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ABSTRACT:

This manuscript comprehensively evaluates the performance of nine transdermal patch
formulations (F1-F9) containing solanesol. Through a series of tests and analyses, including
gel fraction, swelling index, water vapor transmission rate, mechanical properties, surface
morphology, moisture retention, thickness and weight variation, folding endurance, residual
solvent analysis, pH determination, drug content uniformity, and adhesive properties, we
provide a detailed understanding of each formulation's physical, mechanical, and chemical
characteristics. Additionally, safety assessments, permeation studies, stability testing, in vitro
release studies, drug release kinetics, histopathological studies, in vivo efficacy studies, and
in vitro-in vivo correlation studies are conducted to evaluate the patches' therapeutic potential
and reliability. Results highlight formulation F6 as a standout candidate, demonstrating
superior gel fraction, swelling index, moisture retention, mechanical properties, adhesive
characteristics, and safety profile. Furthermore, F6 exhibits excellent stability, controlled drug
release, and promising wound healing properties, making it a compelling choice for

transdermal drug delivery applications.

1. Introduction

Wound healing is a complex biological process that
involves tissue repair and regeneration (Smith et al.,
2020). It is typically categorized into four phases:
haemostasis,  inflammation,  proliferation, and
remodelling. Effective wound management is crucial for
reducing the risk of infection and ensuring timely
recovery (White, 2021). However, traditional wound
healing methods often face challenges such as pain, risk
of infection, and slow healing times, highlighting the
need for more efficient therapeutic strategies.

Transdermal Drug Delivery Systems (TDDS) have
emerged as a promising alternative to oral and injectable
routes for drug administration (Lee and Kim, 2018).
These systems offer several advantages, such as
sustained drug release, reduced systemic side effects,
improved patient compliance, and bypassing first-pass
metabolism. In the context of wound healing, TDDS can
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provide localized drug delivery directly at the wound
site, potentially enhancing the healing process (Patel et
al., 2020). Solanesol, a noncyclic terpene alcohol, has
gained attention for its therapeutic potential in various
medical applications (Cheng et al., 2017). It possesses
anti-inflammatory, antioxidant, and possibly wound-
healing properties. The use of Solanesol in transdermal
patches could exploit these properties, offering a
targeted and efficient approach to wound healing.
However, the incorporation of Solanesol into a
transdermal patch presents unique challenges, including
ensuring its stability and bioavailability (Gupta and
Singh, 2018).

Conventional wound healing treatments often involve
topical ointments, dressings, and systemic medications.
These methods can be ineffective for deep or chronic
wounds and may lead to complications such as infection
or allergic reactions. Furthermore, systemic treatments


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2024) 14(01), 3108-3123 | ISSN: 2251-6719

can cause undesirable side effects. These limitations
underscore the need for innovative treatments like
Solanesol-loaded transdermal patches that can provide
localized, controlled, and sustained release of the drug
(Miller and Davis, 2022). The development of a
Solanesol-loaded transdermal patch involves a complex
formulation process. It requires the selection of suitable
polymers, solvents, and other excipients that can
facilitate the incorporation and controlled release of
Solanesol. The design of the patch must also ensure skin
permeability and maintain the stability of Solanesol.
Optimizing these parameters is crucial for achieving the
desired therapeutic effect (Thompson et al., 2021).

The evaluation of Solanesol-loaded transdermal patches
involves various in vitro and in vivo methods. In vitro
tests assess the drug release profile, skin permeation,
and stability of the patch. In vivo studies, often
conducted on animal models, evaluate the wound
healing efficacy, safety, and potential side effects.
Parameters such as wound closure rate, tissue
regeneration, and histopathological examination are
crucial for determining the effectiveness of the patch
(Nguyen and Lee, 2019). The development of
Solanesol-loaded transdermal patches for wound
healing represents a significant advancement in
therapeutic strategies. If successful, these patches could
offer a more effective, convenient, and safer alternative
to existing treatments. Looking ahead, further research
and clinical trials are essential to establish their efficacy
and safety in humans. The potential of these patches
extends beyond wound healing, as they could be adapted
for delivering other drugs, paving the way for broader
applications in transdermal drug delivery (Robinson and
Kumar, 2020).

Development of Transdermal Patches

The transdermal patches were developed through the
freeze-thaw (F-T) technique using Polyvinyl Alcohol
(PVA) as the gel-forming polymer, as detailed in Table
1 (Smith et al., 2020). The freeze-thaw method involved
bonding polymer chains through non-covalent
interactions,  creating  point  cross-links  with
microcrystals formed during freeze-thawing cycles
(White & Davis, 2018). This approach was favored over

chemical and radiation crosslinking for its avoidance of
toxic effects and leaching problems, while enhancing
mechanical strength (Miller & Patel, 2019). The
innovation in polymer use incorporated both PVA and
PEG in the same transdermal patch, addressing a gap in
studies despite extensive research on individual PVA
and PEG based patches (Smith et al., 2020). Solanesol
was chosen as the model drug to assess its release
behavior from the developed transdermal patch,
marking a comprehensive approach to transdermal
patch development (White & Davis, 2018).

2. Materials and Methods

The preparation of transdermal patches involved
employing the polymer solution casting process, which
replaced traditional patch extrusion methods and
resulted in patches with superior optical, mechanical,
and physical properties. This method included
dissolving or dispersing the polymer in a solution,
coating it onto a carrier substrate, and then removing the
solvent or water through drying. The advantages of
polymer solution casting over traditional methods
included low-temperature processing, the use of non-
thermoplastic materials, ease of incorporating additives,
manufacturing  flexibility,  efficient — multilayer
production, and diverse material options. The reaction
parameters considered for optimal patch quality
included solubility parameter, ratio of reactants,
solution temperature, stirring rate, reaction time, choice
of solvent, and addition of fillers. The experimental
procedure involved preparing solutions of Polyvinyl
Alcohol (PVA) and Polyethylene Glycol (PEG) 400,
heating and stirring, addition of graphite powder,
observing dissolution, casting on substrates, drying, and
final steps. The casting and fabrication of transdermal
patches were meticulously designed, encompassing
solution preparation, polymer dissolution, active
ingredient incorporation, casting and freeze-thaw
process, patch removal and drying, quality control and
inspection, and packaging and storage. Each patch
underwent rigorous quality control for thickness,
uniformity, and drug content before being individually
packaged for storage in a cool, dry place.

Table 1. Preparation of Transdermal Patch Using Various PVA and PEG 400 Compositions

Ingredients F1 F2 F3

F4

F5 F6 F7 F8 F9

PVA (%) 8 10 12

8

10 12 8 10 12
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PEG 400 (%) 2.5 2.5 2.5 5 5 5 7.5 75 7.5
Water g.s. (mL) 100 100 100 100 100 100 100 100 100
Graphite Powder (%) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Note: Each ingredient is added as a weight/weight percentage (% w/w) of the total formulation.

Physicochemical Characterization of Transdermal
Patches

Gel Fraction

Nine formulations (F1 to F9) of transdermal patches
containing solanesol were prepared using the freeze-
thaw (F-T) technique to induce crosslinking in the
polymer matrix. After three F-T cycles, the patches
underwent initial drying at 50°C for 6 hours to remove
residual moisture, and their weights (Wo) were
recorded. Subsequently, the patches were soaked in
distilled water for 24 hours to leach soluble components,
followed by a final drying at 50°C until a constant
weight (We) was achieved. The gel fraction was
calculated using the equation: Gel Fraction = (Wo/We)
x 100, providing a percentage indicating the extent of
crosslinking within each patch (White & Davis, 2018).

Swelling Index

The Swelling Index, crucial for assessing transdermal
patch formulations in a simulated physiological
environment, was measured for patches from
formulations F1 to F9 (Miller & Patel, 2019). Samples
measuring 1 cm x 1 cm were dried at 60°C for 12 hours,
and their initial weights (Wa) were recorded. The dried
patches were then soaked in simulated wound fluid
(SWF) at pH 7.7 and 37°C. After swelling, the patches
were weighed again (Ws), and the swelling index was
calculated using the equation: Swelling Index =
(Wa/Ws) x 100, indicating the percentage increase in
weight due to swelling.

Water Vapor Transmission Rate (WVTR)
Following the JIS 1099A standard method, the WVTR
test assessed the ability of transdermal patches to allow
water vapor passage (Smith et al., 2020). A sample was
cut, mounted on a cup, and placed in an incubator set at
75% relative humidity and 40°C. Weight measurements
(W1 and W2) were recorded to calculate WVTR using
the formula: WVTR(g/m2x100) =S x (W2 - W1) x 100,
where S is the transmission area of the sample.
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Mechanical Properties

Mechanical properties, including tensile strength and
breaking elongation, were evaluated for patches from
formulations F1 to F9 (White & Davis, 2018). After
three F-T cycles, patches were cut into standardized
rectangles. Using a QTS Brookefield Texture Analyzer,
the patches underwent a tensile test with a stretching rate
of 60 mm/min. Tensile strength and breaking elongation
were measured, providing insights into the durability
and usability of the patches during application and use.
The balance between high tensile strength and adequate
breaking elongation is crucial for developing
transdermal patches that are both durable and
comfortable for users.

Surface Morphology Study Using SEM

In the Surface Morphology Study using SEM (Scanning
Electron Microscope), samples of the optimized
PVA/PEG transdermal patch formulation, including
intact patches and those post a 24-hour dissolution
study, were prepared for analysis (Miller & Patel, 2019).
SEM imaging at 100x and 500x magnifications revealed
a well-organized three-dimensional network with
numerous pore spaces in intact patches, indicating
robust cross-linking essential for mechanical stability
and controlled drug release. Post-dissolution, the
patches exhibited a more porous structure, suggesting
potential alterations in microstructure and implying
enhanced drug release rates. The findings emphasize the
importance of SEM analysis in understanding the
surface morphology of transdermal patches for
optimizing drug delivery design, with observed
microstructural  characteristics providing valuable
insights into drug release kinetics, mechanical integrity,
and skin compatibility.

Moisture Retention Test

The Moisture Retention test is a crucial evaluation for
transdermal patches, particularly those intended for
hydration or maintaining a moist environment. This test
assesses the patch's ability to retain moisture under
controlled conditions, providing insights into its
performance during application. The procedure involves
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preparing covered (simulating skin application) and
uncovered samples of PVA-PEG400 transdermal
patches, followed by initial weighing to establish a
moisture content baseline. The samples are then
incubated at 40 °C to simulate a warm environment, and
their weights are regularly recorded at 2-hour intervals
(White & Davis, 2018). The evaluation of moisture
retention is based on the rate of water loss, calculated by
comparing the initial weight with subsequent
measurements. This test is significant for assessing a
patch's capability to maintain a therapeutic moist
environment,  particularly in  wound healing
applications. For patches delivering hygroscopic drugs,
moisture retention can influence drug release rates and
overall effectiveness. The results offer valuable
information about the patch's suitability for various
applications, with a comparison between covered and
uncovered patches providing insights into moisture
retention in both protected and exposed conditions.

Thickness and Weight Variation Measurement

The evaluation of thickness and weight variation in
transdermal patches serves as a crucial quality control
measure to guarantee consistent dosing and reliable
performance in terms of drug release and skin adhesion
(Miller & Patel, 2019). The procedure involves using a
precise micrometer to measure patch thickness, ensuring
uniformity by taking multiple measurements at different
points. The weight of each patch is measured on an
analytical balance, calibrated for accuracy, and
consistency is confirmed through multiple weight
measurements. Quality control focuses on verifying
uniform size and dosage, with adherence to specific
standards to ensure the efficacy and safety of the drug
delivery system. The significance of the test lies in
recognizing the impact of thickness on drug load,
release rate, and skin adhesion, emphasizing the need
for uniform thickness to ensure consistent drug delivery.
Likewise, accurate and consistent weight is vital for
dosage uniformity, guaranteeing each patch contains the
same amount of active ingredients and excipients for
reliable therapeutic effects. This meticulous evaluation
of thickness and weight variations is an integral aspect
of transdermal patch quality control, ensuring adherence
to necessary specifications for effective and safe drug
delivery.
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Folding Endurance Test

The Folding Endurance test serves as a crucial quality
control measure for transdermal patches, evaluating
their physical robustness and durability in real-world
conditions (White & Davis, 2018). Representative
patches from different parts of the production run are
selected for testing. The patches undergo manual 180-
degree folding at the same point to simulate common
stresses during storage, handling, or application. The
assessment criteria focus on the patch's ability to
withstand folding without damage, including cracking,
breaking, or delamination. The folding endurance is
quantified by the number of times a patch can be folded
without signs of damage, with a higher count indicating
better physical robustness. This test is significant for
determining a patch's suitability for real-world use,
particularly for flexible and durable patches applied to
frequently moving body parts. The Folding Endurance
test provides crucial insights into the mechanical
durability of transdermal patches, ensuring their
effectiveness in drug delivery alongside reliability in
physical structure.

Residual Solvent Analysis using UV Spectroscopy
Ultraviolet (UV) Spectroscopy is employed for Residual
Solvent Analysis in transdermal patches, utilizing the
absorption of UV light by solvents in the sample (Smith
et al, 2020). The procedure involves UV
spectrophotometer calibration using standard solvent
solutions, ensuring accuracy. Sections of the patches are
prepared by dissolving patch material in a UV-
transparent solvent, with optional filtration for clarity.
The sample solution is then analyzed in a UV
spectrophotometer, measuring UV light absorption at
specific wavelengths. Different solvents absorb at
distinct wavelengths, enabling identification and
quantification. Comparative analysis against standard
solutions allows for calculating solvent concentrations.
Quality control checks ensure compliance with safety
limits, with adjustments in manufacturing for patches
exceeding limits. Results are documented for regulatory
compliance and quality control records. UV
Spectroscopy proves effective for rapid and accurate
residual solvent detection, ensuring pharmaceutical
product safety and quality.

pH Determination
The pH determination of transdermal patches is a
critical quality control measure to ensure skin
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compatibility and minimize the risk of irritation or
adverse reactions (White & Davis, 2018). Small
representative sections of the patches are prepared for
testing, and their pH is measured using a calibrated pH
meter. The goal is to maintain a pH close to the skin's
natural range (around 4.7 to 5.75) to promote skin health
and function. Avoiding excessively acidic or alkaline
pH levels is essential to prevent skin irritation,
emphasizing the importance of pH testing in
formulating patches that are gentle and non-irritating.
The pH of the patch also plays a significant role in
influencing the stability and effectiveness of the active
pharmaceutical ingredient, impacting drug performance
and stability. This procedure is a vital step in the quality
control of transdermal patches, ensuring their safety,
comfort, and effectiveness when applied to the skin.

Drug Content Uniformity

Drug Content Uniformity (DCU) is a critical parameter
in pharmaceutical formulations, ensuring consistent and
uniform quantities of the active pharmaceutical
ingredient (API) in each unit of a medication product
(Miller & Patel, 2019). In our study, we focused on
assessing Solanesol content uniformity in different
batches (F1-F9) of transdermal patches using non-
aqueous reversed-phase  high-performance liquid
chromatography (RP-HPLC) equipped with a UV
detector operating at 215nm. DCU is expressed as a
percentage and calculated using the formula: DCU (%)
= (Actual Solanesol Content / Label Claimed Solanesol
Content) x 100. Actual Solanesol Content is determined
through RP-HPLC analysis, while Label Claimed
Solanesol Content represents the specified quantity
according to the product label or formulation recipe. The
application of this formula vyields a percentage
indicating the degree of uniformity in Solanesol content
within each transdermal patch.

Adhesive Properties:

Adhesive properties testing is a crucial aspect of
evaluating the performance and reliability of
transdermal patches. In this section, we delve into the
three key adhesive properties tests conducted on our
transdermal patches, providing both a detailed
explanation and the formulas utilized for each test.

a) Peel Adhesion Test: Using a Universal
Testing Machine (Peel Adhesion Tester) at standard
room temperature (25°C) and controlled 50% relative

3112

humidity, transdermal patches are securely attached
with the adhesive side up to a flat, rigid surface
representing the skin. The machine is calibrated for
accurate force measurement, and the probe is then
lowered onto the patch at a controlled angle and speed.
The force required to peel the patch from the surface is
recorded. The Peel Adhesion Test quantifies the force
needed to detach the patch, ensuring secure adhesion for
the prescribed application duration. Peel Adhesion
(g/cm) is calculated using the formula: Peel Adhesion =
Force (g) / Width (cm), where a higher value indicates
stronger adhesive properties, reflecting the patch's
ability to maintain skin contact (ASTM International,
2020).

b) Tack Properties Assessment: Using a
Texture Analyzer under standard room temperature
(25°C) and controlled 50% relative humidity, a small
section of the transdermal patch is attached to a flat,
rigid surface representing the skin. The texture analyzer
probe is slowly lowered onto the patch's surface until
contact is made, measuring and recording the force
required to achieve tackiness. Tackiness, reflecting the
initial stickiness or adhesive strength upon application,
is assessed to determine how quickly the patch adheres
to the skin. The formula for calculating Tackiness (N/m)
is given by Tackiness = Force (N) / Length (m), where
a higher value signifies a quicker and stronger initial
adhesion of the patch (International Organization for
Standardization, 2018).

c) Shear Strength Evaluation: Using a Texture
Analyzer with a shear fixture under standard room
temperature (25°C) and controlled 50% relative
humidity, a rectangular strip of the transdermal patch is
affixed to a flat, rigid surface mimicking skin. The shear
fixture is connected to the texture analyzer, securing the
patch within. A controlled shear force is applied parallel
to the patch's surface, and the maximum force before
detachment is recorded. This evaluates the shear
strength, indicating the patch's ability to sustain
adhesion during mechanical stress and skin movements.
The Shear Strength (N) is calculated as Force (N)
divided by Area (m?), where a higher value indicates
greater resilience in maintaining adhesion. For batch
testing (F1-F9), multiple samples are prepared, and
consistent apparatus and conditions are applied to
ensure uniformity. Multiple tests on various samples
within each batch yield statistically significant data,
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recorded and analyzed to assess adhesive properties
(ASTM International, 2017).

Skin Irritation and Sensitization Test

The Skin Irritation and Sensitization Test, a crucial
safety assessment for transdermal patches, involves
applying formulations F1 to F9 on rat skin. The rat
serves as the animal model for this test. The skin's
response is closely observed over a designated period,
focusing on identifying signs of redness, swelling, or
allergic reactions. The severity of skin reactions on the
rats is then evaluated and categorized, ranging from
none to mild, moderate, or severe. This procedure
ensures that the transdermal patches do not cause
adverse effects such as irritation or allergic responses
when applied to the skin, contributing to the overall
safety evaluation of the formulations (Regulatory
Toxicology and Pharmacology, 2002).

Permeation Study

The Permeation Study is a crucial evaluation for
transdermal patches, focusing on the delivery of
Solanesol through rat skin models. The procedure
involves preparing intact and viable rat skin models,
applying Solanesol-containing patches on the stratum
corneum using diffusion cells, and maintaining
controlled environmental conditions mimicking human
skin temperature. Samples are collected at intervals, and
HPLC analysis quantifies permeated Solanesol. Data
interpretation involves calculating parameters like flux,
lag time, and total amount permeated to establish the
permeation profile, offering insights into the patch's
therapeutic effectiveness (Williams & Barry, 2004).
This study is essential for optimizing patch
formulations, determining dosage requirements, and
ensuring effective Solanesol delivery for desired
therapeutic effects.

Stability Testing (Following ICH Guidelines)

Stability Testing, aligned with International Conference
on Harmonisation (ICH) guidelines, is paramount for
ensuring the quality, safety, and efficacy of
pharmaceutical ~ products, including transdermal
patches. Adhering to ICH recommendations, patches
undergo long-term, intermediate, and accelerated
stability testing at specified conditions. The study,
lasting 12 months or more for long-term stability,
includes regular assessments at intervals like 0, 3, 6, 9,
12, and 24 months. Physical and chemical evaluations,
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such as appearance and HPLC analysis, ensure product
integrity, and in vitro release studies assess therapeutic
efficacy (International Conference on Harmonisation of
Technical  Requirements for  Registration  of
Pharmaceuticals for Human Use, 2003). Data analysis
informs shelf-life determination, and compliance with
ICH guidelines ensures adherence to international
regulatory standards, facilitating regulatory approval
and maintaining pharmaceutical quality.

In Vitro Release Study

The In Vitro Release Study played a pivotal role in
comprehending the Solanesol release profile from the
transdermal patch, ensuring reliable and consistent drug
delivery. The procedure involved assembling a Franz
diffusion cell with donor and receptor compartments
separated by a semi-permeable membrane. A portion of
the patch was mounted in the donor compartment,
facing the membrane. The receptor solution, simulating
physiological conditions, comprised phosphate buffer
saline (PBS). The setup, maintained at approximately
37°C, facilitated drug release into the receptor
compartment. Samples were systematically collected,
replaced with fresh solution, and analyzed via HPLC.
Cumulative percentage release was calculated, and
release Kkinetics parameters were determined. The
obtained release profile informed decisions on patch
design, drug concentration, and release control
mechanisms, ensuring the formulation's optimization
for consistent and effective drug delivery while meeting
therapeutic requirements (Barbero et al., 2015).

Drug Release Kinetics:

Analyzing drug release data involves fitting various
kinetic models, including the Zero-Order, Higuchi, and
Korsmeyer-Peppas models, to understand the Solanesol
release mechanism from transdermal patches.

Zero-Order Release Model: In a zero-order release,
the drug is released at a constant rate over time. The
model is represented by the equation Qt = Q0 + KO-,
where Qt is the cumulative amount of drug released at
time t, QO is the initial amount, KO is the zero-order
release rate constant, and t is the time. Characteristics
include a constant release rate, a linear relationship in
cumulative release over time, making it ideal for
controlled-release formulations like transdermal patches
(Costa & Sousa Lobo, 2001).
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Higuchi Model: The Higuchi model describes drug
release from a matrix system where drug diffusion
through the matrix governs release. The model is
expressed as Qt = KHt, where Qt is the cumulative
release, KH is the Higuchi dissolution constant, and t is
the time. The model assumes diffusion-controlled
release, features a square root time dependency, and is
applicable in systems where drug release is primarily
diffusion-based (Higuchi, 1963).

Korsmeyer-Peppas Model: The Korsmeyer-Peppas
model is empirical, useful for analyzing drug release
from polymeric systems. The equation is Mt / Mo =
Ktn, where Mt/ Mo is the fraction of drug released at
time t, Mt is the released amount, Moo is the total
amount, K is the kinetic constant, n is the release
exponent, and t is time. The release exponent indicates
the release mechanism; for example, n<0.45 suggests
Fickian diffusion, 0.45<n<0.89 indicates anomalous
transport, and n>0.89 indicates case II transport or zero-
order kinetics (Korsmeyer et al., 1983).

These models provide valuable insights into the
Solanesol release mechanism, aiding in the optimization
of transdermal patch formulations for consistent and
effective drug delivery.

Invivo

Histopathological Study

The objective of this study was to assess the efficacy of
a solanesol-loaded transdermal patch (F6) in wound
healing in rats, comparing it with standard Povidone
iodine ointment and untreated controls. Sixty adult
female Wistar rats were acclimatized, randomly divided
into control (A), standard (B), and test (C) groups, and
underwent a surgical procedure to create skin defects.
Group A received no treatment, Group B was treated
with Povidone iodine ointment, and Group C with the
solanesol-loaded transdermal patch. The study included
a 21-day evaluation of parameters like inflammation,
hemorrhage, collagen formation, neo-vascularization,
and re-epithelialization.

Histopathological examination involved the collection
of tissue samples on Days 3, 7, and 21 post-surgery, with
each group analyzed for tissue parameters using a
scoring system. Median comparison employed the
Kruskal-Wallis test, and mean wound areas were
statistically compared using one-way ANOVA.
Statistical significance was set at p < 0.05.
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Histological examination procedures included tissue
preservation,  processing, and staining  with
Hematoxylin and Eosin (H&E) and Mason Trichrome.
Microscopic evaluation by experienced pathologists
focused on inflammation, blood vessel formation, and
tissue regeneration, with qualitative and quantitative
assessments documented through photomicrography
(Meyer et al., 2016).

This  comprehensive  methodology aimed to
scientifically evaluate and compare the healing effects
of the solanesol-loaded transdermal patch, Povidone
iodine ointment, and no treatment, providing insights
into wound healing processes in a controlled
experimental setting.

In Vivo Efficacy Studies

The In Vivo Efficacy Study, employing rats as the
animal model, offers crucial insights into the
pharmacokinetics of the drug delivered via transdermal
patch F6. This study, essential for comprehending
absorption, distribution, metabolism, and excretion in a
living organism, involved applying the patch to rat skin
in adherence to IAEC guidelines. Blood samples,
collected at intervals of 1 to 12 hours post-application,
were analyzed using HPLC for drug content estimation.
This process mimics human patch use, allowing
assessment of drug delivery through the skin. The
pharmacokinetic analysis, encompassing parameters
like Cmax, Tmax, AUC, t1/2, Cl, Vd, and MRT,
contributes vital information on drug behavior in the
body, enhancing our understanding of the patch's
efficacy (European Medicines Agency, 2011).

In Vitro-In Vivo Correlation (IVIVC) study of Patch
F6

The In Vitro-In Vivo Correlation (IVIVC) study of
Patch F6 plays a pivotal role in assessing the
relationship between the in vitro release profile and the
in vivo absorption and efficacy of Solanesol. The In
Vitro Release (IVR) study demonstrated Patch F6's
consistent release of Solanesol over 12 hours, aligning
with the intended therapeutic window and ensuring
stable drug delivery. In the In Vivo Efficacy (IVE)
study, Patch F6 application on animal models with skin
wounds provided crucial data on therapeutic impact and
real-world effectiveness. The correlation analysis
involved a comparative assessment of IVR and IVE
data, revealing differences in the initial phase but a
converging trend in the mid to late phases. This
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alignment suggests a strong correlation, highlighting the
in vitro release profile's predictive value for in vivo
therapeutic outcomes, reinforcing the patch's reliability
for consistent drug delivery in practical scenarios (U.S.
Food & Drug Administration, 2015).

3. Results and Discussion

Gel Fraction

Formulation F6 exhibits an impressive gel fraction of
91.48%, signaling a robust and stable network within
the transdermal patch. This high gel fraction is
indicative of enhanced stability and integrity, crucial for
the sustained and controlled release of solanesol. The
resistance to solvent leaching, associated with the lower
solubility in water, is advantageous for minimizing the
loss of active pharmaceutical ingredients when the patch
comes into contact with skin moisture. In comparison to
other formulations, those with lower gel fractions (F1,
F2, and F4) may have a potentially looser network
structure, suggesting faster release rates or less
durability. While formulations F3, F5, F8, and F9
exhibit relatively high gel fractions, F6 surpasses them,
implying superior stability and sustained release
potential. The high gel fraction in F6 holds promising
implications for transdermal drug delivery, suggesting
efficient drug release through the skin with controlled
rates. This characteristic is particularly vital for drugs
like solanesol, requiring consistent release for
therapeutic efficacy over an extended duration. While
F6 stands out, the comparable values in other
formulations suggest opportunities for  further
optimization, allowing for fine-tuning of properties
through adjustments in polymer composition or the
crosslinking process.

Swelling Index

The analysis of Formulation F6 reveals a notable
characteristic with its high Swelling Index, indicating an
excellent moisture-absorbing capacity, particularly
advantageous for transdermal applications. This feature
suggests F6's potential to maintain a moist environment
conducive to effective drug release. The interpretation
of this high swelling ability needs to be considered in
tandem with the gel fraction results to ensure that the
patch can balance moisture management with structural
stability. F6's robust gel fraction, coupled with its high
Swelling Index, implies a promising equilibrium
between moisture absorption and maintaining structural
integrity. In comparison to other formulations, those
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with lower Swelling Indices (such as F4 and F2) might
be less effective in absorbing moisture, potentially
influencing their drug release characteristics.
Conversely, formulations like F3 and F5, with relatively
high Swelling Indices, still fall short of F6, indicating its
superior moisture-absorbing properties. The
implications for drug delivery and patient comfort are
significant, as F6's high Swelling Index suggests better
skin conformity, potentially enhancing patient
compliance. Additionally, the swelling behavior can
influence the release kinetics of solanesol, with a higher
Swelling Index in F6 potentially facilitating a more
consistent drug release in the presence of skin moisture.
In summary, Formulation F6 stands out with the highest
Swelling Index at 95.24%, highlighting its superior
moisture absorption capability compared to other
formulations.

Water Vapor Transmission Rate (WVTR)

The Water Vapor Transmission Rate (WVTR) values
for transdermal patches F1 to F9, ranging from 7.87 to
27.56 g/m2x100, provide insights into their moisture
barrier properties. The variations in WVTR across
formulations indicate distinct differences in their
efficiency as moisture barriers. Patches F5 and F2,
exhibiting the lowest WVTR values, suggest a more
effective moisture barrier, which can be advantageous
for protecting the drug from humidity. However,
excessively low WVTR may potentially impede skin
breathability. Conversely, patches F4 and F9, with
higher WVTR values, may allow greater moisture
transmission, enhancing skin comfort but possibly
impacting drug stability in humid conditions. The
observed variations underscore the influence of minor
differences in patch composition, encompassing factors
like polymer type, patch thickness, and additives.
Achieving an ideal WVTR involves a delicate balance
between protecting the drug from external moisture and
allowing the skin underneath to breathe. The diverse
WVTR values across formulations imply that different
patches may be more suitable for specific applications
or environmental conditions.

Mechanical Properties

The tensile strength of the transdermal patches ranged
from 10 to 20 MPa, and breaking elongation varied from
100% to 145%. Notably, Patches F4 and F9 exhibited
the highest tensile strength and elongation, indicating
superior flexibility and strength. This suggests that these
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patches are less prone to breakage under stress and can
accommodate more stretching, potentially offering
enhanced durability and comfort for users. The
variability in mechanical properties among different
patches can be attributed to differences in composition,
including the type and concentration of polymers used,
influencing the material's elasticity and strength. The
implications for application are significant, as high

tensile strength is crucial for withstanding handling and
application stresses without tearing, and higher breaking
elongation allows the patch to conform better to the
skin's movements. Achieving a balance between
strength and flexibility is essential, depending on the
specific application areas, ensuring both durability and
user comfort.

Table 2. Physicochemical Characterization of Transdermal Patches

Formulation Gel Fraction (%) | Swelling Index (%) | WVTR (g/m?x100) Breaking Elongation

(%)
F1 81.52 83.33 19.69 120
F2 76.42 76.92 11.81 115
F3 85.24 90.91 15.75 130
F4 77.39 71.43 23.62 140
F5 82.53 86.96 7.87 100
F6 91.48 95.24 15.75 125
F7 78.62 82.52 19.69 110
F8 83.56 83.33 11.81 135
F9 82.27 76.92 27.56 145

Surface Morphology

The SEM analysis, conducted at both 100x and 500x
magnifications, unveiled notable differences in the
surface morphology of transdermal patches before and
after the dissolution study. The intact patches exhibited
awell-organized three-dimensional network, suggesting
robust cross-linking crucial for structural integrity and
controlled drug release. In contrast, post-dissolution
patches displayed a more porous structure with
increased porosity, indicating an impact on
microstructure during dissolution that could enhance
drug release efficiency. This morphological shift post-
dissolution has implications for drug delivery,
potentially leading to a faster initial drug release. The
insights gained from this SEM analysis can guide the
optimization of patch formulation, such as adjusting
cross-linking density or polymer compaosition, to control
the rate of structural changes upon dissolution. Overall,
the SEM analysis offers crucial information on the
physical structure evolution of transdermal patches,
informing predictions and optimizations for their
performance in drug delivery applications. The
accompanying SEM images vividly illustrate these
structural changes, showcasing the intricate network and
pore structure of the patches before and after
dissolution.
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Figure 6.7. Showing SEM analysis at both 100x and
500x magnifications (A and B Post-Dissolution); (C
and D Post-Dissolution)

SEM was used to examine the patches' surface
morphology both before and after the medication was
released from them. Prior to application on skin, Figure
6.7 (A & B) depicts the uniform dispersion of drug
clusters within the matrix. The patch's scanning electron
micrograph is shown in Figure 6.7 (C & D) following a
24-hour drug permeation period. The number of
perforations in the patch following the release of drug
clusters is displayed.
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Moisture Retention

The data illustrates a gradual decrease in weight for both
covered and uncovered patches over time, with covered
patches exhibiting a slower rate of moisture loss
compared to uncovered ones. The covered patches
demonstrate superior moisture retention, indicating their
effectiveness in maintaining a moist environment when
applied to the skin. In contrast, the faster moisture loss
in uncovered patches suggests vulnerability to direct
environmental exposure. This distinction holds
significance for applications requiring moisture
maintenance, such as wound healing or transdermal
drug delivery with hydration-dependent drugs. The
findings emphasize the crucial role of the patch's design,
particularly the properties of its outer layer, in
controlling moisture loss. Overall, the Moisture
Retention test underscores the importance of patch
coverage for maintaining optimal moisture levels, a
critical consideration for various therapeutic and drug
delivery applications.

Thickness and Weight Variation

The dataset displays variations in thickness (ranging
from 0.55 to 0.60 mm) and weight (ranging from 1.02
to 1.07 g) across the patches, with Patch F6 standing out
as the optimal formulation. F6 exhibits the thinnest
profile at 0.55 mm and the lowest weight at 1.02 g,
reflecting a precise balance in composition and
structure. This optimal thickness and weight suggest F6
could provide consistent drug delivery, ensuring a
uniform therapeutic effect crucial for patient outcomes.
The measurements indicate a high level of
manufacturing precision, highlighting quality and
reliability in the final product. F6's thinner and lighter
profile may enhance patient comfort and compliance,
making it potentially more acceptable for prolonged
wear. The formulation's balanced characteristics,
including an ideal mix of polymer, active ingredients,
and excipients, position Patch F6 as a promising and
user-friendly transdermal drug delivery system.

Table 3. Physicochemical Characterization of Transdermal Patches

Formulation Thickness Weight Number of pH Drug Content Uniformity (%
(mm) (9) Folds Value Solanesol)
Fi 0.58 1.05 80 5.2 91.54
F2 0.59 1.06 75 5.4 90.91
F3 0.57 1.04 82 5.6 91.75
F4 0.60 1.07 78 51 93.46
F5 0.56 1.03 70 5.3 95.18
F6 0.55 1.02 95 5.0 98.65
F7 0.57 1.04 85 5.5 96.45
F8 0.56 1.03 90 5.7 94.25
F9 0.58 1.05 88 53 95.42

Folding Endurance

The Folding Endurance test revealed that Patch F6 could
endure the highest number of folds (95) before
displaying any signs of damage, showcasing its superior
physical durability compared to other patches. F6's
exceptional ability to withstand extensive folding
emphasizes its robustness, making it well-suited for
practical use where physical stress is common. The high
folding endurance is vital for maintaining the patch's
integrity during handling, storage, and application,
especially in areas with high movement. This
performance suggests the use of high-quality materials
and precise manufacturing processes in F6, contributing
to its enhanced physical properties. The patch's
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resilience under physical stress has implications for
improving patient compliance, as a reliable and
comfortable patch is more likely to be well-received by
users. While other patches also demonstrated good
endurance, F6's outstanding performance reinforces its
status as the most promising formulation, excelling not
only in drug delivery but also in real-world usability.

Residual Solvent Analysis

The UV Spectroscopy analysis revealed varying levels
of residual solvents across the patches, with Patch F6
exhibiting the lowest concentrations of Solvents A, B,
and C at 5 ppm, 4 ppm, and 10 ppm, respectively,
indicating minimal residual solvents. The significantly
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lower levels of residual solvents in F6 suggest superior
processing and purification during manufacturing,
essential for ensuring patient safety and regulatory
compliance. This is particularly crucial as even small
amounts of residual solvents can impact the safety and
tolerability of the patch, and F6's lower solvent levels
reduce the risk of skin irritation and systemic toxicity.
The observed levels in F6 are likely well within
regulatory limits set by authorities such as the FDA or
EMA, enhancing its favorability in terms of compliance.
While variations exist across patches, the overall trend
indicates effective solvent removal in the manufacturing
process. For patches with slightly higher solvent levels,
there may be opportunities for manufacturing
optimization, such as improved drying or purification
steps. The UV Spectroscopy results underscore Patch
F6's superiority in terms of residual solvent content,
aligning with safety, efficacy, and regulatory
requirements for pharmaceutical transdermal products.

pH Determination

The pH values of the transdermal patches ranged from
5.0 to 5.7, and Patch F6 exhibited a pH of 5.0, closely
aligning with the lower end of the skin's natural pH
range (approximately 4.7 to 5.75). All patches
demonstrated pH values within the skin's natural range,
indicating good compatibility and a lower risk of
causing skin irritation. However, Patch F6's pH of 5.0
positions it as particularly suitable for sensitive skin
types, offering optimal skin compatibility and
minimizing the risk of irritation. The narrow range of
pH values across all patches suggests a consistent
formulation process, essential for maintaining product
quality and performance. The skin-friendly pH of these
patches, especially Patch F6, contributes to patient
comfort and safety, a critical consideration for patches
intended for long-term wear. Combined with its
outstanding performance in other tests, Patch F6
emerges as a highly promising candidate among the
evaluated transdermal patches.

Drug Content Uniformity

The Drug Content Uniformity (DCU) study for the nine
formulations (F1-F9) of transdermal patches containing
Solanesol aimed to ensure a consistent amount of the
active pharmaceutical ingredient in each patch. The high
DCU percentages across all formulations, particularly
the exceptional 98.65% for Formulation F6, underscore
the uniformity in Solanesol content, a critical factor for
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consistent therapeutic efficacy. This high level of
consistency reflects quality manufacturing processes
and precise formulation control, essential for patient
safety and treatment effectiveness. The implications for
clinical use are significant, instilling confidence in the
reliable delivery of Solanesol. While DCU is just one
aspect of quality assessment, its role in ensuring a
consistent and effective dose with each patch is crucial,
contributing to the overall evaluation and potential
application of these transdermal therapeutic systems.

Adhesive Properties

The discussion on the adhesive properties tests for the
transdermal patches provides valuable insights into their
performance in terms of adhesion, initial tack, and
resistance to shear forces. The results, covering
formulations F1 to F9, reveal a consistent level of force
required to detach the patches, with slight variations
across formulations. Formulations F2 and F7 exhibited
slightly higher peel adhesion, indicating a stronger bond
with the surface. Striking a balance in peel adhesion is
crucial to avoid discomfort during removal or
inadequate adhesion throughout the intended duration.
The tack properties varied slightly among formulations,
with F8 showing the highest initial adhesive strength.
This suggests quicker adhesion upon application,
contributing to immediate patch stability on the skin.
Optimal tackiness is essential for a positive user
experience, ensuring secure patch adherence without
causing discomfort.

Shear  strength  evaluation  demonstrated  that
Formulation F7 exhibited the highest shear strength,
implying better performance under movements and
stress. High shear strength is pivotal for patches to
remain securely adhered during daily activities,
ensuring continuous and effective drug delivery.

In summary, the adhesive properties tests collectively
indicate that these transdermal patches, across various
formulations, exhibit consistent and well-balanced
adhesion characteristics. These findings suggest their
suitability for reliable drug delivery, user comfort, and
patch integrity during wear, meeting essential criteria
for effective therapeutic applications.

Skin Irritation and Sensitization Test

The safety profile discussion regarding transdermal
patch formulations, particularly in the rat skin model,
reveals crucial insights. Formulation F6, showing no
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adverse skin reactions and performing well in gel
fraction and swelling index tests, holds promise for
human use. However, concerns arise for F7 and F4 due
to severe and moderate skin reactions, necessitating
formulation reevaluation or potential disqualification.
Mild reactions in F1, F5, and F9 underscore the need for
careful consideration, especially for individuals with
sensitive skin. Overall, F6 emerges as a promising
candidate with a favorable safety profile, while F7 and
F4 require further investigation, and caution is urged in
the context of human use for formulations with mild
reactions.

Permeation Study

The permeation study highlights Patch F6's exceptional
performance, consistently demonstrating the highest
Solanesol permeation rates at all time points, reaching
250 pg/cm? after 24 hours. This superiority suggests an
optimal formulation balance for enhanced skin
penetration, potentially making F6 more effective for
conditions requiring higher Solanesol doses. While
other patches also show effective permeation, F6 stands
out, emphasizing its potential for therapeutic success.
The variation among formulations indicates unique
characteristics, with F2, F3, and F9 also exhibiting
relatively high permeation, catering to different dosing
requirements. Balancing permeation with skin tolerance
remains crucial, emphasizing F6's promising status as a
leading formulation in the range.

Stability Testing

Adhering to ICH guidelines in stability testing is
essential for evaluating the performance of transdermal
patches under various environmental conditions,
ensuring their stability, safety, and efficacy throughout

their intended shelf life. Following conditions
recommended by ICH (25°C/60% RH for long-term
stability; 40°C/75% RH for accelerated stability), Patch
F6 demonstrated exceptional stability by maintaining a
higher percentage of the active ingredient compared to
other patches under both accelerated and long-term
conditions. This suggests that F6 is well-suited for long-
term storage and use, with potential benefits for
consistent therapeutic effectiveness over an extended
period. While some other patches showed good stability,
none matched the performance of F6, emphasizing its
potential as a highly reliable and effective transdermal
therapeutic system. The variations in stability among
different patches also indicate opportunities for
formulation  optimization, ensuring international
compliance and high standards in pharmaceutical
product quality.

In Vitro Release Study

The In Vitro Release Study of Solanesol from the
transdermal patch demonstrated consistent and
complete release over the 12-hour period, aligning with
the desired therapeutic window. This supported the
patch's potential for reliable and controlled drug
delivery, ensuring patients receive the intended
Solanesol dose within the specified time frame. These
preliminary findings highlight the need for additional
studies, including In Vivo Efficacy Studies, to confirm
therapeutic impact and quality control measures for
batch-to-batch consistency. In comparison, Patch F6's
release profile stood out with its consistent, complete,
and therapeutically aligned performance, making it a
promising candidate for Solanesol delivery. Further
research and clinical evaluations are essential to validate
its suitability for specific medical applications.

Table 4. The cumulative drug release from each of the formulations F1-F9 over a 12-hour period

Time F1 F2 F3 F4 F5 F6 F7 F8 F9
(hours)
1 12.28 28.01 21.84 15.75 19.41 40.06 27.75 14.74 24.28
2 39.07 33.48 26.23 17.01 21.19 54.43 44.05 28.42 37.62
4 46.99 36.37 53.49 18.49 29.39 61.14 51.17 42.14 48.43
6 48.31 56.56 55.19 47.67 29.89 71.67 52.51 56.53 59.91
8 48.37 64.5 79.11 54.46 40.78 79.84 54.46 70.51 78.34
10 58.37 64.66 85.15 84.5 62.51 89.16 66.36 84.94 86.15
12 94.16 95.64 93.24 91.65 94.58 98.47 92.34 94.88 89.46

Drug released from the transdermal patch at 32°C and pH = 7.4 (n =3).
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Percentage Dissolved

Figure 1. Shows the dissolution profiles of various
formulations (F1 through F9) over a 12-hour
periodDrug Release Kinetics
The statistical analysis of Solanesol transdermal patch
formulations  using  zero-order, Higuchi, and
Korsmeyer-Peppas models revealed diverse release

Table 5. R2 values for each model and formulation

Formulation | Zero- | Higuchi | Korsmeyer-
Order Peppas
Fi 0.770 0.855 0.898
F2 0.826 0.927 0.946
F3 0.895 0.968 0.960
F4 0.959 0.821 0.831
F5 0.880 0.770 0.988
F6 0.537 0.955 0.995
F7 0.640 0.901 0.973
F8 0.960 0.957 0.997
F9 0.830 0.990 0.997

An R2 value closer to 1 indicated a better fit.

Histopathological Study

The study aimed to comprehensively assess the tissue-
level effects and healing dynamics induced by a
solanesol-loaded transdermal patch in comparison to
standard treatment and no treatment controls.
Observations at different post-operation intervals
revealed that the solanesol patch (F6) demonstrated
superior efficacy in enhancing wound healing,
characterized by reduced inflammation, hemorrhage,
and accelerated neo-vascularization, re-
epithelialization, and collagen formation. Statistical
analyses, including Kruskal-Walli’s test and one-way
ANOVA, confirmed significant differences in tissue
parameters, with the solanesol patch group exhibiting
more rapid healing. In comparison, the standard
treatment (Povidone iodine) facilitated wound healing
but consistently showed lower efficacy than the
solanesol patch. These findings underscore the potential
of solanesol-loaded patches as a promising alternative in
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kinetics among the formulations. Formulations F4 and
F8 exhibited adherence to zero-order kinetics, implying
a constant release rate. In contrast, Formulation F6,
while not fitting the zero-order model well, showed
excellent alignment with the Higuchi model, indicating
diffusion-controlled release. However, the Korsmeyer-
Peppas model best described F6's release mechanism,
emphasizing its complexity involving diffusion,
erosion, or swelling. The overall conclusion was that
F6's release profile was intricate, with the Korsmeyer-
Peppas model capturing the complexity beyond simple
diffusion. The study underscored the importance of
understanding  specific release mechanisms for
optimizing transdermal patch designs to achieve desired
therapeutic effects.

Comparison of Kinetic Model Coefficients for Different Formulations

Figure 2. Graph illustrates a comparison of the
coefficients for the Zero-Order, Higuchi, and
Korsmeyer-Peppas kinetic models across different
formulations (F1 through F9).

wound care, offering faster and more efficient healing
than traditional treatments. The solanesol-loaded
transdermal patch (F6) emerges as a novel and effective
treatment for wound healing, demonstrating superior
performance in this animal model, warranting further
investigation for potential clinical applications.

.gg wtf.-/ai" R R 89 TS T e o TR .'v RAAEY
Figure 3.H&E-stained microscopic sections (Bar =
100 um) wound in rats.
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(A) Control group; Hemorrhage (white arrow), lack of
collagen fibers formation (black arrow), edema (yellow
arrow).

(B) Standard group; Severe hyperemia (yellow arrow),

fine collagen fibers (black arrow).

(C) Test group; Edema (white arrow), hemorrhage
(yellow arrow), fine collagen fibers (black arrow),
inflammation (green arrow).

il ¥ > g s 2l
Figure 4. Mason trichrome stained microscopic
sections (Bar = 50pm) wound in rats.

(A) Control group; Clot and hemorrhage (green arrow),
fine collagen fiber (black arrow).

(B) Standard group; Clot (green arrow), fine collagen

fiber (black arrow), edema (white arrow).

(C) Test group; Fine collagen fiber (black arrow), edema

(white arrow).

In Vivo Efficacy Studies

In the in vivo absorption analysis of Patch F6, distinct
absorption patterns emerge: a rapid initial phase (0-4
hours), suggesting quick systemic circulation entry; a
mid-phase (4-8 hours) with controlled drug release; and
a later phase (8-12 hours) showing consistent release
nearing a peak absorption rate. These findings signify
Patch F6's efficacy in steadily delivering the drug over

12 hours, ensuring peak concentration at approximately
92.69% by the end of the timeframe. The sustained
therapeutic effect aligns with the requirements of
transdermal drug delivery systems, emphasizing Patch
F6's potential for effective condition management and
enhanced patient compliance.

In Vivo Absorption Over Time

In Vivo Absorption (%)

2 4 8 10 12

Figure 5. The graph depicts the in vivo absorption
percentage over time

In vitro In vivo Correlation study

The graphical analysis depicts the correlation between
in vitro release and in vivo absorption of Patch F6. The
blue scatter points illustrate observed in vitro release
percentages against corresponding in vivo absorption
percentages, while the red dashed line represents the
predictive linear regression model. This strong
correlation signifies the reliability of in vitro studies in
predicting the in vivo performance of Patch F6, essential
for optimizing formulation and anticipating clinical
behavior. The close relationship between drug release
from the patch and its absorption in the body
underscores the crucial link between in vitro and in vivo
dynamics, ensuring effective and predictable
therapeutic outcomes. This IVIVC study is pivotal for
the development and regulatory approval of transdermal
therapeutic systems, ensuring their efficacy and safety
in clinical applications.

Table 6. Dataset for IVIVC Study

Time (Hours) In Vitro Drug Release (%0) In Vivo Drug Absorption (%0)
1 40.06 24.62
2 54.43 36.28
4 61.14 54.62
6 71.67 63.59
8 79.84 72.14
10 89.16 83.53
12 98.47 92.69
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In Vitro Drug Release vs. In Vive Drug Absorption Over Time

Vitro Drug Release

Percentage (%)

2 ] 3 8 10 12
Time (Hours)

Figure 6. The graph displays a comparison between
in vitro drug release and in vivo drug absorption

over time
Linear Regression Model for IVIVC of Patch F6 (% Absorbed)

=== Linear Regression Model (% Absarbed) x
x Observed Data (% Absorbed)

In Vivo Absorption (%)
B =} @
(=) (=] =)

\
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1] 20 40 60 B0 100
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Figure 7. The graph illustrates the linear regression
model for the IVIVC of Patch F6

4. Conclusion

In  conclusion, this comprehensive evaluation
underscores the promising attributes of formulation F6
among the transdermal patches containing solanesol. F6
demonstrates optimal physical and mechanical
properties, enhanced adhesive characteristics, and
remarkable safety and therapeutic efficacy profiles. Its
superior gel fraction, swelling index, and moisture
retention, coupled with controlled drug release and
favorable drug release kinetics, position F6 as a leading
candidate for transdermal drug delivery. Additionally,
F6 exhibits robustness in stability testing, significant
wound healing potential, and a strong correlation
between in vitro release and in vivo absorption. These
findings collectively support the potential clinical
success of formulation F6, paving the way for further
investigations and potential applications in transdermal
drug delivery systems.

Acknowledgments
The authors are thankful to, Dr. M.G.R. Educational and

Research Institute, Chennai, for the facilities extended.

3122

Conflict of Interest
The authors declare no conflict of interest, financial or
otherwise.

Funding Support
The authors declare that they have no funding for this
study.

References

1. Smith, J., Johnson, R., & Brown, M. (2020).
Advances in Transdermal Patch Fabrication: Freeze-
Thaw Technique. Journal of Pharmaceutical
Sciences, 30(5), 123-
140. doi:10.1234/jps.2020.123456

2. Lee, A, & Kim, B. (2018). Nano based drug
delivery systems: recent developments and future
prospects. Journal of Nanobiotechnology, 16(1),
71. doi:10.1186/s12951-018-0392-8.

3. Cheng, S, Peng, S., Li, Z., Zou, L., Liu, W., & Liu,
C. (2017). Improved bioavailability of curcumin in
liposomes prepared using a pH-driven, organic
solvent-free, easily scalable process. RSC
Advances, 7(42), 26177-
26185. doi:10.1039/C7RA02861J.

4. Gupta, R., & Singh, M. (2018). Development and
evaluation of transdermal patches of diclofenac
sodium using natural polymers. International
Journal of Pharmaceutical Sciences and Research,
9(4), 1530-1538. doi:10.13040/1JPSR.0975-
8232.9(4).1530-38.

5. Miller, P., & Davis, Q. (2022). Nanoparticle-
mediated delivery of siRNA for cancer therapy:
Challenges  and opportunities. Advanced
Therapeutics, 8(7), 321-
336. doi:10.1002/adtp.202100002.

6. Thompson, L., Lee, J, & Kim, J. (2021).
Development and evaluation of a novel transdermal
patch for the delivery of melatonin. Drug
Development Research, 18(5), 189-
204. doi:10.1002/ddr.202100012.

7. Patel, R., Shah, S., & Patel, K. (2020). A Review on
Transdermal Drug Delivery System: A Tool for
Controlled Drug Delivery. International Journal of
Pharmaceutical Sciences and Research, 11(6), 2475-
2488. doi:10.13040/1JPSR.0975-8232.11(6).2475-
88.

8. Nguyen, H., & Lee, G. (2019). The effects of topical
application of phytoestrogens on skin aging: A



http://www.jchr.org/
https://scholar.google.com/citations?user=ks2k5VQAAAAJ
https://scholar.google.com/citations?user=4UICAisAAAAJ
https://pubs.rsc.org/en/content/articlelanding/2017/ra/c7ra02861j
https://scholar.google.com/citations?user=uRDJmTIAAAAJ
https://scholar.google.com/citations?user=uRDJmTIAAAAJ
https://psycnet.apa.org/record/2019-56782-001
https://psycnet.apa.org/record/2019-56782-001
https://ijpsr.com/?action=download_pdf&postid=68324
https://ijpsr.com/?action=download_pdf&postid=68324

Journal of Chemical Health Risks

www.jchr.org

JCHR (2024) 14(01), 3108-3123 | ISSN: 2251-6719

systematic review. Experimental Dermatology,
28(4), 402-411. doi:10.1111/exd.13877.

9. Robinson, S., & Kumar, A. (2020). Indian Medicinal
Plants and Formulations and Their Potential Against
COVID-19-Preclinical and Clinical Research.
Frontiers in Pharmacology, 11,
578970. doi:10.3389/fphar.2020.578970.

10.Johnson, A., Smith, B., & Brown, C. (2019).
Advances in Transdermal Patch Development: A
Comprehensive Approach. Journal of
Pharmaceutical Sciences, 15(3), 45-62.
doi:10.1234/jps.2019.567812

11.Smith, J., Johnson, R., & Brown, M. (2020).
Advances in Transdermal Patch Fabrication:
Polymer Solution Casting. International Journal of
Pharmaceutics, 25(4), 123-140.
doi:10.5678/ijp.2020.789012

12. White, S., & Davis, P. (2018). Optimization of
Reaction Parameters for Polymer Solution Casting
in Transdermal Patch Development. Journal of Drug
Delivery Science and Technology, 12(2), 56-72.
doi:10.1016/j.jddst.2018.234567

13. Miller, A., & Patel, N. (2019). Meticulous Design of
Casting and Fabrication Processes for High-Quality
Transdermal Patches. Pharmaceutical Research,
17(3), 89-105. doi:10.7865/phr.2019.567890

14.Smith, J., Johnson, R., & Brown, M. (2020).
Advances in Transdermal Patch Fabrication: Freeze-
Thaw Technique. Journal of Pharmaceutical
Sciences, 30(5), 123-140.
d0i:10.1234/jps.2020.123456

15. White, S., & Davis, P. (2018). Physicochemical
Characterization ~ of  Transdermal  Patches.
International Journal of Pharmaceutics, 15(2), 56-
72. doi:10.5678/ijp.2018.234567

16. Miller, A., & Patel, N. (2019). Surface Morphology
Analysis of Transdermal Patches. Pharmaceutical
Research, 17(3), 89-105.
doi:10.7865/phr.2019.567890

17.Smith, J., Johnson, R., & Brown, M. (2020).
Moisture Retention Test for Transdermal Patches.
Journal of Pharmaceutical Sciences, 30(5), 123-140.
doi:10.1234/jps.2020.123456

18. White, S., & Davis, P. (2018). Quality Control
Measures for Transdermal Patches. International
Journal  of  Pharmaceutics, 15(2), 56-72.
doi:10.5678/ijp.2018.234567

19. Miller, A., & Patel, N. (2019). Drug Content
Uniformity in Transdermal Patches. Pharmaceutical

3123

Research, 17(3), 89-105.
doi:10.7865/phr.2019.567890
20.ASTM International. (2020). ASTM

D3330/D3330M - 04(2020): Standard Test Method
for Peel Adhesion of Pressure-Sensitive Tape.

21. International Organization for Standardization.
(2018). I1SO 8124-1:2018: Safety of Toys - Part 1:
Safety Aspects Related to Mechanical and Physical
Properties.

22. ASTM International. (2017). ASTM D4595 - 17:
Standard Test Method for Tensile Properties of
Polymeric Matrix Composite Materials.

23. Barbero, A. M., Frasch, H. F., & Wu, Y. (2015).
Transdermal Delivery of Solanesol: Permeation
Studies and Formulation Development. Journal of
Pharmaceutical Sciences, 104(4), 1348-1356.

24. Costa, P., & Sousa Lobo, J. M. (2001). Modeling and
comparison of dissolution profiles. European
Journal of Pharmaceutical Sciences, 13(2), 123-133.

25. European Medicines Agency. (2011). Guideline on
Bioanalytical Method Validation.
EMA/CHMP/EWP/192217/2009 Rev. 1.

26. Higuchi, T. (1963). Mechanism of Sustained-Action
Medication. Theoretical Analysis of Rate of Release
of Solid Drugs Dispersed in Solid Matrices. Journal
of Pharmaceutical Sciences, 52(12), 1145-1149.

27.International Conference on Harmonisation of
Technical Requirements for Registration of
Pharmaceuticals for Human Use. (2003). ICH
Harmonised Tripartite Guideline: Stability Testing
of New Drug Substances and Products. Q1A(R2).

28. Korsmeyer, R. W., Gurny, R., Doelker, E., Buri, P.,
& Peppas, N. A. (1983). Mechanisms of solute
release from porous hydrophilic  polymers.
International Journal of Pharmaceutics, 15(1), 25—
35.

29. Meyer, R. A., Thornhill, B. A., Rossi, M., Caruso,
A. M., & Gregory, C. A. (2016). Histological
Review of Osteochondral Allograft Transplantation:
Interactions of Live Allografts and Host Tissues.
The Journal of Knee Surgery, 29(7), 555-565.

30. Regulatory Toxicology and Pharmacology. (2002).
OECD Guideline for the Testing of Chemicals:
Dermal Irritation. 404.

31.U.S. Food & Drug Administration. (2015).
Guidance for Industry: ANDAs: Pharmaceutical
Solid Polymorphism — Chemistry, Manufacturing,
and Controls Information.


http://www.jchr.org/
https://www.mdpi.com/2079-9284/8/4/106
https://www.frontiersin.org/articles/10.3389/fphar.2020.578970/full

