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ABSTRACT: 
In this present study a reproducible in vitro protocol has been standardized for direct micropropagation of an 
endangered medicinal plant, Plumbago zeylanica Linn. using shoot apex and nodal explants. The highest frequency 
of multiple shoot buds was obtained from both explants on Murashige and Skoog (MS) medium supplemented with 
various concentrations and combinations of plant growth regulators  namely, 6-benzylaminopurine (BAP), Kinetin 
(Kn), Indole-3-acetic acid (IAA) and α-naphthalene acetic acid (NAA). Highest  number of shoot buds induction 
(6.27 ± 0.31) was observed from nodal explants on MS fortified with 1.5 mg/l BAP + 1.0 mg/l IAA. Maximum 
elongation of shoot buds (4.79 cm ± 0.35) took place on MS medium fortified with 1.5 mg/l BAP + 0.5 mg/l IAA. 
Best rooting was observed when elongated shoots were excised and transferred to half strength MS medium 
containing 1.0 mg/l IBA (Indole-3-butyric acid). After four weeks of a hardening phase, 81% of plantlets were 
successfully acclimatized and established in soil.  
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[I] INTRODUCTION 

Plumbago zeylanica Linn. commonly known as 
White Leadwor and Chitrak (Bengla). Chitrak is 
an evergreen perennial under shrub belonging to 
the family Plumbaginaceae, grows in wastelands 
and graveyards in almost all areas of Bangladesh 
[1]. It is also found in the tropical and subtropical 
regions of the world. The roots are reputed to have 
a wide spectrum of therapeutic properties in the 
ayurvedic system of medicine. Its roots and aerial 
parts are the main source of plumbagin, an 
alkaloid used as anticancer drug [2, 3]. It is also 
used as an irritant of the skin, in the treatment of 
rheumatism, piles, diarrhea and anasarca [4]. 

Recently, antioxidant activity [5], anti-allergic 
activity [6], anti-malarial [7], cerebral ischemia 
[8], breast and gastric cancer [9], anti-
inflammatory activity [10] and ovarian cancer 
cells [11] and also has a stimulant action on the 
nervous system [12] reported from its stem and 
roots. Plumbagin is lethal to a wide spectrum of 
bacteria and pathogenic fungi [13].  
Latex of the plant is used externally in scabies and 
ulcers. Conventional method of propagation 
through seed is unreliable due to poor seed setting 
and germination [14]. In vitro micropropagation 
method is an alternative method of conservation 
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and rapid mass propagation of elite genotype 
independent from seasonal influences as well as 
the production of virus free plant species [15]. 
This method offer powerful tools for studying and 
solving the basic and applied problems in plant 
propagation and genetic manipulation. 
Biotechnological   approaches like plant tissue 
culture have been adopted for enhancing bioactive 
molecules in medicinal plants due to the optimum 
concentration of nutrients and growth regulators 
[16,17]. In vitro micropropagation of some other 
important medicinal plants such as, Momordica 
charantia [18], Lawsonia inermis [19], Gentiana 
kurroo [20] and Cordeauxia edulis [21]. There are 
some reports on tissue culture of Plumbago 
zeylanica [22,23] using different explants through 
direct and indirect organogenesis. Keeping in 
view the endangered status of Plumbago zeylanica 
Linn., the present investigation was aimed at the 
development of a simple protocol for efficient 
micropropagation through direct organogenesis 
from shoot apex and nodal explants. 
 
[II] MATERIALS AND METHODS 
2.1  Preparation of plant materials  
 Shoot apex and nodal explants of Plumbago 
zeylanica, were collected from medicinal 
plant garden attached to the department of 
Botany, University of Chittagong. They were 
immersed in running tap water for 15 minutes, 
then treated with liquid detergent (Tween 20) 
for 10 minutes and followed by dipping in 5% 
(v/v) savlon solution for 10 minutes. The 
material was then repeatedly washed with 
sterile distilled water. After rinsing with 70% 
ethanol for less than 60 Seconds, they were 
surface sterilized with 0.1% (w/v) HgCl2 for 
10 minutes and washed with sterile distilled 
water 4-5 times.  
The surface sterilized explants were cut into 
small pieces (0.5-1.0cm) with a sterilized 
surgical blade and then inoculated onto the 
culture media. 

2.2 Culture medium and growth conditions 
The sterilized explants were cultured on MS basal 
medium supplemented with different 
concentrations and combinations of plant growth 
regulators (PGRs) were used for induction of 
organogenesis or embryogenesis. In some cases 
the multiple shoot buds that developed from either 
shoot apex or from nodal explants elongated on 
MS supplemented with different PGRs and for 
rooting, elongated shoots were rescued aseptically 
from the culture vessels and cultured on rooting 
medium containing half strength MS medium 
fortified with different concentrations of auxins. 
In all cases the media were solidified with 0.8% 
(w/v) agar and pH was adjusted to 5.8 before 
autoclaving for 30 minutes at 1210C under 
1.1kg/cm2 pressure. Culture vessels with 
inoculated explants were incubated at 25±2°C and 
under 65 - 70% relative humidity with a regular 
cycle of 14 hours light and 10 hours dark at 2000-
3000 lux intensity by florescent tubes. 
 
2.3 Multiple shoot buds proliferation   
Shoot apex and nodal explants were cultured on 
MS basal medium containing 3% sucrose (w/v), 
0.8 % agar (w/v) and various concentrations of 
auxins and cytokynins were used for multiple 
shoots proliferation. After two weeks the clumps 
of shoots were sub cultured on MS medium 
containing 3 % (w/v) sucrose, 0.8 % (w/v) agar 
with suitable growth regulators for multiplication 
and maturation of the shoots. 
 
2.4 Elongation of multiple shoot buds  
Proliferated multiple shoots were divided into 
small clusters of two to three shoots. They were 
sub cultured on  same medium or different media 
for further response at an interval of 15-20 days. 
Culture vessels were maintained in the culture 
room in the same light and temperature 
conditions. 
 
2.5 Root Induction  
For in vitro rooting, the longest shoots (2.0-4.0 cm 
length) were excised and transferred to half 
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strength MS medium containing sucrose (30g/l) 
and agar (8.0g/l) supplemented with different 
concentrations of IAA (0.1-1.5 mg/l), IBA (0.1-
1.5 mg/l) & NAA (0.1-1.5 mg/l) for root 
induction. After 2-3 weeks, the proliferated 
multiple shoots were separated and individual 
shoots were placed on rooting media. The 
adventitious roots were produced from the cut 
ends of micro shoots within 3-4 weeks of culture 
on suitable medium. 
 
2.6 Acclimatization and transfer to field 
Plantlets with well developed root were removed 
from the culture medium, and the roots were 
washed gently with water to remove agar then 
plantlets were transferred to poly cups containing 
a mixture of soil and compost (2:1) for hardening. 
The plantlets were kept in a chamber at 80-85% 
relative humidity, 30±20C under a 12 hours 
photoperiod for acclimation. Hardening was 
continued for 3 weeks, or until they were 
successfully acclimatized. Established plantlets 
were transplanted in poly cups under natural 
conditions and the survival rate was recorded after 
4 weeks of plantation in the pots. 
 
2.7 Data analysis 
All experiments were carried out with three 
replicates in each treatment. Observations were 
recorded on the percentage of response, number of 
shoots per explant and number of roots per shoot 
bud. A minimum of 10-15 explants were used for 
each experiment. Means and standard deviations 
(mean ± SD) were calculated for each treatment. 
 
[III] RESULTS 
3.1 Explants establishment and multiple shoot 
buds initiation 
The Shoot apex and nodal segments of Plumbago 
zeylanica cultured on the MS basal medium 
fortified with different concentrations of BAP or 
Kn in combination with NAA or IAA (Table-1). 
Both explants grown on plant growth regulators 
containing media showed varying success in shoot 
initiation depending on the types of explant and 

the growth regulators added. Between the two 
explants, nodal  explants gave better results 
compared to the shoot apex in all the media tested. 
Among the various media combinations, MS basal 
medium supplemented with 1.5mg/l BAP + 1.0 
mg/l IAA responded very effectively for the 
successful initiation of shoot buds, with the 
maximum average number of (6.27 ± 0.31) shoot 
buds per explant (Table-1) (Figure-1A&B). In an 
another set of experiment, the MS medium 
supplemented with Kn (0.5-2.0 mg/l) in 
combination with 0.5 - 1.0 mg/l IAA or NAA, 
showed poor induction of shoots per explant 
(Table-1).  
The lowest percentage (07%) of shoot buds 
induction was observed in  MS medium 
containing 2.0 mg/l Kn + 1.0 mg/l NAA which 
was not be suitable for following phase of 
Elongation. 
 
3.2  Elongation of multiple shoot buds          For 
rapid elongation, the multiple shoot buds that 
produced directly from the different type of 
explants underwent elongation when cultured on 
the elongation media (Table-2). The longest shoot 
(4.79 cm) was found on MS medium 
supplemented with 1.5 mg/L BAP + 0.5 mg/L 
IAA (Figure-1E) and shortest shoot (0.65 cm) was 
found on  0.5 mg/L Kn + 1.0 mg/L IAA.  
 
3.3  In vitro rooting and Acclimatization 
In vitro grown elongated shoots (2-4cm) were 
separated and transferred to rooting media. Half 
strength MS basal medium supplemented with 
different concentrations of auxins namely, IAA, 
IBA and NAA were used in rooting experiment. 
Data were recorded after 3-4 weeks of inoculation 
(Table-3). Among the growth regulators, IBA had 
the prevalent effect on root formation (Figure-
1F&G).  
The optimal root induction was observed on half 
strength MS medium fortified with 1.0 mg/l IBA. 
This media showed the maximum average number 
of roots (10.02 ± 0.17) with highest mean length 
of (4.57 cm) root. In vitro developed well rooted 
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shoots were brought out from culture vessels and 
washed with running tap water then transferred to 
outside plastic pots containing a mixture of soil 
and compost (2:1) through successive phases of 
hardening (Figure-1H&I). On an average survival 

rate of plants was 81%. Plants transferred to the 
field have established themselves in the soil and 
were growing well.  
The regenerated plants did not show any 
immediately detectable phenotypic variation. 

 

 
Table- 1 Effect of different plant growth regulators in MS medium for initiation of multiple shoot buds 
from shoot apex and nodal explants of P. zeylanica after 3 weeks of culture. 
 

PGRs 

combination(mg/l) 
Explants 

% of explants 

showing shoot 

regeneration 

Average*  no. of multiple shoot buds 

per culture (mean ± SE) 

BAP + IAA 
0.5 + 1.0 

NS** 
SA** 

38 
25 

1.06  ± 0.17 
0.78 ± 0.11 

1.0 + 1.0 
NA 
SA 

45 
33 

2.31  ± 0.15 
1.48  ± 0.23 

1.5 +0.5 
NA 
SA 

77 
68 

4.37  ± 0.09 
2.31  ± 0.10 

1.5 + 1.0 NS 
SA 

100 
83 

6.27  ± 0.31 
2.79  ± 0.15 

2.0 + 1.0 
NA 
SA 

56 
42 

3.60  ± 0.42 
2.92  ± 0.22 

BAP+NAA 
0.5 + 1.0 

NA 
SA 

36 
19 

0.88  ± 0.20 
0.61  ± 0.19 

1.0 +  1.0 
NA 
SA 

41 
38 

3.45 ± 0.13 
1.92  ± 0.01 

1.5 +  1.0 NA 
SA 

53 
41 

2.13  ± 0.07 
1.02 ± 0.11 

2.0 + 0.5 
NA 
SA 

37 
26 

1.20 ± 0.28 
3.10 ± 0.11 

Kn+IAA 
0.5 + 1.0 

NA 
SA 

17 
10 

0.67 ± 0.02 
0.45 ± 0.13 

 
1.0 + 1.0 

NA 
SA 

35 
21 

1.14 ± 0.32 
0.83 ± 0.18 

 
1.5 + 1.0 

NA 
SA 

49 
37 

1.37 ± 0.31 
0.93 ± 0.16 

 
2.0 + 1.0 

NA 
SA 

32 
23 

1.01 ± 0.38 
0.78 ± 0.24 

Kn+NAA 
0.5 + 1.0 

NA 
SA 

15 
11 

0.56 ± 0.28 
0.21 ± 0.10 

1.0 + 1.0 
NA 
SA 

21 
15 

0.85 ± 0.33 
0.43 ± 0.17 

1.5 + 1.0 NA 
SA 

35 
22 

1.03 ± 0.11 
0.72 ± 0.19 

2.0 + 1.0 
NA 
SA 

17 
07 

0.35 ± 0.09 
0.19 ± 0.01 

 
*Values are the mean of three replicates each with 15 explants. **NS- Nodal segment,  ***SA- Shoot apex. 
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Table-2 Effect of different plant growth regulators in MS medium on elongation of multiple shoot buds 
of P. zeylanica. 
 

PGRs 

combination(mg/l) 

Average* initial length (cm) of 

individual shoot bud (mean ± SE) 

Average* length(cm) of multiple shoot bud 

after 30days of culture (mean ± SE) 

BAP+ IAA 

0.5 + 1.0 
0.79 ± 0.02 1.01 ± 0.10 

1.0 + 0.5 1.28 ± 0.12 2.31 ± 0.19 

1.5 + 0.5 1.56 ± 0.18 4.79 ± 0.35 

1.5+ 1.0 1.10 ± 0.03 2.01 ± 0.13 

2.0 + 1.0 0.92 ± 0.05 1.40 ± 0.17 

BAP + NAA 

0.5 + 1.0 

 

0.71 ± 0.32 

 

0.88 ± 0.11 

1.0 + 0.5 0.92 ± 0.19 1.23 ± 0.20 

1.5 + 1.0 1.14 ± 0.12 2.52 ± 0.32 

2.0 + 1.0 1.04 ± 0.16 1.37 ± 0.06 

Kn + IAA 

0.5 +1.0 
0.42 ± 0.11 0.65 ± 0.21 

1.0 + 0.5 0.62 ± 0.10 0.86 ± 0.21 

1.5 + 1.0 0.81 ± 0.05 0.98 ± 0.18 

2.0 + 1.0 0.88 ± 0.11 1.01 ± 0.10 

     * Values are the mean of three replicates each with 15 explants. 
 
Table-3 Effect of different concentrations of auxins on root induction from in vitro raised micro-shoots of 
P zeylanica in half strength MS medium. 
 

PGRs mg/l % of Rooting Mean no* of roots per 
shoot bud (±SE) 

Mean* length of root(cm) 
(±SE) 

IAA 

0.1 - - - 
0.5 36 2.30 ± 0.21 2.56  ± 0.19 
1.0 55 4.62 ± 0.13 2.67 ± 0.14 
1.5 49 3.78 ± 0.34 2.01 ± 0.11 

IBA 

0.1 75 6.25 ± 0.15 3.12  ± 0.23 
0.5 89 8.20 ± 0.14 3.50 ± 0.21 
1.0 100 10.02 ± 0.17 4.57 ± 0.15 
1.5 87 8.01 ± 0.24 2.87 ± 0.17 

NAA 

0.1 45 2.41 ± 0.11 1.75  ± 0.18 
0.5 62 3.07  ± 0.09 2.68  ± 0.10 
1.0 71 3.69 ± 0.22 2.73 ± 0.16 
1.5 77 2.89 ± 0.32 2.61 ± 0.32 

    * Values are the mean of three replicates each with 15 explants   ' -' no response 
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Figure-1 Direct shoots regeneration of Plumbago zeylanica. A&B-Induction of multiple shoot buds; 
C&D-Proliferation and development of shoot buds after 2 weeks of culture; E- Elongation of micro shoot 
after of 4 weeks of culture; F&G- Rooting of in vitro-derived shoots on ½ MS+1.0 mg/l IBA; H&I- 
Hardening and acclimatization of in vitro grown plantlets. 

A B C 

D E F 

G H I 
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[IV] DISCUSSION 
4.1 In vitro multiple shoot buds induction 
Different growth regulators, specially auxins and 
cytokinins played a notable role in micro 
propagation of many important medicinal plants 
[24,25,26]. This method is an advanced technique 
which offers a large number of genetically 
uniform and virus free plants in limited duration 
and space [27]. In case of Plumbago zylanica  
nodal explants were found to be more effective 
for multiple shoot proliferation than shoot apex. 
Shoots initiation were performed with seventeen 
concentrations and combinations of BAP, Kn, 
IAA and NAA. Present investigation revealed 
that between the two cytokinins, BAP was more 
effective than Kn in case of shoot induction and 
multiplication. Shoot induction efficiency of 
BAP was also observed in  other medicinal plants 
such as, Solanum nigrum [28],  Achyranthes 
bidentata [29], Alternanthera sessilis [30]. 
Addition of low concentrations of auxins (IAA 
and NAA) in combination with cytokinins (BAP 
and Kn) increased gradually  multiple shoot buds 
induction. Similar PGRs effects on shoot buds 
formation were reported in other medicinal plants 
namely, Crocus sativus [31], Hybanthus 
enneaspermus [32], Swertia chirayita [33]. 
 
4.2 Multiplication and elongation of in vitro 
grown shoot buds: 
MS basal medium fortified with different 
concentrations and combinations of plant growth 
regulators viz. BAP and Kn each in combination 
with NAA or IAA  were performed for shoot 
buds multiplication and elongation. The 
maximum number of shoot buds per explant was 
observed in MS basal medium fortified with 1.5 
mg/l BAP + 1.0 mg/l IAA. The present 
investigation revealed that BAP was the most 
effective than Kn for shoot multiplication in this 
species. MS media supplemented with 1.5 mg/l 
BAP + 0.5 mg/l IAA  was proved effective for 
rapid elongation. In this combination, the longest 
(4.57 cm) shoot buds were developed. present 

result showed that, when the concentration of 
BAP is increased gradually the multiplication 
rate is reduced to a greater extent, which is also 
akin to the previous report of Ganesan et al., in 
Asrtemisia annua L. [34]. Effect of BAP and Kn 
in combinations with NAA or IAA for 
proliferation and elongation of multiple shoot 
buds were reported in some other medicinal 
plants viz. Helicteres isora [35]. Plumbago rosea 
[36], Rauvolfia tetraphylla [37] and Carthamus 
tinctorius [38]. 
 
4.3 Rooting of in vitro derived shoots 
Elongated shoots were excised individually and 
cultured on half strength MS medium 
supplemented with different concentrations of 
auxins (IAA, IBA and NAA). The best response 
was observed when 1.0 mg/l IBA was added to 
half strength of MS media. Half strength MS  
fortified with 0.1 mg/l IAA did not give any 
response for rooting. On the other set of 
experiment, preeminent root induction was 
achieved on half strength MS medium enriched 
with different concentrations of NAA but  on the 
whole analyzed parameters such as mean rate of 
root induction and root length were lower. 
However, maximum root induction efficiency of 
NAA was reported in Thymus satureioides [39] 
and Lippia filifolia [40] and weak and large 
number of rootless shoots were observed in half 
strength MS with IAA. This is parallel with 
previous report in Ruta graveolens [41]. 
However, Echeverrigaray et al. [42] and  
Alizadeh et al. [43] reported  that IAA was more 
efficient than IBA and NAA in terms of root 
induction. Among the three auxins, IBA was 
found to be the more efficient than NAA and 
IAA for root induction of this plant species. 
Similar effects of IBA on rooting has been 
reported in many medicinal plants including, 
Mentha piperita [44], Commiphora mukul [45] 
Glinus lotoides [46], Majorana hortensis [47], 
Operculina turpethum [48], Psoralea corylifolia 
[49] and Stevia rebaudiana [50]. 
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The in vitro regenerated well rooted plantlets  
were  acclimatized without any complexity . The 
results of this study was in agreement with  
Amudha et al. [51], Wesely et al. [52], and Purna 
et al. [53]. The plantlets having more than one 
branch with abundant leaves were sturdy and 
survived easily than plantlets with a single shoot 
and less leaf.  
 
[V] CONCLUSION 
The present investigation has shown that the 
response of Plumbago zeylanica Linn. to 
micropropagation seems to be dependent more 
precisely on the types of explant as well as on the 
PGRs treatments. MS basal medium containing 
1.5  mg/L BAP + 1.0 mg/l IAA gave the best 
response of shoot induction from nodal segments. 
Maximum elongation of shoot buds took place on 
MS supplemented with BAP at 1.5 mg/L in 
combination with 5.0 mg/L IAA and half strength 
MS medium fortified with 1.0mg/l IBA was most 
suited for root initiation. The plantlets obtained 
survived and grew normally in the outside 
environment. This procedure was recommended 
for establishes an efficient regeneration protocol 
for micropropagation of Plumbago zeylanica 
with large potential for use in pharmaceutical 
industry. 
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