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ABSTRACT 

Objective: This study aimed to develop and optimize lapatinib ditosylate (LAP)-loaded transferosomes using a 32-factorial design.  

Methods: LAP-loaded transferosomes were prepared by the rotary thin-film hydration method using Labrafac Lipophile WL1349 and Tween 80. 
The independent variables in transferosome preparation were the amount of Labrafac Lipophile WL1349 (X1) and Tween 80 (X2). The dependent 
variables analyzed were vesicle size (Y1) and percent entrapment efficiency (%EE) (Y2). The resulting transferosomes were characterized for 
several parameters: drug content, particle size distribution, entrapment efficiency, zeta potential (ZP), polydispersity index (PDI), and morphology 
via transmission electron microscopy (TEM). In vitro drug release studies were also performed. The optimized transferosomes were then 
incorporated into a gel formulation, having a good appearance and a suitable pH, spreadability, and viscosity. The finalized transferosomal gel was 
further evaluated through in vitro diffusion studies and confocal laser scanning microscopy (CLSM).  

Results: The optimal LAP-loaded transferosomes displayed a vesicle size of 295±0.13 nm and %EE of 77.4±0.71%, along with a PDI of 0.103±0.024. 
TEM analysis revealed the vesicles to be spherical with a lamellar structure. The vesicles possessed a high negative surface charge of-44.3 mV, 
attributed to the presence of Tween 80, indicating strong electrostatic repulsion. In vitro permeation studies showed a sustained release of 
84.3±0.38% over 24 h. The optimized transferosomal formulation was incorporated into a Carbopol 934-based gel. In vitro diffusion studies 
confirmed that the 2% Carbopol 934 transferosomal gel facilitated enhanced drug release of 87.83±2.6%. Furthermore, ex vivo permeation studies 
exhibited a 2.4-fold superior skin penetration compared to less elastic formulations. 

Conclusion: This research confirms that transferosomes are effective nanoscale carriers for LAP, significantly enhancing skin penetration, as 
confirmed by a 2.4-fold increase in ex vivo permeation and deep epidermal delivery visualized by CLSM. 
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INTRODUCTION 

Breast cancer is the most frequently diagnosed cancer and the leading 
cause of cancer deaths in women. Despite advancements in medical 
research, the exact etiology of breast cancer remains elusive. The 
treatment strategy often depends on the tumor's stage and 
characteristics, allowing clinicians to employ either monotherapy or a 
combination of interventions to combat the disease effectively. 
Nevertheless, a significant limitation of these traditional treatments is 
their tendency to impact normal, healthy cells as well, due to their non-
specific nature. In light of these challenges, researchers are increasingly 
exploring localized drug delivery systems for breast cancer treatment. 
This innovative strategy seeks to enhance the therapeutic index by 
delivering higher concentrations of drugs directly to the tumor while 
minimizing exposure to surrounding healthy tissues [1-5]. 

LAP is a potent and selective inhibitor that targets the dual tyrosine 
kinases ErbB-2 and EGFR. LAP is classified as a class-II, and it 
exhibits suboptimal pharmacokinetic properties. The oral 
bioavailability (2.9%) of LAP shows significant interpatient 
variability and is greatly influenced by food intake and undergoes 
extensive hepatic metabolism. Research indicates that both low-fat 
and high-fat diets before LAP administration can enhance its 
bioavailability. Additionally, gastric pH plays a role in influencing 
LAP bioavailability [6-10]. To improve the bioavailability of LAP and 
target it to tumors through passive methods, transferosomes were 
prepared for better drug encapsulation. 

LAP transferosomes are flexible vesicles designed to enhance 
targeted drug delivery to breast cancer [11, 12]. They improve 
penetration through skin and target cancer cells. This leads to better 
drug retention, bioavailability, and reduced side effects [13].  

While previous studies on LAP delivery have mainly focused on oral 
or non-optimized topical systems, limited work has explored 
statistically optimized transferosomal formulations with confirmed 

skin penetration and sustained release. This study fills that gap by 
developing an optimized transferosomal gel that demonstrates 
enhanced permeation, controlled release, and potential for localized 
therapy, thereby offering an improved approach for LAP delivery in 
breast cancer treatment. 

Transferosomes are chosen as the novel technique to deliver the 
drug transdermally in order to achieve good permeation. 
Transdermal delivery could bypass the extensive hepatic 
metabolism and food-dependent bioavailability issues of oral LAP 
and can enhance the localized delivery to breast tissue.  

By using this approach, LAP therapeutic efficacy can be improved, 
and more efficient and patient-friendly breast cancer treatment can 
be offered [14]. 

This study investigates the development of LAP-loaded 
transferosomes using a 32-factorial design by employing the Design 
Expert Software Version 12. It systematically illustrates the methods 
by which important formulation variables and their relationships 
regulate entrapment, release, penetration, and cytotoxicity. The 
independent variables that were considered for the formulation are 
lipid (labrafac lipophile WL1349) (X1) and Tween 80 (X2). The 
dependent variables analyzed were vesicle size (Y1) and %EE (Y2). 
32 factorial design proved to be a robust tool for optimizing 
formulation parameters and assessing the effects of formula 
components on the performance characteristics, such as permeation 
of LAP transferosomal preparation in breast cancer treatment. 

MATERIALS AND METHODS 

Materials 

LAP from Lupin Pharma Ltd, Labrafac Lipophile WL1349 from 
Gattefosse, France, Tween 80 from Merck(Mumbai), Labrafil from 
Gattefosse, France, Tween 20 from Merck(Mumbai), Capmul MCM 
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from Abitec Group(ULABRAFAC), Fujicalin from Fuji chemical 
industry, Labrasol from Gattefosse, France, Cremophor EL from 
Gattefosse, France, Carbapol from mylan, hyderabad. 

Methods 

High-performance liquid chromatography (HPLC) analytical 
method development 

LAP concentration was quantified using an HPLC system (Waters, 
USA) equipped with a Rheodyne 7725i injector, 1525 binary pump, 
Symmetry® C18 column (4.6×75 mm, 3.5 μm), and a 2998 
photodiode array detector. The mobile phase consisted of 
acetonitrile and 0.1% formic acid in water (50:50, v/v) at a flow rate 
of 1.0 ml/min, with the column temperature maintained at 30±1 °C. 
Detection was performed at 262 nm, and data acquisition was 
carried out using Breeze2 software. Calibration curves were 
prepared over a concentration range of 500–3000 ng/ml. The 
method was validated for specificity, accuracy, precision, linearity, 
LOD, and LOQ in accordance with ICH Q2 (R1) guidelines [15-17]. 

Determination of the solubility of LAP in different solvents 

Excess LAP (50 mg) was added to 5 ml of distilled water, 0.1 N HCl, 
methanol, DMSO, phosphate buffer (pH 5.0), and phosphate buffer (pH 
7.4) in separate vials. The mixtures were vortexed for 2 min and 
equilibrated on a mechanical shaker at 150 rpm and 25 °C for 24 h to 
achieve saturation. Samples were then centrifuged at 10,000 rpm for 15 
min, and 1 ml of the clear supernatant was carefully collected. 
Appropriate dilutions were performed to obtain concentrations within 
the linear range of the HPLC method: 1:100 for aqueous, methanolic, and 
buffer samples, and 1:1000 for DMSO samples. The diluted solutions 
were analyzed in triplicate using a validated HPLC method [18]. 

Solubility of LAP in various lipids 

The solubility of LAP was evaluated in selected lipids, including olive 
oil, soybean oil, Labrafac® ME oil, Captex® 200, Capmul® MCM, 
arachis oil, Labrafac® Lipophile WL 1349, Compritol® 888 ATO, 
Precirol® ATO 5, stearic acid, and glyceryl monostearate. Briefly, 
100 mg of LAP was placed in a test tube, and lipids were added 
incrementally in 0.5 g portions. The mixtures were heated in a water 
bath at 80 °C (approximately 5 °C above the lipid melting point) to 
obtain molten lipids and facilitate drug dissolution. The amount of 
lipid required to completely dissolve LAP was recorded [19]. 

Solubility of LAP in various surfactants 

The solubility of LAP was assessed in different surfactants, including 
Gelucire® 44/14, Labrafil® M2125, Cremophor® EL, Labrasol®, 
Tween® 20, Tween® 80, Span® 20, and Span® 80. An excess 
amount of LAP was added to a fixed volume of each surfactant and 
agitated for 2 min, followed by shaking for 12 h. Samples were 
centrifuged at 10,000 rpm for 15 min, and the clear supernatant was 
diluted with methanol and analyzed for drug content [20]. 

Pre-formulation study and the screening results 

The optimization focused on four key aspects:  

Edge activator: Different edge activators were tested at a 15% 
concentration while keeping other ingredients constant.  

Lipid: Different lipids were tested at 85% concentration, keeping 
other ingredients and a selected edge activator constant.  

Lipid: Edge activator ratio: Ratios of lipid to the selected edge 
activator were varied (95:5, 90:10, 85:15, 80:20) to find the optimal 
combination.  

Drug concentration: Different drug concentrations were tested 
while maintaining a constant lipid: edge activator ratio and other 
ingredients, to maximize drug incorporation in the transfersomes 
[21]. 

The goal of the pre-formulation study was to maximize penetration 
through a dialysis membrane. From the preliminary studies 85:15 
ratio was selected as a low level.  

Formulation and development of LAP-loaded transferosomes 

LAP-loaded transferosomes were prepared using the rotary thin film 
hydration method. Labrafac (X1%), tween 80(X2%) represent the 
ratio of the lipid–surfactant phase. A lipid mixture of oflabrafac, 
tween 80 and LAP (0.1g) was dissolved in a methanol solution, 
evaporatedunder reduced pressure to form a uniform lipid film, and 
then hydrated with PBS at pH 6.4 to create large multilamellar 
vesicles (MLVs). The MLVs were sonicated to produce small 
unilamellar vesicles (SUVs) and filtered for uniformity, with storage 
at 4 °C for characterization. A parallel method was used to create 
empty transferosomes. The components of several transferosomal 
formulations are shown in table 1 [22].

 

Table 1: Formulae of LAP-loaded transferosomes 

Formulation 
code 

Independent variables Drug (g) Methanol (ml) PBS (ml) 
X1 (Labrafac) X2 (Tween 80) X1 (%) X2 (%)  

LAP-TF1 -1 +1 85 20 0.1 10 10 
LAP-TF2 -1 0 85 17.5 0.1 10 10 
LAP-TF3 -1 -1 85 15 0.1 10 10 
LAP-TF4 0 -1 87.5 15 0.1 10 10 
LAP-TF5 0 0 87.5 17.5 0.1 10 10 
LAP-TF6 0 +1 87.5 20 0.1 10 10 
LAP-TF7 +1 -1 90 15 0.1 10 10 
LAP-TF8 +1 0 90 17.5 0.1 10 10 
LAP-TF9 +1 +1 90 20 0.1 10 10 

X₁ and X₂ denote the labrafac: tween 80 ratio in the lipid surfactant phase; 0.1 g LAP was added to each formulation. 
 

32factorial design 

A two-factor, 3-level factorial design (32) was utilized to optimize 
transferosomes formulations through Design-Expert® software 
(Version 12.0.0, Stat-Ease Inc., Minneapolis, USA), assessing the 
effects of lipophile WL1349 (X1) and tween 80 (X2) on vesicle size 
(Y1) and % EE(Y2). Initial studies indicated that labrafac 
concentrations below 75% and phospholipid levels above 85% led 
to poor entrapment efficiency and larger vesicle sizes, respectively. 
Additionally, surfactant (tween 80) concentrations below 10% or 
above 15% were ineffective. Therefore, optimal levels were set at 
85-90% for labrafac (phospholipid) and 15-20% for Tween 80 for 
further experimentation [23-25]. Table 2 provides comprehensive 
details on the response variables under investigation as well as the 

design matrix. Analysis of variance (ANOVA) was conducted to 
determine the significance of regression coefficients and their 
impact on the responses, based on p-values and F-values. 

Transfersomes characterization 

FTIR investigations 

To analyze a sample mixed with potassium bromide, pellets are used 
under high pressure. These pellets were scanned over a specific 
wavelength range, 4000 to 400 cm-1, and the resulting spectra were 
compared to the standard frequencies of LAP. Using a Bruker Optics 
GmbH Vertex 70 FTIR Spectrometer (Model no.), FTIR graphs were 
generated for both the more effective transferosomal formulation 
and the pure drug [26]. 
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Table 2: The variables with their levels in a 32-factorial design for the development of transfersomes loaded with LAP 

Factor Levels that were actually coded 
Independent variable Low (-1) Medium (0) High (+1) 
X1: Labrafac 85 87.5 90 
X2: Tween 80 15 17.5 20 
Dependent variable 
Y1: Vesicle size (nm)  
Y2: EE (%) 

Minimize 
Maximize 

  

The levels 1, 0, and+1 correspond to low, medium, and high amounts of each component and levels were selected based on preliminary pre-
formulation studies. 

 

Differential scanning calorimetry (DSC) 

The thermal behaviour of lapatinib and various excipients was 
tested in terms of their melting temperature. This was performed 
with a combined thermal analysis system, Hitachi Japan (Model DSC 
7020), with about 1 to 5 mg of the sample placed in a sealed 
aluminium pan. The samples were scanned at 30-300 °C at a 
constant rate of 10 °C/min under nitrogen [27]. 

Particle size analysis 

Particle size measurement was conducted using 50μL of sample with 
a Horiba Scientific (Model no: SZ-100 Nano Particle Analyzer) at a 
90° angle, and 25±1 °C. The instrument automatically calculated the 
hydrodynamic diameter (Z-average particle size) from scattered-
light intensity. The light dispersion's dynamic strength was 
determined by the device based on the medium viscosity, which was 
90 degrees for low-viscosity specimens and 170 degrees for 
specimens with greater viscosities. This suggests that the PDI should 
be less than 0.7 and the Transferosomes vesicle size should be 
between 50 and 500 nm, as indicated by the distribution of the 
uniform monodisperse size. Each sample was measured in triplicate, 
and the mean±standard deviation was recorded to ensure 
reproducibility and reliability of the results [28]. 

PDI and ZP 

Dynamic light scattering was used to determine the ZP and PDI of 
different formulations (Malvern ZEN2600 Nano-Z Zetasizer/Zeta 
Potential Analyser). A 1 ml vesicular suspension was diluted with 10 
ml of distilled water to assess particle size distribution uniformity [29]. 

In vitro release of the drug 

A franz diffusion cell with a 3.14 cm² surface area and a 15 ml 
capacity was used to study in vitro drug release of transfersomes. 
Before the experiment, a dialysis membrane was positioned across 
the donor and receptor compartments after being submerged in 
phosphate buffer (pH 6.4) for a full day. The donor contained 0.1 ml 
of transfersomal suspension, while the receptor had 15 ml of 
phosphate buffer (pH 6.4), stirred at 34 °C. Samples of 1 ml were 
periodically withdrawn and analyzed using HPLC at 262 nm, with 
each withdrawal replaced by fresh buffer [30]. 

%EE 

Using ultracentrifugation to separate transferosomes from 
unentrapped medication, %EE was calculated. After being separated, 
the vesicles were filtered, sonicated for about 15 min, and then 
resuspended in ethanol. To determine the drug concentration, the 
resulting filtrate has been diluted using phosphate buffer (pH 6.4) 
for HPLC analysis [31]. 

Entrapment ef�iciency =
Amount entrapped

 Total amount
× 100 

TEM studies 

To ensure that the light scattering intensity remained within the 
sensor's sensitivity range, the transferosomal suspension was diluted 
with double-distilled water. Copper grids with a thin carbon layer 
were loaded with LAP transferosomal suspension for TEM imaging 
investigation, and they were then allowed to dry at room temperature. 
Following complete drying of the sample, the pictures were taken 
using a 200 Kv accelerating voltage and 0.27 nm point resolution using 

a transmission electron microscope (Philips Electron Optics: model 
Tecnai-20 Transmission Electron Microscope) [32]. 

Optimization of transferosomal gel 

It was done on the basis of concentration of carbopol 934 (0.5%, 1%, 
1.5% and 2%) as described in table 9. 

Evaluation of LAP-loaded transferosomal gel 

pH measurement 

At room temperature, the pH of the formulations was measured 
using a digital pH meter (RI-152-R). After dissolving 1 g of gel in 
roughly 10 ml of water, it was mixed to create a dispersion and was 
kept aside for two hours. A calibrated pH meter was used to 
measure the pH of the dispersion [33]. 

Spreading diameter 

After one minute, the spreading diameter of 1 g of gel between two 
horizontal plates (20 cm x 20 cm) was measured to assess the gel 
formulation's spread ability. A standard weight of 125 g was placed 
on the upper plate [34]. 

Drug content  

50 millilitres of pH 6.4 phosphate buffer were used to dissolve 500 
milligrams of gel. Following filtration, 50 μl of the filtrate was then 
diluted using 3.5 ml of distilled water, and then HPLC was used to 
determine the drug content of LAP [35]. 

Rheological investigations 

Employing a Brookfield DV3T/DV Next rheometer cone and plate 
viscometer, the rheological characteristics of gels were evaluated. A 
0.5 ml sample was tested for viscosity, shear stress, and shear rate at 
various speeds, as well as thixotropic behavior at 25 °C using the CP 
52 spindle and Rheocalc software [36]. 

Extrudability test 

After adding the weight in grams necessary to extrude a gel ribbon 
of at least 0.5 cm in length in 10 seconds, the total amount of gel 
(g/cm2) extruded from the lacquered aluminum collapsible tube was 
calculated. The provided formula can be used to assess the 
extrudability [37]. 

Extrudability =
Weight applied to extrude gel from the tube (g)

 Area in Cm2
 

Skin irritation test 

Three groups of healthy rats (Procured from Jeevan Life Sciences, 
Malkajgiri, Hyderabad), each consisting of six rats of either sex, 
participated in the skin irritation study. The animals had 
unrestricted access to water and were fed regular animal feed. The 
rats' research hair was shaved from the back on one day, and five 
centimeters of the area were marked on each side; one side was 
used as a control, and the other was used for testing. After applying 
the prepared transferosomal gel for seven days, the location was 
checked for any sensitivity or reactions. Skin irritation was observed 
and scored daily using a grading scale: 0 (no reaction) to 3 (severe 
erythema, potentially with edema). The experimental protocols 
were approved by the institutional animal ethical committee (IAEC) 
(CCSEA REG NO: 1219/Re/s/08/CCSEA) [38, 39]. 
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Diffusion studies 

In vitro diffusion experiments of transferosomal gel were performed 
using a franz diffusion cell maintained at 32±1 °C with excised rat 
abdominal skin. The experimental protocols were approved by the 
IAEC (CCSEA REG NO: 1219/Re/s/08/CCSEA). One g of the gel was 
placed in contact with the skin, while the donor compartment 
contained a constant drug amount and the receptor compartment 
was filled with 20 ml of pH 6.4 phosphate buffer, stirred 
continuously at 300 rpm. 2 ml of samples were taken at various time 
intervals and immediately replaced with fresh buffer to maintain a 
constant volume, filtered, diluted, and analyzed by HPLC [40]. 

CLSM studies  

This study employed CLSM to investigate the skin permeation of 
lapatinib-loaded transferosomes. Transferosomes were labelled 
with Rhodamine-DHPE and applied to the abdominal part of hairless 
goat skin (sourced from a local market in Narasaraopet; six months 
of age at the time of the experiment). Skin sections (1 cm²) were 
analyzed via CLSM for up to 12 h to determine the depth of 
fluorescent probe penetration after removing excess vesicles. CLSM 
scans covered the full skin thickness at various depths. Before 
transferosome application, the skin was soaked in a dye-containing 
drug solution, and a franz diffusion cell was used for assessments at 
2-hour intervals throughout the 12 h. Skin samples were preserved 
in formalin for subsequent analysis [41]. 

RESULTS AND DISCUSSION 

HPLC analytical method development for LAP 

Standard stock solutions of lapatinib (LAP) and gemcitabine 
hydrochloride (internal standard) were prepared by dissolving 25 
mg of each drug in 25 ml of acetonitrile and 0.1% formic acid in 
water (50:50, v/v) to obtain a concentration of 1 mg/ml. Working 
standard solutions of LAP were prepared in the concentration range 
of 2–60 µg/ml, with gemcitabine hydrochloride maintained at a 
constant concentration of 5 µg/ml. A volume of 20 µl** of each 
working solution was injected into the HPLC system for analysis.  

 

Table 3: Solubility of LAP in different solvents 

Solvent Solubility (mg/ml) 
Distilled water 0.021±002 
0.1 N HCL 0.01±0.06 
Methanol 1.71±0.04 
DMSO 23.9±0.09 
Phosphate buffer pH 7.2 1.23±0.07 
Phosphate buffer pH 5.0 1.1±0.03 

Results are expressed as mean±SD, n=3 
 

Determination of the solubility of LAP in different solvents 

Solubility studies showed that LAP has maximum solubility in DMSO, 
followed by ethanol and phosphate buffers, as shown in table 3. 
However, it is important to note that DMSO is an external solvent 

and has no direct impact on LAP's absorption within the body. The 
findings suggest that LAP's dissolution is favoured in environments 
similar to those found in tumors, which often have acidic pH values. 
Ethanol enhances the formulation's skin penetration because, in this 
research, LAP dissolves better in ethanol than in water. 

Solubility study of the drug in various lipids and surfactants 

Based on the findings from the aforementioned studies (table 4), it 
was observed that the drug exhibits significantly high solubility 
levels when combined with labrafac lipid and the surfactant tween 
80. Consequently, for the next phase of formulation optimization, the 
decision was made to utilize a combination of labrafac lipid and 
tween 80 surfactant.  
 

Table 4: Solubility of LAP in lipids and surfactants 

Oils/Surfactants Solubility of LAP in mg/ml mean±sd 
Olive oil 5.8±0.25 
Soyabean Oil 6.8±0.36 
Stearic Acid 17.8±0.47 
SeLabrafacme oil 13.4±0.72 
Capmul MCM 16.5±0.83 
Arachis oil 15.3±0.35 
Compritol 888ATO 49.7±0.69 
Precirol ATO 5 31.0±0.53 
Captex 200 35.91±0.39 
LabrafaclipophileWL1349 127.54±0.23 
Tween 20 79.83±0.51 
Gelucire 44/14 74.71±0.47 
Span 20 69.93±0.83 
Span 80 78.92±0.94 
Labrasol 85.41±0.23 
Cremophor EL 79.39±0.18 
Labrafil 88.67±0.43 
Tween 80 139.04±0.28 
Labrafac+tween80 221.6±0.68 

Results are expressed as mean±SD, n=3; labrafac+tween 80 shows 
high solubility. 
 

FTIR studies 

FTIR spectra of pure drug and optimized formulation were shown in fig. 
1 and fig. 2. Spectra of LAP shows its characteristic peaks at 3398 cm-1 
for-NH-(secondary amine) stretching indicates the presence hydroxyl 
groups, 1138 cm-1 for C-O-C ether stretching, 1046 cm-1 for C-F carbon-
fluorine stretching, 656 cm-1 for C-Cl carbon-chlorine stretching, 1204 
cm−1 for-S=O stretching, 3029 cm−1 for aromatic =CH stretching, whereas 
in the FTIR spectrum of the optimized formulationexhibited same 
characteristic bands at 3409.74 cm-1 for-NH-, 1107.88 cm-1 –(C-O-C), 
1066.06 cm-1 –(C-F), 1239.03 cm-1 –(S =O), 3720 cm⁻¹-(OH). When 
compared to pure lapatinib, the optimized lapatinib transferosomes' 
FTIR spectrum shows peak broadening and slight changes that support 
DSC by showing hydrogen bonding and molecular dispersion of the drug 
within the lipid bilayer without chemical incompatibility.

 

 

Fig. 1: FTIR spectra of pure LAP 
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Fig. 2: FTIR spectra of optimized formulation 

 

DSC studies 

DSC thermograms of LAP shown in fig. 3 exhibit a sharp 
endothermic peak onset at 114 °C and peak at 123 °C, confirming 
its crystalline nature and thermal stability. The DSC thermogram 
of the optimized LAP transferosomal formulation, shown in fig. 4 
exhibits significant broadening and suppression of this 
characteristic melting endotherm. This behavior indicates 

molecular dispersion and partial amorphization of LAP within the 
lipid bilayer of the transferosomal system rather than chemical 
interaction or degradation. The additional low-and intermediate-
temperature thermal events observed in the formulation are 
attributed to lipid phase transitions and surfactant-phospholipid 
interactions, which are characteristic of vesicular systems. From 
the DSC findings confirm the encapsulation of LAP and 
compatibility with excipients.

 

 

Fig. 3: DSC thermogram of pure drug 

 

 

Fig. 4: DSC thermogram of optimized formulation 
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Optimization of transfersomes 

The findings from the conducted studies provide clear insights into 
the formulation parameters, particularly highlighting the optimal 
ratio of lipids to edge activators. Specifically, the ideal ratio was 
determined to be 85:15, utilizing labrafacas the lipid component and 
tween 80 as the edge activator. This optimal ratio is crucial for 
achieving the desired properties of the transferosomes. To fully 
evaluate the performance of this formulation, several key metrics 
were measured, including the %EE, vesicle size measured in 
nanometers (nm), PDI, and ZP expressed in millivolts (mV). These 

parameters are essential in assessing both the stability and efficacy 
of the transferosomes. The detailed results of these measurements 
are compiled in table 5, which presents a comparative overview of 
the various formulations tested.  

In vitro drug release 

Fig. 5-7 displays the results of in vitro drug release (n=6, mean±SD) 
of all the formulations, ranging from 73.25±3.7 to 96.35±4.2%. 
These results are in line with the formulations formulated by 
Fernandes et al., (90%±3.6) [42].

  

 

Fig. 5: In vitro drug release profile (mean±SD, n=6) of formulations LAP-TF1 to LAP-TF3 over 24 h in phosphate buffer pH 6.4 

 

 

Fig. 6: In vitro drug release profile (mean±SD, n=6) of formulations LAP-TF4 to LAP-TF6 over 24 h in phosphate buffer pH 6.4 

 

 

Fig. 7: In vitro drug release profile (mean±SD, n=6) of formulations LAP-TF7 to LAP-TF9 over 24 h in phosphate buffer pH 6.4 
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Particle size, ZP and PDI 

The particle size of all the formulations shown in table 5 ranged 
from 269±3 to367±2. The optimized formulation (LPTF3) was found 
to be approximately 295 nm, which falls within the nano-range and 
is often desirable for enhancing bioavailability and improving drug 
delivery. These formulations have better particle size compared to 
the transferosomes formulated by Shukla KV et al., (132.23 nm) [43]. 
Additionally, the ZP of all the formulations ranged from-12.7±1.37 
to-43.3±1.62and optimized formulation was measured to be-44.3 
mV, indicating a significant negative charge, confirms strong 

electrostatic stabilization and good colloidal stability, as shown in 
table 5. The high negative ZP of –44.3 mV is unlikely due to Tween 
80 (a non-ionic surfactant) and more likely originates from ionizable 
functional groups of the lipid matrix, possibly residual free fatty 
acids present in the formulation. This negative charge was critical as 
it suggests a stable dispersion of particles. These optimized 
formulations have better ZP compared to the transferosomes 
formulated by Sultana SS et al. (25 mV) [44]. Furthermore, the PDI 
shown in table 5 of 0.103±0.024 indicates a relatively narrow size 
distribution of the particles, suggesting that the particles are fairly 
uniform in size (fig. 8).

  

 

Fig. 8: Particle size distribution and ZP of the optimized formulation LPTF3 

 

%EE 

As the surfactant (edge activator) concentration in the current 
research was run through Design Expert Software, the 
concentration. Hence, the EE of all formulations was found to be 
between42.5±0.33 to 77.4±0.71% as shown in table 5. These 
formulations have better EE compared to the transferosomes 

formulated by Malakar J et al., (56.55±0.37 to 62.08±0.57) [45]. All of 
the formulations appear to be capable of good EE and negligible 
leakage. Formula LPTF3 of lapatinib has been found to provide 
better EE and optimal vesicle size based on the outcomes of two 
primary responses (dependent variables) chosen for the design 
expert software. This formulation was consequently taken into 
consideration for the following evaluations.

  

Table 5: EE, vesicle size, PDI and ZP of LAP transferosomal preparations 

Form code EE (%) Vesicle size (nm) PDI ZP (mV) 
LPTF1 56.5±0.19 279±59 0.51±0.059 -37.7± 1.2 
LPTF2 59±0.29 285±91 0.59±0.061 -38.9±1.6 
LPTF3 77.4±0.71 295±13 0.103±0.024 -44.3±1.5 
LPTF4 60.5±0.64 270±8 0.39±0.033 -35.6±1.8 
LPTF5 42.5±0.33 345±15 0.41±0.035 -38.2±1.3 
LPTF6 58.2±0.48 330±19 0.29±0.037 -35.2±1.7 
LPTF7 65.01±0.51 295±12 0.10±0.021 -40.3±1.5 
LPTF8 57.03±0.36 275±10 0.47±0.027 -36.2±1.4 
LPTF9 59.01±0.49 300±11 0.37±0.031 -41.1±1.6 
LPTF10 61.01±0.25 290±13 0.26±0.033 -19.3±1.7 
LPTF11 56.70±0.36 285±14 0.39±0.049 -28.9±1.8 
LPTF12 68.14±0.44 260±11 0.46±0.025 -35.0±1.4 

Results are expressed as mean±SD, n=6 

 

Table 6: LPTF1–LPTF9 formulations' correlation coefficient (r2) values according to different kinetic models 

Formulae Correlation coefficient (r2) values  
Zero order First order Higuchi’s Peppas’s n value 

LPTF1 0.9416 0.9531 0.9826 0.9802 0.539 
LPTF2 0.8921 0.9761 0.9838 0.9611 0.622 
LPTF3 0.9888 0.8505 0.9595 0.9874 0.719 
LPTF4 0.9843 0.9798 0.9582 0.9719 0.683 
LPTF5 0.9397 0.9912 0.9927 0.9920 0.584 
LPTF6 0.9294 0.9873 0.9945 0.9941 0.583 
LPTF7 0.9577 0.9898 0.9812 0.9719 0.604 
LPTF8 0.9851 0.9672 0.9523 0.9921 0.607 
LPTF9 0.9759 0.9845 0.9651 0.9940 0.602 

Model with the highest r² and best fit to release data is highlighted in bold for each formulation 
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Drug release kinetics studies 

The kinetics of the drug release were thoroughly analysed using 
various kinetic models, and the corresponding release kinetic graphs 
can be observed. The optimized formulation (LPTF3) exhibited zero-
order release kinetics with Case-II transport behavior, indicating 
that drug release was governed primarily by matrix relaxation and 
vesicle reorganization rather than diffusion alone. This mechanism 
enables constant, sustained drug release and represents a significant 
advantage for localized and controlled delivery of lapatinib over a 
period extending up to 24 h, and can provide a sustained therapeutic 
effect without significant fluctuations as they are given topically by 
incorporating into gels. Other models were evaluated for 
comparison, but showed lower goodness of fit. Table 6 presents the 
correlation coefficient (r²) values for the various formulations. 

Statistical analysis of factorial design 

Nine formulations of transfersomes were designed following a 
factorial design, with their vesicle size and %EE evaluated. A 
mathematical model was applied using Design-Expert® software to 
analyze the data, focusing on metrics such as R² values, standard 
deviation, and predicted residual sum of squares. A second-order 
polynomial equation was derived to examine the impacts of 
independent variables Y1, Y2, at various combinations and levels on 
dependent responses. The analysis was carried out by utilizing the 
coded values of the independent factors. 

Regression equation of the fitted quadratic model  

Vesicle size (Y1) =+244.44+19.02 X1-104.26 X2-9.30 X1X2+3.13 X 
12+8.10 X 22 

% EE (Y2) =+91.50+3.35 X1 – 2.01 X2-0.59 X1X2-1.44 X 12-6.36 X 22 

Effect of independent variables on vesicle size (Y1) 

A quadratic equation characterizes how the amounts of 
phospholipid and surfactant affect vesicle size. Tween 80 (X₂) was 
the dominant factor responsible for reducing vesicle size (Y₁), as 
evidenced by its large negative coefficient and high model 
significance. The high negative coefficient confirms that increasing 
tween 80 concentration significantly decreases vesicle size due to 
enhanced emulsification efficiency and improved surface 
stabilization of the lipid droplets. The 3D surface plot clearly shows 

that increasing Tween 80 may reduce vesicle size, confirming its 
dominant effect. While labrafac (X₁) causes only minor changes, 
consistent with its smaller model coefficient. The significant 
coefficient for X2 means that the amount of tween 80 has a greater 
impact on the vesicle size of LAP transfersomes than the amount of 
labrafac. In equation (Y1), the main effect and interaction terms X 12 
and X 22had positive regression coefficients. Table 7 presents the 
ANOVA results for the vesicle size data, and table 8 presents the 
regression analysis, where the model F-value of 16124.34 indicates 
that the model is statistically significant (p<0.0001). The model F-
Value of this magnitude due to random noise is only 0.01%. The 
Predicted R2 value of 0.9997 closely aligns with the Adjusted R2value 
of 0.9999, demonstrating an excellent model fit. Additionally, the 
adequate precision ratio of 45.146 indicates a reliable signal, 
confirming that the quadratic model is suitable for exploring the 
design space. ANOVA results further validate the model's 
significance (p<0.0001) (table 8), showcasing a high F-value and 
robust correspondence between predicted and adjusted R² values, 
which affirm the model's reliability for design optimization.3D-
response surface graphs and their corresponding 2D-contour plots 
for vesicle size were shown in fig. 9. 

Effect of independent variable on EE (Y2) of LAP-loaded 
transfersomes 

The quadratic equation was formulated to illustrate the influences of 
labrafac (which has a positive effect) and tween 80 (which has a 
negative effect) on EE, with labrafac showing a more substantial 
impact. The high coefficient value for X1 indicates that the quantity 
of Labrafac significantly influences the entrapment efficiency of LAP 
transfersomes. %EE increases with higher labrafac (X₁) and 
decreases with higher tween 80 (X₂), as shown by the positive and 
negative coefficients, respectively. The 3D surface plot confirms this 
pattern, illustrating a steady rise in EE with increased lipid content 
and a decline at elevated surfactant levels. 3D-response surface 
graphs and their corresponding 2D-contour plots for % EE are 
shown in fig. 10. Table 7 displays the results regarding EE. The 
model F-value of 191.55 suggests the model is significant 
(p<0.0006), with 0.06% chances that such a model F Value could 
occur by random variation. The overall analysis confirms the 
statistical significance of the model, supported by a predicted R² of 
0.9647 and an adjusted R² of 0.9917, confirming its reliability for 
exploring the design space shown in table 8.

 

 

Fig. 9: Three-dimensional response surface and the corresponding 2D contour plots for vesicle size 
 

 

Fig. 10: Three-dimensional response surface and the corresponding 2D contour plots for % EE 
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Table 7: ANOVA results and adequate precision for every LAP transfersomes response based on the quadratic model 

Models SD R2 Adjusted R2 Predicted R2 Press CV (%) Remark 
Response (Y1) 
Linear 8.12 0.9924 0.9900 0.9784 1435.26 4.58  
2FI 4.54 0.9971 0.9962 0.9894 688.78 2.78  
Quadratic 0.90 1.000 0.9997 0.9994 22.58 0.46 Suggested 
Response (Y2) 
Linear 3.80 0.5134 0.3515 -0.0288 184.11 4.48  
2FI 4.12 0.5212 0.2343 -1.0945 374.80 4.87  
Quadratic 0.41 0.9967 0.9915 0.9645 6.31 0.52 Suggested 

SD: standard deviation, R2: multiple correlation coefficient, 2FI: two-factor interaction, PRESS: predicted residual sum of squares, CV: coefficient of 
variation. 

 

Table 8: Regression analysis results for transferosome responses Y1 (vesicle size) and Y2 (% EE) for fitting to various polynomial models 

Source Responses 
Y1 (Vesicle size) Y2 (EE%) 

 F value p-value Adequancy precision F value p-value Adequancy precision 
Model 16124.3 <0.0001 329.072 191.55 0.0006 41.147 
X1 2577.17 <0.0001  363.34 0.0003  
X2 77454.5 <0.0001  130.15 0.0014  
X1X2 410.6 0.0003  7.48 0.0717  
X12 23.34 0.0169  22.42 0.0179  
X22 156.02 0.0011  434.3 0.0002  

 

TEM studies 

TEM images for optimized formulation (LPTF3) confirmed the 
formation of well-defined spherical nanovesicles. The vesicles 
exhibited a unilamellar structure with smooth outer boundaries, 
indicating uniform lipid assembly. The internal electron density 
appeared homogeneous, suggesting stable incorporation of the drug 
within the lipid matrix. No significant aggregation of vesicles was 
observed, reflecting good colloidal stability, likely due to steric 
stabilization by tween 80. Furthermore, the vesicle dimensions 
observed under TEM were consistent with the size range measured 
by DLS, validating the successful preparation of nanosized 
transferosomes (fig. 11). 

Preparation of transferosomal gel 

Through the extensive studies conducted and the subsequent 
statistical optimization processes, it was determined that LPTF3 
emerged as the most effective formulation among all. This was then 
integrated into a meticulously gel base, which comprised 0.5, 1.0, 1.5 
and 2% w/w Carbopol 934. An appropriate amount of carbopol was 
dispersed in demineralised water, the pH was adjusted with 
triethanolamine, and stirring was continued until a homogeneous 
gel formed. Then, LAP transferosomes were dispersed in a prepared 
gel base using a homogenizer at 15000 RPM for 18 min. 
Concentrations of gelling agent and other ingredients are given in 
table 9, resulting in a new formulation referred to as LPTF3 F4.

  

 

Fig. 11: TEM image ofLPTF3 with 200 nm 

 

Table 9: Formulation of LAP transferosomal gel 

Ingredients LPTF3 (F1) LPTF3 (F2) LPT3 (F3) LPT3 (F4) 
LAP transferosomes equivalent to(mg)  0.1 0.1 0.1 0.1 
Carbopol (% w/w) 0.5 1.0 1.5 2 
Distilled water qs qs qs qs 
Propylene Glycol (%) 0.1 0.1 0.1 0.1 
Methyl Paraben 0.02% 0.02% 0.02% 0.02% 
Triethanolamine 0.1% 0.1% 0.1% 0.1% 

All formulations were made up to 100 g with distilled water; "qs" (quantity sufficient). 
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Diffusion studies of transferosomal gel 

The drug diffusion study of prepared transferosomal gels was 
conducted utilizing the franz diffusion cell with rats’ skin. In vitro 

diffusion rate of transferosomal gel of all formulations ranged from 
61.67±2.33 % to 87.83±3.71% over 24 h. From the results, the 
optimized transferosomal gel was considered as LPTF3 F4. The 
results are shown in fig. 12.

  

 

Fig. 12: In vitro diffusion studies of LAP transferosomal gel. Results are expressed as mean±SD, n=3 

 

Rheological studies  

The gel sample under investigation demonstrated a thixotropic 
pseudoplastic behavior where the viscosity decreases as shear stress 
increases, shown in the upward curve, fig. 15. Conversely, as shear 
stress decreases, the gel slowly returns to its original structure, 

increasing viscosity shown in the downward curve (fig. 15). It 
indicates that the transferosomal gel becomes easier to flow under 
applied stress; identical up and down curves indicate 
negligiblethixotropy, which means the fluid’s structure breaks down 
and rebuilds very quickly, without significant time-dependent 
changes (fig. 13 – 14).

 

 

Fig. 13: Rheological behavior of transferosomal gel formulation (LPTF3 F4 gel) at different shear rates (n=3) 

 

 

Fig. 14: Rheogram plotted showing flow property of gel 
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Fig. 15: Thixotropic behaviour for LPTF3 F4 gel 

 

Skin irritation test 

The wistar rats were used for the skin irritancy test. After applying the 
LAP transfersomal gel formulations to the dorsal side of the neatly 
shaven rats, there was no indication of irritation and itchiness up to 7 d. 

Characteristics of LAP optimized transferosomal gel 
formulation (LPTF3 F4) 

Optimized transferosomal gel is evaluated for parameters like 
colour, homogeneity, texture, pH, spread ability diameter, drug 
content, extrudability, skin irritation and viscosity and the results 
are shown in table 10. 

The optimized gel formulation (LPTF3 F4) was dull white in colour 
with smooth texture and homogenous, and had good extrudability. 

The pH ought to range between 4.5 and 6.5 since the transferosomal 
gel must be applied topically. pH of LPTF3 F4formulation was 
discovered to be 6.2, and have skin compatibility conclusion drawn 
from without any skin irritation.  

The transferosomal gels should spread effectively and uniformly 
since they display pseudo-plastic flow. The LPTF3 F4 formulation 
shows a 55 mm spreading diameter, it demonstrates that the 
formulation's spread ability is at its best.  

LPTF3 F4 formulation was discovered to have a viscosity of 
2000±0.15 centipoises, which appears to be gel-like rather than 
cream-or oil-like. Drug content was found to be 93.2±3.4% 

CLSM studies 

The drug vesicle depth of penetration was investigated using CLSM. 
The produced transfersomal formulation was evenly dispersed 
throughout the skin layers, as demonstrated by the CLSM's strong 
fluorescence intensity. As shown in fig. 16, when Rhodamine B dye 
was added to the formulation, it penetrated the deeper layers of the 
skin. At depths of 0–10 µm, the fluorescence intensity was high, 
reflecting strong deposition of the formulation on the skin surface 
and within the upper stratum corneum. At 15–20 µm, moderate 
fluorescence was still discernible, suggesting penetration into the 
stratum corneum's deeper levels. The formulation successfully 
penetrated the superficial barrier and reached the living epidermis, 
as evidenced by the fluorescence weakening dramatically at 30 µm 
and becoming faint but discernible at about 40 µm. At 50–100 µm, 
no fluorescence was seen, indicating that the penetration was 
limited to the epidermal area and did not extend to the dermis. This 
penetration was in line with the transferosomes formulated by 
Elsayed MM et al., who observed strong fluorescence up to 30–40 
µm for transferosomal formulations [46].

 

 

Fig. 16: CLSM image of hairless goat skin after 12 h of rhodamine B-loaded transferosome application, showing fluorescence at various 
depths and including a scale bar 
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Table 10: Assessment characteristics of LAP's transferosomal gel 

Formulation Color Homogenity Texture Viscosity 
(cps) 

pH Spreading 
diameter (mm) 

Drug 
content (%) 

Extrudability Skin Irritation 
test 

LPTF3 F4 gel Dull 
white 

Homogeneous Smooth 2000±0.15 6.2 55 93.2±3.4 Excellent 0 

Results are expressed as mean±SD, n=6; Grading scale: 0 = no irritation, 1 = slight, 2 = moderate, 3 = severe erythema 

 

CONCLUSION 

A 3² factorial design was effectively used to develop and optimize 
LAP-loaded transferosomes, resulting a formulation that had 
excellent entrapment efficiency, nanosized vesicles, and appropriate 
ZP. The optimized transferosomal gel showed prolonged drug 
release and improved ex vivo skin penetration, indicating its 
potential as a successful localized delivery technique for poorly 
soluble drugs. These results reinforce the potential of 
transferosomal gels for topical or localized breast cancer therapy 
applications by indicating that they may enhance therapeutic 
efficacy while reducing systemic adverse effects. 
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