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IN VITRO INVESTIGATION OF THE BIODEGRADATION
CAPACITY OF POLYURETHANE-UREAS WITH GRAFTED
COPOLYMER FRAGMENTS OF POLYVINYL ALCOHOL-
POLYETHYLENE GLYCOL IN STRUCTURE

The study of biodegradation capacity in vitro is one of the essential stages in the development of polymers for medical
applications, as it allows predicting the behavior of the materials in vivo. Therefore, the purpose of this work was to investigate
the biodegradation capacity of polyurethane-ureas (PUUs) with fragments of 4,4’-diaminodiphenylmethane (DADPh) as a
chain extender and grafted copolymer polyvinyl alcohol-polyethylene glycol (PVA-PEG) as a hydrophilic component under
in vitro conditions. The biodegradation capacity was evaluated based on the changes in the structure, physical-mechanical,
and thermophysical properties of PUUs under the influence of biological medium 199 (BM 199) over incubation periods of
1, 3, and 6 months, using methods such as IR spectroscopy, physical-mechanical testing, and differential scanning calorimetry
(DSC). Based on the results of IR spectroscopy studies, under the influence of BM 199, a process of biodegradation of the
studied PUUs occurs, which is accompanied by the cleavage of chemical bonds, changes in hydrogen interactions, and
structural transformations of the polymer matrix. Based on physical-mechanical tests, after 6 months of incubation, a
decrease in strength of 11.9-26.7% and in relative elongation at break of 5.9-13.7% was observed in PUUs compared to the
control. DSC analysis revealed that after 6 months of incubation in BM 199, an increase in Tg of 10.6-51.3% and an
increase in ACp during vitrification of 17.5-46.5% were observed, indicating structural changes during the biodegradation
process. Considering the obtained results, the investigated PUUs with DADPh fragments and graft copolymer PVA-PEG in
the structure demonstrate biodegradation capacity in vitro with simultaneous structural changes in the polymer matrix. The
synthesized PUUs could be a promising polymer matrix for developing bioactive polymer materials with temporary
functionality and require further investigation.

Keywords: polyurethane-urea, grafted copolymer polyvinyl alcohol-polyethylene glycol, biodegradation, biological medium
199.

VIIK: 678.664

Temsana Bicnoeysosa*, Pima Poxnosa™, Temsana Kicenvosa, lanuna Koznosa

InctuTyTt Ximii Bucokomonekynsapuux cnonyk HAH Ykpainn, 48, Xapkiscbke moce, Kuis, 02155, YkpaiHa,
*e-mail: rudenchyk@gmail.com

**e-mail: rozhnovarita@gmail.com

TOCIIIKEHHS 3IATHOCTI 1O BIOJETPAIAIII TTOJITYPETAHCEYOBMH I3
OPATMEHTAMM TTPULIETVIEHOTO KOIIOJIMEPY ITOJIIBIHIJIOBMM CIINPT-
[MOJIETWJIEHT/IIKOJIb Y CTPYKTYPI B YMOBAX IN VITRO

LIuryBanus: Vislohuzova Tetiana, Rozhnova Rita, Kiselova Tetiana, Kozlova Galyna. In vitro investigation of the
biodegradation capacity of polyurethane-ureas with grafted copolymer fragments of polyvinyl alcohol-polyethylene
glycol in structure. Polimernyi Zhurnal. 2024. 46, no. 3: 226—233. https://doi.org/10.15407/polymer;j.46.03.226

© Publisher PH “Akademperiodyka” of the NAS of Ukraine, 2024. This is an open access article distributed under the
terms and conditions of the Creative Commons CC BY-NC-ND licence

226 ISSN 1818-1724. Polimernyi zhurnal. 2024. 46, Ne 3



https://orcid.org/0000-0002-4071-4329
https://orcid.org/0000-0003-3284-3435
https://orcid.org/0000-0001-5606-6904
https://orcid.org/0000-0001-8114-4812

In vitro investigation of the biodegradation capacity of polyurethane-ureas with grafted copolymer fragments ...

HocnmimkenHsa spatHOCTI o 6ioperpaganii 3a yMOB in vitro € OHVUM i3 BaXIMBUX eTaIliB IIpM CTBOPEHHI IOIiMepiB
MeJMYHOTO MPM3HAYeHH:, OCKI/IbKM JIJa€ 3MOTY CIPOTHO3yBaTH IIOBEiHKY JOCTiIPKYBaHUX MaTepiasliB 3a YMOB in Vivo.
Tomy MeTor0 pobotu Oyno mHoCIifKeHH: 3[aTHOCTI o biogerpamanil nomiyperancedosuH (ITYC) i3 dparmenTamn
4,4’-piaminogndeninverany (JAID) Ax mopoBXyBaya MaKpOJIaHIIIOra i IPUIEIVIEHOrO KOo/IiMepy NOiBiHiIOBuUI
cnmpr-nonierunenriikons (IIBC-ITET) sk rigpodinbHOro KOMIIOHEHTa 3a YMOB in vitro. 3paTHicTb 1o Oiomerpapanii
OliHIOBa/MM 3a 3MIiHOIO CTPYKTypM, (Pismko-MexaHiuHmx i Terwro¢ismunux sractusocreir IIYC min BmmBoM
6ionoriynoro cepegosuia 199 (bC 199) npotsarom 1, 3 i 6 MicAuis inky6anii Mmetogamu IY-ciexrpockomii, ¢izuko-
MexaHiyHVMY BUnpo6yBanHAMY Ta MeTogoM [ICK. 3a pesynbpraramu IY-crieKTpoCcKONiYHIX JOCTIIKEeHb, i} BITIMBOM
BC 199 Bif6yBaerbcs mporjec biogerpapanii gocmimpkysannx [TYC, sxuii CynIpoBOKYETbCS PO3LIEIIEHHAM XiMIYHNX
3B’43KiB, 3MiHOI0 BOJIHEB)X B3a€MOJII i CTPYKTYPHUMIU IlepeTBOPEeHHAMM HoliMepHoi MaTpuli. 3a faHuMu ¢isnko-
MeXaH{YHMX BUIPOOyBaHb, miciad 6 MicAnis inky6anii ITYC nopiBHAHO 3 KOHTPO/IEM CIIOCTEPIra€TbCs 3MEHILICHHS
MirHoCTi Ha 11,9-26,7 % Ta BifHOCHOTO MOKOBXEHHA IpU po3puBi Ha 5,9-13,7 %. Metogom [ICK BcTaHOBIIEHO, 1110
micns 6 Micanis inky6anii ITYC y BC 199 cniocTepiraerbcs nigBuieHHA T na 10,6-51,3 %, a TaKOX MiBUITEHHS ACP
IIpU CKJTyBaHHi Ha 17,5-46,5 %, 110 € CBil4eHHAM CTPYKTYPHMX 3MiH B IIpoleci 6ioerpapanii. Bpaxosyroun orpumani
pesynbrary, pocmimkysani IIYC i3 ¢parmenramu JAI® i npumerntenoro xomonimepy IIBC-IIET y cTpykTypi
IIPOSABJIAIOTD 3aTHICTD 10 bioferpagalii 3a yMOB in Vitro 3 OTHOYaCHUMY CTPYKTYPHMUMY 3MiHaMV IIOTIMEePHOI MAaTPMUIIi.
Cunresoani ITYC MoXyTh O6yTH TIepCIIeKTHBHOIO TTOTIMEPHOI0 MAaTPUIEI0 /1A CTBOPEHHS Ha iX OCHOBi 6iomorivHo

aKTVMBHUX IONIMEPHUX MaTepia/liB TMMYacOBOrO TEPMiHY Aiil Ta IOTPeOYIOTh MOMAIBIINX JOCII/KEHb.

Knwouosi cnosa: ToONiypeTaHCEYOBNHA,
6iomerpayariisi, 6ionoriuxe ceperosuie 199.

Introduction

Polyurethane-ureas (PUUs) with hydrophilic frag-
ments of the grafted copolymer polyvinyl alco-
hol-polyethylene glycol (PVA-PEG) and the chain
extender 4,4’-diaminodiphenylmethane (DADPh)
in their structure [1] are a promising polymer mat-
rix for obtaining biologically active polymeric ma-
terials for medical applications.

One of the most important characteristics of
polymeric materials intended for medical use is
their biodegradation capacity in environments
that simulate the conditions of the human body.
The biodegradation processes of the polymer mat-
rix are accompanied by changes in its structure,
which in turn lead to changes in its properties.
Factors such as the chemical composition of the
polymer, the hydrophilicity of the polymer matrix,
etc., influence the biodegradation process [2, 3].
Specifically, it is known that an increase in the hyd-
rophilic component in the polymer matrix struc-
ture leads to an increase in biodegradation rate [4,
5].

For example, the authors [6, 7] conducted stu-
dies on the biodegradation capacity of PUUs with
fragments of the hydrophilic copolymer N-vi-
nylpyrrolidone with vinyl acetate and vinyl alco-
hol (VP-VA) and the chain extender 1,6-hexa-
methylenediamine in the structure. It was found
that PUUs with minimal copolymer content re-
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main biostable, while with increasing copolymer
content they exhibit biodegradation capacity.
Thus, increasing the hydrophilic component in
the polymer structure leads to enhanced biodeg-
radation. Block copolyurethanes with hydrophilic
copolymer VP-VA fragments in their structure
are also known, which degrade within 7 days af-
ter incubation in BM 199 [8]. At the same time,
PUUs with fragments of poly(vinyl butyral-vinyl
acetate-vinyl alcohol) copolymer in their structure
remain stable for 6 months after incubation in BM
199 [9].

In addition, studies were conducted to analyze
the influence of soft and hard segments on the bio-
degradation processes in the PUU structure. The
in vitro degradation of PUUs with poly(D,L-lactic
acid) diol as a soft segment and 1,6-hexamethy-
lene diisocyanate and piperazine as hard segments
was studied. Piperazine was also used as a chain
extender. According to the obtained results, va-
rying the component ratios can significantly af-
fect the stability and degradation rate of PUUs.
Therefore, by adjusting the component ratios, it is
possible to predict a specific degradation rate for
PUUs to restore bone defects [10, 11]. The authors
[12] investigated the biodegradation of segmented
PUUs based on 2,6-diisocyanato methyl caproate,
poly(e-caprolactone diol), and the chain extend-
er 1,4-butanediamine with different soft segment
lengths. According to the research results, seg-
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mented PUUs with longer soft segments, leading
to higher hydrophobicity, showed a lower degrada-
tion rate. A narrow molecular weight distribution
could also be one of the reasons for the slower deg-
radation of the studied PUUs. The results of stu-
dies [13] indicate that the degree of biodegradation
of the multiblock copolymer poly(urethane-urea-
amide) depends on the pH of the medium and the
type of hard segment (amide chain extender). The
polymers showed a sharp decrease in viscosity at
neutral pH, while the amide bonds were resistant
to degradation in an alkaline medium.

Since the chemical composition of the polymer
material affects the biodegradation process of the
polymer matrix, it is necessary to investigate the
biodegradation capacity of PUUs containing the
PVA-PEG copolymer and DADPh in their struc-
ture. The results of in vitro studies will allow pre-
dicting changes in the properties of the studied
materials under in vivo conditions when used in
medical practice.

Therefore, the aim of this study was to investigate
the biodegradation capacity of polyurethane-ureas
containing PVA-PEG as a hydrophilic component
and DADPh as a chain extender by analyzing the
changes in their structure, physical-mechanical,
and thermophysical properties under the influ-
ence of a model medium for 1, 3, and 6 months
under in vitro conditions.

Experimental part

Materials. For the synthesis of PUU, the following
components were used: polyoxypropylene glycol
(POPG) (Rokopol, MM = 1052), 2,4-; 2,6-toluene
diisocyanate (TDI, 80/20) (Merck, MM = 174.16; p
=122g/em* T, = (133 + 1) °C), 4,4 -diaminodi-
phenylmethane (DADPh) (Fluka, MM = 198.27;
T , = 88-92 °C), graft copolymer polyvinyl
alcohol-polyethylene glycol (PVA-PEG)
KOLLICOAT" IR (Sigma-Aldrich, % OH = 6.445),
dimethyl sulfoxide (DMSO) (MM = 78.13; p =
1.1004 g/cm; T, = 189 °C).

To study biodegradation capabilities, a biologi-
cal medium 199 (BM 199) (BioTestLab, Ukraine,
pH 7.4-7.7) was used as a model medium, simu-
lating blood plasma and comprising a complex
mixture of proteins, amino acids, carbohydrates,
fats, salts, hormones, enzymes, antibodies, and
dissolved gases.

Synthesis of PUUs. The objects of study were
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Table 1. Component ratio in the synthesis of PUUs

PUUs DPP:DADPh:PVA-PEG, mole
PUU1 1.0:0.7:0.3
PUU2 1.0:0.8:0.2
PUU3 1.0:0.9:0.1

PUUs based on diisocyanate prepolymer (DPP)
(synthesized from POPG and TDI), chain extend-
er DADPh, and grafted copolymer PVA-PEG,
obtained at different molar ratios of DPP:DAD-
Ph:PVA-PEG (1.0:0.7:0.3; 1.0:0.8:0.2; 1.0:0.9:0.1)
(Table 1) [1].

Incubation in BM 199. Samples were placed in
sterile containers, filled with 25 ml of model bio-
logical medium, and kept in a thermostat at a tem-
perature of (37 £ 1)°C for periods of 1, 3, and 6
months. The medium solutions were changed dai-
ly. After the specified periods in the model medi-
um, the samples were removed, washed with dis-
tilled water, and dried to constant weight at room
temperature.

Characterization. The structure was investiga-
ted using a Fourier transform infrared spectro-
meter “Tensor-37” (Bruker) by the attenuated to-
tal reflection (ATR) method in the range of 500-
4000 cm™, using a diamond crystal trapezoidal
prism (number of reflections N = 1, incident angle
¢ =39°).

Physical-mechanical properties, such as tensile
strength (0, MPa) and relative elongation at break
(¢, %) of the synthesized PUUs were measured on
a tensile testing machine R5 in accordance with
the current regulatory documentation [14].

The thermophysical properties (glass transition
temperature (T), change in heat capacity at the
glass transition (AC) were investigated by DSC.
The studies were conducted in the temperature
range of —90°C to 200 °C (TA Instrument Q2000)
at a heating rate of 20 °C/min in a nitrogen atmos-
phere.

Results and Discussion

To study the biodegradation capacity of PUUs
with PVA-PEG copolymer fragments synthesized
at different molar ratios of DPP:DADPh:PVA-PEG
(1.0:0.7:0.3, 1.0:0.8:0.2, 1.0:0.9:0.1), samples were
incubated in BM 199 for periods of 1, 3, and 6
months. The effect of the model medium was
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Fig. 1. IR spectra of PUU1 before (1) and after incubation
the range of 3600-2800 cm™! (a) and 1800-1000 cm™ (b)

evaluated based on the changes in their structure,
physical-mechanical, and thermophysical prop-
erties by comparing samples before (control) and
after incubation.

According to the results of IR spectroscopic
studies of PUUs samples before and after expo-
sure in the model medium, no significant chang-
es in chemical structure occurred. However, the
chan-ges were observed in the stretching vibration
region, which is sensitive to hydrogen bonding
(Fig. 1-3).

For PUUL in the IR spectral range of 3600-
2800 cm™ under the influence of BM 199 for up
to 6 months of incubation, a decrease in the in-
tensity of the absorption bands of v(NH-bound) at
3292 cm™ and v(NH-free) at 3518 cm™ was ob-
served, which is associated with a decrease in the
amount of free and hydrogen-bonded NH groups
on the surface layer of the samples (as the IR spect-
ra were recorded from the surface of the polymer
materials) and a redistribution of the intensity
of the absorption bands of v(C-H) (2900 cm™,
2928 cm™, and 2970 cm™) (Fig. 1 a).

In the 1800-1000 cm™ frequency range (Fig. 1b),
there is a redistribution of the absorption inten-
sity of the carbonyl group of the urethane frag-
ment: unassociated C=0 groups with a maximum
at 1725 cm™ and associated C=0 groups with a
maximum at 1712 cm™. After one month of incu-
bation, both bands are more clearly defined, and
after six months, an increase in the intensity of the
unassociated C=0O absorption band at 1725 cm™
and a decrease in the intensity of the associated
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in BM 199 for 1 month (2), 3 months (3) and 6 months (4) in

C=0 band at 1712 cm™" are observed, indicating
an increase in the number of unassociated C=0
groups on the sample surface after incubation in
BM 199. There is also an increase in the intensity
of the absorption band §,, at 1537 cm™', indicat-
ing increased hydrogen bonding or the formation
of new bonds between the NH groups of the poly-
urethane-urea and the components of the medium.
In the IR spectra of PUUs, there is also a decrease
in the absorption intensity of the v(C=0) band at
1641 cm™, which is associated with a reduction in
the number of C=0 groups involved in hydrogen
bonding in the initial state, as new, stronger bonds
are formed with the components of the biological
medium. In addition, an increase in the intensity
of the v(C-0) absorption band with a maximum
at 1083 cm™ is observed over the six months of in-
cubation, which is likely associated with intensi-
fied bonding or structural changes in the polymer
caused by the influence of the biological medium.
For PUU2 (Fig. 2) and PUU3 (Fig. 3), in the IR
spectra range of 3600-2800 cm™ under the influ-
ence of the biological medium, similar changes in
the intensities of the absorption bands of v(NH-
free) at 3518 cm™ and v(NH-bound) at 3292 cm™},
v(C-H) (2900 cm™, 2928 cm’, and 2970 cm™),
v(C=0) unassociated at 1725 cm™ and v__ as-
sociated at 1712 cm™, 6, at 1537 cm™', v__ urea
groups at 1641 cm™, and vC-O at 1083 cm™ were
observed, as in the previous case. A distinguishing
feature is the increase in the intensity of the ab-
sorption band of v at 3518 cm™ and v

NH-free NH-bound
at 3292 cm™! after 1 month of incubation, followed
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Fig. 2. Fragments of IR spectra of PUU2 before (I) and after incubation in BM 199 for 1 month (2), 3 months (3) and 6
months (4) in the range of 3600-2800 cm™ (a) and 1800-1000 cm™ (b)
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Fig. 3. Fragments of IR spectra of PUU3 before (1) and after incubation in BM 199 for 1 month (2), 3 months (3) and 6
months (4) in the range of 3600-2800 cm™ (a) and 1800-1000 cm™ (b)

by a decrease for PUU2 (Fig. 2 a), and a decrease
in the absorption intensity of §,, at 1537 cm™ of
the urethane fragment for PUU3 (Fig. 3 b).

Thus, according to the results of IR spectro-
scopic studies, changes in absorption bands were
detected for groups involved in the formation of
hydrogen bonds under the influence of the biolo-
gical medium. Decrease in the absorption inten-
sity of free (v, .. 3518 cm™) and hydrogen-bon-
ded (Vi ponded 3292 cm™) NH groups, redistribution
of absorption intensity of v, bands (2900 cm™,
2928 cm’!, and 2970 cm™), redistribution of asso-
ciated (v _, associated 1712 cm™) and unassociat-
ed C=0 groups (v,_, unassociated 1725 cm™) in
the urethane fragment, redistribution of the ab-
sorption intensity of NH groups in the urethane
fragment (8, 1537 cm™) and v__, urea groups
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1641 cm™, and an increase in the absorption inten-
sity of C-O groups (v, , 1083 cm™") were observed.
These changes are associated with biodegradation
processes in the polymer matrix, accompanied by
a redistribution of the system of intra- and inter-
molecular hydrogen bonds and enhancement of
intermolecular interactions.

Thus, according to IR spectral data, conclusions
can be drawn regarding the cleavage of chemical
bonds during biodegradation. Spectral analysis re-
veals changes in functional groups participating in
hydrogen bonding, which serve as crucial indica-
tors of structural transformations in the polymer
matrix. In particular, the decrease in the intensity
of absorption bands corresponding to free (v, .
3518 cm™) and bound (v, . . 3292 cm™) NH
groups indicates a decrease in the number of these
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groups or changes in their state due to biological
influence. This may indicate disruption of inter-
nal hydrogen bonds within the polymer matrix.
Furthermore, the redistribution of the absorption
intensities of the carbonyl groups (associated and
unassociated) of the urethane fragment indicates
a reorganization of the intermolecular bond sys-
tem. Specifically, an increase in the absorption
intensity of unassociated C=0 groups (v __, unas-
sociated 1725 cm™) and a decrease in that of asso-
ciated groups (v _, associated 1712 cm™) suggest
the weakening of old hydrogen bonds and the for-
mation of new ones. Changes in urea groups (8,
1537 cm™, v, 1641 cm™, v_ 1083 cm™) ob-
served in the spectra indicate structural reorgani-
zation of the polymer under the influence of the
biological medium. This may be due to the brea-
king of hydrogen bonds or the formation of new,
stronger interactions between the medium com-
ponents and the polymer. Thus, the IR spectros-
copy data confirm that the biodegradation process
of the studied PUUs involves cleavage of chemi-
cal bonds, changes in hydrogen interactions and
structural transformations of the polymer matrix.

According to the results of physical-mechanical
tests, it was found that the physical-mechanical
properties of the samples after incubation in BM
199 for 1, 3, and 6 months undergo changes, de-
pending on the duration of incubation.

For PUU samples, the tensile strength decreases
over the 6 months of incubation and has a non-li-
near character. The greatest loss in tensile strength,

from 28.6% to 61.3%, is observed after 3 months
of incubation. After 6 months of incubation in BM
199, an increase in tensile strength was observed for
all PUU samples compared to the previous incuba-
tion period. However, compared to the control, a
decrease of 11.9% to 26.7% in this indicator was ob-
served after 6 months of incubation (Table 2).

The obtained results, in our opinion, are related
to the specific nature of PUU biodegradation un-
der the influence of the model biological medium,
particularly with the structuring of the polymer
matrix due to the redistribution of the system of
intra- and intermolecular hydrogen bonds along
with the simultaneous progression of biodegrada-
tion. Considering that BM 199 is a complex multi-
component biological system, the increase in ten-
sile strength can also be explained by the formation
of new hydrogen bonds between the components
of the biological medium and the polymer. BM
199 contains various molecules, such as proteins,
polysaccharides, and ions that can interact with
the functional groups of polyurethane-urea (NH,
C=0, and C-0-C).

The value of relative elongation at break of
PUUs also changes non-linearly over the 6 months
of incubation in BM 199 (Table 2). For all PUU
samples, an increase in relative elongation of 9.0-
122.1% was observed after 1 month of incubation.
After 3 months of incubation, a decrease in relative
elongation was observed compared to the previ-
ous period. However, after 6 months of incubation
in BM 199, an increase in relative elongation was

Table 2. Physical-mechanical properties of PUUs before and after incubation in BM 199

PUUs Periods of incubation, month o, MPa g %
control 0.60 68.0
1 0.50 151.0
PUU1
3 0.33 69.7
6 0.44 117.4
control 0.31 47.4
1 0.19 76.8
PUU2
3 0.12 38.0
6 0.23 40.9
control 0.42 186.0
1 0.33 202.8
PUU3
3 0.30 129.4
6 0.37 175.1
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Table 3. Thermophysical properties of PUUs before and after incubation in BM 199

T,°C AC, o
PUUs Periods of incubation, month 4 Coll(e c)
1* heating cycle | 2" heating cycle | 1% heating cycle | 27 heating cycle
control -16.04 -28.41 0.4285 0.3485
1 -16.92 -16.02 0.3989 0.4022
PUU1
3 -16.81 -15.84 0.401 0.4325
6 -18.17 -17.27 0.418 0.4413
control -15.11 -31.99 0.4872 0.3389
1 -15.36 -24.75 0.4784 0.4102
PUU2
3 -15.63 -16.45 0.4395 0.4257
6 -15.78 —-15.58 0.4833 0.4966
control -11.97 -17.25 0.478 0.3941
1 -12.01 -15.59 0.4977 0.4765
PUU3
3 -15.05 -15.27 0.4572 0.4895
6 -10.48 -15.42 0.4553 0.4629

observed compared to the previous period. Never-
theless, compared to the control, a decrease in this
indicator of 5.9-13.7% was observed for PUU2
and PUUS3 after 6 months of incubation, while for
PUUI, relative elongation increased of 72.7%.

According to the DSC data, after incubation
of PUU samples in BM 199, an increase in glass
transition temperature (7 ) and a change in heat
capacity (AC) at the second heating glass tran-
sition (Table 3) was observed, which correlates
with the results of physical-mechanical tests (a
decrease in strength and relative elongation at
break was observed after incubation of PUUs in
BM 199). To eliminate the influence of the thermal
and mechanical history of the polymer material,
two heating cycles were performed. The results of
the second heating are the most reliable material
characteristics.

After 6 months of incubation of PUUs in BM
199, T, increased by 10.6-51.3%, and the value of
AC increased by 17.5-46.5%.

P

During the biodegradation of PUUs in the mo-

del biological medium, an increase in T, and AC

8

was observed compared to the control, which can
be explained as follows. In the process of biodegra-
dation under the influence of the model medium,
the breakdown of weaker (soft) segments of polyu-
rethane-ureas may occur, leading to an increase in
the proportion of hard segments, a decrease in the
segmental mobility of macromolecular chains, and
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a decrease in the free volume. Thus, the increase
in T, and AC indicates structural changes, such
as densification of the structure, restriction of seg-
mental mobility, and enhancement of intermole-
cular interactions that occur during biodegrada-
tion in the biological medium.

Considering the obtained in vitro test results,
PUUs with fragments of DADPh chain extender
and grafted PVA-PEG copolymer demonstrate bio-
degradability and can be proposed as a polymer
matrix for the preparation of biologically active
polymeric materials for temporary medical appli-
cations.

Conclusions

The biodegradation capacity of PUUs with frag-
ments of DADPh chain extender and grafted
PVA-PEG copolymer in vitro was studied on the
basis of changes in structure, physical-mechanical,
and thermophysical properties under the influ-
ence of the model biological medium for 1, 3, and
6 months of incubation. It was found that in the
model BM 199, the biodegradation processes of
the studied PUUs occur, as evidenced by a reduc-
tion in strength and relative elongation at break,
accompanied by chemical bond cleavage, changes
in hydrogen interactions, and structural transfor-
mations of the polymer matrix.
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