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Plants contains bountiful of potentially useful constituents for the development of novel therapeutic
agent, hence in recent years drug development in phytomedicine has gained considerable interest.
With the emergence of MDR pathogens and insufficient treatment strategy with antibiotic,
investigators turned eye in search of alternative potential approach for treatment. Phytochemicals is
a unified and unique complex of natural components having therapeutic efficacy. Biological activity
of phytochemical is associated with its chemistry. It elaborates the development of natural products,
combining it with modern antibiotics to confer its action against MDR pathogens. Present review
has been aimed to summarize past practices and latest issues of medicinal plants and its
phytoconstituents in medical microbiology against MDR pathogens. It also deals with vast ancient
knowledge and its diverse applications, and rejuvenation of therapy with synergistic action of
antibiotics and phytochemicals, and its mechanism of action.

Copyright © Bezalwar P.M ef al, 2017, this is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the original work is

properly cited.

INTRODUCTION

The medicinal potentials of plants have long been recognized
and to date plants remain the main source of drugs in the
traditional medicine. Plants with curative potentials are known
as medicinal plants and have been employed in the treatment of
various ailments, and even poisonous propertiecs of
phytochemicals were used since pre-historic times for the
control of disease causing agents and their vectors (Ghaleb
et al., 2010, Olgica et al., 2009). Various plants and their
extracts have been exploited for the treatment requiring
antimicrobial activity. Since long, honey is being used as one
of the popular natural antimicrobial substances, especially for
throat infections (Rafa't and Jawad, 2011, Odunbaku and
Ashidi, 2012). Most of the herbs have been employed in the
traditional herbal medicine exclusively for curative purposes
while others serve asfood, condiments in food and drugs to
control pest, rodents, insects, etc (Hassain, 2002). Some herbs
serve as food as well as medicine such as Treculia africana and
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other species of Treculia (Ogbonnia et al., 2008, Maryam
etal.,2010).

Morphine was separated from Papaver somniferum L. (Opium)
and its structure was studied in 1804 although earlier benzoic
acid was isolated from plants in 1560 (Maryam et al., 2010).
Since then plenty of drugs from plants have been discovered
but less than 100 of drugs with defined structure are in use
today. In western medicine tentatively 55 or more drugs are
being widely employed. Some drugs with defined structure
such asaspirin, atropine, artimesinin, colchicine, digoxin,
ephedrine morphine, physostigmine, pilocarpine, quinine,
quinidine, resperine, taxol, tubocurarine, vincristine and
vinblastine are derived from medicinal plants (Gudrun ulrich-
merzenich et al., 2010, UNESCO (1996)).

In the survey of WHO, IHO, almost 70-80% populations living
almost solely on conventional medicine for their basic health
care needs and nearly 61% of drugs marketed worldwide can
be outlined to natural products. Natural product always
considered a first choice in the global market. Abundance and
availabilities have enforced in the development of native and
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regional therapy. Red ginger was a native plant to Southeast
Asia which had been used in traditional Indian and Chinese
medicine for centuries to strengthen gastric functions and to
treat a wide range of gastro intestinal (GI) and gastric infection
caused by Helicobacter pylori (HP) using aqueous ginger
extract orally (Nahed et al., 2010, Tambekar and Khante,
2010). Likewise, Melghat forest (Amravati district,
Mabharashtra State, India) also preserves innumerable valuable
medicinal plants which are being used traditionally without any
documentation. Korkus, Bhumka, or Bhagats are few
traditionally used plants used by local population for the
treatments of diarrhea, dysentery, stomach ache, and any other
enteric disorder but their antibacterial potential was not
documented (Hemraj and Anil, 2012). Out of 250°000- 500,000
estimated plant species, only few percentage have been
investigated for phytochemical analysis and the fraction of
them are investigated for biological or pharmacological
screening. Compound of natural or synthetic origin has been
the source of innumerable therapeutic agents. A broad range of
medicinal plants is used to get different formulations which
hold different medicinal properties against different pathogens.
Although hundreds of plants species have been tested for
antimicrobial properties, the majority of these have not been
adequately evaluated (Osman et al., 2005, Isam et al., 2009).

Invention of an antibiotic made a landmark contribution in the
field of medical science because of high reactive value and
early response; antibiotics catch population’s interest in its use.
Genetic engineering and advanced industrial technology
increased the market demand. A major problem encountered
with antibiotics in clinical use is drug resistance, which mostly
leads to treatment failure. Different classes of antibiotics and
modified antibiotics have been introduced. The extensive use
of antibiotics in the treatment of bacterial infections has led to
the emergence and spread of resistant strains. Frequent use of
effective first-line drugs now lost their clinical efficacy towards
most common bugs and treatment of such bugs shifted to
second-line and third-line antibiotics that are often more
expensive with numerous side effects. It has been nicknamed as
‘superbug’ by clinicians because of its rapid adaptive resistance
through several mechanisms. Past records over study of
antibiotic resistance shows that resistant strains often appear a
few years after the first clinical use of any antibiotics (Vidal
et al, 2012). Microorganisms have developed several
mechanisms that confer them with antibiotic resistance
property. These mechanisms can chemically modify the
antibiotic, render it inactive through physical removal from the
cell, or modify the target site so that it is not recognized by the
antibiotic. They exhibit concentration-dependent bactericidal
activity and intermittent doses overcome bacterial adaptive
resistance (Olufunmiso and Anthony, 2013).

The present review has mainly highlighted the use of the
ethnomedicinal plants against drug resistant bacteria as a
source of bioactive compounds especially anti bacterially
active and synergistically active plant derived products &
antibiotics. Potential Indian medicinal plants with such activity
have also been acknowledged. It is interesting to scrutinize that
plant derived products with antibiotics exhibit broad spectrum
antibacterial activity showed effective almost equally both
against drug resistant and drug sensitive bacteria or decreasing
virulence and pathogenicity against such super-bug. Present

review also deals with the particular responsible phytochemical
along with its specific mode of actions. Toxicity approach of
phytochemicals also been tried to include with optimum extent.

Highlights on medicinal plants and phytochemicals

The increased prevalence of antibiotic resistance renders the
current antimicrobial agents insufficient to control, at least,
some bacterial infections (Himal, 2010; Shyamapada, 2010).
Searches for substances with potent antimicrobial activity are
frequent and used since past. Medicinal plants have been
considered interesting as they are frequently used as remedies
for many infectious diseases with surprisingly positive results
(Singh, 2012).

Fruits of Xylopia aethiopica contain cardiac glycosides
flavonoids, phlobatannins, tannins, phenol, anthraquinones,
saponin and steroids which are active against ampicillin and
gentamycin resistant P. aeruginosa, B. subtilis and S. aureus
but administration of Xaethiopica with conventional
antibiotics is still under contradiction because of varied results
in vivo (Ilusanya, 2012). Phytochemical study of leaf extracts
of Senna obtusifolia (L) revealed that the extracts contains
phytoconstituents; saponins, tannins, alkaloids, flavonoids
including other bioactive components like thiocynate, nitrate,
chloride and sulphates, beside are known to be bactericidal,
pesticidal or fungicidal in nature thus conferring the anti-
microbial property to plants (Doughari et al., 2008, Cowan,
1999). Different bioactive compounds such as phenols,
flavonoids, tannins, coumarins, alkaloids in Clinopodium
vulgare confer its antimicrobial property. Phenols and
flavonoids significantly contribute to the overall antibacterial
activity against B. subtilis and Klebsiella which is resistant to
gentamicin and cephalexin (Olgica et al, 2011).
Chromatographic analysis of green and black tea extract
reported the presence of polyphenols, gallic acid. Caffeine is
the most abundant constituents of black tea, whereas
epigallocatechin (EGC) and epigallocatechin gallate (EGCG)
were the prominent polyphenols in green tea (Tirang et al.,
2007). Z. multiflora, R. officinalis, Artemisia genus, P.
graveolens, Lavandula stoechas, Z. majdae, P. abrotanoides,
D. anethifolia, Myrtus communis (myrtle), Ferula gummosa
(dpiaceae), and Oliveria decumbens essential oil showed
microbicidal activity against bacteria and fungi (Mohaddese,
2013). The mixture of two plants, Solanum trilobatum and
Ocimum sanctum extracts have antimicrobial activities against
Aeromonas hydrophila, a bacterial pathogen (Subeena and
Navaraj, 2012).

Phytochemical screening of mature leaf extracts of Vigna
marina revealed the presence of biologically active substances
such as alkaloids, steroids, triterpenoids and flavonoids
(Bandaranayake, 1995, Abeysinghe et al., 2003). In addition to
these  phytochemical groups; tannins, anthocyanins,
polyphenols, coumarins and essential oils is also a potent
antimicrobial agent (Abeysinghe and Wanigatunge, 2006). In
the study of antimicrobial property of caffeine and its
metabolites can be used against Staphylococcus aureus and
Pseudomonas aeruginosa. Methylxanthines showed
antibacterial properties against Staphylococcus aureus but
methylxanthines plus levofloxacin have antagonistic effects
(Taylor).
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E. coli resistant to ciprofloxacin, levofloxacin, norfloxacin,
nalidixic acid, gentamicin, amikacin, sulbactam/ampicillin
which was treated with phytoconstituents of clove and active
compound in clove was identified as eugenol when studied
with HNMR and IR spectrum and have pronounced antiseptic,
antimicrobial and anesthetic properties (Ghaly et al., 2009).
Plants, Euphorbiahirta and Phyllanthus amarus prompted for
in-vitro antibacterial activity and have synergistic effects of
crude methanolic extracts of the plants with antibiotics against
Escherichia coli, Salmonella typhi and Klebsiella pneumonia
isolated from patients of diarrhea, dysentery, typhoid fever
were effective, phytochemical analysis of the crude extracts
revealed the presence of alkaloids, tannins, saponins, cardiac
glycosides, and anthraquinones (Daniyan et al., 2013).

Menthol is one of the active compounds in peppermint in
addition to many other potent compounds such as menthone,
menthylacetate, menthofuran, and limnone and it is virucidal
against influenza, herpes and few other viruses (Cai et al.,
2007). Allium sativum and Gongronema latifolium have very
high antimicrobial activity against Gram negative enteric
bacterial pathogens, E. coli, and Gram positive bacterial
pathogens, S. aureus (Tessema et al., 2006, Hughes and
Lawson, 1991). The antimicrobial activity of the garlic has
been attributed to its phytochemical component, allicin (a
thiosulfonate) (Mitchel et al., 1977, Shahnaz et al., 2009) and
allicin in combination with antibacterials, ciprofloxacin,
enoxacin, vancomycin and  clarithromycin  against
microorganisms pseudomonas aureginosa and S. aureus have
strong synergistic effect of allicin in combination with
ciprofloxacin and enoxacin against pseudomonas aureginosa
and also have synergistic antibacterial effect with vancomycin
and clari-thromycin against S. aureus.l, 8-dihydroxy-3-
hydroxymethyl-9, 10-anthracenedione; 1, 8-dihydroxy-3-
methyl-9,10-anthracenedione, and 10-C-b-D-glucopyranosyl -
1, 8-dihydroxy-3-hydroxymethyl-9-anthracenone, compounds
from Aloe feroxhave antibacterial action against Bacillus
subtilis, Staphylococcus epidermidis, Shigella sonnei and
Escherichia coli.Aloe emodinalso have anticancer property
against neuroectodermal tumors (Kambizi and Afolayan,
2001).

An active components from Humulus lupulus: humolone (o
acids), lupulone (B acids) and xanthohumol, have antimicrobial
activity (Koetter and Biendl, 2010). Fig leaves contains
phenolic compounds with pharmacological properties which
includes furanocoumarins like psoralen and bergapten,
flavonoidslike rutin, quercetin, and luteolin, phenolic acids
likeferrulic acid, and also phytosterols like taraxasterol
(Teixeira et al., 2006). Mikania glomerata, Psidium guajava,
Syzygium aromaticum, Allium sativum, Cymbopogon citratus,
Zingiber officinale, Baccharis trimera, and Mentha piperita
have in vitro anti-Staphylococcus aureus activities and
synergism was verified for all the extracts; clove, guava, and
lemongrass presented the highest synergism rate with
antimicrobial drugs, while ginger and garlic showed limited
synergistic capacity (Joyce et al., 2006). Flavones and their
derivatives, including alkylgallate, intensify the activity of beta
lactam antibiotics against methicillin resistant Staphylococcus
aureus (MRSA) and methicillin sensitive Staphylococcus
aureus (MSSA) (Shibata et al., 2005).

The abietane diterpenes, (carnosic acid) a component of
Rosmarinus officinalis potentiates the activity of erythromycin
against strains of S. aureus that express efflux proteins MsrA
and TetK. Additionally, carnosic acid was shown to inhibit
ethidium bromide efflux in a NorA expressing S. aureus strain
(Oluwatuyi et al., 2004). A penta-substituted pyridine, 2, 6-
dimethyl-4-phenylpyridine-3, 5-dicarboxylic acid diethyl ester
and proparcine compound isolated from rhizome of Jatropha
elliptica, increase the activity of ciprofloxacin and norfloxacin
against NorA expressing S. Aureus (Marquez, 2005).
Ferruginol and 5-Epipisiferol active compounds from the cones
of Chamaecyparis Lawsoniana increased the efficacy of
tetracycline, norfloxacin, erythromycin and Oxacillin against
resistantS. aureus (Smith, 2007). Terminalia catappa extract
have good antimicrobial activity individually and in
combination with standard antibiotics and have good
synergistic activity. It also has good antioxidant activity
(Sumitra, 2013). Ocimum sanctum has antibacterial properties
(Aquil et al., 2005) and the antibacterial properties are due to
glycosides, Phenols and tannins (Ahmad and Beg, 2001).
Carica papaya extract have antimicrobial properties and have
synergistic activity against Gram positive and Gram negative
bacteria resistant to penicillin G, ampicillin, amoxyclave,
rifampicin, amikacin, nilidixic acid, gentamicin, ofloxacin
(Kalpna and Sumitra, 2012) andClinopodium vulgare have
synergistic interaction with gentamicin and cephalexin in
treatment of Staphylococcus aureus, Bacillus subtilis and
Klebsiella pneumoniae in-vitro, because of the highest amount
of phenols and flavonoids (Olgica, 2011). Extract of Achillea
millifolium, Caryophyllus aromaticus, Melissa offficinalis,
Ocimun  basilucum, Psidium guajava, Punica granatum,
Rosmarinus  officinalis,  Salvia  officinalis,  Syzygyum
joabolanum and Thymus vulgaris have synergistic action with
frequently used uneffective antibiotics. The phytochemicals
benzoic acid, cinnamic acid, eugenol and farnesol in their pure
form potentiate the activity of antibiotics (Gislene, 2000).

Interaction of bioactive plant products and different classes of
antibiotics

Sometimes, an antibioticalone have not been effective in
treating infectious diseases (Pranay et al., 2012). One strategy
employed to overcome these resistance mechanisms is the use
of combination of drugs, such as b-lactams together with b-
lactamase inhibitors.

Extended Beta lactamase (ESBLs) are enzymes conferring
broad resistance to penicillin, cephalosporins, and
monobactame but not to carbapenem. ESBLs are often plasmid
mediated and most are membrane of TEM-1, TMH-2 and
SHV-1 family enzyme. The methanol leaf extract of C. odorata
contains potential efflux pump inhibitors, the synergistic effect
of the extract was observed on both Gram-Positive and Gram-
negative bacteria (Ajao et al., 2011). The ethanol extracts of
Corchorus olitorius leaf extract in in-vitro interaction with
ciprofloxacin, gentamycin, streptomycin, erythromycin and
ampicillin/cloxacilin mixture against Methicillin sensitive
Staphylococcus aureus and Methicillin resistant
Staphylococcus aurues (MRSA), the extract synergized the
activities of streptomycin and ciprofloxacin and antagonized
the activities of  gentamycin, erythromycin  and
ampicillin/cloxacilin mixture on MRSA (Ashidi et al., 2012).
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Chemical modifications in the antibiotic target may result in
reduced affinity of the antibiotic to its binding site (Lambert,
2005). These mechanisms have been employed by a number of
pathogens resistance to macrolides, lincosamide and
streptogramin B antibiotics (MLSB resistance) in pathogenic
Streptococcus species is a result of methylation of the N6
amino group of an adenine residue in 23S rRNA which cause
conformational changes in the ribosome leading to reduced
binding affinity of these antibiotics to their binding sites in the
50S ribosomal subunit (Seppala et al., 1998, Kataja et al.,
1998). Beta-lactams antibiotics function by binding to and
inhibiting the biosynthetic activity of Penicillin Binding
Proteins (PBPs), thereby blocking cell wall synthesis (Stephen
et al., 2012). A strategy of the production of hydrolytic
enzymes and group transferases is employed by number of
pathogens for its invasion (Wright, 2005). Antibiotic degrading
genes mostly codes for enzymes which often carried on
plasmids and other mobile genetic elements (Frere, 1995).
Pathogenesis of bacterial strain in the presence lactum ring
based antibiotics is due to hydrolysis of the amide bond of the
four membered-lactam ring of antibiotics (Wilke et al., 2005)
and resistance of Gram-negative pathogens to aminoglycosides
is by modification of antibiotic molecule by acetylation,
adenylation or phosphorylation (Over, 2001). Intrinsic
antibiotic resistance confer by constitutive expression of efflux
pump proteins is encoded by house-keeping genes
(Lomovskaya and Bostian, 2006). Active efflux mechanism
resist to almost antibiotics (Gill et al., 1999, Li et al., 1994, Lin
et al., 2002). Majority of the efflux systems in bacteria are
because of non-drug-specific proteins that can recognize and
pump out abroad range of chemically and structurally unrelated
compounds from bacteria in an energy-dependent manner,
without drug alteration or degradation (Kumar and Schweizer,
2005, Kaatz, 2002).

An antibacterial-hydrophilic  ingredients derived from
Kumazasa can be used against antibiotic-resistant bacteria. The
combination of Kumazasa-cytoplasmic extract with a cell wall
synthesis inhibitor (extract with ampicillin or with
vancomycin) will be a highly efficient treatment for infections
caused by MDR MRSA, methicillin-resistant Staphylococcus
aureus and VRE, vancomycin-resistant Enterococci strains
(Shoichi et al., 2009, Helen et al., 2009, Ashidi et al., 2012).
Methanol leaf extract and the solvent fractions of Phyllanthus
muellerianus  (Kuntze) and their combinations with
ciprofloxacin against various isolates of Staphylococcus aureus
have anti bactericidal activity because of presence of
glycosides, alkaloids, steroids, terpenoids and flavonoids.
Lipophilic flavonoids disrupts microbial membranes. Besides,
alkaloids have been demonstrated to intercalate between DNA
strands (Ofokansi ef al., 2012). Phytochemical such as tannins
phlobaphenes, tannins, pyrogallates, anthocyanins, flavones,
flavonols, flavonones, aurones, proanthocyanidins, alkaloids
and terpenes showed greater sensitivity to E. coli and K.
pneumonia. One of the classes with the most active compounds
with diverse chemical structure is the terpenoids. It is most
active due to their high medicinal value speculated to involve
membrane disruption by the lipophilic compounds, with
permeability enhancement. This property can facilitate the
antimicrobial agents to penetrate into a cell, leading to an
activity enhancement (Vidal et al., 2012, Mishra and Sharique,
2011, Calvo, 2006).

Extracts of Foeniculum vulgare seeds have synergistic effect
on various classes of antibiotics, against resistant Pseudomonas
spp. (Charde, 2014). Escherichia coli, Pseudomonas
aeruginosa and Proteus mirabilis resistance to streptomycin,
chloramphenicol, tetracycline, amoxicillin, rifamycine became
sensitive to extract of (phenol fraction and flavonoid content)
Melissa officinalis in synergism with antibiotics (Olgica, 2012).
MDR Gram-negative bacteria with over expressing active
efflux pump phenotypes became sensitive to methanol extracts
of Citrus medica, the bulbs of Allium sativum and Allium cepa,
the seeds of Carica papaya, Cola acuminata, Buchholzia
coriacea, Garcini kola, and Garcinia lucida, the seeds and
fruits of Picralima nitida in associations with currently used
antibiotics on  multidrug resistant. The association
ofphenylalanine arginine AS-naphthylamide (PASN or efflux
pumps inhibitor) to different extracts modify their activities at
typical concentration (Stephen et al., 2012).

Terminalia  arjuna (Combretaceae), Moringa oleifera
(Moringaceae), Azadirachta indica (Maliaceae) and Curcuma
longa (Zingiberaceae) extract in different effective against
bacterial strains of Bacillus subtilis, Escherichia coli and
Klebsiella pneumonia and fungal strains of Aspergillus niger
and Candida albicans (Hariharan et al., 2012). Staphylococcus
aureus resistant to chloramphenicol became sensitive in
association with the ethanolic extracts of stem and leaf extract
of Olea europaea but the combination of stem and leaf extract
with penicillin does not produce the same inhibitory effect as
that of chloramphenicol and Olea europaea stem and leaf
extracts (Zafar et al., 2010). The synergistic action of the
rosemary extract is due the presence of carnasol, diterpenoid
present in the leaves of Rosemary. Carnosol has the ability to
enhance the activity of antibiotics against drug resistant
effluxing strains (Kumiko ez al., 2007). Itis an efflux pump
inhibitor of Tet(K) and Msr(A) efflux pump in S. aureus
(Oluwatuyi et al., 2004). The combine effects of the leaf
extract of Jatropha curcas L. with antibiotics on certain
selected microorganisms Salmonella typhi, Staphylococcus
aureus, Pseudomonas  aeruginosa, Proteus  mirabilis,
Klebsiella pneumonia, & Bacillus subtilis were used for
bactericidal effect, and anti-fungal activity was encountered for
Candida albicans. The antimicrobial activity of ciprofloxacin
was increased significantly (MICs reduced significantly) when
combined with the plant extract whereas that of tetracycline
was reduced (Akanwariwiak et al., 2012).

The methanolic extracts of fruit of Xylopia aethiopica
separately and in combination with antibiotics: gentamycin,
ofloxacin and ciprofloxacin; and two antifungal antibiotics:
fluconazole and ketoconazole were active against P.
aeruginosa, B. subtilis, S. aureus, A. flavus and C. albicans.
Extracts showed little effect against Klebsiella pneumoniaeand
no activity against E. coli (Emeka and Micheal, 2010). In the
formulation of the frontal leaves extract of Tectona grandis
(Verabinaceae) and tetracycline have fair synergistic activity
against Salmonella typhimurium, Klebsiella pneumoniae, and
lowest synergistic against Escherichia coli. No synergistic
activity for Citrobacter freondii was found. Thus stronger
synergistic effect with folic acid and bacterial cell wall
synthesis inhibitors where asinhibitors of the nucleic acid
synthesis showed weak synergism with plant extracts
(Purushotham et al., 2010). Treatment with manuka honey at
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10% led to a down regulation of mecR1, which codes fora two-
component sensor/signal transducer protein that regulates the
expression of mecA (encoding a penicillin-binding protein that
mediates the oxacillin resistance [Jenkins ef al., 2012].

Rifampicin and oxacillinare members of different antibiotic
classes and the resistance mechanisms. Rifampicin resistance is
typically due to a single-point mutation in the rpoB gene,
resulting in an amino acid substitution in the rifampicin-
binding site on RNA polymerase (Feklistov et al., 2008,
Aubry-Damon et al., 1998, Wichelhaus et al., 1999). In Thuja
extract, a synergistic action due to the damage occurring in the
cell wall and in the cell membrane caused by epigallocoatechin
gallate and an increase in the permeability responsible for the
potent synergy (Shimizu et al., 2001). Active efflux pump is
one of the mechanisms of resistance for almost all antibiotics.
Inhibition of efflux pumps significantly decreases the level of
intrinsic resistance, reverses acquired resistance and results in
decreased frequency of emergence of resistance to efflux pump
substrates (Charde et al., 2014). Different solvent extracts of
Ajwain showed synergistic effect on susceptibility of
previously resistant antibiotic. The hot extract in chloroform
found to potentiate the susceptibility of antibiotics,
Rifampicine, Amikacin, Ampicillin, Sparfloxacin, Ceftizoxime,
Cephalothin, Gentamicin, Linezolid, Moxifloxacin and
Oxacillin to greater extent [Cushnie and Lamb, 2005].
Synergyoccurs between flavonoids and chemotherapeutics
(Sato et al., 2004, Dickson et al., 2006) and potentials of
flavonoids and polyphenols, combining with the antibiotics
alter the inherent resistant properties in the bacteria (Sibanda
and Okoh, 2007, Gibbons, 2008, Phillipson et al., 1987).
Aromatic planar quaternary alkaloids in extracts intercalate
with DNA (Tsuchiya et al., 1996), lipophilic flavonoids can
disrupt microbial membranes (Prasad ef al., 2008), Tannins
precipitate microbial protein, saponins can dislocate lipid
(Abukakar et al., 2008). Dual action of extracts and antibiotics
exerts its activity on different target microbe differently
(Esinome et al., 2006), hindering inhibitory action of defensive
enzymes (Aburjai et al., 2001, Darwish et al., 2002),
phytochemicals can block the active site of peptidogly can
inhibiting antibiotics [Zhao et al., 2001].

Biosafety

WHO proposed herbal drugs to be relatively safer and
published a standard for herbal safety to minimize abuse and
adulteration.

Phytochemicals as an antimicrobial chemotherapeutic agent,
a future perspective

Natural products have few disadvantages of nonspecific
concentration of phytoconstituents and slow curing properties
but the major advantage of natural product is their abundance.
Many natural-drug-derived compounds are under process
(Polly et al., 2014, Igor et al., 2012). Antibacterial, antifungal,
anti-arthropod, anti-helminthic, anti-cancer and many
physiological defects cardiovascular also been cured by use of
phytochemicals. Very few of the total herbs present on the
earth are explored for the screening and for bioactivity against
known pathogens (Ahmed et al., 2013). The overall antibiotic
resistant profile shows resistant to often used antibiotics,
ampicillin, tetracycline, rifampicin, amoxicillin,
chloramphenicol, cefotaxime, erythromycin, penicillin,

neomycin, streptomycin, trimethoprim and gentamycin, and
sensitive to only ciprofloxacin and have significant role of
plasmid DNA in drug resistance (Sima ef al., 2012).

Investigation have reported that patients with nosocomial
infections and have developed ESBLs activity and they figure
out, plasmid DNA analysis is of great use in detection and
treatment of MDR strains (Elizabeth and Vincent, 2010). The
emergence of drug resistance in the antimicrobial agents being
routinely used for treatment, and suggested the likely presence
of co-selected traits that result in highly virulent and resistant
strains which revealed the existence of a non-clonal population
structure and multiple drug resistance, and virulence
determinants are recommended to monitor routes of infection
and changes in drug resistance patterns (Mesaros et al., 2007).
Due to developed and developing diverse resistance
mechanisms & their effect on global fitness, importance of
appropriate empirical therapy, combination therapy versus
monotherapy, economic impact; these highly resistant bacteria
requires a multidisciplinary team approach that involves
clinicians, laboratory staff, infection prevention specialists, and
pharmacists (Gislene et al., 2000, Ghaleb ef al., 2009). The
synergistic effect from the association of antibiotics with plant
extracts against resistant bacteria leads to new choices for the
treatment of infectious diseases. This effect enables the use of
the respective antibiotic when it is no longer effective by itself
during therapeutic treatment (Fabiola et al., 2010).

Synergistic interaction of phytomedicine with antibiotics can
explain efficacy with respect to its action. Varied action of
purified extract and crude one reports the need of study at high
level. Abundance and cheaper value complements the use of
herbal drug at large scale. Despite of increased interest in
medicinal plant research very few formulations are available in
market worldwide as compared to chemical based
chemotherapeutic formulations.

Outlook

Due to decreasing efficacy of antibiotic, drug development
from natural products renowned interest in natural products and
analysis of new structure and systematically exploration of
combinatory drug regime. Plants are a mine of inexhaustible
source of natural drug. Numerous plants have been tested for
antimicrobial properties and lots more yet to be investigated.
Synergistic action is of key importance in phytomedicine to
study the efficacy of apparently low dosage of active
component in herbal product. Synergistic action of
phytochemical and antibiotics have shown mark positive effect,
in in-vitro study. Synergistic action of phytochemicals and
antibiotics is therefore a successful attempt for annihilation of
MDR pathogens.

References

Abeysinghe, P.D., Wanigatunge, R. P. (2006): Evaluation of
antibacterial activity of different mangrove plant
extracts. Ruhuna. J. Sci., 1:104-112.

Abeysinghe, P.D., Wijesekara D., Pathirana, R.N. (2003):
Inhibition of growth of antibiotic  resistant
Staphylococcus sp. and Proteus sp. by mangrove plant
extracts.Proceeding of the First Science Symposium,
University of Ruhuna, 1-9

17934 |Page



Bezalwar P.M et al,, Harmony of Phytochemicals and Antibiotics: a Boon in Antimicrobial Therapy

Abukakar, M.G., Ukwuani A.N., Shehu R.A. (2008):
Phytochemical screening and antibacterial activity of
Tamarindus indica pulp extract. Asian J. Biochem., 3:
134-138.

Aburjai, T., Darwish, R.M., Al-Khalil, S., Mahafzah A., Al-
Abbadi A. (2001): Screening of antibiotic resistant
inhibitors from local plant materials against two
different  strains of Pseudomonas aeruginosa.
J Ethnopharmacol., 76: 39-44.

Ahmad, I and Beg, A.Z., (2001): Antimicrobial and
Phytochemical Studies on 45 Indian medicinal plants
against multi drug resistance Human pathogens.
J. Ethnopharamacology., 74 (2): 113- 123.

Ahmed, B.M., Wafaa, A.Z., Ghada, R.H., Aza, Z.L. and
Rasha G. (2013): Prevalence of Multidrug-Resistant
Pseudomonas aeruginosa in Patients with Nosocomial
Infections at a University Hospital in Egypt, with
Special Reference to Typing Method. J. Virol
Microbiol.

Ajao, A.T., Ajadi T.S., Oyelowo M.S. (2011): Evaluation of
Multiplicative Killing Effect of C. odorata extracts and
B-lactam antibiotics against [-lactamase Producing
bacteria, isolated from Selected Hospitals in Ilorin
Metropolis. Ann. Biol. Res., 2 (4):76-84.

Akanwariwiak, W.G., Addo-Fordjour, P., Musah, A.A.
(2012): Effects of combining crude ethanolic extract of
Jatropha curcus 1. Leaf and some antibiotics against
some selected microorganisms. Glob. J. Res. Med.
Plants. Indig. Med., 1(5):140-148

Aquil, F., Khan, M.S., Owais, M., Ahmad, 1. (2005): Effect
of certain bioactive plant extracts on clinical Isolates
beta- Lactamase Producing methicillin resistant
Staphylococcus aureus. J. Basic. Microbiol., 45:106-
114.

Ashidi, J.S., Efuntoye, M.O., Odunbaku, O.A. and Biliaminu
S.A. (2012): The in-vitro effect of corchorus olitorius
(linn.) on the antibacterial activities of five antibiotics.
Glob. Res. J. Microbiol., 2(2);113 -117.

Ashidi, J.S., Efuntoye, M.O., Odunbaku, O.A. and
Biliaminu, S.A. (2012): The in-vitro effect of Corchorus
olitorius (linn.) On the antibacterial activities of five
antibiotics. Glob. Res. J. Microbiol., 2(2):113 -117.

Aubry-Damon. H., Soussy, C.J., Courvalin, P. (1998):
Characterization of mutations in therpoB gene that
confer rifampin resistance in Staphylococcus aureus.
Antimicrob. Agents. Chemother., 42: 2590-2594.

Bandaranayake, W.M. (1995): Survey of mangrove plants
from Northern Australia for phytochemical constituents
and uv-absorbing compounds. Curr. Top. Phytochem.,
14:69-78.

Bupesh, G., Amutha, C., Nandagopal, S., Ganeshkumar, A.,
Supereshkumar, P. (2007): Antibacterial activity of
Mentha piperita L. (peppermint) from leaf extracts-a
medicinal plant. Acta. Agric. Slovenica., 89:73-9.

Cai, Y., Wang, R., Pei, F. and Liang, B. B. (2007):
Antimicrobial activity of allicin alone and incombination
with beta-lactams against Staphylococcus spp. and
Pseudomonas aeruginosa. J. Antibio., 60:335-338.

Calvo, M.A., Angulo, E., Costa, B.P., Shiva, C., Atlantado,
C. and Vincente, A. (2006): Natural plant extract and

organic acid: Synergism and implication on piglets
intestinal microbiota. Biotechnol., 5(2): 137-142.

Charde, V.N., Bezalwar, P.M., Gomashe, A.V. (2014): In
Vitro Management of MDR Pseudomonas Sp. By
Combined Activity of Antibiotics and Foeniculum
Vulgare Miller Extract. Int. J. Res. Stud. Biosci.,
2(11):62-70.

Charde, V.N., Bezalwar, P.M., Gomashe, A.V. (2014):
Synergistic Activity of Antibiotics and Trachyspermum
ammi (Ajwain) Extract on MDR Staphylococcus aureus.
Indian. J. App. Res., 4(11):450-454.

Cowan, M.M. (1999): Plant products as antimicrobial agents.
Clin. Microbiol. Rev., 12:564-582.

Cushnie, T.P.T., Lamb, A.J. (2005): Antimicrobial activity of
flavonoids. Int. J. Antimicrob. Agents., 26: 343-356.
Daniyan, S.Y., Abalaka, M.E., Bayo, O.J. and Dauda, B.E.N.
(2013): Evaluation of the antibacterial activity and
synergistic effect of Euphorbia hirta and Phyllanthus

amarus against. Int. J. A. Ps. Bms., 2(1):37-45.

Darwish, R.M., Aburjai, T., Al-Khalil, S., Mahafzah, A.
(2002): Screening of antibiotic resistant inhibitors from
local plant materials against two different strains of
Staphylococcus aureus. J. Ethnopharmacol., 79: 359-
364.

Dickson, R.A., Houghton, P.J., Hylands, P.J, Gibbons, S.
(2006): Antimicrobial, resistance-modifying effects,
antioxidant and free radical scavenging activities of
Mezoneuron benthamianum Baill, Securinega virosa
Roxb. and Wild. And Microglossa pyrifolia Lam.
Phytother. Res., 20: 41-45.

Doughari, J.H., El-mahmood, A.M. and Tyoyina, 1. (2008):
Antimicrobial activity of leaf extracts of Senna
obtusifolia (L). Afr. J. Pharmacol., 2(1): 7-13.

Elizabeth, B.H. and Vincent, H.T. (2010): Impact of
multidrug-resistant Pseudomonas aeruginosa infection
on patient outcomes. Expert. Rev. Pharmacoecon.
Outcomes. Res., 10(4):441-451.

Emeka, I.N and Micheal, C.O. (2010): In vitro antimicrobial
activity of ethanolic and methanolic fruit extracts of
Xylopia aethiopica and its combination with disc
antibiotics against clinical isolates of bacteria and fungi.
J. Trop. PublicHealth., 9:1-6.

Esinome, C.O., Iroha, IL.R., Ibezim, E.C., Okeh, C.O.,
Okpana, E.M. (2006): In vitro evaluation of the
interaction between tea extracts and penicillin G against
Staphylococcus aureus. Afr. J. Biotechnol., 5: 1082-
1086.

Feklistov, A., Mekler, V., Jiang, Q., Westblade, L.F. and
Irschik, H. (2008): Rifamycins do not function by
allosteric modulation of binding of Mg2+ to the RNA
polymerase active center. Proceedings of the National
Academy of Sci., 105: 14820.

Frere, J.M. (1995): Beta-lactamases and bacterial resistance
to antibiotics. Mol. Microbiol., 16(3): 385-395.

Ghaleb, A., Bassam, A., Kamel, A. (2010): Antibacterial
activities of some plant extracts alone and in
combination with different antimicrobials against
multidrug-resistant  Pseudomonas  aeruginosastrains.
Asian. Pac. J. Tropl. Med., 266-269.

Ghaleb. A., Bassam, A. and Kamel, A. (2009): In vitro
interaction of certain antimicrobial agents in

17935 |Page



International Journal of Recent Scientific Research Vol. 8, Issue, 6, pp. 17930-17938, June, 2017

combination with plant extracts against multidrug-
resistant Pseudomonas aeruginosa strains. Middle-East
J. Sci. Res., 4(3):158-162.

Ghaly, M.F., Shalaby, M.A., Shash, S.M.S., Shehata, M,N
and Ayad, A.A. (2009): Synergistic Effect of Antibiotics
and Plant Extract to Control Clinical Bacterial Isolates
Implicated in Urinary Tract Infections. J. App. Sci. Res.,
5(10): 1298-1306.

Gibbons, S. (2008): Phytochemicals for bacterial resistance:
Strengths, weaknesses and opportunities. Planta. Med.,
74: 594-602.

Gill. M.J.,, Brenwald, N.P. and Wise, R. (1999):
Identification of an efflux pump gene pmrd, associated
with  fluoroquinolone resistance in Streptococcus
pneumoniae. Antimicrob. Agents. Chemother., 43: 187-
189.

Gislene, G.F.N., Juliana, L., Paulo, C.F., Giuliana, L.S.
(2000): Antibacterial activity of plant extracts and
phytochemicals on antibioticresistant bacteria. Braz. J.
Microbiol., 31:247-256.

Gudrun ulrich- merzenich., Panek, D., Zeitler, H., Vatter
Hand Wanger, H. (2010): Drug development from
natural product: exploiting synergistic effect. /ndian. J.
Exp. Biol., 48:208-219

Hariharan, A.G. (2012): Synergistic Antibacterial Activity of
Some Medicinal Plants against PathogenicBacterial and
Fungal Strains. Pharm. Sci., 1: 11-14.

Hassain, EEH.M.A. (2002): Hypoglycaemic, hypolipidemic
and antioxidant properties of combination of curcumin
from Curcuma longa, Linn, and partially purified
product from Abroma augusta, Linn, in streptozotocin
induced diabetes. Indian. J. Clin. Biochem., 17(2): 33-
43.

Helen, S.D., Thulasi, V. and Mahesh, V. (2009):
Antimicrobial activity of some medicinal plant and
antibiotic activity against Staphyllococcussp. Advance.
biotech., 32-33.

Hemraj. V. and Anil, J. (2012): Antimicrobial Activities of
Medicinal Plants -Review. Inter. J. Res. Pharm. Biomed.
Sci., 3(1):222-230.

Himal, P.C., Nisha, S.Y., Jyoti, S., Anupa, K.C., Mansoor,
S., Panna, T. (2010): Formulation and evaluation of
antimicrobial herbal ointment. J. Sci. Eng. Techol.,
6(1):02-107

Hughes, B.G. and Lawson, L.D. (1991): Antimicrobial
effects of Allium sativum L. (garlic), Allium
ampeloprasum (elephant garlic) and Allium cepa L.
(onion), garlic compounds and commercial garlic
supplement products. Phytother Res., 5:154-158.

Igor, K.V., Victor, K., Jean, P.D., Aimé, G.F., Jaures,
AKN., Jules, RK. and Jean-Marie, P. (2012):
Antibacterial and antibiotic-potentiation activities of the
methanol extract of some Cameroonian spices against
Gram-negative multi-drug resistant phenotypes. Res.
Notes., 5:299

Ilusanya, O.A.F., Odunbaku, O.A., Adesetan, T.O and
Amosun, O.T. (2012): Antimicrobial Activity of Fruit
Extracts of Xylopia Aethiopica and its Combination with
Antibiotics against Clinical Bacterial Pathogens. J Biol,
Agri Healthcare., 2(9): 1-43.

Isam, S., Sundus, H., Ahmed, H.A. (2009): Study the
antimicrobial activity of Lemon grass leaf extracts.,
(2):198-112.

Jenkins, R.E., Cooper, R. (2012): Synergy between oxacillin
and manuka honey sensitizes methicillin-resistant
Staphylococcus aureus to oxacillin. J. Antimicrobiol.
Chemotherapy., 67:1405-1407.

Joyce, E.C.B., Rebeca, P.M., Lidiane, N.B., Luiz, C.D.S.,
Ary, F. (2006): Synergism between plant extract and
antimicrobial drugs used on Staphylococcus aureus
diseases. Mem. Inst. Oswaldo. Cruz, Rio de Janeiro.,
(4): 387-390.

Kaatz, G.W. (2002): Inhibition of bacterial efflux pumps: a
new strategy to combat increasing antimicrobial agent
resistance. Expert. Opin. Emerg. Drugs., 7(2): 223-233.

Kalpna, R., Sumitra, C. (2012): In vitro interaction of certain
antimicrobial agents in combination with plant extracts
against some pathogenic bacterial strains. Asian. Paci. J.
Trop. Biomed.., 876-880.

Kambizi, L., Afolayan, A.J. (2001): An ethnobotanical study
of plants used for the treatment of sexually transmitted
diseases (njovhera) in Guruve district, Zimbabwe.
J. Ethnopharmacol., 71: 5-9.

Kataja, J., Seppala, H., Skurnik, M., Sarkkinen, H. and
Huovinen, P. (1998): Erythromycin Resistance
Mechanisms in Group C and Group G Streptococci.
Antimicrob. Agents. Chemother., 42(6): 1493- 1494.

Koetter, U. and Biendl, M. (2010): Hops (Humulus lupulus):
A Review of its Historic andMedicinal Uses. Herbal.
Gram., 87:44-57.

Kumar, A. and Schweizer, H.P. (2005): Bacterial resistance
to antibiotics: Active efflux andreduced uptake. Adv.
Drug. Deliv. Rev., 57: 1486-1513.

Kumiko, H., Sumiko, S., Teruo, K. Tsutomu, H., Takashi Y
and Tomofusa T. (2007): Potentiation of Antimicrobial
Activity of Aminoglycosides by Carnosol from Salvia
officinalis. Biol. Pharm. Bull., 30(2): 287-290.

Lambert, P.A. (2005): Bacterial resistance to antibiotics:
Modified target sites. Adv. Drug. Deliv., 57 (10): 1471-
1485.

Li, X.Z., Livermore, D.M. and Nikaido, H. (1994): Role of
efflux pump(s) in intrinsic resistance of Pseudomonas
aeruginosa: resistance to tetracycline, chloramphenicol
and norfloxacin. Antimicrob. Agents. Chemother., 38
(8): 1732-1741.

Lin. J., Michel, L.O. and Zhang, Q. (2002): Cme ABC
functions as a multidrug efflux system in Campylobacter
Jejuni. Antimicrob. Agents. Chemother., 46: 2124-2131.

Lomovskaya, O. and Bostian, K.A. (2006): Practical
applications and feasibility of efflux pump inhibitors in
the clinic - A vision for applied use. Biochem
Pharmacol., 7(1): 910-918.

Marquez, B. (2005): Bacterial efflux systems and efflux
pumps inhibitors. Biochimie, 87(12):1137-1147.

Maryam, Z., Aqil, F., Khan, M.S.A and Igbal, A. (2010):
Ethnomedicinal plants derived antibacterials and their
prospectsEthnomedicine: A Source of Complementary
Therapeutics, 2:149-178

Mesaros, N., Nordmann, P., Ple’siat, P., Roussel-Delvallez,
M., Van Eldere, J., Glupczynski, Y., Van Lacthem, Y.,
Jacobs, F., Lebecque, P., Malfroot, A., Tulkens, P.M.

17936 |Page



Bezalwar P.M et al,, Harmony of Phytochemicals and Antibiotics: a Boon in Antimicrobial Therapy

and Van Bambeke F. (2007): Pseudomonas aeruginosa:
resistance and therapeutic options at the turn of the new
millennium. Clin. Microbiol. Infect., 13: 560-578.

Mishra, R.P. and Sharique M. (2011): Effect of metal ions
and drugs on antibacterial activities ofNigella sativa (L.)
seeds. Eur. J. Exp. Biol., 1 (2):41-46.

Mitchel, J., Jacobs, J. and Sacks, T. (1977): Bactericidal
synergistic effect due to chloriamphenicol induced
inhibition of Staphylococcal penicillinase. Chemother.,
23:32-36.

Mohaddese, M. (2013): Iranian medicinal plants as
antimicrobial agents. J Microbiol Biotechnol., 2 (4):
2388-2405.

Nahed, M.A., Ghaly, M.F., Zahira, Fathy M., Amer, M.M.
and Yosra, E.M. (2010): Antibacterial activities of plant
extracts combined with antibiotic drugs on clinical
Escherichia coli isolated from urinary tract infection.
Proceeding of fifth scientific environmental conference,
zagazig uni. 43-151

Odunbaku, O.A. and Ashidi, J.S. (2012): Synergism between
ethanol leaf extract of Lawsoniainnermis and
antimicrobial drugs on some humanpathogenic
microbes. Wudpecker. J. Med. Plants., 1(2):19-22.

Ofokansi, K.C., Attama, A.A., Uzor, P.F and Ovri, M.O.
(2012): Antibacterial Activities of the Combined Leaf
Extract of Phyllanthus muellerianus and Ciprofloxacin
against Urogenital Isolates of Staphylococcus aureus.
Clinic. Pharmacol. Biopharm., 1:4

Ogbonnial, S.0., Enwuru, N.V., Onyemeneml, E.U.,
Oyedele, G.A and Enwuru, C.A. (2008): Phytochemical
evaluation and antibacterial profile of Treculia africana
Decne bark extract on gastrointestinalbacterial
pathogens. Afr. J. Biotechnol., 7 (10):1385-1389.

Olgica S.L.C. (2012): Synergistic antibacterial interaction
between Melissa officinalis extracts and antibiotics. J.
App. Pharm. Sci., 02(01): 01-05

Olgica, S., Ljiljana, C., Dragana. S., Slavica, S. (2009):
Antibacterial Activity of Aegopodium podagraria L.
Extractsand  Interaction Between Extracts and
Antibiotics. Turk. J. Biol., 33:145-150.

Olgica, S., Milan, S.S and Ljiljana, C. (2011): In vitro
antibacterial efficacy of Clinopodium vulgare L. extracts
and their synergistic interaction with antibiotics. J. Medi.
Plants Res., 5(17):4074-4079.

Olgica, S., Milan, S.S. and Ljiljana, C. (2011): In vitro
antibacterial efficacy of Clinopodium vulgare L.extracts
and their synergistic interaction with antibiotics. J. Med.
Plants Res., 5(17):4074-4079.

Olufunmiso, 0.0. and Anthony, J.A. (2013): Evaluation of
Combination Effects of Ethanolic Extract of Ziziphus
mucronata Willd. Subsp. mucronata Willd. and
Antibiotics against Clinically Important Bacteria.
Scientific. World. J., 1-9.

Oluwatuyi, M., Kaatz, G.W. and Gibbons, S. (2004):
Antibacterial and resistance modifying activity of
Rosmarinus officinalis. Phytochem., 65 (24): 3249-3254.

Osman, S., Yasar, S., Kisioglu, A.N. (2005): Antibacterial
effect of singleor combined plant extract. Ann.
microbiol., 55(1):67-71.

Over, U., Gur, D., Unal, S., and Miller, G.H. (2001):
Aminoglycoside Resistance Study Group. The changing

nature of aminoglycoside resistance mechanisms and
prevalence of newly recognized resistance mechanisms
in Turkey. Clin. Microbiol. Infec., 7(9):470-478.

Phillipson, J.D., O’Neill, M.J. (1987): New leads to the
treatment of protozoal infections based on natural
product molecules. Acta. Pharm. Nord., 1:131-144.

Polly, S.X.Y., Beow, C.Y., Hu, C.P. and Swee, H.E.L.
(2014): Essential Oils, A New Horizon in Combating
Bacterial Antibiotic Resistance. Open. Microbiol. J., 8:
6-14.

Pranay, J., Vibhor, A. and Amrinder, S. (2012):
Antimicrobial Activity of Extracts of Cyperus rotundus
against Oral Pathogens and Its Synergistic Activity with
Chloramphenicol and Fluconazole. Int. J. Trad. Nat.
Med., 1(2): 83-91.

Prasad, R.N, Viswanathan, S., Devi, J.R., Nayak, V., Swetha,
V.C., Archana, B.R., Parathasarathy, N., Rajkumar, J.
(2008): Preliminary phytochemical screening and
microbial activity of Samaea saman. J. Med. Plant. Res.,
2:268-270.

Purushotham, K.G., Arun, P., Johnsy, J., Vasnthakumari, R.,
Sankar, L., Bijjam, R.R. (2010): Synergistic in vitro
antibacterial activity of Tectona grandis leaves with
tetracycline. Int. J. Pharm. Tech. Res., 2(1): 519-523.

Rafa't, A.H., Jawad. (2011): Antimicrobial effect of bee
honey on some pathogenic bacteria isolated from
infected wounds in comparison to commonly used
antibiotics. J. Basrah. Res., 37:78-83.

Sato, Y., Shibata, H., Arai, T., Yamamoto, A., Okimura, Y.,
Arakaki, N., Higuti, T. (2004): Variation in synergistic
activity by flavone and its related compounds on the
increased susceptibility of various strains of methicillin-
resistant Staphylococcus aureus to B-lactam antibiotics.
Int. J. Antimicrob. Agents., 24: 226-233.

Seppala, H., Skurnik, M., Soini, H., Roberts, M.C. and
Huovinen, P. (1998): A Novel Erythromycin Resistance
Methylase Gene (ermTR) in Streptococcus pyogenes.
Antimicrob. Agents. Chemother., 42(2): 257- 262.

Shahnaz, A., Javed, K., Nasim, A. (2009): Study of
Synergistic Effect of Allicin with Antibacterials Against
Micro-organisms. Ann., 15(3):138-140.

Shibata, H., Kondo, K., Katsuyama, R., Kawazoe, K., Sato,
Y., Murakami, K., Takaishi, Y., Arakaki, N., Higuti, T.
(2005): Alkyl Gallates, Intensifiers of [-Lactam
Susceptibility in Methicillin- Resistant Staphylococcus
aureus. Antimicrob. Agents. Chemother., 49: 549-555.

Shimizu, M., Shiota, S., Mizushima, T., Ito, H., Hatano, T.,
Yoshida, T. and Tsuchiya, T. (2001): Marked
potentiation of activity of -lactams against Methicillin
Resistant Staphylococcusaureus by corilagin., 3198-
3201.

Shoichi, S., Jutaro, N., Akiko, K., Eri, A. and Naoto, S.
(2009): Screening Bactericidal Action of Cytoplasm
Extractfrom Kumazasa Bamboo (Sasa veitchii) Leaf
against Antibiotics-Resistant Pathogens such as MRSA
and VRE Strains. J. Bioequiv. Availab., (3): 080-085.

Shyamapada, M., Manisha, D.M., Nishith, K.P., Krishnendu,
S. (2010): Synergistic anti-Staphylococcus aureus
activity of amoxicillin in combination with Emblica
officinalis and Nymphae odorata extracts. 4sian. Pac. J.
Trop. Med., 711-714.

17937 |Page



International Journal of Recent Scientific Research Vol. 8, Issue, 6, pp. 17930-17938, June, 2017

Sibanda, T., Okoh, A.L. (2007): The challenges of
overcoming antibiotic resistance: Plant extracts as
potential sources of antimicrobial and resistance
modifying agents. Afi J. Biotechnol., 6: 2886-2896.

Sima, T., Rola, T., Nahla, I. and George, A. (2012):
Molecular Characterization, Multiple DrugResistance,
and Virulence Determinants of Pseudomonas aeruginosa
Isolated from Lebanon. British Microbiol. Res. Journal.,
2(4):243-250.

Singh, V., Keshab, T. and Chauhan, P.K. (2012): Effect of
poly herbal formulation against Klebsiella pneumonia
causing pneumonia in children’s. Asian. J. Pharm. Clin.
Res., 5(1):69-75.

Smith, E.C.J, Williamson, E.M., Wareham, N., Kaatz, G.W
and Gibbons, S. (2007): Antibacterials and modulators
of bacterial resistance from the immature cones of
Chamaecyparis lawsoniana. Phytochem. 68(2): 210-
217.

Stephen, T.L., Victor, K., Jean, P.D., Simplice, B.T., Gerald,
N.T., Jules, R.K, and Jean-Marie P. (2012):
Antibacterial Activities of Selected CameroonianPlants
and Their Synergistic Effects with Antibiotics
againstBacteria Expressing MDR Phenotypes. Evi.
Based Complement Alternat Med., 1-11.

Subeena, S. and Navaraj, P.S. (2012): Synergistic effect of
Plant Extracts Supplemented Diets on Immunity and
Resistance to Aderomonas hydrophila in Mystus keletius.
IOSR J. Pharm. Biol. Sci., 2(4): 30-36.

Sumitra, C., Kalpna, R., Komal, D., Yogesh, B. (2013):
Antimicrobial, antioxidant, and synergistic properties of
two nutraceutical plants:Terminalia catappa L. and
Colocasia esculenta L. Turk. J. Biol., 37: 81-91

Tambekar, D.H. and Khante, B.S. (2010): Antibacterial
properties of traditionally used medicinal plants for
enteric infections by adivasi’s (bhumka) in Melghat
forest (Amravati district). Int. J. Pharma. Res., 1(9):120-
128

Taylor, D.G. Determination of Synergistic and
Antimicrobial Properties of Caffeine and its Metabolites
against Staphylococcus aureus and Pseudomonas
aeruginosa. Presented to Oklahoma Junior Academy of
Science.

Teixeira, D.M., Patdo, R.F., Coelho, A.V and da Costa, C.T.
(2006): Comparison between sample disruption methods
and solid-liquid extraction (SLE) to extract phenolic
compounds from F. carica leaves. J. Chromatogr., 1103:
22-28.

Tessema, B., Mulu, A., Kassu, A. and Yismaw, G. (2006):
An in vitro assessment of the antimicrobial effect of
garlic (4llium sativum) on bacterial isolates from wound
infections. Ethiopian. Med. J. 44: 385-389.

Tirang, R.N., Niloufar, K. and A’azam, G. (2007): Black and
green teas may have selective synergistic or antagonistic
effects on certain antibiotics against Streptococcus
pyogenes in vitro. Journal of Nutritional &
Environmental Medicine., 16(3-4): 258-266.

Tsuchiya, H., Sato, M., Miyazaki, T., Fujiwara, S., Tanigaki,
S., Ohyama, M., Tanaka, T., Ilinuma, M. (1996):
Comparative study on the antibacterial activity of
phytochemical flavonones against methicillin-resistant
Staphylococcus aureus. J Ethnopharmacol., 50: 27-34.

UNESCO (1996). Culture and Health, Orientaion texts,
World Decade for Cultural Dvelopment 1988-1997.
Document CLT/DEC/PRO- 1996, UNESCO, Paris,
France p 129.

Vidal, C.A.S, Sousa, E.O., Fabiola, F.G., Rodrigues,
Adriana, R.C, Lacerda, S.R. and Costa, J.G.M. (2012):
Phytochemical screening and synergistic interactions
betweenaminoglycosides, selected antibiotics and
extracts from the bryophyteOctoblepharum albidum
hedw (calymperaceae). Arch. Biol. Sci. Belgrade., 64
(2): 465-470.

Vidal, C.A.S, Sousa, E.O., Fabiola, F.G.R., Adriana, R.C.,
Lacerda, S.R. and Costa, J.G.M. (2012): Phytochemical
screening and  synergistic interactions between
aminoglycosides, selected antibiotics and extracts from
the  bryophyte  Octoblepharum  albidum  hedw
(CALYMPERACEAE) Arch. Biol. Sci., Belgrade., 64
(2):465-470.

Wichelhaus, T.A., Scha” fer, V., Brade, V., Bo"ddinghaus, B.
(1999): Molecular characterization of rpoB mutations
conferring cross-resistance to rifamycins on methicillin-
resistant Staphylococcus aureus. Antimicrob. Agents.
chemother., 43: 2813-2816.

Wilke, M.S., Lovering, A.L. and Strynadka, N.C.J. (2005):
Beta-Lactam antibiotic resistance: acurrent structural
perspective. Curr. Opin. Microbiol., 8(5): 525-533.

Wright, G.D. (2005): Bacterial resistance to antibiotics:
Enzymatic degradation andmodification. Adv. Drug
Deliv. Rev., 57(10): 1451-1470.

Zafar, A., Shaukat, S.K., Mahnaaz, K., Arshiya, Tand Zahoor
A.L. (2010): Synergistic efficacy of Olea europaea
ethanolicextracts, chloramphenicol and penicillin
againstStaphylococcus aureus. Nanobiotechnica
Universale., 1(1): 29-37.

Zhao, W.H., Hu, Z.Q., Okubo, S., Hara, Y., Shimamura, T.
(2001): Mechanism of synergy between
epigallochatechin  gallate and B-lactams against
methicillin-resistant Staphylococcus aureus. Antimicrob
Agents Chemother., 45: 1737-1742.

How to cite this article:

Bezalwar P.M et al.2017, Harmony of Phytochemicals and Antibiotics: a Boon in Antimicrobial Therapy. Int J Recent Sci Res.

8(6), pp. 17930-17938.

skeosk skeosk skok ok

17938 |[Page



