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ABSTRACT

This paper aims to investigate the effects of biocompatible polymers on the physicochemical and dissolution
properties of poorly water-soluble drugs in nanoparticle systems. Four types of nanoparticles containing poorly
water soluble fenofibrate were prepared using solvent evaporation technique with different biocompatible polymers
such as polyvinylpyrrolidone (PVP), hydroxypropylmethyl cellulose(HPMC), carbopol and ethylcellulose. Their
physicochemical properties were investigated using scanning electron microscopy, differential scanning
calorimetry, and powder X-ray diffraction. The solubility and dissolution of nanoparticle-entrapped fenofibrate
were compared with those of free drug powder. Biocompatible polymers affected themorphology and sizes of
fenofibrate nanoparticles. PVP or carbopol-based nanoparticles showed spherical appearance, whereas HPMC or
ethylcellul ose-based nanoparticles formed aggregates with irregular shape. The particle sizesincreased in the order
of the nanoparticle prepared with carbopol B PVYP\HPMC\ethylcellulose. The size of PVP-based nanoparticles did
not significantly differ from that of carbopol-based nanoparticles, showing the mean sizes of ca. 10 Im. As compared
to free drug powder, the solubility and dissolution of the drug in nanoparticles increased in the order of
PVP[HPMC] carbopol[ ethylcellulose. The enhanced solubility and dissolution of poorly water-soluble fenofibrate
via nanoparticle system did not depend on particle size but on crystallinity. In conclusion, in nanoparticle
development of poorly water-soluble drugs such as fenofibrate, the nature of biocompatible polymers plays an
important role in the physicochemical and dissolution of poorly water-soluble drugs in the nanoparticles.
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INTRODUCTION

Nanoparticle systems have been widely studied ¢oease the solubility of poorly water-soluble dry§sairk et
al.2009; Tran et al. 2013; Yan et al. 2012). Drigsanoparticle system exist as an amorphous foarmolymer
matrix. Moreover, this system can improve the silityband dissolution of drug as compared with dring
crystalline state, since the drugs dispersed irympet matrix may produce the highest degree of gartsize
reduction and surface area increase (Lee et aB;2(dn et al. 2012).Until now, most studies ondlegelopment of
nanoparticles containing poorly water-soluble drhgge focused on the preparation methods (Joe 2040; Li et
al. 2010;Marasini et al. 2013; Newa et al. 200GrTet al. 2013).However, there is still limiteddrhation on the
role of biocompatible polymers as nanoparticle iratr the physicochemical properties of encapsdigteorly
water soluble drug.

In this study, to evaluate the effect of biocomiplatipolymers on the physicochemical and dissolupimperties of
poorly water-soluble drugs in the nanoparticle eyst four types of nanoparticles were prepared wifferent
biocompatible polymers using solvent evaporatiahnégue. In this study, fenofibrate was chosen amdel drug
due to its poorly water-soluble property (Zhanget2®12). The physicochemical properties of fenitb in
nanoparticles were investigated using scanningreleaenicroscopy (SEM), differential scanning catoeitry(DSC)
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and powder X-ray diffraction (PXRD). Furthermoree tsolubility and dissolution of the drug in thesamoparticles
were evaluated compared to drug powder.

EXPERIMENTAL SECTION
All chemicals were of reagent grade and used withfurther purification.

Preparation of four fenofibrate-loaded nanoparsicle

Fenofibrate was loaded into nanoparticles of déffeérbiocompatible polymers using solvent evaponatigethod.
PVP, HPMC, carbopol and ethylcellulose were usetiiasompatible polymers. Four types of fenofibritaded
nanoparticles were prepared by dissolving 5 g nbfibrate and 5 g of biocompatible polymers in 26i0ethanol.
The mixtures were delivered to the nozzle (0.7 niameter) of a Bu'chi 190 nozzle type mini sprayed(iFlawil,

Switzerland) at a flow rate of 5 ml/min via a p&alsc pump and spray-dried at 100 _C inlet tempgeand 75—
80°C outlet temperature. The pressure of the sgrayewas 4 kg/cm2 and the flow rate of the dryaigvas kept at
the aspirator setting of 10 (pressure of the awpirBiter vessel, -25 mbar).Shape and surface maqgy. The
shape and surface morphology of fenofibrate in theg powder or nanoparticles were examined usisgaaning
electron microscope (S-4100, Hitachi, Japan). Tdrepdes were fixed on a brass specimen club usingldeside
adhesive tape and made electrically conductive datiog in a vacuum (6 Pa) with platinum (6 nm/mgihg a
Hitachi Iron Sputter (E-1030) for 300 s at 15 mA.

Thermal characteristics and crystallinity

The thermal characteristics of fenofibrate loaded! itypes of nanoparticles were investigated usirtifferential
scanning calorimeter (DSC-2010, TA Instruments, YSFamples of about 2 mg were placed in sealedialum
pans, before heating under a nitrogen flow (25 nm)fnat a heating rate of 10 _C/min from 30 to 216. _
Furthermore, the crystallinity of the powder, carsiand nanoparticles were assessed by X-ray patiffierction
(D/MAX-2500, Rigacu, Japan) conducted at 25 _Cgisimnochromatic

Cu Ka-radiation (k =1.54178 A ° ) at 40 mA andkA0in the region of 2.5 B 2h B 40_ with an angularement
of 0.02_ per second.

Particle size analysis

The particle size of the nanoparticles was detezthinsing a Zetasizer Nano ZS (Malvern Instrumewisiyvern,
UK)dynamic light scattering particle size analyégavelength,635 nm; scattering angle, 90 _; tempeza5 C).
The values of z-average diameters derived from d¢ateth analysis by Auto measure software (Malvern
Instruments, Malvern, UK) were used.

Aqueous solubility

Excessive amount of nanoparticles (about 20 mggwdded to 1 ml of water. They were shaken in @mwadth for
3 days, centrifuged at 3,000g for 10 min (Eppendd8A) and filtered through a 0.45 Im membraneefiltThe
concentration of fenofibrate in the resulting simintwas then checked at UV 300 nm (Zhang et al2p01

Dissolution

The hard capsule containing the nanoparticles atpriv to25 mg of fenofibrate were inserted intoirkker and
placed in the dissolution tester (Shinseang InstninCo., South Korea), respectively (Li et al. 2020dissolution
test was performed at 37 + 0.5 _C using the pachdithod at100 rpm with 900 ml 0.2 % Tween 80 sofutiét 5,
10,15, 20, 30 and 60 min, 3 ml of the medium wasnaand filtered through a 0.45 Im membrane filfédren, the
concentration of fenofibrate in the supernatant watermined by UV spectrophotometer (Ultrospec 7088
Healthcare, Buckinghanshire, GK) at 300 nm.

RESULTS AND DISCUSSION

Four different fenofibrate-loaded nanoparticleseverepared with fenofibrate and biocompatible p@assrsuch as
PVP, HPMC, carbopol and ethylcellulose at the wergkio of 1:1 using solvent-evaporation methode Thixture

solution of fenofibrate and various biocompatibtdymers in ethanol were spray-dried under the seomelitions.

Evaporation of ethanol by spray drying resultedour different types of fenofibrate-loaded nanojuées (Joeet al.
2010; Li et al. 2008).

Scanning electron micrographs of fenofibrate powded nanoparticles are shown in Fig. 1. Fenofibrate

powder(Fig. 1a) appeared as rectangular crystadhape (Newaet al. 2007). The nanoparticles prdpaith PVP
(Fig. 1b)and carbopol (Fig. 1d) showed spheric@leapance. Generally, the nanoparticles preparetidogolvent
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evaporation method produced a spherical shape whahformed during spray-drying process of the slragd
polymers (Lee et al. 2013; Joe et al. 2010). Howewalike conventional nanoparticles, those withM{{Fig. 1c)
or ethylcellulose (Fig. 1d) formed aggregates igular shape due to their relatively high visgosit

Drug powder and nanoparticles showed differentniaéiproperties from polymer carriers (Fig. 2). T8C curve
shows that free fenofibrate powder has an endotbepgak at about 80 _C, meaning its melting poimtl a
indicating its crystalline nature (Fig. 2a) (Patkak 2009;Zhang et al. 2012). The polymers sucHRBIC (Fig. 2b),
PVP (Fig. 2d), carbopol (Fig. 2f) and ethylcell@@Sig. 2h) had no intrinsic peaks (Kang et al. 201eeet al.
2013). Unlike polymer carriers, a sharp peak obfdmate was shown in the nanoparticles preparethéysolvent-
evaporation method. Our results suggest that thg did not chemically interact with biocompatiblelymers in
these nanoparticle systems (Park et al. 2009).

Fig. 1 Scanning electron micrographs (X 2,000):a f®fibrate powder; b fenofibrate nanoparticle prepared with PVP; ¢ fenofibrate
nanoparticle prepared with HPMC; d fenofibrate nanoparticle prepared with carbopol; e fenofibrate nangarticle prepared with
ethylcellulose. All nanoparticles were prepared wh fenofibrate and biocompatible polymer at the weipt ratio of 1:1

Although the thermal properties of fenofibrate ireef powder and nanoparticles were similar regasdles

nanoparticle types, the X-ray diffractometry patteof nanoparticle-entrapped fenofibrate differepehding onthe
biocompatible polymer types (Fig. 3). Powder o&ffenofibrate revealed sharp peaks at diffractiogless showing
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a typical crystalline pattern (Fig. 3A) (Lee et28l13). These sharp peaks were hardly observecinahoparticle
prepared with PVP (Fig. 3B), indicating that the/stalline drug was changed to an amorphous fornthis
nanoparticle (Kang et al. 2012; Oh et al. 2012).

However, the other nanoparticles prepared with HPRL 3C), carbopol (Fig. 3D) and ethylcelluloseig(F
3E)showed the intrinsic sharp peaks similar to dgr@yen if they showed weak density compared tg.dfhese
results suggested that these nanoparticles coutihlpaalter to amorphous form. The z-average ipkatsizes of
four nanoparticles are given in Table 1. Sizeshaf fenofibrate-loaded nanoparticle Increased indfder of

nanoparticles prepared with carbopol B PVP\HPMGHNetilulose. The size of PVP-based nanoparticleks rdit

significantly differ from that of carbopol-basednogarticles, showing average size of about 10 Ihe $ize of
nanoparticle prepared with HPMC was about 20 Imweleer, the sizes of ethylcellulose-based nanopesticould

not be detected because of huge aggregate form&egardless of polymer types, all nanoparticleseiased the
solubility of fenofibrate over that of the drug pdev. The aqueous solubility of fenofibrate in thaa@oparticles is
described in Table 2. Fenofibrate had the aquealgbitity of about 0.3 Ig/ml, indicating its poor ater

solubility(Zhang et al. 2012).

Furthermore, the aqueous solubility of the drug wigmificantly improved in the order of the feno#ite-loaded
nanoparticle prepared with PVP[HPMC[carbopol[etbllidose. Noticeably, the solubility of fenobirdte HPMC-

based nanoparticles was more than 30-fold higtem that in free powder form. Biocompatible polyryes of
nanoparticles affected the dissolution of fenofibrd o evaluate the dissolution ofthe drug from nh@oparticles,
the dissolution test on four fenofibrate-loadedagmrticles was performed (Fig. 4).
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Fig. 2 Differential scanning calorimetric thermograms: (A) fenofibrate powder; (B) PVP; (C) fenofibrate nanoparticle prepared with
PVP; (D) HPMC; (E) fenofibrate nanoparticle prepared with HPMC;(F) carbopol; (G) fenofibrate nanoparticle prepared with carbopol;
(H) ethylcellulose; (1) fenofibrate nanoparticle prepared with ethylcellulose. All nanoparticles wereomposed of fenofibrate and
biocompatible polymer at the weight ratio of 1:1

Table 1 Sizes of fenofibrate-loaded nanoparticles

Nanoparticles Particle size (pm)
PVP 1347+ 470
HPMC BE6ET67
Carbopol 0.431+1235
Ethylcellulose = H0(F

* Particle size more than 900 pm can't be detected in the particle size
analyser used in this study

Except the nanoparticle prepared with ethylcellejadl the nanoparticles gave higher dissolutidgesaompared to
the drug powder. Among the nanoparticles tested, rthnoparticle prepared with PVP provided the hsghe
dissolution rate of the drug. The percentage obfierate dissolved from PVP-based nanoparticle®0atin(81.96
+ 1.40 %) was 3.5-fold higher as compared with thaim free powder (22.78 + 10.79 %).In this stuéwP,

HPMC, carbopol and ethylcellulose were selectedtltas biocompatible polymers for the development of

fenofibrate-loaded nanoparticles. These biocomfmpblymers are widely used in the developmentraf dosage
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forms. Furthermore, four polymers have differemtgarties in nature and charges, even though theg saduble in
ethanol. PVP is cationic, hydrophilic and solulsieniater (Oh et al. 2011). HPMC, a cellulose denixgtis neutral,
hydrophilic and soluble in water (Lim et al. 201Park et al. 2009). Carbopol, a polyacrylic acidiwive
polymerized without crosslinking agent, is aniotiigdrophilic and water-swellable(Kang et al. 20Y®shida et al.
2012). Ethylcellulose, a cellulose derivative, &itral, hydrophobic and insoluble in water (Herremndt al. 1994;
Kim et al. 2011). The fenofibrate-loaded nanopsticcomposed of fenofibrate and various polymetbatveight
ratio of 1:1 were prepared with four different pokgrs.
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Fig. 3 X-ray powder diffraction: (A) fenofibrate powder; (B) fenofibrate nanoparticle prepared with PVP; (C) fenofibrate nanoparticle
prepared with HPMC; (D) fenofibrate nanoparticle prepared with carbopol; (E) fenofibrate nanoparticleprepared with ethylcellulose.
All nanoparticles were composed of fenofibrate aniocompatible polymer at the weight ratio of 1:1

Table 2 Aqueous solubility of fenofibrate in free pwder and Nanoparticles

Sample Aqueous solubility (pgfml)
Drug powder 031+ 0.15
MNanoparticles

PVP 10.62 = 1.39

HPMC 524+ 1.54

Carbopol 166 = (.26

Ethylcellulose 048 £+ 0.38

Each value represents the mean = 5D (n = 3)

Each nanoparticle was composed of fenofibrate and biocompatible
polymer at the weight ratio of 1:1

The solubility and dissolution of the drug was ioyed in the order of the fenofibrate-loaded nantigdarprepared
with PVP[HPMC]Jcarbopol[ethylcellulose. The aniordnd water soluble PVP might be covalently interdatéth

fenofibrate, anionic drug (Zhang et al. 2012). Efere, through nanoparticle formulation, the crijsta drugs
were entirely changed to amorphous forms, leadingast improved solubility and dissolution (Oh et2911; Yan
et al. 2012).The neutral and water-soluble HPMQJ aationic and water-swellable carbopol might beakise
bonded with drugby dipole—dipole interaction. Thilng crystalline drugs were partially altered toogpmous forms
(Cho and Choi 2013; Lim et al. 2010; Yoshida e®8ll2), resulting in secondly and thirdly improwsubility and
dissolution, respectively.

The neutral and water-insoluble ethylcellulose doehhance the drug solubility and dissolution daeits
hydrophobic property (Hernandez et al. 1994; Kinale011). Generally, the enhanced solubility obgy water-
soluble drug by the nanoparticle system were dubddransformation of drug crystallinity into thenorphous state
and the reduced patrticlesize resulting from didgaghand re-crystallizing of the drug in the orgasddvents (Joe et
al. 2010; Lee et al. 2013;Yan et al. 2012). Howeirethis study, the enhanced solubility and dissoh of poorly
water-soluble fenofibrate via nanoparticle systemrevnot dependent upon particle size but dependeoh
crystallinity.
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Fig4. Effect of biocompatible polymers on the disdotion of drug from fenofibrate-loaded nanoparticles in 2 % Tween aqueous
solution.All nanoparticles were composed of fenofifate and biocompatible polymer at the weight ratioof 1:1. Each value represents the
mean = SD (n = 6)

CONCLUSION

In the development of a nanoparticle system udiegsblvent-evaporation technique, the nature ofdsigpatible
polymers plays an important role in the physicocisamand dissolution of poorly water-soluble drugsthe
nanoparticles. Given the enhanced solubility amdalution profiles of entrapped fenofibrate, aardt and water
soluble PVP is suggested as the most suitable mulyor nanoparticle formulation of poorly watersole and
anionic drug such as fenofibrate.
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