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Abstract

Salinity is one of the major environmental threats to plants because
a large number of plants are intolerant to NaCl stress. One such plant,
Justicia vasica, which is the subject of our study, is said to have great
medicinal properties. However, the natural occurrence and
cultivation of this species has been constrained due to various factors
including its poor seed germination rate under its normal conditions
of habitat, and a low availability of seeds. This study was undertaken
to examine the efficiency of callus formation and regenerative
tendencies of Justicia vasica under saline conditions. The leaf, shoot
tips and inter nodal cuttings were employed for this study using MS
media formulated with several concentrations of different kinds of
hormonal combinations. This study also tested the effects of different
concentrations of NaCl on callus induction and growth. Each
experiment was conducted thrice with 12 replicates. A superior level
of callus formation was achieved by treating shoot tips with 2.0 mg/I
a-naphthalene acetic acid (NAA) and 0.5 mg/l 6-benzyladenine
purine (BAP) in combination. From this study, it was concluded that
there was no inhibitory action from the medium supplemented with
0.05 mg/l NaCl. The optimal hormonal combination also exhibited
highest rate of callus induction and growth with 0.05 mg/l NaCl
added. There was no callus necrosis at this saline concentration after
60 days of inoculation. Furthermore, some somatic embryogenic
callus displayed the organogenesis of leaf like structures after 75
days of inoculation. The development of salinity tolerance of plants
by genetic application has been a vital area on modern agriculture as
well as medicinal plant research because more land has been
salinized through poor local irrigation practices. The present
investigation assumed that the NaCl tolerance of this plant could be
effectively obtained in vitro.
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1. Introduction

Justicia vasica Nees. (Acanthaceae), locally known as ‘Basak’ in Bengali, is an evergreen woody
shrub distributed in south-east Asia [1, 2]. The plant is used to treat asthma, respiratory tract
disorder, cough as well as throat infection [3, 4]. This plant contains various types of secondary
metabolites such as industrially important vasicine, adhavasinone, vasnetine and vasicinone
alkaloids found in every parts of the plant [1, 5]. These metabolites show restrictive activity against
Mycobacterium tuberculosis, human immunodeficiency virus (HIV) infection and other infectious
diseases [6]. Other medicinal applications of this plant are for antispasmodic, fever reducer, anti-
inflammatory, anti-bleeding, anti-diabetic, anti-jaundice, antiseptic and expectorant activities [2, 7].
The leaf extracts of this species are added to drinking water or juice to treat germs and harmful
insects [8]. Due to its high degree of medicinal value, this species is listed as one of the top 22
medicinal plants exported from India [9]. Furthermore, because of its significant therapeutic
properties and its high consumption rate (more than 100 metric ton per year), it is scheduled under
the top 36 medicinal plant species in India by NMPB (National Medicinal Plants Board), New Delhi
[9]. However, the circulation of this plant species has been constrained because of low seed
availability and poor seed germination rate [5]. Moreover, its cultivation through shoot cuttings for
multiplication is also slow due to seasonal dependency [1]. Surprisingly, very few studies have been
undertaken on in vitro preservation of medicinal species including this plant [8]. Scanty methodical
cultivation, low propagation response, high utilization and inadequate scientific studies have
resulted in rapid depletion of plant material of this species.

Salinity is among the major environmental problems and risks for agricultural crops as well
as other plants in arid and semiarid regions of the world [10, 11]. Nowadays, the fertility of arable
land is being harmed as levels of sodium chloride (NaCl) stress in soil grow with the passage of
time. Rising salt level have reduced agricultural yields by about 20% globally as about one-third of
all arable lands has turned saline [10, 12]. As a result, increased number of plants have been
negatively affected by the development of saline environments. With this situation in mind, in order
to meet the needs of the pharmaceutical industry as well as for other purposes, this medicinal plant
needs to be cultured conventionally in saline soils. In vitro technique illustrated NaCl tolerant status
in a short period of time and in more stable form of plant species [13]. In vitro study provides a
powerful tool to advance salinity tolerance via somaclonal variation, which contributes to plantlet a
genetic transformation. In this circumstance, it is necessary to develop a well-organized procedure
for callus proliferation for in vitro selection of salt tolerant plant material against salinity stresses
[14]. The tissue culture study may give promising results as the capacity of plants to develop under
NaCl stress increased when the plants survived a steady increase in NaCl concentration in the culture
medium at cellular level as callus culture [15].

Therefore, the purpose of this study was to screen for the best hormonal condition for
efficient callus formation of J. vasica towards conservation. The second purpose was to find the
highest level of salt concentration in callus induction medium that this species can tolerate and retain
the ability to induce callus formation.

2. Materials and Methods
2.1. Plant material and surface sterilization
Various juvenile disease-free (leaf, shoot tip, inter nodal) explants were collected from matured

plant, situated in the medicinal garden of the Department of Botany, University of Kalyani, West
Bengal. After the excision, the explants were dipped into water to bring them into the laboratory.
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Thereafter, the explants were cleaned thoroughly in running tap water, washed with 5% (v/v) teepol
for 15 min, and then rinsed three times in sterile distilled water. Afterwards the explants were surface
disinfected with 70% alcohol for 1 min followed by treatment with 0.1% (w/v) HgCl, solution for
10 min and rinsing with sterile distilled water three times under a laminar air flow. The processed
explants were then sized to 1-1.2 cm for inoculation on culture media.

2.2. Culture media and conditions

The sterilized explants (1.2 cm long) were cultivated on Murashige and Skoog (MS) medium [16]
bearing 3% (w/v) sucrose. The medium pH was kept at 5.7 prior to addition of 0.8% (w/v) agar and
then sterilized with autoclaving. After inoculation, the culture tubes were kept at 24+2°C with 60%-
70% relative humidity.

2.3. Prevention of browning problem of explant in culture media

After inoculation, the cultures were kept in darkness for different periods of time (2, 4, 6, 8 days)
continuously to reduce phenol excretion. After the dark treatment, the whole setup was placed under
fluorescent light (16 h photo periods).

2.4. Effect of hormonal combinations and concentrations

For this study, two auxins at different concentrations (0.5, 1, 1.5, 2, 2.5 and 3 mg/l) were observed
viz, 2, 4-dichloro phenoxy acetic acid (2, 4-D) and a-naphthalene acetic acid (NAA) in combination
with 6-benzyladenine purine (BAP) at the concentration of 0.5 mg/I. The callus initiation rate (CIR)
and callus growth (CG) were determined after 1 month and 2 months of inoculation, respectively.
They were calculated with the following formulas:

Number of exlants having callus in medium
Total number of explants planted for callus in the same medium
CG = Final weight of callus - initial inoculation weight

CIR = x100

2.5. Effect of salt concentrations in the medium

The salt tolerant was determined by adding NaCl in the medium at various concentrations such as
0.05, 0.1, 0.15, 0.20, 0.25, 0.30 mg/l. The cultures were maintained with constant subculturing at
15-day intervals on freshly prepared MS medium formulated with optimized hormonal conditions.

2.6. Data collection and statistical analysis
Each experiment was conducted thrice with 12 replicates. The experimental data were processed by

one way analysis of variance (ANOVA) and the variation between means were calculated using
Duncan’s Multiple Range Test P < 0.05 [17] on the statistical package of SPSS (Version 10).
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3. Results and Discussions
3.1. Selection of explants for callus initiation

Among the different explants considered for this investigation, leaves and inter-nodal segments
proved to be unsuitable for callus induction (Figures 1a and 1b). Callus was achieved from the shoot
tips (Figures 1c and 1d). After this observation each experiment of this study was conducted with
1.2 cm long shoot tips.

The selection of perfect explant is the key to establish a successful in vitro study. The
success depends on various factors like age, size, position, collection time of explant, etc. However,

Figure 1. Callus formation and growth under several concentrations of various plant hormones
and NacCl, a. Browning of inter-nodal segment in medium showing no formation of callus,
b. Leaf disc in medium showing browning of explant and no callus formation,

c. Initiation of callus at 2.0 mg/l NAA and 0.5 mg/l BAP after 8 days of incubation indicating
callus initiation site with black arrow, d. Callus after 30 days of inoculation indicating formation
of globular structure in the callus by black arrows at 2.0 mg/l NAA and 0.5 mg/l BAP in medium,

e. Development of brown callus indicated with black arrow on 2, 4-D (3.0 mg/l) and BAP (0.5

mg/l) after 30 days of incubation, and f. Callus on 0.20 mg/l NaCl containing medium after 30

days of incubation

the most important factor is the occurrence of meristematic tissues in explant. In this study, the shoot
tip gave suitable results for callusing of this species. Similar reports with this species were also made
by other researchers [18, 19]. The shoot tip culture has shown many advantages including better
response and virus free results over other explants developed earlier [20]. Moreover, shoot tip
usually contains high level of IAA, which helps to create a perfect environment for callus induction
and successive organogenesis experiments, and offers a promising clarification for the bountiful
callus formation examined in this study [21].
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3.2. Prevention of browning problem

Explant browning was eliminated by keeping the cultures in the dark continuously for 8 days and
the process showed considerable result. The browning of explants (Figures 1a and 1b) during tissue
culture in culture medium is one of the vital constraints for many plant species, especially for woody
species. Usually explant browning is affected by emission of phenolic constituents from the cut ends
of explants and its callus restriction mechanism was observed by Al-Mayahi et al. [22]. This
colorization of explants can be controlled by the addition of phenol absorbents, antioxidants and
chelating agents into the medium or by transferring the explants into fresh culture media at regular
times according to several reports [23, 24]. However, observation based on this investigation seemed
that additional compounds may increase the media complexity which may further interfere with
callus induction, and in sequential methodologies the procedure becomes tedious and time
consuming.

3.3. Results of 2, 4-D and NAA in association with BAP on callus formation

Callus initiation was examined on MS medium formulated with various concentrations of 2, 4-D in
association with BAP. Callus was induced from the sliced section of explants after 12 days of
inoculation, primarily sprouting of shoot tips was observed. At lower concentrations (0.5-1.5 mg/I)
of 2, 4-D with BAP (0.5 mg/l), white yellow callus was observed whereas at higher levels (2-3 mg/l)
of 2, 4-D light brown callus was formed (Table 1 and Figure 1e). This hormonal combination
induced comparatively lower amounts of callus and the calli that formed were fragile in texture
(Table 1). As the concentration of 2, 4-D was increased (1.5-3.0 mg/l), the fragility and brownness
increased simultaneously. The rate of growth of callus was also slow and the growth was retarded
after 6 weeks. The callus turned brown and could not be used for further studies.

This may happen because the synthetic hormone 2, 4-D affects the morphological
abnormalities of callus by causing physiological disorders or somaclonal variation [25]. Moreover,
a recent study found that it has harmful effect on plants, i.e. it can change the chlorophyll, protein
and phenol content [26]. The browning of callus displays the sensitivity of plant cells to 2, 4-D. The
browning is mainly caused by the action of phenolic compounds present in cells. When these
compounds accumulate in cytoplasm, they undergo oxidation and polymerization and the oxidized
materials are responsible for the visible brown colour [27, 28].

The callus formation was also tested on MS medium containing several concentrations of
NAA in combination with BAP. Callus was initiated after 8 days of incubation at both cut ends of
inoculums. The combination of BAP and NAA produced yellow and dark green callus (Figures 1c
and 1d). The best callus formation (callus induction rate of explants) and growth (enlargement of
callus) was exhibited with 2.0 mg/l NAA and 0.5 mg/l BAP in combination. At lower amount of
NAA (0.5-1.0 mg/l) with 0.5 mg/l BAP, a lower quantity of white callus was initiated as compared
to the higher quantities of NAA with 0.5 mg/l BAP (Table 1). Among the various associations of
phytohormones examined, the NAA and BAP was found to be superior to other combinations as it
produced elevated frequency of embryogenic greenish dense callus. This treatment (higher
quantities of NAA with 0.5 mg/l BAP) also displayed a number of greenish somatic embryogenic
calli. In NAA supplemented medium, the callus showed fast growth and for this reason 2.0 mg/I
NAA and 0.5 mg/l BAP combination medium was selected for detection of NaCl tolerance.

The present study examined only one cytokinin at 0.5 mg/l concentration which was
previously reported by various workers to be effective for callus formation [29]. A small quantity
of BAP had a tremendous role in callusing by promoting RNA and protein synthesis, which were
required for the formation of various enzymes involved in cell wall loosening and cell cycling
activity [30]. Among the different growth regulators, 2, 4-D is preferable for callus formation [31,
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32]. In this study, however, NAA gave more significant results than 2, 4-D when used along with
0.5 mg/lI BAP. Similar types of findings were also reported by several authors globally with different
types of plant species [28, 33].

3.5. Effect of NaCl on callus induction, development and callus necrosis

The main objective of this experiment was to see the effect of different salt concentrations on callus
induction and growth. The action of NaCl on callusing is shown on Table 2. From this study, it was
concluded that there was no inhibitory action of salt added to the medium at 0.05 mg/lI NaCl, but
when the concentration of salt was increased as per experimental design, the callus response and
growth of the callus were delayed (visually) and the produced calli were slightly brown in colour
(Figures 1f and 2a).

Table 1. The callus response, texture and colour under different concentrations of various growth
regulators in MS medium

Growth Regulators (mg/l) % of Callus Texture of Colour
24D NAA BAP Initiation Rate Callus of Callus
(CIR)
00 00 00 0000+0.00f - -
0.5 - 0.5 30.76+0.04¢ Compact White
1.0 - 0.5 46.15+0.04¢ce Compact White
15 - 0.5 64.10+0.0230cd Fragile White yellow
2.0 - 0.5 66.660.02%° Fragile Light brown
2.5 - 0.5 76.92+0.042 Fragile Light brown
3.0 - 0.5 71.79+0.02% Fragile Brown
- 0.5 0.5 51.28+0.020 Compact White
- 1.0 0.5 51.38+0.020cd Compact White yellow
- 15 0.5 44.76+0.19% Compact White greenish
- 2.0 0.5 84.61+0.042 Compact Greenish
- 25 0.5 74.36+0.05% Compact Greenish
- 3.0 0.5 69.23+0.04% Compact Yellow

Note: The values in the second column are Mean = SE followed by the letters within the column
indicating the level of significance at P < 0.05 by Duncan’s Multiple Range Test.

Table 2. Callus growth and necrosis under different concentrations of NaCl

Concentration of % of Callus Callus Growth Callus Necrosis (Days after
NaCl (mg/l) Initiation Rate (CG) Initiation)
(CIR)
0 84.61+0.042 ++++ No necrosis
0.05 82.05+0.022 ++++ No necrosis
0.10 71.79+0.022 +++ 30
0.15 56.40+0.05° + 15
0.20 46.15+0.04° + 8
0.25 30.76+0.04¢ - -
0.30 07.330.04¢ - -
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++++ Indicates fast growth, +++ Indicates slightly growth inhibition, + poor callus growth, - no
growth. The values in the second column are Mean + SE followed by the letters within the column
indicating the level of significance at P < 0.05 by Duncan’s Multiple Range Test.

Callus necrosis by NaCl has previously been reported by a number of researchers. In this
study, the effect of NaCl on callus necrosis is displayed in Table 2. The study clearly indicated that
callus necrosis started at 0.10 mg/l NaCl containing medium after 30 days of callus initiation
whereas 0.05 mg/I containing medium showed no necrosis after 60 days of callus initiation (Figure
2b). Furthermore, after 75 days of inoculation there was formation of leaf like structures in callus
(Figure 2c). Finally, media with NaCl of 0.20 mg/I or above showed poor growth and callus necrosis
at 8 days from the date of callus initiation.

There is not always a strict relationship between salt-tolerance of whole plants and cultured
cells in vitro. NaCl causes metabolic dysfunction by ion toxicity, osmotic stress and nutritional
deficiency [13, 34]. Callus necrosis seen with increased NaCl concentration in vitro may be caused

- -

Figure 2. Callus formation and growth under several concentrations of various plant hormones
and NaCl, a. Callus on 0.20 mg/l NaCl containing medium after 60 days of interval from
inoculation, b. Formation of embryogenic callus on 0.05 mg/l NaCl containing medium after 51
days of inoculation with 2.0 mg/l NAA and 0.5 mg/l BAP in medium, c. Proliferation of callus on
0.05 mg/l NaCl containing medium after 75 days of inoculation showing formation of leaf with
black arrows

by accumulation of several correlative compounds, for example, free amino acids (proline, betaine
etc), sugars and polyphenols. Such compounds play a vital function in compensating for created
osmatic stress due to the presence of NaCl in plants [35, 36]. Their biosynthesis is activated in
response to applied stress. These biosynthetic products can control the uptake and placement of
salts. In this way, these compounds inhibit the toxic effects of salt on the photosynthesizing
apparatus where metabolic processes are going on. Furthermore, it was found that in order to
neutralize increase concentrations of NaCl, salt-resistant callus lines generated higher enzymatic
activities of several enzymes like ascorbate, superoxide dismutase and glutathione reductase than
salt-sensitive parental cells [37]. Callus is being widely accepted in afforestation programmes [38].
So, the current study supports the preservation of this species in vitro. Callus culture also gives an
option for genetic cell transformation study by induced mutagenesis and somaclonal modifications
[39]. The development of salinity tolerance of plants by genetic application has been a vital area of
modern agriculture as well as medicinal plant research because more land has become salinized
through poor local irrigation practices. To solve this problem a rapid advancement in understanding
of biochemical pathways that participate in salt tolerance and plant responses including genetic
engineering of genes concerned in different metabolic mechanisms that counter NaCl stress is
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needed worldwide [40]. It is an established fact that a complete degree of salt tolerant (in vitro), in
terms of nutrient compositions, phytohormones, temperature and humidity level, is needed for each
explant of plant species. The effect of concentration and type of auxin and cytokinin were very
important not only on the percentage of callus production, but also on callus growth and cell
proliferation.

4. Conclusions

In this study, the effects of different combinations of auxins and cytokinins on callus induction were
studied with different explants. The greatest number of callus formation was achieved by treating
shoot tips with 2.0 mg/l NAA and 0.5 mg/lI BAP in combination. From this study, it was cleared that
there was no inhibitory action when the medium was supplemented with 0.05 mg/l NaCl. The
present experiment revealed that the shoot tips of J. vasica reacted to various NaCl concentrations
and their effectiveness was assessed in in vitro culture. It was assumed that NaCl tolerance at the
concentration of 0.05 mg/I for this plant could be effectively obtained in vitro as a hopeful alternative
for traditional field assessments.
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