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Abstract: To elaborate on the potential benefits of hesperidin loaded PLGA nanoparticles (HES-PLGA
NPs), present investigation reports about the antioxidant, antimicrobial, and cytotoxic potential of
hesperidin loaded PLGA nanoparticles (HES-PLGA-NPs). The antioxidant potential of Hesperidin and
HES-PLGA-NPs was demonstrated by ATBS, DPPH, Hydroxy, Hydrogen peroxide, and superoxide
radical showing the dose-dependent antioxidants activity. Both the test gained better potential with HES
loaded PLGA nanoparticles than free HES. HES-PLGA-NPs also proved its antibacterial activity
against tested bacterial strains, including Escherichia coli, Klebsiella pneumoniae, Enterobacter
aerogenes, and Pseudomonas aeruginosa. HES-PLGA-NPs had a good ability to minimize biofilms'
formation and a good to weak ability to degrade pre-formed biofilms. Thus, the bionanotherapy, which
has been attempted using HES-PLGA-NPs would provide a promising scope as a potent bio compound
that can be replaced for medical ailments in a cost-effective, greener synthesis.
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1. Introduction
The exposure of antibiotic misusages and over usages contribute to antimicrobial
resistance causing a major health threat in this century [1]. Martinez et al. (2015) state that a
strain is resistant to antibiotic dose beyond the limit of Minimal Inhibitory Concentration [2].
Eventually, bacteria have developed resistance against many antibiotic groups, thereby creating
social hazards. This uprising issue has been concerned by the World Health Organization
(WHO) and taken as an alarming issue faced by the medical science, which in turn adventuring
new agent against pathogen has been raised. It has focused on the natural products derived from
plants, and bio components are being appreciable [3].
Phytochemicals are the secondary metabolites, a non-nutritive compound derived from
plants and some edible microalgae and fungal groups. Many studies have demonstrated the
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potential effects of various phytochemicals classes in treating human diseases [4]. Antioxidant
phytochemicals are the naturally occurring plant resources used in the ailment of many chronic
disease pathogenesis [5, 6]. Oxidative stress is an abnormal state formed when the antioxidant
defense system fails in a cell where excess reactive oxygen species (ROS) or reactive nitrogen
species (RNS) are produced, which is the major causative product for many diseases [6]. The
molecule with unpaired electrons seeks to pair electrons to attain stability by quenching
electrons from another molecule in a chain-like manner, thereby causing a group of unstable
molecules called free radicals, oxidants, ROS leads to the damage of DNA, lipids, and Protein
in a cell [7].
Flavonoids are a phenolic structured natural bioactive component with wide forms
found pervasively in plants [8]. It was stated by many reports that flavonoids have multiple
pharmacological effects and bioactivities. Citrus fruits contain significantly high flavonoid
components, and citrus flavonoids are reported to possess many proven therapeutic benefits
against cancer, diabetes, cardiovascular diseases, chronic degenerative diseases [9]. They have
specific potential in an antioxidant, anti-inflammatory role which was considered the most
common indicator for many pathogenic conditions [10]. Hesperidin (HES) is one of the bestknown citrus flavonoids with high pharmacological effects. HES belongs to the flavone
glycoside, which is the basic constituent of many citrus plants. Hesperidin (3,5,7trihydroxyflavanone -7- rhamnoglucoside) conjugated to an aglycone hesperidin, bonded with
rutinose. The glycoside part of HES is a disaccharide comprised of glucose and rhamnose.
Thus, hesperidin is considered as β-7, rutinoside of hesperidin, it has a broad spectrum of
biological activity [11, 12]. There are many proven studies reported on various
pharmacological benefits includes anti-aging [13] (Stanisic et al., 2020), anti-carcinogenic
[14], lipid-lowering [15], cardioprotective effects [16], hepatoprotective activities [17].
Though hesperidin has numerous health-related prosperities, it is also reported for its poor
bioavailability and low water solubility [18]. Removal of rhamnose group from hesperidin
could improve the bioavailability in the form of hesperitin-7-glucoside [19]. In recent times,
nanomedicine has become a -appreciated platform for overcoming the barriers in biological,
physical sciences. Nanostructures are being used in drug delivery as a drug carrier by
encapsulating the therapeutic drug to achieve the target site more precisely [20].
In the midst of current nanomaterials, biodegradable polymers are widely used in the
field of drug delivery. PLGA (Poly Lacto Co-glycolic acid) one of the best-featured
biopolymers frequently preferred for drug delivery since it has easy hydrolyzing property
inside the body [21]. The monomers are degraded into non-toxic elements viz., water and
carbon dioxide as an end product. This shows that it has a more -friendly feature, which is more
advantageous in designing a drug with safety and efficacy [22]. To make the biological
potential of HES more available, PLGA encapsulation would be a prominent and efficient
choice of selecting a supportive polymer. Hence, this investigation covers the potential
focusing of HES on antioxidant and cytotoxic properties.
2. Materials and Methods
2.1. Chemicals and nanoformulation.

Sodium acetate, sodium carbonate, n-butanol, sodium hydroxide, acetone, ethanol,
chloroform, aluminum chloride 2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS), α, α-diphenyl-β-picrylhydrazyl (DPPH) and were purchased from Merck, Mumbai,
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India. Mannitol salt, Mueller Hinton Agar were obtained from Hi-media Ltd. All the chemicals
used were of analytical grade. Hesperidin-loaded PLGA nanoparticles (POL-PLGA-NPs) were
oil in water single emulsion solvent evaporation method, and its physiochemical features were
confirmed by Transmission Electron Microscopy (TEM), dynamic light scattering (DLS),
Fourier Transform Infrared Spectroscopy (FTIR), XRD and NMR analysis [23].
2.2. DPPH assay.

The antioxidant potential of HES/HES-PLGA-NPs was assessed by the method
followed as reported by Das et al. (2013) with slight adjustments [24]. The DPPH scavenging
assay is the analysis of the scavenging potential of antioxidants against stable radicals. The
radical scavenging assay is resolved by UV spectrophotometer at 517 nm. An aliquot of the
fabricated HES, HES-PLGA-NPs, and Standard (Ascorbic acid) were mixed with 1 mL of
different concentration ranging from (12.5-100 µg/mL) in freshly made 1 mL methanol DPPH
solution 1 mM, followed by incubating the mixture at dark for 30 min and read at 517 nM.
Ascorbic acid was used as the antioxidant standard. Methanol was used as a blank. IC50 is
defined as the concentration (μg/mL) that is 50% inhibition of DPPH activity by reducing its
color by the antioxidant present in the sample. It was calculated by the equation, IC50 (%) =
100 × (A0 – As)/A0, where As and A0 are the values for the absorbance of the sample and
absorbance of the negative control, respectively. Tests were performed in triplicate.
2.3. Hydrogen peroxide scavenging assay.

H2O2 radical scavenging assay was performed as reported by Arai et al. (2020) [25].
The assay is done by mixing various concentrations of HES, HES-PLGA-NPs, and Standard
(Ascorbic acid) (12.5-100 µg/mL) to 0.6 mL of H2O2 prepared in phosphate buffer solution
adjusted to (40 mM, 7.4 pH). H2O2 alone was used as a blank. Ascorbic acid was used as a
standard along with phosphate buffer (40 mM, 7.4 pH). Samples were vortexed, and the
supernatant was kept incubated for 10 min at room temperature. The intensity was determined
by UV-visible spectroscopy and read at 610 nm. The percentage inhibition was calculated using
the formula, IC50 (%) = 100 × (Ac – As)/Ac, where As and A0 are the values for the absorbance
of the sample and absorbance of the negative control, respectively. Tests were performed in
triplicate.
2.4. Hydrogen radical scavenging assay.

Hydroxyl radical (•OH) scavenging activity was carried out as reported by Kumar et al.
(2015) with some modifications [26]. •OH radicals were performed using a usual Fenton
reaction made by a fresh reaction mixture composed of FeSO4 and H2O2. To the mixture, 1.2
mL of 0.1 mL of phosphate buffer and the samples (HES, HES-PLGA-NPs, and Standard
Ascorbic acid) at various concentrations ranging from 12.5-100 μg/mL were taken. 1 mL of
3% TCA and TBA were mixed and kept in a boiling water bath for 10 min. Absorbance was
measured at 532 nm after the mixture was cooled. The percentage inhibition was calculated
using the formula, IC50 (%) = 100 × (AC – As)/Ac, where As and A0 are the values for the
absorbance of the sample and absorbance of the negative control, respectively. Tests were
performed in triplicate.
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2.5. Superoxide radical scavenging activity

Superoxide radical scavenging assay was performed as reported by Pool et al. (2012)
[27]. It is based on the oxidation of NADH by the Phenozinemethosulphate system, which
reduces Nitro blue tetrazolium to complex violet-colored formation due to the production of
superoxide radicals. The reduction of color is due to the antioxidant scavenging factor of the
sample. The mixture is containing phosphate buffer (0.1 M, pH- 8), NADH (73 μM, PMS (15
μM), NBT (50 μM) and various concentration of HES, HES-PLGA-NPs, and Standard
(Ascorbic acid) in methanol (12.5-100 μg/mL). The mixture was incubated at ambient
conditions for 5 minutes, and the intensity was recorded at 560 nm. The percentage inhibition
was calculated using the formula, IC50 (%) = 100 × (AC – As)/Ac, where As and A0 are the
values for the absorbance of the sample and absorbance of the negative control, respectively.
Tests were performed in triplicate.
2.6. Antibacterial activity.

To assess the antibacterial potential of HES-PLGA-NPs, a standard well diffusion
method was followed. The multi-drug resistant-clinical isolates such as Escherichia coli,
Klebsiella pneumoniae, and Enterobacter aerogenes, Pseudomonas aeruginosa were obtained
from Sri Narayani Hospital & Research Centre, Vellore, Tamil Nadu, India. For the purpose of
getting fresh culture, the nutrient broth was prepared to sub-culture the bacteria. 50 μL of stock
culture was mixed with 950 μL of sterile Muller Hinton broth and incubated at 37ºC for 24 h.
From this overnight culture, 50 μL of bacteria was taken and spread onto the solidified Muller
Hinton agar, and wells were made accordingly [28]. The sample HES-PLGA-NPs (25, 50, 75,
100μg/mL), while Gentamycin (10 μg/mL) was used as a standard control, were added in the
well. Then the plates were incubated at 37ºC overnight. The zone of inhibition was measured
in mm using a measurement scale. Also, the Biofilm inhibition activity of HES-PLGA NPs
was assessed by the method described by Mariadoss et al. (2019) [29].
3. Results and Discussion
The result has confirmed the antioxidant potential of HES-PLGA-NPs and ascorbic
acid. The antioxidants potential was assessed by documented the IC50 concentration of DPPH,
ABTS, superoxide dismutase (SOD), Hydroxy radical (OH), and Hydrogen peroxide (H2O2)
radical scavenging activity. The antioxidant scavenging effect of DPPH radical expressed as
IC50 values were in the following order: Ascorbic acid (24.62±2.45µg/mL), HES-PLGA-NPs
(81.32±0.59µg/mL), and HES was found to 88.32±3.05µg/mL (Fig. 1a). While the IC50 values
ABTS radical scavenging activity was in the following order: Ascorbic acid
(14.37±1.58µg/mL), HES-PLGA-NPs (44.63±5.11µg/mL), and HES was found to 39.11±1.02
µg/mL (Fig. 1b).
Hydrogen peroxide scavenging assay confirmed that HES has an IC50 concentration of
65.45±4.01µg/mL, and HES-PLGA-NPs has 58.18±3.72µg/mL while ascorbic acid has
22.95±2.91µg/mL (Fig. 2a). It shows that the fabricated HES-PLGA-NPs have a significant
antioxidant activity when compared with standard ascorbic acid. The result of the hydroxyl
radical assay confirmed that HES has an IC50 concentration of 76.153.16±µg/mL and HESPLGA-NPs has 75.67±6.05µg/mL while ascorbic acid has 19.47±4.85µg/mL. It shows that the
fabricated HES-PLGA-NPs have more antioxidant activity than a standard ascorbic acid (Fig.
2b).
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Figure 1. DPPH (a) and ABTS (b) radical scavenging activity of HES, HES-PLGA-NPs, and ascorbic acid. The
values are expressed as Mean ±SD of three independent experiments.

Figure 2. Hydrogen peroxide (a) and hydroxyl (b) radical scavenging activity of HES, HES-PLGA-NPs and
ascorbic acid. The values are expressed as Mean ±SD of three independent experiments.

Superoxide scavenging activity confirmed that HES has an IC50 concentration of
92.17±3.71µg/mL and HES-PLGA-NPs has 81.56±4.09µg/mL while ascorbic acid has
20.05±5.94µg/mL. It shows that the fabricated HES-PLGA-NPs have more antioxidant activity
than a standard ascorbic acid (Fig. 3).

Figure 3. Superoxide radical scavenging activity of HES, HES-PLGA-NPs, and ascorbic acid. The values are
expressed as Mean ±SD of three independent experiments.

By observing the results of DPPH, ABTS, SOD, OH, and H2O2 radical scavenging
assay, it clearly shows that the fabricated HES-PLGA-NPs have high antioxidant potential;
thus, it quenched the stable free radicals in the reaction. It was reported well in a study made
by De Oliveira et al. (2013) that HES can modulate the antioxidant circumstances [30]. They
studied the rat of continuous swimming group and interval swimming group on a note of
exercise protocols and related oxidative disorders; it showed that HES supplementation has
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improved the antioxidant biomarkers and lowered lipidemic effects. Hence, to improve the
bioavailability of HES, PLGA encapsulated NPs would contribute more antioxidant profile in
the conditions of oxidative damages.
This was planned to use synthesized HES-PLGA-NPs as a substitute for conventional
antibiotics in the fight against intracellular pathogenic bacteria, particularly drug-resistant
bacterial strains including Escherichia coli, Klebsiella pneumoniae, Enterobacter aerogenes,
and Pseudomonas aeruginosa. The antimicrobial activity of HES-PLGA-NPs against bacterial
strain was seen in figure 4.

Figure 4. Growth inhibition activity of HES-PLGA-NPs screened by well diffusion method.
Table 1. Antimicrobial screening test of different concentrations of HES-PLGA-NPs against some bacterial
strains.
Microorganism
E.coli
K.pneumoniae
E.aerogenes
P.aeruginosa

25 μg/mL
10.8±0.91
7.6±0.24
5.7±0.10
10.3±0.35

HES-PLGA-NPs
50 μg/mL
75 μg/mL
13.4±0.32
16.1±0.40
9.7±0.45
13.5±0.30
8.5±0.10
16.1±0.20
11.6±0.32
16.6±0.10

100 μg/mL
23.8±0.50
21.6±0.40
22.4±0.20
23.6±0.10

Gentamycin (10
μg/mL)
28.3±0.20
27.5±0.10
25.3±0.30
27.5±0.40

As shown in Table 1, the antimicrobial actions of the HES-PLGA-NPs were increased
with an increase in the concentration of HES-PLGA-NPs compared with the standard drug.
The antimicrobial sensitivity results have shown that the highest zone of inhibition was
measured in E.coli (23.8±0.50nm), K.pneumoniae (21.6±0.40nm), E.aerogenes
(18.4±0.20nm), and P.aeruginosa (23.6±0.10nm) at 100 µg/mL, which indicates that HESPLGA-NPs has a broad-spectrum antibiotic potential to act against both gram-positive and
gram-negative bacteria.
The zone of inhibition demonstrates that HES-PLGA-NPs have higher antimicrobial
activity against E.coli. It shows a concentration dependence antibacterial activity. Also, the
biofilm inhibition activity of HES-PLGS NPs against Pseudomonas aeruginosa, Klebsiella
pneumoniae, Enterobacter aerogenes, and Escherichia coli are as follows 38.25%, 42.23%,
67.54%, and 54.59% (Fig. 5). The biofilm inhibition assay shows that HES-PLGS NPs have
bacteriostatic behavior while the highest concentration reveals clear bactericidal activity. The
concentrations found were comparable to the results of Karayıldırım et al., (2017) that HES is
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the alternative choice of an antibacterial agent as a novel therapy in the approach drug delivery
[31].

Figure 5. Bioflim inhibition activity of HES-PLGA-NPs screened by using crystal violet staining method.

4. Conclusions
Attending this investigation reveals an effect of HES-PLGA-NPs on antioxidant and
antimicrobial profiles. The results showed the evident benefits of HES-PLGA NPs, which
could be taken for various pathophysiological conditions upon bacterial diseases and oxidative
stress-related conditions. The discovery of this fabricated bio polymer-based phytonanotherapy
has a great pipeline in finding medications against antibacterial resistant factors and antioxidant
defenses.
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