)
Antilymphoproliferative activity of ethanolic exth of Boerhaavia diffusa roots.
Experimental and Molecular Patholo@®(3): 236-242.

[13] Ashwinikumar A R, Sudha Sunder, Subrata Sarkar,ci&b. Pandita, Ashok D.B.
Vaidya (2008) Preliminary study on crystal dissolution activigf Rotula aquatica,
Commiphora wightiandBoerhaavia diffus&xtractsFitoterapia79 (7-8): 544-547

[14] Rahul Pandey, Rakesh Maurya, Geetu Singh, B. Satlughy, Sita Naik(2005)
Immunosuppressive properties of flavonoids isolatedm Boerhaavia diffusa Linn.
International Immunopharmacolody3): 541-553

[15] Pari L, Amarnath Satheesh K2004) Antidiabetic activity ofBoerhaavia diffusal.:
effect on hepatic key enzymes in experimental desbe&ournal of Ethnopharmacology
91(1): 109-113.

[16] Mehrotra S, Mishra KP, Maurya R, Srimal RC, SingKk {2002a) Immunomodulation
by ethanolic extract oBoerhaavia diffusaoots.International Immunopharmacolog®(7):
987-996

[17] Bahar Ahmed, Chung-Ping Y(1992) Borhavine, a dihydroisofuranoxanthone from
Boerhaavia diffusaPhytochemistry31(12): 4382-4384

[18] Lami N, Kadota S, Kikuchi T1992) Constituents of the roots @oerhaavia diffusa
Linn. IV. Isolation and structure determination lwderavinones D, E and Ehemical and
Pharmaceutical Bulletii39(7):1863—-1865

[19] Awasthi LP(2000) Protection of crop plants against virus disedsesugh root extract
of Boerhaavia diffusalndian Phytopatholog$4(4): 508-5009.

[20] Awasthi LP, Kumar P and Singh R{2003). Effect of Boerhaavia diffusanhibitor on
the infection and multiplication of cucumber greeattle mosaic virus in musk melon plants.
Indian Phytopatholog$6(3): 362.

[21] Singh S and Awasthi L2002) Prevention of infection and spread of bean common
mosaic virus disease of mung bean through botanicalian Journal of Mycology and Plant
Pathology32(1): 141-145.

345



Wesely EGet al J. Chem. Pharm. Res., 2010, 2(5):339-347

[22] Biswaset al., 2009 A. Biswas, M. A. Bari, M. Roy and S. K. Bhadf2009) Clonal
Propagation through Nodal explant culture Bderhaavia diffusa.. - A Rare Medicinal
Plant.Plant Tissue Cult. & Biotec19(1): 53-59.

[23] Fay MF (1992) Conservation of rare and endangered plants usingro methods. In
Vitro Cell. Dev. Biol. Plant28: 1 -4.

[24] Sivanesan | and Jeong BR009) Micropropagation oPlumbago zeylanica. African
Journal of Biotechnolog$ (16), 3761-3768.

[25] Zhao Yun Xing, Hui Yan Yuan, Li Feng Wang and Lh@iZheng(2010) Regenerating
plants fromin vitro culture ofErigeron breviscaputeavesAfrican Journal of Biotechnology
9(26); 4022-4024.

[26] Richa Bhatt, Mohd Arif, A. K. Gaur and P. B. R#R008) Rauwolfia serpentina
Protocol optimization fom vitro PropagatiorAfrican Journal of Biotechnology (23), 4265-
4268.

[27] R. Chitra, K. Rajamani and E. Vadivgl009) Regeneration of plantlets from leaf and
inter-node explants ofPhyllanthus amarusSchum. and ThonnAfrican Journal of
Biotechnology8 (10), 2209-2211.

[28] Gul Cevahir Oz., Elif Yuzba io lu, Osman Erol andd&@ Uzen (2008) In vitro
propagation of Amsonia orientalis Decne (Apocynagédrican Journal of Biotechnology
(20), 3638-3641.

[29] Bhansali RR, Kumar A and Arya H@978) In vitro induction of adventitious shoots on
stem explants dBoerhaavia diffusaCurrent Sciencd7: 551-552.

[30] Shrivastava N and Padhya MA995) ‘Punarnavine’ profile in the regenerated roots of
Boerhaavia diffusdrom leaf segment€urr. Sci 68: 653-656.

[31] Siddiqui, S.A., Naushaba Baig and Anwar Shah28604 In vitro clonal propagation of
Boerhaavia diffusd..- a potential medicinal herBdvances in Plant Sg¢il7: 7, 5-10.

[32] Nagarajan SM, Suresh T, Rajasekaran S, Kannan TidSKalothungan §2005) In
vitro micropropagation oBoerhaavia diffusd.. Geobios-Jodhpur 32: 169-172.

[33] Roy PK (2008) Rapid Multiplication ofBoerhaavia diffusd.. Through In vitro Culture
of Shoot tip and Nodal ExplantBlant Tiss. Cult. & Biotechl8(1): 49-56.

[34] M.S. Sudarshana, M.H. Niranjan and S.T. Girigp@08) In vitro flowering, somatic
embryogenesis and regenerationBoerhaavia diffusa Linn- A medicinal plant. Global
Journal of Biotechnology & BiochemistBy(2): 83-86

[35] Murashige, T. and F. Skoo@962 A revised medium for rapid growh and bioassays
with tobacco tissue culturéysiol Plant, 15: 473-479.

[36] Johnson, M(2006) In vitro multiplication of Solanum anguiviiam, Phyllanthus

[37] amarausSchum & Thonn andasminum calophyllurdvall. Ethnomedicinal plantsith.
J. Sci. & Technol3(2): 81-92.

[38] Kathiravan, K. and Ignacimuthu, $1999) Micropropagation ofCanavalia virosaa
medicinal plantPhytomorphology9: 61-66.

[39] Emmanuel, S., Ignacimuthu, S. and Kathiravan(2Q00) Micropropagation o¥Wadelia
canlendulaced ess, a medicinal planhytomorphology50: 195-200.

[40] Johnson, M., Manickam, V. S., Nikhat, Y., Sonali, &nd Andal, N.2004 In vitro
multiplication of two economically important and damgered medicinal plantsJusticia
jendarussaBrum andAdenia hondalgGaertn) De WildeMalaysian Journal of scienc23
(2): 49 — 53.

[41] Johnson, M. and Manickam, V.8003) In vitro micropropagation oBaliospermum
montanum(Willd.) Muell-Arg.-A medicinal plantindian J. Exp. Biol41: 1349-1351.

[42] Johnson, M., Yasmin N., Sonali D. and RajasekardipanVl.(2007) The role of

[43] cytokinin and auxin in organogenesisRassiflora mollissimand evaluation of

346



Wesely EGet al J. Chem. Pharm. Res., 2010, 2(5):339-347

[44] biochemical changes using isozyr&¢h. J. Sci. & Technol(2): 27-36.

[45] Manickam, V. S.; Elangomadhavan, R.; AntonisamyRBgeneration of Indian ginseng
plantlets from stem callug2000)Plant Cell Tissue Org. Cult4, 55 — 58.

[46] Johnson, M. Berhanu, A. Mulugeta, K. Eyayu, M. afanickam, V. S. Regeneration
from callus cultures dRhinacanthus nasutus Kurtz (2005)Eth. J. Sci. & TechnoB(1): 17
-24

[47] Johnson M, Maridass M, Irudayaraj V. Preliminatyy®chemical and Anti-Bacterial
Studies orPassiflora edulisEthnobotanical Leaflet008 12: 425-432

[48] Shariff N, Sudharshana MS, Umesha S, HariprasadAmimicrobial activity of
Rauvolfia tetraphyllaandPhysalis minimdeaf and callus extractdfr J Biotechnal2006 5:
946-950

[49] Rout, G. R. Saxena, C. Samantaray, S. and Dasaptd Rlant regeneration from callus
culture ofPlumbago zeylanic41999)Plant cell, tissue and organ cultub®, 47-51.

347



