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ABSTRACT
Objectives: Fenoprofen Calcium (FEN) has short elimination half-life, frequent dosage 
administration and numerous gastrointestinal side effects on oral administration. The primary 
objective of this research was to synthesize optimized FEN-loaded Nanostructured Lipid 
Carriers (FEN-NLCs) using Box-Behnken design and develop its hydrogel with enhanced 
dissolution in conjunction with sustained drug release. Materials and Methods: FEN-NLCs were 
synthesized by solvent evaporation technique using Compritol 888 and oleic acid, optimised 
by Box-Behnken design and characterized by FTIR and HR-TEM. The FEN-NLC-hydrogel was 
evaluated for physicochemical characteristics and in vitro drug release study. Results: The 
desirability function of optimal formulation was found 0.874 with predicted values of 92.89 
%w/w entrapment efficiency, 136.19 µg/cm2/hour flux and 72.98%w/w yield. FEN-NLC-hydrogel 
was developed which illustrated pseudo-plastic flow behavior. FEN-hydrogel, PM-hydrogel 
and Fen-NLC-hydrogel exhibited cumulative drug release of 19.5%, 20.79% and 30.42% within 
4 hr; 44.57%, 47.37% and 79.86% within 8 hr while 45.6%, 47.81% and 93.34% in 24 hr which 
revealed 2-folds enhancement in drug dissolution. This indicated poor in vitro drug release from 
plain drug-hydrogel with negligible increase in drug release after 8 hr. While Fen-NLC-hydrogel 
showed sustained increase in drug release till 24 hr. The n-value for peppas model was 0.8676 
which showed anomalous phenomenon and sustained drug release from FEN-NLCs. Conclusion: 
The current research conclusively manifested that Fenoprofen Calcium loaded nanostructured 
lipid carriers-based hydrogel holds great prospective for providing sustained drug release.

Keywords: Fenoprofen Calcium, Box-Behnken design, Nanostructured lipid carriers, Sustained 
drug release.

INTRODUCTION

Fenoprofen Calcium (FEN) is NSAID that is used to relieve 
discomfort, inflammation, and stiffness related with rheumatoid 
and osteoarthritis arthritis. However, its oral administration 
is often avoided owing to risk of serious gastrointestinal side 
effects including irritation, ulceration and gastric bleeding.1 
Its elimination half-life is 3 hr and therefore, regular doses are 
required to maintain an anti-inflammatory and analgesic effect.2-4 
The topical drug delivery has been considered to be safest, highly 
suitable, and cost-effective route of administration with superior 
patient compliance.5,6 Moreover, NLCs are biocompatible with 

biological surface.7-10 Moreover, on topical application of NLCs, 
solid and liquid lipids form a film that has occlusive qualities, 
effectively maintaining moisture in the skin for longer.11 Topical 
NSAIDs tend to accumulate higher drug levels at inflamed site and 
do not require professional supervision for administration.12-15 
Therefore, manufacturing of FEN loaded Nanostructured Lipid 
Carriers (NLCs) and its incorporation into topical hydrogel 
could be advantageous for avoiding systemic adverse effects of 
Fenoprofen Calcium.

Compritol 888 ATO plays key role as solid lipid in NLCs 
manufacturing because of its capacity to encapsulate both 
hydrophilic and lipophilic drugs. Oleic acid is liquid lipid and 
its integration with solid lipid have potential to enhance loading 
via formation of imperfection in lipid lattice.16 The primary 
objective of this research was to synthesize FEN-NLCs by solvent 
evaporation method using Compritol-888 and oleic acid and 
development of hydrogel of optimized NLC batch for achieving 
sustained drug release.
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MATERIALS AND METHODS

Materials
Fenoprofen Calcium was acquired from Suven Pharmaceuticals, 
Telangana, India. Compritol 888 and oleic acid were obtained 
from Sigma Aldrich. Analytical grade compounds were used for 
other investigations.

Experimental design
In this research, seventeen batches of NLCs were synthesized in 
accordance with BBD using combination of three factors at three 
levels and design analysis was executed to develop polynomial 
equation with the help of the Design-Expert software (Table 1). 
The design study was utilised to create polynomial equations 
between response parameter i.e. Y1 (entrapment efficiency, % 
w/w), Y2 (flux, µg/cm2/hour) and Y3 (yield, % w/w) and factors 
(X1-X3) as well as for optimising the formulation.17-19

Fabrication of FEN-NLCs
FEN-NLCs were developed using solvent evaporation method 
with slight modifications.20-22 The drug and solid lipid were 
dissolved in dichloromethane while the liquid lipid was dissolved 
in acetone. These dispersions were blended to produce organic 
phase which was dropwise added to aqueous phase comprised 
of tween 80 and Brij 30 with continuous stirring at 70oC 
temperature for 4 hr in order to achieve solvent evaporation 
which resulted in production of semi-transparent nanoemulsion. 
This nanoemulsion was submerged into cold water/ice bath 
container for 2 hr to induce solidification of liquid globules 
as NLCs followed by freeze-drying for 24 hr in the presence 
lyoprotectants to increase the stability of NLCs. The differences 
in batches were managed by varying X1 (solid lipid: liquid lipid), 
X2 (stirring speed (rpm) and X3 (emulsifier concentration (% v/v) 
at three different levels, i.e., (75:25, 80:20, and 85:15), (1500, 2000, 
and 2500 rpm), and (1.5, 2, and 2.5 %v/v) as mentioned in Table 
1. The other processing variables were kept constant to maintain 
consistency between batches.

Determination of Response Parameters
NLCs weighing 50 mg was extracted for 24 hr  in phosphate 
buffer, pH 6.8 (PB, pH 6.8), centrifuged and estimated for FEN 
using UV-visible spectrophotometer at lambda max of 270 nm 
(n=3).23 Percentage entrapment efficiency of FEN-NLCs was 
calculated using Eq. 1. The permeation study was executed in 
PB, pH 6.8 using Franz diffusion cell as described previously and 
steady state flux was calculated using Eq. 2.20,24-28 The amount of 
dried FEN-NLCs was collected after synthesis of FEN-NLCs and 
precisely weighed.29 Subsequently, percentage yield was calculated 
using Eq. 3.

Optimization and Check Point Analysis of FEN-NLCs

An additional batch of FEN-NLCs explored by Design-Expert 
was manufactured utilizing optimized values of independent 
and dependent variables to validate optimization strategy. The 
response variables (Y1-Y3) for synthesized optimized FEN-NLCs 
were estimated and bias was calculated using Eq. 4 for validating 
the optimization strategy. The value of bias should be less than 5% 
for establishment of validation of optimization strategy.30-32

Fourier Transforms Infrared Spectroscopy (FTIR) and 
High-Resolution Transmission Electron Microscope 
(HRTEM)

The samples of FEN, compritol 888 ATO, oleic acid, physical 
mixture and optimized FEN-NLCs were analysed for spectra by 
KBr method using FTIR spectrophotometer. HRTEM images 
of optimized FEN-NLCs were captured using Hitachi H-7500, 
Japan to observe the surface characteristics and shape of NLCs.

Incorporation of Optimized FEN-NLC into Hydrogel 
Dosage Form

Hydrogel was prepared by addition of few drops of triethanolamine 
to 1% w/v Carbopol 934 dispersion.33 Optimized FEN-NLC (6.6% 
w/w) was incorporated into Carbopol dispersion. The addition 
of triethanolamine causes induction of hydrogel formation in 
Carbopol dispersion to obtain FEN-NLC-hydrogel.

Physical Characterization of Optimized FEN-NLC-
Loaded Hydrogel

FEN-NLC-Hydrogel was examined for texture and homogeneity 
to confirm homogeneous characteristics.34 Spreadability was 
determined by previously described procedure and was estimated 
from Eq. 5.35,36

Spreadability=(Mass in Grams×length of glass slide)/Time in 
seconds ​ Eq. (5)

FEN-NLC-Hydrogel was examined for rheological behavior 
using Brookfield viscometer with S-64 spindle at different 
shear rates.37 In order to evaluate thermodynamic stability of 
FEN-NLC-Hydrogel, two types of stress tests were conducted 
and then examined for phase separation. In centrifuge stress test, 
FEN-NLC-Hydrogel was centrifuged at 6,000 rpm for 30 min. 
Freeze-thaw cycle stress test comprised of three cycles of 24 hr 
at 45ºC followed by 24 hr at -5ºC.38 For determination of drug 
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content, approximately one gram of FEN-NLC-Hydrogel was 
dispersed in PB, pH 6.8 and assessed spectroscopically at 270 
nm.39

In vitro Drug Release Profile and Kinetics of 
Optimized FEN-NLC-Loaded Hydrogel

The drug release from optimized FEN-NLC-loaded hydrogel 
was performed using Franz diffusion cell. A dialysis membrane 
with a surface area of 2.54 cm² was positioned between the 
compartments of a Franz diffusion cell. A magnetic stirrer agitated 
20 mL of pH 6.8 phosphate buffer in the acceptor compartment to 
prevent static surfaces and the temperature of the Franz diffusion 
cell chamber was controlled at 37±0.5ºC. Approximately 0.5 mL 
of samples was collected and replenished with equal volume to 
maintain sink condition and afterwards samples were analysed 
at 270 nm with UV spectrophotometer. The release kinetic i.e. 
Higuchi, peppas, zero-and first-order models were applied to 
explore values of r2 and drug release kinetic equations.40

Statistical Analysis

Statistical analysis for the design model was performed using 
ANOVA in Design-Expert software (*p<0.05). Additional 
analyses were conducted using GraphPad Prism. All results are 
presented as Mean±Standard Deviation.

RESULTS

Selection of Appropriate Design Model

As shown in Table 2, the difference among adjusted r2 (0.966) 
and predicted r2 (0.9528) as determined by model fit summary 
statistics was found less than 0.2 for quadratic model for Y1. The 
p-value for design fit and sequential p-value for quadratic model 
was observed to be 0.0890 (p>0.05) and 0.0048 (p<0.05) for of 
Y1; 0.0143 (p<0.05) and 0.0609 (p>0.05) for Y2; and <0.0001 and 
0.6928 (p>0.05) for Y3. The difference between adjusted r2 (0.9915) 
and predicted r2 (0.9528) for Y1, r

2 (0.9865) and r2 (0.9216) for Y2; 
and r2 (0.9960) and r2 (0.9903) for Y3; as obtained by fit summary 
statistics, was less than 0.2.

Statistical Analysis of Response Parameters
Entrapment Efficiency (% EE) (Y1)

The Y1 was greatly influenced by X1, X2 and X3 (p<0.05) as shown 
in Table 3. It has been determined from polynomial equation 
(Eq. 6) that the values of b1, b2 and b3 for X1, X2 and X3 (minutes) 
were -10.40, - 2.02 and 2.90, respectively and is also illustrated in 
2-dimensional contour plots and 3-dimensional response surface 
plots as depicted in Figure 1.41,42

Y1=77.5 -10.40 X1 -2.02 X2 + 2.90 X3 + 0.2625 X1X2 + 
0.4000 X1X3 + 0.7200 X2X3 – 1.75 X1² – 0.7748 X2² + 0.6828 

X3² Eq. (6)

Flux (Y2)
The flux was strongly influenced by X1-X3 as indicated by p-value 
less than 0.05 (Table 3) this effect is graphically shown in Figure 
2.17 It has been observed from polynomial equation 7 that the 
values of b1, b2 and b3 for X1, X2 and X3 were 5.37, 14.92 and 12.05, 
respectively.

Y2=104.15 + 5.37 X1 + 14.92 X2 + 12.05 X3 – 1.43 X1X2 + 
0.6950 X1X3 + 5.11 X2X3 + 2.75 X1² - 0.7835 X2² - 2.73 X3² 

Eq. (7)

Percentage Yield (Y3)
The percentage yield of FEN-NLCs was strongly influenced by X1 
(solid lipid: liquid lipid) (p<0.0001), X2 (stirring speed) and X3 
(emulsifier concentration) (p<0.05) as the main effect (as shown 
in Figure 3) and the quadratic effect of X1

2
, X2

2 and X3
2 on Y3 was 

also manifested statistically significant as shown in Table 3. It has 
been observed from polynomial equation 8 that the values of b1, 
b2 and b3 for X1, X2 and X3 were 16.55, -1.95 and -1.23, respectively.

Y3=73.53 + 16.55 X1 – 1.95 X2 – 1.23 X3 – 0.8925 X1X2+ 
0.5950X1X3 –0.2450X2X3– 3.62 X1²+3.48 X2²+ 3.96 X3² Eq. 

(8)

Optimization and Validation
The optimal values of formulation composition and process 
variables for optimized FEN-NLC was found 83:17 of X1 (solid 
lipid: liquid lipid), 2500 rpm X2 (stirring speed) and 2.5% v/v 
X3 (emulsifier concentration) having 0.874 desirability function 
as analysed by Design expert software as given in Figure 4. In 
addition to this, it gives predicted values of EE (%) (Y1), flux 
(Y2) and yield % (Y3) which were 72.98%, 136.19 µg/cm2/hour 
and 92.89%, respectively. The actual values of response variables 
of optimized FEN-NLCs synthesized as additional batch were 
71.22% EE (%), 132.54 µg/cm2/hour flux and 91.27 % yield. The 
percentage bias between actual and predicted values of response 
parameters was <5%.

Characterization of Fenoprofen Calcium 
Nanostructured Lipid Carriers
Fourier Transforms Infrared Spectroscopy Analysis

FTIR spectroscopy was utilised to demonstrate absence of 
significant interaction between the drug and the excipients and 
are shown in Figure 5 with values expressed in cm-1. In the FTIR 
spectra of FEN (Figure 5a), the characteristic bands observed at 
3643, 2980, 1577, and 1427 cm-1 corresponds to O-H stretching 
(s), C-H (s), O-C=O (s), and C-H bending, respectively which 
were in accordance with the reported finding. The bands at 
2900 and 2854 cm-1 in the oleic acid spectrum correspond to 
asymmetric and symmetric C-H (s), respectively (Figure 5b). 
The sharp peak at 1700 cm-1 was due to the presence of C=O (s) 
which was in agreement with previous findings. FTIR spectrum 
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of Compritol 888 exhibited prominent peaks at 2848, 1729 and 
1439 cm-1 for C-H (s), C=O (s) and C=C (s), correspondingly 
which was in accordance with reported finding (Figure 5c). In 
the spectrum of physical mixture, peaks at identical band groups 
are found, which indicates the absence of interaction between the 
drug and excipients (Figure 5d).43-47 FTIR spectrum of FEN-NLCs 
displayed peaks at 3501, 2922 and 1729 (in cm-1) for O-H, C-H 
and C=O stretching (Figure 5e). The variance in peak intensities 
may be caused by the overlap of certain functional groups for the 
specific band width.48-52

HR-Transmission Electron Microscopy

The optimized batch of FEN-NLCs demonstrated almost 
spherical size particles having size range of approximately 200 
nm which is highly suitable particle size range for topical drug 
delivery as shown in Figure 6a.

Physical Characterization of optimized FEN-NLC-
Loaded Hydrogel

Optimized FEN-NLC-loaded hydrogel was found cosmetically 
appealing, a smooth texture, and homogenous. The spreadability 
and pH were found to be 12±3 g.cm/sec and 6.1±0.2, which  

Source Y Sequential p-value Lack of Fit 
p-value

Adjusted R² Predicted R²

Linear Y1 <0.0001 0.0138 0.9702 0.9538
Y2 <0.0001 0.0042 0.9280 0.8788
Y3 <0.0001 0.0035 0.9101 0.8548

2FI Y1 0.7066 0.0090 0.9661 0.9097
Y2 0.0280 0.0114 0.9608 0.8793
Y3 0.9615 0.0018 0.8864 0.6670

Quadratic Y1 0.0048 0.0890 0.9915 0.9528
Y2 0.0143 0.0609 0.9865 0.9216
Y3 <0.0001 0.6928 0.9960 0.9903

Cubic Y1 0.0890 - 0.9966 -
Y2 0.0609 - 0.9956 -
Y3 0.6928 - 0.9950 -

Table 2:  Statistical analysis data for design model fit for Y1-Y3 of FEN-loaded nanostructured lipid carriers. 

Batch X1 (Solid lipid: Liquid lipid) X2 (Stirring Speed (rpm) X3 (Emulsifier concentration (% v/v)
1 75:25 1500 2
2 85:15 1500 2
3 75:25 2500 2
4 85:15 2500 2
5 75:25 2000 1.5
6 85:15 2000 1.5
7 75:25 2000 2.5
8 85:15 2000 2.5
9 80:20 1500 1.5
10 80:20 2500 1.5
11 80:20 1500 2.5
12 80:20 2500 2.5
13 80:20 2000 2
14 80:20 2000 2
15 80:20 2000 2
16 80:20 2000 2
17 80:20 2000 2

Table 1:  3-factors 3-levels Box-Behnken design used for synthesis of various batches of FEN-NLCs.
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implied that its skin compatibility. The viscosity was found to be 

7600, 6300, 4500, and 3400 centipoises, at rates of shear of 10, 20, 

50, and 100 rpm, respectively. The drug content in FEN-NLCs-

Hydrogel was determined to be 97.45%, suggesting that FEN was 

incorporated within the hydrogel.

In vitro Drug Release Kinetics of Optimized FEN-NLC-
Loaded Hydrogel

FEN-Hydrogel, PM-Hydrogel and FEN-NLC-loaded hydrogel 
exhibited cumulative drug release of 19.5%, 20.79% and 30.42% 
within 4 hr; 44.57%, 47.37% and 79.86% within 8 hr while 45.6%, 
47.81% and 93.34% within 24 hr, respectively. This indicated poor 

Figure 1: Graphical representation of design parameters for Entrapment Efficiency.
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in vitro drug release from plain drug-hydrogel with negligible 
increase in drug release after 8 hr. While Fen-NLC-Hydrogel 
showed sustained increase in drug release till 24 hr and attained 
maximum drug release of 93.34% over the period of 24 hr as 
observed in Figure 6b. The regression equation for zero-order, 
first-order, Higuchi and Peppas models were

y=4.1875x+14.322 (r2=0.7458); y=-0.0558x+1.9849 
(r2=0.8732); y=25.453x-15.264 (r2=0.869); and 

y=0.8676x+0.9215 (r2=0.921),

respectively, with n-value of 0.867, showed that the Peppas model 
was best fitted with anomalous release.53

Table 3:  Analysis of variance data for Y1 (Entrapment Efficiency), Y2 (Flux value) and Y3 (Percentage yield) of FEN-NLCs.

Source Sum of Squares df Mean Square F-value p-value

Entrapment efficiency (Y1)
Model 985.72 9 109.52 209.02 <0.0001*
X1 865.49 1 865.49 1651.76 <0.0001*
X2 32.76 1 32.76 62.53 <0.0001*
X3 67.16 1 67.16 128.18 <0.0001*
X1X2 0.2756 1 0.2756 0.5260 0.4918
X1X3 0.6400 1 0.6400 1.22 0.3056
X2X3 2.07 1 2.07 3.96 0.0870
X1² 12.89 1 12.89 24.60 0.0016*
X2² 2.53 1 2.53 4.82 0.0641
X3² 1.96 1 1.96 3.75 0.0942
Lack of Fit 2.84 3 0.9451 4.54 0.0890

Flux (µg/cm2/hour) Y2
Model 3349.45 9 372.16 131.20 <0.0001*
X1 231.02 1 231.02 81.44 <0.0001*
X2 1780.25 1 1780.25 627.61 <0.0001*
X3 1160.90 1 1160.90 409.26 <0.0001*
X1X2 8.15 1 8.15 2.87 0.1339
X1X3 1.93 1 1.93 0.6811 0.4364
X2X3 104.55 1 104.55 36.86 0.0005*
X1² 31.93 1 31.93 11.26 0.0122*
X2² 2.58 1 2.58 0.9112 0.3716
X3² 31.29 1 31.29 11.03 0.0127*
Lack of Fit 16.16 3 5.39 5.82 0.0609

Yield (% w/w) Y3
Model 2406.55 9 267.39 448.05 <0.0001*
X1 2192.21 1 2192.21 3673.32 <0.0001*
X2 30.30 1 30.30 50.78 0.0002*
X3 12.15 1 12.15 20.36 0.0028*
X1X2 3.19 1 3.19 5.34 0.0541
X1X3 1.42 1 1.42 2.37 0.1674
X2X3 0.2401 1 0.2401 0.4023 0.5461
X1² 55.11 1 55.11 92.34 <0.0001*
X2² 50.91 1 50.91 85.31 <0.0001*
X3² 66.19 1 66.19 110.90 <0.0001*
Lack of Fit 1.17 3 0.3890 0.5168 0.6928

*Statistically significant; df: degree of freedom.
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DISCUSSION

The quadratic equation 6 showed that X1 and X2 produced 
antagonistic effect on Y1 while X3 produced synergistic effect on 
Y1. Figure 1 showed that increasing the solid lipid: liquid lipid ratio 
in FEN-NLCs caused decrease in %EE. This illustrated that rise in 
the amount of liquid lipid in formulation may cause increase in 
percentage entrapment efficiency. This might be the result of the 

huge disruption of the crystal structure caused by the inclusion 
of liquid lipids into solid lipids. Increased defects in the crystal 
lattice provide more space for drug molecules, which eventually 
cause improvement in the efficiency of drug entrapment.41,42 
The polynomial equation 7 showed that X1, X2 and X3 produced 
synergistic effect on Y2. Figure 2 showed the synergistic effect of 
stirring speed (X2) on flux could be due to the decrease in NLC 

Figure 2: Manifestation of change in factors at various levels versus flux of FEN-NLCs. 



Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 3 (Suppl), Jul-Sep, 2026 S977

Zahoor, et al.: Nanostructured Lipid Carrier-Based Hydrogel of Fenoprofen Calcium

particle size as stirring speed increases. The smaller particles 
could permeate more effectively leading to higher flux value. The 
synergistic effect of emulsifier concentration (X3) on flux could 
be attributed to emulsifying characteristics of emulsifier used in 

manufacturing of FEN-NLC which tends to improve the solubility 
and permeability of FEN.17 Polynomial equation 8 demonstrated 
that augmenting the quantity of X1 increased the value of Y3 

while increasing the amount of X2 and X2 decreased the value of 

Figure 3: Elucidation of influence of X1, X2 and X3 on percentage yield of FEN-NLCs. 
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Y3 (Figure 3). The experimental values of response variables for 
optimized FEN-NLC were in compliance to predicted values with 
percentage bias for Y1, Y2 and Y3 of 2.41, 2.68 and 1.74, respectively 
(less than 5%) which validated the authenticity of optimization 
strategy of design model (Figure 4). FTIR spectrum of drug and 
excipients authenticated the presence of characteristic functional 
groups (Figures 5a-c). In the FTIR spectrum of physical mixture 
(Figure 5d), the characteristics peaks of drug and excipients were 
retained which indicated compatibility of drug and excipients. 
FTIR spectra of nanostructured lipid carriers showed successful 
drug incorporation into FEN-NLCs (Figure 5e).43,49,52 High 
resolution transmission electron microscopy of optimized 
FEN-NLCs showed spherical structures (Figure 6a). The viscosity 
of FEN-NLCs loaded topical hydrogel decreased as shear rate was 

increased. The observed decrease in viscosity may be attributed 
to the disentanglement and alignment of hydrogel molecules in 
the direction of flow under shear stress. This property facilitates 
the spreading of the hydrogel upon topical application, enabling 
efficient coverage and absorption. Fen-NLC-Hydrogel exhibited 
cumulative drug release of 30.42% within 4 hr; 79.86% within 8 hr 
while 93.34% within 24 hr which indicated sustained drug release 
till 24 hr which might be attributable to drug diffusion through 
the lipid and erosion of lipid matrix (Figure 6b). This signified that 
synthesis of NLC of FEN posed approximately 2-folds increase 
in dissolution in conjunction with sustained drug release till 24 
hr. The ‘n-value’ for peppas model was 0.867 which indicated 
anomalous drug release mechanism from NLC-Hydrogel which 
is the combination of diffusion and erosion from lipid matrix.53

Figure 4: The graphical display of desirability function of FEN-NLC.
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Figure 6: (a) HRTEM images of FEN-NLCs and (b) In vitro drug release pattern from FEN-hydrogel, PM-hydrogel and FEN-NLCs-hydrogel.

Figure 5: FTIR spectra of (a) Fenoprofen Calcium, (b) Oleic acid, (c) Compritol 888, (d) Physical mixture, (e) Fenoprofen Calcium loaded 
nanostructured lipid carriers.
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CONCLUSION

Box-Behnken design was successfully applied in revealing 
optimized values of composition and process variables for 
manufacturing of FEN-NLCs. The research revealed that 
quadratic model was typical to demonstrate the statistical 
analysis of FEN-NLCs as indicated by insignificant p-value for 
lack of fit (p>0.05) and significant p-value for model (p<0.05). 
The optimal values of composition and process variables for 
optimized FEN-NLC was found 83:17 (ratio of solid/liquid lipid), 
stirring at 2500 rpm speed and 2.5% v/v emulsifier concentration 
having desirability function of 0.874 with predicted values of 
72.98% w/w entrapment efficiency (Y1), 136.19 µg/cm2/hour flux 
value (Y2) and 92.89% w/w yield (Y3), respectively. The optimized 
FEN-NLCs based hydrogel dosage form illustrated pseudo-plastic 
flow behavior. The absence of phase separation demonstrated 
thermodynamic stability of FEN-NLCs-Hydrogel. In vitro 
dissolution of FEN-NLC-Hydrogel revealed that synthesis of 
NLC of FEN posed approximately 2-folds increase in dissolution 
in conjunction with sustained drug release till 24 hr which 
suggested homogeneous entrapment and even dispersion of 
drug in the lipid matrix. FEN-NLC-Hydrogel showed anomalous 
drug release phenomenon. The present research conclusively 
evidenced that FEN-NLC-Hydrogel holds enormous future as 
topical dosage form for achieving sustained as well as enhanced 
drug release.
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SUMMARY

This research study aims to synthesize optimized FEN-NLCs-
hydrogel to enhance in vitro drug dissolution in conjunction 
with sustained drug release behaviour on topical administration 
of semisolid dosage form of FEN-NLCs-hydrogel. BBD-based 

optimized FEN-NLCs were incorporated into FEN-NLC-
hydrogel which illustrated pseudo-plastic flow behavior. 
FEN-Hydrogel, PM-Hydrogel and FEN-NLC-Hydrogel exhibited 
cumulative drug release of 19.5%, 20.79% and 30.42% within 4 
hr; 44.57%, 47.37% and 79.86% within 8 hr while 45.6%, 47.81% 
and 93.34% in 24 hr. This indicated poor in vitro drug release 
from plain drug-hydrogel with negligible increase in drug 
release after 8 hr. While Fen-NLC-Hydrogel showed sustained 
increase in drug release for 24 hr. This study concluded that 
FEN-NLCs-based hydrogel exhibits significant potential for 
achieving sustained drug release, offering a promising approach 
for improved therapeutic outcomes.
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