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Background: Bezafibrate is a BCS class II drug as it presents very low solubility in water;

therefore, its bioavailability after oral administration is very poor. The aim of this work was

to enhance solubility and dissolution rate of bezafibrate in water in order to enhance its oral

bioavailability.

Methods: Several formulations were prepared using PVP K30 and Cremophor ELP employ-

ing the solvent-evaporation method and the electrospraying technique. Solubility, release

rate, bioavailability in male Sprague Dawley rats, and lipid profile attributes in Wistar rats

were assessed in comparison with bezafibrate plain powder. Solid-state characterization was

carried out using X-ray diffraction (XRD) analysis, differential scanning calorimetry (DSC),

Fourier transform infrared (FTIR) spectroscopy and scanning electron microscopy (SEM).

Results: All the formulations exerted positive effect towards the desired goal. In particular,

the optimized formulation furnished about 14-fold enhanced solubility and 85.48 ± 10.16%

drug was released in 10 min as compared with bezafibrate alone (4.06 ± 2.59%). The drug

existed in the amorphous state in the prepared sample as confirmed by XRD and DSC, whilst

no drug-excipient interactions were observed through FTIR analysis. Moreover, SEM

revealed smooth-surfaced spherical particles of the optimized formulation. A 5.5-fold higher

oral bioavailability was achieved with the optimized formulation in comparison with bezafi-

brate plain powder. Also, TG, LDL and TC were decreased, and HDL was increased

considerably in HFD-treated rats.

Conclusion: The optimized formulation consisting of bezafibrate, PVP K30 and cremophor

ELP (1/12/1.5, w/w/w) might be a capable drug delivery system for orally administering poorly

water-soluble bezafibrate with improved bioavailability and antihyperlipidemic effects.

Keywords: aqueous solubility, bezafibrate, electrospraying, lipid profile, oral bioavailability,

solid dispersion

Introduction
Bezafibrate stimulates peroxisome proliferator-activated receptors (PPARs) such as

PPARα, PPARϒ and PPARϭ.
1 Stimulation of PPARα accelerates production of

a high-density lipoprotein (HDL), and reduces triglycerides (TG), and low-density

lipoprotein (LDL); therefore, bezafibrate is used in the treatment of hypercholester-

olemia and hypertriglyceridemia.2 Activation of PPARϒ ameliorates insulin sensi-

tivity and mitigates hyperglycaemia by enhancing glucose metabolism.1

Stimulation of PPARϭ speeds up biotransformation of fatty acids.1 Bezafibrate
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also lessens cardiovascular risks such as myocardial

infarction in patients suffering from metabolic

syndrome.3,4 The recommended daily dose of bezafibrate

is 200 mg three times a day, or a dose of 400 mg daily in

a sustained-release form can be administered

alternatively.5 Bezafibrate is absolutely safe and effective

in increasing HDL and decreasing TG.6

Bezafibrate is placed as a class II drug in

Biopharmaceutics Classification System (BCS).7 The che-

mical entities included in BCS category II have low or no

solubility in the aqueous media; however, they traverse

cell membranes efficiently. The aqueous solubility of beza-

fibrate is about 1.55 µg/mL.8 The compounds having

a solubility <100 µg/mL are practically insoluble in

water.9 The gastrointestinal (GI) fluid mainly consists of

water. A BCS category II drug is not adequately dissolved

in the GI fluid. The drug molecules permeate across cell

membranes only when they are in the dissolved state in GI

fluid. Due to poor solubility in the GI fluid, a BCS cate-

gory II drug is not absorbed adequately;10 accordingly, the

drug reaching the systemic circulation is insufficient to

stimulate the receptors to elicit the desired pharmacologi-

cal effects. One option to get the optimum oral bioavail-

ability is to increase the dose; however, this usually results

in local toxicity, and not favourable economically. Another

more appropriate way is to employ a suitable solubility

enhancing technique to the drug before administration via

the oral route.11

Solubility and oral bioavailability of poorly water-

soluble substances can be ameliorated through fabrication

of drug delivery systems such as nanoparticles, solid dis-

persions, inclusion complexes with cyclodextrins, encap-

sulation with hydrophilic polymers, adsorption on silica,

self-emulsifying drug delivery systems (SEDDS), micro-

emulsions, nano-emulsions, co-crystallization, co-

precipitation and many more.12–14 Solid dispersion is

a crystalline or amorphous drug-laden solid polymeric

carrier system.15 Ternary type of solid dispersions are

superior to binary type solid dispersions as far as ameli-

oration in the aqueous solubility, dissolution rate and oral

bioavailability is concerned.16 Solid dispersions can be

prepared via the surface-attached method, solvent-wetting

method and solvent-evaporation method. Investigators

have demonstrated that solvent-evaporation method of

solid dispersion preparation is superior to both the surface-

attached and solvent-wetting methods.15 In this method,

hydrophilic excipients and the drug are completely dis-

solved in a solvent system in order to obtain an absolutely

transparent solution that ensures homogeneous intermin-

gling of all the components at the molecular level and

uniformly disseminated drug particles in the polymeric

matrix upon drying. This results in high drug content and

content uniformity as neither of the components is lost

during the preparation process.17 Improvement in solubi-

lity and dissolution by the solvent-evaporated solid disper-

sion is usually a consequence of conversion of the

crystalline form of the drug into its amorphous

counterpart.18 Polymeric matrices present in this drug

delivery system inhibit recrystallization of the drug during

evaporation process.19 There are several sophisticated

ways to evaporate the solution, for instance, tray-drying,

spray-drying, electrospraying, lyophilisation, supercritical

fluid technique and so on. Electrospraying is a promising

technique that can produce drug-loaded spherical

nanoparticles.18,20 Electrospraying has been elegantly

performing in the fabrication of polymeric nanoparticles

loaded with antibiotics,21–23 fibrates,24 anti-inflammatory

drugs25,26 and hormones.27–29 A pharmaceutical nanopar-

ticle is a drug-laden vehicle bearing a dimension of

<1000 nm.30,31

In the present work, bezafibrate-loaded nanoparticulated

ternary solid dispersions (nanospheres) were prepared with

PVP K30 and cremophor ELP via the solvent-evaporation

method and the electrospraying technique. Solubility and the

release rate of bezafibrate in the solid dispersions were

investigated. The crystalline physiognomies were deter-

mined using X-ray diffraction (XRD) and differential scan-

ning calorimetric (DSC) methods. Fourier transform infrared

(FTIR) spectroscopy was performed for investigating inter-

actions between the drug and hydrophilic excipients. The

morphological aspects were studied using scanning electron

microscopy (SEM). Oral bioavailability was assessed in

Sprague Dawley rats by determining area under the curve

(AUC), peak plasma concentration (Cmax) and time to reach

peak plasma level (Tmax). Also, concentrations of TG, LDL,

HDL and TC were determined in High Fat Diet (HFD)-

treated Wistar rats.

Materials and Methods
Materials
Bezafibrate was from Cayman Chemical Co. (Pittsfield

Charter Township, MI, USA). Hydroxypropyl methylcellu-

lose (HPMC), hydroxypropyl cellulose (HPC) and polyvi-

nyl alcohol (PVA) were bought from Shin-Etsu Co. (Tokyo,

Japan). Carboxymethylcellulose sodium (Na-CMC) and
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gelatin were purchased from Duksan Chemical Co. (Ansan,

South Korea). Dextran, docusate sodium and hyaluronic

acid were from Sigma-Aldrich (St. Louis, MO, USA),

respectively. Polyvinylpyrrolidone (PVP K30), solutol

HS15, poloxamer 188, poloxamer 407 and cremophor

ELP were procured from BASF (Ludwigshafen,

Germany). Polyethylene glycol 6000 and polyethylene gly-

col 1540 were acquired from Duksan Chemical Co. (Ansan,

South Korea). Sodium lauryl sulphate (SLS), polysorbate

20 (Tween 20), polysorbate 80 (Tween 80), sorbitan mono-

laurate 20 (Span 20) and sorbitan monooleate 80 (Span 80)

were obtained from Daejung Chemical Co. (Siheung, South

Korea). Polysorbate 60 (Tween 60) (Croda, Singapore) was

purchased from Masung and Co. (South Korea). All other

solvents and chemical substances were of reagent grade.

Selection of Hydrophilic Excipients
For choosing the best performing hydrophilic excipients for

bezafibrate-loaded solid dispersions, excess of plain drug

powder was added to 0.5 mL of 1% (w/v) aqueous solution

of each hydrophilic excipient in a 1.5 mL capacity Eppendorf

microtube. The mixture was vortexed for a minute, secured

on the agitator (100 rpm) in awater-bath (25°C), and left there

for 5 days. Then, the tubes were vortexed again and centri-

fuged at 7000 ×g for 5 min. A 200 μL of supernatant was

shifted to another 1.5 mL capacity Eppendorf microtube and

diluted with 200 μL of acetonitrile. The diluent (20 μL) was
analysed by HPLC (Model 1260 Infinity, Agilent

Technologies, CA, USA), which was equipped with a C18

column (4.6mmI.D. x 150mm, 5 μm). Themobile phasewas

comprising of acetonitrile and 0.1% (v/v) aqueous trifluoroa-

cetic acid at a ratio of 40:60 (v/v). The rate of mobile phase

elutionwas set as 1mL/min. The eluent wasmonitored at 232

nm for the determination of bezafibrate concentration.32

Preparation of Bezafibrate-Loaded

Ternary Solid Dispersions
The solvent-evaporation method and the electrospraying

technique were employed for the preparation of solid

dispersions.24 The composition of trialed formulations is

shown in Table 1. For each formulation, bezafibrate powder

was completely dissolved in ethanol. Subsequently, cremo-

phor ELP and PVP K30 were added under constant stirring.

The final clear solution was subjected to electrospraying

(ESR 100 NanoNC electrospraying assembly; Seoul, South

Korea). The solution to be electrosprayed was taken in

a glass syringe (Hamilton Co., Reno, NV, USA) whose

plunger-tip was made of polytetrafluoroethylene (PTFE).

The solution was allowed to flow through a single-lumen

nozzle at a rate of 0.4 mL/h. The optimized voltage to split

the jet to plume below the Taylor cone was 10.5 kV. The final

formulation, nanosphere of solid dispersions, was delicately

collected and stored in air-tight Eppendorf microtubes.

Solubility of Bezafibrate in Electrosprayed

Ternary Solid Dispersions
For each bezafibrate-loaded formulation, plenty of powder

was added to 0.5 mL distilled water in a 1.5 mL capacity

Eppendorf microtube and vortex-mixed. The test was car-

ried out in triplicate for each formulation (n = 3). The

microtubes were secured on the agitator in a water-bath

(25°C) and agitated (100 rpm) for 5 days. Then, vortex-

mixing was performed again and the samples were centri-

fuged at 7000 ×g for 5 min. A 200 μL of supernatant was

shifted to another 1.5 mL capacity Eppendorf microtube

and diluted with 200 μL of acetonitrile. Bezafibrate was

quantified in each sample by the method described above.

Content of Bezafibrate in Ternary Solid

Dispersions
Each bezafibrate-loaded formulation, equivalent to 25 mg

drug, was completely dissolved in 250 mL of ethanol in

a 250 mL capacity measuring flask resulting in a stock

solution of 100 µg/mL concentration. This clear solution

was filtered (0.22 μm), suitably diluted with acetonitrile and

quantified. The content of bezafibrate in each ternary solid

dispersion formulation was calculated using the following

formula: BC = BA/BT × 100. Where BC stands for bezafi-

brate content in the formulation, BA stands for actual

amount of bezafibrate in the formulation and BT stands for

the theoretical concentration of the diluted sample. For each

formulation, the test was performed in triplicate (n = 3).

Release Rate of Bezafibrate from the

Electrosprayed Ternary Solid Dispersions
Release rate of bezafibrate from an electrosprayed poly-

meric formulation was determined using the basket

Table 1 Compositions of Electrosprayed Ternary SolidDispersions

Components (g) I II III IV V VI VII

Bezafibrate 1 1 1 1 1 1 1

PVP K30 4 4 4 8 12 16 20

Cremophor ELP 0.5 1 1.5 1.5 1.5 1.5 1.5
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apparatus (Model Vision Classic 6, Hanson Research

Co., CA, USA). For each sample, ternary solid dispersion

equivalent to 90 mg bezafibrate was sealed in a dialysis

bag (12,000–14,000 Da) and enclosed in the basket. The

rotating (100 rpm) basket was pulled down into 900 mL

of 2% (w/v) aqueous solution of polysorbate 8033 which

was pre-warmed to, and maintained at 37 ± 0.5°C. At

each pre-decided time interval, 1 mL of release medium

was withdrawn using a 1 mL syringe and passed through

the syringe filter (0.22 μm). An aliquot of 20 μL was

analyzed following the HPLC method as described

above. For each formulation, the test was performed in

sextuplicate (n = 6). The percent drug released at

a specific time point was calculated and a graph was

plotted against time.

X-Ray Diffraction
The intensity of crystallinity exhibited by a sample was

perused using an XRD analysis setup (D-MAX 2500PC

model, Rigaku Corporation, Tokyo, Japan). The instru-

ment was equipped with a CuKα1 monochromatic emis-

sion source. The current flow and voltage settings were at

100 mA and 100 kV, respectively. Other scanning attri-

butes such as scan speed, scanning mode and step-size

were kept as 10°/min, 2θ and 0.02°/se, respectively. The

patterns were recorded in the range of 10–50°.

Differential Scanning Calorimetry
The confirmation of crystalline intensity and other thermal

attributes were determined by scanning the samples on

a differential scanning calorimeter (DSC-Q20 model, TA

Instruments, DE, USA). For each sample, about 5 mg

powder was enclosed in an aluminum crucible and lid

was snugly fitted to seal the sample. Then, it was placed

in the calorimeter against an empty sealed pan of the same

material and quality which served as a reference, and

gradually heated at the rate of 10°C/min in the presence

of 30 mL/min of nitrogen stream. The thermograms were

recorded in the range of 30–300°C.

Scanning Electron Microscopy
Morphological aspects of particles such as shape, surface

and size were studied using a scanning electron microscope

(S 4800 model, Hitachi, Japan). The particles of bezafibrate

plain powder and selected bezafibrate-loaded ternary solid

dispersion were secured to the metallic stub using a double-

side adhesive tape. Before inspecting through SEM, sputter

coating (Model K-575-K, EMI-Teck Ion-Sputter Coater) of

the samples was done in the presence of 8×10−3 mbar

vacuum pressure, 20 mA current and turbo speed of 90%.

The coating was performed with platinum in order to make

the samples conductive for image production.

Fourier Transform Infrared Spectroscopy
FTIR spectrophotometer (Nicolet 6700 model, PA, USA)

was employed for recording spectral features of the samples.

For each sample, a little quantity of powder was introduced

into the sampling disc below the scanning probe for direct

scanning. The spectra were recorded in the range of

400–4000 cm−1. The resolution was set at 2 cm−1.

Bioavailability Assessment in Rats
Animal handling and care – For each sample, six male

Sprague Dawley rats (230–280 g) were fasted for about

24 h prior to dose administration via the oral route. The

rat-carrying cages were placed in a room with maintained

environmental conditions of temperature (22–26°C) and

relative humidity (55–60%). The animals had free access

to drinking water. The animal care, handling, surgical

procedure for cannulation, blood sampling and other

experimental activities were accomplished in accordance

with the “Guiding Principles in the Use of Animals in

Toxicology” by the Society of Toxicology34 which were

approved by Institutional Animal Care and Use Committee

(IACUC) of Government College University Faisalabad

(Ref. No. GCUF/ERC/2067) as well.

Cannulation and blood sampling procedure – A fasted

rat was anesthetized and a polyethylene tube was surgi-

cally inserted into the right carotid artery. The tube was

protected by the hollow flexible spring of the harness.

Each rat, properly held with the infusion harness, was

retained in a single rat-chamber where it was unrestricted

to move and drink water. Bezafibrate plain powder or

bezafibrate-loaded electrosprayed ternary solid dispersion,

at a dose equivalent to 20 mg/kg body weight, was sus-

pended in 500 μL water and immediately administered to

the cannulated rat via the oral route using a gavage. At

each of the following specified time points: 0.25, 0.50, 1.0,

2.0, 4.0, 6.0, 10, 14, 24 and 36 h, a 300 μL blood sample

was collected and plasma was immediately separated by

centrifugation (Hanil Science Industrial Co., Ltd; Smart

15, Korea) at 7000 ×g for 5 min. Thereafter, these plasma

samples were stowed at −20°C.
Sample preparation and HPLC analysis – One hundred

microliter plasma was taken in a 1.5 mL capacity

Eppendorf microtube and 1 mL acetonitrile was added to
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it for liquid-liquid extraction. Then, a thorough vortex-

mixing was carried out, and the sample was centrifuged

at 7000 ×g for 5 min. The clear supernatant was carefully

shifted to another clean microtube and placed at 40°C for

evaporation. The residue was reconstituted with acetoni-

trile (100 μL) and shifted to a small volume HPLC vial.

Then, bezafibrate in the sample was quantified by the

HPLC method as described above.32

Pharmacokinetic parameters for bioavailability compar-

ison – The area under the drug concentration–time curve

(AUC, h.µg/mL), peak plasma-level of bezafibrate

(Cmax, µg/mL) and time to reach Cmax (Tmax, h) were calcu-

lated using a non-compartmental analysis (WinNonlin, ver-

sion 2.1, Pharsight Co., CA, USA). Student t-test was applied

to estimate the levels of statistical significance (p-value)

between two means for unpaired data at each time point.

A p-value < 0.05 represented significant difference while

a p-value > 0.05 suggested nonsignificant difference.

Lipid Panel Test
Twenty-four male Wistar rats (250–300 g) were used in this

study. The animals were kept in a room with maintained

environmental conditions of temperature (22–26°C) and

relative humidity (55–60%). The rats were divided into

four groups, each comprising of six rats. One group was

given normal laboratory standard food and tap water. This

group was used as a negative control. Other three groups

were fed on a High Fat Diet (HFD), consisting of lamb’s

tallow and coconut oil in 3:1 (w/w) ratio, for 21 days to

develop model HFD. Then, HFD was stopped and all the

rats were kept on normal laboratory standard diet. One

HFD-treated group was used as a positive control.

The second and third HFD-treated groups were used for

testing the effects of bezafibrate plain powder and electro-

sprayed ternary solid dispersion formulation V at the daily

drug dose of 10 mg/kg for 1 week, respectively. The blood

samples were collected in heparinized microtubes via retro-

orbital puncture, and sent to a medical laboratory for deter-

mination of TG, HDL and LDL titers. TC was calculated

using the Friedewald formula: TC = LDL + HDL +. (TG/5)

Results and Discussion
PVP K30 and cremophor ELP were selected as the most

apt excipients for bezafibrate-loaded ternary solid disper-

sions as they exhibited the best solubility results amongst

the tested hydrophilic polymeric substances (Figure 1A)

and solubilizers (Figure 1B), respectively. PVP K30 furn-

ished a drug solubility of 18.57 ± 3.12 µg/mL while

cremophor ELP exhibited 345.58 ± 24.43 µg/mL solubility

of bezafibrate.

A drug-loaded entity having dimensions of less than

1 µm is declared as a pharmaceutical nanoparticle.30,31

Nano-sized solid dispersion is a magnificent drug delivery

system to ameliorate dissolution rate and solubility of

a poorly water-soluble substance in the aqueous

media.18,24 Solvent-evaporation method in conjunction
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Figure 1 Saturation solubility of bezafibrate in 1% (w/v) aqueous solution of hydrophilic excipients: (A) hydrophilic polymeric matrices and (B) surfactants. Each value

represents the Mean ± SD (n = 3).
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with electrospraying is a smart way to fabricate nanoparti-

culated solid dispersions;24,35 accordingly, in the present

research work we adopted these techniques to obtain beza-

fibrate-loaded nanoparticulated solid dispersions (nano-

spheres). The recipe of each formulation is shown in

Table 1.

The results of the aqueous solubility of bezafibrate in

electrosprayed ternary solid dispersions are shown in

Figure 2A. Solubility of the drug in formulations I-III was

improved as the concentration of cremophor ELP increased.

This was owing to solubilizing influence of the surfactant.36

Solubility of bezafibrate was improved further in formula-

tions III-V due to gradually increased concentration of PVP

K30. This enhancement in solubility might be ascribed to

increased wetting of bezafibrate by the hydrophilic

polymer.24 Moreover, as the quantity of PVP K30 increased

further in formulations V-VII, an apparent decrease in solu-

bility was observed. However, the solubility results were

not significantly different (p > 0.05) from one another in

these formulations. In essence, drug molecules are uni-

formly distributed in the polymeric matrix in the solid

dispersions. The liberation of drug payload is dependent

upon dissolution of polymer. The higher quantity of poly-

mer in the formulation results in earlier supersaturation in

the saturation solubility test; therefore, no further polymer is

dissolved. The drug is embedded in the polymeric network;

therefore, no further drug is dissolved as well.19,37 That is

the why, the formulations VI and VII with higher polymer

concentrations showed apparently decreased solubility of

bezafibrate.37,38 Formulation V, consisting of bezafibrate,

PVP K30 and cremophor ELP (1/12/1.5, w/w/w), showed

apparently the highest solubility of bezafibrate (27.59 ±

4.90 mg/mL) which was about fivefold than that of the

corresponding physical mixture. The physical mixture was

obtained by simply triturating bezafibrate, PVP K30 and

cremophor ELP (1/12/1.5, w/w/w) using a pestle and

mortar.

The drug content in all the formulations was within ± 1%.

The release rate of bezafibrate from the formulations is

shown in Figure 2B. The release of the drug from formula-

tions I-III was improved due to better solubilization of the

drug by cremophor ELP. The further acceleration in release

rate from formulations IV-VII might be attributed to conver-

sion of the crystalline form of bezafibrate into the amorphous

counterpart which increased the surface area of the drug.

Hydrophilic polymer in solid dispersion hinders recrystalli-

zation of the drug.39,40 The intensity of crystallinity in the

final solid dispersion is dependent on both the type41 and

concentration42,43 of the hydrophilic polymer in the formula-

tion. Formulation V showed about 85% release of bezafibrate

in 10 min. The drug release behaviour in the physical mixture

was erratic. Also, release profiles of formulations V-VII were

not significantly different from one another. Hence, on the

basis of the best apparent solubility and adequate release,

formulation V was selected for further investigations.

The intensity of crystallinity was perused using XRD

technique and further confirmed by DSC. The XRD pattern

of plain drug powder suggested its typical crystalline nature

(Figure 3A). The distinctive peaks of bezafibrate appeared at

11.3°, 11.9°, 14.4°, 16.1°, 16.5°, 17.9°, 18.1°, 20.8°, 24.6°

and 25.2°. PVP K30 did not show any sharp spike as it was

amorphous in nature (Figure 3B). Cremophor ELP produced
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couple of sharp spikes which suggested that it was semi-

crystalline in nature (Figure 3C). The distinctive peaks of the

drug and cremophor ELP were also seen in the pattern of

physical mixture (Figure 3D). This suggested that both the

drug and cremophor ELP retained their crystalline intensity

in the physical mixture. The pattern of formulation V also

exhibited peaks related to cremophor ELP; however, the

spikes pertaining to the drug were absent (Figure 3E).

Thus, the drug payload was in the amorphous state in the

formulation. DSC results were in line with XRD results.

A deep endotherm corresponding to the melting point of

bezafibrate was witnessed at 180°C (Figure 4A). This con-

firmed the typical crystalline property of the drug. No

endotherm was seen in case of PVP (Figure 4B); never-

theless, a broad descending curve appeared in the range of

about 35–175°C which was because of vaporization of phy-

sically admixed moisture from the sample. A sharp

endothermic conduit corresponding to the melting point of

crystalline part of cremophor ELP was observed at about

65.8°C (Figure 4C) which confirmed the semi-crystalline

property of the surfactant. The endotherms associated with

the drug and cremophor ELP also appeared at their respec-

tive positions in the thermogram of physical mixture

(Figure 4D). This confirmed that both the entities retained

their crystalline properties in the physical mixture. In case of

formulation V, the endotherm corresponding to the melting

point of cremophor ELP appeared in the thermogram; how-

ever, the endotherm associated with the drug was absent

(Figure 4E). This strongly advocated that the drug was

completely changed into its amorphous counterpart in the

formulation. During the preparation of formulations, the

drug is likely to recrystallize during drying the transparent

solution of components. Recrystallization of the drug is

hindered, either completely or partially, by the polymeric

component of the formulation.19

Scanning electron micrographs of bezafibrate plain

powder (Figure 5A) showed crystals with irregular shapes

and surfaces. The particles of formulation V were smooth

surfaced and round-shaped with a central depression on

one side (Figure 5B). A pharmaceutical nanoparticle is

a drug-loaded object possessing a diameter of not more

than 1000 nm.24 From Figure 5B, it can be appraised that

the average particle-size of the formulation was not more

than 500 nm. Thus, particles of electrosprayed ternary

solid dispersion formulation V were nano-sized particles.

FTIR analysis revealed sharp distinctive peaks of bezafi-

brate, as shown in Figure 6A. FTIR spectrum of bezafibrate

revealed p-substituted phenyl of Ar–Cl peaks appearing at

843.97 cm−1 and 1087.98 cm−1. Stretching vibrations of –

CO of aryl alkyl ethers was visible at 1248.74 cm−1. Peaks

appearing at 1502.79 cm−1 and 1598.96 cm−1 correspond to

bending vibration of -NH and stretching vibration of –CO,

respectively. Furthermore, carbonyl group (–CO) of car-

boxylic acid showed its stretching vibrational peak at

1728.14 cm−1. FTIR spectrum of bezafibrate also revealed –

OH stretching vibration at 3457.72 cm−1.44 FTIR spectrum

of PVP K30 and that of Cremophor ELP is shown in

Figure 6B and C, respectively. The distinctive peaks of the

drug were also seen at the same positions in both the spectra

of physical mixture (Figure 6D) and electrosprayed ternary

solid dispersion formulation V (Figure 6E). Furthermore, the

spectrum of physical mixture was identical to that of the
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Figure 3 XRD patterns: (A) bezafibrate, (B) PVP K30, (C) Cremophor ELP, (D)

physical mixture and (E) electrosprayed ternary solid dispersion formulation V.
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Figure 4 DSC thermograms: (A) bezafibrate, (B) PVP K30, (C) Cremophor ELP,

(D) physical mixture and (E) electrosprayed ternary solid dispersion formulation V.
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formulation; accordingly, this suggested absence of interac-

tions between the drug and an excipient.

Figure 7 shows the mean bezafibrate concentration-time

curves produced after oral administration of bezafibrate

alone (Figure 7A) and electrosprayed ternary solid disper-

sion formulation V (Figure 7B). The formulation furnished

higher mean plasma concentrations of the drug at all time

points between 1 and 24 h (t-test, p < 0.05) than did bezafi-

brate plain powder. The pharmacokinetic parameters, such

as AUC, Cmax and Tmax, are shown in Table 2. The AUC and

Cmax of the electrosprayed ternary solid dispersion formula-

tion V were greatly enhanced as compared to those of

bezafibrate plain powder (t-test, p < 0.05); however, Tmax

did not change significantly (t-test, p > 0.05). As compared

A

B

Figure 5 SEM images: (A) bezafibrate (× 5000) and (B) electrosprayed ternary solid dispersion formulation V. (× 10,000).
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with bezafibrate plain powder, bioavailability was ~5.5-fold

with electrosprayed ternary solid dispersion formulation

V. The improved bioavailability might be ascribed to ameli-

oration in the aqueous solubility and dissolution of bezafi-

brate resulting from improved wetting due to hydrophilic

polymer, particle-size diminution and alteration of the crys-

talline form of the drug to its amorphous counterpart.18

The mean values of TG, HDL, LDL and TC are shown

in Figure 8. The negative control gave values 50.17 ±

12.25, 33.17 ± 7.98, 13.00 ± 3.85 and 55.87 ± 11.01 mg/

dL, respectively (Figure 8A). The values appeared in posi-

tive control were 208.83 ± 27.97, 22.83 ± 6.43, 36.67 ±

6.53 and 101.27 ± 14.08 mg/dL, respectively (Figure 8B).

The comparison shows that TG, LDL and TC were

significantly higher (t-test, p < 0.05), and HDL was

lower in HFD-treated rats than in rats fed on normal

laboratory standard diet. As compared with the positive

control, bezafibrate plain powder (Figure 8C) lowered TG

(208.83 ± 27.97 vs 184.83 ± 22.43 mg/dL), LDL (36.67 ±

6.53 vs 31.66 ± 7.91 mg/dL) and TC (101.27 ± 14.08 vs

96.30 ± 11.96 mg/dL), and improved HDL (22.83 ± 6.43

vs 27.66 ± 5.16 mg/dL); however, the differences were not

significant (t-test, p > 0.05). On the other hand, values

given by the electrosprayed ternary solid dispersion for-

mulation V (Figure 8D) were significantly different

(p < 0.05) from those produced by the positive control

and bezafibrate plain powder. As compared with bezafi-

brate plain powder, formulation V reduced TG (184.83 ±

22.43 vs 100.83 ± 11.53 mg/dL), LDL (31.66 ± 7.91 vs

21.17 ± 3.19 mg/dL) and TC (96.30 ± 11.96 vs 81.83 ±

13.25 mg/dL), and improved HDL (27.66 ± 5.16 vs 40.50

± 10.11 mg/dL). This suggested that bezafibrate-loaded

electrosprayed polymeric nanosphere formulation was

more effective than bezafibrate plain powder when admi-

nistered at the same drug dose. Thus, this formulation
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Figure 6 FTIR spectra: (A) bezafibrate, (B) PVP K30, (C) Cremophor ELP, (D)

physical mixture and (E) electrosprayed ternary solid dispersion formulation V.
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Figure 7 Plasma level-time profiles: (A) bezafibrate and (B) electrosprayed ternary

solid dispersion formulation V. *p < 0.05 as compared to bezafibrate plain powder.

Table 2 Pharmacokinetic Parameters

Parameter Bezafibrate

Powder

Electrosprayed

Solid Dispersion

Formulation V

AUC (h· μg/mL) 17.83 ± 1.63 96.91 ± 15.63*

Cmax (μg/mL) 2.47 ± 0.45 9.25 ± 2.58*

Tmax (h) 1.69 ± 0.31 1.86 ± 0.38

Notes: Each value indicates the mean ± S.D. (n=6). *p < 0.05 (t-test) compared

with bezafibrate powder.
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Figure 8 Lipid profile characteristics: (A) negative control, (B) positive control,

(C) bezafibrate and (D) electrosprayed ternary solid dispersion formulation V.

Abbreviations: TG, triglycerides; HDL-C, high-density lipoprotein cholesterol,

LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol.
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might be a promising nanoparticulated delivery system for

bezafibrate with enhanced bioavailability and

effectiveness.

Conclusion
Electrosprayed polymeric nanosphere formulation V, con-

sisting of bezafibrate, PVP K30 and Cremophor ELP at the

ratio of 1/12/1.5 (w/w/w), demonstrated the most enhanced

solubility (27.59 ± 4.90 mg/mL) and an excellent dissolution

(85.48 ± 10.16% in 10 min). The drug existed in the amor-

phous state in the nanospheres, and had no strong bonding

with the polymeric matrix. The amelioration in solubility

and dissolution of bezafibrate in the aqueous media might be

attributed to improved wetting of the drug due to the pre-

sence of PVP K30, enhanced solubilization because of cre-

mophor ELP and conversion of bezafibrate from its

crystalline form to the amorphous counterpart in electro-

sprayed polymeric nanospheres. The improvement in solu-

bility and dissolution of bezafibrate in nanospheres resulted

in greater bioavailability and effectiveness of the drug. As

compared with bezafibrate plain powder, formulation

V lowered titers of TG (184.83 ± 22.43 vs 100.83 ±

11.53 mg/dL, respectively), LDL (31.66 ± 7.91 vs 21.17

± 3.19 mg/dL, respectively) and TC (96.30 ± 11.96 vs

81.83 ± 13.25 mg/dL, respectively), and improved HDL

(27.66 ± 5.16 vs 40.50 ± 10.11 mg/dL, respectively) in

HFD-treated rats. Thus, this formulation exhibited more

antihyperlipidemic activity than that shown by bezafibrate

plain powder when administered at the same drug dose.
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