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Abstract

Mechanical stability, uniformity of size, complete encapsulation of cells and optimal microenvironment are major challenges
in the design and development of microcapsules for cell immobilisation purposes. In this work, a novel microcapsule chem-
istry based on polyelectrolyte complexation between alginate and poly(methylene-co-guanidine) (PMCG) is presented. We
have characterised the effect of PMCG concentration and time of exposure on microcapsule diameter and membrane thickness,
selecting a PMCG concentration of 0.5% (v/v) and an exposure time of 1 min as optimal parameters for a correct coating.
Afterwards, the mechanically most resistant alginate-PMCG-alginate (A-PMCG-A) microcapsule type was chosen according to
two different stability studies. Beads with a solid core and an inhomogeneous internal configuration resulted in stronger micro-
capsules. Further, the selected A-PMCG-A beads presented both an increased stability compared to cfagaigaia®a and
alginate-polye-lysine-alginate (APA) microcapsules, and had an adequate microenvironment for cell viability. This new chem-
istry allows the controlled adjustment of microcapsule size and wall thickness, offering new alternatives for cell transplantation.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction (PLL)-alginate (APA) microcapsules, pioneered by
Lim and Sun (198Q)have been the most frequently
Cell encapsulation aims to entrap viable cells within employed devices to transplant biomaterials to the
immobilisation devices surrounded by semiperme- host in the absence of immunosuppression. These
able membranes. The membranes are expected tomicrocapsules have been employed for various appli-
be permeable to molecules essential for cell survival cations including the development of a bioartificial
such as nutrients, oxygen and growth factors, but not pancreasoon-Shiong et al., 1993, 1994nd the de-
to allow inward diffusion of molecules larger than livery of therapeutic gene products such as factor IX
a desired critical size. In fact, the access of host for haemophilialflortelano et al., 1999 nerve growth
immunomodulators should be physically prevented. factor for central nervous system injurieddysinger
In the last two decades, the alginate-poHysine et al.,, 1993, the inducible nitric oxide synthase
for tumor suppressionXu et al., 2002 or vascular
"+ Corresponding author. Tek:34-945-013091: endqthelial growth factor for vascular regenera_tion
fax: +34-945-013040. (Springer et al., 2000 However, the long-term in
E-mail address: knppemuj@vc.ehu.es (J.L. Pedraz). vivo success of APA microcapsules has been limited
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principally due to the mechanical fragility of the properties of the selected A-PMCG-A beads were
membrane complex and to the difficult handling, high compared to CH /alginate, B&"/alginate, APA and
cost, and immunogenicity and cytotoxicity of PLL barium alginate-PLL-alginate (BPA) microcapsules.
(Strand et al., 2001 Finally, another cell line (RINm5F cells) was immo-
The principal factors directly affecting the future bilised in the selected A-PMCG-A beads with the
development of successful cell microencapsulation aim of studying its metabolic behaviour and thereby
devices in terms of stability are: (i) careful selection evaluating the microenvironment conditions of the
of polymers and polycations and stringent control on novel A-PMCG-A beads.
the whole capsule making procedure and (ii) precise
and reproducible assays to evaluate the membrane
strength of the microcapsules. Considering these two
main points, we have developed and optimised new
microcapsules employing a guluronic acid rich algi-

nate and poly(methylene-co-guanidine) (PMCG), @  RiNm5F cells were obtained from the Animal

cationic methylol amid as polycation, with the aim  cg|| cylture Department (CIB, CSIC, Madrid, Spain)
of improving the uniformity of size of beads, wall 54 were cultured in a growth medium consisting of
thickness, and mechanical stability of the devices for g, |pecco’s modified essential medium (DMEM) con-
cell immobilisation. taining 10% calf serum and 1% antibiotic/antimycotic

In the design of these novel capsules, we have gqtion. C2C12 myoblasts were kindly provided by
chosen purified guluronic acid rich alginates, as they 4, Department of Biochemistry and Molecular bi-

posses anvyer impurity content and avoid an e_mtibody ology of UAB (Spain) and cultured under standard
responseQrive et al., 2002p Further, these alginates o qitions as described elsewhekoftelano et al.,
form rigid gels, as divalent ions such astabind 1996. Cultures were maintained at 3C in a hu-
preferentiall_y to G block_so in a highly preferential i4ified 5% CQ/95% air atmosphere and passaged
manner Smidsrad and Skjak-Breek, 1990; Dragetand gyery 23 days. All reagents were bought from Gibco
Skjak-Braek, 199\ Regarding the polycation, we have pgg( (Invitrogen S.A., Spain).

selected PMCG which binds to alginate polymer lead- '
ing to the formation of a semipermeable membrane on

the surface of the microcapsule. The polyelectrolyte hyperborea was purchased from Pronova Biomedical
complexation between alginate and PMCG has multi- (Oslo, Norway). PMCG was obtained from Scien-

ple advantages such as short reaction and processingg;. polymer products, Inc (Ontario, NY). PLL (Mw:

time, thereby providing a high microcapsule produc- 59 300) as well as the rest of chemicals were obtained
tion rate, a well controlled simple production method, ¢ Sigma (St Louis, MO, USA).

and good mechanical properti€sgnaple et al., 2001

The present paper reports on new alginate-PMCG- 2.2, Microcapsule elaboration
alginate (A-PMCG-A) microcapsules processed by an
electrostatic droplet generator to control the unifor- 2.2.1. Alginate-PMCG-alginate microcapsules
mity of size and smoothness of the beads. Initially, the  Eight types of A-PMCG-A microcapsules were pre-
effect of PMCG concentration and time of exposure pared for this work modifying the structural properties
on microcapsule diameter and membrane thickness of the immobilisation devices: inhomogeneous-empty
was studied. Once elaboration parameters were se-microcapsules both solid (IES) and liquefied (IEL)
lected, eight different microcapsules (inhomogeneous, and homogeneous-empty beads solid (HES) and lig-
homogeneous, solid, liquefied, empty and cell-loaded uefied (HEL). The surface of microcapsules with an
with C2C12 myoblasts) were produced and their inhomogeneous core has a higher alginate concentra-
mechanical stability properties were evaluated. Two tion than that of homogeneous microcapsules. On the
different mechanical stability studies were optimised other hand, solid capsules, in contrast to the de-gelled
to analyse the swelling pressure resistance and com-liquefied system have the most solid part border-
pression resistance of the devices. Moreover, stability ing the polyanion—polycation membran€h( et al.,

2. Materials and methods

2.1. Cdls and materials

Purified low molecular weight, high guluronic acid
content alginate extracted from stipes ladminaria
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1996h. Finally, another set of microcapsules was
prepared enclosing C2C12 cells (C) within the beads
(ICS), (ICL), (HCS) and (HCL).

Microcapsules were prepared at room tempera-
ture employing an electrostatic droplet generator.
By applying an electrostatic potential between the
droplet generator device and the collecting solution,
it is possible to obtain controlled size droplets in the
range of micrometersPoncelet et al., 1999Briefly,

59

cations. The cell-gel suspension of C2C12 myoblasts
(2.5 x 10 cells/ml) in 1.7% sodium alginate solu-
tion was extruded into 0.05M Baglsolution and
the created droplets were coated with PLL and algi-
nate. Solubilisation of the beads was performed as
described above.

2.3. Microcapsule morphological characterisation

cell-loaded solid beads were prepared suspending The diameter and wall thickness of the different

C2C12 myoblasts in 1.7% sodium alginate solu-
tion at a density of B x 1P cells/ml. The cell-gel
suspension (only gel solution in the case of empty

microcapsules were checked under an inverted opti-
cal microscope. We focused special attention on the
smoothness and uniformity of the beads as these fac-

beads) was connected to a 0.4mm needle using ators play an essential role in the biocompatibility of the

22cm length plastic tube from a peristaltic pump
and extruded into 0.05M solution of CaCffor in-
homogeneous beads) or 0.05M CaGi 0.9wt.%

devices. Experiments were repeated for 20 capsules of
each type in order to obtain statistically relevant data.

NaCl solution (for homogeneous beads). Once recov- 2.4. Mechanical stability studies

ered, alginate droplets were coated with PMCG and
added to a 0.1wt.% solution of alginate for 5min.

The elaboration of liquefied beads was performed by
suspending the solid microcapsules with a calcium

2.4.1. Osmotic and mechanical resistance test
This stability assay is a brief modification of the one
described by our group for testing alginate-agarose

sequestering agent such as sodium citrate (0.055 M) microcapsules@rive et al., 200L In short, 10Qul

for 5min. Finally, microcapsules were washed several
times with Dulbecco’s PBS (Gibco BRL, Invitrogen
S.A., Spain) and cultured in complete medium.

Once all the stability studies were performed,
RINm5F cells were enclosed by the same protocol
described above in the selected A-PMCG-A beads
at a density of 5< 10° cells/ml and their metabolic
behaviour was analysed over the next 2 months.

2.2.2. Alginate-poly-L-lysine-alginate microcapsules

A suspension of C2C12 myoblasts§x 10° cells/
ml) in 1.7% sodium alginate solution was extruded
into 0.05M CaC} solution. Droplets formed were
initially coated with 0.05% PLL for 4 min and later
with another layer of 0.1% alginate for 5 min. Solubil-
isation of the internal core was made by suspending
the solid beads in sodium citrate (0.055 M) for 5 min.
After two rinses in Dulbecco’s PBS, beads were
transferred to complete cell culture medium and kept
under normal culture conditions.

2.2.3. Barium alginate-poly-L-lysine-alginate
microcapsules

Microcapsules were prepared according to the
procedure oPeirone et al. (1998)ith slight modifi-

of microcapsule suspension (with approximately 50
beads) were mixed with another 4@Dof sodium cit-
rate (0.055 M) solution and placed in 24 well cell cul-
ture cluster, which was then put in a shaker at 800 rpm
and 25°C. In this way microcapsules are exposed to a
combination of destabilising forces comprised of the
osmotic swelling on the core induced by the citrate
solution, the slow dissociation of the polyelectrolyte
complexation between alginate and PMCG, and the
shear forces produced by the shaker. At 1, 10, 30, 60,
180 and 360 min, ruptured capsules from each well
were counted with an inverted microscope for statisti-
cal evaluation. Results are presented as the percentage
of ruptured capsules as a function of time.

2.4.2. Compression resistance study

The compression resistance of all type of microcap-
sules was determined as the main force (g) required
to generate a 70% compression of a sample of beads
using a Texture Analyser (Model TA-XT2i, Stable
MicroSystems, Surrey, GB). The apparatus consisted
of a mobile probe moving vertically, up and down,
at constant and pre-defined velocity. For this assay,
larger capsules of approximately 1.7 mm diameter
were prepared. The force exerted by the probe on
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the beads was recorded as a function of the displace-thickness to 1fwm for 6 min of coating timeKig. 2A
ment leading to a force versus strain curve. Twenty and B).
capsules per batch were analysed in order to obtain It was clear that both PMCG concentration and

statistically relevant data. coating time induced a similar effect, increasing wall
thickness while reducing bead diameter. This be-
2.5. Metabalic cell activity haviour is analogous to that observed for PLIh(

etal., 19964 In fact, the polyelectrolyte complexation
Cellular activity of the immobilised cells was de- generated by the PMCG coating produced a shrinkage
termined by the tetrazolium assay (MTT assay) as de- effect on beads, reducing the size of the microcapsules
scribed byUludag and Sefton (1990)The level of due to the pressure exerted by the polycation. Further,
viability detected is an indicator of the mitochondrial we noticed that when PMCG concentration was higher
cell activity and therefore the physiological state of than 0.5% (v/v) or time of coating superior to 1 min,
the enclosed cells. Results were expressed as thean some of the microcapsules became irregular, show-
standard deviation for three replicates. ing multiple striations and craters and some of them
broke down. On the contrary, if both variables were
small enough the capsule membrane was quite thin.

3. Results

3.2. A-PMCG-A beads prepared with the selected
3.1. Effect of PMCG concentration and time of conditions: morphological characterisation
exposure

According to the results obtained and the con-

Ouir first goal was to study the effect of PMCG con- siderations explained above, we selected a PMCG
centration and time of exposure on bead diameter and concentration of 0.5% (v/v) and a final coating time
microcapsule membrane thickness in order to deter- of 1 min. Beads created with these conditions had a
mine if this system allows the controlled adjustment critical diameter of 41@um, which has been consid-
of capsule size and wall thickness as well to select the ered the preferred device geometry by various experts
suitable parameters for an optimal coating. in the field Hunkeler, 2001a In addition, images

Initially, we prepared four solid and inhomoge- obtained with an inverted optical microscope showed
neous A-PMCG-A microcapsule batches with differ- that microcapsules presented a visible membrane, and
ent PMCG concentrations (0.35, 0.5, 0.7 and 1.1 % were totally spherical and uniform.
(v/v), respectively) and with a constant coating time  However, though the semipermeable membrane pa-
of 1 min because the polyelectrolyte complexation rameters were characterised, we still had to define the
between alginate and PMCG requires only a short most suitable microcapsule configuration in order to
reaction time. As it is shown ifrig. 1A and B the obtain rigid and mechanically stable beads. In fact, we
membrane of the microcapsules was more defined andneeded to select between solid or liquefied beads and
increased in thickness with the concentration of the between homogeneous or inhomogeneous core beads.
polycation, reaching a maximum thickness ofyidm, Moreover, we also intended to evaluate the effect of
which represents 4.25% of the total bead diameter. On cell immobilisation on the mechanical properties of the
the other hand, the diameter of the beads decreasedlevices. In the quest for the best immobilisation sys-
with the PMCG concentration ranging from 4fath tem, eight different types of A-PMCG-A beads with
for the lowest concentration to 38i#n for the highest  the selected parameters were prepared. Half of them
one. were inhomogeneous, with the highest alginate con-

Afterwards, we produced six new batches of solid centration in the periphery of the bead. Among them,
and inhomogeneous A-PMCG-A beads maintaining a two were empty (one solid: IES and the other liquefied:
constant PMCG concentration of 0.5% (v/v) but mod- |EL), and the other two were cell-loaded, solid: ICS
ifying the coating time from 0.5 to 6 min. Once again, and liquefied: ICL, respectively. The other half were
the increase in exposure time reduced significantly the homogeneous with a regular distribution of the algi-
diameter of the beads while it increased membrane nate throughout the bead, and were divided with the
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Fig. 1. (A) Images of A-PMCG-A microcapsules prepared with different PMCG concentrations (0.35, 0.5, 0.7 and 1.1% (v/v)). (B) Effect
of PMCG concentration on membrane thickness and diameter of the beads.

same protocol as above: HES, HEL, HCS and HCL. sodium or potassium ions, increasing the swelling

A microcapsule of each type is presented-ig. 3. pressure inside the capsule and the diameter of the
When the morphological characterisation of all bead from its original volumeThu et al., 1996p

types of A-PMCG-A beads was performed, the most

significant difference was found between solid and 3.3. Mechanical stability study

liquefied microcapsules. In fact, the former had a

main diameter of 40@m while the latter had an To address the problem of A-PMCG-A micro-

increased size to 550m. This is a consequence of capsule type selection, two different quantitative

the treatment of solid beads with citrate or another mechanical stability studies were performed: the

sequestering agent, which assumes that the stronglyosmotic-mechanical test and the compression resis-

bound calcium ions are exchanged with non-gelling tance study.
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Fig. 2. (A) Microphotographs of A-PMCG-A microcapsules produced with different PMCG coating times (0.5, 1, 1.5, 2, 3 and 6 min).
(B) Effect of PMCG exposure time on wall thickness and size of the devices.

Fig. 3. Images of the eight different A-PMCG-A beads prepared with the selected conditions of PMCG concentration of 0.5% (v/v) and
coating time of 1 min. Identification: I, inhomogeneous; H, homogeneous; E, empty; C, cell loaded; S, solid and L, liquefied.
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3.3.1. Osmotic and mechanical resistance test 3.3.2. Compression resistance study

In this assay, beads were exposed to an osmotic The previous study showed that solid beads had
swelling pressure which mimics the main cause of improved mechanical properties when compared to
microcapsule breakage under physiologic conditions the solubilised microcapsules. Nevertheless, we still
(Hu, 1996, and to mechanical forces that will pro- needed to differentiate among solid capsules in order
gressively weaken the beads. Results obtained showedo choose the most resistant internal configuration for
that solid microcapsules were mechanically more re- our A-PMCG-A beads. With this purpose, resistance
sistant than liquefied ones, both in the case of empty against compression of the devices was evaluated.
and cell loaded beads, presumably due to the swelling Results showed that A-PMCG-A beads presented
effect induced by the citrate solutioRi¢. 4A and B. a global high impact resistance while maintaining
Similar data have been reported by our group for their elasticity Fig. 5A and B. Once again, solid
alginate-agarose bead®rfve et al., 2001 and by beads were mechanically more resistant than lique-
others for APA microcapsuled/4n Raamsdonk and fied ones, but in this case it was also possible to
Chang, 200p However, only 10% of the solid mi-  discern among all type of microcapsules. In fact, it
crocapsules broke during the assay, thus we were notwas observed that those beads prepared with a solid
able to find significant differences between inhomo- core and an inhomogeneous internal structure (both
geneous and homogeneous beads, nor between emptyES and ICS) were mechanically most resistant. This
and cell loaded beads. could be explained by the higher network density on
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Fig. 4. Mechanical and osmotic pressure resistance of empty (A) and cell loaded (B) A-PMCG-A analysed by the osmotic-mechanical test.
(®): inhomogeneous and solid beadll)( homogeneous and solid bead&)( inhomogeneous and liquefied beads af:(homogeneous
and liquefied beads. Results were expressed as tstendard deviation for three different microcapsule batches.
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Fig. 5. Compression against resistance of empty (A) and cell loaded (B) A-PMCG-A studied by the compression resistance assay.
Identification: I, inhomogeneous; H, homogeneous; E, empty; C, cell loaded; S, solid and L, liquefied. Results were expressed as
mean+ standard deviation for three different microcapsule batches.

the bead surface induced by an inhomogeneous core fied APA and barium alginate-PLL-alginate (BPA)
Further, as was expected, empty beads were showncapsules. It was not possible to liquefy non-coated
to be stronger than microcapsules containing cells, beads because the internal swelling pressure pro-
which could be a consequence of the alginate network voked the breakage of the devicédg. 6 reflects the
disruption provoked by the enclosed cells. different resistance forces achieved during the assay.
Another issue to consider was a comparison of As shown, capsules made with calcium were weaker
the mechanical properties of the selected cell-loaded than those prepared with Ba ions, which can be
A-PMCG-A microcapsules, both solid (ICS) and lig- explained by the higher affinity of the latter to algi-
uefied (ICL), to other frequently employed cell loaded nates, leading to more resistant and rigid gélayg,
immobilisation devices for biotherapeutic purposes. 1964; Smidsrgd and Haug, 197However, B&"
We determined the resistance against compressiongels are less physiologically compatible than®Ca
of solid non-coated beads such asTalginate and ones and could induce toxic effects when implanted in
Ba?*/alginate capsules and also of solid and lique- the host. On the other hand, the mechanical stability
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Fig. 6. Compression resistance comparison among the selected A-PMCG-A beads (PMCG) and other frequently employed devices such
as C&t/alginate (CA), B&"/alginate (BA), alginate-PLL-alginate (APA) and barium alginate-PLL-alginate (BPA) capsules. Results were
expressed as meanstandard deviation for three different microcapsule batches.

of coated capsules was significantly improved in sules and mechanically more stable than classical APA
relation to non-coated ones. The semipermeable beads. Nevertheless, we still needed to demonstrate
membrane surrounding the beads not only allowed that the semipermeable membrane produced by the
the bi-directional diffusion of molecules, but also PMCG coating allowed the inward diffusion of oxy-
enhanced the mechanical properties of the devices. gen and nutrients to the entrapped cells. For this aim,
However, the most interesting issue that the novel we enclosed RINm5F cells within the selected ICS
A-PMCG-A capsules were stronger than the classi- microcapsules and then cultured them for the next
cal APA ones, presumably because the polyelectrolyte 2 months.Fig. 7 reflects that the metabolic activity
complexation between €&/alginate and PMCG im-  of the immobilized cells increased in the first week

proves the mechanical stability of the devices. and then decreased, reaching an equilibrium state dur-
ing the rest of the assay. This meant that cellular
3.4. Metabolic activity of the enclosed cells viability of the enclosed cells at day 60 was sim-

ilar to that obtained in the beginning of the assay.
ICS beads were shown to be the most resistant Therefore, it can be concluded that once cells were
to breakage among all cell loaded A-PMCG-A cap- adapted to their new microenvironment, they were able

3
g 2
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2 1
2z 1] I I
N

0 . . . . . .

0 10 20 30 40 50 60

Time (days)

Fig. 7. Metabolic activity of RINm5F cells enclosed in inhomogeneous and solid A-PMCG-A microcapsules. Results were expressed as
mean+ standard deviation for three separate sets of experiments.
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to maintain their mitochondrial activity for at least of exposure on bead diameter and wall thickness.
2 months. Results confirmed that an increase in both variables
exerted a similar effect, reducing the diameter of the
beads and increasing wall thickne$sgs. 1 and 2
4. Discussion Therefore, this novel system allows the independent
control of capsule size and wall thickness and im-
Encapsulated cell technology has the potential to proves batch repeatability. Further, the morphological
treat a wide range of diseases by the controlled and characterisation of the beads helped us select a PMCG
continuous delivery of biological products to the concentration of 0.5% (v/v) and an exposure time of
host. In the last decade, a large number of attempts 1 min as optimal parameters for a correct coating.
have been carried out and some exciting pre-clinical Once the membrane characteristics were defined,
and clinical results have been achievédtige et al., our next objective was to select the most suitable
2002b, 2003 The principal procedure for producing microcapsule core design according to its mechanical
these microcapsules involve coating cell loaded al- properties. With this aim, we prepared eight different
ginate droplets with PLL and alginate through ionic types of microcapsules taking into account variables
interactions, creating the APA beads. Though APA such as the solid or liquefied state of the core, the
microcapsules have succeeded in small animal assaysinhomogeneous or homogeneous distribution of the
a number of issues needed to be addressed beforealginate over the beads, and the enclosure or ab-
their future implementation in long-term as well as in  sence of cells within the devicd=ig. 3). To assess
large animal studies. These include the elevated cost,capsule stability, two different stability studies were
complex manipulation required to coat with PLL, and performed in order to evaluate the mechanical and
the mechanical fragility observed in these devices.  osmotic swelling resistance as well as the resistance
As a result of these considerations, much effort against compression of the devices. This is impor-
has been devoted to the design and optimisation of tant as results from two independent methods could
new immobilisation devices which could reduce or provide more comprehensive information and more
eliminate the disadvantages described for the APA details of capsule stabilityHunkeler et al., 2001)b
beads. Some of the attempts have been focused onBoth studies confirmed that solid beads were me-
the selection of a new polycation to replace the PLL. chanically more resistant than liquefied onEg§. 4
In this regard, dimethyldiallylammonium chloride and 9. Moreover, the compression resistance assay
has been employed to surround both algin&aig showed relevant differences among all type of beads
et al., 2002 and cellulose sulphate droplefglegrin evaluated, concluding that solid and inhomogeneous
et al., 1998; Dautzenberg et al., 199% binary capsules, both empty and cell loaded, possessed im-
alginate-oligochitosan system has been reported for proved mechanical properties.

biotechnology applicationsBartkowiak et al., 1999 Compression resistance of the selected cell loaded
and finally, PMCG has been used as a polycation for beads was also compared to other frequently employed
cellulose sulphate-based microcapsulitg et al., devices such as G#/alginate, B&*/alginate, APA
1997; Ladk et al., 1998. and BPA capsulesH{g. 6). As other groups have re-

In this study, we present a novel microcapsule type ported {/an Raamsdonk and Chang, 200BPA beads
based on the polyelectrolyte complexation between were shown to be stronger that the rest of devices but
alginate and PMCG with the objective of overcoming are also less physiologically compatible. Solid and
the principal limitations described for the previous coated beads also had better stability than liquefied
devices. PMCG is a cationic methylol amid which is and non-coated ones respectively. More interestingly,
significantly cheaper than PLL and is liquid at room capsules exposed to PMCG increased their stability
temperature, thereby facilitating its manipulation. The when compared to those coated with PLL, which
A-PMCG-A microcapsules shown here were made meant that the polyelectrolyte complexation between
with an electrostatic droplet generator to produce alginate and PMCG made stronger beads than the
microcapsules of a more uniform size. Initially, we ionic interaction between the former and PLL. Finally,
evaluated the effect of PMCG concentration and time we also demonstrated that RINm5F cells enclosed
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in the selected A-PMCG-A beads maintained their
metabolic activity in vitro for up to 60 days$-(g. 7).
A new immobilisation device based on the complex-

ation between alginate and PMCG has been designed.

Coating parameters with PMCG have been optimised,
morphological characterisation of the microcapsules

has been carried out, and the mechanically most resis-
tant microcapsule type has been selected according to

two different stability studies. The A-PMCG-A beads
were found to be stronger than classical APA beads,
and also provided an adequate microenvironment for
cell viability.

The optimised A-PMCG-A beads here presented,
allow the controlled adjustment of microcapsule size
and wall thickness, while they improve the mechani-
cal properties of classical APA systems, offering new
alternatives for cell transplantation.
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