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This work reports the design and development of a green synthesis route for flavonoid-AuNPs (FAuNPs) which

were successfully tested in vitro and in vivo against bacterial colonization.
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| 1. Introduction

Functional nanoparticles (NPs) have a wide range of medical applications that encompasses a broad spectrum of
fields, including imaging, molecular diagnosis, and targeted drug delivery W2 As drug nanocarriers, they move
inside the body to repair damaged tissues, cross the cell barriers, and access those cells and tissues where other
drugs/antibodies cannot reach in appropriate concentrations [&. Their superior features are due to high surface

area-to-volume ratio, small size, stability, and biocompatibility (23],

The history of the gold nanoparticles (AuNPs) for the delivery of antibacterial agents dates to more than a decade.
Various stable complexes of antibiotics with colloidal gold have been developed. These include gold complexes
with vancomycin, ciprofloxacin, and fluorouracil #IRIE. However, ampicillin, kanamycin, streptomycin, and many
other antibiotics form unstable complexes with gold [IEIE, [ ater, gold nanoparticles functionalized with ampicillin
(2O yancomycin 12, and lysozyme (3] have been reported against various strains, such as Pseudomonas

aeruginosa, Enterobacter aerogenes, and multidrug resistance (MDR) Staphylococcus aureus.

The hard bacterium, Enterococcus faecalis, is an opportunistic pathogen that can withstand high environmental
stresses 14l Despite being mammalian gut residents, it also causes nosocomial infections such as urinary tract
infection (UTI), bacteremia, surgical wound infection, and endocarditis 22, Its characteristic feature resides in its
acquired and intrinsic resistance against main groups of antibiotics such as aminoglycosides, B-lactams,
cephalosporins, glycopeptides, tetracyclines, and trimethoprim-sulfamethoxazole 187 This MDR is manifested
by mutations or by the horizontal exchange of foreign genetic material through the transfer of plasmids and

transposons 8. Antibiotic development against Enterococci is, therefore, an active and challenging research area.

Various nanocarrier systems were documented to be effective against E. Faecalis.These include gold nanorods for
phototherapy [, vancomycin bound biogenic AuNPs 22 calcium hydroxide NPs 29, chitosan NPs [2ll, Ag—Ca-Si
mesoporous NPs [22 silver NPs [23] and polysaccharide-maghemite composite NPs 24, However, these studies

are focused on in-vitro antibacterial activity. NPs stability and activity under physiological conditions are also a
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matter of interest as many factors can alter the inherent antibacterial activity of NPs, such as pH and temperature
(23] Besides, plasma proteins and plasma components can also interact with the NPs surface, and this can affect
their biodistribution [281271128] " cellular uptake, and bioactivity 2Bl Recently, a few in vivo studies have been
carried out that include combined therapy of silver NPs, and visible blue light against Pseudomonas 32, quercetin

loaded PLGA for Escherichia coli 33, and tridecaptin-antibiotic conjugates against Klebsiella pneumoniae 34,

AuNPs are not considered as antibacterial agents individually; however, when conjugated with small active
substances (e.g., antibiotics and antibodies), they usually exhibit more potent antimicrobial activity &€ plant,
bacterial, fungal, yeast and algal extracts were frequently used for the preparation of bioactive AUNPs according to
previous studies. B3IB8IB7 The bioactive compounds in these extracts not only reduce gold (Au*3) but also impart
characteristic bioactive properties to these NPs B8 Flavonoids are one of the extensively studied bioactive
secondary metabolites from plants. The antibacterial activity of Flavonoids is ascribed to intracellular targeting such
as inhibition of bacterial enzymes, damage to cytoplasmic membranes and cell wall components, inhibition of the
bacterial efflux pump, and disruption of energy metabolism pathways 2. Flavonoids can be extracted from
Berberis lycium Royle, a spiny shrub prevalent in milder climates and subalpine regions.They are commonly used
to treat a wide variety of human pathologies in the Pakistan, India, and Bangladesh Indian Himalayan Region. The
phytochemical analysis of B. Lycium plant parts indicated the presence of important contents, including flavonoids,

phenols, alkaloids, terpenoids, tannin, fat, and resin 49],

Moreover, its leaves and fruits contain a high amount of different nutritive components such as vitamin C, calcium,
sulfur, protein, fiber, fat, palmitine, and berberine 49, Importantly, B. lycium roots contain berberine, a quaternary
ammonium salt from the protoberberine group of benzylisoquinoline alkaloids, which is reported for wide medicinal
applications 9. However, the bioactivities of leaves of this plant have not yet been investigated. Therefore, the
present research focuses on the green synthesis of flavonoid-coated gold nanoparticles (FAUNPs) from methanol
extracts of B. lyceum, its physical characterization, and the determination of its potential effect on colonization of E.

faecalis both in vitro and in vivo.

| 2. Discussion

It is well assumed that NPs carrying antibiotics are found to be quite effective against resistant bacteria “2. This is
particularly due to the striking features of NPs attributed to their size and unique physiochemical properties at the
nanoscale that help them to evade drug efflux pumps. Flavonoids, albeit depending upon their type and structure,
often display poor absorption and bioavailability 42, One way to combat the above constraints is to use drug
nanocarriers @43l For their development, flavonoids can act as reducing as well as a capping agent for the
synthesis of metallic NPs. Green synthesis is, therefore, a better option than using toxic reducing agents,

especially for biomedical applications.

Flavonoids were used for a range of medicinal applications, such as antibacterial, antiviral, antioxidative, anti-
inflammatory, anticancer, cardio-protective, skin-protective, and antidiabetic activities “4. Flavonoids can be

obtained from B. lycium, which is a known medicinal plant containing a variety of bioactive constituents 9.
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Medicinal plants are a good source of potent and safe natural extracts that could act as adjuvants or even be an
alternative to costly antibiotics against which microbes are becoming resistant day by day. Moreover, these extracts

are cost-effective and work effectively against a variety of microbes, including bacteria, fungus, and viruses [2248]
[47]

| 3. Conclusions and Perspectives

The enhanced antibacterial activity of bioactive compounds in nanoformulations has been extensively studied.
However, most of such studies are focused on in-vitro aspects. The present study was focused on a green
synthesis and characterizations of FAUNPs, which were further assessed for their in-vitro and in-vivo antibacterial
potential against Gram-positive bacterium E. faecalis. The FAUNPs were successfully synthesized, and different
physical characterizations confirmed their formation. The synthesized FAUNPs were sphere-shaped shaped with a
23 nm diameter average size. The results for optimizations revealed that a 1:3 ratio of Au and flavonoid, a pH of 4,
and a temperature of 70 °C are effective conditions for FAuNPs formation. Stability results showed that
temperature had negligible effect on stability of optimized FAUNPs. However, FAUNPs cannot remain stable in salt
solution. These FAUNPs when tested for antibacterial activity showed enhanced activity against E. faecalis with
MIC of 25 pug/mL. Similarly, they also showed reduced bacterial colonizing activity of E. faecalis in liver and kidneys
of the mice. FAUNPs were more biocompatible owing to its reduced hemolytic behavior with varying
concentrations. The results of this study conclude that FAUNPs can be very effective antibacterial agents against E.
faecalis infections. The present study was based on a non-biofilm forming E. faecalis strain. In the future, further

studies are required for biofilm-forming and vancomycin-resistant E. faecalis strains.
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