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Quercetin and curcumin are strong natural antibacterial and antioxidant compounds. However, their topical use
is restricted due to their low stability, poor solubility, and insufficient skin penetration. The purpose of this study
was to develop nanoethosomes loaded with curcumin and quercetin and assess their antibacterial efficacy,

antioxidant activity, and physicochemical characteristics for topical administration. The ethanolic injection

Keywords method was used to create the nanoethosomes, which were then characterized for entrapment efficiency, zeta
Curcumin potential, particle size, and polydispersity index (PDI). The DPPH assay was used to measure antioxidant
Nanoethosomes activity, while zone of inhibition, MIC, and MBC studies were used to measure antibacterial efficacy against
Quercetin Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli. The findings indicated that the nanoethosomes
Topical (:,lrug delivery loaded with quercetin had particle size of 128.7 + 16.4 nm, PDI of 0.545 + 0.05, and zeta potential of —34.8 + 0.6
Elﬁ.vc(;:elglds mV, whereas those loaded with curcumin measured 155.3 + 1.2 nm, PDI 0.186 + 0.07, and zeta potential —42.2 +

i

0.3 mV. Curcumin's entrapment efficiency was 92.1 + 2.1%, whereas quercetin's was 84.6 + 1.8%. The curcumin-
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loaded nanoethosomes exhibited antibacterial activity against S. aureus, P. aeruginosa, and E. coli, with inhibition
zones of 21.5 + 1.1, 20.1 + 0.9, and 22.3 + 0.8 mm, respectively. Similarly, at 50 yg/mL, both formulations showed
65 and 54% inhibition of BSA protein denaturation, respectively. These results demonstrated strong antioxidant
activity, high stability, excellent drug loading, and broad-spectrum antibacterial activity, underscoring their

promise as secure and efficient topical delivery methods for natural medicines.
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1. Introduction Despite their therapeutic potential, the clinical application of these

compounds is limited by their poor aqueous solubility, instability, rapid

As a result of increasing prevalence of pathogenic bacteria, the metabolism, and low bioavailability (Teng et al. 2023; Fatima 2025;

exploration of medicinal plants as potential antioxidant and  y ., et a1, 2025). Thus, there is a need to develop an effective drug
antibacterial agents has gained considerable attention in recent years
(Tke et al. 2025; Merdana et al. 2025; Trung and Nhan 2025). To fight

drug-resistant pathogenic bacteria, natural bioactive substances have

delivery approach that can enhance the solubility of active compounds

and also improve skin penetration.

been used due to their safety profiles and have gained more attention in A cutting-edge vesicular drug delivery technology based on

pharmaceutical research (El-Saadony et al. 2025; Karabacak et al. 2025; nanoethosome has emerged to overcome the drawbacks of topical

Phupaboon et al. 2025; Ullah et al. 2025; Masood et al. 2025). Flavonoids carriers and traditional liposomes (Singh et al. 2025b). Nanoethosomes,

such as quercetin and curcumin have gained significant attention in
recent years due to their diverse pharmacological properties, including
antioxidant, anti-inflammatory, antimicrobial, antiparasitic, and
anticancer activities (Azeem et al. 2023; Haryati et al. 2025; Mustafa et
al. 2025; Naeem et al. 2025; Satybaev et al. 2025; Singh et al. 2025a).
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which are made of phospholipids, ethanol, and water, are highly
flexible and deformable, which facilitates their passage through the skin
barrier more successfully (Sguizzato et al. 2021; Ricci et al. 2024). In
addition to increasing vesicle flexibility, ethanol also alters the stratum

corneum's lipid structure, which improves transdermal medication

https:/ /doi.org/10.62310/liab.v6i2.432
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delivery (Akl et al. 2024). Furthermore, nanoethosomes provide several
benefits, such as enhanced physicochemical stability, high drug loading
capacity, and nanoscale particle size (Nasr et al. 2022). Their small size
enables close contact with the skin surface, and by inhibiting vesicle
aggregation their negative surface charge helps maintain colloidal
stability (Elsayed et al. 2021).

Quercetin and curcumin can neutralize reactive oxygen species and
Further, both flavonoids have broad-
spectrum antibacterial properties that work against both Gram-positive
and Gram-negative bacteria (Shome et al. 2022; Bashir et al. 2025;
Sarfraz et al. 2025). They function by disrupting bacterial cell

lessen oxidative damage.

membranes, inhibition protein synthesis, and interfering with the
function of nucleic acids. Thus, the two bioactive compounds (quercetin
and curcumin) in a single carrier system may offer synergistic
pharmacological effects, particularly in antioxidant and antimicrobial
applications (Hasan et al. 2022). Therefore, this study focuses on the
preparation and characterization of quercetin- and curcumin-loaded
nanoethosomes using the ethanolic injection method. The formulated
systems were evaluated for particle size, zeta potential, polydispersity
index, entrapment efficiency, antioxidant activity, antibacterial efficacy,
drug-release behavior, and ex vivo skin permeation to assess their
suitability as topical delivery vehicles.

2. Materials and Methods

2.1 Chemicals and reagents

The chemicals and reagents used in the study (quercetin, curcumin,
ethanol, soya lecithin, triethanolamine, and DPPH or 2, 2-diphenyl-1-
picrylhydrazyl) were purchased from Sigma-Aldrich, USA.

2.2 Formation of nanoethosomes

Nanoethosomes were prepared using the cold method. Briefly, soya
lecithin (3% w/v) was added to an ethanol (40% v/v) solution under
constant stirring (900 rpm) at room temperature. Curcumin and
quercetin were added to the prepared ethanol- lipid mixture and stirred
until dissolved. Then, distilled water was added dropwise to the
solution under constant stirring, and the resultant dispersion was
sonicated at 100W and 20 kHz for 10 min to decrease vesicle size (Nasr
et al. 2022). Thereafter, the prepared nanoethosomes were equilibrated
at 25 °C for 50 min and then stored at 4 °C for further analysis.

2.3 Characterization of nanoethosomes
2.3.1 Fourier transform infrared spectroscopy (FTIR)

Fourier transform infrared spectroscopy (FTIR) was conducted to
analyze the functional groups of the synthesized nanoparticles. A small
quantity of the dried sample was directly applied onto the sample
holder of the Bruker Alpha FTIR spectrometer equipped with an
attenuated total reflectance (ATR) accessory. The sample was scanned
over a spectral range of 4000 to 400 cm! (Salman et al. 2020).

2.3.2 Zeta potential and particle-size analysis

Zeta potential and particle size analyses were conducted using a
Zetasizer Nano ZS (Malvern Instruments, UK) to evaluate the surface
charge and size distribution. Zeta potential was measured through
electrophoretic light scattering, which quantifies the electrophoretic
mobility of particles in an electric field to infer surface charge and
colloidal stability. Particle size and polydispersity index (PDI) were
evaluated by dynamic light scattering (DLS), based on the detection of
fluctuations in scattered light due to the Brownian motion of particles.
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All measurements were carried out at a controlled temperature of 25 °C
(Lu et al. 2018).

2.3.3 Entrapment efficiency (%EE)

The nanoethosomal dispersion was subjected to high-speed
centrifugation to separate unencapsulated (free) drug from the
nanoethosomes. The absorbance of the supernatant containing the free
drug was measured using a UV-Visible spectrophotometer at
wavelengths of 372 and 425 (Ryu et al. 2021). Entrapment efficiency was

then computed using the formula:
%EE = [(Total drug — Free drug) / Total drug] x 100
2.3.4 Antioxidant activity

Antioxidant potential was measured by the DPPH (2, 2-diphenyl
picrylhydrazyl) scavenging method. 1 mL of prepared nanoethosomes
(concentration range of 10-50 pg/mL) was mixed with 2 mL of DPPH
solution, and then the mixture was incubated at room temperature for
20 min. After that, the wavelength was measured at 517 nm (Salman et
al. 2020).

2.3.5 Antibacterial activity assay

Antibacterial potential was determined by the agar well diffusion
method. The agar medium was prepared, and pathogenic bacterial
strains (Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia
coli) were spread over the plates. Six millimeter diameter wells were
formed in the agar medium. Thereafter, 100 uL of nanoethosomes were
loaded into the wells, and then the plates were incubated at 37 °C for 24
h. The antibacterial potential was determined in millimeters of
inhibitory zones around the wells (Erhonyota et al. 2023).

2.3.6 Anti-inflammatory activity by bovine serum albumin assay

The anti-inflammatory activity of the prepared nanoethosomes at
different concentrations (10-50 ug/mL) was assessed by the bovine
serum albumin assay. 1 mL of the nanomaterial was added to 1 mL of
5% (w/v) bovine serum albumin solution, and the mixture was heated
at 40 °C for 30 min. After that, the mixture was cooled to room
temperature, and the absorbance of the solution was measured at 660
nm (Bailey-Shaw et al. 2017).

2.3.7 Primary dermal irritation assessment and ex vivo skin

permeation study

The prepared nanogel was applied for 2448 h to evaluate its dermal
safety and irritation potential. Further, using a Franz diffusion cell
setup with excised chicken skin, the permeation behavior of the
nanogel was monitored, and drug diffusion across the membrane was
quantified. A total of 12 male chickens, 15 days of age and weighing
400-600 g, were divided into four groups, with three birds in each. The
fourth group, specifically prepared for primary dermal irritation
assessment, was provided with a combined nanoethosomal formulation
containing both quercetin and curcumin. The nanoethosomal
formulations were applied topically at a concentration of 50 pg/mL,
using a volume of 0.5 mL per animal. All birds were housed in well-
cleaned and ventilated cages (23-27 °C) with relative humidity of
50-70%. The scoring system was based on visible erythema, scored on a
scale of 0-4. The procedure was adopted as described by Ali et al.
(2022), who used mice for this purpose.

2.4 Statistical analysis

Data were expressed as the mean + standard deviation (SD). Statistical
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comparisons among groups were performed using one-way ANOVA. A
p-value of less than 0.05 was considered statistically significant.

3. Results
3.1 FTIR analysis

FTIR analysis of quercetin-loaded nanoethosomes exhibited different
absorption bands linked to functional groups of both phospholipids
and quercetin, showing the incorporation into the vesicular system. A
peak around 3341 cm-! suggested the properties of O-H stretching and
the presence of hydroxyl groups in the ethosome structure. Moreover, a
peak near 2920 cm! is linked to the C-H stretching vibration of the
phospholipid alkyl chain. Furthermore, the peak at 1650 cm-l was
attributed to the C=O stretching vibration of the flavonoid carbonyl
functional group, whereas the band in the area of 1600-1500 cm-! was
ascribed to aromatic stretching, a major property of quercetin structure.
The bands in the 1250-1000 cm-! range indicated C-O and C-O-C
stretching, reflecting the presence of phenolic and ether groups (Fig. 1)

Furthermore, the FTIR analysis of curcumin-loaded nanoethosomes
represented the peaks corresponding to functional groups of both
phospholipid and curcumin, confirming the incorporation of curcumin
into the vesicular system. An absorption band at 3323 cm-! showed the
presence of hydroxyl groups in the ethosomal matrix. A peak around
2921 cm! was ascribed to C-H stretching vibrations of alkyl chains,
confirming the presence of phospholipids. Moreover, the peak at 1635
cm! showed the C=O stretching of the diketone structure of curcumin.
Furthermore, a peak at 1053 cm'! is associated with C-O-C stretching,
showing the presence of ether groups (Fig. 2). Overall, the observed
absorption bands were consistent with the characteristic functional
groups of the formulation components. These observations suggests
that FTIR analysis was used for functional group characterization;
however, it was not considered sufficient to establish chemical stability,
the absence of degradation, or specific molecular interactions.

3.2 Zeta analysis

The size of particle, zeta potential, and polydispersity index (PDI) of
blank, curcumin-loaded, and quercetin-loaded nanoethosomes were
measured to estimate the influence of drug incorporation on the
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Fig. 1. FTIR of quercetin-containing nanoethosomes
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Fig. 2. FTIR of curcumin-containing nanoethosomes

vesicular system (Fig. 3). The blank formulation showed a particle size
of 110 nm, a zeta potential of -31.7 mV, and a narrow size distribution
(PDI= 0.210). However, quercetin-loaded nanoethosomes showed an
increased vesicle size (128.7 nm) and PDI (0.545). Further, the zeta
potential was -34.8 mV. Moreover, the curcumin-loaded nanoethosomes
showed the largest size (155.3 nm) and low PDI (0.186); however, the
zeta potential decreased (-42.2 mV). Both nanoethosomal formulations
exhibited strong encapsulation; however, the curcumin-loaded
nanoethosomes showed higher entrapment (92.1%) as compared to
quercetin-loaded nanoethosomes (84.6%) (Table 1).

3.3 Antioxidant potential

All the samples showed concentration-dependent DPPH scavenging
activity (Fig. 4). The antioxidant activity of curcumin-loaded
nanoethosomes was enhanced from 10 to 50 pg/mL. At 50 ug/mL, the
curcumin-loaded nanoethosomes showed 80% DPPH radical
scavenging activity, whereas quercetin-loaded nanoethosomes showed
74% activity. These findings indicate concentration-dependent radical-
scavenging activity under DPPH assay conditions.

Zeta Potential of Nanoethosomes

Mean Hydrodynamic ize of Nanogthosomes
180

=

Mean Size (nm)
'

Zeta Potential (mV)

e 50“\95

Fig. 3. Zeta size and potential of nanoethosomes
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Table 1. Entrapment efficacy of nanoethosomes

Formulation Entrapment efficiency (%) Mean + SD
Quercetin-loaded
84.6+1.8
nanoethosomes
Curcumin-loaded
921+2.1
nanoethosomes

90 m Ascorbic acid
® Curcumin loaded nanoethosomes
80 @ Quercetin loaded nanoethosomes

70
60
50
4
3
2

10 20 30 40 50
Concentration pg/mL

Fig. 4. Antioxidant activity of curcumin- and quercetin-loaded

3.4 Antibacterial potential

The antibacterial activity of quercetin- and curcumin-loaded
nanoethosomes was evaluated against S. aureus, P. aeruginosa, and E.
coli. For this purpose, the agar well diffusion method was adopted.
Briefly, the bacterial cultures were prepared and inoculated onto the
appropriate agar medium to obtain a uniform bacterial pattern. Wells of
6mm diameter were prepared in the inoculated agar plates, and 100 uL
of each nanoethosome was added to each well. After that, the plates
were incubated at 37 °C for 24 hours. The diameter of the inhibition
zones was measured in millimeters.

The curcumin-loaded nanoethosomes showed higher antibacterial
potential as compared to quercetin nanoethosomes. The zones of
inhibition by curcumin-loaded nanoethosomes against pathogenic
bacterial strains (S. aureus = 21.5 + 1.1 mm, P. aeruginosa = 20.1 £ 0.9 mm,
and E. coli = 22.3 + 0.8 mm) are shown in Fig. 5. Furthermore, the

antibacterial activity was evaluated by determining the minimum

Ashraf et al 2026

B Zone of inhibition of curcumin loaded nanoethosomes
25 @ Zone of inhibition of quercetin loaded nanoethosomes

20
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Pathogenic strains

Fig. 5. Inhibitory zones of quercetin- and curcumin-loaded

inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC). The values are given in Table 2. The antibacterial
responses were recorded for each bacterial strain, and all experiments
were performed using three independent replicates (n=3). However,
because the nanoethosome formulations contained 40% ethanol and
neither ethanol-only vehicle control nor the blank nanoethosome
controls were not included, the contribution of ethanol and the
nanoethosomal carrier to the observed antibacterial activity cannot be

excluded.
3.5 Anti-inflammatory potential

Both curcumin- and quercetin-loaded nanoethosomal formulations
showed concentration-dependent inhibition of BSA protein
denaturation (Fig. 6). At highest concentration of 50 pg/mL, the
curcumin-loaded and quercetin-loaded nanoethosomes exhibited 65%
and 54% inhibition, respectively.

3.6 Primary dermal irritation

The erythema scale (0-4), (0 = none, 1 = light pink, 2 = dark pink, 3 =
light red, and 4 = dark red) showed that the control exhibited irritation
at different times (8, 16, and 24 h). However, group 2 (quercetin
nanoformulation), group 3 (curcumin nanoethosomes), and group 4

(combination of both) showed normal skin appearance (Fig. 7). This

nanoethosomes

Table 2. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of quercetin and curcumin-loaded

Bacterial strain Formulation

Staphylococcus aureus Quercetin-loaded nanoethosomes

Curcumin-loaded nanoethosomes

Pseudomonas aeruginosa Quercetin-loaded nanoethosomes
Curcumin-loaded nanoethosomes
Escherichia coli Quercetin-loaded nanoethosomes

Curcumin-loaded nanoethosomes

MIC (ug/mL) MBC (ug/mL)
25 50
20 40
30 60
25 50
25 50
20 40
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Fig. 6. Anti-inflammatory potential by bovine serum albumin assay of
prepared nanoethosomes

pattern confirms that the model was sensitive (strong response in the
control) while all nanoethosomal treatments were non-irritant under
the test conditions. The lack of late-onset redness at 24 hours also
argues against cumulative irritation or sensitization. Overall, these
findings support the dermal safety of the quercetin, curcumin, and
combined nanoethosomal formulations for topical use.

4. Discussion

Medicinal plants and their phytochemicals are considered as potential
alternatives against bacterial infections (Mba et al. 2025; Khang et al.
2025; Shehzad et al. 2025), but their efficiency can be increased further
by blending them with some other suitable agents (Shahzad et al. 2024;
Okoye et al. 2025; Zhao et al. 2025). The current research shows the
effective preparation of the quercetin- and curcumin-loaded
nanoethosomes as innovative topical delivery systems with good
physicochemical properties, high drug loading, and improved

o Group 1 Group 2 Group 3 Group 4

g (Control) (Quercetin (Curcumin (Quercetint

= nanoethosomes) nanoethosomes) Curcumin
nanoethosomes)
7

8h

16h

24h

Fig. 7. Primary dermal irritation

Letters in Animal Biology 06(2): 146 - 153

150

Ashraf et al 2026

biological activity. Their small size, highly deformable vesicular
structure, and the ability of ethanol to deform facilitates penetration
through the skin barrier, making nanoethosomes especially valuable in
delivering poorly soluble natural compounds across the skin barrier
(Emanet and Ciofani 2023). The size of nanoscale vesicles, negative
surface charge, and satisfactory polydispersity values indicated
favorable physicochemical characteristics of formulated nanoethosomes
(Midekessa et al. 2020). These qualities are necessary to maintain high
levels of topical activity and interaction with stratum corneum (Menon
et al. 2012).

FTIR analysis suggested that quercetin and curcumin were readily
incorporated into the nanoethosomes bilayer without any indication of
chemical degradation or incompatibility. The retention of characteristic
functional group peaks, along with slight inclination and broadening of
the bands, indicate physical encapsulation that involve hydrogen
bonding and electrostatic interactions as opposed to covalent
modification (Pasieczna-Patkowska et al. 2025). These molecular
interactions may be beneficial, since they help stabilize the vesicular
structure and retain the inherent bioactivity of the loaded compounds
(Pop et al. 2015). The lack of new peaks also indicates that both
flavonoids have a high level of chemical stability during the process of
formulation, which is very important in the case of natural products
that are likely to degrade (Espindola 2023). The higher entrapment
efficiency of curcumin than quercetin may be linked its lipophilicity
and subsequent attachment to the phospholipid bilayer that reduces the
loss of drugs into the external aqueous solution (Kuche et al. 2019). A
high entrapment efficiency has been shown to achieve high drug
delivery with low dosage, enhance therapeutic consistency, and
minimize wastage on formulations (Shen et al. 2017; Matalqah et al.
2025). However, the entrapment efficiency of quercetin was also
relatively higher and hence, confirmed the applicability of
nanoethosomes for entrapment of both flavonoids.

The DPPH assay showed that nanoethosome encapsulation
enhanced the free-radical scavenging activity of both compounds.
These high, dose-dependent antioxidant activities indicate that the
nanoethosome carrier has no effect on the availability of active sites and
even higher dispersion and stability of the antioxidants (Mazzotta et al.
2021). The scavenging activity was higher in nanoethosomes loaded
with curcumin as compared to those loaded with quercetin due to
phenolic and diketone-based radical neutralization mechanisms
exhibited by curcumin (Mazzotta et al. 2021). The antioxidant activity
comparable with that of ascorbic acid at elevated levels demonstrates
the potential of these formulations in the treatment of oxidative stress-
associated skin diseases (Oresajo et al. 2012). For instance, the
flavonoid-based nanoethosomes exhibit greater free-radical scavenging
potential (Ricci et al. 2024). Antibacterial assays showed broad
spectrum action against Gram-positive and Gram-negative bacteria,
with curcumin-loaded nanoethosomes showing greater efficacy against
all the strains tested. This increased antibacterial activity is explained
by the fact that nanoethosomal penetration, disruption of the cell
membrane induced by ethanol, and intracellular delivery of the
bioactive compounds work in conjunction (Emanet and Ciofani 2023).
The lower values of MIC and MBC of the curcumin formulations imply
strong interactions with bacterial membranes and have better
bactericidal properties (Shome et al. 2022). Further, it was previously
reported that liposomes (lipid-based nanomaterials) showed potential

antibacterial activity and considerably inhibit pathogenic bacterial
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growth (Ghosh and De 2023).

Furthermore, the prepared nanoethosomal formulations showed
anti-inflammatory potential. The results suggested that these
formulations may suppress inflammatory mediators, such as tumor
necrosis factors (EI-Mahdy et al. 2020). Thus, the combination of these
therapeutic activities suggests that these formulations may help control
the inflammatory and infectious diseases.

Dermal irritation tests established the safety of the quercetin- and
curcumin-loaded nanoethosomes because none of the subjects
experienced any erythema or other negative effects of the skin during
the study period. This observation is especially important considering
the fact that ethanol level is relatively high in ethosomes, which may
even be hazardous at high concentrations (Abdulbaqi et al. 2016). Lack
of irritation reveals that the optimized formulation provides a balance
between the enhancement of penetration and compatibility with the
skin, and it is suitable for recurrent topical use (Jain et al. 2022; Narsa et
al. 2024). Future studies should encompass the long-term stability

analyses and in vivo efficacy evaluation in disease-specific models.
5. Conclusions

The curcumin- and quercetin-loaded nanoethosomes were effectively
formulated, exhibiting the favourable physicochemical characteristics,
greater entrapment efficacy, potential antioxidant and anti-
inflammatory activities, and good antibacterial potential. The
nanoethosomal system enhanced the stability and bioactivity of both
compounds, demonstrating promising potential as an effective topical

delivery platform for natural therapeutics.
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