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Attempt was made to standardize the regeneration protocol. Medium was optimized for callusing, 
organogenesis and rooting of Vitex leucoxylon. Compact and greenish callus from internodal segments 
was achieved when stem segments were cultured on Murashige and Skoog (MS) medium fortified with 
5.37 µM NAA + 2.22 µM BAP. In vitro regeneration of shoot buds was achieved from internodal callus 
cultured on MS medium supplemented with 13.30 µM BAP along with 5.37 µM NAA and/or 8.90 µM KN 
with 2.69 µM NAA. Regeneration and multiplication rate was high in MS medium containing 8.64 µM GA3 

and 7.20 µM BAP. Elongated shoots were isolated and cultured on ½ strength MS medium 
supplemented with different concentrations of indole 3-butyric acid (IBA) for root induction. Higher 
degree of rooting was obtained on MS with 4.90 µM IBA. Rooted plantlets were hardened and 
successfully established using garden soil. This is the first report dealing with in vitro regeneration 
system for V. leucoxylon L.  
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INTRODUCTION 
  
Vitex leucoxylon L. (Nirnochi) is a large deciduous tree 
with spreading head and trunk and belongs to the family 
Verbenaceae. It is widely distributed in the forests of 
Madras Presidency, Deccan Peninsula and Sri Lanka. 
Herbal extracts, specifically the extract obtained from V. 
leucoxylon is found to cure diabetics, inflammatory 
diseases, liver disorders and free radical mediated 
diseases. Roots and the bark of V. leucoxylon L. are 
astringent and febrifuge. Leaves are used in traditional 
medicine for relieving headache, fever and catarrh 
(Chanda, 1982). Sarma et al. (1990) studied the anti-
inflammatory and wound healing properties of the crude 
alcoholic extract of V. leucoxylon in acute inflammation 
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Abbreviations: MS, Murashige and Skoog; IAA, indole 3-acetic 
acid; IBA, indole 3-butyric acid; NAA, 1-naphthaleneacetic acid; 
GA2, gibberellic acid; BAP, 6-benzyleaminopurine; KN, kinetin. 

model. General pharmacological studies deals with anti-
psychotic, anti-depressant, analgesic, anti-inflammatory, 
anti-Parkinson’s and anti-microbial activities of aqueous 
and ethanolic extracts (Makwana et al., 1994). Rao et al. 
(1997) isolated many pharmaceutically important bio 
active compounds like β- sitosterol, dimethyl terphthalate, 
vitexin, isovitexin, agnuside and aucubin from the leaves. 
Nuclear magnetic resonance (NMR) spectrum studies 
revealed that a similar compound to those of ursolic acid 
(3β-Hydroxyurs-12-en-28-oic acid) with the exception of 
the resonances of C- 2 atom was found (Gokaraju et al., 
2007) and the compound was named to be (2α, 3β)-2, 3-
dihydroxy-urs- 12-en-28-oic acid (corosolic acid) with a 
molecular formula of C30H48O4. Corosolic acid is also 
known as 2-alpha-hydroxyursolic acid and is considered 
as botanical insulin. The compound is known for inhibiting 
increase in blood sugar level and also reduces 
accumulation of triglycerides. 

Undue exploitation of medicinal plant species leads to 
substantial loss of their habitats during a couple of 
decades and resulted in population decline of many high 
value medicinal plant species (Kala, 2003). An  estimated 
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Table 1. Effect of growth regulators on callus induction from internodal 
explants of V. leucoxylon. 
 

PGRs (µM) Percentage of explants forming callus* 

BAP NAA Internode 

2.22 2.69 73.67 ± 2.19 

2.22 5.37 90.67 ± 1.45 

2.22 8.06 53.67 ± 1.67 

2.22 10.74 42.33 ± 0.67 

2.22 13.43 33.67 ± 1.33 

2.22 16.11 18.33 ± 1.67 
 

*Values are expressed as mean ±SE of 20 replicates/ treatment; experiment 
carried out three times. 

 
 
 

4,000 to 10,000 species of medicinal plants face potential 
extinction, with subsequent serious consequences for 
livelihoods, economies and health care systems 
(Hamilton, 2004). A few works has been reported on 
biochemical and antimicrobial activities of V. leucoxylon, 
but no report is available about in vitro micro propagation 
and organogenesis. Hence, the present investigation was 
aimed to develop a protocol for micropropagation through 
in vitro organogenesis from internodal explants. 
 
 
MATERIALS AND METHODS 

 
Seedlings were collected from Medicinal Plants Conservation 
Council and Training Center, Sevaiyur, Virudhunagar district and 
maintained in the medicinal plant garden, Department of 
Biotechnology, Sri Kaliswari College, Sivakasi. Juvenile shoots 
were collected from two year old plant of V. leucoxylon and shoots 
were cut into 4 - 5 cm long pieces. Explants were surface sterilized 
with 10% sodium hypochlorite for 10 min and rinsed with sterile 
double distilled water 4 - 5 times. Surface sterilized shoots were 
trimmed, prior to inoculation on the basal medium under sterile 
conditions. The Subcultures were done at regular intervals 
incubated at 25 ± 2°C under a 16 h photoperiod with a light intensity 
of 20 µmol m¯

2 
s¯

1 
provided by cool, white fluorescent tubes (Phillips, 

India). Cultures were subcultured at regular intervals. 
Basal nutrient medium contained MS (Murashige and Skoog, 

1962) salts and vitamins and sucrose (30 g/l). Nutrient medium pH 
was adjusted to 5.8 prior to addition of 8 g/l Agar-Agar type I 
(Himedia, Mumbai) and then autoclaved at 121°C (106 kPa) for 20 
min. Stock solutions of plant growth regulators napthlyene acetic 
acid (NAA), indole 3-butyric acid (IBA), 6- benzylaminopurine (BAP), 
kinetin (KN) and gibberllic acid (GA3) (Sigma-Aldrich Co. Ltd., 
Bangalore, India) were dissolved in 1 N NaOH and further diluted 
with distilled water. For the purpose of callus induction, shoot 
regeneration and rooting various concentrations of plant growth 
regulators were used in combinations. For callus induction, MS 
medium supplemented with NAA (2.69, 5.37, 7.06, 10.74, 13.43 
and 16.13 µM) and BAP (2.22 µM) in 30 - 45 days of culture. While 
for shoot induction, BAP (4.40, 8.90, 13.30, 17.80 and 22.20 µM), 
KN (4.60, 8.90, 13.50, 17.80 and 22.20 µM) with varying 
concentrations of NAA (2.69 and 5.37 µM) were attempted, for 
elongation of shoots GA3 (2.88 µM) and BAP (4.40, 8.90, 13.30, 
17.80, 22.20 µM) and rooting was attempted in IBA (2.46, 4.90, 
7.36, 9.80 µM). The regenerated shoot was carefully rescued from 
the culture tubes and placed on a freshly prepared rooting medium 
containing half strength MS salts fortified with vitamins and different 
concentrations of IBA for root initiation. The plantlets were 

transplanted to small plastic pots containing garden soil, red soil 
and sand (1:2:1) ratio. The plantlets were nourished with half 
strength MS liquid medium for 2 weeks. 
 
 

RESULTS AND DISCUSSION 
 

Stem explants responded differentially in terms of callus 
proliferation. Internodal cutting induced fresh calli which 
was compact and green (Figure 1a). Highest percentage 
(90.67 ± 1.45) of callus regeneration was achieved in MS 
medium supplemented with NAA 5.37 µM + BAP 2.22 µM 
(Table 1). Likewise, internodal segments of Cumin plant 
when cultured on MS medium supplemented with BAP 
had good response on shoot induction (Azza and Noga, 
2001).  

On sub-culturing, profuse shoot bud regeneration was 
noticed within 8 weeks from the callus on medium 
contained BAP 13.30 µM of in combination with NAA 5.37 
µM (Table 2; Figures 1b and c). Comparable results were 
also reported by Gangopadhyay et al. (1998) where, BAP 
(8 mg/l) with NAA (0.5 mg/l) produced maximum number 
multiple shoots in sesame. At this concentration, callus 
turned whitish green from brownish yellow and gradually 
turned greenish.  

The frequency of bud formation was highest in 6 - 8 
week-old calli and when more than 8 week calli were 
used for shoot induction, the rate of organogenesis 
gradually declined which is related to physiological 
maturity of the callus. Morphogenetic potential was not 
changed in response to NAA concentrations, while 
concentration of BAP increased beyond 13.30 µM, where 
there was a rapid decline in shoot regeneration. Each 
cultured calli produced 2 - 3 shoots having 5 - 7 nodes. 
Biasi et al. (2000) reported that concentrations of 1.0 or 
2.0 mg/l BAP gave better rate of organogenesis. But the 
lower concentration of NAA and BAP did not yield any 
morphogenetic response even after 3 - 4 subcultures in 
fresh organogenesis medium. Higher concentrations 
were efficient for the induction of adventitious buds and 
they were detrimental for subsequent shoot development. 

Various morphogenetic responses were observed 
when callus was transferred on to fresh medium  containing 
different concentrations of KN and NAA. 
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Table 2. Effect of NAA along with BAP and KN on shoot organogenesis from internodal callus segments 
of V. leucoxylon. 
 

PGRs (µM) Mean percentage response of callus producing shoots* 

NAA KN No. of shoots No. of nodes No. of leaves 

2.69 4.6 2.33 ± 0.33 1.67 ± 0.33 2.67 ± 0.33 

2.69 8.9 4.00 ± 0.58 3.33 ± 0.33 6.67 ± 0.88 

2.69 13.9 2.00 ± 0.58 2.33 ± 0.33 4.00 ± 0.58 

2.69 18.6 0.00 0.00 0.00 

2.69 23.2 0.00 0.00 0.00 

 

NAA 

 

BAP 

   

2.69 4.4 0.00 0.00 0.00 

2.69 8.9 0.00 0.00 0.00 

2.69 13.3 1.67 ± 0.67 1.00 ± 0.58 1.00 ± 0.58 

2.69 17.8 1.67 ± 0.67 2.33 ± 0.67 3.33 ± 0.33 

2.69 22.2 0.67 ± 0.33 1.00 ± 0.58 2.67 ± 0.67 

5.37 4.4 1.00 ± 0.58 2.33 ± 0.88 4.00 ± 0.58 

5.37 8.9 2.67 ± 0.88 5.67 ±0.88 11.67 ± 0.88 

5.37 13.3 4.33 ± 0.88 8.33 ± 1.20 14.67 ± 0.88 

5.37 17.8 1.00 ± 0.58 5.33 ± 0.33 8.00 ± 0.58 

5.37 22.2 0.67 ± 0.33 1.33 ± 0.33 1.67 ± 0.67 
 

*Data are from three independent experiments with at least 10 replicates (5 explants/ replicate) per treatment, 
and are expressed as mean ± SE. 

 
 
 

Table 3. Effect of combination of PGR on elongation of adventitious shoots of V. leucoxylon. 
 

PGRs (µM) Mean number of regenerated shoots/explants* 

GA3 BAP Shoot length (cm) No. of nodes/shoot 

2.88 2.4 5.70 ± 0.03 3.23 ± 0.15 

2.88 4.4 5.77 ± 0.04 3.70 ± 0.12 

2.88 7.2 8.87 ± 0.09 5.40 ± 0.27 

2.88 8.8 6.07 ± 0.18 4.27 ± 0.15 

2.88 12 5.33 ± 0.20 3.40 ± 0.21 

 

GA3 

 

KN 

  

2.88 2.6 3.03 ± 0.09 2.33 ± 0.24 

2.88 4.6 2.47 ± 0.12 1.90 ± 0.10 

2.88 7.8 2.17 ± 0.12 1.40 ± 0.31 

2.88 9.3 0.93 ± 0.15 1.33 ± 0.33 

2.88 13 0.60 ± 0.06 1.50 ± 0.29 
 

*Data are from three independent experiments with at least 10 replicates (5 explants/replicate) per treatment, and are 
expressed as mean ± SE. 

 
 
 

Combined effects of cytokinin (KN at 8.90 µM) and auxin 
(NAA at 2.69 µM) improved the number of proliferating 
shoots. Besides the number of shoot bud induced, PGRs 
accelerated mean shoot length considerably. Higher 
concentrations of KN did not bring on any morphogenetic 
effects on callus. Similar results were also reported by 
other workers (Rout and Das, 1997; Baskaran and 
Jayabalan, 2003). To overcome the apical dominance 
and to enhance the branching of lateral buds from leaf 

axil, the role of cytokinins has long been recognized and 
exploited in different plant species (Hu and Wang, 1983). 
It is known that BAP is the most effective synthetic 
cytokinins for stimulating axillary shoot proliferation for 
different plant species. After transferring to fresh MS 
medium fortified with GA3 (2.88 µM) in combination with 
varying concentration of BAP and KN, shoot elongation 
was observed within 3 weeks of culture (Table 3). From 
this culture, a significant shoot  number (8.87 ± 0.09)  and
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Figure 1. Plant regeneration from V. leucoxylon L. (a) callus induction from internodal tissue, (b and c) 
regeneration of shoots from callus, (d and e) elongation of regenerated shoots, (f and g) root initiation, 
(h and i) acclimatization of rooted plantlets in soil, (j) plantlet established in soil.  

 
 
 
beneficial shoot length (5.40 ± 0.27 cm) was obtained 
(Figures 1d and e). The higher concentration of BAP 
(>17.80 µM) often resulted in vitrification, swollen leaves 
and stunted internodes of V. leucoxylon. Similar type of 
problems was observed with (Gangopadhyay et al., 1998; 
Cid et al., 1997; Kalavathi et al., 2004) sesame micro 
propagation.   Kinetin   was   totally   ineffective   for    the 

induction of multiple shoot buds as only a single plant 
was developed from an explant. Ajith and Chaluvadi 
(2000) reported that KN did not support the proliferation 
of multiple shoots in Piper barberi. Similar results were 
also reported by other workers (George et al., 1987). The 
promoter effect of reduced concentration of MS salts on 
in vitro rooting of shoots has  been  described  in  several



Chordia et al.          2403 
 
 
 

Table 4. In vitro rooting response of V. leucoxylon on half strength MS medium. 
 

PGR IBA (µM) No. of roots/plant Root length/plant (cm) Survival (%) 

2.46 6.00 ± 0.58 4.67 ± 0.58 68 

4.90 8.33 ± 0.33 6.43 ± 0.48 96 

7.36 4.00 ± 0.58 3.27 ± 0.12 52 

9.80 2.33 ± 0.67 2.23 ± 0.09 31 
 

*Data are from three independent experiments with at least 6 replicates (5 explants/ replicate) per 
treatment, and are expressed as mean ±SE. 

 
 
 

reports (Hicks, 1987; Anjali et al., 2000). Among the 
different concentrations, IBA 4.90 µM showed the 
optimum results (96%), roots were initiated after 16 days 
of culture and the highest mean length of the longest root 
was 6.43 ± 0.48 cm and also the highest number of roots 
per plant (8.33 ± 0.33) (Table 4, Figures 1f and g). At IBA 
7.36 µM, rooting was reduced and basal callus formation 
was observed. The above results are in agreement with 
those of Peter et al. (2007) and Beena et al. (1992). The 
plantlets with elongated shoots and root system were 
considered ready for soil transfer. The plants transferred 
to soil survived in good condition (Figures 1h and j). 
 
 

Conclusion 
 
The authors report an efficient protocol for callus 
mediated adventitious shoot regeneration and in vitro 
rooting of V. leucoxylon internodal shoot. The authors are 
now the first to describe a simple and effective system 
that is suitable for both adventitious shoot formation and 
cell mass proliferation from internodes of V. leucoxylon. 
This technique could be used as a tool to introduce new 
variants of V. leucoxylon in a somaclonal variant 
selection program and rapid involvement of a callus 
phase makes the current methodology more desirable for 
gene transfer programs. 
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