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ABSTRACT 

Objective: The aim of the present study was designed for the induction of callus from leaf explants of Decalepis arayalpathra (D. arayalpathra) and 
to analyse their phytochemical constituents and antibacterial activity. 

Methods: The explants were cultured on Murashige and Skoog (MS) medium supplemented with different concentration of 2, 4-
dichlorophenoxyacetic acid (2, 4-D) and later subcultured to the combination of 6-benzylaminopurine (BAP) and 1-naphthaleneacetic acid (NAA). 
The phytochemical constituents were analysed in the different solvent extracts using standard methods. Antibacterial activity of the different 
solvent extracts was carried out using agar well diffusion method against reference standards.  

Results: Callus induction was observed on MS medium supplemented with different concentration and combination of auxins and cytokinins. 
Maximum callus induction was noticed on media supplemented with 2, 4-D (2 mg/l) and BAP (1 mg/l)+NAA (0.5 mg/l) respectively. The 
phytochemical screening revealed the presence of alkaloids, flavonoids, phenols, tannins, steroids and terpenoids, glycosides, coumarins and 
quinone etc. All the solvent extracts showed varying degree of antibacterial activities against the bacterial strains (Bacillus subtilis, Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas fluorescence and Staphylococcus aureus). The maximum antibacterial activity of leaf was observed in aqueous 
(Klebsiella pneumoniae, 19.00±1.00) and methanolic extract (Klebsiella pneumoniae, 18.33±1.15). Whereas petroleum ether extract of the callus 
showed maximum inhibition (Bacillus subtilis, 17.00±1.00) compared to other extracts. 

Conclusion: The study revealed the presence of secondary metabolites in the leaf and callus extracts of D. arayalpathra. The methanolic extracts 
possess higher antibacterial activity compared to other solvent extracts. However, further studies have to be carried out for the isolation and 
identification of antimicrobial compounds against pathogens. 
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INTRODUCTION 

Plants are an exemplary source of traditional medicine and 
pharmaceutical drugs for humankind since time immemorial. In the 
worldwide, it has been estimated that about 20,000 plants species 
are used as drugs. In India, herbal medicines have been used in the 
Indian traditional system of medicine (Ayurveda, Unani and Siddha) 
for the treatment of various diseases SD arayalpathra is one of the 
important medicinal plants, belonging to the family Periplocaceae, 
found in the southern region of the Western Ghats of India [1]. 
Tuberous roots of D. arayalpathra are consumed as pickles and as a 
popular cool drink known as Nannari [2-4]. The root extract was 
used by the kani tribes for the treatment of peptic ulcer and has a 
rejuvenating tonic [5]. Recent pharmacological studies have also 
revealed that root extract of the plant had immune-modulatory and 
antitumor activity [6] and as well as blood purifier [7-8]. 
Conventional propagation of D. arayalpathra is at stake with several 
factors like poor fruit set, seed germination and rooting on stem 
cutting [9-10]. Due to its high demand, the destructive harvesting of 
the roots leads to extinction of the species which necessitates 
another alternative method for propagation and conservation. 
Therefore, plant tissue culture techniques offer a powerful tool for 
mass multiplication of many plant species.  

The development of drug resistance in human pathogen against 
commonly used antibiotics has opened a new avenue for the search 
of new antibacterial compounds from natural sources. Many of the 
plant species have been evaluated for antimicrobial properties, but 
the majority of them have not been systematically evaluated and a 
lot of attention is being derived to evaluate the plant extracts as an 
antibacterial agent against resistant plant pathogens. Recently, plant 
tissue culture techniques are used to enhance the secondary 
metabolite production in plants [11]. Studies on phytochemical and 

antibacterial activities of the in vitro regenerated callus are limited. 
Therefore the present study was investigated to develop an effective 
protocol for callus induction and to analyse their phytochemical and 
antibacterial activities.  

MATERIALS AND METHODS 

Plant material  

The plants were collected from the Western Ghats, Njaraneeli, Kerala 
and authenticated in the Department of Botany, Bangalore 
University. A voucher specimen is deposited in the herbarium (BUB, 
No. 2268). The plants were maintained in greenhouse at Department 
of Botany, Bangalore University, Bengaluru. 

Callus induction 

Leaf explants of D. arayalpathra were washed under running tap 
water (30 min) to remove soil particles then followed by different 
sterilants (bavastin and teepol). Explants were rinsed with distilled 
water for 2-3 times after each treatment. Finally, the explants were 
sterilized with 0.1% mercuric chloride for 2 min followed by 
washing with double distilled water for four times. Explants were 
then inoculated on MS media supplemented with different 
concentration of auxins (0.5, 1, 2, 3 and 4 mg/l of 2, 4-D), 
combination of auxins (0.5 mg/l of NAA) and cytokinins (0.5, 1, 2, 3 
and 4 mg/l of BAP). Cultures were maintained at 25±2 °C under 
white fluorescent light for 16 hr photoperiod. 

Preparation for plant extracts  

10 gms of leaf and callus were grinded using mortar and pestle in 
different solvents (ethanol, methanol, petroleum ether, chloroform, 
hexane, acetone, butanol and distilled water). The extracts were 
filtered through Whatman No. 1 filter paper. The procedure was 
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repeated for another two cycles to ensure complete extraction of 
phytochemical compounds [12]. The filtrates were lyophilized and 
stored at 4 °C until further analysis. 

Preliminary phytochemical analysis 

The preliminary phytochemical analysis was carried out by standard 
methods [13-14]. Briefly, the lyophilized extracts were dissolved in 
respective solvents and screened for the qualitative analysis for the 
presence of alkaloids, flavonoids, proteins, phenols, tannins, steroids and 
terpenoids, phytosterols, glycosides, coumarins, carbohydrates, 
betacyanin, resins, phlobatannins, starch, volatile oils, emodols [15-16]. 

Antibacterial assay 

The solvent extracts were assayed against the following organisms 
Bacillus subtilis, Escherichia coli, Klebsiella pneumoniae, Pseudomonas 
fluorescence and Staphylococcus aureus. Bacterial strains were 
obtained from Department of Microbiology, Bangalore University, 
Bengaluru. In vitro antibacterial activity was performed by agar well 
diffusion method according to the protocol of Johnson et al. [17]. 
Wells were bored into nutrient agar using a sterile 8 mm diameter 
cork borer. Different solvent extracts (150 µl) were added into the 
wells using sterilized pipettes and allowed to diffuse at room 
temperature for 2 h. The plates were incubated at 37 °C for 24 h. 

After the incubation, the diameter of the zone of inhibition was 
recorded in millimetre and compare with standard antibiotics 
(tetracycline and streptomycin). The experiments were repeated 
thrice in triplicates. 

Statistical analysis 

The results were expressed as mean± standard deviation (SD). Data 
were analyzed statistically by one-way analysis of variance followed 
by Duncan’s multiple range tests using SPSS software. Probability 
values p<0.05 were considered significant. 

RESULTS  

In vitro callus induction for leaf explants 

The induction of callus was observed from leaf explants within two 
weeks of inoculation on MS media supplemented with various plant 
growth regulators. Maximum callus induction was observed after 
eight weeks of cultures on MS media supplemented with 2 mg/l of 2, 
4-D and combinations of BAP (1 and 2 mg/l)+NAA (0.5 mg/l) (table. 
1, fig. 1 A-F). Further increase in growth hormone concentration, 
decrease in the percent of callus induction. The morphology and 
growth of the callus were affected by varying concentration of 2, 4-D 
(creamish callus) and the combination of BAP+NAA (green friable 
callus). There was no callus induction on basal medium. 

  

Table 1: Effect of plant growth hormones on callus induction from leaf explants of D. arayalpathra 

Growth regulators Concentration % response±SD Nature of callus 
2, 4-D 0.5 mg/l 80.00±5.00 Creamish callus cd 
 1.0 mg/l 90.00±5.00 Creamish green callus ef 
 2.0 mg/l 96.67±2.89 Creamish yellow callus f 
 3.0 mg/l 85.00±5.00 Creamish yellow callus de 
 4.0 mg/l 55.00±5.00 Creamish yellow callus a 
BAP+NAA 0.5 mg/l+0.5 mg/l 90.00±5.00 Friable green callus ef 
 1.0 mg/l+0.5 mg/l 96.67±2.89 Greenish callus  f 
 2.0 mg/l+0.5 mg/l 95.00±5.00 Friable green callus  f 
 3.0 mg/l+0.5 mg/l 75.00±5.00 Creamish green callus bc 
 4.0 mg/l+0.5 mg/l 70.00±5.00 Creamish green callus b 

Values represent the mean±SD. Means with the different letters in columns indicate significant differences at 5% level. 

 

 

Fig. 1: A-F. In vitro callusing from leaf explants of D. arayalpathra. A-C: MS+2, 4-D (0.5 mg/l), (1 mg/l), (2 mg/l) respectively. D: MS+BAP 
(0.5 mg/l)+NAA (0.5 mg/l), E: MS+BAP (1 mg/l)+NAA (0.5 mg/l), F: MS+BAP (2 mg/l)+NAA (0.5 mg/l) 
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Phytochemical analysis 

The secondary metabolites produced by the plants play an 
important role in plant defence against prey, microorganisms, stress 
as well as interspecies protections. These secondary metabolites 
have been used as a drug from the time immemorial, hence 
screening of phytochemicals serve as the initial steps in predicting 

the potential active compounds in the plant extracts [18]. 
Phytochemical studies revealed the presence of alkaloids, flavonoids, 
proteins, phenols, tannins, steroids and terpenoids, phytosterols, 
glycosides, coumarins, carbohydrates, betacyanin, resins, 
phlobatannins, volatile oils. Ethanol, methanol and acetone were 
proven to be better solvents for the extraction of major phyto-
chemicals compare to other solvents (table 2). 

  

Table 2: Preliminary phytochemical analysis on fresh leaf and callus of D. arayalpathra 

Tests 
  

Fresh leaf Fresh callus 
I II III IV V VI VII VIII I II III IV V VI VII VIII 

Alkaloids + + + + - + - - - + - - - + - + 
Flavonoids + + - - - + + + + + - - - + - + 
Proteins  + + + + + + + + + + - - + + + + 
Phenols + + - - - + + + + + - - - - - + 
Tannins + + + + - + + + - + - - - - - + 
Steroids andTerpenoids + + + + - - + - - - - - - - - + 
Phytosterols + + + + - - + - - - - - - - - + 
Glycosides + + - - - + + + + - - - - - - - 
Coumarins + + + + - + - + - + + + - + - - 
Carbohydrates + + - + - - + + + + - + + - - + 
Betacyanin + + + + + + - + + + - - - + - + 
Resins + + - - - - - - + + + - + - - + 
Phlobatannins + + - - - - - + - - - - - + - - 
Starch - - - - - - - - - - - - - - - - 
Volatile oils + + - - - + - + - - - - - - - + 
Emodols - - - - - - - - - - - - - - - - 

I–Ethanol, II–Methanol, III–Petroleum ether, IV–Chloroform, V–Hexane, VI–Acetone, VII–Butanol, VIII–Aqueous 

 

Antibacterial activity 

The present study revealed the antibacterial activities of the leaf and 
callus extracts (150 µg/ml) against bacterial strains (Bacillus subtilis, 
Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae and 

Pseudomonas fluorescence) by agar well diffusion method. Aqueous 
and methanol leaf extracts showed maximum inhibition against 
Klebsiella pneumoniae compared to other extracts (fig. 2). Whereas in 
callus, ethanol and petroleum ether extracts showed higher inhibitory 
activity against Escherichia coli and Bacillus subtilis (fig. 3). 

 

 

Fig. 2: Zone of inhibition on different solvents of D. arayalpathra fresh leaf, data are presented as the mean±SE of the mean of triplicates 

 

DISCUSSION  

Plants are important sources of potentially useful substances for the 
development of new therapeutic agents [19]. The aromatic roots of 
D. arayalpathra have been overexploited for therapeutic use leading 
to drastic reduction in the population of these species in the wild 
habitat. The plant biotechnology provides new tools for collection, 
multiplication and conservation of plant biodiversity by using in 
vitro culture techniques [20]. There are limited reports on 

micropropagation of D. arayalpathra [10, 21]. Therefore, the present 
study was investigated to find out the effective protocol for the 
micropropagation of D. arayalpathra using leaf explants. 

The efficiency of callus induction depends on the type of growth 
regulators, explants source and culture medium. In our study, the 
green friable callus induction was observed on MS media 
supplemented with a lower concentration of BAP and NAA. 
Formation of green friable callus may be due to their role in DNA 
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synthesis and mitosis [22]. Our results are in agreement with the 
studies of Umesh [23] and Sudha et al. [21] in Decalepis hamiltonii 
using nodal explants. Similar results were reported in other plant 

species (Amaranthus spp., and Ruta graveolens) wherein, callus 
induction was observed from leaf explants inoculated on MS 
medium supplemented with BA and NAA [24-25]. 

 

 

Fig. 3: Zone of inhibition on different solvents of D. arayalpathra leaf callus, data are presented as the mean±SE of the mean of triplicates 

 

Phytochemical constituents present in plants such as alkaloids, 
flavonoids, and tannins etc., serves as a defense mechanism against 
predation by many microorganisms. Chandra and Kaneria [26] have 
reported that the accumulation of secondary metabolites may vary 
in different plant parts and leaf is one such plant parts which have 
highest accumulation of metabolites [27]. Our qualitative analysis 
revealed the presence of major phytochemicals in the leaf compared to 
callus. Previous studies reported lesser accumulation of phyto-
chemicals in the callus compared to other plant parts [28, 29]. 
Aqueous, methanol and acetone extracts are the best solvents to 
isolate major phytochemicals compared to other solvents. Johnson et 
al. [17] reported that major phytochemicals were extracted in ethanol 
and methanol leaf and callus extracts of Baliospermum montanum. 

Plant extracts can be a good source of antibiotics against various 
bacterial pathogens. In the present study, antibacterial activities of leaf 
and callus extracts of D. arayalpathra were calculated by measuring the 
diameter of the zone around the well. The maximum inhibition was 
observed in leaf extracts against major pathogens compared to callus 
due to their lesser accumulation of secondary metabolites. Various 
workers have reported that root, leaf and callus extracts can inhibit both 
gram positive and gram negative bacteria [30-32]. The mode of action of 
antimicrobial agents may be due to interference with cell wall synthesis, 
inhibition of protein synthesis, interference with nucleic acid synthesis, 
and inhibition of a metabolic pathway [33]. 

CONCLUSION  

In the present study, an efficient protocol was developed for callus 
induction from leaf explants of D. arayalpathra. The phytochemical 
analysis of the leaf and callus revealed the presence of bioactive 
compounds with antibacterial activity against many pathogens. 
Further studies have to be carried to characterize these 
antimicrobial compounds and large-scale production through in 
vitro propagation.  
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