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ABSTRACT: Cubosomes, which are modified cubic phase systems, are looking very promising as a method of
delivering both hydrophilic and lipophilic drugs. Transdermal delivery of cubosomes is currently gaining more
importance over conventional topical delivery of drugs. The proposed study aimed to produce Lidocaine
hydrochloride loaded cubosomes. This study was designed to prepare various formulations of Lidocaine nano
cubsomal dispersions at different concentrations of lipid and stabilizer using optimization technique. For the purpose
of prolonging the duration of the local anaesthetic action, Lidocaine-loaded cubosomes were developed by bottom up
method utilizing Glyceryl mono oleate and Poloxamer 407 in various ratios using the "Quality by Design" approach, 32
factorial design employing statistical software. Within the confidence intervals, the 32 statistical design was effective at
forecasting the optimized formulation's composition. Surface morphology, particle size, drug content, poly
dispersibility index, zeta potential, entrapment efficiency, and in vitro drug release studies were conducted on the
prepared formulations. Several mathematical models were used to conduct and assess an in vitro drug release
investigation. The maximal entrapment efficiency for the LH8 formulation, which was validated to have optimum
cubosomes dispersion, was reported to be 78 % with vesicle size as 150 nm, Zeta potential 21.5 mV and Poly
Dispersibility Index as 0.08 along with an in vitro drug release 80.03 % by the end of 24 hours. A stable dispersion with
appreciable results of evaluation parameters of cubosomal dispersion was conferred with formulation LH8. Hence
from amongst the nine formulations developed, it is concluded that LHS is selected as the optimized dispersion to be
incorporated into a gel formulation.

KEYWORDS: Lidocaine Hydrochloride; Cubosomes; Design of Experiment; Quality by design; Glyceryl mono oleate;
Poloxamer

1. INTRODUCTION

Cubosomes are distinct, diminutive nano composites that are part of the persistent cubicular liquid
crystal phase [1]. They are made of polar and non-polar components of polymers, lipids, and surfactants,
resulting in these are referred to as amphiphilic [2]. These nanoparticles can be produced using Top down
and Bottom Up techniques [3]. They are self-organized liquid crystal particles of with surfactants, lipids
and water in suitable proportions [4].

Lidocaine Hydrochloride is a well-known local anesthetic used to treat post-operative pains from
minor procedures as well as symptomatic relief in burns, joints, muscles, hemorrhoids, and neuralgia [5].
The half-life of Lidocaine hydrochloride (LH), which is highly water soluble, is 1.5 to 2 hours. The majority
of anesthetics have a tendency to bind to plasma proteins in the blood. This influences the duration of the
drug's action [6]. To ensure dermal penetration and targeting, colloidal drug carriers such as
microemulsions, vesicular carriers such as liposomes and niosomes, as well as both lipid and polymeric
particulate carrier systems, were developed for topical delivery of Lidocaine Hydrochloride [7].
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Cubosomes are gaining popularity in topical drug delivery due to their higher stability when
compared to liposomes, which are made from phospholipids [8]. They are recently employed as an ideal
system for delivery of drugs for maximum loading and permeability when compared with conventional
carriers which exhibit minimal loading and permeability [9]]. Furthermore, Glyceryl mono oleate
(GMO), a commonly used lipid, forms a double diamond structure in aqueous solution, having structural
resemblance with stratum corneum [10]. As a result, the current study focused primarily on the
preparation of Lidocaine HCI cubosomal dispersion as a promising skin retentive means for treating burns,
anal fissures, haemorrhoids, and other conditions.

For formulation optimization, the Quality by Design (QbD) approach has gained importance. A
minimal number of trials were necessary for the quality by design method to identify any potential
relationships between various factors [11]. The relationship across formulation parameters and process
variables was analyzed in the current work using the Quality by Design methodology and a statistical
software design expert.

2. RESULTS

Table 1 depicts different formulation parameters adopted for this study. Mechanical stirring was
used to break the cubical phase of GMO and water with poloxamer 407 as a stabilizer in order to develop
cubosomal nanoparticle dispersions that were loaded with Lidocaine.

Table 1. Composition of coded values in experimental design

Independent Variables (Factor) Coded Levels
Symbol
-1(Low) 0(Medium) +1(High)
GMO (%w/w) X1 2 5 8
Polaxamer 407 (% w/w)) X2 0 0.5 1
Dependent Variables Coded symbol

% EE Y1

CDR % Y2

Particle size nm Y3

Zeta potential mV Y4

The dispersions were homogenous opaque white that didn't include any apparent aggregate. In
accordance to the final weight of formulated dispersion, the maximum lipid composition in the dispersion
was in the range of 2-8%w/w. Observations formed the basis for the lipid to P- 407 ratio in the total lipid
content.

Cubosomes containing Lidocaine were made utilizing the Bottom Up technique following systematic
strategy outlined by the QbD principles. First, a thorough literature review was performed to choose the
formulation procedure. The Design-Expert® programme (version 8.0) was utilized to analyze the
optimization data to establish polynomial equations with additional interaction terms that link the
investigated outcomes. Using DOE software, the responses of formulation batches were evaluated for
various characterization parameters. Table 2 displays the cubosomes preparation findings for particle size
and poly dispersity index. The average particle size falls between 150 nm and 250.7 nm.

In the current investigation, cubosomes were developed with the least amount of surface-active
agent loading in the drug delivery system. As evident from Figure 1c, narrowly skewed graph of surface
response was obtained for particle size parameter. The plot demonstrates that particle size decreased as the
surfactant concentration was raised. This was expected because the tension between the two phases would
decrease, which could also lower the cubosomes surface energy particle aggregation. It is influenced by
the probability that high surfactant levels could lead to decreased particle size. Interestingly, it was
observed that increasing the surfactant and stabilizer concentrations improved entrapment efficiency,
despite the stabilizer appearing to have no effect on particle size reduction.
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Figure 1 a,b,c,d. 3D representation of the interactions between the two factors and their effects on % EE, CDR%,
particle size and zeta potential respectively.

The poly dispersity indices varied from 0.08+0.39 to 0.61+0.75. Given that mixed
monoolein/poloxamer bilayers sterically stabilize the particles and prevent them from fusing into the cubic
form, high concentrations of poloxamer 407 may produce predominantly vesicular structures. Although
relatively high concentrations of poloxamer 407 are beneficial for the growth of minute particles, they also
favour vesicular particle creation over that of the required cubic-shaped particles.

After centrifuging the drug's loaded cubosomal nanoparticles to separate the free Lidocaine HClI,
the amount of EE (%) of the drug in the cubosomes was calculated. These Lidocaine-loaded cubosomes' EE
(%) varied from 66% to 78% (Table 2).
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Table 2. Design of experiment and corresponding responses observed

Std (Batch)  Run Independent Dependent Variables
Variables
GMO P407 %EE %CD Particle size (nm) Zeta
%w /W %w /w Y1 R Y3 Potential
Y2 (mV) Y4
3 (LH3) 1 1 -1 70 70.44 184 29.9
8 (LHS) 2 0 1 78 80.03 150 215
4 (LH4) 5 -1 0 71 72.8 157.4 24
5 (LH5) 6 0 0 69 70.9 166 19.8
9 (LH9) 7 1 1 75 79.2 1703 179
6 (LH6) 8 1 0 72 68.7 2134 19.6
7 (LH7) 9 -1 1 74 765 156.2 15
2 (LH2) 10 0 -1 66 72.1 197.6 27.1
1 (LH1) 11 -1 -1 67 74.01 250.7 245

The high EE (%) can be attributed to the drug's high degree of mobility in relation to the lipid
bilayer. Furthermore, because of Lidocaine’s substantial solubility in GMO and lipophilic nature, it was
predicted that it would eventually get trapped inside the lipid channels of cubosomal nanoparticles.
Similar to this, interpretations of the 3D response surface plot for EE designated as Figure 1a, correlated
with the given observation and successfully explained how both elements have an impact and improve EE
of the manufactured cubosomes. When Lidocaine-loaded cubosomes were dispersed and subjected to in
vitro drug release conditions, CDR% over the period of 24 hours ranged from 68.71% to 80.03%, indicating
a sustained release profile.

Data analysis

By applying regression analysis methods, the predicted response have been obtained and given as
Y1 = +69.41+0.83*X1+4.00*X2-0.50*X1*X+1.05*X:2+1.55%X5?

Y, =+71.04-0.81%X,+3.20*Xp+1.59%X1*X-0.59%X,2+4.76*X; 2

Y; =+166.40+0.58%X1-25.98*X5+20.23*X1*X2+17.99*X,2+6 39*X2

Y4 =+20.42+0.65*X1-4.52*X5-0.62*X1*X2-0.16*X12+2.34*X,2

Where Y1, Y2, Y3 and Y4 are the predicted responses and X;, Xz are the coded values of the test variables
GMO and P407 %w/w.

The Design-Expert® programme developed two different types of models according to Predicted R?,
Adjusted R?%, and p values after the input of the data for each of the four responses (Figure 1). Each
coefficient in the polynomial equation has a value and a sign, as can be seen in Equations. The negative
sign indicates that the independent variable has an opposite effect on the outcome. The independent
variable has a synergistic effect on the response, as indicated by the positive sign. The positive and
negative signs designate the synergistic and antagonistic effects of these linked factors on the responses,
respectively, while the values describe the strength of the quantitative effects of each of the elements
represented by their coefficients. The combination of these two components is represented by the terms
"A*B" Model terms are significant when the value is less than 0.05, and insignificant when the value is
greater than 0.05. Model terms have coefficient values with p-values under 0.05 indicating they are
significant. The findings showed a significant reduction in particle size and an improvement in entrapment
effectiveness. The results demonstrated that the generated design space can lessen the likelihood of failure.
(Table 3).

Table 3. Regression analysis responses results along with the remarks generated by DoE software

Model R2 Adjusted R2 Predicted R2 SD %CV p-value
Prob>F
Y:(Quadratic) 0.8627 0.7647 -0.2428 1.63 23 0.0063
Y> 0.9552 0.9232 0.5558 0.98 1.34 0.0001
Y3 0.7586 0.5861 -1.4559 18.03 10.15 0.0393
Y4 0.7530 0.5766 -1.2706 2.59 12.10 0.0422

The FT-Infrared spectra of individual element and their physical mixture were examined in order to
identify any interactions that would cause the distinctive peaks to disappear or shift, affecting functioning
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and, consequently, stability and compatibility. In Figure 2, the graphs produced for each sample are
displayed. The spectral graphs' data showed that there was no potential interaction between Lidocaine and

other components, either separately or together.
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Figure 2. FTIR spectrum of pure drug (a) and optimized formulation (b)

Similar to this, the DSC thermograms obtained for each individual ingredient and the combination
were examined for the existence or absence of any other unusual peaks in the physical mixture's DSC
thermogram when heated between 30 and 300 °C. Figure 3 displays the overlay of each thermogram. They
concluded that there was no conflict among the different excipients in the physical composition.
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Figure 3. Thermograms of pure drug (a), optimized formulation (b).

Because GMOs have melting points around 35 °C, the DSC was unable to make a complete
determination; however, an endothermic peak indicating its B.P. at 49 °C was visible. The thermogram
showed that GMO was melting. The overlap of P- 407 and GMO endothermic peaks caused the primary
endothermic peak to abruptly begin (at 237 °C), indicating that both constituents were melting, but there
was no evidence of interaction between them. These findings revealed that the components used to make
cubosomes were not incompatible with one another.

Despite reaching the endothermic peak at 49 °C, which may be its boiling point as indicated by the
DSC thermogram, a perfect establishment was not possible due to the GMO's melting temperature of
approximately 35 °C. The thermogram of Lidocaine cubosomes revealed the melting of GMO. The overlay
of P-407 and GMO endothermic peaks brought a prior outset of the primary endothermic peak (at 237 °C),
indicating the melting phenomena of both constituents without any evidence of interaction. These results
suggested that there were no compatibility issues between the cubosome-making ingredients.

The development of cubosomes was verified by the SEM analysis. The acquired micrographs
demonstrated that the cubic shape of the developed cubosomes. The morphology of the optimized (LHS8)
formulation is seen in Figure 4.
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Figure 4. SEM image of optimized Lidocaine cubosomal dispersion

Using TEM, the morphology of Lidocaine cubosomal nanoparticles was examined. The image
shows that the drug-loaded cubosomal nanoparticles have irregular polyangular forms without
aggregation and are approximately spherical. The formation of cubic structured particles was visible in
TEM images (Figure 5), demonstrating the viability of using the existing formulation parameters to create
cubosomes.

Figure 5. TEM images of optimized Lidocaine cubosomal dispersion

After 3 months of storage at varied temperature and humidity conditions, the dispersion was
measured for appearance, particle size and % EE. The results showed no evident changes with regards to
visible appearance and with no signs of precipitiousness (Table 4).

Table 4. Stability studies of optimized Lidocaine cubosomal dispersion

Time period Vesicle size(nm) PDI Zeta potential (mV) %EE
150 £ 0.62 0.08 £0.39 -21.5+0. 69 78 £0.94

On day 1

After 90 days 150 £ 0.51 0.11 £0.46 -22+0.39 78+ 047

3. DISCUSSION

Table 1 depicts different formulation parameters adopted for this study. Mechanical stirring was
used to break the cubical phase of GMO and water with poloxamer 407 as a stabilizer in order to develop
cubosomal nanoparticle dispersions that were loaded with Lidocaine.

The dispersions were homogenous opaque white that didn't include any apparent aggregate. In
accordance to the final weight of formulated dispersion, the maximum lipid composition in the dispersion
was in the range of 2-8%w/w. Observations formed the basis for the lipid to P- 407 ratio in the total lipid
content.

Cubosomes containing Lidocaine were made utilizing the Bottom Up technique following
systematic strategy outlined by the QbD principles. First, a thorough literature review was performed to
choose the formulation procedure. The Design-Expert® programme (version 8.0) was utilized to analyze
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the optimization data to establish polynomial equations with additional interaction terms that link the
investigated outcomes. Using DOE software, the responses of formulation batches were evaluated for
various characterization parameters. Table 2 displays the cubosomes preparation findings for particle size
and poly dispersity index. The average particle size falls between 150 nm and 250.7 nm.

In the current investigation, cubosomes were developed with the least amount of surface-active
agent loading in the drug delivery system. As evident from Figure 1c, narrowly skewed graph of surface
response was obtained for particle size parameter. The plot demonstrates that particle size decreased as the
surfactant concentration was raised. This was expected because the tension between the two phases would
decrease, which could also lower the cubosomes surface energy particle aggregation. It is influenced by
the probability that high surfactant levels could lead to increased particle size. Interestingly, it was
observed that increasing the surfactant and stabilizer concentrations improved entrapment efficiency,
despite the stabilizer appearing to have no effect on particle size reduction.

The poly dispersity indices varied from 0.08+0.39 to 0.61+0.75. Given that mixed
monoolein/poloxamer bilayers sterically stabilize the particles and prevent them from fusing into the cubic
form, high concentrations of poloxamer 407 may produce predominantly vesicular structures. Although
relatively high concentrations of poloxamer 407 are beneficial for the growth of minute particles, they also
favour vesicular particle creation over that of the required cubic-shaped particles.

After centrifuging the drug's loaded cubosomal nanoparticles to separate the free Lidocaine HCl,
the amount of EE (%) of the drug in the cubosomes was calculated. These Lidocaine-loaded cubosomes' EE
(%) varied from 66% to 78% (Table 2). The high EE (%) can be attributed to the drug's high degree of
mobility in relation to the lipid bilayer. Furthermore, because of Lidocaine’s substantial solubility in GMO
and lipophilic nature, it was predicted that it would eventually get trapped inside the lipid channels of
cubosomal nanoparticles. Similar to this, interpretations of the 3D response surface plot for EE designated
as Figure 1a, correlated with the given observation and successfully explained how both elements have an
impact and improve EE of the manufactured cubosomes. When Lidocaine-loaded cubosomes were
dispersed and subjected to in vitro drug release conditions, CDR% over the period of 24 hours ranged from
68.71% to 80.03%, indicating a sustained release profile.

Data analysis

By applying regression analysis methods, the predicted response have been obtained and given as
Y1 = +69.41+0.83*X1+4.00*X2-0.50*X1*X+1.05*X:2+1.55%X5?

Y =+71.04-0.81%X,+3.20*Xp+1.59%X1*X-0.59%X,2+4.76*X; 2

Y5 =+166.40+0.58*X1-25.98*X+20.23*X1*Xo+17.99%X12+6.39%X 2

Y4 =+20.42+0.65%X1-4.52*X5-0.62*X1*X2-0.16%X12+2.34*X2

Where Y1, Y2, Y3 and Y4 are the predicted responses and X;, X, are the coded values of the test variables
GMO and P407 %w/w.

The Design-Expert® programme developed two different types of models according to Predicted R?
Adjusted R?, and p values after the input of the data for each of the four responses. Each coefficient in the
polynomial equation has a value and a sign, as can be seen in Equations. The negative sign indicates that
the independent variable has an opposite effect on the outcome. The independent variable has a synergistic
effect on the response, as indicated by the positive sign. The positive and negative signs designate the
synergistic and antagonistic effects of these linked factors on the responses, respectively, while the values
describe the strength of the quantitative effects of each of the elements represented by their coefficients.
The combination of these two components is represented by the terms "A*B" Model terms are significant
when the value is less than 0.05, and insignificant when the value is greater than 0.05. Model terms have
coefficient values with p-values under 0.05 indicating they are significant. The findings showed a
significant reduction in particle size and an improvement in entrapment effectiveness. The results
demonstrated that the generated design space can lessen the likelihood of failure. (Table 2, 3).

The FT-Infrared spectra of individual element and their physical mixture were examined in order to
identify any interactions that would cause the distinctive peaks to disappear or shift, affecting functioning
and, consequently, stability and compatibility. In Figure 2, the graphs produced for each sample are
displayed. The spectral graphs' data showed that there was no potential interaction between Lidocaine and
other components, either separately or together.

Similar to this, the DSC thermograms obtained for each individual ingredient and the combination
were examined for the existence or absence of any other unusual peaks in the physical mixture's DSC
thermogram when heated between 30 and 300 °C. Figure 3 displays the overlay of each thermogram. They
concluded that there was no conflict among the different excipients in the physical composition.

2073 http://dx.doi.org/10.29228/jrp.485
JResPharm 2023; 27(5): 2067-2078




Thoutreddy et al, Journal of Research in Pharmac
Lidocaine Hydrochloride cubosomes Research Article

Because GMOs have melting points around 35 °C, the DSC was unable to make a complete
determination; however, an endothermic peak indicating its B.P. at 49 °C was visible. The thermogram
showed that GMO was melting. The overlap of Poloxamer- 407 and GMO endothermic peaks caused the
primary endothermic peak to abruptly begin (at 237 °C), indicating that both constituents were melting,
but there was no evidence of interaction between them. These findings revealed that the components used
to make cubosomes were not incompatible with one another.

The maximal entrapment efficiency was attained for the LH8 formulation and was reported to be
78%. On comparision of the vesicle size, zeta potential, poly dispersity index and in vitro drug release
patterns of all formulated cubosomal dispersions, LH8 depicted maximum values among all attained
parameters, which includes vesicle size of 150 nm, Zeta potential of 21.5 mV and Poly Dispersity Index as
0.08 along with an in vitro drug release of 80.03% by th end of 24 hour. Appreciable values of LH8 enable it
to be identified as on optimized cubosomal dispersion.

The development of cubosomes was verified by the SEM analysis. The acquired micrographs
demonstrated that the cubic shape of the developed cubosomes. The morphology of the optimized (LHS)
formulation is seen in Figure 4.

Using TEM, the morphology of Lidocaine cubosomal nanoparticles was examined. The image
shows that the drug-loaded cubosomal nanoparticles have irregular polyangular forms without
aggregation and are approximately spherical. The formation of cubic structured particles was visible in
TEM images (Figure 5), demonstrating the viability of using the existing formulation parameters to create
cubosomes.

After 3 months of storage at varied temperature and humidity conditions, the dispersion was
measured for appearance, particle size and % EE. The results showed no evident changes with regards to
visible appearance and with no signs of precipitiousness (Table 4).

4. CONCLUSION

The current research work details about QbD driven formulation, fabrication and evaluation of
Lidocaine Hydrochloride loaded cubosmes prepared by bottom up method. 32 statistical design employing
DoE® software was utilized to formulate and evaluate the needed parameters for characterization and
evaluation of Lidocaine loaded cubosomes. Within the confidence intervals, the 32 factorial design model
was successful in predicting the optimization formulation's composition. From the results of Surface
morphology, particle size, drug content, poly dispersibility index, zeta potential, entrapment efficiency,
and in vitro drug release studies of Lidocaine cubosomal formulations, LH8 formulation was validated to
have optimum cubosomes dispersion and was found to be effective in terms of In Vitro and Ex Vivo release
of drug when compared amongst all other prepared cubsomal dispersion of Lidocaine. Further, this
formulation could be used to be incorporated into gel and produce a successful nano cubosomal gel.

5. MATERIALS AND METHODS

The supplier of Lidocaine HCl was Yarrow Chem Products in Mumbai. Poloxamer 407 (P-407) was
obtained from Daewoong Pharmaceuticals in Hyderabad as a kind gift sample. Triethanolamine,
methylparaben, and glyceryl monooleate (GMO) were all acquired from Finar Chemicals in Mumbai.

5.1. Fourier transform infrared spectroscopy (FTIR) and Differential scanning calorimetry compatibility
studies (DSC)

To assess likely interactions between the single ingredient and the mix, FTIR spectroscopy and DSC
studies were utilized to look at individual and actual blends in different combinations [12, 13]. For DSC
examination, 40 pL standard aluminum crucibles that were vacant and pleated were warmed to
temperatures somewhere in the range of 30 and 300 °C at a heating pace of 10 °C/min utilizing an intensity
DSC-60. The crucibles were then filled with single or mixed constituents (Mettler Toledo) [14].

5.2. Preparation of calibration curve in 7.4 pH phosphate buffer

In a volumetric flask, 100 mg of Lidocaine HCl was dissolved in phosphate buffer (PB; pH 7.4), and
the volume was made upto 100 mL with PB to produce 1000 pg/mL. After making serial dilutions their
respective absorbance was measured using a UV /visible spectrophotometer at 230 nm, and a calibration
curve was generated [15].

5.3. Experimental design

In order to achieve systemic optimization of cubosomes containing Lidocaine hydrochloride, a 32
factorial design of the experiment was used, and 9 experiments were developed (each trial was conducted
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three times). Each of the chosen critical factor levels is mathematically denoted as "-1," "0," or "+1" based on
the low, middle, and high levels of the critical material attributes utilized in forming the working
knowledge space [16]. Utilizing DOE® software (Stat-Ease Inc.), the responses were assessed, and
statistically validated equations were derived for the development of an optimized batch for further
investigation [17]. The development of an improved batch for further research required statistically proven
equations, which were subsequently derived. The actual and coded levels of the variables utilized in the
design are shown in Table 1 together with the independent and dependent variables. The independent
variables are designated as GMO (X1) and Polaxamer 407 (X2).

In contrast, the dependent variables in this study are designated as entrapment efficiency (Y1),
%Cumulative drug release (Y2), Particle size (Y3), and Zeta Potential (Y4). A second-order polynomial
equation assesses the significance of the dependent variable (Y) to the independent variables (X) [18].
Following is a description of the model: Y =0 +p1X1+ 2 X + f12X1Xo+ f11Xs2+ B22X;2 Where Y is the
response, X1 and X2 are the independent factors, 1, p2, f12, 11, 322 are the coefficients. The interaction
terms show how the response modifies when two factors are simultaneously adjusted [19].

5.4. Preparation of Lidocaine HCI loaded cubosomes using bottom-up technique

In this method, lipid (GMO) and hydrotope (alcohol) were added at different concentrations and
homogenized at low energy before adding stabilizer (Poloxamer-407) with excess water by vortexing at
the same low energy input [20]. Precipitation in the form of cubosomes is ultimately formed as a result
[21]. The resulting dispersions were stored in closed vials at room temperature before being evaluated.

5.5. Characterization of Lidocaine hydrochloride loaded cubosomes for Surface morphology, Particle
size, poly dispersibility index and entrapment efficiency (%).

5.5.1. Visual Examination

For about a week, the cubosomal dispersions were visually inspected for color, the presence of any
aggregates, and homogeneity [22]. An excellent dispersion has a milky white consistency, no particles, and
no clumps.

5.5.2. Structural interpretation by scanning electron microscopy (SEM)

Scanning electron microscopy (SEM) was used to determine the morphological structure of the
prepared cubosomes [23]. SEM is used to examine globule size, structure, quality, and density [24]. Dilute
dispersion of LH cubosomes was obtained by suitably suspending in water. Under SEM (Hitachi S-3700 N
model), the diluted dispersion was observed at various magnifications and a suitable accelerating voltage.

5.5.3. Structural interpretation by transmission electron microscopy (TEM)

500 pL of the cubosomal dispersion was collected and suspended in water up to 2 mL to attain
diluted form of cubosomal dispersion [25]. The dilute LH dispersion was cast onto 200 mesh carbon-coated
grids and observed under TEM using the Philips.

5.5.4. Particle Size Analysis, Poly dispersibility index and Zeta Potential

Analysis of particle size was carried out using a Malvern Zetasizer at 25 °C temperature with a
dispersant refractive index of 1.330 [26] to determine size, poly dispersibility index (PDI), and zeta
potential values with an investigated quantity of prepared cubosomal dispersion which was further
diluted to ten times with water [27].

5.5.5. Lidocaine HCI Entrapment Efficiency in cubosomes

The dispersion was centrifuged at 15000 RPM for 30 minutes (Remi Motors, India), later the free drug and
the cubosomal dispersion were separated in order, to determine the entrapment efficiency of Lidocaine
loaded cubosomes. The formulated dispersion's supernatant containing Lidocaine was diluted and
analyzed spectrophotometrically at wavelength of 230nm, and the entrapment efficiency (%) was
calculated using the formula [28]- EE%= (amount of entrapped drug)/ (total amount of drug) x 100

5.6. In vitro drug release study

By using Franz diffusion cells with donor and receiver compartments in an in vitro study, the rate of
drug release and the duration of its action were assessed [29]. A magnetic stirrer with a heating mantle set
at 37°C+0.5°C was used to support this system. Release studies were conducted by placing 7.4 pH
phosphate buffer (PB) in the receptor cell using gelatin membrane and cubosomal dispersion being placed
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on the membrane, which was in contact with receptor medium [30]. Aliquot of the samples were taken
from the receptor cell at regular time intervals (i.e., 1, 2, 3, 4...12 h). To ensure sink conditions, the sample
was removed and refilled immediately with 7.4 pH PB. The samples' drug content was examined using a
UV spectrophotometer at 230 nm wavelength.

5.7. Ex vivo permeability studies

Skin from a goat's abdomen was taken. After removing the hair, subcutaneous fat, and other visceral
tissue, the skin was gently cleansed [31]. The skin was warmed to room temperature before being mounted
with the stratum corneum facing the donor chamber that was filled with pH 7.4 PB Saline and sandwiched
between the two compartments of the Franz diffusion cell [32]. The cell was placed on a magnetic stirrer
that was set to 37°C. The samples were aliquoted at regular intervals (i.e. 1, 2, 3, 4, 12 h) while maintaining
the sink conditions, and they were then examined using a UV-visible spectrophotometer at 230 nm.

5.8. Validation and Optimization

Using Design® expert software, an optimal cubosomal formulation that satisfies the previously
specified requirements on the entrapment efficiency, CDR, particle size, zeta potential, and PDI was
developed using an optimization technique using the desirability function [33]. As before, the required
dependent variables were evaluated, and the optimum formulation was suggested. For each dependent
variable in the optimized formulation, the actual value was examined to see if it fit within the 95% PI or
not. Additionally, using percent prediction error, the actual values and anticipated values were compared.

5.9. Statistical investigation

The statistical evaluation of the in-vitro trials was conducted using one-way analysis of variance
(ANOVA) [34]. If P 0.05, the mean differences between the samples were deemed significant.

5.10. Stability studies

The optimized Lidocaine HCI cubosomal dispersion was stored until disrupted at varied
temperature and humidity conditions and tested at 40 0C £ 2 0C, 60% + 5% relative humidity and at 4 °C in
the refrigerator [35]. After 3 months of storage at varied humidity conditions, the dispersion was measured
for appearance, particle size and %EE.
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