Biosci. Biotech. Res. Comm. 11(1): 144-153 (2018) Research Communications

An efficient micropropagation protocol for direct
organogenesis from nodal explants of medicinal
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ABSTRACT

This study aimed at in vitro multiplication of Tylophora indica (Burm F.) Merill.via direct shoot regeneration. Initially,
screening was done for the analysis of different explants for their competence for direct shoot regeneration. The explants
were cultured on media supplemented with eight different concentrations (0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 and 4.0 mgl™!)
of each cytokinin separately and the concentrations of each cytokinin with highest responses were used in combination
with IAA (0.1, 0.25 and 0.50 mgl'!) and IBA (0.1, 0.25 and 0.50 mgl™'). Nodal explants revealed the maximum capacity for
direct shoot regeneration among all the explants tested. Following the direct shoot emergence, explants were shifted for
subculturing on shoot proliferation media. The medium supplemented with TDZ (1.5 mgl™') proved effective for achieving
optimum number of shoots with appropriate length. The rooting medium supplemented with 0.5 mg/l IBA resulted in
maximum number of roots per shoot. Rooted plantlets were successfully hardened in the growth room and later estab-
lished in the greenhouse. The survival rate of the plants was recorded as 90%. Plants showed no morphological variations.
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1986). Herbal medicines are fairly safe remedies and this
approach of health care is increasing frequently as the

In developing countries like India, medicinal plants con-  products employed are non toxic with fewer side effects,
tinue to be the main source of medication. Indian sub- better compatibility and affordability (Dubey et al., 2004;
continent is a vast reservoir of medicinal plants that are Sharma et al., 2008; Philomena, 2011). The demand of
used in traditional medical treatments (Chopra et al,  medicinal plants has necessarily increased due to resur-
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rection of public interest in plant-based medicines cou-
pled with swift expansion of pharmaceutical industries
(IMS, 2015).

The genus Tylophora comprises 60 species that are
mainly distributed in tropical and subtropical Asia, Africa
and Australia. Tylophora indica (Burm f.) Merill.is an
important threatened medicinal plant commonly known
as Antmul. Medicinally Tylophora indica is an impor-
tant plant and very efficiently used in all the systems of
medicine. It is a perennial, small, slender, much branched
pubescent twining or climbing herb found in the sub-
Himalayan tract from Uttar Pradesh to Meghalaya and in
the central and peninsular India. It has also been reported
from Eastern, North-East and Central India, Bengal and
parts of South India (Gupta, 2003). It is also found in Cey-
lon, Malay island and Borneo. It is traditionally used as a
folk remedy in certain regions of India for the treatment
of bronchial asthma, inflammation, allergies, rheumatism
and dermatitis. Its antitumor, immunomodulatory, anti-
oxidant, antiasthmatic, smooth muscle relaxant, antihis-
taminic, hypotensive, antirehumatic activities are scien-
tifically proven. In Ayurveda, the plant has been used in
treatment of asthma, dermatitis and rheumatism (Anony-
mous, 1978 and Chopra et al., 1986).

The other reported activities include immune mod-
ulatory activity, antioxidant and free radical scaveng-
ing activity (Mohan et al., 2014, Ranemma et al., 2017),
anti-inflammatory activity (Ravikumar and Abbuluy,
2011), hepatoprotective activity (Mujeeb et al., 2009),
antibacterial activity (Ranemma et al., 2017), anticancer
activity (Vijayakumari et al., 2014), antianxiety activ-
ity (Rao et al., 2013; Mannikoth et al., 2016), anticon-
vulsant activity (Hafis et al., 2017), antiamoebic activity
(Ganguly et al., 2001; Haung, 2004) and anti asthmatic
activity (Umamaheshwari et al, 2017). The active con-
stituents of Tylophora indica are alkaloids like tylopho-
rine, tylophorinine, tylophorinidine and septidine and
non-alkaloidal compounds like kaempferol, quercetin,
o- and B-amyrins, tetratriacontanol, octaosanyloctacos-
anoate, sigmasterol, B-sitosetrol, tyloindane, wax, resin,
and tannins (Rout et al., 2012; Saraswati et al., 2013;
Mohan et al., 2014; Joy et al., 2017).

For in vitro regeneration of this plant, the effect of
various growth regulators have been analysed from time
to time and plant has been micropropagated success-
fully in different parts of the world (Nema et al., 2007;
Sahai et al., 2007; Rani and Rana, 2010; Davendra et al,
2011; Kaur et al, 2011; Mohan et al., 2014). In India it
has also been regenerated in in vitro conditions but still
its micropropagation is in vague in some important
regions of India. Particularly the plant being among the
threatened plant species and in different regions where
the physiological conditions are unusual, therefore, a
protocol must be standardized to cope with the alarm-
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ing situations. Direct regeneration has been reported
to vary with concentrations and combinations of hor-
mones, light and incubation, genotype and explant used
(Parveen and Shahzad, 2014; Niedz et al., 2015).

Hence, it is important to standardize the culture con-
ditions to achieve direct regeneration in desired geno-
types. Therefore, the objective of the present study was
to investigate the responses of T. indica nodal explants
in vitro to growth regulators at a range of concentra-
tions and in different combinations in order to identify
optimum conditions for adventitious regeneration of
shoots from nodal explants and acclimatize and transfer
to green house.

MATERIAL AND METHODS

Collection of plant material: The plants were collected
from Chambal eco-region and grown in the Medici-
nal Plant Garden, Jiwaji University Gwalior, Madhya
Pradesh, India. Plant specimen prepared by standard
method was submitted to Herbarium of Institute of Eth-
nobiology, Jiwaji University Gwalior, India, where it was
taxonomically identified (IOE-235).

Surface sterilization: Healthy nodes were collected from
field grown plants as an explant source. After wash-
ing with running tap water, the leaves were trimmed off
and nodes were washed for 15 minutes under continu-
ous stream of running tap water. Explants were soaked
for 3 minutes in 1% Tween 20 detergent (polyoxyeth-
ylene sorbitan monolaurate; Sigma chemicals Co., St.
Louis, MO, USA) and were rinsed with distilled water,
then were treated with 2% Bavistin (Carbendazium 50%
WP; BASF India Limited) for 5 minutes and finally sur-
face sterilized with 0.1% HgCl, for 3 minutes and rinsed
four times with autoclaved double distilled water under
aseptic conditions in laminar chamber. Surface sterilized
explants were transferred to sterilized petridishes. 0.5
cm long explants were cut and inoculated on culture
media supplemented with different concentrations and
combinations of growth regulators.

Culture medium: Surface sterilized explants 0.5 cm
long were transferred to sterilized petri dishes in lami-
nar chamber and inoculated on Murashige Skoog’s (MS)
medium containing3% sucrose and gelled with 0.8%
agar supplemented with various concentrations auxins
and cytokinins like BAP, TDZ, KIN, IBA and IAA for
shoot and IBA and NAA for root initiation. The pH of
the medium was adjusted to 5.75 using 0.1N NaOH or
0.1N HCI before autoclaving for 20 min at 121 °C and
15 Ibs pressure.

Culture conditions: Cultures were incubated at (25+2)
°C and 60%-70% relative humidity, and light intensity
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2500 lux with a photoperiod of 16 h light and 8 h dark.
Each experiment was conducted twice with 10 repli-
cates per treatment. In the in vitro cultures of Tylophora
indica, sub-culturing was done after every 30 days on
the same media. All the cultures were observed regu-
larly; contaminated cultures were discarded at the earli-
est and were autoclaved. The cultures were observed for
the effect of media adjuvant with different growth regu-
lators and organic supplements on in vitro regeneration.
All the cultures established for in vitro shoot regenera-
tion were monitored for percentage shoot induction,
average number of shoots per explant and average shoot
length.

In vitro rooting of shoots: For rooting of in vitro
induced shoots, half strength MS media supplemented
with indole-3-butyric acid (IBA) or a-naphthalene acetic
acid (NAA) at 0.50, 1.00 and 1.50 mgl!, were used as
rooting media. Shoots of 1.0-1.5 cm were excised from
multiple shoots and then cultured in rooting media. Data
were recorded on percentage of rooting and the number
and length of roots/shoots after four weeks of culture.
Rooted plantlets of about 6 cm in length were washed
thoroughly in running tap water, and transplanted into
autoclaved plastic pots filled with mixture of sand, soil
and manure in 1:2:1 ratio under artificial light in 16
h/8 h photoperiod conditions covered with polythene
bags to maintain humidity and then kept in the lab-
oratory. After two weeks, the pots were transferred to
a greenhouse under 30 °C with 60% relative humidity
and were watered daily. The regenerated plantlets were
acclimatized for 4-8 weeks and then successfully trans-
ferred to the soil under normal conditions.The percent-
age of survival explants, percentage of shoot response,
shoot length, shoot initiation time, shoot number, root
response percentage, root initiation time and number of
roots were recorded after every 14 days. The data was
analysed by using statistical ez Anova version 2. The
data are presented as Mean + Standard error of two rep-
licates.

RESULTS AND DISCUSSION

Tissue culture acts as a tool for propagation and conser-
vation of most of valuable plant species (Gantait et al.,
2011; Khan et al., 2012). The microcolonal propagation
of plants is influenced by some important and concomi-
tant factors such as media composition, plant growth
regulators, tissue sensitivity and culture environment.
Using different combinations of growth regulators and
appropriate growing environment, the important plant
species can be regenerated. The aim of the present study
was to investigate the effect of some important growth
regulators on an important endangered medicinal plant
species Tylophora indica under in vitro conditions with
a view to develop an efficient, reliable and reproducible
protocol for its clonal propagation. During the study,
out of all the explants used, only nodes were able to
show response of shoot induction and caulogenesis
which is contradictory with the earlier reports (Thomas
and Philip, 2005; Verma et al., 2010) where leaf explants
showed best results of shoot induction response.

In the present endeavour there were three dif-
ferent cytokinins viz; Benzyl amino purine (BAP), Thidi-
azuron (TDZ) and Kinetin (Kn) and two auxins viz;
Indole acetic acid (IAA) and Indole butyric acid (IBA)
used to evaluate their effect on in vitro shoot regen-
eration. Eight different concentrations (0.5, 1.0, 1.5,
2.0, 2.5, 3.0, 3.5 and 4.0 mgl') of each cytokinin were
worked out separately and the concentrations of each
cytokinin with highest responses were used in combina-
tion with IAA (0.1, 0.25 and 0.50 mgl') and IBA (0.1,
0.25 and 0.50 mgl).

Explants cultured on MS medium supplemented with
different concentration of BAP showed an increase in
the percentage shoot induction and average number of
shoots per explants with increase in the concentration
of BAP from 0.5mgl! to 2.5mgl™! but the average shoot
length showed continuous increase with the increase
in BAP concentration. A maximum of 78.89 + 1.11 %
explants cultured on MS media supplemented with BAP

FIGURE 1. Shoot initiation from nodal explants on MS medium supplemented with
various cytokinins. (a) BAP (b) Kn (c) TDZ.
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FIGURE 2. Shoot initiation from shoot nodal explants of Tylophoraindicaon multiplication media (MS medium)
supplemented with (a) BAP 1.5 mgl-'+ IAA (b) BAP 1.5 mgl-!+ IBA (c) Kn2.5 mgl'+IAA (d) Kn2.5 mgl'+IBA (e)
TDZ 1.5 mgl'+IAA (f) TDZ 1.5 mgl'+IBA (g) Development of successfully acclimatizedplantlets.

(2.5 mgl'!) responded for shoot induction, the highest
number of shoots per explants being recorded as 3.60 +
0.10 (Figure 1a). With further increase in BAP concen-
tration, the percentage shoot induction decreased and
average number of shoots per explants also declined. At
4 mgl! of BAP, the average number shoots were slightly

increased up to 2.35 + 0.05.No callus formation was
observed (Figures 3-5).

Direct shoot development within 20-21 days of explant
inoculation was observed in all the concentrations of Kn
used. The highest percentage of shoot induction (74.44 +
14.45 %) was observed in explants on MS media supple-
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FIGURE 3. Effect of different concentrations of cytokinins on the shoot induction
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FIGURE 4. Effect of different concentrations of cytokinins on the average number of shoots per explant.

mented with 2.5 mgl' Kn, with average number of 2.47 +
0.09 shoots per explants (Figure 1b). Maximum average
shoot length 2.70 + 0.40 cm was recorded at 3.5 mgl™.
Increase in Kn concentration in the media results in the
decrease of all the facets except the average shoot length
which showed irregularity. An increase in the average

number of shoots per explant was again observed at 4
mgl'. No callusing was observed (Figures 3-5).

Fresh explants cultured on MS media supplemented
with different concentrations of TDZ responded well in
all the facets with a shoot induction percentage upto
84.44 + 4.45% at TDZ (2 mgl'). The explants exhibit
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FIGURE 5. Effect of different concentrations of cytokinins on the average shoot length (cm) from the

nodal explants Tylophoraindica
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Table 1. Effect of cytokinins (BAP, Kin and TDZ) on the induction of shoots from the nodal segments in T. indica
Conc. of Conc. of Conc. of Shoot induction | Number of shoots/ Average Shoot
BAP (mg 1'') | Kin (mg 1) | TDZ (mg 1) | (%) explants(Mean+S.E) | length (cm)
Control - - 0 0.0 + 0.00 0

0.5 - - 73.34 + 6.6 1.30 +0.04 2.62+0.08

1 - - 63.3+ 3.3 1.54+0.10 2.42+0.08
1.5 - - 63.3 + 3.3 3.60+0.10 3.62+0.18

2 - - 68.9 + 8.9 2.20+0.10 4.35+0.25
2.5 - - 78.89+1.11 3.00+0.10 4.20+0.30

3 - - 74.44+14.45 2.20+0.10 4.16+0.84
3.5 - - 53.34+13.33 1.55+0.15 4.72+0.38

4 - - 31.11+8.89 2.35+0.05 4.85+0.45

- 0.5 - 63.34+3.33 1.81+0.31 1.98+0.28

- 1 - 47.78+7.78 1.74+0.40 1.48+0.17

- 1.5 - 52.22+7.77 2.4040.16 2.28+0.17

- 2 - 73.34+6.66 2.03+0.09 2.22+0.11

- 2.5 - 74.44+14.45 2.47+0.09 2.14+0.21

- 3 - 68.8918.89 2.24+0.13 2.27+0.32

- 3.5 - 36.66+3.34 1.62+0.5 2.70+0.40

- 4 - 11.61+10.61 2.24+0.03 2.15+0.03

- - 0.5 78.89+1.11 2.34+0.01 3.25+0.20

- - 1 74.44+14.45 2.48+0.05 4.27+0.53

- - 1.5 78.89+1.11 3.1+0.14 4. 35+0.38

- - 2 84.44+4.45 2.28+0.17 3.32+0.33

- - 2.5 68.89+8.89 2.69+0.19 2.48+0.19

- - 3 78.89+1.11 1.63+0.38 2.50+0.27

- - 3.5 73.34+1.11 3.02+0.10 2.76+0.22

- - 4 58.89+18.89 2.05+0.06 2.94+0.06

both callusing and direct shoot induction after 21days of
inoculation. Results show increase in percentage shoot
induction with increased TDZ concentrations in MS
media from 78.89 + 1.11% (0.5 mgl') to 84.44+4.45%
(2 mgl') (Figure 1c). A decrease in percentage shoot
induction was observed when TDZ concentration was
increased above 2 mgl'. The highest number of shoots
per explants (3.1+0.14) with an average shoot length of
4.35+0.38 cm was observed when explants were cul-
tured on MS media supplemented with TDZ (1.5 mgl-
). A decrease in percentage shoot induction, average
number of shoots per explant, average shoot length and
shoot forming capacity was observed when TDZ con-
centrations was increased from 2.5 mgl' and 2 mgl"!
respectively (Figures 3-5). The regenerated shoots were
thick as compared to the shoot regeneration observed in
respective concentrations of BAP and Kn.

Out of the three cytokinins used, TDZ showed maxi-
mum results not only because of highest percentage
shoot induction, average number of shoots per explants
and average shoot length achieved with this cytokinin

but also due to callus formation which is treated as
another route of tissue culture regeneration of plants
which is in contradiction with earlier report by (Anand
and Nadha, 2006; Kaur et al., 2011; Haque and Ghosh,
2013), which showed best results on MS medium supple-
mented with BAP. TDZ has been reported to be the most
active cytokinin for shoot induction in plant tissue cul-
ture (Siddique and Anis, 2007), and has been effective in
terms of shoot regeneration in many recalcitrant species.
It has been reported that TDZ-induced morphogenesis
depends on the levels of endogenous growth regulators
and TDZ modulates the endogenous auxin levels (Pet-
ric et al., 2011). In present study 84 % shoot induction
was observed which is in contrary with earlier findings
(Thomas and Philip, 2005) which showed 100% shoot
induction on MS media rejuvenated with TDZ. The bet-
ter concentration among the different concentrations of
this cytokinin was TDZ (1.5 mgl™') for shoot regeneration
from nodal explants of Tylophora indica. In case of BAP
and Kn the better concentrations proved to be were 1.5
mgl'and 2.5mgl™! respectively (Table 1).
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Table 2. Effect of cytokinins (BAP, Kin and TDZ) and IAA on the induction of shoots
from the nodal segments in T. indica
Conc. of harmone | Conc. of Shoot Number of Average
IAA (mg 1'') | induction shoots/ explants | Shoot length
(%) (Mean+S.E) (cm)
0.1 41.66+8.34 3.16+0.31 3.96+0.25
BAP (1.5 mg I'!) 0.25 50.00+16.67 2.50+0.37 4.06+0.07
0.5 58.34+8.33 2.02+0.21 3.81+0.32
0.1 58.34+8.33 2.75+0.35 3.60+0.06
Kin (2.5 mg 1) 0.25 58.34+8.33 2.57+0.45 3.62+0.39
0.5 50.00+16.67 1.44+0.21 3.65+0.67
0.1 66.66+16.67 4.38+0.40 3.93+0.71
TDZ (1.5 mg 1) 0.25 58.34+8.33 4.01+0.45 5.02+0.76
0.5 50.00+16.67 3.66+0.45 4.78+0.56

Optimum concentration of BAP (1.5 mgl') was used
in combinations with different concentrations of auxins
(TAA and IBA) for in vitro shoot regeneration. A maxi-
mum of 58.34 + 8.33 % explants showed direct shoot
induction at BAP (1.5 mgl') + IAA (0.5 mgl') (Figure 2a).
The highest average number of 3.16 + 0.31 shoots per
explant was seen in media suppplemeted with 1.5 mgl™!
BAP + 0.1 mgl' [AA and maximum average shoot length
was at BAP (1.5 mgl') + IAA (0.25 mgl!) (Table 2).

MS media supplemented with BAP (1.5 mgl!) in com-
bination with different concentrations of IBA showed
highest response (58.33 + 8.33%) at BAP (1.5 mgl') +
IBA (0.1 and 0.5 mgl"') with an average number of 4.29
+ 0.76 shoots per explant at BAP (1.5 mgl') + IBA (0.5
mgl') only and maximum average shoot length at BAP
(1.5 mgl') + IBA (0.1 mgl') (Figure 2 b). A decrease
in percentage shoot induction was observed with addi-
tion of different concentrations of IBA to BAP (1.5 mgl)
supplemented to MS media. Apart from the direct shoot
regeneration, callus formation was also perceived in this

blend at BAP (1.5 mgl') + IAA (0.25 mgl"') after cultur-
ing (Table 3).

Among different Kn concentrations, 2.5 mgl' Kn was
revealed to be much effective over all other concentra-
tions and was used in combinations with different con-
centrations of auxins (IAA and IBA) for in vitro shoot
regeneration using nodal explants. A decrease in per-
centage shoot induction, average number of shoots per
nodal explant was observed by addition of IAA (0.1, 0.25
and 0.5) mgl'to (Kn 2.5 mgl"') supplemented MS media
(Figure 2c). A maximum of 58.34 + 8.33% explants
responded for shoot induction at Kn (2.5 mgl') + [AA
(0.1 mgl'and 0.25 mgl')(Table 2).Explants cultured on
MS media divulged 58.34 + 8.33 % shoot induction at
Kn (2.5 mgl') + IBA (0.5 mgl!) (Figure 2d). The highest
4.29 + 0.76 average number of shoots per explant were
observed on MS media supplemented with Kn (2.5 mgl)
+ IBA (0.5 mgl!') (Table 3).

TDZ resulted to be over all better growth regulator
among the three cytokinins used. Explants cultured on

Table 3. Effect of cytokinins (BAP, Kin and TDZ) in combination with IBA on the induction of
shoots from the nodal segments in T.indica
Conc. of harmone | Conc. of IBA | Shoot induction | Number of shoots/ Average Shoot | Callus
(mg 1) (%) explants(Mean+S.E) | length (cm) formation
0.1 58.33+8.33 4.00+0.87 3.81+0.19 _
BAP (1.5 mg I'') 0.25 41.66+8.34 3.68+0.69 3.45+0.45 ++
0.5 58.33+8.33 4.29+0.76 3.39+0.28 _
0.1 50.00+16.67 3.05+0.19 3.47+0.19 -
Kin (2.5 mg 1) 0.25 41.66+8.34 2.07+0.21 3.26+0.73 -
0.5 58.34+8.33 2.99+0.13 2.97+0.61 -
0.1 75.00+8.33 5.84+0.72 3.85+0.50 +
TDZ (1.5 mg 1) 0.25 58.34+8.33 4.19+0.44 2.30+1.54 +++
0.5 58.34+8.33 4.30+0.46 5.14+0.15 +4++
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Table 4. Effect of auxins on rooting from microshoots of Tylophora indica in half

strength MS medium (after 30 days).

IBA (mg1'') | NAA (mg1?') |Root induction | Mean number of | Average root
(%) roots/ explants length (cm)

0.5 - 90 3.25+0.25 3.87+0.37

1 - 75 1.75+0.25 2.25+0.14

1.5 - 40 1.5+0.28 1.5+0.28

- 0.5 85 3.4+0.4 3.7+0.2

- 1 60 2.6+0.2 2.840.25

- 1.5 30 2+0.54 1.84+0.25

MS media showed 66.66 + 16.67 % shoot induction at
TDZ (1.5 mgl') + IAA (0.1 mgl™'). The highest 4.38 + 0.40
average number of shoots per explant were obtained on
MS media supplemented with TDZ (1.5 mgl-!) + IAA (0.1
mgl'). Maximum average shoot length was obtained
at TDZ (1.5 mgl') + IAA (0.25 mgl') (Figure 2e). With
increase in the concentration of IAA to TDZ (1.5 mgl™!),
increase in the percentage shoot induction and average
number of shoots per explants was seen but the aver-
age shoot length at TDZ (1.5 mgl') + IAA (0.25 mgl)
increases up to 5.02 + 0.76 cm and then decreases at
TDZ (1.5 mgl"') + TIAA (0.25 mgl™') (Table 2). The explants
exhibit both direct shoot induction and callusing after
21days but callus formation took place very late after
30 to 35 days from the date of inoculation. A maximum
of 75.00 + 8.33 % percentage shoot induction with 5.84
+ 0.72 average number of shoots per explant on media
at TDZ (1.5 mgl"') + IBA (0.1 mgl™'). The highest average
shoot length was observed at TDZ (1.5 mgl') + IBA (0.5
mgl!) (Figure 2f). Decrease in percentage shoot induction
and average number of shoots per explant was observed
with increase in the concentration of IBA to TDZ (1.5
mgl'). The average shoot length slightly decreased with
increase in the concentration of IBA from 0.1 to 0.25
mgl! on MS media and increases largely at TDZ (1.5
mgl') + IBA (0.1 mgl'). Large amount of callus forma-
tion was observed when media was added with TDZ (1.5
mgl') + IBA (0.25 to 0.5 mgl™!) (Table3).

In vitro shoot regeneration response from nodal
explants was not significant when different concentra-
tions of Auxins (IAA and IBA) were added to MS media
fortified with combination of BAP (1.5mgl') and Kn
(2.5mgl!). The percentage shoot induction decreased
with addition of these auxins but slight increase in the
average number of shoots per explant and average shoot
length was observed. Thus the micropropagation proto-
col for shoot induction developed for Tylophora indica
can be successfully applied for large scale multiplication.
For root induction, elongated shoots were subcultured
for more than 5 weeks on medium containing TDZ. Both
the auxins IBA and NAA supplemented to half strength

MS medium initiated rooting. Maximum of 90% rooting
was observed on medium with half strength basal salts
containing 0.5 mgl! IBA with 90% rooting percentage,
strong and good number of roots (Table 4).

Regenerated rooted plantlets were successfully trans-
ferred to pots containing soil, sand and manure in a
2:1:1 ratio. The pots containing plantlets were kept in
growth room for 2 weeks and then transferred to green
house. Healthy plantlets from pots were then transferred
after 6-8 to field conditions for survival. Survival rate
of 90% was observed. Plants were found to be similar to
mother plants (Figure 2g).

The results of this study revealed that nodal explants
had the highest regeneration rate in MS medium sup-
plemented with various plant growth regulators. Fur-
thermore, our results showed that TDZ was more effec-
tive among the cytokinins in shoot regeneration. TDZ
in combination with IBA also showed good results
with average number of shoots powered to 5-6 shoots
per explants and at the same concentration best per-
formance of callusing was witnessed. Half strength
Basal medium with IBA was found most effective for
root formation of T. indica when compared with NAA.
Hence a protocol has been developed through for in
vitro shoot regeneration and root regeneration under
in vitro conditions to fulfil the natural reservoir of
this plant and needs of pharmaceutical industries in
future.
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