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INTRODUCTION

Fenofibrate is a fabric acid derivative having a broad spec-
trum lipid-lowering activity (lipid-modifying effects) that is 
primarily mediated by the activation of the therapeutic target 
- peroxisome proliferator-activated receptor-α (PPAR-α).1 
This privileged drug produces substantial reductions in the 
plasma triglyceride level and low-density lipoprotein (LDL) 
level while increasing the levels of high-density lipoprotein 
(HDL).2 It acts to endorse the clearance of chylomicrons 
and very-low-density lipoproteins (VLDL) and can impro-
vise the irregularities associated with the LDL subfractions 
with a transfer from dense LDL.3 The drug is principally 

recommended in improving the lipoprotein atherogenic phe-
notypes in patients suffering from coronary heart disease 
(CHD).4 Fenofibrate also possesses pleiotropic potentials 
such as reducing the levels of pro-inflammatory factors, C-
reactive protein, fibrinogen, and simultaneously improves 
the microvascular outcomes as well as flow-mediated dil-
atation that results in clinical effectiveness.5 It is broadly 
absorbed exclusively in the presence of food and the pres-
ence of albumin, it is quickly transported through the human 
bloodstream.6 In normal persons, at a steady-state with cus-
tomary doses of 100 mg t.i.d., it initiates a series of episodes 
that result in the lessening of apolipoprotein C-III formation 
in the human liver with a long plasma half-life of ~30 hrs.7 
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ABSTRACT
Background: Fenofibrate is having a broad spectrum lipid-lowering activity that produces substantial reductions in the fatty 
components. The drug belongs to BCS Class-II and therefore in the majority of the cases, low pharmacodynamic potentials have 
been perceived and it requires serious improvement in the aqueous solubility. For the marked solubility enhancement of drugs, 
solid dispersions are an impressive approach. 
Objective: The current research emphasized on development of fenofibrate solid dispersions by employing the polymer PEG 
6000 in the ratio of 1:1 w/w - 1:3 w/w using the fusion method/melting method/solvent evaporation method for enhancing the 
aqueous solubility that will directly affect the dissolution process and ultimately the therapeutic bioavailability. 
Methods: The fabricated solid dispersions were characterized for production yield, drug content, bulk density, tapped density, 
Carr’s index, Hausner’s ratio, angle of repose, and cumulative drug release. The transformation from crystalline nature to the 
amorphous form was characterized by DSC and XRD techniques. The optimized solid dispersion formulations were further 
loaded into the capsule and the content uniformity, drug content, disintegration time, and cumulative drug release in both the 
medium for 1 hr duration were investigated. 
Results: The physical mixtures exhibited the lowest drug release in the range 15%-26% at increasing polymeric ratios while 
the highest drug release was observed in solid dispersion batch prepared by fusion method (22.56%-34.89%). FT-IR studies 
indicated no incompatibilities between the drug and the polymer. 
Conclusion: This interesting investigation opened new avenues for the pharmacotherapeutic perspective of this drug in the 
upcoming future, both pharmacodynamically and pharmacokinetically by enhancing the aqueous solubility.
Key Words: Fenofibrate, Solid dispersion, Solubility, Bioavailability, Dissolution, Enhancement
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Fenofibrate is taken up by both the key organs of the human 
body; liver and kidney. Apart from a small percentage (~5%) 
reduction before the conjugation process at the ketone moie-
ty, in the human urine, the majority of the drug is excreted as 
a conjugate. <20% is excreted through human bile.8 The drug 
belongs to Biopharmaceutics Classification System (BCS) 
Class-II and therefore has high permeability, low solubility 
characteristics.9 Therefore, in the majority of the cases, low 
pharmacodynamic potentials have been perceived and it re-
quires serious improvement in the aqueous solubility.

Among the majority of capable approaches for the possible 
enhancement of drug solubility and associated dissolution 
of hydrophobic drug molecules (particularly for BCS Class-
II and Class-IV drugs), solid dispersion is a promising way 
where the drug molecules are dispersed in the inert carrier 
(such as a polymer, etc.).10 The drug through reduced mor-
phological features, providing high surface area, existence 
into an amorphous form from former crystallinity, and ab-
solute drug encapsulation within the polymer matrix exhibit 
drastic improvement in solubility profile and swiftly enhanc-
es the dissolution rates.11 When solid dispersion is formulat-
ed, energy is not required in breaking the drug crystalline lat-
tice, thereby promoting the improvement of the dissolution 
process (facilitating better drug wettability) which results in 
a better release and leads to high bioavailability in compari-
son to the conventional formulations.12

The current research emphasized on development of fenofi-
brate solid dispersions by employing the polymer PEG 6000 
in the ratio of 1:1 w/w, 1:2 w/w, and 1:3 w/w using the fusion 
method/melting method and solvent evaporation method for 
enhancing the aqueous solubility that will directly affect the 
dissolution process and ultimately the therapeutic bioavail-
ability. The compatibility study was studied by Fourier trans-
formed infrared spectroscopy. The fabricated solid disper-
sions were characterized for production yield, drug content, 
bulk density, tapped density, Carr’s index, Hausner’s ratio, 
angle of repose, and cumulative drug release (in 0.1% SLS 
medium and pH 6.8 phosphate buffer medium). The trans-
formation from crystalline nature to the amorphous form was 
characterized by Differential scanning calorimetry (DSC) 
and X-ray diffraction (XRD) techniques. The optimized sol-
id dispersion formulations (FM 1:3 and SE 1:3) were further 
loaded into the capsule according to the equivalent weight of 
54 mg and the content uniformity, drug content, disintegra-
tion time, and cumulative drug release in both the medium 
for 1 hr duration were investigated. 

MATERIALS AND METHODS

Materials
Pharmaceutical grade fenofibrate was obtained as a generous 
gift sample from Enaltech Pvt. Ltd., Mumbai, India. Loba 

Chem Ltd., Mumbai, India remained the chief supplier for 
analytical grade PEG 6000, methylene chloride, sodium lau-
ryl sulfate (SLS), sodium dihydrogen phosphate, potassium 
dihydrogen phosphate, methanol, and ethanol. Double-dis-
tilled water (Borosil®, Mumbai, India) was employed during 
this research work.

Instruments
UV/Vis spectrophotometer (Shimadzu® UV-1800, Japan), 
Weighing balance (Wensar Weighing Scales Limited, India), 
Differential scanning calorimetry (Mettler Toledo®, USA), 
Sonicator (PCI analytical 100HPOTC, India), X-ray diffrac-
tion (Ultima-III, Rigaku®, Japan), Rotary shaker (Biotech-
niques® BIP05B, India), Fourier transform infrared spec-
troscopy (GX-FT-IR, Perkin Elmer®, USA), Hot air oven 
(Biotechniques® Limited, India), pH meter (Labtronics® 
LT-10, New Delhi, India), IP disintegration apparatus (Elec-
trolab®, TDT 08L, Mumbai, India) and USP Dissolution 
33 (Type-II) apparatus (Electrolab®, Mumbai, India) were 
employed for formulation and characterization of the solid 
dispersion formulations.

Drug and polymer interaction studies
The compatibility study between fenofibrate (pure drug) and 
PEG 6000 (polymer) was performed using a FT-IR spec-
trometer, before formulating the solid dispersions. The phys-
ical mixture of polymer-drug and developed solid dispersion 
formulations were also studied employing the KBr disks and 
scanned in the range of 4000 to 500 cm-1 to investigate the 
compatible nature of the drug with the polymer. The charac-
teristic peaks were recorded at a resolution of 4 cm/s.13

Saturation solubility study
Fenofibrate, the drug molecule selected in this present re-
search work has very poor aqueous solubility characteristics. 
For determining the aqueous solubility of fenofibrate with 
different ratios of PEG 6000 (polymer), the saturation solu-
bility study was determined. The physical mixture of fenofi-
brate with PEG 6000 was added into glass-stoppered flasks 
containing 10 mL of double-distilled water of increasing 
concentrations of PEG 6000 in the physical mixture ratios 
of 1:0 w/w, 1:1 w/w, 1:2 w/w, and 1:3 w/w. The flasks were 
sealed and shaken on a rotary shaker at room temperature. 
After equilibration for 96 hrs, the solutions were filtered 
through Whatman filter paper No. 41. Then, the filtrates 
were estimated by UV-Vis spectroscopy at λmax 286 nm.14

Preparation of solid dispersions

Solvent evaporation method
The solid dispersions of fenofibrate were prepared by the 
solvent evaporation method using the polymer PEG 6000 in 
various w/w ratios (1:1 w/w, 1:2 w/w, and 1:3 w/w). The 
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drug and polymer were dissolved in 5 parts of methylene 
chloride (dichloromethane) in a closed glass receiver. Af-
ter the complete dissolution of the content, the solvent was 
evaporated under room temperature. The obtained solid dis-
persions were dried and subsequently pulverized by triturat-
ing in pestle-mortar and subsequently screened through #66 
mesh sieve.15

Melt method/Fusion method
The solid dispersions of fenofibrate were prepared 
by the melt method/fusion method using the poly-
mer PEG 6000 in various w/w ratios (1:1 w/w, 1:2 
w/w, and 1:3 w/w). The polymer PEG 6000 was 
placed in a porcelain dish and allowed to melt by 
heating above the melting point of the carrier for 
the duration of 5 min with continuous stirring until 
a homogenous dispersion was obtained. The result-
ant solution was cooled in an ice bath for rapid so-
lidification. The content was scrapped off, pulver-
ized further, and finally passed through sieve #66.16

Characterization of solid dispersions

Production yield
The percentage of production yield was calculated 
to determine the % yield or efficiency of any meth-
od. Thus, it is helpful in the selection of an appro-
priate method of production. The produced solid 
dispersions were collected and weight to determine 
production yield from the formula17:

Drug content
Accurately weight prepared solid dispersions equivalent to 
10 mg of fenofibrate was transferred to 10 mL volumetric 
flask containing 10 mL of methanol and the above content 
was suitably dissolved. 1 mL of this solution was diluted to 
10 folds with methanol and the absorbance was measured at 
λmax 286 nm.18

Bulk density
It refers to the packing of particles. Bulk density was used to 
determine the amount of drug that occupies the volume in g/
mL. The bulk density of the ingredients was evaluated using 
a graduated cylinder. It is the ratio of the total mass of pow-
der to the bulk volume of powder. It was measured by pour-
ing the weighed quantity of powder into a graduated measur-
ing cylinder and the volume was noted. It was expressed in g/
mL and is calculated by using the following formula19:

Tapped density
It is the ratio of the total mass of powder to the tapped vol-
ume of powder. The tapped volume was measured by tap-
ping the powder 10, 500, and 1250 taps in tap density appa-
ratus (Electro Lab USP II) according to USP. The blend was 
subjected for 500 taps; % volume variation was calculated 
and subjected for additional 1250 taps, and the % variation 
was calculated from the formula20:

Carr’s index
The compressibility index is an important measure that can 
be obtained from the bulk and tapped densities. In theory, 
the less the compressible material, the more flowable it is. A 
material having values of less than 20% is defined as a free-
flowing material. The relationship between % compressibil-
ity indexes with flowability can be given by21:

Hausner’s ratio
It designates the granules flow characteristics and is esti-
mated from the tapped density: bulk density ratio. It is deter-
mined from the formula22:

Angle of repose
The angle of repose is an indication of the friction forces 
existing among the granule components. It is the utmost an-
gle likely among the face of the pile of the granules and the 
horizontal flat surface. The angle of repose was determined 
by bypassing the fixed quantity of powder from the funnel 
at constant height till the top of the pile made by the powder 
touches the funnel. The flowability of the granules was de-
termined by calculating the angle of repose by fixed height 
method23:

q = tan-1 (h / r)
where, q = angle of repose; h = height of pile; r = 
average radius of powder cone.

Thermal characteristics
By using the differential scanning calorimeter, the thermo-
gram of the pure drug (fenofibrate), polymer (PEG 6000), 
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physical mixture, and optimized microsphere formulations 
(FM 1:3 and SE 1:3) were recorded by heating in the range of 
30-300°C at a heating rate of 10°C/min to study the thermal 
behaviour. The heating was performed under an inert nitro-
gen atmosphere (20 mL/min flushing).24

Physical state examination
By using the X-ray diffractometer, the diffraction patterns of 
the pure drug (fenofibrate), polymer (PEG 6000), physical 
mixture, and optimized microsphere formulations (FM 1:3 
and SE 1:3) were recorded by irradiating the samples with 
Cu-Kα monochromatized radiation (40 kV, 35 mA) in the 2θ 
range of 3-60° to study the physical state.25

In vitro dissolution studies
The in vitro dissolution characteristics of the fabricated 
solid dispersions were studied by utilizing the paddle-type 
dissolution test apparatus in 0.1% sodium lauryl sulfate 
containing 900 mL simulated gastric fluid media without 
any enzymes, maintained at a temperature of 37°C ± 0.5°C 
at a stirring speed of 50 rpm. The solid dispersions equiva-
lent to 500 mg of fenofibrate were placed in the dissolution 
medium. At a specific interval of time (0 min to 60 min), 
1 ml of sample was withdrawn from each vessel, filtered 
through Whatman filter paper No.41, diluted analytically, 
and analyzed spectrophotometrically at λmax 286 nm. Af-
ter every sampling, equivolume pre-warmed fresh dissolu-
tion medium was replenished to the system to retain the 
steady volume throughout the experiment. The cumulative 
releases from the solid dispersion formulations were per-
formed in a triplicate manner and the study was expressed 
in percentage.26

Formulation of fenofibrate solid dispersion 
loaded capsule dosage form
Accurately weighted, optimized solid dispersions; FM 1:3 
(158 mg) and SE 1:3 (149 mg), equivalent to 54 mg were 
filled into the hard gelatin capsule without excipients. 50 
capsules were made and further evaluated for weight uni-
formity, drug content, disintegration studies, and dissolution 
studies.

Evaluation of fenofibrate solid dispersion 
loaded capsule dosage form

Weight uniformity
20 capsules were randomly selected from each batch and 
individually weighed. The average weight and standard de-
viation of 20 capsules were calculated. The batch passes the 
test for weight variation if NMT 2 of the individual capsule 
weight deviates from the average weight as shown in the of-
ficial USP monographs and none of them deviates by more 
than twice the percentage shown in the capsule. For the con-

tent uniformity test, the capsule should contain not less than 
95% and not more than 105% of the labelled potency.19

Drug content
From the capsule, the optimized solid dispersions equivalent 
to 50 mg of fenofibrate was transferred to a 50 mL volumet-
ric flask containing 50 mL of methanol and the above con-
tent was suitably dissolved. 1 mL of this solution was diluted 
to 10 folds with methanol and the absorbance was measured 
at λmax 286 nm. The results are expressed in % of the drug 
present in the capsule formulation.18

Disintegration study
The disintegration testing of the capsule was performed 
using the disintegration tester comprising of basket consti-
tution holding plastic tubes, 6 in number, which was open 
from both sides and the bottom portion was covered with #10 
mesh. The basket containing the capsule was immersed into 
1 L of dissolution media (simulated gastric fluid containing 
0.1% sodium lauryl sulfate) with 30 cycle mode (raised and 
lowered). The time in use for the complete disintegration of 
the capsule with no palpable mass remaining was taken into 
account and the time was recorded. The study was performed 
in a triplicate manner. For most capsules, the USP guidelines 
state that the product must disintegrate in the duration of 15 
min.27

In vitro dissolution study
The in vitro dissolution characteristics of the capsules con-
taining the optimized solid dispersion formulations (FM 1:3 
and SE 1:3) were studied by utilizing the paddle-type dis-
solution test apparatus in 0.1% sodium lauryl sulfate con-
taining 900 mL simulated gastric fluid media without any 
enzymes, maintained at a temperature of 37°C ± 0.5°C at a 
stirring speed of 50 rpm. The capsule was placed at the bot-
tom of the paddle connected to a variable speed motor in the 
dissolution medium. At a specific interval of time (0 min to 
60 min), 1 ml of sample was withdrawn from each vessel, 
filtered through Whatman filter paper No.41, diluted analyti-
cally, and analyzed spectrophotometrically at λmax 286 nm. 
After every sampling, equivolume pre-warmed fresh disso-
lution medium was replenished to the system to retain the 
steady volume throughout the experiment. The cumulative 
releases from the solid dispersion formulations were per-
formed in a triplicate manner and the study was expressed 
in percentage.26

RESULTS AND DISCUSSION

Drug-polymer compatibility study
FT-IR spectra of the drug presented prominent peaks at 3433 
cm-1, 2983 cm-1, 2563 cm-1, 1728 cm-1, 1651 cm-1, 1504 
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cm-1, 1419 cm-1, 1342 cm-1, 1249 cm-1, 1014 cm-1, 974 cm-
1, 925 cm-1, 860 cm-1, 844 cm-1, 765 cm-1, 740 cm-1, 682 
cm-1, 638 cm-1, and 624 cm-1, respectively (Figure 1). The 
polymer PEG 6000 demonstrated spectral peaks at 4332 cm-
1, 4004 cm-1, 3703 cm-1, 2887 cm-1, 2694 cm-1, 2509 cm-
1, 2357 cm-1, 2237 cm-1, 2166 cm-1, 1956 cm-1, 1728 cm-
1, 1649 cm-1, 1598 cm-1, 1467 cm-1, 1411 cm-1, 1359 cm-1, 
1342 cm-1, 1280 cm-1, 1242 cm-1, 1060 cm-1, 947 cm-1, 842 
cm-1, 740 cm-1, and 528 cm-1, respectively. These peaks ap-
peared nearly analogous in the physical mixture (drug + pol-
ymer) samples and solid dispersions produced through both 
the methods (FM and SE) in the ratio of 1:1 w/w, 1:2 w/w, 
and 1:3 w/w,  which concluded that no prominent interaction 
of the drug with the polymer occurred while formulating the 
product.

Figure 1: Drug-polymer interactions: (A) Fenofibrate pure 
drug; (B) PEG 6000 polymer; (C) Physical mixture (Drug + 
Polymer); (D) Solid dispersion produced by fusion method (1:1 
ratio); (E) Solid dispersion produced by fusion method (1:2 ra-
tio); (F) Solid dispersion produced by fusion method (1:3 ratio); 
(G) Solid dispersion produced by solvent evaporation (1:1 ra-
tio); (H) Solid dispersion produced by solvent evaporation (1:2 
ratio); and (I) Solid dispersion produced by solvent evapora-
tion (1:3 ratio).

Saturation solubility study
The pure drug fenofibrate demonstrated poor aqueous solu-
bility of 0.040 mg/mL, however, the solubility of the drug 
augments (0.065 mg/mL) in the presence of 0.1% SLS due 

to the micellar effect which increases the solubilization (Ta-
ble 1). The solubility of the drug enhances to 0.052 mg/mL 
in phosphate buffer pH 6.8 due to ionic interactions or mis-
cellaneous ways. When hydrophilic structured vehicle PEG 
6000 was added to the drug in equal quantity, the solubility 
of the drug enhances (0.120 mg/mL) rapidly as the drug 
gets dispersed in the carrier where reduced morphological 
features, high surface area, and existence into amorphous 
form results in augmentation of solubility which results in 
dissolution rate that in turn leads to increase in therapeutic 
bioavailability. When the polymer concentration was am-
plified to 3 times, the solubility of the drug boosted concur-
rently (0.210 mg/mL) due to better dispersion of the drug 
into the polymeric matrix which facilitated better solubil-
ity. When the solubility of the physical mixture with the 
highest polymer ratio was studied in the presence of 0.1% 
SLS, the solubility further improved to 0.295 mg/mL due to 
the surfactant effect which promotes rapid solubilization of 
the drug. A similar escalation of solubility (0.227 mg/mL) 
of the physical mixture with the highest polymer ratio was 
perceived owing to the ionic effect of the buffer solution.

Table 1: Saturation solubility study of physical mix-
ture
Physical 
mixture 
ratio

Distilled 
water (mg/

mL)

Phosphate 
buffer pH 6.8 

(mg/mL)

0.1% SLS solution 
(mg/mL)

1:0 0.040 0.052 0.065

1:1 0.120 0.130 0.148

1:2 0.170 0.185 0.205

1:3 0.210 0.227 0.295

Characterization of solid dispersions
The production yield was found to be in the range of 
82.86% to 89.41% for solid dispersions produced from the 
fusion method while the case of solid dispersions produced 
from the solvent evaporation method showed a production 
yield in the range of 86.95% to 91.66% (Table 2). From 
the above observations, it can be concluded that the solvent 
evaporation method produced better yield as compared to 
the fusion method in the fabrication of solid dispersions. 
The production yield enhances with an increase in the con-
centration of hydrophilic polymer PEG 6000 which can be 
explained by better dispersion of the drug in the matrix of 
the polymer.

Table 2: Pharmaceutical characteristics of finofibrate pure drug and fabricated solid dispersion formula-
tions.
Formulation 
Code

Production 
yield 

(% ± SD)

Drug 
content 

(%)

Bulk 
density 
(% ± SD)

Tapped den-
sity 

(% ± SD)

Carr’s index
(%)

Hausner’s 
ratio

Angle of 
repose (°)

Finofibrate - - 0.509 ± 0.008 1.025 ± 0.003 50.37 ± 0.08 2.058 49.2 ± 0.9

FM 1:1 82.86 ± 0.02 59.29 0.462 ± 0.007 0.551 ± 0.004 16.11 ± 0.02 1.19 32.9 ± 0.2
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Formulation 
Code

Production 
yield 

(% ± SD)

Drug 
content 

(%)

Bulk 
density 
(% ± SD)

Tapped den-
sity 

(% ± SD)

Carr’s index
(%)

Hausner’s 
ratio

Angle of 
repose (°)

FM 1:2 87.33 ± 0.05 45.72 0.450 ± 007 0.522 ± 0.003 13.46 ± 0.03 1.15 34.6 ± 0.3

FM 1:3 89.41 ± 0.03 36.18 0.441 ± 0.008 0.501 ± 0.004 12.19 ± 0.02 1.13 35.8 ± 0.2

SE 1:1 86.95 ± 0.02 57.88 0.420 ± 0.009 0.547 ± 0.003 22.22 ± 0.03 1.30 30.8 ± 0.3

SE 1:2 90.62 ± 0.07 40.31 0.406 ± 0.006 0.531 ± 0.002 23.39 ± 0.002 1.30 30.6 ± 0.1

SE 1:3 91.66 ± 0.05 34.17 0.397 ± 0.008 0.511 ± 0.003 22.15 ± 0.02 1.28 31.4 ± 0.2

Table 2: (Continued)

The drug contents in the developed formulations were found 
to be in the range of 36.18% to 59.29% for FM batch and 
34.17% to 57.88% for SE batch (Table 2). The drug content 
was seen to decrease with an increase in the polymer con-
centration which may be due to reduced dispersion of the 
free drug in the matrix. However, several other factors may 
contribute towards the reduction of the drug content with the 
enhancement in the polymeric ratios. The ratio of 1:1 was 
found to be quite privileged while the highest concentration 
showed the lowest drug content.

The bulk density and tapped density lies in the range of 
0.441% to 0.462% and 0.501% to 0.551%, respectively in the 
case of FM batches whereas 0.397% to 0.420% and 0.511% 
to 0.547%, respectively remained the observational range 
for the SE batch which represented excellent packing of the 
granules. The decrease in the bulk density and tapped densi-
ty with the increase in the amount of polymer concentration 
was primarily observed which may be explained by the fact 
that the enhanced concentration of the hydrophilic structured 
vehicles provides compactness to the system by dispersing 
the drug uniformly into the matrix. Carr’s index and Haus-
ner’s ratio were observed in the range of 12.19 to 16.11 and 
1.13 to 1.19, respectively for solid dispersions of batch FM 
whereas the investigated values in the case of batch SE fall 
in the range of 22.15 to 23.39 and 1.28 to 1.30, respectively 
which indicated good flowability in case of former batch and 
fair flowability in latter batch. The angle of repose was found 
to be in the observational range of 32.9° to 35.8° for fusion 
batches whereas 30.8° to 31.4° for the solvent evaporated 
batches which represented good flow property. An augmen-
tation in the angle of repose was observed when the polymer 
concentration was enhanced simultaneously because, with 
the increase in the polymeric bulk, the degree of compact-
ness of the solid dispersion system gets comprised. However, 
when all the above parameters (densities and indexes) were 
compared with the free pure drug, a drastic improvement in 
the micromeritic properties has been observed. The correla-
tion between polymer concentration and degree of compact-
ness was found to play a critical role in the pharmaceutical 
characteristics of the fabricated product.

The thermal analysis of the pure drug, polymer, and solid dis-
persions were comprehensively studied by using differential 
scanning calorimetry (DSC). Fenofibrate, the drug presented 
a sharp endothermic peak corresponding to its melting point 
at 79.85°C whereas the polymer PEG 6000 showed a nearly 
sharp endotherm at 61.46°C. On analyzing the physical mix-
ture (drug + polymer), it was observed that the endothermic 
peak shifted towards a lower value at 59.92°C which indicat-
ed keys steps such as reduced morphological features, high 
surface area, existence into amorphous form, and absolute 
drug encapsulation within the polymer matrix, which play 
the dominant role in the physical nature of the system. The 
analysis of the optimized solid dispersions (FM 1:3 and SE 
1:3) produced by both the methods represents endothermic 
peak at 58.63°C and 57.60°C, respectively (Figure 2), which 
may be due to the alteration in the melting characteristics of 
the drug and inhibiting the crystalline nature as the amor-
phous state is believed to be a high disorder state where the 
solid particles stay.

Figure 2: DSC thermograms: (A) Fenofibrate pure drug; (B) 
PEG 6000 polymer; (C) Physical mixture (Drug + Polymer); 
(D) Optimized solid dispersion formulation produced by fusion 
method; and (E) Optimized solid dispersion formulation pro-
duced by solvent evaporation method.
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The physical state of the pure drug, polymer, and solid dis-
persions were comprehensively studied by using X-ray dif-
fraction (XRD). The pure drug fenofibrate and polymer PEG 
6000 showed several high peak intensities in the region 6-27° 
and 9-26° of 2θ which indicated the crystalline nature of the 
chemicals (Figure 3). While analyzing the physical nature of 
the solid dispersions produced by both the techniques (FM 
1:3 and SE 1:3), it was observed that the drug remained in 
the molecularly dispersed state where the transformation of 
the drug from crystalline form to amorphous form occurs. 
This amorphous form has a very high internal energy that 
facilitates effective drug solubilization, promotes drug dis-
solution, and enhances drug bioavailability.

Figure 3: PXR Diffractograms: (A) Fenofibrate pure drug; (B) 
PEG 6000 polymer; (C) Optimized solid dispersion formulation 
produced by fusion method; (D) Optimized solid dispersion for-
mulation produced by solvent evaporation method.

The prepared batches (physical mixture, solid dispersions 
prepared by fusion method, and solid dispersions produced 
by solvent evaporation method) expressed variable cumula-
tive drug release in the range of 5.0% to 34.89%. The physi-
cal mixtures exhibited the lowest drug release in the range 
15% to 26% at increasing polymeric ratios while the highest 
drug release was observed in solid dispersion batch prepared 
by fusion method (22.56% to 34.89%) in 0.1% SLS media 
(Table 3). When the two optimized formulations (FM 1:3 
and SE 1:3) were studied in pH 6.8 phosphate buffer, a mar-
ginal decrease in the cumulative drug release was seen. It 
has been observed that the highest polymer ratio presented 
the highest drug release as compared to both the low and 
medium concentrations. The reason may be that the high 
polymeric system could tender additional accessible space 
for neighbouring hydrophobic drug particles which lead to 
swift hydration of the drug particles and produce enhanced 
wettability and augmentation in the dissolution process. The 
amorphous nature of the drug in the solid dispersions assists 
the advantaged drug release rate over the pure drug (5.0%). In 
the binary phase of the drug delivery system, the hydropho-
bic drug particles lie in contact with the hydrophilic polymer 
contents. When the drug and the polymer come in contact 
with the aqueous phase, hydration of the polymeric units oc-
curs which transforms into the solution state, and ultimately 
leads to the drug solubilization and its release into the medi-
um. In contrast to it, low polymer concentration leads to the 
formation of micelles (monomolecular) which converts into 
micelles (multi-molecular) on enhancing the concentration 
that facilitates greater solubilization of the drug by promot-
ing better dissolution of the drug in the media.

Table 3: Drug release characteristics from pure drug, physical mixture, and solid dispersion formulations in 
various dissolution media.
Time 
(min)

Fenof-
ibrate

Physical mixtures (Fenofi-
brate pure drug + PEG 

6000 polymer)

Solid dispersion (Fusion 
Method) in 0.1% Sodium 

Lauryl Sulfate (SLS) media

Solid dispersion (Solvent 
Evaporation Method) in 
0.1% Sodium Lauryl Sul-

fate (SLS) media

Optimized for-
mulations in pH 

6.8 phosphate 
buffer

PM 1:1 PM 1:2 PM 1:3 FM 1:1 FM 1:2 FM 1:3 SE 1:1 SE 1:2 SE 1:3 FM 1:3 SM 1:3

10 0.4 ± 
0.2

2.46 ± 
0.5

4.61 ± 1.4 10 ± 1.1 2.41 ± 
0.56

12.75 ± 
1.1

25.12 ± 
1.3

5.28 ± 
0.7

9.36 ± 
1.2

13.21 ± 
1.3

14 ± 1.1 10 ± 1.2

20 1.0 ± 
0.5

3.53 ± 1.1 9.5 ± 1.7 12 ± 1.6 5.78 ± 1.2 17.63 ± 
1.2

28.37 ± 
1.6

7.7 ± 0.9 13 ± 1.4 16.29 ± 
1.7

17 ± 1.3 15 ± 1.3

30 3.1 ± 1.2 8.12 ± 1.2 11 ± 1.8 16 ± 2.1 10.23 ± 1.1 21.24 ± 
1.3

29.78 ± 
1.8

9.55 ± 
1.7

19 ± 1.9 21.68 ± 
1.8

19 ± 1.2 16 ± 2.1

40 4.2 ± 
1.4

11.77 ± 
0.9

14 ± 1.4 20 ± 2.2 14.32 ± 1.4 23.85 ± 
1.8

31.96 ± 
2.1

12 ± 2.2 24.97 ± 
2.9

27.49 ± 
1.9

24 ± 1.6 21 ± 2.3

50 4.5 ± 
1.7

12 ± 1.1 17 ± 1.5 22 ± 1.9 17.98 ± 1.6 28.02 ± 
1.9

33.42 ± 
2.2

17.34 ± 
2.1

25 ± 3.0 29.51 ± 
2.8

30 ± 1.8 26 ± 2.7

60 5.0 ± 
2.1

15 ± 1.8 22 ± 2.1 26 ± 
2.4

22.56 ± 2.1 30.16 ± 
2.3

34.89 ± 
2.6

21.27 ± 
2.3

29 ± 3.1 32.44 ± 
3.1

32 ± 1.9 29 ± 3.1
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Evaluation of fenofibrate solid dispersion 
loaded capsule
The weight variation of the formulated capsule batch was 
observed to be <1% which indicated almost uniform drug 
content in the formulations and a good pre-formulation and 
post-formulation characteristics. The accepted percentage 
deviation of ±7.5% was also taken into account where less 
than 324 mg weight was found to be applicable for the pro-
duced formulations.

The drug contents in the optimized solid dispersion loaded 
capsule formulations (FM 1:3 and SE 1:3) were found to 
be 97% to 96%, respectively (Table 4). The drug content 
was seen to be high due to better dispersion of the drug 
in the amorphous form in the polymeric matrix. Adequate 
quantity (nearer to 100%) of fenofibrate in the form of 
solid dispersion represented a sufficiently higher amount 
of readily soluble drug needed for delivery to the desired 
targets.

Table 4: Essential pharmaceutical characteristics from fenofibrate solid dispersion loaded capsule formula-
tions.
Formulation Average 

weight (mg)
Drug content 

(%)
Disintegration 

time (min)
Drug release (%) in 
0.1% SLS (at 60 min)

Drug release (%) in pH 
6.8 phosphate buffer (at 

60 min)

FM 1:3 273 ± 3 97 ± 1 7.31 35.69 ± 2.9 31.55 ± 2.1

SE 1:3 264 ± 4 96 ± 2 7.26 32.83 ± 3.2 28.72 ± 2.4

The disintegration time of the capsules containing the opti-
mized solid dispersion (FM 1:3 and SE 1:3) was observed 
to be 7.31 min and 7.26 min, respectively. Both the capsule 
formulations demonstrated nearly equal disintegration char-
acteristics owing to similar polymeric compositions. The 
capsules did comply with the USP guidelines which states 
that the product must disintegrate in 15 min.

The dissolution characteristics of both the solid disper-
sion containing formulations were found to be 35.69% and 
32.83%, respectively, in 0.1% SLS solution whereas in the 

pH 6.8 phosphate buffer, the cumulative drug release was 
31.55% and 28.72%, respectively (Figure 4). On compar-
ing the dissolution profile of the drug in solid dispersion 
form and capsule loaded form in 0.1% SLS medium, it was 
perceived that marginal improvements in the release have 
been noticed. Although, the cumulative drug release in pH 
6.8 phosphate buffer was found to reduce significantly. The 
exact reason cannot be explained, however, media features, 
disintegration characteristics, and polymeric concentrations 
are believed to play a critical role affecting it.

Figure 4: Cumulative drug release characteristics: (A) Fenofibrate pure drug; (B) Physical mixture (Drug + Polymer); (C) Solid 
dispersion formulation produced by fusion method in 0.1% SLS media; (D) Solid dispersion formulation produced by solvent 
evaporation method in 0.1% SLS media; (E) Optimized solid dispersion formulations FM 1:3 and SM 1:3 in pH 6.8 phosphate 
media buffer; (F) Optimized solid dispersion formulations FM 1:3 and SM 1:3 from capsule in 0.1% SLS buffer media; and (G) 
Optimized solid dispersion formulations FM 1:3 and SM 1:3 from capsule in pH 6.8 phosphate media buffer media.
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CONCLUSION

The current research emphasized simple conventional meth-
ods (fusion method/melting method and solvent evaporation 
method) for the formation of solid dispersions of well-known 
hydrophobic drug fenofibrate using PEG 6000 (in the ratio 
of 1:1 w/w, 1:2 w/w, and 1:3 w/w) for enhancing the aqueous 
solubility that will directly affect the dissolution process and 
ultimately the therapeutic bioavailability. The amount of the 
carrier, fabrication process, type of carrier, etc. plays a criti-
cal role in the formation of solid dispersions. The physical 
mixtures exhibited the lowest drug release in the range 15% 
to 26% at increasing polymeric ratios while the highest drug 
release was observed in solid dispersion batch prepared by 
fusion method (22.56% to 34.89%) in 0.1% SLS media. In 
the binary phase of the drug delivery system, the hydropho-
bic drug particles lie in contact with the hydrophilic polymer 
contents. When the drug and the polymer come in contact 
with the aqueous phase, hydration of the polymeric units oc-
curs which transforms into the solution state, and ultimately 
leads to the drug solubilization and its release into the me-
dium. The DSC thermogram and PXR diffractogram sup-
ported that the drug remained in the molecularly dispersed 
state where the transformation of the drug from crystalline 
form to amorphous form occurs. FT-IR studies indicated no 
incompatibilities between the drug and the polymer. This 
interesting investigation opened new avenues for the phar-
macotherapeutic perspective of this drug in the upcoming 
future, both pharmacodynamically and pharmacokinetically.
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