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ABSTRACT

This research aimed to optimize the formation of microcapsules from alginate and chitosan for Leydig cells encapsula-
tion. Alginate was used as the first coating agent while chitosan was the second layer. Various concentrations of algi-
nate and CaCl, were applied utilizing the extrusion method and the best concentration was determined based on their
formation time, shape and diameter of microcapsules. Alginate microcapsule was applied with chitosan in various con-
centrations. The best chitosan concentration was selected based on its mechanical stability. The results showed that the
minimum concentration of alginate was 1.5% (w/v) with viscosity of 33.8 cPs, resulted to spherical microcapsules with
diameters of 230 - 270 um. The optimum concentration of chitosan as the second coating agent was 0.5% (w/v), re-
sulted to spherical microcapsules with mechanical stability of 4 hours. Leydig cells were trapped inside the microcap-

sule with a density that is proportional to the concentration of cells used in the encapsulation.
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1. Introduction

Cell encapsulation is a strategy to entrap the live cells
within a semipermeable membrane [1]. It can be made
simple and in large numbers while the loaded cells still
have useful biological activity [2]. Encapsulation can
prevent the contact between the cells and their surface
antigens with the host’s immune system components,
while allowing the diffusion of nutrients and metabolites
like hormones [3].

One of the interesting cells to entrap is the Leydig cell,
which is especially useful for testosterone-replacement
therapy. Leydig cells are responsible for the secretion of
95% of the total testosterone in the body [4]. Research on
the encapsulation methods for Leydig cells had been
performed. Macluf et al. [4] encapsulated Leydig cells
encapsulation with alginate and poly-L-lysine while
Baxter et al. [5] encapsulated Leydig cells in a polye-
thylene glycol diacrylate (PEDdA).

In this study, encapsulation was performed using algi-
nate and chitosan as coating materials. Alginate, an
anionic polysaccharide, has been widely used in the
encapsulation process because it is a biocompatible and
inexpensive material [6]. Alginate had also been used by
Machluf et al. [4] as a core coating material of Leydig
cells and by Capretto et al. [7] as coating material of
Sertoli cells. On the other hand, chitosan is a positively
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charged polymer that could crosslink with anionic poly-
mers such as alginate. Multiple coating systems, such as
alginate-chitosan system, were used to reduce porosity
and improve the stability of the capsule [8]. This study
aims to optimize the formation of alginate-chitosan
microcapsules with various concentrations of alginate,
CaCl,, and chitosan based on physical properties and
mechanical stability. The optimum condition was applied
to Leydig cells.

2. Experimental
2.1. Determination of Coating Agent Properties

Osmolality and viscosity parameters were used to ensure
that the coating agents had the same properties as the
Leydig cells. Alginate solution was prepared at various
concentrations of 0.5%, 1.0%, 1.5%, and 2.0% (w/v) in
distilled water and phosphate saline buffer (PBS). Chito-
san (73.76% degree of acetylation and molecular weight:
3.7 x 105 g/mol) solution was prepared at various con-
centrations of 0.5%, 1.0%, 1.5%, 2.0% (w/v) in 1%
CH;COOH, while CaCl, were made in 0.05, 0.10, 0.15,
and 0.20 M in distilled water. The osmolality of all the
solutions were determined by cryoscopic osmometer
(Osmomat 030, Germany) and the viscosity was deter-
mined by Brokkfield viscometer.
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2.2. Optimization of Core-Microcapsule Forming
Condition

Alginate (Sigma Aldrich) was used as the core-micro-
capsule using droplet formation of alginate-CaCl, gel
with extrusion method. Various concentrations of algi-
nate (0.5, 1.0, 1.5, and 2.0 (w/v) in PBS) were dropped
by micro pipette on various concentrations of CaCl,
(0.05, 0.10, 0.15, 0.20 M). Contact time between alginate
and CaCl, was performed for about 15 minutes to give
time for microcapsule to form. The microcapsules were
washed three times with phosphate saline. The micro-
capsule formation time, the shape and the diameter of
microcapsules were observed under light microscope
equipped with micrometer-scale lines. The minimum
concentration of alginate and CaCl, were selected for the
next step experiment.

2.3. Optimization of Second Layer Microcapsule

Chitosan was used as the second layer of the microcap-
sule. The best core-microcapsule from the first experi-
ment was put in various concentrations of chitosan (0.5%,
1.0%, 1.5%, 2.0% (w/v) in 1.0% CH;COOH). Contact
time between core-microcapsule with chitosan was about
6 minutes to give the new microcapsule form. The micro-
capsules were washed with distilled water and phosphate
saline buffer. The optimum condition was selected by the
mechanical stability test [9]. Briefly, 25 pieces of micro-
capsules were put in phosphate saline buffer pH 7.2 for
15 minutes and then stirred with a magnetic stirrer at 500
rpm. The time to reach 50% damaged capsules was de-
termined.

2.4. Isolation of Leydig Cells

The Leydig cells were isolated from the testicular tissue
of Sprague Dawley rats on their puberty age of 8 weeks.
Isolation and purification of Leydig cells were performed
using the method of Chemes et al. [10] with some modi-
fications. The tissue fragment (about 800 mg) were dis-
sociated by mechanically and treated with a solution of
0.04% collagenase and 1.0 pg/ml trypsin inhibitor in the
DPBS with some agitation at 34°C for 40 min. After
enzymatic digestion, the collagenase solution was diluted
four times with DPBS and the small fragments were
allowed to sediment for 2 min. The supernatant was
collected and centrifuged at room temperature for 3 min
at 200 x g, and the pellet was washed twice and then
diluted in 500 uL DPBS. The suspension contained the
Leydig cells purified by use of a discontinuous five
Percoll density gradient (21%, 26%, 34%, 40% and 60%)
and centrifuged at 400 X g for 15 min continuing by 800 x
g for 15 min. The interface layer between 40% and 60%
was collected and washed by DPBS three times to
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removed the percoll. Viability determined by the Tripan
Blue dye and only the viablity higher than 90% that used
for the encapsulation.

2.5. Encapsulation of Leydig Cells

Leydig cells were diluted in various concentrations,
namely: 1 x 107, 1 x 106, 1 x10°,and 1 x 10* cells/ml in
alginate solution at the best concentration (from the pre-
vious experiment). Alginate solution containing Leydig
cells was dropped with micropipette into the best con-
centration of CaCl, solution to form the core-microcap-
sule. After washing with phosphate buffer, the core mi-
crocapsules were placed in chitosan solution at the opti-
mum condition. Microcapsules were then washed with
citrate buffer and distilled water. The diameter of the
microcapsule was observed with a light microscope
equipped with a micrometer scale.

3. Results and Discussion
3.1. Physical Coating Agent Properties

To find the best concentration to form the microcapsule
for encapsulating the Leydig cells, we focused on the
osmolality and viscosity of the solutions used. Osmo-
lality, the number of solute particles per liter solution, is
an important property for cells due to its relation to the
osmotic process on the cells. The cell has an osmolality
range of 280 - 320 mosmol/kg [11]. At this osmolality
the cell remains alive. A balanced osmolality properties
of cells and the capsules will ensure that the cells are in
good condition.

Osmolality properties of all solutions used are pre-
sented in Table 1. Alginate solution at the concentration
of 0.5% - 2.0% (w/v) in distilled water has an osmolality
value (less than 280 mosmol/kg) lower than the cell’s
osmolality, while in buffer solution the osmolality of
alginate solution was increased (357 - 618 mosmol/kg).
The increase of osmolality property of the solution might
be due to the presence of ions contained in the buffer. In
PBS, alginate solution had a higher osmolality property
compared to the cell’s osmolality. This result suggested
to prepare the alginate solution with distillated water and
adjusts the osmolality to 300 mosmol/kg with NaCl.

The osmolality of CaCl, solution was ranging from 75 -
249 mosmol/kg while that chitosan ranged from 33 - 123
mosmol/kg. The osmolality of CaCl, and chitosan so-
lutions were lower compared to the cells’ osmolality, but
the osmolality of CaCl, and chitosan had less effect on
the coating process because the cells were not directly in
contact with these solutions. Leydig cells were coated in
alginate solution, so that the osmolality of alginate must
be adapted to the cells’ environmental condition.

The other parameter to be considered for cell coating
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Table 1. Osmolality and viscosity properties of the solution
used.

Osmolality (mosmol/kg)

Solution Concentration Viskositas
(%) (b/v) In distillate In PBS (cPs)
water
0.5 78 357 10.5
1.0 141 504 17.6
Alginate
1.5 147 534 33.8
2.0 240 618 52.1
0.5 33 8.76
1.0 72 13.72
Chitosan
= 90 24.76
2.0 123 4338
0.05 75
0.10 135
C3C12
0.15 204
0.20 249

material is viscosity. The higher the viscosity of the
polymer solution, the faster the formation of the capsule.
Viscosity of the polymer was also reported to have a

relation with the release capacity of material trapped [12].

The higher the viscosity of polymer, the slower the
release time of the material trapped. Viscosity of alginate
solution was ranging from 10.5 to 52.1 cPs whereas the
viscosity of chitosan solution ranged from 8.76 to 43.88
cPs (Table 1). Viscosity of the solution increased when
the concentration of the solution increased. Based on the
results, the highest viscosity of alginate solution was at
2.0%.

3.2. Optimization of The Core-Microcapsule
Forming Condition

The encapsulation process started with the formation of
the core microcapsule using the alginate solution. The
core microcapsule formed at different concentrations of
alginate solution is shown in Figure 1. Irregular capsules
were formed when low concentrations (0.5% and 1.0%
(w/v)) of alginate were dropped to CaCl, solution. The
spherical microcapsule was formed when alginate con-
centration used was 1.5%. At this concentration, viscos-
ity of alginate solution was 33.8 cPs. It means the mini-
mum threshold of droplet formation of the core micro-
capsule to produce spherical microcapsule was 33.8 cPs.
This is consistent with the results of Goosen et al. [13]
which showed that the minimum viscosity of alginate
solution in order to form a spherical microcapsule is 30
cPs.
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Figure 1. Core microcapsule on different concentration of
alginate: (a) 0.5%; (b) 1.0%; (c) 1.5%, and (d) 2.0%, arrow
is microcapsule.

The diameter of microcapsules at different concentra-
tions of alginate and CaCl, is shown in Figure 2. The
diameter of microcapsules which were formed at 0.5%
concentration of alginate could not be determined be-
cause the capsules were irregularly shaped. Microcap-
sules which were formed at 1.0% concentration of algi-
nate ranged from 310 to 322 um, while at 1.5% and 2.0%
concentrations of alginate were 205 - 258 um. According
to Stuivers (2001), the suitable microcapsule size for
Leydig cell encapsulation was 200 - 400 pum [14]. It
means alginate concentrations of 1.0%, 1.5%, and 2.0%
(w/v) are suitable for Leydig cells. Unlike the concentra-
tion of alginate, concentration of CaCl, had no signifi-
cant correlation with the diameter size and shape of mi-
crocapsules.

Poly-anionic complex formation between alginate and
divalent cations like CaCl, is spontaneous. The concen-
tration of CaCl, had significant correlation with the
hardening time of the microcapsule (Figure 3). The
higher the concentration of CaCl,, the faster the time for
microcapsule formation. The 0.15 M concentration of
CaCl, is the optimum concentration in the formation of
microcapsule obtained in this study because it gave
spherical microcapsules and short hardening time. The
alginate concentration also influenced the hardening time.
The hardening of 0.5% alginate gel took 1519 seconds
while those of 1.5% and 2.0% took less than a minute (5
- 34 seconds). Based on this result, for the next experi-
ment, the concentration for alginate was 1.5% (w/v), be-
cause this concentration is the lowest concentration
which can make a good shape and short hardening time
of microcapsules.

Based on the shape, diameter and hardening time of
alginate gel resulting from different concentrations of
alginate and CacCl,, the best concentration of alginate was
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Figure 2. Diameter of core microcapsule on different con-
centrations of alginate and CaCl,.
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Figure 3. Microcapsule forming time on different concen-
tration of alginate and CacCl,.

1.5% (w/v) and 0.15 M for CaCl,. The concentration of
alginate utilized in this study was higher than used by
Machluf et al. (1.2%, w/v) [3].

3.3. Optimization of Second Layer Microcapsule

The alginate gel microcapsule was inserted into chitosan
solution in different concentrations. The color of alginate
gel changed into yellow after being inserted into the
chitosan solution. The change of color means there was a
bind between chitosan and the alginate. Friedli and Scha-
langer stated that the alginate and chitosan can bind
spontaneously in less than 5 minutes [6]. Alginate gel as
a core microcapsule will bond with amine groups on the
chitosan. Interaction of alginate with chitosan is a ca-
tionic crosslinking of NH;" derived from chitosan and
anionic COO ™ derived from alginate.

The optimum concentration of chitosan was selected
by its mechanical stability. A mechanical stability pro-
perty of microcapsule is one aspect of the success of cell
encapsulation technique in addition to the permeability
properties of the capsule, immune system protection, and
biocompatibility. The mechanical stability of the micro-
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capsules is important not only to determine the durability
of the capsule during production or treatment but also to
maintain the membrane integrity of microcapsule [15].
The mechanical stability test was performed by mixing
the alginate-chitosan gel in PBS solution in 500 rpm of
stirring speed. The result of percent of damaged cells in
different concentrations of chitosan is presented in
Figure 4. Alginate microcapsules coated with chitosan at
concentrations of 0.5% and 1.0% (w/v) have more than
50% damage after stirring for 4 hours (59% and 64%,
respectively). The alginate-chitosan microcapsules at
2.0% concentration of chitosan had 51% damage after
stirring for 11 hours. The viscosity of chitosan solution
was determined to investigate the effect of viscosity on
the mechanical stability of microcapsules. Coating the
core microcapsule with high concentration of chitosan
(2%) gave a thicker coating so it could be more stable for
mechanical treatment. Chitosan in low concentrations
had low viscosities and tend to be more easily damaged
by mechanical treatment.

The second coating thickness also affects the micro-
capsule. Microcapsules became wrinkled when incorpo-
rated with chitosan in high concentration (2.0%). This is
caused by osmotic phenomenon. If the outer part of the
microcapsule (chitosan) has higher concentration, it allows
water from the inner part (alginate) of the microcapsule
to move out to the outer side and the microcapsule shri-
vels. Therefore, the coating with the 0.5% chitosan con-
centration is best for encapsulation of Leydig cells
because it will not affect the osmotic balance of the cells.

3.4. Encapsulation of Leydig Cells

Encapsulation of Leydig cells was performed on sterile
condition of 1.5% alginate and 0.5 M CaCl,. The results
of Leydig cells encapsulation showed that the cells can
be trapped into the coated core alginate microcapsules.
The resulting microcapsules were white and spherical.

100
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Stirring time (hours)

Figure 4. Mechanical stability of capsules on different con-
centration of chitosan (0: 0.5; o: 1.0; A: 1.5; dan o: 2.0%
(W/v)).
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Figure 5. Microcapsules with different concentrations of
Leydig cells: (a) 1 x 10% (b) 1 x 105 (¢) 1 x 10% and (d) 1 x
107 cells/mL; arrow = Leydig-cell; bar = 50 pm.

The microcapsules were successfully produced at a di-
ameter range of 230 - 270 um. Leydig cells trapped in
the core of microcapsules were spread (Figure 5). Cell
density in the microcapsule was proportional with the
cell concentration used. Microcapsules with the cell con-
centration of 1 x 10" cells/mL had a high cell density,
almost all parts of the microcapsule was covered by cells.

4. Conclusion

The minimum concentration of alginate as a core for the
microcapsule formation was 1.5% (w/v), i.e. with a vis-
cosity of 30 cPs and a concentration of 0.15M CaCl,.
This condition resulted to round and white microcapsules
with diameters of 230 - 370 um. The stability of coating
microcapsules increased with the increasing chitosan
concentration. Encapsulation can be applied to the cell,
i.e. Leydig cells. Leydig cells were trapped inside the
microcapsules. The density of trapped cells in the capsule
was proportional to the concentration of the cells applied.
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