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Abstract

Purpose: Poly I-lysine (PLL) has been introduced as a strengthening covering layer for alginate
microcapsules which are the most convenient way for cell encapsulation. Some disadvantages of
PLL such as high price and low biocompatibility have prompted scientists to find better alternatives.
Linear poly ethylene imine (LPEI), thanks to its highly similar structure to PLL, could be considered
as a proper cost-effective alternative. In this study LPEI and PLL were compared as covering layers
of cell-loaded alginate-LPEl-alginate (cALA) and alginate-PLL-alginate (cAPA) microcapsules.
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Keywords: Methods: In addition to the physico-mechanical properties, the encapsulation efficiency, cell
e Alginic acid survival post encapsulation, cell viability, and cellular metabolic activity within the microcapsules
e Cell microencapsulation were evaluated using trypan blue, live/dead cell staining, and MTT test, respectively.

¢ CHOK, Results: Physico-mechanical evaluation of the microcapsules revealed that the cell

¢ Poly ethylene imine
e Poly I-lysine

microencapsulation process did not affect their shape, size, and mechanical stability. Although
the encapsulation efficiency for cALA and cAPA was not different (P>0.05), cell survival post
encapsulation was higher in cALA than in cAPA (P<0.05) which could be the reason for the
higher cell viability and also cellular metabolic activity within these microcapsules in comparison
to cAPA.

Conclusion: Here, based on these results, ALA could be introduced as a preferable alternative to
APA for cell encapsulation.

anionic layer is added to cover the excess surface positive
charges, leading to decrease microcapsules cytotoxicity.*”

Introduction
Cell microencapsulation has been used as a multifunctional

technology in treatment of different chronic disorders
such as diabetes mellitus, central nervous system or
cardiovascular problems, fabrication of bioreactors to
produce monoclonal antibodies, etc."” Lim and Sun are
the inventors of cell microencapsulation technology. They
used alginate as a semipermeable membrane to enclose
live islets.’

Multilayer alginate microcapsules are the most common
devices in cell encapsulation. This method is performed
by immobilization of live cells into the semipermeable
anionic alginate microcapsules which are covered by poly
electrolyte complexes. The first coating layer (cationic
layer) is used to restrict the pore sizes and enhance the
mechanical stability of the microcapsules, while the final

Poly l-lysine (PLL), as the covering layer of alginate
microcapsules, is the oldest and the most utilized cationic
polymer. However, because of some disadvantages such as
its high price, low biocompatibility, etc in many studies,
introducing a proper alternative to PLL is desirable. Linear
poly ethylene imine (LPEI), a more cost-effective polymer
with a great similarity to PLL, could be recommended as
a proper alternative.

In our previous study, to ensure the similar
performance of LPEI and PLL, the physical properties,
surface morphology, mechanical strength, cytotoxicity,
and long-term stability of ALA and APA microcapsules
were investigated.® Since the ALA microcapsules showed
similar results to APA in all the physico-mechanical and
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cytotoxicity evaluations, it could be employed in further
comparative investigations. The purpose of this study was
to finalize the comparison between PLL and LPEI as well
as evaluation of these two polymers for the encapsulation
of CHOK{; the cell line which has attracted a great deal
of attention in manufacturing of biopharmaceuticals.’
In this study, cell-loaded alginate-LPEI-alginate (cALA)
and alginate-PLL-alginate (cAPA) were fabricated
using electrostatic bead generator. The shape, size, and
mechanical stability have been investigated in addition
to the encapsulation efficiency, cell survival post
encapsulation, cell viability, and cellular metabolic activity
inside the cALA and cAPA microcapsules.

Materials and Methods

Materials

Adherent CHOK] cell line (ATCC CRL-9661) was granted
by Pasteur Institute of Iran. Ham’s F12 nutrient mixture
was obtained from Inoclon Co. (Iran). Antibiotic solution
of Penicillin/Streptomycin, and trypsin 10X were obtained
from Biosera Co. (England). Fetal bovine serum was
purchased from Gibco Co. (USA). High G content alginic
acid (MW, 100000-200000, G content, 70%), calcium
chloride, linear PEI (M,~10000), PLL (MW 70000-
150000, 0.01%), HEPES, MTT reagent, trypan blue,
fluorescein diacetate, propidium iodide, L-glutamine, and
DMSO were purchased from Sigma-Aldrich (USA).

Cell culture

CHOK, cells were cultured in Hams F12 medium
composed of 10% fetal bovine serum (FBS), 1% glutamine,
1%  antibiotic  solution  (penicillin/streptomycin)
maintained at 37°C in a humidified 5% CO; atmosphere.
The cells were passaged every 2-3 days.

CHOK, growth curve

Once the cell-line became confluent, it was counted in a
Neubauer chamber at 1:3 dilution with trypan blue (TB)
solution. The cells were seeded at a density of 20000 cells
per well in two 12-well plates and counted by TB dye
exclusion for 8 days at 24-hour intervals. The medium
was changed once every three days. CHOK growth curve
was obtained by plotting the number of viable cells versus
incubation time.

Microencapsulation

CHOK] cells were trypsinized then centrifuged for 5
minutes at 1100 rpm. After removing the supernatant,
cell pellet was resuspended in the cell culture medium,
where 1 mL of cell suspension was mixed with 4 mL
of 2% sterile-filtered sodium alginate solution. The
cell concentration in sodium alginate solution was
approximately (1.5-2)*10° cell/mL. The microcapsules
were produced using electrostatic bead generator under
conditions stated elsewhere.® Briefly, using electrostatic

bead generator (flow rate: 15 mL/h, applied voltage: 10
kV), 5 mL of cell containing sodium alginate solution was
extruded into the 120 mM CaCl, solution. The resultant
cell loaded microcapsules were allowed to remain in
CaCl, solution for 15 minutes on a magnetic stirrer. They
were then filtered and divided into two parts, with each
part incubated in 0.03% PLL or 0.03% LPEI solution for
5 minutes. Finally, the microcapsules were incubated in
0.2% sodium alginate solution for 5 minutes. Sodium
alginate and the cationic polymer solutions were dissolved
in a 0.9% NaCl solution containing 0.24% HEPES (pH
7.2 to 7.4) and sterilized using filter 0.22 um, while the
other solutions were sterilized via autoclaving. Unless
otherwise stated, all the concentrations have been shown
in percentage of weight to volume (W/V). There was a
washing step in 0.9% NaCl solution after incubation in
each solution. The cell loaded microcapsules were kept
at 37°C in a humidified 5% CO, atmosphere for further
investigations.'

Characterization of the microcapsules

Shape and size

The shape and size of the microcapsules were evaluated
by inverted microscope (OPTIKA, XDS-2FL) equipped
with a digital camera. In each batch, 30 microcapsules
were placed in a plate and observed under the microscope
at 40X magnification. The program installed on the
camera measured the microcapsules diameter through
three points on their perimeter. All the experiments were
performed in triplicates with the results reported as mean
+ SD.5!

Surface morphology: SEM studies

The surface morphology of the microcapsules was studied
using scanning electron microscope (SEM). Freeze-
dried microcapsules were fixed on conducting stubs and
vacuum coated with gold palladium film using a sputter
coater (Edward S-150, UK). Images were taken using
26 kV electron beam intensity in a scanning electron
microscope (KYKY-EM3200, China)."

Long-term stability of the microcapsules

To investigate the long-term stability of the microcapsules,
cALA and cAPA were transferred to a 6-well plate, with
5 mL of culture medium added to each well and kept at
37°C in a humidified 5% CO, atmosphere. The medium
was changed every three days. The microcapsules stability
was investigated according to their size and integrity using
inverted microscope. The nature of these microcapsules
leads them to absorb water whereby their diameter would
increase. Enlargement of microcapsules size is inversely
proportional to their stability.*"> The experiments were
conducted three times, with the results reported as
mean * SD.
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Encapsulation efficiency

Encapsulation efficiency (EE%) for cALA and cAPA
microcapsules was investigated using Maguire et al method
with some modifications.”® First, a known concentration
of cells was encapsulated in ALA and APA microcapsules.
Immediately following microencapsulation (as described
earlier), the microcapsules were incubated in PBS (pH.
6.8) for 30 minutes on a magnetic stirrer (cALA and
cAPA in separate beakers)."*'® Under this condition, the
microcapsules were depolymerized and the encapsulated
cells were released to the medium. Then, this mixture was
transferred to a falcon tube and centrifuged for 15 minutes
at 2000 rpm. The cells in the pellet were counted using
TB dye exclusion. Finally, the EE% was calculated using
equation 1. In order to compare the EE% between cALA
and cAPA microcapsules, this parameter was calculated
three times for each of them separately, where the results
were reported as mean * SD.

EE% = (N7 /Np) *100 (1)

N, is the initial number of cells in the alginate solution.
N, represents the number of cells recovered from the
depolymerized cALA or cAPA microcapsules.

Cell survival post encapsulation

To investigate the compatibility of the microencapsulation
procedure with CHOK, cells, the live/dead cells ratio
inside the microcapsules was investigated one day after
the microencapsulation. Fluorescein diacetate (FDA) and
propidium iodide (PI) (as will be described later in live/
dead cell staining section), were used for double staining
of the cells in microcapsules. FDA (non-fluorescent)
is taken up by live cells and converted into the green
fluorescent metabolite; fluorescein. In contrast, PI cannot
pass through a live cell membrane. Passing through the
damaged dead cell membranes, it stains the nucleus and
intercalates with the DNA double helix of the cell. Red
signal under the fluorescent microscope serves as an
indicator for dead cells.

Live/dead cell staining

Solutions preparation

Stock solutions of FDA (5 mg/mL) and PI (2 mg/mL) were
prepared in acetone and PBS, respectively. These solutions
are stable for several months when stored in dark at 2-8°C
for PI and at -20°C for FDA.17 A fresh working solution
was prepared daily composed of 5 ml PBS, 10 pL FDA (5
mg/mL), and 50 uL PI (2 mg/mL). The concentration of
components may need to be adjusted for each cell line.

Fluorescent double staining

Cell-loaded microcapsules were incubated in 1 mL of
the working solution at room temperature and dark
environment for 15 minutes, then washed in PBS.
Fluorescent images were taken using a fluorescence

microscope (OPTIKA, XDS-2FL) equipped with a 495
nm excitation filter and emission filters of 515 and 635
nm. Green cells were considered alive, while red cells were
considered dead. Finally, the images were quantified by
MATLAB software.

Quantification of fluorescent images

The number of red and green pixels in each picture was
calculated using MATLAB, represented by parameters ng
and ng. Detection was based on the intensity of the pixel
color, with a threshold of 0.1 for both green and red pixels.
Note that although dead and living cells are demonstrated
in a single merged picture, calculations have been
performed on separate pictures for better precision. The
ratio of living or dead cells to the total number of cells is
calculated as ng/(nG+ng) or ng/(nG+nR), respectively.'®

Cell viability within 4 weeks; Fluorescent double staining
To investigate the suitability of the cALA and cAPA
microcapsules and  overall storage conditions,
microcapsules kept at 37°C in a humidified 5% CO,
atmosphere, were monitored weekly using FDA/PI double
staining method under fluorescence microscope.

Metabolic activity inside the microcapsules; MTT test
The encapsulated cells in ALA and APA were compared
for metabolic activity using MTT assay. Briefly, in each
96-wells plate (in total, five 96-wells plates were seeded;
4 plates for separate, weekly assessments and one plate for
evaluating metabolic activity at the day of microcapsules
fabrication; day 0). Separate columns in each plate were
dedicated to cALA, cAPA, and blank medium (composed
of culture medium, MTT reagent, and DMSO), and seeded
by 150 uL of each relevant material (cALA, cAPA or blank
medium). The plates were kept at 37°C, 5% CO, and 97%
rh. At each test day, 20 puL of MTT solution (5 mg/mL)
was added to each well, then plate covered with aluminum
foil and kept in an incubator at 37°C for 4 hours. After
incubation, MTT solution was removed by aspiration;
then 100 puL of DMSO was added to each well to ensure
the dissolution of the insoluble formazan crystals, and the
plate was kept on the shaker for 45 minutes then optical
densities were measured at 570 nm in a microplate reader
(SYNERGY, BioTek, USA)."”

Statistical analysis

The statistical analysis was conducted using SPSS version
17.0. Student’s t test was utilized to detect significant
differences. P value <0.05 was considered statistically
significant.

Results and Discussion
Physical characteristics
Evaluation of the microcapsules size in each batch
showed that the average diameter of cALA and cAPA
microcapsules was 449.29 + 26.97 and 445.14 + 25.86
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(um), respectively (n=3). As stated in the previous study,®
the images taken by the inverted microscope along with
the SEM images of cALA and cAPA microcapsules clearly
indicated that the electrostatic bead generator method
along with the influential variable parameters such as the
concentration of alginate solution, distance between the
needle and the surface of CaCl, solution, extrusion rate,
etc. were all well suited for fabrication of microcapsules
with a similar size and shape and no marked differences
(Figures 1 and 2).

Long-term stability of the microcapsules

The ionic nature of polyelectrolyte complexes would make
them vulnerable to the environmental conditions (e.g.
culture medium composition), causing instability in their
structure. Therefore, stability of the microcapsules during
a specified time period should be guaranteed. Figure 3
depicts how the size of microcapsules changed within
4 weeks while being incubated at 37°C, 5% CO; and
97% rh. According to this figure, since cALA and cAPA
microcapsules showed similar patterns of size growth, it
could be concluded that they may show similar stability
as well. It is worth mentioning that like empty ALA and
APA, almost all of the cALA and cAPA microcapsules
also remained intact within 4 weeks.® However, there
are also studies suggesting opposing results. In the study
conducted by Rokstad et al the stability of empty APA
microcapsules (standard Ca/Ba) was reported to be far
greater than that of cell-loaded microcapsules. They also
recorded the highest amount of endostatin secretion from
the same type of microcapsules (standard Ca/Ba) which
could indicate the high rate of cell growth inside these

Figure 1. Visual images of cell-loaded alginate-linear poly ethylene imine-
alginate (cALA) (left) and cell-loaded alginate-poly | lysine-alginate (cAPA)
(right) microcapsules observed at 40X magnification under an inverted light
microscope (scale bar is 200 pm).

2% KV 200X 1 mm KYKY-EM3:

26KV 100X 100um KYKY-EM3200 _SN:0774 u:
Figure 2. SEM photographs of cell-loaded alginate-linear poly ethylene

imine-alginate (cALA) (left) and cell-loaded alginate-poly | lysine-alginate
(cAPA) (right) microcapsules.

microcapsules. As a result, these microcapsules could be
filled, which might be the reason for their lower stability.?®
It could be concluded that the stability and lifelong of the
microcapsules could be influenced by cell type, and would
be enhanced by decreasing the initial number of cells.*!

Encapsulation efficiency

Encapsulation efficiency, as a yield of procedure, should be
evaluated regardless of the purpose of the encapsulation
or the type of the encapsulated substance. However,
despite many studies in the field of cell-encapsulation, this
parameter has remained underreported. Encapsulation
efficiency is influenced by many factors such as molecular
weight and pore size of the materials, which are used to
fabricate and cover the microcapsules.” In this study, all
the procedures for fabrication of the cALA and cAPA were
the same, with the only difference being the type of the
cationic polymer; LPEI or PLL. The evaluation of EE%
for cALA and cAPA revealed no significant difference
between these two cationic polymers in covering the
alginate microcapsules (Table 1) (P>0.05). This high
yield of encapsulation is also in line with Maguire et al
who reported 98% cell recovery for embryonic stem cells
encapsulated in alginate-PLL microcapsules.'

Cell survival post encapsulation

To investigate the «cell survival one day after
microencapsulation, the cALA and cAPA microcapsules
were stained with FDA/PI and imaged, after which
the live/dead cells ratio inside them was evaluated. As
observed in Figure 4A and 4B, cell survival one day after
microencapsulation has been significantly higher for
cALA than for cAPA (95.5+0.98 vs 78.48+1.56). This
was also proved by MTT test in which, OD values for

700 - & - cCALA —@—CcAPA
E 600
s
g
& 500
400
0 5 10 15 20 25 30

Time (day)

Figure 3. Size increasing patterns for cell-loaded alginate-linear poly ethylene
imine-alginate (cALA) and cell-loaded alginate-poly | lysine-alginate (CAPA)
microcapsules within 4 weeks, each point represents mean + SD, (n=3).

Table 1. EE% for cell-loaded alginate-linear poly ethylene imine-alginate
(cALA) and cell-loaded alginate-poly | lysine-alginate (cAPA) microcapsules

Type of microcapsules Encapsulation efficiency (%)

cALA 93.98+2.94
cAPA 96.06+1.41
P>0.05 (n=3).
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cALA

(R)

M Live ratio

# Dead ratio

cAPA

B Live ratio

# Dead ratio

Figure 4. (A) Quantified representation of cell Survival 1 day after microencapsulation, P < 0.05, (n=3). (B), Fluorescence microscope images (merged) of
encapsulated cells stained with FDA (green) and PI (red), 1 day after microencapsulation, left, cell-loaded alginate-linear poly ethylene imine-alginate (cALA),

right, cell-loaded alginate-poly | lysine-alginate (CAPA).

cALA and cAPA at the day of microencapsulation (day
0) were 0.37+0.06 and 0.1+0.01, respectively (P<0.05).
This finding is in agreement with Maguire et al along with
Rokstad et al who separately showed the harmfulness of
both the encapsulation process and PLL solution to the cell
lines.'**! Fischer et al as well as Jeong et al listed molecular
weight, charge density, structure, and conformational
flexibility of the polymers as the influential parameters
in their biocompatibility. As they stated, cytotoxicity of
polymers is a function of molecular weight. Therefore, in
this study the lower cell survival for cAPA in comparison
with cALA could be due to the higher molecular weight of
PLL than LPEL.»*

Evaluation of cell viability; FDA/PI staining

The main purpose of cell microencapsulation is to
maintain them viable. Evaluation of cell viability inside
the microcapsules was carried out within four weeks,
using live/dead cells staining with FDA and PI (Figure
5A). Figure 5B represents the quantified data obtained
from the fluorescent images. As can be seen, the live/dead
cells ratio after one week for cALA has been significantly
higher than for cAPA (P<0.05). This finding supports the
results of section 3.4, where higher post encapsulation
cell survival for cALA led to the higher cell viability at
the end of the first week. However, the higher rate of cell
proliferation in cAPA in comparison with cALA resulted
in the closer live/dead cells ratio at the end of the second
week (P>0.05). Since living cells would compete for
nutrients and O, uptake, the lower number of live cells in
cAPA microcapsules could be the reason for the higher
proliferation rate in them (within the interval between
the first and second week) in comparison with cALA.
Ross and Chang came up with a similar result. They
introduced the concept of “peak capacity” as the ability
of encapsulated cells to grow rapidly in microcapsules
to fill them.” It seems that, until the end of the second
week, the encapsulated cells in APA have grown rapidly

(R)

- == cALA
—e—CcAPA

Live/dead cell ratio (%)
S O O o o <o
P S

o

8)

Time (week)

Figure 5. (A) Fluorescence microscope images (merged) of encapsulated cells
stained with FDA (green) and Pl (red), (a), first week, .(b), second week, (c) third
week and (d) fourth week post-encapsulation. (B) Quantitative representation
of the live/dead cells ratio within 4 weeks. Results are expressed as meanz
SD, (n = 3), *P<0.05, cALA: cell-loaded alginate-linear poly ethylene imine-
alginate, cAPA: cell-loaded alginate-poly | lysine-alginate (cAPA).
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and reached their peak capacity. The live/dead cells ratio
gradually declined from the second week to the fourth
week. This is in agreement with Kuijlen et al who reported
gradual drop in the number of CHOK| live cells after
16 days post encapsulation, due to the increase in their
number and competition between them.”* However,
there are studies reporting different growth patterns
inside the microcapsules, mainly based on the type of the
encapsulated cell lines.”"

Evaluation of metabolic activity; MTT test

Further investigation on the encapsulated CHOK] cells
was conducted using MTT test. This test is known as a
sensitive and reliable method for evaluating the cellular
metabolic activity.”® Immobilization of living cells in
microcapsules could extend their proliferation time,
as according to the CHOK, cells growth curve (Figure
6), the cell numbers dropped from seventh day, while
as observed in Figure 7, the cellular metabolic activity
inside both cALA and cAPA grew gradually within
four weeks. This finding is in line with the other studies
reporting extended proliferation rate for different kinds
of encapsulated cell lines.'*?"*"* However, the OD values
were different between cALA and cAPA, which may be
due to the initial less post encapsulation cell survival in
cAPA in comparison with cALA.

[V e N |
[=>R e R I =)
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Figure 6. CHOK1 cell growth curve.

0.8
0.7 —-a—-ALA —>—APA
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Figure 7. Determination of the metabolic activity of CHOK1 cells immobilized
in ALA: alginate-linear poly ethylene imine-alginate and APA: alginate-poly |
lysine-alginate microcapsules by MTT test within 4 weeks in vitro. Results are
expressed as mean + SD, (n=6), * P < 0.05.

Conclusion

After evaluating the empty ALA and APA microcapsules,
here in this study, the fate of CHOK] cells inside these
microcapsules (as the most important concern) was
compared. CHOK| cells were immobilized inside the
ALA and APA microcapsules using electrostatic bead
generator, with the approximate diameter of 450 um. The
incorporation of live cells inside the microcapsules did
not change the mechanical stability of the microcapsules
since they showed a similar pattern of size growth and
similar mechanical strength to the empty ALA and APA
microcapsules. The comparison of cell viability as well as
metabolic activity inside the cALA and cAPA was highly in
favor of cALA, which could be due to the significant higher
cell survival post encapsulation in cALA in comparison
with cAPA. Here, based on the higher cell viability and
cellular metabolic activity inside the cALA in comparison
with cAPA, it could be concluded that LPEI offered better
properties as a covering layer for encapsulation of live
cells; therefore it could be used as a proper cost-effective
alternative to PLL in cell microencapsulation.

Ethical Issues
Not applicable.

Conflict of Interest
Authors declare no conflict of interest in this study.

Acknowledgments

The authors wish to thank Mr. Farhad Rafraf and Mr. S. Mahyar
Foroutanfar for their valuable efforts in design of encapsulator
device and the graphical parts of this project. This study was
supported by Shahid Beheshti University of Medical Sciences
(SBMU) and Pasteur Institute of Iran (IPI).

References

1. Ruan X, Shi H, Xia G, Xiao Y, Dong J, Ming E et
al.  Encapsulated Bifidobacteria
translocation in rats following hemorrhagic shock and
resuscitation. Nutrition 2007;23(10):754-61. doi: 10.1016/j.
nut.2007.07.002

2. Saenz Del Burgo L, Ciriza J, Espona-Noguera A, Illa X,
Cabruja E, Orive G, et al. 3D Printed porous polyamide
macrocapsule combined with alginate microcapsules for
safer cell-based therapies. Sci Rep 2018;8(1):8512. doi:
10.1038/541598-018-26869-5

3. Lim E Sun AM. Microencapsulated islets as bioartificial
endocrine pancreas. Science 1980;210(4472):908-10. doi:
10.1126/science.6776628

4. De Vos P, De Haan B, Van Schilfgaarde R. Effect of the
alginate composition on the biocompatibility of alginate-
polylysine microcapsules. Biomaterials 1997;18(3):273-8.
doi: 10.1016/s0142-9612(96)00135-4

5. Juste S, Lessard M, Henley N, Ménard M, Hallé JP. Effect
of poly-L-lysine coating on macrophage activation by
alginate-based microcapsules: assessment using a new in
vitro method. ] Biomed Mater Res A 2005;72(4):389-98. doi:
10.1002/jbm.a.30254

reduced bacterial

Advanced Pharmaceutical Bulletin, 2020, Volume 10, Issue 2 | 295



Hajifathaliha et al

6. Strand BL, Ryan TL, In’t Veld P, Kulseng B, Rokstad AM, microcapsule: a model for studying the interaction between
Skjak-Brek G, etal. Poly-L-Lysine induces fibrosis on alginate stem cells and their niche. Biotechnol Prog 2006;22(3):791-
microcapsules via the induction of cytokines. Cell Transplant 800. doi: 10.1021/bp050386n
2001;10(3):263-75. doi: 10.3727/000000001783986800 19. Mosmann T. Rapid colorimetric assay for cellular growth

7. Bhatia SR, Khattak SE, Roberts SC. Polyelectrolytes for cell and survival: application to proliferation and cytotoxicity
encapsulation. Curr Opin Colloid Interface Sci 2005;10(1- assays. J Immunol Methods 1983;65(1-2):55-63. doi:
2):45-51. doi: 10.1016/j.cocis.2005.05.004 10.1016/0022-1759(83)90303-4

8.  Hajifathaliha E Mahboubi A, Nematollahi L, Mohit E, 20. Rokstad AM, Strand B, Rian K, Steinkjer B, Kulseng
Bolourchian N. Comparison of different cationic polymers B, Skjak-Braek G, et al. Evaluation of different types
efficacy in fabrication of alginate multilayer microcapsules. of alginate microcapsules as bioreactors for producing
Asian ] Pharm Sci 2018. doi: 10.1016/j.ajps.2018.11.007 endostatin.  Cell Transplant 2003;12(4):351-64. doi:

9. Puck TT, Cieciura SJ, Robinson A. Genetics of somatic 10.3727/000000003108746902
mammalian cells. III. Long-term cultivation of euploid 21. Rokstad AM, Holtan S, Strand B, Steinkjer B, Ryan L,
cells from human and animal subjects. ] Exp Med Kulseng B, et al. Microencapsulation of cells producing
1958;108(6):945-56. doi: 10.1084/jem.108.6.945 therapeutic ~proteins: optimizing cell growth and

10. Maguire T, Novik E, Schloss R, Yarmush M. Alginate- secretion.  Cell Transplant  2002;11(4):313-24.  doi:
PLL microencapsulation: effect on the differentiation of 10.3727/000000002783985774
embryonic stem cells into hepatocytes. Biotechnol Bioeng 22. Mak WC, Cheung KY, Trau D. Influence of different
2006;93(3):581-91. doi: 10.1002/bit.20748 polyelectrolytes on layer-by-layer microcapsule properties:

11. Breguet V, Gugerli R, von Stockar U, Marison IW. CHO encapsulation efficiency and colloidal and temperature
immobilization in alginate/poly-L: -lysine microcapsules: an stability. Chem Mater 2008;20(17):5475-84. doi: 10.1021/
understanding of potential and limitations. Cytotechnology cm?702254h
2007;53(1-3):81-93. doi: 10.1007/s10616-007-9045-8 23. Fischer D, Li Y, Ahlemeyer B, Krieglstein J, Kissel T. In vitro

12. Pal T, Paul S, Sa B. Polymethylmethacrylate coated alginate cytotoxicity testing of polycations: influence of polymer
matrix microcapsules for controlled release of diclofenac structure on cell viability and hemolysis. Biomaterials
sodium. Pharmacol Pharm 2011;2(2):56-66. doi: 10.4236/ 2003;24(7):1121-31. doi: 10.1016/s0142-9612(02)00445-3
pp-2011.22007 24. Jeong H, Hwang ], Lee H, Hammond PT, Choi J. In vitro

13. Ponce S, Orive G, Hernandez R, Gascon AR, Pedraz JL, blood cell viability profiling of polymers used in molecular
de Haan B]J, et al. Chemistry and the biological response assembly. Sci Rep 2017;7(1):1-13. doi: 10.1038/s41598-017-
against immunoisolating alginate-polycation capsules of 10169-5
different composition. Biomaterials 2006;27(28):4831-9. 25. Ross CJ, Chang PL. Development of small alginate
doi: 10.1016/j.biomaterials.2006.05.014 microcapsules for recombinant gene product delivery to

14. Sultana K, Godward G, Reynolds N, Arumugaswamy the rodent brain. J Biomater Sci Polym Ed 2002;13(8):953-
R, Peiris P, Kailasapathy K. Encapsulation of probiotic 62. doi: 10.1163/156856202320401988
bacteria with alginate-starch and evaluation of survival in 26. Kuijlen JM, de Haan BJ, Helfrich W, de Boer JF, Samplonius
simulated gastrointestinal conditions and in yoghurt. Int D, Mooij J], et al. The efficacy of alginate encapsulated
J Food Microbiol 2000;62(1-2):47-55. doi: 10.1016/s0168- CHO-K1 single chain-TRAIL producer cells in the
1605(00)00380-9 treatment of brain tumors. | Neurooncol 2006;78(1):31-9.

15. Khosravi Zanjani MA, Ghiassi Tarzi B, Sharifan doi: 10.1007/s11060-005-9071-3
A, Mohammadi N, Bakhoda H, Madanipour MM. 27. Thorsen E Read TA, Lund-Johansen M, Tysnes BB,
Microencapsulation of Lactobacillus casei with calcium Bjerkvig R. Alginate-encapsulated producer cells: a
alginate-resistant starch and evaluation of survival and potential new approach for the treatment of malignant
sensory properties in cream-filled cake. Afr ] Microbiol Res brain tumors. Cell Transplant 2000;9(6):773-83. doi:
2012;6(26):5511-7. doi: 10.5897/ajmr12.972 10.1177/096368970000900604

16. Khorshidian N, Mahboubi A, Kalantari N, Hosseini 28. Kobayashi T, Aomatsu Y, Iwata H, Kin T, Kanehiro
H, Yousefi M, Arab M, et al. Chitosan-coated alginate H, Hisanaga M, et al. Indefinite islet protection from
microcapsules loaded with galactagogue herbs extract: autoimmune destruction in nonobese diabetic mice by
formulation optimization and characterization. Iran ] Pharm agarose microencapsulation without immunosuppression.
Res 2019;18(3):1180-95. doi: 10.22037/ijpr.2019.1100776 Transplantation ~ 2003;75(5):619-25.  doi:  10.1097/01.

17. Jones KH, Senft JA. An improved method to determine tp.0000053749.36365.7¢
cell viability by simultaneous staining with fluorescein 29. Li HB, Jiang H, Wang CY, Duan CM, Ye Y, Su XP, et al.
diacetate-propidium iodide. ] Histochem Cytochem Comparison of two types of alginate microcapsules on
1985;33(1):77-9. doi: 10.1177/33.1.2578146 stability and biocompatibility in vitro and in vivo. Biomed

18. Wang X, Wang W, Ma J, Guo X, Yu X, Ma X. Proliferation Mater 2006;1(1):42-7. doi: 10.1088/1748-6041/1/1/007
and differentiation of mouse embryonic stem cells in APA

296|  Advanced Pharmaceutical Bulletin, 2020, Volume 10, Issue 2



