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Abstract

Background: Fenofibrate is an antihyperlipidemic belonging to BCS class Il, practically insoluble
in water and has high lipophilicity, so it is proven that the inhibitor of the rate of absorption of
fenofibrate from the digestive tract is slow to dissolve. This study aims to increase the solubility
of fenofibrate by forming nanocrystals.

Method: Formation of nanocrystals using the wet milling method

Result: The fenofibrate nanocrystals produced a particle size of 775.966 nm, a zeta potential of
-21.302 mV, and a solubility of 5.977 ug/mL.

Conclusion : The optimum formula with tween 80 components, grinding speed and grinding time
in the manufacture of fenofibrate nanocrystals using the Factorial Design method obtained 0.2%
tween 80, grinding speed of 500 rom and grinding time of 1 hour. The critical parameter test
results for the optimum formula obtained a particle size of 775.966 nm, a zeta potential of -21.302
mV and a solubility of 5.977 ug/mL. The DSC test showed that there was a difference in the
melting point peaks and a decrease in crystal intensity between pure fenofibrate and fenofibrate
nanocrystals. The FTIR test showed no difference in functional groups between pure fenofibrate
and fenofibrate nanocrystals. The XRD test showed that there was a difference in peak crystal
intensity between pure fenofibrate and fenofibrate nanocrystals. The SEM analysis shows that
there are differences in shape and magnification used between pure fenofibrate and fenofibrate
nanocrystals.
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INTRODUCTION

Drug compounds that have low solubility
in water (drugs that are poorly soluble) are a
challenge in the development of new drugs.
Solubility is one of the physicochemical
properties of drug compounds that is
important to note when formulating a drug
substance into a dosage form (Khadka,
2014). There are several pharmaceutical
strategies to increase the solubility and
dissolution rate of drug substances in water,
including: modifying the physical properties of
drug substances, adding solubility enhancing
agents, micronization, preparing solid
dispersions, forming prodrugs, drug inclusion
complexes with carriers, and modifying drug
compounds. into salt and solvate (Retnowati
& Setyawan, 2010).

Nanocrystals are crystals with sizes in
the nanometer range, which means they are
nanoparticles with a crystalline form. In the

pharmaceutical world, the stated size of
nanoparticles is in the range of 1-1000 nm
(Junghanns, 2008). The manufacture of
nanoparticles can be classified into two,
namely the top-down method and the bottom-
up method. The top-down method aims to
reduce the particle size to the nanometer size
range. Unlike the top-down method, the
bottom-up method is prepared by dissolving
the drug in a solvent, and undergoing
precipitation, evaporation and crystallization
processes (Chan et al., 2011).

Fenofibrate is an antihyperlipidemic
belonging to BCS class I, practically insoluble
in water (0.3ug / 37 mL) and has high
lipophilicity (logP 5.3), so it is proven that
inhibiting the rate of absorption of fenofibrate
from the digestive tract is dissolution
(Madgulkar, et al, 2019). According to (Ige et
al., 2013) by decreasing the particle size from
80,000 £ 923 nm to 460 £ 20 nm, it can
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significantly  increase  dissolution and
bioavailability. Tests by test animals on New
Zealand white rats showed an increase in
bioavailability compared to pure drug. These
BCS class Il drugs have low bioavailability,
with their absorption being limited by the
dissolution rate (Chowdary & Enturi, 2011).

Poloxamer 188 is an FDA-approved
difunctional block copolymer surfactant under
the trade name Pluronic F68 (Yan et al,
2010). Poloxamer 188, also known as
Pluronic F68, is a three-block copolymer of
polyethylene  oxide-polypropylene oxide-
polyethylene oxide (PEO-PPO-PEOQ) used as
a surfactant (Perecin et al., 2016). Poloxamer
is a non-ionic linear triblock copolymer
consisting of a central hydrophobic PPO
segment and two hydrophilic PEO side
segments. While hydrophilic PEO composes
drug crystals providing a steric barrier and
preventing particle aggregation and growth,
adsorption on the crystal surface is driven by
the hydrophobic interactions of the
hydrophobic PPO chains (Tuomela et al.,
2016).

Tween 80 is an ester of polyethylene
sorbitol, with an calculated molecular weight
of 1310 Da, with 20 units of ethylene oxide,
one sorbitol, and one oleic acid as primary
fatty acids. Tween 80 is widely used in
biochemical applications, including dissolving
proteins, isolating nuclei from cells in cell
cultures, growing tubercle bacilli, and
emulsifying and dispersing substances in
medicinal and food products (Ma et al., 2011).
Tween 80 has been widely used as a
surfactant for nanocrystalline preparations,
such as those of: (Rao et al., 2008), (B. Van
Eerdenbrugh et al., 2007) and (X. Hu et al.,
2017).

Important parameters of nanomilling to
obtain optimal product: amount of drug and
pearl milling size, milling speed, milling time
and temperature. The milling time and speed
required to obtain nanocrystals of the desired
size range varies greatly. Nanocrystals are
obtained either with low milling speed (80-90
rpm) and long milling time (1-5 days) or high
milling speed (1800—4800 rpm) and short
milling time (30-60 minutes) (Peltonen &
Hirvonen , 2010). The effect of grinding speed
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and time has been carried out by (Choi et al.,
2005).

Formulating fenofibrate with poloxamer
188 and tween 80 polymers using the high
pressure homogenization method showed the
formation of nano-sized particles (Madgulkar,
et al, 2019). The wet milling method is one of
the top-down methods where this method is
capable of making nano-sized particulates as
was done by (Bastami et al., 2015), (Ochi et
al,, 2014), (Karagianni & Peltonen, 2020).
Previous research on fenofibrate was made of
fenofibrate encapsulated nanocrystals using
polyvinylpyrrolidone (PVP), polyvinyl alcohol
(PVA) (Kumar & Siril, 2018), and fenofibrate
film strips (Kevadiya et al., 2018), but there
has been no research using this method. wet
milling with fenofibrate using poloxamer 188
polymer and tween 80 surfactant.

METHOD
The design of this fenofibrate
nanocrystal formulation uses the factorial
design 2° method.
Table 1. Design Factor 2°

Formula
Level Tween Grinding  Grinding
80 Speed (rpm) Time
(%) (hours)
Low 0,2 3 1
Level (-) 0
0
High 0,6 5 2
Level (+) 0
0

Table 2. Rancangan Formulasi Nanokristal
Fenofibrat Design Factor 23
Formula Tween 80 Grinding Grinding

(%) Speed (rpm) Time (Hours)
1 0,6 300 2
2 0,2 500 2
3 0,6 500 2
4 0,2 300 1
5 0,2 500 2
6 0,2 300 2
7 0,6 300 2
8 0,2 500 1
9 0,6 300 1
10 0,6 500 1
11 0,6 500 1
12 0,2 300 1
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13 0,6 500 2
14 0,6 300 1
15 0,2 300 2
16 0,2 500 1

Nanosuspensions were prepared using a
planetary ball mill (Retsch PM 100, Germany).
Poloxamer 188 (0.2%) and Tween 80 were
prepared in various ratios (Table 3) dissolved
in water (polymer solution). Pure fenofibrate is
mixed with a polymer solution, put into the
chamber of the planetary ball mill. The
planetary ball mill tool is run at various speeds
and times (Table 3). Grinding was stopped
every 5 minutes and then ground again for 5
minutes to prevent overheating, and a
nanosuspension was formed. After grinding is
complete, the nanosuspension is transferred
to a clean container. The chamber is cleaned
with sufficient aqua destillata, and the rinse
water is placed in the nanosuspension
container. The nanosuspension formed was
then dried using the freeze drying method,
mannitol was added to the nanosuspension
as a cryoprotectant and a fenofibrate
nanocrystal powder was formed which would
then be evaluated (Colombo et al., 2017).
Particle Size Analyzer (PSA), Particle size
analysis of the Fenofibrate made was carried
out using Horiba SZ-100, the samples
analyzed were samples that formed
nanosuspensions (Colombo et al., 2017). The
formed nanosuspension was put into the
chamber with a little distilled water added,
which was then analyzed for particle size. The
average diameter and dispersion index of
each group were recorded.

Zeta Potential, Zeta potential measurements
were carried out using a Horiba SZ-100. The
nanosuspension sample was diluted with
distilled water and put into the tool and then
analyzed for zeta potential (Colombo et al.,
2017).

Solubility, The solubility test was carried out
on microcrystalline and nanocrystalline
fenofibrate. Weigh 10.0 mg of fenofibrate
powder each, then put it into a 100.0 ml
beaker containing 100.0 ml of distilled water,
then dissolve it using a shaking thermostatic
water bath at 37°C + 0.5°C, stirring speed of
100 rpm for 7 days. Every 24 hours the
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concentration of fenofibrate dissolved until it
forms a saturated solution is determined. The
solution was analyzed by UV-Vis
spectrophotometry at a wavelength of 233.8
nm.

Determination and  Verification of
Optimum Formulas of Fenofibrate
Nanocrystals, Determination of the optimum
area of phenofibate nanocrystal preparations
using Design Expert 12 software. In this study
a numerical approach was used to determine
the optimum formulation. The data entered as
a response is particle size, zeta potential and
solubility test.

Differential Scanning Calorimetry (DSC),
DSC analysis was carried out by means of the
instrument being calibrated before being used
using standard medium, then the sample was
carefully weighed, 5.0 mg was put into an
aluminum container, heated and measured
from a temperature of 30-2500C, a constant
heating rate of 100C/minute with a flow of
20% nitrogen gas. mL/min endothermic and
exothermic processes will be recorded on the
recorder (Bonthagarala, 2015).

X-Ray Diffraction (XRD), X-ray diffraction
analysis of sample powders was carried out at
room temperature using an  X-ray
diffractometer (X'Pert PRO, Netherland). The
measurement conditions are as follows:
voltage 40 kV, current 30 mA, measurement
analysis in the range 2 theta 5-50° and
scanning speed 0.050 per second. The
sample is placed on the sample holder (glass)
and flattened to prevent particle orientation
during sample preparation (Zaini, 2011).
Analysis was performed on pure fenofibrate
and fenofibrate nanocrystals.

Fourier Transform Infrared (FTIR), Tests
were carried out on fenofibrate and
fenofibrate nanocrystals. About 1.00-2.00 mg
of sample powder is compressed onto a disc.
The absorption spectrum was recorded at
wave numbers 400-4000 cm-1 (Atia et.al
2020). This analysis will show a spectrum that
describes the functional groups of fenofibrate
compounds and fenofibrate nanocrystals.
Scanning Electron Microscope (SEM), The
aluminum sample holder was coated with
metallic paint, then rinsed with ethanol and
then coated with a thin layer of adhesive. The
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powder sample is placed in an aluminum
sample holder and then coated with a thin
layer of precious metal or gold. The voltage is
set at 10 kV with a current of 12 mA, observed
at various magnifications (Zaini, 2011). This
analysis will show the morphology of
fenofibrate particle shapes and fenofibrate
nanocrystals.

(Lokasi penelitian, Populasi dan
sampel,Nomor ljin Etik, Metode pengumpulan
data, Analisis data, dll)

RESULT
Particle Size Analyzer (PSA) and Zeta
Potential
Table 3. Particle Size Analyzer (PSA) and Zeta
Potential Measurements
TweenGrinding Grinding Particle Zeta
Run80 (%) Speed Time (jam) Size Potential

(rpm) (nm)

1 06 300 2 4792  -22,6
2 02 500 2 7778  -30

3 06 500 2 4591 -27,5
4 0,2 300 1 916,4 -28,3
5 02 500 2 777,7 -29,3
6 02 300 2 1025 -274
7 06 300 2 2291  -29,3
8 0,2 500 1 1215 -20,5
9 06 300 1 2714 -21

10 0,6 500 1 1967 -114
11 0,6 500 1 2606 -15,5
12 0,2 300 1 901.5 -23,9
13 0,6 500 2 9291 -19,2
14 06 300 1 1409 -21,9
15 0,2 300 2 1882 -23,3
16 0,2 500 1 1444  -20,1

Particle size is very important in

nanoparticle systems. The particle size of
fenofibrate was measured using a PSA
(Particle size Analyzer). The use of surfactant
stabilizers affects the particle size and stability
of the resulting nanocrystals. The surfactant
stabilizer functions to stabilize suspensions
by providing a charge on the surface of the
nanoparticles so that there is repulsion
between the particles so that agglomeration
does not occur into larger particles
(Toziopoulou et al., 2017).

Nanoparticles with Zeta Potential values
greater than +30 mV or less than -30 mV
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usually have a high degree of stability.
Dispersions with low zeta potential values will
produce aggregates due to Van Der Waals
attractions between particles (Murdock et al.,
2008).

Solubiliton

Table 4. Solubility Nanocrystal Fenofibrate
TweenGrindingGrinding Solubility

Formula80 (%) Speed Time (ug/mL)
(rpm) (Hours)

1 0,6 300 2 18,22
2 0,2 500 2 17
3 0,6 500 2 12,33
4 0,2 300 1 8,273
5 0,2 500 2 8,922
6 0,2 300 2 16
7 0,6 300 2 15,2
8 0,2 500 1 6,252
9 0,6 300 1 25
10 0,6 500 1 8,614
11 0,6 500 1 7,856
12 0,2 300 1 7,27
13 0,6 500 2 14,004
14 0,6 300 1 27,312
15 0,2 300 2 7,2
16 0,2 500 1 6,535

To evaluate the contribution of each of the
three components and the quantitative effect
of the different proportions and formulation
variables on the solubility response (Y),
surface response models were calculated
with Design Expert software. The final
equation of the model describing the solubility
of fenofibrate nanocrystals can be written as
follows:

Y = +8,069 +97,54 (A) -0,038 (B) -8,20 (C) -
0,134 (A)(B) -18,64 (A)(C)+0,043 (B)(C)

Information:

Y = Solubility

A = Tween 80

B = Grinding Speed
C = Grinding Time
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Based on the results of the equation, it shows
that each component has an effect on the
particle size of the fenofibrate
nanosuspension. The tween 80 component
has the greatest positive effect (+97.54)
compared to speed (-0.037) and grinding time
(-8.19). This study shows that the function of
tween 80 as a surfactant greatly affects the
solubility of fenofibrate nanocrystals, this is
due to the properties of tween 80 which can
reduce the surface tension between the active
ingredient and the solvent used (X. Hu et al.,
2017). The interaction of grinding speed and
duration had the greatest positive effect
(+0.043) compared to the interaction of tween
80 and speed (-0.134) and the interaction of
tween 80 and grinding time (-18.64).
Determination and  Verification of
Optimum Formulas of Fenofibrate
Nanocrystals

The data entered as a response is
particle size, zeta potential and solubility test.
The results of determining the optimum
formula using weights and goals from the
nanocrystal characterization test as listed in
table 5.

Table 5. Values and weights of the
characterization test for the optimum formula of
fenofibrate nanocrystals

Lower Upper Goal Characterization
limit  limit
200 999 In range Particle Size
-30 +30 In range Zeta Potential
0 15 In range Solubility
Characteristics Test of Fenofibrate

Nanocrystals

Differential Scanning Calorimetry (DSC), the
sample (pure fenofibrate, poloxamer 188,
mannitol, optimum formula) was carefully weighed
5.0 mg into an aluminum container, heated and
measured from 30-250 oC. constant heating rate
of 10 oC/minute with nitrogen gas flow of 20
mbL/minute of endothermic and exothermic
processes will be recorded in Figure 1 below.
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:::::::

Figure 1. Differential Scanning Calorymetry
(DSC)

X-Ray Diffraction, measurement conditions as
follows: voltage 40 kV, current 30 mA,
measurement analysis in the range 26 5-50° and
scanning speed 0.05° per second. The sample is
placed in the sample holder (glass) and leveled to
prevent particle orientation during sample
preparation. The results of X-ray diffraction can be
concluded that there is a slight change in crystallity
between pure fenofibrate and fenofibrate
nanocrystals, as can be seen in Figure 2 below.
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Figure 2. X-Ray Difractory

Fourier Transform Infra Red (FTIR), tests were
carried out on fenofibrate, fenofibrate
nanocrystals, poloxamer 188 and mannitol. About
1.0-2.0 mg of sample powder is compressed onto
a disc. The absorption spectrum was recorded at
wave numbers 400-4000 cm™'. Fourier Transform
Infra Red (FTIR), showed in figure 3 below.
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Figure 3. Fourier Transform Infra Red
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Scanning Electron Microscope (SEM), SEM
morphology testing by means of a sample is given
a thin layer of gold-palladium Au (80%) and Pd
(20%) using a current at 12 mA, a voltage of 20
kV. In SEM analysis, there are differences in the
form of fenofibrate crystals and fenofibrate
nanocrystals. In fenofibrate crystals, the average
shape is irregularly shaped at 1000x
magnification, and in fenofibrate nanocrystals it
looks like lumps after 5000x magnification. The
results can be seen in figure 4

© (d)

Figure 4. Scanning Electron Microscope (SEM)
results, (a) fenofibrate, (b) fenofibrate
nanocrystals, (¢) mannitol, (d) poloxamer 188

DISCUSSION
Particle Size Analyzer (PSA) ANOVA
analysis

To evaluate the contribution of each of
the three components and the quantitative
effect of different proportions and formulation
variables on the particle size (Y) response,
surface response models were calculated
with Design Expert software. The final
equation of the model describing the particle
size of the fenofibrate nanosuspension can be
written as follows:

Y = +7443.212 -14739.44 (A) -13.28 (B) -
3617.23 (C) +24.25 (A)(B) +7677.13 (A)(C)
+5, 20 (B)(C)

Information :

Y = Particle Size
A = Tweens 80
B = Speed
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C = Grinding time

Based on the results of the equation, it
shows that each component has an effect on
the particle size of the fenofibrate
nanosuspension. The tween 80 component,
speed, and grinding time have a negative
effect, where tween 80 has the greatest
negative effect (-14739.44) compared to
grinding time (-3617.23) and speed (-13.28),
this shows that the tween 80, speed, and
grinding time, had a negative effect which was
predicted to increase the particle size.
However, the interaction of the combination of
tween 80 and other factors such as tween 80
and grinding time has the most positive effect
(+7677.12) compared to the interaction of
tween 80 and speed (+24.25) and the
interaction of speed and grinding time (+5.20).
. This proves that the combination of tween 80
with grinding speed and grinding time has a
positive effect on particle size and grinding
speed and grinding time also has a positive
effect on particle size which is likely to reduce
the particle size of the fenofibrate
nanosuspension. In harmony, in this case,
tween 80 acts as a surfactant which has
properties as a surfactant in nanocrystal
preparations, not as a form of nanocrystal
preparations (X. Hu et al.,, 2017). The
surfactants and polymers used have a role as
stabilizers so that they can prevent particle
aggregation from becoming larger at the
nanocrystal size and increase solubility
(AlYousef et al., 2018).

Zeta Potential ANOVA Analysis

To evaluate the contribution of each of
the three components and the quantitative
effect of the different proportions and variable
formulations on the potential zeta response
(Y), response surface models were calculated
with Design Expert software. The final
equation of the model describing the zeta
potential of the fenofibrate nanosuspension
can be written as follows:

Y = -43.425 -1.13 (A) +0.05 (B) +12.65
(C) +0.057 (A)(B) -7.25 (A)(C) -0.039 (B)(C )

Information :
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Y = Zeta Potential
A = Tweens 80

B = Speed

C = Grinding time

Based on the results of the equation, it
shows that each component has an effect on
the zeta potential of the fenofibrate
nanosuspension. The  grinding time
component has the greatest positive effect
(+12.65) compared to speed (+0.050) and
tween 80 (-1.13). This study shows that
grinding time has a positive effect on zeta
potential. The interaction of tween 80 and
speed has the greatest positive effect
(+0.057) compared to the interaction of tween
80 and grinding time (-7.25) and the
interaction of speed and grinding time (-
0.039). This proves that the grinding time has
an effect on the zeta potential and interactions
with tween 80 and the grinding speed also has
an effect on the zeta potential of fenofibrate
nanocrystals. Aligned with the grinding speed
and grinding duration can affect the particle
size and zeta potential (Toziopoulou et al.,
2017).

Characterization of the optimum formula
of fenofibrate nanocrystals

The desirability contour plot (figure 5)
diagram shows that the formula selected as
the optimum formula using Design Expert 12
software is a formula containing tween 80
0.200%, milling speed 500.00 rpm, milling
time 1 hour. The desirability value is the value
of the optimization objective function which
shows the program's ability to fulfill the
desired based on the set criteria. The range
of desirability values is from 0 to 1.0. The
desirability value that is closer to 1.0 indicates
more perfect. The purpose of optimization is
not to obtain a desirability value of 1.0, but to
find the best conditions that bring together all
objective functions (Raissi & Farzani, 2009).
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Figure 5. Contour plot diagram for optimum
desirability formula

The optimum formula chosen in this
study is one that has a desirability value close
to 1. Desirability indicates the magnitude of
the value in accordance with what is desired,
achieving the maximum value on desirability
indicates that the selection of goals in the
three characterization tests is correct.
Differential Scanning Calorymetry (DSC),
the maximum melting point of pure fenofibrate
is 82.73°C. The maximum melting point of
mannitol is 168.591°C. Maximum melting
point of poloxamer 188 55.477°C. The
maximum melting point of the optimum
formula for testing 1 is 80.997°C and
167.74°C. The maximum melting point for the
optimum formula for testing 2 is 80.161°C and
167.56°C. The results of the DSC test showed
that the melting point of fenofibrate appeared
at a melting point of 82.73°C. This result was
different from the fenofibrate nanocrystals
which appeared at a melting point of
168.591°C which was similar to the melting
point of mannitol and there was a decrease in
the endothermic peak. This shows that pure
fenofibrate which is made into fenofibrate
nanocrystals with mannitol cryoprotectant
material is not released in the system.
X-ray diffraction, in pure fenofibrate X-ray
diffraction analysis, a series of intensity peaks
were obtained at values of 26 11.86°, 14.38°,
16.61°, 20.79°, 22.15°, 24.62°, 26, 17°, and
36.72°. The poloxamer 188 diffraction pattern
shows intensity peaks at 20 values, namely
19.41° and 23.7°. The mannitol diffraction
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pattern showed intensity peaks at 26 values,
namely 9.6°, 16.5°, 18.0°, 25.78°. The results
of the X-ray diffraction test show that the peak
intensity value of 20 fenofibrate appears at
11.86°, 14.38°, 16.61°, 20.79°, 22.15°,
24.62°, 26.17°, and 36.72° this result is
different from the fenofibrate nanocrystals
which appear at peak intensity values of
209.6°, 16.5°, 18.0°, 25.78° which are similar
to the melting point of mannitol and there are
differences in crystallity characteristics where
the crystallinity of the nanocrystals fenofibrate
is denser which shows it is amorphous. This
shows that pure fenofibrate which is made
into fenofibrate nanocrystals with mannitol
cryoprotectant material is not released in the
system.

FTIR analysis, pure fenofibrate shows an
absorption of 1729.24 cm™ for the C=0 ester
group, 1651.12 cm™ for the C=0O ketone
group, 1302.96 cm™ for the ether group and
2983.01 cm™ for aromatic strain. The
spectrum of poloxamer 188 shows absorption
bands due to OH (3600-3400 cm™) and C-O
(1112 cm™) strains. Mannitol shows C-H or
O-H strain bands in the region between 2800
cm™ and 3700 cm™ and C-O between 900
cm™ and 1500 cm™'. The nanocrystals showed
a strain of 1732.13 cm™ C=0 for the ester
group, 1650.16 cm™ for the ketone group
C=0 and 2968.72 cm™" for the aromatics. The
results of the FTIR test show that fenofibrate
and fenofibrate nanocrystals do not appear to
differ in functional groups. This shows that
pure fenofibrate made into fenofibrate
nanocrystals with mannitol cryoprotectant
does not change the functional groups in the
system.

CONCLUSION

The optimum formula with tween 80
components, grinding speed and grinding
time in the manufacture of fenofibrate
nanocrystals using the Factorial Design
method obtained 0.2% tween 80, grinding
speed of 500 rpm and grinding time of 1 hour.
The critical parameter test results for the
optimum formula obtained a particle size of
775.966 nm, a zeta potential of -21.302 mV
and a solubility of 5.977 ug/mL. The DSC test
showed that there was a difference in the
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melting point peaks and a decrease in crystal
intensity between pure fenofibrate and
fenofibrate nanocrystals. The FTIR test
showed no difference in functional groups
between pure fenofibrate and fenofibrate
nanocrystals. The XRD test showed that there
was a difference in peak crystal intensity
between pure fenofibrate and fenofibrate
nanocrystals. The SEM analysis shows that
there are differences in shape and
magnification used between pure fenofibrate
and fenofibrate nanocrystals.
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