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Gvozdeva et al.: Formulation of Enalapril-Loaded Microspheres Using Emulsion Solvent Evaporation

The aim of the present study was to formulate polymer microspheres using the emulsion solvent evaporation
technique as an approach to mask the bitter taste of enalapril maleate. Five models were prepared with
two water-insoluble polymers. Talc was used to stabilize the particle structure. Production yields ranged
from 38 % to 53 %; drug loading varied between 17 % and 40 %; the mean particle size ranged from
140 pm to 339 pm. No interaction between enalapril and the polymers was estimated. A drug release
study in artificial saliva indicated a negligible amount of enalapril dissolved in the test medium which

demonstrated successful taste masking.
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The population of developed countries is facing a
serious problem of pediatric hypertension, which,
along with childhood obesity, is gaining epidemic
proportions globally. The diagnosis and treatment
of hypertension in children are crucial to prevent
its chronicity and the development of hypertension
in adults!!!. The choice of an antihypertensive
drug depends on the age of the child, as well as
concomitant diseases. Angiotensin Converting
Enzyme (ACE) inhibitors are the first choice
in the treatment of childhood hypertension.
They affect the renin-angiotensin system and
have been successfully used for many years in
cardiovascular diseases in adolescent patients!®.
A frequently prescribed ACE inhibitor for
children hypertension is Enalapril Maleate (ENA).
Moreover, ENA has been successfully used in the
treatment of congestive heart failure in children(?!.
There is currently no suitable ENA formulation
for children worldwide other than conventional
tablets, except for Epaned® oral solution, which
is only approved in the United States"). However,
ENA 1is bitter in taste, which makes it a real
challenge to formulate an acceptable dosage
form for children™. Pharmaceutical technology
is evolving in the direction of taste masking of
active pharmaceutical ingredients. Taste masking
results not only in concealed unpleasant taste of
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drugs, but also in improved therapeutic efficacy
and bioavailability, enhanced drug stability, better
organoleptic properties of the drug and increased
patient adherencel®!. There are many approaches
for masking the bitter or unpleasant taste of drugs,
most of which have been extensively studied in
our research group and satisfactory results have
been achieved!®”.

The emulsion solvent evaporation technique
was fully developed in the late 1970s and has
been successfully applied to the preparation of
microspheres with various polymers and drugs®.
The method is convenient, without the need of
expensive equipment as in spray drying. For oil-
in-water (O/W) emulsion preparation, the polymer
is usually dissolved in an organic solvent and the
drug is dissolved or dispersed. The size and the
shape of the particles depend on the emulsifier
concentration, stirring rate and the volume of the
organic phasel”. Successful microencapsulation
of lipid-soluble drugs such as steroids!'%, topical
anesthetics!'!!, bleomycin sulfate!!?, doxorubicin!!?,
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naltrexone, and promethazine!™ has been
reported. A major drawback of the method is the
low efficiency of incorporation of water-soluble
substances and the right choice of polymer is very
important!'s).  Water-in-oil emulsions are more
suitable for microencapsulation of water-soluble
drugs. The polymer and the drug are dissolved in a
polar solvent. The parameters monitored here are
emulsifier concentration, agitation rate and volume
of medial'®. The main goal of this work was to
obtain taste-masked ENA-loaded microparticles
for pediatric use.

MATERIALS AND METHODS

ENA, Tween 20%, talc, acetone and dichloromethane
were purchased from Alfa Aesar, Germany.
Ethylcellulose (viscosity 100 cP) was bought from
Sigma- Aldrich, USA. EUDRAGIT EPO® was a gift
from Evonik, Germany. Sodium chloride (NaCl),
Hydrochloric acid (HCI), Disodium hydrogen
phosphate (Na,HPO,) and Potassium dihydrogen
phosphate (KH,PO,) were purchased from Sigma-
Aldrich, USA and were used for the preparation of
the simulated saliva and simulated gastric juice.

Preparation of ENA loaded microparticles:

For the study emulsion solvent evaporation method
was used and O/W emulsion was prepared. The
polymers solution and ENA solution were prepared
separately and then mixed. For the preparation of the
polymer solution a certain amount of EUDRAGIT
EPO® and ethylcellulose were dissolved in 10 ml
dichloromethane. For the preparation of the drug
solution, ENA was dissolved into a mixture of 7 ml of
dichloromethane and 1 ml of acetone. ENA solution
was added to the polymer solution. Talc (50 % of
the amount of EUDRAGIT EPO®) was added to the
drug-polymer solution and the suspension (the oily
phase) was added dropwise to the aqueous phase.
The aqueous phase consisted of distilled water and a
hydrophilic emulsifier-Tween 20® (polysorbate 20).
The O/W emulsion was stirred at room temperature
for 6 h until complete evaporation of the organic
solvents and solidification of the microparticles. The
resultant particles were removed by vacuum filtration
(Nylon 66 membrane filter, 0.45 um, Sigma-Aldrich,
USA), washed with distilled water and allowed
to dry at room temperature for 24 h. Five models
were developed at varied drug-polymer ratio and
emulsifier concentration.
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Yield:

Production yields of the particles were calculated
using the equation:

Yield (%)=(A,/(A +A.))x100,

where A : Amount of ENA, A: Amount of the
polymer and A,: Weight of the obtained particles.

Drug loading:

The Drug Loading (DL %) was determined using the
following equation:

DL (%)=(A,/10)x100,

where A : Amount (mg) of ENA encapsulated into 10
mg of particles.

The study was carried out as follows: 10 mg particles
of each model were dissolved in 10 ml of 96 %
ethanol and stirred on a magnetic stirrer at 300 rpm
for 2 h. 1 ml of the sample was diluted with 9 ml
of simulated gastric juice without enzymes (pH
1.2). The obtained solution was filtered through
a Whatman filter with a pore size of 0.45 um. The
sample was analyzed spectrophotometrically using
an Evolution 300 Ultra Violet-Visible (UV/VIS)
spectrometer (Thermo Fisher Scientific, USA). The
absorbance of the sample was measured at 206 nm
and the amount of ENA was calculated according to
a calibration curve.

Drug Encapsulation Efficiency:

The DEE % was calculated by the following equation:
DEE %=(A/A )*100,

Where A,: Amount (mg) of ENA encapsulated in
the particles and Al: Amount of ENA used for the
preparation of the particles.

Shape and surface morphology of the obtained
particles:

The surface morphology of the obtained
microparticles was determined using a Zeiss EVO
LS25 scanning electron microscope (Zeiss, Germany)
at an accelerating voltage of 20 kV and magnification
5000x.

Particle size distribution:

Mean particle size and particle size distribution
were determined using LS 13 320 Beckman coulter
particle size analyzer (Beckman Coulter, USA),
equipped with a Tornado Dry Powder System (DPS).
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Infrared spectroscopy:

A Nicolet iS10 Fourier Transform Infrared (FT-
IR) spectrometer (Thermo Fisher Scientific, USA),
equipped with an Attenuated Total Reflection (ATR)
accessory for full internal Reflection (iTR) was
used. The study was performed under the following
conditions: 64 scans, 4 nm resolution, 4000-400 cm!
spectral range. The spectra of the pure substances,
physical mixtures and the obtained particles were
analyzed.

Powder X-ray diffraction:

A D2 Phaser powder X-ray diffractometer (Bruker
AXS, Karlsruhe, Germany) was used to determine
the physical state of ENA and polymers in the
particles. The spectra were obtained using Ni-filtered
Cu-radiation in the range of 4-60° 2-0 at 30 kV and
10 mA.

Thermal analysis (TG-DTA):

A Stanton Redcroft STA 1500 thermal imaging
apparatus (Thermal Scientific Plc., GB) was used
to detect temperature changes of ENA and polymer
in the particles. The samples were analyzed in the
temperature range of 25 to 600° at a heating rate of
10° per min under an argon atmosphere.

In vitro taste evaluation:

To assess the degree of taste masking of the obtained
particles in vitro, the following method was used; 10
mg of particles were placed in 50 ml of simulated
saliva (phosphate buffer pH 6.8 without enzymes)
and stirred at 200 rpm on an electromagnetic stirrer
for 60 s. Afterwards, the samples were filtered
using a Whatman filter with a pore size of 0.45
pum and the absorption at 206 nm was measured.
The concentration of ENA was calculated using
a calibration curve. The released drug from each
sample was assessed in triplicate and reported as a
mean+standard deviation.

In vitro drug release in artificial gastric juice
without enzymes:

The study was performed in Apparatus 1 with a
rotating basket (Ph. Eur.9 2.9.3, apparatus AT7 Sotax,
Allschwil, Switzerland) in an acceptor medium
(artificial gastric juice pH 1.2) with a volume of 500
ml at a temperature of 37°+0.5° and stirring speed of
50 rpm. The tested samples of polymer microparticles
were placed in a dialysis bag (Sigma, MWCO 12000
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Da) with dimensions of 6/2.5 cm. It was soaked
for 24 h in artificial gastric juice with a pH of 1.2.
An amount of microparticles of models EMS3 and
EMSS, corresponding to 5 mg ENA, was placed in a
dialysis bag to which 1 ml of the medium was added.
At selected time intervals determined experimentally,
2 ml samples were taken and the same amount of
medium was recovered. The samples were filtered
through a filter with a pore diameter of 0.45 pm. The
absorbance of the filtrate was measured at 206 nm
with a UV-VIS Spectrophotometer Thermo Evolution
300 (Thermo Fisher Scientific, USA) according to a
developed spectrophotometric method.

RESULTS AND DISCUSSION

For the preparation of microparticles emulsion
solvent evaporation technique was applied. The use
of magnesium stearate, talc or colloidal silica as an
anti-taking agent was required due to EUDRAGIT
EPO® adherence to the glassware. As reported in
other studies!!”), addition of a second polymer to
copolymers of acrylic and methacrylic acid was
required for particle solidification when emulsion
technique was used. Dhoka et al.l'”! estimated that
a combination of two polymers provided the desired
characteristics of the microparticles such as taste
masking ability, micromeritic properties, percentage
yield, drug content, particle size, and in vitro drug
release. Therefore, ethylcellulose was used in
this study as a second polymer. The preparation
conditions were determined in preliminary studies.
The composition of the developed models (EMS1/5)
is presented in Table 1. Drug-to-polymer ratio,
EUDRAGIT EPO®-to-ethyl cellulose ratio and the
emulsifier concentration were varied.

The results for production yields, drug loading and
encapsulation efficiency of models EMS1, EMS2,
EMS3, EMS4 and EMSS5 are presented in Table
2. The highest yield (52.97 %) was determined
in model EMS3 and that was probably due to the
largest amount of ethylcellulose used for the particle
preparation. In models EMS1 and EMS2 the same
amounts of ENA, ethylcellulose and EUDRAGIT
EPO® were used but the emulsifier concentration was
varied. The yield of EMS2 was higher than that of
EMS1, which was probably due to the higher amount
of emulsifier. Therefore, the higher concentration
of emulsifier-1.5 % Tween 20® was selected for the
preparation of further models. For EMS1, DL and
DEE had the highest values. EMS4 had the lowest
encapsulation efficiency-0.89 %, the lowest drug
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loading and the lowest yield-38.85 %, probably
due to the smallest amount of ethyl cellulose used.
The highest yield was obtained in the EMS3 model,
probably due to the higher amount of ethyl cellulose.
The results showed that the amount of ethylcellulose
was a determining factor for the yield, drug loading
and encapsulation efficiency. This conclusion
confirms the results of Pandav et al.'®! who found out
that as polymer concentration increased, the binding
capacity or matrix forming competency of polymer
with drug also increased. For this reason, large
amounts of ENA are entrapped in the polymeric core
and give higher yields of microparticles at a higher
drug-to- polymer ratio rather than at a lower ratiot’l,

Scanning electron microscopy was used to visualize
the obtained microparticles (fig. 1). The surface
morphology of the obtained particles was not
smooth, but uneven with many recesses. It could be
suggested that ENA, which was included inside the
microparticles, would be released quickly through
the recesses, and the models might not show good
masking ability compared to the bitter taste of ENA.
The shape of the particles was not spherical. Uneven
surface and irregular shape were formed after the
emulsification and the subsequent hardening of
the droplets. Similar surface morphology of micro

particles with ethyl cellulose and EUDRAGIT®
polymers was determined by Pandav er all'®.
EUDRAGIT EPO® and ethyl cellulose, which differ
substantially in structure and properties, formed
slightly porous surface. It could be suggested that
the shrinkage and the dents were formed due to the
collapse of the particle wall during solidification’..
In the study of Wasilewska et al.*!! microparticles
formulated using organic solvents revealed collapsed,
wrinkled, irregular structure with small particles
adsorbed on the surface, resembling “shriveled
raisins”.

A laser diffraction apparatus was used to determine
the mean particle size and particle size distribution.
The particle size distribution curves are shown in fig.
2. The mean particle size is presented in Table 3. The
particle size distribution analysis revealed several
fractions, the main part of which having particle size
in the range 60 pm to 1000 pm. The particle size
distribution curves of EMS1 and EMS4 were similar
despite the different concentrations of emulsifier and
polymers. The particles of model EMS5 were of a
larger size, which was probably a result of the higher
amount of ENA and particle aggregation. EMSS5 had
a different ENA to polymer ratio (1:2) compared to
the other models (1:4).

TABLE 1: COMPOSITION OF POLYMERMICROPARTICLES, OBTAINED BY EMULSION SOLVENT EVAPORATION

TECHNIQUE
Model ENA (mg) Polymers (mg) Ratio (EUDRAGIT EPO®: Ethylcellulose) Talc (mg) Emulsifier (%)
EMS1 200 800 0.04236 200 1,0
EMS2 200 800 0.04236 200 1,5
EMS3 200 800 0.04306 135 1,5
EMS4 200 800 0.08403 265 1,5
EMS5 400 800 0.04236 200 1,5

TABLE 2: YIELDS (%), DL % AND DEE %

Model Yield, %+SD DL, %+SD DEE, %+SD
EMS1 41.56+1.20 40.01+0.73 2.00+0.04
EMS2 47.03+0.60 35.22+0.79 1.70+0.04
EMS3 52.97+1.60 33.07+0,.52 1.65+0.03
EMS4 38.85+0.25 17.93+0.79 0.89+0.04
EMS5 38.96+0.99 27.03+0.52 1.35+0.03
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Fig. 2: Particle size distribution curves of EMS1, EMS2, EMS3, EMS4 and EMSS5 obtained with a Beckman coulter particle size

analyzer

TABLE 3: MEAN PARTICLE SIZE (d

507

pm) OF THE OBTAINED MODELS

Model EMS1 EMS2

EMS3 EMS4 EMS5

Mean size, d50, 148.5+0.25 236.3+0.54

pmzSD

187.6+0.98 140.1+1.02 339.00+2.56

The average particle size ranged from 339.0 pm in
EMSS to 140.1 pum in EMS4. The smallest particles
were observed in EMS4, which had the lowest yield,
drug loading and encapsulation efficiency. Probably,
the largest amount of ENA and the greatest solid
phase content influenced the particle size in EMSS.
As the polymer concentration increased, viscosity
of the emulsion also increased, resulting into the
formation of larger droplets during emulsification
and larger solid particles after solvent evaporation.
Greater polymer concentration in a fixed volume of
solvent increased the viscosity of the medium and led
to enhanced interfacial tension. Shearing efficiency
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diminished at higher viscosities and increased the
emulsion droplet size and microparticle sizel?*2%),

Infrared spectroscopy was used to assess the
compatibility between ENA, EUDRAGIT EPO®,
ethyl cellulose and talc, and the eventual chemical
interaction during particle preparation. The spectra
of the pure substances- ENA, EUDRAGIT EPO®,
talc, ethyl cellulose and of models EMS3 and EMS5
are presented in fig. 3.

The FTIR spectra revealed characteristic peaks of
ENA at 1750 cm™, 1725 e¢m™', 1450 cm™, 1376 cm-
1, 1226 cm?, 1646 cm™, 875 cm! and 668 cm™.
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The characteristic peaks of the EUDRAGIT EPO®
are at 1725 c¢m’', 1455 cm™ and at 1150 ¢m'. The
characteristic peaks of talc are at 1072 cm™, 1000
cm-1 and 667 cm'. The ethyl cellulose spectrum
showed oscillations at 1450 cm™' due to the -CH2
group, at 1377 cm' due to the CH3 group and
two oscillations at 1100 and 1060 cm™ due to C-O
aliphatic ester. In models EMS3 and EMSS5 the
characteristic peaks of talc (at 1000 cm-1) and ethyl
cellulose (at 1100, 1060, 1377 and 1450 cm-1) were
clearly visible. It was more difficult to distinguish the
characteristic peaks of ENA and EUDRAGIT EPO®,
which proved that very small amounts of them were
included in the models. No new peaks were observed
in the microparticle spectra suggesting no chemical
interactions.

The physical state of ENA and the excipients was
analysed in order to determine eventual polymorphic
transformation after the emulsion solvent evaporation
process. Powder X-ray diffraction was used for this
purpose. The study was performed with models
EMS3 and EMSS. Fig. 4 shows the diffractograms
of EMS3 and EMSS5. The analysis of the physical
state showed that ENA was in crystalline form
whereas EUDRAGIT EPO® was amorphous!®”.
The diffractograms of EMS3 and EMSS (fig. 4)
showed that the characteristic peaks of the crystal
modification of ENA disappeared suggesting a
physical change from crystalline into amorphous state
during encapsulation in the particles. The analyzed
diffractograms showed the presence of amorphous
component, which represented ENA, ethyl cellulose
and EUDRAGIT EPO®. Talc (indicated with pointers)
did not predetermine the amorphous component
of ENA and polymers. The diffractograms clearly
showed that talc was a separate phase after obtaining
the particles. The amorphous component in model
EMS3 was greater than in model EMSS5, which was
a result of the larger polymer content in EMS 3 than
ENA. In the analyzed models two clearly separated
fractions (marked with a rectangle) of the amorphous
phase with peaks were noted, due to the inclusion of
a second polymer. Some authors have reported the
preparation of microspheres with ethylcellulose in
combination with a second polymer, which led to the
formation of two fractions of the amorphous phase in
the obtained models!*!.

TG-DTA analysis was used to assess the physical
state of ENA in the prepared models. The results
of the thermal analysis of EMS3 and EMSS5 are
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presented in fig. 5. ENA has a melting point at 165°,
but no peak appeared, because of the degradation
of ENA in the course of DTA and DTG in both the
models. This was evidence of the transition to an
amorphous state. The thermal degradation of ethyl
cellulose was at 334.46°¢1 and of EUDRAGIT
EPO® was at 295.57°0121 | A single-stage temperature
change in the range of 250°-450° was reported, which
corresponded to the melting range of EUDRAGIT
EPO® and ethyl cellulose. The inflection point was at
362°. The data from the thermograms of the studied
models proved the change of the physical state of
ENA from crystalline to amorphous.

Thermal analysis and powder X-ray diffraction
showed the transition of ENA from crystalline to
amorphous state. Moreover, no recrystallization
process occurred during the evaporation and/or
drying steps. The same conclusion was made in
another similar study’®”). The amorphous state would
result in rapid drug release in the oral cavity and
might further hinder taste masking efficiency?*!.

Taste evaluation was based on the amount of ENA
released (%) in phosphate buffer with pH=6.8
(artificial saliva without enzymes) after 60 s. The
results are presented on fig. 6.

The released ENA after 60 s was 42.55 % for EMSI
and 38.76 % for EMS2. These models were prepared
at a 1:4 ratio ENA:polymer varying the emulsifier
concentration. EMS1 and EMS2, which showed the
largest values of DL and DEE, released the highest
percentages of ENA in artificial saliva. According
to a study by Maniruzzaman et al.”*], the larger the
DL, the more difficult the taste masking. The model
containing the largest amount of EUDRAGIT EPO®,
EMS4, released 16.51 % ENA for 60 s. EMSS5,
prepared with equal amounts of polymers, released
4.53 % ENA. In EMS3, the released drug was only
1.78 %. It could be suggested that the slow release of
ENA was due to the large amount of ethyl cellulose,
providing optimum taste- masking®’!. Slower drug
release could be correlated with taste masking
effectivenessi!!. However, this must not compromise
the desired fast onset of therapeutic action of the
drugh?!. According to the obtained results, the
inclusion of ethyl cellulose played a crucial role
in taste-masking, being essential not only for the
preparation step but also in hindering drug release.
The main criterion for selecting an optimum model
was the lowest ENA amount released in artificial
saliva. This could be a prerequisite for adequate

November-December 2022



www.ijpsonline.com

taste masking. A promising model that met the upper
requirement, was EMS3, which could serve as a base
for future research in the field and development of an
oral dosage form with improved taste.

The study of ENA release from models EMS3 and
EMSS5 obtained by emulsion solvent evaporation
technique was performed under conditions similar
to gastric conditions in order to determine the
biopharmaceutical behavior of the obtained models.
The release profiles of ENA (%) from models
EMS3 and EMSS5 in artificial gastric juice with
pH 1.2 are presented on Figure 7. The dissolution
profiles of ENA from the polymer microparticles of
the EMS3 and EMS5 models showed that 50 % of
the included ENA was released at the 80" and 70™
mins, respectively. The included ENA was gradually
released within 180 min. The EMSS5 model released
80 % of ENA at the 120" min, and the EMS 3 model
just at the 180™ min. The release profiles correlated
with the composition of the models. The EMS3
model, which contains more ethyl cellulose, released
ENA more slowly than the EMSS5 model. The bigger

g e nanl
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amount of ethyl cellulose slowed the release of the
drugP’. The delayed release of ENA from polymer
microspheres in artificial gastric juice was also
achieved in the study by Shilpa et al.*¥], but by a
different polymer composition. There is an evidence
that the dialysis membrane can significantly delay
the passage of the released drug into the acceptor
medium, in which case the presented drug release
profile will not correctly describe the actual kinetics
of drug release. This is probably another reason
for delaying the release of ENA from the polymer
microparticles of EMS3 and EMS5 models obtained
by emulsion solvent evaporation technique.

In conclusion, the emulsion solvent evaporation
method was a suitable method for preparation of
polymer microparticles with taste masking potential.
An optimal model was selected that showed minimum
release of ENA into artificial saliva which was a
prerequisite for achieving taste-masking. This model
had high values for yield and drug loading. The
physicochemical characteristics indicated that the
optimal model was suitable for further incorporation
into orodispersible dosage forms.
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o

Fig. 3: FTIR-ATR spectra of ENA, EUDRAGIT EPO®, talc, ethylcellulose, models EMS3 and EMS5
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Fig. 6: ENA release from the obtained micro particles in artificial saliva without enzymes (phosphate buffer, pH 6.8) after 60 s

In vitro release of ENA in artificial gastric juice
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Fig. 7: In vitro ENA release from the obtained micro particles in artificial gastric juice without enzymes (buffer, pH 1.2)
Note: (—+): EMS3 and (—=): EMS5
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