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Effect of increasing concentrations of 2,4-D was evaluated on growth and total phenolic, flavonoid 
and tannin content of callus obtained from leaf explants of Ocimum sanctum. Fresh and dry weight 
were highest for callus cultured on nutrient medium supplemented with 0.2 µg ml−1 2,4-D. Contents 
of total flavonoid and tannin increased with increasing concentrations of 2,4-D whereas total 
phenolic content was highest in callus cultured on nutrient medium enriched with 0.4 µg ml−1 2,4-
D. The results of the present study revealed that 2,4-D is required for callus formation from O. 
sanctum leaf explants. Higher concentrations of it inhibit callus growth but significantly increase the 
production of flavonoids and tannins. 

 
 
 
 
 
 
 
 
 
 
 
 
 

  

  
 
 

 
 
 
 
 
 
 
 

 
 

 
 

 

 
 

 
 

 
 

 
 
 
 
 
 

 
 

 
  

 
 
 

INTRODUCTION 
 

Ocimum sanctum, a medicinal herb which belongs to the family 
of Lamiaceae is regarded as ‘elixir of life’ and an adaptogen in 
Ayurveda (Maheshwari, 2013; Cohen, 2014). O. sanctum 
extracts are used to cure common colds, inflammation, stomach 
disorders, headaches, malaria, heart disease and several forms 
of poisoning (Maheshwari, 2013). The holy basil stem and 
leaves have several bioactive constituents including secondary 
metabolites such as phenolic, flavonoid, tannin, and saponin 
that are responsible for its pharmacological and medicinal 
properties (Pietta et al., 1998; Jaggi et al., 2003; Chew et al., 
2009). The amount of secondary metabolites is significantly 
affected by different growing, harvesting, processing and 
storage conditions of plant tissues thus limiting their 
production.  
 

 Plant tissue culture which is a technique to culture plant cells 
and tissue in-vitro on nutrient medium under aseptic controlled 
condition can be used to preserve endangered medicinal plants 
and enhance secondary metabolites production 
(Elangomathavan, 2017; Wang et al., 2017). Auxins are 
generally used in plant tissue culture as an integral constituent 

of nutrient medium (Collin, 2001). 2,4-D is generally used to 
induce callus growth as it regulates division and takes part in 
dedifferentiation of explants to produce callus (Lim et al., 
2009). Although it is known that auxin is crucial for callus 
induction, different concentrations of it may be required for 
different plant species and different explants of the same 
species. Therefore, aim of this study was to determine the 
effect of different concentrations of 2,4-D on growth and total 
phenolic, flavonoid and tannin content of callus obtained from 
O. sanctum leaf explants. 
 

RESULTS AND DISCUSSION 
 

O. sanctum contains several secondary metabolites which are 
responsible for their antitumor, antiviral, cholesterol-lowering, 
antiprotozoal, antihelminth, immunosuppressant and anti-
ageing activities (Maheshwari, 2013; Cohen, 2014). Callus 
induction is an important step for large scale production of 
secondary metabolites and bioactive compounds. The growth 
hormone auxin alone or in combination with kinetin has been 
shown to be responsible for induction and development of 
callus from leaf explants in most plant species in plant tissue 
culture. However, optimum concentration of it needs to be 
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defined for different species and explants. No callus induction 
form O. sanctum leaf explant was observed in nutrient medium 
without auxin. Callus was obtained from 
explants in all media supplemented with 0.2 to 0.6 μg/ml 2,4
(Fig. 1).   
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Callus formation from O. sanctum
cultured on nutrient medium enriched with different 
concentrations of 2,4-D. The young leaves of 
collected from campus of Central University of Jharkhand, 
Brambe, Ranchi were cut into small pieces (1 cm x 1 cm
surface sterilized and placed on MS medium (pH 5.8) 
containing 0.2, 0.4 and 0.6 μg/ml 2,4-D at 25 ± 2°C under 
constant illumination of 125 μmol m-2 s-1 
days. 
 

Among the various concentrations of 2,4-
weight of callus was highest in callus cultured on nutrient 
medium containing 0.2 μg/ml 2,4-D (Table 1). 
to 0.2 μg/ml 2,4-D supplementation, 0.4 and 0.6 
concentration led to 42 % and 47 % reduction in fresh weight 
and 25% and 32% reduction in dry weight, respectively (Table 
1). The calluses were green and friable in nature. Similar to our 
results, Elangomathavan (2017) also observed soft, friable 
callus of green white color in Orthosiphon stamineus 
ug/ml 2, 4–D concentration. Growth of callus at 0.2 
D was found to be the optimum.  Increasing concentrations of 
2,4-D led to less growth of callus (Fig. 1).
corroborates the findings in Achyranthes aspera
2009) and Brucea mollis (Das et al., 2017)
concentrations lower growth of callus could be due to 
enrichment of 2,4-D in the tissues, as was demonstrated in 
Arabidopsis (Meijer et al., 1999). 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

Total phenolic content was highest in callus grown in n
medium containing 0.4 μg/ml 2,4-D whereas flavonoid and 
tannin content was highest in callus grown in n
supplemented with 0.6 μg/ml 2,4-D (Fig. 2). Nutrient medium 
supplemented with 0.4 μg/ml and 0.6 μg/ml of 2,4
38.46 % and 64.10 % increase in tannin content of callus, 

 

Table 1: Fresh weight and dry weight of callus obtained 
from Ocimum sanctum leaf explants cultured on nutrient 
medium enriched with different concentrations of 2,4

 

2,4-D(μg/ml) Fresh weighta(gm) Dry weight
0 No callus 

0.1 No callus 
0.2 4.0280.110 0.2885
0.4 2.3770.186 0.2164
0.6 2.1360.025 0.1976

 

aFresh weight of callus was measured using weighing balance.
 bFor dry weight determination, samples were dried in an oven for 
constant weight was achieved 
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Figure 2 Effect of 2,4-D (0.2, 0.4, 0.6 μg/ml) in nutrient 
medium on (a|) total phenolic content (b) total flavonoid 
content and (c) tannin content of callus from 
explant. All data presented are means of three replicates along 
with standard deviations. *, **, and *** represent significant 
differences compared to 0.2 μg/ml 2,4
0.05, 0.01, and 0.001, respectively. Total phenolic content was
measured following the method of 
expressed as mg gallic acid equivalent /g f wt. The flavonoid 
content was measured following the method of 
(2002) and expressed as mg quercetin equivalent/g f wt. Total 
tannin concentration in the methanolic extract of callus was 
estimated by modified method of 
expressed as mg tannic acid equivalent /g f wt.
 

Similar to our studies, in callus of 
also, auxin both promoted and increased the production of 
phenolic compounds, especially tannin 
The variation in the total phenolic, flavonoid and tannin content 
in presence of different concentrations of 2,4
attributed to the activation of key 
lyase which participates in the biosynthesis of these compounds 
(Davies, 1972). Overall, our results show that 2,4
for O. sanctum callus formation. Higher
inhibit callus growth but significantly increase the production 
of flavonoids and tannins. 
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