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Ab s t r Ac t
Oroxylum indicum belongs to the family Bignoniaceae. It is used as a traditional medicine from a very long time and because of over exploitation 
comes under threatened category. It is traditionally used against inflammation and bacterial infections. Keeping this in view, an attempt 
has been made to evaluate its pharmacological value through phytochemical analysis and antibacterial activities against four pathogenic 
bacteria. Results revealed that leaf and fruit extracts are rich in diverse types of bioactive compounds and showed inhibition potential against 
selected microbes. The present study highlights the importance of pharmacological potential of O indicum against antimicrobial resistance.
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In t r o d u c t I o n
Since time immemorial plants have been used in Indian villages as 
folk medicine by traditional healers and Shamans. Even today, in 
remote villages, healers still use plant parts for healing purposes 
which has also been proven by scientific research. Today, plants are 
used as a great source of natural health healing products by humans. 
In the past few decades, extensive research work is going on across 
the globe with regard to the finding of various antimicrobial effects 
and activities of compounds of many different plant species against 
various diseases. Uses of many plants are due to their antimicrobial 
traits, which are due to the compounds synthesized during secondary 
metabolism of the plants.[1] Thousands of compounds found in plants 
are used as therapeutic compounds for different kinds of diseases. 
Many therapeutic agents have been identified and used from their 
natural origin, in traditional medicine.[2] Microbial infections till 
date remain a scourge of humanity due to lack of vaccine against 
some infections, emergence of drug resistant phenotypes, and the 
resurgence of infections among others.[3] Plant extracts and essential 
oils have been widely explored for their therapeutic activities against 
most microbial infections.[4] Plants have an amazing ability to produce 
a wide variety of secondary metabolites such as alkaloids, glycosides, 
terpenoids, saponins, steroids, flavonoids, tannins, quinones, and 
coumarins,[5] some of these natural products are highly efficient in the 
treatment of bacterial infections.[6] Medicinal plants are traditionally 
used worldwide as remedies for the treatment of various diseases 
including asthma, gastrointestinal symptoms, skin disorders, 
respiratory and urinary problems, and hepatic and cardiovascular 
disease.[7] Studies done by Ushimaru et al. where in vitro antimicrobial 
activity of methanolic extracts of some medicinal plants such 
as Allium sativum, Zingiber officinale, Caryophyllus aromaticus, 
Cymbopogon citratus, Mikania glomerata, and Psidium guajava against 
Escherichia coli, Salmonella typhimurium, Staphylococcus aureus, and 
Enterococcus spp. showed that methanolic extract of C. aromaticus 
presented the highest anti S. aureus activity and was effective against 
all bacterial strains tested.[8] Such types of antimicrobial activity from 
compounds of various plants have been reported in several research 
papers. Oroxylum indicum (Linn.) is one among the many plants 
widely used in Ayurvedic system of medicine. Both the stem and 
root are useful parts in many formulations as per Ayurvedic classics.[9] 
Many studies have been done regarding the roots and the bark of 
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this plant. However, very little work has been done on the fruit and 
leaves of this plant. Our present study was conducted to determine 
the antibacterial activities of O. indium fruits and leaves.

Me t h o d o lo g y

Collection of Fruits and Leaves for Experimental Work
The sample (Fruits and leaves) was collected from different parts 
of Odisha and kept in poly bags tagged with the botanical name 
and sorted out as per standard sampling procedure and passport 
description.[10]

Preparation of Extracts
Soxhlet method and percolation were adopted to obtain different 
extracts.[11,12] The collected experimental plant materials were 
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dried at room temperature under shade and were powdered 
after drying using mechanical devices. The powdered material 
of the experimental plant was kept in a thimble and extraction 
was carried out using the Soxhlet apparatus. The residues were 
collected and left for air drying and dried crude extracts were 
stored in refrigerator for further phytochemical analysis and 
antibacterial activities.

Phytochemical Analysis
Phytochemical analysis was carried out using standard procedure 
to identify the bioactive compounds.[13-15]

Antibacterial Activity
The extracts of experimental plant parts were screened for 
antibacterial activity against two Gram-positive bacteria 
Streptococcus mutans Microbial Type Culture Collection (MTCC 497) 
and Streptococcus pyogenes (MTCC 1926); three Gram-negative 
bacteria Vibrio cholerae (MTCC 3906), Shigella flexneri (MTCC 1457), 
and Salmonella Typhi (MTCC 1252). All used MTCC bacterial strains 
(Plate 1e) were collected from Institute of Microbial Technology, 
Chandigarh. Antibacterial activity was done using slight 
modification of standard methods of agar well diffusion assay;[16] 
disc diffusion method,[17] and broth dilution assay.[18]

Agar Well Diffusion Assay
Agar well diffusion method[16] was followed to test the antibacterial 
activity of extracts of experimental plant parts against the five 
bacterial strains. Nutrient agar plates were prepared as per 
instructions of manufacturer. 100 µl of nutrient broth cultures of 
the test microbes prepared a day before were poured over the 
plates uniformly and a lawn culture was prepared using a sterile 
spreader in a laminar hood. Wells (6 mm) were made using a sterile 
borer. Stock solutions of samples were prepared in 100% DMSO 
(Sigma) and two-fold serial dilutions were made in amount of 
100 µl per well at concentration of 0.25 and 0.5  mg/mL. 100 µl 
of samples were added by sterile syringes into the wells in three 
above mentioned concentration and allowed to diffuse at room 
temperature for 2 h. Plates were incubated at 35 ± 2°C for 18–24 h. 
Kanamycin served as standard antibiotics control. Triplicates were 
maintained and the experiment was repeated thrice. For each 
replicate, the readings (diameter of zone of inhibition in cm) were 
taken and the mean ± SD values (diameter of zone of inhibition) 
were recorded.

Disc Diffusion Assay
Antibacterial activity using disc diffusion assay was done 
using the 6  mm of disc prepared from Whattman filter 
paper.[17] Each extract was dissolved in dimethyl sulfoxide. The 
sets of dilutions (10  µg/disc and 50  µg/disc) of crude extracts 
and standard drugs were prepared. 6  mm of discs were kept in 
the drugs for 12 h before placing on the agar plates. The zones of 
growth inhibition around the discs were measured after 18–24 h 
of incubation at 37°C for bacteria. The sensitivities of the microbial 
species to the plant extracts were determined by measuring the 
sizes of inhibitory zones (including the diameter of disc) on the 
agar surface around the disc and values <8 mm were considered 
as not active against microorganisms.

Minimum Inhibitory Concentration (MIC) using Broth 
Dilution Assay
All the extracts of experimental plant were screened for their 
antibacterial activity (modified method).[18,19] Antibacterial activity 
was assessed by MIC by a serial dilution method. Selected colonies 
of aforesaid bacteria were picked off from a fresh isolated plate and 
inoculated into corresponding tubes containing 5 ml of trypticase 
soy broth. The broth was incubated for 8 ± 1 h at 35 ± 2°C until there 
was a visible growth. McFarland No.  5 Standard and Phosphate 
Buffer Saline were used to adjust the turbidity to get 105 cfu/mL.

Data Interpretation
After the incubation, the tubes showing no visible growth after 8 h 
till 12 h were considered to be inhibition of bacteria which represent 
MIC values of a respective concentration. Inoculum control showed 
visible growth due to no antimicrobial agents, whereas the broth 
control showed no growth due to absence of bacteria. Triplicates 
were maintained and the experiment was repeated thrice, for each 
replicate. The readings were taken as foresaid.

re s u lts A n d dI s c u s s I o n

Phytochemical Analysis
The plant extracts were screened for the presence of biologically 
active chemicals. From Table  1, it signifies that secondary 
compounds present in aqueous extract of leaves were tannins and 
phenolic compounds. More secondary compounds in methanolic 
extracts were tannins, phenolic compounds, and terpenoids. In 
petroleum ether extract, flavonoids were present. In n-hexane 
extract, terpenoids were present. Aqueous and methanolic 
extracts of fruits showed more compounds such as tannins, 
saponins, phenolic compounds, and flavonoids.

Evaluation of Antibacterial Activity

Disc diffusion assay
The antibacterial activity of aqueous and methanolic extract 
of leaves and fruits was carried out with S. mutans, S. pyogenes, 
V. cholerae, and S. flexneri. It was observed that the aqueous extract of 
leaf of O. indicum showed a zone of inhibition in disc diffusion assay. 
It was noted that the highest zone of inhibition was 1.2 mm against 
S. mutans and S. pyogenes and methanolic extract of leaf O indicum 
showed highest zone of inhibition of 1.3 mm against S. mutans and 
S. pyogenes. From the result, it is evident that the aqueous extract of 
fruit of O. indicum showed maximum zone of inhibition of 0.9 mm 
against test bacteria (S. mutans, S. pyogenes) whereas methanolic 
extract of fruit of O. indicum showed zone of inhibition of 1.1 mm 
against S. pyogenes and V. cholerae [Tables 2 and 3, Figure 1].

Agar well diffusion assay
The antibacterial activity of aqueous and methanolic extract of leaf 
of O indicum showed highest zone of inhibition against S. mutans 
and S. pyogenes. Fruit extracts of aqueous and methanolic 
extracts showed highest zone of inhibition against S. mutans and 
S. pyogenes [Tables 2 and 3, Figure 1].
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MIC
This study reports that the activity of aqueous extract of leaf of 
O. indicum showed MIC at 300  mg/ml against S. mutans and S. 
pyogenes and aqueous extract of fruits showed equal result of MIC 
at 500 mg/ml. Methanolic extract of leaf showed MIC at 300 mg/
ml, whereas methanolic extract of fruit showed MIC at 350 mg/ml 
[Table 4].

dI s c u s s I o n

Various recent studies have reported that the phytochemicals in 
leaf of O. indicum showed the presence of bioactive compounds 
such as saponins, alkaloids, flavonoids, and tannins.[20] Flavonoids 

Table 2: Antimicrobial activity of aqueous and methanolic extract of leaves and fruits of Oroxylum indicum using disc diffusion assay and agar 
well diffusion assay

Disc diffusion assay
Extract (100 mg/ml) Streptococcus mutans Streptococcus pyogenes Vibrio cholerae Shigella flexneri
Aqueous leaf 1.2 1.2 1.0 0.9
Methanol leaf 1.3 1.2 1.1 0.9
Aqueous fruit 0.9 0.9 0.7 0.7
Methanol fruit 1.0 1.1 1.1 1.0
Agar well diffusion assay
Extract (100 mg/ml) Streptococcus mutans Streptococcus pyogenes Vibrio cholerae Shigella flexneri
Aqueous leaf 1.3 1.3 1.2 1.0
Methanol leaf 1.4 1.2 1.2 1.0
Aqueous fruit 1.0 1.0 0.9 0.9
Methanol fruit 1.1 1.1 1.0 1.0

Table 1: Phytochemical analysis of leaves and fruits of Oroxylum indicum
Plant extract Solvent Tannin Saponin Phenolic compounds Terpenoids Alkaloids Flavonoids
Leaf Aqueous + - + - - +

Methanol + - + + - -
Petroleum ether - - - - - +
n-Hexane - - - + - -

Fruit Aqueous + + + - - +
Methanol + + + - - +
Petroleum ether - - - - - -
n-Hexane - - - - - -

Figure 2: Illustration for Oroxylum indicum a potent antibacterial agents

Figure 1: Comparison between disc diffusion assay and agar well 
diffusion assay
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play a major role as antioxidants and in cell signaling pathways. 
They also have antiallergic, anti-inflammation, anticancer, and 
antiviral properties.[21] The stem, bark, and root extracts of 
O.  indicum are known for its antimicrobial activity.[22] Mature 
fruits are acrid, sweet, antihelmintic, and anti-stomachic. The leaf 
decoction is used to treat rheumatic pain, enlarged spleen, ulcer, 
cough, and bronchitis.[23] The chemical constituents of leaves are 
flavones, glycosides, baicalein, scutellarein, anthraquinones, and 
aloe emodin. The chemical constituents of fruits are oroxylin, 
chrysin and ursolic acid, and aloe emodin.[24] The studies till date 
have focused on screening of phytochemicals and antimicrobial 
activity of O. indicum from the extracts of bark, stem, roots, and 
seeds. None of the studies have targeted the leaves and fruits of 
O. indicum as a potent source of phytochemicals and antimicrobial 
activities [Figure 2].

co n c lu s I o n
The result showed that O. indicum could be a potent source for the 
treatment of bacterial infections and O. indicum has biologically 
active compounds which could be useful for the formulations of 
the future drugs.
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