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Abstract
As a result of developing resistance the antibiotics became ineffective and the microbes
including bacteria, viruses, parasites and fungi became able to counterattack against antibiotics.
The basic cause of antibiotic or antimicrobial resistance is because of too much use of
antibiotics. The impending post antibiotic period is becoming a threat for the both current and
forthcoming advances in medical science. Both the rise in the bacterial resistant strains and
insufficient availability of novel antibiotics are the major causes of antibiotic resistance. As a
result of which the chances for the treatment of various infections have decreased significantly
which have given birth to various complications for the patients. Among the resistant microbes,
MRSA is currently a very hot issue globally for the last sixty years. This has been responsible for
nosocomial infections and has been known to cause threats to life. The resistance against
penicillins belongs to β- lactams antibiotics, started soon after a few years of its discovery.

Because of rising issue of MRSA, a study was designed to determine the effect of flavonoids on
antibiotics which have developed resistance against methicillin resistant Staphylococcus aureus
(MRSA). The flavonoids selected for this research were Rutin (R), Morin (M), Qurecetin (Q)
and Luteolin (L). The antibiotics included were AMP, AMO, CEF, CET, VAN, ME, CEPH,
ERY, IMP, CIP, LEV and SULP-TRI. In this study about 100 MRSA clinical isolates and
MRSA ATCC No. 43300 were used. The flavonoids were used alone, in combinations and along
with the selected antibiotics. The concentrations of flavonoids and in combination with
antibiotics effective against clinical isolates and standard strain were determined through the
antibiotic sensitivity assays. The flavonoids, found effective individually against the clinical
isolates and standard strain were Q and L. The combination of flavonoids used which have more
pronounced effects than the individual ones were Q+L, R+M and Q+M+R. These flavonoids
were then used in combination with all the selected antibiotics. The results revealed the qurecetin
and luteolin used alone and in combination along with antibiotics have been found to increase
the efficacy of AMP, CET, CEPH, ME and IMP against clinical isolates and the standard strain.
All these antibiotics alone were having no effect against MRSA isolates except IMP.M+R used
in combination with amoxicillin, ceftriaxone, cephradine, methicillin and imipenem, have
positive effect on the antibacterial activity of test antibiotics, however, querecetin-morin-rutin
combination was found to have more enhancing effects on the test antibiotics (AMP, AMO,
xiii

CET, CEPH, ME and IMP) activity against the standard and MRSA clinical isolates than the
rutin-morin combination. The minimum inhibitory concentrations (MIC’s) of flavonoids were
determined. Then in combination with antibiotics, MIC’s of flavonoids were determined as well.
A reduction was observed in the MIC’s of flavonoids when combined with test antibiotics.
Similarly MIC’s of antibiotics alone and in combination with flavonoids were also determined. A
profound decrease was demonstrated in the minimum inhibitory concentration of antibiotics.
The MIC’s reduction of antibiotics and flavonoids in combination with each other proves that
both of them were increasing each other activity against the bacteria under study. Fractional
inhibitory indices (FICI) were measured to find out whether there was synergism or additive
relationship between the antibiotics and flavonoids. The results revealed that in all the cases
additive relationship existed between the antibiotics and flavonoids except Q+M+R+CEPH,
Q+M+R+CET, Q+M+R+IMP, Q+M+R+MET, Q+L+CET and Q+L+IMP where synergism was
observed. Then the interaction mechanism between the flavonoids and antibiotics was also
determined by measuring the K+ loss caused by flavonoids, antibiotics and in combination with
each other. After that mutagenic effect of flavonoids alone and in combination with antibiotics
on MRSA was also detected by PCR and sequencing. No mutations were observed. The resistant
antibiotics become active against MRSA when combined with flavonoids. This was proved by
determining the MIC’s of flavonoids alone and in combination with antibiotics. This revealed
significant reduction in the MIC’s. Similarly, the MIC’s of antibiotics alone and in combination
with flavonoids was also determined showing a profound reduction in the MIC’s of antibiotics.
This proved that both the flavonoids and antibiotics were increasing each other’s activity. The
FICI indicated an additive relationship between them. While the potassium loss measurement
was the indicative of cell wall damage, which was greatest when flavonoids and antibiotics were
used together.
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Abstract
As a result of developing resistance the antibiotics became ineffective and the microbes
including bacteria, viruses, parasites and fungi became able to counterattack against antibiotics.
The basic cause of antibiotic or antimicrobial resistance is because of too much use of
antibiotics. The impending post antibiotic period is becoming a threat for the both current and
forthcoming advances in medical science. Both the rise in the bacterial resistant strains and
insufficient availability of novel antibiotics are the major causes of antibiotic resistance. As a
result of which the chances for the treatment of various infections have decreased significantly
which have given birth to various complications for the patients. Among the resistant microbes,
MRSA is currently a very hot issue globally for the last sixty years. This has been responsible for
nosocomial infections and has been known to cause threats to life. The resistance against
penicillins belongs to β- lactams antibiotics, started soon after a few years of its discovery.
Because of rising issue of MRSA, a study was designed to determine the effect of flavonoids on
antibiotics which have developed resistance against methicillin resistant Staphylococcus aureus
(MRSA). The flavonoids selected for this research were Rutin (R), Morin (M), Qurecetin (Q)
and Luteolin (L). The antibiotics included were AMP, AMO, CEF, CET, VAN, ME, CEPH,
ERY, IMP, CIP, LEV and SULP-TRI. In this study about 100 MRSA clinical isolates and
MRSA ATCC No. 43300 were used. The flavonoids were used alone, in combinations and along
with the selected antibiotics. The concentrations of flavonoids and in combination with
antibiotics effective against clinical isolates and standard strain were determined through the
antibiotic sensitivity assays. The flavonoids, found effective individually against the clinical
isolates and standard strain were Q and L. The combination of flavonoids used which have more
pronounced effects than the individual ones were Q+L, R+M and Q+M+R. These flavonoids
were then used in combination with all the selected antibiotics. The results revealed the qurecetin
and luteolin used alone and in combination along with antibiotics have been found to increase
the efficacy of AMP, CET, CEPH, ME and IMP against clinical isolates and the standard strain.
All these antibiotics alone were having no effect against MRSA isolates except IMP.M+R used
in combination with amoxicillin, ceftriaxone, cephradine, methicillin and imipenem, have
positive effect on the antibacterial activity of test antibiotics, however, querecetin-morin-rutin
combination was found to have more enhancing effects on the test antibiotics (AMP, AMO,
xiii

CET, CEPH, ME and IMP) activity against the standard and MRSA clinical isolates than the
rutin-morin combination. The minimum inhibitory concentrations (MIC’s) of flavonoids were
determined. Then in combination with antibiotics, MIC’s of flavonoids were determined as well.
A reduction was observed in the MIC’s of flavonoids when combined with test antibiotics.
Similarly MIC’s of antibiotics alone and in combination with flavonoids were also determined. A
profound decrease was demonstrated in the minimum inhibitory concentration of antibiotics.
The MIC’s reduction of antibiotics and flavonoids in combination with each other proves that
both of them were increasing each other activity against the bacteria under study. Fractional
inhibitory indices (FICI) were measured to find out whether there was synergism or additive
relationship between the antibiotics and flavonoids. The results revealed that in all the cases
additive relationship existed between the antibiotics and flavonoids except Q+M+R+CEPH,
Q+M+R+CET, Q+M+R+IMP, Q+M+R+MET, Q+L+CET and Q+L+IMP where synergism was
observed. Then the interaction mechanism between the flavonoids and antibiotics was also
determined by measuring the K+ loss caused by flavonoids, antibiotics and in combination with
each other. After that mutagenic effect of flavonoids alone and in combination with antibiotics
on MRSA was also detected by PCR and sequencing. No mutations were observed. The resistant
antibiotics become active against MRSA when combined with flavonoids. This was proved by
determining the MIC’s of flavonoids alone and in combination with antibiotics. This revealed
significant reduction in the MIC’s. Similarly, the MIC’s of antibiotics alone and in combination
with flavonoids was also determined showing a profound reduction in the MIC’s of antibiotics.
This proved that both the flavonoids and antibiotics were increasing each other’s activity. The
FICI indicated an additive relationship between them. While the potassium loss measurement
was the indicative of cell wall damage, which was greatest when flavonoids and antibiotics were
used together.
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CHAPTER # 1

Introduction

Potential of Flavonoids against Methicillin Resistant Staphylococcus aureus

1

Introduction
Certain plant species synthesize small-molecules known as secondary

metabolites that occur as a part of their normal metabolism with some or no
function in plant life cycle. These secondary metabolites are biologically active
and have medicinal values like antimicrobial, antitumor, hypoglycemic,
antithrombotic, antihyperlipidemic, antihypertensive [1]. Many plants of the
genus Cipadessa found in India and China has been used against diseases such as
rheumatism, malaria, dysentery, diabetes, piles and snake poison. The main
constituents

of

plants

of

Cipadessa

are

flavonoids,

terpenoids,

tetranortriterpenoids, steroids and sesqueterpenoids [2]. Similarly, 400 species of
Saussurea genus, family Asteraceae are widely distributed globally. These plants
have been used as traditional medicines in China and Tibet and are mainly used
for the treatment of menstruation, reviving blood circulation, controlling the
bleeding, relieving pain, fever and treatment of rheumatic arthritis. A number of
compounds including flavonoids, terpenoids, phytosterols and phenolics have
been isolated from these plants and found biological active [3].It has been
reported that the antimicrobial activity of these plants were due to the presence of
various flavonoids, terpenoids, and tannins. [4].
Flavonoids are generally present in photosynthesizing cells most
commonly in fruits, vegetables, nuts, seeds, stems, and flowers [5]. From ancient
times, preparations containing these compounds have been used to treat human
diseases. This class of natural products is becoming the main target of research
due to their antifungal, antiviral and antibacterial activities. The flavonoids have
been found to have activities against resistant bacterial strains such as methicillin
resistant S.aureus (MRSA) and vancomycin resistant S.aureus (VRSA) and
vancomycin intermediate S aureus and vancomycin-resistant enterococci (VRE)
[6].
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1.1

Medicinal use of plants
Plants use as medicines, started about 60000 years ago through the

information provided by archeologists [7]. In ancients times people from
different cultures wrote a number of books on medicinal uses of plants.
Egyptians, in old times used various herbs for dermal diseases, digestive
disorders, traumas, dentistry and gynecological problems. The plants used as
medicine by Egyptians, was mentioned in their medical book known as Egyptian
medical papyri [7].The first documented proof found for the plants as medicines
date back to 2600 BC. The main ingredients of the plants in this proof were the
oils derived from cedrus species and Cupressus sempervirens, Papaver
somniferum (Poppy juice), Commiphora species (Myrrh) and Glycyrrhiza glabra
(Licorice). The extracts of these plants are still in use today for the indications
such as coughs, cold, parasitic infections and inflammation [8]. Similarly
Egyptians used bishop’s weeds (Ammi majus) for the treatment of skin disease
i.e. vitiligo. Today, a compound known as β-methoxypsoralen is obtained from
this plant which is used for the treatment of psoriasis and T-cell lymphoma.
Ancient Greeks also had their share in the use of plants as medicines. It
was Hippocrates, in 460 BC – 370 BC, who established various principles for the
diagnosis of diseases and used various plants as emetics, laxatives, diuretics, and
enemas. His all work on medicines and diseases became the part of modern
medicine [9]. The plants which were used by Hippocrates as medicines were
peppermint (Mentha piperita), poppy (Papaver somniferum), mugwort
(Artemisia vulgaris), sage (Horminum pyrenaicum), rosemary (Hyssopus
officinalis), rue (Ruta graveolens) and verbena (Verbena officinalis). These
plants are also found in many documents written by Glen in 160 AD, who was
surgeon in Asia Minor [9]. These plants are still in use today.
A number of medicines were discovered by Muslim scientists during 980
to 1037 AD. The two most important scientists of this Islamic medical period
were Al-Razi and Ibn Sina [10]. In a book, Al Qanun fi al-tibb (Cannon of
Medicine) written by Ibn Sina, he described various uses of saffron and its
pharmacological activities. He found that saffron possessed anti-inflammatory,
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antidepressant, hepatoprotective, bronchodilatory, aphrodisiac activities and also
having labour inducing potential. Today’s research on saffron also revealed that
its activities were similar to that described in that book [11]. Ibn Sina also
described various plants as medicines such as black pepper, pennyroyal,
cinnamon, ginger, iris, centaurea, vitex, burra gokhru, pomegranate, camel grass,
damask rose, sandalwood, and cassia for the destruction, expulsion and
prevention of kidneys calculi [12].
The native Indians in America used plant known as coca for the relief of
pain. This is still used in western world as painkiller because of cocaine that was
isolated from this plant. Similarly, another plant Pinus edulis gum was used by
native Indians against the cure of abscesses. Later on, this effect was related to
the pinene oils present in this plant which were inhibitory to Staphylococcus
aureus [13]. Shen Nung, who was known for as a father of medicine and
pharmacology about five thousand years ago, has written in his book that the
leprosy wounds can be healed by oral or topical application of 10 – 20 drops of
Chaulmoogra oil isolated from Hydrocarpus genus [14].
The use of plant as medicines in the ancient time, led the present time
researchers to the identification and isolation of the compounds from plants
responsible for any biological activity with the help of phytochemistry. Advent
of this chemistry has resulted in identification of numerous therapeutically active
compounds. Moreover, these compounds are also used as starting material for
the synthesis of novel medicinal compounds. In this context the example of
morphine is notable that was separated from poppy plant and its several
derivatives were/are used for various medicinal uses [15]. This idea led to the
development of many semi synthetic drugs.
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1.2

Plants Metabolites
Several higher plants produce a number of organic substances as a result

of their metabolism which are classified as primary and secondary metabolites
[16]. The primary metabolites are essential for various functions of plants such
as growth, respiration and photosynthesis. The examples of primary metabolites
are organic acids, nucleotides, phytosterols and acyl lipids. The other organic
substances which are present in elevated quantities in a few species of plants are
called secondary metabolites. These metabolites play a very important role in the
protection of plants against microbes and herbivores. The secondary metabolites
serve for various purposes as they are used as drugs, flavoring agents, glues, oils,
dyes and fibers. These metabolites found to become source of various
antimicrobial agents (antibiotics), naturally occurring drugs, insects killing
agents and herbicides [17].
The plant secondary metabolites are classified in to three major groups [18] such
as:

1.3

i)

Flavonoids, allied phenolic and polyphoenolic substances

ii)

Alkaloids containing Nitrogen & compounds containg sulphur

iii)

Terpenoids
Flavonoids

A flavonoid originated from the Latin word flavus meaning yellow.
Although some flavonoids are blue, purple, white and red as well [19]. Albert
Szent-Gyorgyi first discovered them in 1928 who named them Vitamin P as it
was discovered along with vitamin C [20].
A major group of plant secondary metabolites is constituted by flavonoids that
are found in dominanance in higher plants. Flavonoids are chemically
polyphoenolic compounds which are mostly found as derivatives of glycosylates.
These compounds possess two substituted benzene rings which are linked by
three carbon atoms chain and an oxygen bridge [21].
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Figure. 1.1 Basic structure of Flavonoid
1.4

Classification of Flavonoids
Flavonoids are classified in to subgroups such as
i)

Chalcones

ii)

Flavone

iii)

Flavanone

iv)

Flavonol

v)

Anthocyanins

vi)

Isoflavonoids

1.4.1

Chalcones
These are the flavonoids subgroup in which ring “C” is absent from the

flavonoid basic chemical structure. Therefore they are considered as open
chain flavonoids. Arbutin, chalconaringenin, phlorizidin and phloretin are a
few examples of this flavonoid subgroup. They are found in huge quantities in
tomatoes, certain wheat products, strawberries, pears and bearberries. The
chemical structures of a few chalcones are shown in (Figure.1.2).

Figure.1.2 Structure of 2 common chalcones [21]
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1.4.2

Flavones

These are very important subclass of flavonoids. They mainly occur as
glucosides in flowers, fruits and leaves. Examples of this flavonoids class are;
luteolin, sinensetin, tangeretin and apigenin. The rich sources of flavones are
mint, parsley and celery [22]. The key structures of flavones are shown in (Figure.
1.3).

Figure. 1.3 Chemical Structure of some common Flavones [22]
1.4.3

Flavanones
A very dominant class of flavonoids, mostly found in the citrus fruits such

as grapes, lemons and oranges. Hisperitin, eriodictyol and naringenin are the main
examples of this class [23]. The bitter taste of peel and juice of citrus fruits is
because of hesperidin and naringenin, which are glycosides derivatives of
hisperitin and naringenin. Flavanones have various pharmacological activities
such as lipid lowering agents in blood [24], anti-inflammatory [25] and
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antioxidant activities. The chemical structures of some commonly known
flavanones in (Figure 1.4).

Eriodictyol
Naringin

Naringinin

Hesperidin

Hesperetin
Figure.1.4 Structures of various Flavanones [23]
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1.3.4

Flavonols
These flavonoids contain ketone functional group in their structure. They

are also is widely distributed in the plant kingdom except algae and are found
mostly in vegetables and fruits such as berries, grapes, apples, tomato, kale,
lettuce and onion. The most common examples are quercetin, kaempferol and
myricetin. Tea and red wine are also good sources of flavonols. This group of
flavonoid has antioxidant activity and it is also used in the treatment of various
cardiovascular diseases [23]. The chemical structures of commonly known
flavonols are shown in (Figure.1.5).

Figure.1.5 Chemical structures a few common flavonols [23]
1.4.5

Anthocyanins
These flavonoids are basically the pigments that give color to the fruits,

plants and flowers. The most common examples are peonidin, malvidin,
delphinidine and cyanidin. These are mainly found in cereals, olive oil,
vegetables, fruits, tea, honey and wine [26]. In fruits, such as raspberry,
blueberry, bill berry, blackberry, cranberry, strawberry, red grape and merlot,
anthocyanins are found in the layers outside the cells. These flavonoids have a
number of pharmacological activities such as anti-inflammatory, antiPotential of Flavonoids against Methicillin Resistant Staphylococcus aureus

carcinogenic, antioxidant and antimicrobial activities. They also have
considerable effect on blood vessels, blood platelets and decrease the peril of
heart diseases [27]. Some commonly known structures of this subgroup of
flavonoids are shown in the (Figure.1.6).

Figure.1.6 Chemical structure of common Anthocyanins [26].
1.4.6

Isoflavonoids
It is a huge and unique subgroup of flavonoids. They are distributed to a

limited extent in general plants but are abundant in plants belonging to
Leguminosae family. Even some occur in microorganisms [28].The chemical
structures of main Isoflavonoids are shown in (Figure.1.7).
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Figure.1.7 Chemical Structures of common isoflavonoids [28].
A few isoflavonoids are photoestrogen (derived from plant xenoestrogen)
such as diadzein and genistein which have estrogenic activity in some animal
models. The genistein has been studied for bringing changes in hormones and
metabolism. As a result of which this isoflavonoid has the capability of playing
very important roles in different diseases [29]. These Isoflavonoids genistein and
diadzein have anti-oxidant properties as they are found to inhibit lipid oxidation
in liposomes [30]. They also decrease clogging in arteries, thus reducing the risk
of various coronary heart diseases. They also have anti-carcinogenic activities as
they are found to be beneficial in breast cancer as they block the carcinogenic
effects of estrogens in humans. They are also found to give relief in various
complications of menopause. They are also decrease blood pressure and useful in
various vascular diseases [31].
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Various flavonoids have been used as major active substances by old time
physicians and healers for the treatment of various diseases in humans [32].
Different plants such as Tagetes minuta which contain flavonoid such as
quercetagetin-7-arabinosyl-galactoside has been used a lot in Argentina as herbal
medicine for various infectious diseases [33]. Similarly, propolis and its balm was
used by Greece in ancient time for the ailment of sores and ulcers. The reason for
propolis antibacterial activity is due to the high content of flavonoids like
galangin and pinocembrin [34].
1.5

Antimicrobial Properties of Flavonoids
As a consequence of microbial infection, flavonoids are produced by the

plants. On the basis of this fact, they have been proved to possess antimicrobial
activities against wide range of microbes [35]. The flavonoids extracted from
different parts of Gossypium and tested against Bacillus cereus, Escherchia coli,
Mycobacterium

smegmatis,

Proteus

vulgaris,

Pseudomonas

aeruginosa,

Salmonella typhimurium, Staphylococcus aureus, S. epidermidis, Trichoderma
viride and Candida albicanby disc diffusion method, it was found that these
flavonoids were effective against all species except C. albican [36].
In another study, antibacterial and antifungal activities of four flavonoids
derivatives were evaluated. The flavonoids derivatives used were scandenone,
tiliroside,

quercetin-3,7-O-α-l-dirhamnoside

and

kaempferol-3,7-O-α-l-

dirhamnoside. The bacterias studied were E.coli, P.aeruginosa, Proteus mirabilis,
Klebsiella pneumoniae, Acinetobacter baumannii, Staphylococcus aureus,
B.subtilis, and Enterococcus faecalis and fungus tested was Candida albicans.
For antiviral activities, both DNA virus Herpes simplex (HSV) and RNA virus
Parainfluenza-3 (PI-3) were selected. All of these compounds were found
effective against the test microorganisms. They also had inhibitory effects on
C. albican which was as effective as ketoconazole. The only compound which has
antiviral activity was quercetin-3,7-O-α-l-dirhamnoside against the test viruses
[37].
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1.5.1

Flavonoids Antifungal Activity
The flavonoids have also been suggested for antifungal activity in humans

because of their capability to inhibit germination of spores [5]. Different
flavonoids have been found to have antifungal activity such as a newly found
flavanone obtained from Eysenhardtia texana and the flavonoid 7-hydroxy-3,4(methylenedioxy) flavan from Terminalia bellerica

against Candida albican

[38]. Another two new flavonoids, 6,7,4-trihydroxy-3,5-dimethoxyflavone and
5,5-dihydroxy-8,2,4-trimethoxyflavone,

which

were

extracted

from

Artemisia giraldi have been found to have activity against Aspergillus flavus
[38].
In another study, flavonoids were extracted from the mango leaves and
tested for their antifungal activity against five species of fungus Penicillium citrii,
Macrophomina phaseolina, Aspergillus niger, A.fumigatus, Fresenius and
Alternaria alternata. It was found that all these flavonoids used in different
concentrations were effective in inhibiting the fungal growth [39]. From the
leaves of carnation i-e Dianthus caryophyllus, three flavonoids glycosides such as
kaempferol 3-O-β-D-glucopyranosyl (1→2)-O-β-D-glucopyranosyl(1→2)-O-[α-Lrhamnopyranosyl-(1→6)]-β-D-lucopyranoside, along with two known C- and Oflavonoid glycosides were isolated and tested for their antifungal activities. These
compounds were found to have antifungal properties against different Fusarium
oxysporum pathotypes [40].
1.5.2

Flavonoids Antiviral Activity
The studies have also been done regarding the flavonoids antiviral

activity, especially on human immunodeficiency virus HIV 1 and its enzymes. It
has been found by in-vitro studies that the flavonoids i-e baicalin can inhibit HIV
1 infection and replication by blocking HIV-1 reverse transcriptase [41]. Other
flavonoids having same mechanism of action are robustaflavone and
hinokiflavone [42]. It has been shown in one study that luteolin, chrysin and
acacetin-7-O-β-galactopyranoside have got activity against HIV 1 [43]. Another
group of researchers have concluded that HIV 1 integrase can be inhibited by
qurecetin derivatives and they can penetrate into the DNA of host cell [44]. As a
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result of inhibition of integrase activity, the said virus can be prevented from
replication by the use of these flavonoids, therefore, these flavonoids can be
considered in AIDS therapeutics [45].
Flavonoids are also responsible for the inhibition of several other viruses.
A research revealed that the flavonoids such as catechins, pelargonidin chloride,
leucocyanidin, dihydrofisetin, dihydroquercetin, rutin, morin and qurecetin. The
dihydroquercetin have activity against seven different types of viruses including
sindbis virus, poliovirus, syncytial & respiratory viruses and herpes simplex virus
[46]. Moreover, quercetin 3-O-a-D-arabinopyranoside and kaempferol 3-O-α-Lrhamnopyranoside has also been reported to possess inhibitory activity against
herpes simplex virus (HSV I) that was resistant to Acyclovir [47]. In another
study seven naturally occurring flavonoids, their different acetates and methyl
esters were tested against herpes simplex virus HSV I & II and found them active
[48].
1.5.3

Antibacterial Activity of Flavonoids

1.5.3.1 Mechanism of Action as antibacterial agent
1.5.3.1.1

DNA & RNA synthesis inhibition
A study revealed that the flavonoids robinetin, myricetin and

(−)-epigallocatechin found to inhibit the synthesis of DNA of Proteus vulgaris.
While in case of S. aureus the flavonoids were found to interfere with RNA
synthesis. It was found that was basically the presence of B ring in the flavonoids
that make strong hydrogen bond with bases of DNA & RNA. As a result of which
their synthesis was inhibited [49]. In another study about fourteen flavonoids
were analyzed for their activity to inhibit DNA gyrase of Escherichia coli. These
flavonoids antibacterial activity was also tested against Stenotrophomonas
maltophilia, Staphylococcus aureus, Staphylococcus epidermidis and Salmonella
typhimurium. The DNA gyrase was found to be inhibited by various flavonoids
such as 3,6,7,3,4-pentahydroxyflavone and apigenin [50]. Only those flavonoids
which had OH- group on their B-ring showed this activity [51]. Further studies
showed that quercetin blocked the DNA gyrase in E.coli by binding to its GyrB
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subunit, thus inhibiting ATPase activity of enzyme. This binding between
quercetin and enzyme was confirmed by the isolation of DNA gyrase of E.coli
and the measurement of fluorescence produced by quercetin with and without
gyrase subunits [52].
Galangin, another flavonoid was studied for activity against 4-quiniolone
resistant S. aureus. This S .aureus strain under goes serine to proline substitution
at 410th position at GrlB subunit. This showed that antibacterial activity of
galangin may involve Topoisomerase IV and the homologous gyrase enzyme
[53].
1.5.3.1.2

Flavonoids affecting bacterial Cell membrane
Flavonoids have been also studied for their effect on bacterial cell

membrane. Two flavonoids i.e. flavanones naringenin and sophoraflavanone
found to have intense activity against MRSA. This activity was due to the
reduction caused by these flavonoids in the fluidity of both outside and inside
layers of bacterial membranes. This effect may be due to change in the membrane
fluidity at both hydrophilic and hydrophobic regions [54].
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Figure. 1.8 Basic chemical structures of the 6 main groups of flavonoids [54].
It was further suggested that this activity against MRSA was a result of
ring A 5,7-dihydroxylation and ring B 2/, 4/- dihydroxylation in the chemical
structure of flavanone. Similarly in flavanones & flavones an OH group at
position 5 is also essential for activity against MRSA. It was also found that
further addition of hydroxyl groups at 7,2/ & 4/ positions in 5-hydroxyflavanones
and 5-hydroxyisoflavanones made them bacteriostatic against Staphylococcus
mutans and Streptococcus sobrinus [55].
Another group studied epigallocatechin gallate, which is a catechin produced
in the leaves of green tea. The catechins are actually flavonoids which are more
active against Gram+ve than Gram-ve bacteria. In order to find their mechanism
of antibacterial action, a liposome was designed as model for bacterial membrane.
When theses flavonoids were applied on the liposome, a leakage of small
molecule was observed from the space inside the liposome. The results revealed
that bacterial membrane was damaged by these flavonoids. But the actual
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mechanism for the membrane damage was not fully understood.However two
hypotheses were assumed.
i)

The catechins may disturb the lipid bilayer by direct penetration into
these layers, thus may cause the disruption of this barrier.

ii)

Membrane fusion may be caused by these flavonoids which may be
the cause for the outflow of material from membrane [56].
In another study it was found that 2,4,2/-trihydroxy-5/-methylchalcone

caused leakage of materials such as nucleic acid from Staphylococcus mutans.
The results showed that flavonoid activity against the said bacteria was due to its
ability to alter the cell membrane permeability and ultimately inhibiting various
membrane functions [57]. The antibacterial activity of various flavonoids such as
naringenin, kaempferol, apigenin and a newly developed flavonoid 7-O-butyl
naringenin against four Staphylococcus aureus strains that were grown on meat.
All of them were found to be bacteriostatic but 7-O-butyl naringenin was found
most effect active against test S. aureus. The bacterial cells treated with 7-O-butyl
naringenin were observed under electron microscope that revealed some
morphological changes to cell membranes [58].
1.5.3.1.3

Energy metabolism blocking
Antibacterial mechanism of action of two flavonoids licochalcone A

& licochalcone C was investigated and found to have bacteriostatic activity
against S. aureus and Micrococcus luteus (M. luteus). They had no activity
against E. coli. Initial experiments showed that licochalcone A & B blocked the
inclusion of the radioactive precursors in to the macromolecules such as DNA and
RNA. On the basis of these results, it was assumed that these flavonoids may
have some interference with energy metabolism within the bacteria. As this
energy is very important for the active transport of metabolites and
macromolecules synthesis. It was also found that these flavonoids blocked
oxygen conservation in both S. aureus and M. luteus. Basically both of the
flavonoids showed inhibition of NADH-cytochrome “c” reductase. But these had
no effect on cytochrome “c” oxidase or NADH-CoQ reductase. However, the
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authors were of the view that sites for their inhibitory activities was in between
the cytochrome “c” within the bacterial respiratory electron transport chain [59].
1.5.4

Flavonoids as antibacterial agents
Flavonoids have been reported for their effective antimicrobial activities

against Gram-ve and Gram+ve bacteria [60]. The evaluation of antibacterial
activity of naturally occurring flavonoids naringenin, apigenin, quercetin,
kaempferol and a new flavonoid 7-O-butyl naringenin was done against various
meat born S. aureus strains. The results revealed that all these flavonoids showed
bacteriostatic activity against the said bacteria and quercetin was most effective
among the flavonoids. While 7-O-butyl naringenin also found to have bactericidal
activity by damaging the bacterial cell wall when observed under electron
microscope [58]. In another study antibacterial activity of propolis was evaluated
by measuring zone of inhibition and by determining minimum inhibitory
concentration (MIC) against methicillin resistant S. aureus (MRSA), multidrug
resistant E. coli and their standard strains. The propolis was obtained from two
different sources i.e. one from pine tree and other from oak tree. The results
revealed that propolis possessed antibacterial activity against both MRSA and
E. coli due to the presences of three flavonoids pinobanksin-3-O-acetate,
pinocemberin and chrysin. The pinobanksin-3-O-acetate, pinocemberin were
effective against MRSA and chrysin found active against only E.coli [61].
A plant Phaleria macrocarpa is known for treating hypertension, diabetes
mellitus and carcinoma. Hender et al, investigated the biological activities of this
plant. The study revealed that the plant’s activities were due to the flavonoids
such as kaempferol, rutin and myricetin that occurred in the pericarp of this plant,
while quercetin & naringin found in mesocarp and seed of the plant. As these
flavonoids were present in different parts of plant, therefore, extracts of these
parts were tested for their antimicrobial activities against various gram +ve &
gram -ve bacteria by bacterial sensitivity assays. All extracts of these plant parts
were found effective against both the gram +ve bacteria (Bacillus cereus, Bacillus
subtilis, Mycoplasm luteus and S. aureus) and gram –ve bacteria (E. coli,
Escherchia aerogenes, Klebsiella pneumonia and Pseudomonas aeruginosa [62].
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Another plant known as Fennel (Foeniculum vulgare Miller) methanolic extract
was studied for the occurrence of flavonoids and presence of antibacterial
activity. Through high performance liquid chromatography (HPLC) it was found
that the extract contained huge quantities of flavonoids such as kaempferol,
quercetin, gallic acid, caffeic acid and ellagic acid in the dry seeds of this plant.
This extract was tested for its activity against various bacteria S. aureus,
Pseudomonas aeruginosa, Bacillus pumilus, and E. coli. The antibacterial activity
was confirmed by determining the MIC’s , cell wall damage through electron
microscopy and antibiotic sensitivity assays (zone of inhibition) [63]. About six
flavonoids including (5,7- dimethoxyflavanone-4’-O--D-glucopyranoside, 5,7dimethoxyflavanone-4’-O-[2’’-O-(5’’’-O-trans-cinnamoyl)-D-apiofuranosyl]-Dglucopyranoside,naringenin-7-O-D-lucopyranoside, 5,7,3’-trihydroxy-flavanone4’-O-D-glucopyranoside, rutin, andnicotiflorin were tested against Extended
spectrum

β-lactamses

(ESβL)

producing

Klebsiella

pneumonia

(K.

pneumonia).ESβL producing K .pneumonia is resistant to all β-lactam antibiotics.
These flavonoids were extracted from plants such as Galium fissurense, Viscum
album and Cirsium hypoleucum. Through MIC’s determination of flavonoids, it
was found that the flavonoids were active against all the test K. pneumonia
strains. On the basis of the results, these flavonoids can be used for the treatment
of various infections caused by ESβL K.pneumonia [64].
1.6

Flavonoids activity in combination with antibiotics against various

microbes
The flavonoids were also used in combination with antibiotics and the
results revealed that activity of antibiotics found to increase significantly. In a
study synergism was investigated between luteolin and amoxicillin against
amoxicillin resistant E. coli. It was revealed that both luteolin and amoxicillin
synergized each other effect against the amoxicillin resistant E. coli [65]. The
MIC’s of luteolin and amoxicillin against this strain were ⩾200 μg/ml and ˂1000
μg/ml, which were found to decrease markedly proving the synergism between
them. The mechanism involved behind this was also determined by enzyme
inhibitory assays as luteolin is known to inhibit enzyme penicillinase. Similarly,
in another study synergism was investigated between propolis and antibiotics
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such as amoxicillin, ampicillin and cefalexin against Salmonella typhi. Propolis is
basically a resinous material produced by bees, is rich in flavonoids such as
galangin [66]. Propolis used in this study was from two different sources, one
from Brazil and other from Bulgaria. The Bulgarian sample was more effective
than the other one, but the synergism with antibiotics was similar. The activity of
propolis from both sources was determined through MIC assays. The synergism
was verified by taking1/2 and 1/4 of MIC of propolis and the antibiotics [67]. The
flavonoids such galangin when combined with amoxicillin was found to increase
its activity against resistant S. aureus clinical samples. As the MIC of amoxicillin
against S. aureus reduced from 2-250µg/ml to 0.25-2 µg/ml. The amoxicillin in
combination with the flavonoids also became effective against MRSA where the
MIC of amoxicillin decreased from 32 - 250µg/ml to 0.25µg/ml. Similarly,
ceftazidine resistance against S. aureus also upturned by galangin as the MIC of
ceftazidine reduced from 32 – 250 µg/ml to < 0.25 µg/ml. The results of viable
counts revealed that the effect of benzyl penicillin against penicillin-resistant S.
aureus was enhanced by baicalin [68]. A very high concentration of flavonoids
such as catechins e.g. epicatechin, epigallocatechin, epicatechingallate and
epigallocatechin gallate are found in green tea. Due to the presence of these
flavonoids, the green tea extract found to have synergistic effect on levolfloxacin,
thus increasing its activity against enterohaemorrhagic E. coli [69]. It was further
revealed that the activity of catechins against the said strain was due to the
disruption caused by catechins in the lipid bilayer of the bacterial cell. This
resulted in the cell damage and ultimately bacterial cell death occurred. In another
study synergism of flavonoid i.e. taxifolin-7-O-α-L-rhamnopyranoside with
commonly used antibiotics such as ampicillin, levofloxacin, ceftazidime and
azithromycin were evaluated against MRSA clinical isolates. The checkerboard
and time kill assays provided the evidence of synergy between the taxifolin-7-Oα-L-rhamnopyranoside & ceftazidime and taxifolin-7-O-α-L-rhamnopyranoside &
levolfloxacin. On the basis of these results it was proved that taxifolin-7-O-α-Lrhamnopyranoside had the ability of increasing the activity of levolfloxacin and
ceftazidime [70]. A flavonoid, amentoflavone that was obtained from plant
Selaginella tamariscina was tested for its antibacterial activity as well as for its
synergistic effect in combination with various antibiotics. The antibiotics used in
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this study were chloramphenicol, ampicillin and cefotaxime. The bacterial strains
used in this study were Enterococcus faecium ATCC 19434, S. aureus ATCC
25923, S. mutans ATCC 3065, E. coli O-157 ATCC 43895, E. coli ATCC 25922
and Pseudomonas aeruginosa (P. aeruginosa) ATCC 27853. The results proved
that apart from S. mutans, amentoflavone had strong activity against all the test
bacteria under study and possessed strong synergistic effect on all the antibiotics
[71]. A plant known as Annona squamosa, ethanolic extract of its leaves and
various fractions were studied for its antibacterial activity as well its synergism
with various antibiotics gentamycin, kanamycin, amikacin and neomycin against
resistant bacteria. The multidrug resistant strains of E. coli EC27 and S. aureus
SA358 were used. Through MIC assays it was found that most of the extracts and
fractions have no activity against test bacteria as the MIC determined was more
than 1024µg/ml however, few of them were found active and had synergistic
effect on the antibiotics.
It was further observed that various flavonoids such as flavones, flavonols,
xanthones, chalcones, catechins and flavonones present in the ethanolic extract of
Annona squamosa leaves were bioactive and due to these plant secondary
metabolites this plant possess antibacterial activity [73].
1.7

Antibiotic Resistance
According to world health organization (WHO) antibiotic resistance is the

resistance of microbes to antibiotics to which these microorganisms were
sensitive. As a result of developing resistance, the antibiotics became ineffective
and the microbes including bacteria, viruses, parasites and fungi are able to
counterattack against antimicrobials. The basic cause of antimicrobial resistance
may be attributed to indiscriminate use of antibiotics.
The impending post antibiotic period is becoming a threat for both current
and forthcoming advances in medical science. Both the rise in bacterial resistant
strains and insufficient availability of novel antibiotics are the major causes of
antibiotic resistance. As a result of which the chances for the treatment of various
infections have decreased significantly which have given birth to various
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complications for the patients. The patients who are more prone to infections are
those with poor immune system such as carcinoma, HIV positive patients and
children having malnutrition [74]. About 1/5th of deaths occurring worldwide are
due to infectious disease such as respiratory, diarrhoeal, tuberculosis, malarial
diseases and AIDS. Among these diseases the respiratory diseases are the major
causes of deaths i.e. about 400,000 deaths annually.
The rising issue of bacterial resistance to antibiotics in the world has
raised the question that how to deal with this, so that incidences of antibiotics
resistance can be decreased.
1.7.1

Antibiotic resistance, a worldwide issue
Penicillin that was widely used to treat people with various infections

since late 1940’s, but within less than two years time it became ineffective against
a few strains of S. aureus that was the major cause of infections in UK hospitals.
The reason for the resistance was repeated use of these antibiotics as penicillin
was the only antibiotic at that time [75].First case of methicillin resistant strains
of S. aureus (MRSA) was observed from the hospital of Boston when 2nd
generation penicillins were found resistant for the first time [76].
The MRSA cases found to increase significantly in different countries
since 1980. In Japan and Korea, the frequency of MRSA cases enhanced from
zero to nearly 70%, while it increased to 40% in UK & USA and 30% in
Belgium. This problem of resistance was also observed in cases of other
pathogenic microorganisms such as multidrug resistant bacterial strains e.g.
Acinetobacter and Stenotrophomonas. The newly discovered antibiotics are not
used to treat infections caused by these bacterial strains, however, an old
antibiotic colistin is the only solution to the problem, but its use has been
abandoned due to its toxic effects.
Similarly, multidrug resistant Salmonella & Shigella, which are
enteropathogens are having increased incidences worldwide. As a result, dealing
with infections of these bacteria is getting difficult especially in children. It has
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been reported in India, Thailand and Indonesia 80-90% of Shigella strains are
found to be resistant against two or more antibiotics [77]. In Pakistan, MRSA
incidence and prevalence has increased rapidly over past one decade. It has been
observed that MRSA incidences vary from region to region and even in different
hospitals within the same area. It was found that in 1999 less than 50% of S.
aureus clinical samples collected from intensive care unit in National Nosocomial
Infection Surveillance system were methicillin resistant. While this incidence
increased to 63% in 2004.During this period MRSA resistance was developed to
most of the antibiotics such as gentamycin, ciprofloxacin, rifampicin,
cotrimoxazole, tetracycline and clindamycin [78]. The MRSA infections
incidences occurring in various cities of Pakistan were also studied. To find out
this, about 792 clinical specimens of S. aureus were taken from eight laboratories
in major cities of Pakistan. The clinical isolates were collected both from the
hospitalized as well as from the ambulatory patients. Through antibiotic
sensitivity assays frequency of MRSA positive cases was forty two percent (42%)
in the 10 months study [79].
The results revealed a clear picture of antibiotic sensitivity pattern can
be seen in case of clinical isolates obtained from hospitalized and nonhospitalized patients. Against the oxacillin and methicillin all the clinical isolates
from hospitalized and non-hospitalized patients were found resistant. While all
the isolates were found sensitive against vancomycin. The sensitivity of
tetracycline was more than 50% in both the cases while the resistance was more
than 40%. In case of hospitalized patients erythromycin was sensitive against
21% of the clinical isolates while it was 20% in hospitalized patients. Antibiotic
sensitivity pattern for the commonly used antibiotics such as penicillins and
cephalosporins was also studied. The sensitivity pattern found to lie in between
20 to 50% in both the hospitalized and non-hospitalized patients. In USA rate of
reocurrence of MRSA kept on increasing in hospitals and community centers. The
reason for the rise in S. aureus infections is the bacteria’s capability to get
themselves adapted to the dynamic environment. This caused a very huge load of
patients on health care facilities [80]. A study has revealed a frequent rise in
MRSA infections in USA hospitals. About 1,25,969 cases of S. aureus infections
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have been reported from 1999 to 2000. Out of which 43.2% cases were MRSA
positive. A detailed study of patients under observation suffering from
nosocomial infections by S. aureus in USA showed that MRSA occurrences
increased from 22 percent to 57 percent during 1995 – 2001. The death toll due to
MRSA infections in US hospitals clearly seen in the (Table 1.5).
Table 1.1
Death Rates/Year in USA due to different diseases [132]
Disease

No of deaths

Year

MRSA Infections

019000

2005

AIDS

015798

2004

Tuberculosis

0662

2004

Viral hepatitis

05793

2002

Severe acute respiratory syndrome

0

All

Influenza

0

All

From the (Table 1.1) it can be seen that the largest death rate was
observed to due to MRSA infections. Similarly MRSA infections also found to
rise in community system as well. During 1997 – 1999 as reported by Centre of
Disease Control and Infectious Diseases, about 4 children were reported to have
MRSA infections that never happened before the said period. In another study it
was found that during the influenza season (2003 – 2004) 17 adult patients were
reported to have pneumonia caused by S.aureus. Out of this, 88% patients i.e. 15
patients were infected with MRSA [81]. Similarly resistance to fluoroquinolones
is increasing day by day. As these were used to treat infections caused by
methicillin resistance S.aureus and Pseudomonas aeruginosa over two decades.
The fluoroquinolones resistance spread fastly in these bacterial strains because of
clonal extension in case of people residing in nursing care houses and
immunocompromised patients. The fluoroquinolones resistance suddenly began
to rise in almost all the gram+ve and gram-ve bacteria since mid 1990’s [82].
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MRSA resistance to various antibiotics is also a very hot issue in Pakistan.
In a study conducted in Pakistan during 2005 - 2007, about 501 MRSA clinical
isolates were isolated from skin and soft tissue infections and tested for their
susceptibility against various antibiotics such as clindamycin, tetracycline,
cotrimoxazole, rifampicin, chloramphenicol and fusidic acid. All of these
antibiotics were found resistant against MRSA. The results concluded the need
for the discovery of new antibiotics instead of existing conventional antibiotics
[83]. Thus it became essential that analysis of MRSA strains and characterization
of their genetics should be done to deal with the development of MRSA
resistance. The frequency of MRSA cases was studied during 2009 – 2011 in
Peshawar, Pakistan during which 929 MRSA clinical isolates were collected. It
was found that MRSA incidences were increased during these years as in 2009,
the cases found positive for MRSA were 207. This number of MRSA positive
cases increased to 284 in 2010 and 438 in 2011. This proved an alarming
indication for the rise in MRSA resistance in the region [84, 85].
Resistance to antibiotics is a rising issue of the whole world. Not a single
country alone can segregate itself from bacterial resistant strains. The resistance
can be easily transferred from one country to other countries. The risk of
spreading of various infections has increased due to enhanced migration,
travelling and global trading. Streptococcus pneumonia (S. pneumonia) resistant
strain was found for the first time in Spain, then it spread to various South
American countries including Brazil, Chili, Argentina, United states of America,
Malaysia, Taiwan, Korea, Philippines, Mexico, Uraguay and South Africa [85].
This whole study concluded that resistant bacteria are spreading through each and
every corner of world.
1.7.2

How resistance is developed
It is basically a natural phenomenon that occurs as result of injudicious

use of antibiotics. The rate of development of resistant bacteria increases due to
repeated use of these drugs. As most of the time it happens the antibiotics are
taken on the basis of empirical diagnosis of the diseases. A study has revealed
that out of 80% of antibiotics taken in a community, about half of this percentage
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are taken without finding that the infection is bacterial or viral [74]. The
association of antibiotics use with resistance is intricate. Less use of antibiotics,
their under dosing and improper use in infections are the major factors in
contributing the development of resistance [86].Similarly, by using antibiotics
which are broad spectrum instead of exact diagnosis in order to make the
treatment successful for a patient also favors the birth of resistant bacteria. Beside
this, the spurious and substandard drugs containing improper quantities of
antibiotics also play their role in resistance development. It has been found that
50% antibiotics that are used in the world are bought by the patients without any
prescription [86], this further has added to resistance.
1.8

Mechanism

of

antibiotic

resistance

in

methicillin

resistant

Staphylococcus aureus (MRSA)
The mechanism of antibiotics resistance in bacteria has been studied
especially methicillin resistant Staphylococcus aureus (MRSA). The reason for
the antibiotic resistance to occur is when a microbe gets a gene which enables the
microorganism to decrease or abolish antimicrobial effects of the antibiotics. This
may happen because of mutation in the genes or may be due to acquirement of
various genetic materials such as genes cassette, transposons or plasmids [87].
Whenever any S. aureus strain that possess a changed penicillin binding protein,
it is said to be methicillin resistant Staphylococcus aureus (MRSA). It is actually
the mecA gene (50 kb in size) which encodes the PBP2a. As a result of which a
different PBP2a is produced which leads to the formation of a changed cell wall
element. The antibiotics such as cephalosporin and penicillin are unable to attach
to such cell wall. Thus it is because of mecA gene acquisition, methicillin
resistance is attained by S. auresu [88]. As mentioned earlier MRSA is a very hot
issue globally for the last sixty years. This has been responsible for nosocomial
infections and has increased mortality rates. The resistance against penicillins,
which belongs to β-lactams antibiotics, started soon after a few years of its
discovery. In order to handle this situation a new drug in penicillin group was
introduced that was methicillin and oxacillin. The antibiotic resistance issue
resolved for some time till 1960 in UK but it again rose and clinical specimens
collected that are resistant to methicillin, are termed MRSA. With the passage of
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time MRSA started to show resistance to other antibiotics as well, such as
tetracyclines, erythromycin and gentamycin. As a result of this multidrug
resistance only choice left was vancomycin. This antibiotic remained effective till
the formation of mutant strain of MRSA i.e. vancomycin intermediate S.aureus
(VISA). Nowadays VRSA (vancomycin resistant S.aureus) is on the rise and is
becoming a big threat to mankind. The gene which is acquired by VRSA is
vancomycin van A. Therefore it is the need of hour to analyze the MRSA strains
imperatively and to understand MRSA genetic characterization [89].
In S. aureus, there are two mechanisms through which penicillin
resistance occurs.
1. ß-lactamase enzyme produced by S.aureus
2. Due to the mecA gene within the bacteria
Nowadays, ß-lactamase is produced by most of the S. aureus strains,
therefore resistance against penicillin has been developed. The resistance to
methicillin in S. aureus is due to mecA gene which encodes penicillin binding
protein 2a (PBP 2a) that is present in the cell wall of bacteria and possess less
affinity to bind with β-lactams. The extent to which resistance occurs within the
inhabitants MRSA is directly related to the sufficient amount of PBP 2a [90]. The
mecA gene is present on mobile genetic material called Staphylococcal cassette
chromosome mec i.e. SCCmec having five types i.e. type I, type II, type III, type
IV and type V. These types differ in sizes ranging from 20 kb to 68 kb. The type
II and III of SCCmec carry mec and cassette chromosome recombninase genes
(ccr). The smaller types of SCCmec that are type I, IV and V carry only ccr,
regulatory & structural genes responsible for methicillin resistance. The subtypes
I- III are usually present in health care associated MRSA and very seldom have
the gene for Panton-Valentine leukocidin (PVL). The community associated
MRSA isolates found to have type IV and V and type IV often encode for PVL
[91]. The PVL is basically a toxin which is released by not all but a few S. aureus
strains. Both the MSSA and MRSA have the ability to produce this toxin.
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1.8.1

Penicillin binding proteins PBA & PBA 2a in the formation of cell
wall and resistance of β-lactam antibiotics
It is known that the cell wall within the gram positive bacteria is the major

cell component forming cells outer most layer. The cell wall on molecular basis is
composed of a network of glycan chains. These chains are interlinked with each
other through peptide bonds called peptidoglycan. Several enzymes which are
attached to membrane are responsible for the cell wall synthesis and are called
penicillin binding proteins abbreviated as PBPs that are present on the
cytoplasmic membrane extracellulalry. These proteins serve several functions
such as catalyzing peptidoglycan production, also work in cell division and
formation of spores within some species. The proteins also enhance the activity of
enzymes such as transpeptidase and glycosyltransferase [92]. The function of
glycosyltransferase is to elongate the glycan strands which are the basic units for
peptidoglycan. The transpeptidase enzyme interconnects the glycan strands
through cross linkage of peptides. All protein binding proteins are responsible for
the activity of transpeptidase. While a very few PBP’s possesses dual functions of
increasing activity of both glycosyltransferase and transpeptidase [93].
The β-lactams basically brings about the acylation of serine (acting as
catalyst) in transpeptidase enzyme on the PBP’s. This retards the cross linkage of
peptide and inhibiting cell wall synthesis. As a result of which bacteria become
unable to resist its cell wall loss resulting in destruction of the bacteria. The cell
wall plays a major role in causing infection and pathogenicity [94].
The glycan strands of peptidoglycan layer is composed of repeated units
of a disaccharide i.e. β-1, 4-N-Acetylglucosamine (NAG)-N-Acetylmuramic acid
(NAG-NAM). The peptide stem is contained by N-Acetylmuramic acid portion of
this disaccharide which is NAM–L-Ala-D-Glu–L-Lys–D-Ala–D-Ala in S.
aureus. This peptide stem is responsible for the formation of peptide crosslinkages with the moiety prior to D-Ala of stem of the neighbouring glycan chain.
It is the transglycosylase portion of penicillin binding proteins having dual action
(increasing activity of both glycosyltransferase and transpeptidase) which is
responsible for the biosynthesis of glycan strands. While the cross linkage of
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peptide stem takes place in the transpeptidase portion of these PBP. The
transglycosylase and transpeptidase are well detached from each other in such
kind of PBP’s having dual actions which are PBP 2 in S. aureus [142]. There is
another PBP’s i.e. carboxypeptidase which is responsible for the removal of DAla-D-Ala portion of the peptide stem of peptidoglycan.
The mechanism of action of β-lactams for inactivating PBP transpeptidase
& carboxytranspeptidase is based on β-lactam’s structure resemblance with AcylD-Ala–D-Ala portion of peptidoglycan layer [95]. The acylation of serine is
resulted when these antibiotics make a bond with these enzymes in PBP’s. This
causes serine to attack carbonyl functional group of beta-lactams and acylate
serine. The stability of acyl-enzyme composite by β-lactams is more than that is
produced by D-Ala-D-Ala portion. But this acyl-enzyme composite by β-lactams
in not able to cause transpeptidization/ carboxytranspeptidization and hydrolyzes
slowly. As a result serine is regenerated freely. The enzyme acylation is not
reversible which inhibits the activity of transpeptidase and carboxypeptidase in
PBP’s, which are responsible for the cell wall to mature. As a result of which cell
wall is unable to synthesize. In case of resistance against β-lactams in MRSA
which contains PBP 2a, there are less chances of the transpeptidase portion of
these proteins to respond to β-lactam acylation [96]. The synthesis of MRSA cell
wall depends mainly on the combined action of PBP 2a transpeptidase and PBP2
transglycosylase portion. This is because transglycosylase is missing in PBP 2a.
Therefore, whenever PBP’s transpeptidase is blocked by β-lactam acylation in S.
aureus, then the PBP 2a comes in action as substitute to make cell wall formation
to continue by β-lactams [94].
1.8.2. Role of efflux pumps in bacterial resistance
Efflux pumps within the bacteria play a very important role of decreasing
antibiotics susceptibility and their concentrations within the cells. These pumps
are basically proteins which cause the expulsion of lethal substances such as
antibiotics across the bacterial cell wall. They exist in the gram +ve and gram –ve
bacteria. However, they show stronger resistance in gram –ve bacteria. Mostly the
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efflux pumps are not specific for a particular drug. These are capable of removing
out wide range of compounds [97].
Bacterial efflux pumps have been divided into five classes.
1) Major facilitator abbreviated as MF
2) Multi drug resistant & toxic efflux abbreviated as MDRT
3) Resistance nodulation division abbreviated RND
4) Small multidrug resistance abbreviated as SMR
5) ATP binding cassette abbreviated as ABC
All these efflux pumps classes are energy dependent and utilize protons as
energy source except ABC which uses ATP as energy source. Among them, MFS
and RND occurs excessively in bacterias. MFS occurs in both types of bacteria.
RNS occurs only in gram –ve bacteria [99].
There may be three ways through which the efflux pumps resistance can be
controlled:
1) Development of new antibiotics.
2) Use of plant extracts having antimicrobial activity. Various compounds
isolated from plants proved to have antimicrobial activity for enhancing
the activity of antibiotics when given concurrently.
3) Use of the combination of antibiotics instead of single antibiotic therapy.
It could be a good option to deal with the high frequency of resistance
[98].
1.9

Hypothesis
Flavonoids may complement antibiotics against MRSA

1.10

Aims and objectives of study
The present study was carried out with the following aims and objectives:

∑

Study

the

activity

of

flavonoids

against

methicillin

resistant

Staphylococcus aureus (MRSA) clinical isolates especially to those
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showing resistance against specific antibiotics and with the reference
standard strain MRSA (ATCC 43300).
∑

Investigate the synergistic or additive effect of flavonoids in combination
with different antibiotics against MRSA clinical isolates and MRSA
(ATCC 43300).

∑

Investigate the mechanism of flavonoids antimicrobial activity in
combination with antibiotics.

∑

Analyze the mutagenic potential of flavonoids in mecA region of MRSA
genome.
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CHAPTER # 2

Materials and methods
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2

Materials and Methods

2.1
Materials
Antibacterial agents
Various antibiotics discs as well as their raw materials were used. The
antibiotics

used

Cephradine,

were

Amoxicillin,

Erythromycin,

Ampicillin,

Vancomycin,

Ceftriaxone,

Methicillin,

Cefixime,

Ciprofloxacin,

Levolfloxacin, Sulphamethoxazole-Trimethoprim and Imipenem. The blank discs
were purchased from Himedia, India, and the drugs were purchased from Sigma
Aldrich, UK.

Flavonoids
All the flavonoids Rutin, Morin, Quercetin and Luteolin were purchased
from Sigma-Aldrich, UK,
Media
Various medias such as Nutrient agar (N.A) catalogue no. CM0003B,
Muller Hinton agar (MHA) catalogue no. CM0337B, nutrient broth (N.B)
catalogue no. CM0001B and Muller Hinton broth (MHB) catalogue no.
CM0405B were purchased from Oxoid UK. Mannitol salt agar (MSA) Catalogue
No.LAB007 was purchased from Lab M Limited UK.
2.2

Collection, transport and processing of clinical samples
Clinical isolates were obtained from the microbiology laboratories of

tertiary care hospitals of Peshawar, KPK, Pakistan. The S. aureus (ATCC 43300,
Rockville, USA) present at PCSIR laboratories, was used as standard. Collected
isolates were labelled and kept at cool temperature (2 – 8 oC). Then, these were
transported to Microbiology lab, PCSIR Peshawar, Pakistan on the same day
within 2 hours of collection for culturing. Three hundred isolates were tested for
sensitivity against methicillin.
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2.3

Culturing and identification of Staphylococcus aureus
Clinical specimens were sub-cultured on sterile nutrient agar plates and

then incubated at 37 oC (± 1 oC) for 18-20 hours. Following incubation, plates
showing growth were sorted and isolated, Gram stained, and subjected to
following microbiological screening : 2.3.1

Gram staining
The

isolated

colonies

were

Gram

stained

for

morphological

characterization according to standard method [100]. Purple blue cocci in clusters
were considered positive Staphylococcus sp and were further subjected to
characterization.
2.3.2

Catalase test
With the help of sterilized wire loop an isolated colony was picked and

suspended in sterile normal saline. Few drops of 3% H2O2 were poured onto the
suspended organism. Appearance of bubbles indicated the presence of catalase
enzyme that is a confirmatory test for S. aureus [101].
2.3.3

Coagulase test
Coagulase is an enzyme produced by Staphylococcus aureus, which may

catalyze clotting of plasma proteins. It is useful test in identification of organisms
producing this enzyme. S. aureus is Coagulase positive organism, which can clot
plasma into gel in tube or agglutinate cocci in slide. This test is useful in
differentiating S. aureus from other coagulase-negative Staphylococci. Mostly
two types of Coagulases are produced by S. aureus; one is free coagulase that is
present extracellulalry and other is bound coagulase that is bound with cell wall
associated proteins. If the gelling is not observed in 4 hours then the tubes should
be incubated for 24 hours at room temperature.
Coagulase test was performed by tube method [101] for the confirmation
of strains as S. aureus. Briefly, test was done using tubes containing 0.5 ml 1:10
diluted rabbit plasma. About 0.1 ml of 20 hours old cultures of isolated bacteria
was taken. Same concentration of standard bacterial strain was poured into test
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tube “+ve control” while tube labeled “–ve control” contained only 0.1 ml sterile
broth and were incubated at 37o C for 4 hours. After incubation, tubes with gelled
mass were regarded as “coagulase producer”
2.3.4

Mannitol salt agar (MSA) differentiation test
This is a selective test which is for differentiation of Staphylococci and for

the confirmation of S. aureus present in clinical isolates [102,103] MSA plates
prepared as per manufacturer specifications were inoculated and plates were
incubated at 37 oC overnight. The colonies showing yellow color were considered
S. aureus.
2.3.5

Isolation of methicillin resistant S.aureus (MRSA)
A single isolated colony of S. aureus was aseptically inoculated in sterile

nutrient broth (prepared according to manufacturer’s specifications) and
incubated overnight at 37 oC. After incubation, turbidity of inocula was adjusted
equivalent to 0.5 McFarland turbidity standard using 0.9% (w/v) sterile normal
saline. Thereafter, using sterile swabs bacterial lawns were prepared on sterile
MHA plates (prepared according to manufacturer’s specifications). Afterwards,
methicillin discs were applied on these plates and incubated overnight at 37 oC.
Following incubation, plates were observed for presence or absence of inhibition
zones. Plates with <10mm diameter or no zone of inhibition were considered to
be MRSA.
2.4. Preparation of flavonoids solutions
Stock solutions of flavonoids were made at concentrations mentioned in
(Table 2.1).Test concentrations were obtained by incremental application (not
more than 10µl) of stock solution on disks (antibiotic containing and blank).
Briefly the method was such that if 400µg of Morin was to be applied from its
stock solution (50 g/l) on the disk, 8µl the morin stock solution was applied to the
disk.
2.5. Antibiotic Sensitivity Assays
These assays were carried out using Kirby-Bauer disc diffusion assay with
slight modifications, to test the susceptibilities of clinical isolates and standard
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MRSA (ATCC 43300) against selected antibiotics, flavonoids and antibioticsflavonoids combinations [104].
Flavonoids alone and in combinations at different concentrations were
applied on blank discs. Flavonoids were applied on test antibiotics discs and
evaluated for activities when combined with antibiotics. The flavonoids solutions
were prepared according to their solubilities in ethanol as given in (Table 2.2) and
then were diffused into blank as well onto the antibiotic disks, aseptically using
micropipettes.
Bacterial lawns of MRSA clinical isolates and standard MRSA strain were
prepared as mentioned earlier on MHA plates. Antibiotic discs and blank discs
diffused with the specific concentrations of flavonoids were aseptically
transferred on seeded MHA plates that were incubated overnight at 37 oC. After
incubation period if present, zones of inhibitions were measured and recorded.
The test substances were considered to have activity if zones of inhibitions were ≥
10 mm. while < 10 mm zone of inhibition were regarded to have no activity. The
flavonoids, their combinations and flavonoids-antibiotics combinations, having
activity against the said organisms, were considered for further studies. The
concentrations of antibiotics on the standard discs are shown in Table 2.3.
2.6

Minimum inhibitory concentration (MIC) assays of flavonoids,

antibiotics and flavonoids-antibiotics combination.
MIC assays were carried out using broth macro-dilution method. Different
concentrations of flavonoids, their combinations alone and with antibiotics were
used. Flavonoids and their combinations included morin + rutin (M + R),
quercetin (Q) , morin + rutin + quercetin (M+ R + Q), luteolin(L) and
quercetin+luteolin (Q+L). Test antibiotics with flavonoids alone and their
combinations included amoxicillin, ampicillin, ceftriaxone, cephradine, imipenem
and methicillin. Test concentrations of flavonoids, flavonoid combinations alone
and with antibiotics are given in (Table 2.4).
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The MIC’s of test antibiotics against MRSA alone and in combination
with flavonoids was determined to confirm the synergistic or additive effects. For
the MIC’s assays stock solutions of these antibiotics were prepared using sterile
distilled water.
Exact MIC’s of flavonoids alone, in combinations and with test antibiotics
were determined by an incremental increase approach in which higher
concentrations were obtained by the addition of 20μg increments to the lower
concentrations. After test materials were transferred into sterile test tubes,
bacterial cultures were prepared as mentioned earlier. After inoculation and
addition of test materials tubes were incubated overnight at 37°C. Absence of any
visible growth in test tubes was considered as the MIC of test material.

2.7

Fractional Inhibitory concentration Assays (FIC) & Fractional
Inhibitory concentration Index (FICI)
To determine the potential of test substances as synergistic, antagonistic or

additive FICI were measured, using following formulas [105].
FIC of antibiotic (FICantibiotic)=MIC of antibiotic in combination/MIC of antibitic
alone
FIC of flavonoid (FICflavonoid)=MIC of flavonoid in combination/MIC of flavonoid
alone

While FIC index (FICI) was the sum of FIC of both antibiotic and flavonoid.
FICI = FICantibiotic + FICflavonoid
In case of two or more flavonoids used in combination, FIC was
calculated using following formula [106]:
FIC = (A /Ma) + (B/Mb)
Where A and B are the MIC’s of compounds in mixture and Ma and Mb are the
individual MIC of test compounds.
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The test materials in their combinations alone or with standard antibiotics
were graded to have synergistic (≤0.5), additive (>0.5 to 1), indifferent (>1 to <2)
or antagonistic (≥2) impact on the basis of FIC indices [107].
2.8

Detection of cytoplasm membrane damage by measuring the
potassium leakage

The assessment of the potassium contained in the medium was carried out with a
flame photometer (PFP7, Jenway, Sweden), at a wavelength of 766.480 nm.
For calibration of the instrument five standard solutions containing 0.05,
0.1, 0.5, 1.0 and 5.0 μg/ml were prepared from a stock solution of potassium
chloride in 1000 ml of ultra-pure demonized water obtained from HACH water
system, USA.
2.8.1

Sample preparation
Aliquots of 100 μl from each MRSA clinical isolate and S. aureus (ATCC

43330) were separately incubated overnight after incorporation of 1 ml previously
sterilized nutrient broth. The rise in the amount of potassium in supernatant,
caused by antibiotics, flavonoids, flavonoids-antibiotics combination, in clinical
isolates and control strain were measured following separation of cellular debris
by centrifugation at 4000 rpm.
2.9

Modified Ames’s Test

2.9.1

Treatment of bacterial culture with flavonoids, antibiotics and
flavonoids-antibiotics
Standard MRSA (ATCC 43300) culture was purified by taking isolated

colonies from MHA plates. The refreshed culture was shifted to nutrient broth
aseptically and incubated over night at 370C. After that, flavonoids, antibiotics
and flavonoids-antibiotics at the concentrations less than their MIC’s were mixed
with 1ml of overnight grown culture and incubated at 370C for 30 minutes [108].
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2.9.2

DNA Extraction
Genomic DNA from treated MRSA ATCC 43300 was extracted using GF,

Bacterial DNA extraction kit (Vivantis Tecnologies Sdn, Bhd, Selangor, Darul
Ehsan, Malaysia) according to following protocols.
Bacterial culture was centrifuged at 6000 rpm for 2 minutes at room
temperature. The supernatant layer was decanted. About 100µl of Buffer R1 was
added to the pellet. The cells were re-suspended with the help of pipette by
moving it up and down.20µl of lysozme (50mg/ml) was added to the bacterial
suspension. It was mixed thoroughly and incubated at 370C for 20 minutes. Then
the digested cells were centrifuged at 10000 rpm for 3 minutes. After
centrifugation supernatant portion was decanted completely. The pellet obtained
through centrifugation was re-suspended in 180µl of buffer R2 and 20µl Protein
K was added. These were mixed thoroughly and incubated at 650C for 20 minutes
in a shaking water bath. This whole process was done to denature the proteins
present. In order to obtain DNA without RNA, 20µl RNase A (DNase-free
20mg/ml) was added. This was mixed thoroughly. It was incubated at 370C for 5
minutes. About 440µl of buffer BG was added and was mixed thoroughly. The
mixing was done by inverting the solution many times in order to get a
homogenized solution that was then incubated at 650C for 10 minutes. After that
300µl absolute ethanol was added and this was mixed thoroughly at once. The
immediate mixing was done to avoid nucleic acid precipitation because of high
concentration of alcohol. The sample was transferred to the column in the
collection tube. This tube containing sample was centrifuged at 10000 rpm for 1
minute. Flow through was discarded. The column containing the sample within
the tube was washed with 650µl Wash Buffer and centrifuged again at 10000 rpm
for 1 minute. Flow through was discarded. The column was centrifuged again at
10000 rpm for 1 minute to remove any traces of alcohol left. In order to perform
DNA elution the column was placed into a clean microcentrifuge tube and 50 –
100µl of preheated Elution buffer added directly to column membrane and
allowed to stand for 2 minute. This was centrifuged at 10000 revolutions for
minute to elute DNA. The DNA obtained was stored at 40C.
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2.9.3

Amplification of mecA gene
The primers used for the amplification of mecA gene are given below. A

20μl of PCR reaction mixture was taken which consisted of the following
ingredients:
Template DNA: -

1μl

10xPCR Buffer: -

2μl

dNTPs: -

2μl

Forward Primer

2μl

Reverse primer: -

2μl

PFU DNA polymerase: -

0.5μl

Distilled H2O: -

10.5μl

For

amplification

the

forward

primer

(5’

AAAATCGATG

GTAAAGGTTGGC) corresponding to nucleotides 1282 to 1303 and reverse
primer (5’ AGTTCTGCAGTACCGGATTTGC) complementary to nucleotides
1793 to 1814 were used [109]. First the reaction mixture was heated at 960C for
four minutes in order to initially denature the template DNA. Then 35 cycles of
amplification were run using 960C denaturation for 45 seconds, then annealing at
55oC for 60 seconds and finally elongation at 72oC for 60 seconds. A single round
of elongation after completion of 35 cycles at 72oC for 7 minutes was done to
ensure complete elongation.
2.10

PCR product purification

2.10.1 Detection of PCR product by gel electrophoresis
For the detection of DNA by electrophoresis following steps were
involved:
Agarose gel was prepared by melting a solution of agarose (1%) in TBE in
microwave oven. After cooling it to about 60 oC Ethidium Bromide (0.55μg/ml)
was added to facilitate visualization in UV. PCR product and Hae III marker were
poured into separate wells in agarose gel. Electrophoretic separation was done at
90 volts for about 60 minutes. After that the product was visualized under
automatic UV transilluminator (Uvtec, Sigma, Germany) [110].
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2.11

Sequencing
Sequencing was performed using Big Dye terminator cycle sequencing kit

v.3.1 (Applied Biosystems, USA). Sequencing products were resolved on an
Applied Biosystems model 3730XL automated DNA sequencing system (Applied
Biosystems, USA) at the Macrogen, Inc., Seoul, Korea
2.12

Statistical Analysis
Experiment results were expressed in mean ± SD. The data were analyzed

by Student’s t-test using statistical package for social sciences (SPSS) version.19,
IBM Inc (USA). P < 0.05 was considered as statistically significant.
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Table 2.1
Concentration of flavonoids in stock solution

Flavonoids

stock solution (g/L)

Morin (M)

50

Rutin(R)

6

Quercetin(Q)

10

Luteolin (L)

15
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Table 2.2
Flavonoids concentrations used in antibiotic sensitivity assays

Flavonoids

Test Concentrations used(µg)

Morin (M)

100, 200, 300, 400, 500

Rutin (R)

100, 200, 300, 400, 500

Quercetin (Q)
Luteolin (L)

100, 200, 300
100, 200, 300, 400, 500
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Table 2.3
Standard concentrations of antibiotics on antibiotic discs for antibiotics sensitivity
assays

Antibiotic

Test
Concentration
(µg)

Ampicillin(AMP)

10

Amoxicillin(AMO)

25

Cephradine(CEPH)

30

Ceftriaxone(CET)

30

Imipenem(IMP)

10

Vancomycin(VAN)

30

Cefixime(CEF)

5

Erythromycin(ERY)

15

Methicillin(ME)

10

Ciprofloxacin(CIP)

5

Levofloxacin(LEV)

5

Sulphamethoxazole-Trimethoprim (SULPTRI)

25
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Table 2.4
Test concentrations of flavonoids and their combinations for MIC assays

Concentration Ranges used for MIC assays (in µg/ml)
Broth Half dilution Method
Maximum
Minimum

Flavonoids

Incremental Approach(Exact MIC)†
Maximum
Minimum

Morin (M)

NT*

NT

NT

NT

Rutin(R)

NT

NT

NT

NT

Quercetin(Q)

600

75

300

180

Luteolin(L)

1000

125

600

460

800 + 800

100 + 100

500 + 500

380 + 380

600 + 600 + 400

150 + 150 + 100

400 + 400 + 260

260 + 260 + 120

400 + 800

100 + 200

320 + 500

180 + 360

Morin+Rutin(M+R)

Morin+Rutin+Quercetin
(M+R+Q)
Quercetin +Luteolin
(Q+L)

†

To determine Exact MIC’s of test substances an incremental approach was
adopted with 20µg decrease in each dilution

NT Not tested
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CHAPTER # 3

Antibiotic Sensitivity Assays
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3.1

RESULTS

3.1.1

Activity of Morin, Rutin, Morin+Rutin and in combination with

antibiotics
Since different flavonoids were tested for their activity against MRSA, it
was found that, morin and rutin alone have no activity, as no zones of inhibition
were observed. But when they were combined with each other, they were found
to have activity against 100 MRSA clinical isolates and standard MRSA 43300.
Different concentrations were tested. But the concentration found to have activity
was 500µg each. The zone of inhibition observed was 11.5±0.22mm against
standard and average zone of inhibition against 100 clinical isolates was
11.58±0.21 mm as shown in (Table 3.1). Similarly, it was also observed to
increase the activity of antibiotics such as amoxicillin (AMO), cephradine
(CEPH), imipenem (IMP), ceftriaxone (CET) and methicillin (ME), when the
flavonoids were combined with these antibiotics. No zone of inhibition was
observed in case of AMO, but when it was combined with M+R zones of
inhibition observed was 14.5±0.29mm against the standard and against the
clinical isolates it was 14.18±0.36 mm. In case of these antibiotics (ME, CEPH,
IMP, CET, AMO) the inhibitory zones were found to increase significantly in
combination with M+R (P<0.001). No activity was observed with AMP, both
alone or in combination with flavonoids. Among the MRSA resistant antibiotics,
whose activity enhanced more as compared to other test antibiotics was CET. It
can be seen in the (Table 3.2) that the zone of inhibition of CET increased from 0
to 16.5±0.30 mm against standard strain in combination with morin-rutin (M+R)
and against the clinical isolates the average inhibitory zone increased from 0 to
16.18±0.29mm. All of these antibiotics alone were found resistant against MRSA
clinical isolates and standard strain except imipenem. However, in case of
ciprofloxacin (CIP) and levolfloxacin (LEV) these flavonoids gave an
antagonistic effect as the zones of inhibition of these drugs decreased when the
flavonoids were combined with these antibiotics. The ethanol which was used as
solvent for flavonoids was found to have no effect on test bacteria. The average
zones of inhibition observed for hundred clinical isolates are given in Table 3.2.
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It is evident that a few antibiotics such as erythromycin (ERY) and
vancomycin (VAN) which were found effective against said bacteria, the
flavonoids had got no effect on their activities, since their activities remained
same in combination with flavonoids. But in case of imipenem (IMP) activity
increased further in combination with flavonoids (P<0.001), as the zones of
inhibition of imipenem were 16±0.90mm but in combination with flavonoids its
zones of inhibition raised to 19.5±0.58mm against the standard strain. Same
increase, in case of IMP in combination with M+R was also observed with the
clinical isolates. The sulfamethoxazole-trimethoprim (S-T) and Ampicillin (AMP)
were found to have no activity against MRSA. Even in combination with
flavonoids, these antibiotics remained resistant. Similarly, a significant decrease
was observed in the zones of inhibition of CIP and LEV, though they were not
resistant against MRSA (P<0.001).The zones of inhibition observed with CIP
were 10.5±2.5mm against the standard that decreased to 7.24±0.19mm when CIP
was combined with M+R. Same situation was also observed with LEV (Table
3.2). This showed that their efficacy was decreased by flavonoids probably due to
some antagonistic effect.
3.1.2

Activity of Quercetin alone and in combination with selected

antibiotics
The activity of quercetin against MRSA was also determined through
antibiotic sensitivity assays. It was found that quercetin alone was more active
than morin-rutin combination. Different concentrations of quercetin were applied
on the blank and antibiotic disks and the concentration, at which zones of
inhibition observed was 300 µg. The results for quercetin alone and in
combination with antibiotics are shown in the (Table 3.3 & 3.4).
The results revealed that quercetin alone possessed antibacterial activity
while morin and rutin had the same activity when they were used in combination.
Quercetin also increased the activity of antibiotics especially those which were
MRSA resistant. The resistant antibiotics whose activity was increased
significantly (P <0.001) with quercetin, were AMP, CEPH, CET and ME. In case
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of CIP and LEV, quercetin had decreasing effect (P<0.001) which was greater
than morin-rutin.
It is clear from Table 3.4 that among the resistant antibiotics, on which
flavonoids had enhancing effect, CET was most responsive as the increase in the
activity was greater than the other antibiotics i.e. the zone of inhibition enhanced
from 0 to 20.5±1.00mm against MRSA 43300. While in case of clinical isolates
(n=100) the average zone of inhibition was 20.83±1.00 mm. Other resistant
antibiotics such as AMP in combination with Q, the zone of inhibition increased
from 0 to 17±0.29 mm against the standard, while against the clinical isolates
inhibitory zones increased to 17.33±0.30 mm. The increase in the inhibitory zone
in case of CEPH was greater than that of AMP i.e. as the zone of inhibition
observed with CEPH was 18.5±0.31 mm against standard and against the clinical
isolates it was 18.33±0.30 mm. It was found that ME was less responsive than the
other resistant antibiotics as the zone of inhibition of ME when combined with Q
increased from 0 to 16.5±0.28 mm against standard and 16.89±0.29 mm against
the clinical isolates. So the increase in the inhibitory zones of other antibiotics in
combination with Q was more than ME. Those antibiotics which were active
against MRSA, among them only IMP antibacterial activity was increased by
quercetin. While ERY and VAN activity was not enhanced by quercetin. The S-T
remained resistant even in combination with quercetin. The behavior of Q
towards fluoroquinolones was same as M+R but the decreases in the zones of
inhibition caused by Q in case of CIP(4±0.22) and LEV(6.5±0.21) was greater
than that of M+R (for LEV the zone of inhibition reduced to 9±o.25 and in case
of CIP inhibitory zone was 7.24±0.19).
3.1.3

Activity of Quercetin+Morin+Rutin and in combination with
antibiotics
As morin-rutin and quercetin were found to have activity against MRSA.

Therefore, these flavonoids were also tested in combinations as well as along with
the antibiotics. The concentration of morin and rutin used was 500µg and that of
quercetin was 300µg. These flavonoids concentration were kept same as in the
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previous assays. It was found that the activity of these flavonoids in combination
was more than when they were used alone.
The results (Table 3.5) revealed that the combined effect of these
flavonoids was greater than their individual effects. As it can be seen that zones
of inhibition of these flavonoids against the standard strain was 16.5±0.21 mm
and its average zones of inhibition for clinical isolates was 16.23±0.26 mm. These
values of observed zone of inhibition were greater than that of morin-rutin (zone
of inhibition = 11.5 ±0.22 mm & 11.58 ±0.21 mm) and quercetin (Zone of
inhibition = 13.33 ±0.21 mm & 13.5 ±0.26 mm).This showed that the flavonoids
have increased each other activity against MRSA when they were combined
together. Similarly their effect on antibiotics activity also found greater and
significant (P<0.001) than the individual flavonoids.
An interesting thing about this flavonoids combination was that the
flavonoids increased the activity of both AMP and AMO. While morin-rutin had
got no effect on AMP but they did increase AMO activity and quercetin was able
to increase the activity of AMP only. The other resistant antibiotics which became
active against MRSA were CET, CEPH and ME. In case of CIP and LEV a
decreasing effect on activity was observed which was greater than that of morinrutin and quercetin. The SULP-TRI remained resistant even in combination with
these three flavonoids.
The comparison (Table 3.6) clearly suggests the extent of activity of
different antibiotics that had been enhanced by this flavonoids combination. The
resistant antibiotics whose efficacy improved most was CET in comparison to
AMP, AMO, CEPH and ME. The increase in the activity of CET in combination
with Q+M+R is indicated by rise in zones of inhibition from 0 to 27±1.20 mm
against the standard. The increase in the inhibitory zones of IMP was greater than
that observed for M+R (16.5±0.30 mm) and with Q (20.5±1.00 mm) against the
standard. While the increase induced by Q+M+R in the activity of ME was found
less in comparison to other antibiotics. The zones of inhibition increased from 0
to 21.5±1.1 mm for standard strain and 21.73±1.0 mm against the clinical
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isolates. However, this increase in the inhibitory zones of ME in combination
with Q+M+R was greater than that caused by the other flavonoids as the zones of
inhibition observed for ME with Q was 16.5±0.28 mm, while inhibitory zone
caused by M+R with ME was 13.5±0.31 mm against standard strain. Among the
sensitive antibiotics again IMP was the only one whose activity against MRSA
increased, while that of ERY and VAN remained same. The activity of these
antibiotics enhanced significantly (P<0.001) as depicted in Table 3.6.
3.1.4

Activity of Luteolin alone and in combination with antibiotics
Luteolin was also tested for its activity against MRSA. Its different

concentrations were applied on the blank discs and antibiotic loaded discs.
Effective concentration of luteolin came up to be 600 µg. However, it was less
active against MRSA than all the tested flavonoids. The results obtained can be
seen in the (Table 3.7).
The luteolin zone of inhibitions observed against MRSA 43300 & clinical
isolates were 10.5±0.27 mm and 10.86±0.21 mm, respectively. Luteolin increased
the activity of antibiotics finding resistance. Antibiotics such as AMO, CEPH,
ME and CET, the zones of inhibitions observed were less than the rutin-morin. In
case of IMP it showed highest enhancing effect but less than that by morin-rutin.
It was found that the activity of CIP and LEV was greatly decreased and this drop
in the activity caused by luteolin was comparatively less than the other
flavonoids.
A comparison between the activities of antibiotics and luteolin-antibiotics
against standard strain and MRSA clinical isolates can be seen from the results
(Table 3.8). The luteolin had enhancing effect on CET that was greater than
AMP, ME and CEPH. The luteolin had no effect on AMO but the overall effect
was same as all of these ineffective antibiotics became active against both MRSA
clinical isolates and standard. The zone of inhibition of AMP increased from 0 to
11.39±0.27 mm against standard when combined with L while against the clinical
isolates the inhibitory zones increased to 11.56±0.29 mm. In case of CEPH in
combination with L inhibitory zone enhanced from 0 to 13.35±0.30 mm against
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the standard while against the clinical isolates average inhibitory zones increased
from 0 to 13.75±0.29 mm. The zone of inhibition observed with CET in
combination with L was 14.65±0.34 mm and average zones of inhibition was
14.65±0.34 mm against standard and clinical isolates respectively. The IMP was
the only antibiotic that was active against MRSA which showed an increase in
activity with the luteolin as its zones of inhibition increased from 16mm±0.90 to
18mm±0.40 against standard strain. The change in the activity of antibiotics in
combination with luteolin was found significant (P<0.001).
3.1.5

Activity of Luteolin+Quercetin and their combination with antibiotics
The combination of luteolin and quercetin was tested for activity against

MRSA clinical samples and standard strain. These flavonoids combination was
applied on the discs and the combined effect was greater than their individual
impacts. Both flavonoids increased each other activities against the test bacteria
(Table 3.9).
From the results, it is clear that the combined effect of luteolin-quercetin
against MRSA was greater than their individual effects as the zones of inhibition
observed with Q+L were 15±0.24mm against the standard strain and
15.22±0.23mm in case of clinical isolates. While zones of inhibition produced by
luteolin were 10.5±0.27mm & 10.86±0.21mm; and inhibitory zones of quercetin
was 13.5±0.21mm & 13.33±0.26 mm against the standard strain and clinical
isolates, respectively, when these flavonoids were used alone. Similarly, the
ineffective antibiotics that became sensitive as a result of luteolin-quercetin
combination, the zones of inhibition were found greater in comparison to that
produced by these flavonoids alone. However, the overall activity of luteolinquercetin observed was less than the M+R+Q activity against MRSA. The
M+R+Q potentiating effect on antibiotics was also found greater than the Q+L,
but the combined effect of Q+L was more than M+R. However, the increase in
the zone of inhibition observed was significant (P<0.001).
It is obvious from the results (Table 3.10) that the increase in activity of
CET by Q+L was greater than the rest of ineffective antibiotics i.e. 22.5±0.28 mm
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against the standard strain and 22.72±0.62 mm against the clinical isolates. As the
zones of inhibition observed was more than that observed in case of AMP, CEPH
and ME. The zones of inhibition produced by AMP when combined with Q+L
was 20±0.64mm against standard strain and 20.11±0.60mm against the clinical
isolates. The zones of inhibition in case of CEPH were nearly similar to AMP.
Those antibiotics which were active against MRSA such as IMP, VAN and ERY,
increase in the activity was only observed in case of IMP. Though the IMP’s zone
of inhibition was greater than that of CET but the increase in case of CET was
greater than that of IMP. As it can be seen in the results (Table 3.10) that zones of
inhibition in case of CET enhanced from 0 to 22.5±0.28 mm while that IMP rose
from 16±0.90 mm to 24.5±0.25mm against the standard strain. AMO and
SULPH-TRI remained resistant. This flavonoids combination had same
antagonizing effects on the activity of CIP and LEV.
3.2

Discussion
As the results revealed that the flavonoids like morin and rutin

individually do not show any activity. But when they were combined they showed
activity. This can be compared to the results in a study, where they are used in
combination produced the antibacterial activity against S. aureus (ATCC 25923)
and E. coli (ATCC 25922) [111]. In other study rutin have also been found to
increase the antibacterial activity of several compounds such as aminopenicillanic
acid [112]. Moreover when rutin was combined with morin, it was found that
rutin enhanced morin activity against Salmonella enteritidis and Bacillus cereus
[106]. These results were obtained using disc diffusion assays, MIC assays and
through calculation of FIC’s. In the sensitivity assays, no zone of inhibition was
observed in case of rutin. However, increase in the zone of inhibition was
observed with morin, when it was combined with rutin. As morin alone had zone
of inhibition about 6.5mm but in combination with rutin it raised to 8mm.
Morin’s antibacterial activity was also tested against three bacterial strains E. coli
ATCC 25922, P. aeruginosa ATCC 27853 and S. aureus ATCC 29213 and their
respective clinical isolates. Morin was found effective against all these strains
with zones of inhibition of 15mm against E. coli ATCC 25922 and 14.2mm in
case of its clinical isolates; In case of P. aeruginosa and its clinical isolates the
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zones of inhibition observed were 18.2 mm and 14.2 mm respectively, while
against S. aureus ATCC 29213 and with its clinical isolates zones of inhibition
were 6 mm [113].
Quercetin has been reported for various biological activities due to its
antioxidant property. Its activity was tested against two bacterial strains; S. aureus
and Klebsiella pneumoniae and found effective against them [114]. Quercetin was
also tested for its efficacy in combination with some antibiotics against MRSA
(ATCC 43300), MSSA (ATCC 29213) and 10 MRSA clinical strains. Quercetin
was found to have synergistic effect on antibiotics such as rifampicin, fusidic acid
and rifampicin against said strains [115]. Similarly, in another study, quercetin
was found to exhibit antibacterial activities against bacteria causing infections in
respiratory tract, gastrointestinal tract, skin and urinary tract [116]. The leaves of
a plant Psidium guajava found to contain various flavonoids i.e. quercetin and
various glycosides, was found effective against gram +ve (S. aureus) and gram
–ve bacteria (E.coli) [117]. In another study, quercetin and its oxidation products
were evaluated for their activity against MRSA and Halicobacter pylori. These
flavonoids were obtained from Allium cepa skin i.e. one of the species of onion.
The zone of inhibition observed by quercetin against MRSA was 10mm. While its
zone of inhibition in combination with oxacillin came out to be 11mm. One of the
oxidation products of quercetin i.e.Quercetin-8-yl-2, 3-epoxyflavanone found to
have increased activity as the inhibitory zone in that case enhanced to 15mm and
in combination with oxacillin, it was further increased to 18mm. This showed that
both the antibiotic and the flavonoid are enhancing each other activity [118].
Similarly, antimicrobial activities of quercetin alone and in combination
with various antibiotics such as gentamycin, levofloxacin and sulphadiazine
against P. aeruginosa were evaluated. A synergism was observed between the
flavonoid and the antibiotics. As the MIC of qurecetin and antibiotics was found
to improve 4 folds when they were combined with each other [105].
Eucalyptus globulus was studied for its antibacterial, antifungal and
antiviral activities. It was found that its antibacterial and antioxidant activities
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were due to the flavonoids, quercetin, morin rutin and luteolin, present in
combination in the leaves of this plant [119]. In another study, it was found the
combined effect of quercetin, morin and rutin was greater than their individual
effects against Solmonella enteritidis. The zone of inhibitions observed in case of
quercetin and morin were 7.85mm and 6.5mm. No zone of inhibition was
detected for rutin but when these flavonoids were combined, the zone of
inhibition increased to ≥ 9mm [109].
Halostachys caspica is known to contain seven different flavonoids
including luteolin. All these flavonoids were evaluated for their activity against
different bacterial strains such as Agrobacterium tumefaciens, E. coli,
Pseudomonas lachrymans, Xanthomonas vesicatoria, Burkholderia subtilis,
S. aureus, S. haemolyticus and a fungus Mangnaprothe oryzae. Luteolin was
found effective against all of these strains [120]. Similarly, in another study
luteolin was tested for its activity against MRSA, Burkholderia cepacia,
vancomycin-resistant enterococci (VRE) and Klebsiella pneumoniae. It was
concluded that luteolin possessed activity only against MRSA as the zone of
inhibition observed was 10.5mm and 11.5mm against the two MRSA clinical
isolates [121].
The reason for using the combination of flavonoids (Q+L) was due to
their known individual activities against MRSA. These results can be compared to
the study of Thymus vulgaris for its antibacterial activity against E. coli ATCC
25922 and S. aureus ATCC 25923 has revealed that its antibacterial activity was
due to the presence of flavonoids such as quercetin and luteolin. It was found that
the zone of inhibition by luteolin against E. coli was 13 ± 0.22mm while against
the S. aureus inhibitory zone was 10 ± 0.14mm. Quercetin’s zone of inhibitions
against E. coli and S. aureus were 13 ± 0.04mm and 12 ± 0.46mm respectively
[122]. In another study, Terminalia arjuna bark extract was analyzed for its
activity against various bacteria. It was found effective against gram +ve bacteria
Bacillus subtilis, S. aureus and gram –ve bacteria such as E. coli, Klebsiella
pneumoniae and fungal pathogen Candida albicans. The qualitative and
quantitative analysis of this plant revealed the presence of flavonoids such as
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quercetin, luteolin and kaempferol. These flavonoids were found responsible for
the antibacterial action [123].
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Table 3.1
Average Zone of Inhibitions (mm ± STDEV) of Morin (M), Rutin (R) and
M+R against MRSA clinical isolates and ATCC 43300.

Test Flavonoid or
Flavonoids
Combination
M
R
M+R

MRSA
ATCC 43300
(mm)
0

MRSA Clinical
Isolates (n = 100)
(mm)
0

0

0

11.5±0.22

11.58±0.21
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Table 3.2
Average Zone of Inhibitions (mm ± STDEV) of Morin+Rutin (M+R) and in
combination with antibiotics against MRSA (ATCC 43300) † and MRSA
clinical isolates*(n =100).
Test
Antibiotics
AMO †

Antibiotic
Alone
(mm)
0

M+R with
Antibiotic
(mm)
14.5±0.29

AMO *

0

14.18±0.36***

AMP †

0

11.5±0.22

AMP *

0

11.58±0.21***

CEPH†

0

14.5±0.32

CEPH*

0

14.18±0.29***

CET †

0

16.5±0.30

CET*

0

16.18±0.29***

IMP †

16±0.90

19.5±0.58

IMP*

16.18±0.92

19.62±0.31***

ME †

0

13.5±0.31

ME*

0

13.18±39***

VAN †

18±0.59

18±0.59

VAN*

17.37±0.80

17.37±0.80

LEV †

14±0.91

9±0.25

LEV*

13.88±1.21

9.52±0.25***

CIP†

10.5±2.5

7.24±0.19

CIP*

13.1±3.1

8.1±0.18***

ERY †

22±1.36

22±1.36

ERY*

20.96±1.1

20.96±1.10

S-T †

0

11.5±0.22

S-T*

0

11.58±0.21

CEF †

0

11.5±0.22

CEF*

0

11.58±0.21

***P<0.001 compared to antibiotic alone
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Table 3.3
Average Zone of Inhibitions (mm ± STDEV) of Quercetin (Q) against MRSA
clinical isolates and MRSA (ATCC 43300) †.

Test Flavonoid or
Flavonoids
Combination
Q

MRSA
ATCC 43300
(mm)
13.5±0.21

MRSA Clinical
Isolates (n = 100)
(mm)
13.33±0.26

Q+R

0

0

Q+M

0

0
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Table 3.4
Average Zone of Inhibitions (mm ± STDEV) of antibiotics and in
combination with Quercetin (Q) against MRSA (ATCC 43300)† and MRSA
clinical isolates*(n =100).
Test
Antibiotic
AMO †

Antibiotic
Alone
(mm)
0

Q with
Antibiotic
(mm)
13.00±0.21

AMO *

0

13.33±0.26***

AMP †

0

17.00±0.29

AMP *

0

17.33±0.30***

CEPH†

0

18.50±0.31

CEPH*

0

18.33±0.30***

CET †

0

20.5±1.00

CET*

0

20.83±1.00***

IMP †

16±0.90

22.00±1.10

IMP*

16.18±0.92

22.18±1.12***

ME †

0

16.50±0.28

ME*

0

16.89±0.29***

VAN †

18±0.59

18.00±0.59

VAN*

17.37±0.80

17.37±0.80

LEV †

14±0.91

6.50±0.21

LEV*

13.88±1.21

6.85±0.22***

CIP†

10.5±2.5

4.00±0.22

CIP*

13.1±3.1

4.35±0.24***

ERY †

22±1.36

22.00±1.36

ERY*

20.96±1.1

20.96±1.10

S-T †

0

13.50±0.21

S-T*

0

13.33±0.26

CEF †

0

13.50±0.21

CEF*

0

13.33±0.26

***P<0.001 compared to antibiotic alone
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Table 3.5
Average Zone of Inhibitions (mm ± STDEV) of Morin+Quercetin+Rutin
(M+Q+R) against MRSA clinical isolates and ATCC 43300.
Test Flavonoid or
Flavonoids
Combination
M+Q+R

MRSA
ATCC 43300
(mm)

MRSA Clinical
Isolates (n = 100)
(mm)

16.5±0.21

16.23±0.26
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Table 3.6
Average Zone of Inhibitions (mm ± STDEV) of Morin+Quercetin+Rutin
(M+Q+R) in combination with antibiotics against MRSA (ATCC 43300) †
and MRSA clinical isolates*(n =100).
Test
Antibiotic
AMO †

Antibiotic
Alone
(mm)
0

M+R+Q with
Antibiotic
(mm)
23.50±1.10

AMO *

0

23.73±1.10***

AMP †

0

22.50±1.20

AMP *

0

22.63±1.20***

CEPH†

0

24.55±1.00

CEPH*

0

24.22±1.00***

CET †

0

27.00±1.20

CET*

0

27.24±1.23***

IMP †

16±0.90

28.00±1.00

IMP*

16.18±0.92

28.21±0.90***

ME †

0

21.50±1.1

ME*

0

21.73±1.0***

VAN †

18±0.59

18.00±0.59

VAN*

17.37±0.80

17.37±0.80

LEV †

14±0.91

3.00±0.24

LEV*

13.88±1.21

3.23±0.25***

CIP†

10.5±2.5

2.25±0.24

CIP*

13.1±3.1

2.73±0.21***

ERY †

22±1.36

22.00±1.36

ERY*

20.96±1.1

20.96±1.10

S-T †

0

16.5±0.21

S-T*

0

16.23±0.26

CEF †

0

16.50±0.21

CEF*

0

16.23±0.26

***P<0.001 compared to antibiotic alone
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Table 3.7
Average Zone of Inhibitions (mm ± STDEV) of Luteolin (L) against MRSA
clinical isolates and ATCC 43300
Test Flavonoid or
Flavonoids
Combination
L

MRSA
ATCC 43300
(mm)

MRSA Clinical
Isolates (n = 100)
(mm)

10.5±0.27

10.86±0.21
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Table 3.8
Average Zone of Inhibitions (mm ± STDEV) of Luteolin (L) in combination
with antibiotics against S. aureus (ATCC 43300) † and MRSA clinical
isolates*(n =100).
Test
Antibiotic
AMO †

Antibiotic
Alone
(mm)
0

L with
Antibiotic
(mm)
10.5 ±0.27

AMO *

0

10.86±0.21***

AMP †

0

11.39±0.27

AMP *

0

11.56±0.29***

CEPH†

0

13.35±0.30

CEPH*

0

13.75±0.29***

CET †

0

14.65±0.34

CET*

0

15.35±0.37***

IMP †

16±0.90

18.00±0.40

IMP*

16.18±0.92

18.26±0.42***

ME †

0

12.00 ±0.31

ME*

0

12.13±0.28***

VAN †

18±0.59

18.00±0.59

VAN*

17.37±0.80

17.37±0.80

LEV †

14±0.91

11.25±0.26

LEV*

13.88±1.21

11.52±0.28***

CIP†

10.5±2.5

9.50±0.41

CIP*

13.1±3.1

9.65±0.46***

ERY †

22±1.36

22.00±1.36

ERY*

20.96±1.1

20.96±1.10

S-T †

0

10.50±027

S-T*

0

10.86±0.21

CEF †

0

10.50±027

CEF*

0

10.86±0.21

***P<0.001 compared to antibiotic alone
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Table 3.9
Average Zone of Inhibitions (in millimeters ± STDEV) of Quercetin (Q) +
Luteolin (L) against MRSA clinical isolates and ATCC 43300
Test Flavonoid or
Flavonoids
Combination
Q+L

MRSA
ATCC 43300
(mm)

MRSA Clinical
Isolates (n = 100)
(mm)

15±0.24

15.22±0.23
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Table 3.10
Average Zone of Inhibitions (mm ± STDEV) of Luteolin (L) in combination
with antibiotics against MRSA (ATCC 43300) † and MRSA clinical
isolates*(n =100).
Test
Antibiotic
AMO †

Antibiotic
Alone
(mm)
0

Q+L with
Antibiotic
(mm)
15.00±0.24

AMO *

0

15.22±0.23***

AMP †

0

20.00±0.64

AMP *

0

20.11±0.60***

CEPH†

0

20.50±0.68

CEPH*

0

20.72±0.70***

CET †

0

22.5±0.28

CET*

0

22.72±0.62***

IMP †

16.00±0.90

24.50±0.25

IMP*

16.18±0.92

24.72±0.29***

ME †

0

19.00±0.67

ME*

0

19.42±0.69***

VAN †

18±0.59

18±0.59

VAN*

17.37±0.80

17.37±0.80

LEV †

14±0.91

4.50±0.32

LEV*

13.88±1.21

4.65±0.30***

CIP†

10.5±2.5

3.50±0.31

CIP*

13.1±3.1

3.67±0.36***

ERY †

22±1.36

22±1.36

ERY*

20.96±1.1

20.96±1.1

S-T †

0

15±0.24

S-T*

0

15±0.23

CEF †

0

15±0.24

CEF*

0

15±0.23

***P<0.001 compared to antibiotic alone
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CHAPTER # 4

Minimum Inhibitory Concentration Assays
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4.1

Results

4.1.1

MIC of Morin+Rutin by serial half dilution method
MIC of flavonoids alone as well as in combination with the selected

antibiotics was determined to find whether the antibiotics have an impact on the
MIC of flavonoids thus increasing their activity against MRSA. The selected
antibiotics were those ones which showed increase in activity with flavonoids.
These antibiotics were screened out in antibiotic sensitivity assays. All the
ineffective antibiotics were β-lactams which became sensitive to MRSA when
combined with flavonoids. Since the mechanism of action of these antibiotics is
to inhibit the synthesis of bacterial cell wall, it seemed likely that these flavonoids
enhanced the ability of these antibiotics to inhibit bacterial cell wall synthesis.
MIC’s of morin-rutin, quercetin, morin-rutin-quercetin, luteolin, quercetinluteolin alone and in combination with antibiotics were determined against
MRSA clinical isolates and MRSA 43300.
It is evident from Table 4.1 that the MIC of each flavonoid i.e. morin and
rutin in combination was 400µg/ml against MRSA ATCC 43330. In case of 14
clinical isolates MIC was 400µg/ml while against 86 clinical isolates it was
800µg/ml.
4.1.2

Exact MIC of Morin-Rutin by incremental increase approach
To find the exact MIC for 86 clinical isolates, MIC through incremental

increase approach was established. Because in comparison to the standard and the
14 clinical isolates where the MIC was 400µg/ml, there was the possibility that
MIC of these 86 isolates may be below 800µg/ml or it may lie near to 400µg/ml.
Once the exact MIC of flavonoids was determined against the 86 clinical isolates,
the same MIC’s values of M+R were used when combined with antibiotics. The
exact MIC’s of flavonoids alone and their MIC’s in combination with antibiotics
by incremental increase approach are shown in (Table 4.2 & 4.3) respectively.
It can be seen in (Table 4.2) that the exact MIC for rutin-morin was
400µg/ml against standard. While average MIC for clinical isolates was
427.40±14.40µg/ml. It was also found that in combination with the antibiotics the
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MIC of rutin-morin was further reduced significantly (P<0.001). From the results
in Table 4.3, it is clear that when M+R was combined with amoxicillin (AMO),
the MIC of flavonoids decreased to 340µg/ml against standard. This indicated
that there may be synergism or additive relationship between the flavonoids and
the antibiotics experiencing resistance. Similarly, against the clinical isolates,
M+R, the exact average MIC was 427.40±14.40µg/ml that reduced to
367.40±15.71µg/ml when combined with AMO as shown in Table 4.3. In case of
CET the exact MIC of M+R against standard strain was found to reduce from
400µg/ml to 320µg/ml. While M+R average exact MIC against the clinical
isolates decreased from 427.40±14.40µg/ml to 347.40±12.92µg/ml. Similar trend
was also observed in case of other antibiotics (Table 4.2).
A difference in the MIC’s of M+R and M+R+antibiotic can be concluded
from Tables 4.2 and 4.3. It is evident that reduction in the MIC’s found greater in
IMP than the other antibiotics. It is clear (Table 4.2 or 4.3) that the exact MIC of
M+R along with IMP reduced to 300µg/ml against standard strain while against
the clinical isolates the average exact MIC decreased from 427.40±14.40µg/ml to
327.80±14.85µg/ml. Similarly, CET (exact MIC = 320µg/ml) , AMO (340µg/ml)
and CEPH (340µg/ml) respectively against the standard strain, when combined
with M+R . ME was found less responsive than other antibiotics. As the exact
MIC of M+R when combined with ME decreased from 400µg/ml to 360µg/ml.
The reduction in the MIC of flavonoids in combination with antibiotics was the
indication of their enhanced activity against test bacteria.
4.1.3 MIC of Quercetin by serial half dilution method
The MIC of quercetin determined by serial half dilution method against
ATCC 43300 was 300µg/ml and similar MIC was observed against 64 MRSA
clinical isolates while remaining clinical isolates (n=36) were inhibited at
600µg/ml as shown in (Table 4.4).
4.1.4

Exact MIC of Quercetin by incremental increase approach
Exact MIC of quercetin came to be 260µg/ml for ATCC 43300 and for

clinical isolates (n=100) it varied between 260–300µg/ml as shown in (Table 4.5).
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Reduction in MIC of quercetin in combination with antibiotics was observed
(Table 4.6) as it dropped from 260µg/ml to 160µg/ml when combined with AMP
in case of MRSA 43300 whilst average MIC against clinical specimens (n=100)
reduced from 284.64±19.31µg/ml to 178.80±14.99µg/ml. Average MIC of Q with
CEPH (178.80±14.25 µg/ml) against clinical isolates reduced almost to the same
extent as for AMP. No effect was observed with AMO. For ME the decrease in
the MIC was less than the other antibiotics. For ME the decrease in the MIC was
less than the other antibiotics in both cases (standard strain and clinical isolates).
As the MIC of Q along with ME reduced to 180µg/ml against the standard while
against the clinical isolates the exact MIC of quercetin reduced from
284.64±19.31µg/ml to 196.70±12.75µg/ml. The overall reduction in the MIC of
quercetin was greater than the MIC of M+R. Even the effect of quercetin on
antibiotics was far greater than that of M+R. In each case decrease in MIC of
antibiotics with quercetin was significant (P<0.001).
4.1.5

MIC of Quercetin-Rutin-Morin by serial half dilution method
MIC of these flavonoids in this combination was also determined as it was

found that by combining the flavonoids together their MIC’s were reduced. It
means that they were increasing each other antibacterial activity. From the results
in the (Table 4.7) where MIC of M+R by serial dilution method was 300µg/ml
and that of Q was 200µg/ml in combination with each other. A clear reduction in
the MIC’s of flavonoids in combination can be seen if we compare it with their
individual MIC. The MIC of Q+M+R was 200+300+300µg/ml for 60 clinical
isolates while it was 200+400+400µg/ml for rest of 40 clinical isolates.
4.1.6

Exact MIC of Quercetin+Morin+Rutin Q+M+R by incremental

increase approach
The exact MIC of flavonoids in combination was also determined and
shown in the (Table 4.8). It can be seen that the exact MIC of Q in combination
came out to be 140µg/ml and that of M & R was 280µg/ml against the standard
strain. The MIC range found through incremental increase approach for Q+M+R
against the clinical isolates were 140-200(Q) and 280-340µg/ml (M+R)
respectively as shown in (Table 4.8).
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It is evident from the results that when M+R combined with quercetin, the
MIC of not only M+R reduced but also quercetin’s MIC improved as well. The
MIC of M+R was 400µg/ml each, but along with qurecetin reduced to 280µg/ml
each against the standard strain. While that of qurecetin reduced from 260µg/ml
to 140µg/ml. Thus, the antibacterial activity of flavonoids against MRSA found to
be enhanced by combining them together. So the combination of rutin, morin and
quercetin proved to be more effective than M+R and quercetin alone. Similarly,
the enhancing effect of rutin-morin-quercetin on antibiotics was also observed
greater than their individual effect. As seen in Table 4.9 that MIC of these
flavonoids combination was further improved significantly (P<0.001) in
combination with antibiotics. For example with AMP, the MIC of rutin-morin and
quercetin was further reduced to 160µg/ml and 80µg/ml against standard strain,
respectively. The average MIC of M+R in Q+M+R combination with AMP
against the MRSA clinical isolates was 186.56±15.80µg/ml and that of quercetin
was found to be 106.53±16.42µg/ml. The MIC’s reduced further in combination
with antibiotics that is evident in Table 4.9.
The reduction in average MIC of M+R in rutin-morin-quercetin
combination with IMP found greater than the rest of the antibiotics thus
increasing its activity against both the standard strain (MIC of M+R = 280µg/ml
reduced to 140µg/ml) and MRSA clinical isolates (average MIC of M+R reduced
from 303.56µg/ml ±16.74µg/ml). While a decrease in the average MIC of
quercetin in this flavonoids combination along with CET and IMP was found
more as compared to the other antibiotics against the clinical samples (P<0.001).
As the MIC of quercetin alone in M+R+Q reduced from 140µg/ml to 40µg/ml in
combination with CET & IMP against the standard strain while the MIC of
quercetin with CEPH reduced to 60µg/ml, with AMP & AMO, MIC of Q was
80µg/ml, MIC of Q with ME decreased to 80µg/ml. The antibiotic showing least
effect with this flavonoids combination was ME against the clinical isolates
(Average MIC M+R=208.51±19.98 & Q= 88.51 ±19.80) as indicated (Table 4.9).
One important thing to note regarding this flavonoids combination was that it had
enhancing effect on both AMP and AMO. While the rest of flavonoids such as
rutin-morin and quercetin found to affect either AMP or AMO’s activity. The
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average MIC of rutin-morin in M+R+Q against the clinical isolates observed in
combination with AMO was 163.56 ±16.75µg/ml for clinical isolates. While the
MIC of quercetin determined in this M+R+Q along with AMO was
103.56±15.99µg/ml against clinical isolates. However this decrease in the MIC of
M+R and Q along with AMO was greater than that in case of AMP against the
clinical isolates. Similarly, a decrease in the MIC of M+R with AMO (MIC of
M+R = 140µg/ml against the standard strain) found greater than AMP as the MIC
of M+R was 160µg/ml against the standard strain.
4.1.7

MIC of Luteolin by serial half dilution method
The MIC value of luteolin was 500µg/ml against the standard strain while

MIC of luteolin against 39 clinical isolates was 500µg/ml while remaining 61
clinical isolates were inhibited at 1000µg/ml (Table 4.10).
4.1.8

Exact MIC of Luteolin by increase incremental approach
The exact MIC of luteolin by incremental increase approach (Table 4.11)

was 500µg/ml against the standard strain while against clinical isolates (n=61) the
MIC value was in the range of 500 – 540 µg/ml (Table.4.11). The average MIC of
L against the MRSA clinical isolates was 516.83±15.67µg/ml.
From the results (Table 4.12) it was observed that the MIC of luteolin was
further reduced in combination with antibiotics, thereby, exhibiting an increase in
its activity. A decrease in MIC of luteolin found with IMP against standard strain
and clinical isolates was more than the other test antibiotics. It can be observed
that the MIC of luteolin alone was 500µg/ml against MRSA 43300 which was
reduced to 400µg/ml when combined with IMP thus improving luteolin
effectiveness against the test bacteria. The average MIC of the flavonoid was also
found to improve from 516.83±15.67µg/ml to 417±14.95µg/ml in combination
with IMP.
A comparison between the MIC’s of Luteolin alone and in combination
with antibiotics against the standard strain and clinical isolates (Table 4.11 &
4.12) indicates that the reduction in the MIC’s of luteolin was same in
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combination with AMP and CEPH as the MIC of luteolin improved from
500µg/ml to 440µg/ml against standard MRSA 43300. While luteolin MIC
reduction was less than that observed with IMP and CET but it was more than
that found with ME. The MIC of L with CET reduced to 420µg/ml and
437.20±15.56µg/ml against standard strain and clinical isolates, respectively
(P<0.001).
4.1.9

MIC of Quercetin+Luteolin by serial half dilution method
The MIC of the flavonoids in this combination also indicated that their

MIC’s improved in comparison to when they were used alone. The results (Table
4.13) revealed that the MIC of luteolin was 400µg/ml when combined with
quercetin against the standard strain. While in case of 42 clinical isolates the MIC
of luteolin in combination with quercetin was 400µg/ml and against the remaining
58 clinical isolates it was 800µg/ml. Same trend was also observed with quercetin
as its MIC was reduced from 300µg/ml to 200µg/ml against the standard strain.
Its MIC against 42 clinical isolates was 200µg/ml and was 400µg/ml for the rest
of 58 clinical isolates as shown in the Table 4.13.
4.1.10 MIC of Quercetin+Luteolin by increase incremental technique
The MIC of Q+L was also quantified through incremental increase
technique to find the exact MIC of flavonoids in this combination against the
standard strain and the clinical isolates. The results (Table 4.14) showed that the
exact MIC of quercetin and luteolin in combination against the standard was
200µg/ml and 380µg/ml respectively. The average MIC of luteolin in
combination with quercetin against 100 clinical isolates was 394.06 ±13.75 while
that of quercetin MIC came out to be 215.04±12.72.
It is clear from the results (Table 4.14) that the MIC of luteolin in
combination with quercetin decreased from 500µg/ml to 380µg/ml against
standard strain while against the samples its average MIC was 394.06±13.75
µg/ml which was less than its average MIC (516.83±15.67µg/ml) when it was
used alone. Same situation was also observed with qurecetin. Its MIC also
improved to 200µg/ml against the standard strain and against clinical samples its
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average MIC reduced from 279.00µg/ml ±14.65 to 215.04µg/ml ±12.72. This
again revealed that there may exists synergism or additive relationship among the
flavonoids as both appeared to enhance each other’s activity.
From the results (Table 4.15) it may be concluded that in Q+L
combination, the MIC of both the flavonoids improved further when they were
combined with the antibiotics. This MIC reduction of Q+L was found more when
these flavonoids were used alone along with antibiotics. This is again indication
of their increased activity against MRSA. It can be seen in Table 4.15 that
average MIC’s of luteolin in Q+L combination with AMP was decreased from
500µg/ml to 380µg/ml. While the MIC of quercetin in combination with luteolin
and AMP decreased from 260 µg/ml to 200µg/ml against the standard strain.
Same trend of profound reduction was also observed in the MIC’s of flavonoids
when used with other antibiotics (P<0.001).
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4.2

Discussion
As indicated in antibiotic sensitivity assays rutin and morin alone had no

activity against MRSA. But when they were combined they show antibacterial
activity against the said bacteria. Perhaps they were showing synergism or
potentiation with each other. In various studies where they were used in
combination with each other or some other compounds such as flavonoids and
various metals, they showed an increase in the activity against various organisms.
Phaleria macrocarpa was tested for their activity against different gram positive
(B. cereus, B. Subtilis, M. Luteus and S. aureus) and gram negative bacteria (E.
aerogenes, K.pnuomoniae, P. Aeruginosa and E. coli). It was found that the
antibacterial activity of this plant was due to the presence of flavonoids such as
rutin, kaempferol, myricetin and naringin [124]. This provides the evidence that
rutin alone has no antibacterial activity but in combination it shows impact, which
is in agreement with present report. Rutin has been studied widely for its
pharmacological activities such as its antifungal activities in septic arthritis
caused by Candida albicans [125].It was further found that rutin alone obtained
from Solanum palinacanthum has no activity against S. aureus [126].
Similarly, morin alone was found to have no activity against MRSA.
However, it has been used in combination with other flavonoids to increase their
activity. Morin alone was found effective against Solmonella enteritidis with MIC
of 150µg/ml and B. cereus with MIC of 300µg/ml. These MIC’s values were
further reduced when morin was combined with rutin. i.e. MIC of morin with
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rutin lessened to 50µg/ml against S. enteritidis. While, in case of B. cereus
morin’s MIC reduced to 100µg/ml [106]. Morin also showed inhibitory activity
against Salmonella typhi, E. coli, B. subtilis, and S. aureus with MIC’s of
128µg/ml, 128µg/ml, 64µg/ml and 64µg/ml, respectively [127].

Morin

tested

against

Pseudomonas

aeruginosa

ATCC

9027,

Staphylococcus epidermidis ATCC 12228, Bacillus subtilis ATCC 9372 & 6633
and Escherichia coli ATCC 8739 & 11775 and was found to inhibit the growth of
all these species [128].In another study the activity of morin and its complexes
with Gadolinium (Gd) and lutetium (Lu) were tested for their activity against
different bacterial strains such as E. coli, Klebsiella pneumoniae , S. aureus. The
results revealed that morin-complexes activity was greater than morin alone. So
these elements and morin enhanced each other activity [129].
As a result of morin’s antibacterial activities and their enhancement in
combination with rutin, this combination was used against MRSA. On the basis
of their activity against the bacteria under study these flavonoids combination was
also combined with ineffective antibiotics in order to make them active against
MRSA.

The results can be compared to the MIC of quercetin reported in various
studies against MRSA. The determined MIC of quercetin i.e.260 µg/ml against
standard strain is comparable to reported quercetin MIC i.e. 256 µg/ml against
MRSA [130]. In another study MIC of 512µg/ml was reported for MRSA 43300.
Quercetin is also reported to to remove or reduce the resistance of rifampicin and
fusidic acid against MRSA 43300 and clinical isolates [131].
Quercetin was analyzed for its activity against S. aureus including MRSA and
Staphylococcus epidermidis and was found effective. It was also reported that quercetin
activity was enhanced when used in combination with various antibiotics such as such
as oxacillin, vancomycin, gentamycin, and erythromycin. However, no reports are
available about the reasons for improvement in qurecetin or antibiotic’s MIC. These
Potential of Flavonoids against Methicillin Resistant Staphylococcus aureus

results are in close agreement to previous finding [132] which stated that quercetin
induces the aggregation of S. aureus cells. This provided evidence for the antibacterial
activity of quercetin against MRSA and MSS). Betts et al studied the synergy between
quercetin and epigallocatechin gallate and also determined the MIC of quercetin alone
and in combination with epigallocatechin gallates through MIC assays. The MIC assays
were applied against standard MRSA NCTC12493 and nine (9) MRSA clinical isolates.
The results revealed that MIC of quercetin alone against the standard and the clinical
isolates was ≥ 256µg/ml. The MIC of quercetin improved to 16µg/ml against standard
MRSA strain when quercetin combined with epigallocatechin gallate. While the MIC of 6
clinical isolates with quercetin+ epigallocatechin gallate was 32µg/ml, MIC of two
clinical isolates was 16µg/ml while MIC of the remaining one was 64µg/ml. It was
concluded that flavonoids used in combination had increased activity against MRSA.
Similarly, MIC of epigallocatechin gallate also improved from 64µg/ml to 8µg/ml against
standard strain when combined with quercetin [133].

These results revealed that mixing the three flavonoids together resulted in
an increase in their anti staphylococcus activity. These results can be compared to
another study where the flavonoids rutin, morin and quercetin in combination
exhibited synergism and become more effective against S. aureus [108]. The
combination of flavonoids was also tested for their synergistic effect against S.
aureus, E. coli and Enterobacter aerogenes. It was found that they produced
stronger effect against these organisms compared to the situation when these
flavonoids were tested separately. This increased activity of flavonoids against
gram-ve bacteria (E. coli) was greater than gram+ve bacteria (S. aureus). The
increase in the activity of flavonoids as a result of their use in combination was
tested through MIC assays. As the MIC’s of these flavonoids in combination
reduced significantly compared to their MICs when they were used alone. This
showed the synergism or additive effect when one flavonoid was used with other
flavonoid. The MIC of quercetin against E. coli was 77.4µg/ml. The reduction in
the MIC of qurecetin in combination with kaempferol demonstrated a synergism.
As the MIC reduced to 33.1µg/ml against the E. coli. The MIC of rutin against
both the E. coli and S. aureus was found more than 1000µg/ml which was not
considered as antimicrobial activity. However, rutin in combination with
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kaempferol demonstrated an increase in the bacteriostatic activity of kaempferol.
In this case the MIC of kaempferol improved from 98.2µg/ml to 70.8µg/ml
against S. aureus and against E. coli kaempferol’s MIC with rutin reduced from
84.3µg/ml to 64.6µg/ml [134].

This was further investigated that was due to the presence of porins in the
outer membrane of gram negative bacteria, these flavonoids may block the
charges on the amino acids within the porins. As a result these compounds can
enter the bacterial cell easily by diffusion. It was studied that quercetin may had
the ability to neutralize charges on the amino acids thus facilitating other
flavonoids passage in to bacterial cell. Within the E. coli some porins are
responsible for the movement of nucleosides across the membrane while some
function as channel for the ions [134].
Various flavonoids combinations were also tested for their effect on
antibiotics to find any synergic or additive relationship. The results (Table 4.8)
can be compared to previous findings where antibiotics (gentamycin and
sulfadiazine) and phytochemicals (protocatechuic acid, quercetin, and caffiec
acid) combinations were tested for their activities against Pseudomonas
aeruginosa. This combination’s activity was checked by determining the MIC’s
of antibiotics alone and in combination with the test phytochemicals. A synergism
was observed between the antibiotics and phytochemicals. The MIC of
gentamycin was 2µg/ml and that of sulfadiazine was 256µg/ml. The MIC of
sulfadiazine decreased to 16µg/ml when combined with protocatechuic acid,
quercetin, and caffeic acid. Likewise, the MIC of gentamycin in combination
with caffiec acid improved by 4 folds [135].

The MIC of luteolin (500µg/ml) observed in my study is approximately
same to earlier report [6] i.e. 512µg/m. In that study about 38 flavonoids
including luteolin were tested for their activity against MRSA, vancomycin
resistant Enterococci (VRE) and Klebsiella pneumoniae and Staphylococcus
epidermidis, but it was only found to have inhibitory activities against MRSA.
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One researcher also tested luteolin against MSSA and MRSA clinical
isolates. It was concluded that luteolin was active against both strains [136].It was
further found that this flavonoid decreased the α-toxin production by S. aureus.
This property of flavonoid was responsible for its antibacterial activity. The αtoxin is one of the virulence factors in case of S. aureus pathogenesis. The
luteolin MICs were 32µg/ml and 64µg/ml for MSSA and MRSA, respectively. In
another report luteolin in combination with amoxicillin was tested to investigate
luteolin antibacterial activity and synergic relationship against amoxicillin
resistant E. coli. The MIC’s of luteolin and amoxicillin were ≥200µg/ml and
≥1000µg/ml, respectively. These were used alone and in combination against the
bacteria under study. It was found that bacterial viable counts were significantly
reduced when luteolin and amoxicillin were used in combination in comparison to
viable counts observed when they were used alone. This revealed the synergic
relationship between luteolin and amoxicillin against amoxicillin resistant E. coli
[137].
The reason of using quercetin and luteolin together was that both of them
had antibacterial activities. As already mentioned that when the flavonoids are
combined together they improve their mutual activities. There is no data available
regarding the use of Q+L together and in combination with antibiotics against
MRSA.

Table 4.1
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MIC of Flavonoids M+R by serial half dilution method against ATCC 43300
and Clinical Isolates of MRSA

Flavonoid
combination

ATCC 43300

Clinical Isolates

MIC (µg/ml)

MIC (µg/ml)
400+400 (n = 14)

M+R

400+400
800+800 (n = 86)

Table 4.2

Potential of Flavonoids against Methicillin Resistant Staphylococcus aureus

Exact Minimum inhibitory concentrations by incremental approach of M+R,

MIC (µg/ml)

(M+R)♣

ATCC 43300

400

Clinical Isolates

427.40a±14.40

MIC Ranges

400 – 440

♣ = MIC of M & R is same, it is considered as single entity, a = Average
value

Table 4.3
Potential of Flavonoids against Methicillin Resistant Staphylococcus aureus

Exact Minimum inhibitory concentrations by incremental approach of M+R
in combination with antibiotics against MRSA

AMO †

(M+R)♣
with antibiotic
(µg/ml)
340

AMO *

367.40a±15.71***

MIC* RANGE

340 – 380

AMP †

400

AMP *

427.40a±14.40***

MIC* RANGE

400 – 440

CEPH†

340

CEPH*

367.40±15.71***

MIC* RANGE

340 – 380

CET †

320

CET*

347.40±12.92***

MIC* RANGE

320 – 360

IMP †

300

IMP*

327.80a±14.85***

MIC* RANGE

300 – 340

ME †

360

ME*

387.40±15.78***

MIC* RANGE

360 – 400

Test
Antibiotic

*= (Clinical Isolates. n=100) & †= (ATCC 43300). ♣ = MIC of M & R is
same, it is considered as single entity, a = Average value
***P<0.001 compared to flavonoids alone

Table 4.4
Potential of Flavonoids against Methicillin Resistant Staphylococcus aureus

MIC of Quercetin (Q) by serial half dilution method against MRSA

Flavonoids

ATCC 43300
MIC (µg/ml)

Q

300

Clinical Isolates
MIC (µg/ml)
300 (n = 64)
600 (n= 36)

Table 4.5
Potential of Flavonoids against Methicillin Resistant Staphylococcus aureus

Exact Minimum inhibitory concentrations (MIC in µg/ml) by incremental
approach of Q against MRSA

MIC (µg/ml)

Q

MRSA ATCC 43300

260

Clinical Isolates

279.00a±14.65

MIC Ranges

260 - 300

MRSA (Clinical Isolates. n=100) & (ATCC 43300). a = Average value

Table 4.6
Potential of Flavonoids against Methicillin Resistant Staphylococcus aureus

Exact Minimum inhibitory concentrations (MIC in µg/ml) by incremental
approach of Q in combination with antibiotics against MRSA

AMO †

Q
with antibiotic
(µg/ml)
260

AMO *

279.00a±14.65***

Test
Antibiotic

MIC* RANGE

260 - 300

AMP †
AMP *
MIC* RANGE

160
a

178.80 ±14.99***
160 - 200

CEPH†

160

CEPH*

178.80a±14.25***

MIC* RANGE

160 - 200

CET †
CET*
MIC* RANGE

140
a

158.60 ±15.11***
140 - 180

IMP †

120

IMP*

138.80a±14.99***

MIC* RANGE

120 - 160

ME †

180

ME*

196.70a±12.75***

MIC* RANGE

180 - 220

*= (Cinical Isolates. n=100) & †= (ATCC 43300). a = Average value
***P<0.001 compared to flavonoids alone

Table 4.7
Potential of Flavonoids against Methicillin Resistant Staphylococcus aureus

MIC of Quercetin+Morin+Rutin (Q+M+R) Flavonoids combinations by
serial half dilution method against MRSA

Flavonoids

ATCC 43300
MIC (µg/ml)

Q+M+R

200+300+300

Clinical Isolates
MIC (µg/ml)
200+300+300 (n = 60)
200+600+600 (n = 40)
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Table 4.8
Exact Minimum inhibitory concentrations (MIC in µg/ml) by incremental
approach of Q+R+M against MRSA
MIC (µg/ml)

(M+R)♣+Q

MRSA ATCC 43300

(280)♣+140

Clinical Isolates

303.56a)♣ ±16.74 + 163.56a ±15.23

MIC Ranges

M+R = 280 – 340
Q = 140 - 200

(Clinical Isolates. n=100) & (ATCC 43300).
♣ = MIC of M & R is same, it is considered as single entity,
a = Average value
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Table 4.9
Exact Minimum inhibitory concentrations (MIC in µg/ml) by incremental
approach of Q+R+M in combination with antibiotics against MRSA
(M+R)♣+Q
with antibiotic
(µg/ml)
(140)♣ +80

Test
Antibiotic
AMO †
AMO *

( (163.56a)♣ ±16.75+ 103.56a±15.99***

AMP †

(M+R) = 140-200
Q = 80-140
(160)♣ +80

AMP *

(186.56a)♣±15.80 +106.53a±16.42***

MIC* RANGE

M+R = 160 -220
Q = 80 - 140

MIC* RANGE
CEPH†

(140)♣+60

CEPH*

(163.56a)♣±16.52 +83.56a ±15.02***
M+R = 140 - 200
Q = 60 - 120

MIC* RANGE
CET †

(140)♣ +40

CET*

(162.94a)♣±16.98+ 65.94a±16.9***
M+R = 140 - 180
Q = 40 -100

MIC* RANGE
IMP †

(120)♣ +40

IMP*

(148.31a)♣±19.59 +66.56a ±16.50***
M+R = 120 - 180
Q = 40 – 100

MIC* RANGE
ME †

(180)♣+80

ME*

(208.51a)♣±19.98 +88.51a ±19.80***

MIC* RANGE

M+R = 180 - 240
Q = 80-160

*= (Clinical isolates n=100)
†= (ATCC 43300).
♣ = MIC of M & R is same, it is considered as single entity,
a = Average value
***P<0.001 compared to flavonoids alone
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Table 4.10
MIC of Luteolin (L) by serial half dilution method against MRSA

Flavonoids

L

ATCC 43300

Clinical Isolates

MIC (µg/ml)

MIC (µg/ml)

500

500(n=39)
1000(n=61)
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Table 4.11
Exact Minimum inhibitory concentrations (MIC in µg/ml) by incremental
approach of Luteolin (L) against MRSA

MIC (µg/ml)

L

MRSA ATCC 43300

500

Clinical Isolates

516.83a±15.67

MIC Ranges

500 - 540

MRSA (Clinical Isolates. n=100) & (ATCC 43300). a = Average value
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Table 4.12
Exact Minimum inhibitory concentrations (µg/ml) by incremental approach
of L in combination with antibiotics against MRSA
Test
Antibiotic

L
with antibiotic
(µg/ml)

AMO †

500

AMO *

516.83a±15.67***

MIC* RANGE

500 – 540

AMP †

440

AMP *

a

MIC* RANGE

456.83 ±15.25***
440 – 480

CEPH†

440

CEPH*

457.20a±15.51***

MIC* RANGE

440 – 500

CET †

420

CET*

a

MIC* RANGE

437.20 ±15.56***
420 – 440

IMP †

400

IMP*

417a±14.95***

MIC* RANGE

400 – 440

ME †

460

ME*

a

MIC* RANGE

477.20 ±15.90***
460 – 500

*= (Clinical Isolates. n=100) †= (ATCC 43300). a = Average value
***P<0.001 compared to flavonoids alone
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Table 4.13
MIC of Quecetin+Luteolin (Q+L) by serial half dilution method against
MRSA

Flavonoids

Q+L

ATCC 43300

Clinical Isolates

MIC (µg/ml)

MIC (µg/ml)

200+400

200+400(n=42)
400+800(n+58)
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Table 4.14
Exact Minimum inhibitory concentrations (µg/ml) by incremental approach
of Quercetin+Luteolin (Q+L) against MRSA
MIC (µg/ml)

Q+L

ATCC 43300

200+380

Clinical Isolates

215.04±12.72+394.06a ±13.75

MIC Ranges

Q = 200 - 240
L = 380 - 420

MRSA (Clinical Isolates. n=100) & (ATCC 43300). a = Average value
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Table 4.15
Exact Minimum inhibitory concentrations (µg/ml) by incremental approach
of Quercetin+Luteolin (Q+L) in combination with antibiotics against MRSA
Q+L
with antibiotic
(µg/ml)

Test
Antibiotics
AMO †

200+380

AMO *

214.06a±13.72+394.06a±13.75***
Q = 200 – 240
L = 380 - 420

MIC* RANGE
AMP †
AMP *

120+280
a

134.06 ±13.85 + 294.06a± 13.75***
Q = 120-160
L = 280 - 320

MIC* RANGE
CEPH†
CEPH*

100+260
a

116.06 ±15.80+278.06a±15.61***
Q = 100-140
L = 260 - 300

MIC* RANGE
CET †
CET*

80+240
a

94.06 ±15.43+254.06a±14.21***
Q = 80 – 120
L = 240 – 300

MIC* RANGE
IMP †

80+260

IMP*

97.40a±14.49+274.06a±14.02***
Q = 80 – 120
L = 260 - 300

MIC* RANGE
ME †

120+300

ME*

134.12a±14.95+314.06a± 14.21***

MIC* RANGE

Q = 120 – 160
L = 300 - 340

*= (Clinical Isolates. n=100) & †= (ATCC 43300). a = Average value
***P<0.001 compared to flavonoids alone
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CHAPTER # 5

Minimum Inhibitory Concentration Assays of
Antibiotics
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5.1

Results
MICs of antibiotics alone as well as in combination with the flavonoids

were also determined to prove that the flavonoids had influenced the MIC of
antibiotics thus increasing their activity in a significant way against MRSA. The
antibiotics used were those which had shown increase in activity in combination
with flavonoids and were screened previously in antibiotic sensitivity assays. In
combination with flavonoids all the ineffective antibiotics showed activity against
MRSA especially the cell wall synthesis inhibitors. The reason for determining
the MIC’s of these antibiotics alone and in combination with flavonoids was to
confirm whether synergistic or additive relationship exist between them.
From the Table 5.1, it can be seen that the MIC of AMO was 256µg/ml
which reduced significantly (P<0.001) to 64µg/ml in combination with M+R
against standard strain. The MIC of AMO in combination with Q+M+R was
found to improve more significantly (P<0.001) than M+R. With other flavonoids
such as Q, L and Q+L no change in the activity of AMO was observed. The
observed average MIC of AMO against 100 clinical isolates was 197.70±64.02
µg/ml, but MIC value became 49.43±16.03µg/ml when AMO was combined with
M+R and became 6.00±2.13 µg/ml when used with Q+M+R against the clinical
isolates. This indicates a possible synergistic or potentiating or additive effect to
exist between the antibiotic and flavonoids.
While the MIC of AMP was 128 µg/ml against the standard and its average
MIC value against the clinical isolates was 162.85µg/ml±68.05. However, No
effect was observed in case of AMP when it was combined with M+R. In
combination with Q, the MIC of AMP improved to a greater extent than M+R as
the MIC of AMP reduced from 128µg/ml to16µg/ml against MRSA 4330
(P<0.001). Same situation was also observed in case of MRSA clinical isolates.
The average MIC of AMP with Q against the clinical isolates improved to
20.36±8.51µg/ml. The greatest increase in activity was observed when AMP was
used in combination with M+R+Q. In this case the MIC of AMP found
profoundly decreased to 4µg/ml against standard (P<0.001) and MIC range
reduced from 64 - 256µg/ml to 8-32µg/ml. The MIC of AMP with luteolin
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improved to lesser extent in comparison to AMP’s MIC with other flavonoids.
The MIC of AMP+L against standard strain changed from 128µg/ml to 64µg/ml.
While against the clinical isolates the average MIC of AMP with L dropped from
162.85±68.05µg/ml to 81.43±34.02µg/ml. With Q+L, the AMP’s MIC reduced
to 16µg/ml against the standard and its average MIC with Q+L reduced to
12.56±3.98µg/ml against the clinical isolates. The results showed that the
enhancing effect of Q+L on AMP found greater than that of L.
The MIC of CEPH was 256µg/ml against the standard strain and against
clinical isolates average MIC was 200.96±63.69µg/ml. The MIC of CEPH in
combination with M+R improved significantly (P<0.001) as well. Its MIC with
M+R reduced to 64µg/ml against the standard strain and its average MIC against
the clinical isolates observed with Q+L was 50.38±17.92µg/ml. The reduction in
the MIC’s observed with CEPH in combination with other flavonoids found same
as with AMP. Its MIC with Q found was 32±17.92µg/ml against the standard
which reduced to greater extent than with M+R (P<0.001). The greatest reduction
in the MIC of CEPH was observed for M+R+Q i.e. its MIC reduced to 8µg/ml in
case of standard strain and average MIC reduced to 6.28±1.99µg/ml against the
clinical isolates. The reduction in the MIC of CEPH with Q+L(16µg/ml) found
greater than that with L (128µg/ml) in case of standard.
The MIC of CET was 64µg/ml against the standard strain and reduced to
16µg/ml when used with M+R. Thus, the reduction in the MIC of CET was
significant (P<0.001).Though the observed MIC against MRSA found different
from the MIC of CET reported against MRSA from different regions, where the
MIC range was 4 - 32 µg/ml [138].This difference in MIC’s could be due to
different geographical location, since in that study the MRSA samples were
collected from US and European countries. While present study was conducted in
Pakistan. In another study, the ceftriaxone’s MIC range reported was 16-128
µg/ml that is in agreement with present work i.e., MIC lies in the same range
[139].While in case of clinical isolates average MIC of CET was
67.52±30.48µg/ml

and

in

combination

with

M+R,

it

decreased

to

27.09±16.94µg/ml as shown in (Table 5.1). Similarly, in combination with Q,
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Q+M+R, L and Q+L the MIC of CET against the standard strain reduced
profoundly from 64 µg/ml to, 8, 2, 32 and 4µg/ml, respectively (P<0.001).
The MIC of imipenem was 32µg/ml against the standard strain and improved
to 8µg/ml when IMP was combined with M+R. While it’s average MIC against
the clinical isolates was 130.88±84.02µg/ml. In combination with M+R average
MIC reduced to 32.82±16.15µg/ml. The determined MIC range (32 - 256µg/ml)
of IMP against MRSA clinical isolates was almost similar to that reported in a
study [140] where IMP’s activity was tested alone and in combination with green
tea leaves extract (containing catechins flavonoids) against MRSA clinical
samples and standard ATCC 2592. The MIC range found in that study was 16 –
256µg/ml [140]. The reduction in the imipenem’s MIC along with M+R+Q like
all other antibiotics was found greater than the other flavonoids. In this the MIC
observed against standard was 1µg/ml and against the clinical isolates its MIC
range reduced from 32 - 256µg/ml to 1- 8 µg/ml. The MIC of IMP with L against
the standard was 16µg/ml while against the clinical isolates its average MIC
reduced to 80.16±42.03µg/ml. The IMP’s MIC with Q+L observed was 4µg/ml
which was two folds less than that with L against the standard strain. So the
reduction caused by Q+L in the MIC of IMP was greater than the reduction by L.
The results revealed that the MIC of IMP reduced to a much greater extent when
combined with flavonoids (P<0.001).
Similarly, MIC of ME was also determined which was 64µg/ml against the
standard and MIC range against the clinical isolates was 64 – 256 µg/ml. The
MIC can be compared to previous report [141], where the MIC found against
MRSA was ≥ 16µg/ml . From the results it is evident that the MIC of ME was
reduced significantly (P<0.001) to 16µg/ml against the standard strain when it
was combined with M+R. Same trend in the MIC reduction was observed in case
of clinical isolates as the average MIC decreased from 135.68±54.03 to
33.92±13.51µg/ml. It can be concluded from data present in Table 5.1, that
methicillin MIC was decreased with all the flavonoids used. But greatest effect
was observed when it was used with M+R+Q, where MIC against the standard
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strain further reduced to 2µg/ml. The order of reduction in MIC’s of all the
antibiotics with flavonoids was as following:
Antibiotics+Q+M+R ≥ Antibiotics+Q+L ≥ Antibiotics+Q ≥ Antibiotics+M+R ≥
Antibiotics+L
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5.2

Discussion
The determined MIC of AMO & AMP can be compared to that reported

previously where AMO & AMP were tested alone and in combination with green
tea extract against various MRSA clinical isolates. In most of the cases AMO’s
MIC observed was 256µg/ml and that of AMP was 128µg/ml. It was further
studied that the AMO & AMP’s MIC were profoundly reduced when they were
combined with this plant extract [142].
The reason for reduction in the antibiotic’s MIC was evaluated in a
separated study, when antibiotics were used in combination with green tea extract
was due to the presence of catechins in the extract which also belong to
flavonoids family. There are two types of catechins which are responsible for the
antibacterial activity of green tree extract, one is (−) epigallocatechin gallate
(EGCg) and (−) epicatechingallate (ECg) [143]. In another study the results
explained the mechanism of action of (−) epigallocatechin gallate (EGCg). This
study showed that the catechins interfere with synthesis of bacterial cell wall by
binding with the peptidoglycan layer. In this way it destroys the bacterial cell
wall.

While the other catechins i.e.

(−)-epicatechingallate (ECg) found to

produce lipoteichoic acids thus causing changes in the chemical structure of
teichoic acid within the bacterial cell wall [144]. As a result it became easier for
β-lactams such as ampicillin and amoxicillin to attack bacterial cell wall.
Two more catechins were also found in the green tea extract which are
non-galloylated such as epigallocatechin (EGC) and (−)-epicatechin. These
catechins alone are not able to account for β-lactams resistance reduction but they
produce synergistic effect along with (−) epigallocatechin gallate (EGCg) and (−)
epicatechin gallate (ECg). So these non-galloylated catechins found to increase
the galloylated catechins such as ECg binding capacity with bacterial cell
membrane. They have also found to increase the oxacillin sensitivity by EGCg
and ECg against MRSA [145]. This is how green tea extract reduces the βlactams MIC’s against MRSA by enhancing their cell wall synthesis inhibitory
activity.
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It was further found that these catechins transform resistance of β-lactams
in S. aureus by changing the cell membrane biophysical properties as they do not
get entry in to the cells. Actually they affect the movement of materials over the
cell membrane, where they compromise with the functions of proteins that are
embedded in the bilayer [146]. Similarly, another cell wall synthesis inhibitor
imipenem whose activity found to enhance against MRSA when it was used in
combination with green tea extract. It was concluded that synergism does exist
between the imipenem and the flavonoids (catechins) because both of them affect
the bacterial cell wall [135].In another study synergism was observed between
amoxicillin and luteolin against the Escherchia coli which was amoxicillin
resistant. This synergism was confirmed by viable count when amoxicillin and
luteolin were applied together. The results revealed that amoxicillin and luteolin
in combination decreased the number of amoxicillin resistant E.coli cells. This
combination found to change the permeability of bacterial cell membrane.
Luteolin also found to inhibit the enzyme penicillinase through enzyme assays,
the enzyme which is responsible for amoxicillin resistance. The Fourier
Transform-Infrared (FT-IR) analysis showed that luteolin inhibited the synthesis
of proteins and peptidoglycan within the bacterial cell. As increase in the fatty
acids and nucleic acid and reduced amide I of proteins was observed in the
membrane of bacteria when the comparison was made with control [65]. A
glucopyranocoside derivative of kaempferol also called tiliroside was studied for
its modulating effect on antibiotic resistance. The antibiotics used were
fluoroquinolones such as ciprofloxacin, norfloxacin, lomefloxacin and ofloxacin
and the bacterial strain under study was S.aureus A-1199B. The MIC assays
results revealed that the MIC of all these antibiotics decreased when they were
combined with tiliroside. The tiliroside did not show any activity alone, but it was
found to modulate the antibiotic activity against the said bacteria. As the MIC’s of
all these antibiotics were significantly reduced i.e. the MIC of norfloxacin &
ciprofloxacin reduced by 16 folds, that of ofloxacin and lomefloxacin lowered by
4 and 2 folds. The reduction in the MIC’s of antibiotics is a clear indication of
increase in the activity of antibiotics caused by tiliroside [147].
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On the basis of the studies mentioned above, as all the antibiotics which
showed enhanced activity in combination with the flavonoids are cell wall
synthesis inhibitors. The flavonoids used such as morin, rutin, quercetin and
luteolin may also target the cell wall of MRSA. Due to which antibiotic resistance
may have reduced against MRSA. So the interaction mechanism of theses
antibiotics and flavonoids to enhance each other activity is still to be studied.
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Table 5.1
Minimum Inhibitory concentration of antibiotics with Rutin-Morin, Quercetin,
Quercetin-Rutin-Morin, Luteolin, Quercetin-Luteolin against MRSA Amoxycillin =
AMO, Ampicillin = AMP, Cephradine = CEPH, Ceftriaxzone = CET, Imipenem =
IMP, Methicillin = ME, a = Average value.

MIC µg/ml
Antibiotic
with M+R

Antibiotic

Antibiotic
with Q

256

AMO *
MIC
range*

197.70 ±64.02***

49.43 ±16.03***

197.70 ±64.02***

6.00 ±2.13***

128 - 256

32 - 64

128 - 256

2-8

128 - 256

128 - 256

AMP †

128

128

16

4

64

8

5.09a±2.13***

81.43a±34.02***

10.20a±4.27***

2-8

32 - 128

4 - 16

CEPH†

a

162.85a±68.05*** 162.85a±68.05*** 20.36a±8.51***
64 - 256

64 - 256

256

8-32

64
a

8

Antibiotic
with Q+L

a

a

256

Antibiotic
with L

AMO †

AMP *
MIC
range*

64

Antibiotic
with M+R +Q

a

32
a

256

256

a

a

197.70 ±64.02*** 197.70 ±64.02***

8
a

128
a

16
a

CEPH*

200.96 ±63.69***

50.38 ±17.92***

25.12 ±7.92***

6.28 ±1.99***

100.48 ±31.84***

12.56 ±3.98***

MIC
range*

128 - 256

32 - 64

16 - 32

4-8

64 – 128

8 - 16

CET †

64

16

8

2

32

4

CET*
MIC
range*

67.52 a±30.48***

27.09 a±16.94***

8.44a±3.81***

2.11a±0.95***

33.76a±15.24***

4.22a±1.90***

32 - 128

16 - 64

4 - 16

1-4

16 - 64

2-8

IMP †

32

8

a

a

4
a

1
a

16
a

2
a

IMP*
MIC
range*

130.88 ±84.02***

32.72 ±16.15***

19.88 ±10.51***

4.97 ±2.63***

80.16 ±42.03***

10.02 ±5.25***

32 - 256

8 - 64

4 - 32

1-8

16 - 128

2 - 16

ME †

64

ME*
MIC
range*

16
a

8
a

2
a

32
a

4
a

135.68 ±54.03***

33.92 ±13.51***

16.96 ±6.75***

4.24 ±1.69***

67.84 ±27.02***

8.48 ±3.38***

64 - 256

16 - 64

8 - 32

2-8

32 – 128

4 – 16

*= (Clinical Isolates. n=100)
†= (MRSA ATCC 43300), a = Average MIC of antibiotics against Cl.Isolates.
n=100
***P<0.001 compared to antibiotics alone
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CHAPTER # 6

Fractional Inhibitory concentration (FIC) assays
and Fractional Inhibitory concentration Index
(FICI)
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6.1

Results

6.1.1

Fractional Inhibitory concentration (FIC) assays and Fractional

Inhibitory concentration Index (FICI)
The FIC’s assays were carried to evaluate the combined effect of
antibiotics and flavonoids, whether a synergistic, additive or antagonistic
relationship existed or not was established through FICI’s. The FICI of flavonoids
and antibiotics were calculated (Table 6.1).
It is evident from Table 6.1 that interactions between flavonoids and
antibiotics found either synergistic or additive. The FICI ≤ 0.5 was considered to
be synergistic relationship while ≤ 1, was regarded as an additive effect [107].
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Discussion:
The results revealed that combined effect of M+R with the antibiotics was
additive as FICI < 1. While it was also the case with qurecetin and antibiotics
(FICI <1), so it was considered as an additive effect. It is apparent from the
results that Q+M+R was having synergistic interaction with cephradine (CEPH),
imipenem (IMP), ceftriaxone (CET)and methicillin (MET) as the FICI found was
≤ 0.5. However, the effect of this flavonoids combination with AMP and AMO
was additive as the FICI was less than 1 but > 0.5. Additive effect was also
observed in case of Q+L with AMP, CEPH and MET (FICI ≤ 1). Q+L was also
observed to have synergistic effect with IMP and CET where the FICIs were ≤
0.5.
The interpretation of synergistic or additive relationship between the
phytochemicals & antibiotics lead to the application of novel pharmaceutical
preparations. The present study can be compared to a study where FICI was
calculated to determine the synergy or additivity between the phytochemicals
(flavonoids) from Sophora moorcroftiana

and antibiotics (norfloxacin,

streptomycin and diosmetin) against MRSA. The FICI values calculated were
0.38, 0.38 and 0.09 providing strong proof of synergism between the flavonoids
and antibiotics. As FICI was ≤ 0.5 represents synergistic relationship [163]. The
FICI results in this study are in compliance with the results in the present study.

In another study FICI was determined to evaluate the combination effects
of antibiotics (oxytetracycline and tetracycline) and a flavonoid i.e. baicalin
against S.aureus. The FICI values calculated for antibiotics and flavonoid came
out to be 0.49 confirming the strong synergistic effect against the said strain
[164].

Potential of Flavonoids against Methicillin Resistant Staphylococcus aureus

Table 6.1
Fractional Inhibitory Concentration indices (FICI) of flavonoids Rutin = R,
Morin = M, Quercetin = Q, Luteolin = L and antibiotics against MRSA
43300 and MRSA clinical isolates n=100
FICI
Flavonoids
+Antibiotics

Standard
MRSA 43300

Clinical Isolates
(n=100)

Inference

M+R+AMO

0.9

0.9

Additive

M+R+CEPH

0.9

0.95

Additive

M+R+CET

0.8

0.94

Additive

M+R+IMP

0.84

0.85

Additive

M+R+ME

0.95

0.97

Additive

Q+AMP

0.74

0.77

Additive

Q+CEPH

0.74

0.77

Additive

Q+CET

0.66

0.69

Additive

Q+IMP

0.66

0.69

Additive

Q+ME

0.82

0.83

Additive

Q+M+R+AMO

0.59

0.66

Additive

Q+M+R+AMP

0.59

0.68

Additive

Q+M+R+CEPH

0.46

0.50

Synergism

Q+M+R+CET

0.31

0.44

Synergism

Q+M+R+IMP

0.32

0.45

Synergism

Q+M+R+ME

0.45

0.5

Synergism

L+AMP

0.9

1

Additive

L+CEPH

0.8

1

Additive

L+CET

0.85

1

Additive

L+IMP

0.82

0.9

Additive

L+ME

0.9

1

Additive

Q+L+ AMP

0.65

0.68

Additive

Q+L+CEPH

0.60

0.65

Additive

Q+L+CET

0.45

0.50

Synergism

Q+L+IMP

0.45

0.49

Synergism

Q+L+ME

0.65

0.69

Additive
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CHAPTER # 7

Potassium Loss Measurement
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7.1
Results
7.1.1 Detection of cytoplasm membrane damage by measuring the
potassium leakage
The potassium leakage was measured for all bacteria (standard strain and
clinical isolates). The results are present in Tables 7.1 & 7.2).
The results revealed that K+ leakage by the flavonoid-antibiotic
combination was greater than the flavonoids and antibiotics alone. All the
antibiotics and flavonoids caused the leakage of K+ confirming damage to
bacterial cell wall. The K+ measured in case of AMO was 25.7ppm for standard
while for the clinical isolates the average K+ release measured was
25.79±0.16ppm. While the potassium release measured by M+R against the
standard was 26.4ppm and its average potassium release with clinical isolates was
26.49±0.12ppm. In combination, the K+ of AMO with M+R was 32.3ppm and
32.40±0.13ppm for standard and clinical samples respectively showing a
significant increase in potassium loss (P<0.001). This indicated that the bacterial
cell wall integrity has been compromised with flavonoid-antibiotic combination.
The leakage of potassium observed for IMP was highest compared to the
rest of antibiotics which was 26.6ppm against standard strain and 26.79±0.14ppm
for clinical samples. The K+ loss by IMP with M+R increased to 36.6ppm and
36.79±0.15ppm against the standard strain and clinical isolates. The potassium
loss by other antibiotics also increased; the potassium loss of CET with M+R
increased from 25.9ppm to 34.60ppm and that of CEPH increased to 33.30ppm
against the standard strain.
The cell wall damage was even greater when more than one flavonoids
were used. K+ release observed for M+R+Q found greater than the rest of
flavonoids. The effect was increased, when M+R+Q were combined with
antibiotics in which, K+ measured with M+R+Q was 32.7ppm in case of MRSA
43300 while in case of clinical samples the average value of K+ loss was
32.29±0.13. The potassium loss measured for AMO and AMP alone was 25.7ppm
and 25.6ppm against standard. This potassium loss rose to 41ppm when AMO
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was combined with Q+M+R while in case of AMP in combination with these
flavonoids leaked K+ levels reached to 39.6ppm against the standard strain.
The K+ measured in case of Q alone was 28.4ppm in case of standard
strain & 28.49±0.14ppm against clinical samples, which was greater than L where
the K+ leakage for standard strain and samples was 25.4ppm and 25.49±0.15ppm,
respectively. The effect observed in case of Q+L was 30.5ppm against standard &
30.53±0.16ppm, which was greater than that of individual Q and L. This was
because the more than one flavonoid was used.
In case of antibiotics + flavonoids the potassium loss was found to
enhance profoundly and significantly in comparison to flavonoids and antibiotics
when used alone (P <0.001).
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7.2

Discussion
Various compounds have been known for their ability to enter the

microorganisms through their membranes such as phenolic compounds. As a
result various constituents are leaked from the cells thus increasing the
cytoplasmic membrane permeability. Due to the influx of these compounds into
the bacterial cells, the constituents which are moved out are; nucleic acids,
proteins and inorganic ions such as phosphate and potassium [148]. This study
revealed that as a result of the bacterial cell membrane damage, there is leakage
of potassium and phosphate ions. In another study antibacterial activity of various
extracts of Anthocleista djalonensis was determined against pathogenic bacteria.
Through phytochemicals screening of this plant, it was found that it contained
flavonoids, tannins, cardiac glycosides, steroid, and saponins that may be
responsible for its antibacterial activity. This was proved by determining the MIC,
time kill assays and potassium leakage by various extracts of Anthocleista
djalonensis against S. aureus, Klebsiella pneumonia, Proteus mirabilis,
Salmonella typhi, Pseudomonas aeruginosa and E. coli. The results revealed that
extracts released potassium in case of all bacteria under study, showing their
interference with bacterial cell wall [149]. Similarly, another compound i.e.
galangin which is flavonol belongs to flavonoids family, its effect in comparison
with other antibacterial agents that target cytoplasmic membrane of S. aureus was
studied. It was found that the potassium loss by galangin in bacterial suspension
was increased to 21% in comparison to the bacterial suspension without galangin.
This rise was even more than the antibiotics used [5].
Another flavonoid leucasin, a major constituent of Leucas aspera has been
tested against S. aureus. Through the potassium loss assay, it was concluded that
17% more potassium was lost in S. aureus with leucasin compared to control
[150].
On the basis of these studies, cell wall damage by flavonoids, antibiotics
and flavonoids-antibiotics was assessed by measuring the potassium loss through
flame photometry. No literature was available regarding cell wall damage by the
flavonoids rutin, morin, luteolin and quercetin used in this study. However,
antibiotics used in the present study were cell wall inhibitors with known
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mechanism of action. The release of K+ provide a vital evidence that these
flavonoids, antibiotics alone and in various combinations, were responsible for
damage to bacterial cell wall, thus explaining their antibacterial activity against
test MRSA.
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Table 7.1
Potassium Release (K+) ppm by Rutin-Morin, Quercetin, Quercetin-Rutin
morin,against MRSA

Negative

Q

M+R

(M+R)♣+Q

L

Q+L

10.2

28.4

26.4

32.7

25.4

30.5

10.19±0.18

28.49±0.14

26.49±0.12

32.29±0.13

25.49±0.15

30.53±0.16

Control
ATCC†
43300
Clinical*
Isolates

♣ = MIC of M & R is same, it is considered as single entity
*= (Clinical Isolates. n=100)
†= (MRSA ATCC 43300).
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Table 7.2
Potassium Release (K+) ppm by Rutin-Morin, Quercetin, Quercetin-Rutin Morin,
Luteolin and Luteolin-Quercetin in combination with antibiotics against MRSA

Test
Antibiotics

Antibiotic
alone

Antibiotic
+
M+R

Antibiotic
+
Q

Antibiotic
+
M+R +Q

Antibiotic
+
L

Antibiotic
+
Q+L

AMO †

25.70

32.30

N.T

41.00

N.T

N.T

25.79±0.1

32.40±0.13**
*

N.T

41.09±0.11***

N.T

N.T

25.60

Not tested

34.40

39.60

32.00

36.40

25.69±0.1

Not tested

34.49±0.14**

32.09±0.13*

36.49±0.20**

AMO *
AMP †

6

AMP *

3

CEPH†

25.70
25.89±0.1

33.20

*

39.83±0.12***

**

*

35.20

40.00

31.90

37.50

31.92±0.15*

37.50±0.19**

33.30±0.14** 35.39±0.14**

CEPH*

4

*

*

40.10±0.10***

**

*

CET †

25.90

34.60

37.50

42.60

32.40

39.10

32.49±0.21*

39.19±0.18**

25.96±0.1

34.69±0.15** 37.59±0.10**

CET*

0

*

*

42.69±0.13***

**

*

IMP †

26.60

36.60

39.20

44.70

33.80

41.00

33.86±0.18*

41.29±0.14**

26.79±0.1

36.79±0.15** 39.26±0.14**

IMP*

4

*

*

45.89±0.14***

**

*

ME †

25.10

31.40

34.30

39.20

28.10

36.50

28.09±0.21*

36.63±0.16**

**

*

25.29±0.1
ME*

2

31.52±0.13** 34.43±0.11**
*

*

39.33±0.12***

*= (Clinical Isolates. n=100)
†= (MRSA ATCC 43300).
***P<0.001 compared to antibiotics, flavonoids and antibiotic+flavonoids
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CHAPTER # 8

Amplification and Sequencing
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8.1

Results

8.1.1

Amplification of mecA gene
The reaction mixture after PCR amplification and cleaning when

separated on agrose gel electrophoresis, a clear band corresponding to size (532
bp) between 500 – 600 bp was observed in UV transilluminator as shown in
Figure 8.1.
DNA Ladder

Amplified mecA
product size: - 532 bp

600 bp
500 bp

Figure 8.1 2% agarose gel picture depicting the amplified mecA gene product
(after 40 minutes).
From the figure.8.1 it is clear that the size of mecA gene lies between 500
and 600 bp which is in compliance with previous finding [109].

8.1.2

Sequencing of PCR product
Amplicons from both flavonoid (45 days), flavonoids + antibiotics treated

(45 days) and untreated MRSA ATCC 43300 strains were sequenced using ABI
3300 (USA) automated sequencer. A consensus sequence of 532 base pair (MecA
gene) was obtained by aligning sequences obtained in FASTA on the basis of
forward and reverse primers. The mecA gene sequence obtained for untreated was
aligned with that of treated using BioEdit v.7.2.5. After alignment no mutation
was observed. The consensus sequence was as followed:

Potential of Flavonoids against Methicillin Resistant Staphylococcus aureus

AAAATCGATGGTAAAGGTTGGCAAAAAGATAAATCTTGGGGTGGTTA
CAACGTTACAAGATATGAAGTGGTAAATGGTAATATCGACTTAAAAC
AAGCAATAGAATCATCAGATAACATTTTCTTTGCTAGAGTAGCACTCG
AATTAGGCAGTAAGAAATTTGAAAAAGGCATGAAAAAACTAGGTGTT
GGTGAAGATATACCAAGTGATTATCCATTTTATAATGCTCAAATTTCA
AACAAAAATTTAGATAATGAAATATTATTAGCTGATTCAGGTTACGGA
CAAGGTGAAATACTGATTAACCCAGTACAGATCCTTTCAATCTATAGC
GCATTAGAAAATAATGGCAATATTAACGCACCTCACTTATTAAAAGAC
ACGAAAAACAAAGTTTGGAAGAAAAATATTATTTCCAAAGAAAATAT
CAATCTATTAACTGATGGTATGCAACAAGTCGTAAATAAAACACATAA
AGAAGATATTTATAGATCTTATGCAAACTTAATTGGCAAATCCGGTAC
TGCAGAACT
Figure 8.2 mecA gene Sequence
As sequencing of the mecA gene in MRSA didn’t revealed any
polymorphism/mutation in the coding region of the gene, so there could be a
possibility of mutations in the regulatory regions of mecA which results in the
gene down-regulation or non-expression. The mechanism of action of flavonoids
in combination with antibiotics in the cell wall synthesis inhibition may be due to
its effect on another pathway.
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8.2

Discussion
The size of mecA gene observed was in compliance with the study where

533 bp mecA DNA fragment was amplified in 100% MRSA clinical isolates. This
study was carried out to detect the presence of mecA in 273 S.aureus clinical
isolates through PCR [151]. Similarly, in another study mecA gene product
amplified was also 533 base for the identification of MRSA from 94 S. aureus
clinical isolates collected both from humans and animals in Bangladesh medical
hospitals and veterinary clinics. Basically this gene is present in the methicillin
resistant Staphylococcus aureus (MRSA). This mecA gene within the MRSA is
responsible for encoding a specific penicillin binding protein known as “PBP-2a”.
This is basically beta lactam resistant PBP which possess low affinity for binding
with beta lactams [152]. This penicillin binding protein is principally responsible
for antibiotic resistance in S. aureus. The significance of penicillin binding
proteins (PBP 2) is very well documented. However, its function in cell wall
synthesis and resistance against drugs has yet to be well defined. The life and the
development of S. aureus are dependent on both the PBP-2 and its transpeptidase
portion. The penicillin binding protein in MRSA is PBP 2a which is a protein
encoded by mecA gene. This PBP 2a acts as transpeptidase which is essential for
the growth of this bacterium [153, 154, 155].
Sato and colleagues [156] observed the synergism between β-lactam
antibiotics

(methicillin,

oxacillin,

cephaperin,

panipenem,

streptomycin,

ofloxacin, levolfloxacin, vencomycin, erythromycin, kanamycin and fosfomycin)
and flavonoids (flavones and its derivatives), resulting in an increase in the
susceptibility of these antibiotics against MRSA. They detected a significant
reduction in the MIC’s of the studied antibiotics. The possible mechanism for this
intensification of antibiotics by flavonoids may be due to the fact that PBP-2a
plays a very important role in the cell wall synthesis in MRSA [157]. As PBP-2a
acts as an interbridge in order to cause a cross linking of N-acetylmuramylpentapeptide with penta glycine, which are the two important components of cell
wall synthesis. As a result of synergistic effect of flavonoids and antibiotics, the
peptidoglycan synthesis is probably inhibited, which in turn reduces the
concentration of N-acetylmuramyl-pentapeptide or penta glycine on the
Potential of Flavonoids against Methicillin Resistant Staphylococcus aureus

developing cell wall. Because of this, PBP-2a would be unable to cross-link the
peptidoglycans that may cause the improvement of antibiotics MIC’s induced by
flavonoids against MRSA.
It could be inferred from the present study that flavonoids could affect the
integrity of the bacterial cell wall as indicated by the loss of Potassium ions. The
resultant overall cell wall synthesis inhibition by flavonoids coupled with
antibiotics could be the main reason for enhanced activity of antibiotics.
Another possible reason for the synergic or additive relationship of
flavonoids and antibiotics can be the suppression of efflux pump in MRSA.
Kosmidis et al [158] have identified the existence of eight efflux pumps in
MRSA, namely; norA, norB, norC, mdeA, qacA/B, mepA, smr, sepA and abcA
[159]. It has been revealed that the main expressed efflux genes included norA,
norB, norC, mdeA, and mepA [160] while the resistance to β-lactam antibiotics is
due to abcA efflux pump [159].Gibbons et al showed that the norA efflux pump is
inhibited by epicatechin gallate [161].
It has been observed that monomers (+)-catechins, (−)-epicatechin gallate
and (−)-epigallocatechin in combination with oxacillin intensify the antibiotic
activity against MRSA [162]. The combined effect of these flavonoids was found
greater than their individual effects. While the in vivo study, carried out in mice,
revealed that combination of (+)-catechins with (−)-epicatechin gallate (ECg)
greatly reduced the load of bacteria in septic mice. The effect on bacterial efflux
pumps was determined by measuring daunorubicin (a β-lactam) quantity
accumulated in the MRSA which was found to be accumulated in the infected
mice. The mRNA expression assays exhibited down-regulation of the mRNA
expression of the efflux pumps in MRSA. In short (+)-catechins and (−)epicatechin gallate (ECg) found to increase the activity of β-lactam antibiotics
(oxacillin and daunorubicin) against MRSA. The main reason for this increase in
activity may be the increased quantity of antibiotics in the bacteria which repress
the efflux pumps gene expression.
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CHAPTER # 9

Conclusions and Recommendations
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9.1

Conclusions
1. From the antibiotic sensitivity assays it is evident that morin and rutin in
combinations were effective against MRSA ATCC 43300 and its clinical
isolates, while quercetin alone found active against the test bacteria. The
activity of flavonoids was further enhanced against ATCC 43300 and
clinical isolates, when rutin, morin and quercetin were used in
combination. Luteolin also found active against both the MRSA standard
and clinical isolates, however its activity found less in comparison to the
other flavonoids. Luteolin activity against the bacteria under study was
further enhanced when it was used in combination with quercetin.
2. Test bacteria responded to ampicillin, amoxicillin, cephradine, methicillin
and ceftriaxone when these antibiotics were mixed with flavonoids.
Similarly, imipenem activity was further increased against test MRSA
strains when combined with flavonoids.
3. The antibiotic found most effective against MRSA ATCC 43300 and
clinical isolates was erythromycin as the zone of inhibition observed was
greater than all the antibiotics sensitive to the bacteria under study.
4. Through MIC assays, it was observed that both the flavonoids and
antibiotics have increased each other effects.
5. The fluoroquinolones such as ciprofloxacin and levofloxacin were found
effective against MRSA. However, their activity decreased when they
were tested in combination with flavonoids against MRSA.
6. FICI results indicated an additive relationship between the flavonoids and
the antibiotics. While a synergistic effect was also observed in M+R+Qantibiotics combinations.
7. The cell wall synthesis inhibitors (antibiotics) showed positive activity in
conjunction to test flavonoids while activity of antibiotics affecting
nucleic acid got blunted. Measurement of Potassium loss suggested
damage to cytoplasmic membrane and cell wall damage which can be
assumed mechanism of action of these flavonoids antibiotic combinations.
8. As no functional variation was detected in the coding sequences of mecA
gene, which suggested that there, may be variation in the regulatory
sequences of the mecA gene with the resultant down-regulation or nonPotential of Flavonoids against Methicillin Resistant Staphylococcus aureus

expression. The resultant susceptibility against MRSA might be due to
changes in some other gene sequences which are involved in the
mechanism of MRSA resistance.

Potential of Flavonoids against Methicillin Resistant Staphylococcus aureus

9.2.1

Recommendations

From the findings of this study it is recommended:
1. Rutin, morin and quercetin can be used in combination with conventional
antibiotics that are facing resistance from S. aureus. This is also true for
luteolin but it can be considered as second choice.
2. Quercetin-Luteolin combination can also be used in combination with the
antibiotics to enhance each other activity,
3. Ampicillin, amoxicillin, cephradine, methicillin and ceftriaxone can be
combined with rutin, morin, quercetin and luteolin to treat resistant MRSA
infections. Imipenem efficacy can be further improved in combination with
flavonoids against MRSA.
4. Erythromycin can be considered as a therapeutic option in case of MRSA.
5. Since prevalence of MRSA was 33.33% therefore, identification and culture
sensitivity assays must be carried out before prescription of antibiotics in
suspected staphylococcal infections.
6. A decrease in the zone of inhibition of ciprofloxacin and levofloxacin with
the flavonoids showing that both the antibiotics and flavonoids are
decreasing each other activity. This suggested an antagonistic relationship
between them. This mechanism of antagonism can be considered for further
studies.
7. In-vivo studies should be done In order to confirm the use of flavonoids
with resistant antibiotics is effective against MRSA.
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Abstract
Background: To determine the effect of flavonoids in conjunction with antibiotics in methicillin resistant
Staphylococcus aureus (MRSA) a study was designed. The flavonoids included Rutin, Morin, Qurecetin while
antibiotics included ampicillin, amoxicillin, cefixime, ceftriaxone, vancomycin, methicillin, cephradine, erythromycin,
imipenem, sulphamethoxazole/trimethoprim, ciprofloxacin and levolfloxacin. Test antibiotics were mostly found
resistant with only Imipenem and Erythromycin found to be sensitive against 100 MRSA clinical isolates and S.
aureus (ATCC 43300). The flavonoids were tested alone and also in different combinations with selected antibiotics.
Methods: Antibiotics and flavonoids sensitivity assays were carried using disk diffusion method. The combinations
found to be effective were sifted through MIC assays by broth macro dilution method. Exact MICs were determined
using an incremental increase approach. Fractional inhibitory concentration indices (FICI) were determined to
evaluate relationship between antibiotics and flavonoids is synergistic or additive. Potassium release was measured
to determine the effect of antibiotic-flavonoids combinations on the cytoplasmic membrane of test bacteria.
Results: Antibiotic and flavonoids screening assays indicated activity of flavanoids against test bacteria. The
inhibitory zones increased when test flavonoids were combined with antibiotics facing resistance. MICs of test
antibiotics and flavonoids reduced when they were combined. Quercetin was the most effective flavonoid (MIC
260 μg/ml) while morin + rutin + quercetin combination proved most efficient with MIC of 280 + 280 + 140 μg/ml.
Quercetin + morin + rutin with amoxicillin, ampicillin, cephradine, ceftriaxone, imipenem, and methicillin showed
synergism, while additive relationship was indicated between morin + rutin and amoxicillin, cephradine, ceftriaxone,
imipenem, and methicillin. Quercetin alone had an additive effect with ampicillin, cephradine, ceftriaxone, imipenem,
and methicillin. Potassium leakage was highest for morin + rutin + quercetin that improved further in combination with
imipenem. Morin and rutin alone had no activity but in combination showed activity against test bacteria.
Conclusions: The flavonoids when used in combination with antibiotics were found to increase each other activity
against test bacteria. The relationship between the flavonoids and antibiotics in most of the cases was additive. However
in a few cases synergism was also observed. Flavonoids alone or in combinations also damaged bacterial cell membrane.
Keywords: Morin, Rutin, Quercetin, MRSA

* Correspondence: pharmacistkhurram@hotmail.com
†
Equal contributors
2
Department of Pharmacy, Shaheed Benazir Bhutto University, Sheringal, Dir
Upper, KP, Pakistan
Full list of author information is available at the end of the article
© 2015 Amin et al.; licensee BioMed Central. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.

Amin et al. BMC Complementary and Alternative Medicine (2015) 15:59

Page 2 of 12

Background
Plant secondary metabolites are characteristic of certain
plant species that occur as part of their normal metabolism
with little or no function in plant life cycle. These metabolites may have bioactivities and also medicinal value like
anti-infective, antitumor, antithrombotic, and antihyperlipidemic [1]. Different species of genus Cipadessa, are used in
mitigation of rheumatism, malaria, dysentery, diabetes, and
haemorrhoids and as anti-venom in snake bites, with
active constituents including flavonoids, terpenoids,
tetranortriterpenoids, steroids and sesqueterpenoids
[2]. This is indicative that these metabolites may be a
common feature among different species of a genus,
showing common pharmacological effects in different
ailments. About 400 species of Saussurea genus, are
used as traditional medicines in China and Tibet in
problems related to menstruation, blood circulation,
fever and rheumatoid arthritis. The reason for their use in
these conditions is due to the presence of biologically
active compounds including flavonoids, terpenoids,
phytosterols, and phenolics. The antimicrobial activities in
these plant species have been related to flavanoids,
terpenoids and tannins [3]. Flavonoids are generally
present in photosynthesizing cells [4]. From ancient
times, preparations containing these compounds have
been used to treat human diseases. This class of natural
products is becoming the main target of research due to
their antimicrobial potentials.
Flavonoids have good antibacterial activities, like chrysin
that showed bacteriostatic activity against different Gramnegative bacteria such as Escherichia coli and Pseudomonas
aeruginosa. Similarly, biacalien possess inhibitory effect on
S. aureus and on the growth of spore forming Bacillus
subtilis. Other flavonoids such as luteolin, lucenin,
apigenin, saponarin and vitexin were effective against
Gram-negative bacteria Enterobacter cloacae, Klebsiella
pneumonia, Proteus mirabilis, E. coli, P. aeruginosa, and
Proteus vulgaris [5]. An 126 interesting feature of these
flavonoids is their potentiating and synergistic behaviour
that is observed between active flavonoids as well as
combination of flavonoids with antimicrobial agents
[6]. Flavonoids like myricetin, datiscetin, kaempferol,
qurecetin and flavones like luteolin have inhibited
growth of MRSA and with myricetin were found effective
against VRE as well [7]. In another study alkyl gallates
(methyl, ethyl, propyl and butyl gallates) and gallic acid
with different classes of antibiotics such as β-lactams
(penicillin G, ampicillin, oxacillin, cephradine), quinolone
(norfloxacin), aminoglycosides (streptomycin, kanamycin,
vancomycin), chloramphenicol, arbekacin, fosfomycin and
tetracycline were used in combinations against drug
sensitive and resistant bacteria. It was observed that
these combinations had maximum inhibitory activity
in 90% clinical isolates at MIC of 15.6 μg/ml. However,

combinations of β-lactams and alkyl gallates showed
synergestic activities against MRSA and MSSA [8].
Resistance to antimicrobial agents is a global issue
with methicillin resistant Staphylococcus aureus (MRSA) a
major concern [9]. In a study conducted in Pakistan
during 2005–2007, about 501 MRSA clinical isolates were
isolated from skin and soft tissue infections and were
tested for their susceptibilities against conventional antibiotics such as clindamycin, tetracyclines, cotrimoxazole
and rifampicin, chloramphenicol and fusidic acid. All of
these drugs were ineffective against MRSA isolates [10].
Difficulties in treatment of resistant microbes serve a
challenge to discover new drugs that can be effective
against these resistant bugs. Since plant metabolites are
not part of conventional therapy they can be considered
as monotherapy or in combination therapy against them.
Keeping in view the emerging threat of MRSA, present
study was designed to evaluate impact of selected flavonoids (morin, rutin, quercetin) alone and in combination
with conventionally used antibiotics for their activities
against S. aureus (ATCC 43300) and 100 MRSA clinical
isolates.

Methods
Materials

The antibiotic discs included amoxicillin (AMO; 25 μg),
ampicillin (AMP; 10 μg), ceftriaxone (CET; 30 μg), cefixime
(CEF; 5 μg), cephradine (CEPH; 30 μg), erythromycin (ERY;
15 μg), vancomycin (VAN; 30 μg), methicillin (ME;
10 μg), ciprofloxacin (CIP; 5 μg), levolfloxacin (LEV;
5 μg), sulfamethaxozole-trimethoprim (S-T; 25 μg)
and imipenem (IMP; 10 μg) were from Oxoid, UK
while blank discs were purchased from Himedia, India. Test
flavonoids; rutin, morin, and quercetin were purchased
from Sigma-Aldrich, UK. Stock solutions of flavonoids
morin, rutin, and quercetin were made at concentrations of
50 g/l, 6 g/l, and 10 g/l respectively, using ethanol. Bacterial
culturing medias such as nutrient agar (NA; CM0003B),
muller hinton agar (MHA; CM0337B), nutrient broth (N.B;
CM0001B) and muller hinton broth (MHB; CM0405B)
were from Oxoid, UK. mannitol salt agar (MSA; LAB007)
was obtained from Lab M Limited, UK.
Bacterial cultures collection, transport and processing

Clinical isolates (n = 300) were obtained from the microbiology laboratories of tertiary care hospitals which are
Hayatabad Medical complex, Lady Reading Hospital and
Khyber Teaching Hospital of Peshawar, KPK, Pakistan
while S. aureus (ATCC 43300, Rockville, USA) present
at PCSIR laboratories, was used as standard. Clinical
isolates were transported to Microbiology lab, PCSIR
Peshawar, Pakistan, for culturing, the same day within
2 hours after collection.
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Clinical isolates were sub-cultured on sterile nutrient
agar (NA) plates and then incubated at 37 ± 1°C for
18 – 20 hours. Following incubation, plates showing
growth were subjected to Gram staining, catalase test,
coagulase test [11], and mannitol salt agar differentiation
[12]. The organisms showing yellow colonies on MSA
plates, gram-positive cocci in clusters, coagulase + ve, and
catalase + ve were considered S. aureus.
Isolated colonies of S. aureus from MSA plates were
aseptically inoculated in sterile nutrient broth and incubated overnight at 37°C. Thereafter, turbidity of inoculum
was adjusted to 0.5 McFarland using 0.9% (w/v) sterile
normal saline and was used to prepare bacterial
lawns on sterile MHA plates. Methicillin discs were
applied on seeded plates and incubated overnight at
37 ± 1°C. Following incubation, plates with zones of
inhibitions <10 mm diameter or no zone of inhibition were considered to be MRSA. The study was
approved by the Ethical Review Committee of Kohat
University of Science and Technology with a waiver
of informed consent.

with flavonoids were determined to confirm the synergistic
or additive effects. For the MIC’s assays stock solutions of
these antibiotics were prepared using sterile distilled water.
Exact MIC’s of flavonoids alone, in combinations and
with test antibiotics were determined by an incremental
increase approach in which higher concentrations were
obtained by the addition of 20 μg increments to the
lower concentrations. After test materials were transferred into sterile test tubes, bacterial cultures were
prepared as mentioned earlier. After inoculation and
addition of test materials tubes were incubated overnight
at 37°C. Absence of any visible growth in test tubes was
considered as the MIC of test material.

Antibiotic sensitivity assays

Susceptibilities of clinical isolates and ATCC 43300 against
selected antibiotics, flavonoids and antibiotic + flavonoids
combinations were found using disc diffusion assay [13].
Flavonoids were tested alone, in different combinations,
and with test antibiotics at different concentrations as
shown in Table 1. Susceptibilities assays were carried
using sterile MHA plates. Following overnight incubation at 37°C zones of inhibitions were recorded. Test
substances were considered to have activity if zone of
inhibition was > 10 mm, while ≤ 10 mm zone of inhibition
were regarded as inactive.
Minimum inhibitory concentration (MIC) assays

MIC assays were carried out using broth macro-dilution
method. Different concentrations of flavonoids, their
combinations alone and with antibiotics were used.
Flavonoids and their combinations included morin + rutin
(M + R), quercetin (Q) and morin + rutin + quercetin
(M + R + Q). Test antibiotics with flavonoids alone and
their combinations included amoxicillin, ampicillin,
ceftriaxone, cephradine, imipenem and methicillin. Test
concentrations of flavonoids, flavonoid combinations alone
and with antibiotics are given in Table 2. The MICs of
these antibiotics against MRSA alone and in combination
Table 1 Flavonoids used in antibiotic sensitivity assays
Flavonoids

Test concentrations used

Morin (M)

100 μg, 200 μg, 300 μg, 400 μg, 500 μg

Rutin (R)

100 μg, 200 μg, 300 μg, 400 μg, 500 μg

Quercetin (Q)

100 μg, 200 μg, 300 μg

Fractional Inhibitory concentration (FIC) & FIC Index

To determine the effectiveness of test substances for
synergistic, antagonistic or additive effects FIC indices
were measured, using following formulas [14].
FIC of antibiotic (FICantibiotic) = MIC of antibiotic in
combination / MIC of antibiotic alone
FIC of flavonoid (FICflavonoid) = MIC of flavonoid in
combination / MIC of flavonoid alone
While FIC index was the sum of FIC of both antibiotic
and flavonoid.
FIC Index (FICI) = FICantibiotic + FICflavonoid
In case of two or more flavonoids used in combination
FIC was calculated in accordance to following formula [15].
FIC ¼ ðA=MaÞ þ ðB=MbÞ
Where A and B are the MIC’s of these compounds in
combination while Ma and Mb are individual MICs of test
compounds. The test materials in their combinations
alone or with standard antibiotics were graded to
have synergistic (≤0.5), additive (>0.5 to 1), indifferent
(>1 to <2) or antagonistic (≥2) on the basis of FIC
indices [16].
Detection of cytoplasmic membrane damage

The assessment of the potassium present in medium
was carried out using flame photometer (PFP7, Jenway,
Sweden) at wavelength of 766.480 nm. Instrument was
calibrated using standard solutions containing 0.05, 0.1,
0.5, 1.0 and 5.0 μg/ml potassium chloride in ultra-pure
deionised water obtained from HACH water system USA.
Aliquots of 100 μl from each MRSA clinical isolate
and S. aureus (ATCC 43330) were separately incubated
overnight after incorporation of 1 ml previously sterilized
nutrient broth. The rise in the amount of potassium in
supernatant, caused by antibiotics, flavonoids, flavonoidsantibiotics combination, in clinical isolates and control
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Table 2 Test concentrations of flavonoids and their combination for MIC assays
Concentration ranges used for MIC assays (in μg/ml)

Flavonoids

Broth half dilution method

Incremental increase approach †

Maximum

Minimum

Maximum

Minimum

Morin (M)

NT*

NT

NT

NT

Rutin(R)

NT

NT

NT

NT

Quercetin(Q)

600

75

300

180

Morin + Rutin(M + R)

800 + 800

100 + 100

500 + 500

380 + 380

Morin + Rutin + Quercetin (M + R + Q)

600 + 600 + 400

150 + 150 + 100

400 + 400 + 260

260 + 260 + 120

† To determine Exact MIC’s of test substances an incremental increase approach was adopted with 20 μg decrease in each dilution.
*Not tested.

strain was measured following separation of cellular debris
by centrifugation at 4000 rpm.

Results
Antibiotic sensitivity assays

Quercetin, M + R, and M + Q + R showed some activities
against MRSA clinical isolates and ATCC 43300. However,
morin, rutin and Q + R, Q + M combinations were found
inactive against test bacteria (Table 3). Quercetin and
active combinations were found to be more effective when
the antibiotics were combined with them. Antibiotics like
AMO, AMP, CEPH, CET, ME, S-T, and CEF that were
inactive when tested alone, expressed activity when
combined with Q, M + R and M + R + Q (Table 4).
However, test flavonoids were found to be having no
impact on VAN and ERY activity, while causing reduction
in CIP and LEV activities.
The concentration at which M + R showed activity
against the bacteria under study was 500 μg for each of
the flavonoid. The inhibition zones of this combination
observed at this concentration were 11.5 ± 0.22 mm
against standard bacteria and 11.58 ± 0.21 mm against
100 clinical isolates. Moreover, M + R was found to
increase activity of AMO, CEPH, IMP, CET and ME. CET
activity was increased highest, from 0 to 16.5 ± 0.30 mm
Table 3 Average Zone of Inhibitions (in millimeters ±
STDEV) of Morin, Rutin, Quercetin, Morin + Rutin,
Quercetin + Rutin, Quercetin + Morin, and Morin +
Quercetin + Rutin against MRSA clinical isolates and
S. aureus (ATCC 43300)
Test flavonoid or
flavonoids combination

S. aureus

MRSA clinical
isolates (n = 100)

M

0

0

R

0

0

Q

13.5 ± 0.21

13.33 ± 0.26

M+R

11.5 ± 0.22

11.58 ± 0.21

Q+R

0

0

Q+M

0

0

M+Q+R

16.5 ± 0.21

16.23 ± 0.26

against standard and the zone of inhibition was increased
from 0 to 16.5 ± 0.29 mm, in comparison to all other test
antibiotics finding resistance against both standard strain
and clinical isolates. The zone of inhibition of vancomycin
and erythromycin were 18 ± 0.59 mm and 22 ± 1.36 mm
against ATCC 43300, which remained same in combination with M + R. However, IMP activity enhanced
from 16 ± 0.90 mm to 19.5 ± 0.58 mm against ATCC
43300, while for clinical isolates it became 19.62 ± 0.31 mm
from 16.18 ± 0.92 mm in combination with M + R. The S-T
and AMP had no activity against test bacteria alone as
well as in combination with flavonoids. Ethanol, which
was used in making solutions of flavonoids, was having no
inhibitory activity.
Quercetin was found to be more active than M + R
combination. The average zones of inhibition of quercetin
against MRSA clinical isolates were 13.33 ± 0.26 mm while
it was 13.5 ± 0.21 mm in case of ATCC 43300. The results
revealed that quercetin alone possessed antibacterial
activity while morin and rutin have the same activity when
they were used in combination. It was also found to
increase the activity of antibiotics AMP, CEPH, CET and
ME that experienced resistance. Quercetin also had a
more blunting effect for CIP and LEV in comparison to
M + R. It is evident from data presented in Table 4 that
among the antibiotics facing resistance, CET was most
responsive in combination with quercetin as zones of
inhibition enhanced from 0 to 20.5 ± 0.5 mm against
ATCC 43300 and 20.83 ± 0.45 mm in case of clinical
isolates, respectively. IMP was active against test MRSA
and its activity was further improved by quercetin from
16 ± 0.90 mm to 22 ± 1.10 mm against ATCC 43300 while
in case of clinical isolates it increased from 16.18 ± 0.92 mm
to 22.18 ± 1.12 mm. ERY and VAN activities remained
unchanged and resistance for S-T persisted even when it
was combined with quercetin.
As quercetin and M + R were found to have activities
against MRSA, they were combined together, and tested
in flavonoids combination as well as flavonoids-antibiotic
combinations against test bacteria. The results in the
Table 4 show that combined effect of flavonoids is greater
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Table 4 Average zone of inhibitions (in mm ± STDEV) of antibiotics alone and with flavonoid/(s) against S. aureus
(ATCC 43300) and MRSA clinical isolates (n =100)
Antibiotic alone

M + R with antibiotic

Q with antibiotic

M + R + Q with antibiotic

AMO †

0

14.5 ± 0.29

13.5 ± 0.21

23.50 ± 1.1

AMO *

0

14.18 ± 0.36

13.33 ± 0.26

23.73 ± 1.1

AMP †

0

11.5 ± 0.22

17 ± 0.29

22.5 ± 1.2

AMP *

0

11.58 ± 0.21

17.33 ± 0.30

22.63 ± 1.2

CEPH†

0

14.5 ± 0.32

18.5 ± 0.31

24.55 ± 1.00

CEPH*

0

14.18 ± 0.29

18.33 ± 0.30

24.22 ± 1.00

CET †

0

16.5 ± 0.30

20.5 ± 1.00

27 ± 1.20

CET*

0

16.18 ± 0..29

20.83 ± 1.00

27.24 ± 1.23

IMP †

16 ± 0.90

19.5 ± 0.58

22 ± 1.10

28 ± 1.00

IMP*

16.18 ± 0.92

19.62 ± 0.31

22.18 ± 1.12

28.21 ± 0.90

ME †

0

13.5 ± 0.31

16.5 ± 0.28

21.5 ± 1.1

ME*

0

13.18 ± 39

16.89 ± 0.29

21.73 ± 1.0

VAN †

18 ± 0.59

18 ± 0.59

18 ± 0.59

18 ± 0.59

VAN*

17.37 ± 0.80

17.37 ± 0.80

17.37 ± 0.80

17.37 ± 0.80

LEV †

14 ± 0.91

9 ± 0.25

6.5 ± 0.21

3 ± 0.24

LEV*

13.88 ± 1.21

9.52 ± 0.25

6.85 ± 0.22

3.23 ± 0..25

CIP†

10.5 ± 2.5

7.24 ± 0.19

4 ± 0.22

2.25 ± 0.24

CIP*

13.1 ± 3.1

8.1 ± 0.18

4.35 ± 0.24

2.73 ± 0.21

ERY †

22 ± 1.36

22 ± 1.36

22 ± 1.36

22 ± 1.36

ERY*

20.96 ± 2.1

20.96 ± 1.10

20.96 ± 1.10

20.96 ± 1.1

S-T †

0

11.5 ± 0.22

13 ± 0.21

14 ± 0.21

S-T*

0

11.58 ± 0.21

13.33 ± 0.26

14.23 ± 0.26

CEF †

0

11.5 ± 0.22

13 ± 0.21

14 ± 0.21

CEF*

0

11.58 ± 0.21

13.33 ± 0.26

14.23 ± 0.26

† activity against S. aureus (ATCC 43300).
*activity against clinical isolates.

than their individual effects, zones of inhibition of
these flavonoids (M + R + Q) against ATCC 43300 were
16.5 ± 0.21 mm and for clinical isolates 16.23 ± 0.26 mm,
which are greater than that of M + R (11.5 ± 0.22 mm for
ATCC 43300 & 11.58 ± 0.21 mm against clinical isolates)
and quercetin (13.33 ± 0.21 mm & 13.5 ± 0.26 mm)
respectively. It is evident from the results in Table 4 that
with triplet combination (M + R + Q) the activity of both
AMP and AMO were increased. The inhibitory zones
observed in case of AMP and AMO with M + R + Q were
22.5 ± 1.2 mm & 23.50 ± 1.1 mm against ATCC 43300.
While against clinical isolates zone of inhibition of AMO
in combination with M + R + Q was 23.73 ± 1.1 mm
which was greater than that observed for AMO
against the clinical isolates in combination with M + R
(14.18 ± 0.36 mm) and Q (13.33 ± 0.26 mm). Same trend
was also observed in case of AMP in combination with
M + R + Q, where inhibitory zones against the clinical
isolates were 22.63 ± 1.2 mm which were greater than
that observed for AMP when combined with M + R

and Q. M + R + Q showed no effect on the activity of VAN
and ERY as the zones of inhibition remained same. The
antagonistic effect of M + R + Q on CIP and LEV was
greater than that observed with M + R and Q alone.
M + R + Q had no effect on the activities of S-T and CEF.
MICs by serial half dilution method

Test flavonoids in combination or alone were quantified for
activities using serial broth half dilution method (Table 5).
The results for clinical isolates showed variation with 14
isolates giving MIC of 400 + 400 μg/ml for M + R while rest
of isolates (n = 86) were inhibited at 800 + 800 μg/ml concentrations. Similarly, for M + R + Q, 60 isolates gave MIC
of 200 + 300 + 300 μg/ml while remaining isolates (n = 40)
were inhibited at 200 + 600 + 600 μg/ml concentrations.
The MIC of quercetin determined by serial half dilution
method against the MRSA 43300 was 300 μg/ml and same
MIC was observed against 64 MRSA clinical isolates shown
in Table 5. While against remaining clinical isolates n = 36,
the MIC of quercetin was 600 μg/ml.
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Table 5 MICs of flavonoid/(s) against S. aureus (ATCC
43300) and clinical isolates of MRSA
Flavonoids

†MIC (μg/ml)

*MIC (μg/ml)

M+R

400 + 400

400 + 400 (n = 14)
800 + 800 (n = 86)

Q

300

300 (n = 64)
600 ( n = 36)

M + R+ Q

200 + 300 + 300

200 + 300 + 300 (n = 60)
200 + 600 + 600 (n = 40)

† activity against S. aureus (ATCC 43300).
*activity against clinical isolates.

Exact MICs of flavonoids and flavonoids-antibiotics by
incremental increase approach

Exact MICs of M + R, quercetin and M + R + Q alone
and in combination with antibiotics were determined
against MRSA clinical isolates and ATCC 43300. The
MIC of M + R first determined by half dilution method is
given in Table 5. It is evident that MIC of each flavonoid
in combination was 400 μg/ml against standard strain
ATCC 43330. However, in case of clinical isolates MIC of
14 strains was 400 μg/ml while rest of 86 isolates gave
MIC value of 800 μg/ml. In order to arrive at exact MIC
for these strains an incremental increase approach was
adopted. The MIC data from this method is presented
in Table 6 for flavonoid and their combinations while
Table 7 gives exact MICs of flavonoids in combination
with test antibiotics.
Exact MIC for M + R was 400 μg/ml against ATCC
43300 while for clinical isolates (n = 100) average MIC
was 427.40 ± 14.40 μg/ml (Table 6). When combined
with amoxicillin (AMO) the MIC of M + R decreased to
340 μg/ml against ATCC 43300. This indicated that
there may be synergism or additive relationship between
the flavonoids and antibiotics experiencing resistance.
Similarly average MIC of M + R (427.40 ± 14.40 μg/ml)
was reduced to 367.40 ± 15.71 μg/ml when combined
with AMO. In case of CET the MIC of M + R against
ATCC 43300 was found to reduce from 400 μg/ml to
320 μg/ml while against the clinical isolates it decreased
from 427.40 ± 14.40 μg/ml to 347.40 ± 12.92 μg/ml. Similar
trend was also observed in case of other antibiotics. A
difference in the MIC’s of M + R and M + R+ antibiotic can
be seen in Tables 6 & 7. It is evident that reduction in MICs
of M + R is greater with IMP as it dropped from 400 μg/ml
to 300 μg/ml followed by CET, AMO and CEPH with
MICs reducing to 320 μg/ml, 340 μg/ml and 340 μg/ml
respectively against ATCC 43300. Same trend was also
observed with these antibiotics when tested against clinical
isolates. Methicillin was found to be less responsive than
other antibiotics. The reduction in MIC of flavonoids when
combined with antibiotics was an indication of their
increased activity against the bacteria under study.
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The MIC of quercetin determined by serial half
dilution method against ATCC 43300 was 300 μg/ml
and similar MIC was observed against 64 MRSA clinical
isolates (Table 6), while remaining clinical isolates (n = 36)
were inhibited at 600 μg/ml. Exact MIC of quercetin came
to be 260 μg/ml for ATCC 43300 and for clinical isolates
(n = 100) it varied between 260 – 300 μg/ml. Reduction in
MIC of quercetin in combination with antibiotics was
observed (Table 7) as it dropped from 260 μg/ml to
160 μg/ml when combined with AMP in case of MRSA
43300 whilst average MIC against clinical isolates reduced
from 284.64 ± 19.31 μg/ml to 184.64 ± 16.25 μg/ml.
Average MIC of Q with CEPH against clinical isolates
reduced to the same extent as for AMP. For ME the
decrease in the MIC was less than the other antibiotics.
Combinations of M + R + Q were tested to determine
the effectiveness against test bacteria. A clear reduction in
MICs was evident in comparison to their individual MICs.
The MIC of M + R + Q came to 300 + 300 + 200 μg/ml for
sixty clinical isolates while it was 600 + 600 + 200 μg/ml
for rest of forty isolates. Exact MIC of M + R + Q was also
determined (Table 6). It was observed that exact MIC of
Q in combination was 140 μg/ml and that of M + R
was 280 + 280 μg/ml against ATCC 43300 whilst in
case of clinical isolates (n = 100) Q had average MIC
163.56 ± 15.23 μg/ml while M + R had (303.56 ±
16.74 μg/ml) + (303.56 ± 16.74 μg/ml). It is evident
from data that in case of M + R + Q MICs of not only
rutin-morin reduced but quercetin’s MIC dropped as
well. The MIC of rutin-morin each was 400 μg/ml
but along with qurecetin it fell to 280 μg/ml against
ATCC 43300 whilst that of qurecetin reduced from
260 μg/ml to 140 μg/ml. Thus the antibacterial activity of
flavonoids was found to increase against MRSA when
used in combination with each other. Similarly the
incorporation of antibiotics with M + R + Q had an
enhancing effect on activities of test antibiotics. Data
in Table 7 suggests that MIC of this combination was
further reduced when combined with test antibiotics, i.e.,
with AMO, the MIC of rutin-morin and quercetin was
further reduced to 140 μg/ml (each) and 80 μg/ml against
ATCC 43300. The average MIC of rutin-morin with
AMO against the MRSA clinical isolates reduced to
163.56 ± 16.75 μg/ml from 367.40 ± 15.71 μg/ml but
quercetin had no effect on AMO activity. However in
M + R + Q with AMO, quercetin activity was increased as
its average MIC decreased to 103.56 ± 15.99 μg/ml from
284.64 ± 19.31 μg/ml against clinical isolates. The reduction in average MIC of M + R in M + R + Q combination
from 367.40 ± 15.71 to 148.31 ± 19.59 μg/ml with IMP
found greater than the rest of antibiotics against clinical
isolates. While a decrease in average MIC of quercetin in
M + R + Q combination, from 164.44 ± 17.11 μg/ml to
65.94 ± 16.9 μg/ml with CET was more than any other test
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Table 6 Exact MICs (μg/ml) of flavonoid/(s) against S. aureus (ATCC 43300) and clinical isolates of MRSA
(M + R)♣

Q

(M + R)♣ + Q

S. aureus (ATCC 43300)

400

260

(280)♣ + 140

Clinical Isolates

427.40a ± 14.40

279.00a ± 14.65

(303.56)♣ ±16.74 + 163.56a ±15.23

MIC Ranges

400 - 440

260 – 300

M + R = 280 – 340
Q = 140 – 200

♣

= MIC’s of M & R are same in combination.
a
= Average value.

antibiotics against clinical isolates. However, ME showed
least activity with this flavonoid combination. Important
mention in this flavonoids combination is its enhancing
effect on both AMP and AMO, while the rest of the
flavonoids are either increasing AMO or AMP activity
but not both.
MIC’s of antibiotics alone as well as in combination
with flavonoids (Table 8) were determined in order to
prove that flavonoids decreased the MICs of antibiotics
thereby increasing their activity against MRSA. In combination with flavonoids all antibiotics encountering resistance became sensitive while maximum susceptibility
was conferred upon cell wall synthesis inhibitors. From
Table 8 it is evident that MIC of AMO was 256 μg/ml,
which reduced significantly to 64 μg/ml in combination
with M + R against ATCC 43300. The MIC of AMO in

combination with M + R + Q decrease more significantly
than M + R from 256 μg/ml to 8 μg/ml. The observed
average MIC of AMO against clinical isolates (n = 100) was
197.70 ± 64.02 μg/ml that became 49.43 ± 16.03 μg/ml
when it was combined with M + R; and it reduced further
to 6.00 ± 2.13 μg/ml when used with M + R + Q. MIC of
AMP was 128 μg/ml against ATCC 43300 and its average
MIC value against clinical isolates was 162.85 ± 68.05 μg/ml.
However, no effect was observed in case of AMP when it
was combined with M + R. In combination with Q, MIC of
AMP dropped significantly from 128 μg/ml to 16 μg/ml.
The highest increase in activity was observed when AMP
was used in combination with M + R + Q, with MIC dropping from 128 μg/ml to 4 μg/ml against ATCC 43300 while
its average MIC against clinical isolates (n = 100) reduced
from 162.85 ± 68.05 μg/ml to 5.09 ± 2.13 μg/ml.

Table 7 Exact MICs (μg/ml) of flavonoid/(s) with antibiotics against S. aureus (ATCC 43300) and clinical isolates of
MRSA
AMO†
AMO*

With (M + R)♣

With Q

With (M + R)♣ + Q

340

260

(140)♣ + 80

367.40 ± 15.71

a

279.00 ± 14.65

(163.56a)♣ ±16.75 + 103.56a ± (15.99)

MIC range*

340 - 380

260 - 320

M + R = 140 – 200; Q = 80 – 140

AMP†

400

160

(160)♣ + 80

AMP*

427.40a ± 14.40

178.80a ± 14.25

(186.56a)♣ ± 15.80 + 112.37a ± 16.42

MIC range*

400 - 440

160 - 200

M + R = 160–220; Q = 80 – 140

CEPH†

340

160

(140)♣ + 60
a

367.40 ± 15.71

MIC range*

340 - 380

160 - 200

M + R = 140 – 200; Q = 60 – 120

CET †

320

140

(140)♣ +40

CET*

347.40 ± 12.92

158.60a ± 15.11

(162.94a)♣ ± 16.98+ 65.94 a ± 16.9

MIC range*

320 - 360

140 - 180

M + R = 140 – 180; Q = 40 -100

IMP†

300

120

(120)♣ +40

IMP*

a

327.80 ± 14.85

178.80 ± 14.25

(163.56a)♣ ± 16.52 + 83.56a ±15.02

CEPH*

a

138.80 ± 14.99

(148.31a)♣ ± 19.59+ 66.56a ±16.50

MIC range*

300 - 340

120 - 160

M + R = 120–180 ; Q = 40 – 100

ME†

360

180

180 + 80

ME*

387.40 ± 15.78

196.70a ± 12.75

(208.51a)♣ ± 19.98 + 88.51a ±19.80

MIC range*

360 - 400

180 - 220

M + R = 180 – 240; Q = 80-160

♣

MIC of M & R is same.
a
= Average value.
*against MRSA clinical isolates (n = 100).
† against S. aureus (ATCC 43300).
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Table 8 Exact MICs (μg/ml) of antibiotics with flavonoid/(s) against S. aureus (ATCC 43300) and clinical isolates of MRSA
Antibiotic alone

With M + R

With Q

With M + R + Q

AMO †

256

64♣

256

8

AMO *

197.70a ± 64.02

49.43a ± 16.03

197.70a ± 64.02

6.00a ± 2.13

MIC range*

128 – 256

32 - 64

128 - 256

2-8

AMP †

128

128

16

4

AMP *

162.85a ± 68.05

162.85a ± 68.05

20.36a ± 8.51

5.09a ± 2.13

MIC range*

64 – 256

64 - 256

8-32

2-8

CEPH†

256

64

32

a

8

CEPH*

200.96 ± 63.69

50.38 ± 17.92

25.12 ± 7.92

6.28a ± 1.99

MIC range*

128 – 256

32 - 64

16 - 32

4-8

CET †

64

16

8

2

CET*

67.52 a ± 30.48

27.09 a ± 16.94

8.44a ± 3.81

2.11a ± 0.95

MIC range*

32 – 128

16 - 64

4 - 16

1-4

IMP †

32

8

4

1

a

a

a

a

a

IMP*

130.88 ± 84.02

32.72 ± 16.15

19.88 ± 10.51

4.97a ± 2.63

MIC range*

32 – 256

8 - 64

4 - 32

1-8

ME †

64

16

8

2

ME*

135.68 a ± 54.03

33.92 a ± 13.51

16.96a ± 6.75

4.24a ± 1.69

MIC range*

64 – 256

16 - 64

8 - 32

2-8

♣

MIC of M & R is same.
a
= Average value.
*against MRSA clinical isolates (n = 100).
† against S. aureus (ATCC 43300).

Fractional inhibitory concentration (FIC) & Fractional
inhibitory concentration index (FICI)

In order to term effect of antibiotics used in combination
with flavonoids as synergistic or additive FICI’s were
evaluated. The results (Table 9) showed an additive
response in case of quercetin and morin + rutin in
combination with test antibiotics such as amoxicillin,
Ampicillin, ceftriaxone, cephradine, imipenem and methicillin. However, synergism was indicated when these
antibiotics were used in conjunction with M + R + Q.

flavonoids i.e. 36.6 ppm with M + R, 39.2 ppm with Q and
44.7 ppm with M + R + Q against ATCC 43300. The effect
became even more when M + R + Q was combined with
antibiotics (amoxicillin, Ampicillin, ceftriaxone, cephradine,
imipenem and methicillin), since K+ level from M + R + Q
was 32.7 ppm in case of ATCC 43300 while in case of isolates average value of K+ leakage was 32.29 ± 0.13 ppm. K+
leakage for AMO in combination with M + R was
32.3 ppm, which increased to 41 ppm with M + R + Q in
case of ATCC 43300. Similar trend was observed in case of
other antibiotics.

Detection of cytoplasm membrane damage

The potassium leakage was measured for test bacteria with
flavonoids & antibiotics alone and flavonoids-antibiotics in
combination. From the data (Tables 10 and 11) it is apparent that K+ leakage from flavonoid-antibiotic combination
was greater than the flavonoids and antibiotics alone. All
antibiotics and flavonoids induced release of K+ confirming damage they inflicted to bacterial cell membrane. K+
measured in case of AMO was 25.7 ppm for ATCC 43300
whilst for clinical isolates average K+ release was 25.79 ±
0.16 ppm. AMO’s K+ release in combination with M + R
was 32.3 ppm and 32.40 ± 0.13 ppm for ATCC 43300 and
clinical isolates, respectively. Highest leakage of potassium
was observed for IMP that was 26.6 ppm against ATCC
43300 and 26.79 ± 0.14 ppm for clinical isolates. The K+
leakage was further increased when IMP was used with

Discussion
MRSA is now commonly isolated bug from nosocomial
infections and has potential to lead to fatalities. With
passage of time MRSA has also shown resistance to other
antibiotics as well such as tetracyclines, erythromycin and
genatmacin [17]. As a result of MDR (multidrug resistance)
the only choice left is vancomycin, which is also experiencing resistance and reports of emergence of vancomycin
intermediate S.aureus (VISA) and vancomycin resistant S.
aureus (VRSA) are there [17]. Therefore it is the need of
day to analyze MRSA and find new treatment modalities.
Morin and rutin alone have no antibacterial activity
but together they were active against S. aureus ATCC
25923 and E. coli ATCC 25922 [18]. Moreover, rutin has
been reported to enhance antibacterial activity of several

Amin et al. BMC Complementary and Alternative Medicine (2015) 15:59

Table 9 Fractional Inhibitory Concentration indices (FICI)
of flavonoid/(s) and antibiotics against S. aureus (ATCC
43300) and clinical isolates of MRSA
Flavonoid/(s) +
antibiotics

FICI
S. aureus
(ATCC 43300)

MRSA clinical
isolates (n = 100)

Inference

M + R + AMO

0.9

0.9

Additive

M + R + CEPH

0.9

0.95

Additive

M + R + CET

0.8

0.94

Additive

M + R + IMP

0.84

0.85

Additive

M + R + ME

0.95

0.97

Additive

Q + AMP

0.74

0.77

Additive

Q + CEPH

0.74

0.77

Additive

Q + CET

0.66

0.69

Additive

Q + IMP

0.66

0.69

Additive

Q + ME

0.82

0.83

Additive

M + R + Q + AMO

0.59

0.66

Additive

M + R + Q + AMP

0.59

0.68

Additive

M + R + Q + CEPH

0.46

0.50

Synergism

M + R + Q + CET

0.31

0.44

Synergism

M + R + Q + IMP

0.32

0.45

Synergism

M + R + Q + ME

0.45

0.5

Synergism

compounds such as aminopenicillanic acid [19] and
other flavonoids such as morin and rutin against
Salmonella enteritidis and Bacillus cereus [15].Morin
was found active E. coli ATCC 25922, P. aeruginosa ATCC
27853 and S. aureus ATCC 29213 and respective clinical
isolates [20].
Quercetin activity has also been reported to increase
with oxacillin, vancomycin, gentamycin, and erythromycin
[21]. Quercetin is also found to increase the activity of
rifampicin and fusidic acid against MRSA 43300 and
clinical isolates [22]. Quercetin alone has been found
active against S. aureus and K. pneumoniae [23]. It has
also been found to be potentiating effects of antibiotics
such as rifampicin, fusidic acid and rifampicin against
MRSA and MSSA [24]. Quercetin alone and in combination with gentamycin, levolfloxacin and sulphadiazine
was found to be synergistic since MIC of qurecetin and
test antibiotics decreased four folds when they were
combined with each other [14]. Quercetin’s MIC of
Table 10 Potassium leakage (ppm) by flavonoid/(s) against
S. aureus (ATCC 43300) and clinical isolates of MRSA
Control

Q

M+R

(M + R)♣ + Q

S. aureus
(ATCC 43300)

10.2

28.4

26.4

32.7

Clinical Isolates

10.19 ± 0.18

28.49 ± 0.14

26.49 ± 0.12

32.29 ± 0.13

♣

MIC of M & R is same.
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260 μg/ml is comparable to previous report of 256 μg/ml
against MRSA [7]. It is evident from data (Table 4) that
among resistant antibiotics on which quercetin had
enhancing effect; CET was most responsive as increase in
the activity was greater than other antibiotics i.e. zones of
inhibition enhanced from 0 to 20.5 ± 0.5 mm in ATCC
43300. While in case of clinical isolates (n = 100) the
average zone of inhibition increased from 0 to 20.83 ±
0.45 mm. Those antibiotics including ERY, VAN and IMP
which were sensitive against ATCC 43300, among them
only IMP antibacterial activity increased as its inhibitory
zone rose from 16 ± 0.90 mm to 22 ± 1.10 mm in combination with quercetin. The S-T remained resistant even in
combination with quercetin. The results are consistent with
different reports in which it was used in combination with
antibiotics. Results can also be compared to the results
reported by Goyal et al., [25] where morin was used in
combination with quercetin against S. aureus, Salmonella
typhi, E. coli and B. subtilis. It was found that as a result of
using them in combination MICs of these flavonoids had
significantly decreased e.g. MIC’s of morin and quercetin
against S. aureus were 64 μg/ml and 32 μg/ml. But when
these flavonoids were combined MIC became 16 μg/ml
[15]. Morin and rutin alone had no activity against MRSA
but in combination showed antibacterial activity against
said bacteria. In similar studies flavonoids combinations
and their metallo-combinations show activity against
various microbes [26,27]. Morin alone has been found to
be active against Salmonella enteritidis with MIC of
150 μg/ml and B. cereus with MIC of 300 μg/ml. MICs
were further reduced when morin was combined with
rutin, i.e. MIC of morin with rutin lessened to 50 μg/ml
against S. enteritidis, while in case of B. cereus morin’s MIC
reduced to 100 μg/ml [15]. Morin also showed inhibitory
activity against S. typhi, E. coli, B. subtilis, and S. aureus
with MIC’s of 128 μg/ml, 128 μg/ml, 64 μg/ml and
64 μg/ml, respectively [25]. Morin when tested against
P. aeruginosa (ATCC 9027), S. epidermidis (ATCC 12228),
B. subtilis (ATCC 9372 & 6633) and E. coli (ATCC 8739 &
11775) inhibited the growth of all these bacteria [28]. In
another study the activity of morin and its complexes with
Gadolinium and Lutetium were tested against different
bacterial strains such as E. coli, K. pneumoniae , S. aureus;
results revealed morin complexes with Lu, and Gd, to be
more active than alone, thus suggesting potentiation by
these elements [29]. As evident from literature, morin
antibacterial activities enhance in combination with rutin,
therefore, this combination was tested against MRSA and
also with conventional antibiotics that are experiencing
resistance from this bug.
In present study combination of three flavonoids
enhanced their anti staphylococcal potential which is
evident from the MIC data. The MIC of M + R decreased
from 400 + 400 μg/ml to 280 + 280 μg/ml and that of Q
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Table 11 Potassium leakage (ppm) by flavonoid/(s) with antibiotics against S. aureus (ATCC 43300) and clinical isolates
of MRSA
Test antibiotics

Antibiotic alone

Antibiotic + M + R

Antibiotic + Q

Antibiotic + M + R + Q

AMO †

25.7

32.3

NT

41

AMO *

25.79 ± 0.16

32.40 ± 0.13

NT

41.09 ± 0.11

AMP †

25.6

NT

34.4

39.6

AMP *

25.69 ± 0.13

NT

34.49 ± 0.14

39.83 ± 0.12

CEPH†

25.70

33.20

35.2

40

CEPH*

25.89 ± 0.14

33.30 ± 0.14

35.39 ± 0.14

40.10 ± 0.10

CET †

25.9

34.60

37.5

42.6

CET*

25.96 ± 0.10

34.69 ± 0.15

37.59 ± 0.10

42.69 ± 0.13

IMP †

26.6

36.6

39.2

44.7

IMP*

26.79 ± 0.14

36.79 ± 0.15

39.26 ± 0.14

45.89 ± 0.14

ME †

25.1

31.4

34.3

39.2

ME*

25.29 ± 0.12

31.52 ± 0.13

34.43 ± 0.11

39.33 ± 0.12

*against MRSA clinical isolates (n = 100).
† against S. aureus (ATCC 43300).
NT = Not tested.

reduced from 260 μg/ml to 140 μg/ml against MRSA
43300. In case of clinical isolates the M + R average MICs
reduced from 427.40 ± 14.40 μg/ml to 303.56 ± 16.74 μg/ml.
While the average MIC of Q against the clinical isolates decreased from 279.00 ± 14.65 μg/ml to 163.56 ± 15.23 μg/ml.
It is in confirmation to the studies in which rutin, morin
and quercetin gave a synergistic response against S. aureu,
E.coli and Enterobacter aerogenes [7,19,30].
In present study MIC of CEPH was 256 μg/ml
against ATCC 43300 and its average MIC was 200.96 ±
63.69 μg/ml against clinical isolates. The MIC of CEPH in
combination with M + R decreased significantly to 64 μg/ml
against the ATCC 43300 and its average MIC against
clinical isolates decreased to 50.38 ± 17.92 μg/ml. The MIC
of CET was 64 μg/ml against ATCC 43300 that reduced to
16 μg/ml when it was combined with M + R. While in case
of clinical isolates average MIC of 67.52 ± 30.48 μg/ml for
CET was observed that reduced to 27.09 ± 16.94 μg/ml
when it was combined with M + R. Similarly, CET in combination with Q and Q + M + R, against ATCC 43300 MIC
of 64 μg/ml dropped to 32 μg/ml and 8 μg/ml respectively
that are in confirmation to earlier reports [31,32].
The MIC of imipenem was 32 μg/ml against ATCC
43300 that reduced to 8 μg/ml when IMP was combined
with M + R. While its average MIC against clinical isolates
was 130.88 ± 84.02 μg/ml. In combination with M + R
average MIC reduced to 32.82 ± 16.15 μg/ml. The MIC
range (32 - 256 μg/ml) of IMP against MRSA clinical
isolates found almost similar to that reported earlier [33].
In this study IMP tested alone and in combination
with catechins flavonoids (extracted from green tea
leaves) against MRSA clinical samples and standard
ATCC 25923. The MIC range found in this study was
16 – 256 μg/ml. In present study reduction in the

imipenem’s MIC along with Q + M + R was found
greater than the other flavonoids. The MIC observed
against ATCC 43300 was 1 μg/ml and against the clinical
isolates it’s MIC range reduced from 32 - 256 μg/ml
to 1–8 μg/ml.
MIC of ME was 64 μg/ml against ATCC 43300 that
reduced to 16 μg/ml when it was combined with M + R,
this trend was also observed in case of clinical isolates
where average MIC decreased form 135.68 ± 54.03 μg/ml
to 33.92 ± 13.51 μg/ml. Effective concentrations of ME
were further reduced against the test bacteria when it was
combined with M + R + Q with MICs of 2 μg/ml and
4.24 ± 1.69 μg/ml for ATCC 43300 and clinical isolates
respectively.
The results also revealed that combined effects of
morin + rutin and quercetin in combination with the
antibiotics were additive (FICI <1). However, relationships
between quercetin + morin + rutin and CEPH, IMP, CET
and ME were synergistic (FICI ≤ 0.5). While Q + M + R
with AMP and AMO showed additive effect (FICI <1).
These results are in in conformity with earlier findings
where quercetin was found to be synergistic with
minocycline, fusidic acid and rifampicin [24].
Various compounds e.g. phenolics, have been known for
their ability to effect cytoplasmic membrane permeability
consequently resulting in leakage of cellular constituents
like nucleic acids, proteins and inorganic ions such as
phosphate and potassium [34]. Results of this study
suggest potassium leakage when flavonoids were used
alone, in combinations and with test antibiotics. Potassium
leakage data for Q (28.4 ppm), M + R (26.4 ppm), and
M + R + Q (32.7 ppm) against ATCC 43300 suggest
increase in extracellular K+ in comparison to control
(10.2 ppm). The highest K+ release was observed in
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case of antibiotics in combination with M + R + Q. The
results can be paralleled to that of galangin, a flavonol that
target cytoplasmic membrane of S. aureus and cause
potassium leakage [6].
Since the test concentrations used for antibiotics were
their MICs, therefore, K+ release was also observed in
the inoculums of test bacteria to which antibiotics were
added. The K+ release was increased when flavonoids
were used in conjunction to test antibiotics and highest
release was found in case of CET + M + R (34.60 ppm &
34.69 ± 0.15 ppm), CET + Q (37.5 ppm & 37.59 ± 0.10 ppm),
CET + M + R + Q (42.6 ppm & 42.69 ± 0.13 ppm) against
ATCC 43300 and clinical isolates, respectively. Similarly,
IMP + M + R (36.6 ppm & 36.79 ± 0.15 ppm), IMP + Q
(39.2 ppm & 39.26 ± 0.14 ppm), IMP + M + R + Q (44.7 ppm
& 42.89 ± 0.14 ppm) against ATCC 43300 and clinical
isolates, respectively. Since both CET and IMP are bacterial cell wall inhibitors, therefore, it can be hypothesized
that wall damage was implicated by test antibiotics
while cytoplasmic membrane injury was inflicted by flavonoids; with greater damage observed with combination of
flavonoids.
The present data suggests that antibiotics activity was
increased in combination with flavonoids. The flavonoids
used such as morin, rutin, and quercetin may also target
the cell wall of MRSA as evidenced from potassium
leakage data. Thus, combination of flavonoids with
antibiotics can be considered for therapeutic application
in case of microbes expressing resistance after safety
evaluations.
The present research was limited to in-vitro studies
only because of non-availability of animal models
facilities, which remained the major limitation of these
studies. Since the findings are promising, therefore, they
can be extended to in-vivo stage.

in conjunction to test flavonoids while activity of antibiotics affecting nucleic acid got blunted. Measurement of
potassium loss suggested cytoplasmic membrane damage
in conjunction with cell wall damage can be assumed to
be the mechanism of action of these flavonoids antibiotic
combinations. The sum of the substance of results was
that the activity of both flavonoids and antibiotics found
to increase when they were combined with each other.

Conclusions
From the antibiotic sensitivity assays it is evident that
morin and rutin in combination were effective against
MRSA ATCC 43300 and its clinical isolates, while quercetin alone found active against test bacteria. The activity
of flavonoids was further enhanced against ATCC 43300
and clinical isolates, when rutin, morin and quercetin
were used in combination. Test bacteria responded to
ampicillin, amoxicillin, cephradine, methicillin and ceftriaxone when these antibiotics were mixed with flavonoids.
Similarly, imipenem activity was further increased against
test MRSA strains when combined with flavonoids.
Through MIC assays it was observed that both the flavonoids and antibiotics supplemented each other effects.
FICI results indicated an additive relationship between the
flavonoids and the antibiotics. While a synergistic effect
was also observed in M + R + Q-antibiotics combinations.
The cell wall synthesis inhibitors showed positive activity
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Abstract
Background: To determine the effect of flavonoids in conjunction with antibiotics in methicillin resistant
Staphylococcus aureus (MRSA) a study was designed. The flavonoids included Rutin, Morin, Qurecetin while
antibiotics included ampicillin, amoxicillin, cefixime, ceftriaxone, vancomycin, methicillin, cephradine, erythromycin,
imipenem, sulphamethoxazole/trimethoprim, ciprofloxacin and levolfloxacin. Test antibiotics were mostly found
resistant with only Imipenem and Erythromycin found to be sensitive against 100 MRSA clinical isolates and S.
aureus (ATCC 43300). The flavonoids were tested alone and also in different combinations with selected antibiotics.
Methods: Antibiotics and flavonoids sensitivity assays were carried using disk diffusion method. The combinations
found to be effective were sifted through MIC assays by broth macro dilution method. Exact MICs were determined
using an incremental increase approach. Fractional inhibitory concentration indices (FICI) were determined to
evaluate relationship between antibiotics and flavonoids is synergistic or additive. Potassium release was measured
to determine the effect of antibiotic-flavonoids combinations on the cytoplasmic membrane of test bacteria.
Results: Antibiotic and flavonoids screening assays indicated activity of flavanoids against test bacteria. The
inhibitory zones increased when test flavonoids were combined with antibiotics facing resistance. MICs of test
antibiotics and flavonoids reduced when they were combined. Quercetin was the most effective flavonoid (MIC
260 μg/ml) while morin + rutin + quercetin combination proved most efficient with MIC of 280 + 280 + 140 μg/ml.
Quercetin + morin + rutin with amoxicillin, ampicillin, cephradine, ceftriaxone, imipenem, and methicillin showed
synergism, while additive relationship was indicated between morin + rutin and amoxicillin, cephradine, ceftriaxone,
imipenem, and methicillin. Quercetin alone had an additive effect with ampicillin, cephradine, ceftriaxone, imipenem,
and methicillin. Potassium leakage was highest for morin + rutin + quercetin that improved further in combination with
imipenem. Morin and rutin alone had no activity but in combination showed activity against test bacteria.
Conclusions: The flavonoids when used in combination with antibiotics were found to increase each other activity
against test bacteria. The relationship between the flavonoids and antibiotics in most of the cases was additive. However
in a few cases synergism was also observed. Flavonoids alone or in combinations also damaged bacterial cell membrane.
Keywords: Morin, Rutin, Quercetin, MRSA
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Background
Plant secondary metabolites are characteristic of certain
plant species that occur as part of their normal metabolism
with little or no function in plant life cycle. These metabolites may have bioactivities and also medicinal value like
anti-infective, antitumor, antithrombotic, and antihyperlipidemic [1]. Different species of genus Cipadessa, are used in
mitigation of rheumatism, malaria, dysentery, diabetes, and
haemorrhoids and as anti-venom in snake bites, with
active constituents including flavonoids, terpenoids,
tetranortriterpenoids, steroids and sesqueterpenoids
[2]. This is indicative that these metabolites may be a
common feature among different species of a genus,
showing common pharmacological effects in different
ailments. About 400 species of Saussurea genus, are
used as traditional medicines in China and Tibet in
problems related to menstruation, blood circulation,
fever and rheumatoid arthritis. The reason for their use in
these conditions is due to the presence of biologically
active compounds including flavonoids, terpenoids,
phytosterols, and phenolics. The antimicrobial activities in
these plant species have been related to flavanoids,
terpenoids and tannins [3]. Flavonoids are generally
present in photosynthesizing cells [4]. From ancient
times, preparations containing these compounds have
been used to treat human diseases. This class of natural
products is becoming the main target of research due to
their antimicrobial potentials.
Flavonoids have good antibacterial activities, like chrysin
that showed bacteriostatic activity against different Gramnegative bacteria such as Escherichia coli and Pseudomonas
aeruginosa. Similarly, biacalien possess inhibitory effect on
S. aureus and on the growth of spore forming Bacillus
subtilis. Other flavonoids such as luteolin, lucenin,
apigenin, saponarin and vitexin were effective against
Gram-negative bacteria Enterobacter cloacae, Klebsiella
pneumonia, Proteus mirabilis, E. coli, P. aeruginosa, and
Proteus vulgaris [5]. An 126 interesting feature of these
flavonoids is their potentiating and synergistic behaviour
that is observed between active flavonoids as well as
combination of flavonoids with antimicrobial agents
[6]. Flavonoids like myricetin, datiscetin, kaempferol,
qurecetin and flavones like luteolin have inhibited
growth of MRSA and with myricetin were found effective
against VRE as well [7]. In another study alkyl gallates
(methyl, ethyl, propyl and butyl gallates) and gallic acid
with different classes of antibiotics such as β-lactams
(penicillin G, ampicillin, oxacillin, cephradine), quinolone
(norfloxacin), aminoglycosides (streptomycin, kanamycin,
vancomycin), chloramphenicol, arbekacin, fosfomycin and
tetracycline were used in combinations against drug
sensitive and resistant bacteria. It was observed that
these combinations had maximum inhibitory activity
in 90% clinical isolates at MIC of 15.6 μg/ml. However,

combinations of β-lactams and alkyl gallates showed
synergestic activities against MRSA and MSSA [8].
Resistance to antimicrobial agents is a global issue
with methicillin resistant Staphylococcus aureus (MRSA) a
major concern [9]. In a study conducted in Pakistan
during 2005–2007, about 501 MRSA clinical isolates were
isolated from skin and soft tissue infections and were
tested for their susceptibilities against conventional antibiotics such as clindamycin, tetracyclines, cotrimoxazole
and rifampicin, chloramphenicol and fusidic acid. All of
these drugs were ineffective against MRSA isolates [10].
Difficulties in treatment of resistant microbes serve a
challenge to discover new drugs that can be effective
against these resistant bugs. Since plant metabolites are
not part of conventional therapy they can be considered
as monotherapy or in combination therapy against them.
Keeping in view the emerging threat of MRSA, present
study was designed to evaluate impact of selected flavonoids (morin, rutin, quercetin) alone and in combination
with conventionally used antibiotics for their activities
against S. aureus (ATCC 43300) and 100 MRSA clinical
isolates.

Methods
Materials

The antibiotic discs included amoxicillin (AMO; 25 μg),
ampicillin (AMP; 10 μg), ceftriaxone (CET; 30 μg), cefixime
(CEF; 5 μg), cephradine (CEPH; 30 μg), erythromycin (ERY;
15 μg), vancomycin (VAN; 30 μg), methicillin (ME;
10 μg), ciprofloxacin (CIP; 5 μg), levolfloxacin (LEV;
5 μg), sulfamethaxozole-trimethoprim (S-T; 25 μg)
and imipenem (IMP; 10 μg) were from Oxoid, UK
while blank discs were purchased from Himedia, India. Test
flavonoids; rutin, morin, and quercetin were purchased
from Sigma-Aldrich, UK. Stock solutions of flavonoids
morin, rutin, and quercetin were made at concentrations of
50 g/l, 6 g/l, and 10 g/l respectively, using ethanol. Bacterial
culturing medias such as nutrient agar (NA; CM0003B),
muller hinton agar (MHA; CM0337B), nutrient broth (N.B;
CM0001B) and muller hinton broth (MHB; CM0405B)
were from Oxoid, UK. mannitol salt agar (MSA; LAB007)
was obtained from Lab M Limited, UK.
Bacterial cultures collection, transport and processing

Clinical isolates (n = 300) were obtained from the microbiology laboratories of tertiary care hospitals which are
Hayatabad Medical complex, Lady Reading Hospital and
Khyber Teaching Hospital of Peshawar, KPK, Pakistan
while S. aureus (ATCC 43300, Rockville, USA) present
at PCSIR laboratories, was used as standard. Clinical
isolates were transported to Microbiology lab, PCSIR
Peshawar, Pakistan, for culturing, the same day within
2 hours after collection.
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Clinical isolates were sub-cultured on sterile nutrient
agar (NA) plates and then incubated at 37 ± 1°C for
18 – 20 hours. Following incubation, plates showing
growth were subjected to Gram staining, catalase test,
coagulase test [11], and mannitol salt agar differentiation
[12]. The organisms showing yellow colonies on MSA
plates, gram-positive cocci in clusters, coagulase + ve, and
catalase + ve were considered S. aureus.
Isolated colonies of S. aureus from MSA plates were
aseptically inoculated in sterile nutrient broth and incubated overnight at 37°C. Thereafter, turbidity of inoculum
was adjusted to 0.5 McFarland using 0.9% (w/v) sterile
normal saline and was used to prepare bacterial
lawns on sterile MHA plates. Methicillin discs were
applied on seeded plates and incubated overnight at
37 ± 1°C. Following incubation, plates with zones of
inhibitions <10 mm diameter or no zone of inhibition were considered to be MRSA. The study was
approved by the Ethical Review Committee of Kohat
University of Science and Technology with a waiver
of informed consent.

with flavonoids were determined to confirm the synergistic
or additive effects. For the MIC’s assays stock solutions of
these antibiotics were prepared using sterile distilled water.
Exact MIC’s of flavonoids alone, in combinations and
with test antibiotics were determined by an incremental
increase approach in which higher concentrations were
obtained by the addition of 20 μg increments to the
lower concentrations. After test materials were transferred into sterile test tubes, bacterial cultures were
prepared as mentioned earlier. After inoculation and
addition of test materials tubes were incubated overnight
at 37°C. Absence of any visible growth in test tubes was
considered as the MIC of test material.

Antibiotic sensitivity assays

Susceptibilities of clinical isolates and ATCC 43300 against
selected antibiotics, flavonoids and antibiotic + flavonoids
combinations were found using disc diffusion assay [13].
Flavonoids were tested alone, in different combinations,
and with test antibiotics at different concentrations as
shown in Table 1. Susceptibilities assays were carried
using sterile MHA plates. Following overnight incubation at 37°C zones of inhibitions were recorded. Test
substances were considered to have activity if zone of
inhibition was > 10 mm, while ≤ 10 mm zone of inhibition
were regarded as inactive.
Minimum inhibitory concentration (MIC) assays

MIC assays were carried out using broth macro-dilution
method. Different concentrations of flavonoids, their
combinations alone and with antibiotics were used.
Flavonoids and their combinations included morin + rutin
(M + R), quercetin (Q) and morin + rutin + quercetin
(M + R + Q). Test antibiotics with flavonoids alone and
their combinations included amoxicillin, ampicillin,
ceftriaxone, cephradine, imipenem and methicillin. Test
concentrations of flavonoids, flavonoid combinations alone
and with antibiotics are given in Table 2. The MICs of
these antibiotics against MRSA alone and in combination
Table 1 Flavonoids used in antibiotic sensitivity assays
Flavonoids

Test concentrations used

Morin (M)

100 μg, 200 μg, 300 μg, 400 μg, 500 μg

Rutin (R)

100 μg, 200 μg, 300 μg, 400 μg, 500 μg

Quercetin (Q)

100 μg, 200 μg, 300 μg

Fractional Inhibitory concentration (FIC) & FIC Index

To determine the effectiveness of test substances for
synergistic, antagonistic or additive effects FIC indices
were measured, using following formulas [14].
FIC of antibiotic (FICantibiotic) = MIC of antibiotic in
combination / MIC of antibiotic alone
FIC of flavonoid (FICflavonoid) = MIC of flavonoid in
combination / MIC of flavonoid alone
While FIC index was the sum of FIC of both antibiotic
and flavonoid.
FIC Index (FICI) = FICantibiotic + FICflavonoid
In case of two or more flavonoids used in combination
FIC was calculated in accordance to following formula [15].
FIC ¼ ðA=MaÞ þ ðB=MbÞ
Where A and B are the MIC’s of these compounds in
combination while Ma and Mb are individual MICs of test
compounds. The test materials in their combinations
alone or with standard antibiotics were graded to
have synergistic (≤0.5), additive (>0.5 to 1), indifferent
(>1 to <2) or antagonistic (≥2) on the basis of FIC
indices [16].
Detection of cytoplasmic membrane damage

The assessment of the potassium present in medium
was carried out using flame photometer (PFP7, Jenway,
Sweden) at wavelength of 766.480 nm. Instrument was
calibrated using standard solutions containing 0.05, 0.1,
0.5, 1.0 and 5.0 μg/ml potassium chloride in ultra-pure
deionised water obtained from HACH water system USA.
Aliquots of 100 μl from each MRSA clinical isolate
and S. aureus (ATCC 43330) were separately incubated
overnight after incorporation of 1 ml previously sterilized
nutrient broth. The rise in the amount of potassium in
supernatant, caused by antibiotics, flavonoids, flavonoidsantibiotics combination, in clinical isolates and control

Amin et al. BMC Complementary and Alternative Medicine (2015) 15:59

Page 4 of 12

Table 2 Test concentrations of flavonoids and their combination for MIC assays
Concentration ranges used for MIC assays (in μg/ml)

Flavonoids

Broth half dilution method

Incremental increase approach †

Maximum

Minimum

Maximum

Minimum

Morin (M)

NT*

NT

NT

NT

Rutin(R)

NT

NT

NT

NT

Quercetin(Q)

600

75

300

180

Morin + Rutin(M + R)

800 + 800

100 + 100

500 + 500

380 + 380

Morin + Rutin + Quercetin (M + R + Q)

600 + 600 + 400

150 + 150 + 100

400 + 400 + 260

260 + 260 + 120

† To determine Exact MIC’s of test substances an incremental increase approach was adopted with 20 μg decrease in each dilution.
*Not tested.

strain was measured following separation of cellular debris
by centrifugation at 4000 rpm.

Results
Antibiotic sensitivity assays

Quercetin, M + R, and M + Q + R showed some activities
against MRSA clinical isolates and ATCC 43300. However,
morin, rutin and Q + R, Q + M combinations were found
inactive against test bacteria (Table 3). Quercetin and
active combinations were found to be more effective when
the antibiotics were combined with them. Antibiotics like
AMO, AMP, CEPH, CET, ME, S-T, and CEF that were
inactive when tested alone, expressed activity when
combined with Q, M + R and M + R + Q (Table 4).
However, test flavonoids were found to be having no
impact on VAN and ERY activity, while causing reduction
in CIP and LEV activities.
The concentration at which M + R showed activity
against the bacteria under study was 500 μg for each of
the flavonoid. The inhibition zones of this combination
observed at this concentration were 11.5 ± 0.22 mm
against standard bacteria and 11.58 ± 0.21 mm against
100 clinical isolates. Moreover, M + R was found to
increase activity of AMO, CEPH, IMP, CET and ME. CET
activity was increased highest, from 0 to 16.5 ± 0.30 mm
Table 3 Average Zone of Inhibitions (in millimeters ±
STDEV) of Morin, Rutin, Quercetin, Morin + Rutin,
Quercetin + Rutin, Quercetin + Morin, and Morin +
Quercetin + Rutin against MRSA clinical isolates and
S. aureus (ATCC 43300)
Test flavonoid or
flavonoids combination

S. aureus

MRSA clinical
isolates (n = 100)

M

0

0

R

0

0

Q

13.5 ± 0.21

13.33 ± 0.26

M+R

11.5 ± 0.22

11.58 ± 0.21

Q+R

0

0

Q+M

0

0

M+Q+R

16.5 ± 0.21

16.23 ± 0.26

against standard and the zone of inhibition was increased
from 0 to 16.5 ± 0.29 mm, in comparison to all other test
antibiotics finding resistance against both standard strain
and clinical isolates. The zone of inhibition of vancomycin
and erythromycin were 18 ± 0.59 mm and 22 ± 1.36 mm
against ATCC 43300, which remained same in combination with M + R. However, IMP activity enhanced
from 16 ± 0.90 mm to 19.5 ± 0.58 mm against ATCC
43300, while for clinical isolates it became 19.62 ± 0.31 mm
from 16.18 ± 0.92 mm in combination with M + R. The S-T
and AMP had no activity against test bacteria alone as
well as in combination with flavonoids. Ethanol, which
was used in making solutions of flavonoids, was having no
inhibitory activity.
Quercetin was found to be more active than M + R
combination. The average zones of inhibition of quercetin
against MRSA clinical isolates were 13.33 ± 0.26 mm while
it was 13.5 ± 0.21 mm in case of ATCC 43300. The results
revealed that quercetin alone possessed antibacterial
activity while morin and rutin have the same activity when
they were used in combination. It was also found to
increase the activity of antibiotics AMP, CEPH, CET and
ME that experienced resistance. Quercetin also had a
more blunting effect for CIP and LEV in comparison to
M + R. It is evident from data presented in Table 4 that
among the antibiotics facing resistance, CET was most
responsive in combination with quercetin as zones of
inhibition enhanced from 0 to 20.5 ± 0.5 mm against
ATCC 43300 and 20.83 ± 0.45 mm in case of clinical
isolates, respectively. IMP was active against test MRSA
and its activity was further improved by quercetin from
16 ± 0.90 mm to 22 ± 1.10 mm against ATCC 43300 while
in case of clinical isolates it increased from 16.18 ± 0.92 mm
to 22.18 ± 1.12 mm. ERY and VAN activities remained
unchanged and resistance for S-T persisted even when it
was combined with quercetin.
As quercetin and M + R were found to have activities
against MRSA, they were combined together, and tested
in flavonoids combination as well as flavonoids-antibiotic
combinations against test bacteria. The results in the
Table 4 show that combined effect of flavonoids is greater
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Table 4 Average zone of inhibitions (in mm ± STDEV) of antibiotics alone and with flavonoid/(s) against S. aureus
(ATCC 43300) and MRSA clinical isolates (n =100)
Antibiotic alone

M + R with antibiotic

Q with antibiotic

M + R + Q with antibiotic

AMO †

0

14.5 ± 0.29

13.5 ± 0.21

23.50 ± 1.1

AMO *

0

14.18 ± 0.36

13.33 ± 0.26

23.73 ± 1.1

AMP †

0

11.5 ± 0.22

17 ± 0.29

22.5 ± 1.2

AMP *

0

11.58 ± 0.21

17.33 ± 0.30

22.63 ± 1.2

CEPH†

0

14.5 ± 0.32

18.5 ± 0.31

24.55 ± 1.00

CEPH*

0

14.18 ± 0.29

18.33 ± 0.30

24.22 ± 1.00

CET †

0

16.5 ± 0.30

20.5 ± 1.00

27 ± 1.20

CET*

0

16.18 ± 0..29

20.83 ± 1.00

27.24 ± 1.23

IMP †

16 ± 0.90

19.5 ± 0.58

22 ± 1.10

28 ± 1.00

IMP*

16.18 ± 0.92

19.62 ± 0.31

22.18 ± 1.12

28.21 ± 0.90

ME †

0

13.5 ± 0.31

16.5 ± 0.28

21.5 ± 1.1

ME*

0

13.18 ± 39

16.89 ± 0.29

21.73 ± 1.0

VAN †

18 ± 0.59

18 ± 0.59

18 ± 0.59

18 ± 0.59

VAN*

17.37 ± 0.80

17.37 ± 0.80

17.37 ± 0.80

17.37 ± 0.80

LEV †

14 ± 0.91

9 ± 0.25

6.5 ± 0.21

3 ± 0.24

LEV*

13.88 ± 1.21

9.52 ± 0.25

6.85 ± 0.22

3.23 ± 0..25

CIP†

10.5 ± 2.5

7.24 ± 0.19

4 ± 0.22

2.25 ± 0.24

CIP*

13.1 ± 3.1

8.1 ± 0.18

4.35 ± 0.24

2.73 ± 0.21

ERY †

22 ± 1.36

22 ± 1.36

22 ± 1.36

22 ± 1.36

ERY*

20.96 ± 2.1

20.96 ± 1.10

20.96 ± 1.10

20.96 ± 1.1

S-T †

0

11.5 ± 0.22

13 ± 0.21

14 ± 0.21

S-T*

0

11.58 ± 0.21

13.33 ± 0.26

14.23 ± 0.26

CEF †

0

11.5 ± 0.22

13 ± 0.21

14 ± 0.21

CEF*

0

11.58 ± 0.21

13.33 ± 0.26

14.23 ± 0.26

† activity against S. aureus (ATCC 43300).
*activity against clinical isolates.

than their individual effects, zones of inhibition of
these flavonoids (M + R + Q) against ATCC 43300 were
16.5 ± 0.21 mm and for clinical isolates 16.23 ± 0.26 mm,
which are greater than that of M + R (11.5 ± 0.22 mm for
ATCC 43300 & 11.58 ± 0.21 mm against clinical isolates)
and quercetin (13.33 ± 0.21 mm & 13.5 ± 0.26 mm)
respectively. It is evident from the results in Table 4 that
with triplet combination (M + R + Q) the activity of both
AMP and AMO were increased. The inhibitory zones
observed in case of AMP and AMO with M + R + Q were
22.5 ± 1.2 mm & 23.50 ± 1.1 mm against ATCC 43300.
While against clinical isolates zone of inhibition of AMO
in combination with M + R + Q was 23.73 ± 1.1 mm
which was greater than that observed for AMO
against the clinical isolates in combination with M + R
(14.18 ± 0.36 mm) and Q (13.33 ± 0.26 mm). Same trend
was also observed in case of AMP in combination with
M + R + Q, where inhibitory zones against the clinical
isolates were 22.63 ± 1.2 mm which were greater than
that observed for AMP when combined with M + R

and Q. M + R + Q showed no effect on the activity of VAN
and ERY as the zones of inhibition remained same. The
antagonistic effect of M + R + Q on CIP and LEV was
greater than that observed with M + R and Q alone.
M + R + Q had no effect on the activities of S-T and CEF.
MICs by serial half dilution method

Test flavonoids in combination or alone were quantified for
activities using serial broth half dilution method (Table 5).
The results for clinical isolates showed variation with 14
isolates giving MIC of 400 + 400 μg/ml for M + R while rest
of isolates (n = 86) were inhibited at 800 + 800 μg/ml concentrations. Similarly, for M + R + Q, 60 isolates gave MIC
of 200 + 300 + 300 μg/ml while remaining isolates (n = 40)
were inhibited at 200 + 600 + 600 μg/ml concentrations.
The MIC of quercetin determined by serial half dilution
method against the MRSA 43300 was 300 μg/ml and same
MIC was observed against 64 MRSA clinical isolates shown
in Table 5. While against remaining clinical isolates n = 36,
the MIC of quercetin was 600 μg/ml.
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Table 5 MICs of flavonoid/(s) against S. aureus (ATCC
43300) and clinical isolates of MRSA
Flavonoids

†MIC (μg/ml)

*MIC (μg/ml)

M+R

400 + 400

400 + 400 (n = 14)
800 + 800 (n = 86)

Q

300

300 (n = 64)
600 ( n = 36)

M + R+ Q

200 + 300 + 300

200 + 300 + 300 (n = 60)
200 + 600 + 600 (n = 40)

† activity against S. aureus (ATCC 43300).
*activity against clinical isolates.

Exact MICs of flavonoids and flavonoids-antibiotics by
incremental increase approach

Exact MICs of M + R, quercetin and M + R + Q alone
and in combination with antibiotics were determined
against MRSA clinical isolates and ATCC 43300. The
MIC of M + R first determined by half dilution method is
given in Table 5. It is evident that MIC of each flavonoid
in combination was 400 μg/ml against standard strain
ATCC 43330. However, in case of clinical isolates MIC of
14 strains was 400 μg/ml while rest of 86 isolates gave
MIC value of 800 μg/ml. In order to arrive at exact MIC
for these strains an incremental increase approach was
adopted. The MIC data from this method is presented
in Table 6 for flavonoid and their combinations while
Table 7 gives exact MICs of flavonoids in combination
with test antibiotics.
Exact MIC for M + R was 400 μg/ml against ATCC
43300 while for clinical isolates (n = 100) average MIC
was 427.40 ± 14.40 μg/ml (Table 6). When combined
with amoxicillin (AMO) the MIC of M + R decreased to
340 μg/ml against ATCC 43300. This indicated that
there may be synergism or additive relationship between
the flavonoids and antibiotics experiencing resistance.
Similarly average MIC of M + R (427.40 ± 14.40 μg/ml)
was reduced to 367.40 ± 15.71 μg/ml when combined
with AMO. In case of CET the MIC of M + R against
ATCC 43300 was found to reduce from 400 μg/ml to
320 μg/ml while against the clinical isolates it decreased
from 427.40 ± 14.40 μg/ml to 347.40 ± 12.92 μg/ml. Similar
trend was also observed in case of other antibiotics. A
difference in the MIC’s of M + R and M + R+ antibiotic can
be seen in Tables 6 & 7. It is evident that reduction in MICs
of M + R is greater with IMP as it dropped from 400 μg/ml
to 300 μg/ml followed by CET, AMO and CEPH with
MICs reducing to 320 μg/ml, 340 μg/ml and 340 μg/ml
respectively against ATCC 43300. Same trend was also
observed with these antibiotics when tested against clinical
isolates. Methicillin was found to be less responsive than
other antibiotics. The reduction in MIC of flavonoids when
combined with antibiotics was an indication of their
increased activity against the bacteria under study.
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The MIC of quercetin determined by serial half
dilution method against ATCC 43300 was 300 μg/ml
and similar MIC was observed against 64 MRSA clinical
isolates (Table 6), while remaining clinical isolates (n = 36)
were inhibited at 600 μg/ml. Exact MIC of quercetin came
to be 260 μg/ml for ATCC 43300 and for clinical isolates
(n = 100) it varied between 260 – 300 μg/ml. Reduction in
MIC of quercetin in combination with antibiotics was
observed (Table 7) as it dropped from 260 μg/ml to
160 μg/ml when combined with AMP in case of MRSA
43300 whilst average MIC against clinical isolates reduced
from 284.64 ± 19.31 μg/ml to 184.64 ± 16.25 μg/ml.
Average MIC of Q with CEPH against clinical isolates
reduced to the same extent as for AMP. For ME the
decrease in the MIC was less than the other antibiotics.
Combinations of M + R + Q were tested to determine
the effectiveness against test bacteria. A clear reduction in
MICs was evident in comparison to their individual MICs.
The MIC of M + R + Q came to 300 + 300 + 200 μg/ml for
sixty clinical isolates while it was 600 + 600 + 200 μg/ml
for rest of forty isolates. Exact MIC of M + R + Q was also
determined (Table 6). It was observed that exact MIC of
Q in combination was 140 μg/ml and that of M + R
was 280 + 280 μg/ml against ATCC 43300 whilst in
case of clinical isolates (n = 100) Q had average MIC
163.56 ± 15.23 μg/ml while M + R had (303.56 ±
16.74 μg/ml) + (303.56 ± 16.74 μg/ml). It is evident
from data that in case of M + R + Q MICs of not only
rutin-morin reduced but quercetin’s MIC dropped as
well. The MIC of rutin-morin each was 400 μg/ml
but along with qurecetin it fell to 280 μg/ml against
ATCC 43300 whilst that of qurecetin reduced from
260 μg/ml to 140 μg/ml. Thus the antibacterial activity of
flavonoids was found to increase against MRSA when
used in combination with each other. Similarly the
incorporation of antibiotics with M + R + Q had an
enhancing effect on activities of test antibiotics. Data
in Table 7 suggests that MIC of this combination was
further reduced when combined with test antibiotics, i.e.,
with AMO, the MIC of rutin-morin and quercetin was
further reduced to 140 μg/ml (each) and 80 μg/ml against
ATCC 43300. The average MIC of rutin-morin with
AMO against the MRSA clinical isolates reduced to
163.56 ± 16.75 μg/ml from 367.40 ± 15.71 μg/ml but
quercetin had no effect on AMO activity. However in
M + R + Q with AMO, quercetin activity was increased as
its average MIC decreased to 103.56 ± 15.99 μg/ml from
284.64 ± 19.31 μg/ml against clinical isolates. The reduction in average MIC of M + R in M + R + Q combination
from 367.40 ± 15.71 to 148.31 ± 19.59 μg/ml with IMP
found greater than the rest of antibiotics against clinical
isolates. While a decrease in average MIC of quercetin in
M + R + Q combination, from 164.44 ± 17.11 μg/ml to
65.94 ± 16.9 μg/ml with CET was more than any other test
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Table 6 Exact MICs (μg/ml) of flavonoid/(s) against S. aureus (ATCC 43300) and clinical isolates of MRSA
(M + R)♣

Q

(M + R)♣ + Q

S. aureus (ATCC 43300)

400

260

(280)♣ + 140

Clinical Isolates

427.40a ± 14.40

279.00a ± 14.65

(303.56)♣ ±16.74 + 163.56a ±15.23

MIC Ranges

400 - 440

260 – 300

M + R = 280 – 340
Q = 140 – 200

♣

= MIC’s of M & R are same in combination.
a
= Average value.

antibiotics against clinical isolates. However, ME showed
least activity with this flavonoid combination. Important
mention in this flavonoids combination is its enhancing
effect on both AMP and AMO, while the rest of the
flavonoids are either increasing AMO or AMP activity
but not both.
MIC’s of antibiotics alone as well as in combination
with flavonoids (Table 8) were determined in order to
prove that flavonoids decreased the MICs of antibiotics
thereby increasing their activity against MRSA. In combination with flavonoids all antibiotics encountering resistance became sensitive while maximum susceptibility
was conferred upon cell wall synthesis inhibitors. From
Table 8 it is evident that MIC of AMO was 256 μg/ml,
which reduced significantly to 64 μg/ml in combination
with M + R against ATCC 43300. The MIC of AMO in

combination with M + R + Q decrease more significantly
than M + R from 256 μg/ml to 8 μg/ml. The observed
average MIC of AMO against clinical isolates (n = 100) was
197.70 ± 64.02 μg/ml that became 49.43 ± 16.03 μg/ml
when it was combined with M + R; and it reduced further
to 6.00 ± 2.13 μg/ml when used with M + R + Q. MIC of
AMP was 128 μg/ml against ATCC 43300 and its average
MIC value against clinical isolates was 162.85 ± 68.05 μg/ml.
However, no effect was observed in case of AMP when it
was combined with M + R. In combination with Q, MIC of
AMP dropped significantly from 128 μg/ml to 16 μg/ml.
The highest increase in activity was observed when AMP
was used in combination with M + R + Q, with MIC dropping from 128 μg/ml to 4 μg/ml against ATCC 43300 while
its average MIC against clinical isolates (n = 100) reduced
from 162.85 ± 68.05 μg/ml to 5.09 ± 2.13 μg/ml.

Table 7 Exact MICs (μg/ml) of flavonoid/(s) with antibiotics against S. aureus (ATCC 43300) and clinical isolates of
MRSA
AMO†
AMO*

With (M + R)♣

With Q

With (M + R)♣ + Q

340

260

(140)♣ + 80

367.40 ± 15.71

a

279.00 ± 14.65

(163.56a)♣ ±16.75 + 103.56a ± (15.99)

MIC range*

340 - 380

260 - 320

M + R = 140 – 200; Q = 80 – 140

AMP†

400

160

(160)♣ + 80

AMP*

427.40a ± 14.40

178.80a ± 14.25

(186.56a)♣ ± 15.80 + 112.37a ± 16.42

MIC range*

400 - 440

160 - 200

M + R = 160–220; Q = 80 – 140

CEPH†

340

160

(140)♣ + 60
a

367.40 ± 15.71

MIC range*

340 - 380

160 - 200

M + R = 140 – 200; Q = 60 – 120

CET †

320

140

(140)♣ +40

CET*

347.40 ± 12.92

158.60a ± 15.11

(162.94a)♣ ± 16.98+ 65.94 a ± 16.9

MIC range*

320 - 360

140 - 180

M + R = 140 – 180; Q = 40 -100

IMP†

300

120

(120)♣ +40

IMP*

a

327.80 ± 14.85

178.80 ± 14.25

(163.56a)♣ ± 16.52 + 83.56a ±15.02

CEPH*

a

138.80 ± 14.99

(148.31a)♣ ± 19.59+ 66.56a ±16.50

MIC range*

300 - 340

120 - 160

M + R = 120–180 ; Q = 40 – 100

ME†

360

180

180 + 80

ME*

387.40 ± 15.78

196.70a ± 12.75

(208.51a)♣ ± 19.98 + 88.51a ±19.80

MIC range*

360 - 400

180 - 220

M + R = 180 – 240; Q = 80-160

♣

MIC of M & R is same.
a
= Average value.
*against MRSA clinical isolates (n = 100).
† against S. aureus (ATCC 43300).
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Table 8 Exact MICs (μg/ml) of antibiotics with flavonoid/(s) against S. aureus (ATCC 43300) and clinical isolates of MRSA
Antibiotic alone

With M + R

With Q

With M + R + Q

AMO †

256

64♣

256

8

AMO *

197.70a ± 64.02

49.43a ± 16.03

197.70a ± 64.02

6.00a ± 2.13

MIC range*

128 – 256

32 - 64

128 - 256

2-8

AMP †

128

128

16

4

AMP *

162.85a ± 68.05

162.85a ± 68.05

20.36a ± 8.51

5.09a ± 2.13

MIC range*

64 – 256

64 - 256

8-32

2-8

CEPH†

256

64

32

a

8

CEPH*

200.96 ± 63.69

50.38 ± 17.92

25.12 ± 7.92

6.28a ± 1.99

MIC range*

128 – 256

32 - 64

16 - 32

4-8

CET †

64

16

8

2

CET*

67.52 a ± 30.48

27.09 a ± 16.94

8.44a ± 3.81

2.11a ± 0.95

MIC range*

32 – 128

16 - 64

4 - 16

1-4

IMP †

32

8

4

1

a

a

a

a

a

IMP*

130.88 ± 84.02

32.72 ± 16.15

19.88 ± 10.51

4.97a ± 2.63

MIC range*

32 – 256

8 - 64

4 - 32

1-8

ME †

64

16

8

2

ME*

135.68 a ± 54.03

33.92 a ± 13.51

16.96a ± 6.75

4.24a ± 1.69

MIC range*

64 – 256

16 - 64

8 - 32

2-8

♣

MIC of M & R is same.
a
= Average value.
*against MRSA clinical isolates (n = 100).
† against S. aureus (ATCC 43300).

Fractional inhibitory concentration (FIC) & Fractional
inhibitory concentration index (FICI)

In order to term effect of antibiotics used in combination
with flavonoids as synergistic or additive FICI’s were
evaluated. The results (Table 9) showed an additive
response in case of quercetin and morin + rutin in
combination with test antibiotics such as amoxicillin,
Ampicillin, ceftriaxone, cephradine, imipenem and methicillin. However, synergism was indicated when these
antibiotics were used in conjunction with M + R + Q.

flavonoids i.e. 36.6 ppm with M + R, 39.2 ppm with Q and
44.7 ppm with M + R + Q against ATCC 43300. The effect
became even more when M + R + Q was combined with
antibiotics (amoxicillin, Ampicillin, ceftriaxone, cephradine,
imipenem and methicillin), since K+ level from M + R + Q
was 32.7 ppm in case of ATCC 43300 while in case of isolates average value of K+ leakage was 32.29 ± 0.13 ppm. K+
leakage for AMO in combination with M + R was
32.3 ppm, which increased to 41 ppm with M + R + Q in
case of ATCC 43300. Similar trend was observed in case of
other antibiotics.

Detection of cytoplasm membrane damage

The potassium leakage was measured for test bacteria with
flavonoids & antibiotics alone and flavonoids-antibiotics in
combination. From the data (Tables 10 and 11) it is apparent that K+ leakage from flavonoid-antibiotic combination
was greater than the flavonoids and antibiotics alone. All
antibiotics and flavonoids induced release of K+ confirming damage they inflicted to bacterial cell membrane. K+
measured in case of AMO was 25.7 ppm for ATCC 43300
whilst for clinical isolates average K+ release was 25.79 ±
0.16 ppm. AMO’s K+ release in combination with M + R
was 32.3 ppm and 32.40 ± 0.13 ppm for ATCC 43300 and
clinical isolates, respectively. Highest leakage of potassium
was observed for IMP that was 26.6 ppm against ATCC
43300 and 26.79 ± 0.14 ppm for clinical isolates. The K+
leakage was further increased when IMP was used with

Discussion
MRSA is now commonly isolated bug from nosocomial
infections and has potential to lead to fatalities. With
passage of time MRSA has also shown resistance to other
antibiotics as well such as tetracyclines, erythromycin and
genatmacin [17]. As a result of MDR (multidrug resistance)
the only choice left is vancomycin, which is also experiencing resistance and reports of emergence of vancomycin
intermediate S.aureus (VISA) and vancomycin resistant S.
aureus (VRSA) are there [17]. Therefore it is the need of
day to analyze MRSA and find new treatment modalities.
Morin and rutin alone have no antibacterial activity
but together they were active against S. aureus ATCC
25923 and E. coli ATCC 25922 [18]. Moreover, rutin has
been reported to enhance antibacterial activity of several
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Table 9 Fractional Inhibitory Concentration indices (FICI)
of flavonoid/(s) and antibiotics against S. aureus (ATCC
43300) and clinical isolates of MRSA
Flavonoid/(s) +
antibiotics

FICI
S. aureus
(ATCC 43300)

MRSA clinical
isolates (n = 100)

Inference

M + R + AMO

0.9

0.9

Additive

M + R + CEPH

0.9

0.95

Additive

M + R + CET

0.8

0.94

Additive

M + R + IMP

0.84

0.85

Additive

M + R + ME

0.95

0.97

Additive

Q + AMP

0.74

0.77

Additive

Q + CEPH

0.74

0.77

Additive

Q + CET

0.66

0.69

Additive

Q + IMP

0.66

0.69

Additive

Q + ME

0.82

0.83

Additive

M + R + Q + AMO

0.59

0.66

Additive

M + R + Q + AMP

0.59

0.68

Additive

M + R + Q + CEPH

0.46

0.50

Synergism

M + R + Q + CET

0.31

0.44

Synergism

M + R + Q + IMP

0.32

0.45

Synergism

M + R + Q + ME

0.45

0.5

Synergism

compounds such as aminopenicillanic acid [19] and
other flavonoids such as morin and rutin against
Salmonella enteritidis and Bacillus cereus [15].Morin
was found active E. coli ATCC 25922, P. aeruginosa ATCC
27853 and S. aureus ATCC 29213 and respective clinical
isolates [20].
Quercetin activity has also been reported to increase
with oxacillin, vancomycin, gentamycin, and erythromycin
[21]. Quercetin is also found to increase the activity of
rifampicin and fusidic acid against MRSA 43300 and
clinical isolates [22]. Quercetin alone has been found
active against S. aureus and K. pneumoniae [23]. It has
also been found to be potentiating effects of antibiotics
such as rifampicin, fusidic acid and rifampicin against
MRSA and MSSA [24]. Quercetin alone and in combination with gentamycin, levolfloxacin and sulphadiazine
was found to be synergistic since MIC of qurecetin and
test antibiotics decreased four folds when they were
combined with each other [14]. Quercetin’s MIC of
Table 10 Potassium leakage (ppm) by flavonoid/(s) against
S. aureus (ATCC 43300) and clinical isolates of MRSA
Control

Q

M+R

(M + R)♣ + Q

S. aureus
(ATCC 43300)

10.2

28.4

26.4

32.7

Clinical Isolates

10.19 ± 0.18

28.49 ± 0.14

26.49 ± 0.12

32.29 ± 0.13

♣

MIC of M & R is same.
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260 μg/ml is comparable to previous report of 256 μg/ml
against MRSA [7]. It is evident from data (Table 4) that
among resistant antibiotics on which quercetin had
enhancing effect; CET was most responsive as increase in
the activity was greater than other antibiotics i.e. zones of
inhibition enhanced from 0 to 20.5 ± 0.5 mm in ATCC
43300. While in case of clinical isolates (n = 100) the
average zone of inhibition increased from 0 to 20.83 ±
0.45 mm. Those antibiotics including ERY, VAN and IMP
which were sensitive against ATCC 43300, among them
only IMP antibacterial activity increased as its inhibitory
zone rose from 16 ± 0.90 mm to 22 ± 1.10 mm in combination with quercetin. The S-T remained resistant even in
combination with quercetin. The results are consistent with
different reports in which it was used in combination with
antibiotics. Results can also be compared to the results
reported by Goyal et al., [25] where morin was used in
combination with quercetin against S. aureus, Salmonella
typhi, E. coli and B. subtilis. It was found that as a result of
using them in combination MICs of these flavonoids had
significantly decreased e.g. MIC’s of morin and quercetin
against S. aureus were 64 μg/ml and 32 μg/ml. But when
these flavonoids were combined MIC became 16 μg/ml
[15]. Morin and rutin alone had no activity against MRSA
but in combination showed antibacterial activity against
said bacteria. In similar studies flavonoids combinations
and their metallo-combinations show activity against
various microbes [26,27]. Morin alone has been found to
be active against Salmonella enteritidis with MIC of
150 μg/ml and B. cereus with MIC of 300 μg/ml. MICs
were further reduced when morin was combined with
rutin, i.e. MIC of morin with rutin lessened to 50 μg/ml
against S. enteritidis, while in case of B. cereus morin’s MIC
reduced to 100 μg/ml [15]. Morin also showed inhibitory
activity against S. typhi, E. coli, B. subtilis, and S. aureus
with MIC’s of 128 μg/ml, 128 μg/ml, 64 μg/ml and
64 μg/ml, respectively [25]. Morin when tested against
P. aeruginosa (ATCC 9027), S. epidermidis (ATCC 12228),
B. subtilis (ATCC 9372 & 6633) and E. coli (ATCC 8739 &
11775) inhibited the growth of all these bacteria [28]. In
another study the activity of morin and its complexes with
Gadolinium and Lutetium were tested against different
bacterial strains such as E. coli, K. pneumoniae , S. aureus;
results revealed morin complexes with Lu, and Gd, to be
more active than alone, thus suggesting potentiation by
these elements [29]. As evident from literature, morin
antibacterial activities enhance in combination with rutin,
therefore, this combination was tested against MRSA and
also with conventional antibiotics that are experiencing
resistance from this bug.
In present study combination of three flavonoids
enhanced their anti staphylococcal potential which is
evident from the MIC data. The MIC of M + R decreased
from 400 + 400 μg/ml to 280 + 280 μg/ml and that of Q
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Table 11 Potassium leakage (ppm) by flavonoid/(s) with antibiotics against S. aureus (ATCC 43300) and clinical isolates
of MRSA
Test antibiotics

Antibiotic alone

Antibiotic + M + R

Antibiotic + Q

Antibiotic + M + R + Q

AMO †

25.7

32.3

NT

41

AMO *

25.79 ± 0.16

32.40 ± 0.13

NT

41.09 ± 0.11

AMP †

25.6

NT

34.4

39.6

AMP *

25.69 ± 0.13

NT

34.49 ± 0.14

39.83 ± 0.12

CEPH†

25.70

33.20

35.2

40

CEPH*

25.89 ± 0.14

33.30 ± 0.14

35.39 ± 0.14

40.10 ± 0.10

CET †

25.9

34.60

37.5

42.6

CET*

25.96 ± 0.10

34.69 ± 0.15

37.59 ± 0.10

42.69 ± 0.13

IMP †

26.6

36.6

39.2

44.7

IMP*

26.79 ± 0.14

36.79 ± 0.15

39.26 ± 0.14

45.89 ± 0.14

ME †

25.1

31.4

34.3

39.2

ME*

25.29 ± 0.12

31.52 ± 0.13

34.43 ± 0.11

39.33 ± 0.12

*against MRSA clinical isolates (n = 100).
† against S. aureus (ATCC 43300).
NT = Not tested.

reduced from 260 μg/ml to 140 μg/ml against MRSA
43300. In case of clinical isolates the M + R average MICs
reduced from 427.40 ± 14.40 μg/ml to 303.56 ± 16.74 μg/ml.
While the average MIC of Q against the clinical isolates decreased from 279.00 ± 14.65 μg/ml to 163.56 ± 15.23 μg/ml.
It is in confirmation to the studies in which rutin, morin
and quercetin gave a synergistic response against S. aureu,
E.coli and Enterobacter aerogenes [7,19,30].
In present study MIC of CEPH was 256 μg/ml
against ATCC 43300 and its average MIC was 200.96 ±
63.69 μg/ml against clinical isolates. The MIC of CEPH in
combination with M + R decreased significantly to 64 μg/ml
against the ATCC 43300 and its average MIC against
clinical isolates decreased to 50.38 ± 17.92 μg/ml. The MIC
of CET was 64 μg/ml against ATCC 43300 that reduced to
16 μg/ml when it was combined with M + R. While in case
of clinical isolates average MIC of 67.52 ± 30.48 μg/ml for
CET was observed that reduced to 27.09 ± 16.94 μg/ml
when it was combined with M + R. Similarly, CET in combination with Q and Q + M + R, against ATCC 43300 MIC
of 64 μg/ml dropped to 32 μg/ml and 8 μg/ml respectively
that are in confirmation to earlier reports [31,32].
The MIC of imipenem was 32 μg/ml against ATCC
43300 that reduced to 8 μg/ml when IMP was combined
with M + R. While its average MIC against clinical isolates
was 130.88 ± 84.02 μg/ml. In combination with M + R
average MIC reduced to 32.82 ± 16.15 μg/ml. The MIC
range (32 - 256 μg/ml) of IMP against MRSA clinical
isolates found almost similar to that reported earlier [33].
In this study IMP tested alone and in combination
with catechins flavonoids (extracted from green tea
leaves) against MRSA clinical samples and standard
ATCC 25923. The MIC range found in this study was
16 – 256 μg/ml. In present study reduction in the

imipenem’s MIC along with Q + M + R was found
greater than the other flavonoids. The MIC observed
against ATCC 43300 was 1 μg/ml and against the clinical
isolates it’s MIC range reduced from 32 - 256 μg/ml
to 1–8 μg/ml.
MIC of ME was 64 μg/ml against ATCC 43300 that
reduced to 16 μg/ml when it was combined with M + R,
this trend was also observed in case of clinical isolates
where average MIC decreased form 135.68 ± 54.03 μg/ml
to 33.92 ± 13.51 μg/ml. Effective concentrations of ME
were further reduced against the test bacteria when it was
combined with M + R + Q with MICs of 2 μg/ml and
4.24 ± 1.69 μg/ml for ATCC 43300 and clinical isolates
respectively.
The results also revealed that combined effects of
morin + rutin and quercetin in combination with the
antibiotics were additive (FICI <1). However, relationships
between quercetin + morin + rutin and CEPH, IMP, CET
and ME were synergistic (FICI ≤ 0.5). While Q + M + R
with AMP and AMO showed additive effect (FICI <1).
These results are in in conformity with earlier findings
where quercetin was found to be synergistic with
minocycline, fusidic acid and rifampicin [24].
Various compounds e.g. phenolics, have been known for
their ability to effect cytoplasmic membrane permeability
consequently resulting in leakage of cellular constituents
like nucleic acids, proteins and inorganic ions such as
phosphate and potassium [34]. Results of this study
suggest potassium leakage when flavonoids were used
alone, in combinations and with test antibiotics. Potassium
leakage data for Q (28.4 ppm), M + R (26.4 ppm), and
M + R + Q (32.7 ppm) against ATCC 43300 suggest
increase in extracellular K+ in comparison to control
(10.2 ppm). The highest K+ release was observed in
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case of antibiotics in combination with M + R + Q. The
results can be paralleled to that of galangin, a flavonol that
target cytoplasmic membrane of S. aureus and cause
potassium leakage [6].
Since the test concentrations used for antibiotics were
their MICs, therefore, K+ release was also observed in
the inoculums of test bacteria to which antibiotics were
added. The K+ release was increased when flavonoids
were used in conjunction to test antibiotics and highest
release was found in case of CET + M + R (34.60 ppm &
34.69 ± 0.15 ppm), CET + Q (37.5 ppm & 37.59 ± 0.10 ppm),
CET + M + R + Q (42.6 ppm & 42.69 ± 0.13 ppm) against
ATCC 43300 and clinical isolates, respectively. Similarly,
IMP + M + R (36.6 ppm & 36.79 ± 0.15 ppm), IMP + Q
(39.2 ppm & 39.26 ± 0.14 ppm), IMP + M + R + Q (44.7 ppm
& 42.89 ± 0.14 ppm) against ATCC 43300 and clinical
isolates, respectively. Since both CET and IMP are bacterial cell wall inhibitors, therefore, it can be hypothesized
that wall damage was implicated by test antibiotics
while cytoplasmic membrane injury was inflicted by flavonoids; with greater damage observed with combination of
flavonoids.
The present data suggests that antibiotics activity was
increased in combination with flavonoids. The flavonoids
used such as morin, rutin, and quercetin may also target
the cell wall of MRSA as evidenced from potassium
leakage data. Thus, combination of flavonoids with
antibiotics can be considered for therapeutic application
in case of microbes expressing resistance after safety
evaluations.
The present research was limited to in-vitro studies
only because of non-availability of animal models
facilities, which remained the major limitation of these
studies. Since the findings are promising, therefore, they
can be extended to in-vivo stage.

in conjunction to test flavonoids while activity of antibiotics affecting nucleic acid got blunted. Measurement of
potassium loss suggested cytoplasmic membrane damage
in conjunction with cell wall damage can be assumed to
be the mechanism of action of these flavonoids antibiotic
combinations. The sum of the substance of results was
that the activity of both flavonoids and antibiotics found
to increase when they were combined with each other.

Conclusions
From the antibiotic sensitivity assays it is evident that
morin and rutin in combination were effective against
MRSA ATCC 43300 and its clinical isolates, while quercetin alone found active against test bacteria. The activity
of flavonoids was further enhanced against ATCC 43300
and clinical isolates, when rutin, morin and quercetin
were used in combination. Test bacteria responded to
ampicillin, amoxicillin, cephradine, methicillin and ceftriaxone when these antibiotics were mixed with flavonoids.
Similarly, imipenem activity was further increased against
test MRSA strains when combined with flavonoids.
Through MIC assays it was observed that both the flavonoids and antibiotics supplemented each other effects.
FICI results indicated an additive relationship between the
flavonoids and the antibiotics. While a synergistic effect
was also observed in M + R + Q-antibiotics combinations.
The cell wall synthesis inhibitors showed positive activity
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