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a b s t r a c t
The study presents two types of three-dimensional membranes made of the biodegradable 
copolymer. They were obtained by the wet-phase inversion method using different solvent and pore 
precursors. In one case, a nonwoven made of gelatin and polyvinylpyrrolidone (PVP) as precursors 
of macropores and small pores, respectively, were used. In the second case, PVP nonwovens and 
Pluronic were used properly for macro- and micro-pores. As the material, a biodegradable poly(L-
lactide-co-ε-caprolactone) is composed of 30% ε-caprolactone and 70% poly(L-lactic acid) was used. 
Depending on the pore precursors, different membrane structures were obtained. The morphology 
of pores was studied using the MeMoExplorer™, an advanced software designed for computer 
analysis of the scanning electron microscopy images. The scaffolds were degraded in phosphate- 
buffered saline and Hank’s balanced salt solutions at 37°C. Moreover, the porosity of the membranes 
before and after hydrolysis was calculated.
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1. Introduction

Semipermeable membranes are used in various areas of 
technology like chemical (including petrochemical), food 
and drink industry, water purification, pharmaceutical, and 
biomedical application including tissue engineering [1–10]. 
Tissue engineering as a scientific discipline proposes new 
alternatives for the treatment by transplantation of biologi-
cal material that would replace, maintain, or restore function 
to damaged tissues or whole organs [11,12]. Depending 
on the application, the membrane should have appro-
priate properties such as biocompatibility, morphology, 
mechanical properties, non-toxicity, and even bioresorb-
ability. For the tissue regeneration process, it is necessary 

to obtain appropriate porous scaffolds as a support for 
cells during in vitro culture with various growth factors. 
The use of spatial structures determines the functioning of 
cells and facilitates obtaining the desired tissue [13–17].

One of the most important parameters of the scaffolds 
for cell culture is morphology and more precisely – poros-
ity. The size and number of pores have a huge impact on 
cell penetration into the membrane, their migration, prolif-
eration, production of extracellular matrix (ECM), as well 
as diffusion of nutrients, oxygen, and removal of metabo-
lites outside the scaffold [14,18,19]. To obtain the adequate 
pore size, the pore precursors such as salts [20], polymers 
[21,22–24], and nonwovens [25,26] are used. The size of the 
pore is properly defined by the purpose of the research, 
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among other for which kind of cells they will be intended 
[14,16,18]. For example, working with chondrocytes requires 
smaller pores than working with stem cells for chondro-
genesis [25,27,28]. It will be different from hepatocytes [29] 
or with osteoblasts [28,30]. Moreover, to obtain adequate 
morphology of the membranes the various methods are 
used, such as 3D print, phase separation, gas foaming, par-
ticulate leaching, selective laser sintering, electrospinning, 
or freeze-drying [13,18,26,27,31,32].

Further important parameter during the production 
of scaffolds is material. It should be characterized by bio-
compatibility, appropriate strength properties (modulus of 
elasticity, compressive, and tensile strength, stiffness, etc.), 
biodegradability (the speed must be carefully selected for 
the formation of a new tissue structure), or bioresorbabil-
ity. The degradation products should not be toxic to the 
body and need to be excreted from the body. The most 
commonly biomaterials used for scaffolds are natural and 
synthetic polymers, or their combination. Examples of nat-
ural materials for scaffolds are gelatine, chitosan, alginate, 
and hyaluronic acid. They are characterized by high bio-
compatibility and biodegradability but their drawback is 
among other solubility in an aquatic environment and not 
enough mechanical strength [15,19,33–35]. The most com-
mon synthetic materials are the aliphatic polyesters: poly-
lactide (PLA), polycaprolactone (PCL), polyglycolide (PGA), 
or their copolymers like poly(L-lactide-co-ε-caprolactone) 
(PLCA). Polyesters are biocompatible polymers with good 
mechanical strength which degrade to non-toxic products 
that are easily removed from the organism [15,33,35–38].

The article presents the formation of biocompatible, 
semipermeable, three-dimensional scaffolds of degradable 

co-polyester PLCA. Depending on the micro-, macropores 
precursors used a different membranes morphology was 
obtained. Structure analysis was performed by using scan-
ning electron microscopy (SEM). The porosity assessment 
was made by a computer program, the MeMoExplorer™ 
used to analyzing SEM images. The usage and description 
of the program have been presented in previous works [39–
41]. Furthermore, the degradation assessment of the scaf-
folds was performed in simulated physiological conditions 
using phosphate-buffered saline (PBS) and Hank’s balanced 
salt solution (HBSS) at 37°C. Weight loss, pH of media, and 
SEM of samples were used to monitor the degradations.

Such membranes can be used in tissue engineering, 
in which scientists are still looking for new scaffolds for 
cell culture.

2. Experimental

2.1. Materials 

Copolymer of L-lactide and ε-caprolactone in a 70/30 molar 
ratio was purchased from Corbion. Polyvinylpyrrolidone 
(PVP) 10 kDa, phosphate buffer solution (PBS), Pluronic® 
F127, sodium bicarbonate, sodium azide (NaN3), sodium 
chloride, potassium chloride, phenol red, monopotassium 
phosphate (KH2PO4), D-glucose, disodium phosphate, mag-
nesium sulfate, and calcium chloride were purchased from 
Sigma-Aldrich. 1,4-Dioxane,chloroform were procured 
from POCh SA. Methanol and ethanol were purchased 
from Linegal Chemicals. The pork gelatin and PVP nonwo-
vens (Fig. 1) were obtained by an electrospinning method 
in the Institute of Fundamental Technological Research PAS.

(a) (b)

(c) (d)

Fig. 1. Photomicrographs of pork gelatin (a and b) and PVP nonwovens (c and d) obtained by an electrospinning method. 
Magnification 300× (a and c) and 1,000× (b and d).
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The deionized water (18.2 MΏ cm conductivity) was 
obtained using Mili-Q apparatus (Milipore).

2.2. Preparation of scaffold using PVP nonwoven (PLCA1)

The PLCA and pluronic polymers were dissolved in 
dioxane with constant stirring to obtain 10 wt.% concen-
tration with 4:1 ratio of PLCA:Pluronic. A polymer mixture 
was poured onto the cooled glass base (4°C) and its thick-
ness was set to 2 nm, after which the PVP layer was laid. 
Then another portion of polymers was poured to saturate 
the nonwoven, again a second slice of nonwoven and third 
layer of membrane forming solution were added. All lay-
ers were pressed and the air was removed using a Teflon 
roller. Received membrane was gelled in a bath with deion-
ized water with ice (about 4°C). The prepared membranes 
were stored in 70% ethanol. It is important to protect the 
PVP nonwoven from water to prevent its dissolving.

2.3. Preparation of scaffold using gelatin nonwoven (PLCA2)

The PLCA and PVP polymers were dissolved in 
chloroform with constant stirring to obtain 10 wt.% concen-
tration with 4:1 ratio of PLCA:PVP. The scaffold was made 
analogous to PLCA1 preparation. The only difference was 
that the gelation bath contained cooled methanol at 4°C and 
the obtained membrane was treated with warm water (50°C) 
to removed gelatin nonwoven. Similarly to PLCA1 scaf-
fold, the prepared membranes were stored in 70% ethanol 
and the gelatin nonwoven need to be protected from water.

2.4. SEM observation

Morphology of top and bottom layers, and cross- section 
of scaffolds before and after hydrolysis were examined 
using a SEM (Hitachi TM – 1000) with an accelerator volt-
age of 15 kV. The samples were immersed into the ethanol 
for at least 15 min and then they were removed and put 
into liquid nitrogen in order to fracture them into pieces. 
Afterwards, the samples were dried and coated with a 7 nm 
layer of gold using a sputter coater (EMITECH K550X).

2.5. Estimate of pores in scaffolds by computer 
analysis of SEM images

For the analysis, the thirty SEM photomicrographs of 
cross-section and top layer of both scaffolds, before and 
after hydrolysis, were taken according to the descrip-
tion in section 2.4 (SEM observation). SEM images 
were taken with the same size (1,280 × 950 = 1,216,000 
px = 182,681 µm2, 100 µm = 258 pixels) with microscope 
magnification of ×300. Then they were analyzed by the 
MeMoExplorer software which involved selection and 
contouring of pores, measurement of their surfaces, 
partition of pores into various size, classes, and mea-
surement of total areas (porosity coefficients) covered 
by pores of given classes. The received data can be pro-
cessed statistically to obtaining parameters like average 
(Ave), standard deviation (SD), and instability coefficients 
(SD/Ave). That can be done by using a suitable software  
like Microsoft Excel.

2.6. Degradation of scaffolds at simulated physiological condition

The degradation of the scaffolds was performed in sim-
ulated physiological condition using PBS and HBSS. Both 
liquids were prepared in the laboratory. The PBS was pre-
pared by dissolving the tablets in deionized water, while 
HBSS was prepared according to the method given in lit-
erature [42]. The scaffolds were cut into rectangles, which 
were measured (length, width, and thickness) using cal-
iper and SEM tools and weighed by electronic balance 
(MATTLER TOLEDO KA-52c). The shape of membranes 
was different due to their specific structure and incapa-
bility to cut them out of a similar size. The weight of each 
sample was about 0.014 g. Samples of scaffolds (n = 6) 
were immersed into small, plastic cubs filled with 40 mL 
of PBS at pH 7.26 and HBSS at pH 7.78 (it was increased 
after the addition of sodium azide – bacteriostatic agent) 
for five (PLCA1) and four (PLCA2) weeks at 37°C. The time 
for PLCA2 has been shortened due to its rapid hydrolysis. 
Every week specimens were washed in deionized water, 
dried, weighed, and the pH-values of PBS and HBSS were 
monitored using an electrolyte-type pH meter (METTLER 
TOLEDO MP225). The mass loss was calculated from the 
following equation [43]:

Weight loss ×10

0

=
( )−M M
M

t 00%  (1)

where M0 and Mt with subscript 0 and t are masses at the 
immersion time of 0 and t, respectively. All the values 
presented were the average of six samples.

2.7. Porosity of scaffolds

The porosity of the scaffolds was determined by mea-
suring the mass and dimensions of the scaffolds before and 
after hydrolysis, as described by Ho and Hutmacher [44]. 
It was calculated with the following formula:

Porosity %ap=
−

×
D
D
Dp

p

100  (2)

where Dp is the density of PLCA (1.621 g/cm3), Dap is the 
apparent density (scaffold mass/apparent scaffold cube 
volume). The calculations were carried out in 10 repetitions 
for both scaffolds before hydrolysis and five repetitions 
after hydrolysis.

All data were expressed as average (Ave) ± standard 
deviation (SD).

3. Results and discussion

The main aim in preparation of scaffolds for cell cul-
ture is to use appropriate biocompatible material and 
obtain an adequate three-dimensional network of intercon-
nected macropores. The top layer of scaffolds need to be 
perforated to enable cells to enter the membrane and the 
bottom surface should be dense to prevent them from leaving 
the membrane. Moreover, membrane (including the inner 
pore walls) need to be semipermeable which is obtained 
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by using micropores precursor like PVP or Pluronic. Small 
pores are necessary for migration of nutrients, oxygen, or 
metabolites.

3.1. Characterization of PLCA1 and PLCA2 scaffolds

Advantage of nonwovens used as non-classical pore pre-
cursors, is that they are located during preparation in the 
whole volume of the membrane-forming solution, which 
guarantees even distribution of macropores, throughout the 
scaffold. Depending on the pore precursors used, different 
size of pores were obtained.

The SEM micrographs of PLCA1 scaffold present an 
irregular structure with macropores, obtained using PVP 
nonwovens (Fig. 2). The perforation gaps of PLCA1 sur-
face (Figs. 2a–c) are from 20 to 400 µm size. The interior 
(Figs. 2d–f) is a three-dimensional network of interconnected 
macropores from 20 to even 500 µm diameter.

The inner walls of membrane are porous and have 
uneven surface with protruding parts of the polymer that 
can facilitate cell adhesion. The addition of Pluronic affects 
microporous morphology. The bottom layer of PLCA1 is 
compact with nano-sized micropores (Figs. 2d–h). Likewise 
to the PLCA1, the SEM images of the PLCA2 scaffolds 
show a three-dimensional structure (Fig. 3).

The top layer contains many pores from 30 to 150 µm 
size (Figs. 3a–c). The cross-section creates a network 
of interconnected macropores between 50 and 350 µm 
length and from 20 to 250 µm width (Figs. 3d–f). They are 
smaller and definitely more numerous compared to the 
PLCA1 scaffold. Visible microporous structure (Figs. 3c, f, 
and h) is due to the addition of 10 kDa PVP. The bottom 
layer is dense with visible small pores up to 15 µm diam-
eter (Figs. 3g–f). The average thickness of both scaffolds 
is about 700–1,200 µm and it depends on the thickness 
of the used nonwovens.

(a) (b) (c)

(d) (e) (f )

(g) (h)

Fig. 2. SEM photomicrographs of the PLCA1 scaffold: (a–c) perforated skin layer; (d–f) cross-section; (g–h) dense bottom layer. 
Scale bars: (a and d) 1 mm; (b, e, and g) 300 µm; (c, f, and h) 100 µm.
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Both scaffolds have a perforated skin layer that allows 
cells to enter them. The interior of both membranes has 
an irregular network of interconnected macropores that 
provides an appropriate environment for migration, pro-
liferation, and adhesion of cells and is suitable for the pro-
duction of ECM, protein. The selection of the nonwoven 
material as a pore precursor determines the shape of pores 
in the membrane. Through the choice of nonwovens, it is 
possible to control the size of the macropores, the thickness 
of the walls between pores, and width of scaffolds. Despite 
similar nonwovens structure of PVP and gelatin, the differ-
ences in membranes structures are significant. The larger 
pores with many protruding polymer parts are obtained 
using PVP nonwoven for PLCA1 membrane (Fig. 2). On 
the other hand, PCLA2 scaffold, where macropore precur-
sor is gelatin nonwoven, has smaller, more numerous, and 
repeatable pores (Fig. 3). Microporous structure of both 
scaffolds results from using PVP 10 kDa and Pluronic to 
membrane-forming solution. Such construction ensures 
access to nutritious substances, oxygen, or allows for the 

removal of metabolic products from the interior of scaf-
folds. The bottom skin layer is compact that prevents 
cells and protein particles to get away out from scaffolds.

3.2. Hydrolysis of scaffolds at simulated physiological condition

To simulate physiological conditions, the PBS and 
HBSS fluids were used to determine the degradation rate 
of scaffolds. Especially, the Hank’s balanced salt solution 
has a similar inorganic ion composition compared to blood 
plasma [45]. The samples for degradation were different 
in size due to the various construction of the scaffolds. 
For PLCA1 average size was 0.66 cm × 1.2 cm × 0.08 cm and 
for PLCA2 was 0.9 cm × 1.2 cm × 0.11 cm. The weight for 
PLCA1 was approximately 0.013 g and for PLCA20.015 g. 
The hydrolysis time for PLCA1 was 5 weeks but for 
PLCA2, it was only 4 weeks due to faster destruction 
of the PLCA2 sample at 37°C.

After hydrolysis in HBSS, in both scaffolds numerous 
cracks and enlargement of pores were visible (Figs. 4 and 5).

(a) (b) (c)

(d) (e) (f )

(g) (h)

Fig. 3. SEM photomicrographs of the PLCA2 scaffold: (a–c) perforated skin layer; (d–f) cross-section; (g–h) dense bottom 
layer. Scale bars: (a and d) 1 mm; (b, e, and g) 300 µm; (c, f, and h) 100 µm.
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Similar breaks are noticeable on the SEM images in both 
scaffolds after hydrolysis in PBS (Figs. 6 and 7). However, 
more cracks can be observed after degradation in HBSS.

Fig. 8 shows the changes in pH medium during hydro-
lytic degradation in PBS and HBSS media. In both cases, 
there was a decrease of pH, which can be explained by the 
presence of the lactic and/or caproic acids formed as a result 
of polyester hydrolysis. The scaffolds’ masses were eval-
uated before and after hydrolysis to check the impact of 
the PBS and HBSS medium on membranes (Figs. 9 and 10).

The percentage of weight loss in PBS up to the second 
week was initially slow, especially for PLCA1, only about 
2% and 15% for PLCA2 and then significantly activated. 
On 28th day, an increase in weight loss can be seen for 
PLCA2 up to 49%, while for PLCA1 only to 12%, where it 
increases to 17% after 5 weeks. Definitely slower degrada-
tion is in the case of the PLCA1 scaffold. The weight loss 
of scaffolds in HBSS fluid is higher than was observed in 
the PBS medium, especially for PLCA2 (Fig. 10). After 4 
weeks, the degradation rate of PLCA2 is about 71% and 
for PLCA1 five times less, about 14% and it increases to 
around 20% in 35 d. For both membranes, an increase in 
weight loss can be seen especially after 3 weeks.

The resume results of weights change before and after 
hydrolysis are shown in Table 1.

The weights are presented as an average of all samples 
before (n = 12) and after (n = 6) hydrolysis. The loss of weight 
is observed for both membranes in the range from 17 to 72 
of the weight percentage. Due to the similar composition of 
HBSS to blood plasma [45], it can be stated that the deg-
radation of the PLCA2 scaffold in the body can occur ear-
lier than for PLCA1. It can also be seen that the decrease in 
pH is not rapid (Fig. 8), which should not have a negative 
effect on the body like the occurrence of inflammation.

3.3. Pore distributions for scaffolds before and after hydrolysis

The aim of MeMoExplorerTM is a precise measurement 
of pores present in the membranes for estimation of their 
size distribution and preparation of data for a statisti-
cal analysis that can be performed using software like the 
Microsoft Excel. The size of the pores was analyzed based 
on thirty SEM images for each cross-section and top layer 
of both scaffolds. In Table 2, the area of pores in eight size 
classes is presented. The results show the average per-
centage of appropriate pore size in relation to the whole 
SEM photomicrographs size.

In both scaffolds, the largest number of pores are those 
of an area over 300 µm2. This is noticeable for cross-section 
and surface of both membranes. Above 1% or even about 

(a) (b)

(c) (d)

(e) (f )

Fig. 4. SEM photomicrographs of the PLCA1 after hydrolysis in HBSS: (a and b) perforated skin layer; (c and d) cross-section; 
(e and f) dense bottom layer. Scale bars: (a, c, and e) 300 µm; (b, d, and f) 100 µm.
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2% are the pores with 20–80 µm2, while about 1% are the 
pores with 150–300 µm2. Furthermore, the program pro-
vides data on the total number of pores (porosity coeffi-
cient). The porosity values for top-layers and cross-sections 
of scaffolds and also the difference between them are pre-
sented in Table 3. In addition, a comparison of pores after 
hydrolysis in PBS and HBSS was made.

The porosity coefficient in the cross-section before and 
after hydrolysis is higher for PLCA1 compared to PLCA2 
membrane. The difference is not significant (0.42%). It is 
different for the top layer, where the areas of pores are 
higher even up to 1% for PLCA2. An increase in pore sur-
face is noticeable in each case after hydrolysis, especially in 

HBSS medium. The most appreciable change is for the top 
layer of the PLCA2 where the increase is by almost 7%.

3.4. Coefficients of dissimilarity of pore size of scaffolds

Furthermore, computer analysis of the obtained SEM 
images is intended to evaluate the reproducibility of obtain-
ing parameters in scaffolds production process (instability 
coefficient). It is calculated by the ratio of standard devi-
ation (SD) of the porosity coefficient to averaged value 
(Ave) of the porosity coefficient estimated in the set of 
SEM images. The pore repeatability was also studied after 
hydrolysis. In Fig. 11 coefficients of dissimilarity, before and 

Table 1
Average weights of scaffolds before and after hydrolysis

Scaffold/medium Weight before  
hydrolysis (g)

Weight after  
hydrolysis (g)

Weight loss after 
hydrolysis (%)

PLCA1/PBS 0.0129 ± 0.0030 0.0107 ± 0.0030 17
PLCA2/PBS 0.0143 ± 0.0023 0.0073 ± 0.0014 50
PLCA1/HBSS 0.0142 ± 0.0043 0.0113 ± 0.0043 20
PLCA2/HBSS 0.0128 ± 0.0030 0.0037 ± 0.0012 72

 

(a) (b)

(c) (d)

(e) (f )

Fig. 5. SEM photomicrographs of the PLCA2 after hydrolysis in HBSS: (a and b) perforated skin layer; (c and d) cross-section; 
(e and f) dense bottom layer. Scale bars: (a, c, and e) 300 µm; (b, d, and f) 100 µm.



M. Wasyłeczko et al. / Desalination and Water Treatment 214 (2021) 181–193188

after hydrolysis, of cross-section for both membranes are  
presented.

In Fig. 12, the instability coefficient, before and after 
degradation, for the top layer of both membranes is presented.

The cross-section and top layer of PLCA2 scaffold 
appeared to be the best one from the stability point of view. 
The instability coefficient is the smallest for this sample 
and it is only about 0.15. A stabilizing effect is observed in 
each case for both membranes, before and after hydroly-
sis, indicating the repeatability of the pore size. It is gen-
erally low and does not exceed 0.17 for cross-section and 
0.30 for the top layer of both scaffolds.

3.5. Porosity of membrane

For biomedical applications pore size and porosity of 
scaffolds are critical factors to consider. Depending on the 
obtained parameters, it is possible to select appropriate 
cells for the experiment. In the study, the porosity of scaf-
folds was measured before and after hydrolysis (Fig. 13, 
Table 4). Results show that membranes obtained with addi-
tion of PVP nonwoven with pluronic (PLCA1) and gelatin 
nonwoven with PVP pore precursors (PLCA2) are charac-
terized by a high porosity, about 95%. The higher value of 
this parameter was observed for membranes obtained with 

gelatin nonwoven and PVP 10 kDa added to polymeric solu-
tion. But this difference was not significant, just only about 
2%. After degradation this value is increases, especially for 
PLCA2 in HBSS.

In Fig. 13, the abbreviation Diff means difference between 
porosity of PLCA1 or PLCA2 before and after degradation 
in PBS and HBSS media. The largest dissimilarity in poros-
ity is observed in HBSS medium for PLCA2 and it is 2.61%, 
where as for PLCA1 it is 1.44%. In the case of degradation 
in PBS, the porosity difference is higher for PLCA2 again 
and equals 1.63%, while for PLCA1 it is only 0.38% that is 
more than four times less than for PLCA2 hydrolysis in 
PBS. In Table 4, the porosity values before and after deg-
radation of the scaffolds are presented. In addition, the 
difference between the PLCA1 and PLCA2 are calculated.

The difference in the increase in porosity between 
PLCA2/HBSS and PLCA1/HBSS is over 3.1% as a result of its 
faster degradation.

Such scaffolds could be used for culture of microor-
ganisms with the possibility of using in biotechnology. 
For example, as immobilization carrier to support the forma-
tion of biofilms in membrane reactors for water purification. 
Due to the presence of microbial cells, it is possible to sig-
nificantly increase the efficiency of microbiological processes 
for removal or bioremediation of organic contaminants. In 

(a) (b)

(c) (d)

(e) (f )

Fig. 6. SEM photomicrographs of the PLCA1 after hydrolysis in PBS: (a and b) perforated skin layer; (c and d) cross-section; 
(e and f) dense bottom layer. Scale bars: (a, c, and e) 300 µm; (b, d, and f) 100 µm.
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(a) (b)

(c) (d)

(e) (f )

Fig. 7. SEM photomicrographs of the PLCA2 after hydrolysis in PBS: (a and b) perforated skin layer; (c and d) cross-section; 
(e and f) dense bottom layer. Scale bars: (a, c, and e) 300 µm; (b, d, and f) 100 µm.

(a) (b)

Fig. 8. Change in pH of HBSS (a) and PBS (b) medium during degradation of the PLCA1 and PLCA2 scaffolds.



M. Wasyłeczko et al. / Desalination and Water Treatment 214 (2021) 181–193190

Table 3
Total areas of pores in relation to the whole SEM image size for cross-section and top layer of scaffolds

Scaffold/difference Porosity coefficients  
before hydrolysis (%)

Porosity coefficients after  
hydrolysis in PBS (%)

Porosity coefficients after  
hydrolysis in HBSS (%)

Cross-section of PLCA1 47.18 ± 7.37 50.34 ± 8.08 51.32 ± 7.80
Cross-section of PLCA2 46.76 ± 7.04 47.38 ± 7.91 48.60 ± 7.40
Diff. between cross-section of scaffolds 0.42 2.95 2.72
Top layer of PLCA1 33.35 ± 7.05 36.41 ± 6.48 38.72 ± 6.67
Top layer of PLCA2 34.35 ± 5.36 40.15 ± 9.52 41.15 ± 11.56
Diff. between top layer of scaffolds 0.99 3.74 2.43

Table 2
Average relative frequency of pores in eight size classes

Pore size (µm2) 0–3 3–8 8–20 20–80 50–100 100–150 150–300 >300

(%)

Cross-section of PCLA1 0.06 ± 0.02 0.20 ± 0.07 0.51 ± 0.21 1.63 ± 0.85 0.40 ± 0.25 0.73 ± 0.47 0.92 ± 0.53 42.73 ± 8.95
Cross-section of PCLA2 0.06 ± 0.03 0.18 ± 0.09 0.41 ± 0.23 1.14 ± 0.61 0.28 ± 0.17 0.54 ± 0.26 0.78 ± 0.40 43.37 ± 8.06
Top layer of PLCA1 0.07 ± 0.04 0.24 ± 0.11 0.55 ± 0.26 1.86 ± 0.96 0.55 ± 0.37 0.91 ± 0.50 1.19 ± 0.73 27.98 ± 8.43
Top layer of PLCA1 0.10 ± 0.03 0.34 ± 0.08 0.71 ± 0.15 1.51 ± 0.57 0.33 ± 0.29 0.71 ± 0.71 1.38 ± 1.02 29.26 ± 7.11

Fig. 9. Weight loss of PLCA1 and PLCA2 scaffolds as a function of degradation time in PBS medium.

Fig. 10. Weight loss of PLCA1 and PLCA2 scaffolds as a function of degradation time in HBSS media.
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Fig. 12. Instability coefficients in the surface of obtained 
scaffolds before and after hydrolyze.

Table 4
Difference in porosity of scaffolds, before and after hydrolysis between PLCA1 and PLCA2

Scaffold/difference Porosity before  
hydrolysis (%)

Porosity after  
hydrolysis in PBS (%)

Porosity after  
hydrolysis in HBSS (%)

PLCA1 94.67 ± 1.28 95.34 ± 0.38 96.11 ± 1.44
PLCA2 96.60 ± 0.68 98.23 ± 0.59 99.21 ± 0.44
Diff. between scaffolds 1.93 2.89 3.10

Fig. 13. Porosity of scaffold before degradation and difference between membranes of the same type after hydrolysis.
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addition, microorganisms on a solid support are not leaching 
out of the bioreactor along with the flowing liquid. Porous 
membranes may also affect the selective delivery of sub-
stances, gases or removal of metabolites from the stream. 
Furthermore, polyester based biofilm carriers could be a car-
bon source to promote the growth of microorganisms [46–48].

4. Conclusion

The aim of this study was to obtain highly porous 
scaffolds for cell culture. Membranes were received by 
wet phase inversion using biocompatible PLCA material 
composed of 30% PCL and 70% PLA. The appropriate 
structure was achieved by the addition of selected macro- 
and micropore precursors. In both cases, the addition of 
PVP and gelatin nonwovens ensured a network of inter-
connected macropores, while Pluronic and PVP 10 kDa 
assured the microporous structure of both membranes. 
The scaffolds were hydrolyzed at simulated physiolog-
ical conditions in PBS and HBSS, where weight loss, an 
increase of porosity, and a change in the structure and 
size of the pores were noted. The results are much more 
favorable after degradation in HBSS, especially in the case 
of PLCA2 in which gelatin nonwoven and PVP 10 kDa 
were used. Additionally, on the basis of computer analysis 
using the MeMoExplorer™ software, coefficients of dissim-
ilarity of pore size were calculated. In each case is lower 
than 0.30, which indicates the repeatability in structure of 
scaffolds before and after degradation. However, the bet-
ter and more promising results are for the PLCA2 scaffold, 
which can be used for further in vitro cellular studies.
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