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Abstract

Vaterite, a polymorph of calcium carbonate, is gaining attention in nanotechnology as an effective
carrier for antifungal agents due to its high surface area, porosity, and biocompatibility. These
characteristics enable efficient drug loading and controlled release, allowing antifungal drugs to be
delivered more effectively to target sites, potentially enhancing their therapeutic efficacy and
reducing side effects. This study explores the synthesis, characterization, and evaluation of
Sertaconazole nitrate (SN)-loaded calcium carbonate (CaCQOj3) vaterite carrier nanoparticles (NPs)
formulated into a topical hydrogel for enhanced antifungal therapy. UV-visible spectroscopy
confirmed the synthesis of CaCO; vaterite carrier nanoparticles with an absorbance peak at 275 nm.
FTIR analysis provided insight into the functional groups present in SN, CaCO;, and SN-CaCO; NPs,
indicating successful drug encapsulation. Morphological characterization using SEM and TEM
demonstrated uniform, nanometer-sized particles essential for drug delivery. DLS analysis showed
a mean particle size of 222.7 nm, with a Zeta Potential of -39.4 mV, suggesting good stability in
suspension. Antifungal efficacy was evaluated via well diffusion, showing enhanced inhibition zones
for SN-CaCO; NPs, with further confirmation from biofilm inhibition assays, highlighting the
potential for biofilm-targeted drug delivery. In vitro cytotoxicity assays on A231 skin cancer cells
indicated a dose-dependent response, suggesting the need for optimized concentrations in
therapeutic applications. The hydrogel formulation displayed desirable physical properties,
including appropriate pH, viscosity, spreadability, and washability, suitable for dermatological use.
SN-CaCO; NPs in a topical hydrogel formulation represent a promising approach for targeted
antifungal therapy, particularly for biofilm-associated infections.

Keywords: CaCO3; Sertaconazole; antifungal; hydrogel; formulation; evaluation

Introduction

Nanotechnology, the manipulation and utilization of materials at the nanometre scale, has
emerged as a revolutionary field with vast applications across various scientific domains [1]. In recent
years, its integration into the study of fungi has opened new avenues for enhancing fungal activity,
leading to significant advancements in agriculture, medicine, and environmental sustainability [2].
Fungi play critical roles in ecosystems, including nutrient cycling, plant growth promotion, and
bioremediation [3]. However, harnessing their full potential has often been limited by challenges such
as suboptimal growth conditions, pathogen resistance, and inefficient delivery systems for fungal
inoculants [4]. Nanotechnology offers innovative solutions to these challenges by providing tools and
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materials that can interact with fungi at the molecular level [5]. One of the key applications of
nanotechnology in mycology is the development of nanoparticle-based delivery systems [6]. These
systems can encapsulate and protect fungal spores or mycelium, ensuring their stability and
enhancing their efficacy in various environments [7]. For instance, nanoparticles can facilitate the
controlled release of fungi in agricultural settings, promoting plant health and increasing crop yields
through improved nutrient uptake and disease resistance [8]. Moreover, nanomaterials can be
engineered to enhance the enzymatic activity of fungi, thereby improving their ability to degrade
pollutants and organic matter [9]. This has profound implications for bioremediation efforts, where
fungi are utilized to break down hazardous substances in contaminated soils and water bodies [10].
The increased efficiency and specificity of fungal enzymes, achieved through nanotechnology, can
significantly accelerate the detoxification process [11]. In medicine, nanotechnology has the potential
to transform fungal-based therapies [12]. Fungal metabolites, such as antibiotics and anticancer
agents, can be delivered more effectively using nanocarriers, leading to enhanced therapeutic
outcomes [13]. Additionally, nanomaterials can be used to develop antifungal coatings and materials,
reducing the risk of infections and improving hygiene in medical settings [14]. Despite these
promising developments, the application of nanotechnology in enhancing fungal activity is still in its
nascent stages [15]. Further research is needed to understand the interactions between nanomaterials
and fungal cells, optimize delivery systems, and assess the environmental and health impacts of
nanotechnology [16].

Despite the promising potential of fungi in various applications such as agriculture,
bioremediation, and medicine, their full utilization is hindered by several challenges [17]. These
include suboptimal growth conditions, limited pathogen resistance, and inefficient delivery
mechanisms for fungal inoculants [18]. Traditional methods of enhancing fungal activity often fall
short due to their inability to precisely control and optimize the conditions necessary for maximum
fungal efficacy [19]. Additionally, the stability and bioavailability of fungal spores or metabolites in
different environments pose significant challenges [20]. Nanotechnology, with its capacity to
manipulate materials at the nanoscale, offers innovative solutions to these problems [21]. However,
the interactions between nanomaterials and fungal cells remain poorly understood, and the
environmental and health impacts of these nanotechnological interventions are not fully elucidated
[22]. Addressing these challenges is critical for realizing the full potential of fungi in contributing to
sustainable agricultural practices, effective bioremediation strategies, and advanced medical
treatments [23].

One promising method to overcome the limitations of traditional fungal enhancement
techniques is the use of vaterite carriers [24]. Vaterite, a polymorph of calcium carbonate, is an
innovative nanomaterial known for its biocompatibility, high surface area, and ease of
functionalization [25]. These properties make vaterite an ideal carrier for delivering fungal spores
and metabolites, thereby enhancing antifungal activity [26]. When utilized as a carrier, vaterite
nanoparticles can encapsulate and protect fungal bioactive compounds, improving their stability and
prolonging their release in targeted environments [27]. This controlled release mechanism ensures
that the fungi remain active for extended periods, thereby increasing their efficacy against pathogens
[28]. Additionally, the porous structure of vaterite allows for the incorporation of multiple antifungal
agents, potentially enhancing the synergistic effects and overall antifungal potency [29]. By
optimizing the delivery and activity of fungi, vaterite carriers offer a novel solution to the challenges
faced in leveraging fungal applications for agricultural, environmental, and medical purposes,
paving the way for more effective and sustainable antifungal strategies [30].

The primary objective of this study is to enhance the antifungal effects of sertaconazole nitrate
by employing vaterite carriers for topical drug delivery. Specifically, the research aims to formulate
and evaluate a hydrogel incorporating these vaterite carriers, thereby improving the stability,
controlled release, and efficacy of sertaconazole nitrate against fungal infections. The hypothesis is
that the incorporation of sertaconazole nitrate into vaterite carriers within a hydrogel formulation
will significantly enhance its antifungal activity compared to traditional topical formulations. It is
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anticipated that vaterite carriers will provide a sustained and controlled release of sertaconazole
nitrate, improving its bioavailability and therapeutic efficacy against fungal pathogens. Additionally,
the hydrogel matrix is expected to facilitate better skin penetration and prolonged retention of the
drug at the site of infection, resulting in improved antifungal outcomes and patient compliance.

Materials and methods
Materials

The synthesis of Sertaconazole nitrate-fabricated calcium carbonate (CaCOs) nanoparticles
involves a series of carefully selected materials. Calcium chloride, sourced from Merck, serves as the
cross-linking agent, while sodium carbonate from Universal Starch Chem Allied Ltd is used as an
emulsifier agent. Oleic acid, obtained from Sisco Research, functions as the oil phase, and Tween-80,
also from Sisco Research, acts as an additional emulsifier. The active pharmaceutical ingredient,
Sertaconazole nitrate, is provided by Areete Life Sciences (AR Grade) and is the primary antifungal
drug incorporated into the nanoparticles. For the formulation of the Sertaconazole nitrate-CaCO;
antifungal nano-hydrogel, several materials are utilized. Carbopol 940 from Sisco Research serves as
the gelling agent, while the synthesized Sertaconazole nitrate-CaCOs nanoparticles facilitate nano
drug delivery. Propylene glycol, acquired from Merck, acts as the vehicle, and methyl paraben 0.5%
from Merck functions as a preservative. Sodium carboxymethyl cellulose (CMC), also from Merck, is
used as a thickening agent, and distilled water from Merck is employed as the primary solvent.
Lastly, triethanolamine from Sisco Research Laboratories (SRL) is included as a pH adjuster to ensure
the optimal formulation of the hydrogel.

Synthesis of Sertaconazole fabricated vaterite carrier nanoparticles
Characterization of Sertaconazole coated CaCOs vaterite carrier nanoparticles

Characterization techniques play a crucial role in assessing the properties and efficacy of
pharmaceutical formulations [31]. UV-Vis spectroscopy provides valuable insights into the
absorbance spectra of nanoparticles and drug carriers, aiding in the quantification of drug loading
and carrier stability [32]. FTIR spectroscopy elucidates molecular interactions between Sertaconazole
Nitrate and vaterite nanoparticles, confirming chemical compatibility and structural integrity [33].
SEM imaging techniques offer high-resolution visualization, revealing the morphology and size
distribution of the vaterite nanoparticles, crucial for assessing their suitability as drug carriers [34].
Dynamic Light Scattering (DLS) determines the hydrodynamic size distribution of nanoparticles in
solution, ensuring uniformity and stability [35]. Zeta potential measurements quantify the surface
charge of nanoparticles, influencing their colloidal stability and interaction with fungal cell
membranes, thus enhancing the antifungal efficacy of Sertaconazole Nitrate encapsulated within
vaterite nanoparticles [36]. These characterization techniques collectively optimize the formulation
of Sertaconazole Nitrate-loaded vaterite nanoparticles, potentially enhancing their antifungal
potency and therapeutic efficacy.

Evaluation of fungal activity for SN mediated vaterite carrier nanoparticles
In silico screening of Sertaconazole nitrate against fungal biofilms
Selection of Receptor and Ligand

For the selection of protein and ligand, the ligand chosen was Sertaconazole Nitrate, a widely
studied antifungal agent used against Candida albicans. The protein target associated with this
interaction is represented by the crystal structure of the N240A mutant of Candida albicans Mep2
(PDB ID: 6EJ6). This protein, a high-affinity ammonium permease, plays a significant role in nutrient
acquisition and morphological transitions of Candida albicans, particularly under nitrogen-limiting
conditions. The high-resolution structure, refined at 1.65 A, provides detailed atomic insights
essential for studying ligand binding and interaction affinities. By examining this mutant protein-
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ligand interaction, potential mechanisms and binding efficiencies of Sertaconazole Nitrate against
Candida albicans Mep2 can be elucidated, potentially guiding new antifungal therapeutic strategies.

Binding Affinity prediction and receptor ligand interaction

The molecular docking study using PyRx and Biovia Discovery Studio 2024 follows a systematic
approach to assess the binding interactions of Sertaconazole Nitrate with the Candida albicans Mep2
protein mutant (PDB ID: 6E]6) [37]. Initially, protein and ligand preparation is carried out by
importing the protein structure and removing extraneous molecules, while the ligand is converted to
a compatible format (PDBQT) and minimized for stability using OpenBabel in PyRx. The receptor's
binding site is targeted by defining a grid box around the active site, set to ensure adequate coverage.
AutoDock Vina in PyRx is then used for the docking simulation, generating various poses and
binding affinities (kcal/mol) for analysis. The top-ranked docked complex is subsequently imported
into Biovia Discovery Studio 2024 to visualize detailed interactions between the ligand and protein
residues. Key interaction types, such as hydrogen bonds, hydrophobic interactions, and pi-pi
stacking, are identified through the "2D Interaction” and "Ligand Interactions" tools, highlighting
residues within 4 A of the ligand. Binding site analysis and conformational assessments provide
further insights into the stability and efficacy of the binding, and key interactions are visualized for
documentation. This methodology offers a thorough evaluation of the ligand’s potential therapeutic
efficacy by predicting and validating its binding orientation and affinity, essential for guiding
antifungal therapy design.

In vitro antifungal assay (Well diffusion method)

The well diffusion method was used to assess SN-CaCO3 antifungal efficacy against infections
in the skin [38]. By brushing the surface of the agar with a sterile swab to inoculate nutritional agar
plates with a sufficient amount of the test microorganism, an unaltered microbial lawn was produced
[39]. Using an industrial well puncher or a clean cork borer, drilling was made on the agar. Various
SN-CaCO3 concentrations (20 uL) were introduced into the holes on multiple plates. The positive
control consisted of wells holding an antifungal agent that was well-known (fluconazole). Following
that, the plates underwent incubation for 18 to 24 hours at the microorganism's ideal temperature
(25°C for fungus). The antifungal activity of SN-CaCO3 was evaluated by looking at the plates
shortly after incubation and measuring the diameter of the visible inhibition zone surrounding each
well in millimetres with a calibrated ruler [40].

Inhibition of fungal biofilms (Microtiter assay)

Applying a round bottom 96-well microtiter plate in sterile conditions, the ability of synthesized
SN-CaCO3 NPs to inhibit bacterial biofilm formation was examined, following a slightly modified
protocol previously reported. The microtiter plate evaluation, commonly referred to as the 96-well
plate assay, is a technique for studying bacterial adherence to an abiotic surface in biofilm formation
research. In 96-well microtiter plates with a vinyl "U" bottom type, bacteria are cultured. After
incubation, planktonic bacteria are removed by rinsing, and the adhering bacteria (biofilms) that
remain are coloured with crystal violet dye to make them visible [41]. The dyed biofilms dissolve and
placed to a 96-well optically transparent flat-bottom plate for spectrophotometric measurements if
quantify is necessary [42]. At 620 nm, absorbance was measured to quantify biofilm development
[43].

Cancer cells

A231 cell cultures for skin cancer were obtained from the National Centre for Cell Science

(NCCS) located in the Indian state of Maharashtra. The skin cancer cells were cultured using Eagles

Minimum Essential Medium, which contains 10% fetal bovine serum. The atmosphere was kept at
95% and carbon dioxide at 5% moisture content, respectively, while the living cancer cells was kept
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at 100% relative humidity. The cancer cell's temperature was kept constant at 37 -C. Twice a week,
maintain cells were changed on, and the culture medium replaced twice a week [44].

Cell treatment methods

Using trypsin-ethylene diamine tetra acetic acid (EDTA), monolayer cells were separated into
suspensions of individual cells. The mixtures were diluted using 5% FBS medium to achieve a cell
density of 1 x 105 cells/mL [45]. The viable cells were then counted using a hemacytometer. After
seeding the cell solution (100 mL) onto 96-well plates with 10,000 cells per well, the plates were
incubated at 100% relative humidity for a while. After that, the dishes were maintained at 5% and
95% carbon dioxide and oxygen, respectively. For better cell adherence, the incubator temperature
was 37°C. The test samples are exposed to progressive cell dosages after a day. After dissolving them
in a basic dimethyl sulfoxide, the sample solution is diluted in a serum-free medium to double the
required final highest assessment concentrations. Four serial dilutions were used to generate five
sample concentrations. The desired final sample quantities can be attained by filling the wells with
100 mL of the medium and 100 mL of the sample dilutions in aliquots. Following sample addition,
the culture dishes were incubated for a further two days at 37°C, 100% relative humidity, 5% COs,
and 95% air. As reported by [46,47], the control medium consisted of three duplicates of each
concentration.

MTT test

This MTT examination was performed using 3-[4,5-dimethylthiazol-2-yl] 2,5-
diphenyltetrazolium bromide, a yellow-colored, water-soluble tetrazolium salt. The enzyme
succinate-dehydrogenase in live cells breaks down the tetrazolium chain in MTT, transforming it into
an insoluble violet formazan. The number of viable cells and the amount of formazan produced are
negatively correlated. After two days, each well received 15 mL of MTT (5 mg/mL) in phosphate-
buffered saline (PBS) solution. The wells were then properly mixed and kept at 37 °C for 4 hours [48].
The formazan crystals are dissolved using 100 mL of DMSO after the MTT medium has been
removed. The amount of absorption at 570 nm was measured with a microplate reader. The following
formula was used to determine the viability percentage:

% viability = (Sample OD/Control OD) x 100
Formulation and evaluation of Hydrogel

Formulation of Hydrogels

To formulate a Sertaconazole-mediated calcium carbonate (CaCOs) nanoparticle hydrogel, a
systematic process and precise ingredient selection are essential for stability, effective delivery, and
controlled release. The formulation begins by preparing a hydrogel base using Carbopol 940 (0.5-1%
w/v) as the gelling agent, which is dispersed in distilled water (up to 90% of the total volume) under
continuous stirring. After allowing 1-2 hours for full hydration, glycerin (2-5% w/v) is added to
enhance moisture retention and improve the gel’s non-drying properties on the skin. In a separate
beaker, the pre-synthesized Sertaconazole-mediated CaCO; nanoparticles are dispersed in ethanol
(5-10% w/v) and sonicated for 10-15 minutes to ensure even distribution and prevent nanoparticle
aggregation. This suspension is then gradually introduced to the gel base with continuous stirring,
allowing the nanoparticles to integrate uniformly without settling. To complete gel formation,
triethanolamine (TEA) is added dropwise, adjusting the pH to a skin-compatible range of 5.5 to 7,
while also promoting Carbopol’s thickening action. The final gel is gently homogenized to achieve a
smooth consistency and then transferred into airtight containers for storage. This carefully
formulated hydrogel ensures stable dispersion and controlled release of Sertaconazole, enhancing its
antifungal efficacy and making it suitable for sustained topical application.

Evaluation of Sertaconazole CaCO3 NPs driven hydrogels

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.0463.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 September 2025 d0i:10.20944/preprints202509.0463.v1

6 of 19

Physicochemical Characterization

Appearance and Texture

Visually inspect the hydrogel for uniformity, colour, transparency, and any signs of phase
separation or particulate matter. The texture should be smooth, with no grainy or uneven aspects,
indicating consistent distribution of the nanoparticles [49].

pH Measurement

Measure the pH of the hydrogel using a calibrated pH meter. Skin-friendly hydrogels should
ideally fall within the pH range of 5.5 to 7. Adjustments may be needed if the pH deviates, as it
impacts both stability and skin compatibility [50].

Viscosity and Rheology

Use a viscometer or rheometer to assess the hydrogel’s viscosity and flow behavior. Consistency
in viscosity across batches indicates stability, while non-Newtonian flow properties (e.g.,
pseudoplasticity) are desirable for ease of application and retention on skin [51].

Spreadability

Spreadability is assessed by measuring the extent to which the hydrogel spreads on the skin or
a surface, which is crucial for ensuring even coverage over the application area. Typically, a small
amount of hydrogel is placed between two glass slides, and a specific weight is applied on top. The
spread diameter is measured after a set time, with higher values indicating better spreadability. This
parameter is essential for user comfort and therapeutic efficiency, as it ensures that the drug is evenly
distributed [52].

Washability

On the other hand, tests the hydrogel’s ability to be easily removed from the skin with water. A
sample of the hydrogel is applied to the skin or another surface and then rinsed with water under
gentle rubbing. The ease with which it washes off without leaving residue is an important aspect of
user experience, particularly for topical applications. A washable hydrogel is preferred as it enhances
patient compliance by allowing for easy removal after the treatment duration [53].

Drug permeation test (Franz Diffusion Method)

To evaluate the permeation profile of Sertaconazole-mediated CaCO; nanoparticle hydrogel, a
Franz diffusion cell assay was conducted over a 1-hour period with sample collection every 10
minutes [54]. The assay setup involved placing a synthetic membrane (hydrated cellulose acetate)
over the receptor compartment of the Franz cell, which was pre-filled with phosphate-buffered saline
(PBS) at 37°C to simulate physiological conditions. An appropriate amount of the hydrogel was
applied to the donor compartment above the membrane, and the system was sealed to prevent
evaporation. The receptor medium was continuously stirred with a magnetic stirrer to maintain
uniform drug distribution. Samples of 0.5 mL were withdrawn from the receptor compartment every
10 minutes, with the withdrawn volume replaced immediately with fresh, pre-warmed PBS to ensure
consistent sink conditions. These samples were then analysed via UV-Vis spectrophotometry to
quantify the amount of Sertaconazole that permeated through the membrane at each time interval.
This time-dependent data allowed for the construction of a cumulative permeation profile, providing
insight into the rate and extent of drug release from the hydrogel within the first hour, essential for
assessing the formulation's effectiveness in topical delivery.

Results and discussion

UV analysis

The UV Visible spectroscopy is evaluated for Sertaconazole nitrate fabricated CaCO3 Vaterite
carrier nanoparticles. According to UV analysis calibrated in the range 200 nm to 700 nm. The pure
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ethanol is taken as base correction line. The colour of our nanoparticles is milky white which confirms
synthesis of vaterite carrier nanoparticles. As a result, the UV peaks at 275 nm absorbance exhibits
visible spectrum. The UV analysis graphical image is described in figure (Figure 1).

1.4+

] SN CaC)sNPs
1.2

Absorbance
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Figure 1. UV analysis of synthesized Sertaconazole driven CaCO3 NPs.
FTIR analysis

The FTIR analysis is predicted for 3 different samples which include Pure API (A), CaCO3
vaterite carrier (B) and Sertaconazole nitrate mediated CaCO3 nanoparticles (C). The combined FTIR
graph is plotted by using Origin Pro 2023 software which is shown in figure (Figure 2a). For the pure
drug API Sertaconazole nitrate shows major 5 peaks in fingerprint regions which include 1325 cm-1
exhibits strong C-F stretching having fluoro-compound functional group. Then 1284 cm-1 shows
strong C-N stretching having aromatic amine functional group likewise 1088 cm-1 shows strong C-
O stretching expresses secondary alcohol. Furthermore, 1393 ¢cm-1 exhibits strong S=O stretching
having sulfate functionality. Also, 794 cm-1 shows strong C-H bending expresses 1,4 disubstituted
functional group. Furthermore, In double bond region shows major couple of peaks having ranging
1553 cm-1 which shows strong N-O stretching nitro compounds and then 1578 cm-1 exhibits C=C
stretching medium peak having cyclic alkene functionality. There is no major peak visible in triple
bond region. In single bond region shows only one broad and stronger peak which exhibits O-H
stretching carboxylic acid functional group. Similarly, CaCO3 vaterite carrier (B) was characterized
by FTIR is shown in figure (Figure 2b), in fingerprint regions 5 major peaks are identified among that
1393 cm-1 S=0 stretching exhibits strong sulfate groups. Then 1329 cm-1 shows strong C-N stretching
aromatic amine. Then 1086 cm-1 strong C-F stretching having fluoro compound functional group.
Also 842 cm-1 C-Cl stretching strong peak expresses halo compounds. Likewise, 556 cm-1 having
strong C-I stretching halo compound functional group. In double bond regions 1673 cm-1 exhibits
strong C=0 stretching primary amide functional group. Then 1580 cm-1 shows medium peak having
N-H bending amine functional group. In triple bond region there is no major visible peak in this
analysis. Additionally, In single bond region having 2 peaks which include 3160 cm-1 strong O-H
stretching carboxylic acid functional group and 3452 cm-1 exhibit strong O-H stretching alcohol
functional group. Finally, Sertaconazole Nitrate mediated CaCO3 nanoparticles is analysed in FTIR
is described in figure (Figure 2c), In fingerprint region shows 5 major peaks which includes 1463 cm-
1 having medium peak exhibits C-H stretching alkane functional group, the peak 1425 cm-1 exhibits
medium O-H bending carboxylic acid functional group, the peak 1054 cm-1 strong C-O stretching
primary alcohol functionality. Then the peak 846 cm-1 strong C-Cl stretching shows halo compounds
and peak 561 cm-1 shows strong C-I stretching exhibits halo compounds functional group.
Furthermore, in double bond region 1535 cm-1 strong peak shows N-O stretching nitro compounds
and 1576 cm-1 shows medium C=C stretching cyclic alkene functional groups. Then, in like A and B
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sample, for this sample C also having no visible peaks in triple bond regions. Finally in single bond
region, the three major peak 2852 cm-1, 2920 cm-1, and 3438 cm-1 exhibits strong O-H stretching

alcohol functional group. According to Deng et al., [55] investigation 5-Fluorouracil coated CaCO3
NPs exhibits remarkable functional group. Similarly,
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Figure 2. FTIR analysis (A). FTIR spectrum for Sertaconazole nitrate, (B) FTIR spectrum for CaCO3 vaterite
carrier, and (C) SN-CaCO3 NPs.

SEM and TEM analysis

The SEM images (Figure 3A and B) provide detailed morphological insights into the
Sertaconazole-mediated CaCO; nanoparticles. Image (Figure 3A), captured at a magnification of
50.20 KX, reveals a well-defined crystalline structure, with particles displaying angular, plate-like
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shapes indicative of CaCO; crystals. The surface of these particles appears smooth with slight
irregularities, potentially due to the coating or embedding of Sertaconazole molecules. In Image
(Figure 3B), taken at a lower magnification of 10.0 KX, a more extensive distribution of particles is
visible, showing homogeneity in particle formation with uniform dispersion. This suggests that the
synthesis process yielded a consistent structure across a larger sample area, contributing to
uniformity in particle morphology, which is advantageous for potential biomedical applications
where size and shape uniformity are critical for drug delivery efficiency. According to Deng et al.,
[55] investigation SEM shows uniform particle aggregation for CaCO3 NPs.
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Figure 3. (A) & (B) are SEM images of SN-CaCO3 NPs and (C) and (D) are TEM images of SN-CaCO3 NPs.

The TEM images (Figure 3C and D) further elucidate the structural characteristics and size
distribution of the Sertaconazole-mediated CaCO; nanoparticles. In Image (Figure 3C), taken at
10,000x magnification, the particles appear as aggregates of nearly spherical, nanometer-sized
particles, indicative of successful nanoparticle formation. The high magnification image (Figure 3D)
provides precise measurements of particle sizes, showing a range from approximately 149.5 nm to
262.8 nm. This size distribution confirms the nanometric scale of the particles, which is desirable for
enhanced permeability and retention in therapeutic applications. The consistency in particle size seen
in TEM complements the uniform morphology observed in SEM, indicating a stable formulation
process. Overall, these TEM images validate the nanoscale synthesis and suitability of Sertaconazole-
mediated CaCO; nanoparticles for controlled drug delivery systems.

DLS and Zeta potential

The dynamic light scattering (DLS) analysis of Sertaconazole-mediated CaCO; nanoparticles
yielded a primary particle size distribution with a mean diameter of 222.7 nm and a standard
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deviation of 20.6 nm (Figure 4a). The monodisperse nature of the particle distribution is indicated by
a single peak with a mode value of 223.4 nm, demonstrating consistency in particle size, which is
beneficial for uniform drug delivery. However, the Z-average diameter was recorded as 4224.2 nm,
suggesting the presence of larger agglomerates or aggregates in the suspension. The polydispersity
index (PI) of 2.654 also indicates some degree of polydispersity, which may result from particle
aggregation. This variation between the mean particle size and Z-average suggests that although the
nanoparticles themselves are of desirable size for biomedical applications, optimization of the
suspension or dispersion protocol may be necessary to minimize aggregation for consistent
therapeutic performance. According to Deng et al., [55] investigation DLS shows 827 nm for CaCO3

NPs.
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Figure 4. (A) DLS particle size analysis for SN-CaCO3 NPs, and (B) Zeta potential charge and stability analysis
peak of SN-CaCO3 NPs.

The Zeta Potential measurement for Sertaconazole-mediated SN-CaCO; nanoparticles yielded a
mean Zeta Potential of -39.4 mV, with an electrophoretic mobility mean of -0.000304 cm?/Vs (Figure
4d). The sample temperature was 24.9°C, and the dispersion medium viscosity was 0.897 mPa-s. The
measurement was conducted with an electrode voltage of 3.4 V, and the conductivity was recorded
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at0.101 mS/cm. A Zeta Potential of -39.4 mV indicates that the nanoparticles possess a strong negative
surface charge. This high negative potential suggests good stability of the nanoparticles in
suspension, as the repulsive forces between particles reduce aggregation. For SN-CaCO;
nanoparticles mediated by Sertaconazole, this stability is beneficial, potentially enhancing the
particles bioavailability and effectiveness for drug delivery applications.

Antifungal activity

In silico Molecular Docking

The molecular docking simulations were performed using PyRx software to predict the binding
affinity and binding modes of the selected ligands to the target protein. The results of the docking
simulations revealed significant differences in the binding affinities and binding poses among the
ligands. Among the ligands tested, Sertaconazole nitrate ligand exhibited the predicted binding
affinity, with a docking score of -6.8 kcal/mol. The docking pose of Sertaconazole nitrate within the
binding site showed several key interactions, including hydrogen bonding with residues A767. These
interactions are consistent with the known binding mode of Ligand based on experimental data,
validating the accuracy of the docking predictions. In contrast, Fluconazole (control) displayed a
lower binding affinity compared to Ligand A, with a docking score of -8.0 kcal/mol. The docking pose
of Ligand showed more hydrogen bonding interactions and a less favourable binding orientation
within the binding site. However, analysis of the binding mode revealed the presence of key
hydrophobic contacts with residues Vall03 and Trp105, contributing to the overall stability of the
ligand-protein complex. Finally, the 2D interaction and 3D interaction is shown in figure (Figure 5 A
& B) as well as binding affinity of ligand against receptor is discussed in table (Table 1)

(A)
3D interaction
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C. albicans

¥
(B) 5 om
. . H g &
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of SN against it . o
. MEL, HDA A47
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FUCTI P
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< el ——
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[ water bydrogen Band ] peast
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Figure 5. In-silico molecular interactions of Sertaconazole against fungal pathogen. (A) 3D interaction, and (B)

2D interaction.
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Table 1. Molecular docking of Receptor against ligand with binding affinity and interactions.
. . Binding affinity Amino acid
Protein Ligand (Kcal/mol) interaction
C. albicans Sertaconazole nitrate -0.8 SER, LEU, HOH
C. albicans Fluconazole 8.0 LEU, HOH, ILE,
i (Standard) ' SER
Well diffusion method

The well diffusion method results for Sertaconazole nitrate (SN), calcium carbonate (CaCQOs), and
Sertaconazole nitrate-loaded CaCOs nanoparticles (SN-CaCO; NPs) at various concentrations (50 and
100 pg/ml) reveal notable differences in antimicrobial effectiveness (Figure 6). The diameter of
inhibition zones (in mm) is recorded for each formulation, providing insight into their ability to inhibit
microbial growth. For the positive control (PC), the inhibition zones were consistent, showing values of
21.2 mm, 20.7 mm, and 20.2 mm for SN, CaCOs, and SN-CaCO; NPs, respectively. This indicates that
all formulations have antimicrobial activity that is comparable to the standard, with SN-CaCO; NPs
performing similarly to SN and CaCQOj; alone. At a 50 pg/ml concentration, SN exhibited an inhibition
zone of 8.6 mm, while CaCO; showed a slightly higher activity with a 12.7 mm zone. Interestingly, SN-
CaCOs; NPs demonstrated a significantly larger inhibition zone of 21.5 mm, indicating an enhanced
antimicrobial effect when SN is loaded onto CaCOj; nanoparticles. This enhancement may be due to
improved stability, bioavailability, and targeted release provided by the nanoparticle structure, which
likely increases the effectiveness of SN in reaching and inhibiting microbial cells.

(D) 3o0-

mEm SN mm CaCO3 Em SN-CaCO3 NPs

N
(=]
1

Zone of Inhibition (mm)
[y
)
1

PC 50 100
Concentration of sample (png/mL)

Figure 6. Antifungal activity by well diffusion method. (A) Sertaconazole nitrate tested in agar well diffusion
against C. albicans, (B) CaCO3 vaterite carrier against C. albicans, (C) enhanced SN-CaCO3 NPs against C.
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albicans, and (D) Zone of inhibition column plot with mean+SD, experiments are conducted in triplicates. The

asterisk (*) denotes statistically significance while (*p<0.001) and (*p<0.0005) respectively.

At 100 pg/ml, the trend continues with SN and CaCOj; alone showing inhibition zones of 12.3
mm and 24.9 mm, respectively, whereas SN-CaCO; NPs had the highest inhibition zone of 25 mm.
This suggests that at higher concentrations, the combination of SN with CaCO; nanoparticles
provides maximum antimicrobial efficacy, potentially due to the synergistic effect of the nanoparticle
carrier enhancing drug delivery and retention at the target site.

Biofilm inhibition (Microtiter plate assay)

The biofilm microtiter assay results highlight the potential of Sertaconazole-mediated SN-CaCO;
nanoparticles (NPs) as biofilm inhibitors. Across different concentrations, these nanoparticles
demonstrate a capability to inhibit biofilm formation, although their effectiveness varies. At lower
concentrations (25 and 50 pug/ml), the inhibition is moderate, while higher concentrations show a
similar trend with some fluctuations. When compared to the positive control, Fluconazole, the
Sertaconazole-mediated SN-CaCO; NPs are less effective overall, as Fluconazole displays
consistently lower absorbance values, indicating stronger biofilm inhibition (Figure 7).

1.0 == Candida albicans glabrata B Candida tropicalis
0.8+
S
= 0.6+
>
2 0.4+
-
0.2+
0.0-

25 50 75 100 P25 PS0C P75 P100

Figure 7. Fungal biofilm eradication by microtiter plate assay. The column plot describes statistically significance
analysed by One way ANOVA, which was denoted in alphabetical letters where, ‘a” (p<0.05), ‘b” (p<0.002), ‘c’
(p<0.0005) and ‘d" (p<0.0001).

The mechanism of action for SN-CaCO; NPs lies primarily in their ability to release Ca?* ions,
which can interfere with microbial cell wall integrity, disrupt biofilm structure, and impair the
quorum sensing pathways essential for biofilm development. In addition, CaCOs; NPs act as carriers
for Sertaconazole, enhancing its solubility, stability, and targeted delivery to the biofilm. This
combination allows the antifungal agent to effectively penetrate the biofilm matrix, disrupt fungal
cell membranes, and inhibit cellular processes critical for biofilm sustainability. The negative surface
charge of these nanoparticles, as indicated by the Zeta potential measurements, also aids in
maintaining their stability in suspension and reduces aggregation, which improves bioavailability
and interaction with the biofilm.

The implication of this study suggests that while SN-CaCO; NPs loaded with Sertaconazole have
potential as biofilm inhibitors, further optimization is required to match or surpass the efficacy of
established antifungals like Fluconazole. These nanoparticles hold promise as a novel drug delivery
system that can target biofilm-associated infections more effectively by enhancing drug stability and
biofilm penetration. Such a targeted approach is crucial in combating biofilm-forming pathogens,
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particularly in infections that are resistant to conventional therapies. Future research could explore
adjustments in NP composition or modifications in Sertaconazole concentration to improve biofilm
inhibition and broaden the scope of clinical applications for SN-CaCO; nanoparticles in antifungal

treatments.
In vitro Cytotoxicity Assay against A231 skin cancer cells

The results of the in vitro cytotoxicity assay provide insights into the potential toxic effects of
A231 on mammalian cells, which is crucial for assessing its safety profile and potential therapeutic
applications. Cytotoxicity assays are essential in drug development to evaluate the potential adverse
effects of candidate compounds on human cells and tissues. The control group consisting of untreated
cells demonstrated normal cell viability and proliferation, indicating the suitability of the assay
conditions and the absence of any cytotoxic contaminants. This serves as a baseline for comparison
with the treated cells to assess the cytotoxic effects of A231.Treatment with A231 resulted in dose-
dependent cytotoxic effects as evidenced by the significant reduction in cell viability at higher
concentrations. The observed decrease in cell viability indicates that A231 has the potential to induce
cell death or inhibit cell proliferation in maximum concentration. The dose-dependent cytotoxic
effects of A231 highlight the importance of carefully optimizing the compound concentration for
therapeutic applications to minimize potential toxicity while maximizing efficacy. Further studies are
warranted to elucidate the underlying mechanisms of cytotoxicity induced by A231 and to determine
its therapeutic window for safe and effective use in vivo. In our current study SN CaCO3 exhibit IC50
value 32.06 % which is expressed in graphical image (Figure 8E) as well as morphology of cell
shrinkage is shown (Figure 8 A-D).
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Figure 8. Cytotoxicity assay of SN-CaCO3 NPs (A) Control (Untreated cells), (B) 25 ug/mL of SN-CaCO3 NPs
treated with A231 cancer cells, (C) 50 pug/mL of SN-CaCO3 NPs treated with cells, (D) 100 pug/mL of SN-CaCO3
NPs treated with cancer cells and (D) The cell viability of SN-CaCO3 NPs was plotted in column graph with

mean+SD.

Evaluation of SN vaterite carrier NPs mediated topical hydrogel

Physiochemical parameters

The evaluation of the Sertaconazole nitrate-loaded calcium carbonate (CaCQO;) vaterite carrier
hydrogel revealed favorable physical characteristics that indicate its suitability for topical
application. The hydrogel is milky white in color, has no odor, and exhibits a consistent texture,
which are desirable attributes for patient acceptability. The pH of the hydrogel was measured at 5.9,
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close to the natural skin pH, minimizing the risk of skin irritation and making it suitable for
dermatological applications.

The hydrogel’s viscosity was observed to be 5549 centipoise (cp), suggesting a thick yet
manageable consistency that aids in uniform application and adherence to the skin without excessive
run-off. This level of viscosity also indicates that the hydrogel can hold the drug in place, providing
prolonged contact with the skin, which may enhance the drug’s effectiveness. Spreadability was
recorded at 1.9 gm.cm/sec, indicating adequate ease of application while ensuring that the
formulation covers the desired area effectively. Additionally, the hydrogel is washable, which adds
to its user-friendliness, allowing easy removal when needed.

Drug permeation analysis

In evaluating the drug permeation of SN-CaCO3 nanoparticle-mediated hydrogel using the
Franz diffusion method, the data indicates a consistent increase in absorbance over time, correlating
with the permeation of the drug through the hydrogel barrier (Figure 9). At the initial 10-minute
mark, absorbance values across trials remain close to baseline, averaging 0.0184 nm, suggesting
minimal permeation in the early stages. As time progresses, there is a steady increase in absorbance,
with the 20-minute mark showing an average absorbance of 0.0237 nm, indicating early permeation
of the drug. The trend continues with absorbance values rising steadily, reaching an average of 0.0358
nm by 30 minutes, which reflects enhanced permeation likely due to diffusion gradients stabilizing
and allowing more consistent drug passage. At the 40- and 50-minute intervals, the increase remains
steady, with mean absorbance values of approximately 0.0445 nm and 0.0586 nm, respectively. By 60
minutes, absorbance values reach the highest average of 0.0806 nm, suggesting a peak in permeation
rate, where the hydrogel structure facilitates maximum drug diffusion. This progression indicates a
stable and controlled drug release from the SN-CaCO3 NP-mediated hydrogel, demonstrating its
potential for sustained drug delivery applications. The slight variations among trials reflect
reproducibility while affirming the hydrogel’s effectiveness in modulating drug diffusion over time.
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Figure 9. Simple linear Regression plot of triplicated experiments possess Skin permeation (In vitro) upto 60

minutes.
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Conclusion

The synthesis and characterization of Sertaconazole nitrate-loaded CaCQO; vaterite nanoparticles
present a novel approach for improving antifungal efficacy through a nanoparticle-based drug
delivery system. UV and FTIR analyses confirmed the structural integrity of SN and successful
encapsulation in the CaCOs vaterite carrier. The SEM and TEM images validated the uniform
morphology and nanometric size, which are ideal for targeted drug delivery. DLS and Zeta potential
measurements indicated stability in suspension, essential for maintaining the bioavailability of SN-
CaCO; NPs. The antifungal activity evaluation, particularly in biofilm inhibition assays,
demonstrated that SN-CaCO; NPs significantly enhanced antimicrobial activity compared to SN
alone. The formulation's cytotoxicity assays highlight a promising therapeutic window for targeted
applications, particularly in combating biofilm-forming infections. Additionally, the topical hydrogel
exhibited optimal pH, viscosity, and spreadability, making it suitable for skin application. This
research underscores the potential of SN-CaCOs; vaterite NPs as an effective, stable, and
biocompatible antifungal agent for topical applications, suggesting a promising future in antifungal
and biofilm-targeted therapies.
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