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Chemotherapeutic Impact Of Natural Antioxidant
Flavonoids (Gallic Acid, Rutin, Quercetin And
Mannitol) On Pathogenic Microbes And Their
Synergistic Effect
Ganesh Ghosh, Danish Khan
Abstract: Several studies suggest that natural flavonoids with antioxidants and can influence the response to chemotherapy as well as the development
of adverse side effects that results from treatment with antineoplastic agents and It‘s prevalence over Multi drug resistant bacterial strain revived interest
on Flavonoids. Synergistic effect is defined as passive interaction arises when two agents combine and together, they exert an inhibitory effect that is
greater than the sum of individual effect The new Synergistic therapy so that antioxidant are more effective in combination on multi drug resistant
bacterial strain. Interaction between natural antioxidants and topoisomerase enzyme can be seen through Quercetin as a potent antimicrobial
compound alone and in combination with other natural antioxidant like rutin. MIC/MBC result show antibacterial activity of the flavonoids were enhanced
when used in combination against Staphylococcus aureus, Bacillus cereus, Bacillus subtilis, Klebsiella pneumonae, Escherichia coli as the test bacteria.
The combination of rutin and quercetin, rutin and gallic acid, mannitol and gallic acid were much more effective than either flavonoid alone. Furthermore,
It‘s gave a good relation between these antioxidant compound and antimicrobial activity. Flavonoids as a chemotherapeutic agent and its Synergistic
effect can be solution for various microbial disease conditions.
Key Words: Antioxidant, Antimicrobial activity, Chemotherapy, Flavonoids, MIC/MBC, Synergistic effect and Topoisomerase enzyme.
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1 INTRODUCTION
DIFFERENT types of infectious disease occur in plant as well
as human body caused by pathogenic microbes which is
responsible for more significant morbidity and mortality
worldwide than any other single cause. Bacterial infections
can also contribute to chronic diseases and conditions, and
are now being linked with coronary artery disease, diabetes,
and certain types of cancer, multiple sclerosis and chronic lung
disease. As Bacillus cereus is responsible for a minority of
food borne illnesses (2-5%), causing severe nausea, vomiting
and diarrhea.
K. pneumonia can cause the disease
pneumonia that sometimes produces a thick, bloody, mucoid
sputum
(currant
jelly
sputum).
Methicillin-resistant
Staphylococcus aureus strains are responsible for food
poisoning through the production of an enterotoxin.
Pathogenicity of Staphylococcus aureus is also associated
with coagulase positivity, atopic dermatitis, and toxic shock
syndrome and S. aureus food poisoning, mastitis in cows.
Microbes can quickly develop new features that make them
resistant to the drugs that were once able to kill them because
of the prevalence of antibiotic-resistant isolates (Sefton AM,
2002). This nature of microbes making it hard to find a way to
get rid of it. The diversity of secondary metabolites found in
medicinal plants represents a valuable alternative source of
potential new antimicrobial agents (Rios JL et al., 2005). One
of the largest classes of naturally-occurring polyphenolic
compounds are the flavonoids (Geissman TA et al., 1969),
represent the most common and widely distributed group of
plant phenolics (Harborne 1986) and are abundant in foods.

Flavonoids are plant secondary metabolites of low molecular
weight (Fernandez SP, et al., 2006, Heim KE , et al., 2002)
constitute a wide array of biological active compounds most
commonly known for their antioxidant activity collectively
known as Vitamin P and citrin (Duke JA, 1997), that are
reported to be effective in pathogenesis of majority of
diseases, includes: anti-inflammatory, antibacterial, antiviral,
antiallergic (Cushnie TPT, et al., 2005, Murray MT, 1998,
Cook NC, et al., 1996), cytotoxic antitumour, treatment of
neurodegenerative diseases, vasodilatory action (Williams
RJ, et al., 2004, Murray MT, 1998, Tsuchiya H, 2010,
Chebil L, et al., 2006). There are more than 6500
flavonoids known till today (refer), some of them are mostly
used for antioxidant activity, like Gallic acid, Rutin, Quercitin,
Mannitol (Boumendjel A et al., 2002). Till date majority of
flavonoids are known for their antioxidant activity but very few
research were carried out on the use of these natural
flavonoids as antimicrobial agent. Therefore, we initially carry
out this research to evaluate the in-vitro anti-microbial
activity of Quercetin, Rutin, Mannitol and Gallic acid, and to
determine the best synergistic interactions of these natural
antioxidants against

1.1. About flavonoids and their compound
Flavonoids
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(Figure.1) Molecular structure of the flavone backbone (2phenyl-1,4-benzopyrone)
(Figure.2)Isoflavan structure
(Figure.3)Neoflavonoids structure
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Flavonoids (or bioflavonoids) (from the Latin word flavus
meaning yellow, their colour in nature), are a class of plant
secondary metabolites, most commonly known for their
antioxidant activity in vitro. At high experimental concentrations
that would not exist in vivo, the antioxidant abilities of
flavonoids in vitro may be stronger than those of vitamin C and
E, depending on concentrations tested (BaychiManashi,
1999). Consumers and food manufacturers have become
interested in flavonoids for their possible medicinal properties,
especially their putative role in inhibiting cancer or
cardiovascular disease. Flavonoids were found to be
strong topoisomerase inhibitors and induce DNA mutations in
the MLL gene, which are common findings in neonatal acute
leukemia.
(Figure.5) Tetracycline

1.2. Antimicrobial
An antimicrobial is a substance that kills or inhibits the growth
of microorganismssuch as bacteria, fungi, or protozoans.
Antimicrobial drugs either kill microbes (microbiocidal) or
prevent the growth of microbes (microbiostatic). In today's
common usage, the term antibiotic is used to refer to
almost any drug that attempts to rid your body of a bacterial
infection. Antimicrobials include not just antibiotics, but
synthetically formed compounds as well.
(Figure.6) Streptomycin

1.3. Main Classes
There are mainly two classes of antimicrobial drugs:
1. Those obtained from natural sources: Beta-lactam
antibiotic (such as penicillin‘s, cephalosporin‘s), Protein
synthesis inhibitors , such as aminoglycosides,
macrolides, tetracyclines, chloramphenicol, polypeptides
2. Synthetic
agents:
Sulphonamides, cotrimoxazole,
quinolones, Anti-virals, Anti-fungals, Anti- cancer drugs,
Anti-malarial, Anti-tuberculosis drugs, Anti-leprotics, Antiprotozoans.

(Figure.7) Ofloxacin

Kinds of Antimicrobial Agents and their Primary Modes of
action (Table.1)
1. Cell wall synthesis inhibitors
2. Natural penicillins such as Penicillin G or Penicillin V
3. Semisynthetic penicillins
4. Cephalosporin
5. Bacitracin

(Figure.4) Penicillin Core Structure, where "R" is the
Variable group
2. Cell membrane inhibitors
1. Polymyxin
(Figure.8) Inhibition of Protein Synthesis by Antibiotics
3. Protein synthesis inhibitors
1. Tetracycline (Figure.5)
2. Chloramphenicol
3. Macrolides (e.g.-erythromycin)
4. Aminoglycosides (e.g.-streptomycin) (Figure.6)

4. Effect on Nucleic Acids
1. Nalidixic
2. Rifamycins
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Drug interactions
Quercetin is contraindicated with some antibiotics; it may
interact with fluoroquinolones (an antibiotic), as quercetin
competitively binds to bacterial DNA gyrase. Whether this
inhibits or enhances the effect of fluoroquinolones is not
certain.

2. REVIEW OF LITERATURE
2.1. Natural antioxidants (flavonoid) compounds
2.1.1. Gallic acid

2.1.4. Mannitol

(Figure: 9)
Gallic acid is a trihydroxybenzoic acid, a type of phenolic acid,
a type of organic acid, also known as 3,4,5-trihydroxybenzoic
acid, found in gallnuts, sumac, witch hazel, tea leaves, oak
bark, andother plants (LD Reynolds, 1991). The chemical
formula is C6H2(OH)3COOH. Gallic acid seems to have antifungal and anti-viral properties. Gallic acid acts as an
antioxidant and helps to protect human cells against oxidative
damage. Gallic acid was found to show cytotoxicity against
cancer cells, without harming healthy cells. Gallic acid is used
as a remote astringent in cases of internal haemorrhage.
Gallic acid is also used to treat albuminuria and diabetes.
Some ointments to treat psoriasis and external haemorrhoids
contain gallic acid.
2.1.2. Rutin

(Figure: 10)
Rutin, also called rutoside, quercetin-3-O-rutinoside and
sophorin, is the glycoside between the flavonol quercetin and
the disaccharide rutinose (α-L-Rhamnopyranosyl-(1→6))-β-Dglucopyranose). In fava d'anta, the synthesis is done via a
rutin synthase activity.
2.1.3. Quercetin

(Figure: 11)
Quercetin /ˈkwɜrsɨtɨn/, a flavonol, is a plant-derived flavonoid
found in fruits, vegetables, leaves and grains. It also may be
used as an ingredient in supplements, beverages or foods.
Quercetin may have positive effects in combating or helping to
prevent cancer, prostatitis, heart disease, cataracts,
allergies/inflammations, and respiratory diseases such as
bronchitis and asthma.

(Figure: 12)
Mannitol is a white, crystalline organic compound with the
formula (C6H8(OH)6). This polyol is used as an osmotic diuretic
agent and a weak renal vasodilator. It was originally isolated
from the secretions of the flowering ash, called manna after
their resemblance to the Biblical food, and is also referred to
as mannite and manna sugar in plants, it is used to induce
osmotic stress with a molecular weight of 182.17 g/mol and a
density of 1.52 g/mL. Mannitol is contraindicated in patients
with anuria and congestive heart failure.
Emiko Iwaoka & Shunji Aoki (2011) has done Inhibition of
virulence potential of Vibrio cholerae in treatment of patients
suffering from severe cholera. Only a few studies have
evaluated the potential of natural compounds against V.
cholerae. Extracts from plants like ‗neem‘, ‗guazuma‘, ‗daio‘,
apple, hop, green tea and elephant garlic have been shown to
inhibit bacterial growth or the secreted cholera toxin (CT).
However, inhibiting bacterial growth like common antimicrobial
agents may also impose selective pressure facilitating
development of resistant strains. A natural compound that can
inhibit virulence in V. cholerae is an alternative choice for
remedy. Regular intake of commonly available and
inexpensive spices (especially, red chili, sweet fennel and
white pepper) can be a possible approach to reduce the
disease vulnerability from V. cholera. Natural products have
been regarded as important sources that could produce
potential chemotherapeutic agents. In the search for new
bioactive entities, investigations were expanded to marine
habitats. Mankind has known for the last several thousand
years that marine organisms contain substances capable of
potent biological activity. However, the first serious
investigation of marine organisms started only half a century
ago. Since then, almost all forms of life in the marine
environment (e.g., bacteria, algae, fungi, etc.) have been
investigated for their natural product content. In the last
several decades, plants, animals and microbes from the
marine environment have revealed a portion of what is clearly
a tremendous source of structurally diverse and bioactive
secondary metabolites. Recent years have seen the
introduction into clinical trials of new classes of
chemotherapeutic agents, which are derived from marine
sources and have novel mechanisms of action. Available
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treatments for many infectious diseases caused by bacteria,
fungi and viruses are limited. Research on new antimicrobial
substances must therefore be continued and all possible
strategies should be explored. In this review, we will present
the structures and antimicrobial activity of natural compounds
isolated from marine sources from 2007 to the present, and
Ram Kumar Pundir (2010) has done Comparative Studies on
the Antimicrobial Activity of Black Pepper (Piper Nigrum) And
Turmeric (Curcuma Longa) Extracts. Many plant derived
products such as spices, fruit preparations, vegetable
preparations or extracts have been used for centuries for the
preservation and extension of the shelf life of foods
(Chattopadhyay and Bhattacharyya, 2007). Spices have been
defined as plant substances from indigenous or exotic origin,
aromatic or with strong taste, used to enhance the taste of
foods. Spices include leaves (coriander, mint), flower (clove),
bulbs (garlic, onion), fruits (red chilli, black pepper), stem
(cinnamon), rhizomes (ginger, turmeric) and other plant parts
.Prevention of pathogenic and spoilage microorganisms in
food is usually achieved by using chemical preservatives but
they are responsible for many carcinogenic and teratogenic
attributes as well as residual toxicity and with growing concern
of microbial resistance towards conventional preservatives,
consumers tend to be suspicious of chemical additives and
thus the exploration of naturally occurring antimicrobial for
food preservations receives increasing attention.The objective
of this study was to evaluate the antimicrobial activity of two
plant extracts against food associated bacteria and fungi. It
may be concluded from the present studies that both the
extracts can be used as a potential source of natural
antimicrobial compound which if applied to food products.
Further research is required for the identification of bioactive
molecule present in the two extracts and in-vivo efficacy
against food spoilage microorganisms before it is used for
commercialization in the form of food preservatives, additives
and nutraceutical foods, therefore Kevin K. Schrader (2010),
he has done Plant Natural Compounds with Antibacterial
Activity towards Common Pathogens of Pond-Cultured
Channel Catfish (Ictalurus punctatus) and concluded that
Organisms in the kingdom Plantae provide a vast number of
compounds that have so far been relatively unexplored for
antibacterial activity, especially against E. ictaluri and F.
columnare. In this study, a rapid bioassay was used as the first
step to identify plant compounds with potential for use as
therapeutants against the common disease-producing bacteria
responsible for causing ESC and columnaris in pond-raised
channel catfish. Among the compounds evaluated,
chelerythrine chloride and ellagic acid were the most toxic
toward E. ictaluri. Chelerythrine chloride, ellagic acid, βglycyrrhetinic acid, sorgoleone, and wogonin were the most
toxic compounds toward the isolates F. columnare ALM-00173 and F. columnare BioMed. Prior to conducting any efficacy
studies, the water-solubility characteristics of these active
compounds and the potential toxicity towards non-target
organisms will need to be considered, and also Shivanna
Yogisha (2009) has done In-vitro antibacterial effect of
selected medicinal plant extracts. India represented by rich
culture, traditions and natural biodiversity, offers a unique
opportunity for drug discovery researchers (Jachak, 2007).
The acceptance of traditional medicine as an alternative form
of health care and the development of microbial resistance to
the available antibiotics has led to investigate the antimicrobial
activity of medicinal plants. The increasing failure of
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chemotherapeutics and antibiotic resistance exhibited by
pathogenic microbial infectious agents has lead to the
screening of several medicinal plants for their potential
antimicrobial activity (Elizabeth, 2005).Contrary to the
synthetic drugs, antimicrobials of plant origin are not
associated with side effects and have an enormous
therapeutic potential to heal many infectious diseases. For
example, vincristine (antitumor drug), digitalis (a heart
regulator) and ephedrine (a bronchodilator used to decrease
respiratory congestion) were all originally discovered through
research on plants. The potential for developing antimicrobials
from higher plants appears rewarding as it will lead to the
development of a phytomedicine to act against microbes (Iwu,
1999). Alam Sher (2009) has done Antimicrobial Activity of
Natural Products from Medicinal Plants and concluded that
Development of resistance to chemotherapeutic agents shown
by the microorganisms appears to be a continuous process
since the time antibiotics were discovered. So every antibiotic
has certain life span regarding its efficacy. Scientists have
realized an immense potential in natural products from
medicinal plants to serve as alternate source of combating
infections in human beings which may also be of lower cost
and lesser toxicity. Further work on isolation and
characterization of active principles from medicinal plants and
their pharmacodynamic study using latest techniques would
be highly beneficial to human beings, Małgorzata
Materska(2008) has done Quercetin and Its Derivatives:
Chemical Structure and bioactivity, Quercetin is one of the
major dietary flavonoids belonging to a group of flavonols. It
occurs mainly as glycosides, but other derivatives of quercetin
have been identified as well. Attached substituents change the
biochemical activity and bioavailability of molecules when
compared to the aglycone. This paper reviews some of recent
advances in quercetin derivatives according to physical,
chemical and biological properties as well as their content in
some plant derived food. The naturally occurring bioactive
compounds that may act in synergy with drugs in
pharmacological applications can be adapted in ―combination
therapy‖, thus enabling the use drugs at lower concentration
but with an increased efficiency [Russo, 2007]. This strategy
can play a major role in the future of cancer prevention [Reddy
et al., 2003]. This aspect of research is presently at the
developmental phase, but the search for new substances
occurring naturally in plants to be used as food preservatives
or as a new therapeutic agent shifts the scientists‘ focus to,
among others, phenolic compounds [Singh, 2002]. Quercetin,
a flavonol occurring in fruit and vegetables is a food
component with proven beneficial impact on health [Kaur &
Kapoor, 2001]. Its biochemical activity is well documented. It is
one of the most potent antioxidants among polyphenols [Prior,
2003; Rice-Evans et al., 1997]. Quercetin has also been
demonstrated to display the antiviral, antibacterial,
anticarcinogenic and anti-inflammatory effects [Di Carlo et al.,
1999; Harborne & Williams, 2000]. The anticarcinogenic
properties of quercetin result from its significant impact on an
increase in the apoptosis of mutated cells, inhibition of DNA
synthesis, inhibition of cancerous cell growth, decrease and
modification of cellular signal transduction pathways [Erkoc et
al., 2003]. In food, quercetin occurs mainly in a bounded form,
with sugars, phenolic acids, alcohols etc. After ingestion,
derivatives of quercetin are hydrolyzed mostly in the
gastrointestinal tract and then absorbed and metabolised
[Scalbert & Williamson, 2000;Wiczkowski & Piskuła, 2004].
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Therefore, the content and form of all quercetin derivatives in
food is significant for their bioavailability as aglycone. It is
common knowledge that flavonoid antioxidants are related to
various beneficial effects exerted on human health. Yet, as for
many flavonoids, metabolism of quercetin derivatives in the
enterocyte is the rate-limiting step of their bioactivity. The invivo investigations of the beneficial and/or toxic action of
flavonoids tend toward a theory that products of fla 412 M.
Materska vonoid metabolism may modulate lipid and protein
kinases, acting as signaling molecules rather than as
antioxidants [Williams et al., 2004]. On the other hand, while
considering quercetin derivatives as food protectors, the
antioxidant and antimicrobial activity of unchanged
compounds must be confirmed, even Okoh A. I. (2008) .
M. J. Abad (2011)-M. J. Abad (2011) has done Marine
Compounds and their Antimicrobial Activities. Natural products
have been regarded as important sources that could produce
potential chemotherapeutic agents. In the search for new
bioactive entities, investigations were expanded to marine
habitats. Mankind has known for the last several thousand
years that marine organisms contain substances capable of
potent biological activity. However, the first serious
investigation of marine organisms started only half a century
ago. Since then, almost all forms of life in the marine
environment (e.g., bacteria, algae, fungi, etc…) have been
investigated for their natural product content. In the last
several decades, plants, animals and microbes from the
marine environment have revealed a portion of what is clearly
a tremendous source of structurally diverse and bioactive
secondary metabolites. Recent years have seen the
introduction into clinical trials of new classes of
chemotherapeutic agents, which are derived from marine
sources and have novel mechanisms of action. Available
treatments for many infectious diseases caused by bacteria,
fungi and viruses are limited. In this review, we will present
the structures and antimicrobial

3. MATERIAL AND METHODS
3.1. Chemicals:
S. No.

Chemical name

1

Peptone

2

Beef extract

3

NaCl

4

Rutin

5

Quercetin

6

Gallic acid

7

Mannitol

8

penicillin

9

Streptomycin

10

Tetracycline

11

Ofloxacin

12

Metronidazole

13

Ethanol
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3.2. Microorganism strains:
Microorganism strains which were used in this experiment are:
Klebsiella pneumonia (, E. aerogens, B. substilus, S.
epidermidies, E. coli, S. aureus . Twelve to 18-hours old
cultures of Staphylococcus aureus, Escherichia coli, E.
aerogens, Klebsiella pneumoniae, S. epidermidies and
Bacillus subtilis were used as the test bacteria (all grown in
Nutrient Broth).
Media preparation and sterilization
Nutrient Broth and agar(pH)
Peptone
- 5.0 g
Beef extract
- 3.0 g
NaCl
- 5.0 g
Distilled water
- 100.0ml
*for nutrient agar add 20.0g agar.
All the glass wares and culture media were sterilized in an
autoclave at 15 lb inch² pressure and at 121°C temperature
for 15 min. Before autoclaving , the desired quantities of
media have been poured in to suitable sized glass wares
properly plugged with cotton.

3.3. Paper disk method for zone of inhibition:
Firstly, the test bacteria were cultured overnight in nutrient
broth. After that, the nutrient agar media was prepared and
poured in to the Petri plates. After the solidification of plates,
the sterile cotton swab was dipped into the culture to be
tested. With the swab, covered the entire surface of each of
the nutrient agar plates were covered such that a confluent
lawn of growth would result if nothing more were to be done
on the plates. Plates were dried at room temperature for
several minutes. Each sample alone or in combinations were
dissolved in DMSO (20 mg/ml), an aliquot (5µl) of the each
solution in an individual disk and an aliquot (2.5µl) of each
solution in an individual disk in combination, was dropped
on to a paper disk and the paper disk was air-dried . After
that, the air-dried paper disks were placed on the nutrient
agar plate and incubated them. After incubating for 24 hours
at 37 ºC, the agar plate was examined for a clear zone
surrounding the disk, the zone being measured with a
transparent ruler, and the diameter was recorded in mm
(millimeter).
3.4. The standard antiviotic disk sensitivity test:
This method was done as follows i.e.: Firstly, the test bacteria
were cultured overnight in nutrient broth. The steriled cotton
swab was dipped into the culture to be tested. With the swab,
covered the entire surface of each of the nutrient agar plates
were covered such that a confluent lawn of growth would
result if nothing more were to be done on the plates. Plates
were dried at room temperature for several minutes. Standard
antibiotic disk were placed on each Agar plate. After
incubation for 24 hours at 37 ºC, the agar plates were
examined for a clear zone surrounding the disk, the zone
being measured with a transparent ruler, and the diameter was
recorded in mm (millimeter).
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3.5. Determination of the minimum inhibitory
concentration (MIC) and minimum bactericidal
concentration (MBC):
The antibacterial activity of flavonoids compound and plant
extracts was studied by employing a micro dilution method,
using nutrient broth culture media. The inoculums (bacterial
strains) were prepared as described previously. Flavonoid
compounds and plant extracts were dissolved in DMSO and
different concentrations were prepared ranging from 20µg/20µl
to 200µg/µl. After that,200 μL of nutrient broth and 20µl of
each dilution were distributed in 96-well plates, as well as
aSterility control (only broth) and a growth control (containing
culture plus broth, without antimicrobial substance). Each test
and growth control well was inoculated with 5 μL of a bacterial
8
5
suspension (10 CFU/mL or 10 CFU/well). All experiments
were performed in triplicate and the microdilution trays were
incubated at 37ºC for 18 h.
3.6. Docking analysis
AutoDock4.2 and a Lamarckian Genetic Algorithm (LGA)
(Goodsell DS et al., 1996) were used for receptor-fixed
ligand- flexible docking calculations to dock the metronidazole,
quercetin, rutin and gallic acid into the catalytic portion of
Gyrase B subunit of DNA Gyrase, software that uses an
empirical scoring function based on the free energy of
binding(Huey et al., 2007). The PDB structure of the Gyrase B
in complex with inhibitor on its ATPase catalytic sites was
retrieved from the Protein Data Bank (PDB ID: 3G7B)
(Brookhaven Protein Data Bank, (http://www.rcsb.org). The
pdb file was energy minimized and water molecules as
well
as other heteroatoms
were excluded from the
workspace and standard preparation of the molecules was
done using CharMm force field (Brooks et al., 1983). The
separate ligand files of standard drug (metronidazole) and
quercetin, rutin and gallic acid were obtained as sdf files
from Pubchem database (Wang et al.,2009). The ligands
were further energy minimized. Subsequently, the actual
docking procedure was set up by docking back the inhibitor. A
grid-box was generated that was large enough to cover the
entire receptor binding site and accommodate ligand to move
freely. The number of grid points in x, y, and z-axes were
60×60×60 Å. The distance between two connecting grid
points was 0.375Å. Fifty search attempts (GA-run parameter)
were performed for ligand, a root-mean-square (rms) tolerance
of 0.8 Å, and a maximum of 2,500,000 energy evaluations and
the maximum number of generations of the LGA run before
termination was 27000. Other parameters were set to default
values. After complete execution of Auto Dock ten
conformations of ligand in complex with the receptor were
obtained, which were finally ranked on the basis of binding
energy and inhibition constant (Ki). The resulting
conformations were visualized in the Discovery Studio
Visualizer.
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4. RESULTS AND DISCUSSION
4.1. In-vitro antimicrobial assay:
Zone of inhibition of topoisomerase inhibitor (metronidazole)
on different Bacterial strains (fig 16) as follows: E.coli:14mm,
K.pneumoniae:14mm, E.aerogenes:22mm, B.subtilis:19mm,
S.aureus:18mm, S.epidermidis:19mm.
4.2.
MIC/MBC
of
topoisomerase
inhibitor
(metronidazole) on different Bacterial strains:
Minimum inhibitory concentration (MIC) is the lowest
concentration that will inhibit the visible growth of a
microorganism after overnight incubation with antimicrobial
agents. Minimum inhibitory concentrations are important in
diagnostic
laboratories
to
confirm
resistance
of
microorganisms to an antimicrobial agent and also to monitor
the activity of new antimicrobial agents (Andrews, J. M., 2001).
A lower MIC is an indication of a better antimicrobial agent. A
MIC is generally regarded as the most basic laboratory
measurement of the activity of an antimicrobial agent against
an organism (Turnidge JD, 2003).The MBC is the lowest
concentration of the antibiotic that kills 99.9% of the original
inoculums in a given time. The antibacterial activity was also
analyzed by the 96-well plate method using S. aureus, S.
epidermidis, E. aerogens, B. subtilis, K. pneumonae and E.
coli as the test bacteria. The results of MBC and MIC were
expressed in micrograms per microliters. In fig 17 and 18,
various concentration of metronidazole i.e. 200µg,180µg,
160µg, 140µg, 120µg, 100µg, 80µg, 60µg, 40µg, 20µg /ml
were used. Positive control means culture without antioxidant
compound and negative control means only broth.
Tetracycline, streptomycin, penicillin and ofloxacin each
showed the antibacterial activity at 10µg/disk, 300µg/disk,
10µg/disk and 10µg/disk respectively (in fig 12 and 13).
Here ofloxacin,which have potential to inhibit the
topoisomerase enzyme, have exhibited larger zone of
inhibition than the other antibiotics. The results illustrated that
other antibiotics like penicillin, streptomycin, tetracycline
mainly works at different target sites and resulted in less
formation of bacterial zone of inhibition, which in turn
indicates that the use of antibiotics having topoisomerase
inhibitory activity could be a better option in the treatment of
various infectious diseases. In this study we mainly focus on
standard drug that have topoisomerase inhibitory activity,
produced a remarkably large zone surrounding the disk
on every microbe than other extracts; mimic the property of
topoisomerase inhibitor (metronidazole) (fig 9 ). The diameter
of the inhibition zone is expressed as the mean ± SD from
three independent experiments.

3.7. Statistical Analysis
For all antioxidant assays, samples were analyzed in
triplicate and the results were expressed as mean ± S.D.
analyzed by the one way ANOVA.
Fig. 13. Graph shows zone of inhibition of bacterial
strains by topoisomerase inhibitor (metronidazole). (B)
Effect of metronidazole (topoisomerase inhibitor) on E.coli
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Fig.14. Zone of inhibition of bacterial strains by standard
antibiotics.
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Fig.17. Zone of inhibition of bacterial strains by standard
antibiotic disks.
The diameter of the inhibition zone is expressed as the
mean ± SD from three independent experiments

Fig 15: MIC/MBC of metronidazole (topoisomerase
inhibitor) at different concentration on different Bacterial
strains.

Graph 1: Zone of inhibition (mm) by different flavonoid
compounds (Synergistic effect of Quercetin, Rutin, Mannitol
and Gallic acid alone and in various combinations) of
their antibacterial activities analyzed by the paper disk method:
Table 1: Zone of inhibition (mm) by different flavonoid
compounds (Synergistic effect of Quercetin, Rutin, Mannitol
and Gallic acid alone and in various combinations) of their
antibacterial activities analyzed by the paper disk method

Name of
bacteria

Fig. 16.Zone of inhibition of bacterial strains by standard
antibiotics.

Compounds and their concentration (200µg/2.5µl)

Gallic
acid

Rutin

Quer
cetin

+Quer
cetin
Staphylo
coccus
aureus
Bacillus
subtilis
Bacillus
cereus
Klebsiell
apneum
onae
Klebsiell
apneum
onae

7±0.2
8.5±
0.2
8.5±0
.3

9.5±0.
2

7±0.2

Mann
itol
+Galli
c acid

Rutin

Rutin

+Galli
c acid

7.5±0
.2

7.5±0
.2

6±0.2

9±0.2

9.5±0
.2

6±0.2

9±0.3

9±0.3

6±0.3

7.5±0.
3

6.5±0
.2
6.5±0
.3

8±0.2

7±0.2

6±0.2

8±0.2

8.5±0
.2

6±0.2

7.5±0
.3

6±0.3

6±0.3

8±0.3

8.5±0
.3

6±0.3

8±0.2
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4.3. Synergistic effect of Quercetin, Rutin, Mannitol
and Gallic acid alone and in various combination on
their antibacterial activities:
The antibacterial activity of selected flavonoids and their
synergistic effect was analyzed by the paper disk method
using Staphylococcus aureus, Bacillus cereus, Bacillus
subtilis, Klebsiellapneumonae, Escherichia coli as the test
bacteria. Table 1: and graph 1: showed the diameter of the
zone surrounding the disk treated with each flavonoid alone
and in combination when Staphylococcus aureus, Bacillus
cereus, Bacillus subtilis, Klebsiellapneumonae, Escherichia
coli was used. Gallic acid and quercetin each showed the
antibacterial activity at 200µg/disk, but rutin was inactive at
200µg/disk. The mixture (200µg/disk each) of gallic acid and
rutin produced a remarkably large zone surrounding the disk.
An increase in the inhibition of bacterial growth was also
observed when mannitol and gallic acid, rutin and quercetin
were combined.
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The figure 19: showed that Rutin in combination with
Quercetin and Gallic acid showed maximum inhivitory zone
formation against Bacillus subtilis. The diameter of the
inhibition zone is expressed as the mean ± SD

(a)
(b)
Figure 20(a): Chemotherapeutic effect of Rutin,
Figure 20(b): Chemotherapeutic effect of Gallic acid,
Quercetin alone and Mannitol+Gallic acid, Rutin+Gallic acid
and Rutin+Quercetin in combination, against Bacillus cereus.
In order to explore the best synergistic effect of different
flavonoid against Bacillus cereus, the bacterium was incubated
for 24 h with different f l a vo n o i d alone and in combinations.
Each disk was 6 mm in diameter. Rutin alone did not exhibit
any antibacterial activity at a concentration of 200µg/disk. The
diameter of the inhibition zone is expressed as the mean ±
SD from three triplicate experiments

(a)

(b)

Figure 18(a): Activities of Rutin,
Figure 18(b): Activities of Gallic acid, Quercetin alone and
Mannitol+Gallic acid, Rutin+Gallic acid and Rutin+Quercetin in
combination, against Staphylococcus aureus.
The bacterium was incubated fo24h with each flavonoid and in
combination. Each disk was 6mm in diameter. Rutin alone did
not exhibit any antibacterial activity at a concentration of
200µg/disk. The diameter of the inhibition zone is expressed as
the mean ± SD from three triplicate experiments

(a)

(b)
Figure 19(a): Effect of Rutin,
Figure 19(b): Effect of Gallic acid, Quercetin alone and
Mannitol+Gallic acid, Rutin+Gallic acid and Rutin+Quercetin
in combination, against Bacillus subtilis.

(a)

(b)
Figure 21(a): Impact of Rutin,
Figure 21(b): Impact of Gallic acid, Quercetin alone and
Mannitol+Gallic acid, Rutin+Gallic acid and Rutin+Quercetin in
combination, against Klebsiella pneumonae.

(a)
(b)
Figure 22(a): Activities of Rutin,
Figure 22(b): Activities of acid, Quercetin alone and
Mannitol+Gallic acid, Rutin+Gallic acid and Rutin+Quercetin in
combination, against Escherichia coli.
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4.4. Effects of standard antibiotic disks on their
antibacterial activities:
The antibacterial activity was analyzed by the standard
antibiotic disk method using Staphylococcus aureus,
Bacillus cereus, Klebsiella pneumonae, Escherichia coli as the
test bacteria. Table 2: and graph 2, showed the diameter of the
zone surrounding the disk treated with each antibiotics alone
when Staphylococcus aureus, Bacillus cereus, Bacillus subtilis,
Klebsiella pneumonae, Escherichia coli as the test bacteria
were used. Tetracyclin, streptomycin and ofloxacin each
showed the antibacterial activity at 10µg/disk, 300µg/disk and
10µg/disk respectively. Streptomycin produced a remarkably
large zone surrounding the disk then after ofloxacin
and
tetracycline when these disks were used against
Staphylococcus
aureus, Bacillus subtilis. Bacillus cereus,
klebsiella pneumonae and Escherichia coli respectively. The
bacterium was incubated for 24 h with each antibiotic disk(6
mm in diameter). The diameter of the inhibition zone is
expressed as the mean ± SD from three independent
experiments.
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(a)
(b)
Figure 23(a,b): Zone of inhibition (mm) by streptomycin,
ofloxacin and tetracycline standard antibiotic disk on
Staphylococcus aureus.

Table 2: and graph 2: Zone of inhibition (mm) by
Steptomycin(300µg/disk), Tetracycline(10µg/disk) and
Ofloxacin(10µg/disk) standard antibiotic disk on
Staphylococcus aureus, Bacillus cereus, Bacillus subtilis,
Klebsiella pneumonae and Escherichia coli as the test
bacteria.
Standard Antibiotics
Name of bacteria

ofloxacin(10µ tetracyclin(10
g/disk)
µg/disk)

streptomycin(30
0µg/disk)

Bacillus cereus

28±1

13.5±2

30±1

Bacillus subtilis

30±1

24±2

30±1

28±1

25±2

33±1

28±1

22±2

33±1

28±1

21±2

35±1

Stayphylococcus
aureus
Klebsiellapneum
onae
Escherichia coli

Graph.2

(a)
(b)
Figure 24(a,b): Zone of inhibition (mm) by streptomycin,
ofloxacin and tetracycline standard antibiotic disk on Bacillus
subtilis.

(a)
(b)
Figure 25(a,b): Zone of inhibition (mm) by streptomycin,
ofloxacin and tetracycline standard antibiotic disk on
Staphylococcus aureus.

(a)
(b)
Figure 26(a,b): Zone of inhibition (mm) by streptomycin,
ofloxacin and tetracycline standard antibiotic disk on Bacillus
subtilis.
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given time. The antibacterial activity was also analyzed by the
96-well plate method using S. aureus, B. cereus, B. subtilis, K.
pneumonae, E. coli as the test bacteria. When all steps are
completed of this experiment then INT, a indicator used for
determination of bacterial growth changed from yellow to
purple. The results of MBC and MIC were expressed in
micrograms per microliters in table 4, table 5 and figure
26(a, b, c, d) respectively

(a)
(b)
Figure 27(a,b): Zone of inhibition (mm) by streptomycin,
tetracycline and ofloxacin standard antibiotic disk on Bacillus
cereus

Table 3: MBC of different flavonoid compounds alone and
their combination on different bacterial strain.
Different concentrations of compounds (µg/20µl)

Name of bacteria

Metha
nol

Gallic
acid

Querc
etin

200

160

120

200

140

100

200

180

200

Escherichia coli

200

160

160

Bacillus cereus

200

180

140

Bacillus subtilis
Stayphylococcusau
reus
Klebsiellapneumon
ae

(a)
(b)
Figure 28(a,b): Zone of inhibition (mm) by streptomycin,
tetracycline and ofloxacin standard antibiotic disk on klebsiella
pneumonae

Rutin+
gallic
acid
140+1
40
140+1
40
200+2
00
140+1
40
120+1
20

Rutin+
querc
etin
160+1
60
120+1
20
140+1
40
80+80
120+1
20

Mannit
ol+gall
ic acid
120+1
20
120+1
20
180+1
80
120+1
20
120+1
20

Table 4: MIC of different flavonoid compounds alone and their
combination on different bacterial strains
Metha Gallic
nol
acid

Rutin
Querce
+gallic
tin
acid

Rutin
Mannitol
+quercet +gallic
in
acid

20

20

20

80+80

60+60

20+20

Stayphyloco
20
ccusaureus

20

20

20+20

20+20

20+20

Klebsiellapn
20
eumonae

120

60

20+20

20+20

20+20

Escherichia
20
coli

20

20

20+20

20+20

20+20

20

20

20+20

20+20

20+20

Name of
bacteria
Bacillus
subtilis

Bacillus
cereus

20

Figure 29(a,b): Zone of inhibition (mm) by streptomycin,
ofloxacine anti and tetracycline standard antibiotic disk on
Escherichia coli.

4.5. Chemotherapeutic effect of flavonoid compounds
alone and in combination on their minimum inhibitory
concentration (MIC) and minimum bactericidal
concentration (MBC) values:
Minimum inhibitory concentration (MIC) is the lowest
concentrationof an antimicrobial that will inhibit the visible
growth of
a microorganism after overnight incubation.
Minimum inhibitory concentrations are important in diagnostic
laboratories to confirm resistance of microorganisms to an
antimicrobial agent and also to monitor the activity of new
antimicrobial agents (Andrews, J. M.,2001). A lower MIC is an
indication of a better antimicrobial agent. A MIC is generally
regarded as the most basic laboratory measurement of the
activity of an antimicrobial agent against an organism
(Turnidge JD, 2003).The MBC is the lowest concentration
of the antibiotic that kills 99.9% of the original inoculums in a

Figure 30 (a, b, c, d): MBC and MIC of different flavonoid
compounds alone and their combination on different bacterial
strains.
Figure 30: a, b, c, d is a 96-well plate. Each plates having 12
columns and 8 rows
In figure 30:a, 96-wells were used to check MIC and MBC of
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different antioxidant flavonoid compounds on Staphylococcus
aureus as test bacteria. In this plate A row having methanol as
antioxidant in different concentration from 1-10 wells. B-F rows
from top to bottom having different flavonoid compounds
alone and their combinations i.e. gallic acid, quercetin,
rutin+gallic acid, rutin+quercetin, mannitol+gallic acid from top
to bottom and various concentration of these flavonoid
compounds i.e. 200µg, 180µg, 160µg, 140µg, 120µg, 100µg,
st th
80µg, 60µg, 40µg, 20µg from 1 -10 wells, left to right and
th
th
11
and 12
wells used as a positive and negative control
respectively in each rows. Positive control means
broth+culture without antioxidant compound and negative
control means only broth.In figure 30:b, 96-wells were used to
check MIC and MBC of different antioxidant flavonoid
compounds on Escherichia coli and Bacillus cereus as test
bacteria. In this plate A-F rows were used for Escherichia coli.
A row having methanol as antioxidant in different
concentration from 1-10 wells. B-F rows from top to bottom
having different flavonoid compounds alone and their
combinations i.e. gallic acid, quercetin, rutin+gallic acid,
rutin+quercetin, mannitol+gallic acid from top to bottom and
various concentration of these flavonoid compounds i.e.
200µg, 180µg, 160µg, 140µg, 120µg, 100µg, 80µg, 60µg,
st th
40µg, 20µg from 1 -10 wells, left to right. From bottom to
top two rows i. e. H, G was used for Bacillus cereus
bacteria in this rows to check antioxidant activity of
th
th
rutin+quercetin and mannitol+gallicacid and 11
and 12
wells used as a positive and negative control respectively in
each rows. Positive control means broth+culture without
antioxidant compound and negative control means only broth.
In figure 30c, 96-wells were used to check MIC and MBC of
different antioxidant flavonoid compounds on Bacillus
subtilisand Bacillus cereus as test bacteria. In this plate AF rows were used for Bacillus subtilis. A row of 1-10 wells
having methanol as antioxidant in different concentration.B-F
rows from top to bottom having different flavonoid compounds
alone and their combinations i.e. gallic acid, quercetin,
rutin+gallic acid, rutin+quercetin, mannitol+gallic acid from top
to bottom and various concentration of these flavonoid
compounds i.e. 200µg, 180µg, 160µg, 140µg, 120µg, 100µg,
st th
80µg, 60µg, 40µg, 20µg from 1 -10
wells, left to right.
From bottom to top two rows i. e. H, G was used for
Bacillus cereus bacteria in this rows to check antioxidant
th
th wells
activity of quercetin, rutin+gallicacid and 11 and 12
used as a positive and negative control respectively in each
rows. Positive control means broth+culture without antioxidant
compound and negative control means only broth. In figure
30:d, 96-wells were used to check MIC and MBC of different
antioxidant flavonoid compounds on klebsiella pneumona eand
Bacillus cereus as test bacteria. In this plate A-F rows were
used for klebsiella pneumonae. A row of 1-10 wells having
methanol as antioxidant in different concentration . B-F rows
from top to bottom having different flavonoid compounds
alone and their combinations i.e. gallic acid, quercetin,
rutin+gallic acid, rutin+quercetin, mannitol+gallic acid from top
to bottom and various concentration of these flavonoid
compounds i.e. 200µg, 180µg,160µg,140µg,120µg, 100µg,
st th
80µg, 60µg, 40µg, 20µg from 1 -10 wells, left to right. From
bottom to top two rows i. e. H, G was used for Bacillus cereus
bacteria in this rows to check antioxidant activity of methanol,
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th
th
gallicacid and 11 and 12
wells used as a positive and
negative control respectively in each rows. Positive control
means broth+culture without antioxidant compound and
negative control means only broth.

Fig.31. Zone of inhibition of bacterial strains by different
natural antioxidants.

Fig.32. Zone of inhibition of bacterial strains by different
natural antioxidants combination.

Fig 33. Synergistic effect enhances the activity of natural
compounds for microbes.

4.6. Docking analysis
Molecular docking is considered to be an important vehicle to
investigate the mode of interaction of ligand within the active site
of its target protein that also makes us to understand their binding
mechanism. Docking studies support the prediction of
conformation and binding affinity of the metronidazole,
quercetin, rutin and gallic acid into the catalytic portion of
Gyrase B subunit of DNA Gyrase, disclosed new insights
regarding both the interaction strength and the binding
geometry of the complex. Our results showed that one of the
natural compounds, quercetin depicted lowest binding energy
(-6.43 kcal/mol) with a high affinity for the catalytic binding site
(Ki: 19.21 uM) followed by rutin (ΔG: -5.82 kcal/mol, Ki: 53.79
µM) and gallic acid (ΔG: -4.15 kcal/mol, Ki: 901.52 µM), which
indicates quercetin as most potent inhibitor of topoisomersae.
In contrast metronidazole have significantly low binding
energy (ΔG: -3.71 kcal/mol, Ki: 1.92 mM) [fig. 30 (A, B, C,
D) and Table 1]. This uncertain result of metronidazole,
revealed via docking analysis, and different than our wet lab
results was may be due to the binding of metronidazole on
other catalytic site of DNA gyraseA subunit
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Table 5: Molecular interaction studies of natural antioxidants
and standard with catalytic sit of DNA Gyrase B
Compoun
d name
Quercetin
Rutin
Gallic Acid
Metronidaz
ole

Pubchem
ID

Molecular
Formula
weight

Δ
(binding

G
Ki

energy)

CID
5280343
CID
5280805
CID 370

302.236

C15H10O7 -6.43 kcal/mol

19.21 uM

610.518

-5.82 kcal/mol

53.79 uM

170

C27H30O1
6
C7H6O5

-4.15 kcal/mol

901.52 uM

CID 4173

171.154

C6H9N3O3 -3.71 kcal/mol

1.92 mM
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combinations give best activity on bacterial strains at
different concentration i. e. on Klebsiellapneumonaethe
activity of Rutin+Quercetin showed best activity as comparison
to other flavonoids alone and their combinations, MIC at
20µg/20µl and MBC at 40µg/20µl concentration. On Bacillus
subtilisthe activity of Quercetin alone and Mannitol+Gallic acid
in combination showed best activity as comparison to other
flavonoids alone and their combinations, MIC at 20µg/20µl,
MBC at 120µg/20µl concentration for Quercetin and
Mannitol+Gallic respectively. Our results showed that the
antibacterial activity of the flavonoids were enhanced when
used in combination against Stayphylococcusaureus, Bacillus
cereus, Bacillus subtilis, Klebsiellapneumonae, Escherichia
coli as the test bacteria. The combination of rutin and
quercetin, rutin and gallic acid, mannitol and gallic acid
were much more effective than either flavonoid alone.
Individually the gallic acid showed better activity and
quercetine individually doesn‘t showed good activity when
compared to gallic acid, but quercetine in combination with
rutin shows more activity than any other compound, means
the synergistic effect of rutin and quercetine have much better
activity than other flavonoid compounds alone and their
combination. Furthermore, the results of the present study
established a good correlation between these antioxidant
compound and antimicrobial activity. In addition, to get these
flavonoids in pure form from natural plants LC-MS can be more
prevalent technique. Further studies needed to explore the
possible mechanism of action of these antioxidant compound
and antimicrobial agent in various microbial disease
conditions.
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