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Abstract 
 
Multiple shoot buds could be induced directly from internode explants of Celastrus paniculatus inoculated on 
Murashige and Skoog’s (MS) medium containing different growth regulators. The best response was obtained when 
4.44 µM 6-benzylaminopurine (BAP) was incorporated in the medium. Incorporation of indole-3-acetic acid (IAA) and 
α-naphthalene acetic acid (NAA) did not improve response, rather promoted callusing. Adventitious shoot buds could 
be multiplied and elongated on MS medium containing 2.22 µM BAP. Rooting of shoots (80 %) was obtained when 
their bases were dipped in pre-autoclaved indole-3-butyric acid (IBA) solution (2.45 mM) for 10 min followed by their 
implantation on medium containing ¼ MS salts, 1.0 % sucrose and 0.6 % agar. Out of 500 plantlets subjected to 
hardening, 410 were successfully hardened under greenhouse conditions. Twenty plants were established in field while 
remaining of them were transferred to nursery conditions without any mortality. 
Additional key words: adventitious shoot buds, auxins, cytokinins, internode segments, medicinal plant. 
 
 
Introduction 
 
Celastrus paniculatus Willd. (Celastraceae) is a large, 
woody climbing shrub which occurs naturally in hilly 
parts of India up to an altitude of 1200 m. The plant is 
valued for its immense medicinal properties. In vitro 
adventitious shoot bud regeneration has been achieved 
from mature explants of several woody trees (Swartz  
et al. 1990, Nagori and Purohit 2004, D’Onofrio and 
Morini 2005), shrubs (Espino et al. 2004, Cheepala et al. 
2004) and herbaceous plant species (Mitra et al. 2001, 

Bacchetta et al. 2003). In vitro studies in C. paniculatus 
has been carried out (Nair and Seeni 2001, Arya et al. 
2002, Bilochi 2002) but there is no report on its rege-
neration through adventitious shoot bud differentiation. 

The present paper describes a protocol for high 
frequency adventitious shoot bud differentiation from 
culture derived internode explants in C. paniculatus and 
plantlet recovery. This system can prove highly useful in 
genetic transformation studies. 

 
 
Materials and methods 
 
Shoot regeneration: In vitro shoot cultures were 
established using nodal explants obtained from mature 
field grown plants of Celastrus paniculatus. Nodal 
explants were washed in running tap water for about  
30 min followed by treatment with 25 % solution of 
NaOCl (10.0 g dm-3 of active chlorine) for 10 min and 
subsequently washed with autoclaved distilled water for  
4 - 5 times. The explants were further surface sterilized  
 
 

with 0.1 % HgCl2 (m/v) for 10 min under Laminar Flow 
Clean Air Bench. After 4 - 5 times thorough washing with 
autoclaved double distilled water the nodal explants were 
placed vertically on the medium in culture tubes  
(25 × 150 mm) containing ca. 17 cm3 of medium. The 
medium consisted of Murashige and Skoog’s (1962; MS) 
salts, 3.0 % sucrose, 2.22 µM 6-benzylaminopurine 
(BAP) and gelled with 0.8 % agar as described by Bilochi  
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(2002). Cultures were kept under controlled conditions of 
temperature (28 ± 2 ºC), irradiance (45 µmol m- 2 s-1 for 
16 h per day provided by fluorescent tubes) and 60 - 70 % 
relative humidity. Axillary bud proliferation was 
achieved in ca. 90 % explants after 20 - 25 d. Shoot 
cultures were further multiplied by repeated subculturing 
onto the same fresh medium after every 21 d. In vitro 
multiplied shoots (ca. 4 - 5 cm) were used as the source 
of explants for the present studies. Internode segments 
(ca. 1.0 cm) harvested aseptically were placed 
horizontally on the medium in culture tubes that were 
plugged with non-absorbent cotton. The pH of the 
medium was adjusted to 5.8 prior to autoclaving at  
1.06 kg cm-2 for 15 min and the medium was solidified in 
slanted position. 

The medium for all the experiments consisted of MS 
salts and vitamins plus 3.0 % sucrose, solidified with  
0.8 % agar and supplemented with different 
concentrations of 6-benzylaminopurine (BAP), kinetin 
(Kn), indole-3-acetic acid (IAA) and α-naphthalene acetic 
acid (NAA). Effect of different nutrient media: MS 
(Murashige and Skoog 1962), ½ MS, ¼ MS, B5 
(Gamborg et al. 1968), WPM (Lloyd and Mc Cown 
1980), BTM (Chalupa 1981) and SH (Schenk and 
Hildebrandt 1972) was also studied to optimize the 
nutritional supply for adventitious shoot bud 
differentiation and plantlet regeneration. All cultures 
were maintained under the same incubation conditions as 
have been described above. Explants were subcultured on 
to the same fresh medium after an interval of 21 d. Single 
explant was inoculated per culture tube making one 
replicate. For each treatment six replicates were used and 
each experiment was repeated thrice. The regeneration 
frequency, mean numbers of shoots regenerated per 
explant and mean shoot length was recorded after  
9 weeks. For this purpose, morphologically differentiated 
shoot buds more than 0.5 cm in length were counted as 
shoots.  

 
Statistical analysis: The experiments were conducted in 
a completely randomized design (CRD). The data of two 
representative experiments involving twelve replicates of 
each treatment were used for statistical analysis. To 
analyze the effect of various treatments, the data were 

subjected to analysis of variance (ANOVA). Fisher’s least 
significance difference (LSD) test was applied to show 
statistical significance of differences among the means. 
The data presented here are the square root transformed 
(y = (x + 0.5)1/2) values and the standard errors of the 
means.  
 
Shoot elongation, multiplication and rooting: 
Internode segments with regenerated shoot buds were 
subsequently transferred on the fresh MS medium 
supplemented with 2.22 - 4.44 µM BAP for further 
elongation and multiplication. The cultures were kept 
under culture room conditions and scored for rate of 
shoot multiplication and number of elongated shoots after 
21 d of culture. Rooting in elongated shoots (ca. 3 - 4 cm 
in length) was induced under in vitro conditions on 0.6 % 
agar-gelled medium containing ¼ MS salts, 1.0 % 
sucrose and 4.90 µM indole-3-butyric acid (IBA) as 
described by Bilochi (2002). Also the elongated shoots 
were inoculated on ¼ MS salt medium without any plant 
growth regulator. Prior to the inoculation, the bases of the 
shoots were dipped in pre-autoclaved aqueous solution of 
IBA (2.45 mM) for pulse treatment for 10 min (Bilochi 
2002). The shoot cultures were incubated in culture room 
conditions for root initiation where shoots produced 
roots. 
 
Hardening and acclimatization: The rooted plantlets 
immediately after their removal from agar-gelled medium 
were subjected to in vitro hardening in culture bottles 
containing autoclaved Soilrite™ and covered with 
polypropylene caps. The Soilrite™ was moistened with ¼ 
MS salts solution. Bottles were subsequently transferred 
to standard greenhouse conditions (28 ± 2 ºC 
temperature, a regime of gradually reducing humidity 
from 80 - 55 % and 400 µmol m-2 s-1 irradiance) and their 
caps were opened gradually. The acclimated plantlets 
were transplanted into polybags containing sand and 
farmyard manure (1:1) and were allowed to grow under 
nursery shade conditions. Some of the hardened plants 
which attained an age of 12 months were transferred in 
field conditions during monsoon months while remaining 
of them were kept under nursery shade conditions for 
further growth and field experiments. 

 
 
Results 
 
Shoot regeneration: Multiple shoot buds could be 
induced directly from the internode explants in  
C. paniculatus, on a variety of treatments. On basal MS 
medium, adventitious shoot buds, without an intervening 
callus phase, were induced from the internode explants 
within 12 - 15 d of inoculation in 75 % explants and 
produced 3 - 4 shoots per explant after 9 weeks. 
Incorporation of cytokinins (BAP and Kn) and auxins 
(NAA and IAA) evoked varied response. 

Addition of cytokinins at varied concentrations (2.22 - 
22.2 µM BAP and 2.32 - 23.2 µM Kn each, either singly 

or in combination) to MS medium caused explant 
enlargement and induced more shoot buds from entire 
surface of internode explants within 7 - 9 d of culture. 
Within 25 - 28 d these buds proliferated profusely on 
cytokinin containing MS medium. However, the number 
of shoot buds regenerated per explant, average shoot 
length and regeneration frequency varied depending upon 
the kind and concentration of cytokinins used. On 
addition of BAP in the medium, the number of shoot buds 
regenerated per explant increased with increasing BAP 
concentration, reaching a maximum at 4.44 µM BAP and 
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thereafter decreased with further increase in BAP. BAP at 
4.44 µM produced a maximum 14 - 15 shoot buds per 
explant where all explants responded favourably  
(Fig. 1A,B). The length of regenerated shoots showed an 
inverse relationship with concentration of BAP. MS 
medium supplemented with Kn did not show better 
response than any of the BAP concentrations but the 
shoots were more elongated. The best response to Kn was 
obtained on 2.32 µM where 92 % explants responded 
positively and produced 4 - 5 shoots. Any increase in Kn 
concentration led to decrease in regeneration frequency 
and number of shoots per explant. However, the highest 
mean shoot length (ca. 3.0 cm) was obtained on  
11.62 µM Kn. 

A combination of cytokinins (BAP and Kn) at their 
various concentrations in the medium was not effective in 
enhancing number of shoot buds per explant as compared 
to 4.44 µM BAP used alone. The higher concentrations of 
either of cytokinins (BAP and Kn) in the medium  
 

diminished shoot buds induction response of internode 
explants and caused explant mortality. The best response 
on combinations, however, was obtained when 4.44 µM 
BAP was combined with 2.32 µM Kn where 9 - 10 shoot 
buds regenerated per explant (Table 1). 

Incorporation of auxins (IAA and NAA) in different 
concentrations in the medium individually, either caused 
callusing or rooting along with callus in some cases. A 
linear relationship between the callus growth and the 
concentration of auxins was observed. A compact, 
nodular and green callus at one or both cut ends of 
explants was noticed on lower concentrations of IAA 
(0.057 - 0.57 µM) and NAA (0.054 - 0.54 µM) while 
concentrations beyond this produced loose, friable and 
greenish yellow callus from entire surface of the explants. 
Roots (ca. 2 - 3) along with callus were also induced in 
ca. 40 - 50 % explants cultured on medium containing 
IAA (1.43 - 5.71 µM) and NAA (2.69 - 5.37 µM).  

Addition of different concentrations of IAA  
 

 
Fig. 1. Different stages of in vitro adventitious shoot bud differentiation in culture derived internode segments of Celastrus 
paniculatus grown on MS medium containing 4.44 µM BAP. A - Induction of adventitious shoot buds after 9 d; B - multiple shoot 
buds on the internode segment; C - shoot multiplication; D - shoot elongation on lower concentration of BAP (2.22 µM); 
E - induction of roots in pulse treated (2.45 mM  IBA for 10 min) shoots after 21 d; F - in vitro hardening of tissue culture raised 
plants grown on SoilriteTM  moistened with 1/4 MS salt solution.  
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Table 1. Effect of cytokinins (BAP and Kn) on adventitious 
shoot buds differentiation from internode segments in  
C. paniculatus grown on MS medium. Observations were 
recorded after 9 weeks. Means of twelve replicates in the same 
column followed by different letters differ significantly at  
P ≤ 0.05. * - transformed values. 
 

BAP 
[µM] 

Kn   
[µM] 

Number of shoot 
buds* [explant-1] 

Shoot 
length [cm] 

Regeneration 
frequency [%]

  0.00   0.00 1.90cd 0.42 de   75 
   2.32 2.23 cd 0.50 de   92 
   4.65 1.99 cd 2.42 b   92 
 11.62 1.42 d 3.12 a   58 
 23.24 1.38 d 1.03 cd   50 
  2.22   0.00 2.84 bc 2.28 d 100 
   2.32 2.93 bc 1.90 bc 100 
   4.65 2.63 bc 2.04 bc 100 
 11.62 2.83 bc 1.53 c 100 
 23.24 2.00 cd 0.72 d   58 
  4.44   0.00 3.89 a 1.89 bc 100 
   2.32 3.13 b 1.52 c 100 
   4.65 2.90 bc 1.10 cd 100 
 11.62 2.57 bc 0.93 cd   83 
 23.24 2.09 cd 0.50 de   50 
11.10   0.00 2.75 bc 0.63 de 100 
   2.32 2.96 b 0.50 de 100 
   4.65 2.81 bc 0.50 de 100 
 11.62 1.68 d 0.33 de   42 
 23.24 1.30 de 0.25 de   25 
22.20   0.00 1.82 cd 0.42 de   83 
   2.32 1.61 d 0.33 de   42 
   4.65 2.33 c 0.50 de   50 
 11.62 1.33 d 0.25 de   25 
 23.24 - - - 
SEM  0.0972 0.103  

 
 
Table 2. Effect of auxins (IAA and NAA) incorporated in the 
MS medium along with 4.44 µM BAP on adventitious shoot 
bud differentiation from internode segments in C. paniculatus. 
Observations were recorded after 9 weeks. Means of twelve 
replicates in the same column followed by different letters differ 
significantly at P ≤ 0.05. * - transformed values. 
 

Auxins  Conc. 
[µM] 

Number of shoot 
buds* [explant-1]

Shoot  
length [cm] 

Regeneration 
frequency [%]

IAA  0.057 2.99 a 0.62 ab 100 
 0.290 2.39 b 0.50 b 100 
 0.570 1.85 c 0.75 ab 100 
NAA 0.054 2.12 bc 0.97 a 100 
 0.270 1.63 cd 0.94 a 92 
 0.540 1.44 d 0.48 b 75 
 1.350 1.03 e 0.25 b 33 

SEM  0.73 0.079  

 
(0.057 - 5.71 µM) and NAA (0.054 - 5.37 µM) in 
combination with 4.44 µM BAP in the medium, 
suppressed regeneration frequency, the number of shoots 
per explant and mean shoot length as compared to BAP 

(4.44 µM) used alone. Higher concentrations of IAA 
(1.43 - 5.71 µM) and NAA (2.69 - 5.37 µM) along with 
4.44 µM BAP completely inhibited shoot bud 
differentiation from internode segments and induced 
callus only. It was therefore, concluded that the BAP at 
4.44 µM concentration was the best for induction of 
maximum number of shoot buds (Table 2). 
 
Table 3. Effect of different media supplemented with 4.44 µM 

BAP on adventitious shoot buds differentiation from internode 
segments in C. paniculatus. Observations were recorded after  
9 weeks. Means of twelve replicates in the same column 
followed by different letters differ significantly at P ≤ 0.05.  
* - transformed values. 
 

Media  Number of shoot 
buds [explant -1]*

Shoot length  
[cm] 

Regeneration 
frequency [%] 

MS 3.89a 1.89 ab  100 
½ MS 2.77 bc 0.96 c 100 
¼ MS 2.48d 0.50 c 100 
WPM 2.91b 1.88 ab 100 
B5 2.70 c 1.50 b 100 
BTM 2.61 cd 2.10 a 100 
SH 2.54 cd 1.00 bc 100 

SEM 0.058 0.179  

 
Regeneration of adventitious shoots were obtained 

from the internode explants on all media tested. However, 
the type of media significantly influenced the number of 
shoot buds that regenerated per explant and average shoot 
length. The best response in terms of shoot buds 
regenerated per explant was achieved on medium 
containing basal MS salts and 4.44 µM BAP followed by 
WPM, ½ MS, B5, BTM, SH and ¼ MS medium 
supplemented with the same concentration of BAP. 
However, BTM medium favoured shoot elongation 
(Table 3). 
 
Shoot growth, multiplication and rooting: Explants 
with regenerated shoot buds on MS medium containing 
4.44 µM BAP were further subcultured on fresh MS 
medium supplemented with BAP (2.22 - 4.44 µM). Shoot 
elongation and multiplication could be achieved on both 
the treatments tested where shoots attained an average 
height of 3.0 - 3.5 cm and multiplied further. However, 
the rate of shoot multiplication (3-fold) and number of 
elongated shoots (ca. 6 - 7) were higher on MS medium 
containing 2.22 µM BAP (Fig. 1C,D). Therefore, all the 
cultures were subsequently transferred to this medium for 
further shoot growth and elongation.  

Rooting with moderate amount of callus, was 
achieved in 90 % shoots inoculated on ¼ MS medium 
containing 0.6 % agar, 1.0 % sucrose and 4.90 µM IBA. 
A pulse treatment with IBA (2.45 mM) for 10 min could 
induce 80 % callus free rooting (Fig. 1E). Also, the 
average number (5.0) and length (2.0 cm) of roots were 
higher in the pulse treated shoots as compared to IBA 
incorporated in the medium. Therefore, it was concluded 
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that pulse treatment was a better choice to obtain callus-
free rooting. 

 
Hardening and acclimatization: None of the plantlets 
directly transferred from rooting medium to the potting 
mix and grown under natural conditions survived. 
However, 25 % of such plants survived if the potted 
plants were kept in polythene tents under high humidity 
(70 - 80 %). The survival percentage rose to 80 % if the 

plantlets were hardened under aseptic conditions before 
being transferred to the polybags. During the in vitro 
hardening, shoots elongated, leaves turned greener and 
expanded. Consequently, the plants seemed much 
healthier after in vitro hardening. Such plants also grew 
more vigorously in the greenhouse (Fig. 1F). More than 
410 plantlets out of 500 were successfully hardened and 
20 plants were established in field while remaining of 
them were maintained in nursery without any mortality.  

 
 
Discussion 
 
The data presented above demonstrated that high 
frequency adventitious shoot bud development and 
plantlet regeneration is possible in internode segments 
obtained from in vitro multiplying shoot cultures of  
C. paniculatus. BAP appeared to be more effective than 
Kn for inducing adventitious shoot buds in internode 
segments of C. paniculatus in agreement with the results 
described by various authors (Mishra 2002, Espino et al. 
2004, Purohit et al. 2004). Kn was effective over BAP on 
shoot elongation as has also been reported in Rosa 
hybrida L. (Ibrahim and Debergh 2001). The positive 
effect of combined cytokinins on adventitious shoot bud 
differentiation has been reported in Picea glauca and  
P. mariana (Rumary and Thorpe 1984). In the present 
study combination of BAP and Kn was significant, 
however it could not supercede the effect of 4.44 µM 
BAP used alone. Similar results were also observed in 
shoot tip explants of Sterculia foetida (Anitha and 
Pullaiah 2002). As observed with other species (Thorpe  
et al. 1991, Gomez and Segura 1994) exogenous auxin 
supported callus formation than shoot formation in 
cultured internode segments of C. paniculatus.  

The beneficial effect of reduced salts and sucrose 
concentrations during rooting phase has been described in 
several reports (Barve and Mehta 1993, Purohit and 
Singhvi 1998). Rooting by dip treatments of auxins has 
been recommended by Harry and Thorpe (1991). It is 
supposed to eliminate the inhibitory effect on root growth 
when IBA is incorporated in the medium (Hartmann et al. 
1990). Purohit and Singhvi (1998) have recommended 
IBA pulse treatment for rooting in A. sapota shoots. This 
method of root induction has been successfully employed 
in the present studies also. 

In vitro hardening was a pre-requisite for successful 
transfer of plants in soil in the present case as has been 
recommended in Boswellia serrata (Purohit et al. 1995). 
Development of in vitro regeneration system has served a 
useful purpose of transformation of plants by direct gene 
transfer (Khurana and Khurana 1999). In conclusion, the 
development of highly reproducible regeneration system 
in C. paniculatus using internode explants during present 
investigation promises its use in genetic improvement 
programmes of this useful medicinal plant.  
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