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Leaf explants of Celastrus paniculatus initialy inoculated on MS medium devoid of plant
growth regulators evoked no response in terms of adventitious shoot bud differentiation.
Incorporation of cytokinins like Kinetin (Kn) and BAP induced shoot buds at their various
concentrations. Shoot buds were visible after 3 weeks on petiolated leaf explants (PL)
while non- petiolated leaf explants (DL) took 6 weeks to have similar response. Shoot bud
differentiation was much better on BAP media as compared to Kn. BAP aone at its 2.0
mgl™ concentration produced a maximum of 11 shoots buds on PL explants while more
than 13 shoot buds per explants could be obtained when both BAP and Kn at 0.5 mgl™
concentration each were incorporated in the medium. Although shoot buds could be
differentiated from both PL and DL explants, there was a great degree of differencein their
response to PGR treatments. Leaves derived from in vitro multiplying shoots responded
equaly, irrespective of their size and position on shoots. However, leaf explants with
petioles were more responsive in terms of adventitious shoot bud differentiation. Most of
the shoot buds originated from petiolar region while occasional development of shoot buds
was also observed from leaf apices and margins of leaf lamina. In case of DL explants buds
originated from shoot apices and margins of leaf lamina though most regeneration events
occurred from midrib and depetiolated leaf base. PL explants showed cent percent
regeneration while 66% response was observed with DL explants. Shoot buds
differentiated from various explants could be elongated during their sub-culture for 2
passages of three weeks each and the shoots were subsequently multiplied at a rate of 3.0 -
fold. Elongated shoots could be easily rooted and plantlets successfully hardened using
previously described procedure.
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INTRODUCTION

Celastrus paniculatus Willd. (Celastraceae) commonly known
as Malkangani, Jyotishmati, Bitter sweet, is an important
Indian medicina deciduous, forest climber seen growing
mostly in the hilly regions of northern India at an altitude of
1250 meters (Sharada et al., 2003). The plant is valued for its
immense medicinal properties. The plant parts are constituents
of numerous indigenous medicines. Leaves are emmenagogue
and the leaf sap is used as an antidote for opium poisoning.
The oil obtained from the seeds has been recommended for the
treatment of beri-beri, rheumatism, paralysis, gout, cough,
asthma, leprosy, headache and leucoderma (Chopra et al.,
1986). The chief phytoconstituents of medicinal value
reported in C. paniculatus include malkangunin (sesquiterpene
polyster), celapanin celapanigin, celapagin (sesquiterpene
alkaloids) and celastrol, pristimerin, zeylasterone and
zeylastral  (quinine-methide and phenolic  triterpenoids)
(Anonymous, 2002). Over-exploitation and poor natural
regeneration either by seed or other methods have resulted into
depleting population of Celastrus paniculatus in natural
habitats and therefore, it is currently listed as threatened
species (Kirtikar and Basu, 1987). In recent years, induction of
multiple shoots and recovery of complete plantlets from tissue
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culture of many rare, endangered, aromatic and medicinal
plants have been reported (Bhojwani and Razan, 1996;
Komalavalli and Rao, 2000; Sebastian et al., 2002; Sridhar
and Naidu, 2011). In vitro shoot proliferation and plantlet
regeneration in C. paniculatus have been attempted using
different pathways and variety of explant sources (Nair and
Seeni, 2001; Sharada et al., 2003; Martin et al., 2006).
However, there are no reports on direct regeneration from leaf
explants without any intervening callus phase.

Adventitious shoot bud regeneration is considered to be a
better option for gene delivery through a variety of explants
(James and Barbara, 1990; Swartz et al., 1990; Petri and
Scorza, 2010) and success has been achieved to obtain
transgenic plants in number of species (Uematsu et al., 1991;
Moore, 1992). There are several reports which suggest that
leaves are better source of explants for induction of multiple
shoots in vitro (Shrivatava and Ragani, 1999; Babu et al.,
2000; Temjensangba and Deb, 2005). The present
investigation was aimed to demonstrate the potential of tissue
culture derived leaf explants for shoot differentiation and
plantlet regeneration in C. paniculatus.
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MATERIALSAND METHODS

In vitro shoot cultures of C. paniculatus were established
using nodal explants as described by Bilochi (2001). In vitro
multiplying shoot cultures were used as the source of leaf
explants in the present investigation. Whole leaf explants with
(PL) or without (DL) petioles were harvested aseptically from
in vitro multiplying shoot cultures of C. paniculatus. The
petiole was removed in order to avoid its influence on
regeneration capacity of leaf explants. Both type of leaf
explants (PL and DL) were placed firmly with their adaxial
surface uppermost on the medium in culture tubes and
stoppered with non-absorbent cotton plugs. The medium for
all the experiments consisted of M S salts and vitamins plus 30
gl sucrose solidified with 0.8% agar and supplemented with
different concentrations of cytokinins (0.0 - 5.0 mgl™) viz.
BAP and Kn. Range of auxins (0.0 - 1.0 mgl™?) viz. 1AA,
NAA, 24-D either individualy or in combination with
cytokinins was also attempted. The pH of the medium was
adjusted to 5.8 prior to autoclaving at 1.06 kg cm’ for 15 min
and was solidified to provide dlanted surface. All the cultures
were maintained under the standard culture room conditions as
have been described earlier. Explants were sub-cultured on to
the same fresh medium after an interval of every 21 days and
were maintained for 63 days and observations were recorded.
The response has been expressed in terms of average number
of shoot buds produced per explants and per cent response.
Each treatment consisted of six replicates with one explants
per culture tube and each experiment was repeated thrice. The
experiments were conducted in a completely randomized
design (CRD) and the data were analyzed using one way
ANOVA to identify best treatment combination.

After 63 days of culture, differentiated shoot buds along with
mother explants were sub-cultured on to fresh MS medium
supplemented with different concentrations of BAP (0.0- 2.0
mg I*) for further elongation and multiplication. The cultures
were kept under culture room conditions and scored for
increase in shoot humber (infolds) and number of elongated
shoots produced after 21 d of inoculation. For each experiment
a minimum of 5 replicates were taken and repeated thrice.
Shoots could be easily rooted and plantlets were successfully
hardened using procedures described by Bilochi (2001).

RESULTS

In vitro adventitious shoot buds, without an intervening callus
phase, could be induced directly from the leaf (both PL and
DL) in C. paniculatus on a variety of treatments (Fig. 1). PL
explants were more responsive in adventitious shoot bud
differentiation. Adventitious shoot buds mostly differentiated
from the petioles while occasional shoot buds also developed
from leaf apex and margins of the leaf lamina. In case of DL
explants, buds were induced from leaf tips and margins of |eaf
lamina, though most regeneration events occurred from midrib
and its petiolar base. Differentiation of shoot buds could be
first observed within 3 weeks of culture in PL while after 6
weeksin DL explants.

The induction of adventitious shoot buds from leaf explants
was dependent on the addition of cytokinin to the medium.
Kinetin could induce adventitious shoot buds from both the
explants. However, this response improved when Kn was
replaced with BAP in the medium. The number of shoot buds
regenerated per explants increased with increasing
concentration of BAP, reaching maximum at 2.0 mgl* and
thereafter, decreased with further increase in BAP
concentration. At 2.0 mgl™ concentration of BAP, PL and DL
explants produced ca. 11.0 and 6.0 shoot buds per explants,
respectively. Here, al the PL explants produced shoot buds
while DL explants showed ca. 66% response (Table 1).

The combination of both BAP and Kn was more effective in
induction of more number of adventitious shoot buds in PL
explants as compared to BAP and Kn used alone. However,
maximum number (ca. 13.0) of shoot buds were produced
when the medium was supplied with 0.5 mgl™ BAP and Kn
each. Although shoot buds were differentiated in DL explants
at al the combinations of BAP and Kn tested, it could not
supercede the response that was obtained at 2.0 mgl™ BAP
used aone (Table 1). The addition of auxins (NAA, 2, 4-D
and 1AA) individualy in the medium either caused callusing
or induced rooting alone with callus in some cases. The
incorporation of different concentrations (0.1 - 1.0 mgl™) of
auxins either with BAP (2.0 mgl™ each for DL explants) or a
combination of BAP and Kn (0.5 mgI'1 each for PL explants)
could not improve regeneration response.

Table 1 Effect of cytokinins (BAP and Kn) on in vitro shoot bud differentiation fromin vitro derived leaf explantsin
Celastrus paniculatus (Observations were recorded after 63 days)

Average number of

Explant response

Cytokinin Concentration [mgl shoot buds[explant™** [in per cent]
PL explants DL explants PL explants DL explants
BAP 0.0 0.0 0.0% NR NR
05 40 2.25% 50 66.67
1.0 7.83° 1.33¢ 100 50
20 11.0° 6.0° 100 66.67
5.0 7.4% 48" 83.33 83.33
Kn 05 0.0° 0.0¢ NR NR
1.0 5.75% 0.0¢ 66.67 NR
2.0 7.5% 1.0¢ 66.67 33.33
5.0 5.50" 1.75° 66.67 66.67
BAP +Kn 05+05 13.17* 35™ 100 66.67
1.0+10 8.0° 46® 100 83.33
20+20 8.83° 4.0¢ 100 66.67
5.0 +5.0 6.0% 3.0 83.33 33.33

** Only responsive explants were considered to calculate average number of shoot buds per explant*

Means followed by different letters differ significantly at p < 0.05.
NR- No response.

933



International Journal of Recent Scientific Research, Val. 3, Issue, 11, pp. 932-935, November, 2012

Higher concentration ((0.5 - 1.0 mgl™) of auxins in
combination with cytokinin adversely affected regeneration
response in both PL and DL explants.

Table 2 Effect of BAP on in vitro growth and multiplication
of shoots of C. paniculatus cultured on MS medium
supplemented with 0.8% agar and 3.0 % sucrose

Number of
Rate of shoot
(E’]’Sli) multiplication dspgga?;dgggts
(in folds) cluster
0.0 1.40 5.00
0.5 3.00 7.16
1.0 345 4.83
2.0 3.66 4.50

Differentiated shoot buds along with leaf explants, when
cultured on fresh medium supplemented with different
concentrations of BAP (0.0 - 2.0 mgl™) for further shoot
multiplication and elongation, evoked responses at 2.0 mgl™
of BAP. This concentration produced maximum number of
shoots (ca. 12.0) and the shoots multiplied at a rate of ca. 3.0-
fold. Least number of elongated shoots was produced at this
concentration (2.0 mgl™®) of BAP. MS medium devoid of BAP
favoured only shoot elongation and did not induce new shoots.
However, 0.5 mgl? of BAP promoted both shoot
multiplication and elongation. At this concentration ca. 2.0-
fold rate of shoot multiplication was observed and produced
maximum number (5.0) of elongated shoots per explants.
Therefore, all the cultures were subsequently transferred to
this medium for further shoot growth and elongation (Table
2).

Figurelegends

Figure 1 Different stages of in vitro adventitious shoot bud differentiation
and plantlet regeneration from culture derived leaf explantsin C. paniculatus.
Early stages of multiple shoot bud induction from leaf explants (aand b).
Multiple shoot regeneration from midrib (c), petiolar leaf base (d) and lesf tip
(e). Shoot elongation and multiplication on MS medium containing 0.5 mgl™
BAP (f). Induction of rootsin pulsetreated (500 mgl* IBA for 10 min) shoots
after 21d ().

Hardened plants of C. paniculatus grown on Soilrite™ moistened with 1/4"
MS st solution (h).

Tissue culture raised plants growing in polybags (i).end earthen pots ()
nursery

Field grown tissue culture raised plant (k)
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In vitro regenerated shoots measuring an average length of ca.
3.0 cm were rooted successfully on /4" MS medium
containing 1.0% sucrose and 0.6% agar after pulse treatment
of IBA (500 mgl™) for 10 min. This treatment could induce
callusfree rooting in ca. 80% shoots in same manner as do
shoots derived from axillary buds. All rooted shoots were
successfully hardened under greenhouse conditions. During in
vitro hardening, shoots became elongated, leaves turned
greener and expanded. Consequently, the plants appeared
much healthier after in vitro hardening. Of 200 plants
transferred in polybags containing sand and farmyard manure
(1:1), 160 plants (ca. 80%) survived under nursery shed
conditions.

DISSCUSSION

Direct regeneration from leaf as another alternative step for
clonal propagation and germplasm conservation is well
established phenomenon. The present study demonstrated
potential of shoot bud regeneration from culture derived |eaf
explants in C. paniculatus. Although occasionaly, in some
explants, shoot buds differentiated directly from leaf apices,
midribs and margins of leaf lamina, but most buds developed
on petioles or petiolar leaf bases. Similar results have been
observed in the leaves of Solanum nigrum (Sridhar and Naidu,
2011) and Tylophora indica (Verma et al., 2010). The
presence of BAP in culture medium was found to be the key
factor governing the in vitro response. Various workers have
reported the role of cytokinins in shoot bud formation
(Sivanesan and Jeong, 2007; Sadaheeshna et al., 2009;
Sadaheeshna et al., 2010). In present studies BAP appeared to
be more effective and Kn for inducing adventitious shoot buds
from leaf explants in C. paniculatus. Among the different
levels of BAP tested, 2.0 mgl™ BAP produced maximum
number of shoot buds from DL explants. The positive effect of
combined cytokinins (BAP and Kn) on adventitious shoot bud
differentiation has also been reported in several other plants
(Dayal et al., 2003; Bhaskaran and Jayabalan, 2005; Sreedhar
et al., 2008; Jain et al., 2011). In the present case, combination
of BAP and Kn a 0.5 mgl™ each, proved to be best in
induction of shoot buds from PL explants. Exogenous supply
of auxins alone caused callus formation in cultured leaf
explants while their combination with cytokinins suppressed
shoot bud differentiation. Similar antagonistic auxin
cytokinin effect on adventitious shoot bud differentiation has
been reported in a number of cases (Tanimoto and Harada,
1982; Purohit et al., 2004). In vitro regeneration of
adventitious shoots is a preferred system for genetic
transformation and therefore the protocol described here will
be useful in this respect. System could also be used for
conservation of thisimportant threatened taxon.

Acknowledgment

The financial support provided by Council of Scientific and
Industrial Research (CSIR), New Delhi, India to one of the
authors (M.S. Rao) is gratefully acknowledged.

References

Anonymous 2002. Indian Herba Pharmacopoeia (Indian Drug
Manufacturers Association (IDMA), Mumbai, India, pp.
114-122.

Babu, N., Anu, A., Ramashree, A.B. and Praveen, K. 2000.
Micropropagation of curly leaf trees. Plant Cell Tissue and
Organ Culture., 61: 199-203.



International Journal of Recent Scientific Research, Val. 3, Issue, 11, pp. 932-935, November, 2012

Bhaskaran, P. and Jayabalan, N. 2005. An efficient micro
propagation system for Eclipta alba-A vauable medicinal
herb. In vitro Célular and Developmental Biology — Plant.,
41: 532-539.

Bhojwani, S. S. and Razdan, M. K. 1996. Plant Tissue Culture:
Theory and Practice Elsevier, Amsterdam, pp. 483- 536.
Bilochi, G. 2001. In vitro studies on some medicina plants of
Aravallis in Rgasthan. Ph. D. Theds, Mohanla Sukhadia

University, Udaipur, India

Chopra, R. N., Nayer, S. 1. and Chopra, |. C. 1986. Glossary of
Indian Medicina Plants. (Council of Scientific and Industrial
Research (CSIR), New Delhi, India).

Dayd, S, Lavanya, M., Devi, P. and Sharma, K. K. 2003. An
efficient protocol for shoot regeneration and genetic
transformation of pigeon pea Cajanus cajan (L) Mill SP
using legf explants. Plant Cell Reports., 21: 1072-1079.

Jain, R., Sinha, A., Jain, D., Kacchawaha, S. and Kothari, S. L.
2011.  Adventitious shoot regeneration and in vitro
biosynthesis of seroidd lactones in Withania coagulans
(Stocks) Dunal. Plant Cell Tissue and Organ Culture., 105:
135-140.

James, D. J,, Passey, A. J. and Barbara, D. J. 1990. Regeneration
and transformation of apple and strawberry using disarmed
Ti-binary vectors, In: Genetic Engineering of Crop Plants
edited by G W Lycett & D Grieson (Butterworths, London).
239-248.

Kirtikar, K. R. and Basu, B. D. 1987. Indian Medicina Plants.
Vol 1 International Book Digtributors, Dehradun, India.  pp.
574-577.

Komalavalli, N. and Rao, M. V. 2000. In vitro micropropagation
of Gymnema sylvestre- A multipurpose medicinal plant.
Plant Cell Tissue and Organ Culture,, 61: 97-105.

Martin, G., Geetha, S. P, Rga S S, Raghu, A. V.,
Balachandran, I. and Ravindran, P. N. 2006. An efficient
micropropagation system for Celastrus paniculatus Willd- A
vulnerable medicina plant. Journa of Forest Research., 11.
461-465.

Moore, G. A. 1992. Agrobacterium mediated transformation of
Citrus stem segments and regeneration of transgenic plants.
Plant Cell Reports, 11: 238-242.

Nair, L. G. and Seeni, S. 2001. Rapid in vitro multiplication and
restoration of Celastrus paniculatus Celastraceae, A
medicinal woody climber. Indian Journal of Experimental
Biology., 39: 697-704.

Petri, C. and Scorza, R. 2010. Factors affecting adventitious
regeneration fromin vitro leaf explants of ‘Improved French’
plum, the most important dried plum cultivar in the USA.
Annasof Applied Biology., 156: 79-89.

Purohit, S. D., Singhvi, A. and Nagori, R. 2004. In vitro shoot
bud differentiation from leaf segments of Achras sapota.
Biologia Plantarum., 48: 109-112.

Sadaheeshng, K. S, Huxley, A. J. and Sasikaa, 2009. In vitro
propagation of medicinaly important plant Mimosa invisa.
Journal of Basic and Applied Biology., 3: 27-32.

Sadaheeshng, K. S, Maybel, S. N. and Huxley, A. J. 2010. In
vitro propagation of Bacopa monnieri (L) a wetland
medicinal plant. Journa of Basic and Applied Biology., 4
138-142.

Sebagtian, D. P, Benjamin, S. and Hariharan, M. 2002.
Micropropagation of Rotula aquatica Lour. An important
woody medicinal plant. Phytomorphology., 52 (2&3): 137-
144,

Sharada, M., Ahuja, A. and Kaul, M. K. 2003. Regeneration of
Plantlets via callus cultures in Celastrus paniculatus Willd-
A rare endangered medicina plant. Journa of Plant
Biochemistry and Biotechnology ., 12: 65-69.

Shrivatava, N. and Rgjani, M. 1999. Multiple shoot regeneration
and tissue culture studies on Bacopa monnieri (L.) Peandl.
Plant Cell Reports, 18: 918-923.

Sivanesan, |. and Jeong, B. R. 2007. Direct shoot regeneration
from nodal explants of Sda cordifoliaLinn. In vitro Cellular
and Developmental Biology —Plant., 43: 436- 441.

Sreedhar, R. V. Venkatachdam, L., Thimmargu, R,
Bhagayal_akshmi, N., Narayanan, M. S. & Ravishankar, G.
2008. Direct organogeness from leaf explants of Sevia
rebaudiana and cultivation in bioreactor. Biologia
Plantarum., 52: 355-360.

Swartz, H., Bors, R., Mohamed, F. and Naess, K. 1990. The
effect of in vitro pretreatments on subsequent shoot
organogenesis from excised Rubus and Malus leaves. Plant
Cdll Tissue and Organ Culture,, 21: 179-184.

Tanimoto, S. and Harada, H. 1982. Studies on the initial process
of adventitious bud differentiation in Torenia sem segments
cultured in vitro |. Effect of cytokinin. Biochem Physiol
Pflanzen., 177: 222-228.

Temjensangba, and Deb, C. R. 2005. Regeneration of plantlets
from in vitro raised leaf explants of Clessostoma
racimeferum Linn. Indian Journa of Experimentd Biology.,
43: 377-381.

Uematsu, C., Murare, M., Ichikawa, H. and Imamura, J. 1991.
Agrobacterium mediated transformation and
regeneration of kiwi fruit. Plant Cell Reports,, 10: 286-290.

Verma, R. N., Jamd, S. M., Sharma, M. M., Reo, D. V. and
Batra, A. 2010. Regulation of organogenesis using lef,
internode and petiole explants in Tylophora indica (Burm.
F.) Merr. International Journa of Pharmaceutical Sciences
Review and Research., 5: 35-40.

kkkkkk*k

935



