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Abstract 
In the present study, we used oroxylum indicum (OI) a 

traditional medicinal plant stem bark extract to 

evaluate its antimicrobial and anti-inflammatory 

properties. The antibacterial and antifungal properties 

of Oroxylum indicum stem bark extract were assessed 

by well diffusion assay. Further, the anti-inflammatory 

property of OI stem bark extract was evaluated using 

egg albumin denaturation and bovine serum albumin 

denaturation assays. The cytotoxicity was evaluated by 

MTT assay. 

 

The OI extract showed antibacterial activity against 

Staphylococcus aureus, Pseudomonas aeruginosa, 

Escherichia coli exhibiting the maximum zone of 

inhibition. From the results of antifungal activity, it was 

evident that the OI stem bark extract showed maximum 

zone of inhibition against the test organisms namely, 

Aspergillus niger, Aspergillus flavus, Aspergillus 

fumigatus and Penicillium citricus. From our study 

findings, it is evident that OI stem bark extract has the 

potential to be used for treating bacterial and fungal 

infection.  
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Introduction 
Worldwide plants with medicinal properties have gained a 

lot of attention in recent times. Medicinal plants are a 

treasure-house of therapeutically important compounds that 

are well known for possessing anti-infectious properties and 

are utilized for the treatment of various ailments namely 

digestive disorders, hysteria, respiratory and reproductive 

diseases, tonsilitis etc.  

 

According to the World Health Organization (WHO), eighty 

percent of developing Nations, still are benefitted by 

utilizing traditional medicines derived from medicinal 

plants9,13,25. Out of the total estimated number of 3,74,000 

plants10, 28,187 medicinal species are used by humans. Over 
20,000 species of medicinal plants are recorded by the 

WHO36 which are described as one of the potential sources 

of novel drugs46. Moreover, 14–28% of higher plant species 

are estimated to be medicinal based on ethnomedicinal uses 

and 74% of bioactive plant-derived compounds were 

discovered from these medicinal plants46. 

 

In many parts of the world, there is evidence of medicinal 

plants having been utilized in the treatment of human 

ailments caused by various pathogenic microbes. Plants with 

known antimicrobial properties contain several bioactive 

constituents including alkaloids, tannins, flavonoids, 

saponins and glycosides which act against various microbes. 

These compounds may exhibit antibacterial and antifungal 

activities33. The search for novel antimicrobial compounds 

from medicinally important plants from many countries is an 

interesting and important line of research since there is an 

increase in the number of multidrug resistance pathogenic 

microbes21. 

 

This emerging and increasing trend is alarming and 

considered by the WHO to be perhaps the most important 

and attention seeking issue facing medical science (https:// 

www.who.int/health-topics/antimicrobial-resistance, 2021). 

Therefore, there is an increasing requirement to develop new 

antimicrobial agents that are able to reduce the use of 

antibiotics and to face resistance development. This has 

paved the way for researchers to isolate and identify novel 

bioactive compounds from plants to act against microbial 

resistance8,21,41,43 also in consideration of the fact that 

approximately 50% of current nutraceuticals and 

pharmaceuticals are natural products and their derivatives15.  

 

Nevertheless, the compounds have not yet been 

systematically studied and validated scientifically5. 

Antimicrobial agents of natural origin may increase 

antimicrobial activity against a variety of microorganisms by 

acting either alone or in combination with antibiotics 4,32. 

Since the antimicrobial property of several medicinal plants 

is still unexplored, researchers are increasingly aiming the 

search for fast-growing novel and effective treatments6,34. 

 

Oroxylum indicum, (L.) Kurz is a medicinally important 

plant that belongs to the family Bignoniaceae. This plant is 

commonly known as   trumpet tree (L.) and as Shyonaka in 

sanskrit. This plant has multiple benefits, with dual purpose 

as a food source mainly from fruits and seeds or as medicine 

with parts of the plant. The bark, leaves, fruits and seeds of 
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the plant are said to have a wide range of biological activities 

and have already been used in complementary medicine to 

treat human ailments. The plant cumulatively exerts 

antibacterial, anti-hyperglycemic, pro-neurogenesis, 

cardioprotective, anti-adipogenesis, anti-inflammatory, 

anticancer properties 35. 

 

Material and Methods 
Docking Studies: Through in silico computational research, 

the phytoconstituents' mechanism of binding with the target 

was examined. Using the Schrodinger 2023-1 suite device 

Maestro 13.5.128, an in silico investigation was conducted. 

The antibacterial properties of certain of the components in 

the bark extract of Oroxylum indicum were investigated by 

docking the phytoconstituents in the groove of the binding 

sites of DNA gyrase and Squalene epoxidase. The RCSB-

PDB (https://www.rcsb.org/) library provided the 3D 

structure of DNA Gyrase, with PDB IDs of 2XCT. The 

structure of Squalene epoxidase was modeled with the Swiss 

Model tool, using the amino acid sequence of Squalene 

epoxidase from Candida albicans (Uniprot ID 

Q92206.ERG1) as the template.  

 

The modeled structure had a sequence identity of 82.42% 

(Ramachandran favored- 97.36%). The protein preparation 

tool was used to minimise energy use and optimise these 

protein structures after they were imported into the Maestro 

workspace. Oroxylum indicum bark extract contains the 

following compounds: Oroxylin B, Oroxylin-A-7-O-beta-d-

glucuronide, Scutellarein, Baicalein, Hispidulin, Chrysin 

and Oroxylin A. Maestro's 2D Sketcher was used to draw the 

compounds' structures. The Schrodinger suite-2023-1's 

Ligprep module was then used to turn the 2D structures into 

3D ones. With the Ligprep module, the geometry was 

optimised, the bond order was selected and the ligands' 

ionisation states were generated (via Epik).  

 

The three-dimensional structures of the ligands were 

subjected to energy minimisation using the OPLS-2005 

forcefield. Molecular docking analyses were then performed 

on the optimised ligands utilising Maestro 2023-1's Glide 

tool. The ligand-protein interactions and docking scores 

were examined to determine how well the investigated 

compounds bonded to the target proteins17,30. 

 

Plant extract preparation: The stem bark of Oroxylum 

Indicum (OI) obtained in the Mangalore region was cut into 

small pieces, cleaned with distilled water to remove any 

remaining plant debris and then dried for five days at a 

temperature of 27 to 300C. In this procedure, a finely ground 

material was put into the Soxhlet thimble chamber. In the 

bottom flask, the extraction solvent (99% ethanol) was 

heated. It then vaporised into the sample thimble, condensed 

in the condenser and dripped back. Once the liquid content 

has reached the siphon arm, the liquid contents emptied into 

the bottom flask again and this process was continued (72 

hours). A Rotavap super fit PBU-6 rotary flash evaporator 

was used to dry the stem bark extract for 15 minutes at 600C. 

An airtight container was used to keep the dried extract at 

4°C18. 

 
Cell suspension preparation: The density of bacterial and 

fungal cells in a liquid suspension was adjusted using the 0.5 

McFarland standards. A measurement of the light 

wavelength at 600 nm was used to modify the turbidity 

equivalent to 1.5×108 cells 19. 

 

Well diffusion assay for bacterial species: The four species 

of bacteria used to assess the O. indicum extracts' activity 

were as follows: Staphylococcus aureus ATCC 25923, 

Pseudomonas aeruginosa PA01, Escherichia coli ATCC 

25922, Klebsiella pneumoniae ATCC 10031. Under 

sterilised conditions, autoclaved Petri plates were filled with 

Mueller Hinton agar medium. To ensure that each seedling 

was distributed equally, the bacterial inoculum was 

dispersed. The plant extracts were loaded into bored wells. 

Dimethyl sulfoxide (DMSO) was taken as a negative control 

and ciprofloxacin was utilized as a positive control. 

Following loading of the wells, the plates were inverted and 

incubated for 24 hours at 37 °C. Using a ruler, the zone of 

inhibition surrounding the wells was measured and reported 

in millimeters (mm). The experiments were performed in 

triplicate and averaged7. 

 

Quantification of the Minimum Inhibitory 

Concentration (MIC) and the Minimum Bactericidal 

Concentration (MBC): The varied quantities of the plant 

extracts in Mueller Hinton broth (5000 ug/mL, 2500 ug/mL, 

1250 ug/mL, 625 ug/mL, 312.5 ug/mL and 156.25 ug/mL) 

were prepared using the serial dilution method in order to 

ascertain the minimum inhibitory concentration (MIC). 

After seeding the Mueller Hinton broth with specific plant 

extract doses using the bacterial inoculum, it was incubated 

for 24 hours at 37°C. While ciprofloxacin was used to 

generate the positive control, the control tubes were made 

without the bacterial inoculation. The MIC was determined 

by comparing the seeded tubes' visual turbidity with that of 

the control tubes following a 24-hour incubation period. 

Following the incubation period, the MBC was recorded by 

incubating a loop filled with bacterial culture on the Mueller 

Hinton solid medium for 24 hours at 37°C20,24. 

 

Test to determine crude plant extract's susceptibility to 

antifungal agents: The agar well diffusion assay was used 

to assess the antifungal properties of plant extracts. 

Antifungal activity was employed with certain fungal strains 

of Aspergillus niger, Aspergillus flavus, Aspergillus 

fumigatus and Penicillium citricus. Sterilised Petri plates 

were filled with the potato dextrose agar medium in the 

germ-free Laminar air flow hood. The media was let to settle 

at room temperature for five to ten minutes. Using a bent rod, 

the spore suspension was spread out when the Petri plates 

were inoculated by decanting it into the middle of the 
medium. 50 µl of plant extracts were added to the wells after 

they had been punctured with a cork borer. The plant extracts 

were allowed to freely diffuse in the agar for five to ten 
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minutes. After loading the wells, plates were incubated for 

48 hours at 28 °C 26.  

 

Terbinafine served as the positive control and a well 

containing only DMSO was used as the negative control. 

The clear zone of inhibition that resulted, was measured in 

millimetres. The data are shown as mean ± standard 

deviation and were obtained from triplicate testing of the 

samples. 

 

Quantification of Minimum Inhibitory Concentration 

(MIC) and Minimum Fungicidal Concentration (MFC): 

The serial dilution approach was used to prepare the various 

concentrations of plant extracts in potato dextrose broth 

(5000 ug/mL, 2500 ug/mL, 1250 ug/mL, 625 ug/mL, 312.5 

ug/mL and 156.25 ug/mL) in order to determine the 

minimum inhibitory concentration (MIC). The potato 

dextrose broth was seeded with particular plant extract doses 

using a fungal inoculum and it was then incubated at 28 °C 

for 48 hours. Although the positive control was created using 

Terbinafine, the control tubes were not infused with fungi. 

After a 48-hour incubation period, the MIC was ascertained 

by comparing the optical turbidity of the seeded tubes with 

that of the control tubes. After the incubation period, a loop 

containing bacterial culture was incubated on the potato 

dextrose solid medium for 48 hours at 28 °C in order to 

record the MFC 1. 

 
Data Analysis: All of the test data were saved in a Microsoft 

Excel spreadsheet. Prism software 8.0 and Microsoft Excel 

were used as statistical tools to evaluate the data. A graphical 

representation of the results was used with Mean ± SD. The 

threshold for determining statistical significance was 

p<0.05. 

 

Results 
Molecular Docking: Oroxylin B, Oroxylin-A-7-O-beta-d-

glucuronide, Scutellarein, Baicalein, Hispidulin, Chrysin 

and Oroxylin A, found in the bark extract of Oroxylum 
indicum, were successfully docked against the proteins DNA 

gyrase, Squalene epoxidase. Oroxylin B indicated the 

potential triggering of antimicrobial property through in 
silico experiments. Molecular docking analyses have been 

conducted in the target binding site grooves of DNA gyrase 

(PDB ID: 2XCT), Squalene epoxidase. With binding scores 

of Oroxylin B being -9.398, -7.619 and the standard drugs 

ciprofloxacin -3.051, terbinafine -2.761 (Table 1-2) 

respectively, Oroxylin B has demonstrated the best binding 

energies with DNA gyrase, Squalene epoxidase. 

 

Oroxylin B with 2XCT 

  
 

Ciprofloxacin with 2XCT 

  
Fig. 1 (A, B): Interaction of Oroxylin B and Ciprofloxacin with 2XCT and (C, D) 3D structure. 

Oroxylin B with Squalene epoxidase 

B 
D 

A C 
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Terbinafine with Squalene epoxidase 

 

 
Fig. 2(A, B): Interaction of Oroxylin B and Terbinafine with Squalene epoxidase and (C, D)3D structure. 

 

 
Fig. 3: Oroxylum indicum tree and stem bark 

 

Table 1 

Target DNA gyrase 
PDB ID: 2XCT 

COMPOUNDS DOCK SCORES 

OROXYLIN B -9.398 

OROXYLIN A-7-o-BETA-d-GLUCURONIDE -5.278 

SCUTELLAREIN -4.666 

BAICALEIN -4.445 

HISPIDULIN -4.441 

OROXYLIN A -4.349 

CHRYSIN -4.062 

CIPROFLOXACIN -3.051 

 

B 
D 

A C 
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Table 2 

Target Squalene epoxidase (Monooxygenase) 

COMPOUNDS DOCK SCORES 

OROXYLIN B -7.619 

OROXYLIN A-7-o-BETA-d-GLUCURONIDE -7.162 

SCUTELLAREIN -5.649 

BAICALEIN -5.493 

CHRYSIN -4.658 

OROXYLIN A -4.415 

HISPIDULIN -4.411 

TERBINAFINE -2.761 

 

 
Fig. 4: Antibacterial activity of Oroxylum indicum stem bark extract. The drug ciprofloxacin was used  

as positive control. 

 
Antibacterial activity: The antibacterial activity of 

ethanolic extracts of stem bark was carried out with 

Staphylococcus aureus ATCC 25923, Pseudomonas 
aeruginosa PA01, Escherichia coli ATCC 25922 and 

Klebsiella pneumoniae ATCC 10031 (Table 3, figure 4). 

From the results, it is evident that the ethanolic extract of 

stem bark of Oroxylum indicum showed maximum zone of 

inhibition against test bacteria. The activity was observed 

against Staphylococcus aureus, Pseudomonas aeruginosa 

and Escherichia coli with a zone of inhibitions at 10.33±0.57 

mm, 13.33±0.57mm and 10.66±0.57 mm respectively when 

used at 10 mg/mL (in DMSO) 50 µL per well. Extract did 

not show activity against Klebsiella pneumoniae. 

 

The standard antibiotic ciprofloxacin showed the zone of 

inhibition at 17.66 ± 0.57 mm,11.66±0.57mm,3.66±0.57mm 

and 23.66±0.57mm against Escherichia coli, 

Staphylococcus aureus, Klebsiella pneumonia and 

Pseudomonas aeruginosa when used at 1mg/ mL (in 

DMSO) 10 µL per well. 

 

Antifungal activity: The antifungal activity of ethanolic 

extract of stem bark against Aspergillus niger, Aspergillus 

flavus, Aspergillus fumigatus and Penicillium citricus is 

shown in table 4 and figure 5. From the results, it is evident 

that the ethanolic stem bark extract of Oroxylum indicum 

showed maximum zone of inhibition against test organisms. 

The activity was observed against Aspergillus niger, 
Aspergillus flavus, Aspergillus fumigatus and Penicillium 

citricus with a zone of inhibitions at 3.33±0.57 mm, 

10.33±0.57 mm, 3.66±0.57 mm and 12.33±0.57 mm 

respectively when used at 10 mg/mL (in DMSO) 50 µL per 

well. 

 

The standard antifungal drug, terbinafine showed the zone 

of inhibitions at 13.66 ± 0.57mm, 28.33 ± 0.57 mm,20.33 ± 

0.57mm and 23.33 ± 0.57mm against Aspergillus niger, 

Aspergillus flavus, Aspergillus fumigatus and Penicillium 
citricus respectively when used at 64 µg/ mL (in DMSO).  

 

Minimum inhibitory and bactericidal concentration of 
O. indicum extract: The minimum inhibitory concentration 

for the bacteria ranged from 5 mg/ml, 2.5mg/ml, 

0.312mg/ml and 5mg/ml against Staphylococcus aureus, 

Pseudomonas aeruginosa, Escherichia coli and Klebsiella 

pneumoniae respectively. The minimum bactericidal 

concentration (MBC) was determined as there was no visible 

growth observed at the lowest concentration of extracts. The 

MBC of O. indicum extract was not detected in any of the 

bacterial strains used in the study (Table 5). 
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Fig. 5: Antifungal activity of Oroxylum indicum stem bark extract. The drug Terbinafine was used as positive control. 

 

Table 3 

Antibacterial activity Disc diffusion method - Inhibition zone in mm 

Test organisms Escherichia coli 

 

Staphylococcus 

aureus 

Klebsiella 

pneumonia 

Pseudomonas 

aeruginosa 

O.indicum 

extract 

10.666±0.577 10.333±0.577 0.0±0.0 13.333±0.577 

Ciprofloxacin 17.666±0.577 11.666±0.577 3.666±1.154 23.666±0.577 

 

Table 4 

Antifungal activity Disc diffusion method - Inhibition zone in mm 

Test 

organisms 

Aspergillus niger 

 

Aspergillus flavus 

 

Aspergillus 

fumigatus 

Penicillium 

citricus 

O.indicum 

extract 

3.333±0.577 

 

10.333±0.577 

 

3.666±0.577 

 

12.333±0.577 

 

Terbinafine 13.666±0.577 28.333±0.577 20.333±0.577 23.333±0.577 

 

Table 5 

MIC and MBC of O.indicum extract against Bacteria 

Test extract Activities Escherichia coli 

(mg/ml) 

Staphylococcus 

aureus 

(mg/ml) 

Klebsiella 

pneumonia 

(mg/ml) 

Pseudomonas 

aeruginosa 

(mg/ml) 

O.indicum 

extract 

MIC50 0.312 5 5 2.5 

MBC ND ND ND ND 

             ND = Not detected 

 

Table 6 

MIC and MFC of O. indicum extract against Fungi 

Test extract Activities Aspergillus 

niger 

(mg/ml) 

Aspergillus 

flavus 

(mg/ml) 

Aspergillus 

fumigatus 

(mg/ml) 

Penicillium 

citricus 

(mg/ml) 

O.indicum 

extract 

MIC50 2.5 0.312 1.25 0.625 

MFC ND 5 ND 5 

ND = Not detected. 
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Minimum inhibitory and fungicidal concentration of O. 

indicum extract: The minimum fungistatic concentration of 

extracts ranged from 2.5mg/ml, 0.312mg/ml, 1.25mg/ml and 

0.625mg/ml against Aspergillus niger, Aspergillus flavus, 

Aspergillus fumigatus and Penicillium citricus respectively. 

The minimum fungicidal concentration (MFC) of the O. 

indicum extract ranged from 5mg/ml against Aspergillus 

flavus and Penicillium citricus. However, the minimum 

fungicidal concentrations of the O.indicum extract were not 

detected against Aspergillus niger and Aspergillus fumigatus 

(Table 6). 

 

Discussion 
The emergence of resistant bacterial and fungal strains to 

traditional antimicrobial medications, together with the 

unfavourable consequences of anti - biotherapy, has led to a 

heightened quest for natural products as substitutes for these 

pathogens. Medicinal plants have been used since the dawn 

of civilization to treat a wide range of health issues including 

bacterial and fungal diseases42. In addition to being useful in 

treating infectious disorders, plant extracts and natural 

chemicals also mitigate many of the side effects of 

conventional antimicrobials16. This study evaluated the stem 

bark extract from Oroxylum indicum for its antibacterial and 

anti-inflammatory properties.  

 

Antibiotics derived from extracted plants are risk-free, 

efficient and rarely cause adverse effects31. The biological 

activities of active phytochemicals, such as their 

antibacterial properties against pathogens, aid in the 

development of novel antibiotic medications2,14. The 

antibacterial and antifungal properties of the medicinal herb 

Oroxylum indicum were examined in this study.  

 

Numerous β-lactamase producers including Escherichia 
coli, Klebsiella pneumoniae and Pseudomonas Aeruginosa, 

have emerged as a significant clinical concern. A greater 

degree of thought has been on the use of natural antibacterial 

agents, particularly those derived from plants, because most 

of these species are regarded as universally acknowledged to 

be safe and effective. Natural goods are in fact widely 

utilized as nutraceuticals, food preservatives and may be as 

pharmaceuticals for the treatment and prevention of a wide 

range of illnesses and ailments including as cancer, 

cardiovascular disease, aging and many more. For these 

reasons, there has been a recent global education campaign 

focused on the identification, application and extraction of 

biologically and pharmacologically active chemicals derived 

from plants 39. 

 

In this study, the stem bark of Oroxylum indicum 
(Sonapatha) is used. Locally, the stem bark of Sonapatha is 

used to kill maggots on cattle wounds22,23,27,45. Since ancient 

times, sonapatha has been utilized to cure a variety of human 

illnesses. Sonapatha is used in Ayurveda and traditional 

medicine for a variety of ailments; it is one of the main 

ingredients in Brahma Rasayana, Dashmularishta, 

Dhanawantara Ghrita, Amritarishta, Narayana Taila, 

Dantyadyarista and Chyavanprasha3,11. The antibacterial 

report of the medicinal plant Oroxylum indicum extracts is 

summarized in table 1. The Oroxylum indicum extract 

showed dose-dependent potential activity and affected the 

tested pathogens. The crude ethanol extract is more potent 

against bacterial strains Escherichia coli, Staphylococcus 

aureus and Pseudomonas aeruginosa. 

 

As per our previously published study35, the ethanol stem 

bark extract of Oroxylum indicum revealed the presence of 

glycosides, alkaloids, flavonoids and tannins. The majority 

of these phytochemicals form the basis for the therapeutic 

efficacy of plants and are currently used as starting materials 

to produce novel medications. This investigation revealed 

that the OI stem bark extract exhibited efficacy against the 

pathogens employed, underscoring the potential of herbal 

remedies and their prospective application in local medicine. 

Tannins and flavonoids function similarly, giving rise to a 

stable free radical and forming complexes with nucleophilic 

amino acids in proteins that cause the protein to become 

inactive and lose its function. They also exhibit potential 

antimicrobial effect because they may target microbial cells 

that have surface-exposed adhesins, cell wall polypeptides 

and membrane-bound enzymes37.  

 

Gycosides and alkaloids exhibit antibacterial property by 

inhibiting the formation of bacterial cell walls, altering the 

permeability of cell membranes, preventing bacterial 

metabolism and inhibiting the synthesis of proteins and 

nucleic acids47. In this study, the more susceptible test 

organisms to the ethanol stem bark extract were 

Staphylococcus aureus, Pseudomonas aeruginosa and 

Escherichia coli. O. indicum stem bark extract exhibited 

antibacterial activity against both Gram positive bacterial 

strains such as S. albus, S. aureus and Gram-negative 

bacterial strains such as B. subtilis and B. cereus mediating 

the presence of a broad spectrum of antibacterial compounds 

in the plant. 

 

In the present study, O. indicum stem bark ethanol extract 

was found to exhibit antifungal activity against Aspergillus 

niger, Aspergillus flavus, Aspergillus fumigatus and 

Penicillium citricus. The phytochemicals found in the 

ethanol extract of O. indicum could be the reason for its 

antifungal activity. Novel antifungal medicines and new 

therapeutic targets are very much needed, especially in light 

of the growing antifungal resistance. More knowledge about 

the cellular architecture of fungi and associated processes 

has recently led to the development of promising antifungal 

medications that may not target human cells and have a 

broad therapeutic index. In order to target drug-resistant 

representatives, novel plant derived drugs with a broad 

spectrum of antifungal action may be able to circumvent the 

absence of sensitive diagnostic tools44. 

 

Conclusion 
We conclude that the Oroxylum indicum stem bark extract 

has the potential to be used for treating microbial (fungus 
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and bacterial strain) infection. The extract of the medicinal 

plant, O.indicum showed both antibacterial and antifungal 

biological activities in a wide range. The variations in 

concentration, purification and isolation of bioactive 

compounds in the extract can provide us more sustainable 

results.  

 

Thus, Oroxylum indicum is a useful medicinal plant and its 

further assessment is important, which can provide help in 

the discovery of new antimicrobials and antimicrobial 

resistance modifiers. 
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