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Abstract

Resistance to antimicrobial agents has become an increasingly important and pressing global problem.
Hence, new classes of antimicrobial drugs are urgently required and, in this regard, flavonoids represent a
novel set of leads.

This study was done to evaluate antimicrobial activity of synthetic quercetin analogue alone and in
combination with standard drug gentamicin on gram positive and gram-negative bacteria.

Quercetin analogue was synthesized fresh in the laboratory and was used to check antimicrobial activity
by agar well diffusion method in gram negative and gram-positive bacteria.

The mean of zone of inhibition given by Quercetin analogue was 3.5cm against E. coli and 3.2cm against
S. aureus. The mean of zone of inhibition shown by gentamicin is 2.5cm and 2.6¢cm for E. coli and S.
aureus respectively. Gentamicin and quercetin analogue together showed more zone of inhibition (2.9 in
both bacterial strain) as compared to the control gentamicin.

As per the statistical analysis, quercetin showed significant inhibition in gram negative (E. coli) bacterial
growth (p<0.001). Gentamicin showed significant inhibition in gram positive bacterial growth (p<0.035).
The combination of the two showed significant bacterial growth inhibition in both bacterial strains
(p<0.608).

Synthetic flavonoid (quercetin) has a potent antimicrobial activity.
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Introduction
The ability to identify novel compounds with the potential to treat the disease in a safe and
effective manner is critical to drug discovery success . Natural substances play an important
role in medicine research and as lead structures for synthetic molecule creation. Natural
products will continue to play an important role as active ingredients and model molecules in
the future 21,
Fruits and vegetables contain quercetin, a polyphenolic bioflavonoid which belongs to the
flavonol group . It has the potential to be a potent bioactive component of the human diet,
acting as a free radical scavenger and interacting with a variety of endogenous proteins (e.g. as
an inhibitor of enzyme activity) . The antioxidant capabilities, anti-inflammatory activity,
antiproliferative, and antiplatelet actions of quercetin can all be ascribed to its anti-atherogenic
activity. Antioxidant, anti-artherogenic, anti-inflammatory, anti-carcinogenic, neuroprotective,
antibacterial, and antiviral effects have been discovered in it 1. Quercetin also has GRAS
(Generally Recognized As Safe) status.
It has been suggested that because flavonoids are widely distributed in edible plants and
beverages and have previously been used in traditional medicine, they are likely to have
minimal toxicity 1. However, this family of compounds has a diverse range of activities in
mammalian cells and in vivo confirmation of their side effects would be necessary for a full
evaluation of their practical usefulness in the field of modern medicine [,
Bacteria have developed antibiotic resistance as a result of chromosomal alterations or genetic
material exchange via plasmids and transposons [l Antibiotic resistance among bacterial
pathogens has reached alarmingly high levels. Indeed, according to a number of international
organizations, the current "antibiotic resistance crisis" may soon return humanity to a "pre-
antibiotic period."
In this background, it is evident that there is a pressing need to identify and develop novel
antibiotics, as well as creative antimicrobial treatments that could potentially work in tandem
with traditional chemotherapy [ °l. Even if interest in antibiotic research and development is
increasing, there are still a number of unmet therapeutic needs that must be addressed as soon
as possible (1,
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In the present study, the antibacterial properties of quercetin
was studied against Staphylococcus aureus and Escherichia
coli.
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Material and Methods

Scheme
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Synthesis of Quercetin Analogue

1. Synthesis of Quercetin analogues

A suspension of 4-benzaldehyde (1.20 g) and 2-hydroxy
acetophenone (1.405 g) in ethanol (25 ml) was cooled to 10
°C and 7.5 ml of 40% w/v KOH solution was added drop
wise. The reaction mixture was stirred for 18 h at room
temperature.

Methonol (125 ml) was added and the organic layer was
washed with H,O, dried and concentrated in vacuo. The oily
residue was dissolved in ethanol and 5.4% (w/v) NaOH
solution followed by drop wise addition of 4 ml of 35% H.0..
The reaction mixture was stirred subsequently at room
temperature for 15 hours resulting in a yellow suspension.
After acidification with 2M HCI, the precipitate was filtered
and dried.

2. Effect of Quercetin on suitable organism

The strain of suitable bacteria was isolated on sterile agar
incubated at 30 °C under anaerobic condition. The purified
culture was preserved on sterile agar slants. The inocula of the
suitable bacteria was prepared as described above.

Effect of Quercetin on the bacteria was performed in the
similar fashion as described for determination of Minimum
Inhibitory Concentration (MIC) for other bacterial cultures.
For confirmation of effect of Quercetin on growth of bacteria,
agar well diffusion method was carried out.

Culture suspension was prepared in physiological saline.
0.6ml of culture was added to sterile agar and was allowed to
set. Wells were punched and each dilution of Quercetin was

put into the wells. The plates were incubated at 37 °C under
anaerobic condition.

3. Determination of minimum inhibitory concentration
Minimum Inhibitory Concentration (MIC) of Quercetin was
determined using the broth dilution method. Bacterial strains
were first grown on Muller Hinton Medium for 18 to 24h at
37 °C. The inoculums of the indicated bacterial strains were
transferred into physiological suspension medium. Quercetin
stock of 10 mg/mL was prepared in 10% DMSO. St. Muller
Hinton Broth was used as diluent.

Dilutions were prepared in the range of 10 mcg/mL to 500
mcg/mL. 0.1 mL of bacterial inocula was added in each
dilution.

Growth control and sterility control were maintained. The
tubes were incubated at 37 °C for 24h. Bacterial growth was
indicated by the presence of turbidity. All tests were carried
out in triplicates.

The least concentration of Quercetin that did not permit any
visible growth of the inoculated test organisms in broth
culture was regarded as the minimum inhibitory concentration
in each case.

Result and Observation

43 mg of the crude compound was added with 1000 mcl of
DMSO and water respectively. 400 mcl was taken from this
mixture and then diluted up to 1000 mcl to get dilution of 400
mcg/ml in both DMSO and water.
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10mcl was taken from the compound of dilution 400mcl/ml.

E. coli S. aureus

DMSO No zone No zone
H20 3.5cm 3.2
Gentamicin (4mcg) 2.5 2.6

20 mcl was taken from the compound of dilution of 400 mcl/ml.

E. coli S. aureus

DMSO No zone No zone
H20 3.5cm 3.3cm
Gentamicin (4mcg) 29cm 2.7cm

10 mcl of compound was added with 10 mcl of 4mcl Gentamicin to
check for its synergistic activity and following result was obtained.

E. coli S. aureus
DMSO + Gentamicin 2.4cm 2.5cm
H20 + Gentamicin 2.9cm 2.9cm

Conclusion and Discussion

For ages, various natural plants and their extracts have been
utilized for medical purposes, and their biological and
pharmacological impacts have drawn an increasing amount of
research in recent years 4, Polyphenols (flavonoids) are
bioactive chemicals whose biological activities are linked to
the structure of the molecules; phenolic compounds have the
ability to link with proteins and bacterial membranes to form
complexes thanks to their hydroxyl groups or phenolic rings
[12]

As a result, antibacterial properties of plant extracts from
diverse components, such as leaves, seeds, and flowers, have
been found in multiple investigations [*31. These findings have
consistently shown that crude extract has little antibacterial
activity against intestinal microorganisms 4. However, our
findings are consistent with those of earlier investigations
using pure flavonoids with antibacterial action. Quercetin also
has a higher antibacterial activity than Gentamicin due to its
larger inhibitory zone [*51. In crude extract, these compounds
demonstrated antibacterial activity. This discrepancy could be
explained by the existence of a residue in crude extract, which
inhibits phenolic chemicals from coming into direct contact
with bacteria [26],

Antibacterial activity is higher in phenolic compounds that
lack free hydroxyl groups than in those that do Il. This
improves their chemical affinity for the lipid membrane of
microbes. Gentamicin's chemical structure has fewer hydroxyl
groups than Quercetin's, which could explain the difference in
antibacterial effectiveness between the two drugs in our study
[18]

The antibacterial properties of Quercetin can be used in
preservation of food. Also, a carefully designed, mechanistic-
based laboratory and clinical studies will help in developing
functional foods containing flavanols and pro-biotics [,

The present studies show effectiveness of Quercetin as
antibacterial agent on selected organism S.aureus and E. Coli.
This interaction between Quercetin and pathogenic bacteria
can be utilized for development of functional foods; the same
is evaluated further. Environmental factors and the genetic
make-up of the host can modulate the distribution of
microbial strains, diet appears to be a major factor in
regulating the concentration of individual species of
microorganisms that colonize the gut. Recent research has
unveiled a potential therapeutic role of indigenous non-
pathogenic microorganisms (probiotics) in maintenance of
human health and treatment of various gastrointestinal
diseases % In addition, the use of plants for medicinal
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purposes has been, and remains, common practice throughout
much of the world. Plants contain several bioactive
compounds, including  phytosterols,  phytoestrogens,
polyphenols and polyunsaturated fatty acids 3. Many of
these compounds have been investigated for their anti-
inflammatory, antioxidant and/or anti-carcinogenic properties,
and have been shown to modulate humerous immunological
and cellular functions. It has been well documented that
intake of flavanol rich foods can modify the composition of
gut microbiota exerting pre-biotic like effect 2, Unabsorbed
dietary phenolics and their metabolites have been shown to
exert antimicrobial or bacteriostatic effect. These metabolites
selectively inhibit pathogen growth while favoring growth of
commensals bacteria and in few cases, its rather found to
favor growth of Lactobacillus and Bifidobacterium. It is clear
that flavanol and probiotics have beneficial effect.
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