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ABSTRACT 

 
 

Methicillin-resistant staphylococcus aureus infection continues to be 

a difficult problem in the clinical setting. Because of their embedded tolerance 

and resistance to antimicrobial treatments, biofilms play a significant role in 

infections related with healthcare. New approaches to prevent and treat 

unwanted biofilms a r e urgently required. An appealing strategy to stop 

bacterial infections without resistance development is to inactivate the QS 

virulencemechanism with an anti-infective drug. Halodule pinifolia,a kind of 

seagrass thepotential antibacterial effects against dangerous microorganisms 

have been demonstrated. In this work, we looked at how OS-mediated 

virulence factors and biofilm formation in S. aureus were affected by seagrass 

H. pinifolia leafextract and its bioactive components.The methanolic extract of 

H. pinifolia  shown potential prevention of biofilm development (96%) as 

compared to the control, according to preliminary screening on antibiofilm 

activity. The possible extract was also separated in a column. From 

fractions active compounds were profiled, purified by HPLC, andstructurally 

verified by NMR. The Caffeic acid showed an effective inhibition of bacterial 

growth and was considered as a lead molecule with minimum inhibitory 

concentration {MIC) of 250µg/mL. The present findings suggests that 

seagrasses may act as a newer source for the marine based drugdiscovery 

and the lead compound Caffeic acid derived from H. pinifolia may act as anti 

infective agent against S.aureus as it controls the OS-mediated virulence 

production. 

 
 

 
Keywords : Antimicrobial resistance, Antibacterial activity, Antibiofilm 

activity, Seagrass Halodule pinifolia, MRSA, Quorum sensing 
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CHAPTER -1 
 

INTRODUCTION 

Antimicrobial resi lance (AMR) has emerged as one of the most pressing 

public health threats. posing serious challenges to successful prevention and 

treatments, of intractable diseases. The transfer of resistance genes through 

natural evolution, bacterial mutation and horizontal gene transfer are major 

causes of antibiotic resistance (Dadgostar et   al.,2019). However, the fact 

that bacteria can deve1op resistance to antibio1ics has created a situation in 

which antibacterial agents have lost their efficacy due to the spread and 

persistence of drug-resistant bacteria (Vranakis et al.,2014). Although the 

emergence of antimicrobial resistance in microorganisms is a natural 

phenomenon, selection for antimicrobial resistance has been exposure to 

antimicrobial in medicine, agriculture and the environment strategies to 

reduce antimicrobial resistance by eliminating antimicrobial selective pressure 

alone rely on resistance imposing fitness costs, and their efficacy is not 

al ays clear (Holmes et al.,2016). Impact of environment diffusion of 

antimicrobial resistance genes on human health and ecosystems (Keen et 

al.,2011). Antimicrobial resistance is a burden on the global economy with 

economic losses due to lost productivity due to disease one of the reasons 

antimicrobial resistance is of concern is its economic impact on physicians, 

patients, health care adminstrators, pharmaceutical, manufacture and the 

general public (Jee et al.,2018). Prevention of antimicrobial resistance in 

individual hosts is a primary method for preventing the spread of resistant 

organisms in the community, In contrast, in m a n other important resistant 

pathogens, such as penicillin - resistant streptococcus pneumoniae, 

methicillin - resistant staphylococcus aureus and vancomycin - resistant 

enterococcus faeciam resistance is mediated by the acquistion of genes or 

gene fragments. In these organisms, indirect select mechanisms at the 

population level are responsible for the spread of resistance (Lipsitch et 

al.,2002). 
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Antimicrobial- resistant strains pose a growing threat to human and animal 

health- Resistance mechanisms to avoid the toxic effects of antimicrobial have 

been identified and described for all known antimicrobial currently available 

for human clinical use (Harbolhe et al.,2006). Increasing antimicrobial 

resistance in respiratory pathogens may reduce the efficacy of standard 

dosing regimens for many oral agents. The goal of antibacterial therapy is to 

maximize bactericidal activity (Craig et al.,2017). The rate at which 

Antimicrobial resistance and Virulence factors develop in the microbial world 

can be slowed by lowering the selective pressure applied. This can be 

achieved by radically reducing the global use of current and future 

antimicrobial (Michael et al.,2014). Methicillin - resistant staphylococcus 

aureus (MRSA) is emerging as a risk factor for patients in the general 

population, especially in immune compromised patients. Vanocymin is a 

commonly used selective antibacterial agent for MRSA infections, but strains 

o f staphylococcus aureus with reduces susceptibility to vancomycin occur 

World wide (Docci et al.,2007). Methicillin - resistant staphylococcus 

aureus(MRSA) is a well - known nosocomial bacterium. More than 10% of 

nosocomial bloodstream infections are due to MRSA. Staphylococci are grape 

- like structure of Gram - positive cocci. People are frequently occupied by S. 

aureus on the outer surface of the skin and upper respiratory tract, especially 

the nasal passages (Stapleton et al.,2002). Antimicrobial resistance occurs 

through   several   different   mechanisms,   including Altered drug targets, 

enzymatic drug inactivation, altered drug accessibility {Vestergaard et 

al.,2019). To make matters worse, many S. aureus strains are resistant to 

multiple antibiotics making them more difficult to treat. Furthermore, the global 

spread of multidrug - resistant Staphylococcus aureus strains has led the 

World Health Organization to classify MRSA as a "High" threat to the global 

population (WHO 2017) (Hardy et al.,2012). Staphylococci are approximately 

0.8 µm in diameter arranged in " Rows of grapes " under an aerobic or 

anaerobic microscope. Grows best at 37 °C and PH 7.4 (Edwards et 

al.,2012). 
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The problem of increasing antimicrobial resistance is even more ominous 

given the very limited number of new antimicrobial in development. As soon 

as new antibiotics were introduced, Staphylococci evolved efficient 

mechanisms to neutralize them. This inevitably reduces the efficacy of 

bactericidal antibiotics to treat these. Special rules were applied when defining 

antimicrobial resistance in s. aureus. As soon as a s. aureus isolate is 

classified as MRSA, it is classified as Multi Drug Resistance (MOR). This is 

because resistance to oxacillin or cefoxilin indicates insensitivity to all 

categories of antibacterials - lactams MRSA strains have been dubbed   " 

Super bugs " in the medical field. There is an urgent need to discover new I 

inhibitors against this clinically important pathogen. This study evalutes the 

antibacterial and antibiofilm activity of caffeic acid compounds against drug - 

resistant staphylococcus aureus isolates (Wei et al.,2022). Bacteria living in a 

biofilm growth mode have been shown to significantly contribute to the 

development of drug resistance, with up to 1000 - fold reduced susceptibility 

to most antibiotics. Biofilms can prevent the interaction of antibiotics with 

bacterial cells and protect bacteria from the formation of various environment 

stresses, Biofilm - associated infection of the host immune systems is very 

difficult to treat with conventional antibiotics. Causes with Chronic infections 

and non - healing wounds such as MRSA endocarditis {Wei et al.,2022). The 

use of antimicrobial agents has undoubtedly contributed to the success of the 

industry, from many small farmers to a few large producers. Many plants have 

been used   primarily   for  their antibacterials properties derived from 

compounds synthesized during the plant's secondary metabolism 

(Olasunkanni et al.,2017). The use of plants in the fight against diseases. 

Regarding botanical Extracts, the antibacterial activity of crude extracts, which 

may replace conventional antibiotics may consider medicinal plants with anti - 

MRSA activity for the treatment of MRSA infection {Augustine et al.,2019). 
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Today, higher plants are still used as important sources of novel compounds 

that are directly useful as pharmaceuticals, as model compounds for synthetic 

or sem-i synthetic structural modifications and optimization as biochemical 

or/and pharmacological probes. (Ayuningrum 2019.,). Specific aspects of 

plant based drug discovery and development are also addressed, including 

supply issues in commercial development and the convention on Biological 

Diversity (Olivier potterat et al., 2006). Plant - derived extracts may reveal 

elegant mechanism to disrupt sessile lifestyles by manipulating the expression 

of stage .. specific biofilm phenotypes (Cheung et al.,2011). Seagrass - 

derived bioactive compounds may be relevant to conservation movements 

related to the ecological functions of this plant. To overcome this, studies on 

bioactive compounds from marine microbes have been conducted from 

antimicrobial agents (Sibero et al.,2019). A large number of marine 

organisms have been reported to have antibacterial activity.. It contains 

several potential antibacteria compounds (Kristiana et al.,2019). Seagrass 

that produce antimicrobial compounds enable their endophytic and epiphytic 

bacteria to produce antimicrobial compounds that can be used against 

MRSA. Seagrass are fundamental species and provide essential ecosystem 

services, E.g. Oxygen production, habitat provision and nutrient recycling 
I 

(Lamb et al.,2010). A plant - derived antibacterial agents that inhibits the 

formation of microbial biofilms. Seagrass populations are suffering from global 

declines, largely due to increasing pressures directly related to human activity 

[E.g. Ocean warming, Coastline alternation, Deteriorating water quality] 

(Orthe et al.,2006). Their ribbon- like grassy leaves (Pushpa et al.2005,). In 

india, Seagrass was famous as a fertilizer and for was used for heart disease 

treatment and for nutritional purposes. Seagrass is associated with 

antibacterial activity. Example are Cymodocea serruleta, Halodule pinifo/ia 

and Halophila stipulace (Bien et al.,2011). Seagrass H. pinifo/ia is reported to 

have more potential antibacterial activity against human pathogens than other 

seagrass species such as C. Serru/ata and H. Ova/is also have antiviral, 

antitoxident, antiinflammatory, insecticidal, larval extermination (Jeyapragash 

Danaraj et al.,2020). 
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The severity of Bacterial infection depends on the virulence of the particular 

strain (Cheung et al.,2011). The virulence of  S. aureus relies in part on the 

quorum sensing (QS) systems, which allows the pathogens to rapidly adopt 

to its environment and gene expression in bacterial populations (Yarwood et 

al.,2003). Quorum sensing (QS) is an important mechanism of bacterial 

protection, enabling bacteria to transmit specialized signals in response to 

changes in cell density in a given environment, leading to the formation of 

biofilms and other virulence factors (Zhao et al.,2013}. In this study, I studied 

the ant-i biofilm performance of seagrass extracts at inhibitory concentrations 

and how they effect functional characteristics of biofilms (Such as adhesion, 

biofilm, quorum sensing). 
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CHAPTER-2 

LITERATURE SURVEY 

 

1. Dadgostar P. Antimicrobial Resistance: Implications and Costs. Infect 

Drug Resist. 2019 Dec 20, Many studies have demonstrated the 

disastrous financial consequences of AMR including extremely high 

healthcare costs due to an increase in hospital admissions and drug 

usage. The literature review, which included articles published after the 

year 2012, was performed using Scopus, PubMed and Google Scholar 

 

 
2.  Vranakis, I., Goniotakis, I., Psaroulaki, A., Sandalakis, V., Tselentisl Y., 

Gevaert, K., & Tsiotis, G. (2014). Proteome studies of bacterial antibiotic 

resistance   mechanisms.   Journal   of Proteomics. The methodologies 

used, as well as lists key proteins identified, thus providing the reader 

not only a summary of research already done, but also directions for 

future research. This article is part of a Special Issue entitled: Trends in 

Microbial Proteomics. 

 
 
 

3.  Holmes AH, Moore LS, Sundsfjord A, Steinbakk M, Regmi S, Karkey A, 

Guerin PJ, Piddock LJ. Understanding the mechanisms and drivers of 

antimicrobial resistance. Lancet. 2016 Jan   9.Strategies to reduce 

antimicrobial   resistance   by removing   antimicrobial selective pressure 

alone rely upon resistance imparting a fitness cost)  an effect not always 

apparent. Minimising resistance should therefore  be considered 

comprehensively, by  resistance  mechanism, microorganism, 

antimicrobial drug, host, and context; parallel to new drug discovery, 

broad ranging, multidisciplinary research is needed across these five 

levels, interlinked across the health-care, agriculture, and environment 
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sectors. Intelligent, integrated approaches, mindful of pot .1ntfa1 

unintended results, are needed to ensure sustained, worldwide access 

to effective antimicrobials. 

 
4.  Montforts, M. H., & Keen, P. L. (2011). Antimicrobial resistance in the 

environment. John Wiley & Sons. This contributed work shows how the 

environment plays a pivotal role in the development of antimicrobial 

resistance traits in bacteria and the distribution of resistant microbial 

species, resistant   genetic   material,   and   antibiotic   compounds.   The 

impact of the distribution in the environment of antimicrobial resistance 

genes and antibiotics on both the ecosystem and human and animal 

health. 

 
 
 

5. Jee, Y., Carlson, J., Rafai, E., Musonda, K., Huong, T. T. G., Daza, P.: 

... Yoon, T. (2018). Antimicrobial resistance: a threat to global health. 

The Lancet Infectious Diseases, September 18. The aim of this study 

was to investigate antimicrobial resistance of bacteria isolated from MA. 

A total of 138 extracts from almonds (n = 63), cashew nuts (n = 36). and 

soybeans (n = 39) were analyzed for Enterobacteriaceae. 

 
 

 
6. Lipsitch M, Samore MH. Antimicrobial use and antimicrobial resistance: a 

population perspective. Emerg Infect Dis. 2002 Apr;8. Erratum in: 

Emerg Infect Dis 2002 May,8 Indirect, population-level mechanisms of 

selection account for the increase in the prevalence of resistance. 

These mechanisms can operate even when treatment has a modest, or 

even negative, effect on an individual host's colonization with resistant 

organisms. 

 
 

 
7. Drug-resistant   infections a threat to our economic future; 2017. 

Available from: www.worldbank.org. Accessed September16, 

http://www.worldbank.org/
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8. a bo e. H., T akur S., Zhao, S., & h i t e , o. G. (2006). Genetics of 

a imicrobial resistance. Animal biotechnology.   The versatility with 

• ·c bac e ·a adapt to their environment and exchange DNA between 

a·.&fere  genera highlights he need to implement effective antimicrobial 
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9. Craig. /ill·arn A. "Antimicrobial resistance issues of the 

.. ::...'."e. D;ag'"'os..ic microbiology and infectious disease. With the oral - 
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10.  Aichael CA Dominey-Howes D, Labbate M. The antimicrobial 

resisLance cris=s· ca1.Jses, corsequences. and management. Front 

Public Health. 2014 Sep. This may be accomplished by radically 

reducing he global use of current and prospective antimicrobials. 

Current management measures to legislate the use of antimicrobials 

and to educate the healthcare world in the issues, while useful, have not 

comprehensiely addressed the problem of achieving an overall 

reduction in the human use of antimicrobials. 



 

 
 
 
 
 
 
 

11. Pesavento, G., Ducci, B., Comodo, N., & Nostro, A. L. (200?). 

Antimicrobial resistance profile of Staphylococcus aureus isolated from 

raw meat: A research for methicillin resistant Staphylococcus aureus 

(MRSA). Food control, 18. Transmission of MRSA from food to people 

can representa serious problem only for immunocompromised people. 

Vancomycin is the elective antimicrobial commonly used in case of 

MRSA infec!Jon  but S. aureus strains with reduced sensibility to 

vancomycin are emerging worldwide. 
 
 
 

 

12. Stapleton PD, Taylor PW. Methicillin resistance in Staphylococcus 

aureus: mechanisms and modulation. Sci Prog. 2002. An understanding 

of the mechanism of methicillin resistance has led to the discovery of 

accessory factors that influence the level and nature of methicllin 

resistance. Accessory factors, such as Fem factors, provide possible 

new targets, while compounds that modulate methicillin resistance such 

as  epicatechingallate1     derived  from  green  tea,  and  corilagin,  provide 

possible lead compounds for development of inhibitors. 

 
 
 

13.  Vestergaard M, Frees D, lngmer H. Antibiotic Resistance and the 

MRSA Problem. Microbial Spectr. 2019 Mar;?. the current knowledge 

of the wide variety of resistance mechanisms that S. aureus employ to 

withstand antibiotics. Since resistance development has been inevitable 

for all currently available antibiotics, new therapies are continuously 

under development. Besides development of new small molecules 

affecting cell viability, alternative approaches including anti-virulence 

and bacteriophage therapeutics are being investigated and may 

become important tools to combat staphylococcal infections in the 

future. 

 
 

 
14.  Hardy BL, Bansal G, Hewlett KH, Arora A, Schaffer SD, Kamau E, 

Bennett JW, Merrell OS. Antimicrobial Activity of Clinically Isolated 
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Bacterial Species Against Staphylococcus aureus.·Front Microbial. 

202Jan 15 Defined mechanistic studies on specific isolates revealed 

that the inhibitory activity was retained in conditioned cell free medium 

(CCFM) derived from the isolates. Furthermore, CCFM   obtained 

from S. saprophyticus significantly decreased mortality of S. aureus 

infected Galleria me/lone/la caterpillars. While future studies will seek 

to define the molecular mechanisms of the inhibitory activities, our 

current findings support the study of polymicrobial interactions as a 

strategy to understand bacterial competition and to identify novel 

therapeutics against S. aureus and other pathogens. 

 
 

 
15.  Edwards AM, Massey RC, Clarke SR. Molecular mechanisms of 

Staphylococcus aureus nasopharyngeal colonization. Mol Oral 

Microbial. 2012 Feb;27. The evolutionary implications of this may 

explain why S. aureus is such a capable pathogen because many of the 

proteins involved in colonization have also been identified as virulence 

factors. This review describes the diverse molecular mechanisms used 

by S. aureus to colonize the host and discusses how the pressures that 

have selected for these may have led to its virulence. 

 
 

16. Wei G, He Y. Antibacterial and Antibiofilm Activities of Novel Cyclic 

Peptides against Methicillin-Resistant Staphylococcus aureus. Int J Mol 

Sci. 2022 Jul 21. Lugdunin (cyclic peptide-1), a nosocomial  cyclic 

peptide produced by Staphylococcus lugdunensis, exhibits potent 

antimicrobial activity against MRSA. Amazingly, cyclic peptide-1 and its 

analogues cyclic peptide-11 and cyclic peptide-14 have the ability to 

disperse mature MRSA biofilms and show anti-clinical MRSA activity, 

including MRSA persister cells. In addition, these three cyclic peptide 

compounds have non-toxicity, lower hemolytic activity and lack of 

resistance development 
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17. Mastoor, S.; Nazim, F.; Rizwan-ul-Hasan, S.; Ahmed, K.; Khan, S.; Ali. 

S.N.; Abidi, S.H. Analysis of the Antimicrobial and Anti-Biofilm Activity of 

Natural Compounds and Their Analogues against Staphylococcus 

aureus Isolates. Molecules 2022, 27, to discover novel inhibitory 

compounds against this clinically important pathogen. In this study, we 

evaluated the antimicrobial and anti-biofilm activity of 11 compounds, 

including phenyl propenes and phenolic aldehydes eugenol, ferulic 

acid, sinapic acid, salicylaldehyde, vanillin, cinnamoyl acid, and 

aldehydes, against drug-resistant S. aureus isolates. 
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CHAPTER-3 

 

AIM AND OBJECTIVIES 

 

AIM: 

 
 

To Analyse Seagrass derived active constituents as quorum sensing inhibitors 

of Methicillin resistant staphylococcus aureus 

 
OBJECTIVIES : 

 
 

1. To perform antibiofilm activity of seagrass extracts against MRSA 

 

2. To fractionate the active constituents from seagrass Ha/odule pinifolia by 

Column Chromatography 

 

3. To identify the active fractions and isolate quorum sensing inhibitors of 

MRSA 

 
 

4. To determine MIC and quantify the virulence transcript levels of MRSA 

upon exposure to the QS inhibitor 
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CHAPTER-4 

MATERIALS AND METHODS 

1. SAMPLE COLLECTION 

 
1. Bacterial strain 

 
Methicil/in resistant staphylococcus aureus (ATCC strain used )was 

grown in Luria bertani broth and incubated at 37° C. Overnight culture was 

used in overall experiments. 

 

2. PLANT MATERIAL AND EXTRACTION 
 

Halodule pinifolia collected from Olaikuda region, Rameswaram region 

was washed with native seawater to remove epiphytes, sand particles, 

followed by the distilled water wash. The samples were transported to the 

laboratory and shade dried. Dried sample (2 gm) of H. pinifolia was weighed 

and transferred to each conical flask containing methanol and ethyl acetate. It 

was then incubated at 45° C for 24 hours and after filtration the samples were 

filtered using Whatmann No.1 filter paper and concentrated using rotary 

evaporator. The final yield of each solvent extracts were obtained and the 

concentration of 1 mg/ ml crude extracts was used for further assays. 

3. DETERMINATION OF ANTIMICROBIAL ACTIVITY OF H.PINIFOLIA 

CRUDE EXTRACTS 

MRSA was inoculated on the LB agar plates and incubated at 37° C for 

24 hours in the inverted position and the obtained growth were stored at 

4°C for future use. Antibacterial activity of H. pinifolia crude extracts 

(MeOH and EtAc) was performed by well diffusion method following the 

methods of CLSI guidelines (2009). The bacterial suspension was diluted 

to 1Q8 CFU/mL using a sterile physiological solution and 50 µI of bacterial 

suspension were swabbed uniformly on the surface of LB agar plates. The 

agar plates were allowed to dry for five minutes and the well was created. 
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Following, 20 µI of H.pinifolia crude extracts were added to the wellsand 

oxofloxicin, levofloxicin was used as positive controls respectively. The 

inoculated plates were incubated at 37° C for 24 hours and the zone of 

inhibition (mm) was measured. Triplicates were done and the data 

obtained for antimicrobial activity were expressed as the mean zone of 

inhibition of the extracts was interpreted. 

4. ANTI-BIOFILM ACTIVITY OF CRUDE EXTRACT 
 

To determine the effects of crude H. pinifolia extracts on MRSA biofilm, 

LB broth (3ml) along with the bacterial suspension (20 µI) were added to the 

six well plates in the presence and absence of crude extracts (100 µg/ ml).. 

Oxicillin and levofloxacin (50 µg/ ml) was used as positive control. Wells 

containing LB broth and bacterial suspension were used as negative control, 

while the wells with only LB broth acted as blank respectively. The plates 

were incubated at 37° C for 24 hours and after incubation the planktonic cells 

were gently removed. All the wells were washed with sterile distilled water and 

the plates were dried. The surface bound cells were stained with crystal violet 

(0.2%) solution for 5 min followed by washing with distilled water and 

destaining with 20% glacial acetic acid and the biomass of biofilm was 

quantified by measuring the OD at 570 nm. 

 
5. COLUMN FRACTIONATION OF ACTIVE H.PINIFOLIA 

 

The crude methanolic extract of H. pinifolia which exhibited the 

potential inhibition against MRSA biofilm was fractionated using column 

chromatography. For the fractionation, a vertical glass column (40 mm width x 

60 mm length) made of borosilicate material was used. The column was 

thoroughly washed with methanol and thoroughly dried before packing. A 

glass rod was used to place a piece of glass wool at the bottom of the column. 

Slurry of silica was prepared with methanol and was poured from the top of 

the column around 213rd of the column with simultaneous draining of the 

solvent to help proper packing of the column. Further, methanol was added to 

the top of the silica slurry to 1cm height. Dried extracts of methanol was mixed 

with minimum quantity of silica and was poured down in to column. Different 
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fractions were collected, air-dried and stored at -20"c for further bioassays 

against MRSA. 

 
4.G ANTI-MICROBIAL ANO ANTI-BIOFILM ACTIVITY OF COLUMN 

FRACTIONS 

 
The anti-microbial and anti-biofilm activity of column fractions was 

performed following the methodology. The fractions which showed the 

potential inhibition of MRSA biofilm was taken up for further analysis. 

7. THIN LAYER CHROMATOGRAPHY (TLC) 
 

The active constituents exhibited activity against MRSA was 

separated by preparative TLC using silica gel 60 F254 glass plates, 20 x 20 cm 

as stationary phase and a mobile phase of methanol: chloroform: glacial 

acetic acid (1.5:3:0.5). A small spot of solution containing a sample extracts of 

the H. pinifolia is applied on a silica plate using a capillary tube, about 1.5 

centimetres from the bottom edge. The individual bands from the active 

fractions were observed under UV light and the purity of the compound were 

confirmed by HPLC following the structural elucidation by 1H and 13C NMR. 

8. HPLC AND NMR ANALYSIS 

 
HPLC purification and structural elucidation of active compounds from 

H. pinifolia were done using the compounds isolated from the active fractions 

of H. pinifolia. The purification of active compound was performed using 

Agilent 1260 series preparative HPLC (Agilent Technologies Inc., Chemetrix) 

equipped   with   binary   pump including   photodiode   array   detector. The 

separation was achieved by a reverse phase Acclaim TM 120C18 column 

(Phenomenex; 4.6 x 250 mm, 5 mm particle size). The mobile phase contains 

1% aqueous acetic acid solution (Solvent A) and acetonitrile (Solvent 8). Flow 

rate was adjusted to 0.8 ml/min and the column was thermostatically 

controlled at 280 ° C, while the injection volume was kept at 10 µI. A gradient 

elution was performed by varying the proportion of solvent B to solvent A, 

which was changed from 10 to 40% B in a linear gradient for the duration of 

25 min, from 40 to 60% B of 38 min and from 60 to 90% B in 50 min. The 

mobile phase composition back to initial condition (solvent 8: Solvent A: 10: 
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90) in 
55 

mina
nd 

allowed to run for another 10min, prior to the injec ion ot 

ano
th

er samples. The analysis per sample was carried out for 65 min. The 

structural elucidation was carried out by 13c and 1H NMRaccording o he 

method of Mitra et al. (2006). 

 
9. MINIMUM INHIBITORY CINCENTRATION (MIC) OF CAFFEIC ACID 

 
The active compound isolated from H. pinifolia was identified as 

caffeic acid and the minimum inhibitory concentration of Caffeic acid was 

determined according to the procedure described by EUCAST Definitive 

documents EDef 7 . 1. The cells at a density of 0.5-2.5 x 10s cfu/ ml was 

cultured in 96 well plates and treated with a gradient concentration of Caffeic 

acid(1000- 3.91 µg/ ml) respectively. The plates were incubated at room 

temperature for 24 h and the absorbance was measured at 570 nm. The 

results were expressed in percentage of inhibition. 

1. RING BIOFILM ASSAY 

 
To assess the effect of caffeic acid on MRSA biofilm growth, ring 

biofilm assay was performed. MRSA was separately grown in the glass tubes 

in the LB broth (3ml) and 20µL of bacterial suspension was added and 

incubated at 37° C for 24 hours. After incubation, caffeic acid at IC 

concentration was added to the culture tubes following incubation at 3T C fo 

8 hours. After incubation, the culture was discarded and the tubes were 

washed with distilled water and dried. Following, 3ml of a 0.4% CV solutio, 

was added to each tube to stain the adhered biomass and the tubes 

incubated for 15min at room temperature. The Crystal Violet dye was 

discarded and the tubes were again rinsed three times with distilled water a d 

air dried. Tubes were photographed to document the amount of biofilm that 

was adhered to the glass surface. 
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4.9.2 CATALASE ASSAY 

 
An MRSA overnight culture was grown in test tube using LB broth. 

Cultures were inoculated by adding 20µL of an overnight culture of bacteria 

into 3ml   LB broth. 250µg concentration of Caffeic acid were added to the 

each tubes and the tubes were incubated at 37° temperature. 100µL of 

Hydrogen peroxide (H202) were added to the each tubes. Visually observed 

for from formation. Tubes were photographed and documented. 

 

 
 
 

4.10 ANTI-ADHERENCE POTENTIAL OF CAFFEIC ACID 
 

Anti-adherence activity of caffeic acid on MRSA biofilm formation 

was observed using Fluorescence microscopy. In brief, the glass slides 

coated with MRSA biofilm was immersed in a solution containing caffeic acid 

at MIC concentration (250 µg/ml) and was incubated for 6 hours at room 

temperature. The glass slides were then washed thrice with distilled water and 

stained with acridine orange (0.1°lo). The excess stain was removed by 

washing with distilled water and the bound film was observed under 

Fluorescence microscopy. 
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CHAPTER-5 

 
RESULTS AND DISCUSSION 

 
 

5.1. ANTIBACTERIAL AND ANTIBIOFILM ACTIVITIES OF THE 

EXTRACTS AGAINST MULTIDRUG-RESISTANT (MDR) MRSA 

Antibacterial activity   is   an   action   that   prevents   or   kills   or 

inhibits pathogens from growing. Antibiotics are a category of compounds that 

can be obtained naturally from fungus, transfer by diffusion of the 

antimicrobial agent from the TLC. Inter-species interactions between 

prokaryotic and eukaryotic cells, as well as between various prokaryote taxa, 

are what define anti-biofilm activities. Therefore, it is expected that bacterial anti-

biofilm activities will serve to naturally control bacterial numbers in an ecological 

niche. MOR bacteria is a category of bacteria that have developed a 

resistance to several classes of antibiotics and compounds. In this study, we 

performed the susceptibility test to confirm the resistance status of MRSA. 

The antimicrobial and anibiofilm for susceptibility test. Tested against drug 

resistant MRSA bacteria showed resistance to Caffeic acid. The seagrass 

associated bacteria were tested to inhibit the growth of these pathogenic MOR 

bacteria. Methanolic crude extract exhibited the maximum zone of inhibition 

than EtAc respectively (Figure 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 1: Anti-bacterial activity of H. pinifolia crude extracts 
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Figure 2: Anti-biofilm activities of the extracts against multi-drug 

resistant (MOR) MRSA 
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5.2 COLUMN FRACTIONATION OF POTENTIAL EXTRACTS 

 
These are unique methods for separating compounds based on size, 

shape, and charge from mixtures. The idea of chromatography includes the · 

use ofa stationary phase, such as silica gel combined with calcium sulphate 

as a binder, and a mobile phase, which is the solvent of extraction. I have 

collected 15 fractions from the extract using methanol. I have performed 

antimicrobial and antibiofilm of fractionated extract. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

. ·t f fractionated extract from H.pinifolia 
Figure 3: Antimicrobial act1v1 yo 
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Figure 4: Antibiofilm activity of fractionated extract from 

H.pinifolia 

 
 
 
 
 
 

Table 1 : Zone of inhibition in fractions 
 
 
 
 

 
 
 

Zone of inhibition in fractions 

 
 
 

Zone of inhibition 

PC 0.6mm 

Fa 0.3 mm 

Fs 0.4 mm 
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· Figure 5: Inhibition zone H.pinifolia-associated bacteria against 

Staphylococcus aureus 

 
 
 
 
 

Table : 2 Zone Of Inhibition 
 
 
 
 

 

 
Species MRSA 

 

 
Zone of inhibition 

PC1 0.9 mm 

PC2 0.7 mm 

MeOH 0.6 mm 

EtAC Nil 
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5.3 THIN LAYER CHROMATOGRAPHY{TLC) 

 

An important property of any compound, is its Rt - value (retention 

factor). This value is an indication of how far up a TLC-plate a compound has 

wondered. A high Rt - value indicates that the compound has travelled far up 

the plate and is less polar, while a lower Rr - value indicates that the 

compound has not travelled far, and is more polar. This value is easily 

calculated by measuring the distance the spot has wondered, and dividing this 

by the distance the solvent has travelled. The Rr _value is dependent on the 

both the compound and the solvent used for development. If we analyze two 

compounds and they give the same Rt- value with the same solvent system, 

the two compounds are most likely identical. 

 
5.4 HPLC AND NMR ANALYSIS 

 

The bioactive compounds present in the fraction 8 and 9 of MeOH 

extract was purified. The analysis per sample was carried out for 65 min. 

HPLC chromatograms were detected using photodiode array UV detector at 

three different wavelengths (260, 280 and 310) as per the absorption maxima 

of analyzed compounds and the structural elucidation was carried out by 

according to the method of Mitra et al.,(2006). 
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Figure 6(a): HPLC Analysis 
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Figure 6(b): NMR Analysis 

 
 
 

 
5.5 MINIMUM INHIBITORY CONCENTRATION (MIC) 

 

A region of media where bacteria are unable to grow, due to presence 

of a drug that impedes their growth. The lowest antimicrobial dose necessary 

to prevent a microorganism's observable development following an overnight 

incubation.Determine the MIC Comparing the Gradient Method to other 

methods reveals how much simpler it is to use. The approach is quick, easy to 

use, and suitable for routine microbiological diagnostics since it uses a 

gradient of antibiotic concentrations that has been specified. We use Caffeic 

acid at a gradient concentration. This method usually produces lower MIC 

values than the reference broth microdilution method.Consequently, it 

typically does not enable the identification of resistant strains. With a minimum 

inhibitory concentration (MIC) of 250 g/ml, the caffeic acid studied in the 

current study had a variety of effects on S. aureus strains. 
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Figure 7: From the results obtained, 250µg/ml were taken as MIC for 

further assays 

 
 
 

5.5.1 BIOFILM GROWTH IN GLASS TUBES 

 
It is based on the ability of microorganisms to adhere and form a bioftlm 

by indirect measurement of the mobility of magnetisable microbeads. IN THE 

PRESENCE OF BIOFILM. Testing was done on controls made of sterile 

medium with toner to demonstrate that beads could move about freely in the 

absence of sessile cells.The magnetic forces were insufficient to attract the 

beads to the bottom of the well or to free them from being trapped during 

biofilm development due to the bacterial cells' increasing adherence. Thus, 

the spot intensity was reduced during the time experiment until its 

disappearance. Caffeic acid showed reduction in ring biofilm formation on 

glass test tubes. The caffeic acid concentrations have shown an effective 

inhibition of MRSA ring biofilm as compared to the controls respectively. 
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(MIC 30µL-250µg/ml) 

 
Figure 8: Ring biofilm assay of Caffeic acid 

 
 
 
 
 

5.5.2 CATALASE ASSAY 

 
Hydrogen peroxide's bactericidal actions are counteracted by 

Catalase, which presence in bacteria has been linked to pathogenicity. The 

catalase test makes it easier to find this enzyme in bacterial samples, that 

converts the toxic gas hydrogen peroxide to water and oxygen. Caffeic acid 

showed froth formation on glass tubes. The caffeic acid concentration have 

shown an froth formation of MRSA as compared to the control respectively. 
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Figure 9: Catalase assay of caffeic acid against MRSA 
 
 
 
 
 
 

5.6 ANTI ADHERENCE POTENTIAL OF QS IINHIBITOR AGAINST MRSA 
 

Caffeic acid at a concentration of 250µg/3ml coated on the glass 

slide was tested against the MRSA biofilm adherence and the result found 

that Caffeic acid inhibited the adherence of biofilm on the coated glass slide, 

while the slide coated with control promoted the adherence potential of 

s.aureus respectively. The slide observed under microscope where shown in 

Figure 11 and 12. 
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OBSERVATIONS 
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250µg/ml 

 

 

 

 

 

 

 

 

 
Figure :1O(a) 

 
 
 
 

 

 

Figure :10(b) 
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DISCUSSION 
 

Biofilm resistance to antimicrobial ag t . . 
ens isa ma1or worldwide health 

. ue. Therefore, a successful reduction f 

care155 0 
·1al strategy for the management of unw 

surface colonization can be a 
. 

0tent 
P . 1devices and work surface. In this inst 

anted b1ofilms, especially on 

111ed1ca . . ance, the use of plant-derived 
ts to modulate b1of1lm genesis and d' . 

ettrac ispersion may be a viable 
f1ve The present study is the first 

81terna · report describing the antibiofilm 
of non-lethal concentrations of H  • . . 

effficacY · pm,fol,a and methanol extracts in 
counteracting microbial biofilms, highlighting the possibility that the selected 

seagrass species act as an extracellular signal mediating their biofilm 

.. • E coli and S. aureus were ch 
act1v1ties. · osen as model systems for bacterial 
. fections, respectively. E. coli biofilms are found to be th . t· 
1n e maJor causa 1ve 

agent of manyintestinal infections, for recurrent urinary tract infections, and it 

also responsible forindwelling medical device-related infectivity. S. aureus is 

one of the bacterial species causing disease in humans. MRSA remainsa 

concerning hospitals where it can attack those most vulnerable older adults 

and people with weakened immune systems. MRSA staph infections start as 

swolen , painful red bumps that might resemble pimples or spider bites. The 

bioactive properties of the seagrass species selected in this work are well 

known, and have been reported in detail by several authors. However, until 

now attention has mainly focused on the antimicrobial activity of seagrass 

extracts, which, through disk diffusion assays, were investigated not in their 

capacity as biofilm-forming microorganisms but in their planktonic state, 

reported the antibacterial activity of H. pinifolia extracts, obtained using 

different solvents, against different microbial strains, recording maximum 

antibacterial activity by the ethanol extract of H. pinifolia. Instead, Choi et 

al.,2008. Reported the antimicrobial properties of Zostera marina methanol 

extract and its organic solvent fractions on three human skin pathogens 

(Staphylococcus aureus, s. epidermidis and C. albicans), Natrah et al.,2022 

Reported the antibacterial properties of methanol extracts of MRSA acoroides 

andother seagrass and seaweed spec·ies on d1'fferent aquaculture pathogens 
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rnonas hydrophila, Vibrto alginolyt,·cus 
(Aero , V 

·11arurn and others). In contrast t . Parahaemolyticus V 
an9U' . . , o the besto , . 
. rs have investigated the antibiofil . . f our knowledge, no 
paPe . m act1v1ty of 

Jethal concentrations against ba t . · Ha!odule pinifolia at 
non- c enal (E. col') 

this end, methanol extracts, obtain df ' and MRSA biofilms. 
f o rom seagrass . 

. ·tolia leaves) were screened for the· b'. species Halodule 
p1n1 ir a ility to mod I . . 

. houl killing cells.Methanol was used u ate b1of1lm genesis 
wit as the extracti 

n previously reported as the mot ff . on solvent, having 
bee  . s e  ect,ve solvent . . 

ncentralions of b1oactive compound . to obtain high 
co s with antibacte · I .. 

agrasses, compared to other extracti na act1v1ty from 
se . t· th ff t f on solvent. With the aim of 

'·nvest1ga mg e e ecs o seagrass extract 
.      . . s on cell adhesion to surfaces, 

the first step of b1of1lm formation, microtiter based assays were performed. 

The results r.evealed excellent anti-adhesion act,·v.,ty for H. pinifolia leaf 

extract, bacterial coverage up to 61% at 0·01 and 10 mg/I, respectively. 

Therefore, 0.01 mg/I and 10 mg/I H. pinifolia leaf extract were chosen as 

the best non-biocidal concentrations for and MRSA respe.ctively, and 

were used in the subsequent studies. These concentrations significantly 

decreased the number of adhered cells on a hydrophobic surface, more 

50 than on the hydrophilic one. Previous studies had highlighted the 

preference for hydrophobic surfaces, these reporting a decreased 

adhesion. In the present study the anti-adhesion activity of the seagrass 

extracts was dose-dependent, but the highest concentrations did not 

correspond to those with the best performance. Indeed, several studies 

have report a weak activity of the compounds at low and high 

concentrations, and excellent activity at intermediate concentrations. the 

assessment of the antibiofilm effect in the adhesion phase micro plate 

based b io f iml   assays are the most suitable. This result confirms t e anti 

adhesion activity observed in microtiter assays. It has been well known 

that the antibiofilm activity of plant extracts is closely linked with the 

content of  secondary  metabolites,  such as  phenols a 
nd 0

 

nd 
flavonoids,which represent the total amount of phenoliccom-pou s ina 

 
plant extract. 
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earcher discovered that the rnech 
fhe res , an1m of action behind the 

. f lllrTl performance of caffe1c acid. these 
ntib10 • compounds have shown t 

8 . ·t antibiofilm properties at non-lethal concentr o 
eth1b1 

•   •   • • • ra ions. Reduced biofilm 
.n of meth1c1lhn-sens1t1ve S. aureus s·  ' f 

forrnatio . igni lcantly. reported that sub.. 
concentrations of plant extracts inhibit E . 

1etha1 · coll and S. aureus 
. ri1rns.Seagrasses have long been used as a folkm d ' . 

blO 1 8 icine for a numerous 
dial purposes,e.g., for the treatment of skin d' 

rerT18 iseases, wounds, muscle 
. stomach problems and tranquilizers for bab· .. 

pains, . . . ies. n add1t1on, seagrass H. 

p.tn1 ,·'oliareported to exh1b1tapotential antibacterial and t·  ' d . . . 
1 an1ox1 ant act1v1tles 
·nst different harmful pathogens. Though rt . 

aga1 , repo s available on the 
ant·rnicrobial activity of seagrass H. pinifolia n o . f . 

1 , in ormat1on has been 

documented yet on the effect of seagrass H. pinifolia extract and their derived 

compounds that represses OS-mediated virulence transcript levels and biofilm 

inhibition of MRSAHence, the present study was explored to understand the 

potential of H. pinifolia on regulating the OS-mediated virulence mechanism of 

Methicillinresistant staphylococcus aureus. 

 
 

5.7 ANTI-BIOFILM POTENTIAL AND CHARACTERIZATION OF ACTIVE 

COMPOUNDSFROM H.PINIFOL/A 

 
Methanol (MeOH) solvent extracts of H. pinifolia were used for 

determining the Methicillin resistant staphylococcus aureus biofilm inhibition 

and the preliminary study revealed that the methanolic extract of H. pinifolia 

(250µg/ml) exhibited a promising anti-biofilm activity of S. aureus when 

compared to the control respectively. In most cases, S. aureus show 

resistance towards commercial antibiotics and so new approaches have to be 

executed in order to prevent the biofilm-mediated infections. Que et al.,2016 

reported that the biofilm formation in S.aureus occurred in two steps such as 

celll-surface attachment which initiates the biofilm formation by attaching on 

the surface and cell to cell communication in which the adhered ce llls interacts 

with the nearby cells with chemical signals. In the present study, methanolic 

extract of H. pinifolia (250µg/mL)found to inhibit the S.aureus 
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dhes1on on the surface of the microtiterw II I 
• 0ff)rna e Pates of about 93% 

. elY It was reported tha the methanolic extr t f 

re
5pectiV · . ac o Ha/odu/e Halophila 

d to be more effective against s. aureus h'l . 
re foun . w I e Balasubramaman et 

we  19reported that the water soluble phenolic ext t H . . . . . 

81.,20 . . . . rac . pmifolta exh1b1ted 
antibactenal activity against S. aureus Whih . . 

c was m agreement with 
a sent study. Further, the active compounds from th h . 
thepre . e met anoltc extract 

weredetermined by column fractionation. the two methano1,·c fra t· t d' d 

t,act.10n 8 ang  showed potential btofilm inhibition of about 960,o, d                
as compare 

to O
ther tractions and hence the active compounds present in the fraction8 

and 9· In the active compounds caffeic ac·id (59•180,) at • l 
,o , maximum o 

r,,,inimum concentrations were profiled from the fraction 8 and9 of H. pinifolia 

wasfurther purified by HPLC and structurally confirmed by NMR. 

 
 

 
5,8 EFFFECT CAFFEIC ACID ON BIOFILM MATRIX COMPONENTS 

AND OS-REGULATORY MECHANISM 

 
The biofilm formation which in turn produces antibiotic resis·ance 

mechanism by 3-0 complex biofilm architecture formation regulated by QS 

system. The biofilm formation; thereby decrease in antibiotic resistance 

mechanism will occur. The lead compound caffe1c acid at MIC concen ra ion 

inhibited the production to 83% in S.aureus. Similar findings reported with 

chest honey and its extract inhibited the biofilm formation up to 61% of about 

69% and H.pinifo/ia extracts of about 73% respectively. The resul found that 

interference of cafffe1c acid Nith quorum sensing repressed the transcript 

levels and down regulated the virulence production, thereby prevents the 

oiofilm formation in S.aureus. The study suggests that Caffeic acid might have 

i ectly impacted he biofilm formation by S.aureus by disturbing the AHL 

ia ed OS-system. Amaral and Molnar reported the possible role of various 

s : e· : a d natural compounds as inhibitors of QS mechanism in 

e ic ic oorganis s. 

5tron9 
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CHAPTER-6 
 

SUMMARY AND CONCLUSION 

The results of the study suggest that seagrass . . 

onents.might be used as a.ntipathogenic agent . es and their active 

cof lllP . . . sin current Phytomedicine 
revent rrncrob1al diseases. As it regulates th  . 

toP . . e  OS-mediated virulence 
d ction, the b1oacttve component from caff .  . 

prou . . .  eine acid that H. pinifolia may 
5·1der as an ant1-1nfect1ve agent for aureu d 

con . . · s an other harmful microbes. 

Fu
rtherrnore, Caffe,c acid may be marketed as

a successful treatment for
 

Saureus infections as a result of molecular d k' . 
• 

Perirnentationresearch. Moreover, finding and stud . 
oc mg and animal 

th . 
ex Ytng e ant1-QS agents 
or active components from different seagrass species against hazardous 

diseases opens the door for the development of marine-based drugs that may 

effectively decrease virulence and show their value against drug-resistant 

bacteria. H. pinifolia leaf extract proved to be the most promising extract 

among those teSted. Indeed, the selected non-lethal concentrations of H. 

pinifo/ia leaf extract were found to exert an antibiofilm effect on MRSA biofilm 

in the first phase of biofilm genesis, opening up the possibility of developing 

preventive strategies to hinder the adhesion of microbial cells to surfaces. The 

leaf extract also affected the dispersion and maturation steps in Methicillin 

resistant staphylococcus aureus respectively, suggesting an important role in 

celll signaling processes. In order to identify the active components and better 

understand the mechanisms of action of this seagrass species, the leaf 

extract is now being researched. Determining the precise medication/plant 

ratio at which the interaction between the plant extract and the antimicrobial 

agent is at its most powerful, the mechanism of, which is fundamental to 

development of pharmacological agents to treat diseases by S. aureus using 

medicinal plants. Our results revealed that the use of plant extracts Halodu/e 

pinifolia could be useful in fighting emerging drug-resistance problem and in 

vivo experiments are needed to confirm Methicillin resistant staphylococcus 

aureus protection using these Caffeic acid. 



 

34 
 

buba 

 
 
 
 

REFERENCE 
 

 

 
 

kar Abdulllahi R.. and Mainul Haque "Preparatio f d.' 
1. · n o me 1ana1 

.t Basic extraction and fractionation procedures fore . t 
1ans. xpenmena 1 

urposes.• Journal of pharmacy& bioallied sciences 12, no.1 (2020) 
 

2. deosun. A. M. F. O. Asejeje, O. M. ighodaro B. A. Oiuwole, and o. A. 

inloye. "Hypoglycemic, antidyslipidem,c. and antioxidant activities of 

ethanol extract of Struchium sparganophora leaves in alloxan-induced 

0 ·idatie stress-mediated diabetes in rats." Future Journal of 
 

harmaceutica/Sciences 6 (2020): 1-7. 

 
AO an.G .. Bassam Abu-shanab, and K. Adwan. "In vitro activity of certain 

'Jgs in combination with plant extracts against Staphylococcusaureus 

dections.' African journal of biotechnology 8 no. 17 (200.9) 

.  Ag,T. R. I. V. E. N. I.,MENDEM SURESH Kumar, C. T. Shivannavar. and 

SUBHASCHANDRA 1. Gaddad. "Antibacteriala'ld anti-biofilm activities of 

cruae extracts of La sonia inermis against Methicillin Resistant 

Staphylococcusaureus. ' Asian J Pharm C!m Res 9, no.6 (2016): 263-5. 

5. Anmed1  Akhter Ahmed  a'ld Fraidoon Abdulqadrr Salih. 110uercusinfectoria 

galll extracts reduce quorum sensing-controlled virulence factors 

production and biofilm formation in Pseudomonas aeruginosa recovered 

fromburn wounds." BMC complementary and alternative medicine 19 

(2019): 1-11. 

6. AI-Bakri, Amal G.. Ghadeer Othman, and Fatma U. Afifi. "Determination of 



35  

Alte • • 

 

 
 
 

 

tibiofilm. anti adhesive, and anti--MRSA ... 

the an act1v1t1es of seven Salvia 
.05 .. Phannacognosy Magazine 6 no ( 
1 

5peC · ' • 
24 2010): 264. 

n,rnal, A. M., Hetta, H. F., Elkelish, A., Alkh l'f h 
J\(ga . a Ia , D. H. H., Hozzein, 

1- 'IJ. N., Bat1ha, G. E.-S., ... Mabrok, M. A. (2020). Methicillin-Reslstant 

hylococcus aureus (MRSA): One Healthp . 
staP . . erspect1ve Approach to 

he Bacterium Ep1dem1ology, Virulence Factors Ant·b· t· R. 
, 1 10Ic- esIstance 

and zoonotic Impact. Infection and Drug Resista V ' 
 

olume 

3265. 

nee, 13, 3255- 

mimi Ammar, Naoufal Lakhssassi Azam Bah . 
, , ar1oue,, Dennis G. 

s . watson,and David A. Lightfoot. "Phytochemicals: Extraction, isolation, 

and identification of bioactive compounds from plant extracts." Plants 6, 

no. 4 (2017): 42. 
 

9. AntibiofifilmActivityof Selected Medicinal Plant Leaf Extracts Against 

Arumugam,R., R.Ragupathi Raja Kannan,N. Arivuselvan, and P. 

Anantharaman."Antimicrobial potential of some seagrasses against 

phytopathogens."Seaweed Research and Utilization 32, no. 1& 2 (2010): 

177-183. 

1o.Becker,Karsten, Robert L. Skov, and Christof van Eiff."Staphylococcus, 

Micrococcus,and other catalase- positive cocci."Manual of clinical 

microbiology (2015): 354-382. 

 
11. Bou,German. "Minimum inhibitory concentration (MIC) analysis and 

susceptibility testing of MRSA." Methicillin-Resistant Staphylococcus 

aureus(MRSA) Protocols (2007): 29-49. 

12. Cech,Nadja B., Hiyas A. Junia, Laynez W. Ackermann, Jeffrey S. 

 
Kavanaugh, and Alexander R. Horswill. "Quorum quenching and 

ant1•.m1cro.b1alac.tI.v1ty of goldensea1 (HYdrast·I5canadensis) against 

t 



36  

1 

Han ' ' 

r 
.. rn-resistant Staphylococcus aureus (MRSA) ,. 

,riettt11cdI • Pianta medica 78, 
2012): 1556..1561. 

n0.14 ( 
·ee soroj Kumar, lndranil Bhattacharjee d 

13 
cnatterJ' , an Gautam Chandra. 

' . n and ident,'f,icat1·0n of bI'oactive antibact  . 
,,,5olatio ena components in leaf 

ts of vangueria spinosa (Rubiaceae) ., Asia P . . . 
e)(trac · n ac,fJcJournal of 

. al medicine 4, no. 1 (2011): 35-40. 
tropic 

. Eun Young, Jin Won Huh, Chae-Man Lim Yo . k 

14.ChOI, , unsuc Koh, Sung- 

Kim sang-Ho Choi, Yang Soo Kim Mi-Na Kim d S 
, an ang-Bum Hong. 

'''Relationship between the MIC of vancomycin and clinical outcome in 

patients with MRSA nosocomial pneumonia." Intensive care medicine 37 

(2011): 639-647. 

15_chua,Kyra, Frederic Laurent, Geoffrey Coombs, M. Lindsay Grayson, and 

Benjamin P. Howden. "Antimicrobial resistance: Not community 

associated methicillin-resistant Staphylococcus aureus (CA-MRSA)! A 

clinician's guide to community MRSA-its evolving antimicrobial resistance 

and implications for therapy." Clinical infectious diseases: an official 

publication of the Infectious Diseases Society of America 52, no. 1 (2011): 

99-114. 

16. Corrente, Marialaura, Gianpiero Ventrella, Maria Fiorella Greco, Vito 

Marte llla, Antonio Parisi, and Domenico Buonavoglia. "Characterisation of 

a catalase-negative methicillin-resistant Staphylococcus aureus isolate 

from a dog." Veterinary microbiology 167, no. 3-4 (2013): 734-736. 

17. Costa, Danielle Cristina Machado, Mariana Maria Barros de Azevedo, Davi 

Oliveira E. Silva, Maria Teresa Villela Romanos, Thais Cristina Baeta 

Soares Souto-Padron, Celuta Sales Alviano, and Daniela Sales Alviano. 

"In vitro anti-MRSA activity of Couroupita guianensis extract and its 

component Tryptanthrin." Natural Product Research 31, no. 17 (2017): 



37  

zo11-2oso. 
. William A. "Antimicrobial resistance issue 

1a.cra19,. /ogY . . . 
and mfect,ous disease 25 no 4( s   of the future." Diagno tic 

f11;crob10 ' • 1996): 213-217. 

tar, Porooshat. "Antimicrobial resist . . 
oadgos . ance. implications and 

19• ,, Infection and drug resistance (201g) 
costs. 

aJ· J., Mariasingarayan, Y., Ayyappan, s & K . 
oanar ' . . . . ·, arupp,ah, V. Seagrass 

zO. dule   pinifoha active constituent 4-methoxyb . . . 
Halo . . enz101c acid (4-MBA) 
. h'bits quorum sensing mediated virulence product,·on f P 
1n I  

• ,nosa. Microbial Pathogenesis.(2020) 
o seudomonas 

aeru9 
 

21. oanaraj, Jeyapragash, Saravanakumar Ayyappan, Yosuva 

Mariasingarayan, Issac Abraham Sybiya Vasantha Packiyavathy, and 

Jeba sweetly Dharmadhas. "Chlorophyll fluorescence, dark respiration 

and rnetabolomic analysis of Halodule pinifolia reveal potential heat 

responsive metabolites  and biochemical   pathways   under   ocean 

warming." Marine Environmental Research 164 (2021): 105248. 

22. oe Vincenti, Luca, Yvana Glasenapp, Cristina Catto, Federica Villa, 

Francesca Cappitelli, and Jutta Papenbrock. "Hindering the formation and 

promoting the dispersion of medical biofilms: non-lethal effects of seagrass 

extracts." BMC complementary and alternative medicine 18, no. 1 (2018): 1-

17. 

23. Devi, Prabha, Solimabi Wahidulla, Tonima Kamat, and Lisette D'Souza. 

"Screening marine organisms for antimicrobial activity against clinical 

pathogens." (2011). 

24. Divyakolu, Sireesha, Rosy Chikkala, Saipriya Kamaraju, and 

Venkataraman Sritharan. "Quorum quenching as a strategy for treating 

Methicillin Resistant S. aureus (MRSA)-Effect of E-Polylysine, ethanolic 

extracts of guava leaves and mango seed kernel." (2021). 

25. Dong, Guofeng, Haiyang Liu, Xiao Yu, Xiaoxiao Zhang, Hong Lu, Tieli 



38  

 
 

 

d Jianming Cao. "Antimicrobial and anr-b· 

zi,oU, an ' I IOfilrn activity of !annic 
·nst staphylococcus aureus." Natura/ 

cidaga1 
. 2225-2228. 

(2018), 

Product research 32n, o. 18 

 

Santos, Joycy FS, Saulo R. Tintino, ThiagoS d . 

26- pos ·na Irwin R. de A. Menezes, Jose P. Siqu .  ·. .e Freitas,F a· b"ia.F 

ca.rnP'haon
' 
d Fran. cisco AB Cunha. "In vitroe .e1. r.a-Jun1or, Henrique DM 

cout1n, in silica evaluation of the 
. -rI1on of Staphylococcus aureus efflux Pump  b . 

inh1b . . s Y caffe1c and gallic 
. ,, comparative Immunology, Microbiologya d . . 

acid. . 22-28. n 1n,ect,ous Diseases 57 

(2018)· 

rte Katia, Teresa AP Rocha-Santos  Anac F. 
27- oua ' . . ' · re1,as, and Armando 

rte "Analytical techniques for discovery of bcio.  t· 
oua · ac Ive compounds from 
marine fungi." TrAC Trends in Analytical Chemistry 34 (2012): 97-110. 

2s. Ebada, Sherif S., Ru Angelie Edrada, Wenhan Lin, and Peter 

Proksch. "Methods for isolation, purification and structural elucidation of 

bioactive secondary metabolites from marine invertebrates." Nature 

1p2ro(2to0c0o8l)s: 1,8n2o0.-1831.  3 

 

29_Edwards, Andrew M., Ruth C. Massey, and s. R. Clarke. "Molecular 

mechanisms of Staphylococcus aureus nasopharyngeal 

colonization."Molecularoral microbiology 27,no.1 (2012): 1-10. 

30. Endo, Eliana Harue, Gustavo Meireles Costa, Regina Yasuko Makimori, 

TaniaUeda-Nakamura, Celso Vataru Nakamura, and Benedito Prado 

Dias Filho."Anti-biofilm activity of Rosmarinus officinalis, Punica 

granatum and Tetradenia riparia against methicillin-resistant 

Staphylococcus aureus (MRSA) and synergic interaction. with 

penicillin." Journal of herbal 

medicine 14 (2018):48-54. 

 
31. Evren, Ebru, and Erkan Yurtcu. "In vitro effects on biofilm viability and 

antibacterial and antiadherent activities of silymarin." Folia 

microbiologica 60 (2015): 351-356. 

a 



39  

33· 
ferna , 

 
 
 

·de I. M., Aro, A. 0., Fasina, F. o El 

2·f9
(l1LIY'I 

 

 
•      • ., 

Off, J.N 
terial and ant1b1ofilm activity of ·, & McGawL J 

ntibac . acetone leaf , . . 
A ·1nvestigated south African Eugenia extracts of nine 

nder· and Sy-zy . 
u . 5 and their selectivity indices BM gium (Myrtaceae) 

5pecie . C C 
tive Medicine, 2019. 19(1). omplementary and 

,Alterna 

ndeZ L., K. Daruliza, S. Sudhaka
ran, and R J

 

·rnicrobial activity of the crude extract of p· · egatharnbigai. 
''Anti iper sarrnentosum . 

thicilin-resistant." Eur Rev Med Pharmaco/ S . against 

me c,16, no. 3 (2012): 105- 

11. 

t·ianni, Florinda, Filomena Nazzaro A 1. 
34. Fra ' ure io Marandino Maria del 

Rosario Fusco, Raffaele Coppola, Vincenzo D F , 
" . . . . e eo, and Laura De 

Martino. B1ochem1cal compos1t1on, antimicrob· 
1 

••• 

. . . ia activ1t1es, and anti- 
uorurn-sensing act1v1t1es of ethanol and ethyl 

q acetate extracts from 
Hypericum connatum Lam.(Guttiferae) " Journal of M d' . 

· e 1cma1 Food 16 
no. 5(2013): 454-459. ' 

35_Garoy, E.Y., Gebreab, Y. B., Achila, O. o., T-ekeste, D. G., Kesete, R., 

Ghirmay, R., ..• Tesfu, T. (2019). Methicillin-Resistant Staphylococcus 

aureus (MRSA): Prevalence and Antimicrobial Sensitivity Patttern among 

Patients-A Multicenter Study in Asmara, Eritrea. Canadian Journal of 

Infectious Diseases and Medical Microbiology, 2019 

36. Glasenapp, Yvana. "Analysis of the bioactive compounds of seagrasses 

and mangroves: composition, identification of compounds and their role 

in biofilm inhibition." (2019). 

37. Gubbay, Jonathan B., lain B. Gosbell, Thelma Barbagiannakos, Alison M. 

Vickery, Joanne L. Mercer, and Michael Watson. "Clinical features, 

epidemiology, antimicrobial resistance, and exotoxin genes (including 

that of Panton-Valentine leukocidin) of gentamicinsusceptible methicillin 

resistant Staphylococcus aureus (GS-MRSA) isolated at a paediatric 

teaching hospital in New South Wales, Australia." Pathology 40, no. 1 

(2008): 64-71. 



 

1 

H 

ScO O 

· mIc . 

 
 
 
 
 

 

'1 song, G,, Sun, M., Wang, J., & Wangy ( 
0 l   '' 1     ' 

202Q) p 
i1S,GIJ ' , of Antlbiotic-R i tance in taphyl · revalence and 
;; rap1es . . 9coccu au . 

fh8 d Infection MIcrob1ology, 1o. eu · Frontiers in 
ce11u1aran 

uaroottIe, 
H.,

 
s. Thakur, . Zha , and 

. 
O· 

G
· 

. 
White 

 
"G . 

39.r' .. 
1
robial resistanc ." Animal biotechnoloqy 17 · enetics of 

80t1rn c · , no. 2 (2006) 

uardY, B. L., Bansal, G., Hewlett, K. H., Arora, A., Schaffer S D K 
40 r• W & M II , . ., amau 
. 

E,,, 
0ennett, J. ., erre , D. S. (2020) A f . . ' 

. . . n im1crob1al Activity of 
.. a lllY Isolated Bacterial Species Against St h 

c11n1c . . . ap Yococcus aureus. 

Frontiersin M1crob1ology, 10. https://doi.org/1o 3389/f .b 
2019.02977 

rdY Britney L., Garima Bansal, Katharine H. Hewlett A h. 
41, a ' . , rs Ia Arora 

tt D. Schaffer, Edwin Kamau, Jason W. Bennett and S ' 
, . cott Merrell. 

''Antimicrobial activity of clinically isolated bacterial 
8pec,.es aga.inst 

Staphylococcus aureus." Frontiers in microbiology 1o(2020):2977. 

42. Holmberg, Scott 0., Steven L. Solomon, and Paul A. Blake. "Health and 

economic impacts of antimicrobial resistance." Reviews of infectious 

diseases (1987) 

43. Holmes, Alison H., Luke SP Moore, Arnfinn Sundsfjord, Martin Steinbakk, 

Sadie Regmi, Abhilasha Karkey, Philippe J. Guerin, and Laura JV 

Piddock. "Understanding the mechanisms and drivers of antimicrobial 

resistance." The Lancet 387, no.10014 (2016) 

44. lghodaro, 0. M., and 0. A. Akinloye. "First line defence antioxidants 

superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase 

(GPX): Their fundamental role in the entire antioxidant defence 

grid." Alexandria journal of medicine 54, no. 4 (2018): 287-293. 

45. Islam, M. A., Mohammed M. Alam, M. E. Choudhury, 

Nobumichi Kobayashi, and M. u. Ahmed. "Determination of 

minimum inhibitory concentration (MIC) of cloxacillin for selected 

i
r
s
e
o
s
la
is
t
t
e
a
s
nt

of  m
S
e
ta
th
p
ic
h
il
y
lin
lococcus       aureus       (MRSA)      with        th8ir 

antibiogram." Bangladesh Journal of Veterinary Medicine 6, no. 1(200B): 

 
 

 
40 



 

s 

 

 

 

 
 

. S les, Abolfazl, Farhad Farhadi M . 
farl'a , ehd1 I: . 

46- Ja. t-Nazloo. "Study of antibiotic resist 2d1yadi, and Davod 
1arb1a ance Patter. o 
. t Staphylococcus aureus isolat d n in rnethici lll' 
resistan b. I " / t . e frorn clinical in. 

·1 Is in Ta nz- ran. n erna tttonaJ Jour I . samples of 
11osP1a na of B1ornedi . 

Healllh, 1 no.2 (2018): 71-75. · cme and Public 
 

e Asmita B., Sanhita V. Patil Dip I 
Jaran9, ' a ee D. Malkhd 

4
o
· 
e0dhar, Vinod S. Nandre, SulakshanavAth . e e, Shreya M. 

 ·dhar P · G9... · are, K1sanM Kodarn and
 

shn JJ1. ''p-Sulfonato
ca11

- 
xarene 

• , 

. sulfonatoc•ahxarene: encapsulation of tenf . . versus P· 
th1a 
nd implications 

Oovir d1soproxi1f 
to ESI-MS, HPLC, NMR DF umarate 

aactivities." Journal of lnclus,.on  Phenom, ena T and  anli-MRSA
 

Chemistry 99 (2021): 43-59. and Macrocyc/ic 

 

Kannappan,Arunachalam, Boopathi Balasubra . . 
48. maniam,  Raiendhran 

Ranjitha, Ramanathan Srinivasan, Issac Abraham b' V 
Y 1ya asantha 

Packiavathy, KrishnaswamyBalamuruganShunm • h K 
, ug1a arutha 

Pandian, and Arumugam Veera Ravi. "In vitro and in vivo biofilm 

inhibitory efficacy of geraniol-cefotaxime combination against 

Staphylococcusspp." Food and Chemical Toxicology 125 (2019): 322- 

332. 

 
49. Karska-Wysocki, Barbara, Mari Bazo, and Wanda Smoragiewicz. 

"Antibacteria ctivity of Lactobacillus acidophilus and Lactobacilllus casei 

against methicillin-resistant Staphylococcus aureus 

(MRSA)."Microbiological research 165, no. 8 (2010): 674-686. 

50. Kepa, Ma!gorzata, Maria Miklasir\ska-Majdanik, Robert D. Wojtyczka, 

Danuta ldzik, Konrad Korzeniowski, Joanna Smolen-Dzirba, and Tomasz 

J. Wqsik."Antimicrobial potential of caffeic acid against Staphylococcus 

aureus clinical strains."BioMed research international 2018 (201B). 

51 
·Khan, Fazlurrahman, Nilushi lndika Bamunuarachchi, Nazia Tabassum, 

and Young-Mag Kim."Caffeicacid an.d its den•vati·ves.• antimicrobial drugs 
 
 
 

 

41 

1 



42  

 

toward microbial pathogens." Journal of Agriculturaland Food 

Chemistry 69, no. 10 (2021): 2979-3004. 

 
52. Khan, Fazlurrahman, Nilushi lndika Bamunuarachchi, Nazia Tabassum, 

andYoung-Mog Kim. "Caffeic acid and its derivatives: antimicrobial drugs 

toward microbial pathogen ." Journal of 

Chemistry69, no. 10 (2021):2979-3004. 

Agricultural and Food 

 

53. Khin,Manead, Sonja L. Knowles, William J. Crandall, Derick D. Jones Jr, 

Nicholas H. Oberlies, NadJa s. Cech, and Joelle Houriet. "Capturing the 

antimicrobial profile of Rosmarinus officinalis against methicillin-resistant 

Staphylococcus aureus (MRSA) with bioassay-guided fractionation and 

bioinformatics." Journal of pharmaceutical and biomedical analysis197 
(2021): 113965. 

 
54 Kumar, Sanjeet, K. Jyotirmayee, and Monalisa Sarangi. "Thin layer 

chromatography: a tool of biotechnology for isolation of bioactive 

compounds from medicinal plants." International 

Pharmaceutical Sciences Review and Research 18, no. 1 

132. 

Journal of 

(2013): 126- 

 

55. Kumar, Vinod. "Antimicrobial activity of rhizome extract of Acorus calamus 

against different micro-organisms." Octa Journal of Biosciences 2, no. 1 

(2014). 

 
56. Kuo, David, Guanping Yu, Wyatt Hoch, Dean Gabay, Lisa Long, 

Mahmoud Ghannoum, Nancy Nagy, Clifford V. Harding, Rajesh 

Viswanathan, and Menachem Shoham. "Novel quorum-quenching agents 

promote methicillin-resistant Staphylococcus aureus (MRSA) wound 

healing and sensitize MRSA to -lactam antibiotics." Antimicrobial Agents 

and Chemotherapy 59, no. 3 (2015): 1512-1518. 

57. Lee, Jin-Hyung, Joo-Hyeon Park, Hyun Seob Cho, Sang Woo Joo, Moo 

Hwan Cho, and Jintae Lee. "Anti-biofilm activities of quercetin and tannic 

acid against Staphylococcus aureus." Biofouling 29, no. 5 (2013): 491- 

499. 



43  

n 

, , m t I\ ,tth tt 111 I II rd 

' J  Jul ,t  

 

I   J1flllll ' " "'1Will till \Ill " I ( 11111• Oil. II HVIV I 

. i tu,,l i,1l n 11 : lit ,,1 I 1l1t  I prlv 11on or, ,tt 

i 11 iul ,nih II , 

) 1 ' l. 

HH1' 11, Iopll I ,  >V \II  II   A,111,11,. ll 1I ,ny(1
,1 

 
 

 

 r i hn 
 

 

rvl I. tf ll1 iltc ll Mlllh I, 

Ill  Ill  lllh 11111 I I l 1111 

1 ( I l ) !>' 7-' ,10 

111 I W litlllJlrlll. "W ,rl f wlJ 

11.tpl1ylrn,oc,Lt1,  1  tr   l,J   "    /11 

 

I\I r. 

11 bn m 
 

 

t 1  Nt1 illl, yul  I i1wc111 1ti I lt11
,    u1,  Kl1.tlld  Alirn  J, 

h n, i NdW'l   isll /\Ii, t   11<1 yt I 11ml At,ldi.  )01'2. 

f th Antlllllu binl ·111i /\nli Illl >111111 Acliv ty of N:JI Jt:JI 

Compound nd 

aw eu I elates" Moh cul 

1, 11 /\1ll ,1 >9lH' 

s .27 

cH niI f /, ,pl,y/o(;()(,(,/1.'t 

 

6- f\lehtap Kutlu, H., Lutfl C  nc, nd Garnz GlHH'Y "r11 irnr a ,tc f c, rrr:ic 

 
acid loaded solid lipid nanoparliclc,s on cancer lrt!c1lrno11l " Curt< nl 

 
Nanoscience 9. no. 6 (2013): 698-703. 

 

63. Michael, Carolyn Anne, Dale Dominey Howcb, c1nd Maurizio ubbatc. 

"The antimicrobial resistance crisis: caus .s, consequ ncE..s, ('. nd 

management." Frontiers in public health 2 (2014): 145. 

64. Mishra, Rojita, Amrita Kumari Panda, Surajil De Mandal, Muhammad 

Shakeel, Satpal Singh Bisht, and Junaid Khan. "Natural anti-biofilm 

agents: strategies to control biofilm-forming pathogens." frontiers in 

Microbiology 11 (2020): 566325. 

65. Neyra RC, Frisancho JA, Rinsky JL, Resnick C, Carroll KC, Rule AM, 

Ross T      You Y ,   Price   LB,   Silbergeld   EK.   Multidrug-resistant   and 

'
methicilli -resistant Staphylococcus aureus (MRSA) in hog slaughter and 

· lant workers and their community in North Carolina (USA). 
processing p 

Environ Health Perspect.2014 May 

, 



 

 
 
 
 
 

 

  Zh n 
 

L ngh Zh ng. Anti 
 

a est r on car'ogenic bactena nd Str ptoco u mut n 
 

1ofif . Ant,rnic ob,al Agents and Chemothe py 6 no.9 20 0 : 
 

e00251-20. 
 

oth1as. Louis-Felix eh 

 
 

Noth1a -Espo Jto. Ric rdo D Sil • 

ingx m Wang 
1B1oact1vity-ba 

I an  

d r ol .. ul 
Zh ng t ng Abi Sarv p Iii t I. 

1 cov ry of dru le d in 

natural produ 

product 

                        lion " loLlfn I f n tur, I 

 

68.0kwu U. AO 

RSA 

I cvbu OE 

n "mli- RSA 

M h1 tllin- 

ctiv1tl f 

 
Apr E 

 
 

 

nL: A brief 

 
 

n cG J 

· v ,. Al   S i robio 201c 

 
 

2022 Antibacter al - 
 

01 vas I a1 lbL.i un . . Fa 1 1de, and Lyndy J.  
 

   1!m cti i yo' selec ed medicinal pla 
 

e   ra a  ain '10ge  s i  1pl1cated in po JI ry  diseases.'  F 01 

 

1 .e"i1 at IS ir.nce 9 (2022). 

. o o , ar"e Pierre Em.lie , rti Ce ric Ba iou Segolene Lebrun, 

.' .., el;:) ne_ t:ran .o·- Va ·e e ch, Jerome E ien e Gerard Li a and 
 

a a dfec.s o, su i hibitory concen rations o antibiotics on 

0 J'      "'ommunity-acquired methicillin-resis an 
 

 e . 
 

2 - ,.. 2 

Jo. al o, An"imicrobial Chemotherapy 68 no. 7 



 

n r: 

71 1 
_parekh, Jigna, Oarshana Jadeja and 

mi
 

aqueous and methanol extracts of 
 

antibacterial activity." Turki''h Journal of BirJ/ogy 2"-J 
 

72. peacock Jr, James E., David R. Moorrna , i., ad , 

 

 

N z . , , fj 

Mandell. "Methicillin-resistant taphytor,,r;r.,r,w a r : 

characteristicsf antimicrobial susceptibili i'::' ard r:3£ P,  11 

of an epidemic strain." Journal of Jnf fir;u) uijf:& '3'., 44 _ 
1 

575-582. 

 
73. Pesavento, G., B. Ducci._ Comodo. 8nd A.L 

resistance profile of Staphylococcus aurE;u sr;,;:j e;rj i 

research for methicillin resistant S aphJloc.,z..r.,.J,.=>a 

 

control 18, no. 3 (2007): 196-200. 
 

74. Phuong, Nguyen Thi Ma, go /ar, O arg a Tnu 'IB 
 

Chutima Kuhakarn, I c h a i Peutrav 1. a ct :,en 3,..;,. i .... " •./"J' 

activity of a-mangostin extracteo frorn Ga--(, r-a ,...,.._o S h " B -· ar.,a' ., 

Staphylococcus aureus ·· Asian Pacific Jouma rf "0p, al med,,;!".· "'), --- - 

12 (2017): 1154-1160. 

 

75. Piasecki, BarUomiej, Anna B,ernasiur Adr a"',,a S, sa V r J a :,....-g ,:...-a- 

Wozniak, and AgnieszKa LJduiczLJY. "Corri00s fo , A ·- . P':J.. a · · 

and toxicity of essental oils from CJrroopogo s sc e: Ac ec le: L6 

24 (2021): 7542. 

 
76. Picologlou, Basil F.: Will arri G. Cr•aracklis. an     

growth and hydraulic performance.· Journal of the Hydrauics Di1b0n .... 0 

no. 5 (1980)· 733-746. 

 

77. Rt.ee, Lou·Is B. "An,tim.c"ob·a res!s·a ce ·n gram-,..8s· · e 

bacteria." American journal of infection control 34, no. 5 2G " : s--- ...-S 9. 

78. Rozalski, M., Micota, B., Sadowska, 8., Stochmal, A, Je re·e , •: 

Wieckowska-Szakiel. M., & Rozalska, B. (2013). Antiadherent and 

Antibiofilm Activity of Humulus /upulus L. Derived Products: New 

P,,j.,, armaco1o.g,ca1 prioperties· BioMed Research lntema ·anal, 2013 



 

r 

t 

 
 
 
 
 
 
 

Rozalski, Marcin, Bartlomiej Micot 
79. . . . ' ct Jow k---,  Annr1  tJ   t  11L 

oanusz JedreJek, Marzena W1eckow ka- , k1'0 · 
. . '-l 1,, ncJ I nrbm 

"Antiadherent and ant1b1ofilm activity of Humult lup1Jli , I , d, r1w d 

products: new pharmacological prop rti I     ."    nt,,M,,,1 
t:) rr, (J(Jf {;/1 

,ntemational 2013 (2013). 

 
B0. saotom. e. K., .H.. Morita, and M· Um  da. "Cytotoxlclty t, t t with  ,1rnplllf1 d 

crystal 11olet staining method using microtit ,.   
, . 

re P1a 1 r. nd It r...tppli ,Htl ,, to 

inJection drugs." Toxicology in vitro 3, no. 4 (1989,)3:17_3_21 

81 
sethupathy, Sivasamy, Loganathan v·igneshwari, Alaguvr I V,Jlli::m,rrni, 

Krishnaswamy Balamurugan, and Shunmugiah Karutha P-mdir-n. "I .. 

Ascorbyl 2 6-dipalmitate inhibits biofilm formation and virul, nr,L in 

methicJllin-resIstant Staphylococcus aurelA•• s ancJ ,nrc1vonts 1r• n cy1<JIyccm·cJc 

accumulation in Caenorhabditis elegans." RSG advflncoi:, I, no. W 

(20A  7 )' 23392-23406, 

82. Silva, V., Almeida, l., Gaio, V., Cerca, N., Manageiro, V., Carn a, M., ... 

Poeta, P. (2021). Biofilm Formation of Multidrug-Resistant MRS/\ .)train 

Isolated from Different Types of Human Infections. Pathogons, 10(8), 

970. 

83. Soleiriany Rahimabadl, Masoumeh, Seyed Mohammad Ho scin1 Nasr, 

Hamid Jalilvand, Seyed Mohammad Hodjati, and Pouria B1parva. 

11Phytochemica1 Study of Ethanolic Extract of Fraxinus excelsior L. in 

Different Habitats of Hyrcanian Forests in Mazandaran Province." Eco 

phytochemical Journal of Medicinal Plants 9, no. 2 (2021): 1-21. 

84. Stapleton, Paul o., and Peter W. Taylor. "Methicillin resistance in 

Staphylococcus aureus: mechanisms and modulation." Science 

progress 85, no. 1 (2002): 57-72. 

85. Subramani, R., Narayanasamy, M., & Feussner, K.-D. (2017). Plant 

derived antimicrobials to fight against multi-drug-resistant human 

 

pathogens. 3 Biotech, 7(3). 

swari SN Velvizhi G, et al. (2012) Detection of 
86. Sucilathangam G, Gama the ' 

. . f edicinal plant Quercus infectoria against 
antibacterial act1vIty o m 

 
46 



47  

I iso ates m clinical 

 

 

 

 

 

r,1 th
• cillin..resistant Staphylococcus aureus (MRSA) . 

1 
. .. 

rnples. J Pharmaceu Biomed Sci 14: a 
5 

1. r n, 
L i

' 
Ziao Zhou, Xiangmei

.
Liu, Jun Li

' 
Yufeng Zh Zh 

" eng, enduo Cui, 
i njin Yang et al. Overcoming multidrug- resistant MRSA using 

c nVentional aminoglycoside antibiotics " Advanceds . 
· c1ence 7, no. g 

(2020): 1902070. 
 

88- U. OkwU, M., Olley, M., 0. Akpoka, A., & E. lzevbuwa, 0. 

(2019). Methicillin-resistant Staphylococcus aureus (MRSA) and anti- 

MRSA activities of extracts of some medicinal plants: A brief review. 

AIMS Microbiology, 5(2), 117-137. 

 
89_van Gent Miriam E., Muhanad Ali, Peter H. Nibbering, and Sylvia N. 

Ktodzinska. "Current advances in lipid and polymeric antimicrobial 

peptide delivery systems and coatings for the prevention and treatment of 

bacterial infections." Pharmaceutics 13, no. 11 (2021): 1840. 

90. Vestergaard, Martin, Dorte Frees, and Hanne lngmer. "Antibiotic 

resistance and the MRSA problem." Microbiology spectrum 7, no. 2 

(2019): 7-2. 

91. Vijayakumar, K., & Ramanathan, T. (2018). Antiquorum sensing and· 

biofilm potential of 5- Hydroxymethylfurfural against Gram positive 

pathogens. Microbial Pathogenesis. 

92.  Villa, Federica, and Francesca Cappitelli. "Plant-•derived bioactive 

compounds at sub-lethal concentrations: towards smart biocide-free 

antibiofilm strategies." Phytochemistry reviews 12 (2013): 245-254. 

93. Watkins, Richard R., Marisa Holubar, and Michael Z. David. "Antimicrobial 

resistance in methicillin-resistant Staphylococcus aureus to newer 

antimicrobial agents." Antimicrobial agents and chemotherapy 63, no. 12 

(2019): e01216-19. 



48  

r 
 
 

 

94_Wei G, H  . Antib t ri I 

peptid g in t M thi illin 

s i. 2022 Jul 21 

nd Antibi film 

i t nt t ph I 
tlvltl 

LI 

 
f N V I 

uri u . Int J M I 

 

95. Williams, Maggi R., ob rt . t dtf .Id. u pin u nd y d A. 
I 

Hashsham. "Antimi .r bi I 

Environment Re ar h , n . 1 

 

( 01 ) 

in th nvir nm nt." Wit r 

 

g6. World H alth rgani · t1 n. " I b I 

resistance." (201 ) 

ti n pl n n ntimi robi I 

 

97. Wu, Bing. Evan F. Haney, Nou hin Akhound r1d gh, D ni I Pl tz r, 

Michael J. Trimble, Alwin E. Adriaans, Pet r H. N1bb .rin , nd Rob rt 

EW Hancock. "Human organoid biofilm model f r c1 ...;:,,;:,,.:;-o....;iing ntibi film 

activity of novel agents." npj Biof1/m and Microllic rn. , 7, no. ·1 ( 021): 8. 

98. Zhao, Lei. Vu Dang La, and Daniel Grenier. "Antibdcteri' L anti dh r nee, 

antiprotease, and anti-inflammatory activitie of variou t .n xtr· ct : 

potential benefits for periodontal diseases." Journal of rn dicin.. I food 16, 

no. 5 (2013): 428-436. 



 

 


