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A rapid clonal propagation system has been developed for Celastrus paniculatus (Celastraceae) an 
important medicinal plant under in vitro conditions. Nodal explants from mature plant of this species 
were collected and cultured on MS medium supplemented with various concentrations (0.5, 1.0 and 2.0 
mg l

-1
) of cytokinins (BAP and Kn) and auxins (IAA, NAA and 2, 4-D) alone and in various combinations 

under controlled condition of 16 h of photoperiod and 8 h dark period at a temperature of 25 
± 2°C. The maximum number of shoots (8.9 ± 0.5) along with hundred per cent bud break was recorded 
in the MS medium supplemented with 1.0 mgl

-1
 BAP. Most of the combinations of cytokinins with IAA 

induced the formation of less number of shoots. The in vitro regenerated shoots were excised 
aseptically and implanted on full and half strength MS medium without or with growth regulators (IAA, 
NAA and IBA) at the concentrations of 0.5 and 1.0 mgl

-1 
for rooting. MS half strength medium 

supplemented with 0.5 mgl
-1

 NAA proved best with hundred per cent rooting. The regenerated plantlets 
were successfully acclimatized in pots containing sterilized soil and sand mixture (3:1). The plantlets 
were then transferred to the field conditions. Seventy per cent of the regenerants survived well. 
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INTRODUCTION 
 
Celastrus paniculatus Willd. (Celastraceae) commonly 
known as Malkangni, Jyotishmati, Bitter sweet is a rare 
and endangered important medicinal plant with vine like 
habit reaching up to a height of 10 m. It is distributed 
through out India up to an altitude of 1200 m, mainly in 
deciduous forests. The species is vulnerable in Western 
Ghat of South India (Rajesekharan and Ganeshan, 
2002). Seeds of this plant are the source of an Ayurvedic 
drug Jyothismati used in treating rheumatism, gout and 
neurological disorder. C. paniculatus is well known for its 
ability to improve memory (Nadkarni, 1976). Pharmacolo-
gical studies suggest that the oil obtained from the seeds 
possess sedative and anticonvulsant properties 
(Gatinode et al., 1957). Seed oil has also  been  found  to 
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Abbreviations: BAP, -6-benzylamino purine; Kn, kinetin; IAA, 
indole-3-acetic acid; 2,4-D, 2,4-dichlorophenoxy acetic acid; 
NAA, α-naphthalene acetic acid;  IBA, indolebutyric acid. 

be beneficial to psychiatric patients (Hakim, 1964) and 
increased the intelligence quotient of mentally retarded 
children (Nalini et al., 1986). The seed oil is useful for 
treating abdominal disorders, beriberi and sores. Leaf 
sap is an emmenagogue and antidote for opium poison-
ing (Warrier et al., 1994). Bark is reported to be 
abortifacient, depurative and a brain tonic and taken 
internally for snake bite (Govil, 1993). Root-bark extract 
also shows antimalarial activity (Rastogi and Mehrotra, 
1998). The powdered root is considered useful for the 
treatment of cancerous tumours (Parotta, 2001). Chemi-
cal constituents of seeds as revealed by phytochemical 
analysis were sesquiterpene alkaloids like celapagine, 
celapanigine and celapanine (CSIR, 1992). 

The conventional method of propagation of this medi-
cinally important plant is through seeds. Poor seed 
viability and germination (11.5℅) restricts the use of 
seeds in multiplication (Rekha et al., 2005). Indiscrimi-
nate over exploitation from natural source to meet the 
growing demand by pharmaceutical industry coupled with 
low seed viability, lack of vegetative propagation methods 
and insufficient attempts for replenishment  of  wild  stock 



 
 
 
 
of this medicinally important plant species have contri-
buted to its threatened status. So realizing the threat of 
extinction and to meet the growing need of pharma-
ceutical industry, a mass multiplication protocol was 
developed for its better future supply. 
 
 
MATERIALS AND METHODS 
 
Nodal explants from mature plants growing in wild in Kurukshetra 
were collected. The explants were initially washed with teepol under 
running tap water. Finally these were surface sterilized under asep-
tic conditions with freshly prepared 0.1% (w/v) mercuric chloride 
solution for 3 - 5 min and then given a dip in absolute alcohol. After 
this, these explants were washed with sterilized double distilled 
water 4 - 5 times. The surface sterilized explants (10 mm long) were 
inoculated on MS medium (Murashige and Skoog, 1962) containing 
3% (w/v) sucrose and 0.8% (w/v) agar-agar supplemented with 0.5, 
1.0 and 2.0 mg l-1 cytokinins (BAP and Kn) and auxins (IAA, NAA and 
2, 4-D) individually as well as in various combinations. The cultures 
were incubated in culture room under controlled condition of 16 h of 

photoperiod and 8 h dark period at a temperature of 25 ± 2°C. The 
intensity of light was approximately 2000 lux. The in vitro 
regenerated shoots were excised aseptically and implanted on full 
and half strength MS medium without or with growth regulators 
(IAA, NAA and IBA) at the concentrations of 0.5 and 1.0 mg l-1 for 
rhizogenesis. 

The rooted plantlets were taken out from rooting medium and 
washed several times with sterile distilled water to remove the 
traces of agar-agar. The plantlets were then transferred to pots 
containing soil and sand mixture (3:1). The plantlets were initially 
irrigated with half strength (salts only) MS medium without sucrose 
on alternate days. The plantlets were exposed to the natural 
conditions for 3 - 4 h daily after 10 days of transfer. After about 30 
days, the plants were transferred to bigger pots in greenhouse and 
were maintained under natural conditions of day length, 
temperature and humidity. Finally, the plants were transferred to the 
field conditions. Seventy per cent of the regenerants survived well. 
Statistical analysis was done by using the formula: 
 

SE = ± 

( )
( )1nn

X
2

−
 

 
Where: 
 
SE = Standard error; 
X = Deviation of mean; 
n = Number of replicates (Snedecor, 1956). 

 
 
RESULTS AND DISCUSSION 
 
The medium devoid of growth regulators failed to induce 
the formation of shoot buds. Similarly, no shoot buds 
developed in Peganum harmala (Saini and Jaiwal, 2000) 
and Crataeva nurvala (Walia et al., 2003) on MS basal 
medium. It has been suggested that the growth 
regulators applied externally during in vitro studies might 
disturb the internal polarity and change the genetically 
programmed physiology of explants resulting in 
organogenesis. 

In the present investigation, bud break was observed in 
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MS medium supplemented with 0.5 and 1.0 mgl

-1
 BAP 

after 14 days of inoculation while it was delayed at higher 
concentration of BAP (2.0 mgl

-1
). In the MS medium 

fortified with 0.5 mgl
-1

 Kn, bud break was noticed after 
18.6 days of inoculation whereas, it occurred after 25 
days of inoculation in the media with 1.0 and 2.0 mgl

-1
 

Kn. The supplementation of auxins in place of cytokinins 
further delayed the process. No bud break was observed 
in MS medium supplemented with 0.5, 1.0 and 2.0 mg l-1 
NAA and 2, 4-D but only callus formation took place 
(Table 1) (Plates A and B). In most of the combinations of 
IAA with BAP and Kn, the number of days required for 
bud break increased with increase in concentration of IAA 
(Tables 2 and 3). The development of axillary shoots was 
accompanied by basal callusing of the explants. 
However, this remains undifferentiated. Same type of 
observations were made by Dhawan and Bhojwani 
(1985), Kackar et al. (1991) and Nandwani and Ramawat 
(1991) working with Leucaena leucocephala, Prosopis 
cineraria and Prosopis juliflora, respectively. 

When the growth regulators were applied indivi-dually, 
hundred per cent bud break was observed in MS medium 
supplemented with BAP (1.0 mgl

-1
) and 1.0 and 2.0 mgl-

1Kn. Only fifty per cent bud break was noticed in the 
medium fortified with 0.5 mgl

-1
 IAA. The increase in 

concentration of IAA resulted in the decrease in per cent 
bud break (Table 1). Among the various combinations of 
BAP and Kn with IAA, 100% bud break was noticed in 0.5 
mgl

-1
 BAP + 0.5 mgl

-1
 IAA, 0.5 mgl

-1
 BAP + 1.0 mgl-1 IAA, 

1.0 mgl
-1

 BAP + 0.5 mgl
-1

 IAA and 2.0 mgl
-1

 BAP + 0.5 
mgl

-1
 IAA. It has been found that increase in 

concentration of IAA resulted in reduced percent bud 
break (Tables 2 and 3). 

Multiple shoot formation was recorded in all con-
centrations of BAP while in case of Kn, it occurred only in 
2.0 mgl

-1
 treated MS medium. BAP was found more 

efficient than Kn with respect to initiation and subsequent 
proliferation of axillary buds. Similar observations have 
been made in many species like Rotula aquatica 
(Sebastian et al., 2002), Cinnamomum camphora (Babu 
et al., 2003) and Mamordica charantina (Agarwal and 
Kamal, 2004). BAP was also an efficient growth regulator 
for shoot multiplication in Chlorophytum borivilianum 
(Sharma and Mohan, 2006) and Cyphomandra betacea 
(Chakraborty and Roy, 2006). Medium supplemented 
with 1.0 mgl

-1
 BAP induced maximum shoots (8.9) per 

nodal explant while medium supplemented with Kn 
resulted in a reduced number of shoots albeit with longer 
internodes (Plates C and D). Similar results were also 
reported in R. aquatica (Martin, 2002). No multiple shoot 
formation was observed in IAA treated explants (Table 1). 

Most of the combinations of BAP and Kn with IAA 
tested in nodal explant culture induced the formation of 
less number of shoots (Tables 2 and 3). Higher concen-
trations (>0.05 mgl

-1
) of IAA and NAA induced callusing 

and inhibited shoot formation. These results presumably 
indicated a threshold  level  of  endogenous  auxin  in  the 
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Table 1. Effect of cytokinins and auxins supplemented individually on nodal explants. 
 

Growth regulators (mgl–1) Bud break (%) Average no. of days required for bud break No. of shoots (Mean ± SE) 

MS control - - - 

BAP    

0.5 90 14.0 6.5 ± 0.3 

1.0 100 14.0 8.9 ± 0.5 

2.0 70 30.4 5.4 ± 0.2 
 

Kn 
   

0.5 70 18.6 1.0 ± 0.0 

1.0 100 25.0 1.0 ± 0.0 

2.0 100 25.0 3.1 ± 0.2 
 

IAA 
   

0.5 50 35.3 1.0 ± 0.0 

1.0 30 43.7 1.0 ± 0.0 

2.0 20 45.5 1.0 ± 0.0 
 

NAA 
   

0.5 - - - 

1.0 - - - 

2.0 - - - 
 

2,4-D 

   

0.5 - - - 

1.0 - - - 

2.0 - - - 
 

No Bud break. 
 
 

 
 

Plate A. Callus induction from nodal 
explant on MS medium with 0.5 mg/l 
NAA. 

 
 

 
 
Plate B. Callus induction from 
nodal explant on MS medium with 
1.0 mg/l 2,4-D. 

 
 

Plate C. Shoot formation from nodal 
explant on MS medium with 1.0 mg/l 
BAP. 

 
 

 
 

Plate D. Shoot formation 
from nodal explant on MS 
medium with 1.0 mg/l Kn. 



 
 
 
 

Table 2. Effect of BAP and IAA supplemented in combinations on nodal explants. 
 

Growth regulators Concentration 
(mgl

–1
) 

Budbreak 
(%) 

Average No. of days 
required for bud break 

No. of shoots per 
explant (Mean ± SE) 

 

BAP+IAA 

0.5 + 0.5 100 25.4 5.3 ± 0.17 

0.5 + 1.0 100 30.6 3.8 ± 0.20 

0.5 + 2.0 60 32.3 2.6 ± 0.13 

 

 

BAP+IAA 

 

1.0 + 0.5 

 

100 

 

12.7 

 

6.9 ± 0.28 

1.0 + 1.0 80 14.0 4.3 ± 0.08 

1.0 + 2.0 70 14.0 3.1 ± 0.12 

 

BAP+IAA 

 

2.0 + 0.5 

 

100 

 

10.0 

 

7.8 ± 0.07 

2.0 + 1.0 90 10.0 3.4 ± 0.14 

2.0 + 2.0 70 10.0 2.3 ± 0.04 

 
 
 

Table 3. Effect of Kn and IAA supplemented in combinations on nodal explants. 
 

Growth 

regulators 

Concentration 

(mgl
–1

) 

Bud break 

(%) 

Average No. of days 
required for bud break 

No. of shoots per 
explant (Mean ± SE) 

Kn + IAA 

0.5 + 0.5 80 20.0 1.0 ± 0.0 

0.5 + 1.0 70 25.7 2.9 ± 0.15 

0.5 + 2.0 60 32.8 2.2 ± 0.11 

 

Kn + IAA 

 

1.0 + 0.5 

 

90 

 

18.2 

 

1 ± 0.0 

1.0 + 1.0 70 22.3 1 ± 0.0 

1.0 + 2.0 60 30.7 1± 0.0 

 

Kn + IAA 

 

2.0 + 0.5 

 

100 

 

20.0 

 

1 ± 0.0 

2.0 + 1.0 80 24.5 1 ± 0.0 

2.0 + 2.0 60 26.8 1 ± 0.0 

 
 
 
auxin in the explants (Julliard et al., 1992). 
The in vitro regenerated shoots were excised aseptically 
and implanted on full and half strength MS medium 
without or with growth regulators (0.5 and 1.0 mgl-1 NAA, 
IAA and IBA) for rhizogenesis. Excised shoots failed to 
develop roots on both full and half strength MS medium 
without growth regulators. Although root formation with 
callusing at the shoot base occurred in all concentrations 
of NAA, IAA and IBA, but more callus formation was 
observed in MS full strength medium. Moreover, this 
callus formation increased with increase in concentration 
of auxins. Induction of roots was noticed after 14.2 days 
of implantation in the medium with 0.5 mgl

-1
 NAA. It got 

delayed in other media. MS half strength medium 
supplemented with 0.5 mgl

-1
 NAA proved best with 

hundred per cent rooting and very less callusing at the 
base (Plate E) followed by IBA and IAA (Table 4). The 
efficacy of NAA at lower concentrations under in vitro 
rooting of shoots has been reported in  various  medicinal 

plants like Verbascum thapsus (Turker et al., 2001) and 
Santolina canescens (Casado et al., 2002). Peeters et al. 
(1991) found that NAA was taken up six times faster than 
IAA and Van der Krieken et al. (1993) reported that IBA 
was taken up four times faster than IAA. Consequently, 
the efficacy of rooting in the presence of NAA may be 
due to its faster uptake. This may be due to the variation 
in the route of auxin uptake (De-Klerk et al., 1997). 
Similarly, Singh and Lal (2007) also achieved NAA in L. 
leucocephala. 

The regenerants with well developed roots were 
transferred to sterilized soil and sand mixture (3:1) in 

earthen pots placed in growth chamber at 25 ± 2°C. The 
roots were gently pulled out of the medium and immersed 
gently in running tap water. Medium particles sticking to 
the root system were carefully removed with fine brush. 
High humidity was maintained for the initial 20 days by 
using beakers. The plantlets were initially irrigated with 
half strength (salts only) MS  medium without sucrose  on  



 
 
 
 

Table 4.  Effect of various auxins on root formation. 
 

Growth regulators (mg l
–1

) Root induction (%) 
Avg. No. of days required for 

root induction 
Remarks 

MS full strength with out growth regulators - - - 

MS half strength with out growth regulators - - - 

MS full strength+ NAA 0.5 90 14.2 C+++, stout, white 

MS full strength+ NAA 1.0 80 15.3 C+++, stout, white 

MS full strength+ IAA 0.5 70 16.5 C+++, thin 

MS full strength+ IAA 1.0 60 17.6 C+++, thin 

MS full strength +IBA 0.5 80 17.2 C++, thin 

MS full strength +IBA 1.0 60 17.4 C++, thin 

MS half strength+ NAA 0.5 100 12.2 C+, stout, white 

MS half strength+ NAA 1.0 80 14.8 C++, stout white 

MS half strength+ IAA 0.5 80 16.3 C++, thin, white 

MS half strength+ IAA 1.0 70 17.4 C++, thin, white 

MS half strength+ IBA 0.5 90 16.8 C++, thin, white 

MS half strength+ IBA 1.0 70 17.2 C+,thin, white 
 

C+ = normal callus formation, C++ = moderate callus formation, C+++ = vigorous callus formation. - No root formation. 
 
 
 

 
 

Plate E. Production of well 
developed root system on MS (1/2) 
medium with 0.5 mg/l NAA. 

 
 
 

 
 
Plate F. Plantlet transfer to pot. 

 
 
 

alternate days. The plantlets were exposed to 3 - 4 h 
daily to the conditions for natural humidity after 10 days 
of transfer. After about 30 days the plants were trans-
ferred to bigger pots in greenhouse and were maintained 
under natural conditions of day  length,  temperature  and 

 
 
Plate G. Plantlet in field conditions. 

 
 
 

humidity. Finally, the plants were transferred to the field 
conditions. Seventy per cent of the regenerants survived 
well (Plates F and G). Therefore, root induction on MS 
medium fortified with 0.5 or 1.0 mg l-

1
 of the protocol 

could be used for the mass multipli-cation of this highly 
important medicinal plant species in a short duration. It 
will cater to the growing need of pharmaceutical industry 
and also a mean for germplasm conservation and large 
scale plantation.  
 
 

ACKNOWLEDGEMENT 
 
The authors are grateful to Kurukshetra University, 
Kurukshetra for financial assistance. 
 
 
REFERENCES 
 
Agarwal M, Kamal R (2004). In vitro clonal multiplication of Momordica 

charantia L. Indian J. Biotechnol., 3: 426-430. 
Babu KN, Sajina A, Minoo  D, John CZ  Mini  PM , Tushar  KV , Rema 

J,    Ravindran    PN    (2003).    Micropropagation   of   camphor  tree  



 
 
 
 
(Cinnamomum camphora). Plant Cell Tissue Organ. Cult. 74: 179-183. 
Casado JP, Navarro MC , Utrilla MP , Martinez A , Jimenez J (2002). 

Micropropagation of Santolina canescens Lagasca and in vitro 
volatiles production by shoot explants. Plant Cell Tissue Organ. Cult., 
69: 147-153. 

Chakraborty S, Roy SC (2006). Micropropagation of Cyphomandra 
betacea (Cav.) Sendt., a potential horticultural and medicinal. 

CSIR (1992). Wealth India-raw material vol.3. Council for Scientific and 
Industrial Research(CSIR), New Delhi, pp 412-413. 

De-Klerk GJ, Brugge JT,  Marinova  S (1997). Effectiveness of 
indoleacetic acid, indolebutyric acid and naphthaleneacetic acid 
during adventitious root formation in vitro in Malus Jork 9. Plant Cell 
Tissue Organ. Cult., 49: 39-44. 

Dhawan V, Bhojwani S (1985). In vitro vegetative propagation of 
Leucaena leucocephala (Lam.) de Wit. Plant Cell Rep. 4: 315-318. 

Gatinode BB, Raiker KP, Shroff FN , Patel JR (1957). Pharmacological 
studies with malkanguni, an indigenous tranquilizing drug (preliminary 
report). Current Practice. 1: 619-621. 

Govil JN (1993). Medicinal plants: New Vistas of Research, Part-2. 393. 
Hakim RA (1964). A trial report on Malkanguni oil with other indigenous 

drugs in the treatment of psychiatric cases. In: Gujrat State Branch, 
I.M.A. Med. Bulletin. pp 77-78. 

Julliard J, Sosountzov L, Habricot Y, Pelletier G (1992). Hormonal 
requirement and tissue competency for shoot organogenesis in two 
cultivers of Brassica napus. Physiol. Plant, 84: 512. 

Kackar NL, Solanki  KR, Singh M, Vyas  SC (1991). Micropropagation 
of Prosopis cineraria. Indian J. Exp. Biol. 29: 65-67.  

Martin KP (2002). Rapid in vitro multiplication and ex vitro rooting of 
Rotula aquatica Lour., a rare rhoeophytic woody medicinal plant. 
Plant Cell Rep., 67: 547-548. 

 Murashige T, Skoog F (1962). A revised medium for rapid growth and 
bioassays with tobacco tissue cultures. Physiol. Plant, 15: 473-497.  

Nadkarni AK (1976). In: Nadkarni's Indian Materia Medica, pp. 1: 296. 
Popular Prakashan, Bombay, India.  

Nalini K, Aroor AR, Kumar KB, Rao A (1986). Studies on biogenic 
amines and metabolites in mentally retarded children on Celastrus oil 
therapy. Altern. Med., 1: 355-360.  

Nandwani D, Ramawat KG (1991). Callus culture and plantlets 
formation from nodal explants of Prosopis juliflora (Swartz) DC. 
Indian J. Exp. Biol., 29: 523-527. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Parotta  JA ( 2001). Healing plants of peninsular India. CABI, New York. 
Peeters  AJM , Gerads  W , Barendse  GWM ,  Wullems  GJ (1991). In 

vitro flower bud formation in tobacco: interaction of hormones. Plant 
Physiol., 97: 402-408. 

Rajesekharan PE , Ganeshan S (2002). Conservation of medicinal plant 
biodiversity - an Indian perspective. J. Med. Arom. Plant. Sci., 24: 
132-147.  

Rastogi RP, Mehrotra BN (1998). Compendium of Indian medicinal 
plants, vol.5. National Institute of Science Communication (NISCOM), 
New Delhi. 

Rekha K, Bhan MK, Balyan SS, Dhar AK (2005). Cultivation prospects 
of endangered species Celastrus paniculatus Willd. Nat. Prod. Rad., 
4: 483-486. 

Saini R,  Jaiwal  PK  (2000). In vitro multiplication of Peganum harmala- 
an important medicinal plant Indian J. Exp. Biol., 38: 499-503. 

Sebastian DP, Benjamin S, Hariharan M (2002). Micropropagation of 
Rotula aquatica Lour – An important woody medicinal plant. 
Phytomorphology, 52: 137-144. 

Sharma U, Mohan JSS (2006). In vitro clonal propagation of 
Chlorophytum borivilianum Sant. et Fernand., a rare medicinal herb 
from mature floral buds along with inflorescence axis. Indian J. Exp. 
Biol., 44: 77-82. 

Singh N, Lal D (2007). Growth and organogenetic potential of calli from 
some explants of Leucaena leucocephala (Lam.) de Wit. International 
J. Tropical Agriculture. 25: 389-399. 

Snedecor GW (1956). Statistical method applied to experiments in 
agriculture and biology. Iowa State College Press, Ames, pp. 534. 

Turker AU, Camper ND, Gurel E (2001). In vitro culture of common mu-
llein (Verbascum thapsus L.). In Vitro Cell Dev. Biol. Plant. 37: 40-43. 

Van der Krieken WM, Breteler H, Visser MHM, Mavridou D (1993). The 
role of conversion of IBA into IAA on root regeneration in apple: 
introduction of a test system. Plant Cell Rep. 12: 203-206. 

Walia N, Sinha S, Babbar SB (2003). Micropropagation of Crataeva 
nurvala. Biol. Plant. 46: 181-185. 

Warrier  PK, Nambiar  VPK ,  Ramankutty  C  (1994). Indian medicinal 
plants- A compendium of 500 species. Orient Longman, Madras. vol 
2, pp- 47.  


