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ABSTRACT

Polyethersulfone (PES) L-lactide/glycolide/e-caprolactone (LGC) terpolymer blend ultrafiltration
membranes were prepared by non-solvent-induced phase separation method using macromolec-
ular additives — polyvinylpyrrolidone and Pluronic® 127. The membrane forming mixtures were
prepared by mixing two solutions: PES in N-methyl-2-pyrrolidone and LGC in tetrahydrofuran.
The membranes before and after hydrolysis were characterized by: Fourier transform infrared,
contact angle, scanning electron microscopy, atomic force microscopy, elemental analysis, hydraulic
permeability, and cut-off point. The hydrolysis of LGC terpolymer component in the membranes
was tested by the gravimetric method. The changes of properties of membranes due to the hydro-
lysis were investigated. Hydrolysis was carried out for 46 weeks. The cut-off point of membranes
did not change significantly after hydrolysis. A significant increase in hydraulic permeability
ranging from 32% to 48% depending on the membrane was detected.
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1. Introduction

Biocompatible membranes have numerous potential
biological and medical applications that involve isolat-
ing, biosorting, releasing, or immobilization biological
molecules including cells, and even using for cell culture
[1-5]. Exactly in tissue engineering (TE), various forms of
the semipermeable membrane are used to produce func-
tional substitutes for damaged tissues or entire organs

* Corresponding author.

[6-9]. One of the method is transplantation cells which
were previously encapsulated. Encapsulation technology
includes the surrounding of living cells within semiper-
meable membranes to protect them from immune destruc-
tion. Furthermore, it allows the bidirectional diffusion of
nutrients, oxygen, and the release of waste and therapeutic
molecules outside membranes. Technology is a promising
strategy for treating a wide range of human diseases, like
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acute liver failure, diabetes, spinal cord injury, blood disor-
ders, and even several types of cancer [10-12]. Cell encap-
sulation allows the transplantation of non-human cells
which could be considered as an alternative to the limited
supply of donor tissue [11]. In addition, genetically modi-
fied cells can be immobilized to express any desired pro-
tein in vivo without the modification of the host’s genome
[11,13,14]. Microencapsulation system is one of the cell
encapsulation technique where can be used many meth-
ods like dropping, coacervation (often called co-extrusion),
complex coacervation, spraying, interfacial polymerization,
layer-by-layer method, moulding process, polyelectrolyte
complexes, and others [11,14]. The materials for encapsula-
tion should be biocompatible, of constant quality with the
surrounded cells and the host. The membrane of capsules
must be semipermable with adequate mechanical strength
to survive implantation, the biochemical, and biological
stresses from the patient. The membrane can be single or
multilayer of natural and synthetic polymers [14,15]. The
most commonly microcapsules are based on an alginate
core surrounded by a polycation layer which at the same
time is covered by an outer alginate membrane [11,14-17].
Polycations, such as, poly-L-lysine [18], poly-L-ornithine
[19], chitosan [20,21], lactose modified chitosan [22,23], and
photopolymerized biomaterials [24] improve the stabil-
ity and biocompatility [11,25]. Unfortunately, they have a
very low mechanical strength that can cause the release of
the cells and immunization of the host (second set effect)
that seriously hindering further therapy [26,27]. Synthetic,
biocompatible polymers like polyurethane, polylactic
acid, polyglycolic acid, poly(ether-sulfone), polysulfone
[11,15,17,29-33] or their copolymers poly (D,L-lactic-co-
glycolic acid) (PLGA) [34] can be used for microcapsula-
tion process. They have advantages like easy synthesize
in large quantities opposite to natural polymers, they can
be more easily engineered for desired properties and they
have better mechanical properties than natural polymers.
This avoids the risk of cracking of microcapsules coating
of immobilized cells during and after implantation [15].
However, the polysulfone and polyethersulfone (PES) as
hydrophobic polymers are prone to fouling, especially by
protein. In order to improve the hydrophilicity of surface,
porosity, and pore connection of PSf UF membrane, many
attempts of modifications have been made, including sur-
face grafting (adsorption reaction, chemical reaction, and
plasma surface grafting), coating, and polymer blending
[35-39]. The best results were obtained using Pluronic as an
additive to increase hydrophilicity of membranes [40-43].
However, so far there is no information about the develop-
ment of the membrane of durable biocompatible polymers
which, when implanted for a long time maintain constant
permeability. The membranes with stable permeation prop-
erties are needed to encapsulate cells for implantation.

In our research, we assume that it is possible to develop
a membrane which, despite biological fouling, would main-
tain constant permeability and a cut-off point for a long time.
In this case, the membrane should increase the hydraulic
permeability over time. The solution can be to remove one
of the polymers from the membrane. This can be done, for
example, by chemical removal of polyvinylpyrrolidone [44]
or polyimide [45]. In our first work, we developed hollow

fiber from a mixture of polysulfone and cellulose acetate
[46]. Removal of cellulose acetate from the membrane by
hydrolysis confirmed our concept. We made another hol-
low fiber from a polysulfone-polyurethane mixture where
polyurethane was hydrolyzed. This allowed for increased
hydraulic permeability without changing the cut off [47].
A mixture of PES and co-poly(glycolide-ge-caprolactone)
was also used to obtain microcapsules [30].

The purpose of this work was to develop a new
semipermable membrane made of a polymer mixture: poly-
sulfone as a stable polymer and biodegradable terpolymer,
L-lactide, e-caprolactone, and glycolide [48]. The choice of
these compounds was due to the biocompatibility of both
polymers. To our knowledge, this type of membrane has
not been studied or described by anyone except our team
has not yet been described.

2. Materials and methods
2.1. Chemicals and materials

Unless otherwise specified, all reagents and chemicals
were of analytical grade. PSE 6020 was purchased from
BASF and dried under vacuum at 110°C by 8 h; PVP 10 kDa,
BSA, dry chloroform and methanol, inulin, trypsin, PEG
35 kDa, Pluronic F 127, zirconium(IV) acetylacetonate, eggs
albumin, and casein were purchased from Sigma-Aldrich
(St. Louis, MO). N-methylpyrolidone (NMP), tetrahydrofu-
ran (THF) were purchased from Merck. L-Lactide, glycolide
(Glaco Ltd., China) were purified by recrystallization from
ethyl acetate solution and dried in a vacuum oven at room
temperature. e-Caprolactone (e-CL) (across organics) was
distilled under reduced pressure from freshly powdered cal-
cium hydride before use. The deionized water (18.2 MQ cm)
was produced using Mili-Q apparatus (Milipore).

2.2. Synthesis of L-lactide/glycolide/e-caprolactone
terpolymer (LGC) at bulk

The synthesis of the terpolymer was based on our pre-
viously described method of ROP conducted with the use
of Zr(acac), as a low toxic and efficient initiator [49]. Sealed
glass two-necked flask (250 mL), equipped with a magnetic
stirrer and argon inlet with gas exhaust system was used as
a reaction vessel. L-Lactide, glycolide, and e-caprolactone
was weighed into the reaction vessel. After the melting of
the content of vessel at 110°C, a measured volume of ini-
tiator solution was added to the vessel. Then, the reaction
vessel was closed with a glass stopper and kept in a ther-
mostatically controlled oil bath at 110°C-120°C until reac-
tion completion (48 h). After a selected reaction time, the
vessel was quickly quenched to room temperature. The
resulting terpolymer was purified from residual mono-
mer by dissolving in chloroform and dropwise addition of
the resulting solution to cold methanol. Purified material,
after drying in a vacuum oven at room temperature, was
subjected to further studies.

The initial comonomers molar ratio L-La:Gly:Cap was
70:10:20. We obtained a crude product with total con-
version of monomers about 98%. The composition of the
final purified product was: 72% of lactid, 12% of glycolid,
and 16% of e-caprolactone units. The number average
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molecular mass of the terpolymer was 110 g/mol with molar
mass dispersion 2.9.

The main factor forming the final microstructure of
the obtained terpolymer is the processes of intermolec-
ular transesterification proceeding during the actual ter-
polymerization reaction. The relatively low temperature
of terpolymerization was applied to obtain special multi-
block segmental chain microstructure of the synthesized
terpolymer by specific intermolecular transesterification
mechanism and its low intensity [49,50]. These processes
provoke the formation of segmental microstructure of the
chain resembling a “diblock structure,” consisting of lacti-
dyl microblocks and microblocks of the random glycolide/
caprolactone copolymer. Using the previously developed
methods for determining the structure of the terpolymer
chain based on the results of NMR [49], we determined the
average length of lactidyl, glycolidyl, and caproyl microb-
locks in terpolymer chains respectively as: 6.1 lactidyl units,
0.6 glycolidyl units, and 1.0 caproyl units. The obtained
terpolymer had a multiblock, segmental microstructure.

2.2.1. Terpolymer characterization

The composition and microstructure of the terpolymer
chain were determined on the basis of NMR spectra obtained
with Bruker Avans spectrometer (600 MHz) in dimethyl
sulfoxide-d, (DMSQO), in the presence of tetramethylsilane
as internal chemical shift standard.

Average number molecular weights (M) and disper-
sion indexes (D) of the synthesized polymer samples were
measured using gel permeation chromatography (GPC)
(Viscotek apparatus Rimax, chloroform, temperature 35°C,
flow 1 mL/min, using two Viscotek 3580 columns, refractive
detector, and calibration with polystyrene standards).

2.3. Membrane casting by phase inversion method

Membranes were prepared from casting mixtures
obtained by blending two solutions A and B, according
to the compositions listed below. The solutions were pre-
pared under dry nitrogen in 500 mL tightly closed flask
and heated to approximately 45°C while being stirred with
cross-shaped stirring bars at 60 rpm using a stirring hot
plate. The polymers dissolve completely within 24 h. Then,
polymers were stirred for at least further 24 h, the result-
ing solutions were blended and degassed under reduced
pressure (1 kPa). The mixtures after degassing were imme-
diately cast on a glass plate with a steel knife at thickness
of 250 um and after 20 min of drying on air (30%-35% rel-
ative humidity, 22°C-23°C, air conditioned laboratory) the
glass plate was immersed in a coagulation bath of deion-
ized water. The formed membranes after one hour were
transferred to a second bath and subsequently washed
again with deionized water for 24 h to remove solvents
and pore-forming agents. Then, membranes were dried on
air for 8 h and then dried under reduced pressure (0.5 kPa)
for 2 h and stored in a tightly closed flask with molecular
sieves 4 A before use in experiments.

Solution A: 18 g PES, 9 g PVP 10 kD, 3 g Pluronic 127, and
70 g NMP; solution B: 18 g LGC, 9 g PVP 10 kD, 3 g Pluronic
127, and 70 g THE.

The membrane casting solution composition v/v:

M1-95% A and 5% B

M2 -90% A and 10% B
M3 —-85% A and 15% B
M4 -80% A and 20% B

2.4. Membrane characterization
2.4.1. SEM analysis

Scanning electron microscopy (SEM) (Hitachi TM1000)
was used for imaging the membrane surface and cross-
sectional morphologies. Membrane samples were first
immersed in ethanol and fractured in liquid nitrogen. The
membranes were fixed on stubs with carbon self-adhesive
tapes. The sample was coated with a 7-10 nm layer of gold
using K550X Sputter Coater apparatus. Coated samples
were examined at different magnifications at an acceleration
voltage of 15 kV.

2.4.2. Atomic force microscopy measurements
(Surface imaging)

All atomic force microscopy (AFM) measurements
were done using the commercially available system XE120
(Park Systems, Korea) under an ambient atmosphere.
Topography measurements of each membrane surface were
carried out in contact mode on randomly chosen regions
of the sample surface. Several images at various positions
were taken for each sample to gain better knowledge of
the variations of local structures. For all images we started
from the same values of scan parameters (scan rate was
1 Hz and set point was set to 1.0 nN), however, in each case,
final optimizations were performed. The silicon nitride can-
tilevers with the measured spring constant of 0.0102 N/m
and tip radius of 20 nm (MLCT, Bruker) were used for
surface imaging.

2.4.3. Liquid sessile drop contact angle analysis

The static water contact angle was measured at room
temperature (22°C-23°C) using contact angle goniometer
Kross SDA25 (Germany). Each measurement was repeated
10 times and the presented value was the average of these
measurements. The membranes were air-dried at least 24 h
before the measurements.

2.4.4. IR spectrometry

IR spectra were recorded on a Varian Excalibur FTIR
spectrometer over the ATR element with the diamond crys-
tal. Dried samples were placed on the crystal and press to it
with the strength of 2 kG.

2.5. Ultrafiltration and retention experiments

A flow cell of a filtration system connected with a
water reservoir and air controlled pressure system was
designed to characterize the filtration performance of the
membranes. The system consisted of a filtration rectangu-
lar 95 mm x 35 mm cell. The feed side of the system was
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pressed by the air. All the ultrafiltration experiments were
carried out at 22°C-23°C. After the membrane was fixed, the
stirred cell and solution reservoir were filled with deionized
water. Each membrane was initially pressurized for 30 min
at 15 kPa before use. The water flux (J ) was calculated by
weighing at a fixed time under a trans-membrane pressure
of 10 kPa. The pure water flux of the membrane (hydraulic
permeability) was calculated by the following equation:

v

.= AApAt

)

where V was the volume of permeated water (m’), A was
membrane area (m?), Ap was trans-membrane pressure (Pa),
and At was time of permeation (s).

2.6. Cut off point determination

The rejection ratio (R) of compounds used for determi-
nation of the cut-off point of membranes was calculated
by the following equation:

R(%)=|1 CP 100 2
() =| 1= | @)

f

where C, and C, (mg/mL) were the protein concentrations
of permeate and feed solutions, respectively, and they were
measured using UV-VIS Hitachi spectrophotometer U3010.

2.7. Membrane hydrolysis

The membranes were weighed on an analytical bal-
ance with an accuracy of 0.1 mg and completely immersed
in 250 mL deionized water (18.2 MQ c¢m) in a tightly closed
container. After two weeks the membranes were dried to
constant weight in a stream of dry air and their weight was
recorded. After weighing, they were immersed again in the
same bath. In one container there was only one membrane.
The loss of water was supplemented up to 250 mL.

2.8. Elemental analysis

Elemental analysis was carried out by means of a CHNS
Elemental analysis model Vario EL III. Two analyses were
performed for each sample.

—C

200 um

TM-1000_3860 L x400

3. Results and discussion

Casting mixtures for membranes preparation were
obtained by mixing two solutions: A and B.

During the preparation of the mixture, to membrane
M1 (95% of A and 5% of B — experimental part) a mixture
showing little opalescence was obtained. The mixture used
for obtaining membrane M2 (90% of A and 10% of B) was
slightly opaque. However, the mixture for obtaining M3
(85% of A and 15% of B) was clearly opaque. When preparing
membrane M4 of 80% of A and 20% of B composition, signif-
icant problems appeared. In the membrane-forming mixture
clear isolation of a fine precipitate occurred. This precipitate
was found to contain the co-polyester and a small amount
of polysulfone. Membrane M4 appeared to be of very weak
mechanical strength. It very easily underwent cracking and
breaking. It was not possible to determine the ultrafiltration
value for this membrane, since it cracked even under small
overpressure. Therefore, further studies of it were aban-
doned, as pointless.

The structure of these membranes was studied by
means of SEM and AFM. Figs. 1 and 2 show SEM images
of membrane M1 cross-section. Small spherical inclusions
were seen on fractures of this membrane. They are very
well visible at a large magnification of the interior frag-
ments of the membrane (Fig. 2). These inclusions appeared
both inside smaller pores as well as on the walls of larger
pores. Also in membranes M2 and M3 the presence of simi-
lar and larger inclusions was clearly visible (Fig. 3). All the
inclusions had a spherical, almost a ball shape. It seems
that with an increase in the content of component B in the
casting mixture, the inclusion diameter increases. These
inclusions were formed when precipitating one or both
polymers when mixing solutions A and B. The opalescence
observed during the mixing of solvents was actually the
effect of isolation of polymer balls which after membrane
formation created precisely such inclusions. The presence
of such polymer balls was found also on the surface of
the membrane (Fig. 4). They have adhered with the mem-
brane strong enough that was not possible to wash them
away with a stream of water applied under the pressure of
0.3 MPa. However, after hydrolysis these balls disappeared
from the membrane’s surface. This observation suggests
that they were composed of a polymer undergoing hydro-
lysis or the hydrolyzing polymer was the main component.
Exactly the same result of hydrolysis was inside the mem-
branes (Fig. 5). No inclusion inside the membranes was

L x400 200 um

TM-1000_3861

Fig. 1. Photomicrographs of membrane M1 cross-section. Magnification x400.
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L x50k 20 um

TM-1000_3847

TM-1000_3841 L x50k 20 um

Fig. 2. Photomicrographs of cross-section of two different membranes obtained from casting mixture M1. Magnification x5,000.

TM-1000_3094 X500 200 um TM-1000_3092 X500 200 ul

Fig. 3. Photomicrographs of membranes M2 (a) and M3 (b) cross-section. Magnification x500.

TM-1000_3883 L x2,0k 30um

TM-1000_3360 x2,0k 30 um

Fig. 4. Photomicrographs of membranes M3 surface: before hydrolysis (a) and after hydrolysis (b). Magnification x2,000.

30x30um

x30um

(a)

39 (b)

i Z

8 2 16 20[um] 0 4 12 16 20[um]

Fig. 5. AFM images and surface profiles of membranes: (a) membrane topography and the surface profile corresponding to
the continuous line between grey arrows and (b) nanostructure and profile of the membrane after hydrolysis.
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found after hydrolysis. The inclusions underwent hydro-
lysis. This clearly shows that LGC undergoing hydrolysis
was their main component.

The effect of hydrolysis on the membrane surface was
presented also in AFM images. They showed more details
of the binding of inclusions with the membrane surface.
Fig. 6 shows a typical topography obtained for mem-
brane M1 before and after hydrolysis. The membrane sur-
face profile before hydrolysis (left side) shows that the
membrane surface contains many inclusions of 10-60 nm
dimensions. After hydrolysis, the picture of the membrane
considerably changes. The inclusions are no more visible,
however, holes of 1-8 um appear.

IR spectra were also a confirmation of the effective
removal of LGC from the membrane. Fig. 7 shows two
sets of fragment of the spectra. Juxtaposition C show the
spectra of membrane M1. This range was selected pur-
posefully, since the band at 1,752 cm™ is the only one char-
acteristic for LGC and does not appear for PES. This band
was clear, sharp, and very intense for a membrane not sub-
jected to hydrolysis. For membranes subjected to hydroly-
sis this band underwent weakening and finally completely
disappeared. This confirms gradual hydrolysis of LGC
and removal of the polymer remains from the membrane.
The juxtaposition of spectra D presents the IR spectra of
membranes M1, M2, and M3 after 20 weeks of hydrolysis
and for comparison that of a membrane obtained from the
casting solution A. The spectra of membranes M1, M2, and
M3 were nearly identical. They differed only slightly in the
intensity of the band at 1,752 cm™. This indicated an iden-
tical course of hydrolysis. The course of hydrolysis proba-
bly only slightly depended on the initial LGC content in the
membrane. This is only a suggestion since this set of spectra
is not a quantitative measure of the course of hydrolysis.

When comparing spectrum D of juxtaposition C recorded
for membrane M1 after 48 weeks of hydrolysis with spec-
trum d of juxtaposition D recorded for the membrane not
containing LGC, only PES, it can be stated that these spec-
tra are nearly identical. This confirms the assumption
that LGC is removed from the membrane upon hydrolysis.

The hydrolysis of LGC in the membrane is a pro-
longed process. When applying the gravimetric method
it was found that after 48 weeks ca. 95% of LCG under-
went hydrolysis (Fig. 8). Practically, the same result was

e
200 um

TM-1000_3084 x500

1752 cm™’
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C D

Fig. 7. IR spectra of membranes. Juxtaposition C: membrane M1
(a) before hydrolysis, (b) after 14 weeks of hydrolysis, (c) after
30 weeks of hydrolysis, and (d) after 46 weeks of hydrolysis.
Juxtaposition D (a) membrane M3 after 20 weeks of hydrolysis,
(b) membrane M2 after 20 weeks of hydrolysis, (c) membrane
M1 after 20 weeks of hydrolysis, and (d) PES membrane
obtained from 100% A casting solution.
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Fig. 8. Loss of weight of membranes as a function of the
hydrolysis time. The loss of weight is given as a percentage loss
compared to the theoretical content of the polymer LGC.

X
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TM-1000_3081 x500

200 um

Fig. 6. Photomicrographs of cross-section of membranes after hydrolysis: M2 (a) and M3 (b) Magnification x500.



92 A. Chwojnowski et al. / Desalination and Water Treatment 214 (2021) 86-94

obtained for all three membranes. The curves presenting
the course of hydrolysis are very similar for all the mem-
branes. Slight differences may result from the structure of
membranes (presence of inclusions). The shape of curves
may be affected by the relative humidity of air during mea-
surements. Well dried membranes absorb moisture. This
also caused a certain error in measurement, suggesting
the removal of a lesser amount of LCG than actually was
removed. However, these differences did not affect the gen-
eral regularity. It can be assumed that the course of hydro-
lysis for these membranes was the same. Additional errors
to the gravimetric method are introduced by the loss of PVP
and Pluronic present in the membranes. Attempts were
made to estimate the effect of PVP and Pluronic removal
during LGC hydrolysis on the gravimetric method. The loss
of Pluronic — an agent strongly hydrophilizing the mem-
brane, should cause an increase in the contact angle. The
loss of PVP from the membrane can be easily determined
by elemental analysis, comparing the amount of sulfur
(occurring only in PES) with the amount of nitrogen (only
in PVP). PVP was used as a typical precursor of pores. Since
both PES and LGC are hydrophobic, Pluronic was added
to hydrophilize the membranes obtained. Pluronic enables
the hydrolysis of LPG from membranes without the neces-
sity of hydrophilization with alcohol. The contact angles
for membranes before hydrolysis were: for M1 46.2 + 0.40;
for M2 48.4 = 0.50; and for M3 47.9 + 0.40. The contact
angles for analogous membranes prepared without using
Pluronic, but with PVP, were 66.7 + 0.60; 74.4 + 0.50; and
80.2 + 0.50, respectively. For comparison, the contact angle
of the membrane made with pristine LGC was 86.00 + 0.50.

Table 1
Elemental analysis of membrane M2

Membrane M2 N S S/N
Before hydrolysis 0.20 2.67 13.35
After hydrolysis 0.22 3.01 14.33

Results show as mass percentage of sample.

Table 2

The contact angles of membranes after hydrolysis were: for
M1 51.2 + 0.50; for M2 50.9 + 0.40; and for M3 51.7 + 0.50.
An increase in wetting results in each case in loss of some
amount of Pluronic from the membrane. This of course
causes a certain error in the gravimetric method. This error
indicated a greater loss of LGC mass that actually took place.
Elemental analysis of membrane M2 before hydrolysis and
after 48 weeks of hydrolysis was carried out in order to esti-
mate the magnitude of PVP loss from the membrane during
hydrolysis. It appeared that the ratio of sulfur to nitrogen
content underwent only a slight increase, which proves that
the loss of PVP is proportionally smaller than that of LGC.
Therefore, it should be assumed that the loss of PVP has no
considerable effect on the shape of the curve of gravimetric
measurements illustrating the loss of weight of membranes.

However, the results of studies of filtration parame-
ters are most important for evaluation of the membranes
obtained. Table 2 presents the results of measurements of
cut-off points before and after hydrolysis. It appeared that
the values of cut-off points of membranes before and after
hydrolysis hardly changed. After 46 weeks, for membrane
M1 the cut-off point increased by 4 kDa, which is actually
within the error limits. Also for membrane M2, the change
was small and it was equal to 6 kDa. Only for membrane
M3, the increase of 9 kDa can be assumed as considerable.
However, in all three cases it did not exceed 67 kDa, that
is, the value for human albumin. It appeared that removal
upon hydrolysis of one of the polymers being a component
of the membrane can be carried out without changing con-
siderably the cut-off point of the membrane.

However, hydraulic permeability (ultrafiltration) mea-
surements for the same membranes before and after hydro-
lysis differ between each other considerably. A considerable
increase in the UF value in time was observed. For mem-
brane M1 the increase after 46 weeks, that is, after nearly
complete hydrolysis of LGC, was 32%. For membrane M2
after the same time, UF increased by 41%, and for mem-
brane M3 by as much as 48%. These are very essential val-
ues. They show that such membranes may to some extent
compensate for the effect of fouling after implanting them
to live organisms.

Cut off (kDa) of freshly prepared membranes and membranes after hydrolysis

Membrane New After 14 weeks After 30 weeks After 46 weeks
M1 42 42 44 46
M2 44 44 46 50
M3 43 44 47 52
Table 3
Hydraulic permeability (UF) (m/s Pa) of freshly prepared membranes and membranes after hydrolysis
Membrane New After 14 weeks After 30 weeks After 46 weeks
M1 12.29 x 10° 13.03 x 10° 14.63 x 10° 16.22 x 10
M2 13.08 x 10° 13.99 x 10°° 16.09 x 10° 18.54 x 10
M3 12.91 x 10°° 14.33 x 10° 16.39 x 10° 19.11 x 10
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4, Conclusions

A method of obtaining membranes from a mixture:
polymer — stable polymer undergoing hydrolysis has been
elaborated. Such membranes will very probably undergo
degradation during implantation to live organisms. Since
all materials used for obtaining the membranes are biocom-
patible, then surely these membranes could be obtained in
a non-cytotoxic and biocompatible form. The LGC copo-
lyester undergoes degradation to products which are not
harmful for live organisms and will not be a threat after
implantation.

The removal of the polymer from the membrane under-
going hydrolysis (biodegradation) did not cause an essen-
tial increase in the membrane cut-off point value. However,
it caused an essential increase in hydraulic permeability.

Such unique properties of the membrane cause that
it may at least partly compensate for the albumin fouling
occurring always after implantation of the membrane to live
organisms. Therefore, such types of membranes may be used
for encapsulation of animal, human, and bacteria live cells
and genetically modified cells. Such membranes may find
application in medicine and biotechnology, where biological
fouling is one of the most important problems.
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