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Abstract

Understanding the mechanisms of antibiotic rest&#da important in the development of strategiesdiwing
the problem. Active efflux of drugs, alteration tafget sites and enzymatic degradations are thé&egtes by
which pathogenic bacteria acquire or develop isicirresistance to antibiotics. Multi-drug resiser{MDR)
pumps, capable of recognizing and expelling a wamé structurally unrelated compounds from thetbaal
cell and conferring resistance to a wide rangentibaotics have since been characterized in maaynguositive
and gram negative pathogens like StaphylococcusuauPseudomonas aeruginosa, Escherichia colinaor,
recently, in mycobacteria. The ability of some clehcompounds to modify the resistance phenotype i
bacteria by working synergistically with antibiatién vitro has since been observed. The searclsudoh
compounds which can be combined with antibioticgdhia treatment of drug resistant infections mayahe
alternative to overcoming the problem of resistandeacteria.
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1.1 Introduction

Since the discovery of antibiotics and their useslzemotherapeutic agents, there was a beliefeinmixdical
fraternity that this would lead to the eradicatafrinfectious diseases. However diseases and @isegmnts that
were once thought to have been controlled by aiiids are returning in new forms resistant to aatib
therapies (Levy and Marshall, 2004). Incidentsmiflemics due to such drug resistant microorganamsow

a common global problem posing enormous public theabncerns. The global emergence of multi-drug
resistant bacterial strains is increasingly lingtithe effectiveness of current drugs and signifigacausing
treatment failure of infections (Hancock, 2005). aFwles include methicillin-resistant staphylococci,
pneumococci resistant to penicillin and macrolidesncomycin-resistant enterococci as well as muigd
resistant gram-negative organisms (Norrby et ap52. As resistance to old antibiotics spreads, the
development of new antimicrobial agents has toXpedited if the problem is to be contained. Howgvtee
past record of rapid, widespread and emergencesistance to newly introduced antimicrobial agémdécates
that even new families of antimicrobial agents Wwilve a short life expectancy (Coates et al., 2002)

Confronted with a possible shortage of new antiob@ls, there is need to ensure a careful use of ou
available drugs. This has led to calls for conéiluse of antibiotics through the reduction of desased per
regime of treatment or by regulating prescriptiansareas such as animal husbandry and aquaculture
(Hernandez, 2005). While reduced use could leatkttayed resistance development, the emergencesisfanet
strains is from an evolutionary viewpoint inevitablt becomes imperative therefore that alternajeroaches
are explored. Targeting and blocking resistancegases could be an attractive approach. The presérdfiux
pumps and multidrug resistance (MDR) proteins itibétic resistant organisms contribute signifidgrto the
intrinsic and acquired resistance in these pathegéhe discovery and development of new compouhds t
either block or circumvent resistance mechanisnutdcionprove the containment, treatment, and eraidicaf
these strains (Oluwatuyi et al., 2014).

A few studies such as Gibbons et al. (2003), Dinksioal. (2006) and Braga et al. (2005) have replort
that plant extracts can enhance the in vitro agtief certain antibiotics against strains of MDRy$tylococcus
aureus and other pathogens. These studies haveptarthe search for such MDR Pump or Efflux Pump
inhibitors from medicinal plants. This paper reviethe mechanisms of resistance to antibiotics biyoggenic
bacteria and how such processes can be curtailthebyse of plant extracts and plant derived comgsun a
bid to highlighting the importance of this untappedource in the fight against the spread of astiibresistant
pathogens. The development of resistance in bacierone of the mechanisms of natural adaptatiothéo
presence of an antimicrobial agent that inhibitsceptible organisms and selects the resistant dsreder
continued selection pressure, the selected resistganisms multiply and spread to other geografudations
as well as to other microbes by transfer of reststagenes (Levy and Marshall, 2004). Selectionesistant
strains occurs so rapid for some bacteria thatcelirusefulness of the antibiotics is lost withi®b gear period
(Bush, 2004). The emergence and spread of micnbla¢sre resistant to cheap and effective firstaghdrugs
has become a common occurrence. The problem is reeea evident in bacterial infections which contiio
most to the global infectious disease burden ssdtia@rheal, respiratory tract, meningitis, sexusathnsmitted
infections, and tuberculosis (WHO, 2015).

34



Journal of Health, Medicine and Nursing www.iiste.org
ISSN 2422-8419  An International Peer-reviewaardal E-I_.!l]
Vol.32, 2016 IIS E

1.2 Challenge of Antibiotic Resistance

The development of resistance in bacteria is ont@inechanisms of natural adaptation to the poesehan
antimicrobial agent that inhibits susceptible oigars and selects the resistant ones. Under coutiselection
pressure, the selected resistant organisms muhipdlyspread to other geographic locations as getb ather
microbes by transfer of resistance genes (LevyMashall, 2004). Selection of resistant strainsuogso rapid
for some bacteria that clinical usefulness of théb#otics is lost within a 5 year period (Bush,020. The
emergence and spread of microbes that are resistattieap and effective first-choice drugs has beca
common occurrence. The problem is even more eviteiiacterial infections which contribute most tet
global infectious disease burden such as diarrnegpiratory tract, meningitis, sexually transnaittefections,
and tuberculosis (WHO, 2015). Resistance to pdinicih S. aureus first appeared in 1942 immediately
following its clinical use. By the late 1960s, motlean 80% of both community- and hospital-acquired
staphylococcal isolates were resistant to penicjlliowy, 2003).

1.3 Mechanism of resistance

The use of antibiotics should have created a cafast situation for microbial populations but tgenetic
flexibility allowed bacteria to survive and multyjplinder the antibiotic pressure. Bacteria can tresitbiotics as
a result of chromosomal mutation or by exchanggesfetic materials, which carry resistance genesutfn
transformation, transduction or conjugation by plaks. The mechanism of resistance to antimicrobggnts
can be due to (Rice & Bonomo, 1996):

() Impermeability of the drug: This is the most freque&ause of intrinsic resistance. Resistance in
Enterococcus sp. and Pseudomonas aeruginosa islagample of such mechanisms;

(ii) Alteration in target molecules—This is one of thestniimportant mechanisms of resistance to clinjcall
used antibacterial drugs, for example, methiciléisistant S. aureus with altered penicillin binding
proteins;

(i) Enzymatic drug modifications—b-lactamase enzymaseotly account for most of the resistance to
penicillins and cephalosporins. b-lactamases affectommon drug site i.e., b-lactam ring.
Penicillins, cephalosporins, monobactams and caeps can all be hydrolyzed by multiple
members of the beta lactamase family of enzymesjlthreg in a microbiologically ineffective
compound. The other important class of antibiotiadjich are destroyed by enzymes are
aminoglycosides due to the action of aminoglycosidmodifying enzymes produced by the
bacteria;

(iv) Efflux—The role of efflux of drug from the bactelrieell as a resistance mechanism is comparatively
less common in clinical practice.

1.3.1 Alteration of target site

Chemical modifications in the antibiotic target magult in reduced affinity of the antibiotic t® ibinding site
(Lambert, 2005). This is a mechanism employed mumber of pathogenic bacteria in evading the effdct
antibiotics. Modifications are usually mediateddmnstitutive and inducible enzymes. Resistancedoratides,
lincosamide and streptogramin B antibiotics (MLS®Bistance) in pathogenic Streptococcus speciesesult of
methylation of the Rl amino group of an adenine residue in 23S rRNA.sTisi presumed to cause
conformational changes in the ribosome leadingettuced binding affinity of these antibiotics toithginding
sites in the 50S ribosomal subunit (Seppala etl898). Beta-lactams antibiotics function by birgito and
inhibiting the biosynthetic activity of PenicilliBinding Proteins (PBPs), thereby blocking cell valhthesis. In
S. aureus and S. pneumoniae, resistance to -lactambe a result of mutations leading to the prtodooof
PBP2a and PBP2b respectively. The two proteins haeeluced affinity for -lactams and yet they taker the
functions of normal PBPs in the presence of inbilyitevels of -lactams (Golemi-Kotra et al., 20@3ebe and
Hakenbeck, 1996). This mechanism of resistancdsis responsible for -lactam resistance in non-almetse
producing Haemophillus influenza (Matic et al., 3p1

1.3.2 Enzymatic inactivation

The production of hydrolytic enzymes and group dfarases is a strategy employed by a nhumber obgatis
in evading the effect of antibiotics (Wright, 2008enes that code for antibiotic degrading enzyaresoften
carried on plasmids and other mobile genetic elésnebhe resistance to -lactam antibiotics by bathnyg
negative and gram positive bacteria has long b&ghuwted to -lactamases (Frere, 1995). These eagyonfer
significant antibiotic resistance to their bactehasts by hydrolysis of the amide bond of the fovembered
lactam ring (Wilke et al., 2005). Resistance torarglycosides in gram-negative bacteria is moshaftediated
by a variety of enzymes that modify the antibigtiolecule by acetylation, adenylating or phosphaiyte(Over
et al., 2011).

1.3.3 Antibiotic efflux

It is now widely recognized that constitutive exggien of efflux pump proteins encoded by house-keep
genes that are widespread in bacterial genomdargiy responsible for the phenomenon of intrirgsitibiotic
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resistance (Lomovskaya and Bostian, 2006). Segtudies have shown that active efflux can be a am@sm
of resistance for almost all antibiotics (Li et, d994a; Gill et al., 1999; Lin et al., 2002). Timajority of the
efflux systems in bacteria are non-drug-specifiotgins that can recognize and pump out a broaderanfig
chemically and structurally unrelated compoundsnfioacteria in an energy-dependent manner, withoug d
alteration or degradation (Kumar and Schweizer5200he consequence of this drug extrusion is th&ads
to a reduced intracellular concentration of thenaietobial such that the bacterium can survive urmenditions
of elevated antimicrobial concentration (Marque@0%). The MIC of the drug against such organismis bei
higher than predicted.

1.3.4 Some characterized efflux proteins of pathogenic bacteria

The NorA protein of S. aureus is the best studiesmosomally encoded pump in pathogenic grampesitiv
bacteria (Hooper, 2005). It is present in S. epideis but appears to be absent in Enterococcusalisenr in
gram-negative organisms, such as E. coli and Kumoaiae (Kaatz et al., 1993). Overexpression ofNbeA
gene in S. aureus confers resistance to chlorangaiemd hydrophilic fluoroquinolone antimicrobigldooper,
2005; Kaatz and Seo, 1995). QacA is a member ofnidyer facilitator super-family of transport protsj which
are involved in the uniport, symport, and antipofta wide range of substances across the cell naarebr
(Mitchell et al., 1998). The QacA multidrug exparfeom S. aureus mediates resistance to a widey arfa
monovalent or divalent cationic, lipophilic, anterdbial compounds. QacA provides resistance toethasious
compounds via a proton motive force-dependent arttipechanism (Brown and Skurray, 2011).

1.4 The Use of Resistance Modifying Agents in Comiation with Antibiotics to Overcome Resistance

The selection pressure exerted by the continuesepoe of bactericidal or bacteriostatic agentdifaiss the
emergence and dissemination of antibiotic resigtaygmes. Over generations, the genotypic makebpatérial
populations is altered (Taylor et al., 2002). Thiaical implications of this are that many infeat® become
untreatable resulting in serious morbidity and m@idst. Although the introduction of new compoundgoi
clinical use has helped to curtail the spread sitant pathogens, resistance to such new drugsidweloped in
some cases. For instance, resistance to the liidpemlaptomycin among clinical isolates of Entexmis
faecium has already been detected (Pankey el0@l5)2This is despite the fact that the drug west ficensed in
2003 (Norrby et al., 2005). It has been observedséyeral studies that antibiotic combinations cameh
synergistic benefits and interactions between iexjsantibiotics (Bayer et al., 1980; Hooton et dl984;
Cottagnoud et al., 2000; Hallander et al., 1982\e8al current therapeutic regimes are based oergigtic
interactions between antibiotics with differentgetr sites. As new antimicrobial compounds are disad,
there is need to assess their potentials in cortibingherapies with old antibiotics that have beendered
ineffective by the development of resistant straiegen when such compounds are not directly evigent
inhibitory. Taylor et al., (2002) suggested that tise of agents that do not kill pathogenic baateut modify
them to produce a phenotype that is susceptibfeet@ntibiotic could be an alternative approacthétreatment
of infectious disease. Such agents could rendep#tieogen susceptible to a previously ineffectinéhbéotic,
and because the modifying agent applies little dinect selective pressure, this concept coulds slown or
prevent the emergence of resistant genotypes. ffikition of resistance expression approach wasesasfully
used in the production of Augmentin, a combinatadramoxycillin and clavulanic acid (Reading and &ol
1977). In this case, clavulanic acid is an inhibitf class-A -lactamases which is coadministereth wi
amoxicillin. The combination has been used clirficaince the late 1970s (Neu et al., 1993). A ssmdpproach
can be used for target-modifying enzymes and fiwegystems. A number of in vitro studies havearted the
use of plant extracts in combination with antilisti with significant reduction in the MICs of thatidiotics
against some resistant strains (Al-hebshi et @062 Darwish et al., 2002; Betoni et al., 2006)e Tdurative
effect of plant extracts in this combination studyas been variably referred to as resistance
modifying/modulating activity (Gibbons, 2004). Thability of plant extracts to potentiate antibigtibas not
been well explained. It is speculated that inhilsitof drug efflux, and alternative mechanisms aiosccould be
responsible for the synergistic interactions betwpkant extracts and antibiotics (Lewis and AusuR€06;
Zhao et al., 2001).

1.4.1 Efflux pump inhibition in combination with antibiotics as a strategy for overcoming resistance

The discovery and development of clinically usétflux Pump Inhibitors (EPIs) that decrease theeaffreness
of efflux pumps represents a significant advancthéndevelopment of therapeutic regimes for thattnent of
MDR-related conditions. This approach termed thé &Ritegy (Lomovskaya and Bostian, 2006), is based
blocking the activity of the pumps, resulting iretlaccumulation of the antibiotic inside the baetegell,
consequently increasing access to its target diteaddition, this will lead to increased susceifitip of the
bacterium, thus implying that the therapeutic effefcthe drug is achieved with low concentratioBembining
broad spectrum efflux pump inhibitors with currenags that are pump substrates can recover cliyicgevant
activity of those compounds and thus may provide demensions to the ever increasing need for devetnt
of new antimicrobial agents (Kaatz, 2012). This rapph will in addition lead to the preservation and
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improvement of the usefulness of old and cheappadtérial agents. Ultimately this could reducedppearance
and spread of resistant mutants (Kaatz, 2012).

1.4.2 Multiple targets and mutual interference strategies

A combination of antimicrobials with different tafgsites and mechanisms of action can be benefitial
reducing resistance development. The likelihood dhaathogen could simultaneously develop resistagainst
more than one drug is low (Dryselius et al., 200B)her combinations may involve antibiotics andeoth
compounds that are not antimicrobial but can endahe activity of the antibiotics. Combinations veetn
antibiotics and known or new antimicrobial composimdight uncover some beneficial potential that rmigg
useful in curbing resistance to antibiotics. Somegdformulations in current use are already basedhe
concept of dual targets or mutual interference §Rlisi and Mantengoli, 2005). For instance, the boration
of trimethoprim and sulphamethoxazole, (cotrimoxagmvolves a mutual interference of two sequérgiaps
in the bacterial folate biosynthesis pathway. Saipithoxazole competitively inhibits bacterial ditgjteroate
synthetase, an enzyme involved in the first stethenreaction leading to folic acid synthesis. Tthoprim,
inhibits the enzyme dihydrofolate reductase, inedhin the next step in the folic acid pathway (eand
Smilack, 1999). Beta-lactamase inhibitors, clavidatid and sulbactam have been used to enhaneaetinéy
of beta lactam antibiotics against beta lactamasdyzing organisms (Moosdeen et al., 1988; Madda®1).
The synergy between epigallocatechin gallate (EGR¢ga catechins (the main compounds responsiiléné
antimicrobial activity of tea) and oxacillin obsedrby Zhao et al. (2001) was attributed to the doetbaction
of EGCg and Oxacillin on the biosynthesis of thié wall thereby bypassing the resistance mechamesulting
from the reduced affinity of Penicillin Binding Reins (PBP) to Oxacillin.

1.5 Plants as Sources of new Antimicrobials and Ristance Modifying Agents

Plants have traditionally provided a source of hégrenovel drug compounds, as plant herbal mixturage
made large contributions to human health and weiltdp (Iwu et al., 1999). Owing to their popular use
remedies for many infectious diseases, searchesufstances with antimicrobial activity in plante &equent
(Betoni et al., 2006; Shibata et al., 2005). Plats rich in a wide variety of secondary metabsjiteuch as
tannins, terpenoids, alkaloids, and flavonoids,clvhiave been found in vitro to have antimicrobiadperties
(Lewis and Ausubel, 2006; Cowan, 1999). Literatisrawash with compounds that have been isolated &o
variety of medicinal plants. Despite this abunditetrature on the antimicrobial properties of plantracts,
none of the plant derived chemicals have succdgdfelen exploited for clinical use as antibioti€il{bons,
2004). A significant part of the chemical diversijyoduced by plants is thought to protect plantaireg
microbial pathogens. Gibbons (2004), observes thahumber of plant compounds often classified as
antimicrobial produce MIC ranges greater than 1,Q@0ml which are of no relevance from a clinical
perspective. Tegos et al. (2002) suggests thatsa majority of plant compounds showing little intrei
antibacterial activity are not antimicrobial bueaegulatory compounds playing an indirect rolgha plant
defense against microbial infections. The obsemmatihat plant derived compounds are generally weak
compared to bacterial or fungal produced antibsotind that these compounds often show consideaaligty
against gram-positive bacteria than gram-negapreeiss has been made by many (Nostro et al., ZBidbons,
2004). This led to Tegos et al. (2002) hypothesgizihat; Plants produce compounds that can be effect
antimicrobials if they find their way into the celf the pathogen especially across the double mameblbarrier
of Gram negative bacteria. Production of efflux gpumhibitors by the plant would be one way to emsur
delivery of the antimicrobial compound. This hypedls has been supported by the findings of Steretit.
(2000 a,b), who observed that Berberis plants whpidluce the antimicrobial compound, berberingy alake
the MDR inhibitors 5-methoxyhydnocarpin D (5-MHC-Bhd pheophorbide A. The MDR inhibitors facilitated
the penetration of berberine into a model gramtp@sbacterium, S. aureus. In testing their hypsitheTegos et
al. (2002), showed that two MDR inhibitors (INF2&fhd MC207110) dramatically increased the effectrgsn
of thirteen putative plant antimicrobial compouratginst gram-negative and gram positive bactedkuding
isolates known to express efflux pumps.

1.5.1 Resistance modifying activities of plants crude extracts. the basis for isolation of potentially useful
compounds

If the isolation of resistance modifying compouridsn plants is to be realistic, screening for saclivities in
crude extracts is the first step in identifying deafor isolation of such compounds, and some plhaise
provided good indications of these potentials fee un combination with antimicrobial therapy. Tyglic
examples are as follows: Aqueous extracts of team@lia sinensis) have been shown to reverse niléthic
resistance in MRSA and also, to some extent, dénicesistance in betalactamase-producing Stapiogous
aureus (Stapleton et al., 2004). Forty to one hechéivld dilutions of tea extracts was able to redile MICs of
high- level resistant MRSA ( 256 pg/ml) to lessrttial2 pg/ml for methicillin and penicillin (Yam at., 1998;
Stapleton et al., 2004). Aqueous crude khat (Caithalis) extracts of Yemen showed varying antibaaiter
activities with a range of 5-20 mg/ml -1 againstip@ontal bacteria when tested in isolation. Adiitiof the
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extracts at a sub- MIC (5 mg/ml) resulted in a 2Zfolds potentiation of tetracycline against resi$ strains
Streptococcus sanguis TH-13, Streptococcus ordfi€ Sand Fusobacterium nucleatum (Al-hebshi et28106).
Betoni et al. (2006), observed synergistic intécast between extracts of guaco (Mikania glomeragapva
(Psidium guajava), clove (Syzygium aromaticum)iggAllium sativum), lemongrass (Cymbopogon citrs),
ginger (Zingiber officinale), carqueja (Baccharigamera), and mint (Mentha Pieria) from Brazil anoime
antibiotics which represented inhibitors of proteymthesis, cell wall synthesis, nucleic acid sgath and folic
acid synthesis against Staphylococcus aureus. Blaret al., (2002) reported that sub-inhibitory levi00
pgml —1 ) of methanolic extracts of some Jordapiamts showed synergistic interactions in combarativith
chloramphenicol, gentamicin, erythromycin and pi#liicG against resistant and sensitive S. auréluse
methanolic extract of Punica granatum (PGME) shovegdergistic interactions with chloramphenicol,
gentamicin, ampicillin, tetracycline, and oxacillifthe bactericidal activity of the combination oGME
(0.1xMIC) with ampicillin (0.5xMIC) by time-kill asays, reduced cell viability by 99.9 and 72.5% iS3A
and MRSA populations, respectively (Braga et al0%). The ethanol extracts of the Chinese plarststid
tinctoria and Scutellaria baicalensis in combinmatidgth ciprofloxacin had synergistic activities &gt antibiotic
resistant S. aureus (Yang et al., 2005).

The combinations of pencillin with ethanolic extsaof Paederia scandens and Taraxacun monlicum
showed a strong bactericidal activity on two ssaifi S. aureus (Yang et al., 2005). When Ciproftixavas
incorporated at sub-inhibitory concentrations (1f8)to the crude chloroform extracts of JatropHgtita and
the mixture assayed against NorA expressing Suauthe activity of the extract was enhanced. Shiggests
the presence of an inhibitor of the pump which daelstore the activity of Ciprofloxacin (Marquezagt 2005).

In another study, Ahmad and Aqil, (2006) observedt tcrude extracts of Indian medicinal plants, Asor
calamus, Hemidesmus indicus, Holarrhena antidyseateand Plumbago zeylanica showed synergistic
interactions with tetracycline and ciprofloxacinaatst Extended Spectrum -lactamase (ESL), producing
multidrug-resistant enteric bacteria with ciprofi@in showing more synergy with the extracts thamatgcline.
from a variety of medicinal plants. Some of the poonmds which have been observed to have direct
antimicrobial activity have also been shown to béeptiate against the activity of antibiotics whesed at low
MIC levels.

1.6 Future Direction

While there is an abundance of published data atilid the antimicrobial activity of medicinal plant
commonly used in folk medicine, this has not resiilin the identification of commercially exploitabplant
derived antibacterial agents (Lewis and Ausubed620The majority of plant derived antimicrobialnepounds
generally have higher MICs than bacterial or furgralduced antibiotics, thus limiting their therapepotential
(Gibbons, 2004). The findings of Tegos et al. (90&ve provided a foundation for a rationale onpbeential
actions of plant derived antimicrobial compoundd ather compounds with no intrinsic antimicrobialue. It
has already been established that crude extracsmé medicinal plants and some pure compounds $tarh
plants can potentiate the activity of antibiotinsvitro (Marquez et al., 2005; Smith et al., 200/h)is search for
antibiotic resistance modulators in plants repressennew dimension to addressing the problem dbiatit
resistance. The chemical diversity available innfdastill remains largely uninvestigated for potaist in
improving the clinical efficacy of antibiotics. Momterestingly are medicinal plants and food manhich are
inadvertently used with antibiotics in common conmityi practices providing opportunities for interiacts. As
many medicinal plants still remain unexplored, ¢hare enormous opportunities for the discovery mfeh
resistance modifying compounds of plant origingeBning of antibiotic resistance modifying composificsm
plants sources are expected to provide the basisldatifying leads for the isolation of therapeatly useful
compounds. This could in future be followed by imovassessments to determine the clinical relevaficeich
compounds. This represents a potential area ofdunwestigation.

1.7 Conclusion

The quest for solutions to the global problem dftaotic resistance in pathogenic bacteria hasrofteused on
the isolation and characterization of new antimitabcompounds from a variety of sources includimedicinal

plants. This has seen several medicinal plantggbs&ireened for antimicrobial activities. Investigas into the
mechanisms of bacterial resistance have reveasdthive efflux plays a significant role in thevdlpment of
bacterial acquired and intrinsic resistance. Ovaing efflux has therefore been seen as an atteaatternative
to circumventing the problem. Bacterial efflux pumpibitors have since been isolated from sometplarhe
combination of such MDR inhibitors with antibiotias vitro has shown that the activities of someilaatics

can be dramatically increased even against antibi@sistant strains of bacteria. The large vargetof
compounds produced by plants have proved to heempkutic potentials as antimicrobials and as teesie
modifiers.
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