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ABSTRACT

In this abstract we describe about the influence of plant growth hormones for in vitro propagation of
Lippia javanica, a woody aromatic shrub. This species has a good background of uses in ethnomedicinal
practices by traditional healers of India and African countries. Bio-active compounds like 4-ethyl-nonacosane
(1), (E)-2(3)-tagetenone epoxide (2), myrcenone (3), piperitenone (4), apigenin (5), cirsimaritin (6), 6-
methoxyluteolin 4'-methyl ether (7), 6-methoxyluteolin (8), 3',4',7-trimethyl ether (9), and 3-methyl-6-(1-
methylethylidene)-cyclohex-2-en-1-one (10) are found in this plant. The objective of the present study was to
find out conditions for effective clonal propagation of this shrub. Newly sprouted shoot tips were collected and
then excised nodes were cultured on MS (Murashige and Skoog) medium fortified with different concentrations
of 6-benzyleaminopurine (BAP), Kinetin (Kn), indole-3-acetic acid (IAA); sucrose (3%) and agar (0.7%)
following surface sterilization with 0.1% HgCl2. Good result was found when explants were inoculated in MS
+ BAP [0.15 mg/l]. Shoots were regenerated up to 3.7cm in this composition at 4th week but in the case of
multiplication, highest 2.42 shoots/explant were obtained at the 6th week in MS + BAP [0.25 mg/l]. When Kn
was added to the medium, no considerable difference was observed in shoot growth. Combination of single
auxin (IAA) and single cytokinins (either BAP or Kn) did not show good results. Again, multiple cytokinins
and single auxin showed better shoot length (2.58cm) and average number of multiple shoot (2.40) in MS +
BAP [1.0 mg/l] + Kn [0.5 mg/l] + IAA [0.25mg/l] at 6th week. Highest multiple shoot (2.71 shoots/explant)
was observed at 6th week in MS + BAP [1.50mg/l] + Kn [1.00mg/l]. Micro-shoots were cut to separate from
clump and implanted in root induction medium. Successful rooting was seen in MS + IBA [1.5mg/l]. After
hardening and proper acclimatization plantlets were transplanted into soil. After four weeks of observation, no
morphological variation was observed with the donor plant. This method of clonal propagation could play a
role to fulfill the demand of its plantlets to commercial cultivators and this protocol could serve for in vitro
conservation. 
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Introduction

Plant tissue culture is a method for the propagation of true type plant in vitro. This clonal propagation of
species benefits to produce plantlets in large number for commercial plantation and as well as in vitro
conservation of plant genetic resources. This propagation is being possible due to culturing the plant parts in
artificial medium with the application of exogenous application of plant growth hormones. These hormones
can play a role to promote plant growth in vitro. This plant tissue culture technique is widely used for the
production of important medicinal shrubs. 
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Medicinal flora has a vast diversity which can support in the health care system for people. These floras
are used to treat different diseases as preventive or curative measures, as well as nutritional supplements
through commercialization by pharmaceutical and herbal industries, and practices of local and traditional
healers. Among them, Lippia javanica (Family: Verbenaceae, Fever Tea in English) is one of the potential
woody aromatic shrub, widely used in different regions of the world. Different parts of this plant are used in
traditional medicine in India (Purkayastha et al., 2005) and Central Kenya (Njoroge et al., 2004). The Paliyar
tribals in India use the plant parts in their ethnomedicinal practices (Ignacimuth et al., 2008). It is reported that
L. javanica is used for the management of ear, nose and throat diseases in Central Kenya (Njoroge and
Bussmann, 2006) and also serve for livestock medicine in African countries (Masika and Afolayan, 2003). It
is also an important medicinal plant of Southern Africa (Van Wyk, 2008). 

This plant is an important source of vitamin A, thiamine, ascorbic acid, and essential amino acids
(Gulmour, 1983). This species has report on bioactivity as pesticide (Katsvanga and Chigwaza, 2004). Leaves
of this plant contains a-pinene, 1,3-5 cycloheptatriene, b-phellandrene, (+)-2-carene, 3-carene, eucalyptol and
caryophyllene oxide and repellency against mosquitoes (Nzira et al., 2009). A pure compound Piperitenone has
been isolated from Lippia javanica essential oil and found to have potential activity against protozoa and
bacteria (Samie et al., 2009a; Samie et al., 2009b, Viljoen et al., 2005).

Different compounds, 4-ethyl-nonacosane (1), (E)-2(3)-tagetenone epoxide (2), myrcenone (3), piperitenone
(4), apigenin (5), cirsimaritin (6), 6-methoxyluteolin 4'-methyl ether (7), 6-methoxyluteolin and 3',4',7-trimethyl
ether (8) has been reported in this shrub which showed bioactivity by inhibiting the HIV-1 reverse transcriptase
enzyme (Mujovo et al., 2008). 3-methyl-6-(1-methylethylidene)-cyclohex-2-en-1-one is a component of essential
oil from the plant demonstrating antimicrobial activity (Manenzhe et al., 2004).

We set up an objective in this experiment to develop a technique for in vitro clonal propagation of the
plant. We chose L. javanica in our experiment due to its demand for medicinal uses and commercial
cultivation.

Materials and methods

Explants source and preparation. 

One year old L. javanica plants were selected as donor plant grown in the Garden of Medicinal Plant at
the Department of Biotechnology and Genetic Engineering, University of Development Alternative. Young
shoot tips of 4-5 cm were collected for the sources of nodal explants. Then explants were first washed for 30
minutes in running water and then with Tween-80. Finally they were rinsed three times with sterile distilled
water following surface sterilization by 0.1% HgCl2 for 6 minutes under laminar hood to maintain the sterilized
condition. All the explants were cultured on basal Murashige and Skoog (MS) (Murashige and Skoog, 1962)
medium containing different concentrations of 6-benzylaminopurine (BAP), Kinetin (Kn) alone, combination
of BAP and Kn, and in combination with indole-3-acetic acid (IAA); sucrose (3%) and agar (0.7%). The pH
of the medium was adjusted to 5.8 before autoclaving and media was sterilized by autoclaving for 20 min at
121ºC and 1.05 kg/cm2. 

Culture of explants. 

Sterile explants were inoculated and cultured in the prepared medium (detailed in Result section).
Thereafter they were maintained at 26±2ºC with a photoperiod of 16/8 h under an illumination of 40-50 μmol
m-2s-1 provided by cool white fluorescence lamps.

Establishment into soil. 

Acclimatization was carried out for in vitro raised plantlets into polybags containing garden soil and cow
dung at the ratio of 2:1 after proper hardening through gradual exposure to sunlight and relative humidity.

Data assembly and scrutiny. 

Ten explants were cultured per treatment and randomly seven explants from each treatment were taken
for data analysis. Weekly growth observations were made from 1st to 6th week of inoculation after setup of
each treatment and experimental data were recorded. The parameters were:
1. Percentage response (%).
2. Average length of shoot in cm and number of leaves/shoot.
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3. Average number of multiple shoot/explant
4. Average number of roots/shoot.

Recorded data were subjected to analysis of variance, and differences among means were tested by Least
Significant Differences (LSD) at P<0.05. 

Results

Establishment of Culture:

Explants responded when they were inoculated in MS medium containing cytokinin (BAP and Kn) to
examine their efficiency on shoot regeneration. In vitro culture was established and successful shoot
regeneration was observed during all the treatments of BAP with 100% response (Table-1). Micro-shoots were
raised up to 3.7cm on an average with a good number of leaves (10.83/shoot) in MS + BAP [0.15 mg/l]
(Figure-1). Rooting (50% approximately), as well as lateral and auxillary bud sprouting was observed in the
same medium at 6th week. Shoot tip necrosis was observed at 6th week. The shoot attained healthy
morphological appearance at 4th week of culture. During observation on rate of multiplication, highest 2.42
shoots/explant were obtained at 6th week in MS + BAP [0.25 mg/l]. Leaf number was increased and callus was
observed at the bases of micro-shoots. The shootlets obtained from this set of experiments were used as the
source of explants for the next trials.

When the sterile explants were cultured in MS containing Kn, the results were not different from the
treatment with BAP alone except for the rate of multiple shoot proliferation (Figure-2). This parameter was
decreased than the previous experiment. Addition of Kn in cultured medium showed prolific leaf abscission
at all the concentrations.  

Combination of Auxin and Cytokinin:

BAP + IAA. Stunted shoot growth was observed in all the combinations of BAP and IAA (Figure-3).
Decreased shoot length was observed in these compositions and multiplication of shoot was lower both at 4th

and 6th week. High callogenesis was observed in all the combinations at the bases of explants with leaf
abscission in the regenerated shoots.

Kn + IAA. The observation was same as we found from the combination of BAP and IAA. Rate of
regeneration, multiplication rate and leaf morphology was not good in these trials. Callus was formed in all
the experiments at bases of explants (Figure-4).

BAP + Kn + IAA. The combination of BAP, Kn and IAA had a good response on explants. It increased
shoot length (2.58cm) and average number of multiple shoot (2.40) in MS + BAP [1.0 mg/l] + Kn [0.5 mg/l]
+ IAA [0.25mg/l] at 6th week. The shoot growth was good in the MS medium containing BAP [1.5mg/l] +
Kn [1.0 mg/l] + IAA [0.5mg/l] with an average of 14.27 leaves/explant. 

Combination of Cytokinins

Synergistic effect of cytokinins was extensively investigated. Explants reached a good shoot length in all
the compositions. Tallest shoot (1.85cm) was obtained in MS + BAP [0.25mg/l] + Kn [0.4mg/l] at 4th week
and the growth was not notably improved at 6th week. Highest multiple shoot (2.71 shoots/explant) (Figure-5)
and highest leaves/explant (12.71) was obtained in MS + BAP [1.50mg/l] + Kn [1.00mg/l]. Plantlets were
vigorous in morphology with enough leaves.

In vitro root induction

When micro-shoots were cultured in rooting medium to induce root, successful root emerging was observed
(Table-2). Maximum rooting was obtained in ½ MS + IBA [1.5 mg/l] after three weeks of culture with an
average 6.11roots/shoot (Figure-6). The rooted plantlets were established in to plastic pots containing garden
soil. The plantlets grew with healthy leaves and more than 90% survival rate was observed after eight weeks.

Discussion

The report on exogenous application of BAP and its successful induction of shoot is reported for the first
time by the present authors on L. javanica. Efficiency of BAP in the Verbenaceae Family has been reported 
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Table 1: Hormonal effect on in vitro regeneration of L. javanica
MS + Hormone Percentage Average Length of Shoot Average number of Average number of Growth 
(mg/l) of response (cm) (mean ± se) shoot/explant (mean ± se) leaves/explants (mean ± se)  in

(%) --------------------------------- ---------------------------------- -------------------------------------
4th Week 6th Week 4th Week 6th Week 4th Week 6th Week Vigor1

BAP
0.05 100 2.08±0.35a 2.03±0.30a 2.00±0.29a 2.00±0.29a 11.25±1.81a 8.25±2.12a ++
0.15 100 3.70±0.83a 3.33±0.89a 1.00±0.38b 2.00±0.8a 10.83±2.42a 8.50±0.88a ++
0.25 100 3.36±0.60a 3.64±0.86a 1.57±0.38a 2.42±0.42a 14.28±2.39a 12.71±1.36a +++
Kn
0.50 100 3.86±0.75a 4.78±0.64a 0.50±0.65a 1.25±0.46a 10.37±1.08a 11.87±0.91a ++
0.75 100 2.68±0.72a 3.58±0.86a 1.14±0.41a 1.42±0.43a 12.42±1.81a 11.57±0.36a +
1.00 100 2.80±0.39a 3.27±0.56a 1.00±0.53a 1.75±0.47b 9.75±2.07a 8.87±2.08a +
BAP+IAA
0.50+0.20 80 0.88±0.28a 1.00±0.29a 0.85±0.40a 1.28±0.47a 4.85±0.82a 6.71±1.37a +
1.00+0.75 90 1.41±0.48a 1.48±0.54a 1.00±0.45a 1.50±0.50a 7.16±1.01a 5.33±1.02a +
0.75+0.50 All Callogenesis observed
1.50+0.50 90 0.78±0.25a 0.96±0.33a 0.40±0.40a 0.60±0.60a 7.80±1.36a 10.60±2.45ab +
1.50+0.25 100 0.98±0.13a 0.98±0.13a 0.85±0.61a 0.85±0.61a 6.85±0.99a 4.00 ± 1.17a +
Kn +IAA
0.50+0.25 0.50±0.08a 0.70±0.21a SMS 0.67±0.12a 5.83±0.60a 6.33±1.59a +
1.00+0.50 100 0.65±0.01a 0.65±0.01a 00 00 6.17±0.71a 3.83±1.80a +
1.50+0.50 100 0.43±0.06a 0.45±0.07a 0.66±0.15a 0.83±0.60a 5.00±0.63a 4.00±0.93a +
1.50+1.00 100 0.88±0.15ab 2.26±0.46b SMS SMS 9.00±1.97b 10.33±2.12ab +
BAP+Kn
0.50+ 0.20 100 1.78±0.25a 1.68±0.24a 1.80±1.00a 2.10±0.42a 9.50±1.38a 10.40±1.81a ++
0.25+0.20 90 1.27±2.00a 1.43±0.25a 1.56±0.33a 1.80±0.24a 11.56±1.83a 13.44±2.68a ++
0.50+0.40 100 1.64±1.08a 1.84±0.15a 2.14±0.50a 2.57±0.57a 12.28±1.06a 18.14±1.80a ++
0.25+0.40 100 1.85±0.36a 1.42±0.25a 2.42±0.20a 2.57±0.2ac 12.57±1.72a 14.00±1.33a ++
0.50+1.00 90 1.05±0.35b 0.93±0.39a SMS SMS 5.62±1.16b 4.00±1.16b +
0.50+0.50 100 0.77±0.23a 1.20±0.34a 1.44±0.33b 1.00±0.61b 5.89±1.59b 5.44±2.36b +
1.00+0.50 100 1.80±0.42ac 1.86±0.68a 1.60±0.45ac 2.00±0.61a 9.80±1.96a 11.60±3.72a ++
1.00+0.25 80 0.76±0.27a 0.87±0.28a 1.12±0.62a 1.62±0.63a 7.87±2.42a 10.75±3.01a +
1.00+0.75 90 0.73±0.26a 1.02±0.35a 1.62±0.43a 1.75±0.48a 9.75±1.63a 1.87±2.46a +
1.50+0.75 100 0.85±0.24a 1.11±0.23a 2.14±0.44ad 2.57±0.57a 10.42±1.33a 14.28±2.12ac +
1.50+1.00 90 0.78±0.17a 0.90±0.34ab 1.85±0.70a 2.71±1.02c 9.85±3.73a 12.71±4.81a +
BAP+Kn+IAA
1.50+1.00+0.50 100 1.62±0.35 1.69±0.36 2.45±0.41 2.54±0.46 12.91±1.3 14.27±1.9 ++
1+0.5+0.25 90 0.72±0.17 2.58±0.34 2.4±0.51 2.4±0.51 3.4±0.25 9.4±1.21 +
SMS = Single explants responded for multiplication
1— =Poor, + = good, ++ = better, +++ = best.
Treatments in each group denoted by the same letter in a column were not significantly different (P<0.05) using the LSD test.

Table 2: Effect of IBA on in vitro root induction of micro-shoots 
½ MS + Percentage of Average Length of Average number of Average number Average number of 
IBA (mg/l) response (%) Shootlet (cm) leaves/shoot of roots/shoot multiple shoot/explants 

(mean ± se) (mean ± se) (mean ± se) (mean ± se)
0.5 50 1.56±0.12a 6.20±0.58a 2.00±0.31a 2.20±0.19a
1.0 50 2.48±1.04a 11.60±2.50a 4.80±2.26a 1.80±0.79a
1.5 90 2.58±0.38a 13.00±1.81b 6.11±0.91b 2.00±0.60a
Treatments denoted by the same letter in a column were not significantly different (P<0.05) using the LSD test.

Fig. (from left to right): 1. In vitro shoot regeneration in MS + BAP [0.15 mg/l]; 2. Good shoot proliferation
was observed in MS + Kn [1.0 mg/l]; 3. Shoot regeneration was reduced in MS + BAP [1.5 mg/l] + IAA
[0.50 mg/l].
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Fig. (from left to right): 4. Callogenesis bases were observed in MS + Kn [1.5mg/l] + IAA [0.50]; 5. Multiple
shoot was observed in MS + BAP [1.5mg/l] + Kn [1.0mg/l] at 6th week. 6. In vitro micro-shoots was rooted
well in MS + IBA [1.5 mg/l].

by Balaraju et al. (2008). Effect of this cytokinin was also observed with Wedelia chinensis (Agarwala et al.,
2010), Vitex trifolia (Hiregoudar, 2006), Paederia foetida (Alam et al., 2010), Artocarpus heterophyllus (Azam
et al., 2009).  Reduction in the number of shoots generated from each node at BAP concentration higher than
the optimal level was also reported for several medicinal plants (Kukreja et al. 1990, Vincent et al. 1992)
which was the same as found in the present experiment.

The combination of cytokine and auxin did not result in good performance in both shoot initiation and
shoot growth, rather callus formation was observed. Similar observation was reported in Maytenus senegalensis
(Matu et al., 2006). Meanwhile, the present authors found that combination of multiple cytokine and low level
single auxin could overcome shoot growth inhibition and showed good shoot length.

Successful in vitro rooting was observed from this experiment which was also similar with the observations
of Alam et al. (2010), Balaraju et al. (2008), Sukartiningsih et al. (1999) in the same family during their
experiments to examine the effect of auxin. 

Conclusion

We have successfully developed a method for in vitro clonal propagation of this species which will serve
as a production of plantlets for large scale cultivation and as well as in vitro conservation. 
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