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ABSTRACT 

Objective: Nifedipine (NIFD), a calcium channel blocker with poor aqueous solubility and low oral bioavailability, requires formulation 
enhancement for effective delivery. This study aimed to develop and optimise a self-microemulsifying drug delivery system (SMEDDS) of NIFD and 
incorporate it into mouth-dissolving films (MDFs) to improve solubility, dissolution, and patient compliance. 

Methods: Box-Behnken Design (BBD) was employed to optimise SMEDDS formulations using castor oil (A), Tween 80 (B), and Span 80 (C) as 
factors, with droplet size (Y1) and transmittance (%) as responses. The optimised SMEDDS batches (FS14-FS16) were characterised for droplet 
size, PDI, zeta potential, and transmittance and subsequently incorporated into MDFs (F1-F3) by solvent casting. 

Results: The optimised SMEDDS exhibited droplet sizes between 196-201 nm, PDI values of 0.534-0.608, and zeta potentials from-15.66 to-21.07 
mV, indicating nanoscale dispersion and moderate stability. The resulting SMEDDS-loaded films (F1-F3) showed uniform thickness (0.11-0.15 mm), 
rapid disintegration (48-60 s), and high drug content (87.04-95.08%). The diffusion of NIFD increased by a factor 3 after incorporating it into 
SMEDDS. 

Conclusion: The optimised nifedipine-loaded SMEDDS (FS14-FS16) successfully incorporated into mouth-dissolving films (F1-F3), significantly 
enhanced solubility and dissolution. Among the MDFs, F1 emerged as the best, demonstrating superior in vitro drug release compared to the pure 
NIFD film, offering a promising oral delivery system for enhancing the bioavailability of poorly soluble drugs. 
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INTRODUCTION 

Oral drug delivery systems are extensively recognised and are the 
most favoured route of pharmaceutical administration due to their 
convenience, ease of use, cost-effectiveness, and superior patient 
compliance [1, 2]. This mode of drug delivery encompasses a range 
of pharmaceutical formulations, including tablets, capsules, liquids, 
and more advanced systems such as MDFs [3, 4]. NIFD, a member of 
the dihydropyridine class of calcium channel blockers, has been 
predominantly recommended for the management of angina 
pectoris characterized by chest pain resulting from reduced 
myocardial blood flow and hypertension [5]. NIFD is classified as a 
Biopharmaceutical Classification System (BCS) Class II drug due to 
its limited aqueous solubility [6]. This solubility limitation poses a 
challenge to its dissolution in gastrointestinal fluids, thereby 
potentially reducing its bioavailability [7]. Various formulation 
strategies, including extended and immediate release systems, were 
designed to improve absorption and therapeutic efficacy of NIFD. In 
the present research, NIFD was converted to SMEDDS to improve its 
drug solubility and dissolution rate, thereby enhancing absorption 
and efficacy [8, 9]. 

The integration of SMEDDS with MDF presents an innovative 
approach to drug delivery by harnessing the advantages of both 
systems [10–12]. While MDF provides rapid drug release, ease of 
administration, and faster action [13]. This synergistic formulation 
holds the potential to conquer all limitations related to the 
conventional oral types of dosing, thereby improving therapeutic 
outcomes [14–16]. The objective of this work was to develop, 
optimise, and characterise an NIFD-SMEDDS and incorporate it into 
a mouth-dissolving film (MDF) to enhance solubility, dissolution 
rate, and patient acceptability. The study is novel in that it integrates 
a Box–Behnken optimised Nifedipine-loaded SMEDDS into a mouth-
dissolving film, combining solubility enhancement with rapid drug 
release. This dual approach offers a patient-friendly system that 
improves oral bioavailability and therapeutic efficiency. 

MATERIALS AND METHODS 

Materials 

Nifedipine (NIFD) was kindly provided by Ipca Laboratories Ltd., 
Maharashtra, India, as a gift sample. Polyvinylpyrrolidone (PVP K-
30, analytical grade), Tween 80 (polyoxyethylene sorbitan 
monooleate, analytical grade), and Span 80 (sorbitan monooleate, 
analytical grade), all procured from Sisco Research Laboratories Pvt. 
Ltd., Chennai, India. Hydroxypropyl methylcellulose (HPMC E5, 
pharmaceutical grade) and Polyethylene glycol 400 (PEG 400, 
analytical grade) were obtained from Sigma-Aldrich Pvt. Ltd., 
Bangalore, India. Pharmaceutical-grade castor oil was sourced from 
Veda Oil Pvt. Ltd., Haryana, India. Additionally, sucrose (analytical 
grade) from HiMedia Laboratories Pvt. Ltd., Maharashtra, and citric 
acid (analytical grade) from Thermo Fisher Scientific India Pvt. Ltd., 
Maharashtra, were used in the formulations. Distilled water 
prepared in the laboratory served as the aqueous phase throughout 
the study.  

Construction of pseudo-ternary phase diagram 

The self-emulsifying area was determined by the construction of a 
pseudo-ternary phase diagram for a surfactant and co-surfactant 
mixture combination was constructed at 1:1 and 1:2 ratios [17, 18]. 
(Smix) (b), oil (a), and water (c) using Smix ratios from 9:1 to 1:9 using 
Chemix School software. The microemulsion zone was identified for 
each ratio from the pseudo-ternary phase diagram [19, 20].  

Preparation and optimisation of NIFD SMEDDS using BBD 

Optimisation of the SMEDDS was performed by employing a BBD 
with 13 experimental runs, FS1 to FS13, to assess the effect of 
formulation ingredients on key quality attributes [21]. Independent 
variables chosen were castor oil (A), Tween 80 (B), and Span 80 (C), 
each of which was investigated at three levels of concentration [22]. 
Castor oil was selected as the lipid phase owing to its superior 
nifedipine solubility, chemical stability, and regulatory acceptance 
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compared to medium-chain triglycerides (MCT), making it ideal for 
oral formulations. Tween 80 and Span 80 were employed as a 
surfactant–co-surfactant pair to achieve an optimal HLB (10–12), 
which promotes the formation of stable o/w microemulsions with 
long-chain triglycerides like castor oil. This combination has been 
previously reported to produce stable SMEDDS with nanosized 
droplets and improved solubility and bioavailability for poorly 
soluble drugs in oral delivery systems [23]. The key responses that 
were assessed were Droplet size (nm) (Y1) to determine the 
emulsification efficiency, and transmittance (%) (Y2), to find the 
stability and transparency of the SMEDDS. The impact of variables 
and how they interact with output variables has been analyzed using 
analysis of variance (ANOVA), and their relationship was studied 
using polynomial equations and represented as contour and 
response surface plots [24]. Finally, using the desirability function, 
optimized variables (FS14, FS15, and FS16) were determined to 
produce the SMEDDS with minimum droplet size and maximum 

transmittance. The SMEDDS formulation was developed by mixing 
(A), (B), and (C) to form a stable emulsion, followed by adding NIFD, 
sucrose, and citric acid [25–27]. Because NIFD is highly sensitive to 
light, all experiments were carried out in a darkened room [28, 29].  

Integration optimized SMEDDS into MDFs 

PVP and HPMC were dissolved in distilled water while being 
constantly stirred to create a polymer solution with PEG-400. The 
prepared SMEDDS was then gradually added to the polymer solution 
with continuous stirring to achieve a homogenous mixture [30, 31]. 
After being transferred to a Petri dish, this mixture was dried in a 
tray dryer. After drying, the film was carefully removed and cut into 
2 × 2 cm2 size and stored for further evaluation. Optimized three 
formulations (FS14-FS16) were integrated with MDFs (F1-F3), and 
one pure NIFD MDF (F4) was prepared and evaluated [32, 33]. The 
process of preparation of SMEDDS integrated MDF is shown in fig. 1. 

 

 

Fig. 1: Schematic illustration of the preparation of NIFD-loaded SMEDDS and their integration into MDFs 

 

Evaluation of SMEDDS 

Solubility 

The solubility of pure NIFD and NIFD-loaded SMEDDS (FS14, FS15, 
and FS16) was determined in water using the shake flask method 
[34–36].  

Droplet size, PDI, and Zeta potential 

The droplet size, PDI, and Zeta potential of formulated SMEDDS, FS1-
FS16, were measured using a Malvern Zetasizer [37–40] 

Transmittance 

The clarity of the SMEDDS formulation FS1-FS16 was assessed by 
measuring % transmittance using a UV-visible spectrophotometer at 
650 nm [41–43].  

Cloud point 

Cloud point of SMEDDS Optimized formulation (FS14, FS15, and 
FS16) was measured to assess its thermal stability and phase 

behaviour after dilution. The formulation was diluted in distilled 
water (1:100) and was kept in a sealed glass vial. The sample was 
heated slowly in a temperature-controlled water bath under 
constant stirring. The temperature at which the clear solution 
became turbid (cloudy) was noted visually as the cloud point 
temperature [44, 45]. 

Dispersibility 

Dispersibility of SMEDDS Optimized formulation (FS14, FS15, and 
FS16) was assessed by pouring 1 ml of the formulation into 500 ml 
of phosphate buffer pH 6.8 at 37±0.5  °C under gentle agitation at 50 
rpm in a USP dissolution apparatus II. Emulsification time and type 
of emulsion produced were visually monitored and graded [46, 47]. 
The grade and observation are given in table 1. 

Surface morphology studies of SMEDDS using SEM 

Scanning Electron Microscopy (SEM) is employed to analyze the 
surface morphology of the F1 and F4 at specified magnifications 
[48, 49]. 

 

Table 1: Qualitative grading system for evaluating dispersibility and emulsification behaviour of optimised SMEDDS formulations 

S. No. Grade Observation Time 
1.  A Transparent or bluish appearance Rapid formation (Less than 1 min) 
2.  B Less transparent, bluish-white appearance Rapidly forming (Less than 1 min) 
3.  C Fine white milkish avant-garde Emulsion Within 2 min 
4.  D Greyish white Emulsion Slow emulsification process 
5.  E Large globules of oil are visible on the surface. Slow emulsification process 

 

FT-IR spectral analysis of SMEDDS 

The SMEDDS-MDF induced due to polymer interactions was 
captured using the Bruker Alpha II FTIR spectrophotometer. 
Samples were scanned at 500–4000 cm-1 [50–52]. 

Evaluation of SMEDDS integrated MDFs (F1-F3) and plain NIFD 
film (F4) 

pH 

The pH of the surface MDF formulation F1-F4 was measured with a 
calibrated digital pH meter [53, 54].  

Weight variation 

Four films F1-F4 of the same size (usually 2×2 cm2) were cut from 
different areas of the casted film. Each film was measured separately 
with an analytical balance to determine the weight difference [55, 56]. 

Thickness  

A digital vernier calliper can be utilised to measure thickness at 
multiple points on the MDF F1-F4. Ensuring uniform thickness is 
critical, as it directly impacts the dosage accuracy of the MDF strips 
[57, 58]. 
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Folding endurance 

Folding endurance of F1-F4 is found by folding the strip in the same 
spot over and over until it breaks. The quantity of folds that the MDF 
can withstand without showing signs of cracking is used to calculate 
the folding endurance value [59, 60]. 

Tensile strength 

Tensile strength (TS) of F1-F4 was determined on a texture analyser. 
A film strip (usually 2×5 cm2) was held between two jaws and 
pulled at a constant rate until it fractured [61,62]. The formula was 
used to calculate the TS:  

TS =  Force at break (N)
Cross−sectional area of the �ilm (mm)

 …. (1) 

Percentage elongation 

The lengthening of a film before breaking was recorded during the 
tensile strength test. The Percentage Elongation for F1-F4 was 
assessed [63, 64]. Percentage elongation was calculated as:  

% elongation =  Increase in length
original length

× 100 …. (2) 

Disintegration time 

In a petri dish, 10 ml of simulated saliva fluid (pH 6.8) was added to 
a film strip (2 x 2 cm2), which was kept at 37±0.5 °C. The 
disintegration time was defined as the amount of time it took for the 
film to fully dissolve [65, 66]. The Disintegration time of F1-F4 was 
measured. 

Content uniformity 

Three uniform-sized samples of film F1-F4 were cut from varying 
regions of the film. One sample from each region was dissolved in an 
appropriate solvent, sonicated, filtered, and a UV Spectrophotometer 
was utilized to analyze each sample at 240 nm. Comparisons of each 
sample's drug content were made to determine uniformity [67, 68]. 

Drug content 

A known 2×2 cm2 area of the film F1-F4 was dissolved in 10 ml of a 
suitable solvent. After filtering the solution, the drug concentration 
was measured using spectrophotometry at 240 nm. A percentage of 
the theoretical drug loading was used to represent the drug content 
[69, 70]. 

In vitro drug release studies of MDFs (F1-F4) 

The drug release of SMEDDS integrated MDF (F1-F3) and pure NIFD 
loaded film (F4) was analysed by using Franz diffusion cells with 12 
ml capacity receptor chambers to evaluate the release profiles of API 
from SMEDDS-MDF and assess the influence of self-
microemulsifying properties on drug diffusion. The literature 
suggested the use of Franz diffusion cells for in vitro drug release 
testing from MDFs, because the films rapidly hydrate and fragment 
under paddle agitation in the USP II dissolution apparatus, making it 
unsuitable for studying formulation-controlled release. The Franz 
cell maintains a fixed diffusion area, prevents film breakup, and 

better represents early buccal diffusion behaviour. A cellulose 
acetate membrane was employed as an inert barrier to maintain film 
structure, and sink conditions were maintained through medium 
replacement. A pH 6.8 PB solution was added to the chambers while 
stirring magnetically, and MDF fragments (2×2 cm2) were placed in 
the donor chambers. The collected samples were diluted and 
examined using a UV spectrophotometer at 240 nm [71–73].  

The in vitro drug release profiles obtained for each MDF formulation 
were analyzed using the following kinetics,  

1. Zero-order kinetic model [Cumulative % drug released versus 
time]  

2. First-order kinetic model [Log cumulative % drug remaining 
versus time]  

3. Higuchi plot [Cumulative % drug release versus square root of 
time]  

4. Koresmeyer-Peppas model [Log cumulative % drug release versus 
log T]  

Drug release study of SMEDDS integrated films and pure NIFD 
film 

An in vitro drug release study was performed between the SMEDDS-
integrated film (F1) and the pure nifedipine film (F4) using the same 
Franz diffusion cell setup described earlier. Both films, equivalent to 
10 mg of nifedipine, were tested under identical conditions to 
evaluate differences in their drug release behaviour. Samples were 
collected at predetermined intervals and analysed 
spectrophotometrically at 240 nm, and the release profiles of the 
two formulations [74].  

RESULTS AND DISCUSSION 

Construction of pseudo-ternary phase diagram 

To ascertain the extent of microemulsion regions at room 
temperature, pseudo-ternary phase diagrams were constructed by 
using the water titration method. The formulations were diluted 
with filtered water and analyzed to identify the optimal Smix and oil 
ratio within the SMEDDS formulation. The pseudo-ternary phase 
diagrams were constructed to identify the self-microemulsifying 
region within the oil-Smix-water system. Each vertex represents 
100% of one component, with gridlines showing 10% intervals. The 
Smix 1:2 (Tween 80: Span 80) system exhibited a broader and more 
stable microemulsion region (≈42–70%) than Smix 1:1 (≈30–55%), 
indicating superior emulsification due to higher co-surfactant 
content. Therefore, Smix 1:2 was selected for further optimisation 
using the Box–Behnken Design, with the composition range defined 
from the ternary diagram forming the basis for DoE formulation 
studies. The shaded area in the pseudo-ternary diagram illustrates 
the microemulsion region in which oil-in-water (o/w) self-
microemulsification occurs (fig. 2). The emulsification efficiency 
increased with the size of the microemulsion region, with larger 
regions resulting in greater efficiency; the boundaries in the fig. 
were selected based on weight ratios of oil-water-Smix [75]. 

  

 

Fig. 2: Pseudo-ternary phase diagram representing the microemulsion region for various ratios of oil, water, surfactant, and co-surfactant 
(Smix) 1:1 and 1:2 



D. R. et al. 
Int J App Pharm, Vol 18, Issue 2, 2026, 49-59 

52 

Optimisation of SMEDDS formulation using BBD 

The study involved a thorough evaluation of all dependent variables 
and conducted both numerical and graphical optimizations. The 
numerical optimization aimed to maximize the dependent variables 
while maintaining the independent variables within a specified 
range. The lower and upper limits of the independent variables were 
established, while the dependent variables' upper and lower bounds 
were determined from the responses [76].  

The design proposed 13 possible runs based on the combinations of 
input variables. After conducting all the experimental runs and 
inputting the corresponding responses into the design software, an 
analysis was performed, resulting in the optimized formulation 
design. All 13 experiments were carried out according to the 
specified procedure, and the resulting data were recorded and 
entered into the design for further analysis. The DoE-generated 
design is given in table 2. 

 

Table 2: Formulation composition of NIFD-SMEDDS formulation factors, FS1-FS13 runs, and corresponding responses, droplet size, and 
transmittance 

Formulation 
code 

Std Run Independent variables Dependent variables 
Factor 1 
A: Castor oil (mg) 

Factor 2 
B: Tween 80 (mg) 

Factor 3 
C: Span 80 (mg) 

Response 1 (Y1) 
Droplet size (nm) 

Response 2 (Y2) 
Transmittance (%) 

FS1 10 1 32.9 347.8 23.5 210 97.8 
FS2 1 2 108.1 347.8 23.5 265 87.9 
FS3 4 3 132.9 441.8 23.5 267 98.9 
FS4 7 4 108.1 441.8 23.5 286 97.8 
FS5 2 5 32.9 394.8 9.4 198 94.3 
FS6 6 6 108.1 394.8 9.4 278 86.7 
FS7 8 7 32.9 394.8 37.6 199 99.7 
FS8 13 8 108.1 394.8 37.6 276 97.2 
FS9 9 9 70.5 347.8 9.4 223 82.3 
FS10 11 10 70.5 441.8 9.4 233 87.6 
FS11 5 11 70.5 347.8 37.6 243 85.3 
FS12 12 12 70.5 441.8 37.6 254 96.3 
FS13 3 13 70.5 394.8 23.5 221 91.3 

 

The response (Y1) 

BBD generally employs a quadratic model to capture curvature and 
interaction effects. Statistical analysis of the droplet size data 
indicated that none of the quadratic (A², B², C²) or interaction (AB, 
AC, BC) terms were significant (p>0.05) based on ANOVA. Therefore, 
a reduced linear model was adopted as the best fit for droplet size. 
The simplified regression equation obtained was:  

Droplet size (nm) (Y1) =+236.99+31.94 (A)+1.87 (B)+5.32 (C) 

The model exhibited good correlation (R² = 0.855, F = 17.89, p = 
0.0004), confirming its adequacy. Among the factors, castor oil 
concentration (A) had the most significant effect (p<0.0001), 
indicating that increasing oil proportion led to a proportional rise in 
droplet size, whereas Tween 80 (B) and Span 80 (C) exerted minor 
influences. The impact of A, B, and C on Y₁ had been represented on 
a 3D response surface plot in fig. 3 (A) and table 3. 

The response (Y2) 

For the response variable % transmittance (Y₂), an initial quadratic 
model including all main, interaction, and squared terms (A, B, C, AB, 
AC, BC, A², B², C²) was fitted. Based on ANOVA, the interaction terms 
(AB, AC, BC) and the quadratic terms B² and C² were found to be 
statistically nonsignificant (p>0.05) and were therefore excluded 
from the final model. The reduced quadratic equation obtained after 
model refinement was:  

Transmittance (%) (Y2) =+89.66-3.34A+3.43B+3.67C+5.25A2 

The model exhibited good overall fit (F = 11.76, p = 0.0020; R² = 
0.856), confirming its adequacy for predicting optical clarity. The 
positive coefficients of Tween 80 (B) and Span 80 (C) indicate that 
increasing surfactant and co-surfactant levels improved transmittance, 
whereas higher oil concentration (A) slightly decreased it. The 
significant positive A² term suggests a mild curvature effect for oil 
concentration on transmittance, reflecting a balance between 
emulsification efficiency and droplet size. The impact of A, B, and C on 
Y2 was represented on a 3D response surface plot in fig. 3(B). The 
ANOVA results of the design are given in table 3. 

DoE optimized formulation 

Three optimized SMEDDS formulations, FS14, FS15, and FS16, were 
prepared to obtain the minimum droplet size and maximum 

transmittance. The optimum levels of independent variables (A), (B), 
and (C) were obtained from desirability function analysis. The 
optimized three formulations had droplet sizes<210 nm and 
transmittance (>93%), which indicated that emulsification and 
stability in these emulsions were good. The close correlations of the 
actual and predicted values proved the accuracy of the model used 
for optimization. Overlay plots are given in fig. 4. The outcomes 
support the effective use of the BBD employed in formulating an 
effective SMEDDS system for NIFD. The optimized formulations 
were obtained by keeping the span 80 at the lowest quantity. Good 
correlation between actual and predicted values by design to the 
chosen responses, droplet size (Y1), and transmittance (Y2) in 
optimized SMEDDS formulations (FS14–FS16) indicates the best 
fitting of the chosen design for the optimization. Results are given in 
table 4. 

Characterization of SMEDDS 

Droplet size, PDI, Zeta potential, cloud point, and dispersibility 
of optimised SMEDDS 

Recent advancements in SMEDDS have demonstrated promising 
strategies for enhancing the solubility of BCS Class II drugs such as 
NIFD. For example, Bindhani et al. (2020) formulated NIFD-loaded 
SMEDDS, achieving improved solubility but with no integration into 
fast-dissolving dosage forms. Similarly, Jannin et al. (2015) focused 
on lipid-based formulations but did not address patient compliance 
aspects such as portability and ease of use. Droplet size ranges from 
198-286 nm (optimized batches show 196±5-201±𝟑 nm). The 
Droplet size of FS14 is given in fig. 5. The optimized SMEDDS 
showed PDI values of 0.534–0.608, indicating a relatively 
polydisperse system compared to the ideal PDI ≤ 0.3 for stable 
nanoemulsions. Such a broad size distribution suggests possible 
droplet coalescence or phase instability, which may affect 
reproducibility and absorption consistency. Future optimization 
should aim to reduce PDI for improved uniformity and stability. The 
zeta potential values (-15 to-21 mV) indicate moderate electrostatic 
stabilization; however, the presence of non-ionic surfactants (Tween 
80 and Span 80) provides additional steric stabilization, contributing 
to overall system stability. No visible creaming or phase separation 
was observed over three months. The cloud points (65-75 °C) 
confirm thermal stability, ensuring that storage at room 
temperature or use at 37 °C remains safely below the surfactant 
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dehydration threshold. The zeta potential of FS14 is given in fig. 6. 
Cloud point values between 65±2 and 75±2 °C ensured the thermal 
stability of SMEDDS at physiological conditions. Dispersibility 

studies showed fast emulsification with Grade A and B ratings, 
ensuring effective self-emulsification behaviour [77]. The solubility 
ranges from 15.2±2-71.5±2 µg/ml. Results are given in table 5. 

  

Table 3: Summary of ANOVA study showing the significant effect of chosen factors of formulation on droplet size (Y1) – linear model and 
transmittance (Y2) – Quadratic model 

Response (Y1) Droplet size (nm)  
Source Sum of squares df Mean square F-value p-value Source 
Model (linear)  9741.96 3 3247.32 17.89 0.0004 significant 
A-oil 8316.84 1 8316.84 45.83 <0.0001  
B-surfactant 25.23 1 25.23 0.1390 0.7179  
C-co-surfactant 200.00 1 200.00 1.10 0.3212  
Residual 1633.27 9 181.47    
Cor Total 11375.23 12     
Response (Y2) Transmittance (%) 
Source Sum of squares df Mean square F-value p-value  
Model (quadratic) 363.12 4 90.78 11.76 0.0020 significant 
A-oil 78.53 1 78.53 10.18 0.0128  
B-surfactant 84.01 1 84.01 10.89 0.0109  
C-co-surfactant 95.22 1 95.22 12.34 0.0079  
A² 153.56 1 153.56 19.90 0.0021  
Residual 61.73 8 7.72    
Cor Total 424.85 12     

 

 

Fig. 3: 3D response surface plots illustrating the effect of oil and surfactant concentration on droplet size (nm) (A) and transmittance (%) 
(B) of SMEDDS formulations 

 

 

Fig. 4: Overlay plot illustrating the optimized region for SMEDDS formulation based on droplet size (nm) and transmittance (%), 
highlighting the influence of oil and surfactant concentrations 
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Table 4: Actual versus predicted values of responses, droplet size (Y1), and transmittance (Y2) in optimized SMEDDS formulations (FS14–
FS16) 

Optimized 
batch 

Independent variable Dependent variable 
A (mg) B (mg) C (mg) Actual values (Mean±sd)* Predicted values 

Y1 droplet size 
(nm) 

Y2 transmittance 
(%) 

Y1 droplet size 
(nm) 

Y2 transmittance 
(%) 

FS14 39.24 415.82 9.4 198±4 90±0.3 205.86 94.04 
FS15 38.69 430.09 9.4 196±5 92±0.4 205.96 95.26 
FS16 41.07 436.18 9.4 201±3 89±0.5 208.20 94.95 

Results are expressed in mean±sd*(n = 3). 

 

 

Fig. 5: Droplet size distribution of optimised SMEDDS formulation FS14, indicating nanoscale droplet size 

 

 

Fig. 6: The zeta potential of the optimized SMEDDS formulation FS14 confirmed its colloidal stability 

 

Table 5: Physicochemical properties, PDI, Zeta potential, Cloud point temperature, Dispersibility grade, and solubility of FS14–FS16 
(optimised SMEDDS) and pure NIFD drug 

Formulation PDI 
(Mean±sd)* 

Zeta potential 
(mV) (Mean±sd)* 

Cloud point 
(c)(Mean±sd)* 

Dispersibility Solubility (µg/ml) 
(Mean±sd)* Time (s) (Mean±sd)* Grade 

FS14 0.534±0.01 -20.27±2.5 75±2 20±2 A 71.5±2 
FS15 0.566±0.03 -17.86±1.7 68±3 50±3 B 67.8±3 
FS16 0.608±0.02 -15.66±1.2 65±2 75±2 B 58.6±2 
Pure NIFD. - - - - 20.2±2 

Results are expressed in mean±sd (n = 3). 
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Surface morphology analysis of pure NIFD integrated MDF (F4) 
with SMEDDS integrated MDF (F1)  

SEM images of Plain film F4 (NIFD loaded MDF) (A) and F1(NIFD-
SMEDDS integrated MDF) (B) are given in fig. 7. This morphological 
change, crucial for enhancing solubility and dissolution, aligns with 
findings from Sharma et al. (2012), who emphasised surface 

morphology’s role in drug release kinetics in solidified SMEDDS and 
integrated MDF revealed the presence of SMEDDS droplets without any 
signs of drug crystallisation, and film containing pure NIFD is a plain with 
a smooth surface. At the magnification used, the SMEDDS-loaded films 
(F1) exhibited a more heterogeneous and uneven surface texture 
compared to the smooth morphology of the pure NIFD-loaded film (F4), 
suggesting dispersion of the lipidic phase within the polymer matrix. 

  

 

Fig. 7: SEM images illustrating the surface morphology of (A) plain film, F4, and (B) SMEDDS-embedded MDF, F1, emphasizing the 
modifications resulting from SMEDDS incorporation 

 

Fourier transform infrared (FT-IR) spectroscopy. 

The spectra of individual components, the SMEDDS mixture, and the 
final formulation were compared to detect any potential interactions or 
structural modifications. The pure NIFD spectrum exhibited 
characteristic peaks at 1116 cm⁻¹ (C-O stretching), 1353 cm⁻¹ (N-O 
stretching), 1531 cm⁻¹ (C=C stretching), and 1702 cm⁻¹ (C=O stretching), 
confirming the presence of its functional groups. The excipients, 
including PVP, HPMC, PEG, castor oil, Span 20, and Tween 80, displayed 
their characteristic peaks, such as 1650 cm⁻¹ for PVP (C=O stretching), 
1050 cm⁻¹ for HPMC (C-O stretching), and 1735 cm⁻¹ for castor oil (C=O 
stretching). The SMEDDS mixture showed minor peak shifts and 

broadening, indicating physical interactions but no significant chemical 
modifications. In the final formulation, the retention of NIFD’s key peaks, 
particularly 1702 cm⁻¹ (C=O stretching), suggests that the drug 
remained intact. The presence of broad peaks around 3400–3421 cm⁻¹ 
(O-H stretching) suggests hydrogen bonding between the polymer and 
excipients, potentially enhancing drug stability and solubility. Overall, 
the FTIR analysis confirms that there are no significant chemical 
interactions, ensuring the stability and compatibility of the SMEDDS-
based film for pharmaceutical applications [78–80]. The FTIR spectra are 
given in fig. 8. This is consistent with reports by Ghosh et al. (2011) and 
Lou et al. (2023), who used FTIR to confirm molecular-level 
compatibility in similar systems. 

 

 

Fig. 8: FTIR spectra comparing pure NIFD, individual excipients, SMEDDS mixture, and final MDF formulation to assess compatibility 

 

Evaluation of optimized SMEDDS integrated MDF 

The F1-F4 with optimized formulation had appropriate physicochemical 
and mechanical characteristics. The pH ranged from 5.41±0.06 to 
6.85±0.03, reflecting compatibility with the oral mucosa. Weight 
variation was low, ranging from 98.4±1.2 to 102.1±0.9 mg, and thus 
maintaining uniformity in dosage. The thickness of the film ranged from 
0.11±0.005 to 0.15±0.004 mm, reflecting uniformity in casting. Folding 
endurance was between 21±2 and 54±4 folds, which showed good 

elasticity and resistance to rupture. Mechanical strength tests indicated 
tensile strength values of between 4.8±0.2 to 5.2±0.3 N/mm², and 
percentage elongation of between 13.9±0.6 to 15.2±0.4 %, showing the 
films were elastic but strong. Disintegration time was fast, ranging from 
48±2 to 60±2 sec, suitable for rapid onset of action in buccal delivery [81, 
82]. Uniformity of content was uniform across all samples between 
80.5±0.5 % w/w and 99.2±0.4 % w/w, and drug content varied between 
87.04±1.0 % w/w and 95.08±0.6 % w/w, validating successful drug 
loading and homogeneity. Results are given in table 6. 
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Table 6: Evaluation of physicochemical properties, content uniformity, and disintegration time of SMEDDS-loaded MDFs (F1–F3) and pure 
NIFD-loaded MDF (F4) 

S. No. Parameter F1 (Mean±sd)* F2 (Mean±sd)* F3 (Mean±sd)* F4 (Mean±sd)* 
1.  pH 6.10±0.05 6.08±0.04 5.41±0.06 6.85±0.03 
2.  Weight Variation (mg) 98.4±1.2 102.1±0.9 100.6±1.4 99.2±1.1 
3.  Thickness (mm) 0.12±0.05 0.15±0.004 0.13±0.006 0.11±0.005 
4.  Folding Endurance (folds) 54±4 43±3 48±5 21±2 
5.  Tensile Strength (N/mm²) 4.8±0.2 5.2±0.3 4.9±0.2 5.1±0.3 
6.  % Elongation 14.5±0.5 15.2±0.4 13.9±0.6 14.8±0.3 
7.  Disintegration Time (sec) 48±2 52±3 54±2 60±2 
8.  Content Uniformity (%) w/w 98.7±0.6 99.2±0.4 97.9±0.7 80.5±0.5 
9.  Drug Content (%) w/w 95.08±0.6 92.86±0.8 90.30±0.5 87.04±1.0 

Results are expressed in mean±sd (n = 3). 

 

Drug release and kinetic studies 

F1 demonstrated a superior release profile compared to the other 
formulations. Hence, F1 can be considered the most optimal among 
the four formulations tested. The drug release profiles of F1-F4 are 
given in fig. 9. The in vitro release kinetics of NIFD-SMEDDS-loaded 
mouth dissolving film were evaluated using various mathematical 

models, including Zero Order, First Order, Higuchi, and Korsmeyer-
Peppas [83]. It shows greater correlation for first-order (R² ≈ 0.979) 
and Higuchi kinetic (R² ≈ 0.988) models, since nifedipine is 
solubilized within SMEDDS droplets embedded in a rapidly 
dissolving polymer matrix, the drug release is more likely governed 
by film hydration, matrix erosion, and diffusion of solubilized drug, 
table 7 describes the release kinetics. 

 

 

Fig. 9: Comparative in vitro drug release profiles of NIFD from SMEDDS-MDFs (F1–F3), plain NIFD-MDF (F4), highlighting enhanced drug 
diffusion from the SMEDDS integrated MDF formulations 

 

Table 7: Regression coefficients (R²) of in vitro drug release profiles of SMEDDS integrated MDF (F1) using different kinetic models 

Release kinetic model Formulation-F1 (R2) 
Zero Order 0.9561 
First Order 0.9789 
Higuchi 0.9875 
Kors Meyer – Peppa’s 0.9067 

 

NIFD release from pure NIFD MDFs and NIFD-SMEDDS 
integrated MDFs 

The dissolution profiles clearly demonstrated that formulation F1 
(SMEDDS-loaded MDF) exhibited a markedly faster and more 
complete drug release than F4 (pure nifedipine film). Within the first 
10 min, F1 achieved more than 70% cumulative drug release, 
whereas F4 released less than 40% in the same period. Complete 
drug release from F1 occurred within 45 min, while F4 reached only 
about 65-70% by the end of the study. This increased drug release 
can be attributed to the pre-solubilised state of nifedipine within the 
SMEDDS droplets and the rapid hydration and erosion of the 
polymeric film, which together promote efficient drug diffusion into 
the dissolution medium. In contrast, the pure drug film exhibited 
slower dissolution due to nifedipine’s poor aqueous solubility and 
limited wetting. Thus, the SMEDDS-integrated film significantly 
improved the drug release, confirming the formulation’s superior 
dissolution performance. 

CONCLUSION 

The current research successfully developed and optimized NIFD-
loaded SMEDDS to develop MDF through BBD. The best SMEDDS 
formulation was acceptable with respect to droplet size, 
transmittance, zeta potential, and dispersibility. Such features 
indicate satisfactory emulsification and stability. The SMEDDS-
integrated MDFs have acceptable physico-mechanical properties, 
including consistent weight and thickness, high folding endurance, 
tensile strength, and shorter disintegration time. Characterisation 
using FTIR and SEM confirmed the compatibility of excipients and 
the uniform dispersion of SMEDDS in the MDF. The in vitro drug 
diffusion studies revealed that SMEDDS-integrated MDF showed 
increased drug diffusion profiles, and the release profiles were best 
fitted to the Higuchi and the First-order model. Therefore, this study 
provides evidence that SMEDDS-MDFs could be a patient-friendly 
alternative to enhance the oral bioavailability of BCS-III drugs such 
as NIFD. Although the present investigation did not include stability 
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testing of the final films, such evaluation will be conducted in future 
studies to confirm the storage stability, mechanical robustness, and 
shelf-life of the optimized formulation.  
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