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ABSTRACT 

Leptadenia reticulata is a source of several bioactive and medicinal compounds. Unrestricted exploitation of its natural resource has 
included this species as one among the threatened and endangered species in India. For conservation and sustainable utilization 
through tissue culture seems to be a promising alternative to overcome the above said situation. The present work was carried out 
to study the effect of various carbon sources and natural additives on in vitro growth and morphogenesis of L. reticulata. Among 
carbon sources, maximum number of multiple shoots (5.20±0.21cm) and shoot length (5.1±0.16cm) was observed on Murashige and 
Skoog (MS) media supplemented with 2% sucrose. The maximum chlorophyll content (1.76±0.40mg/g tissue) was observed on MS 
media supplemented with 2% sucrose followed by 2% table sugar (1.42±0.5mg/ml). Highest protein content (16.3±0.24mg/ml) and 
total carbohydrate content (15.7±0.30mg/ml) was observed on media containing 3% sucrose. Among organic additives, 10% coconut 
water in MS media resulted highest number of multiple shoots (6.20±0.10), shoot length (4.72±0.06cm). Other parameters like 
chlorophyll content (1.7±0.02), total protein content (22.4±0.08) and total carbohydrate content (22.5±0.01) were also found to be 
superior on 10% coconut water supplemented media. This is the first report on the use of cheaper carbon source and organic 
additives in tissue culture studies of L. reticulata. This study has derived a low cost protocol by using cheaper substitutes to medium 
for in vitro multiplication of L. reticulata on a large scale which is vital for tissue culture industries.  

Keywords: Coconut water, L. reticulata, Organic additives, Shoot proliferation, Table sugar. 

 
INTRODUCTION 

eptadenia reticulata (Retz) wight & Arn. belongs to 
family Asclepiadaceae is an important medicinal 
plant with synonyms in Indian language as Jivanti, 

Dori, Swarn Jivanti etc. This plant species is distributed in 
tropical and subtropical parts of Asia, Africa, Burma, 
Srilanka, Philippines and Madagascar. In India it is found 
in Gujarat, Punjab, Himalayan ranges, konkon, Nilgiris and 
Southern part of India. Because of its multiple uses in 
curing several diseases such as hematopoesis, 
emaciation, cough, dyspnoea, fever, burning sensation, 
night blindness L. reticulata draws the attention for 
utilizing it as drugs by pharmaceutical industries. It is 
regarded as good cure for tuberculosis and effectively 
used for several ear and nose problems. Methanolic 
extract of this plant is having antibacterial activity and is 
used for the treatment of skin infection and wounds.1 
Anjaria2 tried Leptaden tablets (a formulation from 
Leptadenia reticulata) on some clinical cases and 
reported its beneficial use as galactogogue for increasing 
milk.  

Commercial exploitation and conventional propagation is 
hampered due to its poor seed viability, low rate of 
germination and seasonal availability. Till date, there are 
only few reports on the micro propagation of Leptadenia 
reticulata3-5 has been reported. The cost of components in 
tissue culture medium has been the main concern for 
commercial laboratories which add to the cost of plant 
produced.6 Many researchers have substituted various 

components in to the media such as gelling agents, 
additive compounds and sucrose, as objective to 
minimize the cost of the media. Various factors are 
considered for the growth and multiplication of shoots in 
vitro. Exogenous carbon sources serve as very important 
parameter in the medium as main energy source and 
osmotic agents to support the growth of plant tissues.7,8 
There have been various opinions on the advantageous 
effects of carbon sources (sucrose, fructose, glucose, 
table sugar etc.) on the growth of plants in vitro. In 
general, most of the tissue culture studies are performed 
using sucrose as the sole carbon source due to its efficient 
uptake across the plasma membrane.9 However it is also 
reported by many researchers that different carbon 
sources such as glucose fructose and maltose have 
varying effect on tissue morphogenesis and may exhibit 
positive result.10-13 Use of fructose in the medium results 
in hyper-hydricity which leads to low chlorophyll contents 
and abnormal nitrogen and sugar metabolism.14 Table 
sugar is used as an alternative low cost medium 
component for in vitro micropropagation of potato.15  

The rate of in vitro multiplication can be increased by 
supplementing various natural additives. In vitro growth 
and regeneration of the plant can be improved by adding 
a small amount of organic nutrients to the medium.16 
Coconut milk, the extract of white solid endosperm of 
mature coconut is also used for inducing growth and 
morphogenesis without the need of a defined 
formulation.17,18 Use of other natural supplements like 
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tomato juice, orange juice, malt extract, yeast extract, 
casein hydrolysate in the media for promoting 
multiplication and development of in vitro cultures have 
been demonstrated by many authors.19-22  

From the above report, it is evident that various carbon 
sources and organic additives affect the growth of in vitro 
cultured plants differently. Modification or replacement 
of culture media composition with a suitable alternative is 
very important parameter to reduce the cost of plant and 
facilitate superior quality of plants. Therefore the present 
work was undertaken to evaluate the effects of various 
carbon sources and organic additives on the growth, 
multiplication and various physiological parameters of L. 
reticulata which may helpful in reducing of cost of 
production media for micropropagation. Since this kind of 
study has not been reported so far in this plant, here we 
made an attempt to reduce the cost of the tissue culture 
medium by substituting low cost substitutes as natural 
additives and carbon sources which definitely contribute 
towards the reduction of cost in plant production by 
tissue culture industries. 

MATERIALS AND METHODS  

Nodal segments and shoot tips were collected from 
healthy, actively growing Leptadenia reticulata plants 
maintained in herbal garden of Padmashree Institute of 
Management and Sciences, Bangalore. The collected 
plant materials were washed thoroughly under running 
tap water and rinsed in few drops of Teepol (Glaxo India 
Ltd, Mumbai, India) for 5 min. They were surface 
sterilized with 0.1% (w/v) HgCl2 for 10 min and washed 
thoroughly with sterile distilled water. The whole process 
of surface sterilization was performed in aseptic condition 
in a laminar air flow chamber. For axillary bud initiation, 
the explants were implanted on Murashige and Skoog 
(MS)23 medium supplemented with 0.25 mg/L 6-
benzylaminopurine (BA) and kinetin (KN) as described in 
our earlier study.24 The pH of the medium was adjusted to 
5.7 prior to autoclaving at 121ºC for 20 min. Cultures 
were maintained at a temperature of 25±2ºC under 16 h 
light/ 8 h dark photoperiod and sub cultured every 4 
weeks. Multiple shoots regenerated on this medium were 
used for further studies. Established cultures were 
subjected to sub culturing in same media. 

Uniform proliferated shoots (4-5 cm in length) resulted 
from direct organogenesis were transferred to MS basal 
medium supplemented with 0.25 mg/L BA and kinetin 
(KN). The media was further supplemented with different 
carbon sources viz., sucrose, glucose, fructose, 
commercially available table sugar (1, 2 and 3%) and 
sugarcane juice (10, 20 and 30%). The media was also 
supplemented with 5, 10 and 20% organic growth 
supplements viz., coconut water, banana homogenate, 
tomato juice, carrot juice, papaya juice. Data were 
recorded for the following parameters such as percent 
frequency of response, number of multiple shoots, shoot 
length (cm), callus intervention. The total chlorophyll 
content of the regenerated plantlets was measured by 

the method25 and was expressed in mg/g tissue. The total 
protein content of the regenerated plantlets was 
measured using standard Lowry’s method26 and was 
expressed in mg/ml. The total carbohydrate content of 
the regenerated plantlets was also measured using 
Anthrone method explained by Sadasivam and 
Manickam27 and was expressed in mg/ml. The 
experiments were set up in completely randomized 
design with each treatments replicated thrice. Data 
obtained after 30 days of culture were subjected to 
analysis of variance and Duncan’s multiple range test 
(DMRT) using SAS software.  

RESULTS AND DISCUSSION 

Effect of carbon source on multiplication 

Growth of in vitro cultures of Leptadenia reticulata was 
strongly influenced by the different carbon sources at 
various concentrations (Table 1). All the carbon sources 
other than sucrose and table sugar showed inferior 
response. When sucrose and table sugar were 
supplemented in MS media, there were no significant 
differences observed in terms of growth response and 
multiple shoot proliferation. Sucrose at 2% level showed 
the best result (72%). However no significant difference 
was also noticed in term of response while the media is 
supplimented with 2% table sugar. The highest number of 
multiple shoots without basal callus was observed on the 
media supplemented with 2% sucrose (5.20±0.21) 
followed by 2% table sugar (4.90±0.46). The lowest 
percentage of response (10%) and minimum multiple 
shoot number (1.30±0.26) were recorded in MS medium 
supplemented with 1% glucose. 

Though highest number of multiple shoots (5.52±0.24) 
were generated by media supplemented with 3% sucrose 
basal callus was induced which is not preferred in case of 
direct regeneration (Figure 1). A marked difference with 
decline rate of multiplication was observed when the 
culture was maintained with fructose, glucose and sugar 
cane juice. Similar results are reported in Pinus sylvestris 
that the addition of fructose to the medium results in 
hyperhydricity which leads to low cellulose and 
chlorophyll contents, less ethylene production and 
abnormal nitrogen and sugar metabolism.8,14 Shoots 
induced on MS medium supplemented with 2% table 
sugar evidenced maximum shoot length (5.3 ± 0.18cm) as 
compared to any other carbon sources. The use of 2% 
sucrose showed 5.1 ± 0.16cm shoot length which is 
second highest. However, at higher concentrations of 
carbon sources in the medium resulted callus 
proliferation than shoot differentiation. The decrease in 
shoot multiplication at higher concentration of carbon 
sources may be due to the inhibition of organogenesis 
and induction of callus proliferation. Similar results are 
reported in Pogostemon cablin.28 

Effect of various carbon sources were also studied for 
physiological changes in the plant (Table 2). The higher 
chlorophyll content (1.76±0.4mg/g tissue) was observed 
when 2% sucrose was used in MS medium. The highest 
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total protein content (16.3 ± 0.24mg/ml) and 
carbohydrate content (15.7 ± 0.30mg/ml) was obtained in 
the media supplemented with 3% sucrose. This could be 

attributed to sugar accumulation at higher concentration. 
However the use of table sugars in the media showed 
comparably good result (Table 2).  

Table 1: Effect of carbon source on morphogenesis of nodal explants of L. reticulata. 

MS+0.25mg/l BAP 
+ Carbon 
Sources 

Concentration 
Percent frequency 

of response 

No 
of multiple 
shoots± S.E. 

Shoot 
length± S.E. 

Callus 

Sucrose 

1% 61±0.82b 3.86±0.23abc 4.6±0.14abc - 

2% 72±0.45a 5.20±0.21abc 5.1±0.16a - 

3% 51±0.32c 5.52±0.24a 4.6±0.21abc + 

Fructose 

1% 32±0.14fg 2.11±0.34bc 3.4±0.23de - 

2% 44±0.46cd 2.16±0.42bc 3.6±0.18de + 

3% 38±0.54def 1.64±0.38bc 3.5±0.17de + 

Glucose 

1% 10±0.61h 1.30±0.26c 3.1±0.18e - 

2% 34±0.23efg 2.23±0.56bc 3.2±0.34de + 

3% 28±0.20g 2.36±0.67bc 3.4±0.36de + 

Table Sugar 
 

1% 64±0.96ab 3.52±0.66ab 4.6±0.28abc - 

2% 70±0.45a 4.90±0.46a 5.3±0.18a _ 

3% 68±0.31ab 4.16±0.24abc 4.9±0.21ab + 

Sugar cane 
Juice 

 

1% 46±0.42cd 3.18±0.42abc 3.2±0.32de - 

2% 52±0.76c 3.26±0.51abc 4.1±0.24bcd - 

3% 42±0.17de 2.41±0.38bc 3.8±0.38cde + 

Control  16±0.22h 1.0d 1.2f - 

F value 211.33*** at α = 0.05; The Values within each column represent, Mean ± SE followed by same letters in superscript are not significantly 
different from each other (P< 0.0001). Data analyzed by GLM procedure with Duncan’s multiple range test (DMRT) using SAS®. 

 
Table 2: Effect of carbon sources on the physiology of in vitro grown plants of L. reticulata. 

Carbon sources Concentration 
Chlorophyll 

content (mg/g) ±SE 
Total protein content 

(mg/ml) ± SE Carbohydrate content (mg/ml) ± SE 

Sucrose 

1% 0.62±0.40d 11.6±0.32ab 12.6±0.21abcd 

2% 1.76±0.40a 13.5±0.26ab 15.7±0.36a 

3% 0.80±0.54c 16.3±0.24a 15.7±0.30a 

Fructose 

1% 0.63±0.54d 10.4±0.22ab 9.9±0.22cd 

2% 0.64±0.56d 11.2±0.25ab 11.3±0.28abcd 

3% 0.62±0.49d 14.3±0.32ab 11.5±0.21abcd 

Glucose 

1% 0.63±0.41d 10.6±0.28ab 10.6±0.33bcd 

2% 0.68±0.48d 11.9±0.21ab 11.8±0.26abcd 

3% 0.62±0.41d 11.6±0.18ab 13.1±0.36abc 

Table sugar 

1% 0.86±0.38c 11.5±0.32ab 12.5±0.26abcd 

2% 1.42±0.50b 14.4±0.35ab 14.7±0.20ab 

3% 1.32±0.48b 15.1±0.32ab 15.0±0.17ab 

Sugarcane juice 

1% 0.63±0.45d 9.1±0.25b 8.2±0.13d 

2% 0.67±0.50d 10.8±0.28ab 9.6±0.21cd 

3% 0.79±0.52c 12.3±0.26ab 10.8±0.33bcd 

Control - 0.50±0.38e 6.8±0.49c 5.6±0.12e 

F value 190.66*** at α = 0.05; The Values within each column represent, Mean ± SE followed by same letters in superscript are not significantly 
different from each other (P< 0.0001). Data analyzed by GLM procedure with Duncan’s multiple range test (DMRT) using SAS®. 
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Figure 1: Effect of various concentrations of carbon sources on multiplication of Leptadenia reticulata. (A) Control; (B) 2% 
Sucrose; (C) 3% Sucrose; (D) 2% Table Sugar. 

Table 3: Effect of natural extracts on multiple shoot induction in L. reticulata. 

MS + Natural 
additives 

(%) 

Shoot length (cm) 
Mean ± S.E 

No. of multiple 
Shoots per 

explants 

Chlorophyll 
content (mg/g 

tissue) 
Mean ± S.E 

Total 
Protein content 

(mg/ml) 
Mean ± S.E 

Total Carbohydrate 
content (mg/ml) 

Mean ± S.E 

Coconut 
water 

5 3.26±0.04ab 3.76±0.16ab 1.0±0.04cdb 16.2±0.06cb 16±0.02ab 

10 4.72±0.06 a 6.20±0.10a 1.7±0.02ab 22.4±0.08ab 22.5±0.01a 

20 4.46±0.04a 4.12±0.13cab 1.5±0.10cab 23.0±0.11a 18.2±0.03ab 

Tomato 
Juice 

5 2.08±0.10cb 3.42±0.06cdeb 1.1±0.04cdb 6.2±0.14ef 12.2±0.06d 

10 2.12±0.10cb 2.00±0.08cde 1.4±0.12cadb 8.6±0.06f 12.6±0.12dc 

20 2.04±0.12cb 1.76±0.04de 1.7±0.08ab 9.3±0.02ecfd 13.3±0.11dcb 

Banana 
juice 

5 2.16±0.16cb 1.30±0.04cdeb 1.6±0.07cab 11.8±0.13ecfd 9.4±0.17dc 

10 2.24±0.03cb 2.80±0.09de 1.5±0.03cab 12.2±0.08ecfd 11.5±0.12dc 

20 2.33±0.05cb 1.12±0.10e 1.4±0.12cadb 9.8±0.11ecfd 11.4±0.11dc 

Carrot 
juice 

5 3.02±0.09cab 1.00±0.09cdeb 1.4±0.16cadb 8.0±0.12f 10.2±0.18dc 

10 3.41±0.10ab 1.14±0.06cde 1.8±0.14ab 9.8±0.09efd 12.1±0.08dc 

20 3.46±0.07ab 1.20±0.08cdeb 2.2±0.26a 9.5±0.04ecfd 12.7±0.16dcb 

Papaya 
juice 

5 2.21±0.08cb 1.7 ±0.05cde 0.8±0.14cd 11.5±0.08ecfd 9.4±0.08dc 

10 2.45±0.06cb 3.1±0.06cdb 1.1±0.06cdb 14.3±0.13cd 10.8±0.08dc 

20 2.42±0.09cb 2.31±0.08cdeb 1.6±0.08cab 12.6±0.18ecd 12.1±0.07cb 

Control 1.24±0.16c 1.00±0.12de 0.6±0.04d 6.4±0.16ef 6.1±0.12d 
F value 284.86 *** at α = 0.05; The Values within each column represent, Mean ± SE followed by same letters in superscript are not significantly 
different from each other (P< 0.0001). Data analyzed by GLM procedure with Duncan’s multiple range test (DMRT) using SAS®. 

      
Though sucrose has been reported to be the best source 
of carbon and energy10, in our study, the results of 
commercial table sugars and sucrose in the media have 
shown comparable results. Hence there is a prospect of 
using table sugar instead of sucrose for L. reticulata tissue 
culture. Similarly promontory role of table sugar has also 

been reported.15,28,29 The cost of banana by tissue culture 
method was reduced up to 90% by replacing the 
analytical grade sucrose with normal commercial sugar.30 
The cost of media for micropropagation of L. reticulata 
could be reduced significantly by the use of table sugar as 
a cheaper alternative for analytical grade sucrose.  
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Effect of natural extract on multiplication 

Among the different natural supplements tested, coconut 
water found to be most suitable when compared to other 
organic additives used in the media. In 10% coconut 
water enriched medium, the highest number of shoot per 
explant (6.20±0.10) was observed and also there was an 
accelerated developmental process leading to healthy 
plantlets. Similarly use of 10% coconut water was found 
to be most effective in increasing frequency of response 
and multiplication in many plants like Cynbidium 
pendulum31, Phalaenopsis violacea32 and Paphiopedillum 
villosum.33 Other parameters like mean shoot length 
(4.72±0.06), chlorophyll content (1.7±0.02), protein 
content (22.4±0.08) and carbohydrate content 
(22.5±0.01) were also found to be superior when 10% 
coconut water was supplemented in the multiplication 
media. Similarly the use of coconut water in increasing 
the number of shoot, shoot length and the number of 
nodes has also been reported.34 Though other 
supplements (banana homogenate, tomato juice and 
papaya juice) exhibited positive effect, the response 
percentage and other physiological parameters were 
significantly lesser (Table 3). The increased 
morphogenetic effect of coconut water when compared 
to other organic supplements can be attributed for its 
chemical composition (glucose, fructose, different amino 
acids and minerals).35 The presence of diphenyl urea in 
coconut water acts as cytokinin and induces the growth 
and cell division as reported by.32,36 Agampodi and 
Jayawardena37 also reported that the effective growth 
and regeneration in plants of coconut water 
supplemented media is due to the natural content of 
cytokinin and auxin. We observed that higher 
concentration of coconut water (20%) reduced the 
percentage of response, number of multiple shoot, shoot 
length and other physiological parameters (Table 3).  

This observation is supported by the findings of37 who 
stated that use of coconut water at 20% to 30% showed 
inhibitory effect on shoot regeneration. Our observation 
is further supported by the study of Baque38 in Calanthe 
hybrids produced abnormal plants with retardation in 
growth and morphological characteristic at higher 
concentration of coconut water. To the best of our 
knowledge, use of natural supplements for 
micropropagation of Leptadenia reticulata is probably the 
first report so far. 

Therefore it is speculated that coconut water at 10% 
could be used as a potential organic additive in the 
culture medium for propagation of L. reticulata which can 
be comparable with other synthetic growth hormones. So 
use of coconut water can practically reduce the cost of 
media for commercial production of L. reticulata. 

CONCLUSION 

It is concluded from the above study that carbon source 
plays important role in growth and morphogenesis of L. 
reticulata. As various media components such as 
nutrients and growth regulators adds to the cost of 

production of plants by tissue culture methods. In the 
present study a cost effective protocol was derived by 
replacing the analytical grade media components with 
cheaper alternatives. The table sugar and natural 
additives proved to be efficient in induction of multiple 
shoot. This cheaper substitute may economically feasible 
for large scale production of micropropagated plant by 
tissue culture industry.  
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