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Abstract Prepared solid dispersions were applied to a

drug with low water solubility to improve its dissolution

rate. Fenofibrate (FEN) is a Biopharmaceutical Classifica-

tion System (BCS) class-II (poorly water-soluble) drug,

and its bioavailability is limited by the dissolution rate. The

physical state of FEN in solid dispersions with Pluronic

F127 (PLU) prepared using the fusion method was assessed

using Fourier transform infrared spectroscopy (FTIR),

X-ray powder diffraction (XRPD), and differential scan-

ning calorimetry (DSC). The DSC investigation revealed

that FEN and PLU form a simple eutectic system. The

DSC, XRPD, and FTIR studies of the investigated solid

dispersions revealed no interaction between FEN and PLU.

The intrinsic dissolution rate (IDR) of FEN from solid

dispersions was significantly increased compared with the

pure drug. The enhancement in the intrinsic dissolution rate

was approximately 134-fold for solid dispersions contain-

ing 30/70 % w/w of FEN/PLU.

Keywords Fenofibrate � Pluronic F127 � Solid

dispersion � DSC studies � Intrinsic dissolution rate � XRPD

Introduction

Fenofibrate (FEN) (isopropyl ester of 2-[4-(4-chloro-ben-

zoyl) phenoxy]-2-methylpropanoic acid) is a Biopharma-

ceutical Classification System (BCS) class-II, low-

solubility, high-permeability hypolipidemic drug [1]. It is

used to treat hypercholesterolemia, heart disease, and dia-

betic complications [2]. The compound is practically insol-

uble in water (0.1 lg mL-1), which limits its absorption

from the gastrointestinal tract [3]. Several methods have

been employed to improve the solubility of FEN, including

micronization [4–6], preparation of solid dispersions [7, 8],

preparation of eutectic mixtures with polymers [3], formu-

lation of nanosuspension [5], self-microemulsifying drug

delivery systems [9], and an inclusion complex with b-cy-

clodextrin [10], the addition of surfactants, such as sodium

lauryl sulphate, [11], the formulation of the drug into gran-

ules using slugging and liquisolid compaction techniques

[12], or the melt granulation technique [13, 14].

The FEN solid dispersions in Eudragit� E100 and

polyvinylpyrrolidone–vinyl acetate copolymer S630 (PVP–

VA) were prepared using a hot-melt extrusion method,

which improved the dissolution and thus the bioavailability

of the drug [4]. The solid dispersion technique is success-

fully used to improve the dissolution rate and bioavail-

ability of FEN [15, 16]. Tablets formulated with a solid

dispersion of FEN with hydroxy propyl-b-cyclodextrin

produced an enhanced drug dissolution rate. The in vivo

studies of rats showed a significant decrease in cholesterol,

triglycerides, low-density lipoprotein (LDL), and very low-

density lipoprotein (VLDL) levels and an increase in high-

density lipoprotein (HDL) levels compared with the pure

drug-treated group [16].

Pluronics are nonionic surfactants composed of poly-

oxyethylene–polyoxypropylene–polyoxyethylene triblock

& Maciej Gajda

maciej.gajda@umed.wroc.pl

1 Department of Drug Form Technology, Wroclaw Medical

University, Borowska 211A, 50-556 Wrocław, Poland

2 Laboratory of Elemental Analysis and Structural Research,

Wroclaw Medical University, Borowska 211A,

50-556 Wrocław, Poland

123

J Therm Anal Calorim (2016) 125:751–757

DOI 10.1007/s10973-015-5013-2

http://crossmark.crossref.org/dialog/?doi=10.1007/s10973-015-5013-2&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10973-015-5013-2&amp;domain=pdf


copolymers with a melting temperature of 52–57 �C. The

observed increased drug dissolution rate in solid disper-

sions with the polymer is likely due to the decreased par-

ticle size, reduced drug crystallinity, and surface active

properties of pluronic itself. The solid dispersion of FEN in

Poloxamer 188 and tocopheryl polyethylene glycol succi-

nate as a surfactant prepared using spray drying signifi-

cantly increased the dissolution rate of this drug [7].

Tejas et al. obtained solid dispersions of FEN using PEG

6000, Poloxamer 407, and a mixture of PEG 6000 and

Poloxamer 407 (1:1 mixture) using solvent, fusion, and

lyophilization methods. The lyophilized Poloxamer 407 solid

dispersions had a greater effect on the rate and extent of the

FEN dissolution [17]. The enhanced FEN dissolution from

lyophilized dispersions explained the decreased drug crys-

tallinity in these formulations [18]. In addition, improvements

in the FEN dissolution property were observed for solid dis-

persions of the drug with Poloxamer 407 and Poloxamer 407

microprepared using a physical mixing technique [19].

Irwan et al. [20] prepared the FEN solid dispersions with

Poloxamer 407 using a solvent evaporation method and

observed a significantly faster release of the drug when the

fenofibrate loading was not greater than 50 %.

In the present work, the FEN solid dispersions with PLU in

mass ratios of 10/90, 20/80, 30/70, 40/60, 50/50, 60/40, 70/30,

80/20, and 90/10 were prepared using the fusion method.

Differential scanning calorimetry (DSC), X-ray powder

diffraction (XRPD), and Fourier transform infrared spec-

troscopy (FTIR) were used to investigate the properties of the

obtained solid dispersions of FEN–PLU series. Intrinsic dis-

solution studies of the obtained formulations were performed

in 0.5 % SLS w/v and were compared with pure FEN.

Experimental

Materials

FEN (99 % purity) and PLU were supplied by Sigma–

Aldrich (USA). Sodium lauryl sulphate (SLS) was pur-

chased from Stanlab (Poland). Acetonitrile HPLC grade

was obtained from JT Baker (The Netherlands). Phosphoric

acid (85 %) was obtained from Sigma (Germany).

Preparation of solid dispersions

Accurately weighed amounts of PLU were mixed with an

appropriate amount of FEN in a porcelain dish and heated on

an electrical plate to 80–85 �C with continuous stirring to

obtain homogeneous preparations, which were then rapidly

cooled over an ice bath. The total mass of each solid dis-

persion was 5.0 g. The obtained solid dispersions were

stored in a desiccator under vacuum for 24 h and then pul-

verized using an agate mortar and pestle. The pulverized

powders were sieved using a 315-lm sieve and then stored in

a desiccator at room temperature until use. The mass ratios of

the mixtures were 90/10, 80/20, 70/30, 60/40, 50/50, 40/60,

30/70, 20/80, and 10/90 % w/w, respectively.

Drug content

The equivalent mass of solid dispersions containing 10 mg

of FEN were accurately weighed and dissolved in 100 mL

of acetonitrile. The solution was filtered, and the FEN

content was analysed using HPLC.

Differential scanning calorimetry (DSC)

The DSC curves of each mixture were obtained using

Mettler Toledo DSC 25 equipped with a heat flow sensor

and interfaced with a computer using an interface TA

Controller TC 15. Measurements were performed using the

STARe software. The samples for DSC measurements were

sealed in 40-lL standard aluminium crucibles with a single

hole punched in the lid. The total mass of each sample was

between 5 and 7 mg. An empty pan of the same type was

employed as a reference. The DSC instrument was cali-

brated using the melting point of indium (156.6 ± 0.3 �C)

as a standard. The DSC scans of each mixture were per-

formed at a heating rate of 5 �C min-1 in the temperature

range from 25 to 200 �C. The DSC cell was purged with a

stream of dry argon at a flow rate of 50 mL min-1. The

experiments were performed in triplicate, and the mean

values were calculated.

X-ray powder diffraction analysis (XRPD)

The XRPD patterns were recorded using a powder diffrac-

tometer (D2 Phaser, Brüker) with CuKa radiation with a

LYNXEYE detector. The degree of diffractions was mea-

sured at 15� min-1 from 5� to 60� (2h) with an accuracy of

0.02� throughout the measurement range at 0.5 s step-1.

Fourier transform infrared spectroscopy (FTIR)

FTIR spectra were measured using a Spectrum Two

spectrophotometer (PerkinElmer). Spectra were recorded

in the 450–4000 cm-1 wavenumber range with a resolution

of 4 cm-1, averaged over 32 scans.

Intrinsic dissolution rate (IDR) studies

IDR studies were conducted using a rotating-disc system

under sink conditions in 1000 mL of distilled water con-

taining 0.5 % w/v SLS at 37 ± 0.5 �C and rotational
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speeds of 50 rpm. The dissolution system was fitted with

SR8-PLUS (Hanson) and a six-channel peristaltic pump.

FEN (100.0 mg) or an equivalent amount of solid disper-

sion discs were prepared by compressing the powder in a

hydraulic press (Specac, Mettler Toledo) for 2 min under

1 t of compression force using an 8-mm punch. The sam-

ples were withdrawn at appropriate time intervals, namely,

5, 10, 15, 20, 30, 40, 50, 60, 90 and 120 min. Additional

trials were performed at sampling times of 240, 480, 360,

720, 1080, and 1440 min to monitor the dissolution beha-

viour of the drug over a 24-h time period. The quantitative

measurements of FEN were performed using an HPLC

system (System Agilent 1260 Infinity Series) with an eight-

channel DAD detector. The analysis was accomplished

using Zorbax SB-C18 (Agilent) 150 9 4.6 mm, 5 lm. The

analysis was performed using an isocratic elution with a

mixture of solvents on the composition of 70 % v/v ace-

tonitrile and 30 % v/v water that was adjusted to pH 2.5 by

adding phosphoric acid with a steady flow rate of

2.5 mL min-1 (volume injections of 20 lL). Substances

eluted from the column were identified using a UV visible

detector at 286 nm. External FEN standards were used to

obtain the calibration curves. Evaluation methods were

linear in the range of 0.5–12.0 lg mL-1 for both com-

pounds (linearity r2 = 0.9999).

Results and discussion

Drug content

The FEN content in solid dispersions was found to be in

range of 97.55–100.98 % of the declared amount

(Table 1).

DSC study

The DSC curves of pure FEN and PLU indicate only one

sharp endothermal effect (DfusH = 79.3 and 86.3 kJ mol-1,

respectively) that corresponds to the melting points at 81.4

and 53.4 �C, respectively. This confirms that the substances

are stable and do not decompose under the experimental

conditions. The phase diagram of the investigated system

constructed based on the DSC results is shown in Fig. 1.

The DSC curves of the pure components and obtained

dispersions are given in Fig. 2. The DSC curves of the

mixtures indicate that FEN and PLU formed a simple

binary eutectic system—only two kinds of thermal effects

are shown for the entire range of compositions. The onset

of the first peak consistently appeared near 45.3 �C
(Fig. 2), which indicated the following eutectic reaction:

Solid fenofibrate FENð Þ þ solid Pluronic F127 PLUð Þ
¼ liquid Lð Þ:

The second peak, which corresponds to the temperature of

liquid, was generally wider. This indicated complete

melting over a temperature range. In this two-phase region

(Fig. 1, L ? FEN, PLU ? L), the peak broadening was the

result of the solid phase content (FEN or PLU). Terminal

solid solutions were not observed on either side of the

phase diagram. The values of eutectic melting enthalpy

DH for a given mixture, determined by integrating the

eutectic peak area of the DSC curves, are plotted in Fig. 3

versus a mass fraction of FEN (Tamman’s triangle con-

struction [21]). The thermal effect of the eutectic transition

goes to zero for a composition that corresponds to pure

FEN, confirming that there is no mutual miscibility in the

solid state and no formation of a terminal solid solution.

The values of eutectic melting enthalpy DH (Fig. 3, filled

triangles) increase linearly with the PLU content. Near the

eutectic point, the DSC scans showed a characteristic

overlap of two endotherms (eutectic and liquid events) into

a single peak. Thus, the eutectic composition was deter-

mined by plotting the non-eutectic melting enthalpy (after

Table 1 Drug content in the prepared solid dispersions

Formulation code Average content of FEN

10/90 FEN/PLU 98.51 ± 0.25

20/80 FEN/PLU 97.55 ± 0.12

30/70 FEN/PLU 97.56 ± 0.24

40/60 FEN/PLU 98.55 ± 0.35

50/50 FEN/PLU 98.91 ± 0.15

60/40 FEN/PLU 98.28 ± 0.32

70/30 FEN/PLU 99.57 ± 0.14

80/20 FEN/PLU 97.53 ± 0.19

90/10 FEN/PLU 100.98 ± 0.17

Data are expressed as a mean ± SD (n = 3)
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Fig. 1 Phase diagram of the FEN–PLU system
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eutectic melting) of FEN as a function of the mass per-

centage of the drug and extrapolating the fitted line to zero

enthalpy (Fig. 3, filled circles). Finally, the parameters of

the eutectic point (E) have been established as follows:

1. Eutectic composition: mass fraction of FEN 16.5 %,

mass fraction of PLU 83.5 %;

2. Eutectic temperature: 45.3 �C.

XRPD study

The XRPD patterns of FEN, PLU, and solid dispersions are

presented in Fig. 4. As a crystalline compound, FEN
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showed a series of peaks at 11.77�, 14.24�, 16.06�, 16,53�,
20.62�, 21.97�, 24.62� and 36.58�. The X-ray diffrac-

tograms of pure PLU showed distinct peaks at 18.93� and

23.10�. The diffraction patterns of FEN in solid dispersions

were similar to those of the pure drug, suggesting a simple

mixing of drugs and carriers.

FTIR study

FTIR spectra of FEN, PLU and 80/20, 60/40, 40/60, and

20/80 % w/w FEN/PLU, respectively, are shown in Fig. 5.

The pure drug spectra show characteristic peaks at 2983

and 2935 cm-1 due to the benzene ring, at 1729 cm-1 due

to the ester group and at 1651 and 1599 cm-1 due to the

lactone carbonyl functional group. The PLU FTIR spec-

trum is characterized by principal absorption peaks at 2889

(C–H stretch aliphatic), 1345 (in-plane O–H bend) and

1111 cm-1 (C–O stretch), which were consistent in all

binary systems with the drug. This indicates the absence of

drug-excipient interactions because all specific peaks of the

drug were present in the solid dispersion.

IDR studies

Figure 6 shows the amount of pure FEN dissolved from the

obtained solid dispersions in a 0.5 % SLS solution at a time

0
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Fig. 6 Dissolved amount of pure FEN and its solid dispersions with PLU

Table 2 IDR of pure FEN and the prepared solid dispersions and the corresponding ratios

Formulation code IDR/mg cm-2 min-1 R2 IDR ratio SDs/FENa

10/90 FEN/PLU 0.102 ± 0.002 0.9928 27.99

20/80 FEN/PLU 0.246 ± 0.026 0.9894 72.08

30/70 FEN/PLU 0.459 ± 0.004 0.9926 134.38

40/60 FEN/PLU 0.402 ± 0.035 0.9964 117.76

50/50 FEN/PLU 0.340 ± 0.033 0.9992 99.60

60/40 FEN/PLU 0.289 ± 0.052 0.9893 84.58

70/30 FEN/PLU 0.435 ± 0.064 0.9962 127.34

80/20 FEN/PLU 0.225 ± 0.041 0.9994 65.84

90/10 FEN/PLU 0.004 ± 0.001 0.9541 1.17

FEN 0.003 ± 0.000 0.9976 –

Data are expressed as a mean ± SD (n = 3)
a SDs—solid dispersions
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of 120 min. The IDRs of various solid dispersions were

measured and compared with that of pure FEN. Kaplan noted

that compounds with an IDR below 0.1 mg cm-2 min-1

typically exhibited a dissolution rate-limited absorption [22].

The IDR of pure FEN of 0.003 mg cm-2 min-1 falls into

this category. The IDR of FEN, its solid dispersions with

PLU, and the linear relationship between the amount of the

dissolved drug and time are provided in Table 2. The results

suggest that the dissolution rate of FEN in solid dispersions is

higher than that of the pure substance. After 120 min of

testing, depending on the formulation composition, the IDR

increased by 1.1-fold for the 90/10 FEN/PLU composition

and by more than 100-fold for the 30/70, 40/60, and 70/30

FEN/PLU %w/w formulations. These results correspond to a

dissolved amount of 27, 24, and 25 % of the total active

pharmaceutical ingredient (API) for the 30/70, 40/60, and

70/30 FEN/PLU %w/w formulations, respectively. In addi-

tion, only 0.48 % of the pure FEN was dissolved. As the

polymer concentration increases, the dissolution increases

due to the enhanced disaggregation and wetting of FEN

particles in the presence of hydrophilic groups of the poly-

mer and surface active properties of PLU. Figure 7 shows the

dissolution profiles of FEN from solid dispersions within

24 h. A dissolution profile plateau was observed after

1440 min of dissolution tests for solid dispersions containing

30/70, 40/60, and 70/30 % w/w of FEN/PLU. This plateau

corresponds to the dissolved drug percentage, specifically,

66, 79, and 41 %, respectively.

Conclusions

In the present study, PLU was employed to prepare solid

dispersions because it acts as a hydrophilic carrier and

enhances the dissolution rate of the drug. In the dissolution

medium, the hydrophilic polymer undergoes a rapid dis-

solution and attains a high concentration in the diffusion

layer of the drug. Thus, this improves the drug dissolution

in this layer and increases the dissolution rate of the sub-

stance. The dissolution rate of FEN from the obtained solid

dispersions was higher than that of the pure drug. The DSC

studies revealed that FEN and PLU formed a simple

eutectic system that contained 16.5 % w/w of FEN at the

eutectic point. FTIR spectra, DSC, and XRPD studies

indicated the absence of drug–polymer interactions.
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