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Abstract—Various poly(lactic-co-glycolic acid)-based polymeric films with various molecular weights were
obtained. The mechanical characteristics of these films were investigated. It was shown that the obtained
polymer films do not have a short-term toxic effect on mammalian cells. The percentage of actively dividing
cells on such polymer films is 1.5—3.0 times higher than when grown on culture glass, and, accordingly, the
cell layer is formed faster. The obtained poly(lactic-co-glycolic acid)-based polymer films are biocompatible.
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INTRODUCTION

The creation of biocompatible and atraumatic sys-
tems capable of long-term and controlled release of
pharmaceuticals is one of the most promising and rap-
idly developing areas of chemical technology [1].
Materials capable of delivering medicinal substances
are mainly used to cover surgical implants or as dress-
ings; they are often based on biodegradable polymer
films and/or fibers. The main competitive advantage
of systems with controlled release of pharmaceutical
products is the ability to maintain a near-stationary
level of a pharmaceutical product in a tissue or biolog-
ical fluid for the time required for therapy, which is
often long [2]. The operation of systems with con-
trolled release of pharmaceuticals is determined by the
properties of the materials used for the manufacture of
these systems, namely, the physicochemical properties
of the base and therapeutically active and auxiliary
substances [3, 4]. In general, systems of controlled
delivery of pharmaceuticals, in addition to the
required physicochemical and mechanical properties
(high sorption capacity, elasticity, gas permeability,
stability, etc.), should be atraumatic, biodegradable,
and biocompatible. Poly(lactic-co-glycolic acid) is a
promising material for the production of systems with
controlled release of pharmaceuticals [5, 6].

Poly(lactic-co-glycolic acid) is a copolymer of gly-
colic acid (glycolide) esters and lactic acid (D,L-lac-
tide) (Fig. 1). Glycolide and lactide monomers are
synthesized by dimerization of glycolic and lactic
acids. Poly(lactic-co-glycolic acid) is obtained by
polymerization of these dimers (ring-opening polym-
erization) [7, 8]. By varying the ratio of copolymers,
one can obtain poly(lactic-co-glycolic acid) polymers
with various desired physicochemical and biomechan-
ical characteristics; all poly(lactic-co-glycolic acid)
species are biodegradable and thermoplastic [9, 10].
An obvious advantage is that poly(lactic-co-glycolic
acid) is produced by using renewable plant resources
as raw materials. Some poly(lactic-co-glycolic acid)
polymers are already used in medicine for the manu-
facture of hydrogels, surgical filaments, and process-
ing pins [11, 12]. Poly(lactic-co-glycolic acid)-based
polymers can certainly be used to create medicinal
forms that enter the body through mucous membranes
[13], as well as in encapsulation technologies [14],
sorption [15], targeted therapy [16], etc.

This paper investigates mechanical properties and
biocompatibility of the poly(lactic-co-glycolic acid)-
based polymer films obtained.
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Fig. 1. The chemical formula of poly(lactic-co-glycolic acid).

MATERIALS AND METHODS

For the manufacture of polymer films, poly(gly-
colide-D, L-lactide) (OOO MEDIN-N, Russia) was
used: the stoichiometric ratio was 30/70; the molecu-
lar weight of polymers was about 45, 90, or 180 kDa.
Weighed polymer samples were dissolved in chloro-
form at a temperature of 80°C to final concentrations of
1, 3, or 5%. The resulting solutions, without changing the
temperature for 1 h, were stirred using an overhead stirrer
until complete dissolution and poured into glass pallet
forms. Drying was carried out for 48 h at 37°C. Model
polymer films were removed from the pallet forms.

The mechanical properties were studied using an
INSTRON 3382 universal testing machine at the rate
of 10 mm/min. Testing of polymer films with the deter-
mination of the relative elongation, yield strength, and
tensile strength was carried out according to GOST
14236-81. Processing of test results in determining the
characteristics of mechanical properties was carried out
using INSTRON Bluehill 2.0 software. The measure-
ment error of the testing machine was 0.5%.

In this work, we employed a cell culture of human
neuroblastoma SH-SYS5Y. Cells of this culture usually
grow in two ways: that is why they are used in the study
of cell differentiation. Differentiation changes the
function of the cell, its size, shape, and metabolic
activity. Some of the cells of the SH-SYS5Y line grow
into clusters of cells that float in media, while others
form clumps that root on substrates. SH-SYSY cells
can spontaneously interconvert between the two phe-
notypes in vitro: neuroblast-like cells and epithelial-
like cells.
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Cultivation cells were sown on Petri dishes 35 mm
in diameter at the rate of 10* cells/cm?, in a volume of
3 mL per dish. The cultivation medium was DMEM +
10% FBS (fetal bovine serum) + 30 ug/mL gentami-
cin [17]. Before cultivation, the studied polymer films
were sterilized using gamma radiation at the power of
20 Gy/min; the absorbed dose was about 16.8 kGy.
After that, under sterile conditions, the materials were
laid on the bottom of Petri dishes and mechanically
fixed. As a control, round cover glasses for cell culture
were used.

Analysis of mitotic activity was carried out using
fluorescence microscopy through in vivo staining with
the Hoechst 33342 fluorescent nuclear dye (Sigma-
Aldrich, United States). Mitotic cells were detected by
chromatin distribution characteristic of prophase, meta-
phase, anaphase, and telophase. At least 500 cells were
counted for analysis. The mitotic index (M) was calcu-
lated by the formula M/= (P +M + A+ T)/N x 100%,
where (P + M + A + T) is the sum of cells at the
prophase, metaphase, anaphase, and telophase stages,
and N is the total number of cells analyzed [18].

A cytotoxic test—determination of the number of
living and dead cells—was carried out by staining the
cells growing on the surface of the samples with the
fluorescence dyes Hoechst 33342 (2 ug/mL) and
Propidium lodide (2 pg/mL) [19]. Then the samples
were incubated for 10 min in the medium HBSS +
10 mM HEPES (pH 7.3) at 37°C. After staining, the
cells were washed. Fluorescence imaging was carried
using an image system based on Leica DM16000 B and
Tri light filter kits (Leica Microsystems) sequentially
in the blue and red channels. At least 500 cells were
counted for analysis. Counting of live and dead cells
was carried out after 96 h of cultivation.

RESULTS AND DISCUSSION

Table 1 shows the average results of mechanical
testing of polymer films based on poly(lactic-co-gly-
colic acid) with various molecular weights and con-

Table 1. Mechanical properties of polymeric films based on poly(lactic-co-glycolic acid) (n = 5)

W“;Z}iflﬁga Concentration, % | Relative elongation, % |Yield strength, MPa| Tensile strength, MPa [Thickness, mm
1 140 £2 4.0%0.2 5.5%+0.2 0.07
45 3 3032 1.9+0.1 36+£0.2 0.18
5 447 + 2 04+£0.1 1.8 0.1 0.29
1 262 £ 1 24+0.1 52+0.2 0.06
90 3 369 £2 0.5%0.1 42+0.2 0.15
5 433+ 2 0.3£0.1 24+0.1 0.26
1 198 £ 1 5.6 £0.2 7.6+0.2 0.05
180 3 377 %2 0.5+0.1 45+0.2 0.15
5 555+3 0.3£0.1 1.8 £ 0.1 0.25
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Fig. 2. Images of SH-SY5Y neuroblastoma cells: (a) control;
(b) polymer film based on poly(lactic-co-glycolic acid).

centrations when dissolved in chloroform. It is shown
that the thickness of the films, their plasticity, and
strength are directly related to the molecular weight

Table 2. The effect of films on cell viability
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and concentration. Increasing the concentration of
the polymer in the solution leads to an increase in the
thickness of the polymer layer and plasticity, but reduces
the strength of the polymer film. An increase in the
molecular weight of poly(lactic-co-glycolic acid) leads to
a decrease in the thickness of the polymer film and an
increase in plasticity. The observed trends are confirmed
by previously published results [20].

To determine the number of living and dead cells,
cells growing on the surface of the samples were
stained with fluorescent dyes. Typical photographs of
SH-SY5Y neuroblastoma cells stained with Hoechst
33342 and Propidium lodide after three days of cul-
ture are shown in Fig. 2. The dye Hoechst 33342 is
able to penetrate into living cells and stain them. In
contrast, the dye Propidium Iodide is almost unable to
penetrate into living cells and stain them. Over a short
incubation time (about 10 min), it stains only cells
with a damaged plasma membrane. A plasma mem-
brane with gaps through which the dye penetrates is
one of the main signs that the cell is dead.

Data on the effect of films on cell viability are pre-
sented in Table 2. All the samples of the surfaces of the
materials used in the work did not differ from the con-
trol samples (glass) and did not have a statistically sig-
nificant toxic effect on the cells growing on these sur-
faces for three days. From the data obtained, it follows
that an increase in the sample thickness leads to a
decrease in the number of dead cells. Thus, all the
samples of the surfaces of the materials used in the
work did not have a short-term toxic effect on the cells
growing on these surfaces de novo.

The mitotic index is an indicator reflecting the per-
centage of dividing cells from the total amount of cells
analyzed. It characterizes the intensity of division by
the presence of cells in the growth phase (dividing
cells); the higher its value, the more intense the pro-
cess of cell division and vice versa. The proliferative
activity of cells on the surface of the studied samples is
presented in Table 3. It was shown that the prolifera-
tive activity of cells when grown on glass is approxi-
mately 1.5%. On all types of polymer films, the mitotic

Molecular weight, kDa Concentration, % Amount of living cells, % Amount of dead cells, %
Control (glass) 96.8 £ 1.0 3210
1 95125 49+25
45 3 95.6 £ 1.9 44+19
5 96.4+ 1.5 3.6 1.5
1 949 £2.2 5122
90 3 96.5+0.9 3.5+0.9
5 959t 14 41+14
1 943+23 57+23
180 3 96.9 + 1.2 31+1.2
5 95.9+2.0 4.1%2.0
INORGANIC MATERIALS: APPLIED RESEARCH Vol. 10 No.4 2019
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Table 3. Proliferative activity of cells on the surfaces of the
samples studied

Molecular weight, Concentration, % | Mitotic index, %
kDa
Control (glass) 1.5+ 0.4
1 31+1.1
45 3 34+ 1.0
5 3.5+1.2
1 29+0.8
90 3 3.5+0.7
5 29+ 1.3
1 2.3+0.8
180 3 3.0+0.2
5 29109

Table 4. Cell-free surface during cultivation on the samples
studied

Molecular weight, Concentration, % | Free surface, %
kDa
Control (glass) 347+ 4.4
1 33.1 8.1
45 3 31.4+5.5
5 30.7 £ 5.8
1 28.8 £7.8
90 3 30.1 £8.7
5 27.2+£5.3
1 29.3+8.8
180 3 30,0t 7.1
5 299+ 3.8

index is higher. The minimum mitotic index on films
is 1.5 times higher than when grown on culture glass.
On average, for all the types of films tested, the mitotic
index is about 3.0, which is about 2 times higher than
when growing cells on glass. The maximum mitotic
index on films is 2.4 times higher compared to cultiva-
tion on glass. From the data obtained, it follows that an
increase in the thickness of the sample leads to an
increase in the mitotic index.

A morphological analysis of cells on the surface of
the materials was carried out after three days of culti-
vation (Table 4). It was shown that the surfaces of the
studied samples are suitable for attachment and
spreading of cells. After three days of cultivation, on
the surface of all samples, cells do not form a fused
monolayer but only its individual elements. No insep-
arable monolayer is formed on the surface of the glass
sample; the cells occupy about 65% of the surface
available for growth. On average, on all the samples
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studied, cells occupy about 70—80% of the surface
available for growth, but on these films, in addition to
the formation of a monolayer, the formation of a mul-
tilayer cell culture is observed in some places.

Thus, it can be argued that the obtained poly(lac-
tic-co-glycolic acid)-based polymer films are biocom-
patible, while their mechanical properties are suitable
for the manufacture of implant coatings.

CONCLUSIONS

1. Increasing the concentration of poly(lactic-co-
glycolic acid) in chloroform solution leads to an
increase in the thickness of the polymer layer and plas-
ticity, but reduces the strength of the polymer film.

2. Increasing the molecular weight of poly(lactic-
co-glycolic acid) leads to a slight decrease in the film
thickness and an increase in ductility and strength.

3. Polymeric materials used in this work did not
have a short-term toxic effect on cells that grow on
these surfaces de novo.

4. The mitotic index on the polymeric materials
used in our work was 1.5—3.0 times higher compared
to cultivation on culture glass.

5. On all the polymeric materials used in this work,
the growth of cell mass occurred faster than on culture
glass.

6. The tested poly(lactic-co-glycolic acid)-based
polymeric films are biocompatible.
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