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ABSTRACT

The present research aims to investigate optimized parameters for the formulation of Fenoprofen calcium-loaded nanostructured
lipid carriers (FEN-NLC) by emulsion evaporation-solidification at low temperature using Compritol 888 as solid lipid and
oleic acid as liquid lipid. Box-Behnken design was utilized for optimization of formulation and process variables like solid
lipid: liquid lipid (X1), stirring speed (rpm) (X2), and emulsifier concentration (% v/v) (X3) using Design-Expert software.
The Pareto chart demonstrated that X1 and X2 produced significant synergistic effects. At the same time, X3 had a significant
antagonistic effect on percentage entrapment efficiency (Y1), while X1, X2, and X3 exerted significant synergistic influence
on flux (ug/cm*hr) (Y2) and percentage yield (Y3) (*p <0.05). The model fit summary statistical analysis revealed that the
quadratic model was the best model for Y1-Y3 as this model showed significant sequential p-value (*p < 0.05), insignificant
lack of fit p-value (p > 0.05), least standard deviation and maximum R? value for Y1-Y3. Diagnostic analysis of response
parameter values authenticated the competence and reliability of their actual and predicted values as the residual values were
exceptionally fitted within the limit of + 4. Conclusively, Design-Expert software generated an optimization ramp report to
explore optimized FEN-NLC with a desirability function of 0.874. The optimization ramps revealed that the coded values of
optimized FEN-NLC were 0.561, 0.999, and 0.999 for X1, X2, and X3, respectively, with predicted values of 72.98%, 136.19
ug/cm?/hr and 92.889% for Y1, Y2 and Y3, respectively.
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INTRODUCTION

Fenoprofen calcium (FEN) is a non-steroidal, anti-inflammatory,
analgesic, and antipyretic agent having [UPAC name calcium
2-(3-phenoxy phenyl) propanoate dihydrate. FEN is generally
prescribed in osteoarthritis and rheumatoid arthritis-related
pain, inflammation, and stiffness.'”* The recommended adult
dosage of FEN is 200 mg every 4—6 hours. FEN is generally
well-tolerated but can cause a few side effects like headache,
gastrointestinal upset, nausea, dizziness, diarrhea, abdominal
discomfort, and hypersensitivity reactions. Fenoprofen is
extensively metabolized by the liver.*> Nanostructured lipid
carriers (NLCs) are a new generation of lipid nano-sized
systems with considerable potential as drug delivery systems
for providing drug protection, dose reduction, increased
bioavailability and prolonged drug circulation. In recent years,
lipid-based drug delivery systems have emerged as up-and-

coming nanotechnology, which is primarily attributable to
specific characteristics of lipid materials like biocompatibility
with the biological surface, lipophilicity, and enormous
potential to penetrate through physiological barriers.®’
NLCs are the second generation of lipid nanoparticles and
can facilitate the incorporation of liquid lipids into solid
lipid matrices. This creates a void inside their crystal lattice;
consequently, the drug molecule accommodates better inside
the NLCs. In addition, this strategy tends to improve the
efficiency of drug encapsulation, provide higher drug loading
capacity, reduce the drug lost during the storage period and
mitigate the disadvantage of drug expulsion from the lipid
phase.®!” These nanocarriers can be used to deliver drugs
that are both lipophilic and hydrophilic. NLCs have become
considered as a viable carrier system for the delivery of drugs
by oral, ocular, topical, pulmonary, parenteral, and transdermal
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routes. NLCs have nanometer-sized particles that enable
them to touch intimately with the skin tissues and increase
drug penetration through the skin.""!* Most lipids used as
excipients in the manufacturing of NLCs have been considered
biocompatible to the skin. Solid lipids are responsible for
sustained drug release from NLCs, and additionally, lipids
generate a film with occlusive properties that help keep
moisture in the skin for longer on topical application.'*!3

This research synthesized Fenoprofen calcium-loaded
nanostructured lipid carriers (FEN-NLCs) through emulsion
evaporation-solidification at low temperatures.'® The compritol
888 was used as solid lipid, while oleic acid was used as liquid
lipid during NLCs manufacturing. Box-Behnken design was
applied as design of an experimentation tool for formulation
optimization. The present research’s objective was to investigate
the effect of formulation and process parameters on percentage
entrapment efficiency, flux (ug/cm?/hr), and percentage yield
of FEN-NLC. The statistical analysis of response parameters
was executed to investigate the best fit model. The diagnostic
analysis was executed in order to verify the chosen model’s
reliability and finally optimization formulation of FEN-NLC
was explored by Design-Expert software.

MATERIALS AND METHODS

Materials

Fenoprofen Calcium was purchased from Suven Pharmaceuticals
Limited, Hyderabad, Telangana. Sodium hydroxide (NaOH),
potassium dihydrogen phosphate (KH,PO,), tween 80, oleic
acid, Brij 30, and ethanol were purchased from Loba Chemicals
Private Limited, Mumbai, Compritol 888 was purchased from
Gattefosse SAS, France. All the chemicals utilized were of
analytical grade.

Production of Fenoprofen Calcium-loaded
Nanostructured Lipid Carriers

A total of seventeen formulations of FEN-NLC were
manufactured as per the 3-factor 3-level Box-Behnken design
layout as generated by Design-Expert software (Stat-Ease
Inc., MN).17-19 The formulation and process variables (X1,
X2, and X3) investigated during nanostructured lipid carriers
manufacturing are mentioned in Table 1. The FEN-NLCs
were developed by emulsion evaporation-solidification at low-
temperature technique.!®20-22

Evaluation of Fenoprofen Calcium-loaded
nanostructured lipid carriers

Percentage entrapment efficiency (Y1)

Accurately weighed amount of for FEN-NLCs was dissolved
in phosphate buffer (pH, 6.8) for 24 hours and centrifuged at
3500 rpm for ten minutes. The supernatant was collected and
estimated for drug concentration using UV spectrophotometer
at 270 nm. Each measurement was performed in
triplicate.?> The percentage entrapment efficiency of
FEN-NLC was determined using the following equation.

Total amount of drug — Free drug in supernatant
x
Total amount of drug

% Entrapment efficiency = 100

Table 1: The levels of formulation and process variables used during
the manufacturing of Fenoprofen calcium-loaded nanostructured lipid
carriers

Factors Low (-1) Medium (0) High (+1)
Solid lipid: Liquid lipid (X1) 75:25 80:20 85:15
Stirring speed (rpm) (X2) 1500 2000 2500
Emulsifier Concentration (% 1.5 2 2.5
v/v) (X3)

Flux (Y2)

A dialysis membrane with 12000-14000 Dalton molecular
weight and surface area of 2.54 cm? was placed between
acceptor and donor compartments of Franz diffusion cell
kept at constant at temperature of 37 + 0.5°C. The acceptor
compartment was filled with 20 mL phosphate buffer (pH, 6.8)
and continuously stirred at 200 rpm speed using a magnetic bar
to decrease stagnant surfaces. The dispersion of FEN-NLCs
was placed in the donor compartment. About 0.5 mL of samples
were collected at intervals of 0.5, 1, 2, 4, 6, 8, 12, and 24 hours
from the acceptor compartment, replenished with an equal
volume of buffer, and subsequently, samples were analyzed
using a UV spectrophotometer at 270 nm. The total quantity
(ng) of the permeated drug was calculated by multiplying the
drug concentration (pg/mL) in the buffer by the volume (mL)
of the buffer in the receptor chamber. The slope of the linear
part of the curve between the quantities of drug permeated per
unit area (pg/cm?) versus time (hour) represented flux value
(ug/cm?/h). 2627

Percentage yield (Y3)

The quantity of for FEN-NLCs obtained for formulation
batches were precisely weighed individually. The % yield
(w/w) of NLCs was determined by the following equation.?®%

Actual weight of recovered nanostructured lipid carrier
OhYield =_—— - T - T % 100
Weight of drug + weight of solid lipid + welght of liquid lipid

Pareto Chart Analysis of Response Variables (Y1-Y3) for
FEN-NLCs

The effect of solid lipid: liquid lipid (X1), stirring speed (rpm)
(X2), and emulsifier concentration (% v/v) (X3) on percentage
entrapment efficiency (Y1), flux (Y2) and percentage yield
(Y3) of for FEN-NLCs was portrayed in the form of Pareto
chart. The bar length in the plot represents the value of the
regression coefficient for X1, X2, and X3, depicted as bl, b2,
and b3, respectively. The factor which significantly affected
the response parameters has been marked with an asterisk
(*p <0.05).%°

Fit Summary and Model Summary Statistical
Analysis

Fit summary statistical analysis was applied to the values of
response parameters (Y1-Y3) for FEN-NLCs to reveal the
values of sequential p-value, lack of fit p-value, adjusted R?
and predicted R? for linear, two-factor interaction (2-FI) and
quadratic models. The model summary statistical study was
also executed for percentage entrapment efficiency (Y1), flux
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Table 2: Fit summary and model summary statistics data for response parameters of FEN-NLC

Source Sequential p-value Lack of Fit p-value ~ Std. Dev. R? Adjusted R? Predicted R? PRESS
Percentage entrapment efficiency (Y1)
Linear <0.0001 0.0138 1.36 0.9758 0.9702 0.9538 45.74
2F1 0.7066 0.0090 1.45 0.9788 0.9661 0.9097 89.39
Quadratic 0.0048 0.0890 0.7239 0.9963 0.9915 0.9528 46.66
Flux (Y2)
Linear <0.0001 0.0042 3.89 0.9415 0.9280 0.8788 408.49
2F1 0.0280 0.0114 2.87 0.9755 0.9608 0.8793 406.55
Quadratic 0.0143 0.0609 1.68 0.9963 0.9865 0.9216 264.29
Percentage yield (Y3)
Linear <0.0001 0.0035 3.68 0.9270 0.9101 0.8548 350.01
2FI 0.9615 0.0018 4.14 0.9290 0.8864 0.6670 802.67
Quadratic <0.0001 0.6928 0.7725 0.9983 0.9960 0.9903 23.37
(Y2), and percentage yield (Y3) of FEN-NLCs to disclose RESULTS AND DISCUSSION

standard deviation, R>-value and predicted residual error sum
of squares (PRESS) value.?%3

Diagnostic Analysis of Response Variables for FEN-NLCs

The diagnostic plots were generated by Design-Expert software
for the values of percentage entrapment efficiency (Y1), flux
(Y2), and percentage yield (Y3). Plots were acquired in various
combinations of run number, actual value, predicted value,
residuals, and externally studentized residuals to examine
the value of Y1-Y3 were lying within the specifications in

proximity to normal or zero-axis.> %3334

Exploring Optimization Ramps and Graphical Overlay
for an Optimized Batch of FEN-NLC

Design-Expert software constructed an optimization ramp
report and graphical overlay for investigating an optimized
batch of fenoprofen calcium-loaded nanostructured lipid
carriers. The optimized composition variables, i.e., solid
lipid: liquid lipid (X1) and emulsifier concentration (% v/v)
(X3) and process variables, i.e., stirring speed (rpm) (X2)
for FEN-NLC manufacturing explored on the set criterion of
maximizing percentage entrapment efficiency (Y1), flux (Y2)
and percentage yield (Y3).3%3

b3 * b3 *
* b2 *
* bl *
12 10 8 6 4 2 0 2 4 0 2 4 6 8 10 12 14 16
Standardized effect Standardized effect
(a) (b)
b3 *
b2 *
bl *
0 2 4 6 8 10 12 14 16 18
Standardized effect
©

Figure 1: Pareto chart for response parameters (a) % entrapment
efficiency, (b) flux and (c) % yield (*p < 0.05)

Pareto Chart

The Pareto chart, as shown in Figure la, demonstrated that
solid lipid: liquid lipid (X1) and stirring speed (rpm) (X2)
generated a significant (*p <0.05) synergistic effect (green
color bars). In comparison, emulsifier concentration (% v/v)
(X3) produced significant (*p <0.05) antagonistic effect (red
color bars) on percentage entrapment efficiency (Y1). Figure
1b and Figure lc revealed that solid lipid: liquid lipid (X1),
stirring speed (rpm) (X2) and emulsifier concentration (% v/v)
(X3) produced significant synergistic influence (*p <0.05) on
flux (Y2) and percentage yield (Y3).26:3%-37:38

Fit Summary and Model Summary Statistical
Analysis

The model satisfying the criterion of the significant sequential
p-value (*p < 0.05) and insignificant lack of fit p-value (p >
0.05) was best fitted in the design model. Therefore, based
on values as depicted in Table 2, the quadratic model was
chosen as the bets fit model for response parameters, i.e.,
%entrapment efficiency (Y1), flux (Y2), and percentage yield
(Y3). Furthermore, the selected quadratic model should have
a minimum standard deviation, the highest R?, the difference
between adjusted R?, predicted R? should be less than 0.2, and a
minimum PRESS value estimated by model summary statistics
Design-Expert software. The standard deviation values for
linear, two-factor interaction (2-FI) and quadratic models for
Y1 were 1.36, 1.45 and 0.7239; for Y2 were 3.89, 2.87 and 1.68
and for Y3 were 3.68, 4.14 and 0.7725, respectively. Therefore,
the quadratic model was a superlative model for Y1-Y3.30,39-
41 Furthermore, the quadratic model had the highest R? value
among other models (Table 2).

Diagnostic Analysis

The actual value predicted value, residual, and externally
studentized residuals for run number 1-17 (FEN-NLC-1 to
FEN-NLC-17) for estimated response parameters i.e., %
entrapment efficiency (Y1), flux (Y2), and percentage yield
(Y3) are depicted in Tables 3-5, respectively. The actual value
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of Y1, Y2, and Y3 for FEN-NLC, as depicted in Tables 3 to
5, ranged from 62.10-89.97%, 77.28-134.23 pg/cm?/hr, and
55.67-92.89%, respectively. In normal probability plots, the
values of Y1-Y3 were positioned over or in close proximity to
the normality line, as indicated by the red line in Figures 2 to
4. The values of residuals and externally studentized residuals
for Y1, Y2, and Y3 for FEN-NLC lies within the limit of +4 as
depicted graphically in Figures 2 to 4. The slightest difference
between actual and predicted values of Y1-Y3 was observed,
as shown in Figures 2 to 4.3+

Exploring Optimization Ramps and Graphical Overlay
for an Optimized Batch of FEN-NLC

The desirability function of optimized FEN-NLC was found
0.874. The explored optimized batch of FEN-NLC was
comprised of solid lipid: liquid lipid (X1), stirring speed (rpm)

Table 3: Actual value, predicted value, and residuals for percentage

Normal Plot of Residuals Residuals vs. Predicted

40 20 00 20 40 60 65 70 75 80 8 90
Externally Studentized Residuals Predicted

Residuals vs. Run Predicted vs. Actual

3 80 /..,/
275 /
£ e

70 o

65 /'/

wl

Figure 2: Diagnostic plot for % entrapment efficiency of FEN-NLC

Table 4: Actual value, predicted value, and residuals for flux values for

entrapment efficiency of FEN-NLC FEN-NLCs
Run éacltl;al S;ﬁiaed Residual iﬁ?efrr:{ailzlz]d Run é;tlial 5:1:3;“6(1 Residual iﬁ?;;lzlzlz’d
residuals residuals
87.36 87.66 -0.3050 -0.823 86.27 84.40 1.87 3.756
67.11 66.34 0.7725 3.344 98.12 98.01 0.1137 0.125
82.32 83.09 -0.7725 -3.344 116.98 117.09 -0.1138 -0.125
63.12 62.82 0.3050 0.823 123.12 124.99 -1.87 -3.756
84.78 84.34 0.4412 1.272 87.10 87.46 -0.3550 -0.395
62.10 62.74 -0.6363 -2.178 98.21 96.81 1.40 1.973
89.97 89.33 0.6363 2.178 108.76 110.16 -1.40 -1.973
68.89 69.33 -0.4413 -1.272 122.65 122.30 0.3550 0.395
77.12 77.26 -0.1363 -0.352 77.28 78.79 -1.51 -2.261
72.10 71.77 0.3312 0.903 98.87 98.40 0.4687 0.527
81.28 81.61 -0.3312 -0.903 92.19 92.66 -0.4688 -0.527
79.14 79.00 0.1362 0.352 134.23 132.72 1.51 2.261
77.63 77.50 0.1280 0.184 103.12 104.15 -1.03 -0.657
77.12 77.50 -0.3820 -0.560 104.24 104.15 0.0880 0.054
76.98 77.50 -0.5220 -0.784 105.27 104.15 1.12 0.716
78.11 77.50 0.6080 0.930 103.24 104.15 -0.9120 -0.576
77.67 77.50 0.1680 0.241 104.89 104.15 0.7380 0.462
X _,"'n : KL

40 20 00 20 40 70 80 90 100 110 120 130 140
Externally Studentized Residuals Predictes
Residuals vs. Run Predicted vs. Actual

s 4/

70 80 90 100 110 120 130 140
Actual

Figure 3: Diagnostic plot for flux values for FEN-NLCs

200 <100 000 100 200 300 S0 6 70 S0 %0 100
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/./
4

,=‘/

9 1
Run Number Actual

Figure 4: Diagnostic plot for % yield for FEN-NLC
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Table 5: Actual value, predicted value, and residuals for % yield for

FEN-NLC
Run Actual value zfgéaed Residual 5’;;6;131;;’(1
residuals
55.67 55.78 -0.1100 -0.265
87.56 87.10 0.4575 1.226
57.43 57.89 -0.4575 -1.226
92.89 92.78 0.1100 0.265
56.78 56.68 0.0963 0.232
88.13 88.60 -0.4712 -1.273
58.43 57.96 0.4713 1.273
92.16 92.26 -0.0962 -0.232
77.56 77.55 0.0138 0.033
82.29 81.93 0.3613 0.926
80.14 80.50 -0.3612 -0.926
83.89 83.90 -0.0137 -0.033
72.76 73.53 -0.7680 -1.134
74.88 73.53 1.35 2.691
73.14 73.53 -0.3880 -0.532
73.89 73.53 0.3620 0.495
72.97 73.53 -0.5580 -0.785

I [ I A D O I A O

-1 1 -1 1 -1 1

ASolid lipid: Liquid lipid = 0.561264

ﬁ

6.1 §9.97 .28 13423 55.67 92,89

BStirting Speed (rpm) = 0.999999 CEmulsifier Concetration (% ) = 0999996

Entrapment Efficiency G w/w) = 729865 Flux (ug/em sq/hd) = 136,191 Vield (% wi) = 928899

Desirability = 0.874

Figure 5: Optimization ramps showing optimum values of formulation
and process variables with the value of desirability function predicted
by Design-Expert software

Factor Cading: Actual Overlay Plot
Overlay Plot 1
Entrapment Efficiency (% w/w)
Flux {ugfcm sq/)
Yiedd (% wiw] 0
@ Desgn points a/br): 136.186)
- v): 928867
Xi=A ’EO‘S X1 0.561264
R2=8 X2 0999999
Actual Fa é"
actor
€= 09399996 8
b+
o G 3
&S0
o0
g
=
-
0.5+
-1 T * T
-1 -0.5 0 0.5 1

Solid lipid: Liquid lipid

Figure 6: Graphical overlay showing optimum values of independent
and response variables predicted by Design-Expert software

(X2), and emulsifier concentration (% v/v) (X3) at coded values
0f0.561, 0.999 (~1) and 0.999 (~1), respectively, which indicated
that medium level of X1 while a high level of X2 and X3 were
required for the formulation of an optimized batch of FEN-
NLC. The predicted values of Y1-Y3 for an optimized batch
of FEN-NLC with specified values of X1-X3 were 72.98% of
entrapment efficiency (Y1), 136.19 pg/cm?/hr of flux (Y2) and
92.889 % of yield (Y3) (Figures 5 and 6).354344

CONCLUSIONS

Fenoprofen calcium-loaded nanostructured lipid carriers
(FEN-NLC) were successfully synthesized by emulsion
evaporation-solidification at low temperature using Compritol
888 and oleic acid and optimized by Box-Behnken design.
Solid lipid: liquid lipid (X1), stirring speed (rpm) (X2), and
emulsifier concentration (% v/v) (X3) were studied as an
independent variable, and percentage entrapment efficiency
(Y1), flux (ug/cm?/hr) (Y2) and percentage yield (Y3) were
response parameters. The quadratic model was found to be the
best model for Y1-Y3 with a significant sequential p-value (*p <
0.05) and insignificant lack of fit p-value (p > 0.05). Diagnostic
analysis of Y1-Y3 authenticated the reliability of actual and
predicted values since the values of residuals were less than
+4. In conclusion, the optimized FEN-NLC with a desirability
function of 0.874 was explored by Design-Expert software with
coded values of 0.561, 0.999, and 0.999 for X1, X2, and X3,
respectively, and predicted values of 72.98%, 136.19 ug/cm?/
hr and 92.889% for Y1, Y2 and Y3, respectively.
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