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Abstract. Ethyl cellulose microcapsules were developed for use as a drug-delivery device for protecting
folic acid from release and degradation in the undesirable environmental conditions of the stomach,
whilst allowing its release in the intestinal tract to make it available for absorption. The controlled release
folic acid-loaded ethyl cellulose microcapsules were prepared by oil-in-oil emulsion solvent evaporation
using a mixed solvent system, consisting of a 9:1 (v/v) ratio of acetone:methanol and light liquid paraffin
as the dispersed and continuous phase. Span 80 was used as the surfactant to stabilize the emulsion.
Scanning electron microscopy revealed that the microcapsules had a spherical shape. However, the
particulate properties and in vitro release profile depended on the concentrations of the ethyl cellulose,
Span 80 emulsifier, sucrose (pore inducer), and folic acid. The average diameter of the microcapsules
increased from 300 to 448 um, whilst the folic acid release rate decreased from 52% to 40%, as the ethyl
cellulose concentration was increased from 2.5% to 7.5% (w/v). Increasing the Span 80 concentration
from 1% to 4% (v/v) decreased the average diameter of microcapsules from 300 to 141 um and increased
the folic acid release rate from 52% to 79%. The addition of 2.5-7.5% (w/v) of sucrose improved the folic
acid release from the microcapsules. The entrapment efficiency was improved from 64% to 88% when
the initial folic acid concentration was increased from 1 to 3 mg/ml.

KEY WORDS: emulsion solvent evaporation; ethyl cellulose; folic acid; microcapsule.

INTRODUCTION

Folic acid or folate is a member of the vitamin B family
and is essential for the healthy functioning of a variety of
physiological processes in humans. Folate plays a crucial role
in the biosynthesis of nucleotides that are essential for nucleic
acid metabolism, cell division, and gene expression. In recent
years, interest in the fortification of food products with folic
acid has increased, largely in response to the findings of
epidemiological studies that link folate deficiency with neural
tube defects (NTDs), coronary heart disease, and megalo-
blastic anemia (1). According to public health service
recommendations, all women who are likely to be or become
pregnant should consume 400pg/day of folic acid to reduce
the risk of birth defects (2). Fortification of folic acid in one or
more of the commonly consumed dietary items is now
regarded as the best method to ensure that women have a
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sufficient folate intake during pregnancy to reduce the risk of
having a fetus affected by NTDs.

Folic acid is typically found in leafy green vegetables,
such as spinach and turnip greens, in fruits, such as citrus
fruits and juices, and in dried beans, peas, and nuts. Most
natural folate derivatives in food are highly sensitive to such
parameters as oxygen, temperature, pH, and light. Folic acid
is photodegraded in aqueous solution by sunlight, ultraviolet
light, and visible light, forming p-aminobenzoyl-L-glutamic
acid and pterine-6-carboxylic acid as the major degradation
products, along with traces of p-aminobenzoic acid (3,4).
Most studies have demonstrated negative effects on the
stability of folates in both industrial processing and household
preparation of foods, with increasing losses of bioactive
folates with higher heating temperatures and longer heating
times (5-7). The overall effect, when considering the chem-
istry of natural folates, is that they are all unstable to a
varying degree (8). Folic acid, where the pteridine ring is not
reduced, is the cofactor produced synthetically by commercial
companies and the form found in supplements (tablets) and
supplemented breakfast cereals and flours (8).

There is, therefore, a need to develop new techniques for
enhancing the folate content, stability, and bioavailability in
foods and supplements. Many studies have demonstrated some
ways to protect folic acid from adverse environmental con-
ditions by encapsulating the active ingredient into a polymer
matrix coating. For example, incorporation of folic acid into
microcapsules using either alginate or combinations of alginate
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and pectin polymer can improve its stability (9). In addition, the
technical feasibility of adding folic acid onto rice by coating it
with edible polymers such as locust bean gum, agar, xanthan
gum, and pectin has been investigated, which is of interest given
the low cost and high consumption of folate-deficient rice-based
staple diets in much of the poorer world (1).

Microencapsulation has been used in the pharmaceutical
industry for the conversion of liquids to solids, taste-masking
of bitter drugs, acquiring prolonged or sustained payload
(drug) release, reducing gastric irritation, and environmental
protection of labile moieties (10). There are several techni-
ques currently in use to produce sustained release dosage
vectors, which include physicochemical processes, such as
solvent evaporation or phase separation methods, as well as
mechanical processes, such as spray drying, and a non-solvent
addition process (11-16). Polymeric microcapsules have
received considerable attention as drug-delivery systems in
recent years and have been used to modify and retard drug
release (17). Ethyl cellulose is a non-biodegradable and
biocompatible polymer and is one of the extensively studied
encapsulating materials for the controlled release of pharma-
ceuticals (18). The use of ethyl cellulose-based microcapsules
has been reported by several authors for the encapsulation of
a variety of drugs, such as the sustained release of amoxicillin
(19), theophylline (20), and 5-fluorouracil (21) prepared by
solvent evaporation. Fabrication of ethyl cellulose micro-
spheres using chitosan as a stabilizer has been reported (22).

The purpose of the present work was to prepare controlled
release microcapsules of folic acid, using ethyl cellulose as a
retarding material, by applying the solvent evaporation techni-
que. Various process and formulation parameters, such as the
polymer and surfactant concentrations, the amount of pore
inducer, and drug content, were all optimized. These micro-
capsules were then evaluated for their drug entrapment
efficiency and in vitro release profile. The physical character-
istics were evaluated by scanning electron microscopy (SEM),
laser particle size distribution, and infrared spectroscopy.

MATERIALS AND METHODS
Materials

Folic acid (Fluka, Lot No. 455042/1), tetrabutyl ammo-
nium bisulfate, Sorbitan monooleate (Span 80), and ethyl
cellulose were purchased from Fluka (UK). Paraffin oil (food
grade) was obtained from The Union Chemical 1986 Ltd.
(Thailand). Acetone, sodium hydrogen phosphate, potassium
dihydrogen phosphate (analytical reagent grade), acetonitrile,
and methanol (high-performance liquid chromatography
(HPLC) grade) were purchased from Merck (Germany);
folic acid tablets were purchased from GPO Pharmacy
(Thailand). All the reagents and solvents used were of
analytical grade satisfying pharmacopoeial standards.

Methods
Preparation of Folic Acid Microcapsules
The microcapsules of folic acid were prepared by the

solvent evaporation technique. Ethyl cellulose (1.0 g) was
dissolved in 20 ml of solvent (1:9 (v/v) methanol:acetone),
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and 20 mg of folic acid was then dispersed in the ethyl
cellulose solution to give a final concentration of 1 mg/ml.
The drug-polymer mixture was mixed well and then slowly
emulsified into 100 ml of paraffin oil that contained 1 ml of
Span 80 as an emulsifier. The whole system was continuously
stirred at 2,000 rpm (electric overhead stirrer IKA RW 20)
for 5 h at room temperature. Acetone and methanol were
then completely removed by evaporation, and the micro-
capsules were separated from the solution by vacuum
filtration. The filtered microcapsules that formed were then
washed three times with 50 ml of n-hexane to remove the
residual paraffin oil and then collected, dried at room
temperature overnight, and stored in a desiccator.

Effect of Concentration of Ethyl Cellulose as the Wall Former

The microcapsules of folic acid were prepared by the
above method but with three different final concentrations of
ethyl cellulose, namely, 2.5%, 5.0%, and 7.5% (w/v). The other
parameters were kept constant, as summarized in Table I.

Effect of Span 80 Emulsifier Concentration

The microcapsules of folic acid were prepared as above
except that the Span 80 emulsifier was used at a concentration
of 1%, 2%, and 4% (v/v), whilst the other parameters were
kept constant, as summarized in Table I.

Effect of Concentration of Pore Inducer

The folic acid microcapsules were prepared as above
except that the polymer and folic acid were mixed
together with sucrose at 0%, 2.5%, 5.0%, or 7.5% (w/v)
as the pore inducer in the internal phase of the emulsion.
The other parameters were kept constant, as summarized
in Table I.

Effect of Drug Contents

The folic acid microcapsules were prepared with the
inclusion of 1, 2, and 4 mg/ml of folic acid in the ethyl
cellulose solution, whilst the other parameters were kept
constant as summarized in Table I.

Encapsulation Efficiency

Microcapsules (50 mg) were dissolved in 5 ml of
dichloromethane, and 20 ml of water was added and mixed
well. The mixture was then centrifuged at 4,000 rpm for
10 min, the supernatant was harvested, and ammonium
hydroxide was added to 10% (w/v) before being withdrawn
and diluted with distilled water. The diluted solution was
filtered through a 0.45-um nylon membrane filter, and 20pul
aliquots of the filtrate were used to determine the free folic
acid levels and, by subtraction, the encapsulation efficiency
using quantitative HPLC analysis (see below). The encapsu-
lation efficiency was calculated according to the following
equation:

x 100%

Actual drug content
EE(%) = -
(%) Theoretical drug content
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Table I. Preparation Parameters for Folic Acid Microcapsules

Span 80 Sucrose
Polymer concentration concentration concentration Drug content
Formulation % (wlv) % (vIv) % (wlv) (mg,% (wlv)) D5y’ pm SPAN? % EE¢
F1 2.5 1 - 20, 0.1 299+9 2.12+0.06 80.29 £1.46
F2 5.0 1 - 20, 0.1 391+2 1.86+0.04 61.80+1.22
F3 7.5 1 - 20, 0.1 447+9 1.42+0.04 41.85+1.33
F4 2.5 2 - 20, 0.1 193+3 1.78+0.04 65.77+1.39
F5 2.5 4 - 20, 0.1 141+2 1.65+0.04 57.19+1.43
Fo6 2.5 1 2.5 20, 0.1 489+9 1.73+0.03 56.64+3.43
F7 2.5 1 5.0 20, 0.1 548+7 1.66+0.01 64.78+3.70
F8 2.5 1 7.5 20, 0.1 740+9 1.33+0.05 52.12+3.59
F9 2.5 1 5.0 40, 0.2 649+18 1.82+0.03 65.16+2.92
F10 2.5 1 5.0 60, 0.3 789+13 1.30+0.02 88.36+£1.58

a, b, ¢

Means with a different lowercase superscript letter (
“Dsp=mean particle size (mean+SD)

b SPAN=polydispersity Index (mean+SD)

¢ EE=encapsulation efficiency (mean+SD)

Scanning Electron Microscope (SEM)

Samples for SEM analysis were prepared by sprinkling
the microcapsule preparation on one side of a double
adhesive stub. The stub was then coated by gold under
vacuum. The microcapsules were then observed with the
scanning electron microscope (JSM-5800 LV, JEOL, Japan).

Particle Size and Size Distribution

The particle size and distribution of microcapsules were
evaluated using a laser particle size analysis instrument
(Mastersizer S long bed ver. 2.19). Microcapsules were
suspended in distilled water with 0.1% (v/v) Nondiet P40.
The size distribution (polydispersity) was measured in terms
of the SPAN value, expressed as:

SPAN — Doyyy, — D1o%
D59,

where Dgge,, Digo, and Dsge, are the diameters where the
given percentage of particles are smaller than that stated size.
A high SPAN value indicates a wide size distribution and a
high polydispersity (23).

In Vitro Drug Release

The dissolution tests of the microcapsules in the simu-
lated intestinal fluid at pH1.2 and 7.4 were carried out in a
dissolution apparatus using the formulation F1 as a repre-
sentative formulation to investigate the release behavior and
the stability of folic acid in the acid environment condition.

The dissolution tests were performed as follows. Accu-
rately weighed aliquots of 100 mg microcapsules were loaded
into a bag and then immersed into 250 ml of 0.1 M phosphate
buffer saline (pH7.4) in a conical flask and incubated at 37+1°C
under a shaking speed of 100 rpm. At0.25,0.5,1,2,3,4,5, 6, and
24 h later, triplicate 3 ml aliquots of samples were collected,
filtered through a 0.45-um nylon membrane filter, and the solute
folate level was determined in triplicate by quantitative HPLC
as described below. Each sample (3 ml) withdrawn was replaced
by the same volume of fresh dissolution medium.

) within a column differ significantly (p<0.05)

HPLC Assay of Folic Acid

The folic acid contents in the microcapsules was evaluated
utilizing a HPLC-based method that has been thoroughly
described and validated by Andrisano et al. (24) Briefly, the
chromatographic separation was conducted on a reverse phase
Pinnacle II C18 column (C18, 5.0pum particle size, 250x46 mm
ID) preceded by a guard column (5.0um particle size, 20x
4.0 mm ID). The mobile phase was acetonitrile-0.01 M phos-
phate buffer (pHS5.0) containing 4 mM tetrabutylammonium
hydrogensulfate (24:76, (v/v)) at a flow rate of 1 ml/min and a
detection wavelength of 280 nm. All chromatographic experi-
ments were conducted on a Thermo-Finnigan P4000 HPLC
(Thermo-Finnigan, San Jose, CA, USA) consisting of a Spectra
SYSTEM with a pump (P4000), UV detector (UV 6000 LP),
and an automatic injector.

Statistical Analysis

All statistical analyses were evaluated using Statistical
Package for the Social Sciences (SPSS) version 9.0 for
Windows Operating System (version 9.0, SPSS Inc., Chicago,
IL, USA). A p value of less than 0.05 was considered
statistically significant.

RESULTS AND DISCUSSION

This study sought to investigate the feasibility of prepar-
ing folic acid-loaded microcapsules using the oil-in-oil emul-
sion solvent evaporation technique. One of the features of
this process is the use of two solvents, termed as a mixed
solvent system (25), consisting of a dispersed medium and a
suitable non-aqueous processing medium, to enable the
formation of an oil-in-oil emulsion. The mixed solvent of
acetone and methanol was selected as the dispersed medium
where microcapsules are formed by the following steps. When
the polymeric solution is poured into the continuous phase,
emulsion droplets are formed. Acetone quickly diffuses out
from each emulsion droplet, drastically reducing its size, and
the remaining methanol is removed from the system, causing
the droplets to solidify and form polymeric microcapsules.
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The effect of the solvent ratio on the morphology of micro-
capsules was investigated using methanol:acetone ratios (v/v)
of 1:2, 1:4, and 1:9 and was found to play a key role in the
formation of ethyl cellulose microcapsules. The higher the
proportion of methanol in the mixed solvent system, such as
at a methanol ratio (v/v) of 33% and 20%, the smaller the
size of the obtained microcapsules were, including with
irregular shapes (data not shown). When the amount of
methanol was reduced to 10% (v/v), the resulting micro-
capsules were well-shaped spherical particles (Fig. 1). There-
fore, the dispersal medium in the mixed solvent system used
for these studies was 1:9 (v/v) methanol:acetone.

In addition to the solvent system used, generally, the
characteristics of the microcapsules, such as their particle size,
morphology, and drug content, are also affected by the
different experimental conditions. In the present study,
several parameters, such as the polymer and emulsifier
concentrations, the amount of the pore inducer (sucrose),
and folic acid loading contents, were investigated to deter-
mine their effect on the characteristics of the folic acid-loaded
microcapsules. The preparation parameters used in this study,
referred to as formulations F1 to F10, are listed in Table I.

Microcapsule Morphology

SEM photographs of folic acid-loaded microcapsules
revealed that the surface structure of F1 microcapsules
produced by the oil-in-oil emulsion solvent evaporation
appeared spherical and not aggregated (Fig. 2a, b). With
different concentrations of polymer and emulsifier in the
system, no differences in the morphology of the resultant
microparticles were observed (data not shown). However, the
microcapsules prepared with sucrose as the pore inducer (F6)
showed a highly porous and coarser surface (Fig. 2c, d),
suggesting that the addition of sucrose effected the morphol-
ogy of the resultant microcapsules, potentially forming pores.

Effect of an Increase in Concentration of the Ethyl Cellulose
Wall Former

The concentration of ethyl cellulose in the dispersed
phase exerted a significant impact upon the microencapsula-
tion process. Ethyl cellulose solutions of 2.5%, 5.0%, and
7.5% (wlv) were used to prepare folic acid microcapsules

whilst keeping all the other factors constant (F1-F3; Table I).

As the concentration of ethyl cellulose was increased
from 2.5% to 7.5% (v/v), the average diameter of micro-
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capsules increased significantly, reaching up to 1.5-fold larger.
This is likely to be due to the increase in the viscosity of the
medium at higher polymer concentrations resulting in an
enhanced interfacial tension. At a fixed stirring shear force, it
is difficult for small emulsion droplets to form because higher
shear forces are necessary for droplet disruption, resulting in
the formation of larger particles. In addition, the SPAN
values, an indicator of the particle size distribution, corre-
spondingly decreased with increasing concentrations of ethyl
cellulose. Thus, the size distribution of the microcapsules
attained was narrower as the ethyl cellulose concentration
increased, presumably because the microcapsule particles
stably separated without aggregation once the solvent was
completely evaporated.

Finally, the encapsulation efficiency, expressed as a
percentage of the actual loading to the theoretical loading,
decreased from 80.29+1.46% to 41.85+1.33% (p<0.05) with
increasing ethyl cellulose concentrations. The increasing
viscosity of the polymer solution at higher concentrations
likely yielded the formation of larger polymer/solvent drop-
lets, causing the drug to diffuse out of the particles and so
decreasing the loading efficiency due to the slower hardening
of larger particles (26).

The effect of varying the concentration of ethyl cellulose
during microcapsule synthesis, upon the folic acid release
behavior of the resultant microcapsules, revealed a slight but
significant dose-dependent effect upon the folic acid release
profile (Fig. 3). Ethyl cellulose microcapsules significantly
retarded the folic acid release at all the examined time points
over a 24-h period, with an essentially constant rate of
release. However, the microcapsules prepared from a higher
concentration of ethyl cellulose gave a lower release rate.
Retardation of folic acid release could be a result of the
increase in the microcapsule size, as well as the increase in the
matrix density, as the concentration of ethyl cellulose was
increased. Furthermore, larger microcapsules were formed at
higher polymer concentrations leading to a smaller surface
area being exposed to the dissolution medium and hence to a
reduced release. After 24 h, only about 52%, 47%, and 40%
of the folic acid was released compared with the initial
amount loaded (derived from the loading efficiencies) for the
formulations F1, F2, and F3, respectively. Since ethyl cellulose
is a non-water-soluble polymer, the release of folic acid will
mainly be driven by permeation of the folic acid through the
hydrophobic polymer membrane within water-filled pores.
Therefore, as the amount of ethyl cellulose increased, the
folic acid diffusion reduced correspondingly.

Fig. 1. Representative microphotographs (x10) of F1 microcapsules prepared with various methanol:acetone ratios (v/v) of a 1:2, b 1:4, and
c 19
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Fig. 2. Representative scanning electron microscopy photographs of folic acid-loaded microcapsules for a
overall view of F1 microcapsules, b surface morphology of a typical F1 microcapsule, ¢ overall view of F6
microcapsules (with 2.5% (w/v) pore inducer), and d surface morphology of a typical F6 microcapsule

Effect of Increasing the Emulsifier Concentration

The effect of different emulsifier concentrations on the
properties of folic acid microcapsules was studied by comparing
the size distribution and release of folic acid from microcapsules
prepared with different concentrations of sorbitan monooleate
(Span 80), whilst all the other synthesis factors were kept
constant (F1, F4, and F5; Table I). The mean diameter of the
microcapsules prepared using 1%, 2%, and 4% (v/v) Span 80
decreased significantly with increasing concentrations of Span
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Fig. 3. The release profile of folic acid from microcapsules prepared
with increasing concentrations of ethyl cellulose in SIF (pH7.4
phosphate buffer). Data are shown as the mean+SD and are derived
from three independent repeats. Means with a different lower case
letter differ significantly (p<0.05)

80 in the continuous phase. Span 80, a nonionic surface-active
emulsifying agent that is frequently used in oil-in-oil solvent
evaporation, plays an important role in emulsion stability where
it stabilizes the interface between the two phases to form an
emulsion droplet by reducing the surface tension. An increase in
the Span 80 concentration allows the stabilization of a greater
interfacial surface area, leading to a smaller particle size. In
addition, the SPAN value, used as an indicator of particle size
distribution, correspondingly decreased with increasing concen-
trations of Span 80 emulsifier, suggesting that the microcapsule
size distribution became narrower with an increase in the
concentration of the emulsifier.

However, varying the emulsifier concentration between
1% and 4% (v/v) reduced the encapsulation efficiency of
microcapsules from 80% to 57%, respectively (F1, F4, and
F5; Table I, p<0.1), reflecting a decrease in the loading
efficiency of folic acid with increasing concentrations of Span
80. This may be due to the reduction in the particle size of the
emulsion droplets. The miscibility of solvent with liquid
paraffin oil was increased with increasing emulsifier concen-
trations, which might increase the diffusion of folic acid into
the continuous phase, a notion which was supported by SEM
analysis which showed the presence of folic acid particles on
the surface of microcapsules (data not shown).

The amount of folic acid released from microcapsules
varied significantly at all time points assayed between the
microcapsules made from the three different Span 80 levels,
decreasing markedly as the amount of emulsifier decreased
(Fig. 4). For example, about 14%, 34%, and 68% of folic acid
were released from the microcapsules prepared with 1%, 2%,
and 4% (v/v) emulsifier after 30 min, respectively, and about
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Fig. 4. The release profile of folic acid from microcapsules prepared
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52%,57%, and 79% after 24 h, respectively. Thus, the folic acid
release rate increased as the emulsifier concentration increased.

In summary, increasing the emulsifier concentration
decreased the encapsulation efficiency and increased the burst
effect, which has also been reported by others (26,27), where the
burst release (within 30 min) was considered to be due to the
release of the drug adsorbed on the surface of the particles and
the development of a high concentration gradient across the
particle surface. Given that increasing the emulsifier concen-
tration decreased the size of the microcapsules, resulting in an
increase in the interface area between the microcapsules and the
release medium, then smaller microcapsules with a greater
surface area would yield a faster drug release rate compared to
larger microcapsules (19).

Effect of Varying the Pore Inducer (Sucrose) Concentration

Typically, the release mechanism of a drug depends on
diffusion though the porous matrix. Thus, the addition of an
excipient as a pore inducer to the microcapsules during
formulation may increase the drug release rate profile. Sucrose,
in the form of a water-soluble powder or solvated liquid, can be
added to the microcapsule formulation by the emulsion solvent
evaporation process to obtain a more desirable release rate of
the active ingredients. This is because the dissolution of pore
inducers into the release media induced pores in the surface and
channels in the matrix of the microcapsules, which then ease the
release of the active ingredients (28). In this study, different
amounts of sucrose (2.5%, 5.0%, and 7.5% (w/w)), as the pore
inducer, were added to the formulation of folic acid micro-
capsules to study the effect on the particulate properties and
drug release profiles.

Microcapsules prepared from increasing concentrations
of sucrose yielded particles with an increasing average size
(F1, F6-F8; Table I), attaining up to approximately 2.5-fold
increase in particle size (p<0.01), in a dose-dependent
manner. Presumably, the inclusion of sucrose increased the
matrix of the emulsion droplet and, therefore, the size of the
microcapsules depended on the size of the emulsion droplets
formed during homogenization. The size distribution (poly-
dispersity), recorded as the SPAN value, of the prepared
formulations correspondingly decreased in a dose-dependent
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manner as the sucrose concentration increased, supporting
the increasing size uniformity of the microcapsules.

The folic acid encapsulation efficiency within the ethyl
cellulose microcapsules was significantly reduced by the
inclusion of sucrose (formulations F1 and F6-F8; Table I).
Although no simple clear dose-dependent trend was evident
between the sucrose level and the resultant encapsulation
efficiency, there was a net trend of decreased encapsulation
efficiency with the inclusion of sucrose, and especially at
higher concentrations (p>0.1). If so, this might be due to the
fact that as more encapsulating materials are included in the
assembly, then more competition of materials for the inside of
microcapsules will lead to competitive exclusion of folic acid.
Alternatively, the migration of folic acid through the micro-
capsule pores into the outer oil phase during droplet harden-
ing may increase which will in turn result in a greater loss of
encapsulated folic acid.

Although it is well known that additives are able to
modify the release rate of drugs from microcapsules, the
effect of these substances can be quite different. Therefore,
the actual effect of sucrose addition upon the encapsulation
and release rates of folic acid from the different ethyl
cellulose microcapsules were evaluated.

The folic acid release profiles of the microcapsules
prepared with different amounts of sucrose revealed clear
dose-dependent differences (Fig. 5). Within the first hour, the
cumulative folic acid release was lowest in microcapsules
prepared without sucrose (formulation F1), at about 17% of
the total encapsulated amount, whilst it was higher, in a dose-
dependent manner, with those prepared with increasing sucrose
levels, attaining about 25%, 33%, and 32% folic acid release
from microcapsules prepared with 2.5%, 5%, and 7.5% (w/v) of
sucrose, respectively. The same trend was visible at all time
points up to 24 h with a marked increase in the cumulative folic
acid release level from microcapsules with 2.5% or 5% (w/v)
sucrose compared to that from microcapsules prepared without
sucrose. However, the folic acid release rate from microcapsules
prepared from 7.5% (w/v) sucrose was numerically only slightly
higher than that from microcapsules prepared with the inclusion
of 5% (w/v) sucrose. Thus, for example, after 6 h, the
microcapsules prepared with 0%, 2.5%, 5%, and 7.5% (w/v)
of sucrose had released about 33%, 46%, 59%, and 58% of the
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Fig. 5. The release profile of folic acid from microcapsules prepared
with increasing concentrations of sucrose in SIF (pH7.4 phosphate
buffer). Data are shown as the mean+SD and are derived from three
independent repeats. Means with a different lower case letter differ
significantly (p<0.05)
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total folic acid, respectively, and after 24 h, this was about 52%,
59%, 71%, and 70%, respectively. That the addition of sucrose
up to 5% (w/w) can promote a higher release of folic acid from
the microcapsules is likely to be mediated via opened pores and
percolation channels, where as the porosity of the formulation
increased, the amount of drug released also increased. However,
the release profiles of folic acid from microcapsules containing
5% and 7.5% (w/w) are similar, suggesting that the capability of
microcapsules for encapsulating sucrose was already maximal at
5% (w/v) sucrose loading.

Effect of Folic Acid (Drug) Concentration

Folic acid-loaded microcapsules were prepared using three
different amounts of folic acid, that is 1, 2, and 3 mg/ml, whilst
keeping all the other factors constant (F7, F9, and F10; Table I),
but note in this assay, in contrast to the previous ones, the
sucrose concentration was maintained at 5% (w/v). The mean
particle size increased significantly with increasing concentra-
tions of folic acid in a dose-dependent manner (Table T). This
could be explained by the fact that an increased amount of folic
acid resulted in a more viscous dispersed phase, leading to a
larger droplet formation. The size distribution (polydispersity),
recorded as the SPAN value, in prepared formulations showed
no clear pattern with respect to folic acid concentration and
varied within the range of 1.30 to 1.82 (Table I).

The effect of folic acid contents on its encapsulation
efficiency within ethyl cellulose microcapsules showed no
significant change with increasing folate levels from 1 to 2 mg/
ml, but increased significantly at 3 mg/ml, resulting in a
significantly higher folic acid encapsulation level per unit
polymer than in the other formulations (Table I).

These microcapsules with different folic acid loadings were
then evaluated for folic acid release. From the release profile of
microcapsules prepared with different amounts of folic acid, the
folic acid entrapment efficiency was found to be a relatively
minor but nevertheless a significant factor influencing drug
release (Fig. 6). The initial (30 min) and early (2 h) cumulative
release of folic acid from microcapsules prepared with 1, 2, and
3 mg/ml of folic acid were essentially the same, but by 3 h
revealed a slight dose-dependency, and at 6 and 24 h, the
microcapsules prepared with 1, 2, and 3 mg/ml of folic acid had
released a cumulative total of 58%, 63%, and 69% and 71 %,
75%, and 100% folic acid, respectively. Thus, the cumulative
release of folic acid increased with increasing amounts of folic
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Fig. 6. The release profile of folic acid from microcapsules prepared
with increasing amounts of folic acid in SIF (pH7.4 phosphate buffer).
Data are shown as the mean+SD and are derived from three
independent repeats. Means with a different lower case letter differ
significantly (p<0.05)
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Fig. 7. The release profile of a commercial folic acid tablet compared
with folic acid-loaded microcapsules (formulation F1) in 0.1 N HCI
(pH1.2). Data are shown as the mean+SD and are derived from
three independent repeats. Means with a different lower case letter
differ significantly (p<0.05)

acid in the formulation. Given a higher level of folic acid will
correspond to a lower level of polymer in the microcapsules, this
will result in an increase in the cumulative percentage release
since as more folic acid is released from the microcapsules, more
channels were produced, contributing to a faster drug release
rate. In addition, higher folic acid levels in the microcapsule
formulations produced a higher drug concentration gradient
between the microcapsules and dissolution medium and, there-
fore, the cumulative release of drug was increased (29).

Folic Acid Release Behavior in pH1.2

Upon ingesting, any folate-carrying vector would be
subject to both the time delay and the low pH that residence
in the stomach entails prior to release into the small intestine,
the site of folate absorption. Thus, folate delivery vectors
must be acid resistant and sustain the folate for several hours.
To this end, the release of folic acid from these ethyl cellulose
vectors was evaluated at pH1.2 using formulation F1 as a
representation formulation. Comparison of the release behav-
ior of folic acid-loaded microcapsules (formulation F1) and a
commercial folic acid tablet in an acidic medium at pH1.2
(0.1 N HCIl) revealed a much lower release rate (better
retention) of folic acid by the ethyl cellulose microcapsules
(Fig. 7). The cumulative drug release of the commercial tablet
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Fig. 8. The release profile of a commercial folic acid tablet compared
with folic acid-loaded microcapsules (formulation F10) in SIF (pH7.4
phosphate buffer). Data are shown as the mean+SD and are derived
from three independent repeats. Means with a different lower case
letter differ significantly (p<0.05)
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reached nearly 40% within 6 h, whilst that for the F1
microcapsules was only approximately 6% and reached only
10% within 24 h. Thus, ethyl cellulose microcapsules can
retard folic acid release in an acidic medium, possibly due to
the hydrophobicity of the polymer that provides a good
stability at varying pH values and so provides relatively stable
folic acid-loaded microcapsules capable of preventing the
drug release in acidic medium. This advantage of the hydro-
phobic polymer is that it should provide a higher release, and
so absorption into the body, of folic acid in the upper small
intestine, its site of absorption.

Comparative Evaluation of the In Vitro Release
Performance of the Commercial Folic Acid Tablets
and the Fabricated Controlled Release Folic

Acid Microcapsules

However, for absorption in the upper small intestine to
occur, any folic acid delivery vesicle would be required not
only to be acid resistant but also to unload the folic acid at
this mildly alkaline pH and within a few hours prior to
movement into the large intestine and loss from the
absorption region. To ascertain this, the release profile of
folic acid in SIF pH7.4 was evaluated. From the above results,
folic acid-loaded formulation F10 microcapsules showed the
most appropriate sustained release profile of folic acid, rather
than the F1 preparation. Therefore, the comparative dissolu-
tion of folic acid between formulation F10 and the commer-
cial tablet was studied (Fig. 8).

The release profile of the commercial folic acid tablet
showed an extremely high burst effect with about 60% and
90% of the entrapped folic acid being released after 1 and
5 h, respectively. In contrast, the microcapsules of formulation
F10 showed an ability to delay the folic acid release with a
cumulative drug release of 32% and 70% after 1 and 6 h,
respectively. However, although the complete release of drug
from formulation F10 microcapsules was not observed until
24 h, which will likely lay outside the time window for upper
small intestine absorption, some 70% release was still
attained within 6 h which is important so as to minimize the
amount of voided unabsorbed folic acid that is not released
until the large intestine or not at all.

CONCLUSIONS

Preparation conditions for an oil-in-oil emulsion solvent
evaporation method to encapsulate folic acid into ethyl
cellulose microcapsules using Span 80 (emulsifier) and
sucrose (pore former) were optimized to obtain a relatively
high entrapment efficiency (up to 88%) with a relatively long
release period. The addition of small amounts of the water-
soluble pore inducer, sucrose, could be used to modify the
release of folic acid from the microcapsule matrix. The
formulation F10 showed a suitable sustained release profile
which occurred by a diffusion process as in the case of
insoluble polymer microcapsules.
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