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ABSTRACT

Objective: The study aimed to address the limitations of oral delivery and enhance the bioavailability of nisoldipine (NSD) through the
development of transferosomal transdermal patches containing ultra-deformable transferosomes.

Methods: NSD, known for its low oral bioavailability and adverse effects, was encapsulated in transferosomes using a thin film hydration method.
17 formulations were made using Box Behnken Design, varying Dipalmitoylphosphatidylcholine (DPPC), span-80, and stirring speed, and were
evaluated for vesicle size, Polydispersity Index (PDI), and Entrapment Efficiency (EE%). The optimal formulation, selected based on these
parameters, was combined into Transdermal Patches (TPs). The patches underwent extensive testing for physicochemical properties, in vitro and
ex-vivo permeation, and skin irritancy.

Results: The results showed transferosomes with Vesicle Sizes (VS) ranging from 124+2.25 to 400+1.55 nm and EE% from 52.88+0.23 to
90.01+1.58%, with Zeta Potentials (ZP) between-48 to-20 mV. The patch thickness (0.66+0.02 mm) and weight per square inch (382.1+1.69 mg)
showed consistent manufacturing, while the Water Vapor Transmission Rate (WVT) (1.54+0.01g/m?/24h), low moisture content (1.07£0.01%),
and regulated moisture absorption (3.78+0.01%) maintained formulation stability. In vitro and ex-vivo permeation indicated superior drug
permeation for transferosomal patches (NP) compared to plain nisoldipine patches (NP-N), with permeation directly proportional to PEG-400
concentration. Additionally, the transferosomal patches were found to be free from skin irritation.

Conclusion: The optimized Niosoldipine transferosomal patch (NP-3) composition displays good folding endurance (FE) 97.67+0.47, required for
transdermal systems, and successfully allows drug permeation (DP) at 86.39+2.64% in a short timescale. Hence, the study concludes that
transferosomal patches of NSD offer a promising approach for effective transdermal delivery, potentially improving hypertension management by
providing a controlled and prolonged drug release.
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INTRODUCTION adherence in hypertension treatment, contributing to better long-term

di lar health out .
Nisoldipine (NSD) is a dihydropyridine calcium channel blocker cardiovascuiar heattii outcomes

used primarily to manage hypertension and angina pectoris by
inhibiting the influx of calcium ions in vascular and cardiac muscle,
causing vasodilation and lowering blood pressure [1]. However, its
low oral bioavailability and significant first-pass metabolism reduce
its effectiveness when taken orally, necessitating higher doses that
can increase the risk of adverse effects such as dizziness, flushing,
headache, and peripheral edema [2]. To overcome these challenges,
alternative delivery methods like transdermal patches and
transferosomes are being explored to improve bioavailability and
provide a more controlled release of the drug. Transdermal patches,
for instance, enable direct absorption through the skin into the
bloodstream, potentially enhancing patient compliance, reducing
side effects, and ensuring more stable blood pressure control [3].
Ongoing research into these delivery systems aims to enhance the
efficacy and safety profile of NSD, making it a more effective option
for treating hypertension and angina [4].

Transdermal Patches (TPs) provide a promising alternative for
hypertension management, addressing the limitations of traditional oral
medications [5]. They offer steady, prolonged drug release, enhancing
patient compliance by reducing dosing frequency. By bypassing the
gastrointestinal tract and liver, transdermal delivery increases
bioavailability and minimizes side effects. Additionally, patches ensure
more stable blood pressure control by maintaining consistent plasma
drug levels, reducing the risk of adverse cardiovascular events linked to
fluctuations. Their convenience and ease of use, especially for elderly
patients or those with cognitive impairments, improve patient quality of
life [6]. Overall, transdermal patches enhance efficacy, safety, and

Transferosomes offer a significant advancement over traditional
transdermal patches for drug delivery, particularly in enhancing the
permeation and bioavailability of medications [7]. Transferosomes
are ultra-flexible vesicles composed of phospholipids and edge
activators, which enable them to deform and pass through the
narrow pores of the skin more effectively than conventional patches
[8]. This enhanced permeation capability allows for the delivery of
larger and more complex drug molecules, including those with poor
solubility. Furthermore, transferosomes provide a more controlled
and sustained release of drugs, improving therapeutic outcomes and
reducing the frequency of dosing. The flexibility of transferosomes
also minimizes skin irritation and maximizes patient comfort. Their
ability to target specific tissues and achieve higher drug
concentrations at the desired site makes them particularly beneficial
for conditions requiring localized treatment [9]. Overall,
transferosomes represent a superior drug delivery system, offering
improved efficiency, patient compliance, and therapeutic
effectiveness over traditional transdermal patches [10-12].

This study aims to formulate nisoldipine transferosomes using the
Box-Behnken design method. Subsequently, optimized formulations
will be developed into TPs. The efficacy and characteristics of these
patches will then be thoroughly evaluated.

MATERIALS AND METHODS
Materials

Cipla, Bangalore, generously provided nisoldipine.
Dipalmitoylphosphatidylcholine (DPPC), Span-80, and PEG 400 were
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acquired from Loba Chemie Pvt. Ltd., Mumbai. All other reagents
used were of analytical grade.

Preparation of NSD transferosomes

DPPC and span-80 were dissolved in a mixture of chloroform and
ethanol (2:1 ratio). The solvent was removed using rotary
evaporation for 15 min followed by overnight vacuum drying to
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eliminate any residual solvent. The lipid films thus formed were
reconstituted by hydrating them with 10 ml of phosphate buffer at
pH 6.8 containing NSD. The hydration process involved rotating the
mixture for 45 min. The resulting transfersomal suspension was
stored refrigerated at 4 °C [13, 14]. A total of 17 formulations were
made using the Box-Behnken Design method facilitated by Design
Expert software (table 1).

Table 1: Composition of NSD transferosomes

Independent variables Levels

Low Medium High
X1=DPPC (mg) 50 85 120
X2=span-80 (mg) 15 20 25
X3=stirring speed (rpm) 60 70 80
Transformed values -1 0 +1
Dependent variables Goals
Y1= Vesicle size Minimize
Y2= entrapment efficiency Maximize

Ys= Zeta potential

Above +25 mv

Compatibility

Differential Scanning Calorimetry (DSC) and Fourier-Transform
Infrared Spectroscopy (FTIR) Spectroscopy were employed to
evaluate the compatibility between the NSD and polymers. DSC
analysis involved heating samples of the NSD alone and in
combination with excipients from 30-300 °C to observe changes
in thermal properties such as melting points and enthalpy, which
indicate potential interactions. By comparing the DSC
thermograms of the NSD and its mixtures, any shifts or changes
provide evidence of compatibility or incompatibility, ensuring
that the polymers do not negatively impact the NSD's stability
and efficacy. FTIR spectroscopy analyzed chemical bonds and
functional groups in the NSD and polymers, capturing spectra
from 4000 to 400 cm . This analysis revealed interactions at the
molecular level by identifying characteristic peaks, shifts, and
changes in peak intensity, indicating bond interactions or the
formation of new bonds. Together, DSC and FTIR spectroscopy
offer a comprehensive evaluation of the thermal and chemical
compatibility of the NSD with the polymers, ensuring the
stability and efficacy of the final product.

Optimization

In this study, the interaction effects of DPPC and span-80 on
nisoldipine transferosomes (NT) were evaluated using a Box-
Behnken design. Design-Expert software generated 17
experimental runs based on a nonlinear computer-generated
quadratic model equation. This equation considered the
response (Y) linked to each combination of factor levels,
incorporating linear coefficients (b1, bz, bs), interaction
coefficients (biz, bis, bz3), and quadratic coefficients (bi1, bz,
bss), with bo as the intercept. The Independent Variables
included phospholipid (X1), surfactant (Xz), and stirring speed
(X3), while Vesicle Size (VS) (Y1), Entrapment Efficiency (EE%)
(Y2), and Zeta Potential (ZP) (Y3) served as dependent variables
[15]. The chosen range of IVs was determined based on
preliminary trials, with each variable studied at three levels: low
(-1), medium (0), and high (+1). This comprehensive approach
enabled a systematic investigation into the optimal formulation
conditions for producing NT with desired characteristics [16, 17].

Description of NTs
Vesicle size, polydispersity index (PDI), and ZP

To characterize the transferosomal suspension, a series of analyses
were conducted to determine key parameters influencing its
stability and behavior. To assess the VS and surface charge (ZP), a
sample of the transferosomal suspension was first diluted with
double-distilled water to ensure optimal measurement conditions.
Subsequently, the VS and ZP were measured using a laser scattering
particle size analyzer [18, 19].

Entrapment efficiency

To determine the EE % of NSD transferosomal suspensions,
ultracentrifugation is initially performed at 20,000 rpm and 10 °C
for 30 min [20]. Following centrifugation, 1 ml of the supernatant is
extracted and diluted with 9 ml of phosphate saline buffer (pH 7.4).
Subsequently, the absorbance of the diluted supernatant is
measured at 237 nm using a UV-Vis spectrophotometer (Thermo
Spectronic UV-1, USA) (E. q.1) [21].

(Total NSD taken—Free NSD)

EE (%) =
( /0) Total NSD taken

X100 --- (1)

Deformability

The Deformability Index (DI) of vesicles is a measure that quantifies
the change in VS or morphology before and after a deformative
process, such as extrusion. It provides insights into the ability of
vesicles to deform and adapt to different environments, which is
crucial for their effectiveness in drug delivery applications,
particularly across biological barriers like the skin. The vesicles
underwent passage through a 50 nm polycarbonate membrane
using an extruder. Both before and after extrusion, the vesicles were
analyzed for VS, elasticity, and DI. VS was determined using dynamic
light scattering (DLS). Elasticity was quantified by dividing the VS
after extrusion by the mesh size of the membrane [22, 23]. The
deformability index was calculated by comparing VS before and
after extrusion (e. q.2).

__ D (initial)-D (final)

DI'= D(initial) X100 --(2)

Confocal laser scanning microscopy (CLSM)

CLSM was utilized to investigate the penetration of elastic
liposomal formulations through the skin. These NTs were loaded
with an NSD fluorescent probe, allowing for visualization under
fluorescence microscopy. Before the CLSM study, a skin
penetration analysis was led. NSD-labeled vesicles were applied
to skin mounted on Franz cells, and after an 8-hour treatment
period, the skin was mildly washed, and the treated area was
excised. Subsequently, the skin was frozen at-60 °C and
sectioned vertically using a mechanical device to obtain samples
with a thickness of 10 pm. The analysis was performed using
CLSM at 543 nm and an emission wavelength of 560 nm specific
to the NSD probe [24-26]. This methodology allowed for the
visualization and examination of the penetration of the
fluorescently labeled vesicles across diverse layers of the skin,
providing insights into their worth and distribution for potential
therapeutic applications [27].

The Optimized Transferosomal Formulation (NT-3) showed lesser
VS, better ZP, and EE%. So, it was further incorporated and made
into TPs.
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Preparation of NSD transdermal films

A magnetic stirrer was utilized (at a slow speed) to dissolve precise
amounts of HPMC E5 and ethyl cellulose in a 1:1 mixture of
methanol and dichloromethane solvents. To these methylparaben
and NT-3 were added and stirred at 100 rpm and maintained at 25
°C (to get nisoldipine patches and named them as NP-3), the
prepared mixture was spread onto Petri dishes greased with
glycerine and then subjected to a one-hour exposure in a 40 °C oven.
Subsequently, the NP-3 patches were enveloped in a fabric backing
film composed of Ethylene-Vinyl Acetate (EVA). The adhesive side of
the NP-3 was shielded by a liner made of Poly Vinyl Pyrrolidone
(PVP). Finally, the completed NP-3 patches were stored in a
desiccator until ready for use [28-30].

Evaluation studies of NP-3

The evaluation of NP-3 involves a comprehensive assessment of
various physicochemical parameters to ensure the quality,
consistency, and efficacy of these drug delivery systems. Below is a
detailed description of each evaluation parameter.

Thickness measurement

Utilizing a digital screw gauge, the thickness of NP-3 patches is
meticulously assessed at various points to ensure consistency and
reliability. This detailed measurement process is crucial for
confirming uniformity throughout the patches and plays a critical
role in evaluating the overall structural integrity of NP-3. By
systematically measuring the thickness across multiple points, any
variations can be identified and addressed, ensuring that NP-3 meets
rigorous quality standards for its intended applications as a drug
delivery system [31, 32].

Weight variation analysis

To ensure uniformity in the distribution and composition of NSD
within NP-3 patches, ten randomly selected patches are dissected
into sections, and the weight of each section is individually
measured. This meticulous process enables the calculation of
average weight and standard deviation across the patches, ensuring
consistency in the composition of each patch. By analysing multiple
sections from each patch, any variability in NSD distribution can be
identified and controlled, thereby confirming the reliability and
quality of NP-3 as a drug delivery system [33, 34].

NSD content assessment

A precise section of the TP (200 mg) is dissolved in a specific volume
of phosphate buffer solution. This solution undergoes continuous
shaking in a shaker incubator and subsequent sonication to ensure
thorough dissolution of the NSD. Following dissolution, the solution
is filtered and appropriately diluted. The NSD content in the
resulting  solution is  quantified using a  UV-visible
spectrophotometer at a predetermined wavelength, typically 237
nm. This analytical method allows for accurate measurement of the
NSD concentration, ensuring precise determination of drug content
in the TP formulation [35, 36].

Moisture content

The moisture content of transdermal NP-3 is evaluated to ensure its
stability and longevity. Each batch is individually weighed and
placed in a desiccator containing activated silica. Over 24 h, the NP-3
samples are periodically reweighed until a constant weight is
achieved, indicating that equilibrium with the desiccant has been
reached. The percentage moisture content is then calculated based
on the initial and final weights of each sample, providing critical data
on the moisture levels present in the formulation. This meticulous
process helps in maintaining the quality and effectiveness of NP-3 by
ensuring that moisture levels are controlled within acceptable limits
for transdermal applications [37, 38].

Assessing the moisture uptake

To evaluate the moisture absorption capacity of NP-3, samples are
initially weighed and placed in a desiccator containing a saturated
solution of KCI for 24 h. During this period, the NP-3 samples absorb
moisture from the environment. Subsequently, the samples are
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repeatedly weighed until a constant weight is achieved, indicating
that equilibrium with the ambient moisture has been reached. The
percentage moisture uptake is then calculated based on the
difference between the initial and final weights of each sample [39].
This method provides insights into the formulation's ability to
absorb moisture under controlled conditions, essential for assessing
its stability and performance in real-world environmental
conditions [40].

Flatness testing

The flatness of transdermal NP-3 patches is assessed to ensure they
maintain a smooth surface and do not deform over time. Strips are
cut from the center and both ends of each NP-3 patch, and their
lengths are measured. Any variation in length between the center
and ends of the patch, which indicates non-uniformity in flatness, is
quantified as a percentage constriction [41]. This method allows for
the precise evaluation of patch integrity and ensures that NP-3
patches maintain consistent physical characteristics necessary for
effective transdermal drug delivery [42].

Assessing the folding endurance (FE)

The FE of NP-3 is determined by repetitively folding a small section
of the patch at the same location until it develops a crack. The
number of folds completed before crack formation specifies the FE
value, which reflects the flexibility and durability of the patch
material [43]. This method assesses the ability of NP-3 to withstand
repeated stress and folding without compromising its structural
integrity, ensuring its suitability for transdermal applications where
flexibility and durability are crucial factors [44].

Measuring tensile strength

NP-3 patches were cut into standardized sizes and subjected to
tensile strength testing using a tensiometer. The tensiometer
measures the force required to break the patch, expressed as
kg/cm?, providing crucial insights into the mechanical strength and
integrity of the patch material. This method evaluates the ability of
NP-3 to withstand stretching forces, which is essential for assessing
its durability and reliability in transdermal drug delivery
applications [45].

Assessing water vapour transmission rate (WVT)

The WVT rate, which indicates the moisture permeability of NP-3, is
determined using glass vials containing anhydrous fused calcium
chloride. NP-3 patches are affixed securely over the vials, and the
initial weights are recorded. These assemblies are then exposed to a
specific relative humidity environment for 24 h. After exposure, the
patches are reweighed to measure the weight change due to
moisture transmission through the patches [46]. This method allows
for the quantification of NP-3's ability to resist or facilitate moisture
passage, providing critical data on its suitability for transdermal
applications where moisture control is essential for drug stability
and effectiveness.

In vitro drug permeation (DP) studies

For in vitro DP studies, a Modified Franz diffusion cell setup was
employed, featuring a blended cellulose ester membrane that was
pre-soaked in distilled water overnight. Transdermal patches were
securely affixed to the dialysis membrane and placed in the donor
compartment of the diffusion cell. The receptor compartment
contained 85 ml of pH 7.4 Phosphate-Buffered Saline (PBS)
maintained at 37+2 °C, with stirring at 500 rpm to facilitate
permeation. Sampling occurred at precise intervals over 24 h under
sink conditions, ensuring a constant concentration gradient. Samples
collected from the receptor compartment were analyzed at 237 nm
using a UV-visible spectrophotometer to quantify drug permeation
[47]. This setup allowed for the assessment of NP-3's ability to
deliver drugs across the skin barrier, providing crucial data on its
potential effectiveness in therapeutic applications [48, 49].

Ex vivo skin DP studies

In this study, goat skin obtained from a local market was
meticulously cleaned using water and a scalpel to remove

135



D. M. Reddy & M. M.

impurities. Subsequently, the cleaned skin was immersed in an
isotonic solution for 1 h to maintain hydration and simulate
physiological conditions. Mounted onto a Modified Franz diffusion cell
setup, transdermal patches were applied to the skin and securely
affixed to the donor compartment. The receptor compartment
contained 85 ml of pH 7.4 PBS at 37+2 °C, stirred at 500 rpm to ensure
uniform conditions for permeation studies over 24 h. Sampling was
conducted at specific intervals to monitor drug permeation through
the skin, and samples from the receptor compartment were analyzed
at 237 nm using a UV-visible spectrophotometer, mirroring the
procedures of earlier in vitro studies [50]. This experimental approach
provided insights into how NP-3 interacts with goat skin under
physiological conditions, crucial for assessing its potential
effectiveness in transdermal drug delivery applications [51, 52].

NSD discharge Kinetics study

Data obtained from both in vitro and ex vivo DP studies are analyzed
by fitting them to various mathematical kinetic models. These
models are instrumental in elucidating the mechanisms and patterns
of NSD discharge from transdermal NP-3 patches. By studying these
discharge kinetics, researchers can gain insights into how the drug is
discharged over time, which is crucial for designing and optimizing
drug delivery systems [53, 54]. This approach allows for the
refinement of NP-3 formulations to achieve desired drug discharge
profiles, enhancing their efficacy and suitability for therapeutic
applications [55, 56].

SKin irritation study

The experimental procedures were ethically approved by the
Institutional Animal Ethical Committee (IAEC No.
1519/P0O/Re/S/11/CCSEA). All experiments were conducted in
accordance with the guidelines and regulations for the care and use
of laboratory animals as set forth by the Committee for the Purpose
of Control and Supervision of Experiments on Animals (CPCSEA).
Efforts were made to minimize animal suffering and reduce the
number of animals used. The animals were obtained from the animal
facility at Santhiram College of Pharmacy, Nandyal, and were housed
in standard laboratory conditions with a 12 h light/dark cycle,
temperature of 22+2 °C, and humidity of 50+5%. Rabbits are
acclimated for at least 7 days before the start of the experiment.
Provide a standard diet and water ad libitum. The health status of
the animals was monitored regularly, and only healthy animals with
no prior exposure to the test compound were included in the study.
To assess skin irritation, the patch was uniformly spread over an

035 PerkinElmer Thermal Analysis
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8.70 cm? area of the skin. The skin surface was then observed for
visible changes such as erythema at 24, 48, and 72 h post-
application of the patch. Erythema scores were assigned on a scale of
0 to 4 based on the severity of redness [57, 58].

Comparison of permeation with normal patch

For comparing DP between the optimized NP-3 and normal TPs, the
procedure followed the methodology described earlier for in vitro
DP studies. This included using a modified Franz diffusion cell setup
where the patches were affixed to a dialysis membrane, ensuring
consistent conditions such as temperature and stirring speed.
Samples were collected at specific intervals, with phosphate buffer
replenished to maintain sink conditions conducive to drug
discharge. Drug content analysis in the collected samples was
performed using a UV-visible spectrophotometer [59]. This
standardized approach facilitated a rigorous comparison of DP
characteristics between NP-3 and conventional transdermal patches,
offering valuable insights into the performance and effectiveness of
the optimized NP-3 [60, 61].

Statistical analysis

The results were presented as meanzstandard deviation, with a
sample size of n = 3. Simple regression analysis was conducted using
GraphPad Prism 7 software to explore potential relationships or
trends within the dataset. This statistical approach enabled the
interpretation of experimental findings and the assessment of any
observed associations between variables.

Accelerated stability studies

The optimized formulation (NP-3) was stored at accelerated testing
conditions (40+2.2 °C and 75+5.2% RH) for three months. For these
studies, the films were wrapped in aluminum foil and placed in an
environmental chamber. Samples were withdrawn at regular times.
The films were then evaluated for physicochemical properties [62].

RESULTS AND DISCUSSION
Compatibility studies

DSC thermograms of NSD alone and in combination with excipients
were utilized to illustrate the effective interaction of the NSD with
the excipients. These thermograms indicate good miscibility
between the NSD and the excipients, demonstrating their
compatibility and suggesting potential enhancements in formulation
stability and effectiveness (fig. 1).
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Fig. 1: DSC thermograms of NSD alone and its combinations with excipients
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The characteristic peaks and stretches observed in the FTIR of the NSD
remained undisturbed even when combined with the excipients used.
This observation indicates that the chemical bonds and functional
groups of the NSD were retained without alteration or significant
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interaction with the excipients. Such stability in the FTIR spectrum
suggests that the NSD and excipients are compatible, supporting their
potential application together in formulations without compromising
the integrity of the NSD's chemical structure (fig. 2 and 3).
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Fig. 3: FTIR spectrum of NSD with polymers

The PDI of the NT, as depicted in fig. 4, offers critical insights into the
uniformity of particle sizes within the NTs. A PDI value close to zero
indicates a narrow size distribution, with particles predominantly of
similar sizes. Conversely, a higher PDI suggests a broader range of
particle sizes, indicating greater variability within the NTs [63]. This
characterization is pivotal for assessing the consistency and quality of
NT formulations, guiding further optimization efforts to achieve
desired particle size uniformity for enhanced drug delivery
performance.

Deformability

The VS of NT before and after extrusion serves as a critical indicator
of their deformability, which reflects the flexibility of these lipid-

based nanoparticles. Initially, NT typically exhibits a range of sizes
with some variability in diameter due to diverse lipid compositions
and assembly processes. However, after extrusion, NT undergoes a
process of size reduction and homogenization, resulting in a more
uniform and smaller size distribution. This reduction in VS indicates
enhanced deformability, as the NT can more easily adapt to changes
in their environment and traverse biological barriers such as the
skin's stratum corneum. Therefore, comparing VS before and after
extrusion provides valuable insights into the deformability and
flexibility of NT, essential characteristics for effectively delivering
NSD across various applications [64]. This property enhances their
potential for optimized drug delivery systems capable of overcoming
barriers and improving therapeutic outcomes (table 2).
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Table 2: Vesicle size of NT before and after extrusion representing their deformability

Trials Before extrusion (nm) After extrusion (nm) Deformability index Zeta potential (mV)
NT-1 333+2.3.6 312+3.48 6.31+0.23 -21
NT-2 360+3.62 341+5.25 5.28+0.27 -29
NT-3 218+5.25 202+3.84 7.34+0.22 -48
NT-4 256+6.22 239+2.64 6.64+0.14 -20
NT-5 275+0.92 256+2.61 6.91+0.03 -30
NT-6 384+1.05 372%1.90 3.12+0.07 -23
NT-7 305+1.65 289+3.95 5.24+0.06 -32
NT-8 361+2.84 345+2.38 4.43+0.07 -25
NT-9 396+3.85 375+4.15 5.30+0.08 -22
NT-10 265+4.82 249+5.65 6.04+0.05 -40
NT-11 251+7.26 241+4.08 3.98+0.02 -30
NT-12 385+6.62 366+2.18 4.93+0.07 -27
NT-13 230+5.15 220+6.33 4.35+0.08 -35
NT-14 221+2.08 211+5.92 4.52+0.06 -41
NT-15 241+1.45 226+4.82 6.22+0.07 -36
NT-16 219+4.62 209+3.65 4.57+0.04 -38
NT-17 254+2.68 237+0.28 6.69+0.03 -37

NT: Nisoldipine transferosomes, value are given in mean+SD; n=3.

Confocal laser scanning microscopy

CLSM was employed to assess the depth of NSD penetration
through vesicles in developed NT. CLSM images depicted a well-
distributed presence of NT throughout the skin layers,
characterized by high fluorescence intensity. Specifically, the
CLSM image of optimized NT loaded with Rhodamine B dye
exhibited significantly deeper penetration and higher fluorescence
intensity compared to Rhodamine B dye solution alone. This
enhanced penetration and fusion with membrane lipids in the
deeper skin layers highlight the NT's effectiveness in delivering
the NSD. These findings align with previous research, affirming the
potential of NT to facilitate improved NSD penetration into the
skin compared to plain dye solutions, thus enhancing their
therapeutic application capabilities (fig. 5). CLSM is a powerful
imaging technique used to explore the depth of penetration and
distribution of NSDs within biological tissues. In our study, CLSM
was employed to evaluate the performance of a developed NT for

delivering the NSD. The CLSM images provided crucial insights
into the distribution of the NT within the skin layers. The results
illustrated the effective distribution of NT throughout the skin
layers, evident from the high fluorescence intensity observed in
the CLSM images. Specifically, the optimized NT loaded with
Rhodamine B dye exhibited significantly deeper penetration and
higher fluorescence intensity compared to Rhodamine B dye
solution alone. This excellent Ultra deformable liposome transport
of Rhodamine B demonstrates that it enhanced penetration and
then merged with the membrane lipids in the deeper layers of the
skin, validating the findings of earlier studies [65]. This enhanced
penetration is attributed to NT's efficient delivery of the NSD into
deeper skin layers. Additionally, the observed fusion of NT with
membrane lipids in the deeper skin layers indicates its potential to
facilitate NSD delivery through interactions with the skin's lipid
barrier [66]. These findings align with previous research,
confirming the efficacy of NT in enhancing drug permeation and
delivery capabilities.
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Fig. 5: Confocal laser scanning microscopy pictures of the optimized formulations of nisoldipine transferosomes-3

Results of the effect of independent variables on VS, EE, and ZP

The characterization of transferosomes revealed vesicle sizes
ranging from 124+2.25 to 400£1.55 nm, EE % from 52.88+0.23 to
90.01+1.58%, and ZP between-48 to-20 mV. The broad vesicle size
range suggests variations in the formulation process, such as
sonication time and lipid concentration, which could impact the
uniformity of vesicle sizes. Smaller vesicles may enhance cellular
uptake, while larger ones can facilitate sustained release. The high
EE%, reaching up to 90.01+1.58%, indicates effective encapsulation
of active pharmaceutical ingredients, though the lower end
(52.88+0.23%) points to potential suboptimal conditions in some
formulations (fig. 6). Optimizing the lipid-to-drug ratio and
preparation techniques could improve EE% consistency. The
negative ZP values signify good colloidal stability, as high absolute
values prevent particle aggregation. Ensuring these ZP ranges is
crucial for the long-term stability of the transferosomes [67].
Overall, the transferosomes exhibit promising characteristics for
drug delivery systems, with further optimization needed to achieve
consistent and desirable properties.
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For each outcome measure, the effect size was calculated to provide
additional context to the statistical significance. Effect sizes were
reported as Cohen's d for comparing two groups and partial eta
squared (n?) for ANOVA.

Vesicle size

The mean VS for the optimized NT-3 was 150 nm (SD = 19.91 nm).
The effect size for the difference in vesicle size between NT-3 and
the control formulation was large (Cohen's d = 1.25), indicating a
substantial difference. Image shown in fig. 7A. The ZP image is
shown in fig. 7B. SEM micrograph of optimized formulation (NT-3) is
shown in fig. 7C.

Entrapment efficiency

The EE% for NT-3 was 90.01% (SD = 1.58%). The effect size for the
difference in EE% between NT-3 and the control was also large
(Cohen's d = 1.30).
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Fig. 6: Vesicular size and entrapment efficiency of the vesicles, values are given in mean+SD; n=3. Error bars indicate SD
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Fig. 7: Images showing (A) Vesicle size and vesicle size distribution, (B) Zeta potential (C) SEM micrograph of optimized formulation of
nisoldipine transferosomes-3

The model F-value of 35.45 suggests that the model is highly
significant, with only a 0.01% chance that such a large F-value could
occur due to noise, indicating strong support for the model's validity.
Significant model terms, including A, B, AB, AC, BC, A% B? and C?,
have p-values<0.05, further reinforcing their importance in the
model. The Lack of Fit F-value of 0.88 indicates that the Lack of Fit is
not significant relative to the pure error, with a 52.12% chance that
such a value could occur due to noise. This lack of significance is
favorable, indicating that the model fits well and can effectively
capture the underlying relationships. Both the predicted R* of
0.8429 and the adjusted R? of 0.9509 are in reasonable agreement,
differing by<0.2. This suggests that the model's predictive power is
consistent across different datasets, further bolstering its reliability.

Adeq. Precision, with a ratio of 17.71, well above the desirable
threshold of 4, the model demonstrates an adequate signal-to-noise
ratio, indicating that it can effectively navigate the design space and
provide valuable insights.

The model F-value of 19.41 specifies significance, with only a 0.01%
probability that such a large F-value could occur due to noise. This
suggests strong support for the model's validity. Significant model
terms, including A, B, AB, BC, A% B? and C? have p-values<0.05,
indicating their importance in the model.

The Lack of Fit F-value of 0.89 suggests that the Lack of Fit is not
significant relative to the pure error, with a 52.01% chance that such
a value could occur due to noise. This lack of significance is

favorable, indicating a good fit for the model. Both the predicted R?
of 07176 and the adjusted R? of 0.9119 show reasonable agreement,
with a difference 0f<0.2, suggesting the model's predictive power is
reliable across different datasets. Adeq. Precision, which measures
the signal-to-noise ratio, is crucial for assessing model performance.
With a ratio of 14.69, well above the desirable threshold of 4, the
model demonstrates an adequate signal-to-noise ratio. This
indicates that the model can effectively navigate the design space
and provide meaningful insights.

The model F-value of 20.65 specifies significance, with only a 0.01%
probability that such a large F-value could occur due to noise. This
suggests strong support for the model's validity. Significant model
terms, including A, B, AB, BC, A% B? and C? have p-values<0.05,
indicating their importance in the model.

The Lack of Fit F-value of 0.99 suggests that the Lack of Fit is not
significant relative to the pure error, with a 48.22% chance that such
a value could occur due to noise. This lack of significance is
favorable, indicating a good fit for the model. Both the predicted R?
of 0.7199 and the adjusted R? of 0.9170 show reasonable agreement,
with a difference of<0.2, suggesting the model's predictive power is
reliable across different datasets. Adeq. Precision, which measures
the signal-to-noise ratio, is crucial for assessing model performance.
With a ratio of 15.03, well above the desirable threshold of 4, the
model demonstrates an adequate signal-to-noise ratio. This
indicates that the model can effectively navigate the design space
and provide meaningful insights (tables 3 and 4).
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Source Sum of squares F-value p-value
ANOVA for VS
Model 1.266 35.45 <0.0001 Significant
A-DPPC 27848.00 70.19 <0.0001
B-Span-80 3403.13 8.58 0.0221
C-stirring speed 3081.13 7.77 0.0270
AB 17161.00 43.25 0.0003
AC 2500.00 6.30 0.0404
BC 37442.25 94.37 <0.0001
A? 2300.59 5.80 0.0469
B2 17857.96 45.01 0.0003
c? 11883.22 29.95 0.0009
ANOVA for EE
Model 1612.25 19.41 0.0004 Significant
A-DPPC 142.80 15.47 0.0057
B-Span-80 129.61 14.04 0.0072
C-stirring speed 0.5000 0.0542 0.8226
AB 665.64 72.12 <0.0001
AC 2.25 0.2438 0.6366
BC 110.25 11.94 0.0106
A? 311.41 33.74 0.0007
B2 132.04 14.31 0.0069
c? 65.69 7.12 0.0321
ANOVA for ZP
Model 981.17 20.65 0.0003 Significant
A-DPPC 144.50 27.37 0.0012
B-Span-80 136.13 25.79 0.0014
C-stirring speed 0.1250 0.0237 0.8820
AB 324.00 61.38 0.0001
AC 0.0000 0.0000 1.0000
BC 110.25 20.89 0.0026
A? 108.44 20.54 0.0027
B? 33.60 6.37 0.0396
c? 98.02 18.57 0.0035
Table 4: The results of regression analysis for Y1, Y2, and Y3 for fitting to the quadratic model
Response r2 Adjusted r2 Predicted r? SD %CV Adequate precision
Y1 0.9785 0.9509 0.8429 19.92 8.95 17.71
Y2 0.9615 0.9119 0.7176 3.04 4.15 14.69
Y3 0.9637 0.9170 0.7199 2.30 7.31 15.03
Equation
Y1=+156+59.0A+20.62B+19.62C+65.5AB+25AC+96.75BC+23.38A%+65.13B%+53.13C?
Y,=+81.8-4.22A+4.03B-0.25C-12.9AB+0.75AC-5.25BC-8.6A2-5.6B2-3.95C?
Y3=-37.4+4.25A-4.13B+0.125C+9.0AB+0.00AC+5.25BC+5.08A%+2.83B%+4.82C?
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The normal plot of residuals for the responses (fig. 84, B, and C)
evaluates whether the residuals follow a normal distribution, a key
assumption in statistical analysis. If the residuals are normally
distributed, the points will lie on a straight line; deviations
indicate potential issues with this assumption. Residuals vs.
predicted plots illustrate the relationship between observed
residuals and predicted values, helping to identify patterns or
trends. Ideally, residuals should be randomly scattered around
zero; patterns suggest model inadequacies like non-linearity or
heteroscedasticity. Cook's distance plots measure each
observation's influence on the model's parameters. High Cook's
distances indicate observations with substantial impact, possibly
pointing to influential data points or outliers that require further
investigation. Together, these diagnostic tools ensure model
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assumptions are met, identify areas for improvement, and confirm
the reliability of the study's results.

The contour plots for responses in fig. 9A (VS), 9B (EE), and 9C (ZP)
depict the relationship between the independent variables and the
corresponding response variables. These plots illustrate how changes in
the levels of the independent variables affect the values of the response
variables, providing insights into the optimal conditions for achieving
desired outcomes. Additionally, the 3D plots for responses in fig. 9D (VS),
9E (EE), and 9F (ZP) offer a visual representation of the interaction
between multiple IVs and their impact on the response variables [68].
These plots enable a more comprehensive understanding of the
relationships between the variables, facilitating the identification of
optimal parameter settings for maximizing VS, EE, and ZP.

Zeta potential (MV)
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Fig. 9: Contour plots for the responses: A) Vesicular size, B) Entrapment efficiency, and C) Zeta potential. 3D plots for the responses: D)
Vesicular size, E) Entrapment efficiency, and F) Zeta potential

Among the NTs, formulation NT-3 demonstrated smaller VS,
improved ZP, and higher EE%. Consequently, this formulation was
further incorporated into TPs.

Evaluation results of NP-3

The uniformity in patch thickness was 0.66+0.02 mm, underscoring
consistent manufacturing processes. Similarly, the weight per
square inch was 382.1+1.69 mg, further demonstrating formulation
uniformity. The minimal WVT Rate (1.54+0.01 g/m?/24h) and low
moisture content (1.07+£0.01%) indicate excellent moisture barrier
properties. Additionally, moisture uptake within acceptable limits
(3.784£0.01%) reflects stability under varying environmental
conditions [69]. Moreover, the uniform NSD content and good
tensile strength exceeding 2.56+0.02 kg/cm? ensure consistent
dosage delivery and mechanical integrity of NP-3. These
comprehensive quality assessments highlight the reliability and
robustness of NP-3 for potential pharmaceutical applications.

Results of FE and NSD permeation

These findings indicate that the NP-3 formulation exhibits favorable
flexibility, a crucial characteristic for transdermal delivery systems,

with an FE of 97.67+0.47. This data underscores the efficacy of the
TPs in facilitating DP of 86.39+2.64% within a relatively short
timeframe. Overall, these results suggest that the NP-3 formulation
holds promise for efficient drug delivery through the skin barrier,
offering potential advantages in terms of patient convenience and
therapeutic efficacy [70]. Furthermore, the results reveal that the
NP-3 formulation exhibits favorable release characteristics over an
extended period. Together, these findings suggest that the NP-3
formulation demonstrates promising performance not only in terms
of sustained discharge but also in permeating through biological
skin barriers, indicating its potential efficacy for transdermal drug
delivery applications.

NSD release Kinetics results

The kinetics of NSD discharge from the dosage form demonstrated
adherence to the Korsmeyer-Peppas model (R? = 0.9957), indicating
a non-Fickian release pattern (n = 0.6548). This finding suggests that
the discharge of NSD from the NP-3 is not solely governed by simple
diffusion processes but also involves additional mechanisms such as
swelling and erosion of the polymer matrix. The Korsmeyer-Peppas
model is commonly used to describe NSD discharge from polymeric
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systems, offering insights into the discharge mechanisms and
enabling the prediction of release profiles over time [71]. The
identification of a non-Fickian release pattern implies a complex
interplay of factors influencing NSD release kinetics, highlighting the
importance of further understanding the NP-3's behavior to
optimize NSD delivery strategies.

Results of the skin irritation study for the optimized patch
along with comparison with a normal TPs

The study evaluating NP-3 on rabbit skin for signs of erythema
provides valuable insights into its safety and suitability. Using a
scale from 0 to 4 to assess erythema severity, the study consistently
found no indications of erythema or oedema throughout the
application period, demonstrating excellent tolerance of NP-3 by
rabbit skin. This is particularly significant given that rabbit skin
shares similarities with human skin, suggesting the potential
relevance of these findings to human applications. Statistical
averaging of scores enhances reliability, accommodating individual

—®— NP-N (normal patch)

100

T 80 n
©

1] T

E &

2 60 p=

= &

2

=}

S 4

z 40 F

s

=3

E

o 20 //Q*-’/,e

ol

Fig. 10: Comparision of optimized transferosomal patch (NP-3) with the normal patch; values are given in mean+SD; n=3.
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variations among the rabbits. Overall, these results indicate a
promising safety profile for NP-3, highlighting its potential for
clinical use.

Fig. 10 illustrates the comparison between an optimized patch (NP-
3) and a conventional TP containing the same drug (NP-N).
Contrasting the NSD normal patch (NP-N) with NP-3 reveals
significant differences in drug release kinetics and resulting plasma
concentrations. NP-3 demonstrates prolonged drug discharge
profiles, indicating controlled release over time compared to the
relatively rapid discharge observed with NP-N. As a result, NP-3
achieves higher drug plasma concentrations.

The extended drug discharge observed with transferosomes can be
attributed to their unique structure, which allows for NSD
encapsulation within vesicles. This encapsulation enables controlled
discharge and enhances drug bioavailability, highlighting
transferosomes as a promising drug delivery system for improving
therapeutic outcomes [72].

NP-3 (Optimized tranferosomal patch)

4 8 12

16
Time (h)

indicate SD

20 24

28

Table 5: Physical assets of the optimized transferosomal patch (NP-3) during stability studies

Error bars

Optimized batch Sampled Parameters assessed
NP-3 time Moisture Tensile Drug Weight per Water vapour Folding
content (%)  strength permeated at square inch transition rate endurance
(kg/cm?) 24h (%) (mg) (g/m?/d)
Day 1 3.78+0.01 2.56+0.02 86.39+2.64 382+11.69 1.54+0.01 97.67+0.47
30t d 3.77+0.01 2.58+0.02 86.24+1.37 381+10.27 1.53+0.02 96.34+0.47
60t d 3.78+0.01 2.55+0.02 86.16+1.33 380+12.82 1.55+0.01 95.00+0.82
90t d 3.79+0.01 2.54+0.01 86.22+3.65 381+10.17 1.55+0.02 94.33+0.47

Value are given in mean+SD; n=3.

Results of stability studies

The films were analyzed at 0 days and at 1, 2, and 3-month intervals
for physical assets, revealing that the NP-3 retained the
specifications even after the stressed storage conditions (table 5).

CONCLUSION

The study effectively addressed the challenges associated with oral
delivery of NSD by developing transferosomal transdermal patches.
Utilizing a comprehensive methodology involving NSD
encapsulation within transferosomes and subsequent integration
into TPs using DPPC, span-80, and cholesterol. The study achieved
notable enhancements in NSD permeation and efficacy. The
optimized NP-3 exhibited favorable physicochemical properties,
enhanced NSD permeation in both in vitro and ex-vivo studies, and
demonstrated minimal skin irritation. The NP-3 composition
displays good FE 97.67+0.47, required for transdermal systems, and

successfully allows DP at 86.39+2.64% in a short timescale.
Importantly, these formulations displayed prolonged NSD discharge
profiles compared to conventional NSD patches. These findings
indicate that NP-3 represent a promising approach for effective
transdermal delivery, potentially offering sustained and controlled
management of hypertension. This advancement holds significant
promise for improving patient adherence and therapeutic outcomes
in hypertension treatment.
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