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ABSTRACT
Background: Methicillin-resistant Staphylococcus aureus (MRSA), known to be highly resistant 
bacterium, leading to dreadful infections with limited treatment options. Objectives: The 
current study mainly focused to investigate the anti-staphylococcal activity of Ficus benghalensis 
methanolic bark (FBMB) extract against Methicillin-resistant Staphylococcus aureus (MRSA). 
Materials and Methods: The assessment of Ficus benghalensis methanolic bark (FBMB) 
extract was performed by agar well diffusion method and broth dilution method. Further, the 
pathogenic factors such as formation of biofilm, hemolysis, adhesion and staphyloxanthin 
production were evaluated to confirm antibiofilm and anti-adhesion activity. Cytoplasmic 
leakage analysis was also carried out to confirm the antibacterial activity of the extract. Results: 
From agar well diffusion method, it was observed that even at low dosage (1.6 mg/ml) showed 
the zone of inhibition which is significantly as dose dependent manner. 50 mg/ml extract 
showed Minimum inhibitory concentration (MIC) and 100 mg/ml extract showed minimum 
bactericidal concentration (MBC). The inhibitory activity of extracts was observed information 
of biofilm, hemolytic activity and production of staphyloxanthin. Oxidative survival resulted 
in decreased colonies of Methicillin-resistant Staphylococcus aureus (MRSA) and cytoplasmic 
leakage elevation was observed with the treatment. Further, in silico analysis also confirms the 
binding and interaction of the active molecules of FBMB extract, such as Beta-sitosterol, Lupeol 
Acetate and Alpha-amyrin against the MSCRAMMs family of MRSA using AutoDock Vina, Accelrys 
BIOVIA and pyMol tools and furthermore these molecules have better pharmacokinetic profile as 
based on Lipinski's rule of five violation. Conclusion: Ficus benghalensis methanolic bark extract, 
can be used as an drug candidate for antibiotic-resistant infection caused by Methicillin-resistant 
Staphylococcus aureus (MRSA).

Keywords: MRSA, Ficus benghalensis, Bark extract, Anti-biofilm, Anti-virulence, Anti-bacterial, 
Membrane stability, in silico.

INTRODUCTION

Nosocomial and hospital acquired infection is increasing in 
alarming rate worldwide. Most of the bacteria’s have developed 
resistance towards antibiotics that contains beta lactam ring such 
as Penicillin and its derivatives. Vast usage of antibiotics is the 
root cause for the development of resistance in many pathogens. 
The most known groups that have developed resistance are; 
Methicillin resistance Staphylococcus aureus, Extended spectrum 
beta lactamase Escherichia coli (ESBLEC) and Pseudomonas 
aeruginosa.1 Among them MRSA is a highly life-threatening 
nosocomial pathogen. The spread of Staphylococcus aureus 

infection, is in rise due to its ability of excessive adhesion towards 
host and its evading mechanism from host immune system. On 
the flipside, a plenty of resistance bacterial strains were identified, 
which possess a threat to the current antimicrobial treatments.2 
So alternative antimicrobial drugs to deal with these pathogens is 
inexorable. Millions of people have been using the plant derived 
products and drugs to treat various range infections which has 
resulted in the global shift towards the use of Phyto medication 
rather than costly chemically synthesized drugs and compounds 
which leads to many side effects.3

Ficus benghalensis belongs to family Moraceae, common name 
is Banyan tree, Fig tree. The tree is a fast growing, grow up to 
30 meters, with spreading branches and many aerial roots.4 
Some natural compounds derived from bark extract of Ficus 
benghalensis are glucoside, 20 tetratriaconthene-2-one, meso 
inositol, 6-heptatriacontane-10-one, pentariacontan-5-one 
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and β–sitosterol-α-D-glucose.5 F. benghalensis water and 
methanolic extracts exhibits immunomodulatory properties and 
boost phagocytic potential of Peripheral Blood Mononuclear 
Cells (PBMCs).6 The different parts of the tree have various 
pharmacological properties such as antimicrobial, anti-diabetic, 
antioxidant, antiseptic and anti-gonorrhoea.7

The studies show the wide range of properties of various parts 
of the Fig tree, whereas there were very limited studies that 
have reported its antibacterial activity of Ficus benghalensis bark 
extract against Methicillin resisted Staphylococcus aureus. So, in 
this context, our research work aimed to study the antibacterial 
activity of Ficus benghalensis methanolic bark (FBMB) extract 
against MRSA focused on its ability to form biofilms, virulence 
parameters and membrane stability and also in silico analysis 
of active molecules namely Beta-sitosterol, Lupeol Acetate, 
Alpha-amyrin acetate from the FBMB extract has been chosen for 
the analysis of molecular docking study against the MSCRAMMs 
family of MRSA, which is an adhesion protein mainly responsible 
for the attachment of bacteria to host and confer the virulence. 
Furthermore, the properties of these molecules to be formulated 
as drug has also been analysed computationally.

MATERIALS AND METHODS

Preparation of FBMB extract

Ficus benghalensis bark was collected and dried. After complete 
drying, the dried bark sample was immersed in methanol (200g/l) 
for 48 hr with stirring, following by filtered using Whatman filter 
paper No.1. The filtrate was kept for drying at 40°C for 24 hr and 
stored at refrigeration until use.

Agar well Diffusion

Antibacterial activity of FBMB extract was studied against MRSA 
by Agar well diffusion method as described by Gonelimali et al., 
2018.8 Overnight culture of MRSA (OD 600nm = 0.4-0.6) was 
swabbed in MHA plate. Samples were prepared in the different 
concentration ranging from 1.6 mg /ml to 200 mg/ml (two-fold 
concentration). Each well with 8mm diameter received 100 µl of 
sample. The plates were incubated at 37°C for 24 hr. The plates 
were observed for the zone of inhibition of MRSA and the zone 
was measured. DMSO, the diluent served as negative control 
whereas the standard antibiotic disc Chloramphenicol (30 mcg/
disc) served as positive control. The results were recorded.

MIC and MBC determination

The MIC of FBMB extract was studied by Broth micro dilution 
method as per CLSI guidelines.9 Overnight culture of MRSA was 
normalized to 0.1 – 0.4 OD at 600 nm and was used for the assay. 
Extract prepared at various concentration in the range between 
200 – 0.1 mg/ml through serially dilution in two-fold manner 
using Muller Hinton Broth (MHB). 100 µL of normalized 
inoculum was added to equal volume of serially diluted extract 

in 96 well plate. Positive and negative controls such as culture 
and plain media were maintained respectively for comparison. 
The 96 well plate was incubated at 37°C. The resulting turbidity 
was observed after 24 hr and the OD was measured at 600 nm. 
Minimum turbidity with lowest concentration of FBMB fixed as 
MIC value.

The 50 µl of sample from MIC assay was cultured in MHA plate 
by spread plate method. Plates were incubated. The complete 
inhibition of the growth of MRSA was fixed as MBC of FBMB.

Time kill assay

MRSA growth Inhibition was studied with respect to time 
intervals. The overnight culture was normalized to 0.1-0.4 at OD 
600 nm. Treated and untreated cultures in MHB were incubated 
at 37°C in 120 rpm orbital shaker. The initial OD600 nm was 
observed at the time of incubation. Small volume of sample 
withdrawn at 4, 8, 12 and 24 hr and OD at 600 nm was measured, 
as well as cultured in MHA agar plates. The plates were incubated 
for 24 hr. The colony forming unit was counted and recorded.

Biofilm assay

The Biofilm formation capacity of MRSA with extract was 
performed by the method of Plyuta et al., (2013)10 with slight 
modifications. Briefly, 150 µl of overnight culture was taken with 
various concentration of extract (25, 50 and 75 mg/ml) in 96 
well flat bottom plate. The plate was incubated for 18 to 24 hr 
at 37°C then, washed with PBS thrice and kept 15 min at room 
temperature (RT) followed by 0.5% of 200 µl crystal violet stain 
added and kept for 5 min at RT. Plates washed three times with 
distilled water. After drying, 95% of 200 µl ethanol added to 
solubilize the stains and the OD was recorded at 570 nm. Plain 
broth (negative control) and inoculum alone (positive control).

Hemolysis Activity

Effect of α hemolysin of MRSA was carried out by the method 
followed in Zohra and Fowzia, 2014,11 with slight changes. 
Human Blood was collected freshly which was centrifuged to 
remove platelets and buffy coats. The erythrocytes collected was 
diluted with PBS (1:10 ratio) to obtained final concentration of 
3%. The extract was taken at different concentration (25, 50 and 
75 mg/ml) with erythrocytes and inoculum which was incubated 
at 37°C for 1 hr followed by centrifugation at 1500 rpm for 10 
min. The supernatant was read at 543 nm. Positive control 0.1% 
triton X-100, erythrocytes with PBS negative control. Hemolysis 
percentage calculated as,

Hydrophobicity Assay

Cell surface hydrophobicity was determined by the protocol 
followed in Silva et al., 2017.12 Treated (25, 50 and 75 mg/mL) and 
untreated MRSA culture was incubated for 24 hr and harvested 
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the cell pellets. The pellet was washed with PBS and the initial 
OD600was adjusted to 0.3 (Ai). 200 µl of Toluene was mixed with 
adjusted cell suspension and absorbance was recorded for top 
layer at 600 nm (Af). HPBI (hydrophobicity index) was calculated 
by

HPBI (hydrophobicity index) = (Ai−Af)/Ai X 100%

Qualitative and quantitative of Staphyloxanthin

The reduction in staphyloxanthin production capability of MRSA 
with FBMB treatment was assessed by the method performed by 
Zang et al.,201813 with minor modifications. MRSA culture was 
incubated with presence and absence of extract for 24 hr. The cell 
pellet was collected by centrifugation and was washed with PBS 
twice. Pellets resuspended in 200 µl methanol. The mixture was 
heated at 55°C for 30 min followed by centrifugation at 16,600 
g for 10 min. The process was repeated thrice to increase the 
yield and OD was measured at 465 nm using spectrophotometer 
(Thermo Fisher Scientific, US).

Oxidative stress survival assay

Survival ability of MRSA with Hydrogen Peroxide (H2O2) was 
studied using the method followed by Liu et al., 2005.14 The 
treated and untreated MRSA culture was incubated for 24 hr. The 
cells were harvested by centrifugation and washed with sterile 
saline. The cell pellet was resuspended in PBS and the OD600 
was adjusted to 0.150 and incubated with 1.5% of H2O2 at 37°C 
under 150rpm for 60 min. Then, plated in MHA. Cell survival 
percentage was observed by colony-forming units (CFU)/ml.

Membrane stability

The impact of FBMB extract on the outer membrane of the 
MRSA was investigated by SDS treatment. Log phase culture of 
MRSA was mixed with PBS-buffer containing 25, 50 and 75mg/
ml of extract respectively and incubated for 30 min followed by 
centrifugation. The pellets was mixed in the equal volume of 
PBS. SDS (0.15%) was added to both treated and untreated cells. 
Optical density was measured at 565 nm every 2 min up to 10 
min.15

Determination of extracellular protein leakage

Protein estimation was carried out using a BCA kit (Himedia). 
Briefly, MRSA culture were treated with various concentration of 
extract and untreated kept as control. The samples were withdrawn 
every 1 hr and the supernatant was collected by centrifugation at 
6000 rpm for 15 min. 200 µl of the supernatant added with 1ml of 
the Bradford reagent. The OD was read at 595 nm after 10 min of 

incubation in the dark. Standard graph was plotted by using BSA 
as a standard protein.16

Nuclei acid analysis

Treated (25, 50 and 75 mg/ml) and untreated MRSA culture 
taken in respective broth. The initial OD at 260 nm was recorded. 
Sample drawn for every one hour for analysis up to 5 hr. The 
supernatant obtained by centrifugation. The OD was recorded at 
260 nm using UV-spectrophotometer (Thermo Fisher Scientific, 
US).17

Molecular Docking Study
Molecular docking

AutoDock Vina was used to analyze the binding of Beta-sitosterol, 
Lupeol Acetate, Alpha-amyrin against the MSCRAMM complex. 
The ligand structures were obtained from PubChem and protein 
structure was obtained from Protein Data Bank (PDB). Energy 
minimization, molecule preparation of all the molecules and 
grid selection were done using MGL autodock tools.18 All the 
docking studies were done with standard grid dimensions of 
60x60x60 and with 0.375Å spacing. For the molecular docking, 
an exhaustiveness factor of 8 and energy difference of 4 kcal/mol 
was set. Accelrys BIOVIA Discovery Studio version 2017 R2 and 
pyMOL was used to visualise the binding of ligands with protein.

Prediction of Activity Spectra for Substances

The PASS parameters are useful in recognizing the capability 
of any chemical molecule to be formulated as a drug. Lipinski’s 
Rule of Five: The drug-likeliness of all the active molecules based 
on their physio-chemical properties can be assessed through 
Lipinski’s Rule of Five. This is performed using the molinspiration 
online tool (https://www.molinspiration.com/). Drug likeness 
and Toxicity: The basic parameter for every drug is its toxicity to 
the host. Hence, a drug-likeliness score and toxicity properties of 
a chemical compound can give a clear idea on its ability to be used 
as an oral drug by humans. ORISIS Data warrior software was 
used to compute various toxicity parameters such as mutagen, 
carcinogen, reproductive effect and irritant.19

Bioactivity Score

This indicates the overall potential of the compound to selectively 
act as a drug and confer is purpose in the host system without 
disturbing normal functions of the host. Molinspiration was used 
to predict the bioactivity score along with the interaction of the 
compounds with various human functions.

ADMET

Adsorption, distribution, metabolism, excretion, and toxicity 
(ADMET) is a vital pharmacokinetic parameter to consider the 
drug’s metabolic efficiency. Properties like skin permeability, 
lipophilicity, and ability to be absorbed by tissues, metabolic 
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inhibition, etc, are considered in this study. SwissADME online 
tool (http://www.swissadme.ch/index.php) is used to calculate all 
these parameters.

Statistical Analysis

The data obtained were subjected to statical analysis using 
GraphPad Prism version 5.1. The results were expressed as mean 
± standard deviation and analysed by one-way analysis of variance 
(ANOVA) with Tukey’s multiple t-test. Triplicates performed for 
all the assays.

RESULTS

Agar well diffusion

Agar well diffusion, a primary antibacterial assay was performed 
to evaluate the effect of FBMB extract against MRSA. 4 mm zone 
of inhibition obtained at low dosage of extract (1.6 mg/mL) which 
was increasing in a dose dependent manner shown in Figure 1 A 
– C and Table 1. Positive control – Chloramphenicol (30 mcg/
disc) showed 10 mm zone of inhibition.

MIC and MBC determination

Microdilution method, a secondary level of antibacterial assay 
was carried out to investigate the lower range of extract to inhibit 
the growth of MRSA by 50%. 50 mg/mL of extract exhibited 
49.98% of inhibition whereas 75 mg/mL showed 69.92%. In 
higher concentration, ie. 100 mg/mL, there was complete 
inhibition in the growth of MRSA and this was considered as 
minimum bactericidal concentration. The results are illustrated 
in Figure 2 and Figure 3 A - E.

Time kill assay

The survival ability of MRSA at various concentrations of the 
extract was investigated with respect to time intervals. With an 
increase in the time interval, the optical density was decreased 
gradually in a dose dependent manner as represented in Figure 

4. Also, a reduction in viable cell count was observed with an 
increase in dose with respect to time as shown in Table 2. The 
untreated culture showed consistent growth.

Biofilm inhibition

Inhibition of Biofilm was assessed by the crystal violet staining 
method. The results revealed that the extract has the capability 
to distort the biofilm, which indirectly has an impact on the 
attachment of bacterial cells. The percentage of MRSA survival 
was 75.30, 52.09, and 25.41 on treating the cells with extract 
concentrations of 25, 50, and 75 mg/mL respectively. The biofilm 
formation decreased consistently compared to the control which 
showed 100% survival after 24 hr. The results obtained was 
showed in Figure 5.

Hemolysis assay

To study the virulence factor of MRSA, hemolysis assay was 
performed. The obtained results are shown in Figure 6. The 
hemolysis was performed with treated and untreated cultures of 
MRSA. Treated cultures showed decreasing activity of hemolysis 
compared to untreated. The hemolysis percentage decreased 
significantly to 90.39, 44.1, and 14.79 at 25, 50, and 75 mg/mL of 
extract respectively. The control showed complete lysis.

Surface hydrophobicity

One of the important properties of the bacteria is to adhere to 
the surface to form the biofilm and to evaluate this property, 
surface hydrophobicity was studied. The results are depicted in 
Figure 7. The treated culture exhibited a moderate decrease in 
the percentage of hydrophobicity in a dose dependent manner 
compared to the untreated culture showed 100% hydrophobicity.

Staphyloxanthin assay

Bacterial resistance to ROS produced by the immune system 
was studied using the staphyloxanthin assay. The MRSA treated 
with extract showed significant decrease compared to control. 

Figure 1: Agar well diffusion of FBMB against MRSA.

The Figure Shows the Zone of inhibition of FBMB against MRSA. A - 200, 100, 50 and 25 mg/mL of FBMB extract, B - 12.5, 6.25, 3.125 and 
1.6 mg/mL of FBMB extract, C - sterilized water, DMSO diluent, Chloramphenicol standard (30 mcg/disc).
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The staphyloxanthin quantification reduced significantly with an 
increase in dosage range as shown in Figure 8.

Hydrogen Peroxide survival assay

The survival ability of MRSA in oxidative stress was studied 
by the hydrogen peroxide method. The results are depicted in 
Figure 9 A-D. A higher number of colonies was observed in 
untreated control which decreased gradually in treated cultures 
as the concentration of the extract increased which confirms the 
susceptibility of MRSA when treated with the extract.

Membrane stability and leakage analysis

The MRSA treated with the extract was subjected to membrane 
stability and membrane leakage analysis. The results of the 
membrane stability assay confirm that the FBMB extract has a 
strong impact on cell wall damage and intercellular leakage which 

is shown in Figure 10. Protein and nucleic acid were estimated 
in supernatant which indicates the cytoplasmic leakage. The 
samples were analyzed every 1 hr. The results are shown in Figure 
11 and Figure 12 respectively. The results revealed that there was 
an increased concentration of protein and nucleic acids found in 
the supernatant with respect to time in a dose dependent manner. 
The disintegration of cell wall leads to reduced viability which is 
shown in the time kill assay.

Molecular Docking

The poses from molecular docking were visualized through 
Accelrys BIOVIA Discovery Studio and pyMOL. Molecular 
docking reveals that Beta-sitosterol, Lupeol Acetate, Alpha-amyrin 
binds with MSCRAMMs with excellent binding energy of -8.6, 
-7.4, -7.8 kcal/mol respectively. The 2D and 3D images with 
binding sites are given in Table 3.

Prediction of Activity Spectra for Substances

Lipinski’s Rule of Five: According to Lipinski’s rule of five, any 
chemical compound that violates more than 1 physiochemical 
aspect is not fit to be formulated as a drug. All 3 molecules have 
only one Lipinski violation, which means all the molecules pass 
the Lipinski rule of five. Drug likeliness and toxicity: According 
to the drug likeliness and toxicity data obtained from ORISIS 
Data warrior, none of the molecule possess any mutagenic 
or cancer-causing characteristic and shows a very good 
drug-likeliness score.

Bioactivity Score

Bioactivity scores for each compound are calculated for various 
activities such as ligand for GPCR, Ion channel modulator, 
Nuclease receptor ligand, kinase, protease, and enzyme inhibitor. 
Bioactivity score greater than 0.000 is considered to be bioactive, 
score in the range between -0.50 and 0.00 are said to be moderately 
active, whereas scores below or equal to -0.50 is biologically 
inactive. All the compounds prove to be active in more than one 
parameter discussed in the study.

ADMET

The properties analyzed using SwissADME gives evident result 
that all the 3 active ingredients can be metabolized by the 
human body. The lower the log k p value is, the less permeant 
it is to the skin. Lupeol acetate seems to be the least permeant 
and Beta sitosterol the most permeant to skin. Consensus log 
p value is the median value of all parameters that indicate the 
drug’s ability to reach the target site. All the compounds have a 
log p value greater than one, which means all are lipophilic and 
can be absorbed well. Moreover, none of the compounds were 
either permeable to blood brain barrier or served as a substrate 
to P-glycoprotein. Also, no compounds acted as inhibitor to any 
cytochrome class. All these confirm that Beta-sitosterol, Lupeol 
Acetate, Alpha-amyrin has excellent metabolic properties and do 

Dose (mg/mL) Zone of Inhibition (in mm)
Water -
DMSO -
Chloramphenicol 10
1.6 04
3.125 05
6.25 07
12.5 08
25 09
50 10
100 10
200 14

The zone of inhibition of MRSA with FBMB extract at different concentrations in 
mg/mL, Chloramphenicol disc 30 mcg/disc used as standard.

Table 1: Agar well diffusion assay of FBMB extract against MRSA.

Figure 2: Minimum inhibitory concentration.

The Figure shows the minimum inhibitory concentration of FBMB against 
MRSA in the range between 0 - 200 mg/mL. 49.98% of inhibition obtained 
at 50 mg/mL resulted in MIC value. The percentage of inhibition increased in 
dose dependent manner.
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Figure 3: Minimum bactericidal concentration.

The Figure shows the TSA Plates. A, B, C, D and E represents 3.165, 6.25, 25, 50 
and 100 mg/mL of FBMB extract respectively. Plates A, B, and C indicate the 
lawn culture of MRSA whereas plate D showed the countable colonies, Plate 
E - there was no growth observed which is fixed as MBC concentration.

Figure 4: Time kill assay.

The Figure shows the impact of FBMB extract on the growth of MRSA 
depending on time indicated as OD at 600 nm. The control showed a 
gradual increase along with time, whereas the treated groups with various 
concentrations (25, 50 and 75 mg/ml) showed a significant reduction in a dose 
dependent manner. Data are expressed as mean ±SD. Treated groups showed 
high significance compared to the control group (p<0.0001).

Figure 5: Biofilm inhibition.

The Figure shows the inhibition of biofilm. The treated groups with various 
concentrations (25, 50 and 75 mg/ml) showed a decreased biofilm formation 
percentage with increasing sample concentration compared to control 
whereas control showed ideal biofilm formation. Data are expressed as mean 
±SD. Treated groups showed high significance compared to the control group.

Figure 6: Hemolytic Activity.

Hemolysis percentage is shown in figure. The Control group showed complete 
lysis. The treated groups showed a significant decrease in lysis percentage 
with increase in dosage concentration. Data are expressed as mean ±SD. 
Treated groups showed high significance compared to the control group. 
***(p<0.0001) as compared to the control group.
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not disturb the normal functioning of the host system. The results 
of in silico analysis was given in Table 3.

DISCUSSION

Multidrug resistance (MDR) bacterium cause extremely 
life-threatening infections worldwide. Methicillin resistance 
Staphylococcus aureus is one of the major causative agents of 
nosocomial diseases. So, there is an emergence for finding 
and promoting new natural therapeutic drug compounds.1 
Herbal medicines have gained global attention because they 
exhibit potent anti-virulence properties that can combat MDR 
bacterium.20 F. bengalensis, known as the banyan tree possess high 
medicinal properties and is used to treat vaginal complaints, skin 
allergies, inflammations, fever, and gonorrhea, and also serves as 
antidiarrheal, anti-dysenteric, hemostatic, and anti-hemorrhoidal 
agent.4

Previous studies with aqueous and alcoholic extract of bark of 
F. bengalensis showed significant antimicrobial activity. Limited 
studies were carried out on F. bengalensis bark extract against 
MRSA. Based on these considerations, we investigated the effect 
of methanolic bark extract of F. bengalensis against MRSA.

In Agar well diffusion, the zone of inhibition increased with 
extract concentration. The results obtained confirmed that 
methanolic bark extract possesses antibacterial activity against 
MRSA. The zone of inhibition obtained in this study was 14 mm 
at 100 mg/ml whereas the earlier studies on S. aureus reported 
12 mm and 13.5 mm zone of inhibition when treated with 1mg/
mL of aqueous extract and 0.1 mg/mL of FBMB respectively. 
The increased concentration of extract is required to combat 
resistant bacterium.4,21 Sarminto et al., 201122 stated that the 
zone of inhibition for methicillin sensitive strains were twice as 
large as those for MRSA based on the result obtained as MSSA 
-14.33 mm and MRSA - 7.67 zone of inhibition respectively at 

0 Hr 4 Hr 8 Hr 12 Hr 24 Hr
Control 70 x 104 TNTC TNTC TNTC TNTC
25 mg/mL 50 x 104 47 x 104 6.0 x 104 2.3 x 104 1.3 x 103

50 mg/mL 70 x 104 45 x104 7.7 x 104 4.5 x 104 5.0 x 103

75 mg/mL 45 x 104 12 x 104 2.6 x 104 1.0 x 103 5.0 x 102

The table showed the number of colonies of MRSA treated with extract of various concentrations (25, 50 and 75 mg/mL) at different periods such as 0, 4, 8, 12 and 24 
hr. The result showed the decrease in colony count at various time interval in a dose-dependent manner.

Table 2: Time-kill assay - Colony-forming unit.

Figure 7: Surface Hydrophobicity.

FBMB extract effect on Surface hydrophobicity is depicted in the figure. the 
control group showed a high percentage of hydrophobicity index which was 
reduced moderately in the treated groups based on the increased sample 
concentration. Data are expressed as mean ±SD. Treated groups showed high 
significance compared to the control group. ***(p<0.0001) as compared to the 
control group.

Figure 8: Staphyloxanthin Quantification Assay.

Staphyloxanthin production was analyzed. Figure 8 depicted the production 
percentage of staphyloxanthin in treated and non-treated groups. The 
percentage was decreased in a dose dependent manner compared to the 
control. Data are expressed as mean ±SD. Treated groups showed high 
significance compared to the control group. ***(p<0.0001) as compared to 
the control group.
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100% of plant extract. These results suggest that the nature of the 
solvents influences the solubility of phytochemical compounds. 
Methanolic extracts had better phytochemical recovery and 
hence was preferred in this study.23,24

Microdilution method was performed to evaluate the minimum 
concentration of extract that inhibit half of the population of 
MRSA. The results showed the MIC at 50 mg/mL and MBC - 
the bactericidal concentration as 100 mg/mL. This inhibitory 
activity may be due to the presence of various phytochemicals 
present in the extract. As stated in the aforementioned paragraph, 
the polarity of solvent has an impact on the extractability of the 
phenolic.25,26 Flavonoids and saponins are also known to play a 
vital role in the antibacterial effect stated by Ikrame et al., 2019.27

The survival ability of treated and untreated MRSA culture was 
analysed by time kill assay. The results revealed that there was a 
reduction of viable cell count which implies the growth inhibition 
activity of extract. Compared to the untreated culture, the optical 
density values were reduced in a dose dependent manner in 
treated culture with respect to time. The results obtained clearly 
indicates that the extract has strong antibacterial activity by 
limiting the cellular metabolism, synthesis of primary metabolites 
and replication in the lag phase itself.15

MRSA is well-known to form biofilms. The formation of biofilm 
is a major virulence feature for host-pathogenic interaction to 
cause infection. Biofilm provides a defence system for bacteria 
from phagocytosis.28 In this study, inhibition of biofilm was 

Ligand BE
(kcal/mol)

Interacting 
Amino Acids

2D structure 3D Structure

Beta-sitosterol
Pubchem 
Id- 222284
MF- C29H50O 
MW- 414.7

-8.6 LYS391, LEU488, 
ILE379, THR266, 
THR329, 
ASP330, 
ARG331, 
ALA332, TYR447

Lupeol Acetate
Pubchem 
Id- 92157
MF- C32H52O2 
MW- 468.8

-7.9 ARG,331, 
ILE379, GLY380, 
TYR447, LYS391

Alpha-Amyrin 
Acetate
Pubchem 
Id- 92842
MF- C32H52O2

MW- 468.8

- 8.1 ASP232, ASN234, 
TYR359, 
PRO362, ILE363, 
GLN235

 
Table shows the interactions of bioactive molecules such as Beta-sitosterol, Lupeol Acetate and Alpha-amyrin acetate with surface protein MSCRAMMs of MRSA 
predicted using Bio info tools such as AutoDock Vina, Accelrys BIOVIA Discovery Studio and pyMOL. 2D and 3D structures shows the interaction between ligand 
and amino acids.

Table 3: Molecular docking of Bioactive molecules of FBMB extract against surface protein of MRSA.
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investigated. Quantitative examination of biofilm indicates 
that the treated culture is incompetent to form a biofilm with 
an increase in dosage. The bark of F. bengalensis primarily has  
phenols, terpenes, flavonoids, terpenoids, and many 
phytoconstituents.29 Various literatures stated that phytochemicals 
exhibit various mode of actions towards antibacterial activity; one 
among them is to inhibit biofilm formation to prevent cell to cell 
adhesion. It can be concluded that the phenolic and flavonoids 

of bark extract may be the compounds that inhibits biofilms 
formation.

The percentage of hemolysis was determined by the ability of 
α-hemolysin toxin produced by MRSA to lyse RBCs. The treated 
cultures showed decreased hemolytic activity compared to the 
control. This result indicates that the extract disrupts α-hemolysin 
production by controlling molecular mechanisms.30

Figure 10: Membrane Stability.

Figure illustrated the membrane stability of MRSA treated with FBMB. The 
treated groups showed a decrease in membrane stability depending on time 
intervals whereas the control maintained the consistent membrane stability. 
Data are expressed as mean ±SD. Treated groups showed high significance 
compared to the control group (p<0.0001).

Figure 11: Protein Leakage assay.

Cytoplasmic leakage was studied. The availability of protein in the supernatant 
was evaluated with respect to time. The Figure showed that there was the 
increase in protein concentration in a dose dependent manner with time 
intervals. Control showed less concentration of protein. Data are expressed as 
mean ±SD. Treated groups showed high significance compared to the control 
group (p<0.0001).

Figure 12: Nucleic acid Release assay.

The Figure shows the significant increase of nucleic acid release in the treated 
group with an increase in sample concentration whereas the control group 
showed a very less amount of nucleic acid. Data are expressed as mean ±SD. 
Treated groups showed high significance compared to the control group 
(p<0.0001).

Figure 9: Hydrogen Peroxide resistance.

The Figure shows the colonies of MRSA with Hydrogen Peroxide conditions. 
The treated and untreated cultures were subjected to oxidative stress and 
the figure showed a decreased colony-forming unit with the increase in dose 
concentration. The control showed high CFU.
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Surface hydrophobicity is one of the major virulence factors of 
MRSA which helps bacteria to adhere with host tissue and leads 
to the colonization. The hydrophobicity index of the treated 
culture was evaluated. The results show that there was a moderate 
decrease in hydrophobicity index in a dose dependent manner. 
The decreased hydrophobicity corroborates the biofilm formation 
as hydrophobicity is directly proportional to the formation of 
biofilm.31,32

Staphyloxanthin-yellow carotenoid pigment, act as a defender 
of MRSA from phagocytosis. It also acts as a foremost radical 
scavenger that protects MRSA from oxidative stress created by 
human neutrophil cells.13,33 In this study, we investigated the ability 
of the extract to disrupt the synthesis of staphyloxanthin. The 
results showed a decrease in the percentage of staphyloxanthin 
in a dose dependent manner which revealed that the extract 
has reduced the synthesis of staphyloxanthin. The reduction in 
staphyloxanthin makes MRSA more susceptible to the reactive 
oxygen species leading to the killing of bacteria. The survival ability 
of MRSA in oxidative stress was also investigated in this study. 
The treated cultures were more susceptible to H2O2 conditions 
this furthermore substantiates the effect of FBMB extract on 
staphyloxanthin production. The results showed a decreased 
number of colony-forming units. The loss of staphyloxanthin 
failed to protect cells from ROS leading to inhibition of biofilm 
formation. This may be due to the presence of flavonoids as stated 
in earlier studies.34 Staphyloxanthin is located in the inner cell wall 
membrane which provides structural integrity, but the reduction 
in percentage of staphyloxanthin makes the bacteria more 
susceptible to the membrane-targeted drugs.20,35 We investigated 
the cytoplasmic leakage in the treated and untreated cultures. 
Protein and nucleic acid content were increased with respect 
to incubation time and concentration of extract, this indicates 
membrane damage in MRSA. Cytoplasmic leakage is indicative 
of irreversible membrane damage. Some phenolic compounds 
have activity towards bacterial membrane causing intracellular 
leakage. Phenolic compounds are easily permeable and cause a 
loss in selective permeability of cytoplasmic membrane resulting 
in leakage of proteins, nucleic acids, and ions like potassium and 
phosphate. This leakage elevates osmotic pressure and induces 
the complete disruption of the cell wall leading to cell death.36 
Phenolics and other phytochemicals have different modes of 
action towards bacteria which include; cell wall damage, decrease 
in hydrophobicity, inhibition of biofilm formation, and inhibition 
of Staphylococcal protein A, the major anchoring receptor which 
helps to attach with host tissue for colonization.37

To identify the anti-virulence activity of F. benghalensis bark, 
an in silico molecular docking study using 3 active ingredients 
from the methanolic extract of the bark was conducted, namely 
Beta-sitosterol, Lupeol Acetate and Alpha-amyrin acetate. They 
were tested for binding affinity against MSCRAMMs, an adhesion 
protein which plays a major role in the virulence of MRSA. The 

molecular docking analysis using AutoDock Vina showed that 
Beta-sitosterol, Lupeol Acetate, Alpha-amyrin acetate interact 
well with MSCRAMMs with maximum binding energies -8.6, 
-7.9, -8.1 kcal/mol respectively. The results when visualized in 
Discovery studio and pyMOL tools, showed various kinds of 
bonds shared by the 3 ligands and MSCRAMMs. The protein, 
MSCRAMMs shares 2 polar bonds with Beta-sitosterol through 
hydrogen bonding, both with threonine at 329th and 266th 
positions. It also shares a polar bond with alpha-amyrin acetate 
in the form of hydrogen bonding with Aspartic acid, Asparagine, 
and Isoleucine at 232, 234, 363 positions respectively. However, 
MSCRAMMs does not share any polar bond with Lupeol acetate 
yet forms a stable complex through other non-polar interactions 
which includes van der Waals, pi-alkyl and alkyl interactions. The 
other 2 active ingredients also form non-polar interactions with 
the protein apart from the hydrogen bonding, making the complex 
more stable. The strong binding affinity and multiple interactions 
with the target suggests that there is a formation of stable 
complex and thus renders all 3 active compounds as potential 
inhibitor of MSCRAMMs. Furthermore, various physiological, 
physio-chemical, and pharmacokinetic properties were tested 
for the compounds’ likeliness to be used as a drug. According to 
Lipinski’s rule of five, there must not be more than 1 violation of 
parameters for oral drugs. All the 3 active ingredients satisfy this 
criterion with only one violation each, which is higher cLogP value. 
None of the compounds showed any mutagenic, carcinogenic, 
or irritant property in the drug likeliness done using Data 
Warrior software. The bioactivity score is a major indicator of the 
compound’s potential to be available in the target site and confer 
its action. As evident from the table, Beta-sitosterol and Lupeol 
acetate are able to confer bioactivity by acting against GPCR, as 
an Ion channel modulator, nuclease receptor ligand and inhibitor 
for protease and enzymes except kinase. Whereas Alpha-amyrin 
acetate lacks the ability to act as an Ion channel modulator. The 
ADMET properties calculated using SwissADME suggests that 
none of the active compounds has any metabolic effect in the 
host system as it does not pass through the BBB. Cytochromes are 
important metabolic enzymes that help in biotransformation of 
xenobiotics to protect tissues. Surprisingly, none of the molecules 
acts as inhibitors to any cytochromes, which means they can pass 
through the host system without inducing any toxicity. All the 
compounds are also resistant to being eliminated from the system 
as they do not act as the ATP dependent bioavailability protein 
pump permeability-glycoprotein (P-gp), which eliminates 
medicines from the system. The study proves that apart from its 
anti-microbial activity, the bark of F. benghalensis also has active 
compounds with anti-virulence activity which acts by reducing 
the adhesion of major cell wall proteins of MRSA. Furthermore, 
all three active molecules also prove to be equally good to be 
synthesised as a oral drug that can confer its activity at the target 
site without affect the host metabolism or showing any toxicity.
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In conclusion, our study reveals that the methanolic bark extract 
of Ficus benghalensis exhibited significant anti-staphylococcal 
activity through various mechanisms. The plant may be an active 
therapeutic agent for MRSA in the future and further molecular 
level investigations are necessary to understand specific 
mechanisms.

CONCLUSION

Collectively, it is concluded that Ficus benghalensis methanolic 
bark (FBMB) possesses antibacterial activity against 
methicillin-resistant Staphylococcus aureus. The anti-bacterial 
activity of FBMB extract may due to the presence of a rich 
phytochemical profile. These results explore the ability of FBMB 
extract makes an impact on physiological, as well as biological 
factors of MRSA leading to the decrease in the formation of 
biofilm, production of α hemolysin, surface hydrophobicity, 
and also in the production of staphyloxanthin. Also, it reduces 
the survival ability of MRSA by damaging the outer membrane. 
Moreover, in silico analysis also confirms the interaction of 
FBMB active molecules with MSCRAMM complex of MRSA and 
possesses preferable pharmacokinetic profile which can be used 
as therapeutic agent in future.
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SUMMARY

Most of the bacteria related to nosocomial infection have 
developed resistance towards antibiotics. The most known 
nosocomial pathogen is Methicillin resistant Staphylococcus 
aureus, an infection with increasing morbidity and mortality.

Methanolic bark extract of Ficus benghalensis, showed 
antibacterial activity against methicillin resistant Staphylococcus 

aureus Antibacterial activity was confirmed by agar well diffusion 
method, MIC and MBC and time kill assay through inhibition of 
bacterial growth exerted by the extract.

Anti-virulence activity against MRSA was confirmed by 
decreasing in biofilm formation, hemolysis, and staphyloxanthin 
production and also by membrane damage studies including 
protein and nucleic acid estimation.

Anti-staphylococcal activity of FBMB extract further confirmed 
with in silico analysis. The bioactive molecules of FBMB such as 
Beta-sitosterol, Lupeol Acetate and Alpha-amyrin acetate showed 
high binding affinity against MSCRAMMs, an adhesion protein 
which plays a major role in the virulence of MRSA
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