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Background: Capecitabine (CPB) is a hydrophilic anticancer drug classified as Biopharmaceutics Classification System (BCS) Class 
III, which presents challenges for effective dermal delivery. Objectives: This study aimed to develop and characterize a topical 
cubosomal formulation encapsulating CPB to enhance its delivery efficiency. Significance: By evaluating in vitro release and 
permeation behavior, this work investigates the potential of CPB-loaded cubosomes as an innovative targeted drug delivery system 
capable of achieving higher localized drug concentrations.
Methods: CPB-loaded cubosomes were formulated using Pluronic F-68, Tween 80, and glyceryl monooleate. Four formulations were 
prepared by varying the concentrations of these excipients. A molten mixture of Pluronic F-68 and glyceryl monooleate was prepared, 
followed by incorporation of CPB under continuous stirring. The developed cubosomes were characterized for particle size, pH, zeta 
potential, viscosity, morphology (SEM), and in vitro drug release and permeation profiles.
Results: The optimized formulation exhibited a particle size of 177.66 nm, and SEM confirmed well-segregated, nanosized cubic 
structures. Drug release from the formulations ranged from 40% to 67%, while permeation efficiency varied from 50% to 92%, 
demonstrating enhanced dermal transport of CPB.
Conclusion: The CPB-loaded cubosomes demonstrated favorable physicochemical characteristics and significantly improved drug 
release and permeation, suggesting strong potential as an effective topical delivery system for capecitabine.
Keywords: capecitabine, cubosomes, pluronic F-68, cancer, drug release

Introduction
Cancer remains the second leading cause of mortality in the United States, accounting for more than 600,000 deaths in 
2022.1–3 Among these, colorectal cancer (CRC) represents a significant burden, with approximately 50–60% of meta
static CRC (mCRC) patients progressing to advanced disease stages.4–7 Antineoplastic drugs remain the foundation of 
cancer therapy, aiming to prolong survival and improve patient quality of life.8–10 Capecitabine (CPB), an orally 
administered fluoropyrimidine carbamate and prodrug of 5-fluorouracil (5-FU), is widely used as a first-line monotherapy 
for advanced colorectal and colon cancers and in combination regimens for locally advanced or metastatic breast 
cancer.11–14 After systemic absorption, CPB undergoes enzymatic conversion – primarily via thymidine phosphorylase, 
an enzyme overexpressed in many tumor tissues – resulting in intratumoral generation of 5-FU, thereby enhancing 
therapeutic selectivity and reducing systemic toxicity. The drug has a Tmax of approximately 1.5 hours and demonstrates 
less than 60% plasma protein binding, reflecting its concentration-dependent pharmacokinetics.15,16 CPB is also used 
clinically in pancreatic cancer management and as a radiosensitizer in multimodal treatment strategies.17–19 Its ther
apeutic efficacy depends on controlled activation into 5-FU, which inhibits DNA synthesis by targeting thymidylate 
synthase, ultimately suppressing tumor growth.20–22

Although CPB offers significant advantages over intravenous 5-FU, current delivery systems face several limitations, 
including inconsistent bioavailability, systemic adverse effects at higher doses, and limited ability to achieve sustained, 
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localized drug exposure. These challenges highlight the need for alternative drug-delivery platforms capable of improv
ing the therapeutic index while reducing toxicity. Cubosomes have recently emerged as advanced lipid-based nanocar
riers with promising applications in chemotherapy delivery, due to their high biocompatibility, structural versatility, 
ability to encapsulate both hydrophilic and lipophilic drugs, and potential for controlled and targeted release. Recent 
studies highlight their capacity to enhance dermal, transmucosal, and parenteral delivery of chemotherapeutics, making 
them attractive candidates for improving CPB delivery and reducing dose-dependent toxicity.

Cubosomes are self-assembled nanostructured particles formed by the hydration of glyceryl monooleate (GMO), 
which creates a three-dimensional bicontinuous cubic phase comprising intertwined lipid bilayers and two distinct 
aqueous channels.23–25 This unique internal architecture allows tuning of drug release kinetics according to molecular 
weight and polarity.26–28 Depending on composition and preparation, cubic phases can manifest as precursors, bulk gels, 
or dispersible nanoparticles (cubosomes).29–31 Bulk cubic gels demonstrate excellent drug-loading capacity and stability 
due to their high viscosity, biodegradability, and ability to incorporate molecules of varying sizes.32–35 However, their 
rigidity and limited spreadability restrict practical application, particularly for topical delivery.36–39 Cubosomes, pro
duced by dispersing cubic phases into aqueous media, preserve the internal nanostructure of the bulk gel while offering 
substantially improved fluidity, larger surface area, enhanced bioadhesion, and versatile administration routes including 
topical, parenteral, and intravenous delivery.40–47 Despite these advantages, challenges such as controlling drug-release 
rates, stabilizing nanoparticle dispersions, and optimizing entrapment efficiency of hydrophilic drugs persist.48–53 

Considering these attributes and limitations, cubosomes represent a highly promising yet underexplored platform for 
the localized delivery of capecitabine. Enhancing dermal or transdermal delivery of CPB may improve drug targeting, 
reduce systemic burden, and allow higher local drug concentrations while mitigating adverse effects associated with oral 
dosing. This study aims to prepare and characterize CPB-loaded cubosomal formulations and to evaluate their physico
chemical properties, in vitro drug release, and permeation behavior. By comparing four formulations with varying 
excipient compositions, this work seeks to assess their suitability as a topical drug-delivery system designed to enhance 
CPB deposition and controlled release.

Methods
Cubosome Preparation
Capecitabine-loaded cubosomes were prepared by systematically evaluating different ratios of glyceryl monooleate 
(GMO), Pluronic F-68, and Tween-80 to determine the most stable nanosystem. The method was adapted from 
previously validated cubosome preparation techniques, with modifications to improve drug incorporation efficiency 
and structural homogeneity.54 Accurately weighed quantities of GMO and Pluronic F-68 (as listed in Table 1) were 
placed in a glass beaker and heated in a thermostatically controlled water bath at 70 °C. This step ensured complete 
melting of GMO and uniform mixing with Pluronic F-68, forming the precursor cubic gel. Maintaining the mixture above 
the lipid transition temperature was essential to promote proper bilayer fluidity and cubic phase formation. Once fully 
molten, the lipid–surfactant mixture was added dropwise to pre-heated distilled water (70 °C) under vigorous vortex 
mixing. High-energy mixing facilitated the spontaneous emulsification of the cubic gel into colloidal nanostructures. 
After complete addition, the dispersion was allowed to cool gradually to 25 °C, enabling self-assembly of cubosomal 
nanoparticles through thermodynamically driven reorganization of the lipid bilayers. Capecitabine was incorporated into 
the still-warm precursor phase by adding it gradually under continuous stirring. The system was mixed until a completely 
homogeneous dispersion was obtained, ensuring uniform drug distribution. Formulations were stored undisturbed for 48 
hours at ambient temperature to allow full stabilization of the cubosome structure (Figure 1).

Table 1 Composition of Cubosmes Formulations

Formulations Formulation 1 (F1) Formulation 2 (F2) Formulation 3 (F3) Formulation 4 (F4)

Pluronic F68 (g) 0.1 0.2 0.3 0.4

Glyceryl monooleate (mL) 1 1.5 2 2.5
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Characterization of CPB/Pluronic F-68 Cubosomes
pH Determination
The pH of each formulation was measured at 25 ± 0.5 °C using a calibrated pH meter. Physiological pH compatibility is 
crucial for topical formulations, as deviations can affect skin tolerance, drug permeation, and overall formulation stability.

Viscosity Analysis
Viscosity measurements were performed at 25 ± 0.5 °C using a Brookfield Viscometer. The rheological behavior of 
cubosomal dispersions affects spreadability, drug release kinetics, and patient acceptability. Each sample was equilibrated 
before viscosity values were recorded in triplicate.

Preparation of Capecitabine Calibration Curve
A calibration curve for capecitabine was prepared to enable accurate quantification during release and permeation studies. 
Stock solutions (1 mg/mL) were prepared in distilled water and serially diluted. Absorbance values were recorded at 266 
nm using a UV–Vis spectrophotometer over the range of 200–400 nm. The resulting linear regression served as the 
reference for calculating drug content.

Particle Size and Zeta Potential
Particle size distribution and zeta potential were determined by dynamic light scattering (DLS) using a Malvern Zetasizer 
Nano ZS. Samples were diluted 100-fold with distilled water to prevent multiple scattering. Measurements were performed 
at 25°C, and the mean hydrodynamic diameter and surface charge were calculated. DLS provides insight into colloidal 
stability, with zeta potential reflecting the degree of electrostatic repulsion that prevents particle aggregation.54–56

Scanning Electron Microscopy (SEM)
SEM analysis was performed to examine the external morphology and surface characteristics of the cubosomes. A small 
drop of each formulation was placed on the SEM grid, dried at room temperature, and imaged under vacuum. This 
technique enabled visualization of nanosized cubic structures, confirming the formation of well-dispersed particles.

X-Ray Diffraction (XRD)
XRD was used to investigate the crystalline behavior of capecitabine before and after formulation. Samples were scanned 
from 5° to 60° (2θ) using Cu-Kα radiation. The loss of sharp crystalline peaks in the cubosomal formulation indicated 
successful drug encapsulation and partial amorphization, which is typically associated with improved solubility and 
dissolution behavior.57

Figure 1 Schematic representation of the stepwise preparation of cubosomes.
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Fourier Transform Infrared Spectroscopy (FTIR)
FTIR spectra were recorded to examine possible chemical interactions between CPB and excipients. Small quantities of 
each formulation were analyzed over 600–3800 cm−¹. Characteristic CPB peaks were evaluated for shifts or disappear
ance to confirm compatibility and the absence of chemical degradation.

Stability Studies
Centrifugation Test
Formulations were centrifuged at 5000 rpm for 30 minutes to assess physical stability. The absence of phase separation, 
sedimentation, or creaming indicated adequate structural integrity and emulsification efficiency.58

Freeze–Thaw Stress
Cubosome dispersions were subjected to controlled stress cycling at –20 °C for 17 ± 2 hours, followed by heating at 40 ° 
C for 1 hour. This procedure evaluates robustness against temperature-induced destabilization, such as coalescence or 
breakdown of the cubic nanostructure.58–60

Differential Scanning Calorimetry (DSC)
DSC thermograms were obtained to evaluate thermal transitions, melting behavior, and potential drug–excipient inter
actions. Samples were heated from 25 to 400 °C at 10 °C/min under a nitrogen atmosphere. The disappearance of the 
sharp CPB melting peak confirmed embedding within the lipid matrix.61

In vitro Drug Release
Drug release studies were conducted using a dialysis membrane technique. One milliliter of each formulation was placed 
inside a dialysis bag and immersed in 500 mL of distilled water maintained at 37 ± 0.5 °C on a USP dissolution apparatus 
(50 rpm). Samples were withdrawn at predefined intervals and analyzed at 266 nm to quantify cumulative release. Sink 
conditions were maintained by replacing the sampled volume with fresh medium.

In vitro Permeation Studies
Permeation studies were performed using Franz diffusion cells. The donor compartment received 1 mL of formulation, 
while the receptor chamber contained PBS maintained at 37 °C. A hydrated cellophane membrane separated the 
compartments. Aliquots collected at specific intervals were analyzed by UV spectroscopy to quantify permeated drug, 
allowing calculation of flux and cumulative permeation.

Results
pH Analysis
The freshly prepared cubosomal formulations showed pH values ranging from 5.9 to 6.4 (Table 2), which are within 
acceptable dermal and mucosal tolerance limits. This mildly acidic pH indicates compatibility with skin physiology and 
reduces the risk of irritation or formulation-induced inflammatory responses during topical or transdermal application. 
The narrow pH range across formulations also suggests uniform composition and good stability of the dispersed 
cubosomal system.

Table 2 pH and Viscosity Characteristics of 
the Prepared Formulations

Formulations pH value Viscosity (cP)

F1 5.9 13.54

F2 6.2 16.96
F3 6.1 21.22

F4 6.4 26.51
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Viscosity of Cubosomal Dispersions
The viscosities of the CPB-loaded cubosomes ranged from 13.54 to 26.51 cP (Table 2). Variations in viscosity correlated 
directly with the concentrations of Pluronic F-68 and glyceryl monooleate, indicating their structural contributions to the 
internal cubic matrix. Lower viscosity, as observed in F1 and F2, allows easier spreadability and rapid release of CPB 
from the lipid matrix, while the higher viscosity in F4 may enhance formulation retention at the application site and 
support sustained diffusion. These rheological properties collectively contribute to the functional performance of the 
cubosomal system.

Linearity Curve of Capecitabine (CPB)
A calibration curve for CPB at 240 nm showed excellent linearity across the tested concentration range (Figure 2). The 
linear regression equation (y = 0.0333x) with an R² value of 1.0 confirms the reliability and high precision of the 
analytical method used to quantify CPB during release and permeation studies. This validated model ensured accurate 
determination of CPB concentrations in subsequent experiments.

Zeta Potential and Particle Size Distribution
Dynamic light scattering analysis showed that the optimized CPB-loaded cubosomes had an average particle size of 
177.66 nm, confirming their nanoscale dimensions suitable for enhanced permeation and cellular uptake (Figure 3B). The 
narrow distribution profile indicates good homogeneity of the formulation. The zeta potential distribution (Figure 3A), 
centered near neutrality, suggests that steric stabilization provided by Pluronic F-68 plays a dominant role in maintaining 
particle stability. Higher concentrations of Pluronic F-68 promoted the formation of smaller and more stable particles by 
improving interfacial stabilization during cubic-phase self-assembly.

Figure 2 Linearity curve of CPB.
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Scanning Electron Microscopy (SEM)
SEM micrographs (Figure 4) revealed well-defined nanoscale particles with characteristic cubic or cuboidal geometry, 
indicative of a successfully formed cubosomal system. The particles were highly uniform in shape, with clearly defined 
edges and smooth surface contours, reflecting a well-organized internal lipid arrangement during self-assembly. Several 
particles showed subtle surface texturing, suggesting the presence of bicontinuous internal channels, a hallmark of cubic- 
phase nanostructures. The particles were discrete and non-aggregated, confirming effective steric stabilization by 
Pluronic F-68 and glyceryl monooleate. The absence of collapsed, fused, or irregularly shaped particles indicates strong 
structural integrity and mechanical stability. Overall, the SEM images confirm that the formulation produced robust, 
monodisperse, cubic nanostructures with smooth, non-porous external morphology, demonstrating the successful creation 
of a stable cubosomal architecture capable of efficient drug encapsulation and delivery.

Figure 3 (A) Zeta potential analysis of CPB-loaded cubosomes (B) Particle size distribution of CPB-loaded cubosomes.

Figure 4 Scanning electron microscopy (SEM) of CPB-loaded cubosomes.
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X-Ray Diffraction (XRD)
XRD analysis was performed to assess the crystalline behavior of CPB before and after incorporation into the cubosomal 
system (Figure 5). The diffractogram of pure CPB showed several sharp, well-defined peaks at 2θ, 19.28°, 20.68°, 
26.08°, and 28.3°, confirming its highly crystalline nature. These intense reflections are characteristic of an ordered lattice 
arrangement typically seen in unprocessed drug crystals. After encapsulation in the cubosomal matrix, the diffraction 
pattern changed significantly. The CPB-loaded cubosomes displayed a broad, diffuse scattering profile, with the 
prominent crystalline peaks completely disappearing. This altered pattern indicates an amorphous or molecularly 
dispersed drug state, suggesting that CPB was efficiently incorporated into the lipid bilayer and its crystalline structure 
was disrupted during formulation. The loss of crystallinity is a desirable outcome in nanocarrier systems, as the 
amorphous form of a drug generally has superior solubility, dissolution rate, and thermodynamic activity compared to 
its crystalline form. Additionally, the absence of residual crystalline domains reduces the risk of drug aggregation or 
recrystallization during storage, contributing to improved formulation stability. These findings confirm not only the 
successful encapsulation of CPB within the cubosomes but also a favorable physicochemical transition that supports 
enhanced drug performance and bioavailability.

Fourier Transform Infrared Spectroscopy (FTIR)
FTIR spectra of the individual components (Tween 80, Poloxamer 188, glyceryl monooleate, and pure CPB) and the final 
cubosomal formulation are shown in Figure 6. Pure CPB exhibited characteristic peaks, including N–H stretching at 
3523 cm−¹, O–H stretching at 3242 cm−¹, C–H stretching at 2926 cm−¹, and C=O stretching at 1775 cm−¹, along with C– 
O and C=C signature vibrations. Glyceryl monooleate showed its typical C=O peak at 1700 cm−¹ and a broad O–H band 
at 3320–3400 cm−¹, while Poloxamer showed aliphatic C–H and C–O stretching bands. The conserved peak positions in 
the cubosomal formulation, without significant chemical shifts or new peak formation, confirm the absence of incompat
ibility and lack of chemical interactions among CPB and excipients. This indicates that drug encapsulation occurs 
physically within the cubic structure rather than through chemical modification.

Figure 5 X-ray diffraction (XRD) analysis.
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Stability Studies
Centrifugation Stability
After centrifugation, no phase separation, creaming, or sedimentation was observed, indicating that the cubosomes have 
strong physical stability and resistance to shear stress. The absence of visible structural disruption confirms effective 
stabilization by Pluronic F-68 and glyceryl monooleate.

Freeze–Thaw Stability
Freeze–thaw cycling did not cause aggregation, precipitation, or phase separation. The maintained clarity and uniformity 
after repeated cycles demonstrate excellent thermal stability, suggesting that the structural integrity of the cubic matrix 
remains intact even under extreme temperature fluctuations.

Differential Scanning Calorimetry (DSC)
The DSC thermograms (Figure 7) provided important insights into the thermal behavior and physical state of CPB within 
the cubosomal formulation. Pure CPB showed a distinct, sharp endothermic peak at approximately 110°C, characteristic 
of its crystalline nature and corresponding to its melting point. The individual excipients – glyceryl monooleate and 
Pluronic F-68—displayed their own melting transitions at 32–38°C and 55–60°C, respectively, confirming their crystal
line or semi-crystalline thermal characteristics. In contrast, the DSC profile of the CPB-loaded cubosomes showed a 
markedly altered thermal pattern. The sharp melting peak of CPB was absent or replaced by a broadened, less intense 
thermal transition, indicating that the drug no longer existed in its native crystalline form. This shift to a broadened and 
lower-intensity endotherm suggests that CPB transformed into an amorphous or molecularly dispersed state within the 
lipid matrix. Such a transition typically occurs when the drug becomes fully integrated into the nanostructured lipid 
domains of the cubosomes. This thermal behavior strongly supports the successful encapsulation of CPB and confirms 

Figure 6 FTIR spectral analysis. FTIR spectra of (A) Tween 80, (B) Poloxamer 188, (C) glyceryl monooleate, (D) pure CPB, and (E) CPB-loaded cubosomes, confirming 
functional group compatibility and absence of chemical interactions among formulation components.

https://doi.org/10.2147/DDDT.S574417                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2026:20 8

Salawi                                                                                                                                                                                 

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



that the drug is uniformly distributed within the lipid matrix, rather than remaining as a separate crystalline phase. 
Amorphization within the formulation is advantageous, as it can enhance drug solubility, improve dissolution rate, and 
contribute to more controlled and sustained release characteristics.

In-vitro Drug Release and Permeation
The in-vitro drug release and permeation studies (Figures 8 and 9) collectively demonstrate the efficiency of the CPB- 
loaded cubosomal formulations in enabling both sustained drug release and enhanced transmembrane transport. All 

Figure 7 Differential scanning calorimetry (DSC) thermograms. DSC thermograms of (A) CPB, (B) Poloxamer 188, (C) glyceryl monooleate, and (D) CPB-loaded 
cubosomal formulation, demonstrating changes in thermal behavior and reduced crystallinity of CPB upon cubosome incorporation.

Figure 8 In-vitro drug release profile of CPB-loaded cubosomes. Comparative in-vitro release profiles of CPB from cubosomal formulations, illustrating sustained and 
controlled drug release behavior over the study period.
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formulations showed a gradual, time-dependent increase in CPB release over 180 minutes, confirming the cubosomal 
matrix’s ability to provide controlled diffusion through its bicontinuous lipid channels. Among the four formulations, F4 
displayed the highest cumulative drug release, attributable to its higher levels of glyceryl monooleate and Pluronic F-68, 
which improved solubilization, increased matrix fluidity, and created more efficient diffusion pathways. A similar trend 
appeared in the permeation profiles, with all formulations showing progressive increases in CPB permeation across the 
synthetic membrane throughout the study period. F4 again achieved the greatest extent of permeation, approaching near- 
complete transport by 180 minutes and significantly outperforming F1, F2, and F3. This enhanced permeation efficiency 
reflects the synergistic effects of glyceryl monooleate – providing bioadhesion, membrane interaction, and structural 
flexibility – and Pluronic F-68, which improves wettability and reduces interfacial resistance. The consistent, stepwise 
increase in release and permeation across formulations corresponds with the strengthening cubic-phase nanostructure as 
the concentrations of lipid and surfactant increase. Together, the release and permeation results underscore the strong 
capability of cubosomes to modulate drug transport through both controlled release from the nanostructure and effective 
permeation across biological barriers. These findings highlight the formulation’s potential to maintain sustained drug 
availability, improve therapeutic uptake, and serve as a promising platform for topical and transdermal delivery of CPB 
and other poorly soluble drugs.

Discussion
This study successfully developed and characterized capecitabine (CPB)-loaded cubosomal formulations, demonstrating 
their suitability as an effective dermal and transdermal drug delivery platform. Each evaluated physicochemical para
meter provides insight into the performance, stability, and therapeutic potential of the cubosomes. The pH of the 
formulations (5.9–6.4) is within the physiologically acceptable range for dermal application, ensuring minimal irritation 
and favorable patient compliance. Skin-compatible formulations generally maintain a pH between 4.5 and 6.5 to preserve 
barrier function and prevent inflammatory responses, consistent with previous observations in topical nanocarrier 
systems.62,63 The cubosomes show low viscosity which enables better spreadability and improved patient comfort and 
fast drug penetration through the application area. Research indicates that lower-viscosity systems improve drug 
distribution within the skin while simultaneously speeding up the process of stratum corneum penetration.64 The 
properties indicate that the cubosomal matrix serves as a stable system which works well for skin applications. The 
optimized formulation contains nanoparticles which measure approximately 177 nanometers in size at the nanoscale. The 
skin permeability of nanocarriers less than 200 nm improves because their small size creates more surface area which 

Figure 9 In-vitro permeation studies of CPB-loaded cubosomes. In-vitro permeation profiles of CPB-loaded cubosomal formulations across a synthetic membrane, 
demonstrating enhanced transmembrane permeation compared with the control.
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enables better contact with skin lipid structures.65,66 The SEM images showed that the cubic-shaped particles existed as 
separate well-distributed cubic particles which proved that the cubosomal nanostructure remained intact. The particle size 
decreases as Pluronic F-68 concentrations rise because F4 shows the most significant effect due to its steric stabilization 
properties. The self-assembly process benefits from poloxamers because they decrease surface tension and stop particle 
merging and enable the creation of homogeneous nanostructures.67 This finding aligns with earlier reports demonstrating 
the role of Pluronic surfactants in stabilizing bicontinuous cubic phases in lipid-based drug delivery systems.68,69

The transformation of CPB from a crystalline to an amorphous state in the cubosomal formulation, indicated by the 
disappearance of characteristic drug peaks in the XRD pattern, strongly suggests successful encapsulation. Amorphization 
is desirable because it enhances solubility and dissolution kinetics, thereby improving overall bioavailability.8,9 FTIR 
analysis further confirmed the absence of significant chemical shifts or degradation peaks, indicating compatibility between 
CPB and the excipients. The retention of characteristic functional groups shows that the drug was incorporated physically 
without chemical modification. Similar results have been reported in other cubosomal drug delivery studies, where 
excipient drug compatibility was crucial for maintaining formulation stability.10,11

DSC thermograms supported the XRD findings, as the sharp endothermic peak of pure CPB disappeared and was 
replaced by a broad, diffuse peak in the formulation. This change indicates molecular dispersion of CPB within the lipid 
matrix and supports the hypothesis of amorphization.12 Molecularly dispersed drug states are associated with improved 
solubilization, reduced risk of recrystallization, and prolonged release patterns.13 The endothermic transitions corre
sponding to glyceryl monooleate and Pluronic F-68 remained visible, confirming that the structural integrity of the 
excipients was retained during formulation. The cubosomal formulations showed excellent stability under centrifugation 
and freeze thaw conditions, with no phase separation or sedimentation observed. Physical stability is essential for 
nanocarriers, as destabilization can cause aggregation, altered release kinetics, and loss of therapeutic efficacy. Reports 
indicate that cubic-phase nanostructures inherently have high thermodynamic stability due to their bicontinuous lipid 
arrangement and steric stabilization by nonionic surfactants.14 The ability of the cubosomes to withstand stress conditions 
demonstrates robustness in formulation and potential suitability for storage, transport, and long-term use.

The in vitro release and permeation data showed that formulation F4 had the highest drug release and transmembrane 
permeation. This improvement is attributed to its higher concentrations of Pluronic F-68 and glyceryl monooleate, which 
together increase membrane fluidization, solubilization capacity, and the diffusion rate of CPB.15 Cubic-phase lipid 
systems are known for controlled and sustained release due to their tortuous internal channel networks that modulate 
diffusion.16 Additionally, the amphiphilic nature of glyceryl monooleate disrupts lipid packing in the stratum corneum, 
creating transient pathways for improved drug transport.17 These results are consistent with previous studies demonstrat
ing enhanced dermal delivery of chemotherapeutics and hydrophilic drugs using cubosome-based carriers.18,19 Overall, 
the results highlight that CPB-loaded cubosomes, particularly formulation F4, offer a promising strategy for topical and 
transdermal delivery. Their suitable pH, favorable viscosity, nanoscale size, amorphous drug encapsulation, high stability, 
and superior release and permeation profiles collectively support their potential for improved therapeutic performance.

Conclusion
The findings of this study clearly demonstrate the strong potential of cubosome-based systems as an innovative platform 
for enhancing the delivery of therapeutic agents. The formulated CPB-loaded cubosomes exhibited the key attributes of 
an efficient nanocarrier: structural stability, favorable biocompatibility, and the ability to improve drug diffusivity and 
permeation across biological barriers. These results reinforce the growing recognition of cubosomes as versatile, next- 
generation lipid nanostructures capable of overcoming solubility limitations, enhancing drug penetration, and enabling 
more controlled and sustained delivery profiles. Their unique bicontinuous cubic phase offers a high internal surface area 
and tunable architecture, supporting their suitability for a wide range of pharmaceutical applications, particularly in 
dermal, transdermal, and targeted therapeutic interventions.

The potential of cubosome technology extends beyond the present findings, offering significant scope for future 
research and clinical application. Their inherent adaptability allows for functionalization with ligands, peptides, anti
bodies, and stimuli-responsive materials, creating opportunities for precision therapy and personalized drug delivery. 
Cubosomes also show promise for encapsulating diverse therapeutic agents, including peptides, nucleic acids, and 
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biologics, broadening their impact across multiple treatment domains. Further investigations into pharmacokinetics, long- 
term safety, in vivo performance, and manufacturability will be essential to advance their translation from laboratory 
innovation to clinical reality. Taken together, these perspectives highlight cubosomes as a transformative nanocarrier 
platform with substantial potential to enhance therapeutic efficacy, reduce systemic toxicity, and influence the next 
generation of advanced drug delivery technologies.
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