N\ . e . ne . .
& _ 14 International Journal of Scientific Research in Biological Sciences

¥
W/ ISSN: 2347-7520

> 4% Research Paper

Volume-2, Issue-5

Callus Induction, Anti Microbial Screening and in Vitro Plantlet
Regeneration of Adansonia Digitata L.: Anendangered Medicinal Tree

Singh Sugandha

Department of Biotechnology, Sant Hirdaram Girls College, Bhopal (M.P) India

Available online at www.isroset.org

Received: 11/May/2015 Revised: 24/May/2015 Accepted: 20/Jul/2015 Published: 30/Oct/2015

Abstract- Adansonia digitata L. (Bombacaceae) is a majestic tree revered in Africa for its immense medicinal and
nutritional value. Commonly called as Baobab, the tree is stem succulent and is native to dry regions of tropical Africa,
Australia and Madagascar. The tree can grow up to 25 metres in height, 28 metres in girth and may live for several hundred
years. Being one of the largest and world’s oldest tree, Baobab was introduced in India by Muslim traders almost 500 years
ago. Adansonia has very limited distribution in India and in Madhya Pradesh. In India, it is commonly called as
‘Kalpavriksha’, ‘Mandav imli’, ‘Khursani imli’, etc. The tree is known for its high economic value as well as numerous
biological properties including anti-malarial, anti-pyretic, anti-oxidant etc. and almost every part of the tree is found to be
useful for treatment of various diseases. At present, it faces a crisis of survival due to lack of knowledge and awareness on
the need to protect and conserve it.

The present study was carried out to isolate important bioactive components using cell and suspension cultures, to

determine antimicrobial activity and to standardize a protocol for in vitro propagation of this rare woody tree species.
Plant growth regulators like BAP, NAA, TDZ were used for callus induction and formation of somatic embryos. Various
parts like leaf and fruit pulp were used and their extracts were prepared in methanol and aqueous solvents. The anti-
bacterial activity was evaluated against E. coli and Staphylococcus aureus. Looking into its extremely thin distribution in
the Indian sub-continent, tissue culture approaches have been initiated for its future conservation. An in vitro protocol was
developed for shoot induction using seedling explants and BAP, Kinetin as growth regulators.

Results indicate that the leaves and fruit pulp show remarkable bioactivity against Staphylococcus aureus. These
can be considered as good potential drug candidates as antibacterial agents. Maximum callus induction occurred in leaf
explants with a combination of BAP (2 mg/l) and NAA (7 mg/l). The apical explants were found more responsive to
kinetin as compared to BAP and more responsive in MS as compared to WPM medium for the induction of shoots. 70%
shoot induction occurred with BAP (0.5 mg/l) and Kinetin (2 mg/l). Thus, a standard protocol was generated for shoot
multiplication using tissue culture techniques for conservation of this medicinal tree. The conservation strategy under
Indian sub-tropical states will help in studying its medicinal properties for further research on this multipurpose tree
species.
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INTRODUCTION to fire and survives well in dry climate. The leaves bark
and fruit are employed as food stuffs and medicinal
purposes. It has numerous health benefits which can be

related to the presence of bioactive compounds like

Adansonia digitata L. (Baobab) is a fascinating tree of
African savannas and known for its enormous size and

distinctive appearance. According to Wickens and Lowe
(2008), Baobab is one of the eight species of the genus
Adansonia, but it has until recently been considered the
only native species on African mainland. The tree may
reach upto 25 m in height and may live for hundreds of
years. It is very important in the economy of rural and
urban people for food, fodder, medicine, shelter and
numerous other products (Gebauer 2003, De Caluwe et
al., 2010). Adansonia has high water holding capacity and
its hollow trunk keeps the water potable for many years
and serves as a reservoir during drought. It is also resistant
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terpenoids, saponins, tannins etc. that are isolated from its
various parts like leaves and fruits (sugandhaet al., 2013).

The tree has mythological significance and is
known as ‘kalpavriksha’ in India and elsewhere. Various
plant parts such as leaves, bark, and fruit pulp have been
traditionally — used  as
inflammatory, analgesic and in the treatment of fever,
diarrhea, cough, dysentery, haemoptysis, tuberculosis,
microbial infection and worms (Wickens & Lowe, 2008;
Vermaak et al., 2011). The tree is thus named as “The
small pharmacy or chemist tree”. The seeds and oil

immuno-stimulant, anti-
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extracts are also used as food, fuel, cosmetics, medicines
and in the tropical treatment of muscle wounds, dandruff
and other skin conditions (Chivandi, Davidson and
Erlwanger, 2008; Kamatou et al., 2011). Pulp extract is
applied as eye-drops in cases of measles (FAO, 1988)
whereas leaves form a component or herbal remedies.

In many areas, particularly in the tropical countries,
traditional medicinal plants remain one of the main
sources in prevention and treatment of varying ailments
through self-medication (Mahomoodallyet al., 2012).
Earlier studies reveal that aqueous stem bark and aqueous
root bark extracts have significant anti-bacterial activity
against B.anthracis and B.subtulis (Masola et al., 2009).
The results of phytochemical screening of ethanol and
chloroform extracts of A.digitata using percolation and
Sohxlet extraction method revealed the presence of
flavonoids and steroids in the extracts (Yushaoet al,
2010). Callus formation is a desirable prerequisite for
plant regeneration because callus offers the greatest
opportunity for in vitro selection and production of
genetic variations (Espinasse& Lay 1989, Bregitzerert al.,
1995, Chauhan & Kothari 2004, Serhantovéet al., 2004,
Nasircilaraer al., 2006). Generally, high concentration of
auxins and low cytokinins in the medium promote
abundant cell proliferation with the formation of callus
(Shah et al., 2003).

The present study was undertaken to induce
callus for isolation of important bioactive components
using cell and suspension cultures and establish an in vitro
culture using tissue culture methods. Also, the
antibacterial activity of A. digitata (leaf and fruit pulp)
extracts was evaluated against Staphylococcus aureus.

MATERIAL AND METHODS

A] Collection and identification of plant material:
Different parts like leaves and fruits of Adansonia digitata
were procured from the tree located in the centre of the
Bhopal city. These were identified by the taxonomists at
the Botanical survey of India, Regional Office, Pune.
Accession number was assigned to Adansonia digitata as
(SUSADDI).

B] Callus induction
i) Plant material

In order to preserve this genetic resource of great
economic and medicinal value, studies on callus induction
of this multipurpose tree species through tissue culture

12 month old

techniques is carried out. Different parts of
in vitro grown seedlings of Adansonia digitata were used
as explants i.e leaf segments, nodal segments, hypocotyl,

epicotyl, apical,axillary meristems and root segments for
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callus induction. The above explants were aseptically cut
from 1 in vitro raised seedlings and
inoculated in different media supplemented with different
concentrations of plant growth regulators like 6-BAP(0.5
mg/l- 2 mg/l), NAA(0.5- 10.0 mg/l) and TDZ (1.0-1.5
mg/l).

month old

ii) Callus culture establishment:

Sterile explants were cultured on WPM medium
supplemented with different concentrations of BAP, NAA
and TDZ (as mentioned above) either alone or in
combinations for callus induction in light and dark. The
inoculated explants were incubated in culture room at
25+2° C for standard 16/8 hrs photoperiod under
fluorescent light. The calli were sub-cultured to a freshly
prepared medium of same composition and pH=5.5-5.8
after every 30 days. Fresh weight and dry weight of calli
was determined and high quality friable calli were
transferred into MS liquid medium for suspension culture
with different concentrations of NAA (0.1-5mg/l). Data
was collected on percent callus induction and morphology
of calli were observed. Each experiment was conducted in
10 replicates.

iii) In vitro culture establishment:a) Plant material
Apical and axillary shoots were collected from 5 year old
seedlings. The shoots were surface sterilized by
immersion in 4% NaOCI containing 0.01% Tween-20 for
15 min, followed by four 5 min washes with sterile
distilled water. Shoot apices with 2-3 axillary buds were
excised from terminal shoots and cultured on different
media.

b) Media and culture conditions

The basal media tested were MS and WPM with different
concentrations of BAP and Kinetin. Solidified nutrient
medium was prepared using 0.22% phytagel and pH was
adjusted to 5.8-6.0. Growth regulators were added before
autoclaving and explants were cultured in 15025 mm
glass tubes and phytajars each containing 20 ml and 60 ml
of nutrient medium respectively. Cultures were examined
for 60 days at 25+2°C and a 16-h photoperiod with white
light supplied by cool fluorescent tubes (80 pmol m? s™).

¢) Shoot multiplication

Shoot apices (0.6-0.8 cm) were grown for 60 days on the
test media supplemented with BAP (0.5-5 mg/l) alone or
in combination with 0.5-5 mg/l kinetin. In another
experiment, explants were maintained in the test media
supplemented with 05-5 mg/l kinetin alone.

iii] Preparation of Extracts:
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The leaves were washed in running water, cleaned and
dried under shade for 20 days. Dried leaves were grinded
into fine powdered samples. The fruit pulp was separated
from the seeds manually. 7.5 grams of the powdered plant
material was dispensed in 75 ml of methanol and water in
separate conical flasks, kept for 24 hours with shaking at
regular intervals. The content was filtered through
Whatman#1 filter paper. The filtrate was evaporated at
room temperature. The process was repeated thrice with
each solvent.

Similarly, callus obtained from leaf explants was grinded
into fine powder with the help of liquid nitrogen and its
methanolic and aqueous extracts were prepared using the
above procedure.

C] Phytochemical screening and Anti-microbial
activity:
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occurrence  of  turbidity
showed the presence of

resins.

S.No | Name of Test Phytochemicals

1. To 0.1 ml of the extract and | Alkaloids (Ciulci,
fractions in a test tube, 2-3 1994).

drops of Dragendorff’s
reagent was added. Orange
red precipitate is formed.

2. To 4 ml of the extract, a
piece of magnesium ribbon
is added followed by drop-
wise addition of

Flavonoids(Sofaw
ora, 1993).

concentrated HCI. The color
changes from orange to red.

3. 2 ml of the extract was Tannins
diluted with distilled water
in separate test tubes. 2-3
drops of 5% ferric chloride
(FeCls) solution was added.
A green- black or blue color

is formed.

4. 50 mg of the extract is
diluted with distilled water
and made upto 20 ml. This is
shaken in a graduated
cylinder for 15 min. A 2 cm
layer of foam is formed.

Saponins

5. 5 ml of extract was mixed in | Terpenoids

2 ml of chloroform. 3 ml of (Salkowski test)
concentrated sulfuric acid
was added to form a layer. A
reddish brown coloration

forms at interface.

6. 5 ml of distilled water was | Resins
added to the extract. The
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d] Evaluation of Anti-bacterial activity:

Staphylococcus aureus (ATCC 25923) was used to screen
the antibacterial activity of leafand callus extracts of
A.digitata. Agar well diffusion method was employed and
the bacterial strain was revived and adjusted for the
turbidity of the inoculums suspension using 0.5
McFarland’s technique. Mueller-Hinton agar plates were
prepared and inoculated by spreading the swab over the
surface of the agar plate. Wells were bored on each plate
using a standard sterile cork borer of 6mm diameter.
Equal volumes of plant extracts were transferred into the
wells. Another well was filled with equal volume of
ampicillen (1 mg/ml) which served as the standard drug.
The plates were allowed for pre-diffusion for 30 minutes
and incubated at 37°C. The experiment was carried out in
triplicates and mean of zones of inhibition were counted.

RESULTS AND DISCUSSION

Auxins and cytokinins showed significant variation for
callus induction from different explants. Callus induction
was observed in almost all the explants used
supplemented with different concentrations of 6-BAP,
NAA and TDZ.The leaf and node segments were equally
responsive for induction of callus and gave good results.
All media supplemented with higher concentrations
(above 1.0 mg/l) of BAP mostly showed callus formation
in both light and dark conditions.Two superior plant
growth regulator combinations that resulted in 90% of
callus induction in leaf and node explants were 2.0 mg/l
BAP and 10.0 mg/l NAA (Fig. 1A).. Superiority of BAP
over other cytokinins has been demonstrated in other tree
species such as Simarouba glauca (Rout and Das, 1995),
Simmondsiachinensis (Chaturvedi and Sharma, 1989),
Morus species (Islam er al., 1993; Pattnaik and Chand,
1997). The best result in terms of percentage response of
callus induction (90%) and nature of callus obtained on 6-
BAP was found in case of nodal segment, hypocotyl and
leaf segments, after 28-30 days of inoculation on WPM
medium.(Table 2). Lower concentrations of TDZ
generally tended to promote the formation of compact,
green, nodular calli (Murthy ef al., 1998).

Production of calli from fragments of steams,
leaves and roots are mainly carried out to determine the
culture conditions required by the explants to survive and
grow, study cell development, exploit products coming
from primary and secondary metabolism and obtain cell
suspension in propagation. It can also pave the way for
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isolating economically valuable phytochemicals, which
can avoid collecting plant materials from natural sources
(Gita et al., 2009;Berkovet al., 2009).

The apical explants were found to be more
responsive to kinetin as compared to BAP and also more
responsive in MS as compared to WPM medium (Fig.2
A). It was found that the presence of BAP inhibited
sprouting percentage and promoted callusing. Maximum
sprouting and no. of shoots per explants was found
highest with MS medium with 2mg/l kinetin. After 60
days of culture, sprouting percentage was 80%.
Concentrations of BAP more than 2 mg/l induced
extensive callusing and necrosis of explants (table 5). In
tissue culture, cytokinins play a crucial role as promoters
of cell division and act in the induction and development
of meristematic centers leading to the formation of organs,
mainly shoots (Peeterset al., 1991). Kinetin has been used
for micropropagation of many ornamental plants (Jain and
Ochatt, 2010). In vitro shoot proliferation and
multiplication are largely based on media formulations
containing cytokinins as a major plant growth regulators
(Mamidala and Nanna, 2009; Hoque, 2010). In the present
study, kinetin was found to be more effective than BAP in
shoot multiplication. The favourable effect of kinetin on
shoot multiplication has also been reported by
Vernosefadranier al., (2009) who observed in Gerbera
jamesoni that shoot proliferation rate was maximum in
medium containing 2 mg/1 kinetin.

Preliminary phytochemical screening reveals the
presence of Flavonoids, alkaloids, tannins in leaves while
saponins are absent. Similarly, fruit pulp and callus show
the presence of nearly all phytochemicals (table 3). The
importance of alkaloids, saponins and tannins in various
antibiotics used in treating common diseases has been
reported by Kubmarawa (2007). Phytochemical tests are
helpful in finding and locating chemical constituents
which are source of pharmacologically active principles
(Pandith, 2012). These compounds have significant
application against human pathogens, including those that
cause enteric infections and are reported to have curative
properties against several pathogens and therefore could
suggest their use in the treatment of various diseases
(Hassan et al., 2004).

The antibacterial activity of the leaf, fruit pulp and callus
extracts of A digitata significant reduction in bacterial
growth in terms of zone of inhibition. In the present study,
maximum growth of inhibition (46 mm) was observed in
methanol extract of leaves whereas leaf callus gave 42
mm zone against S.aureus (Fig. D). Similarly, in aqueous
extracts leaf gave 30 mm zone and leaf callus gave 28 mm
zone. The results showed that leaf, fruit and callus extracts
possess bioactive compounds with antibacterial activity
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against many pathogens. It is suggested that the methanol
extract reveals a scope to develop a novel broad spectrum
of anti-microbial drug formulation and suspension culture
can be used to carry out for the production of these
bioactive components.

CONCLUSION

Conventional breeding techniques for woody trees are
often difficult and slow because of high levels of
heterozygosity and the long generation time between
successive crosses as reviewed from time to time
(Sriskandarajahet al., 1994; Naiket al., 1999; Naik and
Chand, 2003; Singh et al., 2007). The current study
revealed the presence of many pharmacologically active
constituents in A.digitata suggesting their strong potential
in antimicrobial activity and treatment of diseases. The
results obtained are very encouraging and will give
impetus to conserve this medicinal tree using
micropropagation and also for
characterization of bioactive compounds present in its leaf
and fruit pulp for formulation of herbal medicines.

isolation  and
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Table 2.Effect of 6-BAP, NAA and TDZ in WPM medium on callus induction of leaf and seed explants (observation
recorded after 30-35 days)

Conc. of | Conc.of | Conc.of | Nature Duration in | Induction Callus type
BAP NAA TDZ of callus days frequency
mg/l mg/1 mg/l %
0 - - - - - No response
1.0 - - + 35 70 Brown,watery
2.0 - - ++ 35 75 Brown,nodular
5.0 - - +++ 30 80 ‘White,brownish, hard
0 0 - - - - No response
1.0 1.0 - + 10 60 Green friable
1.0 2.0 - + 10 70 Light brown, nodular
2.0 5.0 - ++ 10 70 Watery
2.0 7.0 - +++ 07 90 Hard, nodular callus
2.0 10.0 - +++ 07 90 Hard, nodular callus
0 - 0 - - - -
1.0 - 0.5 + 15 70 Brown, watery
2.0 - 1.0 ++ 15 80 Brown, watery

No. of culture vessels inoculated for each experiment=10
Intensity of callus: - No response, + low, ++ moderate, +++, high, good quality.

Table 3:Phytochemical screening of various plant parts

Explant | Solvent | Flavonoids | Alkaloids | Tannins | Phenolics | Saponins | Resins
used used
Leaf a + + + + - +
b + + + + - +
Fruit Pulp | a - + + + + +
b - + + + + +
Callus a + + + + + +
b + + + - + +
a: methanol, b:aqueous, +- Present, -Absent
Table 4. Antibacterial activity of A.digitata leaf, fruit and callus extracts
Plant extract Zone of inhibition (mm)
Staphylococcus aureus
Methanol Leaf Callus
46 42
Aqueous 30 28
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Table 5: Effect of BAP and Kinetin on the number of shootsinduction and multiplication

Treatment BAP (mg/L) Kinetin % shooting Days to
(mg/) shooting
TO 0 - - -
T1 0.5 - - -
T2 1.0 - - -
T3 1.5 - - -
T4 2.0 - - -
T5 5.0 - - -
0.0 - -
K1 - 0.5 10 14
K2 - 1.0 20 20
K3 - 1.5 40 14
K4 - 2.0 70 14
K5 5.0 20 15

Fig.1A: Callus induction in leaf explants with BAP +NAA

Fig.1 B: Callus in suspension culture

Fig. 1C: Callus induction in leaf explants with BAP and TDZ.

Fig.1D: Anti-bacterial activity of leaf and fruit pulp against Staphylococcus aureus.

Fig. 2 A: In vitro shoot induction
Fig. 2 B: Shoot multiplication




