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Abstract

The aim of the present study was to develop drug-loaded microcapsules to increase drug bioavailability at
target site especially for colon-targeted oral delivery. Nicotine was selected as a model lipophilic drug.
Additives such as gelatin, glycerin and PEG 6000 were added into Ca-alginate composite to prepare
microcapsules by using a modification of the emulsion technique. The effect of additives on process yield,
encapsulation efficiency, physical-chemical properties of microcapsules as well as drug release was investigated.
The results show that a mean particle size ranging from 40 um to 500 um was obtained and nicotine-loaded
microcapsules were spherical in shape. The preparing condition would affect particle size but not additives
added. Encapsulation efficiency of microcapsules is well relative to the particle size. The FTIR spectra of
microcapsules indicated that the chemical interaction does not occur among the components of nicotine-loaded
microcapsules. The effect of additives on retarding release of drug from microcapsules in pH 1.2 medium
conformed to the following order: PEG 6000 > glycerin > gelatin. At pH 7.4, the degree of swelling increased
dramatically even degradation that cause accelerated drug release. The properties of the microcapsules are
suitable for bowel disease targeting. To get more control over the drug delivery the current composite of
microcapsules could be improved by increasing alginate content and adding additives such as PEG 6000 or
glycerin.
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Introduction

are limited to the treatment of bowel disease, and

Inflammatory  bowel diseases are chronic
inflammation conditions, which result in disruption
of the epithelial barrier and may cause endothelial
damage (Danese et al. 2006). There is increasing
evidence that nicotine, an anti-inflammatory
alkaloid, could be mediated via the expression of
several nicotinic acetylcholine receptors (nAChRS)
on a particular target cell for the treatment of
ulcerative colitis (Murakami et al. 2009, Lakhan et
al. 2011). Novel topical agents such as nicotine
enemas have been proposed for the management of
resistant distal colitis (DC) and proctitis (Coulie et
al. 2001, Gionchetti et al. 2004, Lawrance 2011). It
is well known that rectal self-administered methods

patients often have difficulty retaining the liquid
enema secondary to its high volume and
consistency (Arlander et al. 2003, Cortot et al. 2008,
Abbes et al. 2011). Oral colon delivery is currently
considered of importance for the treatment of local
pathologies, such as primarily inflammatory bowel
disease (Yehia et al. 2009, Vandenbroucke et al.
2010, Dahan et al. 2010, Rajpurohit et al. 2010,
Varshosaz et al. 2011, Kshirsagar et al. 2011).
However, it is difficult to ensure that an oral
preparation disintegrates specifically in the human
lower intestinal tract. In previously study, the
calcium alginate beads which swelling/degradation
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behavior was response to pH variation had
demonstrated potential to be used for colon-
targeted oral delivery (Ramdas et al. 1999, Xing et
al. 2003, Xu et al. 2007, Schellekens et al. 2008,
Moustafine et al. 2009, Lai et al. 2011). In the
present work, we selected nicotine as a model
lipophilic drug, gelatin, glycerin or polyethylene
glycol (PEG) as additives, and to incorporate it in
the alginate composite to prepare microcapsules.
The desired particle size of microcapsules will be
obtained by using a modification of the emulsion
technique. The effect of additives on process yield,
encapsulation efficiency, physical-chemical
properties of microcapsules as well as drug release
was investigated. We attempted to develop drug-
loaded  microcapsules to increase  drug
bioavailability at target site, reduce drug dose and
systemic adverse effects.

Materials and Methods

Materials
Nicotine, Gelatin, Glycerin, Tween 80,
Polyethylene glycol 400 (PEG 400) and

Polyethylene glycol 6000 (PEG 6000) were
purchased from E Merk Co. (Darmstadt, Germany).
Sodium alginate, Calcium chloride and 4-
Phenylphenol were purchased from Sigma
Chemical Co. (St. Louis, USA). All other reagents,
edible oil and solvents were of analytical or
equivalent grade.

The preparation of nicotine-loaded
microcapsules

The formulations used in the experiments are
shown in Table 1. For each formulation, nicotine
was dissolved in edible oil. An aqueous mixture of
alginate, PEG 400, gelatin, Tween 80, PEG 6000
and glycerin was prepared. The mixture was added
into the same part of oil solution to make nicotine
0.05% (w/w). The mixture was stirred vigorously
(17000 rpm, homogenizer, ULTRA-TURRAX T8,
Germany) till it was emulsified. For producing the
particle size smaller than 1000 pum in diameter, we
used a modification of the emulsion technique
(Wyss et al. 2004, Maiti et al. 2009). Such an

Table 1. Formulae of nicotine-loaded microcapsule

emulsion was then rapidly injected through 27
gauge needle into a well stirred 0.1M calcium
chloride solution in a rotational round bottom flask
for 15 minutes. Subsequently, the resulted
microcapsules were stored in the form of
lyophilized powder through the freezing dry
process until use.

Microcapsule morphology

Morphology and surface appearance of
nicotine microcapsules were examined by an
optical microscope (Olympus, BX40, Japan) and
the scanning electron microscopy ( SEM )
( JEOL, 6330TF, Japan ). Samples for SEM were
mounted on metal stubs and coated with gold to a
thickness of 200-500 Angstrom. Pictures were
taken and the microcapsules sizes were determined
according to a reference scale. Mean particle size
and size distribution of the microcapsules were
determined by photon correlation spectroscopy
(Zetasizer 3000-HS; Malvern Instrument, Malvern,
UK) at 25°C, a fixed angle of 90° and a wavelength
of 750 nm; range 0.4~2000um.

The assay of the entrapped nicotine

The nicotine-loaded microcapsules were
separated from the untrapped nicotine by filtering
microcapsules dispersion with filters 0.45pum
(Millipore, MA, USA) under vacuum (5mHg). The
filtrate containing free drug was estimated by
HPLC. The % encapsulation efficiency of nicotine
in microcapsules of various formulations was
calculated using the following expression (Yue et
al. 2004) :

% Encapsulation efficiency = (Total drug — free
drug in aqueous phase) x100 / Total drug

Formulation Nicotine  Alginate  Gelatin PEG400  Tween80 PEG6000 Glycerin
(%wiw) (% wiv) (% wiv) (% wiv) (% wiv) (% wiv) (% wiv)

F1 0.05 0.75 1 3 0.5 10 4

F2 0.05 1 1 3 0.5 10 4

F3 0.05 2 1 3 0.5 10 4

F4 0.05 1 0 3 0.5 10 4

F5 0.05 1 2 3 0.5 10 4
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F6 0.05 1 1
F7 0.05 1 1
F8 0.05 1 1
F9 0.05 1 1

3 0.5 0 4
3 0.5 20 4
3 0.5 10 0
3 0.5 10 8

The swelling studies of reconstituted
microcapsules

Lyophilized microcapsules were hydrated with
HCI-KCI solution (pH=1.2) or phosphate buffer
solution (pH=7.4) at 37°C =0.5°C. For a given
time, reconstituted microcapsules were collected by
the filtration / separation stage. Any remaining
moisture of particles surface was patted dry on
filter paper. The % swelling ratio of reconstituted
microcapsules with various formulations was
calculated using the following expression :

% Swelling weight ratio = (Wf-Wi ) x100 / Wi

where Wi is initial weight of the microcapsule and
Wf is weight of the microcapsule after water uptake
for a given time.

Fouier transform infared spectroscopy
(FTIR) analysis

Physical chemical properties of the
microcapsule and its components were analyzed by
FTIR. The spectra were obtained using a FTIR
spectrometer (PERKIN-ELMER 2000 Infrared
Spectrophotometer). The transparent KBr discs
were prepared by compressing the powder of
microcapsules, and Ca-alginate was used as a
reference. FTIR spectra were obtained at a
resolution of 2 cm™ from 4000-370 cm™ wave
number.

In vitro release studies

The release of nicotine from the prepared
microcapsules was determined in a way similar to
the apparatus of the Franz diffusion assembly at
700 rpm. 15 ml of HCI-KCI solution (pH=1.2) or
phosphate buffer solution (pH=7.4) at 37°C +0.5°C
was used as a dissolution medium. At
predetermined time intervals, an aliquot of sample
was withdrawn from the receiver compartment at
appropriate times, and the concentration of nicotine

was determined by HPLC method. After each
sampling, the same volume of fresh phosphate
buffer was added to the receiver compartment to
keep the volume constant. Triplicate runs were
carried out for each study.

Analytical methods

The amount of nicotine in each sample was
determined by high-performance liquid
chromatography. 4-Phenylphenol was used as an
internal standard. The conditions were as follows:
pump, model L-6000 (Hitachi); column, 4.0 x 250
mm Spheris C18 (LiChrospher, Phase Separations
Ltd., United Kingdom); mobile  phase,

Na,HPO,/citric acid buffer solution (pH 3, 10 mM):

methanol (35 : 65 v/v); UV detector, model L-4000
(Hitachi); wavelength, 260 nm; flow rate, 1ml/min.
Peak areas were calculated by using a chromato-
integrator, model D-2500 (Hitachi).

Results and Discussion

Nicotine is a liquid alkaloid which is freely
soluble in water or the fixed oils in its base form. In
order to investigate the encapsulation efficiency of
oily drug in alginate microcapsules and to evaluate
its release profile, we selected nicotine as a model
lipophilic drug to incorporate into the alginate
composite by using a modification of the emulsion
technique to prepare microcapsules. It was shown
that the nicotine loaded microcapsules were
spherical in shape as illustrated in Figure 1 (a). The
shapes of most microcapsules remained spheroid
after the freezing dry process ( Figure 1 (b))
and hydrated with aqueous solution [ Figure 1
(c) ) . Upon drying, the lyophilized microcapsules
appeared to shrink slightly. SEM images of the
microcapsules are shown in Figure 2 (a) and (b).
Surface roughness is visible on Ilyophilized
microcapsules  and multilayer  core-shell
architecture avoided structural collapse in cross
section view.
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c) Lyophilized microcapsules were hydrated with
phosphate buffer solution (pH=7.4) for 10
minutes.

Figurel. Optical microscopy photograph of
nicotine-loaded microcapsule

a) Optical microscopy photograph of nicotine-
loaded microcapsule (magnification 400X)

a) microsurface profile of lyophilized
microcapsule

b) Cross-section profile of lyophilized

. ] . microcapsule
b) Optical microscopy photograph of lyophilized

microcapsule

Figure2. Scanning electron micrograph of
nicotine-loaded microcapsule

A modified microencapsulation method based
on emulsion technique was investigated in the
study to produce nicotine-loaded microcapsules
yielded a mean particle size ranging from 40 um to
500 pm with a narrow size distribution is shown in
Figure 3. In Table 2, the increase in amount of
alginate would cause a significant increase in
particle size as well as an increase in the efficiency
of encapsulation. In addition, gelatin, glycerin,
PEG400, and PEG6000 were selected as additives
to adjust viscosity of emulsion to optimize the
process yield. However, there is no significant
correlation between the viscosity of emulsion and
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the particle size of microcapsules. Larger size of
particles is associated with higher encapsulation
efficiencies.

Differential Volume

T T T T
100 200 400 1000 2000

.
o
_..__-"""-
0T T T T T T T '
004 01 02 04 12 46 10 20 40
Particle Diameter (um)

Figure3. Size distribution of nicotine-loaded
microcapsule with various formulations
(F1, F2and F3).

Table 2. Effect of amount of alginate on particle
size and nicotine entrapment efficiency of
microcapsules.

Formulation particle size entrapment
(nm) efficiency (%)
(meanzsd) (meanzsd)
Fi 336.8+1.3 53.4+1.9
F2 340.8£1.5 59.6+1.7
F3 464.4+1.3 76.7+2.3

The FTIR spectra of microcapsules are
presented in Figure 4. The comparison of the
spectrum of Na-alginate and microcapsules,
additional bands can be observed, corresponding to
the presence of gelatin and PEG6000. Figure 4 (c)
shows the FTIR spectroscopy spectrum of physical
mixture of nicotine and microcapsules with 2:1
ratio (w/w). Similar characteristic bands are
appeared in the spectrum of nicotine-loaded
microcapsules. The result indicated that the
chemical interaction does not occur among the
components of nicotine-loaded microcapsules
during manufacturing processes and reconstituting
lyophilized powder.
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Figure 4. FTIR spectroscopy spectrum of the pure
nicotine; microcapsule; nicotine and
microcapsule physical mixture; nicotine-
loaded microcapsule, respectively.

The influence of environment pH value on the
swelling behavior of microcapsules and nicotine
release profile was performed by diluting the
nicotine-loaded microcapsules with a large volume
of pH 1.2 or pH 7.4 buffer solutions, respectively.
As previously reported (Al-Zoubi et al. 2011) , at
pH 1.2, the same swelling profile of all test groups
were obtained swelling ratio around 3-8% without
any degradation for 2 hours as shown in Figure 5.
The presence of additive such as gelatin, glycerin
or PEG 6000 in microcapsules would be slightly
increase swelling weight ratio. When the pH value
changed from pH1.2 to pH7.4, the degree of
swelling increased dramatically even degradation
more than 20 minutes. The increase in the swelling
ratio of the microcapsule by incorporated with
additives conformed to the following order:
glycerin > gelatin > PEG6000.
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s b Gelation
or
w f Degradation

% Swelling weight ratio

Figure5. Effect of pH on swelling ratio of
reconstituted microcapsules. (A)F1; (m)F2;
(A)F3; (X)F4; (@)F5; (e)F6; (+)FT;
(—)F8; (-)F9;

Figure 6 (a) shows the percentage of nicotine
release from microcapsules in pH 1.2 medium.
Nicotine is a diacidic base (pKa=3.4 and pKa=8.2)
drug. The ionized nicotine was leading to drug
release rapidly at low pH value (Hukkanen et al.
2005). Here the maximum 90% of drug release was
obtained for microcapsule containing 0.75%
alginate without additives for 2 hours. The content
of alginate increasing to 2 % in microcapsules
seemed to yield slower drug release near 40% with
the same particle size. The percentage of nicotine
release was significantly reduced around 30-50%
and a slower release rate was achieved due to
addition additives into the microcapsules. The
effect of additives on retarding release of drug from
microcapsules in pH 1.2 medium conformed to the
following order: PEG6000 > glycerin > gelatin.
Because no significant difference in shape of
microcapsules was observed in release process,
thus the Kkinetic behavior was controlled by
diffusion but not degradation. The release rate of
nicotine from microcapsules was highly dependent
on the solubility of nicotine in medium. Figure 6 (b)
shows the percentage of nicotine release from
microcapsules at pH 7.4 medium. Compared to the
result of swelling study, the degree of swelling
increased dramatically even degradation that cause
accelerated drug release. The higher content of
alginate in microcapsules was found slower drug
release. But there is no significantly difference in
drug release among the additives incorporated into
microcapsules.
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Figure 6. The release-time profile of nicotine from
microcapsules in (a) pH 1.2 and (b) pH 7.4
medium. (m)F1 (0.75% alginate); (e)F2
(1% alginate); (A)F3 (2% alginate)

Points and vertical bars represent the
meantS.D. (n=3), respectively.

Conclusion

The desired particle size of microcapsules and
high yield will be obtained by using a modification
of the emulsion technique without using organic
solvent. The results show that the encapsulation
efficiency of microcapsules is relative to the
particle size. The properties of the microcapsules
are suitable for bowel disease targeting. To get
more control over the drug delivery the current
composite of microcapsules could be improved by
increasing alginate content and adding additives
such as PEG 6000 or glycerin.
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