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Comparative study on in-vitro regeneration potential of Tinospora
cordifolia (Willd.) Miers explant grown in MS and B5 media
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ABSTRACT

This experiment has been designed to draw a comparative study between in-vitro regenerated above-ground plant parts of
Tinospora cordifolia grown in MS and B5 media, supplemented with different treatments of shoot promoting growth
hormones viz. TDZ, Kinetin and BAP. The results are based on physical parameters, which suggest that in most cases MS
medium is superior to B5 medium (these parameters are the number of regenerated nodes, leaves, shoots and length of
regenerate shoot). However, in one parameter (number of days for shoots primordia initiation), the B5 medium has shown
better response. Again, among all the three hormones used, BAP showed better response than other hormones in both the
media.
Keywords : B5 medium, BAP, In-vitro, Kinetin, MS medium, TDZ, Tinosporacordifolia
Tinospora cordifolia (Willd.) Miers, is an important
medicinal climber of the Menispermaceae family. This plant is
known primarily for its medicinal properties in the Ayurvedic
drug system (Panwar et al. 2018). It is a large, widespread
deciduous climbing shrub with several twisting branches. The
stem is succulent of a long, fleshy and climbing nature, the
roots emerge from the branches, the bark is creamy white to
grey in color, the leaves are simple, alternate, exstipulate, long
and petiolate of approximately 15 cm length, in the form of
heart, partially twisted and half-round (Mittal et al. 2014).
This plant is widely available in the Indian subcontinent and
many other parts of South East Asia and few parts of Africa. It
has been used in the healthcare sector for the industrial
production of pharmaceutical and nutraceutical products. This
plant has a wide range of bio-active compounds (secondary
metabolites) viz. berberine, protoberberine, palmatine, etc.
used in the formulation of antidiabetic (Preetyet al. 017),
antiarthritic, anti- inflammatory, antimicrobial (Jayachandran
et al. 2003), antispasmodic, anti allergic (Babar et al. 2005),
anti cancerous (Ahamad et al.2015), immunomodulatory
(Desaiet al.2002) and has many other properties (Pillai and
Siril 2019). Many of such secondary metabolites are known to
be produced after getting elicited by compounds like MethylJasmonate (MeJA), Jasmonate (JA) and Salicylic Acid (SA)
(Singh and Dwivedi 2018). With the advancement of modern
science and technology researchers have identified and
isolated these bioactive compounds from the plant
extracts.One of the most important of such compounds is
berberine. It has anti-inflammatory properties and mostly
found in above-ground parts of this plant. Many commercial
brands utilize this compound along with other compounds in

order to formulate herbal drugs. However, this has led to the
gradual disappearance of this plant from its natural habitats.
Presently, Tinospora cordifolia is an overexploited plant and is
on the list of prioritized medicinal plants by the National
Medicinal Plants Board (NMPB), Government of India. Plant
tissue techniques can be utilized to propagate these plants in
huge amount within a short period of time (Mittal and Sharma
2017). The micropropagation technique can be very useful for
its massive propagation as well as for its conservation (Singh
et al. 2009). This experiment was conducted for a significant
comparative study between the regenerated plants grown from
the nodal cuttings of Tinospora cordifolia, using different
shoot growth-promoting hormones supplemented in both MS
and B5 media.

MATERIALS AND METHODS
Media preparation : For the micropropagation of Tinospora
cordifolia under appropriate growth conditions in the
laboratory, B5 and MS media supplemented with different
concentrations of growth regulators were used. As compared to
MS medium (Murashige and Skoog 1962), B5 or Gamborg
medium (Gamborget al. 1968) have a relatively lower
concentration of nitrogen as ammonia. Stock solutions for the
nutrient media were prepared using analytical grade chemicals
(from Himedia Laboratories, India) and double distilled water
(DDS) to maintain greater precision and convenience. Growth
regulator stock solutions were used and prepared according to
the requirements of the medium. Different growth regulators
were used viz BAP, Kinetin andTDZ.
Standard procedures were followed for the preparation of 1L
medium as used in the present study for proliferation and
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induction of cultures. All components of the stock solutions
were mixed in the recommended quantity in order to prepare
full strength media. The final volume was made up with
double distilled water. The pH of the media was measured
using a pH meter to maintain the desired pH range, which is
5.5 to 5.8.
Sterilization techniques : Standard sterilization protocols for
explants and glass wares/plastic wares were followed.
Preparation of plant materials and inoculation : Plants
were procured from local nurseries and established under the
greenhouse of the Department of Plant Physiology, Institute of
Agricultural Sciences, Banaras Hindu University during the
year 2019. Elite, disease-free and pest-free plant materials
were collected from the plants (1 month old). Nodal segments
of about 2.5-3.0 cm were obtained. The collected explants
were washed in running tap water for 15-20 min to remove
surface dirt. After that they were washed with liquid detergent
called Tween 20 (Himedia Laboratories, India) for 10 min.
Then, plant materials were first immersed in a
0.05%(w/v)Bavistin solution for 3-5min and later in a
0.1%(w/v) mercury chloride (HgCl ) solution for another 2
min. These were washed with double distilled water to remove
the traces of mercury chloride. Before inoculating the culture
tubes, the final length of the explants was kept around 1.5-2.0
cm. The explants were inoculated onto the sterilized nutrient
media under aseptic conditions, following established
procedures.
Culture Conditions: The cultures were incubated in culture
room with temperature of 25 ± 2°C under 16: 8 hours of light:
dark photoperiods for the regeneration of the explants. An
irradiance of 45-50 μmol m-2 s-1was provided by cool white
fluorescent tubes (Philips TL D 50W). The relative humidity
of the culture room was maintained at around60%. After
inoculating all the culture tubes of both MS and B5 media, the
cultures were frequently observed on a regular basis.
Observations on the number of days for primordia initiation
was recorded during the first 7-10 days after inoculation. On
the other hand, observations on the rest of the parameters were
recorded 40 days after inoculation (Fig. 6). The recorded data
were analyzed using IBM SPSS Statistics 26. Duncan’s
Multiple Range Test (DMRT) was conducted to compare the
sets of means, and the values were plotted on graphs using
8
GraphPad Prism .
2

RESULTS AND DISCUSSION
a. Number of days taken for initiation of shoot primordia
followingincubation: During the first 7-10 days, leaf
primordia formation took place in all the explants (Fig. 1).It is
clearfrom Fig. 1 that when both the media were taken under
consideration, the B5 medium showed fastest primordia
formation in specific concentrations such as Kinetin 0.2 mg.L-

1(T4), followed by Kinetin 1.0 mg.L-1(T6) and BAP 0.2
mg.L-1(T10) as compared to that of MS medium. In MS
medium, when all the three hormones were considered
together, fastest primordia formations were observed in
Kinetin 0.2 mg.L-1(T4) and Kinetin 0.5 mg.L-1 (T5) at
4.50±0.57 and 4.5±1 daysrespectively, followed by Kinetin
1.0 mg.L-1 (T4) and BAP 0.5 mg. L-1 (T11) at 4.75±0.5 days.
But, according to the results obtained from Duncan’s Multiple
Range Test (DMRT), all of these treatments did not show any
significant differences in their mean effects, when explants
were cultured in MS medium. However, in the B5 medium,
best result was obtained in Kinetin 0.2 mg.L-1 (T4: 4.00±0.00
days) followed by Kinetin 1.0 mg.L-1 (T6) and BAP 0.2 mg.L1 (T10) at 4.25±0.50 days after inoculation. In this case, T4 has
shown a significant difference from other treatments of
hormones. This suggests that if the fastest primordia
formation is the goal, B5 medium supplemented with Kinetin
0.2 mg.L-1 might be a very good alternative. A similar
experiment was conducted by Minerva and Kumar (2012)
where indirect regeneration of shoots from the culture was
achieved through calli, obtained from flower petals of
Gerbera jamesoniiBolus, incubated in MS medium. When the
calli were transferred to a medium containing 2 mg/L BAP +
0.5 mg/L IAA, shoot regeneration started within 4-5 weeks.
Another study by Panwar et al. (2018) demonstrated that the
induction of primordia was observed in Tinospora cordifolia
of blooming nodal explants within 10-14 days in medium
containing different cytokinins (BAP or Kinetin), the optimal
initiation of primordia was observed in MS medium
containing BAP 2.0 mg / L. As compared to these results, it
was easier and faster to achieve primordia initiation from the
nodal explants of Tinospora cordifolia in the
presentexperiment.
b. The number of nodes perexplant: This is an important
parameter to consider because each node of Tinospora
cordifolia has the potential to form a complete leaf which is
not only an essential photosynthetic organ of the plant but also
a reservoir of many secondary metabolites with various
medicinal properties. When results obtained from both the
media were compared together, it helped us to draw some
interesting conclusions.
From Fig.2, it can be observed that in both the cases
highest peaks were observed in T10 which was BAP 0.2 mg
L-1. MS medium showed a mild peak at treatment T5 i.e.
Kinetin 0.5 mg.L-1 (2.00±1.26) with a gradual decline in the
number of nodes with increased concentration of Kinetin,
whereas MS medium supplemented with BAP showed two
sharp peaks, one at T10 (BAP 0.2 mg L-1: 4.33±2.58) with the
highest number of nodes per explant and another at T14 (BAP
3.0 mg L-1: 2.83±1.47) which was the second highest.
Similarly, in the case of B5 medium, a moderate peak was
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observed at T4 (Kinetin 0.2 mg L-1: 2.00±0. 63) followed by
a gradual decline in the number of nodes with increased
concentration of Kinetin, whereas the highest peak was
observed at T10 (BAP 0.2 mg L-1: 2.83±0.98) followed by a
gradual decline with increased concentrations of BAP. In
both MS and B5 media, the effect of T10 differed
significantly from other concentrations of hormones. The
trend in declination of response with increased
concentrations of a specific hormone is quite remarkable and
probably controlled by endogenous concentrations of
hormones. This can be further studied by chemical analysis.
This study also suggests that in this particular physical
parameter, the MS medium might be a very good alternative
as compared to the B5 medium. A study on Strercospermum
personatum carried out by Shukla et al. (2008) suggested that
the highest number of nodes per developing shoot was
obtained in MS medium supplemented with 4.44 µm BAP
(number of nodes 4.4 ± 0.3).
c. Number of Leaves per explant : Like previous physical
parameters, the number of leaves per explant is also a very
vital parameter to study the effects of shoot growing
hormoneson this medicinal herb. Leaves are a potential
photosynthetic organ of the plant as well as a very good
source of secondary metabolites with medicinal attributes.
Having alternate phyllotaxy, each node of Tinospora
cordifolia generates one single leaf lamina, which is broadly
ovate shaped.
In the case of MS medium, two sharp peaks were
observed; the highest peak was at T10 (BAP0.2 mg L-1:
5.75±2.06) followed by the second highest at T3 (TDZ 1.0 mg
L-1: 3±2.44) and T14 (BAP 3.0 mg L-1: 3±1.41) (Fig. 3).
Whereas in Kinetin, a mild peak at T5 (Kinetin 1.0 mg L-1:
1.71±0.42) followed by a gradual decline with increased
concentration was observed. Again, in the B5 medium, both
BAP and Kinetin showed higher peaks at lower
concentrations at T10 (BAP 0.5 mg L-1: 2.25±0.25) and T4
(Kinetin 0.2 mg L-1: 1.88±0.35), respectively, followed by a
gradual decrease in the number of leaves with an increase in
concentration. Based on the results obtained, it can be
suggested that MS medium supplemented with BAP
0.2mg.L-1 could be a good alternative to obtain the highest
response. However, this particular concentration of the
hormone is also showing a very effective response in the B5
medium as well. A similar study on Tinospora cordifolia by
Choudhury and Handique (2013) also showed similar results.
They experimented using nodal cuttings of Tinospora, grown
in MS medium at in-vitro condition supplemented with
different shoot growing hormones (Kinetin, BAP and TDZ)
individually and in combination. When individual hormones
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were taken under consideration, the highest number of leaves
was obtained in the case of MS medium supplemented with
BAP 2.0 mg L-1 (number of leaves 4.29), followed by Kinetin
4.0 mg L-1 (number of leaves 4.14). But, instead of treating
with a single hormone, when the medium was supplemented
with all the three hormones together, the highest response was
obtained in the combination of Kinetin 4.0 mg L-1, BAP 2.0
mg L-1 and TDZ 0.2 mg L-1 where number of leaves was
38.71. If we compare the results with present study, it clearly
shows that hormones can show elevated responses when
combined together with the right proportions. This also
suggests that TDZ alone might not be a good hormone for the
regeneration of leaves, but in combination with other
hormones, it can enhance the effects ofthose.
d. Number of Stem regenerated perexplant : There are
many secondary metabolites like berberine, palmatine,
tinocordiside, etc. which are present in higher concentration
in the above-ground portion of the plant, especially in stems.
So, the number of stems could be a vital physical parameter to
determine whether the regenerated plants from explants
are able to produce more amounts of secondary metabolites
or not. The following graph represents a comparative study
on the number of shoots regenerated from nodal cutting in
both MS and B5 media when all the three shoot growing
hormones were taken under consideration individually
(Fig.4).
In the case of B5 medium, promising responses were
observed at lower concentrations of Kinetin (T4, Kinetin
0.2mgL-1:1.33±0.51) and BAP (T10,BAP 0.2mgL1:1.83±0.40) as compared to higher concentrations. Just like
the previous parameter, BAP is producing the highest
response. However, in MS medium, the highest peak was
observed at T6 (Kinetin 1.0 mg L-1: 2.33±0.51) with a
significant difference in response from other treatments. In
terms of the number of regenerated stems per explant, the MS
medium has shown great results which clearly out-numbered
the responses obtained from the B5 medium. This suggests
the superiority of MS medium for promoting growth over B5
medium in this case. When these results are compared with
the responses observed in the studies of Choudhury and
Handique (2013), it is noted that they obtained the highest
number of shoots in MS medium with BAP2.0 mg L-1
(number of shoots 2.23). When they treated the medium with
Kinetin, the highest response was at a concentration of 4.0
mg.L-1 (number of shoot is 1.6). Instead of treating with
individual hormones, when they combined those together, the
highest response was obtained in the combination of Kinetin
4.0 mg L-1 and BAP 2.0mg L-1 (number of shoots 5.00). Like
the previous parameter, these values again suggest that
hormones can produce a better response in combination.
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Table 1– Different treatments of shoot growth hormones used in this
experiment:
Hormones

-1

Treatment

Concentration (mgL )

TDZ

T1

0.2

(Thidiazuron)

T2

0.5

T3

1.0

T4

0.2

T5

0.5

T6

1.0

T7

2.0

T8

3.0

T9

4.0

BAP

T10

0.2

(6-benzyl

T11

0.5

amino

T12

1.0

purine)

T13

2.0

T14

3.0

T15

4.0

Kinetin

Fig.1– Comparative representation of the number of days for
primordia initiation inTinospora cordifolia in both MS and B5 media

e. Length of Stem regenerated from explants: The length of
the stem is one of the key parameters which show the heath of
the plant. Fig.5 shows that B5 medium produced superior
results at lower concentrations of Kinetin (T4, Kinetin 0.2 mg
L-1:3.15±0.35cm) and BAP (T10, BAP 0.2mgL1:3.18±0.49cm). Similarly, in MS medium, promising results
were obtained at lower concentrations of Kinetin (T5, Kinetin
0.5 mg L-1: 3.23±0.91 cm) and BAP (T10, BAP 0.2 mg L-1:
3.17±0.61 cm). However, in the case of different
concentrations of TDZ, both the media produced lower
responses than other hormones. The results obtained suggest
that MSmedium supplemented with BAP 0.2 mg.L could be a
very good option to obtain healthy plants with longer stem
lengths at a shorter period of time. When the results were
compared to a similar experiment by Mittal and Sharma
(2017), it’s observed that in their studies, the highest shoot
length was obtained in MS medium treated with BAP 1.0 mg
L-1 as well as 2-iP 0.5 mg L-1 (shoot length 9.3 ± 0.48 cm).
Also, they have found the highest number of stems (7.9 ± 0.45)
per nodal explants at this same concentration of hormones.
These experiments suggest the superiority of MS medium
over B5 medium, and superiority of BAP over other hormones.
-1

Fig. 2- Comparative representation of the number of nodes per nodal
explant of Tinospora cordifolia in both MS and B5 media.
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Fig. 3 – Comparative representation of the number of leaves per
explant in Tinospora cordifolia in both MS and B5 media.
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Fig. 4 – Comparative representation of the number of stems per
explant in Tinospora cordifolia in both MS and B5 media.

Fig. 5– Comparative representation of the length of stem per explant (cm) in Tinospora cordifolia in both MS and B5 media
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CONCLUSION
From the present study, it is concluded that for the
micropropagation of Tinospora cordifolia (Willd.) Miers from
nodal cuttings, the better response was obtained in MS
medium as compared to B5 medium in most of the physical
parameters viz. number of leaves, number of nodes, number of
stems and length of stems. B5 medium has shown better
response in case of only one parameter, i.e. number of days for

primordia initiation. Among all the shoot growth hormones
used, the highest responses were obtained at different
treatments of BAP, specially at a lower concentrations
(0.2mg.L-1 and 0.5 mg.L-1). TDZ has shown good response at
a concentration 1.0 mg L-1in three parameters viz. number of
leaves, number of stems and length of stem in MS medium
(Fig. 6). Among all the three hormones, BAP was found to be
superior in both the media.

a

b

c

d

e
-1

-1

Fig. 6 – Regeneration of Tinospora cordifolia at 40 days after inoculationin MS medium supplemented with (a.) 1.0 mg.L TDZ, (b.) 2.0 mg.L
-1
-1
Kinetin, (c.) 0.2 mg.L BAP; regeneration of Tinospora cordifolia at 40 days after inoculation in B5 medium supplemented with (d.) 0.2 mg.L BAP,
(e.) 0.2 mg.L-1 Kinetin.
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