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An efficient tissue culture protocol has been developed for micropropagation of Brugmansia suaveolens. 
The fresh sprouts were used as explants. These were surface sterilized. The explants were responded in 15 
days after inoculation on Murashige and Skoog (MS) medium supplemented with 2.0 mgl-1 
Benzylaminopurine (BAP). 5-6 shoots were regenerated on this media combination. Callus was formed 
when auxins were added to the medium. Maximum numbers of shoots (8-9 shoots/culture) were reported 
on MS medium augmented with 0.5 mgl-1 each of BAP and Kinetin. The long and healthy shoots were 
excised and isolated from the shoot clumps and used for in vitro rooting experiments. Indole-3 acetic acid 
(IAA) and Indole-3 butyric acid (IBA) both are equally effective in root induction. The in vitro rooted 
plantlets were hardened in green house in pots which contains mixture of soil and manure..  
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INTRODUCTION: Brugmansia is a genus of 
seven species of flowering plants in the family 
Solanaceae.  Brugmansia species are native to 
tropical regions of South America but now 
naturalized in most parts of the world [1,2]. Their 
large, fragrant flowers give them their common 
name of Angel's Trumpets, a name sometimes 
used for the closely related genus Datura. 
Brugmansia species are woody trees or bushes, 
with pendulous, not erect, flowers, that have no 
spines on their fruits[3,4]. 
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Brugmansia suaveolens produce atropine 
alkaloids, such as hyoscyamine and scopolamine 
as main defense compounds. Tropane alkaloids 
are also typical secondary metabolites of several 
other solanaceous plants. These inhibit the 
muscarinergic acetylcholine receptor and show 
parasympatholytic properties. As such they are 
used in medicine to treat spasms, to sedate 
patients and for dilatation (mydriasis) of the 
pupil. Furthermore, tropane alkaloids affect 
neuronal activities and are known 
hallucinogens[5,6]. B. suaveolens has been mainly 
employed externally to treat rheumatic and 
arthritic pains, swelling, scalds, inflammations, 
skin rashes, haemorrhoids and wounds. Its 
extracts exhibit spasmolytic, antiasthmatic, 
anticholinergic, narcotic and anesthetic 
properties[7,8]. Most alkaloids are important for 
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the fitness and survival of the plants producing 
them since they help to protect against herbivores 
and/or infecting microorganisms[9,10].  
The leaves of B. suaveolens are smoked as 
‘asthma cigarettes’, steambath are prepared with 
the leaves for bad coughs and bronchitis, the juice 
is boiled and mixed with hog-lord as an external 
application for all types of burns, scalds, 
inflammations and hemorrhoids, poultices of the 
leaves are applied to badly healing wounds, 
swellings and arthritic, as an antispasmodic to 
control Parkinson's disease[6]. 
Considering its pharmaceutical importance an 
efficient protocol for tissue culture and plant 
regeneration is a pre-requisite for 
biotechnological processes[11] and for breeding 
programs[12]. The effect of jasmonic acid and 
aluminium on production of tropane alkaloids in 
hairy root cultures of B. candida was studied by 
[13]. [4] set up experiments of hairy root cultures of 
B. suaveolens. 
 In vitro procedures and plant regeneration are 
used to some degree in almost every major plant 
species. The success of such biotechnology 
requires an efficient protocol for plant 
regeneration from different explants[14]. However, 
in the literature, there are no studies that have 
checked the direct plant regeneration in B. 
suaveolens using mature somatic tissues without 
callus formation.  
 
Materials and Methods 
Plants of B. suaveolens were collected from 
Munar and Thekari regions of Tamil Nadu and 
Kerala and maintained in the green house to get 
fresh and healthy sprouts as explants. Different 
types of explanting materials namely, 
axillary/terminal shoots, shoot apices/nodal shoot 
segments, were harvested from selected plants. 
The explants were cleansed, dressed and treated 
with 0.1% solution of Bavistin, (a systemic 
fungicide) (BASF, India Ltd. Bombay). These 
were surface sterilized with ethanol and HgCl2 
(0.1%) solution under Laminar Air Flow Cabinet 
and inoculated aseptically onto MS basal 
medium[15].  
The cultures were kept in growth room under 
controlled conditions at the temperature 26±2°C 

with 14h/d illumination of 30-40 µmol m-2s-1 
Spectral Flux Photons (SFP) and 60-70% relative 
humidity (RH). The light was provided by 
fluorescent tubes and incandescent bulbs. 
Temperature was maintained by central air 
conditioning systems.  
 
The cultures were inoculated on MS medium 
supplemented with BAP and Kinetin (0.5 mgl-1 to 
5.0 mgl-1) for shoots induction. After 
establishment of the cultures from the explants, 
the shoots were excised containing 2-3 nodes and 
were transferred to shoot multiplication medium. 
These were further multiplied by culturing of (i) 
clumps of shoots, (ii) single nodal shoot 
segments, or (iii) 2-3 nodal shoot segment, at an 
interval of 25-30 days, after removing the 
senesessed leaves. For the rooting of in vitro 
produced shoots, the shoots were isolated of 
appropriate size and these were rooted on half 
and one-fourth strengths of MS medium 
containing auxins (Indole-3 acetic acid and 
Indole-3 butyric acid) in different concentrations. 
The in vitro rooted plantlets were washed with 
autoclaved distilled water to remove adhered 
nutrient agar and then transferred to sterilized 
soilrite mixture filled in glass bottles moistened 
with one-fourth strength of MS basal salts. 
Initially the hardened plantlets were kept covered 
with caps. After 12-15 days the caps were 
loosened and finally removed. Plants hardened in 
bottles were transferred to polybags containing 
sand, soilrite, organic manure and black soil in 
1:1:1:1 ratio or in different ratio depending upon 
plant species. The hardened plantlets were finally 
transferred to the pots, polybags and were 
transferred to the field. 
The cultures were regularly subcultured on fresh 
medium after 4-5 weeks interval. The 
observations were taken after every five days of 
inoculation. The experiments were repeated thrice 
with ten replicates per treatment. The rate of 
multiplication represents number of shoots 
produce per explant on a specific medium after 
number of days of its inoculation as mentioned in 
the results. The data were subjected to statistical 
analysis.   
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Results and Discussion 
An efficient and reproducible plant regeneration 
protocol is a prerequisite for genetic 
transformation in any plant system. Shoot tips 
and nodal shoot segments were used as 
explanting material for multiple shoot induction. 
In order to ensure year-round availability of 
explants and to avoid microbial contamination in 
the cultures, shoot tips were harvested from the 
green house grown plants. Direct plant 
regeneration through multiple shoot induction 
from the explant was adopted, as it does not 
involve an intermediate callus phase, and tends to 
produce genetically similar plants[16]. Plant 
regeneration using callus system requires a longer 
period to establish cultures and to obtain 
embryogenic calli, along with the risk of 
somaclonal variation in the plants regenerated 

from callus[17,18,19]. [20]used seeds as explants of B. 
suaveolens to establish callus cultures and then 
regenerated shoots from these cultures.   
Clonal multiplication through various explants is 
advantageous over conventional propagation 
method because a large number of plants can be 
produced within a short duration. The most 
effective medium for shoot induction and 
multiplication in B. suaveolens was achieved on 
MS medium containing BAP, as compared to 
Kinetin (Table 1). This indicates that these 
explants contain sufficient endogenous level of 
auxins or capable of its de novo synthesis which 
can induce shoot formation even in a medium 
containing cytokinin alone[21]. At higher 
concentration of BAP or Kinetin the rate of shoot 
proliferation declined.  
 

 
Table 1. Effects of cytokinin (BAP and Kinetin) on induction of shoots from the explants of B. suaveolens on MS medium. 

 
Sl. 
No. 

Kinetin  
(mgl-1) 

BAP 
(mgl-1) 

No. of shoots  
(Mean ± SD) 

% Response 

1 0.00 0.00 0.0 ± 0.00 0 
2 0.50 - 1.2 ± 0.46 21 
3 1.00 - 2.6 ± 0.38 34 
4 1.50 - 3.4 ± 0.68 58 
5 2.00 - 4.2 ± 0.62 69 
6 2.50 - 5.8 ± 0.83 62 
7 3.00 - 5.1 ± 0.23 56 
8 3.50 - 4.6 ± 0.16 42 
9 4.00 - 3.2 ± 0.33 26 
10 5.00 - 3.0 ± 0.81 19 
11 - 0.50 2.0 ± 0.16 14 

12 - 1.00 3.4 ± 0.52 22 
13 - 1.50 4.1 ± 0.78 38 
14 - 2.00 6.6 ± 0.32 51 
15 - 2.50 5.0 ± 0.92 69 
16 - 3.00 4.2 ± 0.34 61 
17 - 3.50 3.2 ± 0.86 53 
18 - 4.00 2.8 ± 0.19 46 
19 - 5.00 2.5 ± 0.51 33 

 
The season of collection of explants is an 
important factor in the success of tissue culture 
experiments. The response of tissues in cultures is 
generally varying due to accumulation of 
phenolic compounds in the meristematic 
tissues[22,23]. Numbers of shoots were more in 
BAP containing medium as compared to Kinetin. 

Superiority of BAP over Kinetin was also 
demonstrated by several workers[24,25,26].  
Shoot tips and axillary meristems proved 
preferred explants for in vitro culture due to ease 
of handling as compared to material from other 
sources. When nodal segments as well as shoot 
tips were cultured on regeneration medium, 
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swelling of the explant was observed within 4 
days of culture on BAP containing medium in 
case of B. suaveolens. Single shoot growth was 
initially observed (Fig. 1A & 1B), but multiple 
shoot induction was subsequently observed on 
medium supplemented with BAP. Multiple shoots 
ranging from 6 to 7 were observed after 3 weeks 
of culture of the explants on MS medium with 
different concentrations of BAP (Fig. 1C & 1D).  
 
To a certain extent, with increasing concentration 
of BAP, an increase in number of multiple shoots 
was observed. Higher concentrations of BAP in 
the medium resulted in a reduced number of 
shoots. BAP is involved in reprogramming and 
differentiation of the competent cells necessary 
for adventitious bud development, and has been 
reported to induce synthesis or accumulation of 
endogenous cytokinins[27]. At lower 
concentrations of BAP (1-2 mgl-1), although 
lower numbers of shoots were induced, shoot 
growth was observed to be normal. In contrast, at 
higher concentrations of BAP (3-5 mgl-1), 
although the number of shoots induced was 
considerably higher, stunted growth was 
observed.  
 
 
 

The well developed shoots were transferred to 
multiplication medium containing BAP and 
Kinetin. The shoot multiplication initiated within 
a week after subculture. Shoot regeneration 
potentiality was 100% in all the concentrations of 
both the cytokinins. Though several growth 
regulators are available for shoot multiplication, 
BAP and Kinetin are widely used. Of the two 
cytokinins tested, BAP was more effective in 
shoot induction and proliferation than Kinetin. 
Similar to this, in several studies BAP was more 
effective in inducing and sprouting of a large 
number of shoots[28,29,30]. Several workers showed 
that the synergistic combination of two cytokinins 
was more effective for shoot differentiation[31,32]. 
Similarly as in the above findings, more numbers 
of shoots were observed in present investigation 
when BAP and Kinetin was used together. The 
maximum numbers of shoots were observed on 
MS medium augmented with 0.5 mgl-1 each of 
BAP and Kinetin. In an attempt to standardize the 
direct plant regeneration protocol for B. 
suaveolens, 7-8 shoots per culture bottle were 
induced on MS medium as shown in Table 2 and 
Fig. 1E. 
 
 
 

Table 2. Effects of Cytokinin (BAP and Kinetin) and their concentrations on multiplication of shoots from sub-cultured 
shoots on MS Medium. 

 
Sl. No. BAP   

(mgl-1) 
Kinetin  
(mgl-1) 

No. of shoots  
(Mean ± SD) 

Shoot length (cm) (Mean ± SD) 

1 0.00 0.00 00.00 00.00 
2 0.10 - 5.2 ± 0.28 3.8 ± 0.57 
3 0.50 - 5.3 ± 0.61 3.5 ± 0.23 
4 1.00 - 6.2 ± 0.76 3.2 ± 0.83 
5 1.50 - 6.1 ± 0.92 3.0 ± 0.30 
6 2.00 - 5.6 ± 0.17 2.9 ± 0.58 
7 - 0.10 4.3 ± 0.54 2.6 ± 0.8 
8 - 0.50 5.1 ± 0.83 2.7 ± 0.13 
9 - 1.00 5.2 ± 0.89 2.8 ± 0.67 
10 - 1.50 5.2 ± 0.14 2.8 ± 0.43 
11 - 2.00 4.5 ± 0.87 2.6 ± 0.19 
12 0.10 0.10 6.1 ± 0.47 2.5 ± 0.92 
13 0.50 0.50 7.9 ± 0.21 2.8 ± 0.73 
14 1.00 1.00 7.3 ± 0.83 2.7 ± 0.68 
15 1.50 1.50 6.8 ± 0.14 2.5 ± 0.31 
16 2.00 2.00 5.1 ± 0.67 2.3 ± 0.29 
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The in vitro regenerated shoots were carefully cut 
from the base and transferred on full or half 
strength of MS medium supplemented with IBA 
and IAA for the induction of rooting. Half 
strength of MS medium with IBA was found to 
be more suitable as compared to full strength of 
MS medium for rooting of shoots. On half 

strength MS medium with IBA (2.0 mgl-1), a 
maximum of 89% shoots were rooted with 2-3 
cm in length after 4 weeks of inoculation (Table 
3 and Fig. 1F). The superiority of IBA over other 
auxins was also reported by[33]. 
 

 
 

Table 3. Effects of Auxins (IBA and IAA) on in vitro regeneration of root from in vitro generated shoots on half strength 
MS medium. 

Sl. No. IBA   
(mgl-1) 

IAA   
(mgl-1) 

No. of roots  
(Mean ± SD) 

Root length (cm) 
Mean ± SD) 

1 0.00 0.00   
2 0.50 - 2.2 ± 0.83 1.1 ± 0.70 
3 1.00 - 2.4 ± 0.14 1.3 ± 0.83 
4 1.50 - 2.6 ± 0.87 1.5 ± 0.54 
5 2.00 - 3.0 ± 0.30 1.7 ± 0.00 
6 2.50 - 2.6 ± 0.21 1.7 ± 0.23 
7 3.00 - 2.0 ± 0.69 1.4 ± 0.47 
8 - 0.50 1.7 ± 0.64 1.2 ± 0.81 
9 - 1.00 2.3 ± 0.83 1.3 ± 0.23 
10 - 1.50 2.5 ± 0.71 1.6 ± 0.49 
11 - 2.00 2.8 ± 0.82 1.7 ± 0.56 
12 - 2.50 2.8 ± 0.79 1.6 ± 0.82 
13 - 3.00 2.6 ± 0.32 1.5 ± 0.16 
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Figs. 1A & 1B. Induction of shoots from nodal 
meristems. 1C & 1D. Multiple shoots 
regeneration in vitro. 1E. Multiplication stage in 
cultures. 1F. In vitro root formation from the cut 
ends of the shoots of B. suaveolens. 1G & 1H. 
Plantlets in hardening and pot transfer stages. 
After root formation, the plantlets were removed 
from the culture bottles carefully without 
destruction of the root system and after washing 
the roots in water; plantlets were transferred to 
the bottles with soilrite and nurtured with 1/4 MS 
liquid medium without sucrose (Fig. 1G). The 
rooted plants were hardened in green house. 
Gradual exposure of the plants to the open 
environment was necessary to avoid plant death 
due to desiccation. The well-established plants 
from bottles were transferred to earthen pots (Fig. 
H). The plants were then shifted to sunlight in 
field conditions. The rooted plantlets obtained 
from half strength of MS medium with IBA 
showed 95% survival rate. 
Direct regeneration of plants required relatively 
short period (10–11 week) compared to the 
regeneration via callus phase (20–22 week) 
reported earlier by[34]. The direct plant 
regeneration protocol for B. suaveolens is highly 
efficient, rapid, and genotype independent. It 
does not involve a callus phase, and so a reduced 
time period is required for regeneration of 
complete plant, reducing the likelihood of 
somaclonal variation in the tissue-cultured plants. 
Thus, the present findings could be used for 
conservation and large-scale propagation of this 
important plant species. 
   
REFERENCE: 
1. Bajpai N, Goyal S. Primary health care in India: 
Aronson JK. Meyler’s side effects of herbal medicines. 
Edn 15, 2008; pp 215. ISBN 978-0-444-53269-5. 
2. Barwick M. Tropical and subtropical trees: An 
encyclopedia. Timber Press, 2004; ISBN 978-88192-
661-3. 
3. Smith LG, Downs RJ. Solanaceae. In: Flora ilustrada 
catarinense. Ed Herbario Barbosa Rodrigues, Itajai, 
Santa Catarina, 1966;  pp. 321. 
4. Zayed R, Wink M. Induction of tropane alkaloid 
formation in transformed root cultures of Brugmansia 
suaveolens (Solanaceae). Naturforsch. C-A J Bios 2004; 
59: 863-867. 

5. Roberts MF, Wink M. Alkaloids: Biochemistry, Ecology 
and Medicinal Applications. Plenum Press, New York, 
1998. 
6. Wink M. Interference of alkaloids with neuro-
receptors and ion channels. In: Bioactive Natural 
Products (Atta-ur-Rahman, ed). Elsevier, Amsterdam, 
2001; pp 1-127. 
7. Iranbakhsh AR, Oshagi MA, Ebadi M. Growth and 
production optimization of tropane alkaloids in Datura 
stramonium cell suspension culture. Pak J Biol Sc 2007; 
10(8): 1236-1242. 
8. Pitta-Alvarez SI, Spollansky TC, Giulietti AM. The 
influence of different biotic and abiotic elicitors on the 
production and profile of tropane alkaloids in hairy root 
cultures of Brugnamsia candida. Enzyme and Micorbial 
Tech 2000; 26: 252-258. 
9. Harborne J. Introduction to Ecological Biochemistry. 
Academic Press, London, 2003. 
10. Wink M. Biochemistry of Plant Secondary 
Metabolism. Annual Plant Reviews, 2. Sheffield Aca-
demic Press, 1999a; Sheffield. 
11. Valizadeh J, Valizadeh M. In vitro callus induction 
and plant regeneration from Withania coagulans: a 
valuable medicinal plant. Pak J Biol Sc 2009; 12: 1415-
1419. 
12. Benesi IRM, Labuschagne MT, Herselman L, 
Mahungu N. Ethnobotany, morphology and genotyping 
of cassava germplasm from Malawi. J Bio Sc 2010; 7: 
616-623. 
13. Spollansky TC, Pitta-ASI, Giulietti AM. Effect of 
jasmonic acid and aluminum on production of tropane 
alkaloids in hairy root cultures of Brugmansia candida. 
EJB Elec J Biotech 2000; 3(1): 72-75. 
14. Sultana RS, Bari Miah MA. In vitro propagation of 
Karella (Momordica charantea L.) from nodal segment 
and shoot tip. J Biol Sc 2003; 3: 1134-1139. 
15. Murashige T, Skoog F. A revised medium for rapid 
growth and bioassays with tobacco tissue cultures. 
Physiol Plant 1962; 15: 473-497.  
16. Bao PH, Granata S, Castiglione S, Wang G, Giordani C, 
Cuzzoni E, Damiani G, Bandi C, Datta SK, Datta K, 
Potrykus I, Callegarin A, Sala F. Genomic changes in 
transgenic rice (Oryza sativa L.) plants produced by 
infecting calli with Agrobacterium tumefaciens. Plant 
Cell Rep 2001; 20:325–330. 
17. Bregitzer P, Tonks D. Inheritance and expression of 
transgenes in barley. Crop Sci 2003; 43: 4–12. 
18. Kishore NS, Visarada KBRS, Lakshmi YA, 
Pashupatinath E, Rao SV, Seetharama N. In vitro culture 
methods in sorghum with shoot tip as the explant 
material. Plant Cell Rep 2006;  25:174–182. 
19. Yookongkaew N, Srivastanakul M, Narangajavana J. 
Development of genotype independent regeneration 
system for transformation of rice (Oryza sativa ssp. 
indica). J Plant Res 2007; 120:237–245. 



TPI JOURNAL 

Vol. 1 No. 9 2012                                               www.thepharmajournal.com                                                     Page | 56  
 

20.Montanucci CAR,  Furlan F, Neiverth AA, Neiverth W, 
Zadinelo IV, Sereniski RM, Romani I, Missio RF, Santos, 
MF, Vendruscolo ECG, Echer MM. Evaluation of seed 
germination and plant regeneration in Brugmansia 
suaveolens – a trophane alkaloid producer plant. Int J 
Med Arom Plants 2012; 2(3): 396-405. 
21. Julliard J, Sossunlzor L, Habricot Y, Pellitier G. 
Hormonal requirement and tissue competency for shoot 
organogenesis in two cultivars of Brassica napus. 
Physiol Plant 1992; 84: 521-530. 
22. Shekhawat MS, Shekhawat NS. Micropropagation of 
Arnebia hispidissima (Lehm). DC. and production of 
alkannin from callus and suspension culture. Acta 
Physiologiae Plantarum, 2011; 3: 1445-1450. 
23. Shekhawat MS, Kannan N, Manokari M, Revathi J. In 
vitro Propagation of Oldenlandia umbellata L. – A Highly 
Medicinal & Dye-yielding Plant of Coromandel Coast. Int 
J Rec Sci Res 2012a; 3(9): 758-761. 
24. Van Eck JM, Kitto SL. Callus initiation and 
regeneration in Mentha. Hort Sci 1990; 25: 804-806. 
25. Sen J, Sharma AK. Micropropagation of Withania 
somnifera from germinating seeds and shoot tips. Plant 
Cell Tiss Org Cult 1991; 26: 71-73. 
26. Mishra PK, Bhatnagar SP. Direct shoot regeneration 
from the leaf explants of cucumber (Cucumis sativus L.). 
Phytomorphology 1995; 45: 47-55. 
27. Hutchinson MJ, Saxena PK. Role of purine 
metabolism in thidiazuron-induced somatic 

embryogenesis of geranium (Pelargonium horturum) 
hypocotyl cultures. Physiol Plant 1996; 98:517–522. 
28. Martinussen I, Nilsen G, Svenson L, Junttila O, Rapp 
K. In vitro propagation of cloudberry (Rubus 
chamaemorus). Plant Cell Tis Org Cult 2004; 78: 43-49. 
29. Vasudevan A, Selvaraj N, Ganapathi S, 
Kasthurirengan S, Ramesh Angbazhagan 
Manickavasagam M. Glutamine: a suitable nitrogen 
source for enhanced shoot multiplication in Cucumis 
sativus L. Biologia Plantarum, 2004; 48(1): 125-128. 
30. Padmapriya H, Karthikeyan AVP, Jahir Hussain G, 
Karthi C, Velayutham P. An efficient protocol for in vitro 
propagation of Solanum nigrum L. from nodal explants. J 
Ag Tech 2011; 7(4):1063-1073. 
31. Selvaraj N, Vasudevan A, Manickavasagam M, 
Ganapathi A. In vitro organogenesis and plant formation 
in cucumber. Biol Plant 2006; 50: 123–126. 
32. Baskaran P, Velayutham P, Jayabalan N. In vitro 
regeneration of Melothria maderaspatana via indirect 
organogenesis. In Vitro Cell Dev Biol-Plant 2008; DOI 
10.1007/s11627-008-9172-8. 
33. Shekhawat MS, Manokari N, Kannan N, Pragasam A. 
In vitro clonal propagation of Cardiospermum 
helicacabum L. through nodal segment culture. The 
Pharma Innovation 2012; 1(7): 1-7. 
34. Batra S, Kumar S. Agrobacterium-mediated transient 
GUS gene expression in buffel grass (Cenchrus ciliaris 
L.). J Appl Genet 2003; 44: 449–458. 

 


