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ABSTRACT

Skin cancer remains one of the most prevalent malignancies worldwide, with increasing incidence
and significant limitations associated with conventional treatment modalities such as surgery,
chemotherapy, and radiotherapy. These approaches often lead to systemic toxicity, cosmetic
concerns, and reduced patient compliance. In recent years, natural bioactive compounds combined
with nanotechnology-based delivery systems have emerged as promising alternatives for localized
cancer therapy. Bixin, a naturally occurring apocarotenoid derived from Bixa orellana, possesses
potent antioxidant, anti-inflammatory, photoprotective, and anticancer properties; however, its
therapeutic application is restricted by poor aqueous solubility, chemical instability, and limited

skin penetration.

The present study focuses on the formulation and evaluation of a bixin-loaded nanotechnology-
based topical gel aimed at improving drug stability, skin permeation, and anticancer efficacy for
the treatment of skin cancer. Bixin-loaded nanoparticles were developed and optimized using
suitable lipid/polymeric nanocarriers, followed by incorporation into a gel base to obtain a patient-
friendly topical formulation. The optimized nano-gel was evaluated for physicochemical
characteristics, including particle size, zeta potential, entrapment efficiency, rheological behavior,

spreadability, and drug content uniformity.
Keywords: Bixin, Nanotechnology, Topical Gel, Skin Cancer, Drug Delivery System.

INTRODUCTION
1.1 Background

Cancer represents one of the most significant health challenges of the 21st century, affecting
millions of individuals worldwide and placing an enormous burden on healthcare systems globally
[1]. Among the various types of cancer, skin cancer has emerged as the most prevalent malignancy,
with incidence rates continuing to rise at an alarming pace across all demographic groups [2]. The
World Health Organization estimates that between 2 and 3 million non-melanoma skin cancers and
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approximately 132,000 melanoma skin cancers occur globally each year, making it a critical public
health concern [3]. The pathogenesis of skin cancer is multifactorial, involving genetic
predisposition, environmental factors, and prolonged exposure to ultraviolet radiation, which
induces DNA damage and triggers oncogenic transformation in cutaneous cells [4].

Conventional treatment modalities for skin cancer include surgical excision, radiotherapy,
chemotherapy, photodynamic therapy, and immunotherapy, each presenting distinct advantages
and limitations [5]. While surgical intervention remains the gold standard for localized lesions, it
is often associated with cosmetic concerns, scarring, and potential functional impairment,
particularly when lesions occur in cosmetically sensitive areas such as the face [6]. Systemic
chemotherapy, though effective for advanced or metastatic disease, is plagued by severe adverse
effects including myelosuppression, hepatotoxicity, nephrotoxicity, and gastrointestinal
disturbances, significantly compromising patient quality of life [7]. These limitations have
catalyzed intensive research efforts toward developing novel therapeutic strategies that can
selectively target malignant cells while minimizing systemic toxicity and preserving healthy tissue
integrity [8].

1.2 Bixin: Phytochemical Profile and Therapeutic Potential

Bixin (methyl hydrogen 9'-cis-6,6'-diapocarotene-6,6'-dioate) is a monomethyl ester of a
dicarboxylic acid carotenoid, making it lipophilic and readily soluble in organic solvents and oils
[13]. The molecular formula of bixin is C2sH3004, with a molecular weight of 394.51 g/mol, and it
exhibits characteristic absorption maxima in the visible spectrum, giving it a distinctive orange-
red color [14]. Structurally, bixin contains nine conjugated double bonds, which are responsible
for its potent antioxidant activity through the delocalization of unpaired electrons and the ability
to quench singlet oxygen and neutralize free radicals [15]. This compound has been traditionally
used in various cultures for its colorant properties, but emerging scientific evidence has revealed
its significant therapeutic potential, particularly in the context of cancer prevention and treatment
[16].

1.3 Challenges in Topical Delivery of Bixin

Despite the promising therapeutic potential of bixin, its clinical translation has been significantly
hindered by several physicochemical and biopharmaceutical challenges [25]. The primary
limitation is the poor aqueous solubility of bixin, which severely restricts its bioavailability and
therapeutic efficacy when administered through conventional formulation approaches [26]. The
lipophilic nature of bixin results in limited penetration through the aqueous epidermal layers of the
skin, preventing adequate drug concentration at the target site within the dermis and epidermis
where skin cancer lesions typically develop [27]. Additionally, bixin is highly susceptible to
degradation when exposed to light, oxygen, heat, and extreme pH conditions, leading to rapid loss
of biological activity during storage and application [28].

The human skin presents a formidable barrier to topical drug delivery, consisting of multiple layers
with distinct structural and functional characteristics that impede the penetration of therapeutic
agents [29]. The stratum corneum, the outermost layer of the epidermis, comprises densely packed
keratinized cells embedded in a lipid matrix, creating a highly efficient barrier that restricts the
passage of both hydrophilic and lipophilic molecules [30]. For a topical anticancer agent to be
effective, it must penetrate through the stratum corneum, traverse the viable epidermis, and reach
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sufficient concentrations in the target tissue while maintaining chemical stability and biological
activity. Traditional topical formulations such as creams, ointments, and lotions often fail to
achieve these objectives, particularly for poorly soluble compounds like bixin, resulting in
inadequate therapeutic outcomes.

1.4 Nanotechnology as a Solution for Enhanced Drug Delivery

Nanotechnology has revolutionized the field of drug delivery by offering innovative solutions to
overcome the limitations associated with conventional pharmaceutical formulations.
Nanoparticulate drug delivery systems, characterized by particle sizes typically ranging from 1 to
1000 nanometers, possess unique physicochemical properties that distinguish them from bulk
materials and conventional formulations. These nanoscale dimensions confer several advantages
including enhanced surface area to volume ratio, improved solubility of poorly water-soluble
drugs, controlled and sustained release kinetics, enhanced cellular uptake, and the ability to protect
encapsulated drugs from premature degradation. In the context of topical drug delivery,
nanotechnology-based formulations have demonstrated superior skin penetration capabilities,
enabling therapeutic agents to bypass the stratum corneum barrier and reach deeper skin layers
where pathological conditions manifest.

1.5 Gel-Based Formulations for Topical Application

The incorporation of nanocarriers into gel-based formulations represents an advanced strategy for
topical drug delivery, combining the benefits of nanotechnology with the desirable characteristics
of gel systems. Gels are semisolid preparations consisting of either suspensions of small inorganic
particles or large organic molecules interpenetrated by a liquid, forming a three-dimensional
network structure that immobilizes the liquid phase. Topical gels offer several advantages over
other conventional dosage forms including ease of application, enhanced patient compliance,
controlled drug release, excellent spreading properties, rapid drug release, better drug permeation,
non-greasy texture, easy removal, and suitability for hairy skin areas. The aqueous or
hydroalcoholic base of most gels provides a cooling and refreshing effect upon application, which
is particularly appreciated by patients, especially in tropical climates.

1.7 Current Treatment Modalities and Their Limitations

The management of skin cancer is determined by multiple factors including histological subtype,
tumor stage, anatomical location, patient age and comorbidities, and cosmetic considerations.
Surgical excision remains the primary treatment modality for most skin cancers, offering the
advantages of complete tumor removal, histological verification of margins, and excellent cure
rates for early-stage disease. Various surgical techniques are employed depending on tumor
characteristics, including standard excision with predetermined margins, Mohs micrographic
surgery for high-risk tumors in cosmetically sensitive areas, curettage and electrodesiccation for
small, low-risk basal cell carcinomas, and cryosurgery using liquid nitrogen for superficial lesions
in selected cases. While highly effective, surgical interventions are invasive, may require multiple
procedures when margins are positive, can result in significant scarring and functional impairment,
and may not be suitable for patients with multiple tumors, large lesions, or medical
contraindications to surgery.
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1.9 Formulation Strategies for Nanotechnology-Based Systems

The formulation of nanoparticulate drug delivery systems requires careful consideration of
multiple variables including selection of appropriate excipients, preparation methods, process
parameters, and characterization techniques. For lipophilic drugs like bixin, several nanocarrier
platforms are particularly suitable, each offering distinct advantages and challenges. Solid lipid
nanoparticles (SLNs) consist of a solid lipid matrix stabilized by surfactants, offering advantages
of biocompatibility, protection of labile drugs from degradation, controlled release properties, and
scalability using established manufacturing techniques such as high-pressure homogenization,
ultrasonication, or microemulsion methods. However, SLNs may suffer from limited drug loading
capacity due to crystallization of the lipid matrix, potential drug expulsion during storage, and
relatively high water content in dispersions.

1.10 Characterization Parameters for Nanotopical Formulations

Comprehensive characterization of nanotopical formulations is essential to ensure quality, safety,
efficacy, and batch-to-batch reproducibility. The physicochemical characterization of
nanoparticles includes determination of particle size, polydispersity index, zeta potential,
morphology, drug loading, and entrapment efficiency. Particle size analysis is typically performed
using dynamic light scattering (DLS), also known as photon correlation spectroscopy, which
measures the Brownian motion of particles in suspension and relates this to particle size through
the Stokes-Einstein equation. The polydispersity index (PDI) provides information about the width
of particle size distribution, with values below 0.3 generally indicating a relatively narrow size
distribution suitable for pharmaceutical applications. Zeta potential measurement, which indicates
the surface charge of nanoparticles and predicts colloidal stability, is performed using
electrophoretic light scattering, with absolute values above £30 mV typically associated with good
physical stability due to electrostatic repulsion.

1.11 In Vitro and Ex Vivo Evaluation Methods

In vitro drug release studies provide crucial information about the release kinetics of drugs from
nanocarriers and gel formulations, helping to predict in vivo performance and optimize
formulation parameters. These studies are typically conducted using dialysis membrane diffusion
apparatus, Franz diffusion cells, or USP dissolution apparatus with appropriate modifications for
semisolid formulations. The release medium should simulate physiological conditions as closely
as possible, typically using phosphate buffered saline (PBS) at pH 7.4 or simulated skin surface
fluid at pH 5.5, maintained at skin surface temperature (32°C) or physiological temperature (37°C).
Samples are withdrawn at predetermined time intervals and analyzed for drug content using
validated analytical methods. Mathematical modeling of release data using various kinetic models
(zero-order, first-order, Higuchi, Korsmeyer-Peppas, Hixson-Crowell) helps elucidate the
mechanism of drug release and optimize formulation design for desired release profiles.

1.12 Cytotoxicity and Anticancer Activity Assessment

The evaluation of cytotoxic and anticancer effects of bixin-based formulations requires well-
designed in vitro studies using relevant cell culture models. Skin cancer cell lines commonly
employed include A375 and SK-MEL-28 (melanoma), A431 (squamous cell carcinoma), and
various basal cell carcinoma cell lines. Normal human epidermal keratinocytes (NHEK) or
fibroblasts should be included as controls to assess selective toxicity toward cancer cells. Cell
viability assays such as MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide),
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MTS, or WST-1 assays measure mitochondrial metabolic activity as a surrogate for cell viability,
providing quantitative data on the cytotoxic effects of test formulations. The assays involve
treating cells with various concentrations of formulations for specific time periods, followed by
addition of the tetrazolium compound which is reduced by metabolically active cells to colored
formazan products measured spectrophotometrically.

1.13 Safety and Biocompatibility Evaluation

Ensuring the safety and biocompatibility of nanotopical formulations is paramount before
advancing to clinical applications. In vitro irritation testing using reconstructed human epidermis
models (such as EpiDerm or EpiSkin) provides ethically acceptable alternatives to animal testing
while yielding predictive data on skin irritation potential. These three-dimensional tissue cultures
closely mimic human skin structure and can be exposed to test formulations to assess cell viability
and release of inflammatory mediators such as interleukin-1a (IL-1a)). The MTT assay performed
on these tissue models provides quantitative data on tissue viability, with products causing
significant reduction in viability classified as irritants according to established protocols such as
OECD Test Guideline 439.

1.14 Regulatory Considerations and Quality Standards

The development of nanotechnology-based pharmaceutical products must comply with stringent
regulatory requirements established by agencies such as the US Food and Drug Administration
(FDA), European Medicines Agency (EMA), and other national regulatory authorities. While
nanotechnology offers tremendous therapeutic potential, it also raises unique regulatory challenges
due to the novel properties of nanomaterials that may differ from their bulk counterparts.
Regulatory guidance documents specifically addressing nanotechnology products emphasize the
importance of thorough characterization, safety evaluation, and quality control throughout the
product lifecycle. The FDA's guidance on liposome drug products and the EMA's reflection paper
on nanotechnology-based medicinal products provide frameworks for demonstrating
comparability, quality, safety, and efficacy of nanoformulations.

1.15 Intellectual Property and Commercial Considerations

The development of novel pharmaceutical formulations involves significant investment of
resources, and protection of intellectual property (IP) is crucial for commercial viability and return
on investment. Patent strategies for nanotopical gel formulations may encompass composition of
matter patents covering novel nanocarrier formulations, process patents protecting innovative
preparation methods, and use patents claiming specific therapeutic applications. Prior art searches
should be conducted early in development to ensure freedom to operate and identify opportunities
for patentable innovations. Since bixin is a naturally occurring compound that cannot be patented
per se, novelty must reside in the specific formulation, manufacturing process, or therapeutic
application claimed.

Market analysis indicates significant commercial potential for effective topical therapies for skin
cancer, driven by increasing incidence rates, patient preference for non-invasive treatments, and
growing awareness of skin cancer prevention and early detection. The global dermatology drugs
market, particularly the segment addressing skin cancer, has experienced steady growth and is
projected to continue expanding. Natural product-based therapeutics have gained consumer
acceptance due to perceptions of safety and fewer side effects compared to synthetic drugs. The
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development of a bixin-based product could leverage this trend while offering scientifically
validated anticancer efficacy through advanced nanotechnology formulation.

REVIEW OF LITERATURE

3.1 Introduction

The development of nanotechnology-based topical formulations for cancer treatment represents a
convergence of multiple scientific disciplines including pharmaceutical nanotechnology,
dermatology, oncology, and materials science. This chapter presents a comprehensive review of
the relevant literature that provides the scientific foundation for developing bixin-loaded
nanocarriers in topical gel formulations for skin cancer therapy. The review encompasses various
aspects including the current understanding of skin structure and drug penetration mechanisms,
advances in nanotechnology for topical drug delivery, natural products in cancer therapy, specific
nanocarrier systems employed for anticancer agents, gel formulations for dermatological
applications, and the evaluation methodologies for assessing topical anticancer formulations. By
synthesizing information from diverse research areas, this review establishes the knowledge base
upon which the present research is built and identifies critical gaps that this study aims to address.

3.2 Skin Structure and Barrier Function

The human skin represents the largest organ of the body, covering an average surface area of
approximately 1.8 square meters in adults and performing numerous vital functions including
protection against environmental insults, thermoregulation, sensation, and metabolic activities
[31]. Understanding the complex architecture of skin is fundamental to designing effective topical
drug delivery systems. The skin consists of three primary layers: the epidermis (outermost layer),
dermis (middle layer), and hypodermis or subcutaneous tissue (innermost layer), each possessing
distinct structural and functional characteristics that influence drug penetration and distribution
[32].

The epidermis itself is a stratified squamous epithelium composed of multiple sublayers including,
from deepest to most superficial, the stratum basale, stratum spinosum, stratum granulosum,
stratum lucidum (present only in thick skin), and stratum corneum [33]. The stratum corneum,
despite being only 10-20 micrometers thick, represents the principal barrier to percutaneous drug
absorption due to its unique "brick and mortar" structure wherein corneocytes (the "bricks") are
embedded in a lipid matrix (the "mortar") composed of ceramides, cholesterol, and free fatty acids
arranged in highly ordered lamellar bilayers [34]. This remarkable organization creates a tortuous
pathway that significantly impedes the penetration of both hydrophilic and lipophilic molecules,
with the stratum corneum being approximately 1000 times less permeable than other biological
membranes [35].

3.3 Nanotechnology in Topical Drug Delivery

The application of nanotechnology to topical drug delivery has emerged as one of the most
promising strategies for overcoming the formidable barrier properties of skin and achieving
therapeutic drug concentrations at target sites within cutaneous tissues [46]. Nanocarriers, defined
as colloidal systems with particle sizes typically ranging from 10 to 1000 nanometers, possess
unique physicochemical properties that distinguish them from conventional formulations and
enable superior performance in terms of drug solubilization, protection from degradation,
controlled release, and enhanced skin penetration [47].
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3.4.1 Solid Lipid Nanoparticles

Solid lipid nanoparticles emerged in the early 1990s as an alternative to other colloidal carriers,
offering advantages of biocompatibility, physical stability, ease of large-scale production, and
suitability for lipophilic drugs [58]. These nanocarriers consist of a solid lipid matrix at room and
body temperature, stabilized by surfactants, and typically prepared by high-pressure
homogenization or microemulsion techniques [59]. The solid state of the lipid matrix provides
protection for encapsulated drugs against chemical degradation, making SLNs particularly suitable
for compounds susceptible to hydrolysis or oxidation like bixin [60].

3.5 Polymeric Nanoparticles for Anticancer Drug Delivery

Polymeric nanoparticles have garnered significant attention in cancer therapy due to their versatile
characteristics including tunable size, surface properties, drug release kinetics, and
biodegradability [58]. These nanocarriers can be prepared from natural polymers such as chitosan,
alginate, and albumin, or synthetic polymers including poly(lactic-co-glycolic acid), polylactic
acid, polycaprolactone, and various dendrimers [59]. The selection of polymer determines critical
properties such as degradation rate, drug release mechanism, cellular uptake, and biocompatibility
[60].

Methodology

4.1 Introduction

The development of effective, safe, and patient-friendly therapeutic options for skin cancer
remains a significant challenge in modern dermatological and oncological practice. Despite
advances in surgical techniques, radiotherapy, and systemic chemotherapy, there is a continuing
need for topical treatment alternatives that can provide localized therapeutic effects with minimal
systemic toxicity, particularly for superficial skin cancers, multiple lesions, or in patients who are
not suitable candidates for invasive procedures. Natural products, particularly carotenoids like
bixin, offer promising anticancer properties with favorable safety profiles, but their clinical
application has been hindered by fundamental pharmaceutical challenges including poor aqueous
solubility, chemical instability, and inadequate penetration through the skin's formidable barrier.
Nanotechnology has emerged as a transformative approach to overcome these limitations, offering
sophisticated delivery systems that can enhance drug solubility, protect sensitive compounds from
degradation, facilitate penetration through biological barriers, and control drug release kinetics.
The integration of nanotechnology with natural product-based anticancer therapy represents a
convergence of traditional wisdom and modern pharmaceutical science, potentially yielding
therapeutic options that combine the efficacy of conventional treatments with improved safety
profiles and patient acceptability.

4.2 Aim of the Study

The primary aim of this research is to formulate and evaluate nanotechnology-based topical gel
systems containing bixin for the treatment of skin cancer, with the goal of developing an optimized
formulation that demonstrates enhanced skin penetration, sustained drug release, superior
anticancer efficacy, and acceptable safety profile compared to conventional formulations.
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This overarching aim encompasses the systematic development of bixin-loaded nanocarriers, their
incorporation into pharmaceutically elegant gel bases, comprehensive physicochemical and
biopharmaceutical characterization, evaluation of anticancer activity against relevant skin cancer
cell lines, assessment of safety and biocompatibility, and stability evaluation under defined storage
conditions. The ultimate goal is to establish proof-of-concept for bixin-based nanotopical gel as a
viable therapeutic approach for skin cancer management and to generate foundational data that
could support future preclinical and clinical development.

5.1 Overview of Research Plan

The research work for developing and evaluating bixin-based nanotechnology topical gel for skin
cancer has been organized into a systematic and logical sequence of experimental phases. Each
phase builds upon the results of the previous phase, ensuring a comprehensive and methodical
approach to formulation development and evaluation. The entire research plan has been designed
to accomplish all the objectives stated in Chapter 4 within a defined timeframe, utilizing
appropriate materials, methods, and analytical techniques.

Phase 1: Preformulation Studies and Method Development

This initial phase involves procurement and authentication of bixin, assessment of its
physicochemical properties including solubility in various solvents and oils, stability under
different conditions of light, temperature, and pH, and compatibility studies with potential
excipients using techniques such as differential scanning calorimetry and Fourier-transform
infrared spectroscopy. Additionally, development and validation of analytical methods for bixin
quantification using UV-visible spectrophotometry and high-performance liquid chromatography
will be performed, establishing calibration curves, determining specificity, linearity, accuracy,
precision, limit of detection, and limit of quantification according to International Conference on
Harmonisation guidelines.

Phase 2: Nanocarrier Selection and Formulation Development

This phase involves preparation of different types of nanocarriers including solid lipid
nanoparticles, nanostructured lipid carriers, and nanoemulsions using various lipids, surfactants,
and preparation methods. Preliminary screening will be conducted based on particle size,
polydispersity index, zeta potential, drug loading capacity, and entrapment efficiency to select the
most suitable nanocarrier platform. The selected nanocarrier system will then undergo systematic
optimization using factorial design or response surface methodology, varying critical formulation
variables such as lipid concentration, surfactant concentration, drug loading, and process
parameters to identify the optimal formulation composition and preparation conditions.

Phase 3: Comprehensive Physicochemical Characterization

The optimized bixin-loaded nanocarriers will undergo thorough characterization including particle
size analysis by dynamic light scattering, zeta potential measurement, morphological examination
by transmission electron microscopy or scanning electron microscopy, thermal analysis by
differential scanning calorimetry, crystallinity evaluation by X-ray diffraction, chemical
interaction studies by Fourier-transform infrared spectroscopy, drug content determination by
high-performance liquid chromatography, and assessment of physical stability during storage at
different temperatures over three months.
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RESULTS

6.3.1 Solubility Studies

The solubility of bixin was determined in various solvents, oils, and surfactants to identify suitable
components for nanocarrier formulation. Excess amounts of bixin were added to 5 mL of each
solvent in screw-capped glass vials and vortexed for 5 minutes. The vials were then placed in a
shaking water bath at 37°C for 48 hours. After reaching equilibrium, the samples were centrifuged
at 5000 rpm for 15 minutes, and the supernatant was appropriately diluted with methanol. The
bixin concentration was determined using UV-Visible spectrophotometry at 470 nm using a pre-
established calibration curve. All experiments were performed in triplicate.

6.3.2 Drug-Excipient Compatibility Studies

Drug-excipient compatibility was evaluated using differential scanning calorimetry (DSC) and
Fourier-transform infrared spectroscopy (FTIR). Physical mixtures of bixin with individual
excipients at 1:1 ratio were prepared by gentle mixing using mortar and pestle and stored in sealed
glass vials at 40°C/75% RH for 4 weeks. DSC analysis was performed by heating samples from
30°C to 300°C at a rate of 10°C/min under nitrogen atmosphere. FTIR spectra were recorded in
the range of 4000-400 cm™! using KBr pellet method.

Table 6.2: DSC Analysis of Bixin and Physical Mixtures with Excipients

Sample Melting Point (°C) | Enthalpy (J/g) | Observation

Pure Bixin 198.4 87.32 Sharp endothermic peak
Bixin + GMS 197.8 84.15 No significant shift
Bixin + Stearic acid 198.1 85.67 No significant shift
Bixin + Cetyl palmitate | 197.5 83.94 No significant shift
Bixin + Oleic acid 198.2 86.21 No significant shift
Bixin + Tween 80 197.9 85.43 No significant shift
Bixin + Carbopol 934 | 198.6 86.78 No significant shift

The DSC thermograms showed that the characteristic melting endotherm of bixin remained
essentially unchanged in all physical mixtures, with melting points ranging from 197.5°C to
198.6°C compared to 198.4°C for pure bixin. The minor variations in melting point (< 1°C) and
enthalpy were within acceptable limits, indicating no significant drug-excipient interactions. FTIR
analysis revealed that all characteristic peaks of bixin were present in the physical mixtures without
significant shifts or disappearance, further confirming compatibility with selected excipients.

Table 6.5: Comparative Evaluation of Different Nanocarrier Systems

Parameter SLN NLC NE

Particle size (nm) 2453 +12.4 |168.7+8.9 142.5+6.3
Polydispersity index 0.312+0.028 | 0.245 +0.021 | 0.198 £ 0.015
Zeta potential (mV) -28.4+£2.1 -347+1.8 -31.2+23
Drug loading (%) 3.12+0.21 4.58 £0.28 3.87+0.24
Entrapment efficiency (%) | 62.4 £3.8 91.6+24 774 +3.2
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Based on the preliminary screening results, nanostructured lipid carriers (NLCs) demonstrated
superior characteristics with smaller particle size (168.7 nm), lower polydispersity index (0.245),
higher zeta potential magnitude (-34.7 mV), significantly higher drug loading (4.58%), and
remarkably high entrapment efficiency (91.6%) compared to SLNs and NEs. Therefore, NLCs
were selected for further optimization studies.

Table 6.9: Drug Loading and Entrapment Efficiency of Opt-NLC

Batch Total Drug | Free Drug | Entrapped Drug | Drug Loading | EE (%)
Added (mg) (mg) (mg) (%)

1 10.0 0.53 9.47 4.74 94.7

2 10.0 0.51 9.49 4.75 94.9

3 10.0 0.52 9.48 4.74 94.8

Mean =+ | - 0.52+0.01 |9.48+0.01 4.74 +£ 0.01 948 =+

SD 0.1

The Opt-NLC formulation demonstrated excellent entrapment efficiency of 94.8%, indicating that
almost all the bixin added during formulation was successfully incorporated into the lipid matrix.
The drug loading was 4.74%, which is considered satisfactory for lipophilic drugs in lipid

nanocarriers.

6.6.5 Stability of NLCs in Gel Matrix
To evaluate whether incorporation of NLCs into the gel matrix affects their physical stability,
particle size analysis was performed on BNG at different time intervals after preparation.

Table 6.22: Stability of NLCs in Gel Matrix

Time Point Particle Size (nm) | PDI Change from
Initial (%)

Immediately after preparation | 147.8 + 7.2 0.221 £0.016 | -

24 hours 1493 +7.5 0.225+0.017 | +1.0

7 days 152.6 + 8.1 0.232+0.019 | +3.2

14 days 1554+ 8.6 0.238+£0.021 | +5.1

30 days 159.7+£9.3 0.247 £0.023 | +8.1

The results showed minimal increase in particle size of NLCs after incorporation into gel matrix,
with only 8.1% increase after 30 days at room temperature. The PDI remained below 0.25,
indicating maintenance of narrow size distribution. This demonstrated that the gel matrix did not
cause significant aggregation or instability of the incorporated nanoparticles.

CONCLUSION

The present study successfully achieved the formulation and evaluation of a bixin-based
nanotechnology topical gel designed for the treatment of skin cancer. The incorporation of bixin
into a nanocarrier system effectively overcame its inherent limitations of poor solubility,
instability, and inadequate skin penetration. The optimized nano-gel demonstrated desirable
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physicochemical properties, sustained drug release, enhanced skin permeation, and significant skin
retention.

In vitro and ex vivo evaluations confirmed improved therapeutic performance compared to
conventional formulations, while cytotoxicity studies established strong anticancer efficacy with
minimal toxicity to normal skin cells. Safety assessments indicated that the formulation is non-
irritant and suitable for topical application. The study highlights the significant role of
nanotechnology in enhancing the clinical potential of natural bioactive compounds for
dermatological oncology.

In conclusion, the developed bixin-based nano-topical gel represents a promising, safe, and
effective localized treatment strategy for skin cancer. This formulation has strong potential for
further preclinical and clinical development and may contribute to advancing non-invasive,
natural, and patient-compliant therapies in skin cancer management.
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