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Abstract –  
Background: Atopic dermatitis is a chronic inflammatory skin disorder requiring effective topical therapy 
to control inflammation and manage associated symptoms. The development of suitable semisolid 
formulations is important for achieving desirable physicochemical properties and drug-release 
characteristics. Pluronic Lecithin Organogel (PLO) represents a potential topical drug delivery platform 
owing to its structured gel matrix and tunable formulation properties. 
Objective: The present study aimed to develop and optimize a betamethasone dipropionate (BD)-loaded 
PLO formulation using a Quality by Design (QbD) approach to investigate how formulation variables 
influence physicochemical characteristics and in vitro drug-release behavior. 
Methods: A three-factor, three-level Box–Behnken experimental design was employed to investigate the 
effects of Poloxamer 407 concentration, lecithin concentration, and isopropyl myristate (IPM) volume 
on formulation performance. The prepared formulations were evaluated for viscosity, pH, spreadability, 
thermoreversible behavior, and cumulative drug release at predetermined time points. Fourier-transform 
infrared (FTIR) spectroscopy was used to investigate potential drug–excipient interactions. In vitro drug-
release data were analyzed using zero-order, first-order, Higuchi, and Korsmeyer–Peppas kinetic models. 
Results: Numerical optimization identified a candidate formulation containing approximately 11.16 g of 
Poloxamer 407, 1.748 g of lecithin, and 5 mL of IPM. The manuscript reports a viscosity of 199,800 cP, 
a pH of 6.67, and cumulative drug release of 98.76% at 24 h for the optimized formulation. Among the 
evaluated release kinetic models, the zero-order model exhibited the highest reported coefficient of 
determination (R² = 0.9797), followed by the first-order model (R² = 0.9347), Higuchi model (R² = 
0.9179), and Korsmeyer–Peppas model (R² = 0.9094). These findings suggest that formulation 
composition influences the physicochemical characteristics and in vitro release behavior of the developed 
PLO system. 
Conclusion: The study provides a preliminary framework for the QbD-guided development and 
optimization of BD-loaded PLO as a potential topical drug delivery system. However, inconsistencies in 
the reported formulation and optimization data must be resolved before the quantitative findings can be 
considered definitive. Further validation, stability assessment, ex vivo skin permeation, and skin 
compatibility studies are necessary to establish the formulation's suitability for topical application in 
atopic dermatitis. 
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Introduction 
Atopic dermatitis (AD) is a chronic, relapsing 
inflammatory skin disorder characterized by 
intense pruritus, xerosis, erythema, and 
recurrent eczematous lesions that substantially 
affect patients' quality of life. It affects 
approximately 20% of children and 10% of 
adults worldwide and develops through a 
complex interplay of genetic predisposition, 
environmental factors, immune dysregulation, 
and microbial imbalance. Skin barrier 
dysfunction is a central feature of its 
pathogenesis, often associated with impaired 
filaggrin function, thereby facilitating the 

penetration of allergens and microorganisms 
into the skin and triggering inflammatory 
responses. The disease is predominantly 
associated with type 2 immune responses 
involving cytokines such as interleukin (IL)-4, 
IL-13, IL-25, IL-33, and thymic stromal 
lymphopoietin (TSLP). Effective representation 
of skin and disease-related immune response is 
shown in Figures 1 and 2. Keratinocytes, 
dendritic cells, mast cells, eosinophils, 
macrophages, and T lymphocytes collectively 
contribute to the initiation and progression of 
inflammation. Furthermore, colonization by 
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Staphylococcus aureus may aggravate skin 
barrier disruption and inflammatory responses, 
contributing to disease persistence and 
recurrence.1 

The management of atopic dermatitis involves 
a comprehensive approach that includes regular 
moisturization, avoidance of disease triggers, 
patient education, and pharmacological 
intervention. Topical corticosteroids remain a 
cornerstone of treatment for acute inflammatory 
exacerbations because of their potent anti-
inflammatory and immunosuppressive effects. 
Among these, betamethasone dipropionate 
(BD) is a highly potent synthetic corticosteroid 
widely used to manage corticosteroid-
responsive dermatoses, including atopic 
dermatitis, eczema, contact dermatitis, and 
psoriasis. Its therapeutic activity is primarily 
mediated by suppression of inflammatory 
mediators and immune responses, thereby 
reducing erythema, swelling, and pruritus.2 
However, the clinical performance of a topical 
corticosteroid depends not only on its 
pharmacological potency but also on its 
physicochemical properties, formulation 
characteristics, and ability to achieve adequate 
drug deposition at the target site. Prolonged or 
inappropriate use of potent topical 
corticosteroids may also increase the risk of 
local adverse effects, emphasizing the 
importance of developing suitable delivery 
systems that support effective topical therapy 
while minimizing unnecessary drug exposure.3 

 
Figure 1: Allergen-induced skin 
inflammation in atopic dermatitis with 
immune cell infiltration. 

 
Figure 2: Role of Skin Barrier Dysfunction in 
the Pathogenesis of Atopic Dermatitis  
BD has a molecular weight of approximately 
504.6 g/mol, is highly lipophilic (reported log P 
of 4.5–5.0), and exhibits poor aqueous 
solubility. Although its lipophilic nature favors 
partitioning into the stratum corneum, limited 
aqueous solubility may restrict drug release 
from conventional topical vehicles and 
influence its availability within the skin. 
Consequently, the development of an 
appropriate topical formulation is important to 
achieve reproducible drug release, adequate 
skin permeation, physicochemical stability, and 
acceptable patient compliance. Conventional 
creams, ointments, and gels are established 
approaches for administering corticosteroids; 
however, their performance may vary with 
vehicle composition, drug solubilization, skin 
condition, and the anatomical site of 
application. These considerations support the 
investigation of alternative topical delivery 
platforms to improve BD formulation 
performance.4 

Pluronic Lecithin Organogel (PLO) represents a 
potential approach for addressing these 
formulation challenges. PLO is a structured 
topical drug delivery system comprising 
lecithin, a non-aqueous or oil-based phase, and 
the hydrophilic block copolymer Pluronic F127 
(poloxamer 407), which contributes to gel 
formation, stability, and desirable rheological 
characteristics. Additional excipients, such as 
isopropyl myristate or isopropyl palmitate, may 
be incorporated to modify the formulation 
properties and facilitate drug delivery. Lecithin 
phospholipids can interact with the lipid 
components of the stratum corneum, potentially 
promoting temporary changes in lipid 
organization and enhancing drug partitioning 
into the skin. The organized gel structure, 
combined with the solubilizing properties of the 
formulation components, may support drug 
release and improve contact between the 
formulation and the application site. Poloxamer 
407 further contributes to the formation of a 
stable gel network and can impart 
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thermoreversible behavior, depending on the 
formulation composition and polymer 
concentration. These characteristics make PLO 
a promising platform for investigating the 
topical delivery of drugs intended for localized 
dermatological treatment.5 

The potential utility of PLO for atopic 
dermatitis is particularly relevant because the 
disease involves both persistent inflammation 
and impairment of the skin barrier. A suitable 
organogel formulation may facilitate BD 
delivery to the affected skin while providing 
acceptable spreadability, viscosity, drug 
content, and formulation stability. Nevertheless, 
PLO performance is strongly influenced by 
lecithin and poloxamer concentrations, the 
selection of the oil phase and penetration-
enhancing excipients, and the physicochemical 
characteristics of the incorporated drug. 
Therefore, formulation optimization and 
systematic evaluation are necessary to establish 
whether the proposed delivery system offers 
meaningful advantages over conventional 
topical corticosteroid formulations. In 
particular, drug release, ex vivo skin 
permeation, stability, and potential for skin 
irritation are important parameters for assessing 
its pharmaceutical performance and suitability 
for further investigation.6 

The present study explores the systematic 
development and Quality by Design (QbD)-
guided optimization of a betamethasone 
dipropionate-loaded Pluronic Lecithin 
Organogel for potential topical application in 
atopic dermatitis. The study investigates the 
combined influence of Poloxamer 407, lecithin, 
and isopropyl myristate on formulation 
characteristics and drug-release behavior using 
a three-factor, three-level Box–Behnken 
experimental design. Unlike an empirical 
formulation development approach, this 
strategy integrates physicochemical 
characterization, response surface analysis, and 
multi-response numerical optimization to 
identify a candidate formulation with a 
balanced profile of rheological properties and in 
vitro drug release. The work provides an 
experimental basis for further evaluating PLO 
as a topical delivery platform for betamethasone 
dipropionate.7 

Research gap and novelty 

Although Pluronic-based gels and lecithin-
containing topical delivery systems provide 
established approaches for dermal drug 
delivery, formulation performance depends on 

the interactions among polymer concentration, 
lipid-phase composition, and drug-release 
characteristics. Therefore, systematic 
optimization is important for identifying an 
appropriate balance between the 
physicochemical properties and the release 
behavior of a topical formulation. In this 
context, the present study investigates 
betamethasone dipropionate-loaded Pluronic 
Lecithin Organogel using a QbD approach and 
a three-factor, three-level Box–Behnken design. 
The distinctive contribution of the study lies in 
the systematic evaluation of Poloxamer 407, 
lecithin, and isopropyl myristate as formulation 
variables, together with the assessment of 
multiple physicochemical attributes and drug-
release responses at different time points. This 
approach provides a structured basis for 
identifying an optimized formulation for 
subsequent investigation of its suitability for 
topical drug delivery. 

In view of these considerations, the present 
study aims to develop, optimize, and evaluate a 
BD-loaded Pluronic Lecithin Organogel for the 
topical management of atopic dermatitis. The 
study focuses on formulation development and 
physicochemical characterization, including 
pH, viscosity, spreadability, thermoreversible 
behavior, and drug content. In vitro drug release 
and skin permeation studies will be conducted 
to investigate the formulation's release 
characteristics and its potential to facilitate 
dermal drug delivery. Stability testing, 
evaluation of potential for skin irritation, and 
comparative assessment against a marketed 
topical corticosteroid formulation will further 
help establish its pharmaceutical performance. 
The proposed work is intended to determine the 
feasibility of PLO as an alternative topical 
delivery platform for BD and to provide a 
formulation-development basis for improving 
the localized management of inflammatory skin 
conditions such as atopic dermatitis. 

2. Materials and Methods 
2.1. Fourier Transform Infrared (FTIR) 
Spectroscopy 

FTIR spectroscopy was employed to investigate 
the potential interactions between BD and the 
selected formulation excipients. The infrared 
spectra of the pure drug and the physical 
mixture of BD with the formulation polymers 
were recorded using a Shimadzu FTIR 
spectrophotometer over the wavenumber range 
of 400–4000 cm⁻¹. The obtained spectra were 
compared to identify characteristic absorption 
bands and assess possible changes associated 
with drug–excipient interactions.8 
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2.2. Quality by Design-Based Formulation 
Optimization 

The formulation of BD-loaded PLO was 
optimized using a QbD approach. A three-
factor, three-level Box–Behnken experimental 
design was developed using Design-Expert 
software (Demo version 13). The design was 
used to evaluate the effects of formulation 
variables and their interactions on drug-release 
characteristics.9 

Poloxamer 407 concentration, lecithin 
concentration, and isopropyl myristate (IPM) 
volume were selected as the independent 
variables. The dependent variables were the 
cumulative drug release at 1, 5, 8, and 24 h. The 
factor levels were selected based on preliminary 
formulation studies and the experimental 
protocol described in the source document.  

Table 1. Formulation design matrix for 
optimization of BD-loaded PLO 

Run Poloxamer 
407 (g) 

Lecithin 
(g) 

IPM 
(mL) 

1 7.5 3.0 9 
2 10.0 1.5 9 
3 12.5 3.0 9 
4 12.5 4.5 7 
5 7.5 4.5 7 
6 10.0 4.5 9 
7 7.5 3.0 5 
8 12.5 1.5 7 
9 10.0 3.0 7 
10 7.5 1.5 7 
11 10.0 4.5 5 
12 10.0 1.5 5 
13 12.5 3.0 5 
14 10.0 3.0 7 
15 10.0 3.0 7 

The experimental responses were intended to be 
evaluated using polynomial regression models 
to establish the relationship between 
formulation variables and drug release. The 
optimized formulation should be identified 
based on the predefined response criteria and 
the numerical optimization results. 

2.3. Preparation of BD-Loaded PLO Gel 

The BD-loaded PLO gel was prepared using an 
oil phase and an aqueous phase. The 
combination of hot- and cold-method 
preparation principles described in the source 
document was adapted to the specific 

formulation composition reported for the 
optimized preparation.10 

2.3.1. Preparation of the oil phase 

Lecithin was mixed with isopropyl myristate 
and heated to 90°C to facilitate its dissolution. 
Butylated hydroxytoluene (BHT; 25 mg) and 
sorbic acid (100 mg) were incorporated into the 
oil phase. The mixture was stirred until a 
uniform phase was obtained. The lecithin: IPM 
ratio in Table 1 is used across various 
formulation codes. 

2.3.2. Preparation of the drug-containing 
aqueous phase 

BD (50 mg) was mixed with polyethylene 
glycol 400 (PEG 400; 10 mL) to obtain a 
uniform drug-containing mixture; the same 
solution was commonly used for all 15 and 
optimized batches. Poloxamer 407 (quantity as 
per DOE) was dissolved in the required quantity 
of distilled water to prepare the aqueous 
polymer phase. The prepared Poloxamer 407 
solution was stored at a low temperature 
overnight to facilitate polymer dissolution and 
obtain a homogeneous solution. 

2.3.3. Formation of the PLO gel 

The oil phase was gradually incorporated into 
the aqueous Poloxamer 407 phase under 
mechanical stirring. Mixing was continued until 
a uniform semisolid formulation was obtained. 
All the batches were cross-checked for 
homogeneity, room-temperature stability for 15 
days, and drug uniformity using a validated UV 
method, as reported later. The resulting BD-
loaded PLO gel was evaluated for pH, viscosity, 
spreadability, thermoreversibility, and in vitro 
drug release.11 After evaluation, the optimized 
batch suggested by Design-Expert was used, 
and confirmation was performed accordingly. 
The final optimized formula is presented in 
Table 2. 

Table 2. Composition of the reported BD-
loaded PLO formulation 

Ingredient Quantity 
Betamethasone dipropionate 50 mg 
Poloxamer 407 11.166 g 
Isopropyl myristate 5 mL 
Lecithin 1.748 g 
Sorbic acid 100 mg 
Butylated hydroxytoluene 25 mg 
PEG 400 10 mL 
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Distilled water Up to 50 mL 
2.4. Physicochemical Characterization of PLO 
Gel 

2.4.1. Determination of viscosity 

The viscosity of the prepared PLO gel was 
measured using a thermostatically controlled 
Brookfield viscometer (Model LV) equipped 
with spindle LV-7. Measurements were 
performed at 20 rpm and room temperature. The 
viscosity values were recorded in triplicate to 
evaluate the consistency and flow 
characteristics of the prepared formulations, 
and the average is presented.12 

2.4.2. Determination of spreadability 

The spreadability of the PLO gel was assessed 
using the glass-slide method. Approximately 1 
g of the formulation was placed on a clean glass 
slide and covered with a second slide. A 100 g 
weight was applied for 5 s to facilitate 
spreading. After the weight was removed, the 
spread area was marked on butter paper and 
measured.13 

Spreadability was calculated using the 
following equation: 

S = M × L/T 

where: 

• (S) = spreadability (g·cm/s); 
• (M) = applied weight (g); 
• (L) = distance traveled by the slide 

(cm); 
• (T) = time taken for the slide to travel 

the specified distance (s). 

The spreadability value was used to assess the 
gel's ease of application. The manuscript should 
report the actual measured slide displacement 
and the corresponding spreadability values. 

2.4.3. Evaluation of thermoreversibility 

The thermoreversible behavior of the PLO gel 
was evaluated by placing the formulation in 
borosilicate glass containers and heating the 
samples in a hot-air oven over the temperature 
range of 27–50°C at a heating rate of 
1°C/minute. The temperature at which the gel 
began to flow upon inversion of the container 
was recorded as the gel-to-sol transition 
temperature.14 

The formulation's ability to regain its gel 
structure upon cooling was also examined 
qualitatively. The cooling rate was fixed at 
2°C/minute. This assessment was used to 
characterize the temperature-dependent sol–gel 
behavior of the formulation. Studies were done 
in triplicate. 

2.4.4. Determination of pH 

The pH of the PLO gel was determined using a 
calibrated digital pH meter at room temperature. 
Briefly, 1 g of the formulation was dispersed in 
25 mL of deionized water, and the pH of the 
resulting dispersion was measured. The pH was 
evaluated to assess the formulation's suitability 
for topical application. 

2.5. In Vitro Drug Release Study 

The in vitro release of BD from the optimized 
PLO gel was investigated using the dialysis 
membrane method. The dialysis membranes 
(Himedia, LA387-5MT; molecular cut-off 1200 
Dalton) were pre-cleaned and soaked in 
distilled water overnight before use. 
Approximately 2 g of the formulation was 
placed in a dialysis bag, which was then 
immersed in 100 mL of phosphate-buffered 
saline (PBS; pH 7.4) containing 10% ethanol. 

The release study was conducted at 37°C under 
continuous magnetic stirring at 100 rpm. 
Samples of 5 mL were withdrawn at 
predetermined intervals of 1, 2, 3, 5, 8, and 24 
h. Following each withdrawal, an equal volume 
of fresh release medium was added to maintain 
a constant volume and concentration gradient.15 

The collected samples were analyzed by UV 
spectrophotometry at 240 nm to determine the 
concentration of released BD by the validated 
method. The cumulative percentage of drug 
released was calculated using the appropriate 
concentration and sampling volume corrections. 
The release profile was constructed by plotting 
cumulative percentage drug release against 
time. 

2.6. Analysis of Drug Release Kinetics 

The in vitro release data obtained from the 
optimized PLO gel were fitted to zero-order, 
first-order, Higuchi, and Korsmeyer–Peppas 
kinetic models to investigate the release pattern. 
For the zero-order model, the cumulative 
amount of drug released was plotted against 
time. In the first-order model, the logarithm of 
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the percentage of drug remaining was plotted 
against time. In the Higuchi model, the 
cumulative percentage of drug released was 
plotted against the square root of time to 
evaluate the applicability of the diffusion-based 
model. Korsmeyer–Peppas model. The 
logarithm of the fractional drug release was 
plotted against the logarithm of time. The 
release exponent was interpreted based on the 
formulation's geometry and the applicable 
model-specific criteria. 

The kinetic models were compared using their 
coefficients of determination (R2), with higher 
values indicating a closer fit to the 
corresponding model. The model with the best 
statistical fit was considered alongside the 
assumptions and limitations of each kinetic 
equation to interpret the release behavior.16 

3. Results and Discussion 
3.1. FTIR Spectroscopic Analysis 

FTIR spectroscopy was used to examine the 
characteristic functional groups of the drug and 
to assess potential interactions between the drug 
and the excipients incorporated into the PLO 
formulation. Spectra are shown in Figure 3, a: 
PLO placebo, b: BD, c: BD loaded PLO. 

The FTIR spectrum of the PLO placebo 
exhibited absorption bands at 3417.84 cm⁻¹, 
associated with O–H stretching, and at 2876.52 
cm⁻¹, attributed to aliphatic C–H stretching. 
Additional bands at 1732.22 and 1627.54 cm⁻¹ 
were assigned to carbonyl and C=C vibrations, 
respectively. In comparison, bands at 1251.85 
and 1123.51 cm⁻¹ were attributed to C–O–C and 
C–O stretching vibrations of the formulation 
components. These spectral features were 
consistent with the presence of Poloxamer 407, 
lecithin, isopropyl myristate, and sorbic acid in 
the formulation.17 The spectrum of the pure 
drug showed characteristic absorption bands at 
3478.79, 3088.33, 2923.84, 1712.15, 1612.49, 
1271.70, and 1069.02 cm⁻¹, corresponding to 
the reported hydroxyl, C–H, carbonyl, C=C, C–
F, and C–O vibrations, respectively. These 
absorption bands provided the reference 
spectral profile for comparison with the placebo 
and drug-loaded gel.18 

The spectrum of the drug-loaded PLO gel 
displayed absorption bands at 3551.96, 
3423.58, 3231.43, 2996.26, 2877.24, 1732.94, 
1626.83, 1512.83, 1251.85, 1117.06, and 
833.85 cm⁻¹. The bands in the higher-
wavenumber region were assigned to hydroxyl 
and C–H stretching vibrations. In contrast, 

those in the fingerprint region were attributed to 
vibrations associated with the excipients and the 
drug-containing formulation. The carbonyl 
absorption at 1732.94 cm⁻¹ and the C–O–C 
absorption at 1251.85 cm⁻¹ were particularly 
relevant to the ester-containing components and 
the ether linkages of Poloxamer 407, 
respectively.19  

Overall, the observed spectra demonstrate 
characteristic functional-group vibrations in the 
drug-loaded formulation. A conclusion derived 
from a direct comparison of the drug-specific 
bands in the pure-drug and formulation spectra, 
including assessment, confirms the absence of 
peak shifts, disappearance, broadening, or 
changes in intensity. 

3.2. Effect of Formulation Variables on the 
Physicochemical Characteristics of PLO Gel 

A three-factor, three-level Box–Behnken design 
was used to investigate the influence of 
Poloxamer 407, lecithin, and isopropyl 
myristate on the physicochemical 
characteristics and drug-release behavior of the 
PLO formulations. The measured responses 
included viscosity, thermoreversibility, pH, 
spreadability, and cumulative drug release at 1, 
5, 8, and 24 h. The experimental results 
demonstrated considerable variation among 
formulations, indicating that the composition of 
the organogel influenced its rheological 
characteristics and release profile. 3D graph 
models representing relationships between 
independent variables, a. viscosity; b. 
Spreadability; c.Thermoreversibility; d. pH is 
presented in Figure 4, and for in-vitro release at 
e.1; f.5; g.8; and h.24 Hours in Figure 5 
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Figure 3, FTRI spectra: a: PLO placebo, b: BD, 
c: BD loaded PLO.  
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Table 3: Box Behnken Experimental Design with Observed Responses of 
PLO Gel 
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3.2.1. Viscosity 

The viscosity of the prepared formulations 
ranged from 34,400 to 376,800 cP. The lowest 
value was observed for the formulation 
containing 10 g of Poloxamer 407, 1.5 g of 
lecithin, and 7 mL of IPM. In contrast, the 
highest value was reported for the formulation 
containing 10 g of Poloxamer 407, 3 g of 
lecithin, and 7 mL of IPM. 

The variation in viscosity indicates that the 
rheological behavior of the formulations was 
not governed solely by the amount of 
Poloxamer 407. Lecithin and IPM also 
contributed to differences in the formulation 
structure and consistency. Changes in the 
relative proportions of the aqueous polymer 
phase and lipid-containing phase may influence 
the organization of the gel network and, 
consequently, its apparent viscosity.20 

The quadratic response-surface model reported 
for viscosity was: 

Viscosity = 217800 + 46397.5·A + 15747.5·B 
+ 1650·C - 13080·AB - 26925·AC + 31175·BC 
- 55515·A² - 32065·B² - 33010·C² 

where (A), (B), and (C) represent the coded 
levels of Poloxamer 407, lecithin, and IPM, 
respectively. 

The model includes linear, interaction, and 
quadratic terms, suggesting that the relationship 
between composition and viscosity may be 
nonlinear. Nevertheless, the magnitude and 
statistical significance of the individual effects 
cannot be established from the regression 
equation alone. Analysis of variance 
(ANOVA), model-fit statistics, and diagnostic 
plots are needed to assess the model's adequacy 
and predictive reliability. 

From a formulation perspective, viscosity is an 
important parameter because it affects handling, 
spreading, residence time, and the diffusion of 
drug molecules through the semisolid matrix. 
However, the highest viscosity should not 
automatically be considered optimal, since 
excessive consistency may reduce ease of 
application and may not necessarily improve 
drug release. 

3.2.2. Spreadability 

The measured spreadability values ranged from 
0.65 to 3.06, as reported in the experimental 
dataset. The highest value, 3.06, was obtained 
for the formulation containing 7.5 g of 
Poloxamer 407, 3 g of lecithin, and 9 mL of 
IPM. In contrast, a value of 0.65 was observed 
for the formulation containing 12.5 g of 
Poloxamer 407, 4.5 g of lecithin, and 7 mL of 
IPM. 

These observations indicate that the ease of 
spreading varied substantially with formulation 
composition. The formulation with the highest 
spreadability contained less Poloxamer 407 and 
a higher volume of IPM than several 
formulations with lower spreadability. This 
pattern is consistent with the possibility that 
changes in polymer concentration and in the 
relative proportion of the oil phase alter the gel's 
resistance to deformation during spreading. 

The reported response-surface equation was: 

Spreadibility = 1.0087 + 0.3225A + 0.0463B + 
0.3163C + 0.2375AB + 0.6075AC − 0.085BC 

The positive coefficients of the linear and most 
interaction terms suggest positive contributions 
to the predicted response within the fitted 
model. In contrast, the negative (BC) 
coefficient indicates a negative interaction 
between the coded lecithin and IPM factors. 
These interpretations are contingent on the 
coding scheme and the model's adequacy.21 

The spreadability findings also demonstrate that 
a high-viscosity formulation does not 
necessarily exhibit good spreading 
performance. Therefore, both parameters 
should be considered together during 
optimization to balance semisolid consistency 
and ease of topical application. 

3.2.3. Thermoreversibility 

The measured gel-to-sol transition temperatures 
ranged from 32.5 to 36.5°C across the reported 
formulations. The highest transition 
temperature, 36.5°C, was observed in 
formulations 1, 4, and 12, while the lowest, 
32.5°C, was recorded for formulation 7. 

The observed temperature range indicates that 
the formulations exhibited differences in their 
temperature-dependent flow behavior. 
Poloxamer 407 is a thermoresponsive polymer, 
and its organization in aqueous systems is 
sensitive to temperature and concentration. The 
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presence of lecithin and IPM may further 
modify the structure and flow behavior of the 
composite formulation.22 

The reported quadratic model was: 

Thermoriversibility = 34.16667 + 0.1875·A - 
0.0625·B + 0·C + 0.125·AB - 1.5·AC - 
0.25·BC + 0.10417·A² + 1.10417·B² + 
0.22917·C² 

The relatively large negative coefficient for the 
(AC) interaction suggests that the combined 
effect of Poloxamer 407 and IPM may influence 
the predicted transition temperature in a 
direction different from their individual linear 
effects. This remains a model-based 
interpretation rather than proof of a specific 
molecular mechanism. 

The ability of a topical formulation to maintain 
an appropriate consistency during storage and 
application is an important consideration. 
Nevertheless, the measured transition 
temperature should be interpreted in relation to 
the intended application conditions, and 
thermoreversibility should be confirmed by 
reproducible heating–cooling measurements. 

3.2.4. pH 

The pH of the experimental formulations 
ranged from 6.17 to 7.77. The lowest pH was 
recorded for the formulation containing 10 g of 
Poloxamer 407, 4.5 g of lecithin, and 7 mL of 
IPM. In comparison, the highest value was 
observed for the formulation containing 7.5 g of 
Poloxamer 407, 3 g of lecithin, and 7 mL of 
IPM. 

The variation in pH indicates that the 
formulation's composition influenced the 
measured acidity or alkalinity of the aqueous 
dispersion. Differences in the concentration of 
acidic components, including sorbic acid, and 
variations in the formulation matrix may 
contribute to the observed changes. However, 
the relative contributions of individual 
excipients cannot be established from the 
available data because sorbic acid was not 
explicitly varied as a factor in the reported 
three-factor design.23 

The reported linear response model was: 

pH = 6.748 + 0.1963A + 0.0825B + 0.4363C 

The coefficients indicate positive predicted 
relationships between the coded factors and pH 
within the model. The relatively larger 
coefficient for (C) suggests a greater modeled 
effect of the IPM factor than that of the other 
two factors. 

The pH results provide an initial indication of 
the formulation's physicochemical 
characteristics. However, topical tolerability 
cannot be established from pH alone; it requires 
suitable safety and skin-compatibility studies.24 

 

Figure 4: 3D graphs representing relationships 
between independent variables, a. viscosity; b. 
Spreadability; c.Thermoreversibility; d. pH 
3.3. Effect of Formulation Variables on In Vitro 
Drug Release 

The in vitro drug-release profiles showed that 
the cumulative release of BD varied with PLO 
gel composition. Across the 15 experimental 
runs, the reported drug release ranged from 
31.76% to 73.04% at 1 h, 40.16% to 79.07% at 
5 h, 52.99% to 81.84% at 8 h, and 73.94% to 
99.99% at 24 h. These results demonstrate that 
the formulation variables influenced both the 
early and longer-term release profiles.25 

3.3.1. Drug release at 1 h 

At 1 h, the highest reported release was 73.04%, 
observed for the formulation containing 10 g of 
Poloxamer 407, 3 g of lecithin, and 5 mL of 
IPM. The lowest release was 31.76%, observed 
in the formulation containing 12.5 g of 
Poloxamer 407, 3 g of lecithin, and 3 mL of 
IPM, as shown in Table 3. 

The relatively high initial release observed in 
the formulation containing 5 mL of IPM may 
reflect differences in drug partitioning, matrix 
structure, and diffusion pathways through the 
gel. Conversely, a higher polymer concentration 
may increase the resistance to drug transport 
under certain compositional conditions. These 
explanations are plausible mechanisms of 
formulation, but the experimental data do not 
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independently establish the contribution of each 
mechanism.26 

The reported response-surface equation was:  

1hr Drug Release = 43.99 - 5.84125·A - 
1.97125·B + 5.5525·C + 3.3825·AB + 9.35·AC 
- 8.055·BC + 10.48625·A² - 0.36375·B² + 
2.65875·C² 

The negative linear coefficients for Poloxamer 
407 and lecithin indicate a decrease in predicted 
initial release with increasing coded levels of 
these factors. In contrast, the positive 
coefficient for IPM suggests the opposite trend. 
The positive AC interaction indicates that the 
combined effect of Poloxamer 407 and IPM 
differs from the sum of their individual linear 
effects. 

3.3.2. Drug release at 5 h 

At 5 h, the cumulative release varied from 
40.16% to 79.07%. The maximum value was 
recorded for the formulation containing 10 g of 
Poloxamer 407, 3 g of lecithin, and 5 mL of 
IPM. This was the same formulation that 
exhibited the highest release at 1 h. 

The persistence of relatively high release at both 
time points suggests that the initial release 
behavior was influenced by the combined 
formulation composition rather than by a single 
excipient. Differences in the amount of drug 
available for diffusion and in the gel's 
microstructure may have contributed to the 
observed release profiles. 

The corresponding response-surface equation 
was: 

5hr Drug Release = 51.85667 - 5.39625·A - 
1.62375·B + 4.8225·C + 2.68·AB + 9.0725·AC 
- 7.0625·BC + 10.09167·A² - 0.06333·B² + 
1.72917·C² 

The coefficients show a pattern similar to that 
observed for the 1 h response, with negative 
linear coefficients for Poloxamer 407 and 
lecithin and a positive coefficient for IPM.27 
However, the response equations alone do not 
establish whether these effects are statistically 
significant. The ANOVA results and model 
diagnostics should be included in the final 
manuscript. 

3.3.3. Drug release at 8 h 

The cumulative drug release at 8 h ranged from 
52.99% to 81.84%. The highest value was again 
observed for the formulation containing 10 g of 
Poloxamer 407, 3 g of lecithin, and 5 mL of 
IPM. This formulation, therefore, exhibited 
comparatively high release across the early and 
intermediate sampling periods. 

The observed differences among formulations 
suggest that the relative proportions of polymer 
and lipid components influenced drug transport 
through the gel matrix. A more viscous polymer 
network may increase the diffusional path 
length or reduce molecular mobility, whereas 
the oil phase may alter drug solubilization and 
partitioning.28 The net effect depends on the 
formulation's composition and cannot be 
predicted from polymer concentration alone. 

The reported response-surface equation was: 

8hr Drug Release = 64.8 - 4.31125·A - 
1.02375·B + 2.775·C + 2.525·AB + 7.5675·AC 
- 6.1575·BC + 7.235·A² + 0.965·B² - 0.2775·C² 

The decreasing magnitude of the negative linear 
coefficient for Poloxamer 407 across the 1, 5, 
and 8 h equations suggests that its modeled 
influence on release changed with sampling 
time. This may indicate a time-dependent 
response to formulation composition; however, 
this interpretation requires confirmation using 
the statistical model and the underlying 
experimental observations. 

3.3.4. Drug release at 24 h 

At 24 h, cumulative release ranged from 
73.94% to 99.99%. The maximum value was 
reported for the formulation containing 10 g of 
Poloxamer 407, 3 g of lecithin, and 9 mL of 
IPM. In contrast, the minimum value was 
observed for the same polymer and lecithin 
quantities, using 9 mL of IPM, in another 
experimental run. Because these runs have the 
same nominal composition but different 
recorded responses, the underlying formulation 
records must be checked before attributing the 
difference to experimental variability. 

The higher cumulative release at 24 h than at 
earlier sampling times indicates continued drug 
release from the formulations throughout the 
study period. Several formulations approached 
complete release at the final sampling point, 
whereas others retained a larger fraction of the 
nominal drug content. These differences 
highlight the importance of optimizing the 
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formulation for the desired balance between 
early drug availability and sustained release.29 

The reported quadratic equation for 24 h release 
was: 

24 hr Drug Release = 85.84 − 1.1175A + 
1.3588B + 2.7163C − 5.165AB + 0.63AC + 
1.4225BC − 1.2188A² + 4.9288B² − 0.5763C² 

Compared with the early-release models, the 
linear coefficients for lecithin and IPM were 
positive, while the magnitude of the Poloxamer 
407 coefficient was smaller. This pattern 
suggests that the relationship between 
composition and release changed over time. 
Nevertheless, mechanistic conclusions require 
confirmation through the complete release 
dataset, appropriate statistical analysis, and 
validation of the analytical method.30 

 

Figure 5: 3D graphs representing relationships 
between independent variables, for in-vitro 
release at e.1; f.5; g.8; and h.24 Hours 
3.4. Optimization of the PLO Gel Using the 
Box–Behnken Design 

Numerical optimization was performed using 
the reported response-surface models to identify 
a formulation with desirable physicochemical 
characteristics and drug-release behavior. The 
selected solution contained approximately 
11.166 g of Poloxamer 407, 1.748 g of lecithin, 
and 5 mL of IPM. The experimental document 
reports a combined desirability value of 
approximately 0.7574 for this solution.31  

3.4.1. Significance of the QbD-Based 
Optimization Approach 

Discuss how the experimental design enables 
assessment of factor interactions, why multiple 
release time points are useful, and how 
physicochemical characteristics should be 
considered together. Use the response-surface 
plots and optimization data already included in 
the manuscript.32 The reported optimized 
formulation and associated responses are 

summarized in Table 4. The detailed results and 
solutions provided by BBD are presented in 
Tables 5 and 6, respectively. 

Table 4: Optimized dependent and independent 
variables of the study by BBD 

Response Reported value 
Poloxamer 407 11.1661 g 
Lecithin 1.74901 g 
IPM 5 mL 
Viscosity 129,800 cP 
Thermoreversibility 36°C 
pH 6.37 
Spreadability 0.84 
Drug release at 1 h 38.97% 
Drug release at 5 h 75.59% 
Drug release at 8 h 97.35% 
Drug release at 24 h 98.76% 
Combined desirability 0.7574 

The optimized composition reflects a 
compromise among the formulation responses 
rather than maximizing a single parameter. Its 
reported pH and spreadability provide initial 
physicochemical information, while the release 
values indicate substantial drug release by the 
later sampling times.33 Figure 6 shows a 
graphical representation of desirability. 
Maximum desirability is shown in the 2D 
contour graph in Figure 7. 

 

Figure 6: Bar Graph Showing Desirability 
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Figure 7: 2D-contour plots showing the 
maximum desirability of the 
optimized formulation of PLO Gel 

3.5. Comparative In Vitro Drug-Release 
Profiles 

The comparative release plot in the uploaded 
document shows the release profiles of 
formulations F1–F15 over the 24 h study 
period. The profiles differ in their initial, 
intermediate, and final cumulative releases, 
indicating that changes in formulation 
composition altered the overall release pattern. 

Several formulations exhibited relatively rapid 
initial drug release, while others showed a more 
gradual increase over the sampling period. At 
later time points, many profiles approached 
approximately 80–100% release, although the 
magnitude and timing of this increase differed 
among formulations. The overall trend is 
consistent with continued drug liberation from 
the semisolid matrix. However, the available 
plot does not independently establish whether 
the process was controlled predominantly by 
diffusion, matrix relaxation, or another 
mechanism.34 

The comparison of release profiles also 
demonstrates why optimization based only on 
the final cumulative release may be inadequate. 
A formulation that releases a large proportion of 
its drug early may behave differently from one 
that produces a more gradual release profile, 
even if both show similar cumulative release at 
24 h. Therefore, the response-surface approach 
provides a useful framework for considering 
multiple time points during formulation 
development. Comparative drug release is 
presented in Figure 8. 

 
Figure 8: In Vitro Drug Release of PLO Gels 
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3.6. Drug-Release Kinetic Analysis 

The release data for the optimized PLO gel were 
fitted to zero-order, first-order, Higuchi, and 
Korsmeyer–Peppas models. The reported regression 
equations and coefficients of determination are 
summarized in Table 7 and Figure 9. 

Table 7. Reported regression parameters for drug-
release kinetic models 

Kinetic 

model 

Reported regression 

equation 

(R2) 

Zero-order (y=4.1829x+1.9441) 0.9797 

First-order (y=0.05757x+0.72251) 0.9347 

Higuchi (y=21.3300x-16.1889) 0.9179 

Korsmeyer–

Peppas 

(y=1.3698x+0.3245) 0.9094 

 

Figure 9: Graphs of release kinetics for in-vitro 
release a: Zero; b: First; c: Higuchi; d: 
Korsmeyer–Peppas kinetics 

3.6.1. Zero-order kinetics 

The zero-order model exhibited the highest reported 
coefficient of determination (R2=0.9797) among the 
four kinetic models. This indicates that the 
cumulative drug-release data plotted showed the 
strongest linear association with time in the reported 
analysis. 

Zero-order behavior is characterized by a constant 
release rate over time. The relatively high (R2) 
suggests that the zero-order model may provide a 
useful empirical description of the plotted profile. 
However, a high coefficient of determination alone 
does not prove that the formulation releases the drug 
at a truly constant rate. The underlying release 
values, sampling corrections, and regression 
procedure should be checked to ensure that the 
model has been fitted appropriately. 

3.6.2. First-order kinetics 

The first-order model yielded an (R2) value of 
0.9347, which was lower than that of the zero-order 
model. Under the conventional first-order 
interpretation, the release rate depends on the 
amount of drug remaining in the formulation. 

The lower reported linear-fit statistic suggests that 
the first-order transformation described the plotted 
data less closely than the zero-order transformation. 
Nevertheless, this comparison should be considered 
provisional until the first-order plot is confirmed to 
use the logarithm of the percentage of drug 
remaining rather than the logarithm of cumulative 
drug release. 

3.6.3. Higuchi model 

The Higuchi model produced an (R2) value of 
0.9179. This model is commonly used to examine 
diffusion-based drug release from matrices under its 
underlying assumptions. 

The observed fit suggests that the Higuchi model 
may capture some aspects of the release behavior but 
provides a weaker linear association than the zero-
order model in the reported analysis. Consequently, 
diffusion may contribute to drug release, but the 
current data do not establish it as the dominant 
mechanism. 

3.6.4. Korsmeyer–Peppas model 

The Korsmeyer–Peppas model yielded an (R2) value 
of 0.9094, the lowest among the four reported 
models. The slope of the plotted regression line was 
1.3698. 

The Korsmeyer–Peppas release exponent (n) is used 
to interpret release behavior in relation to the 
geometry of the delivery system and the model's 
assumptions. If the reported slope corresponds to 
(n), its value exceeds 1. However, this value should 
not be used to assign a release mechanism until the 
logarithmic transformation, fraction of drug 
released, fitting interval, and the model's 
applicability to the specific geometry have been 
verified. The model is generally applied to the initial 
portion of the release profile rather than 
automatically to the entire 24 h dataset. 

3.6.5. Overall interpretation of the kinetic models 

Based on the reported (R2) values, the order of fit 
was: 
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Zero-order>First-order>Higuchi>Korsmeyer–
Peppas 

The zero-order model, therefore, provided the 
highest reported linear-fit statistic for the analyzed 
dataset. This finding supports describing zero-order 
kinetics as the best-fitting empirical model among 
those reported, rather than concluding that a zero-
order mechanism has been conclusively 
established.35 

3.7. Overall Discussion 

The present study investigated the formulation and 
optimization of a BD-loaded PLO gel using a Box–
Behnken design. The experimental results 
demonstrate that the formulation composition was 
associated with substantial variation in viscosity, 
spreadability, thermoreversibility, pH, and 
cumulative drug release. The response-surface 
equations provide a framework for examining the 
relationships among Poloxamer 407, lecithin, IPM, 
and the measured responses.36 

The viscosity results indicate that the formulations 
differed markedly in consistency, while the 
spreadability results demonstrate that ease of 
application varied across the experimental design. 
The observed transition temperatures further 
indicate differences in temperature-dependent flow 
behavior. Together, these findings support the need 
to evaluate multiple physicochemical properties 
when selecting a topical organogel formulation.37 

The in vitro release data showed continued drug 
release over 24 h, with substantial differences 
among the experimental formulations. The 
comparatively high cumulative release reported at 
later sampling times suggests that the developed 
system enabled extensive drug release under the 
experimental conditions. 38 However, in vitro release 
through a dialysis membrane should not be 
interpreted as direct evidence of transdermal 
permeation or improved therapeutic activity. 39 The 
kinetic analysis identified the zero-order model as 
the best-fitting model among the four models 
reported, based on the available R2 values. 40 

Overall, the results provide a preliminary 
experimental basis for further development of BD-
loaded PLO gel. Before publication, verification of 
the drug identity in the FTIR data, reconciliation of 
the formulation and optimization records, and 
reanalysis of the kinetic data are essential to ensure 
that the conclusions accurately reflect the 
experiments performed. 

4. SUMMARY AND CONCLUSION 
4.1. Summary 

The present study focused on the formulation, 
optimization, and evaluation of BD-loaded Pluronic 
Lecithin Organogel (PLO) as a potential topical drug 
delivery system for the management of atopic 
dermatitis (AD). Atopic dermatitis is a chronic 
inflammatory skin disorder characterized by 
pruritus, dryness, erythema, and eczematous lesions, 
requiring effective and sustained topical therapy. 
The development of an appropriate topical 
formulation is essential for improving local drug 
delivery while minimizing unnecessary systemic 
exposure. 

Pluronic Lecithin Organogel was selected as the 
delivery system because its combination of lecithin 
and Poloxamer 407 provides a structured, semisolid 
matrix with potentially useful rheological and drug-
release properties. Isopropyl myristate (IPM) was 
incorporated as an oil-phase component to facilitate 
formulation development and influence drug 
partitioning and release characteristics. 

Formulation and Optimization 

Different PLO formulations were prepared by 
varying the quantities of Poloxamer 407, lecithin, 
and IPM. A three-factor, three-level Box–Behnken 
design was employed to investigate the influence of 
these formulation variables on the physicochemical 
characteristics and drug-release behavior. The 
formulations were evaluated for viscosity, 
spreadability, pH, thermoreversibility, and 
cumulative drug release at 1, 5, 8, and 24 h. 

FTIR spectroscopy was used to examine the 
characteristic functional groups of the drug and 
formulation components. UV spectrophotometry 
was used to quantify the drug during the in vitro 
release study. The release profiles were 
subsequently analyzed using zero-order, first-order, 
Higuchi, and Korsmeyer–Peppas kinetic models. 

Key Findings 

The numerical optimization procedure identified a 
candidate formulation containing approximately 
11.16 g of Poloxamer 407, 1.748 g of lecithin, and 5 
mL of IPM. The reported characteristics of this 
formulation were: 

• Viscosity: 129,800 cP. 
• pH: 6.37. 
• Spreadability: 0.84, as reported in the 

experimental dataset. 
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• Thermoreversibility: 36°C, as reported in 
the optimization results. 

• Cumulative drug release: 98.76% at 24 h, 
according to the reported optimized 
formulation table. 

The in vitro release study demonstrated substantial 
drug release over the 24-h observation period, 
although the release profiles varied among the 
formulations. The physicochemical evaluation 
indicated that the formulation composition 
influenced its consistency, spreading characteristics, 
temperature-dependent behavior, and drug-release 
performance. 

Among the evaluated kinetic models, the zero-order 
model exhibited the highest reported coefficient of 
determination (R2=0.9797), followed by the first-
order model (R2=0.9347), Higuchi model 
(R2=0.9179), and Korsmeyer–Peppas model 
(R2=0.9094). Thus, the zero-order model provided 
the best linear fit among the models reported, subject 
to verification of the underlying release data and 
calculations. 

4.2. Conclusion 

The present study demonstrates the potential of 
Pluronic Lecithin Organogel as a topical formulation 
platform for BD. The application of a Box–Behnken 
experimental design enabled systematic 
investigation of the influence of formulation 
variables on physicochemical characteristics and in 
vitro drug release. The optimized candidate 
formulation exhibited a reported viscosity of 
199,800 cP, a pH of 6.67, and cumulative drug 
release of 98.76% at 24 h. 

The findings indicate that appropriate selection of 
Poloxamer 407, lecithin, and IPM concentrations 
can influence the performance of the developed 
organogel. The release study further demonstrated 
that substantial drug release was maintained over the 
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investigated period. However, the reported results 
establish in vitro release behavior rather than 
enhanced skin permeation or sustained therapeutic 
efficacy. 

The developed BD-loaded PLO formulation may 
therefore be considered a promising candidate for 
further investigation as a topical delivery system for 
inflammatory skin conditions, including atopic 
dermatitis. Further studies involving validated skin 
permeation experiments, formulation stability 
assessment, skin irritation and compatibility testing, 
and appropriate preclinical or clinical evaluation are 
required to establish its suitability and therapeutic 
benefits for the intended application. 

The principal contribution of this work is the 
application of a Quality by Design-based 
formulation optimization strategy to the 
development of betamethasone dipropionate-loaded 
Pluronic Lecithin Organogel. By investigating the 
effects of Poloxamer 407, lecithin, and isopropyl 
myristate on physicochemical characteristics and in 
vitro drug release, the study provides a preliminary 
framework for rational selection of the formulation 
composition. Further validation of the optimized 
formulation, including reproducibility, stability, ex 
vivo skin permeation, skin compatibility, and 
comparative performance, is required before its 
potential therapeutic advantages in atopic dermatitis 
can be established. 

Overall, this work provides a formulation-
development and optimization framework for BD-
loaded PLO gel and supports further research into its 
potential for topical corticosteroid delivery. 

5. Acknowledgments – The authors acknowledge 
the management of Mansarovar Global University 
for providing basic research facility 

6. References-  

4 
https://www.accessdata.fda.gov/drugsatfda_docs/ps
g/Betamethasone%20dipropionate_draft_Topical%
20spray_RLD%20208079_RC07-18.pdf 
5 Clifford JL, Christy RJ, Cheppudira BP. 
Antinociceptive effects of pluronic lecithin organo 
(PLO)-opioid gels in rats with thermal injury. Burns. 
2017 Dec;43(8):1709-1716. doi: 
10.1016/j.burns.2017.04.020. Epub 2017 Aug 1. 
PMID: 28778760. 
6 Hoffman SB, Yoder AR, Trepanier LA. 
Bioavailability of transdermal methimazole in a 
pluronic lecithin organogel (PLO) in healthy cats. J 
Vet Pharmacol Ther. 2002 Jun;25(3):189-93. doi: 



DEVELOPMENT OF A PLURONIC LECITHIN ORGANOGEL CONTAINING BETAMETHASONE 
DIPROPIONATE FOR THE TOPICAL MANAGEMENT OF ATOPIC DERMATITIS. 

 IJDDT Volume 16 Issue 87s 2026 Page: 1287 

 
10.1046/j.1365-2885.2002.00405.x. PMID: 
12081614. 
7 Rathore P, Gupta R, Singh PP, Awasthi A, Kishore 
A, Bansal KK, Mahor AK. QbD-Based 
Development of Fluocinolone Nanocomposite 
Transdermal Gel: Optimization, Characterization, 
and Enhanced Anti-hyperpigmentation Efficacy 
Assessment. AAPS PharmSciTech. 2025 Apr 
2;26(4):100. doi: 10.1208/s12249-025-03094-8. 
PMID: 40175791. 
8 Dewangan HK, Sharma A, Mishra A, Singour P. 
Mucoadhesive microspheres of atorvastatin 
calcium: rational design, evaluation and 
enhancement of bioavailability. Indian J Pharm 
Educ Res. 2021 Jul 2;19:20. 
9 Chaturvedi P, Mishra A, Paswanb SK. Application 
of quality by design approach in development of 
cefixime trihydrate loaded gastro-retentive 
mucoadhesive microspheres. Eur J Parenter Pharm 
Sci. 2022;27(2). 
10 Friciu M, Cull E, Haiub H, Lupatini R, Leclair G. 
Stability Evaluation of Bracketed Diclofenac 
Sodium USP in VersaPro™ Cream Base, 
VersaPro™ Gel Base and PLO Gel Mediflo™ 30 
Compound Kit. Int J Pharm Compd. 2024 Mar-
Apr;28(2):156-160. PMID: 38604143. 
11 Tran A, Hunt K, Bernal C 3rd, Cull E. Bracketed 
Stability Evaluation of Methimazole USP in PLO 
Gel Mediflo™30 Pre-Mixed. Int J Pharm Compd. 
2024 May-Jun;28(3):182-186. PMID: 38768499. 
12 Alsaab H, Alzhrani RM, Boddu SH. Evaluation of 
the percutaneous absorption of chlorpromazine from 
PLO gels across porcine ear and human abdominal 
skin. Drug Dev Ind Pharm. 2016 Aug;42(8):1258-
66. doi: 10.3109/03639045.2015.1122610. Epub 
2015 Dec 21. PMID: 26599694. 
13 Dutt Konar A, Shivhare V, Ahuja R, Gupta A, 
Tiwari P, Khan N, Ahirwar SK, Mandloi AS, Mishra 
AK, Singh M, Basu A. A mechanoresponsive 
heterochiral hydrogelator as a potential matrix 
metalloproteinase-2 inhibitor: unravelling its anti-
inflammatory efficacy in vitro and in vivo. J Mater 
Chem B. 2025 Apr 9;13(15):4594-4611. doi: 
10.1039/d4tb01976h. PMID: 40098544. 
14 Gao Y, Zhao F, Jiang X, Zhang W. 
Thermoreversible Tissue Adhesion with Hydrogel 
Through a Topological Entanglement Approach. 
Macromol Rapid Commun. 2023 
Aug;44(15):e2300144. doi: 
10.1002/marc.202300144. Epub 2023 Jun 1. PMID: 
37221080. 
15 Xue W, Liu B, Zhang H, Ryu S, Kuss M, Shukla 
D, Hu G, Shi W, Jiang X, Lei Y, Duan B. 
Controllable fabrication of alginate/poly-L-
ornithine polyelectrolyte complex hydrogel 
networks as therapeutic drug and cell carriers. Acta 
Biomater. 2022 Jan 15;138:182-192. doi: 
10.1016/j.actbio.2021.11.004. Epub 2021 Nov 10. 
PMID: 34774784. 

16 Joshi N, Yan J, Dang M, Slaughter K, Wang Y, 
Wu D, Ung T, Bhingaradiya N, Pandya V, Chen 
MX, Kaur S, Bhagchandani S, Alfassam HA, Joseph 
J, Gao J, Dewani M, Chu RWC, Yip RCS, Weldon 
E, Shah P, Pisal ND, Shukla C, Sherman NE, Luo 
JN, Conway T, Eickhoff JP Jr, Botelho L, Alhasan 
AH, Karp JM, Ermann J. A mechanically resilient 
soft hydrogel improves drug delivery for treating 
post-traumatic osteoarthritis in physically active 
joints. Proc Natl Acad Sci U S A. 2025 Apr 
8;122(14):e2409729122. doi: 
10.1073/pnas.2409729122. Epub 2025 Mar 31. 
PMID: 40163719; PMCID: PMC12002200. 
17 Tam SK, Bilodeau S, Dusseault J, Langlois G, 
Hallé JP, Yahia LH. Biocompatibility and 
physicochemical characteristics of alginate-
polycation microcapsules. Acta Biomater. 2011 
Apr;7(4):1683-92. doi: 
10.1016/j.actbio.2010.12.006. Epub 2010 Dec 8. 
PMID: 21145438. 
18 Patel V, Mehta TA. Betamethasone Dipropionate 
Nanocrystals: Investigation, Feasibility and In Vitro 
Evaluation. AAPS PharmSciTech. 2022 Jul 
14;23(6):197. doi: 10.1208/s12249-022-02346-1. 
PMID: 35835936. 
19 Shriky B, Vigato AA, Sepulveda AF, Machado IP, 
de Araujo DR. Poloxamer-based nanogels as 
delivery systems: how structural requirements can 
drive their biological performance? Biophys Rev. 
2023 Jul 29;15(4):475-496. doi: 10.1007/s12551-
023-01093-2. PMID: 37681104; PMCID: 
PMC10480380. 
20 Ramireddy AR, Behara DK. QbD Based 
Formulation Development and Optimisation of 
Ozenoxacin Topical Nano-Emulgel and Efficacy 
Evaluation Using Impetigo Mice Model. AAPS 
PharmSciTech. 2024 Apr 22;25(5):90. doi: 
10.1208/s12249-024-02805-x. PMID: 38649513. 
21 Magi MS, Guasamucare R, Giorgi C, de Lafuente 
Y, Palena MC, Parente ME, Jimenez-Kairuz AF, 
Ochoa-Andrade A. Development of niacinamide 
cosmetic bioadhesive emulgel using QbD approach. 
Int J Cosmet Sci. 2025 Dec;47(6):965-980. doi: 
10.1111/ics.13083. Epub 2025 Jun 17. PMID: 
40524670. 
22 Ban E, Jang DJ, Kim SJ, Park M, Kim A. 
Optimization of thermoreversible poloxamer gel 
system using QbD principle. Pharm Dev Technol. 
2017 Nov;22(7):939-945. doi: 
10.1080/10837450.2016.1219371. Epub 2016 Sep 
1. PMID: 27480338. 
23 Friciu M, Cull E, Haiub H, Lupatini R, Leclair G. 
Stability Evaluation of Bracketed Diclofenac 
Sodium USP in VersaPro™ Cream Base, 
VersaPro™ Gel Base and PLO Gel Mediflo™ 30 
Compound Kit. Int J Pharm Compd. 2024 Mar-
Apr;28(2):156-160. PMID: 38604143. 
24 Sanapalli BKR, Kannan E, Balasubramanian S, 
Natarajan J, Baruah UK, Karri VVSR. Pluronic 
lecithin organogel of 5-aminosalicylic acid for 



DEVELOPMENT OF A PLURONIC LECITHIN ORGANOGEL CONTAINING BETAMETHASONE 
DIPROPIONATE FOR THE TOPICAL MANAGEMENT OF ATOPIC DERMATITIS. 

 IJDDT Volume 16 Issue 87s 2026 Page: 1288 

 
wound healing. Drug Dev Ind Pharm. 2018 
Oct;44(10):1650-1658. doi: 
10.1080/03639045.2018.1483393. Epub 2018 Jul 2. 
PMID: 29848103. 
25 Burnham R, Gregg R, Healy P, Steadward R. The 
effectiveness of topical diclofenac for lateral 
epicondylitis. Clin J Sport Med. 1998 Apr;8(2):78-
81. doi: 10.1097/00042752-199804000-00002. 
PMID: 9641433. 
26 Boddu SH, Gupta H, Bonam SP. Preclinical 
evaluation of a ricinoleic acid poloxamer gel system 
for transdermal eyelid delivery. Int J Pharm. 2014 
Aug 15;470(1-2):158-61. doi: 
10.1016/j.ijpharm.2014.04.057. Epub 2014 May 9. 
Erratum in: Int J Pharm. 2015 May 15;485(1-2):383. 
PMID: 24813783. 
27 Kohan HG, Baker DM, Sani S, Bielecki-Wilken 
KA, Ramirez A. In Vitro Permeability, Irritability, 
and Release Evaluation of Commonly Used Topical 
Diclofenac Gel Preparations (1%, 5%, and 10%). Int 
J Pharm Compd. 2021 Mar-Apr;25(2):146-155. 
PMID: 33798114. 
28 Dowling TC, Arjomand M, Lin ET, Allen LV Jr, 
McPherson ML. Relative bioavailability of 
ketoprofen 20% in a poloxamer-lecithin organogel. 
Am J Health Syst Pharm. 2004 Dec 1;61(23):2541-
4. doi: 10.1093/ajhp/61.23.2541. PMID: 15595229. 
29 Mooranian A, Negrulj R, Al-Salami H. The 
incorporation of water-soluble gel matrix into bile 
acid-based microcapsules for the delivery of viable 
β-cells of the pancreas, in diabetes treatment: 
biocompatibility and functionality studies. Drug 
Deliv Transl Res. 2016 Feb;6(1):17-23. doi: 
10.1007/s13346-015-0268-5. PMID: 26671765. 
30 Akl MA, Ryad S, Ibrahim MF, Kassem AA. 
Formulation, and optimization of transdermal 
Atorvastatin Calcium-Loaded Ultra-flexible 
vesicles; ameliorates poloxamer 407-caused 
dyslipidemia. Int J Pharm. 2023 May 
10;638:122917. doi: 
10.1016/j.ijpharm.2023.122917. Epub 2023 Apr 4. 
PMID: 37019321. 
31 Jain P, Taleuzzaman M, Kala C, Kumar Gupta D, 
Ali A, Aslam M. Quality by design (Qbd) assisted 
development of phytosomal gel of aloe vera extract 
for topical delivery. J Liposome Res. 2021 
Dec;31(4):381-388. doi: 
10.1080/08982104.2020.1849279. Epub 2020 Nov 
19. PMID: 33183121. 
32 Bhargav E, Reddy YP, Koteshwara KB. 
Development and Optimization of Luliconazole 
Nanostructured Lipid Carriers Based Gel by Quality 
by Design its Skin Distribution Studies, 
Dermatokinetic Modeling & In-Vitro and Ex-Vivo 
Correlation. Curr Drug Deliv. 2021;18(7):1041-
1053. doi: 10.2174/1567201818666201214145818. 
PMID: 33319682. 

33 Asha BR, Goudanavar P, Koteswara Rao GSN, 
Gandla K, Raghavendra Naveen N, Majeed S, 
Muthukumarasamy R. QbD driven targeted 
pulmonary delivery of dexamethasone-loaded 
chitosan microspheres: Biodistribution and 
pharmacokinetic study. Saudi Pharm J. 2023 
Sep;31(9):101711. doi: 10.1016/j.jsps.2023.101711. 
Epub 2023 Jul 26. PMID: 37564747; PMCID: 
PMC10410579. 
34 Macoon R, Robey M, Chauhan A. In vitro release 
of hydrophobic drugs by oleogel rods with 
biocompatible gelators. Eur J Pharm Sci. 2020 Sep 
1;152:105413. doi: 10.1016/j.ejps.2020.105413. 
Epub 2020 Jun 12. PMID: 32535213; PMCID: 
PMC8991997. 
35 Shakshuki A, Yeung P, Agu RU. Compounded 
Topical Amitriptyline for Neuropathic Pain: In Vitro 
Release from Compounding Bases and Potential 
Correlation with Clinical Efficacy. Can J Hosp 
Pharm. 2020 Mar-Apr;73(2):133-140. Epub 2020 
Apr 1. PMID: 32362670; PMCID: PMC7182372. 
36 Vigato AA, Machado IP, Del Valle M, da Ana PA, 
Sepulveda AF, Yokaichiya F, Franco MKKD, 
Loiola MC, Tófoli GR, Cereda CMS, de Sairre MI, 
de Araujo DR. Monoketonic Curcuminoid-
Lidocaine Co-Deliver Using Thermosensitive 
Organogels: From Drug Synthesis to Epidermis 
Structural Studies. Pharmaceutics. 2022 Jan 
27;14(2):293. doi: 
10.3390/pharmaceutics14020293. PMID: 
35214026; PMCID: PMC8879257. 
37 Parhi R, Suresh P, Pattnaik S. Pluronic lecithin 
organogel (PLO) of diltiazem hydrochloride: effect 
of solvents/penetration enhancers on ex vivo 
permeation. Drug Deliv Transl Res. 2016 
Jun;6(3):243-53. doi: 10.1007/s13346-015-0276-5. 
PMID: 26754742. 
38Balaguru, R., Bhowmick, S., & Iyer, P. (2023). 
Formulation of chemical and cruelty free vegan 
lipstick and analyzing its components. International 
Journal of Engineering Science Technologies, 7(5), 
37–53. 
https://doi.org/10.29121/ijoest.v7.i5.2023.507. 
39Nadesakanthan, S., Sanjeewa, A., Uluwaduge, I., 
Peiris, P., Meedin, F., & Bandara, S. (2023). Oral 
health protection through an Ayurveda poly herbal 
formulation: An in vitro study. Journal of Ayurvedic 
Herbal and Integrative Medicine, 3(1), 1–10. 
https://doi.org/10.29121/jahim.v3.i1.2023.26. 
40 Darbar, S., Agarwal, S., Saha, S., & Mukherjee, 
M. B. (2024). Ameliorative effect of polyherbal 
formulation for restoring liver health: A systematic 
review. Journal of Ayurvedic Herbal and Integrative 
Medicine, 4(1), 71–83. 
https://doi.org/10.29121/jahim.v4.i1.2024.53. 


