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ABSTRACT: In this study, felodipine was incorporated into microparticles prepared with
Eudragit R© E and it blended with poly(3-hydroxybutyrate) (PHB) using the emulsion–solvent
evaporation technique, with the aim of improving the dissolution rate of the drug. The formula-
tion prepared with Eudragit R© E showed irregular and fragmented microparticles, with a loading
efficiency (LE) of 82.6%. When the microparticles were prepared with a blend of Eudragit R© E
and PHB, they had a spherical form with a LE of 103.9%. X-ray diffraction and differential
thermal analysis indicated a reduction in the crystallinity of felodipine after its incorporation
into the microparticles, which caused a significant increase in the felodipine dissolution rate.
An investigation into the absorption in rats was carried out using high-performance liquid chro-
matography analysis of the blood collected 20 and 60 min after the animals were administered
felodipine [30 mg/Kg, orally (p.o.)] or felodipine microparticles (30 mg/Kg, p.o.). Animals that
were given felodipine showed mean plasmatic levels of 0.0125 (±0.00156) and 0.0240 (±0.0069)
:g mL−1 after 20 and 60 min, respectively, whereas animals that received microparticles con-
taining felodipine showed respective mean plasmatic levels of 0.0651 (±0.0120) and 0.0369
(±0.0145) :g mL−1. Our data suggest that the incorporation into microparticles significantly
enhanced the release of felodipine, improving its absorption in rats. © 2012 Wiley Periodicals,
Inc. and the American Pharmacists Association J Pharm Sci 101:1518–1523, 2012
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INTRODUCTION

Felodipine is a calcium channel blocker used to treat
systemic arterial hypertension based on its high vas-
cular selectivity. This drug is classified according to
the Biopharmaceutics Classification System as class
II, indicating that it has very low water solubility and
high permeability. The oral bioavailability of this drug
is limited and, thus, the enhancement of its dissolu-
tion rate would be a useful achievement.1

The enhancement of the dissolution of drugs with
poor water solubility has been one of the main tar-
gets of drug development during the last decade and
several pharmaceutical technologies have been in-
vestigated to this end. Several strategies have been
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employed to improve the solubility of felodipine and
increase its dissolution rate in aqueous media (includ-
ing the preparation of solid dispersions with hydrox-
ypropylmethylcellulose (HPMC),1,2 polyvinylpyrroli-
done, polyethyleneglycol,3 and HPMC acetate
succinate4), the drug micronization,5 and its cogrind-
ing with excipients.6

The microencapsulation and nanoencapsulation of
drugs have been widely used in pharmaceuticals in
recent decades. However, the use of this technique
in order to increase the dissolution and bioavailabil-
ity of drugs is still a little explored area and only a
few studies have focused on this aspect, for instance,
the preparation of poly(lactide-co-glycolide) nanopar-
ticles to improve the oral bioavailability of curcumin,7

lipid nanoparticles to enhance the dissolution rate of
simvastatin,8 enteric microparticles to enhance the
oral bioavailability of poorly soluble basic drugs,9 and
hyaluronic microspheres to improve the oral bioavail-
ability of cyclosporin A.10
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The incorporation of felodipine into polymeric mi-
crospheres has not yet been studied for this purpose.
Solid microspheres offer advantages because they can
be used to prepare solid pharmaceutical forms that
are technologically easy to manufacture and can be
easily administered to the patient.

The aim of this study was to evaluate a new
approach to enhance the dissolution rate and the
oral bioavailability of felodipine on the basis of
its encapsulation into polymeric microparticles. The
polymethacrylate Eudragit R© E and polyester poly(3-
hydroxybutyrate) (PHB), widely used in the phar-
maceutical field, were used as polymeric carriers.
The morphological and physicochemical properties of
microparticles were characterized by scanning elec-
tron microscopy (SEM), differential thermal analy-
sis (DTA), and X-ray powder diffraction (XRD). The
felodipine dissolution rate and oral bioavailability in
rats were also evaluated.

MATERIALS AND METHODS

Materials

Poly(3-hydroxybutyrate) ( molecular weight (Mn)=
312,800 g mol−1 and polydispersity degree of 1.23,
determined by gel-permeation chromatography) was
kindly supplied by PHB Industrial S.A. (Serrana,
São Paulo, Brazil) and Eudragit R© E 100 (Röhm
Pharma Polymers) was supplied by Almapal S.A. (São
Paulo, Brazil). Felodipine was purchased from Henri-
farma Produtos Quı́micos e Farmacêuticos (São Paulo,
Brazil) and poly(vinyl alcohol) (Mn = 92,000 g mol−1,
according to the information supplied by the man-
ufacturer) was from Vetec Quı́mica (Rio de Janeiro,
Brazil). Dichloromethane, ethanol, acetonitrile, and
acetic acid were acquired from Biotec Reagentes
Analı́ticos (Pinhais, Paraná, Brazil). All chemicals
were used without further purification.

Preparation of the Microparticles

The microparticles were prepared by oil-in-water
emulsion–solvent evaporation technique. The poly-
mer(s) (500 mg of Eudragit R© E or 250 mg of PHB
and 250 mg of Eudragit R© E) and felodipine (200 mg)
were dissolved in 10 mL of dichloromethane (internal
phase) and then emulsified in 200 mL of an aque-
ous phase containing 0.15% (w/v) of poly(vinyl alco-
hol) as a stabilizer (external phase). The resulting
emulsion was stirred at 700 rpm at room temperature
for 24 h until the evaporation of the organic solvent.
The microparticles were washed with distilled water,
centrifuged, dried, and stored under vacuum at room
temperature.

Determination of the Drug Content and Loading
Efficiency

To determine the drug content, 10 mg of micropar-
ticles were accurately weighed and dissolved in
10 mL of ethanol. The solution was diluted at a con-
centration of 10 mg L−1 of felodipine and its ab-
sorbance was determined by ultraviolet (UV)–visible
spectrophotometry (Shimadzu 1601 PC spectropho-
tometer; Shimadzu, Kyoto, Japan) at 364 nm. The
analytical method was validated according to the fol-
lowing characteristics: linearity, precision, accuracy,
and specificity. The loading efficiency (LE) was ob-
tained using Eq. 1 and the results were expressed
considering the drug entrapped into the microparti-
cles and the nonencapsulated drug crystals:

LE% = drug found in microparticle (mg)
drug initially added to the formulation (mg)

× 100

(1)

Scanning Electron Microscopy

The morphology of the microparticles was examined
in a Zeiss DSM 940A scanning electron microscope
(Zeiss, Oberkochen, Germany). The arithmetic mean
diameter of at least 100 particles was measured on
micrographs obtained by SEM.

Differential Thermal Analysis

Differential thermal analysis curves were obtained
using a Netzch STA 449C differential scanning
calorimeter (Netzch, Selb, Germany) by heating from
25◦C to 200◦C at 10◦C min−1 in a nitrogen atmosphere
(50 mL min−1).

XRD Analysis

Diffractograms were recorded from 5◦ to 50◦ (2θ) at
a scanning speed of 2◦ min−1 on an X-ray powder
diffractometer (Shimadzu XRD-6000; Shimadzu). Cu
K" radiation was used as the X-ray source and the
equipment was operated at a voltage of 40 kV and a
current of 30 mA.

In Vitro Drug Release

Hard gelatin capsules were filled with felodipine
(5 mg) or felodipine microparticles (equivalent to 5 mg
of the drug). Dissolution tests were performed using
the basket apparatus at 100 rpm and 900 mL of HCl
(0.1 N, pH 1.2) containing 1% (w/v) of sodium lauryl
sulfate (sink conditions) at 37 ◦C. At predetermined
time intervals (5, 10, 15, 20, 40, and 60 min), a 10 mL
sample of the medium was taken, centrifuged, and
the drug concentration in the solution was deter-
mined using a Merck–Hitachi LaChrom D7000 liq-
uid chromatograph (Merck, Darmstadt, Germany), a
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LiChrospher R© RP-18 column (5 :m) (Merck, Darm-
stadt, Germany), acetic acid–acetonitrile (95:5) as the
mobile phase, and UV detection at 364 nm. An equal
volume of fresh dissolution medium was transferred
to the vessel after sample withdrawal. Experiments
were carried out in triplicate.

Preliminary Investigation into Drug Absorption

Male Wistar rats (n = 6 for each group) weighing
280–320 g were given 0.5% carboxymethylcellulose
[CMC; 0.1 mL/100 g, orally (p.o.)], felodipine (30 mg/
Kg, p.o.), or Eudragit R© E–PHB felodipine microparti-
cles (30 mg/Kg, p.o.). At periods of 20 and 60 min after
the administration, 5 mL of blood was collected in pre-
viously heparinized tubes. The blood was analyzed by
high-performance liquid chromatography in order to
quantify the felodipine. This analysis was conducted
with a LiChrospher R© RP-18 column (5 :m) employ-
ing acetic acid–acetonitrile (95:5) as the mobile phase
and the detection was performed in the UV region at
364 nm. Data are presented as mean ± standard error
of the mean and were submitted to one-way analysis
of variance (ANOVA) followed by post-hoc Bonferroni
test to determine the statistical difference between
the groups, which was considered significant when p
values were lower than 0.05 (95% confidence inter-
val). All procedures involving experimental animals
were carried out according to the official ethics guide-
lines for tests involving animals and approved by the
Ethics Committee of Research of the University of
Joinville (Joinville, Santa Catarina, Brazil).

RESULTS AND DISCUSSION

Microparticle Morphology and LE

The emulsion–solvent evaporation technique con-
sisted of the emulsification of an organic solvent so-
lution containing the polymers and the drug in an
aqueous phase. The diffusion of the organic solvent
to the aqueous phase and its later evaporation at the
air–water interface lead to the formation of micropar-
ticles.

Eudragit R© E microparticles containing felodipine
(Figs. 1a and 1b) presented an irregular morphology,
brittle aspect, and little cluster formation. With the
aim of improving the morphological characteristics
and flow properties of the particles, PHB was added
to the formulation, leading to the obtainment of spher-
ical particles (Figs. 1c and 1d), with a mean diameter
of 64 ± 10 :m. The external surface of the micropar-
ticles was rough and porous, which is a common char-
acteristic of PHB microspheres, as described in the
literature.11

The loading efficiencies of felodipine were 82.6%
and 103.9% for Eudragit R© E and Eudragit R© E–PHB
microparticles, respectively, indicating that the pro-

Figure 1. Scanning electron micrographs of (a and b)
Eudragit R© E microparticles and (c and d) Eudragit R© E–
PHB microparticles. The arrows show the nonencapsulated
felodipine crystals.

cess conditions used to prepare the microparticles
were efficient in terms of obtaining high drug con-
tents. Nonencapsulated drug crystals can be seen in
the SEM micrographs of both formulations, which
were not removed during the washing step of the
microparticle formation process, as indicated in
Figure 1.

XRD and DTA

The solid-state characteristics of felodipine before and
after its incorporation into the microparticles were in-
vestigated using XRD and DTA. The results are pre-
sented in Figures 2 and 3, respectively.

Felodipine as a raw material is crystalline, as
demonstrated by sharp and intense diffraction peaks
at 2θ of 10.3◦ and 23.3◦, as reported in the
literature.12 In the XRD patterns of the Eudragit R©

E and Eudragit R© E–PHB microparticles, the peaks
of felodipine can also be observed, but with less in-
tensity. This result may be associated with the pres-
ence of a low quantity of felodipine crystals that were
not encapsulated, as observed in the SEM analysis
(Fig. 1).

In the diffractogram of the microparticles contain-
ing PHB, two peaks can be observed at 2θ of 13.5◦ and
16.9◦, corresponding to the semicrystalline pattern of
this polymer.13 However, no peaks were observed in
the XRD pattern of the Eudragit R© E microparticles,
indicating the amorphous state of the polymer after
the microencapsulation process.
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Figure 2. X-ray diffraction patterns of blank micro-
spheres (PHB), Eudragit R© E (EU)–PHB and Eudragit R© E
(EU) microparticles, and pure felodipine.

The DTA curve for pure felodipine (Fig. 3) showed
an endothermic melting peak at 150.9◦C, whereas
no such peak was observed in the curves of the mi-
croparticles, suggesting that felodipine was molecu-
larly dispersed in the polymeric matrix in an amor-
phous form. Other peaks at 155.9◦C and 168.8◦C were
observed in the DTA curve for the Eudragit R© E–PHB
microparticles corresponding to PHB melting peaks,
as described in the literature13,14 and observed in the
DTA curve for the blank microspheres prepared only
with PHB.

The XRD and DTA results suggest that the total
amorphization of the felodipine did not occur, but a
reduction in crystallinity was detected after its incor-
poration into the microparticles.

Figure 3. Differential thermal analysis (DTA) curves of
blank PHB microspheres, Eudragit R© E (EU)–PHB and
Eudragit R© E (EU) microparticles, and pure felodipine.

Figure 4. Release profiles of pure felodipine and
Eudragit R© E (EU)–PHB and Eudragit R© E (EU) micropart-
icles.

In Vitro Dissolution Study

In order to assess whether the goal of improving
the dissolution rate of felodipine microparticles was
reached, in vitro dissolution profiles were compared
with that of pure drug (Fig. 4).

The dissolution rate of the pure felodipine was very
low. As can be seen in Figure 4, only 2.9% was dis-
solved in the first 10 min, whereas 69.3% and 75.4%
of the drug present in the Eudragit R© E and Eudragit R©

E–PBH microparticles, respectively, dissolved within
the same time period. Similar results were observed
after 60 min with 35.5%, 103.6%, and 97.4% of felodip-
ine dissolved for the pure drug, Eudragit R© E, and
Eudragit R© E–PHB microparticles, respectively. The
area under the curve (AUC) of the dissolution pro-
files was used to compare the drug release profiles.
ANOVA showed that there was no statistical differ-
ence between the AUC of the two microparticle for-
mulations (p > 0.05), indicating that both improved
the dissolution of felodipine.

The enhancement of the drug dissolution rate can
be ascribed to several factors: (i) the improvement of
wetting and solubilization by a hydrophilic carrier,
(ii) the reduction of the drug particle size, (iii) the re-
duction of the aggregation of particles, and (iv) the
transformation of the solid state of the drug from a
crystalline to an amorphous form.1,15,16 In this study,
it is considered that the enhancement of the felodipine
dissolution after its incorporation into the micropar-
ticles was mainly associated with the amorphization
of the drug and with the use of Eudragit R© E as a poly-
meric carrier. Also, the amorphization of Eudragit R© E
microparticles was assumed to be greater than that
of Eudragit R© E–PHB because PHB maintained its
semicrystalline pattern after the microencapsulation,
as shown in Figures 2 and 3.
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Figure 5. Felodipine blood concentrations 20 and 60 min
after administration of felodipine and felodipine micropar-
ticles.

X-ray powder diffraction patterns and DTA curves
of the microparticles (Figs. 2 and 3) show a re-
duction in the crystallinity of felodipine. The pres-
ence of an amorphous form of a drug in poly-
meric carriers may result in improved solubility and
dissolution rates when compared with crystalline ma-
terial. Drugs molecularly dispersed in polymeric car-
riers may achieve the highest levels of particle size
reduction and surface area enhancement, which re-
sult in improved dissolution rates.1

Furthermore, felodipine solubility may be in-
creased by the use of Eudragit R© E as a carrier, which
has high solubility in acid medium (pH > 5).17 The
rapid solubilization of this polymer in the dissolu-
tion medium may have contributed to the solubiliza-
tion of felodipine. It has been demonstrated that the
use of hydrophilic carriers such as polyvinylpyrrol-
idone and polyethyleneglycol enhances the dissolu-
tion rate of felodipine.3

Preliminary Investigation into Drug Absorption

Our data show that 20 and 60 min after administra-
tion of felodipine alone produced blood levels of 0.0125
(±0.0016) and 0.024 (±0.0069) :g mL−1, respec-
tively, whereas the corresponding values for felodip-
ine associated with Eudragit R© E–PHB microparticles
were 0.0648 (±0.012) and 0.0367 (±0.0145) :g mL−1

(Fig. 5). Thus, in the latter case, there were fivefold
and 1.5-fold increases in the concentration of felodip-
ine, respectively, in comparison with the administra-
tion of felodipine alone. These results verify that the
microparticles improved the absorption of felodipine
significantly (p < 0.01). Animals that were given CMC
had no detectable levels of felodipine.

CONCLUSIONS

The dissolution rates of felodipine incorporated into
Eudragit R© E and Eudragit R© E–PHB microparticles
were faster than that of the pure drug, suggesting

that these are suitable systems for the enhancement
of the aqueous solubility of this drug. The microparti-
cles promoted a significant increase in the felodipine
release because of its improved solubility in organic
fluids. This increase might reduce the time necessary
for the effect to begin and the antihypertensive effect
could also potentially be enhanced, allowing the use
of lower doses and thus minimizing potential side ef-
fects. Furthermore, the development of formulations
for use in emergencies might be possible because a
faster release of the felodipine occurs.
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Pesquisa Cientı́fica e Tecnológica do Estado de Santa
Catarina for the financial support and Prof. Theodoro
Marcel Wagner for the chromatographic analysis.

REFERENCES

1. Kim E, Chun M, Jang J, Lee I, Lee K, Choi H. 2006. Prepara-
tion of a solid dispersion of felodipine using a solvent wetting
method. Eur J Pharm Biopharm 64:200–205.

2. Won DH, Kim MS, Lee S, Park JS, Wang SJ. 2005. Improved
physicochemical characteristics of felodipine solid dispersion
particles by supercritical anti-solvent precipitation process.
Int J Pharm 30:199–208.

3. Karavas E, Georgarakis E, Sigalas MP, Avgoustakis K,
Bikiaris D. 2007. Investigation of the release mechanism of
a sparingly water-soluble drug from solid dispersions in hy-
drophilic carriers based on physical state of drug, particle size
distribution and drug–polymer interactions. Eur J Pharm Bio-
pharm 66:334–347.

4. Konno H, Handa T, Alonzo DE, Taylor LS. 2008. Effect of
polymer type on the dissolution profile of amorphous solid
dispersions containing felodipine. Eur J Pharm Biopharm
70:493–499.

5. Kerc J, Srcic S, Knez Z, Sencar-Bozic P. 1999. Microniza-
tion of drugs using supercritical carbon dioxide. Int J Pharm
182:33–39.

6. Vogt M, Kunath K, Dressman JB. 2008. Dissolution im-
provement of four poorly water soluble drugs by cogrind-
ing with commonly used excipients. Eur J Pharm Biopharm
68:330–337.

7. Shaikh J, Ankola DD, Beniwal V, Singh D, Ravi Kumar MNV.
2009. Nanoparticle encapsulation improves oral bioavailabil-
ity of curcumin by at least 9-fold when compared to curcumin
administered with piperine as absorption enhancer. Eur J
Pharm Sci 37:223–230.

8. Woo JS, Piao MG, Li DX, Ryu DS, Choi JY, Kim JA, Kim JH,
Jin SG, Kim DD, Lyoo WS, Yong CS, Choi HG. 2007. Devel-
opment of cyclosporin A-loaded hyaluronic microsphere with
enhanced oral bioavailability. Int J Pharm 345:134–141.

9. Alhnan MA, Murdan S, Basit AW. 2011. Encapsulation of
poorly soluble basic drugs into enteric microparticles: A novel
approach to enhance their oral bioavailability. Int J Pharm
416:55–60.

JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 101, NO. 4, APRIL 2012 DOI 10.1002/jps



ENHANCEMENT OF FELODIPINE DISSOLUTION RATE 1523

10. Zang Z, Bu H, Gao Z, Huang Y, Gao F, Li Y. 2010. The charac-
teristics and mechanism of simvastatin loaded lipid nanopar-
ticles to increase oral bioavailability in rats. Int J Pharm
394:147–153.

11. Martin MA, Miguens FC, Rieumont J, Sanchez R. 2000. Tai-
loring of the external and internal morphology of poly-3-
hydroxybutyrate microparticles. Colloids Surf B 17:111–116.

12. Wong SM, Kellaway IW, Murdan S. 2006. Enhancement of the
dissolution rate and oral absorption of a poorly water soluble
drug by formation of surfactant-containing microparticles. Int
J Pharm 317:61–68.

13. Sudesh K, Abe H, Doi Y. 2000. Synthesis, structure and prop-
erties of polyhydroxyalkanoates: Biological polyesters. Prog
Polym Sci 25:1503–1555.

14. Pouton CW, Akhtar S. 1996. Biosynthetic polyhydroxyalka-
noates and their potential in drug delivery. Adv Drug Deliv
Rev 18:133–162.

15. Passerini N, Albertini B, Perissutti B, Rodriguez L. 2006. Eval-
uation of melt granulation and ultrasonic spray congealing as
techniques to enhance the dissolution of praziquantel. Int J
Pharm 318:92–102.

16. Modi A, Tayade P. 2006. Enhancement of dissolution profile
by solid dispersion (kneading) technique. AAPS PharmSciTech
7:E1–E6.

17. Quinteros DA, Rigo VR, Kairuz J, Oliveira ME, Manzo RH,
Allemandi DA. 2008. Interaction between a cationic poly-
methacrylate (Eudragit E100) and anionic drugs. Eur J Pharm
Sci 33:72–79.

DOI 10.1002/jps JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 101, NO. 4, APRIL 2012


