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Methotreaxte (MTX) is a type of chemotherapy, BCS class-II drug having poor aqueous 

solubility, inadequate oral bioavailability along with gastrointestinal side effects. Thus, the 

novelty behind this research work was to develop a novel topical gel loaded with MTX-LLCs 

prepared with top-down method and optimized using Box-behnken design. The optimized 

formulation was then converted into gelusing carbopol as gelling agent. Herein, MTX-LLCs 

were prepared using PLGA (X1), Pluronic F-127: PVA (X2) and Sonication time (X3) as 

independent variables, and PS (Y1) and EE (Y2) are dependent variables. The optimized 

formulation had satisfactory PS (181.8) and, % EE (68.58 %). Furthermore, the gel was 

analyzed for differential scanning calorimetry (DSC), Fourier-transform infrared spectroscopy 

(FTIR) and percent drug release (81.87%). The formulated gel were examined physically and 

tested for viscosity, homogeneity, and stability criteria; the findings got satisfactory results. 

This study has demonstrated the considerable promise of an innovative medication for treating 

breast cancer through a topical route, which overcomes the limitations of an oral route and 

provides a sustained, targeted release of the drug free from accumulation and toxicity. 

 

Keywords: Breast cancer, Box-Behnken design, Top-down method.Ex-vivo permeation study 

 

Introduction 

Breast cancer (BC) is the most prevalent malignancy diagnosed in women and the second most 

common cause of mortality, accounting for one-fourth of all female cancers globally [1]. The 

global burden of breast cancer highlights the need for ongoing research into its pathogenesis 
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and treatments [2]. Genes, environmental factors, and lifestyle choices all contribute to the risk 

of developing breast cancer (BC). There are different types of the disease, including hormone 

receptor-positive (HR+), human epidermal growth factor receptor 2-positive (HER2+), and 

triple-negative breast cancer (TNBC). Each has a different outlook and reaction to treatment. 

Unique receptor profiles identify these groups, aiding doctors in treatment decisions and future 

prediction [3]. 

According to a study from GLOBOCAN 2020, there were 19.3 million new cases of cancer in 

2020, and by 2040, there will be 28.4 million cases, a 47% increase from 2020. Although BC 

is commonly associated with women, it can also affect men. A precise and prompt diagnosis, 

together with efficacious therapy, is crucial for maximizing survival prospects.  Standard 

treatment includes locoregional and systemic medicines, with chemotherapy being a primary 

option. The principal treatment techniques for BC are chemotherapy, radiation therapy, and 

surgical intervention [4]. 

Methotrexate (MTX) is a chemotherapeutic agent commonly used to treat certain types of 

cancer such as breast, lung, and bladder tumors. However, MTX has represented a significant 

potential against breast cancer [5], and it is an FDA-approved folic acid antagonist, {(2 S)–2-

[[4-[(2,4-diaminopteridin-6-yl)-methyl ethyl amino] benzoyl] amino] pentanedioic acid. MTX 

acts as a competitive inhibitor of dihydrofolate reductase, necessary for DNA synthesis. MTX 

has exhibited excellent anti-cancer activity in the cells that over express folate receptors. MTX 

has some problems, such as a low permeability (Clog P = 0.53), a low solubility (0.01 mg/mL), 

a short plasma half-life (∼2–10 h), and a high level of non-specificity [5-6]. 

Transitioning from the oral route to the topical route for dermatological conditions not only 

improves the medication's bioavailability but also inhibits systemic circulation by preserving 

a greater quantity of the drug inside the dermis and epidermis. The topical route enhances the 

administration of highly lipophilic medicines and facilitates focused treatment for many 

dermatological conditions [7]. 

Recent studies have found that nanotechnology-based strategies, such as nano- or 

microparticles, enhance the pharmacokinetic behaviour of drugs in cancer therapy [8]. Lipid-

based self-assembled nanoparticles provide an excellent platform for encapsulating both 

hydrophobic and hydrophilic drugs. Lytotropic liquid crystals (LLCs) are one type of lipid 

nanocarrier that has gotten a lot of attention because they work really well for topical delivery 

and let active molecules get deeper into the skin [9]. 

Lipid nanocarriers systems have been found to be a suitable choice for topical delivery due to 

their increased resemblance to the skin, and enhanced penetration by polarity and fluidization 

[RP]. LLCs systems, are thermodynamically stable systems of amphiphilic molecules with 

polar solvents. Additionally, they exhibit fluidity, highly ordered structural alignment [9], and 

distinctive characteristics, including limitless swelling, prolonged drug release, and protection 

of the drug against physical and enzymatic destruction [9-10].  PLGA Poly (lactic-co-glycolic 

acid) Polymer, Resomer RG 752Hand Pluronic F-127 combine to form LLCs in a surplus 

aqueous medium. The former refers to the self-assembling biocompatible lipid, while the latter 

denotes the often-used surfactant in the formulation of LLCs.  The scattered phase incorporates 

surfactants at concentrations up to 20%. LLCsenhance the biopharmaceutical properties of 

cutaneous medication delivery [10]. 
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Materials and methods 

 

Materials 

Methotrexate (MTX) was obtained from Ramdev Chemicals, Pvt. Ltd. Boisar, Pune, as a gift 

sample. PLGA Poly (lactic-co-glycolic acid) Polymer, Resomer RG 752H (lactide: glycolide: 

75:25, inherent viscosity 0.14-0.22 dL/g, Mw = 4000-15,000) was obtained as a gift sample 

from Evonik Industries, Mumbai). Methylparaben, Propylparaben, Propylene glycol, Pluronic 

F-127, Triethanolamine (TEA), and Dimethyl sulphoxide (DMSO) was procured from fine 

chemical Ltd., Mumbai. Carbopol 940 was kindly provided by Lubrizol Corporation, Mumbai. 

The study was conducted with analytical-grade materials and reagents. 

 

Screening and optimization using DoE 

 

Selection of CPPs and CQAs by BBD 

To achieve desired results from formulations, we implement a quality by design (QbD) 

approach. With the aid of Design-Expert® stat 13.0 DoE ++ software, QbD can be used to 

examine the critical process parameters (CPPs) and critical quality attributes (CQAs). Using a 

response surface methodology, the optimization principle was used to develop and analyse 

second-order polynomial models[11].  

 

Optimization of CQAs using BBD 

A three-factor, three-level Box Behnken design (BBD) was used according to the initial 

research findings and the literature works available, in which independent variables (factors) 

are PLGA (X1), Pluronic F-127: PVA (X2) and Sonication time (X3). These factors were varied 

at 3 levels; high (+1), medium (0) and low (-1) were obtained as critical factors affecting on 

PS (Y1) and EE% (Y2) of MTX-LLCs. A total number of 15 runs were generated by the 

Design-Expert®stat 13.0 DoE ++ software (Table 1)[12] 

1. The BBD statistical (experimental) design displays the polynomial equation is as follows: 

Y = b0 + b1X1 + b2X2 + b3X3 + b12X1X2 + b13X1X3 + b23X2X3 + b11X21 + b22X22+ b33X23 

Where Y is the dependent variable (response), b0 is the intercept, b1 to b33 are the coefficients 

of regression derived from the experimental runs of the determined experimental values of Y; 

X1, X2, and X3 are the independent variables (factors) chosen from the preliminary screenings. 

X1 = (A−X0)/ΔX; X1 = Coded value of the variables A; X0 = Value of A at the centre point; 

ΔX = Step change and so on where A, B, etc., are the input or independent variables. 

Table 1: Coded matrix of formulation variables as per BBD for MTX-LLCs 

Run 

order 

Independent Variables Dependent Variables 

(X1) (X2) (X3) (Y1) (Y2) 

1 1 0 1 309 44.36 

2 -1 0 -1 354 39.16 

3 0 0 0 253 51.25 



                                                  Quality-By-Design (Qbd) Approach To.... Swapnil S Chopade et al. 174  

 

Nanotechnology Perceptions 20 No. 8 (2024) 171-191 

Data are expressed as the mean ± S.D. (n=3). 

Data analysis 

The optimized formulation was; calculated using the Design-Expert® stat 13.0 DoE ++ 

software. The polynomial equation was developed for the responses of PS and EE with the 

independent variables. The suitable level (concentration) (X1, X2, and X3) of independent 

variables plays a crucial role in achieving the minimum PS and maximum % EE of MTX-

LLCs and optimization as well[12-13]. 

 

Fabrication of drug-loaded MTX-LLCs 

The MTX- MTX-LLCswere prepared using atop-down method with slight changes. In brief, 

PLGA (50 mg) and MTX (5 mg) were separately dissolved on ultrasonic bath for 15 minutes 

in 5 mL of organic solvents (acetone, dichloromethane [DCM]), and a mixture of acetone and 

DCM). The mixtures of Pluronic F-127 and PVA at different ratio were prepared in water. For 

emulsification, the organic phase was added dropwise into the aqueous solution of PVA. 

Further, the dispersion was sonicated (1-5 min) with ultra-probe sonication (60 W/cm3, 

Hielscher, Ultra-sonics, Germany). A magnetic stirrer was used to stir the formulation at 1500 

rpm for 6 hours. Finally, the resulting mixture was agitated for 24 h at 250C±20C to ensure that 

the organic solvent was completely evaporated. The prepared LLCs were centrifuged at 40°C 

for 20 minutes at 15,000 rpm (Remi, Mumbai, India). LLCs were separated and lyophilized 

using cryoprotectant (PEG 0.2%) and stored for further study [14]. 

 

Characterization of drug-loaded MTX-LLCs 

4 -1 0 1 367 37.56 

5 -1 -1 0 402 37.61 

6 0 -1 -1 91.21 26.5 

7 0 0 0 253 51.25 

8 1 0 -1 181.8 68.58 

9 0 1 1 240 59.11 

10 1 1 0 310 42.36 

11 0 1 -1 224 65.21 

12 0 0 0 253 51.25 

13 -1 1 0 510 30.26 

14 0 -1 1 392 35.56 

15 1 -1 0 484.01 35.1 

Independent variables (Factors) 
Levels 

Low Medium High 

X1= PLGA (mg) 100 200 300 

X2= Pluronic F127: PVA (%) 2 4 6 

X3= Sonication time (min) 3 5 7 

Dependent variables (Response)  

Y1= Particle size Minimum 

Y2= Entrapment efficiency Maximum 
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The prepared drug-loaded MTX-LLCs were analysed for their particle size distribution, zeta 

potential, and entrapment efficiency.  

 

Particle size, polydispersity index (PDI), and zeta potential 

The mean particle size (z-ave), PDI and zeta potential were analysed by dynamic light 

scattering method using Malvern zeta sizer, ZEM5002 (Ver. 6.20 Malvern Instruments Ltd.) 

at room temperature (27±0.5°C). Prior to the study 1 mL of drug-loaded MTX-LLCs was 

diluted ten-fold (10 mL) with double distilled water to a suitable scattering intensity, and 

average particle size, PDI and zeta potential was measured [15]. 

 

Entrapment efficiency (EE) and drug loading capacity (DLC) 

The % EE and DLC were determined by analysing free drug which is not entrapped in LLCs. 

The drug-loaded MTX-LLCs (10 mL) was taken with the help of pipette, and transferred it 

into a centrifuge tube and centrifuged at 15000 rpm for 20 min at room temperature (REMI 

R8C), the lipid portion was isolated, and the absorbance of the drug in the supernatant was 

determined spectroscopically using UV-vis spectrophotometer (Carry 60, 2100, Agilent 

Technology, Germany) at 260 nm. The concentration of drug was calculated from the 

calibration curve. The % EE and %DL was calculated by using the following equation: [16-

17]. 

 

EE (%) =
Total drug  content − free drug content 

Total drug content
× 100 

DL (%) =
Total drug  content − free drug content 

Total weight of LLCs used
× 100 

 

Preparation of MTX-LLCs-loaded gel complex  

To prepare gel-based network systems, 30 mg of prepared and optimised MTX-LLCs was 

mixed with 1 to 2% w/v carbopol 940P and stored in a cool and dark place for 24 hours with 

continuous magnetic stirring at 100 rpm. The mixture of methyl and propyl paraben (0.03% 

w/w) in a 2:1 ratio added in propylene glycol to the aforesaid dispersion. To obtain a yellowish 

transparent gel, the pH of the produced gel was neutralised with 1.0 mL triethanolamine before 

being agitated again. In addition, the gel dispersion was stirred at 12000 rpm for 15 minutes 

to form a uniform gel[18]. 

 

Characterization of prepared MTX-LLCs loaded gel 

 

Homogeneity and pH 

The homogeneity of the prepared MTX-LLCs loaded gel was checked visually after settling 

in a small container. The pH was measured in triplicate at room temperature (250C) using a 

digital pH meter (METTLER TOLEDO S400). To avoid irritation, the pH of the gel should 

be as close to the skin's pH as possible[19-20]. 

 

Fourier transform infrared spectroscopy (FTIR) 
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FTIR spectra of pure drug MTX, PLGA, Pluronic F-127, PVA, Carbopol 940, optimized 

MTX-LLCs and MTX-LLCs-loaded gel were analyzed. The spectra were obtained and 

interpreted [21]. 

 

Spreadability 

The spreadability of MTX-LLCs loaded gel (0.5 g) was evaluated by striking a 1cm diametric 

circle strike on a glass plate. It was covered by a second glass plate weighing 250 g that was 

allowed to rest above for 1 minute. The diameter was extended due to the spreading of gel[21-

22]. 

 

Rheological study measurements 

A Brookfield RS/-CPS rheometer (Cone plate model, instrument) with a spindle C-75 was 

used to determine the viscosity of the formulation, with the results analysed using the software 

Rheo 3000 V1.2. With the help of a spatula, a small amount of sample was inserted on the 

bottom plate, and the spindle was started. The tests were conducted at room temperature 

(25°C). All the measurements were taken three times and the average value was reported [23]. 

 

In vitro drug release study 

The release kinetics of pure MTX from optimized MTX-LLCs, MTX-LLCs loaded gel, and 

pure drug was investigated in phosphate buffer (PBS) pH 7.4 using a cellophane dialysis 

membrane (molecular weight cut off 8k Da) with the help of Franz diffusion cell. Briefly, in 

between donor and receptor compartments of the Franz diffusion cell, a cellophane dialysis 

membrane was arranged (previously soaked for 24 hours in PBS pH 7.4). The prepared 

formulations of optimized MTX-LLCs(1mL), MTX-LLCs loaded gel(1mL), and pure drug 

(10 mg) was added in the different setup to the receptor compartment containing PBS pH 7.4 

(30mL) and maintained at 37±0.5˚Cwith 50 rpm. Thereafter a fixed time (0.5, 1, 2, and 

3…….24 hours), 1mL of the sample was extracted from the receptor compartment and the 

same amount of freshly prepared PBS pH 7.4 was replaced. Finally, the collected samples 

were analyzed by using the UV-Vis spectrophotometer at 260 nm, and the % MTX release 

was measured and reported [24]. 

Ex vivo permeation study 

The ex vivo permeation study was conducted on goat ear pinna skin. The freshly sacrificed 

animal goat ear pinna skin was purchased from the nearest slaughterhouse.The non-dermatome 

skin was removed using a scalpel after the skin had been cleaned with cold water. The MTX-

LLCs loaded gel and marketed formulation Nanofast@ were evaluated on a Franz diffusion 

cell with an effective sectional area of 3.14 cm2 and a receiver (receptor) compartment capacity 

of 30 mL, and the temperature was kept at 37±0.5˚C. In brief, the goat ear pinna skin was 

arranged between the donor and receiver (receptor) compartments. The receiving compartment 

was then filled with isotonic PBS pH 7.4. The formulation was added to the top surface of the 

goat ear pinna skin. The magnetic bead was put and constantly stirred at 50 rpm in the receptor 

compartment. An aliquot (1 mL) of the sample was taken at the regular time intervals of 1, 2, 

3, 4……12 h, and an equivalent quantity of volume was replaced with fresh PBS pH 7.4. 

Finally, the absorbance of the collected samples was analysed at 260 nm using UV-vis 
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spectrophotometer. Additionally, % drug permeation with Steady-state (Jss) for ear pinna skin 

of goat and permeability coefficient (Kp), were determined by using Eqn. (1) and (2) 

respectively [26-27] 

Jss =
Kp

Co
………………… (1) 

Kp =
Jss

Co
  ………….……..(2) 

 

Stability study 

The stability study of the prepared and optimized MTX-LLCs and MTX-LLCs-loaded gel 

formulations was performed as per the ICH Q1A (R2) guidelines. For a period of three months, 

each formulation was kept at a different temperature of 25±2°C/60±5% RH and 

40±2°C/75±5%. The samples were taken out after 1, 2, and 3 months, respectively and 

physical appearance, PS, and EE were analysed [28]. 

Statistical analysis 

BBD was used for statistical analysis and Design-Expert® stat 13.0 DoE ++ software was used 

to perform multiple regression analysis on the 15 batches. All data was illustrated by the mean 

± standard deviation (SD). At p > 0.05, the values were considered significant [29-30]. 

 

Results and Discussion 

 

Screening and optimization of process parameters using DoE 

 

Selection of CPPs and CQAs by BBD 

The numeric factors were screened using the Design Expert stat. Ver. 13.0 software. Various 

independent variables (factors) such as drug (MTX), polymer (PLGA), surfactant (Pluronic F-

127), co-surfactant (PVA), and process parameters (sonication time, temp., and speed) were 

tested. Among various factors, PLGA, Pluronic F127: PVA and sonication time were found to 

be a significant effect on PS and EE% [30]. 

 

Optimization of CQAs using BBD 

The optimization of selected numeric factors (PLGA, Pluronic F127: PVA, and sonication 

time) from BBD was applied. The outcomes tabulated in Table 1. Following the polynomial 

equation in terms of coded values for a response was procured by the software.The positive 

impact of X1 suggests an increase in the concentration of PLGA and has a directly proportional 

relationship with PS, and the same coefficient is observed with X2, clearly indicating that the 

individual effects of X1 and X2 have a positive impact. However, in the case of X3, it has a 

positive effect on PS at a certain time level then it changes. 

Likewise, the interaction effect and the quadratic effect of X1, X2, and X3 on PS showed a 

positive impact and the interaction effect of X1X3 and the quadratic effect of X2. 

Particle size (Y1) = +173.82i+22.88A+55.60B+24.58C+55.25AB-82.26BC-30.50AC 

+107.02A2+84.07B2-78.06C2 

The positive (sign) coefficient of X1 indicates that a rise in PLGA will lead to an increase in 

EE, and the same coefficient is seen for X2, demonstrating that each factor's positive influence 

on the response. In the case of X3, it has a detrimental impact on EE. The interaction effect 
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and quadratic effect of X1 and X2 on EE also showed a positive coefficient for the effects of 

X1, X2, and the quadratic effect of X3, respectively. However, X3 indicates a negative impact 

on EE. 

Entrapment efficiency (Y2) = +62.34i+1.51A-1.09B-24.58C-5.72AB-2.90BC+6.15AC-10.79 

A²-16.46 B²+12.54 C² 

 

Data analysis 

The MTX-LLCs produced by all of the batches were assessed for PS and EE after being 

prepared in accordance with the BBD experimental runs. Table1 displays the conversion 

values for each batch. All chosen dependent variables (response) obtained at various levels of 

X1, X2, and X3 were subjected to multiple regression to produce a second polynomial equation 

[31-32]. 

 

ANOVA, pure error, and lack of fit 

The results of ANOVA demonstrate that the model is significant for all dependent variables 

[Table2&3]. Regression analysis was carried out to determine the regression coefficient, and 

all the independent variables were found to be significant for all response variables. The 

quadratic model was found to be significant for Y1 and Y2. So, the above results indicate that 

both factors are crucial in the formulation containing drug-loaded MTX-LLCs. 

The significance of the model for each response variable was revealed by the ANOVA for the 

dependent variables. PVA was observed to be significant along with its quadratic and 

interaction terms for all the dependent variables, showing effects similar to the PLGA and 

Pluronic F127. Therefore, the aforementioned findings suggest that all independent variables 

were crucial, and that the ideal concentration in the formulation of LLCs produced the ideal 

PS and EE. The model is significant in terms of unfitness because the computed F-value was 

lower than the critical F-values. 

The three replicated centre points in the Box-Behnken statistical design allowed the pure error 

of the tests to be assessed and the models to be examined for lack of fit. In this work, the model 

was checked for lack of fit for all the responses [33]. The mean square against estimates of the 

experimental error was used to determine the statistical significance of each effect. It was 

observed that X1, X2, and X3 with their interaction effects other than X1X2 and quadratic effects 

had a P-value less than 0.050, indicating that the model has a significant impact on the 

variables in the prediction of X, as opposed to linear effect X1 interaction effect X1X3 and 

quadratic effect of X22, X33, which indicates a significant impact of this variable in the 

prediction of response Y2. The standard error shows the coefficient's standard deviation (SD). 

 

Table 2: The ANOVA of the quadratic model for Particle size (PS) 

Source 
Sum of 

Squares 

Mean 

Square 
F-value p-value  

Model 1.055E+05 21095.43 3.66 0.0438 Significant 

A-PLGA 4186.58 4186.58 0.7270 0.4160 
 

B-Pluronic F127: PVA 24729.77 24729.77 4.29 0.0681 
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C-Sonication time 10023.13 10023.13 1.35 0.2756 
 

AB 12210.25 12210.25 2.12 0.1793 
 

BC 15753.63 15753.63 2.12 0.1796 
 

AC 3721.61 3721.61 0.3995 0.5431 
 

A² 42543.05 42543.05 7.39 0.0237 
 

B² 26253.50 26253.50 4.56 0.0615 
 

C² 10974.85 10974.85 1.48 0.2554 
 

(R2 = 0.9378, adjusted R2 = 0.7157, adequate precision = 7.7923, p >0.05 was considered 

to be significant) 

Table 3: The ANOVA of the quadratic model for Entrapment efficiency (%EE) 

Source 
Sum of 

Squares 

Mean 

Square 

F-

value 
p-value  

Model 1510.04 302.01 4.14 0.0314 Significant 

A-PLGA 18.27 18.27 0.2505 0.6287 
 

B-Pluronic F127: PVA 9.55 9.55 0.1309 0.7258 
 

C-Sonication time 231.85 231.85 2.76 0.1311 
 

AB 131.10 131.10 1.80 0.2129 
 

BC 19.63 19.63 0.2335 0.6405 
 

AC 151.41 151.41 1.89 0.2024 
 

A² 432.43 432.43 5.93 0.0377 
 

B² 1006.01 1006.01 13.79 0.0048 
 

C² 584.20 584.20 7.30 0.0244 
 

(R2 = 0.9652, adjusted R2 = 0.6257, adequate precision = 10.3608, p >0.05 was considered to 

be significant.) 

Optimum solution 

In the desirability approach, the optimum solution suggested by Design-Expert stat Ver. 13.0 

DoE ++ software was used for further study. The optimum solution predicted that PLGA (200 

mg), Pluronic F127: PVA (4%) and sonication time (5 min), of independent variables showed 

a minimum particle size of 181.8 nm and maximum % EE of 68.58% from MTX-LLCs(Table 

4)(Qindeel, Ullah, Fakhar Ud, Ahmed, & Rehman, 2020). 

 

Table 4: The optimum solution showing values of variables suggested by the desirability 

approach 

Factors Value Responses Value 

A: PLGA 200 mg Particle size 181.8 nm 
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B: Pluronic F127: PVA 4% Entrapment efficiency 68.58% 

C: Sonication time 5 min   

 

Characterization of drug-loaded MTX-LLCs  

 

Optimization of dependent variables (Response)  

The BBD was used to study the contour plots (2D) and three-dimensional response surface 

plots (3D) based on the polynomial functions of the model to evaluate the change in the 

response surface. These plots can further help to understand the correlation between factors, 

and response.  

 

Influence of Independent variables on PS (Y1)  

The ANOVA was used to measure the models and individual response parameters significance 

(p>0.05). The contour plots and response surface plots were analyzed to check the effect of 

independent variables on the PS. When the P-value is p>0.0438, the quadratic model with an 

F-value of 3.66 indicates that the model is significant for X1-X2, X1-X3 and X2-X3 respectively 

[Figure 3 (a) & 3 (b)]. The contour plot and response surface plot displayed the effect of factors 

on PS. It was found that the increase in PLGA concentration results in the decreased PS of 

drug-loaded MTX-LLCs but at a certain level, it gets increases. The possible reason behind 

this may be the viscosity of PLGA which appears to change the PS of LLCs due to interference 

in the rapid dispersion of higher viscosity PLGA solution into the aqueous phase leading to a 

decrease in the size of LLCs. The concentration of emulsifier Pluronic F127: PVA plays a 

crucial role in analyzing the PS of LLCs. It was observed that a decrease in the concentration 

of Pluronic F127: PVA significantly decreases the PS of LLCs which means factors X1 and X2 

positively affect on the Y1 response. 

 

 

 

 

 

 

 

 

 

Figure 1 (a): 2 D or Contour plot showing the effect of PLGA(X1), Pluronic F-127: PVA(X2), 

and Sonication time(X3)on particle size (Y1) 
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Figure 1 (b): 3D or Response surface plot showing the effect of PLGA (X1), Pluronic F-127: 

PVA (X2) and Sonication time(X3)on particle size (Y1) 

Influence of Independent variables on EE (Y2) 

The ANOVA estimation showed the quadratic model of F-value 4.14 implies the model is 

significant where P-value is p>0.0314 for X1-X2, X1-X3 and X2-X3 respectively. The contour 

plot and response surface plot in [Figure4 (a) &4 (b)], showed the effect of all independent 

variables on EE. As per the results, the EE of drug-loaded-MTX-LLCs increases as the 

increase in concentration of PLGA, Pluronic F127: PVA and for same, the sonication time was 

kept at the centre level. Increasing the concentration of PLGA from 100 to 300 increases the 

EE due to the viscosity of the organic phase leading to less partitioning between the aqueous 

and organic phases. It helps to reduce the amount of drug diffuses to the aqueous phase. 

Furthermore, the second factor Pluronic F127: PVA also showed twin behaviour on EE. An 

increase in the Pluronic F127: PVA concentration leads to increases in EE. Further, an increase 

in Pluronic F127: PVA concentration up to 5% w/v the EE slightly decreases. The decrease in 

EE may be due to the hydrophobic property of drug molecules in the particles [34]. 
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Figure 2 (a): 2 D or the Response surface plot showing the effect ofPLGA (X1), Pluronic F-

127: PVA (X2), and Sonication time(X3)on entrapment efficiency (Y2) 

 
Figure 2 (b): 3 D or the Contour plot showing the effect of PLGA (X1), Pluronic F-127: PVA 

(X2), and Sonication time(X3) on entrapment efficiency (Y2) 

Polydispersity index (PDI), and zeta potential 

For better physical stability, the PDI (0.210), a parameter used to predict LLCs physical 

stability should be less than one. Additionally, the zeta potential was discovered to be -10.6 

2.41 MeV [Figure5 (a) &5 (b)]. A higher value of the zeta potential results in greater colloidal 

stability because it describes the stability of the particles in the dispersion medium. 

Consequently, there is very low chance of particle aggregation [35]. 
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Figure 3 (a): Particle size of optimized batch of MTX-LLCs 

 
Figure 3 (b): Zeta potential of optimized batch of MTX-LLCs 

 

Drug loading capacity (%DLC) 

The % DLC of the optimized MTX-LLCs was found to be 4.32%. The amount of drug loading 

in MTX-LLCs was higher. The batch (F10) DLC was discovered to be 4.09%. 

Characterization of prepared MTX-LLCs-loadedgel 

 

Homogeneity and pH 
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Visual examination of a settled MTX-LLCs-loaded gel in a container demonstrated the 

formation of translucent and homogeneous gels with no indications of separation or 

precipitation. The pH of gel was found to be 6.1, which is compatible with the pH of the skin. 

 

Spreadability 

The spreadability of a gel formulation is an important characteristic that indicates the extent 

to which the gel readily spreads on the surface. The spreadability of gel tends to increase with 

distance travelled. The spreadability was measured, and the result was 5 to 8 cm, which is 

within the acceptable range [36]. 

 

Fourier transforms infrared spectroscopy (FTIR)  

To confirm the successful fabrication of MTX-LLCs-loaded gel, the FTIR spectra of gel were 

used, similarly the spectra of pure drug MTX, PLGA, Pluronic F-127, PVA, was 

comparatively studied(Figure 1). The absorption peak at 3504.5 cm-1 was confirmed to be 

caused by terminal hydroxyl groups (-OH). The C-H stretches were assigned to the band 

observed at 2874 cm-1. The peaks at 1751 cm-1 were associated with the carbonyl group 

(C14O). The C-O-C stretch is responsible for the bands at 1086 and 1182 cm-1. The peak at 

1453 cm-1 revealed a methyl group in the LA region. These findings supported the formulation 

of the MTX-LLCs loaded gel. 

 

 

 

 

 

 

 

 

 

Figure 4: FT-IR spectroscopy of pure MTX, PLGA, PF-127, PVA, and optimized MTX-LLCs 

loadedgel 
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Rheological study measurements 

The rheological profile of MTX-LLCs-loaded gel was measured using a Brookfield RS/-CPS 

rheometer (Rheo 3000+) with a spindle C-75 and results of optimized batch represented in 

Table 5 [37]. 

 

Table 5: Characterization of optimized MTX-LLCs -loaded gel 

Batch 

Code 
Homogeneity pH 

Spreadability Viscosity 

(cps) 
% Drug content 

Batch F-4 Good 6.2±0.5 5-8 0.209±0.75 97.32%±1.2 

Data are expressed as the mean ± S.D. (n=3). 

 

Figure 5 (a): Normal probability plot for particle size of drug-loaded MTX-LLCs 

 

Figure 5 (b): Normal probability plot for entrapment efficiency of drug-loaded MTX-LLCs 
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In vitro drug release study 

The comparative in vitro release study was carried out at 37±0.5˚Cin PBS pH 7.4 with the 

cellophane dialysis membrane (molecular weight 8k Da) by using a Franz diffusion cell. The 

results revealed significant differences in the drug release profile of MTX, MTX-LLCs, and 

MTX-LLCs-loaded gel. Obtained results showed 55.19 ± 0.94, 57.79 ± 0.79, and 81.87± 1.04 

% respectively in the 12 h study. The sustain release pattern was found in MTX-LLCs-loaded 

gel because the release rate of drug was controlled by diffusionand degradation of the polymer 

matrix. In the present study, there was a small difference in the drug release pattern of MTX-

LLCs and MTX-LLCs-loaded gel, mainly because of the obstructive effect of the gel matrix. 

From the above results, it is clear that the slow release of MTX from MTX-LLCs-loaded gel 

in the body, targets more pain and inflamed area in rheumatic conditions, and therefore, it 

meets the requirements for an effective drug delivery system [38]. 

 

Ex vivo permeation study 

The exvivo permeation study was carried out to evaluate the permeation of MTX from MTX-

LLCs-loaded gel and conventional gel using goat ear pinna skin. The results revealed that 

better permeation of MTX from prepared gel (69.25±7.32%) as compared to the marketed 

formulation after 12 h. The Jss and Kp values for drug-loaded MTX-LLCs-loaded gel were 

found to be highest for goat ear pinna skin i.e. 10.023± 1.12 mg/cm2/h and 1.2014 ± 0.092 mg 

[39-40], respectively due to the presence of PLGA and Pluronic F-127-PVA. 

 
Figure 6: % CDR from pure drug MTX, MTX-LLCs and MTX-LLCs loaded gel 
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Figure 7: % Drug permeation fromMTX-LLCs-based gel and Conventional gel 

Stability study 

The stability study based on ICH guidelines of optimized MTX-LLCs and MTX-LLCs-loaded 

gel was assessed at different temperatures 25±2°C/60±5% RH, and 40±2°C/75±5% RH. No 

momentous alteration in the PS, EE and in vitro drug release of MTX-LLCs as well as in the 

appearance and clarity of MTX-LLCs-loaded gel was observed during stability studies (Table 

6). The PS of the gel remained constant when stored at room temperature. The drug content, 

viscosity, and spreadability were found to be within the acceptable range. As a result, it is 

possible to conclude that the prepared formulations are stable in all storage conditions.  

 

Table 6: The stability study results of optimized formulation  

Temp. Months 
MTX-LLCs MTX-LLCs-loaded gel 

PS (nm) EE (%) PS (nm) EE (%) 

 

25±2°C/60±5% 

1 181 68.58 179 71.25 

2 201 67.23 204 69.41 

3 223 65.17 230 66.09 

 

40±2°C/75±5% 

1 185 67.10 190 70.81 

2 205 68.80 200 68.26 

3 220 64.25 211 64.50 

Data are expressed as the mean ± S.D. (n=3). 

Conclusion 

Gel is an impending approach for the delivery of MTX. The developed drug-loaded MTX-

LLCs nanoparticles, using an emulsification sonication method with slight modification, 

which was then converted into a gel using the gelling agent carbopol 940 p and optimized 

using BBD. Moreover, the physico-chemical properties, particle size, rheological behaviour, 

in vitro drug release, ex vivo permeation study, and stability study of the drug-loaded MTX-

LLCsgel were evaluated. The optimized drug-loaded MTX-LLCsgel was clear, homogeneous, 
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and compatible with the skin pH. The particle size of gel was observed in the nanometer so 

we could expect better absorption of MTX from the skin. Moreover, the optimized gel 

demonstrated sustained release of MTX for 12 h and was the best fit for zero-order kinetics. 

There were no significant changes in the physical properties or MTX content of the gel, 

indicating its good stability at 40°C/75% RH. Furthermore, the targeting efficiency of the 

topically applied drug is higher, which may provide an enhanced therapeutic index, resulting 

in a lower dose necessity and a decrease in dose-related systemic side effects.  
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