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ABSTRACT

Objective: In the current research work, Ezetimibe (EZT) and Fenofibrate (FBT), as they belong to BCS class II, have poor solubility and high
permeability nature, which causes poor bioavailability and therapeutic failure. The drugs were formulated as nanoparticulate carrier systems to
overcome the solubility problems associated with the drugs. So, the drugs were prepared as nanosuspension in the combination form using a
polymer to enhance the drugs’ bioavailability parameters.

Methods: A novel technique was employed to prepare the formulation to improve the drugs' dissolution rate and bioavailability. In the current
study, the antisolvent precipitation method was employed to formulate an EZT-FBT nanosuspension using a polymer, poloxamer 188. The best
formulation was optimized by employing a design of experiments, i.e., a Plackett-Burman design, and an in vitro characterization of the best
formulation was performed.

Results: EZT and FBT nanosuspension formulation was successfully prepared by using poloxamer 188, methanol, and water as solvent and
antisolvent. The optimized formulation FED-8 underwent characterization, which showed a particle size of 242.9 nm with high zeta potential, i.e.,-
17 mV. 32 factorial design and Plackett-Burman design were employed for the optimization of the formulation parameters and the best formulation
of nanosuspension. All the predetermined independent variables were found to affect the dependent variables from the resultant nanosuspension.
All the studies, like saturation solubility, drug content, Scanning Electron Microscopy (SEM), and Transmission Electron Microscopy (TEM), showed
significant characteristic results. The kinetic studies of FED-8 were carried out, which showed 99.2% drug release in 2.5 h compared with the
individual pure drugs.

Conclusion: The study concludes that the Plackett-Burman design was effectively employed to identify formulating and processing key parameters affecting
the quality of the EZT-FBT nanosuspension. This combinational approach enhanced the solubility and dissolution rate compared with pure drugs.
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Bioavailability, Optimization, Characterization
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INTRODUCTION

Hyperlipidemia is characterized by very high cholesterol levels in
the blood. It is an increase in one or more plasma lipids, including
triglycerides, cholesterol, cholesterol esters, and plasma
lipoproteins, including elevated levels of Low-Density Lipoproteins
(LDL) and decreased levels of High-Density Lipoproteins (HDL). It is
considered one of the significant risks causing Cardio Vascular
Diseases (CVD), which accounts for one-third of human deaths
around the world [1]. The complications of hyperlipidemia may lead
to Atherosclerosis, coronary artery disease, myocardial infarction,
and ischemic stroke [2, 3].

Some of the monotherapy studies regarding statin monotherapy,
which is first-line pharmacotherapy, [4] fibrate therapy and EZT
monotherapy exhibited positive responses in the treatment of
hyperlipidemia., but most of the studies regarding statin and fibrate
therapy resulted in severe side effects with the drugs, and some
studies are stopped due to failure of clinical trials. Statin
monotherapy triggers the catabolism of LDL [5], which is mediated
through LDL receptors and appears to be the important mechanism
for antihyperlipidemic effects. EZT inhibits two different types of
sterol transporters in the mouse small intestine [7]. FBT increases
lipase activity, which increases triglyceride lipoprotein metabolism
and reduces cholesterol biosynthesis, increasing LDL clearance by
increasing hepatic LDL receptor activity [8, 9]. Based on the
mechanism of action of the drugs EZT and FBT, combining these two

drugs can treat mixed hyperlipidemia [5, 6]. EZT and FBT belong to
the Biopharmaceutical Classification System (BCS) class II drugs, as
they have poor solubility and high permeability nature which causes
poor bioavailability and therapeutic failure. The drugs were
formulated as nanoparticulate carrier systems to overcome
solubility problems associated with the drugs [10].

The nanoparticulate system is a promising approach to increase
drug absorption and enhance bioavailability by improving the
dissolution rate by keeping the drug in a dissolved state in the
biological fluids and showing therapeutic effects [11, 14-16]. Co-
administration of EZT and FBT therapy considerably increased the
solubility; thereby the dissolution rate and the bioavailability were
enhanced [12, 17]. In the current study, the antisolvent precipitation
method was employed to formulate as an EZT-FBT nanosuspension
by using different polymers, and the best formulation was optimized
by employing design of experiments i. e., Plackett-Burman design
and in vitro characterization of the best formulation was performed
[13, 18], resulting in more significant improvements in multiple
kinetic parameters [19, 20].

MATERIALS AND METHODS

The drugs Ezetimibe (EZT) and Fenofibrate (FBT), the polymers
poloxamer 188 and poloxamer 407 were purchased from Yarrow
Chem Products, Ghatkopar (West), Mumbai-400086, Maharashtra.
The surfactants are polysorbate 80, and sodium lauryl sulfate and
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the stabilizer is polyvinyl alcohol, which was purchased from
Molychem, (Mumbai, India). All other materials or chemicals used
were of analytical grade.

Methods
Preformulation studies

Preformulation studies are the preliminary studies in developing
any pharmaceutical dosage form. It focuses on the physicochemical
properties of the drug for the dosage form development with greater
efficacy. Sensory organs observed organoleptic characteristics like
color, odor, and texture [25].

Melting point

The melting point was determined using the capillary fusion method
where a small amount of drug was filled in a capillary sealed from
one side and kept inverted i. e., sealed end downwards into the
Melting Point Apparatus Model 935 with digit LED display. The
temperature at which the drug started liquefying was recorded and
compared with the literature value [11, 17, 19].

Solubility studies

The solubility studies of FBT and EZT, respectively were carried out
in various solvents. Accurately weighed 20 mg of the drug was
added to screw-capped vials containing 10 ml of solvent. The vials
were kept in a water bath shaker at 37+0.5 °Cand shaken for 24 h.
The mixtures were then filtered through a Millipore filter membrane
of pore size 0.45 pm, diluted, and the drug was analyzed using a UV
spectrometer [25].

Fourier-transform infrared spectroscopy (FT-IR)

A drug excipient compatibility study was carried out by Fourier-
transform infrared spectroscopy. The FT-IR spectra were obtained
using an FT-IR spectrometer (FTIR 8300, Shimadzu). The samples
were previously triturated and mixed thoroughly with potassium
bromide in a 1:5 (sample: KBr) ratio. KBr discs were prepared by
compressing the powders at a pressure of 5 tons for 5 min in a
hydraulic press [26].

Differential scanning calorimeter (DSC)

The DSC measurements were performed on a DSC-60 (Shimadzu)
differential scanning calorimeter with a thermal analyzer. All
accurately weighed samples (about 5 mg of the sample) were placed
in a sealed aluminum pan, and the samples were heated under
nitrogen flow (100 ml/min) at a scanning rate of 100 °C per minute
from 500 to 3000 °C. An empty aluminum pan was used as a
reference [25].

X-Ray diffraction studies (XRD)

X-ray diffraction Study was performed in an Advanced X-ray
diffractometer (Brucker D 8, India) using Cu K 2a rays with a voltage
of 40 kV and a current of 25 mA to estimate the effect on
nanoparticles. Samples were scanned for 206 from 10 to 80°.
Diffraction patterns for pure drugs were analyzed [25].

Spectrophotometric analysis
Determination of wavelength of fenofibrate and ezetimibe

1000 pg/ml of stock solutions of Fenofibrate and Ezetimibe were
prepared by dissolving 50 mg of the drug in 50 ml of methanol and
diluting 1 ml of the above solution to 10 ml with methanol. The 10
ug/ml of drug concentrations were then prepared and scanned
using a UV spectrophotometer to determine the Amax of the drug. The
observed Amax of Fenofibrate was at 290 nm. In the case of Ezetimibe,
itwas 235 nm.

Determination of calibration curve of fenofibrate-ezetimibe

A series of Fenofibrate+Ezetimibe solutions ranging from 5 to 30
ug/ml were prepared from standard solution. Different aliquots (0.5,
1.0, 1.5, 2.0, and 2.5 ml) of a standard Fenofibrate+Ezetimibe (1000
ug/ml) solution were transferred into a series of 100 ml calibrated
flasks and all were made up to the mark with acetate buffer pH 4.5
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(containing 0.45% SLS) and absorbance was measured at 257 nm
against blank. A calibration curve was constructed for
Fenofibrate+Ezetimibe by plotting absorbance versus concentration
[14, 15]. A calibration curve in acetate buffer pH 4.5 was presented
in fig. 1 respectively. The optical characteristics such as Beer’s law
limit, and molar absorptivity were calculated and summarized in
Table. The regression equation, correlation coefficient, slope, and
intercept are also shown in table 7.

HPLC instrumentation and conditions

The HPLC system consisted of a quaternary pump and a PDA
detector. The chromatographic separation was achieved on a
Purospher® 5 pm, 250 mm X 4.6 mm 1i. e. column using a mobile
phase consisting of ACN-water with gradient elution. The eluent was
monitored using a PDA detector at a wavelength of 254 nm. The
column was maintained at room temperature and an injection
volume of 20 pl was used. The mobile phase was filtered through a
0.45 pm Chrom Tech Nylon-66 filter for use.

Preparation of stock and standard solutions

Stock solutions of EZT (equivalent to 100 pg/ml) and FBT
(equivalent to 1600 pg/ml) were prepared in ethanol. The stock
solution was protected from light using aluminum foil and stored for
three weeks at 40 °C with no evidence of decomposition. Aliquots of
standard stock solution of EZT and FBT were transferred using A-
grade bulb pipettes into 100 ml volumetric flasks and the solution
was made up to volume with methanol to yield a final concentration
of 2,4, 6,8,and 10 pg/ml for EZT and 32, 64, 96, 128 and 160 pg/ml
for FBT.

Method validation
Linearity of response

Aliquot portions of standard stock solution were diluted with
methanol and subsequently with mobile phase (conc: 2-10 pg/ml of
EZT, 32-160 ug/ml of FBT). The chromatographic conditions were
set and standard solutions of different concentrations were injected
separately and the chromatograms were recorded.

LOD and LOQ

They were performed on samples containing concentrations of
analytes, based on the calibration curve method. Standard solutions
of EZT and FBT were injected in six replicates. The average peak
area of six analytes was plotted against concentration. LOD and LOQ
were calculated by using the following equations

LOD = (3.3 x0)
S

LOQ = (10.0 x o)
S

Where o = the standard deviation of y-intercepts of regression lines
of the calibration curve,

S =the slope of the calibration curve.
Precision

Precision was assessed by using standard solutions prepared to
produce solutions of three different concentrations of each drug.
EZT and FBT were used in the same solution for these studies. Intra-
day precision was investigated by injecting three replicate samples
of each of the samples of three different concentrations. Inter-day
precision was assessed by injecting the same three samples over
three consecutive days. Repeatability was investigated by injecting
six replicate samples of each of the samples of five different
concentrations.

Preparation of standard curve

Aliquots of standard stock solution of EZT and FBT were transferred
using A-grade bulb pipettes into 100 ml volumetric flasks and the
solution was made up to volume with methanol to yield final
concentrations 2, 4, 6, 8 and 10 ug/ml for EZT and 32, 64, 96, 128
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and 160 pg/ml for FBT. 2ul solution was injected to HPLC with a
PDA detector, and the graph at 288 nm and 234 nm for FBT and EZT,
respectively.

Preparation and optimization of ezetimibe and fenofibrate
nanosuspension:

Ezetimibe and Fenofibrate nanosuspension was prepared through
the antisolvent precipitation-ultrasonication method [11, 12].
Briefly, Eze timibe and Fenofibrate were dissolved completely in
ethanol to prepare the organic phase, and the solution was then
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filtered through a 0.45 pm filter to remove the precipitated
impurities. The antisolvent phase was prepared separately by
dispersing stabilizer poloxamer 188 in distilled water. At a fixed
temperature, 2 ml of organic solution was injected dropwise by
syringe into 20 ml of anti-solvent using a mechanical stirrer
(Remi125, 51D, Mumbai) at 3600 rpm for 1 h. The resultant
nanosuspension sample was ultrasonicated with a probe sonicator
(Pci analytics, 250, Mumbai) 20-25 kHz for the specified period.
During the ultrasonication, the temperature was controlled at 4-8 °C
using an ice-water bath [27].

Method of Preparation by Anti-solvent precipitation followed by sonication technique

Magnetic

Add beaker I to Il SHIEDg

(DROP WISE)

kept in an ice bath and
sonicated with 80%
amplitude at 2s pulse rate
for 15min.

FBT+EZT NSP

Fig. 1: Optimization of ezetimibe and fenofibrate nanosuspension

Factor screening studies using plackett-burman design

Fenofibrate and ezetimibe nanosuspensions were prepared using
Poloxamer 188 as a stabilizer. The three different amounts of
Poloxamer 188, viz. 50 mg, 100 mg, and 150 mg were selected.
Nanosuspensions were prepared according to the procedure given in
the experimental section. Prepared nanosuspensions were evaluated
with different parameters like mean particle size and saturation
solubility to select the amount of Poloxamer 188 for further
formulation work. As shown in table 2, 50 mg Poloxamer 188 was
selected, which showed the minimum mean particle size and
maximum saturation solubility. Stirring speed is an important
processing parameter for the preparation of nanosuspension. For the
optimization of stirring speed, 800 RPM, 1000 RPM, and 1200 RPM
were selected. Nanosuspensions were prepared according to the
procedure given in the experimental section. Prepared
nanosuspensions were evaluated with different evaluation parameters
like mean particle size and saturation solubility to select the stirring
speed for further formulation work, as shown in the table, 1200 RPM
stirring speed was selected, which showed minimum mean particle
size and maximum saturation solubility. Once the precipitation of drug
particles had occurred in suspension, to convert into uniform
nanosized particles probe sonicator was used. 10 min, 20 min, and 30
min periods were screened for sonication time. Nanosuspension was
prepared according to the procedure given before. Prepared
nanosuspensions were evaluated with different evaluation parameters
like mean particle size and saturation solubility to select the optimized
period of sonication for further formulation work. As shown in Table,
30 min sonication time was selected, which showed minimum mean
particle size and maximum saturation solubility [26].

The Plackett-Burman design is suitably used to screen a large
number of factors believed to be affecting important product
characteristics or attributes. It is generally used during the initial
phase of the study. By review of the literature, five factors were
selected to affect the quality of nanosuspension. To identify which
factor has a prominent effect on the quality, stability as well as
efficacy of the nanosuspension, the Plackett-Burman design was
used. A total of 8 experiments (preliminary screening formulations)
were generated for the screening of five independent factors namely
amount of drug in mg (X1), amount of stabilizer in mg (Xz), solvent to
antisolvent volume ratio (Xs), stirring speed in rpm (X4) and
sonication time in min (Xs).

Saturation solubility in pg/ml (Y1) and mean particle size in nm (Y2)
were selected as dependent factors. The net effect of an individual

factor was calculated from the value of evaluated parameters from
the following equations,

Effect of X1 = [(Y1+Ya+Ye+Y7)-(Y2+Y3+Ys5+Ys)]/8
Effect of Xz = [(Y1+Y2+Ys+Y7)-(Y3+Ys+Ys+Ys)]/8
Effect of X3 = [(Y1+Y2+Y3+Ye)-(Ya+Ys+Y7+Ys)]/8
Effect of X4 = [(Y2+Y3+Ya+Y7)-(Y1+Ys+Ys+Ys)]/8
Effect of Xs = [(Y1+Y3+Ya+Ys)-(Y2+Ys+Y7+Ys)]/8

After getting the net effect of individual parameters two key
parameters were identified which had maximum effect on product
characteristics. These two parameters can be selected for product
optimization by factorial design and other three parameters can be
optimized by trial-and-error method.

Factorial design for optimization of key parameters

A 32 factorial design was applied for optimization of key parameters,
like for amount of drug in mg and solvent to antisolvent volume
ratio and stirring speed. Both particle size and saturation solubility,
important features of nanosuspension considered to play a
significant role in the formulation performance, were taken as
dependent parameters in this study. Multiple regression analysis,
contour plots, and 3D response surface plots were used to study the
main and interaction effects of the variables on the dependent
factors. The numbers of experiments required in factorial design
studies were dependent on the number of independent variables
selected and the number of levels at which they were studied. The
response was measured for each trial and then either simple linear
equation (1), or interactive equation (2) or quadratic (3) model was
fitted by carrying out multiple regression analysis and F-statistics to
identify statistically significant terms.

Y= bo+b1X1+b2X2+b11X12+b22X22+b12X1 X2
Where by is the intercept
biX1 coefficient of factor 1
b2Xz coefficient of factor 2
Bi1 coefficient of the quadratic term of factor x1
B22 coefficient of the quadratic term of factor x2

Bi2 refers to the interaction term between factors x1 and x2
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Checkpoint analysis

A checkpoint analysis was performed to confirm the utility of established
response surface plots and contour plots in the preparation of
nanosuspension. value of independent variables (X1 and X2) were
selected and corresponding values of dependent variables were
calculated by substituting the values in the reduced polynomial equation.
Nanosuspensions were prepared experimentally by taking the amounts
of the independent variables (X1 and Xz) on the same checkpoints.
Checkpoint cum optimized batch was prepared three times and mean
values were determined. The difference of theoretically computed values
of particle size, as well as saturation solubility and the mean values
experimentally obtained for both responses, were compared.

Evaluation of nanosuspensions
Particle size and PDI

Mean particle size and size distribution (polydispersity index) of the
prepared nanosuspension were determined by using Zetasizer.
[Zetatrac, Microtrac, Japan] Before the measurement, the samples
were appropriately diluted with water to a suitable scattering
intensity and re-dispersed by shaking measurement.

Zeta potential

The Zeta potential is a measure of the electric charge at the surface
of the particles, indicating the physical stability of colloidal systems.
The zeta potential values higher than 30mV in magnitude indicate
long-term electrostatic stability of aqueous dispersions. In this
study, the Zeta Potential was assessed by determining the
electrophoretic mobility of the particles using Zetasizer.

Drug content

An aliquot (1 ml) of the prepared nanosuspension was diluted in
methanol and filtered with a 0.2 pm filter. Total drug content was
determined by UV spectrophotometer at Amax 257 nm of the drug.
Formula:

Amount of drug. 100

Drug content =
g Total drug

Saturation solubility

The saturation solubility of prepared nanosuspension was
performed by filling it in a vial and kept for 48 h, stirring with the
help of a magnetic stirrer at 100 RPM to ensure saturation. Then, 2
ml of nanosuspension was filled in an Eppendorf tube and
centrifuged at 10,000 RPM for 30 min. The supernatant was filtered
through a 0.2 pm syringe filter and analyzed by UV-visible
spectrophotometer [UV-1800, Shimadzu, Japan] at Amax of the drug
after suitable dilution with dissolution media which was used as a
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blank. A triplicate analysis of each sample was carried out. By using
the calibration curve, saturation solubility was calculated.

Entrapment efficiency

To determine entrapment efficiency NS were separated from free un
entrapped drug by ultracentrifugation method. Separated vesicles
were resuspended in 5 ml ethanol for Ezetimibe+Fenofibrate.
Disruption was carried out by sonication (PCI Analytics JIJ] 158) for
15 min to get the clear solution and then filtered out. 1 ml of filtrate
was further diluted with phosphate buffer (pH 6.8) up to 10 ml.
Further dilution was made if needed and drug concentration was
analyzed spectrophotometrically. All spectrophotometric analysis
was conducted in triplicate and the values were averaged.

Drug entrapment efficiency (DEE %) =
Actual amount of drug — Amount of free drug X100

Actual amount of drug
In vitro dissolution study

An in vitro dissolution study was performed using a USP 24-paddle
instrument (ELECTROLAB TDT-06P). To minimize the foaming of
the medium during the experiment, the medium was gently
transferred into the dissolution vessel. Dissolution was performed at
37 °C [11, 12]. Nanosuspension equivalent to a drug dose was added
to the dissolution vessels. 5 ml samples were withdrawn at a specific
time interval of 2, 4, 6, 8, 10, 15, 30, 45, and 60 min and filtered
immediately through a 0.2 pm syringe filter and analyzed
spectrophotometrically. Subsequently, 5 ml of fresh medium was
added to the dissolution vessel. The experiments were performed in
triplicate and the mean values were reported.

Scanning electron microscopy (SEM)

The surface characteristics of lyophilized nanosuspensions were
studied by Scanning electron microscopy (EVO-18, ZEISS, Germany)
at 3kx to 28kx. The samples were mounted on double-sided carbon
adhesive tape that was previously secured on brass stubs and then
subjected to gold coating by sputter coater, using a process current
of 10 mA for 4 min. The accelerating voltage was 15 kV.

Transmission electron microscopy (TEM)

The particle size and morphology were confirmed by observation with a
Transmission Electron Microscope (JEM-2100, 200 kV, Jeol, Japan).

RESULTS AND DISCUSSION
Preformulation studies

Table summarizes different observed and reported values of various
parameters.

Table 1: Different observed and reported parameters of fenofibrate and ezetimibe

Drug substance Fenofibrate Ezetimibe
Physical Description white powder White
Solid State Form Crystalline Crystalline
Melting Point 83 °C 167 °C
Aqueous Solubility as a function of pH

0.1N HCL pH 1.2 (mg/ml) 0.01 0.007

pH 4.5 buffer (mg/ml) 0.035 0.027

pH 6.8 buffer (mg/ml) 0.093 0.025
Ethanol (mg/ml) 32 22
Hygroscopicity Non hygroscopic Non hygroscopic
Bulk Density (gm/ml) 0.34 0.25
Tapped Density (gm/ml) 0.51 0.38

Carr’s index (%) 33.33 34.21

The angle of repose (°) 37 41
Hausner’s ratio 1.5 1.5

Determination of wavelength of fenofibrate and ezetimibe: The
observed Amax of Fenofibrate was at 290 nm. In the case of
Ezetimibe, it was 235 nm.

An isosbestic point is the wavelength in which the absorbance of two
or more species are the same. The appearance of an isosbestic point
in a reaction demonstrates that an intermediate is NOT required to

form a product from a reactant. Based on the isosbestic point of both
the drugs, the wavelength of both the drugs was 257 nm.

FTIR

Scans were obtained at a resolution of 2 cm from 4500 to 400 cm.
IR analysis of the drug was carried out and the results showed the

286



M. Bakhatwar et al.
Int ] App Pharm, Vol 17, Issue 3, 2025, 283-303

presence of the groups (table 2 and 3) in the fig. 5 and fig. 6 in the EZT were compatible. IR spectra of the physical mixture of FBT
IR spectra of the drug, which confirmed that the drug molecule and EZT were similar to IR individual spectra of FBT, EZT and
was FBT and EZT. IR spectra of the physical mixture of FBT and poloxamer 188 (fig. 7). All characteristic peaks of FBT, EZT and
EZT were similar to IR individual spectra of FBT and EZT (table 4). poloxamer 188 were observed. So FBT, EZT and poloxamer 188
All characteristic peaks of FBT and EZT were observed. So FBT and were compatible.

0288 T T T

0.200 |- §

_I."f ‘\\..
5 0.000 - Fat / \
/ \ / \
{ o\ \
||l \'l 'I .l‘-'.
/ N \
/ N
.'/‘ )
f

osool| / R

e l_.n-’

£0.650 L A L

£00.00 £80.00 200.00 350 00 400 00

nm

Fig. 2: Wavelength of fenofibrate at 287 nm
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Table 3: Interpretation of functional group in EZT
S. No. Range of I. R (cm1) Interpretation of functional group
1 1500 B-Lactam ring
2 3000-3200 -OH
3 2400 3 -Amine
4 1750 Ketone
5 1500-1700 Di-substituted Benzene
6 1200 F
(All values are in cm't n=3)

288



M. Bakhatwar et al.

Int ] App Pharm, Vol 17, Issue 3, 2025, 283-303

LB e B
100 3600 3200
D:\2024\June\24\Ruksana\Drug

T
2800

UL
2400

T
1600 1400

2000
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Table 4: Interpretation of functional group in EZT-FBT physical mixture

S. No. Range of I. R (cm1) Interpretation of functional group

Fenofibrate

81 2893 Alkane

2 1726 Formate Ester

3 1599 Ketone

4 800-600 Clz
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2 3524 -OH
13 2416.89 3° Amine
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The area under the peak is high for both EZT and FBT pure drugs, so
the peaks are sharp indicating crystalline geometry. The width of the
peaks is inversely proportional to the crystal size, here sharp peaks

[mv]

Int ] App Pharm, Vol 17, Issue 3, 2025, 283-303

were observed in the physical mixture indicating the retention of
crystallinity in both the drugs, there is no change observed in the
2theta values of both the drugs compared to individual XRD spectra.
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Fig. 16: Representative chromatogram obtained for standard solution corresponding FBT and EZT, respectively

Linearity

Linearity was established by least squares linear regression analysis
of the calibration curve. The constructed calibration curves were
linear over the concentration range 2-10pg/ml and 32-160pg/ml for
EZT and FBT, respectively. Peak areas of EZT and FBT were plotted
versus their respective concentrations and linear regression analysis
was performed on the resultant curves. Typically, the regression

equations were: y = 109.3x -213.2 (R = 0.9903), y=53.97x -1395.9
(R =0.9942) for EZT and FBT, respectively.

LOD and LOQ

The LOD and LOQ value were found to be 0.1266ug/ml,
1.9544pg/ml and 0.3838pg/ml, 3.6225pg/ml, for EZT and FBT,
respectively (table).

Table 5: Statistical data of standard curve of EZT and FBT

Parameters FBT EZT

Linear Range 2-10mcg/ml 32-160mcg
Slope 80.25117 53.9716
Intercept 155.667 1395.667
Standard deviation of slope 0.7 0.2979
Standard deviation of intercept 3.8364 19.551
Limit of Detection (ug/ml) 0.1577 1.9544
Limit of Quantification (pug/ml) 0.478 3.6225

Linear equation

Y=80.25x-155.6

Y=53.97x-1395.9

Precision

% RSD values ranging from 0.8878-1.7754 and 0.5163-1.4090 were
found for EZT and FBT, respectively, across the concentration ranges
studied.

Determination of calibration curve of FBT+EZT

A series of Fenofibrate+Ezetimibe solutions ranging from 5 to 30
ug/ml were prepared from standard solution. Different aliquots (0.5,
1.0, 1.5 2.0, and 2.5 ml) of a standard Fenofibrate+Ezetimibe (1000

ug/ml) solution were transferred into a series of 100 ml calibrated
flasks and all were made up to the mark with acetate buffer pH 4.5
(containing 0.45% SLS) and absorbance was measured at 257 nm
against blank. A calibration curve was constructed for
Fenofibrate+Ezetimibe by plotting absorbance versus concentration.
A calibration curve in acetate buffer pH 4.5 was presented in fig.
respectively. The optical characteristics, such as Beer’s law limit and
molar absorptivity, were calculated and summarized in table. The
regression equation, correlation coefficient, slope, and intercept are
also shown in table 7.

1.2
Standard plot of FBT+EZT

4
©
I

Absorbance(nm)
o
a

y = 0.0405x +0.0235
2=0.9913

*

+ Standard plot of FENO+EZE

15
Concentration(ug/ml)

20 25 30

Fig. 17: Calibration curve of FBT and EZT
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Table 6: Quantitative parameters of spectroscopic method

Parameters Result

Amax (nm) 257

Linearity range (ug/ml) 0-30

Regression equation 0.0405X+0.0235
Intercept 0.0235

Slope 0.0405
Correlation coefficient (R?) 0.9913

Method of preparation of NS of FBT and EZT

Before proceeding towards the formulation of the (Fenofibrate and
Ezetimibe) nanosuspension, a solvent and anti-solvent were selected
based on the solubility studies of drugs in different solvents. In the
solvent-anti-solvent method, the selected solvent should be a water-

miscible solvent and capable enough to dissolve the drug to a greater
extent so that a clear solution is obtained. Conversely, the solvent in
which the drug was least soluble or was completely insoluble was
selected as an anti-solvent. As the drug combination exhibits maximum
solubility in ethanol, it was selected as a solvent, and water was selected
as an anti-solvent since the drug was least soluble in water.

Table 7: Solubility of FBT and EZT in suitable solvents

Drug Solvents Solubility (mg/ml), (Mean+SD)
FBT and EZT DMF 10+0.01

DMSO 15+0.05

Ethanol 25+0.02

Water Insoluble

(All values are mean+SD; n=10)

Optimization of other preliminary parameters

Preliminary parameters were optimized by varying one
parameter at a time while keeping others constant so that the
effect of varied parameters could be evaluated. Each batch was
repeated thrice (n=3) for the confirmation of repeatability. The
parameters were optimized to achieve minimum particle size
and maximum saturation solubility. Optimized parameters were
Solvent-antisolvent volume ratio (1:10, 1:15, 1:20), Amount of
stabilizer (30 mg, 40 mg, 50 mg), Stirring speed (800 RPM, 1000

RPM, 1200 RPM), Sonication time (5 min, 10 min, 30 min, 60
min) etc.

Selection of solvent and anti-solvent for preparation FBT and
EZT nanosuspension

Fenofibrate+Ezetimibe gave particle sizes of 325.7 nm, 504.4 nm,
and 645 nm, respectively in Ethanol, DMSO, and DMF, as shown in
fig. Hence, Ethanol was selected as a solvent as it produced
nanoparticles of smaller size, as shown in fig. 17, 18, 19.

Meesurement Resuts

Effective Diameter:
Polydispersity:
Baseline Index:

325.7 nm
0.319
0.0/ 94.80%

Intensity
3

5000.0

Dameter (nm)

Lognormal Distribution

Fig. 18: Particle size using the solvent ethanol

Measurement Resuts.

Effective Diameter:  504.4 nm
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0 50000.0
Diameter (nm)
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Fig. 19: Particle size using the solvent DMSO
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Measurement Resuts:
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Fig. 20: Particle size using the solvent DMF
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Fig. 21: Impact of solvent on particle size, n=3, 1 is water, 2 is ethanol, 3 is DMSO, 4 is DMF

Selection of stabilizer

Different stabilizers like Polyvinyl Alcohol, PVP K-30 (Polyvinyl
Propylene), Sodium Lauryl Sulphate (SLS), Poloxamer 188, and
Poloxamer 407 were screened by preparing nanosuspensions and
measuring their saturation solubility, mean particle size,
Polydispersity Index (PDI) and zeta potential for selection of the
best one which can be utilized for further research work. The
selection of Poloxamer 188 as a stabilizer significantly contributed
to the nanosuspension’s performance. Studies have shown that
Poloxamer 188 reduces interfacial tension, inhibits particle
aggregation, and enhances wettability, leading to improved drug
dispersion and dissolution [29, 30].

Fig. 22: a: Nanosuspension prepared by using Poloxamer 188 as
a stabilizer, b: pure drug

Impact of diffusing drug concentration

The effect of diffusing drug concentration on the particle size was
studied. The nanosuspensions were made with different diffusing

drug concentrations 20, 40, 60, 80, and 100 mg/ml. The particle size
varies with the change in drug concentration. However, at very high
concentrations, the particle size increases as very high
supersaturation may increase the particle growth by promoting
condensation/coagulation due to higher diffusion-controlled growth
and agglomeration.

Effect of stirring speed

Stirring speed is an important processing parameter for the
preparation of nanosuspension. For the optimization of stirring
speed, 800 RPM, 1000 RPM, and 1200 RPM were selected.
Nanosuspensions were prepared according to the procedure given
in the experimental section. Prepared nanosuspensions were
evaluated with mean particle size and saturation solubility to select
the stirring speed for further formulation work, the stirring speed
was selected, which showed minimum mean particle size and
maximum saturation solubility.

Effect of sonication

Once the precipitation of drug particles had occurred in suspension,
to convert into uniform nanosized particles probe sonicator was
used. 10 min, 20 min, and 30 min periods were screened for
sonication time. Nanosuspension was prepared according to the
procedure given before. Prepared nanosuspensions were evaluated
with different evaluation parameters, like mean particle size and
saturation solubility, to select the optimized period of sonication for
further formulation work. 30 min sonication time was selected,
which showed minimum mean particle size and maximum
saturation solubility.

Factor screening studies

The most common screening design is the Plackett-Burman (PB)
design which screens a large number of factors and identifies
critical ones in a minimal number of runs with a good degree of
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accuracy. Generally, several runs needed to investigate the main
effects is in multiples of 4. It is used during the initial phase of
the study. Provided the interaction effects are nil or negligible,
the Plackett-Burman design is effective for measuring the main

Int ] App Pharm, Vol 17, Issue 3, 2025, 283-303

effects. As shown in the table, the selected response parameters
showed a wide variation, suggesting that the independent
variables had a significant effect on the response parameters
chosen.

Table 8: Layout and observed responses of plackett-burman design batches for FBT and EZT (Preliminary screening formulations)

Batch Amount of Amount of Solvent: Stirring Sonication Saturation solubility Mean particle
code FENO+EZE poloxamer antisolvent speed (RPM) time (Min) (ug/ml) (mean £SD)*  size (nm)
(mg) X1 (mg) X2 volume ratio X3 X4 X5 Y1 (Mean+SD)*Y2
FE1 120 150 1:20 800 30 95.13+2.1 259.0+4.6
FE2 100 150 1:20 1200 10 89.34+1.8 272.1+3.9
FE3 100 50 1:20 1200 30 88.14+1.7 370.0+6.1
FE4 120 50 1:10 1200 30 100.43+2.0 257.0+5.1
FES 100 150 1:10 800 30 93.13+0.9 337.0+4.1
FE6 120 50 1:20 800 10 117.29+0.7 218.4+4.5
FE7 120 150 1:10 1200 10 75.29+0.8 467.0+5.8
FE8 100 50 1:10 800 10 45.43+1.3 563.0+6.1
*(All values are mean+SD; n=8)
s Coeffecient % Cumulative Coefficient mm Coeffecient % Cumulative Coefficient
10 9.4525 Dol 120 E 80 120
- 100 E 63.06 100 E
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Fig. 23, 24: Pareto chart of the effect of independent variables on saturation solubility and mean particle size of drug

Fig. 22, 23 indicates the amount of drug and solvent to antisolvent
volume ratio had maximum effect on mean particle size and

saturation solubility as compared to other parameters like amount
of Poloxamer 188, stirring speed, and sonication time.

Table 9: Results of optimization of other preliminary parameters for FBT-EZT

Batch code Preliminary parameters Mean particle size (nm) (mean+SD)*  Saturation solubility (png/ml)
(meanSD)*
FE9 Amount of Stabilizer 30 328.5+5.1 85.07+1.11
FE10 (mg) 40 301.1+8.2 92.15+1.21
FE11 50 293.5+7.7 95.67+1.14
FE12 Stirring Speed (RPM) 800 389.8+6.7 88.01+0.98
FE13 1000 342.2+9.8 91.32+1.29
FE14 1200 251.0+4.6 102.22+ 1.02
FE 15 Sonication Time (min) 10 382.8+3.8 79.71+x1.19
FE 16 20 319.0+9.4 87.24+1.31
FE 17 30 244.5+6.2 95.3+1.14

*(All values are mean+SD; n=10)

32 Factorial design

Various formulations were prepared the varying amounts of FBT
and EZT and solvent: antisolvent volume ratio. As shown in table 3 a
32 full factorial design was used to evaluate the effect of both
independent variables on the predetermined dependent variables
viz., mean particle size and saturation solubility.

Statistical analysis

A full model was derived after putting the values of regression
coefficients in the equation. Regression analysis was carried out
using Microsoft Excel® version 2013 (Microsoft Corporation,
Washington, USA); the fitted results are shown in table 5, table 6,
equation 1 and 2.
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Table 10: Layout and observed responses of 32 factorial designs for FBT-EZT

Batch code Level of amount of Level of solvent: antisolvent Mean particle size (nm) Saturation solubility
FENO+EZE X1 volume ratio X2 (Mean+SD) *Y1 (ug/ml) (Mean+SD) *Y2

FED1 -1 -1 434.0+9.1 72.91+2.14

FED2 -1 0 342.0+6.0 95.12+2.03

FED3 -1 1 375.0+8.7 85.67+1.67

FED4 0 -1 406.0£7.0 35.88£0.61

FED5 0 0 309.0+11.0 50.94+0.91

FED6 0 1 353.7+5.9 38.03x1.11

FED7 1 -1 335.7+7.6 94.90+1.54

FED8 1 0 240.7+8.2 113.92+2.50

FED9 1 1 308.0+9.0 101.24£1.32

Translation of coded levels in actual units

Variables Level Low (-1) Medium (0) High (1)

X1 100 mg 110 mg 120 mg

X2 1:10 1:15 1:20

(All values are mean+SD; n=10), Some other parameters were also evaluated, like zeta potential, PDI, and % w/w drug content, etc. as shown in table 4.

Table 11: Other evaluation parameters of factorial batches of FBT-EZT

Batch code PDI (Mean+SD)* Zeta potential (mV) (Mean+SD)* Drug content (%w/w) (Mean+SD)*
FED1 0.539+0.051 18.88+1.52 93.29+1.21
FED2 0.514+0.059 -29.41+2.12 94.81+2.14
FED3 0.654+0.071 16.55+1.24 95.39+1.33
FED4 0.734+0.084 -24.36+0.98 92.74+0.54
FED5 0.855+0. 095 -10.51+0.57 99.33+0.86
FED6 0.866+0.101 18.74+1.65 99.43+1.52
FED7 0.521+0.085 25.98+1.85 98.22+1.43
FED8 0.343+0.042 -17.17+1.88 101.1+£1.57
FED9 0.987+0.058 22.14+2.12 98.94+1.29

*(All values are mean#SD; n=9)

Table 12: Results of regression analysis of mean particle size for FBT-EZT

Particle Mean particle size (nm) (Y1)

Coefficient Std. error P-value
b0 308.3333 5.35182 1.15E-05
bl -44.6667 2.931312 0.000614
b2 -23.1667 2.931312 0.004223
b11 -17 5.077182 0.044114
b22 71.5 5.077182 0.000776
b12 8 3.59011 0.007058

R2=0.994142

(All values are mean+SD; n=10)

Table 13: Results of regression analysis of saturation solubility for FBT-EZT

Saturation solubility (ug/ml) (Y2)

Coefficient Std. error P-value
b0 51.7644 1.914023 0.000111
b1l 9.3933 1.048354 0.002934
b2 3.5416 1.048354 0.043145
b11 52.3431 1.815802 9.17E-05
b22 -15.2217 1.815802 0.00356
b12 -1.605 1.283966 0.299919

RZ=0.996992

(All values are mean+SD; R2>0.99, p<0.05, n=10)

For mean particle size (nm) (Y1)
Y1=308.3333-44.6667X1-23.1667X2-17X12+71.5X22+8.701X1X 2Eq. 1
For saturation solubility (ug/ml) (Yz)

Y2=51.76444+9.3933X1+3.5416X2+52.3431X12- 15.2217X22-
1.605X1Xz Eq. 2

The coefficients in table 5 and table 6 represent the respective

quantitative effect of independent variables (X1 and X2) and their
interactions on the various responses. It was seen that all the
independent variables had a significant effect on the response
(p<0.05). The negative sign of the coefficient indicated that an
increase in the value of the independent variable decreases the value
of response and vice versa. The absolute value of the coefficient
indicates the magnitude of the effect of the independent variable on
the response; the higher the value, the higher the magnitude.
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Table 14: ANOVA for a full model for FBT-EZT

Source of variation DF SS MS F F significant
mean particle size (nm)

Regression 5 26249.33 5249.867 101.8293 0.001514
Residual 3 154.6667 51.55556 - -

Total 8 26404 - - -

Saturation solubility (ng/ml)

Regression 6558.02 1311.604 198.9006 0.000558
Residual 3 19.78281 6.59427 - -

Total 8 6577.803 - - -

n=10, f<0.01

The results of ANOVA for the full model suggested that the Fca value
for mean particle size was 101.8293. Frp value at (5, 3) was 9.0 for
Y1. So, the Fea value for Y1 was higher than Fta,. The results of ANOVA
for the full model suggested that the Fca value for saturation
solubility was 198.9006. Fup value at (5, 3) was 9.0 for Yz. So, the Feal
value for Yz was higher than Feub. All dependent variables were found
Fea value significantly higher than Fub. Therefore, selected factors
have a significant effect on all dependent variables. All the
determination coefficients R? are larger than 0.99, indicating that
over 99% of the variation in the response could be explained by the
model, and the goodness of fit of the model was confirmed. The F-
ratio was found to be far greater than the theoretical value, with a
very low probability of less than 0.0001 for each regression model,
indicating that the regression model was significant with a
confidence level of 95%. The observed responses showed a wide
variation, suggesting that the selected independent variables had a
significant effect on resultant particle size and saturation solubility.

Contour plots

Two-dimensional contour plots were established using design expert
software to examine the relationship between independent and

dependent variables as shown in Figures. Fig. [A] Shows a contour plot
for mean particle size (nm) at prefixed values between 250 to 400 nm.
The contour plot was found to be non-linear. So, the relationship
between independent variables and particle size was not linear. The
minimum is evidenced by a contour plot that specifies the solvent:
antisolvent volume ratio and amount of FBT-EZT for the lowest mean
particle size. Their respective values are approximately 1:15 (coded
value 0) solvent: antisolvent ratio and 120 mg (coded value+1)
amount of FBT-EZT. Fig. [B] shows a contour plot for saturation
solubility (ug/ml) at prefixed values between 40 to 100 pg/ml. The
contour plot was found to be non-linear. So, the relationship between
independent variables and dependent variables was not linear. The
maximum (dark green part) is evidence from the contour plot which
specifies the solvent: antisolvent volume ratio and amount of FBT-EZT
for maximum saturation solubility. Their respective values are
approximately 1:15 (coded value 0) solvent: antisolvent ratio and 120
mg (coded value+1) amount of FBT-EZT. The maxima of saturation
solubility and minima of particle size seem to be overlapping. So, there
exists a direct relation between saturation solubility and particle size.
The batch showing the lowest particle size also has the highest
saturation solubility.
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Fig. 25: Contour plot of FBT-EZT for effect on [A] mean particle size and [B] saturation solubility

Surface plots

To find out the main and interaction effects of the independent
variables, response surface plots are very helpful. The fig. shows the
response surface plot of mean particle size as a function of
independent variables mean particle size decreases as the plot
comes toward the central part. The center of the plot indicates the
minimum particle size, which was obtained by intermediate solvent:
antisolvent volume ratio and the highest amount of FBT-EZT. The
fig. shows the response surface plot of saturation solubility as a
function of solvent: antisolvent volume ratio and amount of FBT-EZT
using Design Expert software. Saturation solubility increases as the
plot comes toward the central part. The center of the plot indicates
the highest saturation solubility, which was obtained by an

intermediate solvent: antisolvent volume ratio and the highest
amount of FBT-EZT (coded value+1).

Optimization of fenofibrate-ezetimibe nanosuspension by
desirability function of design expert

The optimum formulation was selected based on the criteria of
attaining the minimum mean particle size (Y1) and the maximum
saturation solubility (Y2).

Checkpoint batch cum optimized batch validation

To evaluate the model, a checkpoint batch cum optimized batch FED-8
was prepared at X;=+1 and Xz2=0 levels. Dependent parameters were
determined and compared with predicted values as shown in table.
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Fig. 26: Response surface plot of FBT-EZT for effect on [A] mean particle size and [b] saturation solubility

Table 17: Formulation and process parameters for an optimized batch of FBT-EZT

Amount of Fenofibrate+Ezetimibe 120 mg
Amount of Poloxamer 188 50 mg
Solvent: Antisolvent Volume Ratio 1:15
Stirring speed 1200 RPM
Stirring time 4h
Sonication time 30 min

Table 18: Composition of checkpoint batch cum optimized batch of FBT-EZT

Amount of FBT-EZT (mg) (X1)

Solvent: antisolvent volume ratio (Xz)

Coded value Decoded value Coded value Decoded value
+1 120 mg 1:15

Table 19: Comparison of calculated data with experimental data of FBT-EZT
Response Predicted Observed % Bias
mean Particle Size (Y1) 241.38 nm 242.9 nm 0.63
Saturation Solubility (Yz2) 113.50 pg/ml 109.8 pg/ml 3.7

When the batch FED-8 was prepared using the defined level of the
amount of Fenofibrate-Ezetimibe and solvent: antisolvent volume
ratio using Design expert, the results obtained with checkpoint cum
optimized batch (FED-8) were close to predicted values. Thus, it can
be concluded that the statistical model is mathematically valid.

Evaluation of optimized batch of FBT-EZT nanosuspension
Size measurement and PDI

The particle size distribution of the optimized batch is shown in
Figure. The mean particle size of the optimized batch was 242.9 nm,

and PDI was 0.343. FBT-EZT nanosuspension-based final
formulation was intended for oral administration, for which PDI and
particle size above 5um is not critical [11]. The mean particle size of
a nanosuspension is around 200-1000 nm. From the Table, it was
found that the mean particle sizes of all formulations were in the
nanometer range. It indicated that all formulations fulfill the
requirements of a nanosuspension. For instance, a researcher
formulated an Ezetimibe nanosuspension using Poloxamer 188 and
reported a particle size of 606 nm with high PDI [13, 25, 26].
Compared to this, the present formulation in combination, achieved
a smaller particle size with better PDI.
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Zeta potential

Poloxamer 188 is a well-known, efficient polymeric stabilizer
forming adsorption layers of drug nanoparticles. In general, a zeta
potential value of #30 mV is sufficient for the stability of

Fig. 27: Particle size and PDI of FBT+EZT nanosuspension

nanosuspension [25].

The Zeta potential of the optimized

formulation was observed at-17.1+1.85 mV, which complies with

the requirement of zeta potential. The zeta potential result of the
current research work was better than the work performed by a
researcher [25, 26] indicating better stability.
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Fig. 28: Zeta potential of FBT+EZT nanosuspension
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Fig. 29: Zeta potential analysis of pure drugs
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Saturation solubility

Saturation solubility of an optimized batch of Fenofibrate-Ezetimibe
nanosuspension and the pure drug was found to be 109.8 pg/ml and
1.192 pg/ml, respectively, indicating that the saturation solubility of
the nanosuspension was 100 times that of the pure drug. This
drastic increase in saturation solubility was a result of a reduction in
particle size and a subsequent increase in surface area. So, it can be
assumed that this increase in saturation solubility may increase
bioavailability. The saturation solubility of the FED-8 was better
than the work performed by a researcher [25, 26], indicating good
solubility and better bioavailability.

Drug entrapment efficiency (DEE)

The drug entrapment efficiency of the formulation was about
80.49% indicating that there was more entrapped efficacy of the
drug in the formulation. Comparing with the previous research

Int ] App Pharm, Vol 17, Issue 3, 2025, 283-303

work [31, 26] the efficacy of the current formulation was found be
more.

Actual amount of drug — Amount of free drug X100

Drug Entrapment Efficiency (DEE %) = “Actual amount of drug

Drug Entrapment Efficiency (DEE %) = 80.49%
In vitro drug release

The in vitro drug release of the current formulation FED-8 had shown
greater release of 99.2% in 2.5 h with greater extent when compared to
the other research work performed [13, 25, 26], as in that work, the drug
release was only 89.6 % in 4 h. Compared to this, the present
formulation achieved a smaller particle size and faster dissolution,
indicating improved bioavailability potential. In contrast, the EZT-FBT
combination nanosuspension in this study exhibited a synergistic
enhancement in dissolution, likely due to the combined effects of particle
size reduction, improved wettability, and polymer stabilization.

Table 20: Dissolution conditions

Parameter Test condition

Qty. of media 900 ml, Sodium phosphate buffer pH 6.8
Apparatus and Type USP Type 2 (Paddle)

Agitation Speed 50 RPM

Temperature 37°£0.5°C

Time Points 0,0.5,1,1.5,2,2.5h

Volume Withdrawn 10 ml

Table 21: Drug release data of pure drugs and optimized batch

Time (h) Cumulative % drug released EZT Cumulative % drug released FBT pure Cumulative % drug released of ezt-
pure drug drug fbt nsp

0 0 0 0

0.5 4 8 36.2

1 8.7 10 79.2

1.5 9.26 13 83.4

2 10 15 89.3

2.5 12 16.6 99.2

(All values are in %, n=3)
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Fig. 30: Zero order plot of optimized FBT-EZT nsp
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Fig. 31: First order plot of optimized FBT-EZT nsp
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Drug content

The absorbance of the optimized formulation is 0.4325, and the
Concentration is 1.01 mg/ml. The Drug content (mg) is the product of
Concentration (mg/ml) and the Volume of nanosuspension (mL). The
percentage of the drug content (%) is the total weight of the
formulation (mg) of the drug content multiplied by 100. On
substitution, the drug content of the optimized formulation was
101.01%. These results were better than those researched by [21, 27].

EMT = 15.00 kV
p WD=80mm

Signal A = SE1
Mag= 1198 KX

2pm
—
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Scanning electron microscopy (SEM)

The surface topology as measured by scanning electron
microscopy of Fenofibrate-Ezetimibe, was found to be long, thin,
and flat with particles larger (5-32pm) in size, as shown in fig. 32.
However, after conversion to lyophilized nanosuspension,

particles became smaller (about 300 nm), which were adsorbed on
the surface of mannitol used as cryoprotectant, may be by
hydrophobic interaction.

EHT = 15.00 kV
s WD=85mm

Signal A = SE1
Mag= 556KX

Fig. 32: SEM of FBT+EZT nanosuspension
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Fig. 33: Transmission electron microscopy
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Fig. 34: FTIR of final optimized formulation
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Transmission electron microscopy: The sample after suitable dilutions,
was fixed with a copper grid and studied without staining at 200 kV.

Fig. 34 of FTIR studies states that no change was found in the functional
groups in the optimized formulation compared with the individual drugs
and also compared with the physical mixture, which states no
interaction between drugs and very much compatible.

Int ] App Pharm, Vol 17, Issue 3, 2025, 283-303

XRD of final optimized formulation

The width of the peaks is inversely proportional to the crystal size;
here, sharp peaks were observed in the physical mixture, indicating
the retention of crystallinity in both the drugs. There is no change
observed in 2 theta values of both the drugs compared to individual
XRD spectra.

Lin (Counts)

o
B g
f

LA

2-Theta - Scale

Fig. 35: XRD of final optimized formulation

Table 22: Evaluation parameters of an optimized batch overall

results
Evaluation parameters Results
mean Particle Size 249.9 nm
PDI 0.343
Zeta Potential -17.1 mV

Drug Content
Saturation Solubility

101.01 % w/w
109.8 ug/ml

CONCLUSION

The optimized Ezetimibe-Fenofibrate (EZT-FBT) nanosuspension
exhibited superior performance compared to previous formulations.
With a smaller particle size (242.9 nm vs. 606 nm) and faster
dissolution (99% in 2.5 h vs. 89.6% in 4 h for Ezetimibe
nanosuspension with Poloxamer 188), the present formulation
indicates enhanced bioavailability potential. The use of Poloxamer
188 contributed to improved wettability, reduced aggregation, and
better drug dispersion. The FED-8 formulation followed first-order
drug release Kkinetics, suggesting a dissolution-controlled
mechanism. These findings highlight the advantages of the EZT-FBT
nanosuspension over conventional and previously reported
nanosuspension formulations, reinforcing its potential for
improving BCS Class II drug bioavailability.
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