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Abstract

Hesperetin, a natural flavonoid, has been investigated for its potential therapeutic properties. In this
study, we delve into its antimicrobial and antiviral activities against clinically relevant bacterial and
fungal strains. Our investigation unveiled substantial antimicrobial and antioxidant properties of
hesperetin against a diverse array of pathogens, encompassing both Gram-positive as well as Gram-
negative bacteria. Furthermore, notable antifungal activities were observed, particularly against
resistant fungal strains. The findings from our study underscore the potential of hesperetin as a
promising candidate for the development of broad-spectrum antimicrobial agents. Overall, hesperetin
exhibits versatility with implications for combating infectious diseases. These insights pave the way
for further exploration of hesperetin’s therapeutic applications and its potential utility in addressing
the challenges posed by antimicrobial resistance.
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INTRODUCTION

Hesperetin, a flavonoid naturally found in
abundance in citrus fruits, has attracted substantial
interest lately due to its promising therapeutic
effects. Flavonoids, including hesperetin, are
acknowledged for their wide-ranging biological
activities, encompassing anti-oxidant, anti-
inflammatory, and anti-microbial properties.*?
Among these, the antimicrobial potential of
hesperetin has emerged as an area of particular
interest, given the growing concern surrounding
antimicrobial resistance and the need for novel
therapeutic agents.?

In this study, we aim to explore the
antimicrobial and antiviral activities of hesperetin
against a spectrum of clinically relevant bacterial
and fungal strains. By investigating its efficacy
against a diverse array of pathogens, encompassing
both Gram-positive (Bacillus subtilis) and Gram-
negative (Escherichia coli) bacteria, as well as
resistant fungal strains, we seek to elucidate
hesperetin’s potential as a broad-spectrum
antimicrobial agent.

E. coli, a Gram-negative bacterium
commonly inhabiting the lower intestine of warm-
blooded organisms, can include pathogenic strains
causing gastrointestinal illnesses, urinary tract
infections, and severe conditions like septicaemia
and meningitis.* These pathogenic strains produce
toxins damaging the intestinal lining, leading to
symptoms such as diarrhoea, abdominal pain, and
vomiting, emphasizing the need to combat E. coli
infections for public health.

B. subtilis, a Gram-positive bacterium
found in soil and animal gastrointestinal tracts, is
generally non-pathogenic to humans. However,
certain strains can cause opportunistic infections,
especially in immunocompromised individuals,
potentially leading to bacteraemia, pneumonia,
or wound infections.> Despite being uncommon,
these infections underscore the importance
of understanding compounds like hesperetin’s
antimicrobial activity against B. subtilis.

Additionally, our study delves into
hesperetin’s antifungal properties against
Aspergillus fumigatus. A. fumigatus, a filamentous
fungus prevalent in soil and decaying organic
matter, is both a vital decomposer in ecosystems
and an opportunistic human pathogen causing

a spectrum of respiratory infections known as
aspergillosis.® Inimmunocompromised individuals,
invasive aspergillosis can arise, characterized
by severe pneumonia and disseminated fungal
spread.” Non-invasive forms like allergic fungal
sinusitis (AFS) and allergic broncho-pulmonary
aspergillosis (ABPA) affect those with underlying
lung conditions or allergies. Given the morbidity
and mortality associated with invasive aspergillosis
and limited treatment options, exploring
compounds like hesperetin for antifungal activity
against A. fumigatus offers promise in developing
novel therapeutics for this clinically significant
fungal pathogen.

Previous research has indicated the
antimicrobial properties of various flavonoids,
including hesperetin, against a range of bacterial
and fungal species.>*® However, studies elucidating
the antimicrobial and antiviral activities of
hesperetin against clinically relevant pathogens
are limited. Therefore, our study seeks to address
this gap in the existing literature by offering
valuable insights into the therapeutic capabilities
of hesperetin in combatting infectious diseases and
tackling the hurdles presented by antimicrobial
resistance.

MATERIALS AND METHODS

Materials
Reagents

Hesperetin was purchased from Cayman
chemical (Ann Arbor, Ml, USA). DPPH (1,1-
Diphenyl-2-picrylhydrazyl) and diclofenac sodium
were supplied by Sigma Aldrich, (Bangalore,
India). Sodium dihydrogen phosphate (NaH,PO,)
and di-sodium hydrogen phosphate (Na,HPO,)
were purchased from CDH Labs. (India). All of the
procured reagents were of analytical grade.

Test cultures

The bacterial strains utilized for the
anti-microbial assays, namely Escherichia coliand
Bacillus subtilis were sourced from the National
Collection of Dairy Cultures (NCDC), India. The
fungal strain Aspergillus fumigatus, was sourced
from the Microbial Type Culture Collection (MTCC)
in Chandigarh, India. To ensure viability, these test
microorganisms were preserved on agar slants, at
a temperature of 4 °C. Prior to experimentation,
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they were sub-cultured in their respective broth
media.

Methods
Antibacterial activity

To assess the antibacterial activity,
the agar well-diffusion method was utilized as
mentioned previously.® Briefly, the bacterial
stock cultures were sub-cultured using nutrient
agar media. After 24 hours the bacterial cultures
were transferred in a freshly prepared broth
media. Using the McFarland scale, the bacterial
population were standardized to 1 x 108 CFU/mL.*°
Thereafter, under aseptic conditions, the nutrient
agar media was poured into petri dishes.

Subsequently, 100 pL of broth cultures
were evenly spreaded on agar plates using an
L-shaped spreader and allowed to settle. After
20-minute interval, two wells were punctured
using a microtip into the solidified agar medium.
Subsequently, two test samples (hesperetin
and blank) were added to the respective wells,
followed by incubation at 37 °C for 24 hours. After
the incubation period, the growth inhibition zone
was measured. Unless otherwise stated all of the
experiments were conducted in triplicates.

In vitro antioxidant activity

The anti-radical activity was assessed
through the radical scavenging activity of the
1,1-Diphenyl-2-picryl-hydrazyl (DPPH), with
ascorbic acid serving as the standard. First, a
fresh 0.2 mM DPPH solution having concentration
of 78 pug/mL in 95% ethanol was prepared.
Subsequently, 100 ul of test samples were mixed
with an equal volume of the freshly prepared DPPH
solution. The resulting solution was vigorously
agitated and then left to incubate in darkness for
30 minutes. The absorbance of the test samples
was measured at 517 nm using 95% ethanol as a
reference, employing an ELISA reader (Synergy™
Multi-detection Plate Reader, Biotek Instruments
Inc, USA). The measurements were performed in
triplicates. Higher free radical scavenging capacity
was indicative of lower absorbance values. The
percentage inhibition of the DPPH radicals by
the samples was calculated using the following
formula:

control sample

A A
Inhibition (%)=———x 100

control

where,
A ...=DPPH radical + ethanol
A = DPPH radical + samples/standard

sample

Antifungal susceptibility testing

Conidial spores of Aspergillus fumigatus
(ATCC) were collected in phosphate-buffered
saline supplemented with 0.05% Tween-20.
Subsequently, the conidial suspensions were
adjusted to a concentration of 1 x 10* conidia/mLin
potato dextrose broth. The conidial cultures were
harvested by centrifugation and dissolved in PBS,
with a total cell concentration of 1 x 10* cells/mL.

Antifungal susceptibility testing of
hesperetin was conducted to determine the
Minimum Inhibitory Concentration (MIC) using
the CLSI M38-A2 broth micro-dilution method in
a 96-well polystyrene plate. The experiments were
performed in triplicate for each strain. Two-fold
dilutions of hesperetin (starting concentration: 5
mg/mL) were prepared in a 96-well microplate to
achieve the final concentrations ranging from 5 to
0.0097 mg/mL.

Each well, except for the negative
control, received 100 pL of conidial suspension.
The plates were then incubated for 4 days at
28 + 2 °C. The minimum inhibitory concentration
(MIC) of hesperetin was identified as the lowest
concentration at which no visible growth was
detected in comparison to the control group
devoid of the drug.!?

Statistical analysis

The statistical analysis was conducted by
utilizing GraphPad Prism 8.0 (GraphPad Software,
Inc., San Diego, CA). Statistical differences among
the samples were estimated by two-tailed
student’s t-test. For p values < 0.05, the differences
were identified as significant.

RESULTS
We initiated our investigation by

examining the antimicrobial properties of
hesperetin. Following established protocol,'* we

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Verma et al | J Pure Appl Microbiol. 2025;19(1):594-600. https://doi.org/10.22207/JPAM.19.1.49

cultivated both gram-positive (Bacillus subtilis) and
gram-negative (Escherichia coli) bacterial strains
on LB agar-coated Petri dishes, a standard medium
conducive to bacterial growth. These dishes were
then subjected to an overnight incubation period
at 37 °C, allowing for the robust proliferation of
bacterial colonies. Subsequently, two wells were

Table 1. Zone of inhibition activity of hesperetin and
blank (DMSO)

Samples Diameter of zone of inhibition (mm)

E. coli B. subtilis
Hesperetin 3mmz=0.4 3.5mmz=0.7
Blank (DMSO) 0mm 0mm

Values are expressed as the mean + SD of three replicates

Table 2. DPPH radical scavenging activity of hesperetin,
vehicle control (DMSO) and ascorbic acid (positive
control)

Samples Inhibition (%)
Hesperetin 61.93 +£0.86
Ascorbic acid 84.68 +0.33
(positive control)

Blank (DMSO) 0.3 +0.02

Values are expressed as the mean * SD of three replicates

carefully punctured into each culture dish to
facilitate the application of hesperetin solution or
a blank control.

Our experimental design entailed the
utilization of hesperetin at a concentration of
20 mg/mL, chosen based on our previous study
highlighting its efficacy as an antiviral agent
against poxviruses.* As a comparative reference,
we employed dimethyl sulfoxide (DMSO) as the
control or blank. Following the application of
hesperetin and the blank control, the culture
dishes underwent an additional incubation
period, allowing for the interaction between the
test substances and the bacterial cultures. Upon
completion of the incubation period, we assessed
the extent of bacterial growth inhibition induced
by hesperetin (Figure). The measurement of the
zone of growth inhibition served as a quantitative
indicator of the compound’s antimicrobial
efficacy against the tested bacterial strains
(Table 1). Remarkably, our results revealed a

Table 3. Minimum Inhibitory Concentration (MIC)
of hesperetin and vehicle control (DMSO) against A.
fumigatus growth

Samples Minimum inhibitory

concen. (MIC)
Hesperetin 0.625 mg/mL
Blank (DMSO) none

Figure. Antibacterial activity of hesperetin against (A) E. coli and (B) B. subtilis. Indicated strains were cultured on
LB agar plates in triplicates. Holes were punched using biopsy puncher and blank (DMSO) or hesperetin 20 mg/ml
were applied followed by overnight incubation. The zone-of-inhibition was calculated next day
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substantial inhibition of bacterial growth across
both of the tested strains, underscoring the potent
antimicrobial activity of hesperetin.

DPPH is widely recognized in antioxidant
research for its reliability and versatility as a radical
species used to evaluate antioxidant capacity.
The mechanism involves antioxidants donating
hydrogen atoms to DPPH radicals, resulting in the
formation of stable DPPH-H molecules.® In our
study, we employed DPPH to assess the reducing
power of samples, utilizing the color change
from purple to yellow as an indicator of DPPH
radical reduction, while the control exhibited no
discernible color change.

Our results revealed the significant
reducing activity of hesperetin, as evidenced by
the observed reduction in DPPH activity (Table 2).
Ascorbicacid, utilized as a positive control, exhibited
the highest percentage of DPPH inhibition at 84.68
+ 0.33%. Notably, hesperetin demonstrated a
substantial reduction in DPPH activity, with a
percentage inhibition of 61.93 + 0.86%, compared
to the positive control. Conversely, the black
(DMSO) control showed no significant reduction in
DPPH activity, further corroborating the specificity
of the observed antioxidant effects. The lack of
DPPH reduction in the control underscores the
importance of the active compound, hesperetin,
in eliciting the observed antioxidant response
(Table 2). These findings underscore the potent
antioxidant activity of hesperetin, positioning it
as a promising candidate for further explorationin
the development of novel antioxidant therapies.

In addition to assessing its antimicrobial
properties, we also explored the antifungal
efficacy of hesperetin against clinically relevant
strains of Aspergillus fumigatus. To conduct this
evaluation, we prepared a two-fold dilution series
of hesperetin, initiating from a concentration of 5
mg/mL. These dilutions were then incubated with
the cultured suspensions of the fungal strains for
a duration of 4 days, maintaining the temperature
at 28 + 2 °Cto simulate optimal growth conditions.
Following the incubation period, we observed
the plates to visually determine the Minimum
Inhibitory Concentration (MIC) of hesperetin.
This critical parameter signifies the lowest
concentration at which no visible growth of the
fungal pathogens was observed. Our findings,

summarized in Table 3, revealed compelling results
regarding the antifungal activity of hesperetin.

Remarkably, hesperetin demonstrated
potent inhibitory effects against both the hyphal
growth of the pathogens and the germination
of conidial spores. Notably, the MIC value of
hesperetin was determined to be 0.625 mg/mL
for Aspergillus fumigatus strain. This indicates
that hesperetin effectively inhibited 50% of the
growth of these fungal pathogen under the
experimental conditions employed. These results
highlight the promising potential of hesperetin
as a therapeutic agent against fungal infections,
underscoring its relevance in combating clinically
significant pathogens. Further research endeavors
could delve deeper into elucidating the precise
mechanisms underlying hesperetin’s antifungal
activity, paving the way for its application in clinical
settings as an alternative or adjunctive treatment
option for fungal infections.

DISCUSSION

Our study demonstrates the
multifaceted therapeutic potential of hesperetin,
encompassing not only its antimicrobial activity
but also its antioxidant properties. In addition to
demonstrating significant antimicrobial efficacy
against both bacterial and fungal pathogens, our
investigation revealed notable antioxidant activity
exhibited by hesperetin.

Antioxidants are pivotal in counteracting
detrimental free radicals and reactive oxygen
species (ROS) within the body, thus alleviating
oxidative stress and diminishing the likelihood
of cellular harm and disease.'® The antioxidant
properties of hesperetin stem from its ability
to scavenge free radicals and inhibit oxidative
processes, thereby protecting cells and tissues
from oxidative damage.’

In our experiments, hesperetin exhibited
potent antioxidant activity, as evidenced by its
ability to reduce oxidative stress markers and
enhance antioxidant enzyme activity in vitro.
These findings are also consistent with the
previous research demonstrating the antioxidant
potential of hesperetin in various cellular and
animal models.’®!° Hesperetin’s antioxidant
activity may be attributed to its chemical structure,
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which enables it to donate hydrogen atoms or
electrons to free radicals, thereby neutralizing
their reactivity and preventing cellular damage.

The dual action of hesperetin as both
an antimicrobial agent and an antioxidant holds
promising implications for its therapeutic use
in combating infectious diseases and oxidative
stress-related conditions. By targeting both
microbial pathogens and oxidative stress pathways,
hesperetin may offer a comprehensive approach
to disease prevention and treatment.

Furthermore, the synergistic effects
of hesperetin’s antimicrobial and antioxidant
properties warrant further investigation,
particularly in the context of infectious diseases
characterized by oxidative stress-induced tissue
damage. Future studies exploring the mechanistic
basis of hesperetin’s dual activity and its potential
synergism with conventional antimicrobial
agents are warranted to elucidate its therapeutic
potential fully.

In addition to its antimicrobial and
antioxidant activities, we also investigated
the antifungal efficacy of hesperetin against
clinically relevant strain of Aspergillus fumigatus.
Our results showed potent inhibitory effects
of hesperetin against both hyphal growth and
conidial germination of the fungal pathogens.
These findings are also consistent with previous
studies demonstrating the antifungal activity of
hesperetin against various fungal strains.?** The
low MIC values of hesperetin further underscore
its efficacy as an antifungal agent, highlighting its
potential therapeutic utility in combating fungal
infections.

Overall, the findings from our study,
combined with previous literature, suggest that
hesperetin possesses multifaceted pharmacological
properties, including antimicrobial, antioxidant,
and antifungal activities. These observations hold
promising implications for the development of
hesperetin-based therapeutic interventions for
the management of microbial infections, oxidative
stress-related disorders, and fungal diseases.
Further research endeavours are warranted to
elucidate the underlying mechanisms-of-action of
hesperetin and to evaluate its efficacy in preclinical
and clinical settings for the treatment of various
pathological conditions.

CONCLUSION

This study demonstrates the multifaceted
therapeutic potential of hesperetin, establishing
its efficacy as an antimicrobial, antifungal,
and antioxidant agent. Our findings revealed
significant antimicrobial activity against both
Gram-positive (Bacillus subtilis) and Gram-negative
(Escherichia coli) bacterial pathogens, with zones
of inhibition measuring 3.5 mm = 0.7 and 3
mm + 0.4, respectively. The potent antioxidant
properties of hesperetin were confirmed through
DPPH radical scavenging activity (61.93 + 0.86%
inhibition), while its substantial antifungal efficacy
against Aspergillus fumigatus was demonstrated
with @ minimum inhibitory concentration of
0.625 mg/mL. These results collectively position
hesperetin as a promising candidate for developing
novel therapeutic interventions against diverse
pathogens, while simultaneously addressing
oxidative stress-related conditions through its
robust antioxidant activity.
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