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A B S T R A C T

Biofilms are multi-species bacterial communities with complex structures that create antibiotic
resistance, cause life-threatening infections, thereby considerable economic loss; needed new
approaches. Medicinal plants are focused as new alternatives for their therapeutic and antimicrobial
effects. Our present study, Azadirachta indica, Moringa oleifera, Murraya koenigii, and Psidium guajava
extracts were investigated against MRSA. The preliminary antimicrobial study showed pet. ether extract
of A. indica and ethanolic extract of P. guajava showed a MIC value of 125 mg/mL and MBC value of 500 mg/
mL. These extracts showed biofilm inhibition in the range of 60.0–83.9 % and did not possess any
hemolytic activity to the human erythrocytes. The plant species investigated in this study had different
degrees of antibiofilm activity against MRSA. However, we suggest that A. indica and P. guajava are
promising candidates and further investigation is needed to isolate the antimicrobial compounds for the
management of MRSA and its mechanism of activity.
© 2020 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Microorganisms in a human host adhere, arrange, and protect
themselves according to the environments that allow cells to
survive in hostile environments and disperse planktonic cells to
colonize new niches [1–3]. For its survival, bacteria form biofilm by
setting up communities through quorum sensing. In quorum
sensing communication, bacteria secrete particular signaling
molecules with specific genes which include virulence genes also
[4]. Receptors (specific transcription regulatory proteins) receive
these signals and activate the expression of target genes through
DNA binding [5,6]. It is well known that biofilms are formed by
different species of sessile microorganisms; biofilm bacteria differ
in their cellular physiology and their genes when compared to
planktonic bacteria. This biofilm forms synergistic micro consortia
and enables quorum sensing within the cells enclosed in the
extracellular polymeric substance (EPS) layer, which in turn
empowers horizontal gene transfer. These formed biofilms reduce
the penetration of antibacterial agents and antibiotics, eventually
leading to develop antibacterial/antibiotic resistance up to 500–
5000 times greater than usual concentrations and host immune
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defenses [7–10]. Mature biofilms will intermittently disperse
planktonic bacterial cells to the environments through interaction
and wait for the occasion to invade a new host [1,11,12].

The National Institutes of Health (NIH) estimated that 70 % of
microbial infections are chronic due to the formation of biofilms
[13]. Moreover, biofilms contaminations major hospital devices;
moreover heating, drying, cleaners, and detergents cannot remove
these biofilms completely [14]. Methicillin-resistant Staphylococ-
cus aureus (MRSA) is a hospital-acquired infectious pathogen
which, now has become endemic and reflects in different
categories such as HA-MRSA (healthcare-associated MRSA), CA-
MRSA (community-associated MRSA) and LA-MRSA (livestock-
associated). MRSA infections are life-threatening and have become
a significant/super challenge in public health all over the world
with an emergence of multidrug-resistant strains during 21st
century. In addition MRSA is known to cause various skin
infections and respiratory diseases [15–30].

Different antibiotics were developed for eradicating various
diseases; however, biofilms have been reported to be less sensitive
against these developed antimicrobial agents [31,32]. Additionally,
the major disadvantages of the antibiotics are disruption of the
species composition in the intestinal flora and other side effects
that include fever, nausea, and diarrhea [33].

Plants have historically served as the most significant source for
new leads in drug discovery and development. World Health
Organization (WHO) estimated, nearly 75–80 % of the world
population still depends on herbs and other traditional medicines
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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for their primary health care needs [34]. Since ancient times, plant
extracts and their biologically active compounds have been
utilized to treat several diseases and illnesses.

Plants such as Moringa oleifera Lam, Azadirachta indica A.Juss,
Murraya koenigii (L.) Sprengel and Psidium guajava Lpossess a rich
number of phytoconstituents and also possess many potential
therapeutic activities. These plants are widely used in the
traditional systems of medicine. Azadirachta indica (A. indica)
leaves contain various phytoconstituents like nimbanene, nim-
biol, nimbin, 6-desacetylnimbinene, nimbolide, nimbandiol, n-
hexacosanol, ascorbic acid, amino acid, 7-desacetyl-7-benzoylge-
dunin, 7-desacetyl-7-benzoylazadiradione, 17-hydroxyazadira-
dione, ß-sitosterol, and Quercetin. Earlier studies have reported
that A. indica has established noteworthy therapeutic activities
like antiarthritic, anti-inflammatory, hypoglycemic, antipyretic,
antiulcer, cytotoxicity activities, and antimicrobial activity against
Staphylococcus aureus, Salmonella typhi (S.typhi), Escherichia coli (E.
coli), Bacillus pumilus (B. pumilus) and Pseudomonas aeruginosa (P.
aeruginosa) [35–37]. Moringa oleifera (M. oleifera) leaves contain a
wide range of phytoconstituents such as omega-3, omega-6,
palmitic acid, linoleic acid, protein, ß-carotene, vitamin C,
minerals like potassium and calcium. Various parts of M. oleifera
showed therapeutic activities like lipid-lowering, antitumor,
antiepileptic, antipyretic, antiulcer, diuretic, antispasmodic, an-
ti-inflammatory, antidiabetic, antifungal, hepatoprotective, anti-
oxidant, and antibacterial activities against Bacillus subtilis (B.
subtilis), E.coli, S. aureus, P. aeruginosa, Enterobacter aerogenes,
Aspergillus niger and Candida albicans [38–40]. Leaves of Murraya
koenigii (M. koenigii) contain carbohydrates, proteins, minerals,
fiber, carotene, vitamin C, glycosides, oxalic acid, secondary
metabolites like triterpenoid (tetrahydromahanmbine, cycloma-
hanimbine), coumarine (murrayone imperatoxin), alkaloids
(murrayaline, murrayastine, pypayafolinecarbazole) and other
compounds (mahanimbicine, phebalosin, bicyclomahanimbicine).
These phytoconstituents showed a variety of pharmacological
activities such as anti-inflammatory, analgesic, antioxidant,
antitumor, hepatoprotective, antidiarrheal, and antimicrobial
activities against S. aureus and B.subtilis [41]. Major phytocon-
stituents of Psidium guajava (P. guajava) leaves are isoflavonoids,
phenolic compounds, rutin, catechin, epicatechin, kaempferol,
and naringenin. Different parts of the plant have shown various
therapeutic activities like antioxidant, anti-spasmodic, antioxi-
dant, anticancer, hepatoprotective, antidiabetic, analgesic, anti-
inflammatory, anti-diarrhea, anti-stomachache and antimicrobial
activities against S. aureus, S. Typhi, E. coli and P. aeruginosa
[37,42].

Considering the antimicrobial properties of these plants, we
have attempted to investigate the antimicrobial and anti-biofilm
potential of these plant extracts against the MRSA. Therefore, our
study is aimed to investigate new compounds for defeating the
microbial drug resistance, especially in biofilm structures, and to
evaluate their anti-biofilm potential. The results of this investiga-
tion may provide newer leads for the successful treatment of MRSA
biofilm infections.

2. Materials and methods

2.1. Materials required

Petroleum Ether and Ethanol (Obtained from Sisco Research
Laboratories, India), Phosphate Buffer saline (pH 7.4), Mannitol
Sorbitol agar, Muller Hinten agar, Nutrient broth, Luria Bertani
broth and Crystal Violet dye (obtained from HiMedia Laborato-
ries), distilled water. All the apparatus were washed with distilled
water before doing experiments. All the experiments were
triplicated.
2.2. Collection, processing and extraction of plants

Leaves from the plants, namely, Murraya koenigii, Moringa
oleifera, Azadirachta indica, and Psidium guajava (Fig. 1) were
collected from Ramanathapuram district, Tamil Nadu, India. The
specimen for the proposed study was confirmed by Dr. S. Soosairaj,
Assistant Professor, Department of Botany, St. Joseph’s College,
Tiruchirappalli. Voucher specimens were prepared and were coded
as SJCBOT2518, SJCBOT2519, SJCBOT2520 and SJCBOT2521 for
Murraya koenigii, Moringa oleifera, Azadirachta indica, and Psidium
guajava respectively. The leaves were collected in August and
washed in running tap water to remove the adhered dust on the
leaf surfaces. The washed leaves were then air-dried in shade for
15–20 days to remove moisture. The air-dried leaves were coarsely
powdered and stored in an airtight container until extraction.

About 50 g of coarse powder of the leaves was extracted
successively with 200 mL of petroleum ether (60�80 �C) for 8 h,
followed by 200 mL of 99 % ethanol for 18 h in a Soxhlet apparatus.
The solvents from the extracts were removed using a rotary
vacuum evaporator. The resulting extracts were concentrated and
dried in a hot air oven at 40 �C for 24 h.

2.3. Preliminary phytochemical analysis

Petroleum extracts and ethanol extracts were analyzed for the
presence of secondary metabolite phytoconstituents namely,
alkaloids, flavonoids, tannins, phenol, hydroxyanthroquinones,
triterpenoids, steroids and saponins as per the earlier standard
phytochemical test procedures [43,44]. The methods and proce-
dures employed in the phytochemical tests are shown in Table 1.

2.4. Bacterial isolates

A total of 27 isolates were collected from Medical Microbiology
Laboratory, Bharathidasan University, Tiruchirappalli, India. Finally
S. aureus species were identified with coagulase test and mannitol
fermentation tests.

2.4.1. Detection of MRSA
Cefoxitin disk diffusion (30 mg) method was used to detect the

methicillin resistant S. aureus. At the concentration of 0.5
McFarland standard suspension of the isolate was prepared and
created lawn culture on Mueller-Hinton agar plate (MHA). Then
the cefoxitin disc was kept on the lawn culture and allowed to dry
for 5 min. This agar plate was aerobically incubated at 35� C for 18 h
to allow the grow of bacteria and measured the zone diameters.
The zone of inhibition diameter is �21 mm were considered as
methicillin resistant S. aureus (MRSA) whereas the diameter �22
mm indicates methicillin susceptible S. aureus (MSSA) [45,46].

2.5. Evaluation of antimicrobial activity

The antimicrobial studies for the extracts were performed using
MRSA (obtained from Medical Microbiology Laboratory, Bharathi-
dasan University, Tiruchirappalli, India). MRSA was grown on
mannitol sorbitol agar medium (selective differential medium
with high sodium chloride content) for further studies [47]. The
antibiotic susceptibility of the MRSA isolated strain was tested
against antibiotics such as Vancomycin and Ciprofloxacin.

2.5.1. Assessment of Minimum inhibitory concentration and Minimum
bactericidal concentration

Minimum Inhibitory Concentration (MIC) of the extract was
determined by the micro broth dilution method. Different
concentrations of plant extract from 2 mg/mL to 125 mg/mL
(2000 mg,1000 mg, 500 mg, 250 mg and 125 mg) were prepared and



Fig. 1. Leaves of the selected medicinal plants Azadirachta indica, Moringa oleifera, Murraya koenigii and Psidium guajava.
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transferred into test tubes. Then 100 mL of MRSA culture (106 CFU/
mL) was added to each test tube and incubated at 37 �C for 24 h.
After incubation, the samples were analyzed in a UV spectropho-
tometer at 595 nm to determine the MIC. MIC is defined as the
lowest concentration of the extract that completely inhibits the
growth of microorganisms.

For the determination of Minimum Bactericidal Concentration
(MBC), 50 mL from each test tube that showed no visible growth
was re-inoculated on Mueller Hinton (MH) agar plates. Then the
plates were incubated at 37 �C for 12 h. MBC is defined as the
lowest concentration of extracts showing no bacterial growth in
the MH agar plates.

2.6. Optimization of biofilm formation

To optimize the formation of biofilm by MRSA, small glass
pieces of dimension 5 mm � 5 mm were used as an abiotic surface
for the attachment. The required time duration for the formation of
biofilm was optimized by transferring the inoculated culture into a
24-well glass plate and incubated at 37 �C. The formation of biofilm
was monitored and observed through a light microscope at
different time intervals such as 24, 36, and 48 h [48].
2.7. Anti-biofilm studies

The anti-biofilm effect was assessed through light microscopy
and quantitative determination of biofilm formation was deter-
mined by crystal violet staining method.

Luria Bertani (LB) medium was used, which was inoculated
with MRSA culture. Inoculated culture (2 mL) whose OD value is
above 0.3 was added into the 24 well plates containing a glass piece
in each well. Then, 1 mg/mL and 2 mg/mL of the extracts were
added to each well and incubated at 37 �C for about 48 h with
positive control and negative control. The culture without the
extract served as positive control and LB without culture served as
the negative control. After incubation, the contents in wells were
removed and the glass pieces were washed twice with sterile
Phosphate Buffered Saline (PBS). The biofilm of the bacterial cells
that adhered to the glass pieces was stained by using 1% crystal
violet and incubated for 30 min. After 30 min incubation, plates
were washed with sterile distilled water to remove the excess
stain. The glass pieces were then viewed under a light microscope
at 40 X magnification. The results were interpreted by comparing
the extracts with positive and negative control. After analysis, the
dye bound with the cells was solubilized in 95 % ethanol for 15 min.



Table 1
Preliminary phytochemical screening and analysis.

Phytoconstituent Test Testing procedure Inference Azadirachta
indica

Moringa
oleifera

Murraya
koenigii

Psidium
guajava

P.E Ethanol P.E Ethanol P.E Ethanol P.E Ethanol

Alkaloids Mayer Sample + Dragendorff’s reagent Reddish brown ppt. + + + + + + + +
Hager Sample + Mayer’s reagent White ppt. + + + + + + + +
Ferric chloride Sample + Hager’s reagent Yellow ppt. – + + + + + + –

Flavonoids Ferric chloride Sample + Ferric chloride Yellow color, turns
colorless with
addition of 2 M HCl

– + + + + + + –

Alkaline reagent Sample + 5% NaOH Dark green or
greenish blue

– + + + + + – –

Tannin Ferric chloride Sample + 10 % lead acetate Bulky white ppt. – + + + + + + –

Lead acetate Sample + Ferric chloride Dark green
(condensed tannin)
or greenish blue
(hydrolysable
tannin)

– + – + – + – +

Phenols Ferric chloride Sample + Ferric chloride Dark green or
bluish green

+ + + + + + + –

Hydroxyanthroquinones Potassium hydroxide Sample + 10 % Potassium
hydroxide

Red color – – – – – – – +

Triterpenoids Acidic reagent Sample + acetic anhydride +
Conc. H2SO4

Violet/pink or red + – – + + + – +

Steroids Acidic reagent Sample + drop of Conc. H2SO4

along sides of test tubes
Blue or green rings + – + – + + + +

Saponins Foam test Sample + distilled water
(agitated for 15 min)

Foam Formation + – – + + – – +
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The de-stained solution from each glass piece was measured at
absorbance 595 nm, taking the de-stained solution of negative
control glass piece as blank. The results were interpreted in such a
way that more number of cells absorb more amount of dye, which
in turn gives a high optical density value.

The percentage of biofilm inhibition was found by employing
the following formula:

Percentage of biofilm inhibition

¼ Absorbance of test
Absorbance of positive control

� 100

2.8. In vitro hemolytic activity

In vitro hemolytic activity was performed by the spectropho-
tometer method. About 5 mL of human blood (from healthy
volunteers with informed concern) was taken for this study. The
blood was washed 4 times with PBS by centrifugation. About
500 mL of erythrocytes were mixed with 500 mL of 4 mg/mL
concentration of plant extracts; such that the final concentration
of the extracts will be 2 mg/mL. The mixture was then incubated
at 37 �C for 1 h in an incubator. After incubation, the mixture
was then centrifuged at 10,000 rpm for 10 min. The supernatant
having free hemoglobin was collected and the absorbance was
measured at 540 nm. As tap water is hypotonic, it can cause the
lysis of cells. Hence tap water was served as a positive control;
(i.e.) maximum hemolysis. PBS was used as the negative control;
(i.e.) minimal hemolysis. The extracts were investigated for its
hemolytic activity by comparing them with positive and negative
controls [49–52].

2.9. Statistical analysis

All tests were conducted in triplicate. Data are reported as
means � standard deviation (SD). Results were analyzed statically
(P < 0.001) by using Graph Pad Prism Version 6.0.
3. Results and discussion

3.1. Phytochemical analysis of the selected medicinal plant's extracts

The qualitative phytochemical screening results showed that
the extracts contain phytoconstituents such as alkaloids, flavo-
noids, tannins, phenols, anthroquinones, triterpenoids, steroids,
and saponins. The phytochemical analysis observations of the
extracts are shown in Table 1.

3.2. Detection of MRSA

To detect MRSA, disc diffusion method is a simple and it can
be easily performed in microbiological laboratories. Earlier
study results indicated that cefoxitin disk diffusion is sensitive
and specific for determination of MRSA when compare to
Oxacillin screen agar method [45]. Among the 27 isolates, only
one was identified as MRSA, hence, it has been utilized for
further studies.

3.3. Evaluation of antimicrobial activity

3.3.1. Antibiotic susceptibility testing
Susceptibility testing is performed to assess whether the

antibiotics can inhibit the growth of the isolate. The disk diffusion
method is the simplest, cost effective and most frequently used
technique and it has been considered as gold standard for
confirming the susceptibility of bacteria against the antibiotics
[53]. Presently, vancomycin remains the most important first-line
therapy for severe MRSA infection; whereas ciprofloxacin is used
to treat Gram + ve bacteria (S. aureus) infections. Therefore,
antibiotics such as vancomycin and ciprofloxacin were choosen
and performed the antibiotic susceptibility testing by disk
diffusion method aginst this MRSA isolate. Vancomycin showed
inhibition at 4 mg/disc, whereas ciprofloxacin showed inhibtion at
5 mg/disc. The MRSA isolate was susceptible with vancomycin and



Fig. 2. A. Antibiotic susceptibility testing - vancomycin at 4 mg/mL. B. Antibiotic susceptibility testing - ciprofloxacin at 5 mg/mL.

Table 2
MIC and MBC of the selected medicinal plant extracts.

Solvent Extracts MIC (mg/mL) MBC (mg/mL)

Petroleum ether A. indica 125 � 0.00 500 � 0.00
M. oleifera 500 � 0.00 >2000
M. koenigii 500 � 0.00 >2000
P. guajava 250 � 0.00 2000 � 0.00

Ethanol A. indica 125 � 0.00 2000 � 0.00
M. oleifera 250 � 0.00 500 � 0.00
M. koenigii 1000 � 0.00 >2000
P. guajava 125 � 0.00 500 � 0.00

MIC- Minimum inhibitory concentration.
MBC- Minimum bactericidal concentration.
Data are represented as mean MIC � SD & mean MBC � SD.
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ciprofloxacin and the observed findings for antibiotic susceptibility
testing are shown in Fig. 2.

3.3.2. Assessment of Minimum inhibitory concentration and Minimum
bactericidal concentration

The potential inhibitory activity of the extract was detected
against the MRSA. The MIC test result showed that these extracts
had inhibitory effects on the MRSA ranging from 125 mg/mL to
1000 mg/mL. Based on the observed results, pet.ether extract of A.
indica and ethanol extract of P. guajava showed better inhibitory
effects on the MRSA when compared to other extracts.

The MBC test results showed that these extracts have
bactericidal activity on the MRSA ranging from 500 mg/mL to
>2 mg/mL. The MIC and MBC results are tabulated in Table 2. The
MBC results revealed that pet.ether extract of A. indica and ethanol
extract of P. guajava showed the lowest MBC readings with the
value of 500 mg/mL. The MBC results of these extracts inveterate
their bactericidal activity, which is generally two to four times
greater than their corresponding MIC values.

Plant extracts usually have a large array of phytoconstituents.
Among the different phytoconstituents, terpenoids and flavonoids
are the major groups of phytoconstituents present naturally in
plants that possess good antimicrobial properties. The phyto-
chemical investigation of these extracts reveals that these two
phytoconstituents such as terpenoids and flavonoids are present in
the pet. ether extract of A. indica and ethanol extract of P. guajava.
The mechanism of action of terpenoids for its antibacterial effect is
predominantly based on disruption of lipophilic compounds in the
cell wall membrane which eventually leads to the inhibition of
respiration, followed by the blockade in the ion transport process
[54]. The mechanism of action of flavonoids for its antibacterial
effect is by altering the electrical potential leads to damage to the
energy system of the microorganism [55].

3.4. Biofilm formation

The period for the formation of biofilm was assessed through a
light microscope at different time intervals such as 24, 36, and 48 h.
Different stages in the formation of biofilm are attachment,
aggregation, and mat formation, at different time intervals from 24
h to 48 h. In this study, at 24 h of incubation, the planktonic cells get
attached to the abiotic surface (glass piece). At 36 h the planktonic
cells start to aggregate and at 48 h of incubation, the complete
biofilm was formed. The observed results revealed that the ability
of the bacterial to form biofilms was influenced by the increased
time duration of the incubation period. The light microscopic
images for the formation of biofilm at different time intervals are
shown in Fig. 3.

3.5. Anti-biofilm studies

The anti-biofilm effect of the extracts was evaluated both
qualitatively and quantitatively by light microscopy and crystal
violet staining method at two different concentrations such as 1
mg/mL and 2 mg/mL. Light microscopy was used as a qualitative
method. In the control, most of the areas were covered with a
biofilm comprising clusters of bacteria. Non-aggregation of the cell
was observed with the extracts. This qualitative finding was
further investigated with the crystal violet staining method by
comparing the absorbance between the controls and the extracts.
The basic principle of this assay is based on the penetration of the
dye into the cell membranes which eventually binds with the
extracellular molecule having a negative charge. It also affects the
cell surface molecules and bacteria’s extracellular polysaccharides.
A significant (P < 0.001) reduction in inhibition of biofilm
formation by pet. ether extract of A. indica (83.8 � 1.02 %) and
ethanolic extract of P. guajava (80.0 %�0.86 %) were observed,
which is comparatively higher than that of the other extracts. The
other extracts showed an inhibition percentage of around 30–60 %.
The biofilm inhibition results are shown in Table 3.

Quorum sensing (QS) is a signaling mechanism to establish
communication between bacterial complexes, through the cell to
cell signaling. Several strategies are adopted to interfere with the
quorum sensing of the bacterial complex, namely, signal molecule
inactivation, including quorum sensing disruption through inhibi-
tion of signal molecule biosynthesis and blockade of signal
transduction [56,57]. It is reported that phytoconstituents such
as flavonoids and terpenoids have potent anti-biofilm activity



Fig. 3. Light microscopic image of biofilm formation at different time intervals. A. Attachment of cells at 24 h. B. Aggregation of cells at 36 h. C. Biofilm formation or mat
formation at 48 h.
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[58,59]. The phytochemical investigation results revealed that
phytoconstituents such as terpenoids and flavonoids are present in
these extracts.

The mechanism of flavonoids for its anti-biofilm activity is
based on damaging the synthesis, secretion, signal transmission,
antagonistic activity, and inhibition of receptor binding which
leads to the shutdown of quorum sensing [60]. Also, the
Fig. 4. Light microscopic image [Magnification 40X] o
mechanism of terpenoids for its anti-biofilm activity is based on
altering the cell membrane fatty acid composition, which causes
the hydrophobicity of cells leads to biofilm eradication. Addition-
ally, synergistic and antagonistic effects of other phytoconstituents
may also have apparent anti-biofilm activity. The qualitative anti-
biofilm effect of the extracts and controls through light micro-
scopic study images are shown in Fig. 4.
f Biofilm inhibition by petroleum ether extracts.



Table 3
Percentage of biofilm inhibition.

Solvent Extracts Percentage of biofilm inhibition

1 mg/mL 2 mg/mL

Petroleum Ether A. indica 68.9 � 0.64 83.8 � 1.02
M. oleifera 34.86 � 0.52 59.9 � 0.62
M. koenigii 57.67 � 0.77 63.7 � 0.73
P. guajava 25.2 � 0.53 62.9 � 0.48

Ethanol A. indica 28.8 � 0.82 43.0 � 0.60
M. oleifera 34.86 � 0.91 51.4 � 0.93
M. koenigii 27.5 � 1.05 44.9 � 0.38
P. guajava 76.83 � 0.56 80.0 %�0.86

Data are represented as mean of percentage of biofilm inhibition � SD; negative
control group (without culture), positive control (without extract).
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3.6. In vitro hemolytic activity

The hemolytic activity provides primary information on the
cytotoxicity of the bioactive molecules on the healthy cells.
Assessment of in vitro hemolytic activity by UV spectrophotomet-
ric method is an easy and effective technique to assess the
cytotoxicity of the bioactive molecules [50]. Erythrocytes have
been widely used for the assessment of hemolytic activity and it
has been considered to be the major target, which is affected by the
concentration of the bioactive molecules in the extract [61]. The
advantages of using erythrocyte as a model for hemolytic activity
are the easy availability and isolation of cells from the blood.
Moreover, this property is similar to other cell membranes [50].

The hemolytic activity of the extracts was evaluated using
human erythrocytes, by comparing the optical density of the
extracts (Extract + human erythrocytes suspended in PBS) with the
maximal hemolytic control (Tap water+Human erythrocytes
suspended in PBS) and minimal hemolytic control (PBS+Human
erythrocytes). The plant extracts hemolytic activity is expressed in
percentage of hemolysis and reported as mean � standard
deviation of three replicates. The findings revealed that the
extracts were non-toxic and have minimal hemolytic activity. This
minimal hemolytic activity could be due to the presence of
saponins and phenols in the extracts. Besides, saponins alter the
erythrocyte membrane and promote the formation of methemo-
globin through the oxidation of hemoglobin, which occurs due to
the hemolysis by phenols [52]. This might also be the reason for the
Fig. 5. Hemolytic activity of 500 mL of erythrocytes+500 mL of 4 mg/mL
concentration of plant extracts.
Data is represented as mean � standard deviation (n = 3).
minimal hemolytic activity of the extracts. The comparative
graphical representation of the extracts with controls of the
hemolytic activity is shown in Fig. 5.

4. Summary

Biofilm formation by pathogenic microbes has become a serious
threat to mankind since it is one of the primary contributing factors
for drug resistance. Although, there are several reported surveys
regarding antimicrobial activity, yet, there is a lack of authoritative
studies concerning its effect on bacterial biofilm formation. This
study is focused mainly on the anti-biofilm potential of selected
medicinal plants such as A. indica, M. oleifera, M. koenigii, and P.
guajava which are commonly found as garden plants, against the
human selective pathogenic organism, MRSA.

Formation of biofilm by MRSA strain was optimized at different
time intervals, a complete biofilm formation was observed at 48 h.
Subsequently, inhibitory studies were performed by treating these
extracts with the culture. Among these 8 extracts (4 plants
extracted with 2 solvents), pet. ether extract of A. indica and
ethanolic extract of P. guajava showed better antimicrobial and
anti-biofilm activity compared to the other extracts.

The hemolytic activity of these extracts was determined by
comparing it with the maximal and minimal hemolysis control.
The findings revealed that the extracts were non-toxic and have a
very minimal hemolytic activity.

Future perspectives: Although, several factors contribute to-
wards the antimicrobial property of the crude extracts. Further,
there is a need to purify and isolate specific phytoconstituents that
are responsible for the antimicrobial and anti-biofilm activities.
The above findings could serve as a better alternative treatment
shortly for this human selective pathogenic organism MRSA.
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