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Abstract: Fenofibrate acid is a fibrate drug with high permeability but low water solubility, resulting in
limited bioavailability. Solid dispersion using hydrophilic carriers is one strategy to increase solubility. The
objective of this study was to improve the solubility of fenofibric acid by converting it into a solid dispersion
system using PEG 6000 as a carrier. Preparation of solid dispersion systems by the melting method. The
fenofibric acid PEG 6000 weight ratios were F1 (1:1), F2 (1:3), and F5 (1:5). Physicochemical characterization
of the solid dispersions included DSC, PXRD, FTIR, and SEM tests, as well as dissolution and bioavailability
tests with the determination of pharmacokinetic parameters. Characterization results show that fenofibric
acid with PEG 6000 as a carrier still exhibits a crystalline phase but with reduced intensity, resulting in
increased solubility and dissolution rate. Dissolution test show that solid dispersion F3 (1:5) dissolves faster
(78.7%) than pure fenofibric acid (53.2%). after 60 minutes. Pharmacokinetic parameter determination tests
showed no significant difference between pure fenofibric acid and solid dispersion. Solid dispersion of
fenofibric acid with PEG 6000 as a carrier can improve the physicochemical performance and dissolution rate
of fenofibric acid but pharmacokinetic parameters did not differ significantly.
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1. INTRODUCTION

The solubility of pharmaceutical active ingredients (API) can affect the bioavailability of
these active pharmaceutical ingredients. Poorly soluble drugs have low bioavailability in the
human body. Currently, approximately 40% of active pharmaceutical ingredients on the market
and 90% of drug compounds in development have poor water solubility [1]. Many methods are
available to increase the rate of dissolution, such as salt formation, micronization, and the addition
of surfactants. Every method has limitations on its use. Salt crystals are often used, but are limited
to ionized compounds. In addition, it does not provide sufficient solubility improvement.
Pharmaceutical active ingredients are generally weak acids and bases with low ionization capacity.
[2].

Solid dispersion is one method that has been successfully used to increase solubility and
dissolution rate. The concept of solid dispersion was introduced in 1961 by Sekiguchi and Obi [3].
In solid dispersion, the drug is dispersed in a water-soluble carrier that is non-reactive in the solid
state. The formation of solid dispersions is achieved using water-soluble carriers [4].

Fenofibric acid (FA) is a new generation antihyperlipidemic drug. The physicochemical
properties of new drugs need to be developed so that they are more effective, efficient, and have
minimal side effects.[5] Based on solubility and permeability classification, FA belongs to the BCS
class II group.[6] Therefore, solubility and dissolution rate are the limiting factors of its
bioavailability. Improvements in the solubility of fenofibric acid that have been made so far that use
of MgCOs; as a catalyst,[7] formation of multicomponent crystals and formation of self
nanoemulsion drug delivery system (SNEDDS) [8,9,10].

Efforts to increase the solubility of fenofibric acid have so far been limited to forming
multicomponent crystals with various coformers (nicotinic acid, nicotinamide, syringic acid,
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proline) [11,12,13,14], but the results in terms of solubility improvement have not been optimal.
The formation of fenofibrate acid solid dispersion with PEG 6000 as a carrier have not been
reported. Therefore, the formation of fenofibrate acid solid dispersions using PEG 6000 as a carrier
and conducting dissolution tests, and determining pharmacokinetic parameters were carried out in
this study. The objective of this study was to form fenofibric acid into a solid dispersion with PEG
6000 and to characterize its physicochemical properties, dissolution test, and in vivo study.

2. MATERIALS AND METHODS

Material used in the preparation of solid disperses; fenofibric acid (BOC Sciences USA), PEG
6000 (Tokyo Chemical Industries Japan), Ethanol 96% pro analyzer (Merck Germany). Materials
used in pharmacokinetic testing: male rabbits (Oryctolagus cuniculus), heparin, plasma, internal
standard 4'-chloro-5-fluoro-2-hydroxybenzophenone (CFHB) (Tokyo Chemical Industries Japan),
HCI (Merck), ethyl acetate (Merck), acetonitrile (Merck)

2.1. Preparation of Formula
2.1.1. FA PEG 6000 Solid Dispersion

FA and PEG 6000 were weighed in ratios of F1 (1:1), F2 (1:3), and F3 (1:5). Each formula was
made into a 10 g solid dispersion powder. PEG 6000 was melted on a hot plate at a temperature of +
65 °C, then FA was added and stirred until homogeneous. After mixing, cool quickly using ice and
leave for 1 hour. Grind the solid dispersion and sieve it using a 425 pum sieve. Store in a desiccator
for further testing.

2.1.2. FA PEG 6000 Physic Mixture
The physical mixture is made by physically homogenizing FA and PEG 6000 in a mortar with
a spatula for 10 minutes.

2.2. Physical and Chemical Characterization of Solid Dispersions
2.2.1. Thermal Analysis

Thermal analysis using DSC (Shiamdzu® DSC-60 Plus, Japan)The DSC instrument was set at
a temperature of 30°-300°C with a heat flow of 10°C/minute. Analysis was performed on FA, PEG
6000, and FA-PEG 6000 solid dispersion.

2.2.2. PXRD Analysis

Using an X-ray diffractometer (PANalitycal® MPD PW3040/60), the sample was placed on a
sample holder and analyzed at an angle of 20 in the range of 5°-35". The analysis was conducted at
room temperature using a Cu target metal, Ka filter, 45kV voltage, and 40 mA current. Determine
the diffractogram pattern to evaluate changes in crystallinity. This analysis was conducted on FA,
PEG 6000, and FA-PEG 6000 solid dispersion.

2.2.3. SEM Analysis

The samples analyzed at several magnifications using a SEM. A comparative analysis of the
particle shapes in each sample was performed. This test was conducted on FA, PVP K-30, FA-PEG
6000 solid dispersion, and physical mixtures.

2.2.4. FTIR Analysis

Infrared spectroscopy analysis was performed using an IR spectrophotometer Shimadzu® IR
Spirit-A224°58. The absorption of the analyzed samples was recorded at wavelengths of 4000-600
nm-1. The spectra were analyzed for FA, PEG 6000,and FA-PEG 6000 solid dispersion.

2.3. Dissolution Test
Dissolution testing was conducted using a type 1 dissolution apparatus (SR8-Plus Hanson
Research, USA), at 50 RPM and 37°C, in 900 mL of distilled water. Dissolution test for 60 minutes.
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The sample absorbance is analyzed with a spectrophotometer at the maximum wavelength. The
experiment was conducted triplo on FA samples and FA-PEG 6000 solid dispersions.

2.4. In Vivo Study
2.4.1. Pharmacokinetic Study of Fenofibric Acid in Rabbit

Animal testing has been approved by the Riau University Faculty of Medicine Ethics
Committee No. 068/UNI.9.5.1.1.8/UEPKK/2025. The research design used a two-period randomized
crossover method. The test was conducted on three male New Zealand white rabbits, aged three
months and weighing 2-3.5 kg. Two groups of experimental animals, namely the solid dispersion
group and the pure fenofibrate acid group. Each group consisted of six rabbits calculated based on
Federer's formula. The animals were acclimatized and fasted for 12 hours before administration of
the drug. Each group of animals was given 4.9 mg/kg of fenofibric acid orally and a solid dispersion
equivalent to 4.9 mg/kg. The oral dosage form for the FA sample is a suspension, while the FA PVP
K-30 solid dispersion sample is a solution dosage form. Volume of drug administration according
to Thomson's law from a 1% concentration drug solution. Blood was collected from the marginal
vein of the rabbit's ear at a volume of 1 mL. At 0 hours (before drug administration) and at 0.5, 1, 2,
4,6,8,10,12, 16, 24, 36, and 72 hours. Add 100 pL of heparin to the blood sample, centrifuge at 2000
RPM for 8 minutes. The supernatant was stored at —20°C for analysis.

2.4.2. Preparation of Plasma Sample

Plasma sample (200 uL) was added to 50 uL of CFHB internal standard solution (250
pg/mL) and 1 mL of 1 N HCl and mixed for 30 seconds in a vortex mixer. Three mL of ethyl acetate
was added. The mixture was vortexed for 5 minutes and centrifuged for 15 minutes. Separate the
supernatant, evaporate to dryness at 40°C. Dissolve the dry residue in 100 pL of mobile phase, and
inject 60 uL into the HPLC apparatus. Determine the area under the curve, calculate the
concentration of fenofibric acid in the blood sample, and determine the pharmacokinetic
parameters (AUC, Cmax, Tmax, and t%2 values). The chromatographic conditions for testing are
mobile phase acetonitrile phosphate buffer (75:25), C18 column (4.6x150 mm), flow rate 1
ml/minute, wavelength 298 nm.

2.5. Data Analysis and Statistic

Pharmacokinetic parameters (AUC, Tmax, Cmax, and elimination t1/2) were calculated
using the PKSolver Ms.Excel application and analyzed statistically using the t-test. Solubility and
dissolution test data were presented descriptively in tables and graphs.

3. RESULTS AND DISCUSSION

This study prepared a solid dispersion of fenofibric acid using PEG 6000. Solid dispersions
are drug dispersions in a solid matrix, where the matrix consists of small molecules or polymers.
Solid dispersions can be eutectic mixtures, crystalline/glass solutions, and amorphous/crystalline
suspensions.[15] In solid dispersions, the drug is molecularly dispersed in a hydrophilic carrier.
This method is very promising for the development of drugs that have poor solubility in water [16].

3.1. Thermal Analysis

DSC analysis is a method used to analyze the behavior of solids when subjected to heat
flow [17]. This method can be used to characterize the thermodynamic properties of the solid phase.
The DSC thermogram overlay (Figure 1) shows a peak at 185.75°C, which is the melting point of
fenofibric acid. PEG 6000 shows a peak at 56.63°C, which is the melting point of PEG 6000. A
decrease in the melting point occurs in the FA PEG solid dispersion system (53.92°C). The shift of
the melting point to a lower point and the decrease in enthalpy value will reduce the intermolecular
bond energy, which ultimately reduces the crystal lattice energy [18].
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Figure 1. Overlay Thermogram DSC

3.2. PXRD Analysis

PXRD analysis to examine the crystallinity of a substance, which can be analyzed based on
the diffraction pattern formed. The X-ray diffraction patterns for fenofibric acid, PEG 6000, and
solid dispersion FA-PEG can be seen in Figure 2. The fenofibric acid diffraction pattern at an angle
of 2 theta shows diffraction peaks at 18.65, 19.41, 21.60, and 23.28. The characteristic diffraction of
PEG 6000 at 2 theta are 19.17; 23.33; and the solid dispersion diffraction pattern shows a
superimposed diffraction peak pattern between the diffraction peaks of fenofibric acid and PEG
6000, but with decreased intensity. The overlay diffraction pattern shows no new diffraction peaks,
crystalline solids characterized by sharp peaks, but a decrease in crystallinity compared to pure
fenofibric acid. This data correlates with the decrease in melting point in the DSC test [19].
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Figure 2. Overlay Diffractogram

3.3. SEM Analysis

Analysis of particle shape obtained SEM (Figure 3) shows the morphology of FA, PEG 6000,
and solid disperse. The morphology of FA is irregular cubic agglomerates with sharp edges. The
morphology of PEG 6000 is lumps that are larger than FA. The morphology of the solid dispersion
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powder shows a different morphology from FA and PEG 6000, indicating that a physical change
has occurred in the solid dispersion system [20].

Figure 3. Scanning electron micrographs of (A) Fenofibric Acid (B) PEG 6000 (C) Solid Dispersion

3.4. FTIR Analysis

FTIR spectroscopy analysis to observe the spectrum formed from the solid dispersion
powder between FA and PEG 6000 compared to the spectrum of pure FA. The IR spectrum in
Figure 4 shows that the wave numbers in the fingerprint region produced from the solid dispersion
powder with FA are not significantly different. The solid dispersion powder does not show any

interaction between FA and PEG 6000 due to the similarity in the fingerprint region at wave
numbers of 4000 - 500 cm-1.
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Figure 4. Spectrum of FA, PEG 6000 and Solid Dispersion FA-PEG
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3.5. Dissolution Study

The dissolution study was conducted using a CO»-free distilled water dissolution medium
at a temperature of 37 °C. The dissolution rate profiles of FA and solid dispersions (F1, F2, F3)
shown in Figure 5. Based on the results of the study, it can be concluded that PEG 6000 can increase
the dissolution rate of FA. FA dissolved at 60 minutes was 53.2%, while solid dispersions F1, F2,
and F3 dissolved at 57.05%, 60.54%, and 78.76%, respectively. The dissolution rate of the solid
dispersion system increased in line with the increase in the PEG 6000 ratio in the formulation.

The dissolution test results showed a significant difference in the rate of solid dispersion
compared to pure fenofibric acid. The mechanisms is dissolution and increased drug moisture in a
microenvironment rich in hydrophilic carriers formed on the surface of the drug crystals after the
drug dissolves [21,22]. In the PEG 6000 solid dispersion system, the crystallinity of fenofibrate acid
decreases. The IR spectrum shows no interaction between FA and PEG 6000.

The solid properties of pharmaceutical active ingredients (APIs) —including crystal form,
particle size, and amorphous content—significantly influence the in vitro dissolution rate, which
will determine in vivo pharmacokinetic parameters such as maximum plasma concentration
(Cmax), time to peak concentration (Tmax), and area under the curve (AUC). This relationship is
formally modeled through In Vitro-In Vivo Correlation (IVIVC), where the dissolution profile
serves as a surrogate for drug absorption in the gastrointestinal tract [23].
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Figure 5. Dissolution Profile of FA and Solid Dispersion

3.6. In Vivo Pharmacokinetic Study

Determination of pharmacokinetic parameters (AUC, Tmax, Cmax, and elimination T1/2) of
fenofibric acid in rabbit blood using high-performance liquid chromatography. All pharmacokinetic
parameters are listed in Table 1. The pharmacokinetic parameters (AUC and Cmax of fenofibric acid
different significantly (p<0.05) compared to its solid dispersion system, this indicates that the
plasma profile produced by fenofibric acid was higher than that of the solid dispersion. The
differences in initial solubility observed in the in vitro test were not reflected in the in vivo test. This
is because fenofibric acid is absorbed with the help of an active transport mechanism transporter.
Although in limited quantities, it is mostly soluble [24, 25].

Theoretically, the in vivo profile directly corresponds to the in vitro dissolution profile. In
this study, fenofibric acid, a class II biopharmaceutical drug substance, did not show this, which
may be due to fenofibric acid having complex absorption properties where each process is
significantly influenced by physiological factors throughout the gastrointestinal tract [26].
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Table 1. Pharmacokinetic parameters (n=6)

Pharmacokinetic Parameters  Cmax (ug/mL)+SD Tmax (hours) AUC(0-72)xSD  Tu2 (hours)

Fenofibric acid 678.68+0.02 8 6613.66+0.09 13

Solid dispersion FA PEG 720.68+0.07 8 4271.48+0.04 15

Cmax and AUC value analyzed with independent t-test with 95% confidence interval, n= 6, different
significantly at p <0.05.

4. CONCLUSION

The solid dispersion system of fenofibric acid with PEG 6000 can increase the dissolution
rate of fenofibric acid but does not affect its pharmacokinetic parameters. The solid dispersion of FA
PEG 6000 with a ratio of 1:5 is the best solid dispersion, dissolving 78.7% after 60 minutes, while
pure FA only dissolves 53.2%.
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